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Studies on Design Principles and Criteria of Fuels and
Graphites for Experimental Multi-purpose Very High
Temperature Reactor

Taketoshi ARAI, Sadao SATO and Yutaro TANI®

Division of Power Reactor Projects, JAERI
(Received November 4, 1977)

Design principles and criteria of fuels and graphites have
been studied to determine the main design parameters of a
reference core MARK-III of the Experimental Multi-purpose Very
High Temperatu}e Reactor.

The present status of research and development for HIGR fuels
and graphites is reviewed from a standpoint of their integrity
and safety aspects, and is compared to the specific design
requirements for the VHTR fuels and graphites. Consequently,
reasonable materials specifications, safety criteria and design
analysis methods are presented for coated fuel particle, fuel
compact, graphite sleeve, core support graphite and neutron

absorber material.

These design principles and criteria will be refined by

further experimental investigations.

Keywords: HTGR, Coated Fuel Particle, Fuel Compact, Graphite
Structure, Material Properties, Irradiation Behaviors, Design
Criteria, Material Specification, Analysis Method
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Table 2.2 MICR0S-2 reference data set for a JAERI-design particle

_ Data Reference value Remarks
#1 Fuel kernel data
Bulk density glee 10.4 95% 1TD
Porosity 0.05
Heavy metal density g/ce 8.8 U0y
Atomic weight of heavy metal g 237. .
Swelling rate volume- % /%FIMA 1.5 conservative
Thermal expansion coeff. /°C 1.05x10™?
Young's modulus kg/cm? 1.4 x108
Poisson's ratio 0.3
Gas formation rate
Rare gas atom/fission 0.3
Others atom/fission 0.1
Rare gas release rate % 100.
#2 Buffer layer data
Bulk density g/ce 1.1
Porosity 0.5
Thermal conductivity W/cm®C 0.015
Available gas volume A 100.
#3 High density layer data
Data source
PyC GGA-PyC (LTI)
1.80/950
sicC J.N. Mat. 32
322 (1969)
PyC SicC
Theoretical density g/ce 2,22 3.20
“Bulk density g/cc’ 1.80 3.20
Coating temperature °C 1400 1400
Anisotropy factor ' 1.0 1.0
Thermal conductivity W/em®C | 0.04 0.04
Young's modulus kg/cm? | 5.6x10° 4,.2x106
Poisson's ratio 0.22 0.22
Thermal expansion coeff. 1/°C 5.5%107% 5,5%x1076
Fracture stress . kg/cm? (3000) (3000) |variable -
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Table 2.2 (continued)

Data

Reference value

Remarks

#4 Dimensional change data
Inner PyC

§icC
Quter PyC

#5 PyC creep constants -

Initial constant'(kg/cmz-n/cmz)'1
Steady-state constant

(kg/cm?-n/cm?) "1
Transition dose n/cm?
Poission ratio in creep

#6 Interface bonding strength

PyC to SiC kg/cm?
#7 Irradiation comdition
Temperature °C
External constraint kg/cm?

Time-Burnup-Fast dose
relationship

GA data, see
Fig.2.,17

not considered.
same as for inner
PyC.

4x10726
2x10726

1x1021
0.4

500

950.
0.

variable

Table 2.3 Recommended desi%n values for oxygen release

from U0y for U235 and Pu?39 fissions(2-3
Tempgéature SES%tE?S from 0223gtows from
ission Pu fission
1000 0.002 0.12
1200 0.0092 0.18
1400 0.031 .23
1600 0.076 0.28
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Fig. 2.12 A concept of specifying design margin for amoeba effect
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Table 3.4a Calculated irradiation-induced diameter changes of the
: fuel compact; fast dose in n/cm (E>0.18MeV), diameter

in %
FAST DOSE TEMPERATURE (C)
(1,200  400,0 500,0 00,0 700.0 800,0 %00,0 1000,0 1100,0 120040 1300,0 1400,0
0,0 9,0 9,0 0.0 Qun 0.0 0.0 0,0 0:0 0.0 8.0 0:0
. 100 -0.066 0,042 =0,038 =0.733 =0.052 =0.0T8 <0,104 =0,123 =-0,143 -0,178 =0,206

2,00 0,071 =0.084 =0,080 ~0.n83 =0,l08 =0,153 =0,201 «0,241 =0,281 =0,340 =0.23%0
3,00 ~0,13% =0,128 =0,126 =0,132 =0.,l65 =0.224 =0.292 =0,355% =N,41% =0,489 =0,533
4,00 ~0,179 =0,i72 ~0,175 =0,v85 =-0,223 =0,292 0,378 =0,463 =0,542 =~0,625 =~0,699

5,00 -p,221 =0.217 =0,224 =0,239 =0.281 =0,35%7 =0,459 =0,566 =0,663 «0,750 =0.,831
6,00 0,264 =0,261 =0,274 =0,394 -0,339 =0,420 =0.,535 =0.662 =0,777 =0,86% =0,95%0
7,00 =0,305 =0,304 =0,323 =0.349 =0,396 =0.481 <=0.607 -0,754 =~0,884 =0,9372 =1,058
8,00 =0,347 =0,348 =0,372 =0,4C3 =~0,452 =0,539 =0,673 «0,839 =0,984 =1,070 =1,157
9.00 =0,388 =0.390 =0,420 =0,456 ~0.506 =0.596 =0.74C «0.920 =1,077 =1,162 =1.,2%9

