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1.0 INTRODUCTION

This report, prepared by EDS Nuclear Inc. (EDS), for Jersey Central
Power & Light Company, describes the analyses performed to determine the
dynamic response of the inside containment portion of the Emergency Condenser
piping system of the Oyster Creek Nuclear Generating Station following pipe rup­
ture, and the selection of a rupture restraint system to prevent excessive pipe
whip.

The purpose of these analyses was to determine the dynamic response
and characteristics which influence the design of the rupture restraints for: a
"typical" inside containment piping system, and to evaluate the feasibility of
providing rupture restraints for all high-energy piping systems inside the dry­
well, based on the results of the analyses and postulated break locations.

The Emergency Condenser piping system was selected for study, as it
is considered to be "typical" of the inside containment piping in the following
respects:

a. The piping is of moderate size, and operating conditions are repre­
sentative of the high-energy systems in the plant.

b. The magnitude of blowdown forces associated with rupture is aver­
age for the systems.

c. Congestion and interference with adjacent systems are typical of
the inside containment portion of the plant.

In addition, the Emergency Condenser piping is located close to potential
load-carrying structures for attachment of rupture restraints. Hence, the de­
sign difficulties for the restraint system are less severe than for the majority of
high-energy systems inside containment.

A mathematical model of the Emergency Condenser system from the reactor
vessel connection to the postulated break location was constructed for use in the dy­
namic response analyses. The model consisted of lumped masses connected by mass­
less pipe elements having nonlinear, inelastic structural properties and a nonlinear,
inelastic spring representing the rupture restraint. Dynamic time history analyses
were performed for shock loading resulting from an instantaneous circumferential
break location. The analyses included the effects of pipe impace on the rupture re­
straint, generalized yield beha'/ior of the piping and kinematic strain-hardening of
the piping and restraint.
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The blowdown force time histories were calculated at selected points
in the piping sy::itcm, ",111..1 app!!(.u lS [im~-varyingl:oncl:nuateL! IOJ.ds 11\ [1\l:
nonlinear structural response analyses. Total fluid force time histories
were calculated from the time-varying pressun: and momentum conditions
following rupture. and included the effects 01 pipe friction and two -phase com­
pressible fluid flow.

The results of the structural response analyses indicated that a one­
inch diameter U -bar of the type developed and tested by the General Electric
Company, is optimum for the break case considered in the studies. Both the
response of the piping system and rupture restraint are within acceptable
limits, and the maximum energy-absorbing capabilities of the restraint are
utilized. The maximum displacements at all points in the piping system are
sufficiently small to ensure that no interference with adjacent systems will
occur from pipe whip.

It should be noted that the rupture restraint system and design details
developed from the results of the analyses are applicable to the partlcular
piping system for a specific break case, and may not adequately restrain the
piping for other potential break locations. In general. it is considered that
similar rupture restraint systems will be necessary for other break cases in
the Emergency Condenser piping and for the other high-energy piping systems
in the plant.

It is concluded that. although the rupture restraint and support frame
for the case considered in this study are structurally feasible. the structure
which is reqUired is massive and a number of potential problems exist in pro­
viding such restraints for all high -energy piping systems. These problems
include space limitations, high radiation levels. and congestion which may re­
sult in severe installation pena lties, including high costs, long plant down
time. and "hurn up" of plant maintenance personnel. [n most cases, it will
be virtually impossible to provide such restraints due to the severity of the
problems discusscu above and/ur due to the magnitude of the loads imposed
by lines larger than the one evaluated.
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- 2.0 SYSTEM DESCRIPTION

The Emergency Condenser system prevents overheating of the reactor fuel
in the event that reactor feedwater capability is lost and heat removal systems
which require A. C. electrical power for operation are not available. In the event
of reactor isolation and scram from power operation, the isolation condenser will
remove decay heat without requiring an external power supply. The system has
the capacity for the removal of decay heat without addition of water to the second­
ary side until pwnping power can be restored for makeup.

The Emergency Condenser system operates by natural circulation without
the need for driving power other than the D. C. system used to place the sys tem
in operation. The system consists of two condensers and associated piping and
valves. Piping and valves are connected to the reactor vessel in such a fashion
as to allow each to function independently. Each condenser consists of two tube
bundles immersed in a large water storage tanl<.

In operation of the system, steam flows from the reactor, through the
tubes of the heat exchangers; after condensing, it returns by gravity to the reac­
tor. The condensers are located high in the reactor building to facilitate natural
circulation. During operation, the water on the shell side of the condensers will
boil and vent to the atmosphere while condensing steam inside the tube bundles.

The portion of the system located inside containment is subdivided into
two sub-systems, each consisting of a lO-inch return line and a lO-inch supply
line with associated valving. The analysis has evaluated the NE -5 supply line
of loop A. This portion of the system consists of a single, lO-inch diameter,
Schedule 80, stainless steel pipe from the reactor vessel connection to the dry­
weil penetration. The geometry and location of the system with respect to sur­
rounding systems and structures is shown in Figure 1.
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3.0 METHODS OF ANALYSIS

The pipe whip analyses of the Emergency Condenser PlPlJ1g system
proceeded in two stages: the first involved computlllg the fluid pressure and
momentum transients throughout the piping system following rupture, and de­
veloping time histories of loading on the piping components; the second in­
volved the construction of a mathematical model of the system and detennin­
ing the structural response of the model to the time-varying loadings develop­
ed in the first stage. Following the strucrural response evaluation, design
details were developed for a restraint structure subjected to the rupture re­
straint force time histories.

Nonlinear analysis techniques were used in the structural response
evaluation, as the requirement that the response of the system remain in the
elastic range may lead to unnecessarily conservative design requirements.
The use of nonlinear, inelastic analysis procedures enables consideration of
the large energy-absorbing capabilities of the system in the inelastic range,
while still maintaining a conservative design basis. Thus, it was considered
that the use of nonlinear dynamic analysis techniques for investigating struc­
tural adequa~y was more appropriate for evaluating the feasibility of prOVid­
ing rupture restraints for the Oyster Creek plant.

The general analytical procedure, fluid transient analysis procedure
and structural response analysis procedure are discussed in separate sec­
tions below.

3.1 General Analytical Procedure

The general procedure for determining an acceptable rupture restraint
design may be swnmarized as follows:

a. Identify the potential break location(s) in the piping system and
construct a mathematical model for the structural response
analyses which adequately represents the dynamic and potential
nonlinear stiffness characteristics of the system. The methods
used in determ ining the potential break location(s) are discuss­
ed in Reference 2.01, and the mathematical model for these
studies is discussed extensively in Section 4.4 below.
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b. Determine pressure and momentum time histories following pipe
rupture for the posrulaced break case(s) dctennined in a., above.
From the pressure and momentum transients throughout the
piping, calculate total force time histories at all direction changes
in the system. In general, the force time histories vary both with
location in the system, and with location of the postulated break.
The development of the shock loading on the system is discussed
in Section 3.2 below.

c. Select rupture restraint locations based on the magnitude and
direction of the jet loads at the break location, and estimate the
structural characteristics of the restraints. The strength prop­
erties of the restraints should be at least sufficient to prevent
continued yielding of the restraints under steady-state blowdown
forces.

d. Perfonn nonlinear, inelastic, time history analyses on the mathe­
matical model of a. above, for the shock loads detennined in b. ,
using the restraint properties and locations determined in c. From
the results of the response analyses, check the acceptance criteria
for overall systcrn response. The criteria used in these srudies
for acceptability of restraint locations, restraint properties and
system response are discussed in Section 4. 1 below.

e. Develop final restraint/support system design details if the accep­
tance criteria are met. If not, repeat Steps c. and d. , above.

The procedure outlined above is iterative, as a number of criteria may
influence the design and location of restraints. It should be noted that the
structural properties of the restraint, support systcrn and load -carrying struc­
ture may be included in the analyses, if it is considered that significant dyna­
mic response coupling may exist between the piping and the support system, or
if inelastic design of the load-carrying structure is warranted. However, the
maximwn dynamic forces in the system generally occur immediately after im­
pact, and it is considered that these force magnitudes will not be sensitive to
the properties of the load-carrying structure.

The above analytical procedure is summarized in Figure 2. Descrip­
tions of the analyses for dctennining blowdown force time histories and system
response are presented in Sections 4.2 and 4.5 below.
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3.2 Evaluation of Shock Loadin[!
"

The time histories of presl:iure and momentum tr;:lnsients throu~rhout lhe
piping follOWing a circumferential break were evaluated using Pro~"I"am REUP3.
developed by Idaho Nuclear Corporation (Reference 3.01). for the calculation of
transient flow conditions in primary reactor piping systems of arbitrary gl.'O­
metry. A mathematical model of the reactor vessel and the inside containment
portion of the Emergency Condenser piping was constructed. The model consist­
ed of a series of constant control volumes connected by flow paths monitoring
the thermodynamic conditions of the stearn throughout the system at unifonn
time intervals. Pipe friction effects were also included in the mathematical
model.

Time history analyses for a postulated break case were performed by
direct integration of the equations of momentum balance, mass balance and
energy balance. using a two-phase equation of state available in the program.
Total force time histories were computed from the time histories of pressure
and momentum at the break location, and at each angle change of the piping sys­
tem. These force time histories were subsequently used as the applied shock
loads in the structural response analyses.

Discussions of the blowdown analyses and results are presa1ted in Sec­
tions 4.2 and 4.3 below.

3.3 Evaluation of Structural Response

The structural response effects of shock loading on the Emergency Con­
denser piping were evaluated using EDS Program PWHIP. The program may be .
used to analyze three-dimensional piping systems of arbitrary geometry sUbj~ct­

ed to time-varying forces. The effects of inelastic pipe response, inelastic
restraint behavior and initial clearances betWeen the pipe and restraints were
included in the analyses.

A mathematic.al model of the piping system was constructed for response
computation. The model consisted of lumped masses connected by massless ele­
ments, with a sufficient nwnber of mass points specified to enable an accurate
evaluation of lhe dynamic response to be obtained. Nonlinear force-defonnation
characteristics were specified for the pipe and rupture restraint, as well as the
initial clearance betWeen the pipe wall and restraint. Reduced stiffness proper­
ties were included at all elbows of the system, in accordance with the procedures
of the ANSI 831.1 Power Piping Code.
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The structural properties of the complete system were assembled by the
Direct Stiffness Method, and the time histories of response were computed bv
direct integration of the coupled equilibrium equations. The system stiffness
properties were modified at each change in yield status of the structure, with
corrective forces applied at the end of each time step to ensure that dynamic
equilibrium was continually satisfied.

Shock loading of the system was represented by sets of time-varying
concentrated forces applied at the break location and all direction changes of
the piping system, as discussed in Section 3.2, above. Time histories of mem­
ber forces throughout the system were computed and the yield status at all
points of the piping was checked by the resultant-moment critenon discussed in
Section 4.1.
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4.0 DISCUSSION or ANALYSES

In general, rupture-induced shock loads may be imposed on the piping
system as a result of both jet forces at the break location and time-varying
unbalanced forces on straight runs of piping associated with sudden pressure
losses. Pressure variations, resulting in changing flow conditions, will pro­
pagate through the fluid until steady-state conditions are established. The
transient flow conditions. and associated force time histories may be quite
complex. and the use of simplified methods for evaluating blowdown forces
can lead to WIDccessarily conservative results. The use of a more detailed
analysis technique was considered appropriate to the degree of refinement of
the nonlinear structural response analyses.

The analyses and restraint design were performed for a "typical" pipe
break case, and are not necessarily representative of "worst case" conditions
in the plant. "Typical" conditions were chosen in order to obtain a more real­
istic assessment of the feasibility of prOViding rupture restraints for all high­
energy piping systems in the plant. The Emergency Condenser piping was
selected for study, and was considered to be representltive of average inside­
containment conditions for the follOWing reasons:

a. The pipe is of moderate size and the magnitude of the blowdown
forces is average for the systems.

b. The major portion of the pipe route is reasonably close to poten­
tial load-carrying structures, and does not present unusual sup­
port problems.

c. Interference and congestion in the area adjacent to the selected
system are typical of the inside-containment portion of the plant.

In addition, the postulated break case selected for study is considered
to represent a less restrictive design problem than for the majority oi poten­
tial break locations inside containment, with respect to restraint orientation
and access to load-carrying structures.

The asswnptions and reference information used in the analyses, eval­
uation of blowdown forces. description of the mathematical model. and analy­
ses performed are presented in separate sections below.
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4.1 Assumptions and Reference Information

The piping geometry, pipe schc."dules and material types were obtained
from References 1. 01. 03 through 1. 01. 12 and Reference 2.01. Both the reac­
tor vessel penetration and drywell penetration were assumed to be full anchors.
Constant support hangers were assumed to be inactive in the response analysis.

The asslDllptions and criteria used in evaluating the acceptability of re­
straints and the assumptions necessary for defining the nonlinear material
stiffness characteristics are discussed separately below.

4.1.1 Analysis Acceptance Criteria

The sizes and locations of rupture restraints on the piping sys­
tem may depend on both the response of the piping and of the
restraint itself. In general, acceptable forces and strains in
the restraints are not sufficient to ensure satisfactory response
of the complete system. The following criteria were used to
evaluate acceptability of response:

a. The maximlDll strains in the restraints and all points in
the piping were not allowed to exceed 50 percent of ulti­
mate strain for the appropriate materials.

b. Yielding of the pipe at rupture restraint locations was not
permitted at any time during blowdown.

c. Continued yielding of the restraints and piping during the
steady-state portion of blowdown was not permitted. (It
should be noted that this does not preclude the develop­
ment of permanent deformations in the system, but only
requires that the system respond elastically under steady­
state loads).

d. The displacements which occur during blowdown are not
sufficient to cause interference with adjacent systems.

Assumption a., above, corresponds to accepted design proce­
dures, permitting a sufficient factor of safety against failure
of the restraints or piping. Yieldingof the pipe at the restraint
locations is not permitted (Assumption b. ) in order to prevent
excessive pipe rotation about the restraint, and to ensure that
local yielding or buckling of the pipe wall is not sufficient to
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cause a large change in the effective cross section geometry of
the pipe. As steady-stare blowdown forces are achieved. the
entire system is required to return to the elastic range (Assump­
tion c.). in order to prevent continuous long-term yielding of any
components. which could result in secondary material failures.
Assumption d., ensures that pipe rupture does not cause failure
or loss of function of surroWlding systems due to pipe whip im­
pact.

4.1.2 Development of Material Properties

The Emergency Condenser piping consists of A312 TP3l6 stain­
less steel (Reference 2.01). and it was assumed. for purposes
of analysis. that the rupture restraint is composed of TP304
stainless steel, in accordance with Reference 4.01. A descrip­
tion of the rupture restraint is presented in Section 4. 4: below.

The nonlinear stress - strain properties for the pipe material
were developed from data obtained from References 4.01 and
5.01. and are shown in Figure 4. The strain-energy absorbing
capacity of stainless steel at 0.1 percent. 25 percent, and ulti­
mate strains were taken as 30 lbs. lin. 3. 15,000 lbs. lin. 3 and
30.000 lbs. lin. 3. respectively (Reference 4.01). The elastic
limit and ultimate strength of the material were assumed to be
30.000 psi and iO, 000 psi. respectively (Reference 5.01). The
above criteria were used to construct the idealiZed curve of
Figure 4. This infonnation provided the basis for defining the
force-deformation properties of the restraint and the moment­
curvature relationships for the pipe, for use in the nonlinear
dynamic response analyses.

The ultimate strain for stainless steel was assumed to be ~0-50

percent for both the piping and rupture restraint. This requires
that the maximwn strains in the system induced by shock load­
ing be equal to or less than 20-25 percent, in accordance with
Assumption a. of Section 4.1.1.

The material model for both piping and rupture restraints in­
cluded kinematic strain-hardening behavior. At any pOint in the
system, unload ing from the inelastic region occurs along the
elastic line for the appropriate material.
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Yielding of the pipe was defined in tenTIS of the (VIO principal bend­
ing moments and torsional moment at each time ::;tcp, as iollows:

in which M1Y' M2 and MTy are the two principal bending mo­
ments and torsionJ moment, respectively, for initial yielding in
the outer fibers of a particular cross section. The above yield
criterion permits consideration of nonlinear behavior under com­
plex dynamic response of the system, as yielding may occur for
general biaxial bending and torsion.

4.2 Discussion of Slowdown Analyses

The typical circumferential break case selected for study was obtained
from Reference 2.01. The postulated break was assumed to occur at the cnd
of elbow FW -5561 at Elevation 90 feet. For this break location, the support
structure for the rupture restraint may be attached to the top of the biological
shield wall.

The break was assumed to occur instantaneously over the entire pipe cir­
cumference. No flow restrictions on discharge at the break were considered,
other than those occurring from the thermodynamic behavior of the fluid itself.
The initial conditions of the steam prior to pipe rupture were assumed to be
those of a saturated vapor at 1,100 psia.

Steady-state flow conditions following pipe rupture and initiation of blow­
down were assumed to be controlled by "choking" conditions at the break loca­
tion. The limiting mass flow from the break was defined by the two-phase flow
model of Reference 6.01. The limiting steady-state flow conditions at all points
in the system upstream of the break are governed by the conditions at the break
and were automatically included in the calculation procedure.

The reactor vessel was modeled as a steam reservoir, with the fluid
assumed to be essentially static. As neither the initial volume of steam in the
reactor, or the rate of steam generation following rupture were accurately
known, two cases were considered for analysis, in order to determine the sensi­
tivity of blowdown force time histories to the assumed initial volume of steam:
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The first case consitlered the reactor vessel to be a finite reservoir COI1t.:lUling

5, 000 cubic feet of saturated vapor at 1,100 psia. This was considered to be
representative of a lower bound volume of stearn. The second case can sidered
the reactor vessel as an essentially infinite reservoir containing saturated
vapor at 1,100 psia. The results of these analyses, and a discussion of the
typical blowdown phenomena are presented in the next section.

4.3 Results of Slowdown Analyses

Analyses were perfonned to detennine time histories of pressure and
momentum throughout the piping following an instantaneous circumferential
break. The pressure and momentum transients were then combined to produce
total force time histories in the system. Total force time histories at two loca­
tions in the piping are presented in Figure 3, to illustrate typical blowdown be­
havior. Results are shown for the force time history at the elbow adjacent to
the break and at the elbow adjacent to the reactor vessel connection.

The results indicate that steady-state pressures and flow rates are
achieved rapidly near the break location following pipe rupture. The full mass
flow rate is developed within approximately ten milliseconds. The subsequent
blowdown forces remain nearly constant at approximately 65 kips, and are not
significantly affected by the propagation of pressure transients through the sys­
tem. It should be noted that the 6S-kip steady-state blowdown force agrees
closely with the theoretical result for choked flow of an ideal fluid, under the
pressure and enthalpy conditions near the break. As seen from the figure,
the total force first decreases, due to the sudden loss of pressure, and subse­
quently increases as the velocity, mass flow rate and momentum increase to
the steady -state values.

For the location adjacent to the reactor vessel, the total force remains
constant until the pressure loss resulting from the pipe rupture propagates
through the piping and is reflected from the reactor reservoir as a pressure in­
crease. As steady -state flow i~ established, the total force subsequently de­
creases to 65 kips at all points in the piping.

The results of the blowdown analyses for the finite and infinite reservoir
cases indicated that the assumed initial steam volume does not affect the total
force time histories during the portion of the blowdown which causes the maxi­
mum dynamic response of the piping. The results of the two cases were identi­
cal for the first few seconds of blowdown. This is substantially longer than the
time reqUired to achieve steady-state flow and maximum dynamic response of
the piping.
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4.4 Mathematical Model

A mathematical model of the Emergency Condenser system for use in the
structural response analyses was constructed consisting of lumped masses con­
nected by massless pipe clements. The number and locations of masses were
selected to ensure that an accurate representation of the dynamic response would
be obtained. The model of the system is shown in Figure 3, and the geometry,
pipe schedules and material types were obtained from References 1. 01. 03
through 1. 01. 12 and Reference 2.01.

The structural properties of the system included the effects of bending,
shear, torsional and axial deformations of the piping. At all elbows in the model,
the nonlinear bending stiffnesses were reduced according to ANSI 831. 1 Power
Piping Code specifications. For purposes of analysis the connection of ttie piping
to the reactor vessel was assumed to be a full anchor, and constant support hang­
ers were assumed to be inactive.

The rupture restraint chosen for use in the response analyses was of the
U-bar type. developed and tested by General Electric Company (Reference 4.01),
shown schematically in Figure 6. This restraint type was selected because its
structural properties are well-defined, and relatively extensive test data are
available for confirming its effectiveness in preventing excessive pipe whip. The
following U-bar geometry was chosen for the dynamic response analyses:

a. A bar diameter of one inch.

b. A total undeformed bar length of 52 inches. (Refer to Figure 6)

c. An initial clearance between the pipe wall and restraint of two inches.

It should be noted from b. and c. above, that the total effective clearance
between pipe wall and restraint is 3. 1 inches, as it was assumed in the analyses
that the restra int does not exert significant forces on the pipe while deforming
from the initial contact with the pipe to the fully-developed contact lcngth shown
in Figure 6. c. As full contact is developed. the force-extension characteristics
of the U-bar with the above dimensions is shown in Figure 7.

The pipe insulation thickness was neglected in selecting the initial clear­
ance. as it was assumed that the insulation material will offer negligible resis­
tance to pipe movement. The insulation propertics and "compr~sscd" thickness
can be considered in the analyses, but for most insulation types it was considered
that these will have a negligible effect on the asswned clearance and dynamic
response of the system. In general, it is desirable to maintain the smallest
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restraint clearances which will permit free movement of the pipe under other
types of loading, in order to mmimize the impact forces caused by accelera­
tion of the whipping pipe through the restraint gap.

4.5 Analyses Performed

Dynamic, nonlinear, time history analyses were performed on the
mathematical model vf Figure 5, using the blowdown force time histories dis­
cussed in Section 4.3 above. The final rupture restraint location is indicated
in Figure 5 and the final restraint dimensions and properties used in the analy­
ses are discussed in Section 4.4. The analyses were performed by direct
integration of the dynamic equilibliwn equations tor the system. The time
step for integration was chosen to be sufficiently small to accurately resolve
response frequencies as high as 500 cps, in order to obtain both the gross re­
sponse of the system in the low- frequency range and the high- frequency axial
response of straight rtUlS of piping associated with the time-varying unbalanced
axial forces.

Several time history analyses were performed to determine the influence
of material damping and the effects of restraint bar size on the dynamic re­
sponse. The analysis cases may be summarized as follows:

Case 1: One-inch diameter V -bar, with "lower bound" material
damping.

Case 2: One-inch diameter V -bar, with "upper bound" material
damping.

Case 3: One and one-quarter-inch diameter V-bar, with "upper
bound" material ctamping.

Selected results from each of these cases are discussed in Section 5.0,
below.

Time history analyses were also perfonned for restraint locations at
lower elevations on the vertical riser, in order to minimize the support struc­
ture necessary for attachment to the top of the hiological shield wall. However,
it was found that the allowahle pipe strains and deflections discussed in Section
4. 1. 1 were exceeded, and that it was necessary to locate the restraint as close
to the break location as possible. Hence. no results for these cases are pre­
sented.
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Following the dynamic response analyses and evaluation of restraint size

and location, design details were developed for a support structure adequate to
withstand the maximum dynamic loads, and transmit thc forces to the biological
shield wall. It was required that the support structure remain relatively rigid
under the dynamic loading imposed by the piping and rupture restraint, in order
to minimize additional pipe movement resulting from displacement of the re­
straint structurc. The development of the details of the restraint structure,
together with the results of the nonlinear response analyses, are discussed in
Section 5. O.
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5.0 DlSCLSSION OF RESULTS

The dynamic response analyses of the Emergency Condenscr system were
performed for a duration of loading sufficient to ensure that both the rapid initial
blowdown force variations and the dcvelopment of steady-state blowdown forces
were included in the analyses. It was found that the maximum dynamic response
of the systcm was achieved very rapidly following pipe rupture. Although steady­
state structural response of the system was not achieved in the time duration of
the analyses, the response at all points in the system had attenuated sufficiently
to indicate convergence to steady-state levels.

Time histories of the rupture restraint strains and elongation, and of mo­
ments and displacements at selected points 10 the piping were obtained for the
analysis cases discussed in Section 4.5. The structural response results and
support structure design are discussed in Sections 5. 1 and 5.2. respectively.

