
__ ____. _

)

NUREG/CR-2189, Vol. 2
UCID-18967, Vol. 2

)

Probability of Pipe Fracture;

in the Primary Coolant Loop ,

~ ag ,
'sof a PWR Plant t fg g

I Volume 2: Primary Coolant Loop Mod. . 3g-* i
[i e'Load Combination Program

>)#'I'84Project I FinH Report
.

. . - _ - _ - . - - _ - _ - .
. .

i

A. C. Eberhardt, Sargent & Lundy Engineers, Chicago, IL

Prepared for
I U.S. Nuclear Regulatory Commission

f

.

|

. LAWRENCE
g LIVERMORELABORATORY

*aR10Re8S "2 *
CR-2189.R PDR

v - -



_ _ _ _ _ _ _ _ _ _ _

NOTICE

This report was prepared as an account of work sponsored by
an agency of the United States Government. Neither the
United States Government nor any agency thereof, or any of
their employees, makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for any third party's
use, or the results of such use, of any information, apparatus
product or process disclosed in this report, or represents that
its use by such third party would not infringe privately owned
rights.

/

I

f

I
<

Available from !

*

|
GPO Sales Program

'

Division of Technical Information and Document Control
V. S. Nuclear Regulatory Commission

Washington, D. C. 20555

Printed copy price: $5.50

and

National Technical Information Service
Springfield, Virginia 22161

|

- __ _ _ _



..

_ _ _ _ _ _ _ _

\

NUREG/CR-2189, Vol. 2
UCID-18967, Vol. 2
RM

|
|

i

_ _ _ _

- - . . - . . . . . _ _ _ _

Probability of Pipe Fracture
in the Primary Coolant Loop4

of a PWR Plant
,

.

Volume 2: Primary Coolant Loop Model
Load Combination Program
Project I Final Report

__

Manuscript Completed: June 1981
Date Published: September 1981

.

} Prepared by

A. C. Eberhardt, Sargent & Lundy Engineers, Chicago, II.

Lawrence Livermore Laboratory
7000 East Avenue
Livermore, CA 94550

Prepared for
Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
NRC FIN No. A-0133

,



I

I

ABSTRACT

This report describes the Zion Station reactor coolant loop model
developed by Sargent & Lundy Engineers for Lawrence Livermore National
Laboratory as part of its Load Combination Program. This model was developed
for use in performing seismic time nistory analyses of an actual pressurized
water reactor (PWR) system. It includes all major items affecting the seismic -

response of a 4-loop Westingneuse nuclear steam supply system: the components,
supports, and interconnecting piping. Tne model was further expanded to perr. lit
static analysis of deao weight, thermal, and internal pressure load conditions.
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EXECUTIVE SUMMARY

Tne Code of Federal Regulations requires that structures, systems, and
components that affect the safe operation of nuclear power plants be designed
to withstand combinations of loads that can be expected to result from natural
phenomena, normal operating conditions, and postulated accidents. One load
combinations requirement--the combination of the most severe LOCA

(loss-of-coolant accident) load and SSE (safe shutdown eartnquake) loads--has
been controversial because both events occur with very low probabilities.
This issue became more controversial in recent years because postulated large
LOCA and SSE loads were each increased by a factor of 2 or more to account for
such phenomena as asymmetric blowdown and because better tecnniques for

defining loading have been developed.
Tne original objective of Load Combinations Project I was to estimate the

joint probability of simultaneous occurrence of both events and to develop a
technical basis for the NRC (Nuclear Regulatory Commission) to use in
determining whether it could relax its requirement on the combination of SSE
and large LOCA for nuclear power plants. However, in the process of
probability estimation we have not only estimtted the probability of
simultaneous occurrence of a large LOCA and an eartnquake, but also estimated

the probability of a large LOCA caused by normal and abnormal loading
conditions witnout an eartnquake. Tne estimates provide very useful
information on tne likelinood of asymetric blowdown, which is a subset of
large LOCA. Also, tne probabilistic fracture mechanics model tnat we
developed can be used to estimate tne probability of pipe rupture witn or
without prior leak. That is, we can estimate tne proportion of pipes that
will leak detectably before rupture under normal operation, accident, or upset
conditions. We can also evaluate the oiping reliability in general. After a
sufficient parametric study is done, we will be able to recommend a more
rational basis for postulating pipe rupture locations.

_
If earthquakes and large LOCAs are independent events, tne probability of

their simultaneous occurrence is small. However, this probability is expected
to be greater if an earthquake can induce pipe failure that leads to a LOCA.
This LOCA could result directly (i.e, ground motion causes a pipe break in the
primary cooling system) or indirectly (e.g., an earthquake causes a
structural, mecnanical, or electrical failure that in turn causes a pipe break
in the primary cooling system).
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In the first-phase study reported in these nine volumes, we concentrated
on determining the probability of a large LOCA in a PWR plant directly induced
by an eartnquake. Tne expert consensus is tnat such a directly induced LOCA
is most likely to result frem tne growth of cracks formed in the pipes during
fabrication. We selected a demonstratu;n plant for study (Unit 1 of the Zion
Nuclear Power Plant), modeled its primary cooling loop (Vol. 2), analyzed the
best estimated responses of that piping system to non-seismic and seismic
stresses (Vols. 3 and 4), developed a probabilistic fracture mecnanics model
of that piping system (Vols. 5, 6, and 7), analyzed failure mode (Vol. 6) and
developed a computer code, PRAISE, to simulate the life history of a primary
coolant system (Vol. 9). Finally, we examined the probability with which an
eartnquake can indirectly induce a LOCA (Vol. 8).

In Volume 2, we describe the Zion Station reactor coolant loop model
developed by Sargent & Lundy Engineers. Tne relation between this volume and
the rest of tne report is shown in tne following drawing:

|

)

* "9 " " '

Primary coolant and stress analysis
loop model =

(Vol. 2) Non-seismic Seismic
(Vol. 3) (Vol. 4)

o

I

Failure mode analysis Probabilistic fracture analysis PRAISE computer

(Vol. 6)
for each welded j,oint code and manual+ --

(Vol. 5) (Vol. 9)

o

Piping system fracture
probability estimation

and uncertainty
(Vol. 7)

o o

LOCA indirectly
induced by earthquake Summary )-

(Vol. 8) (Vol.1) '
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I INTRODUCTION

This report describes the Zion Station reactor coolant loop model that has been

developed for L9wrence Livermore National Laboratory as part of its Load Com-
bination Program. The model which was developed frc Tion Station Design Docu-

ments is to be used to perform seismic time history analyses of an actual pressurized

water reactor (PWR) system. The model was further expanded to permit static
analysis of dead weight, thermal, and internal pressure load conditions.

11 SUMMARY AND RECOMMENDATIONS

A. Summary

'"he model described herein includes all major items affecting the seismic
response of a 4-loop Westinghouse nuclear steam supply system (NSSS): the
components, supports, and the interconnecting piping. The major components
include one Reactor Pressure Vessel (RPV), four Steam Generators (SG), four

Reactor Coolant Pumps (R.C. pump), and one Pressurizer. Each loop includes

three sections of pipe. Coolant flows from the RPV to the SG through the hot
leg, then through the crossover leg to the R.C. pump, and finally through the cold |

leg back to the TW, thus closing one of the four loops. The surge line connects

the pressurizer to the system as a branch from the hot leg in Loop 4.

B. Recommendations for Further Study

The model could be refined in a numt;er of ways including determining nozzle

flexibility and lug flexibility for major components such as the steam generator.

It may also be beneficial to investigate the actual stiffness of several elbows in

the main coolant loop system, particularly the elbows at the nozzles of the steam

generator, R.C. pump, and RPV.

.
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The effects of material nonlinearity and buckling of compression elements may
most deserve further study. These aspects of system behavior may be significant

if the model is used to anctrze seismic loads that are much larger than the

original design basis loads.

The system originally was designed to remain elastic under seismic loads. Ilow-
ever, when seismic loads were combinen with Loss of Coolant Accident (LOCA)

loads, strains exceeding yield were allowed in limited, controlled areas of the

component support system. The limiting criteria required that ali piping stresses

remain within allowable values.

The model presented in this report is detailed enough to permit incorporation of

gap effects and one-way acting bumper characteristics. However, the model
does not provide detailed ;epresentations of controlled areas where material
nonlinear behavior may occur under LOCA loads. The sophistication of the
model could be expanded to cover these effects, but the increase in the size of

the model and its solution time would significantly reduce the overall favor-
ability of this refinement.

The user of the model must carefully monitor stress levels in piping and force

levels in component support members to insure that the assumed linear-clastic

behavior of materials is not violated if very high seismic loads are applied to the

model.

Displacements of the piping should also be monitored at the serge line and cross-

over leg pipe break restraints. The model should be revised to incorporate the

crossover leg restraints if pipe displacements exceed the width of the gaps
between the pipe and the restraints,

t

Ill GENERAL DESCRIPTION

The model has 391 nodes and stS33 degrees of freedom as listed in Table 1. The

assignment of the nodes to components, component supports, and piping is given in

Table 2. The node and member numbering schemes for all four loops are shown in 1

2
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Exhibits 1- through 20. There is usually an increment of 100 for corresponding nodes

j in each of the four loops. Node numbers 1-09 are in Loop 1,101-159 in Loop 2, 201-

259 in Loop 3, and 301-359 are in Loop 4, while nodes 360-416 are in the surge line

and pressurizer. Other nodes are used for the RPV and its supports.

All member numbers are shown in rectangular boxes. Member numbers preceded by

the letter "B" indicate beam elements. The letter "T" indicates truss elements. The
letter "M" indicates members having stiffness properties input directly in the form of

member stiffness matrices in local coordinates. A number with no letter indicates a

pipe element. In most cases there is an increment of 50 for pipe elements in the four

loops of the model. Pipe elements 1-50 are in Loop 1, 51-100 in Loop 2,101-150 in

Loop 3, and 151-200 in Loop 4, while 201-240 are in the surge line and pressurizer.

Other members are used for the RPV and its supports.

!

The model contains all main reactor coolant loop piping and the pressurizer surge

line. The surge line connects the pressurizer to the system and is attached to a
nozzle in the hot leg of Loop 4. Properties of the pipe are given in Tables 3 and 4.

Coefficients of thermal expansion for thermal analysis are given in Appendix F. None ,

of the other 84 branch lines are included in the model. However, nodes are provided

in the model at each of the branch line nozzle attachment points for all lines 1 inch

or greater in diameter. Table 5 provides node numbers em esponding to each nozzle.
1 Tables 6,7,8, and 9 describe the function of each branch lir.a for Loops 1, 2,3, and 4.

: As shown in Table 3, elbow wall thicknesses are always greater than straight pipe wall

thicknesses. The greater wall thickness serves two purposes: a) the elbow will have a

larger section modulus which in turn reduces stresses in the elbow; b) elbow sectior.s

normally are fabricated from sand castings, whereas the straight sections are
seamless forged pipe. Elbows made from sand castings do not always meet the

! stringent tolerances used for seamless straight pipe. Therefore, the nominal wall
thickness must be increased to insure that the minimum design requirements are

satisfied.

e
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Exhibit 1 provides a plan view of the first 59 nodes of the model which represent

Loop 1. Exhibit 2 is a section view of the hot leg. Exhibit 3 is a section view of the

steam generator model. This model, which has mass lumped at six nodes, is based on

information contained in Reference 1.

Ex" bit 4 shows the nodalization of the crossover leg and the R.C. pump. The R.C.

pump model, which has mass lumped at two nodes, is also taken from Reference 1.

The R.C. pump and cold leg are shown in Exhibit 5. Similar figures for the other
3 loops are given in Exhibits 6 through 20.

The RPV model, which is taken from Reference 2, is shown in Exhibit 21. The pres-

surizer and pressurizer surge line are shown in Exhibits 22 and 23. The pressurizer

model is based on information contained in Reference 3.

The model is prepared in accordance with the format of the SAPlV computer program

(Reference 4). A listing of the input data for the dynamic model is given in
Appendix A. Appendix B provides a listing of the input data for the static model.
Design engineering drawings referenced during preparation of the model are listed in
Appendix C.

Spring rates or stiffness values for the component support members in the model are

taken from two sources. Initially, the component support stiffness values were
available in project design calculations for the Commonwealth Edison Company's Zion

Power Station (Reference 5). Later Westinghouse Electric Corporation, in their
letter (Reference 6) ST-PSE-377 to Lawrence Livermore National Laboratory, dated

May 23,1980, provided several revised stiffness coefficients for the steam generator,

RPV, pressurizer and R.C. pump component supports.

The revised values provided by Westinghouse were obtained from calculations for
plants simCar to the Zion Station, as well as calculations for a recent loss-of-coolant

accident reanalysis for the Zion Station, Unit 1. For completeness, both the original
and the revised stiffness values are provided in Appendix D. It is Westinghouse's
experience that their suggested revised support stiffnesses which use current state-

of-the-art methods to calculate support stiffness represent the stiffness of recent
component support structures similar to those in the Zion Power Station.

4
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,

Appendix D also provides stiffness matrices for the reactor vessel shell-to-nozzle
'

intersection. These matrices in local member coordinates were derived from global
stiffness matrices provided by Westinghouse Electric Corporation in Reference 6.

IV MODELING ASSUMPTIONS AND LIMITATIONS

:!.
The following 10 assumptions and limitations have been used in the development of

' the model. To indicate their relative significance, they are grouped into three
categories.

The first three items concern areas where further study may b1 warranted.

A. Other than those provided in Reference 6, stiffness coefficients for component

and pipe supports consider the flexibility of the supports, including special
auxiliary steel members, but primary structural concrete and steel members are

assumed to be rigid compared to the support flexibility.

B. Local flexibilities of the components at their nozzles and support lugs are not
considered in the model, unless they were represented in the original component
models given in References 1, 2,3, and 6.

C. Stiffness matrices for pipe elbows in the seismic model are calculated from
,

normal beam theory. Ilowever, stiffness matrices in the modele are modified

using the formula contained in Reference 4 for the bend flexibility factor.

I The validity of the next two assumptions should be checked after analytical results
have been obtained.

[ D. Main loop pipe break restraints are not included in the model, because gaps be-

| tween the restraints and the crossover leg shown in Exhibit 24 are assumed to be

larger than the movement under seismic excitation.

|
|

|
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E. Stress levels in all component supports are assumed to remain within the elastic
limits of the steel materials. This permits the stiffness properties of an entire

support system to be represented by a few SAPIV beam and truss elements with

equivalent stiffness properties.

The remaining five items are of least concern as they have minimal impact on the

cecuracy of analytical results.

F. The material properties specified in Table 4 for components and piping are

derived from Reference 7.

G. Properties of the motor-driven gate valves are derived from Reference 7.

3
II. Since the pressurizer has the same volume as the Westinghouse 1800 ft pres-

surizer at the Byron Station, the pressurizer model is taken from informat'on
contained in the Westinghouse Electric Corporation letter (Reference 3) dated

November 18, 1976, for the Byron Station.

I. Coolant in the reactor coolant system is assumed to be at an average tempera-

ture of 585'F and pressure of 2235 psi, Therefore, a coolant density of 45 pounds

per cubic foot is used.

r

J. It is assumed that the model will be input to a version of the SAPlV computer

program (Reference 4) containing an internal band-width minimizer. Therefore,

for the user's convenience, nodes in the model have been numbered consecutively

around each piping loop.

V COMPONENT SUPPORT DESCRIPTION

A. Reactor Pressure Vessel Supports

Four alternate reactor pressure vessel nozzles shown in Exhibit 25 act as the

reactor support points. Es.ch support nozzle has a seat which bears on a shoe. A

structural steel frame shown in Exhibit 26 transfers loads from tN shoe to N
primary shield wall.

6
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;

;

Vertwa 'c 4 transfer is accomplished through bearing of the Ae on the reactor

pressure vessel support. Lateral loads are transferred in p;rt through bearing on

the sides of the shces and in part through shear in the bolts between the shoe and

the steel frame. Water flowing through two continuous steel angles on either

side of the reactor support steel frame reduces the high temperature produced 5

the RPV nozzles in the lower part of the concrete-embedded frame. The ste J

frame L; bolted to the primary shield wall at its base.j

The reactor support system permits the re6ctor to expand radially but resists
translational and torsional movement by the combined restraining action of all

four supports.

B. Steam Gent 2 tor Supports

1

Each steam generatre is restrained laterally by an upper support at Elevation
615 ft-3 in. and a lower support at Elevation 588 ft-1-3/32 in. The upper lateral

,

| support includes a steel inner frame encircling the steam generator shell,
hydraulic snubbers, and a structural steel outer frame, as shown in Exhibit 27.

The steam generator and the steel inner frame interact through 12 bearing pads

; spaced around the steam generator. The outer frame is almost completely

embedded in the operating level floor slab. The hydraulic snubbers permit radial

thermal movement of the steam generators.

The lower lateral support for the steam generator, shown schematically in Ex-
,

4

| hibit 28, includes i.a inner frame and an outer frame. The four support feet of

the steam generator are keyed and shimmed into the inner frame, which is a
stiffened plate. The outer frame, which provides horizontal restraint and
vertical support to the inner frame, is embedded in the secondary shield wall.

|
The inner and outer frames interact through six bearing pads (12 in. x 12 in.)

which act as guides and limit-stops to permit radial thermal movement of the

.

steam generator. The lower lateral support is designed to restrain both torsional

and translational displacements, while allowing guided radial ti.ermal movement.

!

.
.

t

i
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The steam generator is supported vertically at its lower support feet by four
columns as shown in Dhibit 29. The universal pinned connections at both ends of

the colunms permit radial thermal movement of the steam generator.
i

C. Reactor Coolant Pump Supports

Two structural steel struts and one tension tie rod provide the lateral restraint,

for the reactor coolant pump as shown in Exhibit 30. The rod and struts are
pinned to the pump lugs at one end and a steel embedment at the other end. The

steel embedment connection is slotted to permit thermal movement of the
,

1 pump. The pump is supported vertically by three universal pin-ended columns

(Exhibit 31) which are bolted to a heavy triangular steel platform at Elevation
578 ft-3 in. The columns resist overturning and vertical movement while allow-
ing free horizontal thermal movement.

D. Pressurizer Supports

The pressurizer is restrained laterally by an upper lateral support at Elevation
620 ft-6 in. and a lower lateral support at Elevation 594 ft-8 in.

The upper lateral support consists of four brackets which are embedded in the
neighboring concrete walls and slab as shown in Exhibit 32. Each bracket has a

five inch wide keyway which is shimmed to restrain translational and torsional

movements, while allowing free radial and vertical thermal growth of the
pressurizer.

The lower lateral support for the pressurizer is a ring beam which is attached to

the secondary shield wall by a shear , ite bordered by two I-shaped steel
members; these steel members transmit axial load to the secondary shic!d wall as
shown in Exhibit 33. Twenty-four 1-1/2 inch diameter bolts are used to connect

the lower lateral support to the pressurizer skirt.

Vertical loads are carried by four steel wide-flange columns attached to the
lower flange of the ring beam in the lower lateral support system (Exhibit 34).

8
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VI NONLINEAR SUPPORT CHARACTERISTICS

A. RPV Support

The vertical RPV support members (truss members 15, 17, 19, 21) are to be
modeled with an upward capacity equal to the operating weight of the RPV

supported at that point. Once that weight is exceeded, the RPV nozzle will lift
off the support and the support will become inactive until the RPV nozzle moves

downward again, closing the gap. The horizontal supports are modeled as linear-

elastic supports.

B. Steam Generator Supports

The horizontal members that act in a radial direction along the hot leg at the

lower lateral support at Elevation 588 ft-1-3/32 in. (beam elements 9,10,11, and

12) are to be modeled as compression bumpers, i.e., these members will not carry

tension loads. However, the beams exhibit linear-elastic behavior when
subjected to torsional deformations. All other steam generator support members

are modeled as linear-elastic supports.

C. R.C. Pump Supports ,

The horizontal members that act in the direction along the cold leg (beam ele-

ments 21, 22, 23, and 24) are to be modeled with a zero gap in compression and a

two inch gap in tension. This gap occurs in slotted-hole, pinned connections that

allow the cold leg to expand and move the pump two inches outward, away from

| the RPV. Therefore, in the operating condition, the radial support member is not

effective in tension until the pump moves two inches inward.*

D. Pressurizer Supports

All members representing the pressurizer supports are modeled as linear-elastic

supports.;

!

,
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Surge Line Supports.

,

There are a total of nine surge line supports: three flailing restraints, one vari-

able support spring hanger, one threaded - rod support, one constant support :

nanger, one sway strut assembly, and two hydraulic snubber restraints.

The three flailing restraints are represented by bearr element numbers 29, 30,

and 31, which connect tc the surge line 'at node numbers ?S6, 369, and 372,
respectively. These restraints provide vertical and horizontal restraint, but a
gap allows for thermal movement. The restraints have a vertical stiff'ess of

9.475 x 10 lbs/ft. In the horizontal direction, the restraints have two dinferent
8axial stiffnesses. The rest'aints have a stiffness o' 2.47 x 10 lbs/ft when acting

8in compression and 2.83 x 10 lbs/ft when subjected to tension. As shown in
Exhibit 35, the gaps are so large that the restraint is probably ineffective unless

there is a pipe break in the surge line. Therefore, a zero stiffness member would

be more appropriate for elastic analysis, in the input data listings given in
Appendices A and B, member releases have been used to make beam elements 29,

30, and 31 inactive for static and seismic analysis.

A variable support spring hanger (Exhibit 36) is located at node 364. Since this

spring hanger has a stiffness of 12,960 lbs/ft, which is very small compared to
the stiffness of o'her restraints, it is not included in the model for scismic
analysis. Under normal operating conditions this hanger carrles a load of
5650 lbs.

The threaded rod support has a diameter of 1-1/2 inche.: and a length of 4 ft-1 in.

as shown in Exhibit 37. Including the auxiliary support steel the support has a
6

stiffness of 2.45 x 10 lbs/ft. Under normal operating conditions, the support
carries a vertical dead load of 8373 lbs. The buckling load for the rod is high
enough that the rod probably will not buckle under the maximum seismic uplift
load. Therefore, the support is treated as a linear-elastic element and is
modeled as truss element 11, which connects to the surge line at node 381.

The coastant support hanger, shown in Exhibit 38, has a constant tensile load of
6800 lbs acting at pipe node 389. Since .the constant support hanger has
negligible stiffna.ss, it is not included in the seismic model.

10
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!

i ,

The sway mut assembly is represented by truss element 13 and is connected to
6

the surge line at node 374. This support has a stiffness of 9.3 x 10 I s/ft. As
shown in Exhibit 39, the support has a slotted hole connection at one end, and

therefore should not carry loads unless pipe movement is sufficient to close the
2

gap in either direction.

Configurations of the two hydraulic snubber supports are shown in Exhibits 40
and 41. They are modeled as truss members 12 and 14 and are attached to the

surge line at nodes 392 and 376. These supports are modeled as linear-elastic;
6 6

members having stiffnesses of 2.55 x 10 lbs/ft and 2.53 x 10 lbs/ft, respec-

tively.

These stiffnesses are average values; when the piston is at the center of its

stroke, the snubbers in compression are approximately 30% stiffer than the
average value and in tension about 30% less stiff than the average value.

Vil MAIN STEAM AND FEEDWATER LINES
|

A. Stiffness Matrices

To keep the size of the R.C. loop model within mariageable limits, only the
dynamic stiffness effects of the main steam lines and feedwater lines are repre-

|
sented. To accomplish this, each line was modeled from the nozzle on the steam

generator to the first anchor point. Analyses were then performed to establish
12 x 12 stiffness matrices for each of the two lines. The data was then prepared

in a format compatible with the Lawrence Livermore in-house version of the
SAPIV computer program, which has an Element Type 10 for input of member

stiffness matrices.

|

The local coordinate system for the member stiffness matrix i . established in the

same way as for the three-dimensional beam element. The user defines three
nodes: I, J, and K. The local X-axis is defined by a line passing through I and J.

The local Y-axis is defined by a line in the plane defined by I, J, and K and

perpendicular to the X-axis. The Z-axis is placed perpendicular to the plane

l formed by the X and Y axes so as to form a right-handed coordinate syste! .
|

i

|

[ 11

.
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The relationship existing between the local and global coordinate systems is
described in the following sentences. The local X-axis is parallel to the global X

and has a positive projection i the same direction. The local Y-axis is parallel
to the global Z-axis and has a positive projection in the same direction, i.e., both

are vertical axes with positive projections in the upward direction. The local
Z-axis is parallel to the global Y-axis and has 6 positive projection in the
negative Y-direction. The global coordinate system 13 shown in Exhibit 42.

The 1, J, and K nodes ice the feedwater line in Loop 1 are 22, 65, and 66.
Node 22 has the coordinates of the feedwater nozzle. To define the positive
X-axis for the member, node 65 has the same coordinates as 22 except the
X-coordinate is increased by 1 foot. To define the positive Y-direction, node 66

is given the coordinates of a point that is one foot directly above the feedwater

nozzle. The direction of the Z-axis then follows by the right-hand rule. A
similar procedure is used to define the direction cosines for the other three
feedwater lines e.ad the four main steam lines.

