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CAROLINA POWER & LIGHT COMPANY
RALEIGH, NORTH CAROLINA 27602

June 5, 1970

Dr. Peter A, Morris, Director
Divicion of Reactor Licensing
U. . Atomic Energy Commission
Vashington, D. C. 20545

Re: Docket No. 50-261

Dear Dr. Morris:

Carolina Power & Light Company herewith transmits 30 copies
of each of the followiug reporcs:

(1) "Tendon Analysis Report"

(2) "Likelihood and Consequences of Turbine Overspeed"

(3) "Additional Information Concerning Seismic Analysis
of Class I Piping & Equipment"

These reports are submitted as additional information in

support of our request for an operating license for H. B. Robinson N
Unit No. 2. '

The Tendon Report is in response to your letter of May 14, 1970,
requesting information on the difficulties experienced by the Company
during the installation of the tendon systen.

The turbine Overspeed Report contains details which were
outlined to your staff and to the ACRS on April 19, 1970.

The Seismic Analysis Report contains information developed
pursuant to the program outlined in our letter of April 6, 1970. As a
result of this analysis, we are adding supports to all valve motor
operators in Class I piping less than two inches in diameter. Four

additional restraints are also being added to the auxiliary feed water
system,

The report on the pipe failure incident is not yet ggupleted and

will be submitted as a separate transmittal.

Assistant Manager =
JAJ/sb Engineering & Operating hE

"~ 8702260005 870216
PDR  ADOCK 05000261

PDR



In the Matter of

CAROLIRA POWEL & LIGUT COMPANY Docket No. 50-261

(H. B. Robinson Unit No. 2)

AFFIDAVIT OF J. A. JONES

I, J. A. Jones, being duly sworn, depose and state that I
reside in Raleigh, North Carolina; that I am Vice President and
Assistant Group LExecutive for Engineering & Operations, Carolina
Power & Light Company, and am fully cognizant of the content of

the attached documents entitled(EAdditional Information Conceﬁzizégl//

Seismic Analysis of Class I Piping and Equipment"Y "Likelihood

3

and Conseqiences of Turbine Overspeed”, and "Tendon Analysis Report',

and that the contents of the same are true and correct to the best

| / J. A< Jones

Subscribed and sworn to before me this 5th day of June, 1970,

of my knowledge.

at Raleigh, North Carolina.

Notafy Public

My commission expires:
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H. B. ROBINSON UNIT NO. 2

ADDITIONAL INFORMATION CONCERNING

SEISMIC ANALYSIS OF CLASS I.PIPING AND EQUIPMENT

This report contains information on the following

seismic analysis subjects: -

a. The effects of valve operators on Class I piping.

b. The effects of resonance with the structures on
Class i piping.

c. The steps taken tn assure that Class I equiprent

adequately meets seismic requirements.
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1.0 Effects of Valve Operators on Class I Piping

1.1 General

In the seismic design of Class I piping, wvalves including operators

were treated as concentrated loads with the entire weight assumed to

be massed at the centerline of the Pipe. Piping systems that were

statically analyzed by computer methnd (reference section 2.3.2.4)
accounted for the weight effects of the valves as an additional
load in the piping system for whi;h stress values were calculated
and restraints were plgced as required.“ Piping systems that were
analyzed by the simplified method (reference section 2.3.2.5)

accouanted for the weight_gffects of valves by shortening the span

between restraints points so as not to exceed predetermined stress

limits.

Although the total weights of valves were accounted for in the
aforementioned analysis, the effects of the offset weight in the
case of motor operated valves was not included. The additional
stress effect due to offsetting the valve cperator mass from rhe
pPipe centerline are considered insignificant except where large
valve operators relative to.pipe size are involved. 1In support
of this design approach, an evaluation was performed to determine
the threshold where this offset mass does produce a significant
added stress (i.e., in addition to the stresses considered in the

design) under seismic loading.
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1.2

Methad of Evaluation

_uAInchmation.was.gathered-Erom«vendor's prints and contacts

with valve manufacturers concerning weights and locatioas of
center of gravity of motor and air 6perated valves raunging in
size from 2 inches to 16 inches. It was found that, although
operator weights vary according to pressure r-ting ana closing
time requirements, the cencter of gravity‘of the assembly is
displaced approximately one-third c% the height away from the

centerline of the pipe toward motor.

Using the best available information for locating the center of

gravity, a simple frue body-caiculacion was made to determine

the stresses. imposed on the Pipe for each of the valves under. . “--

investigation. For this calculation the statically applied weight
.load was multiplied by the distance of the cenﬁér'of gravity.f;bm

the centerline of the pipe, and the resulﬁing moment was then divided

¢
./
. ‘ ~ Py Reldd
"alve Z=977

weighing 280 lbs. with its center of gravity displaced 15 inches

by the section modulus of the pipe. As an‘example,

from the centerline of the pipe resulted in a stress value of ’/’;;——” >4 ('?
4300 psi. The aﬁalyticél model used assumes that thé valve is
anchored on one end only at the pipe to valve connection. This
model is'éonsideréd conservative because in actual practice the
piping on both ends of the valve Eeﬁd ﬁo.resist rotation and, if
equally restrained, the stress values at each end of the valve

would vary by one half the total or 2150 psi.