5.1 Structural Response of the System

Following pipe rupture. the free end of the pipe at the break is accelerated
by the jet force of the discharging steam through the restraint gap, and impact
occurs when the pipe displacement reaches the effective clearance between the
pipe wall and restraint. The time reqUired to close the restraint gap for the analy­
sis cases considered is approximately nine (9) milliseconds.

It was fOlDld that the maximum moments and stresses occur in the piping
near the reactor vessel connection. In this region of the system, yielding of the
pipe occurs during the first ~O milliseconds of response. and is caused alternate­
ly by the two principal bending moments which result from both horizontal and
vertical movement of the portion of the system near the break. It should be noted
that the rcsultant momcnt associated with first yielding of the pipe is approximate­
ly 113 foot-kips. Time histories of thc two principal bending moments at the
reactor vessel connection are shown in Figure 8. for Case 1 of Section 4.5 above.
FollOWing initial yielding. the rcsponse near the reactor vesscl returns to elastic
levels. and all subsequent bending moment variations remain in the elastic range.

The maximum bending moment time history at the rupture restraint is
shown in Figure 9 corrcsponding to Case 1. At this location yielding does not
occur at any time during dynamic response. in accordance with Assumption b. of
Section 4. 1. 1. As seen from the figure. the maximum moment occurs shonly
after impact.
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From a comparison of the moment time histories at the restraint and at

the reactor vessel, it can be seen that the reactor vessel moments are not im­
mediately affected by pipe impact. as the impact shock effects require several
milliseconds to propagate through the piping. Resultant bending moment en­
velopes are presented in Figures 10 and 11, showing the maximwn combined
bending moments in the system at 15 and 35 milliseconds. respec.tively. Al­
though the moments in some portions of the system exceed the yield moments
for the pipe cross sections, the maximum strains in the piping remain well be­
low the allowable value of 25 percent. However, some permanent deformation
of the piping occurs in the region adjacent to the reactor vessel.

The rupture restraint force time histories for Cases 1 and 2 are shown
in Figure 12. As discussed above. pipe impact occurs approximately nine
milliseconds after the instantaneous break, and the elastic limit of the restraint
is reached almost immediately. The peak load in the restraint of approximate­
ly 130 kips corresponds to an inelastic restraint elongation of approximately
three and one-half inches. Subsequent Wlloading and loading cycles of the dyna­
mic response are within the elastic range for the assumed bar size.

From a comparison of the time histories shown in Figure 12, it can be
seen that the material damping properties assumed for the system do not signi­
ficantly affect the maximum dynamic response. As would be expected, energy
absorption in the system associated with material damping is much less signifi­
cant than the energy absorption resulting from inelastic defonnation. The sub­
sequent unloading and loading cycles shown in the figure are, in general,
governed by the dynamic properties of the restraint and support structure, and
by the elastic material damping properties. However, the force time histories
indicate that the dynamic response of the restraint follOWing the initial inelastic
defonnation is not important for evaluating the adequacy of the restraint, pro­
vided the criteria discussed in Section 4. 1. 1 are satisfied.

The restraint extension time history for Case 1 is presented in Figure
13. As discussed above, the elastic extension of the restraint is achieved in a
very short time interval, followed by a relatively large inelastic extension. The
restraint experiences approximately three and one-half inches of permanent ex­
tension, as the subsequent unloading and loading cycles are elastic. For the
V-bar dimensions assumed in the analyses, this corresponds to a maximum
unifonn strain of approximately 24 percent, which is within the optimum strain
range for inelastic restraint design. The maximum restraint extension corres­
ponds toa total pipe movement at the restraint of approximately six and one-half in­
ches. as the effective clearance prior to rupture is approximately three inches.
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Maximum displacements at selected points in the piping from the Case 1 analysis
are presented in the table below.

MAXIMUM DISPLACEMENTS
CASE 1

Mass Point Displacement (Inches)
(Figure 5) X Y Z

2 0.04 0.08 0.06
5 0.23 0.92 0.48
8 0.47 1.10 0.58

11 1. 25 1. 19 0.58
14 2.03 1. 39 0.59
17 2.95 1. 37 0.59
20 4.64 1. 19 0.59
22 5.63 1. 24 0.59
24 6.04 0.77 0.59
26 6.25 1. 31 0.74
29 7.82 2.38 1. 64

Rupture restraint force timc histories for the Case 1 and Case 3 analy­
ses are presented in Figure 14. in order to illustrate the effect of bar diameter
on the dynamic response. The one and one-quarter inch diameter bar of CasE: 3
is approximately 1.5 times stiffer than theone-inch diameter bar of Case I, with
a corrcspondingly highcr elastic range. As shown by the force time histories,
the stiffer restraint allows higher impact forces to bc developed over a shorter
time interval, as the stiff rcstraint permits higher elastic forces to occur, and
absorbs less energy in the inelastic range. Thus, the total energy absorhed
by the stiffer bar is less than that absorbed by the smaller bar, as most of the
total energy absorbed in both cases is associated with inelastic deformation.
A maximum strain in thc restraint of 11 percent was calculated for Case 3.

From the Case 3 results, it was found that the pipe yields at the rup­
ture restraint location following impacc, permitting significant rotation of the
pipe about the restraint. The Etiffer restraint caused the pipe to absorb a
greater proportion of the impact energy than in Case 1. and hence resulted in
yielding of the pipe. As discussed in Section 4. 1. I, yielding of the pipe at the
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restraint is not pennitted, and therefore the one and one-quarter inch U-bar is
not considered to be appropriate to the system for the postulated break case.

It should be noted that, in general, the use of smaller bar diameters
will result in lower restraint forces follOWing impact, with correspondingly
higher strains in the restraint. However, the feasibility of providing smaller
restraints is governed by the maximum allowable strain for the material, and
by the amount of pipe movement resulting from restraint elongation. A one­
inch U-bar located as shown in Figure 5 is optimal for the piping system select­
ed for study, and the postulated break location, as the maximum energy-absorb­
ing capabilities of the restraint are utilized. Hence, it is considered that the
Case 1 results represent the minimum dynamic forces which can occur during
blowdown for the break location selected for study.

5.2 Design of Restraint Support Structure

The restraint force time history from the Case 1 analysis was used as
the basis for developing design details of a structural system to transmit the
maximum dynamic forces to the biological shield wall. In designing the struc­
ture, it was required that the structure remain essentially rigid with respect
to the piping and rupture restraint, in order to limit any additional pipe move­
ment resulting from deflection of the structure itself, as excessive pipe move­
ment will cause interference with adjacent systems. Moreover, the response
frequencies of the restraint structure must be relatively high compared to the
frequency of the loading and unloading cycles in the rupture restraint, in order
to avoid dynamic response amplification between the systems.

The restraint structure required for the above criteria is shown in Fig­
ures 15 and 16. For some systems or break cases the restraint structure may
be designed for inelastic behavior, as in the case of the rupture restraints
themselves. However, for most inside-containment piping systems in the
Oyster Creek plant, the restrictions on pipe movement associated with conges­
tion and interference require that the rupture restraint support structures be
essentially rigid. Moreover, inelastic design of the restraint structure would
be subject to essentially the same physical limitations on space and required
connections to load-carrying structures. For these reasons it is considered
that the restraint structure shown in Figures 15 and 16 is typical of those that
would be required fur the high-energy piping systems in the plant.

It should be noted that the restraint strucn're shown is applicable to a
particular break case in the Emergency Condenser piping only. The rupture
restraint and support frame for the case discussed in this study may not
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provide adequate restraint of the system for other potential break locations, al­
though similar design details may be appropriate for other potential breaks and
other piping systems in the plant.

The rupture restraint and support frame developed in this study are
strUcturally feasible. However, it should be noted that installation of the re­
straint system shovffi in Figures 15 and 16 would require pennanent removal of
the insulation on the reactor vessel where the restraint structure is located, as
the clearance between the shield wall and vessel insulation is only seven inches.
A number of potential problems exist in providing such restraints for all high­
energy piping in an existing plant. These may be summarized as follows:

1. The restraint system shown is for a single break of a particular
type. Similar systems will be necessary for other potential
break locations in this piping system, as well as all other high­
energy piping systems.

2. The construction of such a restraint system in an existing plant
in most cases will require temporary removal of existing piping
in the adjacent area, with subsequent problems associated with
satisfactory replacement of components. In some cases, it may
be necessary to reroute existing piping.

3. For most cases in which the restraint systems are attached to the
shield wall, the construction of the restraints will require removal
of the reactor vessel insulation. In many of these cases, the
vessel insulation must be permanently removed at the restraint
location.

4. The case chosen for study is regarded as "typical", and is not
necessarily representative of "worst case" conditions. In most
instances, it will not be possible to restrain the piping to prevent
pipe whip, as there may be no load-carrying structures access­
ible to the restraint locations required for a particular break
case. Alternatively, the required restraint system will be too
large for the available space.

5. The space limitations in portions of the inside-containment area
of the plant are too restrictive for the number of restraint sys­
tems required, with rega rd to both the space necessary for the re­
straints themselves and/or the space necessary for construction.

The conclU!5ions and recommendations developed from these analyses
regarding the feasibility of prOViding rupture restraints for the piping of the
Oyster Creek plant are presented in Section 6.0, below.
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6.0 CONCLUSIONS

The purpose of this srudy was to evaluate the dynamic response of a
typical high -energy piping system of the Oyster Creek r\uclear Plant resulting
from pipe rupture. and to evaluate the feasibility of providing ruprure restraints
for all high-energy piping inside containment.

The conclusions developed from this study may be summarized as
follows:

1. For the system selected for srudy, the response of the system
could be maintained within acceptable design limits by utilizing
the energy absorbing capabilities of the piping and restraint. It
was necessary to use nonlinear, inelastic analytical techniques
for response evaluation. as the use of elastic analysis proce­
dures will result in unacceptable design requirements. It
should be noted that the use of such techniques would be neces­
sary for thc design of other restraint systcms for the high­
energy piping inside containment. and that the cost and level of
effon required to obtain acceptable des igns will be substantial­
ly higher than that associated with elastic analysis techniques.

2. By utiliZing the procedures described above to restrict the mag­
nitude of the loads developed, a restraint support structure
could be designed. However, the strucrure reqUired is massive,
indicating that thc use of such restraints as a means of protec­
tion is not practical for the follOWing reasons:

a. For "worst case" dynamic loads, it may not be possible to
provide such rcstraint systems.

b. In highly-congested portions of the drywell. the limitations
on space in most areas are too restrictive for installation
of similar restraint structures.

c. For areas in which several restraint systems are required.
the structural systems will interfere With each other.

d. For certain break locations. there are no accessible load­
carrying structures for attachmcnt of the restraint systems.
In the case of the larger piping systems. for example, the
shield wall is the only viable loacl-carrying structure. The
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shield wall is not accessible to the larger piping systems for
some break cases.

e. The construction of such restraint systems may require temp­
orary removal of existing piping, with subsequent problems
associated with satisfactory replacement of components.

f. The radiation exposures to personnel resulting from the in­
stallation of restraints will be significant.

g. The high cost associated with the analysis and design, fabrica­
tion, installation, and the resulting plant down-time will be
prohibitive.

h. The installation of restraint systems will interfere with the
plant in-service inspection program to such an extent that
cenain required inspections may not be possible.

From the above conclusions, it is recommended that a surveillance program
be instiruted in lieu of the use of ruprure restraints as a means of protecting against
postulated pipe failures. It is reconunended that ruprure restraints be considered
only for certain small lines, two inches and under, where load-carrying structures
are readily accessible.
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APPENDIX

COMPUTER PROGRAM DESCRIPTION



PWHIP

EDS Program PWHIP is a general-purpose program for the dynamic,
nonlinear, inelastic analysis of three-dimensional piping systems subjected
to arbitrary time-varying forces. The program may be used to determine
time histories of pipe displacements, member forces and strains, as well
as restraint force and deformation time histories. The effects of inelastic
pipe response, inelastic restraint behavior, and rupture restraint clear­
ances are included in the analysis procedure.

The structure may be composed of elements of a variety of types,
each having different behavior and yielding characteristics in order to per­
mit maximum user flexibility. Restraints of different types may be speci­
fied and may include specified clearances between the pipe and restraint,
as well as arbitrary orientation in space. Large displacement effects may
be included to allow the direction of the restraining force to change as the
piping system displaces.

The analysis is carried out by the Direct Stiffness Method, with
step-by-step solution of the coupled equilibrium equations using a constant
average acceleration asswnption. The structure is modified each time a
change in yield status of the structure occurs, and corrective forces are
applied at the end of each time step to ensure that dynamic equilibrium is
continually satisfied. The analysis also includes viscous dampin~ effects.
A static analysis for gravity, thennal and pressure loadings may precede
the dynamic analysis. If a circumferential break (guillotine cut) is speci­
fied, any existing static forces and moments in the pipe at the cut are auto­
matically applied as loads to the separated parts of the system.

The prog.ram has been verified for an extensive set of sample prob­
lems, including comparisons with theoretical solutions, hand calculations
and experimental results, wherever possible. Response of systems within
the elastic range has also been compared with benchmarked EDS piping
prog.rams for elastic analyses.
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1. () INTRODUCTION AND SCOPE OF WORK

The following is a summary description of the pipe whip failure analysis inside con-
W inment performed in support of the Oyster Creek Nuclear Generating Station design.

The work for this project was performed as two parallel tasks. The first task in­
volved the application of Regulatory Guide 1. 46, "Protection Against Pipe Whip Inside
Containment", to the high energy lines inside containment and the evaluation of pipe
failure interactions. The results of this first task are presented within this report.
The second task involved the performance of a nonlinear elasto-plastic dynamic re­
sponse analysis, involving a selected pipe failure in one of the high energy systems,
and the design of an energy absorbing rupture restraint (i. e.: a rupture restra int
that has gone into the plastic range) for the failed pipe system. The results. of the
second task are reponed separately in response to AEC Question 2. a.
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2. (} DETERMIl';ATION OF PIPE I1REAK LOCATIOi\'S

In accordance with the requirements of USAEC Regulatory Guide 1. 46. "Protection
Against Pipe Whip Inside Containment", the foliowing criteria were used to determin~'
potential pipe break locations inside containment on the Oyster Creek !'\uclear Planr.

2. I Systems Analyzed

Any system inside containment greater than I-inch nominal pipe size, whose design
pressure or temperature exceeded the following values was considered as a potential
energy source requiring further pipe whip consideration.

Design Temperature
Design Pressure

2000 F
275 PSIG

All other systems were considered as not ha ving sufficient energy to require pipe
whi p considera tion.

As a result of the above considerations, the following systems were determined as
requiring pipe whip failure analysis:

Main Steam
Feedwater
Emergency Condenser
Liquid Poison
Core Spray
Shutdown Cooling
Reactor Vessel Head Cooling
Reactor Recirculation
Reactor Cleanup
Reci rcula tion Bypa ss
Control Rod Drive Hydraulic Return
Reactor Vessel Vent Line
Reactor Vessel Drain Line

2.2 Break Location Criteria

For the systems listed above, pipe whip breaks were postulated to occur at the fol­
lowing locations in each piping run or branch run:

(A piping run interconnects components such as pressure vessels, pumps and anchors
that act to restrain pipe movement. A branch run differs from a piping run only in
that it originates at a piping intersection as a branch of the main pipe run.)
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iJ. Terminal Ends

h. Any intermediate locations between terminal ends where the combined
longitudinal stresses calculated for the loadings associated with the
design seismic event plus operational plant conditions exceed n. 8
(Sh + SA)·

c. Intermediate locations in addition to those determined in b. above,
selected on a maximum stress level basis, in order to provide, as
a minimum, two intermediate break points for each piping run or
branch run.

2.3 Loading Combinations

In order to evaluate stress conditions within the piping systems against the stress
criteria of 0.8 (Sh + SA)' the following loading conditions were considered and
combined:

GraVity Stress
Pressure Stress
Seismic Stress
Thermal Stress

2.4 Combination of Stresses

The four inputs to the combined stress at the various points were added together
as follows:

plus
plus

plus

Gra vity Stress
Pressure Stress
Seismic Stress

Thermal Stress

1500 psi or as calculated
Per B31.1. 0
Maximum Value from Seismic Stress
Reports furnished by GE and B&R
Maximum Value from Thermal Stress
Reports furnished by GE and B&R

The resultant combined stresses for each point on the analyses were tabulated and
evaluated against the allowable stress (Refer to Appendix "A") for the pipe material
to determine the location of high stress points. These points were then evaluated as
described below as potential break point locations.

2.5 Break Locations

After combining stresses as described above, the results were compared to the allow­
able pipe whip stress [.8 (Sh + SA)J for the material. Breaks were than postu-
lated at all terminal ends (regardless of stress), at all points exceeding .8 (Sh T SA)'
and if necessary, at additional intermediate high stress points to prOVide a minimum
of two intermediate break locations for each piping run or branch run.
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The postulated hrcak locations are indicated on the isometric urawings provided in
Appendix "13" to this report.
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:I. () I:--JTERACTION ANA LYSIS

The rurpose of this section of the report is to describe the <JnJlysis of the t:ffects
of rire whip and jet impingement resulting from postulated pipe breJks identified
in Section 2.0 of this report in accordance with the requirements of USAEC Reg­
ula tory Guide 1.46.

3.1 Criteria and Assumptions

The following criteria and assumptions form the basis for the analysis and were
uniformly applied throughout.

3.1. 1

3.1. 2

Types of Postula ted Breaks

Circumferential breaks occur at all postulated break points.

Longitudinal breaks occur at all postulated break points in
lines greater than four-inch (4") nominal pipe size.

Circumferential and longitudinal breaks were considered to

be nonsimultaneous occurrences and the effects of these
breaks were, therefore, analyzed independently.

Pipe Whip Occurrence

Pipe whip was assumed to occur as a result of a circumferen­
tial rupture in a system provided there was a sufficient res­
ervoir of energy to force the formation of a plastic hinge .loout
some point in the line. Table 3-1 of this report lists each sys­
tem evaluated for the effects of pipe whip and its attendant
energy reservoir.

The whipping force was applied along the axis of the ruptured
pipe normal to the plane of the break. The resultant plastic
hinges were assumed to occur at system anchors or at other
intermediate locations as dictated by the complexity of the
particular system configuration. (For branch lines, the ter­
minal connections were considered as branch line anchors. )
Plastic hinges formed as a result of the application of this
force were assumed to form in either the bending or torsion
mode depending upon the system configuration. The hinge
location(s) and mode(s) of formation for each break point
analyzed are described in Appendix "C", Reference C-l, In­
teraction Evaluation.
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3.1. 3

3.1.4

3. 1. 5

3.1.6

Jet Impingement Occurrence

A high energy steam jet was assumed to occur as a result of a
longitudinal break at any point around the circumference of the
break location in a direction normal to the axis of the ruptured
pipe. The break was assumed to have an area of two times the
cross-sectional area of the pipe resulting in the formation of a
cone with angle of ellvergence of thirty degrees (300

).

A high energy steam jet was assumed to occur as a result of a
circumferential break. The jet path was assumed to be in the
plane of movement (whip) emanating from the end of the whip­
ping pipe.

Breaks at Penetration Assemblies

The penetration assemblies were assumed to withstand and
transmit pipe rupture forces to support structures without
plastic deformation. Additionally, the effects of jet impinge­
ment were not analyzed for breaks postulated to occur between
the penetration assembly and the first isolation valve outside
containment.

Selection of Targets

Structures, systems and components whose damage would result
in either a loss of safety function or an increase in the severity
of a pipe rupture accident were analyzed for the effects oi inter­
action with whipping pipe and jet impingement

Interaction Consequences

The bases for evaluation the consequences of interactions between
the high energy source systems and the selected targets were as
follows:

A whipping pipe was considered to ha ve sufficient energy
to cause damage to:

a. Pipes of smaller nominal size and/or lighter
wall thickness

b. The steel containment vessel
c. Electric conduit and cable trays
d. Electric motor operators
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A steam jet WaS considered to have sufficient energy to

ca use da mage to:

a. Electric cable trays
b. Electric motor operators

Reports prepared by MPR Associates, Inc. (Report :-\0.

MPR-285, May 7, 1971) and Burns and Roe, Inc. (Pene­
tration Analysis for Jet Impingement Due to Pipe Rupture.
April 24, 1968) demonstrate the ability of the steel con­
tainment vessel withstand the effects of jet impingement.

The analysis considered only the primary effects of inter~ction.

It was assumed that a damaged target could not initiate a se­
quence of cascading interactions, i. e.: a damaged pipe was
not evaluated as a potential source for pipe whip or jet impinge­
ment as a result of the primary interaction.

.1. 2 Interaction Matrix

The results of the analysis are shown on matrices in Appendix "e" of this report.
The matrices were prepared on a system basis showing the potential interactions
between each postula ted break point (source) and each selected target.

Interactions were defined as follows:

a.
b.

c.

Acceptable
Unacceptable

No Interaction

Interaction causes no damage.
Interaction causes damage resulting in a
loss of safety function or increase in
severity of accident.
Interaction physically not possible.

A summary interaction matrix is presented in Table 3-2 of this report indicating
the results of the analysis.

3.3 Results of Interaction Analysis

Table 3-3 of this report lists those postulated break points whose rupture resulted
in unacceptable interactions.
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TABLE 3-1

PIPING SYSTEMS AND ENERGY RESER vams

System

Emergency Condenser

Core Spray

Reactor Cleanup

Shutdown Cooling

Liquid Poison

Reactor Vessel Head Cooling

Reactor Recirculation Loop

Reactor Recirculation Bypass

Control Rod Drive Hydraulic Return

Main Steam

Feedwater

Reactor Vessel Vent

Reactor Vessel Drain

-8-

Rea C:lor Vessel

Reactor Vessel

Reactor Vessel

Reactor Vessel

Reactor Vessel

Rea etar Vessel

Rea etor Vessel

Reanor V~ssel

Reanor Vessel

Reactor Vessel and Main
Steam System Outside
Containment

Reactor Vessel and Feed­
water System Outside
Containment.

Reactor Vessel

Reactor Vessel



TABLE 3-2

SUM~RY INTERACTION EVALUATION MATRLX

SYSTEM TARCET- ----
Syste~ ISO Containment Piri~ l':lt>ctricCll- ------ ----

Emergency Conuenser
NEOl-B 10" NE-5 B-1 N A N

Emergency Condenser
NEOI-A 10" NE-5 B-2 N A N

Emergency Condenser
NEOI-B 10" NE-2 B-3 N A U

Emergency Condenser
NEal-A 10" NE-2 B-4 N A U

ICore Spray (South)
8" NZ-3 B-5 U N N \

Core Spray (Nonh)

I8" NZ-3 8-6 N A N
Main Steam (South)

24" MS B-7 U U U
Main Steam (North)

24" MS 8-7 U U LJ
Rczctor Cleanup

6" ND-10 a-8 N A U
Reactor Cleanup

6" ND-1 B-9 N A N
Shutdown Cooling

14" NU-l, NU-4 B-10 N A U
Shutdown Cooling

14" NU-2, NU-3 B-11 N N U
Feedwater (South)

10" RF-2 8-12 N U N
Feedwater (South)

) 8" RF-2 8-12 U A lJ
Feedwater (North)

10" RF-2 8-12 N U U
Feedwater (North)

18" RF-2 B-12 U N U
Liquid Poison

1. 5" NP-2 8-13 U A N
Reactor Vessel Head Cooling

2" RHC-2 8-14· N N N
Reactor Recirculation

(Loops A, B, C. D, E) B-15 U U U
Reactor Recirculation

(Bypass A, B, C, D, E) B-16 N N U
Cuntrol Rod Drive Hydraulic Rerum

3" NC-4. NC-2 B-17 U N U

LEGEND U - Unacceptable Interaction (Damage Possible)
A - Acceptable Interaction (Damage not Possible)
N - No Interaction
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TA13LE 3-3

UNACCEPTA13LE INTERACTIONS

System ISO Number Break Point Number

Emergency Condenser
NEOI-B 10" NE-2 B-3 1

Emergency Condenf.er
NEOI-A 10" NE-2 B-4 1

Core Spray (South)
8" NZ-3 8-5 2, 3

;,,1C:iin Steam (South)
24" MS 8-7 I, 2, 3

~,\~in Steam (North)
24" MS B-7 1, 2, 3

Reactor Cleanup
6" ND-lO 8-8 1. 2, 3, 1, 5

Shutdown Cooling
14" NU-l, NlJ-4 8-10 1

Shutdown Cooling
14" NU-2, NU-3 B-11 1

F cedwa ter (South)
10" RF-2 8-12 I, 2. 3. 4, 8. 9

Feedwater (South)
18" RF-2 6-12 5. 6, 7. 12

Feedwater (North)
10" RF-2 B-12 I, 2. 3. 4. 8. 9

Feedwater (North)
18" RF-2 B-12 5, 6, 7, 12

Liquid Poison
1.5" NP-2 B-13 2

Reactor Recirculation Loops
A. B, C, D, E B-15 1, 2, 3, 4

Reactor Recirculation Bypass
LoopD B-16 2

Control Rod Drive Hydraulic
Rerum

3" NC-4, NC-2 B-17 2, 3
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'1. 0 PIPE WHiP PROTECTION PROGRAM

This section of the report describes the [Jrogram rec:omnH-ndul for proLlJn.iulI
again~t pipe failure inside containment and, further. evaluates c-ach posLulated
hreak location for incorporation into that program.

