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The Use Characteristics of Low Enriched Uranium Fuel

in High Temperature, Gas-Cooled Reactors

Takehiko YASUNO, Yoshiaki MIYAMOTO, Ryuiti SHINDO,
Toko SEYA, and Sadao SATO
Division of Power Reactor Projects, JAERI

(Received December 18, 1978)

The low enriched uranium fuel cycle in High Temperature, Gas—-Cooled
Reactor (HTGR) was evaluated in Japan, in conﬁection with the International
Nuclear Fuel Cycle Evaluation {INFCE) .

Core design and material balance of HIGR are described.

The main results are:

1) core design of LEU-HIGR will be made with the information from
experimental VHTR whose design is preceeding in JAERI, if the
gapless fuel pin is available,

2) the batch number of refueling influences the fuel cycle charac-
teristics; in the case of power density 6 v 9 w/cm® and batch
number 2 ~ 3, the burnup and natural uranium requirement of HTGR
are competitive with the those of LWRs.

3) characteristics of the HTGR fuel cycle compared with those of the
LWR fuel cycle are
i) small cumulative fuel loading,

ii) 1low natural uranium requirement,
iii) similar separative work,
iv) small cumulative production of fissile plutonium,
v) similar cumulative radicactivity of actinide and fission
products in the spent fuel,
4) a lower power density leads to less natural uranium requirement,

separative work and radioactivity.

Keywords: High-Temperature Gas-Cooled Reactor, Burnup, Fuel Cycle, Low

Enriched Uranium, Comparative Evaluation.
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Fig. 2.1 Structure of fuel rods
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Fig. 2.11 Relation of nutural uranium requirement and (Nc/Nu, CIM).

- 42 -



Fissile plutonium production (gr fissile. Pu/Kwt, Y1)
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Fig. 2.12 Relation of fissile plutonium production and (nc/Nu, GH).
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HHY, SWem A& TH B, ‘
® =ZEEZEde=10cmOBE, Rep, = 1.3x10° & Ty, < 1250C 2HEFT 5 HHEE
$78<, Remin = LOX 10 KEFE S22 LC L OROMERHH D,

BEHEARTE (mm) 10 15 20 25
sy MESEX(mm) | 6| 6 8 _8' 6 8
o EE (Woem®) — | 7~15 |56~65{~55 | 55~6| 55

W/ em' gk £ 2 5h 3,
(i} EREESE
HERRE © ORKEEY - THEETOBRFRIE, ROL HHEADETRT,

5 5 vA S TR BEEHEE
OBE»S DEEN,S
; . O
WEENE (d) A @@L, de=10mmem O

3200 MEME S (Peomp) ~ X A
YH A FEE (O — K O

R OEMBEE (de ) — XK O .
(IBL,de=10mm%% {)

z ‘”’ X
hohEE (a) O (BEETTEAHY)
OE %L, abLEB, XBEL,

(a) BEFFHOSTHERE 50COBACIE, 07 4 — 2 OREBER TRENTE (47) £
12Wem' KB ENTES, .

(b) B FEt ORI ERE 1000COBE I, FodSsreme LT, Fig 3.5~Fig. 3.8
£, | ]

@D SBEE de =0.6cm T, Remin = 1.3X 10*, Tr,,, < 1250CEHETEHAEE & L
TRDOL HIREEENH D, ZORDSREEARS 20 mm LIS TIEH 10 Wem® HLEHTHET

° 560
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wMEEAE (mm) 10 15 . 20
I MESE X (mm) 6. 8 6 8
o EE (Wemh) 10~ | 95~ {13~ |12~ | X x

@ ZEEEde =08cmTiR, LA LEA»OROLSUHEENHD, COEDPS I~
11Wem® TH 3, |

BEHENZE (mm) 10 ‘15 20

avrey MESE X (mm) 6 8 6 8 6 8

o #EE (Wem) 9~12| 9.5~10 [11~@4 | 9~3 | 1d~04 |(12.5)~(13.5)
( )Y ABsLTEOhIE,

3 %ﬁﬁ%de=ﬂhmfu,L&ﬁuﬁ%m6ﬁ®&5mmé%m50,C®i@6%ﬂ
EAE A 10 mm UA TR 9~ 11 Wem? TH5,

BmEEAE (mm) 10 15 20
3wy FRNE X (mm) 6 8 6 8 G 8
B AHEE (Wem®) X X |9~11|85~9 |105~12 | 10~11

Vb ORE, MERREC OBECH, PEURKN Y CRNTHAEEEE( 52 &8
x5, 3, BEEAR I SEEEOEAEC XD, HHEEOWES L L OB 3T Lit
E‘EE &:E\ bn% [+

3.3 WESH

Ne/Nu OHEL LTF ¢ vxV ORRBIBHE Y —~1 TRE LARBESH, ¥10Hhs, 70
5 7 F& 30~45cm, Nc/Nu & 300~350 B LT LA /X 13000 LLE THREBBREEE 1250C
UTFABRYT 3 THERE LT, FERBLCHRNAROR Y - 7% (Fr@dav/es
MIRN) OREHEEN L, RGN EHHTE L OBGFE RS, BE LFETEIHAHERS
%, DTk~ ER B LCFEHELCHE >THODK LI, 1, AZTE, avsss bE
Y —7 KL LI BRHEAEE L TVAA, CITiRa Vs P LAY — T ORI ICEET
B EE LTE#R LTS, ,

ERMBEE, BLTRY -7+ 3257 L ORABRESN (GIR) & HAEE L ORFIIAR 4
CEBLTHE, '

1) FEX

K% L LTEBREABAREL, o, FROTHRECHD L LILRY —T »ax7

.oﬁkmﬁﬁﬂm,¢§ﬂﬁﬂ$@%éﬂiﬁ(m)ﬁ%éb.ﬁﬁ@ﬁdTuﬁbf&ﬁ?ﬁ

ZEhbd,
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I .(r—r)=aE'{"T ! — 1
max ¢ 1—v 2¢8n(ro/r;) (ro/1; ) —1

fofZl, ATHRAY =7 L3y g bl TELEN

F

.4
4T TN én (re/ 1)

LK ,
q [ 1 én(re/ri) J

4T = — -
2wl | 2 (o/Ti)-1

THB, UE, LRTUABBERE, ERYYS/R, VERTYVH, 1, 1o RRY-T%
frda vty PORAER, A, L BR) —FLav.e7 tORERE,  HBRHEHITHS,
(2) #FMAE '
DU NBLURY -7 ORERA (FfiL, ~y 7Ty LR coREE”) |
b= I g, =45 kg/c‘:ma
2y -7 g, =80kg cm’ .
R LT, Mk~ ORFRESSE CRAEMICER LEREBALERICAN TREN K
TERLEHMELT, a2 T2, RY —FTL545LB6DE L1, LIzat-T, RiEH
ST ARMERE L L TBRNCIROFELABLER L,
a8 b 0,=0,/2=225kg cn’
zZ ) =7 o) =0,/25=32kg /cm’
WAHRRQ"E, LREROGHEETTHHEE Qo £HR 4 OMIEN & HHEE &L ORGSR
B, ChicEFaOE—F v 7 F8 & LTPAF =2 (Pi X P X Pyygia, =08%X1.2Xx2) 2%
RLTRELE, T15b5, '

nr m

q =q°/2

LEREIHBETEOHEARRE LI,
51, ERARCL BHARRORETIE, HEY LHRTWEMEE LT, X OEINCH
Lic ofE X h3RESH B o0 THET 260 Lz, 280,
hre MK DBE o v.cs FORIES
MEDMHEOSE XY -7 OBRED
nE, DENMREDES, 1,7 ONERE LAREOREAIES £, RABHEORKRE
BE '
g, - g, =2 :1 _
ELt, NHA,/ q; OEICE > THA EABMETRETE R —TOREHIRIEEL, IO
BER, LOBLOFORY -7 EERETTIAMDOZ Y ~7) TRET S D& L,
@) # B '
EERFHECH - CEE LhER B I UNBRAREOCHE FETE3HIBRREZhEN
Table 3.1 & Table 3.2 I03RY, 2EMICHBRMEEOF APERMEEDES KO HAEE
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FARXCEND, BEBORBMAEVE, $12, 2V tOBREOREVANEDEHGEAS
WV, BhOZME, No/Nu OHBEL LIRS+ —~4 TOFBEHELEE LT @B
HLEBR LICHDTHD,

N, DERABRBEOESICONT, 3 /N7 FERY -TORARRE, REH &L LTHH
A& 15 20mm, 2,7 FOREE 6mm, KAEMEE 6 8mm, Y ¥4 PEX 13 16mm
?&Ebféét,:yﬂﬁF®§M@HRU—7@%ﬂ£0ﬂ%ﬁﬁ$é<ﬂofhéoit
BEEARICL 32255, 20mmOAH15mm OHOLO AR OFEET 3 HRE
INE (TR 5 TND,

3.4 FLURIGHEBITOER

F oy YRAUBHE, SEEEETOERICL LSOTARFALERRT 20 L LTROZ
EDA S HEIL 5T, BT OREMERE 1000CDFO K LT, Ne/Nu = 300 ~ 350 (#%

BN FRHEE=02~03), 70, 7EE (ACF)=35~45em 7 STHCEME L O (F 2

g T RaHA VAFICL D Repm, = 13X 10Y, Tr < 1250°C) 577 - ok BET EHT
Table 3.3 & Table 34#Rd, %7, ARCRERFTCRALTCVLIBEEELHR LTHFR
ShBHNBEQ™) LYH Y MES (8, ) ERLTVE, BNBROEBEE LS LRAE
CRTELOAESHENEESERT LB HIES, TOHBEANTOEL, LT,
COEOMABE LI BB~ HTELHET ZMEGENFLELLVOT, BE LM LH
SHEBNEEDORME L Ry, = 1X10* 2 IHEEEEH D&,

(a) MERBEETIE, 2707 MAME XS 6mm OB S ICHATENK W om® L1054
EEHHB, : '

(b) MBRMEETIZ, HAEEMNS~IW om® ERFMEENH5,

PHODMREHET S, FLTEEORNLA /A XA 1 X 10° (RMTIZ5300) BEELEZILSN
B,

BRI OIS DHEE 750 COFL DB &I, RAR LOFIRA, S TIRAL, BEEOHIR
PO LROBA LA LHIEE LS, UL, CORLOBACE, MANOHARTE
HEA LT ARENE VDTS » LAEUHANEE LT H L0 TE B,
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Table 3.3 Estimation of hollow pin

