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MEMORANDUM FOR: Robert L. Tedesco, Assistant Director for Licensing
Division of Licensing -

FROM: Themis P, Speis, Assistant Director for Reactor Safety
Divisfon of Systems Integration
$. JECT: BYRON/BRAIDWOOD STATIONS, UNITS 1 AND 2, SAFETY

EVALUATION REPORT, FSAR CHAPTER 7, INSTRUMENTATION
AND CONTROL SYSTEMS

Plant Names: Byron and Braidwood Stations, Units 1 and 2
Docket Nos.: STN 50-454, 455, 456, 457
Applicant: Commonwealth Edison Company
Licensing Stage: OL

Responsible Branch: LB #

Project Managers: S. Chesnut/ K. Kiper
Review Branch: ICSB

Review Status: Complete

On December 2, 1981 we provided a draft of our input for Chapter
the Byron/Braidwood SER. Enclosed is a markup of the CRESS copy pro-
vided by the Project Manager, which serves as our final input to the SER.
There are no further open items to be resolved with the applicant as noted
in Section 7.1.3.1.

Confirmatory {1tems, technical specification reauirements and 1icense con-
ditions are also sumarized in Section 7.1.3.2 throuch 7.1.3.4 respectively.
T™1I Action Plan Items are surmarized in Section 7.1.€.

In that a2 number of tvpos were found in the CRESS copy, and several

corrections and chanages were made in the enclosure, we reauest that an
undated CRESS copy be provided for review nrior to issuance of the SER,
As requested, a 1ist of references used for our review of Chanter 7 is

also attached.
Original Signed By

Themis P, Speis

Themis P, Speis, Assistant Director
for Reactor Safety
Division of Systems Integration
Enclosures: p——
As stated - i

o Contact: Jlcseznsti®
P, Bénder PBender:ct

SURNAME D | ...ovvninnnn e L R B e
DATE . .............................................. ..]./...g../..o.a.»-

1C FORM 218 (10-80) NACM 0240 OFFICIAL RECORD COPY USGRO 1981



B e
cc: B. Youngblood
K. Kiper
S. Chesnut
R. Mattson o
T. Speis
“F. Rosa
T. Dunning
E. Rossi
P. Bender
J. Elsbergas (ANL)
R, Canra ,
DISTRIBUTION:
Docket File
ICSB Reading File
P. Bender (PF)
Byron Subject File
Braidwood Subject File
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7.1 Introduction

7.1.1 Acceptance Criteria

The instrumentation and control systems for the Byron/Braidwood stations have
been reviewed. The bases for evaluation of the applicant's design, design
criteria, and design bases are set forth in the Standard Review Plan (SRP),
NUREG- 0800’.2}I3ble ) o ! “Agceptance 'r1t¢r1a for Instruzfntatwon and Cgpﬁ;gln
Syctemsa® These acceptangc cr ter1| 1nc1ude the appl1cable General Design
Criteria (Appendix A to 10 CFR Part 50), and IEEE Standard 278, "Criteria for
Protection Systems for Nuclear Power Generating Stations" (10 CFR Part 50.55
a(h)). Guidelines for implementation of the requirements of the acceptance
criteria are provided in the IEEE Standards, Regulatory Guides (RGs), and
Branch Technical Positions (BTPs) of the Instrumentation and Control Systems
Branch (ICSB) identified in Section 7.1 of the SRP. Conformance to the
acceptance criteria provides the bases for concluding that the instrumentation
and control systems meet the requirements of 10 CFR Part 50.

7.1.2 General Findings

The applicant has identified the instrumentation and control systems important
to safety. The acceptance criteria, consic ‘'ng of the General Design Criteria
(GDC) and IEEE Standard 279, are included in the Commission's regulations, and
are applicable to the systems as identified in the SRP. In addition, the
applicant has identified the guidelines, consisting of the Regulatory Guides
and the industry codes and standards which are applicable to the systems. The
acceptance criteria and guidelines identified by the applicant are provided in
Table 7.1-1 and Appendix A of the Final Safety Analysis Report (FSAR).
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the implementation of the identified acceptance criteria and guidelines satis-
fies the requirements of General Design Criterion (GDC) 1, "Quality Standards
and Records," with respect to the design, fabrication, erection, and testing to
quality standards commensurate with the importance of the safety functions to
be pérfo’md. we find that the instrumentation and control systems important

to safety, adaressed in Section 7.1 of the FSAR, satisfy the requirements of -
GDC 1 and, therefore, are acceptable.

Based on the review of Section 7.1 of the applicant's FSAR, we conclude that

7.1.3 Specific Findings

7.1.3.1 Open Items

" ia.ﬁg\ W%K—hm«

1 es of this review a number of n items were identified
;grt::'i:::‘:;:it:?ngl information ex clarificationfwas required of thc applicant.
During the course of the staff‘g review a number of meetings were held with
the applicant to resolve staff concerns. As a result of this effort, no
open items remain to be resolved with the applicant on the review of
Chapter 7 of the FSAR. )

7.1.3.2 Confirmatory items g

In a number of areas the applicant has committed to make design changes or to

provide additional documentation to address concerns raised by the staff during

its review. Based upon information provided during meetings and discussions

with the applicant, the staff has concluded that the technical issues have been

resolved in an acceptable manner. However K the applicant must forna]ﬁy provide

final documentation of these items. The staff will confirm that final :

documentation is provided prior to issuance of the operating license. The
\

staff's conclusions on the Confirmatory Items w‘ll not be addressed in .
suppiements to this report unless an unexpected problem is revealed during the
review of the documentation provided.

The Confirmatory Items and the sections of this report in which they are
addressed are as follows:
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- ﬁ? Test Jacks ?or =4 Interiock Test (7.3.2.
#‘{ Remote Shutdown Capability Test (7.4.2.2)

Steam Generator Pressure Control (7.4.2.3)

Interlocks for Reactor Coclant System Pressure Contro) During Low
Temperature Operation (7.6.2.2)

W Switchover from Injection to Recirculation Mode (7.6.2.3)
A

Boron Dilution Control (7.6.2.4)

Reactor Coolant System Loop Isolation Valve Interlocks (7.6.2.6)

“orerITiomti—ry et
(2) Watu Level Measorews

7.%%
7.1.3.3 Technical Specification Items 7‘ e~ (

/
I Items to be included in the plant Technical Specifications and information to

be audited as part of the effort to issue Technical /pecih’cations are
/ discussed in the following sections of this report: / (1) Testing the Reactor
Trip Breakers and Manual Trip Switches (7.2.2. 1))(2[)’3).ead Lag, and Rate Time

P Constant Setpoints Used in Safety System Channels (7.2.2.4) T REE——

w (4) Verification of the RTD Bypass Loop Flow (7.2.2. 7) (5)

) Safety System Trip Setpoint Methodology (7.3.2.4).

7.1.3.4 Licensing Conditions

Items to be included as licensing conditions are discussed in the following
sections of this report:

12/17/81 - 73 BYRON SER SEC 7

% s



(1) R{IPWJ( Tiwme -rer\r-\n/c; (12.2.5 )
o
(@) Post-accident Monitoring (7.5.2.2)

7.1.3.5 Resolved Items of Concern

A number of concerns resulting from staff's review have been fully resolved.
The most <important of these concerns are listed below.
they are discussed are shown in parentheses.

The sections in which

(1) Compliance to Regulatory Guides (7.1.7)

\

(2) Protection System Sensors and Cabling in Turbine Building (7.2.2.2)
h'é\k:‘,(’ = )

¥ > »

4_;}) Failure Mode and Effects Analysis (FMEA) Interface Requirements (7.3.2.3)

\

|

|

|

\

|

\

|

87 Curliony Fasdwralts Flow Contller Soth

A AR T NSRS A S A o<

" S (7._‘;‘ 2.5)

7
6(*) Auxiliary Feeawater System Switchover to Essential Service water (7.3.2.8)

~ N » — . . * A » 'e
10
7(5) Reset of Containment Ventilation Isolation Signa) (7.3.2.12)
g()d) Bypass of Inoperative Status Indication (7.5.2.1)
?(,Vf) Residual Heat Removal Isolation Valve Interlocks (7.6.2.1)
/ﬂ u{) Isolation of Nongualified Systems from Essential Service Water (7.6.2.5)
\ Condnd Frred ¢ o
(Ul) ‘oss G New- Clase 1€ Tashvmadnls, o Cparatim (:77,;1. 1)
(3433) Failures of Rod Control System (7.7.2.2) Bee T e

f’,m U-w,( éucqj line Breaks and Cc-uelvf-v?‘m/ Cow/w/%.rﬁ-u g’/"ﬂfﬁ?-lB‘)
’ \,(}ffﬂu]tiplc Control System Failures (7.7.2.4)
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7.1.4 Site Visit

A site review will be performed for the purpose of confirming that the physical
arrangements and installation of electrical equipment are in accordance with
the design criteria and descriptive information reviewed by the staff. The
site review will be completed prior to issuance of the license and any problems
found will be addressed in a supplement to this report.

7.1.5 Fire Protection Review

The review of the Auxiliary Shutdown Fanel discussed in Section 7.4 of this
report covered the compliance of this panel with GDC 13, "Control Room." The
aspects of the Auxiliary Shutdown Panel related to Fire Protection (10 CFR
Part 50, Appendix R) are discussed in Section 9.5. The Remote Shutdown
Instrumentation and Controls are discussed in Section 7.4.2.1.

7.1.6 TMIZ# Action Plan Items

The TMI Action Plan was deve1o§ed to provide a comprehensive and integrated
plan for actions now judganecessary to correct or improve the regulation and
operation of nuclear facilities based on the experience from the accident at
TMI-2. Guidance on implementation of the Action Plan was provided to appli-

t NUREG-0737, “"Clarification of TMI Action Plan Requirements. ' e
ﬁn oi»u; AR ”l—, vla.: are Gonn ) cadln :2;#«—% 0-J

these items are addressed, are as follows:

33.5:9 Direct Indication of Relief and Safety Vale Position (7.5.2.3)
11.E.1.2 Auxiliary Feedwater System Automatic Initiation and Flow Indica-
tion (7.3.2.9) :
I € “7_ Cm\‘hw\wc-d’ T;O's‘h& D(PQ-\JLEL Le (7.5 2 ,‘)
’7'II.K.3.1 Installation and Testing of Automatic Power-Operated Relief

Valve Isolation System (7.6.2.7)

TFI Oddbohndd Gaesdend Monitoving Tustrvmachhon (152 4)
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I1.K.3.9 Proportional Integral Derivative Controller Modification

(7.7.2.5)
I11.K.3.10 Proposed Anticipatory Trip Modification (7.2.2.8) ~
11.K.3.12 Confirm Existence of Anticipatory Reactor Trip Upon Turbine Trip

(7.2.2.9) -

7.1.7 Compliance with Regulatory Guides
Appendix A of the L e p——— e ——— o application of

Regulatory Guides. In many cases it was not clear as stated that the design
conforms to the guidance of the Regulatory Guides or if exceptions are taken.
In response to our concern, the applicant has revised Appendix A to

more clearly indicate compliance or exceptions to all Regulatory Guides.l Drsed ew o
(LA™ ol () 1:‘1. 53*-¢ll. es hs
Rea

7. tor Trip System

7.2.1 System Descrigtion

The Reactor Trip System (RTS) automatically shuts down the reactor to prevent
the established Timits of safe operation from being exceeded. In order to
accomplish its function, the RTS includes instrumentation channels to monitor
various plant variables, process and nucleag,pertinont to the reactor safety.
whenever a monitored variable reaches a set Timit, the associated instrumenta-
tion channel trips a bistable. This turns off power to the relays that provide
inputs (voltage/no voltage) corresponding to the condition (normal/abnormal) of
the measured parameter to the SoliJStata Logic Protection System consisting of
two redundant trains. Each of the trains controls power to the undervoltage
coil of a separate and independent, series-connected, reactor trip breaker.
Whenever an established combination of input signals is received by the Solid

~ State Logic Protection System, power to the undervoltage coils is interrupted
and the breakers open. Opening either of two breakers interrupts power to the
control rods, and the rods fall, by gravity, int the core shutting down the
reactor. Concurrent with thereactor trip, the RTS also initiates a turbine
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trip to prevent reactivity insertion that would otherwise result from excessive
reactor system cooldown.

In aadition to the automatic trip of the reactor described above, means are
also provided for manual trip by the operator. The manual reactor trip
consists of two switches. Each of the switches controls power to the
undervoltage and shunt trip coils of both reactor trip breakers. Actuation of
a switch removes power from the undervoitage coil and also energizes the shunt
trip coil, either of which trips the breaker. In the same mapner the reactor
will be tripped by actua;iqg_oithcr of two manua) switchegt?;c safety injection

The trips inciuded in the Reactor Trip System are listed below. The first
number in parentheses after each trip parameter is the number of coincident

trips required, anc the second number is the number of redundant channels

provided.