4.1 Feasibility Evaluation of Protection Methods

The methods of failure protection evaluated were inscrvice inspection and s\lrvt'il­
lance, design and installation of rupture restraints. and installation Clf harriers.

4.1.1

i.!. 2

Insta 11a tion of Rupture Restraints

Based upon review of plant drawings and several site visits
during periods of plant outage, i1 was detcnninC'ci, for l"CClSOnS

enumerated below, that installation of rupturt' rt:straillls is
unfeasible and does not offer a practicable solution to the prob­
lem of protection against the effects of pipe whip due to brc'aks
a t the postula ted loea tj ons.

a. The drywell area around the hreak location is too con­
gested to allow fo::. installation of a restraillt structllre,
thus neeessita ting temporCi ry remova I of existing $t ruc­
tures, equipment and piping systems.

b. Installation of restraints would rcquir(~ rerouting of
piping systems and relocaticJlJ of existing equipment.

c. The restraint structure would interfere with normal
maintenanc-:' or repair of existing equipment.

d. The restraint strucrure would hinner inscrvir.c inspection
of piping system welds.

e. Adequate rupture load carrying structures are not a vail­
able or accessible.

f. Installation of the restraints would result in high personnel
radiation exposure.

Insta11ation of Sa rriers

Installation of barriers for protection against pipe whip and jet
impingement was considered unfeasible for r~asons of conges­
tion and lack of adequate support structures.
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TABLE 4-1

PERCENT OF ALLOWABLE PIPE WHIP STRESS . S (Sh + SA)

Percent of AlJ.2.wable r--~
System .-::- 30 30-39 40-/.9 '0-5t.J 60-69 ''''""'I ---../-.. 1 ____.- ---- .. - - - --

Emergency Condenser
(Reactor to NEDl -B) 0 0 (J 1 0 -3

Emergency Condenser
(Keactor to NEOI-A) 0 0 0 1 0 '.,

Emergency Condenser
(NE01-B to Reactor) 0 0 1 3 0 ()

Emergency Condenser
(NEOI-A to Reactor) 0 0 1 3 0 C1

Core Spray (South) 0 0 0 0 1 ; l
~ ,-

Core Spray (North) 0 0 0 0 2 '~)

Main Steam (Both Lines) 2 0 4 0 ? ;)

Reactor Cleanup
(Return to Recirc.) 0 0 0 0 0 11

Rea ctor Cleanup
(Discharge from Recire.) 0 0 0 0 1 5

Shutdown Cooling
(Discharge from Recire.) 0 2 2 0 0 0

Shutdown Cooling
(Return to Recire.) 0 1 0 1 0 0

Feedwater (Both Lines) 8 16 0 0 0 :)

Liquid Poison 0 0 0 0 .5 0

Reactor Vessel Head
Cooling 0 0 0 0 1

,
)
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TAGLE 4-2

BREA K POINTS REQUIRLNG AODlnONA J _ SUl( Vr-: I LLj\ NC1~

r- l
System ISO Number Break Point Number

1---- ----------
Core Spray (South)

8" NZ-2 8-5 2, 3

M... in Steam (So~th)

24" MS B-7 2

Main Stearn (North)
24" MS B-7 2

Reactor Cleanup
6" ND-10 8-8 ],?-. 3, -1,5

Liquid Poison
1.5" NP-2 B-13 2

Reactor Recirculation Bypass
Loop D B-16 2

Control Rod Drive Hydraulic
Return

3" NC-4. NC-2 8-17 2, 3
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,.0 CONCLUSION

The preceding report has served to:

a. Locate potential pipe ruprure points, in accordance with USAEC
Regulatory Guide 1. 46.

b. Evaluate damage potential due to posrulated breaks at these points.

c. Determine those postulated break points which require incorporation
into a pipe whip protection program.

d. Evaluate and recommend method of protection against pipe break
accident.

A tota I of 150 points were identified as potential break locations in the systems
evaluated. Of these points, it was determined that 61 may cause unacceptable
damage. Of those that could cause unacceptable damage, 13 points have stress
levels greater than 50?{ of .8 (Sh + SA)'
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APPENDIX "A"

CALCUUTION or ALLOWAI3LE STRESS

PROBLEM

Calculate allowable stress values for piping material in each system per
Regulatory Guide 1. 46.

EQUATIONS

1. Allowable Stress = 0.8 (Sh + SA) -
from Regulatory Guide 1.46

2. SA =

=

=

1.25 Sc + 0.25 Sh -
from USAS B31.1. O. Para. 102.3.2. (c)

°Material allowable stress at cold condition (70 F)

Material allowable stress at hot condition (5iSoF)

Carbon Steel Systems - Allowable Stress Calculation

Systems

Main Steam
Feedwater
Shutdown Cooling

Material

A-106 Grade C
A-I06 Grade C
A-I06 Grade C

a. Sc @ 700 F = Sh @ 575
0

F = 17,500 psi -
from USAS 831.1. 0, Appendix A,
Tables A-I and A-2

b. Substituting these values into Equation 2. above and solving for
SA in terms of Sh:

=

=

A-I



Appendix "A" (Continued)

b. Substituting these values into Equation 2. ahove:

:::

:::

1.25 (18,750) + 0.25 (17,125)

27, 718 psi

c. Substituting this value into Equation 1. above:

Allowa ble Stress =

=

Allowable Stress =

A-3

O. 8 (Sh + SA) ps i

0.8 (17,125 + 27,718) psi

35, 784 psi
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APPENDC< B

ISOMETRIC ORA WINGS

Break point locations are referenced by the nearest field weld or shop weld number
as applicable.

List of Drawings

Figure
Number

B-1
B-2
B-3
B-4
B-5
B-6
B-7
B-8
8-9
8-10
B-11
8-12
B-13
B-14
B-15
B-16
B-17

Description

Emergency Condenser System (Reactor to NEOl-B)
Emergency Condenser System (Reactor to NEOl-A)
Emergency Condenser System (NE01-B to Reactor)
Emergency Condenser System (NEOI-A to Reactor)
Core Spra y System (South Side)
Core Spray System (North Side)
Main Steam System (North and South)
Reactor Cleanup System (ND-I0)
Reactor Cleanup System (NO-I)
Shutdown Cooling System (NU-l & NU-4)
Shutdown Cooling System (NU-2 & NU-3)
Feedwater System (RF-2) (North and South)
Liquid Poison System (NP- 2)
Reactor Vessel Head Cooling System (RHC-2)
Reactor Recirculation System (Loop Piping)
Reactor Recirculation System (Bypass Piping)
Control Rod Drive System (NC-4 & NC-2)

R2

R2
R2
R2

R2
R2
R2
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APPENDIX C

INTERACTION EVALUATION !'vtATRICES

List of Matrices

System

Emergency Condenser
Core Spray
Main Steam
Reactor Cleanup
Shutdown Cooling
Feedwater
Liquid Poison
Reactor Vessel Head Cooling
Reactor Recirculation (Loop Piping)
Reactor Recirculation (Bypass Piping)
Control Rod Drive Hydraulic Return

Page
Number

C-l
C-3
C-5
C-6
C-8
C-9
C-ll
C-l2
C-13
C·lS
C-17

Reference C-l Interaction Evaluation C-l8



pt:} bl~ Inte C3 c lion
LEGr:~D:

u LJ- nacc~

(Damage Possible) SOuRCE

A - Acceptable Interaction System EMERGENCY CONDENSER

(Damage not Possible) Line 10" 0:E-5 10" :\E-:;

N - No Interaction (to NE01-B) (to \:F01-,o\)
ISO B-1 B-2

TARGET Bk. Pt. 1 ? 1
, ,

Emergency NEOI-H 10" NE-5 - - - - N N A ' '..
Condenser NEOl-A 10" NE-5 N A N N - - - -

NEOI-B 10" NE-2 1 N N N '. "
"

,.
NEOI-A 10" NE-2 I I

Core (South) 8" NZ-3
!Spray (North) 8" NZ-3

Main (South) 24" MS
Steam (North) 24" MS

Reactor 6" NO-lO
Cleanup 6" NO-l

Shutdown 14" NU-l, NU-4 --
Coolin~ 14" NU-2, NU-3

Feedwater (South) 10" RF-Z I
(South) 18" RF-Z
(North) 10" RF-Z

I(North) 18" RF-Z
Liquid Poison - 1. 5" NP-Z ,

I

Rea ctor Vessel IHead Coolin~ Z" RHC-2 I
Reactor (Loop A)

I IRecirc. (Loop B)
(Loop C)

I
I

(Loop D)
I(Loop E)

Reactor (Bypass A) I
I

Recirc. (Bypass B)
(Bypass C)

I(Bypass 0) I
(Bypass E) I

Control Rod 3" NC-4, NC-2
Drive (Supply) I" NC-3 i

,
(Return) 3/4" NC-3 I

Containment 14" CS-2, NQ-2
Spray 12" NQ-2

10" NQ-2
8" NO-2 " Y

Reactor Vessel A A
Biological Shield Wall N A N
Main Steam Relief Valve Discharge i-

8" (4 lines) N
14" (2 lines) '..

Main Steam Safety Valve Discharge
8" (16 lines)

Containment Vessel Shell
Electrical (Whip) w y

( Impingement)
, ~ ,

\../ " f

t;

-

C-1



LEGEND:
U Unacceptable Interaction-

(Damage Possible) SOL:RCE I
A - Acceptable Interaction System EMERGE:'-JCY CONDE:":SER ,

(OJ mage not Possible) Line 10" NE-2 10" i'\E-2

N - No Interaction (from NEOl-B) (from ~f~Ol-l\)

ISO 13-3 1\ - -t
TARGET I~k. Pt. 1

...,
< , 1

~

<<:. .. "- ..
Emergency NEOI-B 10" NE-S N N N N N N (4 ".

Condenser NE01-A 10" NE-S ~ t ~ ~ ~ t ~ ~NE01-B 10" NE-2 - - - -
NE01-A 10" NE-2 N N N ~J - - - -

Core (South) 8" NZ-3 N ~J t; , '

d

Spra 'f (North) 8" NZ-3 I
Main (South) 24" MS

Steam (North) 24" MS
Reactor 6" ND-lO

Cleanup 6" NO-1
Shutdown 14" NU-l, NU-4

Coolini!' 14" NU-2, NU-3 ,II

Feedwa ter (South) 10" RF-2 A
(South) 18" RF-2 N VI
(l\:onh) 10" RF-2 A
(North) 18" RF-2 ~i

Liquid Poison - 1. 5" NP-2
Reactor Vessel

Head Cooling 2" RHC-2

Reactor (Loop A)
Recirc. (Loop B)

(Loop C)
(Loop D)
(Loop E)

Reactor' (Bypass A)
Recirc. (Bypass B)

(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) I" NC-3

(Return) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
8" NO-2

Reactor Vessel : II

Riological Shield Wall A "Main Steam Relief Valve Discharge
8" (4 lines) N ' ',.
14" (2 lines) "

Main Steam Safety Valve Discharge
8" (16 lines)

Containment Vessel Shell it:: lectrical (Whip) 'v it'v v III ,lI ,II
(1mpin~ement) U U



table Inte actio
LEGEND:
U U- naccep r n

(Da mage Possible) SOURCE

i\ - A(;ct:pta ble In teraction SY!'item CORE SPRA Y

(Damage not Possible) Lint: S" ~Z-3 (South)
N - No Interaction

ISO [3- S
TARGET Bk. Pt. 1 2 3 L, ') 6 - 8 c ..,

Emergency NE01-B 10" NE- 5 N N N N N N N N " ~J " ",, ,.
Condenser NE01-A 10" NE-5 t t 1 t ! I I

NE01-B 10" NE-2 ~
I

NEOI-A 10" NE-2 ,II \lJ \It II j II f r
Core (South) 8" NZ-3 - - - - - - - - - - - - -

Spray (North) 8" NZ-3 N N N N N N N N N N N " "
"

Main (South) 24" MS I
Steam (North) 24" MS I I

1

Reactor 6" ND-10
I

I,

Cleanup 6" ND-1 I

Shutdown 14" NU-1, NU-4
Cooling 14" NU-2, NU-3 I

Feedwater (South) 10" RF-2
(South) 18" RF-2

I
(t'\orth) 10" RF-2 I

(Nonh) 18" RF-2 I I I!

Liquid Poison 1 -" NP-2 ,- • ::>

Reactor Vessel
iHt:ad Coolin~ 2" RHC-2

, Reactor (Loop A) i

Recirc. (Loop B)
(Loop C) i(Loop D)
(Loop E)

Reactor (Bypass A)

I iRecirc. (Bypass B)
1(Bypass C)

I
(Bypass D)
(Bypass E) I

Control Rod 3" NC-4, NC-2

I
I

Drive (Supply) I" NC-3
I
I

(Return) 3/4" NC-3 ,
Containment 14" CS-2, NQ-2 I

I
IISpray 12" NQ-2 I

10" NQ-2 I ,

8" NQ-2 I !,
Reactor Vessel I I
fliological Shield Wall

,

Main Steam Relief Valve Discharge

\

I I
,

i
I, ,

8" (4 lines) I I

I ;
14" (2 lines) I " I I

I

Main Steam Safety Valve Discharge I t I I

8" (16 lines) Y I t II \It ~ l' Y r '(

Containment Vessel Shell U U N N N N ~, 0' .' 0'

d " ,0 "

E lcctrica 1 (Whip) r N N / N N N N N 0' , .
d .. .. ,-

( Impingement) tJ N N N N N N N :J :1 0' " "
" "

. C-3



LEGEND:
U ljnacc~ptabl~ Interaction-

(Damage rus!:iibl~)
SO!;lZCE I

A - Acceptable [nteraction System CORE SPRAY

(Damage not Possible) Line
8" ~-.:z- 3 (:\orth)

N - No Interaction I
[SO 8- 6 I

TARGET Bk. Pt. ~ 'J - " 6 ~

-3 9

j
.. < !

Emergency NEOI-B 10" NE- 5 N N N N N N N N ,. .. 'I,. ,.
"

Condenser NEOI-A 10" NE-5
I

INEOI-B 10" NE-2
NEOI-A 10" NE-2

Core (South) 8" NZ-3 j 1/ ,it / / 1/ ,It t 't'
Spray (North) 8" NZ-3 - - - - - - - - - - -

Main (South) 24" MS N N N N N N N N N :J

.~
"

Steam (North) 24" MS I
,

Reactor 6" ND-1O
! i

Cleanup 6" ND-l i
i

Shutdown 14" NU-l, NU-4 I
Cooling 14" NU-2, NU-3 :

Feedwater (South) 10" RF-2 i I(South) 18" RF-2 '/ I

(North) 10" RF-2 A
I I(North) 18" RF-2 N

Liquid Poison - 1. 5" NP-2 I I
Reactor Vessel

IHead Cooling 2" RHC-2
Reactor (Loop A) ,

Recirc. (Loop B)
(Loop C)
(Loop D)

I(Loop E)
Reactor (Bypass A)

I
Recire. (Bypass B) I !

(Bypass C) I I

I(Bypass D)
i ! I

(Bypass E) I
iI

Control Rod 3" NC-4, NC-2 I
I I I

i

Drive (Supply) 1" NC-3 I I
I I

I(Return) 3/4" NC-3 I :

Containment 14" CS-2, NQ-2 I I: I
Spray 12" NQ-2 I

10" NQ-2
I I II

I8" NQ-2 I I

Reactor Vessel II . 'Ii i
Biolog-ical Shield Wall A A : I

Main Steam Relief Valve Discharge ,
i

8" (4 lines) i I

14" (2 lines) .. . J
M<Jin Steam Safety Valve Discharge : :

8" (16 lines) I
I

Containment Vessel Shell I i
EI{;ccrical (Whip) 'II / Y 'It 'I i' V Y .t y y

(Impin~ement) N N N N N N :-.J N ~J :J
,.
.'

C-4



t ble Interaction
LE(;L~ND:

U U- nacct:p a
(Da mage Pos sible) SOURCE

System MAIN STEAMA - Acceptable Interaction
(Damage not Possible) Line 24" MS (South) 2~" ~lS ('.;onh)

N - No Interaction
ISO B-7 B-7

TARGET Dk. Pt. , "' 1 i. 1 - ~,

l. "- - ~

Emergency NEOI-B 10" NE-5 N N N N N N ~ ~ :..
Condenser NEOI-A 10" NE-5

NEOI-B 10" NE-2
NEOI-A 10" NE··2

Core (South) 8" NZ-3 --
Spray (North) 8" NZ-.3 It II II 'It

Main (South) 24" MS - - - - ~ L. 'II It

Steam (North) 24" MS N N N N - - - -
Reactor 6" NO-I0 " N N U"

Cleanup 6" NO-l
Shutdown 14" NU-l. NU-4

Cooling 14" NU-2. NU-3 ~ \~

Feedwater (South) 10" RF-2 U U

(South) 18" RF-2 N N -il 'v
(North) 10" RF-2 U I Tj

(North) 18" RF-2 N I ,.
• <

Liquid Poison 1 -" NP-2- • ::>

Reactor Vessel
IHead Cooling 2" RHC-2

Kcactor (Loop A) i
Recirc. (Loop B) I

(Loop C) I

(Loop 0) i(Loop E)
,

I I

Reactor (Bypass A) ,
!

Recirc. (Bypass B)
:

(Bypass C)
(Bypass D) I 'v(Bypass E) I V

Control Rod 3" NC-4, NC-2 J I u U
I :

Drive (Supply) I" NC-3 .
Il , N N

(Return) 3/4" NC-3 ;

Containment 14" CS-2, NQ-2 I

I 1
Spray 12" NQ-2 !

I i
10" NQ-2 I

8" NQ-2 ; I
Rea ctor Vessel I y. '( I Y 1/

Dialogical Shield Wall ! A A I A A
Ma in Steam Relief Valve Discharge ! I

,.
8" (4 lines) i N N N N I
14" (2 lines) I I .- i I, i

Jain Steam Safety Valve Discharge t I I I

8" (16 lines) ,II 'f' v i
Containment Vessel Shell U U I U U ,

E lcctrica I (Whip) N N 't' Y N N f '(
(Impin~ment) N N U N N ~ U ' .I'

-

C-5



LI~\'F:\U:

U LJ dC' pt;Jbl~ Illteral:tioll- n l:t:

(Damage Po::;:,;ible) SOlJRCE

A - Acceptable Interaction System REACTUR CLEA:\UP

(Da mage not Possible) Line 6" NO-IO (To Recirculation Piping)
N No Interaction

,
- ISO 13- 10\ !

TARGET Hk. Pt. 1 2 3 5 6 7 8 a ' .... .,L', - .
Emergency NEOI-B 10" NE-5 N N N N N N N N " N '"" ..

Condenser NEOI-A 10" NE-5
NEOI-B 10" NE-2
NEOI-A 10" NE-2 I

Core (South) 8" NZ-3
Spray (North) 8" NZ-3

Main (South) 24" MS
Steam (North) 24" MS II ,Ii Ii ,II II ,II ,II 1/ ,II III

Reactor 6" NO-I0 - - - - - - - - - - -
Cleanup 6" NO-l N N N N N N N ;1 N N ' :..

Shutdown 14" NU-l, NU-4 ICoolin.'t 14" NU-2, NU-3
Feedwater (South) 10" RF-2

(South) 18" RF-2
(North) 10" RF-2
(North) 18" RF-2

Liquid Poison - 1. 5" NP-2
Rea ctor Vessel

Head Coolin.'t 2" RHC-2
Reactor (Loop A)

Recirc. (Loop 0)
(Loop C)

I(Loop D)
(Loop E)

Reactor (Bypass A)
Recirc. (Bypass B)

(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) 1" NC-3

(Return) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2 i
10" NQ-2 V 'It ~ ,[,

8" NQ-2 A A A A
Reactor Vessel N N N N

l3iolog1.cal Shield Wall
Main Steam Relief Valve Discharge

8" (4 lines)
14" (2 lines) .'

Main Steam Safety Valve Discharge
.1.-8" (16 lines) ,[,

Containment Vessel Shell U U
Electrical (Whip) 'V 'I;> ,II N N ,If ,I.- ,If ,I,.. l' 'v

( Impingement) U U TJ N N N N N N ~J "..
C-6



tablt:: lnter<!ction
LEGE:',JD:

U U- naccep
(Damage Possible) SOURCE

System REACTOR CLEANUP
A - Accepta b1.e Interaction

(DJ mage not Possible) Lint:: 6" ND-l (F rom Rl:circula tion Pi ping)
N - No Interaction

ISO [3- 9
TARGET Ok. Pt. 1 2 '3 I 5 6

Emergency NEOI-B 10" NE-5 N N N N N N
Condenser NEOI-A 10" NE-5

NEOI-B 10" NE-2
NEOl-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3 ,~ II

Main (South) 24" MS A A
Steam (North) 24" MS N N i

Reactor 6" ND-10 ,( 'I t l' t
Cleanup 6" ND-l - - - - - -

Shutdown 14" NU-1, NU-4 N N N N N ""
Cooling 14" NU-2, NU-3

,

Feedwater (South) 10" RF-2
(South) 18" RF-2
(North) 10" RF-2
(North) 18" RF-2

Liquid Poison - 1. 5" NP-2
Reactor Vessel

Head Cooling 2" RHC-2

Reactor (Loop A)
Rccirc. (Loop B)

(Loop C)
(Loop D)
(Loop E)

Reactor (Bypass A)
Recirc. (Bypass B)

(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) I" NC-3

(Return) 3/4" NC-3
Contaillment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
8·' NQ-2

Reactor Vessel
Biolo.sncal Shield Wall A
Main Steam Relief Valve Discharge

8" (4 lines) N
14" (2 lines) ,.

Muin Steam Safety Valve Discharge
8" (16 lines)

Containment Vessel Shell
Electrical (Whip) ,It' Y " "iI" ,'I' 1/

( Impingement) N N N N N N

--

C-7



LEGE:--,JD:
U - Unacceptable Interaction

(Damage Possible) SOURCE

A - Acceptable Interaction System SHI JmOWN COO Ll~G I
(Damage not Possible) Line 14" NU-l, NU-4 H" 0:U-2, 'Li-l

N - No Interaction (r rom Reci rcula tion Pi ping) (To Recirculation I'I11i"";1 I
ISO 1~-10 H-ll

TARGET 13k. Pt. 1 2 I i.. 1 ,- ;

Emergency NEOI-B 10" NE-5 N N N N N N ~j
, ...

