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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED
BY COMBUSTION ENGINEERING, INC. NEITHER COMBUSTION ENGINEERING
NOR ANY PERSON ACTING ON ITS BEHALF:

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHOD,
OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE PRIVATELY
OWNED RIGHTS; OR

B. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OF, OR FOR
DAMAGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
METHOD OR PROCESS DISCLOSED IN THIS REPORT,
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Small defects vielded the maximum flow per un.it area. Values
ranged from 930,000 lbs, per hour per square inch for the .01
inch diameter hole to 46,000 lbs. per hour per square inch for
the largest defect area tested,

An instrument error analysis showed that all tests were run with
the test water entering the simulated tubesheet creviie in the
liquid subcooled state.

Defects located 12 inches to 18 inches below the top of the
tubesheet have leakage rates approximately 30% less than those

located 5/8 inches below the top of the tubesheet,

DETAILS OF TEST HARDWARE

3.1

Test Facility Setup

The test facility is shown in Figure 1 and was assembled utilizing
a 70 gallon autoclave w.ch a nitrogen overpressure to provide a

source of demineralized water at 550 F and a pressure of 1065 psig.

The system piping was 3/4 inch stainless steel tubing. Connectors
and valves were 3/4 inch Swagelok. The discharge valve was a
1 1/2 inch fast-acting valve connected to an atomospheric drain

line,

Instrumentation

All instrumntation was calibrated prior to and at the completion

of the test. Instrumentation ervor analysis and calibration data

are included as Appendix B,

) TR-ESE-411
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3

DR

Pressure Gages

Pressure gages were installed in the aucoclave (P,),
tubesheet inlet (P;) and upstream of the discharge

valve (P3).

Thermocouples

Thermocouples were installed in the autoclave (T,),
tubesheet inlet (T:), tubesheet 1.D, (T3), and inside
the tube adjacent to the defrct (T,). The thermocouples

were comnected to a digital! readout.
Flow

A Meriam AP gage was connected to a Flow=Dyne venturi
flow meter with a 0.1985 inch throat diameter, Connected
in parallel to the venturi was a Rosemont AP Transmitter
and a Honeywell 1508A visicorder. This system provided

hoth a visual and permanent record of flow.

For backup flow data, the autoclave level was monitored.
The level was measured using a Rosemont AP transmitter
connected to a meter., llsing a stopwatch and the level
indication, the flow per unit time could be established.

As the level instrumentation had been calibrated at 6801‘",
the calculation in Appendix C was vsed to determine the
550°F flow rate. Flow rates for the 0.010 inch hole defect

were obtained solely by the autoclave level vs. time method,
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3.3 Test S't_'-'\.'t.“”_

A 2 1/2 inch diameter carbon steel round was gun drilled to 0.892
¢ ,001 inches 1.D. to simulate the tubesheet (Figure 2). Instru-
ment taps and a vent tap were drilled perpendicular to the 1.D,
In addition, a tube deflection device was installed to deflect
the test tube against the tubesheet I.D. to provide the maximum

¢learance area at the tube defect.

Eight strip heaters (of 250 watts each) were utilized to provide
heat to the test section and inlet plenum, The test section tem=
perature was stabilized at 600°F prior to initiation of the
blowdown,

3.4 Test Specimens

The simulated steam generator tubes (Figures 15 through 22) were
fabricated from 7/8 inch 0.D. 316 stainless steel welded seam
tubing. The tubes were cut to 24" in length and a plug welded
into one end; they were then centerless ground to 0,872 ¢ ,001
inches. Tube defects, with the exception of the 0.040 inch hole
(3A) and the 0.010 X .50u inch slit (2A), were installed using
Electron Discharge machining,

The tube- were installed in the test section (tubesheet) using

Swagelok fiuti gs. Defect positioning within the tubesheet
crevice was meu.ured to * 1/16 inches.

4.0 DISCUSSION

4.1 Testing

The test tubes were installed wn the simulated tubesheet and

5 TR=ESE~411
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the defect location fixed. The tube was deflected to contact
the tubesheet opposite the defect to allow maximum flow area
at the defect. The system was heated and pressurized from the
autoclave through the specimen tube up to the discharge valve.
Upon reaching test conditions, the system was rapidly depres-
surized by opening the discharge valve., Temperature, flow and

pressure were recorded before, during, and after blowdown.

An instrument error analysis (Appendix B) showed that all tests
were run with the test water entering the simulated tubesheet

crevice in the liquid subcooled state,

The testing was pe-formed in accordance with Test Procedure
00000~ESE-298, '"Wiscmsin Electric Power Stewn Generator Tubesheet
Crevice Test', (Appendix A).

Observations

A total of 19 blowdown tests were performed using 9 tubes with
various defects., Tests 1 throuvh 12 and 17 through 19 were per-
formed with the defect located 5/8 in. from the top of the tube-
sheet. Tests 13 through 16 were performed with the defect located
12 and 18 inches into the tubesheet. Flows with the defect lo-
cated at these levels were, respectively, 590 and 500 lbs. per
hour less than those with the defect located 5/8 in. into the
tubesheet, See Figure 12. [low rates for the other defects are
displayed in Figures 5 through 11.

The flow rates during the initial ten seconds of each test were
higher than those after test stabilization although significantly
higher (50-100% higher) only for the first two (2) seconds. This
cerresponded to a freely discharging submerged flow condition as

~J
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the valve was being opened and the back pressure in the test
section was being reduced to atmospheric pressure., As the in-
ternal tube back pressure decreased and vaporization across
the defect w s established, flow rates stabilized at signifi=-

cantly lower values,

Tube deformation at the simulated defect was noted in most of
the tubes aftor test. Tube S/N 4A defect was measured prior to
installation at .010 x 1.00 inches. The tube was then installed
and brought to test conditions (550°F 1075 psig) and stabilized
for 30 minutes, The 1.D. of the tube was not depressurized,
thus no differential pressure was established. The tube was
cooled and reinspected, No change in tube diameter or defect
area was noted, The tube was then tested normally, after wt ich
test measurements disclosed a reduction in the defect area of
about .005 in’ due to tube deformation during flow testing., It
was thus verified that the defect reduction was due to the
external pressure caused by the depressurization rather than

thermal effects,

Figure 15 and Table 1 provide a correlation of the stabilized
flow per unit area versus defect area 1fter test. A trend seems
to be established that the larger Jefects have lower flow per
unit area than the small defects.