(1) Power range high neutron flux

(a) Low setting (2/4)
I (b) High Setting (2/4)
(2) Intermediate range high neutron flux (1/2)
(3) Source range high neutron flux (1/2)
(4) Power range high positive neutron flux rate (2/4)
(5) Power range high negative neutron flux rate (2/4)
(6) Overtemperature AK trip (2/4)
(7) Overpower &l.trip (2/8)
(8) Pressurizer low pressure (2/784)
(9) Pressurizer high pressure (2/8)
(10) Pressurizer high water level (2/3)
(11) Reactor coolant pump breakers open (2/8)
(12) Low reactor coolant flow (2/3 in any loop)
(13) Reactor coolant pump bus undervoltage (2/4)
(14) Reactor coolant pump bus underfrequency (2/4)
(15) Low=low steam generator water level (2/4 in any loop)
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(16) Safety ingection (see Section 7.3) (1/2)
(17%kTurbine trip

(a) Low auto stop oil pressure, or (2/3)

I (b) Turbine stop valve close (4/4)
(18) General warning alarm (2/2)
(18) Manual (1/2)

Most of the trip parameters shown in the list above are monitored directly and
their functions are solfexplanatory Exceptions are the Overtemperature AT
the Overpressure AT and the Genera] wWarning Alarm. The Overtemperature AT
protects against a low dcparturd?roa-nucloato-boi11ng-ratio (DNBR). The
setpoint for this trip is continuously calculated by analog circuitry for each
loop and depends on temperatures in the Toop, axial neutron flux in the
reactor, and the pressurizer pressure. The Overpower AT protects against
excessive local linear power density. As for the Overtemperature AT, the trip
setpoint for the Overpower AT is continuously calculated by analog circuitry
for each loop and depends on the temperatures in the loop and the axial neutron
flux in the reactor. The General Warning Alarm system monitors various condi-
tions, such as power supply output, test switch position, etc., in the Solid
State Logic Protection System. If any of the monitored conditions in a train
are abnormal, the alarm relay for that train is deenergized. This actuates
the train trouble annunciator in the control room. If an abnormal condition
occurs simultaneously in both trains, the reactor is automatically tripped.

Some of the trips shown in the 1ist above are not effective below or above
certain power levels. The source range high neutron flux trip can be manually
blocked when one of the two intermediate range .hannels wemeesewsetedd reads
above approximately 6 x 10-! amperes (P=6 interlock). The intermediate range
high neutron flux trip, and the power range high neutron flux Tow-setting trip
can be manually blocked above approximately 10% power (P-10 interlock). A1l of
the above blocks are automatically removed when the power level decreases below
the et value. The pressurizer low pressure and high water level trips,
reactor coolant pumps breaker open trip, low reactor coolant flow trip, reactor
cecolant pump bus undervoltage and underfrequency trips, and the turbine trip
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are automatically blocked below approximately 10% power with the turbine
impulse chamber pressure setpoint below set value (P-7 interlock). In
addition, at power levels below approximately 50% (P-2 interlock) the trip
Togic for the low reactor coolant flow is changed from 2/3 in any loop to 2/3
in any two loops. A1l of the blocks above are automatically removed when the
power increases above set value.

The Reactor Trip System includes provisions for testing the system operation.
The testing is carried out in steps, a part of the system at a time, in a
sequence that provides the necessary overlap to assure the complete system
operability. A1l of the system can be tested at power, except for the manual
reactor trip and the manual safety injection switches and the reactor coolant
pump breakers. The manual trip switches have inputs in both reactor trip
breakers and their actuation would trip the reactor. Opening a reactor coolant
pump breaker would not trip the reactor directly because of the coincidence in
the trip logic, but could result in a reactor trip due to low coolant flow.
Also, the nuclear channel trips which are not effective above certain power
levels are tested at reduced power Tevels and at shutdown. Bypassing of the
trip functions during testing is required for the source and intermediate range
nuclear channels that are arranged in one-out-oi;wo trip logic.

The analog process channe! testing is performed by introducing dummy input
signals into the instrumentatimchannels and observing the tripping of the
appropriate output bistables. The power range nuclear channels are tested by
superimposing a test signal on the actual detector signal. To test the logic
matrices of the Solid State Logic Protection System, pulse test signals are
used in all possible trip and non=trip logic combinations. The test pulses are
of short duration amdthe trip logic is not maintained sufficiently ldng to
permit opening of the reactor trip breakers. Ouring logic testing of one
train, the other train can initiae any required protective action. To test the
reactor trip breakers, bypass breakers are provided. After a bypass breaker is
closed, the associated reactor trip breaker can be tripped with a signal from
the corresponding logic train.

In addition to providing inputs to the Solid State Logic Protection System,
analog signals of the protection channels are used for nonprotective functions,
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such as control, remote indication, and computer monitoring. To protect from
faults in the non-safety circuits affecting the protection system, isolation

amplifiers ati_fiff;’:D

— e e

> The isolation amplifiers are classified as part of the protection system.

7.2.2 Specific Findings -

The concerns arising from our review of the Reactor Trip System and their
resolution are as follows.

7.2.2.1 Testing the Reactor Trip Breakers and Manua) Trip Switches

The reactor trip breakers are provided with undervoltageand shunt trip coils.
Interrupting power to the undervoitage coil or energizing the shunt coil will
tripthe breaker. The undervoltage coils receive trip signals from both the
Solid State Logic Protection System and the manual trip switches (including the
manual reactor trip switches and the safety injection switches). The shunt
trip coils receive trip signals from the manual trip switches only. This
provides diversity and enhances the separation between the automatic and manua)
reactor trip systems.

Testing of the undervoltage coil operation is carried out with a trip signal

from the Solid State Logic Protection System. Testing of the manual reactor

trip channel does not allow independent verification of the operability of the
shunt cofl and the undervoitage coil since the operation of a manual trip »

; ~he .55
switch results in a simultaneous trip 12} 1s.
Tl Aan, L - - -

' ’ﬁg \
mnde
refueling outage.

7.2.2.2 Protection System Sensors and Cabling in Non-Seismic Structures

p 0
Protection system trip circuit inputs that are located in"non-seismic turbine
building, are: (a) Turbine stop valve closure limit switches,(b) Turbine
auto stop oil pressure switches ;(c) Turbine impulse pressure transducers.
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tems (a) and (b) above provide inputs to the reactor trip on turbine trip
circuit, item (c) provides inputs to the P-7 interlock. The reactor trip on
turbine trip is classified as an anticipatory trip for which no cregit is taken
in the safety analyses. The staff position regarding anticipatory trips, as
stated in & 3ranch Technical Position ICSB 26, reqguires that all reactor
trips, including the anticipatory trips, should meet the requirements of IEEE
Standard 279. It also requires that no credible fault, such as grounding or
shorting in the portion of the trip circuitry in the non-seismic structures,
should cause any adverse consequences in the protection system operation.

0f the three groups of cumponents (items a, b, and ¢ above) that provide inputs
to the reactor trip system, the turbine stop valve closure limit switches, and
the turbine impulse pressure transducers are seismically and environmentally
qualified. The auto stop oil pressure switches are not environmentally

) EMA 1 Tes pomSe oVl CenCern
qual1fieq,aszuoqu\ the applicant has statod'ﬁis intent to obtain qualified
switches. The cables for the two turbine trip inputs and the turbine‘impulse
pressure input are routed in conduits through the turbine building. Although
the conduits are identified as non-safety related, they have been treated,
insofar as possible, as safety related. The conduit support system has been
given special attention to ensure that the conduits are well supported and that

mutually redundant cables are adeqguately separated.

As stated by the applicant, all of the circuitry in the turbine building,
except for the environmental qualification of the auto stop oil pressure
switches, complies with all requirements of IEEE Standard 279. Further, tme
circuit analysis shows that no credible fault in_the portion of the trip
circuitry in the turbine building would degrade the performance of the reactor
trip system. This is in compliance with the requirements of Branch Technica)
Position ICSB 26.

7.2.2.3 Water Leve] Measurement Errors

The steam generator and prescurizer water level measurement channels utilize
differential pressure transmitters. The measurement accuracy of such a system
is affected by several factors. Of primary importance is the increase in the
indicated water level caused by a decrease of the water density in the
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reference leg resulting from an increase in the ambient temperature due to a
high energy line break. For such an accident, the steam generator water leve)
provides the primary trip function and the trip setpoints need to be selected
to ensure that the action required by the safety analyses will be initiated
throughout the range of temperatures that can be expected. This issue was
addressed for operating reactors in IE Bulletin 79-21. 1In response to our
concern, the applicant has committed to evaluate the effect of high temperature
~on the reference legs of water level measurement systems following a high

energy line break and to factor the me surement errors in the trip setpoints. o=
o, LA irmnmg bl ANV S A- Wlassrsm ende. wnlh bl ptritits! e 7

S% ? o:nt%(m:ed‘uq723 4‘)
7.2.2.4 lead, Lag, and Rate Time Constant Setpoinfs Used in Safety System

Channels

Several safety system chznnels make use of lead, lag, or rate signal compensa-
tion to provide signal time responses consistent with assumptions in the
Chapter 15 analyses. The time constants fer these signal compensations are
adjustable seapaisds within the analog portion of the safety system. The
applicant h%z‘_‘um1tted to incorporate testing of the time constants setpotnts
inte the.aitnt technical specifications.

7.2.2.5 Response Time Testing

To assure that the response time of each protective function of the Reactor
Trip System and Engineered Safety Features Actuation System is within the time
limit assumed in the accident analyses, Technical Specifications require
testing the time response at specified intervals. The applicant intends to use
a computer based system using process noise with the plant at power for sensor
response time testing. The staff concluded that this method is acceptable
during its review of the Callaway operating Ticense application (Docket No.
50-483). However since there is only Timited experience to date in the use of
this technigue for response time testing, the Callaway operating license will
be conditioned to require the submittal of test results and conclusions through
the first three fuel cycles to allow a more thorough review of the

adequacy of this technology. During our review of this subject on the Byron/
Braidwood application, the applicant noted that Westinghouse is in the process
of praparing a topical report to justify the adequacy of this method of
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response time testing. If staff review and approval of the topical report does
not occur prior to the issuance of the Byron operating license, conditions will
be included in the Ticense to reguire the submitta) of test results and
conclusions to permit further staff review of the experience with this
technique for response time testing.

7.2.2.8 General Warning Alarm Trips

The General Warning Alarm System monitors various conditions, such as power
supply output and test switch positions in the Solid State Logic Protection
System. If any of the monitored conditions in a train are abnormal, the alamm
relay for that train is deenergized. This actuates the train trouble
annunciator in the control room. If an abnormal condition occurs in both

trains, the reactor is avtomatically tripped.

The infoai}ion presented in the FSAR digd not p
eiad, *he Genera) warning Alarm System is incorporated in the Reactor Trip
System. In response to ourm the applicant has indicated that the design
of the General Warning Alarm System is identical to that of the previously
reviewed Callaway plant. This information is to be incorporated in the FSAR.

7.2.2.7 Verification of the RTD Bvpass Loop Flow /

The reactor coolant system hot and cold Teg resistance temperature detectors

generator is used for the hot leg resistance temperature detector and a bypass loop
from downstream of the reactor coolant pump to upstream of the pump is used for.
the cold Teg resistance temperature detector. The flow rate affects the overall
time response of the temperature signals provided for reactor protection and, thus.
should be monitored at appropriate intervals. The staff will require that the
magnitude of the RTD bypass 1oop flow rate be verified to be within required

Timits at each refueling period. This requirement will be incorporated in the
plant technical specifications. |

- potz |
;\.D'V‘-?L
47 - - used for reactor protection are located in reactor coclant bypass loops. A
| d"{tf/& | bypass loop from upstream of the steam generator to downstream of the steam
o
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7.2.2.8 .TMI-2 Action Plan Item I1.K.3.10, Proposed Anticipatory Trip

Modification s

This item deals with the modification ﬁroposed by some licensees to raise the
power level at which the anticipatory trips are unblocked.

The applicant has not proposed a change in the interlock for the anticipatory
reactor trip on turbine trip (the trip is active above approximately 10% of
power); therefore this item is not appligable to Byron/Braidwood.

7.2.2.9 TMI-2 Action Plan Item I1.K.3.12, Confirm Existence of Anticipatory
Reactor Trip Upon Turbine Trip

The Byron/Braidwood stations have an anticipatory reactor trip on turbine trip,
which satisfies this item.

7.2.3 Conclusions

The RTS for Byron/Braidwood is functionally identical to the reactor trip
systems reviewed and approved by the staff on previous operating license
applications of which the Callaway application (Docket No. 50-483) is the most
recent. Based on our prior review and approval o‘f the standard design of the
wut_ingnouu designed RTS including its conformance to the requirements of

IEEFR79 and related General Design Criteria, we find the RTS for 79—““"'“
Byron/Braidwood to be accepuble/»d»‘,td c,m,rlu(-uk 7 c;%m#\.g

2/.5.3
- and  condtonyg e &f o~ ScFrems 7/ 3. 2, e
W7,/.3.4‘
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7.3 Engineered Safety Features Sysﬁcms

7.3.1 System Description

This section describes the Engineered Safety Features Actuation System (ESFAS)

that initiates the operation of both the Engineered Safety Features (ESF) and

Essential Auxiliary Support (EAS) systems. Also described are the control -
systems which regulate the operation of the ESF and EAS systems following their
initiation.

7.3.1.1 Engineered Safety Features Actuation System

The ESFAS monitors selected plant parameters, and whenever predetermined safety s
limits are reached the system sends actuation signals to the appropriate
Engineered Safety Features (ESF) and the auxiliary support systems equipment.
Typical accidents that require actuation of the ESF systems are a loss of
primary coolant and steam line breaks. The plant variables that are monitored
by the analog circuitry of the ESFAS include pressurizer pressure, steam line
pressures and flows, steam line differentia) pressure, containment pressure,
and reactor coolant average temperature. Whenever a monitored variable reaches
a set limit, the associated instrumentation channel trips a bistable. This
turns off power to the relays that provide inputs (voltage/no voltage) corres-
ponding to the condition (normal/abnormal) of the measured parameter to the
Solid State Logic Protection System consisting of two redundant trains each
capable of actuating the ESF equipment required. Whenever a required logic
combination of inputs is received by the Solid State Logic Protection System,
each train operates an appropriate master relay. <Contacts of these relays are
used to operate slave relays that in turn provide contacts to actuate various
Engineered Safety Features system equipment.

