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Enclosed are ten (10) copies of Consumers Power Company's response to you
gupplementel 10 CFF 52,5L(f) reguest dated lMarch 7, 1980 regarding Ba&W Syrter

Sensitivity.

Cur conclusions with regard to continued construction conteined in our origine
response to your 10 CFR 50,54(f) reguest have not changed either es a result o
dditional enalyses performed ard included as Revision 2 to thet document or due

to the effort expended in developing thc attached response., Changes to the

Midlend Flant expected to result from identified design evalustions end revievs

will be mairly in the instrumentetion end controls areas and can be accommodeted

within the current construction schedule., Therefore, we feel that sufficient
information has been provided to support & decision to allow continued construction

and thet future exchanges on this issue should be conducted as part of the norzal
licensing revievw process.

The ma ority of your additional requests do not appear central to the 1C CFP 50.5k(f
iesue regarding potentiel construction stoppage since they do not seek informetiox

aich we feel is supportive of determining the advisability cof continued constructios
The nature of these requests is mostly in the area of design review anc verificetion
more appropriately issued as part of the normel FSAR licensing review, The Midland
operating license application has been docketed for this purpose and we ercoure e
your reinstitution of this process. Consumers Power Company i& prepared e&nd
available to interact with your staff and restart the detailed review of the lidland
applicatiorn,

. Consumers Power Company

Dated: April 1, 1980 By MM’Q

Stepreanﬂtmell Senior Vice President

Sworn and subscribed to before me on this lst day of April 1680,

;f 2&L&L¢L¢1f\
Notary Publfic, Jackson Coun€y, Michigan
My commission expires September 21, 1932
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RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

guestion F.l

Your discussion in Appendix F of the pre-TMI-2 changes for

Midland states that newer control systems hardware (non-
nuclear instrumentation [NNI]/ integrated control system
[ICS)) using dual auctioneered power supplies for logic
modules rather than individual power supplies are being

used.

Res

For this modification, provide the logic and/or your
failure mode and effects analysis that shows how systems
will respond to failure in the power supply and input
parameters. Also provide your design criteria for the
ICS with respect to these types of failures. Informa-
tion in the FSAR may be referenced or supplemented as
appropriate for this response.

Operating events at several plants with B&W NSSS designs
(including Rancho Seco in March 1978; Oconee Power
Station, Unit 3 on November 10, 1979; and the Crystal
River Station on February 26, 1980) have occurred which
resulted in loss of power to the ICS and/or NNI system.
The loss of power resulted in control system malfunc-
tions, feedwater perturbations, and significant loss of
or confused information to the Operator. NUREG-0500
also discussed LER 78-021-03L on Three Mile Island,

Unit 2 whereby the RCS depressurized and safety injection
occurred on loss of a vital bus due to inverter failure.
Discuss the extent to which these events would have

been mitigated or precluded by the changes incorporated
into the Midland design. 1Include a response to action
items 1 to 3 required of near-term licensees in

IE Bulletin 7%Y-27 and identify corrective actions you
consider appropriate as a result of the Crystal River
event.

nse

A failure modes and effects analysis (FMEA) was per-
formed as one of the long-term actions directed by the
NRC in its order of May 7, 1979. The integrated control
systems (ICS) FMEA determined the expected effects upon
the Babcock & Wilcox (B&W) nuclear steam system from
single failures of ICS input, output, and internal
modules. The Rancho Seco plant, specifically, was
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chosen as a representative design for all the BsW units
for the znalysis; however, because of the close func-
tional similarity between plants, the results of the
study are applicable to all 177-FA BsW plants includ-
ing Midland.

The analysis was complemented with an evaluation of

field data from all B&W operating plants, and a computer
simulation to confirm the effects of various ICS failures
on associated equipment. The overall conclusion of the
FMEA was that the reactor core remains protected through-
out all of the ICS failures studied. For those postu-
lated I1ICS failures that could cause reactor trip, the
safety systems operate independently of the ICS malfuinc-
tion. The overall conclusion from the operating expe-
rience evaluation was that ICS hardware performance has
not led to a significant number of reactor trips. The
ICS has prevented more re ctor trips than it has caused
and thus its net effect has been a reduction in the
number of challenges to the reactor protection system.

The FMEA of the ICS described in the response to Part a,
above, discusses the reliability of the 820 control
system design. The nonnuclear instrumentation (NNI)
utilizes the same design concept as the ICS; therefore,
reliability of the NNI hardware is expected to be
equivalent to that of the ICS. This reliability is
expected to minimize the frequency of ICS/NNI internal
component failures which could result in plant tran-
sients. The arrangement of the external power sources
to the NNI and ICS is shown in Figure F.l.a-1 and is
described in FSAR Subsections 8.3.1.1.6 and 8.3.2.1.

As shown, the ICS is supplied by two separate 120 V ac
battery-backed power sources. These sources power
individual 24 V dc power supplies whose output is
auctioneered. Also supplied is a 120 V ac bus within
the ICS cabinet which is equipped with an automatic bus
transfer switch that provides access to both external
battery-backed 120 V ac sources. This is an extremely
reliable power supply arrangement in that loss of
either external power source will not result in a loss
of ICS power.

NNI-X channel cabinets are supplied power in a manner
similar to the ICS with the exception that the 120 V ac
bus within the NNI-X cabinets is not equipped with an
automatic bus transfer for access to both external
battery-backed 120 V ac sources. Within the NNI-X
cabinets, the 120 V ac bus is used to power resistance
temperature detectors (RTDs), (E/P) converters and for
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monitoring field contacts. Consumers Power Company
(CPCo) is evaluating incorporation of an automatic bus
transfer, similar to that utilized in the ICS, to
improve the reliability of the NNI-X channel.

NNI-Y channel cabinets are supplied power from a single
external battery-backsd power source. Loss of this
supply would, therefore, result in a complete loss of
the NNI-Y channel. 1In light of the recent event at
Crystal River, CPCo is reviewing the functions and
interrelationships which exist between the NNI-X and
NNI-Y channels. Based on the results of this review,
appropriate measures will be taken to improve the
overall reliability of the NNI system.

In the unlikely event that a loss of power to the NNIs
should occur, the consequences would be mitigated by
design features including those listed below:

a. Upgrading of PORV control circuit to Class 1lE
status and removal of control from the NNI

b. Upgrading of selected pressurizer heater controls
to Class lE status and removal of control from the
NNI

s Class 1lE indication of pressurizer level and
pressurizer pressure independent of the NNI

d. Psat/Tsat subcooling meter independent of the NNI

e. Safety-grade auxiliary feedwater (AFW) actuation,
control, and indication independent of the NNI/ICS.

These additional features result in providing the
operator key information required to control the
plant until NNI power is restored. 1In addition to
the modifications described above, CPCO is currently
evaluating the need for upgrading other control

room indications. Necessary modifications or

design changes based on the results of this evalua-
tion will be implemented upon completion of this
study.

CPCo evaluations of the design of the ICS, NNI,

and associated power supplies will consider events

at Rancho Seco, Oconee, Crystal River, and Three Mile
Island. Changes resulting from these studies

would make any immediate response to IE Bulletin 79-27
premature and therefore inappropriate at this

time.
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RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F,.2

We are concerned that an instability in the ICS could lead
to transients initiating with plant parameters more severe
than those assumed for the safety analysis or significantly
increase the number of challenges to the protection system
during early plant life. 1In this regard:

a. The Midland ICS includes a significant difference from
ICS designs of other plants in its evaporator steam
development. Describe all studies and tests which have
been and will be conducted to establish stability and
reliability of the Midland ICS desiqn.

b. Operating experience at the Crystal River plant has
indicated a control instability for the integrated
control system when bringing the plant up to power with
pump out of service. Specify your criteria and describe
Midland design features to preclude this type of instability.

C. Describe your design criteria, features, and operational
requirements for the ICS and its supporting systems to
preclude instabilities when: (1) switching from manual
to automatic control and vice versa or (2) switching
from one operating mode for process steam to another
mode.

Resgon se

This question expresses a concern that the integrated control
system (ICS) may cause nuclear steam supply system (NSSS)
instabilities that significantly increase the number of
challenges to the protection system. This concern is unwar-
ranted as can be readily ascertained by examination of the
data tabulated below:

Combustible
B&W Engineering Westinghouse

1976 Number of automatic trips 25 46 147

Number of plants 6 $.1 19.13

Trips/plant/year 4.17 9.02 7.68
1977 Number of automatic trips 30 31 174

Number of plants 6.85 6.67 21.6

Trips/plant/year 4.38 4.65 8.06
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Combustible

B&W Engineering Westinghouse
1978 Number of automatic trips 43 41 150
Number of plants 8 7 23.4
Trips/plant/year 5.38 5.86 6.41
Three-year averaqge
(trips/plant/year) 4.64 6.51 7.38

This information was extracted from the NRC Gray Book (NUREG-
0020, Operating Units Status Report) for the years indicated.
Because Babcock & Wilcox (B&W) plants are not subiject to
excessive transients that challenge the protective systems
[when compared to other pressurized water reactor (PWR)
vendors], the concern that the ICS causes a significant
increase in protective system challenges does not appear
warranted. On the contrary, operating experience at B&W
plants has demonstrated that the ICS is a reliable system
that tends to mitigate NSSS upsets rather than initiate

them.

a. The Midland ICS design is not significantly different
than desiqgns at other B&W plants; rather, it is essentially
the same. The differences that exist are in the evaporator
steam demand development described in FSAR Subsection 7.7.1.2.7.
This uniqueness has been scrutinized during the normal
design review process. Additionally, proper operation
will be verified during ICS startup testing. There are
extensive preoperational (prefuel load) tests designed
to determine system response and to identify and correct
system instabilities. Coupled with ICS tuning at
power, the results of these tests will lead, where
necessary, to the identification and correction of any
potential operational difficulties.

b. This question expresses a concern that operation of the
ICS in a three reactor coolant (RC) pump mode is suspect,
due to the problem experienced at Crystal River in mid-
1979. The difficulties encountered during this incident
were due to both operator unfamiliarity with this type
startup and reduced operating margins resulting from

~ the reduction in the high RC pressure trip setpoint.

] At Midland, this trip setpoint will retain its original
value, thus providing an increased operating margin
over that existing at Crystal River. The procedures
were revised following the Crystal River event and the
operators given further instruction in the proper
execution of three RC pump startup. The ICS is fully
capable of providing adequate NSSS control during three
RC pump startup and it is not expected to reoccur as a
problem.

F.2-2 4/80



RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Ce The ICS and evaporator steam demand development (ESDD)
system are described in FSAR Section 7.7. Operating
procedures for plant startup and shutdown as well as
procedures for switching process steam operating modes
will be written. These procedures will be utilized by
the operators during these evolutions and will contain
guidelines for transfer of control from automatic to
manual and from manual to automatic.

In summary, the Bg&W ICS that will be used o Midland is
desiqned and has been proven to requlate feedwate- flow and
other parameters automatically to maintain the plant in a
stable condition during both steady-state and transient

power operation. A failure modes and effects analysis has
been completed and shows that no ICS failure can prevent
proper safety system functioning. This analysis and operating
experience also demonstrates that the ICS is a reliable

system with respect to preventing plant upsets.,
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Question F.3

Experience at operating B&W plants have indicated that the
dynamics associated with main feedwater termination and
steam generator pressure control following a reactor trip
can lead to overcooling of the primary system. Discuss your
criteria and the adequacy of your existinog and proposed
design features and changes to preclude this overcooling
situation.

ResEonse

The dynamics associated with main feedwater (MFW) termina-
tion and steam generator pressure control following a reactor
trip do not normally lead to overcooling of the primary
system. Following a reactor trip, the integrated control
system (ICS) 1s designed to close the MFW control valves to
terminate MFW and to open the turbine bypass valves to
control steam pressure at approximately 1,000 psi. The
startup feedwater valve then controls MFW to the steam
generator to provide for decay heat removal fo)lowing the
reactor trip.

Fiqure F.3~-1 illustrates reactor coolant (RC) temperature
and pressure following a reactor trip with proper feedwater
flow and steam pressure control. The rapid decrease in
reactor power causes RC temperature to decrease; the result-
ant RC contraction causes a decrease in RC liquid volume and
pressure. The RC cold leqg temperature reaches an equili=-
brium value equal to the saturation temperature of the
secondary side steam pressure (546F at 1,000 psig), and the
RC pressure 1s restored to 2,155 psig due to the normal
makeup flow which accommodates the RC contraction that
occurs as the average RC temperature drops from 579F to
546F.

Overcooling of the primary system can occur if excessive

MFW is added to the steam generator (due to improper feed-
water valve control), or steam pressure falls significantly
belcw 1,000 psig (due to improper steam relief valve
operation). Experience at a Babcock & Wilcox (B&aW) operat-
ing plant has demonstrated that such overcooling is a
moderate freguency event which is safely mitigated by the
action of the high-pressure injection (HPI) system. The
operating data shows that there have been 24 reactor trip
events followed by an overcooling which caused the RC pressure
to fall below 1,600 psig and/or caused the RC temperature to
exceed a 100F in 1 hour cooldown rate. The 1,600 psig value
of RC pressure approximates the setpoint for automatic
initiaton of the HPI system (1,500 psig for Midland), and
should be avoided for anticipated transients to minimize
challenge to the safety systems. The 100F in 1 hour cooldown

F.3-1 4/80



RESPONSE TO 10 CFR 50.54(F)
SUPPLEMENT 1

is a Technical Specification limit based upon the reactor
coolant system (RCS) design analysis. Table F.3-1 summar-
izes the B&W operating experience for such events and
identifies the minimum values of RC temperature and
pressure. The 24 overcooling events which caused pressure
to decrease to 1,600 psig or caused an average RC tempera-
ture cooldown in excess of 100F in 1 hour have occurred in
over 40 reactor years of operation, which is an acceptable
moderate frequency of 0.6 events/year. These 24 overcooling
events compare to the 346 total number of reactor trips on
B&W reactors.