The eight stiffness matrices and a listing of the input computer data cards for
the seismic model are given in Appendix E. As shown in the appendix, only the

upper left quadrant of the 12 x 12 member stiffness matrix is input to the SAPlV

computer program, implying that the program assumes the input stiffness matrix

is for a member with no support points between the two ends of the member.

This, of course, is not true for the main steam and feedwater lines. However,
this program limitation is insignificant as long as the B node (far end) of the

member is treated as a stationary point in the system and not as an input point
for the seismic time histories that are to be used in the analysis.

.

B. Mass Matrices

Currently, no mass has been assigned to the feedwater and main steam nozzle

nodes. This refinement has not been pursued at this time because of the several

ways to approximate the effective mass. Some of the more precise methods are

quite complex and time-consuming, and the overall effect of this refinement may
be negligible. Therefore, it may be best to first try .several arbitrary

12

.
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I

assignments of mass to establish the relative importatee of this refinement.
This choice is currently lef t to the user. In any event, SAPIV is limited to input

of Jiagonal mass terms only, so methods that would produce off-diagonal terms

may be inappropriate.

,,

13
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TABLE 1
i TOTAL NODAL POINTS AND DEGREES OF FREEDOM (DOF)
>

Total DOF/ Total
Nodes No. Nodes Node DOF

Hot Leg 10 x 4 40 x 6 240= =

Stemn Generator 11 x 4 26444 x 6 ==<

Steam Generator Lower Support 3 x 4 = 12 x 0 0=

8 x. 0 0Steam Generator Upper Support 2 x 4 ==

28848 x 6Crossover Leg 12 x 4 ==

168Reactor Coolant Pump -7 x 4 28- x 6 ==

12 x 0 0Reactor Coolant Pump Support 3 x. 4 ==

5 288g Cold Leg 12 x. 4 48 x 6 ==

Reactor Pressure Vessel Shell 21 x 1 12621 x 6 ==

1Reactor Pressure Vessel Internals 1 x 1 =. 1 x 1 =

0Reactor Pressure Vessel Supports 8 x 1 8 x 0 ==

124 x 3Supplementary RPV Support Nodes 4 x 1 ==

17429 x 6
; Pressurizer Surge Line 29 x 1 ==

-09- x 0Surge Line Supports 9 x 1 ==

i Supplementary Surge Line Support >

Nodes 2 x 1 .2 x 3 .= 6=

11 x 6 =. 66] Pressurizer. 11 x 1 =

0Pressurizer Lower Support 3 x 1 =. 3 x 0 =

3 x 0
'

OPressurizer Upper' Support 3 x 1 ==

1,633TOTAL ACTIVE NODES AND DOF 331
85

[ SPARE NODES ,

"

i - TOTAL NODES 416

! i

,

!+

. .. . - _ . - --



.. . -

k

TABLE 2
NODAL POINT DISPOSITION

COMPONENT NODE NUMBERS
*

t

.

Loop 1 Loop 2 Loop 3 Loop 4

Hot Leg 1-9, 101-109, 201-209, 301-309,
64 170 264 292

Steam Generator 13-17, 113-117 213-217, 313-317,.

20-25 120-125 220-225, 320-325,

Steam Generator Lower Support 10-12 110-112 210-212 310-312
Steam Generator Upper Support 18-19 118,119 218,219 318,319

. Main Steam and Feedwater Lines 65-68 171-174 265-268 293-296
! (artificial nodes)

Crossover Leg 26-37 126-137 226-237 326-337
1

Reactor Coolant Pump 39,40 139,140 239,240 339,340 j
43-47 143-147 243-247 343-347

Reactor Coolant Pump Support 38,41,42 138,141,142 238,241,242 338,341,342
5 Cold Leg 48-59 148-159 248-259 348-359

Reactor Pressure Vessel 60,189 160,164-169 191,197 192,199,
193,194 190,195,196 198,260 200,297

'

Reactor Pressure Vessel Supports 62,63 162-163 262-263 299-300

Supplementary RPV Support Nodes 61 161 261 298
Pressurizer Surge Line 360-364

366,368,369,371
'

372,374,376,379
381-389,391,392
395-399

Surge Line Supports 365,367,370,373,
375,378,380,390,
394

Supplementary Surge Line Supports 377,393

Pressurizer 400-402 406-409,
413-416

Pressurizer Lower Support 403-405
Pressurizer Upper Support 410-412
Spare Nodes (Dummy-fixed) 69-100 175-188 269-291
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TABLE 3

i PIPE SECTION PROPERTIES

Outside Wall
Diameter Thickness Weight / Unit Length *
Feet Feet lbs./ Foot

Hot Leg 2.833 0.2083 1091.0 ;

'
. Hot Leg Elbow 3.047 0.2734 1434.0

Cross-Over Leg 3.027 0.2217 1239.0

Cross-Over Leg Elbows 3.135 0.2760 1498.0 .

Cold Leg. 2.688 0.1983 986.5

y Cold Leg Elbows 2.796 0.2525 1216.6
t

.

Stop Valve Fitting 3.083 G.3333 1 63.6
;
'

Surge Line 1.167 0.1172 240.2

t

* Pipe Weight includes coolant and insulation.

1

4
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TABLE 4
MODULUS OF ELASTICITY

Modulus of Elasticity
Component (x109 PSF)

llot Leg 3.730

Hot Leg Stop Valve 3.860

S.G. Inlet Nozzle 3.790

Steam Generator 3.800

Cross-Over Leg 3.770

R.C. Pump Casing 3.770

R.C. Pump Motor 4.020

Cold Leg & Cold Leg Stop Valve 3.800
,

RPV 3.715

Pressurizer Surge Line 3.800

Pressurizer 3.800

Component Supports 4.000*

.

* Arbitrary value used to provide required support stiffnesses
as given in Appendix D.

.
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TABLE S

BRANCH LINE NOZZLE LOCATIONS

Loop No. 1 Loop No. 2

Line No. Node No. Line No. Node No.

IRC004-14" 4 1RC036-8" 104
1RC007- 8 " 4 1RC046-8" 106
1RCG08 8" 6 1RC058-2" 107
1RC015-2" 7 1RC048-1" 108
1RC012-1" 8 1RC049-1" 108
1RC014-1" 8 1RC050-1" 108
1RC016-1" 8 1RC037-3/4" 104

1RC045-3/4"1RC010-3/4" --

1RC017-3" 33 1RC051-3" 133
1RC022-2" 32 1RC057-2" 134
1RCO23-2" 34 1RC060-2" 132

1RC173-3/4" -1RC178-3/4" -

1RC179-3/4" - 1RC174-3/4" -

1RC180-3/4" - 1RC175-3/4" -

'

1RC006-10" 52 1RC040-10" 152
1RC008-8" 48 1RC046-8" 148
1RC065-3" 55 1RC039-3" 155
1RC005-1 " 55 1RC041-3" 152
1RC0ll-1 " 52 1RC038-lh" 155

1RC044-1 " 1521RC009-3/4" -

1RC04 2-3/4" -'

Loop No. 3 Loop No. 4

Line No. Node No. Line No. Node No.
i

| 1RC083-8" 204 1RC140-14" 360
| 1RC090-8" 206 1RC111-8" 304
! 1RC139-2" 207 1RCll3-8" 306

1RC091-1" 208 1RC125-2" 307
; 1RC092-1" 208 1RC117-1" 308
! 1RC093-1" 208 lhC118-1" 308
| 1RC084-3/4" 204 1RC119-1" 308
( 1RC087-3/4" - 1RC112-3/4" -

| 1RC094-3" 233 1RC120-3" 333
1RC100-2" 232 1RCl26-2" 334

| 1RC101-2" 234 1RCl38-2" 332
1RC193-3/4" - 1RC196-3/4" -

1RC194-3/4" - 1RC197-3/4" -

| 1RC195-3/4" - 1RC198-3/4" -

! 1RC072-10" 252 1RC080-10" 352 .

1RC090-3" 248 1RC113-8" 348 -

1RC142-4" 253 1RC141-4" 353
1RC071-1 " 255 1RC079-1 " 355j

| 1RC088-1 " 252 1RC116-1 " 352
| 1RC096-3/4" - 1RC114-3/4" -

| 19
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TABLE 6
BRANCH LINES OF REACTOR COOLANT LOOP 1

LINE NO. - SIZE LEG FUNCTION

1RC004-14" Hot Leg To Res. Ht. Rem. (RHR)

1RC007-8" Hot Leg Fr. Safety Inj. (SI) Res. Ht. Ex.

IRC008-8" Hot Leg Bypass

1RC015-2" Hot Leg To Loop Drain Hdr. (LDH)

1RC013-1" Hot Leg To Resistance Temperature Detector
(RTD)

1RC014-1" Hot Leg To RTD

1RC016-1" Hot Leg To RTD

G1RC010-3/4" Hot Leg Bypass

1RC017-3" Cross Over Leg Fr. RTD

1RC022-2" Cross Over Leg Fr. Loop Fill Hdr. (LFH)

1RCO23-2" Cross Over Leg To LDH

01RC178-3/4" (2 lines) Cross over Leg To Waste Drain

01RC179-3/4" Cross Over Leg To Waste Drain

01RC180-3/4" Cross Over Leg To Waste Drain

IRC006-10" Cold Leg Fr. Acc. Tk-SI

1RC008-8" Cold Leg Bypass

1RC065-3" Cold Leg Fr. Reg. Ht. Ex. - Vol. Ctl. (VC)

1RC005-1-1/2" Cold Leg Fr. Boron Inj. Tk-SI

1RC011-1-1/2" Cold Leg Bypass

01RC009-3/4" Cold Leg Bypass

CBranch connection is not shown on M-112.

.
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TABLE 7
BRANCH LINES OF REACTOR COOLANT LOOP 2

LIllE ? 0. - SIZE LEG FUf1CTIO!!

1RC036-8" llot Leg Fr. SI Pump

1RC046-8" liot Leg Bypase

1RC058-2" Hot Leg To LDil

IRC048-1" liot Leg Te RTD

1RC049-1" Hot Leg To RTD
t

1RC050-1" Hot Leg To RTD

1RC037-3/4" Hot Leg To Sample System

81RC045-3/4" llot Leg Bypass

IRC051-3" Cross Over f.eg Fr. RTD

1RC057-2" Cross Over Leg To LDH

1RC060-2" Cross Over Leg Fr. LFil
,

i

*1RC173-3/4" (2 Lines) Cross Over Leg To Maste Drain

81RC174-3/4" Cross Over Leg To Waste Drain

*1RC175-3/4" Cross over Leg To Waste Drain

IRC0! 0- 10" Cold Leg Fr. Acc. Tk-SIi

1RC046-8" Cold Leg Bypass

|
1RC039-3" Cold Leg Fr. Reg. lit. Ex. - VC

( 1RC0!I1-3" Cold Leg To Let Down Ht. Ex.
|

| 1RC038-1-1/2" Cold Leg Fr. Boron Inj. Tk-SI

1RC044-1-1/2" cold Leg Bypass
,

|

| *1RC042-3/4" Cold Leg Bypass

* Branch connection is not shown on M-112.

21
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TABLE 8
BRANCH LINES OF REACTOR COOLANT LOOP 3

LINE NO. - SIZE LEG FUNCTION |

1RC083-8"- Hot Leg Fr. SI Res. Ht. Ex.

IRC090~8" Hot Leg Bypass

1RC 139-2" Hot Leg To Loop Tk Drain Hdr.

IRC091-1" Hot Leg To RTD

1RC092-1" Hot Leg To RTD

1RC093-1" Hot Leg To RTD

1RC084-3/4" Hot Leg To Sample System

#1RC087-3/4" Hot Leg Bypass

1RC094-3" Cross Over Leg Fr. RTD

1RC101-2" Cross Over Leg To LDH
|

1RC200-2" Cross Over Leg Fr. LFH !

*1RC193-3/4" Cross over. Leg To waste Drain

'1RC194-3/4" Cross Over Leg To Waste Drain

#1RC195-3/4" (2 Lines) Cross Over Leg To Waste Drain

1RC072-10" Cold Leg Fr. Acc. Tk-SI

1RC090-8" Cold Leg Bypass

1RC142-4" Cold Leg To Pressurizer

1RC071-1-1/2" Cold Leg Fr.. Boron Inj. Tk-SI

: 1RC088-1-1/2" Cold Leg Bypass

'IRC096-3/4" Cold Leg Bypass

" Branch connection is not shown on M-111.

22
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TABLE 9
BRANCH LINES OF REACTOR COOLANT LOOP 4

LINE NO. - SIZE LEG FUNCTION

1RC140-14" Hot Leg Pressurizer Surge Line
1

1RC111-8" Hot Leg Fr. Slesijs. Ht. Ex.

] 1RC113-8" Hot Leg Bypass
i

1RC125-2" Hot Leg To LDH
4

I 1RC117-1" Hot Leg To RTD

1RC 118-1" Het Leg To RTD
,

1RC119-1" Hot Leg To RTD;

#1hC112-3/4" Hot Leg Bypass

1RC120-3" Cross Over Leg Fr. RTD

1RC126-2" Cross Over Leg To LDH
1

1RC138-2" Cross Over Leg Fr. LFH

*1RC196-3/4" (2 Lines) Cross Over Leg To Waste Drain

#1RC197-3/4" Cross over Leg To Waste Drain

#1RC198-3/4" Cross Over Leg To Waste Drain

IRC080-10" Cold Leg Fr. Acc. TK.-SI

1RC113-8" Cold Leg Bypass

IRC141-4" Cold Leg To Pressurizer
,
,

1RC079-1-1/2" Cold Leg Fr. Boron Inj. Tk.-SI

1RC116-1-1/2" Cold Leg Bypass

#1RC114-3/4" Cold Leg Bypass
<

|
| * Branch connection is not shown on M-111.
I
!
,

23

L



- _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _

.4 -

'%f243| bi2)
-

/s}*.; 126]
#69 3

._R E AC10 R 9
Y o '

,W5 El
i g

.

% $O T 9
'

-424ij ]
b\

\ , [2] #J

&

YW B -

+m s
'

$ ] 42 40 sm
'G |,

17

u,
., ,

?@
1 e

Os%
%

s3,x/ 50
e /, PUMPg

'..
\, y Q l'

'

\ /< f/5 ma +
(d STEAM\ ' /26

-@e
C3

l(, g* BsBEAM ELEMENTGENERATOR
\( #-

y \*
-

'/,

REACTOR COOLANT LOOP MODEL - LOOP 1

EXHIBIT 1

24

i



.. - . _ . - . - . _ _ - . .- - _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ .

,

I

j(STEAM GENERATOR

4 4

1

?

REACTOR -+-
g

l -

| h
i o 14

I
1

||| 1a

o64
N 13o

124|| |
*

/ 9) s

'%/ ]-

p M y R 2R8 7 5 s EL.584.OO' l60 '
> 6 5

7
4 \ 194 1242] 167i

-

{,

%)E *
61

10 nEL.568.OO' M' 8

##/U// h ?

4
63< ,

HOT LEG MODEL - LOOP 1,

EXHIBIT 1.

|

,_



i

- MAIN STEAM NOZZLE
EL. 652 854' 5

[EL. 649 521 24 45,774( -

3

| 18
_ QD 175 75"
_

EL. 640 713' 0 23 107,785

' 3 63"~
FEEDWATER NOZZLE

EL. 631.344'
EL. 628.671' 28 21"~ 179,690

- 3688"
EL 622 271' 20

h 19(RADIAL)
"

| 14

EL 615 25' - ( UPPER SUPPORT (HOT)eq
OD..= f35 OO"

EL 630.775' M"16 \ |Tl|/ 360,144

18 ( TANGENTI AL)
| 12 2.813

EL. 598.468' 15

0.0. = 135. 94"_ f
|B9| 12 (RA DI AL )

|,g
EL. 591. 817' 14

"" - 68,929

EL.58 a 09 l' ( 13 j
g ''

EL 585.609' _
9,26 |B5| B - stAtt Ettrit T

T - Tress ottttt:;T

| 81 | | | ( TANGENTI AL )

EL. 568.00' 10
riz;77

STEAM GENERATOR MODEL - LOOP 1

EXHIBfT 3

26

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.



.

jI STEAM GENERATOR

77,000 LBS. eo 47

7
j [ R.C. PUMP

1

b
, 14,

46

x !( EL.585.609'
7 #/as's -

- _. ML43 _.

b l6
fN--.- 4 95,700 LBS. - { 39-o

40

EL.584.OO'27
,7"

b '

E \ /

\ /

)BI

28'ji31
-

29 ~'

3,

EL.573.687'24 30 f 36

31 32 33/34 35 h
225 3

k10
EL.668.0O'm / 38,,,,y ,,,,

/////////

CROSSOVER LEG MODEL - LOOP 1

EXHIBIT 4

27

i
__ . _ . _ _ __



,

,, 3|

P 2;
M

. i@ l
U
P /

f_ B
8 /C /3 /R 65 0

44,4 y,Q M
/7

4 /4 /( "
: > /0 j

l 3 /
/g \ /

1\
J 4,

8

'o

[
O.
8
6
50

5, L
E<

E ,
,

i
1

s P
Os_g O

2

L
-

8 L 5
E T3 DIs_~ OBI

g MHX
4 GE
5_ E

~ L
x Dg Ls
s O

C_~

g-o
o. e
4 s_
8
s. g7t
e s_

ges
.g *

s
s
i js

i
fis_ e~
2

1

/ i 8Ns
e

l
R
O
T 9

A SC
A
E
R

!_
, .

y~
j

.

g



- .-4

-
/

* 19 6

\f' RE ACTOR

& \t00]

# B Er 4
19 0

6 [262f-'

,5

$ b SI /to,

p - /9
! E

95
e/03

/ 53 f

/0p @ ,44$
92 h I

k 3
14l p /

>| 56 /06

b( I

'
5 I

S/4 78 'oe
(pump \ /, 7^

Isee
,

'

'!os
'h ' #@i ,'' 79

n42

STEAM/g l{6T RATORsg)8 = BEAM ELEMENT //g

| BIO]

ni

A\\
11 2

|

|

\ REACTOR COOLANT LOOP MODEL - Loop 2

EXHIBIT 6
:

29



-

-

_
-

_
_

# p
-'

+
1

| 1 I I ,i

'OR
O O.
T 4C 8A
E 5 l

4
L 4I

4 E 2

s
1 $

i

5 M
9$|

'1

[

0
1

2

/_ 9 |

1 b
2

1

0
1

1
1 5

2 1 2
0 _' P
1 1 O2

5 O
3

| L
-

_~0 L 7
1 | E T3 DI5 B
4 1 OI

1 MH0 _ ~

4 X
1 5

1 %11
GE5 E

0 L
5

T50 O7 1

l 6 H
o 0

- 1

6 1

5 6
2 5 'O

1 / I

O.'

R 87 6
I

O
T 08 7 5
A 1 0 5

LR 1
|

E 1 E
N 8 rE 5

[ ll

f},
l

G
o

W i
|A

E 2T B O
| 0S 4

\ ($ 0
|

j i o 1

0_

Ni I

\e

i i| ||||| |



MAIN STEAM NOZZLE

EL 652.854 g g. WElGHT~LB

EL_649.521' Q l2 45,774
3

LS8
0.D. l75.75"

EL64Q713' .J 2_3

- 3.63"-

FEEDWATER NOZZLE

EL. 631.344'
EL 628.671' 122T ,,121 179,690t

|65

EL 622.271' l20 f
g

d
(RADIAL)Il9

*
EL.615 25' 117 --( UPPER SUPPORT (HOT)gs

OD. 13600_"
_

\ |T3 |EL.610.775: 63| 11 6

118 (TANGENTIAL)

|62
- 2.815" /

EL. 598.468' f15
o

''
"

| BIO | |12 (RADIAL)
|61(

|
EL. 591. 817' llyg / 68,929

'

EL.58 & O91' ( 113

EL 585.609'
109,126 (B6 | s - szAM sLgngnT

T - TRUSS ELEMENT

|82 | 111 (TANGENTIAL)

EL. 568.OOO' y0
|

STEAM GENFetATOR MODEL - LOOP 1

EXHIBIT 8

l 31
|

. - .



.

j[ STEAM GDERATOR

' 77,000 LBS.- sol 47

i
j I R.C. PUMP

,

I

b
|I4o

/ 14 6

/ k 145 {85]L -- -,113<

! EL.586.609'7 -

' l39
fMIN .- -4 I' 95,700 LBS. - I so

V 71 g g49

EL.684.OO' I
>l27<

b '

E \ /

\ /

b dB2 128

LE
129 81

74 13 0 ELS73.687'
13 6

BI4!

' rdh is/134135
131 132133

*
7

Ito
EL.568.OO', 138ggggg

H/H//H

CROSSOVER LEG MODEL 8.OOP 2

EXHIBIT 9

32

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ - _



_

_

_

_
_

_
.

_
_
.

_
_
.

_

.

2 6
4 s

P
M
U
P

1 /2
2

C 8
] 8
41
l

3
7 R 65 3 9 0 B

1

4 44 4
1

[
1 1, 3

3 4
'

k )
1, 1

0
,

bkh ( y
bj

y 'O
O.

p 8
6
50

5
1 L

< E,

2
9

E 2
P

h2 O5
1

O
L

h 0
L 13

5 E T
DI1

BOIh M H
4 X
5_ Gl

E

E
\ L

h D5
L5

1_ O
C

@6
.

5
1

_

h-
'

_ 7
_ 5

J

@8 |

5 7
l_

|

lT9
|

_
15

_ 1
|

.

\ 4
_
- 5 F '- 3. 4 0_ 5 1 6_

2 6 61 13| 1

B

. h_
_
_
.

_

. .f_

_
.

.

R 6.

_ O 9
.

.

. T_

%
1

s_ C
_ A
_

E
-
.

R 7
6

- 1

[
i

j

.

-
-

_
_

.

_
_
_
_

_



,

7212

2 11

FR LB3
'

bEB = BEAM ELEMENT M GENER
\126} @ >'

242 [2V} '

\g@,

[823] 4 127](PUMPj S

j@ 1281
,g7}

sim
1i 0 61 #

241
P

[10 5[ go

64 |143) [lOj go

*8 |144| |104p

d |145|E
d

NP
|lO2

e ll46l t

|i47 j jiOil Npg

Nfe II 1247Fg g
#8A {l501 6*

s
e,N ASj

E'8 EACTOR

1263 |249 N

s

REACTOR COOLANT LOOP MODEL - LOOP 3

EXHIBIT 11

34

--
1



____ - _____ _ _ _ - _ ________-_____ _________-___-____ _ _ _ _ - _

jI STEAM GENERATOR
_

i i

|
?

,-

IEACTOR +

l '

| /

y |
' '214

J

o264
*

213 I"

[2_53}- 204 203 202 |247| I5a

y/20 j#)8207) 20 5)
g- E <308 -

2 01 ,_ y s EL.544.0O' I,

10 8
12481 1671p

\B3 | |107] QQ6] P/IlO5|lIOlllO3l ILO21 hQlj /26206
210 v EL.568.OO' !| TisMw"

r ,

263

HOT LEG MODEL - LOOP 3
EXHIBIT 12

.



MAIN STEAM NOZZLE225 [EL 652.854 C 163' WEIGHT ~LB
EL. 649.52)' k224 43,774_f 1

b
O D. 17 5.7 " "

EL,640.713' ,223 107,785f ,

3.63"~
FEEDWATER NOZZLE

EL. 634.344'
EL. 628.671' 222T ,221 179,690

5
E'L. 622.271' ,220_ _ _ ,

219 (R ADIAL)

,g- w
EL.61525' 217 , = { UPPER suPPcRT dot)

,%
00. = l3500_"

EL. 610.775' ''3 | 216
o

218 (TANGENTIAL)
|||2 - 2.815"

EL. 598.468' ,215,

| Bil | f 212(RADIAL)
''

"

|Ill f
EL. 5 Cl.817' ,214, 68,929-

11 0

EL.58 & O91' L 213 , j

EL 585.609'
209,226 |B7 | B - BEAM ELEP1ENT

T - TRUSS ELEtiENT

|B3| 211 (TANGENTIAL)

EL. 568.O OO' 210
72 777

STEAM GENERATOR MODEL - LOOP 3
EXHIBIT 13

36

__



_ - _ _________________ _____ __ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

jI STEAM GENERATOR

77.000 LBS. o247 I

i
j [ R.C. PUMP

1

h
2I4o

j 246

h]245

\ '213<

244
EL.586.609' _k 243

/226
[,N--d 95,700 LBS. - {

- 239-o
g

240
EL.584.OO'

227 gg

'

s \ /

\ / |

83 228 13-

3
229( 131

[l24 230 EL.573.687' 236
235

231 232 234 234/ B15 |
12 5 : 13 0

210 |

7y7yy,7 EL.668.00'm /2se |
/////////

'

,

CROSSOVER LEG MODEL - LOOP 3

EXHIBIT 14

37

o



&

"247

h
( REACTOR j ( RCs PLMP

0250 ,24e'

S -- w"::,4,

b 243 24
EL.584.OO'

) 113 4 l -239
!,ez i >>>i t

quiesp s w & & a w w ,,, (,,, ,,;e
37 . e,2sease -2sz 2se 2ss s_2s4 -2ss 2s2. 2s,

, g-

>2 ei - -

,

y,. >
'

\2u _/,

as
/

EL.568.OO'1 238
///////'///

COLD LEG MODEL - LOOP 3
EXHIBIT 15

. _ _ _ _



|

f

3'UN y

3||

& |B12|

h
32 '

g \ ' 8 = BEAM ELEMENT
GEkR OR Il7ej- ag 342 'I

179| p, 84.gjog g
@Q'

|177 x dqapa#e li781 a;N
I 15 71g

18201

be/fl56l
il55l lis2| 8 - |i90)s

3154| |193| +p
309

I'53I fi94 8-

30 p3
*>

bp/ 1152|
|!96| g*

/
D/ j151| |197|/co

J641 |198| co
~

Il99|
, /g g

|2%
/ 250| 4

[
f IM81297

REACTOR 00
|

252| [231| |

: |
i

REACTOR COOLANT LOOP MODEL - LOOP 4
EXHIBIT 16

39



j,I STEAM GENERATOR

S i

1

+ .

