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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 pordon 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.

ln 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,
inelastdc spring representing the rupture restraint. Dynamic time history analyses
were performed for shock loading resulting from an instantaneous circumferential
break locatdon. The analyses included the effects of pipe impace on the rupture re-
straint, generalized yield behavior of the piping and kinematic strain-hardening of
the piping and restraint.



The blowdown force time histories were calculated at selected points
in the piping system, and applicd as time-varving concentrated loads in the
nonlinear structural response analyses. Total fluid force time histories
were calculated from the time-varying pressure and momentum conditions
following rupture, and included the effects of 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 encrgy-absorbing capabilities of the restraint are
utlized. 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 systern and design details
developed from the results of the analyses are applicable to the particular
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 limitatons, high radiation levels, and congestion which may re-
sult in scvere installation penalties, including high costs, long plant down
time, and "burn up” of plant maintcnance personncl. In most cases, it will
be virtually impossible to provide such restraints due to the scverity of the
problems discussed above and/or 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 condenscr will
remove decay heat without requiring an external power supply. The system has
the capacity for the removal of decay heat without additon of water to the second-
ary side until pumping 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 system
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 tank.

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 systern located inside containment is subdivided into
two sub-systems, each consisting of a 10-inch return line and a 10-inch supply
line with associated valving. The analysis has evaluated the NE-3 supply line
of loop A. This portion of the system consists of a single, 10-inch diameter,
Schedule 80, stainless steel pipe from the reactor vessel connection to the dry-
well penetration. The geometry and location of the system with respect to sur-
rounding systems and structures is shown in Figure 1.



3.0 METHODS OF ANALYSIS

The pipe whip analyses of the Emergency Condenser piping system
proceeded in two stages: the first involved computing 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 determin-
ing the structural response of the model to the time-varying loadings develop-
ed in the first stage. Following the structural 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 conservadve design basis. Thus, it was considered
that the use of nonlinear dynamic analysis techniques for investigating struc-
tural adequacy 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-
tdons below.

3.1 General Analytical Procedure

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

a. Identify the potential break location(s) in the piping system and
construct a mathematical model for the structural response
analyses which adcquately represents the dynamic and potental
nonlinear stiffness characteristics of the system. The methods
used in determining the potential break location(s) are discuss-
ed in Refercnce 2.01, and the mathematical model for these
studies is discussed extensively in Section 4. 4 below.



b. Determine pressure and momentum time historics following pipe
rupture for the postulated brecak casec(s) determined in a., above.
From the pressure and momentum transients throughout the
piping, calculate total forcec time historics at all directionchanges
in the system. In general, the forcc 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 Scction 3.2 bclow.

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. Perform nonlinear, inelastic, time history analyses on the mathe-
matical model of a. above, for the shock loads determined in b.,
using the restraint properties and locations determined in ¢. From
the results of the response analyses, check the acceptance criteria
for overall system response. The criteria used in these studies
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 rcstraint, support systam and load-carrying struc-
ture may be included in the analyses, if it is considerced that significant dyna-
mic response coupling may exist between the piping and the support system, or
if inelastic design of the load-carrying structurc is warranted. However, the
maximum 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 dctermining blowdown force time histories and system
response are presented in Sections 4.2 and 4.5 below.



3.2 Evaluation of Shock Loading

The time historics of pressurc and momentum transicnts throughout the
piping following a circumfercntial break were evaluated using Program RELAP3,
developed by Idaho Nuclear Corporation (Reference 3.01), for the calculation of
transient flow conditions in primary reactor piping systems of arbitrary geo-
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 conditons of the steam throughout the system at uniform
time intervals. Pipe friction cffects 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 analyvses.

Discussions of the blowdown analyses and results are presented 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 subject-
ed to ume-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 mathematical model of the piping system was constructed for response
computation. The model consisted of lumped masses connected by massless ele-
ments, with a sufficient number of mass points specified to enable an accurate
evaluation of the dynamic response to be obtained. Nonlinear force-deformation
characteristics were specified for the pipe and rupture restraint, as well as the
initial clearance betwecen 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 B31.1 Power Piping Code.




The structural properties of the complete system were asscmbled by the
Direct Stiffness Method, and the time histories of response were computed by
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 applicd at the end of each time step to ensure that dynamic
equilibrium was continually satsfied.

Shock loading of the system was represented by sets of ime-varying
concentrated forces appliced at the break location and all direction changes of
the piping system, as discussecd 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 criterion discussed in
Section 4. 1.



4.0 DISCUSSION OF ANALYSTS

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 thc 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 unnecessarily 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 thc plant. The Emergency Condenser piping was
selected for study, and was considered to be representative 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 thec inside-containment portion of the plant.

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

The assumptions 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.



4.1 Assumptions and Reference Information

The piping gecometry, pipe schedules and material types were obtained
from References 1.01.03 through 1.01. 12 and Refercnce 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 assumptions 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 maximum 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.

¢. 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 restraintsor 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



4.1.2

causec a large change in the effective cross section geometry of
the pipe. As steady-stat= 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 vielding of any
components, which could result in secondary material failures.
Assumption d., ensures that pipe rupture does not causc failure
or loss of function of surrounding systems due to pipe whip im-
pact.

Development of Material Properties

The Emergency Condenser piping consists of A312 TP316 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 4.0l 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. /in. °, 15, 000 1lbs. /in. 3 and
30, 000 1bs. /in. 3, respectively (Reference 4.01)., The elastic
limit and ultimate strength of the material were assumed to be
30, 000 psi and 70, 000 psi, respectively (Reference 5.0l), The
above criteria were used to construct the idealized curve of
Figure 4. This information 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 bc 40-50
percent for both the piping and rupture restraint. This requires
that the maximum 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, unloading from the inelastic region occurs along the
elastic line for the appropriate material.

-10-




Yiclding of the pipe was defined in terms of the two principal bend-
ing moments and torsional moment at each time step, as iollows:

M 2 M 2 M 2
MlY MZY MTY
in which M1 and M are the two principal bending mo-
ments and torsmn;ﬁ 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 Blowdown Analyses

The typical circumferential break case selected for study was obtained
from Reference 2.01. The postulated break was assumed to occur at the end
of elbow FW-3561 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 werc accurately
known, two cases were considerad for analysis, in order to determine the sensi-
tivity of blowdown force time histories to the assumed initial volume of steam:

-11-



The first casc considered the reactor vesscel to be a finite reservoir contawming
5,000 cubic feet of saturated vapor at 1, 100 psia. This was considcred to be
representative of a lower bound volume of steam. The second case considered
the reactor vessel as an essentially infinite reservoir containing saturated
vapor at 1,100 psia. The resuits of these analyses, and a discussion of the
typical blowdown phenomena are presented in the next section.

4.3 Results of Blowdown Analyses

Analyses were performed to determine time histories of pressure and
momentum throughout the piping following an instantaneous circumferental
break. The pressure and momentumn transients were then combined to produce
total force time histories in the systermn. Total force time histories at two loca-
tons 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 65-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 propagatcs
through the piping and is reflected from the reactor reservoir as a pressure in-
crease. As steady-state flow is 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 responsc 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.

-12-



4.4 Mathematical Model

A mathematcal model of the Emergency Condenser system for use in the
structural responsc analyses was constructed consisting of lumped masses con-
nected by massless pipe elements. 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 5, and the geometry,
pipe schedules and material types were obtained from References 1.01.03
through 1.01. 12 and Reference 2. 0l.

The structural propertices 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 B31. 1 Power
Piping Code specifications. For purposes of analysis the connection of the 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 Gencral Electric Company (Reference 4.01),
shown schematically in Figure 6. This restraint type was selected because its
structural propertics 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 cifective clearance
between pipc wall and restraint is 3. 1 inches, as it was assumed in the analyses
that the restraint does not exert significant forces on the pipe while deforming
from the initial contact with the pipe to the fully-developed contact length 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 insulatdon material will offer negligible resis-
tance to pipe movement. The insulation properties and "compressed” thickness
can be considered in the analyses, but for most insulation types it was considered
that these will have a negligible effect on the assumed clearance and dynamic
response of the system. In gcneral, it is desirable to maintain the smallest



restraint clcarances which will permit free movement of the pipe under other
types of loading, in order to minimize the impact forces caused by accclera-
tion of the whipping pipe through the restraint gap.

4.5 Analyscs Performed

Dynamic, nonlinear, time history analyses were performed on the
mathematical modcl of Figure 5, using the blowdown force time histories dis-
cussed in Section 4.3 above. The final rupture restraint location is indicated
in Figure S and the final restraint dimensions and properties used in the analy-
ses are discussed in Scction 4.4. The analyses were performed by direct
integration of the dynamic equilibrium equations tor the systcm. The time
step for integration was chosen to be sufficiently small to accurately resolve
responsc frequencics 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
responsc of straight runs of piping associated with the time-varying unbalanced
axial forcces.

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 U-bar, with "lower bound” material
damping.

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

Casc 3: One and onc-quarter-inch diameter U-bar, with "upper
bound" material damping.

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

Time history analyses were also performed 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 biological shield wall. However,
it was found that the allowable 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.

-14-



Following the dynamic response analyses and evaluation of restraint size
and location, design details werce developed for a support structurc adequate to
withstand the maximum dynamic loads,and transmit the 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 structure. The development of the details of the restraint structure,
together with the results of the nonlinear response analyses, are discussed in
Section 3.0.

-15-



5.0 DISCUSSION OF RESULTS

The dynamic response analyses of the Emergency Condenser system were
performed for a duration of loading sufficient to ensure that both the rapid initial
blowdown force variations and the development of steady-state blowdown forces
were included in the analyses. [t was found that the maximum dynamic response
of the systemn was achieved very rapidly following pipe rupture. Although steady-
state structural response of the systemn 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 in 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 theanaly-
sis cases considered is approximately nine (9) milliseconds.

It was found 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 40 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 ncar the break. It should be noted
that the resultant moment associated with first yiclding of the pipe is approximate-
ly 113 foot-kips. Time histories of the two principal bending moments at the
reactor vessel conncction are shown in Figure 8, for Case 1 of Section 4.5 above.
Following initial yielding, the response near the reactor vessel 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 corresponding 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 shortly
after impact.

-16-



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 propagatc through the piping. Resultant bending moment en-
velopes are presented in Figures 10 and 11, showing the maximum combined
bending moments in the system at 15 and 35 milliseconds, respectively. 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 aine
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 clongation of approximately
threc and one-half inches. Subsequent unloading 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 absorptdon resulting from inelastic deformation. The sub-
sequent unloading and loading cycles shown in the figure are, in general,
governed by the dvnamic 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
deformation 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 extcnsion 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
U-bar dimensions assumed in the analyses, this correspoands to a maximum
uniform 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 movemcnt at the restraint of approximately six and one-half in-
ches, as the effective clearanceprior 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 S) 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 time 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 Case3
is approximately 1.5 dmes stiffer than theone-inch diameter bar of Case 1, with
a correspondingly higher elastic range. As shown by the force time histories,
the stiffer restraint allows higher impact forces to be developed over a shorter
time interval, as the stiff restraint 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 the 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 stiffer 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 discusscd in Section 4. 1. 1, yielding of the pipe at the
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restraint is not permitted, 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 bec noted that, in general, the use of smaller bar diameters
will result in lower restraint forces following tmpact, 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 pipc 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 for the high-energy piping systems in the plant.

It should be noted that the restraint structvre 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



provide adequatc 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 shown in Figures 15 and 16 would require permanent removal of
the insulation on the recactor vessel where the restraint structure is located, as
the clearance betwcen 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 suimmmarized 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
locatdon.

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 regard to both the space necessary for the re-
straints themselves and/or the space necessary for construction.

The conclusions and recommmendations developed from these analyses

regarding the fcasibility of providing rupture restraints for the piping of the
Oyster Creck plant are presented in Section 6.(), below.
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6.0 CONCLUSIONS

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

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

1. For the systemn selected for study, the response of the system
could be maintained within acccptable design limits by utilizing
the energy absorbing capabilities of the piping and restraint. [t
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 the design of other restraint systems for the high-
energy piping inside containment, and that the cost and level of
effort required to obtain acceptable designs 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 structure required is massive,
indicating that the 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 restraint 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 attachment of the restraint systems.
In the case of the larger piping systems, for example, the
shield wall is the only viable load-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
certain required inspections may not be possible.

From the above conclusions, it is recommended that a surveillance program
be instituted in lieu of the use of rupture restraints as a means of protecting against
postulated pipe failures. It is recommended that rupture restraints be considered
only for certain small lines, two inches and under, where load-carrying structures
are readily accessible.
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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 Sdffness Method, with
step-by-step solution of the coupled equilibrium cquations using a constant
average acceleration assumption. 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
contnually satisfied. The analysis also includes viscous damping effects.
A static analysis for gravity, thcrmal and pressurc 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 program 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
programs for elastic analyses.



FIGURES



El. 90'-0"

Reactor Vessel

| 10°-30"

FIGURE 1: EMERGENCY CONDENSER PIPING
INSIDE CONTAINMENT

L

°U SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




Select System and
Identify Break Locations

| 1

V4 Y
Construct Mathematical Determine Blowdown Force Time
Model Histories for Postulated Break at

System Control Points

Select Restraint Locadons
and Determine Restraint

Characteristics
Perform Nonlinear
Time History Analyses
allowables
exceeded
/ Check Restraint Strains
o e e e ———— i

T—— Check Pipe Strains and
~4 Displacements Near
Restraint Locations

allowables not exceeded

Final Restraint Design

FIGURE 2: GENERAL ANALYTICAL PROCEDURE

OYSTER CREEK NUCLEAR PLANT
.PU SERVICE CORPORATION
NONLINEAR PIPE WHIP ANALYSES




100

! | H !
| | ||
//V Location n%ar Reactor Vessel |
' | | |

LI

Locatlon near break |

2 | i : f |
= E | ' j |
g i | | !
s ) | : ! |
u‘ 40 . ‘f —-— f-——--— ;__ —_— - .41 —_—— e ———
: : | |
I .
. ' 1 ! R
: : |
@ ; | .
20 : ; T R
! ! |L 1 ! _
! | .
X ! :
. ! '
| f i (
A N -
A 2 i
0 10 20 < 30 40 0

FIGURE 3:

Time (milliseconds)

TYPICAL FLUID FORCE TIME HISTORIES
FOLLOWING RUPTURE

GPU SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




—

STRESS KSI

100.

80.

60.

20.

! //”’——
L /
4 )
. 001 . 002 /\' .1 .2 .3 .4 ed
STRAIN IN/IN

FIGURE 4:

IDEALIZED STRESS-STRAIN
PROPERTIES FOR STAINLESS STEEL

4PU SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




Reactor Vessel
Connection

YA X
27 28 29 o Break Location
Le yend
26 14

- M i
\Rupture Restraint ®9 ass point number

Location (X Direction)
25 +

24

23 FIGURE 5: ISOMETRIC OF MATHEMATICAL MODEL
EMERGENCY CONDENSER SYSTEM

REACTOR TO NEO 1-A

-

GPU SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




]

INSULATION

CLEARANCE

LENGTH

U-BAR

N

b. -

~—1 —

X ¢ .
7_;&7 BEFORE BREAK é$

AFTER BRTAK

C.

FIGURE 6: U-BAR RESTRAINT

U SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




Force (kips)

160| -

120

o I

o [

1.0

2.0

3.0

Extenslon (Inches)

4.0

OF ONE-INCH DIAMETER U-BAR

FIGURE 1: TYPICAL FORCE EXTENSION CHARACTERISTICS

6.0

GPU SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




/L/ Bendinp about veftical axis
60
Bending about
) / hofizontal axis
40 ; A
1
| ‘\
| /
20 [ \+
| v
I
I
Jl
0 rg
\ \ /’-'P’
\ ,/
- ‘~ j
S .20 ! {
a \
3, \ 8 |
..' . A
S \ \
] -40 A 8 +
Q \ ' \
= . RN |
\‘ ’yxeld l )\ ' yield ‘
|
-60 -
‘ i
\ I
\ !
\
-80 + ;‘
\ |
\ !
)
-100 A |
\
|
L‘-“"f’
10 20 30 40 50 60

Time (milliseconds)

FIGURE 8: TIME HISTORIES OF BENDING MOMENT
AT REACTOR VESSEL CONNECTION

OYSTER CREEK NUCLEAR PLANT
PU SERVICE CORPORATION
NONLINEAR PIPE WHIP ANALYSES




80 al

. A\
. |

50 u
g
.Q-
2 40
=
[¥]
£
Q
= 30

0 \

10 /
: 3

5 10 15 20 25

Time (milliseconds)

FIGURE 9: TIME HISTORY OF MAXIMUM BENDING MOMENT
AT RUPTURE RESTRAINT LOCATION

OYSTER CREEK NUCLEAR PLANT
sPU SERVICE CORPORATION

NONLINEAR PIPE WHIP ANALYSES




Y 112. 4 kip- fr.

