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NIAGARA MOHAWK POWER CORPORATION

)lip
NIAGARA 'OHAWK

300 ERIE BOULEVARD WEST

SYRACUSE, N. Y. I3202

June 29, 1973

Mr. A. Giambusso
Deputy Director for Reactor Projects
Directorate of Licensing
United States Atomic Energy Commission
Mashington, D. C. 20545

Dear Mr. Giambusso:

Re: Nine Mile Point Unit 1
Docket No. 50-220

Your letter of December 18, 1972, requested certain
analyses and documentation of the consequences of postulated
pipe failures outside the containment. A preliminary analysis,
discussed with your Staff during, a. meeting on January 30, 1973,
indicated no significant problems'had been identified.

Subsequently, a more detailed analysis has been
completed which is submitted herewith. The results confirm
that there are no failures of high energy steam or water lines,
which would prevent safe plant shutdown.

Very truly yours,

Philzp D. Ra o d
Vice Preside Engineering

CVM/vk

Attachment
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PIPE HHIP ANALYSIS

I INTRODUCTION

This report is in response to requests transmitted to Hiagara Nohawk
on December 18, 1972. The requests concerned the effects of postu-
lated failures of high energy piping systems outside the containment.
A preliminary analysis discussed with the Atomic Energy Commission
Staff at a January 30, 1973 meeting indicated that no significant
problems existed. The information presented in this report confirms
that a postulated line break anywhere in a high energy system, inclu-
ding the main steam and feedwater systems will not cause loss of
shutdown capability.





I I SUt4MARY

All high energy lines at the Nine Mile Point Unit 1 have been
analyzed to determine the effects of postulated pipe breaks. In
all cases safe shutdown of the reactor can be accomplished and,the
station can be maintained in the shutdown, condition. Table 1 lists
the high energy systems at Nine Mile Point Unit 1 which have been
analyzed. It has been assumed that a line break can occur at any
pol.nt outside of the primary containment.

If a line break occurred certain systems could be affected.
However, because of redundancy, separation of components of like
function, certain physical barriers,. and design for adverse
environmental conditions, no loss of shutdown capability would
occur. Systems which could be affected by various line breaks
are listed in Table 2.

A description of the effects of failure of the safeguard and shut-
down systems is presented in Sections III 0 and E of this report.
Failure of the four non-shutdown systems listed above would have
the following effects. Both fire protection and oondensate stor-
age and transfer systems supply make-up to the emergency condensers.
Neither of the systems would be damaged by a single pipe break.
The clean-up system and the electric steam boiler are not required
for a safe shutdown;





Table 1

Hi h Ener S stems

1. Main steam (class II)
2. Feedwater (class I)

3. Core spray (class I),

4, Containment spray>,'including raw water. (class I)

5. Control rod drive (class I)

6, Liquid Poison (class I)

7, Emergency Condensers (class I)

8. Reactor clean-up (.class I)

9. Reactor shutdown cooling (class I)

10. Reactor head spray (class I)

ll. Electric steam boiler (class I)

12. Carbon dioxide fire protection (class I).

Note: Class references refer to seismic clas's design as described
in the FSAR Second Supplement.





Table 2

S stems lJhi ch Ma Be Affected B Pi e Mhi

Safe uard s stems

1. Containment spray

2. Core spray

3. Liquid poison

4. Emergency condensers

5. High Pressure Coolant Injection

6. Control rod drive

7. Diesel generators

Shutdown s stems

l. Instrument air

2. Service water

3. Reactor building closed loop cooling

4. Spent fuel'ool cooling

5. Shutdown cooling

'Non'-'.~shutdown s stems

Fire protection

2. Condensate storage and transfer

3. Clean-up

4. Electric steam boiler





III DISCUSSION

All high energy pipe lines have been investigated to determine the effects
of postulated pipe breaks. It has been assumed that a line can break any-
where along its length outside the containment. A pipe break could cause
failures of other systems because of pipe whip, jet forces or environmental
effects on equipment.

The design of Nine Mile Point Unit Pl incorporates a number of features
which mi tigate the effects of pipe rupture. There are redundant sy'stems
and components for each shutdown or accident protection function. The
locations of equipment, power supplies, cables and instrumentation for
redundant systems are physically separated to preclude corrmon mode fail-
ure. Cables, motors, power boards and other equipment are de~igned to
be operated in the environments expected after a line rupture.

A. Main Steam Line S stem Breaks

The main steam lines leave the primary containment at the interface
between the reactor building and the turbine building, This

location's

indicated as Point 1 on Figure l. At this location, they enter a
tunnel and remain inside this tunnel until the lines reach the tur-
bine. The geometry in the isolation valve area precludes the damag-
ing of the other lines should any one rupture.

The following equipment is in the vicinity of some part of the steam
lines:

emergency condenser vent to main steam line,
condensate pump suction,
instrument air,
fire protection,
high pressure feedwater piping.

A main steam line break could cause failure of any of the systems.
However, safe station shutdown would still be accomplished. The
condensate pump suction and high pressure feedwater piping are parts
of the High Pressure Coolant Injection System (HPCI), This system
would be used in the event of a small line break within the contain-
ment. If it was not available, the redundant solenoid actuated press-
ure relief valves and core spray systems would provide adequate core
cooling.

Failure of the instrument air system wopld not preclude safe
shut-'own

of the station. Previous analysis~ demonstrates the ability
to safely shutdown the station upon loss of instrument air. The
fire protection system is not required for reactor shutdown.
Failure of the part of the emergency condenser vent lines to the main
steam line would not affect safe shutdown. These lines would auto-

maticallyy

isolate upon failure of main steam lines as described in
the FASR.3

l. FSAR, Nine Mile Point Nuclear Station, Docket 50-220
Full Term License Application

2. FSAR, Nine Mile Point <uclear Station, Docket 50-220,
Supplement 2, Pages V-4 thru V-6.

3. FSAR, Nine Mile Point Nuclear Station, Docket 50-220,
Section VI
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There are environmental effects associated with rupturing of steam or
feedwater lines. Analysis has shown that temperatures in the buildings
could reach 210F in local areas and 150F in the general building area.
Power boards, cable, motors and other safety related equipment are
designed to withstand tho general environmental conditions expected
after a line break. Except for local areas in the immediate vicinity
of a break, the worst adverse conditions are expected to be a temper-
ature of 150F and a relative humidity of 100 percent. Cable is able
to withstand 'temperatures of 340F for extended periods of time. Any
power boards, cable'or other equipment wnicn could be affected by
local break effects are redundant. Separation of components of
like function ensures that shutdown capability will not be lost.

