. 123 Main Street
o, White Plains, New York 1. .

914 681.6200

~ N L.Prmps
ewyo'rk Power Execulti\;s Vi?:z'::esident
Au'l'hor"y Nuclear Generation

August 13, 1984
IPN-84-29

Director of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Mr. Steven A. Varga, Chief
Operating Reactors Branch No. 1
Division of Licensing

Subject: 1Indian Point 3 Nuclear Power Plant
Docket No. 50-286
Appendix R Fire Protection Program

Dear Sir:

As stated in our submittal dated December 13, 1983, IPN-83-99,
the Authority and our consultant have undertaken a
comprehensive review and re-evaluation of the Indian Point 3
Appendix R compliance program. In the course of the review,
two areas have been identified as requiring clarification. The
specific areas of concern involve the seismic capability of the
reactor coolant pump (RCP) 0il spillage collection system and
the quality assurance program utilized for the Authority's
initial Section III.G review.

By letter dated November 16, 1981, IPN-81-86, the Authority
stated that, based on visual examination of the system, there
was reasonable assurance that the RCP o0il spillage collection
system would remain functional, and hence complied with Section
ITTI.0 of Appendix R, during and after a safe shutdown
earthquake. The seismic capability of the o0il spillage
collection system has been analyzed as part of the ongoing
Appendix R activities. The results of the analysis indicate
that this system will not fail during an earthquake of .1l5g
(see attached report). The Authority however, has decided to
implement additional modifications to further enhance the
seismic capability of the collection system.
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The Authority's submittal dated July 1, 1982, IPN-82-49, stated
that a quality assurance procedure was adopted for development
of the documentation used to prepare the "original" safe
shutdown functional flow diagrams. Review of the documentation
packets by the Authority's Appendix R Task Force indicates that
a formal quality assurance procedure was not utilized for
reviews performed by the Authority and our (then) consultant as
part of the initial Section III.G review. The installation of
Appendix R modifications and the so called "interim fire
protection measures" were performed under the appropriate
quality assurance program and are unaffected by the Task Force
findings. The current Appendix R re-evaluation is being
performed in accordance with the appropriate requirements of
the Authority's quality assurance program and supercedes the
previous efforts.

Should you or your staff have any questions regarding this
matter, please contact Mr. P. Kokolakis of my staff.

Very truly yours,

ecutive Vice President
Nuclear Generation

cc: Resident Inspector's Office
Indian Point 3
U. S. Nuclear Regqulatory Commission
P. O. Box 66
Buchanan, New York 10511
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EVALUATION OF INDIAN POINT RCP LUBE OIL DRAIN SYSTEM

The reactor coolant pump lube oil drain system at Indian Point Unit 3

is designated a nonseismic category I system and had no specific provisions
. for seismic design. This system was identified in the Indian Point III
System Interaction Study as being a potential missile source to impact
Category I instrument lines.

SMA, as a subcontractor to Pickard, Lowe & Garrick, made a simplified
evaluation of the lube 0il drain lines and drain tank for thé Design
Basis Earthquake, DBE, of 0.15g. It was concluded that the postuiated
interactions could not occur on the basis that the drain tank, drain

. lines and drain line supports would not become a missile at the DBE
level of seismic input.

The system interaction study concentrated upon the probability of a
missile being dislodged and striking a target. Consideration was not

given to missile function. In the case of the.lube oil drain system,
the system function is to co]iect leaking pump motor bearing lube o0il
and transfer the oil to a drain tank. The principal concern is one of
fire. The lube 011 system was therefore reexamined to assure that it
would have a very high probability of performing its intended functions
under a DBE of 0.15g.

Lube Qi1 Drain System Description

The lube 011 drain system consists of 2" schedule 40 threaded pipe drain
Tines that connect a drain tank at elevation 48'-5 1/2" to drip pans mounted
on platforms around the pump and pump motor. The lowest elevation drain pan
is at the 65'-0" level at about the pump upper bearing location. An
additional drain pan is located on a platform around the pump motor at

the 70'-0" level. Additional drain piping connects to the pump motor

0il cooler and to oil collection pans on the pump motor. The piping is



normally empty and the o0il level in the drain tank is variable.

Preliminary as-built drawings prepared by NYPA show the drain piping,
drain tank and support system layout. The piping layouts for pumps
31 through 34 are similar but not identical. Likewise the support
locations are not identical. Most supports are U-bolt ¢ lamps or pipe
straps riéid]y connecting the piping to structural steel hembers.

