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i'z_ NOV\“DES-tYU(‘:hUQ _[-G?S-tiu-«g RQSUL‘.J(S o'f Tubes.

- QOutside Dia. Tnside Dia, T hickness
Styatgﬂ- LPMS‘W (D) MicvomeTer (T Aiv Micromelevi(Aiv Micyoumelenl(D) Micyometey | () Ultvasonic De‘fec't
Insperj]m Max | Min | Max | Min | Max | Min | Max | Min | Max | Min {(Uhtver

Mm_ [ wwm | mw | WM | wm | wvd | vt owi D Wm | mm | wawm | s | Somie)
Mark [Lot No. [l up2rec. < 0.5 6530} 6470 4530 | 6470] 5.635 | CS78! 0430 | p.6420| 0.4%86] 0,820
S 6133 Goeel | <o,10] 00 | £50] | 6490 | 6,500 £497T| 5 boo| 558 | 0465 | 0448 | 5,443 | 084 | Goodd
S 6134 Gond [<0.10) 80} | 6497 | 4495 | 6,500 | 4498 5 bol| 5648 | 2459 | 0451 ndb2 | 0483 | Good
SO | 5001 | S 6140] Greod | <O10| Qo0 | 6499 | 6441 6,494 | 6,446| sbol| 5699 | nae) | 0,448 | 44 | 0449 | Good
S 6143 Goed | <o.00) 801 | 6498 | 643 | 6,500 | 4498 | c401| 5499 | 0462 | 0448 | pab3 | 0445  Groodt.
S 6145 | Geed (< 0,00 ] 80| .6+q<? 6494 | 6499 | 6498 | Sbot| £597 [oabl | 04520468 | 6,442 Gred
| K 5632 Good. 1< 0.10] Bol | 6568 | 6498 | p60b | gem2| Skod ) kol ] qas2] 050! 0,4bd | 0445 | Goad
KO™! 509 |-K 5639 | Goodl[<oto! gol | 6504|6500 6507 | 6501] Seok i Cbod | natk | 0448 0462 | 0,443 | Good
o K 5644 | Goock [<oto| S0l | 508 6,500 16807 | 65041 6596 | 6899 | 0453 | 0.46) | 0.UbY | 0,445 | Grood
| K 5646 | Goed (<otof 90| | 6502 6495 1501 | 64961 Sho2 | 6599 | 6460 i 6,449 0,459 | 0451 | Aroodd
L K 6402 Goodti<ailc] 80] | 6999 | 6492 . 6498 | 6495 | b1t | Shok | 0,449 | 04| 04852 | 0430 | Geod
| K ADT] Good 1< 00| 30[ 1 6495 6487 : 6494- | 6492 | Sbob | 8609, 0452 | 0.444{ 0453 | 6434 | Goool
K 6405 | frocel [<odo | 801 | 64471 6491 ; 64046 | 6492 | 6,603 | 6495 | 0.4%0| 0a4s! 0483 | 6430 | Geool

K 6409 | Geod [< oo 8ol | 6498} 6493; £647 | £495 | 6603 ] be2 | 0asTi 0,629 0,465 | 0430 Geock

\ " i
Mol _ Test g Visual

ness

KL |5

—
e

Measured points by wicvometey.

. ‘ X _ . 1
OuT,s.ole D|0.(I> * )oo No.Side (o J&l’;wm 40§mm 60?«»- ?q*fmm Thickvaess (I)g \}
O
R e B s
)'<t L‘ e ———— _goapmm ¥ o

5
Thickness was mersuvesh al betty ende ¢F tubes,




#=£-3

Chemical compositions et al

Material Material Material
S0 X0 K1l
Lot No. 5001 502 511

Heat treatment

1,020°C x 1lmin,

1,075°C x 0.6min.

1,055 x 0.6min

Hardness

267

Elaboration As drawn,2l%cw| As drawn,20%cw As drawn.20%cw
c 0.058 0.052 0.052
Si 0.53 0.42 0.36
Mn 1.94 1.69 1.88
P 0.029 0.027 0.028
5 0.010 0.005 0.005
Ni 13.05 13.85 13.74
Chemical Cr 17.50 17.76 17.50
Mo 2.40 2.30 2.15
composition| Co 0.01 0.07 0.03
B 0.0012 0.0020 0.0026
(wts) N 0.6073 0.0071 0.0060
Al 0.022 0.048 0.032
As 0.002 0.003 0.003
Ccu 0.14 0.02 0.02
Nb+Ta 0.002 <0.005 <0.005
Ti 0.003 0.003 0.004
\' 0.002 0.04 0.04
0 0.0033 0.0013 0.0028
gg {(kg/mm?) 83.3 86.2 87.6
Mech. [R.T. | o¢,2 (kg/mm?) 71.2 80.7 - 80.2
L roper £ (%) 20 16 16
~ties
O3 {kg/mm ) 49.9 54.8 53.9
650°c| Co_2 {(kg/mm ) 43.4 49.6 47.6
€ (%) 15 10 12
Grain size No. 8.0 8.5 8.7
(Hv) 284 275

—7_,__




&~ 4 Preparation of specimen and irradiation condition

1 (Bottom) 2 3 4 5(Top) | Designation
425°C 550C 650C 650C 650T of tubes

[s011] 104%s [[50Z1] 10415, | [5031 1041% 118041] 10415 1041Kg 86133
Ao Vi < sen ot

(&1} (/1] o

s012 # 5022 # 5032 # 8042 8052 » S6134
Material

SO 8013 » 8023 # 8033 # 8043 8053 # 86140
8014 |no 8024] no [S034] no 5044[ no S054]no - 56143

press. press. press. press. press.
|K011.1o41K5‘; (K021 1041% (kD31 104}‘.5; 104}“% MMM% K5632