1. Hain Steam Line Routin

Two 24-inch main steam lines leave the primary containment at
elevation 261 feet and enter the turbine buil.ding. This location
is shown as Point 1-on Figure 1. The main steam and feedwater
isolation valves shown in Figure 2 are located in an area of the
turbine building immediately adjacent to the reactor building.
At this point, the steam lines are contained by 3-1/2 feet con-
crete walls and have seismic restraints at that elevation. The
main steam isolation valves are angle valves and are anchored.
From this level .the steam lines proceed downward to elevation
240 feet and enter the steam tunnel at Point 2 shown on Figure l.
The steam lines between points 1 and 2 are contained in a tunnel.
At the outlet of the steam tunnel (Point 3) the lines rise ver-
tically. The only other line in the steam tunnel is a 1/2 inch
emergency condenser vent to the main steam line which is not
essential to safe shutdown of the plant This line would iso-
late upon failure of a main steam line. The steam tunnel has
been analyzed and found to be able to withstand pressure result-
ing from a double ended break of a steam line. The analysis is
presented in more detail below.

The two lines pass the area of the condensate pump suction (Point
5) at elevation 245 feet shown in Figure 1 . Failure of the main
steam in this area could result in some damage to the 30-inch
condensate pump suction line. However, this would not affect safe
shutdown of the plant. The effect of damage to the condensate
pump s'uction line could effect the operability of the High Press-
ure Coolant Injection (HPCI) System depending on the extent of
damage imparted by the postulated pipe whip of the main steam
line. This system would only be needed in the case of a small
line break within containment.

Automatic solenoid actuated relief .valves and core spray provide
backup to HPCI. Both systems are completely redundant.

This general area also contains other branches of the steam sys-
tem such as the bypass to the condenser and moisture separator
vents and drains, reheater and feedwater heater drains. The
effect of pipe failure of these steam lines would not be a factor
in preventing safe shutdown since the steam source would be shut
off at the main steam isolation valves. There are not other lines
or systems in this area which could prevent safe shutdown.
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At floor elevation 261 feet the main steam lines continue to rise
vertically. This is shown as Point 6 on Figure 3. The only
piping in tnis area is rehe'ater and feedwater heater drains.
At elevation 277 feet (Figure 4) the steam lines enter the tur-
bine stop valves. At this level the following steam auxiliary
lines are located:

Steam turbine bypass to condenser
Emergency condenser vent to main steam line
Steam supply to air ejector
High pressure steam supply to seal regulator
High pressure steam supply to second reheater
Reheat steam to low pressure turbine
Reheat steam to reheater
Extraction steam to 1st reheater
Extraction Steam to second, third, fourth and fifth feedwater

heaters
Turbine steam seal regulator
Steam seal regulator 1dak-off to first extraction line and .

line to condenser
Moisture separator drains and vents

The above steam lines are also located in other areas of the
turbine building at various elevations. The elevations and the
area and equipment in their proximity are summarized below.

At Elevation 243 feet (Figure 1): In the turbine island around
the drain coolers.

At Elevation 261 feet (Figure 3): In the area of the turbine
island near the feedwater heaters, steam jet air ejectors and gland
seal exhauster rooms.

At Elevation 277 feet (Figure 4): In the area of the turbine
island near the feedwater heaters and moisture separator.

At Elevation 291 feet (Figure 5): In the area of the feedwater
heaters.

At Elevation 305 feet (Figure 6): In the area of the feedwater
heaters and the reheaters.

At Elevation 317 feet (Figure 7): In the area of the feedwater
heater.

In the area of the turbine island, concrete barriers completely
surround the areas which contain high energy steam lines. These
offer sufficient protection against pipe whip effect on systems
and piping outside this area. Within the area of these barriers,
there are no:piping systems or other systems which could effect
safe shutdown. The only systems within these areas are the feed-
water system, the instrument air system and the fire protection
system.

e

In the case of a feedwater line being affected, isolation valves
would close to seal off these lines. The core spray and automatic
relief valves bact;up the core cooling function of the feedwater
system as described above. Failure of the instrument air system
also would not preclude safe shutdown. The fire protection sys-
tem is a standby system not required for safe shutdown of the
reactor.
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In the area of the feedwater heaters, the concrete cells which
completely surround the heaters offer protection against pipe
whip. There are no systems witin these cells whose failure
could effect safe shutdown.

Analyses of pipe whip effects on concrete barriers indicate
that local cracking of the barriers can occur. However, the
structural integrity of the walls is maintained. Cracks and
access openings can allow steam to escape to other parts of
the floor and building. However, except for tne immediate.
area of the break, environmental conditions never exceed the
design bases for safety related equipment (150F, 100 percent
relative humidity}. Analyses have also shown that pipe whip
could cause column failure in the area of the break. However,
there is sufficient design margin in the other columns such
that the structural integrity of the floors is maintained.

2. )lain Steam Line Tunnel Anal sis

The main steam tunnel has been analyzed to determine the press-
urization rates in various portions of the tunnel following a post-
ulated double-ended rupture of one 24-inch main steam line within
the tunnel. The FLASH computer program was used in simulating the
pipe rupture and subsequent tunnel pressurization.

A sixteen (16)-node mathematical model of the steam line and
tunne'1 was formulated, using Hot Standby (1050 psia dry saturated
steam, no flow) as the initial condition for the steam line.
This condition was chosen because it represented a worst case
condition for tunnel pressurization. This model was used in
,simulating pipe ruptures at two locations wi thin the tunnel.
The resulting transient pressure distributions were used in the
structural analysis of the tunnel. The worst tunnel pressurization
occurred when the steam line ruptured in the northeast corner re-
sulting in a peak transient pressure of 33.1 psia at 0.012 seconds.
This leveled off at approximately 19 psia after about 1.0 seconds.

A structural analysis of the main steam tunnel was made to de-
termine the eff'ects of the pressure pulses on the main steam
tunnel. The isolation valve room is included in the analyses
of the tunnel. These structures house the main steam line
where a postulated guillotine break could cause sudden pressure
excursions in excess of 30 psia. Two- and three-foot thick walls
and slabs of reinforced concrete comprise the tunnel which is
located in the turbine building.

Two cases were analyzed; (1) a break in the Northwest corner of
the ten-foot high section'of tunnel and, (2) a break in the
Northeast corner of the tunnel.