Therefore, the basic design goal for overcooling is to
minimize the frequencvy of automatic actuation of the HPI
system and excessive cooldown rates due to improper steam
generator pressure and feedwater flow control following a
reactor trip. Even though the actuation of HPI will main-
tain the plant in a safe condition for overcooling events
(based on operating experience and the overcooling analysis
presented in Reference F.3-1), the Midland design includes
several additional features to further preclude such over-
cooling events caused by the dynamics associated with MFW
termination and steam generator pressure control following a
reactor trip. These include:

a. Upgrade of required pressurizer heaters and controlc to
safety classification to enhance RCS pressure control
following reactor trip

b. Addition of a two-channel, Class lE auxiliary feedwat<:
(AFW) control system to reliably establish a prese’
steam generator level and preclude overcooling due to
AFW overfeedinag

Ce Adoption of newer control systems hardwave [nonnuclear
instrumentation (NNI)/integrated control system (ICS)]
which uses dual auctioneered power supplies for the
logic modules rather than individual power supplies for
each logic module

4. Adoption of an increased pressurizer level range of
400 inches

In addition, Appendix F of Reference F.3-1 identifies proposed
hardware and procedural changes related to the need for and
methods for damping the primary system sensitivity to perturba-
‘tions in the once-through steam generator (OTSG). Several

of these features are specifically included to preclude
overcooling events caused by improper steam generation

pressure or feedwater flow control following a reactor trip.
These changes are:
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Restore the original B&W design features of turbine
bypass, ICS runback, and power-operated relief valve
(PORV) actuation to keep the reactor online, thereby
minimizing the reactor trip freguency and the probability
of subsequent overcooling. Changes to accomplish this
goal include the following features:

1)

2)

3)
4)
5)

6)

Original B&W 177-FA PORV and high RCS pressure
setpoints (2,255 psig and 2,355 psig, respectively)

Safety-grade anticipatory reactor trip on total
loss~-of=-MFW

Fully qualified safety-grade PORV

Reliable safety-grade indication of PORV position
Dual safety-grade PORV isolating block valves
actuated by low RCS pressure engineered safety
features actuation system (ESFAS) signal

Test program to demonstrate PORV operability
(EPRI)

Upgrade the two-channel, Class 1lE AFW control system to
limit the rate of primary system cooldown by limiting
the rate of steam generator level increase following a
reactor trip where AFW is initiated (i.e., limiting AFW
flowrates).

Evaluate the recommendations contained in the RsW ICS

Failure Modes and Effects Analysis and implement appropriate

modifications to ensure improved steam generator pressure
and feedwater flow control following reactor trip.

Review the current Midland MFW system design to identify
changes which would significantly decrease the frequency
of feedwater upsets which might cause reactor trip,

thereby minimizing the probability of subsequent overcooling.

Install an MFW overfill limiter to preclude feedwater
overfill above a preset steam generator level, thereby
minimizing overcooling due to failures in the MFW flow
control system following reactor trip.
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These existing and proposed design features will reduce the
frequency of reactor trips during minor feedwater flow and

steam pressure upsets while the reactor is at power, and minimize
the probability of subsequent overcooling. In addition, several
of the features provide more reliable and accurate feedwater
flow and steam pressure control following a reactor trip.

In summary, the experience at Bs&W operating planrts has
demonstrated that overcooling is a moderate-frequency event
which is safely mitigated by the actuation of the HPI system.
The combination of existing and proposed design features at
the Midland plant will serve to further reduce the frequency
of overcooling due to improper steam generator pressure and
feedwater flow control following reactor trip.
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TABLE F.3-1

OVERCOOLING EVENTS AT BsW REACTORS

Minimum RC Minimum Rc
Temperature Pressure
Date Fvent Description (°F) (psig)

6/13/75 Reactor trip on low pressure 429 720
from 19% FP due to pressurizer
PORV opening. Five and one-
half minutes into the trans-
ient HPI initiated when RC
pressure reached 1,500 psig;
RC pressure bottomed out at
720 psig when the PORV block
valve was closed 28 minutes
into the transient,

5/5/73 The reactor was manually tripped 520 1,330
from 18% FP after an instrument
technician inadvertently opened
a valve and caused a loss of
MFW. Approximately 4 minutes
after the initial loss of Fw,
FWw flow to both OTSGs was re-
established at a high flowrate
causing a rapid cooling of the
RCS.

11/10/79 Reactor trip from 99% FP on RC 420 1,650
due to OTSGC feeding.
Approximately 20 seconds after
the reactor trip, all power to
the ICS was lost and caused
OTSG overfeeding due to the
opening of FW valves.

4/23/78 Reactor trip from 30% FP due 464
to noise spike on power range
neutron detector. Five main
steam safety valves failed to
reseat at the correct pressure
and the OTSGs blew down to
550-600 psig before the valves
reseated. The operator reduced
FW demand but failed to recog-
nize that feed pump speed was
in manual and did not run back
feed punp speed causing over-
feeding of the OTSGs.
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TABLE F.3-2 (Continued)

. Minimum RC Minimum Rc
Temperature Pressure

Date Event Description (°F) (psig)
3/2/77 Reactor trip from 40% FP due 410 1,800

to loss of power to the control
rods and the ICS. Subsequent
OTSG overfilling caused RCS
cooldown.

7/11/74 The reactor tripped on low RC 528 1,450
pressure following loss of the
ICS auto power. An instrument
supervisor knocked out the
2KI-22 circuit breaker which
supplies ICS auto power. ICS
power was restored in 30 to
45 seconds. The reactor tripped
from 80% on low RCS pressure.
The overcooling apparently was
the result of improper FW con-
trol while the ICS auto power

was out.
10/23/77 The reactor tripped on low RCS 520 1,575
‘ pressure following OTSG over-

feeding by AFW. The transient
started when a "half-trip" of
the steam and FW rupture control
system closed the startup Fw
valve to OTSG 2 followed by

a low OTSG level trip of the
turbine, OTSG isolation,

and AFW initiation. A rapid
cooling of the RCS resulted

due to AFW overfill.

9/24/77 Manual reactor trip from 9% 505 875
power when OTSG undercooling
resulted in high pressurizer
level (290 inches) and pres-
sure. The pressurizer PORV
cycled nine times and stuck

H open, discharging to the

. quench tank. PORV remained

’ open and pressure decreased
tripping ESFAS and starting
HPI pumps at 1,600 psig.
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TABLE F.3-2 (Continued)

Event Description

Minimum RC Minimum Rc
Temperature Pressure
(°F) {psig)

11/29/77

11/7/78

1/30/77

2/26/80

Pressure continued to de-
crease until the PORV block
valve was closed at 20 min-
utes.

Reactor trip on high flux at
50% FP due to improper jumper
in test equipment which caused
the ICS to increase FW and

pull control rods to increase
power from 40% to the high flux
trip setpoint at 62% FP. Sub-
sequent overcooling was caused
by OTSG overfill with AFW.

The reactor was in a power run-
back from 92% FP when it tripped
on the variable temperature
pressure trip due to loss of

one MFW pump. The ICS began a
power runback to 55% FP, but
because of the initially elevated
Tave, the reactor tripped at

64% FP; subsequent overcooling
was apparently caused by a
leaking or stuck open turbine
bypass valve.

Reactor trip on low RC pressure
from 15% FP following manual
turbine trip. Following tur-
bine trip, the OTSGs were under=-
fed causing RCS heatup. Operator
action to regain FW caused
overfeedirg and a subsequent

low pressure reactor trip.

The reactor tripped on high RCS
pressure at 2,300 psig during
an MFW upset initiated by loss
of NNI power. Due to the loss
of NNI power, the ICS ran FW
down and tried to increase

512 1,600

528 1,550

NA 1,540

514 1,325
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TABLE F.3-2 (Continued)
Minimum RC Minimum Rc

Temperature Pressure
Date Event Description (°F) (psig)

reactor power resulting in the
reactor trip. The pressurizer
PORV opened and stayed open

due to the power failure. RCS
pressure decreased to 1,500 psig
where HPI was automatically
initiated and the four RCS pumps
were turned off in accordance with
procedure. The PORV isolation
valve was manually closed by the
operator.

3/28/79 Reactor trip on high RC pressure ~280 ~600
from MFW. 100% power due to
loss of MFW. The pressurizer
PORV stuck open and remained
open, and RC pressure de-
creased below 1,600 psig to
~600 psig.

12/14/78 The reactor tripped from 98% FP NA 1,440
on pressure/temperature trip after
an electrical short caused the
ICS to pull rods to raise Tave.
Bcth main feed pumps tripped
on high discharge pressure;
emergency feed pumps started and
then stopped when MFW was re-
established. MFW did not control
properly, and level in "B"

OTSG went to zero. Emergency

FW reestablished to "B" OTSG and
caused overcooling which initiated
HPI.

6/18/74 The reactor was tripped manually ~530 ~1,610
from 7¢ FP following about
10 minutes of oscillatory be-
havior of the primary and
secondary systems. A loss of
instrument air caused the
turbine bypass valves to close
and the FW valve to partially
open. The undercooling caused
the RC temperature and
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TABLE F.3-2 (Continued)
Minimum RC Minimum Rc

Temperature Pressure
Date Event Description (°F) (psig)

pressure to increase followed by
several minutes of oscillation
before the reactor was tripped.
The OTSGs were boiled dry and
were dry for 7-8 minutes before
level was restored to normal.

11/20/73 The reactor tripped on low RC NA ~“1,600
pressure from 57% FP due to a
stuck-open pressurizer spray valve.
The RC pressure started decreasing
and the oeprator was successful in
attempts to close the pressurizer
spray valve and block valve. The
spray line block valve was
finally closed after reactor trip
when an electrician entered the
containment and jumpered the
torque overload circuit.

3/29/78 Reactor trip on the pumps/power 530 1,173
trip during hot zero power
testing caused by a2 loss of
vital bus power to the reactor
protection system. The loss of
vital power caused a partial
loss of NNI and caused the
pressurizer PORV to open and
remain openr. RCS pressure de-
creased from 2,200 psig to
1,173 psig in 4-1/2 minutes
before the vital bus power was
restored and the PORV closed.
HPI started automatically at
1,600 psig, 2 minutes and
15 seconds after the reactor
trip, and restored RCS pressure.

4/16/77 Manual reactor trip from 15% FP ~474 1,810
- in accordance with the test
iy procedure for shutdown from

outside the control room. Sub-
sequent OTSG overfeeding was due
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TABLE F.3~2 (Continued)

Minimum RC
Temperature

Event Description (°F)

Minimum Rc¢
Pressure
(psig)

1/6/79

12/2/78

3/20/78

to the FW pump in manual and
the startup FW valves sticking
partially open. Both OTSGs
were fed to a point in excess
of 100% on the operating
range.

Turbine trip from 71% FP with 521
an Fw block valve stuck in an

open or partially open position.

The operator then closed the

MFW cross-connect valve and

tripped one feed pump causing
underfeeding. The operator

tripped the reactor and started

the emergency feed pump which

then overfed the 0TSGs.

Reactor trip from 22% FP on 515
low RCS pressure while switch=-
ing from the startup to the

MFW control valves. Prior to
the trip, the MFW control valves
were full open by manual hand-
wheel with the instrument air
isclated. When the operator
increased FW pump speed during
the switching process, the

OTSGs were overfed and the
reactor tripped on low RCS
pressure; subsequent over-
ccoling was caused by overfeed-
ing the OTSGs.

Reactor trip on high RC pressure 285
from 70% power due to LOMFW caused

by faulty input signals to ICS.
Subsequent OTSG overfeed from

both MFW and AFW overcooled

primary system and overfilled the

OTSGs.

1,600

1,600

1,490
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Date

1/15/79

8/16/79

10/7/74

RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

TABLE F.3-2 (Continued)

Minimum RC
Temperature

Event Description (°F)

Minimum Rc
Pressure

(psiqg)

Reactor trip on high RC pressure 430
from 100% power due to OTSG under-
feeding caused by loss of power

to ICS. MFW was not terminated.

AFW was started and both MFW and

AFW overcooled the primary system

by overfilling the OTSGs.

Reactor trip on high RC pressure 500
from 45% power due to OTSG under-

feeding caused by faulty FW pump

speed control. The "A" MFW valve
remained open and subseqguent

OTSG overfeed caused primary system
overcooling.

Manual reactor trip from 15% 408
power to prevent RCS heatup

caused by LOMFW due to loss of

condenser vacuum. Secondary

steam leaks to auxiliary loads

(MFW pumps, air ejectors, etc)

caused excessive steam relief,

loss of steam pressure, and

primary system cooling.

1,183

1,550

1,810
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RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F.4

Your response states that you intend to bring together
information from B&W and your own evaluations of B&W operating
plant experience coupled with the ICS-FMEA and a B&W review
of overcooling transients to identify the changes which may
significantly decrease the frequency of upsets to feedwater.
State when this review and analysis of the MFw system will

be performed and how the recommendations and studies proposed
in your response are likely to be affected by your results.

Resgonse

The review of the Midland feedwater system will be performed
during 1980 and the results of this study will be factored
into the Midland design. As stated in our original response,
the potential changes to the design which have been identified
to date are related to plant control and instrumentation.

We do not expect that the final results of this study will
affect these conclusions.,

Fvd-1 4/80



RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F.5

Other applicants responding to our October 25, 1979 requests
have considered the following additional items to further
decrease undesirable perturbation in the once-through steam
generator:

a. Increased demineralized water makeup capacity to the
condenser hotwell during runback following a turbine
trip.

b. Increased bypass capability around the condensate
polishers with fast acting valves.

Discuss these and like considerations which you have given
to the Midland design and their effectiveness.