( Material o < o o Ao
KO Koi2 « Ko22 » K032 # Ko4z # KOs2 « K5639
| KO13 «# K023 «# K033 « K043 # K053 K5644

[Ki11]1041% |[K121] 10415 | [KI31] 10415 ([KT4T) 10415 IK151[104}125:!2 K6402

o /o e o

Matef;'ial K12 » Kl22 «# K132 » K142 » Kl52 «# K6404
1

K113 #nw K123 K133 «~ K143 » K153 «~ K6405

56145 K5646, K6409 . Test tubes
[ 1 : To be irradiated.
Others are spare specimens to be
sent back to PNC
( 104.1Kg/eii © Pressure at each irradiation
temperature
Pressure at room temperature (20T)
Stage 1 44.0Kg 018
Stage 2 371
Stage 3~5 330 «




#—-5-—-D

GROUP NUMBER ENERGY MEV - KEV |LETARGY
1 14.5 -  3.68 Mev | 1.35
2 3.68 - 2.23 Mev| 0.5
3 2.23 - 1.35 Mev| 0.5
4 1.35 -  0.821 Mev| 0.5
5 0.821 - 0.498 Mev | 0.5
6 0.498 -'  0.302 Mev | 0.5
7 0.302 - 0.183 Mev | 0.5
8 0.183 -  0.111 Mev | 0.5
9 0.111 -  0.0674 Mev | 0.5

10 67.4 -~ 40.9 Kev. | 0.5
11 40.9 - 24.8 Kev | 0.5
12 24.8 ° - 15.0  Kev | 0.5
13 15.0 - 9.12 Kev| 0.5
14 9.12 - 5.23 Kev | 0.5
15 5.63 - 3.3 Kev| 0.5
16 3.3 - 2.04 Kev!| 0.5
17 2.06 - 1,23 Kev| 0.5
18 1,23 - 0.748  Kev 0.5
19 0.748 - 0.454  Kev 0.5
20 0.454 -  0.275 Kev | 0.5
21 0.275 -  0.101 Kev | 1.0
22 0.101 -  0.0226 Kev | 1.5
23 0.0226 -  0.00306 Kev | 2.0
24 0.00306-  0.000414Kev | 2.0
25 thermal -

"Cote" meaus height expressed in millimeters -zero is core mid plane.
“Flux rapiﬁe? means flux of neutrons of energies higher than 0.111 KEV

(eight first enrgy groups).

Unit for fluxes is n/cm2.s and yalues are for caracteristic

conditions.
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COTE

280
315
350

POSITION C&02

GRCUPE 1

0,1925E+13
0.3141E+13
0.5794E+13
C.849T7E+13
0.1327E+14
C.2358E+14
0.3761E+14
0.48l4E+14
0.5461E414
0.5802E+14
0.5869E+14
C5626E+14
0.5072E+14
0.4222E+14
0.2961E+14
0.188BE+1%
0.12C4E+14
0.8279E+13

«S2405+13
0.2947TE+13

0.1372E+13

GROUPE 2

C.5814E+13

0.90405+13

C.1548E+14
G.2287E+1a
0.2452E+14
0.5612E+14
0.8454E+14
Q.1CT4E+15
0.1222€+15
0. 13Q1E+15
0a.1314£+15
Cal261E+15
0.114CE+15
D.9547E+14
Cab6TT1E+14
D.4537E+14
0.3075E;14

0.2169E+14

G.143CE+14

0.8581E+13

0.4535E+13

FLUX A 25 GROUPES

GROUPE 3

C.1535E+14
0e24405+14
C.3664E+14
0.4918E+14
0.6624E+14
0.5497E+14
0.1318E+15
0.1632E+15
0.1840E+15
0.1952E+15
0.1972E+15
0.1902E+15
0.1736E+15
0.1478E+15
0.1083E+15

C.T7838E+14

0.5820E+14

Ce4390E+14

C.3179E+14

0 2167E+14

0a1413E+14

GROUPE %

0.2652E+14
0.4163E414
0.5838E+14
0.7365E+14
0.92016+14

0.1209E+15"

Q.15T3E+15

0.1905E+15

0.2128c+15
0.2248E+15
0.227CE+15
0.220CE+15
0.2029E+15
0.1757E+15
0.1325E+15
0.1021E+15
0.Bl14E+14
Q.b446E+14
Cat986E+14
0.3735E+14
0.2693E+14

£—-5—-0

GROUPE 5

0.523TE+14
0.7293E+14
G.9P602E+14
0.1121E+15
Co1459E+15
0.1825E+15
0.2263E+15
0.2679E+15
C.2967E+15
0.3135E+15
0e3179E+15
0.3079E+15
0.2850E+15
0.2498E+15
0.LO66E+15
0.153B8E+15
0.1213E+15
0.9553E+14
C.7336E+14
0.5475E+14

C.39T3E+14

GROURY &

Ca6TH2E+14
Go966TZ+14
0-1236E;15
0. 1461lE+15
0.1675E+15
Cal923E+15
0.2201E+15
0.26455E+15
0.2T713E+15
0s2836E+15
Co.2B54E+15
0,27T73E+15
Q.25B1E+1S
0.2298E+15
0.1890E+15
0.1604E+15
0.1380E+15
0.1L69E+15
0.9731E+14
0.7905E+14

0.6218E+14

GROUPE 7

0.6327E+14
0.10T7TFE+15
0.13Q9E+15
0.1492E+15
0. 16T4E+15
0.1922E+15
0.2220E+15
G.2514E+15
0.2727E+]5
0.2845E+15
0.2863E+15
0.27T9E+L5
C.2589E+15
0.2302E+15
0.1874E+15
0. 1556E+15
0.1316E+15
0.1111E+15
0.922CE+14
0. T4945+14

0.5932E+14

GROUPE 8

0.7775E+14
0. 9635E+14
Cell33z+15
Col269E+15

0.1396E+15

0.1548E+415"

