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Study on Disposal Method of Graphite Blocks and Storage of Spent Fuel for Modular
Gas-cooled Reactor
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This report describes the result of study on disposal method of graphite blocks in
future block-type reactor. Present study was carried out within a framework of joint research,
"Research of Modular High Temperature Gas-cooled Reactors (No. 3)", between Japan Atomic
Energy Research Institute (JAERI) and the Japan Atomic Power Company (JAPCO), in 2000.
In this study, activities in fuel and reflector graphite blocks were evaluated and were compared
with the disposal limits defined as low-level of radioactive waste. As a result, it was found that
the activity for only C-14 was higher than disposal limits for the low-level of radioactive waste
and that the amount of air in the graphite is important to evaluate precisely of C-14 activity. In
addition, spent fuels can be stored in air-cooled condition at least after two years cooling in the

storage pool.

Keywords:  Disposal, Graphite Block, HTGR, Activity, Low-level Waste,
C-14, Air-cooled Condition

This research is a result of the joint research with the Japan Atomic Power Company.
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Table 1-1 Major specifications of GTHTR300.
Reactor power 600 MWt
Reactor inlet and outlet temperature 561/850°C
Turbine input pressure 6.83 MPa
Turbine mass flow rate 398.3 kg/s
Reactor core height 82m
Outer and inner diameter of core 51/3.1m

Fuel type Prismatic block
Average fuel enrichment 20 wt%
Average power density 6 MW/m’
Reactor pressure vessel outer diameter 83 m
Gas turbine vessel outer diameter 6.0 m

Heat exchanger vessel

Outer diameter 6.05 m

REACTOR
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COMPRESSOR GENERATOR

GTHTR 300
rev. 080499

Fig. 1-1 Primary circuit of GTHTR 300
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J$skB T 0w ZEIFFE LT GTHTR300 2—2DHE L TERERK T Oy 7 HUE L NIV
SRR & U CHRBUE O EEHIZDOWTRE L=, GTHTR OBEZHRITRT.

21 #ESH ,

REHE, B EHE. BERKRNEOSRHRT O 7 OBSHERZRFT 5. HREME
. BV RV EREN O S B, Ny IERERICH S T 2 AR ICERBL L - BEY
O FRBES L TBRPIEEINTNS C-14 CER 5730 ) . Co-60 (M
534F) . Cs-137 CERH 301 4F) . Sr-90 CEE 29.1 4) . Ni-63 (S 100 )
LU NS OIS E L XV EREY) & U T O ERIREE 2 Table 2-1
IZRY.

BSHMERIE. ORIGEN-T J— RZAWTITWL, FLOFHETR, BEMBSEORE%
Table 2-2 IR L7z, §7abb, BREMEIT 6 FRIOEHER L. MREMEICBEET 5 7]
BRI EEPETRFBORREN S 10 EFMOEHAZKE L. TOMOAIERSH
ARCEERNEIL, SBRLBVWHOEL, ETFFHEROFNTHD 60 FHL L,
ZOK, FMEPHETRERIE. BEMAT 2.8X10%* (m?) . WEIRKHFHAET 3.2X10%* (m?)
BEREAT47X10% (m?) E725,

Ao EARIT, Table 2-3 1TRTLDIZ, MEMAR ORI B R A% 1G-110. BEER
A% PGX & LT HTTR ORSIC BT 2 EJES L HICHEMHLE © . 1G-110 IZDW
T RSB OEKEITL TREBRUT THo LD BRI TREZHFEEL TN,
U IZDWTIE, PGX IZDWTIREfTH A DA RERZE FH WA, 1G-110 I D W TIidHl
ET—F NN, BRELNEIZED PGX K0 b 2 BB EINS EIKEL 2. X
. BRI HEIIC, BERICDOVWTIBEE LT —FNRND, EOERIIDONT
HIRERT 5,

22 BE&ER

Mk, AIBIRAHE. EEREESOREERSE D ORMIERS Fig 2-1~Fig. 2.3
IR, REMER B EIZ. F—FM (G-110) THD. BETHTFRHNEDIZ
ER U0, FROEREER>TNS, FILERIE Co-60 23 mHENA, K 5.3
ETHREBL THL D, BETNI63 KU C-14 BEEREELLD, ZhsOBKIL
HRRNTEER T, Cs-137 X S1-90 72 E D RAERY O BITD THIRN,
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—7%. BIEREEIZ, FHPBENE N PGX 2 M ELTHB D, 60 FH &M
MESPFHTFRARDZ 2o TS, HIEEEIX Co-60 BBE L. TOHII Ni-63
B C14 BMEBERGBEE 2 ATIIREHAC B R NAEFAKRTH D, £/, KL
ERRIITBE T Cs-137%° S1-90 73 £ DB B HERY D BN D120 T LI3REHE S w81 K
HEEFARTH S,

