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As part of a self-initiated flow balance test on the Auxiliary Component Cooling Water
(ACCW) system, it was discovered that design basis flow rates could not be achieved
on ACCW Train B. In evaluating past operability of Train B, it was conservatively
determined that for several brief periods of time both trains of ACCW may have been
inoperable from an Essential Chiller supply function. The inability of ACCW Train B
to deliver design basis flow rates is apparently due to an inadequate system design

| from a Chiller supply function. Degraded Component Cooling Water (CCW) Heat
Exchanger (HX) performance, caused by biological fouling discovered in 1994, could
have resulted in inadequate ACCW flow to both Essential Chillers during an accident

,
'

concurrent with high ambient temperatures. Corrective actions for the inadequate
ACCW Train B flow rates include potential system design modifications and a review
of other safety-related fluid systems. Both trains of the ACCW end Essential Chilled
Water (CHW) systems currently remain operable. This condition did not significantly
compromise the health and safety of the public or plant personnel. The limiting
ambient conditions existed for only brief periods of time.
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| REPORTABLE OCCURRENCE

During accident conditions the operable Essential Chiller (Ells identifier KM)

condenser requires a minimum of 850 gpm of a maximum 105 F cooling water. If

CCW (Ells identifier CC) temperature is greater than 102' F then the supply is

switched to the ACCW system (Ells identifier BI) for cooling water. The required
design flow for ACCW during an accident is 5850 gpm. The shell side of the CCW

HX (Ells identifier CC-HX) requires 5000 gpm and the Essential Chiller requires 850

gpm. ACCW Train B system flow balance testing on April 11,1996 revealed a flow of

approximately 740 gpm to Essential Chiller B could be obtained with 5000 gpm l

through the CCW HX B. CCW Train B Temperature Control Valve, ACC-126B (Ells
identifier CC-TCV), was throttled down until 850 gpm was obtained to the Chiller. The

corresponding flow rate through CCW HX B was approximately 4500 gpm versus the

required accident flow rate of 5000 gpm. The same test performed on ACCW Train A |

revealed that Train A could provide its design accident flows. |

The above test results indicated that ACCW Train B could not achieve the required

system design flow rates. The maximum 5000 gpm design flow rate for ACCW to the

CCW HXs is based on worst case meteorological conditions. An evaluation was

performed to determine the maximum ambient condition that Ultimate Heat Sink

(UHS) (Ells identifier BS) Train B can perform its safety function with an ACCW flow i

of 4500 gpm through CCW HX B. This evaluation concluded that at a maximum

ambient temperature of 98 F dry bulb concurrent with the design basis 83 F wet bulb

temperature, the UHS Train 8 could dissipate maximum LOCA heat load with only

4500 gpm through CCW HX B. Since current ambient temperatures were less than

this maximum value, ACCW Train B was determined to remain operable. However,

since ACCW Train B could not meet its design basis flow rates required for worst

case meteorological conditions, a conservative 1-hour call was made to the NRC per

10CFR50.72(b)(1)(ii)(B). Since past ambient conditions were not readily available

|
and no indication of flow obstruction was evident, it appeared that the Ultimate Heat

j Sink, for some unknown period of time, did not have suitable redundancy.

Investigation into this condition indicates that ACCW Train B may never have been

NRC FORM 386A 14til
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able to achieve its design flow of 850 gpm to the Essential Chiller with a

corresponding flow of 5000 gpm to the CCW HX. This appears to be due to I

inadequate design.
!

Temperature data and equipment out-of-service (EOS) data for the past three years

were obtained to determine past operability of ACCW Train B. ACCW Train B was

determined to remain operable for UHS and Chiller supply functions at all times

subsequent to Refueling Outage 6 (RF6). A review of past CCW HX fouling data

revealed that the CCW HXs were found to be severely fouled during Cycle 6. A fouling
2factor of .0037 [1/(Btu /(hr Fft ))] was found to exist on CCW HX A and boroscopic

exams revealed similar fouling for HX B (Ref. LER 94-004). Design Engineering has

determined that with this fouling factor, at an ambient temperature of 94 F,4500 gpm

