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MECHANICAL ENCINEERING

Under 3.6.2.1.4(a) piping systems having an internal pressure of
up to 275 psia and fluid temperatures not in excess of 200°F are
excluded from pipe break criteria, This i{s not ccnsistent with
Regulatory Guide 1.46 nor the present MEB position. The present
MEB position is that through wall leakage cracks should be
postulated for such piping as delineated in Attachment A which
is generally applicable for piping outside the containment.

PSAR states that critcria for postulatiug pipe breaks for
piping outside the containment will be per AEC letter from

J. O'Leary of 7/12/73. This is acceptable, however, imple-
mentation of this criteria should be as zontained in Attachment
A. :

(1) Provide loading combinations and stress criteria for
normal, upset, and emergency conditicng for Class 1, 2
and 3 piping in the A/E - BOP scope.

(2) Provide more specific criteria than "per code" for faulted
condition stress criteria for Class 1 piping. For example,
ASME Section III permits the use of Appencix F of the code
for faulted conditions; but, does not reguire it. State
specifically what is to be used.

(3) Provide specific design details for the three types of
piping penetration guard pipes. Also discuss the access
provisions to carry out inservice inspection of the flued
head to process pipe welds for the Type I and I7I penetrations.

(1) Identify the computer program to be used for the calculation
of postulated pipe break and if the program is not widely
used in the nuclear industry, provide justification for its
applicability and validity for this type of analysis.

(2) In the computation of the thrust force using the simplified
forcing function, justify the use of Pg,, in lieu of P,

for compressed (flashing) or saturated water.

(1) For unchoked flow, the Regulatory staff will accept use of
a model with a uniform half angle of dispersion not exceeding
10°,

(2) In calculating jet impingement force as described in Eq. (1),
the definition of the velocity ratio Um is not clear. Current
MEB position requires that the steady state forcing function
for jet impingement should have a magnitude (T) not less than
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T = KPA

Where P = gystem pressure prior to pipe break
A = pipe break area, and
K = thrust coefficient.

For choked flow, provide justification for the following
assumed angles of dispersion for the jets:

Flashing water - 45°
Steam - 52°
Non- Flashing Water - 25°

and clarify the pressure that is going to be used for
calculating jet force.

Define the symbols for calculating the jet impingement
forces as given in cases A, B, C and D. In those formulas,
explain the missing pressure force component.

For the calculation of the Drag Force (Case C) expand the
discussion to include a broader tange gf Reynolds numbers
other than the range of R = 103 to 10 given.

The information presented in this section of the PSAR does
not satisfy the requirements concerning "Seismic Category I

Mechanical Cquipment Testing and Analysis - C.E. Scope of
Supply" for plants currently underzoing review. Provide
the appropriate commitments from CESSAR.

Clarify type of operating experience tc be used to verify
that equipment will operate under SSE conditious.

Provide commitment that all Category [ me&é¢hanical equipment
and supports will be qualified to requirements of specifi-
cations 7-74 in Appendix 3.9.A.

In paragraph 3.02 4 of Appendix 3.9.A, when using the
Response Spectrum Modal Analysis method, provide criteria
for determining closely space modes.

In Appendix 3.9.A, paragraph 3.02.e permits an allowable
stress of 0.9 of the material vield stress for faulted
conditions. This is not consistent with limits stated per
Table 3.9.3 of the PSAR. Revise the Appendix to coaform
with Table 3.9.3.
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The seismic qualification program described in this section is
not totally acceptable. Revise the program to be in accordance
with criteria provided in Attachment B "Electrical and Seismic
Qualification Progranm."

(1) In the last sentence of Part I of Appendix 3.9.B change
"Vill" to "my" h

(2) In Section II of Appendix 3.9.B expand the valve cperability
testing criteria to include Lhe valve design pressure.

(3) In Section II of Appendix 3.9.B under criterion d state the
Qualification Standards to be employed.

(4) In Appendix 3.9.B define the horizontal and vertical
accelerations to be used for static valve qualification.

(5) In Appendix 3.9.B, Section II, your position that for
valves with natural frequencies less than 33 Hz operability
can be verified without performing valve exercising per
step C requires justification.

Provide more specific equations of motion and discuss methods
of solution for the dynamic analysis for open and closed systems.

The information provided in this ser ion is not adequate. In
addition to the nominal pipe size which determine whether ASME
Class 2 and 3 piping will be field run, identify in the PSAR
those Category I piping systems which will be field run. Include
any special or simplified procedures which will be used for
designing and installing this piping.

Provide the specific criteria that will be used to guarantee
operability of instrumentation and electrical equipment, not
furnished by C.E., under faulted conditions when a dynamic
analysis without performance testing is employed in the design
of this equipment.
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Attachment A

BRANCH TECHIICAL POSITION-MZ3 N0, 1
MECHANICAL EVGINEERING CR:CH
DIRECTOCATE OF LICCLSLING
CRITERIA FOR
POSTULATED FAILTRE ALD LIANAGE LCCATIONS IN

FLUID SYSTOL PIPING JULTSIDE COLTAI.CIESNT

The following criteria are within the review responsibility of the

II.E and l.a., I.b., l.c., 2.2 and 2.c.(3) of Appendix A.

1. Bigh-Brerzy Fluid S.ste=s pioing

A. Fluid Syateme Separated from Zeaential Structures, Systems 4
Components

For the purpose cf satisfying the separation provisions of l.a.

pt Appendix a, a review ¢f the piping layout and plant arrangement

drawings chould clearly show that the effects of postulated piping
" breaks at any locatisn are isolated or physically remete from

ncieﬁtial structwres, systéns, and.csr;ouents. At the designer's

option, break locations as deternined from I.C., I.D., 224 I.E

below may be selected for chis purpose.

B. Fluid System Piping Between Containmen: Isvlation Valves
Breaks need not be postulated in rhose portions of piping
fdentified in 2.C.(1) and 2.C.(2) of Appendix A provided thay
meet the requirements of ASIE Code, Section III -~ Subarticle
NE-1110 and are designed to meet the following additional

requirements:

!/Scc Clossary for definitions of italicized phrases.




1’

The following design stress and fatigue limits should not be
cxc:éded;

For ASME Code, Section III, Class 1 Piping

(a) Maximum stress ranges should not exceed the following limits:
Ferritic steel < 2.05

Austenitic steel < 2.45&.

(b) The maximum stress range between any two load sets
(including the zero load set) should be calculated by
Ed. (10) in Par. } -3653, ASME Code, Section III, for

upset plent conditions and an OBE event transieat.

1f the calculated maximum stress range of Eq. (10)
exceeds the limits of I.B.l1(a) but is not greater than

35&, the limit of I.B.1l(c) should be met.

If the calculated maximum stress range of Eq. 4(10)
exceeds 3Sm; the stress ranges calculated by both
Eq. (12) and Eq. (13) should meet the limits of I.B.l(a)

and the limit of I.B.1l(c).
(¢) Cumulative usage factor < 0.1, as required by I.B.1(b). ;

For ASME Code, 3ection III, Class 2 Piping

Maximum stress range as calculated by Eq. (9) and (10) in
Par. NC-3652, ASME Code, Section III, considering upset plant

conditions (i.e., sustained loads, occasional loads, and thermal



2.

3.

4.

5.

expansion) and an OBE event should not exceed (Sé + Sh)z/.

Welded attachments, for pipe supports or other purposes, to
these portions ¢f piping should be avoided except where detailed
stress analyses, or tests, are performed to demonstrate compliance

with the linits of I.B.l,

The nurber of piping circumferential and longitudinal welds

and branch connections should be minimized.