-




Recognizing that the stress may not be divided by one half on both
ends, a computer analysis was performed for an actual system wirth
the most severely unbalanced end conditions that could be found in
the plant. This configuration was found by reviewing piping
drawings and a plant walk through. The system consisted of three
nine foot long horizontal runs of 2 inch piping arranged one above
the other, each end terminating in common risers that were restrained
S0 as to resist rotation. The valves on each of the three lines
were located one foot from ome riser and eight feet from the other
riser. (Reference Figure 1.2-1). Fhe results of this analysis
showed a maximum increase in stress or 2288 psi at the end of the
valve that had the shorter run, whereas the free body calculation
with stress equally divided at each end had indicéged an increase
of 2150 psi. ' - .

1.3 Results of Evaluation

The example cited above indicates that the free body calculations
for a valve supported entirely on one eﬁd yields stress values

(4300 psi) th#tIafé‘much.too'c;nserv;:i\z.‘wThis is based on-tﬁe
reasoniqg_that the piping Aﬂvbotﬁ enég.;f‘a vaive will contriﬁute

resistance to rotation. Conversely, it is not conservative enough

to assume that stress increase will be divided equally at both ends

of the valve.

Results of the above example, although for an extreme.case, show
that the actual stress increased by 2288 psi whereas the equally

divided stress value would indicate an increase of 2150 psi.




Considering that the actual value was about 6 percent higher than’
the estimate? value, bur also'considerihg the sevefity of the end
cOnditions for the case examined and the scarcity of cimilar éééi
figurétions, it was concluded that the following critericn would

apply:

The stresses for all cases would be derermined
using the analytical model where one end of the
valve is fixed and the other end is frée to m&ve
with the resultant stress being multiplied by

60 percent. The analytical model was normaliced

to a i;Og loading for all cases.

Utilizing the aforementioned criterion, the added stress was
obtained for various size valve and pipe schedules. A summary

of results follows:

_ ‘ S . Range of
No. of Types of Valves Size Range of ‘Stresses @ 60%
Investigated* Dia. (In)} Pipe Schedule of Total Stress
8 : . 2 10 - 160 .. 3600 - 1800
.3 : 3 80 - 160 2400 - 1200
2 .. _ 4 80 - 120 1200
=41 10 140 480
1 16 100 420

*Included Air Operated and Motor Operated of different function

situated on different pipe schedules.

4=
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2.1 Floor-kesponse Spectra

Floor response Spectra were generated for specified elevations

of the coutainment, the containment internal structure, the

auxiliary building and the class T bay of the turbine building

as shown in flgureq 2,1-1 thruy 2.1-21. These floor response spectra

vere generated by excitlng the multidegree of freedom dynamic nmodel

of the buildings with the normalized time history forcing function

acceleration which gives a ground response spectrum acceleration

at least as large as the response spectrum acceleration defined in
figure SAﬁl-l of the FSAR. The time history accelerations at

each mass point of the building models were then used to construct a
floor response Spectrum for a one degree of freedom system which

represents the maximum response of the equipment located at the

mass point which represents the building elavation under consideration.
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2.2 Reactor Coolant Svstem Dvynamic Analvsis

This report describes the seismic pipe stress analysis for the
reactor coolant loop (RCL). The completed analysis shows that the

RCL piping will experience seismic stresses below allowables and

therefore is adequate.

-

The maximum seismic stress occurs at the crossover leg/ reactor coolant

pump suction nozzle interface and is 3184 psi which is below the

allouéglé seismic stress.

This section contains:

1) A description of the system considered, and the mathematical model

used.

2) The method of analyses.

3) A detailed description of the computer input constraint assumptions.

. 4) The resultant equipnent support constraint loads under seismic

conditions.

5) An isometric of the RCS.

2.2.1 CPL Reactor Coolant System Thermal and Seismic Analysis
1) The seis:ic analysis has been performed on the reactor
coolaht looﬁu(ﬁéis whiéh consists of the reactor vessel (RV),
steam ge-:-itor (SG), reactor coolant pump (RCP), the pipe
connecting these components, and the large component

supports. The components and piping are modeled as a system
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of lumped masses connected by springs- whose values aré
computed from elastic properties that éfe 1n§ﬁt; A

. simplified support.godel was arrived aﬁ by representing
the structural support system as equivaleht springs rather
than as member beag§,and columns.

2) The analysis was performed using a proprietary computer code
“ called WESTDYN. The code uses as input, system geometry,
inertia values, member sectional properties, elastic

characteristics, support and restraint characteristics, and
the appropriate CPL seismic floor response spectrmm for 0.5%
critical damping. Both horizontal and vertical components

of the seismic response spectrum are applied simultaneously.
The seismic shock spectra were applied simultaneously along
the Y and Z axis. Previqus analysis indicate the Z direction
to be the most critical Eo;izontal ditgction for maximum pipe

stress.

=t N L .. -

With this input data, the overall stiffness matrix [K] of the

three dimensional piping system is generated (including

translation and rotational stiffnesses). Zero rows and

columns representing restraints are deleted, and the stiffness
. matrix is inverted to give the flexibility matrix [F] of the

systenm.

[F] = (k]™2

A product matrix is formed by the multiplicz-ion of the

.-k

flexibility and mass matrices. This produ:£ matrix forms




3)

' Page 11 for axis orientation).

the dynamic matrix, [D], from which the modal matrix is

;ompuced.

