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-leaking primary coolant water into the .secondary water system. -Different )
.testing methods were used .to locate.the leak source:in. the tubes and .to deter-

.TEST. RESULTS
DLCS. 3330101
‘1B HEAT. EXCHANGER LEAK TEST

CORE I -SEED 1

,Purpese

Tests were .performed to determine which .tubes .of the :1B heat .exchanger were

mine, if. p0581ble, the .cause .of tuhe defects.

Conclusions

The .air .pressurization .test .determined the heat exchanger leakage and leak

rate of .individual .tubes. On .the basis of .this method ‘9 tubes were .plugged

prior. to -returning the -1B.boiler .to service, after the refueling operation.

.This brought .the .total number of plugged tubes in .the -1B.heat .exchanger to .26. ¥y

.The ‘leak location.detector,prebe is a promising method of locating defects along

the length of.a tube,.however, due to sludge deposition .after shutdown, only one

.crack was .lo¢ated in .four tubes. -Results of the probolog test, dye:penetrant
.test and ultrasonic test were inconclusive in determining the:.lpcation of leaks.

No definite reason. for tube leakage .© uld be determined from thé results of this
test. : - i

»Description.ofnTestiEquipment.and.TestvProcedure

The following are descriptions of .tests performed:

A. The air pressure .test. has been .the .basic physical method by which heat .ex-
changer tubes. have -been .tested .for. leakage .of .radioactive primary system
water ‘into the secondary system. With.the hydraulic stop valves of .the
loop closed and water drained from.both sides of .the heat exchanger, air
pressure of .75 psig was applied . to. .the secondary (shell) side. .Each.tube
.-was .then .filled with water on the primary side and .observation made .at
‘both the . inlet and outlet end of the -tube .to detect .emission of .air ‘bubbles
as leakage .evidence. -Leaky tubes were marked .by inserting a solid .rubber
stopper in ‘the-heat .exchanger outlet and: insertlng a. rubber stopper with
.a .small hole in'.the tube at the-heat exchanger 1n1et

" In order. to determlne the .leak rate for defective tubes, a plastlc.hose
was inserted into - the .rubber stopper .of the heat exchanger . inlet. . The"
other end of .the hose was" placed under the open .end of a glass graduate

- which had been filled with water and .inverted in .a bucket of water. .Air
~entering the .defective tube from the .secondary side (75 .psig) was.led
.into . the graduate where a volume of- . water displacement .could be- measured
over a period of .time.
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'_B}'.The probolog test was done with insertion into the tube.of an eddy-current e
- probe where magnetic flux is used to indicate failures. This probolog

" equipment .is specialized apparatus. which was supplied by Westinghouse: Electric ;’A“

" ‘Corporation, Bettis Plant and operated by Westinghouse personnel during
testing B

C. -The leak location detector probe was de51gned to locate the p031tion of a
crack along the length of a heat .exchanger ‘tube. Prior to testing) the -
solid rubber stopper in the outlet .end of the tube was replaced by a’ one
hole stopper with a short piece of plastic tubing, the end of which was-
placed in a bottle of water. The probe, as shown in Figure 1, was inserted
into a dry tube after the secondary side had been pressurized to 75 psig.
When a crack in the tube was located between the two tfubber seals of the
probe, pressurized air entering this space escaped through the tubing and
was detected by bubbles 1SSu1ng from the end under water.

-During testing, the probe was advanced into a leaking tube in. 5 inch 1ncre=
ments with a waiting time of at least 20 seconds between increments," depend~
ing on the leak rate of the tube. Bubbling in the bottles at both ends of
the tube was used to determine when all .cracks in the tube had beén located.
. If the crack was not located within 26 feet of the inlet tube sheet, the
probe was removed and the test procedure repeated from the. outlet end of
the tube. : no

D. The horegage test was used to determine the inside diameter of selected

" tubes at the heat exchanger inlet. The boregage equipment,. furnished by
Westinghouse -Electric .Corporation,. Bettis Plant, consisted of 'a split o
.measuring head bearing on the tube 1ns1de_diameter and producing an axial-
deflection of tapered extension rods. Rod movement actuated a dial ind-
icator from which inside diameter readings were taken. During testing-
-various length extension rods were used to permit gaglng of selected tubes

©up to 11° 13/16" . from the tube sheet. :

- E, Ultrasonic testing of selected tubes was accomplished with spec1al equip-
ment supplied by Westinghouse Electric Corporation, Bettis Plént. .A '
- special 5 megacycle search unit, Figure 2, was coupled with an Immnerscope
from which readings were taken at various distances up to 9 1/2 inches
from the face of the inlet tube shéet. .Westinghouse personnel operated
the . Immerscope and recorded data accoding to 1nterpretation of the ob-
served signals. S

FeA-Dye‘Penetrant inspection was used to check the inlet end of selected heat - -
eXChanger tubes,  Tubes were cleaned with cloth patches, blown: dry with |
air and dried with an electric heater inserted into the tube.. Dye pene-
trant was swabbéd ‘on the inside surfaces of the tubes up to 15" from the
end :and left for 15 minutes. The surface was then swabbed to remove excess
_penetrant .and .a 15" section of rubber tubing closed at .the: énd," was" in- :
serted into' the tube. The tubing was inflated with 20-30 psig air and held
in place for 5 minutes.  Air pressure was then removed and the rubber tubing
removed for examination of dye penetrant transferred from defects in the -
metal to the surface of the tubing :
. -2_

.egé;: O3



.exchanger was returned to service with a change in boiler water chemistry to . :.