10,00 0,429 =0.,432 =0,466 =0,%C7 =0.5%9 =0,651 =0.803 0,996 =1,144 =1.248 =1,33%
11,00 «0,469 =0,473 =0,511 =0,&57 =0.611 0,705 =0,863 =1,06T7 =1.,245 =1.330 =1.416
12,00 «0,510 =0,513 =0,555 =0.504 ~=0.b8l -0,757 =0,922 =1,133 =~1,321 =1,40T =1.,492
13,00 =-0,550 «0,55) “(,597 =0,450 =0,710 =0.809 =-0,978 =1,198 1,392 =1,480 <=1,565
14,00 -0, 560 =0.%92 =0,638 =0.495 =0,758 =0.860 ~1.033 «1,259 =1,458 =1,5%51 =1.63é&

1%.0C -0,630 =0,630 =0,6T6 =0.738 =0.804 =0,%10 «i,087 -1.317 =1,922 =1,619 =1.704
16,00 =0,670 =0,668 =~0,717 =0,780 =-0.85%0 =0,960 ~1.140 “l:373 ~1,582 =f.686 =1.771
17,00 =0,710 =0,705 »0,755 =0.,m2l =0,895 =1,009 ~1.192 ~14427 =1,640 =1.751 =1.,83%
18,00 0,750 «0,742 =0,793 =0,a6l -0,940 «1,058 =1,243 =1,480 =1.,6%6 =1,8l% =1,%00
i 19,00 -0,789 =0,778 =0.830 =0.901 =0.984 =1,106 =1,294 =1,531 =1,751 =~31,877 =1,963

20,00 -0.828 =0.814 =0,866 =0,q40 =1,027 -l,154 =1,344 =1,582 1,804 1,938 =2.025
i 21,00 0,867 ~0.850 =0,903 ~C.o77 =1,070 =1,202 -1,394 =1,632 =1,857 =~1,998 =2,083
j 22,00 -0,905 =-0.885 =-0.939 =1,nl7 =1.113 -1,249 =1,443 =1,632 =1,90% =2,053 =2.143
23,00 =0,943 ~0,920 =0,974 =l.o% =-1.15%6 ~1.,296 -1,492 =1+731 =1,961 =2,116 =2,203
24,00 =-0,980 =0.954 =1,010 =l.n%4 =1.199 =1,342 =1.340 -1,780 =2,012 =2,113 =2.260

! 25,00 =1,017 =0.988 =-1,046 =1,133 =1,2041 ~1.388 =1.,388 -1.829 =2,063 =2,228 =2.31%
! 26,00 ~-1,053 ~1,022 =1.081 =1,171 =1,283 =1,433 1,635 -1.877 =2,113 =2,283 ~2,369%
! 27,00 ~1,08% ~1,055 =1.116 =1.309 =1,325 -1.477 ~-1,68) ~1,924 =2,162 =2,33% =2,421
28,00 ~=1.128 =1,088 =1,150 =1.747 =1,3e6 =1.521 =1,727 =1.971 =2,211 ~2,3B5 =247l
29,00 1,158 =1,120 =1.184 =1,384 =1,406 =~1,5€4 =1,771 =2.018 «2,258 =2,433 =2.51%

36,00 1,191 =1.1%2 =1,21T7 =l.+2l ~-1l.446 =~1.,60C6 1,515 =2.083 =2.304 ~-32,478 =2,565
31,00 1,224 =1,183 =1.250 =l.356 =1.,484 =1,647 =1,856 =2.,107 =2,3%9 =2,521 =2.609
3z2.00 1,255 =1,214 =1,281 =1.,3%1 =1.%22 =1,687 =1.,500 -2,150 =2,39%1 =2,561 =2,630
33,00 1,286 =-1,244 =1,312 =l.,424 =1,536 =1,72¢ 1,940 =2,191 =~2,430 =2,598 =2,689
34,00 «1,316 =~1,273 =1.341 =1..% =1.,594 =1,764 =1,950 =2,230 =2,468 =2,632 =2.726

35,00 wl,365 ~1,302 =1.3649 =l.486 =1,827 =1.801 =2,ul8 -2.268 ~2,502 =2,663 =2,760
. 36,00 1,313 ~1,329 =1,396 =l.515 =1.660 +1.836 =2.052 =2,303 «2.534 =2,691 =2.792
’ 37,00  =31.4006 =1.35%6 =1.422 =l.n&3 =-1.691 =~1.871 =-2,u%1 =2.33T «2,563 =2.716 =2.822
38,00 ~1.626 =1,383 =1.447 =l,569 =1.722 =1.906 =2.126 =2.369 =2.589 =2,740 =2.851
39,00 =1.4%2 =1,409 =1.47Z =1,s%% «1.751 =1,939 =2.1¢0 2,399 ~2,pls =2,761 =2.878

v 40,00  =1,477 =i.624 =1,696 =~1,.20 -1.78C ~1,972 -2.154 =2.429 =2,837 2,782 =2.904
41,00 =1,501 =1,439 =1,520 =l.4éb <=1l.81CG ~z,u05 =-2,228 “2,459 =2,660 =2,803 =2.929

