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Unit 2 

14.3.3 Core and Internals Integrity Analysis 
The original material in this section was filed for both Units 1 and 2 when it was thought that 
both units would be identical.  This original material can be found in Appendix 14G of the Unit 1 
updated FSAR.  Sections 3.1 through 3.4 of the Unit 2 UFSAR incorporate the change to 
Vantage 5 fuel.  Section 3.2.2 describes the design basis, design loading conditions, design 
loading categories, design criteria basis, and vibration considerations for the reactor vessel 
internals.  In addition, additional studies in this area were performed to support the Vantage 5 
fuel upgrade.  The results of these studies, which are now completed, are discussed in the 
following paragraphs. 

The analyses that were performed to support the rerating and temperature reduction for Donald 
C. Cook Nuclear Plant Units 1 and 2 is discussed in Section 14.3.3 of the Unit 1 FSAR.  The 
evaluations that were performed to support the Donald C. Cook Nuclear Plant Unit 2 Vantage 5 
fuel upgrade with Intermediate Flow Mixing grids (IFM) are discussed below.  Reloading a 
reactor with fuel other than that for which a plant was originally designed, and operating a plant 
at conditions other than those considered in the original design, require that the reactor vessel 
system/fuel interface be thoroughly addressed in order to assure compatibility of the replacement 
fuel/core and to assure that the structural integrity of the reactor vessel system is not adversely 
affected.  In addition, thermal-hydraulic analyses are required to determine plant specific core 
bypass flows, pressure drops, and upper head temperature in order to provide input to emergency 
core cooling system (ECCS) and non-LOCA accident analyses, as well as Nuclear Steam Supply 
System (NSSS) performance evaluations.  Generally, the areas of concern most affected by 
changes in fuel design and system operating conditions are as follows: 

 reactor hydraulic characteristics 

 baffle gap flow leakage 

 reactor vessel and internals structural integrity 

 rod control cluster assembly (RCCA) scram performance (which is affected by a 
fuel change but not a rerating) 

14.3.3.1 LOCA Evaluations 
The finite element models shown in figures 14.3.3-1 through 14.3.3-5 were used to perform the 
LOCA analysis.  Since Cook Nuclear Plant Unit 2 has leak-before-break (LBB) exemption, the 
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LOCA analyses due to main line breaks for the reactor pressure vessel system are not required.  
The next limiting breaks to be considered are the branch line breaks, which consist of  

a. accumulator line,  

b. pressurizer surge line, and  

c. residual heat removal (RHR) line.   

Of these branch line breaks, the most limiting break considered for the dynamic analysis of 
Donald C. Cook Nuclear Plant Unit 2 reactor pressure vessel system was the accumulator line 
(cold leg) break. 

Following a postulated LOCA pipe rupture, forces are imposed on the reactor vessel and its 
internals.  These forces result from the release of the pressurized primary system coolant, and - 
for guillotine pipe breaks - from the disturbance of the mechanical equilibrium in the piping 
system prior to the rupture.  The release of pressurized coolant results in traveling 
depressurization waves in the primary system.  These depressurization waves are characterized 
by a wavefront with low pressure on one side and high pressure on the other.  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 LOCA loads applied to the Cook Nuclear Plant Unit 2 reactor pressure vessel system consist 
of  

1. reactor internal hydraulic loads (vertical and horizontal), and  

2. reactor coolant loop mechanical loads.   

All the loads are calculated individually and combined in a time-history manner. 

14.3.3.2 Reactor Pressure Vessel (RPV) Internal Hydraulic Loads 
Depressurization waves propagate from the postulated break location into the reactor vessel 
through either a cold leg or a hot leg nozzle.  Figures 14.3.3.7 and 14.3.3.8 depict the possible 
wave propagation paths for waves entering from the RPV cold leg or hot leg, respectively.  The 
following paragraphs describe the depressurization wave path in the reactor vessel for a break in 
either the cold leg or hot leg piping of the reactor coolant system.  After a postulated break in the 
reactor inlet pipe, the depressurization path for waves entering the reactor vessel is through the 
nozzle which contains the broken pipe and into the region between the core barrel and reactor 
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vessel (Figure 14.3.3-7).  This region is called the downcomer annulus.  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. 

The region of the downcomer annulus close to the break depressurizes rapidly but, because of 
restricted flow areas and finite wave speed (approximately 3,000 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 reactor pressure vessel (RPV).  As the depressurization wave propagates around 
the downcomer annulus and up through the core, the barrel differential pressure reduces, and 
similarly, the resulting hydraulic forces drop. 

In the case of a postulated break in the reactor outlet pipe, the waves follow a dissimilar 
depressurization path, passing through the outlet nozzle and directly into the upper internals 
region, depressurizing the core and entering the downcomer annulus from the bottom exit of the 
core barrel (Figure 14.3.3-8).  Thus, after an RPV outlet nozzle break, the downcomer annulus 
would be depressurized with very little difference in pressure across the outside diameter of the 
core barrel. 