- “~_~" TEST RESULTS DLCS 3330101
- 1B. HEAT EXCHANGER LEAK TEST
* ‘DRE'I'SEED 1

aResults

o DLCS 3330101 1B Heat:Exchanger Leak Tests, was performed at various periods
during 1959 and up  to March 28, 1960. When this performance began, there were
11, 804 service hours on the 1B ‘Heat Exchanger - :

~Initial plugging of tubes in the lB heat . exchanger ‘was done, during February
1958 on the basis of air pressurization and probolog tests which indicated.

defects in 17 tubes. These tubes are shown in Figure 3. .Examination of tubes',
removed’ from the boiler indicated that cracks were due-to a form of caustic

. stress corrosion. -For additional information on the defected tubes, see:B and -

W. Co. Report No. 7089. After .installation of two additional risers, the heat

prevent free alkalinity

. During April, 1959, iodine activ1ty was detected in the secondary water of the

1B heat exchanger and this activity continued during plant operation until

Ockober 1959, whkn the :loop was removed from service prior to Core-I,.Seed 2
.refueling. -Probolog testing of 140 tubes was performed and results indicated

defects in 114 tubes. Further investigation showed the presence of ferro-
magnetic sludge on the sides of the tubes. -This sludge rendered results of’
the probolog tests inconclusive and data were not taken by Duquesne Light

Company. -Data accumulated during this test may be found in Westinghouse 1etter
fWAPD PWR~2160 of March 18, 1960 - *

Air pressurization tests were conducted to determine leaking tubes and leak
rates. Figure 4 notes the tubes for which leakage was detected per Table.I.

l " Rechecks of the suspectéd leaking tubes in Table I determined that tube .20
- row 12, tube 21 row 20 and tube 22 row 24 did not leak. The leak rates for.

the remaining tubes were determined to be as follows:

‘Row . : :  Tube . Number . Leak Rate  (ml/min) '
2 9 e 11.0
2 20 : 0.025
3 21 $3.75
6 26 - C .. 1 0.025
. 8 . o R 26 ‘ P 8.68
12 o ‘ : 3 - o 0.009 -
12 o . .29 - : : - 0.005
13 4 - 0,009
19

15 - ~0.001

‘It will be noted that three tubes prov1ded most of the leakage, the other 6
: having a very low 1eak rate. ' , o | '

In order to. determine the cause of tube 1eakage it was decided to locate: the

defect position in the above tubes having measureable leak rates. Refueling
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.-operations delayed grinding of the tube 1ips to permit entry of the leak loca- . - -
tion detector probe, for two months. -Table II presents the test data and shows
that only one tube indicated leakage. Blowing tube 9, row 2 with air on -the

primary side still did not produce leakage when the. sedondary slde was pres-~
-surized. These results indicated .that the defects were so small that they were
.closed by boiler sludge. during the dry layup of 2 months.

4Consideration -was given .to pulling tubes through the tube shegt for ®xamination.-
It was necessary,-however, to first determine if the tubes weré .expanded beyond
.the 8" tube sheet thickness. A boregage instrument was used on selected tubes
as noted in Figure 5. -The data in Table III showed that tube relling extended -
a minimum of 8 3/4" from the face of the tube sheet for all tubes checked. It
is logical to assume.this fabrication method was used for all tube# and that
special techniques would be required to collapse the expanded tube section be-
fore pulling a tube through the sheet. =

The dye’ penetrant method was utilized to determine if cracks withim the tube
sheet area could be detected.  Twelve tubes, shown in Figure 6, were tested
and the dye penetrant pattern on the rubber tubing are indicated g Figures
;7 =16.. Results of these data can be summarized as followa 1

. Indications
- ' Location Length
“Tube . .Row - . (Inches from tube sheet) (inches) Direction
) 2 : 12;13 . 1/16;1/8 - - Longitudinal
- *26 8 3 1/4; 51/2; 6 1/4 - 1/43-31/2  Longitudinal
%29 12 1 3/4; 10 3/4 1/16; 1/ 16 Circumferential -
S 130 12 , 10 1/2 3/16 - Wfagonal '
14 21 o ’ 11 1/4 , 3/16 ‘Blegonal
%15 ~19 . : - 12 5/16 1/16 Biagonal
. 23. 19 : 12 1/4 . T eme Diagomal
10 - - 30 . : 4-1/4; 11 5/16 e Longitudinal; =
- ' ' o ' ' ~ - Circumferential
14 30 : 9 o 5/16 . - Longitudimal -

* Leaking tubes per air pressurization test

"Indications on the. rubber tubing were a thin crack type from 1/6R g@ 5/16" 10‘3 Lo

" . laying in various directions. .The fact that defects are indicated im tubes that
did not previously show leakage casts doubt on.the interpretation.of the . tubing
dye penetrant patterns.. .Since none of.the defects in leaking tubes wéere accu= . .-
-rately ‘located, there was no standard by which this penetrant technique could be
-judged. Repetitive tests on various tubes were inconclusive as to whether a de=--
fect indication would be repeated. .From these results no. conclusions could be
.drawn- as “to whether cracks were present in the tubes. .. : :

rUltrasonic testsfwere also made to determine if tube defects COuld bae" located
by this method. The .tubes teéted”ere.noted on Figure 17 and data tabulated in

-bm
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1B HEAT 'EXCHANGER LEAK TEST, CORE I SEED 1

