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Introduction/Objective

This calculation is performed to determine — from an operability perspective - if the pin hole size
flaws in the 1 - %2” RHR pump recirculation line is stable and thus acceptable for short term
continued operation. This calculation will also determine the size hole that will result in a leakage

rate of 50,000 cc/min, based on 52 psig pressure.

. Input/Assumptions

see Section 2.0

Methodology/Criteria -

see Section 3.0

Results/Conclusions

The pinhole size flaws on line 337 of the RHR system are stable. The maximum calculated stress
intensity, K was determined to be 19.3 ksi- Jin , which is less than the 135 ksi-+/in as permitted by
GL 90-05 for stainless steel material (see attachment A). As such from an operability perspective
the line is stable and acceptable for continued operation for the short term. The maximum
' -permissible hole size which will meet the stress intensity of 135 ksi- Jin as established in GL 90-05

was determined to be 0.35 inch. If the hole size is 0.35 inch then, the two flaws closest to the weld
(locations #1 and #2 on UT report — Attachment B), should be considered as one flaw, due to their

~proximity.

A hole diameter that would result in a flow rate of 50,000 cc/min was determined to be O. 181 inch
(see Attachment C for evaluation). The hole diameter of 0.181 inch is based on three holes of

equivalent size.

References
See Section 4.0
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1.0 INTRODUCTION/OBJECTIVE

Line 337 on the RHR recirculation line was found to have several (three) “through
wall” flaws each about the size of a pin hole downstream of valve VA-1819. This
calculation will determine whether the pipe is stable and thus acceptable - from an
operability perspective - for short term continued operation. This calculation will also
determine the size hole that will result in a leakage rate of 50,000 cc/min, based on 52
psig pressure.

2.0 INPUT/ASSUMPTIONS

The following inputs were used in this calculation.

a) The line analyzed is 1-%2” diameter line 337, (1-27:AC-601R per flow
diagram) and from pipe specifications, the material is A312, Type 304
stainless steel, schedule 40. '

" b) Design Pressure and Temperature, per pipe spec. are
P = 600 psig
T = 600 °F
¢) Per the UFSAR, stress limits for piping in Section 1.11, are based on those
specified in USAS B31.1 - 55 Code.

d) The flow rate of 50,000 cc/min used for the hole determination was provided
by Con Edison [8]

e) The pressure of 52 psig used for the hole determination was provided by Con
 Edison [8]

The following assumptions were used in this calculation.

1. The flaws are characterized by Con-Edison as pinholes and are not cracks.

2. Stress levels are considered to be at the maximum permitted under B31.1 and
UFSAR criteria and are calculated within Attachment A. This assumption is
considered to be conservative.

3.0 METHODOLOGY/CRITERIA

A through wall hole, categorized as a pin hole by Con Edison on a 1-'2” stainless steel
pipe will be evaluated using guidance provided by the NRC in GL 90-05 to asses the
flaw stability. GL90-05 provides guidelines for the assessment of Class 3 piping only.
Since the portion of piping in question would be equivalent to Class 2 piping (i.e. IP2 is
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a B31.1 plant), this evaluation is performed for this Class 2 system only in support of
an operability assessment.

3.1. Structural Evaluation

Evaluation guidelines provided in Enclosure 1 of GL 90-05 for “through wall”
flaws is based

g

on linear elastic fracture mechanics and assuming a pipe
thickness of ‘tmin’, the stress intensity factor ‘K’ resulting from the
flaw under the applied load is given as

K=14sF(ra)”’ Eq. 1

where the geometry factor, ‘F’ is
F=1+A(c)"’ + B(c)*’ + C(c)*’ Eq.2
All other terms are defined in [2]

The acceptance criteria, based on GL 90-05, for austenitic stainless steel is the
stress intensity, K-as determined in Equation. 1 above, should be less than 135

ksi-+/in . Which as it states in GL 90-05 is

[13

.. consistent with the lower-bound fracture toughness property used
in Article IWB-3640 of Section XI of the ASME Code.” [2, p. 5].

