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OBJECTIVE

The object of the test was to perform an endurance test on auxiliary feedwater
pumps by demonstrating that each pump could run for 48 hours, stopped, cooled,
and run for an extra hour without degradation.

The acceptance criteria was that the bearing temperatures and vibrations of the
pumps remain within the design limits, and that ambi'ent conditions of the pump
area do not exceed environmental qualification limits for safety related equip-
ment 'n the area. The parameters of each pump (Flow, head, speed) were also to
be compared to design operating conditions.

DESIGN BASIS

The auxiliary feedwater system is designed to supply feedwater to the steam
generators in case of loss of normal feedwater. This system is also designed.
.to keep the unit at hot stand by, for a limited period of time, in. case of loss
of offsite power. If the offsite power is not restored during hot standby, the
system stays in service until the reactor temperature and pressure is lowered to
a level wnere the residual heat removal system can be put in operation.

Each of the three quick-starting steam turbine driven auxiliary feedwater pumps,
shared by Turkey Point Units 3 and 4, is capable of delivering 600 GPM to the
steam generators between 120 psig. to l085 psig. at respective rated speed of
3200 rpm to 5900 rpm. The auxiliary feedwater pumps are in..tailed such that
each supplies auxiliary feedwater to either Unit 3 or 4, with any single pump
supplying the total feedwater requirement of either unit.

Eh&URAHCE TEST

The endurance test of the, auxiliary feedwater pumps at Turkey Point Plant was
conQucteQ between May 11 and June 23, 1980. The test was performed in accordance
to special test procedure ST-80-04. Copies of completed test procedure, flow
diagram, graphs of ambient temperatures and bearing temperatures versus elapsed
t'me are attached.

The following is a brief description of the test method:

l. Each auxiliary feedwater pump was individually run for 48 hours. The
first 2 hours at 600 GPM and 5900 rpm, and the remaining 46 hours at a
lower flow (150 GPM) and a speed that the pumps normally run to deliver
this flow to steam generators. The pump was then stopped, restarted
after cooldown, and run for one nour at a speed set by the governor
controls to deliver 600 GPM to the steam generators. The entire te t
was conducted with flows to Unit 3'team generators. The developed
heads of the pumps at low flow (correcteQ for the speed of 5900 rpm)<
and at design flow were expectably close to the manufacturer's curve.
The developeQ heads of the B and C pumps were almost the same, while
that of the A pumps was about 50 psi. lower than B and C.

A summary comparison of relevant parameters is listed below (mini-
recirculation valve was closed when the pumps were being tested at
design flow):



Speed
~(r m)

Flow
(GPH)

Head
'(Psi)

5900 600 1122.4

5900 600 1177

5900 600 1171

design (3200-5900) 5900 600 1201

2. The vibrations of the pumps were measured horizontally a'nd vertically
at the pump inboard and outboard bearings. The vibration of the drivers
were measured horizontally, vertically, and axially at their inboard and
outboard bearings. All vibrations were measured by use of a calibrated
vibrometer, and the values obtained were satisfactory.

3- The bearing temperatures of the pumps and the drivers were measured at
their respective inboard and outboard bearings, by use of. a calibrated
contact pyrometer. The values obtained were sat'sfactory.

4. Ambient temperatures was determined by use of the same calibrated pyro-
meter in the general vicinity of each auxiliary feedwater pump.

The specifications for the auxiliary feedwater equipment requires them to be
suitable for out door installation in an area subject to the affect of severe
sea coast weather conditions, including hurricane winds, torrential rains, and
high ambient temperature and. humidity. Therefore the acceptance criteria for
ambient temperature and humidity for this test was not applicable, and no humidity
data was taken. The ambient temperature obtained during the test was normal and
did not exceed 95F.

SUI&IARY

A 48 hour endurance test was performed on each auxiliary feedwater pump at Turkey
Point Plant during IIay and June, 1980, to demonstrate that each could run for
this period without degradation. Copies of completed test procedure, flow diagram,
and graphs of ambient and bearing temperatures versus elapsed time are attached.
Each pump was run at 600 gpm and 5900 rpm for two hours, and at 150 GPH and a speed
that pump normally .runs to deliver such flow to steam generators for the remaining
46 hours. After running. for 48 hours, the pump being tested was stopped, cooled,
restarted and run for one hour at 600 GPN and normal speed

The developed head for the delivered flow of the pumps were expectably close to
the manufacturer's curve, with the developed head by t'e A pump being approximately
50 psi. lower than B and C pumps. The values obtained for vibrations and bearing
temperatures for the pumos and drivers were satisfactory. The ambient temperature
of the area was not severely affected by the pump run, and it never exceeded 95F

during the entire test. An acceptance criteria for humidity and ambi'ent temperature
(due to qualified equipment for severe weather conditions, required by the original
specif'cation) was not- applicable, and humidity was not obtained"during the test.

'I
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HAY 15 1980

1.0 Title:
AUXILIARYFEEDMATER PUilPS — ENDURANCE TEST

2-0 A royal and List of Effective Pages:

2. 1 ~arovel:
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2.2 List of Effective Pa es:
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2 5/15/80 5 5/15/80
3 5/15/80 6 5/15/80

3.0 ~d
3.1 ~Por ose:

Pa(ac

7

8
9

Date

5/15/80
5/15/80,
5/15/80

Pa<ac Date

10 5/15/80
ll 5/15/80
12 5/15/80

This procedure provides instructions for performing a 48 hour endurance test
on each Auxiliary Feedwater Pump.

3.2 Test Acce tance Criteria:

Test acceptance criteria shall include a demonstration that the pump remain
within design limits, and , that the pump area ambient . conditions of.
temperature and humidity do not exceed environmental qualification limits
for safety related equipment in the room. In addition, it shall be
demonstrated that the pumps can be shutdown, allowed to cooldown, restarted,
arid run for one hour-

3.2.1 Pump flow and head {at design) to be compared with the manufacturer's
curve-

3.2.2 i/ibration not to exceed 3 mils.

3.2.3 Bearing temperature not to exceed 160' {pump) and 180' (turbine).

4.0 Precautions and Limits:

4-1 Test only one auxiliary feedwater pump at a time. to minimize reactivity
addition to the core.
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4.2 ttonitor reactor power to ensure that it is maintained at or below 100<

during thi s test.

4-3 t'monitor steam generator levels closely when an auxiliary feedwate
started, to insure that the steam generator water level control system
maintains programmed levels.

0
~ r

4.4 The auxiliary feedwater pump turbine will trip on overspeed at 6500 rpm.

4.5 The auxiliary feedwater pump steam supply valve motors '(HOY-"-1403, 1404',

1405) will trip on overcurrent.

