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SUMMARY

During the January 1974 shutdown, localized deterioration of a sig-
nificant number of tubes were found in the "A'' steam generator hot leg
side. The deterioration was a corrosion type attack of the tube wall
O.D. just above the tube sheet. Using both an analytical and an experi-

mental program, the allowable limits for localized wall reduction of

Inconel 600 tubing has been established by the Westinghouse Electric
Corporation. Production tubing was tested with simulated defects
similar to, or more severe than that observed in plant tubing, to define
the relationship of strength to the configuration of the defect. Various
factors were considered in the analysis including the properties of the
tubing and the combined loadings occurring during accident conditions.
It was concluded that a tube with a localized minimum wall thickness of
25% of the original wall (75% reduction) in the straight portions of the
U tube was sufficient to withstand the worst combination of loading con-
ditions for a main steam break or a LOCA, To provide additional margin
a criteria has been established tu plug all tubes with eddy current indica-
tions of 50% or greater wall penetration. The niargin between the allowable
wall penetration of 75% and 50% indicated penetration from the eddy
current inspection provides margin for the extrapolated corrosion rate.
The Ginna plant will be shut down after approximately six months
operation to confirm that the corrosion attack has been arrested. At that

time a selected number of steam generator tubes will be reexamined by eddy

current testing. However, if by that time there is conclusive evidence from
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other facilities and tests that such an examination would be unnecessary,

relief from this commitment wiil be requested.

B. STEAM GENERATOR INSPECTION

l Eddy Current Inspection

The initial eddy current (EC) test program for both steam
generators (5,G.) consisted of inspection of 1098 hot leg side tubes
and 516 cold leg side tubes. The inspection pattern is shown
graphically in Figures 1 and 2. This pattern was established to
give & comprehensive inspection of those areas of the generator
where from past experience defects might be expected and to avoid
unnecessary deliberate radiation exposure to personnel, The
results of the EC tests indicated that a significant number of tubes
having localized deterioration exist in "A" S, G, hot leg. Based on
the experience of other facilities and on the pattern of deteriorated
tubes, a larger area of inspection was selected, It was expected
that this expanded program would examine all the deteriorated tubes
in the "A" S, G, hot leg. At the conclusion of the expanded program,
the decision was made to examine all the tubes. No deteriorated
tubes were found during this phase of the examination program,
The results of the EC inspection are given on Table | and the loca-

tion of the defects are illustrated on Figures 3 through 6. The

scope of the EC examination in "A" S, G, cold leg and "B" S,G. hot

leg and cold leg was not increased because:
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a., The number of tubes showing defects was rery few com-
pared to the amount found in "A" S, G, hot leg.
b. The percent deterioration was very much less than observed
in "A" S,G. hot leg. All deterioratiorm was less than 207
except for 5 tubes with deterioration batween 20% and 25%.
c¢. The EC inspection pattern gives a comprehensive inspection
of those areas of the generatcr where defects might be
expected.
d. Defects are randomiy located - large1 1bars of adjacent
tubes with defects did not appear.
e. '"B" S,G. cold leg showed no tube deterioration,
In summary, a total of 5390 tubes were inspected with EC fechniques
in th. two steam gencrators and 629 tubes were found to have deter-
ioration of which 17 tubes have deteriorations of 50% or greater. The
maximum deterioration found had an EC indication of a 64% penetration.
All EC indications, except one, were located {rom 1/Z to 6 inches
above the tube sheet. That oue indication was at 8 inches above the
tube sheet,
Tube Removal
Two tubes were removed from the "A' steam generator. The
tubes were exa.nined at the site by Rochester Gas and Elec.ric Cor-

poration and by the Westinghouse Electric Corporation in Pittsburgh,
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The examination confirmed that local wall thinning on the O, D,
surface had occurred at the locations where F.C indications were
present. The observed corrusion of the troe with the 64% indication
is over a length of approximateiy 1-1/2 inches in an arc of approx-
imately 180° arouna the circamference of the tube's O, D. surface.
The reducticn in the wall cccurs gradually over this area with a
maximum penetration 2t one small area and then tapers to full tube
wall thickness, While the EC indication of this tube was 64% wall
penetration, a physical examination of this tube chows a maximum
tube wall penetration of approximately 44%.

