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Performed by Reactor Technology Section
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Nobutatsu Mizoo#f Kiyohiko Maeda®

Abstract

This report summarizes preliminary results on experiments, analyses and

evaluations performed by Reactor Technology Section, Experimental Reactor Division

during October thi‘ough December, 1986. All results discribed in the report were

released with internal memoranda of Reactor Technology Section, before detail

analyses, evaluations, and/or discussions,

Each result is classified into the following categories according ito its content.

* Results of measurements, analyses and evaluations for core characteristics

analyses and evaluations for transfer plan to ]2 core.
analyses and evaluations for official permission.
analyses and evaluations for core mechanics.

measurements and analyses for natural circulation test in JOYO

of JOYOC.
* Results of
*  Results of
*+ Results of
° Results of
MK-1 core,

* Results of measurements and analyses for the plant characteristics of

Experimental Fast Reactor " JOYQO”,

* Resulis of measurements and analyses of neutron flux and gamma ray of

JOYO.

* Production and/or arrangements of analysis codes and their manuals,

«  Miscellaneous results.

Tables classified by kind of work are added.

After detail discussions, analyses and evaluations, the final report for each

program will be published, respectively.

#= Reactor Technology Section, Experimental Reactor Division, Qarai Engineering Center, PNC
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-003 | -14 -0.06 -9
Bl A _ .
A -0.54 | -130 | +0.08 +9 -0.25 | -82 +0.17 | +15
30 MW '
_ -0.02 -4 - 0.06 -9
I
0% R
-0.04 -8 -0.05 | -95
2 W &
B 054 | -134-| +008 | 495 022 | -83 +0.17 | +12
4495
-0.02 -8 -0.05 -14
1 ¥ al—7 ICEYEHEESEORY, JIELESh-T,

* 2 EHASBADREOHREHEEEKREALL, MELEL-T,
* 3 ERIIBHORE ORI LRk EATL, AELE,->

LT0-L8 OTV6NL ONd
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EILSE, FRBTORMREE:2RKD 3,

T, REEEN—ET NaBESSHBETLATA AL KL, 1RRGAMERL
HHIEED B,

2. F &

BB EER D — F “ CEDAR™IT& Y, 1 RFBHFMFERELENL S EBRIBRPLO
EHREE—ECTIHMNNZ Y —~AF 5, BIFAREIPFD214, EHME2B1 TRE
¥, 2V A SVBBEOEI YAV BOCORETHEL X,

3 # B

#HHH 25~ 35 MW, 1 IRBBEMHER 25~ 100 ¥ TOBEEAKRkDH B EHN (PFD 214

(EREE2B1)DES)

N= 1655 - —\l}-i- 370
::(1L044v§%%g ) - P+ 370

P &M (MW)

VI RBRBHHKE (%)
N:#E5KkHOCoONaEE (°C)
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Tl 74— FNy s RIGERR - | TORESRHE

27 v 7N 1 2 3 4 5 6 7 8
| WFRBHH R (%) 100 75 60 50 43 37 33 30
BmOH H (MW) 30.0 29.3 28.5 27.9 27.2 26.5 26.0 25.4
#woH E E (O 729 729 728 729 728 728 729 728
Na & & (C) 420 435 449 462 475 489 500 510
ROE & W (MW) 30.0 39.1 475 55.8 63.3 71.6 78.8 84.6

21 74-FNy s RIGERR -1 TORESRYE

27 v 7N 1 2 3 4 5 6 7 8
VRS HMTER (%) 100 75 60 50 43 37 33 30
B o H (MW) 35.3 34.4 336 32.8 32.1 31.3 30.6 30.0
o R E (O 792 792 792 792 793 793 792 792
Na & E (O 428 446 463 479 494 510 523 536
B M (MW) 35.3 45.9 56.0 65.6 74.7 84.6 02.7 100.0

LT, RIEABAEE, 1 REBELIHMEBS 100S 0L Zic, NaBEME CIiTsH
Hjj]%ﬁ:\' L—C‘l‘ 50
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CET 5,
2 &
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P D B Te : "MAGI" THELI-EE
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T O RAEE N HBH4 27N (KiCl13&LE)

B, 74— KNy s RIGERERER), O TEMK —1HL8 12 44 70 & FLERD
FLH, cOoOROERBESENORIMEBEEF -7 2 TFRMEL L THVI,
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#1 BAMBERRORAKLONNMEL - FHIME

Address | 000 | 1A1 | 1B1 | 1C1 | 1D1 [ IE1} 1F1

[CW e

MK — IJFLEE 129 44 7 v
# EKBOEE

TA— 4.1 543 | 513 | 554 | 5561 | 545 | 550 | 555

Address | 2A1 | 3A1 | 3A2 | 4A1 | 4A2 | 4A3 | 5A3 | 5A1 | BAZ | 6A2 | 6A3 | 6Ad

TA—4.2 @& BP0 531 | 535|552 | 530|517 |529|524 (474|489 | 476|479 | 488

Address | 2A2 | 2R1 | 3B1 | 4A4 | 4B1 | 5A4 | 5A5 | 5B1 | 5B2 | 6A5 | 6 A6 | 6B2

TA-43 | BEMC) 530 | 535|536 | 516|512 (522|490 | 482|494 | 483 | 482 | 485

Address | 2B2 | 3p2 | 4B2 | 4B3 | 4B4 | 5B3 | 5B4 | 5B5 | 6833 | 6B4 | 6BS5 | 6B6

TA—4.4 |8 ECC|540 | 554 | 524 {5631 | 530 (518} 533|493 |489 | 494|492 (492

Address | 2C1 | 3C1 | 3C2 | 4C1 | 4C2 | 4C3 | 5C3 | 5C1 | 6C2 | 6C2 | 6C3 | 6C4

TA—45 (& BE{0| 534|518 (553|509 518 530|512 483|478 | 493|491 (498

Address | 2C2 | 2D1 | 3D1 | 4C4 | 4D1 | 5C4 | 5C5 | 5D1 | 5D2 | 6C5 | 6C6 | 6D2

TA—-4.6 | EM0| 548 | 542 | 534 | 521 507 500|497 | 491 [ 514 | 496 | 482 | 496

Address | 2D2 | 3D2 | 4D2 { 4D3 | 4D4 | 5D3 | 5D4 | 5D5 | 6D3 | 6D4 | 6D5 | 6D6

TA—47 (B ECO| 546 | 535 | 531 } 534|527 15281525 |503 495|493 (500 | 496

Address | 2E1 | 3E1 | 3E2 | 4E1 | 4E2 | 4E3 | 5E3 | 5E1 | 5E2 | 6E2 | 6E3 | 6E4

TA—-48 | E QO 541 [ 525 | 531|509 | 540 | 534|522 (502|502 497|484 | 480

Address { 2E2 | 2F1 | 3F1 | 4E4 | 4F1 | 5E4 | 5E5 | 5F1 | 5F2 | 6E5 | 6E6 | 6F2

TA—49 |8 B} 546 | 547 | 529 | 526 | 503 | 525 | 492 | 495 | 530 | 486 | 487 | 498

Address | 2F2 | 3F2 | 4F2 | 4F3 | 4F4 | 5F3 | 5F4 | 5F5 | 6F3 | 6F4 | 6F5 | 6F6

TA-410)B E(C| 517 | 542 | 520 | 524 | 509 | 520|498 | 491 | 504 | 500 | 495 | 468
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MEK — TR 1294 7
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SR #£ 5 EHORRE
Address | 2A1 | 3A1 § 3A2 | 4A1 | 4A2 | 4A3 | 5A3 | 5A1 | A2 | 6A2 | 6A3 | 6A4
B EEFC)| 537 | 536 | 553 | 540|519 529|525 | 474 | 487 476 | 479 | 487
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Address
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3B1
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3B2

