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ENCLOSURE

REVIEW OF ALABAMA POWER COMPANY
AUXILIARY FEEDWATER SYSTEM
CONTROL AND PROTECTION LOGIC

In a meeting at the Joseph M. Farley Nuclear Plant on October 22, 1980, ICSB
reviewed the control and protection logic for the Unit 2 Auxiliary Feedwater
(AFW) System. Attendees included Alabama Power Company, Bechtel Corporation,
and Westinghouse Electric Corporation. The following descrites pertinent

features of the AFW system and our corclusions on th2 adequacy of the system

control and protection logic design.

AFW system (See Figure 1) consists of two m or driven auxiliary feecwater
sumps and one turbine driven auxiliary feedwater pump. The two motor driven
oumps discharge into a common header from which flow can be individually
controlled to each steam generator by air operated flow control valves (one
control valve per steam generator - valves 1 in Figure 1). The controi of
auxiliary feedwater flow 15 2 manual operation by the control room operator.
The turbine driven pump discharges into a separate header “rom which flow
from the turbine driven pump can be individually (manualiy) controiled to
sach steam generator. Air operated flow control valves are used with one
control valve per steam generator (valves 2 in Figure 1). The flows from the
me’ driven and turbine driven pumps feed a common line downstream of the

cantrol valves that connects to the main feedwater line to the steam generators.

One motor driven pump receives its power from the Train A power source whe 1as
the second motor driven pump receives its power from the Tia'n B power source.
The turbine driven pump receives steam flow from two of the three steam
generators. Power for the turbine driven pump steam admission valves (valves
3 and 4 in Figure 1) and the associated turbine controls is derived from a

battery/inverter power supply which is independent from the Train A and Train 8

power sources.



The ASW flow control valves are maintained in the closed pasition during power
operation. On initiation of the AFW system, the protection system causes the
control valves to move to the full open pesition. Subsequent action is taken

by the control room operator to override the protection system such that he

can manually position the control valves to maintain the desired water level

in the steam generators. (here are three control components for each flow

-ontrol valve which the operator uses to effect these control actions. The first is

a 3 position operating mode selector switch. Its functions are:

1) to provide an air signal to close the valve in the "closed" position ,

2) to vent the air from the valves pneumatic positioner to open the valve
in the "open" position, and

3) to feed a control air signal to adjust the position of the valve in the

"modulate” position.

The second isan operating mode selector switch which is common to control circuits
for tne tnree control valves fed from the same pump discharge header. It operates
in a manner similar to mode switcnes for each individual valve. The third
component 1s a manual loaging station that varies the control air signal to the

flow control valves.

The Auxiliary Feedwater System is automatically initiated on sianals_indicative of

loss of main feedwater. For the motor driven pumps the initiating signals are:

1. 2/3 low low level in any single steam generator.
2. Trip of both main feedwater pumps.
3. Blackout sequer..e (loss of offsite power ) .

4. Safeguard sequence (safety injection signal).




The current design is such that all of the above signals start the motor driven

pumps automatically. The logic for opening the motor driven pump flow control

valves, however, is such that the valves are opened by a signal indicating

that 2 motor driven pump is running when the valve operating mode switch is
in the "close" position. When vhe valve operating mode switch is in the
"modulate” position, only © istety 1ajection signal will automatically fully

open the valves.

The specific initiating signals for the turbine driven AFW pumps are:

loss of offsite a.c. power.

2/3 low low level in any two steam generators.

These signals aytomatfcally start the pump and open the flow control valves
regardless of the position of the valve operating mode switches. The turbine
driven pump is started by opening steam admission valves to the pump turbine

(valves 3 ard 4 in Figure 1).

As indicated above, the current protection system logic is such that the motor
driven auxiliary feedwater pump flow control valves are not automatically fully
opened following a low low steam generator level signal, a signal indicating
trip of the main feedwater pumps, or a blackout sequence signal if the valve
operating mode switches are in the "modulate” position. In discussions of

this feature, the applicant argued that administrative controls are adequate to
ensure that the valves are left open during plant operation above 10% power or
to ensure that valve operating mode switches are placed in the c¢losed position
<uch that the valves will automatically be opened. He also noted that
administrative controls are relied on to ensure that other valves in the system
are correctly positioned. For example, valves 5, 6, and 7 in Figure 1 are all

