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MEMORANDUM FOR: 'GHBMI.11Fl eurd err-Asp,s,ta n tc0j rect 0Kforj n te rn a ti o n al7
200 pet 2tIDD; .IPh

W. V. Johnston, Assistant Director for Materials & Qualifications
Engineering, DE

R. W. Houston, Assistant Director for Radiation Protection, DSI
J. P. Knight, Assistant Director for Components and Structures

Engineering, DE
L. R. Rubenstein, Assistant Director for Core and Plant Systems

Branch, DSI
T. P. Speis, Assistant Director for Reactor Safety, DSI

FROM: R. L. Tedesco, Assistant Director for Licensing, DL

SUBJECT: IAEA RECOMMENDATIONS ON KRSK0 FEEDWATER SYSTEM MODIFICATIONS

Enclosed for your information and review is a summary of the initial

recommendations by the IAEA Safety Mission. The purpose of the IAEA Safety Mission

was to discuss the proposed modifications to the KRSK0 plant resulting from the

recent steam generator tube vibration problems on Westinghouse plants and to offer

comments and advice. I represented the NRC on the IAEA Safety Mission and had

the benefit of the initial comments developed by the NRR reviewers.

S%W
Robert L. Tedesco, Assistant Director

for Licensing
Division of Licensing

Encl osure:
As stated

cc: G. Lainas
W. Kane
T. Marsh
T. Quay
E. Rossi
J . Raj an
B. Singh
L. Frank
C. Liang
P. Ting
T. Ippoli to-

R. Mattson
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Steam generator tube vibration is a concern in the operation of recent
,

[ Westinghouse desicned nuclear power plants, including the Krtko plant.
This concern has led to a propose 1 at Krfk'o to modify the feedwater
system before continuation of the start-up prograrne. The purpose of the
111ssion was to discuss the current situation, particularly with regard
to safety, with retbers of euthorities and Kriko plant staff rne=5ers.
In par ciculer, the ::ission was ast.ed to give co r.ents rnd advice on:

- propnsed fsedaater syster. rodification, includino changes in the
control systera, i

- guidance for resuwd operation of KrIko with regard to the steam gene-.

rator tube vibration problem.
- necessary documentation, evaluation and review to accept further opera-

tion of the plant as modified.

!
, RECO:"'ErJDAT10'15

| The 141ssien has had the benefit of reviewing various design studies
'

.

f covering the proposed rrodification to the D-4 Krsto steam generator. In

! addition, the 141ssion has met with the representatives of the Governi:ent,

! the utility and the Westinghouse Cor.pany to further discuss the proposed

f design modifications. On the basis of its study, the tilssion has devel-
oped a number of recorstendations that are set forth in this section of*

the repor t. It believes that due consideration should be niven to these
reco rendations and appropriate actions taken prior to plant start-up
follo..ing todificaticr'.s that vill be cade in the feeduater system. It is
to be noted 17iet the reco- endations presented relate to the Kriko pladt

and do not necessarily tpply to other sicilar plar.ts without further
evaluation.

RECO*"'E::DATIC't :30.1

The 111ssiori recc cends that the besis used to estrblish the 70% ",ain

Tee'deater flow thrcuch the $/G preheater sectica shuuld t e better ds-
velc;.ed in r. ore cuantitative terts; i.e. relating fee 6: ster flos rites
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to vibration frequencies, amplitudes and, in particular, wear rates
.

S- .
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DISCUSSIO4
.

-
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Westinghouse representatives at the meeting he'1d on June 8,1982*

, at the

Krsko site discussed sone recent test results citained from internal
instrumantation installed on the D-4 Kriko stean generators. T' e datah

shorted that sor:e minor vibration effects occured on the recordings
already at poxer level of about 50%. At 75% see codest acceleration and
vibration amplitudes were apparent. Uestinchouse Itas not yet determined
tchether a correlation of tube wear t:ith the test data could becade.The acceptability

of the proposed :feedwater system chances rests mainly
upon the assumption that no damaging tube vibrations occur in the 70".'

range. The liission believes that a more determicist'ic correlation should
be tr.ade to better ensure the acceptability of the proposed 70" flow limit
in addition, estimates of cargin should also be developed to establish

,

i -

conservative pennissible upper 1,imits for the proposed initial operating
prograrxne. Additional test results aare necessary to qualify the acceptanc.
of extended operation at the proposed 70% cain feedwater flow limit.*

The basis for the operation with 70% flow through the preheater section
results fron the internal instrumentation in the Krrko plant and that
no 'detriental impact' occured. A review should be made to ensure that
the chose; ** be constitutes a conservative sample so that no detrimental
vibration exists in other tubes. In addition, consideration should be
given to the completeness of the model tests perforced with 0-4 type S/G.