4.6 The auxiliary feedwater pump should be stopped by manually closing the steam
supply valves (NOV-~-1403, 1404, 1405). As the pump slows down, trip the
turbine overspeed tr'ip valve- Do not allow pump to coast to a stop before
manually tripping, as 'amage may occur to the water lubricated

pgnp'nternals.Tripping the pump overspeed trip prior to securing steam supply
may cause safeties to lift.

4.7 The operator at the auxiliary feedwater pumps shall remain in the area of
the auxiliary feedwater pumps and maintain communications with the control
room until all auxiliary feedwater pumps have been reset — for standby
operation-

4.8 The following interlocks exist in the auxiliary feedwater system:

4.8.1 The auxiliary feedwater pump steam supply, valves (HOV-~-1403,
1404, 1405) open on initiation of safety injection, low low
level in any steam generator, automatic trip of both
feedwater pumps, loss of voltage on both 4160 volt busses, or
manually-

4.8.2 Air to operate the auxiliary feedwater to steam generator,
control valves (CV-'"-281'6, 2817, 2818, 2831, 283Z, 2833) is
suppl ied when the st am supply valves (f'IOV-'"-1403, 1404,
1405) commence opening.

4.8.3 = '~lhen auxiliary feedwater pump steam supply pressure as
determined by PS-231Z, 2313, and 2314 i ncreases to 110 psig,
the auxiliary feedwater steam supply pressure control valves
(CV-3705, 3706 and 3707 respectively) open td supply steam to
the auxiliary feedwater pump turbines at 300 + 20 psig, and
SV-2823, 2824 and 2825 open to supply service water to the
turbine lube'il coo'ters.

4-9 Prior to removing a pump from service, operability of other pumps shall be
verified.

4.10 Llhen a pump is to be put back into service after maintenance it shall be

tested to veri fy its operability.

5.0 Related S stem Status:

5.1 The condensate storage tank is available to supply water to the auxiliary
feedwater pumos. Condensate storage tank level's in the norma'l operating
band, and all instrumentation and alarms are operable.
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AUX RY FEEDWATER PUHPS — ENDURANC 'ST
V/ a tel VM

5-2 The service water system is .lined up to supply cooling water to the
auxiliary feedwater pump turbine lube oil coolers.

5.3 The 480 volt motor control centers 3A (4A) Turbine Area, 3B. (4B) Reactor
Area and 3C (4C) Fuel Area are energized.;

6.0 References:

6.1 Operating Procedure 7304.1, Auxiliary Feedwater System - Periodic Test

6.2 NRC Letter of December 3, 1979, (Subject: Auxiliary Feedwater Pump

Endurance Test), Telecopy of January 25; 1980.

7.0 Records Re uired:

A completed copy of thias procedure shall be routed to the Technical Department
for analysis, and shall be retained after the completion of the analysis.

8.0 Instructions:

Each auxiliary feedwater pump shall be operated for at least 48 hours in
accordance to this procedure- Each pump shall then be shut down and cooled off,
restarted, and operated for an additional one hour.

INITIALS

8.1 Obtain permission from the Nuclear Plant Supervisor and/or Nuclear
Hatch Engineer to start the test.

8.2 Station an operator in the area of the auxiliary feedwater pumps and
establish'ommunications with the control room. The operator shall
remain in the area of the auxiliary feedwater pumps in case there is a

. need to return the pumps back to service immediately. The operator
shall not leave the area until all the auxiliary feedwater pumps have
been reset for standby operation.

8.3 Sufficient instrumentation shall be available to obtain the data
required to verify that the acceptance criteria have been met. Verify

„ calibration for all the instrumentation used.

BA~ 8.4 Perform the following for each auxiliary,feedwater pump:

INITIALS
A B C

8.4.1 Verify that the service water system is lined up to supply the
auxiliary feedwater pump lube oil cooler.

8.4.2 Verify normal oil levels in the lube oil sump and governor oil
sump-
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INITIALS
A 8 C

8.4.3

8.4-4

8.4.5

8.4.6

SPBCiAL lhSI 5(-UU-U@, PAfih, 4
AUXILIARYFEEUMATER PUiiIPS - EilUURAR TEST

p p 9

If a pump has already'een tested and now the test is
being performed on the second or third pump, just
verify that overspeed trip valves to the pumps not
being tested are tripped.

NOTE:

Verify that the free blow valve and the inlet valve, outlet
valve, and the bypass valve around the steam trap associated-
with each auxiliary feedwater pump are open.

I

Verify that the turbine condensate drain valve and the steam
exhaust line drain valve are cracked open.

e

Obtain the. initial data'n the. data sheet and record-

manually trip the turbine overspeed trip valves to the
auxiliary feedwater um s not bein tested.

8.4.7 'nstall a manual speed controller on the governor and set at
approximately 10 lbs air pressure.

8.4.8 Nuclear Control Center Operator position the valve control
switch for HOV-*-1403, 1404, and 1405 to the open position.
Verify that the position indicating lights operate properly.
NOTE: monitor reactor power and maintain at or below 100$ .

F5liA ~i 8.4.9 0 erator in the auxiliar feedwater um area verify (for pump
- es ng este at pump a1 sc >arge pressure increases as
turbine comes up to speed and that, lube oil and steam supply
pressures are normal.

h

60> ~ 8 8.4.10

8@ pal k 8.4.11

glK~m 8.4-12

~0erator at the~urn and Nuclear Control Center. 0 erator, if
any abnormal condition occurs secure the supply steam, t entrip the turbine.

Nuclear Control Center 0 erator ensure that steam generator
programne eve s are masntasned as auxiliary feedwater flow
.is supplied to the steam generators- Decrease load (if
necessary) to balance Tavg and Tref.

In addition to obtaining flows of 200 gpm to each steam
generator, adjust pump speed to 5900 rpm and slowly close .

recirc valve 177 (277, 377) for pump A (8, C) to the
condensate storage tank.

8.4.13 Operator in the auxiliary feedwater pump area close the iree
blow valve and the bypass valve around the steam trap when the
.steam supply line has been warmed up and is free oi moisture.