The measured flow rates and the defect size effect can be cor-
related by equations for critical fliw through orifices, These
correlations are provided in Appendix D. For initially subcooled
water, Zaloudek (Ref. 1) found that a choking condition occurs

at the orifice threoat corresponding to the situation when the
local pressure reaches the saturation pressure, This is referred
to as upstream choking which is characterized by flow consisting

8 TR-ESE-411



of a liquid core surrcunded Ly a vapor annulus. The flow through
the orifice remains constant even with further decreases in 'he

back pressure.

This critical flow, Gi, is given by:

Gy = Cy &2 gcoy (P -p
. AL 1(Iupstream sat.’ (1)

where Ci1 is a coefficient of discharge, 0, 1s saturated water

is pressure upstream of orifice, and P 1§
<

density, P
ik,

upstream
saturation pressure at subcooled liquid temperature,

For highly metastable flow, the superheated liquid does not have
time to flash and establish themmodynamic equilibrium. In this
instance, the liquid flashes dov 1stream of the orifice leadirg

to a second critical flow situation. The value of this critical

flow is determined from the data of Bumell as,

G, = N".‘gc o1 [P

| ups. ~ (1=C;) P (2)

sat |

where C; is a unction of the surface tension,

Comparison of :' measured flow rates with the predicte! values

by Eqs. 1 and % (a, ,enu.x D) showed that the flow rates tor tox
smaller size defects corresponded to G: and those of the large
defects corresponded to G, . It is thus apparent that with the
smaller flow areas (0.010" hole up te (.10" x 0.50" slit), surface
tension has a strong effect in suppressing {lashing and metastable
conditions are more apt to occur, Conversely, thermodynamic
equilibrium is reached with the larger 'low areas. The agreement
between predicted and measured values i. close (& 15 to ¢ 27 percent)
except for the 0,010" hole and the longest slits.

9 TR-ESE~411



Increasing the upstream pressure for Tube 2A (Rums 3 & 5) created
only a small increase in flow (< 1% increase). This trend is
also predicted by Eq. 2; a much larger increase is predicted by
Eq. 1. This supports the conclusion of downstream choking for
this tube,

Figure 13 shows the effect of back pressure on flow for Tube 54
In this test, stabilized flow conditions were first established
with the back pressure set at atmospheric conditions. The
isolation valve was then slowly closed to increase the back pres-
sure, When the back pressure reached a value in the vicinity of
the saturation pressure (1003 psia), the flow reached a maximum,
a factor 1.8 greater than stabilized flow rate, after which, with
further increase in back pressure, the flow decreased to zero
corresponding to a decreasing differential pressure as in single
phase flow, Due to the difficulty of obtaining steady values of
flow under high back pressures, the flow versus back pressure
data of Figure 13 represent quasi-steady state values. However,
the maximm flow reached can be compared to the maximum theo~
retically possible, Since Eq. 1 applies for Tube 5A, increasing
the back pressure would propagate this pressure increase back
towards the orifice and cause the local static pressure to exceed
the saturation pressure. Consequently, the choking condition
would be removed, and the flow would be increased by the increase
of the discharge coefficient to the single phase value (i.e.,
0.62 to 1.0 or a factor of 1.6). This provides an explanation

of the increase in flow rate,

Two test runs were made to assess the effect of tube clearance
within the simulated tubesheet, Runs 18 and 19, using the .0l
by .5 inch long ¢efect located 5/8 inches from the top, were
placed undefle:te? in the test section. Leakage rates were

10 TR-ESE=411



5.0

generally lower than those obtained with the maximum clearance
runs but onlv by a small percentage, approximately 3%. Since
other parameters, such as inlet temperature »nd pressure have
a much larger effect, it is concluded that tube 3xcentricity

within the clearances tested does not significan ly affect the

leakage rates reported.

The test simulated a single tube and the adjacent tubesheet
material. In an operational situation, unless adjacent tubes
were also leuking, a larger heat source would be available thus
maintaining a higher discharge/tubesheet temperature. This
would tend to decrease the tube leak rate.

CONCLUS IONS

Based on the test data, it can be seen that the smaller defects yield
larger leak rates per unit area. The maximum leak rate per unit area
was obtained with the .01 inch diameter hole which vielded about
930,000 1bs. per hour per square inch. The measured leak rates can
be correlated to previous data for critical flow in orifices based on
upstream choking for the larger defect areas and downstream choking

for the smaller defect areas.

An increased leak rate was observed when the simulated steam generator
tube was internally pressurized to near saturation pressure of the
water. The magnitude of this increase for large defects was twice
that found while discharging at maximum AP,

With large defects, 12 inches to 18 inche< fram the top of the tube-

sheet, leak rates were reduced as much as 30%. Concentricity of the
tube within the tubesheet crevice had minimal effect,

11 TR-ESE=411






Tube not deflected within tubesheet
¥ Rounded to nearest 25-1b.
t Rounded to nearest 10-1b.

increment s

Inerenent s

(Run #17 - actual no.)

A A MINTMM
s R e i e o o DEFECT
SIZE AUTOCIAVE t | CALCUIATED 1+ | AFTER AREA
L | aN) | LocaTion CIM F, | IB/IR| TEST (IN°)
1 224 | .010x .500 | 5/8" | 10; 1.8 1390 | .0115" 00595
2 24 | 010x .50 | 5/8" | 1050 3.9 | 1420 .o115" | 00595 |
5 | oox .0 | s e | 0] o | woss |
4 24 | .010 x .500 | 5/8" 3.7 | 1370 .0115" | 00595
| 3 | 2A | O0x .500 | S5/8° 3.7 | '30] .0n5" ) 00595 |
6 2A 010 x 500 5/8" 3.5 1280 | .0115" L0595
7 34 | 040 Dia. 1/2" 1.0 360 | 060" | 00133
8 s | oox oo | s 1.6 | sso| 005" | 00625 |
9 4 | .010 x 1.00 | 578" 1.5 540 | .005" 00625
54 | .010x2.00 | 5/8" | 1.8 670 | 006" | .01419 |
5A 010 % 2. 5/8" 1.7 640 | 006" | .01419 |
| 6A | .010 x 3.00 5/8" 2.3 8B40 | 007" 02861 |
A | 010x 500 | 12* 26 | 970 om" | 00486
BA 010 x 500 12" 2.6 ci0 008" 00486
9A 010 x 500 18" 2.4 ; 880 .009" | L0056 |
9A 010 x .500 18" | s | 2.3 1 8w 009" 00556 |
JA | .010 Dia. 5/8" — | —1 o0 | 3.96x10°]
24 | .010 x 500 5/8“’:0 | 1330 uné'-‘—J ' ({(_»u;_:
2A 010 x .500 | 5/8" 3.6 | 1330 o5t | 00595
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1.0 OBECTIVE

2.0

This procedure details tests to evaluate the potential rate of secon=
dary leakage through sumulated defective steam generator tubes in the
event of a LOCA., The test section reflects the Point Beach Steam Gen=

erator Design in the support plate region.