CAUSE OF STEaM GENERATOR TUBE DETERIORATION

AND CORRECTIVE ACTION

Detailed examiratiou of the tube samples removed from the Ginna
steam generator revealed a local wall thinning caused by local corrosion
of the tube's O, ", surface, It is believed that the corrosion has taken
place beneath the sludge surface where both a cecncentration mechanism
and aggressive species are believed to be present. The exact nature of
the agyressive species is not known; however, it is believed that this
species resulted from prolonged operation with a molar ratio of Na to
POy of 2.2 or less, Until recently, the emphasis has been to maintain
the molar ratio below 2,6 to prevent caustic induced cracking; being

below the mclar ratio of 2, 3 was not prohibited, It is now believed that
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when below a molar ratio of 2,2 an acid could be formed and corrosion
result from this. After removal of the sludge from the tube sheet by
water lancing, the plant will be operated with a molar ratio of Na to
PO4 between 2,3 and 2. 6. It is our belief and that of our supplier, the
W.stinghouse Electric Corporation, that this will arrest the localized
corrosion to the tubes.

MECHANICA L. TEST PROGRAM

In order to determine a tube plugging criteria, the minimum wall
thickness necessary to withstand the worst combination of loading con-
ditions for a main steam line break or LOCA must be determined, This
was done by Westinghouse Electric Corporation throngh a combination
of an experimental and analytical programs,

To determine the affect of localized corrosion on the strength of
tubes a comprehensive series of mechanical burst testg have been per-
formed on straight sections of 7/8 inch diameter Inconel 600 tubing,

The tubing was standard production grade Inconel material which was
obtained from Westinghouse Specialty Metals Division, In this seriee
of tests a flat was machined on the tube samples to simulate the affect af
broad thinning of the tube, These flats (defects) were of varying lengths,
i.e,, approximately 1/2, 1, 1-1/2, 2, and 9 inches long, to permit a

determination of burst strength as a {unction of defect length,
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The tests on the 7/8 inch tubing (0,867 inch x 0,048 inch wall) were
performed at room temperature and with approximately 12 or 25 mils
of wall remaining., These remaining wall thicknesses correspond to
approximately 25% and 55% of the original no-defect wall thizkness,

The results of this series of tests are presented in Figure 7 as burst
pressure versus reciprocal flaw length. The slope of these curves is
essentially the same as those obtained from a similar program where
part through wall slots were machined in the tubing., The results of
this series of tests on 7/8 inch tubing were as expected, and they tend
to confirm the results of the previous tests,

It will be noted from this data, that the burst pressures at room
temperature are in the range of 4200 to 3700 psi for tubing with 1 to
2 inch long flaws, and with approximately 25% of the original wall re-
maining. The burst pressure increases to about 6000 psi when the flaws
are in the 1/2 inch long range. In comparison for normal tubing the
burst pressure is approximately 11,000 psi.

The effect of service temperatures and minimum code alilowable
properties are also indicated on Figure 7 for 25% wall remaining, It
will be noted that the strength of the tube to withstand internal pressure
is very substantial even with as little as 25% of the tube wall remaining,
I. Transient Loadings - Main Steam Line Break

The normal operating internal pressure across the tube varies
somewhat as a function of power level, in the range of 1200 to

1400 psi.
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The large steam line break accident produces a potential con-
dition where the steam side pressure can go to nearly atmospheric
conditions when the entire contents of the steam generator are dis-
charged. Coincidental with this condition on the steam side, the
reactor pressure will also decrease due to the cooling of the reactor
coolant, The pressure differential increases shortly after the break
and decreases after the pressurizer empties. In the limit, with
atmospheric pressure on the steam side, the reactor pressure
would ultimately be limited by the code safety valves on the reactor
coolant system to approximately 2500 psi, which is the design
pressure of the reactor coolant system. A sequence of events to
produce this condition would be extremely difficult to produce in
the system. For purposes of this analysis, however, a 2500 psi
differential will be assumed as a limiting maximum condition,

Referring to Figure 7, the curve indicated as minimum tube
properties at service temperature with 25% wall, it will be noted
that with a 2 inch long flaw the tubing will withstand 2500 psi internal
pressure. Shorter defect lengths and nominal material properties
would increase the allowable pressure loading on the tube.