S

Connection at
Reactor

\Rupture Restraint

Location

99. 4 kip-fr. J
FIGURE 10: RESULTANT BENDING MOMENT
ENVELOPE AT 15 MILLISECONDS

OYSTER CREEK NUCLEAR PLANT

GPU SERVICE CORPORATION
NONLINEAR PIPE WHIP ANALYSES




39.8 kip-t. S

A

\ Rupture Restraint

L.ocation

114. 3 kip- ft.

Connection at
Reactor

FIGURE 11: RESULTANT BENDING MOMENT -
ENVELOPE AT 35 MILLISECONDS

84.5 kip- ft.

GPU SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




120

Lpwer bounil system damping (Gase 1)
- \/
100f L

y _
q p q P \ P UH)per boun{l system damping (Casc P)
, :
) ) / ﬂ
80 n / Y Jed f\ )
i 4 1M NA
v

%60 | - J | [‘\ [L\ nNnal,
T AR
y

10 20 30 40 50 60 70 80 90
Time (milliseconds)

FIGURE 12: TIME HISTORY OF RUPTURE RESTRAINT FORCE
CASES 1 & 2

OYSTER CREEK NUCLEAR PLANT

GPU SERVICE CORPORATION
NONLINEAR PIPE WHIP ANALYSES




/\w-—v
3.0
2.5
-~ 2.0
2]
Q
=
Q
2
=]
=}
E 1' 5 p—
=
Q
— %
25
1. 0 —
0.5
Y 1o 15 20 25 30
Time (milliseconds)
FIGURE 13: TIME HISTORY OF RUPTURE RESTRAINT EXTENSION

——

‘ OYSTER CREEK NUCLEAR PLANT
PU SERVICE CORPORATION

I NONLINEAR PIPE WHIP ANALYSES




) . 14"¢ Bar {Case 3)
/‘\/’ s
140
. 1”@ Bar (Case 1)
A1
|
120 imm
A |
B N
I l' | q: n
] ;
100 l ‘ 1 : 4
' “ " f\\ o) ,'\‘ I} -
4 I M INEIERIE R TR N
: 80 ! F i y \1 ! \ I,
0 y il 1]y ] ‘ \ i
& J 7 ' ) TR E vy [V
) l Sl MR ERIVEHE
y ’ A YR R L
¢ « LR M M Y
! il i U J
L’l i | U
b1l L)
R 1
40 ot
v
Ny u L J
20
10 20 30 40 50 60

Time (inilliseconds)

FIGURE 14: TIME HISTORY OF RUPTURE RESTRAINT FORCE
CASES 1 & 3

OYSTER CREEK NUCLEAR PLANT
3PU SERVICE CORPORATION

NONLINEAR PIPE WHIP ANALYSES




U- BAR

WT 7 x1//8.5ca so&

RUPTURE RESTQAIN\

%
(,,\
Q%L
R
RS
» 3
Z

€4. S/0&

éﬂ7 {ryr

widx /67
(mMIN.)

\

9

/' Bk B 2°0% a3

YR

W/ 1" 6ROUT |

Six 1"g BoLrs m, —
2'9x 10YHoLes 06
W/EPOXY GROUT FI

’L'bn'?s fé X

%4/61«7
@—-&-(é T

y

o

YR

3

S-0"SQUARE

7-2/% /

WEx67

"EIGHT-213 PoLTS IN
5@ HOLES @ I15"0.c.

FILL w/Eroxy GRouT

L'STIFF /s, Tve

wigdTo

278k & x 310"5Q. w/
STIFE RBs 1'%6" AND
1'érour mAse

FIGURE 15: RUPTURE RESTRAINT FRAME (ELEVATION)

BIOLOG/CAL SHIELD wdll
“TOP OF wAaLL EL, 822"

GPU SERVICE CORPORATION

OYSTER CREEK NUCLEAR PLANT

NONLINEAR PIPE WHIP ANALYSES




L ¢ REACTOR
h .

VESSEL WALL w/ INSULATION
REMOVED @ W& vCRT

_RUPTURE RESTRAINT
TFRAME - SEE ELEYAT/ON

, . 27 VARIES SHIELD waLL
SIX-1'E DRILLED € , EL82Z" 4"

QROUTED AP, /[ wa /
THREE EA. SIDE N 2

VSN
X )

1'rke.
WT? 8race oruce

S/DE L/O7T SHOowWA)
U B2 RESTRANT

il
(v ! k
Tl EL 688.9"
WI¢ Ay . /({
[o-30 ~CONTAINMENT

o

(&L 8g.4

~\

X-3A

FIGURE 16: RUPTURE RESTRAINT FRAME
(LOCATION PLAN)

OYSTER CREEK NUCLEAR PLANT
GPU SERVICE CORPORATION
NONLINEAR PIPE WHIP ANALYSES




OCNGS
FSAR UPDATE

APPENDIX 3.6B

ANALYSIS OF PIPE BREAKS
INSIDE CONTAINMENT

Rev. O
12/84



JERSEY CENTRAL POWER & LIGHT COMPANY

OYSTER CREEK
NUCLEAR GENERATING STATION

ANALYSIS OF PIPE BREAKS

INSIDE CONTAINMENT

June, 1974



JERSEY CENTRAL POWER & LIGHT COMPANY

OYSTER CREEK NUCLEAR GENERATING STATION

ANALYSIS OF PIPE BREAKS INSIDE CONTAINMENT

Table of Contents

1.0 Introduction and Scope of Work

2.0 Determination of Pipe Break Locations
3.0 Interaction Analysis

4.0 Pipe Whip Protection Program

5.0 Conclusion

Appendix A Calculation of Allowable Stresses
Appendix B Break Locations Isometrics

Appendix C Interaction Evaluation Matrices



1.0 INTRODUCTION AND SCOPE OF WORK

The following is 8 summary description of the pipe whip failure analysis inside con-
tuinment performed in support of the Oyster Creek Nuclear Generating Station desiym.

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 I[nsidc
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 restraint
that has gone into the plastic range) for the failed pipe system. The results of the
sccond task are reported separately in response to AEC Question 2. a.



2.0 DETERMINATION Of PIPE BREAK LOCATIONS

In accordance with the requirements of USAEC Regulatory Guide 1. 46, "Protcction
Against Pipe Whip Inside Containment”, the following criteria were used to determinc
potential pipe break locations inside containment on the Oyster Creek Nuclear Plant.

2.1 Systems Analyzed

Any system inside containment greater than l-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 200°F
Design Pressure 275 PSIG

All other systems were considered as not having sufficient energy to require pipe
whip consideration.

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
Recirculadon Bypass

Control Rod Drive Hydraulic Return
Reactor Vessel Vent Line
Reactor Vessel Drain Line

2.2 Break Locadon Criteria

IFor 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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d. Terminal Ends

b. 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 0. 8
(S + 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 condidons 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:

Gravity Stress 1500 psi or as calculated

plus Pressure Stress - Per B31.1.0

plus Seismic Stress - Maximum Value from Seismic Stress
) Reports furnished by GE and B&R

plus Thermal Stress - 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 E 8 (S5y + Su )] for the material. Breaks were than postu-
lated at all terminal ends (regardless of stress), at all points exceeding .8 (S, + Sy),
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 break locations are indicated on the isometric drawings provided in
Appendix "B” to this report.

4=



3.0 INTERACTION ANALYSIS

The purpose of this section of the report is to describe the analysis of the ¢ffects
of pipe whip and jet impingement resulting from postulated pipe breaks identified
in Section 2.0 of this report in accordance with the requirements of USAEC Reg-

ulatory 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 Postulated 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 about
some point in the line. Table 3-1 of this report lists each svs-
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-1, In-
teraction Evaluation.



3.1.3 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 locatdon 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 divergence of thirty degrees (30°).

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.
3.1.4 Breaks at Penetraton 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.

3.1.5 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 of inter-
action with whipping pipe and jet impingement

3.1.6 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 have 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




A steam jet was considered to have sufficient energy to
cause damage to:

a. Electric cable trays
b. Electric motor operators

Reports prepared by MPR Associates, Inc. (Report No.

MPR-285, May 7, 1971) and Burns and Roe, Inc. (Pene-
tradon 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 interaction.
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.

3.2 Interaction Matrix

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

Interactions were defined as follows:

a. Acceptable

b. Unacceptable

C. No Interactdon

- 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.

-7-



TABLE 3-1

PIPING SYSTEMS AND ENERGY RESERVOIRS

System Energy Reservoir
Emergency Condenser Reactor Vessel |
Core Spray Reactor Vessel
Reactor Cleanup Reactor Vessel
Shutdownt Cooling Reactor Vessel
Liquid Poison Reactor Vessel
Reactor Vessel Head Cooling Reactor Vessel
Reactor Recirculation Loop Reactor Vessel
Reactor Recirculaton Bypass Reactlor Vessel
Control Rod Drive Hydraulic Return Reacror Vessel
Main Steam Reactor Vessel and Main

Steam System Qutside
Containment

Feedwater Reactor Vessel and Feed-
water System Outside
Containment

Reactor Vessel Vent Reactor Vessel

Reactor Vessel Drain Reactor Vessel




TABLE 3-2

SUMMARY INTERACTION EVALUATION MATRIX

SYSTEM TARGET i
_ System_ 1ISO Containment | Piping | [lectrical
Emergency Condenser
NEQ1-B 10" NE-5 B-1 N A N
Emergency Condenser
NEQO1-A 10" NE-5 B-2 N A N
Emergency Condenser
‘NEO1-B 10" NE-2 B-3 N A U
Emergency Condenser
NEO1-A 10" NE-2 B-4 N A U
Core Spray (South)
8" NZ-3 B-5 U N N
Core Spray (Norih)
8" NZ-3 B-6 N A N
Main Steam (South)
24" MS B-7 ] U U
Meain Steam (North)
24" MS B~7 U 8] U
Reactor Cleanup
6" ND-10 8- 8 N A U
Reactor Cleanup
6" ND-1 B-9 N A N
Shutdown Cooling
14" NU-1, NU-4 B-10 N A U
Shutdown Cooling
14" NU-2, NU-3 B-11 N N U
Feedwater (South)
10" RF-2 B~12 N U N
Feedwater (South)
18" RF-2 B-12 8] A 9]
Feedwater (North)
10" RF-2 B-12 N U U
Feedwater (North)
18" RF-2 B-12 U N 8]
Liquid Poison
1.5" NP-2 B-13 u A N
Reactor Vessel Head Cooling
2" RHC-2 B-14. N N N
Reactor Recirculadon
(Loops A, B, C, D, E) B-15 U U U
Reactor Recirculatdon
(Bypass A, B, C, D, E) .| B-16 N N U
Control Rod Drive Hydraulic Return '
3" NC-4, NC-2 B-17 U N U

LEGEND u -

A
N -

Unacceptable Interaction (Damage Possible)
Acceptable Interacton (Damage not Possible)

No Interaction
' .9-




UNACCEPTABLE INTERACTIONS

TABLE 3-3

System ISO Number Break Poiut Number
Emergency Condenser

NEO1-B 10" NE-2 B-3 1
Emergency Condenser

NEO1l-A 10" NE-2 B-4 1
Core Spray (South)

8" NZ-3 B-5 2, 3
Main Steam (South)

24" MS B-7 1, 2,3
Main Steam (North)

24" MS B-7 1, 2, 3
Reactor Cleanup

6" ND-10 B-8 1, 2, 3, 4,5
Shutdown Cooling

14" NU-1, NU-4 B-10 1
Shutdown Cooling

14" NU-2, NU-3 B-11 1
Feedwater (South)

10" RF-2 B-12 1, 2, 3, 4, 8, 9
Fceedwater (South)

18" RF-2 B-12 5 0, 7, 12
Feedwater (North)

10" RF-2 B-12 1, 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

Loop D B-16 2
Control Rod Drive Hydraulic
Return

3" NC-4, NC-2 B-17 2,3

-]10-




4.0 PIPE WHIP PROTECTION PROGRAM

I'his secdon of the report describes the program recommendced for protecton
against pipe failure inside containment and, further, cvaluates cach postulated
break locaton for incorporation into that program.

4.1 Feasibility Evaluation of Protecdon Methods

The methods of failure protection evaluated were inservice inspection and surveil-
lance, design and installation of rupture restraints, and installation of barriers.

4.1.1 Installadon of Rupture Restraints

Based upon review of plant drawings and sevcral site visits
during periods of plant outage, it was deterinined, for rcasons
enumerated below, that installation of rupture restraints is
unfeasible and does not offer a practicable solution to the prob-
lem of protection against the effects of pipe whip due to brecaks
at the postulated locations.

. a. The drywell ares around the break location js too con-
gested to allow for installation of a resiraint structure,
thus necessitating temporary removal of existing struc-
tures, equipmernt and piping systems.

b. Installaden of restraints would require rerouting of
piping systems and relocation of existing equipment.

c. The restraint structure would interfere with normal
maintenanc: or repeir of existing equipment.

d. The restraint structure would hinder inscrvice inspection
of piping system welds.

e. Adequate rupture load carrying structures are not avail-
able or accessible.

f. Installation of the restraints would result in high personne!
radiaton exposure. -

4.1.2 Installadon of Barriers
Installadon of barriers for protection against pipe whip and jet

impingement was considered unfeasible for reasons of conges-
tion and lack of adequate support structures.

-11-



TABLE 4-1

PERCENT OF ALLOWABLE PIPE WHIP STRESS

.8 (S,

h

S

A

)

sttern

Emergency Condenser
(Reactor to NEO]-B)

Emergency Condenser
{Reactor to NEO1-A)

Emergency Condenser
(NEO1-B to Reactor)

Emergency Condenser
{NEQO1l-A to Reactor)

Core Spray (South)
Core Spray (North)
Main Steam (Both Lines)

Reactor Cleanup
(Return to Recirc.)

Reactor Cleanup
(Discharge from Recirc.)

Shutdown Cooling
(Discharge from Recirc.)

Shutdown Cooling
(Return to Recire.)

Feedwater (Both Lines)
Liquid Poison

Reactor Vessel Head
Cooling

Percent of Allowable

-=30 30-39 40-49
0 0 0
0 o 0
0 0 1
G 0 1
0 0] 0
0] 0] 0]
2 0 4
c 0] 0
0 0 0
0 2 2
0 1 0
8 16 0
0 0 0
0 0 0

he]

1o
i
v!/
3

S

»2

¢

0

()

e

@]

.v.J
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TABLE 4-2

BREAK POINTS REQUIRING ADDITIONAT. SURVEILLANCE

— —

e = e

Return

System ISO Number Break I’oint Number
Core Spray (South)
8" NZ-2 B-5 2, 3
Mcin Steam (South)
24" MS B-7 2
Main Steam (North)
24" MS B-7 2
Reactor Cleanup
6" ND-10 B-8 1, 2, 3, 4,5
Liquid Poison
1.5 NP-2 B-13 2
Reactor Recirculation Bypass
Loop D B-16 2
Control Rod Drive Hydraulic
3" NC-4, NC-2 B-17 2, 3
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5.0 CONCLUSION
The preceding report has served to:

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

b. Evaluate damage potential due to postulated 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 total 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

CALCULATION OF ALLOWABLE STRESS




APPENDIX "A"

CALCULATION OFF ALLOWABLE STRESS

PROBLEM

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

EQUATIONS

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

2 SA = 1.25 SC + 0.25 Sh -
from USAS B31.1.0, Para. 102.3.2.(¢c)
Sc = Material allowable stress at cold conditon (7001:)
S, = Material allowable stress at hot condition (373°F)

Carbon Steel Systems - Allowable Stress Calculation

sttems Material

Main Steam A-106 Grade C
Feedwater A-106 Grade C
Shutdown Cooling A-106 Grade C

a. S, @ 70°F =5, @ 575°F = 17,500 psi -
from USAS B31.1.0, Appendix A,
Tables A-1 and A-2

b. Substituting these values into Equadon 2. above and solving for
Sp in terms of Sy:

S

A 1.25 Sy + 0.25 Sh

SA = 1.5 Sh



Appendix "A" (Continued)
b. Substituting these values into Equadon 2. above:

SA

"

1,25 (18,750) + 0.25 (17,125)

Sa 27,718 psi

C. Subsd tuting this value into Equation 1. above:

Allowable Stress 0.8 (Sh + SA) psi

0.8 (17,125 + 27,718) psi

Allowable Stress 35,784 psi
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Break point locatons are referenced by the nearest field weld or shop weld number

as applicable.

