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ABSTRACT 

During a postulated pipe rupture in the reactor coolant system of a nuclear power plant, var
ious forces are applied to the reactor coolant system components. The applied forces produce 
loads and displacements in the components which must* be analyzed to verify the capability of 
the plant to attain a safe and orderly shutdown from its normal operating condition. Pipe 
rupture analyses are presented in this report for the reactor coolant system of Indian Point 
3 Nuclear Power Plant. Three pipe rupture locations were considered: 1) reactor pressure ves
sel inlet nozzle terminal end; 2) reactor pressure vessel outlet nozzle te rminal end; and 3) re
actor coolant pump outlet nozzle terminal end. The analyses include all the loads which result 
from the postulated ruptures. Specifically, cavity pressurization loads, internals reaction forces, 
and loop mechanical loads are included. The effect of proposed 'plant modifications which 
significantly reduce the severity of the pipe ruptures are included. The methods and results of 
the structural analyses of the reactor coolant system are presented, as are the evaluations of 
the components required to assure a safe shutdown of the plant.  

The reactor coolant loop was analyzed for the combined effect of vessel motion and loop de
pressurization forces. An analysis was performed that included evaluation of the piping stresses, 
component support loads, and component nozzle loads. The piping stresses were shown to be 
acceptable. The loads on the reactor coolant pump and steam generator supports were used to 
calculate stresses in the support members. The stresses were all found to be acceptable. The 
loads and deformation induced in the reactor vessel supports were compared to results of scale 
model tests on the vessel supports and were shown not to cause support failure. The loads on 
the component nozzles and support attachment points, specifically on the steam generator, re
actor coolant pump, and vessel, were evaluated and the resulting stresses are acceptable. The 
motion of the reactor coolant loop piping was used in an evaluation of the most highly 
stressed ECCS lines attached to the loop. The stresses are all acceptable. The CRDMs, inter
nals, and the fuel were all analyzed in a time history manner using the motion of the reactor 
vessel and the internals. The stresses in the CROMs and internals were shown to be acceptable.  
The reactor core evaluation indicated that fuel grids in the periphery of the core may experi
ence permanent deformation, but the localized deformation does not affect the ability of the 
core to be cooled.  

The conclusion of the analyses performed for Indian Point 3 Nuclear Power Plant is that the 
plant with the proposed modifications can be safely shutdown and maintained in a safe condi
tion in the unlikely event the postulated pipe ruptures.
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SECTION 1 
INTRODUCTION 

The original evaluations of the reactor coolant system (RCS) of Indian Point 3 had demon
strated the safe shutdown capability of the plant with margin remaining. The analyses, how
ever, did not include the effect of loads from asymmetric reactor pressurization. This loading 
condition has recently been found to be a significant loading on the reactor pressure vessel 
(RPV), and occurs for pipe ruptures postulated at the RPV nozzle safe end location. The ad
ditional loads lead to increased reactor vessel displacements which affect the entire reactor 
coolant system evaluation. To assure the safety of the plant, LOCA analyses of the reactor 
coolant system were begun to verify that the plant could attain a safe shutdown condition 
following a pipe rupture postulated at the most severe locations: RPV inlet nozzle, RPV out
let nozzle and pump outlet nozzle.  

This report presents the evaluation of the reactor coolant system (RCS) for the loads induced 
by a loss-of-coolant accident (LOCA) which results from the unlikely event of a pipe rupture 
within that system. The objective of the evaluation is to verify the capability of the plant to 
reach and maintain a safe shutdown condition following the event. As a result of the postu
lated pipe rupture, the. reactor coolant system depressurizes and thermal-hydraulic loads are ap
plied to the system piping and components. The analyses include all loads in the system among 
which are the asymmetric loads in the reactor internals and the reactor cavity pressurization 
loads for the RPV nozzle break locations, and the effect of any inelastic structural response.  [ ]b~c 

The results -and conclusions from the analyses are presented in section 2. The methods used in 
the RPV blowdown analysis are described in section 3. The evaluations of the reactor coolant 
system components which insure the plant's safe shutdown capability are presented in sec
tion 4. Plant modifications which will be implemented to reduce the severity of the postulated 
pipe ruptures and thereby provide additional margin in plant safety are discussed in section 5.  
The modifications include the addition of pipe displacement restraints and alterations in the 
RPV nozzle inspection opening design. Changes in the RPV nozzle inspection opening design 
provide earlier venting of the reactor cavity which reduces the magnitude of the cavity pres
sure loads. Pipe displacement restraints limit the break opening area for postulated pipe rup
tures at the reactor vessel safe end locations and significantly reduces the loads applied to the



reactor pressure vessel (RPV). In addition, the restraints around the unbroken RPV nozzles 

constrain RPV motion. The analyses presented in this report include these plant modifications.  

To understand the response of the reactor coolant system (RCS) during a postulated LOCA, 
one must have a general knowledge of the configuration and function of the system compo
nents. A brief discussion of the RCS follows.  

1-1. GENERAL DESCRIPTION OF THE SYSTEM 

The physical system-~for which the evaluation is performed is called the reactor coolant sys
tem (figure 1-1). This general term includes the components, piping, and supports necessary to 
operate and cool the reactor pressure vessel (RPV). The reactor pressure vessel contains the 
reactor core and internals needed to direct flow and structurally support the core. The general 
configuration of the reactor pressure vessel is shown in figure 1-2. Control rod drive mecha-, 
nisms are attached to the upper vessel head and control the motion of the control rods and 
thus the reactor power level. Four reactor coolant loops, each consisting of large diameter 
stainless steel piping, a steam generator, a reactor coolant pump, and attached auxiliary piping 
are attached to the reactor vessel. The reactor coolant flows up through the middle of the 
vessel (inside the barrel), out to the hot leg piping, up and down the steam generator, through 
the crossover leg piping, through the pump and cold leg, and finally down the vessel between 
the vessel and barrel (downcomer annulus). Each steam generator and reactor coolant pump is 

supported by a redundant system of welded columns and beams. The steam generator is at
tached to the support at the bottom of the generator feet and at the top below the transition 
cone region. Snubbers connect the support structure to the concrete. In addition to the box
like support, the reactor coolant pump is restrained by tie rods. All the supports allow for 
unrestricted thermal expansion and are designed to take load if motion occurs in addition to 
the thermal growth. The reactor vessel is supported by four vessel supports beneath alternate 

reactor vessel 'nozzles. These supports allow for radial expansion, but resist any tangential mo
tion and provide non-linear resistance in the vertical direction in that they resist downward 
but not upward motion. The support shoe is bolted to a water cooled plate and welded to a 
ring girder which is embedded in..the shield wall concrete (figure 1-3). The pipe displacement 
restraints to be added in each shield wall penetration are cylindrical steel plates which sur-0 
round the primary pipe and have longitudinal bars attached. The bars, after closing a gap, butt 
up against the shield wall pipe sleeve and restrict RPV motion. For pipe rupture postulated at 

the RPV safe end locations, the restraints limit the displacements of the broken pipe ends 

and, thus reduce the break opening area available for release of primary coolant fluid.  

The following section presents a summary of the analysis results. Figure 1-4 presents a flow 

diagram of the analysis interface arrangements.
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SECTION 2 

SUMMARY AND CONCLUSIONS 

The reactor coolant system of Indian Point 3 Nuclear Power Plant was analyzed for postulated 

pipe ruptures at the following locations: 1) RPV inlet nozzle safe end; 2) RPV outlet nozzle 

safe end; and 3) RCP outlet nozzle terminal end. These pipe rupture locations produced the 

most severe loadings on the reactor pressure vessel and have the most severe consequences 

upon the structures required to assure plant safety. Thus, verifying the plant safety for these 

pipe ruptures assures that pipe rupture at other locations will cause no safety problems. The 

analyses described in this report include the effect of modifications to the plant which reduce 

the severity of the postulated event. The most significant change is the addition of pipe dis

placement restraints in each primary shield wall pipe annulus. These restraints limit t'ie break 

opening area for pipe ruptures postulated at the reactor vessel safe end locations and provide 

resistance to RPV motion. Modifications to the RPV nozzle inspection openings design provide 

earlier venting of the reactor cavity and thus reduce the reactor cavity pressurization loads.  

All the loads that would be applied to the reactor coolant system as a result of the accident 

were included in the analysis.  

The break area considered in calculating the transient responses was 110 square inches for the 

vessel safe end locations. This area was determined to be the maximum possible and is con

servative. The maximum possible break opening area at the pump outlet nozzle is twice the 

cross-sectional flow area of the primary piping. These areas were used to generate the applied 

loads. Loads were calculated using various computer codes. The cavity pressure loads were 

calculated using the TMD code, 1 the internals hydraulic loads were calculated using the MUL

TIFLEX code,2 and the loop mechanical loads were calculated with the piping code WEST

DYN7. 3 The MULTIFLEX code included the effects of fluid-solid interaction by consideration 

of the flexibility of the. core barrel.  

The loads or forcing functions were applied simultaneously in a time-history manner to a 

mathematical model of the reactor vessel and internals. The model of the reactor vessel and 

internals was formulated using DARIWOSTAS 4 computer code and consists of beam elements, 

springs, masses, dampers, gap elements for non-linear modeling, sliders, and other specialized 

elements. The vessel restraints, coming from the reactor vessel supports and the attached re

actor coolant loops, were represented as non-linear stiffnesses at the proper location on the 

vessel. The reactor vessel support stiffnesses included the results of tests performed on scale



models of the support mechanism. The reactor coolant loop stiffness matrices 'were obtained 

from a detailed finite element model of the loop components. A time-history analysis was per
formed with DARIWOSTAS code, which resulted in a determination of the motion of the ves
sel, motion of the internals, and loads in the vessel supports. The loads in the supports were 
used directly to analyze the adequacy of support. The displacements of the vessel and inter
nals were subsequently used in more detailed analyses of the various components of the reac
tor coolant system.  

E I b,c 

The reactor coolant loop was analyzed for the combined effect of vessel motion and loop de
pressurization forces using the WECAN code.5 An analysis was performed that included evalua
tion of the piping stresses, component support loads, and component nozzle loads. The piping 
stresses were shown to be acceptable. The loads on the reactor coolant pump and steam gen
erator supports were used to calculate stresses in the support members. The stresses were all 
found to be acceptable. The loads and deformation induced in the reactor vessel supports 
were compared to results of scale model tests on the vessel supports and were shown not to 
cause support failure. The loads on the component nozzles and support attachment points, 
specifically on the steam generator, reactor coolant pump, and vessel, were evaluated and the 
resulting stresses are acceptable. The motion of the reactor coolant loop piping was used in an 
evaluation of the most highly stressed ECCS lines attached to -the loop. The stresses were all 
acceptable. The CRDMs, internals, and the fuel were all analyzed in a time history manner us
ing the motion of the reactor vessel and the internals. The stresses in the CRDMs and inter
nals were shown to be acceptable. The reactor core evaluation indicated that fuel grids in the 
periphery of the core may experience permanent deformation, and it is shown that this lo
calized deformation does not affect the ability of the core to be cooled.  