For this limiting condition it is concluded that the minimum
acceptable wall would be equivalent to 25% of the original tube wall

based on a two inci long broad area defect, and considering that
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the tubing has minimum mechanical properties, A review of
material test reports for steam generator tubing has indicated
that the tubing is consistently produced with nominal properties
providing additional margin for this analysis,
Loss of Coolant Accident

WCAP 7832 "Evaluation of Steam Generator Tube, Tube Sheet,
and Divider Plate Under Combined LOCA plus SEE Conditions"
was recently submitted to the AEC., This analysis considered the
possible pressure, hydraulic, and seismic loadings in the tubes and
tube bundle during the combined loss of coolant accident and seismic
occurrence, The analysis presented in this report was specifically
for a 3/4 inch O, D, tube which is being used in later steam generators
than the RG&E units and the conclusion was for this condition a
uniform minimum wall of . 026 inches was required.

The corresponding values for the 7/8 inch diameter tubing used
in the RG&E steam generators has been determined to be . 021
inches (40% tube wall), The limiting stress condition vas determined
to occur in the U-bends due to the bending moment imposed by the
discharging fluid. It should be noted, however, that the corrosion
observed in the RG&E unit is localizea and occurs in the straight
section at the top of the tube sheet,

Referring to the analysis in this report for various nodal points
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in the tube bundle, it should be noted that the bending moments in
the region of the tube sheet are so small as to be negligible, At
the tube shect the primary stresses in the tube are caused by the
initial pressure differential between primary and secondary sides
which is at its highest value at time t = 0, This would correspond
to the normal differential pressure across the tubes at full load of
approximately 1400 psi. Accordingly in this region where the
corrosion has actually occurred the results provided in Figure 7
could similarly be applied and the 25% wall thickness is fully
sufficient,

As a liniting condition, during a LOCA, the reactor pressure
would be at containment pressure with the steam generator shell
side pressure being at the steam conditions that existed prior to the
accident., This would result in the pressure on the outside of the
tubes being greater than the pressure on the inside of the tubes,
Experimental work has been performed at room temperature on the
collapse pressure of 7/8 inch O, D, 0,050 inch wall tubes with
locally machined flats to simulate defects. Based on this work,

a tube with a 2 inch long flat with 25% of the wall remaining at
design temperature and minimum tube properties is capable of
sustaining an external pressure of approximately 1600 psi for 1%
ovality as compared to approximately 850 psi full load steam

pressure. Theref.re, a tube with 25% of the original tube wall,
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based on a 2 inch long broad area defect, is capable of s. 'aining
the limiting pressures occurring during a LOCA,
3. Conclusion
Based on the testing program nerformed and analysis presented
in WCAP 7832 it is concluded that minimum wall thickness of 25%
(75% pereiration) will withstand all the loading conditions imposed
on the tubing by the LOCA and steam line break conditicns,

EDDY CURRENT TESTS

The tubing tester uses eddy currents as the probing media to measure
variations in effective conductivity and/or permeability of the tubes being
tested. The response from the eddy current tester is fed through the
memory oscilloscope to the tape recorder and then to the strip chart re-
corder. The action of the paper chart recorder thus provides continuing
assurance that the data received is actually being recorded by the tape
recorder. The tubes were examined for anomalies at frequencies of
400 KHz and 100 KHz, In addition, selected tubes were probed at 25 KHz
to detect the level of sludge on the secondary side of the tube sheet.

The EC equipment is calibrated using a sample of steam generator
tubing into which very small diameter holes have been drilled at various
wall penetrations. Calibrating the EC equipment in this manner will

result in overestimating the amount of wall penetration due to O, D,

surface deterioration of the type found at Ginna. The overestimation
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is approximately a factor of 1,4 apparent/actual over the range of

10 to 65% indicated penetrations. This tendency to overestimate the
amount of the penetration of the tube in the inspections performed in
the field has been shown using laboratory standards and tubes removed
from several plants. Examination of the tubes removed from Ginna
shows a maximum tube wall penetration of approximately 44%, com-
pared to the field EC measurement of about 64%. This confirms the
conservatism of the EC measurement and no penalty or credit is
assumed in the tube plugging criteria for EC indicaticns,

RATE OF DETERIORATION

An eddy current test of the Ginna steam generators was done in May
1972, The initial results of this test indicated no detectable tube defects,
(Subsequent review revealed one possible indication of a defect. However,
the EC inspection in 1974 showed no defect present at the location of the
1972 EC indication.) In January 1974 when the eddy current tests were
repeated, defects were discovered; the maximum being 64% deterioration
as determined by eddy current, Assuming a constant deterioration over
the 16-1/2 months of operation results in a 3, 88%/month deterioration,