The length of the piping run should be reduced to the minimum

length practical.

The design at points of pipe fixity (e.g., pipe anchors or
welded connections at containment penetrations) should not
require welding directly to tpc cuter surface of the piping
(e.g., fluid iategral forged pipe fittings may be used) except
where detailed stress analyses are performed to demonstrate

compliance with the limits of I[.B.l.

Geometric discontinuities, such as at pipe-to-valve section
transitions, at branch connections, and at changes in pipe
wall thickness should be designed to minimize the discontinuity

stresses,

€. FPluid Systems Enclosed Within Protective Structures

1.

Breaks in ASME Code, Sectien ITI, Class 2 and 3 piping should

2/

= The limit of 0.8(1.2 Sh - SA) nay be used in lieuy of (3; + 35

e



be postulated at the following locations in each pi?ing.and
branch run (except those portions of fluid system piping
identified in I.3.) within a protective structure containing
essenticl systams and components and designed to satisfy the

provisions of 1.b. or l.c. of Appendix A:

a. At terminal ends of the pressurized portiocns of the run

if located within the protective structure.

b. At intermediate locations selected by either of the
following criteria:

(1) At each pipe fitting (e.g., elbow, tee, cross, and
non-standard fitting) or, if the run contains no
fictings, at one location 4t each extreme of the
run (a termiral end, if located within the protective

structure may substitute for one intermediate break).

(11) At each location where the stressata/ exceed (Sh - Sc)gl

but at not less than two separated locaticns chosen cn

the basis of highest scressﬁl. In the case of a straight

pipe run without sny pipe fittings or welded attach-

ments and stresses below (Sh - Sc), a mininum of one

location chosen on the basis of highest stress.

2’3::0:3:: associated with normal and upset plant conditions, and an GBE
event as calculated by Eq. (9) and (10), Par. NC-3652 of the ASME Code,
Section LII, for Class 2 and 3 piping

2/1u° highest stress points; select second point at least 10% below the

nigh2st stress.



2. Breaks in non-nuclear class piping should be postulated at the

following locations in each piping or branch run:

a. At terminal ends of the pressurized portions of the run if

located withia chg protective structure.
b. At each intermediate pipe fitting and welded attachment.

D. Fluid Systems Not Enclosed Within Protective Structures
1. Breaks in ASME Code, Section III, Class 2 and 3 piping, should
be postulated at the fcllowing locations 1nAeach piping snd
branch run (except those portions of fluid system piping
identified in I.B) outside but routed alongside, above, or
below a protective structure containing essential systems and
components and desigued to satisfy the provisions of 1l.b, or

l.c of Appendix A.

a. At terminal ends of'pressurizcd portions of the run if

located adjacent te the protective structure.

b. At intermediate locations selected by either of the
fellowing criteria:
(1) At each pipe fitting (e.g., elbow, tee, cross, and

non-standard fitting).

(1i) At each location where the s:ressccél exceed (Sh - Sc)zj
but at not less tham twe separated locaticns chosen on

the basis of highest stressﬁ/. In the case of a
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straight pipe run without any pipe fittings or
welded attachments and stresses below (Sh . Sé), a
minimum of one location chosen on the basis of

highest stress.:

2, Breaks in non-nuclear class piping should be postulated at

the follewing locations in each piping or branch run:

a. At terminal ends of pressurized portions of the run if

located adjacent to the protective structure.
b. At earh intermediate pipe fitting and welded attachment.

II. Moderate-Znerzy Fluid Sustem Piping

A. Fluid Systems Separated from Zssential Structures, Systems &
Components

For the purpese of satisfying the separation provisions of l.a. of
Appendix A, a review of the piping layout and plant artangement
drawings should clearly show that the effects of through-wall
leakage cracks at any location are isolated or physically remate

from essential structwres, systems, and components.

B. Fluid System Piping Between Containment Isolation Valves
Breaks need not be postulated in those pofcions of piping identified
in 2.c. of Appendix A provided they meet the requirements of ASME
Code, Section III - Subarticle NE-1110, and are designed such that
the stresses do not exceed O.S(Sh + 5;)2/ for ASME Code, Section III,

flass 2 piping.

yﬁ. Timér N 17V » ¢ ¢ & 3




C. Fluid Syscews Within or Outside and Adjacent to Protective
Structures

fhrough-wall leakage cracks should be postulated in jluid
lyltch piping located within or outside and adjacent to
protective structures con:ainlng essential systems and
components and designed to satisfy the provisions of 1.b.
or l.c. of Appendix A, except where exempted by II.B, II.D,
or in those portions of ASME Code, Section III._Class 2or 3
piping or non-nuclear piping where the stresses are less than
O.S(Sh + S;)zj. The cracks should be postulated to occur
individually at locations that result in the maximum effects
from fluid sp-aying and flooding, and the consequent hazards
or environmental conditions developed.

D. Moderate-Znerzy Fluid Systems in Proximity to digh-Znergy Fluid
Systems
Cracks need not be postulated in moderate-enerzy fluil systen
piping located in an area in which a break in high-energy [luid
system piping is postulated, provided such cracks would not result
in more limiting environmental conditions than the high-energy
piping break. Where a postulated leakage crack in the modarate-
energy fluid system piping results in more limiting environmental
conditions than the break in proximate hign-enmergzy luid system

piping, the provisions of II.C should be applied.

E. Flutd Sustems Qualifying as #igh-Energy or Modarate-Energy Systems

Through-wall leakage cracks instead of breaks may be postulated



in the piping of those fluid systems that qualify as %izn enerzy

fluid systcma for only short operational periodsﬁl but qualify

as moderate-enerzy rluid systems for the major operatiomal period.

III. Type of Breaks and Leakagze Cracks in Tluid Sustem Piping

A. Circumferential Pipe Breaks
The following circumferential breaks should be postulated in
high-energy fluid system piping at the locations specified in

Section I above:

l. Circumferential ﬁfeaks should be postulated in fluid system
piping and branch runs exceeding a nominal pipe size of 1 imch,
except that, if the maximum stress range in the circumferential
direction is at least twice that in the axial dircccioﬁ, enly a
longitudinal break need be postulated. Instrument lines, one
inch and less nominal pipe siz; for tubing should meet the

provisions of Regulatory Guide 1.11.

2. Where break locations are selected at pipe fittings without
the benefit of stress calculations, breaks should be postulated

at each pipe-to-fitting weld. If detailed stress analyses

é]An operational period is considered "short" if the fraction of time that
the system operates within the pressure-temperature ~onditions specified
for hign-enerzy [luld systems is less than 2 percent of the time that
the system operates as a ~oderace energy fluid system (e.g., systems
such as the reactor decay heat removal systems qualify as rmoderace-
energy fluid systems; however, systems such as auxiliary feedwater
systems cperatad during PWR reactor startup, hot standby, or shutdown
qualify as high-energy rluid syetems).



(e.3., finite element analyses) or tests are perforzed, the
maxizun a:rcssea'locatlcn in the fitting may be selected

instead or the pipe-to~fitrning weld.

~ Circumferential breaks should be assumed to result in pipe
severance and separation amounting to a one-diameter lateral
displacement of the ruptured piping sections unless physically
limited by piping restraints, structural members, or piping
stiffness as may be demonstrated by inelastic limit anal&szs
(e.g., a plastic hinge in the piping is not developed under

loading).

