2.1.1.3.1.5

2".1.3.1.6

2:1.1.3.2

2.1.1.3.3

2.1.1.3.4

E. The circuit breaker control switch will then be operated to
close the ES circuit breaker feed to the transferred pres-
surizer heaters when it has been established that bus loading
and emergency D/G loading permit doing so.

When offsite power is restored, the reverse procedure will be
used to transfer back to the BOP source.

Safety Evaluation

The manual transfer scheme design provides double Class IE
separation of the ES system from the BOP system - the ES circuit
breaker and the removable element. Taking into account the
single failure criteria, faults on the BOP system will, at most,
cause the loss of one 480 volt ES system. The transfer scheme
design also precludes the connection of the "Green"” ES system to
the "Red” ES system.

Inservice Testing Requirements

The emergency diesel generator loading procedure will be rewrit-
ten to incorporate this modification. Therefore, these transfer
schemes will be tested when the emergency diesel generators are

tested.

The PORV is powered from the RED/YELLOW battery. The motor
operated block valve (RC-V3) is powered from Valve Control
Center 1C which may be connected to either of the two onsite
AC power sources. Normally, it is aligned to operate from
the RED ES bus. Since DC power is required to open the PORV
and no power is required to lose it, it is preferable to
have the PORV and the block valve supplied from the same
power train in order to increase the likelihood that if there
is power available to open the PORV, there will also be power
available to close the block valve. If, however, the PORV
sticks open and the RED AC power source is disabled, Valve
Control Center 1C can be transferred to the GREEN bus by means

of a switch in the control room, allowing the block valve to
be closed.

Block Valve

The present plant design is such that emergency diesel generator
power will be supplied to the block valve (RC-V3) upon loss of
offsite power. The block valve is powered from the 480 V En-
gineered Safeguard Valve Conrol Center iC.

Pressurizer Lev¢' Instrumentation

The present plant design is such that emergency diesel generator
power will be supplied to the pressurizer level instrumentation
power supplies (RC-1-LT1, RC-1-LT2, RC-1-LT3) upon loss of
offsite power. The pressurizer level instrumentation power
supplies are part of the ICS, NNI System, and are powered from
the 120 volt ICS, NNI Power Dictribution Panel ATA. That panel

is, in turn, powered from the 120 volt Vital Distribution Panel
VBA.
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2.1.1.4 POST LOCA HYDROGEN RECOMBINER SYSTEM

Telalab. System Description

The purpose of this modification is to provide a system which
shall serve as a mears of controlling combustible gas concentra-
tions in containment following a loss of coolant accident (LOCA).
After a LOCA, the containment atmosphere of a PWR is a homo-
geneous mixture of steam, air, solid and gaseous fission products,
hydrogen and water droplets containing boron, sodium-hydroxide
and/or sodium thiosulfate. During and following a LOCA, the
hydrogen corcentration in rhe containment results from radiolytic
decomposition of water, zirconium-water reactior and aluminum
reacting with the spray wolutinr.

If excessive hydrogen is generated it mav combine with oxygen in

the containment atmosphere. The capability to mix the combus-

tible atmosphere and prevent high concentrations of combustible

gases in local areas is provided by the reactor building ventila-
tion system. The hydrogen recombiner system must be capable of |
reducing the combustible gas concentrations within the contain-

ment to below 4.1 volume percent.

The recombiner shall be capable of removing containment air mixed
with hydrogen, recombine the hydrogen and exhaust the processed
air back into the containment. This system is not required
during normal plant operation.

2:3:1.6.2 Design Basis

The recombiner system shall meet the design and quality assurance
requirements for an engineered safety feature in terms of redun-
dancy for active components, electrical power and instrumentation.
The design bass for the system shall be a loss-of-coolant accident
(LOCA) with hydrogen generation rates calculated in accordance
with NRC Regulatory Guide No. 1.7.

The hydrogen recombiner to be utilized for the system shall be
the Rockwell International, Atomics International Div. recombiner
unit purchased for TMI Unit No. 2.

One hydrogen recombiner will be installed prior to restart. The
second (redundant) recombiner need not be installed, however, the
piping system, electrical power supplies and structural prcvisions
shall be installed and available. The second hydrogen recombiners
shall be installed after an accident within the time period
available before they need to be operational.

The system will be designed to meet the criteria of NRC Regula-
tory Guide 1.7, the acceptance criteria of SRP 6.2.5, NUREG 0578
(July 1979), 10CFR50 Appendix A-General Design Criteria for
containment design and integrity and 10CFR100 Reactor Site
Criteria for limits of offsite releases.

1458 005
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2143 System Design

The system design provides an installed hydrogen recombiner and a
location with installed piping for a future redundant hydrogen
recombiner. The recombiuers will be located in the Intermediate
Building at floor elevation 305 ft., in the Leak Rate Test equip-
ment area, and their control consoles will be below at elevation
295 ft. as shown in Fig. 2.1-6. This system will utilize the
existing "Containment Vessel Leak Rate test" penetrations (nos.
415 and 416) as shown diagramatically in Fig. 2.1-7.