‘0.1719E+15

C.1895£+15
C.2028E+15
0.2102$+15
0.2111E+15
0.2054£+15
0.1926E+15
0.1735E+15
0.1463E+15
0.12525+.5
0.1082E5+15
0.93ClE+14
0.7874E+14
0.6541E+14

0.5303c+14

GROUPE 9

0.6841E+14
0.822CE+14

0.9423E+1%

"0.1039E+15

0.1121E+15
0.1206E+15
0,1293E+15
0c138T7E+LS
0.1462E+15
0.1504E+15
Q.15CGTE+15
Qo l4b4E+1S
0.1374E+15
0.1247E+15
C.1CT5E+15
0.9329E+14
0.8130E+14%
0.7042E+14
0.600BE+14
0.5029E5+14
CoalCOC+14

GRCUPE 10

0.63395+14
C.764TE+14
0.83205+14
0.8978E+14
0.9465E+14
0.96292+14
0.1010£+15
Cu1C45E415
0.107BE+15
0.1097E+15
0.1092E13
0.1077E+15
0.94B6E+14
0.7981E+14
0.7864E¢14
071635414
0.6265E+14
0.5458E+14
0.4659E+14
0.3959E+14

0.3267E+14
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- COTE

~210
-175
=140
=105
=70
=35

35

70
105
140
175
210
245
280
315

. 350

GRCUPE 11

0,5075E+14

 0.5615E+14

G.6035E+14 -

0.6291E+14
0.6446E+14
0.65T4E+14
0.6684E+16
0.6821E+14
0.6972E+14
0.7023F+14
0.6934E+14
0.6T41E+14
0.6356E+14
0.5805E+14
0.5109E+14
0.4362E+14
C.3TISE+14s
0.3195E+14
0.2710E+14
0.2260E+14

0.18456E+14

byo2
GROUPE 12

0.3800E+14
0,4358E+14
0.4T25E+14
0.4909E+14
0. 4899E+14
D.4656E+14
Qob260E+14
Cob041E+14
0.394CE+14a
0.3878E+1a
C.38l2E+14
0.3710E+14
0.3519E+14
0.3258E+14
Co296TE+14
C.2583E+14
0.2238E+14
0.1970C+14
Col71l4E+14
0.1469E+14
0.1235E+14

GRUUPE 13

D.2B849E+14
Ca3169E+14
Ge3364E+14
Ca344TE+]14
C.3399E+14
Co31l76C+10
C.2B836E+14
0+.2605E+14
0.2496E+14
0.2431E+14

0.23T71E+14

0.2293E+14

0.2175E+14
0.2031E+14
0. 1894E+14
0.1666E+14

C.1430E+14

0.1229E+14"

CelC4bE+14

"0.8T9TE+13

0.7302E+13

GACUPE 14

0.1931E+14
0.20BBE+14
0.2189E+14
0s2265E+14
0.2272E+14
0.2134E+14
G.1903E+14
0.1811E+14
0.1779E+14
0. 1760E+L4
0.1729E+14
0.16T1E+14
0.1572E+14
Gelba5E+14
Ge1312E+14
0.1141E+14

0.,S66BE+13

0.8112E+13

0.6T725E+13
0.5506E+13

0.4455E+13

&x~-5-0

GROUPE 15

0.1128E+14
0.12565+14
0.1335E+14
0.1366E+14
0.1345E+14
0.1271E+14
0.1163C+1%
0.1153E+14
0.1166E+14
0.1173E+14
0.1162E+14
0.11285+14
Q.1064E+14
0.9676E+13
0.8362E+13
0.6617E+13
0.5239E+13
0o4414E+13
0.3704E+13
0.3109£+13

0.2629E+13

CROUFE o

0.1306E+¢14
0.154GE+14
0.1685E+14
0.1770E+14
0.1752E+14
0.1549E+14

0.1241E+14

0.11B0E+14

0.1184E+14
0.1195E+14
0.1187E+14
0.1152E+14
0.1079E+14
0.9791E+13
0.5757E+13
0.7318E+13
0.60235+13
0.5075E+13
0.4250E+13
0.3550E+13
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P‘Tﬁ@ PACKING LIST AND SHIPPING NOTICE

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORP.
FUEL & MATERIAL ASSESSMENT SECTION TOKAI WORKS
TOKAT-MURA, IBARAKI-KEN JAPAN
DATE. Oct, 26, 1977

SHIPPED TO
Mr .ALAIN BEL
Chef de la section d'irradiation et d'experimentation
de Rapsodie
CENTER D'ETUDES NUCLEAIRES DE CADARACHE

Boite Postale n°l
(13) SAINT PAUL LEZ DURANCE

FRANCE

WUANTITY

Sample Tubes, Lods and Temperature Monitor for PNC-8 Experiment
13pcs. 800mmLong, 6.5mmO.D., 5.6mmI.D., 0.45mmThickness,
AISI Type 316. Cladding Tube

Material SO: S6133, S6134, S6140, S6143, S6145
Material KO: K5632, K5639, K5644, K5646
Material Kl: K6402, K6404, K6405, K6409

6pcs. 800mmLong, 8.0mmO.D., AISI Type 316. Lod
T™™0969, TM0970, TM0971, TM0972, TM0S73, TM0974

20pcs. 15mmLong, 2.lmm0.D., SiC Temperature Monitor

CHECKED BY ? %W/
APPROVED BY 57 Y
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Agreement for PNC B cresp sxperiment

Amendment 41, 2 (AH®—-2, 3)ILb

Contract VEN (0478




Article 1 =

Article 2 -
2.1

2,2

o8]
()

Article 3 -
3.1

Undertaling

This contract haa for object to irrediate in the Repsodias
rzactoc @ rig {PNC VIII} mounted with pressurised tubes and

to define betwesn PNDC and CEA mll the necessary work befora,
during and afte: the irradiation (calculations, tssts, inspec-

tiens, irradiation conditions, examinations}.