The dynamic force of the jet discharge at the break location
should be based on the effective cross-sectional flow area

of the pipe and on a calculated fluid pressure as modified

by an analytically or experimentally determined thrust

coefficient, Limited pipe displacement at the break location,
line restrictions, flow limiters, positive pump-controlled
flow, and the absence of energy reservoirs may be taken into

account, as applicable, in the reduction of jet discharge.

Fipe whipping should be assumed to occur in the plane defined
by the piping geomecry and configuration, and to cause pipe

movement in the direction of the jet reaction.

Longitudinal Plpe Dreaks
The following longitudinal breaks sliould be postulated in high-

energy fluid system piping at the locations of each circumferential

break specified in IIL.A.:




1. Longitudinal break in fluid system piping and branch tun;
should be postulated in nominal pipe sizes 4-inch and larger,
except that, if the maximum stress range in the axial direction
is at least twice that in the circumferential direction, only

a circumferential break need be postulated.

2. Longitudinal breaks need not be postulated at terminal ends
if the piping at the terminal ends contains no longitudinal pipe
welds and major geometric discontinuities at the circumf;rential
weld joints of the termingl ends are designed to minimize dis-

enntinuity stresses.

3. Longitudinal breaks should be assumed to result in an axial
split without pipe severance. Splits should be located (but
not concurrently) at two diametrically-opposed poinfs on the
piping circumference such that a jet reaction caus}ng out=-of~-

plane bending cf the piping configuration results.

4. The dynamic force of the fluid jet discharge should be based
on a circular or elliptical (20 x 1/2D) break area equal to
the effective cross-sectional flow area of the pipe at the
break location and on a calculated fluid pressure modified by
an analytically or experimentally determined thrust coefficient
as determined for a circumferential break at the same location.
Line restrictions, flow limiters, positive pump-controlled flow,
and the absence of energy reservoirs may be taken into account,

as applicable, in the reduction of jet discharge.
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c.

s.

Piping movement should be assumed to occur in the direction of
the jet reaction unless limited by structural members, piping
restraints, or piping stiffness as demonstrated by inelastic

limit analysis.

Through-Wall Leakage Cracks

The following througli-wall leakage cracks should be postulated in

moderate-enerzy fluid system piping at the locations specified in

Section IT above:

1‘

2.

3.

Cracks should be postulated in moderate-energy flutid system

piping and branch runs exceeding a nominal pipe size of 1 inch.

Fluid flow from a crack should be based on a circular opening
of area equal to that of a rectangle one-half pipe~-diameter in

length and one-half pipe wall thickness in width.

The flow from the crack should be assumed to resul®t in an
environment that wets all unprotected components within the
compartment, with consequent flooding in the compartment
and communicating compartments. Flooding effects may be
determined on the basis of a conservatively-estimated time

period required to effect corrective actions.
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APPENDIX A

PLANT ARRANGEMENT CRITERIA AND SELECTED PIPING DESIGN FEATURES

Plant Arranzement

Protection of essential structures, systems, and components against

postulated piping failures in high or moderate energy fluid systems

that operate during normal plant conditions and that are locaed out-

side of containment should be provided by one of the following plant

arrangement considerations:

b.

Plant arrangements should separate fluid system piping from
essential structures, systems, and components. Separation should
be achieved by plant physical layouts that provide sufficient
distances between ¢ssential structures, systems, and components
and fluid system piping such that the effects of any postulated
;iping failure therein (i.e., pipe whip, jet impingement, and the
environmental conditions resultiﬁg from the escape of contained
fluids as appropriate to 7nigh or moderate-energy fluid system
piping) cannot impair the integrity or operability of essential

structures, systems, and componenta.

Fluid syestem piping or portions thereof not satisfying the
provisions of l.a. above should be enclosed within structures or
compartments designed to protect nearby essential structures,

8ystems, and components. Alternatively, essential systems and



eorponents may be enclosed within structures or compartments
designed to withstand the effects of postulated piping failures

in nearby fluid systems.

¢. Plant arrangements or system features that do not satisfy the
provisions of either l.a. or l.b. above should be limited to
those for which the above provisions are impractical. Such
cases may arise, for example, (1) at interconnections between
fluid systems and essentigl systems and components, or (2) in
fluid systems havini dual functions (i.e., required to operate
during normal plant conditions as well as to shut down the reactor).
i such cases, redundant design features, separated or otherwise
protected from affects of postulated piping failures, or additional

" protection should be provided so that reactor shutdown is assured

4n the event of a failure in the ihcetconneccing piping of (1),
or in the dual functior piping of (2). Additional protection
may he provided by restraints and barriers or by designing or
vesting essential systems and corponents to withstand the effects

21sociated with postulated piping jatlures.

2. Design Features

a. Essential sysiems and compcnents should be designed to meet the

seismic design requirements of Regulatory Guide 1.29.

b. Protective structures or compartments, fluid system piping
restraints, and other protective measures should be designed in

accordance with the following:



(1) Protective structures or compartments needed to implement
1.b. or l.c. above should be designed to Seismic Category 1
requirements. The effects of a postulated pipirg failure
(i.e., pipe whip, jet impingement, pressurization of compart-

' ment, water spray, and flocding, as appropriate) in combination
with loadings associated with the Safe Shutdown Earthquake and
normal operation should be used for the design of required
protective structures. Piping restraints, if used, may be
taken into account to limit effects of the postulatea péping

failure.

(2) High-enerzy fluid system piping restraints and protective
measures should be designed such that the effects of a
postulated breakl/ in one pipe cannot, in turn, rupture
other nearby pipes or components which could result in
unacceptable offsite consequences or in loss of capability

of essential systems and componments to initiate, actuate,

and complete actions required for reactor shutdown.

e¢. Fluid system piping between containment isolation valves should

meet the following design provisions:

1/

In the design of piping restraint, an unrestrained whipping pipe

should be considered capable of (a) rupturing impacted pipes of smaller
nominal pipe sizes and (b) developing a through-wall leakage crack in
larger nominal pipe sizes with thinner wall thicknesses except where
experimental or analytical data for specific impact energies demonstrate
the capability to withstand the impact without failure.



(L) Porticns of [Tuid system piping betweea isolation valves
of single bartieé containment structures (including any
rigid connection to the cortainment penetration) that connect,
on a continuous or intermittent basis to the reactor coolant
pressure boundary or the steam and feedwater systems of PWR
plants should be designed to the stress limits specified in

I.B. or II1.B. of this document.

These portions of high-energy flutid system piping shoulé be
provided with pipe whip restraints (i.e., capable of resisting
bending and torsional moments) located reasonably close to the
containment isolation valves. The restraints should be designed
to withstand the loadings resulting from a postulated riping
failure beyond these portions of piping so that neither isolation
valve operability nor the leaktight integrity of che containment

will be impaired.

Terminal ends of the piping runs outside containment should be

considered to originate at the pipe whip restraint locations

outside containment.

Where containment isolation valves are not required inside
containment, those portions of the fluid system piping extending
from the outside isolation valve to either the rigid pipe

connection to the containment penetration or the first pipe



(2)

whip restrain: inside containment should be considered as
the boundary of the system piping required to meet the above

design limits and restraint provisions.

Portions of fluid system piping between isolation valves of
dual barrier containment structures should not exceed the
stress l'mits in I.B or II.B. of this document. These
portions of high-energy fluid system piping that pass through
the annulus, and whose failure could affect the leaktight
integrity of the containment structure or result in pressur-
ization of the annulus beyond design limits, should be
provided with pipe whip restraints (i.e., capable of resisting
bending and torsional moments) located reasonably close to the
containment isolation valves and should be provided with an
enclosing structure or guard pipe. Restraints should be
designed to withstand the loadings resulting from a postulated
piping failure beyond these portions of piping so that neither
isolation valve operability nor the leaktight integrity of the'

associated containment penatration will be impaired.

