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1. INTRODUCTION

On March 20, 1978, the Sacramento Municipal Utility District's Rancho Seco
Nuclear Generating Station, Unit No.1 experienced a loss of power to a sub-
stantial portion of its non-nuclear instrumentation. The plant was operating
at approximately 72% of full power at the time. Although the reactor protec-
tion system functioned properly, the plant experienced a severe thermal tran-
sient. This report addresses the investigation of the effects of that
transient on the recetor coolant system and discusses that system's ability'

to continue unrestricted operation for the remaining design lifetime of the
unit.
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2. DISCUSSION

On March 23, 1978, B&W concurred with SMUD's intent to return the Rancho Seco

plant to power operation at a power level at or below 75% of full power. B&W
~

concurrence with the operation of Rancho Seco above 75% full power was contin-
gent upon QA evaluation of the data input provided by SMUD and of the analyses
performed by B&W Engineering. That evaluation was completed to the point at

which B&W concurred with operation of the plant at full power on June 14, 1978
(references 1-4, attached). The folicaing steps were involved in the evalua-
tion:

1. Travel to the plant site to gather data for input to the in-
vestigation.

r 2. Determination of the specific cause(s) of the non-nuclear in-
*strumentation (NNI) power f ailure and development of a list of'

- instrumentation signals that were valid tnroughout the power
failure.

3. Development of a sequence of events for the cooldown incident
based on the valid signal list and data input.

4. Development of the probable plant transient response during
the cooldown using the sequence of events and valid data.
The transient response was displayed in various curves of
temperature, pressure, and level versus time.

5. These errves were used to analyze the effects of the transient

on the reactor vessel, the pressurizer, the reactor coolant

piping, the once-through steam generators, the reactor coolant
pumps, the control rod drive mechanisms, the nuclear fuel, and
the clamping force on the reactor internals.
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3. RESULTS

)
1. The cause of the power failure in the NNI is described in reference 5 i

(summary attached). _ _ _

!

2. Reference 5 also contains a list of the instrumentation signals that re-
mained valid throughout the transient (summary attached).

3. The integrated control system response to the various false and valid
signals is desceibed in reference 6 (summary attached). ;

4. Reference 6 discusses the most probable sequence of events during the

incident (summary attached).

5. The curves showing the reactor coolant system response (major parameters)

are developed in references '7-9 (curves attached).

6. The fracture mechanics analysis performed on the reactor vessel using the
conservative approach outlined in the ASME Code, Section III, Appendix G,
resulted in a calculated factor of safety of 1.8 for the beltline region
and 1.2 for, the outlet nozzles (reference 10, attached).

7. A review of the transient effects on the reactor coolant pump seals con-
concluded that there were no apparent effects on seal performance, and
continued operation of the pumps was permissible (reference 11). Cyclic

stresses and lifetime usage factor changes for the reactor coolant pump
casings are not expected to be affected; however, they are currently being
evaluated by the consultant who prepared the original stress report. The
report of that evaluation will be filed as an addendum to this document.

8. The transient was found to be less revere than the control rod drive
mechanism (CRDM) transient that normally follows a reactor trip. There
are no concerns about long-term damage to the CRDMs or about their ability
to continue to perform as designed (reference 12, attached).

9. Evaluation of the transient's effects on the nuclear fuel has concluded
|

that it will not adversely affect fuel performance for the remainder of
its design life (reference 13, attached).
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10. Neutron noise data from SMUD vere evaluated to verify that clamping'

force still existed between the core support assembly and the reactor
vessel. This evaluation indicated that a post-transient beam mode ex-

1sted in the vicinity of 9-11 Hz, strongly suggesting that reactor vessel /
core support assembly clamping still exists (references 14,15, attached).

11. The study of the increase in usage factor for the reactor vessel re-
sulted in a maximum usage factor (in the instrumentation tube area) of
0.58 (reference 16, attached).

12. None of the cumulative usage factors for the components of the pressur-
izer were increased by the transient except for that of the pressurizer
spray nozzle. The new cumulative usage factor for this nozzle is 0.345
(reference 17, attached).

13. The highest cumulative usage factor in the reactor coolant piping is
0.762; this is found in the surge line (reference 18, attached).

14. The OTSG support skirt stress evaluation resulted in a new cumulative
usage factor of 0.91 (reference 19, attached).

,

15. The OTSG lower tubesheet and tube stress evaluation shows that the
~_

stresses and usage factors, including the results of the rapid cooldown,
remain well within the Code-allowables, and the structural adequacy of
these areas has not been impaired (reference 20, attached).
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4. CONCLUSIONS

.

The total e,ffect of the rapid cooldown transient on the reactor coolant sys-
tem components was not severe enough to reduce the design life.of any of the
system components.*

|

_____

* Cyclic stresses and lifetime usage factor changes for the reactor coolant
pump casings are not expected to be affected; however, they are being evalu-
ated by the consultant who prepared the original-stress report. The resultsr

| of that evaluation will be reported in an addendum to this document.
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Reference 1 - latter: Janis to Rodriguez, March 23, 1978

;

Babcock &Wilcox % ,cene,,uon a,oo ,

P.O. Box 1260, Lynchburg. Va. 24505

- Telephone: (804) 384-5111 |

March 23, 1978
J

!

l
i

|

|
|

-

Mr. R. J. Rodriguez
Manager, Nuclear Operations
Sacramento Municipal Utility District
6201 S. Street
Sacramento, California

,

Subject: Rancho Seco Nuclear Generating Station - Unit No. 1
Evaluation of NSS Cooldown Transient

Dear Mr. Rodriguez:

B&W has reviewed the data provided by SMUD regarding the March 20, 1978 reactor
trip and resulting cooldown transient, and have performed the following evalu-
ations:

..

Evaluation of RCP seal performance data prior, during and subsequent to1.
the transient.

2. Evaluation of transient conditions with respect to RCPs and CRDMs.

3. Evaluation of transient conditions with respect to fuel assemblies.

4. Evaluation of transient conditions with respect to RV, RC piping, pressur-

izer, and OTSG .

As a result of these evaluations, B&W concurs with SMUD's intent to return
Rancho Seco to power operation at a power level at or below 75% full power with
the following reconnendations:

1. The following maneuvering limits be applied for this plant startup:

The marimmn rate of power increase below 20% full power shall be 10%a.
per hour.

b. The maximum rate of power increase between 20% and 40% full power
shall be 30% per hour.
Above 40% ful.1 power, escalation shall be limited to 3% per hour.c.

2. Increased surveillance of the loose parts monitoring system for at least a
one-week period.

3. Performance of an operability check of on-line.and redundant NNI instru-
mentation.-

Tne Babcock & Wdcox tompany / Estabbshed 1867
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JANIS TO RODRICUEZ -2- MARCH 23, 1978
_

4. Establishment of a procedure for restoring NNI power in the event of a
power loss and a commitment to establish by April 7, 1978 operator in-
structions for immediate action to limit NSS transient if NNI power cannot
be immediately restored.

5. Surveillance of primary and secondary radiochemistry on a ninimum of a
daily basis for at least one week following startup.

B&W NPGD's concurrence with operation of Rancho Seco above 75% full power is
contingent upon our QA evaluation of data input provided by SMUD and analyses
performed by B&W Engineering, and you will be informed of completion of these
activities and our concurrence in a timely manner.

In addition, B&W 1s performing an evaluation to determine the effects of the
transient conditions on the Reactor Coolant System accumulative usage factor
and will advise you of those results. As a further measure of verification of
OTSG tube integrity, B&W requests additional inspection of the OTSG tubes dur-
ing your next refueling outage. Those inspection recommendations will be for-
warded to SMUD along with B&W's proposed refueling inspection plan prior to
the outage.

If you have any questions or require additional information, please advise.

Very truly yours,

Joel T. Janis.

Service Manager

JTJ/hh

ec: JJ Mattimoe
DG Raasch
RP Oubr6
JH Johnston

bec: RM Ball
R Berchin
JA Castanes
JC Deddens
BA Karrasch
ER Kane
JH MacMillan
GM Olds
JD Phinney
T Schuler 1

KE Suhrke )
JH Taylor ,

'

Record Center NSS-ll T1.2
l

-
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Ref renco 2 - Lettsr: Oubre to Jania, March 28, 1978
,

QSXUD-

SACRAMENTO MUNICIPAL UTILITY DISTRICT C 6201 S Street, Box 15830. Sacramento. California 95813; (916) 452-2211

,
RPO 78-28

March 28, 1978

''r. Joel Janis
Babcock & Wilcox
P. O. Box 1260
l c;whburg, Virginia 24 " 5'

N.ar Joel:

Per discussior. with you on Monday, March 27, you requested a
chr.snelegy of our rise to powcr over the past treekend. Listed below
is that chronology showing the rate of change of power level for the
three rises in power.

.

Criticality 0 1607 3/24/78
0-20% 8%/hr 3/24/78
20-42.5% 6%/hr 3/24/78
Turbine / Reactor Trip at 2230 3/24/78

'

Criticality @ 0112 3/25/78
0-20% 87./h r 3/25/78
20-40% 26%/hr 3/25/78
40-55% 3%/hr 3/25/78
55-62% essentially 0%/hr

over a 20-hour period
extending into 3/26/78

Reactor reduced to 10-8
_ intermediate range arps 3/26/78

0-20% 10%/hr 3/26/78
20-30% 17%/hr 3/27/78
50-55% 3%/hr 3/27/78
55-72% 12%/hr 3/27/78

You will note that on the rise to power f rom 55 to 72% en Ibnday,

March 27, the rate of change was at 12* per hour. This exceeded the
recommended rate of change given to SMUD in your letter of March 23, 1978.
I request B&W review this rate of change and respond to SMUD on any effect
which it r.ay have had. I would appreciate your response as soon as possible.

Respectfully.

R.P. Ouhre'
'

Plant Superintendent
- RPo: sal

.

.
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Reference 3 - Letter: Janis to Oubre, April 5, 1978
, . - - --.-- -- - -

---

,
P.O. Box 1260 Lyn:hturg. Va. 24505

Telephone: (804) 384-5111

April 5, 1978

Mr. R. P. Oubre'
Plant Superintendent
Sacramento Municipal Utility District

6201 S. Street
Sacramento, CA

Subject: Rancho Seco Nuclear Generating Station - Unit No.1
Plant Startup Following 3/20/78. Trip Transient

Reference: SMUD letter, RP Oubre' to JT Jenis, RPO 78-28, dated
3/28/78

- Dear Mr. Oubre' :

The chronology of SMUD's rise to power beginning March 24, 1978, as outlined
in the reference, has been reviewed by B&W. The extended period at. 55-62:
power starting March 25, 1978 served to prepare the fuel for the 12%/ hour
increase between 55 and 72; pouer on March 27, 1978. Therefore, the intent
of the maneuvering reconnendations has been met.

As a precautionary censure, coolant chemistry analysis should be performed
frequently until equilibrium conditions are achieved,

if you have any questions or require additional information, please advise.

Very truly yours,

/ {nh
'

.

oel T. Janis'

, ,

Service Manager

JTJ /hh

cc: Raasc*n bec: R. Berchin
RJ Rodriguez RV DeMars
JH Johnston GL Knock

BA Karrasch
JD Phinney

GM Olds
Record Center - NSS-ll/T1 2

-

.

Tne Bab:e9 & Witeer Cem:any / Esta::!:sned 1867
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R7fsrrnera 4 - Letter: Jenis to Rc,drigu2z, June 14, 1978
.

. - . . . - - - - - ----- - - - - , - -
-. - . . . - _ . .

~

Babcock &Wilcox % ,oe,,e,, m e,,,,

P.O. Box 1260 Lyncriburg. Va.245C5

Telephone:(804) 384-5111

June 14, 1978

Mr. R. J. Rodriguez
Manager, Nuclear Operations
Sacramento Municipal Utility District

6231 S. Street
Sacramento, California

Subject: Rancho Seco Nuclear Generating Station - Unit No. 1
Evaluation of NSS Cooldown Transient

Reference: B&W 1etter, JT Janis to RJ Rodriguez, dated March 23, 1978i

Dear Mr. Rodriguez:

The referenced letter provided B&W's concurrence to operate Rancho Seco at
power levels below 75% full power following our evaluation of the March 20,
1518 'aactor trip and resulting rapid cooldown transie:2t. This letter also
statet. at B&V's concurrence with operation above 75% power was contingent
upon out QA evaluation of data input provided by SMUD and anslysis perfcrmed
by B&W engineering. These functions have been completed to the point where
B&W now concurs with operation of Rancho Seco at full power.!

It is recot:nended that for the initial escalation the maximum rate of power
increase above 70% full power shall be 3 per hour with a ten (10) hour hold
at the power level cut-off. Above the power level cut-off, the maximum rate
of power increase shall continue to be 3 per hour to 100% full power.

If you have any questions or require additional inforv.ation, please advise.

Very truly yours,

#
/ J. //-

..-. ,
/ !

oel T. Janis-

Service Manager
i

JTJ/hh'
cc: JJ Mattimoe,

| DG Raasch
RP Oubre'
JH Johnston

The Babcock & Vli!:cx Company i Estebbshed 1867

-------- _.
-
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Reference 5 - Susanary-

DESCRIPTION OF CAUSE OF POWER FAILURE TO
.NON-NUCLEAR INSTRUMENTATION

B&W NNI System Design

The NNI system is divided into two sets of cabinets, called X and Y. Power is

provided to the I and Y cabinets as shown in Figures A-1 and A-2, respectively.
The I cabinets have one 120-V a-c power source, and the Y cabinets have two.
One of the two Y cabinet power sources provides power only to signal select
switches; this power enables selection of both I and Y sensor signals.

SMUD Modification of NNI System Design

Af ter delivery of the NNI system, SMUD modified the Y cabinet power design as
shown in Figure A-3.

Loss of NNI Power
.

On March 20, 1978, at approximately 0426 hours, an operator in the Rancho Seco
control room was changing an indicating light bulb in the signal select switche

(SPlO-MS) for the turbine throttle pressure transmitters. The bulb was inad-
vertently dropped into this switch, causing a short on the 24-volt power supply.
With the SMUD modification to the NNI power supply, this resulted in loss of
all 24-volt power in the Y cabinets.

The Y cabinet power distribution, as shown in Figure A-3, consists of primary
and backup positive and negative' 24-V d-c power supplies provided with 120-V
a-c power via input breakers Si and S2, located on the 24-volt power auction-
eer panel. The priuary and backup 24-volt power supplies are current-limited
to 7.5 amperes. Upon overload of either positive or negative 24-volt bus, the
power supply monitor trips input breakers S1 and S2 to protect the power sup-
plies.

Subsequent measurement of the current load on the negative 24-volt power sup-
plies revealed 2.3 and 3.5 amperes at steady-state conditions. The power

tource to signal select switch (SP10-MS) was fused with a Bussman CLD 5-amp

125 V (or less) rated fuse.
i

When the short occurred and current reached 7.5 amps, current-limiting of the'

power supplies went f atr effect until the power supply monitor tripped power

- , - - - . . . - - _ . _ _ . _. _. . . . .



input breaksers S1 and S2. Durihg this time current through the 5-amp fuse
_,

i , f e e4 v 1 ce!act enitch SP10-MS could reach only 4 amps; therefore, it did

not blow.

When breakers S1 and S2 opened, all signal select switch functions were inop-

erative and the 820 auxiliary relay contar.ts went to the de-energized state

because the relay coils were powered from tt.e Y 24-volt power. Sensors that

operated from Y 120-V a-c power continued to function although all modules in
the NNI cabinets that used 24-volt power were inoperative. These modules
provided erroneous outputs over the signal range of -10 to +10 V de, depend-
ing on the characteristics and design of each module. Sensors and modules in

the X cabinet were affected by the inoperative Y power signal select auxiliary

relays.

LIST OF SIGNALS VALID THROUGHOUT TRANSIEhT

* * * ""* * *Cabinet
power Control room Hot shutdown

Parameter eovrce Computer operator panel oper ICS

RC5A-TT1 -- Tc narrow- X Yes No No No

range (SMUD loop B)

RCSB-TT1 - Tc narrow- X Yes No No No
range (SMUD loop A)

RC5A-TT2 - Tc wide- X Yes No No No
range (SMUD loop B)

RCl-LT1 - Pressurizer X Yes No Indicator No
level

RCl-LT2 - Pressurizer X Yes No No No
level

RCl-LT3 - Pressurizer Y No No Indicator No
level

RC2-TT1 - Pressurizer X Yes No No No

temperature

RC4A-TT1 - Th narrow X Yes No No No
range (SMUD loop B)

RC3A-PT3 (ESFAS) - RC X Noue de- Recorder Indicator No
pressure, wide rance rived
(SMUD loop B) from NNI

.

e*
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Valid signal available to
Cabinet
power Control room Hot shutdown'

Paranater source Computer operator panel oper ICS

RC3A-PTl (RPS) - RC X None de- Recorder No No

pressure, narrow rived
range (SMUP loop B) from Nh1

^

RC3B-PTl (RPS) - RC Y None de- Recorder No No

pressure, narrow rived
range (SMUD loop A) from NNI

RC pump seal & brg X No Recorder No No

temperatures (all
four RC pumps)

RC pump seal cavity X No Recorder No No

pressure (all four
RC pumps)

SPlA-LT4 - SG start- X Yes No Indicator No

up level (SMUD loop B)

SPlB-LT4 - SG start- Y No No Indicator No

up level (SMUD loop A)

SPlA-LIl - SG full- X Yes Indicator No Noe
i range level (SMUD

loop B)

SP1B-LTl - SG full- X Yes Indicator No No

range level (SMUD
loop A)

SP4A-TT - SG outlet X Yes Indicator No No

temp (SMUD loop B)

SP6A-PT1 - SG outlet X Yes No Indicator No

pressure (SMUD loop B)

SP3A-TTl - SG lower X Yes No No No

downconer temp
(SMUD loop B)

SPlA-LT2 - SG operate X Yes No No No

level (SMUD loop B)

SP10A-PT - turbine X Yes No No No

throttle pressure

SPSA-TT1 - W temp X Yes No No No

(SMUD loop B)

SP8A-dpT1 - main W X Xmtr AP & No No No

flow (SMGD loop B) temp-compw
W flow

.

--
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Valid signal available to
Cabinet

power Control room Bot shutdown
Parameter s ource .. Computer operator panel oper ICS

SP7A-dpT - startup W X Yes No No No

flow (SMUD loop B)

MU42-dpT - RC pump I No Indicator No No

seal injection flow

MU7-dpT 1-4 - RC pump I No Indicator No No

seal water flow

MU37-FT1-4 - RC pump I Yes No 'No No

seal bleed-off flow

MU23-dpT1 & 2 - HPI I No Indicator No No

flow

MU14-LT1 - makeup I Yes No Indicator No

tank level

MU4-dpT - makeup I Yes Indicator No No

letdown flow

MUS-IT - letdown I No Indicator No No
'

cooler outlet temp<

MU24-dpT - RC makeup I No Indicator No No

flow , ,

DH1-dpT1 - LPI flow I No Indicator No No

DH6-TT1 - DH pump X No Indicator No No

suction temp

CF1-PT1 - CFT B press X No Indicator No No

CF1-PT3 - CFT A press X No Indicator No No
.

CF2-LT1 - CFT B level X No Indicator No No

CF2-LT3 - CFT A level I No Indicator No No

DH7-TT1 - Dh cooler X No Indicator No No

outlet temp

DH9-TT1 - DH cooler I No Indicator No No

cooling water outlet
temp

'
'

| ~

i
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FIGURE A-1
*

*
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FIGURE A-2
_

NNI "Y" POWER B&W DESIGN
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FIGURE A-3 .

~

SMUD NNI "Y" POWER DESIGN
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( Reference 6 - Susanary

ICS ACTIONS FOIL.0 WING LOSS OF POWER TO NNI

1. Partial loss of feedwater due to ICS limiting feedwater to SG A cu Btu

limits.

2. Turbine valve position demand increased.

3. ICS initiates runback in tracking mode.

4. Following reactor trip, ICS runs back W demand to both generators.

5. Reduction of W demand and/or invalid feed valve AP signal causes runback

of main W pump speed by ICS.

6. Reduction of W demand by ICS closes SG A and B main W .:ontrol valves. ;

7. Reduction of W demand by ICS closes SG A and B starts p W control valves
to less than 50% open and main block valves receive signals to close.

8. Invalid 1,G B outlet pressure signal opens B condenser dump valves and/or _

invalid generator level signal closes B feed valves.*
- Steam line failure logic closes ICS-controlled SG B startup valve;'

not an ICS action.
-Operator-takee-menual-control of the speed of-ene-main-feed-pump.

9. Following SFAS actuation, ICS continues to influence W flows to the gen-
erators through the startup valves when the valve controls are not over-

-- ridden- by--the steam-line-failure-logicd-Alse;-any--ICS actuation of M
bine bypass valves continues after SFAS actuation.

10. Upon restoration of NNI power and of valid signals to the ICS, all startup
valve and emergency feed valve position demands are returned to zero, and

any steam dtsap valves open to the condenser are closed based on SG level

signals and steam line pressura signals,

i .

|

_____

* Accounts for observed depressurization of SG B.
# Steam line failure logic closes loop A (B) main control and startup valves to

_

SG A (B) when A (B) steam line pressure falls below 425 psig.

__
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SEQUENCE OF EVENTS AT RANCHO SECO
MARCH 20, 1978 - 0425 to 0534

Time Event

0425:35 Lost NNI power supply cabinets 5, 6, and 7. This caused a loss of
valid signals to the ICS. Btu limits ran back feedwater, result-
in; in a partial loss of feedwater (actual reactor power was 72%).
Probable opening of B turbine bypass valves to the condenser (tin-
ing uncertsin).

0425:44 Reactor trip on high pressure, turbine trip on interlock. Pres-
surizer code relief setting was known to be low (about 2225 psig).
The electromatic relief was isolated due to previous leakage prob-
lems. The data indicate primary pressure went =2400 psig => code
relief valve lif ted.

ICS closes main control and startup feed valves and drives main
feed pumps to minimum speed following trip.
Decay heat and RC pump energy removal accomplished through gener-
ators by invencory boiloff and the addition of main feedwater.

0426:15 Pressurizer code relief valve reseats at about 2100 psig.

Operator starta HPI pump B.

0428:23 Operator stops HPI pump B.

0430 OTSG B pressure reaches 435 psig setpoint of steam line failure
logic. OTSG B goes dry.
Operator increases speed of an MFP and feeds OTSG A, which starts
RCS on pressure and temoarature decrease.

0434:25 RC pressure = 1900 psi.

0437:16 SFAS actuation at 1600 psig. This starts HPI, LPI and initiates
emergency feed. The emergency W pump is started and the bypass
emergency W valves ere opened to full-open position. The system
makes no automatic attempt to control EG water level.

4

0440 RC pressure at 1475 psig. It starts to recover from this point
'

due to HPI. T = 528F.
,avg
1

0443:56 HPI pump A secured.

C446:09 LPI secured.
1

'

0449:54 HPI A initiated. From this point on, the operator started and
stopped HPI pumps as necessary to maintain pressurizer level.

% 450 Steam line failure logic closes ICS-controlled startup feed valves
to each OTSG when the corresponding OTSG pressure f alls below

|

- 435 psig.

|

I

-

| p
,

. . ._ .
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Time Event

0451:25 Secured RCP D (T = 435F). This reduced the number of RC pumps
""8to three.

0457:27 OTSG A water level = 599.7 inches. Speculate that about 2 feet
of tubes are not flooded (at top) due to steam line arrangement.

0500:00 Hourly computer log printout - steam temp 380F (OTSG B), steam
pressure 171 psig (OTSG B), assuming that T,g = Tsat avg ""

380F,

0513:47 OTSG B level = 599.1 inches.

0534 Power restored to NNI cabinets 5, 6, and 7. T = 285F; RCS
pressure = 2000 psig; both OTSG full level ra$gEs pegged high.
Operator begins to reduce RC pressure using pressurizer spray.
ICS closes turbine bypass valves to condenser.

Operator stops emergency feedwater flow.
Operator stops main feedwater pucps.

,

!

,

-^ - - - - - + - - - . - -, _yr , , _ , . , .y



Reference 9 - Pressure, Temocrature, Level Vs Time Curves
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FRACTURE tiECHtfilCS EVALVATIO;l 0F THE REACTOR VESSEL O' THE St10D Uti1T AT RAftCHO
SE(,o fon THE U.1AaTICIFART7kAu51ENT ua 3/20n3

A fracture rechanics analysis of the reactor vessel has been performed using
the conservative approach outlined in the ASfE Code, Section III, Appendix G.
Specific details of the analytical approach are documented in B&W Topical
Report BAW-10046A, Rev.1.

Analyses were performed on the two most critical areas of the reactor vessel -
the beltline region and the outlet rozzle region. At the lodest temperature
during the transient the material is still in the upper shelf region (ductile
behavior). Due to the low level of radiation, degradation to beltline region
materials is not significant enough to produce a shift in the transition
reference temperature. ' Consequently, the beltline region materials are also
at the upper shelf toughness region.

'

Factors-of-safety for the beltline region and outlet nozzles have been calcu-
.

lated as follows:

F. of S. =
( g g

Im It
l
,

'

where K is the reference stress intensity factor
IR

K , is the stress intensity factor due to pressure-

y

K is the stress intensity factor due to the thermal
It gradient through the thickness

The factor-of-safety for the beltline region is 1.8.
The factor-of-safety for the outlet nozzles is 1.2.

Detailed calculations are provided on sheet 3 of 3.'

It should be recognized that this is a very conservative analysis. A postulated
flaw size of 1/4t is assumed for the beltline region and the 3.0" nozzle corner
flaw is assumed for the outlet nczzle. The material fracture toughness (refer-
ence stress intensity value) used is 200 ksiGi. Finally, the calculation
of the stresses associated with the transient is conservative.

|
Charles E. Harris, PE
March 23, 1978

'

h sF
Henrik S. Palme
March 23, 1978

_

h
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THE PABCOCK & WILCOX COMPANY
~

P 'R GENERATION GROUP

To | THE-78-227
J. J. KELLY, PLANT INTEGRATION

From

W. J. WEST T-H ENGINEERING UNIT, EXI. 3243 12E12.04 sos 663.s

Cust. File No. 86-1863-00
sgun or Ref. 660-018B

Su bj . Datu
DEPRESSURIZATION TRANSIENT / FUEL EFFECTS MAY 10, 1978

| s u . i . .. . . . .. .. .. . .. .. .. .. . . .. % ,.
.

References: 1) Hemo, J. .'. Kelly to Distribution, "Q. A. of Cooldown
Incident Analysis," March 30, 1978.

; 2) Calculational file 32-9120-00.

A complete review of the March 30, 1978 SMUD depressurization transient has
been completed. The following three areas of concern were evaluated:

I. Fuel Rod Compression Criteria
,

'

The fuel rod cladding did not experience a tensile force at any time during
the depressurization transient.

II. Transient DNBR

No concern for DNBR magnituder existed due to the combination of reactor
trip with full flow conditions.

,

III. Fuel Assembly Lift
, ,

Review of the sequence of events during the transient indicate that
most probably fuel assembly lift off occurred for a period of
approximately ten minutes. This condition violated B&W's no lift criteria; i
however, the lif toff condition is not a safety concern. I'

Overall, the depressurization incident as outlined in Reference 1 vf.11 not

adversely effect fuel performance for the remainder of it's design life,
provided plant startup subsequent to the transient did follow the attached
mechanical maneuvering recouemendations.
WJW/sgh
cc C. A. Meyer QA: The conclusions stated in this memo

J. T. Willse are correct.
A. B. Jackson
J. S. Tulenko

d 7 @ b Date f/d!7P !
W. T. Brunson

--

J. R. Smotrea. *

R. A. Turner [ '
|

D. D. Shelburne
| R. J. Parekh

R. V. DeMars

,

!
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:/ .MECEAMICAL }ENEUVEp.ING REC 010CIDATIONS * REVISIO:t

,

DATE JUNE 3. 1977- '

W N SECO
i

/./.
t

The following are the recommended maneuvering limits for SMDD, Cycle 2:

1. The ==vf=um rate of power increase below 20% full power shall be 10%
*

per hour. . ,
,

2. Above 20 power, normal operati.ng procedures (Tech. Spec Limits) will
apply unless the reactor has operated at less than 20% power for more
than 48 hours.

,

3. If the power level has been below 20% full power for greater than -

forty-eight (48) hours, the maximum rate of power increase above 20%-

full power shall be 30% per hour with a five (5) hour hold at 20 |

full power below the power level cutoff and a five (5) hour hold at the |

power level cutoff. These holds can run concurrently with holds i

|required by the Technical Specification.
~ '

.

4. During the initial power escalation at cycle startup or immediately
following a control rod interchange, the initial escalation above the

y b 4$%~ full power shall be limited to 3% per hour, with a five (5) hour hold
at the power level cutoff. This hold can run concurrently with Technical
Specification holds where applicable.

5. With the exception of item 4 above, no restrictions are placed on required
''

physics startup tests.

. .
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bemorendud: T51 orc [to Stav'n[9 26 78Referrnem 14

THE BABC0CK & WILCOX COMPANY

'WER GENERATION GROUP

|,o

D. M. STEVENS, LRC

From

D. E. THOREN. STRUCTURAL MECHANICS UNIT (x2206) sos u s.s

Cust. File No.
or Ref.

SMUD

Su bj . NEUTRON NOISE DATA RELATED TO THE Date

C00LDOWN TRANSIENT OF 3/20/78 SEPTEMBER 26, 1978

|m....,................,...........

This memo is in follow up to our telecen of last week about the above
subject.

Enclosed are the following:

A. Two (2) sets of data obtained from signals from NI-7
and NI-5. Each set consists of,
e PSD at 100% power before the cooldown transient

in November 1977.

e PSD, phase, coherence at 100% power. These results
were obtained from signals recorded 5 months after -

the cooldown transient.

B. A copy of a figure, Nuclear Instrumentation Detector
Locations - Plan View, which shows the location of
the HIs.

When we briefly examined these 2 sets several weeks ago, I believe we mutually
agreed they indicated a beam mode of the core support assembly,in the vicinity
of 9-11 Hz,still existed after the cooldown transient.

I request that you re-examine the two (2) sets and briefly document your conclusion
derived from them.

' 'DET:jvg

cc: w/o attachments
J. M. Burnett
F. R. Burke

!

- - ;- - - ----
- . - - . - --
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Rnferenet 15 -- Memorandum: Mayn/St-vens to Ther-n.10/3/78
; ~ '-~-

Research and Development Divisisa ,

LYNCHBURG RESEARCH CENTER |

C O C k & Va +l C O X LYNCHBURG, VIRGINIAl .

t

I
To D. E. THOREN, STRUCTUPAI, MECHANICS, NPGD

!

C. W. MAYO /D. M. 3TEVENS, NUMAR PHYSICS, LRC

Cust.
- Fila N*-

er Ref.
SMUD

Date
Subi. OCTOBER 3, 1978

NEUIRON NOISE DATA AT SMUD

Tw 6.++ e. . ., e , ..d .W e ly.

Memo " Neutron Noise Data Related To the CooldownReference :
Transient of March 20, 1978," D. E. Thoren to
D. M. Stevens, September 26, 1978.

We have reviewed the data contained in the above reference and our
conclusions are as follows:

1. The teneral shape of the PSDs of the excore detectors
,

indicate that a beam mode resonance of the core support
Thisassembly exists after the cooldown transient.

f act is supported by the presence of high coherence
and 1800 phase.

2. Because of the arbitrary scaling of the data, changes
in the magnitude of the beam mode resonance before
and after the t:ansient can not he determined.

3. Identification of detailed spectral features is not
possible due to the limited resolution and dynamic
range of the data.

!
|

CE Of * -

)
C. W. Mayo /D. M. Stevens

38

cc: T. C. Engelder
R. N. Kubik )

R. H. k vis
i
'
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Discussion: .

Theunsettransientinformationpreseitedinreference#5wasusedto
analyze reactor vessel pressure retainire areas that experience high fatiuge
usage factors and/or high primary + secondary stress intensity ranges.

Primary + Secondary and the resulting fatigue usage factor are the only
concern of this analyis; since, a brittle fracture analysis was previously
completed and found to be acceptable and a ductile failure is not a credible
mode of failure for pressures less than design pressure.

A conservative fatigue evaluation is performed at these locations assuming
that three (3) cycles of this transient can occur over the forty years plant

f life. Each area that is analyzed will have a discussion 'of the conservative
analysis method utilized.

Below is the list of the pressure rstaining areas that are analyzed to
acccunt for the fatigue affect of the "cooldown incident":

! 1) Nozzle belt - core shell - lower head remote fror
attachments.'

*

2) Instrumentation tube - lower head

( 3) Nozzles to nozzle belt
(

l 4) Support Skirt,

I

! Below is the list of areas that are justified by explanation which did not
warrant calculations to be made.

1) Control rod drive mechanism housing

i 2) Closure studs
I

! 3) Core flooding v&;uri .

The computer output used in this analysis is contained in Appendix A.
The information used in the analysis from this output is easily obtainable by
going to the table of contents which indicates where the appropriate computer
run is in Appendix A. ,

F

? .

SMUD RAPID COOLDOWN
i

|
,

A. D. McKIM*

_

$444 44 4 to *

I
_ ._

. .
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Results - Usage Factor Increases Due to Three Cycles of RCT'

Usage Factor Usage Factor Usage Factor
original analysis w/RCT Increase

-

Nozzle belt-shell-lower head 0.0213 0.0219 0.0600
,

Instrumentation Tube 0.5700 0.5800 0.0100

Closure Dome-Flange 0.0343 0.0643 0.0300

0.0860Nozzles - Nozzle Belt 0.3500 q.4360

Support Skirt 0.0700 0.2200 0.1500

,

| Conclusion - All usage factors are less than one; therefore, acceptable.
.

<

(

| -

I

..

:
-

; .

.

I,

SMUD RAPID C00LDOWN

A. D. McKIM ~ ~-

,
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Romenciature

Themal discontinuity stress intensity=edisc

Themal radial gradient stress intensity=e
RGS

~

ethem = Thermal peak , stress intensity
peak

Total primary + secondary intensity range.e =

P+S

Alternating stress as defined ir, NB3216 of reference #6=a

Peak stress intensity range.=e
peak

.

Correction factor for fatigue evaluation for cases whenK =

the 3 S, limit is not met (NB-3228.3 of ref f6).*

Primary plus secondary stress intensity\ P+S =

Rapid Cooldown TransientRCT =

pressure, psi.P =

Primary membrane plus primary bending stress intensity as
P)+Pb

=

defined in NB-3221.3 of reference #6.

Operational Basis EarthquakeOBE =
,

Stress concentration factorSCF =-

Bending morrent, in-lbs./in.M =

Thickness, in.t =

rj Inside radius, in,=

r, Outside radius, in.=

I'
SMUD RAPID COOLDOWN

~ A. D. McKIL;
_
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' Nozzle Belt - Shell - Lower Head

Analysis Discussion i

!The description of the method used to analyze the nozzle-belt-shell -

lower head for P + S and fatigue effects of the RCT are described below: |

1.) Program 91232 (reference #3) is used to obtain the
temperatura distribution for the nozzle belt, shell,
and lower head.

2.) Times for analysis were chosen using the following ,

>

criteria:
,

a) Maximum " disc - times in which the A T between
the midpoint temperatures of the nozzle belt-
shell and shell-lower head are a maximum. See the i

graph on sheet to for this determination.

b) Maximum RGS - times in which the RGS calculated by
Program 91232 are a maximum for the different

( sections.-

3.) Program 91206 (reference #4) was run for the times of
analysis using the temperatures obtained from 91232 in
conjunction with the appropriate pressure to obtain

for the RCT (See sheet 3 in reference filP + 5 and oceak
for the 91206 model). The only alteration to this model
was at the "H" and. The "N" end was modeled to represent
the opening in the head for an instrumentation tube. The
motions at this end are used in instrumentation tube analysis ,

in another section of this analysis.

4.) The P + S and peak stress Inten'sities for the RCT are
combined with the P + S and peak stress intensities for
iterations analyzed in reference #12 (see sheet #53
of reference #12) to obtain maximum" p+3 and e lt'
Segment #13 is the location of maxirman stress.a

S.) Fatigue analysis is perfonned in accordance with
reference 96.

.
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Instrumentation Tube

Analysis Discussion

The analogy and description of the method used to analyze the in-
strumentation tube for P+S and fatigue effects of the RCT are described
below:

1.) Program 91232 (reference #3) is used to obtain the
temperature distribution for the instrumentationi

tube. Film coefficient from reference #13 is used.

2.) Times of analysis for the RCT are detemined using
the fc11owing criteria:

a.) Maximum disc - time of saximum mid-
point AT between the instrumentation
tube and lower head (Program 91232 for
the lower head was run for the nozzle-
belt-shell-lowerheadanalysis.)'

b.) Maximum RGS - time of maximum RGS cal-'

( culated by Program 91232.

3.) For times of RCT analysis the following was done to
detemine the interaction between the tube and lower
head.

a.) Free thermal motions of the tube were
detemined by using the midpoint tempera-
ture of the tube in =R( A T) equation.'

b.) Tube pressure motions were detemined by
raticing the pressure motions calculated
in reference #13 (sheet B-8-2) by the
appropriate pressure for time of analysis.

c.) Head motions due to themal and pressure
were taken from Program 91206 which was run
for the nozzle belt-shell-lower head analysis.

d.) The " interaction analysis" method in Section
B-10 of reference #13 was followed in obtaining
"M" and "Q" values.

*
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Program 91206 was run for the tube with the appropriate tempera-4.'

ture, pressure. "M" and "Q" for times of analysis to obtain
pressure + thermal P+S for tube.

5. Earthquake stresses from reference #13, sheet
are added to P+5 from 4) to obtain total P+5 for RCT.

6. The P+S of 5) are combined with P+5 from reference #13 to obtain
VE+S-

A conservative S.C.F. of four is multiplied times '!+he analyzedof 6)7.
to obtain the maximum peak stress intensity range t
for three fatigue cycles. This high S.C.F. is used to make this
analysis inclusive of the weld juncture also'. The weld is designed
to develop more strength than the tube; therefore, this approach
is conservative.

8. A fatigue analysis is performed in accordence with reference #6.
.
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CRDM DISCUSSION

P + 5 STRESSES

In analyzing the instrumentation tubes it was detemined the max P + 5
did not increase due to the RCT. Since the CRDM's and instrumentation
tubes are thin tubes, in thick heads, it is felt that the CP.DM's P + 5
similarly will not increase significantly.

PEAK STRESSES
.

Since this incident was a fast transient the only significant affect was
on the peak stresses. The cumulative usage factor of the instrumentation
tube weld increased from 0.57 to 0.58 (insignificant). By using the
similarities of instrumentation tubes and CRDM's, the usage factor for the
CRDM would not increase significantly.

?

r

.

/

f.

>

'

#00RBRBlMI
,

+
,

l

SMUD RAPID COOLDOWN

A.D.McKDf'

-
. . - . . . . .

i

25

_. - -- - - - . -. .



. _ , . _. . - _ _ - . .