The conclusion of the analyses performed for Indian Point 3 Nuclear Power Plant is that the 
plant with the proposed modifications can be safely shutdown and maintained in a safe condi
tion in the unlikely event the postulated pipe ruptures.



SECTION 3 
REACTOR PRESSURE VESSEL LOCA ANALYSIS 

Figure 3-1 shows the three postulated breaks considered in the evaluation of the reactor cool
ant system. They are, specifically, the pipe break at the vessel inlet nozzle, the vessel outlet 
nozzle and the reactor coolant pump discharge nozzle.  

Time history loads are exerted on the reactor coolant system due to the hydraulic pressure 
transients which accompany a Loss of Coolant Accident (LOCA). Since RPV displacements are 
caused by these pressure transients, and the transients vary with the size of a pipe break, the 
pipe break opening area must be calculated to determine RPV displacements. This is done by 
using conservative approximations for primary equipment motion to determine relative axial 
and lateral displacements of the broken pipe ends. Worst case primary equipment motions are 
used in the calculations, as well as the influence of pipe displacement restraints on pi pe mo
tions. Using geometrical relationships, the relative pipe end motions are used to calculate a 
break opening area for the postulated RPV safe end break locations. The methods used to 
calculate break opening area are presented in Appendix A. The break size calculated for RPV 
nozzle break locations is 110 square inches, which takes into account the size-limiting effect 
of pipe restraints (see section 5) in the primary shield wall annulus around the primary 
coolant piping. The postulated break at the RCP outlet nozzle is assumed to have a break 
opening area equivalent to twice the pipe cross-sectional flow area.  

3-1. LOADS APPLIED TO REACTOR VESSEL 

Following a postulated pipe rupture, forces are imposed on the reactor vessel and its internals.  
These forces result from the release of the pressurized primary system's coolant and, for guil
lotine pipe breaks, from the disturbance of the mechanical equilibrium in the piping system 
prior to the rupture. The release of pressurized coolant results in travelling depressurization 
waves in the primary system. These depressurization waves are characterized by a wavefront 
with high pressure on the leading side of the wavefront and lower pressure on. the following 
side. The wavefront translates and reflects throughout the primary system until the system is 
completely depressurized. The rapid depressurization results in transient hydraulic loads on the 
mechanical equipment of the system.  

The release of coolant resulting from a postulated RPV nozzle break also results in a pressure in
crease in the region surrounding the postulated break. Pressurization occurs rapidly in the cav
ity around the reactor vessel; this can exert an asymmetric force on the outside of the vessel.
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The loads on the RPV and internals that result from the depressurization of the system and 

from the pressurization of the area around the break may be characterized as (1) reactor cool

ant loop mechanical loads, (2) reactor internal hydraulic loads (vertical and horizontal), and 

(3) RPV cavity pressurization loads (only for breaks at the reactor vessel safe end locations).  

All the loads are calculated individually and combined in a time history manner. The analyti
cal methods used for the calculations are discussed in the following paragraphs.  

3-2. Reactor Coolant Loop Mechanical Loads 

The reactor coolant loop mechanical loads are applied to the RPV nozzles by the reactor 

coolant loop piping. For guillotine pipe separations, the loop mechanical loads result from the 

release of normal operating forces present in the pipe prior to the separation as well as from 

transient hydraulic forces in the reactor coolant system. The magnitudes of the loop release 

forces are determined by performing a reactor coolant loop analysis for normal operating 

loads (pressure, thermal, and deadweight). The loads existing in the pipe at the postulated 

break location are calculated and are "released" at the initiation of the LOCA transient by 

application of the loads to the broken piping ends. These forces are applied with a ramp time 

of 1 millisecond due to the assumed instantaneous break opening time.  

The magnitudes of the loop release loads for a postulated RPV inlet nozzle break, RPV outlet 

nozzle break, and RCP outlet nozzle break are given in table 3-1, in the coordinate systems 

shown in figure 3-2. These loads are applied to the DARIWOSTAS model, described in section 

3-4, at the intersection of the RPV and nozzle centerlines.  

[ abc 

TABLE 3-1 

RCL MECHANICAL LOADS

a,b,c

Break 

Location RPV RPV RCP 
Load Inlet Outlet Outlet 
Component Nozzle Nozzle Nozzle 

Axial Load (Fx) kips 

Vertical Load (Fy) kips 

Moment (Mz) in-kips
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Reactor Pressure Vessel Internal Hydraulic Loads

Depressurization waves propagate from the postulated break location into the reactor vessel 
through either a hot leg or a cold leg nozzle. Figures 3-3 and 3-4 depict the possible wave 
propagation paths for waves entering the RPV cold leg and hot leg, respectively.  

After a postulated break at the RPV inlet nozzle or at the RCP outlet nozzle, the depressur
ization path for waves entering the reactor vessel is through the nozzle which contains the 
broken pipe and into the downcomer annulus which is the region between the core barrel and 
reactor vessel (figure 3-3). The initial waves propagate up, around, and down the downcomer 
annulus, then up through the region circumferentially enclosed by the core barrel; that is, the 
fuel region. As a result, the region of the downcomer annulus close to the break depressurizes 
rapidly but, because of restricted flow areas and finite wave speed (approximately 3500 feet 

per second), the opposite side of the core barrel remains at a high pressure. This results in a 
net horizontal force on the core barrel and RPV. As the depressurization wave propagates 

around the downcomer annulus and up through the core, the barrel differential pressure re
duces, and similarly, the resulting hydraulic forces drop. In the case of a postulated RPV out
let rupture, the waves follow a dissimilar depressurization path, passing through the outlet noz
zle and directly into the upper internals region, depressurizing the core, and entering the down
comer annulus from the bottom exit of the core barrel, as shown in figure 3-4. Since the de
pressurization wave travels directly to the inside of the core barrel (so that the downcomer 
annulus is not directly involved), the internal differential pressures are not as large as for the 
RPV inlet nozzle break, and therefore, the horizontal force applied to the core barrel is less 
for the hot leg break than for a cold leg RPV inlet nozzle break. For breaks in either the hot 
leg or cold leg, the depressurization waves would continue to propagate by reflection and 
translation through the reactor vessel and loops. The reactor coolant pump outlet nozzle and 
reactor pressure vessel inlet nozzle pipe rupture locations have similar vessel internal hydraulic 
loads, but due to the influence of reactor cavity pressure loads, the vessel inlet nozzle break 
generates larger forces applied to the reactor vessel.  

The MULTIFLEX computer code2 calculates the hydraulic transients within the entire reactor 
coolant system. It considers subcooled, transition, and two-phase (saturated) blowdown re
gimes. The MULTIFLEX program employs the method of characteristics to solve the conserva
tion laws, and assumes one-dimensionality of flow and homogeneity of the liquid-vapor mix
ture. The MULTIFLEX code considers a coupled fluid-structure interaction by accounting for 
the deflection of constraining boundaries, which are represented by separate spring-mass ocil
lator systems. A beam model of the core support barrel has been developed from the struc
tural properties of the core barrel. In this model, the cylindrical barrel is vertically divided

3-3.
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into'[ I segments and the pressure as well as the wall motions are projected onto the 
plane parallel to the broken inlet nozzle. Horizontally, the barrel is divided into [ I segments, a,c 
each consisting of [I separate walls. The spatial pressure variation at each time step is 
transformed into [ ]horizontal forces, which act on the[ ]mass points of the beam model.  
Each flexible wall is bounded on either side by a hydraulic flow path.  

The motion of the flexible walls is determined by solving the global equations of motion for 
the masses representing the forced vibration of an undamped beam: 

[M] J + [K] {xJ = 1Ft (3-1) 

where 

[M] = Generalized mass matrix 
[K] = Generalized stiffness matrix 
J = Acceleration matrix for mass points on the core barrel 
{ x = Displacement matrix for mass points on the core barrel 

The force matrix J~ is obtained by multiplying hydraulic pressures and the areas on which 
they act. The mass and stiffness matrices are obtained from independent modal analyses of 
the core barrel. This barrel motion is translated into an equivalent rate of flow area in each 
downcomer annulus channel. At every time increment, [ I are introduced between the a,c 
structural and the hydraulic sections of the program for each location confined by a flexible 
wall.  

Its ability to treat multiple flow branches and a large number of mesh points gives the MUL
TIFLEX code the required flexibility to represent the various flow passages within the primary 
reactor coolant system. The RCS is divided into subregions in which the fluid flows mainly 
along their longitudinal axes; each subregion may then be regarded as an equivalent pipe. The 
entire primary RCS is thus represented by a complex network of equivalent pipes.  

Time history values of the pressure, mass velocity, density, and other thermodynamic proper
ties within the RPV (all of which are computed by the MULTIFLEX code), are utilized in 
the determination of the applied vertical and lateral loads on the reactor vessel internals.  

The RPV internal hydraulic loads for pipe ruptures postulated at the vessel safe end locations 
were based upon a 110 square-inch break opening area. This limited area was verified to be 
conservative upon completion of the reactor coolant system blowdown analysis by using the



actual broken pipe displacements and geometrical relationships. Internal hydraulic loads for a 
break postulated at the reactor coolant pump outlet nozzle safe end location were calculated 
for the maximum value, that is, a full doubled-ended break opening area. Typical internal hy
draulic loads are shown in figures 3-5 through 3-10.  

3-4. Vertical Loads - The FORCE 2 computer code determines the vertical hydraulic 
loads on the reactor vessel internals during blowdown. FORCE 2 utilizes a detailed geometric 
description of the vessel components, transient pressures, and mass velocities computed by the 
MULTIFLEX code. The FORCE 2 code is applicable for all pressure and mass velocity tran
sients arising from a postulated loss-of-coolant accident. Each reactor vessel component for 
which force calculations are required is designated as an element. If the flow region associated 
with an element in FORCE 2 is divided into more than one flow path in the MULTIFLEX 
hydraulic model, then the element in FORCE 2 is subdivided into a corresponding number of 
divisions.  

The analytical basis for the derivation of the mathematical equations utilized in the FORCE 2 
code is the conservation of momentum. In evaluating the vertical hydraulic loads on the re
actor vessel internals, the'following types of transient forces are considered: 

" Pressure differential acting across the element 

* Flow stagnation on the element and unrecovered orifice losses across the element.  

* Friction losses along the element 

These three types of forces are summed together to give the total force on each element. In
dividual forces on elements are further combined, depending upon what particular RV internal 
component is being considered, to yield the resultant vertical hydraulic load on that com

ponent.  

3-5. Horizontal Loads - Variations in the fluid pressure distribution in the downcomer 
annulus region during the subcooled operation of the blowdown transient produce pressure 
loadings on the reactor vessel internals. The transient pressures computed by the MULTIFLEX 
code are used to calculate the lateral hydraulic loads on the reactor vessel wall, core barrel, 

and thermal shield.  