Ilepardless of the lack of" criteria,"it is, however, the opinion of the
Itissicn that the Eriko plant, from S/G tube wear point of view, can be
safely operated for limited periods, pending further confinnatory studies
and ECT at the preposed operating cor ditions.

RECCmT!: DATIO:1')0. 2

The proposed raodification of the feed.!ater syste., is extensive. The liission
recomends that the independent desion reviews of this redification be
cccpicted on a titely basis. The revieu

should include techanical and
themo-hydraulic aspects as ucil as those relating to control and protec-
tion system ccdificaticns.

.
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DISCUSS 10'!

'
The Mission believes that it would be prudent to have the advice of an

-

independent design review of the proposed design modifications 'to the
,

steam gene'rator, external piping, valves and safety systems. This inde-
,

pendent review should deal with selected design aspects
i

to provide
added assurance of the cverall adequacy of the proposed rodifications.'

included in such a study would be th'e concern of vibration of the inter-
rediate deck plate due to the increased auxiliary nozzle flow injection.
The Itission believes that the design review cay be r:Iade in conjunction,

with initial plant operation but should be coc.pleted as a prercquisite
for acceptance of.the modification [as a permanent solution. -

'

Reduced flow through the preheater section (fraca 100% to 50% flow) may
lead to increased steam formation at the botter. part of the preheater.
The Mission was informed that the vendor did not expect any water hanner

. .

hazard to develop as a result; of increased steara generation. A criterion
was quoted under which no net vapour formation should occur in the four
first passes of the preheater. This criterion t. auld also be met at the

.

reduced flow opera tion.

The reduced flow could also result in sludge deposition at SG tube-to-

baffle plate intersections. Again, the undor's evaluation showed.that,

sufficient flow velocities are maintained to prevent sludge deposition.

It is the !!ission's opinion that these concerns .iustify careful monitoring
during initial start-up and subsequent plant operation.kesults from model
tests in Sweden have shoun extremely high and fr. stable fice velocities
after the main feedt:ater restrictor

nozzle in t.he D-3 type ster.m gene a, tor.
For this reason, the Mission would reco:nend thtt the exchange of this
restrictor by a niulti-venturi nozzle restrictor should be considered in
order to reduce the velocitiesand to provide a rore uniforiflo:: distri-
bution into the .downto*er channel. This should ensure a steady flcu en-
trance to the preheater tube-tank.
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RECOMEf'DATION NO. 3-

.
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- The Mission recomends that careful consideration be given to ensure '

* *

. .

p that there would'be no adverse interactions. between the control and

safety features of the Feedwater Systems.
"

. .

DISCUSSION ,
,

.

The proposed modifications includ,e changes to the reactor protection

system, the feedwater control system and the auxiliary control system..
'

!

j The effects of such changes with regard to possible adverse system inter-

'f actions should be fully understood, especially under transient and
~

'

accident modes and at various flow conditions.,Of particular concern

would be the effect of the proposed dhanges on overcooling transients,

transients involving switchovers (e.g. load rejections), and other

| such' events included in Chapter 15 FSAR analyses. Further, no adverse

failures in the control system should preclude the operation of Any

safety function.

.

The proposed modification includes deletion of the steam /feedwater
,

flow mismatch trip. Westinghouse informed the 14ission that no credit

has been taken for this trip in the safety analysis of the plant.

The Mission was also informed by telephone on June 10,1982, that

US liRC has accepted the deletion of this trip as a generic change.
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REC 0K4ENDATION NO. 4
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The Mission recommends that an operating progrro be esta'b'lishe_d
'

*

k' to specify permissible operating modes at various main feedwaterr

flow rates through the main nozzle and allowed short term operation at

rates above 70 %. The initial operating progra: should include a

definite operating tine limit at 70 % flow until the next ECT is to
.

be performed.

DISCUSSION
,.

At the meeting held on June 8,1982 at the Krito site, it was not

apparent that operating limits had been fully evaluated. Permissible
-

,.

t'
operation at 70 % flow for a specified time period prior to the next

.

ECT inspection should be established prior to plant restart, in addition,.

off-normal conditions wherein flow in the preheater could exceed 70 %

should be evaluated. This includes consideratten of a maximum limit,

permissible times for anyone event or number of events where 70 % flow

would be exceeded.
.

The merits of a flow alarm versus a passive device for limiting fime

should be eva,luated especially with reoard to Excess feedwater tran '"
sients.
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The Mission recorraend; that as additonal,information becomes available
i from the Ersko and other ongoing related progra.mes, the proposed codifi-

!

cation and operationg program should be reevaluated and progra atic

changes be trade as appropriate.
.,

..,

DISCUSS 10:1
.

