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DUKE POWER Gomwxy

18.0 HOX 33180
3

j CilAHLOTTE, N.C. 28242

i IIAL H. TUCKER TEl EPitONE
vu.m ementormt . (7o4) 373-4531j

; . . . . . . . .

September 27, 1982

!
4

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Ms. E. G. Adensam, Chief

j Licensing Branch No. 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:,

!

! On April 6 and 7, 1982 (in Bethesda) and April 19-22, 1982 (in Charlotte)

{
representatives from Duke Power, Westinghouse, the NRC Mechanical Engineering {

4
Branch (MEB), and Pacific Northwest Labs (MEB consultant) met to discuss agenda

|
|

items transmitted by Ms. E. G. Adensam's letter of January 29, 1982. ;

I !
; Attached is the meeting summary which discusses all agenda items except 35, 63, j

] 77, 78, 86, 96, and 117-121, which will be provided later. The response to !

i ltem 109 contains proprietary information and is being transmitted by separate !
letter. j

!

Very truly yours, j

d kd w
fal B. Tucker

gOkROS/php
Attachment

cc: (w/o attachment) i

Mr. James P. O'Reilly, Regional Administrator !.

5
{U. S. Nuclear Regulatory Commission 3

g

j60- (Region II ..
,

101 Marietta Street, Suite 3100 (g F j

Atlanta, Georgia 30303 j

Mr. P. K. Van Doorn
NTC Resident Inspector
Catawba Nuclear Station

Mr. Robert Guild, Esq.
Attorney-at-Law
314 Pall Mall
Columbia, South Carolina 29201

@210050264 820927
PDR ADOCK 05000413
A PDR
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Mr. Harold R. Denton, Director
September 27, 1982
Page 2

i

cc: (w/o attachment)
Palmetto Alliance i

!2135 Devine Street
Columbia, South Carolina 29205 t

!

Mr. Jesse L. Riley ;

Carolina Environmental Study Group |
854 Henley Place |

Charlotte, North Carolina 28207

|
!Mr. Henry A. Presler, Chairman

Charlotte-Mecklenburg Environmental Coalition
943 Henley Place ;

ICharlotte, North Carolina 28207

(w/ attachment)
Mr. Gordon Beeman i

l Pacific Northwest Laboratories
P. O. Box 999

lRichland, Washington 99352

<
__
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MEB Review Meeting
April 19,1982

Name Organization
,

|

M. L. Childers Duke - Design /SRAL |
|

L. B. Castles Duke - Design /MDPE |
I

R. R. Weidler Duke -' Design /MDPE

R. W. Quellette Duke - Steam / Licensing ;

D. P. Norkin NRC

D. Terao NRC - MEB

Bob Bosnak NRC - MEB

H. L. Brammer NRC - MEB

C. L. Hartzell Duke - Catawba

R. O. Sharpe Duke - Steam / Licensing

T. F. Wyke Duke - Design / Mechanical & Nuclear

H. E. Vanpelt Duke - Design / Catawba SAG

D. L. Caldwell Duke - Design /CSAG

C. L. Ray Duke - Design / Mechanical & Nuclear

G. D. Marr PNL/MEB-NRC

G. H. Beeman PNL/MEB-NRC
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MEB Review
|Attendance List
!

April 20,1982
,

l

i
Name Organization

|
M. L. Childers Duke - Design /SRAL j
R. W. Quellette Duke - Steam / Licensing |

C. B. Cheezem Duke - QA i

R. R. Weidler Duke - Design M/N
L. B. Castles Duke - MDPE

Bob Bosnak NRC/MEB

Jim Brammer NRC/MEB I

David Terao NRC/MEB

Gordon Beeman PNL/NRC-MEB [
Grant Marr PNL/NRC-MEB

D. P. Norkin NRC/IE
C. L. Ray Dike - Design M/N
R. M. Dulin Duke - Design M/N
D. L. Caldwell Duke - Design M/N
R. W. Bonsall Duke - Design M/N
H. E. Vanpelt Duke - Design M/N
C. L. Hartzell Duke - Catawba P&L
D. H. Stout Duke - Design M/N
D. L. Ward Duke - Design M/N

. . . ..- _ _ _ _ _ _ - _ .
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MEB Review
I Attendance List

April 21,1982

Name Organization
: M. L. Childers Duke - Design /SRAL

R. W. Ouellette Duke - Steam / Licensing

j Bob Bosnak NRC - MEB

Jim Brammer NRC - MEB

David Terao NRC - MEB

Gordon Beeman PNL - NRC/MEB

Grant Marr PNL - NRC/MEB

C. L. Ray Duke - Design /M&N

D. L. Rehn Duke - Design /C/E

M. C. Green Duke - Design /C/E

R. W. Bonsall Duke - Design /M&N

M. H. Jansen Duke - Design /M&N

E. C. Rodabaugh Consultant /0RNL/NRC

S. E. Moore ORNL

C. H. Boyd }] - SEED
R. W. Beer W - Equipment Eng.
C. B. Gilmore W - SEED

J. S. Galembush W - Nuclear Safety-RCSCL
| N. R. Singleton W - SEED

| I. C. Ratsep W - Duke Projects Licensing
K. N. Jabbour NRC/ DOL /LBe4

|

|

|

_ - _ _ _ _ _ _ _ _
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MEB Review
April 22, 1982
Attendence List

Name Organization

M. L. Childers Duke - Design / Licensing

R. W. 0uellette Duke - Steam / Licensing

R. A. Jones Duke - Catawba / Steam

W. R. McCollum Duke - Catawba / Steam

K. N. Jabbour NRC/DL/LB#4

H. L. Brammer NRC/DL/MEB

Bob Bosnak NRC/MEB

David Terao NRC/MEB

Gordon Beeman PNL-NRC/MEB

D. L. Caldwell Duke - Design

R. M. Dulin Duke - Design

G. E. Hedrick Duke - Design

R. C. Gamberg Duke - Design

C. L. Hartzell Duke - Steam / Station Licensing

_ _ - _ _ _ _ _ -
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Item 1 - Table 3.2.1, page 1

Explain the reasons behind the classification of the " Waste Evaporator Feed"

and the " Vent. Unit Cond. Drain".

Response:

Applying the criteria in NRC Regulatory Guide 1.26, Revision 3, the Waste
Evaporator Feed Tank and Ventilation Unit Condensate Drain Tank are in NRC

Quality Group D and, consequently, are not required to be seismically designed.
However, to minimize the impact of a seismic event on the plant environment,
these tanks -are seismically Designed at Catawba.

Table 3.2.1-2 (page 1) will be revised (as attached) to show these tanks as
Duke Seismic Cateogry II equipment, with qualification to OBE and SSE criteria.
This corresponds to Duke Class F equipment.

I
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Item 2 - Table 3.2.1 page 2

Provide safety related category for RCP Motor Oil Fill Tank.

Response:

Refer to response to Item 117.
7

,

I
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Item 3 - 3.2.2.1, page 3.2-3

Where has an orifice of size 3/8" ID been sued to protect a component in the

reactor coolant pressure boundary?

Response:

The criteria used to define the Class 1/ Class 2 interface for the reactor coolant

system were briefly discussed. It was identified that a 3/8" orifice is used to

define the Class 1/ Class 2 boundary because a break downstream of the orifice

can be handled by the normal charging system. The Staff concerns involved what

type of piping was downstream of the orifice. It was verified that Class 2

piping was connected downstream of any 3/8" reactor coolant system pressure

boundary orifice. Based on the above discussions, this item was closed.

f

l
|
|

#

(

' - -
.. _ _ _ _ _ . _ _ . _ _ _ _
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'

!

!

Item 4 - 3.2.2.-1, page 3.2-4

'The applicant states that Safety Class 2 applies to_ components of the reactor

coolant pressure boundary not covered in Safety Class 1.
1

!

What components of the reactor coolant pressure boundary are not Safety Class l?

!
Response:

This item was discussed in conjunction with Item 3 and relates to the classification

of certain components which make up the reacto coolant pressure boundary as Class .

!

2. It was pointed out that when a 3/8" orifice is used to define the Class 1 j

i

RCS pressure boundary, components downstream of the orifice (which are part of [
t

the RCS pressure boundary) are Class 2. Typically, such Class 2 components !
!

consist of small piping and valves. It was also pointed out that there are no i

Class 2 components in the- RCS pressure boundary unless they are located on the
i

Class 2 side of the Class 1/ Class 2 pressure boundary interface as defined in

Section 3.2 of the Catawba FSAR. Based on the above discussions, this item

was resolved. !

!

|
|

f
i

h

!
t

.

:
i:

t
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Item 5 - Table 3.2.2-2, page -1

Auxiliary Steam System references Note 22. . Where is Note 22? It is also

referenced on pages 3, 7, 8, 11, 13, and 14.

i
i

Response: j
'

flote 22 is provided (see attached).

|

-

' '

_-____.__.______m.______
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Table 3.2.2-2 (Page 16)
-

[7)(
%)

NOTES (Cont'd)

(9) X = Protected by virtue of location in a structure designed for
tornado wind and missiles

|
(10) As Applicable

(11) Tank is provided with diaphragm membrane for oxygen exclusion
i

(12) Performance test required

(13) Redundant electric heaters are supplied

(14) AMCA Class III and performance tested in accordance with AMCA Standard
! Test Code for air moving devices.
1

(15) United Laboratories

(16) Tanks are designed for all external forces due to soil and water, in-
cluding buoyancy

f (17) ASME Code Case 1205

(18) The Diesel Generator Engine and engine mounted .ponents and piping /~9'
i are Seismic Category I, seismically qualified in accordance with IEEE - '

'

i Standard 344-1975. The seismic qualification stems from a modal
} analysis based on mathematical model derived from experimentally gen-
, erated data from low level inpedance test performed by the manufacturer.
| Tests were conducted under two excitation spectrums (2-13 Hz and 9-35

Hz) to cover the relavent frequency band of the seismic disturbance.
The results of the modal analysis, published by Delaval in report number
75017-705 Volumes I, II, and III, constitutes the seismic qualification.

I (19) ASME, C13

(20) See Table 6.2.5-1

(21) As documented in Engineering Justification Report SES-JR-10, the one inch
containment isolation valves for this system were purchased as Duke Class
F instead of Duke Class B. This was necessary due to the high system
design pressure (8000 psig) which exceeded the pressure / temperature ratings
of the ASME Section 111 Code.

17- (22) Seismically qualified per IEEE Standard 344.

(23) Exceptions:

a. Evaporator vessels are seismic,
b. Steam supply piping is seismic and built to ANSI-831.1.0 (1967). g ;'-

c. Component cooling water supply piping is built to ASME III, Class 3.
,

Rev. 3

_ _ _ - _ _ _ _ _
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| Item 6 - Table 3.2.1-2, page 4 |

| Explain the reasons behind the ASME Code and Safety Class classifications of
3

t Fuel and Control Rod Assemblies and Burnable Poison Rod Assemblies and Control

Rod Drive Mechanisms.

!

| Response:

; The classification of various components in Table 3.2.2-2 were discussed and

clarified as follows:
I

i a. Fuel Assemblies - It was pointed out that the criteria used to clarify
}

{
components in ANS 18.2 are presently geared to fluid systems components .

f and that fuel assemblies did not specifically fit into this criteria.

Thus, ANS safety classficiation for fuel assemblies in the Catawba

FSAR were defined as N/A (not applicable). However, i? you apply a

broad interpretation of the ANS criteria to fuel assemblies they can

be classified as ANS Safety Class 2 because they are used to direct

flow through the core and remove heat from the core. It was also

pointed out that the fuel assemblies for Catawba are designed and

fabricated in accordance with requirements for an ANS Safety Class 2

component. Based on the above, Table 3.2.2-2 (attached) has been revised

to reflect an ANS Safety Class 2 classification.

b. Control Rod Assemblies - The classification in Table 3.2.2-2 was correct

and no further clarification of this item was required.

c. Burnable Poison Rods - This component is defined as non-nuclear safety

(NNS) because it does not perform any function required to shutdown the

plant. Consequently, the ANS Safety Classification (NNS) in Table 3.2.1-2
.

'

is correct. Based on the above, this item was resolved.

d. Control Rod Drive Mechanisms (CROM's) - The classification of this component

| was discussed in detail. The CRDM pressure housing should be classified as
|
f ANS Safety Class 1 and ASME Code Class 1. The non-pressure boundary portions

( . - . _ _. _ . . _ _ __ _ _ _ _ __



of the CRDM's are classified as non-nuclear safety (NNS). Table 3.2.2-2

(attached) has been revised to reflect the above classification. Based

upon the above, this it'em was resolved.

Based on the above discussions and the attached revisions to Table 3.2.2-2

this item was resolved.

t
. . . . . _ _ .. _ _. -_ _ __
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| Item 7 - Table 3.2.1-2, page 4
1 i.

| Explain the ASME Code and Safety Class classification of the reactor vessel
i <

| internals.
'

Response:

The reactor internals for the Catawba plant were fabricated prior to implementation ;

!of sub-section NG of the ASME Code. However, the reactor internals were designed
i

and fabricated consistent with the requirements of the ASME Code but do not have i

a specific code stress report or stamp. In order to reflect the actual as-built

criteria for the reactor internals, Table 3.2.2-2 (attached) has been revised

to indicate that the ASME Code is not applicable. Additionally, Section 3.9.3

has been revised as discussed in Item 113 to indicate that the above criteria
,

are applicable to the reactor internals. It was also pointed out that the i

4

| reactor internals designation includes core support structures. Based on the

above and the revised FSAR sections, this item was resolved.
|

|

i
-

,

.

.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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!
Item 8 - Table 3.2.2-2, page 6

The' table shows the Nuclear Sampling System as NNS, Code III-3 but not

seismically designed. Is this consistent?

Response:

Listing the Nuclear Sampling System as NNS, Code III-3 but not seismically
desig is not consistent. The Sample coolers are B31.1 (non-seismic).
Table 3.2.2-2 (page 6) will be revised accordingly (as attached).

_ . _ _ _ _ . _ - - . _ _ . . - . _ _ _ _ _ _ _ _
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1

;, tit'5f/N1 * b j,

W -
,i

7 Table 1.2.2-2 (Page 6) '

f tummiry nf Criteria - Mechanical system Components

III (3) (4) (5) (6) (?) (M) (9) :

h [Seismic Tornado
System Component er system knPa Safety Class Code QA Reqd- tocat6on Rad. Source OBE DBE Wind Missile J ,

?
>Valves PAW 1,2,3 gig.l.2.3 X C.AB P X X X X

Gas /W. ster Inter. Membrane W 2 gig.2 X AB - X X X X % |
NM Nuclear Sampiing System { b

ISample vessels D NNS (10) - AB X X X |
- -

Sample Heat E=changee (tube) D NNs H 1. l . ( ' - AB X - - X X [(shell) D NNS f*2|,I) - AB X - - X X ,

Delay Coil D 2 III-2 X C X X X X X
:Valves D 2.3 III-2,3 X C.AB X X X X X
|

|
T

i NR Boron Thermal Regeneration System

Heat Exchangers
Moderating (tube) W 3 !!!-3 X A0 X X X X X '

,

(shell) W 3 III-3 X A8 X X X X X
;Letdown Chiller (tube) W 3 Ill-3 X A8 X X X X X

,

t(shell) W NNs VI!! - AB - - - D X
tLetdown Reheat (tube) W 2 Ill-2 X A8 X X X X X
p(shell) W 3 {II-3 X A8 X X X X X eChiller tJnits W NA - - A8 - - * X X

Chiller Surge Tanks W NNS VIII - AB - - * X X | [Baron Chiller Pumps W NA III-3 - AB - - - X X

NR Thermal Regeneration Demin- Meralizers W 3 I!!-3 X A8 X X X X X . p

Valves D 2.3 III-2.3 X A8 Y X X X X j~ f
NS Containment Spray System C ,

.7 ~ ! !
Containment Spray pumps D 2 III-2 X A8 X X X X X ' !}Containment spray HX (tube) D 2 III-2 X A8 X X X X X (\ ((shell) D 3 !!I-3 X AB P X X X X

3 ;Containment spray Nozzi's D 2 - X C P X X X X

Valves D 2 !!!*2 X C P X X X X - i i3

NV Chemical af Volume Control Sys y
$

!Pumps
i

Reciprocating Charging W 2 III-2 X A8 X X X X X fCentrifugal Charging W 2 III-2 X A8 X X X X X
i+Boric Acir! Transfer W i I!!-3 X AB - X X X d i

Heat Eschangers ;

Regenerative W 2 III-2 X C X X X X X

Letoown (tut e) W 2 III-2 X A8 X X X X X j i(shell) W 3 III-3 X AB P X X 'X X '

Excess Letdown (tube) W y III-2 X C X 4 X X X '

(shell) W 2 III-2 X C P X X X

Seal Water (tube) W 2 !!!*2 X Ag X X X X-
X

X ,

(shell) W 3 III-3 X AB P X X X X

Rev. 2
Entire Page

Revised

_
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Item 9 - Table 3.2.1-2, page 9

In the Diesel Generator Engine Starting Air System the starting air tanks are

seismically designed yet the air compressors are not. How many starts can be

provided by the air tanks?

Response:

FSAR section 9.5.6.2.1 addresses this concern. The starting air storage
capacity of each redundant diesel engine is sufficient for a minimum of five
successful engine starts without the use of the air compressors.

-
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Item 10 - Table 3.2.1-2, page 15

Footnote-21 references Engineering Justification Report SES-JR-10. Provide

a copy of this report. ,

Response:

A copy of Engineering Justification Report Number SES-JR-10.is attached.

,

|

.
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DUKE POWER COMPANY

f DESIGN ENGINEERING - SYSTEMS AND EQUIPMENT SECTION

h) ENGINEERING JUSTIFICATION REPORT

I Date: February 17, 1978 Report No: SES-JR-10

To: R. L. Dick Originated By:

Station: Catawba 1-2 Checked By: m A D-M.

System: Eauipment Decontamination (WE) Approved By: [M 2-21- 7 [

C- M 3-7~))File No: CN-1205.01 QA Approval:

| Variation Reported By and Date: R. C. Bucy - January 30, 1978

( Description of Variation:
i

Valves tagged 1,2/WE/20, 22 appear on flow diagrams CN-1568-1.0 and CN-2568-1.0.
These valves have design conditions of 8000 psig @ 120*F, and are shown as Duke

i Safety Class B. Because of the high pressure class reqrired, these valves cannot
be purchased to ASME 111, Class 2.

Enoineering Analysis Reauired:
>

Review the system requirements and service to verify design conditions and Duke
Safety Class. Identify alternate design code or standard, if appropriate,

h O Calculations:
>

None

Enoineering Conclusion:

The valves are used in a containment isolation application which normally requires

| conformance with ASME 111. The equipment decontamination system (WE) is not
| frequently used and will not be used within the containment during reactor operation.
' Valves destgred for an internal pres,ure of 8000 psig and seismic loading provide

adequate assurance of containment isolation under conditions of containment pressure
following postulated LOCA. Purchase the valves to the best available codes and
standards as Duke Safety Class F.

1

( S. K. Blackley, Jr., Chief Engineer
| Mechanical & Nuclear Division
|

%.

|
By: V. H. Shellhorse, Engineer Associate

j /ah
I

cc: D. G. Beam (2) C. H. Favor R. C. Bucy
D. G. Gardner R. F. Wardell H. E. Edwards

! O J. M. Warren G. Fincher (Orig) J. W. Kosko (Catawba - Al)

_ _ _ _ _ _ _ _ _ _ _ _ .
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! Item 11 - Table 3.2.2-3
:

Footnote i states that Duke Power Company established an " effective code date"i
,

for the station in accordance with 10 CFR 50.55a, reviews ar.d may elect to i

comply with portions or all the latest versions of the above codes. This is

acceptable as long as different versions of the ASME Code are not used for1

evaluation of the same system or component. Provide a commitment to this effect.

3 Response:

Table 3.2.2-3 will be revised (as attached) to provide the following commitment:

Specific provisions of ASME Code editions and Addenda later than those
identified on the above table niay be utilized with the mutual consent
of Duke Power and the N Type Certificate Holder (if other than Duke).
Whenever specific provisions of a later code are utilized, all related

j requirements will also be satisfied.

i

l

l

4

1

f

| <

|
,

1

-
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Item 12 - In the primary loop, what size breaks are postulated for the design

f of pipe whip restraints? What size breaks are postulat'ed in the primary loop

for determination of compartment pressurization and asymmetric loads? If breaks '

for either case are less than full size, provide justification.
<

!Response: '

,

Westinghouse presented information on the size of pipe breaks in the RCS which

were assumed in the design and analysis. For breaks at the reactor vessel

i nozzle a break opening area of 85 square inches was assumed. All other circum-

ferential breaks postulated in the RCS were full double-ended breaks. The

! above break sizes were used in the design of restraints, mass and energy release

| calculations (see FSAR Section 6.2.1.2), and reactor coolant system analysis
t

} including asymmetric LOCA load analyses.
!
!

The design of the RCS restraints was performed by Duke. Consequently, routine

design information such as restraint stifrnesses, gaps, and loads were routinely

exchanged as design information between Westinghouse and Duke. In the case of
i
! the reactor vessel nozzle restraints Westinghouse calculated break opening areas

based on the Duke design. The results of this analysis were presented at the

meeting. Actual break opening areas are less than 40 square inches. Thus, the
L assumed value of 85 square inches was conservative.

Based on the above, this item was resolved.

I

!

_ . _ _ _ _ _ _ . ._ _ _ _ _ . _ . - . . - - _ ..-
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Item 13 - The FSAR states that breaks are postulated at locations where the

cumulative usage factor exceeds 0.2 for normal and upset operating conditions.

(a) Breaks are to be postulated where the cumulative usage factor exceeds 0.1.

Show that your analysis complies with the SRP.

(b) The criteria is evaluated under loadings resulting from normal and upset

operating conditions including the OBE. Change this to comply with the SRP.
,

;

I

I

j Response 13a:

| The basis for a cumulative usage factor of 0.2 was discussed. Specifically,

this factor was accepted by the Staff as part of their review and acceptance

of WCAP 8082 on the basis that a sufficient number of breaks were postulated

for the RCS. Westinghouse agreed to revise the FSAR and replace the specific

cumulative usage factor of 0.2 with a reference to WCAP 8082 in the text of

Section 3.6.
I
L

Based on the above discussion and the attached FSAR changes, this item was f
resolved :

!

'Response 3b:

As identified in Item 51, OBE loads are considered under the upset condition. (
< >

Appropriate FSAR changes were made relative to Item 51.
|

Based on the above and Item 51, this item was resolved. ;

.

; i
! ;

!

|
,

'

i

!
.

I i
: |
| _ . _ _ _ _ _ . __ .__ _

,
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c) Damage to the htgn head safety injection lines connected to the other leg
of the affected loop or to the other loops is prevented.

c) Propagation of the break to high head safety injection line connected to
the affected leg is prevented if the line break results in a loss of core
cooling capability due to a spilling injection line.

3.6.2.1.1.1 Postulated Piping Break Locations and Orientations

In each leg of the Reactor Coolant System, a minimum of three postulated
rupture locations shall be selected in.the following manner:

^ /n.$/IM Apostulated at the terminal end points and a ocations in'

eds 0.2 for normal anda run or branca the cumulative usage f +*
...

upset operating conditions o, * ange of primary plus secondary stress..

intensity for normal and ups rating con
' s exceeds 80 percent of the

ASME Section III Cod wable on an elastic basis <i - In the eventm.

that a locati tween the terminal end pints cannot be dhose * is manner,

the of highest fatigue usage shall be used to obtain a total of th
ak locations.

At each possible break location, consideration must be given to the occurrence
/[' of either a circumferential or longitudinal break. As discussed in Reference 1,

f
a circumferential rupture is more likely than a longitudinal rupture for reactor-

coolant piping. Only in the case of one elbow is a longitudinal rupture post-
ulated.

I Circumferential breaks are perpendicular to the longitudinal axis of the pipe.

Longitudinal breaks are parallel to the longitudinal axis of the pipe. Certain
longitudinal break orientations may be excluded on the basis of the state of
stress at the location considered.

For the main reactor coolant piping system, eleven discrete break locations
were aetermined by stress and fatigue analyses. The locations are given in

Table 3.6.2-1 and shown in Figure 3.6.2-2. The postulated locations conform
l to the criteria stated above and are discussed in Reference 1.|

|

| Break type at each discrete break location are presented in Table 3.6.2-1. The

results of the analyses which lead to the break orientations are discussed in
Reference 1.

,

3.6.2.1.1.2 Postulated Piping Break Sizes

For a circumferential break, the break area is the cross-sectional area of the
pipe at the break location, unless pipe displacement is shown to be limited by
analysis, experiment or physical restraint.

| ,

1 For a longitudinal break, the break area is the cross sectional area of the'

| -. i

|
pipe at the break location unless analytically or experimentally shown othe--
wise. A longitudinal break area less than the cross sectional area of the

f //fMATA

__ fan dasubed &A4'b66o8d W '
ff cru $ '

~
_ _ _ _ _ . . _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ - - _ _ _ _ _ _ . . _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . . _ _ . _ _ _ . . _ _

_
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Item 14 - 3.6.2.1.1.2, page 3.6-9

Identify the analysis, experimental data or physical restraint characteristics-

which have been used to limit pipe displacement. For and breaks with areas

other than the full cross-sectional area of the pipe.

Response:

As discussed in Item 12, limited breaks are assumed and justified at the

reactor vessel nozzle. All other circumferential breaks are full double-

ended breaks.

Based on the above and Item 12, this item was resolved.

|

,

I
c
i
i

!

!

!

I

l |
|
t

I

|

|
|

I |

. _ _ _ .. . _ . . .. . _ _ _ . .. ._
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Item 15 - 3.6.2.1.1, page 3.6-10

Item (b) mentions encased or jacketed piping. Where has it been used? Show !

|
that the required inservice inspection can be performed. !

i

Response: j

Duke provided drawings of the Main Steam Guard Pipe during the review meeting.

Duke agreed to provide drawings which define break exclusion regions (as attached).

Attached drawings show weld locations which will be subject to inservice inspection

to comply with the break exclusion region requirements. For welds not marked,

breaks will ' e postulated if required in accordance with FSAR Section 3.6.o

This item was closed.

|

|
|

!

|

|

!

!
!

L
. ._. . .

.
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Item 16 - 3.6.2.1.1, page 3.6-11

Item j) provides criteria for describing the effects an impingement jet has

on various sizes of target pipe.

It is the staff's position that this criteria has not yet been demonstrated to ,

be valid wnen applied to jet impingement. Therefore, either:

1) Remove this criteria from the FSAR and provide a commitment to properly |
!

evaluate the cases where it was used; or !
i

2) Demonstrate through experimental and analytical data that such criteria are, j
!

in fact, conservative and correct. (Note: The comparison to the whipping

pipe recently proposed on the McGuire docket is not acceptable.) ,

i

i
Response: j

Duke's present criteria state that no unacceptable interactions occur when a

target pipe is hit by jet impingement from a source pipe of equal or smaller
t

nominal pipe size and wall thickness. The NRC's Standard Review Plan, Section

3.6.1, and the American Nuclear Society's Standard ANS- 58.2 either state or

imply that no unacceptable interaction occurs when a target pipe is impacted
't,y a source pipe of equal or smaller size and wall thickness. Since neither

of the aforementioned documents places limits on the system conditions, e.g.,

temperature, pressure, materials, impact velocity, moment ann or support consider- |

ations, the case of impact rather than jet impingement becomes the limiting

or more severe condition for the following reasons:
t

1. The load on the target pipe will be less for the jet impingement case by an j
;

amount equal to the source pipe's impacting mass.

2. The maximum jet force is on the broken source pipe and not on any target

in the path of the jet. This is true for the following reasons:

a. The source pipe reacts to the full jet thrust associated with the break.

b. Any target pipe intercepts only a portion of the jet.

c. Thermodynamic and drag losses begin immediately upon jet issuance from the
i

broken pipe.
L...______ . . .. . .

. . |
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d. The jet impingement energy will be dissipated due to jet deflection off

the target pipe, i.e., the pipe being a cylindrical target only receives

the maximum jet load at a single point along its surface the remaining

jet loading is deflected by the curved surface at varying angles.

Conversely, by using the present, accepted NRC and ANS criteria for a whipping

pipe, if an acceptable interaction is identified when a target pipe of same or

larger size and wall thickness is struck by a source pipe, it is assumed that the
|

target pipe arrests the whip from the source pipe. When this occurs the maximum'

steady state jet force will then be transmitted to the target pipe for the duration

of blowdown.

Based upon the foregoing, it is Duke Power Company's position that the loading

conditions resulting from pipe whip are more severe than thase from pure jet

impingement for both impact and steady state conditions. Therefore, the present

Duke criteria are conservative and adequate for evaluation of the acceptability

or unacceptanility of piping as jet impingement targets and consistent with

industry practice.

:

L_. . . ~ - ~ . _ .
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!

Item 17 - 3.6.2.1.2, page 3.6-11

Item j) indicates that certain exceptions to the criteria may be taken. In

addition to indicating where these exceptions' are taken, provide the analytical

!
or experimental bases (es) for the exceptions.

Response:

No exceptions to the criteria are currently being used based on experimental
or analytical data for a whipping pipe or jet considered capable of developing
throughwall leakage cracks in equal or larger nominal pipe sizes with thinner

! wall thickness. Page 3.6-11 will be revised (as attached) to ensure that
I exceptions will be documented when they develop.

I

;

!
I

t

.

_
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3) Seismic loadings equivalent to the Operating Basis Earthquake (OBE)
are used in the analysis of piping systems for the purpose of post-'

!ulating break locations. Protective structures are designed to with-
'

stand the effects of the postulated piping failure in combination
lwith loadings associated with the Operating Basis Earthquake (08E)

and Safe Shutdown Earthquake (SSE) within the respective design load
limits for the structures.

!

e) Consideration is given to the potential for a random single failure of an
active component subsequent to the postulated pipe rupture. Where the
postulated piping break is assumed to occur in one of two or more redun-i

I dant trains of a dual-purpose moderate-energy essential system (i.e., one
required to operate during normal plant conditions as well as to shut down
the reactor and mitigate the consequences of the piping rupture), single
failures of components in the other train or trains of that system only |

,

'

j are not assumed; provided the system is designed to seismic Category I ;

i standards, is powered from botn offsite and onsite sources., and is con-
structed, operated, and inspected to quality assurance, testing, and in-
service inspection standards appropriate for nuclear safety systems.

i

f) In the event cf a postulated break in the piping in one unit, safe reactor
shutdown of the affected unit cannot preclude the capability for safe

f f shutdown of the reactor of the unaffected unit (s).

g) Containment structural integrity is maintained by limiting the combination
of break sizes and types to the design basis capability (i.e., temperature,
pressure, and leakage rate) of the containment.

h) For those postulated breaks classified as a loss-of-reactor coolant, the
desigr. lear tightness of the containment fission product barrier shall be
maintained.

| r

i) The conditions within the control room or any other location where manual
action is required to assure safe shutdown to the cold condition are such
as to assure habitability and comply with the requirements of General
Design Criterion 19.

i

j) A whipping pipe or jet is assumed not to cause failure of other pipes of
equal or greater size and equal or greater thickness. Smaller and thinner
pipes are assumed to encounter unacceptable damage upon impact. A whipping

,

| pipe or jet is considered capable of developing through-wall leakage cracks ,

in equal or larger nominal pipe sizes with thinner wall thicknesses. except
where experimental or analytical data for the expected range of impact

| e(ergies demonstrate the capability to withstand the impact without failure.
! '

! k) Piping Breaks Within The LOCA Boundary (See Figure 3.6.2-1)

1) All LOCA breaks are allowed to damage any non-LOCA line except
essential systems, and steam and feedwater lines.

Z A a.>r s2.)c cefe ru |: Mery Se. lxu:is & +NG- 4XCE f|oh 40 $ $:M'-
do - m in m ~ nsia. .
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Item 18 - 3.6.2.1.2.1, pages 3.6-13 to 16
:

This pipe break criteria is not in compliance with the latest version of SRP

3.6.2 (NUREG-0800).

Response:

Juke will revise FSAR page 3.6-14 (as attached) to assure that break locations

will be calculated whenever the cummulative factor, u, is greater than .l.

Documentation is provided for NRC review. This item was closed,

l

l

l

|

L.
. _ _ .
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Terminal ends are considered as piping originating at structures or components .
! (such as vessel and equipment nozzles and structural piping anchors) that act

as rigid constraint to the piping thermal expansion. Typically, the anchors
assumed for the piping code stress analysis would be terminal ends. The branch
connection to the main run is one of the terminal ends of a branch run, except

|
intersections of runs of comparable size and fixity which have a significant

' effect on the main run need not be 60nsidered terminal ends when the stress
analysis model includes both the run and branch picing and the intersection is i

not rigidly constrained to the building structure. I
j

! a) Breaks in Duke Class A piping are postulated at the following locations (
! (see Table 3.2.2-3 for class correlations):
i

1) The terminal ends of the pressurized portions of the run.

2) At intermediate locations selected by either one of the following [

] methods.
i

I
I

! i) At each weld location of potential high stress or fatigue, such
'

I as pipe fittings (elbows, tees, reducers, etc.), valves, flanges,
| and welded attachments, or

,

ii) At all intermediate' locations between terminal ends where the t

following stress and fatigue limits are exceeded, .' r. f

a) The maximum stress range shall not exceed 2.4 5, except as ;
'

noted below. I

t

j b) The navicum s'ress range between any two load sets (includ- i

ing the zero load set) shall be calculated by Eq. (10) in
Paragraph fib-3653, AS!!E Code, Section III, for normal and
upset plant conditions and an operating basis earthquake |

(OBE) event transient.

If the calculated maximum stress range of Eq. (10) exceeds |
the limit (2.4 5 ) but is not greater than 3 5,, the limit ;

of U < 0.1 shall be met,

if the calculated maximum stress range of Eq. (10) exceeds
the stress ranges calculated by both Eq. (12) and

3 5,(, in Paragraph NB-3653 shall not exceed 2.4 5
,

Eq. 13) or
*

the limit of U < 0.1. |
> ,

where: |
t

primary plus secondary stress-intensity range, asS =
n calculated from Equation (10) in Subarticle NB-3600

o the ASME Boiler and Pressure Vessel Code, Section

,

c) U skaB & cue ed c. I
..

3.6-14..

r
'

;
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The following is a list of problems which have no Equation
10 stresses between 2.4 and 3.0 S,.

.

NI-04
NI-05
NI-12
NC-10
NC-11
NC-13>

NC-25
NC-26

i
.

Component types are as follows:

FGBW - flush ground butt weld
AWBW - as-welded butt weld
FILW - fillet weld

i AWTT - as-welded tapered transition joint
! BELB - butt welded elbow

SELB - socket welded elbow
STEE - socket welded tee
SRED - socket welded reducer
BRED - butt welded reducer
CRVP - curved pipe

|
|

nnko o m..n ,- r ~ n v ,;-
Catawba Unit 1

SAGE
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PROBLEM CC-1:I-01

The following are nodes which have Equation 10 strecses
between 2.4 anel 3. 0 S

;

DCP/ SOP S!m S S *P*n m n type-

43/66W 2.614 16,292 42,587 AWBW

94/160W 2.942 16,292 47,931 FILW

69/99W 2.480 16,328 40,493 AWBW,

i
'

.

,

i

|

I
i

f

i S quation 10 stressn
S -allowable stress REFERENCE:

Computer Sec. #
S and S stresses are given in psi. 80/11/03. 15.25.40,n m

Duke Power Company
Catawba Unit #1

PAGE
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PROBLEM CC-NI-02

! The following are nodes which have Equation 10 strer.ses
i

between 2.4 e nel 3 . 0 S,

S 8 8 "E'DCP/ SOP n m m n type
.

52/93W 2.562 16,292 41,740 AWTT

55/97W 2.563 16,292 41,756 AWBW

71,71A/
, 132R,1331 2.780 16,328 45,392 BELB

71A/133L 2.756 16,328 45,000 AWTT

| 73/135W 2.725 16,292 44,396 AWTT

'75/139W 2.564 16,292 41,773 AWBW

)

I

I
l

|

|

S -Equation 10 stress

S -allowable stress REFERENCE:" Computer Seq. #S, and S, stresses are given in psi.
- 80/10/31. 17.24.28.

Duke Power Company
Catawba Unit il
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PROBLEM CC-NI-03

The following are nodes which have Equation 10 stresses
between 2.4 a nti 3 . 0 S, s

b b b Comp.DCP/ SOP n m' m n type
.

19/20W 2.770 20,000 55,400 FILW

24/26W 2.419 20,000 48,380 FILW

25/27W 2.466 20,000 49,320 FILW

25,26/
27R, 28L 2.989 20,000 59,780 SELB

26/28W 2.474 20,000 49,480 FILW

42/55W 2.743 20,000 54,860 FILW

44/58R 2.699 20,000 53,980 SELB

44A/59W 2.539 20,000 50,780 FILW
i

38/93B 2.665 20,000 53,300 STEE

l

l
!

!
,

S -Equation 10 stressn _

S -allowable stress REFERENCE:
Computer Se*~* *

S and S stresses are given in psi.
'

' m 80/10/09. 18.47.03.

Duke Power Company
rarawha Unit il
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PROBLEM CC-NI-06

The following are nodes which have Equation 10 stresses
between ~2.4 anel 3.0 Sm

| DCP/ SOP 3!m b b E'n m n type

13/34W 2.503 17,430 43,627 AWTT

A14/36W 2.510 17,430 43,749 AWBW

1 18/47W 2.866 17,430 49,954 AWTT

C07B/30L 2.791 17,430 48,647 BELB

.

1

i
i

S -Equation 10 stressn
S -allowable stress REFERENCE:
m Computer Seq. #

S and S, stresses are given in psi.n 81/04/27. 15.51.51
'

Duke Power Company
ratawha Unit il
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| PROBLEM CC-NI-07
I

l-
'

, The following are nodes which have Equation 10 stresses
between 2.e anel 3.0 Sm

DCP/ SOP b!m E'n m n-

type

AA2B/8W 2.504 17,430 43,645 FGBW

45/15W 2.406 20,000 48,120 AWTT
45A/16W 2.447 20,000 48,940 AWTT

.

I

i

S -Equation 10 stress

S -allowable stress REFERENCE:M
Computer Seq. #S and S, stresses are given in psi.n 81/04/27. 17.02.28.

Duke Power Company
Catawba Unit #1

PAGE
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PROBLEM CC-NI-20 i

The following are nodes which have Equation 10 stresses
between 2.4 and 3.0 S,

DCP/ SOP b!m *n m n type

10A/10W 2.949 16,820 49,602 AWBW
12B,13/
14R,15L 2.480 16,820 41,714 BRED

13/15W 2.471 16,820 41,562 FILW

15A/17W 2.429 20,000 48',580 FILW
.

16/20W 2.482 20,000 49,640 FILW

17/21W 2.472 20,000 49,440 FILW

17AA/22W 2.427 20,000 48,540 FILW

148/135W 2.997 16,820 50,410 FILW

149D/141R 2.843 16,820 47,819 CRVP l

( '

149E/142L 2.986 16,820 50,225 CRVP

l

|

S -Equation 10 stress

S -allowable stress REFERENCE:
m Computer Seq. #

S nd S, stresses are given in psi.n 81/02/09. 17.29.36.
Duke Power Company

j Catawba Unit *1
PAGE
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PROBLEM CC-NI-21 |

The following are nodes which have Equation 10 strerses
between 2.4 and 3.0 S,

DCP/ SOP S /S, S, S "I'n n type
.

98/92W 2.466 16,820 41,478 FILW

98,99/
92R,93L 2.479 16,820 41,697 SRED

181D/144W 2.784 20,000 55,680 FILW

185A/146W 2.879 20,000 57,580 FILW

187/148W 2.666 16,820 44,842 FILW

-187,187A/
148R,149L 2.663 16,820 44,792 SRED

189B/153W 2.876 16,820 48,375 AWBW

193/158W 2.616 16,820 44,001 AWBW

S -Equation 10 stress

S -allowable stress REFERENCE:
Comouter Seq. #S and S stresses are given in psi.

'

y m' 81/01/30. 08.40.56,

Duke Power Company
catawba Unit il
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PROBLEM CC-ND-01

The following are nodes which have Equation 10 strer.ses
between 2.4 and 3.0 Sm

DCP/ SOP S!m b *E'n m n type
'

C01A/4W 2.435 19,800 48,213 AWBW

69A/87R 2.787 20,000 55,740 BELB

70/88L 2.810 20,000 56,200 BELB

r

i
.

|

|

|

S -Equation 10 stress

'

S -allowable stress REFERENCE:N
Computer Seq. #S, and S, stresses are given in psi.

-

82/02/04. 19.04.55,

Duke Power Company
| Catawba Unit #1
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PROBLEM CC-ND-02
i

. The following are nodes which have Equation 10 strecses
' between 2.4 and 3.0 S

m

DCP/ SOP S /5, S, S P'n n type,

i C31A/4W 2.706 19,800 53,579 AWBW
i

[ C71A/86R 2.531 20,000 50,620 CRVP

C71B/87L 2.581 20,000 51,620 CRVP

i

!

S -Equation 10 stressn

f S -allowable stress REFERENCE:" Computer Seq. 45 and S stresses are given in psi.
* m 82/02/04. 19.05.13

Duke Power Company
Catawba Unit il
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PROBLEM CC-NC-03

The following are nodes which have Equation 10 stresses
between 2.4 and 3.0 S

DCP/ SOP 3!m E'n m n.

| type

34A/74W 2.455 16,820 41,293 AWBW

36/76B 2.716 20,000 54,320 BTEE

50A/85W 2.824 16,862 47,618 AWTT

C15A/86W 2.527 36,862 42,610 AWTT

C15A/86R 2.432 16,862 41,008 BELB !

C15B/87L 2.638 16,862 44,482 BELB

C14A/90W 2.625 16,820 44,153 AWBW

C14B/91WR 2.898 16,820 48,744 AWBW
<

44/94R 2.599 16,862 43,824 BELB

42/96L 2.692 16,862 45,393 BELB

C11A/98W 2.713 16,820 45,633 AWBW

C11B/99W 2.645 16,820 44,489 AWBW

C18A/107W 2.586 16,820 43,496 AWBW

C18B/108W 2.677 16,820 45,027 AWBW

66/113R 2.585 16,862 43,588 BELB

I

S -Equation 10 stressn
S -allowable stress RETERENCE:
m Computer Seq. #

S and S, stresses are given in psi. 82/04/14. 07.02.18n

Duke Power Company
Catawba Unit #1

PAGE
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PROBLEM CC-NC-03

i

The following are nodes which have Equation 10 strer.ses
between 2.4 anel 3. 0 S

1

DCP/ SOP 8!m 6 S "E*n r n type.

68/115L 2.573 16,862 43,386 BELB

C21A/117W 2.924 16,820 49,182 AWBW

C21B/118W 2.700 16,820 45,414 AWBW

C22A/121W 2.664 16,862 44,920 AWTT

C22A/121R 2.722 16,862 45,898 BELB

C22B/122L 2.550 16,862 42,998 BELB

C22B/122W 2.617 16,862 44,128 AWTT
!

'13 A /12 3W 2.992 16,862 50,451 AWTT

,

I

(

i

1

[
'

S -Equation 10 stress

S -allowable stress REFERENCE:"
. Computer Sec. i

S anc S stresses are given in psi.m 82/04/14. 07.02.18

Duke Power Company
ratawba Unit #1
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PROBLEM CC-NC-07

The following are nodes which have Equation 10 strer.ses
between 2.4 and 3.0 5,

DCP/ SOP S /S b S "E"n m m n,

type
,

4/4R 2.447 16,840 41,207 BELB

7AA/9R 2.549 16,840 42,925 BELB
'

7BB/10L 2.489 16,840 41,915 BELB

7CC/11R 2.439 16,840 41,073 BELB

7DD/12L 2.506 16,840 42,201 BELB

8/14R 2.591 16,840 43,632 BELB

9/15L 2.614 16,840 44,020 BELB

16/28R 2.949 16,532 48,753 BELB

17/29L 2.944 16,532 48,670 BELB

20W/36W 2.653 16,520 45,82.8 AWTT

200/39R 2.864 16,532 47,348 BELB

80/48K 2.854 16,292 46,497 CRVP

81/49L 2.871 16,292 46,774 CRVP-

81C/50R 2.832 16,328 46,241 BELB

81E/52L 2.810 16,328 45,882 BELB

81D/51W 2.917 16,328 47,629 AWBW

83/56W 2.403 16,292 39,150 AWBW

66/114W 2.981 16,820 50,140 FILW

65/115W 2.776 20,000 55,520 FILW

l

S -Equation 10 stress
, n

S -allowable stress REFERENCE:
Computer Seq. *

| Sn ""0 S stresses are given in psi.m 82/03/26. 17.03.29.

Duke Power Company
Catawba Unit il
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PROBLEM CC-NC-07

The following are nodes which have Equation 10 strerses
between 2.4 and 3.0 S

DCP/ SOP S!m b b U"E'n m n,

! type
.

34B/123R 2.517 16,820 42,336 CRVP

34C/124L 2.532 16,820 42,588 CRVP

45B/144L 2.460 16,800 41,328 CRVP

46A/146R 2.644 16,800 44,419 CRVP

46B/147L 2.663 16,800 44,738 CRVP

17A/149R 2.627 16,800 44,134 CRVP

47B/150L 2.472 16,800 41,530 CRVP

30/156R 2.545 16,800 42,756 CRVP

71/183W 2.794 20,000 55,880 FILW

'2/184W 2.773 20,000 55,460 FILM

117/192W 2.552 16,292 41,577 AWBW

; 142/226R 2.989 16,800 50,215 B RED

! 145/220L 2.826 16,800 47,476 B AtL

>

l

*
S -Equation 10 stress

S -allowable stress REFERENCE:
Computer Sec. *

S and S stresses are given in psi. '

n
82/03/26. 17.03.29.

Duke Power Company
Catawba Unit $1
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PROBLEM CC-NC-08

The following are nodes which have Equation 10 stresses
between 2.4 and 3.0 Sm

DCP/ S /S 8 S *E*n m m n type-

31/32 2.975 16,328 48,576 BELB

32M 2.623 16,328 42,828 BELB

32N 2.582 16,328 42,159 BELB

320 2.748 16,328 44,869 BELB

32P 2.834 16,328 46,274 BELB

33 2.877 16,292 46,872 CRVP

34 2.770 16,292 45,129 CRVP

35 2.555 16,328 41,718 BELB

36 2.585 16,328 42,208 DELB
I 62 2.560 16,328 41,800 BELB

; 63 2.888 16,840 48,634 BELB

69 2.980 16,840 50,183 BELB

75A 2.842 16,520 46,950 ANTT

78B 2.588 16,520 42,754 AWTT

101Z 2.823 16,800 47,426 AWBW
1

101Y 2.414 16,800 40,555 AWBW

101A 2.854 16,800 47,947 CRVP

101C 2.723 16,800 45,746 CRVP

i 101I 2.700 16,800 45,360 AWBW

117 2.885 20,000 57,700 FILW

112 2.554 16,292 41,610 AWBW

118 2.774 20,'000 55,480 FILW

S -Equation 10 stress

S -allowable stress REFERENCE:m
Computer Seq. 4S and S stresses are given in psi.n m 82/03/23. 17.47.35.

Duke Power Company
Catawba Unit #1

PAGE
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PROBLEM CC-NC-08

The following are nodes which have Equation 10 stresses
between 2.4 anel 3. 0 Sm

-i

|
DCP/ SOP b!m.

n m n *

type

126 2.766 20,000 55,320 FILW

.

k

|
t

I S quation 10 stressn
S -allowable stress REFERENCE:"

Computer Sec.,
S and S stresses are given in psi. ' #

m*

l 82/03/23. 17.47.35.
Duke Power Company
Catawba Unit #1
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PROBLEM CC-NC-12

The following are nodes which have Equation 10 stresses
I

,

between 2.4 and 3.0 S
*

.

DCP/ SOP 8!m 8 b "E*
. n m n

type

83,83/ 1

t
50R,51L 2.985 20,000 59,700 BELB !

107,108/ l
81R,82L 2.624 18,040 47,337 BRED |

,

108/82W 2.422 16,830 40,762 AWBW
5

)

i

l

S -Equation 10 stressi

n
S -allowable stress REFERENCE:M

Computer Seq. *S, and S stresses are given in psi.m*

80/09/29. 16.55.38
Duke Power Company
Catawba Unit #1
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PROBLEM CC-NV-09

The following are nodes which have Equation 10 strer,ses
between 2.4 and 3.0 S,

DCP/ SOP b!m b b *E'n m n.

type

88/123W 2.580 20,000 51,600 FILW

89/124W 2.870 20,000 57,400 FILW

94/130W 2.508 20,000 50,160 FILW

95/131B 2.750 20,000 55,000 STEE

104/137W 2.602 20,000 52,040 FILW

-110 /14 8W 2.456 20,000 49,120 FILW
110,111/
148R,149L 2.877 20,000 57,540 SELB

111/149W 2.442 20,000 48,840 FILW

11E,118A/
157R,158L 2.75.1 20,000 55,020 SELB

118B/159W 2.404 20,000 48,080 FILW
118B,120/
159R,160L 2.888 20,000 57,760 SELB

120/160W 2.534 20,000 50,680 FILW

S -Equation 10 stressn
S -allowable stress REFERENCE:

M
Co:nputer Sec . #

S and S, stresses are given in psi. 82/01/11. 17.13.12.n

Duke Power Company
Catawba Unit #1
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PROBLEM CC-NV-10

The following are nodes which have Equation 10 stresses
between 2.4 and 3.0 Sm

DCP/ SOP b b b Comp.n m m n-

.ype

S4/4W 2.511 20,000 50,220 FILW
S6/8W 2.681 20,000 53,620 FILW
S7/9W 2.734 20,000 54,680 FILW

S20/25W 2.467 20,.000 49,340 FILW
S31/39W 2.531 20,000 50,620 FILW

S35/44W 2.835 20,000 56,700 FILW

S36/45W 2.594 20,000 51,880 FILW

S quation 10 stressn
S -allowable stress REFERENCE:M

Comcuter Sec. *S and S stresses are given in psi. 81/08/13. 20'.06.49.n m

Duke Power Company
Catawba Unit #1
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PROBLEM CC-NV-ll

The following are nodes which have Equation 10 stressesbetween ?.4 and 3.0 S,

DCP/ SOP S /S S b "E'

*

n m m n
type.

81C/7W 2.662 20,000 53,240 FILW '

77/10W 2.778 20,000 55,560 FILW
76/11W 2.047 20,000 56,940 FILW

| 74/13W 2.999 20,000 59,980 FILW
73/15W 2.810 20,000 56,200 FILW
72/16W 2.757 20,000 55,140 FILW
70,71/
17R,18L 2.-390 20,000 51,800 SELB
69,68/
19R,20L 2.668 20,000 53,360 SELB
65/24W 2.645 20,000 52,900 FILW
63L/25W 2.597 20,000 51,940 FILW
63/37B 2.402 20,000 48,040 STEE
62/38W 2.502 20,000 50,040 FILW
61,60/

| 39n,40L 2.755 20,000 55,100 SELB
59/41W 2.430 2 000 48,600 FILW
58/42W 2.815 20,000 56,300 FILW

S -Equation 10 stress

S -allowable stress REFERENCE:n

stresses are given in psi. Computer Seq. #S and Sn m
81/08/13. 18.48.05.

i '

Duke Power Company
Catawba Unit #1
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PROBLEM CC-NV-12

The following are nodes which have Equation 10 stresses
between 2.4 and 3.0 Sm

DCP/ SOP 3!m b *E'n m n
type,

6.7/9R,10L 2.454 20,000 49,080 SELB
12/16W 2.845 20,000 56,900 FILW
13/17W 2.617 20,000 52,340 FILW
14,15/
18R,19L 2.523 20,000 50,460 SELB
16,17/
20R,21L 2.968 20,000 59,360 SELB
17/21W 2.531 20,000 50,620 FILW

21/28W 2.541 20,000 50,820 FILW
31/40W 2.422 20,000 48,440 FILW

16/20W 2.412 20,000 48,240 FILW

i

S -Equation 10 stress

S -allowable stress REFERENCE:;

m,

Computer Sec 4S and S stresses are given in psi.n 81/08/14. 02.07.58.
Duke Power Company
Catawba Unit #1
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Item 19 - 3.6.2.1.2.1, page 3.6-16

Item c)2)i) indicates the criteria for selecting intermediate pipe break

locations in Duke Class E, G, and H piping systems.

It is the staff's position that, since Table 3.2.2-3 indicates that these

piping systems are not designed for seismic loadings, pipe breaks should be

postulated so as to clearly demonstrate that failure of the system will not

results in any loss of capability of essential systems and components to with-

stand the further effects of any single active component failure and still

perform all functions required to shutdown the reactor and mitigate the

consequences of the postulated piping failure. Therefore, provide a cammitment

to meet this position.

Response: The attached revision to FSAR page 3.6-16 clarifies Duke's position.
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break locations is determined separately for the normal plant condition
load combination and for that upset plant condition wryich has the high-
est stress.

c) Breaks in Duke Class E, F, G and H piping are postulated at the following
locations (See Table 3.2.2-3 for class correlations)

1) The terminal ends of the pressurized portions of the run.

2) At intermediate locations selected by one of the folloying methods:

i) For Class E, F, G, and H Piping: ,

-Ig gpad M weld location of potential high stress or fatigue A
'it .ows (alb;n , t , red = r:, etc. ', wel vee, ": ;; :,., r . r

m,J elded :tt = ._.,;,; or
,

,

ii) For Class F Piping:

At all locat;ons where the stress, 5, Exceeds 0.8 (1.2 Sh + S )'A
where:

5 = stresses under the combination of loadings associated O
with the normal and upset plant condition,, loadings and
an OBE event, as calculated from the sum of equations
(9) and (10) in subarticle NC-3600 of the ASME Boiler
and Pressure Vessel Code, Section III.

S = basic material allowable stress at maximum (hot)
h

temperature, per ANSI B31.1.0.

S = allowable stress range for expansion stresses, per
A ANSI B31.1.0.

3) For Class F Piping:

If there are not at least two intermediate locations where 5 exceeds
0.8 (1.2 S * b ), a minimum of two separate locations.are chosen

h A
based upon highest stress. Intermediate breaks are not postulated

,

in sections of straight pipe where there are no pipe fittings, flanges,
valves or welded attachments.

3.6.2.1.2.2 Postulated Piping Break Locations For Moderate-Energy Piping
Systems

Systems identified as containing moderate-energy piping are examined by de-
tailed drawing review for postulated through-wall cracks as defined below.
Systems analyzed for consequences of postulated piping cracks are listed in
Table 3.6.1-2.

.

3.6-16
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Item 20 - 3.6.2.1.2.3, page 3.6-17

Item a)3 states circumferential breaks are assumed to result in pipe separation

of one diameter displacement of ruptured piping sections unless physically

limited by piping restraints. Show where piping restraints are used to limit

pipe displacements.

Response:

Limited break areas have not, to date, been used for temperature or pressure
calculations. Neither have limited break areas been used for whip or jet impingement
analyses. Page 3.6-17 will be revised (as attached) to connit Duke to provide
an example of limited break areas when used.

_-
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a) Cracks in Duke Class B, C and F piping are postulated at the following.
locations:

1) The terminal ends of the pressurized portions of the run.

2) At intermediate individual locations of potential high stress or

fatigue (e.g. pipe fittings, valves, flanges and welded attachments)
that result in the maximum effects from fluid spraying, flooding or
environmental conditions except in portions of piping where the max-

b)2)ii) and c)2)ii) of Section 3.6.2.1.2.I.
S ) as defined in itemsimum stress range is less than 0.4 (1.2 5 +

A

b) Cracks in Duke Class E, G and H piping are postulated at the following
locations:

1) The terminal ends of the pressurized portions of the run.

2) At intermediate individual locations of potential high stress or

fatigue (e.g. pipe fittings, valves, flanges and welded attachements)
that result in the maximum effects from fluid spraying, flooding
or environmental conditions.

f 3.6.2.1.2.3 Postulated Break Type, Size, and Orientation

a) Circumferential Pipe Breaks -

The following circumferential breaks are postulated in high-energy fluid
system pipirg at the locations specified in Section 3.6.2.1.2.1.

1) Circumferential breaks are postulated in fluid system piping and
branch runs exceeding a nominal pipe size of 1 inch, except where
the maximurr stress range exceeds the limits of Section 3.6.2.1.2.1,
items b) and c)2)ii) but the circumferential stress range is at
least 1.5 times the axial stress range.

2) Where break locations are selected in fittings in accordance with
Section 3.6.2.1.2.1 without the benefit of detailed stress calcula-
tions, breaks are postulated at each weld, in piping greather than
one inch NPS, to the fitting, valve, or welded at*tachment. Alter-

nately, a single break location at the section of maximum stress
range may be selected as determined by detailed stress analyses or!

tests on a pipe fitting.

3) Circumferential breaks are assumed to result in pipe severance and
separation amounting to at least a one-diameter lateral displacement
of the ruptured piping sections unless physically limited by piping [

t o-.k h # e r a. detMu2ed 6%gre s tra i nt s . "I -E d.re d5+ IC
,

pt @~g r e-.s+m'n+.s , -rs< '.,- a
'

m M -+v

| d a e. u'IH be- doewes+ad in +M. p;je- imdenal.
,

I

3.6-17"



_ - . . . .-

. -
.

,

1 .

Item 21 - 3.6.2.1.2.3, page 3.6-18

Identify in Item a)4 where limited pipe displacement, line restrictions, flow

limiters, positive pump - controlled flow, and the absance of ' energy reservoirs
!

are used to reduce the jet discharge.

Response:

Duke provided drawings of limited reservoirs and an analysis example. This

j information was found acceptable and the item was closed.

!-
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Item 22 - 3.6.2.1.2.3, page 3.6-18
4 .

In Item a)5 are all possible targets of the whipping pipe examined?
,.

Response:

Duke has unrestrained whipping pipe inside containment as follows:

A. Two break locations in the normal letdown line from penetration M-347

to the regenerative heat exchanger nozzle D. (2")
,

B. One break location in the seal water injection line from penetration

M-344 to reactor coolant pump IC nozzle C. (2")

Please note that both breaks in item A above are inside the regenerative heati

exchanger room and thus totally separated from any other systems.
i

1

<

|
t

|
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Item 23 - 3.6.2.1.2.3, page 3.6-19

In Item c)4 elaborate on the statement, "Throughwall cracks are not postulated

inside containment."

Response:

We will revise page 3.6-19 (as attached) to state that both moderate and high
energy leakage cracks are enveloped by high energy line brakes inside contain-
ment. For this reason throughwall cracks are not postulated inside containment.

i
,

f
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Piping movement is assumed to occur in the direction of the jet5) reaction unless limited by structural members, piping restraints,"
or piping stiffness as demonstrated by inelastic 1,imit analysis.
For the purpose of analysis, breaks are assumed to reach full size
one millisecond after break initiation.

c) Throuch-Wall Leakage Cracks

The following through-wall leakage cracks should be postulated in moderate-
energy fluid system piping at the locations specified in Section 3.6.2.1.2.2.

1) Cracks are postulated in moderate-energy fluid sys' tem piping runs
exceeding a nominal pipe size of one inch.

2) Fluid flow from a crack is based on a circular opening of area
equal to that of a rectangle one-half pipe diameter in length
and one-half pipe wall thickness in width.

3) The flow from the crack is assumed to result in an environment that-

wets all unprotected components within the compartment, with conse-
quent flooding in the compartment and communicating compartments,

p 4) Cracks are not postulated.in portions of Duke Class B, C, or F piping
where the stresses are less than 0.4 (1.2 S * b ). Throughwall cracks

h A
are not postulated inside containment b e cesc- mv i r-o su+s e. "*-l

bre+l45.y 9 m y c.; ,%.f.,_, ,, m |c,on.s ynce s e m w elog cec f, e

3.6.2.1.3 Failure Consequences

The interactions that are evaluated to determine the failure consequences are
dependent on the energy level of the contained fluid. They are as follows:

a) High-Energy Piping

d Circumferential Breaks and Longitudinal Splits
a2) Pipe Whip (displacement)
62) Jet Impingement
c 2) Compartment Pressurization

IdE) Flooding
cE) EnvironmentalEffects(Temperature, humidity) .

b) Moderate-Energy Piping

O Through-wall leakage cracks
a E) Flooding
h 2') Environmental Effects (Temperature, humidity)

c) Wa.r+v - r- .Spr e-y
3.6.2.2 Analytical Methods to Define Forcing Functions and Response Models

3.6.2.2.1 Reactor Coolant System Dynamic Analysis

$e cc~< ksg) n.w p .Jl /emk
) yao +n) GK<ds l'*T1n~rerad~"c-> l wmo.d 'hj)l

'' ''

" b) Floolig
'
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Item 24 - 3.6.2.2.1, page 3.6-21

The computer codes SATAN-IV and THRUST should be included in the list of

computer codes in Section 3.9.1.2.3

Response:

In the reactor coolant loop piping analysis the computer codes SATAN IV4

and STHRUST were used to calculate the blowdown forces for postulated pipe

breaks. The computer code THRUST was not used for Catawba. Additionally,

the SATAN IV code has been added to the list of codes identified in Section

3.9.1.1. Based on the above discussion and the attached FSAR revisions,

this tiem was resolved.