Hand calculations and tne computerized finite-element method
were employed for this analysis. Elastic stress, or working
stress methods were used to find the natural. frequencies and

resulting internal moments which were then compared to the ul-
timate moment of each component. Amplification due to dynamic
loading was considered for the fundamental mode of vibration.,

8,





The analysis demonstrates that the main steam tunnel and iso-
lation valve enclosure will not collapse. Slabs and walls will
remain intact even though spalling and cracking may occur.
The concrete will not fail in an explosive manner due to ex-
cessive compressive strain. High flexural mements would cause
the reinforcing steel to yield considerable due to the fact
that the reinforcement ratio is only about ten percent of the
balanced ratio. Strain hardening of the steel is relied upon
to prevent excessive distortion and ultimate failure.

Shear is not a problem. The slab at elevation 250 feet is the
most highly stressed. This slab, which is modeled as an ortho-
tropic flat plat in the finite element computer program, would
exhibit only local cracking at the corners and on the edge of
the slab. All shear key stress and load stresses at the an-
chorage. are within tolerable limits.

Due to the complex nature of the dynamic response of reinforced
concrete, all possible conservative assumptions have been in-
cluded in the analysis. Even with conservatisms it i.s con-
cluded that a failure resulting in collapsing of the tunnel
structure or any of its components will not occur.

Analysis has shown that pipe whip of the main steam line in
the tunnel could cause puncturing of the tunnel but not failure.
Figure 2 shows a detail of the area in which. the main steam and
feedwater isolati'on valves are located. There are various re-
straints and anchors as shown on the figure. The effect is to
preclude pipe whip, as a result of a line break, from damaging
the other valves in the area. The length of pipe from any
available hinge is not sufficient for the whipping pipe to reach
any of the otners.

B. Feedwater Line Breaks

The two high pressure feedwater lines leave the primary containment
at the interface between the reactor building and the turbine build-
ing. This location near the main steam lines is indicated as Point
1 on Figure l. At this location the feedlines rise vertically out of
the steam tunnel compartment to the feedwater heaters on various el-
evations of the turbine building.

Lines which are near the high pressure feedwater lines are instrument
air which has been discussed previously, fire protection which is not
a shutdown system, and reactor building closed loop cooling. If re-
actor building closed loop cooling were lost, the shutdown cooling
sy'tem and the spent fuel pool cooling system would also be lost.
Shutdown cooling is backed up by emergency condensers, core spray
and 'automatic depressurization. 4 The fire system „serves as a back-up to
the spent fuel pool cooling.

Feedwater Line Routin

This system pumps condensate from the outlet of the condenser
through five stages of feedwater heaters using condensate pumps,
booster pumps and reactor feed pumps. The system also serves
as the HPCI system to cool the core for small line breaks.

4. FSAR, Nine Mile Point Nuclear Station, Docket 50-220,
Yolume I, Section X





The system does not become,a high energy system until after
the discharge of the booster pumps. Between the condensate
pumps and the booster pumps maximum system pressure is 200
psig at 150F. The low energy por tions of the system are
shown on Figure 1 (Points 4, 5, 6, 13 and 14), Figure 3 (Points
7 and 8), Figure 4 (Points 9, 10, ll, 12 and 13).

The discharges of the three-feedwater booster pumps are at
elevation 261 feet shown in Figure 3 (Point 15). The discharge
1ines then drop vertically at Point 16 to elevation 243 feet.
At this location {Point 16) on Figure 1, they enter the three
drain coolers each of which is in its own concrete cell struc-
ture with walls of at least * 3 feet thickness. Failure within
these ce'lls would not effect any other system and there are
no systems or piping within the cells which could effect safe
shutdown. An alternate flow path from the suction of the feed-
water booster pumps at elevation 278 feet descends to the inter-
tie header at elevation 255 feet (Figure 1). This is shown as
Point 17 in Figure 3. The only line in this area is a 1-inch
.instrument ai r line which is not required for safe shutdown.

From the discharge of the drain coolers, the feedwater lines
rise to the first feedwater heaters at elevation 251 feet,
Figure 3 (Point 19) and then discharge to the second feedwater
heaters at elevation .277 feet.

The discharges from the second feedwater heaters (Figure 4,
Point 20) rise to elevation 291 feet and enter the third
feedwater heaters. These discharges from the third feedwater
heaters {Figure 5, Point 21) then rise to elevation 305 feet
and enter the fourth feedwater heaters shown in Figure 6.

Each string of feedwater heaters is in its own concrete cell.
These cells run from elevation 245 to elevation 331 and house
the five feedwater heaters of each string. Each cell has
steel gratings for floors which would mitigate any pressure
buildup due to a'break inside..

The discharges of the four th feedwater heaters (Figure 6,
Point 22) run north to where they enter a common header at
elevation 314 feet. They then proceed east to where two 8-
inch lines (Figure 6, Point 23) drop to the motor driven feed-
water pumps and a 18-inch line (Point 24) drops to the shaft
driven pump. The only line in this area is a 1-inch instru-
ment air line. The line to the shaft driven pump runs in a
southerly direction off the turbine at elevation 291 feet
(Figure 5, Point 24) to a point where it enters the shaft
driven pump (Point 25). From the discharge {Point 26) of
the shaft driven pump the line parallels the suction line
and rises to (Point 27) the flow control. valves at elevation
308 feet.

Through the areas between Points 26 and 27 of Figure 5, there
are power boards. 'owever, no safety or shutdown related
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equipment is connected to these boards.

From the flow control valve location at elevation 308 feet
the line drops to elevation 291 feet as shown in Figure 5

(Point 29). The line then runs in a westerly di rection
where three 16 inch lines (Point 30) branch off and rise
to elevation 321 feet (Point 31) and enter'he fifth feed-
water heaters. The only lines in this area are some

instrument air and auxiliary steam lines, not required for
safe shutdown. Power boards in the vicinity may be affected.
However, they do not supply safety or shutdown related
equipment.

At Point 23 in Figure 5 the two lines to the motor
driven'umps

drop down through elevation 291 feet and 277 feet
to elevation 261 feet where they enter the motor, driven
pump (Figure 3, Point 23). Any failure in this area would
not affect safe shutdown. The discharges of the motor driven
pumps (Figure 3, Point 32) then rise to elevation 291 feet
where they enter flow control valves and discharge (Figure 5,
Point 33) to the fifth feedwater heaters. At this elevation
there are no systems or piping which could effect safe shut-
down. The discharges (Figure 7, Point 34) from the feedwater
heaters drop vertically from elevation 321 feet to 305 feet
and run north to form a common header. The header discharge
(Figure 7, Point 35) descends through elevation 291 feet to
277 feet where it enters the containment at the point where
the main steam lines penetrate the containment Figure l.
At this point, both the feedwater lines and main steam lines
are adequately anchored and restrained to preclude any
effect on each other as discussed in paragraph III A above.
~"

C. Other Hi h Ener Lines

The other high energy lines have also been analyzed but do not have
significant effects.

