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U. S. Nuclear Regulatory Commission Docket No. 50 317
Document Control Desk License No. DPR 53
Washington, D. C. 20555

i

! Dear Sirs:

The attached LER 90 05, Revision 0, is being sent to you as required under 10
CFR 50.73 guidelines.

Should you have any questions regarding this report, we would be pleased to
' discuss them with you.

% v truly yours,,

pi-. _

R. E. Denton
Manager

LSL/Ir

cc: William T. Russell
Director, Office of Management Information

and Program Control
Messrs: G. C. Creel.

C.11. Cruse
i, J. R. Lemons

L. B. Russell
R. P. lleibel
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In November 1989, a concern related to excessive noise apparently caused by flow was !
investigated in the Unit 1 Shutdown Cooling Heat Exchangers. The investigation
included testing and visual examinations of the heat exchangers and determined that

! the root cause of the condition was flow induced tube vibration which caused metal
| to metal impact at shell side flow rates above approximately 2500 gpm. The heat ex-
' changers were supplied in accordance with a specification which included flow rates

of greater than 4000 gpm. Due to the potentially significant safety consequences of
i failure of the heat exchangers, this condition was conservatively reported in accor-
' dance with 10 CFR 50.72 and 10 CFR 21. The condition has existed since original '

'startup of the plant, however visual and eddy current examinations of a Unit 1 heat
cxchangers tubes did not identify any damage attributable to this cause. Corrective

E cetions will include flow testing of the Unit 2 heat exchangers which are of a
slightly different internal configuration to confirm the conclusions made for Unit I
are applicable to that unit. In addition, flow through the heat exchanger shell
side will be administrative 1y limited to a level below that at which the metal to
metal impact occurs. Based on the lack of damage to the Unit I heat exchanger tubes
following extended operation in this condition, this event did not affect the health
and safety of the public.

|
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Event Descrietion 1

During original startup testing of Calvert Cliffs, a noise was observed coming from
the shutdown cooling (SDC) heat exchangers. The noise varied with the shell side ,

component cooling water (CCW) flow rate through the heat exchangers and was
investigated with the heat exchanger supplier and fabricator. The investigation
conducted at that time determined that the noise was typical for some heat
exchangers and did not affect satisfactory performance. The flow through the heat
exchanger wat however throttled to reduce the noise, ,

!

In July 1988, the throttled flow through the heat exchangers was investigated to !

provide better information to plant operators as to the proper shell side inlet
valve position. At that time, shell side heat exchanger flow was measured and used
to determine a throttle position (as a certain number of valve turns) based on
protecting the CCW pump from cavitation in a worst case flow condition (1 pump
through 2 heat exchangers). j

Since establishment of this inlet valve position, Operations and other plant staff
have expressed concern with the noise coming from the heat exchangers during
shutdown cooling operation. >

In November 1989, the source of the nois.e was again investigated. We determined
that the flow instrumentation, which was sized for 16 inch diameter pipe, had been
inappropriately applied to 18 inch ditmeter pipe while setting the heat exchanger
flow rates in 1988. This combined with a different pump / heat exchanger combination
allowed flow through the heat exchangers at higher rates than had previously been
historically used, but within the maximum design shell side flow rate. The
investigation noted however that the noise continued at a reduced level when flow ;

was lowered to previous rates. The source of the noise was investigated and ;

determined to he caused by metal to metal impact caused by flow induced tube
vibrations,

i

| On January 31, 1990 the control room was notified of a potentially reportable
i condition related to the source of the flow noise. The ability' of the heat
'

exchangers to continue to perform their safety function for an extended period at
the high flow rates through the shell side is indeterminate. At the time this
condition was recognized Unit I was in Cold Shutdown and Unit 2 had its fuel
removed.

Cause of Event

The cause of this event is a mechanical / structural deficiency in the shutdown
cooling heat exchanger design as supplied by the vendor. This was identified as a
result of improved understanding of fluid dynamics in heat exchangers. At the time
the heat exchanger was supplied, a certain amount of noise was considered acceptable
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in heat exchangers. Improved understanding of heat exchanger dynamics since
installation of this component contradicted this past practice and resulted in !

determination that the shutdown cooling heat exchangers could not be assured to :

perform their required function when operated at high flow rates within their shell
iside design capacity (4820 gpa),
i:Analysis of Event
!

This condition is'being conservatively reported in accordance with the requirements ;

of 10 CFR 50.73(a)(2)(v) as a condition that could have prevented the fulfillment of !

safety function of a system needed to remove residual heat and control the release {
'

af radioactive material. The condition was also reported in accordance with 10 CPR
50.72(b)(2)(iii) on January 30,1990 and 10 CFR 21 on February 2,1990. A written
report was submitted in accordance with 10 CFR 21 on February 6, 1990.