Nc/Ny ACF Chopped cosine q"' (w/em?) (Note 1)
d de 3000350 15945 cm {neminzl.ax-lo“ Limit
(cm)| {cm)i (pf=0.2n0.3) TFmax$1250°C  [81iglem) | of oeomp Reminzlxl()l‘ ACF (cm)
0.6 a x o
§1ig=1.0cm ) /
" fa i
1.0 0.8 511g=1.6cn o
" O
1.0 $11g21.3cm % '/
o ' 1.0 57.6 X
0.6 811gsl.3cm © 1.3 £7.0 %
. ] " o 1.0 £7.2 X
B 1.5 0.8 ' 1.3 6.6 X
©° 1.0 " -] .oX
e 1.0 £7.3 X 18.5
Ll 0.6 -] -] o] 1.3 £6.7 o] ﬁ0.5
g‘ 1.6 6.1 O -
1.0 £6.9 %
1]
) 2.0 0.8 " -] o) 1.3 £6.3 o Zg'g
1.6 £5.7 C )
1.0 " - x
1.0 £7.1 O 40,5
0.6 (-] 2 (o] 1.3 £6.5 o] 42.0
1.6 £5.9 o] 43.5
1.0 £6.7 x
2.5 | 0.8 " -] o 1.3 £6.1 x
1.6 £5.5 X
Q
n
1.0 §11gsl.3em *
1.6 ° ! o 1.6 <5.4 x
§13g=1.6em )
1.0 { 0.8 " - %
1.0 " -] x
: ) 1.0 £6.3 x
0.6 -] @ o 1.3 £5.7 x
: 1.6 5.2 X
g 1.5 | 0.8 " -] x = -
«° 1.0 " o x |
=
] o] 1.3 £5.2 X
& 0-6 | 64g21.3m ° © 1.6 6.7 x
8
& 12.0 0.8 " ° o T d .
" o] .
1.0 6lig51-3m x =
[e] Q
0-6 | gy4p21.3em |81451.3em o 1.3 . =49 *
n O
2.5 | 0.8 511351.3cm 0 1.3 4.7 x
1.0 n 8 =?.scm .
lig {18) .
O sufficient, o solution O solution
0:2/3~gufficient % no solution x no solution
Remarks #1/3-sufficient, :
X no _solution
(Note 1) Aspects from solutien to satisfy g"' in the left side and Repinzlx10%,
. and width across flates (ACF) of fuel block corresponding to the
- solution.
(Note 2) Number in { ) indicates one of pin a fuel block.
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Table 3,4 Estimation of annular pin

 Ke/uy ACE Chopped COSing qQ"" (w/em?) (Note 1)
d de 300350 a5b 5 {Reminzl.Bxlo“ limit
(cm}| (cm)| (pf=0.200.3) -em TFnax3l250°C| 811g(cm) | of Ogleeve| Reminz1x10% | ACF(cm)
4 . . x
0.6 5115=1.0cm -] O 1.0 £8.3
1.0 | G.8 " ) 0 1.0 £7.8 x
1.0 " o X
A - .t1 o] X
0.6 §31,=1.0cm -] 0 l.p €10,
8 115 0.8 " @ o] 1.0 £9.4 41,5
L=}
; " o 42,0
© 1.0 511451 3em o 1,0 8.9
A .0 .2
E 0.6 611g=1.0cm 5iig51-3°m o 1 <11 x
o o A
© | 2.0 0.8 611go1.0cm o 1.0 £10.5 x
18}
1.0 " Al o
61ig=l.6cm
(@) & (18)
0:6 1 41 5g5l.30m | 814571 6cm x
2.5 | 0.8 " SNEE)) %
: Gligzl.ﬁcm
1.0 " ® (18)
o ® o 1.3 56,6 x
0.6 éligzl.3cm 1.6 6.0 X
" 1.3 6.2 X
1.0} 0.8 ® o 1.6 <5.7 ®
1.0 " © x
o] 1.0 <B.9 X
0 <8.
0.6 e 81igsl,3em 1.3 58.1 X
n o] 1.0 %8.3 x
1.5 0.8 §11g<L. 3em © 1.3 s7.7 %
5 A f 1.0 £7.9 (o] 45(36)
n = N
acg 1.0 L e © 1.6 $6.7 o 35(18)
-] ' .
] A (18) X
3 0.6 o $11g-1. bem 0. 1.6 8.5
& 2.0 0.8 " O (18) o 1.3 58.8 o 36(18)
. * Gliggl.3cm 1.6 8.1 x 37(18)
. O(18) 1.3 <8. e}
1.0 . | $14g21.3cm o 1.6 7.8 o
(o]
0.6 ) dligzl.3cm 8(18) x
2.5| 0.8 " &(18) x
1.0 - ' ©(18) x
© sufficient, (O solution O solution
O 2/3-sufficient, x no solution ¥ no solution
A 1/3-sufficient,
Remarks X no solution

(Note .1) Aspects fro solution to satisfy q"' in the left side and Repjn2lx10%,
*  and width across flates (ACF)} of fuel block corresponding to the

solution.
(Note 2) Number in

} indicates one of pin a fuel block.
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& =& mm

comp

5comp =10 mm

3%

\ \ exp.distri.
1x10¢ 1.3x 1(.'04
Remin
| | | L ! | ! | I
e 4 3 3R
=3 El
" 2 \2
a N
| 2 % | ?l % i
1x10° 1.3x10%
l | | ! I J i
%§ ?ﬁ i
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| | | I | L | | f
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@Q"™, Wiem?) (@™, W/em?) (@, Wjem?)
Fig. 3.1 " Relation of Ty _ , Re , and q'"" for Hollow Pin
max min

{d=10mm, Hc=600cm)
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Fig. 3.2 Relatiom of TFmax’ Re

min

(d=15mm, Hc=600cm)

6c0mp=6mrn 5comp=8mm 6comp: 10 mm
T
: 2\ 3
(& I 4\ 3
! (24 !
V12080 1250°€
Lx10% 2y 1ot :
| i I | ! | ] } i
2 \ 24
g
B WA -3 :
< \ 2
- \
i | | i ! | 1 | 1
! ! L ) | [ ) i 1
4 8 12 4 8 12 4 8 12
(q'li!’ w"lcm:!) (qOQ!! wfcm']) (q!,,’ w[cma)

and q"" for Hollow Pin
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5comp 6 mm Scomp =8 mm 5comp =10 mm
Bt UE .
3 %
| & L -
“00
| i L ] | | | i
HEWEN
| £ = "
£ 2 \2
Lod.)
| 1 I i ] | | I
% A \
I | | ] | L i 1 ]
4 8 ] 12 4 8 12 4 8 12
(qnv’ W,’cm’ ) (qqn’ W;'Cm3 ) (qsu, W!cm3 )

Fig. 3.3 Relation o

fT Re

Frax’ min

and q'" for Hollow Pin

(d=20mm, Hc=600cm)
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5 6 mm Scomp = 8 mm 8 comp = 10 mm

A

comp ~

(8 cig! mm)

\% ELE

] | ] ] ! i i
I % 3 .l ] i
] ] 1 ] | 1 | 1 1
4 8 12 4 8 12 4 8 12
(qv”, W,’cms) (q,u, w/cm:;) (qgn’ w/cma)

Fig. 3.4 Relation of Ty ___» Re . and q"' for Hollow Pin
max min
(d=25mm, Hc=600cm)
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i

acomp =6 mm scomp =8 mm 5comp =10 mm
B - 3
: 3
Lt
L
i i E
_ 1200°C
— -
1x10* 1.3x10%
Remin
I | 1 | | l
= £l
g
2o
0

L | | | l
|2 }\ - ER=
g
[ .%'p * [
j (inner channel)
(inner channel)
H I I ] | [ i ]
4 8 12 4 8 12 8 12
(@™, Wjem*) Q" W/em?) @™, Wiem?)
Fig. 3:5 Ty Re . and q"" for Annular Pin
max’ min

(d=10mm, Hc=600cm)
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Fig. 3.6 TFmax Re

and q"" for Annular Pin

min
(d=15cm, He=600cm)

smml,- fmm soomp = 8mm 5 comp = 10mm
o] - (o) - (0)
]
2
B — (o) — (0}
- - (8) =
] ] | | | I |
-E (o) -
8 -
¢ >
- ~ (o) ’r
- L (o) =
1200°C
1 1 L i | 1 [ |
E
i %. % u B
| ] i L. ] [
8 12 4 8 12 8 12
4 h"q’ chm') (q!n, w‘rcmg) (q:”’ WICI“:)
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acomp'-‘ﬁmm acomp=3mm _ 6comp=10mm
o g |
161 o = — L = - |
£ S
3 3 32 3
£ 3 A A a
A A :
= 10 - — ) ; | —
[ 1 | _ 1
16 L E |
: =Y
E 13 “5 \ .
gl kAL
[} =
3 |
10 | .
| l | | ] ]
| E . B
I8 % }1% %
& 135% ?35 : _ o
=
< < - | .
ol 20 AV W b
# ' :
3
10 - . -
| ! | L I ! | -

4 8 12 4 8 12 4 g8
- @™ Wem?®) (@™, Wfem*) ' (@™, W/em®)

Fig. 3.7 Tg___, Re_ . and q" for Annular Pin
. max min
(d=20mm, Hc=600cm)
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5

comp

= 10mm

(6)jg, mm)

(s lig» mm)
N

3
3

l

8
{q”", Wfem*)

8
(g™, W/em?)

8
(q™, Wjem*)

(The q'" exceeds 14W/cm® in the case of Re . =1 % 10*)

Fig. 3-8 ;TFmax’ Re

min

and q'"
(d=25mm, He=600cm)

for Annular Pin
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4. FORBRDOBRE

41 FULETORE

%Qm%ﬁﬁRF(WﬂR)&%%ﬁ%ﬂﬁzm(ﬁﬂm)mmu%%% &ni«a%zﬁ'

- TREL, £OEEB % Table 4.1, XBREHKOBEE Fig. 4 14177,
(1) EAHE
(i) BRNCSENBRFRERFORE L ARFLSH B LRET 5,
F1ht, FLBRECTEBEOEZFEIERFLB LD LT 5,
(i) AT, TR D BRGIEENTEOATOE DT 5, BENICIE, BEEA
REHEE O LR 5O vy 7L 2K OER T L% 25,
(i) 7L ¢ & bBAKFYE ORBREE S L CRRY I VHEREHR TSI L LT 5,
2) FEHEB '
(i) I T4R#E _ |
KEF Y LT 158720 2,000~ 3,000 MWt FTEETE B4, ZCTika priori &
3000 MWt SRET 5. — DBMENICE » T, BHEMEE 1L000CDOVHTR T, +7 58I
f o TBLNAEEBETEORNERARBTE L, 77 v FACAELEAEMRE A D TEN

u~7wqmt®ﬁﬁigﬁﬂﬁﬁaéoc@%é.%®w~m%m%%ﬁu,ﬁoﬁﬁiﬁ

B LZOMBCHAINBEILITED I,

%MMwwmﬂnR(ﬁﬁ%%m)ﬁm,7m~wm:m%ﬂﬁﬁ§f,%if®%%%ﬁ6
B LT, BEEA 40~2% L Thid, 1200~1260 MWe DBREZB S LHTIRETH D,

(i) BFE SO RHRE

a) VHTR

Eﬁﬁiﬂﬁtﬁ%ﬁﬂﬁﬁ.$%%§&%®ﬁﬁu;0£&énEﬁﬁkavmﬁiﬁZﬁ
B B00°CH EANITBTHERNE TR LS DA TVS, CITIE, PHMRXRRZEIDIET
F75 Y by R ALEETSOT, RTFHLANMBES 100007 5,

b) HTGR *

EEREROSRA AP T, %ﬁkﬂ%ﬁ%ﬁ®ﬁﬁ%#u$5%ﬁf7xrm&#ﬂ%ﬁ
Bk TE0~TCEETHSB, CoTid, VHTR L Ol ETA1cHic, MEN(HORED
EMRAE(HEBLICTBOCET S, '

iy BFFEAOSBHERE

@?Fkﬂéﬂﬁﬁﬁﬂ%U%Akm Fuﬁ®ﬁ§iﬁ#¢ﬂ<ﬁé®f%ﬁﬁﬁ%%ﬁm'

SHBIEMTED, EOIDIC, FW@WH%Hbb¢@§§ﬁ%@&®&ﬂﬁk&ﬂ%ﬁﬁ

EAMMSEEEMTED,
”ﬁ,u®ﬁ§ﬁ%“utk&of.ﬁzﬁﬁﬁmﬁﬂ,1&%ﬂ$%ﬁ®ﬁﬁéﬁéﬁuﬁ

BRI L B AERBBEH HOBEMELENELON D,

%%@%ﬁﬁu,;neﬁ%émmﬁﬁbf&b%ﬂ%«é%@?&éﬁ Z T —RER

b
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FEE L 400CET B,

1212 L, (WIHICR~ B BREET T VATR Tl v 4 2 v XHOED S BABRBOERL I
oTit, 400CEOEVEET A LEHNSH D,

V) AIHER

BHMENEE T L, "ABRARH HOKEL, EARXORLS (RE LRBkmiL—
FELT) B, B EHFF UL,

—F, BOBAOER L LT, BEhvo v 4 ) —BHE 0N A5EEAE &K -0 W RREg) 5
HEOy -vOEES, LOCAROLAMUTENEALENEZLNS,

TR, ERFELAL 40kgom? £ T,

V) BEETEHIER

To., 7HRBEKLEFRETEE, ErvivToy 2B eIy REBIFe v Fk VBN
Eﬁﬁi3n§otiEVﬁ&v»+¢~»ﬁﬁﬁ¢uﬂwtm,$yrjuyﬁmﬁﬁoﬁx,
BEAROHMR TROBMAE AL YOI TR, ERFORR LOEY( 7o, 7TIM
HEERICLoTRELRN TS, .

