PNC TN8410 95-296

AT REEFIRB DL 4 [N 2 A8
(IFA-59 | SR

199545 F

BAE - ZRBEREEN
R & F %



AEROERE - BERT-HR-BRTIHEE, TRESMyEhRTiEn,

T319-1184 FKERIEIREER SHEH KR4 H140
BEAE 2L Bl SE i
HHATRRE T8

Inquiries about copyright and reproduction should be addressed to:
Technical Cooperation Section,

Technology Management Division,
Japan Nuclear Cycle Development Institute

4-49 Muramatsu, Tokai—mura, Naka—gun, Ibaraki, 319-1184
Japan

(© BB 7 VB %5844 (Japan Nuclear Cycle Development Institute)
2001




PNC TN8410 95-296
19954 5 H

ATREFZFFREOFE 4B 2R
(IFA—-59 1 BHEE

EHEEE N B
wEFE OHE 13
RE BB

L3 =]

J )77 = —®OBCD Halden Reactor Project (BAFL T/ LF 1 EWH) 2BWT. FRT
4 4 A18H~2TAOMIcER S hic 8 A ARABFRER (FA-50L DicI & - HRRTH,
BOSRE L S W ERRT 5 S E R BRIV v 7 VN ERRRE L L oA, ik 3 Eo
@YY — ZXORBTHMBRNABRRN S W72 &0, FELTWIIATADT vV 7THER
EHDSB. FLIVFA vaz vy LAl (BEERIEEE L $ 0 80k/uh 5 25ke/nicET)
LHARREORERE (2455 4BEICER) #EBL. LVBLVEERLLNIEHTE
EA%fT o700 SRERICHEL fobilory Kid. IPASSL T (hRAR Uy b - Iry-2 #8 - 16.3GWd/D &
IFAS91. 8 (AL v b« Ir-liner B « 14. 8GWd/t) TH V. ThTheS5. 5ki/m¥b L U68. 0k¥/n
FTHAEZLRIETONNT LERRRE LA, BRBEORERBAS NI, -7, JO
EEHAE, BEOMREN PRI NBERRH A (81W/aLIT) LD SRDEHVRIITS 5o

AHETIE, HHRRRBRICH LA TRETFREOLRE. WAL KB 5— R
F—y BLUNVF VB 3 HARRERERIOVTRET 5. |

t BBEEF WHREHRBERE T b LRNERE
t WEGRESTARER BHE AT rravzs MNOEBAETT)



PNC TN8410 95-296

B ix

T B T T 1
I B 2
3. IFA-591 &7 X v rRlOMARREER E 3
T T . -+ o 3
3.1, 1 SREAEMY  ---ooooermmmooe e RN 3
IR T I 2 A | 3
8. 1.8 BRIMHEE  ----eemem o ormomemeemrommemom e ssoisnn s s 3
3. 1.4 HARARSRBRAREORERATIEPIERER e 4
3.1.5 HAEESIER  ---r--oemerromoroeer oo onenee e semannrn oot s 4
3.1, 6 MBEFERERER  -----r-e-orroooroemeeenoeemnessoessnnesossoesessocsisssesooissosstensooooe 6
T T B ot T 6
3.9 EABMARREEER oot s s 24
I - 1 = | A 24
L A - 2 .- 24
3.2.3 MAHRAESRTOEBEEREBER e 25
394 WHHRRRBRORERFIE oo e e 29
3.2.5 HWHERBRSRREONVT v CORRERE - 33
3.2.6 HWESHUHOBBT —F oo 36
8.9.7 HABERERY A=A oo 36
3.2.8 HiEWMAHRBRRBRER e Tmnnann e 87
3.2.9 HIEBLCEIEHAERRRBEREOME e 44
3.2.10 %5ELBEOHNARRBRARBT REHEE oo 48
T 2 T 90

BlE 1 HMAHARRRIERE AT UAIAE)

AE 2 RERE Ty FOMMETEFE

BliE3 BEEOHRUHERY NI HEOBE (NILT A E)

BiRd BESOMUHO7 7 —AMAF¥ T —F

AR5 BRROSEERT—F B S REE Y » 7 7 —HBEER (TIMS)

B 6

ﬁﬁﬁﬁ??99—E§5<ﬁﬁﬁﬁ%ﬁ%ﬁi@?-&ﬁﬁfnﬁﬁb

<F—-58E>
1 Yn—#Eo3Rya-Fhh
2 WAaRRREO3INRCLI-FHT
(RUEHE A, VIFDORS v a v »Or—F i)



PNC TN8410 95-296

#2.1

523, 1-1
73.1-2
3.1-3
#3.1-4
#3.1-5
728.1-6
23.1-7

%3.2-1
%3, 2-2
#3.2-3
3, 2-4
%3.2-5
#3.2-6
#3.2-7
#3.2-8

B3, 1-1
B43. 1-2
3. 1-3
3. 1-4
593, 1-5
3. 1-6
3. 1-7
3. 1-8
E43. 1-9
3. 1-10

B3, 1-11

3. 2-1
3. 2-2
3. 2-3
B43. 2-4
B43. 2-5

B -#%&U X F

FEiEHERARZ S V21

ATREHRFAHOHNBRERR r P a—i
BREZOS AT

N— R REER

BREROFELH

T v TRRICET HHEO Y X b

TNF ATy THAZRAREY

T VATFy THABREREN

HASRSRA S A v MR OE4H

T v THRICH Lo EHER RS R

B 4PHHBARRRERRER

#1EI~F A Do hERSRBEERREROE LD
HERY N—V AR (19954 4 A26H)
SBRHboR S A v FBREOBEA

7 A v MRR OB 1 EREBORFEER
FEIEBIUVEIRHIRARRER L O

REAEY A Y MAREE&EDOE S A v FAHERER

B A L MAREER

Yy I NARTy THARRESEBREN

T IF ATy THABRERREN

BWR#AK 2 LF X5 v THARRBREROBERHTEE L RREORE

BWRER VT AT v THAORRZBRKEROBERHNEE & RRFIEOBAR

BEHEAEEZOP C I

BWRZE Y v 7 VAT v THARRBREROBER I HEE & AREEOBR

BWR#K Y v /LA F y THARREBRE R OB LFIR & FiREOBR

BWR%ﬂ//?ﬁZT)7&ﬁ%ﬁﬁﬁ#§®ﬁmﬂiﬁm&&%ﬁﬁ®%ﬁ
(REEBER LOMIR)

BWR%ﬂV??»X?y7&ﬂ%§ﬁ%ﬁ%@ﬂ§ﬁ&ﬁ%ﬁ&&ﬁﬁ@@%%

IFA-591. 7 HWAHBRARIIREEE (GlEEE)

IFA-591. 7 HWHRASRRIBEZER (DEFIIAT7574)
IFA-591. 7 HARRRABIREER (LEAE)

IFA-591.7 HAHRRSBRAREER (TovsatbY)
IFA-591. 7 HAHRAZRIREEE (REREEER)

I



PNC TN8410 95-296

3. 2-6
B43. 2-7
B3, 2-8
X43. 2-9
3. 2-10
3. 2-11
B3, 2-12
3. 2-13
X3. 2-14
B3, 2-15
£43. 2-16

B3, 2-17

3. 2-18
B73. 2-19
3. 2-20
X3. 2-21
a3, 2-22
(3. 2-23
3. 2-24
Ba3. 2-25
43, 2-26
573, 2-27
3. 2-28
3. 2-29
(X3, 2-30
3, 2-31
3. 2-32
3. 2-33
a3, 2-34
3. 2-35
[43. 2-36
43, 2-37
3. 2-38
3, 2-39
3. 2-40
3. 2-41
3. 2-42
3. 2-43
X3, 2-44
[543, 2-45

IFA-591. 8 HASARRIRERER MRER)

IFA-591. 8 HNIBFRRAIBREFR (FEFF 94757 4)
IFA-591. 8 HABRFHRRABRERZE QENE

IFA-591. 8 HWHBFHBIRESLER (Fu740X b Y)
IFA-591,.8 HI/TERRBRAAEER (RRRFESEED

} ¥ OlAR
YYINARTy THHARRRE— MERE (F 4 ERB
B RS ) DR

REAET BT B NT yIFOFILER

NVFE U TORHERE EEBEHCL XUCRTFER

NVT o CORRER WEERUE XCEFFHD

NVF o TCOBHEBRE BREMUTBLCEREFFEHA

NIVFE U TORSERE (74 v MAN ORI

NILVE U TORSBE (74 v MEROREL

NLVFE U TORHBE (74 v MEHOBREID
REREOPETFRINEESOE{ (FA-HILT)

REAEO P TRIHBESOZEIL (IFA-591.8)

Y FROBHT TS v 7 AN GHEE) LRREGORETRBSERE
1PA-591. 7 O#HEHEE MU E HAZE/L BN 7—5)

IRA-591. 8 DHWBESHU L HAZE(L BIMON F—2%)

FEY SAOCHARDPET 7 5 v 7 ARTHEER

/A v MEROBMWA LREER

A MERlOBH S ERHEERE (IFA-59L.T)

v A v MEROBH D LREEER (IPA-591.8)
HAARRLEIREEE FRICEA B3HE (VT /ERRR)
IPA-591. 7 OBHH L FERE BT OHEE

IFA-591, 8 DA & BB EH O

IPA-591. 7 BB E B & HHZE{L (Fast Scan T—5%)

IFA-501, 8 OB EMU L HAHZE(L (Fast Scan 7— %)

IFA-591, 7 REAOE £ A » MR OBMAZE(L (BIMN 7—2)
[FA-501. 8 REREFDR £/ 4 ¥ MABOBRNAHZEL EMN 7—5)
IFA-501. 7 O¥E ST L SHMHOERE L 0E (EXMN 7—4)
IFA-501. 7 OHE SO L BHMACRE & O (BIMN 7—4%)
IFA-591. 7 BRI OKBHM ZMEAEZEL EMN 7—5)

IFA-591. 8 REAMOXIMEHEEZEL (BXMON 7—5)

IFA-591. T HIERE S L OTVafyasy) BOBlN L HRERTOHERM
IFA-591. 8 HIERE S X OTVavfivayy BoGhh L iERERCOHEE
[FA-501. 1(235 1 EI5XER) L IFA-59L T(% 4 EER) OHBREREDOHL#K
IFA-501. 10 (%5 1 ElRER) & IFA-591. T(& 4 EIRER) OHBREROLE
HHaRHBRE— FORER



PNC TN8410 95-296

L EANE

J L% x —®OBCD Halden Reactor Project (BIF. T7ubF vl &) BT, FRT
4 B1SA~2THOMIcEHmI hic S 4 B HARRHER (IFA-59L DI E - oo HHBRILGL
D B3, |

D WAHZFRROEEICET S VF AL OBMIEFEREITO L.