Table .IV. This ultrasonic equipment was of specialized design and required inter-
pretation by personnel experienced .in.its application. These data were taken -and
recorded by Westinghouse personnel. Communications received.by.Duquesne Light
.Company from Westinghouse have indicated .that results of this ultrasonic.testing
were not conclusive in determining the location of leaks in- those heat exchanger
tubes tested

On March 3 and 4, 1960 a .film badge survey was made of .the tube .sheet and hemi-
spherical .hgad area of the 1B Steam Generator.to determine .the radiation levels.
These radiation levels were taken .at .two and six inches from the tube sheet.at
ﬂthe,inlet,side.of the steam generator. .The locations of the film packets.were:

(1) Row 7,,pr§-22, (2)AROW'26,.Tube:3,}and (3) Row 21, Tube-16. .The .tube locations
correspond to.7 o'clock, .2'0'clock, and the center respectively with the tubes num-
‘bered from right to. 1eft and the rows from bottom .to .top. " The film packets in .
special holders were exposed at.the above positions with the following types of
shielding: (1) no shielding (2) 1/6 in. thick plastic (3) 5/16 in. thick plastic
(lucite) (4) 20 mil thick cadmium.- - The .shielding covered both smdes of the .film.
The exposed film was developed by Westinghouse -Electric Corporation, Bettis.Plant,
and .the results are .shown .in Table V.

.In comparing the various methods used for detecting tube leakage and locating these
leaks, satisfactory results were obtained only from the .air pressurization .test
.and the leak location detector probe test. -However, it was shown that leak det-
ection is mealred by boiler layup periods which permit residue to plug existing
cracks. Although a layup period prevented demonstration of .the full capabilities
of .the .leak location detector test;, this method should prove to be adequate. No
definite reason for. the .tube leakage could be postulated since the -location.and
nature of the .cracks were not determined. Probulug tests were affected to such a
great .extent by tube surface .conditions that results were 1nconc1u51ve Likewise,
.location .of tube .defects by dye penetrant .and ultrasonic testing require refinement
of technique .to provide reliable .results.

On .the basis of the air pressurization test .9 tubes were .plugged in .the.lB heat
exchanger. .Figure 3 represents.the .state .of this heat exchanger as it was re-
turned to service with Core I,.Seed 2.

.When .the .boiler was returned to power,.it had a higher leak rate than .when it was
removed from .service for the refueling period. . The leak rate was determined by
the following equation.

A, (B +RA) Y
L=4Ac [1 -e-(b+30) t]
1 = leak rate, ml/min A = decay constant, 1133A5,54x10°4.1/min
‘Ap= boiler water 1133 activity, dpm/ml V = boiler volume, 5.9 x 10° ml

:time, minutes

[t

Ac= Reactor Coolant 1133 act1v1tyS dpm/ml t
-b = loss due.to sampling, 7.6x107°.1/min

The -1leak rates obtained from this equation are .listed in Table. VI. As shown by the
.data the leak rate is higher after refueling . when the nine tubes were plugged than
‘before refueling. This rise in the leak rate points to two .possibilities: (1) A
new- leak could have occurred on .the start-up of .the plant .after refueling (2) The
.limitation of any of the present means of determining leaking tubes. .From.Table
VI it.can be seen that the leak rate is tending to decrease as the operating time
increasgs on .the heat exchanger. No conclusion can be obtained at this time .from
.this trend. :
-5«
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"FIGURE .1

ALeak Location Detector Probe - , ,
) 50' tygon tubing

Threaded
as necessary

1/2" 0.D. Nut

12 O;D. Metal Washer

' 11/16" 0.D. Soft Rubber-
. Seal

' Metal Washer - =~ - 0 ) o
i . : = !V

Nut

' Tubing to be . R I ‘ ; :
.~ slotted through ‘one o : 6"
. .wall over 50% of length ) e

between washers N \\K

f'K\\f‘\Q—- Soft Rubber Seal -
- f\f\i\\\\——- Capped End

11/16"
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‘_'qum SNE LIGHT coMPANY U 1% HEAT EXCHANGER LEAK TEST
. POWER STATIONS DEPARTMENT  ~ .- ~~ ~ " " ' pres 3330101
snrrpmcrox'r ATOMIC. POWER STATION "~ . CORE I SEED 1 .

I.uéice : ’
Cryital
Wire Supports for Head .
3

Dam
Head

- Eo_at‘ BExchanger Tube

' wgt':erA Inlet -

- Water and Air Qutlet

. FIGURE 2 ‘ LTt
' 'Ult:r‘qsbnic Search Uait -, .
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" DUQUESNE LIGHT COMPANY . 18 HEAT EXCHANGER LEAK TEST .
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FIGURE 3

1B _Heat Exchanger Plugged Tubes

‘3
33
32
31

nyet -.

22
28

Wﬁ%ﬁ% )OOOOOOOOOCI)C _ 2

23 .

| OOOOOOOOCUK)OOO %
- O%%)&)OOOOOO( - )i a2k
9.0.0.9.( 21
000.0000.000. ' 28
@@6@6@0

6 peb p b pd e g b e
.:,.— NIRRT

XXX XXX XXX
%a oéc ‘&5@? | 4

!