4B2

4B3

5B3

482

494

484 | 484 | 487

5B4

5B5

6B3

6B4 | 6B5 | 6B6

& B (0

542

556

526

530

TA-—-45

Address

2C1

3C2

4C1

520

543

495

491

496 | 494 | 495

4C3

5C3

5C1

6C2 [ 6C3 | 6C4

# B (O

530

550
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524

512

493

503|502 | 499

TA—4.6

Address

2C2

2D1

3D1

4C4

4D1

5C4

5C5

5D1

5D2

6C5 | 6C6 | 6D2

& B0

548
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TA—-47T

Address

2D2

3D2

525

4D2

515

502

497

493

4D3

4D4

5D3

5D4

479

5D5

490

495 | 484 |1 477

6D4 | 6D5 | 6D6

B K

543

526

TA—4.8

Address

2E1

3E1

524
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514

3E2

4E1

4E2
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4E3
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6E2 | 6E3 | 6E4
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TA—49
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2E2
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2F1

3F1

4E4
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5Eb

495

5F1

493

5F2

489 | 476 | 476

6E6 | 6F2

6ES

#®

Address

545

2F2

546

3F2

526

482

520

4F3

4F4

BF3

488

5F4

493

5Fb

528

6F 3

483 | 485 | 498

6F4 | 6F5 | 6F6

& G

520

542

520

521

507

519

498

492

504

498 | 496 | 472
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3.8 TZ4—FNyIRGCESEARIITOMNERREEE 7
MES EF (PO - EEREE G

L |/ =
1986 FE 11 H 26 HICEM LIc 7 4 — Fw s RIGERERBDTH O ARMEREDOHE
GCOPT%&%?%D

2. T3V IrRERU 74— FrNy IREERER

27570 | 1 GRHR 6 |t (M) | mmoEs o | RERBET 5 o s prrseen

(%4 k/ k)
10 100.3 311 408.1 1.72692 -~ 0.07300 -18.34
1.7 29.0 24.4 476.2 1.65392 %BAdk/ k) (g)
(D™ 27 57 10— 17 DREIMERSRIRS, EHIN LR 3IMW 55 SAMWICHESL, CoBa0

T4 — WXy JRNERERG - 48 € (12494 2 VEQC ) Thd. LithoT, HAHREOH
41 BHGEMRE ERICREY 5 b0 L HEES NS,
3 BERMEHC VT ( ( DARBREEH)
RFFADRES ( 380°C), hEFHES (365% ), RETWHHDOEES ( 506°C), 1
WER v 7FEEHZER (30rpmZ W FROGBHRAEBICIIE S > o
4 EFFBEHHOEELA -N—-Yo—-s v I/BEOE
RFw 7THITRO | RRPRBEFRTHRICE - 7 ENRET LY, RAMBEIERGS0CTH
D, $IREMHED 0 CETE -7,
5 WEtEFYVI7ME
AF w7 L0, LITDSF7 24 PEERENEFNT21C, 761°CTHYD, 4°CO LR
Hotio TORER, HMHIW06 B LR LM, BELOBMBE R, -,

( *  ARE, ERXF o TTOREBEOCZEEZRIEL TS O CEMETHE AT S, )
R RFFADRERE, MEEREZE L E
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3.9 74—KEny/REESEXRIITOMNERREER
M| EF (FL - EEEE G

L B B

186 4F 12 A S HICEM LA T « — Koo 7 RIBEGERBITHRONLAEEROBE

ECOU‘-(%E%:?— 50
2 TI3Y MRERF 74— FNy I RIGERAER

oK
27y 7o || 1 poRHR G | (Mw) | o o | RREIEES 5o, s museRER
2.0 100.3 364 4136 1.69413 -{0.09030 —22.69
2.6 32.1 30.6 490.3 1.60383 (BAk/! k) (g)

Capi) 27y 7 2.0 > 2.6 DBEMEESAE, EEHAERO 35 MWHS BMWICHEL, COBAD
7 4= By ZEUGEEFRERIE -483 £ (1244 ZNEQC ) ThH B, LIchi-T, HAFEHDH

45 B A HIAAERE ERICRET 2 6D LHEES N,

3, WEEBIC-OLT () RREHRTERE)

EFFRAOBES (380°C), THFHE (365%), RAFEHORES (505C), 1
RES Y TEERER (OmmEVTFHLOERERICRES UL, RF 9720
W, 1IRBWRO 3~ F v S HRENRIRE 450 CLBA D, Z OB HTHE®
TEL, 259727 (1 RBHREI0 %) BEMLLL 70
4 BEFFERHOREL L —~—70—F5 Y/ EEDE

259 TEHRITEO |RSBEEEFETRICE — 7 EABET 35, RAEEH0CTHDY,
HiFREEH @ 60 ‘CE T El - 7o
5 Hat¥Ery 7R

259720, 26TDFF7 74 PRERKZTHhENT26C,
WHot, TOER, MHNIHLOBEF L, BELOMBRED -7,

(=k %&ﬁ,§2fw7?®%ﬂﬁ§®§%ﬁELf,é%mﬁﬂﬁﬂﬁ%ﬁin)
% ETFEADREHE, WEEEEELE

76.7°CTHbh, 41CDOLER
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310 BIZ—1 (BAMBHREE) B4 "MAG | "RHBEHE
WMEHR K (FFEL - EEggiil Gr)
L. B W '
MK~ THLELR-1H A4 7 VEBEETIEV"MAGI " 12-19 4 s riitax:
THohoTEEEAE2Z LOHET S,
2. HE&H
M Fvs4vF—sopm
JOYDAS K VOMTERES
* 600363 — E 1419 ~ MKE 104 ”
" 600364 — E 2103 —MKE 105 " @ 2 &% H L7,
@ HKEEFA 7Y (RTFHEEE) "RANDZ » 407
"MAGI"H 1244 7 Vil BHEERDO RANDFAMCHL, THALe JH D ER
HEBHESHE (BAM) Ok R AEEHRPFBO031 & L TBMEE L THE 12/—1 REGE
HicERL .
(3 WEHE>1475Y "LTAZ 740"
SEHFROREBBUNS > O THHECEM S 7 0 WiEif 7 » 4 v 2 ERE L 7,
3 EEER
1 ERROOUTPUT 7 7 A v OB O NP RAFBEARRUESEBEREL R
o R 1IKEEHBRAREHEES =Y —%2RKT,
(1} BAMoO®HAIR-20T
E12- 144 7 VTOBAMOESERABRB NG
neutron(W/em) 7 (W/em)

R4V bRKA 2.843 x 10° 6.42 x 10°
® A KTy 2,450 % 10° 540 x 10°

BEHSYOEC Y EIESEA(IRIAER, IE5K) THD neutronREABTNTHE v
DFESLLBbDEL, THREAKODVTERESGEXYIOSUSHHEEOEBDS> LY 8 XS
DB OENEGERECLDPBBEVYRLEZFELLTHRETLZLE VB EADDEEGHE 3%
BETHIH»L

vV B ARG OFREID
A Y PEA 2843 X 10°+ 642 X 10%x 0.03 = 2.862 x 10° W/cn
£ A EREY 2450 X 10%+ 5,40 X 10°X 0.03 = 2466 X 10° W/cn
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[BEIRorvyIALMYD rEHROLMIEBICILATEELT
2
11 A OEE S1 = (igi) % = 16.837
3 sa N L
I & ST — (_2_) X T = 22.902