remotely operated from the control room and must be in the open position for



the Auxiliary Feedwater System to perform its function. In our discussions

we indicated that there is a significant difference in the use of the flow
contro) valves from the use o the other valves in the system. The control
valves are used to control f1 w during plant startup and are modulated to the
closed position when the main feedwater system is brought into use. S3oth

the valves and their operating mode switches would be positioned at this time
such that automatic initiation (opening of the fluw control valves) for that
portion of the AFW system providing “low from the motor driven pumps would not
accur. The other system valves are open during startup which is their required
sosition for subsequent operation to permit AFW system initiation. Administrative
controls for these latter valves is appropriate whereas it is not for the flow
control valves. Our position was that the logic should be modified to
automatically open the'ﬁﬁtor driven pump flow control valves fé;—aIX protection
system signals used to start the pumps regardless of the position of the valve
operating mode switches. Our position was that this item should be implementeg
during the first refueling outage of Unit 2 on the basis that the administrative
controls involving operating procedures could be strengthened during the
interim period. Our position was that the operating procedure for unit startup
should be modified o include the specific individual steps for aligning the
AFW system valves and other controls and a sign-off of the individual alignment
steps. Currently, the startup procedure references steps within another

pr..edure for aligning the AFW systems.

The control scheme for the flow contrel valves is shown in Figure 2. Redundant
solencid valves SV-A and SV-C are used to open the flow control valves on AFW
initiation. They are presently arranged to "de-energize 10 open" the valves.
On AFW initiation, the removal of power to either pilot solenoid valve causes

the flow control valve to open. When the AFW system is in use, the loss of

a single train power source would open all of the AFW flow control valves
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resulting in full auxiliary feedwater flow to the steam generators. Manual

control of the control valves from the control room would be precluded under

these conditions.

The applicant presented analyses indicating that if all AFW control valves

were inadvertantly opened with the three auxiliary feedwater pumps in

cperation at hot shutdown, the reactor coolant system cooldown rate would be
approximately 180°F/hr. With Operator action to control flow within 10 minutes (bv
closing the motor operated valves or turning off the pumps), the reactor

coolant system would cool down 309F and safety injection would not be actuated.
Without prompt operator actiom, safety injection would be initiated in
approximately 13 minutes and the s. am generators would bte filled in approximately
36 minutes, assuming the §team generator levels are initially at their ful?

load values. There would be approximately 27 minutes between the time the

high high steam generator level alarm is actuated anc¢ the time the steam

generators are filled.

Our position was that the logic and failure modes of the solenoid valves should
he modified such that the loss of a single power supply will not cause the

control valves to fail open.

The manual control stations for all of the AFW control valves are presently
powered from a single train power source. Loss ¢ this power source causes

the valves to fail open and a loss of the cap.. lity to modulate AFW flow using
any of the control valves. Our position was that the power distribution should
be modified such that the manual control stations associated with the turbine
driven AFW pump are powered from the power source used for the turbine

driven pump steam admission valves and related controls. This power is derived
from a battery/inverter which is independent of the Train A and Train B supplies.

This would ensure that the loss of a single power source would not eliminate the
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Design features are provided to limit AFW flow in the event of feedline or
steam line break. Orifices are installed *~ the auxiliary feedwater Tines
to ensure that immediately following initiation of the AFW system all
auxii‘ary feedwater does not flow to a steam generator affected by either a
feedline or steam line break. Two motor operated valves (valves 5 and 6 in
Figure 1) are provided in the AFW lines from the motor driven pumps. One
valve in each line is powered from Train A and the second from Train B.
These valves are normally open and would be closed by operator action to
stop flow going to the affected steam generator ‘01lowing either a feedline
or steam line break. The redundancy provided to assure that such breaks can
be isolated compensates for the fact that the flow control valves could not
he relied upon for this action since they are dependent on a single power
source to modulate or effect closure. However, the overriding consideration
is probably the fact that the flow control valves fail open on loss of air.
This will be discussed later. We may note that our position with respect

to modifying the power source for flow control valves associated with the
turbine pump will at least ensure that if power is available to operate

that pump that same power suurce will permit the flow control valves to be
closed such that the turbine driven pump could supply the balance of the

steam generator for line break events.