Il (D) = [F] [M]

The eigenvalues and eigenvectors representing the frequency
and associated mode shape‘for each mode are generated using
a modified Jacobi method. - . - S SO e ea

@ ML= KD IX] =0

From this information, the modal participation factor is

combined with mode shapes and the appropriate seismic

- Tesponse spectTum values to give the Structural response

_fo; each mode. Then the forces, moments, deflections,
rotations, constraint reactions, and stresses are calculated
for each significant mode. The modal stresges are then summed
by the square root of the sgmﬁofﬂ;hensgya;; method for each

significant point in the System to determine the total stress.

The restraints, supports, and other constraints assumed for

' “input into the seismic computer model are given below (see

SEISMIC

Reactor Vessel The RV is rigid.

Steam Generator The SG at the upper support point 1s
permitted to translate along and rotate
about the X, 7, and Z axis, but translations

along X and Z are resisted by springs

representing the upper support.



Reactor Coolant

Pump

. The RCP is

" and rotate about the X, Y,

“The SG at the lower support point is
permitted to translate along and rotate
about the X, Y, and Z axis, but all

movements are resisted by springs

reﬁ;esencing the lower supporz's stiffness.

permitted to translate along

and Z axis,

but all movements are resisted by springs

representing the support's stirfness.
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2.3 Class

I Piying Other Than Reactor Coulant

2.3.1

General

Although a seismic';ﬁglifiéégiAn-gaﬁfbr was used in the
design of all Class I piping, potential resonance response

of the building and piping were not considered explicitly.
This section contains an evaluation of the potential resonance
effects (i.e., resonance between st;dctures and piping) on

Class I piping to assure that the design and/or the design

amplification factor was adequate. The basis for this analysis

follows: - T

For all Class I piping other than reactor coolant a resonance
evaluation factor, K, was determined by’di;idigé the peak
accelerations qf g;e floor response spectra by the acceleratrion
used in the pipiné analysis. A modal contribution factor of

1.3 was used together with the resonance evaluation factor,

K, to perform a stress evaluation as follows:

(1)
where

z’- 1.8 times the allowable stress or yield stress,

//711/(7f whichever is higher for code listed materials

(ASA B31l.1 or ASME Boiler & Pressure V;Qael

Section III) as recognized by ASME Boiler &

Pressure Vessel Section III for emergency conditions.
For materials not code listed, vield stress will be

used (See FSAR Table 5A.3-1).




. 0 = sgeismic stress including cffects of valve motors

“from design calculations.
¢ = normal primary aund bending stresses for loadings

other than scismic, from design calculations.

’

In cases where the criterion of equation (1) is not met, a

frequency check will be performed. A rTange of freﬁucncics of

- intecrest was defined as follows: S¢4/)/,,/] S e
AT e
- - ' . y?v;;'z“»--.' -
O.SfB - fP - sz i (\2) :-_‘7',,._,"’: et
where,

f_. = the fundamental frcqucnéy of the building

B
fP = the fundamental frequency of the piping
-13-
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the structures were amplified by a ratic equal to the

0"\‘ - el S—
v
E
N
%g
X
§§
| P
| 2.3.2 Description of Design Basis
i '
| The following is a general description of the design approach }
used for all Class I piping other than reactor coolant:
i ' -
‘ 2.3.2.1 Merhod of Arriving at Static Coefficients !
‘ Class 1 piping is housed by and supported from the f
‘ v
‘ reactor inner structure, the reactor containment :
o= structure, the Class I bay of the turbine building and :
‘ !
the reactor auxiliary building. A dynamic analysis was i
§
performed on these structures to determine the expected i
: !
accelerations at various levels within the structure for i
both the operating basis and design basis earthquakes. g
» Details of the dynamic analysis of Class I structures are ?
1 H
continued in FSAR - Appendix 5A. 1In arriving at the static :
coefficients used for the design of piping systems, the E ;
4 \
P
-
3
P
L

R horizontal acceleration values at the various levels of
‘ peak ground response for 0.5Z damping as shown on the

- Housner curves divided by the ground acceleration. 1In our

case the peak ground response is 0.96g for the 0.2 ground

accelerations were multiplied by a factor of 4.8.

-3;j Co acceleration earthquake so that all building response
|
\
|
|
|
\




2.3.2.3

Range of Static Coefficients for the Various Buildings
As explained previously, the seismic response of the

Structures were amplified by a factor of 4.8 for the

static coeff1c1ents that were aleled to the piping

Systems. For the design basis eatthquake (0.2g ground

acceleration) these amplified values of horizonral

~. accelerations ranged as follows for the various structures:

.
Reactor Contaimmenr Strucrure T -7
// v
0.96g at ;E1 226 T L 906 T
3.00g at E1 413 t¥ ol

- -~ Reactor Inner Structure
0.96g at E1 226
2.15g at E1 275 4.7/ e 0o
. Reactor Auxiliary Building

0.96g at 'E1 226

1.65g at E1 262 b LT
Turbine Building - Class I Bay

0.96g at E1 226
1.85g at E1 266 4§ ¥.3E575 /5
1n all cééég;.tﬂévéettical acceleration applied to the

Piping was assumed to be two-thirds of the peak ground

response acceleration for 0.5% dampiﬁé; i.e., 0.32g for

 the operatlng basis earthquake and 64g for the design

basis earthquake.
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2.3.2.4 Computer Method of Static Analysis

For Class I System analyzed by'this method, an
isometric sketch was made from the Piping drawings

with mass poiats located at every tee and at the inter- =
section of straight pieces and elbows. In additiom, ~~~ ~°
Straight éiecéé were divided into é§>ﬁany mass points

. as necessary to assﬁre adequate distribution of-loading
between support point$ with spans between mass points

rarely exceeding ﬁé;ifooc lengths. This method accounted
for the weight effects of valves as an additiomal load

in the piping system for which Stress values were calculated
and restraints were placed as required. The valve loads
were treated as concentrated loads acting on the center-
line of the pipingz A thermal analysis was then performed

and after examining thermal displacements throughout the

syster, single or multi directional restrzints vere

preli: 7ily located and the static analysis was
perfor. .