[HEIROEY 1 A4/ DDneutron BADIE FissileB & mgickfldsEL
T, UTofEroBET 3,

| i 1§}

Pu E{LEE 29 % 0%
 Pu fissile 78 % 79 %
EU 12 % 8 %

TD 93 % 85 %
~Ly FEFE 4.63 mm 5.4 mm

L0
[ 8 1KY HOneutron FBE DL

2
Py = (0.20 X 0,78 + 0.71 X 0.12) X 0.93 X (4—263 ) % 1= 48759
TE 1 AX D DpneutronBH O
541
op= (03 x 079 + 0.7 X 0.08) X 0.85 X 5 X = 5703

SIBEevIARLShoRA v i ERABERAE

31
SIX3+S8T X5

= 2843 x 10° X0+ ( L1 X3 +0p% 5 )+ 642X 10%% 0,03 X
= 3233 (W/cen)

[®e v 1 ARY)oRSERTFEREAER

S1

_ 3 - 2
= 2450 310" X Pu+ (01 X3+ Py X 5 ) +540 X 107X 0.08 X ===

=2785 (W/cm )

I8y 1AMDORA v M REABEREAR

SI

=2.843% 10" X g+ (01 X3+PpX5) +6.42X 107X 0,08 Xz e

= 3785 (W /cn )
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T8 1IAS)ORA&GHFERIING

= 2450 X 10°XPp= (03 X3+ £ X5 ) +54x10°%0.03 X

=3261(W/em)

SI

SIX3+5IX5

(B — 61 — 233>
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LHDEI12H 4 7 NELA Y PREATEEI00MWD/ TEIN® 36500 MWD/ T& 4 EYAI
EEMESNHB I,

(f— 61 — 256)



PNC TN9410 87-017

4. J 2O~ DOBITHED 72 D DM - MRET

BELEFAUEF (L0 0)THETENL ] 2RBEEER, b= 2DEROEEH X
mL, RYMOBMRGEEZRETSIOTY 7 YEBEESOARKEEESINATV S, J2HLT
RSB A 75,000 MWd/t ERDEKRY A 7 VERBERIICTOR &0 5,

FER, ] 2HFLNOBTHEOLOOZEEFH LB LELOBONILBROEREZE LD HOD
TH b,



PNC TN9410 87-017

4.1 70 BEHEERCET 288
HES  ENM(ETFEANEGL
L B #
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#1 3 REEREOMIERIGEIAR

M EBHAN %4k/kk Hdk/kk/day
000 276 0.214 0.00074
1x1 240 0.171 0.00071
2% 1 326 0.170 0.00052
2% 2 360 0.194 0.00054
3x1 290 0.094 0.00032
3x2 310 0.108 0.00035
4x1 420 0.064 0.00015
4%2 360 0.070 0.00020
4x3 396 0.075 0.00019
4x4 380 0.073 0,00019
5X3 490 0.043 0.00009

#2  JIRHUBRMELL 2 REUVBME &L OB RIS

fr & H4 70 BENIGE (%$4k/kk)
000 18 0.0797
1%1 15 0.0795
2x1 16 0.0653
2% 2 14 0.0683
3x 1 14 0.0530
3%2 15 0.0518
4x1 15 0.0374
4x2 14 0.0383
4%3 16 0.0369
4x4 15 0.0374
5x3 19 0.0236
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BB s — ¥
fn/ci-s) 18 i (@ (n/ci-s] A %
140
1 .63 +14 0.0578 162 +14 0.0557
Lt & & 5 130
2 3.39 +14 0.120 341 +14 0.117
M X # & 120
3 6.74 +14 0.239 6.88 +14 0.236
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= s
Y a e 4 1L.15 +15 0.408 .19 +156 0.409 Lo
5 1.64 +15 0.582 1.69 +15 0.581
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95
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8 262 +15 0.929 270 +15 0.928
85
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] i | 10 2.82 +15 1.00 2.91 +15 1.00
_ 75
11 217 +15 0.982 2.86 +15 0.983
70
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65
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60
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55
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50
T &
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mooR OB & | 19 1.88 +14 0.0667 1.88 +14 0.646
10
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0
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65
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50
T in
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30
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20
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- 10
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0
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, o . Z HhEEE mo# b F R ‘ gcg(l.lsl\]ﬂev Pt S A
Com] m o0 | ®m o2 ® | mo4m | o®m o5 5
5.0 44 +12 41 +12 3.6 +12 3.2 +12
13.2 1.1 413 1.1 +13 9.8 +12 8.4 +12
21.3 2.0 +13 1.9 +13 1.6 +13 1.5 +13
H rd 31.3 3.6 +13 34 +13 2.8 +13 26 +13 2 =
7 L F L 39.9 58 +13 54 +13 45 13 4.2 +13 + 50 %
44.8 7.4 +13 7.0 +13 59 +13 55 +13
49.2 9.6 +13 9.0 +13 7.5 +13 7.0 +13
53.8 1.2 +14 1.2 14 9.5 +13 89 +13
60.5 1.8 +14 1.6 14 1.3 +14 1.2 +14
71.3 41 +14 3.8 +14 2.9 +14 26 +14 ]
L o® % 76.3 6.0 +14 55 +14 42 +1d 3.6 +14
HOE & 81.3 8.4 +14 7.8 +14 6.0 +1i4 49 +14 am o
86.3 L2 +15 L1 +15 8.5 +14 6.7 +14 10 %
88.4 L3 +15 1.2 +15 9.7 +14 7.5 +14
T & 90.5 1.5 +15 L4 +15 L1 +15 8.6 +14
AYYab—¥ 91.7 1.7 +15 1.6 +15 1.2 +1i5 9.3 +14
05.2 2.1 +15 1.9 +15 1.5 +15 1.1 +15
98.7 2.5 +15 2.3 +15 1.8 +15 1.3 +15
102.1 2.8 415 2.6 +15 2.0 +15 L5 +15
105.6 3.1 +15 28 +15 2.1 +15 1.6 +15
109.1 3.3 +15 3.0 +15 23 +15 1.7 +15
112.6 3.4 +15 3.2 +15 2.4 +15 1.8 +15
116.1 3.5 +15 3.3 415 24 +15 1.8 +15 w o=
kA i 119.5 3.6 +15 33 +15 2.4 ++15 1.8 +15 :ﬁs.s%
123.0 3.5 +15 3.3 +15 2.4 +15 1.8 +15
126.5 35 +15 3.2 +15 24 +15 1.8 +15
130.0 3.3 +15 3.1 +15 2.3 +1i5 1.7 +15
133.5 31 +15 28 +15 2.2 +15 1.6 +15
136.9 2.8 +15 2.6 +15 2.0 +15 1.5 +15
140.4 2.5 +15 2.3 +15 1.8 +15 1.4 +15
143.9 2.1 +15 1.9 +15 1.5 +15 L2 +18
T = 147.4 1.6 +15 1.5 +15 1.2 +15 9.6 +14 | |
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174.1 3.9 +14 3.7 +14 31 +14 2.5 14 w
T O # 7 180.5 2.5 +14 24 +14 21 +14 | L7 +14 + 50 %
B R OB & 186.9 1.6 +14 1.5 +14 1.3 +14 1.1 +14
193.2 8.4 +13 81 +13 7.2 +13 6.0 +13
199.6 25 +13 25 +13 2.3 +13 2.1 +13
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#1 WmBIHERRT-% v~
OB JOYDASTHo/E | 1 RGBEHE | INTAKR | v9Frvin
o= F A
RFy B 005 B 006 (m’/ hr) (kg/s) (mV)
1 261 247 508 0.496 189.0
2 370 369 739 0.712 240.8
3 502 498 1000 0.954 287.1
4 621 620 1241 1.174 332.7
5 751 740 1491 1.405 374.0
6 871 867 1738 1.635 112.7
7 936 940 1876 1.762 4234
8 1126 1126 2252 2.121 481.4
9 1258 1255 2513 2.3586 525.4
2 1XBERCTEEHT—% v — b
1 RBEWHE Y AT L EEHE (rpm) J OY DA SEEH (rpm)
AFu7 i
(#/hr) A B A B