4 vTa., MRk OREER - BERE OV -~ 1A ER,S VHTR OBF&ICE, PE
My 2ERTH4 I 6Wem’ OMH%E, ARB Yy T 8W om' BENEAL NS,
BEOFRBERM L LT3ENESHBE LT, Sl L, W BE L30T, 6
Woem' £RELTHERRE o LRE L1,

31 Ty ) OFEL, 32cmilTOBACKITREENEHER LU & bSIMBI XK
EEDHEN TR EEZOoh3, LirL, BH26 OO F APl EHEMUIS N C & 532 Mk O
MEERICANT, TARENEEA LT o9, 7 L& 35 cml LOBEERET 5.

HTGR OBE BT, kS FOSR 14T & ALLOOT VATR SIGIOETTHROA,
KEOLESASR UBREE LTS, COBS, BWFAOWMASH L LTE-F v 7 ONIQ
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Table 4.1 Main design palameters of HTR

Reactor ‘
Item VHIR HTGR
-1. General parameters ,
Reactor type 7 LEU-UP, Graphite-Moderated
He-cooled '
Thermal output (MWL) 3,000
Electric power generation (MWe) (1,200)(*1)
Coolant temperature
Reactor inlet (°c) 400 400
Reactor outlet °c) 1,000 750
Coolant pressure (kg/cm?) 40
Primary coolant flow  (kg/sec) 963 1,651
2. Reactor core
fquivalent core diameter (m) 10.3 8.4
Core height (m)
Thickness of reflector (m) 1 1
Number of fuel columns
Standard fuel column 492 330
Control fuel column 82 55
Fuel elements/column 7 7
Fuel inventory (ton.HM) 36.7 24.5
Fuel enrichment (w/o) 6.0 6.5
3. Fuel element
Type of fuel element Hex-block, hollow pin
Number of fuel elements .
Standard fuel element 3,444 2,310
Control fuel element , 574 385
Width of across flat (mm) ' 410 '
Hight ' (mm) 860
Fuel pin(*z)
Inner diameter (mm) 20
Outer diameter (mm) 42
.Pin hole diameter {mm) 50
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Table 4.1 Continued

Item Reactor VHTR ' HTGR
Type of coated fuel particles LEU-U0,, TRISO coating
; Kernel diameter C {um) 600
: Thickness of coating {(pm) 160
| Diameter of coated fuel
: particles (um) 920
. 4. Fuel cycle
| Fuel loading Uniform- Uniform
radially,
Zoning
axially
Fuel dwelling time (yr) 3 2
Plant efficiency (%) 70 70
‘ Burnup (MWd/ton) 62,800 62,300
% Plutonium production
i (fissile/total, g/kg IHM) 7.7/12.8 8.4/13.3
| Conversion ratio 0.55 0.52

5. Core characteristics

Power density MW/m®) 6 g

Specific power {MW/ton) 81.8 122.,6

Maximum fuel temperature (°C) 1,400

Plant life time (vr) 30 30
%1 Thermal efficiency —-——-- 40%,

%2 Monolithic fuel pin without gap.
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Table 4.2 Fuel burnup and fuel dwelling time of
selected fuel lattices,

%2 Necessary time (Day):

Load Factor

0.80

3 Batch refuel 877

2 "

584

0.75 0.70
B22 767
548 511

*l'
Item | Excess reactivity Burnup ™~ (MWD/T) Fue%
Mk ) dwelling
Enrich. (w/o)" ( eff Point |Refueling | time(Yr)
35600 | 53400 659
> 0.342 33900 50850 627
| 37300 55900 690
. 5.2 0.349 35500 53300 657
B
2 39750 59600 736
= 3.3 0.359 37950 56900 702
o
43750 65650 810
6.0 0.372 41850 62750 775
44200 58900 485
N 6.0 0.376 42200 56300 463
g8
5 46300 61700 508
B 6.2 0.381 43700 58300 480
(o2}
48700 64950 526
6.5 0.388 " 46750 62300 513
*]1 Upper~——--— without reactivity margin for reactor operation.
Lower—=—w= with "
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5. MROWENEE

MIEICR~ I CRESIEBE Y 7 VREMERABEZENEER F2FE (VHTR ) RiFx#
REAB/EA Y 2T (HTGR) OBEHKIC >0 T, FLKBRLEL O TICF LA ~DRE Lk Om i
FERLICOBNZOBBELRIT L, B8, BEDUHA 7 AFRIRE TR« A -—FA KR
S TWB, |

BLF, 5 IS CHBEEEONX %S, b 2HIKT 75 = FEBRUKSBERY OERE LK
BEEs, T 3HTRMVFUARVRELICL SHAREOBRI[/RICHOVLTE 4R~ D,

5.1 MHOER, MERUHLR i

VHTR R HTGR 5 2 @Y ERX £ Table 5 1 KR, AIRTHEIL ST, H7
HEIIVHTR Tt6w/em’®, HIGR T9w/em® TH A2 &6, i3 & # 8L8 w g, 122.6
w/g EHTGR THMH0OEARE B -TW 5, —F, BEBEEIZVHTR XU HTGR T& « 6,
65W/0 THD, MELEME % 35y FRUE27S,F THHHT L5, BRI VHTR &
UHTGR TiEZB LLHDENL - TS,

BB OYEE RIS VHTR T 36.7 b >, HTGR T 245 b~ & VHTR THNEE (L > T3
A, FRIRSEIIVHTR RUOHTGR & 6i2122 b v &i3i2% LI, —F, £l O OERAER
Bot@45s4 3¢, VHTR RUHTGR £ 32114 b EF LY, OB LY 7 YRT
F b2 AN BEREBEATEIRNBEENETEV ERNLTIUBBRENETENC LD
HDHTGR TOPAE L - T3, Fig. 5.1, Table 52, 53 WABIC L /05 FBEIUKHE
DERBFHER LI, 7V b=y 2R BIIABTVHTR 128g./kg [HM, HTGR 13.3g/kg
IHMT%0, SRUEE TS~ 7.7g-/kg [HM, 84g kg [HMT, ERBHE M HR O
D E > TNB,

Wi BB E (UK OB KA & OB %4 Table 5. 4 10RT, 27, BEY RFOHE A8 KE
DI~4fETH BN UMBEE L 2~25 5T /s rad, B8 OFE NS ERMLEHE 7 245
TRDIELVENH LB ENbh D, BREEFHBRESRVRAFTHBAKFEORIR~UTHD,
FEM% OOBRENBSE CHARS AP ABKFEOREIT%CIL S,

KR 5 VFERASH L EHEY VTRERNZFLEKFRIIZIEBRETH 505, HUEY
FIERY O TRERT AFEITT 0B LD LR, —F, PRRXEELSLDI L, BRV AP
BRRBEENAB O LD, BEL D TBKFLON~HH R EE (L EH, BUFHIA
#2H)TIHRABEICEE, S5, BRAAAFCETINRE IV b= A EBRIBKFLO
RIZOFEBRELD IS0,

5%, VHTR & HTGR L TIRAENRAY 7 v HER, SHEEESSCCHRETV b=

CuLEEGIHIFIZ BRI TS,

- — 81—
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5.2 757 FEBRUEABERMOERR, HHE

VHTR R OHTCR K250 3 @RB DT 7 7= FRE OURSIHMAES Table 55 RU 6.6 1,
ZDERE%S Table 5 7RG 8 ICK 4R Lz, X, Fig. 52~5 4 iZIEVHTR iC> WL TEHERY
et orAEsic T 288 %, $5KFig. 55~57T (CIZHTGR K> O TEAOEB AR L 7
foo CRLDERPLRDOI LMD 3,

() Bt UE&OBMGOT 77 = FEEICE 3RO S b ARMAKIZa BRI L VAT
BN, B b, AFECKREL, NERPRTII4~ 6 EHBECNLS, SHHEORER
ARHEDF L OET A X128 50~ 100 FERE OB HEM TRESE O NERZEET 2.

(i) EH LS OR MBI AL P70, 2 Np , ¥*°Np , *'Pu, **Pu, *Am, * Am KT
2420 in kB4t , TR EDAIBR TR AL P, M Py, #Cm KU Cm ThHH SN 5,
%bt,éem&qmﬁmﬁﬁﬁﬁﬂﬁfu:nm%AE"wuﬁ“mh“mm&U?mm
kB EDICIED, '

(il VHTR OIE LBE RO B HTGR 02 h & DEFAR S 088, SHHEIEIIE L
ERTHNBBE /NSO, - T, SHRME L LTIRE LEROBEBHR TIIVHTR O 48
HTGR &L HHNFE LT L0722 08, BHBMAE (80 2B )50 JHEOE &M
K% (783 & VHTR OBKHH OH M HHTGR PERLORECE -T B,

154, BEOLHEARTCE L TEE LLEGEOREF - 4/&Uﬁm1ﬁﬁ&%§kFg
5 8B FTable 6.9 R LTH

WS LB G OB I & B EEEIC O TEE T A, VHTR RUHTGR #56®
Bl LB TESEARAREEC & ARHERTEKHESLE ~ Table 5 10 RTTS6 114
T EEbic, £h54Fig5 9 RUFig 5 10ER LI, INSORELLRDI Lth
%o ‘

(1) Bl LE# OB ORMHEIRT 7 F= FEBC L3080 hR0RE(, HAKMC
WTEEEL 10FEEEITEAMLRODLEPTH L,

(i) B LBk OmaHse I £ LS, %Y, ¥ Zr , *®*Nb, '®*Ru, ""Ru, **" Rh,
1SRy 1M MM Ce  MTe MPr Bt kB bOMAE LN, BEPKE S~ 0 FRETHE
Ky SRb , MSr , Y, MCs , ¥Cs , 9T™Ba , MEuNEIC LB bOMELTD, BAK
100 ERETIE Sr, MY, P¥Cs , TBag KiC L B b DHXEMITE D, -

iy VHTR OB LIAKIh OREHEEIHTGR ©Z2h X D&, HCA PR 1 FLT O
BTiAm 1L O OB D B, |

S, Table 5.12 (MR H LEER CEIBET A - B8 LFEHELBADRMED
WS OB AT LIz, #2720, BRESTLYBECHEIBEREED > bXe , K KU

2 100%, 1IXI0BRESHEELE, XY 3 V20T 99.9%, 7 b=7Ai %.7%
Bl SR B LEE Lic, CORRPS, 7 7F = FEEIC K SBAREEELEETEAEAMNKC
_ﬁwiém,&ﬁ%&ﬁm;éﬂ%ﬁu%&&ﬁef.%mﬁ%QEQEQEmK;otuﬁo
ELRREVLXDS, |