The ESFAS signals and the plant conditions that generate these signals are a$ f'/[’“@
dhdin,bclou.( The first number in parentheses after each parameter indicates

the number of coincident trips required, and the second number is the number of
redundant channels providod.)
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(1) Safetv Injection

a
b
c.
d

(2) Containment Spray and Containment Isolation, Phase B

Manual
High containment pressure
Low compensated steamline pressure

- Pressurizer low pressure

(;72)
(2/3)
(2/3 in any steam line)
(1/3)

Manual (two sets, two switches per set)
Containment pressure high=high-high (Hi=3)

(3) Containment Isclation, Phase A

Manual
Automatic safety injection

(4) Steam Line Isolation

Manual

Low steamline pressure (interlocked

with loop stop valves)

Containment pressure high=high (Hi=2)

High steam pressure rate

(5) Feedwater Line Isolation

a.
b.

Safety injection

Steam generator level high-high (Hi-2)

Low T‘\'g and reactor tripped

(1/2 sets)
(2/4)

(1/2)
See items b through d
for function (1) above

(1/1 for any loop)
(1/2 for all loops)

(2/3 in any steamline)
(2/3)
(2/3 in any steamline) (5 -

(172

(2/Z for any steam
generator)

(2/8)

The testing of the ESFAS analog instrumentation channels and the Solid State
Logic Protyction System is carried out in the same marner as described for the
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Reactor Trip System in Section e The solid state logic testing checks
the signal path from anc including input relay contacts through the master
relay coils and performs continuity tests on the coiis of the output slave
relays. Uuring logic testing of one train, the other train can initiate the
required actuation .unction. Final actuator testing operates the output slave
relays and verifiesoperability of those devices which require safeguard
actuation and which can be tested without causing:blant upset. A continuity
check is performed on the actuators of the untestable devices. To enable &«
continuity check, these devices have been assigned % slave relays for which
additional test circuitry has been provided to individually block actuation to
a final device. Interlocking prevents blocking the output from more than one
output relay in a protection train at a time. Interlocking between trains is
also provided to prevent continuity testizain both trains simultaneously.

3.1.2 ESF and EAS System Operation

7.3.1.2.1 Auxiliary Feedwater System

The function of the Auxiliary Feedwater System (AFS) is to prov1de«adequate .
&84y water to the steam generators in the event the main feedwater supply is
not available. The AFS consists of two subsystems. One subsystem utilizes an
electric-motor-driven pump which is powered from one of the emergency power
systems supported by a diesel-generator. The other utilizes a pump that is
ariven directly by a diesel engine. A1l electrical equipment in each of the

two subsystems is powered from a separate ESF bus. The water to the AFS is
normally supplied from the condensate storage tanks. A backup source is
available from the Essential Service Water System (ESWS) through two normal1y
closed motor-operated valves in series for each pump.

A manual control switch is provided for each pump on the main contr01 board an

t the remoEe shutdown pane]. ;llior-tﬁe auxiliary feeawater flow ulllil
| OKW ot t th 1nyc trol board —w“b'“;e
i&wns B e ma N{i B g3

A remote shutdown panel & To StoaX. _the pump andﬁflow contmaie at the remote
shutdown panel, transfer switches (REMOTE/LOCAL), located at the remote shut-
down panel, must be turned to”LOCAL position. The pumps are started automati-
cally on either a low-low level in any steam generator, a safety injection
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signal, or a complete loss of offsite electrical power. Manua) starting o‘:the
wHwelmoniteors Tube 011 pressure. Under automatic safeguards start condition, the
permissive from the lube o0i) pressure switch is not reguired. The pump is
automatically on Tow=-low pump suction pressure.

7.3.1 2.2 Containment Isnlation

The function of ¥ae containment isolation is ‘o provide a barrier against
uncontrolled release of radicactivity te the environment following an accident
which releases radioactive material inside the containment. The containment
isolation system is actuated automatically by signals from the ESFAS system (see
Section 7.3.1.1). The phase A signal isolates all nonessential process lines
penetrating the containment; phase B isolates the rest of the lines, except the
safety injecticn and containment spray lines.

A1l remote operated (automatic or manual) containmeﬁtisolation valves are
provided with control switches and pesition indicating 1ights on the main
control board. Additionally, a second pair of open/close indicating lights for
each valve is provided on the monitor 1ight panel (see Section 7.5.1).

a3 Emergency Core Cooling System

The primary function of the Emergency Core Cocling System (ECCS) is to remove
the stored and fission product decay heat from the reactor core during accident
conditions. The ECCS is a two-train, fully redundant, engineered safety
feature. Separate powersources are pravided for each train from the ESF buses.
The instrumentation and controls of one train are electrically independent and
physically separate from the instrumentation and controls of the othér train.
Redundant as well as functionally independent variables are used to initiate
safeguard signals (see Section 7.3.1.1). The safety injection signal initiates
the following actions in the ECCS: (1) Startg centrifugal charging pumps ;(2)
Opens refueling water storage tank suction valves to charging pumps;(3) Opens
safety injection containment isolation valves;(4) Closesnormal charging path
valves)(S) Closes charging pump miniflow valves;(6) Startssafety injection
pumps ,(7) Starts residual heat remcval pumps‘;s) Closesvolume control tank
outlet isolation valves. No manual actions are required of the operator for
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proper operation of the ECCS during the injection mode of operation. Only
Timited manual actions are required to realign the system forarecirculation
mode of ‘operation (see Section 7.6.1.3).

7.3.1.2.4 Containment Spray Svstem

The Containment Spray System (CSS) is designed to remove fission prodgfts.
primarily elemental iodine, from the containment atmosphere following™oss-of-
coolant accident. At the same time the spray water reduces the containment
temperature and pressure. The CSS consists of two independent ,100% capacity)
systems each powered from a separate ESF bus.

The CSS is provided with instrumentation and controls to permit the monitoring
and actuation of the system, fecmsgomside—the—cortainment— The containment spray
pumps and valves are actuated automatically by the containment spray actuation
sigha1 from the ESFAS (see Section 7.3.1.1). Manua) control switches are pro-
vided on the main contro) board. Indicating Tights are provided on the main
control board and on the ESF status boards (see Section 7.5.1) tu show the
status of the pumps and the position of the valves. Abnormal conditions in the
pump and valve operation and in the spray water supply are alarmed on the main
control board.

7.3.1.2.5 Reactor Containment Fan Cooler System

The function of the Reactor Containment Fan Cooler (RCFC) system is to cool and
dehumidify the containment under ncrmal and accident conditions. The RCFC

system consists of two redundant trains each powered from a separate ESF bus.

The instrumentation and controls of each redundant train are powered from the
same ESF bus that powers the equipment in the train. Variables important to

RCFC system operation are indicated in the control room,and alarms are provided
to warn the operator of abnormal conditions.

an
The RCFC fans are started automatically at low speed upon receipt ofAESF actua-

tion signal. For manual control of the RCFC system operation, switches are
provided on the main control board and at the remote shutdown control panel.
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7.3.1.2.6 Combustible Gas Control System

The Combustible Gas Contro) System controls the buildup of hydrogen gas within
the containment. (QOne hydrogen recombiner with associated controls is provided
at each unit and is powered from one of the ESF buses. The hydrogen recombiners
are portable units, allowing moving a recombiner from one unit to another if
necessary. The recombiner control panel is located outside tfo containment.

A1l controls, alarm, and readcut instrumentation are Tocated on this panel.

After the recombiners are manually started, the system is designed to operate
automatically.

7.3.1.2.7 Essential Service Water System

The Essential Service water System (ESWS) supp]iei water to all essential heat
loads. Two full-capacity service water loops are provided for each unit; each
takes suction from different essential service water cooling tower basins at
Byron, and the essential cooling p~=: ** Braidwood. The two pumps and
associated valves in each uni. are pc-red from separate emergency power buses.

A manual control switch is provider for each pump on the main control board and
at the remote shutdown panel. The switch on the remote shutdown panel is
activated by turning a transfer switch (REMOTE/LOCAL), located on the remote
shutdown panel, to LOCAL position. The pumps are started auvtomatically by a
safety injection signal provided that the suction valve is open. The pumps are
stopped automatically by protective overcurrent relays, or by low suction
pressure. One motor-operated isolation valve is provided in the suction line
of each pump. The Power source for the valve motor is supplied from the same
power train as the associated pump. )

7.3.1.2.8 Main Control Room HVAC System i

The function of the Control Room HVAC System is to provide environmenta)
conditions conducive to habitability and long component 1ife in the control
room under normal and abriormal station conditions. The system is comprised of
two full-capacity saetewsmme equipment trains. Instrumentation and controls
for each traing are completely independent of each other.
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The instrumentation and control systems monitor radiation in the makeup air
intakes, chlorine concentrations in the outside air intakes, and combustion
products in the makeup air intakes, and take necessary action to ensure control
room habitability. Also, alarms are actuated on the main control board on
detection of high radiation or chlorine level, or combustion products. Temper-
ature and pressure in the contro! room are also monitored and appropriate
control actions are taken to maintain the temperature and pressure within
established limits.

7.3.1.2.9 Auxiliary Building HVAC Svstem

The Auxiliary Building HVAC System serves all areas of the auxiliary building
including ESF cubicles, and Fuel Handling Building, but excludes the control
room, computer room, and offices and laboratories which are served by
independent HVAC systems. The Auxiliary Building HVAC System consists of
redundant equipment having independent controls and instrumentation. The
function of the HVAC system is the control radioactivity in the areas served
and also to minimize the release of airborne activity.

The controls and instrumentation are powered from the ESF buses. The control
system is interlocked with a high radiation signal from the radiation
monitoring system to automatically route the exhaust air through normally
bypassed charcoal filters and start booster fans. In case of fire in the
charcoal fEL&ers, the associated booster fan will be tripped automatically by a
signal fromafire detection system. Detection of combustion products in the air
supply or exhaust ducts will actuate an alarm on the local control panel.

7.3.1.2.10 Essential Switchgear Rooms. Miscellaneous Electriczal Equipment
Rooms, and Battery Rooms Ventilation Systems

The function of the vent:lation systems in the essential switchgear rooms ,
miscellaneous electrical equipment rooms, and the battery rooms is to remove
heat generated by electrical equipment and prevent accumulation of hydrogen gas
generated during charging of batteries. Ventilation fans are controlled from
either the main control panel or the Tocal control panel. Outside air and
return air dampers are interlocked to open when running the ventilation fans
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and are moduiated by a temperature controller. Power to the instruments and
controls is supplied froa the same ESF buses that feed the associated HVAC
equipment.

7.3.1.2.11 Diesel-Generator Facilities Ventilation System

Each of the four diesel-generator rooms and day tank raooms is provided with an
independent ventilation system which provides continuous ven%él:}ion for the day
tank room, and ventilation and a source of combustion air foradiesel-generator
when it operates. The iastruments and controls for the Diesel-Generator Facili-
ties Ventilation System are not redundant, since redundant diesel-generators

are provided. The instrumentation channels and Togic circuits of each diesel-
generator room ventilation system are, however, physically and electrically
separated to prevent a failure in one diesel-generator room ventilation system
affecting the other system. Diesel-generator room ventilating fans start
automatically by the diesel-generator start sequence or manually by contro]
switches in the main control room.

7.3.2 Specific Findings

The concerns arising from cur review and their status are as follows.

7.3.2.1 Steam Generator Level Control and Protection

A R i e A O LNTeE Steam generator level channels are
used in two-out-of-three logic to isolate the feedwater on high-high (Hi=2)
water Tevel. In addition, one of these channels is used to provide a level
signal to the three-element feedwater controller. A downscalﬁejﬁilﬁyf of the
level ch2nnel used for control would result in a continuous emliges. for
feedwater and at the same time make this channel ineffective in providing
protection for high water level. =

45535 This would reduce the high leve] trip& from two-out-of-three to
two-out-of-two:‘:;sultii;,in violation of the requirements of IEEE Standard
279, Paragraph 4.7 on "Control and Protection System Interaction," since the
remaining protection system would not meet the single failure criterion. In
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7.3.2.2 Compliance with IE Bulletin 80-06 -

IE Bulletin 80-06 requests a review of the Engineered Safety Features, with the

objective of ensuring that no device will change position solely because of the -
reset of the actuation signal. In response to our question on how the Byron/
Braidwood design meets the requirements of IE Bulletin 80-06, the applicant
stated that the requested reviews have been performed and a number of circuits B 1o wal.
WETE MESETTRIDG s LemeNeERg redeswgn“m the requirements of IEBS0- OSM
applicant also stated that a test,to verify that the actual installed instru-

mentation and controls are in compliance with the reguirements of IE 80-06, -
will be conducted as part of the preoperational tests. Based on this commitment

we consider this issue resolved subject to confirmation of the test completwon

7.3.2.3 Failure Modes and Fffects Analysis (FMEA) Interface Req.irements

The applicant has referred to the Westinghouse Topical Report WCAP- -8584,
"Failure Mode and Effects Analysis (FMEA) of the Engineered Safety Features
Actuation System," as the supporting document of FMEA for ESFAS eguipment
within the Westinghouse scope of supply. We reguested the applicant tn confirm
that the interface requirements specified in WCAP-8584 have been met. In
response, the appiicant stated that the interface criteria have been met and
SE=3= added a statement of confirmation Mhe FSAR.

