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ENCLOSURE -

| UNITED STATES
NUCLEAR.REGULATORY COMMISSION: -
i WASHINGTON, D. C. 20555

August 21, 1981

Docket No. 50-289

Mr. Henry D. Hukill, Yica President
. and Director - THI-1 | :
Metropolitan tdison Company
P. 0. Box 480" _
Middletown, Pennsylvania. 17057

Dear Mr. Hukill: | |
SUBJECT: PRESSURIZED THEQMAL SHOCK 1O RCAC*CR'DQCSSURE YESSELS

We have reviewed the PWR Cwners' Groups responses of May 15, 1981 and the
licensees' responses of May 22, 1981 to our letter dated Apr11 20, 1981
concarning -the subject issue. The EPRI work which bears on the issue
was included in the.1icansees”responses. On the basis of our independent
review, of the plants where neutron irradiation has significantly reduced
the fracture toughness of ihe reactor pressure vessels (RPYs), all plants
could survive a severe. overcooling event for at least another year of full
pewer operation. However, we believe that additional act1on should bde-

o takan now to rﬂsolve the long-*erm prob1=ms. :

Tnis “911=‘ is hased upon our 2analysas which indicate that reductions in
fracture toughness For -scme RPYs are zporcaching levels of concarn, :
14 is also basad in otart on the fact that any proposed corrective action
must allow adequate lead time for nlanning, review, approval, procurement
and installation. These conclusions were recantly discussed with the 2WR
Swners Groups on July 28-30, 19381. At those meetings, the Qwners Grcuos
reyiewed the programs underway at the thrze PWR vaendors which are Zesigned
to scooe the magnitude and applicability of the zeneric problem and to e
compiatad oy Tate 1381, The three programs ippearad t0 contain the necassary
elements for rasolution of the oroblem an 2 jeneric basis and the NRC >ians
to maka Tull use of the reoorts due by the 2nd of the year. While the
vendors and Jwners Zroups irs £o be commended and ancouraged in adureSS'rg
the seneric issue, thers is aIso a need for 31an»-scec.rlc {nformaticon for
your 3iint.

.3ased on <urrent. vesse1 referance tamperature and/or system characteristics,
we nave identifisd F%. Calhoun, Qoo1nsan 2, San Onofre 1, Maine Yankee,
2conee 1, Turkey Point &4, Caivert £1iFfs 1 and Three Mila Island 1 as plants
from which we raquire additional information at this time.

The staff nas used the time-dependent prassure and temperature data from.
the March 20, 1972 Rancho Seco transient’as a starting goint for our
avaluyation of tﬂis‘fssue necause: 1) it is the most sever2 overccaling
‘2vent 2xperiencad to data ia an speriting 1|~nb, (2) it is-a real, 1s

D“ e ekﬁwlw




T

M. Henry D HUKITL ' a2o

opposad to 2 postulated, avent; and (3) it was severe enough that it could
challenge the RPY when combined with u:«m&nmqaq reasgonable values of ire

wmo,nous fracture toughness and initial crack size. .In future raviews the

staff 21 m £2 usa aum st2am line sreak accident or other appropriat :
tran mww: accident in order to estimatzs miaimum operational times available
before nﬂmad modifications are raqu Anoa K .

tial flaw

Using calculatad RPY steel mechanical nxoomw ies, cradidl
y4 ad pressurs=

Q
sizas, reasonable thermal-nydraulic parameters, and 2 simpl
temperature transient similar %o that cbsarved during the 2
ayent, the staff has concluded, that all cper mn4nm alants ¢o safaly
survive such an svent at the uwnmmac time and for at least 2n additional .
vear 3T full zcwer gperaticon. However, jecause of the raquired j2ad times
for future ;.udunm, the margins in time for long term Jgeration are not
targe, ana there is considerable uncertainty in the zrobability that simiiar
or mora savere rxmaMmmanm may occur., It .is clear that positive acticn must
be initiatad soon for those plants with significantly high transition
tamoeraturses. As indicated above, several such plants nave Seen salected
Sy the s:taff, based on estimatas om the current wu1mwo=nu temperature for
the afl ‘ductility transition (RT ) of the RPYs. : _

- NDT

The need %0 ir

itiate further actfon at this time s emohasized by the
mnuaadnuo that i

n
mplamentation cof any >roposed fixes ar remedial actions
‘must aliow for adequata l2ad time. 3ecause long-term solutions may require
a year ar more, you should. mxu_o1o short-tarm approaches as well. A(:ocna
;namwﬂ. cencise instructions sheula e provided o oumwerﬂw £2 1oacnm the
1 m..yooo 5T renrassurization ucw.:a evercodling <ransients, the NRC staff
peliaves hat reliince on overitor ictions %3 arevent reoressurization
during in u<m1nooqm;a transiant wiil e vary 41°7Ficylt o iystidy as an

o -t

o]
-
-
-
ad

icceptidle ieng-tarm sclutien to tne araniem,

In accordance with 10 CFR 2Q0.34(f) of the Commission's requlations, you are
requestad g submift written stataments, siqned under 2ath op affirmation, o
2nadl2 the Jommission 43 detarmine wnether or not vour licznsa should be nodi-
fied, suspended or r=avokad. Sgecifically, vou are ragquestad %0 submit the

.oﬁuoi*ga.%nmonawnwoa t0 the MRC within 30 2ays frem the datz of zhis lets

s the AT values oFf the critical welds and siatas {ar fore
’ - oMoT : SR _
A vsur vessal -01. :
T4l Tas-ouils) di<isns ind lecation {a.g., 172 7} and:
rrent 23nditions Mmgngcam fluenca lavel) at
APY inside czarhon stael surface. ’ _




: " Mr.-Henrny.D. Huki11+* 1_-3--1»

(2) At what rate is RT increasing for thesé'welds and p1até material?

(3)-what‘va1ue df'RT for the critic;1'we1ds and plate material do

. - NDT : .
‘youiCthider appropriate as a 1imit for continued operation?

(4) What is the basis for your proposed limit?

‘-'(5):'Provide'a listing of operator actions which are required for your-

plant to pravent pressurized thermal shock and to 2nsure vessel

intagrity. Include a description of the circumstances in which these

operator actions are requxred to be taken. Included in this summary
: should be the specific pressure, temperature and level values for:

a) high pressure injection (QPI) termination criteria presently used
at your facility, b) HPI throttling criteria and instruction presently
used at your facility and .c) criteria for throttling feedwatar presently
used at your facility. For each required operator action, give the

- information available to the operator and the time available for his-
-decision and the. requ1red action. State how 2ach requ1red -operator
action is incorpaorated in plant operating procedures and in tra1n1ng
and rnqua11r1cat1on train1ng programs.