Response

The items identified in this question have been evaluated
for their applicability to the Midland plant. As discussed
below, unique features of the Midland design eliminate the
need for or benefit of these changes.

a. Increased Demineralized Water Makeup Capacity to the
Condenser Hotwell During Runback Following a Turbine

Trip

The Midland design does not include the large atmospheric
dump capability which may exist in other plants. As a
result, the water lost from the Midland cycle, which
must be made up from the condensate storage tank, will

be less. Also, the Midland design includes a deaerator
with a fairly large storage capacity. During a transient,
the deaerator and the condenser provide a large surge
volume which, balanced with the size of the line from

the condensate storage tank to the condenser, provide
adequate makeup capability. During the normal course

of design, the adequacy of the makeup line has been
verified.

b. Increased Bypass Capability Around the Condensate
Polishers with Fast Acting Valves

This design modification is more applicable to plant
designs which do not include a deaerator in the cycle.
A fast bypass capability is not necessary for Midland

F.5-1 4/80



RESPONGE TO 10 CFR 50.54(f)
SUPPLEMENT 1

since a surge volume for the feedwater and booster pump
suction is provided by the deaerator storage tank.

This feature would be more important when the condensate
pumps provide a direct discharge into the feedwater

pump suction and disturbances in the condensate system
are immediately reflected at the feedwater pump.

Other considerations which are applicable to the feedwater
system are under review and are included in the main
feedwater design study. The items in this study include,
but are not limited to, assuring a stable delta P

signal for control of main feedwater, assuring smooth
transients from startup to the main feedwater valve
control, and investigating the role of the integrated
control system runbacks on secondary system disturbances.

F.5-2 4/80



RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F.6

Discuss the advantages and disadvantages, if any, of a
control independent of the ICS to terminate main feedwater
flow following a reactor trip.

Response

The routine termination of main feedwater (MFW) following a
reactor trip would constitute an overreaction to the potential
for low probability (overfill) or low risk (overfeed) events.
These two events are sometimes confused. Temporary overfeed
occasionally occurs following reactor trip. While this
constitutes a departure from ideal post-trip performance, it
is not a serious concern. The resulting shrinkage can be
easily accommodated within the indicated range of the
pressurizer. The most freguent causes of this event are
equipment malfunction or improper tuning of control systems.
At Midland, careful tuning of the integrated control system
should reduce the probability of this occurrence. Once-
through steam generator (OTSG) overfill is definitely an
undesirable event which, as previous analysis demonstrates,
can result in reactor coolant system overcooling. It is,
however, a low probability event and certainly does not
routinely occur following reactor trip. At Midland, the
design of the MFW control system will include the capability
to prevent OTSG overfill.

The routine termination of MFW (the preferred source of
water for the steam generator) following reactor trip would
unnecessarily exercise the auxiliary feedwater system,
complicate the control room operators' duties following a
trip, and superimpose an additional transient upon the
steam generators. Furthermore, this action would place the
entire nuclear steam supply system in a degraded condition
by deliberately defeating the primary means of removing
heat from the reactor coolant system, main feedwater.

F.6-1 4/80



RESPONSE TO 10 CFR 50.54(f)
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Question F .7

Specify the extent to which control limitations such as
valve and pump speed response. effect main feedwater stability,
particularly:

a.

during startup from the manual to the automatic cperational
mode or

during automatic switchover from one process steam mode
to another.

nse

The response of the main feedwater system during the
startup phase at low power is a critical item in both
the once-through steam generator (OTSG) and recirculating
steam generator startups. At low power levels during
both manual and automatic control, the response of the
system should be as smooth as possible and the system
should be designed to eliminate any perturbations which
could cause rapid changes in system parameters. To
accomplish this, the feedwater pump speed when in

manual control should be adjusted to maintain an approximately
35 psi differential pressure across the control valve.
In this way, changes in feedwater valve positions

during manual control will result in a slow change of
flow. Also, since the automatic control maintains an
approximately 35 psi differential across the control
valve, the transfer from manual to automatic will not
result in changes to the pump speed which could perturb
the system. The flow control valve characteristics at
low flows are also an important factor in obtaining
smooth control. A 35 psi pressure drop across the
control valve permits the valve to operate in its

normal control range resulting in smoother control. In
addition to these operating guidelines, design features
have been incorporated in the Midland plant to eliminate
unwanted perturbations of the system. One such feature
is the Midland feedwater pump recirculation valve which
is a modulating valve and eliminates any changes caused
by an on/off valve controller. Even considering the
above, manual control of feedwater is highly dependent
on the operator. Operator capability to control the
flow at low powers increases with experience and training.

The process steam transfer system will be modified so
that all mode changes except Mode 1 to 2 will be initiated
by the operator and will be executed at rates of load
change which are well within the response capabilities

of the integrated control system (ICS), reactor, turbine-
generator, and feedwater system.



RESPONSE TO 10 CFR 50.54(f)
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A Mode 1 to 2 transfer (Unit 1 extraction supply to
Unit 1 main steam supply) can be initiated manually or
automatically. When manually initiated, the Mode 1 to

2 transfer will be conducted in a controlled manner to
minimize perturbations in Unit 1 reactor power, MWe
load, and feedwater flow. When automatically initiated,
such as following a turbine trip, our intent is to
execute the Mode 1 to 2 transfer as quickly as possible
to reduce the magnitude of the steam and feedwater flow
transients.



RESPONSE TO 10 CFR 50.54(f)
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Question F.8

State the design objectives of the revised auxiliary feedwater
control system. Also indicate whether it will:

a. Initiate for all loss of MFW events, either total or
partial, and at what lower limit;

b. Initiate on SIAS;
C. Initiate on loss of offsite power;

d. Preclude overcooling or undercooling of the primary
system even with a single failure in the system (e.q.,
failures in input, power, valves); and

e. Interact in any adverse fashion with the Feed-Only-
Good~-Generator interlock.

Also, describe how you will demonstrate that the dynamic
response has been achieved.

Resgonse
) GENERAL

The design objectives of the auxiliary feedwater (AFW)
control system are as follows,

a. Redundant and independent initiation and control
circuits will be provided for each AFW train such
that the capability to initiate and contrecl at
least one AFW train, when required, is maintained
even when degraded by a single random failure.
Redundancy and independence will be provided from
the sensors through the actuated devices.

b. The redundant portions of the AFW control system
will be powered by separate Class 1E vital battery-
backed buses such that the objective of Item I.a
can be accomplished with the loss of a single
vital bus or with the loss of all ac power except
that derived from inverters,

Ce. The system will provide automatic initiation of
- AFW for all required conditions including emergency
. core cooling system actuation.

4/80
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The AFW system and its controls will be designed

such that AFW flow will be injected within 40 seconds

after an initiation signal. This time limit
includes the time required for diesel startup and
generator loading.

Two level setpoints will be provided. The low
steam generator level setpoint (approximately

2 feet) provides adequate inventory for decay heat
removal with forced primary circulation. The high
steam generator level setpoint (approximately

20 feet) provides adequate inventory for decay
heat removal with natural circulation of primary
coolant. The control system will automatically
select the appropriate setpoint based on reactor
coolant (RC) pump status.

The iniection of full AFW flow can, under certain
conditions (high level setpoint, low decay heat),
result in considerable cooling of the primary
syscem. Therefore, the control system will be
designed to limit AFW flow based on a predetermined
rate of steam generator level increase. The rate
limit will be selected such that overcooling 1is
minimized at low decay heat levels and adequate
cooling is provided at maximum decay heat levels.
The minimum level rate will be established based

on providing adequate cooling with maximum decay
heat. This rate limit will then be assessed with
respect to minimization of overcooling at low

decay heat conditions. Calculations have shown
that under worst case overcooling conditions (high
level setpoint, zero decay heat, no makeup flow),
level rate control will provide at least 10 minutes
of automatic control before operator action is
required to prevent loss of pressurizer level
indication. However, performance verification of
level rate control and final setpoint (rate limit)
determination will be accomplished by preoperational
testing.

Primary system cooldown during AFW operation will
be controlled to less than 100F in any 1 hour time
period. :

The system shall not include control of secondary

system pressure. Existing control of steam generator

pressure by the integrated control system utilizing
both turbine bypass valves and steam safety relief
valves shall be retained.

The system will include necessary bypass features

of the automatic initiation for plant startups and
shutdowns.

F.8-2 b
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II. RESPONSES TO QUESTION F.8.a THROUGH F.8.e
a. See response to Question F.9.
b. See response to Question F.9.
Ce See response to Question F.9.

d. The entire AFW system, including controls, is
édesigned to provide decay heat removal assuming a
single failure. The level rate control feature of
the AFW control system is not intended to be
designed to single failure requirements, i.e., a
single failure can result in full AFW flow with
resultant potential for overcooling. AFW flow to
the steam generator caused by such an event would
be terminated automatically when a high once-
through steam generator level was reached or more
probably by manual operator action. Designing
level rate control to prevent overcooling in the
event of a single failure, if indeed achievable,
would result in a reliability degradation in
meeting the safety function of the AFW system
(decay heat removal).

e. See response to Question F.l2.

. As stated in Item I.f, preoperational tests to verify the
adequacy of the AFW level control system will be conducted.
This program will require that a test of the system be

performed both before and after fuel load.
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Question F.9

For your intended revision to the AFW initiation logic,
identify the signals (e.g., generator level, no feedwater

flow, loss of pump suction pressure, SIAS, and loss of steam
flow to pumps) that will be used to initiate AFW and justify
their use. Also, update your response to our request 031.51

to identify the type and characteristics of the revised
transmitters selected for the reverse feedwater flow monitoring
system,

Response

Automatic initiation of the auxiliary feedwater (AFW) system
is based on the need for AFW flow to accomplish the following:

a. Maintain continuity in reactor coolant system (RCS)
flow during the transition from forced to natural
circulation when RC pumps are tripped

b. Prevent the boil-off of the entire inventory of water
immediately following a loss-of-main feedwater (MFW)
occurrence and anticipatory trip of the reactor

C. Provide a conservative margin to prevent overpressurization
of the RCS due to potent =1 undercooling following a
loss-of-MFW event

The individual parameters selected to initiate AFW and the
specific justification for each are as follows:

a. Loss of both MFW pumps: The AFW system provides a
backup source of feedwater sufficient to remove decay
heat and pump heat should the primary source (MFW) be
lost. Low control oil pressure is sensed because this
condition will exist whenever an MFW pump turbine is
tripped.

b. Low steam generator level: Low level in either once-

through steam generator (OTSG) is indicative of insufficient

feedwater flow and provides a backup for initiation on
loss of MFW.

S, Emergency core cooling actuation system (ECCAS): ECCAS

actuation results in initiation of the main steam line
’ isolation system (MSLIS) which isolates main steam and
AL MFW to both OTSGs. Therefore, AFW is required to
remove decay heat. FOGG logic will prevent AFW flow to
a ruptured steam generator and acts independently of
the AFW actuation system.



RESPONSE TO 10 CFR 50.54(f)
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d. Loes of RC pumps: Loss of forced RC flow will result
in a reactor trip and integrated control system (ICS)
runback of MFW. AFW is initiated to raise the OTSG
level to approximately 20 feet to facilitate establishing
and maintaining natural circulation of primary coolant,

e. Low steam pressure: Low steam pressure will initiate the
MSLIS and isclate main steam and MFW to both OTSGs.
Therefore, AFW is required to remove decay heat. FOGG
logic will prevent AFW flow to a ruptured steam generator.
(See the response to Question F.12 for a discussion of
the FOGG logic).

f. Loss of offsite power: Undervoltage on either of the
Class 1E 4160 V buses is sensed to indicate a loss of
offsite power. A loss of normal ac station power will
result in the loss of MFW and a'l four RC pumps. This
signal provides diverse initiation for both a loss of
MFW and a loss of forced RCS flow.

The necessity for and configuration of the reverse feedwater
flow monitoring system are currently being reevaluated.
Therefore, additional information is not available at this
time.
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Question F.10

You state that changes tc the Midland auxiliary feedwater con-
figuration since the TMI-2 accident will include:

a. Modification of the AFW pump suction piping from one inter-
connected system for both Midland units to two systems
operating independently to supply AFW to each unit, and

b. The addition of redundant flowpaths from the discharge of
each AFW pump to each steam generator.

Provide a simplified diagram illustrating the previous and re-
vised configurations. 1Include a table denoting valve positions
during normal and abnormal operating conditions. Specify your

schedule for completion of the details of the revised Midland AFw
design.

Res nse

Figures F.10-1 and F.10-2 illustrate the previous (current)
design and planned revised design, respectively, for both the
suction piping and the discharge piping. The detailed control
design and analysis is incomplete at this time; however,
Figure F.10-2 indicates the control parameters planned to be
used in the design.

Table F.10-1 summarizes the position of valves under five selected
operating conditions. For simplicity of presentation, we elected
to assume no single failures. The positions tabulated represent
the alignment of the valves upon receipt of the actuation signal.

Detailed design of the revised auxiliary feedwater system is

expected to be essentially complete by August 1980. FSAR up-
dating is anticipated at that time.

F.10-1 4/80
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TABLE F.10-1

AFW SYSTEM VALVE POSITIONS - REVISED SYSTEM

AFWAS and
Normal Low AFW Steam
Cooldown Pump Generator Station
to DHR AFWAS Suction A Main- Blackout

Initiation Actuation Pressure Steam Break Operation
Valve (Deaerator (C8T (SWS (CST (CST
Number Suction) Suction) Suction) Suction) Suction)
Train A
2M0O3993A1 Close Close Open Close Close
2MO3993A2 Close Close Open Close Close
2MO3968A Open Open Close Open Open
2LV3975A1 Modulate Modulate Modulate Close Modulate'
2LV3975A2 Modulate Modulate Modulate Modulate'? Modulate'
2%xv3989'" Close Close Close Close Close
2MO3965A open'? Open Open Close Open
2MO3970B Close'? Open Open Close Close
Train B
2MO3993B1 Close Close Open Close Close
2MO3993B2 Close Close Open Close Close
2MO3968B Open/Close Open Close Open Open
2LV3975B1 Close Modulate Modulate Modulate Modulate
2LV3975B2 Close Modulate Modulate Close Modulate
2M0O3965B open'? Open Open Open Open
2M03970A Close'? open Open Open Close
Common
2M03956 Close Open Open Open Open
2MO3940A Open Close Close Close Close
2M03940B Close Close Close Close Close
2M03936 Close Close Close Close Close

(1)

(2)
(3)0Pen-

-Valve 2XV3989 is only open when the AFW system is used for
~cplant startup or cooldown via the main feedwater system.
At least one of the two valves to each steam generator will be

Valves will modulate, but since motor-operated pump is not operat-
ing, there will be no flow through these valves.