7.3.2.4 Safety System Trip Set Point Hethodologx

The methodology followed in setting the safety system trip points has not been
described in the FSAR. In response to our request for information concerning
this item, the applicant stated that the setpoint study has not been completed
for the Byron/Braidwood plants. Since the primary function of this information
is to confirm the adequacy of set points specified in the plant Technical
Specifications, the staff will audit this information at the time the Technica)
Specifications are available for review.
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7.~3.2..5 Effect of the Auxiliary Feedwater Tontrol Switch Position on the
5 L System Operation
A=

{ In our review or the auxiliary feedwater syst.em we found that the pull-to-lock o
l position of ..he \auxﬂ'lary feedwater pump control switches disables the start
| of auxiliary feedwater pumps on safety actuation ‘signal. In response to our
| concern on this fact the applicant stated that if the switch is left in the -
|pu1 1=to-lock position, the system-inoperative light will be actuated on the .
| €quipment status display console. Based on this statement we\consider this \ '

iissue to be resolved. \
SR N .
2.‘5 Auxiliary Feedwat2r Flow Controller Settings g hev'¢ ,g%om‘f sfa‘#/ms

The auxiliary feedwater flow 1n each of the lines to the steap generators is
maintained automatically at Uh set Tevel by mntrollers Tocated in the

main control room, oy . . We were concerned that no
means are provided to insure that thescontrol Jees a"l’o set to provide full flow
of approximately 160 gpm after initiation of the feedwater system operation. ‘
In response to our concern the applicant W

- . - & . -

P 5 n7
S 20 2] arm m actuated if any of the% are not at Flf-

full=-flow va]ueM'—e\zM, M QM% -égi S mw+ MW »

FSAE  has bl awended 4o reileet thee Cosean wd-f‘-um-n
7.3.2.7 Auxiliary Feedwater Flow Controller Power Sup:ﬂv \

&XK The auxﬁ‘iary feedwater flow control instrun;éntation is powered from diesel-
generator baéked £'~‘F buses. If a diesel generator would not start following a :
blackout requiring auxahary feedwater, no power for the auxﬂ iary feedwater
flow contro’ instrumentation would be available resu1t1ng in a loss of flow
control. To eliminate this problem, we have requested the applicant to power
the flow control instrumentation from the vital ac power inverters\that are

‘\ \backed up by batteries. S~ J

. PR —_—

FE o

\—~>C,="\M13;7" m‘f’ Paﬁ{ WV\WJ'
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“7.3.27 huxiliary Feedwater Flow Contro)

A motor operated block valve is provided downstream of each auxiliary
feedwater flow control valve. The block valve operates as a2 throttling
contro]l valve in that its control ﬁircuit does not seal-in on a momentary
open or close command. The capability to control auxiliary feedwate: f1ow-.
with the block valve fulfills the safety function of the system in

that the operation of the auxiliary feedwater flow control valves are de-
pendent on the non-safety grade instrument system. The block valve is
powered from a 430 volt essential bus. Instrument power for the flow
indication and control is derived from a 480 to 120 volt instrument

power transformer connected to the same essential bus supplying power to
the block valve. This is in contra;:rnorma1 practice of supplying power ’
ESSSNTIAL -

to.instrument control and indication systems from battery bacged

vital 120 volt ac power sources.

From an operability standpoint, this design does not introduce any
concarns with respect to the "A" train of t;e auxiliary feedwater
sysiems since the motor driven pump operability is dependent upon

the same diese1efgerator backed essential power train. However, -

with respect to the "B" train of the auxiliary feedwater system,

the operability of the diesel driven auxiliary feed pump is not de-
pendent upon the availability of the "B" ;rain diesel generator backed
essential buses. Thus, for events which lead to a loss of tﬁe “B"

train essential buses, the diesel driven auxiliary feedwater pump wou\d;

be operable. If these events were accompanied by a demand for auxiliary




feedwater, the operator may not recognize that the diesel driven pump

is running and providing water to the steam generators since flow
indication would indicate no flow on the loss of the "B" train power
source. This could lead to an overcooling event that could be further
conx.ﬂicated by a safety injection on low primary pressure, the most

common cause of inadvertent safety injection.

For accident sequences with a loss of the "B" train power source,
a faulted steam generator( feedwater or steam line br-eak) presents
an additional concern. In this case flow from the diesel driven
auxiliary feed pump would not be limited to 160 gpm for each steam
generator and again, with the loss of flow indication, the operator
must recognize that the diesel pump is running and take action to

trip the pump to terminate flow to the faulted steam generator.

Although not a design bases event the applicant has been requested
to prepare emergency procedures for a %otal loss -of AC power. In
this event, the diesel driven pump is the source of auxiliary
feedwater to permit safe shutdown. If the flow indication and
controls were powered from battery backed _120 volt vital instrument
cuses, indication of flow would be available from the control room
as well as flow control for & long as instrument air is available

from the instrument air system.

b&the staff conclude/that there is a sufficient bases to

s
require ptawt modifications such that the steam generator flow indi-
cation and control instrumentation be Powirﬁd from batteri backed

120 volt vital instrument buses a 74.
we [‘/ )7&‘
system which is more tolerant of potential failures that,nnuﬁ‘d——— gt



complicate the operator's ability to maintain the plant in a safe

condition for such events,

/ #
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7.3.215 Auxiliary Feedwater System Switchover to Essential Service Water

The normal supply of water to the auxiliary feeawater system is from the

conagensate tanks. In case this supply is not available, the water is supplied
from the Essential Service Water System (ESWS). The automatic switchover is
initiated when the pressure lﬂ*the feedwater pump suction line drops to
switchover setpoint (L0-2) aldnthe safety injection signal is present. Although
an alarm is sounded -in the control room to warn of impending switchover when
the L0-2 setpocint is reached, no clear indication was provided of actual
switchover. 'n response to our concern, the applicant pgs provided an alarm
to indicate that automatic switchover from the condensate storags tank to the

ESWS has been initiated. PRI Iyem—is—TEsoivEst

el

£ J
7.3.271 TMIHR Action Plan Item I1.E.1.2, AuxiliaryFeedwater System Automatic
Initiation and Flow Indication 3

-~

Action P?an Item I1.E.1.2 requires the following features: (1) a reliable
automatiic }adi‘-e=an'of the auxiliary feedwater system, and (2) a reliable
indication in the control room of the auxiliary feeawater flow.

(1) Automatic initiation of the auxiliary feedwater system is part of the
' engineered safety features actuation system and conforms to the

(.% requirements for protection systems in accordance with IEEE Standard 278.

Therefore, we find that the design of this system conforms to the Action
Plan guidelines.

<ﬁ K7) A single auxiliary feedwater flow indicator is provided in the control

(~* room for each steam generator. The flow instrumencation is powered from

ESF buses (backed up by dweseigenorators) Therefore, we find that that
the design of this system conforms to the Action Plan guidelines.
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| ~23:2.4 Convaiament Ventilation Isolation RadiatioR-Moaitere

&

q
7.3.2.}5’ Test Jacks for P-4 Interlock Test

The Engineered Safety Features Actuation System includes a number of interlocks,
designated "P", that perform various permissive and blocking functions depend-
ing on monitored conditions. Although as stated in the FSAR, the "P" inter-
locks are-designed to meet the testing requirements of IFEE Standards 279-1971,
and 338-1971, the P-4 interlock was found not to be fully testable. This was
reported to the Commission by Westinghouse on November 7, 1979 and test proce-
dures were recommended for all Westinghouse plants. In response to our.qutvt-un-
<» the Byron/Braidwood P-4 interlock testing, the applicant stated that test
jacks will be provided at the reactor trip breakers to facilitate testing of
the P-4 interlock. Based on this information we consider this issue resolved
subject to confirmation that this modification has been implemented.

—

~ o=
~

~

Information provided in the FSAR indicates that radwitwcn detectors that
prov1d‘\ﬁaputs to the containment ventilation isolation actuation logic, are
not safety~related and are not redundant. In response to our concern, the
applicant has stated that actual]y two redundant, Class 1E, safety-related
radiation monitors are provwded “One monitor provides a signal to protectaon
system Train A, and the other to Train B. The Jinformation in the FSAR has

‘ been revised to reflect this statement.
\~__——___—6-‘“‘__‘“““~—— )

| , " .
7.3.2,}2f Reset of Containment Ventilation Isolation Signal

The containment ventilation isolation actuaticn Togic includes a retentive
memory device with manual reset. This device receives a signal from an "OR"
gate that has inputs from a containment radiation monitor and the safety injec- L
tion actuation system. A high radiation or safety injection signal will generate
a containment ventilation isolation actuation signal. This signal can be reset
by operating a reset button. After the reset, Mthc initiating
signal remains,presgaly the logic will not respond to another initiation signal.
In response to our concern the applicant modified the Togic such that the reset .

of one actuation signal will not block the other signal from performing its
protective action. The FSAR has been modified to show the revised system.

g o TR P51 | —— uJ:;::L:( A wenT e
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7.3.2.11 TMI ACTION PLAN IT§57}1£§.4.Z.‘GONTAINMEN*”?SOLATION‘DEPENBABIL}*Y

POSITIONS(#), (6) AND (7)

Action Plan Item I11.E.4.2 Position (4) requires the design of control systems

for automatic containment isolation valves sie¥® be such that resettinc the isoiation
signal will not result in the automatic reopening of containment isolation .
va1ves; Position (6) requires certain containment purge valves that do not

satisfy specific operability criteria to be sealed closed in a defined

manner; Position (7) requires containment purge and ventilation valves

to close on a high radiation signal.

Based on our review of the instrumentation and control systems in this

area, we find that the applicant has satisfied this item. See Section 6.2.4
of this report for a detailed discussion of the 2pplicant's complance

with TMI Action Plan Item I1.E.4.2.



7.3.3 Conclusions

The review of the irstrumentation and control aspects of the engineered safety
feature (ESF) systems included the engineered safety features actuation system
(ESFAS) and the ESF control systems. The ESFAS detects a plant condition
requiring. the operation of an ESF system and/or essential auxiliary support
(EAS) system and initiates operation of these systems. The ESF control system
regulates the operation of the ESF system following automatic initiation by the
protection system or manual initiation by the plant operator.

We have conducted an audit review of these systems for conformance to guide=-
lines of the applicable Regulatory Guides and industry codes and standards. In
Section 7.1 of this SER we concluded that the applicant had adequately identi-
fied the guidelines applicable to these systems. Based upon our audit review
of the system design for conformance to the guidelines, we find that s

-

ity there i reasonable assurance that thgafystems conform to the
applicable guidelines.

Our review has included the identification of those systems and components for
the ESFAS and ESF control systems which are designed to survive the effects of
earthquakes, other natural phenomena, abnorma) environments and missiles.

Based upon our review, we conclude that the applicant has identified those
systems and components consistent with the design bases for the systems.
Sections 3.10 and 3.11 of this SER address the gualification programs to demon-
strate the capability of these systems and components to survive applicable
events. Therefore, we find that the identification of the systems and compo-
nents satisfies this aspect of the GDC-2, "Design Bases for Protection Against
Natural Phenomena," and GDC-4, "Environmental and Missile Design Bases."

Based on our review, we conclude that the ESFAS conforms to the design bases
requirements of IEEE-279. The system includes the provisions to sense accident
conditions and anticipated operational occurrences to initiate the operation of
ESF and EAS systems consistent with the analyses presented in Chapter 15 of the

F:SAR. Therefore, we find that the ESFAS satisfies the requirements of GDC-20,
"Protection System Functions."
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The ESFAS adequately conforms to the guidance for periodic testing in

Regulatory Guide (RG) 1.22 and IEEE-338 as supplemented by Regulatory Guide

1.118. The bypassed and inoperable status indication adequately conforms to P

the guidance of Regulatory Guide 1.47. The ESFAS adequately conforms to the ook
guidance on the application of the single failure criterion in IEEE-379 as

supplemented by Regulatory Guide 1.53. Based on our review we conclude that

the ESFAS satisfies the requirement of IEEE-279 with regards to the system -
reliability and testability. ~“herefore, we find that the ESFAS satisfies the
requirement of GDC-21, "Protection System Reliability and Testability."

The ESFAS adequately conforms to the guidance in IEEE-384 as supplemented by
Regulatory Guide 1.75 for the protection system independence. Based on our
review, we conclude that the ESFAS satisfies the requirement of IEEE-279 with
regards to the systems independence. Therefore, we find that the ESFAS
satisfies the reguirement of GDC-22, "Protection System Independence."

Based on our review of the ESFAS, we conclude that the system is designed with
due consideration of safe failure mcdes if conditions such as disconnection of
the system, loss of energy, or a postulated adverse environment are
experienced. Therefore, we find that the ESFAS satisfies the requirements of
GDC-23, "Protection System Failure Modes."

Based on our review of the interfaces between the ESFAS and plant operating
control systems, we conclude that the system satisfies the requirements of
IEEE-279 with regards to control and protection system interactions.
Therefore, we find that the ESFAS satisfies the requirement of GDC-24,
"Separation of Protection and Contro) Systems."

Our conclusions noted above are based upon the requirements of IEEE-279 with
respect to the design of the ESFAS. Therefore, we find that the ESFAS
satisfies the requirement of 50.55a(h) with regards to IEEE-279.