& 101000/60/060 6]

% OSSR o

X 0000 RO =

Tubes Plugged April, 1960 i
. ubes Plugged Ap (Inlet view) . =
x fubes Plugged February, 11958 i Tubes numbered right te lcft

666 09

38



DUQUESNE LIGHT COMPANY 1B HEAT EXCHANGER LEAR TEST
POWER STATIONS DEPARTMENT PLCS 3330101
SHIPPINGPORT ATOMIC POWER STATION CORE I SEED 1

FIGURE 4

Alr Pressurization Test
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DUQUESNE LIGHT COMPANY
~ POWER STATION DEPARTMENT PLCS 3338101

SHIPPINGPORT ATOMIC POWER STATION CORE I SEEP 1 -

FIGURE 6

Tubes Tested with Dye Penetrant
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DUQUESNE LIGHT COMPANY :
POWER STATIONS DEPARTMENT ‘DLCS 3330101 .
SHIPPINGPORT ATOMIC POWER STATION _ ~ CORE I SEED I

FIGURE 7
Dye Penetrant Indications of Tube 9, Row 2
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' " DUQUESNE LIGHT COMPANY S . ~ ' 1B HEAT EXCHANGER LEAK TEST'

" . POWER STATIONS. DEPARTMENT L ‘ DLCS 3330101

 SHIPPINGPQRT ATOMIC POWER STATION" S . CORE I SEED 1

L S FIGIRE 8 S
.- Tube 211"Row 3 Dye Penetrant Indications :

: Eﬁ%-ﬁi ,e-//,. Small Circumferential Marks at 12 o'clock -

: : 7'1/2u . N

LL Pit indicated at & p‘¢15¢k‘

" Checked 3-23-60

" Tube 26, -Row 6
2 %""

B s
-

o B Approximately 26 circumferential: Iinea B
. - ' ' around the tube. The line are nearly -
evenly spaced. o

3

. Row:6  Tube 26 .
- Date checked 3-23-60 : ‘
. No indications 3-28-60 . Recheck

r

- 13 -
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_DUQUESNE LIGHT COMPANY
OWER STATIONS DEPARTMENT .
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1B HFAT EXCHANOER LEAK TEST
DLCS 3330101 ©
CORE I SEED 1 ..

FIGURE 9 -

Dye Penetrantiindicifinns of Tube 26, Row 8

Tubel‘Checkéd_Dye Penetrant Method

‘N ‘

L At 1100

Approxinately 1/8"‘

. Checked 3-23-60

Small Circumferential Marks at 12 o'clock
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AEARE ~ S | ' ]nﬁm,.»

(2) Horizontal Mark at 1200 A '
o Light 3/4" becomes deeper for: Qhe next l“
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. \
i
FIGURE 10

Bye Penetrant Indications of Tube 26, Rew 8

Tube Checked Dye Penetrant Method
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;FIGURE 11

. A Dye Pemetrant Indications cf‘Tubév29;‘Roﬁ'12
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CORE I. SEED 1

. FIGURE 12

Dye Penetrant In@icationn of. Tube :4,"low 13 - :
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SUQUESKE LTGET COMPANY o 18 HEAT RXCHANGER LEAK 1nsr
PGWER STATIONS BEPARTIMINT  BLCS 3330181 -
IPPINGPORT ATOMIC Pm STATION CORE I 'SEED _14 Sl

PIGURE 13

S lye.;renot:rant",'Indtcat:ion-
 ‘Tube 13, Row 12 M
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o 3/ T 3 4ok
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ER STATIONS DEPARTMENT o . . DLCS 3330101

PPINGPORT ATOMIC rowmR srArroN L  corEI SE® 1 "

. FIGURE 14

: Ll Dya Penetrant Indications of Tube 15, Row 19

4:; ;2;7(;7  . IIM' . 11f-f
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O

v - ' ‘ _
‘ — 6 — —— >
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.o ’ '.‘\ ’ . "

" Checked 3-28-60
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DUQUESNE LIGHT . COMPANY

. PGWER STATIONS DEPARTMENT

IPPINGPORT ATOMIC POWER STATION

FIGURE ‘16

1B HEAT I(GHANGH LIAK TEST
. DICS 3338101
"CORE I SEED 1
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ADUQUESNE LIGHT . COMTANY

Observatiom: -
, Row ,
1
.2

VNSV EW

10
11
12

13

14
15
.16
17
18
19
20
21
22
23
24
25
26
- 27
28
29
30
31
- 32
33 .
: 34

. .'POWER STATIONS DEPARTMENT
"A SHIPPINGPORT ATOMIC POWER STATION.

TAELE I

18 HEAT sxcmAncxa nxsx rzsr ‘
'DLES 3330101 .-
CORE I SEED 1

Tubea Imdi@ating_ﬁeakagf,ﬁur ng Alr Pressurizatiom Test

. Tube Inlet .
* Tube No. and Qeakag_
- No /leakers =
9:20 110 mi/10 min: slight
leakage ind-
: feation
21 30 m1/8 mdm
- No leakers . - :
No leakers
26 Sifght l@a&ag@ fudication
Ro leakers .
26 27.%5 ml/3 mdn 10 sec,
No leakers
Yo leakers
‘No leakers AT .
13:29 Slight leakimg ind= |
ication
4 $light leaking ind-
i%atiam
No leakersg
No - leakers
No leakers
.No. leakers
‘No .leakers
15 Slight Ieakage indicatimn
21 Possible leakage
No leakers
No leakers
No leakers
No leakers
. No leakers
No. leakers
No leakers
No leakers
No leakers
No leakers
No leakers
. No leakers
No leakers .=
‘No leakers . .