You are als¢ requestad to subm1t 3 plan for Thrne Mile IsTand Unit No. 1

- to ‘the NRC within 150 days of the date of this lettar that w111 define.
actions and schedules for resoluticn of this issue and analyses supporting

continued operation. We request that you 1nc1uae considerat1on and evalua- =

tien of the follewing 9oss1b7e actions:

-

’

_(1) r°duc~1on or further neutron radiat on damage at the be1t11ne

by renlacement of outer fuel assemdblies with dummy assemblies
or other fuel management changes,

(2) reduction of the thermal ;hocx sev=r1+/ by increasing the ol

watar % moerature,

racovery of WY to ugnnes; by in-nlica annea]fng {include the aas1s
for ‘emons+rat1ng ‘Hat your :1ant neets .he requirements 'n 10 R 50
,«poeﬁa1x 531V ¢ ) N

o
. £ad
-~

~——

b

design 2f 1 control =15t=m to mitizatas the initial thermal shock
ind control rapr=ssarﬂza+1on. ~ -

For these, as well as for any other alternative aporoaches, srovide
1np1=men*a ion scnedulas bhar ~ou1d assure cont1nuance of iadequate
sare,y margins. :

In the intaras: of =FF c1ant =vaTua;1on of /our suomittal, we reques»

“that you include with the above alan, a- '=sponse Lo ‘re =nclosed request

for additional. *nrorma»1on.



Mr. Henry- D, AUL{TT I PO | o .”_ H _ _.m

Jus  to the natur? of this revisw, and the past reviaw effort that nas umuz
axpended, e »o:m*n the 1bove mnjmlcdum L0 de reascnable; however, inform
us #tthin 30 4 if you . Ja¢n~umﬁm conflicts with previous commitments with

afther submit ma wga 3 23sis for any delay. We mumo expect participation

ux(:mmuonoowawn;p s:mwm uwacum:a ;mmm <m4aoxmds developing solutions:
£2 the oroblem. _

uvﬁ Jarrell 3. Cisenhut, Directar
-Jivision of Licensing
Sffice of Huclear Reactor »mmc~w+do:
| munADMcwo
E Raquest for ;aadaJO:m_
Information

2s w/enclosure
See next page
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Enc]osure

REQUEST FOR ADDITIONAL INFORMATION ¢

1.  Geometry

Geometrical description including design and as-built (when available)
dimensions of the core, assemblies, shroud/baffle, thermal shield, -
downcomer, vessel, cavity, and surrounding shield and/or support
structure.. T : ' :

2. Material Descrintion

Region-wise material ccmposition and material jsotopic number densities
(atoms/barn-cm) for the core, near-core regions and RPY, suitable for
neutron transport calculations. S : :

3. MNeutron Source

Present and expected EOL:

"a) Assembly-wise and core power history (EFPY). : :
b) Rod-wise and core power history (EFPY) for peripheral assemdblies.
c)- Core averageyaxia1 power history distribution. - :
4. ‘essa) Fluence - ’ _ e

'a)‘ Description of available calculations of the vessel fluence including
" £lyenca values, locations, and corresponding power histories (EFPY),
including 1/4T, 1/2T and 3/47 through the RPV. . -

5) Description of available capsula-inferred vessel fluences including
fluence values, locations, and ceorresponding power nistories (EFPY).

w
.-

Syrveillance Capsules

(WY

) - Capsule matarials, radial and axial dimensions and locations.
}  Zansulz fluenca measurements, together with the accumulated power.

- niszory (EF?Y) and a descripticn of the lead Factors used %0 extra-
nGlate the measurements o the peak wall fluence Tscation.
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PRESSURIZED.THERMAL SHOCK OF PRESSURE VESSELS

COMMISSION BRIEFING

o E.E. MUBLEI o
~ SepTemBER 15, 1981




~ PRESSURIZER' THERMAL SHOCK' OF PRESSURE"VESSELS'

COMMISSION BRIEFING

1. SUMMARY OF THE PROBLEM

I ,’DISCUSSIONS WITH’INDUSTRY

1L, RECENT INFORMATION

1V, POSSIBLE REGULATORY LIMITS

V. STAFF CONCLUSIONS

"



I, SUMMARY OF THE PROBLEM
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TENSILE
STRESS

COMPRESSIVE

© STRESS DISTRIBUTION
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.. © MATERIAL TOUGHNESS VS, TEFPERATURE

MATERIAL

.TOUGHNESS

UNIRRADIATED

"

Rt - TEMPERATIRE



. 7 NEUTRON-RADIATION-INDUCED
T | © TOUGHWESS CHANGES

© . MaTerIAL
- -TOUGHNESS

“IUNIRRADIATED

o



TEMPERATURES
-  DURING  OPERATING
TRANSIENT TEMPERATURES

MATERIAL
TOUGHNESS =

UNIRRADIATED

IRRADIATED —

T 777 77757)

| RTypro Tt - TEMPERATURE

-
-




11, DISCUSSIONS WITH INDUSTRY

7



P

"Discussions WITH INDusTRY GRroups

i

Marcit 31, 1981, MEETING WITH PWR ReGuLATORY RESPONSE GROUPS
ApriL 29, 1981, PROGRESS ‘BRIEFING FROM PHR UWNERS GROUPS
May 15, 1981, RePorTs FROM OWNERS GROUPS

Mav 30, 1981, RePorTS FROM PHR LICENSEES

- Juwy 28-30, 1981, MEETINGS’WITQ OWNERS GROUPS

AusbsT 21, 1981, LETTERS TO 8 LICENSEES

'SCHEDULE FOR MEETINGS ON TECHNICAL ISSUES

~~ W Owners GROuP - SEPTEMBER 18Q 1931
-~ BaW OwNERs GR0uP - SEPTEMBER 22, 1981
-~ CE Owners Group - OcTOBER'7,‘l981



" PRELIMINARY STAFF ConcLus1ONS PRESENTED To OwNERS GROUPS

1. EFFORTS SHOULD CONTINUE TO REDUCE THE PROBABILITY AND SEVERITY OF

OVERCOOLING TRANSIENTS

2. RELIANCE ON THE GPERATOR ACTION TO PREVENT REPRESSURIZATION IS NOT AN
"VFACCEPTABLE}LONG?TERM SOLUTION | o

3, A LIMIT SHOULD BE ESTABLISHED ON RTypt FOR CONTINUED OPERATION

'




[npusTRY ViEws -- BaW PLANTS

BOUNDING TRANSIENT IS SMALL BREAK LOCA

PRELIMINARY ANALYSTS USING REALISTIC ASSUMPTIONS SHOWED Oconee-1
' VESSEL COULD SUSTAIN THE SBLOCA AFTER 32 EFPY

ANALYSIVIS ASSUMES OPERATOR ACTION TO PREVENT REPRESSURIZATION
PLANT SPECIFIC ANALYSES PLANNED

Oconee 1 -  Decemser 31, 1981
Rancho SEco - MarcH 1, 1982

OTHER PLANTS -  LATER IN 1982

N



- INDUSTRY VIEWS —- WESTINGHOUSE PLANTS

- BOUNDING TRANSIENT IS PLANT SPECIFIC (LARGE LOCA, sMALL LOCA OR
' erAM LINE BREAK)

