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2.0 PUMP GENERAL DESCRIPTION

The design of the recirculation pump incorporates mechanical shaft seal

assemb’ fes to control leakage around the rotating shaft of the recirculation
pump. The shaft seal design incorporates a series of seals, bushings and
bearings (Figures 2-1 and 2-2). Each pump has two seals built into a cartridge
assembly which can be replaced without removing the motor from the pump. Each

seal can adequately limit leakage in the event that the other seal should fail.

Even though General Electric uses two different recirculation pump configurations,
the seal designs are essentially the same. Both designs use hvdrostatically
balanced mechanical shaft seals. In addition, the seal chambers are cooled to

improve the performance and longevity of the nonmetallic parts.

ELach recirculation pump utilizes twe functionally independent seal cooling
systems:

(1) the RBCCW System, and
(2) the Seal Purge System.

Incorporated within the recirculation pump is a heat exchanger through which
reactor water flows from the pump cavity to tha lower seal cavity

(Figure 3-1). To cool this water, RBCCW is circulated through the heat
exchanger, thereby removing heat. The reactor water then is used to maintain

the recirculation pump seals at the correct operating temperature.

The purpose of the seal purge system is to prevent "dirt" from entering the
geal cavity. This is done by injecting clean water from the CRD system into
the seal cavity and maintaining the cavity at a pressure sufficient to prevent
"dirty" water from entering the cavity. Although the seal purge system is

designed to purge the recirculation pump seal cavity, it also efficiently pro-

vides a cooling function.

2-1
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3.5 CAVITY PRESSURE MONITORING

The pressure levels withir Seal Cavity Nos. 1 and 2 are measured with |
{dentical instruments arranged similarly. Only one circuit - Seal Cavity No. 1
pressure monitoring - will be discussed. The pressure within Seal Cavity No. 1

is measured using pressure transmitter PT1l. The transmitter is a pressure to
electrical signal converter that produces an output signal varying from

10 to 50 mA, whose magnitude is proportional to the sensed pressure within

its dynamic range. This output signal is then applied to pressure indicator

PI1 located on the control room main recirculation panel for plant operator

read out.
3.6 SEAL PURGE FLOW RATE MONITORING

Although each seal is designed to seal against full reactor pressure during
normal operation, each seal operates against approximately one half of the
reactor operating pressure. Pressure-reducing orifices, installed between the
seal cavities and on the outlet of the upper seal, restrict the flow of seal
leakage or purge water past the seals, thereby distributing the reactor pressure

between the two seals.

Seal purge flow from the second restricting orifice (4b) is drained and routed

to the drywell equipment sump for disposal. This drain flow is monitored by a
flow switch which will activate an annunciator to signal "'pump seal staging flow"
indicating abnormal flow past Seal No. 1. Depending on the size and make of

the pump, this switch can be adjusted from 0.75 to 1.25 gpm. Normal flow will
range from 0.6 to l.u gpm.

Leakage past the outer seal is collected by a second drain system. A bushing
in the pump case around the shaft has been provided to limit leakage in the
event of a gross failure of both seals. A flow switch in this drain line will
activate an annunciator to signal abnormal outer seal leakage flow. Again,
depending on the size and make of the pump, this switch can be adjusted from
0.05 to 0.5 gpm. Normal flow will range from near zero to 0.008 gpm., If
there is a gross failure of the upper seal, flow in this line will be about

1.4 gpm.
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Besides the flow switch annunciators, leakage to the drywell equipment sump

is monitored and recorded in the control room. The recorded leakage rate is

inspected at the minimum of every 24 hours as required by Technical Specifica~- |
tions. The plant licensing limit for total drywell leakage is 30 gpm of which 1
up to 5 gpm may be attributed to unidentified leakage. An increase in unidenti-

fied leakage as measured by the floor drain sump pump could be an indication of

failure to both seals. In any case, the operator is required to take specific

action if either of these limits are exceeded.
3.9 DRYWELL ATMOSPHERE MCONITORING

In addition to the seal leakage flow switches and drywell sump mc: :oring,
the atmosphere of the drywell is monitored. Gross seal leakage failucre may

lead to changes in:

(1) drywell pressure;

(2) drywell temperature;

(3) drywell humidity; and

(4) activity of the drywell atmosphere.
These parameters are monitored and recorded in the control room.
3.10 SEAL LEAKAGE OPERATOR ACTIONS
By relying on the seal leakage monitoring systems as described previously in
this section, plant operators are warned of impending seal failures and can
take appropriate action before gross seal leakage can occur. Upon indications
of seal degradation, operating plant personnel attention will be directed
tows'd ensuring that other limits such as plant technical specifications are
not exceeded. The plant licensing limit for total drywell leakage is 30 gpm,
of which, up to 5 gpm may be attributed to unidentified leakage. If violation

of this limit is not imminent and, since no threat to plant personnel or public

safety exists, reactor power operation is continued while the drywell sump

3=4
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flows, drywell pressure and drywell atmosphere are closely monitored. If
violation of limits is anticipated, procedures for an orderly shutdown and
pump isolation will be implemented. If limits are exceeded, plant shutdown
within specified technical specifications is required. During this period,

the reactor water level is maintained from the following sources:

Approximate Makeup

System Flow Available
Condenser and Feedwater Up to 5300 gpm
Control Rod Drive (CRD) Up to 100 gpm
Reactor Core Isolation Coolant (RCIC) 600~800 gpm
High Pressure Core Spray (HPCS) 1800-2800 gpm*

3.11 RECIRCULATION PUMP SEAL COOLING FUNCTIONAL INDEPENDENCE

Seal cooling for the reactor coolant recirculation pumps is provided by the |
Reactor Building Closed Cooling Water (RBCCW) system. The seal purge system,

which 1s part of the control rod drive (CRD) hydraulic system, also provides

cooling to the recirculation pump seals even through the primary purpose is

recirculation pump seal purge. If the RBCCW system failed to provide cooling

for any reason, the seal purge system would adequately cool the recirculation

pump seals for as long as required. These two systems are functionally independ-

ent and failure of one system will not lead to failure of the other system such

that recirculation pump seal failure will result due to loss of cooling water.

“he funciional independence of the two systems is manifest from the fact that,
although the two systems do provide a common function (seal cooling), the
designs are based on diverse requirements. Each of the two systems has a
completely independent piping system: the pumps, the piping and even the
water source: are completely independent. The CRD hydraulic system (the seal
purge) uses the condensate storage system as its source of water, while the

RBCCW system is a closed system which draws makeup from the demineralized

*At reactor pressure of 1040 psia.
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water system, Also, the powrr, control and inscrumentation required for the
two systems are independent. Based on the Nuclear Island CESSAR design,
power for each system is taken from different electric power busses. For the
Nuclear Island GESSAR design, the RBCCW system is connected to emergency
diesel power for all conditions except LOCA. As a result of the functional
diversity of the two systems the controls and instrumentation are also inde-
pendent. Diverse and independent instrumentation is used to monitor the

recirculation pump seal condition and each systems status.
Therefore, it 1is highly unlikely that any event will lead to failure of both

cooling water systems to operate or to the creation of a condition whereby

the system and/or seal condition instrumentation will fail to function.

3-6
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4.2 HYDRAULIC MODEL

Figures 4-1 and 4-2 {llustrate the model used for this application of RELAP-4.
The models simulate fluid volumes, interconnecting junctions and initial
conditions. The model for pump configuration No. 1 (Figure 4-1) contains the
pump casing, parallel flow circuit in the bearing area, recirculation rotor,
seal cavities, passages underneath seal faces, and the leakage line and last

passage between shaft and seal housing.

The model for pump configuration No. 2 contains similar components; namely,

the pump casing, throttle bushings, seal cavities, and passages underneath seal
faces (backup rings). The leakage lines and final restriction were not modeled
to simplify the analysis. Also, the actual pump design includes a multiple
pass heat exchanger between Volumes 2 and 3. This passage also was not

modeled.