Documents, mateviels and sgrvices provided by PNDG

PNBC shall write a ﬁﬂa?;pecificatians which contains all the
informations and calculation data listed in the Appendix I.
This fils shall be epproved by CEA who give their remarka.
PNDC shel) supply the cladding tubes, the plug rods, the SIC
monitoss ar lisced in spmandix I,

PNDC shall supply the control documents of semples manufactu-
ring as listed in appendix I1I. PNDC shall send to CEA sixn
copies of the English translation of these documents.

Ail these matorials shall be cent to CEA in sccordance with the
time schecdule spacified in eppendix IX, CENTRE D'ETUDES
NUCLESIRES DE CADARACHE, Département das Réecteurs a Neutrons
Rapides {2 1'attention de M. BEL b&timent 208} 8.P. n° 1
137115 ~ SAINT PAUL LEZ DURANCE - FRANCE.

PNDC shall arrange at their own expensgs ths transportation
of thz supplies from Japan to France and shall issue all the
necessary orders for this service. PNDC shall be responsible
for the compliance with tha relevant trensport regulations
and code of practice and for obtaining, prior to the actusl
movements, the requisite certification or other epproval from
the comnpetent authorities.

PNDC shell provide suitable containers for transpnrtation of

these materials.

Services and supplies provided by CEA

Before irredizstion

3.4.1 CEA shall szamine the PNDE preliminsry design as provided
in article 2.1.




3.2

31,2 CEA shal! male 4ho caloclationg and drawings ef rig, and
' prercurincd tuben, zucording to PNIC specifications as
provided ‘n ersiicle 2.0, These drewings shell be ssnd tpo
PMDC for sgreooment. Adier thi: approval they shall be the
afficisl ztiwings snd :he only onde to be used for manufac-
turing.

3.1.3 CIA 4snml) Jesricate the different parts of pressurized
tubes and shsll huild 90 pressvrised tubes, 5 semplin tuhes
and J rigs for irroadiotion.

3.1.4 CEA shall sarvy out in +hoir laboratories 211 the exami-
nations rrd Lagprotions urscvibed in appendix V para-
gaph  I.

J.7.0 CEA shall zonduct in thelir werkshep the assembling of
e 1 rigs.

A{ier the savisfactory rxesulis of the sraminctlons, inspections

and testc providad, CEA =zhell maka the decision concerning the

initiation of irradistion %es5i in the RARPGODIE renctmr., Inm this
case, CEA shall conduct tirn lecading of the rig in the adequate
position chosen Ly mutual agreement in accordance with the time
schedule provided in Appzndix IX. CEA shall make beat pessible
gf forts to reachk the irradiation conditions as agreed and des-

cribed in Appendix: V.

The rig shall stay in tha reactor for an integer number of

irradiastion cesmpaigns, acearding to the program in appendix IV.

CEA shall advise PNDC Prom time to time of the anticipated

nominal starting snd finishing dates of forthcoming schedule

resctor campeaigns and they shall inform FNOD es soon as possible
it & major changs in the detes so sdvised sppears likely to be

necessary.

o

armediate axaminatinn

n
CEA ehall parfore two wrtermediete examinations as provided in
Appendix 1V and as describad in ARapendix V paragraph 11,

nal

aoxamination

Ciid shall per’rnon the Tinal cxsminotion ss provided in eppendix
d

nscriaed in aposnela ¥ operagraph I0D.

Y and az

&




3.5

3.6

Article 4 -

4.1

4.2

4.4

Article 5 -
5.1

fggorts

CEA ghall) supply to PNOUC all the reports provided in appendix
VI. "hese reports shall be issued in six ¢npies in English
translation,

Return of remnonts

J.6.1 Aftor irradiation CEA shall prapars for the saturn of
all reienants of parts supnlied by PMOD {preceurized tuases
and §i€}. CI chall suitably s-ere those vemcantn fres of
chergen for one week by the day they sre ready for rsture,
Thereafter ZCA shall ack PHET Lo pey the utarage chargrs
at the rate of 500 F.7./dav. iR shall infeowm PNOC ¢hros
manths in edvance when bhe toosnants will be ready for
return.

3.6.2 PHNDC and CEA shall each ap
together shall be respons:

soint a representative who
illr: for %he cooxdinaiion pf

transoord arrangemeats.

_PMBC's  Renrcazsntatives

PNOC shall have the pight to send two representatives ss observers

in CEA's facilitizes to be pressnt during the servicas specified
in Articl=

Tho iength of stays or visits of the represeniatives snall be
limited to 10 men-days.

CEA shall provide the reprosentatives with the neveszory
services durinyg their steys office and usual Tucnitere, usues,

of fice zquipnents and stationary, telsphonz [ excous lang
distance calls ) and cafeterias, medical or housing 23 stmpace
an so on.

During their stay in CEA's ¥acilities, the reproiniesives shslil
ocbserve tine safety and disciplinary rules in force ir CEits
facilities. In particular, %o znier some of 4the facilitiec.

they will be asked %o observe the instructions given from

CEA*s responsible authoritv.

Delav ax Cancellation of ihe Experiment

9

CEA resurves the right =5 delay, ©o cancel or to terminate
9 Y
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Article 6 -
6.1

the rirec.ation in the Rapsodic Resetoez 6t any tias
fer se’shy reesons,
PNBC swhall have the right to cancel the irradistion sxpsriment

in cuse of the {fellowing raacons

5.2.% 77 lEa dis unable to irradint~PDC's pressurized tubes,

5.2.2 77 CJEA estiuates ihat the stoart of the irradiotion will
i delasyed by six moanths or more from the tontative
seobadula specified in Appendix VIIT,

§.2.3 I7 CEA estimates that the corpletion of the irrediastion
il

:lndu
TE

—

22 cgleyed by six months or morz frowm the tentntive

¢ gnaciticd in appendix VIII,

i

1
¥ the irvediation conditions, me spenified in appendix IV,
cannot e resched. WDC and CER ahell dec

i
canczeliztion ox continuation of th~ irradistion.

inoany sase, Artiulo § ensll Lo oaoziied.