The annular region between the reactor vessel wall and the core barrel (that is, the downcomer 
annulus) is modeled as cylindrical segments formed by dividing this region into circumferential 
and axial zones. Figure 3-11 shows a representation of the calculation of the horizontal force 
on a cylindrical segment. The x-component of the hydraulic force acting on a segment equals 
the x-projected area times the mean pressure acting over the segment. Similarly, the 
y-component of the hydraulic force acting on this segment equals the y-projected area times 
the mean pressure acting over the segment.
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3-6. Reactor Cavity Pressurization Loads

Reactor cavity forces arise from the steam and water which are released into the reactor cav

ity through the annulus around the broken pipe. These forces occur only for postulated 

breaks at the RPV nozzle safe end locations. The reactor cavity is pressurized asymmetrically, 

with higher pressure on the side adjacent to the break. The horizontal differences in pressure 

across the reactor cavity result in horizontal forces on the reactor vessel. Vertical forces on 

the reactor vessel arise from similar variations in pressure on the upper and lower head and 

the tapered parts of the reactor vessel.  

Reactor cavity loads were calculated for a 110 square-inch guillotine break opening at the 

cold leg and hot leg nozzle safe ends. This break area has been verified to be the maximum 

possible opening area due to the placement of pipe restraints in the primary shield wall. The 

reactor cavity loads applied'to the DARIWOSTAS model for the vessel inlet nozzle safe end 

break are shown in figures 3-12, 3-13, and 3-14. Similarly, the reactor cavity loads for a break 

postulated at the reactor vessel outlet nozzle safe end are depicted in figures 3-15, 3-16, and 

3-17. Vertical, horizontal, and moment loads applied at the intersection of the vessel vertical 

and broken nozzle centerlines are shown using the coordinate system shown in figure 3-2.  

3-7. Method of Determining the Reactor Cavity Loads 

The TMD computer code1 with the unaugmented homogeneous critical flow correlation and the 

isentropic compressible subsonic flow correlation was used to calculate pressure transients in 

the reactor cavity region.  

Nodalization sensitivity studies were performed before the analysis was begun. In the earlier 

models, no detail of the reactor vessel annulus was involved. Subsequent model changes pri

marily involved greater detail in the immediate vicinity of the break and in the reactor vessel 

annulus. The total integrated pressure in the reactor cavity changed only slightly between the 

later versions and final model.  

All real area changes in the immediate vicinity of the broken loop nozzle were modeled. Con

sequently, any further nodalization in this region would introduce fictitious boundaries be

tween elements.
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The inspection port plugs are in place during normal operation and were assumed to blow out 

a,c 

The loss coefficient (k) values were determined by changes in flow area and by turns the 

flow makes in traveling from the centroid of the upstream node to the centroid of the 

downstream node. The k and f factors for each path were determined using methods from 

such references as FLOW OF FLUIDS THROUGH VALVES, FITTINGS AND PIPES by the 

Crane Company and CHEMICAL ENGINEERING by J. M. Coulson and J. F. Richardson.  

Tables 3-2, 3-3, 3-4, and 3-5 provide the volumes and flow path data for the elements and 

their connections. A break limiting restraint restricts the vessel inlet and outlet break sizes to 

110 in2 . The mass and energy release rates for both breaks are presented in tables 3-6 and 

3-7 respectively.  

Figures 3-18, 3-19, and 3-20 illustrate the general configuration of the reactor vessel annulus 

nodalization for the cold leg break. The outlet break is similar. Figure 3-21 shows the flow 

path connections for the 61 element model. In the model, the lower containment is divided 

into two loop compartments (51-52). The upper containment is represented by compartment 

38. The break occurs in element 1, immediately surrounding the nozzle. The corresponding 

broken loop pipe annulus is represented by element 46. The lower reactor cavity is modeled 

by element 2 and the remainder of the elements, as shown in figure 3-19, model the reactor 

vessel annulus. Compartments 28 and 29 adjoin compartments 30, 31 and 32.
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TABLE 3-2 
VOLUMES- COLD LEG BREAK 

Element Element Description Volume (Ft3)

Break Location 

Lower Reactor Cavity 

Reactor Vessel Annulus

_____________ I S

a,b,c
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TABLE 3-2 (cont) 

VOLUMES - COLD LEG BREAK 

Element Element Description Volume (Ft3) 

32 Reactor Vessel Annulus 
33 '-

34 

35 

36 , 

37 Reactor Vessel Annulus 

38 Upper Containment 

39 Inspection Volume 

40 Inspection Volume 

41 Inspection Volume, Port & Pipe Sleeve 

42 Inspection Volume, Port & Pipe Sleeve 

43 Inspection Volume, Port & Pipe Sleeve 

44 Inspection Volume 

45 Inspection Volume 

46 Broken Loop Pipe Sleeve 

47 Unbroken Loop Pipe Sleeve 

48 Unbroken Loop Pipe Sleeve 

49 Unbroken Loop Pipe Sleeve 

50 Unbroken Loop Pipe Sleeve 

51 Loop Compartment 

52 Loop Compartment 

53 Broken Loop Inspection Port 

54 Unbroken Loop Inspection Port 

55 Unbroken Loop Inspection Port 

56 Unbroken Loop Inspection Port 

57 Unbroken Loop Inspection Port 

58 Truncated 'Toroid 

59 Truncated Toroid 

60 Truncated Toroid 

61 Truncated Toroid

0 

a,b,c
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TABLE 3-3 
FLOW PATH DATA 

Cold Leg Break

FlOW 
PATH 

F ROM- -TO 

2 -- T9n 

o- 1; 

3.-- 5 

5,,- In 

7--i, 

10--i; 

12--17 
13--IlA 

15--20 

28--pp 

, P_ o--?,3 
~22--ti0 

23--Pt 

?7--Pq ?7--2q 

?9-- J? 

31--so 
32-- ir 
33-- IA 

2 5.. h, 

36.- 7 

3 -- 7 39.-.17

K 
FACTNR 

--- -- -

F 
FArTnR 

--- - -

TNFPTTA 
LFNrTH 
(FT.)

HYDWAL.TC 
r IAMETFR 

(FT.)

FL.o I 

APFA 
(S c.-F 1". ) 

l-l--ll -- I

E0U TVAL FNT 

LFNG H 
(FT.)

0 0

ARFA 
RATIO

a,b,c



TABLE 3-3 (cont) 

FLOW PATH DATA 
Cold Leg Break

I 
T I A 

(FT .) 

----------

( T )SA - 1 F Ar T q (Sri . - I * 
---- ----

LF I 
(FT.-- -

ARE A 
RA TI (

i a,b,c

!- ! (1,4 

'J--S1 

P A T9i 

S IJ 1 

77

7O-- 1 

A-- ;) 

3 -- ' I, 

0--11 

1 -- ~? 

13-- ? 

7b

I7-- 1 

1M-- ;' 

19--? 

1-- ?

0



0 

TABLE 3-3 (cont) 

FLOW PATH DATA 
Cold Leg Break

F r 

?$-- ?.  

?J70- .? 

?Q-- ? 

10--1 

., 

31--S? 
lh-17 

CA) 

cqn -- is c 

N)I 

2l-- c 

t%).- 1.  

' ---..  

(-- 1.c

I'.  

f; A C I ow

F 

FArTnq

T F:P v TI A 
f ' ; T H 
(F T, I

t)IA m F TFk 
(FT, )

S5;. T-FT.)

F.I.JIj vA, .j.T 

L F ; 1 
(F T.)

0 S

ARFA 

w A T I ()

a,b,c



TABLE 3-3 (cont) 
FLOW PATH DATA 

Cold Leg Break

K 
FACTOR 

--- -- -

F 
FACTOR 

--lll l

I NFRT I A 
LENGTH 

(FT.) 
--------- l

HYDRAUI. TC 
TAMFTFR 

(FT.) ---- ----

FLOI 
APFA 

(SQ,-F T 
-ll lI l

E'(ulIVALENT 
LENGTH 

(FT,) 

----------

0

AREA RATIO 

--- - -

F1 Ow 
PATH 

FROm--Tn 
-- 1 

3--I c 

bI--S 

41-- 1 

15--sq 
t6--3o 
19.-2( 

20--3q 

22--21; 
23--4n 

2b--Pr7 

27--bn 
?8--2q 

'JO--?I 

31--2s 

32--37 

40--21 

52--4' 

6n--1b 
h1--ao

a,b,c,

0



TABLE 3-4 
VOLUMES -HOT LEG BREAK 

Element Element Description Volume (Ft 3 

1 Break Location a,b,c 

2 Lower Reactor Cavity 
3 Reactor Vessel Annulus 
4 

5 
S6 

7 

8 

9 
10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 
26 
27 
28 

29 
.30 

31
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TABLE 3-4 (cont) 

VOLUMES.- HOT LEG BREAK 

Element Element Description Volume (Ft3 ) 

32 Reactor Vessel Annulus a,b,c 
33 .  

34 
35 
36 

37 Reactor Vessel Annulus 

38 Upper Containment 

39 Inspection Volume 

40 Inspection Volume 

41 Inspection Volume, Port & Pipe Sleeve 

42 Inspection Volume, Port & Pipe Sleeve 

43 Inspection Volume, Port & Pipe Sleeve 

44 Inspection Volume 
45 Inspection Volume 

46 Broken Loop Pipe Sleeve 

47 Unbroken Loop Pipe Sleeve 

48 Unbroken Loop Pipe Sleeve 

49 Unbroken Loop Pipe Sleeve 

50 Unbroken Loop Pipe Sleeve 
51 Loop Compartment 

52 Loop Compartment 

53 Broken Loop Inspection Port 

54 Unbroken Loop Inspection Port 

55 Unbroken Loop Inspection Port 

56 Unbroken Loop Inspection Port 

57 Unbroken Loop Inspection Port 

58 Truncated Toroid 

59 Truncated Toroid 

60 Truncated Toroid 

61 Truncated Toroid
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0

Ft. OW 
PATH, 

FROM--Tn 

10.- 15 

3--19 

16..21I 

7--IO 

I -- 11 

17.-I 
13--IA 

20M-.2? 

S1--23 

CA)22 . ( 23--17 

26-3R 

28--3A 
89-- 3 

3b.-37 

32--3r 

33-.3g 

37.- A 
38--40

K 
FACTnR 

---- ----

F 
FACTnR 

-- --

INERTIA 
LENGTH 

(FT.)

HYDRAULTC 
DIAMETER 

(FT,)

FLnw 
ARFA 

(SO,-FT,) 
---- ----

EQUIVALENT 
-LENGTH 

(FT*)

0 
TABLE 3-5 

FLOW PATH DATA 
Hot Leg Break

0

AREA 
RATIO 

---- ----



TABLE 3-5 (cont) 

FLOW PATH DATA 
Hot Leg Break

INERTIA 
K F .ENGTH 

FACTOR FArTnP (FT,) 
----------------------------- w-------

HYDRAJI. IC 
DIAMETE' 

(FT,)

.0

Ft Ow 
APFA 

(SQ,F T.