Figures 1 and 2 show a typical drain tank and support. Figure 3 shows
the two drain lines connecting to the top of the drain tank and Figure

4 shows a typical vertical run of the two drain lines between the drain
tank gnd the pump platform at the 65' elevation. The copper colored line

in Figure 3 and 4 connects to the drain pan at elevation 65' and the

green line continues on to collect oil from drip pans at the 70' level
and at pump motor connections above the 70' level. Typical piping detail
between the 70' and 78' platforms is shown in Figures 5, 6 and 7.

Lube oil drain piping for pumps 31, 33 and 34 have three to five supports
Tocated above the 70' elevation. Pump 32 lube o0il drain piping has only
one vertical support at elevation 76'-2".

Basis for Evaluation

NYPA is currently conducting a detailed design and analysis of the RCP
Tube 0i1 drain system to upgrade it to seismic Category 1 status. The
evaluation conducted by SMA is therefore not as detailed as would be done
for current designs to. rigorous code and licensing requirements. The
objective of the evaluation was to determine whether the lube 0il piping
system would actually fail under a 0.15g earthquake rather than to demon-
strate compliance to current licensing criteria. The current system
would Tikely not meet current licensing criteria if standard linear
elastic response spectrum analysis methods were employed. If one takes

a more objective look at the actual system and loading though, it appears



that there is adequate support of the piping to preclude failure at
the DBE level.

The approach was to demonstrate that the current system would meet
the intent of current licensihg criteria using simpTified analytical
~approaches. Support spacing charts developed “or threaded piping
during the Indian Point III System Interaction Study were utilized to
~evaluate piping and some simple hand calculations were conducted to
demonstrate adegqaute. anchorage of the lube 0il drain tanks.

The pipe support spacing'chérts for threaded pipe are included asappendices
A, B and C to this report. The charts are based on simple geometric

piping systems subjected to equal equivalent static load in three princi-
pal directions. In deriving a maximum allowable span for 2" threaded

pipe, 1.5 times the peak spectral acceleration for the 5% damped response
spectrum at the highest'elevation of the system was used as the basis for
1bading. This is conservative for two reasons. First, the 1.5 factor

on peak spectral acceleration is considered an upper bound. Its conservatism
is recognized and allowed for equivalent static analysis by the Standard
Review Plans, Section 3.7.21I1(b). Secondly, spectra for the reactor
building internal structure at 81'-6" were used. This is about the highest
elevation of the piping system and bounds all 1ower.é1evations. ~Five
percent damping was used on the basis that current data accumulation and
recommendations by the Pressure Vessel Research Committee, PVRC, support

pA dahping for all sizes of pibing for frequencies up to 10 Hz. The piping
fundamental frequency is expected to be below 10 Hz.

Accounting for the fact that the piping charts in the Appendices are based
on equal seismic input in each of three principal directions and the Indian
 Point structural response is dominated by one direction (NS), it was
determined by interpolation of charts in the Appendices that an acceptab]e;
straight continuous span length for 2 inch diameter threaded pipe in the
empty condition is about 37 feet. This is based upon meeting ASME Class 3



|

faulted condition stress acceptance‘tfiteria. Appendix A details the
derivation of the allowable span lengths for continuous span straight
sections. Curved and branch total spans may be determined from the
charts in Appendix C. ' ; ‘

, !
The above criteria were applied to theé?ube 0il drain piping geometry
recognizing that the actual geometry is not nearly so simple as the base
cases in the Appendices. | '

Drain piping for pumps 31, 33 and 34 were determined to have spans between
supports that would meet the span spacing acceptance criteria of the Appendices.
The lube 0il drain piping for pump 32 has only one support, a vertical sliding
support at about elevation 76'-2" and the unsupport span of piping for

loading in the lateral direction will not meet the acceptance criteria
established. However, if large deflections are considered, lateral support

is provided at elevations 65' and 70' as the piping passes through floor
grating. The restraint offered by the floor grating is considered sufficient
to keep-the piping from_sliding off of its only vertical support. The lateral
support afforded at these floor levels also supports the piping adequately

to prevent failure in a 0.15g earthquake. If these locations are considerad
to be active supports after taking up the gap between piping and qrating,

the unsupported spans will meet the pipe support spacing criteria.

The drain tank anchorage was evaluated for adequancy to withstand the

% damped peak spectral acceleration for the base mat spectra at elevation
46'. The weak link in the tank ahchorage was determined to be the 5/16
diameter. embedded expansion anchors on the tank legs. Using a safety factor
of five on average pull out strength in 3000 psi concrete as an allowable
bolt load, the tank anchorage was found to be adequate for the full tank

condition.



Pipe supports were not analyzed in detail but were subjectively determined
to be adequate on the basis of the small loading that éou]d occur during
the DBE. As an example, the empty pipe weighs only 0.415 pounds per foot.
"The peak spectral accelerations for 5% damping at elevation 81'-6" are
0.55g NS, 0.29g EW and 0.199 V. The vector sum of 1.5 times these values
is about 1g. -Thus, the aVerage support reactions for a 1g acceleration

on a 37' continuods span are less than 16 pounds. The U-bolt clamps and
pipe straps used for supports can easily carry much more than this value.