@ HMARRHOBNERT -4 EMETEI L,

D2ETHY. BIEZOBNERRT S5 I ENRTE

SEOREBRTE. BEIEHORY Y — XORRTRMBEIEN S NIh - T ED D, FTE
LTWwis A FADS VIRBERDS B, FLavF4vamy PNl EHERHAZEA
412 30kw/o S25kw/mcET) EHAEARROEMENE (28406 4BHICER) 2EEL. £
DLV EEL SNBEHTRRATS S i Lice RRICH LD v FIXIPASILT (PR
ALy b e Iry-2 3578 + 16, 3GWd/t) & IFAS9L. 8 (HSER ULy b « Ir-liner$® - 14. 8GWd/1) T
55, . YFRBO v Ficid. RBRLAHEICHV. HETORIMERHENES AT
%o |

KEETIE, MARRRRICHELE AT RELFRBOLE. TSTAL KB 5 — X RE
?—5ﬁiUnw?ymﬁﬁémﬁ%ﬁﬁﬁﬁﬁmomrﬁﬁiécﬁﬁxﬁﬁﬁﬁm\:ni
?@ﬁﬁ@ﬁ@-%WKEMTﬁmbfét%ﬂﬁmF—&%\ﬁﬁﬁMLtﬁﬁ&?—ﬁmﬁ
B4z Licl. SEbADEAEOABEEOENELEREL . JOMKT -5, EEL
Tﬁﬂ@%ﬁﬁ?79&~ﬂ%§%&ﬁftb\ﬁ&ﬁ%ﬁ@@ﬁﬁ%ﬁﬁ¢ofﬁ¥ﬁkié
ﬁ\%ﬁm%@iéﬁE@ﬁmﬁmamoiﬁ%%maéntf—yw\érﬁﬁﬁﬁwf—ﬁ
TH 5o



PNC TN8410 95-296

2. AR Ta—ib

BANBHBARRAY Y 2 —VEFK- KFRT,

HEHABREERIE. /~NVT D Fuel Test Bxecution Section®Mr, Minagawa, Mr. Svanholm,
Miss. Pettersen, Miss. laniri A% L. B0 « BRRBIREER (CIT. M8 20v5)
o (STFARBIHENR : "N TF U BAEED) BRIbE -

ER T4 BIBEM L2208 ICEWV T, PRETFRIBESHORBu vy FORALENYT 2EH
ZROBIBOH YA MYy FEBHAREC L ABRERBREER L1, TORBIEIX,
BFERAZHEELT, 4A2HIEMN 7 VaAVvF s a5 L. 4 H26A 5T
D¥34. 5 BEREL /oo Z0%. BEFFORNETY. FLavFs vaz v FURLAEBLI
LWHAIRBOTHRBRO U N—F I E{T- 2%, 4 H26B 168840430 527H 5 Brlc W TEHEARE
Oy F2EOHANERARET> 1. :

BHE, BRIN—FILDID, Bloy FERRY J7OLBNANEN O THARMEE TL
T 2T TOWBI, YZY FPERIHWTOWARBRESHNL—F (Loop 10 ) oWLW§Fhih
DEFIC TAARNAGRLE Lz, ZORRRR. V— 7OBBKRY TOBBOKNWEET
HY. IORVTERBIEEERMRETI L Lice L L. RERFOUAEBHEE
 OBSECHEEELE XY, REBOEACSUNZRANEL Shicln, ST OSSR
KIGCTRAOHEHRD v FitbL Tk, {HEOTHAERRICFHAIZTRIELERS T -4
£EBRF v TEEW L, |

#2-1 FAEBARRERAY Va—

£ H H|® MAOEREERECE
ERRTHE4ALH | K| BEFFRHAR S THRD v P2 TEHRMEIC TR L TRESRRER
4 A198 | & | EFFEHARITMIC TRIESESERR
4 208 | K H L
4 A218 | & | EFFHAEHIMNC T THRZAN/mTTVa71 vz LG
4 B22R8 | £ | TVasfiya=vy &
4H23H | H [ E
4H248 | A Bk
48250 | K & L
4 5268 | 7 | EFAE 56, oM TEERINY . 1Mt AR RARER
42T | K | HAOBRERABKRT., 7 EE
4H28A | & | F-rEH




PNC TN8410 95-296

3. TFA-591 + 72 MAEORHERRE
3.1 2#Fm

3.1.1 BERETE

HREWIE (ATR) EEFREOBER 2T 20I0. STAK TR - ABE% 7o L ER

AMOXBEHI DWT, NV FVIRILBWTHARERRE T, UTOENEERT 5,

(DATREMNFOEEEE AT A0, CNETRBELRTWABRKFORIBARET -5
A5, ATREFFFBRECHEATED L OBE*T o T/, ATREEFREOTHEL S W E
¥ERD5,

QUEBRE (ZrF 4 —fF SWEE, PERLy ) OEEREICHT2PCUFHEOHELD
RERET 5, |

GRE L RELILIC B 5B REET 5 BB I — FORIECET 5,
2B, FRBREOZLHEL LTHHEFI LTV,

312 AFTVa—

311 MO RRRBRICE DB AT Va— g R T, STALBWTESE 2 E0OR— A
ATV, B CHERERBRE To2 BNV Ty ~G% L, BHRARREYT) . HOIER
SRERA TS A Y MAEHIEN 4 0D D, TS F S 4EICH TR TORET 5.
WS R RERE T BEE. A COFRBBRERE R V7 I BT RERT OFF R
BAETD . $72. HARARBRRBIIE Y =T —FHRmcBVWTRHERRL LT 5, HA2
HIRER % b 2 WIREHZ D W T I ABE L S+1 ¥ ¥ — ST E1T ) o TN TOHBRIL TR
1L0EEICERTIATFETH S,

3.1.3 BRELLH
BT AT B VTR RBH 4T ) 4K ICIEPPFE0S LPPFECTD 246d 1) ThEN, N
X%ﬂ®ﬁﬁﬁﬁ§&5o%%ﬁ®ﬁ%ﬂMR%ﬁFkﬁﬁﬁ36$3E??19-%ﬁ?%
%. 36KD) 5 6ROBEHIERBE 6 XL SBRENTWE LAY MERTH) ., H
31T £ B E PRI ER ST b, BEOBEICEES12ART &) CType-1
~NO4TESD Y. ABEORBEORL 217 AV FREFEO N, N—ARHOLHF
3 E3I3ITETo T2 BEOFERMABRUMEEREE.-4, H8.1-2057F
HARASRBRHT BB Y A F 231510577,



PNC TN8410 95-296

3.4 ) SRRBRAME ORI ETIERR
HD SRR BT B BEHL. AV F UNORBERRIEFC R Y £ 5 —Hgfc <. 3
BEAREER L. BHORSMERET 5, BN CORBERRL, NEBE. KEERS
EilE. EENE. XBEBRE. » 251 Y IIonTH) o COfc, ERABICOWTHE
EREERR., BLEESOUERZITVWEE L T5, ¥ 1 F5— TOEBERERT. FERE.
SFERE. MEFO 740X ) dRFI VLSS5 74, BEREERBRICOVWTT Y.

3.1.5 BHEARER
HASARBRICAVWL YL, €/ AV M RE3 R BT AL TEL, HHRRDS
B, LTorsehTths,

WY 7 OFTHICIIH AL EE I DD DR bI A VHd 5, BHSARRII S VAD
HeDEHE2ELSVEILIZL Y., 1ETo0RMEIER. RBT 5,

HBHwniE,

@VFAOET Ay MREEKEICL D ETIEH L CHEMT S, 9, 2720 MEE%E
V7 ERO—IHE (- FERATHRBAPEY) »SHECHWEEASE LM
HERME (D'Hea A MERICHIS) KETERAZLIZLY, 1 BT 00BBERR. &
B{5,

BHAOEBERUENIZ, FRENS552~559K (279~286T) | 7.06X 10Pa (72kg/em?) TH
»

HOARRBROEMEE. F3.167. RUESIS4 KRTLIC. 1BEOYAVFATF v 7H
NERRBRL 3SBEOV VY IVA Ty THAZRARBRZIT ). SHASRRRBROAFIIOWVWT
PR i

(D= NF AT v THASABER

INFATF v TE—Fid, BN BESREZERL TRV, BEL 3 viREDCNT
HEMIi % lBORBTITIZEHNTED, 2070, FRBEZOTE L & Wi HOBREE
EEER BRI T A -y OERFREEZAD I LEEN LTS,

3.1-5,6 IZBWROTVF AT v THHBRBZBROAR7— & 2 BERBHTE - REE. 3
ERBAEE - SEERORT I TIy FLiz, CALOEDP LUOREO L EVEHDIRE
ROEBOLIIEDLTIENTED, —F, ATRRHOBIAL EVBHNIE, ChI TOR
B — ¥ BPLUORE L D EskWmE A B I EATFREATHS, SHZ LX), HB1S5IC



PNC TN8410 95-296

ATREREOBAE L ZVEHA 2SR EUERTHEE L. FUNRARBROEREFIEEL
RS LEVERIE D EK, TRE VEVERDTHRIET 22 L AFITRLIGIRT &)
KREE Lo TOREEBZUTIIRT

@ BRMSEAE : AP=5kW/m
BABBAECIETA ATy 72 MEEZEL . fiouo,BHo M aRARER CIE
IR Lo

@ BRI LFHEE | P=1.0kW/m/s |
ATREFFFREHIBWTBEE S WS BEFROH) b b o & L RWHEIRE L7,

@ RFEFEH . T=60min
RO ET 2 72010, BviE) FLvidt, UOREO7— % L ORBROES P 5,
o B HBRARBROMER LICEREL TWb, '

@ FLarvid4vanyy Lo i P=25kWm .
ML EEL SUHEBIEB VT, b ok DEVWAEEORAETIE. H30kwmn THIBET S
WEeH S 570, Shi HEv2Sskwme L7z,

® FLaviFiva=rJEH T, =58H
N ABRBRTEORALVANVE FLIV T4 a s T OEZER L THRD,

2 F AF v THALRRBEL T REEZINE. BEEEHUF ELEAETOWTh P2
DAV . BRI & PCMIZSE) 7 — & £ 7=\ 3FPH A Ut &8 7 — ¥ 2 ST %,

@ ¥ F VAT THHRARER

LU NAF v TRAHARRBIE, AN BESSERELTSY .. ARRTERE LA
EEND Lo LD YT R EGTORBOBEBFHE < LT A7y THARARRCTHE LN
BSELE VBB EHET A O0RBRET ).

ARB T, Tpye-A, B, BOIBEEO Y Y 7 VAT v 7HABARRET) o H3.1-7ICATR
EIFREH BV CREL 2BEER IOV TRT . EB.18,9CATREFRENC BV THE
waﬁﬂﬁ$§kﬁwﬁ®%#k®ﬁﬁ%ﬁfoitxﬁihw,HK?V?WX??f&ﬁ
& BB DA B F— ¥ OBER M AT BB LR LRRNE L OB YR L, TR
%fﬁﬁﬁwAWﬁﬁ%#%@¢mﬁLtoEWAG%#M\ﬂﬁﬁ&ﬁ\ﬁ&ﬂﬁwmfh
CHREIBL EVWERZ LASEHTHY ., FEHIEEL TV BEERTARL TS,

ﬁw&xwmﬁ§M,vwaiv7&ﬁ%ﬁﬁﬁ?*b6ﬂtmﬁtéwﬁ%ﬁ%Tétb

S RBTH D, ZFRBOLEZFIITLUTICRT,



PNC TN8410 95-296

OTpye-A _

BEFHD., BRAOLAEE, 7L Iy T4 va s TEHCOWTITLVF RAF v T
NBIAFREFLET L, BAH LABEE, AREFFRFCEVTERL TS b oL b
VETRBHALFRTH H30kWm & BRE L,

@Tpye-B, B'

TpyeBRUBD V¥ Y VAT v THAHBZREARL. IV FR7 vy THHRFERROEIAD
7201247 Yo Tpye-BOBREREMZ, INVFAT v THAERRFBRICBVW TR LB L~
WL DSkWmBEWHD VAVIZRE L, BRIEI bW LORERET 5,

—7 TpyeBOEERIIBEFBEL 2BH VWV EE CHZERH AL <L E L, BE0R
A ERERT D, TOMORBEGRNVFAT vy THAOSAHBIALLE TS,

YYTNATy THABAFRET HIBEEZ T < TORECHESMUE 2R i1,
BEIBHRM L BIEROPCMIBEIOA ¥ 5 1 ¥ 57— & 2 BB %,

3.1.6 BHREER
WHERRFBRORT L7 AV MREHE., = 7 CREHAR % 1T . ARG
A OWTETIICRT, '
(ZEBUERR
- SlRERE
- HRTFIIVATIT T4
- IMEREERER
cy AF¥ Ny Y
(2)m Rt E
s T F—HE
- 48
ATy AF YV
cay By A NIV TT T4
- PREERE AT
- BB H AW
- BEAE
- BEENEHE