IEACTOR -+-

| '
'

| 4
314'

|
\ (

l J

|
o292

J304 303 302
" 3 13 g

,
g

s [# gy73s\ #} b309% J
\ '993 01 19 2 " s EL.584.OO' I'

liss i ,/ Q4 12501 is7i
-- -

,

,

%) *

|156] |l55][5l4 (153 | | 152| | 15| | |
310 v EL.568.OO' 306 I

|
MM

r

HOT LEG MODEL - LOOP 4
'

EXHIBIT 17

- _ _ _ _ _ _ _



_-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ..

l

MAIN STEAM NOZZLE325 /EL 652.854, m' WEIGHT ~LB[jD69,324EL_649 52!. 43,774,

f 1

|168

O D. 175.75"

EL 640.713' 323o_ 107,785

3 03~
FEEDWATER NOZZLE

'

EL. 63L344'
EL. 628.671' EU

.__

,3 21,

|165
3.688"

EL 622.271' ,32 0,

319 (RADIAL)

|164

EL.61525' 317 - ( TAPER SUPPORT (HOT)
f<:.

OC. 13&Or
T7|EL.610.775' ,316 ;

318 (TANGENTIAL)

|162 2.8R'r'

EL. 598.468' ,31 5

.

'

,

O.D. =l35 % f 312 (RADIAL)
|161 3

EL. 591. 817' ,314, ~

68,929

EL.58& O91' L 313 J ii = 74,154 '

EL 585.609'
9,2 |B8| B - BEAM ELE?iENT

T - TRUSS ELEf1ENT

% 311 (TANGENTIAL)

EL. 568.000' g0

STEAM GENERATOR MODEL - LOOP 4
EXHIBIT 18

41

e



jI STEAM GDERATOR

(# I
77,000 L8S. " o 317

j [ R.C. PUMP

1

|188

o 314 ,

|187 45
3!3 ". H186|

! EL.586.609' , _b-b
_

N--4 2 95,700 LBS. - { u

EL.58 4.OO'
"327

182| i

t72j \ /

\ /
B4 h-!?7I

328' %
329 1 81

174 EL573.687' 33330
332 [ 334 Bl6|33 _ 33531

175 1802 - i 3-

d 177 |178|ld
310

gggfgf EL.668.OO'm 338
H/HHH

!

CROSSOVER LEG MODEL - LOOP 4

EXHIBIT 19
,

!

l
!

42

1



___ . _ _ _ _ _ . -__ _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . . . - _ _ _ _ _ _ _ _ .

o347

,

5
j[ REACTOR j (RC. PUMP

, ,,350 ,346

$ li86 y,345
g

W!N''

342

[ D847
~

EL.684.O O'
3391251 '

6

16 7 200 297 \,359 358 357 356 355 354 353 352 3 51 348 i
_ , n

[20dll991 [bl fbl [Ibl Eh!} l194I [I55l lB241|2521 ( [837 F3 192 19 0-

298

\3u _/*
,

T21|
E

300o
.

5 O

///////////

COLD LEG MODEL - LOOP 4
EyHIBIT 20

|
_____ _ _ _ _ __ _ _ _ _ _ _ _ _ _ .



[

i '

'69
g, , 2.09 ra itan t.- -

I'f9 6h
EL. 590.46' 16 8 g H

27833r LD.-FT R

OD = 16.03'
-t = O896'

_

G SUPPORT SilOE
-

|24l( IGO,157,196, 326"

247|d 2OO l
EL 584'-O" .I I m 19 4~ [242]

y '297 M
%48| |91 _ , , ,2 01, ,

' 60'{B37 '(,'>notuzmrAE suProirr Tg
76 62 161, 2984 $6d"299 M 261,262

163, 3Od{>
nrrnw,s ocr ~turricAI, SUPIWr ,-VERTICAI,S RT
sTimars TIS __ '

63 255| 263
'

GD 530/)OO LBS. H
'

_ 00 = l5 86'
_

[254 -t= 0.719-

EL. 570. 00'
o 16 5

(253
,

GD 462,600 LBS. H

1:.fiCFND

v - vertical weiynt
II - llorizontal Weight
R- Rotationil Inertia

Ueight About
Vertical Axis

T- Truss Element

REACTOR PRESSURE VESSEL

EXHIBIT 21

44



-_.

|

$

SPRAY NOZZLE SAFETY, RELIEF NOZZLES

EL.64 6.32' ,

23
EL.642.62' 415 , 44,131 lbs.

,
,

|239

EL.635.28' _ 414 PRESSURIZER SHELL

|238

EL.627.89' 413

412 $0 f 4ll(X-DIRECTION )
T237|

g
c4

(828| UPPER SUPPORT LUGS
EL.620 5' [< 4--1I8,295 lbs.-

409y

|236 (OPER %
i EL.613.57' 408 410( Y- DIRECTION )

235|

EL.606.63' 407

234l

EL.599.70' 4J6 71,613 lbs.m

EL.594.917, |233[01 EL. 598.17' ;;

2 31 /J405(RADIAL)EL.596.917,SKIRTO ' utr ,

EL. 594.67' 399-T B27|
'

,404 (TANGENTI AL)

SURGE NOZZLE ]! |B26|

|B25|
' wza

403

I

i
'

PRESSURIZER MODEL
EXHIBIT 22

|

45

|
!

.~. . ,.



EL.58 4.667'

A B32
F y j[ PRESSURIZER

95

*
g |-2 2 % 3 9;

[223' | |
*

Y r)400
v - EL.596.917 '

2 99"389, 390
$29h

[222 = 4-O 398o
;

k"388
2y i397

2E387 "
396

220| |226\ 395
225 393 &386 o

219 | 92 m

39] 223\385 o

218 } ')389- ,

384 " SECTION A-A

h g383o

216| [ EL. 58 4.OOO' *
_

382o %
- o,

215 |
-

m@ 4@z

|T11 k,381,380r 3
- -

g;Y a

o_- m ,

(214| h h h h hwI g
\ E 4L 4k A S "" ?

k|232| - @N37 r
|714} . 213 (f{ g y 8 204] -s

g

g (B33[ 889' 1210| 1209|g|208| '[207| 205|
'ka

.

S 4.860 Tl3| 211 |= .g
M R 375 -

' EL. 584.167'

PRESSURIZER SURGE LINE
EXHIBIT 23

46

.___ -.



.. . . _ _ _ _ _ _ _ . . . _ _ _ . _ ..=m . __,m._ .- _ . . __-

'

!

A

:
- -

k y

STEAM GENERATO'1

f
;

:.
RC PUI'P

CROSS-OVEN PIPC

3'1/2" GAP
.,

! 1/2" GAP 1 1/2" GAP
1

! ! 3 1/4" 100S
i 2 IA. VElff. HUN

EL. Ti8'-10"
EL. 5 7 8 ' - 2 "

-

- t
-

~

2

' 11 ' '

1/2" CAP

x;

' Ctrx.TUREe

- PIIX! ITAL
.

1/2" GAP /
'

j - Kf1 - Il0,000,K/in.
1 EL. 568'-0"
i /

l
!

! COOLANT PIPE RESTRAINT LOCATIONS
: (NOT INCLUDED IN MODEL)

EXHlBlT 24 -
,

,

5

47

|

-- - ._. - . . . . _ _ _ _ _ . . _ . _ . - ,. . _ . . . . . .



f

I

i

i

I

|% ,

RPV.
SUPPORT

' REACTOR

PRIf1ARY SilIELDf4EUTRON DETECTOR g

NAbbCAVITY (TYP.)

. . ' . , ..

.
.

*F '

g .

" . . ./ /
'

' '

',,

5' \ ypi$.)
'

-- - p REACTOR
- ..,-

,

| \ : e',

Ci . /b
_- sG'O - * ' .

*

3p -
,

,
.

. . ,
*- .* .. .

..
,

SUPPORT PRAf1E (TYP.)

\

| <

REACTOR PRESSURE VESSEL SUPPORTS PLAN
ELEVATION S81 FT. -10 IN.

EXHIBIT 25

48



l
!

~

z
~

~

g~

-

-

-
"

0
1

-
" '

'

N
0

71

' w
5-

w
1

I8
E5

.

L
-

E

E
Ol
i

- S /
-

! E
/E M- S AU

O R
E Gi

Fl

TL N RZ I

Z T OO S I PN E PW
V U
P S
R L 6

E 2
SH S T_- ' ' ' b' H E I

BH V I

E H
R X

\ U E
S
S

I
E
R
P
R"
O1

. - T- '

C1

8 A
5 \ Ei

\ R
.

L
E

/ :

t

T
E

- R
C
N- O
C-

_

_.

\
_.
.

_.

_

f_

g

.

_

!| il :! !



_

\ .

\ 1
-

_

1
'

..
'

.

<*STEAM ir, j ').
s Q,, , ,:GEN.

.

P %.. . .

u * * ?- sa .

.p; , e, -

'

A
__ %

.

\ ,j*

\-_ {} * *

\=

. i

\
(STEAM CENERATORf~--

-

/ '
,

- -p__
2 ,.

-
.

*
e

-
,

/

**Q b, _ ;;?:: *

., :y . .:s

f',' ;..

,~
5N-

k(L neAcToR

e
..:...

* ? :, -
.

~

__ / N
e

.. E. "-,_

STEAM GENERATOR UPPER LATERAL SUPPORT STEEL
ELEVATION 615 FT. -3 IN.

EXHIBIT 27

50

- - . - - - . - - _ _ - _ _ _ - _ -. -



-

SYttM.@(7

'
*? /

G&A f'

g | q'' s .

OUTER FRAME

. s-'

.

1' 41/ j ,

/
/' ', f s

/ /
1 , A+

7

S'NW1 - 's ,

t ,

/,'
/ \ -

s

/ .

/ INNERi
/ FRAME

N/

/\
'

,, - -
'

/ . . ::. ./
""T.% ,-

/
'

N pz
...

!

l ,

.. . : > ; .
.

':r_

CONCRETE WALL l
|

|
| i

3. CAM GENERATOR LOWER LATERAL SUPPORT STEEL
ELEVATION 588 FT. -1-3/32 IN.

EXHIBIT 28
,

51

i
. . - - _ - _ _ - - _ _ _ - _ _ _ - - _ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . . __ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ .



_.m.._ ._ . . , - . _ _ . . _ . .--..m . -- . . . . . < ._ __ m . .. .-.

t

i

|
2

1

i

j' ,

i
.

A

I -

4 1

;

|
a

i
j [ (, STEAM PENERATOR
1-

'

i - -
!

!

e

I

i
i

!
,

,. . . . ..- -.

( EL. 588'-l 3/32"[st :7
-,

i N 5 =p -

f ' HINGE Q M6- d
umin

=i
i i_sy ~ :

!
*

.

* COLUMN SUPPORTS

|
1

!
e

~+ +- -+-/-
-+- -+

>

> llINGE - EL. 568'-0"
'

- se _

i

!

!

STEAM GENERATOR VERTICAL SUPPORT
EXHlBIT 29

52
7



. - - - - . ~ . . _ _ . . - .. - -.. - - . ..- ,----_ - - . _ _ . -

,

I

l'
|

( PUf!P

| f
'9J1 EftBED!!ENT-

->

E!!BEDf!ENT I7 4
.,.

..A / s.
*

,s

4" 0 UPSET ROD
r

l 'S
PUt1P Ef!D FDf TENT -

s 47' 4
's- ' '

12" 9 PIPE
/

, ,

CONCRETE WALL -

* d'

V
,

REACTOR COOLANT PUMP LATERAL SUPPORT
ELEVATION 584 FT. -0 IN.

EXHIBIT 30



. - ~ . . . . . - , - - . . . . ~ . . _ - ~ . . = . - - . . = - - - - - . . .._ _ _ .. .__

l

( PUf1P

R.C. PUMP

j r EL. 584'-0"

} g __. _ _ . }/rr r .-

/
. ;-) 4_

| 1

IIINGE I I

I I SUPPORT COLUMNS ,e

| |i / \.
.

.

., ,

'n | |

>

;-p.-..,s.- ,p

~+- ~+-

6

t EL. 578'-3"

.

I

REACTOR COOLANT PUMP VERTICAL SUPPORT

(' EXHIBIT 31
i
!

|
1

4

! |
*

t

'

'
<

54

- . . - . - . - - . - - - - . . ~ . . . - - . . . - . . . - . _ - . - - _ - . - - - - -_



--

|
(PRESSURIZERx

N

N
N SECONDARY SilIELD WALL J's

\s

A k \/; y; .
~~-

7j' d 'se
s N

\s

\ N
45'm

I (PRESSURIZER% i y, y

6
45*

,

.

%..,

W
. PRESSURIZER UPPER LATERAL SUPPORT

ELEVATION 620 FT. -6 IN.
EXHIBIT 32

55

. . .

.

,
_



.. .

I

h 3e_9= , -9=,

'T~
'

;s i '
* 12" 12"*

I

| | p@* *
, , .

"
I I :

t, cps @l
. - _ _ - - - - - - . . _ - -

s' tua Law;

- n .,
o n u

k Il II
_______._x-_g:_ w ,____,

*N \\ % ?, x

Pr % tl*i n

| k 3"* Ad y''
7.

\@M : / \t,. ,' < : ,-p
it ~-t / 10

N / .. . w I'.

i --
- m QM g h.~ _m.N I,RI .

\\{\
',/

,

( j\ ''

/g /

#
s4

'
- g. -

- s

PRESSURIZER LOWER LATERAL SUPPORT
ELEVATION 594 FT. -8 IN.

EXHlBIT 33
e ,,

e

.

56

- . . . . . . _ . . .. . . . . . . . .



. ~ .

i

!

I

f

I

l

Z

i A
,

P R f.S SU R I ",E R

e

_q

.. . . , .

I ''' .I:C SU R 1 "f:R-
EhlRT

I;L. 594'-8" i .

-dt - >.

p I 4

| J- - t hr---
RING 11EAff s[

3 I

| d

!.:' as ''f-

< .

I' 08 '

OW
I u~w=
1 "" /j_. 4 __. y .

,

_. y _ -_ _ 9 -_

.

,

- * .c
,

|*.
+

cL. 568 '-o - -
.. .

L .

PRE 55URIZER VERTICAL SU;' PORT

EXHIBIT 34

57

_



:
1

.

_ 1 7/16"
__

f10VE TO IIOT : SURGE LINE
j COLD POSITION
l la l'-3"

OFFSE'f

e -

; $ ,.Rf:ETRAINT =
, se

' 'FOR LOCATION OFj , ',
EttBEDMENT PLATES SEE

3" 9 BAR-- DLfG. B-4 7 s

/
INSU' " TION .g g,i. , ,

| 6.'! *
|h<'

'

~'b I ~

"4" COLD ~l GAP 3 7/16" IIOTIt '

1

gap. 6" COLD G" GAP" '
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4 9/16" IlOT j
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l'-0" R , - .

['Te
. . . .

.

i

"

J

$ -

|

:

RESTRAINT PIPE NODE SUPPORT NODES

I RCFR-110 372 373
*

RCFR-111 369 370
RCFR-112 366 367

4

1
o

ELEVATION VIEW
tuRGE LINE FLAILING RESTRAINTS

DESIGN FORCE = 279,000 LBS, .

EXHIBIT 35
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10W21 12W17
T/S E L. 591 ' - 4 1/2"-
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EL. 591'-3"-

g__ __

6W17
__

\ SPRING llANGER

- 1 1/4" 9 x 3'-8"'
i TilHEADED ROD

I

~

,i
--

;

ELEVATION VIEW
VARIABLE SUPPORT HANGER RCH-1001

DESIGN LOAD = 5650 LBS. 10%
PIPE NODE 364, SUPPORT NODE 365

(NOT INCLUDED IN SEISMIC MODEL)
EXHIBIT 36
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1 1/2" 0 x 4'-1" TilREADED ROD
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ELEVATION VIEW
STEEL ROD SUPPORT HANGER RCH-1002

DESIGN LOAD = 8373 LBS.
PIPE NODE 381, SUPPORT NODE 380 ,

EXHIBIT 37

,



_ ..

5'-6"
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__

14W30
T/S EL. 591'-4 1/2"

C10x15.3
I:L. 591'-4 1/2" _

EL. 591'-3 1/2".

-q - g .q-g.- -.

'k

W3x17 -

. ,

t
3 3/4" 3 f 6 3/4"

,

V
I,

ELEVATION VIEW'

CONSTANT SUPPORT HANGER RCH-1003
SUPPORT LOAD = 6800 LBS.

PIPE NODE 389, SUPPORT NODE 390

(NOT INCLUDED IN SEISMIC MODEL)
EXHIBIT 38
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(COLD POSITION

!\

'

f
1" SLOT /

/
-

i

NODE 375 =X 4

' PLAN VIEtt
ORIENTATION OF 1" SLOTTED CONNECTION

h
COLD POSITION

'
' '' 1" SLOT, SEE PLAN VIEW

r /8"
,

~

55 _ S1 FAY STRUT

-

f-NODE 375
7

-

j /_ 'N

/ \ NODE 374g

A '

fa

b . .

/
-

' N m =
41/16"_

l ' - l I / 4 " , 210V . -

ELEVATION VIEW
SWAY STRUT ASSEMBLY RCRS-1008

SEISMIC DESIGN FORCE = 10,850 LBS.

EXHIBIT 39
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Q IL EL. 585'- 11 1/4*
I

. / - NODE 394
j

IlYDRAULIC SNUBBER
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'

I
MJ

NODE 393- y
,

NODE 392
-

.

e

!
i

i-

PLAN VIEW
HYDRAULIC SEISMIC RESTRAINT RCRS-1007'

SEISMIC DESIGN FORCE = 7800 LBS.
I EXHIBIT 40
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fKDE 377
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IKTE 376'

IlYDi%ULIC SPA 1IEER _,

..:._.
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. .J._.

,

ELEVATION VIEW
HYDRAULIC SEISM:C RESTRAINT RCRS-1009

SFISMIC DESIGN FORCE = 9750 LBS.
EXHIBIT 41
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PRESSURIZER

| | { |
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IonP r} Imor #4

REACTOR -Z ( l' P )
/3

x
I

,

1 OOP # 2 LOOP #1

/

R.q,; PUMP
re .

N
N

| 6 5 TEAM GENERATOR
( n e.)

i

KEY PLAN AND GLOBAL COORDINATE SYSTEM
! EXHIBIT 42

l
!

l65
.1

- _ _ - _ _ _ _ - - _ _ _ - _ _ . - _. _ . . . . _ _ _ - _ _ _ _ - _ _ _ - - . _ - - - _ _ -



f/~

i

h

APPENDIX A

DYNAMIC INPUT DATA LISTING

.

i

!
l

|

|

| 67

|



ACE *LLLil).M2/R1
1 OYNAMIC R[f.CTOR COOLANI LOOP MOOf L , llON STATION, 8-01-80
2 41G 4 0 90 1 1

3 1 3.842 -9.509 584.0
4 2 4.737 -11 724 584.
5 3 5.632 -13.940 584.
b 4 6.b60 i .4H4 584.0
7 5 7.089 -14.5-16 584.0
8 G 8.1195 -20.09G 584.0
9 7 9.150 -22.64G 584.0

10 8 9.862 -24.4105 584.422 '

|11 9 10.441 -25.843 585.609
12 10 1 1 1 1 1 1 12.112 -29.979 568.0
13 11 1 1 1 1 1 1 0.0 34.873 59R.091
14 12 1 1 1 1 1 1 17.OOG -42.091 588.091
15 13 12.112 -29.979 588.091
16 14 12.112 -29.979 591.817
17 15 12.112 -29.979 599.4G9
18 16 12.112 -29.979 610.775
11 17 12.112 -29.973 615.250
20 18 1 1 1 1 1 1 0.0 34.R73 G15.?SO
21 19 1 1 1 1 1 1 17.OOG -4?.091 61S.250
22 20 12.112 -29.919 622.271
23 21 12.112 -29.979 628.671
24 22 5.9a3 0u.432 611.344
25 /3 12.112 -29.979 640.781
20 24 12.112 -29.979 644.521
27 25 12.112 -29.979 G52.R54
28 ?6 16.556 -29.590 585.609
29 27 17.604 29.4985 582.716
30 23 17.654 -24.4985 578.1875
31 29 17.898 -29.321 576.4G54
32 10 18.734 -28.e25 575.0055
33 31 21.467 -21.19G 573 0875
14 '42 22.112 -2G.812 571.6875
35 33 22.971 -26.300 573.G875
3G ?4 23.673 -25.882 573.6875
17 35 24.317 -25.493 573.6875
39 3G 27.051 -23.8687 575.0055,

39 37 28.183 -23.194 579.1R75
40 38 1 1 1 1 1 1 28.183 -23.194 568.000
41 :?9 28.183 -27.194 GH1 95R
12 40 '8.183 -23.191 584.0
43 11 1 1 1 1 1 1 33.302 -18.420 584.0
44 42 1 1 1 1 1 32.957 -28.313 SP4.0
45 43 28.183 -23.191 5BG.917
46 44 28.183 -23.194 587.R90
47 45 28.183 -23.194 58H.608
48 46 28.183 -21.194 SR9.44?
44 47 28.183 -23.194 59?!.450
59 4R 25.432 -20.244 584.0
51 49 23.5505 -18.2325 5H4.0
52 50 23.5565 -18.2325 589.4015
53 51 21.G81 -16.221 584.0
54 52 20.772 -15.246 SR4.0
55 53 19.123 -13.479 584.0
56 54 17.333 -11.559 S34.0
57 55 15.543 9.639 584.0

|
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58 56 14 171 -8.168 r, p a ,
59 57 12.800 -6.697 5*4.
GO 59 il 428 5.22G 514 0
61 53 10.0G5 .1.272 Sul O
62 60 3.430 -R.1895 514.O
G1 61 1 f 1 3.430 9 489's 531."75
64 62 1 1 1 1 1 1 0.0 -9.875 58f.875
65 63 1 1 1 1 1 1 3 430 -9 4995 579.750
66 64 E.1135 -20.096 59d.262
67 G5 1 1 1 1 1 1 6 988 -76.432 631.344
(8 66 1 1 1 1 1 1 5.9H8 ?G.432 672.314
69 67 1 1 1 1 1 1 13.112 29.979 652.854
70 f i D. 1 t i 1 1 1 12.112 ?9.979 653 H51
71 69 1 1 t 1 1 i O.O -47.0 560.0
72 100 1 1 t 1 1 1 OO -40 60's.o
71 101 -3.8A2 4 509 SP4 0
74 102 -4.737 -It 724 594.
75 107 -5.612 -13.940 584.
^16 104 -6.7145 -1G.619 59 4 t.

'I 105 -7.089 -17.54G 584.0
79 10G -8.1195 -70.096 Sua 4,

79 10 .' 9 150 2.64G SR4.0>

RO '08 9.RG2 -24.4105 5H4.4?2
81 104 -10 4.31 29.843 SP5.609
92 110 1 1 1 1 1 1 -12.112 29.979 569.0
82 111 1 1 1 1 1 1 -0.0 -34.873 589.041
84 112 1 1 1 1 t 1 -17 'y * -42.091 SH8.091
85 113 -12.1~2 29.979 5R8.091
86 114 -12.112 - ? 9 . ". ; 9 691.R17
H7 115 -12.112 -29.179 5k8.468
88 116 -12.112 -29.17" G10.775
H9 11? -12.I12 -29.979 61S.250
'40 119 1 1 1 1 1 1 -0.0 -14.873 615.259
91 1 1 ') t t 1 1 1 1 -17.OOG -42.091 G15.250
92 120 -12.112 -29.979 622.271
93 121 -12.112 -?9.979 6?P.671
94 12? -20.003 -34.087 631.313
95 123 -12.112 -29,979 G40.713
96 124 -12.112 -29.979 649.521
97 125 -12.112 -29.979 652.854
98 12G -16.556 -29.590 585.609
99 t?7 -17.GO4 -29.49R5 SR2.716

100 124 -17.601 -29.4985 57R.1875
101 129 -17.898 29.323 576.4654
102 130 -18.734 -28.825 575.0055

73 131 -21.467 -27.196 573.6975
104 132 -22.112 -2G P12 573.G975
105 133 -22.971 -26.700 573.bR/S
106 134 -23.G73 -25.8R2 573.(R75
107 135 -24.317 -?%.499 573.fR7G
IOR 136 -27.051 23.8G87 575.0055
109 137 -28.183 -23.194 57H.1875
110 13P 1 1 1 1 1 1 -28.183 23.194 568 . Mn
lit 139 -28.183 -23.194 594 958
112 110 -28.183 -23.194 584.0
113 14 1 1 1 1 1 1 -33.302 -1P.420 584.0
114 142 1 1 1 1 1 1 -32.957 -28.313 5R4.0
115 143 -28.183 -23.194 SHG.9:

&



-28.183 -23.194 587.890116 144
117 145 -28.183 -23.194 588.008

118 146 -28.183 -23,194 589.442

(19 147 -28.183 -23.194 598.450

120 148 -25.432 -20.244 584.0

121 949 -23.5565 -18.2325 584.0

122 150 -23.5565 -18.2325 589.4045

123 151 -21.681 -16.221 5H4.0

124 152 -20.772 -15.246 584.0

125 153 -19.123 -13.479 584.0

126 154 -17.333 -11.559 584.0

f27 155 -15.543 -9.639 584 0

128 tt 6 -14.171 -8.168 r;b 4 .