Reactor Shutdown Coolin S stem

The shutdown cooling system is designed to cool reactor water below
temperatures and pressures at which the main condenser may be used
as a heat sink following shutdown. The shutdown cooling system
only comes into operation during normal shutdown when the reactor
water temperature reaches 350F.

The system exits the drywell at elevation 269 feet between columns
M and N at row 6 as shown in Figure 3. It enters a walled-in area
that encloses the entire system outside the drywell. The walled-in
area is bounded by columns L and N and rows 4, 5, and 6. The only
other lines inside tnat area are reactor building closed loop cooling
system piping. These supply cooling water for the shutdown cooling
system and could be failed as a result of a shutdown system pipe
failure. This would not affect the remaining function of the
reactor building closed loop cooling system.





Core S ra

The core spray system consists of two separate and independent
systems which prevent overheating of the fuel from decay heat
following a loss of coolant accident. Each sysi:em is designed
to accomodate a complete spectrum of line breaks. The pumps and
valves are designed to operate in a 150 F and 100 percent relative
humidi ty, the most severe reactor building environmental condition.
The system draws suction from the suppression chamber at the
lowest elevation of the reactor bui ldi~g and pumps i t through the
containment,and into the reactor vessel.

The core spray system pumps are located, in parallel loops, at
elevation 198 feet between columns G and H and rows 4 and 5 or
ll and 12 respectively {Figure 8). No other lines or systems run
near the system.

The pump discharges run vertically upwards to the strainers at ele-
vation 218 feet between the same columns and rows. These terminate
at the suction of the topping pumps, located at elevation 237 feet.
The topping pumps for one core spray system are located between
columns H and J and rows 10-and 11. The other system is located
between columns L and K and rows 4 and 5. No other lines or
systems are in the areas of the pumps or. other core spray equipment.

The discharge of the topping pumps terminates at the isolation
valves, at elevation 237 feet prior to penetration into the drywell.
Only low-energy instrument-air lines are in the area, The effects
of a break in this system would not preclude safe shutdown as
discussed previously. During normal operation the core spray
system is not in operation and would not be pressurized outside
of the drywell.

Li uid Poison S stem

The liquid poison system is provided to br'ing the .reactor to a
cold shutdown condition at any time during core life independent of
control rod system capabilities. The system is capable of operating
in building environments of 150 F and 100 percent relative humidity.
System initiation is manual from the control room. This system
pumps sodium pentaborate from a tank into the reactor vessel.

The liquid poison system pumps and sodium pentaborate tank are
located at elevation 298 feet between columns K and L and rows 8
and 10 (Figure 5). At this elevation the only other lines which
run near the liquid poison system are the instrument air system
and the reactor building closed loop cooling system.

From the 298 feet level, the pump discharge proceeds downward to
elevation 294 feet between columns K and L and rows 8 and 9. It
then proceeds northerly to where it enters the primary containment
between columns K and L and rows 8 and 9. Closed loop cooling and
containment spray lines are in the vicinity.-
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The liquid poison system is classified as a high energy line when
it is in use, but due to its small size, it could not affect either
the containment spray or closed loop cooling lines if it were to
rupture. Loss of instrument air has been previously discussed.

Containment S ra S stem

Two separate and independent containment spray systems are provided
to remove heat, reduce pressure and restore pressure suppression pool
temperature following a loss of coolant accident. Each system is
capable of removing the decay heat and also heat from any metal water
reaction associated with the accident. Each system has a capacity of
6000 gpm and a heat removal capability of 120 million BTU/hr. The
system is designed to operate under the most severe reactor building
environmental condition of 150F and 100 percent relative humidity.
Cooling water to the heat exchangers is supplied by the containment
spray raw water pumps.

Under normal station operation, the containment spray system is not
a high energy system when in operation, therefore, no effect of pipe
failure of this system on adjacent piping or systems is anticipated.
However, the containment spray raw water is a high energy sys'em .when
in use.

However, the containm nt spray raw water is a ni gh energy system when

in use. This system provides cooling water for the containment spray
heat exhangers and is considered part of the containment spray system.

The following is a'list of systems, which are in proximity to the
containment spray raw water lines:

service water
i ns trument ai r
nitrogen supply to vent and purge
liquid poison
reactor building closed loop cooling
spent fuel pool cooling
emergency condenser make-up
el ectri c steam boiler

Loss of instrument air has been previously demonstrated to be un-
necessary for safe shutdown as discussed in paragraph III A. Loss of
,reactor building closed loop cooling and spent fuel pool cooling are also
not requi red as discussed in paragraph III B. The main purpose
of the service water system is to supply cooling for the closed
loop cooling systems which are not'required for safe

shutdown..'here

are two emergency condenser make-up tanks separated physic-
ally so that loss of one line would not affect make-up ability.
The liqui'd poison system is a back-up to the control rods system
and is not normally used for shutdown. The nitrogen line is used
to supply nitrogen for inerting the containment and is not a shut-
down system. Also the electric steam boiler is used for waste dis-
posal operations and is not a system required f'r shutdown.

There are four containment spray raw water pumps located in the
screen and pump house. Pumps are located between columns S and T
and rows 12 to 15 (Figure 3). Four 12-inch lines run east and

13.





turn south between rows 15 and 16 to columns R and g, where they
proceed west, They turn south again between rows 12 and 13 and
then turn west. The lines rise north of column g between rows
ll and 12. In the immedi ate area of these lines are 14, 20 and
24 inch service water lines and an instrument air line. Loss of
instrument air would not cause loss of shutdown capabilities.