Condenser NEOI-A 10" NE-5
NEOI-B 10" NE-2
NEOI-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3

Main (South) 24" MS
Steam (North) 24" MS

Reactor 6" ND-I0
Cleanup 6" ND-l "" ... t, oJ, ,II

Shutdown 14" NU-l, NU-4 - - - - 'it [, 1/ ,II

Cooling 14" NU-2. NU-3 N A A N - - - -
Feedwater (South) 10" RF-2 N N N N " "

.'~ ..
(South) 18" RF-2 I

(North) 10" RF-2
(North) 18" RF-2

Liquid Poison - 1. 5" NP-2
Reactor Vessel

Head Cooling 2" RHC-2

Reactor (Loop A)
Rccirc. (Loop B)

(Loop C)
(Loop D)
(Loop E)

Reactor (Bypass A)
Recirc. (Bypass B)

(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) I" NC-3

(Return) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
8" NQ-2

Reactor Vessel
Biolo1{i.cal Shield Wall
Main Steam Relief Valve Discharge

8" (4 lines)
14" (2 lines) "

Main Steam Safety Valve Discharge
8" (16 lines)

Cont;Jinment Vessel Shell
Electrical (Whip) r / V Y " \;' '(

(Impin~ment) U N N N U N " , '.; ..
C-8



table lnteractio
LEGEND:
U U- nacct:p n

(Damage Possible) SOURCE

A - Acceptable Interaction System FEEDWATER

(Od mage not Possible) Line 10" RF-2 1H" RF-2 lO' R[, - :2

N - No Interaction (South) (South ) (.south)
ISO B-12 l3-12 R-12

TARGET 13k. Pt. ,
) , s n " , ~ ? ~

Emergency NEOl-B 10" NE-5 N N N N N N N N N ~~ ,.
"

Condenser NE01-A 10" NE-5
NE01-B 10" NE-2
NEOl-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3 " /

Main (South) 24" MS
I

A ",
" .,jf

Steam (North) 24" MS N ",-
Reactor 6" ND-lO U u U U

Cleanup 6" ND-1 N N N N

Shutdown 14" NU-l, NU-4 t t t t I

Coolin~ 14" NU-2. NU-3
, t'

Feedwater (South) 10" RF-2 - - - - ," V ,1/ - -- -
(South) 18" RF-2 N N N N - - - - ~J ~ ! .' "

" ,-

(North) 10" RF-2 N N N q

"

(North) 18" RF-2
Liouid Poison - 1. 5" NP-2
Reactor Vessel

I, H~ad Coolin~ 2" RHC-2

Reactor (Loop A)
Recirc. (Loop B) l'

,,,

(Loop C) A A
(Loop D) N N
(Loop E)

Reactor (Bypass A)
Recirc. (Bypass B)

(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) I" NC-3

(Rerum) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2 ,if '" ,l--

8" NO-2 lJ 11 1J
Reactor Vessel N N N
I3iolo~cal Shield Wall A A -, .,

Main Steam Relief Valve Discharge
8" (4 lines) N N " ",. ,.
14" (2 lines) : A A

Main Steam Safety Valve Discharge , ,t
8" (16 lines) N N

Containment Vessel Shell U U U
Electrical (Whip) " ~ 'Ii' N N t" N I' " V ,,~

( Impingement) N U U U N U U U N " .' ..
" .. ,.

-

-,

-

r.-Q



LEGEND:
U Unacc~ptable Interaction-

(Damage Possible) SOURCE

A - Acceptable Interaction System FEEDWATER

(Damage not Possible) Line 10" RF-2 18" RF-2 10' RF-2

N - No [nteraction (North) (!'\orth) ( ~()rth)

ISO 15-12 1\-12 11-12

TARGET Uk. Pt. 1 ) ~ 1. .- { '7 !J1 "") .~ ,
Emergency NEOI-B 10" NE- 5 .

N N N N :J ~ N N ~J ~~
,. , .

Condenser NEOI-A 10" NE-5
.. .,

NEOI-B 10" NE-2
NEOI-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3

Main (South) 24" MS 'I

Steam (North) 24" MS A ..
Reactor 6" ND-lO N

"

Cleanup 6" ND-l
Shutdown 14" NU-l. NU-4
Coolin~ 14" NU-2. NU-3

Feedwater (South) 10" RF-2

+
I

(South) 18" RF-2 'V \~ '" iJ t t ,It
(North) 10" RF-2 - - - - \.1' ... / \1,/ V - - - -
(North) 18" RF-2 N N N N - - - - ' ' ~j " "., .' .,

liquid Poison - 1. 5" t-:P-2 N N ~J
",1 I I

"
Reactor Vessel IHead Coolin~ 2" RHC-2

Reactor (Loop A)

Rt:circ. (Loop B)

(Loop C) II ,~

(Loop D) A A
(Loop E) N N

Reactor (Bypass A)
Recirc. (Bypass B)

(Bypass C)
(Bypass D)

... 11 \'1 'lit \11'(Bypass E)
Control Rod 3" NC-4. NC-2 U U U U

Drive (Supply) 1" NC-3 N N N N
(Return) 3/4" NC-3

Containment 14" CS-2. NQ-2
Spray 12" NQ-2

10" NQ-2 ~ t "
8" NO-2 U U U

Reactor Vessel N N N \

Biolo~cal Shield Wall A A , \..,. .-..
Main Steam Relief Valve Discharge

8" (4 lines) N N " ...., ..
14" (2 lines) .' A A :

Main Steam Safety Valve Discharge
\1' ,\'

8" (16 lines) N N
Containment Vessel Shell U U I U

Electrical (Whip) N N 'f N \1/ ... .., ,,/

(Impingement ) N U U U N U U U N ~
,.

".. ..
. C-I0



LLGL:-;LJ:
U U c~pta ble lnte ra c tion- nac

(Damage Possible) SOURCE

A - Acceptable Interaction System LIOUID POISON

(Damage not Possibl~)
Line 1. 5" NP-2

N - 010 Interaction
ISO R-1.1

TARGET Bk. Pt. 1 1 :"....

Emergency NEOI-B 10" NE- 5 N N N N N
Condenser NEOI-A 10" NE-5

~ tNEOI-B 10" NE-2
NEOI-A 10" NE-2

Core (South) 8" NZ-3 ,
AJ'l.

Spray (North) 8" NZ-3 N N
Main (South) 24" MS

Steam (North) 24" MS
Reactor 6" ND-I0

Cleanup 6" ND-l
Shutdown 14" NU-l, NU-4

Cooling- 14" NU-2, NU-3
Feedwater (South) 10" RF-2

(South) 18" RF-2
(North) 10" RF-2 v .... 1 if I..
(North) 18" RF-2

Liquid Poisor. - 1.5" NP-2 - - - - -
Reactor Vessel

Head CoolinS{ 2" RHC-2 N N N N N

Reactor (Loop A)
Recirc. (Loop B)

(Loop C)
(Loop D)
(Loop E)

Reactor (Bypass A)
Recirc. (Bypass B)

(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) 1" NC-3

(Return) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
8" NQ-2

Reactor Vessel
Biological Shield Wall
Main Steam Relief Valve Discharge

8" (4 lines)
14" (2 lines)

Main Steam Safety Valve Discharge ..
8" (16 lines)

....,
Containment Vessel Shell U

Electrical (Whip) ,,~ N ~, r if

( Impingement) N N N N N

C-ll



LEGEND:
U Unacct::ptable Interaction-

(Damage Possible) SOURCE I
A - Acceptable Interaction System R FACTOR VESSE L HEAD COOLI~G

(Oamage not Possible) Line 2" I01C-2
N - No Inter;lction

ISO H-14
TARGET 13k. Pt. 1 .::: 3 )...

Emergency NE01-B 10" NE- 5 N N N N
Condenser NE01-A 10" NE-5

NE01-B 10" NE-2
NE01-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3

Main (South) 24" MS
Steam (North) 24" MS

Reactor 6" ND-10
Cleanup 6" ND-1

Shutdown 14" NU-1, NU-4
Coolin~ 14" NU-2, NU-3

Feedwater (South) 10" RF-2
(South) 18" RF-2
(North) 10" RF-2 0

(North) 18" RF-2
I,

Liquid Poison - 1. 5" NP-2
Reactor Vessel '\I If

Ilead Coolin~ 2" RHC-2 - - - -
Reactor (Loop A) N N N N

Recirc. (Loop B)
(Loop C)
(Loop D)
(Loop E)

Reactor (Bypass A)
Recirc•. (Bypass B)

(Bypass C)
(Bypass D)
(Bvoass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) 1" NC-3

(Retum) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
8" NO-2

Reactor Vessel
Bioloszical Shield Wall
Main Steam Relief Valve Discharge

8" (4 lines)
14" (2 lines) "

Main Steam Safety Valve Discharge ' .

8" (16 lines)
Containment Vessel Shell
Electrical (Whip) If 'v

( Imoin2ement) N N N N

. C-12



LFGEND:
J U a c pt;J bl~ Inte rac tion- n c '=

(n3m.J~e Possible) SOURCE

A Acc~pt.Jble Interaction System REACTOR REClHClJLATJO:,\ LoOP-
( l);l rna ge not Po~sib le) Lim.: l.oor A Loor II L()or e'

N - Nu lnter.:lction
ISO 15-15 U-l=' [;-1 ;

TARGET Rk.Pc. 1 ) 'I I 1 ~, 'J,- -
Emergency NEOI-B 10" NE-5 N N N N N N N N " " ", ,. ,. ,.

Condenser NEOI-A 10" NE-5 I

NE01-B 10" NE-2
NE01-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3 Ii'

Main (South) 24" MS u
Steam (North) 24" MS N n

J

Reactor 6" ND-10 ...,
Cleanup 6" ND-1

Shutdown 14" NU-1, NU-4 I
I

Cooling 14" NU-2, NU-3
Feedwater (South) 10" RF-2

I

(South) 18" RF-2 1
(North) 10" RF-2 I
(North) 18" RF-2

Liquid Poison - 1. 5" l':P- 2 ! I
Reactor Vessel

'''' I.. II +Head Cooling 2" RHC-2 r , 'I
Reactor (Loop A) "- A A

....- - - -
Recirc. (Loop B) N N N N - - - - .... ~ ...V.... "

(Loop C) t t N N N ' I - - - -"
(Loop D) N " " ".. .,

"

(Loop E) A A
Reactor (Bypass A) N N

Recirc. (Bypass B)
(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) I" NC-3

(Return) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2 U
10" NQ-2 N
8" NQ-2 I

Reactor Vessel
Biological Shield VVall A A A A A. ....
Main Steam Relief Valve Discharge t8" (4 lines) N N N N ~' :1..

14" (2 lines) 0-

Main Steam Safety Valve Discharge 'v ,I"I 8" (16 lines)
Containment Vessel Shell U U

JElectrical (Whip) U U '! .''- .-

(Impingement) A U U U A U U A
.. " ..

~ ~ -

C-13



LEGEt'-:D:
U Unacceptable InterJction-

(Damage Possible) SOlJRCE
. ~

A AcceptJble Interaction Svstem REACTOR RECIRCULATIUN Lll( 1P-
(Il<JI1lOJgc not Po::;sible) !. i lie LllOr I) !.(}OP I·

N - No Interaction
ISO 13-15 B-1:)

TARGET Bk. Pt. 1 ;- -, / 1 2.J..

Emergency NE01-B 10" NE-5 N N N N N N :; "

Condenser NE01-A 10" NE-5
NE01-B 10" NE-2
NEOI-A 10" NE-2

Core (South) 8" NZ-3
Sprav (North) 8" NZ-3

Main (South) 24" MS
Steam (North) 24" MS U

Reactor 6" ND-10 N
Cleanup 6" ND-l

Shutdovm 14" NU-1, NU-4
Coolin2' 14" NU-2. NU-3

Feedwater (South) 10" RF-2 I
(South) 18" RF-2 I

(North) 10" RF-2 i

(North) 18" RF-2
Liquid Poison - 1.5" NP-2
Reactor Vessel

Head Cooling 2" RHC-2

Reactor (Loop A)
,~ ,II

Recirc. (Loop B)
(Loop C) ,II ,II 't.. 'II

A A
(Loop D) - - - ,1.1 A . IV- ....
(Loop E) N N N N - - - -

Reactor (Bypass A) N :1 N "..
Recirc. (Bypass B)

(Bypass C)
(Bypass D)
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) I" NC-3 !

(Retum) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
8" NQ-2

Rca ctor Vessel
Biological Shield Wall A A A A
Main Steam Relief Valve Discharge

"II8" (4 lines) N N N N

14" (2 lines) A .'

Main Steam Safety Valve Discharge -
8" (16 lines) N

,II ,I,;

Containment Vessel Shell U U
..

~ 1/ ~II 1.1 -
Electrical (Whip) U U -

(Impin2'ement) A U U U A U U
..
-
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tbl [
Ll~Cr.ND:

l' U- nacc~pt:.l e nter~lC 10n
(Damage Possible) SOURCE

Svstem REACTOR RECIRCU LAT[O~ BYPASS\ - A ccepta ble Interaction
(Damage not Possible) Line

l3ypass A Bypass B Ilvpass (

N - No Interaction [SO R-16 [3 -1 b B-1t1
TARGET Uk. Pt. I 2 3 L. 1 ~

3 4~ ~ - -
Emergency NEOI-B 10" NE-5 N N N N N N N N ' . .. ..

.' ;, ..
Condenser NE01-A 10" NE-5 ;

NE01-B 10" NE-2
NE01-A 10" NE-2

Core (South) S" NZ-3
Spray (North) S" NZ-3

:-"la in (South) 24" MS
Steam (North) 24" MS

Reactor 6" ND-10
Cleanup 6" NO-1

Shutdown 14" NU-1. NU-4
Coolin.'l' 14" NU-2. NU-3

Feedwater (South) 10" RF-2
(South) IS" RF-2
(North) 10" RF-2
(North) IS" RF-2

Liquid Poison - 1. 5" NP-2
Reactor Vessel

Head Cooling 2" RHC-2

3.eactor (Loop A)
Recirc. (Loop B)

t(Loop C)
(Loop D)

if \11 ,
(Loop E)

Reactor (Bypass A) - - - -
Recirc. (Bypass B) N N N N

II I It \.1- - - -
(Bypass C) N N N N - - - -
(Bypass D) N ~l .' ".. ..
(Bypass E)

Control Rod 3" NC-4, NC-2
Drive (Supply) 1" NC-3

(Return) 3/4" NC-3
Containment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
B" NO-2

R~actor Vessel
Biological Shield Wall
Ma in Stea m Relief Valve Discharge

8" (4 lines)
14" (2 lines)

'v1Jin Steam Safety Valve Discharge '.
s,t (16 lines)

Containment Vessel Shell
Electrical (Whip) II v V \11 'v

(Impin~ment) N N N N N N N N N ' . ,. ..
.' ..
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LEGEND:
U LJ acceptable Interaction- n

(Damage Possible) SOLiRCE

A - Acceptable Interaction System REACTOR RECIRCU LA TION E3YPA-';~

(Oa mage not Possible) Line E3ypa ss l) 13ypa ss f
N - No Interaction

ISO 1\-16 11- 1t)

TARGET Uk. Pt. 1 .2 3 ... 1 "- " I,

Emergency NEOI-B 10" NE-5 N N • N N N N "~ " i.' .,
Condenser NEOI-A 10" NE-5

NEOI-B 10" NE-2
NEOI-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3

Main (South) 24" MS I

Steam (North) 24" MS
Reactor 6" NO-I0

Cleanup 6" NO-l
Shutdown 14" NU-l, NU-4

Cooling 14" NU-2. NU-3
Feedwater (South) 10" RF-2

(South) 18" RF-2
(North) 10" RF-2
(North) 18" RF-2

Liquid Poison - 1.5" ~P-2 I

Reactor Vessel
Hl'ad Coolin~ 2" RHC-2 I

Reactor (Loop A) I i

Recirc. (Loop B) I i

(Loop C) I

I
I

(Loop 0) I
(Loop E) i

Reactor (Bypass A) t 1Recirc. (Bypass B)
(Bypass C) \lJ .I 'II
(Bypass D) - - - - \1.1 ,1.1 ..,1.-

(Bypass E) N N N N - - - -
Control Rod 3" NC-4, NC-2 N N N "..

Drive (Supply) 1" NC-3
(Return) 3/4" NC-3

Containment 14" CS-2, NQ-2
Spray 12" NQ-2

10" NQ-2
J8" NQ-2

Reactor Vessel I

l3iologlcal Shield Wall
Main Steam Relief Valve Discharge

8" (4 lines) I

14" (2 lines) "

MClin Steam Safety Valve Discharge
8" (16 lines)

Containment Vessel Shell
E lectrica1 (Whip) , II

(Impinj:;ement) N U ~ N N N ~ "
"
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LECEt':D:
U Unaccepta ule Intc: [;,Jcti m- I

(Dama~ Possible) S()URCL';

A - Acceptable Interaction System CONTROL ROD DRIVE HYDRAULIC RETLR\:

(Damage not Possible) Line 3" NC-4, NC-2
N - No Interaction

ISO 1\-17
TARGET 13k. Pt. 1 ') -,

Emergency NEOI-B 10" NE- 5 N N N ~

Condenser NEOI-A 10" NE-5
NEOI-B 10" NE-2
NEOI-A 10" NE-2

Core (South) 8" NZ-3
Spray (North) 8" NZ-3

Main (South) 24" MS
Steam (North) 24" MS

Reactor 6" ND-1O
Cleanup 6" ND-l

Shutdown 14" NU-l, NU-4
Cooling 14" NU-2, NU-3

Feedwater (South) 10" RF-2
(South) 18" RF-2
(North) 10" RF-2
(North) 18" RF-2

Liquid Poison - 1. 5" NP-2
Reactor Vessel

Head Cooling 2" RHC-2

Reactor (Loop A)
.

Recirc. (Loop B)
(Loop C)
(Loop D)
(Loop E)

Reactor (Bypass A)

Recirc. (Bypass B)
(Bypass C)
(Bypass D)

I

I

(Bypass E)
..,11 l,l ,l.- V

Control Rod 3" NC-4, NC-2 - - --
Drive (Supply) 1" NC-3 N N N N

(Rerum) 3/4" NC-3
Conta inment 14" CS-2, NQ-2

Spray 12" NQ-2
10" NQ-2
8" NQ-2

Reactor Vessel
Biological Shield Wall
Main Steam Relief Valve Discharge

8" (4 lines)
I14" (2 lines) .'

M~in Steam Safety Valve Discharge
,II I8" (16 lines)

~~

Containment Vessel Shell U U
Electrical (Whip) N N

( Impingement) N A A N
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REFERENCE C-l

INTERACTION EVALUATION

The following notes apply to Reference C-l, "Interaction Evaluation"
contained on Pages C-19 through C-34:

(1) A circumferential break postulated at the tenninal end of a line
connected to the reactor vessel will not result in a pipe whip in­
teraction with any of the listed targets due to the short length
of the whipping pipe.

(2) A circumferential break postulated at the penetration assembly
of a line connected to the reactor vessel will not result in a pipe
whip interaction with any of the listed targets as the assembly
will restrict the pipe from whipping.

(3) Sheet Numbers specified refer to Burns and Roe Drawing 2095
which consists of 10 sheets.

C-18



REFERENCE C-I

INTE RA eTION EVA LUA TION

PURPOSE: To identify the methods used to determine the interactions shown on
the interaction evaluation matrices for each system.

EMERGENCY CONDENSER SYSTEM - 10" NE-5 (Reactor to NEOI-B)

A circumferential break at point 1 will not result in an interaction with
any of the Ii sted ta rgets (1 ) .

A circumferential break at point 2 will most likely place the connection
at the reactor in torsion causing the pipe to whip in such a manner as to result
in an acceptable interaction with 10" NE-5 (reactor to NEOI-A) at elevation
84. 83', a zi muth 00 of Sheet 6 (3). Such a brea k could a Iso ca use the pipe to
whip about a hinge formed at the first elbow downstream of the reactor which
would ha ve the sa me result.

A circumferential break at point 3 will most likely cause the pipe to whip
about a hinge formed at the connection at the reactor in such a manner as to re­
sult in an acceptable interaction with the reactor vessel at elevation 85.5' , azi­
muth 21 0 of Sheet 6 (3). Such a break could also cause the pipe to whip about
a hinge formed at the first elbow downstream of the reactor which would have
the sa me result.

A circumferential break at point 4 will not result in an interaction with
any of the listed ta rgets (2).

A break at any of the points postulated in this line will not result in
any jet impingement interactions with the cable tray or any of the
motor operators.

EMERGENCY CONDENSER SYSTEM - 10" NE-5 (Reactor to NEOI-A)

A CirCUmfere(l~al break at point 1 will not result in an interaction with any
of the listed targets •

A circumferential break at point 2 will most likely place the connection at
the reactor in torsion causing the pipe to whip in such a roaMer as to result in an
acceptable interaction with the Biological Shield Wall at elevation 82.25', azimuth
3500 of Sheet 5(3). Such a break could also cause the pipe to whip about a hinge
formed at the first elbow downstream of the reactor which would have the same re­
sult.
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•

A circumferential break: at point 3 will most likely cause the pipe to whip
about a hinge formed at the connection at the reactor in such a manner as to re­
sult in an acceptable interaction with 10" NE-5 (reactor to NEOl-B) Jt elevation
85', or with the reactor vessel at elevation 84', azimuth 3350 of Sheet b (3). Such
a break could cause the pipe to whip about a hinge formed at the first elbow down­
stream of the reactor which would have the same result.

A circumferential break at point 4 will not result in an interaction with any
of the listed targets (2). .

A break at any of the points postulated in this line will not result in
any jet impingement interactions with the cable tray or any of the
motor operators.

EMERGENCY CONDENSER SYSTEM - 10" NE-2 (NEOI-B to Reactor)

A circumferential break at point 1 will not result in an interaction with anv
of the listed targets (1). .

A circumferential break at point 2 will most likely cause the pipe to whip about
a hinge formed at the connection to the Shutdown Cooling Piping in such a manner as
to result in an rfceptable interaction with 10" RF-2 (south) at elevation 75', azimuth
450 of Sheet 5 ). Such a break could also cause the pipe to whip about a hinge
formed at the first weld upstream of the connection which would have the same result.

A circumferential break at point 3 will most likely cause the pipe to whip about
a hinge formed at the connection to the Shutdown Cooling Piping in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation 82'.
azimuth 250 of Sheet 5 (3). Such a break could also cause the pipe to whip about a
hinge formed a t the first weld upstrea m of the connection which would ha ve the sa me
result.

A circumferential break at point 4 will not result in an interaction with any of
the 11 sted ta rgets (2 ) .

A break at point 1 will result in an unacceptable jet impingement inter­
action with the cable tray at elevation 40', azimuth 3000-3600 of Sheet
3 (3), or in an acceptable interaction with motor operators V-14-37,
V-17-54 or V-17-19. A break at any of the remaining points postulated
in this line will not result in any jet impingement interactions with the
cable tray or any of the motor operators•
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EMERGENCY CONDENSER SYSTEM - 10" NE-2 (NEOl-A to Reactor)

A circumfcreqtial hreak at roint I will not result in 3n interaction with any
of the listed ta rgets ( ).

A circumferential break at point 2 will most likely cause the pipe to whip
about a hinge formed at the connection to the Recirculation Piping in such a manner
as to result in an acceptable interaction with 10" RF-2 (north) at elevation 75',
azimuth 3150 of Sheet 5 (3). Such a break could also cause the pipe to whip about
a hinge formed at the second elbow upstream of the connection which would have
the sa me result.

A circumferential break at point 3 will most likely cause the pipe to whip
about a hinge formed at the connection to the Recirculation Piping in such a manner
as to result in an acceptable interaction with the Biological Shield Wall at elevation
82', azimuth 3350 of Sheet 5 (3). Such a break could also cause the pipe to whip
about a hinge formed at the second elbow upstream of the connection which would
ha ve the sa me result.

A circumferential break at point 4 will not result in an interaction with any
of the lis ted ta rgets (2).

A break at point 1 will result in an unacceptable jet impingement inter­
action with the cable tray at elevation 40', azimuth 00 -60 0 of Sheet 3 (3).
A break at any of the remaining points postulated in this line will not
result in any jet impingement interactions with the cable tray or any
of the motor operators.

CORE SPRA Y - 8" NZ-3 (South)

. A circumferential break at point 1 will not result in an interaction with any of
the listed targets (1).

A circumferential break at point 2 will most likely cause the pipe to whip about
a hinge formed at the connection at the reactor in such a manner as to result in an
unacceptable interaction with the containment vessel at elevation 90'. azimuth 700 of
Sheet 6 (3). Such a break could also cause the pipe to whip about a hinge formed at
the first elbow upstream of the reactor which would result in an unacceptablj inter­
action with the containment vessel at elevation 89'. azimuth 950 of Sheet 6 ( >.

A circumferential break at point 3 will most likely place the connection a t the
reactor in torsion causing the pipe to whip in such a manner as to result in an unacce~t­

able interaction with the containment vessel at elevation 90'. azimuth 650 of Sheet 6 ( ).
Such a break could also cause the pipe to whip about a hinge formed at the first elbow
upstream of the reactor which would have the same result.
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A circumferential break at point 4 will not result in iJn interaction with ..Jnv
of the listed ta rgets (2). .