BRICEHERT RAFOBREDORMESLBRFOEN LB T 5 L, EHERE L LD 0E
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& LTIBAKFD 2~3 A&V, RNV AFIRRORFENBKFOU~YTHLI D,
BEYDORHEOREME LTHER N AF LBKF bCRABELELONS,

5.3 MUFIL, REM(CREMHE

BHEEEZ GBS, T/7F= FEERUESBREBRDLUAOCEE LKA L LT HRUT HC
MBHB08, THORBEERHTOAMBY, BAM~ V7L EREHERT 5,

T, S HIEEABICLZbODiEs, BEM~T 74D 3He £D(n, p) REAFREHH
CARY S LTEENB Lt D(n,a) RERL ~THERTSZ, —F, “C BEHRDP R
BiMmELTEENS YN LD (n, p) RERCERTO PC LD (n, 7 ) REKE ~TERT
B, |

ZIT, CHOoDEROBEFZER LT HRUUCOERBERE LT3 & & I ZOREEE
AHELL, B CH > TRERTORMM & LTOLi RUYN OB E IR EF PN
#5153 RIPT L SBEIC L& 4 0.1 ppm, 30 ppm EEE L. X, "He ,SLi , *H, “N,
BC RUHUC oM £ x4 25058 M, BEAFGLBE S CERBIT SiC>20THEBNL-
325 (2'nd ) ® “Table of Isotopes"(ui.:J: alle E6IC, MM I BERMEROLDOHEF
ARy Pl EHE R X EHEOVHTR R HTGR ot 45 227 b AZRE LI,

RT#R 4 Table 5. 131 F TR L,  HIC L AWHEHERT 7 F = VP *HL %5
WERBCLE DL OMEVENI bbb, X, ~ 740 Th *He 5 *HMERTS
@B, EORBHPOL hobEARCLIZ 60D LV I0BED *H ERT 500D 5,
—F, MCREBHME VI LA HORHEESFEV OO O RHAMICHOII O BT CE
BETBIEITIED, e, "CRBPC IV LATHY E LTEBFILEIND "NHrSOEK
MEL, FOERBEMZAZUBHOBIDO UNOSERBOBERMEREICL I &S,

VHTR s HTGR £ B LT 3 &, SHIBE LTI HTGR ORMHENETR (O, “Ci
B L TRFECVHTR OBBECHMNETFHLEDENE > TE,
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Table 5.1 Fuel material balance of LEU-HTR

#2 Plant.factor ——- 70 %

Reactor type VHTR::l. ' HTGR
Thermal power . - (MW) 3000 3000
Power density (W/cm3) 6.0 9.0
Specific power (w/g) 81.8 122.6
Fuel enrichment {(w/o0) 6.0 6.5
Fuel burnup t (MWD/T) 62,800 62,300
Fuel dwelling time*2  (Yr) 3.0 2.0
Initial fuel loading(ton HM) 36.67 24,47
y235 (ton) 2.20 1.59
p238 (ton) 34,47 22.88
Fuel reloading  (annual) | 12.22 T 12.23 |
: (ton HM) _
Uranium (ton) 12.22 | 12.23
y235 (ton) 0.734 0.795
U238 - (ton) 11.49 11,44
Fissile nuclide content(w/o) 6.0 6.5
" Fuel discharge  (amnual) | 11.38 | 11.39 |
{ton HM)
Uranium (ton) 11.22 11.23
y235 (kg) 157 180
y236 (kg) 90 101
y238 (ton) 10.97 10.95
Fissile nuclidetcontent(w/o) 1.4 1.6
Plutondium (kg) 157 _ 162
Pu?3? 64 ’ 72
P20 41 41
py2hl 31 31
Py2it2 21 18
‘Fissile nuclide content(w/o) 60 ' 65
*] Operational margin of reéctivity ————— 0.01 Akags

g
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Table 5.4 Comparison of fuel material balance between HTR and LWR

T Reactor Type VHTR HIGR BWR PWR
Thermal power (MwW) 3000 3000 3000 3000
Thermal efficiency ¢9) - 40 34 33
Specific power (w/g) 81.8 122.6 28 38
Burnup (MWD/T)
Initial loading fuel ' 55,800 51,900 17,000 | 22,600
Reload fuel 62,800 62,300 27,500 | 32,600
Uranium loading (tonHM)
Initial loading 36.67 24,47 107.1 78.9
(enrich. %) (6.0) (@)5) (2,03) (2.26)
Annual reloading 12,22 12,23 28.2 23.2
(enrich. %) (6.0) (6.5) (2.73) (3.21)
Natural uranium requirements*
(ton)
Initial loading 454 330 411 342
Annual reloading 151 165 151 148
30-year cumulation 4682 5115 4639 4514
Separative work unit (ton/SWU)
Initial loading 367 271 209 187
Annual reloading 122 136 91 97
30-year cumulation 3783 4215 2848 3000
Fissile plutonium production
(ton)
Annual 0.095 0.103 0.166 0.162
30-year cumulation $2.85 '3.09 5.162 4.994
30 year natural uranium R
requirement (ton/GWe) (2080/3121) | 4263 4548 4560
30 year separative work i
: (ton-SWU/GWe) {1681/2522)| 3513 2792 3030

* Tail enrichment —-—-—- 0.25%

*#% Right;type of mainly process heat use ——-
Left;type of mainly electric power use —

#%% Plant factor 70%

thermal effective efficiency
1"

,70%
.50
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Table 3.5 Radioactivity of actinide in spent fuels annually discharged from VHTR core,
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Table 5.9 Condenced one group constants for VHTR and HTGR lattices

P=6.0wemd, e =6.0wlo

(1)
c,S.

Nuclid 95 of Oc vog d./o, agla, 04, 2n

U-235 108.17 88,50 19.67 214,12 0,1818 0.8182

U-236 12.687 0.0535 12.634 . 0.1430 ) 0.9958. | 0.00422

U-238 3.136 0,0239 3.112 0.0654 | 0,9923 0,00762 0.00103

Np-237 62.246 0.1734 62.073 0.5102 | 0,9972 0.00279 0.000210

Pu-238 81.48 3.152 78.33 0.9613 0.0387

Pu-239 519.2 321.6 197.6 924.1 0.3806 0.6194 0.000207

Pu-240 322.99 0.2437 |322.75 0,7384 10,9993 0.0007545

Pu-241 382.2 282.0 100.2 8§27.0 0.2622 0.7378

Pu-242 39.565 0.1397 39.425 0.4275 | 0,9965 0,00353

Am-241 159.02 0.6184 |158.4 0.9961 0.00389

Am=242m (1405,7 939.9 . 465.8 0.3314 0.6686

Am-243 61.634 0,1034 61.531 0.3416 | 0,.9983 0.00168

Cm-242 9,721 1.598 8.123 0.8356 0.1644

Cm-243 203,39 154.1 49,29 0.2423 0.7577

Cm—244 28.489 0.6591 27.83 0.9768 0.0231

(ii) P = 9.0 w/em®, e = 6.5 w/o

C.s. Oa Of oc VO f oelo oflo Op .2

Nucli ' crra a n, <0

U-235 109.29 89,52 19.77 216.57 0,1809 0.8191

U-236 13.015 0.0551 12,960 0.1473 | 0.9958 0.00423

U-238 3.181 0.0246 3.156 0.0673 | 0,9921 0.00773 0.00106

Np-237 58.169 0.1784 57.991 0.5248 | 0,9969 0.00307 0.000216

Pu-238 82,10 3.189 78.91 0.9611 0.0388

Pu-239 446.7 291.3 155.4 837.1 0.3479 0.6521 0.,000213

Pu-240 315.21 0.2504 | 314.96 0.75389 | 0.9992 0.000794

Pu-241 366.9 272.0 94.9 797.4 0.2587 0.7413

Pu-242 40,565 0.1439 40.421 0.4403 10,9965 0,00355

Am=-241 161.13 0.6258 | 160.5 0.9961 0,00388

Am=242m [1420.5 946.7 473.8 0.3335 | 0.6665

Am-243 62.620 0.1065 62.514 0.3518 | 0.9983 0.00170

Cm—242 9,912 1.629 8,283 0.8357 0,1643

Cm-243 206,34 156.4 49,94 0.2420 0.7580

Cm-244 29,142 0.6722 28.47 00,9769 0.0231

—97~(98)—




Table 5.10 Radivactivity of fission products in spent fuels annually discharged fuels from VHTR core.