Conclusions

By applying simple analytical approximations and conducting'simple hand
calculations, it was determined that the current RCP lube 0il drain system
will not fail during a design basis earthquake of 0.15g. In one instance,
the supporting effect of a floor grating had to be cqnsideréd to reach this
conclusion. While mobilization of the floor Qrating as a support would

not normally be considered in a piping system design, the beneficial effect
is nevertheless present and shou]d_be considered in making'eSfimates of the
actual capacity of the system.



APPENDIX A .

\

! BASIS FOR SEISMIC SUPPORT SPACING TABLES AND CHARTS

This Appendix presents a discussion of the analytical basis and
procedures used for the development of tables and charts which can be -
enployed to inake an approximate evaluation of unsupported spans of
non-seismic piping. In brief, the basic procedure to usé the tables and
charts is to first select a maximum allowable length between supports of
an "equivalent" straight pipe for the particular pipe size, material, and
seismic acceleration from the tables of Appendix B, With this length,
and the configuration (one-bend; two-bend,.in-plane; etc.) of the pipe
being analyzed, the approximate maximum spacing between seismic supports
can be selected from the charts of Appendix C. The basis for the tables

and charts is as follows.

SPACING TABLES - (APPENDIX B)
The tables of Appendix B are developed for the case.of a

continuous, straight, horizontal pipe of four equal spans. For this
case, where the seismic load is assumed to act as a uniform load over all
spans, the maximum bending moment in a span is cetermined by the

relationship:

?

M o= 0,107 Gwe ™ (1)
wnere:

Moo= benging moment {1b-in.),

5 = seismic acceleration (multiple of gravity), not to be

confus=1 with acceleration of gravity, g,
W = unifsrn weignt Jdistribution of sioe [ib/in),

. = denith of piose soan between supports (inl.

Tha gccentance critaria 2quation is Zerivad fraom the ASME (ode,

Sacsion 111, Divician 1, nuclear Power 2lant oagonents, Sudsecttion ND,

- -

~1 5 B e eres g n LR W
_1-333 LoosIIoorents, we=lTuU.



PDo 0.75i M 0.75i M

T+ - As - B 224 Sh (2)
m A
where:

P =" Internal design pressure

D0 = Qutside diameter of pipe

tm = Wall thickness of pipe including corrosion allowance
MA = Moment due to sustained loads

MB = Moment due to occasional loads (DBE, in this case)
z = Section modulus of pipe

i = Stress intensification factor from the code

S = Allowable stress from the Code Appendices

In addition, the product of 0.75i can not be less than 1.0. In
the case of straight pipe, ¥ = 1.0, therefore 0.751 = 1.0,

The seismically induced stress, JS,AfEr straight pipe is

calculated as:

- B | (3)

If the stress e is 3ssuned to bhe a maximunm permissible seismic stress,
then the maximun span len3ih between supports that is permissisle without
‘exceeding this stress Zan ca obtained by substituting Zquation {3) into

1

fquation (1) and solving for . :

(a%]
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Thus, if an allowable seismic stress g and the seismic loading (as
expressed by the acceleration G) can be selected, the maximum span length
can obtained from Equation (4). The allowable stress and seismic loading
are discussed further in the following sections.

Allowable Stresses (cs)
The allowable seismic stress used in Equation (4) is obtained
by subtracting from an allowable total stress, allowances for deddweight

stresses and pressure stresses, From the code acceptance criteria, the

maximum allowable stress permitted in the pipe is 2.4 Sh. A reasonable

approximate allowance for the deadweight stress is 0.1 Sh, based on the

normally used spacing for supports of piping systems as expressed in the
831.1 Power Piping code used in the original design of non seismic

- category piping. '

The allowance for pressure stress was selected as 0.5 5, based
on the assumption that the pipe wall thickness was selected on the basis

of pressure stress in the _hogp direction by the simple ralationship:

T 4 (5)

Since the stress in the Jongitudinal direction is equal to haif the hoop
stress, it was assuned that one-half the allowable stress wargin in the
longitudinal direction is “used” by the pressure in the pipe and the
remainder is available for dead loaa and seismic stresses. =Zzuation (5)
above, is a siaplification of the 331.1 Code criteria for dip2 wall

thickness, Paragragh 104, Iguation 5, wnich rearranged, jives:

°(0 - 0.3 t)

> = 7t (5)

Since t_ in th2 pize for many gractizal cases does not ssoaw2c D01 9, and

3
i3 wars teoically lass than this viiue, the sinplifiad Foerulsticn of



Equation (5) is reasonable. Given the approximate nature of the method,
the simplified version of the pressure stress formulation of Equation (5)
was selected for all schedules and sizes of pipe.