Figure
Number

APPENDIX B

ISOMETRIC DRAWINGS

List of Drawings

Des crigtion

Emergency Condenser System (Reactor to NEQ1-B)
Emergency Condenser System (Reactor to NEO1-A)
Emergency Condenser System (NEO1-B to Reactor)
Emergency Condenser System (NEOl-A to Reactor)
Core Spray System (South Side)

Core Spray System (North Side)

Main Steam System (North and South)

Reactor Cleanup System (ND-10)

Reactor Cleanup System (ND-1)

Shutdown Cooling System (NU-1 & 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 Recirculatdon System (Loop Piping)
Reactor Recirculation System (Bypass Piping)
Control Rod Drive System (NC-4 & NC-2)




Il,s"T
( ) - -
6‘,‘,93’
L
REEFAK FOINTS <
<§;k$>%¥
L= FW=5552 GRGQO/V;
s
2-MID-ARC OF ELBOW .
3-FW-555¢4
- SW-AV-2
5y 6 TR
Oole s/ef1y
\‘-

EMERGENC Y CONDENSER SYSTEM  (RercTor To NEOI-B)

10" NE-5, S5-A312 TP316, De.ign - P-1250 psig, T-515°F

Figure B-l



Jr25) 257 [res]

BREAK POINTS _
L-Fw-5559 o

<,%\”’<°
2- MiD- ARC OF ELBOW I
5-FW-556l ’V%
4-Sw-AV-¢4

6 TR
Dite s/elry

EMERGENCY CONDENSER SYSTEM (ReacTor 7o NEOI-A)

IL" NE-S, S5-A3/12 TP3le, Desiqn -P-1250psiq, T-5T5°F

Figure B-2




I-FW-5673
2-SW-NE-2-1-]
3-MI/D-ARC OF ELBOW
¥Y-Fly-5541 A

N
w
~N
[\a}

~N

\
e

sil'yg

/18 <<
s
7

\

N AN

\

sz 24

EMERGENCY CONDENSER SYSTEM  (NEOI-B 7o ReacTor)

10" NE-2 , 5S-A3J2 TP 316, Design - P-1250ps\q , T- 575 °F

Figure B-3




/
|- FW-5580

2-SW-NE-2-/8-1

2-MI0-ARC OF ELBOW

Y-FW-5573

.o W5l

e > 25)

V-1¥%- 36

EMERGENCY CONDENSER SYSTEM (WEOI-A To ReaTor)

10"NE-2, §5-A312TP3I6, Design P-1250psg,T-575°F

G TR
Te £/¢/74

Figure B-4



y
BREAK POINTS }/k
Main line Branch [ine

S

| -FW-5933 S-SW-N2-3-2-]
2-FW-593/ b-SW-NZ-3-32
3- FWw-5928 7-SW-NZz-3-3-3
$-Sw-vz-3-2-2 8§-SW-N&-3-3-4

ft 5o
o

A

D

9-FW-59294
N D - F-£929

TA - FW-5%30

12- SW-NZ-3-4-2

@ /5720757

13- SW-NZ'3- 4-3 <
N

Chﬂt5§090f|
REY. 1

CORE SPRAY SYSTEM (SOUTH S$10E)

B"NZ-3, $5-A312 TP 3l6, Design P-1250psi9, T -515°F

Figure B-5



e

o~ FiW-5946A

.0

l-Fip/-59468

CORE SPRAY SYSTEM (NORTH SJDE)
8"NE&-3 SS-A312-TP 2je, Dgsgn P-IZSDstJ, T-515°F

P
>§>/ RREAK POINTS
Main | ine Branch line
| -FW-5949 5-SW-NZ-3-/0-2
2-MID-ARC OFELBOW b~ FiW-59458
<O 5 Fu-5947 7- FW-£945 A
r:(\0‘1;& ol 4-SW-NZ-3-9-3 8-FW-5945 |
'\'Dfi ) k254 & | 19.75" AR

%

- 5.TR
fe: 5/o/74

Figure B-6



Seuth loan

- FWw-/00L
L-Siv -ll62
3-FW - 1006

4- Sy -1376

Y
N I ! z -
FW -/001
SW-11el
FW-1005
C%€
S5 Vg
o - '96‘4
C)é?
v
7
VI
g
i
|
©
M
o
By 6 7R
lei 6/@/75A
REY £
MAIN STEAM SYSTEM (North ard Seuth)

24" MS_ CS- AIO6 GRC, Desion- R /250 ps.
¢ e 7‘-51;'355;

Figure B-7




I- FW-622
2-M/p-ARC OF ELBOW
3-Fly-643

4- SW-ND-/0-2-A
5- SW-ND-/0- 2-A

6- MID-ARC OF ELBOW
7- FW-625 5
B- FW-626

I- MiD-ARC OF ELBOW

10~ Fi/- 626A |
I~ Fl -6 34 v
~ |
|
. %
<., L
| P RN
T C S a
| Gesf"c,:b,p
NG
¥ / “
B ey T:Q
"4 Dife-‘ &/1q7¢
4 Rev.i
z

RX CLEAN UP SYSTEM

6" ND-10, S5-A3/2 TP 3lb, Design P-j250 pug, T-515°F

Figure B-8




I-Fw-396
2-SW-ND-1-/-8
3- SwW-ND-/-1-A

¥-M1D.-ARC OF ELBowW -
5- Flw/-397
b-Flv-397-A
y .l
|2*
&

RX CLEANUP SYSTEM
€” ND-/, SS-A312 TP3ib, Design P-1250 psiq, T-575°F

Figure B-%




/O
I-FW-5672 €
2- SW/-NU-1-2-2 T “, .
3 SW-AU-1-2-2 i R
4= Sty-Au-1-4-2 3
-
By: & TR
Dife - S/o/7¢
SHUTDOWN COOLING SYSTEM -
14" NU-/,CS- AIb6 GRC, Design P- 1250 psig, T-S15°F »

14" NU-%,SS- A312 TP 36, Design P.ias0 P3ig., T- S35 °F

Figure B-10




1

-

X

ks

Y

r

“®

l:

¥
1-Fw-5701
2- Sw-NU-2-19-3
3- Fw-5704
% Fw-5706

SHUTDOWN CDOLING SYSTEM

“NU-2, CS-Al06 GRC, Dessn P-i1250 519, T-575 F
14" NU - 3 SS-A3I2 TP 36, De,soin P- IlSOPs;J,T 515°F

(G TR
8

lale’ 5/'@/7'1’

Figure B-11




I-FW-1278 8- FW -126% |- FwW-/287 8- FW-1283

2-SW-1007 9- Sw-lor3 | 2- SW-1022 9- S /028

3-FW-1210 10- SW=10)2 3- FW-128% 10-SW=1027

Y- SW-1476 N=Fw =-/267 $-SW-1417 N-Fu/- 1281

S-Sw-/172A S-Sw-1113 A

‘ By: GTR

C-FW-1263 6-FW -1277 Date L{10f74]
Rev- 1

T-5W 134 7-5W-1576 -

FEEDWATER SYSTEM (NortR and South)
10" and 18" RF-2 | CS-A106 GRC, Design P-1250 psig

’ - 575 °F

Figure B-12



PENETRAT/ION
EL B175

3
—

BREAK PQINTS ‘
|-FW-1685 |

2-FW-1674
3-MID-ARC OF ELBOW
Y4-Fw-/673

S-SW-NP-2-A

GTR
T<~Q]|ohq
Rev-1

LIQUID POISON SYSTEM

12" NP-2, 5 -A32TP 316, Design P-1250 psig, T-575°F

Figure B-13




| BREAK PDINTS
| I-RHC 2 TL 40
2-h %
-4
Y=RHC ¢ TL I

* 1"CROSS CONNECT LINE TO WEAD
NVENT LINE \S EXCLUDED.

* % BREAK POINTS 243 NOW ENVELOP
THE TEE AREA MOD\FIED BY '
ECR¥ 03-00471 REV.I.

REACTOR HEAD COOLING SYSTEM

2" RHC2 , $5-A312TP 316, Design P-1250 psm, T-575 °F

Update 14

Figure B-14 10/05



* .

29 57~
B X

b« 3.25 e 5.0"—< -

REACTOR RECIRCULATION SYSTEM (7},;,‘:./ fo

26" SS -A312 TP3l6

b

) DeSIQn P-1200 Fsaj , 7T-870 °F

I- WELD AT CONNECTION AT REACTR
2-INTERMELIATE WELD
3. INTEARMEDIATE WELD

Y- WELD AT CONNECTICN AT REACTOR

6. T.R
g!rg: sfofr¢

———— — - 4

- /o?os A8, C,Dud&)

i

Figure B-15



2 0.1,
o o~ 7~
> )d.'_ < O’V :
e %od

| Shrfhe—— 75— 5]

- . o
; ~
6:%?%’6‘
< R
$ofo, 4~
BREAK POINTS

|- WELD AT CONNECTION 70 RECIRC Loop (EL 16.0")
2- WELD AT CONNECTION TD RECIRC. LOOP (EL 24.75)
3- INTERMEDIATE WELD

Y- INTERMEDIATE WELD

REACTOR RECIRCULATION SYSTEM (Typical for bypas: A,B,C,Daxl )

p , 5S-A312 TP 36 , DCS/?I\ P-/ZOOPSI?‘ T-/5°F

27

G.T.R
e 5/cfre

Figure B-16




@ >
X_ —— 1
1, “~
Ve
< ¢
( ),
Ry O
o - I X g
4
E)‘ :
O@ |

CONTROL ROD DRIVE SYSTEM

37 NC-4, SS-A3(2 TP3I6, Design P-1250ps,
3 NC 2 55-A312 TP 3¢, Dts\?n P- 1250 'ps.

BREAK POINTS

L-Fw -5bbl

2-MID-ARC OF ELEOW

3-FW- 566%

$-SW-NC-2-2-8

,T-575°F
T-57s °F

éfecéf/ﬂ*

Figure B-17



APPENDIX C

INTERACTION EVALUATION MATRICES




APPENDIX C

INTERACTION EVALUATION MATRICES

List of Matrices

sttem

Emergency Condenser

Core Spray

Main Steam

Reactor Cleanup

Shutdown Cooling

Feedwater

Liquid Poison

Reactor Vessel Head Cooling
Reactor Recirculadon (Loop Piping)
Reactor Recirculation (Bypass Piping)
Control Rod Drive Hydraulic Return

Reference C-1 Interaction Evaluation

Page
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c
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LEGEND:

U - Unacceptable [nteraction _
(Damage Possible) ?O[,JRCE‘ -
A - Acceptable Interaction S)gstem _ ‘EMERGEI\C\ COI\‘DEE\S;R _
(Damage not Possible) Line ;t% NE(%I.SB) (lt(z) \';\“gl- 3_\)
' : N - 1 -
N - No Interacton e) ™ TP
TARGET Bk. I’t. 12 3 . 2 .
Emergency NEOL-B 10" NE-5 - - - - N R A v
Condenser NEO1-A 10" NE-5 N A N N - - - _
NEQ1-B 10" NE-2 ] N N N
NEO1-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
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) !
(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 f
8" NQ-2 \ 4 [ Y
Reactor Vessel A 4 A
Biological Shield Wall N A N
Main Steam Relief Valve Discharge wV '
8" (4 lines) N
14" (2 lines)
Main Steam Safety Valve Discharge
8" (16 lines)
Containment Vessel Shell :
Electrical (Whip) \V
( lmp‘i)ngement) ¢ Y Y v v Y v Y




LECLND:
u -

Unacceptable Interacton
(Damage Possible)

SOCRCE

A - Acceptable Interaction Sj-stem EMERGENCY CONDENSER
(Namage not Possible) Line 10" NE-2 10" NE-2
N - No lnteraction (from NIO1-13) (from NEOL=A)
1SO B-3 K- 4
TARGET Bk. Pt. 12 g e T .
Emergency NEOLl-B 10" NE-5 N N N N N N N N
Condenser NEOL-A 10" NE-5 v \l, y L L l l«
NEO1-B 10" NE-2 - - - - l,
NEO1-A 10" NE-~2 N N N N - - - -
Core (South) 8" NZ-3 [ NN N
Spray (North) 8" NZ-3 l
Main (South) 24" MS
Steam (North) 24" MS
Reactor 6" ND-10
Cleanup 6" ND-1
Shutdown 14" NU-1, NU-4
Cooling 14" NU-2, NU-3
Feedwater  (South) 10" RF-2 A
(South) 18" RF-2 N v
(North) 10" RF-2 A
(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)
(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 Y
Riological Shield Wall N .
Main Steam Relief Valve Discharge
8" (4 lines) N N
14" (2 lines)
Main Steam Safety Valve Discharge
8" (16 lines)
Containment Vessel Shell ;
Electrical (Whip) r A
(Impingement) y Y ¥ " U Y Y Y




LEGEND:

- nacceptable Interaction
y (UDamagpe Possible) SOURCE
A - Acceptable [nteraction S¥stem CORE SPRAY
(Damage not Possible) Line 8" N7-3 (South)
N - No Interacton 55 —
TARGET Bk. Pt. —
Emergency NEO1-B 10" NE-5 N .
|

Condenser NEO1-A 10" NE-5
NEO1-B 10" NE-2

- lu

—~——— Z D

= |E—Z

= ) |z}

Z | ez ho

Z | |[—Z

Zlé——-—Z\}-

=z | = |

Z 4 &z |1 |

NEO1-A 10" NE-2 \
Core (South) 8" NZ-3 - - - -
Spray (North) 8" NZ-3 N N s
Main (South) 24" MS 1
Steam (North) 24" MS |
Reactor 6" ND-10 |
Cleanup 6" ND-~1 !
Shutdown 14" NU-1, 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 |
TRcactor Vessel -
Hcad Cooling 2" RHC-2 J
(Reactor (Loop A) IT
Recire. {(Loop B) 1
{Loop C) |
(Loop D) |
(Loop E) {
Reactor {Bypass A) E
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 - L 1
Biological Shield Wall ] S
Main Steam Relief Valve Discharge ' i )
8" (4 lines) | |
14" (2 lines) " } v
Main Steam Safety Valve Discharge | , : ‘ | 1 ‘
8" (16 lines) Y_Y Y Y Vv ¥ Y Y Y ¥
Containment Vessel Shell U u N N N N N Voo
Electrical  (Whip) Y N N ¥ N N N N N N u X
(Impingement) N N N N N N N N N H .‘.' -
C-3




LEGEND:

u - Ljnacceptable Interaction
(Damage lossible) SOLRGE |
A - Acceptable [nteraction S.Lstem CORE SPRAY
(Damage not Possible) Line 8" NZ-3 (North)
N - No Interacton e =z |
TARGET Bk.Pr. | 1 o - . v e 3 3 ]
Emergency NEOL-B 10" NE-5 N N N N N N N N N N '
Condenser NEOI-A 10" NE-3 '
NEQO1-B 10" NE=-2 l
NEO1-A 10" NE-2 |
Core (South) 8" NZ-3 ‘ !
Spray (North) 8" NZ-3 Y Y \_L \? ? {/ \f \{, \‘_/ \{./ Y
Main (South) 24" MS N N N N N N N N N N = ""
Steam (North) 24" MS !
Reactor 6" ND-10 |
Cleanup 6" ND-1 |
Shutdown 14" NU-1, NU-4 I
Cooling 14" NU-2, NU-3
Feedwater (South) 10" RF-2
(South) 18" RF-2 Y
{North) 10" RF-2 A
(North) 18" RF-2 N !
Liquid Poison - 1.5 NP-2 H
Reactor Vessel e
Head Cooling 2" RHC-2
Reactor (Loop A)
Recirc. (Loop B)
(Loop C) |
(Loop D) ! i
(Loop E) : |
Reactor (Bypass A) ‘ j
Recire. (Bypass B) )
(Bypass C) !
(Bypass D) i I L
(Bypass E) [
Control Rod 3" NC-4, NC-2 g i -
Drive (Supply) 1" NC-3 o !
(Return) 3/4" NC-3 ! : 1
Containment 14" CS-2, NQ-2 . | ;
Spray 12" NQ-2 : | :
10" NQ-2 f ’ ‘
8" NQ-2 1 |
Reactor Vessel Y V ;
Biological Shield Wall A A i
Main Steam Relief Valve Discharge Lo
8" (4 lines) P
14" (2 lines) ; : |
Main Steam Safety Valve Discharge 1 S f
8" (16 lines) ! |
Containment Vessel Shell | t
Electrical ~ (Whip) Y Y vy VvV YV Y Y v Y
(Impingement) N N N N N N N N N N . i