Since only active component failure needs to be considered,
common containment penetrations will be utilized for the redun-
dant reccmbiners. All active components will be redundant and
will be provided with independent power supplies.

All system components forming the containment boundary will meet

the containment isolation criteria and will be designed to Safety
Class 2 per ANSI B-31.7. All system supports will be design-

ed for the DBE as seismic class S-I. The recombiners will be

nowered from Class lE power sources. The inside containment

isolation valves will »e solenoid, dc power, operated valves, ‘
controlled from the control room.

The recombiner cooling air will be discharged directly to the
outside environment. An evaluation will be performed to demon-
strate that potential releases of intermediate building air used

for recombiner cooling will not result in off site releases in
excess of 10CFR100.

2:1.1.4.4 System Operation

The system is designed to maintain the hydrogen concentration
insile containment below the 4.1 percent by volume, lower flam-
mability limit of hydrogen.

Based on the hydrogen generation rate calculated in accordance
with NRC Reg. Guide 1.7, the hydrogen recombiner should start
processing the containment gases when the hydrogen concentration
reaches 3 percent by volume of the total containment.

The recombiner is placed into operation by opening the contain-
ment isolation valves after having sampled the containment
atmosphere and then turning on the recombiner from its remote-
local panel. Local monitoring of the control panel is required
until the reaction chamber reaches the required temperature for a
self sustaining reaction between hydrogen and oxygen. Once the
system is in a recombination mode, only periodic inspection at
the control panel is required. A single remote recombiner alarm
is provided in the main control room to advise the operator of an
operating problem with the recombiner.

When the hydrogen concentration has dropped to an acceptable
level, the system is shutdown and the containment isolation
valves are closed.

2.1-9 Am- 6
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2.1,1.4.5

2.1.1.4.6

Safety Evaluation

The hydrogen recombiner system is designed as a nuclear safety
class 2, sesimic class S-I system with class lE power supply.

Containment integrity is normally maintained by double valve
isolation (with a valve inside and another outside containment).
While the recombiner is being utilized for post-LOCA hydrogen
control, containment integrity at the penetration is maintained
by a single, manually operated, locked closed valve located
outside of containment and the redundant isolation is provided by
a blind flange also located outside containment.

In order to insure the ability to draw and return containment
atmosphere, considering single active failure of the power
operated inside containment isolation valve, two such valves are
provide per penetration with each of & redundant rair of valves
powered from alternate dc power supplies. These isolation valves
are designed to fail closed on loss of power in order to maintain
containment integrity.

All other active components have redundancy by virtue of the
redundant recombiner skid and control panel. Each panel may be
powered by either the "Red" or "Green" Engincered Safeguards
System power supply.

Off site releases due to leakage and discharge to the atmosphere
with the recombiner cooling air will be evaluated to demonstrate
these releases to be below the 10CFR100 limits.

Inservice Testing Requirements

No inservice testing is required for the Hydrogen Recombiner
System. However, normal inspection, testing and maintenance will

be performed in accordance with standard plant operating proced-
ures and Technical Specification requirements.

1438 005
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2.1.1.5

2-1.1¢5.l

Containment Isolation Modifications

System Description

she functional requirements of the additional containment isola-
tion signals are the following:

1.

Provide diverse cuntainment isolation signal from the app!
cable reactor trip, high radiation, 1600 psig SFAS, or pi;-
break signal. These signals will assure that radioactive
mater;al is not transferred out of the reactor building
before a 4 psig isolation signal is reached.

All lines open tc the containment atmosphere or connected
directly to the RCS (either normally or intermitteatly which
can result in transfer of radioactivity outside containment),
which are neither part of the Emergency Core Cooling Systems
nor support for RCP operation, should be isolated on reactor
trip.

In order to maintain non-ECCS support services for RCP opera-
tion, the following service lines should be classified as
Seismic Category I and closed on the following signals,
provided that the piping is protected from pipe whip and/or
jet impingement (see Fig. 2.1-5), Delec:ion of 4 psig RB
Iisolation Signal Logic):

a. Reactor coolant pump seal return valves MU-V25&26, should
be isolated on 30 psig reactor building pressure signal
or by the operator through remote manual operation on
high radiation alarm.

b. Nuclear Services Closed Cooling (NSCC) water and Interme-
diate Closed Cooling (ICC) water, valves IC-V2, 3, 4, &
6, should be isolated in accordance with the logic of
Figure 2.2.

¢. Normal fan cooler coils will be isolated by 4 psig
reactor building pressure signal and 1600 psig SFAS.
Emergency cooling will be initiated by the 1500 psig
signal.