1 508 180.6 173.7 182.9 176.3

2 739 262.5 250.2 258.2 261.2

3 1000 341.4 331.8 344.5 333.1

4 1241 417.0 409.5 421.3 412.6

5 1491 495.9 489.0 508.0 4938.1

6 1738 573.9 570.6 587.9 560.4

7 1876 618.3 616.5 627.4 607.0

8 2252 745.8 741.3 749.0 739.8

9 2513 830.1 823.8 839.3 829.7
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3 K
(BB IFY A bP) =2 FLcLdrBrsroa—hoBonfie—2Av b
RUBNE, JOYDASOFHABEELZRAL, RIBRFIHEI - Ficky, ENIEEE

{ﬁﬂﬁ Lﬂf:o
4 #H# B
BlIFVYA—4DRGRORAELZRE2EZIRLTT, CRoDFmSHEE 1, 2 KR
T
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%1 Bl]JFvA—¢ORLGEMEER

b FE 5 8 x 10¥ ( reaction/sec/atom/ 100MWt ) (1e9)
A I3 I
| DE 11 D 111 D112 D 113 D 114 D 115 D 116
4 7 =— 15587 nn =— 772 mm Z =— 286 mn Z = 0mnn Z = 264 om Z=6Tdm Z =107 5
Ti| ®Titn, p) *%Sc | METFBRETF | 9.701x 10 *C 3.5) - # [al 4% - 1.694 % 10" 3.0) -
Fel ®Fe(n, p) *Mn ” 7.329x 101% 2.7 % @ I 3.066% 103 2.8) s [B 1Y 9.895x 101( 2.6) | 5.544%10 %(3.1)
Ni| *NiCn, p**Co " 1.204% 101 2.3) | 2.135%10132.4) | 6.004x 1013 2.4) | 2.691x10°(2.4) | 2.280% 10" 2.4) | 1.062%10'%(2.5)
Cul ®Culn, @ ®Co | 2944x107(3.5) | 4.020%10 °( 2.8) | 9.472x10'°(2.9) | 2.656x 10"'( 25) | 1.193x10'(2.6) |8.911>10°( 3.1) | 2087x10°(31)
Rh| "Rh(n, 210'°2Rh | 6.369x10%5.1) | 7.629x 10 3C 3.1 - 2.239% 101 2.5) - 9.932% 10 °C 2.4) -
Sc| *Sc(n, 7)*Sc | 2080x10%2.5) | 7.072x 10*% 2.4) - 1.103 % 10M( 2.4) - 5.231 % 10 2.4) -
Col %Co(n, 7)%Co | 1.910x10%2.6) | 7.561% 10" 3.0) | 8.872x10*(3.0) | 1.890x 10™( 2.5) | 2.263x10"(2.5) | 2.868x 10™( 2.5) | 1.690 % 10™(25)
Ta| *®Ta(n, 7Y%Ta | 2.556x10"(30) | 6.730x 10*% 3.0) - s [8] 1% - 3.737x 10 3.0) -
Nb| ®Nb(n, n0%™Nb| BETFELT | 0.467x1015.4) - 9.098 % 102(15.4) - 1.206 % 10"(15.4) -
Np| 2Np(n, ()¥'Cs | 4.064x10(24) | 5.845x 10" 2.5) - 1.342% 10%°( 2.7) - 2.385x 10°( 2.5) -
Th| ®Th(n, £)%Cs | 9.342x10%3.2) | 1.244x 10" 2.5 - 8.038x 10%( 2.5 - 2.276 x 102 18) -

B (n, £¥Cs | 2848%10°35) | 1.079x 10" 3.9) - 2.245% 10" ( 4.1) - 2.911% 10%( 3.9) -
NU

Wy (n, )BCs | 2389x10%35) | 2.702x 10'%( 3.9) - 5.529% 10°C 4.1) - 9.644x 10"( 3.9) -

W5 (n, £70s | 2.849%10°(3.9) | 1.079% 103 3.9) - 2.245% 10"( 4.1) - 2.908x 10'%( 3.5) -
DU

2y (n, £Y%7Cs | 2.392 x10%3.9) | 2.702%10%( 3.9) - 5520% 10'°C 4.1) - 9.634% 10™( 3.6) -
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9.2 ATR7I9VRE=F—DOHHEILE
REE A, LB (GHRIGL)
L o#® =

ALATREFMOKRBEIED, T304 JREHRCEOTRH SNALT v 7 RE= 5 —
DR ARE L 7,

G753y 72225 —lF, ATRISHFA JRBHICLIZEFFARL DEHEH D
BEBRICEMENDIODTH S, D75 v 7 RE=F — DI HRFHEHBATET 5750,
Ratic TR O MALBEEREL -,
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*x1 75927 AE=% —ORIGEANEER

T
N T
617 7 5y
F v “‘Lj
SN0 87C, 92 F N
E},s,&j’/u%ﬁ%ﬁ%ﬁ
131, 231 AR F At
84C, B84F ,5;(»1— —
i3 ¥ ®
125 . 225 BN EaEpas A
~—Mt (D1)
Von E
U Ne| s ammssr| 3
5 i x o
o | ST ABREET 2 <§j
B o 85C, 82F | . =¥
& o W EE @@%M fr "
8 2 2 D2 N
S8 3 127 227 ~ oo+
& 58C, 58F — )
AR BIBERR
5 2 [ i AR
-8 Al Tl
[l
\ N || 400mm e
|
M2 75w 27RE=F—SEEMAE

S| B2S—ER|_ _p | eo s B
oo (S50 E | R m | Ba/s)l7R
87 C Cu 83Cu(n, a)f®Co [3.706x107( 2.6)
3,073 ®Fe(n, py5Mn|1,128x10% 6.3)
92 F Fe
82Fe(n, 7)*Fe|1.461x10%(10.4)
E
131 Cu |%Culn, %Co|4.176x107( 2.6)
2,840 SiFe(n, p)®Mn|1.216%10%( 6.4)
231 Fe
BRe(n, r)*¥Fe|1.953%10% 8.8)
84 C Cu |%Culn, ®%Co|1.481x107C 2.7
2,683 Sife(n, p5Mn|1.007x10% 6.6)
84 F Fe
$8Fe(n, 7)%Fe!1.663x10% B8.5)
WF
125 Cu 8Cu(n, a)®Co|1.505%107 2.7)
2,450 54Fe(n, pMni8.869x10%( 5.7
225 Fe
#Bhe(n, r)%Fe|1.549%10% 8.0)
8 C Cu 85Cu(n, ®%Co|1.446%107( 2.6)
1,513 S4Fel{n, p5Mn|9.,797x10% 8.6)
82 F Fe
Bre(n, 1)%Fe]l1.669x10%10.6)
70 G
127 Cu §3Cy(n, &)%°Co|1.435x10% 2.7)
1,280 S4Fel(n, p*Mn|8.927x10% 6.3)
227 Fe
8Re(n, 7)%Fe|1.480%10% 8.5)
58 C Cu 8Cu(n, ®*Co|1.393x107 2.6)
1,123 MRe(n, pMn|8.441%10% 6.3)
58 F Fe
BReln, 1%¥Fe|1.410x10% 8.5)
70 1
102 Cu 83Cu(n, ®PCo}1.317x107( 2.6)
890 SFe(n, p5Mn|8.856x105%( 6.3)
202 Fe .
BFa(n, 1)5Fe(1,654x10° 83)

*  JBEHATH ( 19855E 7 5 3 1 985 00 43 ) OBAHLRTS 5.
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9.3 SMIR—3 FLA-YDRIGERNTEHRESR

