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; | INDianA & MicHican Power CoMPANY

P. 0. BOX 18
BOWLING GREEN STATION
NEW YORK, N. Y, 10004

August 3, 1979
AEP;NRC:00221A

Honald C. Cook Nuclear Plant Unit Nos. 1 and 2
Docket Nos. 50-315 and 50-316
License Nos. DPR-58 and DPR-74

Mr. J. G. Keppler, Regional Director
Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
Region III

799 Roosevelt Avenue

Glen Ellyn, I11inois 60137

Dear Mr. Keppler:

The attachment to this letter contains the first progress report
on the feedwater 1ine data collection program in Unit No. 2 of the
- Donald C. Cook Nuclear Power Plant. The data collection program was
described in our AEP:NRC:00221 submittal dated June 15, 1979. This
progress report is submitted in accordance with the commitment made
in our AEP:NRC:00216 submittal dated June 15, 1979.

The AEPSC interprets 10 CFR 170.22 as requiring that no fee
accompany this submittal.

Very truly yours,

?.WM
JED:em ohn E. Dolan

Vice President

cc: R. C. Callen
G. Charnoff
R. S. Hunter
R. HW. Jurgensen
E. Jordan - NRC
-~ T. E. Campbell - Westinghouse -
G. J. Schnabel - PSE&G
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PROGRESE ikpopyr

-nirodinction o ..

A test program uas reeenlly initisbed on Lwo feeduator
TS
lines of DJC. Coox Unit 2. The purpose of this progran was

to collegi datu on steady state and transient condjtions
auring no ',mal nlnﬁt operalion from two stean generalors and
their associéted feedwater piping. Data on pipe wotions,
strains, pressures and Lleapcratures were collected from cole
shutcuvn to full power and trip from full load. Ve ung
Westinghouse are collectively 5n the process of reducing ond

evaluaiing the data collecled.

-
-

?feliminary review of the data has revealed a cyelic g
steaay state temperature phenomenon which was unforsecen prinry
to data gathering. Samples of this phenomenon will be pre-
sented in this report. Herein, we will describe the instru-
mentation set-up, test procedure and outline our future plans

for data reduction and evaluation.

%o

lest Instrumentation

»

Test instrumentation was installed on the auxiliary and
main feedwater piping and stcam generator feedwater nozzles for .

loops number one and threc of Unit 2. These loops werc inslrumented
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identically with respeet Lo tLype, quantity and locution of

test instrunentation. The lonps werce instrasented in this
manner to insure redundancy of information. The following
is a brief summary of the number and location of the. vari-

ous typesof test instrumentalion:

Strain Gapes: Twelve (12) strain gage channels per iecp

vere utilized to obtain data on: bending, torsional and ax-
ial stresses on the sixteen inch elbow, at a locatien adju-
cent tc the elbow Lo nozzle weld and biending stresses on the
steam gencrator.nozzle. Three (3) strain gares were uscd to

imeasure loadings on three seismic snubbers.

L.cceleroneters: Thirteen (13) accelerometers per loorn

were utilized to monitor possible oscillations of the steam
generator and the associated main feedwater piping withi:
the containment. Accelerometers were placed at each of the
three feedwatexr line elbows inside the containment crane

|
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vall, midway along the vertical riser and on one of the

seismic snubber bases.

Thermocounles: Twent&-three (23) thermocouples per loop
wvere used to measure: circumferential temperature distribu-
tion on the nozzle, associated wéld and pipe elbow, axial

'tcmpcrntﬁrc"distribution along the clbow and vertical riser
—and the auxiliary fecedwater temperature. In addition, two (2)
thermocouples per loop were placed inside the elbow, approxi-
mately six inches upstrecam from the elbow to nozzle weld, at

the nine o'clock position looking into Lhe steam generator.
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These thermocouples were nsed to measure Lhe inside nmetanl and

»
<

Pressure_Transducers: Five (5) pressure and four (h)

" differential pressure transducers wverce ceployed to nonitor

‘gossiblc waler pressure or flow oscillations within the clbow,

and the main fecdwater and auxiliary fceedwater piping.

11

Displacenent Transducers: Ter (10) Direcet Current Dis-
ferential Transférmers(DCDT) per loop vere used zo tleasure
main feedwater pipe displaccment within the coniainuent.

In addition to the data recorded on the above channels,
control room readings of steam generator pressure, hoet and cold
leg temperalure, main feedwater temperaturc and flow, feed puwp
sﬁeed, auxiliary feedwater flow and steam generator level for

both Zoops one and three vere recorded.

