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Commitment Date

I&M Response to RAI 4.6.2-1

I&M will review the piping loads on the remaining hot penetrations to
establish the base loads for the fatigue exemption provisions of
ASME Section III, N-415.1. The penetrations will be grouped based on
their duty cycle during normal operations including inservice testing
duty. The cycle loads and stresses will be added to the piping analysis
loads as appropriate and the resultant loads will be compared to the
fatigue exemption provisions of ASME Section III, N-415.1. Any
penetration group that does not meet the exemption provisions will be
analyzed for fatigue using the most limiting penetration to represent the
group. This evaluation will be completed prior to entering the period of
extended operation, and will be projected to the end of the period of
extended operation.

Unit 1:
October 25, 2014

Unit 2:
December 23, 2017
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1.0 BACKGROUND AND INTRODUCTION

1.1 BACKGROUND

Periodic volumetric inspections of the welds of the primary loop pump casings of

commercial nuclear power plants are required by Section XI of the ASME Boiler and

Pressure Vessel Code (see Table IWB-2500-1, Examination Categories). These

inspections are quite costly in terms'of both dollars and radiation exposure (man-rem).

To perform a volumetric inspection, complete disassembly of the pump is required. A

lowering of the primary coolant water level most likely would be necessary which would,

in turn, necessitate a complete core unload. Even then the volumetric inspection is very

difficult. Since the pump casings are rigidly inspected prior to placing in service and no

significant mechanisms exist for crack initiation and propagation, in-service volumetric

inspection may be counter-productive. In recognition of this the ASME Code body

approved a code case which provides an alternative to the volumetric inspection

requirement (Reference 1a). The ASME Code Case is N-481: Alternate Examination

Requirements for Cast Austenitic Pump Casings. It allows the replacement of

volumetric examinations of primary loop pump casings with fracture mechanics based

integrity evaluations (Item (d) of the code case) supplemented by specific visual

inspections (Items (a), (b), and (c) of the code case). It also requires that a report of the

integrity evaluations be submitted to the regulatory and enforcement authorities having

jurisdiction at the plant site for review (Item. (e) of the code case). A copy of the code

case is given in Appendix A.

Following approval of Case N-481 by the ASME the Westinghouse Owners Group

sponsored the required analyses which are applicable to the various primary loop pump

casing models found in Westinghouse design nuclear steam supply systems. Specifically,

stress analyses using enveloping loads were performed for Westinghouse design primary

loop pump casings as were fracture'mechanics analyses for postulated flaws.

a See Section 7.0 for a listing of references.
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Compliance to Item (d) of ASME Code Case N-481 was demonstrated on a generic basis

for all Westinghouse design primary loop pump casings. This work is documented in

WCAP-13045 (Reference 2). WCAP-13045 was submitted to the Nuclear Regulatory

Commission for review and approval as a reference topical report in November 1991.

Since there is a variety of pump casing models, loads and materials as discussed in

WCAP-13045, it was not feasible to qualify each plant of Westinghouse design

specifically. Rather, enveloping or bounding criteria were set up whereby a specific

utility, in most cases, needs only to show that the loads of the pump casings of interest

fall under the umbrella loads established by the analyses. It is anticipated that most

pump casings, perhaps all, can be easily qualified by showing they meet the bounding

criteria.

1.2 INTRODUCTION

It is the objective of this report to qualify, by evaluation, the primary loop pump casings

of the D. C Cook Units 1 and 2 nuclear power plants to Item (d) of ASME Code Case

N-481 (Reference 1). When this report is supplemented by the specified visual

inspections in the code case and provided to the regulatory and enforcement authorities

for review, code case compliance will be accomplished.