Secondary Pressure 75 psig:

See-Figure 4

~23- -

‘Tube Outleg

" No

' -No
‘No

No
No
N@

¥No-

Yo
No.
- No

20

No

No
No
No

No
No

No

No
No

No

22

No*
" No

o
No

-No

RNo
No

.- No

No

No

.. Tube No. and- Lesks,

Teakers

leakexrs -
leakers
leakars
leakers
leakers
leakers .
leakers - -
leakers ..
leakers
leakers

Possible leakage .
leakersA
leakers

leakers
leakers

Jeakers

leakers
leakers -
leakers
leakers
leakers
leakers
Possible . leakase
leakers
leakers
leakers
leakers"

1leakers

leakers o

leakers Lt
leakers . SN
leakers - -

leakers

B



'DUQUESNE LIGHT .COMPANY S i 1B HEAT mcmcm m:Ax'rmr

 POWER STATIONS DEPARTMENT =~ o il .pLcs 3330101
' SHIPPINGPORT ATOMIC POWER STATION -~ . .~ CORE I SEED 1

.f&ﬁiE'II ‘ ‘ :January'13wapd 14, 1960 -

‘Léak Location Probe Test

‘Tube Lips Ground - - ‘:;' lLeaﬁage' ) RO o 'Lbcerien" Ai:ﬁﬁ‘”

“Row . . Tube

'9*%A' o :“"" No-.leakage ' o IR
21 o 0 ml in 32 min. . cvoees
26 .+ No leakage ' SR,

00 B W

* Tube was blown twice with air after reducing secondary pressure to zero., ﬁltﬁ;‘

secondary pressure at 75 psig, still no leakage detectedg

24

.26 : - 46 ml,rin.lcrqin. .0 to 8" from tube tntet



DUQUESNE LIGHT COMPANY -~ . =~ i . nmr ncwmm'tzs'r
POWER .STATIONS DEPARTMENT S ... . .DpLCS 3330181 L e
. -SHIPPINGPORT ATOMIC POWER STATION & = . = -.CORE I SEED.1. .. °

. TABLE III
fTube Inside Diameter (inches) by Boregage Test

Cmew. 18 - 13 120 2 o123 6 . mltogt
~Tube = i 15% 4% T C13% . ek - S 29% 21k U .26% . géw 2@

" ‘Distance Lo L

From .
.. Tube _
; Shqet’ﬂin) ' . _ L . : L o R
‘ o 1.6325 - .6370 © .6355  .6340 - .6425 .6304
7 .6326 .6367 .6364 .6413  .6340 © .6373  .6420 .6295 . -
© 1 .6321  .6370 6351; 6356  .6299 . .6351 .6390 ' .6296
1/2 L6344 S . C R
.6282 L6349 .6352 ' ,6313 .6378. .6395 - .6319
1/2 . .6295 ‘ : St SR
3/4 . .62720 : S T P
7. .6284 - .6268 & .6351 .6361 ' .6321- -.6394 .6373  .6317 . .63%%. -
;1/4- T ,6290 AR S T
©7,6290 ' .6282 = .,6355 .6361. .6330 - ,6392: .-.6538 . .$315 - .631%
/4 - S S . - .8535 ,8318 .
1/2 R , ; ‘ : A S .6498  .6317
34 - D o o . .6468. .6318 - - .
.. ..6282 ..6285  ,6357 .6365 .6332 .6395 .6454 .6319 .63l :
/6 SR - .6365 . . .6420 6318 .
/2 . .6285 ©.6365 . 6392 .6314. .
3/46 - -.6284 .- . .6320 o . .6432  .6286, L
. .6284 .6325 6344  .6395  .6334 .6378~4,,6454;;“;63i5535.6311~}g;
1/4 +6284 :.6270 . . -.6395 .6326  .6365 . .6446 - .6316 .. 6312 .
1/2 6284  .6265 -.6352°  .6295 ' ,6336 .6365 .6450 .. .6307 . .6312-
3/4 - .6272° .6261 .6325 -~ .6261 .6318 = .6240 1.6330 . .6305 .6308 .
7/8  .6l46 - 6315 o .6190 5 6115; .6256
' : .6147 .6175 - .6181  .6163 - .6158 - - ,6195
/8 6127 - .6124 C o R ‘, L
B V7S . ... ..6187 S R 3 ¢S
1/2 - : S .6185 - . L e
13/16 ¢ S

_.u~o\o\c«o«x<nqnin¢n¥454k4\ao\afosa~ufura~é4bq»cpac}~

&  LéakinCItubequet éif*preséutization.testi

;.(1).5A11.me§agfeﬁéh£s taken at tube inieﬁ'“

-25-



DUQﬁESNE LIGHT COMPANY

. ‘POWER .STATIONS DEPARTMENT
SHIPPINGPORT ATOMIC POWER STAIION

Row
Tube

Dis

tance

From

Sheet (iﬁ)

- . . o o A

.. Tube:

3/4
1/2

1/4

1/2

1/2
3/4

1/4

1/2

3/4
"1/2
3/4
‘1/4
3/4 .
1/4 -

7/8 "

. .6195
1/8 - f

21

1/2 N

146312

:6310

,6310

.6311

6311
. .6311

.6257
.6217

4 .6187
13/16 .

TABLE III (cont'd)

1B EEAT EXCEANGIR LEKK TEST
DLCS 3330101 :

" . COREI SEED 1 -

Tube Inside Diameter (incheé)sby Bbtegagé Tést'

10

23 ¢

.6311

<6311

.6311

16311
6311

+6311. .

.6209

.6203
.6205

'.2$qefFiggre 5 .

14

26

.6310

.6311

.6311

.6311

.6311

.6311

.6310

.6310

, 16i
26

.6309

.6310 .

.6310

.6310
.6310

.6310
.6310
- ,6209

.6182

.6180
6180

19 . 22

30 19

.6310 .6310

6311 .6312

6311 .631L .

