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PROPOSED RESOLUTION OF ISLOCA ISSUES FOR ABWR,

Introdygtion

An intersystem loss of coolart accident (ISL.OCA) is pos.  ted to occur
when @ series of failures or inadvertent actions occur that aliow the high
pressure from one system to be applied to the low pressure design of
another system, which could potentially rupture the pipe and loose coolant
from the reactor system pressure boundary.  This may also occur within
the high and low pressure portions of a single

system.  Future ALWR designs like the ABWR are expected to reauce the
pessility of a LOCA outside the containment by designing to the extent
p.. ..able all cystems and subsystems connected to the RCS to an ultimate
rupture strength (URS) at least equal to the fu'l RCS pressure. The URS
criteria was recommended by the Reference 1 and by recent discussions
with the NRC Staff to determine low pressur~ piping's design pressure to
¢ atain ISLOCAS,

Evaluation Progcedure

The pressure of each sysiem piping coundary on all of the ABWR P&ID's
was reviewsd to identify where changes were needed to provide URS
protection.  Where low pressure piping interiaces with highet pressure
piping connected to piping with reactor ccolart at reactor pressure.
pressure values were increased to 24.6 atg which is equivalent to 350 psig.
(1 a. = 1 kg/sq cm; atg is gauge) The low pressure piping boundaries
upgraded to URS pressures extend to the last closed valve connected to
piping interfacing a low pressure sink. such as the suppression pool,
condeasate storage tank or other open configuration (identified tank).
Each interfacing system's piping was review d for upgrading and in some
with low pressure pipine with normally open valves were changed to lock
open valves to insure an open piping pathway from the last primary
syste=; closed valve to the tank or low pressure siik.
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Typical systems for this upgrade include the:

. Radwaste LCW and HCW receiving tank piping,

2 Fuel Pool Cooling System's RHR interface piping connected to the
skimmer surge tanks,

3. Condensate Storage System's tank locked open supply valves,

4. Makeup Water Condensate and Makeup Water Purified Systems
with locked open valves and pump bypass piping to the Condensate
Storage Tank.

All test, vent and drain piping was upgraded where it interfaces with the
piping upgraded to URS pressure. Similarly, all instrument and relief valve
connecting piping was upgraded. P&IDs refere cing ABWR SSAR Figures
were marked with the new pressure boundary values identified with
“clouas" and heavy piping lines to show the upgraded piping, equipment
and instruments.

The boundary fimits of the URS design were established assuming slow
rates of leakage between high and low pressure regions. This means only
static pressurization needs to be considered and low pressure sinks do not
pressurize  This also means the piping between the valve adjacent to a low
pressure sink and the low pressure sink does not pressurize; therefore, it
can be assume such a valve remains closed. The components considered
to be low pressure sinks in this evaluation are:

(1) Suppression_Pool - Provides a low pressure sink (just above
atmospheric) for its interfacing systems and the first closed valve is at
least 24.6 atg (350 psig) rated.

(2) Condensate Storage Tank - Vented to atmosphere and its locked open
valves and stainless stee! pipin_ iusure it is a low pressure sink for its
mterfacing systems. The first closed valve of each interfacing system with
URS upgrade is at least 24.6 atg (350 psig) rating.
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(3) SLC main tank - Vented to atmosphere with the first closed valve at
least 24.6 atg (350 psig) rating.

(4) LCW_Receiving Tank - Vented to atmosphere, and the first closed

valve is at least 24.6 atg (350 psig) and one of the tank's dual valves is
locked open.

(5) HCy _Receiving Tank - Vented to stmosphere, and the first closed
valve is at least 24.6 atg (350 psig) and one of the wank's dual valves is
locked open.

Systeni._Evaluated

The follewing twelve systems, interfacing directly or indirectly with the
RCS, were evaluated.

SSAR

Figure No.
Restdual Heat Removal (RHR) System 5.4-10
High Pressure Core Flooder (HPCF) Sysiem 6.3-7
keactor Core Isoladon Cooling (RCIC) System 5.4-8
Contre! Rod Drive (CRD) System 4.6-8
Standby Liquid Control (SLC) Sysiem 9.3-1
Reactor Water Z'2an. - (CUW) System §.4-12
Fuel Pool Cooling Cleanup (FPC) System 9.1-1
Nuclear Boiler (N3) System 5.1-3
Reactor Recirculation (RRS® System 5.4-4
Makeup Water (Condensate) (MUWC) System, 9.2-4
Makeup Water (Purified) (MUWP) System. 9.2-5
Radwaste System 11.2-2

(LCW Receiving Tank, HCW Receiving Tank),

Piping Design Pressure for URS Comeliance

The full URS condition is illustrated on Figure 1 at the full reactor pressure
of 72.1 etg, 73.1 ata (1025 psig; 1040 pzia) and the ultimate stress. The
ctraight line from this point *o the coordinates origin establishes
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proportionality to the URS, which is valid since pressure and stress are
proportional. Using an example of ¢:rbon steel with an ultimate stress of
4219 kg/em2 (60 kpsi) and an allowsble stress of 1055 kg/em?2 (15 kpsi),
the ultimate based design pressure proportional to the allowable stress is
18 atg (256 psig). Thus for a pipe designed so that a 18 atg (256 psig)
pressure produced the allowable 1055 kg/sq e¢m (15 kpsi) stress, then if an
over pressurization of 72.1 atg (1025 psig) occurred in that pipe, its stress

would rise to 4219 Kg/em2 (60 kpsi), the ultimate strength. Thus, 18 atg
(256 psig) represents an ultimate based design stress that has no margin
with respect to the URS.