— 001 ~ 66 —

ooling time | :
Nuelids (Yr)i ¢ 0.5 1 5 10 I 50 100 500 103 104 10° 108
Se?9 722340 17,2340 1 7.2340 17,2340 |7,2240 [7.22+0 |7.2240 |7.1940 [7.15+0 |6.494+0 |2.4940 |1.68-4
6.34-1 16.34-1 1 6.34-1 |6.34-1 16.34-1 [6.33-1 (6.33-1 [6,30~1 [6.27-1 [5.70-1 |2.18-1 |1.47—5
k35 2.2945 [2.2245 | 2.15+5 |1.66+5 |1.2045 |9.14+3 [3.64+2 |2.30-9 |2.32-23]| 0.0
2.01+4 | 1.95+4 | 1.89+4 |1.46+4 |1.06+4 !8,01+2 [3.19+1 |2.02-1012.03-241 0.0
o 4.4145 | 4.38+5 | 4.3545 |4,1245 |3.84+45 |2.0145 (1.10+5 |4.29+2 |4.17-1 12.50-55] 0.0
Rb 3.87+4 1 3.84+4 | 3.82+4 |3.61+4 |3.37+4 [1.93+4 [9.67+3 [3.76+1 |3.66-2 |2.19-56| 0.0
o 2.8247 12,3446 | 1.94+5 | 4.25-4 l6.41-15) 0.0
Sr 2,48+6 [ 2.05+5 | 1.70+4 |3.73=5 |5.62-16 0.0
00 1.74+6 |1.7146 | 1.69+6 | 1,54+6 |1.36+6 |5.23+5 11.57+5 |1.07+L |6.55-5 0.0
Sr 1.5245 115045 | 14945 [1.35+5 [1.204+5 [4.58+4 [1.38+4 19.35-1 |5.74-6 0.0
. 1.73+6 [1.7146 | 1.69+6 |1.54+6 [1.37+6 |5.23+5 [1.57+5 |1.07+1 16.55-5 0.0
Y 1.52+5 [1.5045 | 1.49+5 | 1.35+5 |1.2045 |4.59+4 |1.38+4 19.35-1 |5.76-6 0.0
o1 4.54+7 | 4.15+6 | 4.83+5 [1.59-2 |7.13-12| 0.0
Y 3.11+6 | 3.64+5 | 4.23+4 (1.40-3 |6.25-13] 0,0
.3 6.59+1 | 6.60+1 | 6.60+1 |6,60+1 |6.60+1 |6.59+1 15.59+1 |5.5%+1 |5.59+1 |5.55+1 |6.13+1  3.1841
Zr 5.78+0 15,7940 | 5.7940 | 5.794+0 [5.79+0 |5.78+0 (5.78+0 |[5.78+0 |5.78+0 |5.7440 |5.3840 |2.79+0
4.79+7 | 5.94+6 | 1.0146 |1.94-1 |7.83-10] 0.0
Zr3s 4.,2046 | 6,09+5 | 8.83+4 |1.70-2 |6 87-11| 0.0
1.68+1 | 1.80+1 | 1.914+1 |2.71+L [3.5141 [5.9141 (6.24+1 (5.26+1 |6.26+1 |6.2241 |5.82+1 |3.02+1
NbI3 1.47+L | 1.5740 | 1.67+0 | 2,38+0 {3.08+0 [5.1840 |5.47+0 [5.49+0 (5.49+0 |5.4640 |5.1140 |2.65+0
o 1.75-1 11.75-1 | 1.75-1 [1.,75-1 |1.75-1 [1.74-1 !1.74~1 [1.72-1 |1.69-1 |1.24-1 |5.45-3 |1.52-16
Nb 1.53-2 11.53-2 1 1.53-2 |1.53-2 [1.53-2 (1.53-2 [1.53-2 |1.51-2 [1.48-2 |1.08-2 |4.78-4 |1.33-17
a5 4,7947 | 1.35+7 | 2.1346 |4.18-1 |1.69-9 0.0
Nb 4,206 | 1.18+6 | 1.87+5 | 3.66-2 |1.48-10| 0.0
3.28+2 | 3.30+2 | 3.30+2 | 3.3042 [3.30+2 [3.30+2 [3.29+2 |3.29+2 |3.2942 |3.19+2 12.38+2 |1.2741
Tc?? 2.8741 | 2.89+1 | 2.89+1 |2.8%+L |2.89+1 [2.89+1 [2,89+1 (2.89+1 |2.88+1 |2.80+1 |2.09+1 |1.1140
o3 3.98+7 |1.66+6 | 6.91+4 | 6.13-7 19.43-21, 0.0
Ru 3.4946 | 1.46+5 | 6.06+3 |5.38-8 |8.27-22| 0.0
106 1.41+7 | 1.00+7 | 7.1046 | £4.5345 |1.45+4 |1.62-8 [1.87-23] 0.0
Ru 1.24+6 | 8.78+5 | 6.23+5 | 3.97+4 |1.2743 |1.43-9 [1.64-24] 0.0
103m 3.94+7 | 1.64+6 | 6.85+4 | 6.07-7 |9.34~21] 0.0
Rh 3.46+6 | 1.44+5 | 6.0143 | 5.33-8 {8.20-22| 0.0
106 1.694+7 [ 1.00+7 | 7.10+6 | 4.53+5 | 1.45+4 |1.62-8 |1.87-23| 0.0
Rh 1.49+6 | 8.78+5 | 6.23+5 | 3.97+4 |1.27+3 [1.43-9 |1.64-24! 0.0
107 2.63+0 | 2.63+0 | 2.63+0 [ 2.63+0 [2.6340 |2.63+0 [2.63+0 |2.63+0 |2.63+0 |2.63+0 |2.60+0 | 2.38+0
Pd 2.31~112.31-1] 2.31-1 | 2,31-1 [ 2.31-1 |2,31-1 |2.31-1 [2.31-1 |2.31-1 (2.31-1 |2.28-1 |2.09-1
125 1.97+5 | 1.7445 | 1.53+5 | 5.55+4 | 1.56+4 |6.01-1 |1.83-6 |1.33-50 0.0
5b 1.72+4 | 1.53+4 | 1.35+4 | 4.87+3 | 1.37+3 15.27-2 |1.60-7 |1.17-51| 0.0
125m 3.77+4 | 3.8144 | 3.41+4 | 1.2444 |3.48+3 [1.34-1 14.08-7 |2.97-51| 0.0
Te 3.3043 | 3.3443 | 2,9943 | 1.09+3 | 3.05+2 |1.18-2 |3.57-8 {2.61-52/0.0
179 8.46-1 | 8,55-1 | 8.55~1 | 8.55-1 {8,55-1 |[8.55-1 |8.55-1 |8.55-1 |8.55-1 |8.55-1 |8.51-1 |8.19-1
T 7.42-2 | 7.50-2 | 7.50-2 | 7.50-2 | 7.50-2 |7.50-2 |7.50-2 [7.50-2 |7.50-2 |7.50-2 |7.47-2 |7.18-2
1131 2.68+7 | 4.27+0 | 6.58~7 | 1.89-61| 0.0
2.35+6 | 3.74-1| 5.77-8 | 1.66-62| 0.0
sl 34 4.43+6 | 3.74+6 | 3.16+6 | 8.2245 | 1.53+5 [2.16-1 |1.05-8 |3.39-67] 0.0
® 3.88+5 | 3.28+5| 2.77+5 | 7.21+4 [ 1.34+4 [1.90-2 |9.25-10(2.98-68| 0.0
135 7.5940 | 7.6240 | 7.6240 | 7.6240 | 7.624+0 |7.62+0 |7.6240 | 7.62+40 |7.6240 |7.59+0 |7.39+0 |5.63+0
Cs 6.66-1 | 6.68-1| 6,68-1 | 6.68-1 16,68-1 |6.68-1 [6.68-1 {6.68-1 |6.68-1 |6.66-1 |6.48-1 |4.94-1
137 2.5146 | 2,48+6 | 2,45+6 | 2.246+6 | 1.99+6 |7.96+5 |2.5245 |2.58+1 |2.66-4 0.0
Cs 2.20F5 | 2.1845 | 2,15+5 | 1.96+5 | 1.75+5 |6.98+4 [2.21+44 |2.27+0 |2.33-5 0.0
137m 2.35+6 | 2.32+6 | 2.2946 | 2.09+6 | 1.86+6 |7.44+5 |2.3645 12.42+1 |2.49-4 0.0
Ba 2.06+5 { 2,03+5 | 2,0145 | 1.83+5 | 1.64+5 |6.53+4 {2.07+4 [2.12+0 |2.18-5 0.0
141 4,77+7 | 9.83+5 | 2.01+4 | 6.04-10] 7.61-27| 0.0
Ce 4.19+6 | 8,62+4 | 1.76+3 | 5.30-11) 6.67-28| 0.0
1ng 3.35+7 | 2.15+7 | 1.38+7 | 3.91+5 | 4.56+3 [1.57-12/7.32-32] 0.0
Ce 2.94+6 } 1.88+6 | 1.2146 | 3.43+4 | 4,00+2 1.37-13]6.42-33| 0.0
Lok 3.39+7 | 2,15+7 | 1.38+7 | 3.9145 | 4.56+3 [1.57-12|7.32-32| 0.0
Pr 2,974+6 | 1.88+6 | 1.21+6 | 3.43+4 | 4,00+42 |1.37-13|6.42-33! 0.0
1u7 3.9246 | 3.62+6 | 3,17+6 | 1,1046 | 2.93+5 |7.48+0 {1,35-5 |1.56-51] 0.0
Pm 3.44+5 | 3.1745| 2.78+5 | 9.65+4 | 2.57+4 |6.56-1 |1.19-6 |1,37-52] 0.0
148m 5.61+6 | 2.66+5| 1.26+4 | 3.18-7 | 1.80-20| 0.0
Pm 4.9245 | 2.34+4 | 1.11+3 | 2.79-8 | 1.58-21! 0.0
151 3.93+3 | 4.08+3 | 4.0743 | 3.95+3 | 3.80+3 [2.82+3 [1.94+3 |9.84+1 |2.36+0 |1.67-29| 0.0
Sm 3.4542 | 4.5842 | 3.57+2 | 3.46+2 | 3.34+2 |2.48+2 [1.71+2 [8.63+0 |2.07-1 |1.46-30] 0.0
154 2.664+5 | 7,5445 | 2,4345 | 1.7145 [ 1.09+5 |3.12+3 !3.66+1 |1.30-14(6.38-34] 0.0
Eu 2.33+4 | 2.23+4 | 2.14+4 | 1.50+4 {9.59+3 |[2.74+2 |3.214+0 {1.14-15|5.60-35| 0.0
155 1.76+5 | 1.64+5 | 1.53+5 | 8.81+4 |4.40+4 [1.71+2 |1.67-1 [1.33-25{9.98-56| 0.0
Eu 1.55+4 {1.44+4 | 1,34+4 | 7,73+3 [3.86+3 |1.50+1 [1.46-2 |1,16-2618,75-57| 0.0
155 8.87-1 | 8.86-1 | 8.86-1 | 8,84-~1 |8,82-1 [8,66-1 |8.46-1 |7.04-1 |5.58-1 |8,70-3 |7.33-21| 0.0
To 7.78-2 |7.77-2 | 7.77-2 | 7.76-2 |7.74-2 17.60-2 |7.43-2 |6,17-2 |4,90-2 [7.63-4 |6.43-22| 0.0
4.75+9 [1.1248 | 6.1647 | 1.1947 |7.75¢6 [2.82+6 |9.16+5 {1.11+3 |5.09+2 |4.93+2 |3.86+2 |8.35+1
Total F.P. |, 1718 (9.83+6 | 5.41+6 | 1.0546 |6.80+5 |2.48+5 |8.04+4 19.76+1 |4.47+1 |4.3241 |3.3941 |7.33+0
*# Unit; Curie *%% pper ———w— For total discharged fuels (11.4 ton H.M.)
#% (a+b) means ax10*P Lower ————— For unit discharged fuel (1 ton H.M.)




Table 5.11 Radioactivity of fission products in spent fuels annually discharged fuels from HTGR core.