Our review of the ESFAS and ESF control systems has examined the dependence of
these systems on the availability of essential auxiliary supporting (EAS)
systems. Based on our review and coordination with those having primary review
responsibility of the EAS svstems, we conclude that the design of the ESFAS and
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ESF control systems are compatible with the functional performance requirements
of EAS systems. Therefore, we find the interfaces between the ESFAS and ESF
control systems and the EAS systems to be acceptable.

Nur review of the ESF control systems included conformance to the requirements
for testapility, operability with onsite and offsite electrical power, and
single failures consistent with the General Design Criteria applicable to these
ESF systems. We conclude that the ESF control systems are testable and are
operabie on either onsite or offsite power (assuming only one source is
available) and that the controls associated with redundant ESF systems are
independent and satisfy the requirements of the single failure criterion.
Therefore, we find the ESF contro) systems -meet the relevant requirements of
GDC-34, "Residual Heat Removal," GDC-35, "Emergency Core Cooling," GDC-38,
“Containment Heat Removal," and GDC-41, "Containment Atmosphere Cleanup."

In summary, the staff concludes that the ESFAS and the ESF control systems will
be acceptable and meet the relevant requirements of General Design Criteria - &

4, 20 thru 24, 34, 35, 38, and 41 and 10 CRF Part 50 50.55a(h) subject to wwwer
- 2 2 5 2 . 5 » Aa A

< £

7.4 Systems Required for Safe Shutdown i::if:;:
7.4.1 Svstem Description

This section describes the equipment and associated controls and
instrumentation of systems required for safe shutdown. It also describes
controls and instrumentation outside the main contro! room that enable safe
shutdown of the plant in case the main control room needs to be evacuated.

7.4.1.1 Safe Shutdown Systems

o ;
R e s, Securing and maintaining theplant in“safe shutdown

condition can be achieved by appropriate alignment of selected systems that
normally serve a variety of operationa) functions. The functionswhich the
systems required for safe shutdown must provide, are:
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(1) Prevent the reactor from achieving criticality, and

(2) Provide an adequate heat sink such that the design and safety limits of

the reactor coolant system temperature and pressure are not exceeged.

To perform the above functions, the systems required for safe shutdown must
have the following capabilities.

(1) Boration

(2) Adequate supply of auxiliary feedwater, ANC e 3 4R
(3) Residuad hed Newmeral

In addition to the operation of systems required ta provide the above functions
to achieve and maintain safe shutdown, the following conditions are applicable:

(1) The turbine is tripped (in addition to automatic trip this can also be
accomplished manually at the turbine as well as from the control room);

(2) The reactor is tripped (in addition to automatic trip this can also be
accomplished manually at the reactor trip switchgear as well as from the
control room);

(3) AN

automatic protection and control systems are functioning (discussed in

Section 7.2 and 7.3).

" The

(1)
(2)
(3)
(4)
(5)
(6)

i [The

12/17/81

monitoring indicators WMM for

maintaining hot standby are as follgws:

Water level for each steam generator

Pressure for each steam generator

Pressurizer water level

Pressurizer pressure

Primary coolant hot and cold leg temperatires
Auxiliary feedwater flow for each steam generator.

above indicators are provided in the mair control room and also on the

| remote shutdown panels.
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f | The equipment considered necessary for safe shutdown includes the
following:

(1)
(2)

(3) -

(4)
(5)
(6)
(7)

(8)
(4)

Auxiliary feedwater pumps
Centrifugal charging pumps
Essential service water pumps
Component cooling water pumps
Reactor containment fan coolers

Control room ventilation unit, including control room air inlet d

Auxiliary feedwater control valves
Atmospheric steam safety velves,

Sdesm q‘h?AAJ'D( PRV "/

ampers,”

f A1l of the equipment above is powered from ESF buses and can be controlled

| from both the main control room and the remcte shutdown panel.

. are the atmospheric steam safety valves ich
1€ require no power or control %ﬁ%

. able for safe shutdown and has\controls both

\ the romote shutdown panel, but

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Boric acid transfer pumps
Primary water makeup pumps
Charging flow control valve
Letdown orifice isolation valves

G.rgbg

Power operated atmospheric steam relief valves

Pressurizer heater contro)
Emergency boration isolation valve.

7.4.1.2 Remote Shutdown

In addition to the controls and inst~umentation in the main control room,
selected duplicate controls and instrumentation are provided outside the
control room to enable safe shutdown of the plant in case the main contro] room

must be evacuated. The primary remote controls and instrumentation are at the

Exceptions
are self-actuated and
itional equipment that is avail-
at the main control room and
not powered from ESF buses, includes:

and The Team gewdoe PORV )

a i

4. 2.3

remote shutdown panel that is located in the radwaste control area. This panel

is divided into three sections; two sections for the two redundant ESF trains,
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- 7-31

BYRON SER SEC 7

da



and one section for the nonsafety-reiated equipment. Separation betyegn the
sections is provided by ph s1ia1‘barr1er '
The remote shutdown panel is prd?ided with the necessary controls and )
instrumentation to maintain the plant in a hot standby condition. The plant
design also provides a capability for cold shutdown using the instrumentatior
and controls outside the main contro] room. TbQBESOMp4i=h~th+§T~ha'!y!R,

: " s h

j£4 . s

Normal control of equipment and systems which have duplicated loca) controls
and instrumentation, is accomplished in the.main control room. In the event of
a main control room evacuation, local control is established by use of selector
switches that transfer the control from the main control room to the Tocal
controls. For the remote shutdown panel, switching to local contro] causes an
annunciator alarm to sound in the main control room. Local contro] panel
instrumentation such as analog indicators require no transfer as they are
normally energized and operating.

7.4.2 Specific Findings

The concerns arising from our review and their resolution are as follows.

7.4.2.1 Remote Shutdown Instrumentation and Controls

Pnalysis is being carried out to determine how the system meets the requirements
of 10 CFR Part 50, Appendix R (shutdown capabi]itz,fﬂglfng'ggagxzjf of fire
nazards);Su Section 9.5.1 of this report&‘“ Because changes ?n the system
design of the remote ;hutdown system may be required based on the results of
this analysis, the staff will review the final design prior to issuance of the
Operating License. Any problems resulting from this review will be addressed

in Section 9.5.1 or in a suppliement to this report.
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7.4.2.2 Remote Shutdown Caoabi]ity'Test

hesiSS> concern raised by the staff regarding the remote shutdown capability,
was a need for a test to verify design adequacy. In response to our concern,
the applicant stated that the plant startup test program includes a cne-time

demonstration to maintain a safe shutdown condition from outside the control

room. The test is to be carried out with the plant initially above 10% power. -
Subject to confirmation that this test has been successfully completed we
consider this item to be resolved.

7.4.2.3 Steam Generator Pressure Contro)

Following initiation of the auxiliary feedwater system, the pressure in the
steam generator is initially controlled by code safety valves following a
reactor and turbine trip from full load. If the condenser is available, the
bypass valves subsequently control steam generator pressure by dumping steam
to the condenser when decay heat falls to approximately 40% of full load. If _
the condenser is not available, such as on the Toss of offsite power, steam is
vented to the atmosphere by the steam generator power operated relief valves
(PORVs). For this case it is the staff's position that steam generator
pressure control should be maintained by safety-grade systems without reliance
on code safety valves for long-term pressure control.
| L |  swplemeled
The applicant has indicated that design changes are being conssdenss for the
steam generator PORVs such that their operation would not be dependent on the
nonsafety-grade instrument air system. ‘Hydmuﬂ\_,g cpu-a;ﬂ Wl be ?fauuhi/j-\_.
+ean vales . Powen F“’h"‘ T Tla Velot Spacaites wnll o xn-gpl_\J. éa\-\ ESF
Rivision || amd e othn +ws vt epelns wnll be Swpp/ied

ESE Dwisien /3. Thise Tpeiters wdl allow comiinl
/°T=¢t2- o T wssire fa Agiotned Snbrec® Ao corelipi .
7.4.3 Conclusdons W

The review of systems required for safe shutdown included the sensors, circuitry,
redundancy features, and actuated devices that provide the instrumentation and
control functions that prevent the reactor from returning to criticality and
provice means for adequate residual heat removal.
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We have conducted an audit review of these systems for conformance to guidelines
of the applicable Regulatory Guides and industry codes and standards. In Sec-
tion 7.1 of this SER we concluded that the applicant had adequately identified
the guidelines applicable to these systems. Based upen our audit review of the
Systems designs for conformance to the guidelines we find that there is reason-
able assurance that the systems conform fully to the applicable guidelines.

Our review has included the identification of those systems and componerts
required for safe shutdown which are designed to survive the effacts of
earthquakes, other natural phenomena, abnorma) environments and missiles. Based
upon our review, we conclude that the applicant has identified those systems

and components consistent with the design bases for the systems. Sections 3.10
and 3.11 of this SER address the qualification programs to demonstrate the
capability of these systems and components to survive applicabie -vents. There-
fore, we find that the identification of these systems and components satisfies
this aspect of the GDC-2, "Design Bases for Protection Against Natural Phenomena,"
and GDC-4, "Environmental and Missile Design Bases."

Based on our review, we conclude that instrumentation and controls have been
provided to maintain variables and systems which can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and its associated systems within prescribed
operating ranges during plant shutdown. Therefore, we find that the systems
required for safe shutdown satisfy the reguirements of GDC-13, "Instrumentation
and Control." i

Instrumentation and Controls have been provided within the control room to
allow actions to be taken to maintain the nuclear power unit in a safe
condition during shutdown including a shutdown following an

accident. Equipment at appropriate locations outside the control room has been
provided (1) with a design capability for prompt hot shutdown of the reactor,
including necessary instrumentation and controls to maintain the unit in a safe
condition during hot shutdown, and (2) with a potential capability for
subsequent cold shutdown of the reactor through the use of suitable procedures.
Therefore, we conclude that the systems required for safe shutdown satisfy the
requirements of GDC-19, “Control Room. "
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Our review of the instrumentation and controls required for safe shutdown has
examined the dependence of these. systems on the availability of essential

auxiliary support (EAS) systems.

Based on our review and coorgination with
those having primary review responsibility for the EAS systems, we conclude

that the design of EAS systems are compatible with the functional performance

requirements of the systems reviewed in this section.

Therefore, we find the

interfaces between the design of safe shutdown systems and the design of EAS

systems to be acceptable.

Our review of the instrumentation and control systems required for safe
shutdown included conformance to the requirements for testability, operability
with onsite and offsite electrical power, and single failures consistent with
the General Design Criteria applicable t. safe shutdown systems. We conclude
that these systems are testable, and are operable on either onsite or offsite
electrical power, and that the controls associated with redundart safe shutdown
systems are independent and satisfy the reguirements of the single failure
criterion. Therefore, we find that these systems meet the relevant
requirements of GDC-34, "Residual Heat Removal," GDC-35, "Emergancy Core
Cooling," and GDC-38, “Containment Heat Removal. "

In summary, the staff concludes that the systems required for safe shutdown are

acceptable and meet th relevant re

Tisice

13, 18, 34, 35, and 38 subject to

quirement§ of Gen§ra1 Design Eriterif 2,

identified in Section 7.4.32 of this report.

7.5 Information Systems Important to Safety

7.5.1 System Description

4 J%f&%?
e i to_g;nvfiz”'

S

e him to perform required safety
functions during normal, abnormal, and'bost-accident conditions.

cmtinve  wath imselt d/f—\ 7 5|
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7.5.1 System Description

The information systems important to safety are composed of display

instruments which provide information to the operator to enable him

to perform required manual safety fonctions, and to determine the effect

of manual actions taken following a reactor tr'ip.ue-to-o-w ‘
—oc=iv=swgn:. Information is also displayed which the operator needs to main-

tain the plant in a hot standby condition or to proceed to cold shutdown within
the 1imits of the technical specifications. The operator uses these informa-
tion systems to monitor conditions in the reactor, the’ﬁéactor.FBOTanE;System. '
and in the containment and pricess systems throughout all normal operational
conditions of the plant, including anticipated operational occurrences. The
display systems include bypassed and inoperable status information, ESF

monitors, and post-accident monitoring indications.

A1l safety function actuations are initiated automatically so that the plant
operator is not required to m action to put the plant in 2

safe shutdown condition. A1l transmitted signals (including flow, pressure
and temperature) which can cause a reactor trip aré either indicated or
recorded for each channel, including a1l neutron flux power range sionals
(top and bottom detector, alaebraic difference and average of top and
bottom detector signals). Any reactor tr1p‘wi11 actuate an alarm and an

annunciator. Such protective actions are indicated and identified down

to the channel level. X

Six monitor 1ight panels are provided in the control room to provide

the operator with the information necessary to quickly assess the status




of all remotely operated engineered safety feature (ESF) valves, motors
or other essential components. -Each monitor panel consists of an array of
lights with a single Tight for each safety feature component monitored.

When a monitor 1ight is energized, the statement writteﬁ on the window

is true. Since all the lights in a particular grouping operate in the .
same manner, a component failure is readily apparent. A mechanism

for testing light bulbs is provided in each 1ight group.

TZ\( GJSL?«AwJ.d (ﬂw»\?SF WM -
(sce veyT pase )




Fodvars . n1toMng
TheiafermetTomavatTaTE p the cperator includes the foiTSE?Eg;
(1) Three indicating fig are nravided for eack cume o0t s T he

inditate pump #topped, pump automatic trip, and pump r ning.