42,00 =1,525 =1,485 =-1.546 ~1..73 ~1.840 =2.039 -2,2627 =-2.483 ~2,68% =2,825 =2.954

43,00 =1,549 =1,511 =1,374 =1,702 =1.,872 =2,073 =-2,29¢ 2,520 =2,712 =2.849 =2.979

44,00 =1,973 =1.537 =1,600 =1,736 =1.,907 =2,l0% =2.332 =2.55% =Z,744 =2,878 =3,00%

45,00 1,598 -1.565 <-l.t&l =l.r7e =l.946 =.lab =2,370 -2.594 =2,783 =3,913 =3.032
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Table 3.4b Calculated irradiation-induced length changes of the fuel
compact; fast dose in n/cmZ(E>0.18MeV), length change in %

pAST DOSE
(1,E20

0,0
1,00
2,00
3,00
4,00

3,00
6,00
7,00
3,00
9,00

10,00
11,00
12,00
13,00
14,00

15,00
16,00
17.00
18,00
19,00

20,00
21,00
22.00
23,00
24,00

29,00
26,00
27,060
28,00
29.00

30,00
31,00
32,00
33,00
34,00

33,00
36,00
37,00
38,00
39,00

40,00
41,00
42,00
43,00
84,00

45,00

400,0

0,0
=0,034
«0,072
=-0,112
-011"

=0,198
=0.242
~0,286
=0,331
=0,376

0,420
~0, 444
-0;507
=0,53%0
=0,593

0,635
0,676
Q717
-0'757
0,797

=0,837
0,876
-0,915
-0,954
-0,993

=-1,031
=1.,069
=1,106
=l,184
=1,181

=1,217
-1,254
=1,290
1,325
=1,360

=1,394
-1,428
=1,462
=1,495
=1,527

=~Ll.360
=L.592
=1.,625
=1,658
~1,693

=-1.728

560,0

0,0
=0,034
=-0,072
=0.113
=0,155

=0,199
~0,243
=0.287
=04330
=0,373

=0,415
=-0,456
=456
=0,535
-0,572

=-0,609
=0.644
=0,679
=0.713
-0, T46

=0.,.779
=0.811
=0,843
=-0,874
=0, 908

=0,%38
'0-96T
=-0,997
~1l.,028
=1.057

=1,087
=1,11%
=1.143
=}s173
=-1.,201

~l.228
=1.255%
=1,281
=1.306
=-1.332

=1.,356
-1.382
=1.407
=1,433
=l.460

=1.489

&C0, 0

0.0
=-0,037
03,079
=0,124
0,170

-0,218
-0,766
=0,314
-0, 360
-0,405

-0, 449
-0,491
=0,531
»0,569
-0,606

=0, b4l
=0,675
-0, 708
=-0,739
~0,76%

~-0,7%9
-0,827
=0.,856
-0,883
=-0,911

-0,937
0,964
~0,990
~1,016
=1,041

=1,065
=-1,089
=1.112
=1.134
-1.1586

=1.176
=1.19%
=-1,213
=1.,230
-1.247

~1.262
=1.278
-1.293
-1.310
=-1,328

=1.,348

T700.0

0.0
=0,.n4>
=0,095
'0-147
=0,202

=0,757
=0,312
=0,365
=0,417
=04467

=0,515
=-0,%60
=G.603
-0y né3
-0,480

=0.716
=0,749
=0,780
=0.809
=0,837

=0,ab}
“0,q8%
=0.,912
=0,q3%
=0,9%6

=0.978
-0,q98
=1,018
-1,037
=1sn5%

=1,n72
-1,p89
=-1,704
-1,71%
-1-133

=1,145
«1,157
=1,167
=177
-1,78&

=1.,195
=-1.204
=Leald
=1,723
=1,73¢

=1,252

TEMPERATURE (C)