PNC TN8410 95-296

317 TE®
FRBIL. ATREFFRHOMRE * B, BEBH RUHABBRHOBIRARBRET .
BB RUBEFORHEEH A5 EREOBIRRA, BT — 7 RUCBHERART—
Y3, BREE DT A— 5 TEEL, &5 4 7 ORBOBNERO R £ R a5 I BET

RIS %o



#3.1-1 ATRELFBEOUHNEBRRRY T a—1
HE | 1990 1991 1992 1993 1994 1995 1996 1997 ! 1998
(5 Al : 1987¢355’E7I?f’\ :&3357] | S L
1¢EHU&L B L ! RN
CE ) : e \EREI N
' @g($wﬂﬂkﬁf' M%(&WAﬂMW) NN
i ek homn v | | N
LS LLSLLL LSS ILLLL NS LSS SIS, ///////////.(//A’/ A ELLLS IS LSS SIS,
R (PNC) ﬁmﬁﬁiﬁ o) \\IZDQ%ﬁﬁ
[ 1] ]
i LS| BRI WO R
” R — B BB~ R
NF NVF Y T NIVF v
X
REAIRE l
(NN T ’}r Bt _Y
Y S ORE - BUE, VT
Y 7 DBE - B gt
B ARER BIRER 2718
(NIVF VR) RenbhAdIAN Ay}
WS BT AR %ﬁﬁ

AL LSS LI ILLS LD I
L

96¢-56 O1¥8NL ONd




PNC TN8410 95-296

#3.1-2 HMEER0IAT
WHBEZEDS 47 _Ly b HEE
Type-—1 h R Zry—2
Type—1 b % Zry—2
Type—q b £ Zrﬁ{%—
'Type—w h = ZrSA+—




PNC TN8410 95-296

313 N— ARSI

| amerr | meme | moRemaE
gffé} Jgﬁyﬁﬁ (235U+239Pu+241Pu)
HE&H BiE | aoMIE KW/m GWdlt (U+f}’;)
wt
1 #1155 #2.2
2 . 414, 2.
Bl (F78) 18.1 #1438 #22
ot 3 #16.6 ¥2.1
&k 1
(PPEED7) 4 163 #12.1
1644 7 v 1 £21.2 #1.7
2 20,4 41,
19GWdt  |Br2 (FhERE) 237 ~ #i.8
3 #1226 6
4 #1222 #1.7
BO-1 (51FE) 23.8 #19.7 —
1 #124.4 #2.1
2 (hE) #122.9 #2.3
2 () — 2.3
BI3 207 :
() 3 (F%E) #9252 #2.1
#5460 3 (vhz) — #2.0
(PPFE06) 4 #24.5 L #21
1944 7w
SRR 1 #131.5 1.5
27GWd/t 2 (hsE) #729.8 1.7
BL2 () 2 (dhze) ot — 1.7
) 3 (W) ' w24 | 14
3 (HhzE) — 1.4
4 $31.6 #1.5
BO-1 (41/:@) — — —

*  FODES# bOD%SETF— 72 &I, FRETHE. PHE. /B Y o HnoFE il
ﬁiﬁﬁﬁ&(ﬁ%@%kﬁﬁ%ﬁt&bto FORFEDH b, ~N—2ABHPHPORERKEZK

e B M- 06— 111 [£7 2 ¥ M B (B07) O BIER BHEROMAIRSM] &
UE— M F#—06—196 [IBE AL 2 ¥ FMEHEAE (E06) OBRBEBROER ]
(WIMS{E* ZER) »BFIH LA,

#xx i FEY — MROFEARS OETE L 12,



PNC TN8410 95-296

#3.1-4 MBEROEXE{AR

ch 58 Rkt RREH
I. Nyt
B 3 hE / PE B %=
¥ H : MOX B/ %
#® = 12, 4mm [ &
HE( PEALVy B) 3. S5mm 5
s : 13. Omm & =
i TN Fao¥a-F¥rr77{ B %=
) (PZERVy PEF¥ 7 7DH)
5 E g95%TD & =
EnRinEER 3. 7T 1wt% 3. vty REDPRIR/2. 2vif SE
0. EHEE S
7 2ry-2 Jir5 4 Flry-2 m =
& 14, 5mm B Zx
A & 12. Tmm B ZxE
ZroAFrBE 6. 07 5mm 5l Y.

(Zr 54

M. #REBEZ
2 = 520mm 4398 mm.
BHE 365mm 3647 mm
HAHNA He B &
#HAKED 3 Kg/cm? [ =
7T LR 6. 2 0. 1
AR BB Ly b E 1 0mm (B3R, TR




PNC TN8410 95-296

#£3.1-5 SU7HRBICETIRHDY X

W | W | B | e | BR g |7V TER g
IFA 591-1° I3 A4004 1 i Mulii EC
IFA 591-2 I5 A6002 I 1 Multi EC
IFA 591-3 M8 A4015 I 2 Multl EC
IFA 591-4 I3 A4005 I | Multi PF
. IFA 591-5 15 A6014 III 1 Muld PF
TransportI | IFAS591-6 { M8 | A4018 I 2 Multi PF
1993 IFA 591-7 1 A4012 1 1 Type-A EC
IFA 591-8 11 A6016 I 1 Type-A EC
IFA 591-9 I1 A6018 11 1 Type-B EC
IFA 591-10 | M16 | A4006 1 2 Type-B EC
IFA 591-11 | M 16 | A4017 I 2 Type-B' EC
IFA 591-12 | M 16 | AS00%9 1 2 spare rod T.B.D.
IFA 591-13 | M8 AS003 il 2 Multi EC
IFA 591-14 | M9 AS017 II 2 Mult PF
IFA 591-15 | M12 | A6010 01 2 Multi EC
IFA 591-16 | M12 | A6022 Il 2 Muldi PF
IFA 591-17 | Mi2 | A7010 v 2 Multi EC
Transport Il | IFA 591-18 | Mi12 | A7011 v 2 Muiti PF
1995 IFA 591-19 I3 A4002 I 3 Muld EC
IFA 59120 | 13 A4003 I 3 Multi PF
IFA 591-21 15 A6001 111 3 Multi EC
IFA 591-22 I5 A6006 111 3 Mult PF
IFA 591-23 | MI2 A4009 I 4 Multi EC
IFA 591-24 | M8 A4010 1 4 Multi PF
IFA 591-25 M8 A5011 ¢! 4 Multi EC
IFA 591-26 M8 A5016 B i 4 Muld PF
IFA 59127 | M12 | A6009 I 4 Multi EC
IFA 591-28 | Mi12 | A6017 I 4 Mult PF
IFA 59120 | MI12 | A7001 | IV 4 Multi EC
Transport III | IFA 591-30 | MI12 | A7005 v 4 Multi PF
1996 IFA 591-31 11 A4007 1 3 Type-B EC
IFAS91-32| It A6012 111 3 Type-B EC
IFA 591-33 | II A6015 11 3 Type-B' EC
IFA 591-34 | M16 | A4011 I 4 Type-B EC
IFA 591-35 | M16 | A4019 I 4 Type-B' EC
IFA 591-36 3 AS5005 11 1 spare rod T.B.D.
IFA'591-37 | 15 A7006 v 1 spare rod T.B.D.
Transport IV | JFA591-38 | I3 A5002 1 3 spare rod T.B.D.
1997 IFA 591-39 | M16 | A5012 Il 4 spare rod T.B.D.
IFA 59140 | 15 A7002 v 3 spare rod T.B.D.

#REL ¥ A7 1:Solid,Zry-2 Il:Hollow,Zry-2 II1:Solid, Ze-liner IV:Hollow,Zr-liner
BEBERE 1 13.5Gwd/t 2 | 18.6Gwdft 3 24Gwd/t 4 1 32Gwdft
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3.2.4 HAHERFROHBR T
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BT — 5 OFEAFEICDODVWTUTIRART,
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(c)
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@
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FOINTF -5, UTO3EHICAEI NS,

TFDB (Test Fuel Data Bank system) LAV FE UEOLEET— 7 (IFA-591. 45 80) %
155 (RECL->TRECEVERELE) THRET 3. 74, 1BHMSELY
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centre temperature, C

IFA-591 RAMP FUEL TEMPERATURE
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ARl HOSFREBRERE (OLVFUHIAE)
1995.03.15
To : Kolstad, Wiesenack, Aarrestad, T. Johnsen, Stien, Kruxisen, Hofgaard,
Svanholm, A.C. Pettersen

From : Minagawa
Copy : Vitenza, Hanevik, Iijima, Gunnerud

4th Ranp Test of IFA-591

The 4th ramp test is the last test of the first series of remp tests, and only 2
rods (rod-591-7 and 8) will be ramp tested. However, 3 rods (rod-591-7, 8 and 12)
will be loaded in the xig for a purpose of balancing the rods power during the
test. The spare rod (rod-591-12) will not be ramped, and will be stored at Halden
after the 4th ramp test for a possible futire use.

In the 4th ramp test the fuel rods will be pre-conditioned at 30 KW/m (the
earlier level was 25 KW/m), and will be ramped to a target power of ca. 69 KW/m
(the same level as for the 2nd remp test) with a single step ramp (type A) since
none of the fuel rods have been defected until now. The rods may be pre-conditicned
at the lower (high flux) position of the rig with max. He~-3 gas pressure, since
the pre-conditioning level is as high as 30 Ki/m. After the pre-conditioning, all
the rods will be lifted to the upper (lower flux) position at a reduced reactor
power, ard the ramp test will be performed by lowering the rods to the high flux
position one by one in almost the same way as for the 3rd ramp test. Since we have
to achieve the target power of ca. 69 KW/m, we need reactivity enough to be able to
tilt the reactor core flux, and we would also like to have no assembly close to
IFA-591 which may limit the power level of IFA-591.

As for the fuel rods handling in the handling compartwment, we wish the

followings;

- Check the cause of abnormal EC signal of rod-591-9 in the IFA-591.3 test.

- Check all the EC signals of 4th set of fuel rods with an extra care before
loading the rig into the reactor core. The IFA-591.4 rig should only be loaded
into the reactor core when the function of all the ECs are omfirmed.
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1995.04.24

To : Svanholm, Aasgaard, A.C. Pettersen, R. Ianiri
From : Minagawa
Copy : @yan, Gumnerud, T.M. Karlsen

QPERATIONS TO BE PERFORMED IN CONNECTION WITH IFA~591.4 RAMP TESTS
26
April 25A{Fuey}
. Reactor power reduction to ca. 7 MW
Reactor power should be reduced to obtain ca. 7 MW at ca. 8:00.
. 8:15 : He-3 depressurization of IFA-591
He-3 gas should be depressurized in ca. 10 min. at ca. 7 MW.
. B8:30 : Reference NDAVL reading without He-3 in the coil
. 9:00 : All rods up to the parking pos. (Seqg. 1, 2 & 3)
. Reactor power increment to ca. 15 MW with 3 MW/h.
(CS33 & 34 out)
. In-pile power calib. for rods at the parking pos. & data evaluation.
. Reactor power adjustment to the precond. level for the rods at the
parking pos., if possible. ' '
If the reactor power has to be operated higher than 17 MW, the
ramp rate should be reduced to ca. 1 MW/h.
. Maintain the established power level over the night.