A hot leg break produces less horizontal force because the depressurization wave travels directly 
to the inside of the core barrel (so that the downcomer annulus is not directly involved) and 
internal differential pressures are not as large as for a cold leg break.  Since the differential 
pressure is less for a hot leg break, the horizontal force applied to the core barrel is less for a hot 
leg break than for a cold leg break.  For breaks in both the hot leg and cold leg, the 
depressurization waves would continue to propagate by reflection and translation through the 
reactor vessel and loops.  

The MULTIFLEX computer code calculates the hydraulic transients within the entire primary 
coolant system.  It considers subcooled, transition, and two-phase (saturated) blowdown regimes.  
The MULTIFLEX program employs the method of characteristics to solve the conservation 
laws, and assumes one-dimensionality of flow and homogeneity of the liquid-vapor mixture. 

The MULTIFLEX code considers a coupled fluid-structure interaction by accounting for the 
deflection of constraining boundaries, which are represented by separate spring-mass oscillator 
systems.  A beam model of the core support barrel has been developed from the structural 
properties of the core barrel; in this model, the cylindrical barrel is vertically divided into various 
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 10 segments; each segment consists 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Section: 14.3.3 
Page: 4 of 11 

 

 

Unit 2 

of 3 separate walls.  The spatial pressure variation at each time step is transformed into 10 
horizontal forces, which act on the 10 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. 

14.3.3.3 Reactor Coolant Loop Mechanical Loads  
The reactor coolant loop mechanical loads are applied to the RPV nozzles by the primary coolant 
loop piping.  The loop mechanical loads result from the release of normal operating forces 
present in the pipe prior to the separation as well as 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 because of the assumed instantaneous break 
opening time.  

14.3.3.4 Seismic Evaluations 
The non-linear dynamic seismic analysis of the reactor pressure vessel system includes the 
development of the system finite element model and the synthesized time history accelerations.  
Both of these developments for the time history seismic analysis are discussed in the following 
sections. 

Mathematical Model of the Reactor Pressure Vessel 
The mathematical model of the RPV is a three-dimensional nonlinear finite element model 
which represents the dynamic characteristics of the reactor vessel and its internals in the six 
geometric degrees of freedom.  The model was developed using the WECAN computer code.  
The loop layout and model global coordinate system are shown in Figure 14.3.3-1.  The model 
consists of three concentric structural submodels connected by nonlinear impact elements and 
stiffness matrices.  The first submodel, shown in Figure 14.3.3-2 represents the reactor vessel 
shell and associated components.  The reactor vessel support system is shown in Figure 14.3.3-3. 

The second submodel, shown in Figure 14.3.3-4, represents the reactor core barrel, thermal 
shield, lower support plate, tie plates, and secondary core support components.  This submodel is 
physically located inside the first, and is connected to it by a stiffness matrix at the internals 
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support ledge.  Core barrel to vessel shell impact is represented by nonlinear elements at the core 
barrel flange, core barrel nozzle, and lower radial support locations. 

The third and innermost submodel, shown in Figure 14.3.3-5, represents the upper support plate, 
guide tubes, support columns, upper and lower core plates, and fuel.  The third submodel is 
connected to the first and second by stiffness matrices and nonlinear elements. 

Fluid-structure or hydro-elastic interaction is included in the reactor pressure vessel model for 
seismic evaluation.  The horizontal hydro-elastic interaction is significant in the cylindrical fluid 
flow region between the core barrel and thermal shield and between the thermal shield and 
reactor vessel (the downcomer).  Mass matrices with off-diagonal terms (horizontal degrees-of-
freedom only) attach between nodes on the shells.  The mass matrices are for the hydro-elastic 
interaction of two concentric cylinders as developed in Reference 10. 

The matrices are a function of the properties of two cylinders with a fluid in the cylindrical 
annulus, specifically; inside and outside radius of the annulus, density of the fluid and length of 
the cylinders.  Vertical segmentation of the reactor core barrel (RCB) allows inclusion of radii 
variations along the RCB height and approximates the effects of RCB beam deformation.  These 
mass matrices were inserted between selected nodes on the core barrel and reactor vessel shell as 
shown in figure 14.3.3-6. 

The WECAN computer code, which is used to determine the response of the reactor vessel and 
its internals, is a general purpose finite element code.  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 the differential equation of 
motion for the structure.  WECAN solves the differential equation by using nonlinear modal 
superpositioning techniques. 