Circumferential breaks a t points 5 thru 10 will not result in ripe whip 3S

cllet:k valves N'l.-02B and NZ-1l2D isolate l!leSt:.poinls frolll the high ellergy res­
ervoir (reactor).

A circumferential break at any of points 11 thru 13 will most likely cause
the pipe to whip about a hinge formed at the connection of the bypass line to the
main line in such a manner as to result in no interactions with any of the listed
targets.

A break at any of the points postulated in this line will not result in
any jet impingement interactions with the cable tray or any of the
motor opera tors.

CORE SPRAY SYSTEM - 8" NZ-3 (North)

A circumferential break at point 1 will not result in an interaction with any
of the listed targets (l).

A circumferential break at point 2 will most likely place the connection at
the reactor in torsion causing the pipe to whip in such a manner as to result in an
acceptable interaction with the Biological Shield Wall at elevation 62', azimuth 2400

of Sheet 5(3). Such a break could also cause the pipe to whip about a hinge formed
at the connection at the reactor which would result in an acceptable interaction with
10" RF-2 (north) at elevation 75', azimuth 2250 of Sheet 5(3).

A circumferential break at point 3 will most likely cause the pipe to Whip
about a hinge formed at the connection at the reactor in such a manner as to result
in an acceptable interaction with the Biological Shield Wall at elevation 62, azimuth
2500 of Sheet 5 (3). Such a break could also cause the pipe to whip about a hinge
formed at the second elbow upstream of the reactor which would have the same re­
sult.

A circumferential break at point 4 will not result in an interaction with any
of the listed targets (2).

Circumferential breaks at points 5 thru 8 will not result in pipe whip as check
valves NZ-02A and NZ-02C isolate these points from the energy reservoir (reactor).

A circumferential break at any of points 9 thru 11 will most likely cause the
pipe to whip about a hinge formed at the connection of the bypass line to the main
line in such a manner as to result in no interactions with any of the listed targets.
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A break at any of the points postulatt:<..I in this line will not result in
dny jet impingement interactions with the cable tray or any of the
motor operators.

MAIN STEAM SYSTEM - 24" MS (South)

A circumferential brea kat point 1 will most likely pIa ce the connection at
penetration 2A in torsion causing the pipe to whip in such a manner as to result
in an unacceptable interaction with the containment vessel at elevation 89'. azimuth
900 of Sheet 6 (3), or with 10" RF-2 (south) at elevation 47', azimuth 800 of Sheet
4 (3).

A circumferential break at point 2 will most likely cause the pipe to whip about
a hinge formed at the connection at penetration 2A in such a manner as to result in an
unacceptable interaction with the containment vessel at elevation 89', azimuth 750 of
Sheet 6 (3). Such a break could also cause the pipe to whip about a hinge formed at
the third elbow downstream of the reactor which would result in an acceptable inter­
action with the Biological Shield Wall at elevation 82', azimuth 900 of Sheet 5 (3).

A circumferential break at point 3 will most likely cause the pipe to whip about
a hinge formed at the connection at the reactor in such a manner as to result in an ac­
ceptable interaction with the Biological Shield Wall at elevation 56'. azimuth 900 of
Sheet 5 (3). Such a break would also cause the pipe to whip about a hinge formed at
the connection at penetration 2A which would result in an unacceptable interaction
with 10" RF - 2 (south) at elevation 49', azimuth 80 0 of Sheet 4 (3). '

A circumferential break at point 4 will not result in interaction with any of the
listed ta rgets (2).

A break at point 3 will result in an unacceptable jet impin~ment inter­
action with the cable tray at 44', azimuth 1500 of Sheet 3 (3), A break
a t a ny of the remaining points postula ted in this line will not result in
any jet impingement interactions with the cable tray or any of the motor
operators.

MAIN STEAM SYSTEM - 24" MS (North)

A circumferential break at point 1 will most likely place the connection at
penetration 28 in torsion causing the pipe to whip in such a manner as to result in
an unacceptable interaction with the containment vessel at elevation 89', azimuth
2700 of Sheet 6 (3). or with 10" RF-2 (north) at elevation 47', azimuth 2600 of
Sheet 4 (3).

A circumferential break at point 2 will most likely cause the pipe to whip about
a hinge formed at the connection at penetration 28 in such a manner as to result in an
unacceptable interaction with the containment vessel at elevation 89', azimuth 2850

of Sheet 6 (3). Such a break could also cause the pipe to whip about a hinge formed
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Jt the third elbow downstream of the reaccor which would result in an unaccercahlc
interaction with J" NC-4 at elevation is', azimuth 2iOo of Sheet 5 (3) or in an JC­

ceptable interaction with the Biological Shield Wall at elevation 82'. azimuth 270 0

of Sheet 5 (3).

A circumferential break at point 3 will most likely cause the pipe to Whip
about a hinge formed at the connection at the reactor in such a manner as to re­
sult in an acceptable interaction with the Biological Shield Wall at elevation 56',
azimuth 2700 or an unacceptable interaction with 3" NC-4 at elevation is'. azimuth
2700 of Sheet S (3). Such a break could also cause the pipe to Whip about a hinge
formed at the connection at penetration 2B which would result in an unacceptable
interaction with 10" RF-2 (north) at elevation 49', azimuth 2600 of Sheet 4 (3).

A circumferential break at point 4 will not result in interaction with any of
the listed ta rgets (2).

A break at point 3 will result in an unacceptable jet impingement inter­
action with the cable tray at elevation 44'. azimuth 2100 of Sheet 3 (3).

A break at any of the remaining points postulated in this line will not
result in any jet impingement interactions with the cable tray or any
of the motor opera tors.

REACTOR CLEANUP SYSTEM - 6" NO-I0

A circumferential break at point 1 will not result in an interaction with any
of the listed targets.

A circumferential break at either point 2 or 3 will most likely cause the pipe
to whip about a hinge formed at the connection to the recirculation piping in such a
manner as to result in no interactions.

A circumferential break at point 4 or 5 will most likely place the connection
to the recirculation piping in torsion causing the pipe to whip in such a manner as to
result in an acceptable interaction with 8" NQ- 2 at elevation 37'. azimuth 250 of
Sheet 3 (3). Such a break could also cause the pipe to whip about a hinge formed at
the connection to the recirculation piping which would result in an unacceptable inter­
action with the containment vessel at elevation 51', azimuth 650 of Sheet 4 (3).

A circumferential break at point 6 or 7 will most likely place the connection
to the recirculation piping in torsion causing the pipe to whip in such a manner as to
result in an acceptable interaction with 8" NQ-2 at elevation 37', azimuth 250 of Sheet
3 (3). Such a break could also cause the pipe to whip about a hinge fonned at the con­
nection to the recirculation piping which would have the same result.
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A circumferential break at points 8 thru 11 will not result in pipe whip as
check valve V-16-62 isolates these points from the energy reservoir (reactor).

A break at point 1, 2, or 3 will result in an unacceptable jet impinge­
ment interaction with the cable tray at 40', azimuth 800 .900 of Sheet
3 (3). A break at any of the remaining points posrulate.d in this line
will not result in any jet impingement interactions with the cable tray
or any of the motor operators.

REACTOR CLEANUP SYSTEM - 6" ND-1

A circumferential break at point 1 will not result in an interaction with any
of the listed targets (1).

A circumferential break at point 2 will most likely cause the pipe to whip
about a hinge formed at the connection to the recirculation piping in such a manner
as to result in no interactions with any of the listed targets.

A circumferential break at either point 3 or 4 will most likely cause the pipe
to whip about a hinge formed at the connection to recirculation piping in such a man­
ner as to result in an acceptable interaction with 24" MS (south) at elevation 60'.
azimuth 900 of Sheet 5 (3).

A circumferential break at point 5 will most likely place the connection to
recirculation piping in torsion causing the pipe to whip in such a manner as to re­
sult in an acceptable int~raction with the Biological Shield Wall at elevation 60',
azimuth 950 of Sheet 5 ( ). Such a break could also cause the pipe to whip about
a hinge formed at the first elbow downstream of the connection which would have
the sa me result.

A cirCUmfere~tial break at point 6 will not result in an interaction with any
of the listed targets ( ).

A break at any of the points postulated in this line will not result in
any jet impingement interactions with the cable tray or any of the
motor operators.

SHUTDOWN COOLING SYSTEM - 14" NU-1 and NU-4

A circumferential break at point 1 will not result in an interaction with any
of the listed ta rgets ( 1).

A circumferential break at either point 2 or 3 will most likely cause the pipe
to whip about a hinge formed at the connection to the recirculation piping in such a
manner as to result in an acceptable interaction with 14" NU-2 at elevation 49', azi­
muth 3000 of Sheet 4 (3).
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A circumferential break at point 4 will not result in an interaction with anv
of the listed ta rgets (2 ) . .

A break at point 1 will result in an unacceptable jet impingement inter­
action with the cable tray at elevation 40', azimuth 3200 of Sheet 3 (3).
A break at any of the remaining points postulated in this line will not
result in any jet impingement interactions with the cable tray or any
of the motor operators.

SHlITOOWN COOLING SYSTEM - 14" NU-2 and NU-3

A circumferential break at point 1 will not result in an interaction with any
of the listed targets (1). .

A circumferential break a t points 2 thru 4 will not result in pipe whip as
normally closed valve V-14-59 isolates these points from the high energy reservoir
(reactor) .

A break at pOint 1 will result in an unacceptable jet impingement inter­
action with the cable tray at elevation 40', azimuth 290 0 -3000 of Sheet
3 (3). A break at any of the remaining points postulated in this line
will not result in any jet impingement interactions with the cable tra y
or any of the motor operators.

FEEDWATER SYSTEM (SOUTH) - 10" RF-2 and 18" RF-2

A circumferential break at point 1 will most likely cause the pipe to whip
about a hinge formed at the connection between the tee and the reducer in such a
manner as to result in an unacceptable interaction with 6" ND-I0 at elevation 55',
azimuth 750 of Sheet 4 (3), or with 8" NQ-2 at elevation 66', azimuth 450 of Sheet
5 (3). Such a break could also cause the pipe to whip about a hinge formed at the
third elbow upstream of the reactor which would have the same result.

A circumferential break at any of points 2 thru 4 will most likely cause the
pipe to whip about a hinge formed at the connection at the reactor in such a manner
as to result in an unacceptable interaction with 6" ND-IO at elevation 55', azimuth
750 of Sheet 4 (3).

A circumferential break at point 5 will most likely cause the pipe to whip about
a hinge formed at the connection to the tee in such a manner as to result in no inter­
actions with any of the listed targets. Such a break would also cause the pipe to whip
about a hinge formed at the connection at penetration 4A which would result in an un­
acceptable interaction with the containment vessel at elevation 27', azimuth 1700 of
Sheet 2 (3), or in an acceptable interaction with 24" MS (south) at elevation 27', azi­
muth 1700 of Sheet 2 (3).
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A circumferential break at point 6 will most likely cause the pipe to whip about
a hinge formed at the connection at penetration 4A in such a manner as to result in dn
ul1Jcceptable interaction with the containment vessel al dev,llion :L3'. azimuth lo:='() ul
Sheet 2 en. Such a hreak would also cause the pipe to whip about a hinge formed dt
the connection to the tee which would result in an acceptable interaction with loop C
uf the recirculation piping at elevation 35', azimuth 1440 of Sheet 2 (.1), or with the
l3iological Shield Wall at elevation 40', azimuth 1450 of Sheet 3 (3), or in an accept­
able interaction with 14" MS relief valve at elevation 47', azimuth 1500 of Sheet 4 (3).

A circumferential break at point 7 will most likely cause the pipe to whip about
a hinge formed at the connection to the tee in such a manner as to result in an accept­
able interaction with loop C of the recirculation piping at elevation 35', azimuth 1440

of Sheet 2 (3), or with the Biological Shield Wall at elevation 40', azimuth 1450 of
Sheet 3 (3), or in an acce:fltable interaction with 14" MS relief valve at elevation 47',
azimuth 1500 of Sheet 4 ( ).

A circumferential break at either point 8 or 9 will most likely cause the pipe
to whip about a hinge formed at the connection to the tee in such a manner as to re­
sult in an unacceptable interaction with 8" NQ-2 at elevation 66', azimuth 1350 of
Sheet 5 (3 ).

A circumferential break at point 10 will most likely cause the pipe to whip
about a hinge formed at the connection to the tee in such a manner as to result in an
acceptable interaction with the Biological Shield Wall at elevation 74', azimuth 1350

of Sheet 5 (3).

A circumferential break at point 11 will most likely cause the pipe to whip
about a hinge formed at the connection at the reactor in such a manner as to result
in an acceptable interaction with the Biological Shield Wall at elevation 60', azimuth
2250 of Sheet 5 (3), or with 24" MS (south) at elevation 47', azimuth 1350 of Sheet

(3) .
4 .

A circumferential break at point 12 will most likely cause the pipe to whip
about a hinge formed at the connection at penetration 4A in such a manner as to
result in an unacceptable interaction with the containment vessel at elevation 49',
azimuth 1750 of Sheet 4 (3).

A break at point 2, 3, 4, 6, 7 or 12 will result in an unacceptable jet
impingement interaction with the cable tray at elevation 40', azimuth
UOo-USo of Sheet 3 (3). A break at any of the remaining points postu­
lated in this line will not result in any jet impingement interactions with
the cable tray or any of the motor operators.
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FEEDWATER SYSTEM (NORTI-I) - 10" RF-2 and 18" RF-2

A circumferential break at point 1 will most likely cause the pipe to whip
about a hinge formed at the connection between the tee and the reducer in such a
manner as to result in an unacceptable interaction with 3" 0:C-4 at elevation 56'.
azimuth 290 0 of Sheet 4 (3), or with 8" NQ-2 at elevation 66', azimuth 3150 of
Sheet 5 (3). Such a break could also cause the pipe to whip about a hinge formed
at the third elbow upstream of the reactor which would have the same result.

A circumferential break at any of points 2 thru 4 will most likely cause the
pipe to whip about a hinge formed at the connection at the reactor in such a manner
as to result in a~ unacceptable interaction with 3" NC-4 at elevation 56', azimuth
2900 of Sheet 4 ( ).

A circumferential break at point 5 will most likely cause the pipe to whip
about a hinge formed at the connection to the tee in such a manner as to result in
no interactions with any of the listed targets. Such a break would also cause the
pipe to whip about a hinge formed at the connection at penetration 4B which would
result in an unacceptable interaction with the containment vessel at elevation 27',
azimuth 1900 of Sheet 2 (3), or in an acce~table interaction with 24" MS (north)
at elevation 27', azimuth 1900 of Sheet 2 ( ).

A circumferential break at point 6 will most likely cause the pipe to whip
about a hinge formed at the connection at penetration 4B in such a manner as to
result in an unacceptablr1fteraction with the containment vessel at elevation 33',
azimuth 1950 of Sheet 2 . Such a break would also cause the pipe to whip about
a hinge formed at the connection to the tee which would result in an acceptable in­
teracti0t3fith loop 0 of the recirculation piping at elevation 35', azimuth 2160 of
Sheet 2 , or with the Biological Shield Wall at elevation 40', azimuth 2150 of
Sheet 3 (3) or in an acceptable interaction with 14" MS relief valve at elevation 4i',
azimuth 2100 of Sheet 4 (3).

A circumferential break at point 7 will most likely cause the pipe to whip
about a hinge formed at the connection to the tee in such a manner as to result in
an acceptable interaction with loop 0 of the recirculation piping at elevation 35',
azimuth 2160 of Sheet 2 (3), or with the Biological Shield Wall at elevation 40',
azimuth 2150 of Sheet 3 (3), or in an acceptable interaction with 14" MS relief
valve at elevation 47'. azimuth 2100 of Sheet 4 (3).

A circumferential break at either point 8 or 9 will most likely cause the pipe
to whip about a hinge formed at the connection to the tee in such a manner as to re­
sult in an unacceptable interaction with 8" NQ-2 at elevation 66'. azimuth 2250 of
Sheet 5 (3).

A circumferential break at point 10 will most likely cause the pipe to whip
about a hinge formed at the connection to the tee in such a manner as to result in
an acceptable interaction with the Biological Shield Wall at elevation 74', azimuth
2250 of Sheet 5 (3).
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A circumferential breat at point 11 will most likely cause the pipe to whip

Clbout a hinge formed at the connection at the reactor in such a manner as to result
in an acceptable interaction with the Biological Shield Wall at elevation 60', azimuth
2250 of Sheet 5 (3), or with 24" MS (north) at elevation 47', azimuth 2250 of Sheet
4 ( 3) .

A circumferential break at point 12 will most likely cause the pipe to whip
about a hinge formed at the connection at penetration 48 in such a manner as to
result in an unacceptable interaction with the containment vessel at elevation 49',
azimuth 1850 of Sheet 4 (3).

A break at point 2, 3, 4, 6, 7 or 12 will result in an unacceptable jet
impingement interaction with the cable tray at elevation 40', azimuth
2100 -2500 of Sheet 3 (3). A break at any of the remaining points postu­
lated in this line will not result in any jet impingement interactions
with the cable tray or any of the motor operators.

LIQUID POISON SYSTEM - 1-1/2" NP-2

A circumferential break a t point 1 will not result in an interaction with any
of the listed ta rgets (1 ) .

A circumferential break at point 2 will most likely place connection at the
reactor in torsion such as to result in an unacceptable jnteraction w~th the contain­
ment vessel at elevation 82', azimuth 1550 of Sheet 6 ( ).

A circumferential break at either point 3 or 4 will most likely place the con­
nection at the reactor in torsion such as to result in an acce~)8ble interaction with
8" NZ-3 (south) at elevation 79', azimuth 1150 of Sheet 6 ( .

A circumferential break at point 5 will not result in an interaction with any
of the listed targets (2).

A break at any of the points postulated in this line will not result in
any jet impingement interactions with the cable tray or any of the
motor operators.

REACTOR VESSEL HEAD COOLING SYSTEM - 2" RHC-2

A circumferential break at point 1 will not result in an interaction with any
of the listed ta rgets (1 ). .

A circumferential break at either point 2 or 3 will most likely cause the pipe
to whip about a hinge formed at the connection at the reactor in such a manner as to
result in no interactions with any of the listed targets.
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A circumfere~~al break at point -t will not result in an interaction with any
of the lis ted ta rgets ( .

A break at any of the points postulated in this line will not result in
any jet impingement interactions with the cable tray or any of the
motor operators.

REACTOR RECIRCULATION SYSTEM - LOOP A

A circumferential break at paint 1 will most likely cause the pipe to Whip
about a hinge formed at the connection at the pump suction in a manner as to re­
sult in an unacceptable interaction with the cable tray at elevation 41'. azimuth
42 0 of Sheet 3 (3), or with 12" NQ-2 at elevation 26', azimuth 420 of Sheet 4 (3),

A circumferential break at point 2 will most likely cause the pipe to Whip
about a hinge formed at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
40', azimuth 3400

, or with loop E of the recirculation piping at elevation 40', azi­
muth 3300 of Sheet 3 (3 ).

A circumferential break at point 3 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
45', azimuth 3400 or with loop E of the recirculation piping at elevation 45', azi­
muth 3300 of Sheet 3 (3).

A circumferential break at point 4 will most likely place the connection at
the pump discharge in torsion causing the pipe to whip in such a manner as to re­
sult in an unacceptable interaction with the containment vessel at elevation 45' ,
azimuth ~o of Sheet 3 (3), or with the cable tray at elevation 41", azimuth 00 of
Sheet 3 ( ).

A break at point 1 will result in an acceptable jet impingement inter­
action with motor operator V-14-36, elevation 49', azimuth 250 of
Sheet 4 (2). A break at point 2, 3, or 4 will result in an unaccept­
able jet impingement interaction with the cable tray at elevation 40',
azimuth 00 of Sheet 3 (3) .

REACTOR RECIRCULA nON SYSTEM - LOOP B

A circumferential break at point 1 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump suction in such a manner as to
result in an unacceptable interaction with 24" MS (south) at elevation 49', azimuth
1100 of Sheet 4 (3).
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A circumferential break at point 2 will most likely cause the pipe to whip
about a hinge fonned at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
40', azimuth 540 of Sheet 3 (3), or with loop A of the recirculation piping at ele-
vation 40', azimuth 420 of Sheet 3 (3). .

A circumferential break a t point 3 will most likely cause the pipe to Whip
about a hinge formed at the connection at the pump discharge in such a manner
as to result in an acceptable interaction with the Biological Shield Wall at eleva­
tion 45', azimuth 540 of Sheet 3 (3), or with loop A of the recirculation piping
at elevation 40', azimuth 420 of Sheet 3 (3).

A circumferential break at point 4 will most likely place the connection at
the pump discharge in torsion causing the pipe to whip in such a manner as to re­
sult in an unacceptable interaction with the containment vessel at elevation 45',
azimuth 72(~ff Sheet 3 (3), or with the cable tray at elevation 38', azimuth nO
of Sheet 3 •

A break at point 1 will result in an acceptable jet impingement inter­
action with the motor o~rator for MS relief valve at elevation 49',
azimuth 1550 of Sheet 4 (3). A break at point 2, 3, or 4 will result
in an unacceptable jet impingement inter~~tionwith the cable tray
at elevation 40', azimuth 720 of Sheet 3 ( .

REACTOR RECIRCULA TION SYSTEM - LOOP C

A circumferential break at point 1 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump suction in such a manner as to
result in an unacceptable interaction with 24" MS (north) at elevation 49', azimuth
1900 of Sheet 4 (3).

A circumferential break at point 2 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
40'. azimuth 1260 of Sheet 3 (3), or with loop B of the recirculation piping at eleva­
tion 40', azimuth 1140 of Sheet 3 (3).

A circumferential break at point 3 will most likely cause the pipe to Whip
about a hinge formed at the connection at the pump discharge in such a manner as
to result in an acceptable inte~ctionwith the Biological Shield Wall at elevation
45', azimuth 1260 of Sheet 3 ( ), or with loop B of the recirculation piping at eleva­
tion 45', azimuth 114

0
of Sheet 3 (3).
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A circumferential break a t point 4 will most likely place the connection at
the pump discharge in torsion causing the pipe to whip in such a manner as to re­
sult in an unacceptable interaction with the containment vessel at elevation 45',
azimuth 1440 of Sheet 3 (3), or with the cable tray at elevation 41', azimuth 144°
of Sheet 3 (3), or an acceptable interaction with 14" MS relief valve at elevation
45', azimuth 1380 of Sheet 3 (3).

A break at point 1 will result in an acceptable jet impingement inter­
action with the motor operator MS relief valve at elevation '+9', azi­
muth 2400

• A break at point 2, 3, or 4 will result in an unacceptable
jet impingement interaction with the cable tra y at eleva tion 40', azi­
muth 1440 of Sheet 3 (3).

REACTOR RECIRCULAnON SYSTEM - LOOP 0

A circumferential break at point 1 will most likely cause the pipe to whip
about a hinge fonned at the connection at the pump suction in such a manner as
to result in an unacce£table interaction with 24" MS (north) at elevation 49', azi­
muth 2580 of Sheet 4 (3).

A circumferential break at point 2 will most likely cause the pipe to whip
about II hinge fonned at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
40', azimuth 1980 of Sheet 3 (3), or with loop C of the recirculation piping at eleva­
tion 40', azimuth 1860 of Sheet 3 (3).

A circumferential break at point 3 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
45', azimuth 1980 of Sheet 3 (3), or with loop C of the recirculation piping at ele­
vation 45', azimuth 1980 of Sheet 3 (3).

A circumferential break at point 4 will most likely place the connection at
the pump discharge in torsion causing the pipe to whip in such a manner as to re­
sult in an unacceptable interaction with the containment vessel at elevation 45' ,
azimuth 2160 of Sheet 3 (3), or with the cable tray at elevation 41', azimuth 2160

of Sheet 3 (3), OT an accepr:ab~~ interaction with 14" MS relief valve at elevation
45', azimuth 2200 of Sheet 3 ( ~).

A break at point 1 will result in an acceprsble jet impingement inter­
action with motor operator for valve V-17-54 at elevation 53', azimuth
3000 of Sheet 4 (3). A break at point 2, 3, or 4 will result in an un­
acceptable jet impingement i~31ractionwith the cable tray at elevation
40', azimuth 2160 of Sheet 3 .
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REACTOR RECIRCULATION SYSTEM - LOOP E

A circumferential break at point 1 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump suction in such a manner as
to result in an unacceptable interaction with the containment vessel at elevation
52', azimuth 3700 of Sheet 4 (3), or with the cable tray at elevation 37', azimuth
2880 of Sheet 3 (3).