WEE RKE, L (5HlGr)
L |\ =
[EE IMK - 1Lk CTREENL, SMIR~3 (BEHEREARSE) o
HFrBHEEZFMT 570D, SMIR—3CEMLALAFYA —sOREEREBFEL:,
2 & #
(1) SMIR~3ODBHUMROEEHILTS
MK—-08FD - B1LYA 7 0~F6H4 70
198348 A 10 A~ 1985 1A 12 0
BEAHBA © 26464 MWD
20 SMIR-3DERINTVLFELTFLRA I TFT
3 r¥yvr-s0BEH
Fe, Ni, Cu, Co—A1, Ta—Al, Nb—foil, Rh, Ti. Sc¢ NU DU EU'
¥ I VF sy FENITEA
3 H &
[EBIDOF YA M) —YRAFLICEE riffAR7 boabE—-hblHonlky—2 -4
Y FRUKRHZIE, JOYDASOFHAIEBESEL2MAY, REEFEx - Fickd, &

FOUBFR2RE L,
4 # 7
SMIR-BFVYA—-YDORIGEDAEHRAFEIICTRT, TLho0MFTRSHEN 1
iRT
(B - 61 —212)
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. %1 SMIR-3FYA—2ORIGEAEZR
i B 2 x 10% [ reaction/sec/atom /100MWt ]
# R & DS0O33 DSO 32 D S O 32¢ DSO31
) Z'=— 395 mm 7— 113 mn Z=113m 7 — 466 n
Ti | *Tiln, p) *8c | 1.812x 1019 2.5) 1.219x 1011( 2.4) 1.353% 1014(2.5) 3.207 % 1019( 2.5)
! Fe | %Fe(n, p)™n | 1.485x1011( 29) | 1.042x10%( 2.8) 1.091 x1042(2.6) 2.580% 1014( 2.9)
Ni %8Ni(n, p)®Co | 2.369x10M( 2.2) 1.718x 102( 2.3) 1677 1012(2.2) 4.385x 100 2.2)
Cu | ®Culn, a)%Co | 9.210%10 8 2.7) 6.259% 10 9¢ 2.7) 6,297 %10 9(2.7) 1.960% 10 8( 2.7)
Rh | 1®Rh(n,2n)0%Rh | 1.446x 10 ®( 2.4) | 7.260% 10 °( 2.6) - (=) 2.277x 10 9C 2.6)
Sc | *Sctn, r) *¥Sc — (=) | 5272x101( 2.3) - = - (=)
‘ Co | ®Coln, y)™Co | 556110 3.0 | 8.975x10%( 3.0) 1,450 10" (3.0) FER (- )
Ta | BTaln, 7X¥Ta | 3.573x101%C 26) | 1.412x10'( 2.6) FER (=) 5.186x 10'5( 2.6)
Nb | %BNb(n,n’)Nb | 1.755% 1011(15.4) 8.005% 108 (15.5) FEUR =) 2,653 % 1011(15.5)
BU | 250U (n, £)%Cs | 1.984x101°( 3.4) | 3.384% 108 3.4) - (=) 2.989% 10'5( 3.4)
NU | 250 (n, £)97Cs | 1.984x 10%( 3.4) - (=) - (=) 2.989% 105( 3.4)
DU | 25U (n, f ™¥Cs — (=) - (=) 3.384x1015(3.4) - (=

(IR, 10BBETH S,
#13 FyA—Fie7EN - DSORICHAZNIHEDLO KA —% (DOE,
Dosimetory Set 2 ) Thb.

1013

1010

10°

FE % 10%* ( reaction / sec /atom/100 Mwt )

1012 |

1011 |

SHEFNTBHDE, HllORy —WTE S,

Rl

~10%®

]OB ) i i 1 \ i ] ; 1 R 10 13
600 —400 —200 0 100 200 400
A L~ (an )
M1 RIGROHA R
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9.4 1—02739 P REZY—ORERAEER
mEH \E, L, AR (GG
Lo
YA RABROLD, [FEIJOBRBERT v 27iIB80T, BH Y 7 1 — 02585
SNt ol - 020 FRBEEEARE TS0, 1 - 0Q2ICEFHIN/Iz7F5 9 722
¥ —DRIGEZRE L k.
2 & B
I-02@, MK-ITHFLERPOSMK-~THFLEI YA 2 VO, BEEHS 2. R
—SRUR-1OTEBHFIALERY /' ThHd, (K1, 28Rz &)
739/ REZY -3, Fe, Ni, Cu 3BETHTVITHAINEE, BEY /D10
B RER ST,
3 H B
[HBJFYAPY —YRFLARLB T BRI boaE—hobBohikE—2 - Hoy
FROBINER, JOYDASOFHAMESEMY, RIBRHEa - FItLD , Fe(n,
p)*Mn, ®Fe(n, p)*®Fe, ®Ni(n, p)®Co, ®Cu(n, a)®CodBREBAEHL 72,
48 R |
1 -02750v/22=9 —ODRERAUERREZRILCRT, ChooMiFARANIAER 3K

TY,

(#i— 61 — 222)
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£1 [1-0275y7z2e=y—OREEAEHER

foTen | | WP Ko % x 10 g, | P RmE < 0% | AR | RS X 100
Z el (mn ) ¥Fe(n, p)*Mn | %Fe(n, y)¥Fe Cmn ) S8Ni( n, plCo [ij‘ ®Culn, @)% Co
F46T | 477.0 4.354 % 10°(3.4) 3.618x 10%%(5.3) N46T | 467.0 7.503x 10°(2.5) C46T | 457.0 7.125x 108 (3.5)
H 46 F46M | 4545 4.930% 10 9(3.0) 3,716 % 10'%(5.3) N46M | 449.5 8.143% 10 ®(2.5) C46M | 4445 3.615% 10°(3.8)
F46B | 432.0 5.498 % 10 9(3.0) 3.693% 10%%(5.3) N46B | 432.0 8.826 %10 %(2.5) C46B | 4320 6.334 % 10%(3.5)
Fa47T | 3815 9,051 % 10 2(3.1) 4,305% 10'2(5.3) N41T | 3715 1.542%10%%(2.5) C47T | 3615 6819 10°(3.5)
H a7 F47M | 359.0 1.014 1019¢3.1) 4.396 % 10*(5.3) N47M | 354.0 1.663x10'%(2.5) C4T™ | 349.0 7.109% 10%(3.5)
F47B | 3365 1,078 % 1019(5.3) 4399%10'2(5.3) | N47B | 3365 1.772 % 10"(2.5) C47B | 336.5 7.378 x 108 (3.5
F48T | 286.0 1.710 % 10%(3.0) 4.894% 10'%(5.3) N48T | 276.0 2.980 % 10°(2.4) C48T | 266.0 1.262%10%(3.3)
H 48 F48M | 2635 1.961 = 10t%(3.0) 5.012% 10'%(5.3) N48M | 2585 3.224%10'°(2.5) CdsM | 2635 1.257%10°%(3.4)
F48B | 241.0 2,011 101°(3.0) 4.929% 10'%(5.8) N48B | 2410 3.343x10'%C2.4) C48B | 241.0 1.286% 10°(3.3)
F49T | 165.5 3.548 % 10'%(3.0) 5.629x 10'2(5.3) N49T | 1555 6.098 x 10'%(3.1) C49T | 1455 2828x10%(3.3)
H 49 F49M | 1430 3.815% 101%(3.0) 5.658x 10'%(5.3) N4aM | 138.0 6.383%10'°(2.4) C49M | 133.0 2.764x 10%(3.3)
F49B | 1205 3.912 % 1019(3.0) 5.657 x 10'%(5.3) N4B | 120.5 6,555 % 10'°(2.5) C49B | 1205 3.008 % 10%(3.9)
F50T | 60.0 4.610% 101%(3.0) - 6.010 x 10'%(5.3) N50T | 50.0 7.779x101%2.7) Cs50T | 400 3.036% 109(3.3)
H 50 F50M | 375 4,774 % 10'9(3.0) 6.023 % 10'2(5.4) N5OM | 325 7.926x10'°(2.4) C50M | 27.5 2.964% 10°(3.3)
Fs0B | 150 4,617 x 101°(3.0) 5.908 % 10(5.4) NS50B | 15.0 7.952x10'%(2.4) C50B | 15.0 3.182x10%(3.2)
F51T |- 305 5,156 % 101°(3.0) 6.140 % 10*%( 5.3) N51T |- 35.5 8.187 % 10'°(2.5) C51T |- 405 4.325%10%(3.3)