Terminal ends of the piping runs sutside containment should
be considered to originate at the pipe whip restraint locations

outside containment.

For the purpose of establishing the design parameters (e.g.,

pressure, temperature, axial loads) only of the enclosing



structure or guard pige, a full flow area break should be
assumed in that portion of piping within the enclosing .

structure or guard pipe.

(3) For those portiomns of fluid system piping identified in
2.c.(l) and 2.c.(2) above, the extent of inservice examination
conducted as specified in Division 1 of Section XI of the ASME
Code during each inspection interval should be increased to
provide volumetric examination of 100 percent of the circum-
ferential and longitudinal weld joints in piping identified in
Section III.A.l. ;nd Section. III.B.l. of this document. The
areas subject to examination should comply with the require-
ments of the following categories as specified in Section XI
of the ASME Code:

(a) ASME Class 1 piping welds,-Examination Category B-J in

Table IWB-2500.

(b) ASME Class 2 piping welds, Examinatior Category C-F and

C-G in Table IWC-2500.




Comoonents

5 - e o

Egsentizl Struzt.res, . Structures, fysteams,

and components required for reactor shutdown without off-site power or
to mitigate the consequences of a postulated piping failure in fluid
system pipiug that results in trip of the turbine-generator or the

reactor protection system.

Fluid Sustems. High and moderate emergy fluid systems that are subject

to the postulation of piping failures against which protection of essential

structures, systems, and components is needed.

Bigh-Ererzy Fluid Sustems. Fluid systems that, during norral plant

conditions, are either in operation or maintained ,ressurized under

conditions where either or both of the following are met:

a. maximum operating temperature exceeds 200°F, or

b. .maximum operating pressure exceeds 275 psig.

Moderzte-Zrerzy Fluid Sustems.: Fluid systems that, during normal plant

conditions, are eithier in operation or maintained pressurized (above
atmospheric pressure) under conditions where both of the following are

met:

a. maximum operating temperature is 200°F or less, and

b. maximum operating pressure is 275 psig or less.



Normal Plznt Coniifioms, Plant operating conditions during reactor

startup, operation at power, hot standby, or reactor cooldown to cold

shutdown condition.

" Upset Plant Coniitions, Plant operating conditions during system

transients that may occur with moderate frequency during plant service
life and are anticipated operaticnal occurrences, but not during system

testing.

Postulated Pivinz Failurss, Longitudinal and circumferential breaks

in high-enmerzy fluid system piping and through-wall leakage cracks in
moderate-energy fluid system piping postulated according to the provisions

of this document.

Sh’ Sé, ard SA‘ Allowable stresses at maximum (hot) temperature, at

ninimun jcold) temperature, and allowable stress range for thermal exprnsicn

respectively, as defined in Article NC-3600 of the ASME Code, Section III.

Sh. Design stress intensity as defined in Article NB-3600 of the ASME

Code, Section III.

Single Active Comwonent Failure. Malfunction or loss cf function of a

component of electrical or fluid systems. The failure of an active
component of a fluid system is considered to be a loss of component
function as a result of mechanical, hydraulic, pneumatic, or electrical
malfunction, but not the loss of component structural integrity. The
direct consequences of a single active component failure are considered

to be part of the single failure.



Termirzl Tn7:, Extremeties of piping runs that connect to structures,

components (e.g., vessels, pumps, valves), or pipe anchors that act as
rigid constraints to piping thermal expansion. A branch ccanection to

8 main piping run is a terminal end of the branch run.
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ELECTRICAL AND MECHANICAL EQUIPMENT SEISMIC QUALIFICATION PROCRAM

I. Seiszic Test for Eguipment Operability

l. A test program is required to cenfirm the functional operability
of all Seismic Catezory I electrical and mechanical equipment
and instrumentation during and after an earthquake of magnitude
up to and including the S5Z. Analysis without testing may be
acceptable only il scructural integricy alone can assure the
design intended functicn. When a complete seismic testing is
impracticable, a combination of test and analysis may be accept-
able.

2. The characteristics of the required input motion should be
specified by one of the following:

(a) response spectrum
(b) power spectral density function
(¢) time history

Such characteristics, as derived from the structures or systems
seismic analysis, should be representative of the input motion
at the equipment mounting locations.

3: Equipment should be tested in the operational condition. Oper-
ability should be verified during and after the testing.

4. The actual input motion should be characterized in the same
manner as the required input motion, and the conservatism in
amplitude and frequency content should be demonstrated.

5. Seismic excitation generally have a broad frequency content.
Random vibration input motion should be used. However, single
frequency input, such as sine beats, may be applicable provided
one of the following conditions are met:

(a) The characteristics of the required input motion indicate
that the motion is dominated by one frequency (i.e., by
structural filtering effects).

(b) The anticipated response of the equipment is adequately
representéd by one mode.

(c) The input has sufficient intensity and duration to excite
all modes to the required magnitude, such that the testing
response spectra wi.l envelope the corresponding response
spectra of the ‘4 vidual modes.
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6. The input motion should be applied to one vertical and one
principal (or two orthogonal) horizoatal axes simultaneously
unless it can be demcnstrated that the equipment response
along the vertical direction is not sensitive to the vibratory
motion along the horizontal direction, and vice versa. The
time phasing of the inputs in the vertical and horizontal direc-
tions must be such that a purely rectilinear resultant input is
avoided. The acceptable alternative is to have vertical and
horizontal inputs in-phase, anc then repeated with inputs
180 degrees ocut-ui-phase. In acdition, the test must be repea:::
with the equipment rotated 90 degrees horizontally.

7. The fixture design should meet the following requirements:

(a) Simulate the actual service mounting
(b) Cause no dynamic coupling to the test item.

8. The in-situ application of vibratory devices to superimposé the
seismic vibratory loadings on the complex active device for
operability testing is acceptable when application is justifiable.

9. The test program may be based upon selectively testing a repre-
sentative number of mechanical components according to type, load
level, size, etc. on a prototype basis.

II. Seismic Design Adequacy of Supports

l. Analyses or tests should be performed for all supports of
electrical and mechanical equipment and instrumentation to
ensure their structural capability to withstand seismic
excitation.

2. The analytical results must include the following:

(a) The required input motions to the mounted equipment should
be obtained and characterized in the manner as stated in
Section I.2.

(b) The combined stresses cf the support structures should be
within the limits of ASME Section III, Subsection NF -
"Component Support Structures" (draft version) or other
comparable stress limits.

3. Supports should be tested with equipment installed. If the
equipment is inoperative during the support test, the response
at the equipment mounting locations should be monitored and
characterized in the manner as stated in Section I.2. In such
a case, equipment should be tested separately and the actual
input to the equipment should be more conservative in amplitude
and frequency content than the monitored response.

4. The requirements of Sections I.2, 1.4, I.5, 1.6 and 1.7 are
applicable when tests are conducted on the equipment supports.
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11.9

110.1
(3.6.2,1)

110.2
(3.6.2.2)

110.3
(3.6.3.1)

110.4
(3.6.4.1)

110.5
(3.6.4.2)

11-1

MECHANICAL ENGINEERING

Under 3.6.2.1.4(a) piping systems having an internal pressure of
uo to 275 psia and fluid temperatures not in excess of 200°F are
excluded from pipe break criteria. This is not consistent with
Regulatory Guide 1.46 nor the present ME3 position. The present
MEB position is that through wall leakage cracks should be
postulated for such piping as delineated in Attachment A which
is generally applicable for piping outside the containment.