.6311  .6311

-.6311 .6309
.6311 .6309

6275
.6205 .6195

.6180 ' .6178
.6177 .6177

-26-

6310 - .6311

23
14

.6309

16310

- .6311.

6309
.6309

.6310:

.6311
.6311
6174

.6168 .
6166

- 23

.6310

.6311
6311
6313

.6285
.6265

6311

.6313.

6312

.5197j
.6194

6312

6311

L6312

83120
.6312
.6311-

L6311

6311
6275,

.6203. .
.6205. "

868

).6320

Y6320

).6320

2}5510“ 
6910 -

L6309

46233
6157

6235 .



DUQUESNE LIGHT COMPANY . . .~ . . muxuxxcmcmmm

"POWER STATIONS DEPARTMENT o ... DLes 3330101, .. .

SHIPPINGPORT ATOMIC POWER STATION . °. _ CORE I SEED 1% '
TABLE TV

Tubes Tested hy Ultrasonic Method*-

4Ro§n' o “Tube . ' -Amplitude = - Distance From the ' 3 ””1?§oteeﬁ;LQéetiﬁg.i“" =

(B " Tube Sheet (inchee)zul."

3/4
3/4.
‘7/8

IS S £
) L o ' 100
. 34 .1 - - . . 100 - :
34 . . 11 , No indication
. 34 .. B | - 10
3% -2 R 55
" ST : 75
.33 1 : 10
- .33 - 2 65
' 75
25
15 -
' 4 55
33 ' 2. 7
© 33 13. A .20
33 14 : 10
"33 S 15 15"
S : 22

00 00 G

N
- ® - & ‘.'.

CRVRY I

:1/2

7/8

7/8

.3/4

3/4

3/4

1/2

3/4

3/4
3/4
3/4

3/4

3/4

3/4

3/4

3/4

3/4

3/4

3/4

3/4 4
the tube
-3/4

.0

7/8

7/8

'7/8 o o

7/8 1.8

.33
3

S
o

.

can T 10
33 . .16 . ' 7
: 20
Probe would not enter
30 4
25
50
80
35
90

PUANSOGUOUNUNLBIN BTN BW . we
-V ETET R R AV EV RCRV RV RVEC RV RV AT RU T NT RO E

.33 1
32

.32
.32

WA =~
Pt pet e
oo

~
'y
(-]

L

a:q:daooia«w " a>a>sfa:a;d>m»sla>d:a:a»a>b~a5aaaxq5a:\l

* Alleteéting,vas done at the inlet side of the tubes K

.3-27-.
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nUQﬁESNE LIGHT ‘COMPANY -
- POWER STATIONS DEPARTMENT

SHIPPINGPORT ATOMIC "POWER . STATION

3
g7
32
32 .
32 1

S
C31

31

- 31
31
31
31
31
.31

- 31

© 31

T 31

- Amplitude

--45

--4s10-
15
- 10

-, 30

-35:

' TABLE IV (cont'd) - .

Ty aaglt®

1B HEAT zxannczn Lzsx-rzsr

DLCS 3330101 °
CORE I -SEED' 1.

Tubes Iestgd by Ultrasonic Method -

(Z)
20 9.0
- 9.0

- 20 8
80 8
Probe ‘would not ‘enter
‘Probe would not enter

7/8
the
the
7/8
7/8
7/8°
7/8
7/8

- 15
10

20

ooooooo‘ooooo

9.0
9.0
9.0
- 9.0

15
14 .

- Back dam.won 't enter tube
. Back .dam won't enter tube

'87/8
' 87/8
8 7/8-

20-

25
30

Probe won't .enter tube
Probe won't .enter tube
Front dam won't enter:
55
90
45
40

7/8
7/8
7/8

7/8:
45 . '7/8
15

20

G0 00 G0 00 GO CO 0O 0O

.. Distance from the .
?~TubeaSheet‘(inchea) 

/8

. | 87/8
- " Back dam won t .enter tube

tube , 

7/8

7/8 .
7/8

tube
‘tube

18

e

PO eDe  Bo

R R T L
:

Y et
SO T

',' éE3;T}



oﬁQUEsnE‘ LIGHT COMPANY

POWER STATIONS DEPARTMENT . :
SHIPPINGPORT ATOMIC POWER STATION

31

S 30

.30

30
.30 .
.30

30

.30

.30 ”.'.ﬂ

‘Tube '

11

12

ll H!AI E!C!ANGII LEAR T!ST
" DLCS 3330101 -

CORE I :SEED

TABLE v (cont'd)

' Tubes Tested By Ultrasonic Met;hod

Anplit:ude S Distance from .i:h_e :
F . Tube Sheet (inches) - .

90
. 100
15
15
50
30
40
10
.15
40
100
100 -
45
60
10
40
- 90
12
50 -
80
70
100
15
12

12.
Probe would not enter
Probe would net enter

30 _

50 A S8

0 - 8

A.;i9{ j

Go 00 00 00 0o 00 00 00 G0 G €0 ' 00 0O 00 GO 00 G0 OO 0O OO GO 05 0D 0O 00 OO

718

7/8
3/4

7/8

7/8
7/8
7/8

7/8

7/8
7/8

778

7/8

7/8
7/8

7/8
7/8

7/8

7/8
7/8

7/8
7/8

7/8"

7/8
7/8

the
the

87/8
7/8

tube
tube

: 7/8 - L
Front dam would not enter the tube
. Rear dan'v_ould, not enter the tube *

[

O N NN
' ;
o o - W]

s >

L 4

e
.“

- s
CR- NN
IR

~4
°
@

-
L
L

Screen 'L;chtiqiif L



.27 - 13 25

bvéuisut'ircnr“édnrANY B o o zxanuctn txmx.rnsr

. POWER STATIONS DEPARTMENT .. - - . ~ - ~ "  DIGS 3330101 .~ - .