129 157 -12.800 -6.697 584. l

' 130 158 -11.428 -5.226 S84.0 |

131 159 -10.065 -4.272 E'4.0

132 160 -8 428 -3.578 S ,4 .

M3 1G1 1 1 1 8.428 J.578 581.875

134 162 1 1 1 1 1 1 -9.947 0.7 581.875

135 163 1 1 1 1 1 1 -8.428 3.578 579.750

13G 164 0.0 0.0 563.34

t'.7 ;65 0.0 0.0 570.0

f38 166 0.0 0.0 576.90

139 167 0.0 0.0 584.0

140 168 0.0 00 590.46

14 1 169 1 1 1 1 1 0.0 OO 591.4G

142 170 -8.1195 -20.096 588.262
143 171 1 1 1 1 1 1 -19.003 -34.087 631.344

144 l'2 1 1 1 1 1 1 -20.003 -34.087 632.344

145 t/3 t 1 1 1 1 1 -11.112 -29.979 652.854

146 174 1 1 1 1 1 1 -12.112 -29.979 653.R54
147 175 1 1 1 1 1 1 0.0 -40.0 560.0
148 188 1 1 1 1 1 9 0.0 -40 0 560.0

149 189 8.428 3.578 584.0
150 190 -3.430 -8.4895 544.0

151 191 -8.428 3.578 584.0
152 192 3.430 B.4895 584.0
153 193 7.364 3.126 584.0
154 194 3.000 -7.417 584.0
155 195 -3.000 7.417 584.9
156 19G -7.364 -3.126 584
157 197 -7.3G4 1.126 584.0
1S8 198 -3,000 7.417 584.0
159 199 3.000 7.117 584.0
160 200 7.364 3.126 584.0
161 201 -3.842 9.508 584.0
102 202 -4.737 11.724 584
163 203 -5.612 13.9h] 584.
164 204 -6.7145 1G.619 584.0
165 205 -7.089 17.546 584.0
166 206 8.1195 20.09G 584.0
167 207 -9.150 22.64d 584.0
168 208 -9.8G2 24.4105 5P4.422
169 2 0') -10.441 25,843 585.609
170 210 1 1 1 1 1 1 -12.112 29.979 568.0
171 211 ' 1 1 1 1 1 -0.0 34.873 588.031
17' ', # 2 1 1 1 1 1 1 -17.006 42.091 583.091
./3 213 -12.112 29.979 58H.091
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174 214 -12.112 29.979 591.817
175 215 -12.112 29.979 598.468
176 216 -12.112 29.979 610.775
177 417 -12.112 29.979 615.250
178 218 1 1 1 1 1 1 -0.0 34.873 615.250
179 219 1 1 1 1 1 1 -17.006 42.091 615.250
100 220 -12.112 29.979 622.271
181 221 -12.112 29.979 628.071
182 222 -18.347 36.324 631.S44
183 223 -12.112 29.979 540 711
184 224 -12.112 29.979 649.521
185 225 -12.112 29.979 652.254
feb 226 -16.556 29.590 585.609
187 227 -17.604 29.4985 582.71G
188 228 -17.604 29.4985 578.1875
189 229 -17.898 29.323 57G.4G54
190 230 -18.714 28.825 575.0055

k 191 231 -21.4G7 27.196 573.6875
192 232 -22.112 2G.812 573.6875
193 233 -22.971 2G.300 573.6875
194 234 -23.673 25.882 573.6875
195 235 -24.317 25.498 573.6875
196 236 -27.051 23.8687 575.0055
197 237 -28.193 23.194 578.1875
199 233 1 1 1 1 1 1 -28.183 23.194 568.000
199 239 -28.183 23.194 584.958
200 240 -28.183 23.194 584.0
201 241 1 1 5 1 1 1 -33.302 18.420 584.0
202 242 1 1 1 1 1 1 -32.937 28.313 584.0
203 243 -28.183 23.194 58G.917
204 244 -28.183 23.194 587.890
205 245 28.183 23.141 688.608
206 246 -28.183 23.194 589.442
207 247 -28.183 23.194 579.450
208 248 -25.432 20.244 584.0
209 249 -23.5565 18.2325 584.0
210 250 -23.5565 18.2326 589.4045
211 251 -21.681 16.221 584.0
212 252 -20.772 15.24G 584.0
213 253 -19.123 13 479 584.0
214 25 -17.333 11.559 584.0
215 255 -15.543 9.639 584.0
216 256 -14.171 8.168 584.
217 257 -12.800 6.697 584.
218 258 -11.428 3.226 584.0
219 259 -10.055 4.272 584.0

e 220 260 -3.430 8.48'3 584
221 261 1 1 1 -3.430 8.48,5 SRt.875
222 262 1 1 1 1 1 1 0.0 9.875 581.875
223 263 1 1 1 1 1 1 -3.430 8.4895 579.750
724 264 -8.1195 20.096 588.2G2
225 205 1 1 1 1 1 -17.347 3G.324 G31.344.

226 266 1 1 1 1 1 1 -18.347 36.324 632.344
227 267 1 1 1 1 1 1 -11.112 29.979 652.854
228 268 1 1 1 1 1 1 -12.112 29.979 653.854
229 269 1 1 1 1 1 1 0.0 40.0 560.0
230 291 1 1 1 1 1 1 0.0 40. 600.0
231 292 9.0145 20 09G 588.262
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232 293 1 1 1 1 1 1 5.083 33.809 631.344
233 294 1 1 1 1 1 1 4.083 03.809 632.344
234 295 1 1 1 1 1 1 13.112 29.979 G52.854
235 296 1 1 1 1 1 1 12.112 29.979 653.854
23G 297 8.d?8 3.578 584.
237 298 1 1 1 S.428 3.578 581.875
238 299 1 1 1 1 1 1 9.947 0.0 581.875
239 300 1 1 1 1 1 1 3.428 3.578 579.750
240 301 3.842 9.508 584.0
241 102 4.737 ff.724 584.
242 303 5.632 13.940 584.
243 304 6.527 16.15G 584.0
244 305 7.089 17.54G 584.0
245 306 8.1f95 20.096 584.0
246 307 9.150 22.64G $84.0
247 308 9.8G2 24.4105 584.422
"* 309 10.441 e5.843 585.609

249 310 1 1 1 1 1 1 12.112 29.979 SG8 O
250 311 1 1 f i 1 1 0.0 34.H73 588.09f
251 312 I i 1 1 1 1 17.00G 42.091 588.091
252 311 12.112 29.979 588.091
253 314 12.192 29.979 598.817
254 315 12.112 29.979 598.468
255 31G 12.112 29.979 610.775
25G 317 12.112 29.979 G15.250
257 318 1 1 1 1 1 1 OO 34.873 615.250
258 319 1 1 1 1 1 1 17.006 42.031 615.250
259 320 12.112 29.979 G22.271
260 321 12.112 29.'379 628.G71
261 322 4,083 33.809 631.344
2G2 321 12.112 29.979 640.713
2G3 324 12.112 29.974 G49.52t
264 325 12.112 29.979 652.854
265 326 0.556 29.b90 585.609
266 327 17.604 29.4985 582.716
267 328 17.004 2 9. 4 t'35 578.1875
268 329 17.898 29.323 576.4654
269 330 18.734 28.825 575.0055
270 331 21.467 27.196 573.G875
271 332 22.1 2 26.812 573.0875
272 313 22.971 26.300 573.6875
273 334 2J.G73 25.P82 573.6875
274 335 24.317 25.498 573.6875
;75 330 27.051 23.8087 575.0055
27G 337 29.1H1 23.194 578.1875
277 33R 1 1 1 1 1 1 JE.183 23.194 5G8.090
278 339 ?8.181 23.194 584.958
219 340 28.1R3 23.194 584.0
280 341 1 1 1 1 1 1 33.302 18.420 584.0
281 342 1 1 1 1 1 1 32.957 28.313 584.0
282 343 28.183 23.194 586.917
283 344 28.183 73.194 SP7.890
284 345 28.183 21.194 588.008
235 346 28.183 2J 194 589.442
28G 347 28.183 53.194 598.450
287 348 25.432 10.244 584.0
288 349 23.5505 18.2325 584.0
789 350 23.55G5 18.2325 589.404'.
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2n0 351 21.681 16.221 584.0
291 152 20.772 15.24G 584.0
292 353 19.123 13.479 594.0
293 354 17.331 11.559 SR4.0
294 355 15.543 9.639 584.0

295 356 14.171 8.168 594
296 357 12.800 G.697 584.

297 358 11.428 5 2?6 SM4 0
298 359 10.065 4.272 584.0
299 360 4.470 16.987 584.0
700 361 2.684 17.7085 584.0
301 362 0.898 18.410 584.0
302 3G3 -1.753 20.5766 584.930 0

303 3G4 -2.750 23.8396 SH4.OJO
304 3G5 1 1 1 1 1 1 -2.750 23.8386 591.250
305 366 -2.750 24.500 534.035
306 367 1 I 1 1 1 1 0.0 ?4.500 584 035
307 368 -2.750 27.000 E84.054
2OH 369 -2.750 29.500 584.0735
309 170 1 1 1 1 1 1 0.0 29.500 584.0735
310 371 -2.750 32.000 584JO93
311 372 -2.750 34 500 584.112
312 373 1 1 1 1 1 1 0.0 34.500 584.112
313 374 -2.750 35.861 584.1125
314 175 t i 1 1 1 1 -6.25 35 861 588.091
315 376 -2.081 36.750 584.1294
316 377 1 1 1 -2.681 10.750 SRS.1H15
317 378 1 1 1 1 1 1 2.681 10.918 5AH.091
313 379 -1.OGG 39.927 534.179
.?9 3PO 1 1 1 1 1 1 3.0 4f.611 591 0
320 381 3.0 41.611 594.261
3_' 1 382 5.285 41.611 584.301
322 3R3 7.570 41.611 584.339
323 394 9.855 41.611 584.378
124 385 12.139 41.011 584.416
.f25 386 14.424 41.011 584.454
326 387 16.709 41.611 $84.492
327 388 18.994 41 611 584.511
32H 399 21.279 41.611 584.5G9
329 330 1 1 1 1 1 1 21.279 41.011 591.0
330 391 25.428 40.420 585.H?94
331 392 20.027 39.922 5R6.319
332 393 1 1 1 26.852 40.437 585 9375
333 394 1 1 1 1 1 1 26.759 43.152 5H5.9375
325 395 27.112 37.49G 588.'/915
3 35- 39G 27.112 3G.653 589.625
336 397 27.112 35.3H84 591.5172
337 398 27.112 34.944 593.749G
338 399 27.112 34.344 594.917
339 400 27.112 34.944 596.917
340 401 27.112 34 944 598.170
341 402 27 112 34.944 594 67
342 403 1 1 1 1 1 1 27.112 14.944 SGS.O
341 404 1 1 1 1 1 1 31.227 32.104 594.67
344 405 1 1 1 1 1 1 29.957 29.059 594.07
345 40G 27.112 34.944 599.70
346 407 27.112 34.944 606 G3
347 40R 27.112 34.944 613. ,
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348 409 27.112 34.944 620.50

349 410 1 1 1 1 1 27.112 29.944 620.50*

350 411 1 1 1 1 1 1 32.112 34.944 620.50
351 412 1 1 1 1 1 1 27.112 34.944 625.50
352 413 27.112 34.944 627.89
353 414 27.112 34.944 635.28
354 415 27.112 34.944 C42.62
355 416 27.112 34.944 e.4G 32
356 1 23 11

357 1 4.OOCO9 15.22 0.405 SGUS RADIAL
358 2 4.OOLO9 15.22 1.803 SGUS TANGENTIAL
359 3 4.OOEO9 15.22 0.195 POLS TRANSL ATE
360 4 4.OOF.09 15.22 0.00413 PH RCH-1002
361 5 4.OOEO9 15.22 0.00173 HS RCRS-1007
362 6 4.OOEO9 15.22 0.0123 RS RCRS-1008
363 7 4.OOFO9 15.22 0.00322 HS RCRS-1009
364 8 4 OOCOO 15.22 0.406 RPV VERT SUPT
365 9 4.OOEO9 15.22 0.665 RPV HOR 2 CUTLET
366 10 4 OOE09 15.22 0.699 RPV HORZ INLET
3G7 11 4.OOLO9 0.0 0.0522 RPV VERT SPRING
368
369
370
371
372 1 17 12 2
37J 2 17 11 1

374 3 117 11J 2
375 4 111 119 1

376 5 217 219 2
377 6 217 214 1

378 7 317 319 2

379 8 317 319 1

380 9 409 410 3
381 10 403 411 3
382 11 3a0 381 4
383 12 393 394 5
394 13 374 375 G
385 14 377 379 7
386 15 G1 63 8
387 10 61 C? 9
388 17 161 163 8
399 18 161 162 10
390 19 261 263 8
391 20 261 262 9
392 21 298 300 M

293 22 298 299 10
194 23 168 169 11
395 2 37 13 O 2
396 1 4.00'09 0.2G 15.22 15.22
397 2 4.OOfo9 O 26
393 1 1 125 191.2 0.1 0.1
399 2 O S32 3%.4 0.1 0.1
4 00 3 0.454 35.4 0.1 0.1
401 4 0.361 45.3 0.1 0.1
402 5 0.3CG G.09 0.1 0.1
400 6 0.175 6.09 0.1 0.1
404 7 0. 181 904.1 0.1 0.1
405 8 0.336 1.626 0.1 0.1
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464 7 P. C, PUMP MOTOR
465 4.02 E O9 0.25
4G6 1 2.833 0.2083 33.880 HOf LEG
467 2 3.027 0.2217 38.47G CROSS-0VER LEG

G8 3 2.098 0.1983 39.C37 COLD LEG
JG9 4 11.1?9 0.3017 0.0 STEAM GEN.-1
470 5 11.250 0.2344 0.0 SitAM GEf4. -2
471 6 12.948 0.3073 0.0 STEAM GEN.-3
472 7 14.646 0.3025 0.0 STEAM GEN.-4
473 8 P 740 0.3025 0.0 STEAM GEN.-5
474 9 5. R r1 0 5000 0.0 R C PUMP CASING
475 to 3.950 0.1205 0.0 PUMP MOTOR STAND
476 11 4 000 0.1667 0.0 PUMP M010R STAND
477 12 1.167 0.1172 7.459 PRESSURE SURGE LINE
478 13 7 29 0.125 0.0 PRESSURIZTR SKIRT
479 14 7.50 0.?L0 0.0 PRESURF LOwfR HEAD
480 15 7.625 0.3125 0.0 PRESSURI7ER SHELL
481 16 16.033 0.8958 0.0 RPV HfAD
482 17 15.853 0.7192 0.0 RPV SHELL
483 1R 3.083 0.3333 51.6G3 STOP VALVE - HORZ
484 11 3.250 0.1GG7 STOP VALVE - VERT
485 20 3.017 0.2734 44.538 HOT LEG ELP,0W
486 21 3.135 0.2700 46.509 CROSSOVFR CLE0WS
487 22 7.372 0.rOOO SG N0ZZi f
488 23 6 500 0 4167 PUMP OUILET
489 24 2.74G 0.2525 37.782 COLD LEG ELBOW
490 25 27.500 0 8923 200. O.0 RPV RADIA1 MEMBERS
491
492
491
494
495
496 1T 1 3 1 3. 900.,

497 27 2 3 3 1 3218G3.
498 J- 3 4 3 1 321800.
433 41 4 5 3 321800,*

500 GT 5 4 3 1H
601 G1 (; 7 3 18
502 78 7 9 3 20 321800.
507 4 5041 CC 9.150 -22.640 588.5043 0.04
504 EH R c 3 2n 32adOO.
505 4.5043 CC 9 150 22.640 58c.5043 0.04
506 97 9 13 5 22
EO7 10T 13 14 * 4
5US III 14 15 i 4
509 121 15 16 1 5
510 13! :S 17 1 5
511 14T 1, 20 1 5
512 15T 20 21 1 6
513 16T 21 2? 1 22
514 177 21 23 1 7
515 18T 23 24 1 7
516 foi 24 25 1 8
517 2Of 13 26 1 22
51R ?IC 26 27 6 21 321800.
519 4.500 TI 17.604 -29.4985 584.354 0.04
520 22T 27 2R 6 2 321800.
521 23D ?R 29 6 21 321800.

.
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522 22T 27 28 6 2 321800.
523 238 28 29 6 2n 321800.
524 4.500 CC 21.467 -27.196 578.1875 0.04
525 248 29 30 6 21 321800.
526 4.500 CC 21.467 -27.196 578.1875 0.04
527 256 30 31 6 21 321800.
528 4.500 CC 21.467 -27.196 578.1875 0.04
529 26f 31 32 6 2 321800.

530 27T 32 33 6 2 321800.
531 28f 33 34 6 2 321800.
532 291 34 35 6 2 321800.
533 300 35 36 6 29 321800.
534 4.5 CC 24.317 -25.498 578.1875 0.04
535 318 36 37 6 21 321800.
536 4.5 CC 24.317 -25.498 578.1875 0.04
537 327 37 40 6 9
538 337 40 39 6 9
539 34T 39 43 6 9
540 35T 43 44 7 10
541 367 44 45 7 11

542 37T 45 46 7 10
543 381 46 47 7 9
544 391 40 48 8 23
545 407 48 49 8 la

546 4tf 49 50 8 ff

547 42T 49 51 8 18
548 43T 51 52 8 3 321800.
549 441 52 "' 8 3 321800.
550 45T 53 34 8 3 321800.
551 461 54 55 8 3 321800.
552 477 55 56 8 3 321800.
553 481 56 57 8 3 321800.
554 41T 57 58 8 3 321800.
555 SOR 58 59 8 24 321800,

556 4.005 CC 8.500 -7. 31 9 584.0 0.04
557 Sti tot 102 3 1 321800.
558 521 102 103 3 1 32tROO.
559 537 103 104 3 1 321800.
560 54T 104 105 3 1 321800.
561 557 105 106 3 18
562 56T 106 107 3 18
563 578 107 108 3 20 321800.
564 4.5043 CC -9.150 -22.646 588.5043 0.04
565 588 108 109 3 20 321800.
566 4.5043 CC -9.150 -22.646 588.5043 0.04
567 597 109 113 5 22
568 60T 113 114 1 4
569 Gli tid 115 t 4

570 62T 115 116 1 5
571 637 116 117 1 5
572 641 197 120 1 5
573 651 120 121 1 6
574 66T 121 122 1 22
575 671 121 123 1 7

e 576 GST 123 124 1 7

Q 577 69i 124 125 1 8
m 578 70T tt3 126 1 22

579 718 126 127 6 21 321800.

I
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SPO 730 128 129 6 21 321800.
581 4.500 CC 21.467 -27.196 578.1875 0.04
582 748 129 130 6 21 321800.
583 4.500 CC -21.467 -27.19G 578.1875 0.04
584 758 130 131 6 21 321800.
585 4.503 CC -21.467 -27.196 578.1875 0.04
586 7GT 138 132 6 2 321800.
LS7 77f 132 133 6 2 321800,
588 78T 133 134 6 2 321800.
589 79T 134 135 G 2 321800.
590 eon 135 136 6 21 321800.
591 4.5 (C -24.317 -25.498 578.1875 0.04

.

532 818 136 137 6 28 321800. i
593 4.5 CC 24.317 -25.498 578.1875 0.04 '

594 82T 137 140 6 9 I

595 83T 140 139 6 9
596 84T 139 143 6 9
597 85T 113 844 7 10
598 n6T 144 945 7 11
599 871 145 14G 7 to
600 83T 146 147 7 9
601 897 110 140 1 2'2
502 90T 148 149 1 10
603 91T 149 ISO 1 19
604 92T 149 151 1 18
605 93T 151 152 1 3 321800.
606 941 152 153 1 3 32t800.
607 95T 153 154 1 3 321800.
608 46T 154 155 1 3 321800.
609 97T 155 156 1 3 321800.
610 98T 15G 15/ 1 3 321800.
611 99T 157 159 1 3 321800,
612 1008 158 159 1 24 321800.
613 4.005 CC -8.500 -7.959 584. 0.04
614 101T 201 202 3 1 321800.
F15 102T 202 203 3 1 321800.3

616 103T 203 204 3 1 321800.
617 104T 204 205 3 1 321800.
618 tO5T 205 2On 3 18
619 tOGT 20G 207 3 18
620 107B 207 208 3 20 321800.
r$1 4.5043 CC -9.150 22.646 588.5043 0.04
G22 10RB 208 209 3 20 321800.
623 4.504'l Oc -9.150 22.646 588.5043 0.04
624 tO9T 209 213 5 22
625 110T 213 214 1 4
626 111T 214 215 1 4
627 112T 215 7tG 1 5
628 113T 216 217 I 5
629 114T 217 220 1 5
630 ftST 220 221 1 6
631 116T 221 222 1 22
632 1171 221 227 1 7
633 ftRT 223 224 I 7
634 119T 224 2?S 1 8
635 tisi 213 226 1 22
636 ??tR 226 227 6 21 321800.
637 4.500 11 -17.604 29.4985 584.354 0.04
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522 4 500 cc 21 467 -27.196 578.1875 0.04

5 ?.! 24tt 29 30 6 21 321300
524 4 500 cc 21.467 -27.196 578.1875 0.04
52n 25C 30 19 6 21 321HOO.
526 4.500 CC 21.467 27.19G 578.6875 0.04
527 26T 31 J2 6 2 321800.
528 27f 32 33 6 2 321800.

529 287 31 34 6 2 321TOO.
530 291 38 35 u 2 321800.
531 con 25 36 6 21 321800,

532 4.5 LC 24.317 -25.498 578.1875 0.04
533 31C 36 37 6 21 321800.
534 4.5 CC 24.317 -25.498 578.1875 0. 0-8
535 3?t 37 40 6 9

536 3U 10 39 6 9

537 341 37 43 6 9

538 35i 43 44 7 10
5'19 16T 44 45 7 II

540 37T 45 46 7 10
541 391 du 47 7 9

542 3 ',1 40 48 1 23
543 40T 49 49 1 18
544 4 81 49 50 1 19

545 4?T 49 51 1 18
54G 43T 51 S2 1 3 321800.
5 87 44T 52 53 1 3 321800.
548 451 53 54 1 3 321800,

549 4Gi 54 55 1 3 328800.
550 477 55 56 1 3 321800.
551 481 54 57 1 3 321800.
552 44T 57 59 1 3 321800.
553 500 59 59 1 24 321800.

554 4.005 CC 8.500 -7.959 584.0 0.04
555 517 71 to? 3 1 321800.
556 521 102 103 3 1 321800.
557 53r 103 104 3 1 321800.
558 54T 108 105 3 1 321800.
559 557 105 tog 3 18

SGO 561 106 107 1 18
561 5 713 107 109 3 20 3218G3.
562 4.5043 CC -9.150 22.646 588.5043 0.04
$G3 588 10H 109 3 20 321800.
564 4.9.43 CC -9.150 -22.646 588.5043 0.04
365 59T 103 113 5 22
566 GOT 113 114 1 4

SG7 61T 114 115 1 4

5GS 62T 115 116 1 5
569 637 11G 117 1 5
570 64T 117 120 1 5
S71 65T 120 121 1 6
5'? 661 121 t?? 1 22

| 573 677 121 '?3 1 7

571 GRT 123 124 1 7

575 69i 124 125 1 8
576 70f 113 126 1 22

|
5/7 718 126 127 6 21 321800.

' 578 4.500 il -17.GO4 -29.4985 584.254 0.04

579 721 127 t?e 6 2 321800.

>
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580 4.500 il ~17.604 29.4985 584.354 0.04
581 727 127 128 6 2 321800.
582 738 128 129 6 21 321800.
583 4.500 CC -21.467 -27.196 578.1875 0.04
584 748 129 130 6 21 321800.
585 4.500 CC -21.467 -27.196 578.1875 0.04
586 758 130 131 6 21 321800.
587 4.500 CC -21.467 -27.196 578.1875 0.04
588 767 131 132 6 2 321800.
589 777 132 133 6 2 321800.