4

e

Closure Dome - Closure Flange

Analysis Discussion

The analcv and description of the conservative method used to
analyze the closure dome - closure flange juncture for P+ 5 and fatigue
effects of the RCT are described below:

1.) Program 91232 (reference #3) is used to obtain the
temperature distribution for the closure head dome
and flange. A time-temoerature graph of the mid-
point temperatures is presented on sheet 2(es. .

2.) The maximum A T between the mid-point temperatures
of the closure dome and flange is factored into the
upper bound discontir.uity stress equation,1.83 E "6-

3.) The RGS is taken from Program 91323 (reference #3) at
the time of analysis.

4.) By comparing the maximum intensities ranges in which
a cooldown iteration contributes to the range (see
sheet B-15-2 of reference ill), it was determined that
the L-H inside intensity is the controlling intensity. ,

'

5.) (P'S) RCT is determjned by conservatively adding the
absolute values of disc, RGS, and the intensity for
iteration #1 (boltup + design pressure) in reference
#11.

'

6.) The maximum''p+3 sdeterminedbyadding(P+S) To
,

the L-H intensity from iteration 920.

7.) othem is taken from Program 91232.
peak

8.) Fatigue analysis is performed in accordance with
reference #6.

The time in which the maximum RGS occurred for the closure flange
!and other intensities for the times analyzed in reference fil were also

considered, but yielded a smaller usage factor than the case analyzed.
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Closure Studs

Discussion

From reference ill, sheet B-15-6 it can be seen that the times
'

of maximum stress for the studs are heatup times. During a cooldown

transient the studs are hotter than the flange; therefore, the net

stud stresses are lower than the boltup stresses. Consequently, P+S

*
and and o are not affected by the RCT.

P+5 peak
,

.

N

.

.

.

.
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Nozzles - Nozzle Belt Analysis .

Discussion

The ar.alogy and description of the conservative method used to
analyze the nozzles to nozzle belt for P+5 and fatigue effects of the
RCT are described below:

Analysis #1 (maximum discontinuity

1.) Program 91232 (reference #3) is used to obtain the
temperature distribution for the thin mag moly end
of the core flooding nozzle and the nozzle belt. A
time-temperature graph of tne midpoint temperatures

,

is presented on sheet 35.
core F1..J4 b)3 k.,

Th e nd-

7'
l .g p belt'
N

i

The e resulting from this nozzle attachment con-
servabN1y represents all nozzles-nozzle belt attach-
ments.'

2.) The maximum A between the midpoint temperatures of
T

| the thin nozzle section and the nozzle belt section
is factored into the upper bound discontinuity stress'

equation,1.83 E = AT.

3.) The maximum RGS is taken from Program 91232 (reference
3) irregardless of time.

f 4.) Tlie maximum Pp+Pb fr m any n zzle at any location for
seismic + thdrmal load + design pressure is used as the
mechanical load P + S.

| 5.) The sumation of the absolute values of 2), 3) and 4) is
conservatively used as the P+S. ,

SMUD RAPID C00LDOW
IA. D. McKIM
1

l
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6.) The maximum P+S from program 91060 (reference #8 from
reference #9 or #10 for any heatup iteration at any ,

location is added to P+S of 5) to obtain op,3

them
7.) Maximisn opak is taken from program 91232.

8.) Fatigue analysis is perfomed in accordace with reference |
#6 using the maximum S.C.F. of any nozzle.

Analysis #2 (maximum RGS)
:

1.) Program 91232 (reference f3) is used to,obtain the
u ximum RGS in any nozzle. The thick portion of the
outlet nozzle is used for this analysis.

2. is detemined by multiplying the "dise I*disc
analysis #1 by the ratio of the thickness squared of
the thin core flooding nozzle to the thickness squared
of the thick outlet, nozzle. ** " "I * " * *didetemined by 6M/L ; therefore,skhe ratio above is
correct assuming the 5 between the thin thickness of
nozzle and the thick thickness of nozzle is the same !

as the 5 between the thin thickness of the nozzle and
the nozzle belt. t.

from any nozzle at any location for3.) The maximum Pg+Pb
seismic + thermal load + design pressure is used as the
mechanical load P+S.

4.) The sumation of the absolute values of 1), 2), and 3)
is conservatively used as the P+5.

5.) The maximum P+5 from Program 91060 (reference #8 from ,

reference #9 or #10 for any heatup iteration at any .

location is added to P+S of 5 to obtain e ,$. -
p

O'N
6.) Maximum o is taken from Program 91232.

peak

7.) Fatigue analysis is perfomed in accordan'ce with
reference #6 using the maximum S.C.F. of any .

nozzle. |

SMUD RAPID C00LDOWN '
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List of conservatisms in these analyses
.

.

stand-1.) Geometries assumed are highly conservative from disc
)point. 1

2.) Time of maximum RGS is conservatively assumed to occur at
the time o is the highest.

' disc

f3.) Stress intensities are not ke$ separate when combining the
P,+P)* fdifferent effects (RGS, # ,

b

4.) The absolute values of RGS, ' disc, and P +Pj b are used to
obtain P+S.

the maximum stress intensity from references'5.) To obtain9 & 10 are uSN irregardless of sign or intensity to obtain

P+S*

6.) The maximum SCF from any nozzle is used. |

7.) The usage factor calculated is added to theemaximum nozzle
usage factor irregardless of nozzle or location. ~

,

.

' '
.

i

.

,

1
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StfPPORT SKIRT ANALYSIS
DISCUSSION

The nnalogy and description of the conservative method used to analyze
the support skirt for P+5 and fatigue effects of the RCT are shown below:

1.) Juncture #1 of the 91206 model in reference f7 was deteminedto be the highest stressed juncture. This detemination.was
made by comparing the stress intensity infomation shown on 8

The maximum
paga B-16-38 through B-16-47 of reference #7. occurred at the inside (H-L) and was a combination of a heat P+5
up iteration (iteration 5777) and a cooldown, iteration (iteration

'

4709).

at juncture #1 for cooldown (iteration 4709) is2.) ThegNedbysubtractingthepressurestressdueto175 psidetem
pressure (pressure for this iteration) from the total stress.
The pressure stress is detemined by multiplying the hydrotest
condition stress intensity by the ratio of the pressures
(175/3125). This stress intensity is then subtracted from the
stress intensity for iteration 4709 to obtain %isc-

e calculated inc for RCT is obtained by assuming the Disc3.) e'

2)Disabove is due to the temperature differential between 91167 _

nodes 212 and 276 (See reference #7-Sheet B-4.2 for locations and
ing a for iteration 4709.

B-7-10 for temperatures) and multiply (500*F{I8! this AT.by ratios of the assumed ATfor RCT t
i

4.) The pressure stress intensity for RCT is obtained by multiplying
'

the stress intensity for hydrotest times the ratio of pressure
(2200/3125).

,

5.) The total P+5 for RCT is then obtained by adding the values of
for deadthe pressure stress, isc*, and the maximum P) + P

weight plus OBE loads 3,, sheet 8_.g of reference 7)

6.) The P+S in 5).above is then combined with P+5 for other times
(iterations) in the analysis to obtain the maximum e ,3p

7.) The fatigue analysis is perfomed assuming 3 cycles of RCT
and following the method of reference 6.

'
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Core Flooding f!c: le Venturi Discussion

The Core Flood Ho:zle Venturi Sleeve is not analyzed in detail because
reference #10 contains an evaluation of the core flood check valve transient
which is more severe thema11y that the RCT. The pressure during the RCT is
higher than the check valve transients pressure, but pressure stresses in the
venturi are insignificant when compared to the themal, stresses. See sheets
D-85 through D-94 of reference f /c . for detailed primary plus secondary
stresses and fatigue evaluation.

'

The fatigue analysis of reference f 6 would not be affected significantly
by, assuming three more cycles of the check valve transients to account for the
three cycles of RCT.
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APPENDIX A

Paoe No.Computer Program

91232 - Nozzl e Be1 t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . A-1 to A-81

912 32 - She11. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-9 to A-162
912 32 - Lower Hea d . . . . . . . . . . . . .' , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-17 to A-243
91206 - Nozzle Bel t - Shell - Lower Head. . . . . . . . . . . . . . . . . . . . . . . . A-25 to A-394
91232 - Instrumentati on Tube. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-40 to A-475
91206 - Instrumentation Tube....................................

A-48 to A-61
6
7J 91232 - Upper Head (Closure Dome)............................... A-62 to A-69

91232 - Cl osure F1 ange. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-70 to A-77
8/ 91232 - Core Flooding Norz1e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-78 to A-859

10)) 91232 - Outl et Nozz1 e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-86 to A-91
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91232 REW 4 12-15-74 e4/1e/78 10.23.20 PA3C 2
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|_ SEGMENT THIC(NESS 04T4 8t GROUSS _ _ _

kkN YeT $lG.5th No. 5 NM. 0 0
1.00 6.00 69 .69 - ~ ~ - ~ ~ ~ ~

* 1F.00 2.00 .69 .20
$ 23.00 3.00 .2a .2

24.00 9.00 .21 .2
.

, .

j SEGHENTAL THICMNESS 9Y $EGMENTS
-

(44)
THIC4 NESS af T0a O.r SEGMENTM H4tKS H4tM ll Hat 4*Pl H4tK*38 H4tK+49 H4tK+51 H4tK.69 HAIK+73 H4tK+0) H4tK+9) - ~ - "

~ ~ ~ ~ -
, ~ " - - - - ~ ~ ~ "

| .49 .69 .69 .6V .69 .69 .69 .64 . 9 .69
1 .459 .69 .6 .

-I 1 .59 09 .69 .6 .69 .2I.

2 .36 28 .20 .2 .21 .- 1 .2 . .2 .

j 3. .21 .21 21 .2 .21 l .2., 2, . __ . _ . _ . ,

.

(HRI
THICMNESS af BOTTO.M OF 1EG.MENTjl H8sK 28 H3tK+3) H9tK.48 H9 tn.53 H6 tK.69 HRIK+ 73 MtitK+93 H8 6K+93

'

K HblAl H9tK

|
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9 INTRODUCTION:

The purpose of this discussion is to provide an assessment of the ,

affect that the accelerated cooldown, experienced at SMUD, had upon the l

Pressurizer and to detemine what analytical work should be done, if any,
to justify the structural integrity of tne Pressurizer and to show that ,

the Pressurizer is still in accordance with Section III of the t.SME Boiler l

and Pressure Vessel Code.

TMt raoid cooldown transient is being analyzed since it was not
defined in h Reactor Coolant System Functional Specification,

i

CS(F)-3-92/NSS-11, and was therefore not analyzed in the Pressurizer
Stress Report. 620-0011-59.

|

DISCUSSION: |

In order to detemine what themal/ pressure transient the Pressurizer
was subjected to, it is necessary to look at the sequence of events and
descriptive curves contained in reference D-1.

From reference D-1, it can be .an that the reactor coolant pressure
transient consists of a AP of approximately 900 psi due to a pressure drop

a from 2400 psi to 1500 psi in approximately 15 minutes. The reacter goolant
themal transient describes an accelerated temperature deep from 590 F to
280 F in approximately 1 hour. However, this thermal transient ::: not0

applicable when considering the bulk fluid temperature of the Pressurizer.
The bulk fluid temperature may be detemined from standard steam tables
using the pressure transient for the accelerated cooldown since the
Pressurizer is considered to remain at saturation. Thus, at saturatior, a
temperature of =6600F exists for a pressure of 2400 rsi while a tempera-
ture of =600 F corresponds to a pressure of 1500 psi0

.

Therefore, it is concluded that the Pressurizer was not subjected to
the accelerated thermal cooldown transient shown for the reactor coolant.

Comparison of the thermal / pressure transient experienced by W bulk
fluid of the Pressurizer with the themal/ pressure transients described in
the Functional Specification, reference B-5, reveals that a more severe
condition is depicted by Transient 9, " Rapid Depressurization".

Transient 9describesathermal/pressuretransientthatconsi-tsgfa
pregsuredropfrom2200psito800psiandatemperaturedropfrom650Fto520 F with both conditions occurring simultaneously over a 15 minute period.

,

w

_

-
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DISCUSSION: (Continued)j

Note that, with the exception of the Pressurizer Spray Nozzle, none
of the cumulative usage factors of the components of the pressuriter are
increased by analyzing an additionsT cycle of " Rapid Depressurization".
However, for the Pressurizer Spray Nozzle a new cumulative usage factor
has been calculated for the SMU9 accelerated cooldown transient-'
.- .

/

RESULTS:

The following is a tabulation of the original and new cumulative
usage factors for the affected pressurizer components:

.. r . ORIGINAL NEW

LOCATION C.U.F. C.U.F.

:: . . . . - .

-

Pressurizer Spray Nozzle .330 .345

-

-- -

,

4

m

6

4

)
4

,m

. .

-. - .

_ - _ _ - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _.__ - . _ . - _ - e - -. - -- - - -' w
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CONCLUSION:
- -

. .. . ...

3

. It has been concluded that the Pressurizer still meets all of the.-

requirements of the ASME Boiler and Pressure Vessel Code, Section III;
and that the accelerated cooldown of the system does not reduce any of
the number of cycles originally designed for and defined in the
Functional Specification, Ref. B-5.
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The following pages of this section contain a description of the
' - O sequence of events of the SMUD Cooldown Incident. Also contained herein
.

! ,, is I time = temperature and time-pressure plot of the reactor coolant
system which is used in the justification of the cooldown.
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i / .

/ SEQUENCE OF EVENTS - 04:25(AM) to 05:34(AM)
..

.

(TAMEh! FrRdM REF D-n)
,

' s
-

_

%

Lost NNI power supply cabinets 5.6, & 7i
4:25:35 -

(B&W Channel "Y")

This caused a loss of TH signals to the ICS.-

BTU limits ran back feedwater, resulting in
a loss of feedwater (actual Ex power was 72%).

Reactor trip on high pressure, turbine trip4:25:46 -
4

I on interlock.
.

Pressurizer code relief setting was known to-

-be low (=2225 psig). The electromatic relief
was isolated due to previous leakage problems..

The data indicates prizes.ry pressure went =2400
psig => code relief valve lif ted.

Op6.rator starts HPI pump "B" to maintain pzr.
4:26:17 - -

' '

level. .

4:28:23 _ _.
Operator stops HPI pump "B".-

'

OTSG "D" coes dry. Data indicates that "A"
':30

-
.

' -- OTSG probably also vent dry.
*

.

RC pressure =1900 PSI (low pressure trip set-
-

4:M:7.5 -

point.
.

Operator increases opced of a MFP cad feeds4:34 -

"A" OTSG. This starts F.CS on pressure and
temperature decrease.

,

STAS actuation at 1600 psig4:37:16 -

This starts HPI, III and initiates aux. feed.
*

Aux. FW valves are opened to full cpen position.
The system makes no cutomatic attempt to control
steam generator water level.

.

RC pressure at 1475 psig.4:40 -

It starts to recover from this point due to EPI.
.

Tave = 5280F.

"A" EPI pump secured.4:4*:56 -

I.PI secured.A:56:09, -

"A" EPI initiated. Frem this poirt on, the4:i?:54 -

operator started and stopped IIPI ptmps ac

h necessary to maintr.in pressuriced icvel.

A-A
..

,
. ._



_

EVENT .

7DE

- Secured.RCP-D (Tave =435*F)4:51:25
%,3

~ tis reduced #RCP's to .three
~

4:57:27
- - OTSG "A" water level - 599.7"

j
. .

..~ .

Speculate that =2 ft of tubes'are not flooded
, , . .

. . . . .

(at top) due'to steam line arrangement.

- Hourly computer log printout
5:00:00 Steam temp 3800F (OTSG "B")

Steam pressure 171 psig (OTSG "B")

Assuming T y,= T ,g => Tave = 380*Fi a

- OTSG "B" level - 599.1"5:13:47
- Power restored to NNI cabinets 5,6 & 7

5:34
.

T,y, = 285 F ,

*
.

RCS Pressure =2000 psig
.

Both OTSG full level ranges pegged high
.

* Operator begins to reduce RC pressure using

I.
Pzr spray. .

~
...

Operator stops electric aux FW pump.f

,

} (TA KEW FROM REF D-x) |
<.i

..1

%
SEE PG A-S t. A-G ..' ;

~. . |
'

.
,

~! .

'
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-

.
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Elspsed
.

Press.urtzer . Sprar_Kozzle . . Spray r-

Tise '' ~ ~ Time, Steam Temp. , Fluid Teg ., Rate
-

_.Brelito - -Min .-- - F - - - - 7 -MiPH - - -
-

-

._. - - _ . . - - .. . .

__4 - 0. 637 180 1.0
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5:3
~

-

'~ sis 6 ~~22.6 633 280 - 1.0
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__ _ .._ _ . _.

._ sis 6.1 . _._22.1._ 633 280 150.-
. --.

. _ ~5:59.5 .
.-
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__._- _.. __. .. -

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

.31.0 613 283 1.0
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_ _ . . . _ . . _ _ _ . .. .__ _. __ __ .
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6:07 __ 33.0
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611.5 - 2 80 25.
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INTRODUCTION:

The purp'ose of this discussion is to provide an assessment of the
affect that the accelerated cooldown, experienced at SMUD, had upon the
Pressurizer and to detemine what analytical work should be done, if any,
to justify the structural integrity of the Pressurizer and to show that
the Pressurizer is still in accordance with Section III of the ASME Boiler
and Pressure Vessel Code.

This rapid cooldown transient is being analyzed since it was not
defined in the Reactor Coolant System Functional Specification,
CS(F)-3-92/NSS-ll, and was therefore not analyzed in the Pressurizer
Stress Report, 620-0011-59.

DISCUSSION: |;

|

In order to detemine what themal/ pressure transient the Pressurizer I
was subjected to, it is necessary to look at the sequence of events and 1:-
descriptive curves contained in reference D-1. l

!
.

From reference D-1, it can be seen that the reactor coolant pressure i

transient consists of a AP of approximately 900 psi due to a pressure drop i
|A froc: 2400 psi to 1500 psi in approximately 15 minutes. Thereactorgoolant

( tfiemal transient describes an accelerated temperature drop from 590 F to
0280 F in approximately 1 hour. However, this thermal transient is not <

'

applicable when considering the bulk fluid temperature of the Pressurizer.
The bulk fluid temperature may be detemined from standard steam tables.

using the pressure transient for the accelerated cooldown since the
Pressurizer is considered to remain at saturation. Thus, et saturation a
temperature of =6600F exists for a pressure of 2400 psi wi.ile a tempera- |

0ture of =600 F corresponds to a presst:re of 1500 psi.

Therefore, it is concluded that the Pressurizer was not subjected to |

the accelerated thermal cooldown transient shown for the reactor coolant. .l
1

Comparison of the thermal / pressure transient experienced by the bulk l
1fluid of the Pressurizer with the themal/ pressure transients described in

,

the Functional Specification, reference B-5, reveals that a more severe !

j condition is depicted by Transient 9, " Rapid Depressurization".

Transient 9 describes a themal/ pressure transient that consists gf a
pregsuredropfrom2200psito800psiandatemperaturedropfrom650Fto
520 F with both conditions occurring simultaneously over a 15 minute period.

!s

I
'

,

, .

-

,

I -,

|

d
. -

-, - . _ _ -- , _ -... - ---_-. _ -- _ - - . . . - _ . - _ . . . _ _ _ . . . _ . . . - , - - , - .
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DISCUSSION: (Continued)

Note that, with the exception of the Pressurizer Spray Nozzle, none
of the cisnulative usage factors of the components of the pressurizer are

1

'

increased by analyzing an additioniT cycle of " Rapid Depressurization".
However, for the Pressurizer Spray. Nozzle a new cumulative usage factor
has been calculated for the SMUD accelerated cooldown transienc--
.-- .

RESULTS:

" The following is a tabulation of the original and new cumulative
gsage factors for the affected pressurizer components:

5
. ORIGINAL NEW

LOCATION C.U.F. C.U.F.
* :: . . . . - .-

Pressurizer Spray Nozzle .330 .345
_ _ _ . .. . _. . _. .. . - . .

'

,-

,

_

4

. ,
, . .

,w -- e

- ,- - - - .w - --s w - ,, , ,- - - , ,,,-y y - e+-,- - -m e.------- --nm,yy ,



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

A
-

CONCLUSION:
-

. . . . .. . ..

3-

. It has been concluded that the Pressurizer still meets all of the..

requirements of the ASME Boiler and Pressure Vessel Code, Section III;
and that the accelerated ecoldown of the system doec not reduce any of
the number of cycles originally designed for and defined in the
Functional Specification, Ref. B-5.
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The following pages of this section contain a description of the'

q sequence of events of the SMUD Cooldown Incident. Also contained herein
,

is I tic.e= temperature cnd time-pressure plot of the reactor coolant
system which is used in the justification of the cooldown.
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/ SEQUENCE OF EVDiTS - 04:25(AM) to 05:34(AM)
.

(TAK5Af 9=RdM REF O-n)
EVENTd9 Igg

Lost NNI power supply cabinets 5,6. & 7.4:25:35 -

(B&W Channel *f")'

This caused a loss of TH signals to the ES.-

BTU limits ran back feedwater, resulting in
a loss of feedwater (actual Rx power tas 72%).

Reactor trip on high pressure, turb5me trip4:25:46 -

i on interlock. .

j
Pressurizer code relief setting was known to-

-be low (=2225 psig). The electromatic relief
was isolated due to previous leakage problems..

I The data indicates primary pressure vent =2400
psig => code relief valve lif ted.

._ _

!
- -

Operator starts EPI pump "B" to maintain pzr..

f
4:26:17 --

level. ..

4

4:28:23 _ _

Operator stops BPI pump "B".-

L OTSG "B" goes dry. Data indicates that "A"
2 4:30 -

-- OTSC probably also vent dry.
.

RC pressure =1900 PSI (low pressure trip set-
-

4: -4 :25 -

.

!
point.

'

! Operator increases opced of a MFP and feeds4:34 -

"A" OTSG. This starts F.CS on pressure and
temperature decrease.

SFAS actuation at 1600 psig4:37:16 -

This starts HPI, III and initiates aux. feed.
Aux. W valves are opened to full cpen position.

*

The system makes no automatic atte=pt to control
steam generator water level. .

t
i RC pressure at 1475 psig.4:40 -

It starts to recover from this point due to EPI.
.

Tave = 5280F.

"A" BPI pump secured.4:4.1:56 -

LPI secured.jj i. :t 6:09, -

i "A" HPI initiated. Frem this point on, the
i A: W:54 -

operator started and ctepped llPI pumps ac

h necessary to mainte.in pressurized level.

A-A
.

.

|

.__

-

r - - . -v, W-i----, - - - -. - - - -
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EVENT
TIME

8
- Secured.RCP-D (Tave c435 F)4:51:25

e) ~
~ t is reduced PRCP's to three,3

- LTSG "A" water level - 599.'7"
4,:57:27 - - - .,7

..
.

.
~ Speculate that =2 ft of tubes are not flooded

_ _ _
_

(at top) dus'to steam line arrangement.

| - Hourly computer log printout
5:00:00 Steam temp 380 F (OTSG "B")0

Steam pressure 171 psig (OTSG "B")

Assuming T,y, = T,,g => Tave = 380 F

- OTSG "B" level - 599.1"5:13:47
- Power restored to NNI cabinets 5,6 & 7

5:34
.

0T ,y,= 285 F .

'
.

RCS Pressure =2000 psig
.

' Eoth OTSG full level ranges pegged'high
)
,.

|'
* Operator begins to reduce RC pressure using

,

lPzr spray. .

'

A8 Operator stops electric aux FW pump. |
. ...

.

~

!

i

.i Cr u eu ream r< er o-g
' *I.

*

SEE PG A-S t- A -c. .

.

.

b

e I
,

.

.

O

*

i .
*

.

9

| :4 :n A -s
.
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%
-

:.
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.
ep
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-

,
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i ' .LM, Burnett. P.CS Co:Sonente
v
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F ron--- --- ~ - : =*- . i: :gae ses m.s gtentrol Analysis (264B) _

l
It& lboreu

2 - - File No.
Cush

. . . _ .-
--- -- -- -

.or Ref.---

: :=- ._ ~._

smip _

Datekbj - r, .surizza sn.i rollaring-Rapid-SMUD Cooldown
of 3/20/10 May 23. 1978

. m. . ,.. . . . ....., . w ., .
.. -- - . . . . - . .

-

_ . . . .
. ...

- . Attached please find a description of spray lina variables for the pressurizer
~

iti cooldown at SMUD on 3/20/78. The ACS pressure. _- . spray-dsn-follwing- i.Lc 5.f
- --nav bs taken_ to._be_.s.t.turatioit pressurs for the stated pressurizer te=perature.
- - The sourca of sprey water was taken.from the cold Ing (not auxiliary spray).
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FTE.SSURIETR SPPAY HAT /JiD TD2'.
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_ . . . - . . _ _. - -

FDLIFEIRG Slain RCS C03LD74 IW.KSL".NT 07 3/20/78
-

.
_ _._ _

_ ._. . _ _ ... .. . - L .. . . . . - - . . . .

__

. Elapsed
.

Pressurizer .. Spray _Kozzle. . Spray

.Tizm Tiina, s te a=, Temp . , Fluid Te.p., ; tate .. . _ . _

-B r4111n - -P.tn .-- - - F - -- -t- -CPM ---

-
.

.: . - .. -- _. - -..

~5i34 D. 637 180 1.0
.

-
-

--

.._.-_5:56 - ..22.0 633 280 1.0
,

.

-- - .._--

._5_:56.1
.

_ ._22.1.- 633
.

280 150.__

~ - '

5:59.5 25.5 613 280 150.-

..- - -. . _ -- -- . ..
3

5:59.6 . . . . . . . 25.6 613- 280 1.0 ]
_ . _ _ .

,

. . _ _ _ _ . . -

6:05 31.0- 613 280 1.0
*

- . . _ .. .. - . ..
- - - -- - - -

..

6:05.1 . 31.1 . 613 - - 280- 25.
. - - - . . . -- : . - -- . -

.

_ . . .6:07 33.0 - 611.5 - 280 25.

.-- 6:07.1 ~.. . .
- ._ . ... --. .. -- , _ _ . .-

.

33.1- -- - 611.5 1 2 80 .
1.0

-- . . . - - . . . . . .- --
- . -

. - - - - . __-

. . .41.0 610 - - -. ..-- . - .- . ...

6:15 - 280 1.0
. . . . . - - - .6:25.1 . -. .. 41.1 ..

- . -. . . . . . . -

20. -

|

.
.

610 . 280-

... . . . - - ..- . - --. .. - . . .
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.

.The following calculation package has been assembled so as to show
that the Primary Piping,.RCS Piping and Surge Line, is still in.accordance
with.Section III of the ASME Boiler and Precsure Vessel Code, following
the accelerated cooldown of SMUD. (Ref. D-1)

-

' -'This rapid cooldown transient is being analyzed since it was not
defined in the Reactor Coolant System Functional Specification,
CS(F)-3-92/NSSil, cr the Reactor Coolant Piping Functional Specification
CS(F)-3-37/NSS-ll, and was therefore not analyzed in the Primary Piping .

.- ~~. .Stress-Reports, 620-0011-50. - . ... ..
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:DISCUSSTON:

The Primary Piping, which includes the surge line, the 36" hot leg,
2nd the 28" upper and lower cold legs, as well as the various nozzles
.(HPI, Make-Up, Decay Heat, Spray, and Surge Nozzles), have been analyzed
:to show that .the cumulative usage factor of the pipe, of the nozzle, and
of the pipe in the area of the nozzle does not exceed the allowable of
1. 0. . t :~: .. :

. . .
- -

. . . - . .. . .... .. . . . .

: Generally speaking, this was done by one of the following two
methods: . .

:....::..
,

. . . .

1. Recalculating the primary plus secondary stresses,
'

primary plus secondary plus peak stresses, and then
a new cumulative usage factor. .

2. By going into the applicable design analysis and
where a more severe or equally severe transient
has been analyzed, recalculate a new cumulative
usage factor by increasing, by the appropriate
number of cycles associated with the accelerated
cooldown, the number of design cycles previously

C analyzed.y

.,

) -

:t

|
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U RESULTS:

::T*.:::
The"following is a tabulation of the original and new cumulative

usage, factors for the various piping locations analyzed: - - .:'*:- .
. . :: ..:.,*

- --- .. -:: :: - ORIGINAL :NFWt: r-
''

.:.: .

. LOCATION . C:U.F. C.U.F.- ! '. --

~; 3 .- .:..- -

.. . . .

-- -- 28" Primary Pipe . ..: -:. .. (049. : . 049
:

Make-Up & HPI Nozzle Branch Connection .079 .083
* *

* - - - . .. .: + - -! - . '-
-

:s .
. .

t: ;.HPI Nozzle .954 .677*

Spray Nozzle Branch Connection. :. 210 - .,212~
.

:" -
. :... . : .

Spray Nozzle . .444 .463
.

Decay Heat Nozzle Brcnch Connection .679 ,686
"

Surge Nozzle Branch Connection .620 .697

.u. .

.762.760Surge Line - ---

.. . . .. .

(q s-
- -

* Note that this new cumulative usage factor was reduced from the original
C.U.F., because some of the conservatism was deleted and the entire C.U.F.
recalculated.

-) -

3
|
1
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CONCLUSION:i

i

It has been concluded that the Primary Piping still meets all of the
requirements of the ASME Boiler and Pressure Vessel Code, Section III; and
that the accelerated cooldown of the system does not reduce any of the
number of cycles originally designed for and defined in the Functional
Specification Ref. B-S.

.-
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! The following pages of this section contain a iescription of the
sequence of events of the SMUD Cooldown Incident. Also contained herein

,
'"

is a time-temperature and time-pressure plot of the reactor coolant
system which is used in the justification of the cooldown.
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AnAWutt.Kr 1
.. ,

i SEQUENCE OF EVENTS - 04:25(AM) to 05:34(AM)

T h K G ^! F~RO !^ REP D .;n.'

-

:
TIME EVENTQ

Lost NNI power supply cabinets 3,6, & 7l:25:35 -

(B&W Channel "Y")
.

This caused a loss of TH signals to the ICS.-

BTU limits ran back feedvster, resulting in
a loss of feedwater (actual Rx power was 72%).

Reactor trip on high pressure, turbine trip4:?3:46 -

on interlock.

Pressurizer code relief setting was known to-

be low (=2225 psig). The electromatic relief
was isolated due to previous leakage problems.
The data indicates primary pressure went =2405

~

psig => code relief valve lifted.

Operator starts HPI pump "3" to maintain par.4:26:17 -
,

level.

Operator stops HPI pump "B".4:20:23 -

OTSG "B" goes dry. Data indicates that "A"' :. C' -
,

OTSG probably also vent dry.,
| g

V ,

RC pressure =1900 PSI (low pressure trip set-: 4:73 -

point.

Operator increases epced of a HFP and feeds4 :"M -

"A" OTSG. This starts P.CS on presoure and
temperature decrease.

SFAS actuation at 1600 psig4:N:16 -

This starts HPI, LPI and initiates aux. feed.
Aux. FW valves are opened to full open position.
The system makes no automatic attempt to control
steam generator water level.

/gAn . RC pressure at 1475 psis.-

It starts to recover from this point due to EPI.
Tave = 5280F.,

"A" BPI pump secured.1: 4 ~. :56 -

LPI secured.^HS:0? -

"A" HPI initiated. From this point on, thea: : : F- -

operator started and stopped HPI pumps as
necessary to maintcin pressurized level.

A - 2.
t

4IhBhm$ e

- - ,- e-,~.e ,w ---e e- , , , - e v w -- - - - ~~



- _.

EVENT
M 8

- Secured.RCP-D (Tave =435 F)4:51:25 This reduced #RCP's to three,,)
;

- OTSG "A" vater level - 599./"'

4:57:27
Speculate that =2 ft of tubes are not flooded

y

(at top) due'to steam line arrangement.

- Bourly computer los printout
j 5:00:00 Steam temp 380 F (OTSG "B")0

f Steam pressure 171 psig (UTSG "3")

Assuming T ,y,- Tsat => Tave ' 380'F

- OTSG "B" level - 599.1"ii

5:13:47'

- Power restored to NNI cabinets 5,6 & 7
5:341

T ,y,= 285'T .

.

RCS Pressure =2000 psig

Both OTSG full level ranges pegged high~

.

* Operator begins to reduce RC pressure using
Pzr spray. .

~

E Operator stops electric aux W pump.
...

. ,

J~y
.

i

,

!

"

y .

*
s.E E Pass s A-6 AND A-7. |

.- :

-

i
,

.

.

|
*

.,

j-

;

'

TAKEA) FRoy1 R E F: O ~ 3.
.

i

|

|
- *

,.
'

1

(
-I . .

-

-

j 7J i.

A-3 '

1 ,

.
-

,

a4
*

L
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SWD

Date
I'd* Pressurizer Spr y Following Rcpid SED Cooldown

of 3/20/78 May 23.1978

| i . i. . . ... . . . . . .. . . . , .. . .. w m.

Attached please fi=d a description of sprey lino variabIss for the presst zer
spray 6vn folicrzing the rapid coold:va et S13.3 on 3/20/78. 'T== RCS pressure
usy be teken to be saturatich presses for tbc stated pressarircr te=oerature.
The source of spray water was taken Irca the cold leg (not auxiliary spray).
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IUI.1&'IEG 012'D EOS CODIA%'N TiV.ESIENT 07 3/20/78 .

,

b.. y
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- Elapsed Pressuriter ' Spray Kor:le Spray |

Titac Time, S tea =, Teq . , nutd Tez:p., Rate 6

Br:1:in 1J.n . F F CPE )

5 :34 c. 6 37 280 1.0 i-

.5:56 22.0 633 280 1.0
'

S:56.1 22.1 633 280 150.

5:59.5 25.5
,

613 280 150.
,

5:59.6 25.6 613- 280 1.0*
.

, . 613 ' 2 80 1.06:05 .31.0 -

6:05.1 31.1 613 280 25.
,

6:07 33.0 611.5 280 25.
. .
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6:07.1 33.1- 611.5 280 . .. 1.0 |

- 6:15 41.0 -610 280 1.0-

, ,

6:25.1 41.1 610 280 20.
6:29 55.0 . 600 : 200 20.'

6:29.1 55.1 . 600 280 1.0.e
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HPI STRESS CASES

ITERATION TIME EXPLANATION*
-

27967 k.95 Ers. End of Heat-Up - No flow condition
See Page L-5

41h91 7.5 Ers. Steady State Temperature at 575
Hottest temperature in vicinity,

of Bi-metal veld.

h2021 7.6 Ers. Reversal in Axial gradient from

27967 See Page 4-5
.

3,6,8 0 - 10 Sees. Maximum radial gradient stress
during test transient. See Page
S-6

- .

15 10.7 Sec. Maximum' axial gradient in upper
from start of part of no :le

- Yest
.

1 ~

('~ 30 21.h Sec. Revers:1 of radial gradient

after test(
.

1211 14.8 min. Reversal of axial gradient in

aftel test upper part of no::le

5060, 5063, 0-10 Sees. Maxi =um radial gradient stress in
i

| 5072 after start of radid depressurization. See
rapid depress- Page h-7
urization.

512h 1.015 Ers. One location of possible =cxi=un

9 min. after axial gradient stress. See Page
start of rapid 4-7
depressurization

5237 1.03Sk Ers. Possible maximu= axial gradient

stress

6059 1.2 hrs. Possible maximum axial gradient
stress. -

6307 1.2h8 hrs. End of h0*F vater injection

6338 1.25h hrs. Reversal of radini gr9dient and

#"% reverr.a1 of axial grr.di ent. See

rase L-3
s_

6850 1.35 hrs. Revercal of cxial cradient.
Pressure Only, 1000 PSI.1 -

,

'

E-5
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INTRODUCTION:

.

1

The Thermal Model was taken from the ' Stress Analysis of Support
Skirt' for Sacramento Municipal Utility District, Report No. 3, B&W
Contract No. 620-0011-55 and the cooldown transient experienced on
March 20,1978, was analyzed for cumulative damage. The cumulative
fatigue frca this occurrence was then combined with the usage factor
anticipated for the service life of the plant.

The original analysis of the support skirt yielded primary plus
secondary stress intensity ranges in excess of the 3 Sm allowable limit.
Therefore, a sinplified elastic analysis was performed to calculate the

.

cumulative usage factor. The one cycle cooldown incident has been
analyzed by the simplified elastic plastic method also.
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DISCUSSION:

The themal model from the stress report was subjected to the " cool-
down" transient with the use of B&W computer program 91167, Transient [
Temperature Distribution. Heat balance equations were calculated by the

:

I

program and the time-temperature history detemined. !

By comparing the thermal gradients between selected nodes in the -

91167 output sumary to those plotted in the stress report, it was found
the cooldown transient produced more severe thermal gradients at the support
skirt to head juncture; therefore, a stress evaluation was necessary.

The thermal and pressure motions of the juncture of the head and tube-
sheet were calculated in the evaluation of stresses produced by the cool-
down incident on the tubesheet. These motions were imposed on the top edge
of the head as boundary conditions. The dead weight at the head and support
skirt interface produces a moment on the head due to the diameter of the
support skirt being greater than the head diameter. The deadweight force
and moment were imposed on the head at the juncture with the support skirt.
These boundary conditions at the top of the head and at the interface between
the head and support skirt along with the pressure and temperature distribu-
tions that produced the most severe gradients were applied to the stress

The motionsmodel for the lower head by using B&W Program 91206, Save 55-2.
that resulted at the support skirt to head juncture were then imposed on the
stress model for the support skirt and primary plus secondary and peak stress .

intensities were calculated.
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RESULTS:

The maximum primary plus secondary stress intensity range = 165.6'

KSI > 80.1 KSI = 3 Sm; therefore, O simplified elastic plastic anaiysis
was performed.

|The usage factor for the 1 cycle of " Rapid Cooldown" is 0.02.

The usage factor for 240 cycles of heatup and cooldown from the
stress report is 0.89.

The cumulative usage factor is 0.89 + 0.02 = 0.91 < l.0.
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CONCLUSION:

k. - The analysis of the "Cooldown" transient on the support skirt shows
that the cumulative usage factor of the support skirt is less than the
allowable; therefore, the structural integrity of the skirt is adequate for
its anticipated service life.
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The thermal model of the support skirt and lower head as shown in Reference !

1 was used in this analysis. The thermal parameters of the thennal grid in |
J,

Reference 1 were also used.

The analyzed transient from Reference 2, is shown or. the following page. |
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t
The themal model, themal parameters and themal transient were input
into Program 91167, Transient Temperature Distribution, aid the time-
temperature history was detemined.

A summary of certain nodes selected to show axial and radial gradients
through the head and support skirt was obtained in the 91167 output.

Two times during the transient that produced the most severe gradients
were selected by reviewing the sumary.

The following pages contain sample output through Iteration 1 along with
the selected iterations (40 and 45) and the nodal sumary.
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B&W Program 91206 (SAVE 55-2) was used to calculate primary plus secondary
and peak stresses. The output for the 91167 thermal model is incompatible
with the 91205 stress model input requirements. Program 91032 (Temperature |
Interpolation and Free-Body Thermal Motions and Stresses) was used to inter- !