8.4.14 Readjust flows and speed to above required values, if
necessary. tlaintain the flow at 600.GPtl and speed at 5900 rpmfor 2 hrs and record data at specified time interval on the
data sheet.
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A B C

SPECIAL TEST ST-80-04, PAGE 5

A IARY FEEDl<ATER PUI1PS - ENDURA> TEST,

e/ J vi swsw

cl se)

Open the free blow valve and the bypass valve around the steam.
trap. a

Operator at the auxiliary feedwater pump area reset the
overspeed'trip valve on the pump to be tested next. Leave the
overspeed trip valves to the pumps not being tested in the
trip position-

8.4.18

8.4.19

NOTE: If complications arise due to condensate reject
problems or any other cause, the flow may be
decreased. But at the same time during the test,.
there shall be two hours of continous 600 gpm flow
delivered to the steam generators.

8.4.15 After 2 hours of operation, reduceI the flow to 150 gpm and
reduce the speed to where the pum developed discharge pressure
is app'roximately 125 psi above the steam pressure. Haintain
the flow and speed for the remaining 46 hours and record data
at specified time interval on the data sheet;

8.4.16 ' erator at the auxiliar Aedwater um area open recirc
valve 177 (277, 377) from A (B, .C), pump tq CST.

8.4.17 Nuclear. Control Center 0 erator cl'ose HOY-*-1403, 1404, and
1405 to stop the steam supply'- 0 erator at the auxiliar
feedwater um area stop the operating pump by manually
rspping e overspeed trip valve '(as HOV-1403, 1404, and 1405

O e

8.4.20

8.4.21

Complete steps 8.4.1 through 8.4.17, for the remaining
auxil iary feedwater pumps.

Disconnect the manual speed controller and return to ori,ginal
connecti on.

8.4. 22 Allow the pump(s) to cool down untlil pump temperatures reduce
to within 20' of their values at the start of the 48 hour
test and at least 8 hours have elapsed. Record the required
data then restart the pump. Assure the pump delivers 600 gpm
within 3 minutes.

Time to deliver. flow:

A Pump: 9 .
'

Pump: A C Pump:

Operate, the pump, in this mode for one hour and record .the
specified data .after the hour is up.

NOTE 1: Free blow valve and the bypass val,ve'round the
steam. trap are to be closed during the pump run and
open after stopping the pump.
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INITIALS
A B 0

8-4-23

NOTE 2: This step may be performed before step 8.4.19.
Disconnect the manual speed controller and return
to original connection before performing this step.

Nuclear Control Center 0 erator and 0 erator at auxiliar
feedwater area stop the pump per step 8.4,17.

8.4.24 Nuclear Control Center 0 erator reset HC-~-2816, 2817, and
2818 to zero 50 percent valve position.

8.4.25 'Reset all the auxiliary feedwater overspeed trip valves, and
leave the system ready .for standby operation..

8.4.26

8.4.27

A second operator is required to verify that all the
pumps'ecirculationvalves are open, the overspeed trip valves are

reset, the free blow valves and the bypass valves around the
steam traps are open, and the system is ready for standby
operation. Initial upon verification.
Notify the Shift Supervisor upon completion of the test.



Auxiliary Feedwater Purrp "A"

Pump Start Time: I'~<AN ~/ P/~~
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AUXILIARYFEEDWATFR PUMPS - El'IDURANCE TEST

DATA SHEET

\I ~
I

s~ ~

5/15 JGG

DATA
SET

INITIAL
AFTER START

HOUR 2
HOUR 4
HOUR 8
HOUR 12
IIOUR 16
HOUR 20
HOUR 24
HOUR 28
flOUR 32
IIOUR 36
HOUR 40

AYiBI ENT
TEMPERATURE (F).

INST. NO.: PIt~rpP-D

CAL. DATE: I~/</

SPEED

(RPIi) (gyp',
INST NO: <css t'p

CAL. DATE: 'Pr'

7oO

TOTAL FLOW (GPli)
FI- -1401 s/~fq>
F I- -1457 5-JI3lg
F I- -1458 </~'//~4

CAL. DATE: +.

Goo

/So

. SUCTION
PRESSURE

(PSIG)
GAGE NO.: /0/X
CAL. DATE: 9-'CII'-.'ll'<

DISCIIARGE
PRESSURE PUMP

(PS IG) TOTAL INIT~S
P 1-1429 STATIC

CAL. DATE:Slsi/P HEAD

//2Z-
2z.3

$00.+ J

8s. z ad8

8/z J82- J

IIOUR 44
HOUR 40
Cooled

hour
after stop
RESTART

1 Hour after
restart

gOd
dP

878
8>S-.

8s.
X7.

The specifications for the AFII pumps require them to be suitable for outdoor installation in an area subject to the
affect of severe sea coast weather conditions including hurricane winds and torrential rains, high ambient temperature
and humidity. Therefore, the acceptance criteria for ambient temperature and humidity for this test is not applicable,
and no humidity data was taken.

Data Reviewed by Date. 2 // 0OQ
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AUXILIARYFEEDl'lATER PUMPS - ENDURiiNCE TEST

DATA SHEET

a

5/V~/SO'uxiliary

Feedwater Pump "A"

DATA
SET

llAIN STEAM

TFMP.
(F)
STER<
TABLE

~PRESS. psig
P I-1416
CAL.
DATEt2/m 0

STM SUPP.
PRESS.
(PSIG)
PI-3705
CAL.
DATE:5>z-8

POMP TURBINE
INB.

H V

OUTB.
H V

I NB. OUTB.
H V H V

VIBRATION Mi 1 s
iNSTR. NO.: XP-0 308
CAL. DATE: ~/z/ go

BEARING TEMPERATURE F

INSTR. NO.:~glnlDR.ue
CAL. DATE:

PUf IP TURB I lE

A INB. OUTB. INB. OUTB.

LUBE OIL
PRESSURE INITIALS

COOLER DISCH.
) 15 PSIG

INITIAL
AFTER START

750
0

S 8-8'
<7

~ I) ~17 ~ f /I ~ It'
~ .Sf'-S ~3 / o ca- /02- ///

20 Min
40 tlin
60 Min
HOUR 2

0

730

50 7

07

~ 5'P/
~ 4
~ I

.cS .p
4V 3S'

-y.

.S'S' .YS'

92.s S 'I
~ S.I. 5'

f./ . 8.o

~ 5 O 0~ /O /5
/82- /02 o //
/o2- o3 o> //
/oo /od goZ /4

HOUR 4
HOUR 8
HOUR 12
fiOUR 16

]50 5 /o.
3'./O.

/0

~N ~ l
.'7 .'/

7

-/ .IS 3
~ g /~ dO

~ f7 7 /04
f7 5 'P //

goo /K

H s.

HOUR 20
flOUR 24
HOUR 28
HOUR 32
flOUR 36
HOUR 40
flOUR 44
flOUR 48
Cooled

hour
after sto
RESTART

1 flour after
restart

Data Reviewed by .

gSo

75o

<-Io.