Table 2-1 ;RU7e. BIBALLZREMOHEER HIRIBE L L TERRIIHEIN TV SR
BOBMNERD U OBNEER L Fig. 2-1~Fig. 2-3 \IORUHEZR L2 LLETSH &,
B FRBEZHEA DML C14 DB TH S, C-14 DEFICDONTIE, RETHRH

5%,

Table 2-1 Limit of disposal.
Nuclide Limit (Bg/g)
C-14 3.7X10*
Co-60 1.1X10’
Ni-63 1.1X10°
Sr-90 7.4X10*
Cs-137 1.1X10°
Total o 1.1X10°
Table2-2 Irradiation conditions.
Fuel block Replaceable Fixed reflector
reflector
Neutron flux 18 18 17
X X
(n/m2 Jsec) 1.5X10 1.0X10 2.5X10
Irradiation
time(year) 6 10 60
Fast neutron 2.8X10% 3.2X10% 47%X10%
fluence(m™)
Table 2-3 Impurities in graphite components.
Fuel block Fixed reflect
Replaceable reflector x ector
N (ppm) 20 20
Co (ppm) 0.1 1
Ni (ppm) 0.1 100
U (ppm) 0.001 0.01




Activity in the fuel block (Bq/g)

Activity in the replaceable reflector

JAERI-Tech 2002-104

1E+7
1E+6
Ni-63
1E+5 - ——
C-14
1E+4
\ Co-60
1E+3 \
1E+2 [~
. Cs-137
1E+1 '\\ \
1E+0 —
100 200 300
Time after shutdown (y)
Fig. 2-1 Activity in the fuel block
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Fig. 2-2 Activity in the replaceable reflector block
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Fig. 3-1 Activity of C-14 from activate of C-13 in graphite block.
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Fig. 3-2 Activity of C-14 as a function of N, amount in graphite block.
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Cover
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Fig. 3-3 An example of metallic cask.

Lid

Exhaust duct

| Ventilated concrete cask

| Inner liner

4

Multi-assembly sesealed basket

Air supply duct

Fig. 3-4 An example of concrete cask.
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Ceiling crane

Spent fuel casks

Fig. 3-5 An example of concrete vault.
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2. BFFE 6 £IIHL T, 1 ZHNTTATHD., BBEEOMENTETHS. ZOR
TH% 6 ERMREIRREL THEZTO 0ITid. RHOLBRIRICEE 45%Ak/k HE
BRI DHBEND D, —H. SHEHERNH L FLHEFORLEZFRDZDITE. BEREG
BE% 25%AKK BANICM A B0 ENH B, TORDHIT, HTTR TIERE 70y VRNICK
ISR (BP) ZEML. RIGEZFMHEL TWzAL GTHIR OHE. BP ZHINT
b, HIERRGERS 1%AKK ICLMREST, BRYERIITE AN, £2T R#
PREEEIC R U A AE7s BP 23507 L T, MR OBRRSEZME TSI LEL, TDBP
ZoEHICBHT I EICE 0D RO 2EMOERICHERRICEZRRT DI ENTE,
LbBRRGEEZMHTS I EAEEERS.

