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An Investigation of Fuel and Fission Product Behavior in Start-up Test of HTTR
(No. 1 : Results up to 15 MW Operation)

Kazuhird SAWA, Tsutomu TOBITA*, Shouhei UETA, Shuichi SUZUKI**
Junya SUMITA, Kenji SEKITA, Kazunori AOKI and Hiroshi QUCHI

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute
Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received January 5, 2001)

The first-loading fuel assembly of the High Temperature Engineering Test Reactor
(HTTR) is a pin-in-block type, which is composed of fuel rods and a hexagonal graphite block.
The coated fuel particle is a so-called TRISO (Tri-isotropic) type with four coating layers. The
fuel kernel is low-enriched (average 6 wt%) UO, with a 600 um diameter. In the safety design
requirements for the HTTR fuel, it is determined that “the as-fabricated failure fraction shall be
less than 0.2%” and “the additional failure fraction shall be small through the full service
period”. It means that a small fraction of additional failure is allowed during operation for the
HTTR fuel. Therefore the failure fraction should be quantitatively evaluated during the HTTR
operation. In order to measure the primary coolant activity, primary coolant radioactivity
signals the in safety protection system, the fuel failure detection (FFD) system and the primary
coolant sampling system are provided in the HTTR. The fuel and fission product behavior was
evaluated based on measured data in the start-up tests (1) and (2). The results showed that
detected fission gas nuclides were Kr-85m, Kr-87., Kr-88. Xe-133, Xe-135, Xe-135m, Xe-137
and Xe-138 in the primary coolant, and their concentrations were smaller than 10* Bg/m®. The
Kr-88 concentrations and the FFD count rates were found to be almost in a linear relation. It
was also found that the predicted Kr-88 amount and the measured Kr-88 concentration in
primary coolant were similarly changed against the reactor power.

Keywords: HTTR, Fuel, Failure, Fission Gas, Start-up Test, Fuel Failure Detection System (FFD),
Primary Coolant, Radioactivity
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Table 2-1  Set values in the primary coolant radioactivity signal in safety protection system.
HEfE (MBg/em’) S HET LHHEE (%)
0.07 BFFEBAZ T A 1
0.03 FEIF L - BERREIUH 0.4
0.01 BRI - HAFEH 0.2

Table 2-2  Comparison of the primary coolant radioactivity signal in safety protection system
and the primary coolant sampling system.
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Fig. 2-1 Primary coolant system of HTTR®.
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Fig. 2-2 Primary coolant radioactivity measurement system

in safety protection system®.
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Fig. 2-4 Energy analysis system of sampled primary coolant.
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Fig. 3-4 Fission gas concentrations in primary coolant.



JAERI-Research 2001-002

4. EE

4.1  BREVBRIRMT2EE I X B OB

Figure 3-3 2545045 £ )12, BFHPHNILS—EOK, FFD 553D KE 2l
FRL. B4 EHEICEET 5o | RESHAM PO F A BGTREIREE BT % k%
HHiE. ZNETO OGL-1 KIS RBRRL A 1 — T H A F v 7L VEGREIZB W
THBEENTV AN, FOERIZOVWTIIEE SR TR N,

Y 7LD EBLN 1 KRG EM RO Kr-88 B & FFD £ 5 Ok % Fig. 4-
1127R7. FFD ESAKE L% /RLTWAII, Kr88 iBEb & 2o THH ., EE
DB EEEN o A LA LZOREEL TWA I DTN L, ZOEDV %
EEMIRAT 010, UTOEFLTNT A= FYatEE2ITo72,

@ WEBRE D S HUE SN2 REBM AT ADEE No £ § %o

@ #Dth, H2—EDE (S) OBBERABY T AV EFRNHH SN S,

@B 1 kAT LHALRBO I =NV FF v 3= b T v T X ) BORARY T AH

BEEhD,
COEFNVERTETE, | RGAMTOBPREEY T AOE (N) &, DTD L)
W25,

w
dA;(tt)=S— “fN(t) (4-1)
N(0)=N, (4-2)

ST, Welda— 0V K Fya— Ve, W1 R§EMA R M) ThHE, L
AAER (1) O MW EERELFNITAH L, TNV FF ¥ 2 - Vit&Eid# 30kg/h, 1K
HBEMA RV PR 670kg TH Y, 1 RN 7 LMALERBO I -V FFT v 7
LBBREOLRMIT. K ISKEME 22,

(4-1) REDWEME 42) THE, LTORIHLRS,

No WP w WP
N(t)=—S—exp(—Wxt)+@S{ 1-exp(—71)) } (4-3)