The s. ... analysis program uses the displacement method
in wb ° e equations of equilibrium at - » Junctions

are 30/y¢f simultaneously to obtain juncfion aisplacemeﬁcé,
af. - - ich reactions“;t every poiﬁt in the system are
calcu._:ed. Input data for the program includes weight
per foot of pipe, fluid and insulation, weight of
concentrated loads such as valves, static coefficients

for the horizontal and vertical directions, and the

location and direction of restraints. The cozputer output

includes forces, moments and stresses (as v:r the Pressure

-16-
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Piping Code, 831 l) at all points, displacemen:s‘

at all points, and forces on restraints and anchors.
The program multipliesAthe Qéight ;éf fgot ;}‘;i;ingrkﬂ
by the static coefficient and uses this ;&jﬁsted ’
weight unit to détermine the virtual weight of each
Piece of pipe or concentrated load. Half the weight

of e;cﬁ member is luﬁped at the end points and concentrated
loads added as applicable. T;e program then calculates

two sets of reactions for the System with loadings

applied simultaneously first in one horizontal directivn

(X) and the vertical diieccidd.(Y), then in the other

-

horizontal direction (2) aﬁ&hfhe vettical direction (Y)

R . — : Tl A R PowAars

For ;;éﬁnsystem, cﬁévrésulcs of the fwo combined
horizontal-vertical analyses were evaluated and if the
stress values were found excessive, r:straints vere
added or relocated o) % 1e system reanalyzed both
statically and thera__.y. Only in extreme cases where
thermal comsiderations would not allow the use of

positive restraints were hydraulic snubbers specified.

-17-

!
¢
i
f
!
!
by
v

LR AT P NI VAT RN



2.3.2.5 Simplified Mcthod of Static Analysis

-t

This method was used for the static analysis of relatively

~cold systems where thermal effects, although not ignored,

were not a critical factor in the placement of restraints

for seismic protection. The design basis was that

restraints and supports be_placgd at closc enough intervals
B0 that seismic stresses would not exceed 5000 psi for the

operational basis earthquake and 10,000 psi for the design

basis earthquake.

For every size and schedule of pipes, filled with water
and empty, and for the appropriate g loadings the maximum
permissible span of straight, uniform pipe was established,

These spans were determined on the conservative basis that

. Supports act as piﬁﬁcd_gng“joipp§lf9r a uniformly loaded,

simply supported beam ratiier than for a continuous peam.
It 1s recognized that in the usual configuration of piping

for large systems there are many deviations from tue bcsic

. straigh&. uniform run of piping that must be considered in

determining permissible span lengths. The effects of
concentrated loads, branch connections, changes in pipe
size, stress intensification factors, changes of direction,
offsets, and various combinations of these effects were
studied in detail. Correction factors were determined

for each of these deviations which resulted in shortening
the permissible span between restraint points for

maintaining stress values within the preset limits.

T T e - o ——— - —
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As examples of correction factors:

The permissible span for straight, uniform run of 4"

L

uSch 40 pipe filled with water with a static coefficient

of 1.50g is 29.6 feet for a stress value of 10,000 psi.

If a valve weighing 163 pounds was located anywhere

,Within the restraint locations and with the center of

gravity on the ﬁipe ceﬁterline, the permiésible span
wvas Teduced by an amount equivalent to the weight of
valve (163 1lbs.) d;vided by the weight per foot of

piping (say 16.3 %2?'

span of 19.6 feet (29.6 feet minus 10 feet). This

), resulting in a permissible

approach is conservative since the resulting span
lengths are shorter than‘actually reqﬁired fd£~limiting

stresées to specified vaiues.

(Y

If the same 4" Sch 40 pipe had a reducer located between
restraint points so that piping on either end reduced
to 3" Sch 40, the permissible span for the smaller size

line governed.

If between restraint points the piping configuration was

such that the 4" Sch 40 pipe had both a valve located

along the 4" piping and a 3" Sch 40 reducer, the permissible

span was reduced first for the effect of the valve veight

and again for reduced pipe size.

R R ot SO U
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2.3.2.6 Systems Analyzed by Computer Method & Simplified Mecthod

In all cases, systems that did not permit the use of the -
simplified method were analyzed by the computer method.

Accordingly, systems were sepdrated as per the following

categorics:

Computer Analysis

1 - Piping 2" and larger with temperature in excess

of 212°F

.

2 - Piping with temperature less than 212° F with significant

SE Ve

movcmen. due to expansion of equipment at cormection
nozzles. - i

3 - Piping with temperature less than 212°F located in the
upper region of the reactor containment _structure.

4 - Piplng with tempcrature less than 212°F connected to

[ Y AVYEN

piping of higher tempcrature that could not be logically

analyzed except as part of the main system.

-Simplified Analysis

For che most part, systems analyzed by this method were
those of lesser anticipated stress levels consisting of
Piping 212°F or less and with relatively low seismic
loadings. Systems, other than those analyzed by the

computer method, 1-1/2" and over were analyzed by the

B I % WUy R D P ] N O

simplified method.