The raw water lines enter the reactor building at row 12 between
columns P and ( at elevation 276 feet. In this area there is power.
board 17 which controls pumps in the following systems:

liquid poison
control rod drive
instrument air
shutdown cooling
fuel pooling cooling
reactor building closed loop cooling
emergency service water

Redundancy exists for similar equipment on power. board 16 which
is physically separated from power board 17. There is also a
3/4-inch nitrogen line in the area. The lines continue to rise
to elevation 298 feet in the presence of a 20-inch service water
line and a 24-inch nitrogen line. At elevation 330 feet the
lines proceed west to row 9 where they divide. Two continue west
to heat exchangers, and the other two south to columns N and P and
then west to heat exchangers. The lines in this area are service
water, reactor building closed loop cooling, liquid poison, instru-
ment air and emergency condenser vent and drain lines,

The main discharges from the heat exchangers are at elevation 313
feet between column N and g and rows 9 and 10. They run north-east-
erly to column g and rows 11 and 12 passing an instrument air line,
a service water line and a 24-inch nitrogen line. From this point
they descend to to elevation 281 feet where they enter the screen
and pump house at column g and rows 11 and 12. In this area of the
reactor building the lines pass service water lines. Once in the
screen and pump house they pass a line from the electric steam
boiler and a nitrogen line and proceed to the discharge tunnel.

Two 12-inch tap off lines from the raw water system at elevation
330 feet proceed to the core spray system where they serve as back-
up to the core spray system, One line comes off at column 9, row
12 and descends. The other line leaves between columns P and g and
rows 7 and 8 where i t runs south along row 7 to column N and turns
west to rows 4 and 5 where 'it again turns south and runs to column
K and descends.

This line runs by the spent fuel pool cooling, instrument air and
emergency condenser make-up lines.

The line at column g and row 12 drops verti cally to elevation 312
feet and proceeds southerly between rows,ll and 12 to column K. It
then drops vertically. In thi s run it passes a service water line,
nitrogen line, and instrument air line. The line at column K and
rows 4 and 5 continues to descend. Both lines descend down through
elevation 281 feet. One passes a 20-inch reactor building closed
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loop cooling line and the other. passes a l-,l/2 inch service water
line. Both continue dropping vertically to 261 fee't. In this
area there are power boards 16, 171A and 171B. As discussed above,
power board 17 serves as a back-up to 16. Both power boards would not
be affected oy the same break. Power boards 171A,and 171B are
backed-up by boards 161A and 161B as discussed under reactor
head spray. The line at column K and rows 4 and 5 passes by a

3/4 inch instrument air line. Both lines then proceed downward
to connect into the core spray topping pump discharge lines at
elevat'ion 237 feet.

Emer enc Condenser

The emergency cooling system provides for decay heat removal from
the reactor fuel in the event that reactor feedwater capability is
lost and the main condenser is not available. The system has double
capacity at full power output for times greater than 100 seconds after
a scram.

Failure of the high energy portions of this system could affect the
following systems:

Instrument air
Containment vent and purge

As discussed previously, the instrument air system is not required
for safe shutdown. The containment vent and purge system is used
during times when the reactor is shutdown. The system is used f'r
venting the containment of nitrogen after a shutdown. If these
lines were affected, purging could be done from the suppression
chamber. In any event, failure of these would not. preclude safe re-
actor shutdown or result in breach of containment. Each line has
dual iso]ation .valves.

The steam supply lines to the emergency. condensers come out of the
drywell at elevation 301 feet into a walled in area bounded by col-
umns N and P and rows 7 to 9 (Figure 5). Other lines in this area
include emergency condenser steam supply drains, instrument air,
and containment vent and purge. The steam lines go up to the con-
densers at elevation 348 feet between columns P and g and rows 6
to 10. In doing so, they pass near only the emergency condenser
vent lines, makeup water to the emergency condensers and condensate
return lines from the condnsers. Damage to the emergency condenser
ventilation and the condensate vent and drain lines will not consti-
tute a threat to safe shutdown since full redundancy is provided in
this system.

The condensate return lines from the emergency condensers start at
elevation 343 feet near column P between rows 6 and 10, They pass
through the floor at elevation 340 feet and down through the same
walled in area as did the steam lines to elevation 298 feet. The
lines come through the floor at elevation 298 feet to a walled in
area at elevation 281 feet where they enter the drywell. There
are no other lines in proximity. During operation of the emergency
condensers the shell side cooling water can reach 300F. During nor-
mal operation the system is near ambient conditions..





A 20 inch vent line comes off the top of each emergency condenser
located between columns P and g and rows 6 and 7, 7 and 8, 8 and 9,
and 9 and 10 respectively. These are at elevation 354 feet (Figure
7). The vent line coming off the emergency condenser, located be-
tween rows 6 and 7, runs east and joins the vent line servicing
the emergency condenser located between rows 7 and 8. This comnon
line is a 30 inch vent, which rises to elevation 361 feet and pro-
ceeds north through the reactor building north wall, where the vent
terminates.

Also, a 20 inch vent line comes off the top of the emergency con-
denser located between rows 9 and 10 and runs west. This line joins
the vent line which services the emergency condenser located between
rows 8 and 9. Like the other common vent line servicing two
emergency condensers, this 30 inch line rises to elevation 361 feet
and proceeds north through the reactor building wall, where the
vent terminates.

The remainder of this system serves as the overflow and drain lines
for the four emergency condensers. The overflow for the emergency
condenser between rows 6 and 7 comes off the condenser at elevation
351 feet and drops to elevation 341 feet where it is joined by the drain
line for this condenser shell.

Tnis overflow at 342 feet and drain line ar angement is typical for
all 4 emergency condensers. The common overflow and drain line
then drops to elevation 334 feet and proceeds eastward between col-
umns P and g. Between„"rows 7 and 8 this line is joi.ned by, the common
overflow and drain line from the emergency condenser located at
these coordinates. This co>mon overflow and drain line, which now
services,two emergency condensers, proceeds east until between rows
10 and ll it drops to elevation 320 feet and ri ses to elevation 334
feet once again. After forming this loop seal, the line runs south
until it joins the other co>mon overflow and drain line servicing.
the other two emergency condensers. This connecting point is located
between columns P and g and rows 10 and 11.

The common overflow line servicing the emergency condenser located
between rows 8 and 9 drops to elevation 334 feet and proceeds eastward.
This line is joined by the co@non overflow and drain line for the
emergency condenser located between rows 9 and 10. This line then
proceeds east until it drops to elevation 320 feet at row 10 and
then rises to elevation 334 feet once again. After forming this
loop seal, the line runs north until it joins the other common over;
flow and drain line previously described.

The common line that is now formed, which services the overflow,
and drain lines for all four emergency condensers, runs east untilit turns south between rows ll and 12. Between columns tl and P

the line turns east and enters the pipe chase located at the east
wall of the 'reactor building. The line then drops down the pipe
chase and proceeds to the waste collector tank located in"'the Haste
Disposal Building.





There are no other systems in the vicintiy of the vent, ov'er-
flow or drain lines.