If the steam generators are reinspected after six months operation, a
23, 3% deterioration allowance must be included in the tube plugging
criteria, It should be noted that a 23, 3% deterioration allowance is con-

servative because it is based on the worst case tube and overestimation



of the deterioration by EC test results rather than physical examination
of the tube. It is expected that corrosion will be arrested, However, this
conservative type of evaluation provides assurance that the integrity of
the steam generator primary system boundary is maintained,

CRITERIA FOR PLUGGING

Section ] stated that the maximum allowable deterioration of the
tube walls above the tube sheet is 75%. Therefore, tubes with 75%
deterioration must be plugged. Also, a deterioration rate must be con-
sidered to insure that a tube with a small amount of deterioration will
not exceed the allowable value before the next steam generator reexam-
ination., Section ' states that this deterioration allowaace should be
23, 3% assuming a reexamination after 6 months of operation. For
additional margin this value will be approximated as 25%.

In summary:

75% maximum tube deterioration
-25% deterioration allowance

50% tube deterioration
Therefore, tubes indicating a 50% or greater wall deterioration have been
plugged and certain steam generator tubes will be reexamined by eddy
current testing after 6 months of opera*ion,

ADDITIONAL SURVEILLANCE

A re-inspection of selected steam generator tubes will be done using eddy
current techniques after 6 months of operation, The purpose of the re-

inspection will b= to confirm that tube wall deterioration has been arrested.
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It is the belief of the Westinghouse Electric Corporation and the Rochester
Gas and Electric Corporation that by instituting more restrictive secondary
water chemistry controls that the tube wall deterioration can be curtailed

or reduced to a negligible rate.



TABLE 1

1974 EDDY CURRENT TEST RESULT

"A'" Steam Generator

HOT LEG All tubes were tested (3260)

329 tubes showed defects < 20% deterioration
63 Y H = = 20% but <25% "
50 = b " =25% " <30% =
6 v " M 230% " <35% "
14 - » o =35% " <40% :
24 v 2 ' =40% <45% .
12 " " ! Z45% " <50% b
2 o : 250% " <55%

4§ " o " <55% " <60% .
$ Y " " Z60% <65% "
0 = i ' Z65%

2715 tubes showed no defects
COLD LYG 516 tubes were tested

57 tubes showed distorted signals or defects of €<20%
I tube showed a defect of < 20%

458 tubes showed no defects

"B'" Steam Generator

HOT LEG 1098 tubes were tested

21 tubee showed defects < 20% deterioration
5 tubes showed defects 2 20% but €26%

1072 tubes showed no defects
COLD LEG 516 tubes were tested

no tube defects were found
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Figure 3
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Figure 4 ® - I)eteriorati«msélo% to <50"L
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COLUMNS

92 90 58 86 84 B2 80 78 76 74 72 70 68 66 64 62 60 S8 56 54 52 50 48 46 44 42 40 38 36 34 3230 28 26 2422201816 141210 8 6 4 2

| | | Ld ]

91/89187/85|83 8\|79 77{75(73171/69 (67 |65{63|61159|57(55/53|51(49(47 45143 141{39|37(3533|31|29{27|25 23‘21'!9

177015{13{11] 9] 71S5] 31
l | i i i ‘ !
! !
- ans i

LT " | |

» ’JM s v = R - 4 +
i 1 SRaasnds t

/P/f" IBEE 4 { 1t ':,*;"Eg 1 H}_%f -+
-4 44 R IR R TR 3 v
e G411+ w

. %

A

1
+

'
-~

‘ -
5 3

-

i

Ll
"

-

-
-

)
-

™
et
- N

.
e
o "
.
3
s 5
o
'
1.
e
1
1
L :i
11
1
I-f
5t
er s
T !
me:

f
&
-

/ - - - +

. "8
. ™4
2 "
-
t
4
1
R . 8
11
A.Y
11
———
il
*a
[
-
YAIA

8

&

\
b & <
= 1
¥
| 4
T
-+
-
1
-
i
i
e
3
-
*rfl
—y
+
|
> 3
T
-
)
4 -
T
+
.
*
.nuw
L.l
-
.
- ..
PV