In order to utilize specific systems which have been auto-
matically isolated, an isolation signal override capability
is required. The isolation signal override shall be either
on a total basis or on an individual penetration basis
dependent on the isolation signal source and the penetration
which is to be opened. The override wi.l be to the isolation
signal which will not automatically reopen the isolation
valves. Operator action to reopen selec’ .. containment
isolation valves will be required after the signal override
has been accomplished. See Table 2.3-1 for a listing of
penetrations and the required isclation override require-
ments,
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The radiation monitoring shall be accomplished at the loca-
tions indicated on Table 2.1-3.

A common High Radiation alarm shall be provided in the
control room for those radia*ion monitors that provide a high
radiation alarm or closure signal.

Specific requirements for each containment isolation valve
are tabulated in attaches Table 2.1-2. This table identifies
the isolation signal “.r each valve and pipe upgrading
requirements for each piping system.

Before the existing 4 psig reactor building press re isola-
tion sigral may be deleted from the plant design, . e piping
system must be evaluated, utilizing the logic shown 'n
attached Figure 2.1-5, to demonstrate that containme ¢
integrity will be maintained.

Containment isolation signal override capability will be
provided in accordance with attached Table 2.1-1 which lists
the following types of overrides:

a. Individual isclation Signal Override - This override shall
be capable of overriding only the specific isolation
signal to the appropriate valves associated with only the
penetration which it is desired to reopen. This type of
override is noted by an "I" on Table 2.1~1. The initiat-
ing isolation condition may still exist when utilizing
this override.

b. Common Isolation Signal Override - This override shall be
a common override capable of bypassing only the specific
isolation signal to all of the appropriate valves asso-
ciated with the various penetrations which may be desired
to reopen by the operator. The common isolation signal
override shall also provide the override for the individual
isolation signal override. 'fhis type of override is noted
by a "C" on Table 2.1-1. The initiating isolation
condition may still exist when utilizing this override.

¢. Individual Isolation Signal Bypass - This bypass shall be
capable of bypassing only the specific isolation signal
to the appropriate valves associated with only the penetra-
tion which it is desired to be maintained open although
an isolation signal is initiated. This type of bypass is
noted by an "IB" on Table 2.1-1. The initiating isolation
signal may exist when utilizing this bypass.

d. Automat.c Isolation Signal Override - The isolation
signal for this type of override shall automatically be
cleared although the initiating isolation condition may
etill exist. This will allow the operator to simply push
the valve switches to "open" position in order to re-open
the valves. This feature is ured only for the RC system
letdown isolation valves after they have been closed by a
reactor trip only. This type of override is noted by an
"A" on Table 2.1-1.

2.1-12 Am. 6
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2.1.1.5.2

2.1.1.5.3

e. No Override or Bypass Capability - This override shall
not permit the operator to re-open the valve unless the
initiating condition is removed. If the isolation valves
have been re-opened and the initiating condition re-occurs
then the valves shall again be isolated.

The containment isoletion overrides shall be on an
irdividual signal source basis such that overriding the
isolation signal due to one source will still allow the
valves to be isolated by a second isolation source if it
is activated.

Design Bases

1. The diverse containment isolation system shall meet the
singl.: failure criterion of IEEE No. 279.

2. Redundancy of sensors, measuring channels, logic, and actua-
tion devices shall be maintained and not be degraded by the
modifications.

3. Electrical independence and physical separation shall be in
accordance with IEEE-383, where practicable. If not possible,
existing physical separation criteria will be maintained.

4. Switches, independent of the automatic instrumentation, shall
be provided »r manual control of all containment isolation
valves modified.

5. Manual testing facilities shall be provided for on-line
testing to prove operability and to demonstrate reliability.
Plant operation should not be adversely affected.

6. All new instrumentation shall meet -‘he environmental and
seismic requirements of IEEE-323.

7. The status of all containment isolation valves shall be
provided in the control room and not be affected by the
moaifications.

8. Non-safety related radiation isolation signal will meet all
of the above criteria with the following exceptions:

a. The system will not be seismically qualified.

b. Testability requirements of IEEE-279 will be met to the
extent practicable.

Design Evaluations and Systems Operation

In order to cover a broader spectrum of events for which contain-
ment isolation is desirable, the reactor trip signal is used as a
diverse containment isolation signal. Since a reactor trip
signal occurs on low pressure (1800 psig) it is anticipatory of
SFAS and occurs prior to SFAS initiation. Th--efore the NRC
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directive would be fulfilled in a cunservative way by the reactor
trip signal rather than the SFAS signal.

The use of the RPS system would provide isolation for the follow-
ing events:

a. Rod withdrawal accidents

Y. Loss of coolant flow

c¢. Feedwater lin2 break or loss of feedwater

d. Small steam line break accident outside containment (isola-
tion of containment lines is still desirable)

e. Ejected rod accident

f. Boron dilution accident

g. Cold water addition

h. Iodine spikes or crud burst after trip

i. Loss of offsite power or station blackout

The 1600 psig SFAS signal would not isolate containment for .tems
a, b, ¢, f, g, h and i. 1Isolation on 1600 psig SFAS for items d
and e would not cover a full spectrum of events.