/o 3
g/o.
s go.
S Io.

~ $
~g -1S'

St, F
~F

'1 30

.& /
~7f ~ Q

7$ .3c

<pp 15 <)%

~ KY 'l ~ g ~

2..M.>b 2

'r'9 tf
~/3.3»

3l 1r 5'

3 /00

~ 3 3

/F -l
</$ <g < lQ

~z> ./5,gg
/7

/o ///
/ Z

7 P'/a

Date
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DATA S'.lEET

5/1,5/89

Auxiliary Feedwater Pump "8"

Pump Start Time:

DATA
SET

Itlt I IAL
AFTEle sTART

HOUR 2
HO[IR 4

HOUR 8
ltOUte. 12
HOUR lo
llOUR 20
llOUR 24
ltOUR 28
llO'lR 32
llOllle 3o
llOUR 40

4ttOJR 4
HOUR 48
Cooled

hour
after sto ..

RESTART
1. Hour after
restart

At19 I E tlT
TEt1PERATURE (F).

«~ST. t;0.:ALHot'-PI
CAL. DATE:tZISI

SPEED
~ (RPH) IS38A

CAL. DATE: g. zl pro

00
0

TOTAL FLOP GPt1

F 1-$ -1401 5/e/Z4
F I- g -1457 w/r3/p
F I-g -1458 s/e/Zo

CAL. DATE; ~

/ o

SUCTION
PRESSURE

(PSIG)
GAGE NO.:

/0'AL.

DATE: ////PO

/7

~ 7
i' Z

.0

DISCHARGE
PRESSURE

(PSIG)
P I-1430

GAL. DATE: e/as/id

// g'0

$ 0.

OO

PUHP

TOTAL
STATIC
HEAD

I/4 5=

SC.

gg Z.O

07-5

IHI S

Data Reviewed by

The specifications for the AFW pumps require them to be suitable for outdoor installation in an area subject to the affec
of severe sea coast weather conditions including hunicane winds and torrential rains, high ambient temperature and
huinidity. Therefore, the acceptance criteria for ambient temperature and humidity for this test is not applicable, and n.
humidity data was taken.

Date ' Xp/'go
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DATA SHE'=T

5/15/8(

Auxi I i ary Feedwater Pump "B"

MAIN STFN1
PRESS. psig

P I-1417
CAL.
D LT: r'S/Ã

SET

TE!1P.

(F)
STEAM
TABLE
s/0 7III~ITIAL, 750

STh SUPP.
PRESS.
(PSIG)
P 1-3706
CAL.
OATE:~

Y IBRATI OH MIi 1 s
INSm. NO.: <m ~0~
CA1.. OATE: 1-z-3- 0

TURBINEPU! IP

BEARING TEMPERATURE F

IHSTR. IID.:~A(nor Q,,~
CAL. OATE: z-

PUMP TURBINE
LUiE OIL
PR=SSURE

INB. OUTS.
V

~g, os'(5 2

INB.

(S ~0

OUTS.
V A INB.

~ ! ~ fW

OUTS.
COOLER DISCI!.

INB. OUTS. . > 15 PSIG
00/00

INITIALS

AFTER ST('.Rf I 50
20!1in '

7 S
40 Min I

60 !11n
liOUf! 2 1 0

HOUR 8 l <D

(o.'R

S/3.8 3S0

30
~ 7 ~ 3~
~

('c

~ 5o '30
~ Q iyy

~3

~3

.T/0 .2.
~ pQ ~ 3

'20 ~ /S
'/0

~ $ ~

~ 2

/02.
/0$
/0
/00
00

/3 I/>
W /I/
0 //0

06 0S

/N /D
iiDiiR I 2 ~ ~$ 0
)iOUR 16 l SS
llOUR 20 I 7$ %
liOUR 24 '$
'!OUR 28 l 7SX
HOUR 32 i 75K
HOIJR 3
liOTJR 4(!
liOIJR 44
ilOUR 48
Cooled

Iloul
after s o
RESTART

I. llour after
restart

Oata Reviewed by

5 r

s"./I.S
+I(.5
5 I(~ $
5/3. 2 +5o

3>0

~ 0 z~
~ $0 2
~ 1(0 .2.

3P .Z
.3 .2
~2 20
'3 r20

~ P o2!

~$0.2P

.zeal'2
~3D '2
~30 ~

~ g

~ 2
~ !

.3
~ 3

'Z
~ 2 r2
.!5'
aIQ r3 /D Z
~ I 9 /0~
~ (g ~

02 /09

/0
0 //5

/0 DC

//5 /
// /7
/ 7 (IS
II/ I 0

Oate ~ /'



Auxiliary- Feedwater Puriip "C"

Pump Start .Time:.

SPECIAL TEST ST-80-04, PAGE 11"

AUXILIARY I EEDIIATER PUIIPS -. ENDURANCE TEST.

DATA SHEET

5 r15/

DATA
SET

INITIAL
AFTFR START

HOUR 2
HOUR 4.
HOUR 8
HOUR 12
'HOUR 16
IIOUR 20
INPOUR 24
klOUR 28
IIOUR 32
IIOUR'6;."
HOUR 40

'OUR44
HOUR 48.
Cool ed

hour
after.sto
RESTART

1 kfour after
restart

AlS IENT
TEIIPERATURE (F)

INST. NO.:
CAL. DATE:

SPEED
. (RPII)

INST. NO.:
CAL. DATE:

TOTAL FLOII GPII)
FI- -1401

'

I- -1457
F I- -1458

CAL. DATE:

SUCTION
PRESSURE

(PSIG)
'AGE120.:

CAL. DATE:

DISCHARGE
PRESSURE

(PSIG)
PI-1431

CAL..DATE:

PUIIP
'OTAL I.r~IAL!

STATIC
HEAD

The specifications for the AFI/ pumps require them to be suitable for outdoor installation in an area subject to the afi
of severe sea coast vreather conditions including hurricane winds and torrential rains,.high ambient temperature and
humidity.'herefore, the acceptance criteria for ambient temperature and humidity for this test is not applicable, an~

humidity data was taken.
'

Data Reviewed by .
'. . . .

'-
. .. . Date
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AUXILIARY.FEED';!ATER PUt'1PS -'t)DURANCE TEST

DATA SHEFT

1
fI

C

Gj15)

Auxiliary Feedwater Pump "C"

DATA
SET

IHITIAL
AFTER START

20 Nin
40 Min
60 Min
HOUR 2
110UR 4
HOUR 8
HOUR 12
HOUR 16
llOUR 20
HOUR 24
HOUR 28
HOUR 32
HOUR 36
HOUR 40
HOUR.44
HOUR 48
Cooled

hour
after sto
RESTART

1 Ilour after
restart

t1AIH STEAM

TEt1P.