TEST HARDWARE DESCRIPTION

The tests will be performed using a 70 gal. autocalve to provide fluid

at the pressure and temperature required.

The test section, Figure 1, will be connected to the autoclave with
insulated 3/4 tubing. A venturi will be located upstream of the test
section for flow measurement, in addition, a fluid level indicator
will be connected to the autoclave for volumetric comparison.

2.1 Test Section

The test section will consist of a 2'' diameter carbon steel round,
with a 0.892 ¢ .002 hole through the center to simulate the tube-
sheet. Attached to the tubesheet is a &' section of 1 1/2" sch:

80 pipe which will provide a test fluid reservoir having pressure
and temperature measurement capability adjacent to the tube being

tested,

Strip heaters and a fluid bleed are provided to maintain a test
section temperature of 600 # 10°F prior to testing,¥

Pressure gages and thermocouples will be provided at the tube
sheet inlet and upstream of the 1 1/2" discharge valve., An addi-
tional TC will be lo-ated in the tubesheet adjacent to the test

tube.

* To be adjusted per cognizant engineer.

1 00000~ESE~298



2.2 Test Specimens

2.3

The test specimens will be fabricated from 7/8 0.D, x .049 wall
welded tubing type 316. The tubes will be secured to the test
section with swagelok fittings., Maximum tube to tubesheet excen-
tricity will be maintained during testing using a rod

egainst the tube downstream of the tube defect (except for bot=
tom defect). Eight 24" long tube sections will be fabricated
with the top end plugged containing the following defects.

Location Defect

1, 1" from plug .010 diameter hole

2, 1" from plug ,010 x .250 Lg slit (.040 dia. hole)
3, 1" from plug 010 x .500 Lg slit

4, 1" from plug 010 x 1.00 Lg slit

5. 1" from plug 010 x 2.00 Lg slit

6. 1" from plug .010 x 3.00 Lg slit

7. Center of tubesheet To be determined later

8. Bottom of tubesheet To be determined later

Test Conditions

Ideal test conditions at the entrance to the tubesheet are 550°F
at 1025 psia. By overcharging the autoclave by approximately

100 psi and using a Nitrogen overpressure a pressure of 1100 £ 10
psig at 550 ¢ 59F should be wossible. However, tests will be per=
formed to determine the correct autoclave pressure that yields the
closest possible test tubesheet inlet temperature 550 ¢+ and pres-
sure 1065 + 10 psig.

The N2 will be applied just prior to initiation of the test. The
autoclave will be degassified prior to each additional test.

ro

'3 00000~ESE~298



3.0 QUALITY CONTROL

Testing shall be performed and controlled in accordance with the

applicable sections of the C-E Quality Assurance of Design Manual.

3.1 Instrumentation

3.2

3.3

3.:1.1

3.1.2

3.1.3

3.1.4

Temperature - Thermocouples and readout instrumentation
shall be calibrated prior to the test program and upon
completion of the test program,

Pressure = All pressure gages und 4 pressure transmit-
ters shall be calibrated prior to the test program and
upon completion of the test program.

All instrumentation shall be calibrated per the procedure
for Control of Measuring and Test Equipment Procedure No.
0000 NLE-070.

Pressure gages, thermocouples, level indicators, flow
meters and valves will be identified per Table 1,

Error Analysis

‘‘he test report will provide an error analysis based on instru-

ment calibration,

Records

The original do'a sheets and copies of the procedure and report
will be filed in the Nuclear Laboratories Building 2 Records Room.

3 00000~ESE-298
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«.,0 TEST 5

4.1

&4

4.3

4.4

‘:Evv-,"/
Wil Ul

e /N - o § A o .
log S/N and tube defect on data sheet,

besheet on

Log defect location from top of the t

I - i

Utilizjnf the push rod deflect the tube ag

opposite the defect., Log on data she:t.

-

Tighten the swagelok fitting on the tubesheet

Install the discharge test section and tighten the

fitting.

ra cheet
ta sneel
#11h ¢
0L “;
1
.t \ .
W.2e lOK

00000~ESE~268



5.0 TEST PROCEDURE

5.1
5.2

.3
5.4

5.5

5.6
2.7

5.8
5.9

5.10
5.11

5.12
5.13

e Lo L

Fill the autoclave to the 72" level with de-ineralized water.

st 8@ 3 o 2 Al e .
Start autoclave and stabilize at 3550°F 1065 »sig.

Utilize the tubesheet vent for venting operations as required.

Energize

tubesheet heaters.

By venting through the tubesheet vent and using the tubesheet

heatars,

at Pz‘

stabilize the tubesheet at 600 + 10°F at T-3 1065 psig

Set N; regulator at 1150 psig. Based on initial results the

test engineer may change the N; regulator pressure.

Open N; charge valve.

Read and

log the following; Py, P2, Py, Ly, Ty, T2, T. T..

Open discharge valve.

Read and

log the following while discharging; Pz, T:, P3, Ta, L,

Flow F; and a change in autoclave leel versus time.

1

Close discharge valve V;.

Close N,

Read and

Degasify

charge valve V..

log the following; P,, Pz, Py, L,, Ti, T2, T, Tu, Li

autoclave for existing operating procedures.

3 00000~ESE-298
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Table 1
R L L

Pressure Gages
P: Autoclave panel
P; Test section in

Py Test section discharge

F, APressure of venturi

L1 Autoclave level, 4 pressure transmitter
] :

Temperature
T, Panel mounted autoclave temperature
T; Test section inlet
T:; Tubesheet metal

T. Test section discharge

Valves
V. Upstream of venturi 3/4 swagelok
Vs Downstream of venturi 3/¢
V; Discharge test section 2 gate
V., N2 regulator discharge
Vs Test section bleed

V¢ Charge punp discharge

8 00000-ESE~298



Tubesheet Crovice Le

1k Rate Test

Data Sheet

Step No.
4.1 Tube S/N

4.2 Defect location

Defect Size

4.3 Tube deflected

5.5 Stabilized conditions

P, psig L, in H,0 T,
Pz psig Tz
P, psig T,
Ty
5.9 Blowdown Readings
P, psig T, Op F\
Pz psig Ts OF |
Ps psig
Blowdown time * Time min sec,
5,13 Stabilized Readings
P, psig T, °F L
P2 pSlg Tz_ OF
Py psig Ty p
T, 3
5.14 Recharge autoclave gal.
Technicians date
Engineer date