LEGEND:

U - Unacceptable Interaction ‘
(Damage Possible) SOURCE
A - Acceptable Interaction System MAIN STEAM
(Damage not Possible) |-in€ 24" MS (South) 24" MS (North)
N - No Interacaon e = =
TARGET Bk.Pt. 1 1+ 2 3 4 125
Emergency NEOl-B 10" NE-5 N N N N ‘ NN
Condenser NEQO1-A 10" NE-5
NEO1-B 10" NE-2
NEQl-A 10" NE-2
Core (South) 8" NZ-3 L
Spray (North) 8" NZ-3 Y Y Y
Main (South) 24" MS - - e - Y Vv v
Steam (North) 24" MS N N N N - - - -
Reactor 6" ND-10 N NN
Cleanup 6" ND-1 ‘
Shutdown 14" NU-1, NU-4 L
Cooling 14" NU-2, NU-3 Y
Feedwater {South) 10" RF-2 U U
(South) 18" RF-2 N N 1'% 7
(North) 10" RF-2 U U
(North) 18" RF-2 N N
Liquid Poison - 1.5" NP-2 '
Reactor Vessel
Hcad Cooling 2" RHC-2
Reactor (Loop A) 1
Recirc. (Loop B) |
(Loop C) ‘ f
{Loop D)
(Loop E) i i
Reactor (Bypass A) 1
Recirc. (Bypass B)
(Bypass C)
(Bypass D) '
(Bypass E) b YV Y
Control Rod 3" NC-4, NC-2 I ' u u
Drive (Supply) 1" NC-3 [ : ‘ N N
(Return) 3/4" NC-3 P : , ;
Containment 14" CS-2, NQ-2 L . Co
Spray 12" NQ-2 | ‘ .
10" NQ-2 ; :
8" NQ-2 :
Reactor Vessel Yo ¥ Y Y
Biological Shield Wall A A A A
Main Steam Relief Valve Discharge : !
8" (4 lines) NN NN
14" (2 lines) Lt P
lain Steam Safety Valve Discharge ' l T ]
8" (16 lines) Y ! Y Y i
Containment Vessel Shell U U | Uu U .
Elcctrical (Whip) N N Y VY N N Y Y
(Impingement) N N U N N N U N




LEGLND:

U - Unacceptable Interaction _
(Damage Possible) SOURCE
A - Acceptable Interaction {2YSfem REACTCR CLEANUP
(Damage not Possible) |-ine 6" ND-10 (To Recirculation Piping)
N - No Interacton =5 — 1‘
TARGET Bk. Pt. 1l 2 3 4 5 6 7 3 9 1. .
Emergency NEO1-B 10" NE-5 N N N N N N N N N N .
Condenser NEOl-A 10" NE-5
NEO1-B 10" NE-2
NEOl-A 10" NE-2
Core (South) 8" NZ-3
Spray (North) 8" NZ-3
Main (South) 24" MS
Steam (North) 24" MS Y VY Y VY VY Y Y VY Y
Reactor 6" ND-10 - e e - e e . o - -
Cleanup 6" ND-1 N N Ny A N
Shutdown 14" NU-1, 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
tlcad 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) 1" NC-3
(Return) 3/4" NC-3
Containment 14" CS-2, NQ-2
Spray 12" NQ-2 ;
10" NQ-2
o Q2 vy yy
Reactor Vessel N N N N
Biological Shield Wall ' "
Main Steam Relief Valve Discharge
8" (4 lines)
14" (2 lines)
Main Steam Safety Valve Discharge 1
8" (16 lines) Y Vv
Containment Vessel Shell U U ]
Electrical (Whip) V Y v ¥V N yv v VvV ¥ \ Y J
(Impingement) U U U N N N N N N N N
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LEGEND:

U - Unacceptable Interaction -
(Damage Possible) SOURCE
A - Acceptable Interaction Sgstem REACTOR CLEANUP
(Damage not Possible) Line 6" ND-1 (From Recirculation Piping)
N - NoInteracdon <0 =
TARGET Bk. Pt. 1 2 3 45 6
Emergency NEOl-B 10" NE-5 N N N N N N
Condenser NEOl-A 10" NE-5
NEO1-B 10" NE-2
NEOl-A 10" NE-2
Core (South) 8" NZ-3 l{ 4(
Spray (North) 8" NZ-3
Main (South) 24" MS A A
Steam (North) 24" MS N N
Reactor 6" ND-10 Y Y Y Y Y Y
Cleanup 6" ND=1 - - - - -
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)
Recire. (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 Y
Biological 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
Electrical (Whip)

(Impingement)




LEGEND:

U - Unacceptable Interaction
(Damage Possible) SOURCE
A - Acceptable Interaction pYStem SHUTDOWN COOQLING
(Damage not Possible) |-ine 14" NU-1, NU-4 147 NU-2, NU-3
N - No Interacton (From Recirculation Piping){}(To Recirculation Proini
ISO B-10 B-11
TARGET Bk. Pt. 12 3 o4 1 .
Emergency NEOI1-B 10" NE-5 N N N N N N N N
Condenser NEO1-A 10" NE-5
NEO1-B 10" NE-2
NEQO1-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 4
Cleanup 6" ND-1 Y Y ¢
Shutdown 14" NU-1, NU-4 - - - - Y Y ¥ Y
Cooling 14" NU-2, NU-3 N A N - - - -
Feedwater (South) 10" RF-2 N N N N N
(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)
Recirec. (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)
Conwuinment Vessel Shell ]
Electrical _ (Whip) Y Y Y V¥ Y Y Y
(Impingement) U N N U N N iy
C-8




LEGCEND:

U - Unacceptable Interaction : _
(Damage Possibie) - S?LIRCt
A - Acceptable Interaction jyStem FEEDWATER
(Damage not Possible) |“in€ (13 tr1?)1?-2 (158" d{})}fz (1:)" S)M
. ou ou S0ut
N No Interaction o) =12 13 ~
TARGET Bk.Pr. 1. o 3 4 5 o 7 ool e o
Emergency NEO1-B 10" NE-5 N N N N N N N N NN .
Condenser NEO1-A 10" NE-5
NEO1-B 10" NE-2 l
NEQIL-A 10" NE-2
Core (South) 8" NZ-3 J{
Spray (North) 8" NZ-3 Y
Main (South) 24" MS A i
Steam (North) 24" MS Y Y Y Y N .
Reactor 6" ND-10 ¢ U u u
Cleanup 6" ND-1 N N N N l
Shutdown 14" NU-1, NU-4
Cooling 14" NU-2, NU-3 ‘L’ 4/ ¢ ¢' Y Y v i
Feedwater  (South) 10" RF-2 - - - - Y Y Y Y - - - -
(South) 18" RF-2 N N N N - - - N ) .
(North) 10" RF-2 N N N
(North) 18" RF-2 :
Liquid Poison - 1.5" NP-2
Reactor Vessel
. Head Cooling 2" RHC-2
Reactor (Loop A)
Recire. (Loop B) Y Y
(Loop C) A A
(Loop D) N
(Loop E)
Reactor (Bypass A)
Recirec. (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 v Y v
8" NQ-2 U Y
Reactor Vessel N H N N Y Y
Biological Shield Wall A A LA
Main Steam Relief Valve Discharge
8" (4 lines) N N
14" (2 lines) A A
Main Steam Safety Valve Discharge C
8" (16 lines) % N N Y
Containment Vessel Shell u U 1 U
(Impingement) N U U U N U U U N U . X




LEGEND:

U - Unacceptable Interaction
(Damage Possible) SOURCE
A - Acceptable Interaction S¥Stem FEEDWATER
(Damage not Possible) |Line (18 i?'z (13 E;f-Z 18" [l{F-z
. Nort Nort (North)
N - No Interacton S5 D) T3 1o
TARGET Bk. Pt. . 5 2y - N s = 4
Emergency NEOL1-B 10" NE-5S N N N - N R N N N Y N .
Condenser NEQ1-A 10" NE-5
NEO1-B 10" NE-2
NEOl-A 10" NE-2
Core (South) 8" NZ-3
Spray (North) 8" NZ-3
Main (South) 24" MS Y Y
Steam (North) 24" MS A | L
Reactor 6" ND-10 N
Cleanup 6" ND-1 i
Shutdown 14" NU-1, NU-4 T
Cooling 14" NU-2, NU-3
Feedwater  (South) 10" RF-2 |
(South) 18" RF-2 Y Y Y Y Y Yy v Y
(North) 10" RF-2 - - - - Y Y \‘Y Y - - - -
(North) 18" RF-2 N N N N - - - - NN
Liquid Poison - 1.5" NP-2 ' N N N X ! !
Reactor Vessel l
Head Cooling 2" RHC-2
Reactor (Loop A) #
Recirc. (Loop B)
(Loop Q) Y Y
(Loop D) A A
(Loop E) NN
Reactor (Bypass A)
Recirc. (Bypass B)
(Bypass C)
(Bypass D)
(Bypass E) YYYY
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 l
10" NQ-2 Yoy
8" NQ-2 U u u |
Reactor Vessel N 1 N N Y Y
Biological Shield Wall A A A A
Main Steam Relief Valve Discharge
8" (4 lines) N N N
14" (2 lines) - A A
Main Steam Safety Valve Discharge co-
8" (16 lines) Y N Y
Containment Vessel Shell u U ¢ U
Electrical  (Whip) YY Y VY N N Y N Y Y Y Y
(Impingement) N U U U N U U U N N N .




LEGLND:

U - Unacceptable Interaction -
(Damage Possible) SOURCE
A - Acceptable Interaction [SyStem LIQUID POISON
(Damage not Possible) [-in€ 1.5" NP-2
N - No lnteraction <G =3
TARGET Bk. Pr. 1 R - . B
Emergency NEOIl-B 10" NE-5 N N N N N
Condenser NEOl-A 10" NE-5
NEO1-B 10" NE-2 l l
NEQl-A 10" NE-2
Core (South) 8" NZ-3 A A
Spray {(North) 8" NZ-3 N N
Main (South) 24" MS
Steam (North) 24" MS
Reactor 6" ND-10
Cleanup 6" ND-1
Shutdown 14" NU-1, 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 Yy vy Y Y Y
Liquid Poisorn - 1.5 NP-2 - - - - -
Reactor Vessel
Hcad Cooling 2" RHC-2 N N N N N
Reactor (Loop A)
Recirc. (Loop B)
(Loop C)
(Leop 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) Y
Containment Vessel Shell U
Electrical (Whip) Y N Y Y Y
(Impingement) N N N N N
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LEGEND:

U - Unacceptable Interaction
(Damage Possible) SOURCE
A - Acceptable Interaction Sy_stem REACTOR VESSEL HEAD COOLING
(Damage not Possible) Line 2" RHC-2
N - No Interaction e T3
TARGET Bk. bt 1 2 3 7
Emergency NEOI1-B 10" NE-5 N N N N
Condenser NEO1-A 10" NE-5
NEQO1-B 10" NE-2
NEQl-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
Cooling 14" NU-2, NU-3
Feedwater (South) 10" RF-2
(South) 18" RF-2
(North) 10" RF-2 :
(North) 18" RF-2 A
Liquid Poison - 1.5" NP-2
Reactor Vessel Y N Y
licad Cooling 2" RHC-2 - - -
Reactor (Loop A) N h
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
Electrical (Whip) Y Y \ Y
(Impingement) N N N N




LEGCEN

D:

J - Unacceptable Interaction ‘ ,
(Namage Possible) - - SOURCE
A - Acceptable Interaction System REACTOR RECIRCULATION LOOP
(Damage not Mossible) Linc Loop A Loop B Loop
- ] i
N No [nteracton <O =T BE —
TARCET Bk. P’r. 13 R R
Emergency NEOL-B 10" NE-5 N N N N N N N N N
Condenser NEOIl-A 10" NE-5 :
NEOL1-B 10" NE-2
NEOl1-A 10" NE-2
Core (South) 8" NZ-3 $
Spray (North) 8" NZ-3
Main (South) 24" MS U
Steam (North) 24" MS N 4
Reactor 6" ND-10 N
Cleanup 6" ND-1 !
Shutdown 14" NU-1, 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
| Hecad Cooling 2" RHC-2 Y Y v ¥ Yy )
Reactor (Loop A) - - - Y a2 a2 Y A
Recirc. (Loop B) N N ! N - - - - AU 4
(Loop C) J{ NN ON N - - - -
(Loop D) # NN
(Loop E) A A
Reactor (Bypass A) N N
Recire. (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 U
10" NQ-2 N
8" NQ-2 Ll
Reactor Vessel Y Y Y Y
Biological Shield Wall A A A A A A
Main Steam Relief Valve Discharge \L
8" (4 lines) N N N N NN
14" (2 lines) '
Main Steam Safety Valve Discharge
8" (16 lines) X Y Y ‘
Containment Vessel Shell U .U Y L
kilectrical  (Whip) U Y Y U 7 N 2
(Impingement) A U U U Ay g v AT
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LEGEND:

U - Unacceptable Interaction
(Damage Possible) SOURCE
A - Acceptable Interaction System REACTOR RECIRCULATION LLOOP
(Damage not Possible) Line Loop D Loop F
N - No Interaction <G TS 1=
TARGET Bk. Pt. 23 4 L2
‘Emergency NEO1-B 10" NE-S N N N N N % 3
Condenser NEOI-A 10" NE-5
NEO1-B 10" NE-2
NEQLl-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
Cooling 14" NU-2, NU-3
Feedwater (South) 10" RF-2
(South) 18" RF-2 ;
(North) 10" RF-2 i
(North) 18" RF-2
Liquid Poison - 1.5" NP-2
Recactor Vessel
Head Cooling 2" RHC-2
Reactor (Loop A)
Recirc. (Loop B) Y Y
(Loop C) A A \( Y Y
(Loop D) - - - Y A A Y
(Loop E) N N N - - - -
Reactor (Bypass A) N 4 N
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 :
Recactor Vessel Y #’ f 4
Biological Shield Wall A A A a4
Main Stcam Relief Valve Discharge
8" (4 lines) N N Y NN
14" (2 lines) A
Main Steam Safety Valve Discharge -
8" (16 lines) N Y Y
Containment Vessel Shell , U U X
Electrical _ (Whip) ] T AN A
(Impingement) U U U A U U N
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LEGEND:

(! - Unacceptable Interaction —
(Damage Possible) SOURCE ' '
A - Acceptable Interaction Sy.stem REACTOR RECIRCULATION BYPASS
(Damage not Possible) Line Bypass A Bypass B Bypass ¢
N - No Interacdon
(SO B-16 B-16 B-16
TARGET Bk. Pt. 2 3 1 2 3 4 L _
Emergency NEO1-B 10" NE-5 N N N N N N N NN
Condenser NEOl-A 10" NE-5 i
NEOL1-B 10" NE-2
NEO1-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
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
leactor (Loop A)
Recirc. (Loop B)
(Loop C)
(Loop D)
(Loop E) Y Y Y
Reactor (Bypass A) - - - Y VY f\
Recirc. (Bypass B) N N N - - - - Y Y Y Y
(Bypass C) N N N - - -
(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 #
Electrical (Whip) Y Y Y Y Y \ Y Y Y VY
(Impingement) N N N N N N N N N N




LEGEND:

U - Unacceptable Interaction
(Damage Possible) - SQ‘)URCE
A - Acceptable Interaction S¥stem REACTOR RECIRCULATION BYPASS
(Damage not Possible) Line Bypass D Bypass I
N - No Interacton 156 T ST
TARCET Bk. Pt. 1 2 3 4 i .
Emergency NEO1-B 10" NE-3 N N N N N N .
Condenser NEOl-A 10" NE-5 '
NEQO1-B 10" NE-2
NEOl-A 10" NE-2
Core (South) 8" NZ-3
Spray (North) 8" NZ-3
Main (South) 24" MS
Steam (North) 24" MS$S
Reactor 6" ND-10
Cleanup 6" ND-1
Shutdown 14" NU-1, 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
Recactor Vessel
Head Cooling 2" RHC-2
Reactor (Loop A)
Recirc. (Loop B) !
(Loop C) |
(Loop D) :
(Loop E) |
Reactor (Bypass A) ' X
Recirc. (Bypass B)
(Bypass C) V Y Y
(Bypass D) - - - - v Y \L
(Bypass E) N N N - - - -
Control Rod 3" NC-4, NC-2 : 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
8" NQ-2 !
Reactor Vessel L
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
Electrical  (Whip) Y Y Y Y Y 4 Y
(Impingement) N U N N N N N :