Reactor Cleanu S stem

The cleanup system continuously purifies a portion of the reactor
recirculation flow with a minimum of heat, loss from the cycle.It can be operated during startup, shutdown, and refueling modes,
as well as during normal power operation. The system draws flow
from the recirculation system, cleans it, then discharges back
into the reactor recirculation loop.

The lines which are near the reactor clean-up are as follows:

ins trument ai r
reactor building closed loop cooling
condensate transfer
containment spray

Loss of instrument air has been discussed previously in paragraph III
A and loss of reactor building closed loop cooling has been dis-
cussed in III B. fleither system is required for safe shutdown.
Condensate transfer supplies make-up to the condensate storage
which, in turn, supplies the emergency condensers. The fire pro-
tection system serves as a backup to emergency condenser supply.
The containment spray system could be isolated if necessary. A
fully redundant backup containment spray system would adequately
cool the contai nment i n the event of a loss of coolant accident .

The cleanup system supply comes from the reactor recirculation
loop and passes through 'the east containment wall between columns
L and H and rows 9 and 10 at elevation 263 feet (Figure 3). At
this point it is contained within a walled-in area (between columns
L and H and rows 10 and 12). The only other lines >vithin that area
are part of the instrument air 'system. The only lines leaving
the walled-in area are those that go to and from the cleanup pumps
and the cleanup auxiliary pump.

The auxiliary pump suction line goes from the walled-in area
past. column L between rows 9 and 10 at elevation 272 feet to the
pump which is on elevation 261 feet. The return line comes from
the pump and goes north at, elevation 274 feet back through column
L at the same point. These lines outside the walled-in area are
very short and the only lines near them are two reactor building
closed loop cooling system lines.

The reactor cleanup pumps are located on elevation 261 feet be-
tween columns P and g and rows ll and 12. The lines from the pumps
go south at elevation 270 feet to column P. Other lines near the
pump discharge lines are instrument air, condensate transfer, re-
actor building closed loop cooling and contai nment spray. The lines
then go up to elevation 282 feet and back down to elevation 272
feet between columns lh and P and rows ll and 12. These lines join
wi th the return line to the regenerative heat exchanger at elevation
274 feet and that line returns to the walled-in area passing several
lines from the reactor building closed loop cool-ing system and in-
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strument air lines.

The remainder of the system from the pressure control station to
the pumps is classified as a low pressure system (i.e., 150 psig,
120F) and is therefore not considered in this analysis.

Power board 1718 is in this area and could be affected. However,
its functions are duplicated on power boards 1618.

Reactor Head S ra S stem

'he reactor head spray system is used to condense steam in the
reactor head area during a shutdown. Hater for the head spray is
taken from the control rod drive pumps and pumped into the reactor
vessel head. The lines which are near the head spray system are:

control rod drive pump
condensate storage and transfer
clean-up system
instrument air
spent fuel pool cooling
reactor building closed loop cooling

Safe shutdown would not be precluded by failure of the reactor
building closed loop cooling or instrument air as discussed in
paragraphs III A and 8 above. The clean-up system is not required
for shutdown. The condensate storage and transfer system supplies
make-up to the emergency condensers. A part of the fire protection
system which is unaffected by failures in this area could be used
to supply the make-up. Spent fuel pool cooling if it were lost
could have make-up supplied by the fire protection system. Reactor
shutdown would be accomplished by using either reactor pressure or
the scram accumulators in the event of control rod drive pump failure.

The system takes its water from the control rod drive pumps located
on elevation 237 feet (Figure 1) in the reactor building. The pump
discharge lines run from the discharge at elevation 245 feet between
columns M and P and rows 11 and 12 to a common line that goes up
through floor elevation 261 feet at column N. Power boards 171A
and 1718 are in the area where these lines pass. These boards supply
power to emergency condenser isolation valves, diesel generator (103)
auxiliaries and core spray valves (112 and 122). Each of these sys-
tems is duplicated and is supplied power from independent power
boards 161A and 1618.

The only lines near the head spray system at this point are the
control rod drive pump discharge lines and condensate supply
to the control rod drive hydraulic system. This line continues
passing near a portion of the clean-up system and passes through
floor elevation 281 feet between columns M and H and rows 11 and
12. This line then goes west at elevation 290 feet passing under

.a condensate transfer line, some instrument air lines, reactor build-
ing closed loop cooling system lines and some fuel pool cooling lines.
This head spray system is not in operation or pressurized under normal
plant operation conditions.





'It then enters a wall-in area between columns tl and N at row 9.
Ilithin this area it rises to elevation 300 feet where it enters
the drywell.

Electric Steam Boiler

, The, main purpose of the electric steam boiler is to supply steam to
the evaporator of the waste concentrator system. The electric steam
boiler is located at elevation 261 feet near column P and row 13
(Figure 3). The self-contained electric steam boiler unit maintains
the steam at 50 psig and at a temperature of 300F.

The systems which could be affected by a line break in this system
are:

service water
containment spray raw water
instrument air
fire protection
reactor building closed loop cooling
condensate storage and transfer

Safe shutdown would not be precluded by fialure of reactor building
closed loop cooling or instrument air as discussed in paragraphs
III A and B above. The service. water system is also not required
for safe shutdown. Its primary purpose is to cool the closed loop
cooling heat exchangers. The fire protection system is not used
for reactor shutdown purposes. The condensate storage and trans-
fer systems supply make-up to the emergency condensers. A part
of the. fire protection system which is unaffected by failures in
this area coul'd be used to supply this make-up capability.

The 12-incn. containment spray raw water lines are not affected by
the electric steam boiler 4-inch line since the latter line i s smaller
and nas a lesser wall thickness than the raw water lines; This is in
accord with the Commission's gui deli nes for pipe whip.

The l-l/2 inch electric boiler blowdown line starts at elevation
262 feet, rises to elevation 275 feet, and runs northwesterly be-
tween column 12 and 13 where it crosses the screenhouse and 'drops
to the discharge tunnel near column R and row 13. At this ele-
vation, the only other lines which cross over or run near the l-l/2
inch electric boiler blowdown line is the 42-inch service water sys-
tem line and the four 12-inch containment spray raw water lines.

A 4-inch electric boiler steam supply line to the nitrogen tank
starts at elevation 274 feet and runs northwesterly between columns
P and g and rows 12 and 14. At this location it drops to elevation
268 feet and then proceeds westerly to the nitrogen tank near col-
umn g and row 11.

