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LEGAL NOTICE -

_,

.

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED
BY COMBUSTION ENGINEER!* 3, INC. NEITb5R COMBUSTION ENGINEERING-

,

NOR ANY PERSON ACTING ON ITS BEHALF: .

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR*

PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURACY,-

COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHOD,
OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE PRIVATELY
OWNED RIGHTS;OR

B. ASSUME 0 ANY LIABILITIES WITH RESPECT TO THE USE OF, OR FOR
DAMAGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
METHOD CR PROCESS DISCLOSED IN THIS REPORT.
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1.0 PURPCSE
'

The purpose of this report is to verify the conclusion of CE Topical

Report CENPD-201-A, Reference 4.1, i.e.,the System 80 Reactor Coolant

Pumps are capable of operating without component cooling water (CCW)

for 30 minutes without sustaining serinus damage.-

.

2.0 INTRODUCTION

CENPD-201-A analyzes the performance of the reactor coolant pump (RCP's)

upon loss of CCW. The analysis shows that the most critically loaded

component in the pump assembly is the oil lubricated pump thrust bearing.

If this bearing is not adequately cooled and lubricated, the bearing

could be damaged and thereby affect pump coastdown capabilities. The

calculations performed in CENPD-201-A indicate that the bearing oil

sump temperature would reach 2400F 30 minutes after a loss of CCW. The

report concludes that at approximately 2400F oil sump temperature, the

oil film between bearing sprfaces will be maintained and the bearing

will not sustain any damage.
.

The NRC review of CENPD-201-A accepted the conclusions of the report

with the condition that CE demonstrate that with loss of CC'4 to the

pump thrust bearing, the pump will continue to function without bearing

damage which could affect pump coastdown.

As part of the loss of CCW test program, the NRC also requested that CE

demonstrate that with loss of CCW to the pump seal assembly, the pump*

will continue to function without seal leakage in excess of design

limits.

Page 4 of 18
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3.0 TEST PROGRAM

3.1 Loss of Component Cooling Water to Pump Thrust Bearing

.

3.1.1 Description

This test was run as part of a 50 hour performance test at CE-KSB on
-

a production reactor coolant pump assembly. The test loop utilized is

a closed loop designed to operate at normal plant operating pressure
.

and temperature.

The upper thrust bearing which has been identified as the most severely

load bearing has seven (7) pads. Six of the pads had thermocouples:

installed at the interface between the babbitt and the base metal.

Thermocouples installed in this manner provide an accurate measure of

pad babbitt temperature. However, this method can not be used as a

permanent installation because of the possibility of local blowout when*

the babbitt is hot and under pressure. The seventh pad had a RTD in-

stalled in the base metal in the same manner as is done on every production
.

RTD's were also installed in one lower guide bearing pad, one uoperpump.

guide bearing pad and in the oil reservoir. Table 1 lists this instrumen-
'

tation along with other related instrumentation used for the test.

The reactor coolant pumo was started and the test loop went through a

normal heat up stabilizing at approximately 5650F and 2175 psig.

The component cooling water was set at a minimum temperature of 680F.
.

The loop flow control valves were set to the design flow rate.

Page 5 of 18
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At approximately 18.5 hours after start up, the cooling water flow

to the thrust bearing oil cooler was isolated. All bearing RTO's

and thermocouples were recorded at 2 minute intervals. After an

elapsed time of 30 minutes. cooling water flow was re-established to
,

the oil cooler and bearing temperatures were allowed to stabilize.
.

3.1.2 Results

The results of the test are shown in Figure 1 for the thrust bearing

thermocouples. Figure 2 is a plot of the bearing RTD sensors,

reservoir oil temperature, cooling water flow rate and temperature.