,
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STHRUST - hydraulic loads on loop components from blowdown information.,

4

WECAN - finite element structural aaalysis.5.

- WOSTAS - dynamic transient response analysis of reactor vessel6. DARI
and internals.

- 1.
3. 9.1. 3 Exoerimental Stress Analysis

No experimental, stress analysis methods have been used for the Catawba project.:

Considerations for the Evaluation of the Faulted Condition3. 9.1. 4

3.9.1.4.1 Loading Conditions

The reactor coolant loop piping is evalua'ted in accordance with the criteria
The loads included in the evaluationof ASME III, N8-3650 and Appendix F.

result from the SSE, deadweight, pressure, and LOCA loadings (loop hydraulic
forces, asymmetric subcompartment pressurization forces, and reactor-vessel
motion).

The structural stress analyses. performed on the re' actor coolant . system considerThese loact result from thermalthe loadings specified as. shown in Table 3.9.1-2.
exoansion,. pressure,. dead weight,. Operating Basis. Earthquake (OBE), Safe Shutdown

~

Eartnquake. (SSE), design basis loss of coolant accident, and plant operational
thermal ana pressure transients.

(

3.9.1.4.2.'' Analysis of the Reactor Coolant Loop

The loads used in the analysis of the rea'etor coolant loop piping are described
in detail below.

Pressure

Pressure loading is identified as either membrane design pressure or generalThe memorane design
operating pressure, depending upon its application.
pressure is. used in connection with the longitudinal pressure stress and
minimum =all thickness. calculations in accordance wit h the ASME Code.
The ter:t coerating pressure is usaci in connection with determination of theThe steady-state operating hydraulic
system caflections and support forces. forces. based. on the system- initial pressure are applied as general operating

loads- to the reactor- coolant. loon modal at: cnanga in direction or-pressures
flow. area;

,

Dead Weicht

A dead weigne analysis is. performed to meet Code- requirements by applying aThe piping is assigned a
1.0 g load. downward on the complete piping system.. This method.
distributed mass or weight as a. function of its properties.
provides a. districuted. loading to the piping system as a function of thei ti ons.
weight of the pipe and contained fluid during normal operating cond

3.9-11 .
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- Item 25 - 3.6.2.2.2.1, page 3.6-23
.

Is the discharge coefficient equal to something other.than 1.0 for any conditions?

- Response:

The discharge coefficient is assumed 'to be 1.0 in the absence of analytical
results or experimental data for calculating the dynamic force of the jet
discharge. No values other than 1.0 have been used. If values less than
1.0 are used, justification will be provided in the FSAR.

!
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Item 26 - 3.6.2.2.2.3, page 3.6-25
,

In the first paragraph, the applicant states that a dynamic load factor of 2.0

shall be used in the absence of an analysis justifying a lower value. What

kind of analysis is performed? How low a value is used? Justify any values

.

less than 2.0.
4

Responsa:

Duke has not used a value less than 2.0 for dynamic load factor to date. If

a lessor value is used in the future, an analytical justification will be

provided. This item was closed.
,
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Item 27 - 3.6.2.3.1, page 3.6-25

In Item 1) of General Criteria for Pipe Whip Evaluation, what kind of analysis

justifies a value lower than 2 0?.

In Item 2) nonlinear pipe and restraint material properties may be used as

applicable. Where have nonlinear properties been used and what values are

used?

In Item 3) all targets of a whipping pipe must be looked at. Provide assurance

that this has been done.

Response:

A lower value than 2.0 is justified in systems where crush pipes are used and

a rigorous time history analysis is done (by computer programs viz. PRTHRUST-

and PIPERUP); and also if the backup structure is shown to be rigid * compared

to the cursh pipe, in most cases a DLF of less than 2.0 can be anticipated.

* Tests for rigidity for backup structure:

A) The natural frequency of the backup structure should be more than

33 Hz.

B) The elastic stiffness of backup structure is at least 3 times that of!

the crush pipe.

| Type of analysis outlined above justifies using a value less than 2. As of
|

this date we have not used a value less than 2.

,

.
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TheratioAj/A represents the portion of the total mass flow from the jet
which is intercepted by target structure. A dynamic load factor of 2.0 shall
be used in the absence of an analysis justifying a lower value.

3.6.2.3 Dynamic Analysis Methods to Verify Integrity and Operability

3.6.2.3.1 General Criteria for Pipe Whip Evaluation

1) The dynamic nature of the piping thrust load shall be considered. In the

absence of analytical justification, a dynamic load factor of 2.0 is
applied in determining piping system response. .

g"Gl.ub c - pa.4ed f, p/s.> h e ) eccsha.kle.
2) 6.l i ..c m (.6!:: tic-M ac+4r etr:i- herder.ing) pipe and . u traint material

properties may be considered as applicable. C.cc,MM b i- c a : h "h k
skruk ss a e. n c s h c L 4- cJ, le 14.2.-J.sn

3) Pipe whip is considered to result in unrestrained motion of the pipe
along a path governed by the hinge mechanism and the direction of the
thrust force. A maximum of 180 rotation may take place about any
hinge.

4) The effect of rapid strain rate of material properties is considered.
A 10 percent increase in yield strength is used to account for strain
rate effects.L-)

3.6.2.3.2 Analysis Methods

The pressure time history, jet impingement load on targets, and the thrust
resulting from the blowdown of postulated ruptures in piping systems is
determined by thermal and hydraulic analyses or conservative simplified
analyses.

In general, the loading that may result from a break in piping is determined
using either a dynamic blowdown or a conservative static blowdown analysis.
The method for analyzing the interaction effects of a whipping pipe with a
restraint will be one of the following:

1) Equivalent static method

2) Lumped parameter method
3) Energy balance method

in cases where time history or energy balance method is not used, a conserva-
tive static analyses model will be assumed.

The lumped parameter method is carried o'ut by utilizing a lumped mass model.
Lumped mass points are interconnected by springs to take into account inertia
and stiffness properties of the system. A dynamic forcing function or equiva-

~is
lent static loads may be applied at each postulated break location with un-
acceptable pipe whip interactions. Clearances and inelastic effects are

'

considered in the analyses.

3.6-25
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The energy balance method is based on the principle of conservation of energy.
The kinetic energy of the pipe generated during the first quarter cycle of
movement is assumed to be converted into equivalent strain energy, which
is distributed to the pipe or the support. The strain in the restraint is
limited to 50 percent of the ultimate uniform strain.

3.6.2.3.3 Pipe Whip Restraint Design

When required, restraints are designed to protect essential components from the
dynamic effects of pipe whip and jet impingement. The loadings on the restraint
are determined by one of the methods outlined in Sections 3.6.2.2 and 3.6.2.3.
The design of these restraints follows the guidelines of AISC (Ref. 4); however,
since pipe rupture is associated with the faulted plant condition, higher stress
allowables are permitted as identified in Table 3.6.2-3. Where a restraint is
also designed to function as a piping support, the discussion in Section
3. 9. 3.1. 5 i s applicable. thr%- lu h w t h a dy n..m. c. Inc. J (<.s .- c { Jc , k ..I( M-

t A s ,,,,w ,i p g,_ , j,_ , t ,. . , . i , { c .,w ) .. L g y e. n g fa i...j s aa 4% s opp
3.6.2.4 Mechanical Penetrations pc b Ale. 3 . <i . 1 - // .

Mechanical penetrations are treated as fabricated piping assemblies meeting
the requirements of ASME Section III, Subsections NC and NE and which are
assigned the same classification as the piping system that includes the
assembly (i.e., Class A through H as defined in Table 3.2.2-3 except that
Class C through H lines are upgraded to Class B between Containment isolation
valves).

The process line making up the pressure boundary is consistent with the
system piping materials, fabrication, inspection, and analysis requirements
of ASME Section III, Subsection NC.

Critical high temperature lines and selected engineered safety system and
auxiliary lines (regardless of temperature) require the " Hot Penetration"
assembly as shown on Figure 3.6.2-8 which features the exterior guard pipe
for the purpose of returning any fluid leakage to the Containment and for
protection of other penetrations in the building annular space. Other lines

are treated as colu penetrations since a leak into the annular space would
not cause a personnel hazard or damage other penetrations in the immediate
area.

Penetration assemblies and their anchorages are analyzed in accordance with
Table 3.2.2-3 and applicable response spectra curves (0.5 percent damping)
as developed from the method described in Section 3.7.2 and enveloped for con-
servatism. Loading combinations and stress criteria for penetrations are shown
in Table 3.6.2-2. The design of guard pipes considers the simultaneous
effects of pressure and jet loadings resulting from a rupture within the
guard pipe and the SSE loadings.

i.6.2.4.1 General Design Information for All Mechanical Penetrations

The following definitions are utilized to distinguish the categories of mech-
anical penetrations.

3.6-26



Item 28 - 3.6.2.3.3, page 3.6-26

The last sentence references Section 3.9.3.1.5 for a discussion of where restraints

have been designed to function as suppcrts. Provide the design criteria and an

example of the analysis techniques used for these duel function supports.

i Response:
;

As mentioned in Section 3.9.3.1.5, Table 3.9.3-11 is used to combine pipe rupture

loads with pipe support loads in faulted condition only. A dynamic load factor

of 2.0 is used on the pipe rupture loads. The design cri'teria is same as the

pipe-support design in faulted condition.

An example of this design is lower elbow restraint on the main steam system in

Reactor Building.
'l

This item is closed.

!
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Item 29 - 3.6.2.4, page 3.6-26

The second paragraph discusses the process pipe making up the pressure boundary.

What size is the process pipe?

Response:

-For most cases, size of process pipe would be same as header of main piping
where process piping is attached.

|

|

|
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Item 30 - 3.6.2.4.2, page 3.6-28

Provide details of field welds between the guard pipe attachment and reactor

building anchor section as discussed in Item b.

Response:

Drawings were provided during 4-19-82 review meeting which supply the necessary
details.

.
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Item 31 - 3.6.2.4.4, page 3.6-29

This section refers to Section 6.6 for a discussion of access for inservice

inspection. Item 3) of Section 6.6.8 (page 6.6-2) indicates that access ports-

will be provided where possible. In addition to indicating which welds are
! not examinable because of a lack of access, provide an engineering basis for

why the ports are not possible.

Are there any " break exclusion" regions used in any seismic Category I piping

systems?

{ Response:

Refer to the response to item 15. This item was closed.

i
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Item 32 - Table 3.6.1-1

Provide details of the Safety Injection System and Main Steam System relative

to the pipe break protection method (c).

Response:

Refer to the response for item 15. This item was closed.
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Item 33 - Table 3.6.1-3, page 2
Explain comparison of SAR Section 3.6.1.1.2 with NRC criteria. What analyses

'

have been performed to show insufficient energy to develop sudden failure?- In
Item a) are the consequences of breaks in the excluded lines considered? What
criteria are used to postulate breaks and cracks, and in which systems?

Response:

Regarding the first part of this question , the NRC Staff states in question No.
110.2 of Attachment 1 that it conceded that such systems (in Table 3.6.1-3, page
2 of Catawba FSAR) may not have sufficient energy to develop sudden, catastrophic
failures. Regarding the second part, the consequences of these failures are
enumerated in FSAR section 3.6.1.1.2.

It is our position that the NRC Staff has accepted the criteria in Table 3.6.1-3,
p. 2 provided that all the effects mentioned above are to be included in the
station analyses. Since these analyses are specified no further action is required.

Criteria used to postulate breaks for these systems are the same as those used
for a rroderate energy system. Example: AS System is the only system to which
this criteria has been applied (50 psig and 298 F).

; . .. _____ _ . _ _ _ _ _ _ _
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f 110.1 The first paragraph of Section 3.6.1.1.1 (page 3.6-1) implies
(3.6.1.1) that precluding the forTnation of plastic hinges will resdit in

jet impingement ef fects not causing unacceptable consequences to
QE essential components. Indicate how this is accomplished.

I
N 110.2 The fourth paragraph of Section 3.6.1.1.2 (second full paragraphi

,- ( 3. 6.1.1 ) on page 3.6-2) and Table 3.6.1-3 (pages 2 and 7) indicate that.

i (Table non-liquid piping systems with a pressure less than 275 psig are
j 3.6.1-3) not considered high energy regardless of the temperature.

(RSP)
The staf f concedes that such systems may not have sufficient energy
to develop sudden, catastrophic f ailures. However, it is the staff's.

positon that such an approach does not properly consider the
JD'g consequences should a limited failure occur. These would include

jet impingement and the environmental ef fects of pressure, temper-'

|
ature, humidity, and wetting of equi pent. Therefore, either:

| (1) Remove this criteria f rom the FSAR and provide a com.11itment
to properly evaluate the cases where it was used; ori

,
-.

| (2) As a minimum, provide assurance that the above concerns
have been addressed.

.

*' 110.3 The seventh paragraph of Section 3.6.1.1.2 (fif th full paragra::1
' (3.6.1.1) on page 3.6-2 and item c(4) of sectice h61

indicate that systems which co not contai'r;3,.2.2, ( sic)(;; age 3.5-IE(RSP) mechanical pressariation

|
' equi pent are not considered moderate energy.

pd It is the staf f's position that such an approach does noti

! prop 2rly consider the consequences should a f ailure occur.i

These would include the normal moderate energy ef fects of'

I
,

flooding, spray, and etting of equipment. Theref vi, p wilt
' i :).1. tit i.!.it ta include these systems as mooerate energy.

[
>

! 110.4 Tne first paragraph of item b) of Section 3.6.1.1.2.1 ( pages
I (3.6.1.1) 3.6.-2 and 3) is unclear in indicating when jet impingement

j interactions are considered. In addition to correcting the

g typ3gra phical c=nission, provide cxamples of ho.; each of the
'

criteria assures that the safety function is not impaired.
, ,

, 110.5 The second paragraph of item b) of Section 3.6.1.1.2.1 (first
| ( 3. 6 .1.1 ) full paragrapn on page 3.6-3) indicates that you assume that
'

jet impingement ill not effect ccncrete structural integrity.
| 00 Provide the basis (es) for this assumption.

;

,
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Item 34 - Table 3.o.1-3, pages 2 and 3

This item notes Duke's exception to postulating terminal end breaks at the shut

off valve which separates the pressurized and non-pressurized portions of a

piping run.

It is the staff's position that this is the only logical location for such a

terminal end. Postulating the break elsewhere in the pressurized side limits

the length of whipping pipe available. Postulating the break anywhere in the

nonpressurized side would not result in a release of energy. Therefore, provide

a commitment to meet this position or alternatively, treat the entire piping

system as it if were a high energy piping system and postulate breaks and provide

protective measures accordingly (i.e., assume the shut off valve to be normally

open.)

Response:

A terminal end is considered at piping which is rigidly constrained in regards -

'

to thermal expansion. Piping stresses either side of the closed valve will be
,

approximately the same, therefore terminal end classification based on constraint

and high stresses is not applicable. If the stress analysis indicates that an

intermediate break is required at the valve then the normal analyses will be

performed for that break.

i

, . _- - - . , , - - , - - - _ . - . . -- - . . _ - - - -
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Item 35a ' Table 3.6.1-3, pages 3 and 4, SAR Section 3.6.2.1.2.1

The criteria is a c'eviation from the SRP. A minimum of two break locations is

required.

Response:

Table 3.5.1-3, pages 3 and 4 will be revised (as attached) to delete the
reference to not postulating intennediate breaks in Class B, C piping,

where stress intensity is less than 0.4 (1.2 Sh+S)*A
i

.
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Table 3.6.1-3 (Page 3)

ting at structure or components that act as
to 15is closed valve. rigid constraint to the piping thermal expan-

sion. Typically, the anchors assumed for the
code stress analysis would be terminal ends.
Stresses in the system either side of the.

closed valve will be about the same; therefore,
terminal end classification based on constraint
and high stresses are not applicable. Duke

reviews these closed valve locations to assure
high stresses are not developed as a result of
rigid constraint from nearby anchors of com-
ponent connections in the non pressurized
portion of the piping.

'E>SAR Section 3.6.2.4MEB 3-1, Section B.I.b(6)

Section B.1.b(6) requires that guard pipe assemblies Duke criteria is different from NRC criteria as
described and justified below:

between containment isolation valves meet the follow-
ing requirements: Guard pipes provided between containment isola- y

Ition valves are designed in accordance with SAR
Section 3.6.2.4. Guard pipes are subjected to {The design pressure and temperature should nota.

be less than the maximum operating temperature a pressure test as required by the materialand pressure of the enclosed pipe under normal specification before welding to the penetrationplant conditions. assembly.
,

b. The design stress limits of Paragraph NE-3131(c) It is impractical to test guard pipes in theshould not be exceeded under the loading asso-
ciated with design pressure and temperature in finished penetration assembly due to the con-

figuration and potential damage to internal
combination with the safe shutdown earthcluakes. process pipe and associated insulation. Inde-

Guard pipe assemblies should be subjected to a pendent design analysis have been conducted to y
single pressure test at a pressure equal to de- provide assurance that Duke penetra. tion designsc.

are acceptable. In addition, the extent of NOT
sign pressure. conducted on guard pipes to flued head butt weld f

is such to assure integrity of design.
.

Cri Sect.m. 3. 6. 2.1. 2.1ME8 3-1, Sections B.I.c(1) and 8.1.d(1)
Duke mi i te ,7 a .:, difierenL i. uni %C u i ter i a. a,

Intermediate breaks in Class 2 and 3 piping are
+ *dec P -d --d j = t i 'i e d t,e l = a

postulated where the stresses exceed 0.8 (1.2Sh

5 ) but at not less than two locations base 1 on ,,1-tma d i = t-t b rci i r C ! = D -d C pipir.g a, e4highest stress. Where the piping consists of a

b D 0 ,
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Table 3.6.1-3 (Page 4)
t

!

straight run without fittings, welded attachments, - ne t p ^ < t " 1 ? tad ?t '^"iti^"e whoro tho < t.ro c c a c

tP:- 0.4 (1.^S '

A-
'^eeand valves, and all stresses are less than 0.8 ''-^

h
(1.25 + S ), a minimum f ne 1 c ti n should be - ruch ?;u ;tr ;;cd pip ng ace nut con;i"^""di

choseNbasedonhigheststress. - --^d!"'^ r^:h; cre not postul;t;d 'n Strei ht--A 9
rune af pip ^ ' hat contai ;; n fitti g;,M

- volvc;. ^* '^ 1 dad m + t achmon* c

MEB 3-1, Sections B.1.c(2) and B.I.d(2) SAR Section 3.6.2.1.2.1

Duke criteria is generally equivalent to NRC cri-Breaks in non-nuclear piping should be postulated teria as described and justified below;
at the following location:

Breaks in Duke Class F piping (non-nuclear,
a. Terminal ends, seismic) are postulated at terminal ends and at

intermediate locations based on the use of ASMEb. At each intermediate pipe fitting, welded Section III analysis techniques, the same as
attachment, and valve. Duke Class B and C piping. Duke Class F piping

is constructed in accordance with ANSI B31,1 and
is dynamically analyzed and restrained for seis-
mic loadings similar to ASME Section III piping.
Materials are specified, procured, received,
stored, and issued under Duke's QA program simi-
lar to ASME Section III materials except that
certificate of compliance in lieu of mill test
reports are acceptable on minor components, and
construction documentation for erected materials
is not uniquely maintained. Const.ruction docu-- -

mentation for erected materials is generically
maintained. MTR are required for the bulk of
piping materials.

SAR Section 3.6.1.1.2MEB 3-1, Section B.2.e

Duke criteria is generally equivalent to NRC cri-Through-wall cracks may be postulated instead of teria as clarified below: ,

breaks in those fluid systems that qualify as
high energy fluid systems for short operational
periods. This operational period is defined as The operational period that classifies such sys-

.
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Item 36 - Table 3.6.2-1

In Item 11 are there no intennediate breaks postulated in the pressurizer surge

line?
;

.

Response:

There are 2 intennediate breaks postulated in the pressurizer surge line. We

will revise the title of Table 3.6.2-1 (as attached) to indicate the Table refers
to the Main Coolant Loop.

,
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Table 3.6.2-1 #" .'

Postulated Break Locations Fe<- 96 /MMrs
d.ecl & Loop

I
Location of Postulated Rupture M

,

1. Reactor Vessel Inlet Nozzle Circumferential

2. Reactor Vessel Outlet Nozzle Circumferential

3. Steam Generator Inlet Nozzle Circumferential

4. Steam Generator Outlet Nozzle Circumferential

5. Reactor Coolant Pump Inlet Nozzle Circumferential.
-

6. Reactor Coolant Pump Outlet Nozzle Circumferential

7. 50 Elbow on the Intrados Longitudinal

8. Loop Closure Weld in Crossover Leg Circumferential

9. Residual Heat Removal (RHR) Line/ Primary Circumferential (Vieweo
Coolant Loop Connection from the RHR line)

10. Accumulator (ACC) Line/ Primary Coolant Circumferential (Viewed
Loop Connection from ACC line)b

11. Pressurizer Surge (PS) Line/ Primary Circumferential (Viewed
Coolant loop Connection frodi the PS line)

)

.

h

..

O.

. , _- , . _ , . , _._,. , _ ,
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Item 37 - Table 3.6.2-2 j

Are all penetrations Duke Class B? If not, are they evaluated for emergency

conditions?

Response:

We will revise Table 3.6.2-2 (as attached) to clarify that no Class 1 piping

f penetrates containment. All mechanical piping penetrations '' the Containment

| Vessel are Duke Class B. No Class 1 piping is routed G rough mechanical j
' piping penetrations. When pipino, " rated" less than t ass B, is routed j

through the containment vessel the pipe is upgraded to Class B in the area I1

1
of the penetration. .

! i

;

;
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Table 3.6.2-2

|

} Stress Criteria For

Reactor Containment Mechanical Penetrations

Duke Class B *

CONDITION PIPING LOADS CRITERIA

| 1. Normal Thermal Displacement
+ Pressure ASME III, NC-3600>

+ Weight

1 2. Upset Thermal Displacement ASME III, NC-3600
'

+0BE (Displacement)
+ Pressure
+ Weight
0BE (Inertia)+

3. Faulted Thermal Displacement (1)
+SSE (Displacement)(1)
+ Pressure
+ Weight ASME CODE CASE 1606
+SSE (Inertia) d
+ Pipe Rupture

|

1
t

NOTES:
|

(1) For the faulted condition, the displacement induced stresses are considered
primary stresses.

Q1 A n r.n i .....c.,f
p. p. .. ) p c ,4 4. .. k n 3 . I '4Q (,.jh,n % d Ge3af.

a bou tj.,, i;
.
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Item 38 - Table 3.6.2-3

Define variables -- for example, F , F . F,, etc.y t

Response:
,

F - Allowable tensile stress
t

'

F, - Axial stress pemitted in the absence of bending moment
'

F - Bending stress pemitted in the absence of axial forces
b

! F - Allowable shear stressu

j F, - Euler stress divided by a factor of safety
F - Minimum yield stress for the type of steel usedy

i

i

i

i

!

|

,

i

,

.
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Item 39 -Table 3.6.2-3

This table provides stress allowables for pipe rupture restraints.

; It is the staff's position that the strain limit for such restraints is one

half of the ultimate unifonn strain. Therefore, provide assurance that your

stress based criteria is always as conservative as the above strain criteria.

|

Response:

All pipe rupture restraints are elastically designed. The strain ratio of

ultimate to elastic limit is approximately 10. Hence, per NRC requirement

we can stretch steel up to 5 times beyond elastic limit. Thus, our stress

based criteria is at least 5 times more conservative than NRC staff's strain

criteria. This item was closed.

|
,

i

i
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Item 40 - Table 3.6.2-6, page 1

Provide stresses for rerouted pipe at break locations 1NI-122-048, -049, -050, and

1 nil 21-050, -051, -052, -053.

Response:

Table 3.6.2-6, page 1 will be revised (as attached) to include the following
information:

Usage
Break Equation 10 (psi) Equation 12 (psi) Equation 13 (psi) Factor

INIl22-048 42763 .0

INI122-049 41718 .0

INIl22-050 Break Location Deleted

1 nil 21-05i 37750 .0

1NI121-052 Break Location Deleted

1 nil 21-053 37114 .0

- - _ _ .--
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TABLE 3.6.2-6 (Pac 3e 1)

I- SUT! MARY OF STRESS AT BREAK LOCATIONS
FOR SAFETY INJECTION (NI) LINES FOR UNIT 1

INSIDE CONTAINMENT CLASS A PIPEPiping
,

Location Equation 10 Equation 12 Equation 13 Usage LocationFigure Nt. Figure flo.(1) Break No. Sn(psi)(2) Sn(psi)(2) S(psi)(2) Factor U(3) Criteria (4)
3.6 2-22 3.6.2-40 INI-Oll-023 50326 8211 16373 .001 TE

.

j INI-Oll-024 53425 9274 26321 .0 IBs3.6.2-23 3.6.2-40 INI-Oll-025 52020 8749 16797 .002 TElNI-Oll-026 55695 9993 26892 .0 IB3.6 .2-24 3.6.2-40 INI-021-028 54862 8735 27790 C IBINI-021-029 51532 8162 17107 o TE3.6 .2-25 3.6.2-40 INI-021-030 54846 7119 27023 .0 IBj INI-021-031 51580 7950 17009 .0 TE3.6 .2-26 3.6.2-39 1NI-041-032 84692 4364 25455 .052 TEINI-041-033 87185 5787 25029 .039 IBINI-041-034 79707 4636 20724 .029 IB3.6 .2-27 3.6.2-39 INI-051-036 92327 6798 24421 .080 TEINI-051-037 112005 7931 23147 .065 IBINI-051-038 100676 4689 19469 .043 IB
_

I 3.6 .2"28 3.6 .2-39 1NI-061-040 124248 12745 27228 .190 TE| 1NI-061-041 118472 14571 24454 .099 IB[ INI-061-042 98044 11940 19452 .075 IB 4
1 3.6 .2.-29 3.6 .2-39 1NI-071-044 132715 11719 26915 .177 TE
'

1NI-071-045 112511 10545 23931 .078 IBINI-071-046 88980 10197 18580 .061 IB
-

3.6 .2-30 3.6 2-39 1NI-122-048 +z763 .o TE1NI-122-049 41'7/ E "O 2
lill-122-050 sc<e k ( We~ M*Og

3.6 .2-31 3.6 .2-39 1NI-121-051 37750 ,g g
INI-121-052 Bru d 4oca We"- D*Og
INI-121-053 37//4 *O

- TE3.6 .2-32 3.6 .2-39 ' INI-202-054 93031 - 2304 14886 *. .607 TEINI-202-055 80517 3532 - 18132 .128 IBINI-202-056 57726 11606 43883 .024 IB1NI-202-057 57121 12380 43782 .025 IBINI-202-058 57171 10933 42538 .023 IB t3.6 .2-33 3.6 .2-39 INI-201-059 94158 4676 14617 .742 TE *

INI-201-060 84588 7048 17392 .205 IB
,

. ,

l
.

Added by ] 1
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Item 41 - Table 3.6.2-6, pages 1 and 2
,

What are the allowable stresses?

Response:

Break No. Allowable Stress (psi)

INI-Oll-023 16292
1NI-Oll-024 15328
1NI-011-025 16292
1NI-Oll-026 16328,

| 1NI-021-028 16328
'

1NI-021-029 16292
1NI-021-030 16328
1NI-021-031 16292

i INI-041-032 17387
! 1NI-041-033 17430
t 1NI-041-034 17430

1NI-051-036 17430
1NI-051-037 17430'

: IN1-051-038 17430
1NI-061-040 17387
1NI-061-041 17430

' 1NI-061-042 17430
INI-071-044 17387

'
1NI-071-045 17430
INI-071-046 17430
1NI-122-048 16328
INI-122-049 16328

i 1NI-122-050 Break Location Deleted
' INI-121-051 16328

1NI-121-052 Break Location Deleted
1NI-121-053 16328
1NI-202-054 16820;

; 1NI-202-055 16820
: 1NI-202-056 16820
l 1NI-202-057 16820
| 1NI-202-058 16820
| lHI-201-059 16820
| 1NI-201-060 16820
l INI-215-061 16820

INI-215-062 16820
INI-211-063 16820

i 1NI-211-054 16820
1NI-211-065 16820
1NI-031-066 19982

I INI-031-067 20000
1NI-031-068 20000

| 1NI-031-069 20000

|

|

|
, . -. ---
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Item 42 - Table 3.6.2-8, page 4

Provide information on rerouted pipe for break locations noted above.

Response:

Table 3.6.2-8, page 4 will be revised as attached.

|
t

|

I

,

1

|

|

|
|

|

|

i

I

t
|

|

|

|

|

|

|



__ _ ,

r cVISCA
TABLE 3.6.2-8 (Page 4)

SUMt1ARY Of PROTECTIVE RE0VIREMEtiTS INSIDE CONTAltiMEllT
CATAWBA flVCLEAR STATION UNIT 1

PIPING SYSTEM SAFETY INJECTION (NI)

Brqak Break Thrust Whip Effect on Required Acceptable /
No. Type (l) Direction (l) Formed (2) Components Unacceptable Required Fix

INI-071-046 Circ. Upstream Yes det impingement on: Unacceptable Restraint 1NI-R-46A
3" RTD Line, 3" NC due to the loss
Charging Line Pipe of minimum engin-
whip into safety eered safety
related cable trays features..

|
?' Downstream Yes det impingement on: Unacceptable Restraint INI-R-46B
i. 2" f1V Sealwater Line, due to more
; Safety Related Cable than 120;

Trays Pipe whip into break propaga-
3" RTD Line, 3" NC tion in affected
Charging Line loop, loss of

'

minimum engineered
; safety features

; INI-122-048 Circ. Downstream No Jet impingement on: Unacceptable due Jet Deflection
2" BB Sample Line, to the loss of Shielding Provided
Safety Related Cable minimum engineered
Trays safety features

INI-122-049 Circ. Upstream No Jet impingement on: Unacceptable due Jet Deflection
4" NC Line, 2" RTD to more than 120% Shielding Provided
Hot Leg, Cranewall. break propagation

in affected loop.

Downstream No Jet impingement on: Unacceptable due Jet Deflection,

| 2" NI Line, S.G. lA to more than 120% Shielding Provided
Support Struct., 3" break propagation
RTD Line, 3/4" NC Line, in affected loop. :
Cranewall

INI-122-050 Break Location Deleted %-

t7 .

.

y
P
Y
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TABLE 3.6.2-8 (Page 4A)

SUMMARY OF PROTECTIVE REQUIREMENTS INSIDE CONTAINMENT
CATAWBA NUCLEAR STATION UNIT 1

PIPING SYSTEM SAFETY INJECTION (NI)

Bre%k Break Thrust Whip Effect on Required Acceptable /
No. Type (1) Direction (l) Formed (2) Components Unacceptable Required Fix

1NI-121-051 Circ. Downstream No Jet impingement on: Unacceptable Jet Deflection
2" BB Sample Line, due to the Shielding Provided
Safety Related Cable loss of minimum
Trays engineered

safety features

1NI-121-052 Break Location Deleted

1NI-121-053 Circ. Upstream No Jet impingement on: Unacceptable Jet Deflection
3" NC Charging Line, due to more Shielding Provided
Refueling Tunnel Wall, than 120%
11" NI Boron Line, break propa-3

2" RTD Line, gation in
affected loop

i

Downstream No Jet impingement on: Unacceptable Jet Deflection
2" NI Line, S.G. lA due to more Shielding Provided
Support Structure, than 120?, break
Cranewall, 3" RTD Line. propagation in

affected loop

,

I
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Item 43 - Figures 3.6.2-6, -7, -8
._

Provide details of welds in penetration areas.

Response:

Drawings were provided during 4-19-82 review meeting which supplied the necessary

details.

-

%-9 g.

-
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.. _ - _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ __.

Item 44 - 3.7.1.3, page 3.7-3

Justify critical damping values for bolted steel structures.

Response:

This agenda item was deleted.

_

s

.- . _ . _ . _ . _ _ _ _ _ _ _
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! Item 45 - 3.7.1.3, page 3.7-3

The fourth paragraph discusses the CRDMs and -their seismic supports. What
,

portions of the'CRDMs are seismically designed?

:
!

Response:
,

As discussed in Item 7, the CRDM pressure housing is an ANS Safety Class 1

and ASME Code Class 1 component which is seismically designed. Additionally,

Section 3.9 (Page 3.9-57) identifies the CRDM pressure housing as a Class 1

component. Based on the above discussions and the revisions to Table 3.2.2-2

|
identified in Item 7, this item was resolved.

i

i

!

:

1

1
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Item 46 - 3.7.3, page

What criteria is used for determining significant modes for piping systems?

Response:

Section 3.7.3.8.2, page 3.7-30 of the FSAR defines significant modes as all modes
having a period greater than .0303 seconds.

.



Item 47 - 3.7.2.5, page 3.7-14

The applicant states "When the ground response spectra ar e esed the

acceleration values corresponding to 20 Hz are used as a minimum value for the
|
'

design of piping and components. The acceleration values - t 20 Hz are greater_

than the values corresponding to a rigid system and therefore are conservative."
(
- Provide an example for this design method for piping and components.

|

| Response:

The statement cited in the above item was included in the FSAR only to emphasize
l what acceleration values are used as a minimum. The acceleration values at

|
20Hz are greater than those above 20 Hz. All seismic analysis problems use the
acceleration values at 20 Hz for frequencies above 20 Hz thereby generating
conservative results. The acceleration values used for frequencies below 20 Hz
relate to the response spectra curves.

;

;

|
|
1
,

|

!

t

|

l

l
!

!
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Item 48 - 3.7.2.7, page 3.7-15

The method of combining modal responses is acceptable only if the absolute

value of "the product of the responses of the modes in each group of closely

spaced modes and a coupling factor c" is added to the square root of the sum

of the squares of all modes. The equation should be:

N 5 "j "j
2= { Rf + 2 {{ { R R cR g g gt

i=1 j=i K=M t=K+1j

Response:

The equation identified in Section 3.7.2.7 contained a typographical error

which was discusseJ and corrected at this meeting. During this discussion

it was also agrr.ed that absolute value signs should be added to this equation.

The attached r3Ap change has been made to Section 3.7.2.7 of the Catawba

FSAR to correct this equation. Based on the above and the attached FSAR change,

this item was resolved.
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3.7.2.7 Combination of Modal Responses

,

The overall structural response for Duke designed structures is obtained by
I combining the modal contributions of all the modes considered. This accom-

plished using the square root of the sum of the squares as discussed in Sec-
tion 3.7.2.1. The provisions of Regulatory Guide 1.92 are not applicable to

j the design of the Catawba Nuclear Station structures.,

!

| For analysis under the Westinghouse scope,. the total unidirectional seismic
response is obtained by combining the individual modal responses utilizing the
square root of the sum of the squares method. For systems having modes with

.
closely spaced frequencies, this method is modified to include the possible
effect of these modes. The groups of closely spaced modes are chosen such
that the difference between the frequencies of the first mode and the last
mode in the group does not exceed 10 percent of the lower frequency. Groups

i

j are formed starting from the lowest frequency and working towards successively
higher frequencies. No one frequency is included in more than one group.
Combined total response for systems which have such closely pscaed modal,

| frequencies is obtained by adding to the square root of the sum of the squares
| of all modes the product of the responses of the modes in each group of closely
| spaced modes and a coupling factor c. This can be respresented mathematically,

pf).'-las:.'

2 ~1

Rf=i=1
R R' 'MR + 2 c g I

f=L K=M. 1=K+1
J

Where:

R . = total unidirectional response
T

R = absolute value of response of mode i
9

N = total number of modes considered

I = number of groups of closely spaced modes

M. = Towest modal number associated with group j of closely
3 spaced modes

'

N. = hignest modal number associated with group j of closely
3 spaced modes

KA. = coupling- factor withc

-L (3. T. 2-1)
, [ }2'.

cK1 = 1*.

NKii*1).

y
_

3.7-15 Rev. 1
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Item 49 - 3.7.2.7, page 3.7-15

l What is the duration of the operating basis earthquake?

I Response:

This item was clarified by the Staff in that the question was directed toward

the time duration used for the OBE in the modal response equations contained in
,

' Section 3.7.3.1.2 (Pages 3.7-15/16) of the FSAR. Westinghouse indicated that

in all cases a minimum of 5 OBE's with a minimum duration of 10 cycles or 10

seconds was used in the analysis of components and piping systems. This minimum

i duration is consistent with the OBE duration identified in Standard Review Plan

i 3.7.2. Based on the above discussions, this item was resolved.

5
i

i

!
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Item 50 - 3.7.3.1.2, page 3.7-20

Several referenced figures, Figures 3.7.3-1, 3.7.2-1, are missing. Provide

a timetable for their inclusion in the FSAR.

Response:

The referenced figures 3.7.3-1 and 3.7.2-1 are already included.

i
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Item 51 - 3.7.3.2, page 3.7-28
,

How many earthquake cycles are postulated for BOP piping?

The number of cycles for NSSS components is not given in Table 3.9.1-1

as stated in the first paragrpah. Provide this information.

1

Response:

Page 3.7-28 will be revised (as attached) to include the following:
3.7.3-2 Determination of Number of Earthquake Cycles

(A) NSSS System

j Where fatique analysis of mechanical systems and components within Westinghouse
scope are required, Westinghouse specifies, in the equipment specification,
the number of cycles of the OBE to be considered. The number of cycles'

for NSSS components is given in Table 3.9.1-1.

(8) ASME, Section III, Class I piping other than NSSS
For the design of Class I piping, an average of 5 equivalent operational
basis earthquakes (OBE) and a total of 200 stress cycles for piping
systems will be used for the full plant lifetime. One safe shutdown'

earthquake (SSE) with 100 stress cycles for piping systems will be used.

Table 3.9.1-1 will be revised (as attached) to provide the missing information
(number of cycles for NSSS components).

'

!

i
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|
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F = the total right hand side of the equation of motion (Equation
(3.7.3-22) or (3.7.3-23)

( at = t +2 ~ * +1 = t +1 -tn n n n

The value of s is chosen equal to 1/3 in order to provide a margin of numerical
stability for nonlinear problems. Since the numerical stat,ility of Equation
(3.7.3-24) is mostly determined by the left hand side terms of that equation,
the right hand side terms were replaced by F Furthermore, since the time
increment may vary between two successive tig2substeps, Equation (3.7.3-24)
may be modified as follow:,:

(at + at ) [H] { ^" } + (at + at ) N h +2
2 "*2 "'I "*1 1

-x]-

at at n ny y y

By factoring xn+2' *n+1' ""d * , and rearranging terms, Equation (3.7.3-25)n
is obtained as follows:

I
'

{C I"3 * 3 [C] + (1/3) [K]} {x +2I *I IS n n+2

+ {C7 [M] - (1/3) [K]} {x In+1

+ {C2 [M] + C [ ] - (1 3)[K]} {x } ( . . -26)3 n
!

; where

*
2 ot (at + at )y y

*
3 at at y

*
5 at(at + at )y

C, = Cg+C5

The above set of simultaneous linear equations is solved to obtain the present
values of nodal displacements {x } in terms of the previous (known) values of

t
the nodal displacements. Since [H], [C], and [K] are included in the equation,

| they can also be time or displacement dependent.
! 4

3.7.3.2 Determination of Number of Earthquake Cycles

Where fat |gue analyses of mechanical syscems and components within Westinghouse
scope are required, Westinghouse specifies in the equipment specificat g they

$
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number of cycles of the OBE to be considered. The number of cycles for NSSS
components is given in Table 3.9.1-1. 2ne rau gue ana . y m. gw iv i n.cu
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3.7.3.3 Procedure Used for Modeling

Refer to Section 3.7.3.1.2 for modeling procedures for subsystems in Westing-
house scope of responsibility.

Seismic piping other than the NSSS is analyzed as a number of seismic subsystems.
The response of the supporting structure (a seismic system) is an input to
these analyses.

3.7.3.4 Basis for Selection of Frequencies

In theory, the seismic response of piping can be reduced by designing it to
have a fundamental frequency much different from that of the supporting
structure. In application, the range of practical piping frequencies is
limited by other factors. Too flexible a system can have excessive sag, @weight stresses, and vibration during normal operation; too rigid a system W
results in a congested and costly array of supports, particularly where thermal
expansion is present. For these reasons, the piping typically has some dynamic
modes at high - response forcing frequencies of the structure. The piping
analysis methods described in Section 3.7.3.8 account for this, and the piping

j is oesigned to withstand the resulting loads.

The analysis of equ @ ant subjected to seismic loading in the Westinghouse
scope involves several basic steps, the first of which is the establishment of
the intensity of the seismic loading. Considering that the seismic input
originates at the point of support, the response of the equipment and its
associated supports based upon the mass and stiffness characteristics of the

| system, will determine the seismic accelerations which the equipment must with-
| stand.
|

Three ranges of equipment / support behavior which affect the magnitude of the
seismic acceleration are possible:

1. If the equipment is rigid relative to the structure, the maximum accelera-
| tion of the equipment mass approaches that of the structure at the point

of equipment support. The equipment acceleration value in this case

corresponds to the low-period region of the floor response spectra.

2. If the equipment is very flexible relative to the structure, the equipment .

will show very little response.
f

3. If the periods of the equipment and supporting structure are nearly
equal, resonance occurs and must be taken into account.

3.7-28,
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' Table 3.9.1-1 Page 3
'| .

_

NOTES:

1. This column presents the design transients which have been analyzed for the
Class 1 piping systems and the Reactor Coolant nozzles. ,All transients are
assumed to occur at full power except the following:

Plant Condition Power Level
Heatup/5tartup C
Cooldown/ Shutdown 0%

Unit Loading at 5% per min. 15%
Step Load Increase of 10% 90%

Inadvertent Actuation of SI 0%

All Test Conditions 0%

Steam Line Break 0%

2. Conditions are defined as the following:

Normal - any condition in the course of system startup, operation in the
design power range, hot standby and system shutdown, other than
Upset, Emergency, Faulted, or Test Conditions.

Upset - any deviation from normal conditions anticipated to occur often
-, enougn that design should include a capability to withstand the

- conditions without operational impairment, including transients
caused by a fault in a system component requiring its isolation"

from the system, transients resulting from any single operator
error or control malfunction, and transients caused by a loss of
load or power. Upset concitions also include any abnormal~

- incidents not resulting in a forced outage and also forced
outages for which the corrective action does not include any

ggg7 repair of mechanical damage.

Emergency -linfrequent incidents) - Those deviations from normal.
conditions which require shutdown for correction of the
conditions or repair of damage in the system. The conditions
have a low probability of occurrence but are included to provide
assurance that no gross loss of structural integrity will result
as a concomitant effect of any damage developed in the system.

Faulted (Limiting Faults) - Those comoinations of conditions associated
with extremely-low procacility, postulated events wnose
consequences are such that the , integrity and operability of the

| _ nuclear station may be- impaired. to the. extent that considera-
tions of puolic health and safety are involved.

Test - Test conditions are.thosa tests irr addition to the 10 hydrostatic
or pneumatic tests, permitted by NS-6222 and N8-6322 (ASME

l'- Section III) including leak tests or subsequent hydrostatic
. tests.

t
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Table 3.9.1-1 Page 4

3. Number of occurrences is the calculated or postulated number of occurrences
based on a 40 year plant design life.

4 X - transient analyzed for this system
- - transient not analyzed for this system
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' Item 52 - 3.7.3.5, page 3.7-29

For which seismic piping has the equivalent static load method of analysis

been used? ?rovide an example of this analysis.;

I

Response:
5 There has been no use to date of the equivalent static load method of analysis
I for seismic Category I piping. Page 3.7.29 will be revised (as attached) to

j. commit Duke to provide an example of the equivalent static load method if
used for seismic Category I piping.
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In all cases, equipment under earthquake loadings is designed to be within
code allowable stresses.

Also, as noted in Section 3.7.3.1, rigid equipment / support systems have natural
frequencies greater than 33 Hz.

3.7.3.5 Use of Eouival at Static Load Method of Analysis

For seismic piping, the equivalent static load method involves the multipli-
cation of the total weight of the equipment or component member by the speci-
fied seismic acceleration coeeficient. The magnitude of the seismic accelera-
tion coefficient is established on the basis of the expected dynamic response
characteristics of the component. Components within Westinghouse scope which
can be adequately characterized as a single degree of freedom systems are
considered to have a modal participation factor of one. Seismic acceleration
coefficients for multi-degree of freedom systems which may be in the resonance
region of the amplified response spectra curves are increased b
account conservatively for the , increased modal participation.){y 50 percent to& p.v.dee /-W,. |.: .I . n . x i a u Q c u. . W.3::4 :yy . , e mqd auj f w,gf g g 3g _
3.7.3.6 Three Components of Earthquake Motion

Methods used to account for three components of earthquake motion for Westing-
house subsystems are given in Section 3.7.2.6.

' For seismic piping other than NSSS, analysis is performed using simultaneous
three-direction excitation. Directional responses are combined into a total
response by taking the square root of the sum of the squares (SRSS) of indi-
viaual responses. This method conforms fully to the recommendations of
Regulatory Guide 1.92.

3.7.3.7 Combination of Modal Responses

Methods used to combine modal responses for subsystems in Westinghouse's scope
of responsibility are given in Section 3.7.2.7.

For seismic piping other than the NSSS, modal responses are combined into a
total response by taking the square root of the sum of the squares (SRSS) of
individual responses. The responses from groups of closely spaced modes,
defined as having frequencies between the lowest frequency in the group and a
frequency ter. percent higher, are combined by absolute summation; the resulting
response for each group is then combined by SRSS with the remaining responses
from the modes which are not closely spaced. This method conforms fully to
the recommendations of Regulatory Guide 1.92.

3.7.3.8 Analytical Procedures for Piping

The criteria for determining which piping is to be seismic are discussed in
< Section 3.2.1. All seismic piping is classified Seismic Category I. The

specific analytical procedures used in qualifying the pipe depend on its size,,g
temperature, structural frequency, and other factors as discussed in this
section.

3.7-29
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Item 53 - 3.7.3.8, page 3.7-29

The applicant states that the specific analytical procedures used in qualifying

the pipe depend on its size, temperature, structural frequency, and other

factors as discussed in this section. What criteria is used in qualifying

the pipe?

Response:

Table 3.7.3-1 only lists alternate piping, assuming all other piping to be
rigorous piping (analyzed rigorously). The attached matrix is provided as a
reference to easily distinguish alternate scope piping from rigorous scope
piping.

s
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. tem 54 - 3.7.3.8.1, page 3.7-30

A period of 0.033 seconds corresponds to a frequency of 30.3 cps. In,

Regulatory Guide 1.60 the cutoff is 33 cps. Justify the use of the lower

frequency as the c' toff.

Response:

Duke will revise FSAR Sections 3.7.3.8.1 and 3.7.3.8.2 as attached. This

change establishes the cutoff between flexible and as 33 cps.

The third paragraph of 3.7.3.8.2 states that typically all modes having a

period greater than 0.033 seconds are used in the analysis. The 0.033
.

seconds should be changed to 0.0303 seconds. All piping analysis work with the

exception of Class 2/3 has been analyzed using 0.0303 seconds. The class 2/3

piping has been done using 0.033 seconds and 0.0303 seconds. Our experience

has been that there is essentially no difference between analysis work

performed with either 0.0303 seconds or 0.033 seconds.

The example problem shown in the FSAR (CAF) was run using 0.033 seconds as a

cutoff. The stress ratios and support loads for CAF using 0.0303 seconds as

a cutoff are attached to justify the position that there is essentially no

difference.

This item was closed.'

.

y - or v_ - -~, -_ _ - ,__. ,,_., . . - , _ _- y -



.-

_ . _ . . _ _ . _ . _ _ . . _ _ _ . . _

l Q
3.7.3.8.1 Static Analysis of Rigid Piping 0.0303

Pipirg subsystems with a period of less thanIO.0331 seconds are considered
rigid. This pipi.ng is designed for a uniform static coefficient equal to the
maximum floor acceleratinn at the appropriate location in the structure.

3.7.3.8.2 Rigorous Analysis of Flexible Piping
D.0303

Piping subsystems with a period greater than10.033 seconds are considered
flexible. Some of this piping can be handled by the simplified, conservative
alternate analysis described in Section 3.7.3.8.3 below. The remaining flexible
pipe is analyzed using the modal response spectrum method, as follows:

Each pipe is idealized as a mathematical model consisting of lumped masses
tonnected by elastic members. Lumped masses are located at carefully selected
,7ints in order to adequately represent the dynamic and elastic characteristics
o. the pipe system. Using the elastic properties of the pipe, the flexibility
matrix for the pipe is determined. The flexibility calculations include the
effects of the torsional, bending, shear, and axial deformations. In addition,
for curved members, the stiffness is decreased in accordance with ASME III for
applicable nuclear piping systems.

Once the flexibility and mass matrices of the mathematical model are calculated
the frequencies and mode shapes for all significant modes of vibration areo.ogo3
determined. Typically, all modes having a period greater thanl0 0331 seconds
are ut 1 in the analysis,. In cases where the seismic model for a particular
pipe is very large, a lesser number of modes may be used, provided the omitted
modes lie in the flat region (rigid. side) of the applicable response spectrum.
This assures that the results include all significant contributions.

The mode shapes and frequencies are solved in accordance with the following
equation:

2
(K - w M) *n = 0n

in which:

square stiffness matrix of the pipe loopK =

mass matrix for the pipe loopM =

th
W - frequency for the n mode

n
th

o = m de shape matrix of the n mode
n

After the frequency is determined for each mode, the corresponding spectral
acceleration is read from the appropriate response spectrum for the pipe.
Using these spectral accelerations, the response for each mode is found by
solving the following equation:

I

3.7-30
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BOX 100 A T Ut. PATEL *se CHICAF30-W/ 33 112. *** ** we se CAF == *= **
AUXILIARY FEI D WATER PUtiPS TO STEAff CENEi!ATOR-1D .= se == REV-3A ** ** **
PRODLEM tio.-RCD-G-30-70 AUX-DLOG./ItiSIDE D.H. se es es Util T- 1 ** ** ** 'j

{ WT-1: TH-GL__ SAT 1- 12d RSA-4 ley 01EOFC._8JSPL ) L ST , CK IlUP_ LUEE AHp__SU_Pf J1 Eft. .

'
j >

STRESSES FOR EOUATION 8 (CONTD.) SUSTAINED LOADS. ALLOWABLE STRESS = 1.0SH UNLESS MODIFIED y
. p

RUN SOP OLP cuMP cOFie Ste r IDfi' ~ MKT" '

SIF LOAD ~ PRESS SH SC ALLOW. cT5TIMO-~ ~3 TRESS |..

NAME NO. NAME NAME TYF "*r nAT1E SET (PSI) TEMP TEMP STRESS STRESS RATIO l
(PSI) (PSI)

y~ - -
3

(CONTD.) .| I

s 24 16 STRP 4S80 SA10G B 1.000 STCK 1400.00 G00.0 15000.00 G287.G8 0.419
4 l

90L GiUA i GNU 4580~ " SATUG b i .V00' 5TCK~Ta00.00 600.o 15U00-'00 "-- U99T29 070D 9.
'

f90- C10A AWBW AWDW 1.000 STCK 1400.00 G00.0 15000.00 6435.19 0.430

_90R C10A C10 BELB 4S00 SA10G B 1.49G STCK 1400.00 000.0 15000.00 G154.1G 0.._4.j 0 ._ j '

91L C100 C10 BELD 4S80 SA106 B 1.49G STCK 1400.00 GOO.O 15000.00 G241.30 0.416

91W CIOD AWBW AWBW 1.800 STCK 1400.00 600.0 15000.00 GSGO.05 0.437
|
*sTR7UB - iz BTEE~R 4500 SKTUG~b 'N/A i

92BL 25 17 BTEE-R 4S80 SA10G B 1.128 STCK 1400.00 000.0 15000.00 G114.55 0.408 I'
5

92BR 25 17 BTEE-R 4S00 SAIOG B 1.128 STCK 1400.00 600.0 15000.00 5574.83 0,._3]R_ _, {
'

j I93L 26 17 BTEE-R 4S80 SA106 B N/A

',93W 2G AWTT AWTT 1.900 STCK 1400.00 GOO.O 15000.p0 5893.79 0.393

DJM zu 10 VALv 4500- ~~ SATUU B 7A - '

94 27 to VALV .4S80 SA10G B N/A
I

'

95( 28 18 VALV 4_S_80 SAIOG B N/A
__

1

i,,

95W 28 AWTT AWTT 1.900 STCK 1400.00 GOO.O 15000.00 4930.92 O.329

95R 28 19 STRP 4S80 SA10G B 1.000 STCK 1400.00 G00.0 15000.00 4654.18 0.324

"' 90 19 19- STRP a5BO S41VG B 17000-''STCK 1400. 0U~ 50D~ 0- 150003 0 5034/29 '-'~~ 0. 33G - ~ ' - ~ ' ~ ~
l

97L 30 19 STRP 4S80 SA10G B 1.000 STCK 1400.00 600.0 15000.00 5529.21 0.3G9
'

97DL 30 74 FTEE-R 4X2.,SJGO SA105 . 3 030 STCK 140.0m00_._G_0_0 0 17500.00 GG17.86 0 378u 2

97DR 30 74 FTEE-R'4X2-S100 SA105 3.030 STCK 1400.00 G00.0 17500.00 GG17.95 0.378 i
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DS NUCLEAR INC.
PAGE1512UPERPfPE VEPS. 11/15/79. AMDAHt. EF.V 1 .

_ D4/_.O_5/ 82 34 19 4G
iBOX 100 ATUL PATEL *** CHICAF30-W/ 33 HZ. er, ea e. es CAF ea es se

AUXILIARY FEED WATER PUMPS TO STEAM GENERATOR-ID se es es REV-3A ** * ==PROBLEtt NO.-RCD-G-30-78 AUUBLDO./INSIDE D.H. *= =* ** UNIT-1 == == **
WT-1i Til-GMAM - 12 :BSA-4:_Et!DLLEDBC._&_DSCLI:. ALCYJUfIURE.Afl0_: Luff jut 21-

T"SSES FOR EQUATION 9 (CONTD.) OCCASIONAL LOADS. ALLOWABLE STRESS = 1.2SH UNLESS F10DIFIED

RUN SOP DCP COMP COMP SEETION' MATENTR I ''' SIF LOAD PNESS SH SC ALLOW. COf tNTED' ~~5'TNE5S~ ~
NAME NO. NAME NAME TYPE NAME NAME SET (PSI) TEMP TEMP STRESS STRESS RATIO d

(PSI) (PSI) I

TUN I .
~

00NTD.)
.

89 24 16 STRP 4S80 SA10G B 1.000 STCK 1400.00 000.0 17999.98 8051.67 0.447
-

{90L ClOA IG STRP 4500 SA106 h 1.~66D 'STCK I400.00 000.0 17959''58 765.I- I9 O''427 |90W CIOA AWBW AWBW l.800 STCK 1400.00 600.0 17999.98 8751.81 0.48G
90R C_LDA C10 Brt_n 4S00 _SALOG. _0 . __Le1RG_ _ SICK 1ADAJO_._000.0 1799_L_98 80_G M 3 0.4.48
91L C10B C10 BELB 4S00 SA10G B 1.49G STCK 1400.00 G00.0 17999.98 8334.G2 0.451
91W C10B AWOW AWBW 1.800 STCK 1400.00 GOO.O 17999.98 8834.25 0.490 '

91R CIOB 7 BTEE-R 456D 5A ID6"B
-

~~i7Ar

92BL 25 17 BTEE-R 4S80 SA106 B 1.128 STCK 1400.00 GOO.O 17999.98 78GO.OG O.437
9?.BR 2D L7 _f1MF-R 4SSO SA]QQ_D __ . _1 1 R8 .. STCE_Id02.0.0_ 000d) 17999.98 7_]2G 22 O.dQO2

93L 2G 17 BTEE-R 4S80 SAtOG B ti/A

93W 2G AWTT AWTT 1.900 STCK 1400.00 G00.0 17999.98 8277.90 0.4GO
93R 26 18 VALV 4580 ~ 5KIDG B N/A -

94 27 18 VALV 4S80 SAIOG B ti/A

95L 28_ 18 Vfl,V dSf10_ , SALOG._D .___._ til A _

C5W 28 AWTT AWTT 1.900 STCK 1400.00 G00.0 17999.98 8429.79 0,468
95R 28 19 STRP 4S80 SA10G B 1.000 STCK 1400.00 000.0 17999.98 7309.52 0.40G '

'

96 ~ 29 19 STEP 458D 5A106 B l.000 STCK 1400.00 GOO.o T7999.93 7779.04 0.432
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J EOS NUCLEAR INC. PAOE1582'SUPERPIPE,yERS. 11/15/79. AMQ3tk REY.1 Qd4Q5fj2 14:19:46 ,|

BOX 100 ATUL PATEL === Ct41CAF30-W/ 33 HZ. **u ** == su CAF == ** ** 1
AUXILIARY FELD WATER PUMPS TO STEAN GEtlERATOR-ID ** ** == REV-3A ** ** ** '

PROBLEf1 NO. -f:CD-G-30-70 AUX-DLOG./INSIDE D.H. ** == == Util T - 1 se as **
W T - 1 ,_111- Gj_S_A N - 121 R S A -41_ QlDf, QQBCJ_QSPl.,1;. JLCK . : RyEIVRF._AND_S.U[T JUNN .1

' STRESSES FOR EQUATION 10 ( cot 4TD. ) THERMAL EXPANSION. ALLOWABLE STRESS = 1.OSA UNLESS NODIFIED,

~'OAP EEETTBrT' RATEltlAL ~

' elf LOAD PRESS SH SC allow. COMPUTE 6' STRESS
~RUN SOP DCP COMP C

NAME NO. HAME NAME TYPE NAME NAME SET (PSI) TEMP TEMP STRESS STRESS RATIO
(PSI) (PSI)

g g_. _ _ _ -
_ _ _ _ . _ . ....

(CONTO.)

318R C30B 88 STRP GS80 SAIOG B 1.000 STCK 1400.00 G00.0 70,0 22500.00 979.17 0.044
4 319L 03DA 88" STRP G530-~~ ~5ATdC li I.D00 5TCCr400 bO ~600T6 7C.0 ~22500.00'' * 976.40' '' O.'043 k

319W C40A AW3W AWBW l.800 STCK 1400.00 600.0 70.0 22500.00 1757.52 0.078
319R C40A C4 0 . . B El,B GS60 _SAJ,0G ji 1.G43 STCK_1400 OO_ 600.0 70.0 22500.00 1G04.04 0.071&

320L C408 C40 BELB GS80 SAIOG B 1.G43 STCK 1400.00 000.0 70.0 22500.00 923.38 0.041
4 320W C40B AWOW AWOW l.800 STCK 1400.00 G00.0 70.0 22500.00 1011.73 0.045,

3260~C4DB 89 STRP 65BO SATOU b T CDO STCK-~TaDIEU070.0 70.0 22500.00 sB2 07 0.025
i 321 89 STRP GS80 SA10G 8 1.000 STCK 1400.00 G00.0 70.0 22500.00 467.46 0.0211

1 322 101 89 STRP GS80 SA]QG B 1.0.qo_ SE KJ dOOmOO 600.0 70 O_ 22500.00 1215.11 0.054
_

_

323L C41A 89 STRP GS80 SAIOG B 1.000 STCK 1400.00 G00.0 70.0 22500.00 1039.56 0.04G,
'

323W C41A AWDW AWBW 1.800 STCK 1400,00 600.0 70.0 22500,00 1871.21 0.083
323R C41A C41 Dtl.B GSBT ~7ATD6 B 1.G43 7 TTK i400.00 7 00.O 70.O 22500.00 i707 so 0.076

4

324L C41B C41 BELB GS80 SAIOG B 1.G43 STCK 1400.00 600.0 70.0 22500.00 2134.10 0.095
j 324W C418 AWpW MpW_,, 1. BOO J ICK 1400.00 600.O 70.O 22500.00 2338.29 O.1043

324R C41B 90 STRP GS80 SAIOG B 1.000 STCK 1400.00 G00.0 70.0 22500.00 1299.05 0.058
325L C42A 90 STRP GS80 SA106 B 1.000 STCK 1400.00 600.0 70.0 22500.00 1302.87 0.058

~J2MT~C42A ~AWB F AWBQ ~ -~

~17800''STCK 1400. OD COD 0- ~76. O 22500~O0''~~ 2345 /17 ~~" O.104
325R C42A C42 BELB GS60 SA10G B 1.G43 STCK 1400.00 600.0 70.0 22500.00 2140.37 0.095
22GL C4LO__,_Q4.R _ fCLB GS80 _ SA10G.,.Q ,__._ 1 G43 _STCK_14pO,..OO _ GOO 0, _,70 O _22500.00, 2683.41 0.128 a& 2

32GW C42B AWOW 'AWBW 1.800 STCK 1400.00 600.0 70.0 22500.00 3159.30 0.140
!