1 590 787 133 134 6 2 121000.
591 797 134 135 6 2 321800.
592 808 135 136 6 21 321800.
593 4.5 CC 24.317 25.498 578.1875 0.04
594 818 136 137 6 21 321800.
595 4.5 CC -24.317 -25.498 578.1875 0.04
596 527 437 140 6 9
597 837 140 139 6 9
598 847 839 143 6 9
599 851 143 144 7 to
600 867 144 145 7 ?t
601 877 145 146 7 10
602 887 146 147 7 9
603 897 140 148 8 23
604 901 148 149 8 18
605 917 149 150 8 19
606 927 149 158 8 18
607 9' t 151 152 8 3 321800.s
608 947 152 153 8 3 32fEOO.
609 951 153 154 8 3 321800.
610 967 154 155 8 3 321800.
611 97T 155 156 8 3 321800.
612 98T 156 157 8 3 321800.
613 997 157 158 8 3 321800.
614 1006 158 159 8 24 321800.
615 4.005 CC -8,500 -7.959 584.0 0.04
616 1017 208 202 3 1 321800.
617 102i 202 203 3 1 321800.
618 103i 203 204 3 1 321800.
619 104T 204 205 3 1 321800.
620 IOST 205 206 3 18
62 106f 206 207 3 18
622 8078 207 208 3 20 321800.
623 4.5043 CC -9.150 22.646 588.5043 0.04
624 109B 208 209 3 20 321800,
625 4.5043 CC -9.150 22.646 588.5043 0.04
626 109T 209 213 5 22
627 190i 28's 214 1 4
628 8117 214 215 1 4
629 192i 215 216 1 5
630 113T 216 217 1 5
631 tidi 287 220 1 5
632 1957 220 221 1 6
633 1967 221 222 1 52

e 634 1977 221 223 1 7

Q 635 1887 223 224 1 7
ri 636 199T 224 225 1 8

637 120i 213 226 1 22

t
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638 1221 227 22R G 2 321800,

639 1230 228 ?29 6 21 321ROO.

640 4.500 f.C -21.467 27.196 57R.1875 0.04

641 124B 229 230 6 21 321800.

642 4.500 CC -21.4G7 27.196 578.1875 0.04

643 125H 230 231 6 21 321800.

644 4 500 CC -21.467 27.19G 578.1875 0.04

645 126f 231 232 6 2 321800.
646 127T 232 233 6 2 321800.

647 128T 233 214 6 2 321800.

649 1291 234 235 6 2 321800.
G49 1300 235 23G 6 21 321800.

650 4.5 CC -24.317 25.498 578.1875 0.04

651 131B 236 237 6 21 321800.
652 4.5 CC -24.317 25.498 578.1875 0.04

653 132T 237 240 6 9
654 113T 240 217 6 9
055 134f 219 2 13 6 9

656 135T 243 244 7 10
057 136T 24s 215 7 11

658 137f 245 216 7 10
059 13RT 246 217 7 9

660 139T 240 ?ta 1 23
661 140T ?t8 249 1 18

6G2 14tf 249 250 1 19

663 142T 249 251 1 18

064 143T 251 252 1 3 321800.

065 144T 252 253 1 3 321800.
006 145T 253 254 l 3 321800.

661 146f 254 255 1 3 321800.
668 147T 255 ?SG 1 3 321800.

669 14RT 256 257 1 3 321800,

670 149T 257 25A 1 3 321800.
671 15nn 25R 259 1 24 321800.

672 4.005 CC -8.500 7.959 584.0 0.04

G73 151T 301 302 3 1 321800,

674 152T 302 303 3 1 321800,

675 153T 303 304 J 1 321800.
676 154I 304 305 3 1 321800.

677 155T 305 306 3 18

G78 15GT 306 307 3 18

679 1578 107 303 3 20 321800.
680 4.5043 CC 9.150 22.646 588.5043 0.04

681 158C 308 303 3 20 321800.
6H2 4.5043 CC 9.150 22.646 588.5013 0.04

683 153T 307 313 5 22
684 160T 313 314 1 4

685 16ti 114 115 1 4

086 162T 315 31G 1 5

G87 1G37 316 317 1 5

688 164T 317 320 1 5
689 165T 320 321 1 G

690 166i 321 322 t 22
l 691 167T 321 323 1 7

! 692 168i 323 324 1 7

693 1697 324 325 1 8

694 1701 313 326 1 22
695 1718 326 327 6 21 321800.

|
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696 4.500 il 17.604 29.4985 584.354 0.04
697 17?? 327 329 6 2 321900.
698 1730 128 3?9 6 21 321800.
699 4.500. CC 21.467 27.196 578.1875 0.04
700 1740 329 330 6 21 321800.
701 4.500 CC 21.4G7 27.196 578.1875 0.04
102 175C 330 331 6 21 321800.
702 4.500 CC 21.467 27.19G 578.1875 0.04
704 17GT 331 332 6 2 321800.
705 177T 332 333 6 2 321800.
706 178f 333 334 6 2 321800.
707 179T 334 335 G 2 321800.

'708 1800 335 336 6 21 321800.
709 4.5 CC 24.317 20.498 578.1875 0.04
710 181B 33G 337 G 29 321800. I

711 4.5 CC 2 .317 25.498 578.1875 0.04
71? 1827 337 344 6 9

*713 183T 349 139 6 9
714 1847 339 343 6 9
715 1857 tt3 381 7 10
7tG 186T 344 a l'i 7 11
717 187T 34's 316 7 10
718 1881 34 ti ** 17 7 9
719 189f 140 348 8 23
720 190T 348 349 1 18
721 19tf 347 350 1 19
722 19?T 349 351 1 18
723 193T 351 352 1 3 321800.
724 194f 252 353 1 0 321800.
725 l'65 7 ." 5 3 354 1 3 321800.
72G 1367 354 355 1 3 321800. '

727 197f 355 356 1 3 321800.
728 198T 155 737 1 3 321800.
729 199T 357 353 1 3 321800.
730 2008 138 159 1 24 328800.
731 4.005 CC 8.500 7.959 584.0 0.04
732 2017 194 360 1 12 328800.
733 202T 360 361 1 12 321800.
134 203T 3G1 362 1 12 321800.
735 2040 302 363 1 12 321800,
730 5.833 LC 3.083 23.6386 584.048 0.07
737 2058 363 364 1 12 321800.
738 5.833 CC 3.083 23.8386 584.048 0.07
739 20GT 3G4 3G, 1 12 321800.
740 207T 366 308 1 12 321800.
741 208T 3G9 369 1 12 321800.
742 207T 369 371 1 12 321800.
743 2101 371 172 1 12 321800.
744 2tti 372 374 1 12 321800.
745 2128 378 376 1 '2 321800.
746 5.750 CC 3.000 "5.861 584.209 O 07
747 213R 376 379 9 12 321800.
748 5.75 CC 3.G 35.HG1 584.009 0.07
749 2148 379 398 1 12 321800,
750 5.75 CC 30 35.8d1 584.209 0.07
751 21ST 381 3R2 12 321800..

752 2iST 392 3R3 1 12 321800.
753 217f 383 1R4 1 12 32:800.
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754 218f 384 385 1 12 321800.
755 2197 3R5 33G 1 12 321800.

,

75G 2207 3P6 387 1 12 321800.I

757 221T 387 388 1 12 321800.
758 2227 3RR 1R't i 12 321R00.
759 2238 3R1 391 1 12 321800.
760 5.83333 CC 29.279 37.4RG 588.694 0.07
701 224H 391 392 1 12 321800.
762 5.83313 CC 21.'279 37.486 588.694 0.07
763 225R 392 395 1 12 321800.
764 5.83333 CC 21.279 37.486 588.694 0.07
765 226T 315 396 1 12 321800.
766 227B 396 397 1 12 321800.
767 5.83333 CC 27.112 40.77733 593.749G 0.07
768 228B 397 398 1 12 321800.
769 S.83311 cc 2/.112 40.77733 593.7496 0.07
770 229T 198 3'*') 1 12 321800.
771 2301 379 100 1 12 321800,

772 23tT 400 1ot 1 14

773 2321 401 402 1 13
774 233T 401 drG 1 14

775 234f 106 407 1 15
776 235T 407 408 1 15
777 236T 408 409 1 15
778 237T 409 413 1 321800. 15
779 218f 413 4 14 1 15
780 239f did 415 1 15
781 240f .315 4fC 1 15
7R2 24)f l 60 2 1

783 242f Vit IG7 2 25
784 24 47 193 !67 2 25
785 2441 196 167 2 25
786 245T 159 160 2 3
787 24GT 190 107 2 25
788 247T 201 2GO 2 1

789 24ST 199 1G7 2 25
790 249T 197 167 2 25
791 250f 199 107 2 25
732 251T 359 297 2 3

793 252T ?OO 167 2 25
794 253T 1G4 165 2 17

795 254f 105 166 2 17

790 2551 166 107 2 17

797 25GY 1G7 169 2 16
798 2577 G G4 4 19
793 258f 10G 1/0 4 19

800 259f 206 264 4 19
801 2601 306 ?92 4 19

802 261T 59 189 2 3
801 262f 101 190 2 1

801 2G3T 259 191 2 3
805 2641 301 592 2 1

806 10 16 16 0
GO 191 168807 .

803 3.4GOEO8 (' . O O.0 0.0 0.0 0.0

809 0.0 1.2OOE10 0.0 0.0 0.0 0.0

810 0.0 0.0 1.2OOE10 0.0 0.0 0.0

811 0.0 0.0 0.0 8.333E10 0.0 0.0
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882 0.0 0.0 0.0 0.0 3.663EO9 0.0
813 0.; O.0 0.0 0.0 0.0 4.757EO9
814 2 189 193 168
815 3.460f08 0.0 0.0 0.0 0.0 0.0
813 0.0 1.2OOE10 0.0 0.0 0.0 0.0
817 0.0 0.0 1.2OOE10 0.0 0.0 0.0
813 0.0 0.0 0.0 8.333E10 0.0 0O
819 0.0 0.0 0.0 0.0 4.225EO9 0.0 !820 0.0 0.0 0.0 0.0 0.0 5.868EO9
821 3 190 195 168
822 3.460EO8 0.0 0.0 0.0 0.0 0.0
823 0.0 1.2OOE10 0.0 0.0 0.0 0.0
824 0.0 0.0 1.2OOE10 0.0 0.0 0.0
825 0.0 0.0 0.0 8.333EIO O.0 0.0
823 0.0 0.0 0.0 0.0 3.663EO9 0.0
827 0.0 0.0 0.0 0.0 0.0 4.757EO9
828 4 160 196 168
829 3.460EO8 0.0 0.0 0.0 0.0 0.0
830 0.0 1.2OOEtO O.0 0.0 0.0 0.0
831 0.0 0.0 1.2OOEIO O.0 0.0 0.0832 0.0 0.0 0.0 8.333E10 0.0 0.0
833 0.0 0.0 0.0 0.0 4.225EO9 0.0
834 0.0 0.0 0.0 0.0 0.0 5,868EO9
835 5 260 198 168
833 3.460EO8 0.0 0.0 0.0 0.0 0.0837 0.0 1.2OOE10 0.0 0.0 0.0 0.0838 0.0 0.0 1.2OOE10 0.0 0.0 0.0839 0.0 0.0 0.0 R.333E10 0.0 0.0840 0.0 0.0 0.0 0.0 3.663C09 0.0841 0.0 0.0 0.0 0.0 0.0 4.757EO9842 6 191 197 168
843 3.460EO8 0.0 00 0.0 0.0 0.0844 0.0 1.2OOE10 0.0 0.0 0.0 0.0843 0.0 0.0 1.2OOE10 0.0 0.0 0.0843 0.0 0.0 0.0 8.333E10 0.0 i O.O '847 0.0 0.0 0.0 0.0 4.225EO9 0.0848 0.0 0.0 0.0 0.0 0.0 5.868EO9849 7 192 199 168
850 3.460EOS 0.0 0.0 0.0 0.0 0.0851 0.0 1.2OOE10 0.0 0.0 0.0 0.0852 0.0 0.0 1.2OOE10 0.0 0.0 0.0853 0.0 0.0 0.0 8.333FtO O.O O.0834 0.0 0.0 0.0 0.0 3.6G3EO9 0.0855 0.0 0.0 0.0 0.0 6.0 4.757EO9856 8 297 200 168
857 3.460EO8 0.0 0.0 0.0 0.0 0.0853 0.0 1.2OOE10 0.0 0,9 0.0 0.0859 0.0 0.0 1.2OOE10 00 0.0 0.0860 0.0 0.0 0.0 8.J33CIO O.0 0.0861 0.0 00 0.0 0.0 4.225EO9 0.0832 0.0 0.0 0.0 0.0 . 0.0 5.868EO9823 9 22 65 66
824 19404. 20580. 6492. -58212 178788. -48808.815 20580. 56808. 108. -136898 72900. 674780.863 6492. 108 29544 -171116. 588484 13518.837 -53212. -13689C. -171116 5908900. -3263300. 1589600.C28 178788. 72900. 588484. -3263300. 14891000. -102600.863 -48808. -674780. 13518. 1589600. -102600. 14531900.
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870 'O 122 171 172
871 127GS. 18984 -1980 -35804. 14210. 235910.
872 18984. 165684 -22440. -187978. -92180. -586549.
873 -1980. -22440. 15468. -30998G. 5341?. 't02876.
874 -35804 -187978.. -309986. 12901200. -1227100. 174400.
875 14210. -92180. 53412. -1227100. 41G9902 1108800.
87G 235910. -586549. 102876. 174400. 1108800. 14050000.
877 11 222 2GS 2G6
378 13188. 15444. 123G. 42012. -18570. 323G94.
879 15444, 169080. 24924. 170180. 52218 -24G888.
800 1236, 24924. 16728. -33G704 22'26. -72802.
881 42012. 1/0180. -336704. 13932300. -577600. ,651050.
882 -18570. 52288. 22126. -577600. 4123400. -845000.
883 -323694 -246888. -72802. 651050. -845000. 13939400,
884 12 322 293 294
885 20676. 23652. -8664. 127478 -25G2OO. -6380.
886 23652 93480. 12564. 39G780. 29522. -845712.
887 8G64 1?S64. 44268. -219000. 712090. -130176.
888 127478. ~ 39G780. -219800. 8604200. -3814800. 3611600.
889 -25G200. 29522. 712C90. -3814800. 15377100. -1731100.
890 6380. -845712. -130176. -3611G00. -173t100. 14553700.

*

831 13 25 67 68
892 918GO. 66876 -13644. -429214. 85857G. 1503722.
893 6687G. 554148. -234396. -2154049. 1859586. 8247G.
894 -13644. 234396. 144180. 228710. -430212. -3012.
895 -429214. -2154049. 228710. 31110600. -11929300. -530500.
896 ~853576. 1859586. -430212. -11929300 30302000. 12537000.
897 1503722. 82476. -3012. -530500. 12537000. 42928800.
898 14 125 '173 174
899 153408. 267468. -22944 351478. -1080G. -736684.
900 2674G8. 828180. -63960. 626594. -394224. -4860490.
901 -22944. -63960. 872tG. -1317422. 1181702. 2G9682.
902 351478. G26594. -1317422. 40066700. -147478 )O. -1867800.
903 -1C806. -394224 1111702. -14747800. 29753tOO. 1786900.
904 -736084. -48GO490. 269082. -1867800. 1786900. 5350G900.
905 15 225 2G7 268
906 127320. 207876. 30G48. -174980. -208898. -385678.
907 207876. 876912. ,12,5068. -226622. 613482. -518719G..

1 %f 88.
908 30648. 125028. -1605012. 1160124. -672490.
909 -174980. -22G622. -166s(12. 46219800. -15418900, 880200.
910 -208098. 61348'. 1160124. -15418900. 31729300. -4835200.
911 -385G78. -5187196. -672490. 800200. -4835200. 58224100.
982 1G 325 295 29G
913 99132. 93984. 27708. 547512. -1050592 1630488.
914 93984. 273180. 8373b. 1590514 -1132078. 487414
915 27708. 83736. 9G912. -514292. -19440?. 12412G. j
916 547512. 1590514. -514292. 37382800. -6585 GOO. 2842600. {
917 -1050592. -1932078". -394402. -6585600. 36358300. -14342400. '

918 1G30488. 487414 124126. 2842600. -14342400. 47588000.
919 6 120.9 120.9 120.9
920 13 2302.9 2302.9 2302.9
921 14 21"O.G5 2140.65 2140.65
922 16 to184.6 11184.6 11184.6 '

923 21 5590.4 5580.4 5580.4
924 23 5747.4 3347.4 3347.4
925 24 1421.55 1421.55 1421.55
926 39 2972. 2972. 2972.
927 A7 2391 2391. 2391.

.
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92E 49 111.7 111.7 111.7

929 50 414.61 414.84 414.84
930 64 43R.1 438.1 438.1
931 106 120.9 120.9 120.9

932 113 2302.9 2302.9 2302.9
933 114 2140.65 2140.65 2140.65
934 116 11184.6 11184.6 11184.6 |
935 121 55*0.4 5580.4 5580.4 i

936 123 3347.4 3347.4 3347.4 1

937 124 1421.55 1421.55 1421.55
938 139 2'72. 2972. 2972.
939 147 2391. 2391, 2391.
940 149 111.7 111.7 111.7
941 150 414.84 414.84 414.84
942 164 14366. 14306. 0.0
943 166 16460. 164GO. 0.0
944 169 21665. 21665. 48326. 243271?
945 109 0.0 0.0 13196.

94G 170 438.1 438.1 438.1
947 206 120.9 120.9 120.9
948 213 2302.0 2302.9 2302.9

* 949 21 2140.05 2140.65 2140.65
950 21( 11184.6 11184.6 11184.6
951 221 55"O.4 5580.4 5580.4
952 223 3117.4 3347.4 3347.4
953 224 1421.55 1421.55 1421.55
954 '39 2172. 2972. 2972.
955 247 2391. 2391. 2391.
956 249 111.7 111.7 111.7
957 250 414.Z* 414.84 414.84
458 264 439 1 438.1 438.1
959 292 438.1 438.1 438.1
9GO 30G 120.9 120.9 120.9
961 313 23C2 9 2302.9 2302.9
962 314 2140.65 2140.65 2140.65
9u3 3 f'2 11184.6 11184.6 11184.6
9G4 321 5580.4 5580.4 5580.4
965 323 3347.4 3347.4 3347 4
966 324 1421.55 1421.55 1421.55
967 339 2972. 2972. 2972. -

908 347 2391. 239'. 2391.#

969 349 111.7 111.7 111.,

970 350 414.84 414.84 414.E4
971 406 2224.0 2224.0 2224.0
972 400 3673.76 3G73.76 3673.76
o'3 415 1370 ? 1370.5 1370.5
974
9/5

i 97G 1 50.0
l 977

978

,

I
i

1
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APPENDIX B

STATlC INPUT DATA LISTING
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ACE *LLLt 1).wi2/R1 j

t STATIC REACTOR COOLANT LOOP MODEL. ZION STATION. 8-08-80 ;

2 416 4 3 O O O 75000 j
3 1 3.842 -9.508 584.0 524.2 ;

4 2 4.737 -11.724 584. 524.2 I

$ 5 3 5.632 -13.940 584 524.2
6 4 6.660 -16.484 584.0 524.2
7 5 7.089 -17.546 584.0 524.2 ;

'
8 6 8.1195 -20.090 584.0 524.2
9 7 9.150 -22.646 584.0 524.2

i

10 8 9.862 -24.4105 584.422 524.2
|

tt 9 10.441 -25.843 585.609 492.2 1

12 .O 1 1 1 1 1 1 12.112 -29 s?9 568.0 )
13 11 1 1 1 1 1 1 0.0 34.873 588.091
14 12 9 1 1 1 1 1 17.006 -42.091 588.091

|15 13 12.112 -29.979 588.091 492.2
16 14 12.112 -29.979 591.817 492.2
17 15 12.112 -29.979 598.468 492.2 I

18 16 12.112 -29.979 610.775 492.2
19 17 12.112 -29.979 615.250 492.2
20 18 1 1 1 1 1 1 0.0 -34.873 615.250
21 19 1 1 1 1 1 1 17.006 -42.091 615.250
22 20 12.112 -29.979 622.271 492.2
23 21 12.112 -29.979 628.671 492.2
24 22 5.988 -35.432 631.344 492.2
25 23 12.112 -29.9?9 640.713 492.2
26 24 12.112 -29.C79 649.521 492.2
27 25 12.112 -29.979 652.854 492.2
28 26 16.556 -29.590 585.609 492.2
29 27 17.604 -29.4985 582.716 460.2
30 28 17.604 -29.4985 513.1875 460.2
31 29 17.898 -29.323 576.4654 460.2
32 30 18.734 -28.825 575.0055 460.2
33 31 21.467 -17.196 513.6875 460.2
34 32 22.112 -26.812 573.6875 460.2
35 33 22.971 -26.300 573.6875 460.2
36 34 23.673 -25.882 573.6875 460.2
37 35 24.317 -25.498 573.6875 460.2
38 36 27.051 -23.8687 575.0055 460.2
39 37 28.183 -23.194 578.1875 460.2
40 38 1 1 1 1 1 1 28.183 -23.194 568.000
41 39 28.183 -23.194 584.958 460.2
42 40 28.183 -23.194 584.0 460.2
43 41 1 1 1 1 1 1 33.302 -18.420 584.0
44 42 I t t t i 1 32.957 -28.313 584.0
45 43 28.183 -23.194 586.917 460.2 J

46 44 28.183 -23.194 587.890 70,0
47 45 28.183 -23.194 588.608 70.0
48 46 28.183 -23.194 589.442 70.0
49 47 28.183 -23.194 598.450 70.0
50 48 25.432 -20.244 584.0 460.2
51 49 23.5565 -18.232". 584.0 460.2
52 50 23.5565 - 18 . 7 ' ' ' 589.4045 460.2
53 51 21.681 -16.221 584.0 460.2
54 52 20.772 -15.240 584.0 460.2
55 53 19.123 -13.479 584.0 460.2
56 54 17.333 -11.559 584.0 460.2
57 55 15.543 -9.639 584.0 460.2
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58 5G 14.171 8.168 584 460.2
59 57 12.800 -6.697- 584. 460.2
60 58 11.428 -5.226 584.0 460,2

i 61 59 10.065 -4.272 584.0 460.2
; 62 60 . 3.430 -8.4895 584.0 460.2
'

63 61 1 1 1 3.430 e.4695 581.875 460.2
64 62 1 1 1 1 1 1 -0.0 -9.875 581.875
65 63 1 1 1 1 1 1 3.430 -8.4895, 579.750

' 66 64 8.1195 -20.096 588.262
67 GS 1 1 1 1 1 1 -6.988 -36.432 631.344
68 66 1 1 1 1 1 1 5.988 -36.432 632.3444

69 67 1 1 1 1 1 1 13.112 29.979 b52,854

70 68 1 1 1 1 1 1 12.112 -29.979 653.854
i 71 69 1 1 1 1 1 1 0.0 -40.0 560.0

72 100 1 1 1 1 1 1 0.0 -40. 600.0 1

73 101 -3.842 -9.508 584.0 524.2
74 10? -4.737 -11. 724 584. 524.2
75 103 5.632 -13.940 584. 524.2
7G 104 6.7145 -16.689 584.0 524.2
77 105 -7.089 -17.546 584.0 524.2
78 106 -8.1195 -20.096 584.0 524.2

{ 79 107 -9.150 -22.646 584.0 524.2
80 108 -9.862 -24.4105 584.422 524.2
81 109 -10.441 -25.843 585.609 492.2*

82 110 t i 1 1 1 1 -12.112 -23.979 5G8.0
83 til 1- t t i 1 1 -0.0 -34.873 588.091
G4 112 1 1 1 1 1 1 -17.006 -42.091 588.091
85 113 -12.112 -29.S -s 598.091 492.2
86 114 -12.112 +29.979 591.817 492.2
87 115 -12;112 -29.979 598.468 492.2
88 '16 -12.112 -29.979 610.775 492.2.
89 117 *12.112 -29.979 615.250 492.2

| 90 118 1 1 1 1 1 1 -0.0 -34.873 615 250
91 119 1 1 1 1 1 1 -17.006 -42.091 615.250 '

92 120 -12.112 -29.979 622.271 492.2
; 93 121 -12.112 -29.979 628.671 492.2

94 122 -20.003 -34.087 631.344 492.2
95 123 -12.112 29.979 G40.713 492.2
96 124 -12.112 -29.979 649.521 492.2
97 125 -12.112 -29.979 652.854 492,2

. 99 126 -16.556 -29.590 585.609 492.2
99 127 -17.604 -29.4985 582.716 460.;

;

100 128 -17.604 -29.4985 578.1875 460.2
101 129 -17.898 -29.323 576.4654 460.2
102 130 -18.734 -28,825 575.0055 460.2'

103 131 -21.467 -27 196 -573.6875 460.2

104 132 -22.112 -26.812 573.6875 460.2
105 133 -22.971 -26.300 573.6875 460.2
106 134 -23.673 -25.882 573.6875 460.2'