4/80
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RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F.1l

In the event of a steam line break upstream of the MSIVs
accompanied by failure of a MSIV in the intact line, reliance
is placed upon reliable but non-safety grade circuits and
downstream valves to isolate steam flow except for residual
flows associated with turbine gland sealing, etc. Describe
the behavior of the revised FOGG interlock during this
accident scenario, including the significance, if any, of

the residual steam flow limits on the FOGG system.

Resgonse

An analysis of worst-case single failures following a main
steam line break has been performed and is discussed in the
FSAR in the response to NRC Question 211.185. This analysis
shows that the maximum blowdown of the unaffected steam
generator occurs if the atmospheric dump valve on that steam
generator fails open. Blowdown from the unaffected steam
generator through the atmospheric dump valve exceeds the
blowdowns through available residual flowpaths if the main
steam isolation valve fails to shut and therefore provides a
wcrst-case scenario for evaluation of the revised FOGG
lcgic. The results of this analysis will be reviewed as
described in the response to Question F.12 to ensure proper
operation of the FOGG interlock.
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RESPONSE TO 10 CFR 50.54(f)
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Question F,12

In addition to the FMEA for the revised FOGG interlock to be
provided as part of your revised AFW evaluations, identify
those events and combinations of events which have been and
will be evaluated to assure that no confused or inadvertent
inputs (such as from a previously unrecognized event or
event combination) can lead to a malfunction or undesirable
operation of the FOGG system., Also describe any studies and
tests performed to assure proper integration and interaction
of the FOGG interlock with other systems.

ResEonse

Failure modes of the FOGC interlock will be evaluated during
the normal process of system design to ensure the design
meets single failure criteria. No formal failure modes and
effects analysis of the FOGG interlock is being prepared.

Babcock & Wilcox is currently reviewing the steam line break
spectrum studies submitted in the Midland FSAR. This review
is to assure the revised FOGG logic does not invalidate any
of the submitted results, will respond properly for all
break sizes, and does not interfere with normal operational
transients. The output from this review will be appropriate
setpoints for FOGG action.

F.12-1 4/80



RESPONSE TO 10 CFR 50.54(f)
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Question F.13

Describe the results of your design evaluation studies for

the several process steam operating modes performed to
determine whether any unique opportunities for operator or
equipment errors (such as improper system alignments, including
misalignments between circuitry and hardware) or adverse
interactions unique to a given mode exist which could lead

to overcooling or overpressurization transients or accidents
more severe than those for which the protection systems have
been analyzed and designed. 1Identify the maximum potential
contribution of the process steam to the sensitivity of
overcooling events for the Midland plant, whether as a

result of heat extraction through the tertiary heat exchangers
or via any control system change influenced by the Dow use

of steam.

Resgonse

Operating at its full design capacity, the Midland process
steam system (PSS) will consume about 40% of the steam flow
from the nuclear steam supply system (NSSS) from which it

is supplied. Actual load projections indicate that the

system will operate at 50% or less of its design capacity

for several years following initial operation. The potential
contribution of the PSS to cause undercooling transients 1is
limited by the fraction of NSSS output which is dedicated to
process steam production. Unigque operator errors or equipment
malfunctions could produce a step decrease 1in NSSS steam

load of 40% (loss of the PSS). This load rejection 1is
obviously well within the capability of the reactor protection
systems, which are designed for 100% load rejections. The
maximum potential PSS load increase leading to reactor
overcooling is represented by a rupture of the 36~inch main
steam supply line to the PSS. Analyses of such steam line
breaks of varying size and location are presented in Appendix 15D
of the Midland FSAR. No unacceptable overcooling conditions
were found.

Although the worst case transients originating from the PSS

are well within the design capabilities of plant protection
systems, the impact of less severe PSS operational transients

is of concern. In response, reevaluation of the design

and operation of the PSS is being conducted with the objective

of reducing the frequency and severity of operational transients
within the PSS while maximizing system availability. Additionally,
pest-fuel load testing of the PSS will be conducted to verify

that normal mode transfers and load changes are within the
response capabilities of the plant control systems.

F.13-1 ki



RESPONSE TO 10 CFR 50.54(F)
SUPPLEMENT 1

‘ Question F.14

You state that you are currently investigating modifications

to the AFW level control system to limit primary cooldown rate
following AFW actuation. Describe how the control modifications
under consideration would provide the capability to distinguish
in a positive manner between transients and accidents with

regard to SG level setpoint control. Also describe how two-phase
level during swell from depressurization affects levsl detection
and how this is treated in the analyses.

Response

The auxiliary feedwater (AFW) control system will have two
once~-through steam generator (OTSG) level setpoints that are
automatically selected based on reactor coolant (RC) pump
status. This method of selection ensures the appropriate
level setpoint will be in effect for all transients and
accidents requiring AFW. The high level setpoint (20 feet)
will be selected automatically when the RC pumps are tripped.
For transients and accidents where the RC pumps remain
operational, the low level setpoint is adequate for heat
removal. For accidents where the RC pumps are lost, either
intentionally as in a small break loss-of-coolant accident
' or due to a loss of offsite power, the level setpoint will
automatically be raised to the high level. During the
initial phase of a small primary system break (approximately
20 minutes to 1 hour depending on power level at time of
trip), the control system will automatically raise steam
generator levels to the high setpoint. The operator will
then manually control AFW flow to raise OTSG levels to the
level specified in the small break operating guidelines.

Preliminary evaluations indicate that level rate control
provides adequate AFW flowrates for all accidents requiring
AFW. This will be verified by a detailed evaluation of
Chapter 15 events. In the unlikely event that level rate
control provides insufficient AFW flow for certain accidents,
the control system will provide for bypass of the level rate
limiting function under those conditions and allow full AFW
flow up to the OTSG level setpoint.

Errors in level detection can occur from several phenomena,

_-most notably ambient temperature effects on reference legs

."and level sensors. Of these phenomena, errors due to two-
-phase level during swell from depressurization are considered
to be relatively minor and of short duration. However, this
effect and other error mechanisms are presently under evaluation
and will be accounted for in the overall design either by

‘ analytical input assumptions, changes in level setpoints, or

operating guidelines.
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ggestion F.15

The modifications, recommendations, and studie; you present
to reduce sensitivity are in the direction of additional
automation of the plants. While this approach leaves the
operator free to verify system performance and should improve
the control of transients, we are concerned that potential
system interaction effects might result. Therefore, a
complete and integrated review of the primary and secondary
system should be performed to assure that no significant
adverse interactions result from the modifications that are
ultimately made. Describe your plans and schedules with
regards to performing such a comprehensive, integrated
evaluation of these changes, based upon conservative and
realistic analyses and simulator comparisons as appropriate.

Resgonse

The modifications proposed in our response to your 10 CFR
50.54(f) request are based upon sound engineering judgment
of their benefit to both system operation and overall plant
safety. A comprehensive integrated evaluation of these
changes will be provided through various methods previously
discussed. These include safety sequence analysis work by
EDS Nuclear, construction of event trees as part of the
abnormal transient operating guidelines (ATOG) program,
reliability analysis of the Midland auxiliary feedwater
sys*em being conducted by Pickard, Lowe, and Garrick, Inc.,
and overall plant response testing to be conducted prior to
commercial operation. Additionally, extensive analysis has
been conducted by Babcock and Wilcox on the overall plant
impact of overcooling type accidents and transients. This
work is presented in our revised 10 CFR 50.54(f) response
(Revision 2, April 1980).



RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F.16

Provide the following analyses:

a. Overcooling event initiated by steam pressure regulator
malfunction resulting in increased steam flow.

b. Overcooling event initiated by feedwater system malfunctions
that result in decreased feedwater temperature.

For these analyses, assume no beneficial operator action
before 10 minutes. Also, only qualified safety systems
should be assumed for mitigation. Identify which safety and
nonsafety grade systems are considered to operate during
this transient and specify the part each of these systems
take in the transients. Identify the signals acting upon
these systems during the transients.

The analyses should be performed for a period of at least

10 minutes after transient initiation. If existing analyses
which are presented for a shorter duration are utilized for
this response, then confirm that during the time not shown
out to 10 minutes:

(1) No operator action is required or assumed.
(2) No changes in operating systems are required.

(3) No significant changes result out to 10 minutes, such
that extrapolation from the results presented is considered
valid.

Response

a. The steam pressure regulator malfunction event has been
analyzed and is included in our 10 CFR 50.54(f) response,
Revision 2, April 1980.

b. The overcooling event initiated by feedwater system
malfunctions that results in decreased feedwater temperature
was analyzed in the FSAR, Section 15.1.1. The overcooling
effect is less severe than the steam generator overfill
and steam pressure regulator malfunction events previously
analyzed and therefore is not included as part of the

. 10 CFR 50.54(f) response.

The existing FSAR analysis is carried out for 60 seconds.
If this analysis was continued for a full 10 minutes
operator action would not be necessary, operating

systems would continue to perform in their normal,
post-trip mode, and plant parameters would trend from
their 60-second value as expected after a reactor trip.

F.16-1 4/80



RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Qpestion F.l7

You have stated during related meetings with NRC and with
ACRS subcommittees that the analyses presented in your
current 50.54(f) response were not necessarily selected to
represent the worst case. Provide your recommendations as
to what criteria, assumptions, and experience should be
recognized in defining the worst case for design purposes.

Response

From those events considered to be of moderate frequency, a

full spectrum of overcooling events has been presented in

the Midland response to 10 CFR 50.54(f), Revision 2 (April 1980).
The results have varied from no voiding in the reactor

coolant system to the formation of large steam voids. 1In

all cases, however, adequate core cooling has been maintained.
The referenced statements were meant to indicate that additional
analyses were to be performed. These analyses have been
completed and are included in the revised 10 CFR 50.54(f)
response.

F.17=-1 4/80



RESPONSE TO 10 CFR 50.54(F)
SUPPLEMENT 1

Question F.18

Regarding your proposed changes to the pressurizer level
indication, specify the new location of the instrumentation
taps and revise FSAR Figure 3.8-73 accoivdingly. Also provide
Oor reference the relationship between "indicated"” and "actual"
level for the revised Midland design.

Response

The Midland pressurizers will be modified to increase the
indicated level range from 0-320 inches to 0-400 inches.
Figures F.18.1 and F.18.2 show the azimuthal and elevation
locations, repsectively, of the three new high level sensing
nozzles and the three new low level nozzles. Table F.18.1

is to be used in conjunction with Figure F.18.2 to define the
location of each nozzle. Tzble F.18.2 provides the relation-
ship between "indicated" pressurizer level and the "actual"
water volume.

FSAR Figure 3.8-73 will be revised when field modification
is completed.

F.18-1 4/80
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Nozzle No.

1
2

3
R
5

6

Anqular lLocation

RESPONSE TO 10 CFR 50.54(F)
SUPPLEMENT 1

NOZZLE LOCATION MATRIX'l)

TABLE F.18.1

W to

Y to

Z to

W to

Y to

2 to

(I’The new level nozzles
nozzle locations as a

given above.

X

Z

A

W

14°+1°
74°4+1°
44°4+1°
14°+1°
74°41°

44°+1°

Dimension

A

A

R

B

Move From Present Location

32.37540.125 up
32.37540.125 up
32.344+40.125 wp
40.344+40.125 down
40.25+40.125 down

40.312540.125 down

locations are to be established based on the existing as-built
datum,

Appropriate locating dimensions and directions are



RESPONSE TO 10 CFR 50.54(F)
SUPPLEMENT 1

. TABLE F.18,2

ACTUAL PRESSURIZER WATER VOLUME

VERSUS

INDICATED PRESSURIZER LEVEL

Indicated 0-320 Inches 0-400 Inches
Level (in) Range (cu ft) Range (cu it)
0 239 112
Maximum level 1,281 1,384

Note: Values are based on nominal pressurizer dimensions.

4/860




RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

(1 ToP)
(4 BOTTO)

1av4ye

(2 10¢)
(5 BOT10V)

AZIMUTHAL LOCATION OF NEw NDOZ20r s

FIGURE F.18-1
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RESPONSE TO 10 CFR 50
SUPPLEMENT 1

.54 (f)
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RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F.19

Provide additional detail regarding the safety seqguence
analyses to be performed by your contractor, EDS Nuclear.
Identify the 16 safety and operational sequence diagrams and
the 15 auxiliary system diagrams to be used as the vehicle
for this review. Describe the end product of this study
and describe how these results will be factored into the
Al03 program.

Response

The safety sequence analysis being performed by EDS Nuclear
uses the methodology previously described in Appendix F of
the Midland response to 10 CFR 50.54(f) request. Attached
is a reference paper authored by EDS Nuclear which more
fully discusses this methodology.