* Time between step 5.9 L, and 5.13 L,.

in H,0
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LIST OF INSTRIMENTS

INSTRIMENT MANUFACTURER MODEL # SERIAL # CE # ANCE ACCURACY
Visicorder Hoevwell 1508A 154641 F1.G90 0~10 in/sec ¢ ¥ ¢
(-80 1in/sec + 47
Flow Meriam — 1124CR15991 Fl145° 0-600 1n H.0 ¥ ST
A Press
Press Gage Acco 2487 N/A ELAT0 0-3000 psi ¥ 12
P
Press Gage Acco 2487 N/A EL469 0-3000 psi + 1%
P
Press Gage U.S. Gage = N/A EL468 0-3000 psi + 17
vy
Temp Honeywell s S N/A 0-1000 psi “F ) 1%
Ty
Chart Recorder Honeywel | = 902827 EDL34 0—4000 psi |
Py
Level Rosemont 11P6E22MB L N/A 150" 1%
L
l'emp Recorder Ircon = 1398 El432 =30 + 1600 “F 1%
IR-ESE-
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APPENDIX B
R

ERROR ANALYSIS OF MEASURED QUANTITLES

PRESSURE READINGS (P2)

SOURCE UNCERTAINTY
a.) Calibration: ¢ 0.25% F.S. (3000 psig) + 7.5 psig

(Standard gage)

b.) Readabil ity & R(’pea(abili[‘r"::\'

1/2 of 1 scale division + 12.5 psig

Repeatability or random error is usually much less than
Readability.

Total pressure uncertainty by the second power law (See No. 4
this Appendix)

= % A(7.5)* + (12.5)°
> p

= #* 14.5 psig (2 o limits)

co

or 95% confidence interval
The above uncertainty can be considered to be within 2 o limits since

these are provided by the manufacturer. For a higher confidence,
3 o limits (99.7% confidence interval) may be chosen,

Total pressure uncertainty = % x 14.5 = 22 psig (3 o)
TEMPERATURE READINGS (T2)
SOURCE UNCERTAINTY

a.) Calibration

Reference Temperature + 0.18%

Readout (0.015% of Readings) + 0.08°F
b.) Readout (IRCON)

Electronics (= 0.05% T ¢ 1.OOF) o $ I.BiF

Digital Indicator (least significant digit) * 1.0°F

Total Temperature uncertainty = + A(0.18)° + (.08)* + (1.3)* + (1.0)*

= + 1.65°F (2 o)
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i G =S =5 G & =0 O o0 S oS & o o =

0D - D 4 r 1 "~ 1 -

ince (Y b ) 22 psi 1n all runs,
upstream at,

mditions occurred upstream oI the crevice

4,) FLOW MEASUREMENT (VENTURI)

Venturi Equation:

)
= , o « 17
Q= 5.573d%ce {a 2g Af
e -

or simplifying,

- - 1

" B 1/2

2 g Ll

s g -

where Q = flow rate

: alibration constant

g - J"Lt tional constant

\P - :xv._mm-tvr reading (psi)
- ‘:"n.?it."" ‘\: 'W.ilt',r

- a

!

The Kline & McClintock Method of combining unc
™

powe Lm equation is the following:

[f R is a function of n independent variables
" . el
Then the uncertainty in R 1s

—_

iR iR
Wo = | (g 8V)E o+ ( 23 SV.)
1 L v -
Applying Eq. A=2 to A-l
Wi y "
0 A ] AP, ]
ke | (p=) * (o o) % w =)
a,) Calibration Constant
From the manufacturer ( =

: —
calibration const. uncertainty C =
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s A‘\(,.li‘)' + (2 )
uncertainty
= 2. o=1n=H2 (£ 0)
uncertainty
for a AT = 1.65°F = (46.59 - 45.96) 16
t
L OV
- 1 1
- . AU A0 .
2 /
. 7
i U. 100 - Lo Y&
— B gy = JOOZZ Or 1) dék
+0.0
different tube speciment, (except

1Y
LON
-

- AN
A )
rial

-y
'
\
=
the
ntu

£

W



- ==

A PRI
APPENDIX B

FLOW MEASUREMENT UNCERTAINTY BY LEVEL CHANCE METHOD

For Tube 7A, the flow rate was so low that .re confidence was
the level change in the autoclave than on e venturl

The flow was calculated by:

Q= (Ll - L2 ) 2¢old x 0.,4896 gal/in.

(S 1aTals

At (min.)

Then by Eq. A=l

WO . 0L." “hot c= 1/2
iﬁ = | (_L) + )
" L. L =

Level Monitor: Uncertainty
Calibration : 1/4% F.S. of 150=in. = 0.375"
Reaaibility = Zero if scale marks are used.
3 1
!/

Repeacability : 1/4% F.S. = (.375 -

i

== Al(.0375)° + (.379)

= iJ'—))

Total Flow uncertainty for Tube 7A, Run 17

—
-

where L1 = L2 = 21

' )
ey - N g 2 o /&

002
0 LY20 (.002) |

\,.
+

readl
1~H20

pLacC
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Determine flow rate using autoclave level change.
Level instrument Li calibrated at 68"F

Autoclave

12" dia. 144" high
V . 7854 d*h

V= 7854 (127)(144) = 16286.05 in’

#

i

1 gal = 231 in’ Machinerys
16286.05 in’ = 70.5 gal
23171n

70,5 gal = .4896 gal/in,

[wu in.

Autoclave Level = ,4896 gal/in.

Hanc

ibook

Determine Flow rate in CPM using Autoclave Level change
Level = Li

L. stand = L1 stop (.4896 gal/in) _
Test 1ime (sec)/bU sec.

ormm
r,tv.

Example: Tube 1A Run 8

L: start = 79 in. Li stop = 74 in. Test time 130

4 (.4896) . .979 gal/min
4

. s 2o £ A Qs
Convert gpm @ 68°F to gpm @ 550°F

Crane Tech

- O £y a9 3
MLE) FE 3 63 i 7'-!:"—#3:); I[:bfga = 1.36 Paper #410

1.36 x gpm @ 68°F = gpm @ 550°F

1.36(.979) = 1.33 gpm @ 550°F

sec.




APPENDIX (
b L AV

Convert gpm to Lb/Hr.

!