(F)
STEAN
TABLE

PRESS.(psi g
PI-1418
CAL.
DATE:

STt1 SUPP.
PRESS,
(PSIG)
P I-3707
CAL.
DATE:

PUl!P TURBIHE
IHB. OUTB; IHB;

V H.YH Y H

OUTB.
H Y A

V IBRATIOH t'ai 1 s)
I<<STR. tlo.;
CAL. DATE:

PUMP TURB IHE

IHB.- OUTB. IHB. OUTB.

BEARIHG TEMPERATURE (F,
IHSTR. HO.:
CAL. DATE: LUBE OIL

PRESSURE

COOLER DISCH,
. > 15 PSIG

INITIAL.

Data Reviewed 'oy Date
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FLORIDA POWER AND LIGHT COMPANY
TURKEY POINT UNITS 3 AND 4

SPECIAL TEST ST-80-04
JUNE 4 1980

1.Q Title:

AUXILIARYFEEDWATER PUMPS — ENDURANCE TEST

2.0 A royal and List of Effective Pa es:

2.1 ~Aroval:

g g: ~g g g

and Approved by Plant Manager - Nuclear: 6/4/80

2.2 List of Effective Pa es:

Parcae Date ~Pa e Date

'I 6/4/80 4 6/4/80
2 6/4/80 5 6/4/80
3 6/4/80 6 6/4/80

3.0 Pur ose and Discussion:

3.1 ~Pur ose:

Parcae Date

7 6/4/80
8 6/4/80
-9 6/4/80

~Pa e Date

10 6/4/80
11 6/4/80
12 6/4/80

This procedure provides instructions for performing a 48 hour endurance test
on each Auxiliary Feedwater Pump.

3.2 Test Acce tance Criteria:

Test acceptance criteria shall include a demonstration that the pump remain
within design limits, and that the pump area ambient conditions of
temperature and humidity do not exceed environmental qualification limits
for safety related equipment in the room. In addition, it shall be
demonstrated that the pumps can be shutdown, allowed to cooldown, rest'arted,
and run for one hour-

3.2. l Pump flow and head (at design) to be compared with the manufacturer's
curve.

3.2.2 Vibration not to exceed 3 mils.

3.2.3 Hearing temperature not to exceed 160' (pump) and 180' (turbine).

4.0 Precautions and Limits:

4. 1 Test only one auxiliary feedwater pump at a time to minimize reactivity
addition to the core.
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6/4/80

4.2 Monitor reactor power to ensure that it is maintained at or below 1005
during this test.

4.3 Monitor steam generator levels closely when an auxiliary feedwater pump is
started, to insure that the steam generator water level control system
maintains programmed -leve'is.

4.4 The auxiliary feedwater pump turbine will trip on,overspeed at 6500 rpm.

, 4.5 The auxiliary feedwater pump steam supply valve motors (MOV-*-1403, 1404,.
1405) will trip on overcurrent.

4.6 The auxiliary feedwater pump should be stopped by manually. closing the steam
supply valves (MOV-~-1403, 1404, 1405). As the pump slows down, trip the
turbine overspeed trip valve- Do not allow pump to coast to a stop before
manually tripping, as damage may occur to the water lubricated pump
internals. Tripping the pump overspeed trip prior to securing steam supply

may cause safeties to lift.
4.7'he operator at the auxiliary feedwater pumps shall remain in the area

of'heauxiliary feedwater pumps and maintain communications with the control
room until all auxiliary feedwater pumps have been reset for standby
operation. This operator is also to trip the pump (upon the Nuclear Plant
Supervisor or Nuclear Watch Engineer request) if the operating unit trips-

-4.8 The following interlocks exist in the auxiliary feedwater system:

4.8.1 The auxiliary feedwater pump steam supply valves (tlOU-*-1403, 1404,
1405) open on initiation of safety injection, low Iow level in any
steam generator, automatic trip of both feedwater pumps, loss of
voltage on both 4160 volt busses, or manually.

4.8.2 Air to operate the auxiliary feedwater to steam generator control
valves (CV-+-2816, 2817, 2818, 2831, 2832, 2833) is supplied when the
steam supply valves (HOV-*-1403, 1404, 1405) commence opening-

4.8.3 When auxiliary feedwater pump steam supply pressure as determined by
PS-2312, 2313, and 2314 increases to 110 psi g, the auxiliary
feedwater steam supply pressure control valves (CV-3705, 3706 and
3707 respectively) open to supply steam to the auxiliary feedwater
pump turbines at 300 + 20 psi g, and SV-2823, 2824 and 2825 open to
supply service water to the turbine lube oil coolers.

4.9 Prior to removing a pump from service, operability of other pumps shall be
verified-

4.10 When a pump is to be put back into service after maintenance it shall be
tested to verify its operability.

5.0 Related S stem Status:

5.1 The condensate storage tank is available to supply water to the auxiliary
feedwater pumps. Condensate storage tank level is in the normal operating
band, and all instrumentation and alarms are operable.
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6/4/80

5.2 The service water system is lined up to supply cooling water to theauxiliary feedwater pump turbine. lube oil coolers.

5.3 The 480 volt motor control centers 3A (4A) Turbine Area, 3B (4B) Reactor
Area and 3C (4C) Fuel Area are'nergized.

6.0 References:

6.1 Operating Procedure 7304.1, Auxiliary Feedwater System - 'Periodic Test

6.2 NRC Letter of December 3, 1979, (Subject: Auxiliary Feedwater Pump
Endurance Test), Telecopy of January 25, 1980.

7.I! ~d

A completed copy of this procedure shall be routed to the Technical Departmentfor analysis, and shall be retained after the completion of the analysis.

8.0 Instructions:

Each auxiliary feedwater pump shall be operated for at least 48 hours in
accordance to this procedure. Each pump shall then be shut down and cooled off,restarted, and operated for an additional one hour.

INITIALS

8.1

l~t.< 8.2

Obtain permission from the Nuclear Plant Supervisor and/oi Nuclear
Match Engineer to start the test.