LEGEND:

U - Unacceptabte Intcraction ‘ _
(Damage Possible) SOURCL
A - Acceptable Interaction {SYStem CONTROL ROD DRIVE HYDRAULIC RETURN
(Damage not Possible) Line 3" NC-4, NC-2
N - No Interacton <0 —
TARGET Bk. Pt. 3 5 N N
Emergency NEOL-B 10" NE-5 N N N \
Condenser NEOl1-A 10" NE-5
NEO1-B 10" NE-2
NEO1-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
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) w
(Bypass E) Y Y Y
Control Rod 3" NC-4, NC-2 - - - -
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
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) ‘V Y
Containment Vessel Shell U U
Electrical (Whip) Q?L N N
(Impingement) N A A N
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REFERENCE C-1

INTERACTION E VA LUATION

The following notes apply to Reference C-1, "Interaction Evaluation”
contained on Pages C-19 through C-34:

(1) A circumferential break postulated at the terminal 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.
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REFERENCE C-1

INTERACTION EVALUATION

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 NEO1-B)

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 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 NEOl-A) at elevation
84. 83", azimuth 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 same 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 85.3 , azi-
muth 21° 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 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-5 (Reactor to NEOl1-A)

A circumfere(tﬁal 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 manner as to result in an
acceptable interaction with the Biological Shield Wall at elevation 82.25', azimuth
350° 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 NEO1-B) at elevation
85", or with the reactor vessel at elevation 84', azimuth 335° of Sheet 6 (31, 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 (NEO1-B to Reactor)

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 Shutdown Cooling Piping in such a manner as
to result in an ?é:ceptable interaction with 10" RF-2 (south) at elevation 73", azimuth
450 of Sheet S ) 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 25° 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 circumferendal break at point 4 will not result in an interaction with any of
the listed targets 2),

A break at point 1 will result in an unacceptable jet impingement inter-
acton with the cable tray at elevation 40', azimuth 300°-360° 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 (NEOI-A to Reactor)

A circumfcrerltial break at point 1 will not result in an interaction with any
of the listed targets (H

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 315° of Sheet 5 . 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 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 Recirculation Piping in such a manner
as to result in an acceptable interaction with the Biological Shield Wall at elevaton
82', azimuth 335° of Sheet 5 ¢ ), 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 same result.

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

A break at point 1 will result in an unacceptable jet impingement inter-
action with the cable tray at elevation 40', azimuth 0°9-600° 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 SPRAY - 8" NZ-3 (South)

A circumferential 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 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 70° 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 unacceptable inter-
action with the containment vessel at elevation 89', azimuth 95° of Sheet 6 '*/,

A circumferential break at point 3 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 unaccegt-
able interaction with the containment vessel at elevation 90°, azimuth 65° of Sheet 6 (37,
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.

C-21



A circumferendal break at point 4 will not result in an interaction with uny
of the listed targets (2),

Circumferential breaks at points 5 thru 10 will not result in pipe whip as
check valves NZ-028 and N7.-021) isolate these-points from the hiph encrgy 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 operators.

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 (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 the Biological Shield Wall at elevation 62', azimuth 240°
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 225° 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 circumferental 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 circumferentiai 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 postulated 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 (South)

A circumferential break at point 1 will most likely place 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
90(‘;)of Sheet 6 (3), or with 10" RF-2 (south) at elevation 47', azimuth 80° of Sheet
4

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 75° of
Sheet 6 . 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-
acton with the Biological Shield Wall at elevation 82', azimuth 90° 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 36’, azimuth 90° 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° of Sheet 4 (3), -

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

A break at point 3 will result in an unacceptable jet impingement inter-
action with the cable tray at 44', azimuth 150° of Sheet 3 (3). A break
at any of the remaining points postulated in this line will not result in
any jet impingement interactdons with the cable tray or any of the motor
operators.

MAIN STEAM SYSTEM - 24" MS (North)

A circumferendal break at point 1 will most likely place the connection at
penetration 2B 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
270° of Sheet 6 (3), or with 10" RF-2 (north) at elevation 47*, azimuth 260 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 2B in such a manner as to result in an
unacceptable interaction with the containment vessel at elevation 89', azimuth 283°
of Sheet 6 (3), Such a break could also cause the pipe to whip about a hinge formed
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at the third elbow downstream of the reactor which would result in an unacceptable
interacton with 3" NC-4 at elevation 75', azimuth 270° of Sheet 5 (3) or in an ac-
ceptable interaction with the Biological Shield Wall at elevation 82', azimuth 270°

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 36°,
azimuth 2709 or an unacceptable interacton with 3" NC-4 at elevation 75', azimuth
270° of Sheet 5 (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 260° of Sheet 4 (3).

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

A break at point 3 will result in an unacceptable jet impingement inter-
acdon with the cable tray at elevation 44’, azimuth 2109 of Sheet 3 (3,
A break at any of the remaining points postulated in this line will not
result in any jet impingement interactdons with the cable tray or anv
of the motor operators.

REACTOR CLEANUP SYSTEM - 6" ND-10

A circumferential break at point 1 will not result in an interaction with anv
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 circumferendal 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 interactdon with 8" NQ-2 at elevation 37', azimuth 259 of
Sheet 3 (3), Such a break could also cause the pipe to whip about a hinge formed at
the connection to the recirculadon piping which would result in an unacceptable inter-
action with the containment vessel at elevation 51', azimuth 659 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 elevadon 37', azimuth 25° of Sheet
3(3), Such a break could also cause the pipe to whip about a hinge formed 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 interacton with the cable tray at 40', azimuth 80°-909 of Sheet
303, 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 CLEANUP SYSTEM - 6" ND-1

A circumferential 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 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 90° of Sheet 5 (3),

A circumferential break at point 5 will most likely place the connecton to
recirculation piping in torsion causing the pipe to whip in such a manner as to re-
sult in an acceptable intsracn'on with the Biological Shield Wall at elevation 60°,
azimuth 95° 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 connection which would have
the same result.

A circumfererin'al 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 targets (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 300° of Sheet 4 (3),
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A circumferential break at point 4 will not result in an interaction with any
of the listed targets (2),

A break at point 1 will result in an unacceptable jet impingement inter-
action with the cable tray at elevation 40', azimuth 320° 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.

SHUTDOWN 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 at 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°-300° 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.

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-10 at elevation 35°,
azimuth 75° of Sheet 4 3), or with 8" NQ-2 at elevation 66', azimuth 45° 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 circumferental 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-10 at elevadon 55°', azimuth
75° of Sheet 4 (3),

A circumferentdal break at point S 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 elevaton 27', azimuth 1700 of
Sheet 2 {3), or in an acceptable interaction with 24" MS (south) at elevation 27', azi-
muth 170° of Sheet 2 (3),
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A circumferental 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 an
unacceptable intcraction with the containment vessel at elevation 33, azimuth 1637 of
Sheet 2 (3 Such a break would also cause the pipe to whip about a hinge formed at
the connectdon to the tee which would result in an acceptable interaction with loop C
of the recirculation piping at elevation 35', azimuth 144° of Sheet 2 (3), or with the
Biological Shield Wall at elevation 40', azimuth 145° of Sheet 3 (3), or inan 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 144°
of Sheet 2 (3), or with the Biological Shield Wall at elevation 40', azimuth 145° of
Sheet 3 { ), or in an acceptable interaction with 14" MS relief valve at elevation 47",
azimuth 150° 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 a(n ;macceptable interaction with 8" NQ-2 at elevation 66", azimuth 133° of
Sheet 5 .

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 135°
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
22(%0) of Sheet 5 (3), or with 24" MS (south) at elevation 47', azimuth 135° of Sheet
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 175° 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
110°-115° 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 (NORTH) - 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" NC-4 at elevation %6',
azimuth 290° of Sheet 4 (3}, or with 8" NQ-2 at elevation 66', azimuth 315° of
Sheet 5 (3), sucha 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% unacceptahle interaction with 3" NC-4 at elevation 56', azimuth
290° 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 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 190° of Sheet 2 (3), or in an accegtable interaction with 24" MS (north)
at elevation 27", azimuth 190° of Sheet 2 (3),

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 unacceprabl?:gxteraction with the containment vessel at elevation 337,
azimuth 1959 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-
teractio&yith loop D of the recirculation piping at elevation 35°, azimuth 2169° of
Sheet 2 , or with the Biological Shield Wall at elevation 40', azimuth 2159 of
Sheet 3 (3) or in an acceptable interaction with 14" MS relief valve at elevation 47',
azimuth 210° 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 D of the recirculation piping at elevation 395',
azimuth 216° of Sheet 2 (3), or with the Biological Shield Wall at elevation 40',
azimuth 215° of Sheet 3 (3), or in an acceptable interaction with 14" MS relief
valve at elevation 47', azimuth 210° 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 225° 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 elevadon 74', azimuth
225° of Sheet 5 (3),
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A circumferential breat 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
22(53(; of Sheet 5 (3), or with 24" MS (north) at elevation 47', azimuth 2259 of Sheet
4

A circumferential break at point 12 will most likely cause the pipe to whip
about a hinge formed at the connection at penetraton 4B in such a manner as to
result in an unacceptable interaction with the containment vessel at elevation 49',
azimuth 185° 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
2109-2500 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 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 connection at the
reactor in torsion such as to result in an unacceptable é'nteraction with the contain-
ment vessel at elevation 82', azimuth 155° of Sheet 6 ( ).

A circumferental 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 acceggable interaction with
8" NZ-3 (south) at elevation 79°, azimuth 115° 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 circumferental break at point 1 will not result in an interactdon with any
of the listed targets 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 circurnferer}cgal 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.

REACTOR RECIRCULATION SYSTEM - LOOP A

A circumferendal break at point 1 will most likely cause the pipe to whip
about a hinge formed at the connection at the pump sucdon in a manner as to re-
sult in an unacceptable interaction with the cable tray at elevation 41', azimuth
42° of Sheet 3 (3), or with 12" NQ-2 at elevation 26', azimuth 429 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 340°, or with loop E of the recirculation piping at elevation 40', azi-
muth 330° 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 340° or with loop E of the recirculation piping at elevation 45', azi-
muth 330° 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( c)> of Sheet 3 , or with the cable tray at elevation 41", azimuth 0° of
Sheet 3 'V,

A break at point 1 will result in an acceptable jet impingement inter-
action with motor operator V-14-36, elevation 49', azimuth 25° 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 0° of Sheet 3 (3),

REACTOR RECIRCULATION 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 elevaton 49', azimuth
110° 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 formed at the connection at the pump discharge in such a manner as
to result in an acceptable mteracmon with the Biological Shield Wall at elevation
40', azimuth 54° of Sheet 3 (3), or with loop A of the recirculaton p1p1ng at ele-
vation 40', azimuth 42° 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 interactdon with the Biological Shield Wall at eleva-
tion 45', azimuth 54° of Sheet 3 (3), or with loop A of the recirculation piping
at elevation 40', azimuth 42° of Sheet 3 (3)

A circumferental 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 interacton with the containment vessel at elevation 45°,
azimuth 72(3)of Sheet 3 (3), or with the cable tray at elevation 38', azimuth 72°
of Sheet 3 .

A break at point 1 will result in an acceptable jet impingement inter-
action with the motor operator for MS relief valve at elevaton 49°,
azimuth 155° of Sheet 4 (3), A break at point 2, 3, or 4 will result
in an unacceptable jet impingement 1ntera3c)uon with the cable tray

at elevation 40', azimuth 72° of Sheet 3 {

REACTOR RECIRCULATION 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
190° 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 elevatdon
40", azimuth 126° of Sheet 3 (3), or with loop B of the recirculation piping at eleva-
ton 40', azimuth 114° 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?ct:lon with the Biological Shield Wall at elevation
45', azimuth 126° of Sheet 3¢ , or with loop B of the recirculatdon piping at eleva-
tion 45', azimuth 1140 of Sheet 3 (3)
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A circumferential break at point 4 will most likely place the connectdon 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 144° 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 1389 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 49, azi-

muth 240°. A break at point 2, 3, or 4 will result in an unacceptable
jet impingement interaction with the cable tray at elevation 40, azi-

muth 144° of Sheet 3 (3)

REACTOR RECIRCULATION SYSTEM - LOOP D

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 unacce(ptable interaction with 24" MS (north) at elevation 49', azi-
muth 258° of Sheet 4

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 198 of Sheet 3 (3), or with loop C of the recirculation piping at eleva-
tion 40', azimuth 186° of Sheet 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 198° of Sheet 3 (3 ). or with loop C of the recirculation piping at ele-
vation 45', azimuth 198° of Sheet 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 a2 manner as to re-
sult in an unacceptable interaction with the containment vessel at elevation 45°,
azimuth 216° of Sheet 3 (3 ). or with the cable tray at elevation 41', azimuth 216°
of Sheet 3 (3), or an accepm%% interacton with 14" MS relief valve at elevation
45', azimuth 220° of Sheet 3

A break at point 1 will result in an acceptable jet impingement inter-
acuon with motor operator for valve V-17-54 at elevation 53', azimuth
300° of Sheet 4 (3). A break at point 2, 3, or 4 will result in an un-
acceptable. jet impingement ixzse)ractlon with the cable tray at elevation
40', azimuth 216° 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 370° of Sheet 4 (3), or with the cable tray at elevation 37', azimuth
288° of Sheet 3 (3),

A circumferential break at point 2 will most likely cause the pipe to whip
about a hinge formed at the connectdon at the pump discharge in such a manner as
to result in an acceptable interaction with the Biological Shield Wall at elevation
40', azimuth 370° of Sheet 3 ¢ ), or with loop D of the recirculation piping at
elevation 40', azimuth 258° of Sheet 3 (3),

A circumferential break at point 3 will most likely cause the pipe to whip
about a hinge formed at the connecton at the pump discharge in such 2 manner as
to result in an acceptable interacton with the Biological Shield Wall at elevation
45', azimuth 2700 of Sheet 3 (3), or with loop D of the recirculation piping at
clevation 45', azimuth 2589 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 45,
azimuth 288° of Sheet 3 (3), or with the cable tray at elevation 37', azimuth 2889
of Sheet 3 (3),

A break at point 1 will result in an acceptable jet impingement inter-
action with motor operator for valve V-14-36 at elevation 49', azi-
muth 25 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 circumferental 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 targets. Such a break would also cause the pipe to whip about a hinge formed
at the connection to the recirculation loop piping at elevadon 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 D will result in an unacceptable jet im-
pingement interaction with the cable tray at elevation 40°, azimuth
216°. 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.

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

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

A circumferendal 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
elevaton 55', azimuth 315° of Sheet 4 (3),

A circumferential 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 33° of Sheet 4 ). 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 analyses were not available for this system. However,
inspection during site visits determined that breaks at any point in the system would
not result in any unacceptable interactions.

REACTOR VESSEL VENT

Isometrics and stress analyses were not available for this system. However,
inspection during site visits determined that breaks at any point in the system would
not result in unacceptable interactions.

C-34



OCNGS
FSAR UPDATE

APPENDIX 3.6C

EVALUATION OF STRUCTURAL INTEGRITY -
BIOLOGICAL SHIELD WALL
UNDER PIPE WHIP LOADINGS

Rev. 0O
12/84



JERSEY CENTRAL POWER & LIGHT COMPANY

OYSTER CREEK
NUCLEAR GENERATING STATION

EVALUATION OF STRUCTURAL INTEGRITY
OF THE BIOLOGICAL SHIELD WALL

UNDER PIPE WHIP LOADINGS

June, 1974



TABLE OF CONTENTS

DESCRIPTION PAGE

1.0 INTRODUCTIONI'...".'.....ll'....-....l.........l'....' 1

2.0 DESCRIPTION OF STRUCTURE ..c.vvvvivnnns cestcasenns oo 2
3.0 DISCUSSION OF ANALYSES....c.vvievareanss cececsenereans 3
3.1 Gross Structural Response Analyses.......... coesae . 3
3.2 Local Damage Analyses..... B cesersasans S
4.0 DISCUSSION OF RESULTS . tiueteeeneveerecesscannss ceceeas 6
4.1 Gross Structural Response.........coeeveuene seerena 6
4.2 Local Damage....... cecesens ceaene sessceasene ceeess 6

5'0 CONCLUSIONS'."""."O"""."'.-.""'l'l""."l'l' 8
REFERENCES

APPENDIX: EDS Computer Program Description



1.0 INTRODUCTION

This report, prepared by EDS Nuclear 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
Stadon, 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 conservatve 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 concrecte. 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 functions as both a radiation shield for
protection of plant personnel, and as a load-carrying structure for support 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 (5/16-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 portion of the
wall adjacent to the reactor core, with a specified unit weight of 210 lbs/ft°,
and standard weight concrete is provided for the remainder of the shield
wall.