Db/t = Lb/Hr

—

3 5
gim x 60 x ft"/gal x
gam x 60 x 134 £t7/gal x 45.96 Lb/ft® = Lb/Hr

1.33(60)(.134)(45.96) = 491.5 Lb/Hr

e et e

Crane Tech
Paper #410

Venturi Flow Meter

Mfg. Flowdyne
Throat = ,1985 in,
Temp., = 550°F
Pressure = 1050 psi

Ref (1) Flow dyne Engineering Manual
(2) Annubar Flow Hdbk Dietrich Std.

rog tp 7 12
(1) Q 5.573 d® ¢ e f. | & AP ]

— =%
<

Coefficient of Discharge (2)

Velocity of Approach (1)

f, = Thermal Expansion Factor (2)
= Density Lb/Ft’ 550°F

g = (ravitation Constant ft/sec®

AP = Differential Press. in H20

# 0

C = for line size .195 to 2.5" dia 1.0

;= Thermal Expansion factor 5360F to 584°F 1,010

Example
2(32.17)130.63

Q= 5,577 (.1985)* (1.0)(1.010) | 45.935

1/2
n e 991a | 2(32.17)130.63 ]

Q= .2218 | =TFe

Q= 3.0 gpm

-
|
|
|

-

1/

[ g ]
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APPENDIX D
e i

COMPARISON OF MEASURED AND PREDICTED FLOW RATES

Several investigators have observed two distinct types of critical flow of
flashing water through orifices. The first type occurs with flashing at the
orifice throat, termed upstream choking.

Zaloudek gives « relation for this critical flow (reported in L. S. Tong,
Boiling Heat Transfer and Two-Phase Flow, J. Wiley, 1965 pp. 108-110.

—

3 = |28 04 (P - P critical flow fo
& LA 28,01 ¢ ups tream sat.’ ( : ,Gl s 1
upstream choking)
where G = critical mass flux in lbm/hr-ft*
Ci = empirical constant, 0.61 = 0.04
5" gravitational const.

1

o = saturated water density

I = Pressure upstream of orifice
Pupstrean Fressure up . N
Psat = gaturation pressure at subcooled liquid temperature

A second type of critical flow occurs when the water in a metastable state
exits the orifice and only then flashes. This is downstream choking. The
equation of Barmell or Kinderman & Wales (Also reported by Tong).

o | P - C2
bt = Al“Be Y1 “upstream (1=C2) Psat.upst.

where C; = (0,284 0o for psat,upstream
J Tor psat, = 200 psia

o = surface tension
at psat = 1000 psia,

C: = 0.2
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Tubosheot Crevice

lrak Rate Test

Step No.

4.1 Tube S/N /7

Data Sheet

YRR L
Defect Size LO/0 X /2 ,Zo/_)f/“r

— ’

4.3 Tube deflected YES

5.5 Stabilized conditions

4.2 Defect location F/p Enlfo /koe Sheel’

P, [/5¢ psig | 7‘/
P, //5C psig (70)
P, //5C  psig
5.9 Blowdown Readings
P, /075 poig Ts 54/ Op
p, /050 psig 1, /9 F
Ps (4 psig
Blowdown time % Time /
5.13 Stabilized Readings
SAIETEX /f‘\ P, //5C psig T, 55C °F
MIVeTES .
s WL psig 1, S5c2
P, //5C _ psig T, “4CS5 O
1. 34 __ °F
$.14 Recharge autoclave 4 ~gal.

Ly

min -‘;‘/ sec.,

Technicians Z-»/Jr .74 ( oo/l date & - 246=-FO

Engincer _T% p 0_ luk.}m 1‘;,1

date £+26-50

* Time botween step 5.9 L, and 5.13 L,.

TestT * /

5¥

T, &5C %%
T, 556
Ts 5“5"’2 OF
Ty L/;2£3 Op
F, 205 in H,0

L0 in H.O

———— —

in H.0
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Tubosheet Crovice Leal

Data Shoeet

Step No.
4,1 Tube S/N

=2/9

2 "I //
4.2 Defect location /2 Zn e

1)
Defect Size - /0 X /2 Zoic/

4.3 Tube deflected Y £ S

5.5 Stabilized conditions
P, J/CC__ psig
P, //CC psig
P, /075 psig

5.9 Blowdown Readings
p, /05C psig

P, ZCQE—' psig

Ps o psig

Blowdown time

5,13 Stabilized Readings

// 25  psig
AMINVUTES [Jp, )/ CC __ psig
P, //CC _ psig

5.14 Recharge autoclave

Tube SheeT,

T, 52/ °F
Ts L/Q/ OF
T, /6  °F

5 gal.

L, 7o in H,0 T, SY0 O

(70) T2 5(‘ y OF

Tg b"B'u OF

Ts "/L/ 7 OF
Ty 539 o F, /5 inH,0
T A2 __°F L, &€ inH0

* Time / min q5 sec.

1. 5940 °F L, 59 inHo

Technicians ‘/z—‘/un Ay dfreatl, date_E ~2L(-EC

Engincer ‘7/1/? P QL\.;, P Lo date &2 6-5U

%* Time between step 5.9 L, and

Tes? * 2

- ——— . Ane

5.13 L.

R T T g PRI W I T S S e T

. o R



Tubesheet Crevice Leak Rate Toest
Data Short
Step No.
4z 4
4.1 Tube S/N | A9 Defect Size ¢ o/ X /2 AC/Z__?

5—/3;” _Tr?fc 7:456 g/,c_'_(“ff

4.2 Defect location

4.3 Tube deflected Y ES

5.5 Stabilized condit Lons

P, /2CC  psig L, & 2 in H,0 T, ESC
P._//75 _ psig | (‘/-'2 ) T, S5Y °
P, //5C psig T, S 7Y %

Ty &f ) <7 O

5.9 Blowdown Readings

p, //&C  psig T, S4Yé O Fi 23‘3 in 11,0
PZ__L_/_Q_é_ psig Ta Y °p Ll____éi?___in H,O
Ps & psig
Blowdown time * Time / min 50 sec.
5.13\ Stabilized Readings
M ETER /| P /] 75 psig T, S55C Op L 3 /  in H.,0
MITZI T 5 P, Z/b‘"[‘ psig T, ¢ / Op
Py //YEC  psig s, 432 °F
. J39 %
5.14 Recharge autoclave 5- gal.

Technicians /1K~/»n ,3’(_[/{‘--‘» A, date &E -2& - £C
Engincer %’11 [) c‘«[‘_‘,g‘ﬁs_ date §-20- 5o

% Time between step 5.9 L, and 5.13 L,.

Jesr * 3

——————————————



Step

AFTer |
Minute

No.