Piping 1-1/4" and smaller that were field run (drains, vents,
test lines and instrumentation lines) were seismically

protected by specifying the maximum spacing between restraints
such that stress values for straight runs of pipe would not
excced 10,000 psi for the 0.2g ground acceleration earthquake.
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Although thermal expansion stress values are

not identified in this report, it should be
noted that:

1 - In all cases, thermal expansion stresses are

- .within the Sa allowable of the Code for

" Pressure Piping, B3l.1.
2 - In all cases, the sum of stresses_due to
internal pressure, weight and seismic lvading
for the operational basis earthquake is within

i
1.2 Sh (allowable stress in hot condition).

-21-
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TAPLE 2,3.3-1

response curves used.

The response accelerations are
earthquake and 1/2% piping damping.

Description

Auxiliary Puilding

(1)
Ground E1 226!
El 246.0!

El 262.0°'

Turbine Puilding - Class T Bay (1)

.Reactor Containment

Reactor Inner Structure

(1) Analysis for both dircctions of the building werc performed
and only maximum valucs are reported.

Ground E1 224!

El 242.0°'
El 262.0'
El 279.5'

Ground FEl1 226'

El 289'
El 352
El 401°

Ground E1 226'

El 232.5'
El 248.0°'
El 272.5°
El 296.6'

for a.mormalize

RESI0NS ™ ACCELTRATIONS FO™:
ROB1HSON STIAM ELECTRTC FIANT
: '; power and Light Company)

producing ground

Maximum &

_Load _

0.87
. 1.51
2.19

1.06
6.67
8.52
12.90

0.870
1.34
2.38
3.40

0.870
0.89
0.91
0.96
2.62

d 0.2g

Buildir

Damping
e

5%
2z
5%

|
52

|

|

|

|




2.3.3

~where,

Scismic Amplification Factors and Luilding Frequency Fuctors

As part of th¢ resonance evaluation, scismic g loading amplificarion
factors were developed such that an analysis could be chformcd

to detérminc the effects on piping should the piping be in

resonance with the building. The amplification factor was

determined as follows:

K = b

a

b = peak accelcratiou'at the floor where the Class 1
piping is located from flqor response sgpectra
(Rcfcren;e Table 2.3.3-1).

a <= Acceleration used in the Piping analysis - Based

on 0.1g or ORE.

For the evaluation, the amplification factor (K) for horizontal

accelerations ranged as follows:

Reactor Containment Structure

1.81 at E1 226
1.79 at El 401

Reactor Inner Structure

1.81 ac¢ E1 226
. 0.67 at E 275

Reactor Auxiliary Building : .

. o E,j i1 \
1.81 at PR 226 ng (Table :}.3.3-%/1.%?)/4,% = .\.( Appendi <1
2.74 at E1 262 '
Turbine Building - Class I Bay

2.20 at E1 226
9.00 at El 262

-29-



In addition, the fundamental frequency of each structure

was found for the purposc of determining the potential for

resonance between piping and the structures.

The fuudamcntnl_

f;eqchcics for cacl structure and the frequency band width

follows:

. Reactor Containment Structure

Reactor lnner Structure

Reactor Auxiliary Building.

Turbine Building-Class 1 Bay

F, CPS
3.83
6.0

Long 13.9

Short 11.:3

.Long 3.16

" Short 2.91

M

Range
- [ 4
2Fb .5F
CPS

b

7.6 - 1.9

12.0 - 3.0
27.8 - 6.95

ZZ.h - 5,85

" 6.32 - 1,58

5.82 - 1.45
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2.3.4 Piping Evaluation

1
1

64N
R

1

2.3.4.1 Systems Analyzed by Computer Method
The procedure used for evaluating the stress values
for éomputer analyzed systems wasJ;Erfoilows:
1 - For each system the various pipe sizes and_L
’ S :_ﬁyg}l‘:hicknesses were listed in ;.éagi; ané
identified by point numbers on the isometric
. ._[H""gkezches used for the analysis.

2 ;-Ihe internal pressure and weight stresses were
taken from the original evaluation and listed.

2 - The total allowable primary stress equal to
1.8 Sm was determined and the pre§§uie and waight
Stresses were subtracted from th; total allowable,
the remainder thus being the stress value available
for seismic loadihg.

4 - The K value for each point listed was determined
by dividing the maximum acceleration of the
appropriate floor iesponse spectrun by tﬁe
acceleration value used in the analysis. This
;at;o wa; ibeu multiplied by the 1.3 modal
participation factor.

5 < The high;r of either the static X-Y or Y-2 stresses
was multiplied sy 1.3K, which represents the
maximm potential strese value should the piping
be in resonance with the supportir- structure.

6 - The stress available for seismic 1-:2d4ng (Item 3)

was divided by the stress value for notential

=24~
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resonance (Item 5), resulting in 4 "design
evaluation factor."” The "design evaluation

factor" is a measure of design conservatism and
. indicates that if the factor is lAfg;;ig;;n 1.0 |
:the piping does meet evaluat;on criteria.
Work sheets were compiled as per the above described
pProcedure for every pipe size for each‘of the systenms
analyzed bty the computer method. All piping systems,
except for that Piping contained in the Class I
turbine ba& were analyzed by the procedure and showed

stress values which met acceptance stress criterionm.

NP

A8 an example of the pProcedure used, refer to tables
2.3.3.1-1a and 1b where systems that indicated “design

evalga:}pq.fac;orsfvof‘1.25 orilgss were listed.