.. _ - ___. - -
so__ ee

i
.- _____ _. I

'ij 4 1

| ..
-

i -

|
,

.- . _ . _ _ _ _ _ _. __ _ _ _ _ .__ - _ - -

.



.-

.

__. _ _ _ _,.. . -- ~ .- -

--

,

*
- . . -.

w _. -

-

m

-
,

.

!
;

I |
N e Q M C b N @ hO n O e M c n 4MO e n -

M= b N N O - n nN N- N N O @ On O O C C- -

$5 O N N N N - - - N N -dddddd{ddd dd$$dddodO d
N- pO O,- m -

,
E

,

i

N '
e: bb N O @ Q N oo O - n N O O e n b -no WM- N o. O. O. O. . . .

b - @ N @. b o. NI @.

e O O N
0" OWM O v c- c 0 . @ N @- O.

p. O.
N

. - e. c y. e v.; v@v WM- p.

-Q ~ecL o o n v O b o n o o v o o o n N N O Mo
'

W- b N O.O O M @ G O eo .- 3>w C - O O v - V N O-
M - N v v v c N N N N O v v v N N N - - u(v 0

L.

Ma O O O O O O b o O O O O O O O O O O O O3M- ! O O O O O O O O O & O O O O O O
O.

O 3

O O O O O O O-
O*, OWM

|C- C- - O - -

O- - O O- O- O- O O-
t-

EL o ,

Oww
| 0 C O O O O p O O O O O O O O O O O Ci o I .(M O O O O O O O O O O O m O O O O M O pi O

+men N N N N N N N N N N N N N N N N N N N| Nmma N N N N N N N N N N N N N N N N N N N '
O I t i

|uma W 3

1 O O O O O D Q O O O O O O O O O O O==m -

W L OE - -

O- O- O O-
I- -

O-
-

O- - - O O- O-
8 -

O. O-WW O
-

O O O O O -ema J - O Omany O > b b b b b b N b b b b N N b b b b be bL O
<-3 E

Ens
O

O. O. b, . o. .

, aw M L
O.

c
O. O. O. O.

,o
O. O. O. O. p O. .

O O O O O

O<>- M IE l. . i. .. O OWZ W WW O O O O O O O O O O O OOED J W O O O O O O O O Og C O O O O O O O O O OZ Q C C O C Q @ Q O, Q Q c Q Q Q c Q Q C C3 a==mm I
ammD < Ma O O O C O O O O O O O O O O O O O 0; O i> M M- O

C. O.
G O O

O. O. O. O
O. . O O O O O O. d 0 -. |O . O O O O O O.

O.
O

O. O. O.
O

O.
O

.
ii

amet
O.

WM
O O

. . .
3EL Omem O>

Lw Q o O O O O O O O O O O O c O O O O O O-

m .e a v n v v v v N v vi v v N v v v v v v v: ve
u. .) - -

rbzdu z b - x. e 2 bz )--2 Jx
- - - -

I
,

j >'e M - s x x x
Hj

O! O NW O O O O O O O O O O O O O O O O O O 0: Oe 4 W OM & M & W w H b W >} > H b & > > H H w; W \
mO M W J M M M M M M C M M M M M M M' M M M M M M 1m- a0 W i 1

,

.E . ..feZ M
O| O 1 I

.

O O O M M O O O M C O O b o O O INOOa W O O O v V O O O of C O v v 0 0 0 0 0 0 Oire J J L O O C c c o. O O
O.'

O c c O 4 O O; oc. O.
,c

(WL 1nuo '
c W i.< p e - - e e - ~ e - -e w - e e e e - e -OW- 3 8

| |ZM C
]NWZ J

30- J
'

i

|> su < t <

L W O L| 2-
| |

O E C.
4

n < O O!

<rJH O
- :

U M c. Or
-

8 |J
|M M me e, e; -

m e e| 8
' m o e ce O mm

3 ZOXZ: Z -W , i |

""a"J e 55 8p 8 8 81 88 88$88 | 1-, _88;
M . x -Z - - - - - - - - - - - -

mL v W < < < <1 < < < < < < < < < < <
,

J r |
gm * * M M M', M M M M M W M M M M M Mm5"e4
)AbM <.

8 E E 8

|20 - W 2 '

JWMN W OW
- Wes- Z -E

- ><O8 > H< O .O 3 o O 3 O O O O 3 0 3 O O C O O 3 i

>I 43*E OZ e e c o o e m o e e cm e c o e A e e o aa W M M 3 LY M 3 M M M M 3 M M 3h M M M M M! 3W L 04
% COM - M Q Q < Q C < Q Q Q C 4 C C < Q C O C Ce < hJ r .' E O l'J DWs - W | j f.I' 40 Z t 4 |0| H L> Z Z'o< 4 O O LW L L 3 c C 3 L L L L 3 ma3 L L L L L 3L g E c J::

1"5 >
O @g Cl d !J c c c c 'J J d % E 5' cI E C W - > r 3 W W 3 - - 3 uW 3 - - - m3 i

' < O<E @> \ M M < Q Q < M M M M 4 Q D < M M M M M| < n0-W- |
- -Ja- | l1@ -de O W

EE @ p-
n n N N N N v n n p n-

b XXOk V V m @ @l O UO
- V @ @ m @ Qx CDe3 o< O O

iO m<L Z OZ I
O l-

js -

LW Q < < < d d d Nt < < < d O O n T C < <H-

< OE N n n n. M n n O v v v v v v O b o 0 0
-

- 3 04 Y v v
O| O - - - v v |v 7 v M V v v v v v-

O - O Z O O O O O O O O O O O O O
[. ZM W

-E
W g E J 3 E J 3 % J 3 % J 3 E '

J 3 '.

E> 0 L - O N b b c c p @ O ---N N N n v O O o a< L 00 N N N N N N N N n n n n n n n n h n n nWW MZ J n n n n O n D O O O M D M M O O M M O' OJL M a
O- W -

1

DL M ZW 00
Zt M DE ->

W W E4 ZZ
ML E Z O
CD & O ,<

I
WM M w 'i |

--- -,. , , - _ _ _ . _ ._, . . . -_ , . . . . . - . _ . -. - T ~:-
~



. -. .-- .
__. _w_.__ - - -

,

'
,

i i

|
.

\ '

i t :
|

h N k - C'v2 e O N e n N C, O O LS N OMO - -
M- O @ O G C C N - @i o o n o e Q v N m O NO O O W O'wk - C(. g< ; . t. .

O.-. O O O O O O O.
O. O.

O
e O O

. . 1 ~. .I . O . . . * . . .

-

' , , ge g ,O O O O O O O O O, , ,

t

9 N @ C - T N @ N M C N m N N - M p @ @
v0 WMa

O.
A N C C - Na @ v. C 2 O C C' C

y . . . v. :O. . dcv M- ). . . .

. . m! c O . . M v e N N N| M.0 WM p A C O N m e~ @" M-

CL v C N v c M D c| N N O N N O N m C N- -
U- CWw M N v o M p N O M M N - O C M m N M N-,

O~ OM N N N - - - N N N N N O M M v Ni N- =<v U
L" I

|

O! ON .M- O O O O O O e C O O O O O O O O O Oo 3M- O O O O O O O O O. O O O O O O O 0; O
N OWM '

O' O O- O - - O O O - O O-
- - L- -

O-
-

Jg1 O
- - -

O O O o O OJew O O O O O O O O Oj C O O O O O p o O! O
<M O O O O O O LO O O' O O O O O O O L7 o O! O +M man N N N N| N N N N N N N N N N N N N N N NQ ==m N N N N' N N N N N N N N N N N N N N N N *O fmom W l

=== - MW O.
O. O.

O
O.

O O
O.

O
O.

O
O. O. O.

O
O. O.

O iumu - L O
g or . .

O. O O O O. O O O O. D C O IO O O O O
. . I

e n m L) O r N N N N N N N N N N N N N N N N h N N'

< - Dt E | |N |Al O

LMe ] I

t ieH M L
O.

O O o O
WZm W wiW O b O.

O.
O

O. O. O.
O O

O. O. O.
O

O. O.
b.

O. .<>- M =r i.

. O A O O O. O O O O.O O
.

O O o OOED J > 0 C O O' O O O O Oi O O O O O O O 'O o OZ C C C C C C C C Q. O Q Q Q Q Q Q Q c CD
mamm
num3 < Ma O O O O O O O O O O O O O O O O O Ol O> M M- O pC C O O O O 0, o O O O O O O O O gO

lYL O, bb bb bbb bb b ofe D
g Lw O O O O O iO O O| vO O O O O O O O O 0; o-

lena v v v v v ,4 v v v v v v v v v v vvman. n - - - - - p---- --- ------

U M DH M M M M M NM M M M M M M M M M M M I
'

O. M KW O O O O O O O O O O O O O Or O O O O O O |W DM > > > >| w n > > > > > % W &H & w &m
mO H c J M p M M M M M M M M M M M M' O M bM W; & <

M| M
f"Ti9 $ l

'
'

.& ..' O M O O O O Q M M O O O O O O O O 0; ONOOm W v 7 O O O O O v v'O O O O O O v O O OIM J J L Q Q c O O O A C Q O O |O- - 1.
O O c Q c c oO( W Ll C >

MeO < M
- - - ).

MW- 3 p
8

[ZM O
|NWZ J |30- t J - '.

i NO < | |'

LWO Z-
} I b

C r e.
M<O '

|
*

Z O X' O

- |
<>J , O 3 iUMQJ

M 4 d C, O C C C; C O C C C C C W
-

,Z! Z LW
,!O-m uI < gr e et e o e o| e o o e o o C oL w< O O Ol O O O Ol O p C C O p C O<J. x r= L -i - - - . - - - - - w - -M ,-

j;mL v W M < < <8 < < < < < < < < < < < <
j kmE e M M M| M M M M M 4 M M M M M Mmom < J

hLAM <
ag = 8

20~ E 2 ' l
,

JWON W DW I

WHe- I -E j
.

-

><cs F W< O O 3 O O O . O O 3 O O O O 3 O O 3 0 - |<3er OZ m p c of c c o o c c c e c. m o A c c c e .t b M A 3 O M M M M 3 M M M MI 3 M M 3 Mi M 'I L C4 a

% COM
| JWM O-

M C Q < C C C 4 C O < Q Q c Ci < Q Q < Qi C
. 4 owe - - I i
i : W .e Z l 3<l 4 O O LW c c 3 L L L b c c 3 L L L L 3 cm 3 L L

b'O > I Z' O CA J J d cc c d J 4 c E g % %. m J Q c El EION W W 3 > > > 3 W U 3 > H W F 3 W W 3 Fi eE E > w [O<E. (Or i e e < M M M < m m < M 4 O e < mm<wM<
O-W -

| N. -JJ- g

m -ma o W n O v v v c o a o e N N o o .

N XXLW ,or v v C Q m v vt G 3 Q @ v v @ @~
N ODt3 O< U o O O O o ,

O c4L Z uZ l
. kO

N -
I-

|
- F LW < O m c. < < < ee o < < < c c c N ,.- < or o m o o u o o e o N N N N N N O e3 O< v m v v v v v v v v v v v v v - pU. O z O U U u o O O O O O O O u O O,

t ZM W t
.,

i -t i
W E E J 3 E J 3 E J 3 E J 3 E J 3 E '

E> 0 A. o N N N e o m o O O O - N M M M v v v c i< L 00 M M M M M M n M v v v v v v v v v v v vWW MZ O M M M M M M M M M M M M M M M M M M Mi

| JL M a
| O- W .

31 M ZW 00
ZE M OE ~*

W W %< 'Z Z |ML E Z
fF I (O

SR -
<

- __- . . _ - . . _ . - . - .



- ~ ~ ~ ~ =

.
_ ~ .

.w---._ - - - - --

,

,

-

I .

| _>

' ,

!
"

,

- b N-cMO . v .e eO N e n N c c m O N O -M= O D Q @ C C W*
@ O O n O c c v b e O N-

> - O
,_ u< ! . .

O.
. O.

O O O
- WE O O O O .O.

. - . . O. O O-

. . . ~ . ~ .-
~*

. '
O O O O O O. O O O O O O O-*

O ,
4

6 e - e c - 4 W e5 e c N . 5 N en .- .vc WM- -

O.
N e

O~ DWM O .
. e. .

3.
. . i. n. o eN e

. e. i. M. e. o e.
-cv >M- ; .

O O N e @ c O O M. O v m N b N M l
-

-@ Lg1 v c N v m n n - c h N C1 N
i

N O N m C NW- *>w M N v.0 O O N O rM M b
-

O~ bM N N N O C M G N M N-
- - - N N N N N O O O 4 N8 N '

- -44 O
L-

t

.Ma O O O O O O O O O O O O O O O O O O OM= 0
C. O. O. O. O. O. O. O. O.* O

O. O. O. O. O.f O.WM
ack O . O O O O O O O O O . . O O O . O O OO1 Jew O O O O O O p O O O O O O O O O O O OJ O(M O b c O O O M O O O O M C O O O M O O. Omes N W N N N N N N N N N N N W N N N N N NQ mas . - N N N N N N N N N N N N N N N N N N N NO

aum W
Lmma ' -

O. O.
O O O O O

MW O O O.
O. O O

O. O. O. O. s . O. .

. O. b. O. O.maa -
Ogg

O O. O. O O O O O O O O O Oi Omen O M N N N b b b N N b b b N b b b b b bCi <- I
Los

eee M L
O.

O

WZZ W MW O O.
O. O.

O
O.

O
O.

O
6 d O. O. O O O

O O O. O O O O O O O.
. . O. O. O. O. O.<>. M =g

O O O O O OOED< J H O O O O O O O O t ol O O O O O O O O O OZ c c c c c c c c c- O C C C C C C O c c cW D |msom Ie== < Ma O O O O O O O O O O O O O O O O O O| CM M=
any O um 0 . 0 C

O. C. O. O.
O

ama ic a O O O O O O O O.
. O.

O
.

. O.
O O

O.
O

O O O O. O. O O.Aw O O O O O O O O O O O O O O O O O O O
-

nom V N v v v v% v il v v v v v v v v v TTeme. e * > - - - - - - - - - - -.- - - - -
'M QW M M M M M

M. M M M M M M M X M M MQ: M MW O O O O O O O O O O O O O' O O O O 4Oe A W QM W > > > w H H > >* > > > > HI & W k & W, >aC Wi E J M M M M M M M M M? M M M M M' M M .M M Mm- W H
' i *

*% M I

}n
' E.d n n O O O O b n n O O O O O n O O ONCOM W v 7 O O O O O V vi O O O O C4 O V 7 O O. OZW J J L oQ D o

eECW 4 m
. O.

O C
C. * @ O

O.
O O C C C C

ew-a 2 p----
. O.<UL c w

1 .
- - - - - -

ZM O }
p-

NWZ J
3c- J

e NO <

kWO Z-
[OE .E

O<O
<>a O |

-
IOWmJ - J

e O! M < c4 m, & c, C C C C C C C 0 Cl C
-

Z O x :| Z WW
Or3 < E o ci c c c c cc c c' c c c c< L < O P Oi O O O O O ;O O O O O O OM . x Z - > - - - - - - - - - - 6mL 7: W < < < < < < < < k < < < < < <

- -
#

. s"e <l .|
* # M M M' M M M M M M M M M M Ma iA b M. <

E O' El
E 8

.A E C 'JWMM W QWl - Wre- I -r
! H<ce H H4 O O 3 O O O 3 O O 3 O O O 3 O O 3 O O .| <3*E OZ e C c c c c c c o c c c e e e c m m o e a

'

L O< W M M 3 M; M M 3 M M 3 M M Ma

of <3
M< M e 3

c) JWC ..
. M C < c c c < c c < c o o c u< c.t MMOOw oO

J DWe W i1

O O LW c 3 L L L 3 c c 3 L L L L 3 cc3 L LO. >ZZ O ZL a u ee e e e a o e x z e e e a e e eZ E e w O> W # M M M 3 W W 3 > e H e 3 W 3 > >< O<I uH m < M M M < m c < M M M M < m m < M MO-W-i
t

. -JJ- g
@ -ce O LW D v v v c o O es O O b c ch XXOk CE v 4 O O O v vt m O o e i o O

-
N ODc3 O< u '

O O O OJO G4L Z OZ
O. -

2 % - [~

M LW < 0 O O < < < ' C O 4 < < 0 O O b
-

4 OE o m o M o ED c c c h N N N b b O
-

'
. D 04 Y v v 4 v v v v v v v v v v -

,

O- O Z O O O ~J O O O O O O O O O O '11 ZM W' -g
I

W W 5 O h 5 b 5 N W 3
.

E> 0 1 . c N N N O O O m o O O -N e o M v v v c 64 L 00 M M M M M M M M V V V V V V V V V V V vWW MZ i O O O O O O O O O O O 3 M O M C O O O OJL M -
O- W -

DL M ZW 00
ZE M DE ~>

W W K4 'Z
! ML g Z OOO > O 1

IWM m w

_ , ;: ' ~~ ,: '' T'--- Td - - ~'.w~.- - - - - - - ~ ~ - - - - - - - - ' ~ '' '

'
,



-- -_ -.

.m.m . - - - _ _ _ - _ _ * *
,

--

-

f f f
I
1

**** * **- v. . ... . . . -._" w 1 =

} -
-

- *

' J s
.

I f&'

j ve.
II;

| rcO N O e ' M ,

so e N e | 7,i
, -s v

{ e ,c c c @ O 10 s - e w
T. O.

p n. N.,' .
i -*/'p

. N.I g- O e v - e e: - -
MO

. [. . . . O.
'

S. O. c:f N. N. =.- O y .

|g q O O O O O O O O O O O O O O O O O O O OlM- w ).i

AJ > <
.

gE | | *
l

s N s s N e 'O O O e T |- e e eN ee OI

' N N N N O - % e C, N N e o T rO vf N
bb b N 165 k k| s' - |G,

o e s sn s n ' 'kbbNof eMa

b, +b b ,|I m m odQ N --' - N v -
7 n o nn

eL O bO O N c D O O e e N @
-e Pew M S O O 4 s J e e v 4 5 O O O e p e 44 O

.

{ 1
,

W .. DM
c O

O O O O O O O O O O O O O O O O ,

c3 %

O O O O O O S O O O O O Oi OLa

b$bbbbbbbbb${Nbbb
O O O O

l
ca 3M- I C O O 'O.Ma ,

J O O O O O O O O O D O O O O A O C O
| Jew O N N O O M @ O O O M W D C O O O W D {b b NI N

N M Q Ni N N N N N N N W N N N N W N

N |N N N N N N N N N N N N N N W N N. N
<M

{ bO O4) mme .
o

O o o O O O O o O O O O O O OOt uea '

MN bbbO bb bb bbbbb bbbb br ,

"*|S d s p s s; s ,c.

s % s s s s s s s ss s s s s
i

;

m.e.e.1
- 'IO - i

O O. O. h. O. O. O. O. b, . O. O. g
|

g
<-> r

' O. O. O. O.
i

<> M =g O O O O O O O O- O O O O O O O O O O g

M c. O. O. O.
.'

M dDi' W MW O O t O O O O Ol O O O O O O O O O O ;
t

o G G Q O C G C O @ Q @ W @ Q
|

W -

Og3 J W

m a a gl o oO O O O O O O O O O O O O Ot C2
O O O O O O O3

*
-

- - * - O'I!O
* - *

O O O O O O O O, O O = - *

M M. * O O O O O O O O Oi O O O O4 Ma

Im L. O O O O O O O O O O c0 0 Of C O O O Ci o' ene

v',
V 31 O kin v T T T TO O - - ,_M$ 4 4 g4amo

- - - - - -
M *T v v 4 4 V Iaaa Ls - - --

, M M hM M M M M bf M M M M X M M) M I- - - - - a

O Of O O O O O O O O O O! O P-

e a. e |
,, '

O M C Jg O O ~ w w > w > > n' > > & H H &. ..

W OM M M M M M M 4 M M M M M M M- M M M M & M ,

:d M H

fw y H we & WO! M KW
t I

< or M O O O O O O IM M O O O
O O O O O O O ie

0; J .

O 7 Of C O O O O O v O O! O |mo. I J-
O O O O e o e Oi O+ -

of,O
*O. '

C e C ej O * *.e . J O b O *
i ** J* -*
| NCO W 0 p O/

| |- - * * = ~ ~ -
-

*
J L * *- => !- W - ~ * -

<W fD >=d
1

I rMZOW < M '

MW-O! 3 7
l

.

s5EMI- 3 ! ,

!

| 3o O* % <
'

i i|
6 a ,

I
f01- - | I

M40 f C
LWO z i I

.J *D. O AQ 10 10 e aO O C 50
|<>J O

'

* Ch M 4 bo c c @ c c o C O I
to C |OMO -

< L W4 ( O O O O2 O O O O O O O O O p I

EI o o n cj c -- - *

k < < < < < < < < <<- -
|

- - rW - i| O D
M M M Mi M M M M M 4 M M M M M M-t -
- - -

|< < < <| <M . x H: gw w,

wL
{ I |

*"s.<if fJ ' j+ .
Ase < O i l I

8
it t 40 e f (

Mom & !% lin M ,

O 3 O O O O O 3 O C 3 O a

k w< , e M el e om e c e e e e e. m e m e e
C.W

4 v
i JWM W

hE O N O O 3 o

- <3er M pt x Mj M 3 M M 3 M M M M MI 3 M 3 M| M- Wee- I ,

a W ope 4 o < u o 4 o o o o et < o < c. o ,

>|h40* U2,'
<

<
! l IW 4 O <1 . M '*L; O O M' 1

I LI L 3 IS d 3! L L L L L 3 a 40 3 A LIt Q: |Jw P O
|gx o O x; e opJ ax xxe wa J p p

x. xM *
J, O u * .<

> !% E W H 3 w W 3' e > 4- M M 3 W a.i .A el W;- ww C 2 ,

|'
L -

OH I M C M M 4 tu c0 4 M M 4 M M 4 n) #D < &H MO L 80
> Q~ r*

'

<l 4 O L go
r C e ** >

e N s N s s me e e
O<r. g

, N O o 4 O @ p m O v fv @ @
>

<
0-W O O I

G c6 0 0. W c
'O O @ c) 14 71 1 - J .J - ' 1@

T. E U U ' g
sf x =x O P- i j- --

04 l
e ch)

0 c4A Z RZ I 1N O'O t 3
i < < < ro

@ @ en m o c{ j

< < co so) to oi O t

ef. <e 7 7 4 4 4 v'
O to Ic e ej e o- e e e% \

O O O J O O* LW O O O
> - - - - V v 9 4 9 4 *

| < pr-

3 ,04 ) O O J O O O-

?.jJ 3 EO Z* \ f J 3'EO- W LJ e n| v
W O L . o a o o s s s e e e e 0 - N N N n

J !$ 10 0: J 3 % J 3 EZM c__ 0

v v v 7 e v v v v v 9 n co e o o *

O O M Q O O 5 O O O O S O O O O O q O-t E
j ',e> w 00< 4Z I rWW M l =. I '

1JL W '
U- M ZW 00
DL M Or ->
ZE W %< ZZ h w

' *' i x i z pg L -
...-,,amia w..,Gr auaj W

y -n -~ - - . --n-- - - -~ -..- - - ~ - -n.-. .



_m

. . . .. -. .

* r new w.es =. e. - - - _, ' ' ' ~ *

]~. -_.2__ _.-
.,

l
_

|
'-

- i

I

MO v o C C e C m C N N n O Y m mm v c e-W- 0 0 Of N C M ~ O C N O N O O v 2 0 -l N-

N. N v. v.! 4 . . . * . O 0: O
WW N N N

y, E O O O O' O O. O.
. Ni v. v. v. v. N N N -

N. N: O.
- g4 p. ; .. 4O Cl O O O O O O O O ,

O O O e O v C N e n y v N N o - e N- -
CC WMa O N C

N.4 . . . N.
O Q O N -. N O N Nov FM- . i. . . . . . C.

O
O. .

N
.O- pWM v b o m' e N e N - N O b c e O.e- - --m O C N -| C N O N N, e e 4 N O N m N c N -hgLW- Ww N N O C m b @ Nr O v N O m W O N O N Om - @| NCa OM C D 0 0 D v O O m m O O O O v v vs e<v Q ' - - - -~

l
N M- O O O O O O O O O O O 3 O O O O O O O O3M- ! O O

O. O.
O

O, CL O O O O O.
O. O. O.

O
O. O,- O.

O O O
O. C. O. O. O.N pWM t. l . . .

O O O O O O O O. O O.
p

O O O O OOi ww O O O Oi O O O O O O O O O O O O O O O. ON (M C O O O! O O O O O O O O O O O O O O O O lv Amm - N N N N N N N N N N N N N N N N N N N N
,

j
! N N N N N N N N N N N N N N N N N N N N

|
vi amm -

O
E} W==u

|L
O. O. O. O. O. O. .

O O O O o O O O O O O

eme -

man - MW O O O O O O O.
O.

O
O. O.

O
O.

O
O. O. O. O.

O
O.

Og or
O O

. . q

ammL O F N N N N N N N N N N N N N N N N N N NL O
<-D E

LOee
iab M L O O O O O D 0 C

O. O. O. O.
O<>-0 M g . 1 . O.! O. O D C O O O O O O.

O. O.
b

O. O.WZZ W MW O 6 O O
. 1 . i.

O O b O OOcD< J > 0 O O O| O O b o O| C O O O O O O D O O OZ C C C C C C C C C- C C C C C C C C C C CW D i
meet Iamm3 < Ma O O O O O O O O O O O O O O O p C O' CH M M- O D O O O O O O O O O O O O O O O O O==mL O WM - |- - - - - l- - J - - - - - -

O- - O O O-
,

mam3 CL O O O C' O O O O O O O O O O O
- -

i

E - Lw O O O O! O O p C C C O O O O O O O O O OImma i N v V T vmmm. N - - - a - - N Y v v v v v v v v v v vf V> - - - - - - - - - - - -

M M CH M M M M M M M M M M M M M M M M M !
O.

M <u O u O O O O o O O- O O o O O O O o O O O ;W OM > > > wl n w H w WI > w % > > > > > > >a
, wO H % J M M M M M M M M M M M M M* O M 1 M M

g

! m- e s
8: M i

it... O O O O C O O O O O M O O O O O O |NOOa W O O v v o o O O of C v 4 O O O O O O O OZ- J J L O A C C C O Q C O C C C C O O O O O O C i

i

<WL d

OW-O 3 .
f-- - - ||-

- - i - - 'l- - -=

OtOM < M - - - - - - r - - - - - - -

ZM O i

J | ,

i

N W Z @j }30- J
-su < lo r e. 1O<O i -
i

kWO Z n

| I
*

<rJ O I
0M0 - i

j*O M K O O C. d O C C C O C C C C C S
-

ZOXZ Z WW 4

i !OHDW < ZC C C Ci O C C C C 0 C C C C C C
|< L W4 O O Ci O O O O O O O O O C O OM +- X -Z M - - ,-t

mL v W < < < <[ < < < <
- - - - - '- - -- - -

|< < < < < < < < .mE o *

|
M M M' M M M M M 4 M M M M M MmDe< J r 1

iLNM <
c C '

. |E 3

C O' E. < .

JWON W OW
- Wre- Z -r j I,

i
- ><Cs > H< O O O 3 O O O O 3 O O 3 o O O o O O. 3 - !>, <3er Q: e e o c c c o o d e o m o e e e e o c : i iWi L O< a W M M M 3 M M M M 3 O M 3 M M M M M Mi 3 !

E| JicM000
- M C pC C < C D C C < C C < C C C Q C Cl 4 tC

|y DWt -- W
HL c Z l

<I4 O* - 0 1W L 3 mc 3 L $L L 3 d c 3 L L L A L L 3 ;
l

O! >ZZ O CL e t J a c g % % c J W c E4 C E % C C O
|VW

O<E. pr ) e$WC C w - C> > D 3 w W 3 W W 3 > > > - > > 34 s< c c < M M M M < m 3 4 M M M 4 O M <O-W j i g
- -JJ- I y
m -os O LU e O O o m o m - - 0 0 0 0 0 0

.

N XXOk CC m O O mfm O' O O O O O Q Q O-
N ODE 3 34 O O O U H- - - - -

{ 04L OZ
| |

s -
! i- > lu < < < d am < < < ccc 0c| N <l 4-< Or O O O- C C O O N N- - - - - - - - -

- D 04 O O O O| O O 0 0 0 W D C- 0 0- - -O- O Z O O O O O O O O O O O O O O
,

- ZM W- -g
W & J 3 E J 3 % J 3 E J 3 E J 3 8

E> 0 1 - 0 o mi C C C N e e e m O O O N Dv O O e-< L 00 0 D D 0 0 0 0 0 O O O @ C C C C w C C CWW AZ O

U- W . |3
O O O O n O O O O O O O O O D C O OJL M a

|
DL M IW 00
E ." O

3<E CCa W - ~~
MA E %OCD > 0
WM M

,

Ew '
F

_ . _ . . ..- - - - - -



____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

- . ..

r =-- _- _a smmm m.
._

-

P i

l I

MO . ne m N O e o e m N v bo e oe 0 - e o*n- v b o N N O n@ & O v m n n o e e e v nWW O e i. N.
N =

''
WE O.

g.
.

O.
=. .

O.
. . . N. N.

N

Q O O O O O O O O O O O.
C.

@
N. N.. N.

Ng4 ..,

O O. O O,

@ t I

i

.e .e .o .c .v .c ,o
m e ve v 5 N @- - @- -

bc Wm- .
o .. 3We b

. . . n. . . . . . .
. . o. o. N . syey re- . D e O @ N @ e @ O

. . . . . . .

n b b e @ n N v e-
~@ 4EL Q m O C M N N M - 4 M O 4 O O N O C @-

,

W. Is= b M .- O 4 m v C v N 2 O M C D v c p N,
O OM

| b e O O O N N v O N O O O O O Q c v p C<v U
6 - -L- |

t

.Ma O O O O' O O O O O O O O O O O O 'O O O O30- 1 O

JAL O.
. O.

O
O. O. O. O.

O
O. O. O. O.

O
O. O. O. O. O. O.OWm j . .

O O O O O.O O O O O O O O O O O O OJew O O O O O O O O A O O D C O O O O O O O<M p C n O O O O N N O O M C C O O O O O Omea N N N N N N M W Q N N N N N N N N N N Nese N N N N N N W N N N N N N N N N N N N NO
... W I I I

-

;L o. O
O.

O
O. O. O. O. O. O. O. O. O. O. O. O. O. O.

O
O. ,

uma -
g og . a 6 i ,num - MW O O O O' O O O O O O O O O O O O O O O O '

m e n L! O > b N b N b b N b b b b N b b b b p b 5' 5
|L

E | | I, I<-o
LM8 Ie> M L O O O O O O

O.
O O

O. O. O. O.
O

O. O. h. O.
i

O.
O. )'q>- o Ir . . .

O. O O O O O. O O O O O O O O bO O O3 . . . . 3wZa W oW O O
UED4 J > 0 D O O O O O O QO O C O O O O O O O' OZ oo e e o o e e oo e e e e op o o. mW D 1 i fomum i I '

som 4 a O C O O O O O O O O O O O O O O On
O. O. O. O.

O O O
EL O O O O. O O O.

O.
O O

O. O. . O.
O

O. 'O. O.
O

O.
-

ene O m .

O O O O O O O O. O O O O. O
- . a

|A w
eme

O O O Os O O O O O O O O O O O O O O Q O-

.m .e .n . m - - - - - - - - - - - - - - - - -

v v v v' v v v v v v v v v v v v v v v v

U M OF M M M L M M M M M M M M M M M M M M MU m <W U U U 0, U U U U U U U U U U U U U U 4 Ue . W On > r > H > > > > > > > > > > > > e > H >wO > E J @ M @ @ W @ @ M W @ @ D @ n' @ @ M W n' @m- .o > !
I I @ l.E... n n O O O O O e e O O O n n O O b O ONOOM W v N O O O O O O O O O O v v O O o 0 0 -

,

Ik J J L<wa e - C.
p c 0 0 o O O O' O

O. C.
to @ Oe . P. m. O O |

MEQ < W: = = - - - - - - - - - = * - - N N - - - inW- 3 4

ZM C [ i

N W Z e! J l30- f J
!* Nu <

Or m |
|

o<OO .
| | -

LWOQ Z I

| |.

<>J O IU6c - J |
|- M < O '2 4 m O C C f C C O p S C iZ O x' Z -W .UrD < EI e c ci c c c o n Q c e o e o o o< l L W4 | O O O' O O D o O O O O O O D C OM 4 x >Z - - M --F - - - - - - - W - =

.m L v. W 4 4 4 e| 4< 4 W < < < < < < < < e < ,

1

5.g24 E o o o n w e o e o e m e e
e| o I iJ |AbM <

* El E 8
IEO .4 E 2 O O! ' O OJWON W OW e e e m- w>s- I -r e o o m O O><C' > "4 O O 3 O O O p e o O O 3 O O 3 e oo > c c .43*E OZ e p e e e A N N @ e m e e m v v > - aa W e J W M o u x x e o 3 M m 3 x x 3 d-L 04 eEj QU . O Q c 4 C Q Q Q Q Q Q @ < Q cl ( c c < 41 vJWE O -

J DW. >
I' rw .c Z E. e. E.

>Z:|
.d( O' O kW m O 3 L L L L T I L L 3 m c 3 0 > L Lo O rL J J m E E E e U U E E m J J e w w > mE IE E > w O> W W 3 > > > E E > > > W W 3 E E 3 > > [< O<E los I m o < o e e m e e < m m < m m < m oO-W. | 3

. -JJ- |@ -me O LW N N - - -> - - M M N N M Mb XXOF "E o A O O O p O O o o O p O O
-

s OsE3 84 0 o - - - - - - U U - - -3 m<L Z uZ iO
% -

I
I~ > 1W < @ O QM v v v'v 4 4 4 C O O O O O c

*
< ur | N a N c - - - - n n n n e n - - - -

-

D Q< ' O O O - e - - O n O O O O - - - -U O Z U U U
l' U U U U U UZ M' W

"E J EW E E J 3 E J c m E J 3 E J 3 E 3 3 E 'E> 0 1 . o o o o b e m o m o O O O - - - N N N n i< 6 00 o o o o o o o o o e b b b b b b N N NNWW @Z O M M M O O O O O O O O M M O M M M qOJL M a
U- W .

j
OL M ZW 00ZE M DE => *

W W E4 ZZML E Z EO tOD > U
|,

WO M w

~ . _ - _ - - - - - -



. - - _ . . .. . _ . . . _ . . ..

. . - - .

m

- .
g.

'
>c *
i

.
.

I.

MO
k O e e O N M m N (D M (D D - N T C O OM- N MD @ N' O (D @ O - - N *- - O O O O OWW

N.
- - N N

M. . .. . O. O. O. O.
O O

O. O. ,C. O.
- -

(O . O; . O O O O O O O O. O O O O O
%. .

' g4
O O

.

_ *E O,.
L M s g

i

O O O @ M M G N N N N o.e - @ O O O10 @ WMa @.e, e- M . . @i N. M. - N 4D-
. . t. D.

@

C M
. (D.

N
N. N. p. C. j,

p .. 3WM @ m T Tl (D O TD tD.
.

. 10 M N
A ,

O O . O |O--@ LEA M M") T Tl M @ M N N O N O O O O
W .- EWw & A @- G! O - M T- T N M M N --
C OM T T T T T ED T T 8,(T O
L- | j

|N .Ma O O O O O O m e e e e m e e e ee m3M-
O.

JEL O .
O.

O O O @
OWM 1 - O-

- S. - . m. D) @ @ S @ m@ @
. . - . . (+ e. 1

O Oe O Y Y T T T T T T '? T hr TJew O c O- 0 0 N N N N N N N N N N N<M C |N N CI O O Y T T T T Mr T T T T 4Ta eea N l@ o tw N N N N N N N N N N N N N06 maa N N N N N N N N N N N N N N N IN NO
j... W

L
O. O. O. . O. O.

Oamm -

or
eum J - MG O O O O O O O.

O.
O

O.
O

. . O. O. O. O. O. O. O.n L J |O O O O O O O O O O O Al em e e QJ O F N N N N N N N N N N N N N N N N N h
QJ O |M< - 38 E

AMe j .
ek M L

O.
O

O.
O

O. O. O. O.
O.

O. O. O. O.
O

O. O. b. O.
O f<> M I

"
. . 4 . Z

|UW55 $ 888888 888i88888 880 8- LZ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ CW D IMwent i
mes3 < Ma O O O O O O O C O O O O O O O O O #-> M M- O

O. O. O. O. O. O. O. O. O. O. O. . O. O. O.
O .(O

emot O WM .

O O O O O O O O O O O O O O O O
. '

mem3 EL O
E - Lw 0 0 o o o o O O O O O O O O O O Oe## T T T T' T T T T T T T T T T T T Teen. se e - - - - - - *. - - - - - - - r e
W M 06- M g g g g g 2 g r g g g M g g g g g ar>0 M 4W U U U & >U

U U u o U U U U U Us U U U U oc
= O .M.

W OM > > >-e >- > > > > >- & > We N H p- w -@ u>- K J M .M
m- >- ' M M M M M M M M M M M t& M M M M .

O*T M
.K..i O O O O O O O O O O O O O O O O O '

t

NOO W O O O O O O O of C O O O O O O O O uIr J L
<W gD - o. o O O

ID.
0 0 O' O 10 C

O.
O O

O.
O @ |
4 Z >

.

MKQW < M QMW-d 3 j E ,

ZM O L ;

N W Z. ed
J P i30 . A '>=* NO < TI jor q | )>= 4

T T T T T T T T NM<OQ .

LWOW Z O O O O O O O O C | f'(*J O M M M M M M M M M C000 J L L L L k L L L L L >

,-
- * M < O O, O ,> > > > > > > > > > bZOx2 Z -W | 4 0 !UM3W < EE C m O O O O C C C O C C C C C =

|< L W4 O O O OI O N N N N N N N N N D >- I
g M - X rZ -t - M M M M M M M M M v1 <- - -

mL T W 4 4 4 4 <l < p{ < < < < < < < < < K
.m "s.<e J M -|

E M M M W M w M M M M M M M M M

ANM < L Ma El E * O O M M M .M M M M to M W ,

E O _.4 E 12 ED G W WI W W W h/ W W su E
|

JWMN W OW 10 0 0 0 O O Of O O O sk- -
, Wre- I -E O V T C O O O O O O O d O O b Mg ><ce > >< @ N N ci c 3 E E E 3 g E E E E 3

'.E43*E OZ M M -4
.

8(D L L L m E. L L L L 10- -
L O< a W M X X M M 3 a e e e 3 ** e e e i a 3 1300m
IW E .. O.

M T "7 T T T < T T T T 4 Y Y T. T T T 4 E -

J DWe H E E
I' HL .c Z e e <<! < O O LW L I I L L 3 L L 0. Q. 3 L L L L L L 3 E> Z I' O CL E O O E E m E E mE m .E E E E E E m |
O
t E & w Q> >= E E & W 3 + >- >f > 't *- >- Y n > > 3

O<E. o >- 1 M c3 gD M M < M M (, u) < M M M M M <( s

. .O .J .J . ]W
1

e -ce O LW M O OM M V T T T pg T v v T MN xxOk
N 03K3 .- Er O N N O O O O Ol O 10 0 0 0 O 10 g

O4 i d- - - - - - - - - * - - - - -c go 4 4 Z OZ
0 | |-

1
gN -

>- LW N N N N @ # @ @ @ O O O- - N tv *

4 OL.- N N N N N Nw - - . e - - - -
3 04 | & de- e - - e e e e - e e -

U . O Z 8

ZM W l=E IJ E LW E J 403 CD E J 3 u J E J 3 E 3 '

E> 0 L T T T T n O b0 e o,N N N e m O. N e-
4 L 00 N N N N N N N N N; N N N N N e e c0WW MZ M M M M M M M M M M M M M M M M MJL M a
U- W -

DL M ZW 00 ,ZE M DE - > =
W W K4 ZZ

ML E Z kOCD % Iu | ;

- . .. -- .-- . -.-



_ .-

- vs oc - - c- e, ----.c___ < ,- o
~ ~~

l

'
MO N N T N N - - O O O O O O O O!IM - N N T N O O O O O O O- 0 0 0 0We

O.
O

O. O. O.
O O O O

O. o.g O. O. O. O.' g4,

. - . -
.

>- E O O- 0 0 0 O O O.
.

O Oi O O O OO
.

~

10
1

O C O e O o 8 O n O O O o O O Omc wM-. e o e s O s e O O O Oj O O P O
O b bN b tb .- b .b bib b h b-m EL O O O N "J N =W- CMw c 0 m 4D IC- OM \-

<T U
L-

[

obo.M- O O O O O O O O O O O O(D 30- O O O O O O O
N OWM - O O O b O O-

O. O. O.
O

O, E.L O
- - I -

- O. O. C. O.-

O O O O O O O O01 >= 0 0 0 0 0 0 0 0 0 0 Ot O O m ONi (M O O O O O O O O N O O| O O N NP mae N N N N N N N N ED N Ni N N ED Cd mee . N N N N N N N- N N N N: N N N NO
, ==m W

L O O
O O O O O O O LD O O O.

O. O. O. O. h
see 3

- fSW
.

O.
O. O. O. O.

O O=ma ' -

OE . . J O. O.
OMi g

,

O O O O [w a e c. O - s s s s s s s s e s s s s s s s ,

E O
1 i

4-2.

$'sN I

0W55 s.: ** 88 88,gg.
O. s .

g g1 g.
O.

M L
O. O. O. O.

6.
O. . O. O. [

O O O O O O< 3_ O, M _E
g g ggg,,

o e o o O o n o O C c c c c cW 1- M= m a El
==nu < Ma O O O O O O O O H C O O, O O O O |M M-

O.
O O

O. . . O. O. O. O. . O.
c

Ic:L 0 0 0 0 .
O.

O
O. 4 C

O.
WMmee . .

mum C O O O O O O O OE - Lw - - - - - - - - O O O O O O Omea T
.T .T T T 'T

.Tme . se - - - == - =

K M H M M M M g M M M N M M M M M MM W U U U U U U U U h o O Ul U U U Ue W pM > > > > k & W > O > > > > > > >
=O. C J M M, O M M M M M M W W M M M M'

m. & O
| er M

E . . ., O Ci O O O O O O O O O O O O O
'

N O O -i W O Cl O O O O O O w O O O O O m O
.

,

Ir JI J L o C.J O . O.
O

O. O 4 <O
O.

<
. O. O. . .

N.
.j

N N< W aj c w N s Z sM c:O W < M Z Z D- +.- - - - - - Z N N N >
- - -MW-Q 3 E | |ZM t 0

N W Z eci J M i

i30- 1 J -

.| j

,
e No < I

-

M<OC- - | W jO C E,

L.WOa ] Z E .

<rJu O O I

<[

'

U M C J. - J Le O! M < C C C C D C G C C C
~

Z O X Zj Z >- W D }Ur DW < p:E c c c c ED C C C - O n c c D 0< L w< Q O O O O O O O F O O O| C A O |
i

M . x Z - - - - - - - - < r- - - r -mL T W < < < < k < < < E < K < < < <
F-.m E

s M M M M 4 M M M M |t'' i
M8 M M MDe< J MLsM < M8im E Z Z W O O O O '

E0 5 E 2 O O O O O O O O O O E e b W e i

JWON W OW E E E E v E E E U U W M tt) O O 10 MI LE < < < < < < < * * M T T ED C M T
- WMt -

- ><ce M *< D D D D D D D X < N s 3 W M 3 N N43eE OZ O O O O O C O W 4 T M S J V T J M M dc. 04 aJ i e e a b e e e J J 5 x x-

E OUM . O co to e 10 to c0 C c0 L L E c .c k o e - pc x- N N
L - -

lWE * O -
t 1JI DWs e X C $3 W WZ| WLd

0.'.C Z < e o e
di < O LW L L L L L L L L U O E Z b 3 A L 3 0O >Z: U ZG E E E E E E E X

f.J
U u .J E E .J W iE E p- w O> > > > H H e- W .J E C - >- M

C(E. -UW I M M M M M M M M L m g3 A M M - p: E i< L s/) M eO-W | | 4

m.
-JJe

' O LW O O O O O O O O c c N N c c Q
i

i-mes XXOW ZE O O O
O. O O O O O

O.- O O O O O O i
,-

s ODg3 34 - - - . - - - - - - - - - p-
|0 C<L Z DZ I

|

-

O-

't i | |
.

, N -
8

. - F LW G M- T C C C w- to n N ~ (D to ED <i .- 4 JE - N
.N

N N N N O N N N N N N v3 O< 6 - .- - - - - - - - ---- -00 - O Z
ZM W U
-E r

{W E J T J E J 3 E J 3 b .J '

|C> 0 1- M T O o ED N 40 m o 0 - N N N M M in v i4 L 00 40 to to e @ c to to <D Di m m m c) e o o aWW OZ O O. O O U O O O O O O S O O M M A O.J L M
'U- W
|DL M $" W - NZE M PE -

. -W W I4 Z ZML E 2 F.C E ICD >
Y 1,.

__ _

,

a

_ _ , _ _ . - - _ _ ,, _ _ _ _ . _ - - . _ _ _ _ _ . . , _ _ _ ... _ _ , _ _ _ _ _ _ - . . _ . . . , _ . . - -.



_ _

. _ _ _ . . . . _ _ - . - . . , -- -1

- . - . -

r m ev- ~. o-eu. - -
,

a

.- *

i

l
t

MO N N v 0 O n N O @ C C N @ h O e n O O n-

M- O 0 0 - - N D N e c p0 o c0 m o O c- - -wp
. . . . . N. .} . N -

W HE O O. O. O D C.
- .

O.
. . . . .

O O O O O.
|- .O g<

O O O O O O O O O
no

h. |

O l
O D @ M c M 3 N O O N T n to N 3 C 0, O O O- -CO E WM-

C.
G @ G N C O CR @

.D. C.
N N h ED @

- @ v n a n v n.
. . . .! v. . . h.my

BM
. .

WM M o N . N. . . . .n .- M c y e, e o n-
-O M LEL O C e D C b Q O 2 O e C N N MI O V O M~ -W- W 'C h-w ED N N Q p 40 - - b a N -t O v cn M 01 N N N-

0 ," J OM M V v M T C 4 4 4 ES T D C 4 @ G b' N @ N O4 z Q
L- 3 | )

N k
b. e

M- .e e e e o e e e e e e o e e o e e e e
ED M 3M- . e a m e o . . .m . . cn . . . .N * OWM - -

- @ ICn o m @ @ - m @ m m en @ 1 @ @ m-
4O I JEL 01 m O

- l- - - - - - - - - - - - -
'eO M QHw m m @ @ m 0) @ G G G @ G @ m 01 01 C). @ Q = m |(M V V V V M V V V V v v v v v fT T vi v i fv v i

N w
e eae N N N N N N N N N N N N b N N N N! N N b NO eaa = O. O M M C t'J M M- O M t$ M O O O t1 M C6 M C7 O ME -

num M MW O O. O.
O.

O
O.

O
O. O. O. O.

O
O. O. O. O.

O|
O. O. O. O.

mmmb
umm

a L
O.

O O
Un . . . .

m a n c.' O O O O O O O O O O O O O O O O O O
M M N b b b N N b N N N N b b b N N b b b N b

L W
i<-D E

LOeM >
ok M Q. O O O O O O O O O O O O O O O O O,i O O O O<>-0 zE - - -

O-
-

O- O O-
- -

O- O O O- O- O- OW z z' W MW O O O O O O
- -

l - - O- O-
i

-

O OOED4 J H C @ Q Q 0 M C C Q p Q @ C
.C

@ Q c' C @ Q cc - - - - - - - - - - - - - - - - - - -
W < .

mamE 3 i
memD D to a O O O O O O O O O O O O O O O O O O 10 O i> J M- O O O O O O O O O O O O O O O O O O O '

!m m m CL J WM - - - -

O- O- O- O- O-
-

O- O O- O- O- O- O-
- - -

O- 'mmm2 < EL o O O O O
-

O OE Lw C D O O O O O O O O O O O O O O O O O 10 O Imam
mam. z-

80 t e e ND ED ED CD 4D @ 40 e.o .D.
e IDC .e to CD

.ED
'to e

1,- - - - - - - - - - - . - - , - - . -
- O ,

lpH wv v v z wvv g g g g g g g v. g g g g
i

2 -

O M NC W O O O O O O O O O u O O O O O O O' O O .O O 1m . z OM >- >- H >- H >- W >~ > > > > >= W > > >- H > > >- 1mO b < J M Ml M M 4 M M M M 4 M M M M M M M M M M M |m- 40 L
8I X j j

e
- E. W O Os O O O O O O O O O O O O O N O O O iNOO- O O. O O O O O O O O O O O O O O n O b O

.IM J J L
O.

Oj
O.

O
O. O. O. O.

O
O. O.

O O O O e O e O
O. I

nEOM i
-

1(UA < .

;M e e .- e e - e e e - - .- .- .- - e ,OW-0 E |zM W
N W z ed I i
30- !

!
>-

s0 iOE m O | |e

|'
n<OO z
L W O ta. < *
< >- J w |
U Mio J M J |

*O O < O C C C p C C C C 2 O C S C C C O O C t'
-

zOXz < -W I
|OrDW D EE C C O O d C C C C @ C C C C @ C O O C< J < C C O O. O O O O O O O O O O P O| O O O
,

ie .. z - - - . p.- - - - - - - - - >- -
mL v C $ < < < < < < < 4. < < < < < < < <

- -

< <

20 4 - e = z. z. z.
-

z. z. .- }M
[" M I

'

e5 <e z r
- M M-M W Mr M !

n W M M M t0 4 M M M M
in.s M -

8
<

eg < '. |
.-

z. z. e z. z. z. z. 'z.: z. z. a.: z.JWnN M OW . . i. iWee- D -E O O O O O O O O O O O O O C O O O-
- >-4 0 * M H4 C

W L 04 Ld

- -, c Q L1 C C @ C |0 C C Q Q 3 Qe Q 3 G
-| ->I, < 3 e E Oz - - b- - M cc go. - 4- - - - -

to M to to M M 101 to to un M M M M . 3 to to 3 to toEj OUM 4 4 9 v v v v v' v v T 4 Y v v M < v v < M.T
.J W CE:

l
J' DWe
I - ta. -Q..

i

<I >4 j0* LW Q. A Q. fL iL L L Q fL L Q. L 0. L L 3 CD. CD 3 (L (LO! >zI ZL E E 0: E n.* E E E E E E E. E E 42: c3 J A to E E IE E >- O> >- >- >- >= p- > >- 9 >- 'W H >- >- >- M 3 W W 3 p- >
,1,O p- ) M M M to O to to M M 1 M M M to 4 < cui gO < M MO<E.<

0-W j g
| |. -J.J- .

@ |Ltd. co e - - - - - - - - - .- - - .- - - p- -N XXOW CE < < < < M < < < < W 4 4 4 4 4 C. O-

N ODE 3 O< W WO ED<L z Oz l
O-

N -
I

!
- H LW - N M v ( < CD (O C C( UE < < < < -
-

P- (D C4 O O ->- -*
O O O AO - O z W W W W W WzM W

-E
W E J 3 E J 3 E '

E> 0 2. - - N M v n c h e c) O N M v to o o C o o N a-
4 6 30 - - - .- - --- - - - -WW Oz
JL M
O- W
DL to zW -

z2 M DE z
W W R: 4

ML E z ]
0. . ,3 ,P- I -a

, -, - - - - . ~ . . , .



-

.--
* e4 - e sw ws - _ -mo -

- --

*
_. - -.

_

=
'

I
.

I

f e

1 e

MO O N m N b N N - N h N e O N O m C Oc -
M- - N 4 O - N N O C N N N O N N n; C= - -

,

- yr 1
.. . O g4 j .

. . O O O O.
. . . . . .

- - - - -
i

. . . ....M .
' q.

- W We - O O O O O O O O O O O O O O O. O'
- M
k l e

I-

(O
O |

i

O e e O C v O O v 0 N N N e N O M e N N-cc I ma 3 O @ e 0 0 Nv.
O .- m Wm b n.

.

O' N.
e. . . . .

O. . N e v
. O.

Q e N
O e o m e

. O. V. 2.
@.

O.ev m.
E - O--@ m eL o e N O Q O v @ O e O C O- - O m N e-W- W Hw O 4 0 - O O N O O, O O O N v O @ N e - m0 J m V 3 O'O V V T v O Q v T v v v v v v Ol O( v" Z R

La D j

m 2 .e-a m 2m- .e e e e e
L.

.e .e .e .e -mm .e .e .e .e .e .e .e .e .e .e .e.q + OWm
m @ @ @. m.

.

O. @. @ m.
.

@.
.

@. @.
l. . @ @O I eL @.

. . . ..
m @ @ @,

O m kw @ m m @ @ @ m m @ Q @ m G @ m @ G @ @ @N m v v v v v v v v v v M N v v v v v' 4
w ,

v oma O N N N N N N N N N N N N N N N N N N
,

O ama O 5 O O O O O O O O M M M O O O O O '
.

mma
=== u A

O. O. O.
O

O.
O

O. O.
O

O.
O O O O O

O. O.
O

man . O MW O O O O O O O O O O O O O. O. O O O O.
O.o or . . . . . .

Oamog e pN ,
- - N s - N - N - N s - N - N - - -

< - D! e
| | 1ko s el &

| M L
O. O. O. O.

O
WZu W WW O O O O O.

O. O. O.
O

O. O.
p

O. O
O. O. b. O. O.

e w
<>.g Zgg

O O O O. O O O. O O. O O b O O
i

uzD4 J H Q c C C @ Q @ C Q{ Q C C @ Q G Q Q @ G Cm - - - - - - - - -- - - - - - - - - - -4
m m m e| 3
m m m Di O Ma o O O O O O O O O O O O O O O O O 3 OH J W- 0 0 0 0 C

O.
O

O.
O

O. O. O O
O. O

O. O.
Oe n m Lj J wm . . . . - - . .

IammD <~ EL O O O O O O O O O O O . . O O O O O OOe Lw O O O O O O O O O O O O O O O O O O O
umm. Z.

t e A e e e e @ e e e e e e e e e c e o e===
- - - - - - -

-|-
- - - - - - - - - ' -

- 0 |M
o

- > M M M M M g M M M M g M M M M WM -odMe <W v o u o u o u o o o o a u o u O o o ie . Z Om > h & > > > - > H W H w > > > > y & > >mO > < J mp m m m m n mm m m D m m. m mme m mm - .m L
e2 X

.c . .J W O O O O O O D 0 0 0 0 0 0 N N O O O O ONO O at O O D C O O O O C' O O O O O O O O O O O -ZH J J L O p, C O O O O O O O O 0, e O 0, e {O O e 3<WL < =

MeOM E 4 |
OW-c e |i ,ZM W
NWZe Z

.

i

30- i e

OE .o
e N

e, O | |M 4 0 0: Z
L WO kl 4 !
<>JH

.

|l
U M Q J| m

e C, O M C .O O d, O C 2 O C C C D d C C aO
-

ZO X Z| < ~W
u- D W, o er e o e et e o bo o e e 3 e e e o o I

|< J J4 O O Oi O O p C O O O O O O 8O Cm Z.. - - - - - - r - - - - -mL T C 4 k < < < < k < < < <
- - -

< < < < < <j
m$"e<s

e|
m W e A e e e e u m o e e n m e m o |Z g rL N e- t-

e e, 4 4 .beC -g > E Z C-
- - -

Z- 2 - - - - Z-
- - - - --

|Z Z Z Z Z Z Z Z' Z Z Z Wr JWON m OW s e e e e e le e e e a e e ' s e e e6 I l| Wre- D -E O O O O O O b O O O O O O O O O 06 8
|| . ><Ce m -< c 3 c c c c c c c c c J 3 o Q 3 c c W 3 .(3er OZ H - - - - -- - - -

' m- - M M M e M e 3 m m 3 M e
m - - mH - 4

M| c
L 04 -a J m A M m o 3e com - a v v v v v v 4 v v v v v < v, v < n v v <JWe O

#d DWs -a H \

Z') H L
C Z f

f4 < Os o iW L i A L- A L 4 L L L L L 3 c c 3 L L 3o >=Z u rA e z e e e e e e e e xe aJ e z e e e iE e > w OF M " M M H > > e H >e 3 Wr W 3 w > > 3 |< O<E UH I e 4 m o m M ) m o m m n < m m < n m e <O-W. |

e.
eJJe

' | 7

-me - iw I |- - - - - - - - - - - - - - N N NN xxOk Er- i O ON ode 3 04 o oO c(L Z JZ
|' 1O-

I
N -
* H LW N e -

| ( < < d C D N < <.- < VE
D 04 l

4 < - - - - - r N N
D O O O O O O OO - O Z g O O O o o uZM W-c ,

} W e i
J 3 e J 3 E J 3 8

I c> 0 1 e m O N O v O c N e m o o o 0 0- - N N a< 6 JO N N N N N N N N N N N N O O O O O| O- -WW 4Zi

1 JL M [-u- W
DA M TW -O.Ze M OE ZeW W %< DZmL e Z KOOD > 0 aWm M

1-

.. _- . _ , , .. - -_- -

. , - _



.

_. .

.. __ . . -a w.e - u ~4. -e === _ -

,

-

.

.

MO N e N O O O O O O @ D N e O O O e v --

M- O W W O v O O Q @ O O V N N N -O N N NWW -
., O gg . . . . . .4

. . q .
. .

- - - -
"- W *E O O O O O O O O O O.

.

O. . . ' . O O O.
g

O O O O O-
- M

I
_k

.

i

O I r i
1 iO D - N C O N O N N Y O O M N N O m - C V-NC r WMa 5

@v FM- - . . . . . O.
d

C. C.
Q

C.
@ O C o e O e@ N - C

O $ O Ci N N N. N N N O @ O.
j3 . . . .C M QNM O N - -

- @" e -M EEL v o N v - p C A, O vv O C' NO - c --

W. W
% >M

O N ew - -

Q C O C-O O O
- e @ O @ m o e O O c 4 C O-

C J N O O- N O O O V v v
La 3

'v v v. 4(v Z O
g

-
( l< .Ma e e e e e e e e e e e e . . e e = m e. .M 3M- @ @ @ @ @ @ @., @ A @ @ I@ @ @ @* CWM -

- AI JEL @ @ @=
*

- @ & @. @ O @-
-

.@ @ @ @ @ @M J>w @ @ @ @ @ @ d G @ p @ A @ @ p G G @
|<M V V V v vM 9 Y Y v v % vi V V N Y v vw

y see
O.

N N N N N b N N N N N N N N N h N N N a

Q === O M M C C C D C O O O O O O O O c O O-

aaa
==m- m L O O

O.
O

O.
O O

O. O. O. O. O. O.
O- 0 0

maa J M MW O. O. O O O O. O. O O O O O O O O O. b' .
C.

C Om Or . f O.
1

4
O O Oemmy M & 5 N N N N N N N N N N N N N N N N N' Ntr W

I<-3 E
s > |

L O. N

WZ3 W MW O O O O O O O O O O O O. O. O O.
O. b. o.

M L o. O. O.
o

O. o. O. O. O. O. O.
p O O O O

O.<3- Zr .
. i 4

O Q O O O'
OED< J > C C C C C C C C A C C C C C C C C C C 's - --- -- ----- - - - - p - -W <
mmum 3
mmm3 O Ma O O O O O O O O O O O O O O O O O OJ M- O Ouma J We . O. . O. O. O.

O
O. O. O. O. O.

O
,

mum ( EL O O O O O O O. O O O O O O.
O.

O
O.

O
O. i

4 3-

O O. O O OE Lw O O G O O O O O O O O O O O O O O O O
!'

men
mmm. 2.

e e e e e e e e ee e e e e e eo e o e- - - - - - - - - - e- - - - - - , - -
{- O

b bb bb bb% bb b b b b b,b b o bM W
a Z OM > > > I & > > > & > > > > N>>& > > >=O H < J M M M M M M M M M M M M W M M

|M
M M My Lm-

.r x ,

.e . 2 W N O O O O .O N N c O O O O O O |C O O O ,
! NOON M O O O O O O W O O C O O O O O O O O i

ZW J J L o p. O.
O' e. O. O. O.

O
O. O.

C'e O O O Q
O.