Station an operator in the area of the auxiliary feedwater pumps and
establish communications with the control room. The operator shall
remain in the area of the auxiliary feedwater pumps in case there is a
need to return the pumps back to service iranediately. The operator
shall -not leave the area until all the auxiliary feedwater pumps have
been reset for standby operation. This operator is also to trip the
pump (upon the Nuclear Plant Supervisor or Nuclear Match Engineer
request) if the operating unit trips.

c~, P.,5, 8.3 Sufficient instrumentation shall be available to obtain the data
required to verify that the acceptance criteria have been met. Verify
calibration for all the instrumentation used-

~EA 8.a Perform the foi1owiog for each auxiliary feedwater pump:

INiTIALS
A B C

F

8.4el Verify that the service water sy'tem is lined up to supply the
auxiliary feedwater pump lube oil cooler.

8.4.2 Verify normal oil levels in the lube oil sumip and governor oil
sump.
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6/4/80

INITIALS
A 8 C

s

8.4.3 Verify that the free blow valve and the inlet valve, outlet
valve, and the bypass valve around the steam trap associated
with each auxiliary feedwater pump are open. r

8.4e4

jffipi~fm 8.4. 5

p8-4. 6

8.4.7

Z<8A ~a~~ 0 8.4.8

+HA~ 8.4.5

Verify that the turbine condensate drain valve and the steam
exhaust line drain valve are cracked open.

Obtain the initial data on the data sheet and record.

Manually trip the turbine overspeed trip valves to the
auxiliary feedwater pumps not being tested.

NOTE: if a pump has aiready been tested and naw the test's
being perfarmed on the second or third pump, just
verify that overspeed trip valves to the pumps not
being tested are tripped.

Install a manual speed controller on the governor and set at
approximately 10 Ibs air pressure.

Nuclear Control Center Operator position the valve control
switch for MOV-~-1403, 1404, and 1405 to the open position.
Verify that the position indicating lights operate properly.

NOTE: iionitor reactor power and maintain at or beIow 100r.

0 erator in the auxiliar feedwater um area verify (for pump
being tested that pump di scharge pressure incr eases as
turbine comes up to speed and that lube oil and steam supply
pressures are normal.

:i%&~ 8.4.10 Operator at the um and Nuclear Contra'I Center 0 eratar, if
any abnormal condition occurs secure the supply steam, then
trip the turbine.

8N gglr 8.4.11
4

2gl+ ~<i E 8.4.12

Nuclear Control Center ODerator ensure that steam generator
programmed levels are maintained as auxiliary feedwater flow
is supplied to the steam generators. Decrease load (if
necessary) to balance Tavg and Tref.

In addition to obtaining flows of 200 gpm to each steam
generator, adjust pump speed to 5900 rpm and slowly close
recirc valve 177 (277, 377) for pump A (8, C) to the
condensate storage tank.

~AS ~7'1&8.4e13 Operator in the auxi'Iiary feedwater, pump area close the free
blow valve and the bypass valve around the steam trap when the
steam supply line has been warmed up and is free of moisture.

Readjust flows and speed to above required values, if
necessary. Maintain the flow at 600 GPll and speed at 5900 rpmi
for'2 hrs and record data at specified time in'terval on the
data sheet.
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IINITIALS
A 8 C

EPQ 24~ 8.4.15

ECiD ~l+ 8.4.18

80TE. I: The test coordinator and/or the STA sha11 be. present
by the pump unti1 the hand loader is removed, and
recirc valve is opened. He is to be in contact with
the Control Room, to assure tripping the pump upon
the request of Nuclear Plant Supervisor or Nuclear
Hatch Engineer if the operating unit trips. 4.

NOTE 2: If complications arise due to condensate reject-
prob'lems or any other cause, the,.flow may be
decreased. But at same time during the .test, there
shall be two. hours of continous 600 gpm flow

'eliveredto the steam generators.

After at least 2 hours of operation, cautiously close the
valves regulating the air pressure to the turbine generator..
Assure that governor is. controlling the pump speed at
approximately 5900 rpm. Then open the valve and reduce the
speed to about 5700 rpm.

Reduce the total flow of 150 gpm, and set the speed so that
the pump discharge pressure is approximately .125 psi above the
main steam pressure. Record:

8 0

Di scharge Pnessure, et'$745
Main Steam Pressure 7'9'S,

q Speed ~coo ~/ye
FIyT 5tsC+<O ~ pre'.55VB ek. Za. o

TOTAL FLOH ~/cs /5 0

EAO ll/lO 8.4.17 0 crater at the a xuiliar feedwater umo area open recirc
valve 177 (277, 377) from A (8, C) jump to CST.

~A 'Jl I& 8.4.18 increase the total f1ow back to 600 Bpm, and the speed back to
approximately 5900 rpm. Remove the hand loader from the
governor and return to original connection.

EAD jU&8.4.IB

/

EAD 54A 8.4-20

8.4.21

~KAQ .BAR 8.4.22

Oecrease the total flow to 150 gpm (Note pump speed
decrease). Run the pump in this mode for the remaining 46
hours and record data at specified time interval on the data
sheet.

Nuclear Control Center 0 erator close MOV-*-1403, 1404, and
1405 to stop the steam supply.. 0 erator at the auxiliar
feedwater um area stop the ooerating pump by manually
tripping the overspeed trip vaI'v'e '(as .MO'l-1403, 1404, and 1405
close).

Open the free blow valve and the bypass raI ve around the steam
trap.

Operator at the auxiliary feedwater pump area reset the
overspeed trip valve on the pump to be tested nexte Leave the
overspeed trip valves to the pumps not being tested in the
trip position.

.I
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INITIALS
A 8 C

~E Q ~E 8.4-23

QB EAO~A 8.4.24

Complete steps 8.4.1 through 8.4.20 for the remaining
auxiliary feedwater pumps.

Allow the pump(s) to cool down until pump temperatures reduce
to within 20 F of their values at the start of the 48 hour
test and at least 8 hours have elapsed. Record the required
data then restart the pump. Assure the pump delivers 600 gpm
within 3 minutes.

Time to deliver flow:
/J'

Pump ~ ~> 8 Pump C Pump: f Zl

KAO ~L~F 8.4.25

Operate the pump in this mode for one hour and record the
specified data after the hour is up.

NOTE 1: Free blou valve and the bypass 'valve around the
steam trap are to be closed during the pump run and

'open after stopping the pump.

NOTE 2: This step nay be performed before step 8.4.22.

Nuclear Control Center Operator and Ooerator at auxiliar
feedwater area stop the pump per step 8.4.20.

~A( 8.4.26 Nuclear Control Center Operator reset HC-*-2816, 2817, and
2818 to zero 50 percent va'tve position.

t:"AO gAQ ~g 8-4.27

E~~E) ~a 8.4.28

Reset all the auxiliary feedwater overspeed trip valves, and
leave the system ready for standby operation.