At this elevation, the only other lines which cross over or run
near the 4-'.nch electric boiler steam supply line to the ni trogen
tank are two 12-inch and one 20-inch containment spray raw water
lines.
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The 4-inch electric boiler steam supply line (to nitrogen tank)
and l-l/2 inch electric boiler blowdown line, because of their size
and low-energy level, could not effect either the containment spray
raw water. or service water lines if they were to fail.
The 6-inch, steam supply line of the electric boiler starts at ele-
vation 274 feet and runs southerly from column g to H between rows
13 and 15. It then branches near column tl and row 14 to two 2-inch
steam lines, which proceed easterly to the waste concentrator near
column f< and row 15. At this elevation, the only other lines
wfiich cross over or run near the steam supply of the electric boiler are
a 1 1/2 inch instrument air line and a 10-inch fire protection line.

The 6-inch main steam and the associated branch steam lines of the
electric boiler could effect either the instrument air or the fire
protection lines if it were to break.

The 1-inch electric b'oiler steam line to the decontamination area
takes its source from the 6-inch main steam supply of the electric
boiler located near column H and row 14. It then runs south from
Column fl to H at Elevation 274 feet. This line crosses the 6-inch
reactor building closed loop cooling line and a 4-inch condensate
transfer line.

The 1-inch electric boiler steam line to the decontamination area
could not affect the reactor building closed-loop cooling and condensate
transfer li.nes if it were to t'ai,l as discussed above.

The 4-inch relief line of the electric steam boiler starts at ele-
vation 284 feet near column P and row 13. It runs east from column
13 to 14, then proceeds south from row P to L, where i t drops to
elevation 271 feet near column L and row 15. It then discharges
to the waste tank in the waste disposal system.

This line crosses and runs near the same systems that the 6-inch.
main steam and its associate branch steam lines of the electric
boiler did.

Control Rod Drive H draulic System

The control rod drive hydraulic'ystem provides a water source at
constant pressure for charging the scram accumulators, for normal
drive operation, and to supply cooling water for each control rod
drive mechanism, Rupture of a line in this system could damage
the. following systems:

Reactor Building Closed Loop Cooling
Reactor Head Spray
Nitrogen Vent and Purge
Condensate Storage and Transfer
Instrument Air
Drywell and Suppression Chamber Vacuum Breaker

Failure of the closed loop cooling system would cause loss of shut-
down dooling and spent fuel pool cooling. Emergency condensers, press-
ure relief valves, feedwater and control rod drive pumps provide backup
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'for the shutdown cooling system. F~el pool cooling
plished using fire protection water. llead spray is
for shutdown because adequate cooling is provided by
densers, automatic depressurization and core spray.
system is not needed for shutdown.

can be accom-
not required
emergency con-
The nitrogen

The condensate and condensate transfer system provides water to
the emergency condenser makeup tanks. If this system fails, make-
up water can be provided by the fire p~otection water system.5 In-
strument air, as discussed in the FSAR , is not needed for shutdown.

,.The 3/4 inch reactor pressure sensor line to the control rod drive
system is not of sufficient size to cause any damage to the 30-inch
drywell and suppression chamber vacuum relief as outlined in the
Commission's guide on pipe whip.

'wo

4-inch condensate supply lines to the control rod drive pumps
leave the two condensate storage tanks on elevation 261 feet between
Columns L and f3 and Rows 12 and 13 (Figure 3). The lines go through
the floor at elevation 261 feet between the tanks and come together
as a cornnon line at elevation 255 feet. The single line then pro-
ceeds west betwen Columns L and M and passes through Row 12 (Figure
1), .After passing through Row 12 the line turns north at elevation
245 feet and passes near several lines belonging to the reactor building
closed loop cooling system and a reactor head spray line. The line
then, continues to the control rod drive pumps, located at elevation
237 feet between columns N and L and Rows ll and 12.

Failure of the closed loop cooling system could cause loss of shut-
down coding and spent fuel pool cooling. As discussed above, back-
up systems would provide the functions lost by affected systems.

A 1-inch recirculation line from the pumps returns to the condensate
tanks. This line runs south between Columns L and N and Rows 11 and
12 at Elevation 255 feet passing a line from the nitrogen vent and
purge system and a line from. the reactor head spray system. Neither
system is needed for safe shutdown as noted above.

The recirculation line turns east going through Column 12. The
line then comes through the floor at Elevation 261 feet and returns
to the condensate storage tank inlet header at Elevation 311 feet
and between Columns L and tl. In doing so, the recirculation line
passes by several reactor building closed-loop cooling system lines
and several condensate and condensate transfer lines. Because of
the relative sizes of lines, the effects of pipe whip in this area

~ are not significant.

The control rod drive hydraulic pumps are located on Elevation 237
feet between Columns N and L and Row 11-12. Lines that run near the
the pumps are condensate, reactor head spray, and closed loop cooling.
The discharge line from the pumps. proceeds at Elevation 251 feet
through a pipe chase (going north) between Rows ll and 12. Between
Columns P and g it turns west, passing by instrument air and nitrogen

5. FSAR, Nine Nile Point Nuclear Station, Docket 50-220,
Volume I, Section YI, X
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vent and purge lines. The line terminates at the control rod drive
filters between Columns P and 9 and rows 4 and 5. Lines from the
filters proceed south between Rows 4 and 5 to a valve nest at Column

N passing a nitrogen vent and purge line. A by-pass line takes off
from just ahead of the filters (between Columns P and g and Rows 4

and 5) and. runs to the valve nest, passing the nitrogen vent and

purge line.

As noted above, adequate backup systems exist for the condensate
and closed loop cooling systems, Also, as noted above, the head

spray system, nitrogen system and instrument air system are not
needed for safe shutdown.

The drive water, exhaust and cooling water pipe run between the
valve nest and the control rod drive, module located on elevation
249 feet between Columns L and N and Rows 4 and 6. The only lines
near the module are a nitrogen vent and purge line and a reactor
building closed loop cooling line, which, as noted above, are not
required for safe shutdown. The control rod drive pipe bundles go
from the module through the west side of the containment.

h

The control rod drive exhaust line goes from the valve nest at ele-
vation 251 feet and proceeds east between Columns N and P and Rows

4 and 6 passing a nitrogen vent and purge line, an instrument loop,
and a segment of the reactor building closed loop cooling system.
None of these lines are required for safe shutdown,

The exhaust line then goes up through the floor at elevation 251

feet between Columns N and P and Rows 5 and 6, passing a small seg-
ment of the closed loop cooling system, which is not required for
safe shutdown. The line then enters the drywell at elevation 271

feet, at Column N between Rows 5 and 7.