- ALL N PLANTS CAN SAFElY SUSTAIN SEVERE THERMAL SHOCK TRANSIENT,‘

INCLUDING REPRESSURIZAT!ON, TO BEYOND JANUARY 1983

-~ GENERIC ANALYSIS SCHEDULED FOR COMPLETION_DECEMBER 31, 1981



InDuUsTRY ViEWSs -- CE PLANTS

BOUNDING TRANS FENT IS_A‘STEAM;LINE BREAK

-~ MOST LIMITING PLANT CAN SAFELY SUSTAIN‘THE MOST SEVERE OVERCOOLING
. TRANSIENT FOR ' AN ADDITIOHAL - 5 EFPY

- ANALYSIS ASSUMES NO OPERATOR ACTION BEYOND THOSE 'PRESCRIBED" BY "
PROCEDURES '

-- GENERIC ANALYSIS SCHEDULED FOR COMPLETION DecemBer 31, 1981




. - Reference- Temperature for the Reactor Vessels
Owned by the Eight Recipients of the Aug. 21, 1981
Letter on Pressurized Thermal Shock

. P R ' Reference Temperature,
Plant NSSS . Vessel ___RTNDT, deg. F.
' Vendor - Fabricator Cir. Welds ~Long. Weids
Oconee 1 B8 - BWM - 150 170
| Three Mile Is. 1 BaM B 180 160
Fort Calhown  CE cE 280 280
‘Maine Yankee =~ CE S CE 7 240 240
| Calvert Cliffs 1° ¢ . . ~ CE 230 230
o Robinson 2 West. cc 290 290
.Sanﬁnnfre 1 o West, ce 270 7 270
' Turkey Point 4 West. . BW . . 290 Forgings

Ly



St SSSssssS™D™SS™SS——SSE————————————E—————————

SUMMARY OF - INFORMATION REQUESTED FrOM 8 LICENSEES

60 Davs
- RT“DTVVALUES OF THE CRITICAL WELDS AND PLATES
-- RaTE OF INCREASE OF RTNDT

— APPROPRIATE LIMIT ON RTNDT FOR CONTINUED OPERATION
- OPERATOR ACTIONS TO PREVENT PRESSURIZED THERMAL SHOCK

. S -

PLAN FOR RESOLVING THE ISSUE

EV_ALUATION OF POSSIBLE CORRECTIVE ACTIONS :

IMPLEMENTATION SCHEDULES

DETAILED INFORMATION FOR STAFF EVALUATIONS

"



CII1, RECENT INFORMATION




’ . . .'v . ‘ "» .. » . ’ . ‘ " ' - 3 ‘

-= OcoNee-1 in- SERVICE INSPECTION SHOWING INDICATIONS OF SMALL CRACKS UNDER
. THE CLADDING L

--'OVERCOOLING TRANSIENTS_AT BoRsSELE AND SAN ONOFRE

-- SENSITIVITY CALCULATIONS BY STAFF
- RANCHO SECO TRANSIENT AS A BENCHMARK
- NomINAL MATERIAL PROPERTIES
- VERY CONSERVATIVE PARAMETERS AND MATERIAL PROPERTIES

.'.



LOVIISA 1 EXPERIENCE

. MONITORING PROGRAM SHOWED WELD EMBRITTLEMENT FASTER.THAN EXPECTED

s

RT__ INCREASED FROM 450F o 1820F -

35 OUTER FUEL ELEMENTS WERE REPLACED BY DUMMY ELEMENTS

[NEUTRON FLUX AT VESSEL WALL REDUCED TO 1/3 ORIGINAL VALUE

j'TEMPERATURE ofF ECC wATER FROM.HPI'RAISED From 68CF To4113f1310F

I




BGRSELLE?EVENT - MARCH 2, 1981

400 MWE, 2 LOOP, 2 S-G, KWU DESIGN

DurinG MAINTENANCE, SOME ELECTRICAL CONNECTIONS AFFECTING SECONDARY
SAFETY VALVES WERE INTERCHANGED

DURING STARTUP (NOT CRITICAL) OPERATOR TESTED POWER TO A PILOT VALVE'

| CAUSING S-G SAFETY VALVE TO OPEN

VALVE DID NOT RECLOSE (APPARENT INDEPENDENT FAILURE)

ONE S-G BOILED DRY, OPERATORS.ISOLATED SECOND S G, TURNED ON CHARG!NG
PUMPS TO REGAIN PRESSURIZER LEVEL i -

PRIMARY TEMPERATURE DECREASED FROM 446°F To 284°F IN 20 MIN.
PRIMARY PRESSURE DROPPED To 2130 PSIG, THEN INCREASED To 2350 PSIG

- BY CHARGING PUMPS



. SAN ONOFRE FEEDNATER TRANSIENT - SPET, 3, 1981

. - POWER SUPPLY FAILURE CAUSED PARTIAL CdNTROL.SYSTEMFAILURE |
_; ; OSCILLATIONS OBSERVEDINFLOQANDLEVEL OF-STEAM‘GENERATQRS :

- OPERATORS TRIFPED THE REACTOR MANUALLY -. -
. NATURAL CIRCULATION WAS”ESTABLISHED I ActoﬁDANCE WITH‘PROCEDURES'
'.4_ AFTER & MINUTES SAFETY INJECTION OCCURRED‘DUEfTO LOW PRESSURE

- OPERATORS IMPLEMENTED THE LOCA PROCEDURE UNTIL IT WAS ESTABLISHED THAT
‘A LOCA HAD NOT OCCURRED

| - COLD LEG TEMPERATURE DROPPED FROM 5320F TO 462°F IN 10 MINUTES

4

- NO DATA ON PRESSURE WAS RECORDED



IV, POSSIBLE REGULATORY LIMITS

P




Al

POSSIBLE CORRECTIVE ACTIONS

REDICE THE PROBABILITY OF OVERCOOLING TRANSIENTS

(E.G., MORE RELIABLE CONTROL SYSTEM)

'REDUCE THE SEVERITY OF OVERCOOLING TRANSIENTS

. (E.G;, RAISE_TEMPERATURE OF ECC WATER)

: REDUCE THE LIKELIHOOD OF REPRESSURIZATION

(E,G. OPERATOR PROCEDURES OR CONTROL SYSTEM MODIFICATIONS)

"MAINTAIN HIGH FRACTURF TOUGHVEQS OF VEQSEI

| (E, G., RENOVE OUTEP FUEI T0 REDUCE FLUX AT VESSEL)

REGAIN FRACTURE TOUGHNESS OF VESSEL
(E.G., IN- PLACE ANNEALIHG)