ACCW flow would be required to maintain CCW temperature at 115 oF. An ambient

temperature exceeding 94 F would require greater than 4500 gpm ACCW flow to the

CCW HX and result in less than 850 gpm to Essential Chiller B. Conservatively

assuming this fouling factor throughout Cycle 6, a review of temperature data from

January 1,1993 to March 4,1994 was performed to determine past operability. This

review revealed 18 instances when ambient temperatures exceeded 94 F. These

conditions existed for several hours a day on 18 days from 7/3/93 to 8/29/93. During

these periods, ACCW Train B may have been inoperable from a Chiller supply function.|

EOS data for ACCW Wet Cooling Tower (WCT) B Fans (Ells identifier BI-CTW-FAN)

and CCW Dry Cooling Tower (DCT) B Fans (Ells identifier CC-CTW-FAN) out of

service was also reviewed against ambient temperature data to determine other

potential low flow conditions to Chiller B. Three instances were identified that could

result in less than 850 gpm to Chiller B. Each of the low flow conditions above would

have degraded Chiller performance such that CHW Train B may not have been able to

j perform its design safety function during these periods. Each of the low flow periods
| were well within the TS Allowed Outage Time of 72 hours (only several hours each)

and thus would not be reportable. CHW Train A, ACCW Train A and Emergency

Diesel Generator A (Ells identifier EK) were available during each of these periods.

NRC FORM 306A M95)
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Further investigation revealed that at ambient temperatures exceeding 96 F, using
the as-found fouling from RF6 of .0037, ACCW Train A also would not have been able

to supply 850 gpm to Chiller A. Therefore at ambient temperatures exceeding 96 F,

performance of both Essential Chillers would have been degraded. Data on the

actual impact of the low flows on Chiller performance is not readily available, thus it is
conservatively assumed the degradation would have resulted in the Chillers not

performing their safety function. A review of temperature data revealed 6 instances of

ambient temperatures exceeding 96 F during Cycle 6, each for only several hours.
During these periods the plant is considered to have been in TS 3.0.3. This is

reportable as a condition prohibited by TS per 10CFR50.73(a)(2)(i)(B).

The 1-hour notification made en April 11,1996 was retracted on May 10,1996 as this

condition was determined to be not reportable at that time. The determination was

based on a 1994 memo which indicated that the severe CCW HX fouling did not occur

until late August,1993, and did not exist during the entire summer. The data used to

support the memo was Plant Monitoring Computer flow and temperature data for

specific dates in 1993. Subsequently, this data was located and reviewed by Design

Engineering. Although the data shows a progressive increase in fouling, it is

inconclusive in providing a point at which the fouling was within design. Thus for the

purpose of reportability, it is conservatively assumed that the fouling discovered

during RF6 existed during the entire summer and resulted in several instances of a

condition prohibited by Technical Specifications. This determination was made on
May 17,1996.

The low flow condition on ACCW Train B was also reviewed for reportability under

10CFR21 criteria. The condition was determined to not be reportable per this criteria

as it did not result in a substantial safety hazard as defined by 10CFR21.

NRC FORM 388A ISS51
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INITIAL CONDITIONS

At the time the ACCW Train B inadequate flow condition was identified, Waterford 3

was operating at approximately 100% power in Operational Mode 1 (Power

Operation). No Technical Specification LCO's were in effect specific to this event, nor

was any major plant equipment out of service specific to this event. The condition

was identified per performance of an ACCW flow balance test under Work

Authorization (WA) 01146595.

At the time the biological fouling of the CCW HXs was identified, Waterford 3 was at

0% power in Operational Mode 5 (Cold Shutdown) for Refueling Outage 6. No

Technical Specification LCO's were in effect specific to this event. CCW Heat

Exc.hancers A and B were out of service. This condition was identified per the

performance of Special Test Procedure 01120153.

EVENT DESCRIPTION
,

On April 10,1996, Condition Report (CR) 96-0543 was initiated which stated that

while researching throttle valves in safety related fluid systems as part of the

CCW/ACCW Action Plan, discrepancies were discovered to exist between the current

standby valve lineup in ACCW system operating procedure OP-002-001, and the

Startup Test for CCW Flow Balance and Pump Performance Test, SPO-36-002.