1
<
A4
W
-
1
T
!
1
b
:
b2

et

g
T

+ -

1 o a ol

L -+ v *
¥ amu - 1 {9+ - L }-4
/ ras x : ad#nas e 1253383S BEEENRRRNERE RN
¥+ SHEBEEE 14 4 R 4t L* P bttt -+t
B = e _j» 11 T«tw RS b
L an -ttt + H+-+-1-4+ 1
byt - - | ettt bt b - o 1 P ++ fi- } 1‘?} ,
- 4 : . v+ : § i; 1’1
7»4}—1—1 R . R S e bbb + :
] ‘i - { T 2 Y rittt “I"?‘LH:’ S
4§ 8 snes Pas ESEssERaERAEERREE SRS SRR THHHE = ——
= SR o o t-‘} - - - 3 R : *L, ?:—I :-,"1’, e e § .
f b} 4r1< - 1 1 1»:.’2!11,‘—4 Irq ‘I:: —_— —— 3 2
= + ;- + o e 4o e b4 e bp—p—— ——
suvee b s 2 Y e S i 1
ROWS
“$——  MANWAY NOZILE ———=

STEAM GENERATOP



dOLV¥INID WYILS

~— JTZZ0N AYMNYN  ——

SOy

L ¢ t P - PP
N 3 . Tt 11 . H - -

£ — AfH 11+ ,.4‘. ‘ 1 11+ w s . +
’ $ - et ‘g : 5 4+ Afw -
9 — -—_ 111+ ﬁ RE 1]

{ ——— . 3 v4+AALL.4ﬁ + AML vy oy 4 4 44+ 4-4 444
O 6 — - 4*1.‘: ..AW \AM 4444 444
OF ———— c—— Ar *H. 4 4 M v . 4 4 5
2 It I'l:* - 4 wL 4.4 t .,. . A EEEEEE

G| it P 1 )11 S
'— ullm_.'y.llw \'. e Y V.\o .“JLAYYw T 1 N - + = Mv J;ﬁv r . . =

——e - = ——— Af T._AL?H RESESSSES ] ‘%
— v " .- 44 41 . . 4
tlh— - / MW 4 47“ ] 4 R Ao o == e u = ! ~F b4 4
— —— Ay 3 R — -

(174 '@—I’|‘ _—— == gvv ﬁ . 4 R - -4 " 44

—N —_——— R O IR R S 1” 4 Lﬁl 4 .
@ - n~\ i I|‘44 N M“ 1 ] ﬁ V,fo R S N S Alwv o= +4-4 4444-4+44 4 +
% 52 —-— 4 E 444 4 v I8 y*v Mx = \\
Il e £ A% B ! /
‘N VL 8 4 A E . v 4 s = R \

z AIYLrﬂA fy - 1
a -¢- YA = E > N H \

—M . Sen JJL w A = R SR B \
Nﬂ HH . . “ |vL ) 4 4+ — 4 \\
e 3 ﬁ; .:.“L - _[ﬁ r.ur . 1 \l
9t - R rREWE A 4 ,«Lr ) W X

e | g
et o R — Avj vLItlv : .\\:\

Ty —— - = .:I#;.Lf er v.f . ‘\\

b ——— — 4+ tﬁ. N i 44 4 \_\
2y — e — - - 44 +4 : - A

£y —— 4+ 44 .“I 4t g : - \\‘\

—_— — b - + _—-— + - -
e sy 1t .ﬁ e = 9 L) X\i
® | T T
' i _ . _ ‘ _ ¢
LIE]SIL o,: EListizL o—-—~mn~ SZILZ|62 1€ |EC|SE[LE[6EILY  ER|SPILp|60 | 1S{ESISS!LS|66(191€9]99) 2969112 |ELISL|LL E_—QQSNGB—Q
| | _ | | |

2 v 9 B OLZLwl 9180222929282 082€ ¥C 9€ BE Op 2v ¥ 9 BY 05 25 ¥5 95 85 09 29 ¥9 99 89 OL 2L v 9L 8L 08 28 $8 98 88 06 26

SNWN 0D

%02 P uoneiowrajaq - X 8o] PIOD DS WV

mcouycc:mucfﬁvc - - g @andrg



. Detorioratir‘n<20%

Figure 6

o

% tosz :