O
O. i<ut < l.OCOM E

-
IM

CW-Q E |

ZM t W | *

sWZe Z |
30- J > ;

Or .O
e N

e O 1 |c400 Z
LWOd 4

|
.<>Jm IOMQJ M |

eG O K C m $c a Q d Q mC C C C C O I
<

-ZOXA < WW
. C C C C C O C C C C C C C |

*OM3W D EI C C Oj< J w< O O O. O O O O O O O O O O p- - - -
C O OM >Z imL - O < <

- m-- - - - - - - - - -r < <\. < < < d < < < < < < < < < <' *" W r M M W M M M M M M,M M M M M M M M |
*

m5e. Z i a -LNM -

s .

i 4

EOq > 2
_ | _ - _ _

Z_
_ '_ _ _. _ _

Z Z_
_ _

|

i eg q w _
Z Z Z Z Z Z Z Z Z f Z Z Z Z *JWnN M 'O W e e e e e e e e e e e e e e e e6 e j |- W>e- 3 -r o O O O O O O O O O O O O O O Oi O><Ce M >< C o 3 C C C 3 C C 3 C c C C C C c c o C -

I

(3er Oz 2a W M
- m- - - - c- - - - - - - -
M 3 O M M D M M 3 M M M WM M M - - - 4rL 04 M WMEj COM - M V M < v v v M v T 4 Y v v v1 7 Y W 4 T vJuE O | |J DWs .- >

r >L
O .o !d Z

*l < O LW d 3 L L L 3 C O 3 L L L L L L L L L L |d >ZI O IL
' W W 3 > > > 3 W w 3 e e >

,

J J d E E E m J 4d E E E E E E E E E EI E > w O> h
>M j{

> r > H >O<r. or i o e 4 M M M < m < M M M< M M M M nMC-W j
- -JJ- q

@, =0e W N N O O O M M V V V V V V V V V
e-

CE O h O ON' XXOW -
N 03E3 04 O O O O 1O C4L Z OZ l '

_0
.-

IN
> Lk < d d G < < < O c d M v c C

-

.- < Or | N W N W n A e n n n3 04 i O f3 O q O O O O O OO- O Z O u o O O O O O O OZM W
-E ,

w E E J 3 E J 3 & J 3 E .

M MO . I

!I 8E> 0 L . N n n n v n n o e C C w e e O - N< L 00 O n O O O O n C O O O O O O V V V V mnWW MZ l

|JL M -
O- W -

DL M ZW OZE M 3r kW
W W Z4 OZ

ML E Z EOCD > 0
WM- M w

~
_ _ _ . _ _ ~- --

, , _ , _ , , _ _ _ _ _ _ _ - - - - - - - - - - ~ * - - - - - - " '- - - - ~ ~ ' ' " ~



. . .-

- .. . ... ,_. _ - - -

m ow .w, . w .o., -
* * ~ ~ ' ~ ~~

,

mo e N C v C N @ N O c o e O C n- v e CN N M N T. N O b @ Oj N O O N O e- - - - -
' > e U N N m .~9 W et O O O.

-

O. O O. O.
d .

O.
. . J - N. p.

. O O
"- O Cd . * * 4O O O O O O O C O- - u

L I

O- I
O D n O M e 4 @ W v N O O N vi O N 4 4 C N-' ec E Ma

N.
O O n c

O~ M WM O N O.
. . 0 . 0 N @. c. 0 p N

.
.

N.
. n. apn. ei O.@ m- ..

O v O * N O O O * O 4 IV @ N-m o EL - e o e e o v n1 n - e , e C o N N-Wa W PWw v b, n. C ,O
N N N, N Q M v v O Q M N v @O- J 5e v v T 4 a i cI v c o n N O N N O sC<= Z o - -

,

b" D
|j .

=

e! e
' N < .o- e e e e e e o e e e e e e e e e e eM M- @ @ @ @ @ @ @ @j @ C .

@.
. . . . . .

@.

+ We .
@ @ @ @ @ W @

Z JEL @. O. . @ @. @. . . @l @. @ @ @ @ @ @@ @o ur- @ m @ @ @ @ m@ w@ @ m @ e @ @ m @ n@<M v v v v v v 4 Y~ 4 N Y Y v v N Y vi iMv' 4y mom O N N N N N N b N N N b N N N N N N N NO mam O n n n n n n n n a n n n on oe n n
amm

+men a L
O. O. O.

O
O. O.

O
=== M WW O O O O O O O.

O.
O

. . O. O. O. O. O.
O

O. O. O. O.Og
O O O O O O O O.

l
O O O Oman e H N N N N N N N N N N N N N N N N N N N NW

<- E*

kne &
se> @ L

O. O. O. O
O. O. O. O. O.

O
WZZ W OW O O O O. O O O O O O.

O. O. O. O.
O

O.
O

O.
O O<>-c =g

O OO O O. O O. O O O.
! .

OED< J > c Q @ C G c Q @ c. O e c W G c c W @ O @m - - - - - - - - - - - - - - - - -

memE 3 |
*

-W < a

man 3 O Ma O O O O O O O O Q O O O O O O O O of O& J W-
O.

O O O
O. O. O. O.

O
O.

O
O. O.

O
O. O. O. O. O.'

ment J WM . . . . .
r

mum 3 < EL O O O O O O O O O O O O O O O O O OE Lw O O O O. O O bo O O O O O O O O O Ci o+ mmn
amm. 2-

e e e o e e e e e e e e e e e e e ee
- - - - - - - - - - - - - - - - - -O

2 - Ok M M M M M M M M M M M M M M M M MQ m <W U 0 0 o o o u o ou oa U Q U U U oua < Z On H & > > > > > > > > 'H H W > > > > > >
-

|uO > < J @ n @ M @ @ D W W @ @ D n @ @ @ @ W D Mm - .m L
. *

e

* Z. . !
X

.E W O O O N N O O O O O O O O O N N O O, ONOC O O C, O n O O of C O O O O O O O O O' C
.

ZH J L

CEsq r
- O. . O.

e O
O. e. O O O O. O. O.

O e O O O ,

m . . O.<W < i

I
- - - - - - - - - - - - - - - - - - t inW-Q E

Zo i W |
NWZM Z

l30- 6 >
< te NO

iOE m O ]n<e Z ,

LWO < |
.

<>J IUMQJ W J
*C O < C C C C O, C C O S O O O O C-

ZOXZ < -W
O*3W D EE C C C C C C C C O C C C C Ci C4 J W4 O O O O O O O O O O O O p 0: OM .- +Z - e - - - - m - - * * - - - ~
mL T O < < < < < < < < < < < < < < < ia

.m5e4 Z -| |
e W m n m W m W n M D W W nM n

LN. - .

J 5 $ " $ 's W ??? ?? ????Y?? ?k 5?
'

s
O! OWr** 3 -E O O O O O O O O O O O O-

H<Ce M *< C C 3 @ C 3 Q Q C C Q @ C 3 @ M 3 O C
| <3er Oz go- - c -r c m - 4- - - - - - - -

L 04 a W O M M M e m oM M M 3 e m 3 W M Is
% C0JWE] - @ V T v ( 4 4 < v v v v v v v1 < v v < vi VO

i,
J DWe d &
* HL *C ZM4 O* O LW L 1 L - c c 3 L L L L L L L 3 ma 3 L L '

O >ZI Q EL E E E J J d E E E E % E E d J O M E |E E > w O> > H W ,W W 3 > > > > H H H 3 W 3 H H< O<E los M e M < m c < M M o M M M e < c < W M t
.

C-W.
. . -JJ- | ,

@ -Ce .1W v v v v v 0 C e o n c O O m C-
N XXOW II O O i O O |-

N 0323 04 O U O O
,

lb h j |s -, ;
a F LW 4 4 < < d a d N e 4 4 4 S O O< OE @ v v v v-

bv 0 n O p p O
3 04 O Of C O. O C O O O O O.

O
ZM-

O Z O O u o o u o u o O O O
' . ' ' W i=E e

W E J 3 E J 3 E J 3 E J 3 E '' E> 0 1- @ N e e o @ O @ O N n v o o o o C oS e-
4 L 00 v v v v v v v v c o n n p C C D D e OWW 4Z l
JL M a

lU- W .

31 m ZW -O
, ZE e 3r ZH

W W E4 'D ZML E Z EOC3 > u 'Wp M = '
,,

'

~ . . _-. - ._. _ . _ . _ ~ . _ _ . . _ _ _ . _ - _ _ , , _ _ , - - , _ _ , , _ _ . - , . _ . -, _.-- - _ .



_ . _ = _ _

. . . . _ . . _ . _ . . _ _ - - - - ... -- --

. a am . n ew== 3 vn =mme ===. __ -- = % ,-
, _ _ [_ * ~~

|
. _ _ _

|-

Ih ,O
MO N O @ v O O ~ 4 n OO e m O b o e- -m- a C v v C m C N n N N v C O C O- -y> - - - - -

Q gq . . . . . . . . . . .

. O O O. O O O. O. . .
N w

. . . .

-

W HE O O O O O O O O O O O Op
i i-

b i .
1-

( g [O
1

E
O O N N O C N N- N # b - - 4 N 04 e- - -oc m- O sa, m- . . e. O. V.

O O
O. o. 4 a

. . v. v. v. v. .a b| 4
O .. M WW 4 D C v @ N. e O n v O C O N e N O el N

. .
-

-@ M EL O 7 o m O o 0 0 C N N v o o o v v O' N-

W .- W
"bM

Hw N N M N N N N v, O v C N C C v O C -- OC J C D C O O C O C 7 4 4 7 O v v C C
La D

-
b Ci O<v Z o

|

N k .m- O D @ C e o O e @ @ e C e e e o e e eaee n am- a e
1 O I GEL a

. a. e e e a e o e o e o a
i N + pWe .

m m e o m . . e o e . o. . . . i. e. .

m
. . . . . P

a o e o m o e o e, +O @ JH- @ O @ @ O @ @ @ C @ D @ @ O O O @ O O, N w (M v v v v v v v v v v v v v v N v v vI v ens
O.

N % b b N N N b b b b b b b N N N N'

O one n O O n n n n n n n nn n n n n n n O
,

L i
.-
een a L O O O O

O. O. O. O.
O

O. O. O. O. . O.
O O

b. O . O.
o Ogr . . . . .

I
*

.

O. O !

ama M WW O O O O O O O O O O O O O O O. O Oeest M H b N b b b b N N N b b N N b b b b
b}' b gL W

4-L E. n

1 knsM H | |
teH e L O O O

WZZ W WW O
. O. O. O.

O<>-O Ir .

O O. O O O O.
O. On O. O. O. O O

O. O. O. O. O OJ . .

O O O O O O O O O O O O.OE34 J H C @ C C C C Q C Cl C C C C C C C C C Cm - - - - - - - e e - - - e - e y-e -U <
gust 3==sp O ma O O O O O O O O O O O O O O O O O O! OJ M- O O
mee 4 kt O

. O. O.
O

O. O O O
O. O.

Oeea J um .

O O O O. O O. . O O O O.
O.

O O
O. O. O.

O O
. . d. ,

O O O O. O O O O, O
f'

.

E Lw

aen. Z.

C O O O O O O O O O O O O O O O O O O! ONau C 3 @ Q @ Q @ C C C @ W C @ C C C C @ @ r- - - - - e - - - - - - - - - e - - W - t- O
bM QF M 4 M M M M 2 M M M M V M M M M V M M M

-

U n <W U J U u U U u U U U U J U U U U O O O Uw . Z O@ H h & H H H
F 4 J @ p n @ @ n n" W H H H & H H H H H H H

* O .M W @ @ @ h n @* W n n n @p- L
eI X .

1 L
h

.E . .! W O O O b b o O O O O N N O O O O D O N b i;NOO O O O M n O O O of C M M O O O O O O n. P )j ZH J L O p @ O
O. O.

O O' W Oe
O.

e o O O O e. O
O.<WL <

O E Q Mi E
- .

4W IO W - O; E
Zo i W j

sWZe I
.>30- I &

.} h'

e %U *

Or .e. O |n400 Z
[kWOE <

'<>aw I s.OMmJ M t

h*C O M C C C, C 4 C & C 2 O O C Q C C
-

l ZoXZ < WW r b' UH3W D EE C 0 C O O C C M C C C C C C [
;

< J W< O O O| O O O O p C O O P O Oe - -g - - - - r - - - n - - - - - -mL T O 4 4 4 4 4 K 4 4 < K < < < < < <er e W W W n w m % D @ n n % W W % W W | |feDe< Z
Lb -

8 );eg < L- -
EO. H R

Z. Z.

- = = - - -- - . - -

Z. Z.
Z Z Z' Z

Z.
Z

- - f
Z. Z.

Z WZJWnN o OW jW>s- D -I O O O O
.. e e s ' s p i i- ,0 0 0 0 C O O O O O

> < C, r
e W W< C @ 3 C C 3 C C 3 C 3 C C C 3 C

,

<3 OZ p m- - c- - - H p - - - . m- - - - ea O< a W m M J m e 3 M M 3 M M J M M M 3 Mt MC00 . 4 4 7 4 4 4 4 4 4 4 4 y v 4 4 4 4 < T 4 t

M. JWE.Cj
',|

1 O
DWo . H i

W6 Z

O|<>ZI< Os O kW L L 3 e c 3 L L L 3 c c 3 L L L 3 ccO :CL E I O J J c Z W E c J W c mE E T c al s *E E F w O> > - 3 W W 3 - M H 3 W p 3 H H H H 3 y W J04E. OF } W D < c m 4 n n @ < m D 4 W W m D < uo
<

0-W g

| @<
-JJe

LW C @ C C % b b b N @ e C C C C-Os -
b xxOs CE O O 4 O O O O

-
N ODE 3 04 o o u o of uO G4a Z UZ

| - O |
! s - I
! - H kW < < < d C Q m 4 4 4 O C C M < < O

.
< OE b C-

C| C
C p b b N * N N b e o o3 04 BuO O O O O O O O O O O O O O O ,o. O Z u u o u o u o u o o u u o uZM W

. -E r
W E J 3 E J 3 % J 3 E J 3 E u3 E J '

.

E> 0 L. m G m @ O O Q
'

N N N 7 M M v 0 Q C V. N 4
-

4 L 00 O n O O C C @ C C C C 0 C C C C C Or C'

WW 4ZI [JL M a.

O- W .:

l DL M ZW -OZE o Or => '

I W W %< OZ
1 ML E Z %O
l CD W u l

|| We e w
, _

..- ~ . . - - - -. , , , -. ~ - - . - . . ,. ~ - - - . . - , ,



I
_ __ _ __, __ _

_ . - - - .e u w . -. -- % , - ms . _

--
-

-

.. , _,
*

!
-

1
,

'

I,

MO N m C N @ n m N N* n N @ n G m @-
M- a v n - n N n c c oav n @ c-
WW N N O N N

~ | W -E O.
. . . N. O. N. . N.

-

O O O O O O O O. O O O.
N.

N N
N. .

. O g< |~ .

O. O 4 0
,

O O-

- M
L *

- |00
C N c O o e cO 4: N v N e v c O M-Oc I WMa o v

c .- M DWM N.
. N.

O O04 WM- . . . C.
m:

#. O O O e
, . N. v. ) .

N @ O c v m. . . N -v O - n M-m -M LEL T N c O m v M O N O v N M N
'

N- -W- W ZHw Q c O N N O O c. O v N O N N N N-
C* J OM c D C C @ @ N @ m o m@ m G @ iG(v Z O i -

- - -L- 3
-

] o.
N < .M- e e e e e e e e e e e e e e e e O ;M 3M- O m o m @ m me m

I JCL m m.
- - . L. m. a e- . L. m. . m. m.+ OWM .i.

m @ mp @ m m ma @ m m m O 'O M JH- O m m m m mG m m e m O m e @ m O (N w 40 4 Y Y v v v 4 4 vi 4 V N Y v v v C
Q n== - O. N N N N N N h N N N N h N N N N Nv ===

O O M e M eW M M M c M M e O M M
men
mem3 m L

O. O. O. O. O. O. O. O. O. O. O.
O

M MW O O O O O O O O O O O O.
C. O. O. O.n) og

mem O O O OemmL M W N N N N N N N N N N N N N N N N NM W
<-D E

kMe W

O. O.
O O O I*H M L

WZZ W MW O O O.
.

O.
O. O O) O. O. A. O. O. O. O. O.<>- Ir

O O O. O O O O O O O O OOED J W c c c c c c c c c, c c c c c c c Om - - - - - - - - - - - - - - - Cumag . < i3
O]n== 0 Ma O O O O O O O O O O O O O O OJ M- 0 0 0

maiU 4 EL O O O.
C. O. O. O. O O

O.
O

O.
O

O. O. jeen J WM .
}O O O O O O. . O O. O OO OE 'L w O O O O O O O O Oman . .O .O .O .O .O .O .O .O
'. . . . . . . . . !man. z - - - - - - - - , - - - - - - - -

- O
, b ~ kW b b bbUb}ubb b bbI bM EH ;m 4 z OM & H H H w H H m W W W W| H H

m C .N < J M <M M M M M M M M M M M M M M M M
;,

W' La- ,

X I

. E' I. . I ;W O O O O O O N N O O O O O O ONOC- O O O O O O n & O O O O O O O -

i
TH J J L

ecCM r
- e. p O.

O O O e
O.

O,
C. C. O.

O O
O. m. .N4 < < m !<WL < . N N

Z z 3 .
i

@ - - - - - - - - - - - - - - - !-MW- E
ZM W j

lNWZ = I3c- H
* N !

OE .O ic O | in<OO z
|kWOL <

. ( '4HJw \OMcJ M J,

eQ Q < 'O C qd S C C d C C C S O C E
-

ZOX < -W t iOWDU O CE c c o c o O ci cM c c c c c c< J W< O O O O O O Oi O b o c 0 0 0 0M - nz '

mL T C <
- - - - - - - - e - - - - - -< < < < < < < < M < < < < < <mE s. W

f 1 .|
M M M M M M M M C O M M M Mmoo < z

ANM -

3og <
E0 H e Z-

- - - - - - - - - - -zz z z zz z Z z dzJunN M OW e e e e e e et e e e e :WWs- 3 -E O O O O O O Q O O O O O O O. H4ce M H< 3 o o o o o o o 3 c c c c H @ c o H .> <3er oz c - - - - - - - c -Fa W 3 M M M M M M M 3 M M - - > W - - > adL O< ,M M 3 M M W 3 i% OOM . M < v v v v v '< v v 4 Y v v v1 Y < M V v'. 4JWE O IJ DWs - > '

H6 4D Z
<- < O
C > Z Z''

O H' W 3 1 L L L L 3 c c 3 L L L L L k > >
J>

HO EL c E E E E E @ J 4 d C % % C E W J J HI E W w Op 3 - H H H H u W w 3 > e W hH 3 < < < 3< O<E OH ) < M M M M M < c < M M M M M < > > > <O-W-
3 !

- -JJ-
Im -me - LW 'm m m m m m m O O O O O P - -N XXOH IE O O'- .- - - - - - - -N ODE 3 Od O On m<L Z OZA O

IN - ,

- H LW m e 0 i< < < O d O N O M M v W O |
-

O*

< On m - - e p@ qm- o3 O< Q O fO O O O
- - - - - - - ,

I- O Z O O O O O O JZM W l
'

-E '

IW E 3 E J 3 E J 3 E J 3 e J3 *E> 0 L . N N e m O A N N O v c c c c N e a
-

4 6 00 C C c c N N
- -

N N N N N N N N N N N N NWW MZ l 'JL M ^
O- W .

30 M ZW -OZE M DE ZH ;
W W E< 32 |ML E Z KO

1OD W v
|WM M w

1

i
, . _ . , _ . , . . - . - , , . . , . , ,- - ~-_



1 ' . .

f
4 ~ r g( 4 ^ ;

]
| | 1

V f
~

I

-

sO 5 0 5 2 7 G 0 1
-

3 3 4 9 1 65
NI 9 5 9 7 5 9 4 6 C 3 G 3 7 R 8

E TR 0. 71. 0. 0, O.
2 . . . 2 2 - . J1

ET F 3 21 1 1 1 1

D RA .

0 G 0 0 0 0 0 0 0 Q 05I

I
~F

D ~
O D 7 s 9 8 9 9 8 0 9 281 1 1 i1G M ES)

04 TSI 6 D7 . .
5 9 s 7 29 9 6 6 ~ 8

4 9 G 9 0 9 9 . W661 T 2.
. . . .

. 2 8
G: S UES 1

19 S PRP 2 4 0 3 8 2 6 G G 8 6 0 71 1

E1 E MT( 3 B 3 4 9 3 9 0 2 4 8 7 4 3 9G: L OS 7 u 7, 6 5 7 8 6 0 2 9 8 0 Q 6A4 N C 1 1P1 U ,

.
)

O_2 A .S) 0 0 0 0 0 0 0 0 0 0 0 0 0 08 S WSI 0 0 0 0
5 H LRP 0 0 0 0.

0 0 0 0,30 0 0 0 Q 0/ + OES
0 0 0 0 0 0 0 0 0 O. 00 S LT( 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0

.AS 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 -/ (

0 sse . O.
4 eos 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

-

3 3 3 3 3 3 3 3 3 3 3 3 3 3 31
1

esstt
saaU = P 0 0 0 0 0

O. 0 0 0 0
S SE 0

. .
0 0 0, 0 0

=eeJ CM .

0 0 0 0 0 0 0 0 0. 0 0 0 0 0
= s s P_ S T 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7P E

A1V R
F3 S_ S P 0 0 O 0 0

O. 0 0
U.

0 0 0 ~
T

T _

0 0 0
_AVIO HM .

. 0 0 O 0 0 0 0 0 0. 0 0 0
.

ENN E SE 0 0 O

CRUU A

L T 0 0 O 0 0 O 0 0 0 0 0 0 0 0 0B 6 6 G 6 6 G 6 6
~6

6 6 6 6 6 6
sssB W
aeaU O S) 0 o 0 0 0 0 0 0 ~O 0 0 0 0 Q 0 -T L SI 0 c 0 0 0 0 0 0
assU A TrP 0 0 0 0 0 0 0 0.

O.
0 0 0 0 J. 0 -seep L ES . .

0 0 0 0 0 Q. 0R P( 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 -

sss- N.
8 F8 8 8 8 8 4 4 4 4 4 4 4 4 .ese

_1 1 1 1 1 1 1 1 1 1 1 1 ~ 1

OK
1 .O

-K I O1 K K K K K K K K K K K K KC S AE C C C C C C C C C C C C ~ C C Cs . N OS T T T T T T T T T T T T T T T

e D .S
T A L S 3 S S S S S S S S , S S S S S

.-d PsI
H X

. R . ;. E 0 D' O 0 0 0 0 0 0 0 8 8 0 0 0ZOD) 0 D O 0 0 0 0 0 0 0 2 2 0 0 0HT L L F 0 1) C 0 0 9 A A A9 0 0 9 A A 8 0 01 1

AEP A T 7 / f / . 7
_RN3RDS M S j N h1 1 1 1 1 1 1 1 1 1 1 1J 1 1 1

3EIp R '

~ .

NS _ E .
/EN3 H
WGI _ T

_

-
- /C
0M .f D ~ _t

3 A G Q. N _

FED A ~ATLR ,

~_C S D t, S L -
-

l
h D A B B B B_ B b B B G u B_ B B B B B -

I

NOXt A IE

T __ 6 6 G G G
-CTUE O RM 6 G G G 6 WG 6 G _

-

G .

A L EA 0 o 0 O 0 O 0 0 0 0 0 0 0 U 0 0
.S TN T -; 1 l 1 L 1 1 1 1 1 1 1 1 T 1 1

P 4 D A A A A A A A A A A A A A A A A As1 - E M S S S S S S S S S S S S S S S S _f

eU8A N -P7S I

' ,

_
_R A -

R0: T R ,

FOLE32 S OE -
O O o O O O U ._1 ET 1 U IM O

. TA6- S TA G G G G G T T G G T G 5 T O 0 0 0 W O 0 -

J

T'V AW M
E. N
C f T S 8 8 8 B S 8 .I I I T T I I T II

KP D A_ S 5 S S S W 5 S S W S 6 W S S S 5 W S S)

- DCS

UE L
. S 4 4 4 4 4 A 4 4 4 A 4 4 A 4 4 4 4 A d 4LER D

. T R R R Hl

t. TF .Q Nj

-- - - TA A O- O
Q Y M {[ C lPE P P P P P T vV V T P P T E E E E W P P

lP R R R R R T l L 1T R M T E E E E B R R n-.
M R T ( oY T T T T T W A A A W T T W T T T i W T T
A 0AM CT

~ S S S S S A 7 V
V_

A S S A B B B B A S S\
-

__
0IE- ~

_.. 9.
1LL1 ~
IB- PE 2 2 2 2 2 3 3 3 4 4 5 5 5 5 6 6

--
1

1_
1 T' [ 1 1 1 1 1 1 1 1

7 XXOT 1
1 1 1fM1 1

/ OURW OA -
- 5 BAP N CN
- / I

~ -
- 1 O

O. 1 2 2 2
_

.
1 T PE 5 G A 7 7 7 8 9 9 9 0 0 1

1 i 1 1 1 1 2 2 g_ 2 2 2 2 2A CM. 1 G1 1

L_
1

C.
U DA

_. O N -

D
NS E_ IR L RE R R L W R L W R L W R B B L W R .
RV O P
A F OO.

8 9 0 1 2 2 2 3 4 4 4 b 5 5 G G 7 7 7 8 .
7 7 8 8 8 8 B 8 8 8 8 8 8 8 8 8 8 8

UP S NE ID.
78EE SN

LP S I

CI E
'

NR S UM NT
E E RA UN

SP R N RO

j |' i'. J

-DU T C
ES S
'f

(

' i , ,



. . . - - - ..

. . . _ _ _ - - .
- - - . . '

. _ _ - _. - _ . - , ;. ;-_ ,
- - - - - - - w :g. w =.a ; , .. c. .u u.w.n.m--r.-: ~w. .- m -----~~-~1.g. ~. w=

- . =. ,m. r.~e.5m.y: g- s. w m;pc. p.wr.,m--: . .

.

o. .
. n u.

.

--

~~ m. .=,.a m. . .-. r.w.: LC.q:w.s, :.m . c..c.g.;; . .:.c m- .-.~.- ~n.v

7.!f G M. A. m ... 3 5 M y S. M.,,- W h. 4. m . m;.L.: W aM;95.M*p'.MW.w ,W:.y; .:._cn
~;

M,. m, a., .;g .,
r x .y.w. . , ~,p. a m ,,

D W*S. ; ::.s.- e g 9:.w'';h,m.+..L 2
v.g.-

.

M .:. w::~.

WM Mh TSMM
.- .....~.~ _ . ,-;,-. .mng ;,, , ,, . ., ,:. , , _ j =,;. ,."-_'U .

.w_. -

g.
. ,- g.:,n , ,3

.;.t. r : ... .. ~....

w.,.;3 ho.J..
=. ,:.; .c.;-.:.. w .:,y. =.

;-- * w -.** w.m.*( . . . . . .. .. + .,. . . . ..
.

.
.

. . . . . ".,, . .e.or m. .a .. ~r . . - .y . tm* *.
,esa%_=, * e**. W A,.7%_* . * 'w.~. .; s

.
.p..., 3..

. . , , . . .. ~ . .

.. ....2..
. .

- . . . .
- -

.
' ...

,

:" ..oa; .. . .u ...w. .-

= = = = -
-

-. -

w

| |-

i

|
|MO N O N N v C M v N N @ M M N OM- -> N v v c v N N O 4 N N NWW N

W E O.
. N.

N
O < . N.

N N N
O O O O.

. . O. N. pN v v.
O O O O O. O. O80==

- | iL -

, i -

|0
0 r 10 C N - T N O O O c) m N O O VI CNC r WMa b m

. v. v. d. . . . :.O v' b- o . . v. O Q b n v> v. N, o
.

C-- M QWM N v Al N b v O C Ol C).
.- O m V -

- C1 O ,.. E L c N O N O C c) Nl O N @ O N v c IW- W EM- O A N N O O Cs N s -- C N N C N iO. J OM N O O O, Q Q m C O Y G .O O C: O g<v Z O - - - - - - N NL- 3 .
| j

.-
i !iN < .Ma O O O O O O O O O O O O O O O !COI m 3M- 0 0 0 C O O ONl + OWM - - - - O. O O O Ci

W I '.J E L o - - -

O- O O O O O O O- O-
O. i

O O
- t. IO 6O @ JH- O O O O O O O O O O O ci O<m c |O |'

N w L') o e o o n o o n 20 o N Nv .m. O n ~ n n n n n n n ~ N n n eO *** ; e O O O O O M M M e C o M v v
mum
s a m Di a C.

O. O O
een J @ @W O O.

. O] O O. O. O. O
O. O. O

O.w or
|O O O. O O O O.

.

O' O tO O Oa m a n: o > b N N b b N b b b b b 6 o bl N -

f. W
4-3 C' { |

| Ik n a ttX & '
'H l M L O O O O) O<>-c =g . . . O! O. O O O O.

.

O.
h. O O| C I

WZ* W OW O O O
,

O. O O O O O *
. .

g .

O' OO 'O O
.

| h
4

OED J > 0 C O O' O O O 0; O O O O O O O p

CD C C C C Q C C C C C C C C C 's<
f Ut Imaad 3 i IaamQ O Ma O O O C O O O C1 O O O :O O O' O . r-

PH J M- O
weed J um . O.

O O O

emeD < !E L O O.
O.

. O.
O

4 . O. O.O O 3

E Lw O O C O O O C:,
O O O.

. O.
Q

O. i;.
O O O O O O O t

O O O O O O O Leme - 4 y v

~l .v
v v v v. v v v v v v veap . Z - - - - -

4 O
1x -

,<O - x. g ze e r s x s .g w z eM W O 10 0 Oi O O O O, O O O O O U. O .e Z Om > p- W >| w k > w & > w >- > W. > l*C 4 J W M W D @ n W V @ * m n@ nW W
{.H- .M L

f 6 .

I. . .i
8 X

) 1. I
'

-E W O O O C C O c e o O O .O O 0, o
}.

'

NOON O O O of o O N N O .< < < m oo o O- O !..
O O C C m nIs J J L O jo e T v o < e- -' < o

i <Wu <
-e

. s s A s s F. 4 . s| eEOq r 2 - - 2
ZM W

-
Z ZZ - e' o L

- - - - - - - - - -

nW h E|
{

8
a

| | t
,

i N W Z ea I
30- I & , p

b* N (Cr .O C | |' ;n<e Z
LWO <

|
,

*<ra i !

O nco o g
- * O

t< W
O 0, 'O .(D O O C 0; (D |C C3 I

PZOx- <UWDQ O TE: e e el i l!e ej e le o e; O C e e no a

o .| .J p< O O, o io O< O O p O Oi O 3
5

O 10 C
-1'pZ g- - r -t - t- -

4 < < < <g <- r -

< < < < - -<
V.).

eL o g .
t < <f <.r F"r

.e . W o . we e o o o e o e oe o nm | g ,iDe Z j t
. -L S M,

i --

*E < 8

20 4' O O |W PZ I
JWON M 'O W | Cf C |

I | !m -w-em D -r
.C O O O H O O O k O C O es i

- ooe<c M >< O 3 O O 3 1

|i <3' OZ C O dO O 2. O O W W O C C > C W C N N a
| C. O a W M M 3 t/M M 3 m M M M 3 M M M' 3 tt) e M x' x IE| OUMj - M v v < v i 4 'T v v v 4 v v va 4 4 (v v Y v N

J ".J * J >
J C4 C'

(w * i !Di E E E Ej E j'1. 76- 2 s s e e al e i<' < 0 0 LW L L 3 0 3 W W W W H > > > H L L uW 'O >Z O 20. E Ic; CD J (D W W W W H A .J J! > E kr E M W lI E e- w O> > > 3 W 3 1* r > > 3 < < < 3 > d- * H > lO<E. OH ) M e < go < |(0 c0 c0 < > > > < M 1 M l.J L e
4

O-W (

C.
.J .J - t i

| i-ce - LW C C C O N b
IE .b

b c C C 01 01 @ vi vb xxOk - - .a-

N O D Cc 3 O<
- - - - -8 b- - - - - -
0 O iO CD( L Z OZ lO |,

-

; N -
i

|
1 - a > LW v < < < O (D cD 0 01 C C O N O C m O Ol

| < Or N O O C, o O 60 N NN N |N N N; N N N M & M'

-
n oc - - - - - .

I



.a. .. . - . .

... .

- r: m. . - . _ ., m, -- se_____- --

- . . . - . .

6

,

I-

i

!

C IO e C MMO N e V M v'eM N- - - -
M- b e N m O N v N O O vM m C C W -WH N W M N' N N

N.
.- c z< . . N.

M
. v. M

, M. v. f . . 4
'

- W >2 O O O O O- 0 0 04 0 0.
M. N. ,W.

O. O O0 0 CM-

L I-

f I

b o O e e v N O. M C a N M N O M N sOMC WMa
O.

O @ O C m v e M N N
C M OWM O - O v O.

~.i . . . . - . .
,o. e. ci N.O v.- -M- {. . -

N} O .

N O] -e N N M v e~@ M LCL C b N O N! G N M M N N C Q O O-W- W CWw N - N- N O. C C O O O v N b 0-O- J OM O P O'4 O N N O
-

@ N G O C1 e- - -44 Z Q I
La 3 |

i |
N < Ma O O O O O O O O O O O O O O O O Oe M 3M- Cs + OWM . . O. O. O O

O. C. O. O.
O

O. O. C. O.
04

O. I. ) |_ -Z JCL O O O O O O O O O O. O O O O O OM JWw O O O O O O O O O O O O O O O O O I(M O 3 O O O O O O n O O O O M C O' O l
w

d ama O.
wum b N N N N N N N N N N N N & 5 N bM M M M M M M M M M M M M .O M M~

l
==m
enn u 1

O. O. O. O. O.
O

O. O. O. O. O
O. O. C.

O
O.n og . . 6

mum J M MW O O O O O O O O O O O O O b O. O Oamm e > b N N b b b b N N N b N N b N bW
*

i <- C* LMe >

t WZZ W WW O b O O O O O O.
O. O. . O. O. 'o. O.

eH M L
O.

O
O.

O
O.

O
i. . 3 O.

O O O,
O. t<>= gr

p _4 |O O O O O O O O OOED J > O O O O O O, o o O O O O O 'O O O Om C C C C C C C C C C C C C C C: C<
i iumme 3 I Iam*3 O Ma O O O O O Or O O O O O O O O C: O *H J 0- 0, 0 0

O. O. O| O.
O O

. . . . . O. O.
O

O.
O Oenng J WM

O O 0: O O O O O O.
k. Ienm2 < CA O O O

O| O O O pc Lw O O O O O- O O C C O O O O O O O
mom. 2- ]'
mum 4 64 Y Y v v. Y v v v v v v v v V. Y- w - - - S - - - - - - - ,- - -

E -
| |. O

M} M
'

CH M M M i M M 2 M M M M .M M M fa M <W O o O
b;
0 O wO O o O O O O v 0 uO y'

'
u Z OM > V w & H w & > > e > > M H H
NO. < J M V M M" M M M M M M M' M M M M

-

'
L Lm-
X r,

. c' I. . '' W O O O O O O O O O O O O C . O O: O !N O D -1 O O O O O M N O O O O O O C O O; O<

ZH J J L O P Q C < < @ O' M C O O N e 0;
O. iN< }O. C.

4< W LI <
MCOM E M-

- N N l. 3 1-- Z Z ZMW-C c r )
- - - r

| |
'

s W Z e|
ZM W i

Z |
30- 6 >

'r.' F

a '

* No
OE E O |

j |

M<Oc = -

| .

i !LWOW <
.| ,

,

<wJH p
UMCJ M J

h'
*O O < c4 a c m4 C C d C C f C C

-
I

ZOM" < -W t ! PO*3 0 Zr C C C C C C C C PC C C C C' C k'< J J4 O p O O O O 08 O p - -
- - m -

C C C p O; O qM . >Z - r - - - - , - - tat Y O < < < < < <l < < < < < < < < h
m o o d+3*C U - M M M M M M M M M M M M M' M | 1Z i l

. L b. M } | E';-

e; < a
ke M O .4 H W JJ

.

'
t

'

JWMN M OW
k.

6
I I | |- W-.- 2 -r

.o H O O 3 O O O 3 O C 3 O O |
i- H4 0 . - M -< O O H O O ,

<3sr OZ c e m > c o b b C C C @ C C c o @ c C C j p
* t
8L O <t a W M O M 3: M M M 3 M M 3 M M M 3 M M 3 (? M00 - 0 V i 4 < v v 7 < v v < v v v1 < i M < v>.v

i

h
,

JWZ M i '

}s sm.. H
Z' H6 C i i .

f|

-

< < Os LW L L L M > >b H c. c 3 .L 1. 3 cd 3 L| LI
O > Z Z: O EL E M % H J J U * J J C % % C C J Li C E C b

'j- <y E e w iO> r - r 3 4 < < 3 W W 3 e > h 3 W W 3 m * EOH T e M M < > > b < c < M M M < O p < d M eO(E.O-W j'
-JJ. g f '

<

l @ -c. - jLW G @ @ O O O < < < O O m- -b XXOH CE N N N M
|

-

\ 0323 04
- - -

O O
- - - N N - --

N N N O O M N'

3 m<L Z OZ
|O 1

"| !
iN = t

- H 'LW O < N < < < m m m < <| O
- 4 4 aa O< OE M O M -

-
5 - M M M - - - - - M O O O O- 3 04 M - - - - = M b b b b bO - O Z O O O O O O O O O O OZM W
'

-E
W E E J 3 E J 3 E J 3 K J 3 % J 3 d '' e> O L. N o e e o O N N ~ M V V V W oC .

-
! 4 L 00 @ 3 m G G O O - -O O O O O O O O O O Q Of WW MZ H-- - - - - - - - - - - -1 Ja M =
i 0- W

DL M ZW -O..
'

i Zt M DE Zr
W W :4 DZ

ML E Z CO
1OD > 0 |

_ |WM M w 1

|
|

_ . . _ . _ _ . -. . _ _ - . . .. --- - - - - - - --- - - ' ' ~ ^ ^ ^ ~ ~ "



-. --
, - , .% w m _. -

_ _ _
*

. . . . - . .

- ) i
,

Ii,

00 @ N O e W M O N b- - - T T M @ @- - -
0- N O O C v O O O v. @ O O O C C N M C @-w N O Mi V M n M N M M M v N

--

- ,e m
- .

O-
4 . - 1 . v.1 M M M.N

W O O' O O O O O O O O'O.
. . . .

O.
O,

O "< i . - I.. -

O-O O O O
6
-

|
,

1

|

(O
O

i

O C 0 O O N v - C C, N @ N N C O @ C, M- -70 E WMa N r o c
-M- , |- . . . N N - Ni C N @ C

. [. . q . . . .
7 C N M M

.0 7. -
-

- .C O DUM C W e N' @ N N - O O N - v @ N N @ N. 3 .C, @-@ O SCL c Q C v v @ C M; O @ b O O O C C O - -W- W ZWw v O M O O N - C @ v C N @O J OM O O n'v Q
, M C. O M > 0

C; 9 O O O @ @ M N O O. O- - -< Z O
L D | | | ' |

I
O|. O I i

-

N < Ma C O O O O O C O O O O O O O O O O Oo e 3M-
O. Q

I azL O b o.
O.

O
C. O.

O
O. C. C. O.

O O O o O oOi. O
. {O d . i+ OWm

, O O O of O O C O O.
. . ;. . .

O.O O C O Om Qww O O OF O O O O O' O O O O O O O O O O O(M o o Oj O O LS O O' O O O O O O O o o O O
w

e eam O N N N N N N N N: N N b N h N N 5 N dNd me. . M n M M M M M M
t

1...E 1 I MI M
M M M M M M o M M, M-

r I| e m w D- n .

O. .

O.
. .

O.
e.

. Oi O O D O. O O.
. ' . . .

O O O O A O 0, o O
wee s o QW O O O O O

. O. O O O O O O Ow QL ., . .

O O O O 'a m a t, M > b N 5 b b b N N N N N N N N N b N N N. N<N \
IW

o e
LMsW r

.
|

*H I o L O<>-o In .
,o. O. 04 O O O O O

O. O. C.
O O

O. O. .O. O.
O, O

4 6 . Js

WZr W WW O O O O! O.
.

O. . O O O O O O O b O O O.O OOE34 J > 0 o O O'- 0 0 C O O, O O O O O O 'O O O' OC| C| c cM Q c Q c c c c Q C C Q C C C C? OW < t i l \iumwe 3 | I
C|i | IamuD 0 da o o O O O O C O O O O O O O O ON J e- O O O O O O

ma=7 < CL O Q O. Ol C.
. C. O O, O O O O O O

O.
O- Oe n o t! J We . |. J q . g . . . . . . .

3 .

O O O O' O O O O O O O O O OA Lw O O O O O O C O O O O O O C: O O O O O- Oemn . | v y v v y v 7 v 7:
-7 7 y v vv v v v v- gnum. Z - - - - - - - - -- - - - - - - -

M - * M M M M M M M M M M M M M Mi M <W O U U O, O O O O U- 0 0 0 0 Os O O O O G O 'u Z Om H H > mW W - > mn & % W W H & H H H' H=O < J O M M W
}O O M M M O O O M O- M O A M

} } | O| jMma - A

. E' I. . .
X e ; 1 I

O]
IW O O c (D C O O O O' O O O O O O O O O iNOOM O O O @ O O C O O' @ O O O O O O n O O O -=> J J L O P v v Q O Q

O. V V O O O O C M v Ci O |<WM <
MCOW E

-
l. I. 4 !O

M W - O: M '

[ZM i W i i ? !

|'
NUZe * '.

: i. j4 30- ; r
z h.| CE E o } ! tNO

|
,'

| j5M<Oc Z '

; .

|!'
: , 'wWQw < !

* .

|
>

+

<>Js | I6

-UCc4 C |J { [ I I I

I
.

CCX'C
O < g C C C C 4 C 1 C C C C C C C r

!. be e C e e e e e
C < -W I

O - c u. e =c | b

|
e C

e! o ,
| < > J .u < |

- - w - C - - - - - - - - -
.

C O O O C C O O O O Q O O*
, m .1, +:
( *L T C < < < <j < k < < < < <, < < < < '

e

.g,. g p o e e o e e o e o o e e o e j jLNn - '
2 0' E|

<
., n 2 *

O CW | t n

J W M, N,
O|, O | 1W- - 2 pr-

-

> < c r'l
;

<3 OZ e , O O 3 0 'O O 3 O O OM < O 3 C O IO I |> m e ci c e m e e' e o e e e, eu,, L O<- e@o 1,
a e i,o e 2 o e: 3 o e o a e e 2 e ei e-

3 n at eC 0U0 - i " 4 7

d O W ' ;f k
7| 4 Y v v <: 7 7 < v vi y 4 N v C v

|
'

J4% ( O t i i
I | | | }h N'cB be d3C LW L L t L 3- e eb L L L 3 m e ? Ac w- O 26 e o a a O c z e e- _ U u >a pe ee M u a ee 4O C m 07 F 4 W L" 3 e r > 3 Uw

W; H 3 L W 1 e
8,0 4 E . ,|< !ur i o < m o < o e0-W j ' e ee e < e o o < m o eo

I
j j |t - -Jam

- ly c[ @
X X O F|
-ce - - O O N N c O C e M y

,

1 S CE - N b
I N ODC3 O< N O 0;

- - - I N N- ,

pJ .b- - - -
N W N

|'O N} N
O N O |N lbO h

N -

j j i
tde- w su < < < m e e < e< m c e < 4 4 ej.- 4 OE - - - - - e N NN N aN N M M b M M M3 O< b N N N N i

ZM<
0 Z Q O O O O 'n b N 6 N b N N N N N N N jO O O u a O O O O O O OW |-E

I U E J 3 E 3 E J 3 E J 3 E J 3 E J % 2 '? E> 0 L - N ~ N o o @ O O O N M M M i 7 e- > -' < L 00 O O O O O p-
- - - - - - - - -

LI tdW MZ
- - - - - - - - - - -

I JL M -
- - - n - - W - -

l 0- W . |
DL o zu -O,

; ZE M DE Zw
W W T4 'D ZML E Z 20

| W . ?_ . . -
- 0 1O? e
'

* | |



- - - -
,

====:

- 7 ====== - I
,

4
-

,

I
. i

!
. t,

i MO v p N M C N O e M @ NIN- - O M M N e OM= ' O m C M O O N v N 4 m O OC- - O & G~WW f*
-

. N. N. N. N. i N. . .

O.
4, .

O zg . . N. v. O O
A.

N
W MC O O O O. O O O O O O O O O O.

O. pC O NN
. >

O O O- O- @ >

N k
O I i
O D C O O - O mM O O O e O O O O M 2 M N OOC E WMa m. .

Mv Q M C
C- M WM N 3 O.

. v. t . - C. O. O. .. . .

M.
O. O QO C b o --

OT M-
.

v N e b N Q N m e n e mb O.
. .

N N-O M cb N O S.N O N C m N N C M C O C v O m N -W- W p>- C - N'v C Q .4 0 cN N M O 0 N m m OM m N O Q e o N m n'w- -O*4 J CM O O M -- - M vt O(v = 0 --H -- --- - - - - -L- 3 |
|

N k |.M- O O O O O O O 'O O O O O O O O O O OM 3M- 0 0 0 0 0

. O O O.
O. .O.

O
O. O. O. O. O. C., opWM .

O O O+
I JCL O .

. . .! . O O O O O O. O.O O O O O O O OM JWw O O O O O O O O O O O O O Ol O O O O Q O(M O M O 0: O O O O O O O O O 0; o O M C ppw

v ame O N N N N N N b N N N N N N N N N b N N N a

]I C mme O n n n a nn n r; n C o n a n C mn n
.ame"

-

O|
O.

mana a L
O. O. O.

O
===s M MW C O O O.

O. O. O. O. 4 O. O. O
O.

O
,. . O. O. O.o Og

IO O O O O. O O O O O O O. O O O Omano M H b N b b b N N b N N b N N N b N N b bO W
4-3 E

LMen > 1

*W i M L 0 l
<>-0 IE -

0 0 0 0 0 0 0 O'
O. O. O. ' O. O. O. O. b o. o O.Wzr W MW O O O O O O O-

. d
. O Q O4

i

O O O O O O O O OOCD J & O O O O O O O O O. O O O O O O O O O Oc c 0 C C C C O C C C C C C C C C C C C4 iammt 3
0( I=umL 0 Ma O O O Ci O O O O O O O O O O O O O O O

O.
C

O.
O- 0 O O O,. O

O. O O
O. O.

'O O O O.
H J M-.mu J WM t. 4 . . 4 . . .emap < CL O 'O O O' O O . O O' O O . O O O O O. O.

_4
U Oc L- O O O O O O O C: O O O O Cl O O O O O O*em - 4 p 7 v v v M v vt V V ,v v vv v v v T T.am. z - - - - - - - - - - m- - - - -

< C { lM - Ak M M M MM M M M M M M Mi M M M M MM <W O O O Os O O M O wO O O O Oi O O O O C+ 0e 2 QM > > > wt H W e > w & > > > W > W w w b Wno. < J M @ M M M M M M M; M M M M MM M M M Mr M rLm- i i !*: x
I i 4.c ..' W O O O O C C D C O O C D O O O O b C O INOC O O O C: m o O O 01 O O m O O O O A m 0 O& J L O p. O C' 7 v @

O. 0; @ v. v @ O O
C. n v C O i<WM < w

1 -MCOW E M
MW-0 t '

[. zM W
3 NWCW I

30- i >
1 - No '

1i OC t C | [ !n<eo =
LWLL < i
< e a v; I'OMOJ L' 'I. - *O O 6 O d ,C O O C C d O C C S O 'ICOXE < -W ,

L i6 OrOw O CC C C C C C C C w C C C C C
!

.

< | J w< O O O O O O O O O O p O OM .. r: i,
-

- - - - - - - -
et 4, O F- < < < < < < < < <

- - - - -

<' < < < < 'o-
5 e <|

s W M M M M M M M M M
| |

|
M| M

M M Mf. = ~

Lbo .e; - >
i< .

WO 4 > 2 .

* ' ,

JWON. M DW l j-j W>a 3 -E I

>i m < C.
M >< 0 0 0 3 O O 3 O O 3 0 3 O O 3 c o 3 043 or o A c c c c @ c mi c e A c c e d 2 C O @ a,

.

W' L C 4: a W M M M 3r M M y M M' 3 M M 3 m. M 3 M M 3t Mr' COM . M v v v <i 4 v < v v < v v ( v. 4 < 7 v <1 4 |J w %. . ,| C i
J zW >
I' WL C' Z

*

}d6 < O *l O LW L L L 3 m ab L L 3 c & 3 L L 3 d C 3 L
-O > C r. O It c E E

W} J J d E t{ m J W c E, e cH J di C Ir e > w Q> > W r 3 W W p > H 3 W w 3 e > 3 w W 3! W l< O<E ON M 'O M < Q c< M M < c c < M M < Q c < M0-w. 4

. -gJ. | 1
im -Os LW W W W v v L L 0 0- W N N- -

b xxOW LEr .N N - M N N N N e - N- - -
N ODC3 O< N N N O O N N O O O O |0] O(L OZ

{ j
IN -

a| e- - LW M v < < < m e e < < < m e e < < < m.- < OE M O V V V V 4 7 o o o o O O N N N N N NNf ND Q4 N iN N N N N N N N N |
- - - - - -0 - O O O O O O O O O O O O O O O O O O OZM W

-E
W E I J 3 E J 3 E J 3 E J 3 E J 3 E J ME 8E> 0 L

< 6 OD.
O p N N b oN e Q m m O O O

.

N N e- - -
- - - - - - --- -- N N N N N N N NWW Oz I - - - - - - - - - - - - - - - - r- -JL M -

O- W . |
| DL M ZW -O *

'ZE M DE ZF
W W %< DZ

ML E Z bo
c3 * FO )

_ -



r

|
.- ,.w ww . em e e w .

-.
. .. _ _

_

,,,.

-

!

i

i

OO O O b v o 6 m b M- N N N e b N @-

M- @ O N.4 n @ IN N = b N N N v - V Nm WW N N O V N N O Y Y M M;O M V O Y
bbb bbbb ~

b b|b bb| b- v>
L'

- Ii O
O D O O M N v N En v - O @ O b @ C- -CO E WMa O

O. M.
C @ C @ b

C.. M OWM @.
.

M.
. . . O. e. @

N.
O so

Mr to O M C.
M.

eOy -M- ;.
N M @ p M @ N- -

=@ M AEL @ ko C N O O SD C b C C N N v M C @W- U ">w C $0 C v C - Q - v, C O O O O C O OC. J 3M Q p M @ @ O v olN N N O o n C 1
- - - - - - .N.

-

<v Z u - -N N -- -
L- 'D | |

N ( .Ma O O O O O O O O O O O O O O O O Oi
O M 3M- 0 0 0 0 0 0 0 0 0 0 0 O O

'

I J%L O D O O O O O O. O.
.

O.
0 0 . . O. - O.

*

N + p Wu) l. l
O O O O O O OM JWw O O O O O O D o O O O D o O. O O, O

(M p C N N n o b o o O O tt) O c' c- tr naam O b N M M b N b b b b b b N N N N bmam - M M V V M M n M M M M M M M M M M
| mam ;

; man M MW O O O. O O. O.
O.

O
O. O.

O
O. O.

O!
O. O. O.

aem n L
O. O.

O O O O
Og .I 3. . .

O O O' O O O OO O O O O
',

.

LMsW| O)O

-

man M H b fb N b b is b b b b. N b b b b b M '
W

< - D' E ;
,

e,

0 0 O O O |
.

e> M L

WZL W MW O O. O O O.
j . O. O. O. O.

O O O' O
O. O.

O4 3 C' rr 'g. . .,. . . . O O |
iO O O O O O O O O

.

OCD J & O O O O O O O O, O O O O O O O O L

f
m C C C C C C C C C C C C C C C C O< M ie e a et 3

m a n 3. O Ma O O O O O O O O O O O O O O t->8 .J M-
O. O. O.

O O O O
O.

O O
. . . . |O. . O.

OO
O. *<mmog

p O O O O O
. ,a yM

eam < CL O O O O O O.
g _. I

i
Lw O 10 O O O O O O O O O O O O.

O O O IE': O O O
mam. Z.

q m v 7 v v N v v; y 7 7 7aam

-| .v- - . -
v; i v

'- m. - - - - - - - .- - -
3

- O !
x Os x x e z e z z x. O x x s' e x x- x

O O p O Of G O I O0 M <W O O O O O U U
m . Z OM & H H H & > > &{ H > > w WL > w &mO > < J M M M M M M M M, M M M M M' M M M .
m- M L a i i O r.

C[ O
eI X - | l

O{ O
:

.c J W O Q O O O O O C O O O O O iC! ONOC O o M M M C @ Of C C C O O O u%H J .a. o. p. O.
O

O.
O 0 0 C

O.
O- O

l. c. Is O. |(W < . . . V. v. 4
* -

MCOs K M yeM M, e e - - e - Z - 3e - - e e
M U - O; M |

|
i ! | ErEM j U '

| h'NWZe I
30- 3 H ' -
* NO I |I
O r c. O j

- :

,
r -

M<ea
L W O L! < | | |

, ' C (<-Js i i oOMGd M i ! ! ! b
.

' - *O O C |C C (D C C C C{W C| C
G CD

|O d
t Z O X Zi < *! .O * O W! O t%: C C 0 O C C C C C b C C. C C C -o' C O O O O

O.-
O< 1 J Wd O O O

,H |- - - - - - - - -< < - .C.}
O p Cf

e .J H <- < < < < < <t<
- --

et vt O k < v < < < F |
<d Mu. i J b .| I

=- W M o M
m5 e<.6

. M M e, M M e MI M M M
f

i .Z 1' Lbo -
| | | M ii t; < 8 b O W i

*. .
CC .4 > b O C|

.
' A e k

j |
JWON M OW o c 10 M P-WW i l D -r M M} h a

,
,

- p iel O O 3 o O 3 O O O O 3 4 .H< C + | M '-( O o a

Or c p N N1 o e gC M, C C m o O E c X .E a< 3 * E,.L C4 a .4 O M x XI M M M Mt 3 O M M M; M 3 C QrC; C U M. - p V 7 i i' v 7 % i T < T v i % 7 < ~ -
.E..iui v i O v i l it

J DWe .f | x. t. !'
n @

C. V<I' % -C = i.

Ci 4 0 56 O S. W L kU M L L 3 d C 3 L L L Li L 3 I E*
C F C I' O *L c % W W| C E p J s C C C C E4 C C DO ,

j3x w - > w > > J W W, 3 & Y > M> 3 k &L' 2 & w
< 04C .Or 1 M M L 6 M M < c c < M M M M < p c e

s

C-W. |
. . .J 2 - | |

:I @ -de - 1W N N O O N N M M M M M M M E vb YKOW CE N N O C N N - -' N N N N N w N-

N 03c3 04 O O
g &<L JZ j

IN -
- - 1W n O C C C < < < ee e N e e @ m O
.- 4 Or M O M M M M M M M M M S O M M M VL3 04j - - - - -

O - O Z O g o o O OZM W
-E J E

W E J (D CC E J 3 e J 3 2 J 3 tt' '

E> 0 L - M v v v v c 4 o o O C N e @ O O O - e< L 00 N N N N N N N N N N
.N

N
O.

MN N M M
WW AZ l - - - - - - - - - - - .- - - . -
.J L M *
O- W .

OL M =W O
Zt M OE @H *W W I4 QZ
ML E Z %O iCD w O |
WO- M *

____ _
__ __ .. . .

'

. -4 .M. , . + - -W * "



__ . . - -

*.ea===== ,= - ww e - - - __ _ ," ** ~ ~

T >
.-

.

I

MO o O e e N be o e v o v n&-N -M- - N N oo n a c c h - o e n -WW N N - N
' . , , W *E O.

. . . .

O.
N. N N N N N p N.

N N,.;; . O E4 ... .

O.
. ,. a .

O O O O O 10 O O O O Of C- M

L.
O [
O U (D v Cn O cD G = v c O O m to - O OTC E WMa

Nv HM .
0 O V v. O. C. m. O v. c FD. c0 C. C.C" to bWM C . D D e M m

. . .

(D D M v4 m--m M EEL to r) v c' N e e e N N o N co a
-

W .. "6 tc
W H- O T C C O O # Q C C v v O O O N OC J h rs Nc c h |c p @ m O e N e cc! N<v Z O - -A- 3 *

|
N < .Ma O O O O O O O O O O O O C O O OM

[3 M- O. -
,

. O.
O

O. O. O. O|
O. .I WEL O

. O.
O

O. O.
O IDWM+

.=O O O O O O O- O O O O Oto LJ - - O 10 0 0 0 0 0 C O O O O 10 0 Ol O(to O N N 01 C O O M C O O O M O ci o !
-

O === - O.
y men N o e N N N N N N N N N o N N NO v v M M M M to O O M to IM M M OE -

e
I

mem
amm3 n L

O. O. O. O. O.
O

O. O. O.
O.

O. O
O. O. O.e or q .|. |

. 3men to MW O O O O O O c1 O O O O C O O O O O taea to e- N N N N N N N N N N N N .s is N N N IW N | !<- g.

4*
Los r .

. reH M L O
O. O. O. O.

O O O C C
O. O.

D 0< > - Ir .

O O O O O O.
p.

O. O O O to O O
. Z . i. . O.

'
WZZ W WW O OOED< J > 0 0 0 O! O O L i O O C O O O C C OcD G Q (O C (D D C 10 C C C C 10 c c cW < M i i ia e a et 3 | |O | hmem3 O Ma O O O O O F g O O O O C O O O l.> J M- C

meet J |W to . O. O.
O O <

O.
O

. . . O.
O

e a m 3. < 12 4 O O O O O O O O O.
O. O.

O O %
4

O O Cl O.($ 'L -
eam -

O O O Of C O O O O % O O O C C Ov v v v v v v v v v v v v vvg -| - - - - -; - ;
amm. - - - - - - - -

)
.

x - on xxx x x x e x x x x; x xx x ex :O M #< W O O O 0; O O M O O O O O O O O O, O t>! e.n Z CM M lb > H > > v > 'H H H 1r- > H H -mO > < J C JV W M C M m' O C M M M M !m- M L O-
M .*

f +aZ x \* .E...' iW O AD LD o O O O O C C O O O O c c ;PIO 3 a O
b'O

C O O O as I N O O cr., 3 O C O c., C. -

L.- . .
HO O:- J J N < e v v e O o e v. !

-
<WL < p . N j.1 Z s -

iegCM r p i N - - N 3 Z- - - - - - - - - - - ee' l-Q E r c j | 6
( ZM W

| Dswr. I M30- . N - l'
'

'

e so I |C r . Er O | >n<o Z |
:LWO < 1 e * -

<>J .

|J O I , bO M c Jf an , 6. I-*O O K cc c c cp C
| IOx < -W | cc,0-

{. O*DL 0 O O M C - O C C C C ,C C C'

<] O )O Ci O 3
g

.

,,J < |O O O O H C O O
.O.M = ,. - - - e< - - - - - ,- imL v c e< k: < < < c < < < < < < <' < ba~ * W * M to M M M to to M M E0 M M | Iuse< r hM iM -

j - aLNM -

s
n|;ie < W20.) > 12 x I

JWON M gW j j
.

>
E M jWws- 3

H<ce M >< 3 0 0 3 O O O O 3 O O 3 O C 3 O O ,.
,

<3*r OZ J W c do o e e e c c c c e 2 c e c *

JWE O-
M

- im M -1 M M 3 M M 3 M Mi 3 m IM 3 E.7 ML 04 a W i

A'000 L 'N N dN N E v v < v v1 < v < v v
J Dwe .< >

-

x c c fI; HW .c Z < a i

41 < Oi O Ad 3 m O 3 L a E W W c c 3 L L 3 CO:[ > Z I, O ZL J

O<E. FO .- )
- hi W - - >- - - aW W. 3 - s 2 e W

.J J = c u W ID J .J. c3 E C fD a J *,
ic >. 1;e - -

< L M M L M M cc< co co < to p < cc g
,

O - Lu |
. -JJ- [ r

I@ -ce - LW
'c to N N I N N M M N N O M
v v N N O C C C m O C CN xxOk Ir-

N 03c3 04 o o O O Wi WD CO < A 2 QZ t

x -
| }O-

"1 |i

- H LW < < c0 (De c M O < < < c: C3 e < < < c- < OE v v v' v m N LD Ic C C O o L3 C C C
0.

3 04 C C Q O 10 M O O O M (") O M |- O Z O O O O O O O O O U W L' W [Z tf4 W I
-E I I'W C 3 tr J 3 E J 3 E J 3 2 J 3 E J '

E> 0 L - v v o o o o N e o co o e o o 0 - 4< L 00 @ m o m o m m o m m dm o O O OWW MZ i N N N N N N N N N N N N N O O OJL M a
O- W .

3L M ZW GO O
. Z CL to OE ZW -
I W W %< 3Z Z
l ML c Z $10 E I03 > aO

} [WM M | -

_



'

.

60 e o v - - = v N e Q v Q n - e o vW- N O O N e e m O N! O e O Q N n' C-WW
N. -i ..

, W *E O .
N.

N. . N -1 -- -

O O O O O O* O O.
.

N n
N.O E<

*J - . . .
O O O O On-

5

L
._

I ~

>

0
D n N N N N O M C @ Ok ! C N N e --MC -

N-n N N O Ci @N, W M _. . . . .

O.
P. C. v. N. O.

p e. . T.-M . ;.Q.- M OWM m S e N - e C e 4 n e O - - 4 N-@ M LCL T C C N O e Q Q v o O O O - M O-Wm W EHw n Q Q N: e N N v es - G i - N O n G @O -1 J DM e N N el C C N @ Tj M C e O @ N d9<v Z uA D -

[

k eMa O O O C. O O O O O O O O O O O O
M

M 3M-
O.