Ff jTVALENT 
LENGTH 
( F T ,) 

(T....

ARFA 
RATIO 
-- --- -

FLOW 
PATm 

FOM-- T n 

3q_--tj 7 

a!--?2 
Ll .1--2 

44 .- 2A 

05--3i 

47--5 

50--lt 
5 1--Si 

53--44 

58-- 6 
70-- 3 

1--5i 

il--i? 

?--3s 
3-- 6 
iS-- 6 

5b--i 

7-- 8 

8$-- ;) 

9--l 
10--t I 

12--I3 
13-- p 
14--lo 
15--1h 
lb--17 
I17i.-1I

0 0



TABLE 3-5 (cont) 
FLOW PATH DATA 

Hot Leg Break

F I fl 
PATH 

F P0M-- Tf 

PI3- .a 

26.- 29 

27- 2 

2Q. 2 

13--.  

3 -- ag 

.37-- ;v 

3q--5,j 

4 0. -- ;) 

ol 53--3A 

5h--35 
57--1 

h--3q 

I -- 'Jh

KF 

FACTlP F ACTIP 

--- - - - - - - - -

0 S 0 0

NF TIA 
t-FN G T * 

(FT* ( FT . )

CI j *h'4 

APF A 
C . - F T . I

F JT ALF NC T 

L( T  
(-T - )

ARFA 
PATIO 
A t-----A -



TABLE 3-5 (cont) 

FLOW PATH DATA 
Hot Leg Break

HYD
P

AiII TE 
SIAMF TFk 

(VT,)

FL')1 
APFA 

(SU,-F T, )

E-IV AL- T 
i.F 'i 
(FT,)FACTrtP

F 
FArT nQ

INERTIA 

(FT,)
AI A 
R AT 1L]

F I tnw 
PA TH 

F P 1M-. ' 

3--10 

Il-- , 

1S--$Q 

t9--?Fn 

?Il--39 

30.-Pp 

35--311 
36--31 

38--?? 

39--6n 
" I--pa 

h1.- i 

43--3Al 

45 -311 

6 1--tin

b,c 

00 .0
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TABLE 3-6 

MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH COLD LEG BREAK

TiTE (SFC) 
---------------------~- 

* OOoOn 
*00100 

,00to 
.00p0 

,0010c 

.00h0o 

.0070a 

.O0lOn 

*o0ql n 
nioOln 

,01106 
, 1 POq 
.01311 
.0laodi 
.01 S0o.  
.0lh ,0 
.01701 

,0100 

CA)0 *1 Q0 3 
CA) 002017 

90pfl?7 ()?207 

,0 501 

. 02707 

,Oql A 

.03?l A 
,03107 

, 03o07 
* 039?0 
.036'1 7

MASS RATE (LR/S) ENFP(Y RATF (tU/S) 
--- -, - --- ----t



TABLE 3-6 (cont) 

MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH COLD LEG BREAK

F i *.i.Y 4 A T F (i .1 1 / i)TTMF (SF(r) 

0 7,) ) 
0 k 01 c, 

o ( 0 ; 

OLIO I I 

) U1 ?O 7 
14 ;Li) A 

.0-I11 I ,, 

0 LI r, I 

0(16oIn 0 /4 7 II 7 

()U 11A ) 7 

0.101 1o 

.01;of 

.0707 

.*0M1 1I 

. OScg I 7 

06 (1 

.06P07 

* 00 g f 

.07007 

. 07 7 1 
* 07?n7 

1)7 ; (17 

0 I 7 1*i )I; 

1077 11

0 0 0 0

-ASS 44T (LR/q) 
---------------
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TABLE 3-6 (cont) 

MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH COLD LEG BREAK

MASS iATf- (I 'I/5yl
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.OR Io A 

. / R 11 
0 A 7 0 7z 

.AM! I n 

.(IqpNa . 070; 
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co~ I 

.11 01 

.11 E,(0 h 
I ?n 07 

I Pr3 0 0 
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S nOj 
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S r O1s 
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I At Ok 
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TABLE 3-6 (cont) 

MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH COLD LEG BREAK
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TABLE 3-6 (cont) 

MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH COLD LEG BREAK 

TIMF (SFC) 

*61 00 b,c 

hPsf I 

.6501 

*b700A 

hAn l 

.7001 .  
71 nO ; 

.77Oon 
.7 Q n,(1I 

STRnOn 

(A) "innlo 

*t 41 n 0 A 

8*6hnI n 

*O7nl ; 

QO () 1? 00010 

o1900 ( 

.qh011 
,Q7(O;) 

I n7n0a



TABLE 3-6 (cont) 

MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH COLD LEG BREAK

TIME (SFC) 
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TABLE 3-7 
MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH HOT LEG BREAK
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TABLE 3-7 (cont) 

MASS AND ENERGY RELEASE RATES 
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TABLE 3-7 (cont) 
MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH HOT LEG BREAK

TIME (SFr) 
-----------------
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. TABLE 3-7 (cont) 

MASS AND ENERGY RELEASE RATES 
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TABLE 3-7 (cont) 
MASS AND ENERGY RELEASE RATES 
110 SQUARE INCH HOT LEG BREAK

TIME (SFC) 
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TABLE 3-7 (cont) 

MASS AND ENERGY RELEASE RATES 
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Figure 3-18. Reactor Vessel Annulus Elements (Top View)
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ELEMENTS 41, 9, 14i, 19, 22, 241, 26, 28, 30, 33 

ELEMENTS 5, 10, 15, 20, 22, 211, 26, 28, 31 , 341 

ELEMENT #3 
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Figure 3-20 Reactor Vessel Annulus Elements (Side View)



Figure 3-21. Flow Path Network



Tables 3-8 and 3-9 show the peak pressures and time of peak pressures for all the ele
ments. These tables also conservatively estimate the peak differential pressures acting across 
the primary shield wall. These tables demonstrate that the pressure gradient is steep near 
the break location and is very gradual farther away from the break. This indicates that the 
model must be very detailed close to the break location, but that, less detail is required 
with increasing distance. Figures 3-22a, 3-22b, 3-23a, and 3-23b present for both the inlet and 
outlet breaks the pressure time histories for the break element (#1) and the reactor vessel 
annulus element (#3) that experiences the largest pressure following a break.  

b,c
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TABLE 3-8 
PEAK PRESSURES AND TIME OF PEAK PRESSURES 

110 SQUARE INCH COLD LEG BREAK 

Pressure Time Pressure Time 
Element (Psig) (Sec) Element (Psig) (Sec) 

1 b,c 31 b,c 

2 32 

3 33 0 
4 34 

5 35 

6 36 

7 37 

8 38 

9 39 

10 40 

11 41 

12 42 

13 43 

14 44 

15 45 

16 46 

17 47 

18 48 

19 49 

20 50 
21 51 

22 52 

23 53 

24 54 

25 55 

26 56 

27 57 

28 58 

29 59 

30 60 

1 61
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TABLE 3-9 
PEAK PRESSURES AND TIME OF PEAK PRESSURES 

110 SQUARE INCH HOT LEG BREAK 

Pressure Time Pressure Time 
Element (Psig) (Sec) Element (Psig) (Sec) 

1 b,c 31 b,c 

2 - 32 

3 33 
4 34 

5 35 
6 36 
7 37 
8 38 

9 39 

10 40 

11 41 

12 42 

13 43 

14 44 

15 45 

16 46 

17 47 
18 48 

19 49 
20' 50 
21 51 
22 52 
23 53 

24 54 
25 55 
26 56 
27 57 
28 58 
29 59 
30 60 

61
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Figure 3-22a. Pressure Time History for the Break Element (#1) 110 in2 Cold Leg Break
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Figure 3-22b Pressure Time History for a Reactor Vessel Annulus Element (#3) 
110 in2 Cold Leg Break
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b,c 0

0

0

Figure 3-23a Pressure Time History For the Break Element (#1) 110 in2 Hot Leg Break
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Figure 3-23b Pressure Time History for a Reactor Vessel Annulus Element (#3) 
110 in2 Hot Leg Break
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3-8. REACTOR COOLANT LOOP PIPING AND 
SUPPORTS STATIC ANALYSIS 

The following paragraphs describe the RCL piping and supports static analysis.  

3-9. Purpose of Analysis 

L 

3-10. General Description of Method 

3-11. Description of Model 

The reactor coolant loop piping, equipment, and supports model was developed for the 

WECAN computer program 5 . WECAN is a general purpose finite element program developed 

by Westinghouse. It has a comprehensive element library and the ability to handle large-sized 

structural problems including gaps, single-acting members, coupled nodes, and plasticity.
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Figures 3-24 through 3-32 show the overall arrangement of the model including the steam 

generator and pump supp orts which are described below. Figure 3-24 shows the plan view of 
the model with the different loops numbered and node numbers shown. Figure 3-25 is the 

same view without node numbers showing the break location for the RPV inlet break in loop 
31. Figures 3-26 through 3-28 are different views of the overall model. Figures 3-29 and 3-30 
show the model for the RPV outlet nozzle break showing the break location and the overall 
model. Figures 3-31 and ,3-32 are views of the RCP and steam generator support models.  

ac
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Figure 3-24. Plan View of Steam Generator and Pump Support 
Model with Numbered Loops and Nodes
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a,c 

Figure 3-25. Plan View of Reactor Coolant Loop Model 
Showing Break Location
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Figure 3-26. Reactor Coolant Loop Support Model (View A)
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Figure 3-27. Reactor Coolant Loop Support Model (View B)
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axc 

Figure 3-28. Reactor Coolant Loop Model (View C)
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Figure 3-29. Model of RPV Outlet Nozzle Break Model Showing Break Location
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Figure 3-30. Overall View of RPV Outlet .Nozzle Break Model
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Figure 3-31. Steam Generator and Reactor Coolant 
Pump' Support Model (View A)
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Figure 3-32. Steam Generator and Reactor Coolant Pump Support Model (View B)
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The steam generator support is a rectangular, frame-type structure fastened at the bottom to 
the containment floor, and at the top to the operating floor. This structure gives both vertical 

andlaera spport to the steam generator at the four support padsontelwrsamg
erator head, plus lateral support just below the transition cone on the steam generator shell.  
The lower and upper support frame connections to the containment floor and operating decks, 
respectively, are designed to slide to allow unrestrained thermal displacement of the steam 
generator during, plant heatup. Bumper hard stops at the top and bottom of each of the four 
vertical columns of the support frame prevent movement of the frame perpendicular to the 
hot leg. A combination of bumper hard stops and hydraulic snubbers restrain the frame against 
sudden movements (for example, those caused by a postulated LOCA event) parallel to the 
hot leg.  

The steam generator support structures are constructed mostly from wide flange members with 
some plate and pipe elements.  

