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KEWAUNEE NUCLEAR POWER PLANT, DOCKET NO. 50-305, SEISMIC 
DESIGN CRITERIA AND THERMAL SHOCK PROBLEM 

DRL:C&CTB:SSP RT-361 

We have reviewed the information submitted in the PSAR for the Wisconsin 
Public Service Corporation's Kewaunee plant. On the basis of S. S.  
Pawlicki's evaluation, we find that the information submitted is deficient 
in the following areas: 

1. Seismic Design Criteria for Reactor Internals, 

2. Seismic Design Criteria for Class I Mechanical Systems, and 

3. Thermal Shock on Reactor Components.  

Attached to this memorandum are three lists of additional information 
required at the construction permit stage to complete our evaluation 
in the areas listed above. We request that these lists be formally 
submitted to the Wisconsin Public Service Corporttion in connection 
with their Kewaunce application.  

Draft copies of all three attachments were given to R. Smith, temporarily 
of Reactor Projects Branch No. 5, on January 26, 1968, for his guidance 
in processing the Kewaunee application.  

Attachments:
As stated above 

cc: D. Knuth, DRL, w/attach.  
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S. S. Pawlicki, DRL, w/attach.  
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3. REACTOR

SEISMIC DESIGN CRITERIA FOR REACTOR INTERNALS

Introduction 

Reactor internals are Class I components, whose continued 
integrity is essential to prevention of an accident or 
mitigation of the consequences of an accident, should it 
occur. The two sizes of earthquakes to be considered in 
the seismic design criteria for reactor internals are: a 
larger earthquake called a Design Basis Earthquake (DBE), 
and a smaller earthquake about one-half the DBE.

(b) Load combinations including normal operating loads 
and design basis earthquake loads within yield 
strength.

Load combinations including normal operating loads, 
design basis earthquake loads, and applicable design 
basis accident loads, without loss of function of the 
specific component.  

Information Requested

For reactor internals, provide the following information 
for each loading combination defined above: 

(a) The proposed stress or deformation limits for primary 
tensile loads, 

(b) The proposed stress or deformation limits for com
bined primary loads (tension and bending).  

(c) The margin of safety between the limits in (b) above 
and the expected collapse or failure condition.

3.4

3.4.1

Our position is that reactor internals should be designed to 
withstand: 

(a) Load combinations including normal design loads 
and the half-design-basis-earthquake loads within 
normal working stress or deflection limits.



3.4.2 Identify specific reactor internals which must maintain 
their functional performance capabilities to assure safe 
shutdown of the reactor. Provide calculated (or estimated) 
maximum limits of deformation or stress, at which inability 
to function occurs, for each component identified. Also, 
supply the calculated (or estimated) maximum design limit 
value, and the expected deformation or stress. In all cases 
identify the applicable loading combination and state the 
proposed margin of safety.  

3.4.3 In cases where limit load analysis is to be employed, describe 
the method in detail. If strain hardening effects will be 
considered in the analysis, supply the actual stress-strain 
curves for the principal materials of the Class I components 
involved. Provide also a realistic estimate of the maximum 
allowable strain based on appropriate material properties 
at the applicable temperature in order that an estimate of the 
margin of safety can be made.  

Provide also information that will permit evaluation of the effect of irradiation on the material properties and on the 
proposed deformation limits.



4. REACTOR COOLANT SYSTEM

4.1 SEISMIC DESIGN CRITERIA FOR CLASS I MECHANICAL SYSTEMS 

Introduction 

Class I items are those structures, systems, and components, 
whose continued integrity or operability is essential to 
prevention of an accident or mitigation of the consequences 
of an accident, should it occur. The two sizes of earthquakes 
to be considered in the seismic design criteria for Class I 
components are: a larger earthquake called a Design Basis 
Earthquake (DBE), and a smaller earthquake about one-half the 
DBE.  

Our position is that all Class I structures, systems, and com
ponents should be designed to withstand: 

(a) Load combinations including normal design loads and the 
half-design-basis-earthquake loads within normal working 
stress or deflection limits. For engineered safety features 
the normal design loads may include design basis accident' 
loads. For example, for the containment, the normal design 
loads include the pressure and temperature loads due to a 
design basis loss-of-coolant accident.  

*.(b) Load combinations including normal operating loads and 
design basis earthquake loads within yield strength.  

(c) Load combinations including normal operating loads, design 
basis earthquake loads, and applicable design basis 
accident loads, without loss of function of the specific 
structure, system, or component.  

The Class I items can be broadly subdivided into three categories: 
Structures, Mechanical Systems, and Instrumentation and Control 
Elements. Since Class I items are intended to perform different 
functions, they will require, in general, different.acceptance 
limits under type (c) load combinations.  