WCAP-13045 addresses the requirements of Item (d) of the code case on a generic basis

which find direct applications when evaluating specific plants. Where possible

compliance with the requirements is confirmed by reference to specific sections of

WCAP-13045. In this report the primary loop pump casings of D. C. Cook Units 1 and 2

are described. The fracture toughnesses of the pump casings are identified in WCAP-

13045. Loads on the pump casing nozzles of the D. C. Cook plants are compared with

the enveloping loads of WCAP-13045 which allows a stability evaluation to be made.

Compliance with all the requirements of Item (d) is addressed.

WPF0939J/031092.10 .1-2



2.0 DESCRIPTION OF THE PRIMARY LOOP PUMP CASINGS

OF D. C. COOK UNITS 1 AND 2

The primary loop pump casings of D. C. Cook Units 1 and 2 are of the Westinghouse

Model 93A design. The pump casings are fabricated from SA351 CF8 cast stainless

steel. Each pump casing consists of two castings welded together as shown in Figure 2-1.

Dimensions are given and the weld location is indicated.

WPF09391/012992:10 2_1-



FIGURE 2-1. - DIMENSIONAL SKETCHES OF THE MODEL 93A PUMP

CASING WITH THE WELD SEAM IDENTIFIED
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3.0 FRACTURE TOUGHNESS CRITERIA FOR THE PUMP CASINGS

The actual chemistry and fracture toughnesses of the pump casing parts are given in

Table A-2, pages A-5 (D. C. Cook Unit 1) and A-7 (D. C. Cook Unit 2) of WCAP-

13045. Thermal aging degradation was considered in developing these fracture

toughness values. There are no other known processes which significantly degrade the

properties of the pump casing materials. ASME code material properties were used in

the analyses of WCAP-13045 thus establishing the applicability of the results for pump

casings designed to comply with code requirements such as those of D. C. Cook Units 1

and 2. Thus compliance to Items (d) (1) and (d) (7) of the code case is confirmed.

Lower bound end-of-service life fracture toughness criteria for all of the Model 93A

pump casings, including those of D. C. Cook Units 1 and 2, are found in Table 5-1 of

WCAP-13045 (page 54). The Model 93A pump casings fall under the "All Remaining

Pump Casings" grouping. Bounding values for J1,, Tmatp and J. are given. As noted in

Section 11.3 of WCAP-13045 a value of 3000 in-lb/in2 is also acceptable as the bounding

criterion for J,.. Since these lower bound criteria are applied in the stability

evaluations of WCAP-13045, such evaluations apply equally well to the pump casings of

D. C. Cook Units 1 and 2. That is, the fracture toughnesses of the D. C. Cook Units 1

and 2 pump casings are properly enveloped by the lower bound criteria. Thus the

stability evaluations of WCAP-13045 apply to the pump casings of D. C. Cook Units 1.

and 2 from a fracture toughness viewpoint.

N
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4.0 LOADS ON THE PUMP CASING NOZZLES

In WCAP-13045 enveloping axial force and moment loadings on the inlet and outlet

pump casing nozzles were applied in the three-dimensional finite element analyses of the

Model 93A pump casing. In this section the faulted nozzles loads (i.e., the normal plus

safe shutdown earthquake nozzle loads) for the D. C. Cook Units 1 and 2 pump casings

are compared with the enveloping faulted loads. The normal loads are compared with

screening normal loads for evaluating the loss-of-load upset condition. The individual

loading components are found in Reference 3. Reference 4 confirms that Unit 1 loads

also apply to Unit 2.

For faulted conditions the axial force, F, is taken as the absolute sum of the axial forces

of the individual loading components. For the purpose at hand, the x-direction is taken

as the axial direction of the piping welded to the nozzle with y and z designating the

remaining orthogonal coordinates. The bending moment at the nozzle of interest is

calculated by:

M = (M2 + W)"

where My is the absolute sum of the bending moments in the y-direction for the various

individual loading components. Similarly Mz is the absolute sum for the z-direction. The

individual loading components are pressure, deadweight, normal thermal expansion, and

safe shutdown earthquake with inertial forces and anchor motion. The absolute sum

method' is also applied in determining normal loads. The individual load components

and results combined as discussed above are given in Appendix B.