As discussed above, lines which will be isolated on reactor trip
are:

reactor building sump

RCDT gas vents and liquid discharge

RCS sample lines

containment purge lines

RCS letdown

demineralized water

OTSG sample lines (due to primary to secondary leaks)

@ om0 Q0 O

Closure of these paths by a signal that is not dependent on
building pressure assures that there will be no uncontrolled
radioactivity release from containment for design basis events.

With the exception of the letdown and the demineralized water
valves, the above lines are normally isolated. If these lines
receive an isolation signal after a reactor trip the plant
condition is not degraded. The letdown lines is normally open,
and it is now immediately closed by operator action after reactor
tripper existing operating procedures.

Special design provisions will be taken with letdown line isola-
tion. If neither &4 psig building pressure nor high radiation
exists, the operator will be able to reopen the valve on demand.
I1f either of these signals does exist, however, the operator can
only reopen the letdown valve by overriding or bypassing the
closure signal to the valve.

The demineralized water line is normally open to provide purging
of the reactor coolant pump number 3 seal. The purging prevents
boron building in the seal. Loss of this function is not a
concern. Westinghouse, the pump manufacturer, has stated that
loss of seal purging has been determined not to affect the seal;

2.1-14
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in fact, at the owners discretion, some pumps are being operated
without the purge water connected.

Individual high radiation signals will be used to prevent re-
leases outside containment for the:

Reactor building sump drain

Reactor coolant system letdown line

Reactor coolant drain tank vent

Reactor building purge (monitor already exists)
Reactor coolant sample lines

OTSG sample lines

Reactor coolant pump seal return (alarm only)
Intermediate closed cooling water (alarm only)

IR - RV R S S

Intermediate closed cooling water will be alarmed on high radia-
tion in order to prevent inadvertent releases due to letdown
cooler leakage into the ICCW system. Isolation of the ICCW
system will not jeopardize operation of the reactor coolant
pumps since normally functioning seal water injection provides
adequate cooling for the seals. Plant operating procedures will
be revised in order to address reinitiation of ICCW cooling of
the seals.

Individual raidation isolation have been chosen in lieu of a
general radiation isolation signal for the following reasons.
First, reactor trip isolation will be anticipatory of a high
radiation condition. Second, individual isolation is more
sensgitive to isolating t’ . source of activity. For example, a
general radiation signal based on dome activity would not detect
a source of activity being added to the RCDT.

Once containment isolation is completed, certain lines may have
to be reopened in order to support post trip or post accident
operation. Table 2.1-1 provides a list of override capability
for each of the lines receiving either: reactor trip, high
radiation, 4 psig or 30 psig building pressure, 1600 psig R.C.
pressure (HPI) or line break isolation signals. Overriding the
isolation signal shall not open the containment isolation valves,
deliberate operator action shall be required to reopen selected
individual valves.

Plant procedures will govern the conditions under which any of
these overrides are utilized. 'n general, the prerequisite for
override is a determinatior that neither an accident condition
nor a radiation hazard exists. If either of these conditions
exist, then specii.. as to if or when the isolation can be
bypassed will be developed on a case by case basis.

Individual reactor trip override capability has not been supplied
for all lines except RCS letdown. When a stable post trip

1438 010
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2.1.1.5.4

2,1.1.5.5

condition is achieved, the operator can override the containment
isolation signal at the system level in order to reestablish
control of these systems.
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79-05C.
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Isolation Systems as a result of the Three Mile Island Unit 2
Accident."

4. B&W Company, Nuclear Power Generation Division, dated 5/22/79,
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Section 6.2.4, Containment Isolation System, U.S. Nuclear
Regulatory Commission.
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Force Status Report and Short Term Recommendations. NUREG-0578,
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Safety Evaluation

The selective addition of the containment isclation signals on
high radiation, reactor trip and 30 psig building pressure does
not compromise plant safety for the following reasons:

1. The system is designed as safety grade and single failure
proof (except for high radiation isolation). Thus, the
system will perform its safety function when required.

The probability of containment isolation occurring on demand
1s increased.

2. Spurious initiation of an isolation signal will not introcduce
new accidents into the plant design. Spurious initiation of
any of the above signals would not isolate anv components
that would also be isolated by a spurious in! .ation of the
existing &4 psig building pressure siznal.

Finally, the design meets the intent of all NRC directives to
Met-Ed regarding containment isolation namely the addition of
isolation on high radiation, and low RCS pressure. The design
meets the requirements of Standard Review Plan 6.2.4 to the
extent practicable.
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2.1-16 Am. 6



2:1:%.7 Auxiliary Feedwater Modifications

- 7% B T | System Description

Tae TMI Unit #]1 Emergency Feedwater System is being modified so
that: )

8 Both of the motor driven Auxiliary Feedwater (AFW) pumps
automatically start upon loss of both main feedwater pumps
or loss of four (4) Reactor Coolant Pumps.