CCW Heat Exchangers A and B Outlet isolation Valves, ACC-127 A&B (Ells identifier

Bi-HX-ISV) were throttled 3-2/3 turns open and 4-1/2 turns open, respectively per

SPO-36-002. In OP-002-001 these valves are required to be locked fully open.

Upon this discovery, Site Directive W4.101, Operability / Qualification Confirmation

Process was entered. Cl-302506 was initiated to perform flow testing to verify that the

Essential Chillers were receiving the required ACCW flow rates. During ACCW flow

balance testing per Cl-302506 it was discovered that the required ACCW accident

flow rate of 850 gpm to Essential Chiller B could not be achieved while the required

NRC FORM 366A 14951
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5000 gpm is flowing through the shell side of CCW Heat Exchanger B. Also, when

flow to Essential Chiller B was adjusted to the required 850 gpm accident flow rate,

ACCW flow to the shell side of CCW Heat Exchanger B was recorded at 4524 gpm

instead of the required 5000 gpm. ACCW Train A accident flow to Essential Chiller A

and CCW Heat Exchanger A was determined to be satisfactory. The test performed

on ACCW Train A revealed a flow of approximately 900 gpm to Chiller A could be

achieved with 5000 gpm through CCW HX A. Also, with 850 gpm to Chiller A, a

corresponding flow rate of approximately 5300 gpm through CCW HX A was present.

Although ACCW Train B could not provide its design loop flow rates, ACCW Train B

was considered to remain operable due to current ambient conditions. CCW

Temperature Control Valves, ACC-126 A&B, will modulate to maintain CCW

temperature at 115 F during an accident. With an ambient dry bulb temperature of

less than 98 F, ACCW Train B can dissipate LOCA design heat loads and maintain

CCW temperature at 115 F with 4500 gpm of ACCW flow. With 4500 gpm flow

through CCW HX B, the required 850 gpm to Essential Chiller B will be provided, as

shown by testing.

As discussed previously, in reviewing the discovered low flow condition on ACCW

Train B, it was determined that for a number of brief periods during Cycle 6, ACCW

Train B may not have been able to provide 850 gpm to Essential Chiller B during a

design basis LOCA. The low flow condition combined with significant CCW HX

foulir;g which existed at that time may have resulted in less than design accident flow

to Essertial Chiller B when ambient temperatures exceeded 94 F. It was also

determined that ACCW Train A may not have been able to provide 850 gpm to

j Essential Chiller A during several brief periods during Cycle 6 when ambient

temperatures exceeded 96 F, due to the significant CCW HX fouling which existed at

that time.

NRC FORM 366A 14m
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|
CAUSAL FACTORS

The cause and corrective actions associated with the biological fouling of the CCW

HXs has been addressed in LER-94-004. LER 94-004 determined that the Ultimate

Heat Sink could have performed its safety function, but the affect of the biological i

fouling on ACCW flow to the Essential Chillers was not discussed in the LER.

The root cause of the ACCW Train B flows being less than design is inadequate

design and analysis. The original design of the Ultimate Heat Sink had the Dry
Cooling Tower providing cooling to the Essential Chillers. This is documented in

design specifications developed in the 1970's for the Ultimate Heat Sink Components.

These specifications specify a design accident flow rate of 5000 gpm for the ACCW

pumps and the Wet Cooling Towers which does not include the design cooling flow of

850 gpm for the Essential Chiller. After the development of the specifications, the

design accident flow rate was revised to 5850 for the ACCW Pumps and the Wet

Cooling Towers. The reason for this design change is uncertain but it appears that it

was determined that Dry Cooling Tower could not provide 105 F cooling water to the

Essential Chiller due to accident heat loads, therefore cooling to the Essential Chiller

during an accident had to be provided by the ACCW system. Calculation MN(Q)9-50,

"ACCW System Resistance", was performed to support this design change in early

1984. This calculation was used to determine if the ACCW system could provide the

850 gpm accident flow to the Essential Chiller and the 5000 gpm accident flow to the

CCW Heat exchanger. Calculation MN(Q)-9-50 analyzed ACCW Train A which is not

the most limiting train. ACCW Train B system configuration has higher system

resistance and current analysis indicates that ACCW Train B can not supply the

design accident flow rates to the Essential Chiller B and CCW Heat Exchanger B.

| This was also confirmed during flow testing. Calculation MN(Q)-9-50 concludes

| ACCW Train A can supply the design accident flow rates to the Essential Chiller A

: and CCW Heat Exchanger A. This calculation conclusion is consistent with the

results of the flow balance test performed on ACCW Train A on April 11,1996. There

is no record of ever performing a system resistance calculation for the ACCW Train B.