In the Class I turbine bay, a frequency evaluation

vas petforned in lieu of 8 stress evaluation. The

frequcncy evalua:ion consisted of de:ermining the
natural frequency of the piping (i.e., fundamental
ftequency) and co-pating this value to the bullding's

fundamental freguency Faczc: Wwiich are identified in

section 2.3.3. The frequency ansalysis vas performed by

& computer method which provides the fundamentsl

frequency of the system and normalized mode shape.
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FDW-6
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Line
No.

6"FW18,

4"FW25,
26,27

4FW 32,

33, 34

This evaluarion showed that of the Class I systems
located above ground level the following piping

systems had fundamental frequencies which fell within

the bulldxng frequency band
: . L
a. Steam Driven AFWP Discharge to Main Feed System

b. FW Regulatory Valve Bypass #1, #2, & #3, S/G

Restraints were added to these systems to change
their fundamental frequency such that it fell outside
building fundamental frequency band. A summary of

results follows:

" “No. System Fund. Building
Restraints - ‘Freq. (CPS) Resonance
Description Added Before After Band (CPS)
Steam Driven AFWP Dis- 2 5.521 7.720 6.32 - 1.45
charge to Main Feed cps cps
System
FW Regulatory Valve
Bypass #1,#2,#3 S/G 3 (one per 5.807 9.634 6.32 - 1.45
o line) cps  Cps '

After revising the system restraint design, the system
thermal stress analysis was performed and all stresses

vere found to be vithin code allowables.




51;}"&

‘a ;\lu [*L 4

R R TR

Table 2.3.3.1-1a

g . 65 b Lg"b" AN y’r “ .:,-./’-4
-?‘%35;1'» Ay %1?5’7 ‘1*“’ 7 4 e Baed s

. lvr" "_f J

Pipe ivaluation For Computer Method

4
Ii. B. RCBIWNSON - CLASS I PIFILNS
: i ' + .
: l DI Max. . AF ’ - ) Avai An—\l[vtical L
Isownina S Wit Crar. ' / Press For g ‘orlz
D9, : Na. :Descripcju:] & Sch. e Taun, ! Mat'l AM Stress 1.8 Sm _t Seismic Jiert.

' ! ! )

CH-3 I4Cn74 !Chc. ¢ Vol.l 4"s0 OSi 1t - 30 A312- ) B8.63 | 863 36000 33,637 .62/
' .y Coatrol ' | ' TP304 | .32

' | | Recice Pumn! : ]
: !Disch :
i ngh Hd. : . .
o SI=4 5451110 ;Pump Dise v i 280 A312 2.61 | 3915 36000 30,585 .68/
: to Borun ‘ TP316 . . .32
i 'Tan\ K | )
; iliigh Nd. ST | _ _
> SI-5 |25120 ,to Loop 3 2''SCHB05 | 1500 280 A312 -

i | Between liDR T2316 | 2.00 | 3000 36000 31,5C0 .62/
! 'and NOV 868AI o .32
feaiaa  JRUR HE. ‘ : : ) ‘ '

$1-20;i2aC3 i Fxchg Bypasg: 12SCHLO05 [ 350 | 380 A312 | 7.76 |2716 32472 28256 .48/
! y exchg Byp | T304 | ¢ - -32
i Line i . S ' .

t
* AF/AM = Pipe flow area to metal area ratio

** The acceleration applied 'statically In the selsmie analysis of -Class I piping. ' , ' 1

. '
hd .
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Table 2.3.3.1-1b
Pipe Eviluation For Computer Method

H. B. ROBINSON - CLASS I PIPING

“l-‘& ;14'?

- -
M

A

rméﬂ o

gl

\.1

; v ' Maximum | Design
1so Line ’* Points Static Static Static (X) Evaluation
No. No. 1.3k On Iso. X-Y Y-2 : 1.3 K Factor Remarks
CH-3 4CH74 3.17 1-9 9,281 : 9,86Sé 31,272 1.076 ,
81-4 451;10 2.89 ' 56,55 3,923 5,311: 25787 1.186
i | 86-159 Rt | (
S1-5 25120 3.17 A 134630 6.861 ‘ 7,7201 24,472 1.287
i
SI-20 | 12ac3 .09 [ 167-311 | 6,590 | 5,907 | 26,953 1,048

*All lines are located between the ground floor (E1. 226') and elevation 246"

at the auxiliary building

;_therefote, the floor response spectra g valve used was the value for elevation 246'.



2.3.4.2

Systems Analyzed by the Simplified Method

As described in section 2.3.2.5, the design basis

for systems analyzed by the simplified method was

- that restraints and Supports were placed at close

enough intervals so that seismic diresses would not
exceed 5000 psi for the operational basis earthquake

and 10,000 psi for :he design basis earthquake. Ap

Tesults are shown inltable 2.3.4,2-1,
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e 2.3.4.2-1

s ' PI2Z EVALUATION FOR SINPLIFIZD MITHOD
b 1 . ! !Cpm;u:ed E vasiy
“ Availablie ¥ Analytical! Max. g Computed!. Stress lEvalu;:
1.8 sa | For Seiszic g I (F1/Resp.5p.)| 1.3K | Stress | xi.3% }  Facw
Rzastor Ianar S:ructure ' | ‘ ' | : :
Cround E1 226% ‘ 35,000 25,066 75 .87 "] 151 5000 |- 7550
Z1 232,54 35,000 ' 29,000 75| .S | 3.6 | sc00 | 7700 |
Z1 245.0' 35,600° [ 729,000 - | . .5 | - .91 1.58 [. 5060 - | 756C | Z.47
£1 272.5' 135,000 | 29,000 | T.as. | 98+ |16 |0 5000 | 8356 | 3.50
- . . T * 5 ’ . . ’ :
() { !
) 1 ’. i
. . ! 1
feactor Auniliazy 3ufldiag ) ‘ . ‘ i
- Ground Z1 225 | 35,000 20,000 . | .75 70,87 | 1.5y | 5000 | 7550 | 3.34
El 248" 35,000 29,000 275 | 181 | 262 | sc00 (13,160 - ¢ 2.22
: . . .. ] f" . . :,