In both analyses, the seal staging flow was not modeled. However, its leakage
was calculated by using relationship between pressure differential (4AP), flow

area (A), loss coefficient (K), and density (p), or:

ro

2
A® 48P

4.3 ASSUMPTIONS

The general configuration of the mechanical seals (Figure 4-3) for the BWR
configuration pumps consists of stationary parts and rotating or dynamic parts,
with actual sealing of fluid being achieved at the interface of the seal faces.
These faces are lapped and spring loaded to maintain contact at all times. The
rotating faces are tungsten carbide, the stationary faces are processed carbon
and the gaskets between the stationary parts are elastomeric O-rings. Typical
gross failure of the mechanical seals would consist of warpage, hairline cracks
(heat checks) and grooving of the seal 'aces due to excessive thermal gradients

and dirt.

o
1
o
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In order to develop a computer model, the complex failure mode of the seals
was simplified by assuming the seal faces are separated by 0.010 inch. The
0.010-1in. gap will account for any new flow areas created by cracks, warpage
or grooves in the seal faces. Due to the nature of the seal cavity, even if
the seal faces we-e fractured, the seals would remain captured in the seal
cavity., Since the fractured seals would remain in the seal cavity and are
spring loaded to maintain contact between faces, the 0.010-in. gap assumption

is more than adequate for modeling gross seal failure.

4.4 SUMMARY OF RESULTS

Utilizing RELAP-4, the calculated leakage rates in the event of recirculation
pump seal failure are 7.68 lb/sec and 7.17 lb/sec for recirculation pump con-
figurations 1 and 2, respectively (Table 4=1). Water will enter the first
throttle bushing as a single~phase fluid and will exit the last seal as an
expanding two-phase fluid at approximately 20% quality. Downstream of the last
seal, there are two possible paths for the leakage. A portion of it will leak
around the pump shaft intc the drywell, while the largest fraction will be piped
to the drywell equipment sump. It is estimated that only 33% of the leakage

will escape to the drywell volume and approximately 677% will go to the equipment
sump .

Table 4-1 also reports the volumetric water makeup requirements which would
be required to replace the corresponding leakage through the failed seals.
The volume at 420° represents the quantity of water required through the
feedwater system to compensate for loss of fluid through the failed seals.

The volume at 70°F would be the makeup required from ambient water sources.

4=3
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Table 4-1
RECIRCULA.ION PUMP LEAKAGE IN EVENT OF A GROSS SEAL FAILURE

Equivalent Makeup

Exit Requirement

Total Leakage Quality gpm @ gpm @

(lb/sec) (%) 420°F 70°F

Configuration No. 1 7.68 17.8 65,27 - 855443
Configuration No. 2 2:17 21 60.91 31.72

b4=4



LE K AT 14.7 psi AROUN

13 14
—‘—’Ej—.-—.- LEAK AT 14.7 ps

SEAL LEAKAGE
LINE

FLOW PASSAGE

UPPER SEAL CAVITY

FLOW PASSAGE

LOWER SEAL CAVITY

RECIRCULATION ROTOR

f
i SHAFT | 6 BEARING AREA

LOWER RESTRICTION

PUMP CAVITY




NEDO-24083

LEAK

SECOND
BACKUP 8
RING

JUNCTION INCLUDES
SEAL FACE

SECOND
SEAL 7
CAVITY

FIRST
BACKUP 6 Q  suncriow

RiNG [ l VOLUME

5) JUNCTION INCLUDES
SEAL FACE

FIRST SEAL CAVITY 5
THROTTL 4
BUSHING

3
CAVITY 3
2
THROTTLE
BUSHING 2
PUMP CAVITY 1

Figure 4-2, RELAP-4 Seal Model (Configuration 2)

L4=6H






NEDO-24083

5.0 CONCLUSIONS

In summary, failure of the recirculation pump seal cooling water will not result
in a safety problem. Through operatcr observation, system failures are diagncsed
and appropriate action will be taken to correct any problems prior to gross seal
tailure. Even in the case of extreme seal failure, the fluid loss is well within
the normal reactor water fluxtuations and will be compensated for by normal
vessel water level controls. Therefore, no potential hazard to the health and

safety of the public will resu't from failure of recirculation pump seal cooling
systems .

5+1/5=2