NRC FORM 308A 14 95)
~

__ _ _ _ _ _ - _ - _



.

NRC FORM 366A U.S. NUCLEAR REGULATORY COMMISSION
14 951

LICENSEE EVENT REPORT (LER)
TEXT CONTINUATION

FACILITY NAME (1) DOCKET LER NUMBER (6) PAGE (3)

NU B NUM
05000 OF

8 12
WATERFORD STEAM ELECTRIC STATION UNIT 3 382 96 - 007 00

TEXT (11 more space is required, use additional copies of NRC form 366A) (17)

Pre-operational test procedure SPO-36-002, Component Cooling Water (CCW) Flow

Balance and Pump Performmce Test did not contain acceptance criteria to ensure

5000 gpm ACCW flow throug % t'0W Heat Exchanger while 850 gpm ACCW flow

is supplied to the Essential Chiller for the train being tested. The procedure contained

an acceptance criteria for ACCW flow to the Essential Chillers be at least 850 gpm

which was accomplished by adjusting manual valves ACC-127 A&B until 850 gpm flow

rate to the appropriate Essential Chiller train was obtained. FSAR Table 9.2-1

|
specifies an accident flow rate through the CCW Heat Exchangers shell side of 5000

gpm while FSAR Table 9.2-3 specifies an accident flow rate of 850 gpm through the

Essential Chillers.

| Additional testing per WA 01146595 was initiated to determine the pressure
I differential at multiple locations in both the A and B Trains of ACCW in order to

determine if there was a flow restriction ACCW Train B that would explain why the

required accident flow rates could not be achieved in Train B while Train A was

capable of achieving required accident flow rates. No significant differences in

pressure drop across similar components could be discerned between ACCW Trains

A and B.

Valves ACC-127 A&B were throttled during the performance of SPO-36-002, however

during post-accident conditions it is not necessary for these manual valves to be in a

throttled position. Temperature control valves ACC-126 A&B, which are immediately

upstream of ACC-127 A&B, are capable of performing the same flow throttling. These
valves will modulate to obtain a flow of less than 5000 gpm (less than 4500 gpm at

ambient temperatures < 98 F) through the CCW HX to maintain CCW temperatures

! less than 115*F. This throttling will provide adequate head through the parallel

! Essential Chiller branch to ensure a design flow rate of 850 gpm to the Essential

Chillers.

For the design basis tornado event however, it will be necessary to either have valves.

ACC-127 A&B in the Start-up Test throttled position or take remote-manual control of;

valves ACC-126 A&B to provide sufficient back-pressure for the Essential Chillers to,

CRC FORM 308A (495)
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receive adequate flow. This is because the ACC-126115 F setpoint does not
automatically change in this scenario. During the first two hours of the tornado event,

the DCT is bypassed and all CCW system heat load is removed by the CCW HX and

the WCT. Without control room operator intervention, ACC-126 will attempt to

maintain CCW HX outlet temperature at its previous normal operation setpoint.

Attempting to maintain this setpoint, which is not necessary in response to this event,

could result in ACC-126 opening to a position that would allow ACCW flow through

the shell side of the CpW HX of greater than 5000 gpm. Since CCW HX outlet
temperature may exceed 102 F during this two hour period, Essential Chiller

condenser cooling may be automatically re-aligned to ACCW. In this case, sufficient

back-pressure may not be maintained in the CCW HX branch to ensure a minimum of

850 gpm flow through the Essential Chiller condenser.

IMMEDIATE CORRECTIVE MEASURES

A memorandum from Engineering to Operations has been issued which provides

guidance as identified in the W4.101 Operability Confirmation Evaluation for

CR 96-0543 to the Operations department. This guidance addresses the flow rate

limitations discovered in ACCW Train B during post accident and tornado scenarios,

and has been incorporated into a Standing Instruction.