A circumferential break at point 2 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
40', azimuth 3700 of Sheet 3 (3), or with loop D of the recirculation piping at
elevation 40', azimuth 2580 of Sheet 3 (3).

A circumferential break at point 3 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
45', azimuth 2700 of Sheet 3 (3), or with loop D of the recirculation piping at
elevation 45', azimuth 2580 of Sheet 3 (3).

A circumferential break at poing 4 will most likely place the connection at
the pump discharge in torsion causing the pipe to whip in such a manner as to re­
sult in an unacceptable interaction with the containment vessel at elevation -t5',
azimuth 288 0 of Sheet 3 (3), or with the cable tray at elevation 37', azimuth 2880

of Sheet 3 (3).

A break at point 1 will result in an acceptable jet impingement inter­
action with motor o~rator for valve V-14-36 at elevation 49', azi­
muth 25

0
of Sheet 4 (3). A break at point 2, 3, or 4 will result in

an unacceptable jet impingement interaction with cable tray at eleva­
tion 40', azimuth 2880 of Sheet 3 (3).

REACTOR RECIRCULATION SYSTEM - BYPASS (TyPical for A, B, C, D. and E)

A circumferential break at either point 1 or 2 will most likely cause the pipe
to whip about a hinge formed at the opposite connection at the recirculation loop pip­
ing in such a manner as to result in no interactions with any of the listed targets,

A circumferential break at either point 3 or 4 will most likely cause the pipe
to whip about a hinge formed at the connection at the recirculation loop piping at
elevation 24. 75', in such a manner as to result in no interactions with any of the
listed ta rgets. Such a break would also cause the pipe to Whip about a hinge formed
at the connection to the recirculation loop piping at elevation 16' which would also
result in no interactions with any of the listed targets.
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A break at point 2 in loop 0 will result in an unacceptable jet im­
pingement interaction with the cable tray at elevation 40'. azimuth
2160 , A break at any of the remaining points postulated in this line
will not result in a ny jet impingement interactions with the ca ble
tray or any of the motor operator:;.

CONTROL ROD DRIVE HYDRAULIC RETURN - 3" NC-4, NC-2

A circumierential break at point 1 will not result in an interaction with any
of the listed targets (1),

A circumierential break at either point 2 or 3 will most likely cause the
pipe to whip about a hinge formed at the connection at the reactor in such a man­
ner as to result in an unacceptable interaction with the containment vessel at
elevation 55', azimuth 3150 of Sheet 4 (3),

A circumierential break at point 4 will not result in an interaction with any
of the listed targets.

A break at point 2 or 3 will result in an acceptable jet impingement
interaction with the motor operators for valves V-17-19 and V-14-37
both at elevation 49', azimuth 330 of Sheet 4 (3). A break at any of
the remaining points postulated in this line will not result in any jet
impingement interactions with the cable tray or any of the motor
operators.

REACTOR VESSEL DRAIN

Isometrics and stress ana lyses were not a vailable for this system. However,
inspection during site visits detennined that breaks at any point in the system would
not result in any unacceptable interactions.

REACTOR VESSEL VENT

Isometrics and stress analyses were not a vailable for this system. However,
inspection during site visits detennined that breaks at any point in the system would
not result in unacceptable interactions.
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1.0 INTRODUCTION

This report. prepared by EDS Nudea r Inc. for Jersey Central Power &
Light Company. describes the analyses performed to determine the effects of
pipe impact on the biological shield wall of the Oyster Creek Nuclear Generating
Station. and to evaluate the structural adequacy of the shield wall under pipe im­
pact. in combination with other types of concurrent loading.

The purpose of these studies was to evaluate the structural response of
the biological shield wall following a postulated high-energy line break and sub­
sequent unrestrained pipe whip. The structural integrity of the shield wall was
evaluated with respect to both the gross structural response and local damage
predictions. including perforation of the steel and depth of concrete penetration.

All analyses were performed for postulated "worst case" conditions of
impact. The gross structural response was evaluated by performing dynamic
time history analyses corresponding to the impact of a 24-inch diameter pipe
at the top of the shield wall. Elastic analyses were performed. as the gross
response of the shield wall was expected to remain in the elastic range. Local
damage predictions were evaluated according to conservative penetration equa­
tions currently specified by the AEC.

The results of the analyses indicate that no gross structural damage will
occur under "worst case" impact loadings. and that the shield wall is capable of
withstanding the full spectrum of postulated breaks without incurring significant
loss of load-carrying capability. Damage to the shield wall will be restricted to
the local region of impact and will not significantly effect the overall structural
capability.
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2.0 DESCRIPTION OF STRUCTURE

The biological shield wall is a cylindrical structure composed of steel
plate. steel column sections and concrete. The structure is approximately
45 feet high. has an inside diameter of 20 feet. 10 inches. and a total thick­
ness of 29 inches. The shield wall fWlctions as both a radiation shield for
protection of plant personnel. and as a load-carrying structure for suppon of
inside-containment piping.

The shield wall consists of the follOWing structural components:

1. Twenty-five steel columns (27 'WF 177 sections) at approximately
uniform spacing circumferentially.

2. Steel plate (51 16-inch) comprising the outside surface. and 1/4­
inch plate comprising the inside surface of the wall.

3. Poured concrete infill.

Both the inside and outside steel plate are provided with 1/2-inch
studs at approximately 1'-6" spacing to ensure composite response of the
steel and concrete. High density concrete is provided in the ponion of the
wall adjacent to the reactor core, with a specified WIit weight of 210 lbs/ft3•
and standard weight concrete is provided for the remainder of the shield
wall.
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3.0 DlSCUSSlONOF ANALYSES
,-""

Analyses were performed to determine conservative estimates of both
the overall response of the structure and the extent of local damage resulting
from "worst case" pipe impact effects.

The gross structural response under impact loads was combined with
conservative estimates of the response to other types of concurrent loadings,
which were then compared to the structural capability of the shield wall. The
capability of the structure for moments, shears and axial loads was evaluated
in accordance with the following assumptions:

1. Composite behavior of the steel and concrete was assumed.
(This is discussed further in Section 3.1 below.)

2. The concrete cannot sustain either tensile or shear stresses.

3. The compressive strength of the concrete was assumed to be
3,000 psi, with an associated allowable compressive stress
equal to O. 7Sfc'

4. The yield strength of the steel was assumed to be 36 lesi,
with an associated allowable stress equal to 0.9!y.

The capability of the shield wall to sustain local damage was evaluated
directly from empirical relationships derived from projectile impact experi­
ments. The equations used to detennine perforation or depth of penetration
were those discussed by Amirilcian (Reference 4. 01) and Cottrell andSavolainen
(Reference 5.01). These equations are currently accepted by the USAEC for
use in local damage predictions associated with pipe impact.

3.1 Gross Structural Response Analysis

A mathematical model of the shield wall was constrUcted for the gross
strUctural response analyses. The model consisted of lumped masses connec­
ted by massless elastic three-dimensional beam elements. A sufficient num­
ber of mass points was selected to accurately represent the relatively high­
frequency wave transmission characteristics of the shield wall necessary for
representing the response to impact loadings. Cross section properties of
the elements included the composite behavior of the steel plate exterior, steel
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column interior and concrete infill materi31, as the steel plates are provided
with studs to ensure composite structural response. In addition, equivalent
cross section properties were calculated and included at all elevations corres­
ponding to the locations of hatches and pene~rations.

An idealized impact force time history was constructed based on the
blowdown force time histories developed by EDS for the pipe whip analyses
of the Oyster Creek Emergency Condenser piping system. (Reference 2.02).
The forcing function was constructed by extrapolating the previously-developed
blowdown forces occurring at the break location to a 24-inch diameter pipe
size. In addition, the initial portion of me resulting time history was further
increased by a factor of 2.0, to account for the shon -duration forces develop­
ed during impact. The force time history was postulated to act at the top of
the cylindrical shield wall, as this impact location results in the largest dyna­
mic response shears, moments and axial forces throughout the shield wall.
It should be noted that this impact location would not be predicted from the
postulated break locations (based on pipe stress criteria) for the 24-inch
piping. Instead, the most conservative impact location was chosen for pur­
poses of evaluating the maximum shield wall capability.

Dynamic elastic time history analyses were performed on me mathe­
matical model discussed above, subjected to the postulated impact force time
history. The analyses were performed using EDS program EDSGAP, origin­
ally developed by Wilson (Reference 6. 01), and modified extensively by EDS.
The program may be used to analyze three-dimensional strUctural systems
of arbitrary geometry subjected to static or dynamic loading. The assumption
of elastic behavior was considered to be appropriate for the analyses, as the
gross stresses over the shield wall cross sections were expected to remain
Within the elastic range. A value of five percent structural damping was
assumed in the analyses. corresponding to a combined material damping for
steel and concrete.

Time histories of cross section moments and shears under the "worst
case" impact loadings were obtained. The maximum shears and moments. in
combination with those occurring from other types of concurrent loadings,
were compared with the ovenll capability of the shield wall in accordance
with the AEC criteria for factored load combinations. The load combinations
considered in this stUdy were those specified in Section C. 1 of Reference
1.02. 01, with the ultimate load capacities calculated as discussed in Section
3.0 above.

The results of the response analyses and evaluation of structural ade­
quacy are discussed in Section 4. I below.
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- 3.2 Local Damage Analyses

Prediction of local damage was evaluated by calculating "threshold pene­
tration" thicknesses of steel and concrete subjected to impact of both a segment
of lO-inch diameter and 24-inch diameter pipe. Rigid-body impact was assumed
for the calculations, as [he assumption that no energy is absorbed by the impact­
ing pipe results in conservative penetration predictions.

From an examination of the postulated break locations (Reference 2.01)
for the case of a lO-inch diameter pipe, it was considered that a "worst case"
impact would correspond to a missile consisting of an unfolded segment of 10­
inch pipe striking the shield wall on edge. The kinetic energy of tne missile
was assumed to be equivalent to the change in internal energy of the enclosed
steam in Wldergoing a change of state from the operating conditions of the fluid
to ambient conditions (Reference 3.01). This impact case is more severe than
the case of impact by a Whipping pipe of the same size, as the cross-sectional
area of impact for the postulated case is smaller than the impact area of a whip­
ping pipe, and hence higher stresses will be developed in the local region of the
shield wall.

In the case of a 24-inch pipe break, it was fOWld that no conditions exist
for generation of a small missile, based on postulated break locations. It was
therefore assumed that the most severe impact case consisted of a circumferen­
tial break and subsequent whip of the longest segment of pipe for which the shield
wall is a possible target. The impact velocity and kinetic ener.gy of impact were
calculated from the mass of the pipe, maximum blowdown force and the maximum
distance between the pipe segment and shield wall.

Spalling of the concrete will not occur for the Oyster Creek shield wall
design, as steel plates are provided over both the entire inside and outside wall
surfaces. Hence, concrete spalling was not included in the local damage eval­
uation.

The results of the local damage analyses are discussed in Section 4.2
below.
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4.0 DISCUSSION 0[-' RESULTS

The results of both the overall structural integrity analyses and the local
damage analyses indicate that the shiel:1 wall is capable of withstanding the ef­
fects of a "worst case" pipe impact without incurring gross structural failure,
perforation or significant loss of load-carrying capability. The results from the
two phases of the study are discussed in separate sections below.

4.1 Gross Structural Response

The maximum dynamic moments and shears obtained from the structural
response analyses discussed in Section 3. 1 occur at the base of the shield wall.
For the case of impact by a 24-inch diameter pipe, the maximum moment and
shear are approximately 55,000 k-ft. and 1,350 kips, respectively.

Approximate seismic moments and shears were evaluated for combina­
tion with the above loads. Horizontal seismic loadings were based on a conser­
vatively-estimated horizontal spectral acceleration of O. 5g at a frequency of
15 H~, the first fundamental translational frequency of the shield wall. A fac­
tor of 1. 5 was applied to the resulting base moment and shear to account for
the contribution of higher modes of response. The moment and shear calculat­
ed at the base of the shield wall using the above procedure were 30,000 k-ft.
and 950 kips, respectively.

It was found that the moments at the base of the shield wall control the
capability of the structure for pipe impact and seismic loadings. The combina­
tion of pipe whip and SSE loadings results in a total base moment of slightly
less than 30 percent of the structural capability. It was found that the capability
of the shield wall for shears and axial forces was substantially larger than this
margin.

It is concluded that the shield wall is capable of Withstanding the postu­
lated "worst case" pipe whip loadings without gross structural damage. The
maximum loadings encountered are considerably less than the capability of the
structure.

4.2 Local Damage

The results of the penetration calculations indicate that the case of a
missile generated by a lO-inch diameter pipe break is more severe with regard
to depth of penetration than the case of impact of a 24-inch pipe. This results
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from the fact that the impact area is considerably smaller for the lO-inch pipe
break.

The results of the calculations indiC.:lte that a concrete thickness of ap­
proximately 22 inches is sufficient to prevent perforation. The depth of pene­
tration of the shield wall will be less th<Ul this amount, as the steel plate will
absorb some of the energy of impact. The calculations for required steel
plate thickness indicate that approximately one inch of steel is necessary to
prevent perforation. Therefore, it is possible that the steel plate at the im­
pact location will be penetrated, as the plate thickness on the outside surface
of the shield wall is less than this amount. Similar calculations for the case
of impact by a 24-inch pipe resulted in a considerably smaller estimate of
concrete penetration depth.

Damage caused by pipe impact will be restricted to the local region of
impact, as the design of the shield wall includes steel column members contin­
uous through the height of the shield wall at approximately three-foot intervals
over the circumference. (Reference 1. 01. 01). It is considered that these
columns will restrict the development of cracking or crushing of the concrete
to the region of impact enclosed by two adjacent columns. Such an extent of
local damage will not Significantly affect the gross structural capability of the
shield wall, as the region of local damage is a small percentage of the shield
wall cross section.

It is concluded that a whipping pipe or missile generated by pipe rup­
ture will not perforate the shield wall, although perforation of the outer steel
plate may possibly occur for the "worst case" impact. The depth of penetra­
tion will be less than 22 inches of concrete, and the region of damage to the
concrete and outer steel plate will be restricted to approximately three feet
of the shield wall circumference.
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5.0 CONCLUSIONS

The conclusions developed from these studies may be summarized as
follows:

1. The overall load-carrying capability of the structure is signifi­
cantly greater than the combinations of loadings associated with
the maximum structural responses resulting from the load types
specified in Reference 1. 02. 01.

2. Perforation of the shield wall will not occur for the "worst case"
pipe impact. Depth of penetration is predicted to be less than
22 inches of concrete, using t."le experimentally-derived rela­
tionships specified in Reference 1. 02.01.

3. Damage will be restricted to the local region of impact, and will
not significantly effect the overall structural capability of the
shield wall.

Moreover, it is concluded that the shield wall is capable of withstand­
ing the full specmtrn of postulated breaks without incurring gross damage or
Significant loss of load-carrying capability, and that the design of the struc­
ture is such that impact by a Whipping pipe is a condition which can be tolerat­
ed in the Oyster Creek Nuclear Plant.

-8-



-

--

REFERENCES



REFERENCES

1. GPU Service Corporation

01. Drawings

01. (GE) 4204-2 (as built)
02. (GE) 2095. sheet 1 of 10
03. -06. (GE) 2095. sheet 4 of 10 through sheet 7 of 10
07. (GE) 2095PR. Sheet 2 of 2
08. (GE) 706E206. revision 1

02. Correspondence

01. Letter from R. J. Schemel (USAEC) to I. R. Finfrock.
Oersey Central Power & Light Company), dated
August 7. 1973. with AttachmentA and Enclosure 1.

2. EDS Nuclear Inc.

01. Report to GPU Service Corporation entitled, "Oyster Creek
Nuclear Plant. Pipe Whip Protection Inside Contaimnent" •
May. 1974.

02. Report to GPU Service Corporation, entitled. "Nonlinear
Pipe Whip Analysis of the Emergency Condenser Piping
Inside Containment. Oyster Creek. Nuclear Plant". May.
1974.

3. Moore. C. V.

01. "The Design of Barricad.es for Hazardous Pressure Systems".
Nuclear Engineering and Design. 5 (1967). North-Holland
Publishing Company, Amsterdam.

4. Amirikian, A.

01. "Design of Protective Structures", Bureau of Yards and
Docks NP-3726 (1950).

-Rl-



REFERENCES - (Continued)

5. Cottrell, W. B. and Savolainen, A. W.

01. U. S. Reactor Containment Technology, Vol. 1, ORNL­
NSIC-5.

6. Wilson, E. L.

01. "SAP: A General Structural Analysis Program". Report
to the Walla Walla District U.S. Engineers Office.
Report No. UC SESM 70-20, September, 1970.

-R2-



APPENDIX

EnS COMPUTER PROGRAM DESCRIPTION



EDSGAP

EDS program EDSGAP is a general-purpose finite element program for
linear elastic analyses of arbitrary structural systems. The program contains
the following element types:

1. General beam
2. Truss
3. Two-dimensional plane stress/plane strain
4. Three-dimensional solid
5. Axisymmetric solid
6. Plate and shell
7. Translational/rotational spring

These element types may be used both singly and in compatible combina­
tions. The program includes static and dynamic options. as discussed below.
Out-of-core storage may be utilized for solution of the equations of equilibrium.
storage of problem data and storage of solution results. The program has vir­
tually no restrictions on size of the structural system to be analyzed. EDSGAP
is based on the program SAP developed by E. L. Wilson of the University of
California at Berkeley. However. many improvements have been incorporated
into EDSGAP to increase its capabilities and efficiency.

Static analyses are performed using the Direct Stiffness Method. in
which element stiffness matrices are formed according to virtual work princi­
pIes and assembled to form a global stiffness matrix for the system, relating
external forces and moments to joint displacements and rotations. Applied
static loads may be specified as combinations of concentrated forces, thermal
expansion loads. pressure forces, and inenia (body) forces. The ~quations of
equilibrium of the system are solved for joint displacements and rotations by
Gaussian reduction techniques.

Dynamic options within the program include calculation of undamped
natural frequencies and normal modes of vibration using either the Determin­
ant Search or Subspace Interaction techniques, and computation of time history
response by either the Mode Superposition technique or direct integration of
the equations of dynamic equilibrium. Dynamic loadings may be specified as
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combinations of arbitrary applied force and moment time histories and three
independent orthogonal component time histories of acceleration.

EDSGAP has been used for soil-structure interaction analyses on sev­
eral nuclear power facilities, including Atlantic Generating Station, Newbold
Island and Douglas Point, for pressure transient piping response analyses on
Rancho Seco, Oconee, Calvert Cliffs, Donald C. Cook and Salem Generating
Stations, and for conceptual design review studies on the GE MARK In Reac­
tor Building.

The program has been verified for the various element types by an
extensive set of sample problems, including comparisons with hand calcula­
tions or theoretical solutions, wherever possible, and has been benchmarked
against EDS programs PISOLlA and PISOL3A for static and dynamic analyses
of complex piping systems.
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1. INTRODUCT ION

'"Jort describes the work performed by URS/John A. Blume & Associatu.

~rs CURS/Blume) for GPU Nucle.r (CPU), under Purchase Order No. 700~9.

-to: desert bed cOt/lPrl ses the generat ion of sel sml c: acce lerat Ion floor

'~ spectra for th~ reactor building of the Oyster Creek Nucle.r Power

io~ted nea,. Forked River. Hew Jersey.

·.~ckorou"d

. Creek is~ bei I ing water re.cto~lant that went Into

-on In (1'969':"; It is one of 11 older United States nuclear pl.nts now
~. -- - ~.--, .

'~yiewed under the SystetQtlc Evaluation PrClgram,'"(SEP) of the U.S.-,;.------------- - -
,- Re9ulat~ry Commission (NRC). Seismic design has emerged .5 one of

~t signIficant issues addressed In the SEPt primarily because of the

~Yelopments in the state of the .rt since the I.te 19501 to middle

when many of the SEP pl.nts were designed. "-ny of these older plants

-ere not seismic.lly qu.lifled or were qual1fled using technology th.t

'Jt be entirely acceptable tod.y •

',IS the last three ye.n, URS/Blume has conducted. series of studies on

~yster Creek reactor building. Soil-structure interact~ffects
t~e Oyster Creek reactor building "ere estimated in a parametric study!

'Jr ':ersey Central Power' Light tompany (JCP'L). The study Investigated

:~: influence of sever.l p.rameters on the response of the structures. These

;arameters .re the free-field Input-response spectr~. the flexibility of the---_.-_._. -
- ~oundatjon Md rad iat i on damping int~_the_sol l_medI.UIIl. and the shear stl ft-

ness of the sol~. A second study2 for JCP&L Identified the areas of seismic

analysis where significant changes have tlken place In seis~lc analysis pro­

cedures and regulatory requirements since the time of the 'nltl.1 seismic

~ualification of the Oyster Creek plant and, furthermore, whenever possible,

the Study identified the impact of such ch.n;ea on the original estimates of

the seisllli~ .inputs to structure, SSl,dynamic nudeling, and analytical pro­
cedures.

- ,

"1\

~

I

It is our understanding that much of the Oyster Creek Cate;ory 1 electrical

equipment. and possibly some mechanical.eQuipment and eomponents, must be.,
I

"
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evaluated for seismle motion. Acceleration floor res~onse spectra are used

for seismic qualification of Category 1 equipment. Such spectra are typically

.;sed in conjunction witH analysis or testing, or with a combination of the

:%~, to verify seismic adequacy of piping or equipment.

'.2 ScoDe of Work

;\e work reported herein consists of generating horizontal and vertical-- --.:eeleration floor response spectra for selected locations oL.thc reactor- - ~

':.Ii Iding. The seismic motion Is specified to be the NRc..site"speclflc:,apec--..
ra developed for the Oyster Creek Site,S For generation of the horizontal

'ast-west floor response spectra, the original fixed-based lumped-mass model

if the reactor building, developed by URS/8lume in 1965,~ is used. This

~odel is, however, modified to incorporate SSI effects, .

For the vertical flocr response spectra, the eftects of thp. out-or-Diane

~ehavior of the floor slabs are considered, as well as effects of amplifica­

tion of motion through the supporting columns and walls.

1.3 Oroani%ation of the ReDort

Chapter 1 of this report describes the analysis procedures, while the results

of the analysis are given in Chapter 3. Chapter ~ presents the s~ry and

conclusions of this study. The criteria document used In this work Is given

in Appendl x A.

Ii,

I
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2. ANALYSIS PROCEDURES

1

I
i

I
,

f~
I.
[

2 1 DescriDtion of the Reactor Bui Idins

,-, reactor buIlding is • partially reinforced concrete and partially steel

:·~cture.that houses the reactor and Its auxiliary syste~. The base Is

ioximately l~O f~140-f% and Is embedde~ft bel~.9rade. The reactor

sel and the recirculation system are contained inside the drywell of a

'ssure'suppression containment syster:l. The drywell has massive reinforced

,Icrete walls ~ ft to 6 ft In thickness. The primary containment system

··:sists of the drywall, vent pipes, and .,pool of water contained In the sup­

':ssion chamber. The reactor bui lding encloses the prilM~ containment sys­

"r., thereby providing a second containment. In addition, all refuel in;

'Jipment is inside the bui Iding, Including the SDent fuel storage pool and

. ~ new fuel storage valut..The outside walls of the reactor building is con­

.ructued of reinforced concrete up to elevation 119 ft 3 In. Above this ele­

·):;on is a steel braced frame superstructure which carries an overhead crane.

~,2 Seismic InDut

;he seisml~ Input for the Oyster Creek reactor building Is defined by the-.....
.~ite-speclftc_free-field.accele~ation response spectrum (design response--5pectruml developed ~y the NRC. Howeyer, seismic Input Is .lso needed In

tbe fo~ of an acceleratton time histo~ for the deyelopment of floor accel­

er-ation r-esponse spectra., The Input .cceler.tlon time history should be such

that Its response spectrum closely matches the desi~n response spectrum.