- €01 ~ 101 —

Cooling time E ] E
\\\“‘T*\\\\}Yf) 0 0.5 1 5 10 50 100 500 10% 104 10° | 10f
Nuclide —
5e79 7 4940 | 7.4940 | 7.4940 |7.4940 |7.4940 |7.48+40 |7.48+0 17.4540 |7.414+0 |6.73+0 |2.58+0 |1.74-4
€ 6.57-1 |6.57-1 [6.57-1 |6.57=1 16.57-1 6,57-1 |6.56-1 |6.53-1 16.50-1 {5.90-1 |2.26-1 |1.52-5
.85 2.6145 | 2.34+5 | 2.2645 1.75+5 '1.27+45 19.61+3 ;3.83+2 2,43-9 |2.44-23] 0.0
o 121244 [2.05+4 |1.99+4 |1.53+4 |1.11+4 |8.43+2 {3.36+1 2.13-10|2.14-24) 0.0
R,57 45945 | 4.5645 | 4.5345 |4.209+5 |4.0045 |2,3045 |1.15+5 |4.46+2 [4.34-1 |2.60-55| 0.0
4034 | 4.0046 | 3.97+4 |3.76+4 |3.51+4 |2.01+4 |1.01+4 |3.92+1 [3,81-2 |2.28-56; 0.0
gr8? 4.4047 |3.65+6 | 3.03+5 |6.63-4 |1.00~14| 0.0 '
r 1.8646 13.2045 | 2.65+4 15.82-5 [8.77-16| 0.0
5220 1.81+6 | 1.7946 | 1.77+6  1.6146 |1.43+6 |5.47+5 |1.65+5 |1.11+1 |6.85-5 0.0
T 1.5945 | 1.5745 |1.55+3 i1.41+5 |1.25+5 |4.79+4 |1.44+4 |9.78-1 [6.01-6 0.0
430 1.8146 |1.7946 |1.77+6 |1.61+6 |1.43+6 [5,47+5 11,65+5 |1.11+1 |6.85-5 | 0.0
1.5845 |1.57+5 [1.5545 |1.41+5 |1.25+5 |4,80+4 |1.44+4 |9,78-1 6.01-6 | 0.0
Lo 5.4947 | 6.43+6 | 7.48+5 12.47-2 |1.10-11] 0.0
4.814+6 | 5.64+5 | 6.56+4 '2.17-3 19.69-13| 0.0
;.93 6. 7041 16,7441 | 6.74+1 16,7441 16.74+1 |6.74+1 |6.74+1 |6.74+1 16,7441 (6.69+1 |6.27+1 |3.25+1
T 5 9140 | 5.9240 | 5.9240 15,9240 |5.9240 [5.9240 |5.9240 |5.9140 [5.91+0 [5.87+0 |5.5040 |2.85+0
;.95 7.25+7 11.05+47 |1.52+6 |2.93-1 [1.19-9 | 0.0
r 6.36+6 | 9.22+5 | 1.34+5 [2.57-2 |1.04-10| 0.0
Nb93m 1780+1 | 1.00+1 | 2.03+1 |2.84+1 |3.64+1 |6.05+1 |6.38+L |6.40+1 |6.40+L [6.36+1 |5.96+1 [3.09+1
1.5840 | 1.68+0 | 1.78+0 12.4940 {3.20+0 |5.3040 | 5.5940 |5.62+0 [5.62+0 [5.58+0 [5.2240 |2.71+0
. 187-1 |1.87-1 |1.87-1 |1.87-1 |1.87-1 |1.86-1 [1.86-1 |1.84-1 |1.80-1 [1.32-1 [5.82-3 |1.62-16
1.646-2 | 1.64-2 |1.64-2 |1.64-2 |1.64-2 |1.64-2 |1.63-2 [1.61-2 ;1.58-2 [1.16-2 |5.11-4 |1.42-17
25 7.22+7 | 2.06+7 | 3.22+6 |6.32-1 [2.56-9 | 0.0
6.33+6 | 1.79+6 | 2.83+5 |5.55-2 |2.24-10| 0.0
a9 3.27+2 | 3.3042 | 3.3042 13.30+2 |3.30+2 13.30+2 [3.30+2 [3.30+2 [3.29+2 }3.20+2 |2.38+2 |1.27+1
Te 2.87+1 |2.904+1 |2.90+1 12.90+1 |2.90+1 |2.90+1 |2.90+1 [2.89+1 |[2.89+L 12.80+1 [2.09+1 |1.12+40
2y 103 5.79+7 |2.42+6 | 1.01+5 |8.92-7 |1.37-20{ 0.0
. 5.08+6 |2.12+5 | 8.83+3 |7.83-8 |1.20-21| 0.0
2106 1.58+7 | 1.1247 | 7.9346 |5.06+5 |1.62+4 [1.81-8 |2.09-23| 0.0
v 1.38+6 | 9.81+5 | 6.95+5 |4.43+4 |1.42+3 |1.59<9 |1.83-24| 0.0
Rpl03m | 5.73+7 [2.39+6 | 9.97+4 |8.86-7 |1.36-20 0.0
5.03+6 |2.10+45 | 8.75+3 |7.76-8 |1.19-21| 0.0
106 2.10+7 |1.1247 | 7.93+6 | 5.06+5 |1.62+4 [1.81+8 |2.09-23| 0.0
1.85+6 | 9.81+5 | 6.95+5 |4.43+4 |1,42+3 |1.59+9 |1.83-24| 0.0
pgl07 2. LO+0 | 2.4040 | 2.40+0 | 2.40+0 |2,4040 |2.40+40 | 2.40+0 |2.40+0 |2.4040 [2,40+0 [2.38+0 [2.1740
9.11-1 | 2.11-1 | 2.11-1 |2.11-1 |2.11-1 |2.11-1 |2.11-1 |2.11-1 |2.11-1 |2.10-1 |2.08-1 |1.91-1
5p125 20445 | 1.8145 | 1.60+5 |5.78+4 |1.62+4 |6.26-1 |1.90-6 |1.39~50| 0.0
1.79+4 |1.59+4 | 1.40+4 |5,07+3 | 1.42+3 |5.49-2 |1.67-7 |1,22-51| 0.0
olzsm | 3.67+h | 3.94+4 [3.55+4 |1,20+4 [3,62¢3 |1.40-1 [4.24-7 |3.09-51 0.0
3.2243 | 3.46+3 | 3.1143 |1.13+3 [3.17+2 !1.22-2 |3,72-8 |2.71-52| 0.0
129 8.27-1 | 8.39-1 | 8.39-1 18.39-1 |8.39-1 |8,39-1 |8.39-1 [8.39-1 |8,39-1 {8,39-1 |[8.36-1 |8.04-1
17.25-2 17.36=2 | 7.36=2 |7.36-2 |7.36-2 |7.36-2 [7.36-2 |7.36=2 [7.36-2 |7.36-2 |7.33-2 |7.05-2
5131 3.98+7 | 6.3340 | 7.97-7 | 2.80-61| 0.0
3.49+6 | 5.56-1 | 6.99-8 |2.46-62| 0.0 |
Cel3k 4.54+6 | 3.8446 | 3.25+6 |8.44+5 |1,57+5 |2.22-1 |1,08-8 [3.48-67 | 0.0
3.99+5 | 3.3745 | 2.854+5 | 7.40+4 |1,38+4 |1.95-2 |9.50-10[3.06-68| 0.0
0e?35 = 7740 | 5.8040 | 5.80+0 |5.80+0 |5.80+0 |5.80+0 |5.80+0 [5.804+0 |5.80+0 [5.78+0 |5.63+0 [4.2940
s 5.06-1 |5.09-1 | 5.09-1 |5.09-1 |5.09-1 |5.09-1 |5.09-1 |5.09-1 |5.09-1 |5.07-1 |4.94-1 [3.76-1
137 35246 | 2.4946 | 2.47+6 | 2.25+6 |2.01+6 |8.00+5 |2.54+5 |2,60+1 |2.67-4 | 0.0
s 2.21+5 12,1945 | 2.16+5 |1.97+5 |1.7645 |7.02+4 |2.23+4 [2.28+0 |2.35-5 0.0
pal37m | 2.37+46 [ 2.3346 [ 2,3146 |, 210+6 [1.87+6 '7.48+5 |2.37+5 |.243+1 2.50-4 | 0.0
. 52 2.08+5 | 2.05+5 | 2.024+5 | 1.84+5 |1.64+5 |6.56+4 |2.08+4 |2.13+0 |2,19-5 0.0
colbl 7.17+7 | 1.48+6 | 3.02+4 |9.08-10]1.14-26] 0.0
€ 6.29+6 | 1.2945 | 2.65+3 |7.96-11]1.00-27] 0.0
calb 4.29+7 | 2.7547 | 1.76+7 |5.00+5 |5.84+3 |2.00-12]9.37-32] 0.0
& 3.764+6 | 2.4146 | 1.55¢6 | 4.39+4 |5.1242 |1.76-13|8.22-33| 0.0
prlict 4.37+7 | 2.7547 | 1.76+7 |5.00+5 |5.84+3 |2.00-12]9.37-32| 0.0
r 3.83+6 | 2.41+6 | 1.55+6 | 4.39+4 |5.1242 |1.76-13|8.22-33| 0.0
o157 4.26+6 | 4.0146 | 3.51+6 |1.22+6 |3.25+5 |8.28+0 [1.50-5 [1.73-51] 0.0
3.7345 | 3.5245 | 3.08+5 |1.07+5 |2.85+4 |7.27-1 |1.32-5 |1,52-52| 0.0
pplbem | 85646 | 4.06+5 [1.93+4 |4.85-7 12.74-20 0.0
.o 7.5145 | 3.56+4 | 1.694+3 |4.25-8 |2.41-21] 0.0
sl51 40413 | 4.2843 | 4.26+3 |4.13+3 |3.98+3 |2.96+3 |2.04+3 [1.03+2 (2.47+0 |1.74-29] 0.0
n 35442 | 3.7542 | 3.74+2 [3.63+2 [3.49+2 |2.59+2 [1.79+2 {9.04+0 [2.17-1 |1.53-30| 0.0
5t 2.5745 | 2.45+5 | 2.35+5 |1.64+5 |1.05+5 [3.0143 |3.53+1 |1.26-14|6.15-34| 0.0
2.25+4 {2,154 | 2.06+4 |1.44+4 |9.2543 |2.64+2 |3.09+0 11,10-15(5,40-35| 0.0
£al55 1.70+45 | 1.59+5 | 1.48+5 | 8.50+4 |4.25+4 |1.65+2 |1.61-1 |1.28-25(9.62-56| 0.0
1.49+4 | 1.39+4 | 1.30+4 |7.45+3 |3.73+3 |1.45+41 |1.41-2 |1.12-26!8.44-57] 0.0
156 8.26-1 | 8.26-1 | 8.26-1 |8.24-1 |8.22-1 |8.07-1 |7.89-1 |6.56-1 {5.20-1 |8.11-3 |6.83-21| 0.0
7.95-2 17,2522 | 7.24-2 |7.23-2 17.21-2 |7.08-2 |6.92-2 [5.75-2 14.56-2 |7.11-4 |6.00-22| 0.0
Total F.P 7.0949 | 1.4448 | 7.3747 |1.26+7 |7.96+6 [2.89+6 |[9.38+5 [1.14+3 [5.10+2 [4.94+2 |3.87+2 |8.34+1
Cal B-Fe 16,2248 | 1.26+7 | 6.47+6 |1.10+6 |6.98+5 |2.53+5 (8.23+4 |9.97+1 |4.48+1 |4.33+1 |3.39+1 |7.31+40
* Unit:p Curie +b *%% Upper —-——-—- For total discharged fuels (11.4 ton H.M.)
*% (a+b) means ax10~ Lower ~———-— For unit discharged fuel (1 ton H.M.)
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Fig. 5.2 Activity of uranium isotopes in the spent fuels annually
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(1-1) BE&K 7 YRARMGEN RE
Bl Inter Nuclearit | Dragon 79 ¥ 27 + Dragon7o¥: # ¢ | BNDC# GA #

B\ B HERRE HAE—-E YR8 CESRT EARE EERE
L g

B FEE N (MWt ) 1,518 2,208 1,535 3432 (2,463

WAL 7 (MWe) 647 980 660 1,351 1,000

# o ® (%) 42.6 44.4 417 39.4 406
2. fFils, PCRV

FLEE (m) 8.8 9,04 N ~10 -

— 1 &3/ EE=05615 1 —
FoEs - (m) 6.8 6 = 6 322 i
REHEARE = (m) T
PCRV &% /T & (m) ~25.5/~27.6
T K 4G, 4 FERRD fand T

3 # %
BEHETE ARETO 2 FErEE o7 RATo L7 AETa.s | FETo
Fa—TFFEY FLE{ Py Fo-T7EY  |nfh-afd | enFhenid
AR B woy |tial 18 feed 5.7 | feed 9.0
%l 227 NP, FE) (o) 3957544 7141
BRI = (rm) 1,000 1,000 750
EHA FE (mm) 390 422 420
BEHES <5 7 4 5 6 8
Nes Nu 280 350 250
BREM by {ton) |93~ 214 w5 308
b g a s di] (gr) 23 3 4
XA (MWd Ao | 60,000 60,000 91,000
& Ik 059 0.45
4, Lt
BIEE ., mg MWD | ~3.7/ 5,74/ 9,/~125 ~73/ | 161/
E ot 7 (FH (MWion), 71 96 112
P Axjal Radial
e -+ 2 THE 136x 12
BERE BR) (O ~1,300 1316 1,183 1,140
5 1eH%R
FLEBR Eoor TEH G T @ F m &
LA R c) 300 512 308 373
0 DR c) 800 985 785 724
1 &RBREA (kg /em?) 56.3 ~ 60 56 49
g3 (kg Aec) 652 895 665 1,460
1RF A —7H 6 4 4
, CONF 700401, |FInst.Nucl [GA-9715
Reference SM-111722(88) | DP-711 P—S/lgg4 1 ‘}ﬁ:]]; (.713 (};Q[ip}l%m.
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Fot Ak - FRAAEETHRH

Bl
B H A B C D E

1. —heiEdE
BT 7 (MWt ) 3,000 3,047 3,000 3,000 3,000
704 A (MWt ) 1,765 1,541 1,140 1,809 893
BELH {MWe) 577 700 746 728 1,046.