SKIPPINGPORT ATOMIC - POWER' STATION . . " CORE.L- S;ED 1 o &aj'
TABLE IV (cont d)

Tubes Tested by Ulttasonic Method .:”

”"Row"A ' Tube A Amplitqde e fj. Distance from - the T "fJSéfﬁen'Leeatiéﬁfff“j
IR B : ' Tube Sheet (indhes) e T

Ca0 13 T30 | B | 8 7/8 | .; B AT T
oL : o500 . . 8 1/8 - e 7.8 '
A PR 15 . 7 3/4 o O.D.‘
3. - .. 14 .- - -Rear dam vould not enter the tube L
.30 5. . 7 . 30 : 7/8 oL "QLB
’ ‘ . 60 ' 7/8 R ‘7°,3
30 . - .16 ' - 30 /8 - s oD
40 7/8 . DT
730 0 17 g 25 = 7/8. .. . . 1D,
, , co T30 7/8 - . 1.8
30 18 28 7/8° 3 ' 1w
‘ o ' ' : 7/8 R T8
7/8 .. T TED
78 0 T 1
7/8 ' e T
7/8 -
7/8
7/8
the tube e A S
778 - L PR
7/8 . - - 0D .
7/8 . .. 0D -

29 7 50
29 0 - 9 o 90
o e 100
29 - - 13 . Probe would not ente
29 . - 14 — 60 .
' ST o 90
12
29 ©. 15 20
S o " S , ,
29 - 17 - ' Probe would not entet-the-tuﬁe‘ ;
29 . 18 .25 . 87/8 -
L . .40 ' 87/8
27 - - 8 20 o 87/8
' SR L35 0 -8 7/8
T
8
8

% 0 ™o abafa»&:ara:aaa:d:a»ahd:a>a:d:q:

- 2T ""410 : " Probe would not- ente the tﬁbeA"- A
L 7/8 , T ¢ : BRI

S 60 /8 0 L T8 e

-30-



DUQUESNE LIGRT COMPANY

" . POWER STATIONS DEPARTMENT. - - -
*- SHIPPINGPORT ATOMIC POWER STATION .

-

vA}'“*f,:kééheCRLdata,'

“Row

Ty

1
12

11

.11
12

26

- 'r“;b-élf

s
1
f' .13

© .15

26

4k
13
14

14

13%

13%
13% .

Icou: sml

TABLE IV (cont'd)

ubes Teated bz Ultrasonic ﬁgthod

Aﬂplitude

ao, »
60
: 18 o)
- 20
. 60" .
10 = 15
-25
C 12
.30
15

35
10

10
10° ,
.10 -

25
20
:60

15

25

20

20
15

_Probe vould not ente

20
5
10
‘15

~ No indication

, Distance from the n ‘
" Tube Sheet (inches) .

No indication"

..-31-

© 0o G0 00 00 00 G0 ~J OO 0D 0o GO OO

B BN

\nmr1\4ar\nm

7/8

7/8
7/8

7/8

78

1'/2-'

7/8

7/8
7/8

7/8

7/8

7/8
7/8 .

10
1/2

34
374

9

7/8

4
9

4

3/4
3/4

34

3/4
the
3/4

10

“3/4

tube

3/4 -

K ?'oxa N
RN | BN
L 7.8

DY B
R 8
D,
R i
R | A
-‘;7.8‘

18 EEAT mdn LEAR usr o
-DLOS 3330101 .

' fS;iéQﬁ'Léé@ﬂi@ﬁ y{“t”l

B JEE

v

IR

‘1D
R - I
- Ib-

w

o 1D
1D
= 0D

",i '3if;



'DUQUESNE LIGHT COMPANY R '7 13 HEAT EXCHANGER: LxAx ™
. POWER STATIONS DEPARTMENT ~ .~ .~ . - Dpics 3330101 R
o -:.SHI?PINGPORT'ATOMIC PO‘!R STAIION .; . ,;'3.'”1  CGR! I SKED 1

TABLE IV (cont‘d)

SO SRR ‘ . : : Tubes Tested by Ultraaonic Method

: Row |  Tube . ° Auplil:ude R . .Distance from t.hz » ,Scriqi;' Io@:éztidﬂ R
B Ce : ' C ' ~Tube Sheet ‘(1uch_.zs') e oL

12 14% 5 8 3/4 R |
S & e * .50 . 834 . - P S | LR
Do . 10 B S I
120 13% ‘ 15 . ‘ 8 1/4 .. . oodD
1 L 2 IR 2 ¥/ 2 |
10 , 7 1/2 - . oD

‘See Figure i7

. % Recheck data




_DUQUESHE LICET COMPANY - =~ R It :xclaauu:.nxax tﬂ&ﬂ
POMER STATIONS DEPARTMENT S moamea o
SHIPPINGRONT ATONIC POER STATIOR oM 1 SKD R

e . ' . . A '
<Ltnnns v

ST e R ilm Bad‘e leulinga ‘loent.gnz*

C . ) L. . . . - - -

RETREI [ r11- Locntion . . | 1 T .'. j.ﬁ:i: HL;;-C- o
“. 2" Prom Tube Sheet 5/16 Inch | 1/6 Inch. | No . |20 Mii | Betl""'.
' ,‘lw | Tube | Position |  Plastic . Plastic | Shielding [ {ow | “Ratlo

7 '22 A 7 o clock‘_

3.63 | 3.9 4.05| 458 | a5 q4'7;§¢::'

1 26] 3 |20%ctoek | 426 | 380 367 s 7| mar | s 0

Sl ] e |mdpetne | 283 o 324 30| 360 | e | e}

Rk S o

Pilm Location" '
6" From. Tube Sheet
“Tube | PYositlem .