4,1
4.2
4.3
5.5

2.9

5.13

5.14

¥*

Tubosheet Crovice Leoak Rate Tost

Data Shecot

Tube S/N 2 A

Defect location

) ) | /"
Defect Size . O/0 X /2 40;17

Tube deflected Y E.S

Stabilized conditions

B /0O psig

Pl,_ﬁ/ 070 psig

Blowdown Readings
P, J0BO psig

Stabilized Readings
P, jD 75  psig
P, /OS50 vpsig
Py [OY D _psig

Recharge autoclave

Technicians

Engincer

57.,? “ Tnte Tabe sheet

L8R ___inHo T, S50 %
(%0) Tz'lﬁ 23 Op
Ts_Lo0G °F
T«.___._E_i\_‘f__/__oF
Ty _ °F Fi__200 in H0
T 243 °F Li__ 73 _in HO
Time _ | min__ O _sec
%, 550 Li_ 75  in H.0
Tz_ 52/3 OF
1, L A9 °F
Ti_ LY g
ol %2 gal.

/»11 zp-éﬂa—an/(z'datc 8= o e 1%

date_§ -3 9~ §¢)

7257

M P e &»\LU";L(A.:

Time between step 5.9 L, and 5.13 L,.

# L

'M




Tubesheet Creovice Lonk Rate Test
Data Sheot
Step No.
. TR
4.1 Tube S/N__ 2/ Defect Size ,0 /0 * V2 Long

4.2 Defect location 573” Ih7e Tibe SheaT

4.3 Tube deflected YES

5.5 Stabilized cond itions

p, /075 psig L, 725 inu0 T, SEO O
P, /LD __ psig (’73) 1, S5 73 %
Po_ /040  psis . 1, 606 °F
T S50 °F
5.9 Blowdown Readings
P, /D725 psig 1, SY7 °F Fi_ /9T in 0
P, /04O vpsig T. 24/ °F L, b7 _inHo
P O _ psig ~
Blowdown time * Time | min O sec.
5.13 Stabilized Readings
(AﬁTER [\ P, L0275 psig v, 550 °F L, b7] _inho
MINUTE | 5 /D70 vsie T, 552 °F
Py, /05D psig 1,419 °r
1. HHb °F
5.14 Recharge autoclave ol 72 __gal

Ao

Technicians

Engincer

% Time between step 5.9 Ly and 5.13 L.

Tes?T * 5

—————————

————T BT
VAT T N




Tubesheet Crevice Teoak Rate Test
Data Sheet
Step No.
' ) "
4.1 Tube S/N 0?/? Defect Size ,O/0 A /2 L ony

4.2 Defect location 578’” Thnte Tibe SheeT

4.3 Tube deflected YES

$.5 Stabilized conditions

P,_/O50D psig L__ @3 _inno T, 550 %
P, [ D35 psig ( &:2) T, _§ %0 °F
P, [/ O/0O psig 1, L0Y °F

TS 72

5.9 Blowdown Readings

Pi_) OSSO psig T, S5 °F F, /1 75 innp0
P, /QRS- psig : _°F LS5 b int0
Py ©__ psig
Blowdown time * Time |  min gz sec.
5.13 Stabilized Readings
AFTER | |p, /0OS0 psig T, 550 °F L, 56  inH0
MIAMUTE _ . e &
P, /OY0Q  psig T2 é(oS F
Ps_/O3C_psig T, Y26 _°F
. 4SO _°F
5.14 Recharge autoclave P, Y2 gal

Z“‘ ’MJQ date 5 -2 ')"'SVD

P Q((/\,_P_Q«: date §-2G -5

% Time between step 5.9 L, and 5.13 L,.

Tes7T % &

Technicians

Engincer




Tubesheet Crevice Leak Rate Toat
Data Sheet
Step No.
41 T N 34 Defect Size . 00

4.2 Defect location

I/l" Inv Te Tube Sheet

4.3 Tube deflected YES

5.5 Stabilized conditions

p, //0O psig
P, /O30  psig
P, /DO psig

5.9 Blowdown Readings
P, //0C0 _ psip

P, z ‘260 psig

Ps O  psig

Blowdown time

$.13 Stabilized Readings
P; /090 tsig
P, /OS50 pis
P,- 7/ o4 D psig

5.14 Recharge autoclave

L, 18 7 in Hzo

($6)

'r‘__'5‘// Op
1. Q./‘/“ Op

% Time 3 min SO

T, 550 °F

S LY

Tsﬁ 3 ? (7/ OF

T, 403 Cf
274 gal,

T, 550 °r

T: 535) OF'

Ts -3 79 Op

Ts 5‘/0 . |

Fi_ 13 in 1,0
Ly 8 I in H.O
secC.

L, YO  innpo

Technicians A/,Z-. .ﬁM(J date 7-2~80

Engincer '/q/t P C/ktﬁ A g

date 7-2-80

% Time between step 5.9 L, and 5.13 L,.

Tes?T *7

T S PRI T . W ST — Y S T S—" - —
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Step No.
4.1
4.2
4.3

5.5 Stabilized conditions

5'9

3.13

Tubesheet Crovicy 1ok Bate Test
Data Shoeot
o
Tube S/N o

Defect location

Defect Size JO/0 X ’ i 10:7_7

5/q Y Tonte Tube Shiee7

Tube deflected YES

P, //.50 _psig
P; //35 psig
p, // 30  psig

Blowdown Readings
P, J/ 25 _psig

Py /O Q0D psig
Ps___ O psig

Blowdown time

Stabilized Readings
p, //5 0O psig
p, //4% O psig
Py [/ 30 psig

$.14 Recharge autoclave

Technicians a—/m j’/,é/@a/j;date 7-2~-50

*

L, @ __in 10

(77)

r SY3 °r
T. 20 _°F

* Time o min

T, £5C °F

1, £5Y O

Ts ;z 3/ Op

. Y490 °F
ol Va gal.

T, S50
Ty 555 3
15 LO7_°F
T, S6O0 _°F

Fi__ 35 _inH0

i ‘74/ in H.O

sec.,

L| 7; in HZO

4

Engincer //Z./o //%

Time botween step 5.9 L, and 5.13 L.

Tes? 8

—————————
L ——————————

daLc_Z—Z- &
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Tubeshoeet Crovice 1eak Rate Test

Data Shect

Step No.

P
4,1 Tube S/N ‘//) Defect Size /L X //' Z.a/:)j

6‘-‘ " :
2 /% L7 “ube SBheeTT

4.2 Defect location

4.3 Tube deflected YES

5.5 Stabilized conditions
P, //00O psig ?b in H,0 T, 547 °

P, /070 psig (‘35)
P /0 é’c _psig

. 6,9 Blowdown Readings

p, /] OO psig T, S42__°F F_2Q inHO
P, /D75 vpsig 1. 219 3 L, B0  inHO
P §2 psig

Blowdown time * Time = min 377 sec.