The prodecure to develop .n acceler.tlon time history for the Oyster Creek

site was to start with a record of the 569£ co~onent of the Wheeler Ridge

earthquake as recorded .t T.ft, C.llfornl,. This particular earthquake rec·

ord was chosen because of seisnlological sImilarities between the Wheeler Ridge

earthquake and the postulated earthquake for Oyster Creek sites.

This particular record of the Wheeler Ridge earthquake was then modified Iter­

atively, using a proprietory URS/Blume computer program (SHSPC), until the re­

spDnse spectrum of the modified acceleration time history matched closely with

the de~i9n response spectrum. In the modification proeess, only the spectral

1
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a~olltudes of the original time history were modified while the phase angles

rc~a;ned the same as those In the original time history.

~:,· .. re I shows the time history used to develop the floor ac~elerltion re­

:nse spectra for the Oyster Creek reactor building. Figure 2 sh~ the c~

::;son of the response spectrum of this time history with the design response

!'trum at a modal damping ratio of 10~ of critical.

Horizontal Dvnamic Hodel

'. scope of work specified that the horizontal east-west model developed by

)/Blume in 1965" be used for horizontal floor spectra peneration. ' During

. parametric analysis of the Oyster Creek reactor buiJding. 1 we had to re-
-' '"~emble this model from the'1965 report" to be suitable for use in present-- ----I c:::mouter codes whi ch are di fferent from those used in 1965. Thi s requi red

.~e validation studies to justify that the model does, In fact, have the sarne

'namic characteristics as those used In the 1965 study. This model has been

;ed in the present study.

;;,e most important hctor thlt the scope of work requires to be considered In

:he present study ;s the 551 effects on the responses Ind floor spectrl of the

ieactor building of the Oyster Creek pllnt. Hence, the original fixed-base

iumped-mass model Is modified (see Figure 3) through the use of lumped par..­

eters to slmullte the 551 effects. Section 2.4 presents In detail the -etho---
dology adopted to esti~te 551 effects In this study.

2.~ Soil-Structure Interlctlon Effects

SSI is I very recent development In the field of seismic analysis of struc­

tures. Consequently, III the aVllllble methodologies ere based on simplify­

ing assumptions which limit their applicability and ,require great ~.r. In

their use as engineering Judgment Ind a ,omprehenslve understandln, of a wide

variety of related subjects (e.g., soil dynamics, structural dynamics, wave

theory, structural mechani~s) is necessary. The limited development of this

field also makes it often diffi~ult to conclusively Inswer III questions

raised on the app~oach used in Inalyzing I structure su:h as the Oyster Creek

reactor building where 55. effectS are e~pe'ted to have I significant influ­

ence on the structural response and especially on the floor response spectra.

- ~ -
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Due to these problems, analysts have often adopted the approach of a para­

~etric study to bound the results rather than to use a single solution. The

L~L studyS is a very good example of this bounding parametric approach.

~~ two most commonly used SSI methods at present are the finite element and

._~ infinl~e half space (lumped parameter) approaches. Both methods have

·~ir advantages and disadvantages. However, since the lumped parameter ap·

-·,aen is used In the current study, this will be the only procedure discussed

:re.

·,1 general, the lumped parameter approach to SSI Is based on developing a

..lries of IIso il springs" which represent the flexibility of the foundation

·~terial under the structure and a set of viscous dampers which represent the
(.::z....-.d I~"'I'J:J~~) '--_.

'radiaticn dampin~I' effe=:ts or551. The equations are based on assuming the

~il to be an infinite half space ~nd ~ rigid foundation with a 9iv~n mass

'glued" to the half space. Recently, Novak et al.' and Kausel at a1. 7 have

~uggested modification to the. lumped parameters to account for the effects

~f emb~dment such as is the case with the Oyster Creek reactor building

foundation.

There are several issues associated with the lumped parameter approach which

are discussed separately below. These are:

a. Effect of varlatJon In soil propertJes

b. Effect of embedment

c. Radiation damping In the soil

It should be noted that considerable insight Into all these problems has been

accumulated by URS/Blume from Its original seismic analyses~ of· Oyster Creek

In 1965, the parametrIc studyl conducted by URS/Blume for Oyster Creek In

1~7~, the review2 of the Oyster Creek seismic analysIs, and the NRC study

reported in Reference 5. This insight allowed us to limit some of the para­

metric studies that are often used for plants which do not have.as much sup­

porting material.

a. Effects of Variation of Soil Prooerties. The single most important param­

eter in the lumped parameter approach to 551 is the shear modulus, C. of the

- 5 - ~VBrume
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5~:i. Common practice found acce~table to tMe NRC in accordance with the

s=.,:-dard Review Plane Is ~·o use average values of C as well as values ~SO~

of :~e average and then envelop tMe results of the three analyses. This was

t'· ~pproach used by URS/8Iume for the structural responses in the parametric

..:.yl for the Oyster Creek reactot:' building.

"9 its review of the NRC study,S the Senior Seismic Review Team (SSRT) of

·leveloped a specific set of guidelines for use In the 551 review of SEP

·:ts. These guidel ines (Appendix C, Referenee S) state that:

To tJeCOU11t for uncertainty in Bait prcpert;i.e8~ tM .ait
stiffnssBes (horizonta! verticat. rock:i.ng~ and tarn.ona.t)
employed in an.a'Z.ysi.s shatt inctuds a range of sait BMar
mocbl1.i bo~d by (a) so percent of the modutus corre­
S'pO':"i.--=in{! to the izes"t e~'t;i.rrzaU t:<L.;E..he_1.a;r$e_ s.E:cin condi­
tior., end (bJ 90 percent of ~he moi:l!.us cOrrc9:71'".a'i.nf1 ~o

W best es-te:.mtzu of thQ ZmJ cn-ain condit:icn. For ptD"­
poSB. of strw:t:zaoa1. anaZysu thNB .oiZ modu'Z.us t:endi­
ticns g~raZ'Z.y ron: 'Zt 8U.ffice correspcmdi..ng to (a.) and (b)
abooe. and (c). a best Bsti.rrltrtQd shear modu1.us.

I~

!~ guidelines are difficult to interpret .s they do not specify what Is con­

-ldered to be low strain, high strain, and average values. Nevertheless.

-"ned on the data from the nearby forked River plant, and the opinion of the

:J~S/Blume geotechnical department which Is very familiar wrth the soil con­

~'tions at Oyster Creek from their work on developing the site specific spec-

tra,S a val~.OOO k~or the shear modulus seems to represent a good

est;lNte of_90Lof the soiJ_modu.l"!s_ at Jow strain_condltlons (~ondl tion b of

SSRT guidelines), This is the same value that the NRC studyS on Oyster Creek

used to satisfy this condItion.

Available data for variations of shear moduJus with the strlin~evel In sand 10

. leads to an estimate of G value at high st,.ain of about~OO la.!..~d at an

average strain during SSE motion of about 4,000 ksf.-

, ,

'-.
Hence. to follow the SSRT guidelines would lead to considering 5011 shear

moduli of 1.500 ksf, 6,000 ksf, and 4,000 ksf to satisfy their conditions I,

b, and c, respectively. Among these three values, a G of 1.500 ksf is totally

unrealistic for Oyster Creek srnce It translates to a soil with I shear w.ve

t
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velocity of about 600 fps which Is consistent with formations su~h as San

Francisc.o Bay mud. F~rth~rmor~. the NRC studyS on Oyster Creek a Iso di sre­

c3rded the results obtained from using G. 1.500 ksf (as stated In Appendix A

~, the referenced study). AS they found the spectra to be essentially bounded

;y the responses from using G ~alues of 4.000 ksf And 6.000 ksf. Hence. only

."3Iues ~f G equAl to 6.000 and 4;000 ksf are considered In this study.

·:urthel"lllOre. In the case of c:alculating bui lding responses (story shears and

"tory overturning moments), a careful study of the results of the Oyster Creek

'arametric studyl conducted by URS/Blume. where the average (G • 6.000 ksf)

:nd the :50= (a • 4,000 ksf and ,,000 ksf) values were used, sh~ that the

:ariations in structural responses were fairly small. Given all the ass~p­

cions and approximations inherent In the overall analysIs, these variations

:!o not ,--arrant multioie ilnalyses. i3uildin9 responses shown In Figure 21 of

the NRC studyS confirm this same trend. Hence, the reac:tor building responses

are calc:ulated for a value of G • 6,000 ksf only •

\
For"the case of generating ~~~r~sponse spectra, ~alues of G • 6,000 ksf

and G • ~,OOO ksf are used and the results enveloped. The NRC studyS and the

URS!Blume parametric studyl show a frequen~y ~f~ In the peak of the floor

spectra due to changes In soIl properties and using the envelop of the two

values of a Is sufficient to adequately account for the effe~ts of this fre­

quen~y shift on the floor spectra.

b. Embedment Effect. The SSRT has reccnvnended 5 that only 50% of the embed­

ment effects be considered to compensate for possible soil separation from

the structure and other soil variations In the backfill. The SSRT recommen­

datIons of using 50' of the embedment Is used In this study. The effects of

~~b~dment are calcul~ted according to procedures developed by ~u,el et al.'

c. Radiation Dampina in the Soli. The most diffIcult problem to be resolyed

In using the lumped parameters for SSI effects Is the radiatIon damping. The

vlscous·dampers (dashpots) whIch are calculated from the InfInite balf-space

solutions are frequency-dependent functions. The structural damping, on the---
other ~nd, Is ~ommonly given by percentage of crlti~.1 modal ~amplng which

is best suited for a modal superposition time history analysis •

~lumEj - 7 -
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Tne most CCJlVT10n approacl, to date has been to delle lop some form of CQul valcnt

composite modal damping that combines the structural and radiation dampings
-----:-7"
in one equivalent percent of critical damping value to~each struc~~ral mode. ~

This has been the basi s that URS/Blume used In ~,t;;arametri c stUdyl~ Oys- :"\

ter Creek and NRC used in their evaluation. 5 This approach loses the fre-

~uency dependence of radiation damping and the equivalence of composite modal

~amping tD the frequency dependent radiation damping is extremely difficult

tD demonstrate.

The SSRT recognized this probl~ during the review of the NRC study5 and has

suggested the following guidelines (Appendix C. Reference 5):

Tne geometricd.:::mping (radiation energy dissiprnan) is
roceng'11i=ea to be frequ2ncy-depenaent. Bowever. in ordsr
to r.:::i:J.CF! t.'z.e catcu'L~Ol"'..:zt effort (,zt u:ast: ir.itic;lZy) •.
c:-..a to De SUI'C -:::u't c.=cess{.uc c.:. ..p-:"r..g '%.S r.o:: c111pl.oyczi..
it is recar.rne"fUi2d t:1urt va-tuss of i.cr.:pi~ be est:i.:naUd
tir.soret:i.caHy (on freqwmcy-independent: basis) as fotz.o,.,s:

iJ Bari.zantal to be taken as 7~ percent: of
the thsoNt:i.caZ va'Lues. 1I

ii) Vertical to be ta1<Jm as 75 percent of the
theareticaZ value. 1I

iii) Rotat:icn (:l'Ocking and torsional) to be
t:a.ksn at 100 percent of ths tiuloreticaZ
Va-ZUIl. 1I

In the case of layered sys'tems. th.s approach errti''14!Isd
in establishing tiles. vaZwa Mea. to be justir;..d.

4. The foZ1.cIMi.ng analysia approa.ciul8 a:re canaitUrfld
to be acceptab%4.

i) Wum all cOtTr?08ite modal darIping rm,o.lIIt
c.re %4.. thtm 20 percent~ moda.1 8llpeJ'­

position app:l'Oa.t:he8 can b. used without
~ validation chsc1c..

iiJ If in invectigmng tM use of modal. swpe2'­
pos';t';on a;;pro~cM. it i8 a.sc~rtainlld that
a c<Z:;'o ..... re m*l damping ratio-- ezc••da

~rcent~ one I71JUt perform a vaZil:!a.ti.t:n1
anal.ysi.. To perform thi. vali.daticn.. iot
i8 gnu:raZZy acceptcl:JZ4 'to UBe a 't-:JM-his"Cc1'N
anaZysi. in wh::'c1J tn. energy d'issipmon
auacic:ted ZJi:n the 8~ture ';S inctudRd
IJ"ith 'tn. sn-.ic~aZ eZerner.-:s. and ~1urt e ••~
cU:.'tea ~th the soil is 'incZud.ea ZJith 'the
soi.l eZe:-:rer.ts. In 8truc;:.a.es response li?ec­
=ra o~=.:=inei from c moc.:.'L &::p-:.~ t:;'.rO~Mu-;

- B - ~Jume
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the frequBnay range of interest must be
simi tar to or more C011SerlJanVe them those
ootai11~d from the validation. anal.yses.

.tAs ca1.cuZa1:ed Dv generaz.tll accepted methods.. as for
e::anp Z4 •giVnt in tn. ~k Pibration E.f.. Sci 7.s and
Foundati.OrtS, by F. E. "RicN::rt1 Jr... J. R. lia7.Z... Jr...
and R. D. Woods.. Prentice-Bal1... I1'2c... 19'10.

....As d£fi'l"lRd by ge'1"lRrat2:f accepted methcds.

7' ;~C studyS for Oyster Creek did not follow these guidelines as they were

e ., ,oped after most of the work was cOlVP leted. To assess the effect of some

r lese guidelines, a ~arametric st~y was conducted in which the floor spec-

:rom a direct integration procedure were compared with those of a modal

,.-position procedure. In the direct integration procedure, a damping ma­

(as cpposed t~ com~osite ~odal dam~ing in the modal superposition method)

oeveloped which included the 5011 radiation damping (dashpot) coefficients

.~erly without using any manipulations to convert them to equivalent compo-­

·a modal damping. However. since the analysIs waS done In the time domain

~ frequency dependence of the coefficients could not be handled and one

~gle value for each coefficient was used.

:~e floor spectra developed by the equivalent composite modal damping approach

,ere below those computed by the more exact dl rect integration dashpot ap­

~roac:h. Hence, .the former had to be·scaled up to envelop the dashpot results

(see Figures A-8 through A-12 of Reference 5). Thus, the approach to use the

approximate composite modal damping not only required more ~nalytical work In

the form of a validatJon study by the direct integration analysts mentioned

above, .but also introduced c~nservatlsms Into the flnaJ floor spectra as they

were scaJed by a unlfonm factor to enveJop the vaJtdation study spectra.

In re~ponse to similar problems. URS/Blume has developed an advanced proprte­

tary prOgra~hat can be used to calculate the structural responses and

floor spectra in the frequency domain. In this procedure the frequency depen­

den~e of the radiation damping is maintained without resorting to the m.ntpu­

I~tions suggested in the SSRT guidelines which are of weak technical bases and

contain undue conservatisms. The SSRT has stated in the presentation of their

guidelines that more ~goro~s approaches. such as that adopted in this study,.

would be a~ceptable In lieu of these guidelines.

- ~ - ~Jume
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Th~ benefits of the approach used in this study are that:

o 25t reduction in the radiation damping for the
~ontal and the vertic.l directions required by
SSRT guidelines is not necessary.

o A limit of 20' maxim~ composite modal damping
not necessary.

o The step of calculating a composite modal d.mping
re~resenting the combined structural and soil radia­
tion damping is not necessary.

o Undue conservatism in the fln.1 results are reduced
as a consequence.

Summary of Horizontal Dynamic ModeJ Modifications to
Include 551 Effects

summary, the followin9 modifications to the URS/Blume 1965 horizontal dy­

.~ic model are made for the present stuoy:

I. The fixed-base condition has been replaced by springs
and dashpots representing the soil impedances (Fig­
ure 3). The 5011 impedances are frequency-dependent
functions which are computed by the fOMmUlae pre­
sented by Kausel et al.' i:lalf of the reactor em­
bedment-effects are used to calculate-lhe-soll'
rrnpedances in conformance with SSRT guidelines.

2. ~uctura~e~ponses are generated from the model
which uses G· 6,000 ksf for soil modulus In calcu­
lating soil Impedance values.

). Two models that use soil modulus values of 6,000 ksf
and ~,OOO ksf to compute the soil impedance values
have been used to generate the floor response spec­
tra.

2.6 Vertical Dynamic Models

The model developed for the Oyster Creek plant by URS/Slume In 1965~ can be

~ ~dlfied to estImate vertIcal responses. However, the lumped m.SI cantilever

model neglects the out-of-plane flexIbility of the floor slabs which may sig­

nificantly influence the vertical floor spectra.

In general, the lumped mass cantilever model Is adequate for structures where

floor slabs can be shown to be rigid (fundamental frequency higher than 33 H%)

in their out-of-plane dynamic behavior. This Is not the case In most of the

! i

I'
I,

;/
j I~

i:

I'
"

'j

I
I

- 10 ~lume

I'



1 1 (0
") .

.-

1
f

j

t

Oyster Creek reactor building wnere tne floors are supported vertically by

massive drywell walls, o~tside walls of varying thicknesses, interior walls

:nat do not continue to the floor mat, and columns wnich at times continue

for several floors. Only the floor at elevatl.on 0 ft 0 i!1. is found to be

rigid in its out-of-plane behavior along with the foundation mat.

This represents a very complex vertIcal dynamic system and the vertical am­

~llficatio~s above grade level vary considerably throughout a floor at any

given elevation. Furthermore, Input to a floor at a given elevation will

vary as the walls and columns do not uniformly amplify the ground motion In­

~ut. These local variations In the Input motIons to the floor slab cannot

be accounted for In the lumped masS cantIlever model.

10 accour.: ror all the complex a~~ects of the vertical re~=onse In an effi­

cient fonn, three dynamic vertIcal madels were used. A.~mped mass model was
.. . ---_.. .

used to generate floor spectra at elevatIons -19 ft 0 In •• 0 ft 0 In •• and

156 ft 9 In.; a detaIled fInIte-element model to generate floor spectra at-- .-~-- .. --.
elevatIons 23 ft 6 In •• 51 ft.3 In •• 75 ft 3 In •• 95 ft 3 In •• and 119 ft

3 In.; and a beam model to generate spectra at the overhead brIdge crane sup­

ports at elevatIon 138 ft 0 In. Following 15 a detailed description of each

of these three models.

a. Lumoed-Hass Vertical Hodel. The lumped-mass model developed by URS/
Blume~ In 1965 Is modified to obtaIn a vertIcal model suitable for calculat­

ing floor spectra at elevatIons -19 ft 0 In •• 0 ft 0 in •• and 158 ft , In.

The modification involves changing the fIxed base conditIon to Include a

frequency-dependent vertIcal spring and dashpot to represent 551 effects

(see FIgure ~). The lumped-mass model Is consIdered adequate for calculat­

ing floor spectra at the above elevations sInce the base mat (elevation

-1' ft 0 In.) and first floor (elevatIon 0 ft 0 In.) of ~he reactor build­

ing are both rigid In their out-of-plane responses (I •••• have a fundamental

frequency hIgher than 33 Hz). The spectra at elevatIon 158 ft 0 in. II at

the top of columns and does not represent the magnifications of motions else­

wnere in the roof.

b. Oetailed Vertical Hodel. A detailed finite-element model of the reactor

building between elevations 23 ft 6 In. and 119 ft 3 In. is developed to

II
II
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generate vertical floor spectra at various locations In floors between these

two elevations. The floor slabs and walls (except for the drywell) are

modeled with quadrilateral plate elements with five degrees of freedom at

each node. Floor beams are modeled using prismatic beam elements with ade­

quate accounting for the difference between the neutral axis of the bea~ and

slab In the floor. The drywell is modeled by a series of vertical prismatic

beam-column elements connected to the floor plate elements. Figu~e 5 shows

a schematIc representation of the plate element mesh of the floor at eleva­

tion 9S ft 3 In. and a partial view of the fInite-element mesh of the exte­

rior buildIng walls and beam-column elements representIng the dry well. The

Input to thIs model Is the vertical acceleration time hIstory at elevation

23 ft 6 In. calculated from the lumped mass model descrIbed above. The loca­

tIons in each floor where floor spectra are calculated were identified by GPU.

c. Detailed Vertical Crane Hodel. A detailed model of the overhead bridge

crane support system is developed In order to generate the vertIcal floor

spectra at this level. The mathematical model Is presented In Figure 6. The

steel columns are modeled as truss elements while the girders supportIng the

crane rail are modeled as beam elements. The crane Is assumed to·be In the

center span between column lines R3 and R4 for worst case consideration. The

weight of crane was specIfied by GPU to be' 12S-~)for the holst,'17~-- ...... '- ~-

• for the brIdge, and 88 kips for the trolley. These masses are Incorporated
..... ~-'

In the mathematIcal model. The Input to this model Is the vertIcal accelera-

tion time history at elevation 119 ft 3 In. computed from the lumped-mass

model described above.

- 12 -
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:~ctural ~esponse for Horizontal Seismic Input

3. DISCUSSION OF RESULTS
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·~tural responses in the east-west direction. comprise of the maximum

_ f~oor accelerations. maximum relative floor displacements. maximum

·~ars. and maximum story overturning moments. are calculated for the

.,e in the horizontal direction. The solutions are for the modified

.JI dyn~ic model described in Chapter 2. For this analysis, a single

~f for soi I shear modulus is used and half of the reactor em­

for effects of embedme~on soil impedance values. The results are

f'~d~.lysis using ,he URS/Blume .,o.,i.,.,y com­

"ogram FREDA. ab Ie 1 presents the computed structural responses at--It levels of the building •

~.

~._.
'- ........
''':' ..... .

r..
f

...:or Resoonse Soectra
---..,.

: horizontal east-wes~ direction. floor acceleration spectra are gen-
"""'---= ---'"lit nine floors. elevations 156'-9". 138'-011 , 119'-311 • 95 1 -)". 75'-)11.

2)1-6". 0'-0". and -19 1-0". using the lumped-mass stick model. The

-a curves are generated for 2. 3. Zt. and 7' of critical damping. Two

,~ . -:of floor ectra are developed for soil shear modulus values

~Sf The two sets of spectra ara enveloped to produce

:~.. Inal raw In the raw spectra at structural frequencies

,ro' :;roadened the spectra smoothed in accordance with project
. -

;~::!ria. The spectra computations are done through the URS/8Iume proprietary

:~~~uter program FLSPEC which calculates. broadens the peaks. smooths. plots.

inc digitizes the floor response spectra in a single run for the various damp­

inS values requested. Figures 7 to 15 show the final smooth floor spectra

:urves for the horizontal east-west direction.

The floor acceleration response spectra in the vertical direction have been

~~puted from the three mathematical models described In Chapter 2. Floor

Spectra .re generated a~ourteen loc~tions In the structure as requested by

~~u. The procedures of eD~elopi~~he spectra for the two values of soil­

~hear modulus. the peak broadening. and spectra smoothing are all done using

the same procedures described above for the horizontal spectra. figures 16

to 2, show the final smaoth floor spectra for the vertical direction.

- 1) - ~~Iume
'.:- '\"_. .....-:".......
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~.
4. SUMMARY AND CONCLUSIONS

Horizontal and vertical broadened ~nd smoothed acceleration response spectra

are generated for the Oyster Creek reactor building. These spectra will sub­

sequently be used in qualifying ¥arious Items of Category I electrIcal and

mechanical equipment for seismic motion.

A written document delineating the criteria to be used in the modeling, anal­

yses, and generation of floor response spectra of the reactor building is pre­

pared at the inception of the work. The rest of the work is started after

review and approval of this document by GPU.

A synthetic acceleration time history is generated whose spectrum closely

ma:cnes the NRC site-specific spectrum for the Oyster Creek plant. This time

history is later used for the floor spectra generation.

The east-west horizontal lumped-mass stick model developed by URS/Blume In

1965, modified to consider SSI effects, Is used for structural response com­

putafion ~s well as horizontal floor acceleration spectra generation. 5011

impedances - stiffnesses (springs) and radiation damping (dashpots) - are con­

sidered at the base of the structUre. Solutions are computed In·t~e frequency-~in to properly consider the frequency-dependence of the soil Impedances.

A single soil-shear modulus value ~ 6,000 ksf is considered for calculltlon

of structurll responses such IS displacements, accelerations. shears, and

overturning moments. Two bounding values of 5011 shelr moduli of 6,000 ksf

and ~.OOO ksf are used for generatIon of floor response spectra w~e then

enveloped to produce the final floor spectra.---... ---_. -

Three models are used to generate the floor response spectra tn the vertICil

direction: lumped-mass stIck model to generate the floor spectra at eleva-,
tions -l~I-O", 0 1 -0", and 156 1 -9"; a detailed finIte-element model for floor

response spect"a at elevations 23'-6", 51 1-3", 75 1 -3", 95 1-3", and 119 1 -3";
and a detailed Crane model to generate the floor spectra at the crane sup­

ports.