107 135 -24.317 -25.498 573.6875 460.2

108 136 -27.051 -23.8687 575.0055 460.2

109 137 -28.183 -23.194 578.1875 460.2
180 138 9 1 1 1 1 1 -28.183 -23.194 568.000
til 139 -28.183 -23.194 584.958 460.2

4

i 112 140 -28.18*J -23.194 584.0 460.2

| 113 141 1 1 1 1 1 1 -33.302 -18.420 584.0
114 142 1 1 1 1 1 1 -32.957 -2e.313 584.0

' 115 143 -28.183 -23.194 586.917 460.2
!

i
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tt6 144 -28.183 -23.194 587.890 70.0

117 145 -28.183 -23.194 588.608 70.0

stR 146 -28.183 -23.194 589.442 70.0

119 147 -28.183 -23.194 598.450 70.0

920 148 -25.432 -20.244 594.0 460.2

121 149 -23.5565 -18.2325 584.0 460.2

127 150 -23.5565 -18.2325 589.4045 460.2

123 151 -21.681 -16.221 584.0 460.2

124 152 -20.772 -15.246 584.0 460.2

125 153 -19.123 -13.479 584.0 460.2

126 IL 4 *t7.333 -11.559 584.0 460.2

127 155 -15.543 -9.639 584.0 460.2
128 156 -14.171 -8.168 584. 460.2

129 157 -12.800 -6.697 584 460.2

130 158 -11.428 -5.226 584.0 460.2

131 159 -10.065 +4.272 584.0 460.2

132_ 160 -8.429 -3.578 584 460.2
133 161 1 1 1 -8.428 +3.578 581.875 460.2
134 162 1 1 1 1 1 1 -9.947 0.0 581.875
135 163 ; 1 1 1 1 1 -8.428 -3.578 579.750
136 164 0.0 0.0 563.34 460.2
137 165 0.0 0.0 570.0 460.2
138 166 0.0 0.0 576.90 460.2
939 167 0.0 0.0 584.0 460.2
140 168 0.0 0.0 590.46 460.2
141 169 1 1 1 1 1 0.0 0.0 591.46 460.2
142 170 -8.1195 -20.096 588.262
143 171 1 1 1 1 1 1 -19.003 -34.087 631.344
144 172 1 1 1 1 1 1 -20.003 -34.087 632.344
145 173 1 1 1 1 1 l' -11.112 -29.979 652.854
146 174 1 1 1 1 1 1 *12.112 -29.979 653.854
147 175 1 1 1 1 1 1 0.0 -40.0 560.0
148 188 1 1 1 1 1 1 0.0 -40.0 b60.0 t
149 189 8.428 -3.578 584.0 460.2
150 190 -3.430 -8.4895 SR4.0 524.2
151 191 -8.428 3.578 584.0 460.2,

152 192 3.430 8.4895 584.0 524.2
153 193 7.364 -3.126 584.0- 460.2
154 194 3.000 -7.417 584.0 460.2
155 195 -3.000 -7*.417 584.0 460.2
156 196 -7.364 -3.126 584.0 460.2
157 197 -7.364 3.126 584.0 460.2
158 198 -3.000 7.417 584.0 460.2
159 199 3.000 7.417 584.0 460.2
160 200 7.364 ?. 926 584.0 460.2
161 201 -3.842 9 508 584.0 524.2
162 202 -4.737 11.724 584 524.2
163 203 -5.632 13.940 584 524.2
164 204 -6.7145 16.619 584.0 524.2
165 205 -7.089 17.546 584.0 524.2
166 206 -8.1195 20.096 584.0 524.2 <

167 207 -9.150 22.646 584.0 524.2
168 20R -9.862 24.4'P3 584.422 524.2
169 109 -10.441 25.843 585.609 492.2
170 210 1 1 1 1 1 1 -12.112 29.979 568.0
171 211 1 1 1 1 1 1 -0.0 34.873 588.091
172 212 1 1 1 1 1 1 -17 006 42.091 588.091
173 213 -12.112 29.979 588.091 492.2
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174 214 -12.112 29.979- 591.817 492.2

175 215 -12.112 29.979 598.468 492.2
176 216 -12.112 29.979 610.775 492.2

177 217 -12.112 29.979 615.250 492.2

178 218 1 1 1 I i 1 -0.0 34.873 G15.250
179 219 1 1 1 1 1 1 -17.006 42.091 615.250
180 220 -12.112 29.979 622.271 492.2
181 221 -12.112 29.979 628.671 492.2

182 222 *18.347 36.324 631.344 492.2

183 223 -12.112 29.979 640.713 492.2

184 224 -12.112 29.979 649.521 492-2.

185 225 12.112 29.979 652.854 492.2-

186 226 -16.556 29.590 585.609 492.2

187 227 -17.604 29.4985 582.716 460.2
188 228 -17.604 29.4985 578.1875 460.2
189 229 -17.898 29.323 576.4654 460.2
490 230 -18.734 28.825 575.0055 1460.2 J

191 231 -21.467 27.196 573.6875 460.2
192 232 -22.112 26.812 573.6875 460.2
193 233 -22.971 26.300 573.6875 460.2
194 234 -23.673 25.882 573.6875 460.2
195 235 -24.317 25.498 573.6875 460.2
196 236 -27.051 23.8687 575.0055 460.2
197 237 -28.183 23.194 578.1875 460.2
198 238 1 1 1 1 1 1 -28.183 23.194 568.000
199 239 -28.183 23.194 534.958 460.2
200 240 -28.183 23.194 584.0 460.2
201 241 1 1 1 1 1 1 -33.302 18.420 584.0
.202 242 1 1 1 1 1 1 -32.957 28.313 584.0
203 243 -28.183 23.194 586.917. 460.2
204 244 -28.183 23.194 587.890 70.0-
205 245 -28.183 23.194 588.608 10.0
206 246 -2h.183 23.194 589.442 70.0
207 247 -28.183 23.194 598.450 70.0
208 248 -25.432 20.244 584.0 460.2
209 245 -23.5565 18.2325 584.0 460.2
210 250 J3.5565 18.2325 589.4045 460.2
211 251 -21.681 16.221 584.0 460.2
212 252 -20.772 15.246 584.0 460.2 j

213 253 19.123 13.479 584.0 460.2
214 254 -17.333 11.559 584.0 460.2
215 255 -15.543 9.639 584.0 460.2
216 256 -14.171 8.168 584 460.2
217 257 -12.800 6.697 584. 460.2
218 258 -11.428 5.226 584.0 460.2'

2i9 259 -10.065 4.272 584.0 460.2
120 260 -3.430 0.4895 584 460.2
221 261 1 1 1 -3.430 8.4895 581.875 460.2
222 262 1 1 i 1 1 1 0.0 9.875 581.875
223 263 1 1 1 1 1 1 -3.430 8.4895 579.750
224 264 -8.1195 20.096 588.262
225 265 1 1 1 1 1 1 -17.347 36.324 631.344
226 266 1 1 1 1 1 1 -18.347 36.324 632.344
227 267 1 1 1 1 1 1 -11.112 29.579 652.854

+ 228 268 1 1 1 1 1 1 -12.112 29.979 653.854
229 269 1 1 1 1 1 1 .O.0 40.0 560.0
230 291 1 1 1 1 1 1 0.0 40 600.0 1

231 292 8.1195 20.096 588.262
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232 293 1 ' 1 1 1 1 5.083 33.809 631.344
233 294 1 1 1 1 1 1 4.083 33.809 632.344

; 234 295 1 1 1 1 1 .1 13.112 29.979 652.854

| 235 296 1 1 1 1 1 1 12.112 29.979 653.854
236 297 8.428 3.578 584 .

460.2
237 298 1 1 1 8.428 3.578 581.875 460.2
238 299 1 1 1 1 1 9.947 0.0 581.875
239 300 t t t i 1 1 8.428 3.578 579.760
240 301 3.842 9.508 584.0 524.2
241 302 4.737 11.724 584. 524.2

,

j 242 303 5.632 83.940 584. 524.2
243 304 6.527 16.156 584.0 524.2
244 305 7.C89 17.546 584.0 524.2
245 306 8.1195 20.096 584.0 524.2
246 307 9.150 22.646 584.0 524.2
247 308 9.862 24.4105 584.422 Ss4.2
248 309 10.441 25.843 585.609 492.2
249 310 1 1 1 4 1 1 12.112 29.979 568.0
250 311 1 1 1 1 1 1 0.0 34.873 588.091
251 312 1 1 1 1 1 1 17.006 42.091 588.091
252 313 12.112 29.979 588.091 492.2
253 314 12.112 29.979 591.817 492.2
254 315 12.112 29.979 d98.468 492.2
255 316 12.112 29.979 610.775 492.2

' 256 317 12.112 29.979 615.250 492.2
257- 318 1 1 1 1 1 1 0.0 34.873 615.250
258 319 1 1 1 1 1 1 17.006 42.091 615.250
259 320 12.112 29.979 622.271 A92.2
260 321 12.112 29.979 628.671 492.2
268 322 4.083 33.809 631.344 492.2
262 323 12.112 29.979 640.713 492.2
263 324 12.112 29.979 649.521 492.2
264 325 12.112 29.979 652.854 492.2
265 326 16.556 29.590 585.609 $92.2
266 127 17.604 29.4985 582.716 460.2
267 328 !7.604 29.4985 578.1875- 460.2
268 329 17.898 29.323 576.4654 460.2
269 330 18.734 28.825 575.0055 460.2
270 331 21.467 27.196 573.6875 460.2
27) 332 22.112 26.812 573.6875 460.2
272 333 22.971 26.300 573.6875 460.2
273 334 23.673 25.882 573.G875 460.2
274 335 24 317 25.498 573.6875 460.2
275 336 27.051 23.8687 575.0055 460.2
276 337 28.183 23.194 578.1875 460.2
277 338 1 1 1 1 e i 28.183 23.194 568.000
278 339 28.183 23.194 584.958 460.2
279 340 28.183 23.194 584.0 460."
280 .14 t 1 1 1 1 1 1 33.302 18.420 584.0
281 342 1 1 1 1 1 1 32.957 28.313 554.0
282 343 28.183 23.194 586.917 460.2
283 344 28.183 21.194 587.890 70.0
284 345 28.183 23.194 588.608 70.0
265 346 28.183 23.194 589.442 70.0
286 347 28.183 23.194 598.450 70.0
287 348 25.432 20.244 584.0 460.2
288 349 23.5565 18.2325 584.0 4b0.2
289 350 23.5565 18.2325 589.4045 460.2
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290 ' 351 21.681 16.221 584.0 460.2
291 352 20.772 15.246 584.0 460.2
292 353 19.123 13.479 584.0 460.2
293 354 17.333 11.559 584.0 460.2
294 355 15.543 9.639 584.0 460.2
295 356 14.171 8.168 584 460.2
29G 357 12.800 6.697- 584. 460.2
?o? 358 11.428 5.226 584.0 460.2
*98 359 10.065 4.272 584.0 460.2.

299 360 4.470 16.987 584.0 524.2
300 361 2.684 17.7085 584.0 524.2
301 362 0.898 18.430 584.0 524.2
302 363 -1.753 20.5766 584.008 524.2
303 164 -2.750 2?.8386 584.030 Q24.2
304 3E5 t 1 1 1 1 1 -2.750 23.8386 591.250 |

305 166 -2.750 24.500 584.035 524.2 !
306 367 1 1 1 1 1 1 0.0 24.500 584.035 i

307 368 -2.750- 27.000 584.054 524.2
308 369 -2.750 29.500 584.0735 524.2
309 370 t 1 1 1 1 1 0.0 29.500 584.0735
310 371 -2.750 32.000 584.093 524.2
311 372 -2.750 34.500 584.112 -524.2'
312 373 t 1 1 1 1 1 0.0 34.500 584,119

313 374 -2.750 35.861 584,112b 524.2
314 375 t 1 1 1 1 1 -6.25 35.861 588.091
315 376 -2.681 36.750 584,1294 524.2
386 377 1 1 1 -2.681 36.750 585.1815 524.2
317 378 1 1 1 1 1 1 -2.681 40.918 '588.091
318 379 -1.066 39.927 584.179 524.2
319 380 1 1 I 1 i t 3.0 41.611 591.0
320 381 3.0 41.611 584.263 524.2
321 382 5.285 41.611 584.301 524.2
322 383 7.570 41.f s t 584.339 524.2
323 384 9.855 48.611 584.378 524.2
324 385 12.139 41.611 584.416 524.2
325 386 14.424 41.611 584 1 454 '524.2
326 387 16.709 41.611 584.492 524.2
327 388 18.994 41.611 584.531 524.2
328 389 21.279 41.611 584.569 524.2
329 390 t 1 1 1 1 1 21.279 41.611 591.0
330 391 25.428 40.420 585.8294 524.2
331 392 26.027' 39.922 586.338 524.2
332 393 1 1 1 26.852 40.437 585.9375 524.2
333 394 1 1 1 1 1 1 26.759 43.152 585.9375
334 395 27.112 37.486 588.7915 524.2
335 396 27.112 36.653 589.625 524.2
336 397 27.112 35.3884 591.5172 524.2

~

337 398 27.112 34.544 593.7496 524.2
338 399 27.112 34.944 594.917 524.2
3'" 400 27.112 34.944 596.917 524.2
340 401 27.112 03.944 598.170 524.2
341 402 27.112 34.944 594.67
342 491 1 1 1 1 1 1 27.112 34.944 568.0
343 404 1 1 1 1 1 1 31.227 32.104 594.67
344 405 1 1 1 I t i 29.952 39.059 594.67
345 406 27.112 34.944 599.70 524.2
346 407 27.112 34.944 606.63 524.2
347 408 27.112 34.944 613.57 524.2
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348 409 27.112- 34.944 620.50 524.2'
349 410 t 1 -1 1 1 1 27.112 29.944 620.50
350 411 1 1 1 1 1 1 32.182 34.944 620.50:

- 359 412 t- t 1 f 1 1 27.112 34.944 625.50
352 413 27.112 34,944 '627.89 524.2

-353 414 27.112 34.944 - -635.28 524.2
*

354 415 27.112. 34.944 642.62 524.2
355 416 27.112 - 34.944 646.32' 524.2
356 1 23 11
357 't 15.22 0.405 $GUS RADIAL.
358 7 4.OOEO9 15.22 f.803 SGUS TANGENTIAL
359 3 4 OOEO9 15.22 0.195 PULS TRANSLATE

j 360 4 4.OOEO9 15.22 0.00413 490. PH RCH-1002
j. 361 5 15.22 'O 00173 490. HS RCRS-tOO7
i 362 6 15.22 0.0123 490. RS #CRS-tOO8
i. 363 7 15.22 0.00322 490. HS RCRS-1009

364 8 4.OOEO9 15.22 0.406 RPV VERT SUPT
365 9 4.OOEO9 15.22 0.665 RPV HORZ OUTLE7,

4 366 10 4.OOEO9 15.22 0.699 RPJ HORZ INLET
367 ft 4.OOEO9 0.0 0.0522 RPV VERT SPRING
368
369
370 -1.0
371
372 -t' 47 18 2
373 2 17 19 1.

374 3 117 118 2
! 375 4 117 119 1

376 5 217 218 2
i 377 6 217 219 6

378 7 317 318 2
379 8 317 319 1

380 9 409 410 3
2- 381 10 409 dit 3

382 11 380 381 4
383 12 393 394 5

t 384 13 374 375 6
4 385 14 377 378 7
I 386 IS 61 63 8

387 16 61 62 9
388 17 161 163 8
389 18 - 161' 162 10,

' 390 19 261 263 8
' 398 20 261 262 9
j 392 21 298 300 8

343 22 298 299 10
394 23 168 169 11
395 2 37 13 0 2-

396 1 4.OOEO9 0.26
1 397 2 4.OOEO9 0,26 15.22 15.22

398 1 1.125 191.2 0.0 0.1
399 2 0.532 35.4 0.1 0.1

. 400~ 3 0.454 35.4 0.1 0.1
! 401 4 0.361 45.3 0.1 0.1'

402 5 0.306 6.09 0.1 O.1
403 6 0.175 6.09 0.1 0.1
404 7 0.481 904.1

. O.1 0.1
405 8 0.336 't.626 0.1 0.1

-
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406 9 1.500 f.626 .O.1 0. t '

407 to 0.001 10.37 0.1 0.1

408 11 0.195 0.1642 0.1642 0.1642
409 12- 0.0417 0.000386 0.000778 0.000386

' 410' 13 20.3 7.6 28.7 28.7
'

4tt

i 412
413 -32.2 -'

414 1 10 13 - 12 2 1 11 !11 I

/
415 2 11L t t'd 112 2 1 11 11

; 416 3 210.213 212 2 1 11 11

417 4 310 313 312 2 1 11 11

418 5 11 13 14 1 2 11 11 |

419 6 111 113 114 1 .2 11 11 |
420 7. 211 213 214 1 2 11 11

421 8 311 313 314 1 2 11 11

422 9 12 13 14 1 3 1 11 11

423 to 112 113 114 1 3 1 11 11

424 11 212 213 214 1 3 1 11 11

{ 425 12 312 . 313 314 1 3 1 11 11-
'

426' .13 38 40 55 2 4 111 ft

427 14 138 140 155 2 4 111 ft

428 15 238- 240 255 k 4 til 11-
429 16 338 340 .355 2 4 til- 11

430 17 40 41 47 1 5 1 11 11

j ' 431' 18 140 141 147. 1 5 1 11 11

432 19 240 241 247 1 5 1 11 11r

433 20 340 341 347 1 5 1 11 11

434 21 40 42 47 1 6 i 11- 11

435 22 140 . 142 147 i 6 1 11 11'

436 23 240 242 247 1 6- 1 11 11
;

437 24 340 342 347 1 6 .1 11 11

438 25 402 403 405 2 7 11 11

1 439 26 402 404 409 1 8- 11 11

440 27 402 405 409 1 9 11 11

441 28 409 412 405 1 10 t 11 11

442 29 366 367- 364 1 11 111111

443 30 369 370 371 1 11 111111
444 31' 372- 373- 274 1 11 191111
445 32 392 393 391 2 12 111

446 33 376 377 378- 2 12 q 111
447 34 60 61 260 1 13 111

448 35 160 161 297 1 13 111

449 36 260 261 60 t 13 til

450 37 297 239 160 t 13 til

451 9 264 8 1 25 1

I' 452 1 STEAM GEN. & PRESSURIZER
453 3.80EO9 0.25 7.18E-6
454 2 1 RPV SHELL
455 3.715EO9 0.25 9.74E-6
456 3 HOT LEG +-SURGE LINE
457 3.73EO9 0.25 9.02E-6
458 4 HOT LEG VALVE

I 459 3.86EO9 0.25 9.47E-6
460 5 S. G. INLET N0ZZLE
461 3.79EO9 0.25 .7.18E-6

( 462 6 CROSS OVER LEG + PUMP CASING
f 463 3.77EO9 0.25 9.74E-6

>
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464 7 R. C. PUMP MOTOR
465 4.02EO9 0.25 6.19E-6
486 8 COLD LEC & COLD LEG VALVE

I d67 3.80EO9 0.25 9.74E-6
06R 1 2<d33 0.2083 1091. 33.880 HOT LEG'

~
469 2 3.027 0.2217 1239. 38.476 CROSS 0VER LEG
470 3 2.688 0.1983 986.5 30.637 COLD LEG
071 4 11.328 0.3017 0.0 STEAM GEN.-1d

472 5 11.250 0.2344 0.0 STEAM GEN. 2
473 6 12.948 0.3073 0.0 STEAM GEN.-3

l 474 7 14.646 0.3025 0.0 STEAM GEN.-4
075 8 8.740 0.3025 0.0 STEAM GEN.-5
076 9 5 833 0.5000 0.0 R C PUMP CASING
477 10 3.950 0.1205 0.0 PUMP MOTOR STAND
478 11 4.000 0.1667 0.0 PUMP MOTOR STANO
479 12 1.167 0.1172 240.2 7.459 PRESSURE SURGE LINE
-480 13 .7.25 0.125 0.0 PRESSURIZER SKIRT
481 14 7.50 0.250 0.0 PRESURE lower ~ HEAD
402 15 7.625 0.3125 0.0 PRESSURIZER SHELL+

483 16 16.033 0.8958 0.0 RPV HEAD
404 17 15.858 0.7192 0.0 RPV SHELL- ,

4Q5 18 3.083 0.3333 1663.6 51.663 STOP VALVE - HORZ
486 19 3.250 0.1667 STOP VALVE - VERT4

487 20 3.047 0.2734 1434 44.538 HOT LEG ELBOW
i 48R 29 3.135 0.2760 1498. 46.509 CROSSOVER Elbows

429 22 7.372 0.5000 SG NOZ7LE
490 23 6.500 0.4167 PUMP OUTLET
491 24 2.796 0.2525 1216.6 17.782 COLD LEG ELBOW
492 25 27.500 0.8923 200. 0.0 RPV RADIAL MEMBERS
493
494
495 -1.0
496 1.0
497 1.0
098 1T 1 2 3 1 321800.
499 2T 2 3 3 1 321800.
500 3T 3 4 3 1 3?t800.
50t di 4 5 3 1 321800.
502 ST 5 6 3 18
503' 6T 6 7 3 18
504 7B 7 8 3 20 321800.
505 4.5043 CC 9.150 -22.646 588.5043 0.04
506 88 8 9 3 20 321800.
507 4.5043 LO 9.150 -22.646 588.5043 0.04
SOR 97 9 13 5 22
509 10T 13 14 1 4
510 til 14 15 1 4
511 12T 15 16 1 5
312 13T 16 17 1 5
513 14T 17 20 1 5
514 IST 20 21 1 6
515 16T 21 22 1 22
Gl6 17T 21 23 1 7
517 18T 23 24 1 7 .

318 19T 24 25 1 8
319 20T 13 26 1 22
520 218 26 27 6 21 321800.
521 4.500 TI 17.604 -29.4985 584.354 0.04
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522 22T 27 28 6 2 321800.
-523 238 28 29 6 21 321800.
524 4.500 CC 21.467 -27.196 578.1875 0.04

525 248 29 30 6 21 321800.

526 4.500 CC 21.467 -27.196 578.1875 0.04

527 258 30 31 6 21 321800
528 4.500 CC 21.467 -27.196 578.1875 0.04

529 26T 31 32 6 2 321800.
530 27T 32 ' 33 6 2 321800.'
531 281 33 34 6 2 321800.

532 29T 34 35 6 2 321800.
533 308 35 36 6 21 321800.

534 4.5 CC 24.317 -25.498 578.1875 0.04

535 318 36 37 6 21 321800.

536 4.5 CC 24.317 -25.498 578.1875 0.04

537 32T 37 40 6 9
538 337 40 39 6 9-

530 34T 39 43 6 9
540 35T 43 44 7 10
541 361 44 45 7 11

542 37T 45 46 7 10
543 38T 46 47 7 9
544 39T 40 48 8 23'

545 40T 48 49 8 18

546 41T 49 50 8 19

547 42T 49 51 8 18

548 43T 51 C2 8 3 321800.
549 44T 52 53 8 3 321800.
550 4ST S3 54 8 3 32 800.

551 46T 54 55 8 3 321800.
552 471 55 56 8 3 321800.
553 48T 56 57 8 3 321800.
554 49T 57 58 8 3 3/1800.

555 508 58 59 8 24 321800.
556 4.005 CC 8.500 -7.959 584.0 0.04

557 Sif 101 102 3 1 321800.
558 52T 102 103 3 1 321800.
559 53T 103 104 3 1 321800.
560 54T 104 105 3 1 321800.
561 SST 105 106 3 18

562 56T 106 107 3 13
563 578 107 108 3 20 321800.
56d 4.5043 CC -9.150 -22.646 588.5043 0.04

565 588 108 109 3 20 321800.
566 4.5043 CC -9.150 -22.646 588.5043 0.04

567 59T 109 ,113 5 22
568 60T 113 114 1 4

569 6tf 114 115 1 4

570 62T 115 116 1 5
571 63T 116 117 1 5
572 64T 117 120 1 5
573 65T 120 121 1 6

574 66T 121 122 1 22
575 67T 121 123 1 7

576 68T 123 124 1 7

5' 69T 124 125 1 8
5.J 70T 113 126 1 22
379 718 126 127 6 21 321800.

o
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590 4.500 T1 -17.604 -29.4985 584.354 0.04

581 72T 127 128 6 2 321800.

582 738 128 129 6 21 321860.
583 4.500 CC -21.467 -27.196 578.1875 0.04
584 748 129 130 6 21 321800.
585 4.500 CC -21.467 -27.196 578.1875 0.04

586 758 130 131 6 21 321800.
587 4.500 CC -21.467 -27.196 578.1875 0.04
588 767 131 132 6 2 321800.

<

; 589 77T 132 133 6 2 321800.
590 78T 133 134 6 2 321800.
591 79T 134 135 6 2- 321800. ,

'

592 808 135 136 6 21 3218004
593 4.5 CC -24.317 -25.498 578.1875 0.04
594 81B 136 137 6 21 321000.