5,13 Stabilized Readings
Py _/_Q_?D psig
Py [ QOleD  vpsig

1, 547 _°F L, 3@ inH0

T, 550 __°F

P /050 psig T» 373 O
1. 420 °F
5.14 Recharge autoclave o‘lVa gal.

Technicians A/'»_,/{v[ ?L'//é [dace K/ date ?-3-50

Engincer //Hj D Q'\\g@L date 9-3-§v

% Time between step 5.9 L, and 5.13 L.,

7537 gk




Tubesheet Crevice 1ral Rate Tost
Data Shoet
Step No.
7"
54 Defect Size OO X A Lonj

4.1 Tube S/N —

4 i
4.2 Defect location 5/¢ " ITnto Tube Shee?

4.3 Tube deflected YES

5.5 Stabilized conditions

p, //00 psig L, %I in1,0 T, 550 O
P, /O75 _ psig (80> T, S50 _°F
P, /06O _psig T, /0 °F
Ty 5"//.___057
. 6,9 Blowdcwn Readings
P;___/090 psig 5_4;/9 o Fi LIS in 1,0
P, /D50 psig 1. K4 _F L_ 15  inno
Ps O psig
Blowdown time % Time & min_o2 5 sec.
5.13 Stabilized Readings
¥, DO  psig 1. 550 °F L, 73 _in 0
Py /060 _ vsie 1, 554 °F
P, /OEQ psig T 497 __°F
T SY9/ °F
5.14 Recharge autoclave ;'/9 gal.

]
‘l‘echnicians/,,ljn _3}.16[(,«.;1/(/' date ¥+ > 8’0
Engincer /Lﬁ’\,\'p Q\A&@lci date 9q~23 - $O

* Time botween step 5.9 L, and 5.13 L,.

Zs? /O

‘__——'——
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Step No.

4.2 Defect location

Tubesheot Crovice Leak Rate Test

Data Sheet
ML

/1
4.1 Tube S/N 54 Defect Size - &O/O A 2 10”_7

57/¢ “ Tn To Tabe SheeZ

4.3 Tube deflected Y ES

5.5 Stabilized conditions

P

L/ OO psig L__ 7R in 1,0

P, /OQOJsig 69
P, /075__P5i8

5.9 Blowdown Readings

Py [/ D0 psig

. SY7 °F

T, 550 F
T, S5S0 °F
5, G 1]__°F
1. SHY O

F, 43 innpo
Li_ .é_aj]__,_in H.,0

sec.

P bO _ psig . 225 %
Ps Q psig
Blowdown time * Time ;2 min Ol

$.13 Stabilized Readings

P, //O0 psig . 550 N 3
P, /O &C  psig T: s °F
Py /OS50 psig T, 4%% _°F
. 524 °F
$.14 Recharge autoclave ,;l'/& gal,

*

Technicians ;._Za—- :_j_ﬂ/(/ﬁ‘.o/ﬁ'datc Fe S =

Ly _é__3___in H,0

50

pgincer _/mp Cliols date_9-3-50

Time between step 5.9 L, and 5.13 L.

Tes? I/

TR TR
—— ———r - RN T ST IR, P T SR T



Step No.

. 5,9 Blowdown Recadings

Tubesheet Crevice ool Bate Tent

Data Sheet
e o st

—
4.1 Tube S/N [9 Defect Size .O/0 X O /-O'Zj
" et
4.2 Defect location 5/3 InTe Tube Shee?

4.3 Tube deflected YES

5.5 Stabilized conditions

p, //0O _ psig L, 82 _dnnpo T, 553 %
(80) T2 55/ 0!"

P /OGO _ psig
P, J075 _psig

P,/ %O psig T Sy T
Py LOS5C psig TP~ E. ' S L 28 _in RO
P (@) psig

Blowdown time

min 3%

“
o
n

% Time [/

§.13 Stabilized Readings

P /O 2{’ psig

P _J/ 50 _ vsig

. 553 °F v 29 in MG
T ,5_5_:: OF

Py /D70 _ psig . 430 _°F
PR i -] » A
5.14 Recharge autoclave X gal.

Technicians

Engincer A [~

L/&w{(/' date ?"’ ‘/’_ YIO

* Time between step 5

/e 87

C\««{o.la. date 9. 4-§0

9 L, and 5.13 L,..

/ ol
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Tubenheel (‘revicy

1ok Rate Test

e

Data Sheet
S LA R .0

Step No.
4.1 Tube S/N YA_

o
4.2 Defcct locatiot ( 2 InTe 72‘5:’_

4.3 Tube deflected YES

5.5 Stabilized conditions

YR
Defect Size O /O X /Z /.0/—)_7

Shee?

P
p, [[OO __ psig L4 ?0 in 1,0 T, S50 %
Py /D70 psig (7%) T, Skl °F
P,/ DLO__psis 1, O ¥
n_550 °
. 5,9 Blowdown Readings
p, /090 _psiz 1, SYb °F F, /OO inN0
p,_[ O SO psig ., RY/ ¥ L 723 _inHO
Ps O _ psig
Blowdown time * Time ,_./ min /O sec.
5.13 Stabilized Readings
p, /D RO psig - 21, Op L, 76 _in#H.0
r, [ OY O vsig T, 52 °F
p,_[ 020 psig 1, SSY _°F
T SO0/ °f

2

.14 Recharge autoclave

gal.

Technicians /J

T\  Mpgrel'tare_F= Y= 80

date CI- 4 -50

VL’&DQ.MS‘:&;

Engincer

¥ Time between step 5.9 Ly and 5.13 L,.

:7¢'.sf /3




'

:ll»_\x'f,h\"t't Crovico Leak Rate Tent
Pata Shoct
Step No.
4.1 Tube S/N g A patect Sire « 048 X /2 “Lofj
4.2 Defect location /o2 " TZato Tebe Shee7:
4.3 Tube deflected }"E'\S
5.5 Stabilized conditions
p__[/CO _psit L, 7ZR& _inno T 550 °r
I‘z_ﬁ/(? 20  peig (70) Ty 5557 Op
p, [OLO  psic 1, (O] _°F
7, SYY ¥
5.9 Blowdown Readings
1’1___/0 20 psig T, 547 O F, /0O __in 1,0

P’M pSig T“
Py @ _ psig
- min /é) sec.

Blowdown time

5.13 Stabilized Readings
P, /O PO vpsig v, S50 O Ln_,_é_i/___,,iﬁ 1.0
P,/ OY0_ vsie T - 1 i
p, /O30 psis T, 553 °F
1. 492 Op

5.14 Recharge autoclave ,,lya. gal.

Technicions ;2.,&:::‘ 2‘114{{,..,,/(_‘ dste T * ¢~ ?"0
2% p(:-i\c\,@ (AA- date 9-A-~%0C

Engincer ___

% Time Letween step 3.9 la and 5.13 L.