3.0 DISCUSSION OF 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 efiects.

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 0.75f .

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

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 determine perforation or depth of penetration
were those discussed by Amirikian (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




column interior and concrete infill material, as the steel plates are provided
with studs to ensurc composite structural response. In addidon, cquivalent
cross section properties were calculated and included at all elevations corres-
ponding to the locations of hatches and penetrations.

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 the resulting time history was further
increased by a factor of 2.0, to account for the short-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 the mathe-
matical mode! 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 overall 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. 1 below.



3.2 Local Damage Analyses

Prediction of local damage was evaluated by calculating "threshold pene-
tration’ thicknesses of steel and concretec subjected to impact of both a segment
of 10-inch diameter and 24-inch diameter pipe. Rigid-body impact was assumed
for the calculations, as the 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 10-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 the missile
was assumed to be equivalent to the change in internal energy of the enclosed
steam in undergoing a change of state from the operating condidons 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 found that no condidons 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 subscquent whip of the longest segment of pipe for which the shield
wall is a possible target. The impact velocity and kinetic energy 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-
uadon.

The results of the local damage analyses are discussed in Section 4.2
below.



4.0 DISCUSSION OFF RESULTS

The results of both the overall structural integrity analyses and the local
damage analyses indicate that the shield 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 maximun 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 0.5g at a frequency of
15 Hz, 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 substantally 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 10-inch diameter pipe break is more severe with regard
to depth of penctration 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 10-inch pipe
break.

The results of the calculations indicate 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 than 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"” impaet. 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.



5.0 CONCLUSIONS

The conclusions developed from these studies may be swmnmarized 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 the experimentally-derived rela-
tionships specified in Reference 1.02.01l.

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 spectrum 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.
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EDSGAP

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

General beam

Truss

Two-dimensional plane stress/plane strain
Three-dimensional solid

Axisymmetric solid

Plate and shell

Translational/rotational spring

NN e W

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 sizeof 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-
ples and assembled to form a global stiffness matrix for the system, relating
external forces and moments to joint displacements and rotatdons. Applied
static loads may be specified as combinations of concentrated forces, thermal
expansion loads, pressure forces, and inertia (body) forces. The equations 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



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 (Il Reac-
tor Building.

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

.oort describes the work performed by URS/John A. Blume £ Associates,
srs (URS/Blume) for GPU Nuclear (GPU), under Purchase Order No. 70043.
-x described comprises the generation of seismic acceleration floor

+ spectra for the reactor bullding of the Qyster Creek Nuclear Power

R AT

iocated near Forked River, New Jersey.

- ackground .
Creek i =My boiling water reactor@plant that went into

: is a 6
‘on In. 969. ilt is one of 11 older United States nuclear plants now

-aviewed under the Systematic Evaluation Program, (SEP) of the U.S.
Seismic desngn has emerged as one of

P ———

1igepoe

= Regulatery Commission (NRC).
5t significant issues addressed In the SEP, primarily because of the
in the state of the art since the late 1950s to middle

:avelopments
Many of these older plants

when many of the SEP plants were deslgned.
- - were not seismically qualified or were qualified using technology that

N Sty o e

"3t be entirely acceptable today.

"1g the last three years, URS/Blume has conducted a series of studies on

Jvster Creek reactor building. Soll=structure interactlop (SSI) effects
the Oyster Creek reactor bullding were estimated in a parametric study
"or Jersey Central Power & Light Company (JCPEL). The study investigated
‘72 influence of several parameters on the response of the structurei. These
-arameters are the free-field Input-response spectrum, the flexibility of the
‘oundation and radiation dampingAi_n_t'q__t'h;_soll_med[m, ond‘the shear stiff-~
ness of the soil. A second study? for JCPEL Identified the arecas of seismic
2nalysis where sighlflcan: changes have taken place In seismic analysis pro-
i cecures and regulatory requirements since the time of the Inltial selsmic
Gualification of the Oyster Creek plant and, furthermore, whenever possible,

the study identified the impact of such changes on the original estimates of
‘dynamic modeling, and analytical pro-

TS

e g e
¢

—— -

the seismic inputs to structure, SSI,

cedures,

e —— v .

't is our understanding that much of the Oyster Creek Category I electrical
€quipment, and possibly some mechanical equipment and components, must be

- -1- LRS/Blume
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Acceleration floor response spectra are used

evaluated for seismic motion.
Such spectra are typically

for seismic qualification of Category 1 equipment.
wsed in conjunction with analysis or testing, or with a combination of the

-wo, to verify seismic adequacy of piping or equipment.

*.2 Scooe of Work

“ne work reported herein consists of generating horizontal and vertical
gt ——

— -

‘:celeration floor response spectra for selected locations of-zhe_:ggggsr

:ui 1ding., Th; seismic motion is specifled to be the NRC. site-specific spec-
e

. ra developed for the Oyster Creek site.3 For generation of the horlzontal

~ast-west floor response spectra, the original fixed~based lumped-mass mode |
.f the reactor building, developed by URS/Blume in 1965,% is used. This

rodel js, however, modifled to incorporate SS| effects.
For the vertical floor response spectra, the effects of the out-cf-plane
sehavior of the floor slabs are considered, as well as effects of amplifica~

tion of motion through the supporting columns and walls.

1.3 Oroanization of the Report

Chapter 2 of this report describes the analysis procedures, while the results

of the analysis are given in Chapter 3. Chapter 4 presents the summary and

The criteria document used in this work is glven

conclusions of this study.

in Appendix A.

AN b —., ;
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2. ANALYS!S PROCEDURES

2 ' Description of the Reactor Building

-

" 7= reactor bullding is a partially reinforced concrete and partially steel
-z -ucture that houses the reactor and Its auxiliary systems. The base s

‘roximately 140 ft x 140_ft and is embedded 50 ft below grade. The reactor
- sel and the recirculation system are contained inside the drywell of a
The drywell has massive reinforced

e 28 4 §

*3sure-suppression containment systen.

acrete walls 4 ft to 6 ft in thickness. The primary containment system
-1sists of the drywell, vent pipes, and a pool of water contained in the sup-

. ssion chamber. The reactor building encloses the primary containment sys-

~rn, thereby providing a second containment. In addition, all refueling

:uipment is inside the building, including the spent fuel storage pool anc

new fuel storage valut. The outside walls of the reactor building is con-
Above this ele-

.ructued of reinforced concrete up to elevation 119 ft 3 in.
-1tion is a steel braced frame superstructure which carries an overhead crane.

2.2 Seismic Input

~ 7ne seismic_Input for the Oyster Creek reactor building is defined by the
_/Z Site-s ectfic;free-field_accelq;iyton response spectrum (design response
spectrum) developed by’the NRC.3 JHowever, seismic input is also needed in

) the form of an acceleration time history for the development of floor accel-
The tnput ascceleration time history should be such

eration response spectra.
that lts response spectrum closely matches the design response spectrum.

The prodecure to develop an acceleration time history for the Oyster Creek

site was to start with a record of the S69E component of the Wheeler Ridge

earthquake as recorded at Taft, Californig. This particular earthquake rec-

.ord was chosen because of seismological similarities between the Wheeler Ridge

earthquake and the postulated earthquake for Oyster Creek sjtes,

This particular record of the Wheeler Ridge earthquake was then modified iter-
atively, using a proprietory URS/Blume computer program (SMSPC), until the re-

sponse spectrum of the modified acceleration time history matched closely with

the design response spectrum. In the modjification process, only the spectral

- -3- ' URE/Blume
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amolitudes of the original time history were modified while the phase angles

remained the same as those in the original time history,

ci.-ure | shows the time history used to develop the floor acceleration re-

-ase spectra for the Oyster Creek reactor building., Figure 2 shows the com-
--ison of the response spectrum of this time history with the design response

_2ctrum at a modal damping ratio of 10% of critical.

Horizontal Dvnamic Model

12 scope of work specified that the horizontal east-west model developed by
3/Blume in 1965 be used for horizontal ficor spectra generation.  During
- parametric analysis of the Oyster Creek reactor building,! we had to re-
semble this model from thg:lééi_:iggzng:o be suitable for use in present-
-+ ccmputer codes which are different from those used in 1965. This required

ae valldation studies to justify that the model does, In fact, have the same

-namic characteristics as those used in the 1965 study. This model has been

ied in the present study.

‘he most important factor that the scope of work requires'to be consldered In

zhe present stddy is the SSI effects on the responses and floor spectra of the

reactor building of the Qyster Creek plant. Hence, the original fixed-base

iumped-mass model is modified (see Figure 3) through the use of lumped param-

eters to simulate the $SS! effects. Section 2.4 presents in detail the metho-

dology adopted to estimate SSI effects in this study.

2.4 Soil-Structure Interaction Effects

$S1 is a very recent development in the fleld of selsmic analysis of struc-
tures. Consequently, all the avallable methodologies are based on simplify-
ing assumptions which limit their applicablility and .require great care in
their use as engineering judgment and a comprehensive understanding of a wide

variety of related subjects (e.g., soi) dynamics, structural dynamics, wave

theory, structural mechanics) is necessary. The limited development of this

field also makes it often difficult to conclusively answer al] questions
raised on the approach used ih analyzing a structure such as the Oyster Creek
reactor building where SS| effects are expected to have a significant influ-

ence on the structural response and especially on the floor response spectra.




,emln
4 T ey

SiAranys ety

be Ny d
IR e - 2 )

v

pue to these probiems, analysts have often adopted the approach of a pare-

metric study to bound the results rather than to use a single solution. The

LLL study® is @ very good example of this bounding parametric approach.

--= two most commaonly used SS! methods at present are the finite element and

infinite half space (lumped parameter) approaches. Both methods have

However, since the lumped parameter ap-

(1]

-eir advantages and disadvantages.

->ach is used in the current study, this will be the only procedure discussed

:re.
.+ general, the lumped parameter approach to SS| Is based on developing a
.2ries of "soil springs'' which represent the flexibility of the foundation
-1terial under the structure and a set of viscous dampers which represent the

. . C2amd tr- 0 2nact ) -
‘radiaticn damping'' effezts of SSI. The esuations are based on assuming the

oil to be an infinite half space and a rigid foundation with 8 giv=n mass

‘glued" to the half space. Recently, Novak et al.5 and Kausel et al.? have
suggested modification to the lumped parameters to account for the effects
o>f embedment 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 variation In soil properties
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 study! conducted by URS/Blume for Oyster Creek in

1979, the review? 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 materlal,

a. Effects of Variation of Soil Properties. The single most important param=

eter In the lumped parameter approach to SSI is the shear modulus, G, of the

- -5- : UFE/Blume
L
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soii. Common practice found acceptable to the NRC in accordance with the
s:irdard Review Plan® is to use average values of G as well as values 503
of :he average and then envelop the results of the three analyses. "This was

. approach used by URS/Blume for the structural responses in the parametric

.2y} for the Oyster Creek reactor bullding.

tee

ag its review of the NRC study,® the Senior Seismic Review Team (SSRT) of
Jeveloped a specific set of guidellines for use in the $S) review of SEP

.its. These guidelines (Appendix C, Reference 5) state that:

To aceount for uncertainty in soil properties, the soil
stiffnesses (horizontaf vertical, rocking, and torsional)
emploved in analysis shall tnclude a range of sotl shear
moduli bowunded by (a) 50 percent of the modulus corre-
sponding to the pest estimgte Qf the_large strein condi-
tion, ond (b) 90 percent of the mocuius correspomding To
the best estimate of the low crrain condition. For pur-
poses of structural analysis three soil modulus condi-
tions generally will suffice corresponding to (a) and (b)
above, and (c), a best estimated shear modulus.

12 guidelines are difficult to interpret as they do not speclfy what is con-

-idered to be low strain, high strain, and average values. Nevertheless,

-ased on the data from the nearby Forked River plant, and the opinion of the
:J3S/Blume geotechnical department which is very familiar with the soil con-
citions at Oyster Creek from their work on deveioping the site specific spec-
tra,? a valor the shear modulus seems to represent a good
‘estimate ofhsoz__qf the soil_modulus at low strain_.condltions (condition 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 modulus with the strain Jevel In sang1®
leads to an estimate of G value at high strain of about~3,000 kisf and at an

average strain during SSE motion of about 4,000 ksf,

-
rd
-~

.

Hence, to follow the S$SRT guidelines would lead. to considering soil shear
moduli of 1,500 ksf, 6,000 ksf, and 4,000 ksf to satisfy thelr conditions a,

b, and c, respectively. Among these three values, a G of 1,500 ksf is torally

unrealistic for Oyster Creek since It translates to a soil with a shear wave

i -6~ URS/Tlume
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velocity of about 600 fps which is consistent with formations such as San
Francisco Bay mud. Furthermore, the NRC studyS on Oyster Creek also disre-
carded 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
2y the responses from using G values of 4,000 ksf and 6,000 ksf. Hence, only
-alues of G equal to 6,000 and N;OOO ksf are considered in this study.

“urthermore, in the case of calculating building 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)
ind the 250% (¢ = 4,000 ksf and 9,000 ksf) values were used, shows that the

:ariations in structural responses were fairly small. Given all the assump-

tions and approximations inherent in the overall analysis, these variations

Jo not warrant rultipie analyses., Building responses shown in Figure 21 of

the NRC szudys confirm this same trend. Hence, the reactor building responses

are calculated for a value of & = 6,000 k{f only,

For the case of generating i1995_5559°"" spectra, E:g_yalues of G = 6,600 ksf
and G = 4,000 ksf are used and the results enveloped. The NRC study® and the
URS/Blume parametric study1 show a—;::;;;;E; ;;}}i In the peak of the floor
spectrs due to changes In soil properties and using the envelop of the two
values of G is sufficient to adequately sccount for the effects of this fre-

quency shift on the floor spectra.

b. Embedment Effect. The SSRT has recommendedS that only 50% of the embed-

ment effects be considered to compensate for possible soll separation from

the structure and other sol) variations in the backfill. The SSRT recommen=-
datlons of using 503 of the embedment Is used in this study. The effects of

enbedment are calculated according to procedures developed by Kausel et al.?

Radiation Damping in the Soll. The most difflcult problem to be resolved
The

c.
in using the lumped parameters for SS! effects Is the radlatlon damping.

viscous 'dampers (dashpots) which are calculated from the infinite half-space

solutions are frequency-dependent functions. The structural damping, on the

other hand, is commonly given by percentage of critica! modal damping which

is best suited for a modal superposition time history analysis.

ST -7~ URE/Blume
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The most common approact. to date has been to deveiop some form qf__eculvalcn_;

composite modal damping that combines the structural and radiation dampings

T .

in one equivalent percent of critical damping value for each structural mode.
This has been the basis that URS/Blume used In Ltﬁarametric study!l f
ter Creek and NRC used in their evaluation.® This approach loses the fre-

juency dependence of radiation démping and the equivalence of composite modal

damping to the frequency dependent radiation damping is extremely difficult

to demonstrate.

The SSRT recognized this problem during the review of the NRC study® and has
suggested the following guidelines (Appendix C, Reference 5):

The geometric czrping (radiation emergv dissipatiom) is
reeoonized to be fregquencu-dependent. BHowever, in order
to reiuce the caleuletional cffort (2t least initiglly),
cd to be surc thIt cTcessivc cImping 18 noT crployecl,

it 15 recormended that values of camping be estimated
theoretically (on frequency-independent basis) as follews:

1) Borizontal to be taken as 75 percent of
the theoretieal values.*

ii) Vertical to be taken as 75 percent of the
theoretical value.*

t11) Rotation (rocking and torsional) to be
taken at 100 percent of the theoretical
~value. *

In the ccse of layered systems, the approach employed
- in establishing thesae values needs to be justified.

4. The following analysis approaches are considered
to be acceptable.

i) FWhen all composite modal damping ratios*®
cre less than 20 percent, modal super-
position approaches can be used without
any validztion check.

i1) If in invesctigcting the use of modal super-
position coprocches it is ascertained ithat
g _ec@macire madel danping ratio** exceeds

C Eﬂ_percent, one must perform a validation

analysis. To perform this validation, Tt
18 generally acceptable to use a time-history
analysis in wnich the emergy dissipction
associcied vith the structure is included
with the structural elemente, ond that ceso-
cicted with the sotl s included vith the
soil elements. In struciicres response spec-
ire ofzained from ¢ modzl fomping ihrowchous

+
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the frecuency range of interest must be
aimila; to or more conservative than those
obtained from the validation analyses.