P ocaned whano Thr situntion isn 4.2 and 3.3 arise,

Lo sl promntly Aol cendomnil v Lhesn

Thunae FUBL ekl we i

veer vacsint of

whooa aolificatinna fros of ths dreasion as to

ALl IRLoN Or conapll. e RN TR UTr

. [ L. - . . ] - . - a

1 the svant the irvadisiion ig coneelloo or tonrpinated due to
the2 zeascns os described in Y.i. 2.7 sen 00 rbove, CEA shell

reimburse DL The amount wrorived sy the dote of oreeipt of

the letter of =znasllatios, !¥ss cosis incurrod pricr to the
receiph af the said notificszian.
In ths event that MIC ang CIA agoe: Lz cuendust the ioradintion

in spite of the vcasens deszribed oo 5.2 wad 5.7, the irradis-

tinon tentative schedule 23 spesified in Apprndin il shell

be revised by mutucl agrecnent,
Y ¢

Pricaes
PNUC shall pay fur the susplies and sexvices provided in the
article 3.1

«++ preliminary design exsminstion and all works necessary

- 36 —




6.2

to bring the irradistion to a sucessful issue {article 3.1.1

and 3.1.2 20 000 FF

... fabrication 7 pressurized tubss 50 000 FF

(article 3.1.3)

... Tabrication of 3 rigs 60 000 FF
TOTAL PRICE 130 000 FF

PNDC shall pay for the PNC VII{ irradistion as provided in
article 3.2 for one equivalent full power day {EFPD} in a
type 03.02 position 5 00O FF/EFPD

PNDC shall pay fur an intermediate examination of PNC VIII
rig as provided in the article 3.3 the total lump sum

of 150 000 FF
PNDC shall pay for the final examination of PRC VIII rig as
provided in article 3.4 the totel lump sum of 150 000 FF

Article 7 - Payment

T.1

7.2

7.3

7.5

Article 8 -

The price as provided in the article 6.2 shall be paid by PNDC
as specified in appendix VII.

CEA shall, within 30 days of the presentstion of the reports
on pre~irradiation work, at the end of each campaign of irra-
diation, submit invoice to PNDC in respect of the sums due at
the time of subm:ission of the invoices.

In the event of %he premesture interruptien or termination of
any scheduled experiment during irradiation, CEA shall submit
an invoice to PNIC for payment in respect of the sum due for
the irradistion up to the date calculated as provided in
article §.

1f CEA, at the written PNDC's requast, agree io undertake work
not foreseen in %this contract, a particular cotation will be
issued in due time by common agreement.

PNDE shall make payment, within 40 days of the receipt of each
invoice, to the BANOQUE NATIONALE DE PARIS in AIX EN PROVENCE
{FRANCE)} for the account of CEA, free of all charges.

Guarantee

All information supplied by one party to the other within the

- 37 =




terms of this Agresment akall be counsidered as ropzeasnting
the best knowledga and conviction of the supplying party, but
ths supplying perty doss not give sny guaranties o@s $o ths
accuracy of the information and shall not be considsred as
being responsible for the poseible consequences of any use

of gaid information,

drtiele 9 « Confidentislitwy

All informetion required by CEA regsrding the meteriesl shall

be trented by TEA e2s confidentinl. CEA shall nat disclose it

to any third porty withaut prior written consent of RNDC. All
jnformution wcqeirsd by BB =»eqording the exemination, parform-
onces and onezation of the Anpsodie Reactor or any

pther equipment of CEA shsll be trezated by PMOU as confidential,
PNDC shall not disclose it to any third party without prior

writien consant of CEA.

Article 10 -« Ropsponsibility

1G6.1 CEA shall be solely responsible for demages resulting from

& mugloar eccident occurred in d#s fecilities in the course of
axncution of this agreensnt.
PKIC shall be responsible for non nuclear damages that it or

MY

i4n representatives might cause to third pertises or to LEA's
facilities.

THIC shull be responsible for indusiriel injuries and professicnal
Jisovasesr of its representatives, and for compensation of damages
13 ity propertiea during their stays in CEA's facilities.

Article 11
invingions arising from sny scheduled experiment
it with as follows :
11.1 Fov =y wacatiaon which dis made by CEA staff and which relates
pramari o %2 the fuel paine being irradiated end the spare pins,
the wipi-.s througinost the world in said invention shall be
ggnicr oo o PNSC with s irrevaocable royalty-fres, non-exclusive
ligaee: to CEA on any patcnts arising therefrom with right to

sup=-lisznce.




11.2

1.3

.4

11.5

For asny invention which is made by PHDC staff end which relstos
primarily te RAPSODIE or other property belonging to CEA, the
rights throughoui the world in seid invention shall be assigned
to CEA with an irrevocable, royaltry-free, non exclusive licence
o PNDC on any patents crising therefrom with right to sub-
licenca.

In the event that ene pasty, having the right o zesk psient
pratection for an dnventicn, chaosos to forego thot right thoen
the ovther porty shull 2o entitled to seek patspnt protoction foo

that inventiaon su 3=ct,tm the undersuanding thot s3id forme:s

party stall ba eniiiled on request to o roywliy-Trze irvxevocoblo
lieence with the © ght o nubelicence undor any patents vrenioo.