A2 1 RmHRE
HAY—ELRERRBAZFTIE, KFFADRED 5S00CEBA 570, REKXDK
TR, BEEENRBRMEE LT 9Cr-1Mo #72 EEEOEWMEIORANEZL 5N
TW/=. GTHTR300 Tid. 752 hL A7 MZIREMA SN, mAMOHE/NS —
CEEXBIET, BKIFEABELEFAMEO Mo-Mo ORANTREE SN TS,
BEMOHZY—E 2=y M, BEENEL. BRERAMTFFANAETD
%. Figure 1-115RLU72& 512, GTHTR300 DFEREIL. RFFENEE. HAF—
Erazy b, BHiBa—y b SERINS, FHTFENSHRELZ 850COERA
U AHRAE, —EBEHROZORT ) FORNEEZFE > TI—ELRFRBAAD, HRS
—E TR SRTETHHIND, KT, F—EBRLASHBARERI_EHED
NEZEBL T, BERASBREBRUOTL 7 —JIZESN 26CETHmHIEZH, —EE
ONEZTBBL TY—EABNOEMEICR S, RSN 51 150COANY T LT
AW, 7ORY 7 NONEEZEB LU TEFFENABRONEICH > /2R ICHIA A,
FFFENBRBREANTS, 0%, RMEOZ ORI FONEEBBL T, HERR
AHERITAD 560CETMRAINT, BRI/ ORI FONEZBEBL THELANRAT
5, ZOLALT7YFTIE, BB OHEANYILAH ALV RTHRENERZHHT
ZOMNKEMT,. MOBRABRBEERTDZEBLETFFEHERZ2HROHATE S,
BEXOY—F 1=y b 2HERTAHIET. BEOEMICE DWW ZMZORA, &
et EEtoBN-0—- S HNEHRATE S, £ BXRBIL_y FEHAI—E
Az FNENETAIET/NUTAI N MeBE. ¥y—E A=y FNATO—J))
DARER ERFOMHELZATREE L TS, ZOFREGFEBMMIEIVWVTREILIET T b
DA RIIFNAA%TH D, 1 B0 273MWOBZU N1 %2185 Z EASTE % Table
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A3 CHBRFABICHW-REHT—F 2RT,

Table A-1

Evaluated burnup in the GTHTR300 core.
Inner CR Fuel Fuel Fuel CR Replaceable | Fixed
reflector | column | region-1 | region-2 | region-3 | column reflector reflector
Upper
reflector
1* layer
(Fuel) 114 107 106
2" layer
(Fuel) 141 132 133
3" layer
(Fuel) 147 138 138
4" layer
(Fuel) 141 133 133
5" layer
(Fuel) 140 131 132
6" layer
(Fuel) 139 130 131
7" layer
(Fuel) 129 120 121
8" layer
(Fuel) 107 102 103
9" layer
(Fuel) 82 79 77
Lower
reflector
(GWdn)
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Table A-2 Evaluated fast neutron fluence in the GTHTR300 core.
Inner CR Fuel Fuel Fuel CR Replaceable | Fixed
reflector | column | region-1 | region-2 | region-3 | column reflector reflector
Upper | 401 0.1 0.3 0.3 03 0.1 0.03 0.003
reflector
st
Ulayer | 03 | 22 6.1 6.6 54 2.0 0.4 0.03
(Fuel)
nd
2’ layer |45, 2.9 8.1 8.7 72 2.7 0.6 0.04
(Fuel)
rd
3 layer |5 3.0 8.4 9.1 7.5 2.8 0.6 0.04
(Fuel)
th
4 layer |5, 2.9 8.1 8.8 72 27 0.6 0.04
(Fuel)
th i
> layer |49 2.9 8.0 8.7 7.2 2.6 0.6 0.04
(Fuel)
th
6 layer | 4, 2.9 7.9 8.6 7.1 2.6 0.6 0.04
(Fuel)
th
7 layer | g5 2.6 7.3 7.9 6.5 2.4 0.6 0.04
(Fuel)
th
8 layer | 4, 2.1 6.0 6.6 5.5 2.0 0.5 0.03
(Fuel)
th
o layer | g 1.5 43 4.8 3.9 1.4 0.3 0.01
(Fuel)
Lower | 4 01 0.09 0.2 0.2 0.2 0.08 0.03 0.001
reflector ,
X10® m*? (E>0.18 MeV)
Table A-3 GTHTR300 Design Data.
Turbine pressure ratio 2.06
Number of turbine stage 7
Turbine blading polytropic efficiency 0.925
Compressor pressure ratio 2.2
Number of compressor stages 21
Compressor blading polytropic efficiency 0.905
Generator efficiency 0.985
Recuperator effectiveness 0.95
Cycle pressure loss 210kW
Cycle thermal efficiency 47.3%
Gross power generation 280MWe
Net plant output 273MWe
Net plant generating efficiency 45.4%




This is a blank page.




JAERI-Tech 2002-104

Control rod
Block

Permanent
Reflector Block

Replaceable Fuel

Reflector

Fig.A-1 Layout of GTHTR300 core
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