Figure 1 shows that the highest thrust bearing pad temperature

measured after 30 minutes was 283 F (TCPL 5); the lowest pad tempera-0

turewas2670F(TCPL6). The variation in pad temperature is due to the

different loading on each pad caused by manufacturing tolerances on

baboitt and pad thickness and bearing alignment (levelness). The

bearing reservoir oil temperature reached 2350 after 30 minutes. As

expected the upper and lower guide bearing temperatures (RTO's) reached

lower temperature levels than the upper thrust bearing RTD, i.e. 2400F

(T007)and229F(T006)versus2610F(T008).0

Recognizing that the loss of cooling water test was run at 680F

initial CCW temperature and that the range of CCW temperatures for a

typical System 80 plant is 700F to 1050F, a calculation was performed

.

.
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to project bearing and oil temperatures for a maximum CCW temperature

of 1050F. The calculation, uses test data to establish initial oil

and bearing temperatures for 1050F CCW temperature and projects these
The

temperatures out to 30 minutes for a loss of cooling water event.

projection is based on the assumption that the oil and bearing tempera-*

tures for the higher cooling water condition run parallel to the test
.

data for the lower cooling water condition. This assumption is con-

servative since the heat load will actually be lower due to the slightly

lower oil viscosity at the higher oil temperatures.

The results of the calculation give a maximum oil temperature of'2450F

after 30 minutes of operation without cooling water. The corresponding

hottest thrust bearing pad temperature is 2960F which is below the 3000F
0The 300 F is a con-maximum pad temperature limit established by CE.

servative limit for the babbitt material since the threshold temperature

at which babbitt will deform is approximately 325 F. Oeformation is0

characterized by softening and creep of the babbitt material.

After the test, the bearings were inspected and found to be in good

condition with no babbitt damage and with only normal wear marks on

the bearing shoes.

3.1.3 CONCLUSIONS

The results of the test confirm the prediction of CENPD-201-A that the
0

bearing reservoir oil temperature will reach approximately 240 F after.

30 minutes of operation without component cooling water.
.
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CENPD-201-A and the NRC evaluation therein concludes that at a 2400F

oil temperature, bearing lubrication will be maintained and bearing

damage will not result. The results of the test and subsequent

bearing inspection support this since the pump ran for 30 minutes

without sustaining bearing damage.-

.

3.2 Loss of Component Cooling Water to Pump Seal Assembly

3.2.1 Description

This test was also run as part of a 50 hour performance test at CE-KSB

on a production reactor coolant pump assembly.

The arrangement of the shaft seal system is schematically shown in

Figure 3. The reactor coolant pump has redundant seal cooling systems;

the fjrst is the high pressure cooler and the seal (throttle) coolers

and the second is seal injection which is introduced upstream of the

high pressure cooler. Seal water temperatures are measured before and

after the high pressure cooler and in each of the seal assemblies. Con-

trolled leakage (staging flow) is also measured. Table 2 lists the above

cited instrumentation along with other instrumentation used for the test.

The test was initiated at 40 hours and 10 minutes into the 50 hour test.

The test loop was at approximately nonnal operating conditions of 5630F

and 2170 psig. Component cooling water (CCW) temperature was initially

29.3 C (850F) and seal injection water temperature was 300C (860F). Com-0*

ponent cooling water (CCW) to the high pressure cooler and seal coolers
,
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was isolated. Seal water temperatures (T001 through T005)were

" measured, particularly T005 which is the most critical because it

runs the hotest and it is the temperature in the last or top seal.

Controlled ieakage flow (F275) was monitored during the entire test.
.

3.2.2 Results

The results of the test are shown in Figure 4 which is a plot of

the seal temperatures versus time. When CCW was isolated,T005 was

" nitially at 400C (1040F). After approximately one hour and twentyi

minutes T005 stabilized at 600C (1400F). At that time seal injection

water temperature was raised from 300C (860F) to 39.50C (1030F) and

maintained until seal temperaturas stabilized. After seal temperatures

stabilized and approximately two hours and twenty minutes further into

the' test,T005stabilizedat700C(1580F). After five hours and eighteen

minutes component cooling was re-established.

Controlled leakage was measured througout the test and remained

essentially constant between 0.685 and 0.705 m3 hr (3.02and/

3.10 gpm) as shown in Figure 5. The nominal design value for con-

trolled leakage flow is 3.0 gpm with a maximum allowable value of

5.0 gp'm.