00,0

0.0
-0.052
=0,126
=Dys1i0l
=-0.255%

-0,318
-0,379
=0,439
-0,493
=G, 589

=0,600
=0,648
=~0.:693
'0!735
-0.775

=0,811
=0,843
=0.876
-0.903
=0.931

0,956
=0,979
=1,001
~1.021
=1.039

-1.057
=1,073
=-1,089
=1.:104
=1+117

=1,130
=1.143
=1.15%
=1,+163
=1.,175

-1,185
=1.19&
=1.202
~1,210
=1.219

~1.227
=-1,235
1,245
-1.255
=1.267

~1.282

900,0

0.0
-0,088
-0,172
=0.252
=-0,328

=0,400

=0,467
=0,532
=0.592
=0,649

=0, 703
~0,753
=-0,800
~0,845
-0,886

-0.924
=0.:960
-0,993
=1,024
=1,052

=1.078
-1,102
-1,124
=1,145
=-1.163

-11181
-1,196
-1,211
~1,22%
=-1.237

=1,249
=1.26]
-1.,272
-1,282
-1,292

=1,302
1,312
=1,322
=1,332
=1,342

=1.352
=-1.362
-1,372
~1,381
-1,390

=1.3%9

—_ 60 —

1o00,0

0.0
«0,117
=0.224
=0.321
=0.411

=0.493
-0|569
«0,640
=0.706
-0,768

=0,826
=0,880
=-0,931
=3.97%
1,023

=1,06%
=1,104%

=1.140

=1,174
=1.20%

=1,233
-1,259
=-1,283
=130
~1.,323

=1.340
1,333
=1,369
=-1.38]
=1,392

-1.402
-t.e11
1,419
-1,427
~l.434

«1,441
“l,447
=1.454
-1,4%9
-1.464

-1,469
=1.472
=1,473
=1,471
=1.466

~1,457

1100,0

0.0
=0.141
=0,268
=0.,384
=D+489

=0.38%
=0.6T74
~0,+756

=0e832

-0-?03

=0,969
«1,030
=1.,088
'1|1“1
=1:391

=1,237
=14280
-11319
=1.335
=1+388

LAY ]
=L béy
1,467
=1l:488
=1:505%

=1:+51%
~1:331
=1.540
=1,546
wl, 5350

~1.552
=1,552
=14350
=1.54%
-l,540

=1.,533
-1.,524
=liS1a
«1:502
~1,488

=1,412
lib54
~14+433
~1,408
=1.379

=134

120040

0.0
~0,158
~-0,299
=0y 431
=0,553

=0,666
=0,771

-=0,867

=0.,957
=1,080

=1,117
~1,189
1,255
=1,316
-1,372

“1,424
=1,471
-1.5;#
=1,553
=1,587

=-1,617
“l,6%3
-1.,663
*1'682
-1.695

=1,704
=1,709
=-1,709%
=-1.,705%
=1.,697

=1,6853
=1.,668
~l.648
=1.623
=-1.594

-1l,562
=1.527
=1,488
=1.446
=1.402

~1,355%
=1,308
~1.258
~1,208
=1.158

=1.108

1306,0

00
0,174
=-0,335
~0,483
-0.619

-0,74%
-0.862
=0,971
=-1,071
=1,164

=1,25%1
=-1,332
=1,406
=1,475
=-1,539

-1,398
=1.,651
=1, 100
~1.T43
-1,781

-1,813
«1,860
=1,861
-1,876
-1.886

~1,889
=1.,885
~1,873
=1,858
~1.,835

~1.,804
=~1,768
-1,725
=1,675
=1.620

=1,560
-1,495%
-1,427
1,356
~1,283

=-1.210
=-1.140
-1.072
1,010
-0.,957

=-0.913

1400,0

0.0
=0,235
=-0,433
=04603
=0,751

~0.880
=0,996
=1,102
=1,200
=1.,292

=1.380
=1,463
=14343
1,620
=1.892

=1.761
=1.824
~1.882
=1,93%%
-1.978

=2,014
-2.041
=2:080
=2,068
-2.067

=2.,055
=2.03)
~2.000
«1:93%
=1.307

=1+6%8
-1,781
«1, 707
=1.,628
ml.544

=1.,458
=1.371
-1.283
=1,196
=-1.111

=1.030
=C.9%4
~0.882
=0.,815
=0.753

~0.695
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0 1.0 2.0 3.0 x102lpNE

0 1 2 3 4 102ln/em? (E>0.18MeV)

Fig. 3.2 Design curve of length change for the compact
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1100
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"AS 2-500 (Fa4v, SIGRI #
H-451 (744 #, GLCAR
TS—1240 (77 9#, UCCH)

ZhSDBEMFICHNT, EFHROREE EAY M XRMOLENEERE, SRRAZE
BrasEHOENE SCEL T, HRATOMRESROOBERERD, SEHERETE-TH
B, CALOME Y -7HERELTIR TATIPT, SM1-242%, 1%, 7avy7 ARH
FLTIESM1-24, P, JHAN, T47 TP THRE LY THSEDERMHE SN,

COERENFNO £ EMSIES X EBRFRE - B@pkigata) KgE3hi. 22T
T, EEBHFDBENITBESECEHEHEEELT, T4TTPTRBELESMI-24 Z8
AHALEEAOBER LoNEBEE KRBT 50 EREEENI. COY, BRKE
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VWEo EoT, CORFT -k THESNARMESM1-24 (%m) SFRCLICL
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BHCE, Tiid, BROCEEESEOEEOHN» ST AT LI L,
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L1ICET. X000, RIFTIRELE BNOBHTHEELE Fig. 4.2 KRt
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ENBE, TLTRDEHN I — RE=BITOHRE Lo

By — 7 Hey7 o7z
CASE A " 7T477TPT 747T7TPT
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Mk — I ELOBERE R, AHSHOMER TS, EE4ImmO7 oy 7 DHHAKREIN