2, i, PCRV
FOER (m) 86 10.3 0.6 12,6 10.8
i S (m) 6.4 6.0 7.2 45 8.0
R gHERL & (m) 1~1.5 1.0 1.2 1.0 1.0
PCRV i /&%  (m) 36,732 48751 3431 43,732 26,732

- TIGT) § (1HX) 4G 400
T AW § UHD 6 §EEE MY &m0

308 4
HRRR X ABTay2 |RATayr |[KBTayy (AETe 7 | KRT a2

Fo-TF—Y | Fa-TF-Er | TFR 0B thzd i bz e
BT (W) 4 6 8 5 6 8 |4 55 7T 4 47~7
#hE} 12 < 7 bOAL/AE) (o) 30,744 322544 | - 15 824 8724
BELEE & (mm) 800 1,600 800 500 1,000
BEHA TR (rmm) 365 346 343 300 330
BEHE 7 5 &8 8 6 9 7 6
Ne/ Nu 330 321 257
BES vy~ b (ton) 2.5 321 48 436 60
1 P R (yr) -~ 2 2, 3 4 4
B (MWdton) | 53,200 62,600, 66,000 37,700 45,500
[

4, Pl

G ) (MW 8./225 62158 | 58215 53,164 55,7.7
BB # GEE) (MW ton)

o Kxial Radial| Ax;al Radial | Axial Radial | Axial Radid | Axial Radid
e - v TRE SE X157 | 198 x 148 | L75x 174 |1e6x17b | Tabxizz
B ESEE %) 1380 1313 1450 1192

(step 3) '

5. 1 BHR ) ‘
L B i F M & T & ik LR T @ T | i
AR E c) 400 400 400 400 400
WL TR (o) 1,000 1,000 - 1,000 1,000 1,000
1 REES ( kg 4m? 61 40 50 41 40
1 &REFHR (kg /sec) 963 965 963 963 963
TRAEN TR 2506 3 6 7 6
Reference BNES, conf. C74)
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2 U-Th RABEEN ZF

EAEI R Fort St Vrain Delmarva THTR | Julich BtER
B\ B EREH
L —t
i R 1071
T Wt ) 842 2,000 750 3000 3R 1]
‘A (MWe ) 330 766 308 370
K (%3 39.2 384 41
2. #A0n PCRV
FOEE (m) 5.97 7.05 5.6 11.3
FLE {m) 476 6.34 5.8 6
RAHKIE S (m> 12 106 | pg 03
PCRVB& &  (m) 15,732 20.3,/278 248,255 49,727
BT (B - - ~ 8 (SR). 4 (SG)
(£, ¥E)
)
ek L RET O av: F - ﬁ«* #ER # ok R
. 2 Fk—E =z F -+ —nEl
ARl P RERE (wB) (93% U Th )
#1220 e PL/AME ) (mm) -/ 125 ,
MRS X Crmm) 793 793
PARHA FA% Crom) 360 360 RE 60 ®E 60
AR 7 5 - 6 B | BALANE8XI0T HLLH33XI0"
Nc./ Ny 230 - 250
A v~ FY  (ton) |UI077Th:160 [UI124Th:261 | U075 Th 6984 | (U+Th) 495
SFA R TR {yr) 6 4 ~35 ~ 45
Pl (MWdtony | 100,000 94,000 127,000(U %) 100,000
M 0.6 0.67 0.53 ~0.63
4 P .
LIBE. am) MWMO | 63720 817235 6./9 5./
i CGEE) (MW-ton) 324 1,980 (MW-1 of Fiss)
mAE—F 7 7R 317 ~29 | g, Radial 2.62
ArERE B®) (C) 1,260 1,383 1,300 ~1,020
5. 1RAHT
AL BN T A #® T M\ # T A # T @A #®
FlA DR E {C3 406 340 262 280
Bl i (R (¢ 785 756 750 950
1RAEN (kg./em? 49 48 - 40 40
1 RRAR (kg/sec) 427 910 294 820
1 &RFEw—7TH 2 4 [ 6
:
Reference FSAR FSAR FSAR IIQ‘ilEl]S %1,%_}RG( )
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figk2 Ne/NuDtETF—F 7y 7P EICO2nT

(1) FAHEEH
(a) #HEHET 920 #m
R % B R (EEHE)
BEME U0, EEEPYCHE 60 um (FE 1.1g./cm®)
B & 600 #m GEEPYyCE 30 (18 )
# B 104 g/om’ SiC/& 25 (32 )
BEE 40 wo EEEPyCE 45 (18 )
(b) =Y 2 2AHE 1.70 g /cm®
(c) BHEEE (RY-7TH%) 1.70 g “cm®
) BHEE (Fo.,28%) 1.75 g /cm®
(e) HEEOEMBESE GHD 0.6 ¢m
(f) 7oy /& 80 cm
PR EN: menmone (BEE 150
(h) HEARZ 40 cm
(i) 7=y 2BARRNY A~ F 15 cm

2) £ # (bR, HEHLRE) B ' .
' 10, 15, 20, 25 em

(a) BAEHEARE

(b) av/¢7 bDEX 06, 0.8, 1.0 em

e} RU—-—7DEZX 0.2, 0.5 cm

(d) VHAYESX 10, 13, 16 cm

(e) HRE FRIEE 0.1, 02, 0.3

(f) 7a.,7%E 30 ~ 45 cm

(g) MEHEARR 18, 36, 60 '
(3) # &

BRI DR ER Y 7 VR FREEL (2 —7EX 2, Smm)
BB ORER Y 7 v EFHHEL (2) ~7ES 2, 5mm)
R EOREN Y 7 Y RAREEL (BEEARE 10 15 20
95mm, 2 Y —7E S 5mm) |
MBRMRE ORER 7 7 R FHEE L (REHEAE 10, 15 20
25mm, A Y —7E & 5mm)

Pig. A2—3 RERREEOBE DT oy FEE (RY —7EE 5mm)

Fig. A2—4 AEMRREDBEDT 2 /7 EE (AU —7ES 5mm)
FigiA2—1,A2-~2 ®[] BAH —~4 CBOTRE LERHBEERL TS (KX
3IHBR), - ORICIEMEERS Np L LTI8 IBHELEINTLEED, $20HEHS

Table A2 —1(a), (b)
Table A2—2(a), (b)
Fig. A2-—1{a)~(d)

Fig.A2 ~2(a) ~(d)
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Table A5-5 Fuel material balance in plutonium fueled VHIR core.

T Mo/ Mgy 500 600
Thermal power (1) 3000 3000
? Power density (w/cm3) 6 : 6
% "Specific power {(wl/g) 117 141
% Fissile nuclide conc, (w/o) 6 6
Fuel burnup (MWD /T) 62500 72200
l Fuel dwelling time¥ (Yr) 2.1 2.0
Conversion ratic {BOL/Av.) 0.54/0.63 0.49/0.62
B _ Initial fuel loading (t ) 25.64 21.28
Natural uranium {(t HM) 23.74 19.70
Plutonium** (t HM)
(Fissile) 1.37 1.14
(Total) 1.90 1.58
Fuel reloading (t 1) T 12.21 10. 64
Natural uranium (t HM) 11.30 5.85
Plutonium {t HM)
(Fissile) . 0.65 0.570
(Total) 0.905 0.790
Fuel discharge
Uranium (t BM) 16.82 9.39
(fissile nulcide conc. w/o) (0.37) {0.29)
Plutonium (t HM)
(Fissile) 0.281 0.168
(Total) 0.579 0.426
Natural uranium requirement
Initial core (t HM) 23.74 19,70
Armmual reload (t HM) 11.30 9.85
30 year cum. (t ™M) 351 305
Plutonium requirement*®*
Initial core (t HM) l.90(l.37f** 1,57(1.14;**
Annual reload (¢ I 0.9100.65° | 0.79¢0.57)
30 year cum. (t 1) 28.320.2) | 2450775
% Plant factor ———-—- 70 % #%% Figsile plutonium

%% Plutonium from LWR spent fuels
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Fig. AS5-1 Reactivity and burnup of plutonium fueled

lattices (preliminary study)
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Effective multiplication factor (akeff)
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Fig. A5-4 Effective multiplication factor and fuel burnup
for plutonium fueled lattices (preliminary study)
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Fig. A5-6 Variation of effective multiplication factor for

type A plutonium fueled VHTR. -
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Table A6-2 B-activity due to impurities in graphite block (1).

Cross section of

, 3
e o e | et |
% Vo Half life | 9a Oc,eff o o (C1/em®)
Bell 100 3x108 2.5x10 % 0,009 | 0.0012 | 3.6x10712| 4.6x10-26 |1, 4x10-1%
NaZ“ 100 1x10-5 15h 0.5 0.066 | 2.8x1078 | 5.2x10713 [1,6x10"}
5131 3.1 2,8x10"5 2.6h 0.11 0.0145 [ 1.3x1079 | 1.4x10713 | 4,3x1071
p32 100" 10-6 14.3d 0.19 | 0.025 | 7.8x10710( 6 3x10~16 |2 ox10-%
g35 4.2 4,2x10"6 884 0.27 0.036 | 4.3x10™% | 5,7x10"16 |1 8x10~%
c13e 75.5 3.0x1076 | 3.1x10% &b 5.81 | 4.8x1077 | 3.9x10720 |1.5x108
K42 6.8 6.8x1078 12.5h 1.2 0,158 | 2,6x10-10}| 5.8x10-15 |1.8x10-3
ca*! 97.0 2.2x1075 | 8x10%y 0,23 | 0.031 |1.7x1078 | 6.7x10721 12.1x107?
cats 2.1 4,7x10"7 165d 0.7 0.092 | 9.6x10719| 6.7x10717 {2,1x10-3
ca't? 0.003 6.8x10710 4.,5d 0,3 0,040 | 5.8<107131 1,5x10718 |4, 6x10~7
§c"® 100 19-8 84d 13 1,716 | 3.7x10719] 5,1x10717 [ 1.6x10™°
cr! 4.3 6.,0x10"8 27.84d 17 2.244 | 2,6%x1072 | 1,1x10715 | 3.4x107%
MnZ® 100 10-5 2.6h 13.3 1.756 | 3.1x1078 | 3,3%10712 1.02
Fe®3 5.8 1.6x107% 2.6y 2.9 0.383 | 1.1x10"% | 1.3x10~16 |4, 2x10~%
Fed? 0.3 8.4x1078 46d 1.1 0.145 | 2.1x10710| 5,3x10717 |1,6x10-3
cob? 100 4x107% 5.3y 19 2.508 | 1.7x1077 | 1.0x10715 | 3,1x107% -
Ni%? 67.8 3.1x1076 | 8x10%y 4.4 0.581 |3.1x1078 | 1,2x10720 |3,7x10"9
Ni83 3.7 1.7x1077 92y 15 1.98 ]5.3x1079 | 1.8x107%8 }5.6x1077
Nif5 1.2 5.5x10~8 2.6h 1.5 0.198 | 1.7x1071% ! 1,8x1071% | 5,6x10-3
cubt 69.1 4,1x1078 12.8h 4,5 | 0.594 |3.8x1078% | 8,2x10713 [2,5x1071
Znd 5 48.9 4,9x1077 245d 0.46 0,061 |4.6x10710| 2,2x10717 | 7.1x10™5
zn? 1M 0.6 6x10™3 4.0h 0.01 0.0013 | 1.1x10713 | 7.6x10718 |2 4x10-6
Rb56 72.2 7.2x1077 18.7d 0.9 0.119 |1.0x107% | 6.2x10716 | 1.9x10=%
sr8s 0.6 3x1072 64d 0.8 0,106 |3,7x10°12 | 6,7x10719 | 2.1x10~7
sr8s™ 0.6 " 70m 0.65 0,086 |3,0x10712 | 7.1x10716 |2 2x10""
§rb7m 9.9 | 5.0x10°8 2.8h 1.3 | 0.172 |9.9x10711 | 9.8x10715 | 3.0x10"3
589 82.6 4.1x1077 52,7d ¢.006 | 0.00079|3.6x10"12 | 7,9x10729 | 2,5x1077
zr?3 17.1 8.6x1078 | 1,5x105y 0.2 0.026 |[2.4x10<11| 5,1x1072% |1,6x10713
Zr®® 17.4 8.7x10°8 65.5d 0,08 0.011 |[1.0x10-11| 1,8x10718 |5,6x10-7
zr?? 2.8 1.4x1078 17h 0,05 0.0066 |9.5x10~1%| 1,6x10"17 |5,0x10°6
NbP* 100 1.7%10°6 | 2x10%y 0.1 | 0,013 |2.4x10-17 | 3.8x1022 |1,2x10-10
Mo®3 15.9 1.6x10°7 100y 0.3 0.040 {6.9x10"11 | 2,2x10720 | 6,8x1073
Mo 3T 15.9 " 7h 0.006 | 0.00079|1.4x10~12 | 5,5¢x10717 | 1.7x1075
Mo9% 23.8 2.4x10"7 66h 9.51 | 0.067 |1.6x10710} 6.7x10718 | 2,1x107"
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Table A6-2 Continued