For a time history response of the reactor pressure vessel and its internals under seismic 
excitations, synthesized time history accelerations are required.  The synthesized time history 
accelerations used in Donald C. Cook Nuclear Plant Unit 2 RPV system analysis were based on 
the 'design' spectra in Reference 15.  The time history accelerations were developed using 
DEBLIN2 Computer Code, Reference 11.  In DEBLIN2, the spectrum amplification and 
suppression techniques are used to modify the initial transients supplied as input to the code as 
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described in Reference 12.  The records of a real earthquake, Taft, are the basis for the 
synthesized time history accelerations.  The spectral characteristics of the synthesized time 
histories are similar to the original 'Taft' earthquake records.  The spectrum ordinates are 
computed using suggested frequency intervals given in Regulatory Guide 1.122 (Reference 13).  
The spectra corresponding to the synthesized time history motions meet the acceptance criteria 
given in Standard Review Plan (SRP) 3.7.1 (Reference 14).  Note that the input excitations 
which were developed are for ten (10) second long seismic events. 

Leak-Before-Break Confirmation for Changes Due to SG Replacement Activities 
See the discussion, which is applicable to both units, that is presented in Section 14.3.3 of Unit 1 
UFSAR. 

14.3.3.5 Summary 
The evaluation for the reactor internals combines the results of the LOCA and seismic 
evaluations to determine the combined loadings/stresses on the reactor internals.  The results of 
the LOCA and seismic evaluation performed for the Donald C. Cook Nuclear Plant Unit 2 
Replacement Reactor Vessel Head (RVCH), associated service structure enhancements, and 
Vantage 5 fuel upgrade with IFMs, concludes that the original design condition double-ended 
pipe break and seismic results are not exceeded.  Therefore, the original design stresses and 
displacements for the reactor vessel internals are still applicable. 

14.3.3.6 Asymmetric LOCA Loads and Mechanistic Fracture Evaluation 
References (1), (2), (3), (4), (5), (6) and (7) discuss work done by a Westinghouse Owners' 
Group specifically formed to provide an analytical evaluation of the effects of certain postulated 
break loads on the reactor coolant system and internals.  The evaluation program, which is now 
completed, was divided into three phases. 

Phase "A" included data acquisition from the utilities, and review of structural and hydraulic 
parameters for potential grouping among generically similar plants.  This phase was completed 
in July 1979, Phase "B" (Pipe Breaks Outside Reactor Cavity) consists of evaluation of structural 
integrity of the NSSS component supports for breaks outside the reactor cavity and development 
of specific plant qualification programs as required.  Phase "B" also included work required as 
input for reactor vessel evaluations to be performed in Phase "C" (pipe breaks inside reactor 
cavity) and initiation of mechanistic pipe break analyses. 
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Westinghouse has completed the above evaluations and issued the following detailed reports: 

1. "Westinghouse Owners' Group Asymmetric LOCA Loads Evaluation." 
Phase B: WCAP-9628 (Proprietary), WCAP-9662 (Non-Proprietary) 
Phase C: WCAP-9748 (Proprietary), WCAP-9749 (Non-Proprietary) 

2. "Mechanistic Fracture Evaluation of Reactor Coolant Pipe Containing a 
Postulated Circumferential Through-Wall Crack." 
WCAP-9558 Rev. 2, May 1981 (Proprietary), WCAP-9570 (Non-Proprietary 

3. "Tensile and Toughness Properties of Primary Piping Weld Metal for Use in 
Mechanistic Fracture Evaluation." 
WCAP 9787 (May 1981) (Proprietary) 

4. Letter Report NS-ERP-2519, E.P. Rahe to D. G. Eisenhut (November 10, 1981), 
Westinghouse Response to Questions and Comments Raised by Members of 
ACRS Subcommittee on Metal Components During the Westinghouse 
Presentation on September 25, 1981. 

For the Donald C. Cook Nuclear Plant Units 1 and 2, the Phase "B" analysis concluded that the 
maximum stresses in the components and their supports were within the allowable stress limits 
and thereby the structural and operational integrity of the system components is assured and no 
modifications to the existing design are required. 

Phase "C" (pipe breaks inside reactor cavity) involved the evaluation of the structural integrity of 
the NSSS components and supports, ECCS piping, fuel, internals and the CRDM, for breaks near 
the reactor vessel inlet nozzles.  The evaluations performed in Phase "C" incorporate, as part of 
the analysis assumptions, the presence of break - limiting devices around the inlet nozzles, inside 
the concrete primary shield wall penetration.  The assumption was that these restraints will limit 
the pipe break to less than or equal to 144 square inches.  Westinghouse has completed a detailed 
evaluation of the NSSS components and their supports and a qualitative evaluation of the ECCS 
piping system in phase C of the evaluation program. 