PSAR states that criteria for postulating pipe breaks for
piping outside the containment will be per AEC letter from

J. O'Leary of 7/12/73. This is acceptable, however, imple-
mentation of this criteria should be as contained in Attachment
A. .

(1) Provide loading combinations and stress criteria for
normal, upset, and emergency conditions for Class 3y &
and 3 piping in the A/E - BOP scope.

(2) Provide more specific criteria than "per code'" for faulted
condition stress criteria for Class 1 piping. For example,
ASME Section III permits the use of Appendix F of the code
for faulted conditions; but, does not require it, State
specifically what is to be used.

(3) Provide specific design details for the three types of
piping penetration guard pipes. Also discuss the access
provisions to carry out inservice inspection of the flued
head to process pipe welds for the Type I and III penetrations.

(1) Identify the computer program to be used for the calculation
of postulated pipe break and if the program is not widely
used in the nuclear industry, provide justification for its
applicability and validity for this type of analysis.

(2) In the computation of the thrust force using the simplified
forcing function, justify the use of Pgae in lieu of P,

for compressed (flashing) or saturated water.

(1) For unchoked flow, the Regulatory staff will accept use of

a model with a uniform half angle of dispersion not exceeding
10°.

(2) In calculating jet impingement force as described in Eq. (1),
the definition of the velocity ratio Um is not clear. Current
MEB position requires that the steady state forcing function
for jet impingement should have a magnitude (T) not less than
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110.5 T=1A
(3.6.4.2)
Where system pressure prior to pipe break

P=
A = pipe break area, and
K = thrust coefficient.

(3) For choked flow, provide justification for the following
assumed angles of dispersion for the jets:

Flashing water - 45°
Steam - 33"
Non- Flashing Water - 25°

arnd clarify the nressure that is going to be used for
calculating jet force.

(4) Define the symbols for calculating the jet impingement
forces as given in cases A, B, C and D. 1In those formulas,
explain the missing pressure force component.

(5) For the calculation of the Drag Force (Case C) expand the
discussion to include a broader _range gf Reynolds numbers

other than the r nge of R. = 103 to 10 given.
110.6 (1) The information presented in this section of the PSAR does
(3.9.1.1) not satisfy the requirements concerning "Seismit Category I

Mechanical Cquipment Testing and Analysis - C.E. Scope of
Supply" for plants currently undergoing review. Provide
the appropriate commitments from CESSAR.

(2) Clarify type of operating experience to be used to verify
that equipment will operate under SSE conditionms.

(3) Provide commitment that all Category I mechanical equipment
and supports will be qualified to requirements of specifi-
cations 7-74 in Appendix 3.9.A.

(4) In paragraph 3.02 d of Appendix 3.9.A, when using the
Response Spectrum Modal Analysis method, provide criteria
for determining closely space modes.

(5) In Appendix 3.9.A, paragraph 3.02.e permits an allowable
stress of 0.9 of the material yield stress for faulted
conditions. This is not consistent with limits stated per
Table 3.9.3 of the PSAR. Revise the Appendix to conform
with Table 3.9.3.



110.7
(3.9.1.2)
(3.10)

110.8
(3.9.2.4)

110.°
(3.9.2.5)

110.10
(3.9.2.7)
(5.2.19)

110.11
(3.10.2)

11-3

The seismic qualification program described in this section is
not totallv accentable. Revise the program to be in accordance
with criteria provided in Attachment B "Electrical and Seismic
Qurlification Prograa."

(1) In the last sentence of Part I of Appendix 3.9.B change
"will” to "may".

(2) In Section IT of Appendix J.9.B expand the walve operability
testing criteria to includ . the valve design pressure,

(3) In Section II of Appendix 3.9.B under criteriom d state the
Qualification Standards to be employed.

(4) In Appendix 3.9.B define the horizontal and vertical
accelerations to be used for static valve qualification.

(5) In Appendix 3.9.B, Section II, your position that for
valves with natural frequencies less than 33 Hz operability
can be verified without performing valve exercising per
step C requires justification.

Provide more specific equatinns of motion and discuss methods
of solution for the dynamic analysis for open and closed systems.

The information provided in this section is not adequate. 1In
addition to the nominal pipe size which determine whether ASME
Class 2 and 3 piping will be fia2ld run, identify in the PSAR
those Category I piping systems shich will be field run. Include
any special or simplified procedures which will be used for
designing and installing this piping.

Provide the specific criteria that will be used to guarantee
operability of instrumentation and electrical equipment, not
furnished by C.E., under faulted conditions when a dynamic
analysis without performance testing is employeud in the design
of this equipment.
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Attachment A

BRANCH TECENICAL POSITION-'ZES NO. 1
MECHANICAL ENGINEERING BR:NCH
DIRECTO ATE oOF LICTNSING

CRITERIA FOR
POSTULATED FAILURE ALD LIARAGE LCCAIIONS IN
. FLUID SYSTo! 212106 OUTSIDE €OITN1.LISNT

The following criteria are withia the review responsibility of the
Mechanical Engineering Branch with the exceptieon of I.A., II.A., IL.D.,

II.E and l.a., 1.b., l.c., 2.a and 2.2.(3) of Appendix A.

1. RBigh-Energy Fluid Susreﬂlfpiping :

A. Fluid Systems Separated from Zasential Structwres, Systems 4
Components

For the purpose of satisfying the separation provisions of l.a.

pf Appendix A, a review of the piping layout and plant arrangement

drawings should clearly show that the effects of postulated piping
" breaks at any location are isolated or pbysically remote from

esseniial atrﬁa:ures, 3u8cerms, :nd.ccf;Ouents. At the designer's

option, break locations as .determined from I.C., 1.D., and I.E

below may be selected for this pur;- se.

B. Fluid System Piping Between Containmen: Isolation Valves
Breaks need not be postulated in those portions of piping
identified in 2.C.(l) and 2.C.(2) of Appendix A provided thev
meet the requirements of AS!E Code, Section IIl - Subarticle
NE-1110 and are designed to meet the following additional

requirements:

1!800 Glossary for definitions of italicized phrases.



1. The following design stress and fac.gue liaits should not be

exceeded;

For ASME Code, Section ITI, Class 1 Piping

(a) Maximum stress ranges should not exceed the following limits:

Ferritic steel < 2.05

Austenitic steel < 2.6§n.

(b) The maximum stress range between any two load sets

(including the zero load set) should be calculaced by

Eq. (10) in Par. NB-3653, ASME Code, Section III, for

upset plant conditions and an OBE event transieat.

If the calculated maximum stress range cf
exceeds the limits of I.B.1l(a) but is not

35%, the limit of I.B.1l(c) should be met.

If the calculated maximum stress range of

exceeds 3Sm' the stress ranges calculated

£2q. (10)

greater than

£q. §(10)

by betch

Eq. (12) and Eq. (13) should meet the limits of I.8.1(a)

end the limit of I.B.1l(ec).

(¢) Cumulative usage factor < 0.1, as required by I.B.1(b).

For ASME Code, Section III, Class 2 Piping

Maximum stress range as calculated by Eq. (9)

and (10) in

Par. NC-3652, ASME Code, Section III, considering upset plant

eonditions (i.e., sustained loads, occasional

loads, and thermal



2.

J.

4.

5.

6.

expansion) and an OSE evenc should not exceed (Sé + Sh)ZI.