The shutdown cooling heat exchangers provide heat transfer from the Shutdown Cooling
'
,

and Containment Spray Systems to the CCW system. The shutdown cooling mode of
operation utilizes the Low Pressure Safety Inj ection pumps and piping, in

conjunction with the shutdown cooling heat exchangers, to remove residual heat from t

;the primary system to the CCW system. This mode of operation is used during normal
startups, shutdowns and refueling operations, when reactor coolant system pressures ,

and temperatures are below specified li' nits. It may also be used following certain
accidents which do not result in or from a large break in the primary system. The
heat exchangers would be aligned to the containment spray system following a large
break accident to remove residual heat from the containment structure. In each of ,

these alignments, the heat exchangers are necessary for the transfer of residual
heat away from the core and the control of radioactive materials present in the
coolant. ,

, .

'

The metal to metal impact caused by flow induced tube vibration which has been
observed in the heat exchanger is limited to flow rates greater than 2700 gpm. The
flow through the heat exchangers was limited to reduce the noise generated from the
time - of initial startup testing until mid 1988 when the new flow rates were
established. At that time the flow rate was increased into the range at which
increased metal to metal impact occurs. Based on our current knowledge of the

'phenomena, the ability of the heat exchangers to perform their safety function could
have been affected by this condition.

,The shutdown cooling heat exchangers operated at flow rates which cause flow induced
tube vibration. Since July of 1988, the flow rates were higher than in previous
years and an increased potential for damage existed. However, inspections of a Unit
I heat exchanger did not identify any damage attributable to the metal to metal
impacts evidenced by the noise coming from the heat exchangers.
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The inspections included visual examination of the tubes as well as eddy current ;

testing of a sample of 158 tubes (18%). No failures, corrosion, erosion or |

significant denting were identified. Based on the operation of the heat exchangers 1
for thousands of hours during shutdown cooling system operation with no evidence of j
significant damage, the ability of the Unit I heat exchangers to perform their j

required function was not threatened by the existence of this design defect.

Based on the lack of damage to the Unit I heat exchanger tubes following extended |
operation in this condition, this event did not affect the health and safety of the
public. j

;

Corrective Actions ;

1. Following discovery of the improper flow setting, flow was throttled to a point
at which the noise was reduced to limit imminent damage to the heat exchangers. ,

This assured availability of the heat exchangers in support of continued *

Technical Specification compliance with Unit 1 in cold shutdown. *

2. One of the two Unit 1 SDC heat exchangers was inspected visually and a sample of
158 tubes were eddy current tested, with no evidence of damage directly ;
attributable to the metal to metal impact identified in this event. Since the
remaining SDC heat exchanger is identical, has a similar maintenance history,

I and has operated similarly, we concluded examination of this component was not
necessary.

'

3. An Engineering Test Procedure (ETP) was performed on Unit 1 to establiah the
onset and variation of tube vibration. A second ETP was perforned to determine
CCW flow in various line-ups. An evaluation of Unit I has been performed to

| justify a reduced flow rate through the heat exchangers which assures i
operability in all modes of operation, and is below the onset of fluid elasticI

l instability and the resultant metal to metal impact. A third ETP set the heat
exchanger throttle valves for the worst case accident condition CCW flow rate.

| The heat exchangers will be operated at these reduced flow rates in the future.
| The inlet valve positions will be administratively controlled and maintained
l through the locked valve program.
l

4. The Unit 2 heat exchangers are of a slightly different internal configuration
than those used in Unit 1. Unit 2 has been defueled since the flow setting
discrepancy was identified. Flow testing similar to that conducted on the Unit
I heat exchangers will be conducted on Unit 2 prior to refueling. If the
testing identifies additional issues, or significantly changes conclusions
reached on Unit 1 in this LER, a supplement will be issued.

ge e n.. .

-
_ _ _ _ _ _ _ _ _ _ _ . _ . -- _ ._.



. _- . .

)L -

g'eom.ean us muct a.meevcto.v -~ {
i

'
.e UCENSEE EVENT REPORT ILERI TEXT CONTINUATION awaov.oom. o.u m.eim i

s.a s:erm.:a !

!
- n, = n au a.. . t.. . .

Calvert Cliffs,. Unit i
" t' ,*6 = |rvaan

!

0 |5 |0 |0 |c |3 | 1| 7 9|0 0101:5 010 0 |5 0F 0|5- -

vert u . .mmme amea.=amm wim
'

.

!,

:
t
i
!

5. New flow measurement instrumentation was purchased. The supporting aids for
'

| this instrumentation will guarantee application of the correct instrument based i

i on pipe diameter. >

; ;

f !
, ,

Additional Information f

Failed Component Identification

f

| System /
'

!Component Component Code System Code''

Shutdown Cooling BP-

| BEContainment Spray -

;

BI |i Component Cooling -

Shutdown Cooling HX BE, BP ,

Heat Exchanger

Previous Similar Events j
' i

No similar events have been reported at Calvert Cliffs which related to heat
,

exchanger defects related to potential flow induced failures. :
r
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