Three levels of screening pump casing nozzle loadings were considered in WCAP-13045.

Level A screening loads are nominal upper bound faulted loads. Level B loads are

lower faulted screening loads than Level A loads.. These Level B loads were established

to avoid unduly penalizing those plants with significantly lower faulted loads. Level C

screening normal loads are the upper bound normal loads just prior to a loss-of-load

WPFO939J/030592:10 *4-1



upset condition which elevates the pressure to 2635 psig and the cold leg temperature to

5900F. Compliance with the Level A and Level C screening loads is addressed in this

report.

The faulted loads given in Appendix B are compared in Table 4-1 to the Level A

screening loads as defined in WCAP-13045 (see Table 6-2). The D. C. Cook Units 1 and

2 nozzle loads are seen to be bounded by Level A loads.

In Table 4-2 the normal operating loads of Appendix B are compared with the Level C

screening nozzle loads (see Table 6-2 of WCAP-13045) which were used for evaluating

the loss-of-load upset condition. The D. C. Cook Units 1 and 2 normal loads are

bounded by the corresponding Level C loads with the exception of the normal force for

the outlet nozzle. This is discussed below.

The D. C. Cook outlet nozzle force exceeds the screening outlet nozzle force by only one

percent. This results in the nominal axial stresses at the outlet nozzle.to pipe junction

differing only by about 50 psi. The total maximum nominal stress. (i.e., stress due to the

force and moment) for the screening loads at the' outlet nozzle to pipe junction exceeds

that of D. C. Cook by about ten percent. It is concluded that the screening loads for the

outlet nozzle adequately envelope those for D. C. Cook.

It is thus concluded that Item (d)(2) of ASME Code Case'N-481 is satisfied.

.
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TABLE 4-1

CCMPARISON OF THE FAULTED LOADS FOR THE PUMP CASING NOZZLES
OF D. C. COOK UNITS 1 AND 2 WITH THE LEVEL A FAULTED SCREENING LOADS

l Inlet Nozzle Outlet Nozzle

Load Pressure Temperature Force' Moment Force' Moment
| Cpsig) j (F) (kips) I (in-kips) (kips) I (in-kips)

D. C. Cook Units 1 and 2 2235 544b 1874 23469 1532 ( 14833

Level A X 2300 j 550 2000 j 40000 J 1800 20000

Inctudes force due to normal
bMaximum for both p(ants.

operating pressure.

TABLE 4-2

COMPARISON OF THE NORMAL LOADS FOR THE PUMP CASING NOZZLES OF
D. C. COOK UNITS 1 AND 2 WITH THE SCREENING LEVEL C NORMAL LOADS

Load InLet Nozzle Outlet Nozzle

Force' Moment Forces oment
(kips)Cin-kips) Ckips)(in-kips)

0. C. Cook Units 1 and 2 1803 14206 | 1414 6224

Level C 1900 23000 J 1400 8000

Note: Stresses were determined for a pressure of 2635 psig for the loss-of-load transient with the Level C
moment loading unchanged. Stresses were also determined for a pressure of 2485 psig which is the reactor

.trip high pressure Limitation.

'Includes force due to normal operating pressure

Note: Level A screening loads are the nominal upper bound faulted Loads applied to the nozzles in WCAP-13045.
Level C screening normal loads are the upper bound normal loads just prior to a loss-of-load upset
condition which elevates the pressure to 2635 psig and the cold Leg temperature to 590'F.

WPF0939J/03059210 34-3



5.0 STABILITY-EVALUATIONS

Section 4.0 demonstrated that the faulted loads of the pump casing nozzles of D. C.

Cook Units 1 and 2 are bounded by the Level A screening load of WCAP-13045. Thus,

with quarter thickness flaws having a 6 to 1 aspect ratio postulated in critical locations,

the Japp (applied value of the J-integral) and Tapp (applied value of the tearing resistance)

values for the Level A loads given in Table 11-7 of WCAP-13045 are conservative

estimates for the corresponding Japp and Tapp values for the faulted loads of the D. C.