A second operator is required to verify that all the
pumos'ecirculationvalves are open, the overspeed trip valves are

reset, the free blow valves and the bypass valves around the
steam traps are open, and the system is ready f'r standby
operation- Initial upon verification.

Q~AQ~~p 8.4.29 Notify the Shift Supervisor upon completion of the test.
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DATA SHEET

6/4/80

Auxiliary Feedwater Pump "A"

Pump Start Time: 8'+ A + &/+~/S'+
>by-3 9: A-A~

DATA
SET

INITIAL
AFTER START

HOUR 2
HOUR 4
HOUR 8
HOUR 12
HOUR 16
HOUR 20
HOUR 24
HOUR 28
HOUR 32
HOUR 36
HOUR 40
HOUR 44
HOUR 48
Cooled
&'j~ hours
after sto
RESTART

AllBIEHT
TEMPERATURE (F)

INST. NO.: A,4D~Di)
CAL. DATE:/zh/

SPEED

(RPM) ~3~A
IIIST. IID.: 4 @go

CAL. DATE: a./~/ ao

5-/s-0

TOTAL FLOW GPM

F I-$ -1401 5/jy)g
F I-g-1457 s /egin
F I- 3-1468m-/ig

CAL. DATE: ~

SUCTION
PRESSURE

(PSIG)
GAGE NO.; 4d/W
CAL. DATE: a f~

l'7

'ISCHARGE
PRESSURE

(PSIG)
PI-1429

CAL. DATE: ro™/J'o

PUMP

TOTAL
STATIC
HEAD

INITI

EAD

1 Hour after
restart s-/~P g6a /pe FAO

The specifications for the AFN pumps require them to be suitable for outdoor installation in an area subject to the
affect of severe sea coast weather conditions including hurricane winds and torrential rains, high ambient temperature

'ndhumidity. Therefore, the acceptance criteria for ambient temperature and humidity for this test is not applicable,
and no humidity data was t en,

Data Reviewed by Date ZQ
/
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DATA SHEET

6/4/80 ~

Auxiliary Feedwater Pump "A"

DATA
SET

INITIAL
AFTER START

20 Min
40 flin
60 tlin
HOUR 2
HOUR 4

i{OUR 8
i{OUR 12
HOUR 16
HOUR 20
i{OUR 24
HOUR 28
{{OUR 32
HOUR 36
i{OUR 40
{{OUR .44
HOUR 48

tlAIN STEAM
TEf1P.

(F)
STEAM
.TABLE

PRESS. psi g
PI-1416
CAL.
DATE:>/s~/ED

STM SUPP.
PRESS.
(PSIG)
PI-3705
CAL.
DATE: ~l~s/

VIBRATION (tlils)
INSTR. NO.: 2eOS~G
CAL. DATE: ~/r

PUMP TURBINE PUMP TURBINE
INB. OUTB.

H V

IHB. OUTB.
H Y A IHB. OUTS. INB. OUTB.

BEARING TEMPERATURE (F)
INSTR. ND.:~Sieur I
CAL. DATE: a zzf o LUBE OIL

PRESSURE

COOLER DISCH.
> 15 PSIG

INITIALS

Cooled
hour

after sto
RESTART

1 ffour after
restart

750

730

SIO-V
5 c7-0

5 07-)

e3

0) ~ g zl

~8 36

~ 6'2 .

~ 73 .z$

~ ) ~
J 3

.V .2$ 8 74
~ / - rS™ O'P'sg

c
Data Reviewed by Da{;e



Auxiliary Feedwater Pump "8"

pump Start Time: 7'po ~~~ e~>/ip~

SPECIAL TES> ST-80-04; PAGE 9
AUXILIAEiYFEEOEsATER PUMPS - ENDURANCE TEST

DATA SHEET

6/4/80

ps'/rgb
g„go-P
s~ P~

DATA
SET

INITIAL
AFTER START

HOUR 2
LOEl FLOW

START
EEOUR 4
I.lOUR 8
HOUR 1'2

HOUR 16
HOUR 20
HOUR 24
HOUR 28
HOUR 32
HOUR 36
HOUR 40
HOUR 44
HOUR 48
Cooled

e

5

after ate
RESTART

1 Hour after
restart

ANDIENT
TENPERATURE (F)

INST. NO.: AE-<ot'-$
CAL. DATE: r-z.y40

90

SPEED 1<zpA
{RPN) 8e~.e,l:

INST. NO.: sl.boM
CAL. DATE: Z-z.t-go

+» yQ

Ao

-'O

TOTAL FLOll GPN

F I- -1401 s'- 3-~~

FI 1457 ~-t>-vo

F I- -1458 5"'"-+
CAL. DATE:~

/. 0

eOO

Co<

SUCTION
PRESSURE

(PSIG)
GAGE NO.: FT.-E><
CAL. DATE; y-IZ-8<

%0 g
/)-c
/

2o5

/g.o
/r- JS

DISCHARGE
PRESSURE

(PSIG)
PI-1430

CAL. DATE:2 R-P~

//to

a 7S

PUMP

TOTAL IN ITIAt
STATIC
HEAD

//7Z 5'RA
/Z/s 8 8

.pg„- EAD
eiVZ E EO

PVM'u
'/2.o

83'la 5

8VI-X
8V(~" ':

S'he

specifications for the AFll pumps require

totem

to be suitable for outdoor installation in an area subject to the affect
of severe sea coast weather conditions including hurricane winds and torrential rains, high ambient temperature and
henidity. lherefore, the acceptance criteri for ambient temperature and humidity for this test is not applicable,,and no
humidity data was taken,

's ~ ggData Reviewed by Date r ~ S 2 /5 J<
C o
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Auxiliary Feedwater Pump "B"

thAIH STEAM
PRESS. psig TEMP.

Pr-141> (F)
CAL. STEAM

UHTP: +/ 34 IRBLE

DATA
SET

HO7 i
5~7 7

INITIAL
AFTER START 90

07.120 tlin
40 tlin
60 Min
HOUR 2

0
$ 0/30

o7./30
Lolt FLO~t

START
llOUR 4
HOUR 8
HOUR 12
HOUR 16
IlOUR 20
HOUR 24
HOUR 28
HOUR 32
HOUR 36
HOUR 40

50
.5/O. J

HOUR 44
1K'OUR

48 .s >./
Cooled

+ Std hours
after sto
RESTART

1 Hour after
restart

Data Reviewed by

SPECIAL TEST ST-80-04, PAGE 10
AUXILIARYFEEDltATER PUMPS -,ENDURANCE TEST

DATA SHEET

BEAR I tlG TEMPERATURE F

INSTR. NO.; AliVog. ~~
CAL. DATE; s-zs-go

VIBRATION lli1 s
INSTR. HO.: XR9 30~
CAL. DATE: -IP-Z<

STM SUPP.
PRESS.
(PSIG)
P 1-3/06
CAL. Q~/g
URt'E: p

LUBE OIL
PRESSURE INITIALS

COOLER DISCH.
> 15 PSIG

PUMPP Ut«lp TURBINE TURBINE
INB. OUTB.OUTB.IHB.