Two flaws that are close in proximity to each other shall be treated as one, if the
spacing between the two flaws is less than two times the depth of the deeper flaw.

3.2. Hole Size

- A hole size that would result in a flow rate of 50,000 cc/min was determined by
modeling the hole as an orifice. The equation for flow through an orifices is:

2gAP 7, Eq. 3-21]

p
All terms are defined in [7]

q=AC

Using the above equation, the orifice area was back-calculated using all known
parameters (see Attachment C for evaluation).
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RHR Line 337 Flaw Evaluation

This evaluation will determine the stress intensity, K in the flaw and compare it to the acceptance
criteria provided in Enclosure 1 of USNRC Generic Letter (GL) 80-05. The guidelines provided in -
GL 90-05 for the evaluation of "through thickness flaw" is for Class -3 piping only. Since the portion
of piping in question would be equivalent to.a Class 2 piping (i.e. IP2 is a B31.1 plant), this _
‘evaluation is performed only in support of an operability assessment.

input
. System ‘
: _ RHR Line 337 -
" Pipe Size and Spec.
1.5" SCH 40

SA312 TP304 [4]

Material Allowable(s): .
Sp:=15900-psi @B00F
$¢:=18700psi @7OF

" Design Conditions:

- Design Pressure P p i=600-psi
Design Temperature =600 F

Pipe Properties: [6] ‘
OD :=1.9-in Outside Diameter

t n;m :=0.145-in  Nominal Thickness
140t :=0.1364n min. thickness of flaw location #3 ' »
' - gee - UT Measurement Record (Attachment B - Iltem 1)
Code Minimum Wall:
Pp-OD . '
t min ‘S5 P Code required minimum wall thickness
h+04Pp _ " tpin=0.035¢n

TOTAL P.B1
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RHR Line 337 Flaw Evaluation

Determine Maximum Stress

Conservatively consider stresses are at the maximum as permitted by the UFSAR & B31.1

For DW + Pressure, limit is Sh.
(Conservatively let Sh = Sc)

For D.W. + Pressure + Thermal, imit is {Sh + Sa)

Where
Sa =f(1.258c + 0.25Sh)
Conservatively let Sh=S¢ . f = 1)
then
Sa=15Sc
For Seismic (SSE)

D.W. + Pressure + SSE, limit is 1.8Sh
(Conservatively let Sh = Sc)

Since exact relationship of D.W., Therma! and SSE is unknown, Maximize each and
combine, which will be very conservative. ,

DW + Pressure + Thermal =16 S¢c
Seismic (Alone) =1.88¢
Max. Stress =33 8¢

O max =338
O max = 6.171°10% epsi

P.B3-13
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RHR Line 337 Flaw Evaluation

Determine Stress Intensity Factor: K [1.p. 5]
R := OD -ty Mean Pipe Radius i=0..6 Variable Hole Size
2
. R ai =
i P — , R =0,8820in
3 i ,a.in
: i £ =24.975
A=-3.26543 + 1.52784 1~ 0.072698.7 + 00016011 .¢* 32
T _
Tgin A =14489
B :=11.36322- 391412 r4 0.18619 1" - 0.004099.¢ I :
5in B ~-34.11
1=-3.18609 + 3. -0 - + 0.00403 - T, '
C 1=-3.18609 + 3.84763 1 - 0 18304 + 0.00405 - L C=a18l6
Geometry Factor : 035
0.451n

F =1 +A~(C§)"5+ B-{"ci‘,z'sf-C'g"ci‘»s's
. \ Ay ; \ !

1\ 0.8

)
!
/!