The reactor coolant pump receives vertica[: support from a triangular frame-type structure, and 
lateral support from tie rods that extend both to the steam -generator support and the primary 
shield wall. The frame rests on a concrete pedestal on the. containment floor. The frame base

3-71



I .87-3

bc 

Figure 3-33a. RCL Load vs. Deflection - RCL Cold Leg Break 
Without Pipe Displacement Restraints
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Figure 3-33b. RCL Load vs. Deflection - RCL Cold Leg Break 
With Pipe Displacement Restraints
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1 , 87-47

0 
b,c 

0 

0 

0 

0 

0 
Figure 3-34 RCL Load vs Deflection 

RCL Hot Leg Break 
with Pipe Displacement Restraints
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plates have oversized anchor bolt holes to allow thermal displacement of the pump during 

plant heatup.  

The pump support frame has pipe columns, and utilizes wide flange shapes and plates for 

bracing. A large diameter bolt connects each pump foot to a support column.  

The reactor vessel is supported by shoes under two inlet and two outlet nozzles. The shoes 

are mounted on a steel ring girder, which in turn is embedded in the primary shield wall con

crete. The shoes permit radial expansion of the reactor vessel, but restrain vessel tangential 

motion.  

ac
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Figure 3-35 Steam Generator Support Model
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0

Figure 3-36. Steam Generator Shell/Upper Support Model
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Figure 3-37. Reactor Coolant Pump Support Model .
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3-13. Test Results - Reactor Support Shoes

A test was performed on the reactor vessel support shoe in order to determine its load carry
ing capability and load-deflection curve. The details of the test are presented in appendix B.  
Included in the test were the vessel nozzle pad (weld buildup), support shoe, shims, bolts, 
cooling plate, and ring girder. The test specimens were scaled to 1/8 of the prototype.

0
A typical resulting load vs. displacement curve which was used in the RPV blowdown analysis 
is shown in figure 3-38.  

3-14. REACTOR, PRESSURE VESSEL DYNAMIC ANALYSIS

Three postulated pipe ruptures ar e considered in this report. They are specifically the pipe 
breaks at the vessel inlet nozzle, the vessel outlet nozzle and the reactor coolant pump dis
charge nozzle. The RPV mathematical model is discussed in subsequent sections.  

3-15. Mathematical Mo del and Method 

The general assembly of the reactor pressure vessel is shown in figure 1-2. The mathematical 
model which represents the RPV may 'be discussed as two, non-linear models connected at a
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b,c 

Figure 3-38 Vessel Support Test Load vs Deflection
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common node. The one model (WOSTAS) represents the dynamic vertical characteristics of W 
the vessel and its internals, and the other model (DARI) represents the horizontal and rota

tional characteristics of the vessel in one plane. These two models are combined in the DARI

WOSTAS 4 code to represent planar motion of the reactor vessel and its internals. The plane 

of response for postulated breaks is the plane containing the x and y axes of figure 3-2.  

The model for horizontal motion (DARI) is shown in figure 3-39. Each node has one transla

tional and one rotational degree of freedom in the vertical plane which contains the broken 

nozzle centerline. A combination of beam elements and concentrated masses is used to repre

sent the components (including the vessel, core barrel, fuel assemblies, water mass, and upper 

support columns). All the elements are assumed to lie along the vessel centerline. These com

ponents are connected by rigid links, translational impact springs with dashpots, or rotational 

springs.  

The model for vertical motion (WOSTAS) is shown in figure 3-40. Each mass node has one 

translational degree of freedom. All elements are assumed to lie along a single vertical axis 

which coincides with the vessel centerline. The structure is represented by concentrated masses, 

springs, dashpots, gaps, and frictional elements. The model includes: the core barrel, lower sup

port columns, bottom nozzles, skeletons, fuel rods, top nozzles, upper support columns, upper 

support structure, water mass, and reactor vessel. The core barrel and thermal shields are rep

resented by masses 4, 5, 6, 7 and 8.  

Node 1 of the horizontal model (DARI) is coupled to node 2 of the vertical model 

(WOSTAS). This point represents the intersection of the vessel vertical centerline and the noz

zle centerline.  

The reactor pressure vessel is restrained by four (4) reactor vessel supports (situated beneath 

alternate nozzles) and by the attached piping. A schematic of the reactor vessel support mech

anism is shown in figure 1-3. These supports are represented as horizontal stiffnesses and ver

tical stiffnesses. Since the vessel support design does not provide for holddown restraint, the 

vertical spring acts only in the vertical downward direction.  3 a,c 

The DARI-WOSTAS computer code first formulates a set of equilibrium equations for the 

structural model and then integrates the equations directly. Time-history nodal information ob- 0 
tained from the computer run includes the reactor vessel displacements.
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Figure 3-39 DARI Reactor Internals Model
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Figure 3-40. Reactor Internals Mathematical Model for WOSTAS Variables
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The governing differential equations of Motion for nodal freedom are divided into two cate
go ries: 

0 Differential equations describing the transverse vibration of the reactor internals with 
one translational* (u) and one in-plane rotational (0) freedom per node 

0 Differential equations describing the vertical vibration of the reactor internals with 
one vertical displacement freedom per node (y) 

The differential equations of both models are: 

[M] uf+ [D] JCI + [K] Jut JF(-3 

where 

[M] = Global inertia matrix 
[D] = Global damping matrix 
[K] =Global stiffness matrix 

~ 4=Acceleration .array 

=0 Velocity array 
Jul4 Displacement array 
J F Force array, including impact, thrust forces, hydraulic forces, constraints, weight, 

etc.  

Defining a velocity vector, W, the system of second order differential equation (3-1) is reduced 
to a system of first order equations: 

JW1 = [MP-1 [1-Ft [D] JW 7 [K] 114] (3-5) 

For the reactor- internal structure consisting of n nodes, equations (3-4) and (3-5) define a 
system of 6n: simultaneous equations in 6n unknowns. The HPCG integration routine devel
oped by I BM is used for the numerical solution of the governing differential equations. This 
integration routine uses Hamming's modified predictor-corrector method; it is equipped with 
facilities for automatic starting, numerical stability, and automatic adjustment-of integration 
step size. The HIPCG scheme is capable of adjusting the integration time increment to obtain 
a stable and convergent solution with prescribed accuracy.  

Initially, the reactor structure is assumed to be at rest. Prior to the dynamic solution, a. static 
analysis is performed to determine the actual values of the initial vertical displacements which 
exist due to the preloads, the weight, and the operating initial hydraulic forces in the vertical 
model. The governing equation for the static solution is obtained from equation (3-5) by neg
lecting terms involving velocity, acceleration, and impact force with open initial gaps. The
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differential equations involving u and 0 freedoms are removed. The resulting linear algebraic 
equations are rearranged in matrix form: 

[A] Jy =B (3-6) 

where 

[A] = Coefficient matrix 
J = Initial vertical displacement array 

113 = Weight plus initial value of hydraulic and constraining forces 

The initial values of the vertical displacements are obtained by solving equation (3-6).  

In the finite element approach, the structure is divided into a finite number of members or 

elements. The inertia and stiffness matrices, as well as the force array, are first calculated for 

each element in the local coordinates. Employing appropriate transformation, the element 

global matrices and arrays are then computed. Finally, the global element matrices and arrays 

are assembled into the global structural matrices and arrays, and used for dynamic solution of 

equation (3-3).  

The DARIWOSTAS program employs the following finite element library: 

" Two dimensional beam element for the transverse model, connecting two nodes, each 
with two degrees of freedom (U and 0) 

" Pin joint element for the transverse model, connecting two nodes having an equal 
transverse displacement (u) but different rotations 

" Impact elements, with a spring, a damper, and a gap for both vertical and transverse 
models 

* Spring-damper element, with a spring and a damper for both vertical and transverse 
models 

* Double impact el ement for the transverse model, with springs, dampers, and gaps on 
both the right and left sides of the node 

" Slider element, simulating the friction between the fuel rods in, the fuel assembly 
and the grids 

*Rotation al spring element 

3-16. REACTOR PRESSURE VESSEL LOCA ANALYSIS 

The following sections discuss the LOCA analysis on the reactor pressure vessel.
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3-17. Vessel Displacements

The severity of a postulated break in a reactor coolant system is related to two factors: the 

distance from the reactor vessel to the break location, and the break opening. area. Pipe breaks 

further away from the reactor vessel are less severe because the pressure wave attenuates as it 

progagates toward'the reactor vessel. The nature of the reactor vessel decompression following 

a LOCA, as controlled by the internals structural configuration previously discussed, results in 

larger reactor internal hydraulic forces for pipe breaks in the cold leg than in the hot leg (for.  

breaks of similar area and distance from the RPV). Therefore pipe breaks at the reactor vessel 

inlet nozzle are more severe, due to the absence of pressure wave attenuation and due to the 

structural configuration of the core. Since reactor cavity pressurization effects occur only for 

postulated pipe breaks at the vessel nozzles, the vessel LOCA response for breaks outside the, 

primary shield wall are controlled by internal reaction forces. Of the breaks outside the shield 

wall, the pump discharge break is the most severe because it has the highest internals loads.  

Three pipe rupture locations were analyzed: 1) RPV inlet nozzle safe end, 2) RPV outlet 

nozzle safe end and 3) reactor coolant pump outlet nozzle terminal end.  

All the loads that would result from the break described in section 3-1 were applied to a 

DARIWOSTAS model of the reactor pressure vessel. All input to the analysis was specifically 

applicable to the Indian Point 3 Plant.  

I a,c 

The results of the analyses are summarized in tables 3-10 and 3-11. The tables present the 

-maximum reactor vessel displacements and maximum reactor vessel pad support loads.  

Figure 3-41 is included to identify both the coordinate system for displacements and the sup

port pad numbering scheme.  

The reactor vessel support loads are used to verify the adequacy of the reactor vessel support 

mechanism, as discussed in section 4-9. Core plate motions are employed in the evaluation of 

the reactor core, as discussed in section 4-13. The reactor vessel displacements are applied to 

the reactor coolant loop model; this analysis is discussed in section 4-8.  

3-18. Postulated RPV Inlet Nozzle Break 

An analysis was performed for a 110-square-inch guillotine reactor vessel inlet nozzle break.  b~c 
The peak RPV horizontal displacement, vertical displacement, and rotation are I I inch, 

I 1 inch, and [ I radian, respectively. Time-history displacements of the RPV are b,c 

shown in figures 3-42 through 3-44. The upper and lower core plate horizontal displacements 

are shown in figures 3-45 and 3-46 respectively.
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TABLE 3-10 
MAXIMUM RPV DISPLACEMENTS

0

TABLE 3-11 
MAXIMUM RPV SUPPORT LOADS

0
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Figure 3-41. Displacement Coordinates and Support Pad 
Numbering Scheme
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Figure 3-42. Nozzle/Vessel Centerl ine Horizontal Displacement: 
RPV Inlet Nozzle Break
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Figure 3-43. Nozzle/Vessel Centerline Vertical Displacement: 
RPV Inlet Nozzle Break.
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Figure 3-44. Nozzle/Vessel Centerline Rotation: 
RPV Inlet Nozzle Break
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Figure 3.45. Upper Core Plate Horizontal Motion: 
RPV Inlet Nozzle Break
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Figure 3-46. Lower Core Plate Horizontal Motion: 
RPV Inlet Nozzle Break
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3-19. Postulated RPV Outlet Nozzle. Break

An analysis was performed for a 110 square-inch guillotine reactor vessel outlet nozzle break.  