2. The motor driven AFW pumps are automatically loaded on the
diesel generator during loss of offsite power.

3. Indication is available in the control room of AFW flow to
each steam generator.

4. Manual control of the AFW flow to each steam generator
independent of the Integrated Control System (ICS) is
available to the operator in the control room.

¥ Control room annunciation for all auto start conditions of
the AFW system is available.

esla)7:2 Design Bases

The TMI-1 Auxiliary Feedwater System (AFW) is being modified so
that a single failure will not result in the loss of auxiliary
feedwater system function during a Loss of Coolant Accident.

To accomplish this the requiremcnis of NUREG-0578 Section 2.l1.7a
and 2.1.7b will be met. In addition, the emergency feedwater
control valves are being modified such that they fail open on
loss of instrument air in order to meet the single failure
criteria.

2.1:1.7,.3 System Design

As indicated in Chapter 10 of TMI Unit #1 FSAR, the Emergency
Feedwater System was designed to operate: 1) on loss of all

four Reactor Coolant pumps or 2) if both main feedwater pumps '
fail.

The original system design was based on use of three auxiliary
feedwater pumps. O e of the three pumps is turbine driver and has

a capacity of 9., gpm. The remaining two pumps are motor driven

and have a capacity of 460 gpm each. The three pumps are located l
in the Intermediate Building which is designed to withstand seismic
events, tornado, missiles and a hypothetical aircraft incident.

The turbire driven pump is physically separated from the motor

driven units. One of the motor driven pumps is powered from the

class lE 4160 volt bus 1D while the other motor driven pump is

powered from the redundant class 1E 4160 volt bus lE. The design

of the 1D and 1E Bus has been changed so that they continue to

supply power to the motor-driven pumps during all lous of off-site I|
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power conditions with or without ESAS actuation. To limit volt-
age dip on the diesel generator during loss of off-site power and
coincident ESAS actus*ion condition, the motox driven pumps will
be loaded as a bloc* 5 load (i.e. will be loaded 5 seconds after
block 4 loading). For a loss of cffsite power only motor driven
pumps will be loaded 5 seconds after the diesel generator has
started. Power to the turbine driven pumps remains unchanged

and is described in Chapter 10 of the FSAR.

Both of the motor driven and turbine-driven emergency feedwater
pumps receive an autc-start signal on loss of all four reactor
coolant pumps or loss of both main feedwater pumps. This is
accomplished by utilizing contacts from the Reactor Coolant Pump
power monitors and by sensing tl.. differential pressure across
the main feedwater pumps. The RC pump power monitors are a
safety grade system and are described in chapter 7 of the TMI-.
FSAR. The main feed pump differential pressure sensing equipment
is control grade. Both of the above initiation signals and
circuits are cdesigned so that a single failure will not result in
the auxiliary feedwater system not functioning.

To accomplish this, the actuation system is arranged into two
trains. Each train contains two differential pressure switches
(one for each main feedwat=r pump), ani four contacts from the RC
pump power monitors (one for each pump).

Power for the "A" train is from the 120 V. AC Vital Distribution
Panel VBA. Panel VBA can receive power either from the "A"
station battery through the 1A inverter or from the "A" diesel
generator. The "B" actuation train utilizes redundant pressure
switches and RC pump power monitors and is powered from the

120 V. A.C. Vital Distribution Panel VBB. Panel VBB can receive
power from either the "B" station battery through the 1B inverter
or from the "B" diesel generator.

In addition to the above actuation signals, the turbine driven
pump also receives an automatic start signal from the main feed
pump trip circuitry. The details of this actuation signal are
discussed in chapter 10 of the TMI-1 FSAR.

All three emergency feedwater pumps discharge into a common
header. From this common header a separate six inch line de-
livers water to each steam generator. Each of the two supply
lines contains #n air operated control valve (EF-V30 A/B).

Under normal operations air for the control of these valves is
supplied from the instrument air system. The instrument air
system is described in chapter 5 of the TMI-1 FSAR. In the event
the main source of instrument air is not available, a back-up
source of instrument air has been provided. The back=-up air
supply is received from a 80 gal. reservoir which is supplied by
an 18 SCFM air compressor. Transfer to the back-up air supply is
automatic and no operator action is recuired. The back=-up air
compressor is powered from the 1A 480V Engineered Safeguards
Control Center.
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To provide further assurance that emergency feedwater can be
delivered when required, the failure mode of control valves
TF-V30 A/B is being changed. Currently thesr valves fail half
open on loss of electrical control signal and fail "as-is" on
loss of instrument air. The change consists of modification to
the operator such that on loss of air, the valves will fail in
the open position and remain in this position.