Thus, using the above allowances for dead load and pressure,
the maximum permissible seismic stress becomes:

og = 2.4 5 - 0.1§ - 055 = 1.85, (7)

If equation (7) is substituted into Equation (4), the expression for )

becoines :

16.83 S, Z 172

m G w

The above equation was developed for faulted condition loading only where
faulted condition is defined as normal plus SSE loae1ng Load
combinations for the OBE event are not considerad in evaluat 1ng system

interactions.

' For the case of threaded piping, a code specified stress
intensification factor of 2.3 was applied to account for the possibility
of threaded couplings occurring at the point of maxinum moment.
Considering the stress intensification factor tc apply to deadweight and
seismic stress, the aguation for span length becomes:

9.385, 2 172

Seismic Luacing

—n

Szisinic lnading on the piping systam is reoresented hy the term
2w, Szuation ‘1), The acceierativns, 5, used in tnis Appendi< for

Y

~svalooaent of tablss in Acpendic 3 span from J.3g 3 1.5¢ in J.5g



, The above values are horizontal accelerations assumed to act in
each direction. At lower levels where most of the ‘piping under
_considefation is located, the peak vertical spectral accelerations are
approxiﬁate]y 2/3 of the horizontal peak spectral accelerations. For .
purposes of developing pipe support tables, vertical accelerations were
assumed to be equal to the horizontal values. This is conservative at
‘all elevations. Responses due to the two horizontal and one vertical
directions were combined by the square-root-of-the-sum-o0f-the-squares
nethod to obtain total response. The appropriate acceleration level, G,
to be employed .in design should be selected as follows. First, select
the appropriate floor response spectrum applicable at the points of
support of the piping system in question. This step will automatically
include the appropriate damping value for the piping. Second, select the
acceleration G as a fraction of the peak spectral acceleration of the

floor response spectrum. This can be expressed as

G =K Sa | _ ' (10).
where | “
KS = fraction of the peak of the applicable floor response
spectrum,
Sap = peak (maximum) spectfa] acceleration of the applicable

floor response spectrum.

The value of K to be used depends upon the degree of conservatism that
is required in the analysis. For final confirmation of seismic design
adequacy, the U.S. Huclear Pagulatcry Commission requires that a
conservative value of KS = 1.5 he used when an equivalent static
coefficient method, such as outlined in this ippendix, is usad to verify
design and further dynamic analyses are not pprforméd fReferznce A-1).
hen dynamic analyses are used to verify design of piping systems which
nave neen leid cut and supported using procedures similar tc those

sortrayed in this report, it nas seen determined statisticallys that it




can be expected that approximately one line in 50, will be overstressed
as determined by dynamic analysis when a coefficent of KS = 0.6 is used

(Reference A-2).

Thﬁs; in using the tables of Appendix B, peak floor response
spectral acceleration, Sap, for the piping system being evaluated should
be determined and multiplied by KS. For purposes of making field
judgements as to the likelihood of failure of Indian Point Unit 3 non
seismic piping, a value of KS equal to unity was used. This is
considered to be conservative and to result in’a very low probability of
exceeding code allowable stress and essentially zero probability of pipé
failure. '

. -Table Series B2 was developed for threaded piping assuming a
threaded joint at the point of maximum moment. A stress intensification
factor of 2.3 from the ANSI 531.1 power piping code was apblied at the
threaded joint. Table Series B2 may also be used for piping of 2-inch
diameter and less, connected by socket welds where maximum moment is
assumed to occur at the socket weld. The appropriate stress

intensification factor for socket welds is 2.1 and the 2.3 factor used
for threaded pipe bounds this value. Also, the allowable stress, Sh’ for

threaded pipe is 12 ksi based on an assuned material of A-53-Grace A,

Piping materials, sizes, schedule, and allowaple stress, Sh'

-

for which tables were developed are summarized in Tanle A-1.

Support span spacings for schedule 49 piping for 1" ang 2"
diameters are almost identical to those listed in Tabtle A-1 for schecule

30. The strengthening effect of increased moment 2f inertia is negated

(¥ )

by the increasad pipe weight, thus, for ail sractical purooses, the 1"

2]

and 2" diameter support spacing tables aoply to both Schedule 30 and

Schedule 30 piping.