The following diagrams are being developed by EDS Nuclear
for Midland as part of our design review:

a. Operational sequence diagrams
1) Shutdown and cooldown to cold shutdown
2) Power operation
3) Startup
4) Refueling
b. Safety sequence diagrams
1) Loss-of-coolant accident*
2) Loss of normal feedwater*
3) Loss of nonemergency ac power*
4) Failures resulting in increased steamn flow
5) Loss of external load and/or turbine trip
6) Complete loss of forced reactor coolant flow
7) Steam generator tube rupture

8) Accidental depressurization cf the reactor coolant
system

F.19-1 4/80



9)
10)

11)
12)

RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Radwaste system leak/failure

Loss of seal injection component cooling
water

Excessive feedwater*

Small steam line break*

Ce Safety sequence auxiliary diagrams

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)

Turbine control (electro-hydraulic)*
Turbine bypass

Emergency core cooling*

Decay heat removal*

Auxiliary feedwater*

Makeup and purification*
Low-pressure injection*

Pressurizer pressure control*
Containment heat removal*

Reactor building isolation*

Reactor protection system

Engineered safety features actuation system
Safeguard chilled water

Combustible gas control system

Miscellaneous safety-related heating, venti-
lating, and air conditioning

The above diagrams represent the output from EDS Nuclear
safety sequence analysis work. The diagrams noted with an
asterisk (*) will serve as design input for the event trees
" to be developed for Midland by Babcock & Wilcox (B&W) as

" part of the ATOG program. This process was explained to NRC

personnel

at BsW Owners Group meetings on October 15, 1979

and again on February 22, 1980.

F.19-2 4/80
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Ahstract

Today's complex ruclear plant safety requirements
demand a planned and systeenalic enginecring ap-
proach to identify the functional design requirements
of the nuclear ptant systems. This systems engimeering
concept is required to ensure that the nuclear plant
design satusties the varicus federal regulations and in-
dustry standarcls. The Satety Function and Protection
Sequence Analysis provides such a systematic design
verification process. The plant safety functions essen-
tial to achievina acceptable consequences following
postulated acciclents and transients are first carefully
identified, and thea the sequence of prime system
responses that form redundant success paths to the
safety functions are diagrammed as Safety Sequence
Diagrams (SS0). Systerns that act 85 essential auxil-
iaries in supporting tie prime safaty systems are func-
tionally diegramn.a on Safety Systems Auxiliary
Diagroms (SSAD). When complete, the SSD’s and

Intteduction

Developments over the past decade in nuclear plant
safcty technology have given birth 1o numerous tech-
nically complex nuclear plant design and eperaiional
requitements. The proper apptication of the AEC re-
quirements and industry coces and standards offers a
significant chalienge 10 nuclear plant engineers, man-
2gcrs and operators alike. The overall effect of the
Salety Function and Proteztion Seguence Analysis is
10 sysiematize the identification of the functional de-
Sign reepuirements to the auclear power plant design.
Developed 25 a systematic approach 1o the nuclear
safety aspeets of the Pilgrim Unit 2 design, the Safety
Function and Protection Sequence Aralysis (SFPSA)
weatifies the pocessvy  and  sullicient functuional
design requirenents of the rucledr power station 1o
msure protection ef the pubhic healin and safety.

Shfeti Function and Protection Sequence Anzlysis

SSAD’'s form the basis for comprehensive design re-
view of all safety related systems. Because the full
range of plant conditions is considered in evaluating
each postulated event, the true design criteria and
requirements are easily derived and documented for
cach safety related system, structure and compenent,
the Quality Assured ltems List is established, and re-
dundancy and separation criteria are set. The S50°s
and SSAD’s also facilitate the identification of Seis-
mic Category | equipment and structures. Systematic
criteria are established for protection 2gainst pi1oe
whip, jet impingement, fire and flooding The infcr-
mation on the S5D's and SSAD’s also forms the Lasis
for the development of operating technical speciii-
cations. The concentrated effort required to perform
the Safety Function and Protection Sequence Ané:-
ysis is repaid many times over through the resulting
benefits the analysis brings to today’s nuclear project.

The SFPSA provides the following specific benefiis
for a nuclear project:

1. A complete response to Section 15,1 of the
AEC's Standard Format and Content nf Safety
Analysis Reports for Nuciear Poiveer Plants.

2. A systematic and consistent identification of all
sysiems, structures and comnonents that mus
be on the Quality Assured ltems List and suls-
jected to a Quaiity Assurance Prouram satisfying
the requitements of 10CF RS0, Appendix 8.

3. A systems level design verification procoss satis
fying, n part, the design control requirements Gi
10CT RHO, Appendix B.




4. A systems level failure modes and effects anal-
ysis which assists in the idenufication of the
necessary inputs for the developrient ot func-
tional, physical and electrica! separat:on criteria.

6. A systems leve!, single faillure analysis as re-
quired by IEEE 279, IEEE-379 and Regulatory

Guide 1.53.

response

7. A documented basis for the preparation and re-
view of those plant operating procedures vhich
address abnormal and accident conditions

8. A learning and trzining aid for engineers and
operators 10 facilitate understanaing of the in
tegrated plant

1o various plant

abnormal and accident conditions,

6. A documented basis for establishing operating
plant technical specifications for inclusion in
Chapter 16.0 of the Safety Anclysis Report.

TABLE 1

EVENTS CLASSIFICATION FOR PILGRIN 2

SFISA 10CFR50, 10CFRS50, ANSI 18,2
EVENT EVENT APP. A EVENT APP. 1 EVENT EVENT
LcaTroRry FREOUENCY | CATEGORY CATEGCORY CATECORN |
Planned Routine Normal Normal Reactor Condition I;
Opcration Operation Operation Normal
Operation
Expccted 2 1/year Anticipated Expected Opera- | Condition I1;
Operational Operational tional Occur- Incidents of
Occurrences Occurrences rences Moderite
Frequency
Infrequent 1740 yrss o Anticipated Expected Opera- | Condition [Ii;
Operational < l/y1s Operational tional Occur- Infrequent
Occurrences Occurrences rences Incident
Accident <1/40 yrs Condition 1V;
. Limiting Faults
2
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Develc;pment of the Safety Function and Protcction Scquence Analysis

The fundamental objective of the nuclear plant de-
sign is to develop the functicnal requirements of the
plant’s safety systems 1o prevent the oceurrence of
specified unacceptable results during a postulated
event. To achieve this propgr plant design, a con-
sistent systems enginecring analysis must be devel-
oped. The Safety Function and Protection Sequence
Analysis, the develcpment of which is described in
the following paragraphs, is an example of this re=
quired systems engineering analysis.

Event Ciassification and the Unacceptable Results

The first task in the analysis is 1o categorize the
postulated gvents and to select the unaccepiable re-
sults for cach event catoanry. The postulated events
arc grouped Into event coteqonies based upon some
common event intiating characteristic, such as ex-
pected frequency of occurrence or the event iniiiating
mechanism (e.q, pipe breaks). Event categories are
not based upon event consequences becezuse such
€ategorization would invo've circular reasoning. The
event consequences are deoendent upon the plant
safety systems for which the design requirements are
sought. Consideration is given 1o the varicus event
classifications tet forth in such reguletory and in-
dustry literature as 10CFRED and its appendices and
ANSI N18.2. Table | lists the event categories used in
the Boston Edison Pilorim 2 SFPSA and compares
thern 1o the event classifications used in other in
dustry publicaticrs. Expected frequency of occur-
rence was used as the basic event classification
characteristic,

After classifying the events into cetegories, the
specific unaccepizble resuits apphicable to cach cute-
gory are defined. To define the unacceptable rosults
the specific design limits associated with the pronosed
nuclear plant are icentified, For the Boston Edison
Pilgrim 2 analysis these limits were «elecsed from the
design criteria for the plant and includea consictora
tion of the ALC's Fegeral Requlation, Safety and
Regulatory Guides, Interim Acceptance Criteria and

Interim Policy Statement on Emergency Core Cool-
ing, and the ASME codes and IEEE standards. Re-
cause the unacceptable results must be <occific and
measurable to be useful in the SFPSA, certain key
plant variables or parameters are associated with the
specific design limits of the plant, and thus with the
unacceptable results. Examples of these plant parom.
eters are fuel centerline temperature, site bound ry
dose, and containment structure stress. The unaccen-
table results are developed from the design limits
using these key plant variables. Table 1l licts the un-
acceptable results used in the Pilgrim 2 analysis,

Safety Functions .

Having defined the unacceptable results for each
event category, the plant safety functions must
identified and developed. These safety functions are
the funcuional means whereby the important plent
variables are controlled or limitea following a postu-
lated event to avoid the unacceptable results. Tre
development of the safety function is one of tae
major steps in the SFPSA. As a safety function is
developed, the initial functional design requirements
of the nuclear plant systems eare e¢stebiished. For
example, the safety function “Trip Reactivity Con-
trol” establishes the functional requirement for the
rapid insertion of negative reactivity into the resctor
core to prevent a certain plant parameter, DNER,
from exceeding its design limit.

The development of the safety functions is com-
plete when it establishes all the functional cdesign re-
quirements esscntial 10 avoid the unacceptable results
for all the event categories. To assist in developing «il
the required safety functions, a mutrix is used to re-
late the safety functions ta the unacceptable resuiis.
This enables the plant analyst to gain a functional
overview of the safety funztions and their eflects.
Table 11 lists the safety functions identitied for thn
Pilgrim 2 unit. Table IV is the matrix showing the
correspondence between the eafety functions and the
unacceptable results for the Pilgrim 2 SFPSA.



. TABLE 11

UNACCEPTABLE RESULTS FOR
' PILGRIM 2 SFPSA

EXPECTED OFERATIONAL OCCIRRENCTS

F.

Radicactive Materal Belease

1. Radicactive materal relcase ™ the environnment ex: ©
ceeding the limy - -, UK FR5U, proposed Appendax .

Fuel Limits

I. DNBR « 1.3 (V-3 correlatior)

2. Fuel cemerline teniperature 2 | O melting temperature

gasetivity fims

1. Inability 10 achieve a4 shutdown margin 3t a0 load reactor
coolant temperature immediately aliowing avtomatic
FEACTIOT trip with the most reactive o kA fully witlidrav n

and all other CEA s fully inseneq,

2. Inability to uchicve and maintain a shutdown mar gin
follow.np the event,

Primary System Stress

1. Prisvasiy system stress in excess of that for which ne
primary systen: i< designed, as deterniined oy the
following

8. Primary svstem pressure > 2750 psia when reactor
conlant system temperature 15 3 L3T,

b. Primarv system pressure > allowable when reactor
coolant system temperature < LS7T,

€. Primary svsten thermal transients in excess of those
considered in the pramary syster desigm.,

Seconcdary Svetem Strees

L. Secondary svstem stress in evcess of that ‘or which
the scrondary system is designed, as determnined oy *he
following:

8. Secondary systest pressure » 1320 paia.

b. Secondiry sy:te'n thermal trancier:s in excess
of those consicered in the secordary system dosier

Plant Favironmenal Conditinne

L. Uninhadtability of the cortrol yoom and o't plant
locations where manual actions are es<ential,

'
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INFREQUENT OPFRATIONAL OCCURPENCES

ACCIDENT S

.
Radisactive Material Release

Radicactive material release to the environment ex»
cecding the himits of 1ATFR20.

Fuel Limits

DNBR < 1.3 (W -3 correlation)

Fuel centerline temperature 2 LO, meltng 1empetature

Reacriviry Limts

Inability to a-hieve a shutdown marcin 2t no load

geactor coolart temperature immediately tellowing
BLIOMAtIS FEACIOr 11ip with the MmOost resctive  EA
fully withidrawn and ali otier CEA s fully mnserted.

Inability to achieve and maintain 3 shutdown marmn
follow g the event,

Primary System Stresy

Primary systen. «tress in excess of that for which the
primary system is desigmed, as aetermined by the
follow ing

a. Primary svstem pressure » 2750 psia when
gFeactor coolant system temperature is 2 LST.

b. Pi.mary system pressure > allowable when
reactor coolant system temperature <« LST.

€. Primary svstem thermal transients in excess of
those consuicred in the prumary svsrem gesim,

Secondaty Svstem Stress

—— e — ————————. — .

Secondary svstem stres« in exce<st of that for which
the sccondary system is designed, as determined
by the following

8. Secondary system prescure > 1320 paia,

b. Secondary tvstem therm al transients in excess
of those considered in e sexondary svstem desiem,

Uninhabiatitioty of the control room and other plant
locations where manual actions are essental,

A. Radioactive \ateral Release

1. Radimctive materisl teiease 1o the environment that
would result in exceeding the guideline valses of
IOCFRIVU,

R Fuel Limirs

1. Fucl centerline temperature 2 U'Oy melting tempera-
ture,

2. Peak fuel cladding temperature 1n excess of 200° F.

3. Oxidation of fo21 cladding at any location in excess of
7 ®

4. Metal-water reaction renerating more Ha than 17 of the
Hjy wthat would be generated of all claddng reacied.

C. Reacuviry Limis
e Nb it B L

I, Inataiity 1o achicve 3 shutdown nargin at no load reactor
coolant terporatues unmeciately ollowing Jutorianc
resctor trip with the mos reactive ( LA Rllv witharawn
and all ncr CEA's fully insencd.,

2. Inability to achiave and mawtain a shutdown mariin
following the event,

D. Primary Svetem Stre<s
1. Frimary svstem siress in excess of that for which the

primary sysiem is desymed, as derermitned by Lie

follow inyg:

a. Primary svetem oressure > 2750 pela when reactor
coolant svstem temperature i 2 LST.

b. Primary system pressure » oilowable wren reactor
coolant £ystem 1emperature < LST.

€. Primary =ystem thermal transients v excoss of those

considered in the primary system cosign,

E. Secondary Syeten Srrece
1. Secondary sy<tem €tress in excess of that for which U.e
secondary system ia designed, as determuned by the
follow ing:
8. Secondarv system pressure > 1)2U psia,
b. Secondary systemi thermal transients in excess of
those considered in the secondary sysiem design.