In this case thc ratio of allowabl> stress to ultimate stress is 15/60 = 0.25,
which is the same as the ratio ol design pressure to applied pressure,
256/1025 = 0.25. To use a desigr stress that has a reasorable margin with
respect to the fuil UKS, a ratio of 0.33 is utilized instead of 0.25. A ratio of
0.33 produces a desion pressure of 24 atg (342 psig), which when
rominolly rounded up gives a 24.6 atg (350 psig) design pressure. [or a
pipe designed just for the 24.6 atg (350 psig) design pressure, an applied
pressure of 98.5 atg (1401 psig) would be necessaty to reach the full

ultimate stress of 4219 kg/em? (60 kpsi).

It is useful (0 incorporate a safety factor into the discussion as a mea:uie
of the design margin beyond a full URS condition. A safety factor
definition is:

S.F.= Load that would cause failure
Service load imposed

S.F. = 1401 psig = 1.367
1025 psig

And by propurtionaiity

S. W = 350 psig = 1.367
256 psig

It is of inwerest to show how this relates to Service Level D of the ASME
Code (Section III, NC-3611.2(c)3)). For Service Level D, Pmax can be 2.0
times P. With Pmax = 72,1 atg (1025 psig), the design pressure, P, could be
3A.1 atg (513 psig). For a design pressure of 36.1 atg (513 psig), the safety
factor per the shove is



ISLOCA 5 10/8/92

S.F= 13 psig = 2.00 (Service Level D)
256 psig

The safety factor is 1.00 at the "ultimate based design pressure,” see Figure
1, with a design pressure of 256. The selection of the 24.6 atg (350 psig)
design pressure resulted in a safety factor of 1.367, which was considered
a placement to the extent practical within tne range between the ultimate
based design pressure (S. F. = 1.00) and the Code servic. level D (S. F. =
2.00).

With the design pressure selected, a minimum pipe wall thickness can be
calculated using the ASME Code equation NC-3041.1 (3). Results are shown
for the range of pipe diameters in column F of Table I.

tm = (P)Do)+ A

2(S +Py)
Design Pressure
Allowable Stress
04
= Corrosion Allowance
o = Outside pipe diameter

Hon

b

P
S
y
A
D

Next ar actual pipe schedule wall thickness is selecte! as the next higher
tnicknes: from the calculatsd ty, (columin G of Table 1). The increased wal!
thickness (t, in the equaticn below) from tm permits a higher pressure (Pa)
than the initial design pressure when limited to the same aliowable stress.
This is called the allowable working pressure (Pa, equation below), which
is calculated by the ASME Code equation NC-3641.1 (5). The results are
shown in columns I of Table 1.

Pa= 281
Do-z‘,

The SSAR design documentation satisfies ISLOCA concerns by imposing the
24.6 atg design pressure, which as used in piping design, will result in

pipes with margins as shown in columns G through J. However, if the COL
applicant selects standard pipe or increased wvsall thickness for construction
durability, even mcre ISLOCA protection will result. Table 1, columns K |
through N, shows the analysis for standard pipe, STD, and the next higher |
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pipe schedule for stainless. This information is provided to illustrate the
extra safety factor that could occur from the selection of standard pipe or
thicker w 'Is for adequate construction durability.

The safety factor is calculate * in columns J and N for carbon steel pipe
(SA-333 Gr. 6) from P/256, where P is the permitted pressure (co'imns |
or M) and the denominato- 256 is:.

(Reactor full D[ESS"I:N&“QWQMQ stre.s) = (1025)(15) = 256 pﬁlg

(Ultimate stress) (60,

For stainless steel, betweon grades SA376 Type 316
SA312 Type 316 and
SA358 Type 316,

the properties of 5A376 produce the lowest safety factor. The P

denominator for stainless is:

25 4) = 251
(75)

Columns | and M for stainless steel is P/251.

For the stainless steel pipe, the diameter Do, was adjusted by Do/0.9 to
accoun: for greater ductility and pipe swelling that occurs before rupture.
Tne larger swelled diameter creates a higher stress on the wall due to the
increased pressure area. The Do/0.9 value was provided from
communication with Everit Rodabaugh, NRC consu'tant.

The corrosion allowance vaiues in column C were selected from the
Pressure Integrity of Nuclear Componerts specification listed on the ABWR
Certification Program master parts list 298X301CP. item A11-3010.