DESIGN CHARTS FOR VARIOUS PIPE CONFIGURATIONS - (APPENDIX C)
Seismic support spacings in the tables of Appendix B were

developed for straight, horizontal pipes continuous over multiple A\
supports. These tables can be used to select maximum span 1ehgths which
_will keep the stresses in the pipes within prescribed limits. Using
these tables, modified by the.charts of Appendix C, seismic support
spacings can be obtained for other conf1gurat1ons of pipe. Specifically,
in Appendix C, normalized, non-dimensional seismic design charts have

" been prepared for the fo]]owihg four basic configurations:

One-bend;
. Two-bend, in-plane;
Two-bend, out-of-plane;

HowWw N
. .

. Branch connection of equal branch diameter

"These configurations areé shown in Figure A-1. The basic idea of the
charts developed for-Appendix C is that they permit evaluation of span
épacjng (Figure A-1) if 1_ (from Appendix B) and the ratios 1,/1_ for
one-bend or the ratios 12/1m and 11/1m for the other configurations are

Known .

Derivation of the Charts

o The charts of Appendix C were derived by computer analysis of
selected configurations and orientations. The charts in Appendix C are
an =xtension of previous work where a series of charts were prepared for
a large number of pipe sizes, schedules, wmaterials and temperatures. The
srevicus worc, nowever, assumed constant stress intansification factors

for ali sizes of piping 21uows and tees. The charts contained in
Appendi« { a7 “his repor: szecifically eddrass stress intensification
factors s snreaded joints and for different pipe sizes., Soine of the
originil wirs was scaled 3 more specific conditions being addressed and
verificatisn computer analysas were'conducted to validate the scaling

process. cewveril] senerai 3pects of the derivation 37 tne charts are as

f



An earthquake in two horizontal directions and a simultaneous
vertical earthquake with an acceleration equal to the horizontal
acceleration have been considered. Internal moments from these
directions have been combined on a square-root-of-the-sum-of-the-squares
basis. The two horizontal seismic inertia forces were assumed to be
oriented parallel and perpendicular to the horizontal runs of the piping

system.

. The branch connection fitting assumed in the preparation of
Appendix B charts for full penetration butt welded piping is a butt
welding tee per ANSI B16.9, as shown in the B83l.1 Code, Appendix D and
uses a stress intensification factor as follows:

-
[l

- 0.9/(4.4tm/r)2/3
where

wall thickness of the tee.

(g
i

mean radius of the tee.

-
1]

The elbow fitting used is a long radius (R = 1.5 diameter)

welding elbow with a stress intensification factor as follows:
2,2/3
) /

i = 0.9/(t R/r

For threaded piping all tee and elbow joints are threaded and a
stress intensification factor of 2.2 is used. This factor exceeds stress
intensification factors for all tee and eloow fittings except the case of
an 8-inch schedule 40 elbow where the stress intensification factor is
2.44. . The 2.3 factor for threaded pipe joints was considered '
sufficienzly close to 2.44 for purvoses of chart development that a
ssecial c2se was not considered for 3-inch schedule 40 elbows. . Some
saiple ciszs were conducted to verify that sugport spans base on i = 2.3

ii4 not r=sult in an 2lbow overstress Conditicn for 3-inch schecule 40

13
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pipe. In the cases tested, maximum stress always occurred at the support
locations and not the elbow when considering threaded joints to exist at
or near the pipe supports.

Table A-2 summarizes the stress intensification factors
~calculated for all sizes of pipe considered. In order to minimize the
number of cases to be run, stress intensification factors that bounded
those in Table A-2 were utilized. To avoid unnecessary conservatism, the
bounding was conducted by pipe size groups. Table A-3 shows the stress
intensification factors used in the bounding analyses.

Use of the Charts
In general, the charts are used as follows:

a., Find the maximum length, ]m‘ from the tables of
Appendix B. '

b. Obtain the ratio 1,/1 , for the single bend or the ratios

llllm and 12/1m for the other cases by direct calculation,

C. Refer to the charts of Appendix C to obtain ll/lm for the
single bend or 1,/1  for the other cases. '

d. Calculate 11 (single bend) or 13 (other cases) which is
the maximum permissible distance to the next seismic

support.

As an approximation for large concentfated welights, it is
suggested that the concentrated weight be replaced by an equivalent span
langth of pipe multiplied by 1.5. For example, if a valve weighs 100 1b
in a line having a unit weight of 2 1b/in, the effective length is (1.5)
100/2) = 75 in. The coefficient of 1.5 is based on the ratio of maximum
~oment in a fixed-end beam with load at the center, ././8, to the same »
~eam unifornly Toaded, W1/12, where W = w2 and w i5 the load per unit

t2ngth of 5Seam,

3-3



The tables and charts provided do not consider any intermediate
supports and restraints. In developing the tables and charts, it was
assumed that the terminal ends of all support configurations were .

continuous, straight pipes.
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TABLE A-1

APPLICABLE PIPE SIZES

System Size | Schedule Material sh
§ Seamless
Full Penetration Butt Welded Piping 1" 130 ASTM-1068 15 ksi
2" .80
3" 40
4" 40
6" 40 :
r 8" 40 * ]
Seamless
Threaded Piping 2" 80 ASTM-A53 Gr A 12 ksi
: 2-1/2" 40
3
4"
6"
J 8"

e enz@



TABLE A-2

STRESS INTENSIFICATION FACTORS FOR PIPE COMPONENTS

0.D.