Control valves EF-V30 A/B are controlled by the Integrated Control
System. The design of this sytem is described in chapter 7 of

the TMI-i FSAR. 'pon loss of all reactor cooiant pumps, and/or
both feedwater pumps, the IC positions the control valves to
maintain steam generator water level. If reactor coolant pumps
are available, the ICS controls are set to maintain a 30 inch
water level on the start-up range level indicator. If reactor
coolant pumps are not available, the ICS maintains steam gener-
ator water level at 50% on the operating range level indicator.

The Integrated Control System is a control grade system. It does,
however, receive power from the Class lE power system. 3pecific~-
ally the ICS is supplied from Distribution Panal ATA. This panel
can be powered from the station batter.es thru inverter lA and
Panel VBA or from ES Control Center lA through Panel TRA.

Manual Control of the emergency feedwater control valves can be
taken from the control room. When mancal control is selected zll
active components of the ICS are bypassed except for the raise/
lower voltage circuit. As further assurance that control of the
emergency feedwater control valves are available to the operator,
an additional manual control station is being provided for each
valve. The controls will be iocated in the control room and will
be totally separate from the ICS. Power from the redundant por-
tion of Class 1C power system will be provided to the back-up
ceatrols. A functional diagram of the new manual controls is

own in Figure 2.1-3. A new manual loader station for each
control valve will be mounted on the control room console. This
will allow the operator to manually set a +10 volt control signal
into the voltage/pneumatic converter in order to control the
pocition of the EFW control valve. An adjacent selector switch
connects the signal from the manual loader station to the voltage/
pneumatic converter and also replaces the ICS "EL" power supply
with an independent 115 volt, 60 hz supply. Thus, if the EFW
controls are disabled due to 2 failure in the ICS or failure of
the "EL" pover supply, the operator will have the ability to
control flow to either steam generator entirely independent of
the ICS.

Each of the emergency feedwater supply lines has also been pro-
vided with two redundant flow sensing devices. These devices are
a sonic flow device as manufactured by Controltron and will be
installed downstream of the control valves before *he lines enter
the contairment building. The flow devices are satety grade and
have been seismically qualified. The output of the flow devices
will transmit the signals to the main control room where meters
will be installed to read flow directly. The equipment io Le
installed will be safety related. Ccbling will be routed as
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2.1.1.7.4

described in Section 7 of the TMI-1 FSAR. The power supply 'r
the irstruments will be derived from the vital 120 V power sy;tem.
Redundant Power supplies will be used for redundant instrumerts.

A diverse means of monitoring emercency feedwater flow is provid-
ed by the steam generator level indicators. The.e measurements
are derived from Bailey type "BY" transmitters which, subsequent
to their installation at TMI~1, have been seismically qualified
and qualified for operation in a post-LOCA containment environ-
ment. One start-up range and one operating range transmitter
have been raised higher above the reactor building floor to avoid
floodirg in a post-accident situaticn and have had their elec-
trical connections protected to prevent degradation due to
moisture. The level instruments are supplied from lE on-site
power sources and their wiring is run in raceways which have been
analyzed to assume heat. They will withstand a seismic event.

System Operation

The TMI-1 Auxiliary Feedwater System is a stand-by plant system
which is not used during normal plant start-ups, shutdowns or
operation. The system is maintained in stand-by during plait
operations and is automatically actuated upon loss of both main
feedwater pumps or loss of all four RC pumps. The following
table gives actuation time for the esystem:

Event Turbine=Driven Motor-"riven
a) Loss of Feedwater or Immediate 5 Sec.
Loss ot RC Pumps
b) Above with loss of Immediate 15 Sec.
off-site power (LOP)
¢) Above with ESAS but Immediate 20 Sec
no LOP
d) Above with ESAS and LOP Immediate 30 Sec

Sta~t-up and test data indicates that the turbine driven pump
requires 18 seconds to reach full flow. The motor-driven pumps
should be capable of accelerating to full speed in less than 10
secords. Therefore under worst case conditions emergency feed-
water flow should be established within approximately 40 seconds.

Control of auxiliary feedwater flow following initiation is accom-
plished by the ICS. The ICS controls the injection of auxiliary
feedwater to maintain water level in each steam generator to one
of two setpoints depending on whether RC pumps are or are not
available. Under forced cooling conditions, the ICS controls
lavel to 30 inches on the start-up range since this is sufficient
to provide core cooling. However upon loss of forced RCS cooling
the ICS controls steam generator level to 50% on the operating
range to promote natural circulation with the Reactor Coolant
System.