Welded attachments, for pipe supports or other purposes, to
these porcions of piping should be avoided except where detailed
stress analyses, or tests, are performed to demonstrate compliance

with the linits of I.B.l:

The number of piping circumferential and longitudinal welds

and branch connections should be minimized.

The length of the piping run should be reduced to the minimum

length practical.

The design at points of pipe fixity (e.g., pipe anchors or
welded connections at containment penetrations) should not
require welding directly to the outer surface of the piping
(e.g., fluid integral forged pipe fittings may be used) except
where detailed stress aﬁalyses are performed to demonstrate

compliance with the limits of I.B.l.

Geometric discontinuities, such as at pipe-to-valve section
transitions, at branch connections, and at changes in pipe
wall thickness should be designed to minimize the discontinuity

stresses.

C. Fluid Systems Enclosed Within Protective Structures

1.

Breaks in ASME Code, Section III, Class 2 and 3 piping should

ijrh. limit of 0.8(1.2 S, + ;A) may be used in lieu of (So -]

h h).



be postulated at the following locations in each yiping.and
branch run (except those portions of f?uii system piping
identified in I.B.) within a protective structure containing
essential systems and components and designed to satisfy the

provisions of 1.b. or l.c. of Appendix A:

a. At termingl ends of the pressurized portions of the run

if located within the protective structure.

b. At intermediate locations selected by either of the
following criteria:

(1) At each pipe fitting (e.g., elbow, tee, cross, and
pon-standard fitting) or, if the ron contains.no
fittings, at one location at each extreme of the
run (a terminal end, if located within the protective

structure may substitute for one intermediate break).

(11) At each location where the strcsscsl/ exceed (Sh - Sc)l/

but at not less than two separated locations chosen on

4/

the basis of highest stress— . In the case of a straight
pipe run without any pipe fittings or welded attach-

ments and stresses below (Sh B Sé), a minimum of one

location chosen on the basis of highest stress.

2’3::0:303 associated with normzl and upset plant conditions, and an OBE
event as calculated by Eq. (9) and (10), Par. NC-3652 of the ASME Code,
Section III, for Class 2 and 3 piping

s/Tuo highest stress points; select second point at least 107 below the

highest stress.



Breaks in non-nuclear class piping should be postulated at the

following locations in each piping or branch run:

a. At termingl ends of the pressurized portions of the rum if

located within the protective structure.
b. At each intermediate pipe fitting and welded attachment.

D. Fluid Systems Not Enclosed Within Protective Structures
1. Breaks in ASME Code, Section III, Class 2 and 3 piping, should
be postulated at the following locations 1n‘¢ach piping and
branch run (except those portions of fluid system piping
identified in I.B) outside but routed alongside, above, or
below a protective structure containing essential systems qnd
components and designed to satisfy the provisions of 1.b, or

l.c of Appendix A.

a. At terminal ends of pressurized portions of the run if

located adjacent to the protective structure.

b. At intermediate locations selected by either of the
following criteria:
(1) At each pipe fitting (e.g., elbow, tee, cross, and

non-standard ficting).

At each location where the ltt.lllllj exceed (Sh . 50)3/

but at not less than two separated locations chosea on

the basis of highest ltt.llﬁ/. In the case of a




straight pipe run without any pipe fitctings or
welded attachments and stresses btelow (Sh B %a). a
pinimum of one location chosen on the basis of

highest stress.

2. Breaks in non-nuclear class piping should be postulated at

the fellowing locations in each piping or branch run:

a. At terminal ends of pressurized portions of the run if

located adjacent to the protective structure.

b. At each intermediate pipe fitting and welded attachment.

I1. Moderzte-inersu Piuid Sustem Piping

A. Fluiq Systems Separated from Zssential Structures, ystems &

Components

For the purpose of satisfying the separatiovn provisions of 1.a. of
Appendix A, 3 review of the piping laycut and plant artengement
drawings should clearly show that the effects of through-wall
leakage cracks at any location are isolated or physically remote

from essential structwres, systems, and components.

fluid System Piping 3etween Containment Isolation Valves

Breaks need not be postulated in those porrions of piping identified
in 2.c. of Appendix A provided they mect the requirements of ASME
Code, Section III - Subarticle NE-1110, and are designed such that
the stresses do not exceed o.scsh * qa)zl for ASME Code, Section ITI,
Class 2 piping.

l/-n.. Yiamio A LIY A &



- —

c.

Plutd Systems Within or JYutside and Adjacent to Protective
Structures

fhreu;h-walx leakage cracks should be postulated in fluid

eystem piping located withir or vurside and adjacent to
protective structures cpnclin;ng essential systeme mnd

somponents and desizned to satisfy the provisions of 1.b.

or 1l.¢c. of Appendix A, except where exempted by JI.B, II.D,

ot in those purtions »f ASME Code, Section Itt._Cl&so 2or 3
piping or non-nuclear piping where the sctresses ar¢ less than
O.S(Sh + S;)ij. The pracksg should te postulacted to occur
individually at lpc&:ibnc that rasult in che maximvm effects

from fiuld sg-aying and fluoding, and the consequen: bazards

or eAvircmental .onditisas deve.oped.

Moderate«Cnergy Fliid Systems in froximity to High-Tnergy Fluid
Syetems

Cracks need not be pustulated tn moderate-enerzy fluil systam
piping leocaced in an grea in which a break in high-energy fluzd
system piping is pes-ulated, proQidcd such cracks would not result
io more limiting environmental conditicne than the high-energy
piping break. Where a postulated leakage crack in the moderate-
energy fluid system piping results in more limiting environmental
couditions than the hreak in proximate hijh-emergy flutd systen

piping, the provisions of II.C should be applied.

Fluid Systems Qualifying as #igh-Energy or ‘loderate-Energy Systems

Through~wall leakage cracks instead of breaks may be postulated




in the piping of those [Tuil sycii=s that qualify as high energy
flutd systems for only short operational pe:iodsﬁl but qualify

as moderate-emerzy [luid systems for the major operational period.

III. TIype of Breaks and Leakage Cracks in Fluid Sustem Pining
A. Circumferential Pipe Breaks

The following circumferential breaks should be postulated in
high-energy fluid system piping at the locations specified in

Section I above:

L. Circumferential breaks should be postulated in fluid system
piping and branch runs exceeding a nominal pipe size of 1 inch,
except that, if the maxioum stress range in the circumferential
dir;ction is at least twice that in the axial dircctioh, only a
longitudinal break need be postulated. Instrument lines, one
inch and less nominal pipe siz; for tubing should meet the

provisions of Regulatory Guide 1.1l1.

2. Where break locations are selected at pipe fittings without
the benefit of stress calculations, breaks should be postulated

at each pipe-to-fitting weld. If detailed stress analyses

!7‘0 operational period is considered "short" if the fraction of time that
the system operates within the pressure-temperature conditions specified
for higheenergy luid systems is less than 2 percent of the time that
the system operates as a moderate energy fluid system (e.g., systems
such as "2 reactor decay heat removal systems qualify as moderaze-
energy fluid systoms; however, systems such as auxiliary feedwater
systems operated during PWR reactor startup, hot standby, or shutdown

qualify as nigh-energy fluid systems).



(e.g., finite eleuent analyses) or tests are performed, the
maximum s:rcsscd.locacion in the fitting may be selected

instead of the pipe-to-fitting weld.

3. Circumferential breaks should be assumed to result in pipe
severance and separation amounting to a one-diameter lateral
displacement of the ruptured piping sections unless physically
limited by piping restraints, structural members, or piping
stiffness as may be demonstrated by inelastic limit aaal&sis
(e.g., a plastic hinge in thcipiping is not developed under
loading).