(2) o R AP igh 26 DOV G—for—0ac o _cont rno iteh.
They jAdicate valve closed and value onas V- LI NREY, are on when the

. o ¢5F ; W
S tem™ The assignment o component to a light
grouping is determined by that component's operation as follows:

|
‘)Aﬁ Group 1 lights monitor those components whose status is essential for
advance readiness to actuate the Engineered Safety Features. These
Tights should all be dark during normal operation.

7i;66 Group 2 1ights monitor those Engineered Safety Features components
which must actuate during the injection phase of an accident. These
Tights should all light for an accident. Some of these lights may be
1it during normal operation, for instance component cooling, centrif-
ugal charging, and essential service water pumps and fans fpnning.

(76 Group 3 monitors those valves reguired to close for Containment
Isolation Phase A. They are separated to show pairs of redundant
valves subject to closure by the A and B trains. These lights should
all light for an accident. Some of these lights may be 1it during
normal operation, for instance sample line isolation valves.

4 Sﬁﬁ Group 4 monitors those components which must be changed to achieve
the Zold leg recirculation mode. The transition from injection mode
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to cold leg recirculation is done manually by the plant operators.

They use this group as a guide, realigning 18 valves and restarting

the RHR pumps until all lights in this group are 1it. Some of the

lights may be lit during ncrmal cperation or nonazcident cooldowns, e
such as centrifugal charging and RHR pump lights.

Group 5 monitors those components which must be changed to achieve -
the hot Teg recirculation mode. The transition from cold leg
recirculation to hot leg recirculation mode is done manually by the
plant operators. They use this group as a guide, realigning eight
valves and checking that the RHR pumps continue running until all
Tights in this group are 1it. Some of the lights may be 1it during
normal operation or nonaccident cooldowns, such as centrifugal
charging and RHR pump lights.

X7

« (})’ Group 6 monitors those components which actuate on E high-hiih or a
high-high-high containment pressure signal, including the containment .
spray system components, Containment Isolation Phase B components,
and the main steam isolation valves. In nonaccident conditions,
these Tights will usually be all dark except during system testing or
isolation of a steam generator.

vige

The Loll ow, w pes o sa{,ck, artde Tead owts ov <
al provided \V\jﬂ'&? W-Q rvra, 40 ewalsp o Cjﬂ«'i“"f'

MM g TVay W ka
m Tl a‘}:\c\ 1’&%.( (ﬁ
(1) Nuclear Instrumentation = flux level and ratf.
Phj-
(2) Reactor Coolant System - coolant temperatures, pressures, and f1ow
pump current, frequency; overpower and overtemperature AT setpoints;
pressurizer water level.

(3) Reactor Control System - rod position, demanded rod position and speed.

(4) Containment System - containment pressure.
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(5) Feedwater and Steam Systems - main and auxiliary feedwater flow,
steam flow and pressure, steam generator level and programmed level
signal, turbine impulse chamber pressure, steam dump modulate signal.

In addition to the instrumentation for normal operational monitoring,
instrumentation channels are provided to enable the operctor to perform manual

- . . n
satety functicns, to determine the effects of manual act.:gpg ,t.gg‘ep, ‘and tg ¢

2intain saf sShutdpwn following a reactor trip due to“
This instrumentation, designated as the

Post-Accident Monitoring System (PAMS), monitors the following variables:

(1) Wide-Range Thot and Tcold

(2) Pressurizer Water Level

(3) Primary System Wide-Range Pressure
(4) Containment Pressure

(5) Steamline Pressure

(6) Steam Generator Water Leve)

(7) Refueling Water Storage Tank Level
(8) Boric Acid Tank Level.

The reguirements applied to this system include redundancy, separation, and
independent power sources to meet single-failure criterion; capability for
verifying operability; and isolation from non-safety systems. One of the
channels used to monitor each parameter is also recorded. The recorders are
qualified to be operable following (not during) a seismic event. This system
is currently under review for redesign as needed to comply with the recommenda-
tions of Regulatory Guide 1.97, Revision 2 (see Paragraph 7.5.2.2 seeewm) .

. ; ,
%Mm%'
e

The bypass/inoperability status of systems that are important to plant safety
is displayed on the Equipment Status Display (ESD) panel in the control room.
Indicaticn is provided by means of a visual indicator on a system level, and an
audible alarm. Information related to the status of various components of a
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safety system is either directly wired or manually entered into the station
computer. Software programming combines these inputs logically into a decision

on whether the system is operable. For the sy stems selzacted, the time a system

is not available generally is a Timiting condition. Therefore, the lTogic -
decision includes timing functions which will determine when the time allowed

for operation in a degraded condition expires.

+he N
Back-Tighted pushbuttons onAESD panel are used for system inoperable status

indication. Yellow light corresponds to allowable operation in a degraded

condition, while red signifies that the allowable time for operation in a

Oegraded condition has expired. Upon receiving an alarm (flashing yellow or

ffashing red light plus an audible alarm), the operator acknowledges the alarm

by depressing the pushbutton. This changes the flashing light to steady, .
silences the audible alarm, and transmits data back to the computer recording

the alarm acknow]edgmggﬁ:::::

-,

B e

<:::;hen the operator wishes to determine why the system condition is abnormal, he
may interrogate the corouter or physically check the system for failed component.

7.5.2 Specific Findings

/

The concerns resulting from our review and their status are as follows:

7.5.2.1 Bypass or Inoperative Status Indication

As described in Section 7.5.14I'=;;vb. the station computer is used to operate +h¢

bypass/inoperative status alarms of systems important to safety. Wwe were

concerned abo't the degree of reliability of the AR erertey~ead for the )

bypass indicaigzg and the associated software. I response to our concern the :
. A 3 3 . . TRy

applicant stated that the hvtztuvllbmputer System used is a high reliability

system‘~ i¢ provided with a dc battery back-up for its normal-ac power source.

A third independent power source (ac) may be selected in the event of & problem

with the first two sources. Also, the Fedklus,tbnputer_system includes four

CPUs -~ one CPU serve 3; a back-up for any other CPU that may fail. Ahzxﬂwt'

cAudeg by the : » #he bypass/inoperable system meets the requirements of
Regulatory Guide 1.47. 0On this basis, we conclude the system is acceptable.
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7.5.2.2 Post-Accident Monitorigg

Revision 2 to Regulatory Guide 1.97, "Instrumentation for Light-Water Cooled
Nuclear Power Plants to Assess Plant Environs Conditions During and Following
an Accident," was issued in December 1980. In response to our question
regarding implementation of R.G. 1.97 for the Byron/Braidwood design, the
applicant stated that design changes in the post-accident monitoring system are
presently being developed and will be submitted tétgzhff for review. The
Operating License will be conditioned to require that the applicant comply
with the recommendations of Regulatory Guide 1.97, Revision 2, or provide
justification for any alternatives taken.

7.5.2.3 TMI-2 Action Plan Item I1.D.3, Direct Indication of Relief-and
Safety-Valve Position

This Action Plan item reguires providing a positive indication in the contro)
room of the relief- and safety-valve position.

Direct, safety-grade position indication and alarm is provided in the control
room for each of the pressurizer power operated relief valves meddefisolatios
r23weg, and the safety relief valves. The position indication limit switches
of the power operated relief valves, and the relief isolation valves are quali-
fied per WCAP-8587, Rev. 2, March 5, 1979, “Environmenta) Qualification of
wWestinghouse Class 1f Equipment.” The pressurizer safety relief position
indication reed switches are qualified to IEEE Standard 323-1974. The review
of the valve position indication is also included in the Byron station Control
Room Design Review for NUREG-0700. Based on the ibove information we conclude
that the design of this system conforms to the Action Plan guidelines.

7.5.3 Conclusions

The information systems important to safety provide the operator with informa-
tion on the status of the plant to allow manual safety actions to be performed
when necessary. The scope of review included tables of system variables and
component states to be indicated, functional diagrams, electrical and physical
layout drawings, and descriptive information. Tne review has included the
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TMI ACTION PLAN ITEM II1.F.1, ADDITIONAL ACCIDENT - MONITORING INSTRUMENTATION

POS ITIGE &), {57 AND. 16)

Actior Plan Item II1.F.1 Position (4) requires a continuous'indication of

containment pressure in the control room; Position (5) requires a continuous
indication of containment water level in the control room; and Position (6) ~~
requires a continuous indication of containment hydrogen concentration

in the control room.

Based on our review, we find that the applicant has satisfied this item
and adequately addressed the points of clarification few—this—item as
stated in NUREG-0737. See Sections 6.2.1 and 6.2.5 of this report for

a detailed discussion of the applicant's compliance with TMI Action Plan
Item II.F.1.



.- —— —— - ——

applicable acceptance criteria and guidelines and design bases, including those
for indication of bypassed or inoperable safety systems. The review has also
included the applicant's analyses ‘fthe manner in which the design of informa-
tion systems conforms to the acceptance criteria and guidelines which are
applicable to these systems as noted in the U4t Standard Review Plan.

We have conducted an audit review of these systems for conformance to guidelines
of the applicable Regulatory Guides and industry codes and standards. In Sec-
tion 7.L2of this SER, we concluded that the applicant had adequately identified
the guidelines applicable to these systems. Based upon our audit review of the
systems designs for conformance to the guidelines, we find that upeomsatdates-

- " i a . there is reason-
able assurance that the cystems conform to‘:g;hguidelines,aa.ﬁieu'&o-!nrﬂnnnn

Our review has included the identification of those sysiems and components of
the information systems which are designed to survive the effects of earth-
Quakes, other natural phenomena, abnorma) environments, and missiles. Based
upon our review, we conclude that the applicant has identified those systems
and components consistent with the design bases for the systems. Sections 3.10
and 3.11 of this SER address the qualification progransdag;gsgonstrate the
capability of these systems and components to survive appireabre events. There-
fore, we find that the identification of these systems and components satisfies
this aspect of GDC-2, "Design Bases for Protection Against Natural Phenomena,"
and GDC-4, "Environmental and Missile Design Bases."

&r re 1 EJ dJSC w\L\tt\.‘\’cs %li_

» The redundant safety grade information systems adequately conform to the

' guidance for the physical independence of electrical systems provided in
Regulatory Guide 1.75. '

We conclude that the information systems important to safety include appropriate -
variables and that their range and accuracy are consistent with the plant safety
analysis. Therefore, we find that the information systems satisfy the require-
ments of GDC-12, "Instrumentation and Control," for monitoring variables and
systems over their anticipated ranges for normal operation, for anticipated
operational occurrences, and for accident conditions. Further, we find that
conformance to GDC-13 and the applicable guidelines satisfies the requirements
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of GDC-18, "Control Room," with respect to information systems provided in the
control room from which actions can be taken to operate the unit safely under
normal conditions and to maintain it in a safe condition under accident conditions.

In summary, the staff concludes that the information systems important to safety

are acceptable and meet the requi n;; of General Design Criteri 2, 4, 13,
- . Comple I~ L icensing | .
and 19 subject to satwsfactory*of the H 1dent1¥1ie3 in

SectionSetts 7 |.3 y

7.6 Interlock Systems Important to Safety

7.6.1 System Description

The systems described in this section operate to reduce the probability of
occurrence of specific events or to maintain safety systems in a state to
assure their availability when required. )

7.6.1.1 Residual Heat Removal Isolation Valve Interlocks

The Residua) Heat Removal System (RHRS) consists of two residual heat
exchangers, two pumps, and the associated piping, valves, and instrumentation
necessary for operational control. The inlet lines to the RHRS are connected
to the hot legs of two reactor coolant loops, and the return Tines are
connected to the cold legs.

The RHRS is a low=pressure system and is isolated during normal operation from
the high=pressure reactor coolant system. The isolation is provided by two
motor-operated valves in series in each of the two residual heat remova) pump
suction lines. Interlocks prevent opening of the valves until the reactor
coolant system pressure is below a predetermined value (approximately 425 psig).
Once opened, the valves will close automatically f the pressure increases above
a preset value (approximately 700 psig). The position of the valves in indi-
cated on the main contro) board by lights actuated by the valve limit switches.
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7.6.1.2 Accunmulator Motor-Operated‘Valve Interlocks

“he accumulators are pressure vessels partially filled with sbrated water and
pressurized with nitrogen gas. During normal operation each accumulator is -
isolated from the reactor coolant system (RCS) by two check valves in series.
Should the RCS pressure fall below the accumulator pressure, the check valves

open and borated water is forced intouRCS. To prevent injection of borated -
water at low pressure operation during shutdown and startup, each of the

accumulators is provided with a motor-operated isolation valve in series with -

the check valves. The valve is closed by the operator shortly after the RCS is \
depressurized below the safety injection unblock setpoint.

The motor-operated isolation valves are controlled by switches on the main
control board and are interlocked as follows:

(1) They open automatically on receipt of a safety injection signal ("S") with
the control switch in either the "AUTO" or “CLOSE" position.

(2) They open automatically whenever the RCS pressure is above the safety
injection unblock pressure LP&I’?nterlock) when the control switch is in
the "AUTO" position. Pfh

(3) They cannot be closed as long as an “S" signal is present.

After the RCS pressure is decreased during shutdown and the motor-operated
isolation valves are closed, power to the valves is disconnected to prevent
accidental operation. The power to the valves is§a1so disconnected after the
valves are opened during startup to prevent accidentgl‘closing. A light,
actuated by the valve motor-operated limit switch, on"Group 1 monitor light box
(see Section 7.5.1.1) is on if the valve is not fully open. An alarm, operated
by the valve stem limit switch, is activated when a vaive is not fully open

with the system above the safety injection unblock pressure.