F. Containment Stress
1. When comarmert s required. CONaINMent STress in ex-
cess of that for which the cortuwament 1s desiymed, as
derermined by the tollowing

8. Containment pressure » &) pagp,

b. Thermal transients alifecting either conarument con«-
crete or fincr plate 10 excess of vhose conscercd in
the containment desim,

¢. Existence of a flammable or exploxive munture of
hydrogen and uxygen (..e. » 47 li. wuh 257 O
or » 57T Oy with & 47 Har areas of the plant
where safety systems are jocated wie 1 afe fe-
qQuired in respunse to the origw avcidernt.

G _r_hvll Envlrmmrnﬂ_l Conditions
1. Lxposure of station personncl 15 the cortrol room in ex-
cess of S Kem whule texly, 1S iem <kin, and ¥ Kem
thyvoid aver the duration of the scci'eid.
2.  Unlohabatabithity of the comyol reom ané oner plamt loca-
tions where manual sctions ate essentisl, :

B e
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. TABLE 111

SAFETY FUNCTIONS FOR PILGRIM _ SFPSA

Safery Funcrion *

Functional Descrintion

Trip Reactivity Control

Transient Reactivity Control

» Long Term Reactivity Control

Emergency Core Cociing -
Injection Phase

Emergency Core Cooling-
Recirculation Phase

Reactor Heat Removal

Pressure Control -
Primary System

Pressure Centrol -
Secondary Svstem

Pressure Control -
Containment

Temperatere Control -
Contajnment

Rapid insertion of negative reactivity into the core
to produce subcritically immediately following an
evaluated event, :

Insertion of nepative reactivity into the core suf-
ficient to compensate for cooldown of the reactor
coolant system,

Establishment of a sufficient boron concentration
in the core such that the reactor is maintained
subcritical following the event,

Provision of coolant 1o the reactor core immediately
following an accident and prior to the time that
manual action can be taken.

Provision of coolant to the reactor core some time
after the accident has occurred and st a time when
manual action can be taken ard 1n such a wayv that
the core ceolant is recirculated back into the
pPrimary sys\ 'm afier it leaks out.

Cooling of the ore by other than injection of
coolant direct] to the core.

Maintenance of primary svstem pressure within
allowable pressure limits and ensuring that the
pPrimary steam bubble remains in the pressurizer.

Maintenance of secondary System pressure within
allowable pressure limits,

Maintenance of comainment pressure within cllow-
able pressure limits when containment is required,

Maintenance of containment temperature within
allowable temperature limits when containment
is required,

Where appropriate, safety function descriptions are modiried wiuh such phrases as

“Inluial”, “long term”, “above ST, ete,

6




Safety fFunction ¢

Functional Descrintion

Combustible Gas Control

Radioactive Material Treatment

Kstablish Containment
Primary Svstem lsolation
Secondary System Isolation

(blowdown)

Secondary System lsolation
(heat sink)

Secondary System Isolation
(radioactivity)

Steam Generator Inventory
Control

Control Station Habitability

Conditioning of post-accident atmosphere or treat-
ment of accident -gencrated flammables to prevent
formation of flammable or explosive muaures,

Mechanical or chemical treatment of radicactive
matcrials to reduce the quantity that escape or
are discharged to the environs,

Trapping of ralioactivity inside the containment
to prevent escaje Lo the environs,

Isolation of all or part of the primary system to
prevent coolant loss or radioactivity discharge.

Isolation of all or part of the secondary systera to
prevent or recuce the discharge of sccordary
system coolant into the containment, so that con=-
tainment temperature and pressure are maintained
within allowable limits,

Isolation of all or part of the secondary svstem to
prevent or reduce the discharge of secondary
coolant, so that at lcast one stcan; generater can
function as a heat sink for primary systeimn encrgv,

Isolation of all or part of the secondary systen: to
prevent the discharge of radioactive materials to
the environs,

Maintenance of a proper leveil in at least one steam
generator for use as a primary svstem heat sink
and prevention from injecting cold feedvater into
a dry and hot steam generator,

Conditioning of the post-event contrel station
(Contro! room and other locctions where manual
actions are essential) atmosphere to ensure
habitabilityv and control of personnel radiation
exposure.




PSR

TABLE IV

SAFETY FUNCTIONS AND UNACCEPTABLE RESULTS MATRIX
FOR PILGRIM 2 SFPSA

Comainment

Primary Secondary
Fue! Reactivity | Svstem System Containment
Safety Functions Limits Limits Stress Stress Stress
Trip Reactivity Acc: B. | Acc: C.1 1Azc: D.l.a
Control EOG: B.1-2| EOO: C.1 |EOQO: D, 1,2
100:B.1-2 | 100: C.1 |I0O: D. 1.2
Transient Reactivity Acc: C.2
Control EOQO: C.2
100: C.2
long Term Reactivity Ace: C.2
C.ontrol EOO: C.2
100: C.2
Emerpency Core Acc: B, 1-4
Cooling = Injection
Phase
Emergency Core Acc: B.1-4
Cooling - Recircula-
tion Phase
Reactror Heat Acc: B.1,2
Removal EQO: b.2
100: B. 2
Pressure Control - Acc: D.l.a,b
Primary Svstem EOO: D. La, b
100: D. l.ab
Pressure Control - Acc: E.l.a
Secondary System FOO: E. l.a
100: E. l.a
Pressure Control - Acc: F.l.a

Alphanumeric references refer to unacceptable results as listed on Table 1




SAFETY FUNCTION

Radiological
flelease

Fuel
Limits

Primary
System
Strec<s

Secondary
Systen
Stress

Containment
Stress

Envirermental
Conditions

Temperature
Cahtrol - Contain-
ment

Combustible Gas
Control

Radioactive Mater -
fal Treatment

Esablish Comtain-
ment

Primury System
Isolation

Secondary System
isolation (blowdown)

Secondary System
Isolation (heat sink)

Secondary Syctem
Isolation (Radio-
activiy)

Control Station

Habitabiiny

Steam CGenerator
Inventory Cortrol

Acc: A. ]
EQOO: A. 1
100: A,

Acc: A,

Acc: A, ]

AcC: A, |

Acc: D, 1-4
EOQ: B, 1-2
100: B, 1-2

Acc: B, 1-4
EOO: B, 1-2
100: B, 1-2

Acc:. D.l.a,b,c
EOO: D.l.a,he
100: D. l,a,t,¢

Acc: E.L.a,d
EOO: E,. l.a,b
100: E. l.a,b

Acc: F,1.b

Acc: F.l.¢c

Acc: F.l.ab

Acc: G, )1-2
EOO: F. 1
100: ¥, 1

SRS tnt e et e s - e

9.

Legend:

Acc = Accident

FOO « Expected Opcrational -
Occurrences
100 = Infrequent Operational

Occurrences

. —— ..
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Opcralmg States

Bccwse each postulated even: mu.x be cvaluated
over the fuil range of normal plant conditions in
which the event 15 pussible, it is convenient to
identify and define various plant operating states. The
analyst can then more easily evaluate each event over

TABLE V

the range of plant conditions within each operating
state. The operating states to be used for the analysis
of a speciiic plant are gependent upon the plant de
sign. Table V defines the opcrating stotes used for the
Piigrim 2 unit, a two-loop pressurized water reactor,

PLANT OPERATING STATES FOR PILGRIN 2

shutdown margin with all ¢

.

Insceried,
L L B

reactor coolant system.,
LE R R

shutdown margin with 21l CEA's

Operating State Reactivity Control Status Primary System Reacror
Stitus I il 4 <
A - Refueling All CEA's may be with- O psig Nil
drawn * T« 210°F
B- Cold Shutdown < | shutdown group O osig Nil
withdrawn; all others | T « 2j09 F
inserted ****
C- Shutdown Cooling < | shutdown group 210°F « T « 350° F Nil
withdrawn; all others pressure per allow-
inserted **** aIRp Tew
D- Heatup/Cooldown < 1 shutdown group with-| 350° F « T « 53¢° F Nil
drawn; all others pressure per allow-
inserted **** abie ***
E- Hot Shutdown < ] shutdown group 2250 psia Nil
withdrawn; all others | 556° F
inserted **
I - Hot Standby Any allowable CEA Temp/pressure per < 5%
positions ** allowable
G- Power Any allowable CLA Temp/pressure per 15 - 1005,
positions ** allewable
.

Reactor boron concentration such that reactor would have at lcast
CEA's fully withdrawn.

Reactor boron concentration such that reactor wouid have at least a 2%
shutdown margn ar no load reactor coolant temperature ollowing reactor
trip with the most reactive CEA 1ully withdrawn and all ather CEA's felly

Pressurc-temperature limuts applicable during heatup and cooldown of

Reacior boron concentration suc!s that reactor vould have at least'a 27
» fully inserted,

a 5%

10
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Event Analysis

With the placement of each postulated event in its

"utcgorv, and with the unacceptable results and

safety functions dentfied for event category, the
anaiysis of each specific event can be performed.

The analysis of an event begins with the complete
definition of the event. This includes the wentifi
cation of the event (e g, steamiine break insige con
tainment), the range of plant process variables which
apply to the event (e.g, 350 F 10 SBO°F for average
reactor coulunt temperature), and the listing of the
spplicable plant operating states (e.g., power oper-
ation, hot shutdown). After the event i1s completely
defined, the analyst sclects a specific set of initial
plant process parameters (e.g., 100 power, rated
temperature) 10 begin the event analysis. Witn this set
of initial parametiers, eacn unacceptzole resuit 2sso-
ciated with the event's cateqory 1s examined to deter-
mine which unacceptapie results could or coulo not
occur as a result of the event. For example, the ana-
lyst determines that the unaccepiable result concern-
ing the existence of a flammable or explosive mix-
ture of hydrogen and oxygen could not occur for @
stcamline break accident occurring outside contain-
ment.

Having determined which unacceptable results
cou'd occur for the event, a matrix sucn as that
shown in Taole IV is used 10 determine the safety
functions associated with the specific set of initial
parameters. To achieve these safety functions the
specific plant safety systems and their required re-
sponses, or safety actions, ere identificd. A safety
system is a systern, active or passive, which must
furnish the safety action as a result of a postulated
plant event.

After identification of the required safety systems
and their safety actions, the sensed vanables are
identified that cause or require the special system re-
sponses. In cases where the system does not auto-
matically respond, the operator acticn required to
initizte the safety system {e.q., starting the pump
locally from the control room) s wentified. As the
safety systems and their actions are identified, they
ae arranged in functional order forming success
paths, or protection sequences, leading to the re
qQuired safety function. The arrengement of success
paths becomes the Safety Sequence Diaaram for the
event. The Safety Sevuence Diagram (SSD) becomes
the analyst’s major ovtput in the SFPSA. Fiqure 1is
the format of the SSD’'s develoned for the Boston
Edison Pilgrim 2 analysis.

To depict the level of redundancy in the plant de-
sign on 1he SSD, a suthicient number of independent
paraliel poths 1s developed for each safety funcuion
such that no sinale component fature can prevent the
achievemnent of the required sefety funct.on. Becouse
mary of the Pilgria 2 systems (e.g., engineared safety

<Figure 1 o -crical

N e R LR R R e e R s e -

features) have been designed with functional redun:
dancy, certein safety functions require only cone
success path, i.e., no single active component falure
can prevent the saicty systems in the success path
from achieving their special responses. Hf the anaiysis
reveals 3 safcty function for which functional recun.
dancy does not exist, either with a porallel indenen-
dent success path or safety systern redundancy, then
the plant design, configuration or functional response
must be changed to echieve this redundancy.

The analysis of the postulated event is continued
for its entire duration including post-event gClviITIZs
until some planned operation 1s resumed or the plant
achieves a stable condition. A planned operation is
concidered resumed when the actions taken are
identical 10 those described by normal operating pro-
cedures.

After the suzcess paths and safery functions re
quired for the initial set of plant conditions have beun
identified and illustrated on the Safety Sewuenc? Dia:
gram, tne analyst will vary each plant process para
meter from its initial conoition value tnrougnout i1s
entire range for the event. During tnis parametor vart
ation process, the analyst ensures that all recuired
safety functions hcve been identified. If any addi
tional recuired saiety functions are identified, 2ir
required success paths must be determined iri tne
same manner as donea for the initiai set of plant conde
tions. Additiona!ly, as the parameters are varicd, tne
analyst also determings which of the “inttial cond
tion”' safetv functions are sull requirea. Each of thase
reouired safety functions 1s reviewved to ensure 1hat
the safety systems in the success path wiil provide
their required safety actions under tne difierent piat
conditicns. During this process, if any new sucoess
paths are discovered, they are s.cgrammed cn the
Safety Sequence Diagram withy appropriace notation
as to the specific conditions under which trz, are
required. Also, where the event mechanism iceli s
variable (e.g., size and location of a pipe break), tne
variable characteriztic is cons:cured over 1ts full reng?2
10 assure tnat all success paths are wderiified,

This parameter variation anzlysis for each .-,r'y
sequence enables the analyst to entify the Lmiting
set of parameters for each success path anc e:ch
safety system. This type of sysiematic analysis it used
to demonstrate tne plant’s aoility 10 safely respornt 10
any postulated event. The historical congcept of tne
“worst case’’ is an unuszble concept for 3 systems

~ana'vsis of a nuclear power plant. Considering the

oot of systems and components which must func:
tion during an accitient, no single set of inizi cone
ditions can possibly describe the mosz nmu'mu et for
all systems, Ratner than any one “worst case’’
tion, there exists a spectium of “worst cases” wmich

cuft e

~ must be andiyzed on a systems basis to properly de

1"

. e o v

sign a nuclaar power station.
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Safety Sequence Diorram

When all .thc plant process paramneter variations
have been considered, the Safety Sequence Diagram
1°7D) for the particular event is compieted. The SSD
‘ 'ays those prime, or major, plant safety systems

whose responses are essential to providing the safety
ections required for the postulated event. The SSD
shows these safety systems in their functional (not
necessarily chronological) sequences foliowing the
postulated event. In aduition, the SSD shows which
plant process variables are monitored or sensed by
these safety systemis as initiating signals, Fioure 2 is
on example of the Safety Diagram ‘or the accigent
“Steamline Break Inside Containment”, as developed
for the Pilgrim 2 unit.