TA, MEHEORE S Fig. 4 3I0RT. #EBOBHESRG L LTH, Mk-TFLOWF

hp e (1368E11—-11, Fig. 418R) 0b0xEELL. Mk-THLTRZDA
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AR, BHEOEFESGFROCTNLOIFLOLEDOEBET 5, '
BEEBHE, HEs— FMULSHES “™2) 281, ©-7 S05#bhiTFREESK
3x10%n/cm® (E>0.18MeV) iCiEd AZOMEERT (WHE) K20 TEITEN.
(1) BEBRECEL
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POREEE Fig. 47 RT,
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BAFLEOTERENEDET A, 2%0, ZOWMITTRY 740 BHEHENET 2,
'ﬁﬁ53ﬁﬁﬁﬁéﬁfnw7®§ﬁaoa(EE)®ﬁEm6®§m%(mm)éFm.u7
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F7o, SM1-24BTid, 774 BT ARAEMER,

KSEFHEICIE, FOHL R 8.9 mm ,

EaAAcd, 135mmiEET A, 1, EERIFEILEST, S3HEICKHT4 mm #

T 2.

354070y s EFOMER, TA4TTPT, SM1-24%h&nic, 00126, 00033

S5CTVYTHD, OTERIOENENKOLL VLIOHEFy v TH b, (EVEF 7

MR EN 5,
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1) 2EOHEKERLTOET47TTP TORTEE(ME, BestEo#aE L.C.LEMH
DIRHT ~ 2 (BFHE« KBELOAT) 2EARELTHE, CRIEZALTLTTIPTR
Fl—HEEREITH LT, M2~3E0EERLTHE, 4EOHERCOT - 2DEICK
E{EEINTV S,

92) EEOBEMAT 7213, FEESHHEAN (274 TER) 8, & EBORERIESCI
<, KTHMOERDSHRSR o FLEAEORET 5 LQTBRAED 7 4 ERTICH
HENT U B fEnT, EBOI 5 LAOEMRSEMOMED T L ITIRIE SR EHH
HANFES, TFLABEDLIREMT Ah, 2P0 RLHORED 74 ETHBEES
BN HICEDERED 7 £8¥ + v PHHETH 203, KRIATH A

03 BEERNHEORI RS —5

%41@Tﬁwﬁda<.%laﬂﬁ%ﬁwgbfuﬁﬂxu—f,ﬁﬂﬁ%fﬂw?,ﬁ@
REERA 7oy 2icSM1-24 GEYE) 2BET AL LT,
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Table 41 Typical material properties of T477P T,
SM1—24 and fuel compact

COMPACT T477PT SMI—24
#MEEER cal emS T 0.0 3 006 0.06
I— 27~4x10"" " 50x107 @,=37x107"""
N (1) 25~5%x10"" * 50x10° oo—4a1x107%*
(1) 0.52x10° 1.4x10° E,=10x10°""
vy & kglm’ _ .
() 0.52x10° 1L.4x10° E,=09x10°
() 0.15 0.11 0.15
BTV
(“h 0.15 011 015
(1 Dragon data Fig. 4. 2 Fig. 4.2
HETHEZEL .
i (isotropy )
BEs ) —7EH BHLIALUL, 2L, | A% Blaksione 5D F — &
(kg /erd)™ (10%°n/6m’)| EHIEDE £ E (IAEA-SM—120/H—8) £# L, ¥
F 4 P REHROEEEO R TRME
BRBRE (RREE '
kg cm? 240 190

* BEERFHEEER (600~1300C T
*+ REEREHREZR (Eo, a, 2 REBHE)
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Table 4. 2 Summary of the resulis in this analysis
! CASE A CASE B CASE C
2y -7/ Tays T4TTPT/T47TPT | SM1-24/SM1-24 747 T/SM1-24
Ty bR —TE Ry T 0.1~0.39 0.09~033 0.1~0.39
(mm)
# B h ( mm) 1.97~202 199~207 1.96~2.02
*aysy FORELE
(C)
FOALDED 0 —5 (—)*" 2 -5
0.286H | 132 (93) 151 140
05 H° 133 (80) 114 134
0714H 69 (41) 54 69
1.0 H 7¢ 8 7 7
* 20 — 7 DEELR
(cH
FOAOLD 0 ~1 -2 0
T 02860 -2 2 3
0.5 H -1 4 0
0714H 0 2 —1
1.0 H ~1 —1 -1
3 vees L OBEBESN Bom | E & |3 & | F ®
(kg cm®)
| 9.6 -61 96 | —6.1
O 96 | —137 96 | —138
oI 149 | —231 | 149 | -231
Y —~TORBREIEH BB | E M 5l R E
(kg./cm® )
BOG A 162 | —-191 92 | —108
A 162 | -191 166 | ~136
7S Ik 218 | —183 | 275 | —-227
v e 7oy s EEHO Eaiy | bk
T,’f'&:% (¥ ¥y 7 mm) & ¥ K
FOADED O 002003 | ~004
0.286H 0027006 | ~0.08
0.5 H 1003001 | ~003
0.714H -004/-0.01 “‘9;8(%_
1.0 H -0.04/-003] ~001

* SEEREIE (FIH) oBEY v BEREE
*x b <§a‘§’dﬁi§’&%i§bf:%é o
sk HEF, AV -7 FEHETory s tRIDKENC LERT
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Table 4.4b