Stress Intensification Factor

Nominal }
Pipe Size |Schedule | (inches) Elbow** Welding Tee Threaded Joints
1 80 1.315 1.09* 1.0* 2.3
2 80 2.375 1.32% 1.0* 2.3
2-1/2 40 2.875 1.59 1.18 z.‘j'
3 40 3.5 1.78 1.30 2.3
4 40 4.5 1.95 1.45 2.3
6 0 | 6628 | 2 1.69 "2'..31
8 40 8.625 2.44 1.84 2.3

* Stress intensification factor of 2.1 should be used for f1tt1ngs

under 2 inches if socket welds were used.

ol Radius of the bend =

1.5 x (nominal pipe diameter)



TABLE A-3

BOUNDING STBESS INTENSIFICATION FACTORS FOR PIPE COMPONENTS

_ Bounding Stress Intensification Factor
Nominal :
Pipe Size Schedule Elbow Welding Tee Socket Weld Threaded Joints
1 80 1.33 1.33 2.3 2.3
2 80 1.33 1.33 2.3 2.3
2-1/2 % | 1.8 1.33 N/A 2.3
3 40 1.8 ©1.33 N/A 2.3
4 40 2.15" 1.66 N/A 2.3
6 40 2.3 1.66 . N/A 2.3
8 40 2.3 1.84 /A - 2.3

* This was an existing case from prior work, thus, special cases
were not run for i = 1.95 for 4" elbows

A-14



APPENDIX B

SPACING TABLES TO DEFINE SPAN LENGTH
FOR STRAIGHT PIPE CONFIGURATIONS

The tables in this appendix are organized by:

1. Piping Joint Type
2. Horizontal Input Acceleration Level
3. Pipe Schedule and Geometary

The combination of material and operating temperature defines
the allowable stress. The material for full penetration butt welded pipe
is assumed to be ASTM A-lOQ\Grade B and the allowable stress, Sh, is
constant up to 650°F. Threaded pipe is assumed to be ASTM-A-53 Grade A
and the allowable stress is constant up to 300°F. None of these '
temperature_limits are expected to be exceeded jqrngﬂx_qf_the postulated

sources. The specific series of tables provided are-listed in Table B-l.

In the use of these tables, the appropriate span length, ]m’
may be determined for poth the empty and full cases. MNone of the cases
considered insulation on the piping. For insulated piping, span spacings
may be adjusted by using equation 4 of Appendix A to ratio the support

soacing for a new weight, .



TABLE B-1

SPACING TABLES FOR STRAIGHT PIPE

Table Series System ' Material S, psi Accel. Levels
B-1 'Full Penetration Butt Welds | A 106B 15,000 | 0.5 to 1.5g
B-2 | Threaded Piping A53Gr. A| 12,000 | 0.5 to 1.5g

(threaded joints in
span or near support)*

*Also used for 1" and 2" diameter piping with socket welds



TABLE SERIES B-1

SYSTEM ’ ' ’ FULL PENETRATION BUTT WELDS
(No Socket Welds)

MATERIAL : ASTM A106, GRADE B CARBON STEEL,
: Sh = 15 ksi

CODE ASME SECTION III, ND3600

HORIZONTAL INPUT ACCELERATION ‘ ' 0.5g to 1.59



TABLE B1-1

SPACING TABLE 10 GEFINE SFAN LENGTH FORP STRAIGHY PIPE
FUNS c2utfD ON STATIC ANALYSIS USING PEAK SPECTRA ACCELERATION

TATERYAL=-=01GH CoSenlk ok
ASME CLASY 2 aND 2
CHOE ALLCLARLE STIRFSe =

15 0UKT ]