The nomal operating limit on seal water temperature is 700C (1580F)

with a maximum limit of 800C (1760F) at which time the pump should be

shutdown to prevent overheating the seal. The test results (Figure 4).

show that it takes an increenental change of 9.50C (170F) in seal-
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injection water temperature to raise the seal temperatures 100C (180F).

Based on this,the seal injection water temperature would have to be raised

to approximately 490C (1200F) before the maximum seal water temperature

limit of 800C (1760F) is reached.
.

Inspection of the seal assemblies after the test revealed that the
,

seals were in good condition and passed the manufacturer's seal

acceptance criteria.

3.2.3 Conclusions

The results of the test demonstrate that with loss of component cooling

water to the ptmp seal assembly,the pump will continue to function

without exceeding design seal leakage limits and without exceeding seal

temperature limits. This conclusion is based on providing seal in-

jection water to the pump at or below 1000F. If the seal injection

water temperature is initially at 1200F, the pump will have to be

shutdown as T005 approaches 800C (1760F),'however based on the slow

rate of temperature rises shown in Figure 4 the plant operator will

have far in excess of 30 minutes to initiate suitable action after a

loss of component cooling water.

The loss of CCW test for the pump thrust bearing, as described in

Section 3.1 and the loss of CCW test for the pump seal assemblies

were perfonned as separate tests in order to be able to fully control

and evaluate the tests. If the test had to be terminated before'

.
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30 minutes duration because of failure of the pump thrust bearing then

it would not be known whether the pump seals could have continued to

run for 30 minutes and vice versa.

Separate tests for the pump thrust bearing and pump shaft seals produce'

results which are applicable to complete loss of CCW to all pump heat
,

Unit:ss there is a gross failure of some component such asexchangers.

the purip shaft !eals or pump thrust bearing, the increasing temperature

in the pump oil reservoir does not affect pump operation, i.e. it would
Also, as longneither accelerate nor delay the pump shaft seal failure.

as there is no gross failure of the pump shaft seals, the increasing in-

stability of the shaft seal controlled leakage has no affect on operation

of the pump oil lubricated bearings.

4.0 REFERENCES

CE Topical Report, Performance of CE System 80 Reactor Coolant Pump4.1

with Loss of Component Cooling water, CENPD-201-A, dated March, 1976.

.

.
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TABLE 1

INSTRUMENT LIST

INSTRUMENT
TAG NUMBER DEVICE DESCRIPTION UNITS.

F403 Rotameter Cooling Water Flowrate Cubic Meters
to the Oil Cooler per hour

*

T006 RTD Lower Guide Bearing
CPad Temperature'' -

T007 RTD Upper Guide Bearing
CPad Temperature

.

T008, RTD
Thrust Bearing Pad

C,
Temperature

T009 RTD Reservoir Oil Temperature C

T400 RTD Cooling Water Temperature
Inlet to 011 Cooler C

TCPL1 Thermocouple Thrust Bearing Pad
FTemperature

TCPL2 Thermocouple Thrust Bearing Pad
FTemperature

TCPL3 Thermocouple Thrust Bearing Pad
FTemperature

TCPL4 Thermocouple Thrust Bearing Pad
FTemperature

TCPL5 Thermocouple Thrust Bearing Pad
FTemperature

TCPL6 Thermocouple Thrust Bearing Pad
FTemperature

.

Loss of CCW to Thrust Bearing

.

*

|
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TABLE 2

INSTRUMENT LIST

INSTRUMENT TAG NUMBER DEVICE DESCRIPTION UNITS

T001 RTD HP Cooler Inlet Temperature C~

T002 RTD HP Cooler Outlet Temperature C

T'003 RTD Seal No.1 Outlet Temperature C.

T004 RTD Seal No. 2 Outlet Temperature C

T005 RTD Seal No. 3 Outlet Temperature C

T225 RTD Seal Injection Water Inlet
CTemperature

F275 Rotameter Controlled Leakage Flow Cubic Meters
per hour

F225 Rotameter Seal Injection Water Flow Cubic Meters
per hour

Loss of CCW to Pump Seals

I

.

l
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