© MHAT SHOULD BE THE REGULATORY LIMIT?
WHAT SHOULD BE THE DESIGN BASIS TRANSIENTS?
IS RTypy THE PROPER CRITERION?
CIFSOe
WHAT ‘SHOULD BE THE LIMIT ON RTypp?
WHAT SHOULD THE EVALUATION MODEL FOR CALCULATING RTypp?
 HOM SHOULD UNCERTAINTIES BE TREATED?

| vSHOULD ONEDIFFERENTIATE BETWEEN'CIRCUMFERENTIAL:AND LOGITUDINAL
 WELDS? | : : -



o -

~_ F7. CaLnoun

~ RoOBINSON 2

"'-f San OnoFRe 1 ;ff-'
- Turkey PoInT 4 -

© MAINE YANKEE

. CALVERT CLIFFS l
M
 Oconee 1

RATE oE INcREASE OE RTNDT

CURRENT RTNDT

- 280°F
~ 200°F
2700
280%F
| .2409F_
C230%F
160°F
e

R ADDITIONAL EFPY TO REACH RTNDT = 300 F

2,0 EFPY

1.4 EFPY

2.7 EFPY

2.2 EFPY

- 7.4 EFPY

- 3,4 EFPY
10.4 EFPY .
13,3 EFPY



VEsseLs HAVING
LoNGITUDINAL WELDS

- VesseLs HavInG

- CIRCUMFERENTIAL WeLbs

e .

~ NUMBER OF PLANTS WITH RTyyp ABOVE 200°F

©ORANGE OF RTypp CF)

2

2




10 CFR 50 APPENDIX G PARAGRAPH IV

 PREACTOR VESSELS FORfWHICH THE PREDICTED VALUE OF ADJUSTED  'ﬂ
~REFERENCEVTEMPERATURE EXCEEDS 200°F SHALL‘BEDEsiGNED'TofﬁgRMjf -
A THERWAL ANNEALING TREATRENT T0 REcoVER MATERIAL TOUGHNESS
'PROPERTIESOFFERRITIC MATERIALS OF THE REACTOR:VESSEL- '-:

o BELTING.”



Cy 30 ft-Ib TRANSITION TEMPERATURE INCREASE
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~ EXAMPLE OF ANNEALING TO MEET RTypy LIMITS

~ Rypr
e

EFFECTIVE FULL POWER YEARS




‘. e EXAMPLE OF ANNEALING ﬂEET,RTNDT LINITS T ’ o

~ FOLLOWED BY FUEL REMOVAL TO REDUCE FLUX BY FACTOR OF 3

-~ 300-

1004

|
R l |
o0 100 2 3

" EFFECTIVE FULL POWER YEARS

"



V. STAFF CONCLUSIONS




STAFF CONCLUSIONS

-~ PRESSURIZED THERMAL SHOCK 15 A SAFETY CONCERN FOR OLDER PWR VESSELS HAVING
' HIGH COPPER CONTENT MATERIAL. R o | | .
- IMMEDIATE CORRECTIVE ACTION ISFNOT NECESSARY, BUT SUBSTANTIAL WORK IS NEEDED
. BY THE INDUSTRY DURING COMING. YEAR _' o
- SomE CORRECTIVE ACTIONS WILL LIKELY BE REQUIRED FOR SOME PLANTS WITHIN A YEAR -

© FROM Now - | | o
BASES FOR STAFF CONCLUSIONS THAT NO. CORRECTIVE ACTIONS ARE REQUIRED NOW:

3 A) CHANCES OF ‘A SEVERE OVERCOOLING TRANSIENT IN OLDER PWR pLANT DURING
|  COMING YEAR 1s aout 1 1n 100 | | | |
B) Even IF A TRANSIENT AS SEVERE AS RANCHO SEco WERE TO OCCUR, VESSEL
| FAILURE WOULD NOT BE PREDICTED USING NOMINAL MATERIAL PROPERTIES
C)" ANALYSES INCLUDE A NUMBER OF CONSERVATISMS



- STAFF AcTIONS

;INDEPENDENT ANALYSES OF TRANSIENTS, FLUENCE AND FRACTURE MECHANICS

CALCULATIONS

ReviEw LICENSEE ANALYSES -

* - 60 DAY REPLIES
= 150 DAY REPLIES

_ GENERIC.REPORTS

GENERIC RESOLUTION BY STAFF (DRAFT NUREG BY SUMMER 1982)
- POSSIBLE OPERATOR GU[DELINES '

4- POSSIBLE LIMITS ON RTNDT

)



REFERENCE TEMPERATURE, RTNDT..
~ For PWR OPERATING PLANTS
AT VesseL INSIDE SURFACE
As oF May 1, 1931

:~DEFINITION:

1RTRDT b RepeRence TENPERATURE j; -DucriLiTy TeansITION
: RTNDT = 'INITIAL*RTNDT_+ ARTNDT-

. o INITIAL RT:mT 18 DETERMINED BY - Fou_owme ASHE.
| o CODE PROCEDURES, NB 2531 |

ART%DT IS THE TEMPERATURE SHIFT IN THE CHARPY
TRANSITION CAUSED BY IRRADIATION. VALUES USED
IN THE ATTACHED TABLES ARE FROM REG. Guipe 1,99,
REv. 1.

I




-t

BABCOCK AND'NILCOX.PLANTS‘

I . Vessel Effective " Fluence Per EFPY - Percent Coppek. - Refébencé‘ifﬂberaturu;
Plant .-~ - TFabricator = Full Power . Cir.  lLoag. ~..Cir. - ‘long. ' "~ RTNDT Der. fahr.
R co .. Years o ‘Welds  Welds ' - Welds ‘Welds Plate Cir. Weld: Long. Welds

- x10]8n/cm2 2

x10]8n[cm

:chﬁeé 1  ’,A'__ o B8 .   ;4:89‘ - '_; .0.54_ . *,Ql46- o ‘6,26_; ”»0;31' o so o 1?07

Three Mile Is. 1 B Caas 0.60 0.60  0.35 ‘i 0.31 ’} ::_"180 | '_'  i6p

) Rancho Seco,l'p;’ 'Bgu ,:ff[ﬂé,zs 0.6 | {‘:'0.58‘,i_ :.'10.31_ -on;§1" 10, 150

j> 1Ark$n$asVi:.v':1",1 B ‘ ' _:~ '3.85 o AO.61';f - 0.45 o f’_0,31' o 170 iv 150

 Crystal River 3':;:.-'B&u B j1 .72.1é' o fo.sg‘.,_'_‘o.ss" - 035 031 t _1501 }_ »;.i3o
;Ogonee‘z‘_:ﬁ  ‘.,»' 'B&NM  f,;fi.:4;26 o :,  6.61 ;_' prgin§s-; o 0.55 b.Fgrginés |  _{   ‘ 206 | FNqugings
Oconee 3 ‘1 | '.'.B&w _ ;  43 "4 o 0.61‘;  “Forgings »"V:‘.yo;za . Forgings  ‘ 140 >- - Forgfngs