CenOGRIZONTAL INFUT ACCFLEFATION = o596

NORTMAL CIMF WS ITNS=-=-TNCH wFICrT
1P 128 CUTSTG?S WALl L“S Ptk TRCH
CIUR ODIAMEYTF THICK FrMpPTY FuLL
1.0 le215 175 121 n207
B 1k hl® 526
24t Y A 00 o4t 655
tel Latinl 21 o0& «hYb
.0 4,500 217 et 14158
£a0 fof 23 «20 1.5t1 24626
deu vebt 100 el § 441175

co

SUFFORT SPACING

INCHES

EMETY
5¢3.000
765,626
HB7.310
S67.798

11294740

138541172

15884201

FULL
526.547
704,545
1614462
£28.149
919.176

1074.764

1198.321

et e
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T}%BLE B1-2 ) M_J

CPACINYG T&RLF TO DEFINE SPAN LENGTH FOR STFAIGHT PIPE
FUNS +2SET5 ON STATIC ANBLYSIS USING FEAK SPECTRA ACCELERATION

CATERTIAL--A10FR CeTool™at

asME CLACY T AND B

CO0E ALLOWAELFE STRUCS = 195, GLKST
=R L2UNT AL IRFUT LCCELEFATION = 1.06

NOFIRAL  DIMFNS JGNS ~= TRt WElorT SUPFORT SPACINC

IPF 120 Cul 100 wall L' ¢ #F INCH INCHES

INChHE & "CI&MITER  THlCE Frply FuLL EMFTY - FULL
lel  1el1b 17 TS e207 3vk.101 372.325
PERETRY LR cane 525 B8f, 350 495,471
2ot 24k19 P20 chn’ 655 €27.423 5384425
Tah heni $216 L6351 .aon €SP 4T0 5854590
Gt Lot 01 Sy 1e260 19k .862 6454555
S A e 2FD 1.%n1 2.62¢€ | 579,464 185,973
A L1220 Fe319 44179 1123.028 8474341
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TABLE 81-3

SPACING TAGLE T0 BEFINE SPah LFNGTH FOR STRAIGHT PIPE
RUNS ©ASED ON STATIC £NALYSIC USING PEAK SPECTKA ACCELERATION

CARTERITAL -=2106 C.‘f..("*.f‘*
ASME CLESS 2 2ND 3 ;

COCE ALLGWAGBLE STRESS = 1S 0LKE]
G-HCRIZONTAL INPUT ACCELERATICN = 1456 _
NOMINAL T IMFRIJONS-=INCNH Wi IChT - SUPFORT SPACING
IPE <1728 GUTLILS  WeLL L= FiF INCH INCHE S
INCHE S CIAMITER  THICK EMeTY FuLL EVFTY FuLL
1.0 ledlN «177 elol e207 32%.048 3044002
KPR el % eclh e 17 «52% 405,691 407.000
2eYH Jet7A o205 c4H3 e 655 £12.289 439,630
.0 de508 e 21C 631 o ROE £€70.,306 478.132
“.0 4o Cu 227 - «F6Y 1.35¢ £52260 530.686
bel beb 79 « 28N lebdl 26626 - 19G4729 6204515

bl he625 +322 7el31¢ 44179 5164946 691.851




TABLE SERIES B-2

SYSTEM

MATERIAL

CODE

HORIZONTAL INPUT ACCELERATION

8-7

1. 2" OR LESS DIAMETER PIPES WITH
SOCKET WELDS

2. THREADED PIPE WITH THREADED
COUPLINGS IN SPAN OR NEAR SUPPORTS

TABLES BASED ON ASTM A53, GRADE A,
CARBON STEEL, Sj, = 12 ksi

ASME SECTION III, ND3600

0.59 to I.Sg'_



g-€

TABLE B-2-) - ©

. . l —
SPACIKLL TABELD TO DEFIME SPAN LENGTH FOR STRAIGHY PIPE .

FUNS “ASED ON STATIC ANALYSIS USING PEAK ﬁPECTRA ACCELERATION
. A

NATERLAL~-- AS2 CoeSesCGRGA o
LSME CLACS 2 AND 3 o

CODE ALLOWAELE STRESS = 12.CCKS]
S=MUFITGHTAL INPUT ACCCLERATICN = o5C

NIBTLAL  L1aF NS TGRS == [NCoe WE1GhI SUPFORT SPACING

IFF €12¢ ,0Uulo (00 WALl LeS PR OINCH INCHES

INCHES LIAMETER  THICK EMPTY FULL EMFTY FuLL
1.0 1715 #1179 | s181 ¢207 i 3724512 3484353
200 24178 «21E c41¢ 525 | 5224461 4660431
Deb PebTH 0203 <483 656 7T 587,095 T 5034827 7
Se0 GeR00 -216 <621 +648 . 6534583 547.950 e
4.0 aen0 Ay RIS 1.358 7474505 608175
6ol bet25%  czu0 1.581 24626 f"sxe.soa T T11.125 T

S Mol beb?he322 °e 319 40179 10504644 792.877
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TAELE B-2-2 o