H 51 Fsi1M |- 38.0 5.192 = 101°(3,1) 6,162 10'2( 5.4) N5IM |- 405 8.258 X 101%(2.6) _ - -
F51B |- 455 5.100 % 1019(3.0) 6.062% 10'*(5.4) N51B |- 455 8.190 % 10*%(2.5) C51B |- 455 3.949% 10° (3.3)
F52T |-106.0 5.412% 101(3.0) 6.284 % 10'*(5.3) N52T |-116.0 8.516x101°(2.4) C52T |-126.0 3.597> 10°(3.3)
Hs2 F52M |-128.5 5.421 % 108(3.0) 6.259 % 10*2( 5.3) N52M |-133.5 8.467x 10'%(2.5) Cs52M |-1385 3.529% 107 (3.3)
F52B | -151.0 5.237 x 1080(3.0) 6.156% 10'%(5.3) N52B [-151.0 8.292x 10'%(2.5) C52B |-15L.0 3.213%10%(3.3)
F53T [-196.5 5.115x 1019(3.0) 6.229 % 10%( 5.4) NE3T [-201.5 8.343x10%°(2.4) Cs3T [-206.5 3.384x 107 (3.3)

H 53 F53M |-204.0 5.054 x 101°(3.0) 6.242% 10*( 5.4) N53M |-206.5 8.307x 10'%(2.5) _ _ _
F53B |-211.5 4.986 % 101°(3.0) 6.175% 10'%( 5.4) N53B [-2115 8.23510'%(2.5) C53B [-211.5 3.327x10°(3.3)
F54T | -262.0 4.500 % 10'%(3.0) 5,958 10%(5.3) NS54T |-272.0 7.139x10°(2.5) C54T |-282.0 2.992% 10°(3.3)
H 54 F54M | -284.5 4.215% 1019(3.0) 5.560 10'%( 5.3) N54M |-289.5 6.815x10'%(2.5) C54M |-294.5 2.821x10°(3.3)
F54B | -307.0 3.928 % 1010(3.0) 5706 % 10'%( 5.3) N54B |-307.0 6.320 % 10'9(2.5) C54B [-307.0 2.750 % 10°(3.3)
F55T | -357.5 2.997 % 1019(3.0) 5.491 % 10™( 5.3) N55T |-3675 4.922x10'% 2.5) C55T |-3775 2100% 10%(2.3)
H 55 F55M | -380.0 2.658 % 1019(3.0) 5.362x 10'%(5.3) N 55M {-385.0 4.481%10'°(2.5) C55M |-390.0 1.832x10°(3.3)
F55B | -402.5 2.335 % 1010(3.0) 5.131x 10*%(5.3) | N55B (-402.5 3.954%10'°(2.5) C55B |-402.5 1.991x10%(3.4)

&) RIGEOBAR,

reaction/sec/atom/100 MWt ThH 5, ( IAIE, 1¢ BRETH .
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Title : “Measurement and Calculation of Radiation Sources in

the Primary Cooling System of JOYO™
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MEASUREMENT AND CALCULATION OF RADTATION SOURCES
IN THE PRIMARY COOLING SYSTEM OF JOYO

S.Suzuki*, K,Iizawa®*, N.Ohtani* J.Horie**, H.Handa*#*
T.Kobayashi#
*Power Reactor and Nuclear Fuel Development #*Hitachi Engineering Co. Ltd.
Corporation, O-arai, Ibaraki, Japan Hitachi, Ibaraki, Japan
ABSTRACT

Production and transfer of radiation sources in the primary cooling
system are important considerations in the LMFBR plant from the viewpoint of
radiation protection and shielding design. These items were evaluated with
calculations and/or measurements in the Japanese experimental fast reactor,
JOYO.

In this study, calculations were made with the DOT3.5! two~dimensional
discrete ordinate transport code to determine the neutron f£lux and production
rate distributions of radiation sources in the reactor vessel. Using the DOT
results, the behavior in primary coolant sodium of the CPs (radiocactive corro-
sion products) which were released from the reactor structural material was
also calculationally analyzed with the PSYCHE code developed by PNC. These
analytical results were compared with the measured results to get the verifi-

cation of analysis methods and to estimate the accuracy of calculations.

INTRODUCTION

There are two dominant radiation sources in the primary cooling system
during normal LMFBR operation without any failed fuel. One is activated
sodium itself such as 22Na and 24Na, and the other is radioactive CPs such as
51Cr, 5800, 6OCo, 54Mh, ete, which are mainly produced in reactor structural
material and are released into sodium with corrosion.

From the viewpoint of radiation protection and shielding design, these
two radiation sources should be considered in slightly different aspects.
Although a large amount of high energy gamma emitter 24Na is produced in the
primary cooling system during high power operation, this is only important

under the condition of on-power mode because of its relatively short life.

—156—



PNC TN9410 87-017

On the other hand, the activity of 22Na and the most important CP deposits,
54Mn and 6000, increase almost in proportion to the reactor operation time.
Consequently, these long life nuclides become the major radiation sources
during the period of inspection and maintenance for the primary sodium com- -
ponents. In fact, it can be said that over 907 of the man-rem for JOYO plant

personnel comes from CP deposits in the primary sodium components.

To acquire the knowledge about the mechanism of production and behavior
of radiation sources in an LMFBR primary cooling system both measurements and
calculations have been extensively carried out in JOY0O. Especially, in oxder
to reduce and to control the radiation hazard of CPs, the origin, the
behavior in sodium, and the dependency on plant operational conditions have
been widely studied in the fields of radiation protection, plant maintenance
and reactor chemistry.

In this paper, we describe the results obtained from measurements and
calculational analyses by using the DOT3.5, the PSYCHE and the JOANDARC codes,
from the viewpoint of radiation shielding and protection. JOANDARD is based

on the point kernel code QAD-CG.

MEASUREMENT

Sodium Activities Measurement

22Na and 2%Na concentrations in primary sodium were measured in the
JOYO MK-TI core (fast flux irradition bed with stainless steel reflector)
following operation with the JOYO MK-I core (fast breeder core). In the
measurements, sodium samples were periodically obtained from an overflow tank
in the primary cooling system and their absolute activities were measured by

gamma spectroscopy using a well calibrated Ge detector system2=3.