'

polate the temperature distribution onto 2 stress models compatible with
Program 91206 input requirements. The support skirt and lower head were
modeled separately for stress calculations. Refer to Ref.1 for the stress
model of the lower head and skirt for input into Program 91206 (SAVE SS-2).

The following pages contain the 91032 temperature interpolations for the
two iterations selected for analysis onto each of the stress models.
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k
The stress model of the lower head was input to Program 91206 with the
interpolated temperatures from Program 91032.

~

In the B&W Analysis, "0TSG Lower Tubesheet Area and Tube Stress Evaluation
due to the ' Rapid Cooldown' event of March 20, 1978 for Sacramento Municipal
Utility District", the thermal and pressure motions at the junction of the
tubesheet and lower head were calcula~ced. These motions were input as
boundary conditions at the top of the head.

The mechanical loads as calculated in Reference 1 were inpt as intennediate
forces at the junction of the support skirt and lower head.

The lower head stress model was analyzed fer motions at the interface of
the support skirt to lower head. The following pages contain the 91206 output
for the selected iterations for the lower head.
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h
The motions at the interface of the support skirt and lower head were
imposed on the support skirt stress model along with the interpolated
temperature distribution and mechanical loads using the 91206 program.

The motions are the peak motions that were calculated previously by the
91206 program for the stress model of the lower head. The motions at
the bottom of segment 15 of the lower head model are the boundary condi-
tions for the upper (0) end of the support skirt stress model. The peak
motions for iterations 40 and 45 are found on pages 75 and 93 respectively.

The 91206 program calculates primary plus secondary and peak stresses.
The following pages contain the stress output for the iterations selected.

.

t

9

?

..

-

JLH
08/78

(I4 620-0011-55

_

95

'

. . . - . . - . ...- . . . -



_ _ _ _ _ - _ _ _ _ _ - _ _ _ . __ ,_

.

*

*
.

9

3

-_'e SMUS.C.90' 00 wet INC. SUPPORT. Setl#f 91P04 qev3 S.Se7S 9A(pn(74,13.13g*PagICCYg I, ee., sees eene se
.

.9 ,. ._ . __..... . _ ... . . . - . .

f.
.

{
! SMUD C00LD0 wee INC. SUPPORT.SnIRT - . - ITERnTION IG.___ PaGE. 3 -.84TLet/04/74 -

I.. Onft 08/$n/79.NPU..T.D..a.T A . . . . . . _ _ .__ . _ . . . .
.

2 . .

...... .. ...e.e..e .e - e.- -

_ .e -.. a e e.- - .--e . . _ _.

70 fat NO. 09 SESMENTS e 37
.

,,
,

900N0 arf C0880lfl0stS Af 9 M TOP top ENO*

i
. 1. A Ra0IAL OtrLECitOft OF -.-- .92079 188CHES NN.EAM U"

g 2. A ROTAfl088 0F .00064 Ra0t4NS
= souN0aar CONost:0NS at THE o0rroM eN tw . ~ . . - - - .- -. -

1. an annat r0ett er .reeeeee.eeees POUN05
~

FRaM REF, g, racc S-12-f* '-
. . . . . . - . . 7. A na0 aL OtrLECT30N OF - 0.99999 INCHES,

Ij
. .. _ . - _ _ _ .

|

S. n .0,a , . O, ....... .n0in S
=

,
,

-

\. .

.
a '; Nott * A St0 MENTAL 640UP 884f CONSIST OF FRON ONE TO THE VOTAL 800. OF- St9NENTS. .- -. -_- .!

*

St0= TNT Cog IS CONSt0Ent0 At THE TOP Or THE stentiny. i
.

* j .. .. Att L0aOS Ae0.'t. Aac OM a *07AL L0nD saSIS . .- . ...- . - . - - - - . - - - - |
.

..ee.ee ee..G.e.o.e..ee. e e.e e ee eee..e. e _~_ ^
. . _:..e. . w. =m ..m ..e .

i .I
e I

*

e
0

*
e,

* * * * * - * * * * * * - * * * * *** * = - * = = = * * = * * * *
-*

t

i *
.. . . . . . __ . . . . _ . . _ _ . . -

* es|
*

6 D
... .. . _ _ . - . . . . . _ . ._ _ .. . .. . _ _ _ _ _ _ . . .

e \

' 8 |tw
lI, s I-

a l'b.;Q'e
'

-
-

w, .

.
-

,
. -

,

,, , op .--o . *~ ** ~



.

.

.

-- - - - ... -.- ,
I

. , , , . . . r-e . . . ,

. -

,

'

-
.

:-

1 -

-:-
l

-.

u_..

n.
.

:
i--

.,

.
i- .

'

;
-

1
'
.
. ,. ,

,

i.
-

r. . 2 .
t a :

1
t.

.- - ,

w
. : :

i I
-

m. o g
I i.r: .

i n, . .. .,
-: : i_ . --

. : :
,

. .,
; .v-

j r.: ,

, ,

-

: ,
,.

f I L !
:: : i

: : :: -

_- : ,. ' i, i
,

, ,
.

: !5 j i
,

'
. .= .,

J w.

I _a :s_: : !..

. ,;;;;,,,,,,.,,,,,, .:
,!

.

.:: ,

I j i J.:E!| | .ils ,. ,

: i.
-:: : o. l. ... .,.. -. .- . .. . ... amgs. : ,. - -

---n----_n n.e.=~,-

:
, : . ru :,{ ;

= = = - ,

= :. . _ .... .. _ s: : ; i
> .

-

I i: m ::::::::::::::::: :n, j i
t

.

a ;;;;;,,,,,,,rsss, eg , i.--e .

-1
- i-v.: . _. .i .,

.

i_ .
,.

, .
m i s s: I i, i i

.
' .

.

: I
* -'

|
* E .: ..I - = :

.. . . . .

i i: , . .z.z..=-.=,.z..~= _- =-
;

.

:
!j ! Ii : i a -- .w.<.~mn- n : --

I -
,

, *"!* 8 ::ES:nlY;I ,

: ; : ! ,:-i v : y

!. ! !. i f... .~E!!!@E! M M.5 E_!, ;
.

' !

$ _. = = = ...
~ ~

!
' -

,:go . . ... .. .
| ya

.: : : s s :1 :E,a 5 | )
. w - -

g. i . m . ,
i-., ., /

! o .~. Y EJ 5333)24hUdd** $ |
I

^ j'.p
@ | U

. .
Y

o

i ..pp.o ehe:,r xx =s :- - ,

L. I ceri-5C.

*

97 -|. , - - - - ., ., = o u r .. . . . . ., .

i i
1

=

- ._



-- v
t-

.
'

.
-

.-,. . . _ _ - _ - . . - . .

._.....r....
| |

'
,

.

'I i j .
.

"E
'

g..

:
a* 1
*: 1:a t.'-

I
.

t|ig
3%

f ,
- ' 1

C.
/

. i'

:
!

.

E. 3
|.

* 3 I*
l ;

e . .

I i ;al l' I
'

n - .:
r: i t

-

j . , i
I :

.

i ,

i
| |

,

E 'I t N EI': |
| |

'

'. . !..
W : : = 5.:;; ; '| . !

"
:

; ~. > ,. .
j i ; i I 1;' i i . .:< .

l -
'

I ! !! | ':F22 ' ..?2 !* . .
' l

,

i
E.s.a.s. : as :.*. I.

,

'

.a .
<~.e . ! |
. -. -

1
i I .s .| !' : ;

'( '

d 3
.

- -..

O M. T'0*.*i i ! If
- . -. . .

;i. ,

.

i s==i == ! j j j| 8
"3 i . .

i. .

-.d.:J.J ! I i I !' *

5441.J a."
.

. r

!:- I |
..

"|-. ' ]t i :
i.

4 : :..~.
, .

iI'
*

.t
;m .f.*.* i ,

. . .- ,-. i. ., .-. , -
. .

. .. ... -.

. ' |: jf 1 !- I l . ! l :"-

i : ! i~

. E, i. i I
,

I Om
M. .**. . .. .. .

-

:

!D! ! ! | | | t.
- i" i: .

1..

!a f*::::: ;;2"c= | |I 1''i :

I 1. . 5 est.: : i

|.
4444

I | |. . -- .. ~ . t -- -
- ~j .

| [ t
'

.E ~' f. ' . '5E i !
i ,

. .

t |I, T c. . m *i :. i.
' '"

!* -~-.a. r. *
X .. ~ . ;,

g !. |- |
" " :

- .

. . - 1 ; i, i=*'
-

.
. . -

.. . .. ,~~
- - ' s

- Iy .V. := 5..;.a.a.a EAAJ.J 1
|-

- . . ~ . j

| '

t. it,i.i.iiii liiiii i |
|

8 -""** '
8 t': = = ,

=- '

6: o~ .o. .,.. . . .

e .
,1.'t .~I- E .l .a .,, . ~, 8,, . t i .

'
ij- .

la y ! o ., /,. --' - = ~
, , ,

a. . =
-

- - - - . . . . ,g gz5. -_.

-,,-- , , = .. .. .. .. . . , .. . .

98
.

I _ ..

._. _



-

O
b

(.

0--
... _ . .

I
~ r

.-. e r e . . 3"T*. . . ,.

|-

'( (.

1

*PM
>

I.. ..

.fr I

..e.s. , .

@
.

G
> .

9

ii , .

|
-* ,

* {
t 4 |

. $ i 1 *

.e%
I

,

A 3
I I ( . t i I, |
. i 4 i

W :
- -. .

-

.

| ; !. ji,: : :
-

.

i, .,: . .
.,

-4 j i .. . - .
'

: i
I tm !?*J | | |

|
.
2 . . ,
1- 3 | E'*--' E- ! 1. .

I g

j I
,.. .

|
.- -.3 . - , i. |. .

4 Em E- { l
<

'

I ; ***?; Y'72 *
-.

* i..
1

,

i 1 1. t
'

| ,. t,
. ;

???? M** | I
'

g . .

! E" Ea-' t .-

! |3 I .i I : I :,.
. . .

. . iw g g !: fi"?) ?%?)* '. .

| EM E
i I'

1
I-

! I a t' i :
1 :,

- ..
T7??J TM"". l .

i

: ! J E* E- -

|
|

i

: : a I t' I
'

i '
i 1 . ii ! Er.. . . t i

i ! ES% * ? *?; *-*** t : I

!,I i : ! !
.

iE* - E. . ;g.: -- - I f -.
. ;

-

I.
- '~ ; i

I
oo - =:_ s s. ' 2* ''':""?; f??*?; !

,

3 . . .. -E.* - E*---
t.'. -

.. , .. .
I

- - .
. ' IE E : E*e. 7 -* E 1 ',

E .**. Y -c. *.*.=. . e;.;t.=.=. . | .,: % t.. . . ..

a t- * YE*a~- 55* - 'I -

'

. -m ..
I i i *a ** B, . !* *

1 i

!2 **** -**h:. .,=. . . . . .=. . |. . . .
I.. so .y y . .. ..

:: 2":: y . E*'*- :5~ i : -
.-

!
g i F eJJ.* e 21 Ef I ' '

8 !5 5 !!= -.**.= | ! i
* 'f: f !3 Jed" F*!:

I v. u . : Y1= -z . .

,
.

s<f . .ra
D,f

t : . i* * !| [
.F .F

i Y EJ.*J .Y 5, , .5. ! |. ' -,
,

,o w - - - o p;W-w .n -1 1
. e- - . ,. .

g
L-. u . s. . .. . .. ! ?.... .

. 420 0il'~ '

f7- , .i . ,, .. .. .. .- . .. .. . , , ,-

|
-

-
.



_ _ _ _ _ _ _ _ _ _ _ _ ___-___.

e

J- -- e... . . . . . - . ,
' . . . . . * . . .""'

g .g y

<
*

i

( -

0 .|
i

.
q|

,

em .
>
8
...

F
&

..a.no
.

R

e.s
M. , gja.

| *i.

e a
'

Om
% i

t l4
'

e i
O -

#1 e . | |
[ 9e

W %
0 e

*e e 0
$ *4 9
0 . 4 .

$ . 4 'j . 5
T' W G

o. 4 }pt. .

S e
e t e,

4 I |.
4

. e i
-e

.e .i
. ie e

e
ed i 4

| g 4.*
0 e e9 w

4 { p e * I
,

j.! & v e
. 4
. i * e i .

' I I

I I
.

't !( l !
9 *

4 | k
- e
> 0 |
4 e .

e -

en| 4
1 * e ! i

9
.See

e..e.e.. ee..T .T .. s.2 -s. o. .e. 2 2 2 2 .c.T ..Z .T .T T..s. m. e. . . e.:
- -

26

1. .1.- . . o. e. . .e.s......a _

. . .*&..... .. . .<en,e
-- --

.

e -.. . ..'..h.4.sik.ses thha |g

r.e e..m g;e m a a s a a A.wn *- - - me .c.c.e s c .c.e.ss.c,.c cc.c.c .c.e s.c.e.c c c
.e....

q wg,, . we. |
c.o ..4 ,c,0 e
. ..

tW
-cec ce . co.. . .

- ~,,

. . | .er P.IP f".W8tr*#.* P.*m.P.H'.*.P..m. . .- - .. . . ; e.P.*P.P.9P.af* e.g*1P.=f**P.#.W8tM. , I. .. . .... . . . . .
e o , | |. 1 & -

t.. . i
.

: 22:2...........e....eeeee.e .e.,ee
1 *****'******* * * * * * * * * * * * * * * * * * * * * * * * * *

.

'

I b g. . .. .: . . . . . : _. :: . . . . : . . . .: .: .: :s
, .

_

.

i

g .me..me.me=h*= EE.r.f ,e -@ p p O &.m
nc -.- n.-- o .-~.em .<.#<-.-.~<r.-,e .. .

| g De e =* _ - - - - - :,- .P PMPed d e d d d d 9

- e..==
-

g.
.

. . a.n ..................................... .
'

1 g :=
,

' ';

I' =..e.e.e re..,. . .ee.e..e e.. :-
..e

' - ---

-

..b e.m.e.........m.e...e. .e.......... e.e.... :
. . .

. ..... .. ...... ...w -
K M e > T wen estm ands 46amtwwt i s

9 9 @@ P..P 6em k.am. d s'f4e* * O C 4 *.=4.s.s h eshenhsmai.ss nW64n.e=c .#.es A par *m e < tia. mas t . er 8'* # *** ==4 *=e e =8%ma I& d 4 2 .'*C

D=8****=**E E PECC ES*,md ec# e a 8%,e* a e t # #W v 4 4c o gn.sm>p.e 4 w * p
CEEECDPP&P@@@@@@@@PP@@@D > $ 7 g4'lg

fb.d%T.
T ^ " ? ^ ^_T ",,fV4be%1bd%fb8%P ^ ",. "_ ^ ^ A^_ ^:_ ^ ^ ^ ^ _^_^ ^ ^g 43 R __ _

8 emp C 6mt eeeeeeee.eeeeeeeeeeeeeeeeee.eeeeeeee e

I.& .B
s

- -. ,
. . e i

9e|*9999999f.e.re.tt.a.refe.taf Ve.ff.a .- e,ese. d -^ .;.e.a 9.d.||*|.he.ns9.

. . t en ee. . s ee e e s. e .
y y 1 :: . _3m_vaa v.v _v?..g' ' v v _*gau..u. _v.'.*

.

. .- . .-e . . ~< n_ ,

P't8"8.%#fb.u'

nn .< ~.m(Lftf4dif & AhM.f 8*V J P'f%
n..n,~. .-a

P m=# 4 f44'*P FhtfJd$ R E
e. C .9 99 99 9 7t E KKomitteC& d@'**'**1PP'9'Pst%0%0%e%0%C%

E Q 9 ene b *

p ememempos**@gf C gL*d f dd d@eu.f tf.de.s@w@@e@on.@e .@m@ed.eDe.itt @@d d ee , g g .3
we en.eeww eas ewwwwww e . we w ewe , jp @ t O g

G O 4 E I
'

, e s -y
9 g .A as . .

!
.

|
*.. 9 i e'

-

|
>

9u. u . . . i t s, 1. . -
8 a e R 8 J* 3

g
t

g :_na; :--ee '.sbedia.re-eee .eb- eves eee Aciece - | ca w .
jy ,egye -- - T.r :: :. = - - -- . - : - ,s ,

'

e E en c
,

. .
=

| p.y a'.rr'|
-

..

/40.i-..- .i . .i si . .. . . . . . . .

. . ,

,_. .m.- .o -
- = = = "

rw - - - - ,.e,,-.,- y- m, -,x



-,

- . I
i

-
.

;.. - - _ - . _ . . ,
I I

. e . . . . . . .-e . - - i

1-

_
t

i

'

.
'

:-.:, .

u .

.u-
.. y

.
b

-

i.

,, , Ie
**

n
en

I
.e

s
:

*1
* - .g . .'

.

E >
l.'! ! Ia !

.
.

! I i 1 5w
. - ...: 1 i i' f* -

r: | | ! | } I, i ! I
'

-

,
.. . .,

,! ...m ;- , ,., i ,
.. , . .

e I. '
E'. i. !. : !.

! '
,

. ,
I?i,

t.
*: * -. .

4

, i~. - , C , .

I ; .i y
i ,

3-
. ,, {

| |!
w ! .'

'"' W .( .I i I || ! I
* '

s

= |: I i| -

C '
i, |

;
,

o io i . ;
tr :, i .

.! .! . ' I.
5 ! !.

r ,
o ,- .

g e-
6 :. -

,

;- . '
' 'i'

I !
.

t !.
:

t. 1
3 ! .

- ,

; m **!
' . .

, =......; !; |
;.

.
- t .n, , ; . - ,: 1' i. i

.

' ! *#, ' . .
. . ,

'

!**j .

I ! ' 32 ~*: 85.*.*_.*..*: :
' -~. ,.

g , g i l. >
. . . . ,

I. .
+. . ,

. . .. ..

|
'

i g*.i !!
~: ' -

e,

i | F|::R*:.*.*
.

5 : I. .. t !. Ji. hm
* -**

i.
- - .. s .,

,

3 i n |
. :;r i i* !* -

;'

, !* f.,== ::=:*
.I Ys

*
.2 .- .. g

; * i a 15 t i S ::|is is M*mti ,

B ! "4 * ! * 28 .!* O i., , '
! ! * 3r . I E ** *:

'

| :**
. . . . . . . . ,

t n *

( W W ! 3 ! .; !: * . !.
I'

.. .
-

,
. 3.- . . . -

. . . o == .. em .

!.I; .! i. I ::4 3 .i B Ea 3i.E s.t, i.
-

.

a . ~m ~e v a
W. I ! ! W ** .!! !- '* * ' '
. . w . . . .

o , u . . .g.9 ! ! ' .!* &" - .~ ! | "/ //
' C

.
!*

'
1 ! &; J ! 5 .*J J!r ~J ~! , i

OS/7B
| *j* ! E # E W 3 M : -

-.. -
'

. gy.y cf. t. . -

-

jof-,-i- ., , .. ., .. r . . . . . e- , r

.

- w ew + .
* * *



- _ _ _

. . . .

,

'

t

-
, .

.

5

,

.u.4n. is.t3,gg. P e.tiecg .

J, s,.uo.c..o.to N I c. suPPear Saiar ... i es. =.c.v..s s-e-n .

.... ....
,.

, . i. .

; , . . . _ . .
. . . . _

.' . 588U0 CSCtOOWN IDec. SUPPORT SetlRT . .-. . - ~ . ITER ATI0e6 49.-..Pa6E _?._-DATE.es/04/fe

~ L. 15:!s:!M51.!!!.15t:t"!.Wif.1".!!! :1!.:.lismt!!.titulil,

' OutSlot INSIDF OUTS 16f. IMSIDC . -
,

15
'' - ME6eeggy yg ty . 13 14 19 SfGWNT Tl. TP T3.- 4

ply;440. 448 '9 ;' e. |'t,. | . ..

44||. esti. 440.
p]

; . . < q .' ' "
j i . i .

44''. 44 '. 44 . Il. .44 '. 44P. U. . .J .444. 44 . ~
4 4 ', 6 . - 6.- 6.-- p.esp

44'1
L. ...I .

4 41 44 . -. j'3 - 6 .- 4144 .44 . 47. 4 .44 . ..' - o 4 .i J 4 .
. 5 4U. 43 '. 4?. 4 3 '. 4' J',n i. 1. 3. 3.. i.

q4"2. 437 4 I . '.. P. P .q 417. 4p<>. 4i 6 4U6 P* 7 .4|'6 i
. 70. P0. P.-

.
-'. ,! 14 4. ,4 .

<' .--. N..'4,'6. 4< . .
4 h.-- J4 6. 4 iq . o.4 <,"

.- I l 4 h
' l til '. Siair P. 4'm. 44 . m.i

is

| ; 9J. 'rtl. ;19 .l. ; 4 ). ; 9 l.
,in ns. init. ii.

'

I o.. de 4 e- ,vie oq ll.e e' .
'., . bt ni i' ,i . .

a6 44. .- . >6. . %.-. 16 .
' ne. pov. . -. go . . g4 .. '14i .

J 17 6 . f.7!,.
.ter.na. .n v . . II%. 0. hii. *' s** . - ,
; 76. ; 74 17 6 O 7 . . 'll.'o78 .,

, ' . '';'.
-

.A i. 69. is9. 16 9e ,
i, ,, .

-

,

- li
- ,, . .nl. ,41. g63. in ). 5 7. 77. 7'

i.
l.. I' ' 6. 6 ..- o..- tm .

47. 5 7. - 14 - . 6 ..iS F. 357.'
3.

Rs. t.
. s. 1* *

J. |4,
s as..- .i . 2

bl. 38 lsl. Jse.3. g. .g. og.3ha.
' an. ., . . . . ,.o .i. ..

g
, ..

l.
..... , . . .

.

'
*

I.
. _ _

g
s

.,

*
. . . . .- . .

|
.

=
*

.

. t

.
* .- _ _.. - . . . . . . . . . . .. . . _ . - . e.,

f,
.

*.

h 9 . . . . . . - . . . . _ . . . . _ _ . . .
- - - _ . . . . - . .

.L ,

; i. .
- - _ . _

'

2 a . - . - . . - . . . . . . .. . . . . . . . . _ __

1_.

.!
_ . _ . . . . . . _ _ - . ,

'

=| gi . . . _ . . _ _ .

_ _ .g .
c . . . . _ .. _ . . . , . _ . . . . . _ . .

e

.
,

.

%. . .

i. O t\r >

.
P 6 6.i -

1< .

~
t

.
^

. .. . .



.

- ...-. ....-o..-e.o... ;g

.I
'

re.e4 ... ...

#
sm

|e

j .

mmrt
* ,

me=
U e=ehafhee=etes=u emmee 99e====e. et800 *

|
eeeee

&
ef

6
e eOdde SOOek '

-SfE o'8%As '
e8*P8 .NF Pt f4F

8 WM
4 WD M sufWease

efe I eosee seese
one t 8 4 40

aee
M memeSE >se

e.6. . . ..e g %w~.' I- ~
q ~ .

a-
.f%en e 6 T

e=- ,~ ,

Of*e 6
. w trhe>F enste o=== # | l

en >= 1

% g eeoee eeeee O eoeee(
0 $ emene - i

.eSOGe ; i i4 e
.

i |% '

s sur ee -

|
,

g |= em en

> ew ' . 7* Wes.infanJh* -* |
.3e =

e .3 , g E eeeee ,
ew

le emed14 M ony j *e em -

8' 'e=W PE re Cee= T <f ee4
! O e e.,A 06 okEP e SJ

Gene sN Shl E
,

% Sam. * BZ eoeeeE eeese e ee - 5 eeee.e -

.
eeeeeeeee ,

e e'e e sie
,I

- w, | 1 i i , i i *

w v.
I heMM

I.
pa'edhed ShMtInfo@M o=

m.e - -e -
e. m. e. t o

* eGeei e e ...e. 4I , EO -. e i :
I l'* as E u,e e ean,,n.a. ~r wunsww .

== .-ere
t >. taa.anane,e -

..
e. e.e. .. , . = M w.-- eeeMM,

. e >. , se
- e

m.m~e.. e--

e ia one e== eeNE, er e s=rhume kap >ShpE mem
eoe=v - .i

e

e e ==e
. m ete e i ee i I l

e

e me g c eseee eeeee eeees
i

to .O , e e
--

i .

|e e se t
S & es beenem . N

. essas= e
ele,

ge. mem.e. e. s. O e. e, e=. =.= O
an me me -

| @.
am .ee me ',

l . ;:'" !, i, e'- ##,'|| it'' W: I" "W W
e.t.,,.2.%

'

l . e
,

es ... e.
a

en e --.
| .e, .=.,.O

-e .
..~,~ ce. cs, < Os ,

e s e "e e Staf M*=="D P
.

eb
* Ifh88 F

8"e e s" e eMf%s8 Hnf4Sn.

C
'

We - , '

eE es,ees
GE eoeeees

! *E ese e | e s:e
,

6
,

e
j | -

,

>e i
So I at e v I

=. 2 ee >=athefn f M4 SSGhese eseh. e *'

. t O e em eeeee me e o eeee- a emene no
es e E o**ee F0 2 00849 R 998 9

P= taanAnf w'
o= .J* Whnadeel 40 .#= tannadi.neenmaa4 esoed E$ e Sk f% =eam an ese me j,

e .

R Se . omtad eM==p ** 0 e=teJ ee='ee a=4aa F==PD e

FM 4e=ef't
f= E ** c ef aru 0956 eer 4 s em Ce un u

ftWn's==e nf
W e i uru

eg Shde eme9 48> be 4 | aE4
O.O.J G O. SS

eeeeeS eeseeM RS .e Q eseee

.I.= l |
0 On O9 e*- We e t. t 45 e h

i. Ee l. ! !. , ' I, !
>

.Ij .. le.
>e i e en eg ue ' .

f g *

*

! l @e F0 4 - O4 3 a en e .J {we 8 FG
e= 0 e ' s e ,

4 30 8 30
6 e O8 20 '"" g ae e see a es es e me *

e * e e= e endo Oe ease q,3 e wp
I'

. e
'

e he .==0 o=.J eI >.J e e=.J t t

4 ee e at e**** O4 us ****e 08 se eeeoe
i e+ e ans meseo so w eemse ze as emeee ;
me e 4 we i e

,. ,i
i ame ye o= g e a

We 0 **0 a etad t '

I he Oe * 2e e J Ke I
4 E8 Sg

'

+ e= 0 |'

'etg ai e
|

wg i

[ e s e e0 e. e .
*

I e ens 4 em 0 59 e= 8 tfl
' e | 8 Z$ W' O9 WD 4 m I *.

*= 8 w o= 0 W e tas - * 1
,

- | 4 g eseoe e a eeeee 3 g esees
e= 3 > Oe G. e9999 0 & 99993 e en seeen
E E >= 6 0 $
oo ** 0 0 4
tg Ir 1 SEb e*= 0 -e8hs==M 4 ee@ e

, *
@ ' eft u 9006 et t emeee 9 e=ame so

8 eeoe == 0 eeeee en e eee a
e= 9 tamm%eMa# EO WlamadesAnd om a w
g mg a=d.e s o= 0 skEste we e em

O w0 0 Adm pe 60 e 8"'o*C go wS e ammPtinf 5%I
& DS & F8"*lJ' d El & @ M@efte anf t & Mde M
E Re E dns==ED Pt 4 X S>ho f4f%f h9 I esmeens e *

3 Og w eeeee be w eeees we w eseee
3

w. em w0 e= e 8 e= 0 > 0 0 O1 a= Ege
0 ee l e

8

e e >9 .s e 9= 6
4. 48 et t == 0 ,K t |i e

E E et et .
e8 .'

s= e. s a e e= 0 m == 1 e en . .
9 oO E et t a=O E E oO E ,

* 0 2 == == 47 2 0 2 == = w0 2*
| 3 e = e - e -

E'e !,
m ~~ es e- ee e es e as

o eJOsg

es. des fC.J2
O O tafas e .-e== a -w=:,a utp w

e O eZOZZ 8 ena and wenJ tas e

e e Cem-em= mfeFe2 anatfar P F/
O O oO t ..j.ve y s

p= sa= O .p=.,P= O
me.,p. af * fe L

O sew ee- , se e== ==se re.g e mee==e emee==4 | ,
' e=s em

e=OECE *= Os- C o= 3 meO*= C>=
'

(^6 ^ *V,ei
.

,fgM I M meOeo meO=O S e ow o

L'
: SEEm23 - S&K.E E eEEEE ,

. 4.po! . .-es
d f.*~. .

p

*:***-* 'l 2 s; si s. El ti e s- si s. ri s- g h "4veo e

I

.

i
!

. . . - = .
. . ~ . , . = - . .. . . . . . . . . . - . . . - . - - - - . . . . .

_

- _ , . , . . - - - .. - -.s , e ,,,-.c- - - 9----,_-._,,,,c- ---ww,- y-- - - . - -

-



O

f

6
-

,
- ;. . . _ _ . _ _ _ . . _ _ . . . _

i. ,,,...r-n..
i -

|| 1 .

( l
~

?
'

-i

|
e .
#

.g

|g" i -

..

.

: I

.*.
R
~

.. '
!|.

- .

|
: <

.
I* e

'g I 8'
i ..

': I e

- -
4 se | i

.

e : 1
,

i2 e
*

'

i iN I |
*

,

3 %5"
. ,.

E 23.*:. i j |
'** *

E E ****'
* * M
_t . ,

F W 2 i

: 2 3 ' -~~ i
: 8 r3 ;"T*? ! I i

||
. .

, .
| .. www w an . 3

E I I

Kasa *3it' !. | |
J %"

5 :: 2 i 1

C_
- *1 F.*
i

w i '. ., e, u
2s . . i , I.. in

! * j i,g pt- ;
|

*"* -

. a

GEE -

. . ,
'*

. -

| || C M'45 * E.E.
??rt ::2 !**

E ! i
i ..

-- w - p.e. .
.

EE 2 C15 'Et .
* * m rua t'

|
>

,,,

Ih- ' * * * * *E W I'
'

-

I 4" # i g

, ,* i i

o-.% i :: .
|

*

E e ci ;

"b's | | I'
!: | :. . ???? -

,'
i !*E We'W 1, i ;-

'
.

l : 3 ''7%* ** '
"* E M* |' | i | |

<2 .

| | .
i E*..*n- E_o i.-. ,

: .=- :.g ;' '** '- .
-

: 5-5 ! > i ? ! !.
;

* .
a DCE t a

-*

. O 2 ! I

'

s
. i -. - uw . .. ..

28 | ! !

.
<

u .={
-

|
+ -O

2- !
'

i E:E:.
i,

g >w e

7 i i
'

. . -

E.= *' r=m,e
.

'
.

!

'
. t . .

i t i '- - ; .
.

* i j !
'y V

*. .

- - i * - '
1 w .

6

.i
j ~ v c -

. ,

3,
. .. .

' ' *O O i '
:

E / //
*

*
v! i: ,- . .

| h.es[. .h '. .| . i
! I l. i ;

'' ' i | |
'

-
|

e .

. . _.422-N-H
.

-
| , ,

L. .1. I a !'~ -
...

99 ,--... ., ,. . .. .. . . . . , . , .- ,.,

.

ee 4 eea m.a6
' ' " " ' '

4- w - - --



e

, |. . . - . - . = =

, e e . . . .":* a
i

. .- ..

l i l i

f |-

.

.W86
s.
U

.U.e* .

.
'

l

' 9..
.

..
tFD

1 |
- -

i i

e. i I.
S

l. - i.. ,

% 4 -

,.
.

.e .
* G '

> '.
@ % . ->

.e __ _ ' _ _ ____.
O.

%
. .. ....C.E.... C...__

_ _
_ _ _

' .2 8' h. h ts
. ................. ...... ...

'

a..* 1sJk.W~e.d.b.heb..v. ' '.' " ' '' %.b.h.b. b . .A.h.i.e
E@ . I

kh
3,

aAt - ~ . . <
.

.. .w
. e n.sm. < n . < ~. ~ ~ . u.. . . . - <. .meo-.~,, . -. . , ... . ease- -~< a re ceu = =.

. s 0 a. ,n....,.r.o.....-

i s ...... .... ..... ..............Y. - i r.

f 9
'

. . , ' |
. . .

g ; | _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
;
t-

- . . .e... ... . .
W

- ........... ...................... ,

t'bmatt*:k*.'.;*.*=,.t," ht *WX.W-n 7/.4-R's2 :"
,i M e.- w. - - <- ~ . 3

. .e.e.e.e.e.e.e.e. . .e.
<.< .~.,~.. -

. .a .. < -,~- .<.. .- -! - g.~ < ur .a.,

. .c. e. .. .r. e. . s. .e. .v.r s.w < d

s ..........e.. E .a .o ...e
..,g ; zg , ; , .

., .. .
. . .

,

C c

.

eue .na. .-.. . .=.=...=.....=.=.=.=.. ... .
:- : :: .

e.
D 2 -3 JT .........- .

'

, ................. ...S....
- .e o penesen s.k e - - .d e ,h.tsend.e,t$~,*et.tN

e-a.=.u.e,s,.#_ - w n s.a s - * *-O *. >FF M
e s < rrna #6 9

DB n.na o..r en ee. <.e=sv.a. 2 e. 6 4.u. -

~.M.d.O. .T. .;C. . . . . . . . . . . . . . :.N..sw < e.s < r.s.^ S..-edeem m.d4<h ase v . e e. e* as
.CCC

C...-.
=wO >= e= d s* e. m..O meNers#sas r> O .

a .4.@ f.t f.d.d.d.d.M.E1.I, ...
t. . b

E
C .e S ... .n

W
. Z * <

je - i ,> 2 .
. J. e.. j

g.=e- ........e-e-.- =e.- .......---....e. . .3 *
....... -.rt. .e 3 . .- . ..

-

: e- - : -- - -s.o T U
- *' --p

O O COCCOOCCCCCCCCOOCCCCCCCCCCCOCOCCC
O.= e *=J. pgg g ggg g gg g gg ggg gggg g ggggg gg ggg g gU.

e-. == .Ag. .m
j

b .C-.= j
O . - 3

* CKi . SS. .
De

. . . . . . . . . . . . .
e.m

e eme em om e .m
- - - emome .$ .m- .r. TT;--3.. - .... 2.2....:2. . ; .T T. . . . =.

--- -

_ - _ - -. O ..[ .. .== b
i| , p a.n.a b.ee-

- - - w- -- - _ wwws
.' .eccccccccceeec,cesseces.coceccsecU ts!*

W'
. , a. .hm., *' .ase .

c..e co e. o.seo.co e.ee. .
E.

*.Ew .=
o.co.a.ce.cococence..o .e...col

.w ;;; - _ ; _ _- ; -ewgm.e_ - - - . _. _ra.r_ _f._ ._ _ ._. _
t ae,a .

O .anen .m .................. ........... .. ...................| .. *. -
.

e E T.me.

2 .-u-
.. ~ ~e e.--.:.. : . ,

-

y y ,.m. * y -ug .r
On

._____ _____. .------ O
y ..? ::: ?????? y: . .* ::: *?.?_g _ :: .* >

E2. ~..,,,.~
,~.-~~

r.~ e.e ,--~~.. ~,,,..--~,.-e... .~~... .-~ ~ . . . ,- - 6 ..

.......=...n....~..e.
v <... U .n - ~

-s,- -<e....s.-.o..--~<<. .s. ..
'

E. .r..
. - ... .. .. . . . .. ...... . ... . .

. .
.

t ..-s .
ta a =___---- +.<<<ae<<<a.<:.: :--:..- .

. __ __ . .._=====
, ._ ......=.=. ... . . . . . _ . . . . .. _ . . . . . , , . , , . , , , _ . . . . . . . .O-.e

- a. ..
.

.,~,.,..,~,~,,,,,.-_..--.m~.m...m.,,-
- , ,, .

. .
. ..

*E e.,,. ,., . . oV. ,

.

......=.......a..a.......~.~.a.e~.-e~,,.~.~,,-.<,.r..~,~~.<. ,, ,~,
~ - ~ ~ .-- .. _.. , <~.:: : _ was . ....

...........
.

f

. i . 3................................- -.

y/.f.
_

.. i _ . - - . - - - - - - - - e.

": * ~ g EEE ::::::::: :EEE5? 25:2 Siasiaa
.s .

I I
,

-
.e. i . <o...-.o-.,,.o.--,.^, e. ~>. C. Y&

_

g . W /.'<r r
* n2 ^ ^;=^ _r;;;

1
~ _L-- t-. I '

_
-

.. . . = _ . .

. , , , .. .: .: r .. = . .. .. .. r . , r. .. ' /05

.- - .-.. -- -
-.- -- - - - - - - - - - - - - - - ~

. _ _ . . _ .

g m - - . - - - . - -



.

.

~* *-- '
... - - - _ . .

een=.- W---.--

*
_.,

.

-
seen

Q 1\ *

u
|

**

N I..
*

i.a.
e i

es
as

*e3
M

s.e
F
e.B

!e
E I

f3 | ,

I.
'
e , ,

|
' e

y & * ** i'> d f e Ie e I*

% == e !T = e. eee. m. .
.

WD e e .

e i .en8 . i
e ,

'
-

. eve. .e e msn uN .

M C a 8

w. ..... g** g
i i | | 1 -

< -
-

i .
e . .

, ,

n. summenee 4 i
j

.*== | v emee-o
e O eeeae

: 1 , 6

2 Wh* - |

'

,

|..., ~. ,
,e ~ ,.

m..... t
.

,

9 |
*.

seee ,e < ,

!' ai I i i*

i,seeee- .

90094 M
'ban.h.tasens F ,

O.
4We

a . Ie o cup e=&s
9.n mtStDe N 0- ,

P.th.es.etP.N.
4 u

I jE tas

f .a. |
iw -

*

7 O |
..... _,
: - -- e r '

-
E O - fg , .

-

.

r. .
e. | >.m.m.=> *

[ tme

e. m. e. e. . ; e * -

. e e ; .e ,

. : !'
h.a:ewW -

. |
i

i !
'

4. .-i Ooooo n 4
-

- m 4L
. . .,

: | |
en.sn.sn.sa.s ,

i |
- , ,

g ; i |
....

, ,

. - . i*
9 E

@@e@*= Q
.

"

*
e
, e e

| 0 '
.

m. e. e. e. e.
=a = ,

* e- .
I E Mehnes O

.

|ce E e , t
h46.ca= = '<a , , e .r r .

WI g p he ss. O |
'

,

j2 i ed.eph

g e i

spr.'l ,- - . . e
t I ; 4,

I
,

! .i !u . :
a

I I !redde
O.

*

, t ,
' |

s
es 6 ; , tM M

e. ee. G. e.e =
i. . g g

I
. .

Y Y p.e_ _, =

.
,

i i ,
-~ =4 e

. .- _ . * 'e. :

f4085 I O '
,e i |
!o 2 '

g. g_.....i | * - i

: ..

', | | Jajv. u Cocoo 'e esses ,

f.r ! ., .-
|

'

i !. Le..e.
. . .

.. .
. . ..

. I 8 . t

L ._. J __'DPIFBf"Df'9_-- . _ - 1_g .fe. *//.fy
' ii

| _.

e*** ** *: r; et vi sa s' t e' s a a e- si .