Dévis Besse I : 1 126 0.66 Forgings | 0.24 Forgings - | 60 '.!Forgings -

I



‘ f . SR o o o h ’ COMBUSTIONQNEERING PLANTS EEEE S | z .
R ’f S : ' o _ Co ) Reference-l;upgrature,'
Vessel. =~ Effective Fluence Per EFPY . - Percent Copper - RTNDT Dew. Fahr.

o Plant . Fabricator . Fu)l Power ~  Cir.  Ldng. - Cir.  long.  Plate Cir. Weld. long. Welds
o o o : Years.  Helds = Wz2lds -~ Welds Welds S e
R . xlO]Bn/cmz_ xlO].B'n/cmz IR o

 Fort calhoun» ;_" ii-‘te, -   4.?6.5 :__',j 1.7zi,°~33 1;7é o M'b,ésx- 'o.3$j’_:._-v~. jf zab" _.‘,' 280.1
.Maine’Yéhkee,f?7 i | §5  "‘;- 550 0.8 i o 6;36“ | 0.36 f.  ) ";~.*240, 240 %
CalVert'ciiéfs 1 a0 .5"1}47 R R 030 0.30 o 5,';:‘f=é§b'”

| Caiyerﬁ.C]iffs 2 CE _  ; 30 ;),47. e 023 030 'V'7. 15o 200
Paiisédés S - S AT S .i-léi; 025 i '0,25  - 190 190
 Millstone 2 cs-v --jA;3 3;37 _v  :,_,  0.56 j, :r 0.56 N 1 | io;37‘ __ﬁ0.37 e ‘fi‘vlﬁo
St. Lucie S Lv',,f:3.31'   "  '0;53 ,'f:io.aa ,;ﬂ«_>_ 0.31,‘,. 0.30 f. f '>A'J 0 _;,140f |

‘ 'Arl'kanSas_Z. v. . ‘_ CE . 0.69°



, Plantf |

_ Veésel
. Fabricator.

" Effective -
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UNION CARBIDE CORPORATION
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“sugust 24, 1981

-

‘r Warren ‘llzzelton.

‘ngineering Branch _
Division of Cperating Reactors
Hail Stop 440 ' ’
U.S. Nuclear chqlatory Comnmission

.,

m]

Washirngton, D.C. 20555

(4

Dear Mr. Hazel:on:.

I visited the Oconeé ruclear redctor site oa July 21-23, 1981 and

“again on August 10-12, 1981. The purpose of these.two .visits was to

observe and evaluate the ten-year in-service u1tra§ohic “inspection of -

the welds in the wunit 1 reactor vessel. The pressurize —watar reacLor
is owned znd operated by the Duke Pover Coazpa ny.- te in-service h

~ultvzsenic inspections were perfcormed by Rabcock and’. lcox (Ex¥)
-parconnel, A prelisin

ry zee eting.discussing these inspections was

s

- held in Beihesda on ._rch 24, 1981, iy comments on that meating were
presented to you in Letter Xo. 0401-16-81, dated &pril 1, 1981. The
following is a suzmar v of the o visits ‘to- O;oqee.

visited the Cconze

mdad the sodiztliun/

v/ cr'ﬁtc. fa tha

A -‘- ‘I‘.":v.i'.x) \.1 f: SRR RIS j | ) 'S aad
et xltn LaL1,~ froa Taglea 11). \ copy of

the Iz ztceck and Uil ascuic ka st p c:“‘j‘e nﬁﬁ a *~>y
were made available by } Econcmos. Ue rcvicncd these Locu:ents

briefly and discussed their compatibility. An unofficial regort was
received zbout noon that water had leaked into the electronics of the ’

B&YW Adtomated Reactor Iﬂ<yection System (ARIS) as it was lowsred into

- the reactor vessel .and that the system would require scoe repair.

After lunch we sulted up and went into the reactor to etaﬂine the
scanning fixture and the inspection site. We found the ARIS fixture
isolated with ro 01e arcund to discuss its status. Yhen we got cut of

~contﬂihncnt (chUt :00 ) we learned that the £RIS, fixture had teen

more severely damaged than earlier estifated and that the .repalr ¢ uld '

-

taxe b ut five <days. A mecting was arranged with BLW gperco Aael uo




S Vi "arrcn Hazelton

Page Two

~August 24, 1981

discuss the ultrasonic test procedure, but the meeting was not.

- scheduled until 3:30 am the following day. We wecre allowed to make
‘copies of the B&W test procedure (treating them as proprlctary
"information). We each tcok a copy of the test procedure back to the’

mnotael and studied it individually for a couple of heurs; then ret

‘during dinner to discuss the procedure as a group. This. did not

ccconplish ‘much ‘tecause the procedure is writtea 1n\~eneLal languzge
'and few details are given discussing how some of the steps are to be
parformed. In suzmary, one cannot detazcnine merely by recding the
tbst proc;dure uwhether or not the ultrasenic incpaction:of the welds
in the reactor vessel will be perforued in accorddqce with Regulatory

© Guide 1. 150.

’Cn Uednesday, July 23, we met with Jia Brackett (Syke Power) and

Mike Hacker znd Zart Chism (B&W) to discuss. and clar ify the ultrasonic
test procedure, and tHe follow11g is a sunmary of that discussion:

" We learned that 3&W planuned to inspect the near-surface region.usiag
. shear waves and a rcfracted angle of 70°. - One-half-inch diameter

transducers are used and they mount two transducers diagonally side by

‘side to increase the area inspected on a- single scan. The ARIS

scannlng arm has been modified to. accommodate five transducers (it was

“originally designed to operate with three). The seﬂsltiv1ty of the

70° 1nspectlon was determined at. the B&EW" laboratories using notches
znd- side-drilled holes. ! We were told they planned to calibrate for

_Lne inspect;on using a T/4 tole (side-drilled hole located at a dzpth

of cne-fourth of the sample nLc“'aas) The ”‘“ltlv‘fj of the 70°
inspection wds estzblishaed in the lab atory 1sing corner notclies.
Since corner notches typically reflzct core sound energy, the .
ceunsitivity to notches located in the center 'of the st cimen "ﬂ|ld
normally be reduced. No informaticn wes availahle aa,to how much the
deasitivity would be veduced. n ; Car wiods Lo T
igated at cur lazboratory.
ssad wveve veutine and the
cnic 1n7>=ct501 "“u?d ~e
St ida 1,150, -V r'ft
vitness actual ch~1ﬁg <hen the aﬂiS"

"Cn Yonday, August .10, llick Econémos and I returzed. to the Cconee plant

site. After completing the routine details of tody ccunts,

‘dosimeters, and security badges, w2 met with Jin Brﬁckgtt,

vike lacker, and Fob Micheleski (D&J) to discuss the status of testing
" to date. We lcarned that the Inspéctiocn of the three Seltline walds
hzd bteen completed. Ca B&W 1nspncLion sequence nunber & zpproximately