The original architect engineer is presently reviewing the original design calculations

and test data.

ACTIONS TO PREVENT RECURRENCE

A Special Test was performed on May 21,1996 to determine the current performance

capability of CCW HX B. This test indicated that the fouling factor of the HX is

presently below the design fouling factor of .0020 such that less than 4500 gpm of

NR$ FORM 306A 4951
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ACCW flow would be required through the CCW HX to maintain CCW temperature at

115 F during accident conditions. Recent flow balance testing of ACCW Train B

showed that a corresponding flow of 850 gpm to Essential Chiller B can be achieved

with 4500 gpm through CCW HX B. Thus, ACCW Train B is considered to remain

operable for a design basis accident coincident with worst case meteorological

conditions.
.

Chemistry procedures are in place to control corrosion and biofouling in both the

CCW and ACCW systems. A performance trending procedure for the CCW HXs is

also in place to identify abnormal trends in HX performance.
|

|

| The ACC B Train will be modified as necessary to provide design accident flow rates

| to the Essential Chiller B Train and the CCW B Heat Exchanger.

A periodic flow balance test will be developed for the CCW and ACCW systems to

ensure that design accident flow rates are capable of being delivered to components

that are required to operate post accident.

System pre-operational test procedures for all safety related fluid systems will be

compared to Operations department system operating procedures to ensure that

valves which were throttled during testing are also throttled, if required, in the Standby

System Valve Lineup attachments.

In order to address generic concerns, a preliminary review of safety related fluid

j systems has been completed. This review consisted of reviewing safety related fluid

! system operating procedures to determine which ones have manual valves which are

f throttled. The systems with throttled manual valves were looked at further to ensure

that a flow verification procedure exists if required. The CCW system is the only

system that was identified during this review as requiring a flow verification procedure

where one did not already exist. Flow verification procedures for safety related fluid

| systems will be reviewed for completeness against FSAR requirements and

appropriate methodology.

I
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A review of safety related fluid systems for which there is no flow verification

procedure will be performed to determine the need for such a procedure. This review

will be based on the safety function and importance of the system and the potential for

flow degradation to not be detected by other means.

A method for ensuring sufficient ACCW flow to the Essential Chillers in the event of a

tornado strike in the DCTs will be established by either placing ACC-127 A&B in a

throttled position or manually positioning ACC-126 A&B from the control room.

Currently, required actions to ensure sufficient flow are included in an Operations

Standing instruction.
i

i SAFETY SIGNIFICANCE
!

The inability of ACCW Train B to provide design basis flow to Chiller B and the

| biological fouling of both CCW HXs discovered during RF6 did not significantly

compromise the health and safety of the public or plant personnel. The combination

| of these conditions, low ACCW Train B flow and CCW HX fouling and high ambient

temperatures, resulted in 21 instances in which CHW Train B may have been

inoperable and 6 instances in which both CHW Trains may have been inoperable. j
Each of the instances of potential Chiller inoperability were for a very short duration,;

j only several hours each. The probability of a design basis accident to have occurred

during one of these short periods is extremely low. Additionally, peak design accident

ACCW flow rates are only present for a few hours following an accident. Therefore, in

the unlikely event an accident had occurred, room cooling may have been degraded '

for a few hours, returning to design cooling when ambient conditions became more

favorable or accident heat load reduced. The ACCW Train B low flow and CCW HX

fouling conditions would not have affected the ability to maintain CCW temperature ,

1

below its design temperature during accident conditions. i
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SIMILAR EVENTS

As discussed previously, the discovery of biological fouling in the CCW HXs during

RF6 was reported in LER 94-004. LER 94-004 reported that the Ultimate Heat Sink

remained capable of performing its design accident function, but did not address the

effects of fouling on ACCW flow to the Essential Chillers. The effect of the fouling on j
flow to the Essential Chillers was not evaluated by engineering at that time.

Waterford 3 was also unaware of the low branch flows for ACCW Train B. This LER

(96-007) discusses the effects of the fouling, as well as an inadequate system design,

on ACCW flow to the Essential Chillers.
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