O
O.

O
-

Z JML O O O.
O. O. (D. O. O. O. O. O. O. O. O.+ OWM
O O O O O O O O O O O OM JWw O O G O O O O O O O O O O O Ow (M n O O O O b O O O C O O M n ovj een

O.
N N N N N N b N N N N N N b N .NO een n n n n n n n n n n n n nnn n n

oma
mes a L O

O. O. O. O. O. O. O. O
een J M DW D. O O O O . O O O O.

O. O. O. O.
O

O.n or
.

OO O O O Oenmy M H N N N N N N N N N N N N N N N NLI W
<-D E

.LeeM r
*H M L .

<>-0 Zr O. O. O. O O
O. O.8.O.

O
WZZ W WW O O O O. . . O O O O.

O. O. D. O. O.p
O O O QO O ,OED< J H O O O O| C O O O 0, o o o O O O O ,

O Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q QW <
u m e ct 3
* * n :l O $a O O O O O O O O O O O O C C O Oi OJ D-

O. O. O. O. O. O
O. O] O. O. O. O. O. O.

C, O ,mes a WM '

.
4 .ama. < %L 3 O O O O O O O O O O O O O Q OE Lw O O O O' O O O O O| O O O O O O C. Oman

ene. 2.
v v v vv v M v vi v v v v v v vv- - - - - - , - - e - r e -0

M| MCH M M M M M MM - M M M M M Mv M <W o o o
Fl >o
u u o O 0: O O O O O O e ci m - Z OM H H H td e> F F F > > > > > >! =O F < J M 4 M M M M 4 M M M M M M W M Me- O L

*Z X -

O|2... W O $D Q O O O O O O O O O C O ONOC O eo o'
C.
o o o O Of C C O O O O 0; OZW J L

McCW I
- e M. V e O O m o e

- - - - - -
|. N<

< < m
O.

O
O.

Ce O<WL < N Ni 4.W - - - - - Z Zeu- - e
ZM W |

N tu Z % Z
30- 6. >

e No
C Z .m. O | |n<OO Z , ,
k W C d' :4<-JJ | | 8

, 1 !
.

|

000.ef M
4 i.

- O O O e e c. c ! i O -m c c3ZOXZ < W ,

[n
l - 8UwDW O WZ Q | C C C Cs C tC C' O C C' C< J < O O O O C O' OM = r - - - - - -

O O 0; O p O O I
mL v.. O - - -. - -

,g< < < < < < < < <t < - -<3 < I<wE e W g M M M e M M 4 O M. M M W M , I
,

+3Cy Z j
|

* eL N W, -

4C 4 8 [E C * *| b T I I iJWCN. M OW i j
O|r

4 i
6Wr e . 3 -g C C b o j

.

e

M -< 3 ,w O 3, C C O > c Q > Q Q Cf H Q c > O O . lO O f

r<CZ
.

d>
<3 CZ - jc po e G' Q Q go > -l - > r - -i > - > > G e 4L O< 3 M O- M M M 3 O! M 3 M M Mt 3 O M 3 W Ma 6gj

C 0 M|
. O < ,T T <, 4 4 v < v v < v % vi 4 4 < vi vawe O 1J ou . .J w I

.Z 1r, M L 0.'. c| | (<l 4 0 1W 3 O O 3 L L 1 h L C. > d M M H L k L LD ->ZT O CL p -- J c. C C 2 H 1 f: * T Z Z. H 2 e > 6 CZ = W w On J W W 3! e M t- 3 H e 3 O O O 3 * r 3 H H
*

O < Z .4l or i < r o <, O M e < Mt M < Z Z i w M w < W M |<
O-W [ t

1
j

I'e- -JJ-
Lu N O O-c. -

N N N n n v v- -N XXOW
N C:c3 5'< .e n e e M @ e Q e e e :e e e

-

u o eO Q<L Z QM lO I ,
-

N = g
- M LW ccc c c < < w v v 7 e Q Q c < < < N

,

- < ur e e N N N nv , e a m e e a m Q Q e m .j
3 Q< ^ n y'n_ n n) n D O O' C C O f

.
iO O Z W w O O uZNe W I"*

- et ]'
\. . U E

3- J 3 E J 3 & J 3 T J 3 E J 3 d 'E O 1 . N N N M 7 7 9 o o W Q N N N ,c e m e< 6 00 O O O O O O O O O O o O O O O o o O OW MZ n n n n n n n n n n O O O n n n n nJM M a
U= W . |
DL M ZW 00ZK M OZ -> -

W W Z4 ZZ
MS. C Z k0O e 'i|oWf M iw

I

ZO- 6 t & 6ra -n3 A S A S C W N e eses 7 L .~se "n 3 b a 2.NO M -
. , . _ -

_ . . . . .. .-

w - =e---

- ...---.,,--.g-- ,, ., ,.,
- -+-- m



..a .

1

.

| I
no v v c Nf m v e C - M eb b v m M A v O o4- e e N Mi e e p e m' N N N m b e O Q O-

IWH
N. . N.

N'

C+ O{
N. . N. N. . . . N. N.

N - NO < 4W E O O O O.. O.
. . . .

O O O O O O O O O O O O O O-

k
-

O I
m' vO D e @ v M C D 2 N - - e b v e @ m O -CO E WMa

N. M Q
C- M OWM

. . 4 O. v. . c. 0.g . . O.
@ #
. . #.

m
'N. v. @ v.Nv -M- . .

c @ M N O b N N h n v mmrb b -- -
~@ M Lc1 9 W n N N O m e c 4 e M C O N N c v o o,iW.- W r>w c mv e O m N N M C N O N b @ W Q O NO J DM O @ C @ b Q @ C bI@ @ O @ b @ W N b NN<v Z g -

L7 3
|

1 - iM < . Me o O O O O O O O O O O O O O O O O O Ol OCy' M.
3M-

O. . .

O O O O O O O O O, OO I ack O
. O. O| O. O. . O.

O
O. O. O. O.

O O
O. . O. % O.OWM

O O. O O O O
. .

O, M JHw O O O! O O O O O O O O O O O O p C O O(M n m o n o p m o n< c c n c o o n m o p; nw
man O N b b b b b b b N b b N b b b b b N N Nv

0 ==m - M n e M M M M M n' M M M M M M M p M M M
m e m L-i
m e m O| n L

O. O. O. O. O. O. O
O.

O
O. O. O.

O O
O. O. O.

O
O.M.'i or . O O O O O O. O.

.

M OW O O O O O O O
.

men O O O O Om m m Li O H b N N N r. b N N b b b N b b b b b b b
<-D|,L W

E
.EMeW H
er i e L

O. O.
O

O.
O

WZ - W 4W O O O O O.
O. O. O.

O O
O. O. O. O

O. O. b. O. O.J<>-O! =r -

'O O O O. O O O O O O o O OO
- L

UED< J > 0 0 0 0 0 0 0 0 0; O O O O O O O Q O Oc Q Q Q Q Q Q O C C C C C Q C C C C Q
Q|

CW < i

m u m E' 3
O| |==m3 O Ma O O O Oj O O O O O O O O O O O O O

O.
O O O,

O. O. O. O. O., O. O. . .

O.
O. O. O. O. 7 O.

W J D- O O 6meet a yo . . 1===O < EL O O O 0 O O O O O O O O O O O O C, OE Lw O O O Oj O O C O O. O O O O C O O O O Q Omom . vN v v v v v v vi V V V V v v v v v T T Iamm. 2 - r - - - - - - -| - - '
---- ----

O l
|M - H M L' M M M M Z M M M M M M M M M M M MU; M <W U M U U U U U U Ut U U U U U U U U U U Ue . 2 On W e > > w & H V. W W H > W W & W H H H H
s

*O F < J M M M M M M M M M M @ M M M M O M M M l
;

a- M L
5

*I X
|C... W O Q O O O O O O O M n O O O O O M M CNOOa O O O O O O O O of O v v O O O O O v vt OIm J J L C p. O. O.

C
A. O. O.

e ie
o. @ m. o O O m c C| C

|
<ya < ~ . j. qiM Z O O, E M ---N N -

M W - O' E
|=M W

NWZO I
30- , H
* NU iCC t O 1

M< ? C: I |*

kNh5
d| |h"'E E

ef e, e e e e, e o e e e e d! = c x :: < -u jc|| U-Ow C CC o a C- U O c
'

c @ c'c c c c,

- - - - - h'
< , a W< } O p Cl O O O C1 O { O O O | O OO ., r_ - - i - - - -, -

=L v1 C < < 4. < < < < < K < < < < < ;*C * W C O A M' O im O O O 4 M M M f M M f Im O C <;' 2
Lsw -

j
|

j
.i

; < 8 I
.

20 3 > 0 0 C '
f

JWO.N M .O u e c
| ~<ce},W- - o M O |

O < O 3 e i 3 O O O 3 0 3 O O O O O O 3 i '
<3e rt Z e 4, Qv v c F c e m o m c c c o e o e 4 IW, L O <! a M M X X 3 M M M 3 M M 3 M M M M M6 3 i

,

mj Oue . p v v < o o < u o o < o o <> c c o e ci < |JJz O
/ DJe | W W< >

=; -i .c 2 q

,O 'I O LW L L 3 bb3<l < L L L 3 e 2 3 L L L e c. 3= = . O
p;: L e a e W W ea e e e J so ei e e m J ae a

.

E.j c < r |,
E W * > F l- 3 C E 3 H W H 3 W W 3 > > >p W W 3 g<2 - 1 M < c m < uM M < c < M M M < m o <

4' C
w

J a i. (L .
| Ijm

i,q -c. , , e o e e e m b b b m e-
b i X%O" ZZ Q Q C C @ @ WI M M C C C M M-

o{, COC3 04 e U U U U l
\

c<L 2 v: 1 ;

M{
O I -

g |C LW e e a m O O O < <- < < c ee < < < e e ,i- < OC m m C O O O O C c c w o o m b o o vn g* 3 D< W O M M M S M M M M M M M~ -
0 - O 4 2 yU U U a o o o o o u oZO W I f

-'

-c | [ |\" W e W 3 E J 3 r J 3 e J 3 e J 3 m J 3 *
6C> 0 1 . O - - - N N N M v v v a o o o b b c o e u< k 00 - - - - - - - - - - - - - - - - - - -WW 42 M M M M M M M M M M M S M M M M n M M MJL M

U- W )e |.

OL M ZW AOZE M DE b>:W W I4ML E 20CD > U
, |W$ M w
g |

so-se .n -na Asu owarum s ce,a um -
; . .._ - . ... .. __.

. _ _ , _ --. - -



~. - m

-

.

I
;

j ! I

0 O m N h e O' O br n m . . O n . .MO - - -
M- e e o O N e

@-
.

@ O # 0 0 e cW A T- - -

.h O E< . . N.
N -WW

gj W HE O O O O O O O O O- O.
N. N.

N NN -
j . . . * . .. N. N.

N
N.<

O 'j
O O O O O O O O OM-

-

k
}-

O f
O C O N N M O v v @ O @ v c Q c n n n 0 N-NO Z Wea e. c. Q O'

b. N. N. m. m.g m. . m. O O. M. e. . O.
N CN >M- J. . . .Q M DWM O N v Oi e M @ n e m N v c p e e b O-

- 0 N v h.N N O O h e T eM LEL b N O O' O M M-

W- W ZW- N N N O N e N M N N N O m N O C W m m N0- J OM @ @ b N@ Q @ @ Nj @ N N N e b b e b e@(v Z O
La D

|
N k .M- O O O O O O O O Of C O O O O O O O O Oe

M, 3M-
O.

O
O.pWM J O. O.

. O Q O
O

Z WEL O O O' O O .
O. O.;. O. O. O. O. O. O. O.

O
O.

Q
O.y J

O O. O O O O O O O 0M JW- O O O. O O O O O O O O O O O O O O Q O<M C O n' O O m O O O O m o o n O C C O O-
y men O N N b N N N h b N: b N b N N N N N N N N

,

O een . O O C O O n n n n n O n O O O O n O O |U -

wonD |) enm3 m L
O. O. O. O.

O
O. O. O. O. O. O. O. O. O. O. O.

O
O.

'd

W OZ .
.

one J M MW O O O O O O O O O O O O O O O O O O O O.ameL M M N N N b b N N N N N b N N b b b b b b b
LI U

<-3 E
LMan >

ee> t M L
O. C. O.

O,
O. O. O O O O

W Z Z1 W MW O O O O O O O O O.
O.

p
O. O. O. O. C.

O
O. O. I<>-o Zg 3 . J .. O O O O O O O O

*
.

)O OOED J & O O O O O O O O, O O O O O O O O O Om Q @ Q Cf C G Q G @ @ @ Q C G Q C @ @<
auog 3 '

=== 0 Ma O O O O O O O O O O O O O O O O O OJ M- 0
emmL J WM .

0
C.

O O
O. . O.

0: O
O. O. O.

O O
O.

O
O. O. I4 4 . O O O O O O O O O !O| O

. . '.
oam3 < EL O O O O' O. O O O

E Lw o o o O. O O O O O O O O O O O O O O Omes
man. Z.

Y v v vv v m v vi i v v v v v v v v vvM- - - - - -F- - - - - - - - -
- O ,

M - Ak M M M M M M M M M M M M M M M MO O O O uO O U U dO O IO O OOO M <W O C O 01 > > e H & H.H % > H > > > > >2 OM & > > Wn .

< J M sm M M M M M M M M M wM M M Mn |
= O .q

C'.
f [

m-
eZ X
.E... W O .O O M| M O O O O O O M M O O O M O <

NCom O C O vv O O O OJ O O 7 4 O O O A v O
.

ZW J J A
O.

p o. o C C O O O. O
C.

C
C.

C
C.

O A Q m(W 4| < r . j. 4nEO Z M p-- - p-- - - - - - -

I- -ou- E
j ZM W ,

NUZ Z '
.

30- H
' .

CE .O
* N

1E O | }
i

O < C o; Z
iL W O Lj <

< > J wy -'|
| !

;

I

l'O M c _1 M
'

C 1 QC 4 C O O O C C c c 1

$eC C-

ZOx2 < W l eUNDW O EZ C O CI C M @ O C O O O C C Q ;

< J <
O LO O' O p O O O O O O O | O 1

r

O .. Z - -i - - - - - r - - - -
ut v O < < <| 4 W < < < < < < < < 4*w: s W M M W M M M M M 4 M M M | M.O.<, Z r 1 |.

- AsM -

8 ,8 21 <
E O .4 > 2 ' {

JW O tw M 60 W
,

j | j !

kcI AM O 3 O O 3 O O O O 3 b O', 31 O O Q O O 3,

4

L O<
. <3eZ OZ m @ c. m O @ Q m m mm C Of C C C e O a.

a W M M J Mj M 3 m M M M 3 M M 31 M M M W
d <3q CoM - M oo < c o < u o e o < o o 4o o eJwt: O

y DWs .- F

0 LW L 1 3 O c3 A L L L 3 d c 3 L L 3 mC 3C >ZL O ZL E 5 O -, J d = E E i' E O J J nE E @ J J d fIf E w ON > > 3 W W 3 F > H H 3 W W 3 > >p W W 3 1< 04: Ok ) M M < E m < M M M1 M < c m < M M < m a 4 4Q-W.

I m -ce
,

( l
|. -JJM | iLW m e o m m O- O O N- -

t b XXOH ZZ m @ v v M C Cl C v v m m i V
-

i N ODE 3 04 O i O O O dO c4L Z OZ l
|O I-

N -
'1' I I

r LW e < < < m e e m <-

- 4 JZ m O O O O O O - < < m oe < < aeW<N N N N- - - -e -

Th vO*
D D4 ' O v v v v - 4 Y W v v v v v v v v j- O Z O O O O O O O O O O O O O O O O OZn W

-q-.

s^ W & E J 3 E J 3 g J 3 T J 3 E J 3 E J 3 '

E> 0 L . C 3 m m O O O - N O O M v v v 0 p O C C e4 k 30 N N W N N N N W N N N N n N cJ N- - - -
WW MZ l O O O O O O O O O O O O O O O O F NO
O- W . |MJL M a

DL M ZW 00 'ZE e DE =>
W W %< ZZ

ML E Z KOC0 > O (
w t? !

j
^' M w '

." - - - - - -- -
z ., - 4 4 . . . .O . 3 4 a n . t . . .e 2 ,., Mi a ,, .i . . '

-

1

_ _ - -- -- __ _ .._ _ . - -. __.



|
'-

i
dO O WC N v N m 4 m veO O e - e e N oN

M- O ne S e O n n et o o e b e N N e e --W>
N.

n
N. N. .

O O O O OC. *. F e<W O 'O O O O O.
N. N. ' ff. N. N. N. N.

N
N. N. . . N.

Mc m t. .

O O O O O O O O

,i-

O |
- O C e O o - @ vO C b n v b c e e O M m N m|ec E Ma

N. @
O.

@ b

c M WM e v v @.
. v. - . T.g C. @ 5 0 e Q m -

. . . O. O.
@N M . . .

~ O N e e e.m - N O
N| N

O M N @M eL e p -- N - V m v O O N e e M - T C-

W .. W ww e o e i e O b N Ce c O O O M M S e O-O J M b e O O O - e e ej e p C O e e e e We-<v Z o - - - - - - - -
I Le D *

|
N 5 M. O O O O O O O O O O O O O O O O O O OO * M M-

O.
C

O. O. O. O. ?J. O.
O

O. U. O. O. O. O. O. D. O. O. fq + We ). i |O I Web O O O O O O O O O O O O O O O O C C O OO M J>~ O O O O O O O O O, O O O O O O O (J O O ON w (M C M C C O O M C O' O O O O O O O m O O Ov men
O. N b b b b b h N N N b N N N b b b b bO ese C n M M e e h e o M M N O M M M M e M

men
men a L 0 0 0 0

C. O. O. O. O. O. O. O. O. O. O. O. O. O.
O

O.M. or
.

OM MW O O O O O O O O O O O O O O O O O O Oeme
meet e > b N 5 6 5 b N N 5 5 b N 5 h b b b b bL W
<-D e.kneM >

s
; se M L

O. O. O. O. O. O. O
O. O. O. O. O. O. O. O. O. D. O. O. O.<3-0 It 6.

iWZZ W WW O O O O O O b O O O O O O O O O b O O OUeD< J > O O O O O O O O Oi O O O O O O O O O O OC C Q Q C Q Q to G G G C Q Q C C C Q C C @W < *umu 3
O|.mee O Ma o O O O O C O O O O O O O O O O O O OJ M-

O. O. O.
O

O. O. O
O. O. O. .

,o. O. O. O.memD < 21 O O O O O O O O O .
O. O.

Oene J WM .
>

O O O O O O Oe tw O O O Ci O O O O O O O C' O O O O O Oamm - v v vi y v v v vi v v v v v v v .v v yvman. Z - - - - - - - - - - - - - - p - -
- O

A> M kV M. M M M MM -

o, M M M M M M M M UuoMo O o o u oo M <W o
b > kl >o o o o o o o ooa . 2 Om > > F > >' > > > > > > > F > w >nO > < J M M M M M M M M M M M D M M' M M M M M

M' L im-
eT X le .. W O O O n' n O O O O O o n O O O O O O ON O O a| C C O v; v O O O Of C O 4 Y OI O O O O O OIs J, J A O p G Qt 0 C A

O.
Ci 0

C.
G

;. 4 C. . O. O. C
O.

OC
m.< W L! < -

4.meow r 0 - - - - - - - - - - - - - -nW-q e p j f q- ,

ZM W
N W Z W' I
30- 6 >

e Noe r .e. O 1 (n<Oc Z
kWOL <
<>Jw t |uMQJ M I

* Cl O GW C & C C C C C pQ O |
Q @ C; O-

C,Z O xz; < j i 4omDW O kE C 0 C: C O C C C 4 C C C C C C; ,< i J W< 0 0 O' O O O O! O C O O O p O Oe .J WZ -l' h,- - -: - r - - - - - - - - -mL T C W 4 < <! < < < < < k < < < < < <l 8*

.e 5 <a W M p u, o e M M M 0 M M M e M Mi | |Z r
iLb ml -

e eg < 8 -

ieo .4 > 2 * '

JWM.- M pu l |
a

WW D -r | 3 '
-

><Qs M < O 3 O O 3 C C O O 3 C C 3 O O C C O 343 * El Z C e c e Q O c c Cl m cp m p C e @ c c c sL O<i a M M 3 M M 3 M M M'i M 3 M M Ji M M m M Ml 3ej 000 - M C J < Q Q < C C C C < C C C Q Q Q Q d <JUm o
|j DWe

'Z | |
>

-} * w . c" |< < O' O LW L L 3 c: c3 hA L L 3 pe 3 L L 1 L L 3
,.

ci >Z: o rA e a e a J e x e e e es J ne e. e e e ie > w OF > 3 W 3 E > > > 3 w W 5 > * - > > 3 |c, WO<r. v> i M < e < % M W W < c c < M M S e M <O-u [ |-JJ"
e

-O' " W
'm v v c e mi e v v e m a o o

M M f. fJ fJ N T v M f"l IM M M
-

b XXOk CC C ,-

N ode 3 04 o o 6 g oO O<L Z JZ l
'O-

i !N -
* * 1W O 4 4 < C O O N < < ( d, d d n M O < (

.
4 or N M n n M n O , n ,

-
n v O b O O O3 O< v v v{ e, v n - v v , v v v - - - v v syg O Z o o o ? O o o o e o o o |t. -e

;L W e e J 3 e J 3 J 3 e J 3 e J 3 e ie> 0 L. c 3 6 N o o e m O - - r N dN n< k 00 N N N % sy N N N n a n n n n n n
,v c o o ,

W 42 I O O O O' M M n M O O M N O M M O M qn
n n ne

o, W .

DL M Z LJ 00Ze M Or ->
W W %< ZZML e Z kOO? > { oW9 M i w

ZO- 6 0 6 t es -#43 A S A S C NI.N as e 3 5 6"n 7 cs. A3 AC
_ . .

-- - - + - * %. e --%-..r.w . . . . .



. - _ _ . . _ . _ . - - -- - -.

i ,

;
.-

5

|MO N O N N O e N O e O V O O - N @ N M v-
M- O O - e h e O' O v c @ H 6*.- e e e N - O
Uk

w rz O .
N. N. h. NI

N. .

O O O O O cO O O
N.

Cf.
O g< 4 . N. N. N.

p
N.

N
N.

- -

4
.. . .

O O O O O O O- O O
M-

6:

1 4

-
i

O L *

E
u @ N ce e v > e

@l O
@ @ O O O n e p i e N@c M- @ m. . N. O. O. o. e.g o. n. e. N.

N - @
@ M WW N O @ @ O N N en O W T @ M N M.

p e. . .N v- M- . . . .

b. N O -~@ M EL N W v N o on N -| c b e O N N 2 O O N I
-W- W EWw N b @ e @ O M O Gr O @ n N N v O m Q O O '

Ca J OM N N N W G N 2 e b e G @ @ b @ @ O O W @(v Z o -La D
|

k Ma O O O O O O O O 3 O O O O O O O O O OM 30- 0 . 0 0 0
. C. O. O. O. D. O. O. O. O.

O
O. O.+ Owe ) {.Z JmL O O O O O O O O O O O O O O O O Q OM J-- 0 0 0 Ot O O O O O O O b O O O O O O O O(M oe o n' O n M C C D 0 M C C C O O O A nw

one O N N N N N b N N N N b N N N N b b N N
j ene . * O M M M M M M M O M M M M M M M M M M M
t omu

.O. O. O. O. O. O. O. O.
ese ; a L

O. O. O.
O

O. O. O. O. O. O. O.Oq Ow og
men J M MW O O O O O O O O O O O O O O O O OmemL M M b N N N b b N b b b b N N b b b b b bLI W
<- E

4 kne W
' .en M L

O. O. O.
O

d O. O.
O

W Z Z1 W MW O O O O; O O O.
O. O. O.

O
O. O. O. O. O. D. C. O. O. I(3- ZZ

O O O O. O O O O O O O O JDEL J > 0 C O O O O O O Of C O O O O O O O O Om C C C C C C Q C C C C Q @ C @ C @ W QL <
iammt 3 Ime=0 0 Ma O O O O O O O O Oi O O O O O O O O O a> J M-

O.
O

O. O. O. O. O.
O O '

. f . O. O. O. O. O. O. O. O.emot J ue *

. imesp < $1 O O O O O O O O O C O O O O O O O O
|

eme. Z.
'Lw o O O 0; O O O O O<| O O O O O O O O O O O2

mee 4 v v v! v v v v v1 Y v v v v v v v y v :

|- - - - - - - - - - - - -r - -
- O ,

Ck M M M M M M M M M M M M M M M M L M g2 -

U M WW u u u o u o a U ur U U 0 u o O U C U U s
.

e - Z OM M L M HI H H W > kl > H H H & > > H H H 'a c .H < J M M M M M M M M M M M M' M M M M Mm- M L
eZ X

*&..<, W n n O O O O O O n O O O O O O n n O ONOO- 7 M C O. O O O v V8 O O O O O O vM C O OZH J J L Q W e O O O p
C.

C; G O
O. O.

On C
C.

O
l. e. O

O.(UL < - ' .
.

-MCOM Z M - - - - ---MW-0 E '
|ZM W

NWre I
30- i >

e NO
O Z .e. e in400: Z
LWO <
<-J j*

lUMC- M J
e 04 O < c4 C, c c, C C & C C C 2 O

~

ZOxd < -W t LO F D We O %Z C Ci C C C Of C w C C C C C ,

< | J W< 0 C. O O O O! O b o O O p O' C j
M rr 1

.. - -- - -
-| -

,

O g < k ( < < < - - r - - -mL v.ese* Z r -
e{ < < M < (I < < 4 < !

i=" W M e e e M M M M M M M u e 6

LNM -

|
-| - i

4

Mb ' '
JWM M pW

* W>e 3 -Z | !
|

*><C M *< 0 3 C O O @ O O 3 O O O 3 O O 3 O O4 3 ' Z'i OZ e e c ea W M m 3 M--
o e T e O c e m e el m e % c e 4L 04! aM M M M 3 M M e

c.|
M 3 M M 3 MCOW . M o o < c co Qc c < c c c < c c < oJWE O

'

|
y DWe .. >

.C - Z.] W 6l < 4 O O LW c c 3
i Q > Z Z' L'aA L 3 e c3 L L L L 3 c c 3 L Lu ZL a W m e c J M r, m g g cm J y c & cHI'

'q E F w O> W -W O > > W W > > e > 5 W W 3 H > [
.

IOM } c < WW W c c' < M M M < mO s* Z . f<W
- WO-W 1 i I i-JJ- I' % = a) # - LW O Y 7 " C C O A O C N N O C'

NI xxOs ZZ v v @ m O v T @ Q @ @ v v @ @
,

- ,

N 0343 O< O O O O O W 4O' cqb Z WZA O a

i - !N
- > LW 4 d O < < < Qd C 4 4 < d O C N- < uZ cD c cp o e o o N N N is N e o I. o p< v 6v v v m v v v v v v v v v v - |o. O Z o o u o o o o o u oi o o o o c,ZM W }- -g i ( eW 2 E U 3 C J 3 & J 3 E 3 E J 3 g e

;

E> 0 L . c hN N e @ mo O O O N M M M v v vj o e
-< b 00 M P O M1 m n O n v v v N v v v v v v v, vWW MZ I O O O O O O O O O O M O O O O M M Q OJL M

U- W . .

OL M ZW 00ZE M 3Z ->
W W K< TZML M Z EOC O. - oWp M w

co-se s i -nus As ma m a. 3 ;v.e n azo a r.c,--
_ -- .. .. . . . . . . . -

|
_-

_. _ . _



_______ __
. - -_ ._ . - .- - - _ . . - . _ . . -~ _ _-. .- -. . _ .

|- [.

1 ,

.

i I
EOS NUCLEAR INC. PAGE16309UPERPIPE VEES. 1 [/15 / 79.__AfjD AJREy.1

_ D_4/_O,5f_,5L.,1_4jj 914G
BOX 100 ATUL PATEL eae CNICAF30-W/ 33 Hz. ase se se se C A F' es as ==
AUXILIARY FELD UATER PLMPS TO STEAM GENERATOR-10 en se == REV-3A ** ** esProt'LEM NO.-RCD-G-30-78 AUX-BLDG./ItiSIDE D.H. se se se UNIT-1 se se en
WI-1: TH-GL AM-12:RS A -4 : . El[DLJf_DRC_ &_DEPLJ :. ji_T_JK . : RUPTURE _ANDJ Uff 10tt1.

_ _ _ _

S
_

' STRESSES FOR EOUATION 11 (CONTO.) SUSTAINED LOADS AND THERMAL EXPANSION. ALLOWABLE STRESS e 1.O(SH+SA) UNLESS MOOlFIED

Hurd SOP DcP Coi nP COhf * SEC l l OP'I' MAIEHIAL
~

SIF LOAD PRESS SH SC ALLOW. COMPUTE 0' STRESSt|At1C NO. IIAt1E NANE TYPE NAt1E flAttE SET (PSI) TEMP TEMP STRESS STRESS RATIOl
(PSI) (PSI)

- . - - - _ _ -

(COf4TD. )

34GL 108 9G STRP GS80 SA10G B 1.000 STCK 1400.00 EOO.O 70.0 37500.00 9508.97 0.254I

34CB E T65 loFBi!CH-R UFJ715hD S AlbT~ 1.000 E M 450 00 500.0 70,0 43750' T,0 9305.97 0.237
~

34GBR 108 107 BRCH-R GX3/4S80 SA105 1.000 STCK 1400.00 600.0 70.0 43750.00 9493.64 0.217 L

3ER 103 9G STRP GSSO SA106 B 1,000 STCK_]400.00 _600 0 70 0_37500.00 9493.64 0.2532 1

347L C48A 9G STRP GS80 SA10G B 1.000 STCK 1400.00 600.0 70.0 37500.00 9982.27 0.266
347W C48A AWBV AWBW 1.800 STCK 1400.00 600.0 70.0 37500.00 13511.00 0.360

) 337 M BA -' ClB BELO 65BD SA TUU' B ~I!G 1T 5TCCT460~D0700370,0 37500-00 12799~84 O'J41
348L C48B C48 DELD 6S80 SA10G B 1.G43 STCK 1400.00 600.0 70.0 37500.00 13 GOO.76 0.363 {
348W C48Q J WBW AWBW 1 000 ST9K 140_O O_0_ GOO O 70.0 37500.00 14388.54 0.334 ;

348R C4EB 97 STRP GS80 SA10G B 1.000 STCK 1400.00 600.0 70.0 37500.00 10419.65 0.278
a

349 10G 97 STRP GS80 SA10G B 1.000 STCK 1400.00 GOO.O 70.0 37500.00 10344.32 0.276 -
-_

abo 97 51FtF-'- GSBU~ *-'- 5A 106 B ~ 1. 000--~S TCK 1400.O O OO. D D u 37500.00 8924.Os_ _ o.zas .
351 97 STRP 6980 SAICG B 1.000 STCK 1400.00 G00.0 70.0 37500.00 9100.05 0.243
352L 049A 97 STRP pS30 ,__SA106_p 1.OOO____ST_CK 1409 DO 690.0 7LO 37500.00 10626.60 OJ83B
352W C49A AWBW AWBW 1.800 STCK 14.,0.00 600.0 70.0 37500.00 14787.80 0.394

; 352R C49A C49 DELB GS80 SA10G B l.643 STCK 14JO.OO 600.0 70.0 37500.00 13965.15 0.372*
e ' 353L74 DB Cl9 7TT.B (2580 SA ITG li ~l'T4 7 '516K 'I400'OO 6d6 0- 70.0 57550.00 i aGOT.'B5 6363

.

3
7 353W C49B AWBW AWBW 1.800 STCK 1400.00 600.0 70.0 37500.00 14389.74 0.384
h JD2R C498 96__SJBP QS80 __SA10G_D_. . ___ 1.OOO.___SIrlL l400JO__.EDO. O 70.0 3Z500JQ _10392.47 0.277
$ 354 98 STRP GS80 SA100 B 1.000 STCK 1400.00 G00.0 70.0 37500.00 9237.76 0.246

, f_:

D % N M .M

bs

: r
-1

Dd

f .

;
.. __

',
;
I _ . m m._ _ _. _ - - - - . - - - -



- - - _ - --- - - - .. - - _
-., .

. .. 7.- - - . . . - . . . - - .

.

'

I

e%eso e O eb O v ~ v e N n o - e - s vW- @ N m O M O 'm N N mo M Q O O 'af) @ b NWW
N.

.

,'O
C W -m O .

O. V. T. C. $. N. v. f4
. Y. M. M. N |tJ. N. N. O.O g<

O O O O O O O O O O O O O O C OO-
sL

1
tC l I

'O @ m M N O m O N v e N N b C e @ Cl @-Q WMa
. . O. C. m. O.

O.
O.

f'A @
O. V. . O.

Q @
.M we

3 . ,.@ e 3WM C O N O @ M M, Q O - M N N .e n. @.-

M ack Q 10 C b N --
|t? e :01 O O @ m@ @ Of O

.

- -W W > = = = # N N v >= N O m IN N O C O - O-
O .J M C C

.T O
.O.

v af) W- @ O
.O.

- - v- - -< Z O - - - - - - - - - - - - - - -L D j,

eq k .Ma O O O O O O O O O O O O O O O O O O O Oe M 3M- O
O. O O O O O O O O O O O C O

C<-
O-

0+ OWM - a < * *I Jc1 O-
-

O- O O- - O O-
=

- O O O- O O- OO O O OM .J > w O O O O O O C O O O O O O O O C O O O<M C O O O O O in O Oi O O lif) O O O O 10 O If4 If)
-

v( O.
mee b N b b b b N N N N N b N h N IN N N NC eam O O O M M M M ft O O M ti M M M le CS C9 O
mee I
mee a L

O. O. O. O
O. O. O. O. O. O. O. O. O. O. O. O.

O
O.

C
O.n og Jene a n @W O O O O O O

O.
O O O O O O O O O 10 O C C

.. <

ens e >- b N N N N N r b b b b N 5 h b b b b bW t<- E 4
.h.CS e >- '

Ist M L
O. O. O. O

O. O. O
O. O. O. O. O. O. O. O. O. O. O. C, O. 1'< > . - ZZ 4 1 .

W Z 2: W ow O O O O O O O O O O O C C O O O O C O iU E O *Q .J > 0 0 0 0 0 O 10 0 O, O O O O O O O O O C O80 C Q Q Q Q Q Q Q Q Q Q Q Q @ Q Q Q C Q4 .

e a e Q3 3 I
.

{eem3 O to - 0 0 C O O O O O O O O O O O O O O O O
.J W- g

! O. O. O. O
O. O. O. O. O. O. O. O. 3

O. O. O. O. O.mee a wm 4 4eaer < cc O O O O O O O O O O O O O O O O O OE 'L w C O O O O O O O O O O O O O O O O O O Oeee
eam. Z.

v v v v v v v v v, y v v vv.v d .v v v v v- - - -- - - - - . - - - - - -

i M .O k V M M M M IM M M M M M M M M M M'

I M dW O O O O. O O .O O Oi O O O O O O O 10 0 Q Oe Z CM t- l* W W H > 8- * W >= >- 'N * W W * a- >= >= 6-I

o c .vy' < w W Im n m m me m W: W mmm An- A g g n - nm mmm m
6% X

! {c..- W C O CS M' C O .O O C O CS K'S C
i )

C O |O O O OC',NOC O !O v v: O O .C O O' O 4 v 0 C C C C O C OZe J L O 'C0 0 C, C O pC co. o. .

so O O jO. O.
O c.<W < m

9O g O c' 2 4 - - .- - .- .= -- .-MU-C E 1--
N U Z ef : '

|
i

ZM i W
l

30- k 6- 1
ii NO

.|O r .e. O |M<OC 2 |
Luc ' <
<>J |

.

lOOC j O
e C. O C CD (Z CD .c d c' (D is (L c ;D d CD cd

-

Z D X Z! < W
.C C Q. C bIO*D6 O CZ Q Q O O Q Q Q Q l< 1 Iw < Q O O O 10 0 O' O O O O O |O O O |e . r2 - - - - - -

< < <| < l< < 2 - rmL T O
$. < i< <! < < < < !og: g o M m; we o o o o ee o r

Aso -

8
.e E! <

.J W M r.f,
ec. * f2 I 8 ie CW I

- W-e 3 2
4 ><ce o *C O O O 3 0 ' O 3 O O 3 O O c o O 3 I

*
<3*C OZ c c oge o m o e m je o o c 8 iL Oc

0 0 7|
= w M e M w * O 3 M M r iM M tra 3 i

% .Jwz 1'
- O C < Q Q < Q DQ C' < Q Q < Qa C Q IQ Q O <

,
,

0

'h< 7 O Lu L 3 cD Ca 3 (L 1 L L 3 CD d 3 (L L f. ( L L 3b a, C' I U ZL E 'O J J f0 C '% % (Q I .J O %. C @ 1% % Cd C3 0C O> >- 3 W LJ 3 e i>- * 3 W .w 3 > n- >- >= >< 3
=

- O<C Or o < m c< M e e < m m < m e o o e, << 'O-w-
.J J 4<

O -ce LW tr O O O O O
,-

- - O O *O Ob XXOr ZZ m O - O O O cv O O C O O |O O O
- ,

% C D C,;3 Oc U O O u - - s.- eO (D < t OZ
s

t-
i- * LW < < < G S C m <i < < c

d.- - - -
O

N.- < < j-

1 *
< 02 O O C, O O-

- - -- W N3 O< 0 0 01 O O b) O O O O - - - 0 0O Z O MJ O O O O O O O O O O O O,

i-e
L t m e a = a 2 e a 3 e .J 3 e a 2 .E> 0 L - 0 0 C 0 Q C O m O O O - N v ef) O e< L 00 , O e O if4 0 0 0 0 0 C Q Q Q Q Q ci oMZ . M M M M (S M M M M M M M M M (1 M t') M

O W .UL e ZW 0022 e 32 ->
W W 24 ZZMM E Z COCD e U

4

5
WP M w L

i.

TO- 6 0 6 6 as -*13 A S A S E NI. h a eses 7 " f as U 3 m u r.G % -'
. , , , , , - , , , , , , .. .. . . .

, . - - u-- - . - -. , .-. - ,



. _

, .. .. r -

.

MO n N @ C e - e O v N @ v e n - e e a eM- C C e e N - N n % - n o @ e O N N D v vWW n
O g4 . n. n. % N. N. N. N.

N
N. N. O. N.

N

C*.
a . n. n. n. C. G. N.

W HE O O O O O O O O O' O O O O O O O O O O OM-

L

O f I
O % e b n-O O O c N a e o v 0- - - N -NO E WMa v. v. N. N. O. c.c= M DWM N e n N e . . m; O. O. . O. . n. O. v. v. vnv WM-

v @9 C e O e 7 n N) - - oem M LEL O N e v N M e o! n @ C N O O N O v N @W- W E>w N N n vi v @ p C N, O en O e n O G e M -0- J OM n n v O| O b e O @j e er O N O # @- - -<v Z O - - - - - - - - - - - N N4- 3
|

kN .M= O O O O O O O O O O O O O O O O O O O OM 3M- O O O O O O O O O O O O O O O O O* OWM
2 JEL O O O- O= - O O O O- O O O O= O O=

J --\ * = * * *

OM J>w O O O O O O O O b Q O O O O O O(M o o c nM N O O M n c p n c c c-

O.
v see N h N N N b n & N N W N N N N b N NO, eme O n n n n n v vn n n n n n nnn c n

oma
- ===s a L

O. O. O. O. O. O. O. O. O. O.
O

O. O. O. O. O. O. O. O.m og
==e7 m MW O O O O O O O O O O O. O O O O O O O O. mag M > b N N b b b N b b b b N N b b b N 6 h bY
<-s E |

.LOe >
aen M L O O O

<>=~ IE - * -
O

O. O O O O O C O O O O
C. C.

C OJ - L <WZ W MW O O O O- O O- O- O O- O-
' -

O- - no O O O-O OUED J > O C O Q O O O O O, O O c O O O O b O O O2 C C C C o o c c c cu c c c c c c 0<
emed 3

. O O O O O O O O O O O O O

'

emm3 O Ma O O O O,
J

mm. J WM . O. O. O. O. O. O. O. O. O. O. O. O. O. O. O.
O-

eam ( EL O O O O O O O O O O O O O O O OLw O O O C, O n O O O O O O Q O O O O Q Oene
e m a .< Z.

v v v vv v v v v v v v vv v v v v v- - - - - e - - - - - - - - r- q -
- O

Z
A< k

V 4 M M M M M M 2 2 Y V M M M V-

M W U u o o U U U U uU U O U U U U Q u& >Uo Z QM > > > H > > > > H > > > a. > w > H >*C < J M M M M M M M M dM M M M W M M r) M M

C
.

Ltgm-
.I X

' 2 *. W n e O O O O O e e O O O n & O O c O%

N O C aj v P O O O O O O of C O C v $ 0 0 D C O.
O a

O=> s J a o M. e O
O. O. O.

0, O O C
C.

c' e
O. @ Q O I<yu < p
N . 4.

n E c v, t M - - - - - -e - - - - - - - - - -

nu ,Q E 5

Z L* i U

N U Z M|
I i30- >

* su +|'

|
C C c; O |n<O Z i

'LUC 4 *
1<>sH I

0 0 0 -. M I i
|

~Oh C @ fUu-su o er o. e e e o o o o e C, C e e- e J< J h< | C 10 0 0 O O O O O Q C |C- -
C' O0 .

O < < < <l < < < < < < el < < <
|

>z 4- - --- - - - - + -
| 4 v ,

m{ g E M M W M M M M M M M M M M M M M f
h < 8

|
|E32 > W D Of * O ON M OW e e W ,

JJn.d 'WW D =Z M M M O' O
-

*><c M w< O 3 C. O O c e e O O O C. 3 e p > c c .

-

<3e 0: e o O el e e M N e o tO e e p 7 M > - - a

-

, L C< a W M M 3 W M M M X xl M M 3 V WJ X X 3 W Me OcW' - M c c < c c c u c c c c < c c. < c < v v
i ' JWe O I
i d DW e < > E E E - !| ''HW .O r e e e e< Os O AW c d* 3 UL L L T I t. L - cc 3 O O > L L |>0 0 EL J E E O

E|
O c E E J J. W w > cED E > w O> u e > . E > > i3 W u E 2 3 m e<' CdC |Gw Q ' 4 M M % C M M % C C 4 G 1 < nM rC-U-

{ l
~dd~e 1W N N- - n e N o nM xxC% CC O M C

- - - -

O O FO I C O O O O b o O i-

4 O c c 3' o< u o - - -- - - ,o o - w -
4b

i
gs -

> AU < $ O C n v v vv < < < d d O O Q c
01

< iur N N c - - - W - o o n c.1 e n w - --- D O< 0 0 c o o W O O - - - -- - - - -
0 : O O O O O UI O OZW W j

, -E I J EW E E 3 ,J c c E J 3 E J 3 E J 3 E 'E> O L - O C ( N e J o o e O O O - - - .N N N n a< 6 '00 C c
@n

c C C C C C N N N N N N N N NWU 'MZ n,n n >n n n n n n n n 9 n n n M qn,

Jo M1
-

U- W,

DL M ZW OO.!

ZE M Dr ->
W W E4 ZZML E Z EO0: > U t

do-s e 6 6.n -r$3.s A s C Niltua n d 3 '. T7M rA A2 % G '1
_ _ ... - - . . . . . _ . . -

- --. _ , , - , _ , _-



'

) r-

f

9

!eloo N m m N b c O O e o - e e e e-
IM - O m O M - - 0) b O @ O ltn N t*> N O C C

b- N

C $ bbbb b'bbb b0O b 'b
N N M fC Oj-j O O O fO- - - - -

b
IC I

O O O o M M M v N e 4 b v m N. b v O O-
M oi E oa

O. O. N.
N c h

. v. v. . .q O. .

b >-

80 N O
. . v. v. . 1 .

M c m
O o Wo N N M M @ v O N M N hC-

M cL C 5) O O- C M M M @ N O N N N N c c-W- W 'C W w C C N F - @ N Y M, O C C N O V Q O G i0 J Oo c0 C C c0 W - O N Tj v v v M M M N N N I( v" Z O -
L. D

g e

N < .Ma O O O O O O e e to e to e ce to to to e coem to
p"* M - O. -O. O.

Oi O

c'' EL O C O O.
O.

C2 m
O.

O G G @ M @ Gsj We . . . . . . . . . .

O v v v v v v v v v vC. o Hw o o O O O N N N N N N N N N b Nsj w M n N O C O n M M M M M M MI *) M n Mv ese O N M N N N M M Mi M M M M % M M e MQ see - O v v O' M M V V V V v T T T T T M V-
ese i
see n L

O. O.
O O

ese - e lo w O O O.
. O.

O
O. O. O.

O
O.

O
O. O. O.

O O
O.q or JO O O.

. . .

. O NO O O O O O O O O O Oe m e La M >- b N N b b b N N b b b N b b b b b N
Ll W M< - Di E

LMa > , .
ir M L Oo. Ir . O. O. O. O.

p
C.

Ot O
O.

p
O. O. O. O. C.

C O f
9 J . . g

|W Z Zi W WW O O O O O O O O O. O O O O O O O OOED J > 0 0 0 C, o O O O O o C O O O O O O O Li
cc c c c c c Q c Q C C C C Q Q Q C Q C O4 oe e a m' 3

emeD D @m O O O O O O O O O. O O O O O O O O >>- J M- 0 0 O Q. O O O O O
O. O. 'O.

O <seeL .J Wo - . C.
O' O

O. .

O. 01 O. O 10 0 Of C O O O
J . .t . l. . . .

eea3 < ic a O O O C: O OE Lw O bo Q O O O O Q O O C O O O O O O 'ese . v v v v' v v N v vi i v y v v v v v |mee. Z W- - - - - - - - - - - -r - '

M hk M M M M M N M M M M M M M .M M COf M l< W O O O O- O O P O O- O O U Oe J Z On w w > w & > .- H >; > > % Oj O O 'O O N

M]i
w w > > > > D=O - < J o m o o o o o e mi o eo o eo o e . tL l O 'a-

e: x I.E.. W O O O O O O O O O C C O O O O O O
N O C a] O O O C, o O O O C' O O O O O' O O O O ;p
IW J. J '

O p C O O e Q O O' O C O O O O C c IA
< W il < w - j. {. 4 0nca 6: E o - - - - -

MW= E p - .- - - > - ,L- -

| iCZM W i

N W C e@ I | 1

le30- A P- 6
a NO i'
or E O | {I
M < C C,; Z r-t

< .L O uJ. |
" v v v H. 7 Y " v v i

4

L 4 O O C. O b C I

-J O O n. O pn M|' O e'M I | .'
O O O O

M ,M' 0L : C i4 " L L3 L4 + L L L L .L ,6 i |-a C: C t<
c (A

c, C p- > > P- >- e >- e- |- |O
1

Z C M Z! < W i |e e
. 1O *- O u O .'C C 1 o o ci c L c c c Ic c c c c c -

| [< | J w< j O p C O. O N NI N o N Ni N N N bo 4 r2 y!< M M M p M M- M e o <- r -= c. v' O < < < < < >< < < < < < < < < < z i'.I 'l L O r.0 e o' e u o e o o ee *-

|>o< z r Mj M M in
c.# c' -

8 M{ e
e .L

;k
e

d o' t,- -
< 0 m M o M. M M b WiZ

io.-
c bJ W WI W W W W' W W sw 12JW(JN M ]W e - O Of O p U 0; O O p to- j f'W a- * - > 0 C O fv v C C O Ci O *O O O. O O O |0><C'l O 's-< c 5 N c C 3 ' % t' C 3 C c1 C C c: 3 ';< 3 * C' OZ - e M ~} - d L L L O EL L L L L c P 4 'W' L CA W o |X Y t/r M Ja

e a a e 3 's e i e e e 3 :Dm;
0 0 0|.

- M V 7 v v v 4 % 4 4 4 4 Y v v v v v < C g
J W .4 C

d Due 3i i4 *- x
&. |

.

I sg . c. Z i
i 1<j < 0 'f C 1W L .I : L L 3 L L L L 3 L L L! L L " 3 ,r

i

i D >C' O .' L c a O CQ t O E"

El >uEl e M CO % C C1 m C b. cc |! o> ' W 'r tw

d>-| C
* +- 3 >- >- - 3 c. >- >, s e 3*O<C I c I-' djGW < 'S O O < M o o

I | o |A <O-W-- J s 3, 8,

C -C a l LW e O M M 7 v v v h v .. O O 10
-

O,} v v 7O b o O' C )O O 0; j/N xxOH - IL* r O }N NODt3 10 4N - - - - L - - - w -
O. C<L 2 JZ ]

- - -

" O sN < - 1 I
k L b.) N N b C to @ O mt O O 10 ,N N-< ME & a- - - - - > - N N H N N N y. 3 Q< L- >- - - - - - . .- - - - - -O O Z g

/ ZW W f f- f ~i | \) Ek U C J r c0 & J 3 J E J 3 % 3 8EF O L . 4 i v t c o 1 o C N N N O @ O ,N N< L 30 N N N N N is N N N N N N N C CD Ko co
-

WW oZ l M M M M M S M M M M M. M M M M in MJL M a
O- W .

j
DL O ZW C "

'

ZE M DE e-
W W 14 *Z ZML 1 Z 2000 >- OW9 M , iw

I

I

20-s e 6 t es -n3 6 s A s C Nu tu e.s :s t r s im A a..o "*

-. s . - . ..

__



_ m . _ ___m __ _ _ _ . _ . . . _ _ _ _ _ _ _ . _. .

I | {-

|
|

[
.

r00 O O O e O v N - @ N O N O vM- N N n v 49 0 0 @ c N N c v C-

0 C
O. O. O. O. O. 1. . .C.

W>
-

- - -O E4 . .
W -m O O O O O O O O oO O O OM 3-

6 i.

O I g
O O - N O N O N O @ N @ M. M @ C ;-90 E WMa

N.
@

O. e. O. O. N. N. @j @
E M DWM M V N @ O v N N M @. W.

N. O. Y.
-

n v.. 50 . . .

M n --@ M EL T T C N Y Y M M e 0; O e M @-

!r
W .- W ww N N - N O N | O e @ @ e .- O-
O .J M - = = T C T T c le T<T Z U
L- D

|
-
< .Ma O O O O O O O O' O O O O
M.

3M-
O. O. O. . O. O. O. O. Ci

O. O. O. O.cWM 4Z JEL O O O O O O O O O O O Oa M Jr- O QO O O O O O O' O O C c40 m o O O to O C N O O O N N
w

aea O N N N N N N N M N N N M MQ man M M M M M M M. O T M M M N 4
men
aee a L

C. O. O. O. O. O. O. O. O. O. O. O. O. O.w Og J
, ame J M MW O O O O O O O O @ O O O O O Om e m L| M > N b N N N N N N e N N N N N N NW W D

|. < - Di t
kne H .

,e> M L o. O. O. . . O. O. O
O. O.

OO
Z O. O. O. O. f i<>- IE

|'l WZ+ W MW O O O O O O O O O O O O OOzD J r o aO oo o 0; O I L O O O o O O O .

{
c0 M o o o n e o o O @ W W e @ @< Me a a cc 3 |

m a n DI O Ma O O O O O O O O N O O Q O O O O d

,

W J M- 0
O.

O
O. O. O. O.' O. <

O. O. O. O. O. O. O..
8man .J WMmae < cL cc c .?. p p c c O O O O O O O

...E Lw - - - - - - -
,0 0, O,

0 0 C O. , , , ,mm.. Z
e - - - - - - -0
|b b E bO bNb b b .b_ .b_

t v. Z OM - - - - C .- .. - - ;emO < J M Mi M M M M M M - M O M M M Mm-- L I O
, . c' I . X i

.. W O Oi O O 'O O O O O C O O O O4 NOC C
9, CO. O O O C: C < 4 O

O C O C.' O f a o o o o O M c p
IF J 6 0 0'

0 0 . . N.
N-gy; < -

}. N N Z . JMcQc r M Z 'Z DnW-d E i 2 |
N N N N- - -

CM i W '

I

30.Z9 -

N LJ I M 4

i e

Or .O
* N I Ic. O [ .

n < O Ci Z | 1
r-

LWOW < 1 e e
g

| .j <>JM
p|<

0 |0M04 M 6- * Cf C t cD C (D (D $ eD 10 10 ED CDZCX1 < - LJ
OWDu O VC C C) O

C C C C C C O n C C O O-<
. M .) .J IW 4 o o o 10 O O O H t

.O. 10 OjQ O O -,r= - - - - - < - - -j mL 7 O K < < < 4 4 4 4 C < < < < < ,

.e = 1'r
e W 60 M M lLo M s06 60 M M' M M M jD< = M iLNM - M

e t,' < 8 = Z W O O I C OE O .4 >~ 12 O O. O O .O O O O O 80 E to W l lc C.JWOM M pW % CO E C (% E d' <C
c O O H M r0 0; O |M M l

,

!
- WW.~ D -r < <l < < g < > e M v m c, e 5 33 pN. ><C'I O e= < D D' D D p D D. D X X N fN 3 m. M N -

>l &<D*d OC O O C C C O O! O W W E 7 J V T J ..M n 8k O <l a W e e e e e i ej e J J - x . p< XE| OOM . M to C @ C (D C 10 EO 6 L. C Q 6-
N N
n M L e.- -

J W E .. O|

A
.-DW* t

i

I' 6- 6 .c
. *- X (D ||D W WZ . < * to a e44 4 0* O LW L L L L L L t. c. O O E

.Z 3 c. L 3 O O -O >Z( O IL E c c E % % t, e :K p: O, O J e E J w w IU C M w C> > H > > - > F. > J J c c - >; >
O < r .4 .O> ) M 6 M to M M M. e i., w c ,a L Mt M - 12 e ;| L. le MO-W [ t i p

.J .J f I n

jf-Me 0U C c' c o o o o C C N CCI C e @
-

XYO CC O O O O O O O C O C C.
.O - - .)

O O D
-

C D c;3' O< .O- - - - - - - - - -y dD < L g OL
N -

| |
1 i !- .- :W m e y n e e- e N N N e e e <- < OZ N N N N N N O N N

.N
N N

N. 4
-

.

D og - - - e e - - - e . O gO O Z
- - -

Z MI uJ O
-E

W E .J E J 2 J 3 2 J 3 .E J 8
| E> D L - n - e o ec N c c e 0 - N N 4 M M g 7 e< L 00 e to e ep e tot to ao m o m o mo e im m
.

R M: 1 n n a n n n n n n n n M n a to o
O- W
DL M ZW - NZK to Dr -

-W W E4 Z ZML E Z ECD > g
1 wn M

{! ,
20-s s & 61 -r.3.s A s 0 %e A N m e z .. 71 *'i n c. A : . ; -

=-

- . . - . , - .- . __ . . . _ - - . . -- - . . _ . . - - ..



_.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

, . _ - . . . . . - . . .
na v = - -- a - __--.ee- - -

--

==.w - -
. ,

,

.
- |

-
*

1 W W
e.

I
..J .,J
W D [

1 E .O :
.J .J .

O O eW W
Z Z

J

7 7 7 7
| r r r r..- w wNO O*= IO k W .O.W .5 0 OH .WO . MOWNT (W HMMWJM>Me MM>MJsMMMb" 04 J L MQ Odo Q L.J

i
! -m a La . .sw . .JLQMOQLJM42. O_st

W .. .I
*
' c

<v M
L- -

onvesveno n am eMMe.n o
.e. . .og N v c. -Om-COO-- tc

x
4 .c M M - -iM e m o T.v.n.O.O.O.Qi -

s.. . po 8

N e vnNNeNMvc 000000000
@ N ea e e e e e

-

{
.,N

p ,
,

<O
N | |
Y ens
O, eea

j ;

fese o m a m |
eae + e + e g4 ir r r E 3* iese w w w w y ie a e LI CW Ok .WCW.MO Ok .W >QW wWOkO . 1

Q <W > M k M re k M e- HM>M M>M IMMMM JW 1a ,
' <-D OM LJ JLOM Lt.J M 10MJLO2!' u.e e M' .JL QMOMEswJ wo. h.o Z sea. i u. s O.e> l e i i< > ==O' - t

|W Z Zi M vmM-t-bMe 0)N O T v IOOMMQED -

N o v.M N M. .M.4 0000 000 .O.C. .Ogd.x .. 4 0000< 0 0 0 0 C'i0-0 c - Oc. Q.
4

1 m - O O'O
4 e e o El e ~@QT vcco 0000 000 -NNv7
| eee > - e ee = e e e MMvoc# e e eae e iese , i
i tee , '
i e '

ese
'mee. je

& i, - - - - , ,
a+ e + , e + e '

s "

." r |E E E J
'

2 oc p - . . e a
1 iw

e- . C+- IO k hJ .O .H W O WOkkCW O 4- 0 C 6-eZ <W Mu '>MMM M*MM-M JkMW k-M,
t

486~-) P mb N,2 sad adss,d* 8 he E!'s i=> i< W Lt t i < '

M M O M. M M-OMc>mO- NA--bN vive b N IeMW-d -

M e m.v.No.m.m.v. N N N cJ N.N.
C OJ)c QAD C | lno | X .. 4 ...a 0 0.0 0 Mo.n.

!

1

30-N W Z 4) i<s
COOmvevom NNNNNN .

i
.

J

i

mococccov MMMMMM 0000 0.0 0
e so |y NN-- e--N conMoo e e -C C . t. eee o e e ,M < 0 O! '
LWOW

|
*

< > .J d I
i

O M c. r!.
e
iC-

ZOXZ |_O *= 3 W Mew O m CD CD (D JD< ~4 0 10 O O O |O1 M xt> .J J J .J J .J
-

'

e c. v < k|) o o o o e i

| |'
- e- e

! m3c4 i
|' LNM > a

20 4 D.- #' k |* Ef .J > - * * *
iEa. Z O CD Z kD.J W M M.Z . =

W W e .N. 4 .J j--
,- W'3 w g- w w

. ><O0 L .J w

>l L43*E w a
k 04

OUW Wmi .J W = .

.J W > L Z U L O
. i L .u * OL T 10 > c: M t%

fo
i r >L - a v. ' > i- 0 0 - Oarj < 0 el - u.;*- O E 6 O La.C > Z r. O E

Et e W. > ,

c. I
,

O<E. Z l

0-W O Z,W l
.tt,3 N

-

< -JJ- O >@ .- O e w -p
N YYon Ou t
N 03c3
o cQ 4 4*J > LW J

|N E LIL Oe 4 - * Z Z,X V O M|
e

d. b It

IZM M LZ N .'
- == E LO m mW O 0 '

E> < M,J
. s4 0 e

WuJ .J J

.J L LW K >==
O- k LE h. N e.DL E DW O 2 m'ZE O MZ

W L O'
ML A w
Or D
Wy-- 6

M

,. 9

'o+. < -w- * *i . , , - , __-,..m_., - , - - , - . , e._.3 - 7 ,a-v.,%yn, >pvy-. .,m - - . , , w- ,-g - .._y w. , -



. = _ - - . . - ~ . _ . . _

i

.m -- ___- ~ _ _ _ w _ _ -- -- _ *
. .--.

= .-

, -

1

4

I
.

!
. >

.,
.

,,

a e - -
+ e {4_ ei E E E Et . . j w -ec Q1- Ok .WO.kCW QW *WO *kOW ,

Nv <w W ee- M J k My- M W H M .J,-M M M |
N- 04 J L'O M O O LLJ M-m J wD- o:Ds i DE M OQ L.J M

L
o.Dw

W .- ,e I
eO
|(v M CS M M cm eL- - vMN-COO-- -

mv@NNN-@N-

m e nD M O O-N M
!

Y. 000000 |
m.o.m.O.O.O.O.O.O.

X
( 4

|N e C 000000 000000000N * e * * * **

.

!
*man

maa .

men a aema e +
E Eesa w w

e a u LI Ok .WO WOH .
Ll <kJ e-M W

4 - D, O,M O L .J ' M & M*-
M.J Wkne t 136-

, ek | LD
1

1 <>=
WZ+ M mom M N E0'NUED -90 0=

O. @* **M .
#

< cov.
sX 4

NOc@asmE e Nm m OmT- i
emm3 > Nvp ; O-eM-
..e ,-- eee ,

..g

..

...
i

l2 I- - - -o . e . e e i
E_ E_

z
.E

. O .e|
-

.- O- Q-O .WW .-Q wC- . .W ,- O
e < uJ WW.JkMMwMW Vs e- M W J W M W s-.: .

' "d" d$ *@, d db 8 bdN 2=- i i(l.J Li |McQW W Nobh000-0 tovv--NMNN
10 0 tD.io.c'm e M.N |M LJ - O' 6 cccc--cbN

ZM ! IX
C.O:O.O O.O M M M.

. - .
N W Z eSi #4 4 . J. Mvh OmA
30- 4 P 0 0,0 0 0 0 0'0 0 CNOccMcNo
OE .u

a N X e o e e MN-e eNMvcE. 1 e e a e
M4CO , ,

i16 wow
|

.