OUTB. INB. OUTB.A INB.V H V
~0Z .O'L

~ Vv 3
~ Qt ~ QZ

Ll
.85 p z.

'1/
.02 »OI

» L'«

~ '>
~ et>3

.z4 .3i >l.2 I
s/

.g.i ~$ «/3

~ Ig /<< /4.
/o« /N

JOg

~ 2 «J
« I

«p~ 7

/2/ 202.t /d4

~ i-I ~ Lt~Ig4 ««

-2t 17.2'Z8

/Y -1<

~ > -g/,I 2

~iP /8 .d
g «g5

/o
t7 /OZ

~'l-'77
9' jg« /3

fan/'7—

~ IS~ p
~ ls ~ Ef r'2.

Y
~ $

)3
i; og

/oh')7

.z7 f3 /427$ «« ~

«\f

~ is/ "SC /g.s/n

iZ -s Ig zs4 « 7 /0~«f/ ~ It«

~ f
~
'Lc

3Co ~ ) "" »l.~ ~s''r
~3)''-" (4'/.gz- '5t ~f)

Date C «» t»



* SPECIAL TEST ST-80-04, PAGE 11
~ AUXILIARY FEEDWATER PUi')PS - ENDURANCE TEST

'ATA

Sl<EET.

Auxiliary Feedwater Pump "C"

I I
Pump Start Time: B. + Al ~(~/ ~~~

6/4/80
~ '

(a: -'j-

DATA
SET

INITIAL
AFTER START

HOUR 2
LOW FLOW

START
IlOUR 4
flOUR 8
flOUR 12
llOUR 16
flOUR 20
HOUR 24
HOUR 28
HOUR 32
HOUR 36
IlOUR 40
flOUR 44
HOUR 48
Copied

u S)2.. bour
after sto -.

RESTART

AMBIENT
TEMPERATURE (F)

INST. NO.:Au4P ~

CAL. DATE:5-zS-Ro

SPEED Isis
(RPlk) ~a"

~'NST.NO.: stdN "~~

CAL. DATE:S-~>-~~

0QO

TOTAL FLOW GPll}
F I-. -1401 <-»4'
I- -1457 s-o4

F I- -1458 S-ir-5
CAL'. DATE:

r$0

SUCTION
PRESSURE

(PSIG)
GAGE NO.: /cga
CAL. DATE; y g P0

20,

ZO

-3

DISCHARGE
PRESSURE

{PSIG)
PI-1431

CAL. DATf.'; 2-4-Pd

PUt<P

TOTAL
STATIC
JEHU

INITI

//7 8am

83l

83f..s ZM
8@A

~~6 S

8'$

'7 PR
X-2- Clh

837

C

I
l
1

1 Hour after
restart 8

The specifications for the AFM pumps require them to be suitable for outdoor installation in an area subject to the affect;
of severe sea coast weather conditions including hurricane winds and torrential rains,. high ambient temperature and .

'unidity.Therefore, the acceptance criteri for mbient temperature and hunidity for this test is riot applicable, and no
humidity data was taken.

I

Data Revie>ied by .. Date .0
/
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DATA SflEET

6/4/I

Auxiliary Feedwater Pump "C"

DATA

SET

tlAIN STEAN
TEf'iP.

(F)
STEAf1
TABLE

PRESS. (psig)
P I-1418
CAL.~
DATE: AC

STN SUPP.
PRESS.
(PSIG)
PI-3707
CAL.
DATE;z-z-

INB;
H Y

OUTB. INB. OUTB.
H V A

VIBRA1 ION tiil s
INSTR. NO,: Z80, Zo&
CAL. DATE: 8-I/-.PO

PUf<P TURBINE PUMP TURBINE

INB, OUTB. INB, OUTB.

BEARING TEI1PERATURE F

INSTR, NO.: A.No~ Ng
CAL. DATE: m-Zo LUBE OIL

PRESSURE

COOLER OISCH.
> 15 PSIG

INITIALS

I N I1 IAL
AFTER START

20 flin
40 Hin
60 flin

730
730

785

SOV.7
5'o7.7
so7.7 3>
<0/.o 37K
Sd~.7 375

o'I .ol

~3Q, g

~ .0

~ 3 IZ ~ 5

z, /a
~ Z/.SZ

0 0 O/
'3 /7 5<
2- 8 .3l
3PZI s
21I 2,

/po '/Oz.

7 /og
/o/ /of

//3

//3

20

flOUR 2
LOW FLOif
START

5o7.0 37o ~ 2

~ZE

'ZI .52.

~Ã $8

~ 2 ~Z 1'/

.zg ~

9/ /P1

/oR
HOUR 4
llOUR 8
HOUR 12
HOUR 16.
flOUR 20
HOUR.. 24
IIOUR .28
HOUR 32
HOUR 36
llOUR 40
HOUR 44
HOUR 48
Cooled

. hour
after sto
RESTAffT

1 flour
after'estart

gO-

7go

+70

70

0. 37$
70

s/a.

378

SID Q

sI~ I . Ã>
37K)

-2- -Z.
~2

~ 2
~2 gf
2'L

~23
'

Z7
~ Z7

.z> .zf
~~ 2'7

~ .I ~I /
~ w./P
~ 2S ~ /

~ /g

~ I

AD)5')

~ Z.E .

.25 .2-
.2~i .Z
~ 24 ./8
-zc .i/'
2V

~Z2 ~

'27 i)o

~ ZB ~

~ 2P .0
~~W ~

~ 2 ~

~ 27 i5/
~Zif ~

'hg/

~f5'f
39 .7

,Q3 a Q'0 ~

Z e27

~
'0

1'Q
.R.zs 3f
25'ff '3&

~ '\$ 7 0 g

~z/
2o

'iI..cS

.Ig
,>2..'I, f,

~ 37 '5 p</ /oo,

$$ /oI-

l7 /04
/o

/0

'P /4')

/OO /0E

n0

pO

Data Reviewed by ..", . Date

/.
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