The peak RPV horizontal displacement, vertical displacement, and rotation are [ I inch, b,c 

[ I inch], and [ ] radian, respectively. Time-history displacements of the RPV are 

shown in figures 3-47 through 3-49. The upper and lower core plate horizontal displacements 

are shown in figures 3-50 and 3-51, respectively.  

3-20. Postualted RCP Outlet Nozzle Break 

An analysis was performed for a guillotine reactor coolant pump outlet nozzle break with a 

break opening area to twice the pipe cross-sectional flow area. The peak RPV horizontal dis

placement vertical displacement, and rotation are ( ] inch, [ ] inch, and [ I radian, b,c 

respectively. Time-history displacements of the RPV are shown in figures 3-52 through 3-54.  

The upper and lower core plate horizontal displacements are shown in figures 3-55 and 3-56 

respectively.
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1I 1,L87-37

b,c 

0 

0 

0 

Figure 3-47. Nozzle/Vessel Centerline Horizontal Displacement: 
RPV Outlet Nozzle Break
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1 1,487-36

b,c 

Figure 3-48. Nozzle/Vessel Centerline Vertical Displacement: 
RPV Outlet Nozzle Break

3-99



Figure 3-49. Nozzle/Vessel Centerline Rotation: 
RPV Outlet Nozzle Break
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Figure 3-50 Upper Core Plate Horizontal Motion: 
RPV Outlet Nozzle Break
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Figure 3-51. Lower Core Plate Horizontal Motion: 
RPV Outlet Nozzle Break
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1I 1'487-32

b,c 

Figure 3-52. Nozzle/Vessel Centerline Horizontal Displacement: 
RCP Outlet Nozzle Break
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b,c 

Figure 3-53. Nozzle/Vessel Centerline Vertical Displacement: 
RCP Outlet Nozzle Break
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bc 

Figure 3-54. Nozzle/Vessel Centerline Rotation: 
RCP Outlet Nozzle Break
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II,487-29

b,c 

Figure 3-55. Upper Core Plate Horizontal Motion: 
RCP Outlet Nozzle Break
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b,c 

Figure 3-56. Lower Core Plate Horizontal Motion: 
RCP Outlet Nozzle Break
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SECTION 4 
EVALUATION OF SYSTEM 

The basic criteria of acceptability of the plant for the postulated pipe rupture are that the re
actor can be safely shutdown and the fuel adequately cooled. Verification of this ability is 
the objective of the analysis. The criteria for acceptance and the results of the system analyses 
will be outlined in the subsequent sections.  

The results of the elastic analysis, stresses in supports, components, piping, and the like, ini
tially will be compared to the guidelines outlined in the current ASME Boiler and Pressure 
Vessel Code, Section 111, Appendix F. Exceeding these stress limits will indicate the need for 
an inelastic evaluation. High stresses in isolated components may be acceptable depending on 
the location of the component and its effect on the system response.  

4-1. EVALUATION CRITERIA 

The basic overall criteria to be used for each of the individual components will be outlined in 
the following sections.  

4-2. Reactor Core 

The reactor core must be maintained in a coolable geometry. The fuel grids maintain the spac
ing of individual rods and the spacing of the fuel assemblies. The magnitude.of the impact 
forces in these grids, therefore, is important in assuring the ability of the fuel to be cooled.  
The highest impact forces generally occur in the outer fuel assemblies due to impact into the 
core barrel baffle plates. The grid impact loads and the behavior of the fuel during the LOCA 
will be determined, and it will be demonstrated that the fuel can be adequately cooled. The 
stresses on the thimbles and fuel rods are limited to assure their integrity. Limits consistent 
with the guidelines set up in ASME Section 111, Appendix F will be used.  

4-3. Internalls 

The deformation of the core barrel and other core support structures are included in the eval
uation in order to obtain accurate fuel core plate motions. Local plastic deformation in these 
components is acceptable. The criteria of Appendix F of the ASME Code will be used for the 
evaluation.



4-4. Piping 

The Emergency Core Cooling System (EGGS) piping attached to the unbroken loops and the 

reactor coolant piping in the unbroken loops must retain their integrity to assure delivery of 

coolant to the core.  
a,c 

]The stress and strain calculated in the piping must be sufficiently low to assure 

that the integrity of the piping is not jeopardized. The strain must be less than 50 percent of 

the uniform ultimate strain.  

4-5. Components 

The pressure boundaries of the steam generator, reactor coolant pump, reactor vessel, and 

CRDM's must retain their integrity. It must be demonstrated that the stresses in these compo

nents are sufficiently low to assure structural integrity. Appendix F criteria of the ASME Code 

will be used for these. evaluations.

4-6. Component Supports 

The supports of the reactor vessel, reactor coolant pump, and steam generator may sustain 

plastic deformations. Inelastic behavior of the supports will be included in the analysis to allow 

for an accurate determination of the motion of the reactor vessel and components.  

4-7. Concrete0 

The concrete must retain its integrity in areas where its integrity is required to assure the 

safety of the plant. For instance, the concrete of the reactor cavity must be able to withstand 

the combination of pressure and applied load through the ring girder-to 'assure adequate sup

port of the vessel. Analyses may be performed which would allow cracking of concrete and 

redistribution. Deformation of concrete at embedments of the component supports may be ac

ceptable if the effect is included in the structural analysis.  

4-8. REACTOR COOLANT LOOP PIPING EVALUATION 

]ac 

The model of the reactor coolant loop piping consists of elastic-plastic pipe and elbow .ele-.  

ments. Stress and strain in these elements are calculated at eight locations around the



circumference at both -ends of the element. The stresses. and strains evaluated are total effec
tive values which include both elastic and plastic components.  

In the reactor coolant ioop piping at locations away from the reactor vessel, the stresses in 
the pipe did not exceed yield. This is true of all crossover legs'and those portions of the hot 
and cold legs nearer the steam generators 'and reactor coolant. pumps.  

Localized yielding did occur in the hot and cold legs near the reactor vessel. This is due to 
the loads induced on the pipe by the primary shield wall pipe restraints.. These restraints load 
the pipe close to the vessel nozzles.  

a,b,c



The maximum strain induced at any location in the piping is [ ]percent. This strain is approx

imately[ ]percent of the uniform ultimate strain of the material. This strain is sufficiently low b,c 

to assure the integrity of the piping.  
b,6 

Additionally, the corresponding maximum stress of [ ] psi is less than 0. 7Su (46,700 psi) 

which is the limit given in Appendix F of the ASME Code for inelastic system analysis and in-.  

elastic component analysis.  

4-9. SUPPORT STRUCTURE EVALUATION 

The reactor vessel support integrity was verified using the results of the RPV blowdown anal

ysis. The results of the analysis reveal a peak horizontal displacement of ] 1 inches. This 

displacement is less than the approximately E I inch displacement required to produce support b,c 

failure as determined by the reactor support tests. The maximum vertical support load is [ I 

kips which is less than the support vertical load carrying capability. Thus, the reactor vessel 

support integrity is verified.  

The steam generator and reactor coolant pump supports were evaluated using the criteria spec

ified in Appendix XVII of the ASME Code, Section II1. The member forces and moments 

taken from the WECAN computer code output were used in conjunction with the member 

properties to solve the yield and buckling interaction equations in Appendix XVII (equations 

19, 20, and 21). The allowable stresses in Appendix XVII were increased by the appropriate 

stress increase factors specified in Appendix F of the Code. b,c 

I 
In addition, loads on concrete embedments have been compared with the embedment 

capabilities. [ I a,c 

A summary of the stresses in the most highly loaded members of the steam generator supports 

is given in table 4-1.  

b,c



A summary of the stresses in the most highly loaded members of the reactor coolant pump 
supports is given in table 4-2.  

lb 
TABLE 4-1 

SUMMARY OF MAXIMUM STEAM GENERATOR SUPPORT STRESSES 

Support Member Description Allow. StressComn 

Upper Snubbers -Elev. 92' 

Lower Snubbers - Elev. 48' 

12" pipe Stub columns between 
Elevs. 60' and .63'-6" 

12W65 Stub column bracing 
members at Elev. 63'-6".  

Double 12" channel sections at 
Elev. 63'-6".  

14W158 Outside Vert. Columns 
Elev. 60' to 68' 

12W120 Diagonal bracing members 
between 14W158 columns - Elev.  
60' to 68'



TABLE 4-2 
SUMMARY OF MAXIMUM RCP SUPPORT STRESSES

Support Member Description Allow. StressComn 

Tie Rods: Loop 31 
Loop 32 
Loop 33I 

Loop 34 
Pipe Column Tops'- Loop 34LJ 

The highest stressed portions of the loop 34 reactor coolant pump support frame are the tops 

of the three pipe columns and the two tie rods along the cold leg. One tie rod yields and the 

tops of the columns yield under high bending loads. The maximum total equivalent strain in 

the pump supports was 0.44 percent.  

These evaluations demonstrate that the stresses and strains in the component supports are ac

ceptable and that the function of supporting the components will be maintained.

0
a,b,c

0



4-10. AUXILIARY BRANCH LINES

In order to verify the adequacy of the reactor coolant system of Indian Point 3, it must be 
demonstrated that' lines attached to the primary coolant piping in the unbroken ioops remain 
intact. The analy sis by Westinghouse considered the most highly-stressed auxiliary lines, which 
are the1 

j a,b,c 

The analysis was performed using the WECAN program, which is a large-scale finite element 
analysis program developed by Westinghouse. The program is capable of performing dynamic 
analyses of large structural models, with time-history displacements, concentrated forces, or 
distributed loads applied.  

a,c



e 4. Aa,c 

Figure 4-1. Accumulator Line Model X-Z Plane



a,c 

Figure 4-2. Accumulator Line Model X-Y Plane 
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The model of the RHR line, [ is shown in figures 
4-3 and 4-4.' 

l a,c 

The results of the analysis include stress intensities in the pipe and elbow elements and forces 
in the restraints. The maximum stress in the accumulator line is [ I ksi. The yield stress in 
the material is [ ] ksi. [ I I The 
branch nozzle was evaluated using elastic component analysis methods with appropriate stress b,c 
intensification factors. The elastically calculated stress in the branch connection is [ ] ksi.  
According to Appendix F of the ASME Code, for an inelastic system analysis and elastic com
ponent analysis, 0.7 Su is an appropriate stress limit. The limit is [ ] ksi which demonstrates 
the adequacy of the branch line nozzle.  