FAST DOSE
(1,E20)  400,0

0,0 0,0
1,00 =0,016
2,00 =0,030
3,00 =D,042
. 4,00 =0,032

5,00 ~0,061
6,00 =0,06%
7,00 =0,07é
. 8,00 =0,082
9,00 =D,088

10,00 -0,094
11,00 =-0,099
12,00 ~0.104
i3,00 =0,110
14,00 =0,115

13,00 =0.121
16,00 =0.127
ir,00 =0,133
18,00 =0,140
19,00 =0, 147

‘ 20,00 =0,15%%
| 21,00 =G.1é2
) . 22,00 =0.170
23,00  =C.L79
24,00 =G.188

[ 25,00  =0,197

i 26,00 =C.207

i 27,00 =0.217
28,00 ~G.228°
29,00 =0.,23%

| 30,00  =0,2%0
31,00 =0,262
32,00 =0,274
33,00 =0.287
34,00 =0, 300

35,00 =0,313
36,00 -0,327
37,00 =0,342
38,00 ~U.35%
39,00  =0.371

. 40,00  =0.36T
: 41,00 =0,403
i 42,00 =0.419
#3,00 ~0,436
44,00 =0,4%3

45,00 =0.471

i 46,00  =0,489
| 47,00 =0,508
! 48,00 =0,527
49,00 =0,547

30,00 =0,567
51,00 =0,98¢
52,00 -0,608
53,00 =0,629
54,00 =0,651

53,00 =0.612
56,00 =0,6%4
57,00 =0,716
8,00 ~0.739
59,00 =0,760

60,00 -0.782

Calculated
of SM1-24,
in %

00,0 60GG,0
0,0 0,0
-0,006 =0,003
-0,010 =0,00%
«0,011 =0,006
-0,012 =0,007
-0,012 =0.007
-0,012 =0.007.
=0,012 =G,008
-0,013 =~0,009
=C.014 =C,011
-0,016 =0.,013
0,019 =0.017
«0,023 =0.021
-0,028 =0.,027
-C,034 =0,033
-0,041 =0,041
-0,050 =0.049
«0,05%9 =0,058
~0.069 =0.068
~0,080 +0.079
-C.091 =0.090
-0 104 «D.102
0,116 =0.114
-0.130 =0,127
-G,143  =0,141
-C.157 -0.1%54
0,171 =0.16&
-0.18% =0.181
-0,199 =0.195
=0.214 =0.,209
0,228 =0.223
~G,242 =G.237
=0,255 =0.2%9]
-0.269 =0.266
-0,283 =0.280
~0.296 =0,294
-0.310 =0.308
-0,326 =0.322
-0,337  =0,338
~0,351 =C,351
-0,365 =0,365%
-0,37% ~=0.380
-0.394 =0,396
«(,409 =0,411
-0,425 =0,428
«0.481 =0.444
3,458 =0,462
=G,4T6 =0,480
-0,494 =0,498
-0,513 =0,517
-0,534 =0.537
-0,555 ~0.558
=0.576 =0.579
=0,599 =~0.601
0,622 =0.623
~0,645 =0,645
~U.668 =0,668
-0,6%1 =0,690
0,714 =0,712
-0,736 =0,733
=0,75%7 =0,753
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irradiation-induced radial dimensional changes
fast dose in n/cm?(E>0.18MeV) dimensional change

T00,0

0,0
=0,003
=0,007
=0,010
=-0,013

~0,016
-0,020
=-0,024
=0, 028
-0,033

=-0,039
=0,045
-0'052
=-0,060
=0,068

-0,077
=0,086
-0,096
-0,106
-0,117

-0|129
=~04141
=0.153
=0.166
=0.,17%

=0,192
=0,208
-0,220
-0,234
=0.248

=0,26%
~0,274
=0,293
-0,308
0,324

=0,339
=0,355
-0,371
=3, 388
-0, 408

=0,621
0433
=0.456
-0.474
=0, 493

=0.,511
=0.531
=0,550
-0,570
'Ul5ql

=5,612
«0;6233
'0'655
0,677
=0+699

«0.T22
0,744
=0,767
-3, 790
w(, 812

=0,835

TEMPERATURE (C)