16 ;ndicatlon were obtained from cne of the beltline welds curing the
70° inspection.. tbst of the.indi;atiqns_occurred,in a 60° segment. on
the eircumference of the wald, and most occurred at the top of the
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wtldQ Prgliﬂinarx_ludlcatlgl éucd_the dﬂoths of the indiga_JmuLJz;'

£211.50 the ranoe of “about 0.3 to 0.9 in. w1th lengths of 0.1 to,

& SR TR ALy,

0.75 in., -The uﬂplltUdLS “of. the SLOnals varled fTonm 50 to 150Z of the
El"t‘ﬂce amplitude correction (DA C) curve. A couple of the signals

e also observed at the 60° inspecticn angle. - No other qxnnificant
indﬁcattonb had been obtained. We learned that R&W plﬂvncd to '
einspact these Indications for confirmation and to obtain additional
d

.sufe:ents., We us\ed to bte prtscnt during these ree\anlxntLons.

r
in

hare is no oood uay: to compare these data with- Hr;zions btsellne :

v—i

;ultrasonic iuS?LCClOﬂ results. The 70° refracted angle inspeaction has.

never bteen perforzed before and the baseline inspection was: ptrformed

-dUsing contact ultrasonic techniques whereas the in-service lnspectlon

was performed using inzersion LLChﬂiquSo (This scems to te typical
of most reactor sites that I visit. The so-called baseline -1s~Pct10n
is ususlly - pert formed by a dlffere1t method than the 1n—s;rv1ce
ins“cttlon ) '

Nick Zconcmos and I spent the afternoon in the B%W trailer that housas’

the ultrasonic instrumentation, Vidao.displays; and computer control
systea for the ARIS text fixture. 'The'trailer was . locatad in the
sccurity area, but outside of containment. We observed the .
calitration of the’ ultrasonic test systen and leatned zore abOUt the

- test rrccedure. L - . S . .

The ult sn Gpcctlon vas performad as follows: the-ARIS system
ias ‘calivrat nziually. The calitretion blocks were mcunted on the
2RIS fixture and vere physically located in the reactor pool. The
co.iputer was used to .placed ‘the traansducers in the gen

the czlibration blocks, then the transducer arn was =a

manually usiag puch-button motori i

frea the reflectors in the callk

z¢zion ":t::ls of the 1insy

~r'ca1“a pati.
22d in beth. fraasy

Cdimae veld.” Jeanaing vas’ Ui ‘
aTLbLation C*LLLno ~then indicaticns
stopfcd aod. rthe reflectors wara evaluc o
;qals using the push—button notorized c01tro1s.

The calibration'for~the 70°'inspectibn,was rerforred in a 2anner
slishtly diffarent from that discussed at cur previous.zzeting on
July 23, The beltline weld where the indications were clhtained is
approxizately 9 in. thick. In this area the DAC curve was produced as
follows: - the reflected signal from a 0.2-in.-deep EDM (corner) notch
‘located stt below the cltdding was adjusted to 80% full-scale height.
A'straight line was drawn .from the left edge of the screen to this
ooeint, -The 51*qa1 from-a T/4 hole (ln the S-in,-thick: tallk“ttion
olu‘x)yotculred-futthcr in time and nad a1»tmplltt¢e_of_tuout 40—-507%.

i e i ek e e el e g @ meL Rew s S e mlmees Wiam s s DT ime eameaste L o



» covered in the chulatory Guide.

‘exercise as well as an evaluation process. 3Sasad on my: ot

Ty

Mr. Warren 1 1ton

Page Four : ‘ T . _ T
August 24, 1931 a o e o

" A straight line was drawn from the 80% s signal peak to this peak. The
. resulting lines produced the DAC curve. The signal from the
_0 2-in.-deep notch and the T/4 hole were sharp and distinet and both

12d. vood siﬂnal—uo-n01se ratios.
The 0 45, 60, and 70° (two transuucels) inqpchlons ware. FerLormed
ultgvgously. The output signals from the 0, 45, 60, zid one of the
70° transducers ware fed to a Krautkranmer X2-600 ultrasonic ianstrument

and were displayed as four scpar .te traces.on a single cescilloscope.

he fifth transducer (70° angle) was not displayed visually but was
connected to an zudible alarm module. A single audible alara systea.
was available fot the four channels on the K3-6000 but it was
continuously triggered by standlng signals (multiples) that could not
be eliminated, th erefore it was disabled. To summarize: four ‘
transducers wevre displayed visually with no audible alarm end cne
transducer was c0ﬂ1ected to.an.audible -alarm but was not displayed
visually. During the performance of the ultrasonic examinatlcn cne

“man monitored all five, transducers and the techniclans ’oxucd 12-h

shifts. . The ;ecthcians did not have to observe the oscillecscope
coatinuously during the 12-h shifts tut the time still seezs a little
long to me. This pa rticular area (poss151e techaician ti :'e) is not

se
y=4
ratiz

»01 the follo ing day we observed more testlng and weqt into the

centainaent ‘area to cbserve the Lest fl\ture. (The ARIS system

performs quite \e1l vhen it is workin Around 5:0J pa we learned
that 5597 plenned to reinspect the 70° indicat;ons that nizht and we
Teft, word to call us at the motel. We received the call atcut
10:30 = (does. tA s sound fam111=r) and we were at the site by’
11:30 pa. ' - - - ' :

The roinciecticon-end evaluation piccess projgrass:e

Locause of  the additional vequireczents to evaluat

€0 end 207 cf DAC, The rain veasen for the Incys

‘A ny o sinion, was not the vequirezrent fov additd

) the f:vt,‘.;':z::." the tichoileiazns parlo aiag ihe wv

Temild or with 20% DAC or vith the new Togulatory Cuile

fora had not bzen nedified to have specific slots avad

the ruqu1red information. -The re insuection therefore was

for this. insgection the evaluation time to obtain tHe additior
required by the new Regulatory Cuide sheculd increas the cold - v
evaluation time by a factor of 1.5 to 2.0 per lndlcatlon. This should

nount to roughly 30 ain per indication at most. Compared to the

"overall inspection tiae (approxluately 21 days) this is al 0st

insionificant._

1 requested and was allowed to observed the oscilloscope waile cre of
the indicaticns obtained at 70° was scdrmed in~the ndrzmal manner. The
:adication on the screen was distinct and rcﬂdlly detectable but it

-only occurrad on two or three scans and it ‘could have easily teen
~1csgd if txe op crator did not- apply h’s ;ull att;ntlon to tHe scope.
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It is my opinion that individual uudxble alarms sliould be provided for
cach tecorded chaanel during an ultrasonic ‘inspection. The audible
alarms are cven more important when 1ultip1e channels are belng ‘

" abserved beultaneously.