The maximum stress in the RHR line is I ] ksi. The yield stress is also I ]ksi. The b,c 
branch nozzle saw an elastically calculated stress of [ ] ksi. The limit based on Appendix F 
is[ ] ksi which confirms the adequacy of the branch nozzle.  

The stresses in the branch piping are low and the stresses in the nozzles are satisfactory. These.  
analyses performed t ] demonstrate the adequacy and margin in- a,c 
herent in the design of the branch lines attached to the reactor coolant loop piping.  

4-11. LOADS ON REACTOR COOLANT SYSTEM COMPONENTS 

The external loads imposed on the reactor coolant system components were evaluated. All of 
the nozzles and support feet for the RCS components are capable of withstanding all of the 
accident loads. The review included the following locations: 

* Steam generator primary inlet and primary outlet nozzles 

uSteam generator support feet 

* Reactor coolant pump inlet and outlet nozzles 

* Reactor coolant pump support feet 

aic
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Figure 4-3. RHR Line Model X-Z Plane
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0 
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Figure 4-4. RHR Line Model
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[ I a,c 

Because of the importance of the reactor vessel nozzles and support pads in this evaluation, 
a separate analysis was performed to demonstrate the adequacy of these components. The 
maximum applied loads were used to recalculate stresses at the most critical locations in the 
vessel inlet and outlet nozzles. [ ] 

a,c 

4-12. CONTROL ROD DRIVE MECHANISM 

The control rod drive mechanism basically consists of six components, as shown in figure 4-5: 

" rod travel housing 

" latch assembly 

" head adapter 

" operating coil stack 

" rod position indicator coils and 

" drive rod assembly 

The drive rod assembly consists of the control rods and the attached drive rod.  

In order to determine the ability of the control rods to drop properly in the eve nt of the 
postulated LOCA, a scram time analysis was performed which describes the motion of the 
control rod while falling into the core after release from the completely withdrawn position.  
An analysis was performed using the DARI3 program, a two-dimensional finite element dy
namic analysis program which is the horizontal and rotational portion of the DARIWOSTAS 
program. [ [ ] a,c
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ROD TRAVEL HOUSING 

LATCH HOUSING

OPERATING COIL 
STACK 

LATCH ASSEMBLY 

DRIVE ROD ASSEMBLY 

HEAD ADAPTOR

Figure 4-5. Detail of Control Rod Drive Mechanism
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Figure 4-6. Nonlinear Model of the CRDM's Support 
Platform, Reactor Vessel, and Internals
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Figure 4-7. Nonlinear Model of the CRDM's, Support 
Platform, Reactor Vessel, and Internals
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0
The elapsed time for the rod to reach the dashpot is defined as the scramtime, and does not 

include the electrical signal time-caused tripping devices or the deceleration time while engaging 

the dashpot. 0

] The analysis

4-18
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indicates an insignificant increase in scram time I [ I b,c 

Additionally, the dynamic time-history motion of the reactor vessel were imposed on the 
model and a dynamic analysis was performed in order to evaluate loads and stresses in the 
mechanism. The most highly stressed section is at the head adapter. Table 4-3 presents the 
head adapter moment loads and ratios to allowable values. All the loads are acceptable.  

TABLE 4-3 
HEAD ADAPTER MOMENT LOADS

4-13. REACTOR CORE 

A series of fifteen fuel assembly elements was used to represent the core with the reactor baf
fle and support represented by a single beam element as indicated (figure 4-8). The Indian 
Point 3 fuel assembly is a 15 x 15 fuel rod pattern with 7 grids. The time history motions 
for the upper and lower core plates and the barrel at the upper core plate elevation were ob
tained from the DARIWOSTAS analysis of the reactor vessel and internals.[ 

The fuel assembly response, namely, displacements and grid impact forces, was obtained from 
the reactor core model using the core plate motions.[ 

]The fuel assembly stresses resulting from 
this deflection were evaluated and indicate substantial margins compared to the allowable values.  

The fuel assembly grid impact forces were also obtained from the reactor core. time-history 
response. The maximum impact force occurs at the peripheral fuel assembly location adjacent 
to the baffle wall directly opposite the pipe break. The grid impact forces are also rapidly 
attenuated for fuel assembly pos itions inward from the outer fuel assemblies. The grid impact 
force for the peripheral fuel assembly adjacent to the baffle on the pipe break side of the

b,c 

a,c 

b,c
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reactor were substantially lower than those on the opposite side of the core. Consequently, 
only a small portion of the core experiences substantial grid impact forces. I 

b,c 

The minimum load at which permanent deformation occurs was determined by tests performed 
on several 15 x 15 grids. Dynamic loads were appli ed to the grids in increasing magnitude 
until permanent deformation was noted. The grid minimum failure load from the test was 
[ I pounds at room temperature. This must be reduced by [ I to correspond to the high 
temperature environment. The minimum load at temperat ure is, therefore, approximately r b,c 
pounds.  

One complete row of the fuel was analyzed. No permanent deformation was experienced for 
the break at the reactor coolant pump discharge nozzle (maximum load approximately 1800 
pounds). For the reactor vessel inlet break, the center grid in the outer assembly experienced 
an impact load of approximately [ ] percent greater than the minimum load at which perma
nent deformation would begin. The grids above and below the center grid in the outer assem
bly also experienced loads approximately[,] percent over the minimum load. The center grid 
of the second row in from the periphery experienced an impact load approximately I per- b,c 
cent greater than the minimum load required to produce permanent distortion.  

All grids in the core except those noted above experienced analytical impact loads which were 
significantly less than[ I pounds. The effect of exceeding I 1pounds force on the four 
grids noted above has been evaluated. The typical deform ed grid will have a configuration as 
shown in figure .4-9. The tests demonstrate that the deformation of the grid is confined to b,c 
only one row. It has been determined that the maximum reduction in localized flow. around 
the single deformed row will be approximately[ percent[( over the' whole assembly).  

Further analyses beyond the elastic analysis (used to calculate the above loads) have been per
formed in which the elastic-plastic load deflection curve for the grids are inserted into the 
analysis. Results of these studies indicate that the buckling in the second row could most 
likely be eliminated by more detailed analyses. Although the grid impact loads were reduced, 
the deformation in the peripheral assemblies was not eliminated. However, the conservative re
sults obtained from the elastic analysis are used in the evaluation of the core.  

The effect of these distorted grids on ECCS performance has been evaluated using the October 
1975 version of the Westinghouse Evaluation Model. Grid deformation in excess of the maxi
mum observed to date in grid strength testing was postulated to occur in the hot assembly.  
Assuming that the fuel assembly experiencing permanent grid *deformation is in the limiting 
fuel location in the entire core insures that the maximum peak clad temperature effect is
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Figure 4-9. Deformed Grid,
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considered. In addition, the ECCS performance of the limiting LOCA break, a double-ended 
guillotine rupture, is analyzed rather than the 110 square-inches maximum break area at the 
vessel inlet nozzle. This-approach has been adopted even though peak grid impact loads are 
calculated for the smaller break size (a lower PCT care) in order to upper bound the ECCS 
impact.  

As previously reported6 , the increase in peak clad temperature (PCT), assuming an upper 
bound to deformation, equals[ ] for the limiting discharge coefficient double-ended cold 
leg guillotine break in a 3-loop plant; a comparable calculation for a 4-loop plant showed a b,c 
PCT increase of less than[ ] In light of the conservatisms inherent in the above calcula
tions, the effect of grid crushing on the PCT is not significant.  

4-14. REACTOR INTERNALS 

Following a LOCA, the plant must be capable of being shutdown and the core cooled in an 
orderly, safe fashion with the peak fuel cladding temperature kept within the required limits.  
This requires that following a LOCA, the deformation of the reactor internals be sufficiently 
small so that core cooling operations are assured. In addition, the allowable stress limits for 
the core support structures are limited to 2.4 Sm for primary stress intensity and 3.6 Sm for 
primary membrane plus bending stress intensity.  

The evaluation of the reactor internals response following an inlet nozzle break consisted of 
two parts. The first part was an analysis of the in-plane response occurring in the vertical 
plane passing through the broken inlet nozzle. This was obtained from the DARIWOSTAS re
sponse analysis. The second part of this evaluation was to determine the core barrel shell re
sponse that consisted of the various n 0, 2, 3, etc., ring mode responses occurring in the 
horizontal plane. These ring mode responses were generated as the inlet break rarefaction wave 
propagated to the core barrel at the inlet nozzle. This subjected the upper barrel to a non
axisymmetric expansion radial impulse that changed as the rarefaction wave propagated both 
around the barrel and down the outer flow annulus between the barrel and the vessel. From 
the resulting moment and shear force time-histories, the core barrel beam bending stresses and 
shear stresses were obtained. The barrel beam stresses were evaluated at the mid-barrel girth 
weld where the highest stresses in the barrel occur.  

For the shell mode analysis of the core barrel, the differential pressures across the core barrel 
wall and those distributed around the circumference had to be determined. These pressure dif
ferences were directly obtained from the blowdown analysis and were applied to the core bar
rel. It is important to note that, unlike the beam analysis, the shell response of the barrel 
(the various horizontal ring modes 0, 2, 3, 4, etc.) is independent of the response of the
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vessel on its supports, the response of the fuel, or any combination of these beam mode re
sponses. Even though there are various phenomena that may affect vessel beam behavior, there 
is only one set of barrel shell results to be included in the stress combination. Also included 
in the core barrel stress evaluation, were the vertical response from the DARIWOSTAS analysis.  
To properly evaluate the total stress results in the core barrel, the horizontal beam, vertical, 
and shell modes were combined on a time-history ba'sis.  

The maximum stress intensities occurred, as mentioned, in the mid-barrel girth weld where 
there is a reduced section. The maximum membrane stress intensity was calculated to[ ] b,c 
psi and the maximum membrane plus bending stress intensity was [ ] psi. The allowable 
stresses based on 2.4 Sm and 3.6 Sm are 38,900 psi and 58,300 psi. Therefore, the core bar
rel responds in an acceptable manner for these applied loads.  