N
\

® Tha vationzl for tha reduction of 6000 psi from the 1.8 Sn aliowable’ st‘ess was based on a weigH~ stress
vaiua of 1500 psi.and an interaal pressura siress value of 4500 psi.

® Tac accaleration applied statically in the seismic analysis of Class I piping.




2.3.5 Valve Evaluation - Effects Of Valve Operators

For systems analyzed by the Computer method, the stress levels
at all applicable valve locations were increased as described in
Section 1.3 to account for the effect of the offset mass

‘of the valve operators.” Thus, by including the total stress

(i.e., stress due to valve operators and normal piping stresses)

- ~——.1n the evaluation described in Section 2.3.4.1, the potential

effect of resonance was determined.

For systems analyzed by the simplified method, an overall

evaluation was performed utilizing the information from

-Section 1.3. For this evaluation ihe worst stress condition

(i.e., for a 2 inch valve) was assumed to apply in all cases.

The results of this evaluation is shown in summary form

-

on table 2.3.5-1.

As au;esult of the“investigacion of the effect on Class I
piping due to valve uperator offset weight (Réfe;en;e
Section i.O) it was concluded that fupports were required
for the opergtors on valves léss ;han 2 inches diameter.

The;;fgfé; supports are ﬁ;ovide&“auch that the following

criteria are met:

1. Supports are provided at the valve body or operator

— ———— ——— e e ~

in such a manner that the offset weight effact ig
essentially elim;nated.
2. The support accepts all valve operator lo:r -*hen

considering the appropriate geismic icading at the

velve locaticn.
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Tadle 2,.3.5-1

Valve Evaluation for Simplified Method

Ak Comp::gd: Desiga
Available* Analytical Yax. g - Computed | Stress | Evaluation
Reaccor Inner Structure 1.8 Sm | For Sesimic g (F1.Resp.Sp.) 1.3ﬁ Stress x1.3K Factor
. 1 .
Ground  El. 226.0' . 35,000 29,000 0.75 0.87 1.511 7700 11,600 |- 2.50.
) El. 2328 35,000 | 29,000 0.75 0,89 1.54 7700 | 11,800 |  2.45
! E1, 248.0° | 35,000 |. 29,000 | o.75 0.91 1.58 7%00 | 12,200 [ 2.38
I El. 272.5° - 35,000 | . 29,000 0.75 | 0.96 1.66 77:'_00 . | 12,800 2.28
! i
} ' __e_.ac.tor Auxiliary Building ‘ !
; | i ~ ]
}. i Ground E1 226' 35,000 |  29.000 0.75 0.87 1.51] 7700 11,600 | 2.49
E1l. 246' 35,000 29,000 0.75 1.51 2.62 7760 20,200 1.44
. . : i

]
&

* The rational for the redu_tion of 6000 psi from the 1.+ iu 1llowable stress was based on a welght stress
value of 1500 psi.and an internal pressure stress value of 4100 psf.

! ** The acceleration applied statically in the selsmic analysis of Class I piping.

**% The maximum stress Increase of 3,600 psi shown in section 1.3 was for 1.0g loading. Since the analysis wasg
based on 6.75g loading this value becomes 2,700 psi, when adding this load to the basis 5000 psi loading it
ylelds a toisl stress of 7,700 psi. '




2.3.6 Safety Factors of Seismic Supports

-E_im*.ll chpany Inc. of Providence, R. 1., was selected
rinne '

. " design of seismic supports and restraints for this
for the

j ._They have ce certified that their normal design of
--project. -hat t )

lt-in bas;c safety factor of

1
restraints incorporates a bu
1 his £a var but onservative
five. This factor varies, but mostly on the c.

6ide, because:

1 - In many cases, the 1oeds on restraints are of such a
- small magnitude that in order to maintain uniform
design standards, stock items for rods, clamps and
associated hardware were used which were-orders of

magnitude han;er than requireq.."~‘

2 - Even for extreme cases where, for the total of tﬁermal

'ples seismic loading, the allowable stress values for

Structural steel were extended to 1.33 times normal

allawable stress limi:s, :here exists a conservative
safety factor, as shown by the follwing example:

1f a restraint was designed for a total force of 4000

1bs., 2000 lbs- due to thermal loading and 2000 1bs.' : “f;
due to seismie loading, it would be permissible to use
structursil steel for a normal allowable value of

3000 1bs., taking advantage of the 1.33 allowable

increase for seismic loading. Due to the normal gafety
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faétor of five, the force on the restraint can be
increased to 15,000 1lbs., before failure dccurs,
resulting in a total margin-of 13,000 1bs. for

seismic loading, which is equivalent to a safety

factor of 6.5.