SFACILT TALLY TO CLFINF SPAN LENGTH FOR STRAIGHT PIPE o .
RUNS h&3EN ON STATIC ANALYSIS USING PEAK SPECTRA ACCELERATION

MATE=TAL=- A52 CoSeeCHak

ASME CLASS 2 AND =

COLS ALLOWAELE STRESS T 12.00KSI
G-HONIZONTAL INPUT ACCELFKATICN =  1.06

NOMINAL  JIMENSIGNS=--INCH WEIGHT SUPFORT SPACING

IPC S12 .0UTSINDE  wall LOS LEE INCH INCHES

INCHTS DIAKETE®  THICK EMPTY FULL  EMPTY FuLL
1.6 1.315 .17 RE .207 } 261,406 2#6.351
Sel o 2etif «21% SE 505 | 369.43¢ 329,817
I vei18 e202 b3 $655 . 41%,139 356;259
1.0 Se% 00 214 o631 «A9H 4674153 387.4%9
44 4ennh e 217 R4 14358 SePLHEL 430,047
€0 heb25 W 2h0 1.501 2¢62¢ 64P,069 502+841
BN AR,h2% £ 122 2.31€ 44175 7424059  S560.649




TABLE B-2-3

GHACILG TEBLFE TO DEFINF SPAN LENGTH FOR STRAIGHT PIPE
HULS £ASPD ON STATIC ANALYSIS USING PEAK SPECTRA ACCELERATION

CATLS LAL=-= A3 (eSaelined

LEMF CLASS 2 AND 3

COOF ALLCWARLFE STRESS = 12.90KS1T _
L-nORIZCHTAL INPUT ACCELFRATICN = 1.%6 .~

NOMINAL  O1HENSTONS~=INCH <LIGHT SUPPORT SPACING

10 S12E SUTSIDE  walL LES Fik INCH INCHES

INCHES CIAMFTER  THICK EMPTY FuLL EMPTY FuLL
1.0 1.215 - 176 «1bl z%Ol_;.’ 215.070 2C1.145
Ped o 2.rTn e219 c41¢ eS575 1 30l.643 269,294
2eh ZeblS 223 481 46557777 3384959  T250.884
Lol 3,500 e21¢ e631 o898 377.347 3164359
4¢0  waHud «2\7 ek5S 1e358 - 4314572 351.132
b0 He€25 «280  1.S31 T 24626 7 5294146 410.568
Hel  &obl* <322 2eAT7S 40179 . 6064705 457.768




APPENDIX C

CHARTS TO DETERMINE SUPPORT SPACING FOR ONE-BEND;

TWO-BEND, IN-PLANE; TWO BEND, OUT-OF-PLANE, AND FULL SIZE

QUTLET BRANCH CONNECTION CONFIGURATIONS

The charts are organized by piping system configuration (Figure C-1) and

stress intensification factors. In brief, they are used as follows:

In the case of configuration 1, knowing one leg of the run, 12

the second leg 11 may be found from the charts as follows:

1.

4.

Given material, input acceleration as a function of g
level, pipe geometry, determine 1m from the tables
(appendix B).

Given 12,as the distance from the last located support to

the center of the elbow, determine the ratio 12/1m.

Enter the charts in Appendix C for configuration ! and read
11/1m on the abscissa.

Determine']1 and locate the next support.

The treatment of configurations 2, 3, and 4 are similar; however, two

legs must be known initially, 1, and 1,. The procedure in these cases

is:

e
.

4
.

2 1

Given material, input-acceleration, and pipe geometry,
determine im from the tables [Appendix B).

Given 12 and 11, determine the ratios ]2/1m and ll/lm.
Enter the charts for the appropriate confiquration and read

1,/1_, on the abscissa.

D W

tarming2 13 as tne allowable distance to the next support.

o
v

C-1



In the'manner described above it is possible to sequentially
locate seismic support spacings for piping systems, Charts are only
shown for the threaded pipe cases. Charts developed for full penetration
butt weld cases all indicate more liberal span spacings, thus the charts
presented are conservativevfor evaluation of suppoft spans. It can be
seen from the charts that the combination of’l1 + 12 for the single bend
‘in plane case or 11 + 12 + 13 for the other cases is always greater than
]m' thus for easy field observations and evaluations, all span
compinations were compared to ]m for threaded pipe.

o
(]



FIGURE C-1

CONFIGURATIONS AND COORDINATE AXES

RA
\

Configuration 1: One-bend

)

ol

Configuration 2: Two-bend, in-plane

¥
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12/13
e 7 1 /////
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FIGURE C-1 (Continued)

CONFIGURATIONS AND COORDINATE AXES (Continued)

Configuration 3: Two-bend, out-of-plane

Fe— 11/1m - -

Configuration 4: Welded tee

s
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Figure 2

Figure 3

RCS LUBE OIL DRAIN SYSTEM




Figure 4

RCS LUBE OIL DRAIN SYSTEM (continued)




Figure 7

RCS LUBE OIL DRAIN SYSTEM (continued)