27
April 26=tvWady

. 8:00- : Final power adjustment for a rod at the lower pos.
Thé target power is 68.9 KW/m.

. ca. 9:30 : Rod pos. 1 down (actual ramp test)

. ca. 13:30 : Rod pos. 1 up.

. ca. 14:00 : Rod pos. 2 down (actual ramp test)

. ca. 18:00 : Rod pos. 2 up. (end of the ramp test)

(1]

After the ramp test, the reactor can be operated at a comfortable
power level.
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HEREE e R X AHIERBOBHRFERICOWTHENRS,

5.1 MBS L CTRORV c BT BEE
REMAN T y Ficidu o OTERAOREESSD . $BESLy FEPERLy pEW
STHROES Ty FHEET 3. 2TRALESOD y FAY FREFSNTO 3BER NG
OBESKRLT L0TH3H, ChETOARDERTRELIMEE (1~4) BLU
BB (AEOS) ORBBED y FHEFS N,
TP, REEOEIC & 3 RERBIE. BN O LT IR L B 13, 560/t 5.
TRI8, 66W0/t IS B IR T — 5 BRI N TY FAOT y ROMARHREIELL
P



PNC TN8410 95-296

EEABEIBELTVWS, THbb, —0D75 v 7 A&ETIcET 5 LOMEOHIIDER
8% TH3EVIHHEREL SUTORBAEREL .,

MEES 47 (1, 1, 2) ==> #EEFKE (1.025 1025 0,950 )

BEES AT (1, 2, 2) ==> wHIEHRE (1,050, 0.975, 0,975 )

fo1EL., BREEEE Y 4 771 = 13.5GWd/t, MIEES (72 = 18.6GWd/t
¥, BAEHARRSBRICBVTR, PHEERE LTOAPERDY y FOIFASIL-12 HEERT
DLW = MBETOHHLREEMEIT B35 v RELBDIER LI, TOH, BB
I ORKOBVLER LU HHELZEEFS CLick . FLOEREERD B ENEET L
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Plutonium Fuel Technology Development Section
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HRP. 1995.03.28/TES

To: Minagava,Kolstad,Wiesenack Aarrestad,Johnsen,Knudsen,Hofgaard,Svanholm
A.C.Pettersen _

From: Stien / V.Pettersen

Cpy: Vitanza, Hanevik, Zijima, Gunnerud, Valseth

REPORT OF IFA 591.4 INSPECTION / LOADING

Ref. E-~request 921, - and Note from Minaganva of 15/3-95
" 4th ramp test of IFA 591 "

Introduction

Shortly after installation of the reinstrumented fuelrods(segments) of
IFA 591.3, it was observed some irregularties in the "set.point values"
of the EC-cores of the new installed rods. i.e. one rod, in posn. 1
indicated an offset of ™ 4 - 5 mr from "normal™ setting.

The set.point-control was carried ocut in the handling compartment during
installation of the rods, without any notice to large discrepancy from
expected signal readings. '

The most probable reason to the large offset was a loosened endplug, - as
reported by Stien.

The signal seemed however to stabilize under a pre-test, and a decision
was taken to start the reactor.( meeting betw. Minagava, Valseth,Vitanza)

Inspection of IFA 591.3 was carried out in the handling compartment monday
the 27th of March by Minagava / V.Pettersen, and the reason to the set.point
offset was confirmed: - the lower endplug of rod 591-9 had loosened and was
~ 6 ~7 mm. out of position.

The fuel rod(endplug) was resting on the diff.trafo cone !

Installation of new rods

Three new re-instrumented fuelrods have been installed in IFA 591.4

In posn.l (E 1) 591-7 (segm.no: A4012) -~ mV.AC read. = 143 = "-2.3 mm.
ven 2 (82) 592-8 ( " " : B6016) - mV.AC read. = 140 = "=2.3 mm.
wen 3 (E3) 593-12( " " : B5009) - mV.RC read. = 164 = "=2,7 mm.

The cores were pre-set to the lower endplug (by Stien) according to

given segment length, measured in Hot.cell at Kjeller. Segment length was
given with a +/- 0.5 mm. tolerance.

The set.points are withing acceptable range and both upper and lower end -
plugs have been properly secured.

Conclusion
The reason to the malfunction of rod 591-9, loading 3. has been found.

IFA 591.4 core setting accepted and the rig approved for reactor
installation. :
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+TFA £4051 DATA OUTPUT TO FILE FIL4 Eat
(IFA591.7)
IFA-£4051 ECMM1 ECMM2 ECMM3 SECONDS
95/04/26 0. 0. 0. 67.2000
95/04/26 0. 0 0 67.3000
95/04/26 . 0. 0 o 67.4000
95/04/26 -.0376223 0 0 67.5000
95/04/26 ~.0517344 0 0 67.6000
95/04/26 -.0658438 0 0 67.7000
95/04/26 -.0862240 0 0. 67.8000
95/04/26 ~.112867 0 0. 67.9000
95/04/26 -.134804 0 0. 68.0000
95/04/26 -.148911 0. 0. 68.1000
95/04/26 -.180274 0. 0 68.2000
95/04/26 —.233605 0 0 68.3000
95/04/26 -.308839 0 0 £8.4000
95/04/26 -.399737 0 0 68.5000
95/04/26 -.509396 0 0 68.6000
95/04/26 -.611319 0 0. 68.7000
95/04/26 -.719475 0 0. 68.8000
95/04/26 -.837157 0 0 68.9000
95/04/26 —~.998559 0 0. 69.0000

 95/04/26 - -1.25878 0. 0. 69.1000
95/04/26 -1.69445 0. 0.  62.2000
95/04/26 -2.36707 0. 0.  69.3000
95/04/26 -3.07562 0. 0. 69.4000
95/04/26 . 3,.20887 0. 0. 69.5000
95/04/26 _ 3.20887 0. 0. 69.6000
95/04/26 3.20910 0. 0. 69.7000
95/04/26 3.20887 0 0.  69.8000
95/04/26 . 3.20910 0. 0 £9.9000
95/04/26 3.20887 0. 0 70.0000
95/04/26 3.20910 0. 0. 70.1000
95/04/26 3.20864 0. 0. 70.2000
95/04/26 3.20910 0. 0. 70.3000
95/04/26 3.20887 0. 0.  70.4000
95/04/26 3.20887 0. 0. 70.5000
95/04/26 3.20864 o 0 70.6000
95/04/26 3,20887 0 0. 70.7000
95/04/26 3.20887 0. 0. 70.8000
95/04/26 3.20887 0. 0. 70.9000
95/04/26 3.20933 0 p.  71.0000
95/04/26 3.20910 0 0.  71.1000
95/04/26 . 3.20887 0. 0 71.2000
95/04/26 -2.93454 0 0 71.3000
95/04/26 -2.41410 0 0 71.4000
95/04/26 -2.18209 0 0. 71.5000
95/04/26 -2.17426 0 0. 71.6000
95/04/26 ~2.17285 0 0 71.7000
95/04/26 -2.,17441 0 0 71.8000
95/04/26 -2.16501 0 0. 71.9000
95/04/26 ~2.15246 0 0. 72.0000
95/04/26 ~2.14306 0 0. 72.1000
95/04/26 ~2,14149 0 0. 72.2000
95/04/26 -2.,14088 0 0. 72.3000
95/04/26 ~2.14275 0. 0 72.4000
95/04/26 -2.14290 0. 0 72.5000
95/04/26 -2.14306 0. 0 72.6000
95/04/26 -2.12677 0 0 72.7000
95/04/26 -1.98301 0 0. 72.8000
95/04/26 ~1.98144 0 0. 72.9000
95/04/26 -1.98273 0. 0 73.0000
95/04/26 -1.98329 0. 0 73.1000
95/04/26 -1.98144 0. 0 73.2000
95/04/26 -1.98287 0 0 73.3000
95/04/26 -1.98287 0 0 73.4000
95/04/26 -1.98500 0 0 73.5000
95/04/26 -1.98472 0 0 73.6000
95/04/26 -1.98458 0 0 73.7000
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95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95704726
95704726
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26

. 95/04/26
85/04/26
95/04/26
95704726
95/04/26
95/04/26
95/04/26
a5/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95704/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26

95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26
95/04/26

-1,.9B615
-1.98743
-1.98771
-1.98942
-1.98914
-1.599099
-1.99085
~-1.89242
-1.99256
~1.99242
-1.99242
-1.99370
-1.99242
-1.9%413
~1.99555
-1.99541
~1.989712
-1.599883
-1.93854
-1.95869
-1.398740
~1.99883
-1.99712
-1.99897
-2.00040
-1.99%97

-2.00025-
~2.00225.

~2.00196
-2.00168
-2.00182
-2.0019¢6
~-2.00339
-2.00225
-2.00325
-2.00338%
-2.00496
-2.00524
-2.00496
-2.00510
-2.00652
~2.00652
-2.00652
-2.00809
-2.00809
-2.00667
-2.00667
~2.00824
-2.00652
~2.00496
-2.00681
-2.00809
-2.00809
-2.00681
-2.00809
-2.00809
-2.00667
~2.00467
~2.00667
-2.00824
-2.00824
-2.00824
-2.00496
-2.00652
-2.00766
-2.00780
-2.00809
-2.00809
-2.00966
-2.00824

[ T A . 8 v o e e
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73.8000
73.9000
74.0000
74,1000
74.2000
74.3000
74.4000
74.5000
74.6000
74.7000
74.8000
74.9000
75.0000
75.1000
75.2000
75.3000
75.4000
75.5000
75.6000
75.7000
75.8000
75.9000
76.0000
76.1000
76.2000
76.3000
76.4000
76.5000
76.6000
76.7000

76.8000

76.9000

-77.0000

77.1000
77.2000
77.3000
77.4000
77.5000
77.6000
77.7000
77.8000
77.5000
78.0000
78.1000
78.2000
78.3000
78.4000
78.5000
78.6000
78.7000
78.8000
78.9000
79.0000
75.1000
79.2000
79.3000
79.4000
79.5000
79.6000
79.7000
79.8000
79.9000
80.0000
80.1000
80.2000
80.3000
80.4000
B0.5000
80.6000
B0.70G0
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Printed by dbman from mox