Gamma Dose Rate under Reactor Operation

Under reactor operation, the spatial radiation distribution around the
primary cooling system is dominated by 24Na produced by 23Na(n,Y)24Na
reaction in the core. As the total gamma dose reaches about 105R after one
duty cycle operation (ome duty cycle consists of 45 days operation with
100MWt and 15 days shut-down for refueling.), the primary cooling components

are completely isolated with airtight concrete shields and are covered by
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nitrogen gas. Consequently, for dose rate measurements, we have chosen
cobalt glass dosimeters as the gamma detectors rather than TLDs or ionization
chambers. The cobalt glass dosimeters wrapped with aluminum foil were placed
on the surface of the primary cooling piping and were irradiated through one
or two cycles of operation. After irradiation, accumulated gamma dose in
each dosimeter was read by using the cobalt glass measuring device which had
been calibrated in a standard 60co gamma field. Therefore, measured gamma
dose rates in Table 1 are presented in units of 90Co gamma equivalent dose
rate. Thelr measurement locations from G-1 to G-11 can be found in Fig.l and
a more detailed geometrical description is shown in Fig.2. Inner diameters of
the sodium piping are as followings;

+ Hot Leg between the outlet and IHX (the Intermediate Heat Exchanger):

4,89mm¢

» Cold Leg 1 between the IHX and the primary sodium pump: 441lmmd

* Cold Leg 2 between the pump and the inlet: 305mm¢
and the distances from the inner surface to each detector point are almost the
same, 20cm. In spite of the differences in the inmer diameters of the piping,
only small variations in gamma dose rates can be found except at G~2 and G-6,

which are considered to have been affected by unexpected gamma flux perturbation.

Dose Rates from Radioactive Corrosion Products

When 2%Na activity has decayed after reactor shut-down, the long-lived
CP nuclides and 22Na become the important radiation sources. After primary
sodium is drained from the main primary circuit, CP nuclides deposited on
the immer surfaces of piping and components dominate the spatial radiation
distribution around the primary cooling system.

The CP deposits and their gamma dose rates have been periodically
measured at every annual plant inspection of JOYO. In this study, calcium
sulfate (CaS04) TLDs (thermoluminescent dosimeters) were used for the gamma
dose rate measurementg. These measurements were midde for 93 locations at 1
meter interval along the primary piping line through the inlet to the outlet.
At each location, there were 4 detectors, placed every 90 degrees around the
thermal insulator cover. The averaged gamma dose rates for each piping leg
are showm with the cumulative reactor output in Fig.4.

The gamma dose rate distribution from CP shows significant dependence on

location. The dose rate in cold leg 2 is approximately twice that in the hot
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leg or cold leg 1. Rapid increase in the dose rate was found just after
start-up of the MK-IL core, as shown in Fig.4. In the latest measurement in
September 1985, the cululative reactor output was 6.17 x 104MWd, the averaged
dose rates for the hot leg, cold leg 1 and cold leg 2 were 31mR/h, 37mR/h,
and 58mR/h, respectively.

Deposits of Radiocactive Corrosion Products

The amount of CP deposition on the inner surfaces of piping was also mea-
sured by the gamma spectroscopy method, using a Ge detector system which con-
sisted of a detector, a lead collimator, and a lead shield. Gamma spectra were
obtained from the outer surface of the thermal insulator cover (see Fig.2).
The 13 locations chosen for measurements are designated with CP# in Fig.l.

To get absolute values for CP deposits, the Ge detector system was
calibrated with a piping mockup of the primary piping, in which was installed
the plate type standard gamma sources, 60co and S%Mn. (see Fig.3) In Figs.5
and 6, the CP deposits averaged over each piping leg are shown as a function
of cumulative reactor output. It was found that only two radioactive CP
nuclides, 54Mn and 6000, were dominant and all other expected CP nuclides
such as 2lcr, 58¢o, 59Fe, etc. and 22Na in residual sodium were present in
amounts lower than the detection limit of the CP measurement system,

As can be seen in Figs.5 and 6, the dependency on the cumulative reactor
output is noticeably different both for different CP nuclides and also for
different piping legs. Shim deposits in the hot leg and in cold leg have
increased gradually with reactor operation through the MK-I and ME-II cores.
On the other hand, 90Co deposition increased rapidly just after the start-up
of MK-II core operation, as can be seen also in the CP gamma dose rates in
Fig.3. Furthermore, the most significant increase is found for 2%Mn deposi-
tion after the MK-II second duty cycle.

The activities of 2%Mn deposits are ten times higher than those of 60¢o
deposits. However, deposits of 546Mn and ©0Co should be considered to have
almost the same contribution to the gamma dose rate of CP, because the gamma
emission probability and the gamma energies of 60Cco could cancel out the

difference between the activities after penetration through the piping walls.
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EVALUATION OF NEUTRON FLUX AND PRIMARY SODIUM ACTIVITY :

Neutron Flux

Neutron fluxes in the reactor vessel used to calculate the generation of
activated corrosion products and the primary sodium activity were obtained
by a two-dimensional transport code DOT3.5 calculation#. The whole calcula-
tion flow diagram is shown in Fig.7.

The in-vessel calculation geometry model is shown in Fig.8. This R-Z
geometry ranges from the core center to the graphite shield around the
reactor vessel in the radial direction, and from the core mid—plane to the
upper surface of the rotating plug in the axial direction. Parameters of the
DOT3.5 calculation are given in Table 2. The 21 group cross section data
used in this analysis were prepared by the procedure described below.

First, the 100 group infinite dilution microscopic cross sections were
obtained from the JENDL-2 nuclear data 1ibrary5. As the weighting functions,
the fission spectrum was used for energies greater than 0.4MeV, the L/E
spectrum was used for energies between 0.4MeV and 0.414eV, and the Maxwellian
type spectrum was used for energies less than 0.414eV. Self-shielding factors
were obtained using the ENDF/B-IV nuclear data library for the resonance
energy region. Macroscopic cross sections were determined by using the
RADHFAT~V3 code system® with the microscopic cross section, the gself-shielding
factors, and the material atomic number densities as input. Then, 100 group
one-dimensional radial and axial transport calculations were performed to
collapse the group cross sections from 100 groups to 21 groups. The two-
dimensional iso—flux contours calculated by the DOT3.5 are shown in Fig.9

for the total neutron flux.

Sodium Activities Calculation

Primary sodium activities were calculated for both 24Na and 22Na. The
activation cross section for the 23Na(n,y)2%4Na reaction was compiled from the
ENDF/B-IV data. The set of 21 group activation cross sections, which was
collapsed from the 100 group infinite dilution cross sections using spectra
obtained by one-dimensional ANISN’ calculation, was used with region-
dependent weighting factors in this calculation. The activation cross

section for the 23Na(n,2n)22Na reaction is an effective one group cross
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section (Ep>5.5MeV). This cross section was obtained from the IRDF-82 data
by using the 239py fission neutron spectrum of maxwellian type as the
weighting spectrum. The threshold energy of about 13MeV was taken into
account in this process. The neutron £lux used here are those described in
the previous session.

The primary sodium activities were calculated with the following equation.

N Prlog my ) Vim; Ny )0g (L, 5)
W
where
A = saturated specific activity
cg(mij) = reaction cross section of g-th group in the mesh number mjj
N(mjj) = atomic number density of 23Na in the mesh number m; §
¢8(i,j) = neutron flux of g~th group at the mesh point (i,])
V(mjj) = volume fraction of sodium in the mesh number mj]
and W = total sodium inventory in the primary cooling system

The sodium activities calculated by these procedures are compared with the
measured values in Table 4. As can be seen, the calculation shows 207 30Z
overstimation for measured activities. Part of the overestimation for 2248

can be attributed to the fact that the burn-out effect for 22y3 is neglected

in the calculation, but it is difficult to estimate this effect quantitatively,

CORROSION PRODUCT ANALYSES

Measurement results have been compared with calculations for estimating
radiocactive corrosion product transfer and the radiation fields in an LMFBR
primary circuit using a computer code which is named as PSYCHE (Program
S¥stem for Corrosion Hazard Eyaluation)a’g. The PSYCHE code consists of two
subprograms for source term and radiation field calculations linked together,
Source term calculations for radioactive corrosion product transfer were done
on the basis of a solution-precipitation model which was originally advanced

by Polley10 and Kuhnll, and has been improved in some points by Tizawa®.