The reactor pressure sensor line, which can'activate the control
rod drive, r'uns from the instrument room, between Columns N and P

and Rows 8 and9, to the valve nest. This line is at elevation 250
feet and passes over a drywell and suppression chamber vacuum relief
line, and near a nitrogen vent and purge line. The nitrogen line
is not required for safe shutdown. The 3/4 inch reactor pressure
sensing line is not of sufficient size to damage the 30-inch vacuum
relief line as discussed above.

'I

No line belonging to the control rod drive hydraulic system passes
near any poAer boards which affect safety related or shutdown
rel ated equi pment.

Cardox CO Fire Protection

A carbon dioxide system is insta11ed to serve 12 different locations
in the station as well as to provide gaseous carbon dioxide for gen-
erator purging. The carbon dioxide storage tank is located at ele-
vation 261 feet in the turbine building between columns 8 and A~ and
rows 2 and 4. A high energy fill line runs from that location west-
ward through the turbine building wall at column 8 and Row l.
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Another line parallels this fill line but does not exit the building.
The high pressure portion of this line ends near column B and row 1

at the carbon dioxide vapor heater. There is no safety or shutdown
related equipment in these areas.

Four supply lines exit from the tank at row .4. These are main header
lines which supply the various areas of the station. These lines all
have valves which are normallv closed at the tank. These would only
be opened by remote manual control in the case of a fire. Therefore,
these lines are not normally high energy lines downstream of the valves.

A small 1/2 inch pilot line also exits from the tank at row 4. This
runs eastward to a location about midway between rows 4 and 5, then
runs northward to column B. A riser goes up to elevation 277 feet
to supply a pilot valve in the part of the carbon dioxide system which
services the turbine generator area. The line terminates at the valve
on elevation 277 feet near column B and row 4. No safety or shutdown
related equipment is located in the vicinity of this pilot line.

Th'e preceding analyses show that the following engineered safeguard sys-
tems could be damaged as a result of pipe whip:

Containment Spray
Core Spray
High Pressure Coolant Injection (HPCI)
Control Rod Drive
Liquid Poison
Emergency Condensers

Damage to system piping itself and damage to power boards serving each,
system have been considered. In all cases there are redundant or backup
components or systems to provide the function of the damaged system.

The core spray system itself is not located close enough to any high
energy line to be subject to damage resulting from pipe whip, jet forces
or environmental effects. Power boards which supply the system could be
affected. However, in each such case, the redundant power board is ade-
quate.

Part of the containment spray system could be damaged by pipe whip of a
ruptured reactor clean-up system line, The containment spray system
could be isolated if necessary. A fully redundant backup containment
spray system, which is physically separated from the other system, would
adequately cool the containment in the event of a loss of coolant acci-
dent.

Failure of the main steam line could disable the high pressure coolant
injection system (HPCI) . In addi tion, control rod drive hydraulic and
head spray lines, located in the area of the control rod drive hydraulic
pumps, could rupture condensate lines if they were to fail. Rupture in
these condensate lines, which are below elevation 261 feet, could drain
the condensate storage tank which provides backup supply to the HPCI sys-
tem. However, normal supply to the HPCI system is from the condenser
hotwell, and would not be affected. In the event of rupture, the HPCI
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system can be isolated. HPCI's used as a backup to the redundant auto-
matic depressurization and core spray system for small line breaks i nside
containment. These systems would not be affected by line breaks which
affect HPCI.

The control rod drive supply lines from the pumps could be damaged by pipe
whip of a ruptured head spray system line. The, head spray system is only
pressurized during shutdown. Thus, damage to the control rod drive system
supply due to pipe whip could only occur during shutdown, and then only in
the event of a rupture in the head spray system. Failure of the control
rod drive system supply would not prevent use of the control rods to scram
the reactor. Accumulators, or reactor pressure, could be used to drive
the control rods if the supply from control rod drive system pumps were
disabled. The liquid poison system provides backup scram capability in
the event that the. control rods are disabled.

The liquid poison system serves only as a backup to the control rods.
This system could be damaged by pipe whip of a ruptured containment'spray
raw water system line. The containment spray raw water system would be
pressurized only in the event of a high energy line break inside the con-
tainment.

The only portion of the emergency condenser system which is vulnerable
to pipe whip is the make up water, which comes from the emergency con-
denser makeup tanks. These tanks are normally supplied by the conden-
sate storage and transfer system, which is vulnerable to damage from
pipe whip. The tanks themselves are not vulnerable. Pipe whip in
the main steam, reactor cleanup, head spray and containment spray raw
water systems could damage the condensate storage and transfer lines.
The limited conditions under which the head spray and containment spray
systems are pressurized have been described above. If the condensate
storage and transfer lines are disabled, the fire protection water sys-
tem can supply the makeup water.

In the event of a high energy line break outside containment the control
room would remain habitable, with radiation levels below the requirements
of 10CFR20. This applies for all line breaks including the worst case
design basis accident, rupture of a main steam line outside the contain-
iaent. The contamination level of the ventilation intake air is not sufficient
to require isolation of the control room, but isolation is available to the
operator by manual control. Habitability of the control room is discussed
in detail in the First Supplement to the FSAR...

The control room is provided with adequate fire protection equipment, inclu-
ding access to fire protection water, extinguishers, CO~, and portable air
supplies, as described in the First Supplement to the FSAR. Two backup
lighting systems are provided, powered by the diesel generators and the
station batteries, respectively communication equipment includes the public
address'ystem (normally used exclusively for matters related to station
operations), telephone, and radiotelephone. These systems are powered by
redundant electrical systems.
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4 E. Shutdown Ca abilit !

The above analyses show that the following shutdown equipment could be
damaged as a result of pipe whip:

Instrument air
Service water
Reactor building closed loop cooling
Spent fuel pool cooling
Shutdown cooling

Damage may be caused either by damage to the piping itself or by dam-
age to a power board to which the equipment is connected. The station
can be safely shut down and maintained in shutdown condition despite
the fai lure of any of those systems.

A previous analysis presented in the FSAR [as shown that loss of instru-
ment air would not prevent safe shutdown. The main purpose of the
service water system is to supply cooling water to the reactor building
closed loop cooling system, which in turn supplies cooling water to the
spent fuel pool cooling systein and the shutdown cooling system. A loss
of any of these would not preclude safe shutdown because back-up systems
are available. Emergency condensers, pressure relief valves, feedwater
and the control rod drive pumps provide backup to the shutdown cooling
system.4 The fire protection system would provide makeup to the spent
fuel pool to provide adequate cooling.
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