104
.

4

, , ,, m... . , . , . * * * * *** e,-.-=T=m==-TN '' *



_-_-_ ._ _ . _ _ _ _ _ _ _ . -

.

9eee em e --- . - , ,

'
J-T . . .y , ,. . e

e-
6

|
4

| |
-- ko

( |
'

f m,

'FM
i 9. a= .

g,

|se .pee

.
e i

ese a
me
et

M i
**
e

99 n

Im g
| l&e

I I,
* I e

%
d I
e

-

%

t i -
|

e-.

. , e 8

1 M s
- ,

*
,s

. . .

, - -- - - ^4_ _ ..emee6 - . .-_7.--'
^

In. *

|WNe .,

$@ % i
4 e e esesoeeeeeeeseeeeeeeeeeeeeeeeeeeeesee

^^ ^^
.0eet4 - e

p e O a=mme=edderspepeNPt -
-- -

93S.........._....
40

-
t= 9 9 Wte _

.O
,w 5 * *

M > See m
| .De C 1 | ' I dp ' eE | | 'e.t

eeesee=:a n:.eeeeeseeseeeeeseeeeoeeoeemn,.ea d . =--
I su e e eeoee

e
.

se a= 0 r e*= 4 de==f e=re and e p e=f%se**e=E E d -E**= en --- --- a=@ er-

p e d f%es-dwiga .v ama g e ertE ' beer.emeNe eP**m==44e e,oEPip edeCM8W**P=Ee 4Nmes en O E d df4==9 SWN asp %=ud'9 men #= O
se 2 3 d ams e c d aer G C F. C G C 8*tendert4 P=4 d fgf 88089 auPleEWt 8*
P em

e 4 P=8*4 4 4FanH e dP*F.Pte Psikf%ss= 3 680$0
Je & 8048SS4tett808ett 4

^ censseemeenermeee a
'Ie , se

I sised eve-e Eweer n.me.r_ e e o e e o e e e e e e e e a,e e e o e Oeeeeeeeeeeoeeeee
D.ee tr**d **eme. f"ter n NP.=opmNe.e d ,= < e ~,=c eme** Nan ==m o == 2mdeeN=.a m e n ee s-a ed

ee
| se se.eaa.* e-ada n e de<d tR

P=NE Pt e d E sk tres== v OV f%sNee P E *= sesame ==e Per *= c e=e f%A#e%edeeE d e*===a d*.4
f* s ====e @@am 8 Ptd f4 0 a f%Ms*md 44 dW d4# es

333ggg833$ amm

0 0 -m.=.=d.4 f%1"".er.ter. d. e. f.kan g, . amme

C . .. e e ,

| ,
- em

.

d eertsubemope .; _ rr^__r ^- : ^ - - - - --J^_ freed e.^

e eeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeee u|m

8E '

O d ee pensemd @ d E E ar&P=m=&d @ptemmertpdon g - _ r_ --- -C riund ene,
se , 4 PDPW*E meNe''PtF8=W"tPiderdtP8'heer' S amWINgame 4 4 S 6 0 a=s= 4 S
P E $80e f &8 a=

y"' | O t.tRe 0SSeeeeeeeeeaa e a

* | .

.J ee- Ine , *
ad erte , 4

a eme . *** Y esas tma
e.madteamVeegrp erpNe e %g.__- r, _ .-_ . .dansappm@ppWemftsf Ogo 2

ee seeoesoeeeoee eeeeeeeeseeoeeeeee 4e-o e &
spe a O edE f =e%d e ckt emc eder'48mc er*"et med et====84==E*@ ee E

o 6 O da d e rs. c d'sc e= s u c e=d s s- fwd dfs-t c er da nc este4 deem,

he O'1 Nsc he G mew =*&d d 4E MCNef%sertarW"be== eeAd d ef%e dte==d e=C f%ed a d e tr.a=E te rna= sung %spedf4 3ggggg g fgsg ens e
$9 **
ee K p=#*t 4 Jinn e d f" ^."..^. _ e 3 4 ==se tale

.8 999000806489e800 08 Ue ee ; e '

e e
We C ,^ C ^_ -f%sektP@ e d densteppe -- -- - _ -- . - .- pPet> def=te

l um eeeoeeeoeeoeoeoeeoeeee o eoeeseeeeoeoei

ene apEmePH"trte p eetPPf%ecauteeee**Ef mNedC O . ^2 _ .r the em
^

_ ^ NM an Q, ** Ptf%d MPt**** de= J f%ea= ==fbamur=8"id es*e= C D e pe c _e ^.

ee .A e d@ernd e@@*mE O Pb4 .- -- - .- C C C oe r ee ==
| e ^ fLegiemmmmmf=ne*% . - . . _ . .. . . . - . . PtPt 3.

e >e _eeeoeeaeeeeaeaeaeeseaeaeeteeaeeeeeaea, .,3
* e

, see
es,

e Es ^

ese WtedPm e d .-^ ..';-Odd 9me==medanHae - Z - .O O- ^ e -
, g eeeeeeeeseeseoeoeseoeeeoeseesosesseee engg e e

e= to &e O a==em e e CE Sepe p e". ~^ ~^_^ ^ - -
- - - OO300- e

- t8 688ggeeeeeeae"eeeaeE E 4 000-
em me g

fW W ,

ate em . 4
5

' .
io em to enW Ins ^4 - - 2 _ ;-C .% f"t ==^

dese@@emanddhitP8*e=,=me dS deed. -Q ewweeweee owe =eeesees eee wow
en o ter%demes%--.n=PgEttname=eemptefs.pd.e.m.fu=t.e e e -e e = = e,e emeee & eg Ng ecmfg 2

&
D > O Pive mc8T er e Pa=a coma =8'4demtr and d teerp" - --- chara.e m e d O

Wl 44 D 3 @EtPt#e*Pe e==8%4Er*PteamE Sa=@ P 9 O f%feeddPleP em

a O era c# e P*===d E 8"> f%,me===#4rme@trtf%s 4 ea == a=tr a==E s=
ao e50 U

per.m d. e.rnerte. d. *.'H.%m.ba.==.o t 9 0 t o.e==9 e . y. .y y
^

~
a.

edededemafmedpmef%f.. O J^ ^_^_ - 2 ^ 2 f departe danw%se Q
g O eeo eeeoeoeoeeoeeoeeeeee eoee eoeoeeeeee .J

*= cemem,mg e.ta=Pte o ttr.e com e ee a~a-ememe cam.e.e n\<e.em e ePta'ammoarP* a 2
enssgesg e de.,fg en g pageseggwand egnage efgergangnewsfgped qO b f*es=0 Emme*=Femtgmem g 4 yye egeeg ef(ee eed.mme=dedN ,2

Q .A a=646 ==
me.rWf%sme dE.s%.d,hrk.P.nsPic q dPenso f%titef%#PtPlehtp@O.E dsartdetApr%Af4feme eea.J eme s g = a go gaeeeeagee I e ns Oie C

e e ttt t t 3 e ,e,o= g * ,We u *? \*
I

e
|

-

oe ^--'6._^ ^ ^ cr: ^ .dW6 2 rr L --r.dtriee= S ec=d%p"tottbdom * , f
4 e4

. _ _J.: ^r. ; - . .-.;. .,g 7.***
!' M. enE

sh * e' /

s . . . .- .. s
'

. .- - . c'p g ', ,e *.im.

* y 3 s a t 2 *. * * 4" t T
*l a m * *- *|

/07
.

.

t

.. - . . . - . - . . .
- .. .. - _ - . . . - .. . . _ . .

--- - - - - - , _ _ _ . _ . _ , __



__

... - . . . . .
*

,

."'"2" ah y y y .e . e =

s .
e.

'
~

C' i
.

.

sem .

p..

.
e

WD
ese
SS

n.
s.
R
a.

e

C
em
% !

I$ | - .%
t Wl....................
S wn - _ _rcere>< eesw.afteP*-

o - - --- C Z -.
e. 744 4- _-

. e.n
. I

,

....!....!.......'h. % .

...... . ,

.
Wt >; . - ;-- O demeemsbem.detMe deAff4==ee@ Shh4 @d
M > 1 I ].

Ie e , :>. o .,
.

8'; i | n...;...l...... .... *
I

I

Md dP'9.dbs'*OG9 8.e.mst.ee.dm
. . ; _-^ T ;-Oermet_

'h G OM j
,, ,

-- . ..

I || 4 i
. . * .w- .,................. ;
e a .

r ...m.e m.
, ,

.

..r. -e. . ;
,

. ,

|' *e pe
| S ' .

.# # g ( s
e4 es
.... .

| ||
..t o ......

m.a
.

p ..
. ....

. u--e.-e . ._- ..enn-.mn.e.enw |.. < , ,w.
C - - -

.

g.,
.

E
.

i ,. i--

.s e 8W . . ,-
i |* .

* ! . ,<
a Ee a ! e g I

lw &* W
t'3 Sheeded**seeeenPbethe.=.

;> e
'. :: - -_ ::: _ - : - - - - ,we ,
e

, we g ' '

M je i i e i,
.

Eo
m.e as..e.ee...e........ ,

I I {tafe=thenme tee *A @d s t 8%t,res*e8'*e * eo. o e e e een.a eeEE- ceare.
S . we == eqqqqdged,... .._. ;

; ', E. E |.
. i ,. - ,

I, be . * ]
. .

'
!

w *_----- .=e
........s .......... ., i- we.mi 0

,
, d e d emmh OPErhtt#me e e

| It -

t. d d d d @4 d d d. - ~. - . --
9

.

w')e g j'

O WS | |
8 e I '

* 9 .' W
w.D me . 1e ' ww ................ .

e !eeeeweer-esc.n c- --om i; a. ,
6 O O d d et'*WOGoOE M646PP*e s g ,

t- * W me qq q q d qq q q ergenmmPer:eymt .
e we tE E.. go .

3E | E D9 . *
WI e4 pe

* 3....e ....,......... ! Iee
j ,. .e.e

<~ we.- - .e
.

.

* .- =.a naa - .ea~<<ee. IO 4 44 4 4 4 4 4 9 OP'IP1P.PPlf.PE*1
.

,
.

e

e
we i e 8

, ., we I 4e ,..

we-as.e
. . . . . . . . . . . . . . .

|
-..,

e i w eeew em
o.n..e.omeees.e ne. .,< . . . .

|
.y y o ~

.......... . .
| , i, -

, , , ,

I i*
| e ,.

I. l .

.
. .

| 3E | *
4
' * i *e - - - . , - - - - - _ - . - - - - - ,.

4
y |-

7

w. u w ; I
^ -.

-
e e . (Q -

' a '

g e e e i e'
! n

[ ***#/h"'
,

| .
4 J |

a*

f ! ! ".#
. .

.

| a

. . . - - . . - ...s.._ : . . . . . -

* ..p ,gp. ,: .-
- . . . . . . .. .. e. ., n. c .i . . . . , , ,

| 10 8

.

.

,, m _ _ , _ _ - - - - . es O .e em - e e-e.m. ** "''NN*"N^ * . . * * * * * * " ** * ^ * .

.
..

,, - __. - - - - , , _ __ _ _-gp.



9

.

4'
- - = = - - ~ = ,.. : . .-a..

e.l , ,', e ..W.e' .
,

t -

.

, e

. . , *
sus-

,N - .,

.e - eet00e.e. eeeeep I j InA.nMaA.nA.nJ .
t

E .taAnanA.de gnJtaJWZ , e eeMn
& e edeeM | h' ON.eeem |
e

+*Jeeter===** mamsEh== '
e o esseeeM eoe*e

he eoeee aa
eS e g
ee

9e emendSS I eem e====mme
M t 909ee ge

Gse O bA 4mAnJW
. om

.o. I ! *e- e=Etede
'W- * Em W >=mun

'.e er ' tee msee asT
:>w

tee.e.m.h. O .e..e
=

.O>=j e. . . . e e. . -
em

- : ; .i
%
g .j .

SA# heme
0s

$ g'e m es===ee .-
a.e O E ett00 g .R4 | .R *

s

**ew ! .7=- GLask%As) ,
Pm e. .e- i + = e-mew ; o-

In s
> e i Oe i .=a enzee O.e
6 e ; eA ' 04 e*=E NS ,

SA
8

9 % a gh i aut ame*=d e* e Sam. eeoeeaeesee, i .E mesee teeoee E0 5 8*eeeee e. e0e e
8 | I

1 i ||si 1 1
eeeed e.aeasee -e > h.MM see==== W'e e coes .

8III 88880 * 8

tannAmAnM's3he O 3 eeee 4 e InA6%AndaJ - e

we *O hAmAndnJ
3e se era =e N 0- s-==Me e se tes'*O trte

' e==. Pe em e 2m am.ut sume e em ameEP'te
e=== Pt**P'er

Mp g.a M N
@ d ? eO trg em

eaM a=== Whe.me==
l

e se >== de.NE ==

N * O seese eteee e O oee** !,

Inf g e45 0 0 08 8 E 88 8 | !
I se e 4 9 8

{
,

f, e. e O'.e e e g
#8*EN''I 8%8""*"e=ENM te 3m

. t = eeOS = e me==== * an ee== N,

e
e j O **** O 68000 O 889 0, .

See .P= In.k k b .p= te.6E%Ana -.Ja= kbass IsJ
4 e N N l e

sees Chr*. =

ee e-- ee esse e F e r*. e e
ve s. O mmne e se =

.e en :E ae a O.J eee e,

4 o-a , j
M.e."oe e

. c. tr -m ce
we f am a rwwem

a 32
, ew ewwe

. eens
ee ee s tad eoeoe;

as e e e C e80 8 1 eft eat i e 44See Ie=e i g e ens eeeee
go g g |* s 6

*! ! Adem eN E a ee==8 bee =ere
E W. e.- ecee. > - e e- - - -
ee e-o F e***e er: 0 2 0 0408 F 008 0

*.p= taanane tad> .Ae .P= badm4ctasta/ ee .s=
ensk.e.nasAsa to.ee = = ' -

gee m o-o e

oe eu eee e
.

a.

e .4 amaaotrees me*e e-o -M e
ne e.or'en

- e.g.see( ' .e e e= o-= e .w e ,w e.m mu oma ~ Og uu
t > se e en fut%ra4 N em a er erM"* danne og e>@d ==
l ee nns* O ee*** 08 O e***e O eoe*e

e,J e h 60 4 tm 0 .h ae e
.Je ts. 8 00 .

F8 |# (O 4amo e
.

.

De -

,. 9 .s e .e t I se= 4
*

2e . !,
ee, i 'J I'm= 0

0= 9 ,e- 0,
3 a04, et e GF 0

=Jt e e 20 pe e . O e *

I
*

1, +
0 30| be Ce 20 4 == e 20 8' . O aee Es e= 0 se e ad

.4J G ta.fO, . 1 ;O8 en.JO .

'O4 og eoeoe.e=. 0 e.nJO,e , ee
e .J e e .,e e eee i e

e e 6 en. oeoee oe et eS ee.e 24 taf 99999
eoee

S InJ eGeee od e w
Ina .0 I i

e
4O* u9 we .

m.e , we-. 8,

.I We 9 t. i. 5a
l 1E4 e.,

ee 0 i. >> ;|

. . w. w. .
* e he 9 * E9 e 08 e I

YG
,

le= 0 til .
5

86 8 ene
6, ; , o e Os e i e e j e

e
: e w ps w : e w

' e e a eseee e a .eeees 4 g oosee
e= e= OO & eeOSS S 3. SGGGS 9 & SeeSe
K E >8 0 0

*= ** D 4 GR 9

at , tr e red e= 0 ameh==M Et edenthe
em , en 9 eees og a mesee Ot *C

g a eeee =e aeeee =e eetse
G.at.an >e G.A %mmanspe r.t.ans> e- e t a.,ww ae

c4 ut Mae c==
$

.

E Mt tr Aed e >0 e e=E f"*f%4P
0 O e e est a*@ et e deto= &O

a.nJ 8& ' & 0 & tr*f"ite d 1e E em etod At & Ftmod f%ee

k & S X fM M e Z ef%d8WrW k0 g ene emessfa

D D e an. eeeee >t h eoeee en.# 0 his eoeoe
GA be e= e 0 e= 4 > 9 8 Ot e- t- e 1

46 *
1

i

8 ens s
'

e e >0 13 .h4 *

| |i me -i i me
E

+

E m. e a m
. i ,

m =0se
,

e am. smse g am a.ou
i e =O 2 as e =O 2- 0 -O E

'" e 2= **
2 e E e E= "" tad 0 2 =" i

3 0 .s e w 0 =
D | 9 e6 ==e e en 8 an== em e8 |

em e=
0 e e sO.JF 0 .a.AC.JZ

e.O G tsee.s-e sa .a= wim = , *ts =
.J us

* O EICIZ 6ene tne hent ene .

* & Oth*4M w HAG T S38 enaORO2

o .>O .e. O .>O | / e :/O O fue v w --e e .o.-
['..==2er e .-e - e-e-

. C =e == === e ==e s=4
-

==0 =-O*= I a=O*= Oo=as en*-t e
==O T O E

! I st as oe O es er ce o steOesO /'

o et C/:^b| en erl enzz z emaan samaa
i . ,

,

L
r . .

.,> ,

h [ $ * * */. ( f1
' -

o,-* -e e. .. .. ., .- r .. 3: m ,, ., .i .. .

10 9
- ,

. ... . . . . . . , . ._ . . . . . . . . _ . _ .

- - - - . - - - - - - - - . _ . _ .



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

.

t.

'"{ ~ **..c . . . . . _ .

,,,e.. m m. ;_
- .

.

.

, . .

ee=

b_
** y,

|
e. z .

!
e

As

e.=e e8
m .

!
e
as

'
E

I
e. !e

% i

E
o

#!
E 3 | ;

* '

a. !
,

I. |

e e emme 4 |

W .m.me. o. I |
m > ena.a w .

.
,

Ia.ug een .

,
-

-
g

e as . .

|
. . . ->. . _

* *'S; -" I,
' 'r: i,

, ,
i ;-. .e .

m - . ...e. ;e . . . I .
*

as e *
1 g -

t

! | $.e '

e - [
I.

=
e

| - g' -

t.
==

a e. n.n.e t t |a m. e. e.e -e
e . .r e.e ,

,! |== t d.A se.f ina M i ,

a.sw2
e ae race , Imece e.o. _.e .

es 22 . i I 3* 3
at.

CE - ene.tt rew -E . 3
.w e 4 1t ar a we .oz a j

. r- i in.e. ..
. .: = .

. -w
'e=C i RZ e

a

E m.e .J l.

. e e..nz a
an ayy a i

.a.s .E., .. 0o.
ems.= C

I. i.. . ,.
= . .... .,ar=

o

n.a ,i6'b.e. ens
.

-wo.<. . .

.. .> . , '- w -
.a in arwer

|
'I

.enO
= SA.=L d Om .,

| . Ywo l.
,'' **EY ' '

-

I h"'' ' **** ' '
i .z

.

|I - ma . - .

.
i i i;g b'

.

| .
.

'
.

i. . . w. ,. f .- . .... r J 4. -

=; w !_,m_ w . .

l
..-. .. o me. r i

i i " " . E **.2%. =* ! !. i.
i i
.

-. .-. , .

.
. - ....

- . .
,., .v ! i

.

i
, ,

._ ,>CE
,wo =,.a ,_ _ - -.

_O_ _E_ C_E . i
E. E_ i.. .

e.s_ss g -s i s -
1 ix i .,

.
, .. , .

.k.w. _ . (o- =m>

s-
. . . .. . _-_, . ,-. .-. :

, nes .r s : i. .'

- . -
. . :

.e t . ..
- . ,. .

t i 1 ! : IV F i ; i

.'
' .a'

.

; t i -

:~-
_

,
|. . .g

E | | |E
I .- t
I s i ! !

.,, . .o '
' ? i tg, -

.

f ).si3 ,

1
>e.

u. . ,

| | |' | |

'' r '- se

| 1 i '| | | 1 I i
i : .oehei ! !!

'.e .

; .

L- ! -! . .. -- .. '
' go .gfj.,.;.7'

-- i e s e r r-w...- .i e m ., . . .-
II0

\

|
|

i

1

, .. . . . . . .- _ _ '". ~ ~ * * ~ ~ ~ ' ~ ~ ~ ^ ' ' ' ~ ~'l

|
J



.

- - - =- .e. -
- . - = . . . ,

- -
,

,

r_ r e o * - c"""'
e=== ,,_,

i i
'

f !. e e

i-
:-> - .

e
- .

n. Ie..
.. i

i
t

e .m
t.*

p
.
n
-

|
i,.

.> * e

.d I i
s

8
.

is |
! - I..S .

j i ! ! ! i-' i l i i i ;. .

e a

ei, . =
. . . . . e e c e . o. m. ee.eee..ee..e. e. e. e e. e. e. e. e.

,.
. om

i. eeestestesse..e e. M em _ ^ ' a-
e

^ d K E V,tasename.bes bendmaamassen.s bes easen emanAni'_ _ ' eedse de* #E d #4e a=Che-*=Oa=e e, , dr _-W . . e s.==- t mf%#edbe,erted eathee.d.wwd a se d ee d.es seemamse=S ere d8=4 SP4r EeFameE
emem 8= { ed eeces -ea e.ars ee e are

e e .am.mfsAF.ed d er rerendd d dk>e E.c e -I (R .NE ee eeeoeoeeee e.o eeeoeee.eeeDe O,we
se i e , , 4e e '+ g a

e e .

f$ [a | _'-_m --__-__m
' - - ~ ~ '** m.-____._ -

- '| dE
seeseeisseeeeeeeeec oc esese -' '
eeeeeeeeeeeeeeeeoeeeeeeeeeeeeeeee |W t I

.=

5 d'ee' t - s eni en,4. wen e.n.ds 6e.n.se.ssen e.m.amenemhwbhts en.enaee ' i==
p erse de s a en,d e =d =a. .-- n e.. dea do e

mm ma etc e ==e're=a .=e eda a e.e.e 44=t** e e a ns.==** sentee a we >
e e eI at

a en mer o cencomme o rsert e..r ne=eis6.=et==# d 4.===eatee | e- == e=

ese.p e e.e e.ee estm o.ndert o. o o e .e.df'see==e dif.ier.d>r e.=
de

.i >=; .O2 9*
.e e .e .e .e . . .e .e e .co e eeeee ee

.e e .
ee . e

.e
*@ ;

.8*w -J .

840 euO Te-~Z^ C2ese!SW e seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**ee.eeeeeeeeeeeee'9 46 m e e
|' eeseeeesee**ee, 2 E-3 4

wen 4 as semee4 4n wa. nan, esse.eas es e esta.ensemana.sts,engessemsn.e.seu== > 7 3 40
abe.nea vivmen d e =c ocee de=e. .s= a rw ===me==c d nar si7 o3e t 2 JP w a-- e d ** **n -a degas s.a

>erame**es # es.eseere e d o es>dPwwassearimo d e m.mmeom e d mest moe
*

e= .s == Ce= i

eeiewsasseg .=e> O e e=wO y eo i? >eteetner.d e d do'ssesmdendswe ee en. I RE eseeeeeeeeeeeeseee.eeeeeeeeeseeneE t W GG4 O
*

.

O I ?w en S 660 2 0
> 0 e e .# 4 4 g

.

t I |
+- w ee z .

|
.

*
-

i
e ha O e20 esoeeees.eeeeeeeees.ee.coesee.e.-

e set e= e - - -- - me.. . .
fg >en _ _ - ew . .eue e { apme g y Q COCOCCOOOOOOCOOOOOOOOOOCOOOCOCOCO |** O es= A e9 O

Os an e- ==e e ,J e=gggggggggggggggggggggggggggggggg
'

3 e e- Co-== w
.

,e ** O eOet
|S ESe 4 8

F** __- _ , , ,

6, i,ne , ,_________,,,,,,,,,c_____ _,__,
-'- seeme. e ' em O e -~_ cr O.;*2r.e_e*zomee;;;;*****e***********e e O , * ******** e- ---w- --e 8 ene *= ' h6

-"cc^e s e c e c'h --c ec c c ccc c c c c"c c c"c"W _ c-c c oc eWa hfe 8" a
-

_ cc 1eWe U tes eu e sec eeeee e eee eeee ee ee oeooe=ome c o ae |e-ggo w e= g wo emoeoescoeceeoceocecoceececcessee.

9e & b 4
fesf%ses1%sN.d%sN.T.^_ ? ^_?_v. .;^.- , e^e. -#.M#. c. c_?..^r. _?_^r. _I I the == enana sw
eeee ee.eee. e .. . ....e

f e O sen en 4eegggeegg3ggeeggieggaggggggggggg
Ee go -

. h30; oe. we . .=e e
. ' s eme Q *=ye em

E me=ame=*=*=emame=J=*=emame=8meme=d**me=d d ea . J Z 2 2e= 3 03 2
Oq e.: eeeeeeee. eeeeeeeeeeee, eeeeer neeeece

|
* *=

eoeee** eeoeeoeeoee **eeeoeeeeeeo
8* ,

e= en > pha., 3 >
~- - s.mne xsannen:emseassesse t- _ . v : " _- - -E O E 7 E wo ~

8%s 4 G==EEem e e#Eed ehd e # As t ' Ma**c f'-e d ===SetN-E ,

e= se & g0$ O
e der er d>Fo=c e resn e ca a ** *e estse .e ePtde ear

Y er 88i W
me.d edd oper ec t ==s erissess.o. eee deem.=mm.ets

d em
e en B e6

dF fb-=ks=Per E Ee ca s e=>e=W.d .u
=====e dFa-ef%>

i ene se8 2
e= r en (33 O eeseosse eeeeeeeeee .. eeeeeeee .

40000000000000 89994
000 -t '

ts. p== 0 en
O een.f

amee 0 ^ ^

g; C' 7^^-^ ed F d*d e@@ d ed d i ._ ,. . J,. , . d dWWe _ - : _- ; one. e. e. e. e. c. e. c.o. c. e. eeeeeee escoe'e& Ch=== 0
7 I eft O 4 Car eee eeeeee -----eeeeeeeeeeee4 i e= ga at .3

= . f_-'*
eha *- * "end e'esin.AmsemuneesJee.ee,wr_ - - i

#%4 d e=er d o ee v*m=== ._m ee

rm e.=8*eme ftdsm*pv rge.Erw d s c s'mersf**=etsmm,a..c.e=ta=
e i e

|
' e=w' W ne sy g asegg a ge gft J g. eg ded ed - IE DE

---.e=me d en. n _ d -o.e.e~e --~er.m~~..s. s., d , . . . . .e. e e e . e . ..d.~.d.
~.e- - e e.

. . .e e .ees. eee
I I i. . . ....

e ., ,

. ,
O - I ,

i ;

[., .' e. -
!. .e.e......._... _..........e.......d. I

' .
:

- .= .= >e=e. :

2:22:aESEEEESS Etatataita EEEEaga I ,*/ F..e ; '

"* ''
/

$ 6
.

I o ^74:^^ crz ^ 9 4 6^ - crc - derteemape arte j,*,4C Oe
! | *gE

^ ^

WI ^ ^ ^: ^ ^ :. . ,
. .

e
y , ,

amse
= * * = -.3* = . - . ~. . . . e.42 0 -M., ya :..y ,

|
*t *l *9 *l ** t* t 71 se E! E. 8, t 'e 3- g= g-

.

""

HI
.

* ~=.*43.*' he *eee. e one.pa. . . .w.g e ,
,m e. .,, ,,,g ypp ,, ,, q, ,. . , , , , , , ,

- _ -,. , ,. -~. - n., - . - - - . .,

',s



t. . -

, . . . _
- __ ,

,,....-:...

i i .!
l ;

(. ._

,

.

iAsp

8| |
.
'

WI..

.
As.

*
.a i

; .
-,

I. ,
>
%

$ i
s
= i.

4 I '
C : -'

,.

<s
.... . .. .s i

. .... .

J ;^a^aw '
ln. . ~ . . l

-
. .. .

> e .
..... ,

1

n.n. .

| i

;.. . . .

I
g .m.m =e

*~ '

a I i
|. .-

* 2.? J '.'. j . .i .
.

~-.

. i .e. !

. . .
. . , .i ,

~ . . i4

... I ; .
-

| |. . .

.. d... a .i i I ! i i
,

E JJ. $
-| i. , i i

* 2 '.*' ~
i . |

'

'o <.
. -~~ .
s

n.~ nE N,...us.ane .na
s. .

- *
.

aa w
a .w ,

' '* E'
.

....s . : |: '
i .. i

ooooo . I gmasse o a

i g | t* ,
! '

': -E - -
.

: m n ., ;
*

c

-
i :-

.

- ccC
..

.e... 3 g

l su.N.e.eN.N.
e.

. | t
-

!
e ;- .

s I
'! I ''''' 8 i i

' '

i e i

E. t
* c.

. .1 , ..... :.. .
,

e a %w . .

-i
,

,
- ~<o.-
w e va .

.a . .e.e- e-
-

, .r

g
in.~.e.n.

e .

* . 4 ! ,
- i

i
.. ,

|s u -

% c e.ee E !
'.

.

. ...n
, ?.*.**.* -

i I
,

,
so ,re~,< j.z. e .-

h I
. i. .

WNo "-- t j | t ,

e. .e
'..... .

8 ! ! I*
o i

h* $ .*.*.*.* * . $ b
*

f J*/
. \. 'rru. u cooco i

'e asese

C- .h L. h
,ce

! __ . |

'' i - e. e
| |

. 8
_.i..|- .' L42o-w-s

|
,

* - -
in-

L"3"" . - :..
' '

.--.-. .: ei e ei a si a .- s: a e, e- s :-
//2

.

,,
<-

" * ~

+em-- e =M^



. ; . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - _ _

.

.

.,e.e==...=. g.

. 4""':" e e =, , ,o
e,.,,,,, i

~

I | | e
.

and't *

Its>
U
U
=ee. W

GE f
e I
&

e
has
e=e
se

M
es

e ;M
. ee t

e

v .
** I
er i a

1
j L44 ee ' . g

8*e I r e 6

e. ]
e

f | | h *a
E \ e g> e

| $ 1 a.e

******** 9
.

e, je NeRONe@eee% seeo*e****e*** **e***********44#~ @ 3e i o
-^ mNede - -- - t80 E

yn e *
O 6ts=ed eNmmertE 8*d *=cas ae 40t ER'

33........."._?._.. ' ==
e .e ,

w I = !, *
IM e- ' '!

t' Ie e 6

| I' J
t I J#

'

*
De c I |iy I 0 _--^ -- ens =eEespe4 Whee es=O Yas Ptee0; _-- ;:r E C -

DErstrsaNeser.de-d e,dErfbesce der dse.e e e e e e e e e e e eeoseeoeoooseeeeeeeeeeee =dt es=Newsta=es=e ene e . - a e

eene*e*tr a==#NeuP===4ers4 e E e,r s.d & Fme.mp=8@ GPtp=meseo d d d
e en E rd e

ede. ww.osco .-ed N. e s m New et Pw - ~e O |*
Kes i ,

e e f eme dceccedNc oc a atsa d erms 4N eeeee a=rteGe s=.e nei ee
90496, po@@@4erve dFF v ~- , .?r e .Je e

e & . 0900000 08800990$$ 4
e i E .

- de=etwdNee @8=== ae 4 g Erns 0deded s tere =deepe====d % T_ O ,
& eeoeeoeoeoeoeeeoeeeeoeeeeeeeoeee. eoe F e

me=d : _ '^_ .esee
p=N= es===qrtm e *= e 8"4r6ee#w>d ome me==e=4 O sees =sps* e esa r* e*e==amee d er C tr e d C Md >> E d e er e a=e.e!e

eR {deepme meerw=P Nean dther-e.mes== deme ==ssatrtr=cE=,c=u Mwf%ed

e e.=e=n e e. e. =are P:e*=ese ee.m. e P eh e n.rN. F.r. P.te. e. . d. m.e nue
1 of ee
* - .

( an NmnenePe . F '

i i +

l |
- 444845684440 O ;. = ee

_ - - 'TM^ C ee de=4Pte ^ r. C^ - Z - - . ^. - _^ e mse e=E eeoeseeoeoeee u eO --eoeoseeeeoeoeoeoeeeeeeee n_ rmN ands= Nte e
e= twe O hre** MP=empe= nee NN4a-enart4Pem==ceese s -e 0 $ e' g ee== * g

e de*4Pec a= mete =Notedenmoen g ame%dnsen | j
E trte E 888- 4 84 **e eAs as

C e .

ee4eIe088eeeeha esse a

> Re
' g .J *

e,
** e= e , e ,

eeste e=
eesa O ,o h.

sudNe. C. - ^e_v_.Ess4=%.=e.pe.e.N.d%.ah.e - *^ ^ - -e e e e e . . . . '.'e e e e1 se 2 . e
ese .. e see .

| ee e & eeme fwd tPe etase r*ed d Nertriest e ssier,c fsPtsmesvaefseeC g, I to s tp Ns= 8 ==4fseV e e g emer ==ce s=de c #er agesch argd d cm
e NF *= W"e NM"me-w s==4Nare Nd8* c esse er*==== deeir,cesd# s=e & O

=ettje O E N=.=d ai-d e=d e d e ir ==s c m.w tame =s e N eeeeea e Neefs eva es=== tseKe eo

I e ==e E e=eme senrhe e rrJ_^- er oe v
e i se seeeseesseeeaeae e

4.
i e to

-

Dr. C e.e.e.pnef*ted e mef
e ae | Ase**=Phrtp=deafteNNee _^e e e . .T. e e e e eWe oee eeseeeee 3eseeeeeeesee

de==cee d e**s=ed med.em.e ere. ems p e d s : - ^^__ - - - emmes _: r omerseg ee
ec#m-s a=gPe= samece===. co Ne cPe q*C S C .O.ye

?eme earsd d dire ==4 E*=mNcNea New=cce o e o* * * * * * * * * *5 E
e e e e e e a e e e e 'e e"e e"a 'e'"e e "a e s 3 e e e e e e e "e e "e "0 "6 '8'"4

g .# ~-
I i

.se
a* e

e as

^ L^ : : - ^ : e r. ^ ^ ^ '. : f: ~~.- : : :: 7. _ - ~,d ^ : .%^_- Ee -

-

- .- est eoeoeoeeoeoeoeeeeeeeoeeeeeeoeoeeoeeee
> > O ste==e sNmmerierme*= e fweNe>de==rtamrtN== 3 e B e a s===== iee

1

8 8 e 84- %NNN==== 4 0 80t
E
en e= 4 444800et800648

~k iKg | tE 8 *
' '

, * * en*
deee.t.n e e ,e==PtfseVNEr.t==e.eme=@eddeswetFefs#=M

, W R W ==
odeO O O weeeeeeeeeee . ee eeeowe=ew

7& & en & ewe
arteMNa m er cet futPNe**ed @C ef Nm dese4PPWmetta=Ne ese O& sk em O e===* e v War =fWK vs acd es or e e d dwe'* a e a e==aine-mm Amer s= d eD D e= 0 ***= d eme tP O 4e=No==***=e# 2*=eN==Nm==8me 4 0 0% seed e 'hDe

r *=

tr. 5 tR D E
) O 6e=de dEf*VEde 6amefsf'emee#rtee- Ie an e=ed% ae e=

Q
e gga e g e.es.e

p=*=@ern Ad e. r.'te.tspuN. g. . . . e. ee e .yy . , .e
.

^ Op e--V.: T ^__ JJ.C e dp6. . . dM dMMseeeeeee. eeeeeee e

4' r fee *= p e tron e a= efts e ess t e ad men E d e tb e d e4% deseme eP*e a=Pt ,,3eeeeeeeeeeeesee7| d eNNMceme=c575 4 Nefter*E c et Nee e3 m
E.s e*ce d 8tP*eenteNeoc a'ewf%.LssE EPfsea'o 6 4 et==d e dew Z(b '

O .d d ri===*= d a %tste' P*e a=Een ==G ! Pta' Neem pts eeftE@e8%sunamPe#4rbetE @ed% emf %sh 3 ,a

08 o sha==== 3 3 =====e aAm er*f"trns e e mo e 9 e 9 0 e s e e s 8 e dh g /.J l ,# NC
0 1 3

Se O 440 em .- *
$meue U

1e . .- ,a. .( E ,,
r

Oe .dwPt = = : = ,meomeo=~=tdees-et - ,ce O.J
e

wt esso _
^J _ _ ^ _ - _ _ . . - - 7.r. go2D-D.'ye k-

. e ; ==
.

.
--;

u.. =

[
*1 * *: * * *t t' s a w 2 1+ # * a t t t f'

.

"" -** 94'*-*e'8===-+**me e . e ....# ,,_ w .a mnge , , . .,,m,a , , , ,_

_ - . - . .- _ _ ,m,



. ._.

, . q n ^
'

t

.

t

-
, .

, I

| sav0.C.e.0.t0evN Nc. swee0nf suini ....enres MLs s.o.rs enreans . is.es U. en,he,i Ir.... ....,
,

.
- - - - - - - - -- - --

.t
s

.? |_ SnUD C90L00mM INC. SuePORT SMIRT . .-_. _ _ __.lTEmaT30ef ._ 45. Pa6E. 3 0*TE este&lT4.

'.

p.INPU.T..D.A T.A
DaTE se/04/Te

... .

........... .............. ......... ... .. . ........... ........... .... ......
, ; . _ .. .. _ . ... .

,

TOTAL No. OP SE9MENTS e 3T
___ , ,_ ,_ _

80UN04Hf CONDITIONS AT THE TOP 10) FNO ~
,

a
_. . .. . . . _ . _ . . .. 1..A RADIAL. OEFLECTION.Or . ..Gleft INCNIS M/~ _ EAT.d N

P. A n0TATION Or ..seste RADIANS
! 80t'NOARY CONDITIONS AT TF.E ROTTON INI ENO .. _ _ . _ . - - - - . . ..

''"

; 1. A4 4 RIAL FonCE er .tnessee.sette POUN0s FRoot Rt*F. F DME S-12-/ :' j*; . . . . p..a RAOIAL DEFLECTION.0F. --. e.stete INCHES . i
s. a n0TaTION Or e.eesee Ra0gaNs |

[
.

i

,.

\'t * NOTE e a SEoMENTAL 60eUP N4f CONSIST or FRON ONE TO.TME TOTAL NO..Or.SEGNENTS. . _ . . i..

SEOMENT ONF 15 CONSItTRED AT THE TOP Or THE SESMETRY. !,

,
-

.a LO.Os . 0,E. A.E ON . 70fai.. to.O .. sis . . . - _

J,
...

,

............................. .......................... . .... .. ... . .
''

... . . . . . . - - . . . ....._._ . , -

| |
.

.
.. ._ . . . . . . . . _ _ _ . *

9

.
.

*
p .. . _ . . . . . *

.

4_.

'e
, - _ _ . . . .. .. ...._ _ _ _ ._- _ . - _ . _ _ _ . . . . . *

% - *

d,

' $
.,%.s

**- ', ,

Q 3 ~ - &~,,
#

6

. *

e ct - _rR . ' " . . ''- *



... __ _ . . _ _ _ _ _ _ . _ . _
,

i
.