< > .J w |UMOJ
8 C

" O X L' gZ
UMDW MM C e dD

4.. -e O O OM Xb- J J J.L T ( v- C O O*

= 5"e <e g
.

L N Mi >
eg Jn -E O .q D- Z Z

- I'
e -

.i gDi JWMN M.Z - '
.J' -

- WWe- WD w w w><ce g
,<3eEi a

j L 04
Ej C0 F sJWE Ju A o a o
.d, e W., eD DE M IM L |u -c - n >- i

g *,gd g W- -O ' '
0

|

E E e e-
4 04E Z

C-W. O ZJ
. .J J - O ElO X >m -(D e -low..

N VXOH 00 i
N ODEX
p (0 4 L
W > LW JN E LE. O O- 4 ) Z Z
.' h | N

O D
e ZM M - -
.' ~E (UO O OW O DiO - 8-E> . < M .J

e4 O a
WW .J <

JL LW FO X >O- > (LE es - -
DL E D'4 mZ O OZE O MZ O - -

taJ A
ML L
OD D L
WM e t

. . _ _ . . . --.. _- - --- -

* - --..=-r-- -wm., .-.e o -r. ~ y - g-+
,-

y - - - . t - a~ 'w~~y.-



. =, _. - - - . . ~ .- --- ,_-

|

.- - - -
. . _ . _ . . .*%

*
___ , ,

I

.

i
i

$ I

e
.

.e
' |

s
'

I
I

,a a a p+ e 1 +
LeI E E E a

'

L Iw w = wCC Oh C h- .WO.kOW J O F- WO >WC
N T.- (W HM*MPwe>M g >= M kM J k M oeN 04 JLQMC'OLJM i JLOMOgLMJ-e < J wm_ c sw waZ c.s
W .- i, iO

| |<v o towoNN -en OM-evveenL- imMcMOO-NM vocWOOTNm
I

-

@@@o.00000 | v.4.M 0 0 0 0 0.p.
x
( . . . 4 .N e 000000000 O00000~~~e N e ee e e e e eN ,

O
Cr

4 %
v een
Q ema .

a

womb a ae e a "ii e + e

.euS E E
- - .-

e e e L. D* W OWO WCW .O .>=WOLl <W Mk JMk M > Mik J k M M M,

* < * - O.M WQOLJ M.J'Eu r s aOCLWJAMe J' .usk u. s-i en il <>=I fWZ M MNNCO vi---@-TMOED -

0 0.b.c. t M N ei -- N O M.Gx
. .CiO. O. O. . J .< egen j.

e e e st3 e CMMov | 0 0 0'0 0 0 0 0 Cessa > cm@Nv g e eee
,

ejek e 6 e *.
eee et I

'eee
E

eee
eee.

3
'

,' !- -
+ e t

* E E
eO. y ,-
e .- Ok CWW . O .>= Onu,
eI (W >- M M*- J k M >so 6

.E . .J Oro _J M L O O 2 L JM I
i

NOC J L OC U * D u.'I P- e<W 3 IM E O vh o
G T O'm O C m @N

v N N s0 NT ,MW-O
M. v.v . . . . q . |

-

rm 4
NW Z ed NMOMNNMOM30- ,

X bpva NOC
s Cm@A@mNom

o NO
C E E, | e e 'M40 '

1uWO
I

.

< > .J |> uncD r
eo-

Z O X Z4
O >- D km to W CD (D to

'i 4 -IL O O O |' M
et --

xp. J .J J

i. <M O O Oor 1 i j1 e D co <
>-|L S. M,

-

5

> s- a a
EO

Z. ED Z- # '

1.J W M to Z - i -i j '
1 WWe W,3- - w w
!

*
> < C. E *

1 (3 .

eA O
q 00 b

JWE. .J W L O LJ DWe DaL O

O > Z I' O.
hh- O-

C* M
at]'
I >- l C a M> O -

< O 6 O
E E > > . I

l< O<E Z
], 0-W- O -

1
< .J J . o x"

@ == O e O-
b XXOk 00 1
N 03E3

.O (D(L
> LW ' J-

N E LL e g

; J. 5 |ZM M Q.!Z N
-E LlO O

W O DO - 'E> < M.J
s4 0 e

WW J J

_J L LW > f .t Xo- H Ur > NDA E D'd (* OZE O MZ * . . -
W L V

M CW L -

O 3 I
i

, N O )

, - ._ _ _ _ _ __ - . . . - _ . ._ . _ _ . __ . - _ - , _ . . - _ _ . _ _



- - . . . --

%= am .w m. ww _ - - - - -- [~
1-

(.

E

.

I 1
- - - - -+ e + + i

| * E, E E E
L],O k HC h2e . - - -Oc Ok >O.00> QF .WO >OWMV (.W ce-MMMM H M > MJ r. M H Me-M .J k M > MN

- m" DM MJLLJM Q L.J OO J L J LC M O O C.!JMJ 6336. .e.3 6 u u.D u.D'I OIDo.W-
O" -

t i
1 I<v M ~~coss NNN ssMecceev---

La - n00000 0 0 0 0'0 0 0 C M o c O O N;nc
!X / - -

O. t*J. M. O.O. O. O. M.MM.O.O.O.OiO. O.< . - - - . - - q aM e NN--NS - - - C'O O O ---000000m N SNvvNb e ee *
e ae ,

j
O
s ! I
v mem !
01 mam <

E.
man - - - -
eea + e 4 e

E E E E=== - - - -
m e m (W D> OWH 30 .kWQ WWOHO. HQ

Lt <W HMMWJkMMW MMMMJkkwhM<-D OM .JMLOOOLMJ M M.JL O O OL JLMe .J L 3%UID L Aa.D OIIQ u.'N
<>- | 1 |

WZZ. M M-@ NNO-v (Dcc@NNGOM |OED C O M -40 0 M O D==

C.00000000 C.to b v.o.c.M.O NX .. * '< J -

imenW e 000000000- OONome-vN
MMMvocodeeeaa > e ee e e N N M v o n S to m i

H eaea e eee
e a m e.Jmaea

E
aee ,

,'eam.
[g | |- - - -

io + e , + l e '
a - E E E Eno

.>M
~ ~ ~ ' ~e- Ok OH .WO >WO Oki-WO . OsI <J HM>nJWMMk F M1-M .J k OM WE . .J OM JLOMOOLMJ J r.JO M O O L40 JNCO J LDI ID L LD CI LIM

<W |
4 5MEQo

.M. | - e v c M'N N O M G M C'O M N h c M mMW O . CMONOOvbN
O c1=. C O O O O OiM N C O V.N NZM X

. .O C O.O O.O N. * 4 . . . 4 .
syg 4 .s . .

30- e C0000000 000000000e NO
|X

e s e e e e e e e eCE E
M<Oo
L WO wl

|
*

<>Je |O M C3 f
- ed
ZOXD
u m D nef tow to to 10 d< -kt O O O |. . ' O.M m J J JmL 4 4 O O O O
e5.<e i ;e

AbM F
eE 7% - - - a

, ,

2 0.. D= cQ Z CD Z '

JWON n2 J jJ- *WWe- M3 wi w - w o><ce E
-43*E *A 04

q 00 b

y DWeJWE.
JW d L O L
Lic. E M L MI WL .C M!> 0 -- Oa

< < O e' . u)> h. O L
-

Q>ZI O E
E E P- >
< O<r Z 1 .e

0-W. O Z.W [- .JJ- O E.;O N > I
s

@ = tD e w iO
b XXOk C0 Is ODE 3

(0 4 L
> LW c J

|s e o.m. 3 0- 4 Di> Z Z
E MLW M M-

E*

O. D
Z 40 M LZ M V*= E L-0 O O

W O DIO - - '
.

E> < M.J
{ e4 O

WW J
>

.J L LW N >o- k tLtE M ii DL E N O OZE O toZ - -
W L

ML L
OD D I
WO M 1

.
_ . _ _. ._ .t. . a.

( __



.

-.ww , _ - - %

== . .-
e

]

!

l.
I

1

e

.. . .
g i

+ e 4

I E Ei I w jw
-C OH C4aJ k O W' .M O eMV <W emMWJMMMM gN" 04 .Jt0 L O O M O L J .-@ J L DZO GDL |W-

e tOa
| |<v M NoOMMO ve
*! $

La @teOOGoom=

*
C.|0 0 0 0 0 . . .( a !tv e 000000000 8

i

d N e e e e a

i

l
1 mee

aos .
,

esee a a a a 4ese + e + e t
& E E E Eese - - w -

e e e LI O'> O W e- ->WO WCW -W OWOLl (W Hro M kMM> M>Mktok lMW
i <- 00 JML Q;AMJ MJLOMOOLJ
f kMe I L D D 6 L D Is IUDA

i | |es
<>- ewZ M COO NNe@ # N i cc0 0 0 c eOED @me 4,M O O j @ e O. .G O.O. .O

-

g X
--- O. O . .N4 4

.. . .<
eae e 0:0 0 0:0 0 0.

e GvNveccco
f SN e 06commoese > e s e e : M- NOMMob i

e ----
eaee jeea

e a e D*
E \

eae
ses.

I,

|g a a a a iO + e + e 1e . E E E E
e C .H - - e - oe- O Ow L.rC H .CW kC Owww .>OeI <W MW- M * J M k M k >-M t0 M*= M W,.c.* OM M JLQOM.04.J .J ML M O LJf NOO LDao CDA A D :DAI*
(wL i I i

McCM TNMNNiemN NNvNOM-MW-0 Q,N @ c to C@ c o
ZM IX 4... 4.-- C O M C.O.M CNw Z eo 1( OO-Coma-M C.0 0 0*~ .30- 3 |* CcONNeNM- 0000000e NO

|X
MM-e e MHO O N e esC E . 2. ele --

M<CO se
L L C d'

,

l i

|
* '

.O M O< > .J ].
|

|- eO
ZOXC |

UWDW' .MW
C, C (D< -C. 06 O O |M - Xt> _a J JeL v 4 0 0 0 CeC

e 3 40 4' } I
I

L b to|
>-

eg .f>- = a a = '
.EO .4 % gD Z #

.J w n N to.Z i -
CD Z

|
.J e ==

W W- e = wD
.

= w w w>- 4 0 e E
43*E 8L O<

Et COM b

d JwC
JW O L U L

| * Dwe- DA C to E toC
| % >- 6
: M;> 0 m O -

a

< 0e
'O >ZI O.

w:e- 6 0 6 O
r E > 6- .

O<E. Z I4
C-w O f

)m

e<
JJ-

.O 1'0 |
C X.me

h X X O >- C'O I
N ODt3
0 C3 < L |

> LW J- Ji

|N e L c. O O,

4 Di> Z-

.- MP- M
, G"
'

M
O
Z tn (A LZ @ N... -g LO O Ow O DO - - '0" > < MJ

44 0
WW #
.J L LuJ X >O- >=

D.E
Q C NDL E < 0 0ZE O toZ -

w L
=

to t L
OD D I
wp to j

}
_ _ _ _- -



_ - . . _ -..

_ . _ . . - _ - - . . -- - - --

! ,. --

_
__

!

|
w =

.

- .

}

e

!

1 i

,

_ ~ _ _+ e

f E E E E
+ e

NC 06- bhH .O *WO O,> WO kOW.MV <W FMMk JkM MW HIMkMJkMMMN- OM JOLQOQAMJ J"t EM O gL J M-m J L m.0. A kb U.okW- '

s0++
|(v 0 GOMmc OM .

N mmNN Nm*
L- >= Sjv C M M TN @ N 0ic O O 7 0 @ |k ~~= - = -

WD.M.N. O. Ow. N. N.< ONMMMO'ONM
-0 0 0 0 0|3 0 0N s G Q M M M C-Q C N * Cel N Own NCOC * ee

e e e e
O

iN
v eae

tO eae '

eae a' aeae +1 *
MI E Emea J w -a a e QJ Ow WCWWO. >OLi (M to k M M.J kk M M

|<-> 04 MJLMODOLJLMeM J 63 02236 }

(>-0 \ l gaH
I

Q 2'J Z Z
8 M N-MNvvMen j
34 -

m .O.m O O.W.NNx . . . ..W < SovmOO-N-a e a tc e N-ONvvcO-ame3 > M,e-MMMMON> eee eea eaaeL *
mead

E
mea
eea.

t
g a m m mO + e + 1 em - E E

.E EeO F w w -e- .M OW OLJ k W a k O CLJ W WOeI (U &nn tn M H Me >xo M MMMW+

EJ OM JOL M O LLJ JNo L M LJ I.NGO J L D ID L 3 DLIH
<W

MEOW M NNvNO - - * = ~ -NMMM W - Ol CO M C O M1.3 N*N . NNMT-

ZM t C:0 0 0--*- 000NWze s .. 4 C.N. N. N30- ) e C000000 00 O'000.e No
|x

4e e e e e e e e ! 'O E E.
|M4001

L U O kt
j<>.JJ *

-uMcJ |
e O!

2 0 x ''
,

OW3U MW m d g c< -it Of Oi O O jM -. Yt> J J J > .
mL v <> 0 0 0 C 1

mE a [
|*De< f

;
LN H ,

e an n |n .-EO N (D Z O! Z' ,
JWM so.Z

.,.J .J --
- WWe- W3 . w w w

><C.E
s E

><3
L C4 a

OUM N ) I
t |.J W E JW U L O L

.J| W L
3We

: .c..
L,4 b ,E Ma Ww

IO< O %> O' L O
-

> : I' O EE E > w * , '

4 04E 2 )O-W O YM l ,

C-
J .J ~ O E:0 N ). ,I- a) e -O-

N xxOW C0 4 ,

' N 00 c:3 IO 10 4 L ,

J .J d
i I- > LW

N E LL O O |~ < Ol> Z Z
," $ Mr- O ' M
O. 3

|Z 80 so aZ N-

-E Lo O O ,
m

W O D'O - - eE> < MJ
4 O e

WW .J
.J L LW N >O- H Lir N mDL E DW C . OZE D MA - -

W c.
to L L
00 :? j k

L



. _- . _ . . . -. _ . - ,--

. . .#- eso mwo,. .cm = - - - ---

_. c __

!
, , ,

- ...

i
1

- #

8

!

|' |
.-

: 3

-1-
+ i. . e

( E
.I. E

o -Me Ok O>- .WP-O W O e- .u >- OMY < t.ij e-m wo M P-M H M P-m M>.

N .- 04 JLQMLJM J L Oit) LJM=@ .J Lh D 6i LDI 36
W .. eO ,* l<v M N @OOOO C 0 0,0 @OL- c.oN-O-- N N e=- 0--

4
. IX

N.N.N.O.O.O O. N.N.N . 0 0. .-
-<

f\t . C000000 000 000#i N e a e e e e e
.

O
N
v ese
C mes i

;
men I '

-. . . .eea + e s + e +
M. E Z E E E Eeea - - e. . . om es e O Ok Ob WWCW O >- 6- 00 06- .bl k O hs Ok .<W em w o M P-M k .J w M M we- H M e-m een >&<= OM JLOMLJM COOLL f J JLOM L.J W J L'h.M e J 6"J I D ha IOID 3 kna. 63Z D h. 6e >-

<>- 1 I )
W r Zi M eM-WNoe 0000000 veme 000 N00:3 < 0 N ED N v b rs 4444444 WN@A NNN-

@ ve.X .dW < N.N. .C O.OO. N.N - C. 000
4 . 4 NNNNNNN -- 9 9.-aemE e O'000000 mammmme 0000 000 -- ,

aeaD > a e e NNNNNNN eee
Ieeaee e eeae

aea
E

mee
eaw.

, j
1g - -

+ e + et* E E E.O - - . ,a-. 0 6-- 06- .hJO .W C W hJ O k W h-
*I., 46J H@kfoJh-MWM M D- O >= M ME - Om J.10 M O Q.3. .J M M .J L QMLN O O aq .J I O 6

3 D- LD Dw
<W

MEC M N @ O O N Nr\le c NN- .-NNYMW- T-N Ma 000 000-

2M i*.. * * 000 000.qNWZ S O N - O c'N o -
|30- i e (Vi m M -*N- M 000 00001* NO X NOMC VCC i e ee e 1O E E. | N-- ee e ' |

M<O | 1

|
I'LWC *< e- a .

fOMQ J!
* Oj

-ZOxs ' ,

O e- 3 W M.w e a e e e4 -ia. O Ol Of O OM -< xt> t J A J .J i

mL v ( O O O O O80 e

eDe< i
* LNW H-

|
Je a a a m -EO Di- C Z Cl

.Z . m s
I

.

.JW M I
e,Z J - .J - *L .J- Wre uta . w w w>- < c E *

<3e
L 04 e

Ej CU F

.d >J W E
J4a2 O L o L O jDWe 2 16 E M E M E !

.

! L . a M,> 0 O-<j < 0 . ks>= k. O' 4 0 6
O- i

C) >Z O I'E E t-
< 04E Z |

0=W< 0 "'" c
,

- .J J - O Et X > > im -ma w
N XXOk i

i s Ome3
O<L i -

). J h. LN E E '.D Z Z !- d 3 : O O
;

- E e U U
hU.

ZM M O -=- E e -
, W O --
I .- eE> < M.J .-

j < 0 g

WW Ji

JL LW X > MI Da k G.lI O -
i DL E ">< .-- -
'

ZE O M'Z ~ , .-
~

. -
W L -

} ML L
: Os a

WM
, - -

M
m m am, __ _ _ _ - - - .

>

_
_-



___ . _ , . . . _ _ _ _ _ . -- .- -- -- - -

.- - --
___

..w s --
__ 3, -_ q- _ 3 -- * p_yy

__

_

~_
. a == =

-

f
I i

C !>

,
- - - - -
+ e + e +

f E E E E El u - w w w40 0% DM .W FIO W | Ok .W HOW OFMV < aaJ HMMM E0*- M g HM>M M e-so FMkb.- 0:M JAOM L' J M e J A O to L JM J AOM~@ J k;D Das. I k.DI DW LD:W-
| e t

,

O .. i l<v M ) ]_ocoL- -
c!O O O C O m 000 eccoNNQ- 0-- bbc- O-~ O c. q* *X
NNNO. C O. O 0000 000 . .< 4 . a etDN-N e O'O O O O'O O.

.

0000 000 c-mo
o|

N e e e ee a vmM-
N. -

new
emu .

.a .e .e b = . .. a =5 e + + eN E E E E Eaoe J w w w sw weea CW W H O uJ Q% .W HOW Ok '.uO.kWO<CW WMWM HKS H M (O k to H M e-M J*- M E0 W<- DM M.L J M 1L 00 L!Jto JL O M OO Ls0JLMe .J 6 la4DI D4 La.D Z D A . te> t 4 i 1 i<>- 1 i
|WZC E0 VMvv v'Cn m o Dec C 04 -0 = c toQ E D 40 - bic N N csN c0N Th5 | 074-00---X 4 -

4 4 ,W < grN v v. NN. .O. Ojo. O. . . . . OO. O. O. O.
MMO

4

a .e e c' e e e e C.OOO 000 | 00000000. m3 > e ee : e e ee e

= =. =. .

...

....
a

s.= m m a
+ e + e i

aO E E |E E
w , w w a

-- me . On WOW .W% Q Ok 0 La,\ .H QeI <4aJ Mme k w.$ > e- t0 9.JM M M r
.E J 0.M M.J L OM1J K0JLOOMOLJ

| N O O al J ED I L 6 3 2 O| IDLI :- Jj F! < W L. i
e

M c Q M- M NiN - -NWV G G m O Oc o cim ,
:M uJ- O! - OCO OCCO

ZM j IX 0;O.0 C 0.D.0 W O N N N.I ..M. *
N O)

. - . . [
NWZe 4 4 . - - C NN hra m o m i

outDcpO-O |30- 4 le O'C O 0000
e NO ~X e e e e Gote opc-0 I [O E E. | e-NN |M cC O D; ee e .

.L W O LI
|*

< * J we l lO M O J'
* Oj ;-

, -

ZOXC i |O *- D W MiaJ (Om

@O | O
O< -1L, O

, M .. w J _J JaL T < P- 0 P 0
- ,

0 :,

.5.<e >|

.
; i

.

,
L h s0 |

-

et Jn ~ k e ~
E O -3 > Z k0 Z ' O.JWMM M.Z i

1.J *= .J |
-

W-e- ufD w 9 'w
|w a

.{ e-< c e E ,

>
4d

<3*I ,

8A O<
Ej C O Me F

|.J W = i JW e n c U.J D.aJ e La. to l% |M EI' F u. . -
uh.*>= 10 * Oa -

41 < 0 . u. 0 La. p L ,
Q >Z. O E

|r E e- *
< O<E : 1 i i

#O - uJ - O ZJaJ | 1

@-
.J J - O CC X N i-.0 g-ce w

b XXOH CU l ,

N O D Cc 3
b > (LLaJ .J I -N E u O O

4$
<- - Z Z
{ M M M

-

U - D
ZM M AZ N M -

-- E LO
|

- -
W D =O 8- -E> < EA.J

e< 0 *
WW J <

*

JL MC X NOm W Lir -H N MD L' C W ~Z ) e -|
Z(t O sfC" -O I I--

_s



_ _ _ _ _ _ . _ _ _ . . . . . - - - -- - - -

.y_- *-- . . . --3 = = = * ~ . ==
--

-
_ ._ - __

* _--_ . - '
1 --

I

-

_

.
b

f
.i '

i
I

) I
W-

,

[ I
| g*

f E
'

|
|,

n
CO OO e e '+

g Ob
s-wwb

.n, O .kW E +
s .q. , <W E EN"

bN-e .g i DM 00L04 . -m e e ,o_ wb b y's.. y p
W.

g. J D Le O~ I | ;<9 <T - 62 M L a oi -meJLO
og JoL

La b O NNOMO | e g a
j" TNTN
I ddd 'N' MON- c oo, gg,bN 9

e
Cm8

f' 7 ". "
.

99 a . 9 .Oj gg.;
'.' N O O C sqs

l
g ' 0 0 0.0 000 N N.ck f. t I l 8 ** vvN
. ..
g ..g

i :::9 : : : .:.. 9 z
| *** r, c :O'"* jw =w 1 w<W Ob Ww OMO g| <-3 0m HMkMMWJMW WCWko..kQ .z- '? o, 3 at o m e O O c.a neeeswwes ggsQ- umz - oser OOccua ,

oma |

iops

Ivam<>-o u 20==0mWE'
1 i i I

WUCD -

WNNOOOLDO ---vNNmNOCOMNNOMin ,

X
N-NOCCNOC gw-4 CM0000000 ( . ...i ***C

00 4 NONn-- N sN.
(8 ... * .... ...aa=

00000.o.00 NcoNe- Ocm .J I>
i s OcW , Jc.. onneemvem OCm

| y ' 2: !
.. ' Nuo

t , 7..
.s.

j

u
. !

a

O J .
.. . .

-} jr; r , n ,

IW

'
j .4a! O-m

G .r
.n -o ,E

.ba
u 4

e ,O
W .30

<-W r~ '
-

- W
b ,_.4 D m-e ,-

<WE .
f

hLMCOW iM l NN IN c co mM&~Ogg 0D IOnnn L

'i | |
-

NN Nco m mOO
o 00.

|O000 enNt OO Oood Nwy 1?O~ l t' . ...
t OO

or.C. 'OOOO O. N N. N .J...
. o k cnq0Q ) '''' 00 0 0 0 0? N .c.yLWow ''''i

-

<>WW \ N*M
\ OMOJ N "*>~
I - ua

I lCOXA (
,

g )t i G*Du '
I WW

4j c )1 O
-

i o m t
- 20>

4'" .a . O t e
' |[ ? O a O e

I O L| |
| C a.se

0 aLN k 0 ,
-

20 4 =~.
' )em sr

M.: ,= i ~ 'I{JWON
- Who m i * _ iM3 - r ,

_z , e jW40 C
d

- a
>J E43' 7.

. g .L O <l j,y O 0 0' H ,

,

,

I

d_ ~M Cu 'm*d?L 4 a |JW t
*

W,

f
L0) < O |- n- % i L\Q f O O _m

iL'* oigIk & -
J O o rL

O<r Z l ) |
gO-W. O ru

i -Ja- O gaa g
;-O 't

,

XXOH Ow
y

DDC ' U ( O .

O$ 54A {
g ' d i

sd O~

|8 t ) { '

{-
1 < :;-

;
5 i

." VP
) 'zu' | @ ,

. Z 2 |
'

&Z | I
M do-

i

' &> O O .o. 7 |
W,

1 4 < J , 1,

WW O A ( N-

I

.J J ,~J
O W NQ *k

2.'4Lr
o ed y *eZ O irXI -8 _o j g

c ;
Ln Q. 1 o ,

.

L ' 7O
-I M l '

t

3 EWW
(

4
$ '

'



i

.

Item 55 - 3.7.3.8.3, page 3.7-32 and Table 3.7.3-1

Provide a detailed example of the " Alternate Analysis of Flexible Piping"

including the evaluation of Seismic Anchor Motion. Explain the use of the

15/8 factor and the 2g and 39 limits on page 3.7-33.

Response:

A presentation during the meeting explained Alternate Analysis Criteria design

basis and user actions to the satisfaction of the staff. The 15/8 factor is

the ratio of Safe Shutdown earthquake acceleration value of .15g to the

Operating Basis earthquake acceleration value of .089 These values were chosen

for the foundation at Catawba as provided for in 10CFR Part 100, Appendix A

and explained in Section 2.5.2.6 of the FSAR. The .089 value for OBE is con-

servative and is slightly more than 1/2 the SSE.

Concentrated weights within the Alternate Criteria are assumed to be mechanical

equipment, particularly valves. In Section 3.9.22, the seismic qualification

by analysis of safety related mechanical equipment, including its supports,

includes the consideration of two mutually orthogonal components of horizontal

seismic motion occuring simultaneously with the vertical motion as recommended

in Reg. Guide 1.92. The 29 and 3g SSE acceleration limits were used in the

Westinghouse Pump and Valve Operability Program (Section 3.9.3.2) for static

shaft deflection analysis of pump rotors and static valve qualification. It also

required the piping designer to maintain the acceleration to these limits. The

39 and 29 limits are conservative and the Alternate Criteria has taken these

limits and conservatively applied them to determine spans and loading regardless

of the type of concentrated weight of class of pipe.

This item was closed.
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Item 56 - 3.7.3.9, page 3.7-33

The method for analyzing multiply-supported components is unacceptable.

The appropriate method was either a response spectrum that envelopes the

response spectra at all support elevations or multiple response spectra

inputs. Provide a commitment to this method of analysis

Response:

We will revise page 3.7-33 (as attached) to provide the following information:
3.7.3.9 Multiply - Supported Equipment Components with Distinct Inputs

For seismic piping (other than NSSS), analysis includes earthquake
loads represented by horizontal earthquake response spectra at the
various floor elevations in the Category I structures.

For a piping system spanning between two or more elevations (spectra)
the response spectrum analysis is performed using an envelope of all
appropriate floor response spectras through which the pipe passes.
The spectrum used to represent the vertical seismic accelerations is
two-thirds of the horizontal ground spectrum where no vertical floor
spectra is developed.

For the evaluation of relative support motions in the seismic analysis
of piping systems interconnecting two or more primary structures,
the maximum relative movement between structures is assumed, and the

piping system is subjected to these movements through the piping
system supports and restraints using a static analysis. Separate
cases for N-S earthquake and E-W earthquake are considered. Support
movements are based on the maximum of the floor movements immediately

above and below the support location, with the interpolation optional.
The stresses in the piping resulting from these imposed restraint
movements are considered to act concurrently with other seismic and
thermal stresses; however, these stresses are considered to b2

secondary stresses and as such are combined directly with the stresses
resulting from thermally induced movement.

4
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No separate evaluation is made for the stress requirement of the Faulted
p Condition because it is covered by the stress requirement of the Upset Condition
w; if only pressure, gravity and earthquake loadings are considered as they were
' in the subject analysis. For the Faulted Condition only the seismic (SSE)

contribution to the total stress is increased over the seismic (0BE) contribu-
tion to the total stress for the Upset Condition with the gravity and pressure
stresses being equivalent for both design conditions. The stress (displacement,
reaction) effect of a SSE is taken to be 15/8 that of the corresponding OBE.
Since the allowaDie stress for the Faulted Condition is double that of the
Upset Condition, the evaluation of earthquake stress limit is baseo on the
Unset Condition only.

Spans with concentrated weights are evaluated against the displacement and
stress criteria described above; in addition, acceleration limits are imposed
assuming that concentrated weights are usually valves. The limits are 2 g
(SSE) in the vertical direction and 3 g (SSE) in each of two mutually perpen-
dicular horizontal directions. All three of these acceleration components may
occur simultaneously, but resultant combinations of these components are not
used as acceleration limits. The limits are independent of the orientation of
a valve.

3. 7. 3. 9 Multioly - Supported Equipment Components with Distinct Inputs
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stresses; however, these stresses are considered to be secondary stresses and
as such are combined directly with the stresses resulting from thermally
induced movement.
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Item 57 - 3.7.3.9, page 3.7-34'
i

'

The stresses caused by differential seismic motion of piping are secondary

stresses for piping, but are primary stresses for pipe supports. They are

not secondary stresses as noted. Provide a commitment that your analysis j
t'

'reflects this.
|

Response:

Duke will revise FSAR page 3.7-34 (as attached) so that the third sentence

of the third paragraph will read as follows:
!

Per ASME Code rules, the stress caused by differential seismic
i

motion is clearly secondary for piping (NB-3650).
,
,

Additionally a sentence will be added at the end of section 3.7.3.9 as follows:
!

All analyzed piping stresses are considered primary stresses for the!

purpose of pipe support design.

] This item was closed.
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When response spectrum methods are used to evaluate Reactor Coolant System .?
primary amponents interconnected between floors, the procedures of the follow- ''

ing paragraphs are used. There are no components in Westinghouse scope of
analysis which are connected between buildings. The primary components of the
Reactor Coolant System are supported at no more than two floor elevations.

A dynamic response spectrum analysis is first made assuming no relative dis-
placement between support points. The response spectra used in this analysis
is the most severe floor response spectra.

Secondly, the effect of differential seismic movement of components inter-
connected between floors is considered statically in the integrated system
analysis and in the detailed component analysis. The results of the building
analysis are reviewed on a mode-by-mode basis to determine the differential
motion in each mode. Per ASME Code rules, the stress caused by differential
seismic motion is clearly secondary for piping (NB-3650).ead -, . . . . _ , , - -

_SiE-32J17 For components, the differential motion will be evaluated as a
free end displacement, since, per NB-3213.19, exartples of a free end displace-
ment are motions "that would occur because of relative thermal expansion of
piping, equipment, and equipment supports, or because of rotations imposed
upon the equipment by sources other than the piping". The effect of the
differential motion is to impose a rotation on the component from the building.
This motion, then, being a free end displacement and being similar to thermal
expansion loads, will cause stresses which will be evaluated with ASME Code
methods including the rules of NS-3227. used,for stresses ori
pnq nasu wy spa /a// . e M e h 'A M " "ginating fromrestrained fyee end,. displacements " ' " - ' " " * '

q (/-fey.
The results of these two steps, the dynamit inertia analysis and the static
differential motion analysis, are combined absolutely with due consideration
for the ASME classification of the stresses.

! 3.7.3.10 Use of Constant Vertical Static Factors

For seismic piping subsystems, the simultaneous three-directional excitation
used in the analysis does not involve constant vertical static factors.

3.7.3.11 Torsional Effects of Eccentric Masses

i For seismic piping, significant masses offset from the pipe centerline are
' specifically included in the seismic math model. Therefore, any forces or

moments, including torsion, due to these eccentric masses appear in the rESults
of the analysis. Typical examples of such masses are remote-actuated valve
operators and local bypass piping.

1
3.7.3.12 Buried Seismic Cateaory I Pipino Systems and Tunnels

The Nuclear Service Water System includes buried s'eismic piping connecting
various safety-related structures. Due to its early position in the procure-

,

ment and erection schedules, the Nuclear Service Water System piping is designedI

in accordance with the 1971 (rather than 1974) edition of the ASME Code. The
seismic analysis performed on this pipe considers:

%--

3.7-34
.

- ---



Item SE - 3.7.3.13, page 3.7-55

Provide an example of how the seismic boundary is protected in cases where the

seismic and non-seismic piping connect.

Response:

When an anchor is used to separate a seismic boundary non-seismic boundary, a
plastic hinge calculation is performed. All the non-seismic supports are
assumed to fail and a plastic hinge is formed. The loads developed are absolute
summed with the seismic analyzed side. As per Regulatory Guide 1.29, the interface
between seismic Category I and non-seismic system is designated as seismic Category I.
An example of a plastic hinge calculated for anchor 1-R-BW-1547, shown in
figure 3.9.3-1, is attached.
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Item 59 - 3.7.3.4, page 3.7-29

The applicant states that rigid equipment / support ' systems have natural frequencies

greater than 33 Hz as noted in Section 3.7.3.1. Is this a correct reference?

Response:

Page 3.7-29 will be revised (as attached) to read as follows:

Also, rigid equipment / support systems have natural frequencies greater
than 33 Hz.

P
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In all cases, equipment

-

code allowable stresses. under earthquake loadings is d
Also, esigned to be within

frequenc_ies greater than 33 H;.~.;.yrigidequipment/supp
__

.,m...

z.
3.7.3.5

Use of Equivalent Static Load M
ort systems have natural

For seismic piping, the equi ethod of Analysiscation of
fied seismic acceleration cothe total weight of the equivalent static load method involv
tion coefficient is establi h pment or component member by thThe magnitude of the seismic a

es the multipli-eeficient.
characteristics of the component.s ed on the basis e speci-

considered to have e modal particican be adequately characterized as
of

Components within Westinghousthe expected dynamic respons -ccelera

pation factor of one.a single degree of freedom systeme scope whichcoefficients for multi-degree of f
e

region of the amplified respo s are

nse spectra curves are increased breedom systems which may be in thSeismic accelerationaccount consarvatively for the i
e resonancencreased modal participation y 50 percent to3. 7. 3. 6

Three Components of Earthquak .

house subsystems are given iMethods used to account for th
e Motion

n Section 3.7.2.6.ree comoonents of earthquake moti
three-direction excitationFor seismic piping other thaon for Westing-

n NSSS, analysis is performed usiresponse by taki
Directional responses are combi ng simultaneous

.

vidual responses.ng the square root of the sum of
Regulatory Guide 1. 92.This method conforms fully tthe squares (ed into a total

n

SRSS) of indi-3.7.3.7 o the recommendations of
Combination of Modal Respons

Methods used to combine modal
es

of responsibility are given in Sresponses for subsystems in Westiection 3. 7.2. 7For seismic piping other th nghouse's scope
total response by ta an the N555
individual responses. king the square roo,t of theThe responses from groups ofmodal responses are combined idefined as having frequen i

sum of the squares (SRSS) ofnto a
frequency ten percent highec es between the lowest frequency ir, are combined by absolute suclosely spaced modes,from the modes which are notresponse for each group is the!

n the group and a
closely spaced.n combined by SR55 with the remai immation; the resultingthe recommendations of Regul

i

3.7.3.8 atory Guide 1. 92. This method conforms fully tn ng responses
Analytical Procedures for pi ii o

5ection 3.2.1.The criteria for determining
p ng

[

All seismic piping is classifi dwhich piping is to be seismi
.

specific anal

temperature, ytical procedures used in qualifyiSeismic Category I.c are disc"ssed in
i

e

structural frequency, and other fsection.

actors.as discussed in thisng the pipe depend on its size
The

, ''

,
3.7-29
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Item 60 - 3.9.1.1, page 3.9-1

Emergency conditions are omitted here. Does this mean that the Small Steam

Break and Small LOCA in Tabel.3.9.1-1 (page 2) are evaluated using faulted

limits?

Response:

The design basis for the Catawba plant did not include emergency limits.

Specifically, the ASME Code and internal Westinghouse design requirements did

not address emergency. conditions in the design basis. Consequently, it is

not necessary to define emergency conditions in Section 3.9.1.

The definition of a small LOCA and a small steamline break as emergency

conditions in Table 3.9.1-1 was also discussed. It was pointed out that

these transients were inappropriately identified as energency conditions

for the Catawba plant and should be deleted from Table 3.9.1-1. Small break

design transients for the Catawba plant are enveloped by upset and faulted

condition limits. Specifically, fatigue considerations for small breaks are

enveloped by upset condition transients. Structurally, small breaks are
,

enveloped by large breaks considered under faulted condition limits.

Based on the above discussicn and the 44.tached revision to Table 3.9.1-1,
'

this item was resolved.
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Item 61 - 3.9.1.1, page 3.9-7

How many cycles of OBE earthquake are used in the analysis?

Response:

See Items 49 and 51 for a discussion of the duration of the OBE. Based on

Items 49 and 51, this item was resolved.

1
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Item 62 - 3.9.1.1, page 3.9-8

The first paragrpah lists conservative assumptions. Assumption a) is that

"the reactor is initially in a hot, zero-power condition." Is this actually

conservative?

!

Response:

For a steamline break transient the hot, zero power condition is a con-

servative assumption relative to thermal transients and control of the

j reactor coolant system. It was also noted that this assumption does not |

apply to structural and pipe break considerations for the main steamline

: and associated accident analyses (e.g., containment temperature).

Based on the above discussion, this item was resolved.

.
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Item 64 - 3.9.1.2.1, page 3.9-9

This section states that " analyses must be in accordance with the functional

and structural analysis requirements set forth in the applicable Duke specifications."
,

Provide an example of the functional and structural analysis requirements

set forth in applicable Duke specifications.
,

Response:

Duke will revise FSAR page 3.9-9 as attached. This item was closed.

|
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psig coincident with steam generator secondary side pressure of 0 psig.
W3 The RCS is designed for 5 cycles of these hydrostatic tests, which are
(' performed prior to plant startup. The number of cycles is independent of

other operating transients.

Additional hydrostatic tests will be performed to meet the inservice
inspection requirements of ASME Section XI Subarticle 155-20. A total of
four such tests is expected. The increase in the fatigue usage factor
caused by these tests is easily covered by the conservative number (50)
of primary side leakage tests that are considered for design.

3. Primary Side Leakage Test

Subsequent to each time the primary system has been opened, a leakage
test will be performed. During this test the primary system pressure is,
for design purposes, raised to 2500 psia, with the system temperature
above the minimum temperature imposed by reactor vessel material ductility
requirements, while the system is checked for leaks. In actual practice,
the primary system is pressurized to approximately 2400 psia as measured
at the pressurizer, to prevent the pressurizer safety valves from lifting
during the test.

During this leakage test, the secondary side of the steam generator must
be pressurited so that the pressure differential across the tube sheet
does not excaed 1600 psi. This is accomplished with the steam, feedwater,
and blowdown lines closed off. For design purposes, it is asstmed that
50 cycles of this test will occur during the 40 year life of the plant.O

N 3.9.1.2 Computer Procrams Used in Analysis

3.9.1.2.1 Components and Equipment 4g
In the qualification of specific components or e uipment provided to Duke,
vendors may use competer methods of analysis. These mnal.,x: must be@M. '
accordance with the functional and structural an'y:i: mn en nt; set forth
in the applicable Duke specification. 26
3.9.1.2.2 Piping Systems

Static and dynamic analyses of Catawba piping systems are performed using the
computer program SUPERPIPE which is owned and maintained by EDS Nuclear, Inc.,
220 Montgomery Street, San Francisco, California 94104.

SUPERPIPE is a general purpose piping program which performs comprehensive
| structural analyses of linear elastic piping systems for dead weight, thermal
| expansion, seismic spectra or time history, arbitrary force time history and

other loading conditions. Analyses are performed to ASME requirements for'

Class 1, 2 and 3 systems.

A piping system is ideali , a mathematical model consisting of lumped
masses connected by mass lastic members. The location of lumped masses
is chosen to accurately sent the dynamic characteristics of the system

* for a dynamic analys' adequately represent the weight distribution of)

h
1

l 3.9-9
|

|

. .
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Item 65 - 3.9.1.4.3, page 3.9-14

The applicant states that "The component upper and lower lateral supports are

inactive during plant heatup, cooldown and normal plant operating conditions.

However, these restraints become active when the plant is at power and

under the rapid motions of the reactor coolant loop components that occur

from the dynamic loadings and are represented by stiffness matrices and/or

individual tension or compression spring members in the dynamic model. The

analyses are performed at the full power condition."

What component does this paragraph refer to? Is the full power condition

a normal operating condition?

Response:

It was pointed out that the subject paragraph refers to the steam generator

supports. Clarification was provided for the subject FSAR paragraph by

pointing out that inactive refers to the fact that these supports are not

in contact with the steam generator during normal heatup. During power

operation the supports are shimmed to zero gap and become active relative

to dynamic loading conditions such as LOCA and SSE. It was agreed that the

FSAR should be revised to clarify the subject paragraph. The clarification

to FSAR Section 3.9.1.4.3 is attached.

Based on the above discussion and the attached FSAk revision, this item was

resolved.

i
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After all the sections have been defined in this matter!

matrix and associated load vector to suppress the deflection of all the netw, the overall stiffness
points is determined.

By inverting the stiffness matrix, the flexibility ork
matrix is determined.
the load vector to determine the reetwork point deflections due to thThe flexibility matrix is multiplied.Dy the negative ofand boundary force effects. e thermal
deflections and interr J forces.are then determined at all node pointUsing the general transfer relationship, thesystem.

- s in the

The s'tatic solutions for deadweight, thermal, and general pressure loadin|

conditions are obtained by using the WESTDYN-7 computer program.g!

of the hydraulic loads for the loss of coolant accidant analysis of the loopThe derivation
is covered in Section 3.6.2.
Seismic

The model used in the static analysis is modified for the dynamic analysis byincluding the mass characteristics of the piping and equipment.
the equipment motion on the reactor coolant loop / supports system is obtainedThe effect of
by modeling the mass and the stiffness characteristics of the equipment in thoverall system model. e

i

The steam generator is represented by three discrete masses.

is located at the intersection of the cantarlines of the inlet and outlet
The icwer mass

nonles of the steam generator.
The middle mass is located at the. steam

the steam generator. generator upper support elevation and the third mass is located at the top of
-

The reactor coolant pump. is represented by a two discrete mass model.
lower mass i's located at the intersection of the centerlines of the pumpThe

i suction and discharge no nles.
gravity of the motor. The upper mass is located near the- center of!

The reactor vessel and core internals are represented by approximately 13discrete masses.
The masses are lumped at various locations along the length

of the-vessel and along the length of the. representation of the core internalsThe. .grwn unwton
heatup, cooldown and normal plant operating conditions.esapemme upper and. lower lateral supports are inactive /)during plantc.c.u s w n a u.yy.a)

_ become activeJwhen the plant is at power and us....
Moussum, 2ese restraints

. f* F==w u r : .. . .. .. ..... M * "cuui. .u luup _ m . .m . m e ww .. ^ mer4 " "represented by stiffness matrices and/or individual tension or co% ;.J re.um*

} power conditionspring members in the dynamic model.j mpression
The analyses are performed at the fu11|

I

The response spectra method employs the lumped mass technique,linear elasticproperties, and the principle of modal superposition. Floor response spectra
are generated for two perpendicular horizontal directions and the verticaldirection.
simultaneously with the vertical axis.The floor response spectra are applied along each horizontal axis,

8, Oh & g i on /t' *
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Item 66 - 3.9.1.4.3, page 3.9-15

The applicant states that "The modal amplitudes are then converted to

displacements in the global coordinate system and applied to the corresponding

mass point. From these data the forces, moments, deflections, rotations,

support reactions and piping stresses are calculated for all significant modes."

What criteria is used to determine the significant modes?

Response:

For the reactor coolant system Westinghouse indicated that all modes with ai

corresponding displacement greater than 0.001 inch are considered in the

analysis up to a frequency of 200 cps.

Based on the above discussion, this item was resolved.

i

i
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Item 67 - 3.9.1.4.3, page 3.9-15

Justify the use of 4% critical damping for the loss of coolant accident?

Response:

Westinghouse utilizes 4% critical damping for the evaluation of the reactor

coolant system for a loss of coolant accident. Justification of-this damping

value is provided in WCAP 7921AR which has been approved by the NRC. This

topical report has been included in the FSAR and added to the list of references

contained in Section 3.9. Based on the above discussion and the attached FSAR

revision, this item was resolved.
;

;
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From the matnematical cascription of the system, the overall stiffness matrix
K is ceveloped from the indivicual element stiffness matrices using tne trans-
fer matrix method. After deleting the rows and columns representing rigid
restraints, the stiffness matrix is ' revised to obtain a reduced stiffness
matrix (X associated with mass degrees of freedom only. From the mass matrixg

and the reduced stiffness matrix, the natural frequencies and the normal modes

| are determined. The modal participation factor matrix is computed and comoined

| with the appropriate response spectra value to give the modal amplitude for
eacn mode. The total modal amplitude is obtained by comouting the absolute sum
of the contributions for each direction.

1

l The modal amplitudes are then ;onverted to displacements in the global coordi-
nate system and applied to the corresponding mass point. From these data the
forces, moments, deflections, rotations, support reactions and piping stresses
are calculated for all significant modes.

The total seismic response is computed by combining the contributions of the
significant modes by using the methods described in Section 3.7.

Loss of Coolant Accicent

The mathematical model used in the static. analyses is modified for the loss of
coolant accident analyses to represent the severance of the reactor coolant
loop oiping at the postulated- break location. Modifications include adcition
of the mass characteristic of the piping and equipment. To obtain the proper
cynamic solution, two masses, eactr. containing. six dynamic degrees of freedom
and located on each rice of the break, are included in the mathematical model.
he natural frecuencier anc eigenvectors are determined from this broken 1000

mocei. -

The cynamic structural solution for the loss of coolant accioent is obtained
oy using a modifiec-crecictor-corrector-integration technioue and normal mode
tneory. -

._.

When elements of the system can be represented as single acting memoers (tension
or comoression memoers), they are modelled as nonlinear elements, wnich are
represented mathematically by the combination of a gap, a spring, and a viscous
camoer. The force in this nonlinear element is treated as an externally

accliec force in tne- overall normal moom solution. Multiple non-linear elements

can te sopliec at the same- node, if necessary.

| The time-history solution is performee in suoprogran FIXFM3. The input to this

sucorogran cons.ists of the natural- frequencies, normal modes, acolied forces
,

and nonlinear elemencs. The. natural. frequencier and normal moder for the moc-'

ified reactor coolant loco. dynamic model ara- determined with the WESTDYN-7 pro-
graar. To properly simu. late the release of the strain energy irr the pipe, the
internal forces in the system at the postult 'd break location cue to the. in-,

'

ttial steady-state- hydraulic- forces, therst rees, and. weight forces are
determined. The' release of the- strain ener s accounted.for by acolyingx
the' negative of these- internal forces as a. step function- loading. The initial

conditions are equal to zero because the solution is only for the transient
oroolem (the dynamic response to the system from the static eouilibrium posi-
tion). The time history displacement solution of all dynamic degrees of freedom .

is cotained using sucorogram FIXFM3 and employing 4 percent critical camping.
_ __ ,- -
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Item 68 - 3.9.1.4.3, page 3.9-16

The last paragrpah refers to Figure 3.9.1-2. Provide this figure.

Response:

The figure is already provided.

|

I
1

|

|

|

|

|

|
!

!
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Item 69 - 3.9.1.4.4, page 3.9-19

The third paragraph says that seismic analyses are performed individually for

the reactor coolant pump, the pressurizer and the steam generator. How is

the connected piping handled for these components?

Response:

Westinghouse discussed how RCS piping effects are included in the analysis of

the steam generator, reactor coolant pump, and pressurizer. Details of this

discussion for each component is as follows:

- Steam Generator - A generic analysis of this component is performed taking

into account the upper and lower bound stiffness of the component supports

and the stiffness of the RCS piping. Several combinations of stiffnesses

are analyzed. This generic analysis envelopes the Catawba plant.

- Reactor Coolant Pump - For this component a specific plant analysis was performed

taking into account the stiffness of the supports and piping for the Catawba plant.

- Pressurizer - The effects of piping on the pres 3urizer are negligible and

the piping stiffness is ignored. The pressurizer analysis is controlled by

the support stiffness. The pressurizer nozzle is qualified to generic loads.

These nozzle allowables are provided to Duke for consideration in their piping

analysis.

Based on the above discussions, this item was resolved.

. -
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Item 70 - 3.9.1.4.4, page 3.9-19

The last sentence of the third paragraph says that qualification of the reactor

pressure vessel is by a " static stress analysis based on loads that have

been derived from dynamic analysis." Provide details of this analysis and

justify its use.

Response:

The discussion focused on the reference to the static stress analyses for the

reactor vessel. It was pointed out that this reference was only intended to

cover inertial loads. It was pointed out that the Westinghouse RV vendor

performs a static stress analysis utilizing generic loads specified by Westing-

house. Such loads include nozzle loads and internal loads on the vessel. The

generic loads.specified by Westinghouse are generated from dynamic systems

analysis. Westinghouse also indicated that the RV vendor also performs transient

analysis on the vessel but the subject FSAR paragraph was not intended to
~

address this analysis. It was agreed that the methods discussed by Westinghouse

were acceptable but the subject FSAR paragraph required clarification. The
|

clarification to Section 3.9.1.4.4 has been made consistent with the above

discussion.
,
,

Based upon the above discussion and the attached revision to the FSAR, this
<

item was resolved.

l

I
!

|
|
,
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3.9.1.4.4 Analysis of Primary Components

Equipment wnich serves as part of the pressure bouncary in the react r :::'in
loop incluce the steam generators, the reactor coolant pumns, the pressu?:ar,
anc the reactor vessel. This equipment is ANS Safety Class 1 anc :na :rassurs
boundary meets the requirements of the ASME Boiler and Pressure vessai Sca,Section III, Subsection NB. This equipment is evaluated for tne loacing ::.i-
binations outlined in Table 3.9.1-2. The equipment is analy:sc f:r '. ', .r e
normal loads of dead-weight, pressure and thermal, 2) mechanical transients of
OBE, SSE, and pipe ruptures, including the effects of asymmetric pressurization,
and 3) pressure and temperature transients outlined in Section 3.9.1.1.

The results of the reactor coolant loop analysis are used to determine the loads
acting on the equipment nozzles and the support / component interface locations.
These loads are supplied for all loading conditions on an " umbrella' loac basis.
That is, on the basis of previous plant analyses, a sat :f 1:ac; Ici :2:ar "'sc
which should be larger than those seen in any single plant analysis. Tha um:rella
loacs represent a conservative means of allowing detailed comconant analysis
prior to the completion of the system analysis. Upon completion of tha systam
analysis, conformance is demonstrated between the actual plant lo::: :nd theloacs used in the analyses of the components. Any ceviations where the actual

.
load is larger than the umorella load will be handled by indivicua:i:2c analysi .

Seismic analyses are performed individually for the reactor coolan: ump, thepressurizer, and the steam generator. Detailed and complex cynamic nocels are
used for the dynamic analyses. The response spectra corresponding to the cuiic-
ing elevation at the highest component / building attachment elevation is useo for
the component analysis. Seismic analyses for the steam gene ator anc cressurizer
are performed using 2 percent damoing for the OBE ano a :er..nt damping for :ne
SSE. The analysis of the reactor coolant pump for cetermination of loacs on tne
motor, main flange, and pump internals is performed using the damoing for bolted
steel structures, that is, 2 percent for the OBE and 5 percent for the SSE (0.S
percent for OBE and 1.0 percent for SSE is used in the system analysis). This
damning is amplicable to the reactor coolant pump since the main flange, motor
stana, and motor are all bolted assemblies (See Section 5.4). The reactor pres-sure vessel is foualified by :n m -:t--~ :n k;= th;t 5::: beery ,a c',-, :-

n. ip . s u . ., _

xgQggn
,,

.4t4GLo M.> AS/Y E Cselv oi &The pressure councary po'rtions of Class 1 valves in the RCS are designed and
analyzed according to the requirements of NB-3S00 of ASME III.

Valves in sample lines connected to the RCS are not considered to be ANS Safety
Class 1 nor ASME Class L This is because the no::les where the line connectto the primary system piping are orificed to a 3/8 inch hole. This hole restrict s
the flow such that loss through a severence of one of these lines can be made
up by normal charging flow.

|
@W udan -
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Item 71 - 3.9.1.4.4, page 3.9-19
,

In the third paragraph, the applicant states that the " Seismic analyses for

the steam generator and pressurizer are performed using 2 percent damping for

the OBE and 4 percent damping for the SSE." Justify the use of 4% critical

damping for the SSE.

Response:

Westinghouse utilizes 4% damping in the analysis of primary components for the

SSE. Justification for the 4% damping is provides in WCr,P 7921AR which has

been approved by the NRC. As identified in Item 67, revisions have been made

to the FSAR to incorporate this topical report as Reference 14. Additionally,

reference has been made in Section 3.9.1.4.4 to WCAP 7921AR.

Based upon the above discussion, Item 67, and the attached FSAR change, this

item is resolved.

..
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3. 9.1. 4. 4 Analysis of Primary Components

Equipment wnich serves as part of the pressure boundary in the reactor coolant
loop include the steam generators, the reactor coolant pumps, the pressurizer,
and the reactor vessel. Thir equipment is ANS Safety Class 1 and the pressure
boundary meets the requirements of the ASME Soiler and Pressure Vessel Code,Section III, Subsection NE. This equipment is evaluated for the loading com-
binations outlined in Table 3.9.1-2. The equipment is analyzed for 1) the
normal loads of dead weight, pressure and thermal, 2) mechanical transients of
OBE, SSE, and pipe ruptures, including the effects of asymmetric pressuri:ation,
and 3) pressure and tamperature transients outlined in Section 3.9.1.1.

The results of the reactor coolant loop analysis are used to determine the loads
acting on the equipment nozz.las and the support / component interface locations.
These loads are supplied for all loading conditions on an " umbrella" load basis.
That is, on the basis of previous plant analyses, a set of loads are determined
wnich should be larger than those seen in any single plant analysis. The umbrella
loads represent a conservative means of allowing detailed component analysis
prior to the completion of the system analysis. Upon completion of the system
analysis,. conformance.is demonstrated between the actual plant loads and the
loaas used in the analyses of the- components. Any deviations where the actual

, load. is. larger than the- umbrella. load will be handled by individuali:ed analysis.

Seismic analyses. are performed individually for- the- reactor coolant pump, theressurizer,. and. the staas generator. Detailed and complex dynamic models are
used. for the- dynamic analyser. The response. spectra. corresponding- to the build-N ing elevation at the hignest. component / building attachment elevation is used for

( the comoonent analysis.- Seismic analyses for the steam generator and pressurizer
'

l ?L are performed using 2 percent damping for the OBE and 4 percent damoing for the
SSEV The analysis of the reactor coolant pump for determination of loads on the
motor, main flange, and pump internals is performed using the damping for bolted
steel structures, that is, P. percent for the OBE and 5 percent for the SSE (0.5
percent f or- Ost ano 2..O percent. rer s.w is usec. in :na sy'srein ana tysis). ints
camping is acclicable to the reactor coolant pump since the main flange, motor
stanc, and motor are all bolted assemblies (See Section 5.4). The reactor pres-
sure- vessel is qualified by static stress analysis based on loads that have been
derived from cynamic analysis.

! The pressure boundary portions of Class 1 valves in the RCS are designed anc
analyzed according to the: requirements of NB-2500 of ASME III.

Valves.in samole 'ines. connected to the RCS are not considered to be ANS Safety
Class.1. nor ASME C. lass 1. This is because the- nozzles where the line connect
ta the primary system piping; are orificed. ta a. 3/8 inch hole. This hole restricts
the flow. such that lost through a severence of one of these liner can be made
up by normal charging. flow.

1

,
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Item 72 - 3.9.1.4.5, page 3.9-20

The applicant states " Pipe displacement restraints installed in the primary shield

wall limit the break opening area of the vessel nozzle pipe breaks. An upper

bound break area of 85 square inches was determined, taking into account the

primary shield wall pipe restraints and vessel and pipe relative motions from

similar plant analyses. Detailed studies have shown that pipe breaks at the

hot or cold leg reactor vessel nozzles, even with a limited break area, would

give the highest reactor vessel support loads and the highest vessel displacements,

primarily due to the influence of reactor' cavity pressurization."

Provide supporting evidence for an upper bound break area of 85 square inches.

Were the detailed studies which showed that pipe breaks at reactor vessel nozzles

give highest vessel support loads and displacement performed for the Catawba

plant? If performed for a similar plant, show that they are indeed similar to

Catawba.

Response:
;

As discussed in Item 12 and 14, analyses were performed to demonstrate that the

break opening area of 85 square inches is conservative. Westinghouse has performed

specific plant analyses for plants such as SNUPPS (Callaway, Wolf Creek) as well

as generic analyses which demonstrate that breaks at the RV nozzles result in

the highest loads and displacements on the vessel supports. Although no such
|

| comparative analysis was performed for Catawba, previous analysis results apply

because of the similcrities in Westinghouse plant designs. The major similarity

is the configuration of the reactor cavity annulus which is the governing factor
|

| in determining RV support loads and displacements.

Based on the above discussion and the information provided for Item 12, this

item was resolved.

!

I
L
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Item 73 - 3.9.1.4.6, page 3.9-23

The f.irst paragraph of item 1 identifies stress limit criteria which are not

in compliance with Appendix F of the ASME Code. Provide a connitment to the
,

,

stress limit criteria of Appendix F of the ASME Code.

'

Response:

Westinghouse indicated that this method was only used for the reactor coolant
!

| pump feet. A generic analysis was used to qualify the pump feet, however,
!

the specific stresses were not available. Westinghouse indicated that the

analysis did demonstrate compliance with the 90% ultimate stress as specified
4

in the FSAR. It was agreed that the subject paragraph in the FSAR would satisfy

Appendix F requirements if the 90% criteria were deleted. Westinghouse indicated

that they would review the analysis further to determine if Appendix F criteria

could be satisfied. Based on this review, it has been determined that Appendix F

criteria have been satisfied for the reactor coolant pump feet. As a result of

this review, the 90% criteria has been deleted from the FSAR.

Based on the above information and the attached FSAR revision, this item is

resolved.

1

.
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even though the time history results show that these loads occur neither sim-
ultaneously nor on the same support.

The largest vertical loads are produced on the support, opposite the broken
nozzle. The largest horizontal loads are produced on the supports which are
perpendicular to the broken nozzle horizontal centerline. Note that the peak
loads are conservative values since the break opening area for the vessel in-
let nozzle break (as obtained from the dynamic loop analysis) is acutally less

,

than the estimated 85 square inch area used to generate the applied loads. If
'

additional analysis was performed using the lower break opening area, the loads
would be considerably reduced.

3.9.1.4.6 Stress Criteria for Class 1 Components and Component Supports

All Class 1 components and supports are designed and analyzed for the design,
normal, and upset conditions to the rules and requirements of the ASME Code Sec-
tion III. The design analysis or test methods and associated stress or load
allowable limits that will be used in evaluation of faulted conditions are those
that are defined in Appendix F of the ASME Code with supplementary options out-
lined below:

1. Elastic System Analysis and Component Inelastic analysis
- s.

This is an acceptable method of evaluation for Faulted Conditions if primarj
'

stress limits for components are taken as greater of 0.70 S "b + 1/3
u y

(S - b ) f r membrane stress and greater of 0.70 S "b + 1/3 (Sut " b )u y ut y y
for membrane plus-bending stress, where material properties are taken at ap-
propriate temperature,a - one max. mum n..;; ': ' W +^d = _ ^^% J tr.c
r+- .. ...__:.

If plastic component analysis is used with elastic system analysis or with
plastic system analysis, the deformations and displacements of the individual
system members will be shown to be no larger than those which can be prop-
erly calculated by the analytical methods used for the system analysis.

2. Elastic / Inelastic System Analysis and Component / Test Load Method

The test load method given in F-1370(d) is an acceptable method of qualifying
components in lieu of satisfying the stress / load limits established for the
component analysis.

If the component / test load method is used witn elastic or plastic system
analysis, the deformations and displacements of the individual component
members taken from the test load method data at the loads resulting from
the system analysis will be shown to be no larger than those which can be
properly calculated by the analytical methods used for the system analysis.

,

A list of seismic Category I equipment and the method of qualification
used is provided in Table 3.2.1-1, 3.2.1-2, 3.2.2-2, and 3.2.3.-l."

3.9-23
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Item 74 - 3.9.1.4.6, page 3.9-23

The applicant states "If plastic component analysis is used with elastic-

system analysis or with plastic system analysis, the deformations and displacements

of the individual system members will be shown to be no larger than those which

can be properly calculated by the analytical methods used for the system analysis."

Indicate when this has been used.

Response:

The test load method is used by Westinghosue for the reactor vessel pads.

This item has been discussed in other meetings and has been justified based on

one-eighth scale model tests.

Rased on the above discussions, this item was resolved.