4. The dymamic force of the jet discharge at the break location
should be based on the effective cross-sectional flow area

of the pipe and on a calculated fluid pressure as modified

by an analytically or cxpcrimc;:ally determined thrust
coefficient, Limited pipe &1lplac¢nent at the break locatioen,
line restrictions, flow limiters, pesitive pump-controlled
flow, and the absence of energy reservoirs may be taken into

account, as applicable, in the reduction of jet discharge.

S. Pipe whipping should be assumed to occur in the plane defined
by the piping geometry and configuration, and to cause pipe

movement in the direction of the jet reaction.

B. Longitudinal Pipe Breaks
The following longitudinal breaks should be postulated in high-

energy fluid system piping at the locations of each circumferential

break specified in IIL.A.:




1.

2.

3.

Longitudinal break ia [Tuid syscem piping and branch runs
should be postulated in nomiral pipe sizes 4-inch and larger,
except that, 4f the maxioum stress range in the axial direction
is at least twice that in the circumferential direction, only

a circunferential break need be postulated.

Longitudinal breaks need not be postulated at terminal ends

if the piping at the términal ends coatains mo longitudinal pipe
welds and major geometric discontinuities at the circuuf‘rcntial
weld joints of the terminal ends are designed to minimize dis-

coutinuity stresses.

Longitudinal breaks should be assumed to result in an axial
split without pipe severance. Splits should be located (but
not concurreatly) at two dismetrically-oppesed points on the
piping circumference such that a jet reaction cau.{ng out=of~

plane bending of the piping configuration results.

The dynamic force of the fluid jet discharge should be based

on a circular or elliptical (2D x L/2D) break area equal to

the effective cross-sectional flow area of the pipe at the
break location and on a calculated fluid pressure modified by
an analytically or experimentally determined thuust coefficient
as determined for a circumferential break at the same location,
Line restrictions, flow limiters, positive pump-controlled flow,
and the absence of energy reservoirs may be taken into account,

as applicable, in the reduction of jet discharge.



Piping movement should be assumed to occur in the direction of

the jet reaction unless lizited by structural members, piping

restraints, or piping stiffness as demonstrated by irelastic

limit analysis.

C. Through-Wall Leakage Cracks
The following through-wall leakage cracks should be postulated in
moderate-enerzy fluid system piping at the locations specified in

Section II ahove:

1. Cracks should be postulated in moderate-energy fluid system

piping and branch runs exceeding a nominal pipe size of 1 inch.

2. Fluid flow from a crack should be based on a circular opening
of area equal to that of a rectangle one-half pipe-diameter in

length and one-half pipe wall thickness in width.

3. The flow from the crack should be assumed to result in an
environment that wets all unprotected compcnents within the
compartment, with consequent flooding in the compartwment
and communicating compartments. Flooding effects may be

determined on the basis of a conservatively-estimated time

period required to effect corrective actions.
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APPEND IX 2

PLANT ARRANGEMENT CRITERIA AND SELECTED PIPINC DESIGN FEATURES

z;gng Arrangeeenc

Protection of essential etructures, systems, and comoonents against
postulated piping failures in high or moderate energy fluid sustems
that operace during normal plant conditions and that are located out=
side of containment should be provided by one of the fellowing plant

arrangement considerations:

4. Plant urraﬁ;cncnts should separate fluid system pipiag from
essential structures, systems, and compoments. Separation sh uld
be achieved by plant physical layouts that provide sufficient
distances between @sgcertial structures, systems, and components
and fluid system piping such that the effects of any postulated
iipinq failure therein (i.e., pipe whip, jet impingement, and the
environmental conditions resulting from the escape of contained
fluids as apptopti;tc to nigh or modarate-energy fluid aystem
piping) cannot impair the integrity or operabi ity of essential

8tructures, systems, and components,

b. Fluid syscem piping or portions thereof not sat.sfying the
provisions of l.a. above should be enclosed within structures or
compartments designed to protect 1earby essential siructures,

systems, and compenments. Alternatively, wssentizl systams and



eorponents may be enclosed within structures or compartments
designed to withstand the effects of postulated piping failures

in nearby fluid systems.

e¢. Plant arrangements or system features that do not satisfy the
provisions of either l.a. or l.b. above should be limited to
those for which the above provisions are impractical. Such
cases may arise, for example, (1) ;t_interc:nncctions between
fluid systems and essential systems and components, or (2) in
fluid systems hnvinj dual functions (i.e., required to operate
during normal plant conditions as well as to shut down the reactor).
In such cases, redundant design features, separ:ted or otherwise
protected from effects of postulated piping failures, or additional

¢ pfotcction ahsuld be provided so that reactor shutdowmn is assured

‘dn the event of a failure in the 1ﬁ:crconnccting piping of (1),
or in the dual function piping o£.(2). Additional protection
may be provided by restraints and barriers or by designing or
testing assencial systems and components to withstand the effects

associated with postulated piping fatlures.

2. Design Features

a. FEasential systems and componencs should be designed to meet the

seismic design requirements of Regulatory Cuide 1.29.

b. Protective structures or compartments, fluid system pi.ing
restraints, and ocher protective measures should be designed in

accordance with the following:

e S A A



(1) Protective structures or compartments needed to implement
l.bf or l.c. above should be designed to Seismic Category 1
requirements. The effects of a postulated piping failure
(i.e., pipe whip, jet impingement, pressurization of compart-

' ment, water sprzy, and flocding, as appropriate) in combination
with loadings associated with the Safe Shutdown Earthquake and
normal operation should be used for the design of required
protective structures. Piping restraints, if used, may be

taken into account to limit effects of the postulated piping

failure. e

(2) High-energy fluid system piping restraints and protective
measures should be designed such that the effects of a
pestulated breakij in one pipe cannot, in turn, rupture
other nearby pipes or compcnents which could result in
unacceptable offsite consequehces or in loss of capability
of egssential systems and'components to initiate, actuate,

and complete actions required for reactor shutdown.

e. Fluid system piping between containment isolation valves should

meet the following design provisions:

l'IIn the design of piping restraint, an unrestrained whipping pipe
should be considered capable of (a) rupturing impacted pipes of smaller
pominal pipe sizes and (b) developing a through-wall leakage crack in
larger nominal pipe sizes with thinner wall thicknesses except where
experimental or analytical data for specific impact energies demonstrate
the capability to withstand the impact without failure.



(1) Pertions of “Tuid sysrem piping between isolation valves

of single borrier containment structures (including any

rigid comnection to the containment penetration) that connect,
on a continuous or intermittent basis to the reactor coolant
pressure boundary or the steam and feedwater systems of PWR
plants should be designed to the stress limits specified in

I.B. or II.B. of this document.

These portions of high-omergzy fluid system piping shoula be
provided with pipe whip restraints (i.e., capable of resisting
bending and torsidnal moments) located reasonably close to the
containment isolation valves. The restraints should be designed
to withstand the loadings resulting from a postulated piping
failure beyond these portions of piping so that neither isolation
valve operability nor the leaktight integrity of the containment

will be impaired.

Terminal end: of the piping runs outside containment should be
considered to originate at the pipe whip restraint locations

outside containment.

Where containment isolation valves are not required inside
containment, those portions of the fluid system piping extending
from th~ outside isolation valve to either the rigid pipe

connection to the containment penetration or the first pipe



(2)

whip restraint inside containment should be considered as
the boundary of the system piping requiired to meet the above

design limits and restraint provisions.