-
:9"“2\4.‘7 &hmﬂwa

Rs8 6/\" &= .
ﬂn-o‘\muc-l ‘u‘l-\
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7.6.1.3 Switchover from Injection to Recirculation

The ememgeover from the injection mode to the recirculation mode is initiated
automatically and completed manually by the operator from the main control

room. During the injection mode, the residual heat removal (RHR) pumps deliver
water to the reactor coolant system from the refueling water storage tank
(RWST). During the recirculation mode the water is taken from the containment
sump. The transfer of the pump suction to the containment sump is accomplished
automatically when the RWST leve)l decreases below the Tow-low level setpoint
following initiation of the safety injection. Four level measurement channels
are provided and arranged in a two-out-of=-four coincidence logic to open the
two sump isolation valves. The RHR pumps continue to run during the switchover.

After receipt of the RWST auto switchover level signals and after the sump
isolation valves are fully open, the operator closes the RWST Mm
isolation valves. As part of the manual switchover procedure, the two charging
pumps and the two safety injection pumps are realigned in series with the RHR
puUmpm d(scAa,n.]c :

Each of the four RWST level channels provides level indication in the contro)
room and also generates high, low, low=low, and empty level alarms. The
Tow=low Tevel alarm automaticaily opens the sump isolation valves and alerts
the operator to complete the switchover as described above.

7.6.1.4 Reactor Coolant System Loop Isolation Valve Interlocks

Each of the reactor coolant loops is provided with motor-operated stop valves
which permit the loop to be isolated from the rest of the reactor cooling
system (RCS). One stop valve is provided in the hot leg, and one in the cold
leg of each loop.

The controls of the stop valves are interlocked to prevent an injection of a
large amount of cold coolant resuliting in a high reactivity insertion rate. The
interlocks ensure that flow from the isolated loop to the remainder of RCS takes
place through the relief line at a limited rate until the temperature and boron
concentration in the isolated loop are brought into equilibrium with the
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remainder of the system. The iEteE%ocks includeAstop valve position limit
switchesy, differential pressureaswitthes in the relief Tine for flow monitoring,

o -

7.6.1.5 Reactor Coolant System Pressure Contro) During Low Temperature

Operation

The reactor coolant system (RCS) pressure contro) during low temperature
operation includes automatic actuation logic for the two pressurizer power-
operated relief valves (PORVs). The pressure contro) system functions by
continuously monitoring reactor coolant temperature and pressure. The
temperature is measured in each of the loops and the auctioneered lowest
temperature signal is processed to generate a signal t:asfsenting the allowable
pressure. This reference signal is then compared withaactua) measured pressure.
An actuation signal to the PORVs will be generated if the measured pressure is
higher than the reference PressUre de-bartethem=u=prgratemeatue Separate
temperature and pressure monitoring channels are used for the actuation signal
logic train for each of the two valves. The actuation signal from either train
is effective only if the temperature is below an established leve)l as determined
by the temperature measurement channels of the other train.

~J

.6.2 Specific Findings

.6.2.1 Residual Heat Removal Isolation Valve Inier]ocks

~4

As discussed in Section 7.6.1.1 sigwe, two motombperated valves are provided in
series in each of the two residual heat removal pump suction lines to isolate
the low-pressure residual heat removal system from the high=pressure reactor
coolant system during normal operation. The two in-series isolation valves are
powered from separate power sources and are separately and independently
interlocked with pressure signals to nrevent their opening above approximately
425 psig, and to close them automatically if the pressure increases to
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approximately 700 psig. Also, the power source and pressure signal are common
to one valve in each of the two suction lines.

The use of independently powered motor-operated valves in each of the two inlet -
lines, along with two independent pressure interlock signals, provides a system
that meets the single failure criterion in regard to having at least one valve
closed in each line to isolate RHRS when required. The system, however, does
not meet the single failure criterion for opening at least one of the suction
lines. One of the failures that would prevent opening of the isolation valves
is a failure in one of the pressure monitoring channels providing interlocks to
the valves. The other is a failure of an electrical power train. In either
case, one of the two in-series valves in each of the suction lines could not be
opened. In response to our concern, the applicant stated that such a failure
is not considered to have::E;erse safety impact. In such a situation, the
auxiliary feedwater system and steam generator power-operated relief valves can
be used to perform the safety function of removing residual heat. This allows
the operator to take a necessary corrective action, such as bypassing the

failed interlock, or restoring the power, or bringing in an alternate power
source.

Based on Wwe 3 the design amesms acceptable.

7.6.2.2 Interlocks for Reactor Coolant System Pressure Control During Low
Temperature Operation

The generation of actuation signals to open the pressurizer power-operated
relief valves to prevent the reactor coolant system pressure from exceeding
allowable limits during low temperature operation, is described in Section
7.6.1.5 #oye. In our review of the control logic of the automatic actuation
system, we found that a failure resuiting in a high output signal from either
of the two auctioneers would prevent both relief valves from opening when
needed. This is due to the fact that the output signal from an auctioneer is
petrod used in the C°“§£EJL]°9iC to generate an actuation signal to the

associated relief valvey) pug also provides a permissive signal to the Togic
train of the other valve.
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our corcern that the relief .alve actuation system

does not méét'nhe gih }e féi]ure criterion 'fﬁe applicant =
. 'y pp Ma.rﬂl—o[
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7.6.2.3 Switchover from Injection to Recirculation Mode 'Egé;
bl

As described in Section 7.6.1.3 APbie, the switchover from injection mode to
recirculation mode is initiated when water level in the refueling water storage -
tank (RWST) reaches a preset trip point, and a safety injection signal ("s")
has been received. The "S" signal is latched in by a retentive memory device
and can be reset manually. If the “S" signal would be reset, no switchover to
recircuiation mode would be initiated even though it would be required by Tow
water level in the RWST. We were concerned that the operator may not be aware
of the situation, because no indication of "Reset" is provided. In response to
our concern the applicant agreed to add an indication light to the RESET
function. Based on this commitment we consider the issue resolved subject to
confirmation of circuit revision.

7.6.2.4 Boron Dilution Control

One of the l%puuﬁb;ﬁia& means of positive reactivity insertion to the reactor
is the addition of unborated water into the reactor ccolant system. A concern
raised about an inadvertent dilution resulting either from operator

action or a mechanical failure in the MAKEUD SYSTEM. (et

- ¢ 4
M In response to
our corcern the app[&gsnt will provide a boron dilution control system identica)l
to that provided foripreviously reviewed Callaway plant. This system involves
upgrading the source range and intermediate range nuclear channels to meet the
requirements of IEEE Standard 323-1974. In addition these channels will be
modified to provide measurement of doubling time. Whenever a set limit of
doubling time is reached, an alarm will be generated and valves in the CVCS

will be automatically operated as required to prevent further, dil tion. (e
e 35wy Nesefatdd :wJ‘»Eu;(‘ -~ M oo ok
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7.6.2.5 Isolation of Non-Qualified Systems from Essential Service Water

The function of the Essentia) Service Water System (ESWS) is to supply water to
the Toads which are safety-related or essential to the safe shutdown of the
reactor. To preserve system integrity in case of a seismic event, it is
necessary-te isoclate nonseismically qualified loads. In response to our
concern, the applicant stated *hat the only equipment that is nonseismically
qualified and is supplied from the ESWS, are the Reactor Containment Fan Cooler
System chillers. The isolation valves to the chillers are solenoid operated.
The valves close on safety injection and fail closed on loss of power. (losed
valve position is indicated on the monitor Tight box (see Section 7.5.1.1). As
concluded by the applicant, a failure of the chiller system would not compromise
the operation of ESWS. Based on this statement we consider the issue resolved.

7.6.2.6 Reactor Coolant System Loop Isolation Valve Interlocks

As described in Section 7.6.1.4 foovp, each reactor coolant lcop is provided
with two motor-operated stop valves. A requirement was imposed in the
Construction Permit SER for the valve interlocks to conform to the requirements
of IEEE Standards 279-1971 and 338-197 _ -
<=mpin lockout of power to the valve operators pEN r?e'auind to prevent acci-
dental closing of the valves during operation. In response to this reguirement,
the applicant has agreed to remove the power to the reactor coolant loop iso=
lation valve operators during operational modes 1, 2, 3, and 4. The power
lockout will be controlled by administrative procedure. The FSAR will be
revised to include this requirement. Based on the applicant's commitment we
consider this issue resolved subject to our confirmation of the FSAR revision,

7.6.2.7 TMI-2 Action Plan Item II.K.3.1, Installation and Testing of Automatic
Power-Operated Relief Valve Isolation System

This Action Plan item requires all PWR licensees to provide a system that uses
the PORV block valve to protect against a small break loss-of-coolant accident.
The system would automatically close the block valve when the reactor coolant
system pressure decays after the PORV opens. The staff requirements provide,
however, that such a control system is not required if studies provided in
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response to item II.K.3.2Ashow
is sufficiently small.

that the probability of the PORV sticking open
‘hu 7

The applicant has stated that he agrees with the We.ti

that an additional block valve closure system

against a PORV failure.
conclusions,

Con c[u Slfom S
nghouse getenpinatian~ v i
would add little protection
If the staff does not accept the wWestinghouse

we will address this item in a supplement to this report.

7.6.3 Conclusions

The staff concludes that the designs
safety are acceptable and meet the

of the interlock systems important to
relevant requirements of General Design

Criteria 2, "Design Bases for Protection Against Natura) Phenomena," and GDC-4,
"Environmental and Missile Design Bases." This conclusion is based on the
following:

The review of the interlock systems important to safety included the interlocks

to prevent overpressurization of Tow pressure systems when connected to the
primary coolant system. The staff position with regards to this interlock
system is set forth in Branch Technica) Position ICSB-3, "Isolation of Low
Pressure Systems from the High Pressure Reactor Coolant System." Based on our

review, we conclude that the design of this system adequately complies with the
staff's guidance.

Our review included the interlock provided to prevent overpressurization of the

primary coolant system during lTow temperature operation. The staff's position
with regards to this interlack

) system is set forth in Branch Tochnfca1 Position
—115%%‘~R585-2. “Overpressurization Frotection of Pressurized Water Reactors while
5 5

‘ Operating at Low Temperatures." [5e6 Section 3 g2

Our review included the interiocks for the ECCS
staff's position with regards to this interlock
Technical Position ICSB~4, "Requirements of Motor Operated Valves in the ECCS

Accumulator Lines." Based on our review we conclude that these interlocks
adequately comply with the staff's guidance.

accumulator valves. The
system is set forth in Branch
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Based on our review of the interiock systems important to safety, we conclude
that their design bases are consistent with the plant safety analysis and the
systems importance to safety. Furthir. we conclude that the aspects of the
design of these systems with respect to single failures, redundancy,
independence, qualification, and testability are adequate to assure that the
functiona] performance requirements will be met.

Our review has included the identification of those systems and components of
interlock systems important to safety which are designed to survive the effects
of earthquakes, other natural phenomena, abnormal environments, and missiles.
Based upon our review, we conclude that the applicant has identified the

systems and components consistent with the design bases for the interlock
systems. Sections 3.10 and 3.11 of this SER address the qualification programs
to demonstrate the capability of these systems and components to survive
applicable events. Therefore, we find that the identification of the systems
and components satisfies this aspect of the GDC-2, "Design Bases For Protection
Against Natura)l Phenomena,” and GDC-4, "Environmental and Missile Design Bases."

In summary, the staff concludes that the interlock systems important to safety

ey 8

7.7 Contro! Systems

7.7.1 Genera)
The general design objectives of the Plant Contro! System are:

(1) To establish and maintain power equilibrium of the primary and secondary
system during steady-state unit operation;

(2) To constrain operationa) transients so as to preclude unit trip and
re-establish steady-state unit operation; and

To provide the reactor operator with monitoring instrumentation that
indicates all required input and output contro) parameters of the systems
and provides the capability of assuming manual control of the system.
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7.2.2 System Description

(1) Reactor Control System

The Reactor Contro) System enables the plant to accept a step load
increase or decrease of 10% and a ramp increase or decrease of 5% per
minute within the load range of 15% to 100% without reactor trip, steam
dump, or pressurizer relief actuatiog)gsubjcct to possible xenon
limitationsg The system also maintains the reactor coolant average
temperature within established limits by generating th’:azilnd signals for
moving the controi rods.

(2) Rod Control System ; .

The Rod Control System modulates the reactor power by automatic or manual
control of full length control rod banks. The system receives rod speed
and direction signals from the reactor contro) system. Manual control is
provided to move a control bank in or out at a predetermined fixed speed.
An interlock derived from measurements of turbine impulse chamber pressure
prevents automatic control when the turbine load is below 15%.

The five shutdown banks are moved to the fully withdrawn position by manua)
control prior to criticality. These rods remain in that position during
normal operation. The control banks are the only rods that are manipulated
under automatic control. Each contro) bank is divided into two groups to
obtain smaller incremental reactivity changes per step. All rod control
cluster assemblies (RCCAs) in a group move simultaneously. There is
individual position indication for each rod cluster contro) assembly.

(3) El!pt Control Signals for Monitoring and Indication

(a) Nuclear Instrumentation Power Range SystemeFour channels are prov1d¢d;~v"7i~

@ich of-the-channeleweel a dual-section fonization chamber as a

neutron flux detector. The currents from the ionization chambers are
used to measure the power level, axial flux imbalance, and radia)
flux imbalance.
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Rod Position Monitoring System - Two separate systems are provided,
digital rod position indicatien and the demand pos1t10nﬁsystem The
digital rod position indication system measures the actual position
of each rod. The demand positi psystem counts pulses generated in
the rod drive control system to provide a readout of the demanded
.bank position.