Manual controls in the control room are available for the opera-

tor to take control of the EFW flow tu either steam generator
when needed or in the event of ICS failure.
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2:.161:7:9 Design Evaluations

Table 3-1 (supplement 1 to this RESTART REPORT) indicates that

the heaviest loading ou one diesel generator during an ESAS
actuation would be 2913 Kw ard during a loss of offsite power
only, the load would be 2817 Kw. The total load in either

case is below the 2000 hour rating of 3000 Kw. cince no c-edit
has been taken for the reduction in pumping requirements following
& LOCA and since the diesel~ 2000 hr rating is not exceeded, the
diesel operability will uot  affected. A detailed loading

study has also verified this fact and testing will be performed

to fur her verify this fact.

23076 Safety Evaluation

Safety analyses performed on the 177 Fuel Assembly B&W plants
have determined that the emergency feadwater systems for a 2772
Mw plant must be capable of delivering 550 gpm (total to both
generators). The basis for this criteria is contained :n Volume
1; Section 6 - Supplement 3 of B&W's report entitled, "Evaluation
of Transient Behavior and Small Reactor Coolant System Breaks in
the 177 Fuel Assembly Plant". The analysis submitted by B&W is
applicable %o TMI-!. Several studies have also been performed by
B&W for the 177 FA plants on loss of main feedwater transients.
These analysis have demonstrated that 500 gpm or lower auxiliary
feedwater flow is adequate following upset transients such as
loss of power and the loss of normal feedwater flow. Thererfore,
the small break LOCA conditions with a 20 minute delay in auxi-
liary feedwater initiation sets the minimum emergency feedwater
capacity requirements. Considering that TMI-1 is only a 2535 Mw,
a minimum emergency feedwater capacity requirement of 550 gpm is
very conservative.

As discussed in paragraph 2.1.1.7.3 above, the TMI-1 emergency
{eedwater system is comprised of two ¢60 gpm capacity electric
pumps and one 920 gpm capacity steam driven (turbine) pump The
addition of the motor driven pumps (automatically) to th diesel
block loading sequence and the turbine-driven pump start circuit
ensures that a single failure will not result in less than the
minimum required pump capacity being available under all condi-
tions including loss-of-off site power. That is at least two
motor driven or one motor driven and the turbine pump will be
available under all single failure conditions.

1438 016
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The addition of the motor driven EFW pumps auto-start circuits

and addition of these motors to the diesel block loading sequence
ensures that a single failure will not result in less than the
minimum required pump capacity being available under all conditions
including loss-of-off site power.

The TMI-1 AFW design provides an emergency feed line with control
provisions in line to each steam generator. The design is such
that the required quantity of water can be provided to at least
one steam generator during all single failure conditions involv-
ing a Loss of Coolant Accident or loss of normal feed. Under
steam line or feed line break conditions, when both main and
auxiliary feedwater is isolated to tu.e affected steam generator,
a single failure of the unaffected auxiliary feed line control
valve will prodice unacceptable results. To counteract this
situation several short term design improvements have been
implemented. A Back-up instrument air svstems have been added,
the failure mode of the control valves have been changed, and au
additional manual control station has been added. All of these
changes provide additional assurance that the TMI-1 control
valves will be operable when required or at least will fail in
the open position. In the long term, the system will be re-
designed to account for the extremely unlikely condition where a
control valve sticks closed during a steam or feedline break
acc_lent.

As noted above, the failure mode of the feedwater control valves,
EF-V30A/B, have been changed from a fail-as-is to a fail open
position on loss of instrument air. This failure mode is con-
sidered best because it gives priority to reliability of feed-
water delivery for decay hezat removal. Prevention of overfill is
a second priority and a condition which should be prevented but
without compromising decay heat removal

Several changes have been made to ensure that the operator can
prevent am overfill and overcooling condiiton. These changes
consist of addition of the back-up class IE powered manual
control sta*tions for EF-V30A and EF-V30B in the control room.
These changes w -: made to back-up the existing automatic level
control system z.3] plant instrumentation systems which in them-
selves are highly reliable. 1In addition, plant procedures are
being modified to provide guidance to the operator in recognizing
overcooling incidents and taking prompt corrective action. The
operators will be trained in the requirements of these procedures
as part of the Operator Accelerated Retraining Program. These
changes ensure that control of the emergency feedwater system
will be available to the operator in the control room for preven-
tion of steam generator overfilling conditions.
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e) The automatic initiating signals and ci-cuits are designed so
that failure will not result in the loss of manual capability
to initiate AFW from the control room.

f) Safety-grade indication of suxiliary feedwater flow to each
steam generator is being p.ovided in the control room. This
design is consistent with the existing system design (i.e.,
two indicators per line is pruvided).

g) The Flow instruments are to be powered from Class 1E power
systems.,

Manual capability to initiate the auxiliary feedwater sys 'm from
the control room has been retained and is such that a single
failure in the maaual circuits will not result in the loss of
syster funciton. In addition provisions for testing of the
initiating circuits, although not currently included in the
design, will be provided. Control room annunciation for all auto
start conditions will also be¢ provided.