800,0

0,0
~0,004
-0,009
-0,015%
-0,021

=0,028
=0,03&
-0,044
-0,053
-0.062

0,072
-0,082
-0'093
'01104
=0,116

~0,128
=0,141
-0.154
~G.167
-0.181

=0,195
=0,210
=0,224
-0,240
=0,255

=0,271
-0,287
-0,304
-0,321
=0,338

‘01356
-G.373
-0,392
=J,430
-2.429

=0448
=0,4568
-0, 487
=0,507
=-0.,528

=0.549
«0,5790
«0,591
=0,613
-Oe635

=0.657
~0,680
=0,703
=-0.,726
=0.750

-0,774
=0, 798
~0,822
-0.857
=0,872

'01897
~0,923
-0, 949
-0,876
-1,001

-1,027

900,0

Q,0
-0,006
-0,014
~0,023
-0,033

0,044
0,085
0,068
-0,082
0,096

=0,111
=0,126
=0,142
'0|159
=0,176

-0,194
'01212
=0,230
=0,269
=-0,269

-0,289
-01309
=0,329
=0,350
=0,371

-0,393
“0,415
-0,437
~0,459
-0, 482

~0,505
-0,529
=0,553
=0.571
-0,601

=0,626
-0,651
0,676
=0,702
-0.?28

=0,754
=0,780
-0,807
'0!334
~0,861

~0.889
-0,916
-0, %44
0,972
-1,001

=1,029
-1,058
~i,087
-1,117

=1,146

~1,176
«1,206
=1,236
~l,266
-1,297

=1,328

_.77.r

1000,90

0,0
-0,012
-0,02%
-0,039
-0, 055

-0,071
-0,089
=0,108
-0,128
-0,168

-0,170
-0,192
“0,215
-0,239%
~0,263

0,289
~0,314%
-0, 340
0,367
=-0,394

-0,422
-0,450
-0,479
-0,508
-0,537

-0.567
-0,597
-0,627
-0,658
-0,689

-0,720
-0,751
-0,783
=0,815
-0,887

-0,879
-0,912
0,946
-0,977
=1,010

-1,043
-1,076
-1,109
=1,143
~1,176

=-1,210
-1,243
-1,277
'11311
=1,343

=1,378
-1,412
-1,466
-1,480
-1,513

1,547
-1,580
-1,614
»1,647
~1,880

-1,713

1100,0

0,0
-0,026
-0,049
-0, 074
“0,101

-0,128
=0,1%6
-0,18%
=0,214
0,245

-0,276
-0,308
«0,340
-0, 374
=0, 408

=0,442
=-0,478
=0.514
=0,+350
-0.587

~0.625
=0,663
-0,701
-0, 740
-3,7T79%

=0,81%
-01859
=-0,899
=0,940
'0!950

=1l.021
-1.082
-1,103
=1l.144
-1,18%

=1,226

-1,267
-1,308

-1,349
=1.389

=-1,430
=1,470
=1:310
=1,550
-1,589

-1.628
=1.,667
~1.705
=-1.742
=-1,780

-1,816
-1,852
=-1.888
-1,923
-1,957

=1,990
-2,023
=2:054
-2,08%
=2,115

2,144

1200,0

0,0
=0,047
~0,094
-0,141
-0,187

=0,233
-0,278
=0,324
=0,310
=0,416

~0,462

=0 ,508 "

=0,55%5
~0,602
=0,630

=0,697
-0, T46
=0,794
-0,843
=0,893

-0,943
=0,993
=-1,043
-1.,094
wl 145

-1,196
=1,247
-1,299
=1,350
=-1.401

“1'“53
-1.504
=-1,5%3
=~1,605
=1,656

-1,705
“1,750

‘=1,803
'=1,851

-1.898

=1,944
-1,989
2,034
=-2,077
=2,11%

‘21159
'21199
-2,236
=2,273
=2,308

=2,341
=-2,373
=2,403
=2,431
-2,457

-2,482
-2,504
~-2,525
-2,563
-2,560

=2,575

i300,0

0,0
~0,087
'0.!70
=0s251
=-0,329

-0,4%05
{3,480
=0,533
-0,624
0,698

~0,783
=0,83%
=0, 902
~0,970
=-1,038

=1,106
=1,173
~1,260
=-1,307
-1|3T5

“l,441
~1.208
-1|?75

‘mlyb81

-1,708

=1,773
'11939
=1,903
-1,968
=2,031

=-2,093
=2,155
=-2,215%
-2,2T4
w2,332

-2,388
=2,442
-2,495
=2,54b
-2,594

=2,641
=2,0683
=2,126
=2,T65
=2+801

=2, 835
=2,863
-2,892
=2.917
2,938

=-2,9586
=2,9TL
=2,:983
=2:991
-2‘?9ﬁ

-2,958
-2,996
=2,992
=2, 984
-2,974

-21?60

1400,0

0,0
=0,146
-0|23‘
-0,416
=-0,542

(), 663
=0,780
=0,894
=1,004
=1.,112

=-1,218
-1,322
=1,423
'1|526
=1,627

=1,726
=1,823
=-1,922
=-2,019%9
=2,115

=2,209
=2,303
~2,395
=-2,486
=2+375

2,662
-2,747
=2,830
=2,911
-2,98%

-3,063
=3.135
-3,204
=3,269
~5,330

-3,387
=3,440
=-3,488
=3,532
~3,512

=3,607
-3,636
=3,861
=3,681
-3,696

3,705
~3,709
-3,709
-3,703
-3,691

'3t575
=3,654
=-3,628
-3,597
-3,562

3,322
=3,478
=3,430
~3,378
=-3,322

'3|263
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Table 4.4c Calculated irradiation-induced axial dimensional changes of
SM1-24, fast dose in n/cm2(E>0.18MeV) dimensional change
in %