95/04/26 -2.00809 0. 0. - 80.g8000
95/04/26 ¢ =2.00809 0. 0. 80.5000
95/04/26 -2.0080% 0. 0. 81.0000
95/04/26 ~2.00808 0. 0. 81.1000
95/04/26 -2.008B09 0. 0. 81.2000
95/04/26 ~2.00824 0. 0. 81.3000
95/04/26 ~2,00809 0 0. 81.4000
95/04/2¢ ~2.00809 0. 0. 81.5000
95/04/26 -2.006867 0. 0. B1.6000
95/04/26 ' -2.00824 0. 0. g81.7000
95/04/26 -2.00852 0. 0. 81.8000
95/04/26 -2.00808 0. 0. 81.9000
95/04/26 ~-2.00824 c. 0. 82.0000
95/04/26 ~2.00809 0. 0. 82.1000
95/04/26 : -2.00803 0. 0. 82.2000
95/04/26 -2.00824 0 0. 82.3000
95/04/26 -2.00652 0. 0. 82.4000
95/04/26 -2.0048%6 0. 0. 82.5000
95/04/26 ~2.00652 0 0. 82.6000
95/04/26 -2.00496 0. 0. 82.7000
95/04/26 -2.00838 0. 0. 82.8000
95/04/26 -2.00481 0. 0. 82.9000
95/04/26 -2.00339 0. 0. 83.0000
95/04/26 -2.00510 0. 0. 83.1000
95/04/26 -2.00524 D. 0. 83.2000
95/04/26 ~2.00353 0. 0. 83.3000
95/04/26 ~-2.00353 0. o. B3.4000
95/04/26 -2.00310 0. 0. 83.5000
95/04/26 ~2.00310 0 0. 83.6000
95/04/26 —2.00652 0. 0. 83.7000
95/04/26 —2.00524 0 0. 83.8000
95/04/26 —-2.,006867 0 0. 83.9000
95/04/26 - =2.00496 ¢ 0. 84.0000
95/04/26 -2.00652 0 0. 84.1000
95/04/26 -2.00952 0. 0. 84.2000
95/04/26 -2.00809 0. 0. 84.3000
95/04/26 -2.00824 0 0. 84.4000
95/04/26 -2.00824 0 0. 84.5000
95/04/26 -2.00838 0. 0. 84.6000
95/04/26 -2.00795 0. 0. 84.7000
95/04/26 -2.00824 0. 0. 84.8000
95/04/286 ~2.00995 0. 0. 84.9000
95/04/26 ~-2.00795 0. 0- 85.0000 .
95/04/26 -2.00824 0. 0. 85.1000
95/04/26 -2.00809 0. 0. 85.2000
95/04/26 -2.00824 0. c. 85.3000
95/04/26 " . -2.00838 0. 0. 85.4000
95/04/26 -2.00966 0. 0. 85.5000
95/04/26 -2.00980 0. 0. 85.6000
95/04/26 -2.00966 0. 0. 85.7000
95/04/26 ~2.,00980 0. G. 85.8000
95/04/26 © -2.00980 0. 0. 85.2000
95/04/26 -2.01123 o 0. 86.0000
95/04/26 -2.01265 0 0. 86.1000
95/04/26 -2.00980 0 0. 86.2000
95/04/26 -2.031308 o 0. 86.3000
95/04/26 ~2.01137 0 0. 86.4000
95/04/26 -2.01108 0 0. 86.5000
95/04/26 -2.01279 0 0. 86.6000
95/04/26 -2.01279 0. G. 86.7000
95/04/26 ' ~2.01279 0. 0. 86.8000
95/04/26 ~2.01279 0 0. 86.9000
95/04/26 -2.01279 0 0. 87.0000
95/04/26 -2.01407 0 0. 87.1000
95/04/26 -2.01294 0 0. 87.2000
95/04/26 —2.01451 ¢ g. 87.3000
95/04/26 -2,01593 0 0. 87.4000
95/04/26 -2.01451 0 0. 87.5000
95/04/26 —-2.01436 0 0. 87.6000
95/04/26 —2.01436 0 o. 87.7000
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> ; Ha ; a5t Bt o
+IFA F4050 DATA OUTPUT TO FILE FILS TERBIIAREY) : 109548 4 B 26 1685405
(1FA591.8) :
IFA-£4050 ECMM1 ECMM2 ECMM3 SECONDS
95/04/26 0. Q. 0. 69.5000
895/04/26 0. 0. 0. 69.6000
95/04/26 0. 0. 0. 69.7000
95/04/20 0. 0. 0. 69.8000
95/04/26 0. 0. 0. 65.9000
95/04/26 0. 0. 0. 70.0000
85/04/26 0. 0. 0. 70.21000
95/04/26 0. G. 0. 70.2000
. 95/704/26 0. 0. 0. 70.3000
95/04/26 0. —=.0447027 0. 70.4000
95/04/26 0. —-.0622645 0. 70.5000
95/04/26 0. -.084615%9 0. 70.6000
85/04/26 0. -.119757 Q. 70.7000
95/04/26 0. -.166015 0. 70.8000 -
- 85/04/26 0. -.233083 0 70.9000 :
95/04/26 0. =.328908 0. 71.0000
895/04/26 0. -.435076 0. 71.1000
95/04/26 ¢. -.573235 0 71,2000
95/04/26 0. ~.761652 0. 71.3000
85/04/26 0. -.978741 0. 71.4000
95/04/26 0. =1.17025 0. 71.5000
95/04/26 0. -1.36653 0. 71.6000
95/04/2¢6 0. =1.57748 0. 71.7000
95/04/26 0. ~1.76269 0. 71.8000
95/04/26 0. -~1.94748 0. 71.9000Q
95/04/26 0. -2.18756 0. 72.0000
95/04/26 0. -2.43772 0. 72.1000
85/04/26 0. -2.71569 0. 72.2000
95/04/26 0. -~3.00147 0. 72.3000
95/04/26 0. 3.26832 0. 72.4000
95/04/26 0. 3.26856 0. 72.5000
95/04/26 0. 3.26832 D. 72.6000
85/04/26 0. 3.26809 0. 72.7000
a5/04/26 0. 3.26832 0. 72.8000
895/04/26 0. 3.26832 0. 72.9000
95/04/26 0. 3.26856 0. 73.0000
95/04/26 0. 3.26832 0. 73.1000
95/04/26 0. 3.26832 0. 73.2000
85/04/26 0. 3.26832 a. 73.3000
95/04/26 . 3.26879 Q. 73.4000
95/04/26 0. 3.26832 0. 73.5000
85/04/26 0. 3.26832 D. 73.6000
95/04/26 . 3.26856 0. 73.7000
95/04/26 Q. 3.26832 0. 73.8000
95/04/26 0. -2.84521 0. 73.9000
95/04/26 0. -2.,21582 0. 74.0000
95/04/26 0. -1.86807 0. 74.1000
95/04/26 0. -1.868B20 0. 74.2000
95/04/26 0. -1.868967 0. 74.3000
95/04/26 0. -1.86953 0. 74.4000
895/04/26 0. =1.8712s 0. 74.5000
95/04/26 0. -1.872859 0. 74,6000
95/04/26 0. -1.8728B6 0. 74.7000
95/04/26 0. -1.87459 0. 74.8000
95/04/26 0. -1.87619 0. 74.9000
95/04/26 0. -1.87605 0. 75.0000
95/04/26 0. -~1.87911 0. 75.1000
95/04/26 0. =-1.87778 0. 75.2000
95/04/26 0. ~1.87952 0. 75.3000
95/04/26 0. -1.87952 0. 75.4000
95/04/26 0. -1.88098 0. 75.5000
85/04/26 0. -1.88257 0. 75.6000
a95/04/26 0. -~1.88071 0. 75.7000
95/D4/26 0. ~1.88244 0. 75.8000
95/04/26 0. -1.88244 0. 75.9000
- 95/04/26 0. -1.88563 0. 76.0000
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Printed by dbman from mox

95/04/26 0. -1.B8B563 0. 76.1000
95/04/26 0. -1.88417 0. 76.2000
95/04/26 0. -1.88257 0. 76.3000
95/04/26 0. -1.88404 0. 76.4000
95/04/26 0. -1.88377 0. 76.5000
95/04/26 0. -1.88563 0. 76.6000
95/04/2¢6 0. -1.8B563 0. 76.7000
95/04/26 0. -1.88896 0. 76.8000
55/04/26 0. -1.88883 0. 76.9000
95/04/26 0. -1.88836 0. 77.0000
95/04/26 0. -1.89%042 0. 77.1000
95/04/26 g. -1.89028 0. 77.2000
95/04/26 0. -1.89042 0. 77.3000
85/04/26 0. -1.85188 0. 77.40G0
95/04/26 0. -1.88188 0. 77.5000
95/04/26 0. -1.89202 0. 77.6000
95/04/26 - - 0. =1.89216 0. 77.7000
95/04/26 0., -1.89188 0. 77.8000
95/04/26 0. -1.89348 0. 77.9000
95/04/26 ¢. -1.89402 0. 78.0000
95/04/26 0. -—1.8934s8 0. 78.1000
95/04/26 0. -1.85508 0. 78.2000
85/04/26 0. -1.89695 0. 78.3000
95/04/26 0. -1.89681 0. 78.4000
95/04/26 0. -1.89708 0. 78.5000
95/04/26 0. -1.89881 0. 78.6000
95/04/26 - 0. -1.89854 0. 78.7000
95/04/26 0. -1.89854 0. 78.8000
95/04/26 0. -1.89813 0. 78.9%000
95/04/26 0. =1.90000 0. 79.0000
95/04/26 0. -1.90014 0. 79.1000
95/04/26 0. -1.90014 0. 79.2000
95/04/26 0. -1.90160 - 0. 79.3000
95/04/26 0. -1.90187 0. 79.4000
95/04/26 0. =1.50187 0. 79.5000
95/04/26 0, -1.%0014 0. 79.6000
95/04/26 0. -1.90306 0. 79.7000
95/04/26 0. -1.9047% 0. 79.8000
95/04/26 0. -1.90333 0. 79.9000
95/04/26 0. =1.90507 0. 80.0000
95/04/26 0. -1.90433 0. 80.1000
95/04/26 0. -1.20433 0. 80.2000
95/04/26 0. —1.90493 0. 80.3000
95/04/26 0. -1.90333 0. 80.4000
95/04/26 0. -1.30493 0. 80.5000
95/04/26 0. —1.90666 0. 80.6000
95/04/26 0. -1.90507 0. 80.7000
95/04/26 0. -1.90625 0. B0.8000
95/04/26 0. -1.90479 0. 80.9000
95/04/26 0. -1.90653 0. 81.0000
95/04/26 0. -1.90799 0. 81.1000
95/04/26 0. -1.90666 0. 81.2000
95/04/26 0. -1.908653 0. 81.3000
95/04/26 0. -1.80853 0. 81.4000
95/04/26 0. -1.90666 0. 81.5000
95/04/26 0. -1.90826 0. 81.6000
95/04/26 0. -1.90785 0. 81.7000
95/04/26 0. -1.90826 0. 81.8000
95/04/26 0. -1.90812 0. 81.5000
95/04/26 0. -1.20840 0. 82.0000
95/04/26 0. -1.90785 0. 82.1000
95/04/26 0. -1.90972 0. 82.2000
95/04/26 0. =-1.909929 0. 82.3000
95/04/26 0. -1.91145 0. 82,4000
95/04/26 0. -1.90972 0. 82.5000
95/04/26 0. -1.91145 0. 82.6000
95/04/26 0. -1.91145 0. 82.7000
95/04/26 0. -1.90986 0. 82.8000
95/04/26 0. -1.91118 0. 82.9000
85/04/26 0. -1.91145 0. 83.0000
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Printed by dbman from mox
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95704726 0. -1.91132 0. 83.1000
95/04/26 0. =1.91305 0. 83.2000
95/04/26 0. -1.91451 - 0. 83.3000
95/04/26 0. -1.91305 0. 83.4000
85/04/26 0. -i.91201 0. 83.5000
95/04/26 0. -1.91451 0. 83.6000
95/04/26° 0. -1.91451 c. 83.7000
95/04/26 0. -1.91305 0. 83.8000
95/04/26 0. -1.91465 0. 83.93000
95/04/26 0. -1.81437 0. 84.0000
95/04/26 0. +-1.91451 0. 84.1000
95/04/26 0. -1.91e638 0. 84.2000
95/04/26 0. -1.91611 0. 84.3000
85/04/26 0. -1.91770 0. 84.4000
95/04/26 0. -1.91784 0. B4.5000
95/04/26 0. -1.91770 0. 84.6000
95/04/26 0. -1.91770 0. B4.7000
95/04/26 0. -1.91944 0. 84.8000
1
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OECD HALDEN REACTOR PROJEGT ramp tests in [FA-501 (PNC) using

revised isotopic compositions

Institutt for energiteknikk e rower Clstributions br (e ATR | poge 2.0f 7

1. INTRODUCTION

The test rig IFA-591 containg 3 positions (Fig. 1) for loading of fuel rods which have been
irradiated in the Fugen reactor. The experiment started in july -94 and was completed in
may 1995 as illustrated in the loading scheme (Table 1).