-
.

As in any program of the type being investigated at Krsko, due attention
-

must be given to the utilization of any new understanding or infomation
1

. .
that may become available. It is evident that the utility needs additional

-

infomation from 1.'estinghouse due 101,ts involvement with other similar
,

1

plants. This information would serve to help the utility to better assess

the full impact on the operation of the Krsko nuclear poter plent. Every

effort should be made to provide such information as it becomes available,

in addition, the state government authorities wre encouraged to establish

good contacts with the authorities in the countries with D-2, D-3 and
,_

D-4 steam generators.
'

. .
I

*

.

$

3
.

f

.

. .

.

i -.

i .

*
.i
*

e

e

.

S

-
a *

4' .

!
'

. . . -- - -- - s

_ _ _ _ _ , _ _ _ _ _. - ~ - . -- - - - - - - - - - - ~ '] -- -



.

.

*
-

7-- .

p- . - .
s

*

RECOW'.E13DAT1011 NO. 6 -
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The Mission recmamends that prior to operatioh in the proposed mode,,

a comprehensive start-up testing programme,'should be established. Tests

during the start-up phase should be performed to confinn* predictions.
.

In addition, operator training should be conducted prior to operation

in the preposed code, te accour.t oroperly for the ccdified operatino
.

procedures.
.

4

DISCUSSION, ,

Clearly the proposed changes to the operation of Krsko involve new

demands on the part of the operator to properly respond to plant changes.
*

This is especially true in the ranges where fle.: changes and flev-split
~

.

occurs. Westinghouse should provide technical teses for system operations

to establish the start-up test programme. The results of previous tests
e

should be evaluated. Subsequently, proper detailed operating procedures
i

; should be prepared, revietted and approved prior to plant start-up for the

new operating modes. In addition, control systen stability and the
i

possible change in the potential for adverse t.2ter hammer in the pre-

heater a.id auxiliary piping position of the feed.sater system should be

investigated and precedures verified to deal with such events. '''
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The Mission' recommends that the new" operating characteristics in thir

'

I**'
preheater section with the revised flow'-split be evaluated to assure; - .

.that no adverse changes will occur in thermal ar.d hydraulic design,

basis for the D-4 steam generator.
4 "

i
5 .

DISCUSSION
^

,
.

.

.
-

3
,.

,

Further studies are needed regarding the flor distributions in the
-

| ~

D-4 steam generator. Better understanding is needed about the flow .
.

.

through the auxiliary feedwater nozzle and how it may affect main feed-
, -

water flow at ~various power levels. 'A restudy of affected aspects of

Chapter 15 FSAR analyses should'be,p'erformed to ensure that no ad-
!

. verse affects result from the proposed modification. This study should

include due consideration to both transient and accident conditions
.

including set-point determinations. The consequences of using the-
'

c1'
.

auxiliary feedwater piping and nozzle should be evaluated using con-,

1 - servative assumptions of auxiliary feedwater flow and temperatures -
..,

, -

considering critical system malfunction.
-

,

* *
..
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.It must be understood that the modifications trill result in a small
,

decrease in plant thermal efficiency. In this context, the liission
!

.

was informed about plans to increase primary coolant everage temperaturo
; i

by approximately 1.5 F in order to improve thermal efficiency. It is
0 1

-

the I-tission's view that such a change may have far-reaching implications1

in the area of safety analysis and should therefore not be attempted 1,
'

$ until consequences of other modifications have been reviewed, and op-

eration of the plant as modified has procresse.f satisfactorily,i
i
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The !!isison recognizes the wide-spread impact of the modifications on the'

'

Krsko plant. Accordingly, careful attention must be given to the quality
~

. assurance (QA) aspects associated with all the changes being made to

ensure that the modifications have been made in accordance with the stated
'

.

objectives for plant operation.
.

.

'

D15 CUSS 10:1

.

Recent experience at other nuclear facilities involving plant design and

construction activities have shown the need for establishing an adequate.

.

Quality Assurance programme to ensure.that proper design verification and

' plant modifications are carried out according t.o stated objectives in the

FSAR as ammended. Similar concern is applicable to the r.odifications being

proposed at the Krsko plant for the feedwater system. The utility should

ensure the adequacy of their QA programme so that the pronosed changes rey
_

be implemented in the intended manner. This involves such activities as
,

design control and plant-walk down to ensure proper in:plementation of the

required changes prior to operation. In addition, QA for operation should

be included to cover appropriate operational aspects.
_
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