Portions of fluid system piping between isolation valves of
dual barrier containment structures should not exceed the
stress limits in I.B. or II.B. of this document. These
portions of high-energy fluid system piping that pass through
the annulus, and whose failure could affect the leaktight
1n;¢g;icy of the containment structure or result in pressur-
ization of the andulus beyond design limits, should be
provided with pipe whip restraints (i.e., capable of resisting
bending and torsional moments) located reasonably close to the
containment isolation valves and should be provided with an
enclosing structure or guard pipe. Restraints should be
designed to withstand the lo;dings resulting from a postulated
ptping failure beyond these portions of piping so that neither
isolation valve operability nor the leaktight integrity of the

associated containment penetration will be impaired.

Terminal ends of the piping runs outside containment should
be considered to originate at the pipe whip restraint locations

outside containment.

For the purpose of establishing the design parameters (e.g.,

pressure, femperature, axial loads) only of the enclosing



(3)

structure or guard pipe, a full flow area break should be
assuted in that portion of piping within the enclosing

structure or guard pipe.

For those portions of fluid system piping identified in
2.¢.(l) and 2.c.(2) above, the extent of inservice examination
conducted as spacified in Division 1 of Section XI of the ASME
Code during each inspection interval should be increased to
provide volumetric exzmination of 100 percent of the circum-
ferential and longitudinal weld joints in piping identified in
Section III.A.l. ;nd Section III.B.l. of this document. The
areas subject o examination should comply with the require-
ments of the following categories as specified in Section XI
of the ASME Code: |

(a) ASME Class 1 piping welds,-Examinatior Category B-J in ;

Table IWB-2500.

(b) ASME Class 2 piping welds, Examination Category C-F and

C-G in Table IWC-2500.



Eegentizl Siruciurzs, S.3tcms, and Comoonents. Structures, systenms,

and components required for reactor shutdown without off-site power or
to mitigate the consequences of a postulated piping failure in fluid
8ystem piping that results ia trip of the turbine-generator or the

reactor protection system.

Pluid Sustems. High and moderate emergy flutid systems that are subject
to the postulation of piping failures against which protection of essential

structures, systems, and components is needed.

High-Ererzy Fluid Sustems. Fluid systems that, during normal plant

conditions, are either in operation or maintained pressurized under

conditions where either or both of the following are met:

a. maximum operating temperature exceeds 200°F, or

b. maxizmum operating pressure exceeds 275 psig.

Moderate-Zrersy Fluid Sustems.  Fluid systems that, during nermal plant

econditions, are either in operation or maintained pressurized (above
atmospheric pressure) under conditions where both of the following are

met:

a. maximum operating temperature is 200°F or less, and

b. maximum operating pressure is 275 psig or less.



Rormzl Plans (owiizi-nz, Plant operating conditions during reactor-

startup, operation at power, hot standby, or reactor cooldown to cold

shutdown condition.

Upget P.ant Coniitions., Plant operating conditions during systea

transients that may occur with moderate frequency during plant service
life and are anticipated operational occurrences, but not during system

testing.

-
-
-

Postulated Pivinz Failurzs. Longitudinal and circumferential breaks

in high-energy fluid system piping and through-wall leakage cracks in
moderate-energy fluid system piping postulated according to the provisions

of this document.

Sh, Sc’ ard §,. Allowable stresses at maximum (hot) temperature, at

4

minimum jcold) temperature, and allowable stress range for thermal expansicn

respectively, as defined in Article NC-3600 of the ASME Code, Section III.

Sm' Design stress intensity as defined in Article NB-3600 of the ASME

Code, Section III.

Strale Adctive Comwovent Faiiwre., Malfunction or loss of function of a

component of electrical or fluid systems. The failure of an active
component of a fluid tsystem is considered to be a loss of component
function as a result of mechanical, hydraulic, pneumatic, or electrical
malfunction, but not the loss of component structural integrity. The
direct consequences of a single active coponent failure are considered

to be part of the single failure.



4 Extremeties of piping runs that connect to structures,

=
.

Ter=irzl =r

components (e.g., vessels, pumps, valves), or pipe anchors that act as
rigid constraints to piping thermal expansion. A branch conmnection to

@ main piping run is a terminal end of the branch run.

.
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PLECTRICAL AND MECHANICAL EQUIPMENT SEISMIC QUALIFICATION PROCRAM

shated . .- ~ - —— .- - - -

I. Seismic Test for Zouipment Operability

l. A test program is required to confirm the functional operability
of all Seismic Catezory I electrical and mechanical equipment
and instrumenczation during and after an earthquake of magnitude
up to and including the SSE. Analysis without testing may be
acceptable only i scructural iategrity alone can assure the
design intencded function. Wnen a complete seismic testing is
impracticable, a combination of test and analysis may be accept-
able.

2. The characteristics of the required input motion should be
specified by one of the following:

(a) response spectrum
(b) power spectral density function
(¢) time history

Such characteristics, as derived from the structures or systems
seismic analysis, should be representative of the input motion
at the equipment mounting locations.

3. Equipment should be tested in the operational condition. Oper-
ability should be verified during and after the testing.

4. The actual input motion should be characterized in the same
manner as the required input motion, and the conservatism in
amplitude and frequency content should be demonstrated.

5. Seismic excitation generally have a broad frequency content.
Random vibration input motion- should be used. However, single
frequency input, such as sine beats, may be applicable provided
one of the following conditions are met:

(a) The characteristics of the required input motion indicate
that the motion is dominated by one frequency (i.e., by
structural filtering effects).

(b) The anticipated response of the equipment is adequately
represented bty one mode.

(¢) The input has sufficient intensity and duration to excite
all modes to the required magnitude, such that the testing
response spectra will envelope the corresponding response
spectra of the individual modes.



II.

6.

9.

s = 2 & \)

The input =
principal (or two orthogonal) norizontal axes simultaneously
unless it can be demonscrated that the equipment response

along the vertical direction is not sensitive to the vibratory
metion aleng the horizontal direction, and vice versa. The

time phasing of tha inputs in the vertical and horizontal direc-
tions must be such that a purely rectilinear resultant input is
avoided. The acceptable alternative is to have vertical and
horizontal inputs in-phase, and then repeated with inputs

180 degrees out-of-phase. In addition, the test must be repear::
with the equipment rotated 90 degrees horizontally.

The fixture design should meet the following requirements:

(a) Simulate the actual service mounting
(b) Cause no dynamic coupling to the test item.

The in-situ application of vibratory devices to luperimposé the
seismic vibratory loadings on the complex active device for
operability testing is acceptable when application is justifiable.

The test program may be based upon selectively testing a repre-
sentative number of mechanical components according to type, load
level, size, etc. on a prototype basis.

Seismic Design Adequacy of Supports

1.

3.

‘o

Analyses or tests should be performed for all supports of
electrical and mechanical equipment and instrumentation to
ensure their structural capability to withstand seismic
excitation.

The analytical results must include the following:

(a) The required input motions to the mounted equipment should
be obtained and characterized in the manner as stated in
Section I.2.

(b) The combined stresses cf the support structures should be
within the limits of ASME Section III, Subsection NF -
"Component Support Structures' (draft version) or other
comparable stress limits.

Supports chould be tested with equipment installed. If the
equipment is inoperative during the support test, the response
at the equipment mounting locations should be monitored and
characterized in the manner as stated in Section I.2. In such
a case, equipmant should be tested separately and the actual
input to the equipment should be more conservative in amplitude
and frequency content tl.an the monitored response.

The requirements of Sectioms I.2, I.4, I.5, 1.6 and I.7 are
applicable when tests are conducted on the equipment supports.