3

Test Procedure

The test program took place in two parts. The first test
period began on June 28 when the reactor was at cold shutdouwn
and continued until July 4 when the unit attained full load.
During this phase of the test program data was colleclced
during the following sequence of events:

q) Start-up of rcactor coolant pumps.

b) Various intervals during RCS heatup. .

- ¢) Periods of time that coincided with intermittent injec-
tion of éuxiliary feedwater flow inio the steam genera-

tor while the unit was at hot-standby.
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d) During unit start-up, including start-up of both &the

main feedpumps and main turbinc.

e) At roughly every ten percent power level up to and

-~ -

including full load. ' :

f) During a turbine stop valve test scauence.

n

During this phase of the test program, data was alsc col-
lected .during an unplanncd trip from 19 thermal power. The
final phase of the test program took place on july 221 and con-
sisted of data collection during a planned trip from full lead.
Data was recorded beginning with the trip snd continued until

the unit 'vas returned .on line.

Prelininrary Kesults

Preliminary analysis of the data reveals that vhen the
unit is at hot-standby and dufing startup, the elbows adjaccnt
to the steam generator nozzles and thc.nozzles exhibited large
circumferential temperature gradients which indicatles teuwpera-
ture stratification in the water. This condition occurs during
lov auxiliary feedwater flow rates, and manifests as the lower
portion of the nozzle and adjncent elbowv being significantly
cgoler than the upper portion. VWhen the water flow rate is in-
creased, in order to maintain steam generator lcvcl; the upper

portion of both the nozzle and.elbow cool. This results in a

‘{ :Eyclic circuuferential tenmperature gradient when the water flow

rate is later reduced and the temperatures return to their pre-

vious state of stratification.
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This is shown graphically for two different runs in Figures

q1=-Y, The variation  ‘in auxiliary fecedvater flow rale is indicated
on the figures. The thermocouple locations arc shown on Figuré
%. DBoth runs were precceded by sycady low auxiliary feedwater
flow through the feedwater lines, thoupgh this flow diffcred f'or
both runs. This accounts for the different initial siratifica~
tion. "Since this data is still preliminary a few channels wvhose
calibrations afe uncertain during either run wvere omitted for the
time in guestion.

‘As can be seen at minimnm flow the elbow and nozzle sce the
most severe stratification. As the flow rate is increased the
temperatures at the top of the nozzle and elhow decay. <The high-
er the flow rate the more rapid the decay in stratification. &s
flow is reduced thercafter, the tewneratures immediateiy return
to a stratitied condition.

The observed cyclic circumferential temperature gradient
was éccompanied by cyclic readings from the strain gages. The
strain gage readings followed the cyclic circumferential tempera-
ture gradients.,

The nonuniformity in circumferentiél temperature during lov
auxiliary water flow is apparently due to thermal stratification .
within the horizontal portion ol the elbow and nozzle. Data
téken during two ascensions from zero to 20/ power showed sini-
lar tempe}ature fluctuations due to the frequent variations in

Tauxiliary feedwater flow rates. Once the feedwater lines were

on main feedwater, variation in temperature-were no longer observed.

9
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eview of the acceleroucter datsa did not reveal significan®

* pipe motion. On-line spectral analysis to selcéted channels
during the test uade it possiile to idenlify the modal fre-
quencies of pipc motion hLut the displacements werce ;nsignifjcnnt.
Tﬁefc “as no evidence of the =ipe being coxelted by any outsice

» sourcc. Finally, examinatior of the piping ol bolh ¢ola «nd hot

steaw generator conditions did not shou any interference or un-

expected movenients.

Conclisions

Marther analysis requires the translation of the datna re-
cordea on magnetic tapes. However, the preliminary eview of
the data, including the full load trip, subsiantiates the con-
clusion that there is a theral related problem that occurs
wvhen the system is al hot-stancby and continues Lhrouph sturi-up,
until the system is transferred Yo main fecdwater. This generally
occurs somevhere between 4% and 207 thermal power.

liestinghouse is presently in the process or digitizing and
reéucing the data recorded on magnetic tapes. In’addition, be-

‘cause our strain measurements give us only the change of strain,
rather than the absolute sf?ain value, Vestinghouse is .developing
a three-dimensional stress analysis medel. Using our measured
temperatures as an input the three-dimensional wodel will yield
absolute stress. This‘will enable us to develop the absolute

_ stresses caused by the differential temperature pattern ana cor-

-relate the strain changes as indicated by the strain gages.
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Our schedule presently calls for completion of the data
reduction by early toﬁmid September. At that time we expect
to have initial results from the three-dimensional stress
model whic@ will yield the absolute magnitude of the induced

~stresses and their fluctuation. The final results of the
thermal stress analysis is"scheduled for mid October with the

+

completion of the evaluation report due by the end of October.
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