The codes and standards used in the design of hangers and

Testraints are:

a) Selection and application is in accordance with

Manufacture Standardization Society MSS-SP-69

b) Haterials and design is in accordance with Manufacturea

S:andardization Society MSS-SP-SB
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3.0 (Class I Equipment . . S

The purpose of this section is to identify the procedure used in the

{
wmwwm'w*'mﬂﬁfi

Ve

Seismic design of Class I equipment to assure that the seismic requirements

T

are met.

’

3.1 Seismic Criteria

v .,3,‘. Pl
EHEARS

Seismic requirements and design adequacy are determined as follows:

o
a) The hciizonral seismic accelerations used are equal to or g%;

2 Jendie

greater than the accelerations that occur at the equipment

SRR
e IV g
ANy

location (i.e., at the proper building elevation) as determined

)

from the building dynami lysi DBE. > R
e _f, ~m2f““?nam1c analysis for the DB ‘fj‘ v{,?, j%
b) —~TheVeretcal seismic acceleration used-are 2/3 of the value e wf h” =
O e R
sekected for horizontal 4&celération. W Y f} &0
- —— ( ,"l
. LM :
c¢) The vertical and horizontal accelerations are assumed to act b\,1/ ’
vgC )
i / é o’
simultaneously. 6

dj Evaluate relative stiffness of the equipment and its support
bas:d.on past experience with similar types of equipment. 1If
the equipment is relatively rigid with a fundamental frequency
above 15-20 cps then seismic design is performed by using a
seismic g loadiné/épp§22§ at the center of gravity of the
equipment. This g loading corresponds to the combined mode g
loading at the elevation of the building on which the equipment (Pﬁ’"’?/\
is supported. If the equipment is flexible, then a ratioced g/{;

applied st the center of gravity of the equipment. This g loading

includes potential response of the equipment to building motion

and the efrects of both building and equipment damping.




evaluated by reviewing design drawings and ip some cases,

Organizational Responsibilities

the cognizant engineer specifies the

Séismic Tequirements to be used by the designer.

who maintain exXpertise in seismic and dynamic design analysis for
those caseg where it is required to develop_seismic design

Fequirements or to review.design adequacy.

The cognizant enginegr is responsible to assure that the equipment
Supplied meers dgsigqurequirgmgngs.erhe.equipment supplied is

performing

calculations independent of the vendors analysis, .

accordance with design requirements. These audits are conducted

by QC inspectors, the cognizant engineer, and the Tesident field

service engineers,




For a description of the functional integrity of the electrical racks,

panels, etc., under earthquake_gggé}t}ons, Tefer to FSAR Amendment 10,
Pages 7.5-13 through 15. '

For equlpment con51dered as relatlvely rlgld (i.e. having a fundamental
frequency above 15-20 cps) seismic design was performed using a seismic
"g" loading applled at the equipment center of grav1ty This is dis-

cussed in Sectlon 3.0 of the report.

'

In light of the above, it can be concluded that Class I equipment will

maintain both structural and functional integrity for the earthquake

loadlngs associated with 0.2g ground acceleration.

PR
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H. B. ROBINSON UNIT NO. 2
ADDENDUM A

to
ADDITIONAL INFORMATION CONCERNING
SEISMIC ANALYSIS OF CLASS I PIPING AND EQUIPMENT

Class I equipment (flexible and rigid) have been evaluated to assure
functional adequacy when considering potential equlpment resonance

with the building during earthquake conditions.

Electrical racks, panels, control boards, etc. fall in the category of
flexible equipment. This equipment is located in the Auxiliary Building
at .or below elevation 258 ft. From Figdres 2.1-10 and 2.1-11 of the
report "Additional Information Concerning Seismic Analy51s of Class I
\ ‘Piping and Equipment", the peak acceleration thac a2 one- degree-of freedom
\ system in resonance with the buildlng Qould experlence is at elevatlon
258 ft. This peak acceleration is 2.0g for O. 2g ground acceleration with
\g;fz>of critical damping. For the minimum damping anticipated in this
type of equipment, i.e., 1% of critical value, the peak acceleration is
reduced to about 1.6g. This is the maximum eduivalent static load that

should be used to account for both floor acceleration and response spectra
distortion.

When the equipment supports were designed, the equivalent static load

| was selected by accounting only for the floor acceleration. This means
that a load of 6.%%5 x 0.69g = 1.05g was selectedifor_eqﬁipment at orlA
below elevation 258 ft. The design stresses were 2/3 of the material

} yield, e.g., 24,000 psi. Hence, the correct load of 1. 6g would cause a

| ‘maximum stress of 124,000 x %ngg = 36,500 psi. The ultimate stress of
this type of material is of the order of 70,000 psi. This gives a margin
of 33,500 psi between the ultimate capacity and the maximum expected

stresses,
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For a description of the functional integrity of the electrical racks,
panels, ete., undér,earthquake coﬁdit}ons, Tefer to FSAR A-~ndment 10,
Pages 7.5-13 through 15. :1 .

For equipﬁént qpns}dered as ;E@ativelx“:igid (i.e. having a fundamental

frequency above 15-20 éps) seismic design was perfo

rmed using a seismic
g'" loading applied at the equi

pment center of gravity. This is dis-
port. U o

’

cussed in Section 3.0 of the re

In light of the above, it can be concluded that Class I equipment will
maintain4ppth structural and_fun;tional integrity for the earthquake
ioadinés associated with 0.2g groundréételéiétiou. R )
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