The main objectives of these calculations have been to determine the initial power distri-
butions in the four loadings of IFA-581.

-2.  POWER DISTRIBUTION CALCULATIONS USING THE WIMS-E CODE

The power distribution caleulations have been carried out using the recommended
WIMS-E calculation scheme {1]. Calculations were performed on the four loadings of the
test rig IFA-591 using the revised fuel compositions as achieved from PNC [2]. The rela-
tive fission rates in the fuel rods have been determined using the WIMS-E module W-
WED. The relative initial power map of the four loadings of IFA-591 are shown in Fig. 2 -
Fig. 5 respectively.

Fig.1 The rod position in the test rig IFA-591 (Secale 1:1)

%& f Document ID: CP-Note 95-14 | Issueno: 1
e
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FiRY Institutt for energiteknikk S avm e o oo
I OECD HALDEN REACTOR PROJECT [P testein [FA-S91 (PNC) wsing

T scnt

Page 30f7 I

P

3. CONCLUSION

The initial power differences according to assorted burnup values are calculated to bein
the range between 17% and 19%.

4. REFERENCES

.1) Skardhamar T Revised recommended calculation scheme with WIMS-E on Halden test
rigs. F-Note 855 (May 19, 1994).

2) Minagawa: Recalculation/reconversion of the ATR ramp tesi rods power, IFA-591
. {1995.04.28)

Calculations previously reported for the test rig IFA-591:

Akselsén L.: Power distribution and depletion calculations for the ATR ramp test
IFA-591.1 (PNC). F-Note 918 {Aug. 11, 1994)
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Page 4 of 7 I

revised isctopic compasitions

MY institutt for energiteknikk litier - Kower aistupuuons for ‘"?’.“‘;‘
(ﬂm OECD HALDEN REACTOR PROJECT =~ |™=Ptests in [FA-S31(PNC) using

1.0527

N (15.5 GWait) 3

Fig. 2 Relative initial power ldistribution for the test rig IFA-591.1 (Scale 2:1)
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Fig. 3 Relative initial power distribution for the test rig IFA-591.2 (Scale 2:1)
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Fig. 4 Relative initial power distribution for the test rig IFA-591.3 (Scale 2:1)
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Fig. 5 Relative initial power distribution for the test rig IFA-591.4 (Scale 2:1)
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POWER FACTORS AND HEAT RATE FACTORS CALCULATIONS
USING THE REVISED ROD FACTORS

1. Introduction

Power calibration experiments on IFA-591.1 were executed the 11th and
12th July 1994 in six subcooled ramps (SCRs). The SCR no. 1 and 2 were
performed with all the three fuel rods in the lower position, the SCR 3-6
were performed at constant reactor power with the number of fuel rods in
lower and upper position systematically varied:

Rods in lower position  Rods in upper position -

SCR-3 1,23

SCR-4 2,3 1
SCR-5 3 1,2
SCR-6 4,2,3

The results from the power calibrations are reported in (1) and shown in
Table I. -

The data from the SCR 8-6 were used to evaluate the influence of the
number of rods in the cluster to the heating rate and the cluster factors X1,
X2 and X3 were obtained by using:-

N1=1.025 N2=1.025 N3=0.950

N1, N2 and N3 describe the power distribution in the rods, due to the
different burn—up.

All the calculations have been done in agreement with the isotopic
composition and the burn-up data obtained from PNC before the start of the
experiments.

Recently revised isotopic composition data and more accurately evaluated
burn-up data have been received from PNC. This led to the subsequent
revised factors for power distribution in the rods for the loading IFA-591.1
(2): .

W/ﬂg aBs 74‘0{44
CP-rote g5-/4

Therefore the influence of the number of rods in the cluster to heating rate
has been re—evaluated in agreement with the revised power distribution
factors. The procedure used takes in account not only the number of rods in
the cluster but also which rod is moved. '

#71 N1=1.053 N2=1.053 N3=0.894

Besides the revised heat rate faclors KHR have been calculated in
agreement with the new data.
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2. Calculation of the power distribution

The influence of the number of rods in the cluster to the heating rate is
expressed through the factor a. This factor indicates how the power changes
when the number of rods in the cluster is varied. It is named «sz when the
number of rods is varied from three to two and os: when the nmumber is
varied from three to one (of course ass=0, no rods are moved).

Therefore the relative power in the lower cluster is expressed as:

when one rod is moved

QAL= (Nj+ Nx) - (1 + asz - Ni) Niz  rod factor for the rod in upper pos.
Nj, N red factors for the rods in lower pos.

when two rods are moved.

QAL =Nk - (1 + as1-Ni-Nj) Ni, Nj: rod factors for the rods in upper.pos.
Nk: rod factor for the rod in lower pos.

The relafive power in the upper custer will be expressed with similar
formulas multiplied by the factor U. This factor describes how the power is
reduced when a rod is moved from the lower to the upper cluster and is -
obtained from the ratio between the power measured durmg the SCR 6 (all -
rods up) and the SCR 3 (all rods down):
U=11.28/21.94 = 0.514.

If we define the relative power for the SCR 3 as QA3=3, the relative power
for the SCR 4 and 5 will be:

QA4 =(21.13/21.94) - 3 = 2.889
QA5 = (18.71/21.94) - 3 = 2.558.

We can set up now the following equations:

-SCR 3 (all rods down, relative power = 3)
QA3L=(N1+ N2+ N3)-1 (lower cluster)

QA3U =0 (upper cluster)
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-SCR 4 (rods 2, 3 down, rod 1 up, relative power = 2.889)
QA4L = (N2 + N3) - (1 + as2 - N1) (ower cluster)

QA4U =U-N1-(1+as1-N2-N3) (upper cluster)

-SCR b {rod 3 down, rods 1, 2 up, relative power = 2.558)
QAS5L=N3 - (1 + as1- N1:-N2) (lower cluster)

QASU =T - (N1 + N2) -(1 + asz - N3) (upper cluster)

The equations are written in Table II for a better overview.

The data from SCR 4 and 5 can be used to calculate the factors os: and as2 as
shown in Table IIL |

The results are:
asi = 0.524
sz = 0.065.

Therefore the factor to.be used to evaluate the power for the actual ramped
rod is:

' Ni - (1 + a31 - Nj - Ni) Ni: rod factor for ﬂ'xe ramped rod
1, Nik:  rod factors for the stand-by rods

The factors for the ramp tests so far performed with the fuel assembly IFA-
591 are reported in Table IV.

3. Power determination in IFA-591 during the Ramp Tests

Now we can determine the power in the individual rods dunng the ramp
tests so far performed.

The procedure is in principle similar to the procedure described in (3), (4), (5)
and (6). In this case are used the revised factors for the distribution of the
power in the rods and the factors as: and as2 instead of X1 and X2.

3.1 Equation for the single rod in the lower position

For the loadings IFA-591.1 and 591.2 the ramp tests were executed
inserting Hes into the coil. The equation to be used for these loadings is:
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- using the NDco signal

AHR = (NDco- A - B) - KHR - KHE kW/m
where A and B are the parameters that correlate the NDco signal to the
vanadium detector signal NDAVL(1) and are reported in (3), (4); KHR is the
heat rate factor and KHE = pHes - 0.095 / 25 + 1 is the correction factor for
the influence of Hes in the coil.
- using the vanadium detector signal

AHR = NDAVL(1) - KHR - KHE EW/m
For the loadings IFA-591.3 and IFA-591.4 the ramp tests were executed as
a single step ramp (by lowering the fuel rods into the high power position of
the rig) and no Hes was used to execute the ramps. The equation to be used
for these loadings is:
— using the NDco signal

AHR = (NDco - A) - KHR kW/m

where A is the féctor that correlate the NDcs signal to the vanadium detector
signal and is reported, for the different rods in (5), (6).

- using the vanadium detectors signal
AHR = NDAVL(1) - KHR ' kW/m

The individual value_s of the revised heat rate factors for one rod in lower
position are reported in Table V.

3.2 Equation for the two rods in the upper position
The equation to be used for all the loadings is:
AHR = NDAVU(2) - KHR kW/m

The individual values of the revised heat rate factors KHR for the two rods
in upper position are reported in Table VI.

4. Detailed calculations
4.1 Basic data

The power factors KGL (three rods in the lower cluster) and KGU (three rods
in the upper cluster) for the different loadings are reported in Table VIL
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The revised factors N for the distribution of the power in the rods are
reported in (2).

The Tables with the neuton detectors signals before and after the insertion
of the rod during the different ramp tests are reported in (3-6).

The increase in NDAVL when three rods are moved to the upper
cluster is

RONDAVL) = 107.38 / 79.68 = 1.348
4.2 Determination of the heat rate in one rod in the lower poition

From the ND Tables we read the value of NDAVL(O), no rods inserted. From
this value is calculated the NDAVL(3):

NDAVL(3) = NDAVL(0) / RINDAVL)

The power in three inserted rods will then be:
Q(3) = KGL - NDAVL (3)

The average heat rate in one rod is now calculated:
AHR = Q(3)/(3- L0 - Ni- (1 + o - Nj - Ni)

where Lf is the rod length, Ni the rod factor for the ramped rod, Nj and Nk
the rod factors for the stand-by rods.

This is valid immediately after the insertion of a rod. The power may change
a small amount during the steady state period. We therefore correct for this
change by means of cobalt neutron detector signal:
AHR(C) = AHR - (NDco(C) / NDco(B))
The heat rate factor to be used for the NDAVL(1) can now be calculated:
KHR = AHR(C) / (NDAVIA(1) (C))
using data when the vanadium neutron detectors signals are stabilized.

4.3 Determination of the heat rate in two rods in the upper position

The procedure, in principle, is similar to the one used for the rod lowered -
into the lower position: '

— Read the NDAVU(3) before one rod is lowered, and calculated the AHR(3)

—128-—=



PNC TN8410 95-296

AHR(3) = KGU - NDAVU(3) / (8 - Lif)

— The heat rate in the two rods remaining in the upper position can now be
calculated

AHR = AHR(3) -N; - (1 + ocs2 - Ni)

where Ni is the rod factor for the ramped rod and Nj the rod factor for the
stand-by rod for which we are calculating the AHR.

- After the actual rod is lowered into the lower position the NDAVU(2) is
read out when the signal is stabilized and the relation

KHR = AHR / NDAVU(2)

can be calculated.