L i
Without prejudizs to thae rights of the nariles herzto fe grant
sub-licunces under articles 11.1 zrd 11.2 ihe poxty propasing

te grant any sub-licenco shzll, befara so deiny, censult ifhe

othar party with a view to cooroinubisn st Sheom thoir linunsing
policics to such ecxdent as zon bL aghond.
PNDT ehell held CEA hermlecs ond indemnidied sgainst all oocions

which may bu  brought oond 6ld cloles ox domands which oy ba

meds An respset of any Lodrinconsat of indtiorr agrens senmenoinn

any Ffuel pins and material specimens supplied By PNIC,

Article 12 - Schadule

N - [ X7 - » (LY d -~ - - R - - ia . g PLI
The present cgrzamont ohell be pesfousaed coeesding &o fna

T
schedule providad in apnerdin fR. The goatracs

«ﬂ

4 on

nnted no later than 3tih ed

ST wLE nand

Ay zeuse beyoog

All dlEpL tes eriging in connecbion with tha srosont apreasond
"shall Lte firally settled undar tha rules GGt on ang

arbitration of the internationzl Chonbos Sy Ghi oar

more arbitrators asppointed in accordunce e . ARY

arbitration shsell be held at Tokve, Jdopan.




.Article 18 - Law
This agresment is subjeet to French Law.

Artiele 1§ - Notica

Any communication or notice required to be given by cns party
to the other under this agreement mey be trensmitted by hand,
Bir msil, telegraph or teleprinter to the following adresses s

PNIC Directer, Contract Division
POYER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION
9-.13, 1-Chone AKASAKA Minato=-ku TORYD JAPAR

EEA CENTRE D'ETUDES NUCLEAIRES DE CADARACHE
Groupement des Affoires Commerciels s
Bofte Postals n® o
13115 SAINT PAUL LEZ DURANCE FRANCE

Article 17 = Caneceliation of previous documents and communicsationa

170 Thic sgreement zhall constitute the entire agreemant reached
between CEA and PNUC and supersede all previous documents
made on the same subjects between the parties to this agreement
including any exchange of leiters as well as all memorands,
notaes and data. -

7.2 Modification or additions to the provisions of the agreemant
which might result in modification of price, scheduls or
responsability shall be made only by additionzl clauses to
this egreement.

Article 18 ~ .Japancse Government aporoval
The effective dete of this agreement shall be the date of ¢ths
reguisite approval of tha Government of Japan.

PNDC shall inTorm CEA immedietely efter such approval haes bean
obtained and until such time as it is obtained neither party
shall have any obligation whatseaver undar this agreement.




In witness whereof, the parties have executed this asgreement
as of day of

POWER REACTOR AND NUCLEAR FUEL
DEVELOPMENY CORPORATION

by

COMMISSARIAT A L'ENERGIE AYOMIQUE

by
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SPECIFICATIONS fox PNC.2 EXPERL ENT

SPRCTFICATIONS FILE

-

7.1 Gesorald descripiion of vhe experimont.

~—
(]
Ry

o Byseificotiong 2l samnlc Tubec ¢
e Enbomial gpecifinations
ca @lmensiong
.n heat btreobhacnys
.o chepi-al nompoaitlon
. @Laporation
.. mechanicsl propertiec in tre ramge of 400°C to 650°C

1.3 Operating ronditions 2
.» preaare o the irrediation temparature and at room
LeTmED CATA
.. tomparaTares
Fluoney

T,4 Qualisy ~onirol and temiipg procedures oo materiels suppliad
by PADC.
1.5 Spseificedicns ol ofhsz compenenta :
.o ohirmlioal comporidt lon
.. heot troavmens {for piug rod only)
s Gimamsiond

T.6 Loading schame of $ho srocizens in the xig
1,7 Begeripiion of operationg comeerning the internediate and

Pinal ozaminicbion.

YCE DOCTENLE

Drawinge prepercd by CBA and approved by BUDC shall be the
roaference AoCUMCIIG. '




Afber mowading of the cubasgembly, the tasembling repart and the
drawings cerilfied in conformiby with fobricetlon gball be the
only avihorliative documenis,




APFERDIX IT

DELIVERY DISTRIBUTION FOR PNC VIII RIG

I - ENDC pupplies

PNDC £hall supply ¢

-~ For emch type of materials (three types), 4 cladding tubes
{length one meter, diameter 6.5/5.6 mm.)

- For the end pluga,
o» oither 4.5 meters of plug rods in one material
=0 OF 1.5 meter of plug rod of each material (3 types)

= For monipring of temperatures,
20 5iC monitora (15 for irradiation, 5 for spares)

IT - CBA supplies

-~ % capsules for irradiation
- SiC and Templugs for monitoring the temperatures.




APPENDIX III

CONTROL DOCUMENTS

I - OENERAL DATA

I.1 Elementery control oparation

A document shall be issued after each elementary control operssi::

in order to Mmow all the cherscteristics of each pressurised
tube in comnection with the monufacturing references.

I.,2 General control document

The general control dccument sholl gather ell documents issued
frop olementary contyol operations. It shall include all the
teste and inspeotion results mentionned hereunder.

II - CORTROLS

to_be achieved on waterials provided for PNC VIII by FNDC

= Dimensionsl ocontrols of each tube and plug rod.
~ Chemical anelysls of 3 type of materisls.

= Control of the markings.

- Final metallurgical state of each material.




APPENDIX 1V

IRRADIATION CONDITIONS

I - TARGET NOMINAL IRRADIATION CONDITIONS

~ I.1 The rig shall be losded in o type 03=02 poasition of RAPSODIE
reactor cora in order to obtain :
.» temperatares inthe range 400°C - 650°0
.o 0 target fluency 4,1*‘102 : 0,5 x 1022 n/em2

I.2 Tyo intermediate exominovions are provided after one irradiation
run and then eftar two drradiation runs more.