14



Safety System Auxiliary Diagram

* Aftereompletion of the SSD for a postulated
event, coch safety system displayed on the S5D s
pnalyzed to determine the specific support require

wents  necessary 1o produce  its  safety action,
~xamples of these supnort requirements are electric
power, component cooling, or mnstrumen® air supply.
The analyst refers to the S5D to determine every se-
quence in which a safety system 1s required, thereby

ensuring all support requitements are identified. After
identification of the support requirements, the plant
systems that provide these supnport requirements are
identified. These systems are the Auxiliary Safety
Systems. A Safety System Auxiliary Dvagram s then
prepared on which the prime safety sysiem and its
auxihary safety systemns are displaoyed. Figure 315 the
format for a Safety System Auxiliary Diagrom as used
in the Boston Edison Pilgrirn 2 analysis.

AUXILIARY
SAFLTY
SYSTEM
8 _ SAFETY
A L 6| ACTION
SIGNAL “S" ACTUATES
AUXILIARY SAFETY
SYSTEM B
SAFETY
SYSTEM
K
A | B
AUZILIARY
SAFETY
SYSTEM
0 SAFETY
A | 8 | " acrmion

SAFEIY SYST( M AUYILIARY DIAGRAIA FORMAT

AUXILIARY
SAFETY
SYSTEM
A _ SAFETY
& | 8 | acrion

(SAFETY ACTIONS PROVIDE
SUPPORT REQUIREMENTS)

AUXILIAR
SATLYY
SYSTL
C _ SAFETY
A | e T ACTION

FIGuRE 3




. 'l

) In developing the Safety System Auxiliary Disgram To complete any Sofety System Auxiliary Diogram
"the anulyst ensares that each supnort requirement 15 the analyst must review the Safety Sequence Dia-
funchonal:y redundant by developing design anfor grams for all the postulsted events to dent iy Jll
motion about the plant sufficient to positively safety sequences in wiuch the subject safety systam
identify the auxilianies essential 10 the regquircd re- appears. Figure 4 1s the Safety System Auxihiary Dia

sponse of the safety system, and by identifying plant grom for the Containment Sproy System of the
design changes so that the auxiliary systems can sup-  Boston Edison Pilgrim 2 nuclear unit.
port their safety system with the nceced level of

redundancy.
SRI2L v
oC COLTROL PCWER FOR
» PDS ™ pume MOTOR BREAKERS
v | B
SIAS TO ABCW wiLL
ISOLATE NO% SATETY
RELATED (L0ADS
FROM AGCW
ABCW COCLING WATER SRAC 4.6 KV 70 PUMP
cw FOR CONTANVENT I MOTOR E32 SkERS
™ coRay B PDS 480 v ’.‘3 MCC
AlD L. COCLER A B | FCR vaLVE MOTORS
SIAS TO CCW STARTS AlB
STHY PUMPS ANC p
ISOLATES NON -
SAFETY RELATED
PORTIONS OF THE
CCW SYSTEM
[ : PROVIDES COOLING SUPPLIES COOLING
cCw WATER FOR PRCU | _ ain 10 ces pums &
1 MECRANICAL ™ MOTOR Il ESF
[ATE St ALS AlB PUMP ROOM
SDCS HMEAT EXCHANGIHS
5DCS COOL SFRAY DURING
W M= RECIRCULATION (RAS)
»-T——, MANUAL VALYE
AlE OrcRATION RECUIRED
NOTYF -
i REFER TO TABLE VI FOR DEFINITION OF ABBREVIATIONS
SONTAIMMENT SFHAY SYSTEM
SAFLYY SysTrwe AUXILIAAY DIAGH a4
FIGUNRE &
v
-
¥ \ MHDHIRIIAY
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Auxiliory Safery Systern Commonality Diagram supports. ASSCD is developed mainly as an infor
mation diagram, rather than a primary design review
. After complietion of the Safety Sequence Diagrams  diagram. ASSCD allows evaluation ol the overall
for cach postulated event and the Safety System Aux- plant response to the opcrations of each Auxihary
iliary Diagrams, the Auxihiary Safety System Com Safety System, censidering such etfects as that of a
monality Diagram (ASSCD) for each Auxihary Safety single active failure to the component cooling water
System s developed. Thas diaaram indicates all the system. Fioure 5 15 the ASSCD for the Component
Y . Y 9 ; _
safcty systerns that a given Auxihiary Safety System Cooling Water Systern of tne Pilgrim 2 station.,

-

et CCAS [} ¥ cCS
~ o CCA = lIncrea<es Fiow To CCS
VEAS L& 18 4 - Fan Cails
SIAS =« [Isclates Nonsafery Related
Heat Loads and Starts
Standby Puinps
CIAS - Isolates RCP Motor and
Scal Heat Exchanpers
\. Yy i ¥/ y
: (4 HPSI LPSI css sDCS
| A lw AlE Al E Al @ 2| b
' v v v JL
i
Cools Cools Cools LIS Cools CSS Cools
cCS HPsl Pump Pump SDCS
Fan Punip mcchanical mecnanical Hear
Coils mechanical scals scals Exchanger
. seals

| NOTE

; REFER 70 YaDLL Y1 FOR DEFINITION OF ADBREVIATIONS

\

!

1

; LOMPONENT CODIINE WeYER SYeTE N
\ AUXILIANY SAFETY SYSTI M COMUONALVTY C'AGRA
]
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* TARLE.VI

ABBREVIATIONS USED ON SFPSA DIAGRAMS

ABCW
ADS
cB
CCAS
CSS
CCw
CEA
CETS
CIAS
CIS
CSAS
CSS
CST
CVCS

EFCS
‘ EFS

ESIPS

HPSI1
LPS]
MFIV
MSI1
MS3IS
NMSIV
PPH
PRCU
FRV
PSv
PZR

Auxiliary Building Cooling Water
Atmospheric Steam Dump System
Containmenr Structure

Containment Cooling Actuation Signal
Containment Cooling System
Component Cooling Water

Control Llement Assemblies

Control Element Trip System
Containment Isolation Actuation Signal
Containment Isolation System
Containment Spray Actuation Signal
Containment Spray System
Condensate Sturage Tank

Chemical and Volume Control System
Emergency Feed Control System
Emergency Feed System

Engincered Safety Features Protection
System

High Pressure Safety Injection

Low Pressure Safety Injection

Main Fecd Isolation Valves

Main Steam Isolation System

Main Steam Isolation Signal

Main System Isolation Valves
Prescsurizer Proportional Heaters
Pump Room Cooling Unit

Power Relief Valves

Primary Safety Valves

Pressurizer

KCS
RPS
RTS
RWT
SDCS
SG
SIAS
SRPDS

Ssv

Reactor Coolant System
Reactor Protection System
Reactor Trip System

Refueling Water Tank

Shutdown Cooling System

Steam Generator

Safety Injection Actuation Signal
Safety Related Power
Distribution System

Secondary Safety Valves

High Logrithmic Power

Startup Neutron Flux Level
Pressurizer Level

Steam Generztor Level

Low Steam Generator Level
High Containment Pressure
Pressurizer Preszure

Low Pressurizer Pressure
Low-Low Pressurizer Pressurc
Stcam Pressure

Low Steam Gencrator Pressure
Low-Low Stearn Gonerator
Pressure

Cold Leg Temperature




Under the requirements of 10CFRS0, systems,
structures and components important to nuclear
plant safcty must be dentified and designed to ensure
that they will perform reliably n service. This re-
quirement is satisfied by subjacting all such safety
related items 10 a quality assurance proaram conform.
ing 10 the requirements of 10CFEL0, Appendix B,
The systematic process employed by the SFPSA, as
shown on the resulting 55D's and SSAD’s, maxes it
possible to easily wdentify and classify the various
systems, structures, and components of the plant in
telation to safery. In particula:, the SSD's and
SSAD’s become a key tool or mechanism to satisty
the design verification requirements of a nuciear qua!
ity assurance program uncer Criterien I (Design
Control) of 10CFHE0, Appencix B. The following
paragraphis describe how the SFPSA results are used
in the design process,

The Quality Assured ltems List

Each system, component, and structure reguired tc
mitigate the consecuences of a nuclezr plant accident
must be subjected to the Nuclear Cuzlity Assurance
Program and mus: be listed on the Quahty Assured
ltems List. Upon completion of the reauired Safety
Sequence Diagrams (SSD's) and Safety System Auxil-
jary Diagrams (SSAD’s), the process of identifying
these quality atsured items and nlacing them on the
Quality Assured ltems List is simple and systematic.
Each accident SSD and the associated SSAD's is re-
viewed. Because the prime safety systems and their
supporting auxiliary systems reguired to achieve the
safety functions are cicaramed on the SSD's and
SSAD's, the task of quahity assured system identifi-
cation is complete. To identify the specific com
ponents and structures within the plant systems and
larger structures that must be quality assured, each
safety system and auxiliary safety system 1s examined
1o determune the specific components of these sys:
tems that must function 1o produce the reguired
system responses. The structures in vamich the systems
and components are located, including passive struc-
tures shown on the 35D (e .g., the containment, or the
refueling water tank), are wWentified as structures 1o be
quality assured.

The significant amaount of analytical effort ex-
pended to perform the SFPSA has made the deveiop
ment of the sometimes controversial Quality Assured
ltems List casy and systematic.

19

The Role of SFPSA in the Design Process

Seismic Design Review

The SFPSA facilitates the identification cof the
systems, components and structures that must Lo
classitied Seismic Category | under the requirements
of AEC Regulatory Guide 1.29. In a manner similar
to the identification of quality assured items, the
arcident SSD’s are reviewed, and sufficient systems,
components and structures are classified Seisinic
Category | 10 provide at leas! one success path for
cach required safety function. The SSAD for eacn
safety system in the success poth is reviewed to
identify those auxiliary systems required to support
the Catcgory | safety systems. Such auxihary safety
systems arc also classifica Scismic Category I.

Ta identify the specific components and structures
to be Seismic Categorv |, each prime safety system
and auxihiary safety system is studied in detan, &5
done in the Quality Assured ltems List stugdy. T
specific components and structures whicn must func
tion to produce the safety actions of these cystems
are classified 35 Seismic Category |.

he

Redundarcy end Separation

During the development of the SSD’s and SSAD’s,
success paths are deterniuined for eech safety function
Eacn success path represents a sequence that is can-
able of achieving i1ts safety function giwven any sinyle
active comporent failure. This cepability is shown
with either physical redundancy (e.g., two indepen-
dent trains of the Safety Injection System) or furc-
tional redundancy (e.g., either the H.gh Pressure Safoty
Injection System or the Chemical & Volume Conirol
System supplying borated water). Thus, with the
SSD’s and SSAD's finished, the compiete systerns
level redundancy of the plant is shown diagremat.
wcally.

During the review of the safety system design of
the plant, the informaticn on the SSD's and SSAD's
1s uscd 1o ensure that the gesigns do ref! 1 the re
quired redundancy shewn on the diagrams. The
design reviewer refers 10 the SSD's and SSAD's as 1o
tests the designs for suscepuibility to single falurcs.
During review of physical arrangement drawings, the
SSD’s and SSAD’s are used 1o eheck the adequacy of
physicul separation, thus ensuring that the plani s
properly designed against the effects of pipe whip, jet
impingement, flooding, fire, etc.




| Effects of Pipe Broaks

¥ -
** Because an SS0 has been develooed for every pine
break that musct be postulated in plant desiyn con
sidering the vanious plant systems and the various
sizes ©f breaks, the specific systems and structures
that must respond 1o cach specific pipe break can be
easily identified, During the analysis of a particular
pipe break the smformation on the SSD's and SSAD's
is used to identify the specific systems, components
and structures that ‘'must be protected for that partic-
ular break. Pipe whip restraints and jot defiectors are
located to protect those specific systems, components
and structures, whereas damage to other plant equip:

Suramery

The systematic approach of the SFPSA provides
pssurance thot each system, component or structure
required for safety s identified and designed in azcor-
dance with all appiiceble requirements.

When the SFPSA s complete, each required safety
function that must be achieved s clearly wentfied,
the time sequence in which the necessary safety
actions must occur 1s delinzated; the degree of redun-
dancy provided in plant design is established; ang the
need for station design 10 provide intelligence for
operator manual control is defined. The SFPSA
distinguishes between those plant systemns that are re-
quired for the public health and safety ara those that
are required only for cquipment protection. Tne
SFPSA 15 the mechamsm whereby each safety system

ment is acceptable. For example, if a particular two
inch pipe break in the reactor coolant system does
not requite the use of the Chemical & Volume Con-
trof System (CVCS), there 1s no reason 1o protect the
CVCS piping following that two inch reactor coolant
system pipe bréak, and no pipe whip restraints or ot
deflectors would be specified for this purpose. How
ever, if the High Pressure Safety Injection System 1§
required for this rupture, 1t will be protected from
damage duc 1o pipe whip and jet 'mpingment. Thus,
all the items which must be protected are systemats
cally identified and protected, but the number of
pipe restraints and deflectors is minimized.

receives a complete and consistent desion review, The
SFPSA helps to ensure that no one safety system has
becn “over designea’” at the expense of another,

When performed early in the design process cf a
nuclear proiect, the SFFSA ogerates 1o greatly re-
duce, or even elimingte, design chenges later in the
project, when such changes would be much more
costly. Beccuse the SFPSA is a continuing anaiysis
throughout the design phase of the project, it be-
comes the most useful and meaningful comprenensive
representation of the plant safety system design,
illusirating on easily understcod diagrams the practy-
cal results of large volumes of engineering drawings,
specifications, and design information.