-
0

. . . - - . . - _ . . . . . . . . ,

,,,....-...i -
.

?._. i -

( -
| |

I |'

|
'

.

' !
.

-
a>
o
o,..

<'

Wi ,

.

-

1
- .

. ' ;.
- | '

| | t*

s. l. ,. I
.. .. a% .

,i
i I ! I'

I
* -

: <
*

..

~. .l
. , .. . i , .

. l i.
* i 2 t ! ,

! i ! |* I "! 1 i.
.

. w
.

. .
l

.. . i

| |. i, .
. . ; , i

: , ,
, .

-

'
t". !

'
'

1 !
-

1 =
| |

.

i i i i I
,

; * !. ! :
. , i i. .
*: : i , ,,

.! .... . * ,
- .
.

! . i <- .

l. i, . I j
. .

.< , . .

I ! $ |
. f.~ . ! i.

si. . . ,

. .
. .s

. I i1
.

l
.

.. , ..- 8. . .
' M . W i |

a e

.:"E: . I.
|gw g'

|- !.w .
.., .=========.

. . .
w

................o. > ...... ... .> .

E & .I
, .ww- ' >

! S82* '

.I
i. |I.

..

g .
.

i .

==.=.-.:.:.=....- . . . . , , . ...
: .

io ,
. .. 5

! i'** * ** **i.i.".* *.i.i.* .,,s3 i.
"

. .========= . - s

| w.w . 15u ' .. . .. .. . - .
- ~ =- ,.

.m=.=.=.=.=.=..=.=.=.=.
-

av.en. ..u.

z
c..... i. . e .

...............
... .

.
....

.o..e ao.. 1
i. ..

m uoww

. I.
u~ . ..

=o o-
|

e = .
.. .

" I
- - -

| t
* ' -

|F !L . i
!.E I. s. ..

~ ~ . - er .. . . o
I

o . irin-~...~~n~ .~ ~. . M
t *
' t t 1 3 . =_ ==_ = . .

.. -.- m ..
B B . . . - .. = -

! *t' 2 'T .4.*.*.J.e: *.:JJJ.44u..:.*.:
E !* *

.= e .. .. .
o ! .. .

. - ,.o ,

b' W - . >e w . = . e . =:: .
erm ~ .=.=.=~.~.=.

.
- - . n > - .... w . ,...e

-i., e.o e- -~~~~ . . .

o y . .................-m.. 3E .

2 w g
-, o.. oo .

.

.
.. e.w .. .rr-

. .. .... .. . .
./e *** * .

* * i "e .a o % ! I
s

E. E . .
.,.. w .

- ero u .
$a. u . .

o s " i . 2. =. =.i.5.=. . . .*.".*.*.*
o 1

i.
i g.,..-. . ',

} 8 : T* y :. ,

t
-

| m.e - ~ ., -

.x o. .o .o.o o .I ' ,g~ Cr- - __- * p .g t:.* * * * * *
1; a

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

***** * r r e a a s 6 s - ,- , r

.

-- _ _

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



- - -
_ . _ _ _ q

., i
.

C.
--- . . . . . . . . . . . . . . . .,

s

o
,,,.o. c=...-

I i i I j i bG_

i i ! $
,

I ;<'

I
I i

g
s '

t.' .

C Cu

|
'* i.-

*t i
I

..
= , .

.
,

.u.s .'F9
r

.a. .

a , |
.

|
. - .

.
%
e ,

( I Ie i ,I .

t

-

|
.% .i .

.i.*
|

.
!3 .

|1
.

,

,
. ,.. *

'! 3 : . . ,
-

e .
I : !; I i . ..

'
-

J t.
-

t. ,

e. . . , : *

6 ,' i i ,

t,.=. i
i ,

,

!... . ,

l. . ... . ~ . .

~ . m.e, ., I, i. |
.. .~..e.i , .. . . . .e - e. i.

e. E.
.-
, . . 4~ .

t.
,

- t. . -

t 1
,

e.
. ; .< m .
. . .. . - . . .

.. .. ;. ..

|
.. . - ,. .. , ,u. .. g, 4

,~

C
*

. |
|

.u. . ,' e

l.
.. -

. .
. n..m

r. . 's

1 =.. ..,.
.. .. .-

, .

I
. l. . . . ' I

.
. -~ .a

. . .n.. .ne. .s.e.

. -
~ .. . . .. .. .. . ..

! t....
L . .. s,

1
-- .. .~e.
. .n . ey~

.M....

E

...' *W, 9 .. *
94 .e4- .*

|
1.E

|* >'
. .

I-

m. .t~eeef A @.>.>
C.t.e.e.. N.N.2 .

..w g t

| |E.CSE E .e NP.plwp ..L edd@ *= W.A ..O '.. . .ns .* * M
. e

. [ .. .W9 e4 -O~ee -
,

.
e .k . Smnd%.r .ns.W S.e. 4

|g.-.mN.>
.w..Y

h . a. .. ig.=

I. |
... w

.e m- -
fK = .* * . 2J --e ed. . easre . ;

..\ s . '

. e.m.A.ar%. . e .e.e. |
-

- a= .= .Z .g .c .We..@ E F.Umm.-C . e.nJ
e e

w >eeN .
& . Pi . 4e@

I
h

| I 1
g>

h M .6. A.cee eeme .
.

I {
n

s .>
-N.O N.t%. * .e.e.e . ! ,

.K .U V .R ws9@@ P.Mm..mn
w * g ,

*

= = .w S p= d tP Gf%s . { r .
-2 .E . .

I -

5 I. $.g I. i 4

. f '
w ,.. - J ,

. .n . m.d.. t
! e ,. .<

. * = 400 . * .OC, ' .. .l .s.swoe .
zu

. 3 is - .s.se..mce ..
u .z as o% . t

; pe. ..- o -.
v
. ,

. .w g a
+t I f |

* *r $.O * M6
.1 O he. , ' I i

O.J 2. N 8%M OW .4%fm |t . V .
t.

s

. _ q.n ?/) ! " .* 9. f.6. .n
,., n u . .A

. . . . . . ] ..
[ . . . . _ . -

--..
''

***. *; *. *t ." r r, E: r- & 8 . P S 9' .

II(s

_ _ . . _
. - - . . -... ._. . . - . _ . .

,



.___

|
*

.

I

,--- --- ... - . -. .

I,,,...re...-

,

i

* .

m
s>
y..

N.
&

..
eno.
.

.m.
* i t

t

.M I 1*
e

*. l> f I
%.

8 t|i

|.
|

%.
* p. -

.

|i

!
|* i 'e

** g . t

N. ) 6,
,

. . .
.

;
.

%. |'
. .. . . i I t. . . . ,

} .
. *

| w ,

h ) h l | |
'

>. .i . . i.

i. t.
t 4 'I:C . *

3
-

.is

. .
> , 1<

.

| t .
.i .! e< -

...-. ..n
.

.
.

.

I, !
i n.

,.~
n. i. . .. ...

, .. .

, W . ..
. .

. 2 l I i. I ,
..

.

. -. i .

.I .. .. . .. ,. .n r.e. ., . . . . . . i - .

1 i -. ,

.. .

C !!.'

,'
.

''1 I '
. I 1 . ... - . , . :

ii
. n.e..n ~. , n n.

,
, .

- E vo-
.

4

- - - .., . .. . .

. I. 1 :1.
. . ,

. t.. . . .
. r. !. . ... . .

s- . ~...n. <
. ..... .. i

,
.
.

.
l. .E.- . , ..

,i i
.

>. . ,
... .

- ,nnn. . . . .
i.

.
.

i .n- ..

I I
| .

--- . i.
E ., ,. . .~. 2

,
: t

..
u . ,

- 1, .. -

,
..

,. n.. . i
.ze .. .. , ,

, i.
,

- ...
... - - . . . .

.
.

-
|

.
- .

E .i . 1.

1 !. . .
- , z

i.
. . , .

i . .

l E.t i.- . _ . ...
.

.w
... F..... 4, )

.

.
- - --. -- - .

- . .. . . . . ..o -f . iw .n z .- .
, X

. - -x
. = . .,

. a. r .....=,..1n. ,
.. . . .

=n
.

.

.o~ . -...~.. e. . n. i.
- ; - .

r . ,

.- tu. .~- - . ..f_ '&.
. ..

| |.c .
t t ~B. . 'L.-f .! !. !

'* ;.
in M . . en j

-,c...
,. . . ~ . . . t

.k. .V. oz 1 .m
.,,nn..n w ,a ,o. . .. . .

. , .. . .. . i
i

. . . - ~- -- .

-- .

ef | .
.

- o.-

I. I 1 .om . v -x o .-
. ;- . . in. .~.. .,.3 . .

...n.. .

8.
- - ...u. n.. .x .

a. -.---,-,n1 A,-
. . .. . . .. p,

.m yx yxv. v .

C .. = . .. r .<
i. ~. ./r ..o.o Y.. .w .

n. .a., .u. - ~, .u= _-, ,

z z . . c. . ' ...a., w .
n. .

e e- - . ;
a.y 0 ,,., .,. r* r".e

. .
,

. . . t - -.

.

- . . . .. ..-..a-..

f[*..*-*- . *, t. s. ei se si si e a: a. si el r e

l

I

e e
_, . _ . .- ~ ... .. . . . . . - - - . = -

,

1
1



.. _ - _ _ _ _ _ _ _ _

.

l..
.

.. . . . _ - . - - , t
t. . . . . . .e-r . . . ,

- .
,

( . ,

!

- I .

i
a. I

me. i. *
o

..
1 1u

-
s51

|
.
r

i ! .

e.
l . ... ..

s
-

5,
...

- ,

* S
I I e .

-

| .

'' t
e j j | | .

a. ,

4 '

, i
-

s , . i
, t

e I
* s

*

%.
g -

, i
-

.

i... ..
l i |s.

. ~
i .

3 .

. .

t.
*~

. i |
, ,

.

t . i. ,

. . -i

a. i .= I I,
I i

.
l j.

n i
.,. . . .

.
.

.
w .

. t i ! i i.

| 6 -

. .
i

. ..e : o. t
. . i

i6 .

,

; 3 .

!'

!-

. i.
, t

i i.. .. i i
- . ... i

! r :
I . i

I I.. . '

| t | | j i

, .

!.f I. i. |
'' i

> >. , , i 1 .
t

e.t :
.s i

| 5_
,

. ,

. t

t.
. l.,

.

I.
< e . .

i
, -

.
. . .

. .

. .
| . . . = . = . = . = . = . = . = . = . = . = . = . = . = . = . = . = . = . =.

... . ...........
.n ...................................

- e.n..-.ce.,e..aae.,.cc.c.c.o:t'

. m... .
'

. .u .m ..

.occ.c e
...e

e...e.,,.~c.c.c..c c.c.c ....... |
cs ce. ce

o03. ...c .c c.a.c.. . . . .... .. c..n .
| .a e.n. .e.e ,a n.e.e. .e.e.r.e.e.e.e e.e.m.e.a.,-

. . ,. . ..- ..

| .
. .

-..

. . . .. ..u......u .. ....n..e. m.. ..
. . . . ...................m....u..u....c.....,.b.

1, g.-_.,,u.u...s,,.u--_,--=._....
... . ..

.-um.,. u. . , _ < .~~~~u,,,u,. .. .... . ~.=.. . - - ==..
. .... ..;.

,

.n .....................................
.

..

> =
. m . . .. u. u... u .. . u. e. n.

_
,-

- i.w
.. .......................................... . .. .. .

.

. uw.
.

u_m. < - < . -~< e. .e uu., u m._ .. ~~.u. - .u s ,.re nn. .u .
-<--= Eo . .u. . . ~~ uco. 1 ~ n-, u . ..

: I. d .". .A.*.*.". .R. .*.*.*.*..*.*.*.E. .t.?J.JII.K.???**.? ff.'I.
.

*
. .. ....... .c. .

. .n o.-

.B
a

.
n.a..m...e.ne.e.r.e.me.r i.. . . . e.e.m...m e..
. . . ..

. . . .n
y y ; .'._v v ..I '.v..;.v.;;;;;; v. v_v '...v4.,_sg' v_;.f.w

. . < ~..._. ~c-,~~u.,_ .r..n.-~,.u~.r..,, , ... - . .e ,. . ~ .

.. m... ~.....-<.-.. ..e . u.. u u..- u.u..u.u . u. .u.. ...
.x,. ...... - - - - . ~ ~ ~ ~ ~ ~

lI
.

.. .t , .... .... .. ...
. .

d,.s /a.
. . s . p:". 1v";

- . .
- ,

-
, .e.up g a...w =. .. ... en....~~.e... ...

g ; 3.a
- . - . . -

, ,

s ... .. .r.., n
.

L. . .__ . _ . . . . _ _ _ _ .. . _ _ _ _ .

- ffg, , . . . . , . . .. , ,. . . . . . . .

.

.. . _ . . . . . . . . . . . . .. .. . .. . - . . . . . ...

_ .

_

., , - -- -v . . , , - , . . - - - ,,,m9-.m m, - - . . , , , , - , - , - - - ,



i.

f
.

- . _ . ,..

,,.....=...
' ' I I~

I ! .

f
- .

C
u

.. ..-
F. ,
.:

*.

.
,

I !9

I*

.Ia
e ! : ,

!
! l2 ! '

* g .

%
*

-

. i i l ' i
OJ*

*
%

C.
. 3 I,

-

.
.

4! , . i. ,

i :. i s. I.l i I I
, i

* i 3
:

8

| g ! . |!. m* '
E . .

. 7 !! .

.: | 3 1 ' 1 I 1 1 t ta ij ! |
a

:: : :
,

: : :.
.

,-,

.i I. .

.
.

. . ~
, , i . I , ~

g
S i: ; i i<

, e .
{ f i ! -

2 t .-
* I i4 - -

!;
~

W !
: ! O l i i

.

.i |; n .. i I.
..

, ,
' .: . i ,

.

. . .

I i : , '
J i j i. i

ti %g
i .t ! :

.

.,.
L '

}
* ,

,

4.<
.! L !! i ;

C.
'

)J'"

i I l' I $ :I ! i
'

g .t t,
i. .

I
I: T 'j

.

|
2 | I |

!. ' !. |
|[ !

-

4 -
'

" : t i
+

.
. .

.,. -
.i g ! I i

.. .
-

|| | f
i.

; 3

t. |
'| i.

l.
..

i!
~. ) :e i .

e. . ,.

| { ! i ! """!. .
,*

i I ; i EE i ; i !.
i s: i '

* - j i c'! W !'

i,

.a. .!
j | *. ' J l jgN.:

| 1

,
,' '

a, |
g.

,

I i " - i. ,

. , i c .

! . = .,

|
.

!g - |
.. . .. m '; , i.

-

: '. .! #s' . : I .!.s 3::R. .=. . .|
. . .

*
. .

: j.

s s i ,; J :. _

!" :e
i. ,.

:n ; ! 1
'

u a | . :r i *
i:E :.*I *. r .. -1. ~ * ' * * * * *

I : * ".'.' .':.":5 *E,2s * *i ~~~'***
W Er. . = .

B . ,- .

1 * yr : E * *:.E W t - ,* *
g ! !.

2-. ! # ::.. .

y Y ! . . .

i. * Er . :. s. Ea .:.= Er ~ :. : .

I j- -
-

g
:

-
E ~: .

I .4 m : * 4 4:n.y J
2 - -

P 4 . .
- . o . ow !

.
o . : ..

: -
: t. - . . t

-~

t. t . .
. . . . . :. .s .: c.

s s * :i 5., & 19 V: = =-l.
:--:( . :.:;

.e k,.t 1 .i
.

. .w .-

. . . _ M 0 ' '~ ". . ' . - " . . .' ...

. ' ' * '* '* *
' '*

'

.',
...

e- . n . a. .: . : . . .. . . II9! - , , . .

i

- - -.. ... . .- -...... . . . - ..... . . . . .

- - - . - . . - - - -

L



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

9 9 $

.

t

.

,

f

si vo,cgotoon :=c. so i.e=r s~,s.r ,,,,9:r.. ggy,s 5-e-1, ene.4n. is.is g, ,ag,,,g.
a,,,, ,,,,

.
. . . . .. . _ - . _ . . - .

j .1 i

, r c.otoe. ,,.c. so. ., ...., _ __ .......,.-_.5_...... ........,.4,,8
,

L !!!!!!!!V!!!.!!!.!!!"171.Vit?.IV.!!!"!!!.:.!!!?'.*!!!.!!!U!!!

OUTSID{3 T2 13
..474 474. '

'P
f4 5 SEGMENT-OUTSIr{I . ??

.i|8 : '9 t'. ''li.

INS 10 T s .-- . 7 4 ..INSIDj5= ..-..SESMENE
.j''s t .4 j ''4. 4 4. 474 :' ti.

t P'i44 4 m. 476. 4P . 4 i i . ; 'li' .

'
< t ; 'I'. < li.i.

4,!. 4 f. 47 '. 42 . 4 A ./. ; '. 5;
'. - . <'. -

.
425. 4?% 42 . 4 '.r. . i h! 6 ... 6 l. -. 6 e

*
. 4;' 6 6. <

46. 46. 46. 4%. nii.4P 47 4 l. 47 . 47 1 ;

'p),. .
4;' 4 4 . 4 ; 35 a.. . . 4 i 3 a. ,. ,

)4 4 . 4 i. 4 4 7F. g .

ll 0 . '

5
.

j .. . .
3

i

E' .. 8 . 4 'M. 4 9. 40<l. 4 . 4 'i> - . 2 0. - ?...' :'He4 .. ..... . . - il'' 35.
.

9,9 40 40 401 . 40 . 40
's . 4 g.

'l .

. .
'I. ;

. i .
'

; .9 ; 9' j't,. .. . . .
a 41 | /n _ 1 03. 3.0 .

'i. ... 94. 96. 9'I
. . | . .

'4
.a . , , .f4 i

,

FA.i i o..-.. .
377

,

3 ;. . | |64. PFF. ;F2. T.
i46 'A4

;. '' .
''7 77 7.

??
-

, , .
'

47. || .
P' A .

SI. A7.*

I 4 1 . ,144. T rs. 78.7 . *
, , '5 i . 1A4. 60. .II9. 60. '

.

;.si... :- }. u' .
*

, , ,- " 6 | p. 2
.

s2. . o|rd.
1 w i.0.. co. _. s .

in. ; s1. . .
,

6. |t la ;iez. ;i r. .
I'; ,'p 1'e . i 7. . i ,. ... ., ,'

. .oa. . !o r. gg. ,
i. a i.

,,
.

g,i.', . ,
6.'. a1 .t. . g

1 0

i
#

. . - . . _ . . . . .... .. - . . . . . . . . . ._. . , .. . f
s

*
s.

f . - . . . . _ , . .. . . . _ .. . - . _ -. . . . _. ... _

t

#

I-

-

.!
u.

I -
... . .. - - . .. .. _ _ . . .. =

.

9

"
.. . . . . . - . . . . - 8

.k |s
~

-. . . . ...... - - .-
I

% .. _.. . . . . . . .._. ...._. . .. . . . _.
*

*J _i

D,
'N
'N 'h . *

,..% s,

M * g * Y }* '

% % 'n *~
.

i
*

-
,

.. _ --|; .
,



-__ __ _ _ . . _ . _

.. - . _ . . . . .
--

ho

, ,
' '

. . .n . 4"T" . ..

I
| |

*

.

1
.

h
eM. }

*

ma
W. M .*-

p W ' |-
..... ,*. 4.....

I ' hnA.naamas.edS.E D. ,' E Pe**e. '19 ====== 4 d8* p de e e

g W . M %.e ' ..nse.=e.ma ; ,

o.egdes.a.ro.M. 6....8n.ee.,.
'.

. ..$as
.

.R. '. DSS i
s

e. e. g. ..g. ,o '

.rc.=ae ;'
- - ,

t - t- -

nn--.se. s.r. I
,

<.xe
n.e p*..t O **... A '. .

1 - = . i .-
.g 6 O ..*.* t 9e999 |e | 5 eeeee . |

j i | |e * i

j' .3 . e.

j. . . . *-* ' .r

.F.

,

e s.r i. t x .....- a
| - .- .e. w'M.

ehh * 5 *

4 O.s. l
ff % < < ee I O. s. t ;

<

O.e
, ,

=.=ec v.e...e..-a
awma- ,

. e I.

s., i e
. ..8as w%

e. y
gg Z.qp i e....e G SeemeWWI e M. O 9%Aeee

! I

f. b$ h sen
l ' i

esea.4 maname
e. .

| e. m. . . .e.=e. o.c. e. o. e. c. o. . . 3<a
F .) O . *

W 1st't.eAsAnataf .O. .manJ nJ.anandE .O.
.6 t Anas." tad

9.rerd%ed dir e .=.@*
' .rtet eD -g.

Ad.@dm=
.==

-eNe. Z. 9 me.-.e .s. e-
(ECFpg *ag @Eg a De .o
6.P.tm t.ed.3 === e =.M. . . O

=.*
' t >===

. e ..e.ed *
e

' .a. *O*

$ .. | E ..
i. I O

.t.e .bl A. $.
- '6.

ce. .=o.
.as.

s

e. e. .m-.=f.%s
h.a ee

, ' - . = - e. e.e. s. .= . e. 0 0. .=.'
. .me N8*1 e.*e.W

.=w ' O ..I i O o s w. . e. w u.=e!.
'. . l s- - www s.,r- w .. *

@ t er <Od

O" Fee d mas. s.ee CP
1 @ . 4 < e.8'* O at

e==ck
e.ma d sadc .= 4 4e ..

{ d . * ...

.T n S . .C .JI f". | .C J , .C a
- W***= j ...-

S
.. ... ..

C.
... .w

|' '|
*O ... j. m ..O.

g I i. .
$ +>.

!N. .E . seer i A.e =e6 2 .=e. .n o
i

S. e. ee e. 09. e. 9.O. 2 . , .** rt F F.
- ,ww, w .,-

.- .e,- .. . <,... .,~e
*e

e.
. O.

|
, .e.. ,., -.

. t =- a..,n
ee= e. ,

n.. . .u r . .~

~ . ~ .e->a ~.e..u.i .. . 2n.e. . . e.e
O ....

O. ,.O
.,...

.. .. . . . e.. .i .

|
'

_.i., i i.E ! jF: - i. | .,
.

- ..

u. I . . . i, .O.
; -. . !

. i.r. O ...

.

. ,w .,

E.
,

EO.
10 .

I a.
o

. 20... .

- .
.a.,O

O. .
. .
. i . wO wO ,-. ,

;
2 .s.. -s

.t .. l .s ... - .. .....o .-...... . Seeeee-om - ee s. ..... : .
-. .

;-. .. ,u,

e 5: . i ,E.
|

. ..

! - i w:.
-

,
I

,, . . .
.. O . ,

-
..

.
, . . >.n. -. , t . .e ,

O. . .r. ,.. n - .
.n. , ,

. .; .

|
.... . ..... .....

O f. . .eese . = - . -
.- -

. e
,= = >,

- - e.<- . - e. S.n.ne. ,- = .,

W 999 .O. .
r

.M.. S.9seeee en
. ....

-.. ..*
e ein sh.J
.,.anM.A

==P'E . nan #
nJwi . = .E

. manas ts#%=@ M
.= - .

ua .
==noE .rb . .=

1 e.twe'te'eien
tr0 w. . e dt .r .. . e N-upm . .

rned"d E. & @ Netn.* .#. R& D. E
.of."S.* M

9.hsP.tN..n.f w .*** M.en.k 1E
O W
& 2 nag 86 * w ...6 ****.D me.,

= . . O. .. .WI M b. - e . . .. . = * .
t= .*.a. . > .

.E. !
t

E E. Ee m. .
,

*
- . - -..

-O E . -O 2- . . - -
. -O 2

.M . 2.* . 2* *

.aA .
2* " **7 b. a . -J.m . *

O e6 W & E. a.n es. e. en.= .am

.a O.d2 sh.JO.JZ
.J ..O W.

ars = -em -s s u-ma -
ZOIZ ww w sw wO. O a., LM .' andO FC2 W202C. @

O O O O O O 'U* u 6 .n= j.o/n
_12 ., n... .e

.

.. '

e.
we=.as a-w =tme

=Oa=Cruoa=
se as O.D-e.O1CI 8

.s. as Oa. O [* /. eO.* .6 er e Oas O
MERE esEEE2 g*' .EEEE

.- ' . _ .. . .
'

.. .. $. ..*y / s . [f"
*

.*

f
* 3 *- g- t-*. t 6 O & R & . g''t8'*** *

12.I

.._ . . . . . . - . . . . . . .. . . . - . . . .

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



i.

.

t
.

,- :
. . _ . _ . . . ..-'; I,,,..n...

,

V .

.

c
8..
-

*

Wf -
I..

|
'

s.i
+

|
..
M

":
.

.

i :
t, y.

i

f.- | .

- | 0
s ,

1 || t 9:
'

|. *
? 8 bi

? I
. -

'
I

''
. .?

I i ~ ,
.

i
- . ....

" r ". !, l 3_0'X||| | | i.,
. _ _

*
.

r: i ; = i * !.. ,

:: *J. ., ! ' ! i'*
i. . -

i
| | ;< .., , ... i .

! !W 3 '~
,,

i' -

: i 2 ; ,. .'

: i TTt? I. 1
** '-

..
I" *

! i !|;; %5%A
E 5211 1"f[ I, !

e '*

1, i= e" | | 1f.
5.[. |

-

.W t f,"
i | .=. ,

I i : i i i ,'
~

~2'
E i ..

GEE i t ".
= i*: . --

....w .
. -. -

,

' '2 1. 2234 ""E ,

W 5 *!. ||' i "i.'.E. . . !'
" i

- e5 s- wm

| ,._ * 2. . . . Y",
i

| |
**

. -3 l .

.

i =~ '
| M 8 *** I .g

e d. -
' i 8 |E5 - ea.a

w ! ti .. -
. == .... e s : !-

I- [
'

"E I'W'#8 Di *

. m- s , .
t

- o .m.e.s.s .e g g i
,. .: . r

* * * ! l i 1
, ,

I i M E@:>o i i i- . .
*"* i: 22 I 1

;
i. !.

- . .

- ; .. --

7., IoS I'
t

E E 2E g#-a wu e- - .
i

;

|
j

i ! |
. , '

5 a 2555 g"g" '
'

s5s:.w= * '
:-- -

min. ,. lu
w-w .

'

Of '|' e |
-.

I EEEE
g

EW"_ | | !. .

' '

;
. . I.

. ,. ,. .

E | | | i !* '

z
d ) i , '

." "

|I I. S
"

| | -I
; i -

. i i - t ,

.

o o : g , ' '' a ! i8. 8 ,.'i

t..e;. : , i . .

uv
. i t i fr.s. i .

| t ,
| |

- t . l
,

.

|
' - * ,g.-c.4.r..

, , ,

| .. i _i .. . l A & '*.? !! !"?' '

'

|[,2. - m n ., .i e. si s. r as as s. si e . - :- r

...
- . _ . . . . . - - . , - - - . -- -

- - . . . .

c, , - -. - 1



, , _ ,, ,, - _ - - - _ - _ - _-- _ _ . _ _ - _ .

.>

.

0* = .+ == enum== anamese sus e esmu-Ose. e e

J. e s,

. < 0 9 . 4 e ey g g e e o e
w

'

e
.,

5

e
d

pt >
U

ee y
ame

.
&

e
See ' g

.e=e
se

f'b
an
e

e Ft I
as .

I

I t
- .

'{ i .

e / T |
e I

l' !
~

E 3 ,

O e _ _ _ -- - -

O % .eeeeeeeeceeeeeeeeeeeceeeeeeeeeGe. _ _

e e
l e e.g _e e_ g_e_ .e .0 6 e .e e_ e e e e .e e 8 6 e t e e. e e e e sg.,

e
eT ge_y e, A g _ - * m gg _-- _- - e,.e.,g e

E Peart-ePE ped
, d @@',d ere=d =C two d he.(,sumeme==E o f4'e E modemO me.at'en48 i eme
p Et e aus f%eesas%emde sa Ws=W EMN

pt e= g ese=
e 4 etO . E a=s**pf ed fb8m c,4 d F EN 8"'E f%4r E Sese

>e O e& I GLSamandbPMe d W af W W 4 g a g Memt E 3 pp .eeoeoeeeeeeeeeeeoeeeeoeeeoeeeeoeeWe 9 I .
e

ae
- e

e

4 e *

e se a
r

^ " _L ^ :^ ^r. ^^^ R ~_^_^2 r :^^^ ^_^_ -_-.--- ^
t.w eg

* ir e eees s ees"eec e"eee e e ssee sec e eee e ee e.

__

' O eeeeeeeeeeoeeeeeeeeeeaeoee eeeaeaP w gshtsh he64m k whbbtsJtn.as bbkham en.wbbtnsbes b4>Wbb*ee 4
- GnA t > e-a mewe

upt ult d te==4 9 -#r chN 4er 4 ds=pemeng e amNe &
a=P*d Pa=Wwm8=Ne e ir ==*=ce*N@ eP8* @======u'" n te=@ eer
se eg- as 6 4 4 tr m 4& d e%==ewd O e d arer dee r 49 m| a e=V d d ==e=4 e>>

== |
e g 2 s EEE F pec e O E sr ***=etr ==de*4 of"c o e e e e#d e= Sest8ta esen e

3 O eeseeeeeeseeeeeeeeeseeeeeeeM bg ,a 490480000000008e | 94 EW. 4

46:0e g , ' ' '
M UC .

: ===e=--na .
We | eft O 46 tsee e seeseeeeepteeeeeeeeeeeeeeeeeeeesse

ands e.n 4.e e e e e .a e e o e o e e e e o e e e e e o'es%a. ta ee a e e
eeeeZ .J2 eae29 1 3 2 o.e= > e.ha en, a6 a- e no n thes ha

.pp g% d,s .i.n e a.,eems,en.as e ac, -s.c.sgegdewvwapew gpegegNd ee .O72" 32 Oe * O **

erm sf44 fs de e d rL*=ir a =s o e
-r a.a r e e e ep

mq>
O ==ne .J Z '') 2 amJ pge-

s* *=d s== C= e= es d - "_ % .r. _- =w e ede'ter deceee we .J == 000 eeeeepsO e puQ > eoe= De , b E .EX emedWP'!derde p=EP = ced denerape e d em
W &8 | oesse.eeeeeeceeseseeeeeeeeeeeeeeesE e w 809 O

, *;
,

0 I

f.". .M 8 e, l 2 - .
SW

i.. .- i i . .

i

>
. . S tee x l e-

e e e e * * * e' e e e * * e e o e e s e o e.e=*e o e e e e e e ee ! gn; O 87s . eme e 80s *= e
E -

: - **=e===e=e-- - : e ===*===emake=*=*=^
- -

* We e K s==. 4 Z U
us O es J c O OCOOccOC C OOOOC OOCC COOOC,00C* Oc t% COO
ge am e== m=g e === ,J peg gg g gg g g g g g,gg,g ggg g g geggg gg g gg g g
De e e= C=== E -

,
e be = O eOW ,

* e S ESS 4 .

e . We e6

eeeeeo= = - = = = eeeeeeeeeee
e. e.e.e.e.g ee.o.e.e.e. n o.eme : ---- -- e

e. ; ere e. E 5 e:- =22: :ee
e = b eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee8

e i e- .And i- - _ _ - sss wi,NatsJbwwenanianamensenswnnweathannewwi.6 pens
U . Gna e ks occcccccccccececceecceeccecceeccc

. We !$ e - $ *=4E e semoone eeeoc eee ec eee pa"*ec eseoc ee4Je W 8= ccoooseeeeeeeeeemseeeceoe arO e s eec c ec o fufwebNNd%fwNektumNe%durwNer rf_ rr_r.*wsw " ^_^^r.J8 pe = enAeJ ek _

" e O sM @ eeoeeeeeeeoeoeeoeeoseoeseeeoeeeee
F 000000000000000890000B8990084Otte,

e e ans se es,t"3 D9 *e
C

e he > e Ir et om
e Re es O e=Ue e= "eggeneeepened

em eese=d.emem e=*****=*.e-o.s.-; cre eeeeee ooeeee e ee eeee e ee c e a eeeeeeeee e- 2 CD E.,se e= CA t

en be ame en e= e=W 3 D= eeeeoeoeeoeeeoeeeeeeeeeoeoeeeeeeo
'Nwite "a -- t

' ^^- - * - _ * - -
m=d orsa et d 8%E.-emomew"_we=ce**o' -+ d o e.M _=d two e'E E $a O 2 E .

== == &e & 908 #=temefsepeed 8'= -dv ==ecede eme desse =deg ervse
er der.dsedeat Pie =te a=4Pe e(Famen de'*E ==r4e e e pipe* at * eee ugg

er en t 4 J6
wide'Jbs==d e f%end e******mes.W te danswes=edme=P44 4t ==dh

b{ oeeeoeoeeeoeeeeoeeeoeeseeeoeoeeoei ens eet
e= be i era 474

80 ma 89000448400008 40900
w _e . 04 er.;
e e o=.J

==e 4 e&
e r e8"e"e*eee eeee&d @e ed*f dd e dsNP@#ePeM*e dtheH4' & De=e= e emomehd el3 esec :- :::Teoepeeeeemoo

e e o ,e e e e o e e e e e e e e .e s e e e e o. e.sa e o e e e , o.e. en e o eau e
,

, e= age .J .e--,

-w --- - . _ .
e e , qua

p= d emNc==c e 4P8= ets E neN>.e===d* **ee.ee===d a= ===.-smes ee d
me

4, LJ . e.eu
Sweme=8">d e'* cot er'fA*=e8'hetad| knot >= @pt9Np=pPe# @

I E Z ' ON
e d No7 ==iP**s-===d r a fwees 3 o== esk==*=et* 4 th==-E eraefu

4 O. -

es me , . e

e e e e e e e e'8ba=@8%Na=NmmedePM*=s#'#Gef PtfbenE E fwd
ddP6 I Men

F 2 i i ooseeeseeeeeeeoeoeeseseee'

a 908880098f3 3 ;
O O ] *

O O j e
-

d. t | '. '.......................e.e....e.'

e O O . e=: -- - e.e.e-o. - - -- -

.=e..
- a. : - e

. -
,

US V O O D OO OOOOt"*O **DO O OC'O OC 30 3OOO 3 D OO C 3c0

t,
| .

I
l--h.eJ PEE rmetE ES*Er@eESC EEEE E EEE E eEE E45,5, \

9e 8

A .Oe
| O*two __-_- -% =C OOeedw*"l een " ;; ; -Md nndeme r e==N U C-R e

e m

.- - --a' ~] . _.. , _ _ . .- -
_ . . . os".'8 e.M/ /e [ f.",enR *I *

I * t -.

123- * - -- e, ,, m 9, . . .. e- .. S. .. . . .

.

w . . ._ e et .e . . _ _ *e.4.m * *

- ..e.

_ .-- - .-



- - - - - - _ - _ _ _ - _ _ _ _ _ _ _,
.

4
-

s
'

--

. . . . _ _ .
. . . . , ,

*
n

t . . .
> .

.

. ..
.

r- l.
. 1

,,,... m

7

s( |
, *

*
I -

p
, '

. ,.an ic=- Iw
*..

F
,l=
t

.e ei
9

a

.
.: I

'

.

e. } <. e I
? ! I

i.

*

t i
*

= .

4
| |

* .- -
.

t. 2 ,
|

-

.
. s . i

. .. i ' ;
i ! |. ..... ' 1 ;

! ) h.t-::;t, . . ..

- . -a. . , , .

.
mm.~ ,. I | {. t, i ,i

.

.

w .....
.. i + ;

,
I t

.
.

[
- - ! : ! l.

v . .

.e

W *.*........ '
****

1 i i
.

a r_ . ',

3. .- 2 t.*<t.t.t . .
. .
i .

- iI .. ... i i :

ee.~
.

. w . , ,.

9 ! ' |- |
.

| e.
.. -..

ii
i.

. ,-
I; -

. . . _ = . 1 I.
. . , ,i

,

E 1.*~"3. E. ! i i..... .
, i,

. , , , .
.

.. e .

n.~.,.. . u. ; I | | |
.

.

i..
.
. t . I i

.
e

,

|

i
'

j* i

= o ? I '

.... s. i.
. .

'
ooooo . g

.

e.

M &S o g s*

-
g ! .i a

-

(e 2 , i i

e em .
e i

..... ie . eo . , .
iMyg **

.
.>I |-

* ,

.. . . ..a , i .

l |su.swm.w.e ,. ) jsw .

*
. ,e..., ge- , i .

.
3 i. . !.I i

i.
'

* I *
.

.\
. ,

.

t e. o.. ~
.. . . . e ia. > n.

t
=. | s wi.mmswins o

4

-|. dW @ @* d E ''

E" M 9 | I
,

w .e.A a.m
Iw .

M.
e.ar.as.s.an. I

,
.f

3
* *

j ! i* e e '

5 8. ''' t .. .

t
: ! t'

t. ... 8
.B

; ..

,. ..... - .

, - !.. , .
.,

e >

. .- I
$ ! $ |E

. N A.s5
* .

e

t
. . -

i
4

4. . e.sI ,

D 3 eees -
4

.

e,r y i

| | h IS ! $ '
.

i8
'

.# .....
.

i i
; * r.. ,

tu ooooo. .
. y ,r.,v. ac.c

[ I I ...~ ! i. i,
; ce. .' '
. .

(.m .mge e a .

e
'c

,t.

mmmme-
. ~ ...

-

[ , yq((-..-,.

* * * * * *: e- ri e a a t- s- e a a si r * * Ot '') nw

.

w



~ ' - ' ' - ' ~ ~ ~

. _ . . . _ _ - - -, . _ . .. ._

.

e

= = = ~ ~ ~ - ee e . se . cme. ese
.=

g

7"T" e = =t ree e =
e e --

i
.

,
. ,

!=M
U
U

e. em

WI
kfe&
-

.
Gas [ |
es #
et |' eO 8 .me

.e
* .

. 8 , 4' 8
|

'g I
% |
4 3 I

. !e f I I ig
i

9

f f
d' 3 /

S. !.
'

e e
I.. * 4 g8 .p g w

n e I '

0 e _ _ _ . _ ____.my _ _- - -
e

8

, _ _ _g g
e E e e**********e****ee*e************* *** E

p e O A- C-^^.derhedeCPeeedS^ t^_^ t0989 4 D
e te9 ^^-80 t99 @ | .