*As calculated by generally accepted methods, as for
example given in the book Vibration of Scils and
Foundations, by F. E. Richart, Jr., J. R. Hall, Jr.,
and R. D. Woods, Prentice-Hall, Inc., 1970.

*44s defined by generally accepted methods.

:RC study3 for Oyster Creek did not follow these guidelines as they were
To assess the effect of some

r

..:oped after most of the work was compplieted.

¢
1ese guidelines, a parametric study was conducted in which the floor spec-

¢
‘rom a direct integration procedure were compared with those of a modal

.rposition procedure. In the direct integration procedure, a damping ma-

{as cpposed to composite modal damping in the modal superposition method)

ceveloped which included the soil radiation damping (dashpot) coefficients

.oerly without using any manipulations to convert them to equivalent compo-

.2 modal damping. However, since the analysis was done In the time domain

frequency dependence of the coefficients could not be handled and one

Y
-

agle value for each coefficient was used.

‘ne floor spectra developed by the equivalent composite modal dampling approach

~ere below those computed by the more exact direct integration dashpot ap-

Hence, .the former had to be-scaled up to envelop the dashpot results

sroach.
Thus, the approach to use the

{see Figures A-8 through A=12 of Reference §).
approximate composite modal damping not only required more analytical work in

the form of a validatlon study by the direct integration analysls mentioned
above,‘but also introduced cqnservn:lsms into the final floor spectra as they

were scaled by a uniform factor to envelop the valldation study spectra.

In response to similar problems, URS/Blume has developed an advanced ﬁraprle-

tary progran{ FREDA that can be used to calculate the structural responses and
floor spectra in the frequency domain. In this procedure the frequency depen-

dence of the radiation damping is maintained without resorting to the manipu~
lations 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 ETgorOUs approaches, such as that adopted in this study,

would be acceptable in lieu of these guidelines.

- -9- URS/Blume
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The benefits of the approach used in this study are that:

s —eowaee—

o 25% reduction in the radiation damping for the hori-
zontal and the vertical directions reguired by the .
SSRT guidelines is not necessary, [

o A limit of 203 maximum composite modal damping is X
not necessary. i

o The step of calculating a composite moda) damping
representing the combined structural and soll radla-
tion damping is not necessary.

o Undue conservatism in the final results are reduced '
as a conseguence. - i;

L

i

Summarvy of Horizontal Dynamic Model Modifications to
Include 551 Effects y

summary, the following modifications to the URS/Blume 1965 horizontal dy- L

.aic model are made for the present study:

1. The fixed-base condition has been replaced by springs .
and dashpots representing the soll impedances (Fig- : '
- ure 3). The soil impedances are frequency~dependent i
functions which are computed by the formulae pre-
sented by Kausel et al.? Half of the reactor em=-
bedment-effects are used to calculate the—soll"
— . . - .
impedances in conformance with SSRT guidelines.

2. Structural responses are generated from the model ;
which uses & = 6,000 ksf for soill modulus in calcu~ :
lating soil Impedance values.

3. Two models that use sol! modulus values of 5,000 ksf
and 4,000 ksf to compute the soil impedance values
have been used to generate the floor response spec~
tra. —

e e

2.6 Vertlcal Dynamic Models

The model developed for the Oyster Creek piant by URS/Blume In 1965 can be 1
- modified to estimate vertlcal responses. However, the lumped mass cantlliever
mode] neglects the out-of-plane flexibility of the floor slabs which may sig- |

nificantly influence the vertlcal floor spectra.

In general, the lumped ma2ss cantilevér model [s adequate for structures where -
floor slabs can be shown to be rigld (fundamental frequency higher than 33 Hz)

in their out-of-plane dynamic behavior. This Is not the case In most of the

: =10 - URS/Blume !




Oyster Creek reactor bullding where the floors are supported vertically by
massive drywell walls, outside walls of varying thicknesses, interior walls
that do not continue to the floor mat, and columns which at times continue
for several floors. Only the floor at elevatlion 0 ft 0 in. is found to be
rigid in its out-of-plane behavior along with the foundation mat.

This represents a8 very complex vertlcal dynamic system and the vertical am-
slifications 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 unlformly amplify the ground motion in-

sut. These local variatlons in the Input motlons to the floor slab cannot

be accounted for In the lumped mass cantilever model.

7o accour: ror all the complex zcpecrs of the vertical recczonse In an effi-~

cient form, three dynamic vertical models were used. A lumped mass model was

used to generate floor sﬁectra at elevations =19 ft 0 In., O ft O In., and
156 ft 9 in.; a detalled finite-element model to generate floor spectra at
elevatlans 23 ft 6 In., 51 ft 3 In., 75 ft 3 In., 95 ft 3 In., and 115 ft
3 in.; and a_gégﬂ_fggil to generate spectra at the overhead brldge crane sup-

ports at elevation 138 ft 0 In. Following Is a detailed description of each

of these three models.

3’7

a. Lumped-Mass Vertical Model. The lumped-mass model developed by URS/

Blume“ In 1965 is modifled to obtain a vertical mode! sultable for calculat-
ing floor spectra at elevations -19 ft 0 In., 0 ft 0 in., and 158 ft 9 In.
The modification involves changing the fixed base condition to Include a
frequency-dependent vertical spring and dashpot to represent SS! effects
(see Flgure 4). The lumped-mass model is consldered adequate for calculat-
ing floor spectra at the above elevatlons since the base mat (elevation

-19 ft 0 In.) and first floor {elevation 0 ft 0 In.) of the reactor build-
ing are both rigid In their out-of-plane responses (l.e., have a3 fundamental
frequency higher than 33 Hz). The spectra at elevation 158 ft 0 in. Is at
the top of columns and doss not represent the magnifications of motions else-

where in the roof.

S, Detailed Vertical Model. A detailed finite-element model of the reactor

bullding between elevations 23 ft 6 In. and 119 ft 3 In. is developed to

- - - | - URS/Blume
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enerate vertical floor spectra at various locations In floors berween these

two elevations. The floor slabs and walls (except for the drywell) are

modeled with quadrilateral plate elements with flve degrees of freedom at

each node. Floor beams are modeled using prismatic beam elements with ade-

qdate accounting for the difference between the neutral axis of the beam and

slab In the floor. The drywellcis modeled by a series of vertical prismatic

beam-column elements connected to the floor plate elements. Figure 5 shows

a schematic representation of the plate element mesh of the floor at eleva-

tion 95 ft 3 in. and a partial view of the finite~-eiement mesh of the exte-

rior bullding walls and beam-coiumn elements representing the dry well. The

Is the vertical acceleration time hlstory at elevation

Input to thls model
The loca-

23 ft 6 In. caiculated from the lumped mass model descrlbed above.

tions in each floor where floor spectra are calculated were identified by GPU.

c. Detailed Vertical Crane Model. 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 rall 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 speclfied by GPU to be’ 125 tonf\for the holst. 176_2733\\
for the bridge, and 88 klps for the trolley. These masses are lncorporated

In the mathematlcal model The Input to this model Is the vertical accelers-

tion time history at elevation 119 ft 3 In. computed from the lumped-mass

model described above.

~ - 12 - URS/Blume
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3. DISCUSSION OF RESULTS

ructural kesponse for Horizontal Seismic Input

ztural responses in the east-west direction, comprise of the maximum
. floor accelerations, maximum relative floor displacements, maximum
‘2ars, and maximum story overturning moments, are calculated for the
The solutions are for the modified

.<e in the horizontal direction.
For this analysis, a single

.31 dynamic model described in Chapter 2.

. , 61000 ksf for soil shear modulus is used and half of the reactor em
for effects of_embedmen;\on soil impedance values. The results are

: fromigggéégggi_ggfiig,aﬁaIysis using the URS/Blume proprietary com
“ogram'FREDA. able 1 presents the computed structural responses at

a1t levels of the building. L

i

\

uos T

. - —

: : horizontal_east-west direction, floor acceleration spectra are gen-
- : .

4t nine floqrs, elevations 156'-9", 138'-0", 119'-3", 95t-3" 75'-3",
. 23'=6", 0'=0'"", and -19'-0", using the lunmped-mass stick modei. The

~a curves are generated for 2, 3, 4, and 7% of critical damping. Two

= . of_floor res ectra are developed for soil shear modulus values
. J00 ksf Gnd 4,000 ka. The two sets of spectra are enveloped to produce

Peaks in the raw spectra at structural frequencies ) J

.2or Response Spectra

-in3l raw spectra.
itv sroadened and the rest of the spectra smoothed in accordance with project lg [b
. et

-4

The spectra computations are done through the URS/Blume proprietary
s=mauter program FLSPEC which calculates, broadens the peaks, smooths, plots,

inc digitizes the floor response spectra in a single run for the various damp- é

ing values requested. Figures 7 to 15 show the final smooth floor spectra

surves for the horizontal east-west direction.

The floor.acceleration response spectra in the vertical direction have been

“omputed from the three mathematical models described in Chapter 2. Floor

Spectra are generated ag\zpurteen locations In the structure as requested by

SPU.  The procedures of enveloping the spectra for the two values of soil-
shear modulus, the peak broadening, and spectra smoothing are all done using
the same procedures described above for the horizontal spectra, Figures 16

10 29 show the final smooth floor spectra for the vertical direction.

z -13 - UxS/Blume
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L., SUMMARY AND CONCLUSIONS

Horizontal and vertical broadened and smoothed acceleration response spectra

are generated for the Oyster Creek reactor building. These spectra will sub-

sequently be used in qualifying various items of Category [ 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

matches 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

putation as well as horizontal floor acceleration spectra generation. Soll

impedances - stiffnesses (springs) and radiation damping (dashpots) - are con-

sidered at the base of the structure. Solutions are computed in the frequency

domain to properly consider the frequency-dependence of the soll Impedances.

A single soil-shear modulus value of 6,000 ksf is conslidered for calculation
e ———

of structural responses such as displacements, accelerations, shears, and

overturning moments. Two bounding values of soll shear modulil of 6,000 ksf

and 4,000 ksf are used for generation of floor response spectra which are then

enve loped to produce the flnal floor spectra.

——

Three models are used to generate the fioor response spectra in the vertical
direction: lumped-mass stick model to generate the floor spectra at eleva-
tions :19'-0", 0'-0", and 156'~9"; a detailed finite-element model for floor
response spectra at elevations 23°'-6", 51'=3", 75'=3'" 95'-3" and 119'-3';

and a detailed crane model to generate the floor spectra at the crane sup-

ports.

- - 14 - UFE/Blume
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SEISMIC RESPONSES OF THE HORIZONTAL REACTOR

TABLE 1

BUILDING MODEL (SOIL MODULUS = 6,000 ksf)*

Maximum Maximum Haximum haximum
Elevation .Relative Absolut? Story Overturning .
Displacement Acceleration Shears Moment
(in.) (g) (kips) (k-ft)
156'-9" 0.6653 0.988 -- --
138'-0" 0.2696 0.504 671 12,581
119'-0" 0.0742 0.300 938 30,045
95'-3" 0.0633 0.264 2,806 96,340
75'-3" 0.0524 0.235 6,793 224,450
S1t-3n 0.0368 0.203 10,324 Lé65,160
23'-6" 0.0171 0.186 13,914 838,840
o'-0 0.0089 0.175 16,208 1,206,600
-19'=-0" 0.0000 0.164 17,91 1,542,400

*These results are for the east-west horizontal model for seismic input In the

east-west dlrection.
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FIGURE 6 OVERHEAD CRANE VERTICAL MODEL
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Introduction

Oyster Creek is a 620-MW boiling water reactor (BWR) plant that went
into operation in 1969. It is one of 11 older United States nuclear
plants now being reviewed under the Systematic Evaluation Program

(SEP) of the U.S. Nuclear Repulatory Commission (NRC).

Oyster Creek Category | electrical equipment, and possibly some
mechanical equipment and components, are subject to seismlc evaluation.
Consequently, acceleration floor response spectra are required for

proper seismic qualification of category 1 equipment.

This criteria document describes the methods and technigues to be used
riteria docum

in the development of floor response spectra for the reactor building

at Oyster Creek.

Basic Approach

This criteria will be based primarily on the following regulatory stand-

ards and documents:

USKRC Standard Review Plan - Section 3.7.2 (ref. 1)

USNRC Regulatory Cuicles (ref. 2)

Setsmic Review of the Oyster Creek Nuclear Power FPlant as Fart
of the Systematic Evaluation Program, NUREG/CR-1981. (ref. 3)

Initial Review and Recommendations for Site-Specific Spectra at
SEP Sites. (ref. &)

U.S. Nuclear Regulatory Comission, Development of Criteria for Seismic

Review of Selected Fuclear Power Plants, NUREG/CR-0098, May 1978. (ref. 5)

Seismic Input

The free fileld horizontal seismic input has been described in terms of
the response spectrum as shown in Figure | (ref. 9) which has been re-
tommended by the NRC for use at the Oyster Creek site. The \;m"ilal
free field spectrum will be considered to be 2/3 the horlzontal through-
out the freguency range of interest. The seismic input Is also required
in terms of time-histories for the computation of floor response spectra

as well as for the response time-history analyses.
- A-3
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The free field acceleration time-historfes will be developed such that

their response spectra will martch the input free field spectra describec

above.

4. Material Properties

The following material properties will be used in this project:

Concrete modulus, E. = Vé-s 33/?:7 (ref. 10) “IRY
Steel modulus, Eg = 29,000 ksi

Concrete Poisson's Ratlo, v = 0.17

Steel Poisson's Ratio, vg = 0.25

Structural modal damping, £ = 102 of critical

Soil shear modulus,Gg = 6,000 ksf will be used to calculate
structural responses

Soil shear modulus,G, = 6,000 ksf and 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 Gg used.

- Soil poisson's ratio, vgpj} = 0.475
Soil weight density = 126 lb/cft.

5. Analvtical Methods

5.1 Seismic~Dynamic Model AN

The fixed-base lumped mass reactor bullding developed by URS/
Blume (ref. 8) will be used. The SSI effects will be simulated
using the lumped parameter approach. This approach to S$S1 is
based on developing a set of ‘soil springs' which represent the
flexibility of the foundation and a set of viscous dampers which
represent the ‘radiation damping'. The expressions for these
frequency-dependent springs and dampers will be taken from refer- | -

.

ences 6 and 7.

Per SSRT recommendations (ref. 3), only 502 of the embedment ef-

fects will be considered for SSI. -

- PR t- M e A
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The response for the vertical componen: of ground motion will be
calculated on the bases of a vertical dynamic model which will use
finite elements 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 ’1
rigid supporting elements will be modelled by appropriate boundary
elements at their point of connection to the floor slabs. Columns,
and walls which do not continue to the foundation will be appro-

priately included in the model.

§.2 Seismic Analysis

Seismic analyses of the dynamic models will be undertaken for hori-
zontal and vertical motions. In order to properly consider the fre-
ocuency dependence of soil impedance (sprinps-and dampers) coefficients,
the analysis will be performed in thé/?:::::ncy dcmaiq:> The maximum
story shears, maximum story overturningc mome - aximum absolute
floor accelerations and maximum relative floor displacements will

be obtained from these analyses. The response acceleratlon time-
histories at different mass points will also be generated to develop

the floor spectra.

Floor Response Spectra

Horizontal and vertlical floor response spectra will be generated for 2,

3, 4 and 73 of critica! damping for all applicable locations. Peaks in

the floor response spectra at structural frequencies less then 33 hertz

will be broadened b \1Ei)un either side of the pesk per Reg. Guide 1.122
(ref. 2) and the rest of the spectra will be smoothed.

Tam TN g, L
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List of Computer Codes

The computer programs used in this project by URS/Blume atv:

1. SAP4 Version NEE 4.2

2. SAPhL version NEE L.2B - Project Specific
3. JAB/FLSPEC Version 1.0

L. SMSPC3 Version 1.0

FREDA Version 0.0 - Project Specific
The above programs have been fully verified in accordancr with requirements

of the URS/Blume Quality Assurance Program.

In addition the following tour subroutines have been usedl:

1. INTERP
2. HODE
— 3. ENVEL
) L, JMT

)

These have been verified in accordance with URS/Bilume Pruject Specific

Computer Program QA requirements.