The steam admission valves for the turbine driven AFW pump shown in
Fig 1 areair controlled. Valves 3 & 4 require air to open and valve 8 is
air to close. As previously noted, the electrical controls for these valves
are .owered from a battery/inverter supply which is independent from both 1
Train A and Train B power sources. The instrument air system is not safety
grade. Since valves 3 & 4, require air to open, these valves have safety
grade accumuylators which are isolated from the normal non-safety grade air

supply by two cieck valves in series (only one is shown in Figure 1). The



accumulators have a capacity such that the steam admission valves can be
maintained in the open position for approximately two hours. Air can

be locally manually re-aligned to the steam admission valves from two
seismically qualified air compressors which are supplied power from
Train A & B, respectively. The normal air supply is composed of three
air comoressors any one of which can be powered from safety grade power sources,
The diesel generator capacity is such that only one of these compressors could
be supplied power along with other required emergency loads under maximum

load conditions.

The use of two series check valves to isolate the turbine driven pump

steam admission valve accumulators from the normal air supply differs

from the Unit 1 design. The Unit 1 design utilizes a check valve and a

solenoid operated valve, which closes by action of a pressure switch on

low pressure, for the isolation. Thera is presently no way to independertly

verify by testing the operability of each check valve in the Unit 2 design.

The advantage of the Unit 1 design, i.e., diversity and the fact that it

is easier to verify its operability by testing, appears to make it a more

reliable system for performing thre required safety function. Qur po-ition

was that the design for the isolation function should be the same for both
its. We also requested informa“ion on the design basis for the isolation
tem to address a rapid and a slow depressurization of the normal air

system as well as the method of independently testing the redundant means

for isolating the accumulators from the normal air sudply. We reg.ested that

the concerns contained in IE Bulletin No. 80-01 related to the check valve

seat material also be addressed.

In view of the importance of the steam generator atmospheric power operated

relief valves to effect decay heat removal using the AFW system, we reviewed



the power operated relief valve controls. The three power operated relief
valves (one per steam generator) are air operated, with air required to

open the valves. In the event of a loss of the normal instrument air supply,
the two seismic qualified air compressors p-eviously discussed can be used

to provide air to modulate these valves. Control devices are provided

near the air compressors which are used to modulate the relief valves

on loss of the normal air supply. Details on the design of these features
were requested for review. The electrical puwer source for the automatic
pressure controls  associated with a'l three valves is from the same trzin
power source. In view o' this, the applicant was asked to provide information
on the power source for the condenser steam dump valve controls to determine
the extent to which the two means of controiling steam generator pressure
are independent. While it would be desirable that a .oss of an instrurent
bus would not fail the atmospheric power relief capability for all three
steam generators,a simple solution does not exist which could be implemented
in a way that it is consistent with distribution of power sources at the
front end of the system; i.e., AFW controls. Our conclusion with respect

to this aspect of the design is that in the short term following an AFW
‘nitiation event, the safety valves will probably 1ift due to the low
capacity of the atmospheric relief valves. In the longer term the bypass

to the condenser would probat’: be effective as a means ot controlling steam
generator pressure for the more probable events that do not preclude its

use. In the longer term, for events in which the condenser dump is not
available, the manual control scheme using local controls at the seismic Class 1
air compressors would provide an acceptable means to control the atmospheric
relief valves, if normal control is precludec. Hence, we believe it is
desirable that there should be some independence between the power sources

used for the atmospheric relief controls and those for the condenser bypass
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centrols, whicn is the point of our outstandina request for information.

Throughout our evaluation of the AFW system we have taken the approach

that the safety function does not end at the point of establishing full AFW
flow to the steam gererators. In addition, it is an integral safety function
to be able to utilize those control features, namely the flow control valves,
to subsequently maintain the desired steam generator level as is done

during normal plant startups. In the absence of specific acceptance criteria
for those systems, we have exercised our judgment upon which we based our
conclusions. Certainly the fact that a number of valves in the AFW system
are dependent upon the non-safety related instrument air system is a weak
point in the design. However, barring a mechanical failure, there apoears fn
be a sufficient basis to assume it 15 available for a broad spectrum of
svents. If it is not available, there are alternative actions that can be
taken to ensure safe shutdown. In any case, short term actions required to

initiate the ‘FW system are not dependent upon its availability.

As a final comment, we note that our positions will likely result in a major
redesign of the control system. There are some aspects of the present design
which we have not addressed herein that do not appear to be well engineered
from a human factors view point. We will request that the Human Factors

Branch look at future design modifications resulting from this review.
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