;

|

1

i
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Item 75 - 3.9.1.4.7, page 3.9-24
The first paragraph indicates that elastically determined stresses will be
compared against inelastic limits. This approach is not one of the methods
listed in Appendix F of the ASME Code. Provide an example of the analyses
and provide assurance that this method is at least as conservative as those

in Appendix F.
,

Editorial Comment
' The applicant states " Dynamic Seismic analysis for the SSE is performed on

this piping utilizing the tesponse spectrum method in accordance with USNRC
Regulatory Guide 1.92." Is this a correct reference?

Response:;

Page 3.9-24 will be revised (as attached).
;

F P M P4- W
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Loading combinations and allowable stresses for ASME III Class 1 components and
supports are given in Tables 3.9.1-2 and 3.9.1-3. For Faulted condition evalua-
tions, the effects of the safe shutdown earthquake (SSE) and loss-of-coolant ac-
cident (LOCA) are combined using the square root of the sum of the squares (SRSS)
method. Justification for this method of load combination is contained in Ref-
erences 4 and 5. The responses to other loading combinations defined in Table
3.9.1-2 are combined using the absolute sum method.

3.9.1.4.7 Balance-of-Plant Components, Piping and Supports

Seismic category I piping other than NSSS is analyzed for the faulted condition
utilizing elastically-determined stresses compared against M ::t k '' 'in
This is in accordance with applicable sections of the ASME C' ode or ANSI B31.1
as appropriate. Load combinations and allowable stresses for faulted and other
plant conditions are discussed in Section 3.9.3.

Dynamic seismic analysis for the SSE is performed on this piping utilizing the
Om _de.;| n :% hon" method in accordance with USNRC Regulatory Guide 1.92.

:
' -

* con,

All seismic Category 1 supports are designed and analyzed for the Normal, Upset,
Faulted and Test Conditions. The stress limits for normal and upset conditions
are as presented in ASME III Subsection NF and Subsection NA Appendix XVII for
the portion of the support within the NF boundary. The stress limit for the m
faulted load combination is as specified in Subsection NF with the exception I-
that to avoid column buckling in compression, for members subject to local in- '

stability associated with compression flange buckling in flexural members and
web buckling in plate guides, the allowable stress has been limited to 2/3 of
the critical buckling stress. For support design there is no inelastic analysis.
Temperature effects for material properties are considered. For the portion of
the support not within the NF boundary and for supports for B31.1 piping, stress
limits are as provided in MSC-SP58 or the AISC Manual.

For integral attachments to the pressure boundary the rules of ASME Section
III, Subsection NB, NC, ND are used as applicable.

3.9.2 DYNAMIC TESTING AND ANALYSIS N* "' M P * *

% Ue f-ISZ.Z.24 ob A P* A ''gP
3.9.2.1 System Operational Test Program gg Q ge/q

#3.9.2.1.1 System \ibration Testing
_

m- --

ASME III requires that piping design minimize vibration and that piping sys-
tems be observed under startup or initial operating conditions to insure that
steacy state vibration in piping systems is not excessive. As part of the
preoperational test program described in Chapter 14, steady state piping vi-
bration and transient response of piping due to valve closures, pump starts,
and other changing configurations are observed. Details of the tests are given
in Table 14.2.12-1.

'Duke Class A, d, C, and F systems satisfy the criteria of Regulatory Guide 1.68,
Revision 2 for systems to be included in the vibration test program. Systems

3.9-24 Rev. 1
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Item 76 - 3.9.1.4.7, page 3.9-24
_

Provide your interpretation of jurisdictional boundaries as they pertain to
llF supports. Justify ywr position.

Response:

Subsection NF of the ASf1E Boiler and Pressure Vessel Code defines requirements
for structural elements for both component supports and piping supports. In
reviewing application of this subsection to structural elements of pipe supports
Duke Power Company has defined jurisdictional bocadaries to be within the
scope of subsection NF when the ASME code provisions are clearly applicable
and result in rational structural requirements for design and construction.
fiany aspects of structural steel design have a long and established history of
adequate and reasonable application by structural engineers. For this reason,

Duke Power Company uses applicable codes and standards other than ASME standards
for the majority of structrual steel design associated with pipe supports.
Boundaries between items designed and fabricated to Subsection NF and those
designed and fabricated to codes and standards applicable to building structural
items are clearly designated on all drawings released for construction. Guide-
lines for defining these standard boundarles are provided in Duke specification
CNS-1206.00-04-0001 Design Specification For Nuclear Safety Related Component
Supports (QA Condition 1). A copy of this document has been previously
provided to NRC representatives.

As justification for our position we have been asked by the staff to show
approximate equivalence across jurisdictional boundaries for several specific
i tems.

1. Presence of clearly defined structural requirements on both sides of the
jurisdictional boundary.

The Design Specification clearly defines design criteria to be followed
on both sides of the NF boundary. For both normal and upset conditions,
structural steel is designed to normal allowable limits per AISC require-
ments, regardless of boundary. For the faulted condition, additional

conservatism over and above that required by Appendix F is provided by
limiting steel stress to 1.33 x AISC allowables within the NF boundary
and to 1.5 x AISC allowables outside the NF boundary. This is consistent
with allowable values used for building structural steel . Limiting
stresses under faulted conditions to the elastic stress range as provided
by these measures provides that the structure performs as predicted by
elastic analysis procedures that ate well documented and provides a
degree of conservatism due to additional capacity in the inelastic range
of materials which is not utilized.

2. Consideration of the relevance of buckling as a factor in support design.

For normal and upset conditions, use of AISC allowable stresses results
in appropriate safety factors against buckling for these conditions.

Use of the 1.5 factor on AISC allowable stresses for the faulted
condition subse. uently reduces the safety factor against buckling"

q
but maintains adequate margins for this condition. In the region of
"short column" buckling (for fy=36, kl <,126) formulas presented by AISC

r
,
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and use of the 1.5 factor allows values of allowable stress to approach
0.9 x yield strength. Critical buckling as presented by the Euler
approach is not the predominant failure mode in this region. For KL/r
values above the critical buckling coefficient, AISC limits stresses to
12/23 x critical buckling stress. Use of the 1.5 for faulted loading
increases this limit to 18/23 x critical buckling stress. This value
is slightly higher than the 2/3 value proposed by the staff.

In actuality, buckling strength is seldom the controling factor in
structural steel ior pipe support design. Bending anc' shear forces areI

the predominant limiting stress considerations. Coupling these limits
with deflection limitations imposed on the supports, required to make
the supports relatively stiff compared to the pipirg for stress analysis i

validation, removes most consideration of buckling from the analytical
approach to pipe support design. Predomanance of tube steel in support
design, primarily due to superior properties for torsional resistance,
provides relatively low L/r ratios for design, further obviating the
need for a stringent review of buckling as a critical factor. However,
changing the design specification to account for a 2/3 factor'on
buckling rather than 18/23 would require individual review of each of.
more than 20,000 calculations already completed for Nuclear Safety
Related pipe supports at the Catawba Station. In short, we feel the

slight difference in buckling limits has little, if any, relevance
in support design and the methods and allowable stresses used for
Catawba present a safe and adequate situation.

3. Use of initial overdesign as an added conservatism.

( Beginning in December 1979, new support designs initiated for Catawba
|

Nuclear Station were conservatively designed by incorporation of an
additional 25% of piping loads supplied into design loads for the'

suppo rt. Rational for this conservatism included reduction of changes
due to revised loadings by reanalysis and increased margin available
when field conditions would not allow all elements of the design
drawing to be fabri:ated per drawing requirements. Although such
changes have resulted in encrouchment into the margin in many cases,
for an even greater number of cases, the margin is now increased as
piping loads have decreased. Coupled with the fact that the full
capacity of a member is seldom used when structural engineers provide
a design which is limited only by a maximum criteria, pipe support
designs for the Catawba Station are certainly conservative and provide
high confidence that adequate structures for pipe supports are produced.

4. Materials control and mill test certification reports.

Materials purchased for Catawba Nuclear Station are classified on site
as either safety related or non-safety related. Materials used within
the NF jurisdictional boundary which are not " bulk stock" items, such
as component standard supports are purchased from an authorized supplier
per Subsection NA-3700 and NCA-3800. Certified mill test reports in

| accordance with NF-2130(a) are obtained showing compliance with Section-

III Subsection NF requirements for Class I materials. Traceability ofs.

- .- .- _ . - . - . . ._ - _ .
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component standard supports are maintained for Class A supports.
Bulk stock items, such as miscellaneous steel are received on site
with certified mill test reports. Tube steel inside the NF boundary
is purchased to requirements of Code Case N-71-8.

Design drawings define materials specifications inside the NF jurisdictional
boundary as SA/A showing that the appropriate ASTM specification and ASME
specification are equivalent. Tube steel furnished per Design drawings
reference Code Case N-71-8. Material furnished on Design drawings out-
side the NF boundary reference the appropriate ASTM specification. Both
material. inside and outside the NF boundary for structural items other
.than component standard supports are furnished from Nuclear Safety
Related field bulk stock and are equivalent as certified mill test
reports are furnished as previously mentioned. Receipt of CMTR's are
part of initial receiving inspection procedures.

5. Weld inspection and NDE requirements.

Weld inspection inside the NF boundary is performed per Duke Power
Company QA requirements for ASME Code work and meets requirements of
Subsection NF, Article NF-5000. An Authorized Nuclear Inspector,
independent of Duke Power Company, reviews each support package prior
to fabrication. The ANI has v lity to add inspection hold points
and additional NDE requiremen" ..propriate.

All welders utilized for supports on ASME Code piping are qualified
i for both requirements of AWS Dl.1 and ASME Section IX.

Predominant weld types on welds within and outside the NF boundary
are fillet and. partial penetration welds. Visual inspection is
performed by qualified QC inspectors for all welds with other NDE
requirements specified where appropriate.

!
6. Duke Power Company control of design and construction and resultant

;
' " reasonableness" of job.

| Duke Power Company designs, fabricates and erects the supports for|

Catawba Nuclear Station. This provides unique advantages in the
enforcement of re'quirements both within the NF jurisdictional boundary
and outside that boundary. The intent of specification requirements
is maintained throughout the design and construction process through

I direct communication between designer, fabricator and erector. This
close interface is not always possible when design, fabrication and
erection are contracted to different companies.

r

.

O
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Item 79 3.9.2.3, page 3.9-32
,

4

The first full paragraph mentions three plants which provide prototypical data.

Which of the three plants --Indian Point 2 Trojan or Sequoyah 1-- is the valid

prototype for Catawba?
Response:
The prototype plant for Catawba is Indian Point Unit 2. The IPP-2 plant was

fully instrumented and tested during hot functional and pre-operational testing.
' Additionally, available test data on the Trojan 1 and Sequoyah I plants together

with the prototype IPP-2 results can be used to characteri:a vibrational

characteristics of 4-loop internals. The significiant differences between

Catawba and IPP-2 internals are the replacement of the annular thermal shield
.

1

' with neutron panels, modifications resulting from the use of 17x17 fuel and the

change to VHI-style inverted top hat upper internals.

Upper Internals
i

The upper internals of Catawba and that of the tested Sequoyah 1 unit are similar

with the UHI-style inverted top hat configuration. The upper internals adequacy

of Sequoyah I has been established by the plant tests and supplemented with the

scale model tests of similar configurations. The results of testing at Sequoyah 1

show that components are excited by flow-induced and pump related excitations.

Analyses of the data indicate that the instrumented components have adequate

factors of safety and that the vibration behavior is well characterized. A

specific comparison of the Sequoyah upper head characteristics with the Catawba

plant is provided in the response to Item 80. This information demonstrates

that appropriate safety margins exist for the upper internals. In summa ry,

structural adequacy and vibratory behavior of the Catawba upper internals configuration

has been establisehd by testing at the Sequoyah 1 plant.-

Neutron Panels (Core Barrel)

cale model tests indicate significantly lower "ibrational levels for internals~
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2

.

with neutron panels than for internals with annular thennal shields. Test

:
'

results from Trojan 1 (neutron panels similar to Catawba) show lower vibration'

I levels than on IPP-2. The primary source of excitation of the core barrel is

flow turbulence generated at the inlet nozzles and in the downcomer. Since;

both Catawba and Trojan 1 have neutron panels, the vibration levels are similar.
~

The coolant inlet temperature and flow rate of Catawba are slightly higher

than Trojan 1. Scale model tests show that the core barrel vibration levelsj

vary as the velocity raised to a small power. The differences in fluid density
; and flow rate result in an approximately 5.8% higher core barrel vibrations for
#

Catawba when compared with Trojan 1. This correlation and the fact that the

i scale model tests and plant tests show that vibration levels are lower with

neutron panels than annular thermal shields leads to the conclusion that stresses

j less than or approximately equal to IPP-2 will result on the Catawba internals.
!
'

17x17 Fuel

j Fuel assembly masses and stiffnesses remain relatively unchanged, and so no
I

'

significant change in internals vibration is expected.
i
;

With the inclusion of data relative to the Sequoyah/ Catawba upper internals

comparison in Item 80 and the minor revision to FSAR Section 3.9.2.3.3 (attached
,

i i

|
to Item 80), this item is resolved.

i
i

|

|
|

1

i
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Item 80 3.9.2.3, page 3.9-33

Item 3 discusses vibration of the upper internals. The second to the last

sentence says that " Applying a 5% increasein level to the high factors of safety

deduced from Sequoyah 1 data results in adequate margins for Catawba upper

internals." What are the margins for the upper internals?

Response:

Portions of Section 3.9.2.2.2 will be changed to read:,

" . . . The vibration of the upper internals due to flow turbulence
,

is approximately proporticnal to the product of density, and velocity,

V, squared (reference 8). This product is approximately 5% higher in

Catawba then Sequoyah 1. By applying the 5% increase in the quantity

(V2 (i.e., density times velocity squared) to the high factors of safety
,

deduced from the Sequoyah 1 data, the miniinum factor of safety for the

| Catawba upper internals is 1.80 (reference 14). The changes in the fluid

. . . frequencies."

I'; was pointed out that the 1.8 safety factor refers to margin relative to the

endurance limit. It was also noted that Reference 14 will be added to the FSAR.
|
t

Based on the above discussion and the attached FSAR change, this itein was

resolved.
,

|

|
;

1
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3. UHI Inverted Top Hat Upper Support Configuration

The components of the upper internals are excited by turbulent forces due
tc axial and cross flows in the upper plenum (Reference 8) and pump speed
related components. Sequoyah and Catawba have tne same upper internals
configuration; therefore, thr: general vibration behavior is not changed.
Data on upper internals vibration have been obtained during hot functional
testing at Sequoyah 1. A preliminary report on analysis of the data has
been submitted. A final report including measurements with the core in
place is in preparation. Reduction of the data and the post hot functional
inspection results provide assurance of the design adequacy. The increased
flow rate of Catawba with respect to Sequoyah is reflected in upper internals
vibrations primarily as a change in fluid velocity. The vibration of the
upper internals due to flow turbulence is approximately proportional to the
product of density and velocity squared (Reference 8). This product is ap-
proximately 5% higher in Catawba than Sequoyah 1. KW'y' g : 5" i : :::: '-
'. .' .: n -i;r ';c u r : ;f :sf t3 t ic:d ' T ::v:3 :" '_ P t- :J t: ''
2:_:_:n :T: ':- 0:t r ": ;;: '-t: :!:. The change in fluid censity
and elastic modulus due to outlet temperature differences results in a very
smail change in structural natural frequencies.

*

Further data have been obtained during initial startup testing of Sequoyah 1.
These data indicate lower vibration levels (and consequently higher factors
of safety) tnan those ceduced from hot functional data.

The original test and analysis of the four-loop configuration is augmented by
(References 6, 7, and 8) to cover the effects of successive hardware modifi-
cations.

3.9.2.4 Preooeratione! Flow-Induced Vibration Testing of Reactor
Internals

Because the Catawba reactor internals design configuration is well characterized,
as was discussed in Section 3.9.2.3, it is not considered necessary to conduct

; instrumented tests of the Catawba plant hardware. The recommendations of Reg-
| ulatory Guide 1.20 are satisfied by conducting the confirmatory pre- and post-

I hot functional examination for integrity. This examination will include in
' excess of 30 features (illustrated in Figuro 3.9.2-1) with special emphasis on

the following areas:

1. All major load-bearing elements of the reactor internals relied upon to
retain the core structure in place. -

2. The lateral, vertical and torsional restraints provided within the vessel.

"cu 'ac''.ino and bolting devices whose f ailure could adversely af fect'

..; ? Itructural integrity of the internals.

J. Those other ,0 cations on the reactor internal components which are similar
to those wnich are examined on the prototype. designs.

5. The inside of the vessel will be inscected before and ifter the hot
Nnctional test, with all the internals removed, to verify that no loose,.



Item 81 3.9.2.4, page 3.9-33

Provide Figure 3.9.2-1.

Response:

Figure 3.9.2-1 is already provided.

|
I
!

I

|

i

I

I

|

|
!
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Item 82 3.9.2.5, page 3.9-35

The first full paragraph states that "For faulted conditions, stresses are above

yield in a few locations. For these cases only, some inelastic stress limits

are applied." Define the inelastic stress limits and indicate where these limits

have been applied.

Response:

As discussed in Item 7, the reactor internals were procured prior to imolementation

of sub-section NG of the ASME Code. However, the reactor internals for the

Catawba plant satisfy ASME Code design and fabrication requirements. Additionally,

faulted condition stresses satisfy the limits defined in Appendix F of the ASME

Code and are combined in accordance with NUREG-0484. Seciton 3.9.2.5 of the

FSAR has been revised to state that faulted condition stresses for the reactor

internals satisfy limits defined in Appendix F of the ASME Code. Based on

the above discussions and the attached FSAR changes, this item was resolved.

l

.

|

!
t

|

|

- , _ .
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3.9.2.5 Ovnamic Svstem Analvsis c1' the Reactor Internals Uncer
Faul ac Canoi:1ons ~~

.

1. Loss of c:olant accident (LCCA). Bot:s ctd Teg and not leg breaxs art
consicered.

2. Safe shutdown earthquaka (SSE).

Maximum stresses for 55F and. LCCA are obtained and c:moined.
~-

Maximum strest intansitier are c moarea. to allowaole stresses for eacn of One ~~
acove conditions. Elastic analysis is' used to octain :ne resconse of One -

structura and the stress. analysis on ..cn c:moonent is ;:erformed acecrcing to ,~
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Item 83 3.9.2.5

,

Previous analysis for other nuclear plants have shown that certain reactor

system components and their supports may be subjected to previously under-

estimated asymmetric loads under the conditions that result from the postulation

of ruptures of the reactor coolant piping at various locations.

The applicant has described the design of the reactor internals for blowcown

loads only. The applicant should also provide information on asymmetric icads.

It is, therefore, necessary to reassess the capability of these reactor system

components to assure that the calculated dynamic asymmetric loads resulting from

these postulated pipe ruptures will be within the bounds necessary to provide

high assurance that the reactor can be brought safely to a cold shutdown

condition. The reactor system components that require reassessment shall

include:

3

a. Reactor pressure vessel.

b. Core supports and other reactor internals.

c. Control rod drives.

d. ECCS piping that is attached to the primary coolant piping.

e. Primary coolant piping.

f. Reactor vessel supports.

The following information should be included in the FSAR About the effects of

postulated asymmetric LOCA loads on the above mentioned reactor system components

and the variuos cavity structures.

.
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,e

1.; Provide arrangement drawings of the reactor vessel support systems in

sufficient detail to show the geometry of all principal elements and.:

materials of construction.

2. If a plant-specific analysis will not be submitted for your plant,
.

provide supporting information to demonstrate that the generic plant

analysis under consideration adequately bounds the postulated accidents

; at your facility. Include a comparison of the geometric, structural,

| mechanical, and thermal-hydraulic similarities between your facility and

the case analyzed. Discuss the effects of any differences.

3. Consider all postulated breaks in the reactor coolant piping system,

including the following locations:

a. Steam line nozzles to piping terminal ends. '

b. Feedwater nozzle to piping termal ends.'

c. Recirculation inlet and outlet nozzles to recirculation piping

terminal ends.

4. Provide an assessment of the effects of asynmetric pressure differentials *

on the systems and components listed above in combination with all external

* Blowdown jet forces at the location of the rupture (reaction forces), transient

differential pressures in the annular region between the component and the wall,

and transient differential pressures across the core barrel within the reactor

! vessel.

.._. . _ _ . - - - . _ _ - __~ . _ .- _.-_ . __ _ _ -- _ _ _
-
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loadings including safe shutdown earthquake loads and other faulted condition

loaos for the postulated breaks described above. This assessment may utilize

I the following mechanistic effects as applicable:

a. Limited displacement break areas.

b. Fluid-structure interaction,

c. Actual time-dependent forcing function.

d. Reactor support stiffness.
,

i e. Break opening times.

5. If the results of the assessment on Item 3 above indicate loads leading
'

to inelastic actions of these systems or displacement exceeding previous

design limits, provide an evaluation of the inelastic behavior (including,

strain hardening) of the material used in the system design and the effect

of the load transmitted to the backup structures to which these systems are

attached.

6. For all analyses performed, include the method of analysis, the structural

and hydraulic computer codes employed, drawings of the models employed and

comparisons of the calculated to allowable stresses and strains or deflections
,

with a basis for the allowable values.

7. Demonstrate that safety-related components will retain their structural

integrity when subjected to the combined loads resulting from the loss-of-

coolant accident and the safe shutdown earthquake.

8. Demonstrate the functional capability of any essential piping when subjected

to the combined loads resulting from the loss-of-coolant accident and the

) safe shutdown earthquake.

|

i

- _
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Responia: (Item 83, reference Item 115)

These questions are in reference to asymmetric LOCA loads. Westinghouse,

in its analyses of reactor system components and their supports, has con-

sidered asymmetric LOCA loadings. Description of the asymmetric LOCA loads

is given in detail in Catawba FSAR Sections 3.9.1.4.3; 3.9.1.4.4; 3.9.1.4.5;

3.9.1.4.5.1; 3.9.1.4.5.2; 3.9.1.4.5.3; 3.9.1.4.5.4; 3.9.1.4.6; 3.9.1.4.7;

3.9.2.5; and updated sections 3.9.1.2.3; 3.9.1.4.2; 3.9.4.2; 3.9.4.3.4; 3.9.4.4.

It should also be recognized that this item was discussed on other plant

dockets and that since asymmetric LOCA loadings were identified during the

i North Anna licensing review Westinghouse has routinely considered such loads

in the design basis.

Additionally, it should be pointed out that the methods used by Westinghouse

are consistent with NUREG-0609.

' In performing the asymmetric LOCA load evaluation design interface information
'

was routinely exchanged between Westinghouse and Duke. For example, Duke

provided Westinghouse with cavity pressure loads which are incorporated in'

the Westinghouse analysis. Additionally, since Duke is responsible for the

design of primary component supports information was provided across this

design interface relative to support stiffnesses, gaps, and actual calculated

i loads. This design interface assumed that all elements of the plant design

were incorporated in the asymmetric LOCA load evalution.

! Based upon the above discussions and the attached FSAR changes, this item
|

| was resolved.

.
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STHRUST - hydraulic loads on loop components from blowdown information.4.

5. WECAN - finite element structural analysis.

6. DARI - WOSTAS - dynamic transient response analysis of reactor vessel
and internals.

3. 9.1. 3 Exoerimental Stress Analysis

No experimental stress analysis methods have been used for the Catawba project.

Considerations for the Evaluation of the Faulted Condition3. 9.1. 4

3.9.1.4.1 Loading Conditions

The reactor coolant loop piping is evaluated in accordance with the criteria
_of ASME III, NB-3650 and Appendix F. The loads included in the evaluation
result from the SSE, deadweignt, pressure, and LOCA loadings (loop hydraulic#

forces, asymmetric subcompartment pressurization forces, and reactor vessel,

j

~ motion).

The structural stress analyses performed on the re' actor coolant system consider
the loadings specified as snown in Table 3.9.1-2. These loads result from thermal
expansion, pressure, dead weignt, Operating Basis Earthquake (OBE), Safe ShutdownC Earthquake (SSE), design basis loss of coolant accident, and plant operational
thermal and pressure transfer 3ts.

{f- -3.9.1.4.2 Analysis of.the Reactor Coolant Loop
|

'The loads used in the analysis of the rea'ctor coolant loop piping are described
in detail below.

pressure

Pressure loading is identified as either membrane design pressure or general|

operating pressure, depending upon its application. The memorane design

pressure is used in connection with the longitudinal pressure stress and
|

minimum wall thickness calculations in accordance with the ASME Code.|

The term operating pressure is used in connection with determination of the|
The steady-state operating hydraulicsystem deflections and support forces.

forces based on the system initial pressure are applied as general operating
pressure loads to the reactor coolant. loop model at change in direction or
flow area.

.

Dead Weicht

A dead weight analysis is performed to meet Code requirements by applying a
1.0 g load downward on the complete piping system. The piping is assigned a.

(v distributed mass or weight as a function of its properties. This method

provides a distributed loading to the piping system as a function of the
weight of the pipe and contained fluid during normal operating conoitions.

3.9-11 .

/
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Latch Assemoly - Thermal' Clearances
'

The magnetic jack has several clearances where parts made of Type 410 stain-1

less steel fit over parts made from Type 304 stainless steel. Differential
'

thermal exoansion is therefore important. Minimum clearances of these parts
at 68 F is 0.011 inches. At the maximum design temperature of 650 F minimum
clearagce is 0.0045 inches and at the maximum expected operating temperatures
of 550 F is 0.0057 inches.

Latch Arm - Drive Rod Clearances

.The control rod drive mechanism incorporates a load transfer action. The
movable or stationary gripper latch are not under load during engagement, as
previously explained, due to load transfer action.4

Figure 3.9.4-3 shows latch clearance variation with the drive rod as a result of
minimum and maximum temoeratures. Figure 3.9.4-4 shows clearance variations
over the- design temperature range.

Coil Stack Assembly - Thermal Clearances

The assembly clearances of the coil stack assembly over the latch nousing was
selected so that the assembly could be removed ander all anticipated conditions
of thermal expansion.

,
.

<
i At 70*F the inside diameter of the coil stack is 7.308/7~298 inches. The out-

side oiameter of the latch housing is 7.260/7.270 inches.
;

Thermal expansion of the mechanism due to operating temperature of the control
rod drive mechanism result in minimum inside diameter of the coil ct=ce natno
7.310 inches at 222 F and the maximum latch housing ciameter be;r.g ... '
inches at 532*F.

i

| Under the extreme tolerance conditions listed above it is necessary to allow
time for a 70*F coil housing to heat during a replacement operation.

t

; Four coil stack assemblies were removed from four hot control rod crive mecna-
' nisms mounted on 11.035 inch centers on a 550* test loop, allowed to cool,

and then placed without incident as a test to prove the preceding.

| Coil Fit in Core Housing

Control rod drive mechanism and coil housing clearances are selected so thati
'

s coil heat up results in a close to tight fit. This is done to facilitate
fg% tnermal transfer and coil cooling in a hot controi cod drive ,aechooisia.

3.9.4.4 CROS Performance Assurance Prooram

E.aluation of Material's adecuacv.

|

.~he 4o i l i ty o f tne ores sure nousing components ..o g.*ciorm cnromp ou c .....- .-

|
sign lifetime as defined in the eouipment specification is confirmea by i.e.

; stress analysis report required by the ASME Boiler and Pressure Vesse; Code.
sec;.vo III.

I

3.9-59 /
. . . _ _.
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ATTACHMENT TO ITEM 83
..

INSERT A

3.9.4.3.4 Evaluation of Control Rod Drive Mechanisms and Supports

The control rod drive mechanisms (CRDMs) and CRCM support structures are

evaluated for the loading combinations outlined in Table 3.9(N)-2.

A detailed finite element model of the CROMs and CRDM supports is constructed

using the WECAN computer program with beam, pipe, and spring elements. For

the LOCA analysis, nonlinearities in the structure are represented. These

include RPI plate impact, tie rods, and lifting leg clevis /RPV head inter-

face. The time history motion of the reactor vessel nead, obtained from

the RPV analysis described in 3.9(N).l.4.6, is input to the dynamic model.

Maximum forces and moments in the CRCMs and support structure are then

determined. For the seismic analysis, the structural model is linearized

and the floor response spectra corresponding to the CRDM tie rod elevation

is applied to determine the maximum forces and moments in the strucutre.

1

The bending moments calculated for the CRDMs for the various loading condi-

tions are compared with maximum allowable moments determined from a detailed

finite element stress evaluation of the CRDMs. Adequacy of the CRDM support

structure is verified by comparing the calculated stresses to the criteria

given in ASME III, Subsection NF.

The highest loads occur at the head adaptor, the location where the mechanisms

penetrate the vessel head. The bending moments at this location are presented
,

'

in Table 3.9N-20 for the longest and shortest CRDM.

- _ - . . -_ . _ , _ _ _ . . . . _ . -
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Internal components subjected to wear will withstand a minimum of 3,000,000
steps without refurbishment as confirmed by life tests (Reference 11). Latch
assembly inspection is recommended after 2.5 E6 steps nave been accumelated
on a single control rod drive mechanism.

To confirm the mechanical acequacy of the fuel assemoly, the control rod drive
mschanism, and rod cluster control assembly, functional test programs have been
conducted on a full scale 12 foot control rod. The 12 foot prototype assembly
wts tested under simulated conditions of reactor temperature, pressure, and flow
for approximately 1000 hours. The prototype mechanism accumulated about 3,000,000
stcps and 600 trips. At the end of the test the control rod drive mechanism was
still operating satisfactorily. A correlation was developed to predict the ampli-
tude of ficw excited vibration of individual fuel rods and fuel assemblies. In-
spsction of the drive line components did not reveal significant fretting.

These test include verification that the trip time achieved by the full length
control rod drive mechanisms meet the design requirement of 2.2 seconds from
start of rod cluster control assembly motion to dashpot entry. This trip time
requirement will be confirmed for each control rod drive mechanism prior to
initial reactor operation and at periodic intervals after initial reactor
operation as required by the proposed Technical Specifications.

'here are no significant differences between the prototype control rod drive
zchanisms and the production units. Design materials, critical tolerances

3
-,1d fabrication techniques (Section 4.2.3.}.2) are the same. 'j

%, Qa.mc Maun r of- % m.Wa,9 ca,2<>.4M*q&T k k;*4
'

A
,

J Thase tests have been reported in Reference 11. tM L G 7' a"u;p**u**- <^ P~ M|y
, _.

='

It is expected that all control rod drive mechanisms will meet specified oper- *4
ating requirements for the duration of plant life with normal refurbishment.

[gg However, a technical specification pertaining to an inoperable rod cluster
;, control assembly has been set. Latch assembly inspection is recommended after

i

2.5 E6 steps have been accumulated on a single control rod drive mechanism.

If a rod cluster control assembly cannot be moved by its mechanism, adjustments
I in the coron concentration ensure that adequate shutdown margin would be achieved

following a trip. Thus, inability to move one rod cluster control assembly can
ba tolerated. More than one inoperable rod cluster control assembly could be
tolerated, but would impose additional demands on the plant operator. Therefore,
tha numoer of inoperable rod cluster control assemblies has been limited to one
as discussed in the Technical Specifications.

In order to demonstrate proper operation of the Control Rod Drive Mechanicm
and to ensure acceptable core power distributions during rod cluster control
assemoly partial-move.9ent checks are performed on the rod cluster control as-
semblies. (Refer to Technical Specifications. ) In addition, periodic tests
of tne roo cluster control assemolies are performed at each refueling shutdown
to herstmte continued abili? to ,eet 9 ,o Wie squiraments, to ensure
core subcriticality after reactor trip, ano to limit potential reactivity in-
sections from a hypothetical rod clustar control assemoly ejection. During
these tests the acceptable drop time of each assemoly is not greater than 2.2
seconds, at full flow and operating temperature, from the beginning of motion
to dashpot entry.

/
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INSERT B-

In addition, dynamic testing programs have been conducted by Westinghouse

and Westinghouse Licensees to demonstrate that control rod scram time is

not adversely affected by postulated seismic events. Ac"aptable scram per-

formance is assured by also . including the effects of the :lowable displace-

ments of the driveline components in the evaluation of the test results.

.
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Control Rod Drive Mechanisms
.

The control rod drive mechanisms (CRDM's) pressure housings are Class I com-
ponents designed to meet the stress requirements for normal operating condi-
tions of Section III of the ASME Boiler and Pressure Vessel Code. Both static
and alternating stress intensities are considered. The stresses originating

.j-.e. -j m, from the required design transients are included in the analysis., , g r3

A dynamic seismic analysis is required on the CRDM's when a seismic distur-
bance has been postulated to confirm the ability of the pressure housing to
meet ASME Code, Section III allowable stresses and to confirm its ability to
trip when subjected to the seismic disturbance.

Full Length Control Rod Orive Mechanism Operational Requirements

The basic operatic.1a1 requirements for the full length CRDM's are:

1. 5/8 inch step,

2. Approximately 144 inch,

3. 360 pound maximum load,

4. Step in or out at 45 inches / minute (72 steps / minute),

5. Electrical power interruption shall initiate release of drive rod
assembly,

6. Trip delay time of less than 150 milliseconds - Free fall of drive rod
assembly shall begin less than 150 milliseconds after power interruption
no matter what holding or stepging actign is being executed with any load
and coolant temperature of 100 F to 550 F,

. 7. 40 year design life with normal refurbishment.

3.9.4.3 Design Loads, Stress Limits, and Allowable Deformations

3.9.4.3.1 Pressure vessel

The pressure retaining components are analyzed for loads corresponding to
normal, upset, and faulted conditions. The analysis performed depends on
the mode of operation under consideration.

The scope of the analysis requires many different techniques and methods, both
static and dynamic.

Some of the_ loads that are considered on each component where applicable are
as follows:

1. Control Rod Trip (equivalent static load)
2. Differential Pressure
3. Spring Preloads ,

,
[3.9-57
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INSERT C2

The control rud drive mechanisms (CRDMs) are evaluated for the effects of

postulated reactor vessel inlet nozzle and outlet nozzle limited displacement

breaks. A time history analysis of the CRDMs is performed for the vessel

motion discussed in Section 3.9.1.4.5. A model of the CRDMs is formulated

with gaps at the upper CRDM support modeled as nonlinear elements. The

CRDMs are represented by beam elements with lumped masses. The translation

and rotation of the vessel head is applied to this model. The resulting

loads and stresses are compared to allowables to verify the adequacy of the

system.

|

.
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Item 84 3.9.3, page 3.9-40 and 41

The third paragraph on page 3.9-40 and the second full paragraph on 3.9-41

refers to Section 4.5.2 for design loading conditions for core support structures.

This section discussed Reactor Internals Materials. Provide the appropriate

reference.

Response:

The refarence to Section 4.5.2 for the design loading conditions for core

support structures is incorrect. The correct reference should be FSAR

Section 3.9.5.2. The FSAR has been revised to incorporate the current

reference. Based on the attached FSAR change, this item was resolved.

1

f
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The results obtained from linear analyses indicate that the relative disclace-
nnt between the comoonents will close.the gaps and consequently the structures
will imoinge on each other. Lir. ear analysis will not provice information aceut
tr.e imoact forces generated.when components imoinge on each other; hcwever, in
scme instances, linear acproximations can, and are apolied prior to and after
gao closure. The effects of the gaos that could exist between vessel and barrel,
etween fuel assemclies, between fuel assemolies and baffle plates, and between

the control rods and. their guide paths were considered in the analysis using both
linear amoreximations and non-linear tecnnicues. Seth static and cynamic stress
intensities are within acceptacle limits.

Even thougn control rod insertion is not required for plant shutdown, this
analysis shows that most of the guide tuces will deform within the limits
estaolished experimentally to assure control rod. insertion. For the guide
tuces deflected above the no loss of function limit, it must be assumed that
the rods will not drop. However, the core will still snut dcwn due to the
negative reactivity insertion in the form of core voiding. Shutcown will be
tided by the great. majority of rods that do drop. Seismic deflections of the
guida tuces are generally negligible by comoarison with the no loss of function
limit.

3.9.2.6 Correlations of Reactor Internals Vibra, tion Tests With
:ne Analvtical Results

| As stated in Section 3.9.2.3,. it is not considered necessary to conduct in-
| strumentad tasts of the Catawea reactor vessel internals. Adequacy of these

internals will be- verified by use of the Sequoyah and Trojan results.i

3.9.3 ASME CODE CLASS I, 2 AND 3 CCMPONENTE, CCMPONENT SUPPORTS AND
CORE SUPPORT STRUCTURES

The ASME Cada Class components are constructed in accordance with the ASME
Boiler and Pressure Vessel Code, Section III.

1 Detailed discussion of ASME Code Class I components ,is provided in Sec a1

3. 9. L and 5.4.

For core suppoit structures', design loading conditions are given in Section MJ/
'

| 5 L E. 9,, To. 2 e.-

| In general, for reactor internals components: and for core support structures
the criteria for acceptability in regard. to mechanical integrity analyses areI

that adequate. core- cooling and; core. shutdown must be. assured. This- imolies
that the: defomatiotr of the reactor- internals: sust be sufficiently small so
that. tha geometry remains: substantially intact. Consequently, the limitations
estaclished orr the- internals are concerned. principally with the maximum allowabla ,

deflections and. stability of the parts in addition to a stress criterion to,

I

assure- integrity of the comoonents. .

.

For the loss of coolant. plus the safe snutoown earthquake condition, deflections
I of critical internal structures are limitad. In a hypotnesized downward vertical

| . . ..
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displacement of the internals, energy absorbing devices limit the displacement
after contacting the vessel bottom head, ensuring that the geometry of the core
remains intact.

The following mechanical functional perf0rmance criteria apply:

1. Following the design basis accident, the functional criterien to be met
for the reactor internals is that the plant shall be shutdown and cooled
in an orderly fashion so that fuel cladding temperature is kept within
specified limits. This criterion implies that the deformation of critical
components must be kept sufficiently small to allow core cooling.

2. For large breaks, the reduction in water density greatly reduces the re-
activitiy of the core, thereby shutting down the core whether the rods
are tripoed or not. The subsequent refilling of the core by the Emergency
Core Cooling System uses borated water to maintain the core in a succritical
state. Therefore, the main requirement is to assure effectiveness of the
Emergency Core Caoling System. Ilsertion of the control rods, although not
neeced, gives further assurance oi' aoility to shut the plant down and keep
it in a safe shutdown condition.

3. The inward ucper barrel deflections are controlled to insure no contacting
of the nearest rod cluster control guide tube. The outward upper barrel
deflections are controlled in order to maintain an adequate annulus for the-

coolant between the vessel inner diameter and core barrel outer diameter.

4. The rod cluster control guide tube deflections are limited to insure oper-
ability of the control rods.

5. To insure no column loading of rod cluster control guide tubes, the upper
core plate deflection is limited.

Methods of analysis and testing for core support structures are discussed in A

Sections 3.9.2.3, 3.9.2.5, and 3.9.2.6. Stress limits ptfEdyf,dpnatierccriteria'-
are given in Sections-4.5.2. 3. 9.S4 . D e $s rost s hi a c1i h ein is 9 e's e av |t
$ e cfrisu s L h L T W 3 9. S'. 3 .

*

[ 3.9.3.1 Loading Combinations Desian Transients, and Stress Limits
{ (For ASME Code Class 2 and 3 Components)

Design pressure, temperature, and other loading conditions that provide the
bases for design of fluid systems Code Class 2 and 3 components are presented
in the sections which describe the systems.

3.9.3.1.1 Design Loading Combinations and Design Stress Limits for
Westinghouse Equipment

The design loading combinations for ASME Code Class 2 and 3 components and sup-
ports are given in Table 3.9.3-1. The design loading combinations are catego-
rized with respect to Normal, Upset, Emergency, and Faulted Conditions. Stress

s

3.9-41
1
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Item 85 - 3.9.3.1.1, page 3.9-41

The first paragraph refers to the Emergency Condition in Table 3.9.3-1 and

to the stress limits for each loading combinatica in Tables 3.9.3-2, -3, -4,

-5, and -6. The Emergency Condition is missing from Table 3.9.3-1 and no

stress limits are given for the Emergency Conditions. Provide the missing

info rmation.

Response:

As discussed in Item 60, emergency conditions were not applicable for the

Catawba plant. Therefore, the reference to emergency conditions in Secticn

3.9.3.1.1 has Deen deleted. Additionally, it is not approordate to cefire

e:rergency condition limits in the stress limit tables provided in Sectico 3.3.

Based on the above discussion, the information provided in Item 60, and the

attached FSAR revision, this item was resolved.

|
|

|
<

|
|
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displacement of the internals, energy acsorcing devices limit the cisolacement
after contacting the vessel bottom head, ensuring that tne gecmetr/ of the core
remains intact.

The follcwing mecnanical functional performanca critaria apoly:

1. Following the design basis accident, the functional critarion to be met
for the reactor internals is that the plant shall be snutcown and cooled
in an orcarly fashion so that fuel cladding temperature is kaot within
saecified limits. This critarion imolies that the deformation of critical
comconents must ce kept sufficiently small to allow core cooling.

2. For large breaks, the reduction in water density greatly reduces the re-
activitiy of the core, thereby snutting down the core whether the rods
are tri;: ped or not.. The subsecuent refilling of the core by the. Emergency
Cora Cooling Systam uses borated watar to maintain the cort in a succritical
s te.ta. ~herefore, tne main recuirement is to assure effectiveness of the
Emergency Cori Cooling Systam. Insertion of the control rods, althougn not

neeced, gives further assurance of ability to shut the plant down and keep
it in a. safe. shutdown condition.

3. The inward upper barrel deflections are controlled to insure no contactiny
of tae- nearest rod clustar contro; guida tube.. The outwar.d upper barrel
deflections are controlled in. order to maintain an adequate annulus fcr the
coolant between tha- vessel inner diameter and core barrel outer diamatar. .

I
1 The: red clustar control guide tube deflections. are limitad. to insure oper-

ability of the control rods.

5. To- insure no column loading of rod clustar control guide- tubes, the upper
t core plata deflection is limited.
l Methocs of' analysis and tasting for core support structures are discussed in

Sections 3.9.2.3, 3.9.2.5, and 3.9.2.6. Stress limits and deformation criteria'

are given in Sections 4.5.2.

3. 9. 3.L Loading Comeinations Desian Transielsts, and Stress Limits
(For ASME Coce Class 2. and 3 Comconents)

J

Design pressure,_ temperature, and other loading conditions that provida the-
bases. for design of fluid. systems Code Class,2. and 3 components are presented
in- the- sections which describe. tna systems.

3.9. 3.1.L Design Load.ing_Comoinations and- Design Stress Limits for
Westinghouse Equipment

The- design loading combinations for ASME Coda CTass Z and 3' comoonents and. sup-
ports are given in Tacle 3.9.3-L The design- loading comoinations are catego-
rized with respect to Normal, Upset, .sneegamey, and Faultad Conditions. Stress

b:st.z E

3.9-41
- __- . - - _ - . . . - - . _, . _ - . -. . . . _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . --_



Item 87 - 3.9.3.1, pages 3.9-40 to 43

This section does not cover bolts. Provide service limits for bolts.

Response:

Attached are changes to FSAR Tables 3.9.3-7 and 3.9.3-8 which address the stress

limits for flange bolts.

|
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TABLE 3.9.3-7'

"- Stress Criteria and Load Combination
Recuirements for Duke Class A Pioing

Applicable.

Condition Load Combination Stress Criteria

Design Pressure ASME III'

+ Weight NS-3652

g g , ,{ g. l.q s m+0BE

Normal, Upset Pressure.
+ Weight
+ Thermal
+ Thermal transients ASME III
+0BE (incl. anchor motions) NS-3553
+ Relief Valve (as applicable) &.3654

(Qv,neq M9h3.0Ltp+ Fluid dynamic effectsa

"
Faulted Pressure

+ Weight
+SSE ASME III
+Pioe Rupture Appendix F
+ Relief Valve (as applicable) (F-1360)
+ Fluid dynamic effects kPnarg)6-5.054

Faulted Pressure
+ Weight .

+ Pipe Rupture ASME III
- + Relief Valve (as, applicable) Appendix F

+ Fluid dynamic effects .(F-1360)

f(Pn AurV)$ 3.0S4
.
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TABLE 3.9.3-8
9 .

Stress Criteria and Load Combination
Requirements for Duke Class B, C, and F Pioing

.

Applicable-

Condition Load Combination S_ tress Criteria

Normal Pressure gggg g
+We1gnt

*
+Tnermal NC- or ND-3652

I b e^t* he><3)((5,w,cd
'-Upset Pressure

+ Weight
+ Thermal
+0BE (incl. anchor motions) ASME III
+ Valve thrust NC- or ND-3652
+ Fluid dynamic effects ti(wc..,q ) q e,,1

LOmoq ) g i, g e,^-

Faulted Pressure
+Weignt
+SSE
+ Valve thrust ASME Code Case 1606
+ Fluid dynamic effects g3,#^l ) ,- ,-"

-

+ Pipe rupture-

:) -

Faulted Pressure
+ Weight- ASME Code Case 1606
+ Valve thrust ,,

+ Fluid dynamic effects O # 'u d 6 2 ,tr 5%
+ Pipe rupture

Faulted Pressure
+ Weight ASME Code Case 1606
+ Tornado

S(><..;c.;)$3/r'k .
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Item 88 - 3.9.3.1.5, page 3.9-43i

The first paragraph refers to Tables 3.9.3-11 and 3.9.3-12 for load combinations

for supports, restraints, anchors, and snubbers. However, these tables ar e'

indicated as only being applicable for Duke Class A, B, C, and F items.

; provide the load combinations for Westinghouse items.

!

Response:

The load combination tables in Section 3.9 were reviewed. It was agreed that

i the tables were acceptable with the following exceptions:
!

! a. Table 3.9.1-3 (attached) would be revised to delete Class 1 valves and :

!

component supports since neither type of equipment was supplied by Westinghouse.
,

Also, the note on the test method would be clarified.

b. A table will be added for Class 2 and 3 component supports. However, as a

result of investigating this time further, it was determined that a change to

Section 3.9.3.4 is required in lieu of the addition of a table for Class 2
i
'

and 3 con.ponent supports. The revision to Section 3.9.3.4 is attached.

I It was also noted that Westinghouse combines loads defined in the load combination

tables in accordance with NUREG-0484.

Based on the above discussions and the attached FSAR changes, this item was

j resolved.

|

i
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Table 3.9.1-3

Allowable Stresses for ASME Section III Class I Components *

Oparating
Condition Co nent

Classification Vessels / Tanks Piping Pumps Va vn Supp ris

Norcal ASHE Section III ASME Section III ASHE Section III ASME Section III AS Section III

N8 3222 N8 3653 N8 3222 Subseption NF

Upset ASHE Section III ASHE Section Ill ASHE Section III A ection III ASF Section III

N8 3223 NB 3654 N8 3223 Sul ection NF
,

, Faulted ASME Section III ASME Section III ASHE Section III Se Note 1. ASH Section III
N8 3225 F1323.1 NB 3652 F1360 NB3225 F1323.1 AS Section 111 Sub ction NF'

See Section See Section See Section Se Section See S tion'

3.9.1.4 3.9.1.4 (No active class 3.9. 2 3.9.1
1 pump used)

1
, '

as defined by Section III ASHE Codei P,, P , P ' O ' p' n ab t

!

/S*A test cf U.; ::g ene t ;_, t; performed in lieu of analysis.

p 4 M siwupp as c4xkua a W 3.9.w.c.

N
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To assure an accurate assessment of the Pressurizer Relief System structural
resconse during and following the actuation of the safety and relief salves,

; detailed thermal-hydraulic and structural dynamic time-nistory analyses ara
performed. To obtain maximum loadings during the valve discharge transients,
it is assumed that all safety and relief valves commence opening simulataneously.
The thermal hydraulic dynamic analyses are performed using the RELAP computer;

code.,

The flow induced force time-histories are then used in a dynamic time-history,

structural analysis of the entire Pressurizer Relief System using the computer
program SUPERPIPE. The structural analysis results in the determination of
time-histories of displacements, stresses and support reaction forces througn-
out tne Pressurizer Relief System. For conservatism in comoination with other
loading conditions, the maximum stresses and reaction forces determined from
this analysis are combined without regard to sign or differences in time of
occurence.

Normal cperating conditions for the Pressurizer Relief System consist of
internal pressure, dead weignt, transient and steady state thermal luads and
tne system transient response to valve operation.

To assure compliance with the stress limits of the ASME Code for the Class 1
and 2 comoonents of the Pressurizer Relief System, the following operating
concitions, in addition to the normal operating conditions noted above are
evaluated:

Upset Condition: Normal Condition Loads and Operating Basis
'

Earthquake (CBE).

Faulted Conditions: Normal Condition Loads and Safe Shutdown
Earthquake (SSE).

Stress computations and stress limit evaluations are performed in accordance
with the ASME Code requirements. Design and analysis iterations of the
Pressurizer Relief System are conducted, as necessary, to ensure compliance
with the ASME Code limits.

3.9.3.4 Component Suoports

Loading combinations, design transients, and stress limits for4 component
supports are discussed in Section 3.9.3.1. The use of these criteria nrovide
a conservative basis for assuring no hoss of structural integrity to supports
ar.d restraints, even under 1dverse loading conditions.

:/MSEAr A
3.9.4 CONTROL R00 DRIVE SYSTEM (CROS)

3.9.4.1 Descriptive information of CROS

Control Rod Drive Mechanism

Control rod drive mechanisms are located on the dome of the reactor vessel.

3.9-51.
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Insert A

For Westinghouse supplied Class 2 and 3 ccmponent supports leading

ccmbinations are defined in Table 3.9.3-1. The stress limits applicable

for Class 2 and 3 ccmponent supports are as follows:

a) Linear Supports for Tanks and Heat Exchangers

1) Normal - The allowable stresses of A.I.S.C.-69 Part 1 are

employed for normal condition allowables.

2) Upset - Stress limits for upset conditions are 33 percent

higher than those specified for normal conditions. This

is consistent with Paragraph 1.5.6 of A.I.S.C.-69 Part 1

which permits ene-third increase in allcwable stresses for

wind or seismic loads.

3) Faulted - Stress limits for faulted condition are the same

as for the upset condition.

b) Plate and Shell Supports for Tanks and Heat Exchangers

1) Normal - Normal condition limits are those specified in

ASME Sec. VIII, Division 1 or A.I.S.C.-69 Part 1.

2) Upset - Stress limits for upset condition are 33 percent

higher than those specified for normal conditions. This

is consistent with Paragraph 1.5.6 of A.I.S.C.-69 Part I

which pemits one-third increase in allowable stresses for

wind or seismic loads.

3) Faulted - Stress limits for faulted condition are the same

as for the upset condition.
,

. - -- - . - . -
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Insert - (Continued)

c) Plate and Shell Supports for Pumps - The stress limits used for ASME

Code Class 2 and 3 plate and shell component supports are identical

to these used for the supported component. These allcwable stresses

are such that the design requirements for the components and system

assume that structural integrity is maintained.

f

,

d
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Item 89 - 3.9.3-1

Sections 3.9.3.1.5 (page 3.9-43) ~ and 3.9.3.4 (page 3.9-51),while discussing

supports and restraints, do not provide sufficient information with respect

to snubbers. Provide the basis for selecting the location, the required load

cpacity, and the structural and mechanical performance parameters of safety-

related snubbers (mechanical and hydraulic) and the method of achieving a high

level of operability assurance including:

1. A description of the analytical and design methodology utilized to develop

the required snubber locations and characteristics.

2. A discussion of design specification requirements to assure that required
i

structural and mechanical performance characteristics and product quality are

achieved.

3. Procedures, controls to assure correct installation of snubbers and checking

and checking the hot and cold settings during plant startup tests.
I 4. Provisions for accessibility for inspection, testing and repair or replacement

. of snubbers.
|

Response:

Parts 1 & 2

Per discussion during the meetings snubbers are used to restrain seismic motion
i

while allowing thermal movement based upon analysed piping during seismic events.f

The staff rephrased the snubber question presented to be limited to operational
,

vibration damping. To date no snubbers have been used to mitigate operational

piping vibration. If snubbers are employed in this manner in the future, the

analytical and design methodology utilized, as well as design specification

requirements to assure that structural and mechanical performance characteristics

and product quality are achieved will be submitted for review.

Section 3.9.3.1.5 of the FSAR will be revised as attached.

.

[
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If snubbers are used to mitigate effects of operational vibration, the

analytical and design methodology utilized as well as design specification

requirements to assure that structural and mechanical performance characteristics

and product quality are achieved will be developed and available for review.

Part 3

Refer to the attached Test Abstract for Pre-service and Pre-0perational Testing

of Snubbers.

Part 4

Refer to the attached Test Abstract for Pre-service and Pre-0perational Testing

of Snubbers.

!

.
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A typical piping analysis problem, with representative math model, is shown in
Figure 3.9.3-1. The results of this analysis are given in Table 3.9.3-10.

3.9.3.1.4 Design Loading Combinations and Design Stress Limits for
Mechanical Equipment Furnished by Duke

The load combinations and corresponding stress criteria for Duke Mechanical
equipment and valves are presented in Table 3.9.3-9.

3.9.3.1.5 Piping Supports and Restraints

The design loadi.ig combination associated with each component operating con-
dition is given in Table 3.9.3-11 for supports, restraints, and anchors and
in Table 3.9.3-12 for mechanical or hydraulic snubbers.:

Loads for each leading combination are combined algebraically except that com-
ponents which contain positive and negative values are combined to assemble
the worst case load combination.

Design stress limits for each component operating condition are in accordance
' with Subsection NF of the ASME Boiler and Pressure Vessel Code for those por-

ti'ons of supports and restraints within the NF jurisdictional boundary. Stress
limits for Normal and Upset Conditions are in accordance with Article XVII-2000.

- For Faulted Condition, design stress limits for manufacturer's standard support
-components are in accordance with the requirements of Appendix F. Emergency Con-
dition stress limits, as specified in Article XVII-2000 are used for the design
of all other components for Faulted Condition. Stresses for those portions of

| supports and restraints outside the NF jurisdictional boundary are limited to
the allowable values in Table 3.9.3-11.

Snubbers are used at locations where restraints are necessary based on piping
stress analysis, but thermal movement of the pipe must not be constrained.

| Performance selection is based on manufacturer's load capacity data and the
' requirement that the allowable travel of the snubber exceed the calculated
! pipe thermal travel. The midpoin't of pipe. thermal travel is set at the mid-

point of the snubber travel range with hot and cold settings established ac-
cordingly. ggM
Each snubber assembly is accessible after installation and all adjustment
features are unobstructed and visable where possible. The manufacturer's
figure number, size, stroke, and load rating is mounted on each snubber.

; The loading combinations for Westinghouse items are given on Table 3.9.1-2.
I

3.9.3.2 Pumo and Valve Operability Program

3.9.3.2.1 Westinghouse Pump and Valve Operability Program
'

Mechanical equipment classified as safety-related must be capable of performing-

its function under postulated plant conditions. Equipment with faulted condition
|

L
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Item 90 - 3.9.3.1.5, page 3.9-43

The second paragraph says that " loads for each loading combination are combined

I algebraically except that components which contain positive and negative values

are combined to assemble the worst case load combination." Provide an example
,

of what is done here.

f Response:

| The requested example is attached.
|
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Item 91 - 3.9.4.3.1, page 3.9-58

The first full paragraph says that "the dynamic behavior of the reactivity control

components has been studied using experimental test data and experience from
'

operating reactors." Provide details of the tests and data.

Response:

The statement relative to the reactivity control components is currently inappro-
a

priately located in Section 3.9N.4. It was agreed that this statement should be
i

: incorporated in another portion of Section 3.9.4. An FSAR change has been made

to correct this deficiency. It was also pointed out that test data and operating

experience data for reactivity control components is provided in Reference 11.

Based on the above discussion and the attached FSAR changes, this item was

resolved.
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4. Coolant Flow Forces (static)
5. Temperature Gradients
6. Differences in thermal expansion

a. Due to temperature differences
b. Due to expansion of different materials

7. Interference between components
8. Vibration (mechanically or hydraulically induced)
9. All operational transients listed in Table 3.9.1-1
10. Pump Overspeed
11. Seismic Loads (operation basis earthquake and design basis earthquake)
12. Slowdown Forces (due to cold and hot leg break)

The main objective of the analysis is to satisfy allowable stress limits, to
assure an adequate design margin, and to establish deformation limits which .

are concerned primarily with the functioning of the components. The stress
limits are established not only to assure that peak stresses will not reach
unacceptable values, but also limit the amplitude of the oscillatory stress
component in consideration of fatigue characteristics of the materials. Standard
anthods of strength of materia _ls are used to establish the stresses and deflec-
tions of these comoonents. J The aynamic cenavior of the reactivity controi ]
components has ceen studied using experimental test data and experience from \ /g , g g_

__ ,perating reactors. L3-
a.9.4.3.2 Drive Rod Assembly

All postulated failures of the drive rod assemblies either by fracture or un-
coupling lead to a reduction in reactivity. If the drive rod assembly frac-
tures at any elevation, that portion remaining coupled falls with, and is
guidsd by the rod cluster control assembly. This always results in reactivity
dscrease.

|3.9.4.3.3 Latch Assembly and Coil Stack. Assembly
l

Results of Dimensional and Tolerance Analysis

With raspect to the control rod drive mechanism system as a whole, critical|

clearances are present in the following areas:

1. Latch assembly (Diametral clearances)

2. Latch arm-drive rod clearances '

3. Coil stack assembly-thermal clearances

4. Coil fit in coil housing

Tha following write-up defines clearances that are designed to provide reliable f' operation in the control rod drive mechanism in these four critical areas. %g
Thssa clearances have been proven uy life tests and actual field performance
at operating plants.

/
.- . -
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Internal comoonents suojected to wear will withstand a minimum of 3,000,000
steps without refuroisnment as confirmed by life tests (Reference 11). Latcn
assemoly inspection is recommended after 2.5 E6 steps have een accumulated
on a single control rod drive mechanism.

To confirm the mechanical adequacy of the fuel assemoly, the control roc drive
mecnanism, and rod cluster control assemoly, functional test crograms have teen
conducted cn a full scale 12 foot control rod. The 12 foot prototype assemoly
.as testec uncer simulatec conditions of reactor temperature, pressure, and flow
for approximately 1000 hours. The prototype mechanism accumulatec acout 3,000,000
steos anc 500 trips. At the end of the test the control roc crive mecnanism wasstill coerating satisfactorily. A correlation was developed to predict the amo11-
tuce of flow axcited vibration of individual fuel rods and fuel assemolies. In-
spection of the drive line comconents did not reveal significant fretting.

These test include verification that the trip time achieved by the full length
control rod drive mechanisms meet the design requirement of 2.2 seconds from
start of rod cluster control assembly motion to dasnoot entry. This trip time
recuirement will be confirmed for each control rod drive mechanism prior to
initial reactor operation and at periodic intervals after initial reactor
operation as required by the proposed Technical Specifications. W,

SY l '~'here are no significant differences between the crototype control rod drive I
h6i

acnanisms and the production units. Design materials, critical tolerances
. .id factiCation techniques (Section 4.2.3.3.2) are the same.

- f T,e dywoms b e % v ic e *? 6e- U M M C b ~'foce 4.! ~.~$ ) - * - * ! ' $' 'S - 4These tests nave been reported in Reference 11.

It is expected that all control rod drive mechanisms will meet specified oper-
ating requirements for the duration of plant life with normal refurbishment.
Howsver, a technical specification pertaining to an inoperable rod cluster
control assembly has been set. Latch assembly inspection is recommended after
2.5 E6 steps have been accumulated on a single control rod drive mechanism.

If a rod cluster control assembly cannot be moved by its mechanism, adjustments
in the boron concentration ensure that adequate shutdown margin would be achieved
following a trip. Thus, inability to move one rod cluster control assembly can
be tolerated. More than one inoperable rod cluster control assemoly could be
Mlerated, but would impose additional demands on the plant operator. Therefore,
cna number of inoperable rod cluster control assembifes has been limited to one
as discussed in the Technical Specifications.

In order to demonstrate proper cperation of the Control Rod Drive Mechanism
and to ensure acceptable core power distributi'ons during rod cluster control
assembly partial-movement checks are performed on the rod cluster control as-
semolies. (Refer to Technical Specifications. ) In addition, periccic tests
of the rod cluster control assemblies are performed at each refueling shutdown
to demonstrate continued ability to meet trip time requirements, to ensure
core subcriticality after reactor trip, and to limit cotential reactivity in- {sortions from a hypotnetical rod cluster control assembly ejection. During %these tests the acceptable drop time of each assembly is not greater than 2.2
seconds, at full flow and operating temperature, from the beginning of motion
to dashpot entry.

3.9-60
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Item 92 - 3.9.5.1, page 3.9-62

The first full paragraph refers to Figure 3.9.5-1. Provide this figure.

Response:

Figure 3.9.5-1 is already provided.

!

l
!

!

!

!
!

|

i

l

i
1

1

l
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Item 93 - 3.9.5.1, page 3.9-63-

The third paragraph discusses the energy absorbers. Provide details'of the

analysis. What do they look like? - How much deflection is there?

Response:

' The main purpose of the energy absorber is to abscrb impact loads of the core

and the supporting structure during a postulated core drop accident. The

energy of the impact is absorbed by an energy absorbing mechanism which consist

of a " necked-down" portion as shown in Figure 3.9.5-1A. Using energy principles

the total potential energy 'of the system is aosorbed by the strain energy of the

energy-absorbing devices.