K,i=l4go max'Fi'(“'a.-

Conclusion:

Therefore assuming a hole diameter of 1/64" the stress imensig. K was deterrined to be
19.3 ksi (in)*0.5 which is considerably less than 135 ksi (in)*0.5, Flaws in Ling 337 are
acceptable from an operability perspective. As presentgd below, if a single hole diameter
were greater than 0.35 inch, it would not meet the acceptance criteria of 135 ksi (in}*0.5

[ 1.626010%
2.75310%
4.006010%
K=]6,09010% |opsi(in)®?
1.009°10°
1.34710°
1.702¢10° |
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Reference(s): RHR Line 337 Flaw Evaluation

1. USNRC Generic Letter (GL) 90-05, Guidance for Performing Temporary Non-Code
Repair of ASME Code Class 1. 2, a7d 3 Piping, June 15, 1980.

2. ASME B&PV Section X, Rules for Inservice Inspection, 1889

3. Con Edison Drwg. A251783, Flow Diagram Auxiliary Coolant System Residual Heat
Removal Pumps, .

4. Con Edison Piping Spec. 9321-01-248.18 -

5. USAS B31.1, Power Piping Code, 1955 & 1973 w/ Addenda thru 1976

6. NAVCO Piping Datalog.
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Input
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- ‘ Attachment C
Cale. No. 97222 . C-34 By:_ MW Zweigle Oste:_7/31/98 sheet: C 2
Rv.No.__ 0 cm:_h#__ Oete: 5/57/53

Objective:
Calculate flow rate at different hole sizes,

Inputs:

ni=3  Number of holes
b :=52-.!b_ Internal pressure
in

Method/Assumptions:

Treat as orifices.

Boron concentration of water has negligitle aftect or: resuits.

Water is at saturation temperature for 52 psig to determine the density. This is conservative
since a higher flow rate will result for a given hole size. Also, if the fluid were at 3G0F then it
would flash when exiting the hole and the flow rate would be less than modeled with single
phase.

9, C,p, ) =AC ZEF Equation to be used from Crane 410 Eq. 3.21
P

Where

= flow rate

A = orifice flow area

C = flow coefficient

g = gravitational acceleration
4P = pressure drop

row = fluid density
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Cale. No, 97222 - C-34 . By _MW, Zweigle Oate:_7/31/98 Sheet: CS
Rvw.No.__Q Chi: % omzjé.ﬁ'fg

Analysis:

Tsat:=300-F  Saturation temp at 52 psig (67psia) from Crane 410
pi= 57,3~_l% Density of water at Tsat.
ft
The holes are very small so the Beta ratio shown on P, A-20 of Crane 410 is zero.
The Flow coefficient is then!

C:=06 Crane410p. A-20

The hole diamneters being considered are:

1:=0..5
di =
The areas then being considered is: .
6075 ¢ [0.086
01in| A, :=n~-;l-<d,.)2 0.152
061 25in Aol 08|
15:in = om
0.1751n 0.342
| 0.608 |
| 86040107
153104
4
. 23910 om’
Flow, :=q(A‘,C,p,P) Flow = ._WE.
' 34420107 | min
4.684010%
| 6.118410% |
specifically at $0,000 cc/min:
3
50000-22L :
Arcai=—___o0 Ares = 0.497 <m? diam = |84 diam = 01814

g o 3 =
c-’ig_" .
p

3
note:  50000-S™ < 1320984
mify mn

with 3 holes
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Calc. No, 97222 - C By, M.W. Zweigie Date:_7/31/98 shm:g
altran Rev.No. __C Chk:_%__ Date: M 5‘5

Results At 50,000 CC/min, with flow through 3 equivalent holes, the hole size would be:

diam = 0.8 ein

For other flow rates:

Flow Rate vs. Total Hole Area

8104
5104
T
£
5 -
5 et
&
*
S
z010°
-
0
0 0.1 02 0.3 04 (X S Y-
Hole Asca (ca2)
= Leak Rate

Leakage vs. Hole Size (3 Holes Leaking)

gs10®

//

PO

2010 -‘J/
4+ ~

0.06 0.08 0.1 0.12 0.14 .16 0.13 0.2
Hole Size (inch)

Leak Rate (cav*3imin); 3 holes leakiag

. w~e== Leak Ratc

TOTAL P.13
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