The following systems are illustrative of those mechanical systems 
which should be placed in the Class I category: 

Reactor vessel, its supports and vessel internals, 
including fuel assemblies and control rod drives.  

Reactor coolant system, including piping, valves, steam 
geherators, pressurizer, pumps, and component supports.
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4.1.1 

4.1.2' 

4.1.3

Emergency core 
water tanks, ac

cooling system, inc 
cumulators, pumps,

Containment post-accident air treatment systems, including 
piping, tanks, valves, ducts, fans, filters, coolers, spray 
headers, and component supports.  

mation Required 

For each type of components of the reactors coolant system 
and engineered safeguard systems (such as vessels, piping, 
supports, etc.), and for loading combinations (a), (b) and 
(c) defined above, provide the following information: 

(a) The proposed stress or deformation limits for primary membrane 
loads, 

(b) The proposed stress or deformation limits for combined primary 
loads (tension and bending), 

(c) The margin of safety between the limits in (b) above 
and the expected collapse or failure condition.  

In cases where limit load analysis is to be employed, describe 
the method in detail. If strain hardening effects will be 
considered in the analysis, supply the actual stress-strain 
curves for the principal materials of the Class I components 
involved. Provide also a realistic estimate of the maximum 
allowable strain based on appropriate material properties at 
the applicable temperature .in order that an estimate of the margin 
of safety can be made.  

Provide also information that will permit evaluation of the 
effect of welds, irradiation, and material imperfections (flaws) 
on the deformation limits proposed.  

Supply criteria or specific information on the interaction 
forces, deformation and stresses connected with the relative 
motions between the reactor vessel, steam generators or other 
large components. Indicate how these relative motions will be 
controlled by snubbers or other means, and what reaction forces 
(and corresponding stresses) will be transmitted to the pipes.

d

luding piping valves, 
and component supports.



F 

z

delay in injecting the cold water, 

(d) The effect of axial temperature gradient in the vessel, 
during filling with cold water,. on the total stress 
intensity and the distortion of .the vessel, 

(e) The temperature profiles and the calculated thermal stress 
profiles through the thickness of the plate for several 
times during the cold water injection transient, 

(f) The magnitude of the. axial dead load stresses in the vessel, 

(g) The magnitude of the stresses in the vessel shell due tb 
potential simultaneous seismic loading, 

(h) The value of the yield stress used as the failure criterion 
in the ductile yielding analysis. *

4. REACTOR COOLANT SYSTEM 

4.2 THERMAL SHOCK ON REACTOR COMPONENTS 

Introduction 

With regard to thermal shock on reactor components, induced by 
operation of the emergency core cooling system (ECCS), provide 
details of an analysis which indicates that the reactor vessel 
and reactor internals can withstand the rapid temperature change 
at the end of their design life. The analysis should include 
both the ductile yielding and the brittle fiacture modes of 
failure.  

The brittle fracture analysis should assume an initial crack 
size just below the critical crack size corresponding to the 
stresses present during normal operation and transients.  
Since the initial crack is most likely to exist in a weld or a 
heat affected zone, the analysis should consider two cases: 
a circumferential crack, and a crack parallel to the axis of the 
reactor vessel.  

Information Reguired 

* 4.2.1 Provide details of the ductile yielding mode of failure 
analysis, including the following information: 

(a) The geometry of the plate and the cooling method assumed 
in the analysis, 

(b) The heat transfer coefficient used, its experimental basis, 
and the degree of conservatism involved, 

(c) The initial temperature of the vessel as a function of time



4.2.2 Provide details of the brittle fracture analysis, including 
the specific information listed below: 

(a) The critical stress intensity factor ( ) assumed 
and the basis for its selection, 

(b) The assumed time-integrated neutron flux (nyt) at the 
reactor vessel, inner diameter, 

(c) The value of residual stresses assumed in the base metal 
and the weld areas.  

(d) The initial crack geometry and size assumed in the 

analysis, 

(e) Equations used to correlate crack size with the cal
culated stress intensity factor (K1), 

4.2.3 Provide information which will allow an evaluation of safety 
margins, as follows: 

(a) An estimate of the maximum acceptable initial temperature 
of the vessel that could be tolerated without failure of 
the vessel, 

(b) An estimate of the maximum neutron flux exposure (nvt) of 
the vessel that could be tolerated without vessel failure 

(c) An estimate of the maximum allowable pressure stress,, 
when combined with other stresses present in the vessel,? 
which could be tolerated without failure, 

4.2.4 Evaluate the capability of the piping, safety injection nozzles 
and vessel nozzles to withstand the transient.  

4.2.5 Evaluate the effects of this transient on the core barrel and 
other internals with regard to assuring that distortion would 
not .restrict the flow path of the emergency core coolant .  
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