1.3 A finpl examinniion le provided after the completion of four
irradintion runo.

11 - HOBEIWAL REACTOR REFEUMCEH COMDRILIONS

IT.% Chagracverishic 1oniitlona

= The charantarisiic power is the power fetermined according to
the rescior loading of eush campaign, which eorresponds to the
churagteristis flux at roactor centor of 3.2 10153x/mm2/8
{total fluz).

=~ The characterissic sodivam Tlovw ratie in RAPSODIE reactor
corresports to 2 presgurg drop acrcsg the core of 2580 mb.

= The "RFPDY ~ Eqaivalens 7l Power sy ~ corveeponds to & day
during which ihe resccor koo been operated comfbinually at the

chareaherigiic poewer.

II.2 Summery of nomlazl resctor roference condibicna

- Total flus ot reochor conter ¢ 3.2 1015 n/em2/s
- Sediunm inled heumperoture 400°C
w Presgure drop 2330 mb

IT.% Duration of irradietion cempaigns

Hominal duration of campalgns is 48 ad=ye.




ITI - IREADIATION SCHEDULE

= Fumber of EFFD correspsinding to & flux o 4,1 = 1022 n/em2 at the
maximum flux level ile 192 dnya.

= Time necgsgary to make zn intermediste examinetion on rig and
presgurizod tubes i 1 to 2 months.

- Tlme necessary to meke the final exzamination is about 7 monthe.




e
L

TCES
S Ak o

=\
i
e
i
2
5
'8
=
B
=
B
.,‘.'..,':‘
g

= fegek lemzih befere snd oiter prossueisotion with acavras; ¥ 2
- Dio@peter elong Hro menorelvieng 0t 600 heferc and afier wircagurieation
with acouracy h @ M

dedghy of eoch prespurized tuben bofore irvadiaiicn with reourany

= Lypical phovograrhiecs showing the sssenbling of sempies.

-~ Radiogrephy of woldings of cach prossurized tubes wilth a mlcrogravhy
of welding test on one probe.

= hualysie ol £131ang g0z and wrosswre with indications of aeouUrany.

IT  THTERMROTATE BEAMINATION,
t = Visuel ersmpinstion and pholography

T o]

ipzonvling of the vig and extraction of samples.
xebonge of mondliors Gemporaimee end measuremenia.

§
-

oo
i
=

4 = Meapurements of gpecinens
.o Toval Length with accuracy F 5
«o Gicmoter all along two generatrieces at 90° with accuracy

¥ 2 p~

.y Teighing of coch spscimen with acouracy — 0,3 mg
so 228K test by imnersicn method

5 - Reassembling of opecimeus in a new rig

TIT -

1¥.4 end ghall ingert gpecimens in a suitable

a1

ronselmar ready to be placed in a cagk for transpvortation.




APFERDIX VI

CEA _REFCRTS

I - REPORTS ON WORE BRFORE IRRADIATTON

I.1 On mterial supplied by FHDC,
= results of the various inspections on the eladding
tubes and plug rods.
I.2 On the mounting of pressurized tubes,
- inepeotions psrformed end tests
- Aggembling report
I.3 On the rig,
- aggenbling report
I.4 Reforence report

IT - IRRADIATION REPORTS

II.1 At the end of each irradiation campaign (rvm)
- diegram of the sodium inlet temporature
of the total power
of the reactor sodium flow rate
- flueney on the specimens

I1.2 At the end of the irradietion a complete report of the entire
irradiatl on including :
- o summary of edch run
- the results from the flux and temperature monitors
= diagrem of reactor power and reactor flow rate and
godiun’ outlet temperature for the ICHt 200 type
subassenbly gontaining the rig.

III ~ INPERNEDIATE AWD POST-TRRADIATION REPORTS

Any work performed in hot celle (mee Appendixz VI, paragraphs II
and III) shall be described in & report sent to FHDC.




APFENDIX VII

COST OF IRRADIATTION

I - FORMAL PRICE Po

This ie the daily priee when the RAPSODIE rsactor is opermted at
@ power included between 90 % and 100 % of charecteristic power.

1T - GALCUEATED PRICE PJ

If the effective average daily power is smeller than 90 % of the
characteristic mower, the daily cost of irradiation will be given
by :

‘P (J)=Pox-§x(%) 2

Po as defined above

WC ... characteristic power

WE ... effective average daily power

g- represents the fraction of dey during which RAPSODIE
reachor is operated at a power higher than 100 EW




APFENDIX VILT

PIMB _ SCUEOLIT

To Ressprion at UiDLACE . of proliminary dosign
o + 1 momth Reparks of 084 on dhe ~valinminavy depimm wd doeion

"

of the rig st o X700
Heeopilon e CADARACY ¥ BITU quoplies as providrd
in article 2.2

Po + 1,5 month  Agrocment botweon TR zad CRA on esleounlacions ant
drowinge (-vigc anl apenicens)

To + 2 months End of fabricaiion of parts of precauvisted Hibac
To + 3 months Ind of movuiing of provsurised wuiss

To + 4 monthe  Asgsmwmibling of first rig

Po + 5 montha lomdlaz of ths fizsi »ig in RAESOHIL ronolur

To + 7 monvhe Beginning of the {irst inbermedietn oxuuwrimibion

To + 9 monvhe fosding of the second rig in RAPSGUIE poecoteoy
Po + 13 nonthe Dsgioming of the second intermediube cwglooilion
To + 15 monthe Louding of the third rig iIn RAPSODIN vreactor

To + 17 monthe Ené of the irradiation

To + 20 monthe End of the final exomination
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Aoreement for PNC B creep experiment

=52 —

Contrat VEN 0678

.Amendmant nr 1




Between

The POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION
having their principal office at 9.13 1 CHOME,AKASAKA MINATO-

KU, TOKYD (JAPAN) hereinafter called PNC

of the one part,

=
3
a

|

COMMISSARIAT A LTENERGIE ATOMIQUE (hereinafter called CEA) -
having their principal effice at PARIS 15&, 29 - 33, rue de
la Fédération FRANLE représenté par M. A. JUNCB, Directeur
du Centre d'Etudes Nucléaires de CADARACHE, sis & SAINT

PAUL LEZ DURANCE (B.D.R),
of‘the other part,

.