:1:1:7:7 Startup Testing and Inservice Testing/Inspection R juirements
During the initial TMI-]1 start-up testing, hot functional testing
was performed to:

1. .erify the Integrated Control System (ICS) controls the OTSG
to the minimum level set point of 30 iaches during HFT
heat-up.

2. Verify the ICS controls the emergency feedwater system and
OTSG level for the following simulated conditions:

a. Both main feedwate1 pumps tripped.

b. AC hand power to the ICS lost.

c. All four RC pumps tripped.

d. All four RC pump & both main F.W. pumps tripped.

3. Verify the auto start capability of the steam driven emer-
gency fe2dwater pumps.

4. Verify operability of the Emergency Feedwater System to
supply feedater when OTSG pressurz is 1015 psiz.

These tests are documented in Test procedure TP 600/11. Accept-
able test results were obtained and therefore no need exists to

re-perform the abtove tests. However prior to re-start of TMI-1

the following test will be conducted:

1. Functional tests shall be performed to verify the emergency
feed pumps start on loss of feedwater or loss of four reactor
coolant pumps.
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T Long Term Modifications

2.1.2.1 Post Accident Monitoring

2.1:2.1.1 System Description

Post accident monitoring capability will be provided in
compliance wit* "2g. Guide 1.97, Revision 3. Pending the
availability ot appropriately yualified instrumertation and
equipment, the following modifications can be completed by
Januz~y 1, 198l. The conceptual design will be provided for
NRC review by January 1, 1980.

Containment Pressure - Continuous containment pressure indication
will be proviued in the control room using a range from -5 psig
to three times the design pressure of the containment. The
pressure indication will be safety grade and will meet the design
and qualification requirements of Reg. Guide 1.97. Redundant
indication of pressure will be provided.

Containment Water Level - Continuous containment water level
indication shall be provided in the control room. A safety grade
wide range indicator from the bottom of containment to a level of
10 feet will be installed in accordance with the requirements of
Reg. Guide 1.97. 1In addition, a narrow range indicator from the
bottom to 'he top of the sump with continuous indication in the
control room shall be installed which meets the requirements of
Reg. Guide 1.89 and is capable of being periodically tested.

Containm.nt Hydrogen Indication -Safety grade continuous indica-
tion of containment hydrogen will be provided in the control
room. The range of indication will be 0-10% concentration
assuring commercial availability over this range.

High Range Containment Radiation Monitor - Two safety grade con-
tainment radiation monitor for photon radiation shall be provided
with continuous and recording disylny in the control room. The
range of this monitor shall be 10/ R/hr and shall detect photen
radiation down to 60 Kev. Testability of the radiation monitor
will be provided in accordance with Reg. Guide 1.118. To our
knowledge, manufacture of appropriately qualified equipment to
satisfy these requirements will commence by July, 1980.

High Range Effluent Monitor - One high range effluent monitor
shall be installed for each normal noble gas release point. The
range of these monitors shall be as follows:

Undiluted Containment Exhaust = 10° uCi/ce

Diluted Containment Exhaust - 10% uCi/ce

Auxiliary & Fuel Handling Building Exhaust = 103 uCi/cec
Condenser Off Gas - 102 uCi/ce

The design shall be seismically qualified in accordance with Reg.
Guide 1.97 and the power supply shall be non-interruptible. The

display shall be continuous and recording in the control room
Testability will be provided in accordance with Reg. Guide 1.118.
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2.1. 26

Auxiliary Feedwater System

Auto start of the emergency-feedwater (EFW) System is being
implemented in two phases: 1. Control Grade Auto Start - This
is a non-safety related initiation as described in paragraph
2.1.1.7 and it is a short-term approach, 2. Safety Grade Auto
Start - This will be a long-term modification where the initia-
tion will meet the requirements for Class lE syst~~ and the
system is functionally described below.

1.

The safety grade EFW auto start when imploemented will
automatically initiate the system on presenc:< of the
following conditions with or without the availability
of the off-site power:

® Loss of both normal feedwater pumps, or

Loss of all four reactor coolant pumps, or

Low differential pressure between the normal feedwater
with main steam lines at each steam generator,

The system initiation on low steam genevator level will even-
tually be added. This will be done after the necessary
analysis and engineering has been completed to insure that
this signal will give a satisfactory actuation #nd will not
interact with other plant functions. Loss of normal feedwater
pumps is detected by differential pressure switches across
each pump (two switches per pump, i.e., one switch per train).
Since they are installed in a non-seismic building, these
switches are not safety grade instruments. However, they will
be tied into the EFW initiating circuits (irain A & B) through
buffer devices. The other components of the initiating cir-
cuits will be safety grade items.

All cables associated with the initiating logic wil' be quali-
fied for Class lE application and the initiations wi 1 be
designed to meet single failure criteria. All circuits will
meet the regulatory criteria for separation of Class lE cir=-
cuits.
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