URS/Blume
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URS/JOHKN A. BLUME & ASSOCIATES, ENGINEERS e manCSeD
130 JESSIE STREET (AT NEW MONTGOMERY) WAs=aGIOM D¢
SAN FRANCISCO. CALIFORNIA 84105 (Lt
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February 1, 1982

Leon Garibian
General Public Utility Service Corp.

100 Interpace Parkway
Parsippany, New Jersey 07054

Subject: Oyster Creek Reactor Building Floor Response Spectra

URS/Blume draft report entitled: Seismie Accelergtion
Floor Response Spectra for the Reactor Building at

Oyster Creek Nuclear Pover Piant .
2, GPU Specification entitled: Oyster Creek Fuclear Statiom,

Reactor Building Structure, Generation of Seismic Floor
Response Spectra (Specification No. 1302-43-001)

References: 1.

Dear Leon:

In response to your telephone inquiry, this letter is to confirm that our
work to generate the floor response spectra and other building responses

presented in the referenced URS/Blume report has complied with all the
relevent references contained in the GPU referenced specifications.

Should you have any further questions in this regard, please do not hesitate
to contact Dr. Lincoln Malik or myself.

Very truly yours,

Hoed F%b

Ahmad F. Kabir

Deputy Manager

Structures Departwment
Nuclear & Energy Division
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INTRODUCT ION

This report describes work performed by URS/John A. Blume & Assoclates,
Engineers (URS/Blume), in develoﬁlng!; site-specific response spectrum for

the Oyster Crgek Nuclear Power Plant. The report lIs prepared for the
The spec-

Jersey Central Power £ Light Company of Morristown, New Jersey.

trum is intended for use In engineering design review 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 and the increased number of strong motion earthquake

records available for use in analysis.

The methodology used in the past to establish seismic criteria for most
nuclear power piants in the eastern United States utillzed the generic re-
sponse spectra presented in NRC Regulatory Guide 1.60. This spectrum is
anchored at a zero-period peak ground acceleration based upon the Modified
Mercalll intensity (MMI) of the Safe Shutdown Earthquake (SSE). The appro-
priate level of peak ground acceleration for an earthquake of a glven Inten-
sity is determined from pu&llshed studies of strong motion earthquake data

that 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 significant.
Some of the major problems cited are the highly subjective nature of earth-
quake intensity ratings, the large scattering of data In the Intensity-
acceleration relationship, and the conservatism of the NRC Regulatory Guide
1.60 spectra, which are based on ground motion records of earthquakes of
varying magnitudes:and epicentral distances in different geologic environ-

ments.

These problems are alleviated to a large extent by the technique for develop-
ing & site-specific response spectrum that is used In this study. This tech-
nique is based on selection of a suite of strong motion earthquake records

that characterize both the SSE (i.e., magnitude and epicentral distance) and

the geologic conditions of the power plant site.




- et e

This study b:glgi‘:lth determination of the magnitude appropriate to the SSE
max imum MM| eg_!lL/developeﬁ In accordance with regulatory procedures prior
to deslign of the Oyster Creek Nuclear Power Plant. Since this Is the same
intensity that would be arrived at following the current regulations of 10
CFR 100, Appendix A, the study does not review this development,

The following sections of this report explaln the methodology utilized In de-
veloping the site-specific response spectra for the Oyster Creek plant; they
describe the calculations, provide the input parameters utllized, including
the sulte of strong motion earthquake records, and present results of the

calculations and the site-specific response spectra.




SUHMARY

In the mean value site-specific response spectrum developed for the Oyster
Creek Nuclear Power Plant site, shown on Figure 1, the zero-period peak ground

— N
acceleration I1s°0,.07g.
, \ :

The basic input parameters used to develop this spectrum are as follows. The
SSE is an event of Modified Mercalll iIntensity Vil immedlately adjacent to the
site. The corresponding magnl tude (mn )(is 5.3.) This site Is underlaln by

¢ 5 km.)

moderately deep alluvium. The characteristic epicen_t_ral distance |

- —,—— .-

The earthquake mechanism is considered to be characterized by normal faulting.
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HETHODOLOGY

A computer program based on 8 new way of predicting the maximum response of
singie-degree-of-freedom systems to which the response spectra shape can be
anchored was ‘lmplemented to predict ground mot ion spectra at specific slites

~

in the eastern United States.

The methodology emplioyed Is an application of the random vibration theory
(vanmarcke, 1976) with the data needed for the solution based on empirical
work (Street and Turcotte, 1977) and engineering judgment. The anchor point
of the response spectrum at period T = | sec and the maximum expected ground
acceleration for rock is obtained for a specified spectral moment (ﬁsz), a

civen epicentral) distance, 8 strong motion duration, and a description of the

spectrum within the period range of interest. The desired spectral shape can

also be scaled with the corresponding transfer function so that the soll char-

acteristics of the Jocal site are included.

". Response Spectra

The maximum response is of practical value in the analysis and design of elas-

tic structures. For a simple one-degree-of-freedom mathematical model of a
structure with a natural period.I and a damping ratio 8, a plot.of the peak

?esponse to & given excitation as a function of the period Is known as the

response spectrum,

It is useful to present the displacement, velocity, and acceleration spectra
in one plot, as in the tripartite response spectra. Here the ideal character-
istics of a double~degree-of-freedom oscillator are explolted so that relatlve

displacemsnt (;D) and pseudo-veloci ty (Sv'- h%SD) are both presented.

Random Vibration Method

Because of our limited knowledge of the physical process that produces seis-
mic motion and the almost total absence of strong motion data for the eastern
United States, a stochastic description of the earthquake process becomes in-
Such a description is very useful In predicting the occurrence of

evitab!c.
events because of the avallability of the analytical tools developed in the

theory of random processes.
-k-
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- Unen the theory of random process Is applied to a time history (=(2)), the
whole ensemble.of possible time histories which might have occurred as a re-
sult of the phenomens under congideration, not Just one time history, are

described. An Individual time history belonging to the ensemble Is called a

realization,

A major simplificition Is normally used, in that the random process is
assumed to be invariant with time in its statistical description. In thls
case, the stochastic or random process Is called a stationary stochastic pro-
cess, and we can write the autocorrelation function (E[X(2,)X(%2)]), which is

the expected value of the product of the value of =(t) at two different times
t; and tz, as a function of the difference I’ = ¢t; - ¢; : Z[X(%;)X(¢3) = R_(7)],
where £_(T) is the autocorrelation function of the stationary stochastic pro-

cess Y(2¢).

The spectral function, S_(w), can be defined as the Fourier pair of R_(t],

so that

R_() = L. Sz(u)cim'dd (1)
and

5. = -;; -R:(t)c-wtdt - (2)

Soth the autocorrelation and the spectral functions are a complete represen-

tation of the stationary stochastic process z(2)

Empiricaily derived relationships that relate the observed vertical displace-

.ent spectrum B_(w) with the source spectral- function S*(w) at a fixed dis-

_ance are available. Among them, the one found in Street and Turcotte (1977)

is epplicable for the eastern United States. It Is:

hapB’ro(r/ro) ﬂr(u),- when r < 3

St(u) = {

'ﬂ'lDB’I‘o(l"/!'o)l/2 n,(u). when » > »

where p = so0il density, taken as 2.5 gm/em~3; B = damping, taken as 3.5 km/sec”?

- = a fixed distance parameter = 100 km; S*(w) = source spectrum at r, distance;

and 2, (=) = observed vertical displacement spectrum,

- -5 -
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Y ”.':,,gm the same reference It can be observed that the frequenclies around 7 =

1 sec, (w = 2v), are wel) behaved. Also, the following relatlion between ob-
served mbLg and S*(T = 1 sec) has been derlved:

(17.5 + =, . )
St =3 sec) = 10 - bLe (k)

i It is easy to obtain from Equation 3 the site specific vertical displacement
i spectral level Qr(T = 1 sec) for any specified distance r. This slite vertical
acceleration amplitude spectrum Ar(T = ] sec) Is readily calculated by:

AT =1 sec) = Q’(T = | sec) i (27)2 (5)

The development up to this point has been for vertical motion (used in obtain-

ing @y, ). This can be transformed to horizontal acceleration amplitude by
’ multiplying by the_(atio of horizontal to vertical acceleration. In this case

a mean value of 2.4 was obtained for this ratio from a8 study of 70 strong
N

motion records of eastern Unlted States earthquakes.

The power spectral density function (one-sided) of the ground motion Qr(u)

~ ene

can be estimated by smoothing the Fourier acceleration spectrum,

)
! ! G;(T =1 sec) = ;;*]A,(T = 1 sec)]? (6)

where & denotes strong-motion duration. As the assumption of stationarlty
implies a uniform energy distribution in time, the duration & must be adjusted

so that an equivalent duration, called s,, and the averaged G}(u) give the

total energy content of the earthquake. Here the definlition gliven in Vanmarcke

and Lal (1977) wil) be used to that effect.

We need the predicted response spectrum ordinate at period T = 1 sec to anchor

the selected shape of the normalized response spectra. A nonstationary random

; vibration analysis following that of Vanmarcke and Lai (1977) is done to
H accomplish this task: Given qr(u) of » single-degree-of—free?om system and
the strong motiqn (equivalent) duration 8, the pseudo-velocity response spec-
! ira SV(T,B) is predicted with the general fom

f' Sp7.8) = @, le)) (7

-
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response, evaluated at ¢t = L °p Is & peak factor function of the probabl}-

lty of nonexceedance, p.

The variance ag(t) Is obtained by Integrating the spectral denslity functlon

over all freguencies,

o2(z) = _[:. Glw,t)d

An approximate solution for moderate natural frequencies, including I = 1 sec

(w= 2n) and for relatively large damping values (such as 8 = 0.05) is, for

(8)

I =1 sec:

G,.(T =1 sec) 1/2
o3 (sg) = s (9)

The peak factor |Is the product of an analysis of the maximum,
do not exist, but an approximate solution that has been exten-

Exact solu-

tions for ap
sively checked Is, for 7 = 1 sec:

o, = [2 In (-25_ /1n p)ii/2 (10)
From Equations 7, 9, and 10, we have
G.(T = 1 sec) In (-28 Jirn ) |3/2
S (T =1 sec, B) = [" " z (1)

Another value that can be approximated from these data is the peak ground

acceleration, “g‘ This is done empirically; from a set of strong motion data

the ratio

- 12
Sv(T = ] sec, 0.1) (12)

x

was estimated, For a_ in em/sec? and 8. in cm/sec the mean value was k = 10.46.

g 4

Input Parameter for Determinina Peak Ground Acceleration

In order to determine the peak ground acceleration, certain parameters are
needed 2s input. The primary input is the maximum magnltude expected at the

-7 -
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site. The magnitude scale used Is mbLg developed by Nuttli (1973) and is

most appropriste for the East Coast. Since the maximum historlic event asso- , i

ciated with the Oyster Creek slite Is known In terms of ecplcentral intensity
.(HHI VII), a relation |s needed betwesen epicentral Intensity and L Usling
relations developed by Nuttl! and Zollwig (1574) and Street and Turcotte
(1577) reiating intensity to my, (bod; wave magnl tude) and m, to my (magni-
tude determined from the higher mode Lg wave), the following relation between

mbLg and intensjty was derived:
mbLg = 485 Ib + 1.92 {13)

Using the maximum MM| determined for the Oyster (reek site of VII one obtains

an mbLg value of 5.3.
The next parameter nesded is the distance from the source to the site. A

distance of 5 km was chosen to approximate 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 three to
These values are also consistent with estimates

five seconds {Bolt, 1973).
of duration measured for the strong motlion records used to develop the site

The last parameter to Input is the damping value, which

response spectra.
for characterization purposes was put at 53.

Using the parameters of mbLg = 5.3, distance = § km, duration = 3.0 sec, and

damping = 0.05, a calculated ground acceleration of 0.072g was o@tolned for
This value of acceleration was then used to anchor the site spe-

the site.
In order to see what &

cific design spectrum derived for Oyster Creek.
slight variation of the parameters wopld do to the ground acceleration, 3

preliminary sensitivity study was performed, the results of which are pre=
.

sented in Table 1.




TABLE 1

PEAK GROUND ACCELERATION (g) FOR VARIOUS MbLg,

DISTANCE, AND DURATION OF STRONG MOTION

Distance (km) 5 10 15
Duration (sec) 3.0 5.0 3.0 5.0 3.0 5.0
mean .045g 0393 .023g .D20g -015g .013g
5.1 T T T A A I R T
mean
+ .057g .0L8g 029¢g .024g .019g .016p
- 1o
mean .072¢ 0629 .036g .031g | .02kg .021g
lnt:ng 5.3 L e e e e o I A s —— - —
mean
-; .0S1¢g .075g .0l5g .038¢g .0309 .025¢
a .
mean Ttkg .098g .057¢ .04Sg .039g .033¢
5.8 [———-f-——-~- R e i et ety
mean
: Lbkg | 119g .072g .060g .OkBg | .OkOg
o
e -9-
e ——— . o

T~
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Site Speclfic Deslan Spectra

A total of 34 strong motlon -records were used to develop site specific

response spectra. Twenty records were from the western United States and

fourteen from the 1976 Friull, ltaly, earthguake. The accelerograms were
chosen to satisfy certain criterla. - The records were all recorded at soll
The earthquakes ranged in magni-

sites and at distances of less than S5& knm.

tude from 4.7 to 6.1. The peak accelerations varied from .027g to .308g,

with 3 mean peak acceleration of .115g and standard deviation of £.073 (see

Table 2). The spectra were 211 normallized to the zero-period acceleration

and then statistically combined (assuming lognormal distribution) to obtain
The spectrum was then anchored to the peak ground

a mean response spectrum.
it is shown in Figure 1.

acceleration value determined by the above method.
The spectra for O, 2, 5, and 10% damping are shown together in Figure 2.
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UHS DATA SET - OYSTER CREEK

TABLE 2

Epicentral
1.D. Larthquale Lacstaee Sute/Time Agecelerometey Statiom Y cistance Cowscanent 4 pgs {g)
S0 fhx)
AD1D San Jose, Ca. 9-4-.53 Band of AscTica, 5.8 10 [ 331 PR 1.0
Sas Jess NISE: 104
a1 Sac Franzisce, Ca. 3-22-37 Ssuthern Pacific B14;.. 5.3 17 Nesg: o0
San Francisce KeSN:  _Dey
(31 Certra) Califoroas 4-3063 Mollister City Mal) 5.6 21 SOIn:  _0e3
Nisa: 173
B33 Long Beach, Ca. 10.2-33 Ho))wwool Stersre Blég., 3.4 32 NyOW: .01V
basewent, Los Angeles ] 01
| I3 § heeler Ridge, Ca. 1-12-34 Taft Lincels Scheel Turmeld 5.9 1 7] K23E: .04%
Sast: .ol
uscs Cenzral Califsreis 42553 Hollister Pudlic Lidrary 3.3 % SOINV: 083
Negn: 030
Vile Jorrance-Cardens. Ca. 11-14-43  Leng Besch Pdlac tRilities 3.4 [ n: .40
8)dg., Los Angeles | H -038%
Vi Souzthers Califorenia 3-18-8° 1. Muenene Assearch lah. 4.7 $: .36°
a: .00
viss Lyzle Creed, Ca. 9-12-70 Mal) of Aecords, $.4 30 N: -318
Sas bernardame H .08
339 - - Ssuthera Caldifesuis Edisen, 3.4 34 | 082
Colzom : 089
FCOSS  Briula, Jusdy 3-33-%%/ Fergsria-Ceraine 5.3 10 " 190
224408 . : -308
[ 123 3] - 9-31-76/ Pergaris-Corrime 5.3 36 s .09
183132 . < H] 318
TAP 333 - 9.11-7/ TJarcemo 5.3 [ ] : «204
363322 H 308
FC13? - 9:11-7¢/ Forgaria-Cornine 5.9 3 ns: -133
163300 RS 5 1 1
3143 - 9-13-70/ DBuss 3.9 38 : .233
183390 s .30
Flisl - 9.13-76/ Feorgaris-Coraine 6.3 10 KS: .23
031519 H +238
| 3 1Y - 9-13-76/ bBuis 6.3 [ ] H 110
031819 : .09
- -1 -

—— ——

¢ ——— - - ——
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FICURE 1 OYSTER CREEK MEAN HORIZONTAL SPECTRA FOR 52 DAMPING
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FIGURE 2 OYSTER CREEK MEAN HORIZONTAL SPECTRA FOR 0, 2, 5, 10X DAMPING
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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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