Cook Units 1 and 2 pump casings. Based on the conclusion of Section 3.0, it is

concluded that the flaws postulated in the D. C. Cook Units 1 and 2 pump casings are

stable when subjected to faulted loads.

Section 4.0 also demonstrated in a similar manner that the normal operating loads of the

.pump casing nozzles of D. C. Cook Units 1 and 2 are adequately bounded by the Level

C screening loads of WCAP-13045. Thus the Japp and Tapp values for the Level C loads

given in Table 11-7 of WCAP-13045 are conservative estimates for the corresponding Japp
and Tapp values for the loss-of-load condition of the D. C. Cook Units 1 and 2 pump

casings. It is concluded that the flaws postulated in D. C. Cook Units 1 and 2 pump

casings are stable when subjected to loss-of-load conditions.

It is thus concluded that for the primary loop pump casings of D. C. Cook Units 1 and 2

all of the postulated flaws under the governing stress conditions are stable. Thus Items

(d) (4), (d) (5) and (d) (6) of ASME Code Case N-481 are satisfied.

WPFo939J/012992:10 5-I



6.0 DISCUSSION AND CONCLUSIONS

This report provides an assessment of the primary loop pump casings of D. C. Cook

Units 1 and 2 to the conditions of Item (d) of ASME Code Case N-481 (see Appendix

A).

ASME Code properties are used in the reference analyses of WCAP-13045. Fracture

toughness values specific to the D. C. Cook Units 1 and 2 pump casings are also given in

WCAP-13045. Thus Item (d) (1) is satisfied as discussed in Sections 1.0 and 3.0.

Three-dimensional stress analyses of the Model 93A primary loop pump casing used in

D. C. Cook Units 1 and 2 are presented in WCAP-13045. This satisfies Item (d) (2) as

discussed in Section 4.0.

The operating history of Westinghouse design primary loop pumps is reviewed in Section

2.0 of WCAP-13045. This satisfies Item (d) (3). Flaws are postulated in the Model 93A

pump casings in Section 9.0 of WCAP-13045 satisfying Item (d) (4). One-quarter

thickness reference flaws with a six-to-one aspect ratio are postulated in WCAP-13045

consistent with Item (d) (5). Item (d)(4) and (d)(5) are discussed in Section 5.0.

By comparing the loads of the D. C. Cook Units I and 2 pump casings with the

screening loads of WCAP-13045, as presented in this report, and evaluating the resulting

Japp and Tapp against the fracture toughness values noted in the discussion of Item (d) (1)

above, the stability of the flaws postulated in the D. C. Cook Units 1 and 2 primary loop

pump casings are established. This is further explained in Section 5.0. Thus Item (d) (6)

is satisfied.

As discussed in Section 3.0, thermal aging embrittlement of the D. C. Cook Units 1 and

2 pump casings was considered in establishing the appropriate fracture, toughness values

given in Tables A-2, pages A-5 and A-7 of WCAP-13045. No other mechanism is known

to degrade the properties of the pump casings during service. Item (d) (7) is so satisfied.

WPF0939J/031092:10 '64



In conclusion Item (d) of ASME Code Case N-481 is shown to be satisfied thus

demonstrating the safety and serviceability of the primary loop pump casings of D. C.

Cook Units 1 and 2.

WPFo939J/012992:10 -6-2
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APPENDIX A

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Approval Date: March 5, 1990
See Numerical Index for expiration

and any reaffirmation dates.

Case N-481
Alternate Examination Requirements for
Cast Austenitic Pump Casings
Section XI, Division 1

Inquiry: When conducting examination of cast austenitic pump casings in accordance with Section XI,
Division 1, what examinations may be performed in rieu of the volumetric examinations specified
in Table IWB-2500-1, Examination Category B-L-1, Item 812.10?