'
595 4.5 CC -24.317 -25.498 578.1875 0.04

i 590 82T 137 140 6 9
597 83T 140 139 6 9
598 84T 139 143 6 9
599 85T 143 144 7 10
EOO 86T 144 145 7 11
6C1 87T 145 146 7 to

602 88T 146 147 7 9
603 89T 140 148 8 23
604 907 148 149 8 18
605 91T 149 150 8 19

* 606 92T 149 151 8 18
607 93T 151 152 8 3 321800.

I 608 94T 152 153 8 3 321900.
' 609 95T 153 154 8 3 321800,

610 967 154 155 8 3 321800.
611 97T 153 156 8 3 321800.
612 987 156 157 8 3 321800.

i 613 99T 157- 158 8 3 321800.
[ 614 1008 158 159 8 24 321800.
' 615 4.005 CC -8.500 -7.959 584.0 0.04

616 101T 201 202 3 1 321800.
617 102T 202 203 3 1 321800.
618 103T 203 204 3 1 321800.
619 104T 204 705 3 1 321800,

j 620 TOST 205 206 3 18
621 106T 209 207 3 18i

622 1078 207 208 3 20 321800.
623 4.5043 CC -9.150 22.640 588.5043 0.04,

624 1088 208 209 3 20 321800.
+ 625 4.5043 CC -9.150 22.646 588.5043 0.OA

Ysi 109T 209 213 5 22
62* 1107 213 214 1 4
bin 11tf 214 215 1 4
629 192T 285 216 1 5
630 ft3T 216 217 't 5
631 114T 217 220 ' 1 5
632 IIST 220 221 1 6
633 ftGT 221 222 1 22
634 197T 221 223 1 7
635 118T 223 224 1 7
636 199T 224 225 1 8
637 120T 213 226 1 22

1
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638 121B 226 227 6 21 321800.
639 4.500 TI -17.604 29.4985 584.354 0.04

640 122T 227 228 6 2 321800.
641 1238 228 229 6 21 321800.
642 4.500 CC -21.467 27.196 578.1875 0.04
643 1248 229 230 6 21 321800.
644 4.500 CC -21.467 27.196 578.1875 0.04
d*% 1258 230 231 6 21 321800.
646 4.500 CC -21.467 27.196 578.1875 0.04
647 126T 231 232 6 2 321800.
648 127T 232 233 6 2 321800.
649 128T 233 234 6 2 321800.
650 129T 234 235 6 2 321800.
651 1308 235 236 6 21 321800.
652 4.5 CC -24.317 25.498 578.1875 0.04
653 131B 236 237 6 21 321800.
654 4.5 CC -24.317 2 5. 99t! 578.1875 0.04
655 132T 237 240 6 9
656 133T 240 239 6 9

657 134T ?39 243 G 9
658 135T 243 244 7 10
659 136T 244 245 7 11

660 137T 245 246 7 10
661 138T 246 247 7 9
662 139T 240 248 8 23
663 140T 248 249 8 18

664 141T 249 250 8 19
G65 142T 249 251 8 18
666 143T 251 252 8 3 321800.
667 144T 252 253 8 3 321800.
668 145T 253 254 8 3 321800.
669 146T 254 255 8 3 321800.
670 147T 255 256 8 3 321800.
671 148T 256 257 8 3 321800.
672 149T 257 258 8 3 321800.
673 150B 258 259 8 24 321800.
674 4.005 CC -8.500 7.959 584.0 0.04
675 151T 301 302 3 1 321800.
676 152T 302 303 3 1 321800.
67' 153T 303 304 3 1 321800.
678 154T -304 305 3 1 321800
679 155T 305 306 3 18
680 156T 306 307 3 :3
681 1578 307 308 3 10 321800.
682 4.5043 CC 9.150 22.646 588.5043 0.04
683 158B 3C9 309 3 20 321800.
684 4.5043 CC 9.150 22.646 588.5043 0.04
685 *59T 309 313 5 22
680 160T 313 314 1 4

687 161T 314 315 1 4

688 162T 315 316 1 5
689 163T 316 317 1 5
690 164T 317 320 1 5
691 165T 320 321 1 6
692 166T 321 322 1 22
693 167T 321 323 1 7
694 168T 323 324 1 7
695 169T 324 325 1 8

.
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969 6401 CSC CE9 4 EZ
964 646B CE9 CEL 9 EL CE683>1
968 r*SOO 11 64*9OP C6*t68G SBt* CSP O*OP
966 SLEA CEL CCB 9 C CE 6 SO}1
400 6LCB ucS CC6 9 CS CE6SOO'
406 P is 33 E&'p9L EL"669 949'6BLS O*OP
LOC LLrB "76 CCO 9 CS CE6800*
LOC P*SOO 33 tl*t94 EL*869 SL8"68LS O*OP
LOP ILSO CCO CCB 9 El CE6800*
4OS F*SOO 33 El*P94 EL*869 SLB*68LS O*OP
L09 6491 CCI CCE 9 E CELBOO*
LOL ILLA CCE CCC 9 E CE&8JC*
LOA iL81 CCC CCP 9 C CE 81 'O *
L06 6461 CCP CCS 9 E CElSOO'
460 680B CCS CC9 9 EL CE88O}1
Lll P*S 33 tt*CLL CS*rGC SL8*68LS O*OP
LIE 6868 CC9 CCL 9 26 CC69OO"
teC t*G 33 tr*CIL CS*t68 SL8*68LS O*OP
469 68EA CCL CPO 9 3
L6S 68CA ctO CC6 9 6
469 6891 .CC6 CPC 9 6
4lL 6851 CPC CFP L nO
468 6891 CPP CPS L li

'tiG 6BLA CPS C99 L nO
LEO 6881 CP9 CPL 4 6
LC6 6861 CPO CPS 8 EC
LEC 8601 CPS Ct6 B tS
LEC 6681 CF6 050 8 66
LEP 66ZA CF6 CSI 8 6B
LES 66C1 CSi CSC 8 C CE 6 80>1
429 66PA CSC CSC 8 C CE680O*
LEL 8651 CSC CSP 8 C CEIBOO*
LEB 8691 CSP CSS 8 C CEIBOO*
LE6 66LA CSS CS9 8 C CElSOO"
LCO 4681 CS9 CSL B C CE6800*
LCl 6661 CSL CSS J C CELBOO*
LCE E008 CSS CS6 B CP CE6SOO*
LCC t'OOS 33 8'S00 L 6S6 SBt*O O*OP
LCP C061 COP C90 C 6E CE6 BOO *
LCS E051 C90 C96 C lC CEISOO*
LC9 0001 C91 C9E C 6E CElSOO'
LCL EOeC 09E C9C C lE CC680O*
408 S*BCC 33 C*08E CC*8CB9 SBt* OPS O*OL
LC6 EOSO C9C C9P C lE CEBBOO*
LPO S*BCC 33 C'08C EC'8CB9 SBP*OPB O*OL
LP6 E091 C9P C99 C lE CE8800'
LFC COLA C99 C98 C 6E CELBOO*
LPC E081 C98 C96 C 6C CE69OO*
Ltp 20C1 C96 CLI C lE CE88OO*
LPS El01 ELI ELE C lE CElBOO*

i LP9 EllA CLE CLP C lE CE6800*
LPL ElEO CLF CL9 C lE CC88OO*
LPB S*LSO 33 C*OOO CS*896 SBP*E06 O*OL
LP6 ciCB 049 C46 C lE CE6000*

, 650 S'LS 33 C*O CS*895 SBt*E06 O*OL
#48 Elt8 CL6 C86 C lE CE88OO*
LSE S'LS 33 C*O CS'896 SB>*E06 ,OL*
LSC CIS1 C86 CBE C lE CE68O}1

,
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754 216T 382 383 3 12 321800.
755 217T 383 364 3 12 321800.
756 218T 384 385 3 12 -321800,

t 757 219T 385 386 3 12 321800.
758 220T 386 387 3 12 321800.
759 221T 387 388 3 12 321800.
760 222T 388 389 3 12 321800.

, 761 2238 389 391 3 12 321800.
! '762 5.83333 CC 21.279 37.486 588.694 0.07*

763 2248 391 392 3 12 321800.
764 5.83333 CC 21.279 37.486 588.694 0.07
765 2258 392 395 3 12 121800.
766 5.83333 CC 21.279 37.486 588.694 0.07
767 226T 395 396 3 12 321800.
768 2278 396 397 3 f2 321800.
769 5.83333 CC 27.112 40.77733 593.7496 'O.07
770 2288 397 398 3 12 321800.
771 5.83333 CC 27.112 40.77733 593.7490 0.07
772 97 398 399 3 12 321800.'

773 230T 399 400 3 12 321800.
774 231T 400 401 1 14

775 232T 401 402 1 13
776 233T 401 406 1 14
777 234T 406 407 1 15
778 2357 -407 408 1 15
779 '236T 408 409 1 15
780 237T 409 413 1 15
781 238T 413 414 1 15'

782 239T 414 415 1 15
783 240T 415 416 1 15,

i 784 24tf 1 60 2 1

i 785 242T 194 167 2 25
.

786 243T ;93 167 2 25
' 787 244T 195 167 2 25
i 788 245T 159 160 2 3

789 246T 196 167 2 25
790 247T 201 260 2 1

791 248T 198 167 2 25'

792 249T 197 167 2 25
793 2 SOT 199 167 2 25
794 25ti 359 297 2 3
795 252T 200 167 2 25
796 253T 164 165 2 17
797 254T 165 166 2 17
798 255T 166 167 2 17

799 256T 167 168 2 16
I 800 257T 6 64 4 19
' 801 258T 106 170 4 19

802 259T 206 264 4 19
803 260T 306 292 4 19
804 26ti 59 189 2 3
805 262T 101 190 2 1

806 263T 259 191 2 3
807 264T 301 t t' * 2 1

808 10 8 8 0
809 1 60 194 168 ,

3

810 3.460EO8 0.0 0.0 0.0 0.0 0.0
81t' O.O t.2OOE10 0.0 0.0 0. 0 . 0.0

l
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012 0.0 0.0 8.2OOE10 0.0 0.0 0.0
813 0.0 0.0 0.0 8.333E10 0.0 0.0
814 0.0 0.0 0.0 0.0 3.663EO9 0.0
885 0.0 0.0 0.0 0.0 0.0 4.757EO9
Old 2 189 193 168
897 3.460EO8 0.0 0.0 0.0 0.0 0.0 I

81R O.0 1.2OOEtO O.0- 0.0 0.0 0.0
819 0.0 0.0 1.2OOtto 0.0 0.0 0.0
820 0.0 0.0 0.0 8.333E10 0.0 0.0
821 0.0 0.0 0.0 0.0 4.225EO9 0.0

-822 0.0 0.0 -0.0 0.0 0.0 5.868EO9
823 3 190 195 168
824 3 460EOS O.0 0.0 0.0 0.0 0.0
825 0.0 1.2OOEtO O.0 0.0 0.0 0.0
826 0.0 0.0 1.2OOttO O.0 0. 0 - 0.0
827 0.0 0.0 0.0 8.333EtO O.0 0.0
828 0.0 0.0 0.0 0.0 3.663EO9 0.0
829 0.0 0.0 0.0 0.0 0.0 4.757EO9
830 4 160 196 168
831 3.460EO8 0.0 0.0 0.0 0.0 0.0
832 0.0 1.2OOE10 0.0 0.0 0.0 0.0
333 0.0 0.0 f.2OOE10 0.0 0.0 0.0
834 0.0 0.0 0.0 8.733EIO O.0 0.0
035 0.0 0.0 0.0 0.0 4.225EO9 0.0
836 0.0 0.0 0.0 0.0 0.0 5.868EO9
837 5 260 198 168
83H 3.460EOS -0.0 0.0 0.0 0.0 0.0
839 0.0 1.2OOEtO O.O O.O OO O.0
840 0.0 0.0 1.2OOE10 0.0 0.0 0.0
841 0.0 0.0 0.0 8.333E10 0.0 0.0
842 0.0 0.0 0.0 0.0 3.663EO9 0.0
841 0.0 0.0 0.0 0.0 0.0 4 757EO9
844 6 191 197 168
845 3.460EOS 0.0 0.0 0.0 0.0 0.0
846 0.0 1,2OOEtO O.0 0.0 0.0 0.0
847 0.0 0.0 1. 2OOt te 0.0 0.0 0.0
848 0.0 0.0 0.0 8.333EIO O.0 0.0
849 0.0 0.0 0.0 0.0 4.225EO9 0.0
850 0.0 0.0 0.0 0.0 0.0 5.868EO9-
851 7 192 199 168
852 3.460EOS 0.0 0.0 0.0 0.0 0.0
853 0.0 1.2OOE10 0.0 0.0 0.0 0.0
254 0.0 0.0 1.2OOE10 0.0 0.0 0.0
855 0.0 0.0 0.0 8.333E10 0.0 0.0
856 0.0 0.0 0.0 0.0 3.663EO9 0.0
857 0.0 0.0 0.0 0.0 0.0 4.757EO9
858 8 297 200 168
859 3.460EOS 0.0 0.0 0.0 0.0 0.0
860 0.0 1.2OOE10 0.0 0.0 0.0 0.0
861 0.0 0.0 f.2OOE10 0.0 0.0 0.0
862 0.0 0.0 0.0 8.333EtO O.0 0.0
863 0.0 0.0 0.0 0.0 4.225EO9 0.0
E64 0.0 0.0 0.0 0.0 0.0 5.868EO9
865 6 1 -3893. 70
RG6 6 3 -3893.
867 16 8 -836476.
R68 IG 3 -836476.
CG9 39 8 -95700.
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870 39 3 -95700.
871 47 1 -77000.

'

872 47 3 -77000.
873 49 1 -3597,

874 49 3 3597.
875 50 1 -13358.
876 50 3 -13358.
877 64 1 -14107.
878 64 3 -14107.
879 106 1 -3893.
880 106 3 3893.
881 116 1 -936476.
882 116 3 -836476.

} 883 139 1 -95700.
884 139 3 -95700.
885 147 1 -77000.
886 147 3 -77000.
887 149 1 -3597
R88 149 3 -3597.
889 150 .1 -13358.'

890 150 3 -13358.
891 168 1 -1556100.
892 168 3 -1556100.
893 169 1 -424900
894 169 3 -424900.
895 170 1 -14107,

896 170 3 -14107.;
f 897 -206 1 -3893
! 898 206 3 -3893.

899 216 1 -836476.
900 216 3 -836476.;

i 901 239 1 -95700.
. 902 239 3 -95700.
4 903 247 1 -77000.

904 247 3 -77000.
,i 905 249 1 -3597

!' 906 249 3 -3597.
907 250 1 -13358. _,

908 250 3 -13358.
909 264 1 -14107
910 264 3 -14107.

[ 911 292 1 -14107.
' 912 292 3 -14107.
! 913 306 1 -3893.

914 306 3 .- -3893.
915 316 1 -836476.
916 316 3 -836476.,

917 339 1 -95700.
i 918 339 3 -95700.

| 919 347 1 -77000.
i 920 347 3 -77000.

921 349 1 -3597
922 349 3 -3597.
923 .s50 1 -13358.
924 350 3 -13358.

| 925 364 't 565n
! 926 364 3 5650

927 389 1 6800.

!
!

i

I

I

l
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928 389 3 6800.
929 406 1 -71613. i

'

930 406 3 -71613.
931 409 1 -118295.
932 409 3 -198295.
933 415 1 -4413f.
934 415 3 -44131
935
936 1.0
937 1.0
933 1.0 1.0
939
940

i

1
104 1
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REFERENCE DRAWINGS FROM ZION STATION,

Design Engineering drawings from Zion Station Units 1 and 2,

i Commonwealth Edison Company, referenced during the perfor-

mance of this work are listed below. Revision letters listed,

are current as of November 1, 1979.
4

:

MECHANICAL STRUCTURAL

No. Rev. No. Rev.

! M-52 P B-264 X
M-53 S B-266 DD
M-110 M B-281 R
M-lll B B-423 E
M-112 C B-771 F
M-ll3 C B-772 D
M-ll5 G B-773 E
M-129 S B-774 G-

M-131 P B-775 D
M-136 R B-776 B
M-400 Fi B-777 'E
M-404A A B *i?8 B
M-420F B B-779 C+

B-780 F
B-781 G
B-782 F
B-783 P
B-784 G
B-785 H

.
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APPENDIX D

COMPONENT SUPPORT SPRING CONSTANTS
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COMPONENT SUPPORT SPRING CONSTANTS

i

|

Component support spring constants are given in Table Dl. Figures
,

D1 through D3 show the locations of the support springs. The

support spring stiffness values listed under the heading ' Initial'

are from the Commonwealth I'dison Company Zion Power Station Pro-
5ject Design Calculations The stiffness values listed under the.

heading of ' Revised' are from Westinghouse Electric Corporation .

I
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Spring Stiffness Spring -Fig.

Location Elevation No. Ref.
Original Revised *

R.C. Pump Translation 584 '-0" 1.00x10 k/ft (6) KT1

R.C. Pump Translation 584'-0" 1.75x10 k/ft (6) KT2

S.G. Transtation 588'-1 3/32" 7.74x10 k/ft 1.63x10 k/ft KT3 D1
0

S.G. Translation 588'-1 3/32" 8.60x10 k/ft 1.39x10 k/ft KT4

a.C. Translation 615'-3" 8.00x10, k/ft 5.52x10 k/ft KT5

S.C. Translation 615'-3" 2.48x10'+ k/f t 1.92x10 k/f t(1) KT6

1.24x10 k/ft(2)
54 k/ft 7.19x10 k/ f t (4) KT7 D2

RPV Ttanslation 581'-10" 9.50x10

1.56x10| k/f t(3)
KTS

Press. Translation 620'-6" 4.44x10 k/ft
Press. Translation 620'-6" 4.44x10 k/ft 1.56x10 k/ft(3) KT9 D3

Press. Translation 594'-8" 1.20x10 k/ft (5) KIl0

Press. Translation 594'-8"' 2.69x105 k/ft (5) Kril

6
R.C. Pump Rotation about 584'-0" 7.00x10 k-ft/ rad 1.38x10 k-ft/ rad KR15

Tang. Axis 5 k-ft/ rad 1.38x10 k-ft/ rad KR26
R.C. Pump Rotation about 584'-0" 3.50x10

Radial Axis 6
R.C. Pump Rotation about 584'-0" 4.50x10 k-ft/ rad (6) KR3 D1

"b
Vert. 6

S.G. Rotation about Vert. 588'-1 3/32" 3 40x10 k-ft/ rad 1.51x10 k-ft/ rad KR4

6 k-ft/ rad (6)- KR5
S.G. Rotation about both 588'-1 3/32" 4. Hx10
Horiz. Axes

7 6

Press. Rotation about Vert. 620'-6" 2.22x10 k-ft/ rad 3.29x10 k-ft/ rad (3) KR6

Presr.. Rotation about Vert. 594'-8" 5.38x10 k-ft/ rad (5) KR7 D3
5

Press. Rotation about 594'-8" 5.16x10 k-ft/ rad (5) KR8

Radial Axis 5 k-ft/ rad (5) KR9
. Press. Rotation sbote 594'-8" 5.16x10

Tang. Axis

4 k/ft KV1' DI6.00x10 k/ft 9.02x10R.C. Pump Vert. --

2.24x10 k/ft (6) KV2
S.C. Vertical --

5 57.72x10 k/ft 7.64x10 k/ft(4) KV3 D2
RPV Vertical --

47.72x10 k/ft (5) KV4 D3
Pressurizer Vert. --

-NOTES:

(1) For av:eement toward RPV
(2) For movement away from RPV
(3) Values include tangential lug flexibility
(4) Values include nozzle flexibility
(5) Presurizer lower support stiffness was not reviewed by Westinghot.se
(6) No revision to original value

* Revised by Wea.tinghouse
- ---
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I EL. 615'-3"

'M-e
KT5

|

K R5

1

+ EL. S?'-l 3/32" p.
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EL. 584'-0"~

KR44 .

N K'T2
'

K R1~
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9[g +0 [K

V 'Kv1
999V2
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FIGUnc D1

STEAM GENERATOR AND R.C. PUMP SUPPORT SPRING CONSTANTS

110

- ..- - _ - . __ _ _ _



. .. .. _ _ .

!

|
.

,

t

i

__

B

KT7

+ h- + - -

I

PLAN

i

'

:

i
i

EL. 581'-10"

KT7
' '

.

3 Kv3
A

I.,.

|

\ _

|

ELEVA TION
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IIGURE D3

PRESSURIZER SUPPORT SPRING CONSTANTS
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MAIN STEAM AND FEEDWATER STIFFNESS MATRICES
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MAIN STEAM AND FEEDWATER STIFFNESS MATRICES

Main steam and feedwater stiffness matrices are shown in Figures

El through E8. Figure E9 provides a listi. g of the input computer

data cards. These cards are also shown in 1.ppendix A.

Fiqures E10 and Ell show the orientation of the feedwater and

main steam lines, respectively.

#m

,
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19404 20580 6494 -5C200 178800 -48800 -20952 18900 -6768 -17500 57200 120300 5xA

20580 56808 108 -136900 72900 -674800 -10440 8952 -1692 -11900 26000 62500 SYA

6492 109 29544 -171100 58P500 13>00 -8520 912 1704 28800 16700 -39900 EZA

-58224 -136896 - 171132 5908900 -3263300 1589600 -31428 36964 197640 141800 -219200 -36200 exA

- 178776 72900 588463 -3263300 14891000 -102L91 -172846 93712 230892 400800 51100 -129300 OYA

h
-48816 -674760 13536 1589600 -102600 14531900 8424 -2412 -52980 -37100 58800 .5200 GZA

-20952 -10440 -d520 -31400 -172800 8400 1391364 -3264 1050132 -144800 -11291400 206600 SXB

18900 8952 912 36900 98700 -2400 -3264 2274312 43776 11757500 -56900 7607700 SYB

-6768 -1692 170, 197600 230900 -5'000 1050132 41776 889588 78400 -7966700 95700 528

-17484 -11868 28848 141800 400A00 -37100 -144780 11757468 78360 76804500 211600 45981f00 01=

57192 26052 16716 -219200 51100 58800 -11291388 - % 880 -7966892 211600 20*114000 -606900 018

120300 62508 -39924 -36200 -129300 4520G 206784 7607736 93652 45981600 -60(900 357840C0 628
_ -

-NOTE:
FIGURE E1

All f rces are in ics. FW-01, LOOP 1 A
Dispt.sements are in ft.
Moments are in ft-lbs.
Rotations are in radians

o
qj yB
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2y ;6 23652 -8664 127500 -256200 -6400 -23592 19260 '69 -800 -58300 108100 ExA

23652 93480 12564 396800 29500 -845700 -15372 13116 -1212 5500 -34000 85400 SfA

| -8664 12564 44268 -21980C '12100 -130200 4644 3264 8256 366C0 1000 90-00 Ela

l
127476 396756 -219780 8604200 -3514800 -3611600 -9528 -31200 179040 93400 -232100 5700 OXA '

-256200 29544 7.2080 -3814300 15377100 -1731100 141084 -105816 331500 468S00 -64200 317700 OYA

-6360 -845724 -130152 -3611600 -1731100 14553700 11892 -22272 107964 60300 -994=.0 -8500 OZA
|

-23592 -15372 4644 -9500 141100 11900 1767828 2308 -1073556 120300 12855700 25:.500 SXB !

19260 13116 3264 -31200 -105800 -22300 2808 2506548 -47448 -13312400 62200 6745700 SYB

3348 -1212 8256 179000 331500 1CSJ00 -1073556 -47448 744240 102900 -7179900 -68300 EZB

-804 546C 36612 93400 468800 6C300 120324 -13312392 102864 8B612200 156400 -41948*% Ox8

-5826n -33954 1020 -232100 -64200 -99400 12855744 62184 -e179976 156400 109401400 66i100 OYS

108096 85428 90408 5700 317700 -8500 232204 674569. -68304 -41948500 661100 27451000 OZB
_ __

|
A

FIGURE E2
FW-02, LOOP 4

n
gmee-w.