References

1 - Results from the power calibration on IFA-591.1.
F-Note 911
Appendix II in HR-1

2 — Power distribution for the ATR ramp tests in IFA-591 (PNC) using
revised isofopic compositions.
CP-Note 95-14

3 - Power determinafion in IFA-591.1 during the Ramp Tests 11th-14th
August 1994
F-note 938
Appendix ITI in HR~1

4 - Power determination in IFA-591.2 during the Ramp Tests 26th-28th
September 1994
F-note 1994
Appendix IT in HR-2

5 - Power determination in IFA-591.3 during the Ramp Tests 9th February
1995
F-note 32
Appendix ITI in HR-3
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6 - Power determination in IFA-591.4 during the Ramp Tests 26th-27th

April 1995
F-note 54
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Table T — Power Calibration IFA-591.1

'SCR Date Time QR QA NDAVL NDAVU EG
from to MW kW

1 11/7  21:55 22:47 8.0 2027 173.89 4539 0.2743 |
2 12/7 00:05 01:35 105 25,09 90.74 56.39 02765 |
3 12/7  11:20 12:33 93 2194 79.68 = 49.62 02754
4 12/7 13:20 1405 9.3 21.13 87.33 42.73 .
5 12/7  14:29 14:52 9.3 1871 97.88 43.23 :
6 12/7 15:18 16:00 9.3 11.28 107.38 4490 02512
Table II- Calculation of power factors
SCR - QAL QAU QA
3 N1+N2+N3)-1 +0 ;3
4 (N2+N3)-(1+as2-N1) +U-NI1-(1 +oas:-N2-N3) = 2.889

5 N3-( +as-NI1-N2) +U-(N1+N2)-(1+as2-N3) =2.558
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4

5)

4)

b)

4)

b)

5)

Table III - Calculation of the factors asi and as2

(1.053 + 0.894) - (1 + 0132 - 1.053) + 0.514 - 1.053 - (1 + 031 - 1.053 - 0.894) = 2.889

0.894 - (1 + o031 -1.053 - 1.053) + 0.514 - (1.053 + 1.053) - (1 + 032 - 0.894) = 2.558

1.947 + 2.05 o3z + 0.541 + 0.51 031 = 2.889

0.894 + 0.991 as1 + 1.082 + 0.968 032 = 2.558

2.05 032 + 0.51 031 =0.401

0.968 32 + 0.991 51 = 0.582
2.05 032 + 2.099 031 = 1.233

1.589 ots1 = 0.832

031 = 0.624

2.05 a3z + 2.099 - 0.524 = 1.233

2.05 082 =1.233 - 1.100 = 0.133
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Table IV — Power factors for the ramp tests IFA-591
as1 = 0.524 asz = 0.065

IFA-591.1
" Rod1&2 1.053-(1+ o3 1.053 - 0.894) = 1.053 - 1.493 = 1,572

Rod 3 1 0.894 - (1+ 81 -1.053 - 1053) = 0.894 - 1.581= 1.413
IFA-591.2

Rod 1 1.056 - (1 + as1 - 1.057 - 0.887) = 1.056 - 1.491= 1.575
Rod 2 1.057 - (1 + cus1 - 1.056 - 0.887) = 1.057 - 1.491 = 1.575
Rod 8 0.887 - (1 + as1 - 1.057- 1.056) = 0.887 - 1.585 = 1.406
IFA-591.3

Rod 1 1.102 - (1 + os1 - 0.965 - 0.933) = 1.102 - 1.472 = 1.622
Rod 2 0.965 - (1 + cs1- 0.933 - 1.102) = 0.965 - 1.539 = 1.485
Rod 3 0.933 - (1 + as1 - 1.102 - 0.965) = 0.933 - 1.557 = 1.453
IFA-591.4

Rod 1 1.024 - (1+ st - 1.067 - 0.909) = 1.024 - 1.508 = 1.544
Rod 2 1.067 - (1 + a1 - 1.024 - 0.909) = 1.067 - 1.488 = 1.587
(Rod 3 0.909 - (1 + o1 - 1.024 -1.067) = 0.909 - 1.573 = 1.429)"

) Red 3 was not ramped
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Table V — Revised KHR factors for one rod in the lower cluster

IFA-591.1
IFA-591.2
IFA-591.3

IFA-591.4 X 2

Rod 1
0.331
0.331
0.339
0.342

Rod 2
0.328
0.333
0.310
0.354

Rod 3
0.292
- 0.291
0.303

Table VI- Revised KHR factors for two rods in. the upper cluster

Stand-by rods

Ramped rod

Rod 1 Rod2-0226  Rod3-0.192

IFA-591.1 " Rod2 Rod1-0254  Rod3-0216
Rod 3 Rod1-0264  Rod2-0.264
Rod 1 Rod2-0236  Rod3-0.197

IFA-501.2 Rod 2 Rod1-0253  Rod3- 0212
Rod 3 Rod1-0263  Rod2-0.268
Rod 1 Rod2- 0245  Rod3- 0287

IFA-591.3 Rod 2 Rod1-0282  Rod3-0.239
Rod 3 Rod1-0234  Rod2-0.205
Rod1 Rod2-0220  Rod3-0.188
Rod 2 *5 Rod 1 - 0260 Rod 3 - 0.230

IFA-591.41

1 Red 3 was not ramped
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Table VII - Power factors IFA-591

KGL KGU
IFA-591.1 0.276 0.251
IFA-591.2 0.276 - 0.251
IFA-591.3 0.273 0.253
IFA-591.4 K4 0.289 0.255
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institutt for energiteknikk

OECD HALDEN REACTOR PROJECT

P.C.Box 173, N-1751 Halden, Norway

TELEFAX
To:  PNC Tokai-Works * Telefax No.: 095-81-292-87-0391
Att.: Messrs. K. Kamimura/S. Kohno Date: 1995-08-12 Pages (total): 9

From: Y. Minagawa Telefax No.: +47 69186144 Phone No.: + 47 69 183100

Subject: Revised power levels of IFA-591, ramp tests

Dear Sirs,

I am sorry for my late response to your request of revising the pre-conditioning and target
power levels based on the latest burn-up/isotope composition data received from you April 28,
1995. :

The power levels are revised and the revised data are shown in table 1 together with the
original data. A note describing power distribution factors among fuel rods in the rig,
calculated by WIMS code based on the latest burn-up/isotope composition data, is also
enclosed. '

With best regards,
7!70 Wdﬂ/@\_
Yoji Minagawa
cc: Vitanza
‘Wiesenack
Lijima
Vis J L_J C
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Table 1 Pre-conditioning and target power levels of [IFA-591 ramp tests
" Pre-conditioning power level Targer power level
(kW/m ) (kW/m)
Loading No. Fuel Rod No. Rig pos. Original Revised Original Revised
591-1 1 22.9 23.5 65 65.3
IFA-591.1 591-2 2 1 22.9 23.5 66 66.3
591-3 3 21,2 20.0 65 63.2
591-4 1 24.9 25.7 66 66.4
JFA-591.2 591-5 2 24.9 25.7 68 68.4
591-6 3 23.1 21.6 69 66.8
591-9 1 23.8 25.0 64.5 65.2
IFA-591.3 591-10 2 22.1 21.9 59.6 59.4
591-11 3 23.1 21.1 59.8 58.3
591-7 1 23.8 23.2 68.1 65.5
IFA-591.4 591-8 2 23.8 24.2 68.7 68.0
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SUBROUTINE CON5914

Subroutine to convert IFA-591.4 raw signals for the date-bank
Based upon copy of conversion routine -591.3

Modified 11.05.95 by A.C.Pettersen

IFA-591.4 loaded in position 4-10 in March -95

rig position i 2 3
rod ident . Bh91-7 591-8 591-12
Instrumentation ECL EC2 : EC3

SINCLUDE {IFA-591)LINK-591-4
SINCLUDE {DATA-BANK)LINK-SYS

ao

O aoaoaaoaoanaoacoaaaaaaoaQaaoQanNaQoaQa

LIST OF VARIABLE NAMES USED AND UNITS

KGU ...calibration factor 3 rods in magazine...kW/nA
KGL ...calibration factor 3 rod in ramp pos....kW/nA
CD591(BU) .. .fuel depletion factor .. .dimengionless
DELTIME ...elapsed time for calc. fuel burn up ...d
ND1 - NDB8 .. .neutron detector signals ...DA
NDAU ...maan ND in assembly upper end es A
NDAL ...mean ND in assembly lower end ee DA
OTERM .. .reactor power . MW
Tl . . Juoderator temperature P o
QAU ...assembly power upper cluster -
QAlL ...power of ramped rod .« -KW
ALHRU ...avg. rating in the upper cluster .o cKW/m
AHRnn ...rod avg. rating ' .« KW/m
MHEnn ...peak rod heat rate .« KW/m
FSL ...fuel stack length «e.m
WT ...mass of U02 in a fuel rod .eKO
NR .. .number of rods in assembly .. .dimensionless
EC1-EC3 . ..elongation transducer signal . sV
ECMML-ECMM3  ...elongation signals, converted v« M
Sl - S3 ...elongation transducer sensitivites ...mV/mm
XaMP ...amplification factor on EC raw signal...dimensionless
BUnn ...fuel burn up of rod .« « MWd/kgUO2
BUMnn ...max fuel burn up of rod ‘ : « « «MIWd/kgU02
BUASS ...fuel burn up of assembly . « MMd/kgUO2
RODNNPOS ... position indicator rod up or down

ees 0 =up 1l = down :
GM13 ...gama activity monitor in loop 10 ...mR/h

*******'k_************************************************************

CALIBRATION FACTORS KGU, KGL
KGU for 3 rods, KGL for 1 rod (with additicnal depletion factor for
real burnup)

Calib. results kgu = 0.255 (3 rods up) %
kgl = 0.289 (3 rods down) FA
REAL KG3U /0.255/, KG3L /0.289/ ! prelim. calib results 95-04-19

Bon

REAL N1 /1.024/, N2 /1.067/, N3 /0.909/ K7

REAL NDR

REAL HE ! Helium factor

REAL, KHRL23 /0.249/, KHRL32 /0.230/, KHRUl /0.376/

REAL, KHR23 /0.220/, KHR32 /0.188/, KHR13 /0.260/ #3
REAL KHR31 /0.230/, KHR12 /0.222/, KHR21 /0.206/
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KHR21 for rod2 together with rodl.
Ref. FC-Note 54. 1995-05-10 "Power determination in IFA-591.4 during
The Ramp Tests 26th-27th April 1995."

FUEL DEPLETION COEFFICIENTS FOR REBUS CALCULATIONS AQ,Al,A2 ,A3,A4
{as received Halden)

REBUS 4th order fit dated: 94-08-08

revigsed and output for two different burnups

for 11.5 MWd/kguo2

PARAMETER (AO=+9.994E-01,Al1=~5.236E-02,A2=+4.496E-03,
= A3=-7.612E-04, A4=+3.762E-05)

oo oo

FUEL DEPLETION COEFFICIENTS A5,A6,A7,AB,A9

REBUS 4th order fit dated: 94-08-08

for 15.8 MWa/kgUO2

PARAMETER (A5=+9.994E-0l1, A6=-5. 845E—02 A7=+4.236E-03,
$ AB=-7.357E-04, AG=+3.763E-05)

Qoan

PARAMETER (AREA = B20.)
Fuel stack length and number of rods in assembly

DATA. FSL /0.365/,NR /3/

Anticipated position of maximum fiux in m
DATA AXMAXL. / 1.00 / '

DATA AXMAXU / 1.62 /

Qo

G

Elongation transducer sensitivity §1,52,83
DATA S1/61.9/, S2/60.7/, $3/61.9/

amplification factor for PF raw signal -
(acc. to Rekvin 04-09-94)
DATA XAMP /25./

Mass of U02 per fuel rod kg, wt
DATA WT /0.447/
END OF DATA INPUTS

kkkkkkkkkkkikkiit CALCULATIONS FOR POWER CALTBRATION *hikdhkdkdiii
Calculation of specific weight of light water at 75 bar.
Specific weight in g/cm3
DEW(T) = 1.21487 + T*(~0.327E-02 + T*(0.125E-04 + .
& T*(-0.241E-07)))
Calculation of enthalpy of light water at 75 bar.
Enthalpy in kWs/kg
ENTW(T) = 149.65 + T*(2.6244 + T*(0.449E-02))

aoao 00 o000 o0 aaQ

Sk
*%k REBUS calculation of fuel depletion factor

**% for 11.5 bu
CDL591(HU)=AD+BU*(A1+BU*(A2+BU*(A3+BU*A4)))

for 15.8 bu
CDHS91(BU) = AS + BU * (Ab + BU * (A7 + BU * (A8 + BU * A9)))
END OF DEFINITIONS
*kk

*%% Resctor power, moderator temperature and elapsed time
*kk

Qo0 a0Q aoon oo
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QOQO

Q

naoaaoaonan

Qaano

9]

aaoaon

CONVERSION = 1

OTERM = XQTERM / 1000.
Tl = XT1
DELTIME = DTIME/B6400.