I,
_ _ O

Ont S - 0000848000008 3 -
R > .8 I E

i | | j |e 4 ,

+ 8 ' e** O ! ; s -

W. = =-- := zme denNNe.d. - =z__ ::: , .esw eoeoeoeeeeoeeoeoeeeoeoeeeoeeeeeeoeoeo Ed A, O & e> E d e r e d de p c o ===>e===d epa =ce--et,Ne mP889E dseme,qn esttri

e ' ee ==

h j e9 N==somme em-eune=E ==m df*mem deedom eg. Ngepgengmemg
se , egl 2 keec d f4W% Pence d 4 P rom e=4amecc A d Paus%sd a-d%p=mW f=t em er O

P j e se 94Or d e=emmEm@ 4 mNM eme*@d%rdedHf 80009 a=W"bd Eart e=

8 4
' pment 4 C F# 4 d MF. Pad = famName e 30000

Je & 68980880000980000
1 -: e e Ie e.we .<0.< .ee<@.~,eir.unne.e4N

eoeoeoeoeeoee oee eoeeeoeeoeeoooeoeoeeo j$ edreadwestets d d EPted e aef=d emeea't e desweerndeerse==efsmen'e depowe=da ao de P e# em d emer o drset** D w hP e=d ed d de
@No.pqd8gessper"fsp Ng p Nes chrape tMegremee e s.sNNg i =p gn

f ] ed 3 ska f*f"Imd d 44tr4be a=
'se.=.4 heme e d E. e%dr e V f%er epe E e7."#.4f%#" iib8 0 e e I I e e 0 e, g.
emp

{' 4

-==
a .. . . . . d. e. de.m=

n
,

. t000 , ,

.
- 9 ==y 6

- =emedene e. )c #4 des enseeeerL%^. _= ^ . -- .=to.s. a -- e eseeeeeeeeeeee .. . eoeeeeeeeeeeeee u
o= O ee 4 p=c==d e d e e m**@ inesc 0%se ene=e c toperh== 3 en-fw dem-mePero ens a ,

E E 6000 00 04 = 8
-

1
e e fis==ftsd**@ Se====NNdbMe de%sede===dbd%p== 8 0 0 t t e=== d 3

1

W ene 408646800t80 e O *

!'

i
e

**. t
0= $- .

ene "

.the d@.tPEeP='mC Chd f"If'e*ep tem ==e.$dI%#@ e.C.=.ed.es.N E d
'tese O 8

| So eeseseeesse oesee e. eseeeese g 7T
, a we e a edoodOEnetreete d*= rNP=da=ds e d==cdeemd8*ere= g ,

I Wbe s Oe & O A mise' remens e e d c e e a pp de n enes are gasw%dirsmg em
teendec e d

d a=E *".@o#*= E s p E E PP.m e r e d.e mfndP= am e d e s===he Q Z
d =*= 8* d@F.E FP er 8AC onegamer d df4 00g90t g f%rded%s eWe == 8 6 *=== We se E >=rmt@trtape d8*.PlNfb8bNa===s e 4

- 00 We e 0000080800840868 e a ag

I b
'

e e
9 e

e@Sen.h. . . . .e.e.bP.n.enestrteteer.tueerefeE=d=CPmed9dC1de
er

| We eeeeeee eeeeseeeeoe eee 3we O eee
^ ^ 7- ef%rdE teen &O dlP8"P E N@dCPS mNth=* gn@e Z em@ _- _ ^ COtr.cmepemeesE**Epese -- S a= Oe O emME d. re ==

ed e@ece8*>*=@ eM*=_f%eNfbNN====Oc e C a2^JS mf"temmmP= f'=Ptm 8* FP. . - . . . ~ - .. - met 3t et eJ
' e .4008088880000909098400008889004894088We Ie .

. 8 Se s
* e , es em

e i Ie P N -~ - - - ^eamomenenma Eese fundeemeepath
' ge e eeseeseseeoeee,eeeeseeoeeeeeeeeeeeeee e,

se 0* he O ge==d Pa=m d r e d@E4* e e r ds - - ._ _ E6400- e
E e 8ee ^;-_ -- 0 0 099

E ,
== e= S 88886Ie000800
tr 3r - +

.

.

e . @ g* .
,

,

* * ent E Ges -- ^Z d8We et ==
O C ed%,Ede=*maperf'ta=dN84EeSa=4P9Mf%se^e"e e e e e o e e e e e e
a se eoeeeeeeeeeeoeeee ee=w

06 ee emp eN e#**'tn.s==-cht d a-tectee E e8"'****=eNettemeNer*ce T

f%e 4 ama===Wbv #r f%f6er c -trE P 8= ce*~m=P E 4 and aus%@ r#="s'd mN 6D e=
44 14 D Nftse=f" er===enON==O*=OE nf*# PeamefWP f%sesmen t f%P=e d d Pa# P em

C (N**fte= ==C C* ** E *'" E P'** e f% met E t th 0 ===* 4 0 ** ==efs*=E D=

M. e.me. t a. rte.rn d P.tP..N. f.%e.ss.e 4 g g $ $. s.umm.a
8g Q

e * * yi" y y 0 t

~
, reeeemaene e e e e eemeninfuem=-n d.e.e.Pr%ebee m O- -

, F F eeeeeee eoeeoeeoeee eeeee eeeoeoee
P de=e==e d ==ce r *P.=e n*=ener%e=& -se==e ceeedammeet s-

3 in meD@eE *=Pa=f* E E,madl" O E E4*tammE'8b 3 e a d retrdtefted@dNN e
$b @,

4 2Cm=*e== CE E @ **@ 4 ef'on*L ==@e= 4 d iP4,> d C Ne8%AP @ da=Ph=m4 g d 6%Q Q ed s>Ch *== Pts *d*te @stendMfbd%sNNao e =mg r es,trte tasuP=f%s e g.mer. c
^ J., =.- S000000000890 0 0 f%s O.J

e O ftfFne==== 0 0 6 3e e 6699 += no ?*
#

f/US U w
e f$ 5( @ ( .

e

k i 5,

d arte=~eo e-eum d:: =_= =. ~ .md,n ee.
n

--P g ,#
,.

E t
e.s0

e .ewend e^.,; - = = = :
- ^n - ^r ^_^_ -;-.-. g /En en .

g mz
* . [,Mt'/}~ <$'. .. . . . ' - - - . . .

- e, - , n e- e si ei e se si n. - r e r e e

12.5
1

*
1

i

1+

. _ . . . . _ _ . _ . - - - _ ._ _ _ - _ _ - _-___- .._ . . _



--
" =- - - - ~ - - _ _ _ _ _ _ _

.

. . - _ ,- ...

......q...i-

_
.

C .

_

e.
. .

x
p ;. i

-

.

i,

.

, ,

i. l
..

.
.

% ,. 1

, .

1 i !

g n=.-=
.:...............;.

.- . -- _ = .y=.= ... .

;
3 E I ; i1 .,

. i : i,,

s. .% _=. _= = ........,.. .

... .. . . . .

- . ~ . . ~ . ~_ . |. . .
M : -^ .

'- , ,

,. ,.. . .
|

I
.

. .a...;.;.e...........:# 8
- ,

.. : :m.ee.m .es.s..e.n.n ,
i. . . _ -. ; ,.. ,

:
. - =

.
i

w i . ! : i. - i: ..
. ......... s ,- =, . =_ ...... _..... .
. ~.. -
. -. .- ..

i,.
. , *

. -
,.

i -.
.

|
. i .! e g
- i e

.

.
.

i _.... _......._...
..

-.. . _...._.. i.. . ....- ..~.. , ,. ....... .C i
.
. .

t e, C 3 -- , , , .: - - , , I ;= _n. e .
. . ,

, ;.
, ,

...
.. ,. . = = . _ ~ ~. .. . - = = = = = . ,... ., ,

.

t';
l'

*
i

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

.:. ....... .....
_

-

..

u ._m _~. t-~. ... - -.
is. E ; . .: . ,

i,
.

i ._ .. , ,

.

= . . = . = . = . . . . . , . _ . . . . . . .
.

- ~ ~ _ . . . .. . . .. . .. .. ~ t, r. . ~ - . .

. . i.
.

..._- .... . ,

u.
,

i.

, ,. , . ...
. - .................. .

....== ~ .-.~. . ,... .

=...=.. =.=. . . - .
.

. . . . = . .
. . .

,
-
,

.
- ,

x u. . .

,t ,.
.. .- ..................

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

,.
.- .~ ..... ... . . - . . eri ,. .

, ,g.
i j

'

*

.B M .

t .
,
-.

w
.................. , - ' * .

...~.~.~..~.e.~..-=~.
- . - . ~ ..

; .

; , jcy y . . . . - . . . = ; ;. ,

., , , , '-

I E 8 ;
~ '

: i ; .

e ;
l !

{ i i !
. .

o a i

,

g: f y == == - ;;= ::'_ = |
*

| |
'

,

.
v. u w j ,a

. er*
# *

i I. .
!

'

.

. . ,

* | *
. * ( ** '* :(s, ;

. y

fo:C<CIJ-l'G-
-.. - . .. e e e. m si si e e a s. . .,

I24
*

9

. _.

--

.. . . . . . . . . . . . . ... . . . .
, ,

1



._ ._. .- _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _

%

==~
. . . - ..,..e..

,

* ,e e c, . . . ='. . .*

_

t

c i

,

-

e
:
I -

- *> e -

' em t.

u 8

u e-eeden en maee
== eeese e eme=== 0

ye eeeee seeee 1e* e& : emanaamasen, a

I eme- ,
wenanmaans

e . -ero-e ! 1

& * ecumre. | e*-e ete [e ed e=* mse==eep a .

e As==erve=e ===4Bden I
he eeeee eeeee ,

a=e e e i 3e 6 8

ee |M Isuneeneem
e en====ee

M E eeeee '
esAn4mAmanJse O g g

O'em ' e= d @ e 8* 4 em
Em @Gr&N h o=em

e.neM'e !
.

pspee=f%s a e== | t

* e

eP86==4be SE ee
p. e==p . . w

O ee.ee eeeee O *eseeg
, t seeem *6 1 & eeese 1 8ee-

e *
,

I
% 6

'
; i T

e Shede*4
. e g

e

e em
.

== e. =.==.=ee .m
an

1e [ a, r .e s .
. j9= ew . P=* 4* t t

g
p *g I == 6 *e ,

se e*o dea-w Oe
Gemense's

p. e ' Oe e a=E \SJ *e e d.J e {O4
S % . Rhl..e|. 'a z#

, ,

Sb *Gen eM> ,
'eeee

i, g e*ersee -e s | w **ees
en ey O.eeeee e ae

,
,

|tot
! I repense chammsPe|

g

emes'ts'sM o=
i ee - e e-owS = eeee

De C . F *eee - eeeee { eeeee
tese O i Mead

.

I benanAnAnd w
.

*="""a.'I * er ==se | == t erese
' e=. p e.etN* * en *==

And e . eem. emesse 2 eps on'

e ad eO ee ee e 4 & s4 == 4e W E =***=
G d'eem eS8"e *Nd

eEt = do N
- OSe i O 8 ***** i e****
.

a===e es e==.
e **

3== W i & 'O68 e ee $ ee
, i |

'
e. O.

e & D=e84M SomeeW'l As nete
e en . emee a eees=== = se s===WW

# eee O
a. e. a. a. .a. .e eee ' O **ee O

e ,a,s e,p,,n.e e,4i g g=.4 pe, p+ m,r eg,mg,, 4 sw
es, a e g yg op q g p e ,.4 ,W%

( ue en e O P r= # man e de==DG me # De=@mmeP
==e C.J ** #* 4 4 Ce > e e eme= C .J w ecent

C -
|Em. e%8= e en. Assem=w%em| e e .= ens == 4I Mammappo= 1

-

Gen.
aw- ee ar **ee. '

, e eee i sI eeeeeeese
i se O ese e I

e I
'

I. |1 38 t

2 e=e p=es=ce ' en e reee.e shmewe .|e , , .= g
I

O e=e t == . eeeee on e a emee== == f
e= e=* 8 2 ee*** e6 e 2 eeeee R _eee4 *

I .Jer enmasenaeJe= Je g .p= g enanAnsend ee omr= e,nnesdaaneen. .

reepe e efgreer.
1 4 *=e - e e*= t e d se at

goe dW emmed ensand eE se i m4a# e''%*=Om e *=end e--eetc't 8 Ie =v ecce> Os =v
,i

mu --w .s e

.'
-== n.N =efW =e == ce=d ar . mar emedo- =e
|e O e.eee

.em e em 9e ej
se esse o eoeoe

.de s b;$ ee . O.J e
O eoeee

b ee,
e e Fehe

|e | 1 se .

e= e | ,De [ | e ee T | |O e
,.
*

a= 0 e s e= e * $20 -

iem ; e6 .s O e ' .a 3 e == e !e I*
e re e i j t >e e .Os a e

, ; *he e Oe 20 t == e 20 2e 20
e 2e ** e a an 0 a4 Oe a4

.

*

e - 4e a= 0 enJQ Oe endQ We en#O I
*e I me >J Se >J .

fe e,ee
e. ;

e >Je. .. = e .eDe - ee.e e e O, s .e
....

i re w ee .e en, e e
Os e b.

Se Ue em 0 e a

.t e {e 8 e t t en s

i feve 51, i . i i..
e . .me.e

e i e e' *
| ||

,
j we eas e |e

* '

e e e$ e
'

'Oe3 * , he .
e em 8 em e= e W4

s

@a
e -

,e

e ,

>e ens >e ens
a W* O4 en e en ,

end i$eI* e a ee. e e a eeee. e a e.eee -

a= e= Oe e. eemoe e e, meeee Oe a. emese
E E e= e e e
os es 0 0 me i
w or e a pges= 0 ==eAs==e'l 2e edemn

e esce as e emees Oe e== e-o
en.e

e eoee == e eeeee es e eeee I
em $ enAnandeaf Ee esatAh.,AaJend >$ enAnnaAsa> e

S E Me t er e gt we s*-e t e us d er. d -e
C C to * e e d er em de e of%4 ke we e pe@M
& & Oe & o f* * d K8 & PN8*rd #e S Aaer%d's
g el 8e Z tw=4 f"a e & p fWMi%sfW em e a amar.ebM
., D De end oe*** >e ene e.*** we en. eeeee
M tR b e 'e= -e e a= e > . g e Ce o= 0 e

* - e one e
8J6 >9e o be i

U U Ee me s &e
2 2 de es e . et g
as om e . = ese i am a. e .

2'8 =O Z Me =O 4 -O 2we, 2-R * F e zw * e zw ww
D . 3 e= w .s e = e w

. e 1 O ee ae e. e e== sem ee e== =n=
0 O tas as 4 e.AOJZ e 00sz

# e ,A us.e=wa .anm -h * an =-in -
08 O EIC1Z hise ens wens ene
&* O St>ree * 4esO202 emb207'Ye U s O O O O OO

e.===s==
-

e .e- =>=.p=

8 m z.w=o= d. e o.-e- - o.a j ,/, j.//z =

. -==
j, .

-,* E ==O102 e=O+ e=O=-ce= i

p , em an e c eO se en Oe c MeO4C
V. . *T *

. .eEEEE ES44E 4ESEE

w. . . . . . . .. - = _.
(,mj#- p'| t i

ii.-

*- *t *: e * *1 2 i f & 2 O . s e W g * * * * .

I2'l
.

e .o

,_



__

M ,e
- - - ' -

.

.

t
~ ~ *

- - - - - . . . _ . . . . ,

\ ' '' '
,e r...M..

|

C \ .:
I .,

.

M
Ph>

.. u

V.f
&

e
tw. .**'*
n

. n
se

-,=
% i

t | .
s : .j |
e <.

.

. . ,.

. . . l --..

E f .
f '; ! *****

.I e g .=
. i i ,I i i,- a>.

U l .*
e - ame .

'
I O 0 |

8 |
g ! y

|
'"

- .
ee . t

3 2 .! : l'
'

F . .
-

t > ,: : : ; _

.L ." . b hh
'

| 4 i. i'. , *

7 Titi it l !
'

l1. i m .n." .
+ ,

| |,. , n'
C._

., .

.}|
,

r,g ~. . . . g p
.| |

. .

t
.

e'

i | :. -sg
E" fri - 1 i ' I

: ??TT :t ' ! ! I,.= E .m.fle 00 l'

**

C. t.a *W ""a. I* , .
.- ._-

*5 2= *Et . .. * ::::: Y** I- *
,,

5Y ''
b- ****

".W~1. *

I'
. ..

.4 ; i
I I i,: I ~.

: :. ??r. s's I i,

i ; j ' '

|
5 ***y ." W | 6

i-
t. - - , . . - '

! ce 23: 22 E i | | 1'
.

I ! !
i -:. *W Eh '

- .
!27 :."r , .

. ,"'

i.
; i:

i
. ..- . . .. ;-

. s- von .
.

*a s sr . ::
.-

i. !. i.essm ,r.
- .

EE . -

s:s= gya : i .

. -

._ _ '= -u-s .

se:e : -
.

[
, .

- ,

! : : : i
>

ses Y.s.s
- .

.
-

, ,..-. i. . . . .
- - 'r r i. .. s

- - . t
| *' ,

, > *.

! !I ' ' '

8 | :

f: f i j
,

'
. ge //

... . .

i( p' y ; i ; i :. i ; ;
'

.

| ! ;" ; oshs- *
, , ;.

L. g,2 0 -o'.,<,
-

.

. . .. . .. . , . ., , , ,, .. .. .. . ..
,-

ILD
.



- _ _ .

. . . _ .. -

- **** .. .....o.
1 ,

e . 4
Ie r a . . . #"T* . ==er..-

. .

E4 .

U l,-..
"

t

'I.
em .

m.ee
e.e ie Je.
*

.

t
%

8'

I-
2 | #

# % ! | q
t .

55. e._ ee. e. e. e. s. s. e. e._e. _e. e. e. e. e. e. e. ee. e. e. m. e. [.ee. e._e._e. e.

e
. ! I4 s

e e . ' -

| .J ...e. ...... . - -- . . .e .. .. .m

e.e v ..se.~e.o. e4 < a e.ir.m>v 4 t,ees e c. ev =nems * A
M ' e eme #w.=ea-ir e -.ep e no

-

e en
- w ue a a ~ -+ -#* eme-*e * , ee-

e e o e e .reme d.v er.er er 4 66 s.>e>e&E.e

s seses r = s e r Ave e erO esseeereca, n *erDe e
eee e ee e eeeee.****Ye |e e i

4' e s

, e !
. ee

; I
- i

i
' 'g - . .

5 e. e. . e. e. .e. . .e. e. e. e. e. e. e. e. .e. ..e. e.
. s. e. e. .e. e. I,W I i- , , . . .. . .. .... .e

'K%"'to'e'TFw,whk e es '.,L s e*~- an.an.enande.6h.s. b'Lhe ded 6e e .=
e ne44<r .--~<e c -s ~e a s e-

4 e ener a i.,P mc e e e a. e seeps - c e Need,e ta= A v .=ee tr. o|e m .n. .e- r- -- ev.<N~me o

.e.e.e., .n.s.a..c e e -ee.e. .c. . e. . . . .~.e. .e.s.a.m.e. nan % e
e. c ee * -

e -- u. ww. <<<< ga z a O

e. *g *Eg ,

. e.
.. ............. jx a .

. ;
| ! c | I,

j 3
'

- -[
e

Y euOs a

( e .e Iw e
. 4er e - =eeseesee

t

e o iness 9 e. n.e. ee. e. e. ee. e. e. es. s. e. e. e. e. e. e. e. e. e. s. s. e. e. e. e. s.
e a .e. e. sy a 3

=== ed.ca4, 2. . . ,

A. n^-_-- - -wena.eenske enah wanana ,'F O = = > P =...

s eh
=4.d e e r=.m 4 Na eo.4 der.e.maee e Ne ir e. hee.=eeEe

_

O.=. .a .E.
.A 3 tas

kn es.=es=e-d er e es> _ we=c e esees s.*A e =.pa 4s 3== c a=
e ,O e >WO > eO eppo_ r . . . . - . - - --emede ss mee
e b 1 EX =.=~.me <<>>a.e. . e e e e e e . o . e=e>s o .er.r.e d.e.e e.m

d6
E w ... O seeeee

-
e e e

W mE f.. 2 .
-

e
,i> e .J. e

. , * **
g a

|* *e. .Pe 4 .e. E I | 8

.ee.' e.eee.eeeee e.e
t2e y g .y.

g o.s e e .e----.eee..e - --- : - e -e.

:

6e a .O .= e
e.e e E .sm.

h.g
y - ...--:

OC,C C OOC.COOCCCCO,OCGCOOOOOCOC C OOC OOWe O es= 8 O
e=, E EE E E s SS&E E E &s ES SSSEESSME R E SSEER

,. O* i .* * .J==4.e
=

3.e
co- = ge e.

,

iE**a -
'-

'g i.e
e es a >pme.e.emr - - - - - - - - - - - - - .meme e.o.a emen

i e O i e. e. e. e. w. . . . . . . . e. e. = ._ _ . . . _. ._L. e . L L. L. =. =. r. e.
____-__ ___ e:-

|'
Oe ,

| }e Ng,wenag - - - -*_-- -- w w w9 Ute * b . . .
. ghfe >

e.C C C ec e Ge mec O C E.Se c .S eC CC @ e G e e CoC Ot U .ad .e.gV O
t e y g gsposeeeeeeseeeeeeeeeeeeee cepeepo

e em e ss O eeeeoceeeeeem
m eec o me ee e e e eemesee.fb.h.fneN.N..%.e %.4%.sfb.N.M.fN.N.NNI\.fb8%.e 7.^.^_T

.^.
T.^.. JN.84.fb.Abe ** SAe3 , een.-s e O . ann e..e..e.

e e ........ 5......e...e........... .'e We
.e t Ya 1%"O. G 8

g

..e
-

e. O -ve -

.ee.r. : = = = = = = e - - - - - ;-_d.e.nges.,g e.gegpqqqggge -- r - e me.a* em 3 03 2
e. ~. ..O4% W y

?. : ?? ?? ?:.?:? ?? ? ????? :r?n. T~"w's>>".
-
* - -----: ty
...Et. e u.~u.~.u.u r,,m.-av e . . pena .~.ae~ede. .

- :
, 5

, . u uva-v <n ~s.r. . .. .n.~--ee
.n a.r. . . . . .en.a.~. . .e . ~< v.o. . . ee.ce-
< er<r--<-.e

--. . . ~ .
r

. . . . . . .a.a.a. ........e e ee......E. Oe. e. e e
... .

1 E. 1 .e e e_., <
.

-

eb
,.ee..~._.....e._.e.e....=.==.=._._.=.=._.,...nr.

- - -. <.<e ,,,.
b .e-

.
m -- ==

e, ___._. . _. ._ . . ..

.e...e.OS e .,,,e. .e e, ,
e ., ...>

. e e. , _ , ,

*E m..m.s.d * ewaf tr' E d G d .I ed -See.d Scee.af%serme d.mN.k' W
.

-

eU Mds

e e e ,- ~ee< e m e -.< - .e.e - e -o ,. - -se-eee- o- --, e-ame ~

e e e . e e . -~..-a.m.a.e.s.m. . . . .m .e.e..< e~. ~. ~. a..s .- -
<a <<.

1 , ...>....e.e . .. .
, . .

E | ig...'............................' .

*

; .

. : .,

l
g .--e-- - -- : - : - - : e - - - -

.

SfeateE8a:SEESSETE! 5333222 ?t38"*: Os,,y.,
*( r.>

le.
.

f .
-

y,

s s
m s' .

,
esso Nr.4;. - cr = ne;-.c r

=.z-. :_eio
eee.=ng 4 4,., .,

- ..:...:.--.' mz-

== -= =.=e.E--.. _ - -

b--
r* .d*g

..... , .1 . ., . . .. .. , , , .. .. .

! I29
'

.;
'

t
,

*
!
i

. . . - - .m . s. .m.* T** - o-** eu
.. A_

~. ._m_- - . - _ ~ _ _ - , _ ._ _ . . . _ _ . _ . _ . .



_ _

. - . . _ . _ . - - - . . - . - . . . .--..-. g

.
t.

1
- -

... -- . _ . . . . . . , .

. ' " ' "> g g y e . .

I.
-

( l
t 6

t_ .

u
U

g.

e

. .
$WD i

Iam.e |G I

.m i

,.o
4

.
g

s
9 I
% |e | 8,

{e ,

%
'

?
E

|i=
,,

. .-

| |
-e. .

F % g I
8" 4 | .

.e i - I
3e .

s -
c. o. m. m. e. ',e e e t a

p e

e. |i eman.a.Amew ,

t W E na4=G.
I'M

-

> Ee=F g a

|' |
|4 4 Md4fb

'I
w o- ,, 'g j ***** . i .

i
, ,

Ii !
e 4 .- i.

' -. ,

. ;
h Shd%ffnp8We.

*e g e

| tJ c eae. *== ,
9 + o eeeee iI I * ' l ie e m en, .

S a b e@=e= j -g
1 g

eeo v e. ==e j
. ,

|
4. .%. .c. O
eeenv i

te .
.

| .
*e

4 9$890 I | - f '

I's* '

j i ! !i
| | t( ^ am i
1 )_

* *.ooee- ,

.e..e. m . e, . | |'
eee ,y

!
. ,m.

O eme*= M= O
" I.m 864 r e ==

.

e.o
n.nced.e.. u e | |
-en > ' .

e
aq . w . .

| .GE
. i ; ew

. I ae.
M 1 O [ !

.

e . . . . .A f |
|->> e *

- oooco e } ! .

O |
Eress' h

. t

'
'

f s i ,

I i
* *.

a l I i !e aj 6.
===a -

. =e.e. e. e.
o. t | |I,* i ,

i . .m.. . .
. p ,.. m . . m . a. .

e coece' - 0, | |
1.| | eoooe e I s 4

.| aeeceee :n 4 - +

- swn.en.an.sn.e E i ! I I'
.

( l i
.

i

.I j .
' ; . t i. - i

o ' e eee m * * . -

' e O , e #

: i .

.E.
-

: : ) i ;i
,

.e .e '
e. . e. e. .e ,

e= t= .=

E. I E. tnJintnn.A.n. ant O
! '

.
e

-

. ee* me 3 .

Ie
. 'w ar we.eE9E st m O e t@ @ 9 s'

Ie.nn.es.e.ne. j t
z .> > e * ,.W K 988 *

C lei ! !
|'a u .

I ineue .8 i I.
'

i i
. en . . . e. e. , . , ,,

It =
e . 4 a.memasens : . * *

u u .e w e - a g i I t' |
..
*

2
2 armou sem n.

.I

' *|e

| 8 ' *= p= =come

**=. e.9 I.. ;

f.
8 6.. * r.

e 9090 * I e.