The maximum deformations of the energy absorbing assemblies during the care

drop accident remain well within the functional limits so as not to affect

the RCC Scram Function.

.

The strain limits for the energy absorbers was also discussed and Westinghouse

indicated that appropriate strain limits had been satisfied. The NRC also

indicated that these limits also satisfied SRP requirements. Westinghouse

! agreed to make FSAR changes (attached) to clarify this item including the

definition of the strain limits which were met.
I

!

I Based on the above discussion and the attached FSAR changes, this item was

resolved.

|
|

|

!

*

I
I
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The main radial suoport system of the lower end of the core barrel is accomp-
lisned by " key" and " keyway" joints to the reactor vessel wall. At ecually
scacao points around the circumference, an Inconel clevis block is welded to
the vessel inner ciameter. Another Inconel insert block is colted to eacn of
these blocks and has a " keyway" geometry. Opposite each of :nese is a " key"

, which is attached to the internals. At assembly, as the internals are lowered
! into the vessel, the keys engage the keyways in the axial direction. With

this design, the internals are provided with a support at the furthest extremity,
and may be viewed as a beam fixed at the top and simply supported at the
bottom.

Radial and axial expansions of the core barr21 are accommodated but transverse
movement of the core barrel is restricted by this design. With this system,
cyclic stresses in the internal structures are within the ASME section III
limits. In the event of an abnormal downward vertical displacement of the
internals following a hypothetical failure, energy absorcing devices limit the
displacement after contacting the vessel bottom head. The load is tnen trans-
ferred through the energy absorbing devices of the internals to the vessel.

The energy absorcers, cylincrical in shape, are contoured on their cottom
surface to the reactor vessel bottom head geometry.% 2e 9 3: :: w. m IEEG
~ *':S ;. ,: a....c.nt tM ;c' rtiZ ..s.w ;' ~ 7 * = de --Mc:'', -:. A)
ty e' s:.. ... a / tN r; g :t M n; 5. i :::;.

\ ((./ Uccer Core Succort Assembly'

The upper core support assembly, shown in Figures 3.9.5-2 and 3.9.5-3 consists
of the top support plate assembly, and the upper core plate between which are
contained support columns and guide tube assemblies. The support columns
establish the spacing between the top support plate assembly and the upper
core plate and are fastened at top and bottom to these plates. The UHI support
columns transmit the mechanical loadings between the two plates and serve the

j supplementary function of supporting thermocouple guide tubes. They position
the upper core plate and upper support which act as the boundaries for the
flow plenum at the outlet of the core. Additionally each UHI column has a
central axial flow passage full length for conveying core cooling water to the
core when it is injected into the vessel head. The water enters the flow
passage through a small hole on the side of the top of the UHI support column.

| A support column is provided at each fuel assembly position that does not
contain accommodation for a control rod with the exception of the peripheral
low power fuel assembly locations. The fuel assemblies which do not have a
support column above them are located in front of the inlet and outlet no::les
of the vessel. The UHI support columns also contain thermocouple supports.

The guide tube assemblies shield and guide the control rod drive shafts and
I control rods. They are fastened to the top support plate and are restrained
| by pins in the upper core plate for proper orientation and support. Additional
: guidance for the control rod drive shafts is provided by the upper guide tuce
! which is attached to the upper support plate and guide tube. In the UHI

system, the guide tubes also serve to transport UHI water from the vessel head
region to the area directly above the fuel assemolies. All units having UHI
have the maximum number of guide tubes independent of other RCC requirements.
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ATTACHMENT TO ITEM 93

INSERT A

The main purpose of the energy absorber is to absorb impact loads of the core

and the supporting structure during a postulated core drop accident. The

energy of the impact is absorbed by an energy absorbing mechanism which con-

sists of a " necked-down" portion as shown in Figure 3.9.5-1A. Using energy

principles the total potential energy of the system is absorbed by the strain

energy of the energy-absorbing devices.

1

The maximum deformations of the energy absorbing assemblies during the core

drop accident remain well within the functional limits so as not to affect the

RCS Scram Function. It should also be noted tnat the maximum strains undergone

i by the energy absorbers (< 15% strains, hot condition) during the core drop

accident are well below tne fracture limits (62% strains for 304 stainless,

steel at 600*F) and satisfy the SRP requirements.

i

:

!

.
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Item 94 - 3.9.6, page 3.9-68

The applicant must provide a commitment that the inservice testing of ASME Class
:
' 1, 2, and 3 components will be in accordance with the revised rules of.10 CFR,
;

Part 50, Section 50.55a, paragraph (g).
|-

<

,
,

i Response:

The inservice test program will be in accordance with 10 CFR, part 50, Section 50.55a,
!

- paragraph (g). This item was closed.

i.

t

1

|

f
;
.

.

I

I

|

,
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Item 95 - 3.9.6, page 3.9-68

Any requests for relief from ASME Section XI should be submitted as soon as

possible.

Response:

Duke will submit requests as soon as possible. This item was closed.

1

i

I

|

|

.
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Item'97 - Table 3.9.1-1, page l~~-

Explain Note la as it refers to the Inadvertent' Auxiliary Spray transient.
.

E

; Response:

Westinghouse indicated that the design requirement for the inadvertent auxiliary.

I spray transient was ten occurrences under upset conditions. The basis for

; notes la and lb was not apparent from the above stated design requirement.
,

Therefore, it was agreed that _ notes la and lb would be deleted from Table 3.9.1-1.
4

Based upon the attached-FSAR revision,this item was resolved.
i

.

T

I

!
!

!

]

I

t

|
.
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ichla 3.9.1-1 (psue 71 1

.Dj yn irenstwnts igr A5HL Code Clas ! Pipkig &

(4) CillHICAL kRESIDuAt Ann xtAClun
UPPtN sit Auklif AI 5Af EIY V04 tittt (00tANI

(1) (2) (3) N(H0 VAL INJEC110N CONIHot Pkt55uHiltu PRf55uNiltN PHL55ukiltN DHAlH IN1[Cil0N
Df 51GN 1|tAtl5|fNis C0(101 { {0,4 OCCURRENCES SYS1[H $Y51[H SYS|th sukGf Llut afiIf f . SPRAY klD 11YPAS$ tIHis 4INES .L

Q
loss af load without loses || ate lapset 80 M X X X X Holt 5 4, 5 X X X X

lurbine or Reactor Tr|p
loss af flow in One goop Upset 80 M M M M M M M M

Ructsr irlp with Cooldown Upset 10 X X X X X X X X X

and inadvertent 51$ i
Actuition ,<

intovsrient RCS Depre6syrl- Upset 20 M M M M M M M M M
,

satlun
inadvertent 5| Accumylagor Upse) 1

-

|(
- - - - - - -

Bluwdowndur|pgflapt
Coolduwn

liigh llead Sa(s:ty lojectjoq Upse$ 22 - X - - - - - - -

I Boren Injection Upset 48 - Il - - - - - - -

Sestl Steam Break foergency 5 M

Sasli LOCA faergency 5 X

"

tar 03 Steam lireak faulted 1 M M M M M M M M X

terQi l0CA faulte4 1 M N 'M M M M M M M

liluhistedSafetyinjectjpg faulted 2 - 4 - - - e - - -

Burun Injection (aulted 2 -
N

- - - - - - -

Turbins Hol) lest Test 10 X X X ' 'M .X X X X X

ltydrostatic Jest Iest 5 M M N M M M M M M

Pri.ary $1de teak Te 4 last 50 M M M
_

M M M M M M

Insdvertent Aumillary Spray last 1 - - X N01E T h - - X n0it IL - - -

,

pi telt billn/a"
-- Y .

Portion of piping analysed for 10 upset occurrences. remainder for S upset and 1 test occurrences.1. a
t Piping analya,4 for,9 upset and I test condition.

[ Pressurlier surge }|ne is analyzed for 80 occurrences of transient C-7, the fjnal cuoldown spray.

f. Pressurizer surge llpe |6 analyacd for 150,000 initial fluctuations and 3,000,000 rendum fluctuations.

fi7 Ihese transients are conditions which can cause the FORV's to olien. Although a total of 320 misch tresients are shown. Else POHV lalet lines
.

ase analysed (pr 400 puch occqrrances.

| [ for analysis of glur safety valvea 40 occurrences were assumed.

g th.mber of occurrences $ 6 20,000.000.

N-

.

.
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Item 98 - Table 3.9.1-3

The footnote indicates that a test may be perfomed in lieu of an analysis to

determine ASME Code compliance. Provide the criteria for such tests.

Response:

This item was resolved under Item 88.

i
i

;

I
|

!

|
t

!

!
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Item 99 - Tables 3.9.1-3, 3.9.3-7, and 3.9.3-8

What are the allowable stresses?

Response:

Tables 3.9.1-3, 3.9.3-7, and 3.9.3-8 will be revised.

Revised tables 3.9.3-7 and 3.9.3-8 are attached. Revised table 3.9.1-3 is

attached as response to item 88.

l

.

|
.

l

.
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TABLE 3.9.3-7 #

Stress Criteria and Load 90mbination
Requirements for Duke Class A Piping

Applicable
Condition Load Cembination Stress Criteria

Design Pressure ASME III
+ Weight NB-3652

g{p f j,{ $g+0BE

. Normal, Upset Pressure
+ Weight
+ Thermal
+ Thermal transients ASME III
+0BE (incl. anchor motions) NB-3653
+ Relief Valve (as applicable) & 3654

g[fc,..cy y$eedry)jfC4+ Fluid dynamic effects

Faulted Pressure
+ Weight
+SSE ASME III
+ Pipe Rupture Appendix F
+ Relief Valve (as applicable) (F-1360) ,S'
+ Fluid dynamic effects ,

frame b 3 0 bnFaulted Pressure
+ Weight
+ Pipe Rupture ASME III
+ Relief Valve (as applicable) Appendix F
+ Fluid dynamic effects (F-1360)

t(Peu~ey)S 5 0 $m

'

,s
.

NOTE:

(1) Refer to Section 3.9.3.1.2 .for load combination method.
.

-
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TABLE 3.9.3-8'

*
.

Stress Criteria and Load Combination
Requirements for Duke Class B, C, and F Piping

Applicable
Condition load Combination Stress Criteria

Normal Pressure ASME III
+ Weight
+ Thermal NC- or NO-3652

Upset Pressure 7
+ Weight
+ Thermal
+0SE (incl. anchor motions', ASME III
+ Valve thrust NC- or NO-3652
+ Fluid dynamic effects f[3,Q 6$

1 [fri m e h 5 5* 1. 5hFaulted Pressure
+Weignt
+SSE
+ Valve thrust ASME Code Case 1606
+ Fluid dynamic effects -

+ Pipe rupture I I""*"y I 2*i h
e

Faulted Pressure~

+ Weight ASME Ccde Case 1506
+ Valve thrust

I(Pnq A24S+ Fluid dynamic effects
s+ Pipe rupture

Faulted Pressure
h[ ASME Code Case 1606ado

%(PenneQ 4 2 .f. $

.

'

NOTE:

(1) Refer to Section 3.9.3.1-3 for load combination method.
.

4 ,n- - ,,a.-w,
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Item 100 - Table 3.9.3-6

Note 4 to Table 3.9.3-6 inoicates that the design requirements are not applicable

to-parts contained within the valve or which are not part of the pressure

boundary.

It is the staff's position that the. valve disc is a part of the pressure boundary.

Therefore, indicate the de:fgn criteria for valve discs when subject to "P "

max

. Response:

The requirements implemented by Westinghouse for valve discs were discussed.

Westinghouse indicated that the design requirement for valve discs was 110

percent of the maximum differential operating pressure. It was agreed that

; footnote 4 to Table 3.9.3-6 (attached) would be revised to reflect the
! design criteria utilized by Westinghouse,

j Based on the above discussion and the attached FSAR change, this item was

f resolved.

;

!
!

. _ _ - .
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TABLE 3.9.3-6 (Page 2)

Stress Criteria for Safety Related ASME Code Class 2

and Class 3 Valves

NOTES:

2. Casting quality factor of 1.0 shall be used.e

3. These stress limits are apolicable to the pressure retaining boundary,
and include the effects of loads transmitted by the extended structures,
when applicable.

4. Design requirements listed in this Table are not applicable to valve
e++m, stems. seat rings, or other parts of valves which are contained
within the confines of the body and bonnet, er :tt. -.se au c po. . ;'
-.~v..i.. -f ::: & dzkra Q k //of&a.

& M s 24m1 M '

,

5. T e maximum pressure resifiting from upset, emergency or faulted condi-
tions shall not exceed-the taculated factors listed under P times
the design pressure. If these pressure limits are met, the*2fress limits
in Table 3.9.3-6 are considered to be satisfied.

'' - 6. Refer to Tacle 3.9.3-1 for Load Combinations.
.

.

.
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Item 101 - 3.2.2, page 3.2-1
,, ,

Are the~ safety and relief valve piping on the main steam line classified as

safety-related? Are there any other piping > 21" connected to the main steam

line up.to the outermost containment isolation valve? If so, what is its

safety classification?

Explain the design of-these portions of. structures and systems that form an

interface between Seismic Category I and non-Seismic Catogory I features. What-

QA requirements are applied to those systems, structures, and components?

(Q210.1) Provide a discussion of your compliance W/R.G.1.29.

Response:

Page 10.3-1 will be revised as attached.

Piping up to and including main safties is Duke Class B. Safety valve outlet
pipes-and vent stacks are Duke Class F so that a seismic event cannot damage
the outlet pipes and/or vent stacks in such a manner as to impair valve operation.

The following piping is greater than 21" and connected to the main steam lines
upstream of the main steam isolation valves. All the hsted piping is Duke Class 8.

a) Condensate drain drip legs
b) Lines to PORV's and safeties
c) Lines to auxiliary FWP turbine.

,

!

.

.
!

1
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~ 10.3 MAIN STEAM SUPPLY SYSTEM "
i

d10.3.1 DESIGN BASES i

'l!
The Main Steam Supply System is designed to achieve the following- S

u.

1. Provide steam flow requirements at main turbine inlet design conditions.
.._ d!

i; - ~. i;
'

2. Dissipate heat from the Reactor Coolant System following a turbine ":

and/or reactor trip by dumping steam to the condenser and atmosphere.

II 3. Provide steam as required for: . _ _ _ _ - -

a. Main and auxiliary feedwater pump turbines. fN'

'b. Condenser steam air ejectors. -
; _

.

c. Main and feedwater pump turbine seals. '

j d. Miscellaneous auxiliary equipment.
.

4. Conform to applicable design codes presented in Table 3.2.2-2. ^j i
,_

5. Allow visual in-service inspection. - - ---.

! 6. Protect adjacent equipment against heat damage. ~~

10.3.2 DESCRIPTION
.

Main steam is generated in the four steam generators by feeowater absorbing - - - - . -

heat from the Reactor Coolant System. Main steam is conveyed by four lines,
~ ~ ~ ~

H
'' one per steam generator, to the turbine inlet valves. A pressure equalization
b and steam distribution header is connected to each main steam line upstream of -- 2-

i; the turbine inlet valves. A flow restrictor is provided in each steam generator ~

| outlet nozzle to limit maximum flow and the resulting thrust forces caused by a 7 ~

hsteamlinerupture. The stea:a generators and all mai,n steam piping and valves --e~ --
'' to the outer doghouse walls are Duke Safety Class B. f Main steam piping a, cross ~'
I the yard to the Turbine Building wall is Duke Safety Class F. All other piping

;L is Duke Class G. See Figures 10.3.2-1, -2, -3, -4, -5, -6, -7, and -8.
b

Five self-actuated safety valves are located on each main steam line (a total
-

|- of twenty) in the doghouses to prevent overpressurization of the Main Steam -

,, System under all conditions. The valves are designed to pass 105 percent of
~ the Engineered Safeguard Design (E50) steam flow at a pressure not exceeding
L 110 percent of the system design pressure (1200 psia).. See Tables 3.2.2-1 and
1 3.2.2-2 for applicable codes. A
.-
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Item 102 - 3.6.1.1.1, page .36-1

The FSAR stated that " reactor coolant piping is restrained such that the lateral

displacements of the broken ends of the pipe are less than the pipe wall thickness."

Provide the assumptions and the analytical results to verify this statement.

The FSAR states that system response due to breaks in the RCS are " accommodated

directly by the supporting structures of the reactor vessel, the steam generator,

and the reactor coolant pumps including two additional pipe supports." Provide

the assumptions and analytical results to justify the. statement.

Response:
~

Based on the discussions relative to Items 12 and 72 on break sizes, the

criteria relative to pipe displacement and wall thickness is not pertinent

to any of the criteria specified or analyses perfonned for the Catawba plant.

Consequently, it was agreed that the reference to lateral displacements of

RCS piping be deleted from the FSAR.

This item also refers to two pipe whip restraints in the RCS. This should be

changed to seven to correctly reflect the restraint configuration of each RCS

loop.

Based on the above discussion and the attached FSAR revisions, this item was

resolved.

.
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3.6 ?"0TECTICN AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE 005TULATED
RUPTURE OF PIPING

General Design Criterion 4 of Appendix A to ICCFR50 required that structures,
systems, anc ccmoonents imcortant to safety ce protected from the dynamic
effects of pipe failure. This section describes tne cesign bases anc cesign'

measures to ensure that the containment vessel and all essential equipment in-
side or outside the containment, including components of the reactor coolant
pressure boundary, nave been adequately protected against the effects of blow-
down jet and reactive forces and pipe wnip resulting from postulated ruoture of
piping.

Criteria presented herein regarding break size, shape, orientation, and loca-
tion are in accordance with the guidelines estaolished by NRC Regulatory Guide
1.46, and include considerations which are further clarified in NRC Branch
Technical Post: ions MES 3-1 ana APCS 8 3-1 wnere appropriate. These criteria are
intended to be conservative and allow a hign margin of safety. For those cipe
failures wnere portions of these criteria lead to unacceptable consequences,
further analyses will be performed. However, any less conservative criteria
sill be adequately justified and fully documented.

3.6.1 POSTULATED PIPING FAILURES IN FLUID SYSTEMS INSIDE AND OUTSIDE
CONTAINMENT

~

~

3. 6.1.1 Desien Bases

3.6.1.1.1 Reactor Coolant System

The Reactor Coolant System, as used in Section 3.6 of the Safety Analysis Report,
is limited to the main coolant loop piping and all branch connection nozzles out
to the first butt weld. The particular arrangement of the Reactor Coolant
System, building structures, and mechanical restraints preclude the formation of
plastic hinges for breaks postulated to occur in the Reactor Coolant System.
Consequently, pipe whip and jet impingement effects of the postulated pipe break
will not result in unacceptable consequences to essential components. [.;s s.ur-'e

,,Te- ' 44 ' : 2__,.. v.cc 'ma* '- r -ian . ;, c ,aos, .

. .aon ..ie r ; ..?" Inicxnesr? This restraint:# '': ;m, .-Is..v. m . _. . . .

configuration, clong with the particular arrangement of the Reactor Coolant
System and building structures, mitigates the effects of the jet from the
given break sisch that no unacceptacle consequences to essential components
are experienced.

The application of criteria for protection against the effects of postulated
breaks in the Reactor Coolant System in accordance with Reference 1 results in
a system response wnich can be accommodated directly by the supporting structures
of the reactor vessel, the steam generator, and the reactor coolant pumps
including . dditional pipe supports. The design bases for postulated breaks

olant System are discussed in Section 3.6.2.1.in the Reactor c

sSVElf
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Item 103 - 3.6.2.1.1,~page 3.6-7
.

Describe the analysis performed to verify the integrity and operability of the

isolation valves for a pipe break beyond the restraint.

Response:

The integrity and operability of the isolation valves is insured by the standard
analyses for any pipe rupture event. An occurrence that would affect the design
function of the double isolation valves, inclusive of a single active failure,
will be reviewed and protection provided for a break downstream of the restraint.
With the crane wall as a guide, the restraint will resist loading that would
affect the valves, and the power cables will be protected if they are targets
of the subject break. The break is 182 linear pipe feet away from the closest
valve and is 43 arch feet away from the closest valve. The above analysis is
consistent and sufficient to insure the integrity and operability of the double
isolation valves.

The attached revision to FSAR page 3.6-29 provides Duke's cannitment to supply

a list of postulated pipe break locations.

P

O I

.



,

. . _ . _ _.a-_____,. _.

1

_ , . , .;.,
.-

h CNS

3.6.2.4.3 Residual Heat Removal Recirculation Line Penetration

Residual heat removal recirculation line penetrations are of t'he cold penetration
type. (See Figure 3.6.2-6)

Design requirements for these penetrations are as follows:

a) The recirculation line is an extension of Containment up through the first
valve.

~

b) These valves are Safety Class 2 and are conservatively designed (600 psig
design pressure) to withstand the Containment design pressure of 15 psig.

c) Valves are located in an accessible area for maintenance during the post-
accident period.

.

d) Expansion joints are utilized in the penetration design. ~

3.6.2.4.4 Access for Periodic Examination

A description of the method of providing access to permit periodic examinations
of process pipe welds within the protective assembly as required by the plantf inservice inspection program is discussed in Section 6.6.

3.6.2.5, Summary of Dynamic Analyses Results

A summ y of the dynamic analyses, resulting from postulated pipe breaks in high- )
energy piping systems, is presented for a typical high-energy system. The
analyses summary of the example system (Safety Injection, NI is comprised of the
following information:

a) System pipe routing - Figures 3.6.2-9 thru 3.6.2-36

b) location of postulated breaks - Figures 3.6.2-9 thru 3.6.2-36

c) location of postulated pipe rupture restraints - Figures 3.6.2-9 thru
3.6.2-36 (Jet barriers are located near target to intercept jet)

,

d) Summary of protection requirements - Tables 3.6.2-7 and 3.6.2-8

e) Summary of combined stresses at break locations - Tables 3.6.2-4 thru
3.6.2-6

f) Plans of plant layout at various elevations - Figures 3.6.2-37 thru 3.6.2-41

$ su.ynma.r y ch fos 1%-|ahe cir cv. & r~ehtfI N M 1- -
.

/ong)y%.djira./ bruk /cca-Heu nee .siewn oit
( lo 4a r-) -/*s' r e.$

3.6-29 Rev. 1
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Item 104 - 3.6.2.1.1.1, page 3.6-9
!

~Show locations of pipe whip restraints on the reactor coolant piping and for

which breaks' in the RCS they'are designed.
;

Response:
,

It was agreed that Figure 3.6.2-4 would be revised to indicate the location of

pipe breaks and restraints for the RCS.

- Based on the attached FSAR revision, this its was resolved.
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Item 105.- 3.6.2.1.1.2, page 3.6-10-

A longitudinal break (Break 7) at 50' elbow on the Intrados assumes a break

area less than the corss-sectional area of the pipe. Provide the analytical

and experimental bases for rne limited break. ~(Reference 1 does not contain

the assumptions). i

; _ Response:

The longitudinal break at the 50* elbow in the RCS was assumed to be one

full break area. The FSAR has been revi'ed to reflect this break size and '

.

"less" will be deleted.

Based on the above discussion and the attached FSAR change, this itsu was
,

resolved.

i

'
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c) Damage to tne nign heac safety injection 1:nes connectec to the other leg
of :ne affectec loco or to the other locos is prevented.

) rocagation of the creak to nign head safety injection line connected to
ne affectec leg is prevented if the line break results in a loss of core

cooling capacility cue to a spilling injection line.

3.6.2.1.1.1 Postulated Piping Break Locations and Orientations

In eacn leg of the Reactor Coolant System, a minimum of three postulated
ruoture locations sna11 ce selected in the. following manner:

Breaks enall be postulatec at the terminal end points and at all locations in
a run or brancs in wnicn the cumulative usage factor _excaeds 0.2 for normal and
uoset coerating conditions or in which the range of primary plus secondary stress
intensity for normal anc upset operating concitions exceeds 80 cercent of the
ASME Section III_ Coce allowaole on an elastic basis (2.4 5_). In tne event
that a location between the terminal end points cannot be dhosen in this manner,
the point of hignest fatigue usage shall be used to obtain a total of tnree
break locations.

At eacn possible break location, consideration must be given to the occurrence
of eitner a circumferential or longitudinal break. As discussed in Reference 1,

a circumferential ructure is more likely than a longitudinal rupture for reactor
coolant piping. Only in the case of one elbow is a longitudinal rupture post-
ulated.

Circumferential breaks are perpendicular to the longitudinal axis of the pipe.

Longitudinal breaks are parallel to the longitudinal axis of the pipe. Certain
longitudinal break orientations may be excluded on the basis of the state of
stress at the location considered.

For the main reactor coolant piping system, eleven discrete break locations
were determined by stress and fatigue analyses. The locations are given in

Table 3.6. 2-1 and shown in Figure 3.6.2-2. The postulated locations conform
to the criteria stated above and are discussed in Reference 1.

Break type at each discrete break location are presented in Table 3.6.2-1. The

results of the analyses which lead to the break orientations are discussed in
Reference 1.

3.6.2.1.1.2 Postulated Piping Break Sizes

For a circumferential break, the break area is the cross-sectional area of the
pipe at the break location, unless pipe displacement is shown to be limited by j

analysis, experiment or physical restraint. :
1

For a longitudinal break, the break area is the cross sectional area of the
pipe at the break location unless analytically or experimentally snown other-
wise. A longitudinal break area leve-4*ee the cross sectional area.of the

EW TO
( /...
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Item 106.- 3.6.2.2.2.3, page 3.6-24

In the equation used to calculate jet impingement loads, explain the use of "cos9."

Explain how'the total cross-sectional area of the jet at the target structure

(Aj) is calculated.
.

Response:

When cetermining a jet lead on an object which is not perpendicular to the axis
of the jet, the term ces : is used to determine the resultant jet load to which
the object will be subjected. The total cross-sectional area of the jet -(Aj) is
calculated by the ecuation:

Aj = Ae (1 + 2X_ Tan 10')2
De

.

c:ere: Ae = break area.

De = diameter of the break
X = distance' from the source to target

,

the 10 angle is the half angle of expansion of the jet, for an expanding jet.

i _ - - - - - - _ _ - _ _ _ _ _ - - _ _ - - - - - _ - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- --- - - - -
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Item 107 --3.6.2.3.3,~page 3.6-36

Describe what buckling criteria and limits are used in the design of pipe whip
,

restraints.

Response:-

The allcwable stress in compression is limited to l.5 times the AISC allowable.

This item is closed.

.

,

P
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Table 3.6.2-3

1Stress Allowables for Design of Pipe Rupture Restraints

Stress Allowable
,

4

1. Tension
, 1 5 ,x ( h4

,.

a. On the n*2t section, except at pinholes I ..' Ir ig
b. On the net section at pinholes in eye- b' N_bars pin connected plates of builtup 9

eembers Ig.CCIF gSc., M )
2. Shear I ,.5:~7

~ -l.5.(''SC fc w 1.5 1)3. Corpression ; 2

. . e _ n, -.__,, ,., - _-
_- _ - __

m c r . s w p v ...e i 2sm. os u .o c .m . . ..

M '

y_., -, , ,:, -~ a . 3 a n w. i w .
. . a . a . a . ,. s- - .

-

c e e.M.ng ,....

I; T,$j, T , d i " c4
I I . :nd5. Combined Stresses p C; :c . , v,. 1. 0 i t.r.

t! T- y me di f' _ d ate,e.
. , , ,.. - , ,_s

Ita, =,s...+ . u s .vu a ,
-

A ~~

') ~

6. Bolts Q-

a. Tension 50. 0 b i--i

22.5bbfb. Shear

7. Welds
a. full penetration cyaoi La Laac a.a ic .; silu-aie

b. f+4e+ % 4.5 v ' A E _' 0 0 d : }-

4 c. - W J

1 Rupture restraints may also be designed to F-1300 of Appendix F to Section'

f III of the ASME code. Also see Sections 3.6.2.3.2 and 3.6.2.3.3.
6
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Item 108 - 3.6.2.5, page 3.6-29 ' !

Item c) - The locations of pipe whip restraints are not'shown in the Figures

3.6.2-9 thru'3.6.2-36. Provide locations of all pipe whip restraints, ~ jet '

:,

barriers, and enclosures.
r

i-

Respense: [

To detemine the locaticn of the restraint, you must identify the particular
.

'.

frestraint used for a particular break, reference Table 3.6.2-7 and 3.6.2-8
(Sunwary of protection requirements). Then refer back to the figures (3.6.2-9 |
thru 3.6.2-36) showing the location of the break and find that particular
restraint. - E

i

Jet barriers carrot be sn~4n :n the ciping iscretric drawings because jet !
'barrier lccation can be anywnere bet.veen tre scurce break and the target.
i
i
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Item 109 - 3.7.2.14, page 3.7-36 (Proprietary version sent under separate letter)

Provide justification that for the Catawba SSE, the fuel assembly displacements

are large enough to result in no damping values less than 10*..

Response:
.

The fuel assembly damping values are measured frcm mechanical tests in both air

ana still water environments which envelop specific Catawba plant conditions.

The measured damping characteristics indicated that the damping value tends to

increase as a result of increasing fuel assembly deflection amplitude. The fuel

assembly damping value measured in the submerged flow conditions are much higher

tnan that obtained in air. Furthermore, the incore neutron detector results

indicated a very high fuel assembly damping value due to hydrodyna:nic effects

and inter-fuel assembly ru::bing in a closely packed reactor core.

Under a postulated faulted condition tr?.nsient such as an SSE or LOCA, the fuel

assembly deflection amplitude generally reaches the physical limit imposed by

accumulated inter-fuel assembly gaps. In order to accurately predict the fuel

assembly dynamic responses under the postulated transients, a uniform [ ]

+(a,b,c) damping value was imposed for all modes as a result of mechanical damping.

An additional [ ]+(a,b,c) was included for the fuel assembly fundamental

mode to account for the hydrodynamic effects; the damping combination for the

fuel assembly model was calculated using the method of combining mass and stiffness

damping coefficients. These damping values used for the fuel assembly analysis

are conservatively justified, based on the measured results from in-core neutron

detectors.

Additionally, Westinghouse has monitored in plant vibration of fuel assemblies.

This data indicates that fuel assembly displacements in the range of .001 inch

results in damping value in excess of [ ]a,b,c The results of this study.

have been published in an ASME paper (79-DET-43) entitled, "In-Core Detection |

of, Nuclear Fuel Assembly Vibration."

-
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.

Based upon'the information provided above a fuel assembly damping value of

[' ]a,b,c is conservative over the entire range of fuel assembly displacements

which could be postulated for the Catawba plant.

In conjunction with this item, Reference 4 in Section 3.7-(pg. 3.7-36) should be

revised as follows:

Beaumont, M. D. (et.al.) Ed., " Verification Testing and Analyses of

the 17x17 Optimized Fuel Assembly, "WCAP-9401-P-A/WCAP-9402-A dated

August, 1981.

Based upon the above discussion and the attached FSAR changes, this item was

resolved.

.
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in-Core Detection of Nuclear Fuel
Assembly Vibration

W.J.SRYAN

ABSTRACT
rms value of nbration compo.

La crder to momter :n. plant nbracons of Westmghouse nents between two frequenc:es = J
preuunted water resctor nuctear fuei anemblies, neutron flux ,

vanacons were measured at fuel rod support locanons. Fuel n=* =tasse=oltes were monitored, at vanous core locations, a two
transfer f.menon = Gis);petzung nuc!, ear power ;unts. The monitored assemolies pro.

duced frequenetes and = ode scapes wmch closely =atched
out-of core :est results. Omtal ar.alysts techmques desenbed un LNTRODtJCTION -

this report can be applied to many other tescag situanons.
To momtor nuclest fuel assembly vibrations withm a

NOMENCLATURE Westmgnouse pressun:ed water reactor core, a program employ.
mg movable m. core neutron detectors withm the matrument tube
of fuel assemblies was uuttated. Neurren flux measurements wereApplied force = f(t)
taken frem two operstmg nuclear cores. Flux measurements, with.cnucal da=pmg ccethent =C in selected fuel assembiies, were made at each fuel rod supportC

(gnd) locanon. The data was recorded on magnetic tape anddampmg constarit =c
analyzed with a fast Founer transform analyzer. In this manner,Founer transform function = XIjw)
a comparison of relative grid to-gnd displacement was made for aFouner transf:rm of output = Orfw) given fuel assembly, taereby, estabitshmg its dynamic cnaracterts.

Founer transform of input = Ifjul tics. A typicrl fuel assembly is snown m Figure 1.
fnquency =w DETERMINATION OF FUEL ASSEMBLY DYNAMIC

CHARACTERISTICSfrequency response = H(jul
g, ,g7 ,,,y Fuel assembly vibrational charactensttes durms in. core testsmeasured divided by the fuel N tenn usmg al sts sqws. a@sassembly calculated frequency =9 is a pr cess of charactennng the dynamic properties of an elastic
funcuon m the time domam = zit) structure by identifymg its modes of vibration. That 3, esen mode

has a specific natural frequency and dampmg factor which can beLaplace vanable =s
identified from almost any point on die fuel assembly. In addition,bplace naruformed function = X(s) the mode has a parucular shape wisicii defines it spanally over the

Iaplace transform of output = O(s) entire assembly,

Laplace transform of input = !(s) The testa consisted of recordmg time h. story neutron fluz
vansuons on magnette tape and then reduems them via Founerma.ns
and Laplace transforms on a digital Fauner analyzer. The Founer=m

Modal dampmg coeffletent =( transforms were used for computmg frequency response, power
spectrum, and coherance functions. The Laplace transform wasnatura! frequency =w
employed to compute analytical expressions for transfer functionsm

resultant displacement =x nt Wncy nsp nse measurements. In the past, the disadvan.
tage of transformation analysts was in the solving of the resultmg.

2 -

L - -
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where equanon (1) ts the forward transformanon and equat:en (2)
u the mverse transformauon.

jwl also contains the amplitude and pnase mformatton at3
C T OL every frequency present in tit) without stipulaung sitt to be:TitPLE LEAF -% assgggy

SPtles penome.
:ta.P in the same ma,nner, the Laplace transform past is dedned as;

V M- Ps0
TOP PLAft
3CLD5aat K _ c C:sitot 400

g31
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. . .
dt

gFp. 0
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wnere equauon (3) is forward tnnsformanon and equanen 14, e
:i a:, y
.
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9]i :.1' |4 *}
R ; mvene innsforntauon. s'' De frequency resp nse of the system is dertned as tne

.sd* .' .. [ h3 row.er transform of the e 4tput dmded by ;ne Founer tundcrm0etLT .

. w o ,t..n o .
of the =put at:'PTTf

eq a in
.
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~ +Q U". me aa'ne manner, tne tr2nsfer Pzct:on is detmed as One

' -i Leiace tnnsurm af :ne output amced cy a, Lc.m md:rm-

'-
q. of me n u:. ;,:i

sw v. .s
M.U|$.y.2,p

~

.

u In these crocesses of signal transformation, informatton is
.m.,;j,7'je,, ,4 .b gamed or L:st u tt 's transformed frcm one doma.n to anotner.

r 0, .

M An exampie of presentmg the same .nformanon in tree different
domams a sacwn m Figure 2. In the ume domam, tne transform

[ fanchon is tne un t impulse response; m the frequency domam, it
U =l.yjp * ** I''"***Y'''' "'* #""*" ";*"d * *"* ''''*#**'''##*'**PitFoaATE3

PLATE 'mff g.TI 'T1 it :s the transfer fancuan. Tao.e 1 summar:zes tne transter fune-T
im ,y

- tions on inett different forms.
gggg The dynamic or apparent suffness, impedance or mechanicald ?PtsTE A ,:* tmpedance, and d;namic or apparent mass are all ratos of input:

t force exc:tauon to respcnse monon and tdennfy resonant frequ.
-

ts!TrentsTATI0e Ptiou ,
enc:es by :turumum values. or valleys in the graphic presentation.

Tuss The dynamic compliance or compitance, moodity, ard mettance
are reciprocal reianonsrups of the previous transforms, thus.
resonant frequencies are idenuned as maximum values, or peaks.

F41 Typical Fuel Assernbly .n the graphic presentauons.

TABLE 1integral equanon, this was espec:a!Iy true for espenmental data.
However, w:th the advent of the dyital computer and related DIFFERENT FORMS OF THE TRANSFER Ft NCION FOR
transformassen algertthms, expenmental data :s now quite eastly MECHANIGAL SYSTEMS
haried. In fact, the retanonsiups detween the ume, frequency,
and Lplace doma.ns are well defined quantities in today's dig:tal Disotacernent , Dynamse Ceph

Force Compliance
Foisser anatyzers, mums them perfett analysts tools.

The Founer and Laplace transferns are mathematical
metbods that allow data to be transformed from one indepen. Force Dynamic Apparent

dent vartaole to another: Fourter transforms ume to frequency; Dtspiacement , Stiffness ,, suffness

Lptsce transforms time to the Lolace s vanacle. The Founer
transformatson paar is defined as: Veloctty , gg

Force

XOW) * [ af t)e . I (1) Force Mecntrucal
' E '"#'

Velocity * Impedance
=

}orceccelerstion , g
and

r
as .

atti - f, xym e""*d" ist c orce
- , Dynamic Apparent

Acceterauon Mass Mass

.
* e a

3
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It can be shown that fer a simple smgie degree-of-freedom funcuon and are unique for each system. In addtuon, values of
system the Laplace transform equanoc can be wntten as: the residues determme the amplitude of the resonance :n each

transfer ftmetion. Therefore, the four propert:es of any vibration
'

.Ws) = (7) C2n be determmed, namely, its nau.ral frequency, dampmg,
2 + cs * sms magmtude, and phase. Except for postuons at node pomts,

these model parameters can be idenufied from any row orThe denommator is called the enaractensuc equauon, smee column of the transfer funcuen matnx [Hl. Therefere, from atha roots of the equanon deter ==e the enaracter of the ume :estmg pomt of view, these techn: ques offer important n=eresponse. The roots of the enaractensuc equanan are known as
my4 g,poles or singulances of the system, and :ne Nacuon becomes

In a mm m nu&ar M usems m mW mtero at their locanons. The roots of the numerater polynommal pm b sauW W m M m u h hare called the :erces of the system. These poles and :eroes are g og gg g ,,
.ocated at enucal frequences of :ne system. Therefcre, the usemches. The identification of tse coolant now pressaea:nsfer .=cucn of a dyn2=ac system a :efmed u ine rano of

Cuctuanens, u well as the:r effects on the seeratica r.d hfe of
:nc output of :ne system to the onm.t to :ne sq=am. It ts. oy .J4 fm usemoly. :s paramount. To determ:ne :nese etfecu, thedef.mnon, a .ancton of tne co=;.ex va: so.e s .I 2 .ystem nu
= ;rputs and a resultant oct; u:s. :nen :te system nas =xn {cwever, cnaractenstics of :he asse=ches mt.st ce ceter=ced,

*ynamic
before statsucal methods used :o determine :hese** **' effects can ce employed, data must be categon:ed. In par cular,

*he ransfer Nncuon unica relates tne 2:s=lece=ent to the the exc:tanon and response must ce tested for randomness and,.Orce is referred to as the compdance transfer Nacton and :s
wnether they are stationary or nonstationary. Addin aai tests

ex;tessed u:
can dmce stauonary data. p!acu.g tnem into ergodic cr non-
ergodic categones. Data distnbut:on must be known, so ::as,

Hist * M su proper errer formulas are used. All data can be ana4y:ed usmg
#

spec:al:ed tecamques, however, this paper presents only random.
T' erefore. fer the s=ce deg ee of heecom system stauonary data. For any real system. rancom. stanonary cata

can not be collee-#. and, therefore, jucg=ent must be usel
... 1 unen enluaung ulyucal results.

(91**'* g ,,.g Secause Fati :s assumed to be random and s:stionary :n.

nature, the preoaothty d:stnbunon for moranonal amet::uce, m
* ** A # "' '' ' " * * * * #*"* *******S.nce s .s c =;!ax. :ne ransfa functon nas a resa and an
:ero mean, as::=2c: nary ;rt. And .t can te e; resented my pom:s ,n a plane.

h.s plane a referrec to u the s-Aane. Any compiez vaiue of s ,

P sy) = exp (-L 2 )'] (12)=ay 1e located oy plott:ng its real cr mponent on one ans and y
:u :magnary component on the other. The mag:utue.e of the V72
fecucn can be plotted as a st.rface aeove the plane. If the
he.nency resconse funcnon of the system was measured using a w icn ephes tnat 2, the standard dee. acon, fcr a zero mean
Founer *ransform, the funcuen frequency wouki De ecmplex. nh. .s equal to tne rms nlue. The precamiity that an
va:ued. It would be represented by :ts real and Parsry parts, o served value of displacement wth range between -y, and yo,

* ' ""* E'''' d ''t"D "t1 "* 18 d't'f**'d DY t' ;^t*3 2t:0";er equivalenty, by its =agnitude and phase. The Founer trans-
for=, as seen ;reviously, is eb:amed by serely suosututmg jw
for s. ~'h:s specal case of the transfer Nncton :s cal;ed the P (-y, < y <y,)=
hequency respcase Nncton, and it is the basic cencept used in
spec: rum analy:ers. Hence, the Founer transform .s merely the

Ppy) dy = ga. [y exp [-1/2 d-)') dy(13)
,

Lapiace :ransfcts evaluated along the jw, or hequency az:s, of l

the complex Laplace plane. 3.y,
The anair.: cal form of :he m* equency resoonse Nncuon is

found, therefore, by ! stung s = jw:
Ice normal probabihty :ntegral or cumalauve dis:nbution,

3 has been evaluated and is taoulatus in vanous soi.rces. Several
Hffw) = (10) nices are !:sted below:4

-mu + jcw * k

Subst:unng v 'and (, and let ng Fiju=af0w) then. HOw) ' g Pf.n<y<n s3
becomes

0.5 0.383
XHu I LO 0.683

* HU") 1.5 0.866m ,, ,

1 + 2(j ( wA) A (11) 2.0 0.9 H
2 2.5 0.988n i5 3.0 0.997

Th:s equanon is the Amaad form of the frequency response
. t.ncuon. Therefore, vibrational amputude O to peak will be greater than

The equacon of motion of an a degree-of. freedom system 3a for 0.3 percent of the time.
and its Founer and Laplace transforms can be set up m the same From this procaotlistic view, o, defined as the rms value of
fasmon incorporatmg matnx methods. In matrtz forut Hds) is vibracon amputude components between two given frequency
cefined as the :nverse of the system matnx and comp.etely hmata s obtamed directly from the power spec: rum as:
defines the dynamen of the system. The resadues from any row
or column of [H(s)) define the system mode snapes for the f* 1/2

,
natural frequences wmch are determmed from the system poles. a= a- df (14)
The poles also deter =me the system dampmg values. The a fg
glocal system values for the pole locations will be the same for *

all transfer funcuons in the system because the modes of etbra- whten ts the square root of tne area under the power spectral
tion of an clasuc system are global properties. However, the density curve.
value for the residues depend on the particular terms of the

. .

4

_ - . -,
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In addition to thas informanon, the power spectral density To obtam frequencies, pikes were located on ene spectral

curve can be used to obtam a dampmg value for a lightly plots and thest correspondmg frequencies recorded. These plots

damped system. i.e., it41) = V1-i, = 1. The mean squared were calculated m the frecuency range of 040 Ha witn s

resoonse was equal to: spectral resoluuon of 0.125 Hz and a noue bandwidth of
0.199 Hz. For each spectrum, stxty.four contmuous spectral
aversges were performed. To nonnahte the spectrum. the results0 ~

1
- 2 (15) were dinded by the measured de level, wnten is propornonal to- 2 . g f [ HQw n du the steady state flux. The error of tae spectral density wass

O

*EE** *****N * E"#'"I' 'I I ""*** *
wnere fN) * f. a constant power spectral density function for typical fuel assembly are presented m terms of 6 the test fre-

.

quency measured divided by the calculated frequency, m, .y,,

$wstitutet the mean square resconse becomes Ftr.re 4. Test frequenews compared well to analytically es;eu.
'.ated hequencies.

Fut assemnly motion was determmed by the atecrsuon af, ,^

-4 1 - -

22 _3 the spectram between frequency hmits of mterest secuanon 14Ld. M,

*~~3
q) * *; 7 This was accon pusned by tne ase of a %t Four:er irrearm,,,

o '*
*n analyter and a post processmg matcomputer. A transtermanen- -

of neutron Cux to displacement was performed r.d snan not-
The iptogral can be evaluated by tne method of esidues mah:ed on a per mode basts. Typical fuel assemoty mooe napes

to cota m.'
are snown m Figun 4. Tliese values are ;; resented next to
analytical resuka determoed by use of fette etement metnods
and confirmed by outef< ore testing. 3cth metnods snowed

, - f , y fe.;.
(1~) good agreement with m ecte test reswts. A typical J Jisplace-I~*3ri y")*-Q

ment was found to bt .1 mm and occured at ::todes 1 and 2.0
' Th2s disoiacement was found to be h:4ner trian that cotamed m

2 outef<cre test results but not ni4n enown * s cause webaThe value of the ciegral[ :Hijw 3 :s eoual to
racetng er impacung. The aswebly 4nica knowed the '.argest

a amcatude of Werst:en. .n ene af :ne piants, was ex2=med afterVW ;ta fLst c/cir ci ae. No scuch.4 marts an any cf its grtas were
y ceservec, tnas, furtner eer*:ym; me ** amenen of a knear het

''''N**""'From taese equances, it foibws tnat the peas vslue of The bes(esumate dampmg em for the bl assemones aiH4 a ! Occurs at the natural Sequency of tne system w.g. presented ;n r:gure 5. The camping coeffic:ents were octa2ned
by use of equauon (19). These coeinciente were found to be

i (131 h24her than : nose measured m a2r bench tests.;H(j y )i = g
NMMSIn Figure 3. the frequenc:es wi and W2 are eded :ne ha.!

power points. The frequency differece (wg - wi) is referred to The .n<cre neutron flu detection testa demonstrated;
as =e bandwidth of the compiez frequency respcese funct:on
H@.M and the modaldampeg coefficient can be determmed 1) A movable neutron detector can be used to mearare

fuel assembly vibranon caaractensues dur.ng reacterby:0
operations.

- gig) 2) The fuel assemblies wtucb wers monitored gener211ytut-unig= produced frequencies and mode shapes wntch matched,,
**n out ct< ore test and analytical results.

To obtam the data for analyms, movaole m. core neutron 3) The dampmg coefncients obtamed under reactor
Cux detectors were used. These detectors move verucally a the condauons are greater than.: hose measured m 22t a
muramehna tube of the fuel assembhes. The detectors mea. benen testa.sure the hor:zontal var.auon of neutron Cux attenuanon by
chacgmg current :n its ion chamber. Thus, with the cernet 4) The use of digital analyzer techniques greatly reduces
proportionahty constant, the varianons a neutron fluz provide the ume and effort required to analyze the test data.
relauve amptitudes of vibracon between gr.d locanons, absolute These ume-eaving techruques can be applied to many

, amphuades, frequency, and dampmg content. To assure the s. malar test situauons.
reiaure ampiinade of one grid monon to another, the neutron
Cux detector was positaoned verucally at the amamum instru. ACKNOWI.EDGEMENTS
ment ngnal within the grid. This was then enecked by the The wodt of K. L. Schmugar for minaung the program and
iruernon length of the neutron flux detector :nto the core. settmg up the data collection procedures, and the efforts of

Nuclear noise data was recorded on magneuc analog tape R. Copal and W. Claramitaro for directmg of tne rewrdmg and
durms start.up data collection periods at two nuclear plant sites. reducuan of neutron flux data to spectrum plots are acknowledged.
Durmg data collection, reactor power levels were held at 30 per,
cent, 32.5 percent, and 100 pertent at fun flow conditions. Fuel REFERENCES
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Item 110 - 3.9.3.3, page 3.9-32

. The applicant states that "since Catawba has a slightly higher flow rate than

Trojan, vibration levels due to the core barrel excitation are expected to be

somewhat greater than those of Trojan." Provide assurance that the vibraticn

-levels in the reactor will not cause failure of the reactor neutron shield

boltings which might result in the droppinc of the neutron shielding pads.

Response:

The. neutron shield pad is fastened to the core barrel using 16, 7/8 inch,

bolts. Due to the preload of the neutron pad bolts, a high friction force

exists betweer the neutron pad and the core barrel. The analysis shows tnat

this friction force is more than sufficient to eliminate any relative motion

between the neutron pad and the core barrel, i.e., cyclic loading of the

neutron pad bolts due to dead weight, seismic, hydraulic and vibratory loads.

Thus, the vibratory loads will- not cause fatigue failure of the neutron pad

bolts.
.

The neutron shield pad is also secured to the core barrel using 3, 2 3/8 in.

dia., steel pins which provides added assurant1 that the neutron pad will not

drop off the core barrel .

The properties of these bolts were also discussed. Westinghouse indicated

that the subject bolts were 316 stainless steel with a minimum' yield strength

of 65,000 psi and a minimum tensile strength of 90,000 psi. The preload on

these bolts is 70% of the minimum yield strength.

Based upon the above discussion, this item was resolved.
-
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Item 111 - Unit 1 incorporates a Model D3 steam generator. Unit 2 incorporates

a Model D5 steam generator. Provide assurance that the Model 03 S/G tubes are

adequately designed to prevent failure and adverse secondary side leakage.

Response:

Model 03 steam generators for Catawba Unit I and Model D5 steam generators for

Unit 2 are designed and manufactured in accordance with the ASME Code Section III

Class 1 requirements. Tube degradation mechanisms encountered on steam

generators are addressed here.

Tube Thinning - Tube thinning occurred with the use of phosphate chemistry

.
secundary side water treat:ent. The Catawba units will utilize an all volatile

type (AVT) chemistry treat. ment program and such tube thinning susceptiblity

should not be a concern.

Tubesheet Crevice Corrosion - The tubes in +heta itsam generators are expanded

full depth in the tubesheet. Full depth expansion eliminates the tubesheet

crevice and, therefore, crevice corrosion should not occur in these steam

generators.

Denting - The first line of defense for susceptibility to denting is the use

of AVT chemistry control from initial operation of the plant. The Catawba

units are equipped with full flow condensate polishers to help control and

maintain the secondary chemistry and utilize fresh water for condenser circulating

water. Should there be an inleakage to the condensate and steam generator feedwater

through the condensers, the chemical makeup of the circulation water would be less

severe than if the plant used sea water or brackish water. Also, the large

capacity continuous blowdown system contributes to maintaining the AVT chemistry

program. The prevention of denting is predicated on maintaining the chemistry

program and reducing to a minimum any periods of operation with off-normal

chemistry.

. _ _ _ _ - _ _ - _ - - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ - -- _ _- __ _ _ _ _ _ _ - _ - . . _ . - - _ _ _ - _ _ -
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Row 1 "U" Bend Cracking - Row one "U" bend cracking has only occurred'in sorr.e N

plants with Model 51 steam generators. The cracking has been attributed to the

small bend radius of the row one U bend and the residual stresses in the tube.

The steam generators for the Catawba Units are Model D type with different size
,

tubing and a larger row one "U" bend radius, which contribute to lower bending

and residual stresses. Row one cracking is not expected to be a concern for '

;

these steam generators.
!

Tube Corrosion in Sludge - The sludge management program is expected to reduce

the amount of sludge in the generators to a minimum. The AVT chemistry

program reduces or should eliminate deposit of hard sludge so that tube

corrosion in sludge should not be a concern in these steam generators. Additionally,

the Catawba steam generators are desir. led to allow sludge lancing during outages

to further reduce any sludge inventory that remains in the steam generator.

Flow Induced Vibration at Feed Inlet

IIIPlease refer to Duke Power Co., February 23, 1982, letter response to NRC

letter of January 22, 1982, regarding possible tube damage due to flow induced

vibrations.

II) Duke letter, W. O. Parker, Jr. , to H. R. Denton,NRC, dated February 23, 1982.

4

| 1

( )



"

.- . - .. ..

Item 112 - 3.7.3.6, page 3.7-29 [
This section refers to 3.7.2.6 for a discussion of the method Westinghouse uses }

to account for three components of earthquake motion. For the NSSS piping, how *

-are the three components of earthquake motion handled in the seismic analysis? ;

>

Response:
i

'

Westinghouse performed a two-dimensional seismic analysis for the Catawba plant.

The directional-inputs were combined algebraically. The components in the

N-S and vertical directions were combined. The components in the E-W and :

vertical directions were also combined. The two resultants were compared

and the larger magnitude used in the analysis. .

Based on the above discussion, this item was resolved.
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. Item 113 - 3.9.3.1

,

. A table of stress criteria and design loading combinations similar to Tables
L

3.9.3-1 and Table 3.9.3-1 and Table 3.9.3-2 is required for core support '

structures and component supports.

Response:

| The loading combinations for core support structures were discussed and

Westinghouse agreed to provide a new table (attached) in the FSAR to address

this item. As identified in Item 7, it was pointed out that the core support

structures were p~acured prior to implementation of Subsection NG of the Code.

Thus it was agreed to add a footnote to the table indicating how the core

suoport structures corcared with ASME Ccde requirements. It was also agreed that

the content of the footnote would also be incorporated in the FSAR text.

;
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Attachment to Item 112

Table 3.9.3-1(A)

Design Loading Combinations for ASME Code Core Support Structures *

Condition Classification loadina Combination

Design Design Pressure, Design Temperature,

Deadweignt

Normal Normal Condition Pressure.
Normal Condition Metal Temperature.

Deadweight, Noz:le Loads

Upset Upset Condition Pressure,
Upset Condition Metal Temperature,
Deadweignt, Nozzle Loads,

Operating Basis Earthquake

Faultec Faulted Condition Pressure.
Faulted Condition Metal Temperature,

Deadweight, Nozzle Loads,
Safe Shutdown Earthquake

!

*By contract, this plant preceeded the application of Subsection NG
|

of Section III of the ASME Code. Therefore, these internals are
not " stamped" and no specific stress report is required. Nonetheless,
the internals are designed to meet the intent of the code.
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The results obtained from linear analyses indicate that the relative disolace-
ment between the comoonents will close.tne gaos anc consecuently the structures
will imoinge On each other. Linear analysis will not provide information about ';
the imoact forces generated when components impinge on eacn other; however, in
some instances, linear approximations can, and are applied prior t^ nd after
gap closure. The effects of the gaps that could exist between ve tal and barrel,
batween fuel assemolies, between fuel assemolies and baffle plates, and between
the control rods and their guice paths were considerea in the analysis using ooth
linear approximations and non-linear techniques. Both static and dynamic stress
intensities are within acceptable limits.

,

Even though control red insertion is not required for plant shutdown, this
analysis shows that most of the guide tubes will deform within the limits-

established experimentally to assure control rod insertion. For the guice
tuces deflected above the no loss of function limit, it must be assumed tnat
the rods will not drop. However, the core will still shut down due to the
nsgative reactivity insertion in the form of core voiding. Shutdown will be
aided by the great majority of rods that do drop. Seismic deflections of the
guide tubes are generally negligible by comparison with the no loss of function
limit.

3 . .' . 2. 6 Correlations of Reactor Internals Vibration Tests With ]the Analytical Results
_-

1.s stated in Section 3.9.2.3, it is net considered necessary to conduct in-
strumented tests of the Catawea reactor vessel internals. Adequacy of these
internals will be verified by use of the Sequoyah and Trojan results.

3.9.3 ASME CODE CLASS 1, 2 ANO 3 COMPONENTS, COMPONENT SUPPORTS AND
CORE SUPPORT STRUCTURES

The ASME Code Class components are constructed in accordance with the ASME
Boiler and Pressure Vessel Code, Section III. .

.

Datailed discussion of ASME Code Class 1 components is provided in Section
3.9.1 and 5.4.

For core support structures, design loading conditions are given in Section *(,, Id
W h IAfort M3153..
In general, for reactor internals compcients and for core support structures i

the criteria for acceptability in regard to mechanical integrity analyses are
that adequate core cooling and core shutdown must be assured. This implies

that the deformation of the reactor internals must be suff,1ciently small so
that the geometry remains substantially intact. Consequently, the limitations
established on the internals are concerned principally with the maximum allowable
d3flections and stability of the parts in addition to a stress criterion to
assure integrity of the components.

For the loss of coolant plus the safe shutdown earthquake condition, deflections
of critical internal structures are limited. In a hypothesized cownward vertical

i

I
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ATTACHMENT TO ITEM 113

INSERT A

| The design loading ccmoinations for the ASME Code case support structures are

given in Table 3.9.3-1(A). It is to be noted that the reactor internals of
|

| this plant are not " stamped" and no specific stress report is required.

Nontheless, the internals are designed to meet the intent of the ASME Code.
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Item 114 - 3.9.3.3.1, page 3.9-50 j

The ASME Code is referenced several times. Any reference to the ASME Code should

specify the part of the code being referenced.
,

Response:

Section 3.9.3.3.1, page 3.9-50 discusses overpressure protection for the Main
Steam System. This section references Chapter 10 for further description of ASME
Code requirements. Section 10.3.1 references Table 3.2.2-2 which presents the
design codes applicable to the Main Steam Supply System. The SM (Main Steam)

System and SV (Main Steam Vent) System listed in Table 3.2.2-2 (page' 8) indicate
the applicable code is ASME Soiler and Pressure Vessel Code-Section III, Class 2.

Whenever practical, FSAR revisions referencing the ASME Code will include the
applicable ASME section.

i
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Item 115 3.9.5.2, page 3.9-52

The applicant has.not included asymetric loads in the list of design loading

conditions for the reactor internals. Assurances must be provided the reactor

internals have been analyzed for asymetric loads.

Response:

See Item 83 for a discussion of asymetric LOCA leads.
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Item 116 - Table 3.9.2-2

Table 3.9.2-2 lists the maximum deflections for reactor internal support structures.

The allowable and the no-loss-of function deflections are the same for the upper

barrel (radial) component. Provide assurances that this provides for an adequate

margin of safety.

Response:

The actual deflections on reactor internals were presented to the Staff and

found to be acceptable. 'n'estinghouse agreed to revise the FSAR to indicate

that all deflecticns were acceptable. However, in reviewing the FSAR (attached)

it was detemined that the appropriate infomation is already contained in

Section 3.9.4. The attached infomation is similar to those resulting

frca other MEB review meetings.

Based upon the info mation presented to the Staff and the attached FSAR material,

this item was resolved.

I
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2. The barrel with the core is analyzed as a beam elastica 11y sucportec at
the too and at the lower radial support and the dynamic response is
cotainec.

Guice Tubes - The dynamic loacs on red cluster control guide tuces are more
severe for a loss of coolant accident caused by hot leg rupture than for an
accident by cold leg rupture since the cold leg break leads to much smaller
enanges in the transverse coolant flow over the red cluster control guide
tuces. The guide tunes in closest proximity to the ruptured outlet nozzle
are the most severely loaded. The transverse guide tube forces during a
blowdown decrease with increasing distance from the ruptured nozzle location.

A detailed structural analysis of the rod cluster control guide tubes is per-
formed to establish the ecuivalent cross section properties and elastic end
scoport conditions. An analytical model is verified cy subjecting the control
rod cluster guice tube to a concentrated force applied at the midpoint of the
lower guide tuce. In addition, the analytical model has been previously veri-
fied through numerous dynamic and static tests performed on the 17 x 17 guide
tube design.

The response of the guide t>bes to the transient loading from blowdown is
found bv representing the guide tube as an equivalent single degree of freedom

'("'g system nt assuming the slope of the time dependent' load to be a step function
;g,,/ with constant slope front end.

Vocer Sucoort Columns - Upper support columns located close to the broken
nozzle during hot leg break will be subjected to transverse loads due to cross
flow. The loads applied to the columns are computed with a method similar to
the one used for the guide tubes, i.e. , by taking into consideration the
increase in flow across the column during the accident. The columns are
studied as beams with variable section and the resulting stresses ara :btained
using the reduced section modulus and appropriate stress risers for tne various
sections.

- Results of Reactor Internals Analysis

Maximum stresses due to the safe shutdown earthquake (vertical and horizontal
components) and a loss of coolant accident (hot leg or cold leg break) were
obtained and combined. All core support structure components were fcund to be
within acceptable stress and deflection limits for a loss of coolant accider.t

,

occurring simultaneously with the safe shutdown earthquake; the stresses and 59"'deflections which would result folloking a faulted condition are less than '

II#
tnose wnicn woulo aaversely affect tne integrity of the core succort structures. f| For the transverse excitation, it is shown that tne barrel coes not aucxle

during a hot leg break and that it meets the allowable stress limits during
| all specified transients.

Also, the natural and applied frequencies are such that resonance problems [
will not occur.

,
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Item 122

The Post Accident Hydrogen Recombiner Package is incorrectly classified as

Safety Class NA. To be acceptable this component should be classified Safety

Class 2.

Response:

The post accident hydrogen recombiner package is safety Class 2, subject to

QA requirements, and seis:r.ically designed. Table 3.2-2 (attached) has been

revised to reflect this classification. It should be noted that this iten

was received after the MEB review ceeting and, as such, was not discussed at

the meeting.

Based on the attached FSAR revision, this item was resolved.

|
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