Comparaed with, conteqporary iuowuctions that 1 have observed the
asonic inspeéction of the welds in the’ unit 1 reactor vcss;l at
ent manner., lest.scosigivity, cnd
rapeatability both o _ 0 .‘ The addition of the 70° anOle
1nalgctloh.§F331ded covera; e "4 the near-surface area and additional
data required by the Rcbulatorj Guide were recorded. I got the
impression that B&W personnel were tryinng to follow ‘the new
Regulatory Guide and I know of no cases where they did not ccnply in
the performance of the exzmination. The technicicus cculd heve been
more familiar with the Ragzulatory Guide but competent perscunel were
on hand to direct them. I would suggest the use of individual audible
alarns as well as video displays for each channel of data recorded but-
this is not required by either ASME Code or the Regulatory Guide. I
will also meation that ‘we were treated cordially by both Duke and BSW
perscanel. Cur questions ware answered and we were ‘allowed to freely
visit tHe 1nsppction areas. - : o

Oconee were. conducted fn a- compe

41 aﬁ incldding a copy of the_preliminary test results for inspection

sequence number 4. No other. significant indications were obtained
during my visit. - o . . _ v

,/~.{f\ .ﬁ - /e
o ‘\'4407(J/u¢¢b4

. J. 4. Saith
T RE ’*Qttuc;ive
vietals and Coeraui

cc/cﬁci Ni Zconcmos, LRC _
'J. Gieske, Sandia =~ -
J. Gleim, ¥RC
A. R. Herdt, NRC
4. R. Eum, NRC
A. L. lotts
R. W. MeClung
G. M. Slaughter
J. H. Saith/File - :

S Tl T < S e T



. vy |
N

f:}t.i.d‘y’ﬁi’;ccx_» ' o = ' ) o N -A
- : EXARINATICH SUTMARY

nqbr NCE NO. '7

FIGURE NO. f57ﬂ 3

R CF RECOADABLE | - MUMZER OF -IF-“D‘ICATIDNS
CATIONS o SYCEEDING-SECTION. X1

ssleol7o |+ | _olsas|s0} 70

ol3l/e |  |olololo

 COIIERTS:

i ‘ .A; 'v ﬁ‘) ({///j /7 7:/ O fa:' //(ﬂn, VA ‘r (-/,ff\/_’ //(:7

// .Ll /(/ //Z/M/? 3-7 /ﬂ"/i/f”/ ;/—/Q ”:f/"/e hd

it o A A
//

a ' 7 . ' - . 3 .
? . @ /7 &’/f,/) 7" (‘O P Q ZO [’ > /7,4 .7‘7 ’/:L) Ve ‘/ Aﬁt _:"\.x./‘»; i
- , LN o R

(A0 . //lf'l /70/ ﬁn_, 37 /’-»('/C

/7 7

‘Cﬂ Rz f;,;rﬂ;(/ PO e, a,fﬁ;ﬁro

o TR 1289 .




H)

tUr\

‘\H\J

. ux\:_i

PN .
g

/!ém:-//
LY

vk

,
Py
oo i

M'w{/.) o

-

///4“/3

ﬂ@/@é

GLtene

| F(lCUr\F Nos T EUL S
Z &/Z &./t FSLLDVOPBLL E‘r)rc'wt»%vo\fﬂ - rz-\gcnféli?\n?n

| a/+ 7 YES | NO YEFs |

|- 478 .50 . 3‘77 - G-S | VRE v
o7 ta 128 | 272 V] v
26 102 208 | 3.7 Vo v
5’?’-7 .37 2.3 3 S | 1/ ﬁ o
71 | .25 083 3.7 . e l/ . d
9?!' 50 |a.s | 35 ) b
0 |,80 |oss | @S ‘ / | T
‘298 |50 133 | 3% Vv, R
1,298 .S 0.3 3.7 / L
,/o g0 loss | 6.5 , ¢/ .
294 | .50 a5 |32 / IR L
30 | SO |167 | 65 S L
/0 | . 50~ Al &5 |/ ) v
o | 50 .55 | ©.S . V| B
sod | il |aog | 2.24 S .
s, 50 1 a.S 3,5 . ~ / ) a2
1593/ /466 2.2% | z/ -
2972 |, S |0.83 | 3.7/ S P
478 ,(élo‘XBV 2.7¢ 1/ ¢

=27




INFORMATICNONLY

B |
. . ! . o nnte D0 . . - L .’.;.:217:.4‘.‘ - S L.

EXI\ nl uf\TIf‘f’ JUT \’I\?Y

DLQULNCE NO. 47 |
FIGURE NO. f%7

SULBER OF RELOSDABLE ' MUmZER OF Il'-.'D_ICr’\'l'I.GNS'

- 1:3ICATIONS | [ExCEEDING-SECTION XI
‘ | olasieolzo g {4s]| 60l 70

91013 1/6 |olololo

CcominTs: ' o |
@ (/r’//] &7 - 7./ _C) fQ:_;:_.:Lgn, Cpaa s x‘ﬁf»\f_— AJ(?

E ‘. — 6/"/u,/u~_.’_,\_, ﬂz,dmzv 57__/57'/]‘24727// 2 /7,‘..//@ .

h ' __fa /7///,’y z\’) j:/: /Q/) /‘?.M,‘Q 70J’11 a3 /// ,4//;,9;}\,\,/_,,

5T el {(;J /ﬂ . /’/,vx

. ' 4
Qa0 ¢ /"'./,.4-'%/ FTona

| \ /A
.Ez !’_"l ﬂ—// ﬁ/\ﬂ 2 ,-(/,A.., ./.rﬁ.e' pf_/‘Mg-j.O

- R .-_/._’Z A f() >

NN LA by . -
“«

s et

‘ - e i et
-
H - — —— - -
i - - - ————— e s — — e ——a . —— —— o——
a—eae Ao - e ta e e tme - —_— —_—
. ——— ——— e —— —— - st e e et — e — — - -
e - - - - -— e = + - o —— —1 . - = % o -~ —

- —— . ———, == e 4%




?ﬁﬂ:md;'; 1 .@5 kumwwwmﬁuw:gxﬁgh.
et ] | o CFICURE_Wni HLLD
,"f'?um sos | £ | a/f| oo/t | Auoanbly EDSEEDA . [ERCEIRS o
B o o Co |l a/+ 9 yES. YES
Q. 1A .
5 g 5o | 478 | .50 | 277
VIR = NPT P72 RS - W .
TV e | ger | Las o3 |
| B o lagr .50 | &S
: L V.0 |,5%0 (oSS
o4 | Bo |t ].298 | .50 |33
/

Z
O

o
RV
N

Wt P

-

oo ((R‘ ‘:

-

nwn N

(SO o

-

Ruan avan

-— -
.. b

0SS : /S 1,298 | RS |0.d3
n(o VLSO O |- 50  -‘ O-S'S
o7 .aas| . |29 | .50 (a5
‘ . .20 |.30 |+S0.[267"
Voo 1.0 | .50 AL .
SRR B4 R 2 50 .55 |
X 7| Ased | 208
IR T /790,50 12.S
’,/'5' R VT2 BV A VA
- /ﬁ:’ 277 1,25 |o. 53.
:/c ' oo .' Yo '..__,-:4,",:‘ . (é O 83

;9ww®uw

o

A A

SR

«

W SR

L 4
T N

KR
~R

\J\
o

AN

\\\\\\\\\\\\\\\\\\\,

-

FEXURY




JNITIAL
Rlyor

FLUENCE LHERE
CAACL iNeTIAPION €

(73

aoccvre (10’7 el

o

t)

/?(/.rzvr%,,,r A/o oF én’raﬁ
(/0'.? nc"'{/.{n :)

CONTINVED 011D

30

/‘oxml() 7%

no arM'J'f‘ :

L o0.228

Curv [fLVNEE
N vt )

0,046

CTMZ Y

30

soxro' o

0. 207

0.060

A SECO.