IF (%71 .LT. 140.) DELTIME = 0. ! no burnup increase, hot standby

kkkkhkkihkikkkikkkikhihhhhdikhkhkhihhRhhhhkiokhihhhkhhikhikhhhkikkhhiktx

CONVERSION OF COOLANT TEMPERATURE SENSORS -

IF (TIME .GT. '94/09/09 11:45' .AND. TIME .LT. '94/09/14 14:40')

i XTIB26 = XTIB26%2.0
TAN1361 = TAN1361/0.0406 + XTIB26 ! flask sensors
TAN2361 = 'TAN2361/0.0406 + XTIB26

TAN3361 = TAN3361/0.0406 + XTIB26

IF (TIME .GT. '94/09/09 11:45' .AND. TIME .LT. '94/09/14 14:40')

1 ZXTIB24 = XTIB24%2.0

TDZ

*k%
*ekk
Fokk

TI1l = TI1/0.0406 + XTIB24 ! IFA sensors
TI2 = TI2/0.0406 + XTIBZ4
TIi3 = TI3/0.0406 + XTIB24
TO1 = T01/0.0406 + XTIB24
TO2 = T02/0.0406 + XTIB24
D1 - = TD1/0.0406 + XTIB24
D2 = %D2/0.0406 + XTIB24
avyg. inlet, outlet and downcomer coolant -I:emp
TI = (TIl + TI2 +TI3)/3.
TO = (TO1 + TO2)/2.
™D = (TD1 + TD1)/2.

in unstable (95 01 06 AHaa)

POWER - CALCULATION

calculation of coolant flow C
T397 = T397*0.25 -~ 100 ! tenperature at flow meter position
DT397 = DEW(T397)

IF (DT397 .GT. 7.81 .OR. pr397 .LE. 0.) THEN

REL = 0.
F168 = 0.
ELSE

REL = SORT{DT397%(7.81 - DT397)/(0.65%(7.81-0.65)))
F168 = {Fl68%1.25 - 1250.)*REL*0.65/DT397
END IF
MASSFIM = F168*DT397/3600.
inlet flow velocity in m/sec
FIV = 0.
IF (DEW(TI) NE. 0) F1IV = MASSFINW *1000./{DEW({TI)* AREA)
KM = 0.26
DTMOD = Tl - (TI + TO)/2.
OMOD = DTMOD*KOM
DGAM = QTERM*0.174
QSC = (ENTW(TO) - ENTW(TD))*MASSFLW ‘
QSCNET = (ENTW(TO) - ENTW(TD))*MASSFIW + QMOD - QGAM

kkkkkkkkiikiekkikkkkkhkikkikkikikkkkkkikkkikkkikkkkhkkkkikk

min/max statements for ND's
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ND1361 = MIN(MAX(0.1,ND1361),400.)

ND2361 = MIN(MAX(0.1,ND236%),400.)

ND3361 = MIN(MAX(0.1,ND3361),400.)

ND4361 = MIN(MAX(0.1,ND4361)},400.)

ND5361 = MIN{MAX(0.l,ND5361),400.)

ND6361 = MIN{MAX(0.1,ND6361),400.)

ND7361 = MIN(MAX(0.1l,ND7361},400.)

ND8361 = NDB8361*0.1 ! conversion of Co ND to na
NDR = (ND2361 + ND3361 +ND4361)/3.

NDAU = (NDG6361+ND7361)/2.

NDAL = {ND1361+ND2361)/2.

NDAVU = NDAU*NDR/ND2361

NDAVI: = NDAL*NDR/ND2361

NDAVG = 1, ! Equation to be made after power calibration.

Corrections in power for 't::l.meperiods with helium operations
(not known yet)

P192 = P192*%0.025 - 25 ! He-3 pressure in bar

IF (TIME .LE. '94/08/01 18:00')THEN

HE = HEl

ELSE IF (TIME .LE. '94/08/01 23:00')THEN
HE = HEZ
etc

ELSE

HE = HEl

END IF

= P192%0.095/25.0 + 1.0

Calculation of flux profile using a SMOOTHING function
Elevation of axial ND's in m for ramping position.

CALL SMOSET

CALL SMOCOF(0.100,0.0) ! flux zero point

CALL SMOCOF(0.908,ND1361)

CALL SMOCOF(1.092,ND2361)

CALL SMOCOF(2.300,0.0) ! flux zero point at water level
calculation of local maximum flux _

POSL = MIN(MAX(SMOMAX(AXMAXL),0.817),1.182) ! pos. of max inm
FLUZMAXL = SMOVAL(POSL) 1 *NDR/ND2361

Elevation of axial ND's in m for magazine position.

CALL SMOSET . '

CALL SMOCOF(0.100,0.0) ! flux zero point

CALL SMOCOF{1.400,ND5361) ! preliminary included (outside fuel)
CALL SMOCOF(1.708,ND6361)

CALL SMOCOQF(1.892,ND7361)

CALL SMOCOF(2.300,0.0) ! flux zerco point at water level
calculation of local maximum fiux _
POSU = MIN(MAX(SMOMAX(AXMAXU),1.617),1.982) ! pos. of max in m
FLUZMAXU = SMOVAL(POSU)*NDR/ND2361

PRINT *, SMOVAL(POSU), SMOMAX(AXMAXU)

calculation of radial flux form factor at fuel rod positions
based on F-note 731. pcd{f)= 38mm pcd(nd)= 56.6mm

RNF1 = (0.557*ND2361 + 0.557*ND3361 - 0.114*ND4361)/NDR
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c RNF3 = (-0.114*ND2361 + 0.557*ND3361 + 0.557*ND4361)/NDR
C RNF5 = (0.557*ND2361 -~ 0.114*ND3361 + 0.557*ND4361)/NDR
C To check if a rod is in ramped position and choosing the right
C power equation
c
C SELECTING THE CORRECT POWER EQUATION ACCORDING TO EC SIGNAL VALUE
C
C POS = 1 ROD DOWN POS = 0 ROD UP
RODIPOS = 0O
ROD2POS = O
ROD3POS = O

C assuming range of EC +/- 5000 mV  reading raw signal
IF (ABS(ECL) .GT. 200.) RODIPOS
IF (ABS(EC2) .GT. 200.) ROD2F0OS

1
1l
IF (ABS(EC3) .GT. 200.) ROD3POS = 1

nwn

C calculation of rod individual
C power distributiopn between 11.5 and 15.8 bu based on fissile
C content of rods as-received Halden
C for low bu (normalized factors) = 1.04 (rod pos 1&2), high bu
Cc rod pos 3 = 0.92
C
IF (RODIPOS .EQ. 1 .AND. RODZPOS .EQ. O .AND. ROD3POS .EQ. O)THEN
AHR7 = (ND8361*%0.696)*0.342 %2
MHR7 = AHR7*FLUXMAXL/ ((ND1361 + ND2361)/2.)
AHRB = XHR23 * NDAVU
AHR1Z2 = KHR3Z * NDAVU
ENDIF ‘
C .
IF {RODZPOS .EQ. 1 .AND. ROD1IPOS .EQ. 0O .AND. RCD3POS .EQ. O)THEN
AHRB = (NDB361%0.734)*%0.354 2
MHR8 = AHRB*FLUXMAXL/ ((ND1361 + ND2361)/2.)
AHR7 = KHR13 * NDAVU
AHR1Z = KHR31 * NDAVU
ENDIF
c _
C Rod no 3 was not ramped
IF (ROD3POS .EQ. 1 .AND. ROD1POS .EQ. O .AND. ROD2POS .EQ. O)THEN
AHR12 = {NDPB361*0.705)*0.309
MHR12Z = AHRIZ*FLUXMAXL/ ({ND1361 + ND2361}/2.)
AHR7 = KHR12 * NDAVU :
AHRS = KHRZ21 * NDAVU
ENDIF
C .
IF (ROD1POS .EQ. 0 .AND. ROD2PCS .EQ. 0 .AND. ROD3POS .EQ. O )THEN
AHR7 = KG3U * NDAVU * N1/(N1 + N2 + N3)/FSL
AHRS = KG3U * NDAVU * N2/(N1 + N2 + N3)}/FSL
AHR12 = KG3U * NDAVU * N3/(N1L + N2 + N3)/FSL
ENDIF
C
IF (ROD1POS .EQ. 1 .AND. ROD2POS .EQ. 1 .AND. ROD3POS .EQ). 1)}THEN
AHR7 = KG3L * NDAVL * N1/(N1 + N2 + N3)/FSL
AHRB = KG3L * NDAVL * N2/(NlL + N2 + N3)/FSL
AHRIZ = KG3L * NDAVL * N3/(Nl + N2 + N3)/FSL
ENDIF
C

IF (ROD1POS .EQ. O .AND. ROD2POS .EQ. 1 .AND. ROD3POS .EQ., 1)THEN
AHR7 = KHRULl * NDAVU :
AHR8 = KHRLZ23 * NDAVL

-142-



PNC TN8410 95-296

oaoaQaaad Qo000 oo aaQo

aan

aoaao

AHR12 = KHRL32 * NDAVL
ENDIF

Adding up of QA in kW
OAl = AHR7*FSL
QA2 = AHRB*FSL
QA3 = AHR1Z2*FSL

DEFINITION QF ASSEMBLY POWER (kW) - up or down

QAL = RODIPOS*QAl + ROD2POS*QA2 + ROD3POS*QA3
QAU = (1 - RODIPOS)*QAl + (1 - ROD2POS)*DA2 + (1 - ROD3POS)*DA3
. 0A = QAU + QAL

Magazine position average linear rating (kW/m)
ALHRU = QAU/FSL/NR

dedesdededododedodededede Jedodod dodededede dededede de e dodo s e e dede s ke ek ek ok e e dede e e e e de e e e ek
CONVERSION OF LOOP INSTRUMENTS

F169 = F169*%0.75 - 750. ! flow in 1/h
T391 = T391*0.25 - 100.

T390 = T390%0.25 - 100.

P187 = (P187-1000.)/20. + 1. ! pressure in bar changed from 95.04.01
P206 = P206%*0.125 ~ 49, ! system pressure '

GML3 = 10%*(0.5*GM13~1) ! gamma monitor detector i loop 10

Fhkkkkkkkkkkkikkihkhiihhkikiikihkikkiokkidhkiokkkikkkiikhkirkihkkihkikikikik

PRESSURE ELONGATION CONVERSIONS
81, S2, &3, in nV/mm at 286 C

amplified EC signal restored to raw form - divide by xamp

ECl1 = ECl/XAMP
ECZ2 = ECZ/XaMP
EC3 = EC3/XaMP

CONVERT EC SIGNAL TO MM

ECMM1 = ECLl/S1/{1.~.0003*(TI1-286.))*ROD1POS
EQMM2 = EC2/52/(1.-.0003*(TI1-286.))*RODZPOS
ECMM3 = EC3/53/(1.-.0003*(TI1-286.))*ROD3POS

Sedededodod gk ok kkkkkdokkdohkdiddddodkde kR dododkok gk itk k kk ke ded i dededodo ke d dok kok &k ki

BURN UP CALCULATION (MWd/kg UO0Z) C

BU7 = BU7 + AHR7 * FSL/WT * DELTIME / 1000.

BUS = BUB + AHRB #* FSL/WT * DELTIME / 1000.
BU12 = BU12 + AHR12 * FSL/WT * DELTIME / 1000.
BUM7 = BUM7 + MHR7 * FSL/WT * DELTIME / 1000.
BUMS = BUMB + MHR8 * FSL/WT * DELTIME / 1000.
BUMi2 = BUM1Z + MHR12 * FSL/WT * DELTIME / 1000.
BUASS = (BU7 + BU8S + BU12)/3.

END
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