SAFETY FUNCTICN AND PROTFCTI DN SEQUENCE AMNALYSIS

Identify
Events
Classity
Events
Identity
Unacceptable
Results

Define
Safety
Functions

Functional Design
Requirenients

Postulate
Event

Identity
Initial
Conditions

Recuired

Safety
Functions

S—
Determine Safety Sequence Diagram
Success Safely Systems

Paths Safety Actions

Select

Success
Path

S—————
Select
Safety

System

Identily

Support e p Sdfety System
eauiremenis Auxihiary Diagram
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RESPONSE TO 10 CFR 50.54(f)
SUPPLEMERNRT 1

Question F.20

Your reply notes that an in-depth reliability assessment is
being performed on the Midland AFW systems:

Res

Studies performed by several operating nuclear plants

have concluded that a significant improvement in reliability
and plant availability results from addition of a

second motor-operated auxiliary feedwater pump. We

require that the benefits from such an addition be

included as part of the results of your reliability
assessment of the Midland AFW system.

Other than the auxiliary feedwater system, what Midland
systems and changes will be the subjects of your reliability
assessments? State your planned completion date for

these analyses.

nse

The Midland auxiliary feedwater (AFW) system reliability
analysis, currently being performed by Pickard, Lowe
and Garrick, Inc., will include a comparison of the
reliability of the Midland two 100% pump system to the
typical one 100% plus two 50% pump system found at
other plants. Preliminary results from Pickard, Lowe
and Garrick indicate that the predicted availability of
Midland's two 100% pump system is higher than that of
the typical three-pump system because both motor-driven
50% pumps must operate following a failure of the 100%
turbine-driven pump in order to provide sufficient
water to the steam generators to assure system success
(decay heat removal).

The results of this analysis combined with the capability
to power the turbine driven main feedwater pumps from

the auxiliary boiler, if necessary, will demonstrate

that a third AFW pump is not required for Midland

Units 1 and 2.

Formal, in-depth reliability assessments are planned
for no other Midland systems at this time.
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RESPONSE TO 10 CFR 50.54(f)
SUPPLEMENT 1

Question F.21

On what basis did you determine that pressurizer heater
banks 5 and 6 alone will provide sufficient heating capacity
if only these banks are uprated to safety grade? Identify
the limiting transient or accident which established the
required heating capacity. What provisions for equipment
failure are provided in this selection?

Resgonse

The limiting transient which establishes the heater capacity
is natural circulation of the reactur cooclant system (RCS)
with a loss of offsite power. The number of pressurizer
heaters per bank was calculated by taking into account the
following information:

a. The loss through the pressurizer insulation results in
an approximate heat loss of 28 kw.

b. The loss through the uninsulated pressurizer areas
around the horizontal heater bundles results in an
approximate heat loss of 15 kW.

Ce B&W experience shows that the heat losses in Items a
and b above may account for approximately 40% of the
total losses. Additional losses may occur through
1) conduction paths such as supports for the pressurizer,
instrument lines, and loss-of-coolant accident and
seismic restraints, 2) uninsulated surfaces such as
relief valves and spray lines, and 3) chimney losses
caused by airflow between insulation and heated surfaces.
This may result in an additional heat loss of up to
64 kW.

Thus, the total estimated heat loss from the system is
107 kW. Due to the electrical arrangement. of heater groups,
the value of 126 kW was selected.

Redundant Class 1E heater banks of 126 kW allow for a failure
of one bank of heaters without loss of system capability.

The impact of a control or power failure has been mitigated
through design as discussed in the FSAR in response to NRC
Question 031.27. This response discussed the incorporation
of redundant Class lE pressurizer heater controls and power
supplies as shown in FSAR Question/Response Figures 7.4-1

. through 7.4-10.
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Question F,.22

You note that the existing pressurizer heater low level
interlock design is being reviewed to determine its adequacy
in the event of loss of liquid invciatory in the pressurizer.
Describe how energized pressurizer heaters fail when uncovered
and provide justification that such failure would not threaten
or cause failure of the reactor coolant pressure boundary.

Response

The pressurizer heaters use a concentric coil design: an
inner coil and an outer coil insulated from each other and

the sheath by compacted magnesium oxide (Mg0). During

normal operation, heat generated by the two energized resistors
(1nner and outer coils) is removed by reactor coolant (RC)
surrounding the sheath of the heater. 1In the event that an
energized heater should become uncovered, the heat removal
medium would be saturated steam rather than RC and less

heat transfer would occur. This, in turn, would cause the
temperature of the inner coil to rise above its normal
operating temperature to the point that the thermal capa-
bility of the inner resistance coil and the immediately
surrounding Mg0 would be exceeded. This condition would be
expected to occur within a few minutes (less than 10 minutes).
This mode of failure, which is the expected mode of failure
for the postulated condition, would result in an open circuit
path along the length of the inner coil, thus rendering the
heater inoperative.

RC pressure boundary areas which could be postulated to be
adversely affected by the over-temperature operation of
uncovered heaters followed by an insurge of RC are: heater
sheath, sheath-to-diaphragm weld, diaphragm, and pressurizer
shell/heater bundle forging. Analyses of the heater sheath,
sheath-to-diaphragm weld, and diaphragm predirt areas of

high thermally-induced stresses. These one-time stresses do
not predict failure in these areas but do result in increases
in the calculated fatigue usage factors.

Due to the physical separation between the pressurizer shell
and the actively heated length of the pressurizer heaters

and due to the short predicted over-temperature on-time of

the pressurizer heaters, no significant adverse effects to

- the pressurizer shell/heater bundle forging areas are expected.

Therefore, for the postulated operation of pressurizer

heaters in a saturated steam environment, “*he failure mode
would be an open r~ircuit along the actively heated length of
the inner coil. This abnormal, short duration heater operation
and resulting failure of the internal resistance heating
element would not compromise the integrity of the RC pressure
boundary.
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Qpestion F.23

You state that a subcooling meter will be provided with
redundant safety grade hot leg temperature and reactor
coolant system pressure input. Clarify whether it is your
intent to provide a subcooling meter which is itself safety
grade. If not, justify your position. Specify the detection
and indicating range and sensitivity for this meter and its
inputs.

Resgonse

As previously stated, Consumers Power Company is committed

to providing a subcooling meter with redundant safety-qrade
hot leg temperature and reactor coolant system pressure

input. However, the detailed design specifics of this
instrumentation have not been finalized. Consistent with

the NRC clarification letter of October 30, 1979, Short-Term
Lessons Learned (NUREG 0578), and the recently issued proposed
revision to Regulatory Guide 1.97, the subcooling meter will
consist of either safety-grade calculational devices and
display or a highly reliable single channel instrument which
is environmentally qualified to the conditions of its intended
operation and testable, with a backup procedure for use of
steam tables. The intended range for this device is 200F
subcooled to 35F superheated,




RESPONSE TO 10 CFR 50.54(f)
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Question F.24

You state that the technical feasibility of providing a low
flow indication as a means of confirming core cooling during
natural circulation modes of cooldown is being assessed.
What criteria are being used for this assessment? What
power requirements for this instrumentation are intended?

Res ponse

Consumers Power Company is reviewing the technical feasibility
of providing a low flow indication as a means of confirming
core cooling during natural circulation modes of cooldown.

The criteria being used to assess methods of providing this
indication include the following.

a. The instrumentation should be seismically and environmentally
qualified Class 1E.

b. The instrument range should provide indication coverage
from -12% to +12% design flow.

C. The low flow indication should be readily available
following transfer from forced circulation to natural
circulation operation (i.e., instrument calibration
should remain unaffected by forced circulation operations
or by the transfer to or from forced circulation to
natural circulation).

If an instrument capable of meeting the above criteria is
identified, it is intended that it be powered from a Class lE
power supply.



RESPONSE TO 10 CFR 50.54(f)
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Question F,25

In view of the experience from the TMI-2 accident, justify
your proposed use of non safety grade equipment (core exit
thermocouples with the plant computer) as a means of determining
adequate core cooling. What physical or practical limitations,
if any, preclude use of a safety-grade system for this
purpose? Your justification should be coupled with the fact
that a positive, direct means for detection and removal of a
gas bubble from the reactor vessel head is not yet included

in your proposals. Include in your discussion what backup

is provided for operation when the plant computer is down.
Also, specify the range and sensitivity of the detection

and indication measurements,

Resgonse

In view of the experience from the TMI-2 accident, nonsafety-
grade core exit thermocouples appear to be adequate as a diverse
indication of core cooling. As of March 27, 1980, 48 of 52 core
exit thermocouples are still providing valid readings. Based on
the "TMI-2 environmental type test" and on the fact that other
methods are available for determining adequate core cooling, the
use of nonsafety-grade core exit thermocouples is considered
adequate.

Consumers Power Company's position is that the installation of
reactor coolant system (RCS) loop high point vents precludes the
necessity for venting the reactor vessel head. Ongoing analysis
of this issue will be reviewed for impact on RCS vent design.

The use of a safety-grade core exit thermocouple system is
impractical, if not impossible, in terms of seismic qualification
and compliance with separation criteria to meet single

failure requirements. Likewise, individual safety display

of each thermocouple measurement would be excessive.
Additionally, the modifications necessary to seismically

qualify these instruments are impractical.

Core exit thermocouples do not represent the sole method of
determining adequate core cooling., Hot leg temperature,

cold leq temperature, loop flow indication (as discussed in
the response to Question F.24), reactor coolant (RC) pressure,
pressurizer level, and power-operated relief valve (PORV)

and pressurizer safety relief valve position are all provided
as safety-grade indications for determining adequate core
cooling. In combination, these parameters characterize the
plant status with respect to the core coecling function.
Detailed design of the instrument upgrades required to provide
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RESPONSE TO 10 CFR 50.54(f)
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all these parameters as safety grade has not been finalized.
Instrument sensitivities are therefore unavailable. However,
it is our intention to provide safety-grade indication of hot
leg and cold leqg temperature from 150 to 750F, loop flow as
indicated in the response to Question F.24, RC pressure from
0 to 2,500 psi, pressurizer level from 0 to 400 IWC, and PORV
and pressurizer safety-relief valve position.

Because this safety-grade instrumentation provides sufficient
indication for determining adequate core cooling, the use of
nonsafety-grade core exit thermocouples is adequate as yet
another diverse indication of core cooling.



RESPONSE TO 10 CFR 50.54(f)
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Question F.26

To prevent automatic tripping of the reactor coolant pumps

due to ESFAS initiated by overcooling events, you state that

the Midland pump trip logic will include coincidence circuitrcy
sensing pump motor current. This input is intended to

actuate on degraded pump current indicative of significant

RCS void formation characteristic of a LOCA; but for overcooling
events, the extent of void formation should not reach a

point where degraded pump current will trip the pumps and
undesirable pump trip will thus be avoided. Describe the
significant elements of the development program for this
circuitry, including that phase directed to the distinction

of a valid motor current signal. What criteria will distinguish
a valid signal? How will the system be verified in an

actual nuclear power plant or under realistic conditions?
Provide your current schedule for this program.

Resgonse

Consumers Power Company (CPCo) is pursing the development of
an automatic reactor cooclant (RC) pump trip design generically
through participation in the Babcock & Wilcox (B&W) Owners
Group. The goal of this effort is a design which will trip
the RC pumps for all events identified by BsW analyses as
being required to assure compliance with 10 CFR 50, Appendix K
criteria, while limiting to the extent practicable pump trip
for nonloss-of-coolant accident (non-LOCA) events. 1In

CPCo's December 4, 1979 reply to your 10 CFR 50.54(f) request,
it was stated that the Midland automatic pump trip circuitry
would incorporate a coincidence circuitry sensing RC pump
motor current to minimize unnecessary pump trips.

Subsequent to this response, difficulties have been encountered
in implementing this design concept, especially in the

analysis of the correlation between the total RC system

void, the localized void at the RC pump suction, and the
corresponding RC pump motor current. As a result, BsW is
reviewing the feasibility of an RC pump motor current providing
an acceptable coincidence signal while also investigating
alternative concepts for providing this feature. The response
to your detailed questions concerning program development

and design criteria must await better definition of the

design concept to be pursued.
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Question F.27

After the PORV closed during the transient at Crystal River
Unit 3 on February 26, 1980, the reactor coolant system
pressure increased from approximately 1300 psi to 2400 psi
in less than 3 minutes. The last 600 psi (from 1800 to

2400 psi) of this increase occurred in less than 1 minute.
This caused lifting of the code safety valves. Operating
guidelines for BsW supplied plants typically recommend
termination of high pressure injection when hot and cold leg
temperatures are at least 59°F below the saturation temperature
of the existing reactor coolant system pressure and the
action 1s necessary to prevent the indicated pressurizer
level from going off scale.

In view of this characteristic of rapid repressurization,
what operator action, and basis tlereof, is proposed to
reduce the potential for lifting of the Midland code safety
valves?

Response

Initial reactor coolant system (RCS) depressurization during

the transient at Crystal River Unit 3 resulted in the initiation
of high-pressure injection (HPI) and the subsequent lifting

of the pressurizer code safety valves. Operator control of

the HPI system during this scenario was predicated upon

assuring adequate core cooling as indicated by an acceptable
subcooling margin. The satisfaction of this condition must

take priority over concerns for filling the pressurizer

solid. A modification of operating procedures to limit
pressurizer safety valve lifting at the expense of core

cooling is obviously unacceptable and the current Babcock & Wilcox
operating guidelines must remain in force.

In order to reduce the potential for lifting the pressurizer
code safety valves, reliable indications must be made available
to the operator to ensure that during similar transients,
conditions satisfying small break guideline criteria for
terminating HPI flow can be promptly recognized. At Midland,
indications necessary to assure this capability will be
provided. 1In the event of total loss of both nonnuclear
instrumentation (NNI) and integrated control system (ICS)
power, indications in the control room of pressurizer level,
hot leg temperature, RCS pressure, and saturation margin

- will be available to the operator. This will limit the

" potential for HPI challenging the pressurizer code safety
valves and will eliminate the necessity of discharging
excessive RC coolant through these valves while determining
whether HPI flow may be terminated.
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