4-15. PRIMARY SHIELD WALL EVALUATION 

The primary shield wall structure was analyzed and was found to be capable of withstanding 
the loads induced due to the worst case pipe rupture. The loads applied to the structural model 
included the reactor vessel support reaction loads, tie rod loads and the reactor cavity pres
surization loads. The tie rod loads were conservatively taken as the yield strength times the 
area of the tie rod. Reactor cavity pressurization loads for a 600-square-inch rupture at the 
reactor vessel inlet nozzle safe end location were used in the analysis. The loads included the 
nonuniform pressure distribution effect. The pressures for a 600-square-inch-break are more 
than twice those for the 110-square-inch break and are, therefore, conservative. The analysis 
was performed using the MARC-CDC computer code. A three dimensional model was used to 
represent the structure with only one-half of the shield wall modeled due to geometrical 
symmetry as shown in figure 4-10. The model consisted of 137 elements and 732 nodes. A por
tion of the 5' 1-1/2"-thick concrete Slab at elevation 69' 1-1/2" was modeled. The bottom of 
the model was at elevation 46' 0" which is the top of the containment structure interior fill 
slab. The slab at elevation 69' 1-1/2" and the shield wall were modeled using 20 node iso
parametric brick elements. For thick shell problems, one element through the thickness has 
been shown to give good results for both displacement and stress. A total of 96 of the 20 
node bricks were used. The steel ring girder embedded on top of the shield wall was modeled 
using 4 and 8 node isoparametric membrane elements. A total of 37 of the 8 node membranes 
and 4 of the 4 node membranes were used. The concrete was assumed uncracked and no rebar 
was modeled. Frictional forces on the vertical bearing plane between the shield wall and ring 
girder were neglected. The separation of the steel and concrete along this bearing plane was 
also modeled. The base of the model and the outer edge of the slab were fixed. Along the 
assumed plane of symmetry either symmetric or antisymmetric boundary conditions were ap
plied depending upon the load case.
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Figure 4-10. Primary Shield Wall Structural Model
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The model does not include the primary coolant pipe opening in .the ,primary shield wall since 
the results could be properly interpreted without this addition to'the model.  

The resulting membrane and bending loads in the hoop direction were evaluated and found, to 
-be well within the capacity of the primary shield wall structure assuming that the rebar absorbs 

-theentire load. It is expected that 'local yielding would occur -near the piping annulus due to 
%the resulting stress concentrations; however, this effect would 'not significantly alter the over
all load carrying capability of the shield wall. The analysis results indicate thatthe major por
tion of the pressure load is resisted by membrane and bending action in the hoop direction.  
The effect of modeling the pipe annulus openings would be :to interrupt this 'load path and 

cause more load to be resisted in the vertical direction. Therefore, the resulting hoop loads 
:from the analysis are conservative.  

Calculations were performed assuming that all pressure -loads would be resisted by a ,concrete 
-beam between the pipe annulus openings. This technique is very conservative since the hoop 
direction would resist a large portion of the load. The shear from the pressure load and tie 
rod reaction was checked and found to be within the capacity of the concrete structure. Bend

ing -is not a consideration due to the very small span 'to depth ratio of the assumed vertical 

beam.  

The -reactor vessel support reaction loads were included with the pressure and tie rod loads and 

found to have negligible effect on the primary shield wall stress resultants. The effects of the 
reaction loads are local in nature. The load carrying capacity of the reactor vessel support 

structure is higher than the reaction loads; therefore, the reaction 'loads transmitted by the 
reactor vessel support shoes are acceptable.  

These analyses verify the structural integrity of the primary 'shield wall for loads and pressures 
induced by postulated pipe ruptures.
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SECTION 5 
PLANT MODIFICATIONS 

5-1. PLANT MODIFICATION 

The following sections discuss proposed modifications to the Indian Point 3 Plant.  

5-2. Primary Shield Wall Pipe Restraints 

A system of reactor coolant loop pipe restraints has been designed for Indian Point to insure 
safe shutdown of the plant following a postulated pipe break at a reactor vessel nozzle.  
These restraints are located on both the hot and cold legs in the primary shield wall annuli.  
The pipe restraints serve a dual purpose: 1) they minimize the pipe break opening area which 
also limits pressure buildup on the reactor cavity; [c,f 

The pipe restraint (figure 5-1) consists of several bars parallel to the pipe centerline held by a 
sleeve that fits on the reactor coolant piping. These bars bear against the shield wall pipe 
liner sleeve to prevent large displacements of the reactor coolant piping. The pipe displacement 
restraint design will be finalized after field measurements are obtained.  

5-3. Reactor Vessel Nozzle Inspection Openings 

Openings are located in the primary shield wall concrete above each of the reactor vessel 
nozzle safe ends. The purpose of these openings is twofold: 1) to allow a path to visually in
spect the reactor vessel safe end welds; 2) to provide venting for the fluid pressure in the 
event of a pipe rupture near the openings. Radiation shielding material is placed in the open
ings to prevent excessive radiation streaming to the containment. The design must be such that 
the flow path can be developed by the fluid pressure created by a pipe rupture. j 

c,f
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Figure 5-1. Pipe Displacement Restraints
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APPENDIX A 
BREAK OPENING AREA DETERMINATION 

The break opening area for pipe ruptures postulated at the reactor vessel safe end locations 
was calculated considering the motion limiting effects of the pipe restraints installed in the 
primary shield wall pipe annulus. The area first chosen for the generation of the hydraulic 
loads on the system was based on scoping analyses for this plant. Once the loads resulting 
from this break opening area were applied to the final model for this plant, the vessel motion 
was known and the break opening area could be calculated more accurately. This area was the 
area used in the final analysis.  

In determining the area, the movement of the piping and equipment is assumed to be in a 
worst case configuration. That is, the reactor coolant pump (or steam generator for the vessel 
outlet nozzle break) is at its maximum displacement away from the reactor vessel, the broken 
pipe has moved through the gap and into the pipe restraint with the maximum load in the 
restraint, and the reactor vessel is at its maximum displacement away from the break and at 
its maximum vertical displacement. The result of this configuration is that the two broken 
pipe ends are separated the most they could be at any time. This leads to a larger break open
ing area than realistically anticipated.  

Once the motion of the piping and equipment is known, the axial and lateral separations of 
the broken pipe ends can be calculated by' using the geometry of the system. These axial and 
lateral relative displacements can then be used in calculating the break opening area. The for
mula for calculating the area of two cylinders displaced axially and laterally from each other is: 

Area.= 2 fiRi AA + 21AAL 

where 

R. = inside pipe radius 

AA = axial separation.  

AL =lateral separation 

This formula is applicable only When the lateral separation, AL, is less than the thickness of 
the pipe, which is true in this case.



The calculation described above resulted in a maximum break opening area for the vessel inletW 

break and the vessel outlet break of 110 square inches.  

The actual displacements of the piping and equipment from the structural analyses are as 
follows: 

RPV Inlet Break 

Reactor coolant pump displacement

Pipe displacement at break 

Reactor vessel horizontal displacement 

Reactor vessel vertical displacement b 

RPV Outlet Break 

Steam generator displacement 

Pipe displacement at break 

Reactor vessel horizontal displacement = 

React or vessel vertical displacement-=L 

The axial and lateral separations resulting from the component motion given above are as 

follows: 

RPV Inlet Break 

Axial separation 11b,c 
Lateral separation -L 

RPV Outlet Break 

Axial separation [ b,c 

Lateral separation LJ 

These displacements lead to a break opening area of approximately[ square inches -for both b,c 

the vessel inlet and outlet rupture. Since this area is less than the area used to generate the 

applied loads, the adequacy of the analysis is verified.
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APPENDIX B

INDIAN POINT REACTOR SUPPORT SHOE TEST 

A astructural test ofaone-eighth scale model of the reactor support shoe was undertaken to 

establish the ultimate load of the shoe assembly, to determine the failure mechanism, and to 

determine the horizontal stiffness. Both static and dynamic loads were included in the, test 

program. Results indicate that the failure mechanism is shearing of the leveling screws on a 
plane between the bottom of the reactor shoe and the top cooling plate. The ultimate capacity 

for the one-eighth scale model, for the same bolt heat treatment, as specified for in the full 
size bolts used at the site, is [ 3 lbs. The horizontal stiffnesses are obtained from measure- b,c 

ments of the force-displacement curves between appropriate points on the. test specimen.  

Eight complete and separate 'test specimens were used for the test program. Each specimen 

included a one-eighth scale structure of the reactor shoe, leveling screws, shim plates, cooling 
plate, and a portion of the support girder. In addition, a test support structure was designed 

to provide a stiffness similar to the full support girder. Figure B-2 shows the general arrange

ment of the test specimen. Materials for the test specimens were selected to match those 

specified on the drawings.  

Table B-1 lists the result of the tests. As shown on the table, several parameters, such as 

temperature, vertical preload, leveling screw strength were included for the test. The values 

presented on the table are for the one-eighth scale model. To convert to equivalent full scale 
values the loads are multiplied by 64.  

The tests were run to determine the failure mode, failure load, and horizontal stiffness under 
various conditions of temperature, preload, load rate, and bolt strength. [ b,c 

I Temperatures were applied through the reactor pad, 
and the horizontal load applied after thermal equilibrium occurred. A static preload was ap
plied to the test specimen to account for the system deadweight and vertical component of 

dynamic loading. Vertical loads were applied to the shoe prior to application of the horizontal 

load and maintained until failure of the test specimen. [ b,c 

3 ]



b,c 

I'm addition to the basic testing,. a: substantial: number of supportive7 tests were. made to deter 
mine material, stress relationships; hardness, friction and bolt shear strength.- Results .of these 

tests; were. used to. confirm material specifications..  

Figure B-3 shows: a typical load-displacement (P-6) curve. This curve indicates the displacement 
at' the. location- of the, top, of the shoe on the. loaded. side of the pad. Stiffness .in pounds/ 
inches- determined from the (P-8): curve are multiplied. by-eight to, obtain, an equivalent full 

scale stiffness.  

The test results: for the shear failure: load' agree, closely with the ultimate load as determined 

4y; static analysisJfor, bolt shear failure. The calculated failure load, based. on actual hardened 
material strength- is*. [ ] lbs. versus a measured test failure load of [ I psi. The load a,b,c 
deflection curve, figure B-3, is. used to [ 

a,co



TABLE B-1 
TEST CONDITIONS AND RESULTS 

Horizontal Level Screw Horizontal 
Preload Ultimate Tensile Load & Ultimate 

Test Temperature Lbs. Stress psi Application Load (Ibs) 

1 RT 

2 RT 

3 5000 F 

4 500OF 
5 500°F ' 

6 500OF 

7 5000 F 

8 5000 F



Figure B-I. Test Support. Structure

0 0



Figure B-2 Horizontal Load - Horizontal Displacement Curve (LVDT No. 3) RVSS Test of 
B-7 Specimen with Vertical Preload of 20,000 Lbs. at 550OF Pad Temperature



b,c 

Figure B-3. Fracture of Shoe - Test B-8 

.0@•••
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APPENDIX C 
PLANT GENERAL ARRANGEMENT DRAWINGS 

The following drawings show the reactor coolant system and surrounding concrete general 
arrangement of Indian Point 3 Nuclear Power Plant.  

(The drawings of the reactor coolant system and surroundiing concrete general arrangement 
of Indian Point 3 Nuclear Power Plant are pr oprietary and have been dieleted from this a,b,c 

version of the report.)



APPENDIX D 
DISCUSSION OF PROCEDURE USED FOR REACTOR 

COOLANT LOOP EVALUATION



APPENDIX D 
DISCUSSION OF PROCEDURE USED FOR REACTOR 

COOLANT LOOP EVALUATION 

The material in Appendix D has been deleted, as it is 
proprietary.