Reply: It Is the opinion of the Committee that the following requirements shall be met in lieu of performing
the volumetric examination specified in Table IWB-2500-1, Examination Category B-L-1, Item
812.10:

(a) Perform a VT-2 visual examination of the exterior of all pumps during the hydrostatic
pressure test required by Table IWB-2500-1, Category B-P.

(b) Perform a VT-1 visual examination of the external surfaces of the weld of one pump casing.

(c) Perform a VT-3 visual examination of the internal surfaces whenever a pump is
disassembled for maintenance.

(d) Perform an evaluation to demonstrate the safety and serviceability of the pump casing. The
evaluation shall include the following:

(1) evaluating material properties, including fracture toughness values:
(2) performing a stress analysis of the pump casing;
(3) - reviewing the operating. history of the pump;
(4) selecting locations for postulating flaws;
(5) postulating one-quarter thickness refer6nce flaw with a length six times its depth;

- (6) establishing the stability of the selected flaw under the governing stress conditions;
(7) considering thermal aging embrittlement and any other processes that may degrade

the properties of the pump casing during service.

(e) A report of this evaluation'shall be submitted to the regulatory and enforcement authorities
having jurisdiction at the plant site for review.

FMO711-1129/92:10 .Al



APPENDIX B

PUMP CASING NOZZLE LOADS FOR THE STABILITY ANALYSES

The load components for the pump casings nozzles were obtained from Reference 3 and

are given below. The individual components are first listed. The loads are combined as

outlined in Section 4.0.

TABLE B-1: Outlet Nozzle Loads

Load
Axial
Force
(kips)

Moments (in-kips)

y-direction z-direction M

Pressure 1390 480 646

-186Dead Weight 0 11

Thermal

Safe Shutdown
Earthquake

Absolute Sum

Faulted

Normal Operating

24 1263 5140

8505118 1474

1532 3228

1754

14477

5972

14833

62241414
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TABLE B-2: Inlet Nozzle Loads

Axial Moments (in-kips)
Load Force

(kips) y-direction z-direction M

Pressure 1717 5615 4047

Dead Weight 16 110 -126

Thermal 70 5253 -4843

Safe Shutdown
Earthquake 71 7203 5825

Absolute Sum

Faulted 1874 18181 14841 .23469

Normal Operating 1803 10978 9016 14206

WPF0939J/031092:10 'B-2
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LIST OF REGULATORY COMMITMENTS

The following table summarizes the actions committed to by Indiana Michigan Power Company
(I&M) in this document. Any other actions discussed in this submittal represent intended or
planned actions by I&M. They are described to the Nuclear Regulatory Commission (NRC) for
information and are not regulatory commitments.

Commitment Date

I&M Response to RAI 4.3.3-1

Therefore, as an enhancement to the Fatigue Monitoring Program
described in LRA Section B.2.2, I&M will perform one or more of the
following activities prior to the period of extended operation for Class I
portions of RHR piping:

(1) A plant-specific fatigue analysis of Class 1 portions of RHR piping,
which includes environmental effects, will be performed to ensure
that cumulative usage factors remain below 1.0;

(2) Repair of the Class 1 portions of RHR piping at the affected
locations;

(3) Replacement of the Class I portions of RHR piping at the affected
locations;

(4) Manage the effects of fatigue of the Class 1 portions of RHR piping
by an NRC-approved inspection program (e.g., periodic
non-destructive examination of the affected locations at inspection
intervals to be determined by a method accepted by the NRC). The
inspections are expected to be able to detect cracking due to thermal
fatigue prior to loss of function. Replacement or repair will then be
implemented such that the intended function will be maintained for
the period of extended operation;

(5) Monitor ASME Code activities to use the environmental fatigue
methodology approved by the ASME Code committee and NRC.

Unit 1:
October 25, 2014

Unit 2:

December 23, 2017