41/6‘Inch
astic

JS/ICﬁinch '
~Plastlic

7o'clock | -2.65° | 2. 94 2.98 | 3.60 i<f’2'ii“7f', '1}k~'

26| 3 |20%lock | 258 | 3. aa 362} 3ar | 2.5¢ | RS T R

lar | 16 [midpotat | - 2.03 235e 2008 200 | B K 15 ;{;_5;7“'*~'ff“‘“

_:% . Exposure Time Onme Hour -

. . ‘Réidings.chn_begexpreéped'ae R/Hr.

=33




gDUQUESNE IIGEI COMPANY
'POWER STATIONS DEPARTMENT .
SHIPPINGPORT ATOMIC POWER STATION '

1 "February 3, 1958

o -'October 21 and 22°

1959

'.October 25 1959
to ’

o Noyenber 14, 1959

" Jansary 13 and 14

1960

- January 29, 1960

- to

_.Februdry 12, 1960

{1 March 20-28, 1960-

* . March 24-and:25

190 -

. secondary .side with 75 psig air,

‘DICS 3330101 .
CORB I SIED 1

Lo of Events :

It ‘was determined that a leak of about 35 gallone per hour at .
12000 psi differential pressure existed from the ‘primary to the
- secondary side of the .1B heat ‘exchanger. e
" pressurization tests and probolog tests, four tubaa uure re~ “, ol
emoved and a total of 17 tubes were plu;ged.;, ‘ s

-On the basis of aix

. Selected tubes.of the 18 heat exchanger were sehjeeted to Prc«,?f:.;,f‘l
"bolog tests. : | N

All unplugged tubes were . checked for leaks by pzeeeurisius thef
Leakage was indiceted ‘in 9
tubes and leak rates were obteined ,

- of the 9 tubes indicating leakage the ende ‘of 6 tdhes vere ERREIE
ground to permit the entry of a leak location detector probe. S
: 'Afr pressure .

'+ .was applied on the primary side of the previoue leaktng tubee

Muuamluhawufwwinmhomtwm

to. rqopen the cracka.

"Selected tubes vere te-ted by .the botegage -etho& to deterudnﬁ"a s

inside diaueters.‘

Selected tubes 1nc1uding the 9 leekin; tuben were 31vtn a dye ;f_f?iff
penetrant test. . . ) . L

Selected tubes were teeted by the ultreeonic nethod.

18 mr xxcnmcn mxm
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- DUQUESNE "LIGHT GOMPANY 1B HEAT-EXCHANGER LEAK. TEST
‘POWER "STATIONS DEPARTMENT ‘DLCS 3330101
_SHIPPINGFORT ATOMIC POWER STATION 'CORE I .SEED.1

TABLE VI

1B Heat Exchanger Leak .Rates

Activity.of .Reactor, - .Secondary Boiler ‘Hours at.100% Leak. Rate

L1

s

_35-

. Date .Coolant (dpm/ml) (x103) ‘Water. Act1v1ty dpm/ml Reactor Power ml/min’
3/25/59 7.60 0.61 - ‘ .148.0 0.30
4/29/59 4,60 0.18 .245.0 0.15
.5/20/59 3.90 0.32 379.0 , .0.31
.8/28/59 6.80 0.15 .168.0 ’ 0.08
9/ 2/59 3.40 0.22 51.3 ’ U.28
9/ 4/59 7.40 0.16 .99.7 0.08
9/24/59 2,70 0.24 .195.0 '0.41
.Refueling . - '
5/15/60 2.50 1.30 A -79.0 . 2.00
-5/12/60 . .2.10 .1:30 . -119.0 2.30
..5/17/60 2,20 .0.93 . -33.0 . 2.20
-5/207/60 1.90 1.19° 105.0 2.40
5/24/60 2.30 1.74 ‘ 40.0 3.60
6/10/60 2.30 1.26 : 453.0 2.10
6/28/60 -14.90 -15.90 71.2 -4, 30
7/ 8/60 . . 14.70 9.74 -356.0 ) 2.50
. 8/ 8/60 21.30 17.40 - 100.0 3.10
.9/ 9/60 16.50 16.50 -506.0 - 3.70
.10/7/60 - 2.73 .1.15 277.4 .1.60
11/15/60 2.36 1.01 215.5 1.-60
12/27/60 T1.24 0.44 465.4 .1.30
1/27/61 .1.75 0.45 1260.7 0.95
2/14/61 . - .1.60 .0.35 .228.2 .0.81
.3/10/61 o .1.75 0.35 439.0 - .0.74
.3/17/61 - 1.35 0.33 602.0 0.91



' FEST RESULTS DLCS 3330101
1B HEAT EXCHANGER LEAK TEST
CORE I .SEED 1

'._.Res"i_xlts, Prepared By %&W" )

,R'es ts Reviewed By_

. ‘Approved (Duquesne Light Company ([0 » ' ' Date 2-3 _ﬁé,/ e
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