Control Bank Rod Insertion Monitoring Frovides warning to the
operator of excessive rod insertion. The "low" alarm alerts the
operator of an approach to the rod insertion limits requiring boron
addition MMW
MR odbvowem.  The "low=low" alarm alerts to & need for immediate
action to add boron by any one of several alternate methods.

Rod Deviation Alarm - The rod deviation alarm is generated by the
Digital Rod Position Indication System whenever a preset 1imit is
exceeded as a result of a comparison of any control rod position
against the other rods in the bank.

Rod Bottom Alarm - A local rod-a* bottom alarm is generated for each
of the rods by the Digital Rod “osition Indication System. In addi-
tion, a control room annunciator is actuated when any rod is at bottom.

(4) Plant Control System Interliocks

(a) Rod Stops - Prevent abnormal power conditions which could result from
excessive control rod withdrawal initiated by either a contro) system
malfunction or operator violation of administrative procedures. The
interlocks are generated by signals from the neutron flux, overtemper- -
ature AT, overpower AT, and turbine impulse chamber pressure measure-
ment channels.

Automatic Turbine Load Runback = Prevents high power operation which,

if reached, would initiate reactor trip. Signals from overtemperature
AT and overpressure AT measurement channels are used, and automatic
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(5)

(6)
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turbine load runback is initiated by an apprcach to an overpower or
overtemperature condition. '

(c) Turbine Loading Stop = Limits turbine loading in a power transient
resulting from a reduction in reactor coolant temperature. The
interlock is cleared by an increase in coolant temperature which is

“accomplished by reducing the boron concentration in the coolant.

Presurizer Pressure Control

The Reactor Coolant System pressure is controlled by using either the
heaters (in the water region) or the spray (in the steam region) of the
pressurizer plus steam relief for large transients.

The electrical immersion heaters are Tocated near the bottom of the
pressurizer. A portion of the heater group is proportionally controlled
to correct small pressure variations. These variations are due tec heat
losses, including heat losses due to a small continuous spray. The

- remaining (backup) heaters are turned on when the pressurizer pressure

control signal demands approximately 100 percent proportional heater power.

The sprey nozzles are located on the top of the pressurizer. A smal)
continuous spray is normally maintained to reduce thermal stresses and
thermal shock and to help maintain uniform water chemistry and temperature
in the pressurizer.

Pressurizer Water Level Control .

The pressurizer operates by maintaining a steam cushion over the reactor .
coolant. As the density of the reactor coolant adjusts to the various .
temperatures, the steam-water interface moves to absorb the variations with
relatively small pressure disturbances.

A programmed pressurizer water level is maintained by the Chemical and
Volume Control System. During normal plant operation, the charging flow
varies to produce the flow demard by the pressurizer water level controller,




The pressurizer water level is programmed as a function of coolant average
temperature, with the highest average temperature (auctioneered) being used.
The pressurizer water level decreases as the load is reduced from full load.
This is a result of coolant contraction following programmed coolant
temperature reduction from full power to low power. The programmed leve)

is designed to match as nearly as possible the level changes resulting from
the coolant temperature changes.

To control pressurizer water level during startup and shutdown operations,
the charging flow is manually regulated from the main contrc] room.

Steam Generator Water Level Control

Each steam generator is equipped with a three eiement feedwater flow con-
trolier which maintains a constant water level for normal power operation.
The three element feedwater controller regulates the feedwater valve by
continuously comparing the feedwater flow signal, the water leve] signal,
the programmed level, and the pressure compensated steam flow signal. The
feedwater pump speed is varied to maintain a programmed pressure differen=-
tial between the steam header and the feed pump discharge header.

Continued delivery of feedwater to the steam generators is required as a
sink for the heat stored and generated in the reactor following a reactor
trip and turbine trip. An override signal closes all feedwater valves
when the average coolant temperature is below a set value and the reactor
has tripped. Manual override of the feedwater control system is available
at all times. ‘

Steam Dump Control System

The steam dump system, together with the rod contral system, is designed

to accept a 50% loss of net Toad without tripping the reactor. The system
‘unctions automatically by bypassing steam directly to the condenser and/or
the atmosphere to maintain an artificial load on the primary system. The
rod control system can then reduce the reactor temperature to a new equilib=
rium value without causing overtemperature and/or overpressure conditions.
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(9)

A demand signal for the loac-rejection steam dump controller is generated

if the difference between the reference average temperature based on

turbine impulse chamber pressure and the measured average temperature

exceeds a preset value. To prevent actuation of steam dump on small load
perturbations, an independent load rejection sensing circuit is provided. -
This curcuit senses the rate of decrease in the turbine load as detected

by the turbine impulse chamber pressure and blocks the steam dump unless

the rate exceeds a preset value. -

Following a turbine trip, the load-rejection steam dump controller is
deactivated and the turbin*rip steam dump controller becomes active.

The demand signal for this controller is generated if the difference
between the measured average temperature and the no-load reference average
temperature exceeds a preset value. As the error signal reduces in
magnitude following tripping of the dump valves, the dump valves are
modulated by the controller to regulate the rate of heat removal and thus
gradually establish the equilibrium hot shutdown conditior.

Removal of the residual heat during a shutdown is accomplished by the
steam-pressure controller which controls the steam flow to the condensers
based on measured steam pressure. This controller operates a portion of
the same steam dump valves to the condenser which are used follewing load
rejection or plant trip.

Incore Instrumentation

The Incore Instrumentation includes the following systems:

(a) Thermocouples = Chromel-alume] thermocouples are used and located at
fixed core outlet positions. The thermocouple readings are monitored
by the plant computer. A backup readout is provided by an indicator
with manual point selection located in the main control room.

(b) Movable Neutron Flux Detector System=Miniature fission chambers can
be positioned in retractable guide thimbles for flux mapping of the
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core. The controls, position indfcation, and flux recording for each
detector are located in the control room.

(10) Boron Concentration Measurement System

The boron concentration measurement system employs a sample measurement

device which contains a neutron source and neutron detector in a shielded

tank. A coolant sample flow is maintained between the neutron source and -
the neutron detector. The neutron flux at the detector depends on the

boron concentration in the coolant. Electronic circuitry converts the

signal from the detector into a digital display of o boroncemCandadlin A
Pels prn mdbiom (prm) . .

(11) Main Steam Isolation Valve Control

Each steam generator main steamline is provided with a hydraulically
operated isolation valve with a 4-inch air operated bypass around the
valve. Both the isolation valves and the bypass valves wil] be cfbscd
automatically upon receipt of an isolation signal (see Section 7.3.1.1).
Manual close-open controls for all valves are provided in the main control
room. - The main isolation valves may also be manually closed or opened
from the remote shutdown panel. Means for proportional (throttling)
control of the bypass valves are provided in the control room.

(12) Turbine-Generator Controls

The turbine is provided with a digital electrohydraulic control systcn;
The controller generates a control signa) which actuates hydraulic controls
of the governor valves and the reheat steam interceptor valves. Tho
control signal is based on comparison of signals representing turbine

speed and first stage pressure with the reference signal representative

of load demand. The turbine instrumentation and controls are located in
the main control room.
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(13) Main Condenser Controls

The following systems are provided:

(a) Condenser water Level Control = Redundant water level instrument

(b)

.channels monitor and control water level in the hot well. Each

channel includes a level transmitter, four level controllers, and
three level switches. Each of the four controllers provides a
pneumatic signal for the positioning of its associated control valves.
These valves control the norma) overflow, emergency overflow, normal
makeup, and emergency makeup. Selection of one of the redundant
controllers to drive each of the four contro) valves is made through
a locally mounted, manually operated three-way valve

Condenser Vacuum Control = Two steam jet air ejectors are provided

to maintain condenser vacuum at 3.5 inches Hg abs. at desigm condi~
tions. Additionally, redundant hogging vacuum pumps are provided to
establish initial vacuum conditions during startup. Controls for the
vacuum pumps are on the main contro) board.

(14) Circulating water System Controls

The circulating water system provides a supply of water to the main
Condenser to remove the cycle waste heat. Cocling of the heated
circulating water is provided by the cooling towers at the Byron Station,
and by the cooling pond for the Braidwood Station. Circulating water
pumps are normally operated from the main control board.

7.7.2 Specific Findings

The concerns arising from our review of the control systems and their status
a~e as follows. &
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7.7.2.1 Loss of Non-Class 1E Instrmngtion and Control Power System Bus

Quring Operation

A concern was raised in IE Bulletin 79-27, issued November 30, 1979, regarding
the loss of a non-Class 1f power bus resulting in a consequential control
system malfunction and significant loss of information to the operator. <&

[ -
Kave rpaoesies [M applicant to providcltho results of the Byron/Braidwood B :
Station review as required by Bulletin 79274~ G FSAR  Gumgwdimind .

A ARAslanS" W’r ,1—‘-7““\1— A~ o f"'"""u:
7.7.2.2 Fail es of the Ro Control System

In our review we found that the FSAR did not include sufficient information to
evaluate what design features are provided in the rod control system to limit
reactivity insertion rates and incorrect sequencing or positioning of contro)
rods resulting from a single failure within the system. In response to our
concern the applicant stated that the l{:gf'\./:picwod rod control system is the
same as the generic system used for other Westinghouse plants which have been
previously reviewed, 1M%’i':c‘o‘rpon the evaluation for such a rod control

system in the FSAR.
7.7.2.3 Wi n ntial Control Fai)

A concern was raised in IE Information Notice 7922, issued September 19, 1979
that certain non-safety grade or control equipment, if subjected to the adverse
environment of a high energy line break, could malfunction and cause the plant
conditions to be more severe then those analyzed in the Safety Analyses of
Chapter 15. In response to the concern raised in Notice 79-22, the applicant
submitted the results of his revievof potential control systems failures. The
information supplied is based on the westinghouse generic review of this
subject. In this review, four control systems were identified whose failure
could impact the plant conditions. These systems arc as follows:

(1) Automatic Rod Control System - Of concern is a failure in the neutron

detector ouput in the low direction causing an automatic rod withdrawal
following a steamline break.
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(2) Main Feedwater Control system = A postulated problem is a malfunction of
the main feedwater contro) system following a rupture of a small feedwater
line. An assumption is made that this malfunction would result in closing
the feedwater valves to all steam generators.

(3) Prugurim PORV Control System = The potential problem involves the PORV
valve failing to open due to the adverse environment resulting from a
feedwater line rupture.

(4) Steam Generator POPV Contro) System - A failure of the PORV control system
could result in a depressurization of the steam generators following the
feedwater line break. The primary concern of such a failure is a loss of
steam to a turbine driven auxiliary feedwater pump,

The four possible failures above have been investigated by the applicant and he
has concluded that the cccigznt nq' nces would not result in more limiting
events than those presented inAthe afety Analysis Report. Based on our
review of the applicant's response we consider this item resolved.

7.7.2.4 1tipi ] Fail

A concern um raised that if two or more contro) systems receive power or
sensor information from common power sources or common sensors (including
common headers or impulse lines), failures of these power sources or sensors or
rupture/plugging of a common header or impulse 1ine, could result in transients
more severe than considered in plant safety analyses.

The appiicant has conducted a review to identify power sources, sensors, or
sensor impulse lines which provide power or signals to two or more control
systems. The effects of the failures of each of these power sources, sensors,
or sensor impulse lines were analyzed. The analysis was conducted for all five
major NSSS control systems: (1) Reactor contro) system, (2) Steam dump system,
(2) Pressurizer pressure contro) system, (4) Pressurizer level control system,
and (5) Feedwater control system. The initfal conditions for the analysis were
assumed to be anywhere within the ful) operating power range of the plant
(1.e., 0-100%) where applicable.
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As stated by the applicant, the results of the analysis indicate that for any

of the postulated events considered, including (1) loss of any single instrument,

(2) break of any single instrument Tine, and (3) loss of power to all systems
powered by a single power supply system (i.e., single inverter), the condition II - -
accident analyses given in Chapter 15 of the FSAR are bounding. Based on the
results of the applicant's review, we consider this item resolved.

7.7.2.5 THIz! Action Plan Item I1.K.3.8, Proportional Integral Derivative
Controller Modification

This Action Plan item calls for implementation of a Westinghouse recommendation
to modify the PORV PID controller to prevent derivative action from opening the
PORV. Twe options are provided. :

The applicant has satisfied this requirement by implementing the option of
setting the derivative time constant equal to zero.

7.3 gogglusions

The control systems used for norma) operation that are not relied upon to
perform safety functions, but which contro) plant processes having a
significant impact on plant safety, have been reviewed. These control systems
include the reactivity control systems and the control systems for the primary
and secondary coolant systems. The staff concludes that the control systems
are acceptable and meet the relevant requirements of Genera) Design Criteria
13, "Instrumentation and Control," and GDC-19, "Control Room." This conclusion
is based on the following:

Based on our review of the applicant's design bases, functional diagrams, and
discussion of the control systems presented in the FSAR, we conclude that the
control systems are capable of maintaining system variables within prescribed
operating limits., Therefore, we find that the contro! systems satisfy this
aspect of GDC-13, "Instrumentation and Control."

Our review of control systems included the features of these systems for both
manual and automatic control of the process systems. We find that the control
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