D | 3 * I |i *0 O s

| : :
~~~ .

|
.

l .*,.., .,
W.

.

.d ..... i ,e. .

U. Y o 0,0.e,00 s

. u
( E: E

* !
' -

! ; t ' ,, -.

s .i ! x. i- e-owis .

- -

- nese-e
- . ,

1..-... . . - - - _ p 60!/-5LL--... - . s. L*

130 -

-,,. .. . . , , , e . , . .. , ,
.

1
1

.
,

I

I
i

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



. . .- -

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

l
t.

i
* .

*
-

.

8
. . . - . . ,- ...

, . . . . #":". . .,
.-=

| .

,
s

.

.M

'he* !&

*t" |
"

.
&
.

e u.
.e. 1

M
, |

1
i

e *m
i e

-
'

.
e, 'I .

~

| t 4 I
.
'%

. 1 | ..

|

!.! e
; < <

' ' i*
q

E. 3
-* 8

.

. . _ 2 c _u: .re .-. - _ __ r
]

.
* ...*.*****.************-*************d D is. ,

-- ....... s. s. m....Nesse.mpe.ge.-.....
- '.).

- ... .R-p6 gp
.........1_

o8 . .
=w - a

a e i 2 | r,' .s, i 4
>pi. < .

+ i .B I

o.>. . 8 d *

. .e )w
- - O C- ^ w

. . . . . - -e e .d.e ,9 4., #. e . . .:. e
.Z

.m.
| O .m.m.6.m.e d.m e.S.;^ .-

e .. e
e e ee

me egserNeeme-a evercras. Nee *.eed.=E.4 eEh#" e
8 n

A.N = 'hc..4 e E .f*E N.m e e.$E.=F t F # d
rs 4ma.c ev r m.e

6 .g
-

. .es s-p O

F6.t-E. @.
' I g

> d r.e =A - h e d P NP c.== =#tE.M.@Pe N . .'i d. ..t4N 9Ed . Nm -. g W 8 *e .

. & . 4. t. d. 6 4. .rd. .d. W. M. m. F.J.'sF. m. A.sa.m . 4
1. .. '* . tp *J. .

. 1 4 I
* E a *.

as e e .*F. d.C.d.e.e. .. . .e.
*p i

e

s

*,e.e.s.t.e.44.e.m.d.e.d.P =..m%r.v s d C o f%d.=#=- . E.=>4.%.S 8%s C r 4 e< -

.
h.ae . . . .. .. .

- d . __ _ - - -
,. eeemeeeeeeee

m.e Na44.he
8*@d #e Fhs&E .r

.R.
f

d. . .e.e.r

e dir e p pe

=mm e m.N46F.#. m. d. e. d. 44. .eN.%&
c e et . .rp

.d,ms.s m . ope
e =N

dhedf* @d AAF.A .f
. ,

.
. . N. m. d. e. e. f.*J%.

. g ,
%i: . . ,'

: ,-
, i

m' . ,*. .r. .c. . . . . . . . . .r.a.n. . . n. . . .r. . - .:, ,4. P
s.*

.U
.

^ --
- * ,r- _ _ .... .....e

ed Ne e 8.% rte E.d e.ri.* *..== NC P.Ef t.e#4. 7_^ 2. s
^. - nA g

O. GGNmdf'4f4 4 .t . . d E.
I

dap

m. d. r.*E. 90............
.. =ee. oi S .p. E

I
w w. . ,

i - W ;
..

.

I i .
IM

. i

e.s.e. ~ ...~. .,.,et <<,m.~.. e .- -

c.
.W:. . ....,......... . ..... ...

aee .. a nv a,.a.<< e we ne. a.. . .

em.<,.m. . ,s .<-.=..a.a......,-<,es..,s s a.,,

Y' 8 m.., me.s..~ m. ~ , m , ,_unt ,. .....
-e -ee< --= : ..

.~o...=. ... .-e....._,e--.. .

. s. na........... .,. - . I_- .

2. s .. ... u..
,.

; .

.v. . =...=..r..... . . u.. ,....r........%.
- _: - w ___ .. .

. .

i .eun~. , ..,
......

. - ~-~~~~~...~ . m,~-~ .~. -.me .~~ . , ~
.o.

. . ..
<~es. . -t'*. mm.no . #.| .

. . . . . . . . . . 1. ^._ M. m. m. m. t tv.ie.te. F. P. m. m. e.ne. m. . - .

~ .~. - .n .
.. N

. . . .........
- . .

|'
. : * s ..

. i | I
o. - .. .u.h- . . .,-?.t** 5 . P . 76 . d.*| t "':*twW. ~..

....... 2.....__
_= .. .. -.i ; - ...

e- ...i .. - = . 7
ta ' :. ,

Wy y *

* * i :

E . . . . P m ,< r.~.. . .. . r ~.,.,.c.u.
. . .e-

T..

y

~e.-~-. .E.
...

ee<a---eenvaa.
- ......e..n. < . ... . . .

...,,r-~- .
| -- ..~, ..

n. . e,

. - . .m.s..~~~..-.<~,..,,s,-.-a
<<

< ~ rsm. , ~. -et..<-~,~ .M..,m.,=-<
!

+E . .r., , s <m .. - .- o i
i .

.u. .ne. m. .-n.
, .. g. . . . . .... y yi

-

.,

m . .~.,. m. r. . . . . . m in. ,.<. =. ._. _. . .r.
. . .. ..

..,.,, ...-.n <~e -, < ee -~a .
.. ~.- ,

.

I E ym
.Ne d%E de dmt pod tm rt9 8"tW Wp.e d 4 3.* .,~. -.e.t J -.

N a~_ _ .
I T

m n.e=..d momE m., d P.M.m V r".,# <r F 4 er'e#'t 8..dE d.mC .M P. E. @. E. d. W.tf.'th. O.dNd%s.%*C 4.. ..E.N.
l

O @ .s

.WE IAO O ed

Ww=**e8"the . . O=md.<

..m. . **3
t. ,,/

=.
. .s = *. ** asee u , f . y p. .

f I . . .= = r -_ = . <, ~, . . , ,,,d,n. + u m ,#,r ./g,,

g., 1 .. ., .
newn.wmem . .c 1. .c; gge in

. . .-. . . .-. ... g y . g |t. S 5
/S(

- - - . . . . . ., e . r .. . , , , ., .
.. .

- - . . - . . - . . .. ..- . . . . . . .

, . - _, _ -_. - - _ . . . _ . - - _ - . . .. , . . ._



---- - - - - - .. - -. . . . . . .

'

,

f

I
The primary plus secondary stress intensity was calculated at the most
highly stressed point and combined with the worst case stress intensity
during heatup from the Stress Report (Ref.1) to calculate the range of

istress intensity. The range of primary plus secondary stress intensity
was found to be greater than the allowable, therefore it was necessary
to perform a Simplified Elastic-Plastic Fatigue Analysis.~

The usage factor for the one (1) cycle of " Rapid Cooldown" was calculated
by the same method as the primary plus secondary stress intensity and
combined with the usage factor from the Stress Report (Ref.1) for a
total cumulative usage factor.!

The following pages contain the fatigue analysis.
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'
' i DISCUSSION

:

The geometry and materials were established by Report No. 4 of the;

OTSG Stress Report for Sacramento Municipal Utility District.

The Transient Condition is given in the transmitted data shown in the ;

Appendix. The analyzed ' Rapid Cooldown' was taken from this infomation.,

To detemine the themal effects of the analyzed transient, a thermal-

model was developed, film coefficients were calculated, and B&W Program
91167 ' Implicit and Explicit Temperature Distribution' was run. This ,

program detemined the temperature distribution versus time for +.he
overall geometry. (The tubesheet was not included in this model; however,
its temperature distribution was detemined later in the report.)

From this ' Time vs. Temperature' infomation, the critical times for
further analysis were selected based on: 1) maximum radial and axial
gradients in the model and 2) maximum temperature difference between average
tube temperature and average shell temperature (causes maximum tube loads).

The overall geometry was divided into classic analytical parts called'

interaction elements.

At the critical times for analysis, the temperatures for each inter-
k' action element were interpolated (by B&W Program 91032. ' Temperature Inter-
d polation Grid Change Program') to the fomat used by B&W Program 91206

'Save-SS-II'. This interpolation was required since the 91206 B&W Program
is used to detemine the free-body themal motions and stresses resulting
from the temperature effects of the transients analyzed.

Thc temperatures through the thickness of the tubesheet were deter-
mined using equations pertaining to a 'Not Very Long Rod Protruding From A
Heat Source' from Ref. 6.

The preceding thermal motions were input, along with the appropriate
pressures and other data, into B&W Program 91249 'Tubesheet Area Interaction
Analysis' to detemine interaction stresses, tube loads, ligament stresses,-

: etc.
,

j .To evaluate the interaction junctures, the appropriate stress concentra-
tion factors were input, along with the sum of the free-body thermal and 91249!

|
interaction stresses, into B&W Program 91076 ' Stress Sumary Program'. This
program calculates stress intensities and ranges for both primary plus'

! secondary and peak classifications. These values are then used in meeting the
stress and fatigue requirements of the design code.

,

!
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The critical . interaction junctures (head-to-tubesheet and shell-to--

tubesheet) were also evaluated for increased fatigue usage factor due to'

the ' Rapid Cooldown'.

The stress requirements applicable to the tubes were satisfied based
''

on stresses resulting from the tube loads output by Program 91249.

As an aid in visualizing the analytical steps just explained, a flow
chart of the analysis has been included on the following two pages.

A final check was made to assure that non-ductile failure would not
'

occur for a postulated base metal defect.

;
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RESULTS:

) A) Interaction Junctures

1) Hr.ad-To-Tubesheet

a) Max. Pri. + Sec. Stress Intensity Range = 79 KSI < 3 Sm
= 80.1 KSI (Page161)

b) Max. cumulative usage factor = 0.034 < l.0 max.
allowable (Page166)

2) Shell-To-Tubesheet

a) Max. Pri. + Sec. Stress Intensity Range = 33 KSI < 3 Sm
= 80.1 KSI (Page 160)

b) Max. cumulative usage factor = 0.0 < 1.0 max,
allowable (Page164)

B) Tubes

Max. Tube Stress = 26.0 KSI < yield strength = 30.3 KSI
(Page173) .

C) Check for assurance that non-ductile failure, due to postulated
defect, will not occur: ,

d erature at which non-ductile failure could occur
Temk00F(Page177)i

a2

Actual temperature of metal in area of postulated defect
0= 308 F (Page 177)

|
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CONCLUSIONS:

This analysis of lower tubesheet area and tubes shows that the
stresses and usage factors, including the effects of the ' Rapid cool-
down', are still well within the code allowables and the structural
adequacy of these areas has not been impaired.
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EOMETRYTOBEANALYZED

The Geometry Analyzed here is the same as was used in the original
analysis, and will not be presented here again. Refer to Reference 2
for complete description of Geometry Analyzed.
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- LOADS TO BE ANALYZED

The subject for investigation is the ' Rapid Cooldown' present
in the information contained in the appendix of this analysis.

The following pages contain sketches and a discussion of the
- transient that is analyzed.
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SMUD RApfD C00LDOWN
,

~

DISCUSSION OF ANALYZED TRANSIENT

A) Primary Parameters -
The reactor coolant cold leg temperature and pressure are shown

; on the figure on page 9. These conditions are applicable,

.

| to fluid blocks 193 and 192t
.

B) Secondary Parameters -
Period #1 - The steam generator is operating at 100% steady state

conditions.

Period #2 - The loss of Non iluclear Instrumentation (NNI) causes
a reactor trip and loss of main feedwater. Thus,,

fluid 191*cenducts heat by natural convection and it
is essentially saturated water. During this period,~
the water level in the OTSG is decreasing but this
does not affect the lower tubesheet area until Period
f3.

Period f3 - During this period the steam generator has boiled
' dry' and the pressure has decreased to essentially
zero. Therefore, the heat conduction during this

,

period will be by natural convection of steam.
'

O Period #4 - At the beginning of this period. The auxi11ary
, feedwater flow is started. The temperature of this'v

0feedwater is 80 F. However, it should be visualized
i that the water exiting the auxiliary feedwater

header comes into contact with the tube bundle.
Before reaching the lower tubesheet this water runs

0down the outside of the hot (>500 F) tubes. It is
reasonably assumed that after running down the out-
side of the tubes for an approximate distance of
50 feet, the water is heated to the saturation

; temperature.
i

As the auxiliary feedwater flow continues, the water
level in the generator increases until the OTSG is
full.

Since the water is ' pooled' in the lower tubesheet
area, the heat conduction for this period will be

,

by natural convection of a saturated fluid.-

i

*See Pages 14 and 15 for location of Fluid Blocks.
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MATERIALS OF CONSTRUCTION

Tubesheet - A-508 CL 2 (Mag Moly)

Head - SA 533 GR B CL 1 (Mag Moly)
.

Shell -SA212GRB(CarbonSteel).-

J Tubes - SB 163 (Inconel)

*
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THERMAL LOADING

The Themal Loads are represented by the fluid transients shown
on page 9, and they will be analyzed in detail in the follow-
ing Themal Analysis.
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TEMPERATURE DISTRIBUTION MODEL_

The following pages shew the temperature distribution model as
extracted from Reference 2. This model is used by Program 91167 to
determine the temperature distribution versus time for the lower
tubesheet interaction area.

It should be noted that the perforated portion of the tubesheet
is not included in the model since its temperature distribution will
be detenmined later by a different method.

.
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THERMAL PARAMETERS

The Thermal Parameters, with the exception of Heat Transfer Film
Boundary Coefficients, are determined internally in Program 91167.

The following pages show the calculation of the film coefficients
using equation contained in B&W Engineering Standards.
However, when conditions were similar to those analyzed in the original
analysis (Reference 2), the coefficients of the original analysis were
extracted and used here.
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TEMPERATURE DISTRIBUTION PROGRAM 91167

The Fluid Transients, Film Coefficients, Model Geometry, and
Material Codes were input into Program 91167 which detemines
temperature versus transient time.

The following pages contain sample output from 91167 to show
its femat and application.
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TRANSIENT TEMPERATURE DIS 1RIBUTION PROGRAM 91167'

SHJ0--RAPID COOLDOWN TRANS.--0TSG twR TU9ESMEET ANALYSIS BY LEW __ __., __ . _.. . _.._ _ _ . ___,.___,_.____

GENERAL INPUT DATA*
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BASE TEM 7 STARTIN3 TEMP STARTING TIME STARTING ITER PUNCH c4RD TIME
530.0 530 0 0 00000 0 0.00000
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i TIME IS IN HOURS

. . . . _ . . _ . . . . . . . . . _ . . _ __ _ _ . _ . . _

GEOMETRY OF THE COLUMMS
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CRITICAL TIMES FOR ANALYSIS _
'

.

Based on the temperature distributions output by Program 91167, the
critical times for analysis were chosen.

' The choice of times is a judgement based on experience. The factor
considered are: 1) maximum radial gradients in the model, 2) maximum
axial gradients, and 3) maximum tube-to-shell temperature difference
(results in highest tube loads).

The following pages show 91167 temperature distribution which will
be analyzed (those in brackets).

-

In reference to time scale on transient sketch (Page 9),'

the critical times are:

305.0 minutes (Iteration 26)
312.0 minutes (Iteration 39)
317.0 minutes (Iteration 45)
318.75 minutes (Iteration 49)
372.0 minutes (Iteration 72)
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TEMPERATURE INTERPOLATION

In order to determine the Free-body Thermal Stresses and motions
of the interaction elements (Reference 2, Page B-2-2), B&W Computer
Program 91206 will be used. However, in order to change the 91167
output format to the input format of 91206, this intermediate step of
temperature interpolation must be performed by B&W Program 91032.-

Contained on the following pages are the 91167 Grid (Initial Grid)
and the 91206 Grid (Final Grid) for each interaction element. Also,
there is a sample 91032 output for Element 5, since it is the most

- geometrically complex, to show its format and application.
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TEMPERATURE INTERPOLATION 3RIO CHANGE PROGRAM 91032 - REVISION 3 04/24/78

SMUD RAPID C00LOUW1---Of5G L3WER TURESHEET ANALYSIS---BY LEW ELEMENT 5
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r1HAL GRIO " - - - I - N I T ! A ' L- G H I 0- F I'N A' t -O'R I' O
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EOGE DISTANCE FRON INSIDE OUTSInE INSIDE OUT110E
Nu1HER 2EHo Live ,NA3]US RADIUS ,
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_, RADIU) _,, RB(2) RB(3) __ R914) NADIUS*
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.

I 2.0000 57.7836 67.5T 3 57.7838 60 2207 62 6576 6 0946 67 531

| 3
-
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| ~
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- -
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'--
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FULLCNTh/bATNN5400 RAPID C00LDOWN---0T50 L0 DER TU3ESHEET ANALYSIS----9Y LEW 91037 *REV 3 i

**FULL CERIIFICATION ** *.m FULL CERTIFICAIIOR * *"*

TE1*ERATURE INTERPDL4 TION SRID CHANGE PROG 9AH 91032 - REv!SION 3 04/24/78

, _ SHUD HAPID C00LOOwN---0TSG L3 WEN TuslESHEET . ANALYSIS---BY LEW .

ELEMENT 5.

I TE$4PERATURE Or NODE PER EDGE OF THE FINAL GRID FOR ITERATION 72

SEGN CA4D
No. , NO. * IDENTIFIES PHAf4 TOM SEGMENTS

~ ~ ' - ^- ~ ~~ -- ~~"-~

1 392 371 333 271 215 4D1. _ ______ _.___._.__, .

|
. _ _ . . _ . . . . _ . . _ _ _

2 395 373 33'i 275 216 402
3 399 375 _.3311,_279, 216 403.. _

4 403 379 340 282 217 404.

5 408 381 .342 .285 217 405.. .

6 443 413 371 306 217 406.*
7 442 419. 376,_,310_218 407.,;

' R 443 421 394 313 219 408.
'

9 444 423 394 315 219 409._ _
. , _ _ _ . _ , , _ , _ . . _ . , , , _ , , _ _ _ _.

-

10 445 425 384 316 219 410.

11 452 435 39l 328. 219 411.*
12 452 43T 39') 329 219 412

j 13 451 435 .404 .329. 219 413
14 451 435 3 9') 329 219 414.

| 15 449 434 .39,1.328 .219 415._ __ _ _ _ _ _ . . . . . . _ _ _ _ _ _ . _ _ . _ _ _ _ _ . . _ _ _ , _ . . . . _ _ _ . , _ __
______

l 16 451 444 414 343 219 416.='

] ............... NOTE THESE TEM *ENATURES ARE,_i_(ACTUAll MINU5_TleASEl._**,titit m m **
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TE9'ERATURE INTERPDL4 TION GRID CHANGE PROGRAM 91032 - REVISION 3 04/24/78
SMUG HapID C00LO0dN---0TSG L3WER TdRESHEET ANALYSIS---9Y LEW _ _ , _ _ _ _ ELEMENT 5 , _ _ _ . , _,,___
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SEGN CAdo
NO. NO. ' IDENTIFIES PHANTOM SEGMENTS -'---

- -~ --- ~ - - * - - - - ' ' ~ ~ - ~ - '

11 450 442 412 342 219 417.
* ~- --' ---

~ ~ ~ ~ - ' " - ~ ~ -18 448 431 403 340 219 418. " - - - - ~ ~ ---- ' ~ -
19 446 435 405 337 219 419.

20 442 431 400 ~ ~ 334 ' 218 420.'
El 438 425 394 330 218 421
22 433 420~ 383 326 218 422.~

23 42T 412 350 320 217 423.

24 420 404 371~~313-'217 424.
25 413 395 357 306 217 425

- 26 405 1 383' 345 296 216 426. ,

27 396 373 330 285 215 4"'

--- ~ ~- 2 8 388' 360 312 ~273~~215 428.
29 383 353 301 266 214 429.
30 379' 345 290 259 214 430.

31 374 339 279 251 213 431.

~ - -' 32 '370- 332 266 ~243 212 432a
~
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FREEBODY THERMAL MOTIONS & STRESSES

The following pages contain a sample output from Program 91206 to
show its fomat and application, a tabulation of Primary Plus Secondary
Freebody Thermal Stresses, Peak Free-body Themal Stresses, Free-body
Themal Motions, Motion Adjustments for Element #5 (Tubesheet Ring),
and Program 91206 models.
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*

**** *.**** FULL CERTirtCATION **** .

.

I\ . .._. . . . . . ,. ._ . . . . . ._ . . . _ . _ _ . . _ .
. . . .

' ELEMENT 5. ITERATION 72 PAGE 15 DATE 04/26/78

UAg{gyggSA {{g ,L . _ . . . . _ _ - . . . . . ..

.

j 50SITIVE DlHECTIONS (*) ARE AS FOLLOWS
h TOP OF SEGMENT NO.I BOTTOM OF REMalNING SEGMENTS'

pg ,

RADIAL------ To THE LEFT RanIAL------ TO TdE HIGHT
|Q - - - -" ROT ATIONAL-- CLOC%w15E ~~ 'RO7ATIONAL-- COUNIERCLUCKwlSE"

g AMIAL------- UPWARD A41Al------- DOWNWARDg
IO _ , , , _,. ** SIGN C3NVEttil0NS ARE FOR A RIGHT HAND, VIEW **

k;
SEG. LOC. HDTATION Ag{A4x!A LOC. RAj|ALFORCgAL MOMENTrag}.Eg M NMO 01FU,g NU.

lh 1 TOP 0. O. D. TOP . 70lE*00 .3927 -03 0.
* .R565 +05 0. ROT. 703t*00 .299% -03 .Ill2E-") 1 Hof.

340l*l*06 .3370 +06 0. qui. 704E*00 .2065 -03 .223HE- -

.

2 HOT. . 66 2 *. 06 .

3 Ho '. .966?F'06 .7449 +06~'0. '" -"~ ~~ROI. ~ ~ . .705t*00 ''''. 12HE-03 ~~'.3319E-4

*
H29E-04 4532K-0. ' 2 5 '*( * 0 7 .1100 +07 0. 901. Tost *00. .4 Hu . .H295-04 .4 Sole-075,E*07 .1300:*07 0. ROI. 750E*005 Ho . . . .

52)F*07 .269% +07 0. AUI. ISOL*00 . 411(-03 708HE-0
6 6 HOI. ~ . .

*

7 HU'. 7 2 5( + 0 7 .4 32 3E + 0 7 - 0.~ ~90I.'"~. .74HL*00 ~~ .3004E-03 ~ 9710E-02 - - ~*
.

.744t*00 .4614E-03 236E-0.

8 H0". .873E*07 .6127E*07 0 90 . .
,739E*00 .6711 -0J 402E-0.

99 E * .H0 hse *07 0 ou . .

99 )3E . 0 7
9 fu> " . .

07 Ao ' . ,76et.00 .6a31 -03 584E-0
.

.

! : o evo l . - .' H55 +07 '
.n06.E*07 0.

*~ 90I.''~. 7hlt*00 ' .7637 -01 H42t-0
. ' ' " ~ ~ ~. .

.

DOI. .99S9E*07'' O. .

.15P(+00
.904SE-03 .212 -0 .fihl. 6a; +0T . t *05 0. 401 ..

144 *00 . 04%L-02 .240 -0Hof. 447 +0F . 3 +0H 0. 401. ..

5 HO I . ~ ' . 261 +07 ". 4 *08 0. AUI. 7J3L*00 . lH%L-02 .267 -0 -

| 4 803. . 26? +0F .

. 473E*0s' 0. -- no i . -" . 7 72E* 00 - . lH5E-02 ~'.2634 -0
R85E-02 .3037 -0I 6 HOI. .J92) +06 .156 E*08 0. 90". 7620*00. .

.JH4E-02 .3339 -0
.

7 HOI. .3197 +06 .16) E*05 0 AU '. 750t*00. . ,

*.i AO ' . 7.19t * 0 0 497E-02 .3SHHE-01 " ~ ~ ' ' - " ~ ~ " * * * ~ ~! A HOT. .146)E*06 . 61 *04 0.
~" -~' 40T. .1724E*00

. . .

574E-02 .JM3SE-0,9 Hui. .59648.*06 . 5bs *09 0. .

ha 20 l'01. . 071E*01 . 515 +0H 0 901. .,Tlut*00 . 6T%t-02 40 Hot-0
.7641-02 432tE-0IV 21 Huf. . 407E*07 . 404 +08 0. ROI. ;693L*00. .

. .H6tE-02 4SSME-0 . - - " ~ ~ - ~ ~ -~2 #. HOI. . F4 lt * 0 7 . 273t*pH 0. ~~ ~ -
AUI. 614t*00. .

,937L-02 .tiHvE-023 Huf. .200lF * 0 F . 10%E*0H 0. 90T. 6blL*00. .
. 6*4E*00 .2040L-02 .5014E-0(4 hul. .2171E*0T .922iE*0T 0. 90". .

c5 HUI. .2221 +07 . 72.9 4f * 0 7 0. 90". .625t*00 .21261-02 .5231E-0.

606t *00 .2710'.-02 .S*4tE-026 HOI. .214) *0F .53F1E*07 0. 90 '. .

ET HOI. . 895 +0F .3500E*07 0. 40". .1%H6E*00 .7?71E-02 .5641E-0 ~ ~ ~ ~ ~ ~ " " ' ' -

S11F * 0 7 .PllM +0 T 0. qui. .1%S$t*00 .231%f-02 .SH37E-0 *

2H HOI. .

29 HOI. . 01)F+07 .91rlE*n6 n. DOI. .!S44t*00 .7454L-02 .607sE-0
i 10 Hul. .5103E+06 .2S37t*46 0. 40I. .lidtt*00 . 2'.e 16t -0 2 .hdoll-0

31 CUI. O. O. D. AUI. .lS00L*00 . dbl 6E-02 .636*L-01
i ,

- (FORCE AND 40ll0N OUTPUT IS 14 GLOOAL DlHECTIONS H AND ZI.
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NRTkfb ICCNhULLCERTIFICATION
*

N** * F** FJLL CERTIFICATION ** *

,
. _ . . _ . _ _ _ _ . _ _ _ .

.. . _ _ . _ _ _ _ _ _ . . _ _ _ _ _ . . _ _ _ _ . _ _ _ .
__

ELEMENT 5. ITEHATION 72 PAGE 16 DATE 04/26/78

3b ' - - - -

P.E. A.M.' P.R.I N.C.12 A( gT.R.E.S.S.E.S. '
- - - - ' ~ ' ~ ~

|g . . ... .

( _ _ _ _ . MW _. . __. WMk _
MK

$gg,
_

NO. LO9G HOOP 4AD. LONG HOOP RAD. LUNG HOOP RAD.

I I 6554 2 -2772 7 212.8 -3327.4 7241 9 -- .694.4 3R30 4 3596R.] 2 2.8 -- ~ ~ ~

*h 2 6*59. -3540 5 --" 217.9 -- -3218.3 "-" 6697.0 664.9 '"~ ~ 464 3 0 ~'3817 R.9 ---' 2 7.92
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- . ~ . - _ . _1EMPERATURES THROUGH THE THICKNESS
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OF THE TUBESHEET
- . _ . _ . . . . . . . ._

The temperature distribution through the thickness of the perforated
portion-'of the tubesheet is detemined based on a method contained in
Reference 6. This method uses equations pertaining ~to a 'Not Very Long
Rod Protruding From A Heat Source'. These equations have been programed
into a computer te~rininal. - - "-- - '

.

The folloWing pages contain a model of the rod and temperature dis-
tribution for each iteration. The point ~ spacing through the tubesheet is~

chosen to agree with the input requirements of Program 91249 (Tubesheet'

_ Area..Interac.tionAnalysis)_inwh.ich_.thetemperaturesareused.
.
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TEMPS. THROUGH THE THICKNESS OF THE TUBESHEET--BY LARRY UHITE
_____________________________________________

26ITERATION NUMBER =

TUBE HOLE DIA. (IN) = 0.641 TUBE HOLE PITCH (IN) =0.875
TUBESHEET THK. (IN) = 24.00 TUBESHEET MATL CODE = 12
PRIMARY CLAD. THK. (IN) = 0.0 PRI. CLAD MATL CODE 0=

SEC. CLAD. THK. (IN) = 0.0 SEC. CLAD MATL CODE 0=

PRIMARY FLUID TEMP (F) = 568.0 PRI. FILM COEF. (BTU /H-FT*FT-F) 640.=

SECONDARY FLUID TEMP (F)= 531.0 SEC. FILM COEF. (BTU /H-FT*FT-F) 285.=

559.71SECONDARY SURFACE TEMPERATURE = TS =

AT X = 0.005 * THK, T1= 5G2.77
AT X = 0.015 * THK, T2= 5G5.92
AT X = 0.025 * THK, T3= 567.17
AT X = 0.035 * TilK, T4= 567.67
AT X = 0.045 * TilK, T5= 567.87
AT X = 0.055 * THK, T6= 567.95
AT X = 0.0G5 * THK, T7= SG7.98

; AT X = 0.075 * THK, T8= 567.99
: AT X = 0.035 * THX, T9= 563.00

AT X = 0.005 * TilK, T10 = 5G8.00'

! AT X = 0.150 * THK, Til = 568.00
; AT X = 0.300 * THK, T12 = 568.00
: AT X = 0.500 * THK, T13 = 5G8.00 .

1 AT X = 0 700 * THK, T14 = 568.00 :

AT X = 0.900 * THK, T15 = SGB.00'

c3 PRIMARY SURFACE TEMPERATURE = TP 568.00=

$N

g(U;fUEIGHTEDAVERAGETEMPERATURE
567.91= AT =

$h.

g .

et
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TEMPS. THROUGH THE THICKNESS OF THE TUBESHEET--BY LARRY UHITE
_____________________________________________

39ITERATION NUMBER =

TUBE HOLE DIA. (IN) = 0.641 TUBE HOLE PITCH (IN) =0.875
<

TUDESHEET THK. (IN) = 24.00 TUBESHEET MATL CODE = 12
PRIMARY CLAD. THK. (IN) = 0.0 PRI. CLAD MATL CODE 0=

0SEC. CLAD. THK. (IN) = 0.0 SEC. CLAD MATL CODE =

PRIMARY FLUID TEMP (F) = 592.0 PRI. FILM COEF. (BTU /H-FT*FT-F) = 640.
SECONDARY FLUID TEMP (F)= 212.0 SEC. FILM COEF. (BTU /H-FT*FT-F) 560.=

SECONDARY SURFACE TEMPERATURE = TS = 454.25i

AT X = 0.005 * THK, T1= 505.17
AT X = 0.015 * THK, T2= 557.49

,

AT X = 0.055 * THK, T3= 578.29
! AT X = 0.035 * THK, T4= 586.55
| AT X = 0.045 * THK, T5= 589.83

AT X = 0.055 * THK, T6= 591.14
,

; AT X = 0.065 * THK, T7= 591.66
AT X = 0.075 * THK, T8= 591.86
Af X = 0.085 * THK, T9= 591.95
AT X = 0.095 * THK, T10 = 591.98
AT X = 0.150 * THK, Til = 592.00

,
' AT X = 0.300 * THK, T12 = 592.00

AT X = 0.500 * THK, T13 = 592.00
AT X = 0.700 * THK, T14 = 592.03 .

AT X = 0.900 * THK, T15 = 592.00,

592.00| PRIMARY SURFACE TEMPERATURE = TP =
g

! D
| $ f WEIGHTED AVERAGE TEMPERATURE

590.56= AT =

?} {
"

i
: m
t og
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TEMPS. THROUGH THE THICKNESS OF THE TUBESHEET--BY LARRY UHITE
_____________________________________________

45ITERATION NUMBER =

TUBE HOLE DIA. (IN) = 0.641 TUBE HOLE PITCH (IN) =0.875
TUBESHEET THK. (IN) = 24.00 TUBESHEET MATL CODE = 12

0PRIMARY CLAD. THK. (IN) = 0.0 PRI. CLAD MATL CODE =

0SEC. CLAD. THK. (IN) = 0.0 SEC. CLAD MATL CODE =

PRIMARY FLUID TEMP (F) = 564.0 PRI. FILM COEF. (BTU /H-FT*FT-F) 640.=

245.SECONDARY FLUID TEMP (F)= 212.0 SEC. FILM COEF. (BTU /H-FT*FT-F) =

SECONDARY SURFACE TEMPERATURE = TS = 494.02
AT X = 0.005 * THK, Ti= 519.83
AT X = 0.015 * THK, T2= 546.41'

AT X = 0.025 * THK, T3= 556.99
AT X = 0.035 * THK, T4= 561.21
AT X = 0.045 * THK, T5= 562.89
AT X = 0.055 * THK, TS= 563.56
AT X = 0.065 * THK, T7= 563.82
AT X = 0.075 * THK, T8= 563.93
AT X = 0.085 * THK, T9= 563.97

;

AT X = 0.095 * THK, T10 = 563.99
AT X = 0.150 * THK, Til = 564.00
AT X = 0.300 * THK, T12 = 564.00'

AT X = 0.500 * THK, T13 = SG4.00,

AT X = 0.700 * THK, T14 = 564.00
AT X = 0.900 * THK, T15 = 564.00

564.00PRIMARY SURFACE TEMPERATURE = TP =
i

-

%

| ) I WEIGHTED AVERAGE TEMPERATURE = AT 563.27=

k|. D
.

i M
1
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_

_ -

{ {,

TEMPS. THROUGH THE THICKNESS OF THE TUBESHEET--BY LARRY WHITE
---------------------------------------------

49ITERATION NUMBER =

TUDE H0LE DIA. (IN) = 0.641 TUBE HOLE PITCH (IN) =0.875
TUBESHEET THK. (IN) = 24.00 TUBESHEET MATL CODE = 12
PRIMARY CLAD. THK. (IN) = 0.0 PRI. CLAD MATL CODE 0=

0SEC. CLAD. THK. (IN) = 0.0 SEC. CLAD MATL CODE =

PRIMARY FLUID TEMP (F) = 538.0 PRI. FILM COEF. (BTU /H-FT*FT-F) 640.=

SECONDARY FLUID TENP (F)= 540.0 SEC. FILM COEF. (BTU /H-FT*FT-F.t 652.=

538.79SECONDARY SURFACE TEMPERATURE = TS =

AT X = 0.005 * THK, T1= 538.50
AT X = 0.015 * THK, T2= 538.20
AT X = 0.025 * THK, T3= 538.08
AT X = 0.035 * THK, T4= 538.034

.
AT X = 0.045 * THK, T5= 538.01
AT X = 0.055 * THK, T6= 538.00
AT X = 0.065 * THK, T7= 538.00,

AT X = 0.075 * THK, T8= 538.00
AT X = 0.085 * THK, T9= 538.00
AT X = 0.095 * THK, T10 = 538.00
AT X = 0.150 * THK, Til'= 538.00
AT X = 0.300 * THK, T12 = 53D.00

: AT X = 0.500 * THK, T13 = 538.00
! AT X = 0.700 * THK, T14 = 538.00
i AT X = 0.900 * THK, T15 = 538.00

538.00'

PRIMARY SURFACE TEMPERATURE = TP =

538.01! N g WEIGHTED AVERACE TEMPERATURE = AT =

o;%se s,

Df'O
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TEMPS. THROUGH THE THICKNESS OF THE TUBESHEET--BY LARRY UHITE
_____________________________________________

.

72ITERATION NUMBER =

0.641 TUBE HOLE PITCH (IN) =0.875TUBE HOLE DIA. (IN) =

TUBESHEET THK. (IN) = 24.00 TUBESHEET MATL CODE = 12
5PRIMARY CLAD. THK. (IN) = 0.0 PRI. CLAD MATL CODE =

5SEC. CLAD. THK. (IN) = 0.0 SEC. CLAD MATL CODE =

640.PRIMARY FLUID TEMP (F) = 278.0 PRI. FILM COEF. (BTU /H-FT*FT-F) =

137.SECONDARY FLUID TEMP (F)= 280.0 SEC. FILM COEF. (BTU /H-FT*FT-F) =
:

278.24! SECONDARY SURFACE TEMPERATURE = TS =

AT X = 0.005 * THK, T1= 278.15
AT X = 0.015 * THK, T2= 278.06
AT X = 0.025 * THK, T3= 278.92
AT X = 0.035 * THK, T4= 278.01
AT X = 0.045 * THK, T5= 278.00
AT X = 0.055 * THK, T6= 278.00
AT X = 0.065 * THK, T7= 278.00i

AT X = 0.075 * THK, T8= 2?S.00
AT X = 0.085 * THK, T9= 278.00
AT X = 0.095 * THK, T10 = 278.00
AT X = 0.150 * THK, Til = 278.00
AT X = 0.300 * THK, T12 = 278.00
AT X = 0.500 * THK, T13 = 278.00
AT X = 0.700 * THK, T14 = 278.00

'

! AT X = 0.900 * THK, T15 = 278.00 I278.00PRIMARY SURFACE TEMPERATURE = TP =

k 278.00UEIGHTED AVERAGE TEMPERATURE = AT =

* !!4 5:

#<
.
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MECHANICAL LOADING
<

The Mechanical Loading is represented by the primary pressure and
secondary pressure. Below is a tabulation of pressure for each itera-
tion which will be input into the 'Tubesheet Interaction Program' 91249.

ITERATICd PRIMARY PRESS. SECONDARY PRESS.

'~ 26 2150 PSI 890 PSI
39 2030 PSI O psi

.

45 1650 PSI O PSI
49 1450 PSI 1100 PSI
72 2050 PSI 14Q PSI O

i

e

i

!
LEW
620-0011-55

'
-

6/78
111

l

l
'

'

_ .. _ . . _ - . .
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INTERACTION ANALYSIS PROGPM 91249

The following pages contain a brief description of Program 91249
Analysis and sample 91249 output to show its format and application.

( It should be noted here that late arriving transient infomation
(See Page A-11 of Appendix) redefined the maximum tube-to-shell AT.
To calculate the effects of this larger AT, the 91249. Iter. 72 was
revised and now includes these effects.

!

l

.

, ,

LEWf 620-0011-55 '

'

6/76
112

[ ,
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BRIEF DESCRIPTION OF PROGRAM 91249 ANALYSIS

(CON 5 ULT PROGRAM 91249 ' USER'S GUIDE' FOR MORE DETAll (REF. 10)

This program analyzes ttfe straight-tube steam generator vessel as a six-
element, five-juncture interaction.' The program calculates the element flexi-
bility matrices and the redundant forces at each juncture.

Element 1 is a long cylinder extending from Juncture 1 to the secondary
'

face of the opposite tubesheet. Each section may have a different E, =, and
thickness. Elements 2 and 4 are transition elements. Element 5 is an irreg-
ular shaped ring. Element 6 is a perforated plate on an elastic foundation.

'

The free-body pressure motions and some of the free-body themal motions
at the junctures on each element are calculated by the program. The remaining
free-body thermal motions must be input according to the following sign con-
vention. Deflection outward from the centerline and rotation in a counter-
clockwise direction on the view shown in Fig. 2.1-2 are positive. This sign
convention is only used for input. Rotation and radial deflection are positive
in the direction of the corresponding redundant for output.

The total matrix includes the effects of local flexibility at junctures
2 and 4. for the redundant moments, shears, and vertical loads at each juncture.
The only redundant vertical load is the load at juncture 5. The vertical
equilibrium equations for elements 2 and 5 yield V1=V2=V5 plus the free-
body pressure loads on element 5.

Principal stresses and stress intensities are calculated at the inner
# and outer surface of each element at preset intervals along the element,

except for tapered cylinders. The use of tapered cylinders rather than short
cylinders results in stress calculations only at the junctures.

The program calculates peak stress intensities in the tubesheet ligaments
using the method described in the-ASME Code, Section III. Peak stresses are
not calculated at the junctures between elements. The program also does not |

l

include any free-body thermal stress due to the linear portion of a radial
temperature gradient.

1

i

|

!

|
LEW |

d 620-0011-55 ;
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PROGRAM N3. 91249 INTEMA* TION ANALYSIS OF ONCE-THHOUGH STEAH GENEMATORS DATE 05/16/78
>

S900 RA*lD C00LOOdM -- LWR T.S. ANALYSIS -- HY L. W9ITE . ITER 72

. _ .. . ._ ._ .- ~ I NPU T D A T A - '
~~ ' ' ~ ~ -~ -- - - ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~~ -* _ _ _ _ . . _ _ _ _ . . . . _ . _ . _ . . . . . . . _ _ . . _ . _ _ _ . .

PIECE ELEMENT INSIDE RADIUS THICMNESS THICMNESS LENGTH YOUNGS ALPHA AVERAGE MATERIAL
(i003 (801T04). H)DULUS TEMP. CODE

i

I

; THANSITION CYL. 2 64.9375 6.62SO 6.6250 2.500 2.861E.07 .730E-05 397.000 12

'o THANSITION CYL. 4 59.5313 8 0000 0.0000 2.500 2.861E.07 .730E-05 398 000 12

2 872f+07, .675E-05 379 000 . 2
|

-

SvHERICAL SES. 3 S9 5313 H.0000 -- --- ------

't .___ d I Nii .
5 57.A713 18.n913 10 08:0.1 26.000 2 820E*07 .736E-05 4T3.000 12

| OUTSIDE RADIUS THICKNESS'

- PLATE ON ELASTIC-- --57.4713" '24.0000 ' ~ - - ~ ' - ' ~ ~ ~ - ' ~ ~ ~ 6 158E+06 -".718E-05 -2T8 002 12 ~6
FOUNDAllON -

-

' ' - - ~ 'o
,

**
-- - 2050.n PSI-'

~ - - ~ ~ ~ - - - ' - - - - - - - " -- - - '

PRIMARY PRESSURE

SECONDARY DRESSURE 160 0 PSI
* #-----"--- - -

.300
- ' - - - -- - -- - - - - - - " - - - - - - - - - - - -

- - - ~ ~ - ~ ~ -
PolSSONS RATIO

HALF-ANGLE 0?ENING Or CAP IDEGI 90.000,

I
I TYPE OF TA*E4 ON ELEMENT 7 TS 0

'

T YPL ')F TA*E4 DN ELEMENT 4 IS 0

f ~' LOCAL FLEXIRILITY THICKNESS AT JUNCTURE-7 I F 7&375

| LOCAL FLENIRILITY THICKNESS AT JUNCTURE 4 IS A.75n

3 _ . . . _ _ . . . . .._ ..__. _ - - . . _ . . ..... . . .._.. . . _ . _ . _ . . . . . . . _ _ _a

Tu
- N O

_ _ . . _ . _ _ . _ . _ _ _ _ _ . _ _ _ . . _ . . _ . _ . _ . . _ _

Qko,tg.,..
. . _ . . . . . . . . . - _ . . . _ _ _ . . _ _ _ . - _ . . . . . . _ _ _ . . . _ _N'

! f . ._ . . . . . . . . . . . ._%Q'

i
- h

. . .

a vi'
i
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S/16/78 39 37.49 PA3E 1363-5-15fflCAT104ITER 6 91249 REY 4
FULLCERTfFICATIONSHUD STEAM GENERA 1 4---REA TOR TRIP TRANS. Fut. CLRT **** 91CC66FJLL CEItTIFICai ON **** ******** **** .****

i

PRUGRAM N3. 91249 INTERACTION ANALYSIS OF ONCE-THMOUSH STEAM GENEHATORS DATE 05/16/78
2. .. . _ . . , _

_ . . _ . . _ . _ . _ . _ . _ _ . . _ _ . _ . . . . _ . _ _ _ .