PR
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. .. . . . . . . . .
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12768 18984 -1980 -35800 14200 235900 -20412 20844 10896 -28000 29300 143300 EXA

18984 165684 -22440 -188000 -92200 -586500 -50496 363063 17376 788200 86100 531300 EVA 4

|-1980 -22440 15468 -310000 53400 102900 -?.4424 -21576 -12024 -95500 48800 43300 52A |

'

-35808 -187956 -309972 12901200 -1227100 174400 257112 -693720 131472 -1022000 -752000 -1761000 6xA
*

1

14220 -9. 60 53424 -1227100 4169900 1108800 192024 -77460 -114000 -800700 -259000 860900 OYA

235920 -586548 102852 174400 1108800 140?1000 -94020 -1526688 236928 -4029900 -131400 -1132400 6ZA

-20412 -50496 -14424 257100 192000 -9'000 1933740 -45708 914064 -2C*700 -12491000 95500 SYB

20844 363C60 -21576 -693700 -77500 -1526700 -45708 2408880 20772 12206600 70700 7958500 SYB

C 10896 17376 -12024 131500 -114000 236900 914064 20772 526800 -57200 -72 m oc 188100 SZBw
-28008 78t# ' 95460 -1022000 -8007C3 -4029900 -204672 12206640 -57252 78141700 531000 47062600 6KB

29280 86076 48816 -752000 -259000 -131400 -12480996 70728 -7259796 531000 108358200 -477900 OY B

|
143328 531316 43296 -1761000 860900 -1132400 95520 7958 'S 288064 47062o00 -477900 36385800 OZB

m,

FIGURE E3 ,

FW-03, LOOP 2

i

B
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13188 15444 1236 4:000 -18600 323700 -21456 U840 -11424 30800 -36100 150900 SXA

| 15444 169080 24924 170200 52200 -246900 -45936 373872 -21276 -856500 -81000 448100 SYA

1236 24924 16728 -336700 22100 -72800 13284 2434 -lb88 -91500 45500 -*0900 &ZA

4:024 170160 -336708 13932300 -577600 651000 -239112 714324 167088 -1245100 -748300 1631700 G XA

-18540 52236 22152 -577600 4123400 -845000 -220716 45168 -103956 -542800 -381700 -807700 OVA |

323658 -246876 72804 651100 -845000 9939400 -233004 -773928 -291084 2496700 -195300 485100 OZA |

-21456 -45936 13284 -239100 -220700 -233000 2140488 -41136 -766192 192100 13363900 142300 518 ,

15860 373872 24324 714300 45200 -7/3900 -41136 2482332 -22392 -132:2300 -68600 6752200 S YB

, -11424 -21276 -12588 167100 -104000 -291100 -786192 -27292 2.8316 -24200 -6068800 -175 00 EZB

' $ 30840 -858468 -91536 -1245100 -542800 2496700 4 ?084 -1322:284 -24168 88264300 471700 -42038100 ex8

-36072 -80964 45468 -748300 -387100 -195300 13363872 -68604 -6 0e 8; z.c 471700 109225 N 524500 GYB

150924 448140 -40884 1634700 -807700 485100 142344 6752209 -175164 -42038100 534500 27269400 GZB
_. -_

FIGURE E4 A

Fh-04, LOOP 3

I yev



. _ _ - _ - - . _ _ _ _

.

8

91860 66876 -13644 -429200 858600 1503700 7920 -2460 -10488 -19000 -4200 8900 EXA
66876 554148 -234396 -2154100 1859500 82500 -100397 19800 87024 312200 166200 -316400 SYA

-13644 -234396 144: 30 228700 -430200 -3r90 29976 -1800 -9240 -90900 -90900 125000 SZA,

-429228 -2154048 228720 31110600 -11929300 -530500 643392 -127284 -559368 2000800 -1061200 2074600 OXA
858552 1859472 -430224 -11929300 30302000 1253-(4 141996 8964 30228 ~50900 -612400 152700 OYA

1503714 82452 -3024 -530500 12537000 42728800 123180 -4d948 -205800 -157500 39700 -163600 BZA
* s20 -100392 29976 64240 142000 123200 3767076 -151068 1539576 -1885400 -40061100 1649600 SXB

*

-2460 19800 -1800 -127300 9000 -49000 -151068 5027868 82740 41081900 368800 26603300 SYS
-10488 87024 -9240 -559400 30200 -205800 1539576 82740 963504 -240300 -22490900 1056100 518
-15020 312156 -90924 -2000800 -50900 -157500 -1885356 41081926 -240264 454617200 7734600 2637739c OX8
-4188 166212 -90852 -1061200 -612400 39700 -40061076 368772 -22490904 7734600 611754900 -8849100 OYS

8880 -316368 125028 2024600 157 M.0 -163600 1649628 26609268 1056096 263773600 -8849100 219210300 OZB
- -

NOTE

FICil)RE E5All forces are in Ibs.
Displacements are in ft. MS-OL LOOP 1
Moments are in ft-lbs.
Rotations are in radians

o
#}i

sv
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| 99132 93984 27708 547500 -1050600 1630500 5712 -2784 10908 8600 500 -5900 SXA

93984 273180 83736 1590500 -1132100 487400 -46620 16176 -A5400 -200 -43900 131800 SYA

27708 83736 96912 -514300 -394400 124100 -26520 1608 -7596 600 -74900 -39100 EZA |
c

547524 1590528 -514284 37382800 -658!600 2842600 -269628 94740 -382764 3100 -246300 780100 OxA

-1050588 -1132056 -394404 -6585600 363!8300 4342400 -70728 -44196 157920 2659 % -499800 160600 OYA

1630476 487428 124152 2842600 -141,2400 47588000 118272 -67872 264732 171300 -55100 -218400 OZA

5712 -4M20 -26520 -269600 -70700 118300 6306504 -189408 -2215764 2009400 60474000 2394500 Ex8

-2784 16176 1608 94700 -44200 -6790'. -189408 7885032 -119424 -e1986800 -424800 31518900 SYS

10908 -65400 -7596 -382800 157900 264700 -2215764 -119424 1132956 -99600 -27522500 -1171100 5ZB

8592 -168 -26640 3100 265900 171300 2009352 -61986852 -99624 647071100 6809400 -301482903 OxB

492 -43908 -74856 -246300 -499800 -55100 60473964 -4248a8 -27522492 6809400 788885000 gas 7700 gyg

-5940 131844 -39108 780100 160600 -216400 2394516 31518889 -1171056 -301482900 9887700 208674500 OZB

FIGURE E6
MS-02, LOOP 4

9ep
v
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153408 267468 -22944 351500 -10800 -736700 15804 288876 63864 1155500 -218500 632300 ExA

267468 828180 -63960 626600 -394200 -4860500 -8580 881964 165528 339'500 -37'300 2137100 SYA

-22944 -63' 87216 -1317400 1111700 269700 -38676 -85224 29328 -2.0300 74900 -341500 SZA

351456 626592 -1317444 40066700 -14747800 -1867800 117644 736104 122328 1537000 ?t33100 ?779300 OXA

-10812 -394248 1111704 -14747800 29753900 1786900 -588840 -739380 1079772 -3970500 -428700 9700 OVA

736668 4860480 269664 -1867800 1786900 53506900 194880 -5126800 -1033116 -193?,100 1815600 -12938600 OZA

15804 -8580 -3867e 217600 -588800 194900 2544012 3468 2048148 -1070300 -36549800 1676900 5xB

288876 681964 -85224 736100 -739400 -5126800 3468 3719184 -38388 36009700 81800 23274000 SYB

63864 165528 29328 12237) 1079800 -1033100 2048148 -38388 2094636 -989600 -27139900 1203200 57B

1155768 3394476 -240312 1537000 -3970500 -19397100 -1n70316 36009660 -989616 434577900 6533200 251332300 or.S

-218448 -377268 74880 -1133100 -428700 1815600 -36549768 81840 -27139920 6533200 609164600 -9375800 OYB

|632328 213711s -341544 3779300 -59700 -12938600 1676916 23273964 12032/0 251332300 -9375800 209881100 OZB

A
FIGURE E7

MS-03, LOOP 2

-

B
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9 22 65 66
19404. 20580. 6492. -58212. 1/8788. -48808.
20580. 56808. 108. -136898. 72900. -674780-

6492. 108. 29544. -171116. 588404. 11518.

-58212. -136898. -171116. 5908900. -3263300. 1589600.

178788. 72900. 588484. -3263300. 14891000. -102600.
-48808. -674780. 13518. 1589600. -102600. 14531900.

10 122 171 172
12768. 18984. -1980. -35804. 14210. 235910.
18984. 165684. -22440. -1879/8. -92180. -586549.
-1980. -22440. 15468. -309986. 53412. 102876. ,

-35804. -187978. -309986. 12901200. -1227100. 174400. (
14210. -92180. 53412. -1227100. 4169900. 1108800.

235910. -5'.6549. 102876. 174400. 1108000. 14050000.

11 222 265 266
13188. 15444. 1236. 42012. -185/0. 323694.
15444. 169060. 24924. 170180. 52218. -246880.

1236. 24924. 16/29. -336704. 22126. -72802.
42012. 170180. -336704. 13932300. -5/7600. 651050.

-18570. 52218. 22126. ~577600. 4123400. -845000.
323694. -246888. -12802. 651050. -845000. 13939400- |

|12 322 293 2*4
20676. 23652. -8664. 12/4/8. -256200. -6380. I

I
23652. 93480. 12564. 396/80. 29522. -845712.
-8664. 12564. 44268. -219800. 712090. -1301/6. i

127478. 396/80. -219800. 8604200. -3814800. -3611600. |

-Ii6200. 29522. ?t2090. -3814800. 1531/100. -1731100.
-6380. -915712. -130176. -3611600. -1/31100. 145537t0.

13 25 67 68
91860. 66876. -13644. -42?214. 858576. 1503'22.
668/6. 554148. -234396. -2154049. 1859586. 82476.

-13644. -234396. 144180. 228710. -430212. -3012
-429214. -2154049. 228710. 31110600. -11929300. -530500.

358576. 1859586. -430212. -11929300. 30302000. 1253/000.
1503722. 82476. -3012. -530500, 12537000. 42928800.
14 125 173 174
153408. 267468. -22944, 351478. -10806. -736684.
267468. 828180. -63960. 626594. -394224. -486049".
-22944. -63960. 87216. -131/422. 1111702. 269682.
351478. 620594. -1317422. 40066700. -14/47800. -1867800.
-10806. -394224. I 11702. -14741800. 29753900. 1786900.

-i36684. -4860490. .!60682. -1867800. 1/86900. 53506900.
15 22b 267 268
12/320. 207876. 30649. -174980. -208898. -385678.
207876. 876912. 125028. -226622. 613482. -5187196.

30648. 125028. 115788. -1605012. 1160124 -6/2490.
*/4980. -226622. -1605012. 46219800. -15418900. 880200.

-208098. 61J482. 1160124. -15418Y00. 41/29.~,00. -4035200.
-385:78. -5187196. -672490. 600200. -4835200. 58224100.
16 325 295 296
V9132. 93984. 2/708. 547512. -1050592. 1630488.
93984. 273180. 83736. 1590514. -1132078. 487414.
2/706. f3/36. 96912. -514292. -394402. 124126.

547512. 1590514. -514292. 37?82000. -6585600. 2842600.
-1050592. -11320/8. -394402. -6585600. 36358300. -14342400.
1630488. 48/414 124126. 2842600. -14342400. 47509000.

FICiURE E9

STIFFNESS MATRIX INPUT DATA
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STATIC MODEL FOA WEIGHT AND THERMAL LOADINGS

This appendix describes the model changes required to convert the
Zion Reactor Coolant Loop Seismic Model to a Zion Reactor Coolant
Loop Model for weight and thermal losa analysis.

1. Master Control Card

The number of load cases was changed to 3. The first case
is weight load, the second is thermal load, and the third
is weight plus thermal. An optional fourth case is pressure
load.

2. Joint Coordinate Cards

To provide a test case for model ch'ecking, preliminary values
4 for normal operating temperature have been added in columns

71-80. Final values are to be input by the user.

3. Truss Elements

Modulus of Elasticity (columns 6-15) on four material property
cards were taken out. This has the effect of making the
corresponding supports inactive (zero stiffness). These
changes make all snubber supports inactive for all static
loads. Member property 1 represents the snubbers acting in
the radial direction at the steam generator upper lateral
support. Member properties 5, 6 and 7 represent surge line
seismic supports RCRS-1007, RCRS-1008, and RCRS-1009,
respectively. RCRS-1008 is a seismic sway strut. A slotted
hole connection is provided at one end of the strut to insure
that the support does not carry static loads. ;

_

h
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4. Beam Elements

4.1 Material Property Cards

A second mmterial property card has been added so that

j supports may be separated into two categories. Material
Property 1 is for weightless riipports, and Material Property
2 is for supports with effective weight. In many cases,
1 Paral supports are cantilevered off a wall, and do not
cease static loads to act on the Reactor Coolant System.
The weight of verticul supports are included for complete-
ness, but may be excluded as described below.

| 4.2 Element Load Factors

A factor of -1.0 is placed in columns 1-10 of the third
card for gravity load in the +Z direction. The weight of
vertical supports may be taken out of the analysis simply
by setting this factor equal to rero.

4.3 Beam Element Data Cards

Dead weight of component supports is considered in the
analysis for steam generator colu.ans (Beam Nos. 1, 2, 3 and
4), Reactor Coolant Pump columns (Nos. 13, 14, 15 and 16),
Pressurizer columns (No. 25), and pipe clamps on the surge
line (Nos. 32 and 33). All nther supports modeled as beam
elemen(areconsideredtoLeweightlessforstaticanalysis.
Axial stiffness of several beam elements was made inactive<

L by adding member releases (place a 1 in column 51) . The
steam generator lower lateral support is inactive in the
radial direction (Beam Nos. 9, 10, 11 and 12). Both the
tangential and the radial Reactor Coolant Pump supports
(Nos. 17 through 24) are provided with slotted end connec--
tions to make them inactive for static loads.

The torsional stiffness in the Reactor Coolant Pump columns
(Nos. 13-16) becomes zero (place a 1 in column 54) because
this stiffness is actually provided by the lateral supports
which are inactive for static loads.

Finally, the surge line flailing restraints are completely
isolated by large gaps, and thus are totally released at
the pipe and fixed at the wall.

5. Pipe Elements

5.1 Material Property Cards

Material Properties are reorganized into eight groups for
static analysis, as shown in Table Fl. These values were
taken from information provided by Lawrence Iivermore

.
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Laboratory, with the exception that the coefficients of
thermal expansion for the RPV, Pressurizer and Pressurizer
Surge Line were selected based on material type and normal
operating temperufrare.

!
5.2 Section Property Cardy

The weight per unit length in pounds per lineal foot was
added in columns 36-45 for all straight pipes, elbows, and
horizontal valve sections. All remaining weights are input
as concentrated nodal loads.

5.3 Element Load Case Multipliers

A factor of -1.0 is placed in columns 1-10 on the third
card so that Z-direction gravity loads will be applied in
Element Load Case A. A factor of 1.0 is placed in columns
11-20 on the fourth card so that thermal loads will be
applied in Element Load Case B. A factor of 1.0 is placed
in columns 21-30 on the fifth card so that internal pressure
loads will be applied in Element Load Cane C.

,

5.4 Pipe Element Cards

The average internal operating pressure of 321800 psf
(2235 psi) has been entered in columns 36-45 on element
data cards for all straight pipe and elbows. Also, the
section property identification number (column 25) for cold
leg and cold leg valve element data cards hat been changed
to 8. These elemerit data card numbers are 39-50, 89-100,
139-150, and 189-200.

6. Concentrated Nodal Load Data Cards

Equipment weights and preset hanger lords . are input to the
model as concentrated loads. These loadu ar e itemized in
Table F2. All loads are entered twice so tiat they are
considered in both load combination 1 (weight, and combina-
tion 3 (weight plus thermal).

7. Element Load Multiplier Cards

Three cards are provided, one for each loading condition.
The first card containe a multiplier of 1.0 in columns 1-10,
meaning that load case 1 trill include 100 percent of element
load case A (member gravity loads). The second card
contains a multiplier of 1.0 in columns 11-20, meaning that
load case 2 will include 100 percent of element load case B
(rsmber thermal loads). The third card contains the
miltfplier 1.0 in both columns 1-10 and 11-20,-meaning that
100 percent of gravity loads and thermal loads are to be
included in load case 3. The offects of internal pressure

100
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p

in pipe elements can be included in any or all of these
three load cases simply by placing a multiplier of 1.0 in
columns 21-30 on the load multiplier card correspondir.g
to each of the load cases in which internal pressure is to
be considered. ,
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|

|

I Mottlus of Confficient of |

P' o rt'j Component Name Elasticity Thermal Expansion
s'X10' osf) (X10-5 in./in. "F)|*

._

| 1 Steam Generator & Pressurizr 3.800 7.18c

1

2 Reactor Pres-ure vessel 3.715 9.74

3 Hot Lcg & Surge Line 3.730 9.82

f
4 Hot Leg Valve 3.860 9.47g

w
5 Steam Generator Inlet Mozzle 3.79P 7.18

6 Crossover Leg & Reactor Coolant Pump 3.770 9.74

|
Casing

7 Reactor Coolant Pump Motor 4.020 6.19

8 Cold Leg & Cold Leg N;1ve J.800 9.74

| TABLE F1

MATERI AL PROPERTIES



,
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I

Equipment Node Weight (1bs.)

Hot Leg Valve 6, 106, 206, 306 3,893

Steam Generator 16, 116, 216, 316 836,476

Reactor Coolant Pump 39, 139, 239, 339 95,700

Reactor Coolant Pump dator 47, 147, 247, 347 77,000

Cold Leg Valve 49, 149, 219, 349 3,597

Cold Leg Valve Motor 50, 150, 250, 350 13,358

Hot Leg Valve Motor 64, 170, 264, 292 14,107

RPV Shell . 168 1,556,100

RPV Internals 169 424,900

Pressurizer Lower Head 406 71,613

'

Pressurizer Shell 409 1AE,295

Pressurizer Upper Head 415 44,131

Preset Hanger Loads *
RCH-1001 364 5,650

RCH-1003 389 6,800

* Note: Gravity loads act in the negative Z direction. Preset
hanger loads act in the positive Z direction opposite
to gravity loads.

|
'

TABLE F2

EQUIPMENT WEIGHTS AND PRESET HANGER LOADS

,
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GLOSSARY

Artificial accelerogram

A numerically simulated acceleration time-pistory plot of an eartnquake's
ground motion.

Aspect ratio

Half-length-to-depth ratio of a semi-elliptical surface crack, b/a=p
The half length is measured along the suricce of the pipe.

Availability

T'ic percent of time that the reactor plant ir. actually in operation
during its 40-yr life. For Zion, the estimated availability is 70%.

Boundary integral ecuation (BIE) technique
A mathematical solution of three-dimensional elasticity probltas which

divides a body's surface into elements and provides displacements and
tractions at surface nodal poirts. Results arc a set of simultaneous
linear e;oations that are solved for the unknown nodal displaccments or

tractions. ,

BWR

?siling water reactor.
Cold leg

Portion of the primary coolant loop piping which connects reactor ceolant
pump to reactor pressure vessel.

Conditional probability

if A and B are any two events, the conditional probability of A relative
to B is the prot' ability that A will occur given that B has occurred or
will occur.

Confidence interval (estimator)
An interval estimator with a given probability (the confidence
coefficient) that it will contain the parameter it is intended to
estime.e.

Containment
A concrete shell designed to nouse the NSSS, the polar crane, and other
internal systems and components of a nuclear power plant.

Correlation
The relation between tv.e or more variables.

134
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Couple

To combine, to connect f or consideration together.

Covariance

The expected value of the product of the deviations of two random
variab'ies from their respective means. The covariance of two inoependent

random variables is zero, out a zero covariance does not imply
independence.

Crossover leg
Portion of the primary co;iant loop piping whi;h connect s the steam
generator to trie reactor coolant pump.

Cumulative distrioution f unctiori (cdt )
A functien that gives the probability that a random variable, X, is less
than or equal to a real value, x.

DEPB

Double-ended pipe break.

Decouple

The opposite of couple; disconnecting two events.

EPFM

Elastic-plastic fracture mechanics.
Estimate

A number or an interval, based on a sample, that is intended to
approximate a parameten of a rtiotriematical model.,

4 Estimator
A real-valued function of a sample used to eitimate a parameter.

Fatigue crack growtn
Growth of cracks due to cyclic stresses.

Flow stress
The average of trie yield strength ano ultimate tensile strength of a
material. Approximate stress at which gross plastic f low occurs.

Fracture
See pipe fracture.

Girth butt weld
Circumf erential weld connecting adjacent pipe ends. The girth butt welds
referred to in this report are in the primary coolont loop piping.

llazard curve (seismic)
The probability that one earthquake wili generate a specif ied value of
the peak ground acceleration in o time iriterval of specif ico length,
usually one year.

-135-
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liot leg
Portion of the primary coolant loop piping tJnich connects the reactor .,

pressure vessel to steam generator.
Independent e ants

Two events cre independer.t it, and only if, the probability that they ?

taill both octur equals the product of the probabilities that each 060,
individually, will occur. It two events are NL independent, they are i

i dependent.
g

Independent random variables

Two or more random variables are independent if, and only if, the values
of their joint distribution function are given by the products of tne
corresponding values of their individual (marginal) distribution
functions. It random variaoles are not independent, they are cependent.

LEFM

Lincor-clastic fracture mechanics.
Large LOCA

Large less-of-coolant accident. F7r the purpose of this report the large s

LOCA is equivalent tu a pipe fracture in the primary coolant loop pipe.
(See pipe f racture).

Leak-before-break situation
A pipe defect that grows to become a through-wall crack but is of

,

insuf ficient length to result inneciately in a complete pipe severance.
Loaa-controlled stress

Stress upon a pipe that cannot be relaxed by displacemeat. As such, the
load is not relieved by crack extension. In this analysis pressure, dead
weight, and seismic stresses are assumed to be load controllea.

Mean

(1). A measure of the center of a set of data. The sample mean of n
# numbers is their sum uividea by n. (2). A populat'on mean is a measure

of the center of the probability density function. Inis is also called a

the mathematical expa tation.
NSSS

Nuclear steam supply system.

.0BE

Operating basis carthquake.

Operating stress
Stress in the piping due to normal operating loaas, e. g., dead weight,

pressure, start ups, etc.
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Pipe fracture

A double-ended guillotine pipe break; also referred to in this rsport as
a LOCA and a large LOCA. Refers to a circumferential pipe fracture in
which pipe sections on either side of the fracture are completely severed
from each other.

Pipe severance

See pipe fracture.
Poisson process

A random process, continuous in time, for wnich the probability of the
occurrence of a certain kir.d of event during a small time interval t is
approximately At, tne probability of occurrence of more tnan one such
event during the same time interval is negligible, ano tne probability of
what nappened during such a small time interval does not depend on wnat
nappened before.

PRAISE

A computer code, Piping Reliability Analysis Including Seismic Events,
developed to cstimate the time to first failure for individual joints in
a piping system. It is used to analyze the Zion 1 primary coolant loop.

PRAISE is written in FORTRAN.

Primary cooling loop
Cold leg, hot leg, ano crossover leg.

Probability density function (pdf)
A non-negative, real-valued function whose integral from a 10 b (a less
than or equal to b) gives the probability tnat a corresponding random
variable assumes a value on the interval from a to b.

PWR

Pressurized water reactor.
Radial gradient thermal stress

Axisymmetric stress in the pipe arising from temperature variations
through the pipe wall tnickness. In this report, the racial gradient
thermal stress is a result of temperature transients in the reactor
coolant.

Random variable
A real-valued function defined over c sample space.
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Response spectrum analysis

A response analysis that estimates the maximum response from response
e

spectra.

RCL

Reactor c.,olant loop.

RCP qp .

Reactor coolant pump.
Risk

Expected loss.
RPV

4
Reactor pressure vessel. ,

Sample space
,

'
A set of points that represent all possible outcomes of an experiment.

S factor
Stress factor usca for fatigue analysis to account for multiple stress
Cycles.

,,

Seismic hazard curve
'

See hazard curve.
SG

Steam generator.

Simu!acion

Numerical technique employed to simulate a random event, artificial
generation of a random process. The PRAISE compute. code uses Monte

Carlo Simulation to estimate the probability of failure in nuc'. car
reactor piping. ,

Soil impedance functions
Forces receired to oscillate the foundation through unit displacements in

Ibdifferent directions.

SSE
.

Safe shutdown earthquake.

Standard deviation -

(1). A measure of the variation of a set of data. The sample standard -

deviation of a sample of size n is given by the square root of tne ',um of
the deviations from the mean divided by (n-1). (2). A measure of tne
variability of a random variable. Tne population standard deviation is
the square root of the variance; tne mean of the square of the random

variable minus its mean.
A..
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itatistically dependent

Two events are statistically dependent if they do not fit the criterion

for statistical independence.

Statistically independent
See independent events. {

Stratified random sampling
A method of sampling in which portions of the total sample are allocated
to individual subpopulations and randomly selected from these strata.
Tre principal purpose of this kind of sampling is to guarantee that
population subdivisions of interest are represented in the sample, and to

-
improve the precision of whatever estimates are to be made from the

sample data.

Stress corrosion cracking
Cracking due to the combined effects of stress and corrosion.

Stress intensity factor

A fracture mechanics parameter that describes the state of steam at the
tip of a crack.

Surge line
Piping that connects pressurizers to the reactor coolant loop. In the
Zion 1 PWR the surge line is a branch from the hot leg in Loop 4.

Time-history response analysis
A response analysis that estimates the maximum response from response

spectra.

Transient
An event in the operation of the PWR that gives rise to a load in the
piping over a specified length of time.

Uncertainty

Absence of certainty due to randorness of a random variable or lack of
knowledge of the edf of a random variable.

Uniform hazard method (uhm)
A procedure for estimating frequency of occurrence aistributions for
various grouna motion parameters.

UT

Ultrasonic testing.
Variance

The mean of tne squares of the daviations from tne mean of a random

variable.
ZPGA

Zero period ground acceleration; defines the size of an eartnquake.
139
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It includes all majo'r items affecting thc icismic response of a 4-loop Westinghouse'

nuclear steam supply system: the components, supports, and interconnecting piping.
The model was further expanded to permit static analysis of dead weight, thermal,

|
and internal pressure load conditions.
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