Applicabi'ity_of URS Non-piping Compor-nts

References 2 and 3 indicate the URS ~ritena also applies to associated
flanges, connectors, packings, valve stern seals, pump seals, heat exchanger
tubes and valve bonnets.
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This is further illustrated in Attachment 1 which  shows that the general
membrane stresses for vessels, pumps and valves are equal or less than
the allowable stress in all cases Hence. the basic ratio developed for
piping applies to vessels, pumps and valves.

Results

Th~ results of this work are showr by the markups of the enclosed P&IDs,
which are SSAR figures. The affected sheets are listed below.

System SSAR Affected Sheet
[,;l' gure b‘ﬂ N 08

Residual Heat Removal (RHR) 5.4-10 1, 2,3, 4

System

High Pressure Core ¥looder (HPCF) 6.3-7 b 3

System

Reactor Core Isolation Cooling 5.4-8 i 3

(RCIC) System

Conwrol Rod Drive (CRD) System 4.6-8 1, 3
Standby Liquid Contro! (SLC) 9.3-1 1
System

Reacter Water Cleanup (CUW) 5.4-12 2
System

Fuel Pool Cooling Cleanup (FPC) 9.1-1 2
System

Nuclear poiler (NB) System ~1-3 1.5
Reactor Recirculation (RRS) 5.4-4 i

System



ISLOCA 8 10/8/92

Makeup “ater (Condensate) 9.2-4 |
(MUWC) System

Mukeup Water (Purified) (MUWP) 6.2-5 i3
System

Radwastc Sysiem (LCW Receiving 11.2-2 37T

Tank, HCW Receiving Tarnk)

In addition, the iollowing two systems were identified as requiring an
ISLOCA evaluation. However, these two systems are not in sufficient detail
and this evaluation will be a requirement fo. the COIl applicaal.

Condensate, Feedwater and Condensate Air Extraction (C,FDW,AQ)
System
iampling (SAM) System

The design pressure of t' - following two tanks was upgraded.
SLC test tank

RCIC turbine barometric condenser tank

Summary

For ISLOCA considerations, a design pressure of 24.6 atg or (350 psig)
provides an adequate margin with respect to the full reactor operating
pressure of 72,1 ate 025 psig) by applyine the ultimate rupture strength
(URS) methodolog. « vcoped by this work., This design pressure was
applied at the bounuary symbols of the P&ID tigures, and therefore,
impose the requirement on the piping, volves, pumps, tanks,
instrumentation and all other equipment shown between bouadary
symbols. Upgrading revisions were made to 14 systems.
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Attachment 1 -

' NC-%640 PRESSURE DFSIGN OF PIPING
PIF. NG PRODUCTS

NC.3641  Scraight Pipe

NC.2641.1 Straight Pipe Under Internal Pressurs,
The minimum thickness of pipe wall required for De-
sign Pressures and for ‘emperatures not exceeding
those for the vanous matenals listed in Taktles 1.7.0,
including aliowances for mechanical strength. shall not
be less than that determuned by Eq. (3) as fallows:

PD,

[ B cemsm——
= US = Fy)

A (3)

VESSELS
NC-3321 1989 SECTION 111,

TABLE NC-3321-1
STRESS UMITS FOR DESIGN AND SERVICE
LOADINGS?

Service Limt Stress Uiats (Nowe (2))

Design ana Level A v.$ NS
oo ) o, g L3S

ASME Code References Pa, 12
wnere

{o™ minimum required wall thickness, in If pipe
is ordered by its nomunal wall thickness, the

P= internal Design Pressure, psi
L, = outside diameter of pipe, . For desiga cul-

S= maximum allowable strass for the matenal at
the Design Temperature. ps, (Tables 1.7.0)

A= an additional thickness 10 provide for matenal
rerioved in ‘hreading, corros.on of erosion
allowance, and matenai reguired for stru:-

y®= 3 coeificient having 4 value of 0.4, except that,

for pipe wath a D, /¢, rauo less than 6, the
vaiue of y shall be taken as

(6)

e+ 2,

.= general membrane stress. psi. This stress is
equal '0 the average stress across the sold
section under conudiraton. [t excluces dis-
continuities and conce itrations and 18 pro-
duced only by pressure and other mecaanical
loads

S= allowsble stress value piven in Tables [-7.0,
psi. The allowable stress shall correspond to
the highest metal temperature at the section
under considerauon dunng the loading urder
coruderation.

PUMPS
NC-3418 NC-3000 - DESIGN NC.J3¢33
TABLE hC-3416-1
STRESS AND PRESSURL LIMITS FOR DESIGN AND SERVICE LOADINGS
Sarvce Stress Limnts P
Limit (Note (1)} (Note (2]
Levwl A .53 1.0
o, or &) + o, ¢ LI
VALVES
NC.3530 1989 SECTION II, DIVISION | — NC NC.3831.4
TABLE NC-3521-1
LEVEL A B, C, AND D SERVICE LIMITS
Serwer Stress Limns e
et (Notes (1)-(4)) (Note (5}]
e A > s 7 ' .0

e, ool + o, g 135