(4-3) RCEEM S T HMEE N, OREINTA—F L L TR 1T o R
¥ Fig. 4-2 [ ¥, HHix, i EAHE (1) o5 A 14 BEDP SEFFHD T 30%
WAL 724 X0 FFD 5 OMxMEL /R L7, FFD E5DORBED LRPIZ., TORD



JAERI-Research 2001-002

1 KA AHALREOI— VR R Ty I X BBRFOFEW (B 15 ) &I
UTHhoIEWFNDb, $7-. FFD [E 5 DEEMEILE BT 27001213, #WHMEN, (2
T AEEMES OHIZT10FETH LI LTI 5,

42 PREEEMINEBIBEREY T LTI L D RENERE RO LB

BT X DRE L7 1 RGEM O K88 IREE & > 7Y ¥ 7 LB D FFD
HHROMRB % Fig. 4-3 (SR, OO LRI T 2BENOLF L EHITIELD X
A& o TWwAY, WHIIITIZHIERICSH S, RPIZIE FFD R & Kr-88 O
FHMEA SR L7,

FFD CHI5E S A FHEERIE. B IS OBAHA D S B S 172 A A (Kr-88. Kr-89.Kr-90,
Xe-138 %) OREHEOFHROMTH D, WEHTOERENRVE V) Z it FFD
& D PIE XN TV B BHD Kr-88 & AARDBUNEE) 2R L T A TR &

4.3  HETRNT & D

(1) A AR EREHE € 7 v

oW ABEEIEE T VL, EERBER T2 0RB e~ MY v 7 ZEOFHET 7
YO ORI E L THEERD & & RUBRED S O BUNERITRBEKIEZ . R
vy k= MYy 2 AEICBTARBERICERBE TIRIMKE 2 ER T A2 LIS
A s, BANIZIE. DTFTo L) 2RERREZETVILL TWD,

D BB FRTRELLEMIRERYO D L, KBRS hzb ik, B
GBI OCEBAARIRT GERRL T~ MY v 7 A IKiTbAEh, ERENROER
SRIEL 7k, BRE V82 R b 1 RGEM TR ANRE S LD,

@ BERBRE TN TRE L, BREHD SIS X 0 i S RER I,
BRI A RBILTBRE 2 > 87 P ot s N,

B By UDLRBETIRSRERYO ) B, BE a8y P REEH TRE
AL o, KkICE YEEE SN,

@ <MYy ABOERY T UHORELLESRERWIE, < v 7 RER
RIBL 7, BRE a7 b S L REHM BRSNS,

COBRERTERT L, UTDLIIC%D,



JAERI-Research 2001-002
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for BREI 2 b= MY v 7 ZH 5 O RKBKILEBUEE,
fog: BELZ VT b M) v 2 A5 OB,
o EOEBIER.
o, BREaVZ bOERY SR
Thb,
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Table 4-1  Fuel temperature distributions employed in pre-analysis.

1% power (TC)

Regional

Axial : 2 3 4
1 206 206 206 206
2 208 208 208 208
3 209 209 209 209
4 209 209 209 209
5 209 209 209 209

30% power (TC)

Regional

Axial ! 2 3 4
1 356 355 364 361
2 441 441 449 447
3 468 468 476 474
4 464 464 472 470
5 467 467 475 472

50% power (TC)

Regional

Axial I 2 3 4
1 459 459 473 468
2 602 602 616 611
3 647 646 660 656
4 640 639 653 649
5 645 644 658 654

Table 4-2  Fuel compact matrix contamination and through-coatings failure fractions
employed in pre-analysis.

Contamination fractions

Regional
Axial S I 2 3 4
1 2.9X10° 1.6X10° 2.5%X10° 2.8X10%
2 2.5X10°¢ 2.6X10° 2.3X10° 1.6X10°
3 2.3X10° 2.5X10° 2.4X10°¢ 2.6X10°
4 2.9X10°¢ 2.1X10° 2.3X10° 3.3X10°
5 2.9X10° 2.1X10° 2.3X10° 3.3X10°
Through-coatings failure fractions
Regional
Axial S I 2 3 4
1 3.1X10°® 2.0X10° 1.9X10° Not detected
2 1.9X10°¢ Not detected 1.9X10° 2.0X10°
3 7.8X107 1.9X10° 1.8X10° Not detected
4 3.8X10°¢ 5.8X10° 7.8 X107 5.5X10°
5 3.8X10° 5.8X10° 7.8 X107 5.5%X10°¢
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Fig. 4-1 Comparison of fuel failure detection system count rate
and fission gas concentration by sampling.
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Fig. 4-2 Measured and calculated decrease
of fission gas concentrations.
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Fig. 4-3 Correlation of fuel failure detection system count rate
and fission gas concentration by sampling.
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Fig. 4-4 Predicted Kr-88 release fractions during power-up test.
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