IT IS HEREBY AGREED AS FOLLOWS :




Whereas under the provision of the agreement between PNC

and CEA dated 20 th day of March 1974 (VEN-DB678) CEA are irradia-
ting in the RAPSODIE reactor PNC's rig (PNC VIII) mounted with
pressurized tubes, ’

Whereas, the parties have decided to modify the time schedul
The contract VEN-0678 is amended as follows

Article 12 - Schedule is modified as follows

"The contract shall be terminated no later than 31st"

"day of December 1978")
All other terms and conditions of the Agreement hetween
PNC and CEA dated 20 th day of March 1974 (VEN-D678) except the one
modified by this Amendment nr 1, shall remain effective :

In witness whereof, the parties have executed +this
Amendment as of. "

POWER REACTOR AND NUCLEAR ‘. COMMISSARIAT A L'ENERGIE

FUEL DEVELOPMENT CORPORATION ATDMIQUE
T8 L 5
By | By DIRECTEUR
A CA
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Aareement for PNC 8 creep experiment

Fabrication and delivery of pressurized samples

Irradiation in 402 position

Contract VEN 0678

Amendment Nr 2

- 55 =a




ARTICLE .1~

ARTICLE 2

ARTICLE 3.

Whereas under ths provision of ths agreement betwesn
PNC and CEA dated 20th day of March 1974 (VEN 5678) CEA are
irradiating in the Rapsodie reactor PNC's rig (PNC VIII)
mounted with pra2ssurizsd tubes.

) Whereas it has bzen settlad an amendment number 1 at
this contract, dated DEC, 27.1976 in order to modify the tims
schedule,

Whersas the results of the first irradiation campaign
are not satisfactory for PNC due to a defect of the rig.

The contract VEN 0678 is amended as following.

CEA shall supply to PNC 435 pressurized samples and 5 no pressuri

zed samples which contain the temperature wonitors manufac-
tured by CEA.

— PNC shall pay for thzss samples the following prices
FF. 810,00 unit price for 45 pressurized samples

FF., 385,00 unit price for 5 no pressurized samples
~ these prices are valid until June 1978,

CEA agres to irradiate the PNC B samples during 3 runs in 0402

position instead the 0302 position as provided in the main
contract. 4

- PNC shall pay for one equivalent full power day {(EFPD in the UFDZ
position FF, 4143/EFPD

- the nominal duration of each campaign shall be 80 days

- CFA agree to irradiate the PNC B samples for 48 JEPC free of
charge taking in account the result of the first campaign are
not satisfactory for PNC. CEA shall also provide freely the
new capsule needed.

- the intermediate examination shall take place betwzen run 2
and run 3,

- The contract shall be terminated no later than DEC,31-1979.
All other terms and conditiomns of VEN 0678 and of the amendment
number 1 not modified by this amendment number 2 shall remain
effective.

POWER REACTOR AND NUCLEAR COMMISSARIAT A

FUEL DEVELOPMENT CORPORATION L'ENERGIE ATOMIQUE

by by
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AFPENBIX 1

Manutacturing of pressurized samples

I - Supnplies provided by PNC

PNC shall supnly CEA with :

a) the cladding tubes needed to manufacture the pressurized
samples required by PNC. If there are several batchs each
of them will be perfectly marked.

b) the corresponding rods needed to manufacture the walded
plugs.

c) a panzl of supplementary cladding tubes for manufacturing
tests (welding tests in particular) for each batch of clad-
ding tubes 3 or 4 supplemsntary tubes are necessary (mini-
mal tength 100 mm). :

d} the physical and chemical characteristics (typz aof sisel ,
thermal treatment, analysis...) of the different batchs
of materials.

e) the filling pressure (ambiant temperature) of sach samples
manufactured.

11 ~ Description of the manufacture procsss

- CEA shall manufacture the pressurized samples accoxding to
the following process.

1) Drawing of thes pressurized samples : identical wiih the
one supplied by CEA/SRMA (manufacturing report PNC B dated
‘Sept. B8.1975) :

2} Checking of the cladding tubes supplied by PNC

3} Manufacturing of the plugs and cutting of the claddingpieces

4) For each cladding tubes batch : preliminary welding tests
to adjust the equipments.

5) Welding of the plugs by automatic T I G in argon
6) Marking of the samples by electrical pencil

7) Manufacturing achisvem=nt of the plugs (finally dimensions)

cesd oen
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III - Tasts

8) Controls of welding

9) Weighing of each sample

10) Getting up prsssurz and welding of filling plugs
11) Controls of filling plugs and of welding tightness
12) Second weignt of the samples

13) Metrology of each sample (diameter, length).

and metrolagy

CEA shall cerry out ths following tests

- ultras sonic and sddy currents tests for all th= tubss deli-
vared by PNC.

- for esach bateh of cladﬂing tubes delivered : welding tests
and penetration test of the weslding by micrography of a test
sampls.

- for each manufactured sample : welding defects tests (by
radiography) and leaking tests (by bubbles tests and helium
tests).

- weight ef each sample before and after filling (accurary :
1/10 af mygj. ‘

~ total langth of each sample after-filling (accurary : 1/50
of mm).

- continuous measurzment of diamster according 6 axis at 30°.

¥

IV - CEA repozxt

A manufacturing report (in english) will be issued by CEA.
This report shall describe the manufacture process with the:
incidents occured if necessary.

This report will be completed with the metrology data gathered

in a board and a set {enly onz) of the photographies, radio-
graphies and diameter recording curves,
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