cd!?? 1.2 %103 6.5h 1 0.132 |7.4x10712 | 3,2x10716 |9.9x10~%
cdl®sd 0.9 4,5%x1079 453d 3 0.396 |1,6x:071}|4,1x10719 [1,3x1077
calldm 24,1 1.2x10°7 13.6y 0.03 | 0.0040 |4.2x1073% | 9,8x1021 [3,0x16™%
calls 28.9 1,4x1077 53,5h 1.1 0.145 1.5x10‘10" 9,3x10-16 |2, 9x107Y
cqllsm 28.9 " 43d 0,14 0.0185 1 2.3x10711 | 6.2x10718 |1,9x10-6
cali? 7.6 3.8x1078 2.4h 1.4 0.185 |6.0x10"11 | 6,9x10715 |2, 1x10-3
caliim 7.6 " 3.4k 0.7 0.092 {3.0x1071% | 2,5x10715 |7,7x1073
Tilsm 4.2 4,2%x1078 50d 8 1.056 |3,9x10710 | 9,0x10-17 |2.8x107°
snll3 11.0 1.0x1078 115d 0.9 0.119 |1,1x10713 | 1. 1xi0~18 {3 4x1277
Sp’ %1 33.0 | 3.3x1077 27.5h 0.14 | 0.0185 |5.0x1071% | 5,0%10716 |1.5x107%
spiZim 33.0 " 76y 0.001 | 0.00013[3.5x107%3 | 1.5x1072% [4,6x10710
sat?3 4.7 4.7x1078 125d 0.001 " 5.0x1071% | 4.6x1021 |1,4x1072
gnl22 6.0 6.0x1078 9.4d 0.004 | 0.00053| 2.5%x10713 | 3,1x10<18 |9,6x10"7
spt22 57.3 1.1x10°5 2.8d 6 0.792 |7.1x1079 | 2.9x107% [9,0x1073
spi?h 42.8 8.6x1077 60d 3.3 0.436 | 3.0x107% | 5.8x10718 |1,8x107%
ce 134 100 1078 23 28 0,370 |2.8x1072 | 4.4x10717 [1.4x107°
csl3® 100 . 1076 2.9h 2.6 0.343 |2.6x107% | 3,5x10713 |7,7x10°2
Bald3 0.1 ax10~? 7.2y 7 0,924 | 2,1x1071 | 9,2x10720 |2,9x107%
Bal33m 0.1 " 38.9n 0.2 0.0264 | 6.0x10713 | 4.3x10718 [1.3x107¢
Bat3® 2.4 7.2x1078 28.7h 0.16 | 0,0211 11,1107 11 | 1,1x10716 |3, 4x1075
Lal4? 99.9 1.4%207° 40h 8.9 1,175 11.2x1078 | 8.3x1071% [2.6x1072
cel¥7 0.2 1.2¢1079 9h 6.0 0.792 |6.9x10712 § 2,1x1071€ |6, 5x107 3
Celd7m 0.2 " 34.4h 0.6 0.0792 | 6,9x10713 | 5,.6x10718 |1,7x107®
celd? 0.3 1.8x107° 140d 1.0 0,132 |1.7x10712 | 1.4x1071% [4,3x1078
celt! 88.5 5,3x1078 32.5d 0.6 0.0792 | 3.0x207% | 1.1x10715 |3, 4x107 %
Cells 11.1 6.7%x147¢8 33h 1 0.132 |6.2x10711 | 5,2x10"16 |1.6x107%
prlt? 100 6x 107" 19.2h 12 1,584 | 6.7x10°9 | 9.7x10~1% |3.0x10"?
Nal4? 17.2 6.9x1078 1lh 2 0.264 §1.2¢10°10 | 3,0x10"15 {9 3x107%
walt? 5.7 2.3x107% 1.8h 4 0.528 {8.2x10711 | 1.3x10~1" [4.0x10-3
Sml 8 3.2 1.9¢10°8 340d 0.7 0.0924 [ 1.2¢10°11 | 4,1x1071% |1,3x10-7
Smi31 7.5 4,5x16 8 87y 100 13,2 | 3.9%x107° | 1.4x10718 {4,3x1077
sml %3 26.6 1.6x1077 47h 210 27.7 | 2.9x107% | 1.7x10713 |{5,3x1072
gul?? 47.8 2.9¢1078 12,7y 5900 | 779 1.5%1077 | 3.7x10-16 [1.1x107%
Eul>Zm 47.8 " 9.3h 2800 | 370 |7.1x107% | 2.1x10"12 |6.5x1072
Eul 5% 52.2 3.1x1078 16y 320 42.2 8.5x107% | 1,7x10717 5,3x10°6
Eu! S5 - - 1.8y 1400 | 185 —  l1.5x10718) 4. 6x1078
Eu 136 - = 15.4d 13000 | 1716 - (6.4x10715)| 2,0x10" 3
6dl3e 24,9 2,0x1078 18h 3.4 0.449 |[5.6x10711 | 8.6x10716 [2,7x107"
|TBi8% 100 3x1077 72.14d 4.6 0.607 [1.1x107% | 1.8x10716 |5,ex1075
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Table A6-2 Continued

pyl®7? 0.05 8x10~11 8.1h 3 0.396 {2.0x107!3 |6.9x10"18 | 2,1x10~6
Dyl65 28.2 4.5%x1078 140m 800 106 2.9x10~8 |3.5x10°12 | 1,10
Hol6® 100 8x1078 27H 64 8.45  [4.1x107? |4.2x10"1%] 1.3x1072
Hol®6™ 100 " 1.2x103¢ 1. 0.132  |6.4x10711 |1.7x10-21 | 5,3x10"1¢
Eri®s 1.6 6.4x10710 10h 1.7 0.224 [8,7x10713 |2, 4x10"7 | 7,4x10-6
Eri6? 27.1 1.1x1078 9.6d 0.264 [1.7x1071} [2,0x10717 | 6.2x2076
Erl7! 14.9 6.0x107° 7.5h 1.188 i4.2x10"11 |1,6x10"15 ] 5.0x107%
Tm!7? 100 4,0x1078 1344 125 16.5 3.9x10™% |[3.4x10~16 | 1,1x10°%
Lul7¢l 97.4 1.9%1078 3.7h 18 2.376  |2.6x10"10 [2 ox10~1* | 6,2x10°3
Lul?? 2.6 5.2x107 10 6.7h 2100 277 8.1x10710 | 3,4x10"1% | 1,1x1072
Lol 77 2.6 " 155d 1 0.132  |3.9x10713 |2,9x10720 | 9,0x107°
ypi7s 31.8 1,9x1078 101h 9 1.188  [1.3x107'0 |3,6x10718 | 1.1x10""
Tal®? 100 3.5%1077 115.1d 21 2,772 15,3x107%  |5,3x10716 | 1,6x107%
wies 30.6 8.0x107® 75d 2,1 0.277 |1.2x107% [1,9x1071% | 5.9xi0™"
w87 28.4 7.4x107% | 24h 40 5,28  {2.1x1077 | 2.4x10712 | 7. 4x1071
71204 29.5° | 3.0x1077 3.8y 11 1,452 (2,1x1079 [1.8x10717 | 5,6x107€
pp203 52,3 3.7x1076 3.3h 0.0005 | 0.000066:1.2x10712 |1,0x10716 | 3,1x10°
Bi210 100 1076 5.01d 0.015 | 0.0020 [9.5x10712 |2.2x107!7 | 6.8x1075
pi2lom 100 1076 2.6%10%y 0.019 | 0,0025 {1.2x10711 [1.5x10725 | 4.6x10"1%

(*1) "Table of isotopes"

(*2) With VHIR spectrum

(*3) Perfectly buildup during irradiation times
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Table A6-3 B activity due to impurities in graphite block (2)

Nuclide

35g

35¢a
36¢g
S5lcy
55Fe
59Fe
600g
655,
1lbmp,
124gy
I3%0g
l’+1ce
152g,
ISHEU
155¢,

170Tm
IBZTa

185y
20%pq

(88d-.036b)*

(165d-.092b)
(84d-1.72b)
(28d-2.24b)
(2.6y-.38b)
(46d-,15b)

(5.3y-2.,51b)

(245d4-,061Db)
(50d-1.06Db)
(60d~.44Db)

(2y-.37b)
(33d-.08b)

(12.7y-779b)
(16y-42.2b)

(1.8y-185b)
(72d-.61b)

(134d-16.5b)

(115d4-2.77b)
(75d-0.28b)

(3.8y-1.45b)

Previous wvalue

(Ci/cm3)

.8x107%
L1x1073
.6x107°
L4x10™H
L2x107H
.6x107°
.1x1074
L1x107°
.8x1073
.8x10™"
L4x1073
J4x107™H
.1x10~*
.3x1076
L6x107°
L6x107%
L1x107"
L6x107"4
L9x10™H
.6x1076

=

L L e L R T R VL R S i S N R U i LS FUR N K}

Expected value
(Ci/em?)
2.9x1076
8.4x1077
1.6x107°
2.4%x1074
4.6x1075
1.8x1076
3.1x10°6
1.4x1076
2.8x107>
9.,0x107°
1.4x107°>
1.8x10™"
3.6x10~°
1,7x10°6
1.5x1073
4,3x107°
8.3x10~5
1.5%x107"
5,9%x10"7
5.6x10"6

*) (a-b); a --- half life time, b -—- 09
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