X- Deterioratioxg.’m

"B'" S.G. Hot Leg

COLUMNS

.«umnxuunnuunm NS eeewn
SFEEE RN EN . JAANHN S
ol —_ : i o
A ‘"”3_5.33mmﬂ. 5.Hvﬂ“w.”_vnnl o~ iwm| -
! ! | 1 [ i _ | _ \ “ __ |
nnRnnaasssn
{ ti [ | | | | | | _
._ ___ ! | IERR { _ w i _
| | — NEEEE BB _— '
! P11 ! i |
T
H : 1 n H
Lifllt] LLLLRHE 4+
4l | | | Lii L L] ! ook
i : - et YTV L6048
~ id i + LELL “ Ll Lyiumii 444444
{ bt - e e .. e MDEPIV N I W W W #\#JW
. ! 1 "=l B 3ol D R S - *‘
" e & e ’\ <. - ) - e W - :
-~ T Maﬂr ,,% ..44 \Jﬂwnl_v‘w-nr .
Aeddeida HIPE B " INEEe ka
o e L Ll L Mrﬂ, > a r & - I 4 4+ %fuTQ
. O B 8 b dedecl et 1 O
— el . w0 = - PES 'lol.vLJv.Hlvaf N Y . O 5 |
Ay . & -p b R +o. | - rHP«FQﬂYTquw&*LT&lOoOL’
|« JERS— . W & N ] AR, H«Jw.lVM»F'YT. IR I 06 1 P N
i L 3 4 | .- : ‘H‘ e 4 d
Is ——— 1.Y;|¢,.r 4» ’ »an 1 - T . A @ S St
e - - 2 BB 4 +* ' e o At T
~— ' ol s o 4 . W i mL@f?}o b
= WEATETRT AT 45 semesssaman amuswn
. . 4 . i @ =y 1 beabisfenha <V 4 bdd .
> 8 AP 4 3 . LAl LT L EE
oy Il L Ll ) I LL LI M o ]
= "% | & i ,rL(dr 1 — i
S § ' * + ’ ,
e e+ 4P 4 4 lvaJ. 4 < L,Al JTL +— et
Y + 4+ -ttt + 1+
- . . +1
¥ + 4. 4+ P
&~ i  §
1
& I e
m d )
rEwn 1 8
- L L 1 1 )|
)  § ! 11 1 !
™ i LAl 1 e
~ : Tl L1 |
[ NM.H 11 I ¢ .
1 1141 4
~ - 1 | HA : ﬁr»
ol e a 4 1 LIl
[ N ) L EEE 1 . 8
s 5 4 x 1 i 1
" ’e Hﬁ 4t 44 u\ 1
= ISW e +~—
~ ) 8 111 14 i il
. 4 1 | Lail 1 |
o H b 0 :
|,“¢|IJ S . o A Abd
" pa &4 ¥ » v* p
o d i . b EL
4 | TR R
.:la. -1-1 ulhﬂ -4 + ~1 4
o et i
i ) 111 1
w L 3 12
w 111 n 1 &
= T 3 !
i lﬂ & 1 2
Y 1 1
2 - 1
- 1 1 )
ot b ¥ ' <
™ A b 1
w TR 1ill i
5~ - i T ™
o R d i 1
~ A i <4
- |
o b N 4 1 L
° k. 5 -
- o= ] 1 1
~ X 4 1 i
- N\ i 1 i
o \ e 1
o b, ’ 1
Lo i 3 : } a 1
~ . w ) ! 1
e . i ] ) i
o . 4 i 4 1L
L. o, T 1
— . 1 " i
@ B 4
m. e e 1
", )
” " !
b, GOR
~ N " N
@ e, "N & b 1
” 9 1
Boee, ) i
= .. =1
. e

929080“5482&78767‘72706866646260585654525048‘6“42‘0383634321)28262422201816 141210 8 6 4 2

NOZZLE ———

MANWAY

STEAM GENERATOP



14,000

Range of Unflawed Burst
Pressure

50 to 58% Wall Reraaining
1c,c;. e J

o
- O
-
- /
O ~
2 0
% -;. Uy’ —— /
-
‘I;J /D 25% Wall Remaining
a O Minimum Properties
2 - Service Temperature
& -
,a‘ o, L O 'ﬁ / /

BURS1
™
N
=4
[
-J
=2
=
-
x
o
3
-
B
=]
o]

050 fe== ~
4, o - ST

Through Wall

J00

RECIPROCAL FLA N LENGTE é IN ‘1)

Figure 7 Room Temperature Burst

Pressure 7/8'" Tubes with Machined
Flates

e e L s A