I
i
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I TABLE 1

SEISMIC RESPONSES OF THE HORIZONTAL REACTOR

BUILDING MODEL (SOIL MODULUS • 6.000 ksf)*

I Maximum Maximum Maximum Maximum

Elevation Relative Absolute Story Overturn ing
Displacement Acceleration Shears Moment

(i n. ) (9) (kips) (k-ft)

156'-9" 0.6653 0.988 -- -- -
138'-0" 0.2696 0.50!! 671 12,581
119'-0" 0.07!!2 0.300 938 30,O!!5

, 95'-3" 0.0633 0.26!! 2,806 96,3!!0
I 7~'-311 0.OS2!! 0.235 6,793 22!!,!!50I

51'-3" 0.0368 0.203 10,32" "65,160
23'-611 0.0171 0.186 13,91" 838,8lto
0'-0" 0.0089 0.175 16,208 1,206,600

-19'-0" 0.0000 o. 16lt 17,911 l,5lt2,ltOO

*These results are for the eest-west horizontal model for seIsmic Input In the
e~st-west direction.
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1. Introduction

Oyster Creek is a 620-MY boiling water reactor (BYR) plant that went

into operation in 1969. It is one of 11 older United States nuclear

plants now being reviewed under the Sys~em.tlc Evaluation Program

(SEP) of the U.S. Nuclear Regulatory Commission (NRC).

Oyster Creek Category 1 electrical equipment, and possibly some

mechanical equipment and components, are subject to seismic evaluation.

Consequently, acceleration floor response spectra are required for

proper seismic qualIfication of category 1 equipment.

This criteria document describes the methods and techniques to be used

in the development of floor response spectra for the reactor building

at Oyster Creek..

1

,_. Basic A~Droach

This criteria will be based primarily on the following regulatory stand­

ards and documents:

I,
J

!
\,,

J

USNRC Standazod Revi.., PZan - Sec1;i..on 3.? 2 (ref. 1)

USNRC Regulatory Cui-t!a (ref. 2)

Seismic RevitIIJ of the Oystftl Creek Nuclcr PrNao Ftant tU Pa:2"t
Of tiul Systfl11JQtic Eualuaticm Pzoogram~ NUREe/CR-lI8l. (ref. 3)

Initial RevitIIJ and Recanrnendtrti.cM for Si.te-Specific Spectra at
SEP Site.. (ref. It)

U.S. Nuclear Regulatory Camission, Developnent of Cri.t~ for S~
Rm.., of Selected Rucleazo PrNIlZ" Ftant.~ NUREG/CR-OOI8, liay 1978. (ref. 5)

3. Seismic Inout

The free· fIeld horizontal seismic input has been described In terms of

the response spectrum as shown in Figure 1 (ref. ,) which hal been re­

commended by the NRC for use at the Oyster Creek lite. The vertical-free field spectrum will be considered to be 2/3 the horIzontal through-

out the frequency range of interest. The ser5mic Input Is also required

in terms of time-histories for the computation of floor response spectra

~s well as for the response time-history analyses.
A-)
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The free field ~cceleration time-historlc5 wi'l be developed such that

their re~~onse s~ectra will march the in~ut free field spectra describec

above.

~•. Material Properties

The following material pro~erties will be used in this project:

Concrete modulus. Ec • W1• 5 33/f;' (ref. 10)c:
Steel modulus, Es • 29.000 ksi

Concrete Poisson's RatIo, Vc • 0.17

Steel Poisson's Ratio, Vs • 0.25

Structural modal damping, ~ • 10= of critic.'

Soil shear moduluS,Gs • 6,000 ksf will be used to c.lc:ul.te
structural responses

Soil sh~ar modulus,G~ ~ 6,000 ksf ~nd 4.000 ksf will be used
in calculating floor response spectra.
The final floor response spectra will
be an envelope of the spectra from the
two values of Cs used.

- Soil poisson's rltio, vsol I • 0.lt75
Soil weight densi:ty • 126 lb/eft.

5. Analvtical Methods

S. I Seismic-Oyn.mic Model

The fixed-base lumped ~ss reactor building deyeloped by URSI

Blume (ref. 8) will be used. The 55. effects will be simulated

using the lumped parameter appro.eh. Thil Ippro.ch to 55. Is

base~ on developing a set of 'soil springs' Which reprelent the
flexibility of the fouAd.tion and a set of yiscous dampers which

represent the 'radiation damping'. The expressions for these

frequency-dependent springs and dampers will be t.ken from refer­

ences 6 and 7.

Per SSRT recommendations (ref. 3), only 50= of the embed~cnt .f­
fects will be considered for 551.

."-.
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The response for the vertical ,omponcn, 0' ground motion will be

calculated on the bases of a vertical dynamic model which will use

finite el~ents and/or equivalent beam elements to model the out of

plane response of the floors. Supporting elements which are not

rigid in the vertical direction will be included in the model. The

ri 9 i d support jng el ements wi 11 be Il'lOdc 11 cd by appropri ate boundary

elements at their point of connection to the floor slabs. Columns,

and walls which do not continue to the foundation wIll be app~

priately included in the model.

5.2 Seismic Analysis

Rl

~ .. :
" ~;, I

.'

". '.
'-.J

'"1. ,. .. ~,
. ~-:....

, .. ~

Seismic analyses of the dynamic models will be undertaken for hori­

zontal and vertical motions. In order to p~operly consider the fre­

ouency depend~nce of soil im~ed~nce (5~-ana-aampe~) coeffiei~ts.

the analysis will be perfonned in t~r~qucncy dornai~ The maximum
'- .

story shears, maximum story oYerturnln~ moments, maximum absolute

floor accelerations and maximum relative floor displacements will

be obtained from these analyses. The response acceleratIon time­

histories at dIfferent mass points wIll also be generated to develop

the floor spectrA.

6. Floor Response Soectra

Horizontal and vertical floor response spectra will be generated for 2,

3. 4 and 7= of critical damping for all applIcable locations. Peaks 'in

the floor response spe~tra at structural frequencies less then 33 hertz

will be broadened b~n either side of the peak per Reg. Guide 1.122

(ref. 2) and the rest of the spectra will be smoothed•

-.... . .. ~ .. .
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I. U.S. Nuclear Regulatory C.ommissior,. :,-::::-..:---i Revier.1 PZ4n fo'1' the
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?SIOB?, LWR Edition. March 1979.
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Seismic ReviA} ('If the Ci':,s-ee~ Czou;' -'4::":::- ?~er Pl.ant as Part of tn_
SlJste:na'tic EvaZ.~tion "FTag-ram~ NUf'':'':. :::-:':1;, UCRL-SJ018. RD~ RR. pre­
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Sitn, Memorandum for D. Cru tchf I ': "; -::;:'19 Ch I ef. Systematic
Evaluation Program Branch, from ~'l~ _. Jackson, Chief, Geosciences
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Kause 1, E., R. V. IJh i tma n , J. P- Mo--_ :'. E1sabee, The Sp;ri.ng Method
fur Dnbedded F~ioT/.$, pub I i sr.-=-:. - "'-:c Iear Eng i nee"; ng Des i gn 48.
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Jalley Centn:Z lhu:Zea:r Reactor .?:-:-:~ ;" Earthquab A:na.7.yd6: Reactor
BuiZding. report prepared for G~~~-. ~:ectric Company by John A. Blume
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,--
List of Comouter Codes

The computer programs used in this project by URS/81umC' ,II";

1. S~P~ Version N&E ~.2

2. SAP~ Version NtE 4.28 - Project Specific

3. JAB/FLSPEC Version 1.0

4. SHSPC3 Version 1.0

5. FREDA Version 0.0 - Project Specific

The above programs have been fully verified In accord.n,'" ,,,I I h rcqui rements

of the URS/Blume Quality Assurance Program.

In addition the following tour ~ubroutines nave been us.. ,!:

--
1. INTERP

2. HODE

3. ENVEL
If. JHT

These have been verified in accordance with URS/81ume ,,.,,jt!Cl Specific:

Computer Pro9r~ QA requirements.

--------- ----- •.~~=-=
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UR5:.JOHN A. BLUME & ASSOCIATES, ENGINEERS
130 JESSI[ STAEE'T (AT NEW MONTCOMERY)

SAN FRANCISCO. CALIFORNIA "'05
TEL' •• 'SI 3S7·252S

CABLE. BLVMEHCAS

FebroJU)' 1. 1982

Leon Garibian
G~nenl Public Utility Service Corp.
100 Inttrpace Parkway
hln:.ppany. Ne\o' Jersey 07054

Wf r-..
~ ••• ..cISCO
...~1000 O(
OAl.l.~

5f."'1Lf
Dt OIY'fll....'.5 ,,,.
~ .... u
..... OI'I.t ....,
~.. _T(O
..oooc;. -ONC.
101,-

.-

Subject: Oyster Creek Reactor Building Floor Response Spectra

References: 1. URS/Blume draft report entitled: SlIismic AcceuMrion
F1.oor Response Spectra f01' tit. Rem::1:or Bui.l.ding at
Oysteze CN.k Nw:1.ea:r- Pa.1er PZQnt

2. GPU Specific:.ation entitled: Cysttn' Czoefl7c 1hlt:ZIlar Staticm~

Reactor Building Strwctzaoe~ ~" of Srisnri.c noor
Respc:msfl Spectra (Spec:i.fican07J Ro. 1302-43-001.)

Dear Leon:

In l'esponse to your telephone inquhy. this letter is to confim that our
work to ,enerate tile floor response spectra and other builc!ina responses
presented in the referenced URS/Blume report has complied with all the
releveDt references contained in the GPU referenced specifica~ions.

Should you have any further questions in this relard, please do DO~ hesi tate
to contac:~ Dr. Lincoln Malik or myself.

Very truly yours,

jr(.._e~r~
Ahmad F. J:.hi r
Deputy ManaJer
Structures Depart~ent

~uclear , £nerD Oi vision

cay
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INTROOUCT ION

This report describes work perfonmed by URS/John A. Blume' Associates,

Engineers (URS/Blume), In developln~. site-specific !!!P~~~ for

the Oyster Creek Nuclear Power Plant. The report Is prepared for ~he

Jersey Central Power' Light Company of Morristown, New Jersey. The spec­

trum Is Intended for use In engineering ~esiqn reylew and analysis of exist­

ing facilities at the Oyster Creek plant.

At this time, the use of site-specific response spectra Is encouraged by the

U.S. Nuclear Regulatory Commission (NRC) staff. this Is because of improved

analytical methods .nd the increased number of strong motion earthquake

records available for use in .n.lysls.

The methodology used in the past to establish seismic criteria for most

nuclear power pl.nts in the eastern United Stetes utilIzed the generlc re­

sponse spectra presented in NRC Regulatory Guide 1.60. this spectrum Is

anchored at • zero-period peak ground acceleration based upon the Modified

Kercalll Intensity (KMI) of the Safe Shutdown Earthquake (SSE). The appro­

priate level of peak ground acceleration for an earthquake of a given Inten­

sity Is determined from publIshed studies of strong motion earthqu.ke data-th.t relate intensity to peak ground acceleration.

The problems associated with this method of developing response spectra,

which have been widely discussed, are generally recognized to be slgnlfl~nt.·

Some of the ~jor problems cited are the highly subjective nature of e.rth­

quake intensity ratings, the large scattering of data In the Intensity­

acceler.tion relationShip, and the conservatism of the NRC Regulatory Guide

1.60 spectra, which are b.sed on ground motion records of earthquakes of

varying magnitudes:.nd epicentr.l dist.nces in different geologic environ­

ments.

These problems .re .llevl.ted to a large extent by the technique for develop­

ing a site-specific response 5pectr~ th.t is used In this study. This tech­

nique is based on selection of • suite of strong motion earthqu.ke records

that characterize both the SSE (i.e., ~9nitude .nd epicentr.l dist.nce) .nd

the geologic condit]ons of the power pl.nt site.

- 1 -
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This study begIns wIth detenmlnatlon of the magnitude appropriate to the SSE.....-..,
maxlm~ KHI ~!Jdevelope~ In accordance with regulatory procedures prior

to design of the Oyster Creek Nuclear Power Plant. Slnce this Is the same

intensity that would be arrived at following the current regulations of 10'

eFR 100, Appendix A, the study does .not review this developmen~.

The following sections of this report explain the methodology utilIzed In de­

veloping the site-specific response spectra for the Oyster Creek plant; they

describe the calculations, provide the Input parameters utilized, Including

the suite of strong motion earthquake records, and present results of the

calculations and the site-specific response spectra.

..

--------- ----:--....--=....---
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SUMKARY

In the mean value site-specific response spectrum developed for the Oyster

Creek Nuclear.Power Pl.nt site, shoWn on Figure 1, the zero-period peak ground---acceleration Is'0.07g.
~-

The basic input parameters used to develop this spectrum are 8S foll~. The

SSE is an event of Hodlfled Hercalll Intensity VII immediately adjacent to the

site. The corresponding magnitude. (mbtg)~ This slte 15 underl.ln by

moderattili!.Jfeep.a lluvJ urn. The characterist Ie epi cen~r~~_'!..i~~.nce I~Sk;)
The earthquake mechanism is considered to be characterized by nonnal faultin;.

- 3 - - ._-----------
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HETHODOLOCY

A computer program based on • new w.y of predicting the maximum response of

slngle-degree-of-freedom systems to which the response spectra s~ape can be

ancnored was -Implemented to predict ground motion spectra .t specific sites

in tne e.stern UnIted States.

Tne methodology employed Is an applleation of the rand~ vibration theory

(Vanmarcke, 1976) with the d.t. needed for the solution b.sed on emplric.l

work (Street and Turcotte, 1971) .nd engineerIng judgment. The anchor point

of tne response spectrum .t period T • I sec and the maximum expected ground

acceleration for rock is obtained for. specified spectral moment (~D;:-)' •
~jven epicentral distance, a strong motion duration, and a description of the

spectrum within the period range of Interest. The desired spectral snape can

also be scaled with the corresponding transfer function so that the 5011 char­

acteristics of the local site are included.

Response Spectra

Tne maximum response Is of practical value in the analysis and design of elas­

tic structures. For a simple one-degree-of-freedom m.thematlc.1 model of •

structure with a natural perlod_~ and a damping r.tlo 8•• plot of the p~k.
response to • given excitation as a function of the perIod Is known .s the

response spectrum.

It is useful to present the displacement, velocity, .nd acceleratIon spectra

in one plot. as In the trlp.rtite response spectr.. Here the Ide.l character­

istics of a double-degree-of-freedom oscIllator are exploIted so that relatIve

displac~nt (SD) and pseudo-velocity (S~ .• ~nS~ .re both presented.

Random Vibration Method

5ecause of our limited knowledge of the physical process that produces sels·

mic motion and the almost total absence of strong motion data for the eastern

United States, a stochastic description of the earthquake process b~eomes in­

evitable. Such a description Is very useful In predicting the occurren~ of

events because of the availability of the analytical tools developed in the

theory of random processes.

- ~ -
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: I.1nen the theory of random pro~eu Is applied to a time history' C:(t)) I the

whole enlemble.of possible time histories which might have occurred as are­

~ult of the phenanena under ~onlrderatlon, not Just one time history, Ire

described. An Indl~ldu.1 time history belonging to the ensemble Is ~alled I

rea I i zit Ion.

A major simpllfi~ition Is normally used, in that the random pro~ess rs
assumed to be invariant with time In Its statistical description. In this

case, the stochastic or rand~ process Is c.lled a stationary stochastic pro­

cess, and we can write the autocorrelati.o!!...!unc.!}on (E[X(tl)X(t2)]). which Is

the expected value of the product of the value of =(t) at two different times

tl and t2, as a function of the difference 1 • t2 - tl : E[X(tl)X(t2) • R=(1)],
where F. (1) is the autocorrelation function of the stationary stochastic pro--cess X(:).

The spectral function. S=(~). can be defined as the Fourier pair of R=(t~,

so that

(1)

and

.. (2)

~oth the autocorrelation and the spectral functions are a complete represen"

tation of the stationary stochastic process =(t)

. .
Empirically derived relationships that relate the observed vertical dIsplace-

A~nt spectrum DrCIII) with the source spectral· function 5*(",) at a fIxed dh­

~nce are avatiabJe. Among them, the one 'ound tn Street and Tur.cotte (1971)

is C!~plicable for the eastern United States. ft Is:

~here p • soil density, taken as 2.5 gm/cm- 3; 8 • damping. taken as 3.5 km/se~-2.

~o • a fixed distance parameter • 100 km; S~(w) • source spectrum at rD di5t.n~e;

and ~r(~) • observed vertical displa~ement spectrum.

- s -
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(~)•$10(1 • 1 sec)

It is easy to obtain from Equation 3 the site specific vertical displacement

spectral level 0rCT • 1 sec) for Iny specified dlstance~. This site vertical

acceleration amplitude spectrum ArCT. 1 sec) Is readily calculated by:

" Fr~ the. same reference It can be observed that the frequencies around ']-
.~~~

1 see. (w. 2w). are well behaved. Also, the following relation between ob-

served mbLg and S*CT • I sec) has been derived:

-. -...

Ar(T - 1 sec) • (5)

The development up to this point has been for vertical motion (used in obtain­

ing ~bLg). This can be transformed to horizontal acceleration amplitude by

multiplying by the ratio of horizontal to vertical acceleration. In this case
--.."

a mean value of 2.~ was obtained for this ratio from a study of 70 strong------motion records ~f eastern United States earthquakes.

The power speetral density function (one-sided) of the ground metion Grew)
can be estimated by smoothing the Fourier acceleration spectrum.

G (T - 1 sec) • l--JA (T. 1 sec)12
Z'. •• l'

(6)

where. denotes strong-motion duration. As the assumption of stationarity

implies a uniform energy distribution In time, the duration B must be adjusted

so that an equivalent duration. called .0' and the averaged Gr(w) give the

total energy content of the earthquake. Here the definition given ;n Vanmarcke

and .Lal (1~77) will be used to thlt effect.

.1

\.Ie need the predicted response spectrum ordinate at period T • 1 sec to an~hor

the selected shape of the normalIzed response spectra. A nonstltionary random

vibration analysis following that of Van~rcke and Lai Cl~77) is done to

accomplish this task: Given C Cw) of a single-degree-of-freedom systea andr .
the strong motion (equivalent) duration. , the pseudo-velocity response spec·

. D
:ra SyCT.B) is predicted with the general fo~

-
- , -

(7)



The variance o~(t) Is obtained by Integrltlng the spectral densIty functIon

over all frequen~ies,

r
~-.-

".

~ In which O~('c) • tlrne:dependent standard d~vlatlon of the pseudo-velocIty

-~ response. evaluated at t • .0' 0p Is a peak factor function of the probabll­

~ Ity of nonexceedance. p.,,
I•

(8)

An approximate solution for moderlte natural frequencies, in~luding r • 1 sec

(~ • 2w) and for relatively large damping vllues (such as 8 • 0.05) is. for

:; • 1 sec:

• [
Gr(T • 1 sec)]1/2

8=.

--
The peak factor Is the product of an anllysis of the maximum. Exact solu­

tions for me do not exist. but an approximate solution that has been exten­

sively checked Is. for T • 1 sec:

Q • £2 In (-25 lIn p)]J/2.p 0

from Equations 1. 9. and 10. we have
•

(10)

• ..
Another value that can be approxi~tedfrom these data is the peak ~round

acceleration. Cgo This Is done empirically; from a set of strong motion data

the ratio

Ie • (12)

was estim.ted. For Dg in cm/sec2 and .p in em/sec the meln value WIS k • lD.~'.

In~ut Parameter for Determinino Peak Cround Acceleration

In order to determine the peak ground acceleration. certain parameters are

needed as input. The primary input Is the maxi~um mag~ltude expected at the

- 7 -
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~'.~r. 'orJ,
i c~i-:-•.
!~­
~~

F"~~ site. The magnitude scale usee! Is lfIbLg developed by Nun!1 (1973) and Is

t~ most appropriate for the East Coast. Since the maximum historIc event asso­
1~1
~ ciated wIth the Oyster Creek site Is known In tenms of eplcentral IntensItyn:-
~ (MM' VII), • relation Is needed between epicentral IntensIty and ~~. Using

1f relations developed by NuttlS and Zollwlg (IS7~) and Street and Turc~tte

i (1977) relating 'ntenslty to mb (body wave ~gnltude) and mb to ~Lo (ma9nl·

tude determined from the higher mode L
O

wave), the following rel.ti~n between

mbLg and intensIty was derived:

•I
I

(13)

'....

i
l
1
t

Using the maximum MMI determined for the Oyster Creek site of VII one obtains

an mcLg value of 5.3.

The next parameter needed is the distance from the source to the sIte. A

distance of S km was chosen to approxim.te the condition In which the earth­

quake occurs under the site. This distance would represent an average focal

depth for the site and eliminates the problem of having the acceleration

·achieve unrealistically high values as the source-site distance "approaches

zero.

The duration of strong shaking was estimated to be approximately thr,e to

five seconds (801t, 1973). These values are also consistent wIth estimates

of duration measured for the strong motion records used to develop the site

re5ponse spectra. The last parameter to Input Is the damping value, which

for characterization purposes was put at 51.

Using the parameters of m. r_ • 5.3, distance • S km, duration • 3.0 ICC, and
~ .

damping. 0.05. a cal~ulatcd ground a~celeration of O.072g was obtained for. .
the site. This value of acceleration was then used to anchor the site spe-

cific design spectrum derived for Oyster Creek. In order to see what.

slight variation of the parameters would do to the ground acceleration, a

preliminary sensitivity study was performed, the results· of which are prc­

sented in Table 1.

- 8 -

- 3 .. z: .. i _A



: :-.- ,
'--

TABLE 1

PEAK GROUND AtCELER~TION (g) FOR VAR'OUS ~L9.
DISTANCE. AND DURAT'DN DF STRONG "OT,ON

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

,

I- I

f

j
J,

J
~

"
...

f
J

Distance (kill) S 10 15

Duration (sec) I 3.0 5.0 3.0 5.0 3.0 5.0

mean .Olt5g .0399 .023g .020; .015; .01);
... _--- - -- --- - ---- -- _...------ ----- -----5. 1

mean
+ .057; .OJt8g .02951 .021.151 .01'; .016;

. 10
-

mean .0]251 .062; .0369 .031; .02"51 .021;

ID
bLg

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

fllltan
+ .C91; .075; •Dlj5g .038; .030g .025;
10

•
mean .114; .0'89 .DS7g •Olt,; .039; .033;

5.S ----- ----- ----- ----- ---- ----- -----
mean
+ .144; .1"; .07251 .060; .0118; .Olt09
10

- -~-----.--.--:---~~~c.... ""e_. iF" ,.
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Des Ian Spec t r.
A total of 34 strong motion-records were u~ed to develop site specific

response spectra. Twenty records were from the western United St.tes and

fourteen from the 1916 Frlul1. Itlly, earthquake. The accelerogr'm5 were.. ' .. -J ~ __

chosen to satisfy certain crlterll. -The records were III recorded.t solI

sites and at distances of less than 5~~. The elrthquakes ringed In ma~nl.

tude from ~.7 to 6.1. The peak accelerations varied from .021g to .308g,

with a mean peak acceleration of .1tS9 Ind standard deviation of :.073 (see

Table 2). The spectra were .11 nonnallzed to the zero·period acceler.tlon

and then statistically combined (assuming lognonmal distribution) to obtain

a mean response spectrum. The spectrum was then anchored to the peak pround

acceleration value determined by the above method. It is shown in Figure t.

Th!:! spectra for O. 2, 5. and lOt damping are shown together in figure Z.

- 10-



TABLE 2

UHS DATA SET - OYSTER CREEK

'.

1.11.

01.010 S." .Ion. tao .-.." 1.1
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luI

10 I1JI.: .1D:
"Ul: .IN

ielftl,,", Pacific II'r .•
loa.rAllcaa..

I.S SUI: .or
"'Mo: .....
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APPENDIX 3.7C 
 

(Deleted) 
 

Note 
 

Dynamic Design of Suppression Chamber 
Suction Header is governed by the Mark-I 

Containment Long Term Program described 
in Section 3.8.2 of the UFSAR.  
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