7@t 14




I_Ll\r;'r.l\h('t Crovice 1eak Rate Test
Pata Sheet
Step No. |
4.1 Tube S/N__ 9/4 Defect Size L0 X '/.2 Zoﬂ
4.2 Defect location /5 //_2-/77'0 Tube Sheel
4.3 Tube deflected_YES
5.5 Stabilized conditions
P, / /OO ___psig 83 in 1120 T, S50 %
v,_JOEO rsie ( gcl) T, 559 °F
P, /PS5O psig Ts_é_Q_Q___OF
: YO 1 L/X___OF

. 6,9 Blowdcwn Readings
P /090 vsig T, Y5 _°F F LD _inn,0

P, L0 S5O vsig . 244 _°r L, 727 _inH0

Py O _ psig
* Time ___/ min 35/ scc.

Blowdown time

5,13 Stabilized Readings
r, LOFO__ rsig 7, 550 ___°F L, 76  in H,0
P; /‘_QL/_Q psig T, S Sb “
p, /06O psis 1, 5Sb_ %
T..___5'3O Op

5.14 Recharge autoclave 372 gal.

Ted“‘i"i““%'jm_w date 9 -5 ~Y0

Engincer WA v C heb\; date 4 -8 ~ Bo

% Time between step 5.9 L, and $.13 L.,

Tes7 /5




Tubosheot Croviee 1eak Rate Test

Data Sheot

Step No.
4.1 Tube S/N__ ?A Defect Size O)O X //2 Lal_i_j

/
4.2 Defecl location /5’/ A7 7226(3 shnect

4.3 Tube deflected YE S

5 Stabilized conditions

$:5
p, [1OO_psip L 77 _anp T, 850 %
P; /070 psif, (75) T; 560 Op
p, [OF0 psig __é_Qi"F
. 55/ °F

i s e s  wep——

5.9 Blowdown Readings
P 070 psig T, é ‘/2 Op Fi 7:__5:_”___1'n H,0

P ZQ 70 nsig . R4/ _°F L, Z€  inH.0
O _vsig

Blowdown time

% Time ,__..Z min 3/ sec

5.13 Stabilized Readings

Pl_,_,_/LQ_Q___ PSig T, é 50 OP L‘__?o in 1,0

P, /070  vsig T, 560 __°F
/075 _psie ’r,___b‘-bé.v Op
530 °F

§.14 Recharge autoglave 2% gal.

Technicians ‘?—41/(“,‘/4_ date_/ =5~ q s
/YT ER T T
1

% Time between step 5.9 Ly and 5.13 L,.

/725—,* /é
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14‘ 'I‘Aw Y.‘..'.(‘ "‘1";[‘

Tubesheot Crovicoe
e - ok B i

Data Shont

Step No.
4,1 Tube S/N 7/) Defect Size ¢ o/0 hele
4.2 Deflect location 579 ’ I’?TD Tabe Shee?,
4.3 Tube deflected__YES

5.5 Stabil ized conditions

p,_//0O  psig L, 83
P, [/ O70 psig & 2 T, 553
Ts___é__?_ Q‘____ O

P, z !2‘*!2 pSig
Ty 536____0%'

o T, 559 o

5.9 DBlowdown Readings
Py 0O psig

P /070 vsig v 2/4 __°F
Py () psig

DBlowdown time

T, 5'20 Pp Fi O in 1.0
Ll__' go in H.0

PR A4

7]

ec.

* 'I‘imc____/‘/ mits of &

§.13 Stabilized Readings

P,_LLOC _ vsis 1, 559 L $O _innpo

Py /O 70 psig Tz__..f.a; O
P L0260 psig T, ,328 Op

T, 400 _°F

pal.

§.14 Recharge autoclave
Technicians "/ 720(./{5-«»—-/(; date 7 = ol 4%
Engincer /”/’CZ.Z/,/(; o date 7~ -F00

¥ Time between step 5.9 L and 5.13 L,.

TJes? /7




Step No.

4.1 Tube S/N
4.2 Defect location 57? fn?‘a T be S/;ee,‘f'

b.

5.

2A

L /8 X

Defect Sine

3 Tube deflected &Q_

5 Stabilized conditions

. 6,9 DBlowdown Readings

5.13

P /090 psig

P/ ;’ﬁ(?_ peig
P Q psig

Blowdown time

Stabilized Readings
P /075 rsie
Ps /OR0  vsig
/ O2O psig

Py

v 7Y
y b

in 11,0

T, S7

1. 250 __°F

% Time __ / min___ QO sec.
T.___fj‘/ Op L\____é__‘z...-
T,_4S0 °F
T L/[,,B Op
7, S51S5.°r

c’.?/va pal.

$.14 Recharge autoclave

Technicians [ p-tin

¢ fuw/(}latc P~ ?’"iﬂ
date 9-F-50

Engincer ___ W\ v Qh_&_‘m_,c;

% Time betwee

14 SLCP 519 Lt and 5.13 14|.

Test )Y

'/2 Z-O/l?

5017/ Op

—————————

T2 5-6 / o 3

O —————— ————

LHlRCF
T-__.5_..'<1 .

°F Fi [C?O__“_' s
L\_,é_g_m_.iz-\ H:'I‘,

in 1,0




Step No.
4.1
4.2
4.3

1 509

5.14

W

Tubecheot Crevico

ik Rate Toat

Data Shect

Tube S/N #,QA Defect Siza . &/ X //2 ! Lc’l:?
Defect location /? ! Torts Txdbe Sheel?
Tube deflected AN O
Stabilized conditions
P, [/ OO _ psig L, A3 in Ho T, 559 o
P[0 7 0 psig G T, 555 O
Ps [0 psig T, SO
T SY0 °F

Blowdown Readings
P_LL2 20 psig SYY o Fi /X 7 inn0
P, /OO0 psig T, 21/2 Op Ls 57 _in H.0
P () _ psig
Blowdown time Time min 5-g sec.,
Stabilized Readings
p,_ /O JO _ psig 1, 55Y °F 1, S5 _inH0
Py JLO5C  psig 1, 557 °F
P /DY O psig T, YbS5  °F

1. Y6/ °F

/2 gal.

Recharge aut7a ve
Technicians K 4&”(4.«)-—/@ date ? C? ?0

Engincer

711 P Ch ol

date_9-9. S0

Time between step 5.9 L, and 5.13 Ly,

Test /9