12 modified by evaluation

The dose rate was calculated using the QAD-CG code
the JOYO data. The modified code is named JOANDARC (JOYO Active Nuclide

Dose Assessment and Radiation Control). Calculations for radicactive corrosion
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product transfer can be executed for eight radioactive nuclides, using ten
nuclear reactions for their production as shown in Tableg 3{(a) and 3(b).
For two reaction products, 28Co and 182Ta, the neutron capture process is
taken into consideration as the burn—up effect because of their very large
ecross sections.

Measured and calculated results for deposition of 54y or 60Co onto
primary piping surfaces of JOYO are compared in Fig.1l0. It can been seen
that measured values are reasonably reproduced by calculations, except that
the measured values of 60Co at 2.8x104MWd cumulative reactor output (the M-I
core) are below those calculated. Calculations within the IHX are shown
divided into five sub-regions. C/V indicates the check valve. Table 5 shows
calculated versus measured values for >*Mn and ©0Co deposits within the hot
leg, cold leg 1 and cold leg 2, respectively. It can be seen that calculated
results using PSYCHE show reasonable agreement with measured values within a
factor of 0.5%2 for both 9%Mn and 6000, except for 60co in the cold leg 1
at the MK-IT second duty cycle.

Measured and caleculated results for radiation fields exterior to piping
and components in the JOYO primary circuits at 3.9x10%MWd cumulative reactor
output {the MK-II core) are compared in Fig.ll. It can be seen that measured
values are successfully reproduced within a factor of 0.6 v 2 by calculations.
Contributions of 54Mh, 60co and 98Co to dose rates are estimated to be about
54%, 347% and 127, respectively, by calculations using the PSYCHE code, where
small contributions of 38Co are primarily attributed to the burn-up effect of
the neutron capture,

The increase of measured values in the inlet or outlet piping of the
primary sodium pump above calculations can be attributed to influences from
radioactive deposits in the overflow column of the pump, and in the inlet or
outlet piping of the reactor vessel to streaming gamma from the activated
reactor vessel wall, which can not be reproduced in these calculations. The
appreciable increase of measured and calculated values at points No.l5, 25,
42, 52 and 73 etc. shows the geometrical effects of elbows in the piping

system,
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DISCUSSIONS AND CONCLUSION

Calculated results for primary sodium activation showed good agreement
with measured values, especially for the activity of sodium, which is the
most important radiation source to be considered for gamma shielding design
in an LMFBR primary cooling system. Agreement was well within 20Z for 24y,
activity and within 317 for 22Na activity. It is recognized that some of the
discrepancy between the calculated and the measured values for 22Na activity
is due to neglect of the 22y5 burn-out effect in the calculation, but at
present a quantitative correction can not be applied to the calculated value
for lack of cross section data for the 22Na (n,Y) reactiom.

The CP deposit activities analyzed by using PSYCHE agreed well with
measured results within a factor of 0.5 "~ 2 and the gamma dose rate distribu-
tion calculated with the PSYCHE results could be reproduced successfully within
a factor of 0.6 v 2 over the piping system, using JOANDARC.

From this study, it has been concluded that the calculational method
utilizing the DOT3.5, PSYCHE, and JOANDARC-modified QAD-CG codes is useful for
the evaluation of the activities and the gamma dose rate of CP deposits in
primary cooling systems, and also that production rates of radiation sources

in JOYO can be well predicted by the DOT3.5 calculation.
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Tabie 1 Gamma Dose Rate around the Primary

Cooling System under MK-II Core

Operation

Table 2 Parameters of
by DOT 3.5

Neutron Flux Calculation

Measurement Point No.

Equivalent Gamma

(see Fig. 1) Dose Rate ((R/h)/100 MWt)
G-1 Hot 7.69x10%
G-2 Leg 6.48x102
G-3 7.40x10°
G-4 7.35x103
G-5 7.64x10°
G-6 968x103
G-7 Cold 7.75x10°%
G-8 Leg 1 7.30x103
Sodium
G-9 Sump 7.64%10°
G-10 Cold 7.45%x10%
G-11 Leg 2 740x103

Program ....................................
Geometry .................................

Problem Type ...........................

Number of Mesh Intervals «-..oreet
Order of Scattering ---eeeeeeeerenees
Number of Angles  -ererrereirenennn
Number of Energy Groupg-sses...-
Boundary Conditions

Left & BoOHOM -reerreerrevosnrcnnese.

Right & TOp seeserersreerermeianerrans
Flux CONVErgence - ---ssseressenanee
Accsleration Technigue -»e--s-er---

Flux Calculation Model -seeeeeveenn

Cylinder
R : 2.9 Meters from Core Center
through Graphite Shield

Z :7.75 Meters from Core.Center
through Top of Shield Piug

Fixed Source Probiem of Fission
Neutron Source

120 x 213 = 25,560
P,
330 (Symmetrical 30/half spherg)

Refiection
Vacuum
G086 = 0.01

Point-wise Rescaling
EPS = 0.0001

Weighted Difference
Mode MODE = 3
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Table 3(a) Analyzing
Radionuclides in

Table 3(b) Nuclear Reactions for

Production of Radionuclides

the PSYCHE Code
i.D. No. Radionuclide 1.D. No. Nuclear Reaction
1 810y 1 5°Cr(n,7) 510¢
2 S4Mn 2 S4Fe(n,a) 5'Cr
3 BFe 3 4Fe(n,p) *Mn
4 °Feg 4 S4Fe(n,y) 55Fe
5 *8Co 5 58Fe(n,y) *°Fe
6 5°Co 6 58Ni{n,p} *#Co(n,y} **Co
7 S9Nj 7 5900(1—1’7,) s0Co
8 182Tg 8 %°Ni{n,p) ®°Co
9 %8Ni{n,”) >°Ni
10 181 Ta(n,y) '#2Ta(n,y)'**Ta

Table 4 Radioactivities in Primary Coolant Sodium

Nuclide aMeasured aCalculated bC/E
2Na 1.08x10-3 1.41x10-3 1.31
24Na 2.98x 10! 3.57 x101 1.20

aSaturation activity in units of (mCi/g-Na)/100MWt
bCalculated/Measured : The values in the Table are for the Mk-1I Core.
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Table 5 Comparison of Calculated VS. Measured Values for
Deposition of Mn-54 and Co-60 on inner Surface
of the JOYO Primary Piping

End of MK-T Operation |After MK-II 2 nd Cycle |After MK-II 7 th Cycle

"Measured| °C/E [*Measured] °C/E [|"Measured °C/E

H/L 0.366 1.18 0.427 1.07 0.644 2.39

Mn | C/L-1 0.183 1.14 0.379 0.89 0.818 1.26

C/L-2 | 0.380 0.53 0.657 0.53 1.895 0.55

H/L 0.038 1.21 0.104 042} 0.125 1.14

%9Co | C/L-1 0.010 212 0.051 0.54 0.075 1.31

C/L-2 | 0.027 1.07 0.080 0.49 0.110 1.24

Nuclide | 2Region

Ot e 61T} 2,789 x 104MWdl 3.949 x 104MWd | 6.168 x 10*MWd

aH/L :hot leg from sodium outlet to IHX, C/L-1 :cold leg from IHX to sodium pump
and C/L-2 :cold leg from sodium pump to sodium iniet

Pin units of xCi/cm?

cCalculated/Measured ; Comparisons were made before reactor startup, after
Cooling of 103 , 41 or 46 days following 6 cycles operation of Mk-I core, 2 or 7
Cycles Operation of Mk-II core, respectively.
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Fig.11 Comparison of Measured VS. Caiculated Gamma Dose
Rate Distribution along the JOYO Primary Piping after
41 days Cooling Time Following Two Cycles Operation
of Mk-II Core.(Cumulative Reactor Qutput, 3.95 x 10+MWd)
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