.SMUDhAPIDC00LDudN--LwWT.S. ANALYSIS -- BY L. WHITE - ITER 72
|

. _ _ _ _ . . _. .. __._ _.._ _ .._. _._ _..._ INPUT DATA --~ ~ - - - --- - - - - - ' - * - -- - "--'---- ---- - -

SUHDIVISIONS OF LONG CYLINOER - ELEMENT I

:- THICKNESS LENGTH ' --' YOUNGS AV RAGE -- ' ALPHA
-

- -~ SECT 101 - 7ATElfgAL- INS {$NO. COD RAU HDDULUS T MP.

._ g - . __. . g j .. ____ 6 8.9 3 T 5"'-~ 6. 62 5 0 St.54T5 '2 657E*07 545.8 '-~ .716E-05" ~ - - - - - - - - - ~ -

2 II 68.9375 4.1879 304.5925 2 65Tt*07 545.8 .716E-05 -

-"---~~-'3--- tj- 69.9375' 6.6250 120.5950 2 657E*07 545.8 .716E-05

4 1 68.9315' 4 1475 91 4975 2 657E*07 545 8 .716E-05
_ .. . . 5 ~~-' 15-- 68.9 37 5'~ 6. 6 25 0 -- 54.9' 7 5 ~2 65TE*07 5 45. 8 ~ ~ . 716 E- 0 5 ---~~--- ---- --

"

,

.

. _ . _ _ . . _ _ . .. { . _ _ _
.

622 270TOTAL LEN3T4 (L) 0F LONG CYLINDER
EFFECTIVE LENGTH (L - LENGTH 3F ELEMENT 2) 619 770
EFFECTIVE HALF-LEllGTH OF ELEMENT 1 309 985

AVERAGE V3U1GS M0fiULUS 2.657t+0F

AVERAGE T4E4 MAL EXPANSION COErFICIE1T .716E-05

. D . _ ' . . . . _ _ _ _ . . . . _ _ _ _ _ _ _ . . _ . _ _ _ _ _ _ _ _ _ . . . _ . _ _ _ _ _ _ . _ _ . _ _ _ . . . _ _ _ . _ _ . _ _ . _ _ .

N .

4 N O
N_

_ a .. ~ h
. __ ___

8N .

k ._ . . _ . _ _ . . . . _ _ _ . . . . .
. . _. __

I
; tn

q. .

-
\

-
:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ . ___-_-_
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PROGRAM N3. 91249 INTERACTION ANALYSIS OF ONCE-THHOUGH STEAM GENtRATORS DATE 05/16/18I

- .---...s..._.. .
. . _ . - _ . . . - ..... -.- . . . . . . - - . - . - - - . - . -

SMUDfASID COOLDOWN -- twRT.S. ANALY$15 --- BY L. WHITE - ITER 72

.!.
-

h
. .

INPUT DATA
_ __ _.__ f SJeolVIS10NS OF HING - ELEMENT 5

-- SECTIO 1 blSTANCE DISTANCE OUTSIDE INSIDE CODE NDe -

HU. -- - -- T 3 T O P -- - T U 83 I T UH - ' --- NA01U5
- - -

- R AD I US -- -
-

,_
1 _,,)10.7500 0.0000 67.5313 57 4713 1

, _ _ _ . _ _ _ _ , . _ _ . _ _ _ _ _ . _ . _ . . _ _ _ _ . . _ _

2 '24 0000 10.7500 75.5625 57.4713 1

. . - - -
1-

- -G.0000- -' 75.5625-- '67 5313' 2-3 10.7500
,

,

'

. _ . .. . __. . _ - T th E S HE E T D AT A--"- ~ ~ ~ ~ - - - - - ~ "- TUBE DATA -
~ "-" '--- -~~ ~ ~

TU9E PATTE1N DIMENSIONS (IMI TURE TEMPERATURE 359 80
-- PITCH --- -- TUDE H21.E -DI AM THERMAL EXPANSION CULFFICIENT .764E-05

N04 414 N04 MAK YOUNGS MUDULUS 2.989E*07
--- .8750 - 4 R650---- .6350 .6410 TUHE WALL THICKNESS -- ----- .0340

LIGAMENT EFrICIENCY OF TURESHEET .2T4 NUMBER OF TU6ES 15457.

-----EFFECTIVE P3IS,50N!c TAT 10 0F TJUESHEET 44010 ~~~1.ENGTH OF TUdt.S BET *EEN PRIMARY FACES 6 7 3 2 5 - - ' - -- -- -- - -- .

THERMAL ERPANSION C3 EFFICIENT .71n2E-04 F4EE LENGTH OF TUBES 669 25
.

i EFFECTIVE v3UNGS HOSULUS
-- .616E.07 -- ELAST IC FOUND ATION MUDULUS -" ~~ 8 4 0 0 0 --"-- -

MATERIAL CO)E FOR TUBE 54EET 12 MATED!AL COUE FOR TUBES 5

b - - - - ~ TUDE OUISIDE DIAMETEM .625 - - - - -" - -~ -~

( @h'

m y . ..
. . _ . . . . . - . . . . .
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- ~ ~ ~ ~ - - --' F LEKlBILITY HATRI A"----
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ROT A' 01 .33 9 676E-09 .?H33 9 4F-04 0
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--- -
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|' ~ ~ - CY{0NG
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- - 06-- *.852BE-09
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PROGRAM N3. 9]249 INTEHACTION ANALYSIS OF ONCE-THROUGH STEAM GENEWATORS DATE 05/16/78
.

SMUD RAPID CUOLD0dM -- lwr T.S. ANAL,YSIS -- BY L. WHITE - ITER 72'

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

*** VERTICAL FREE 900y HUTIONS ***

.
__

VER T ICAL: t.0_ 0P_t SHELL,LEGI ; VENTIcil LOOP _tTUBE._, LEG)

MOTIONS OF THE TUBES AND TUBESHEETMOTIONS Or.THE SHELL AND RING ELEMENTS *

- PH E S_SURE __E'__0 9G A T I ON ------ " -- -- ---- ---- PHE_S_SQtE_ELONG A T ION
--- - - - - - - - - - - - - -

-

*
. ___ ___ ______________ ___ _________
,

TU9E AND Tu9E HEET*LONG CYLINSER 1111712. * ARIA LONOAT UN AT
-

TRANS. CYLINDER .0006001 * JUNC U E 5 .1919730
*...____ 0593106_ _ _ _ , , , , , _ _ , , , , , _ _ , _ _ _ _RIN#8*

.
- - . _______________.__

__,,SU3 TOTAL _ ,, , .1710919___ _ _ _, ;_,_. SUnTOTAL .1919730.

__________E_ ELONGATION T_E_MSER A T URE__E_t_.ONG__A T IO_N
*

TEMPERATUR . ________ __ __ __ __________
. e

TuaE AND T HEETLONG CYLINSER 1 0558195 *
* Anta t ON ON AT
* JUNC U S .7261914 *

THANS. CYLINDER .0059661,

RING .0356113 ;
.

._ _ _ . . . . _ .
-- : . . . . _ ..__-------- __..__.__._. . _ _ . . _ _ _ .

.
---------

* SunT0TAL .7261914SO9 TOTAL 1 0973169
- .

._ _
! . _ . _ . . _ . .___ ___ _ _.

TOT AL ELO 4GATION*TOTAL EL3N*, Ail 0N
* (TU9E LEGI .5342185(SHELL LEGI 1 2684788

*
.. %. _ . . . . _ . _ . .._. _ . . . _ . - . . . . . _ . - . _ _ . _ - _ _.

f\1 g VERTICA MISMATCH ACROSS JUNCTUNE S
N Q t JHF. LEG - SHELL LEGI.

g a t. . _ _ _ . - - .7342M
-~ ' ' - ~ ~ ~ ~ '' ~~ ~~~

-~~''''{*

ELO 10NS,
MOTE 20%!Tiv,F NU9 W ClNDICAIit. Cow Hau7D
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PROGRAM N3. 91249 INTERA0 TION ANALYSIS OF ONCE-THHOUGH STEAM GENEHATORS "' 'DATE 05/16/78
e

54Ud'R4*ID C00LD0dN -- twR T.S. ANALYSIS --- BY L. WHITE - ITER 72

9 - - '- ~~ -- - - CALCULAT10N RADIUS 0 00 -
- ~ ~ - ~ ~ - -~ - - - ~ ~ - ' - - - - - - ~ ~ ~ ~ - - - - - - ~ - - - - - - ~ ~ ~

PEAK STRESS INTt.1SITIF.S IK511 J-
, ,
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[00 -25 2 -24.9 -75.3 -db.n T/.0 72.4 it.9 72.3
m0S~ -7 2. R ~-2 7. 4 -- -25.1 -- -2 4. 7 66.P 65 8 --- 74 9 72 3

0 -?l.5 -21 1 -21.7 -dl.o 62.9 62 5 63 1 62.4

-

20 -70 3 -19.9 -70.} -19.7 59.7 59.2 59.d 59.0*

5 -20 3 -19.9 -20.

25 -20 4- -)4.9 ~ -23 0 " -22 2 --- -~59.7 59.2 ~ 59.8
59.03 -19.7 58.7 59.2 ~"-- ~ - - - - - ' - - - - - - ' - - - - ~

66 4 65.6
30 -22.M -22 3 -71.T -21.n 64 1 6s.8 6 J .1 62.3
35 %4 -22 9 -27.4 -21.7 -21 0 66 2 65.8 63. L 62.4

|

N 45 "- N ' -?).R -21 8 " '-27.5 -'-27 4 *
69.4 69.2 ~ 72 9 72.4 ~~-"--23 7 -25 3 -tg.H

! .40 -23 9 ' 69. 4 ' - 69.3 79 3 79.1
i

N 50 D -Pt.4 -27.6 -30 0 -J0 0 19 1 79.3 83 8 85.8
Its 55 t -?T.1 -?T.7 -27 4- -21.6 79.0 79.4 19 1 79.3

75.6 76 2 74 4 7/.9 --"---- - -W 60 () Pg -25 0 -26.6 -74.9 -25.)
-- 64 6 66.4 6e.4 63 1

4 . - - - - - - " -

0 -77.7 -21.0 -2: .0 -21 765
-71 8 -2 ,.0 -21 7 6/.3 6 3.R 64 3 63 1

k
-20.4; 10
-19 6 -20 5 -72 7 -24.n 59.0 59.9 h3 6 66.4.75;
19 6 -20.6 -19.? -24 5 $9.0 59.9 59 0 59.3 ,HG g

j
'

; ,

|
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lERff! CATION 'b'*Fh(fClhTfffkkffhN *2III' ' k!Ch!d' - "
5""?.51EAM?5N{R{gR [jygRTRjg,[RANS. i ****.. rutt .

. . . ... -.. ..-.. .. _ -. ... - . - - ...-.-.._..... ..- - - - . . . . . . - . . - . . . . -. -

PROGRAH N3. 91249 INTERA0 TION ANALYSIS OF ONCE-THHOUGH STEAM GENEHATGRS DATE 05/16/78

5400 RA*lD CLOLDOWN -- lwr T.S. ANALYSIS --- BY L. WHITE - ITEd 72
~ ~ - " ' - ~ -- ~ - - ~ - - - - - - - ~ ~ ~ - - - " - -

. _ _ .._ _ . _.. _ ... ._. _ . . .. C ALCUt. A T10N R ADIUS'- ~11 49 --

PEAK STHESS INTENSITIES IMSll
- . . . . _. - . -...~ PR IM ARY SIDE -

- SECONDARY SIDE
'~- - - " - - - - - - ' " - " - ~ - - - --

*

CASE I CASE 2 CASE 3 CASE 4 CASE I CASE 2 CASE 3 CRSE 4
O .55 -20 3 -16 9 -40 1 55.R 59.7 56 1 59.4

5 6 - '- 2 0 3 " "- ' 6 9 --~ ~-2 0 0 ~ 55. 9 -- -" 5 9 6 -"-" 5 6. R ~ 5 9 3- -- 5
1 -21.n 59 2 62.7 59 5 63.4.7 9 -2 31 10 --

| 15 ,9 2 -2 2 -2 7 -24 1 62.6 65.F 69 3 T ,.B

20 -22 9 -2 .4 -2 .9 -24.n 72.5 1S.0 ev.5 7 i.6

25 -24.4 -25. ~~~-23 -24.9 76.I- 77.8 72 9 74.6
-24. -2).9 76.6 77 3 16 4 Pl.530 -24.9 -2

35 -22 0 -2 -24. -43 6 67.5 67 2 70 6 ' 7. 3.

40 - ' . -2 2 4 -2 3 -22 9 -t 3 1 61.9 66.6 (U.4 'd.7
~:' - - - ~ ~ ' - ' - - - - - - - - ~ ' - ~

45 -21 5 - - 7.9 -20 5 " - 2 0 . F -- . 6S.O 61 4 64 2 64 1
* J

08 -19.5 -19.% 65.1 6 l.2 61 0 60.950 -21 7 -

7.4 -1 7 4- -17 2 5H.8 56.1 54.6 54.5
!).455 --

7.4 - 75 -16 2 -16 2 54.7 56.8 51.A 51.460 -

~ ~ ~ 65 - 7 3-- - 7 5 ~ - | . r~~' - 17 4 54.7 - 55.8 ~' 54 5 -- 54.6
-17.6 61.8 60 1 60 9 61.097 s .10 -20 4

-d0 0 -2 .$
-

-e .H 64.9 6J.4 64.} 64.2
!

-:gg.42,:; --:35:5--. :23:t -. :$g:: - ?!:! --.;;;' --- TV:3- ?:::is -

a---t ,.

90 -24.9 -23 5 -2 .9 -44.7 14.4 73. T/.5 76.4
.,

95 -24.R -23 5 -2.4.9 -21.1 74.4 7J. , 14.6 72.9 .

00 -23 7 -22 3 -24.0 -2 .9 71 2 69.9 11 6 69.5
'

05 -21. 4 -- -2 0 0 -~~-2 4 3 - -t .7 64. 9 -~~ 6 3. 4 --- 71 6 -- 69. 3 |

8.7 -21 0 -91 61.8 60.1 62.4 59.5
.

10 -20 4 -

75 -20.0 - 59 56.7 56.h 59 3 56. )IS -19 3 -

.5.R 53.7 56.8 5V.4 56.
-

2n -17.4 7.5 -20.1 - - - - ' - " ~ - - - - - - ~ ~ ~ ' - - - - - ' '--

- 91 "---~~ '--" SM.R 56.7 65.7 6/.-22.)2$ ' W -l_7.4 - -17.4 '

91 65.1 63 2 bd.5 59.4
'90 -21 7 -19.9 -21 1 -

.Mi f4 -21 5 -10.9 -20.7 .9 2 65.6 63.4 be.J 54.6

''5 4 ~$j:$ -- :!':} - S:@ -:$h9 - -- %I:S --4,7:3 - 0:& - Il:2 --
\ 5gg -26.9 -2 6 -27 5 -27 5 75.6 7/.J HJ.4 83 4

h'j g PA-26.4 -2 .I -24.7 -23.R 76.1 ?T.B 76.4 71.55
60 -22 9 -2 .4 -22 0 -44.n 72.$ 7S.0 69 5 71.6

-i
Q f.5 N Q -92 -22 -18. - -20 9 -- ~ " - - - 62.6 65.f 59 6 6/.3

- " ' - ~ ~ - - ~ ~ - - -
n

F.9 -21. -18. -d1.1 59.2 62.7 59.4 6/.5 1

inb s -

s .- S.6 - 2. n . -19. -22 3 65.9 %9.6 64 6 65.715 s
IHO -16 5 -20 3 -16.9 -20 1 55.8 59.7 5b.1 59.4 ,_.,

y
:

1 u)
U1 ,

.
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PROGRAM N3. 91249 INTERACTION ANALYSIS OF ONCE-THROUGH STEAM GENERATORS DATE 05/16/78
_

_

SMUD R APID COOLDOW -- LW T.S. ANALYSIS -- HY L.. WHITE - ITER 72

_ _ _ . . __ _.....__.. . . - -~ ' CALCULATION RADIUS 17 24 - ' - - - - -
~ ~ - ' ' - "-- ~~ - ~

PEAK STHESS INit1SITIES IKSI)
. . . . ~ - ~ PRIMARY ~51DC

- - - - - - - - - SECONDARY SIDE
--

CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 6
0 -L'.3 -: 9.9 -11 9 -19.3 50.6 59.3 51.2 58.7

--S-"--- ,.4- 9.8 ~- 2 -19.1 -- - - - 50.7 - 59.1 51 4 -- 58.4
3* -19.9 51 61 9 54.7 61 3J.T -PG*50 --

6 -22 4 5 . '-> 64.5 64 2 70.041 -21 l5 --

T.1 ~d1.9 6 .3 T3 0 64.1 69 5T.7 -23 320 --

9 6 -23.4 - 9.5 -22 4 71.3 - 75 1- 68 3 72.0- 25^ -

J0 -P0 8 -P7 -20.? -22.R T2.5 7J.9 11 9 74.5
. tN -20 9 -22 2 64.5 63.6 72 5 73.99035 --

7. -19. -19.H 65.3 62.6 6ts . 9 61.3
S.8 - 7.]r-~ -17.5.9.H40

9.7 - 9.4 - 63 -86.4
*

62. 8 "" %9 2 - b l .1 ~ ~ ~ 6 0. 9
----

9.4 ---~45 *-

61 2 58.9 56. ST.e..

50 -

13 - 44 -14.4 SF.2 52.6 52. St.T7.9SS --

3.4 -13 5 -83.6 51.1 52.6 4o. 43.8.F.9'~ 60
--

T.7-- 1 6 - 6.4 -14.R' 51.0 - 52.9 ' ~ ~ 51. 7 - 52.1 ~ - " - -

65 ' - - - -

64- -15.6 59.R 56. St.R 56 24.T9570 ---

;7 5 -87.7 62.7 59. 60.9 61.15.9.9375 * ---

9.0 - l 9 <3 -19.3 69.7 65. 6F.3 66.9MO -/l.1 -

2 -- -d o . A 7 . 7 60. 6 -- b l.9 - 7 2 5 'A5 -22 0 - 9 0 -22 6 -20.2 T .7 6 *f . 6 14 5 TI.V9.0 -2290 -/7 0 -

.9.0 -2d.4 -19.6 7.7 66.6 T2 0 68.3 .

95 45.0 -

.9 0 -21 9 -17.1 6H.T 6>.5 69.5 64.700 -Fi.I -

2 9 -22 4. -16.6 62.T 59.3 70 0 f>4.2' .

05 -93 -

33 Cf.a 56.1 61.3 54.74.7 . 9. 995
10

---

2.1 SF.0 52.9 56.4 51.491365 . 7.7 --- -

1.9 SF.I 52.8 Sd.T l.2
$ -" - .93F.9 - 1.4 -

--
20 -

F.9' - .13--217 - 4.0 S T.2 ~ 5 2. 6 ~ ~ ~ 6 t. 6 -- f.4
-

25
1.2 61.2 54.9 61.4 4*55.4 -20 4J0 N 9.7 ---

.S 62.A 59.2 61 0 4.95.8 -19.r4.435 --* -

D 9.8
,

R.I-~-2.2.7 - -2
- ~64 5 6J.6 - f t. 4 - 64.8 - - ~ ~ ~ ' - - - - - - -65 3 64.8 69 473 -21 9 l .-40 - -

7/.01-- 9.0 -

g5 g D h-20.8----\
.

-2?.2 -23 3 -d). 74.5 7J.9 19.3 79.3150

Q .55 n -19 6 -23 4 -20.1 -22.7 Tl.1 75.1 12 0 74.4
61 3 73.0 64.6 69.4

NO 65 V -' 4.1 - -21 1 -13. 5 - e l .M.60 U -17.7 -23 3 -17.7 -

19.7 S T .5 -- 64.5 - 5* . 9 61. 0 -

10 N - ?.T -20.5 -11 2 -20.0 54.1 61.9 59 5 61.4
S J. 7 59 51.4 64.6.4 4.R -14.0 -2g.2.g.3 ag9.9 -11 9

r 15 1 - t
-I .3 50.6 59. 51 2 Sn.THD -

<

1
.. . . . . . . .

_ _ - _ _ _ _ _ - _ - . _ _ _ _ _ _ _ _ - _ . _ _ _ _ - - _ _ - _ ___
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FhlkCfhikfikkfbN I ICkkFULLhk!T$k! CATION*! kbUk$fh$5Eihi$hok E* * **** *****

- - - - - - - ~ ~ - --
"' ~~

-- -- - - - - ~ - - - - - - - - - .-

PROGRAM N3. 91249 INTERACTION ANALYSIS OF ONCE-THROUGH STEAM GENERATORS DATE 05/16/78

SMUD RAPID C00LD0dN -- Lw9 T.S. ANALYSIS --- BY L. kHITE - ITEd 72
1

- --' - --" -- - ~ ~ ~~ ~--- - - - - - -

_ _ _ __ __ _ __ _ _ _ _ _ . .__. CALCULATION RADIUS '22 99'
PEAK STHESS INTENSITIES (K$il

. . _ . _ _ _ . . _ __. ___ __ . PR I M ARY S IDE -- - " ~ ~ - - - - - - -
-

SECDNDARY SIDE

CASE I CASE 2 CASE 3 CASE 4 CASE I CASE 2 CAdE 3 CASE 4
-4.9 -19 3 - - ~ ~ -

43. 58.7 44 2 51.6
' - - - - ---0 - -3.B -19.4

- -5 3 7.9' 43. 5H.5 44.6 - 5 T.25 - --- ' . . - -19 2 -

9.4 -6 4 . 9.3 46. 60.8 41.8 59.14

-5
10

-

5 -5 - 9.4 -9 4 - ,9.3 50. 62 6 5F.0 6F.4
;9 0 59 70 1 51.9 66 5 '03;0 3 -20 520 - -

--- "-~--~ ~ ~~
~ ~ = 9.R'-- 64.4 71 3 61 7 --" 68.425 .27' 19 6 - 2-

.B.5 66.6 69 2 65 5 70 2,4.9 - 7. 330 ---
,7.5 69. 56.6 66.6 69 24.35 -|4 6 --= .

,4. 7 -15 1 61. - 5/.! 61 8 62 6 - -40 -15 2 . .- -

3 -17.9'-- 59.6 93.) 50.6 ' 56.445 ~~ .- 54 - -9.9 *-

7. -li.0 60.5 54 1 54 1 53.4*

70 -9.g50 --

17 -In.s 53.0 En.B 46.4 GI.831 -7 355 --

54.H 41.0 43.3 45 3}.5 -7. O. -60 - " ~ ~ - - - ~ ~ - - - - - -.-
54.6 47.2 41.0 48.4 ~ ~,d65 -- - 3 3 -- - -F. '- 0 . "- - .

7 50 4 5J.4 4.2057 -9.10 -- ..-

.3 v. 53.5 50.4 6.2910$275 ----

4.7 65.0 59.4 62.6 - 61 67.1 - -5.- i 5 1
-

-

80 -

4.9 61 ' 62.3 '69 2 66.6'27 *-85 '--'-~ - 9. -

.?.7 9.2
-

3.8 6 /. 62 3 70 2 6S.59. y -90 ---

B.9 .20 61.7 62 3 be.4 61 7 .

.2795 -u3., --

,16 -19 0 -10 3 63 0 59.4 66 5 51.9100 -11 5 -

---'05- - 5. r ,0 1 -19.9 -9.4 59.6 * 53.5 "6I.4 - 51.0
1 50.4 59.T 47.8

}.t -9 0 - R.3 -).4 51 6 41 2 51 2 44.610
-

f.9 23 54.33 -7.95 --

H.3 -4.9 54.8 47.0 5 f.6 44 25.5 -F47
25 v- 57 -F.5 - 9. 5 - - 5 . 6 --- '55.0 46.8 63. 5

--- "- - - - - "~~~ --'

20 h --
.

,10 h} - T.0 -9. - 8. -5.2 60 52.T Sv. 4 .
7. -S.A 59 5J.3 59 3 44 2

| 35 54 -9. --

R.9 -10.5 61.7 51 1 66 3 58.'N ,40 D - 52 -1 .6 -

-- u. - 14. 0 - 60. - " 5 H . 6 - -- ~ 7 0 0 65.
- -'--"-

. g

l' [~ -
4.6 ~ -1

T. -17.7 bn. 69 2 TJ.5 73 5.

\-14.9 -17. -

9.3 64.4 78.3 65.7 10.0
,

49- 2.T - 9.6

- () 5560(h y
--

65 - 5 . R --" - 9 . 4 - - 6 . 9 - , . 7 . 9 -- - -- - 5 0 . ~ 62. ' "- 4 0 .
-- 66.30.3 - 9.3 59.9 70. Su.0.5-03 --

v.3
R.S 46. 60.H 41.6 9.a

.10 N -5 3 - 9.4 -6.7 -
'

50.g4.2 -6.5 - 9.6 43.3 SH.S i .-4075 g
-

44 ..680 -3.a -19.4 -4.9 ,43 43.1 58.i
; g

V)
__ . _ . _. __.

.

.
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PROGRAM N3. 91249 INTERACTION ANALYSIS OF ONCE-THdOUGH STEAM GENEMATORS DATE 05/I6/78

SMUD RAPID COOLDOWN -- LWR T.S. ANALYSIS --- SY L. WHITE - ITER 72 .

- - - - - - - - - --- - - - - - --

..___. - cat.CULATION-RADIUS - 28.74"_ _ _ _ . _ _ _ .

PEAK STRESS INTE*SITIES IKSil
PRIMARY SipE -- - SECONDARY SIDE -----

CASE 1 CASE 2 CASE 3 CASE 4 CASE I CASE 2 CASE 3 CASE 4
t . ._ |.._.._ j'.$ ...||'.[ __ .j'.{...! {.0 _ , _ 3j.y _ g8.y , 35.y 1,.g _ _,

56.I*

3 647.. 64.037: 59.).04 eo.4 -e 25 s.4!1 2.7
- .e7. .0 .6.--

5.1 50 3 66.4 4N.9 62.7 -

6. -1 6
i -

20 .6 --

25 - " - -3 7 - 14 . 7 - - 3 6. - s . n - -- - ----- 5 5 . 4 66 3 53 0 ' 63.6
- - - - - - - - - ~ -

,

30 -F.1 -11 2 -5 4- -1 9 56.8 62 9 51 1 64.6

15 -90 -6.6 -71 -12 54.5 52 1 56 8 62 9

-2 ~"-7.%- -T.n' 55.9 45 6 - 55 1
56 5 ~ ~ - - ~ ~.4 56.9 49.7

' 45 - . ' - 24 - -42 -7.340
'

l.4
-- ~ ~ ~ - ~ ~ ~ - - - " - - - - -51 1 50.4* . *

-7 3 -$.3 56.9 44 6 46.1 41.7,

35 -1.J50 -

-6 4 24 52.2 39. 43.F 42 62955 -

7 . 24 58.9 39. 40 6 40.6.

5. P ---
. 2

- 5. t-
9.5 -5 4 -$.4 St.e>~- 39. 42 6 43 7-60 -

.- ---~05--- 3
.5 -6.3 -1.3 53.4 42 9 41 7 4o.7 *70

- . . .5 -70 -7.6 59.5 45 9 50 4 54 1-

._.$$._
" {d ._. * g j ._ ._ [ h, . N,I j . . 5 175

_ _ , ,

II.I*t ,.

2.% -5. 64.6 40 64.630 -4.490 --

4.0 -34 62.6 54 0 63 6 53.0 -

30 -4.4' 95 --

60.3 5 62 1 4H.9
SS.5 45(.3. 9 6 4 0 ' --- 4 F . 65.1 -1 427 -3 9

: '
- ' - -

00 --
. e 21 -2 5 - 6.5 .005 -

6.3 2.6 S3.5 42 9 SF.6 38.821 -1.10 --

6.3 3.6 51.5 39.9 55.6 35.7,

22 . -15 -

,T.0 4.3
- '- -

51.9 39 5 56 3 35.0
- ~~- - - ~ - - - - -25 .

-
20

- -
--

,7 5 30' 52.7 39 2 61 0 40.5.

25 ?.9 --

. -

6.5 P.9 54 9 44 0 SH.U 38.435 -130 -

35 h- '.4 -2. 5.5 9 57.9 45 6 51.0 39.5i
- -

145 ---D3' - 9 0 ~--~- 6 6 - t 2 5 -s.7 54.5 '52 1 - 62 3
49.3

-.7 56.9 Av.7, ;4.7-11 4 -b.2 -140 -

64 3 57.4.
' - --"

12 -10.1 - 0.1 59.8 62 9 64 9 65.9\s 50 D -Tel -

76 53.4 66 3 51 4 64.355 h 47 -5 73 -37 --

4.1 50.3 66.4 49 3 62.3\s y Dg .6 .6.R .7
.b.6 40.8 60 7 39.5 51.0 - ~ ~ - " ' - - - " ' - - - ' ~ --

1
-60 -

e ' ' - - ' ' ' ~ ~ ~ -
,7 2 .?I f.5 27 a-

6.6 37.1 59 4 36.4 56.0'\ l in k 4.3 -19.0 .7 -

75 N 56 -1R.4 30 -17.6 33.7 51 7 40.5 61 0
|

180
s
1 50 -lH.7 4.3 -11.0 33.3 53 0 35 0 56 3 . . . _ . . . . ..

. g
U\ . -. . . _ _ _ . . _ _ . .

.,
_ .
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PROGRAM N3. 91249 INTERA* TION ANALYSIS OF ONCE-THROUGH STEAM GENEHATORS DATE 05/16/78
. - - - - . - . - - . . ..--- - - . . - - - . . . ---- -

t
. ,

- - - . . . . . . . . . - . - - - . - --..... - .--...-

SMUD RAPID COOLDOWN -- LWR T.S. ANALYSIS -- BY L. WHITE - ITER 72

._ _. ---- CALCUL A f l04 R ADIUS - -34.48 - ' - - - - - - ~
- - - - - - -- ' - - - - ~ - ~ ~ - - - - - - - - - - - - ' ' - - ' - - - - - - - - -

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

PEAK STHESS INTENSITIES IKSIS
*

. _ _ - - . -.- -- PR I M AR Y S 10E- - - -
- - - - - - - - - - - SECOND ARY b! OE~ ~ --------- -----

CASE I CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4
O L9 3 -17.9 -- ' 5. 7 -15 4 - - - 21 1 57 2 2J.6 54.7 -

. 6 ' - - ' S 3.
S 7. F ' - -: 7.4 .4.7 - . 4 4 --- - 21 6 56.1

2=7 5 59.
,

'

37 2S.0 57 6 2
5 4.5 .- 4.6

.
76.2S.4

10
--

23 23.9 58 0 J5 8 59. .

21
, .9 -

.-
2 5 "- -- - i.6 ' -P.5 7. 4 -- -M.I

- - 44.1 -- 61 8
3F.8 S T.8

- ~ - - - - - - - - - - - -.9 ,03 38 220 15 -

.

60 2 42 2 57.7
39 25 - 4 5. -60 49.I 5S.1 40. 51.7
JS -1 9 .6 2. -3.4 4T.4 43 9 49. 59 1

- 4S -F.5 F.5 - . 5- .5
- - -

50.9 40 4 46. 46.8
- - - - - - - - - - - - - - ~" - "----1 240 -34 .I .

S1 0 15 9 44.0 4J.0; . *

50 -9.1 9.0 .7 .H St.5 J*.4 44 1 40.5. *

1' SS -73 9.7 .5 10 4H.7 29.6 31.T 36 2

, 60 -99 9.2 4 4 4H. 30 1 J4.6 34.8'

- '-~ ~ 6 5 -S.} - R.T 1 .5- 4 f. 3') . 6 36 2 -~ 31. T
T 41. 3J.S 40.5 42 1

797 .TO -ler .0 .5 50. 36.6 43.0 44.0
75 -70 .

e 80 -59 6.3 -12 .3 54 3 41 3 46.6 46.8

- ' HS '. 6 5.9 -34 P.6 So. -431--S51 49.1,
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PROSRAM N3. 91249 INTERA-TION ANALYSIS OF ONCE-THROUGH STEAM GENERATORS OATE 05/16/78
,

5%VD RAPID COOLDOWN -- LWR T.S. ANALYSIS --- SY L. WHITE - ITER T2

i - - . . . . . _ _ .. ... .___ _ .._ . . _..-- C ALCUL A T I ON R A D I U S - 4 0. 23 ' '- - - '- - - - - - - - ~ ~ - - - ' ~ ~ ~ ' - - -- - ' - ~ ~ ~ - ' - --- -
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PROGRAM N3. 9}249 INTERACTION ANALYSIS OF ONCE-THROUGH STEAM GENEHATORS DATE 05/16/78

SMUD ltAPID C00LD0d4 -- LWR T.S. ANALYSIS -- BY L. WHITE - ITER 72

- ' CALCULATION RADIUS 45.98

PEAK STRESS INTENSITIES IKS!!'
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- ~ ~ ~ ~ - - - " " - ~ - ~ - - " - "--
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PROGRAM N3. 91249 INTERACTION ANALYSIS OF ONCE-THROUGH STEAM GENEHATORS DATE 05/16/78
.

SMUDRAPIDCOOLDo[N--lwr T.S. ANALYSIS -- BY L. WHITE - ITER 72
* - - - - - - - - " -"- - ' - - ~ ~ ~ ' - ~ - -
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PROGRAM N3. 91249 INTERACT 10N ANALYSIS OF ONCE-THROUGH STEAM GENEHATORS DATE 05/16/78

SMUD RAPID C00LD0dN -- LWR T.S. ANALYSIS -- BY L. WHITE - ITER 72

. CALC'JL ATION RADIUS 57 47- -~ ~ ~~ - - - - - ' - - - ' - - - - - - - -- - - - - ' - " - - -

. . - . . . _ . . _ . . . . . . _ . .
*

PEA 6 STRESS INTENSITIES IKSil
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85 9 16.3 77.9 20.9 -31.7 33.4 -30 4 26.760

k 89 7 ' - 15 - 81. 7 - * 4 . 6 "~~ ~ ~ ~ - ~ -45.2 41.9 -3v.9 36.T
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STRESS CONCENTRATION

The Stress Concentration factors are taken from Page B-13-1 of
Reference 2. These are, of course, still appropriate since the
9eometry analyzed is the same.

KET B

JUNCTURE INSIDE OUTSIDE INSIDE OUTSIDE

1 1.0 1.0 1.0 1.0
2 2.75 1.0 2.31 1.0
3 1.0 1.0 1.0 1.0
4 3.39 1.0 2.94 1.0e

I
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INTERACTION JUNCTURE STRESS SUMMARY

To evaluate the interaction junctures, the appropriate stress
contentration factors were input, along with the sum of the free-body
thermal and 91249 interaction stresses, into B&W Program 91076 ' Stress
Summary Program'. This program calculates stress intensities and ranges
for both primary plus secondary and peak classifications. These values
will be used in meeting the stress and fatigue requirements of the Design
Code.

It should be noted that there is a slight difference in the classifi-
cation of stresses between the original analysis (ASME Code, Section III,
1955 Edition - Ref.1) and this analysis (ASME Code, Section III,1977.

Edition).

More specifically, the 1965 code classified the thermal stress due
to the equivalent linear portion of the radial gradicnt as ' Peak Stress'.
However, the 1977 code designates this thermal stress as ' Secondary'.

Therefore, the primary + secondary stresses input into Program 91076
f~5 are actually the sum of the 91249 stresses (Example Page 132) and the ,

I 91206 stresses (Pri. + Sec. Free-Body Thermal Stresses - Page 88 that include
the effect of the linear portion of the thermal radial gradient). -

Consequently, the ' Peak Increment Free-Body Thermal Stresses' (Page 93
Example) includes the thermal stress resulting from the total radial gradient
minus equivalent linear portion mentioned above. These were input into 91076

'

Program as peak free-body thermal stresses.

In essence, the above discussion means that the classifications of the
' Primary + Secondary' 91076 ctresses are conservative compared to the original
analysis and the classification of the total pri. + sec. + peak stresses have
not changed.

The following pages are the total computer output from Program 91076.

.

.

LEWs
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INTERACTION JUNCTURE STRESS EVALUATION

By ex. amination of the Program 91076 ' Stress Sumary' (preceding
pages), it can be seen that the most highly stressed junctures are
Junctu es 2 and 4.

Therefore, to simplify the analysis, only these junctures will
be evaluated.
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INTERACTION JUNCTURE FATIGUE EVALUATION

Prior experience on the OTSG has shown that the crucial areas for
- fatigue evaluation are Junctures 2 and 4. Therefore, to simplify tha

analysis those areas will be justified.

The following pages demonstrate the affect of the ' Rapid Cooldown'
transient on th9 total cumulative fatigue. usage factor.
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TUBE STRESS EVALUATION

The critical requirement for the tubes is to assure that the tubes ,

, ave not been stressed beyond the yield stress.h'

The following pages show the 91249 tube load output for each itera-"

tion, a tabulation of maximum tube load, and calculation of maximum tube
stress.
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NON-DUCTILE FAILURE ANALYSIS

The following pages show that the temperature at which non-ductile
fiilure would occur for a defect in the base metal is far below the
actual metal temperature. Hence, no failure would occur for the postulated
defect.

e
I The analysis is based on the procedure given in Reference 4.
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APPENDIX
|i
;l-

Infonnation supplied to Mt. Vernon Component Engineering' ~

{
describing the ' Rapid Cooldown' parameters.
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Refer n=e: (1) Nemo, B. N. Karrasch to G. M. Olds, "SMUD Cooldown Incident", b.
A dated 3/29/78.-

.

Attached for your infomation and use is a copy of reference memo (1), including
attachments. The transient sequence of events and curver contained in the
reference ~d package comprise the official informatio, regtrding the subjec: transient.
Based en the preliminary assessmants performed on tne RV, SG's, RC Piping, and
Pressurizer SMUD has been allcwed to gc back to power operation (restrictind to
75% full power). B&W has subsequently committed to a follow-up proEre o# analysis -
and c)cumantaticn to support the issuance of a letter frcm E&W to SMUD authorizing
returi to 100% full power. To support this Company comitment, those en distri-.

butici are recuested to formalize and finalize all necessary analytical efferts
for t1e affected comoonents by May 15,1978 (calculation packages and docientation
shc.;id be in Lynchburg en this date). Steam generator analytical efforts shoulci

*" b3 coordinatec with P. A. Sherburne. All other component activities should be
.

costdinated with J. M. Burnett (C. E. Harris and H. S. Palme will be assisting
J. M. Burnett in evaluation of the RV from a fracture mechanics standpoint).

< o5
'

i Kanheur charges should continue per the previously authorized charge nuder;

i- (Cont ract 595-7072, Task 6E, WBS Charge AM680B721 and appropriate Time and Materials
reporting forms shculd be transmitted weekly to J. T. Janis, Lynchburg, ,i '

Any preolems or questions that arise should be addressed to J. M. Burnett or
P. A. Snerburne as noted previously. Your coope ' ion in these activities arei
very much appreciated,

| ff.W;yn
4fC'O M |. M. BURNETT

6/78 :
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Cust. File No. ,

''

177 - All w Ref. .

. ,

Subj . Date

SMUD Cooldova Incideu: March 29, 1978
|m,i..,......,........,......w.,..

. .
,

1-
.

On March 20, 1978 SMUD experienced a loss of power to a substantial
portion of the non-nuclear instrumentation (see details - Attachment 3).
Although the Reactor Protection System (RPS) and Safety Features Actuation

.

System (SFAS) functioned properly, SMUD still experienced the most severe ' '' -

therr.a1 transient on any B&W plant to date. The subsequent investigation *
--

pointed out that additional guidance to our operating customers in the area
of limiting poteutial events of this nature is warranted. According1';, the

,

Engineering Department reco=cends that our operating plant customers be in- if forned of this incident, and suggestions be made on how to =4Mn4*e the
-

r plant thermal transion'. for loss of NNI and other similar events. Attach: cent

1, a sequence of events, and Attachment 2, a series of descriptive curves, are
provided to assist you in preparation of a customer letter.

In addition, the following recommendations should be made to assure proper ~
~

operator action for events of this nature: '

s

1. Operators chould be trained to recognize a loss of power to all or
a majority of their NNI (indicators fail to mid-range, automatic
or manual transfer to alternate instrument strings brings no ~.

response, etc.). The loss of powir is emphasized here rather than '

3the failure of any one instrument or control signal. These minor '
.

*events are adequately covered in our present simulator course.

2. Given that the operator can determine that he has lost power to all ' "
or most of the NNI, he should know the location of the power supplies -

and power supply breakers and have.a procedure available to regaiu ,
,

-power.
-

.

3. .If the fault cannot be cleared (e.g., the breakers to the power *
,

supplies reopen), he should have a list of alternate instrumentation
,

available to him. So=a possibilities are:
<

1

] f4d! m a) ESFAS panels

b) RPC pancis 4##
c) EC1 k -

'

d) SRCI M-3 '

.

*. .

7__ . _ . . . - - . - - . . . ----- ---

i
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c) Remote shutdown panels

f) Local gages '
.

g) Plant Computer
'

,

Note that each plant vill be different in detail, but the list should .

be developed in advance and the operators thoroughly trained in its .

usage. ,

,

.

4. The above instrumentation sources should also be keyed to certain
critical variables to help the operator sele-t his priorities during i

'

the emergency condition. It is recognized that no procedure can
cover all the possible combinations of non-nuclear instrumentation ,

failures, however, if the operator knows he has an instrument. problem .!
(as opposed to a LOCA or steam line break, for example), he can limit.

the transient by co'ntrolling only a few variables. These are:

a) Pressurizer level (via HPI or normal makeup pumps)
b) RCS pressure (via pressurizer heaters, spray, E/M elief valve)
c) Steam generator level (via feed flow, feedwater valves)

,

d) Steam generator pressure (via turbine bypass system)

,
The pressurizer level 'and RCS pressure assure that the Reactor Coolant

- System is filled and the steam generator level and pressure assure
( adequate decay heat removal.

In our opinion, the preferred solution is to install safety grade steam
generator le'el instrumentt. tion, start auxiliary feedwater on a low level steamv
generator signal, and c:ntrol steam generator level automatically, as is required
on our IE0TSG plants. This may not be a practical backfit colution for the
operating plants, however, this solution should be suggested as a possible way
to assure minimal lost capacity days due to equipment failure. Plant Integration
vill be happy to assist you in the preparation of the customer letter.

-

'

BAK:jl

cc: J. C. Deddens J. A. Castanes
D. H. Roy P. A. Sherburne
R. M. Esil J. R. Burris
T. M.~Schuler R. W. Moore

"

C. W. Pryor R. W. Winks
L. J. Stanek J. T. Janis I
K. E. Suhrke' A. W. Brcun

~ ~

J. S. Tulenko B. J. Shepherd

$[78J. H. Taylor L. R. Cartin
E. W. Swanson C. E. Harris
J. J. Kelly H. S. Palme 8-M'

J. D. Phinne'i J. M. Burnette
D. F. Hallman G. A. Meyer , ,

. . . . - - -
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.,

SEQUDiCE OF EVENTS - 04:25(AM) to 05:34(AM)
' '

.
.,.

m.

..

( .

TIME EVENT _ ,' .*

,

Lost NNI power supply cabinets 5,6, & 7I::25:35 -
*

(E&W Channel "Y") . .

;> '. .

*This caused a loss of TH signals to the ICS. _
-

BTU limits ran back feedwater, resulting in . .e

a loss of feedwater (actual Rx power was 72%).
_ ,,

.

. . ,

Reactor trip on high pressure, turbine trip --[
'

t. :23 :46, -

4,

on, interlock. '
.

,

Pressurizer code relief setting was known to ',-

be low (4225 psig). The electromatic relief , , ,

was isolated due to previous leakage problems. .

The data indicates primary pressure went =2400
psig => code relief valve lifted. -

:
-

.
.

,

'

Operator starts HPI pump "B" to maintain pzr.
-

4:' 6:17 -

level.
,

Operator stops HPI pump "B". '

4:28:23 - -
.

OT5G "B" goes dry. Data indicates that "A" ' ".*

.

. 30 -

OTSG probably also vent dry.'
,

,

~

RC pressure =1900 PSI (low pressure trip set-
-

4:74:15 -

point. 1,

Operator increases speed of a MFP and feeds'

4 :21- - .

"A" OTSG. This starts RCS on pressure and
'

temperature decrease.
,

SFAS actuation at 1600 psig *-

4:N :16 .-

This starts HPI, LPI and initiates aux, feed. -
'

'

- - Aux. FW valves are opened to full open position. -

.The system ma es no automat c artempt to controlk i
.

'steam generator water level.
,

.

'

i;,0 precsure at 1475 pais. -

4:40 -

Ic starts to recover from this point due to EPI. L

Tave = 5280F. -

.

' "A" HPI pump secured.
-

4:43:56 .
.

.
.

LF1 secured.
4

4:46:09 -
.

.

"A" EPl initiated. From this point on, the
"

6: i9:34 -

operator started and stopped EPI pumps as gy-,

necessary to maintain pressurized level.
6 EO ~CCW~56'

6/78
A7-5
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"

Secured RCP-D (T ve =4350F)':51:25 -* am
This reduced iRCP's to three

OTSC "A" water level - $99.7"
.

47:27'
-

.

,

Speculate that =2 ft of tubes are not flooded
(at top) due to steam line arrangement. . f.,

*

,

Hourly computer log printout
-

-5:00:00 .;*
, , ,- ,''

Steam temp 3800F (OTSG "3")
Steaur pressure 171 psig (OTSG "B") '[).

, ' >

Assuming Tave = Ts.t => Tatve = 3800F , ."j t~

.

1- -

Power restored to NNI cabinets 5,6, Er 7' * c - .#. -'

,i:13:47 -
*

-.. _ , . .
, ,

T y = 2850F -

<
.

~

RCS Pressure =2000 psig ' i

Both OTSG full level rar.ges pegged high
,

..

Operator begins to reduce RC pressure using .
-

pzr. spray. ,.

i

Operator stops aux. FW pump...g ,

.'
,

k
.

.

.

.

%

.

- .

.

%

*
.

$.
.

'* . .

I .

$
*
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ATTAC10ENT III j..
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.

Ti.e operator was in the process of changing a light bulb in a turbine header -

pressure transfer switch when he dropped the bulb into the switch and shorted
'the switch to ground. A protective fuse in the circuit had no chance to blow7

before the power supply =onitor circuit rensed the short on the bus and opened
'

the breakers to the "Y" and "Z" power supplies. This resulted in the loss of- '-

' app'roximately halt the NNI signals ("I" power supply remained energized) and
the ability to transfer fros. " bad" to " good" signals, It should be pointed
out that the utility changed the original B&W design in the area of the power
supplies. If the original 36W design were installed, the incident would have
resulted in the loss of the ability to transfer (select) signals only. No
active signal would have lost power.
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Previoup 073G data transmittals to you recstding the subject - j
0 '

transient indicated that uszimuu tube-to-shell 61' was 170 F
for the "A" steam generator. Recent calculationt. (Reference) '.-.,

show th=t 07SG "L" de'7 sloped 186*F AT. The tino history of .." ; ' jf
'

average shc11 temperature for the " B" st.eam generator is as ,'
'

O follows :,
:r .

, ,

- Time Ave. Shell Tanunra enre Tube-to-ShcIl AT~

* .

- - -o o ,

hva - P Y.* - :;-~
.

..

'95 . -0445
'

'570.0 '
''

' f'iU0450- ' $67.8. - .128
'

-

.

( 0455 564.2 159 .

*

0500 557.3 177 . - - -
-

0505 545.5 _ w..18 6 -- '2-,.

H ''0515 496.8 'i. 1 8 2
( '371- d

-

"

0525 460.8 , 174 .

0535 435.2 .
- 160 V

|f.
422.3 142

*'

0$45 -
- -
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Please define / the impcet that the latest data v111 hav: on your ., -
~

| analysis, conclusions, and schedula for complet. ion. - ) -
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