For both Units of the Donald C. Cook Nuclear Plant, this evaluation demonstrates the capability 
of the NSS System to withstand the effects of the postulated reactor vessel nozzle rupture loads.  
Additionally, it has been demonstrated that the appropriate systems and components will 
maintain their functional capability and insure a safe plant shutdown during the postulated design 
accident condition. 
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The primary shield wall structure was also evaluated by Westinghouse to account for the 
differential pressurization of the reactor cavity and was found capable of resisting the 
overturning and shearing forces.  This completed the analytical evaluation of the effects of 
certain postulated break loads on the Reactor Coolant System and internals. 

Concurrent with the Phase "B" and "C" evaluations, Westinghouse conducted experimental and 
analytical investigations to determine the need to include a guillotine rupture of the reactor 
coolant piping as a reasonable design basis for their plants.  The mechanistic pipe break study of 
Phase "B" involved an analysis and test program to understand the fracture mechanics 
characteristics of a pipe break.  Both aspects of this effort are now complete.  This study showed 
that a through-wall thickness flaw existing in the pipe material (which is easily detectable by 
ultrasonic testing) will also have a limited crack growth under combined operating plus 
earthquake (SSE) loads; crack propagation will not result in a full size pipe break; the crack will 
remain stable.  Analytical studies were also made to evaluate the effect of a crack suddenly 
appearing in the pipe.  This analysis was done for both wrought and cast materials.  In both cases 
the effect was minimal and there exists no danger of producing a double-ended circumferential 
break.  The analytical and experimental work demonstrates  

a. that flaws large enough to cause significant asymmetric loads will not occur,  

b. that large margins against unstable crack extension exist for stainless steel PWR 
primary piping postulated to have large flaws and subjected to postulated safe 
shutdown earthquake and other plant loading, and that  

c. flaws can be detected prior to unstable flaw growth leading to a double-ended 
circumferential break.   

Adequate leakage detection systems are available to detect the primary coolant loop leakage. 

The overall conclusion of this mechanistic fracture investigation is that under the worst 
combination of loadings, including the effects of the safe shutdown earthquake, a realistically 
postulated flaw will not propagate around the circumference of the pipe and cause a guillotine 
break.  Any postulated flaw that might exist can be detected based on the leak criteria.  The 
"leak-before-break" is thus considered a realistic criterion for the evaluation of the NSS System, 
and thus, it was concluded that pipe whip restraints and other protective measures against the 
dynamic effects of a break in the main coolant piping, as assumed in the phase C analysis, are 
not required. 
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The NRC reviewed the above-noted reports and issued Generic Letter 84-04, "Safety Evaluation 
of Westinghouse Topical Reports Dealing with Elimination of Postulated Pipe Breaks in PWR 
Primary Main Loops" dated February 1, 1984.  This Generic Letter and its attachment documents 
NRC acceptance of the Westinghouse Owners Group evaluations and the basis for the leak-
before-break criterion, and NRC is applicable to the plants noted in the Generic Letter.  Donald 
C. Cook Nuclear Plant is one of the plants listed in the Generic Letter.  These evaluations 
satisfactorily addressed unresolved safety issue A-2. 

Based on the safety evaluation noted in Generic Letter 84-04, we submitted a plant specific 
evaluation (Reference 7).  The resolution of unresolved Safety Issue A-2 and the NRC's 
acceptance of the leak-before-break criterion satisfactorily addressed license condition 2.c.(3)(a) 
on "Analysis of Reactor Vessel Supports and Internals."  We therefore requested a license 
amendment to delete the license condition, and we requested exemption from the requirements of 
General Design Criterion No. 4. 

Upon completion of the staff's review of the above plant-specific evaluation, the NRC issued 
license Amendment No. 76 to the Unit No. 2 operating license (dated November 22, 1985).  The 
SER attached to the amendment noted that: 

The Westinghouse evaluations and the NRC SER noted in Generic Letter 84-04 are 
directly applicable to Donald C. Cook Nuclear Plant, and pipe whip restraints and other 
protective measures against the dynamic effects of a break in the main coolant piping are 
not required. 

The Westinghouse plant specific evaluations submitted by the Westinghouse Utility 
Group I&M Electric Company meet the requirements of the proposed rule on 
modifications of Criterion 4 of Appendix A to Part 50 that was published in the Federal 
Register (50 FR 27006) dated July 1, 1985. 

The evaluation submitted satisfactorily addresses the issue noted in the NRC unresolved 
safety issue USI A-2 and responds to the license condition 2.c.3.(a) and therefore the 
subject license condition is deleted. 

The leak detection system at Cook Plant meets the leak-before-break criterion established 
for leak detection systems i.e., one gpm in four hours. 

The details of the NRC safety evaluations to 

1. the Westinghouse Owners Group submittal and  
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2. the D. C. Cook Nuclear Plant specific submittal can be found in references (8) and 
(9), respectively. 

Evaluations have concluded that the LBB analyses remain acceptable for the period of extended 
operation as described in Chapter 15 of the UFSAR. 
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