30

Joxtal? ”

0./87

0.058

i(gl/f 38 7Y

SAHANGAS ]

30

_‘ y
L OXYo 9 i

0173

CCHYSTAL KR 3

.3/

Jo

/onlo/? ) n'.

0./19

(/133 4

DCONEE 2 K

30

5 TN ALY

0.259

0,067

e eNEE 3 #

30

" 70
2.2X¢0 - Jus

0.06/

S BESSE B

g g PV
zaxn' S

K24

J.08%

0.066

30

-l /\”/ﬁ/( FOrCIAGCS

posan Kic




; g e NCE DHERE e T e - .
e T 0“""3 (10"% ""’f/m ) "(4.“ /C"‘) (/0'?”0"{/5"‘) (o//'r/M/(u 017t '7?~ c S

. E . . » . . T p ’f_/'o '. - - .
5. . OFKE /7 60 Z'ZX/O’7 st aivest /'5‘3{ 04719 | 1?7’-'7.‘1‘/

: . . 2 ) i : 7 -
it 2 || 0 |77 e | 108 | 0057 | Y AW
TonhEy P7 el Y, o |2axi? 2o 1./76 0.197 : ‘ T
poreracxn s |29 | o 2.x00" G 0.677 6.0 il
| UKy L IE o .3.5,\(/0"' AR 0./53 g, 034 DY
20N/ .3/ | 30 fooxtd' et 0.086 0.020 1%
EP’Z : ,ﬁ'.zg 60 /‘.3)(/0(.9 no c;r/r:.r‘f 0-/?? 0.050 ‘{K"?') o'

"‘;J:‘; - s - e - M
e gl |20 | 70 |zome it || (703 0.078 - TTgs |
L QINE JOCINES s
D paTe pATA P
S |
pmeam T
" f
]
|

L—'.“




L e THITAL | FLVENCE UHERE (uw(m’f'- \fa/:,wr fzwv’f /rp/ ,
- C )7 coneTARION CONLD | ST, 1 g INSCR) QI L
L~ (v - | crence in ¢TI0 ‘nwf/ t ? peud, (ow
Pl ‘Z o Rlvor occuoe (r0”? ""”’/m ) _ ( ) (/0 /") -~ e
Pt raesns -0 : . .
S - 9 2y .
"/‘/ eV | L35 | 30 ..9 XIO,', wo arrest 0' 5/‘7 o, /72 ' X

/-9 0.4968

0.085

Ma of(‘./ /"/ “/ s ., rv.‘

' /1
/‘,',f‘//! YINAEE -3.5. /90 /.7 X Y w::'f .
19 o?5h0 L9 -
".’-’./.MD..’-J .28 o 2,0X10° 4o aprest 0,493 : 0.t/'4 /

3 | 0.603 | ©./47 B
cazvericsrSl| + 39 0.0 .
N L

H i

|
N
L
B

|
|
-
; _ I
] ~
< : !!
\ ‘i-' i.
R

Pl

Y ; i

s |




¥ pate paTA

AV T d%(u ’,’5’;,-,0, - :‘,Ci‘f,ﬁ%’jﬁ’ Los | Gt 2uece A/:/-”r/,;}“ e of iy e Ly, ot
. ~ - , accme (,0/9nwf/mz) (/? ;vf/.;,,z) (/0'9”00{/.4# ) (Wﬂ‘ww‘u oﬂomf,,,’ {,; | {
’(. o owome | /7 | go | rexe” il | 4536 0.174 7 F-
%’eogmrwz' L34 o a.7x00'? “'c;f‘;';jj’, - /,.08/ 0757 ' 7 5’(-
Twer pr 3 .31 | 0 | Lrowd” oTas | 1776 0097 | s, =) v
Jowrackil .24 | o | F7xnt ey | 0.677 o.01/ | ) RESHPS
soery 1 |18 )7) oxr™ Iy 0./$3 g 034 COTa
oo 7137 | 30 | 0.6%00" Lmerr | 0:086 0.020 =
s Y s | Co | 0,900 wiawar | 0477 0050 C3
WWA f[/eoué’ 20 | yo | 2.2x00" AP /703 - 0.078 743%/1
W JONE JORCINES z




, :’./4"1/"'3/ 7@

A,

INITIAL
Plyor

CACK NP0

FLUENCE. LHEKE .‘
N CIVED

occure  (10"? nedlfmt)

(ur{;&a f(r‘/:ﬂ(e;
 (ofetint)

LNy

W, OF G700 it
CONTINVED G ]

').';'_9.

Aer chemon

iy

C L exeo!

q 25

A 3':

e w—

MNAINE AeE

.36

/70

0.7x00""

75

a0 anuf .

0.817

0,172

t

0,468

- 0.08S

CPALISADES

>

/. Sx/0

/9 ‘._f—.,"r
o 3--5'". i

0,985

o.t/6

CALVERT CUFS ]

.30

0.603

O./17

L . TR




| AT WAL | e 0 e | Gt (L5 Avencsgy | Mo of 7PV oF Ly at
- W7 gccore (107 #90mE) : (’le"’f‘:}‘."%nl)" (70" nestut) “CowTInVED Pt TIO] K-
Tconee [ 30 | 0. ox0" iy | 0,228 | 0,046 — s/ 49
i :Zjafla seco i?} '?-‘5,\’/0-'; v | 0.207 0.060
‘ 0 a.58x00" & 0. /57 0088
a //:3(’444}13‘ / 30 o;ﬁx_)o"a, . 0’-"/_7_3 0.045
|Grrsral a5 30 o AN 0./19 0,055 5747
| ocoves & 30 | 0.8x0" "Laas | 0,259 0.06/ ST o
[ocower 3 7Y Yo |j7xd” | e | 0-2¢2 5.0¢7 o
0,4(//1“ BESSE T 30 | 1 7x0"? | d.083 0.066 < -
¥ JINC Fore6rA o
| |