FAST DOSE TEMPERATURE (C)
(1,£20) 400.0 500,0 600,0 700,0 400,0 00,0 1000,0 1100,0 1200,0 1300,0 1la00,0

0,0 0,0 0,0 ¢,0 0,0 0,0 0,0 0,0 00 0,0 G,y 0,0

1,00 =0,003 =-0,002 =0,001 =0,000 =0,002 =0,004 =~0,008 =0,023 =0,053% -0,086 =0,14b
2,00 -0,006 =0,00¢ =0,002 =0,000 =0,005 =0,010 =0,018 «=0,048 =0,10¢ =0,170 =0,Z83
3,00 =~0,009 =0,007 =-0,003 =~0,001 =0,008 =0,015 =~0,029 =0,0T72 =0,153% =~0,249 =0,412
4,00 =0,013 ~0,010 =0,005 =0,002 =0,011 «0,022 =~0,062 =0,098 =0,201 =~0.327 =p,53%

5,00 =0,017 =0,0i4 =~0,006 ~0,003 =0,014 =0,029 =0,0%6 =0,124 ~0,248 =0,401 =0,650
6,00 =0,021 =-0,017 =0,008 =0,0084 =0,018 =0,037 ~0,070 =0,13C =0,293 =0,474 =0,761
T,00 =0,026 =0.022 =0,010 =0,006 =0,021 =0,08% =0,085 =0,1T76 =0,337 =0,%43 =0,B&4
8,00 -0,032 =0,027 =0,013 =0,008 =0,025% =0,0%4 =0,101 =0,202 =0,379 =0,6l0 =-0,964
2,00 -0.03% =~-0,032 =-0,016 =0.010 =0,030 =0,063 =0,117 =0,229 =0,421 =D,676 =1,059

10,00 =~0,046 =0,038 =0,019 =0,013 =0,034 =0,072 ~0.134% =0,255 =0,462 =0,739 =~1,149
11,00 «0,058 =0,064 =0,023 0,017 =0,039 =0,081 =0,151 =0,282 =0,501 =0,800 =1,235
12,00 =0,062 =0,051 =0,028 =0,020 =0,044 =0,091 =0,168 =0,308 =0,540 =-0,860 =1,318
13,00 =0.071 =0.0%59 =0,033 =0,025 =0,0%0 =0,102 =0,186 =0,334 =0,578 =0,917 =1,397
i4,00 =0,081 -0.067 =0,039 =-0,030 =0,0%6 =0,112 =0,204 =0.361 <«0,615 =0,974 =1,473

15,00 =0,092 =0,07T5 =0,045 =0,03% =0,063 =0,123 =0,222 =-0,387 =0,652 =1,029 =1,546
16,00 =0,104 =0,085 =0,0%3 =0,041 =0,070 =0,13% =0,240 =0,413 0,688 =1,082 =1,617
17,00 =0,116 =0,094 =0,061 =0.048 =0,077 =0,147 =0,25% =0,440 =0,724 =-1,134 =],684
je,00 -0,128 =-0.105 =0,069 =0,035 «0,085 =0,159 =0,278 =0.466 =0,759 =1,185 =1,750
19,00 =0,162 0,114 =0,079 =0.063 =0,094 =0,172 =0,298 =0.492 =0,794 =1,234 1,813

20,00 -0,1% =0,128 =0,08% =0,072 =0,103 =~0,18% =~0,37 =0.318 =0,828 =1,282 =1,874
21,00 ~=0,171 =0.140 =0,100 =0.092 =0,113 =0,199 =0,337 =0.545 =0,862 =1.330 =1,932
22,00 -0,l86 =C.153 =0,112 =0,092 =0,123 =0,213 =~0,358 =0,572 =0,8%6 =1,373 =1,989%
£3,00 «0,201 =~0,167 =0,125 =0,103 =0,13%4 =0,227 =0,378 =~0,598 =0,929 ~1,420 =2,044
24,00 -0,218 =~G,18! =0.,138 =D.115 =0,146 =0,262 =0,399 =0,625 =0,962 =1,%64 =~2,096

22,00 -0.23% =0,196 =0.153 =0,127 =0,15%8 =0.,25%8 =0,421 =0.633 =0,993 =L1,207 =2,147
26,00 -0.252 =0.212 =-0,168 =0.141 =0.171 =0,274 =0,%443 =0,680 «1,028 ~=1l.249 =2,196
27,00 =0,270" =G.227 =0.184 =0,155 =0,185 =~0,291 =0,466 ~0.708 =1,061 ~1,%89 =2,242
28,Q0 -0,288 =0,244 =0,201 =0,170 =0,199 =0,308 =~0,489 =0,736 =1,093 =~1.629 =2,287
29,00 -0,307 =C.262 =0,219%9 =0.,187 =0,214 =0,326 =C,512 =0,765 =-1,125 =~1.b&88 =2,330

30,00 =0,326 =0,280 =0.238 =0.204 =0,229 =0.344 ~0,536 =0,794 =1,157 =1,705 =2,371
31.00 =0,346 ~0,298 =0.258 =0D,221 =0.245 =0,363 =-0,561 =0,823 =1,18% =1,742 =2,410
32,00 ~0.367 =0.,317 =0,273 =0.24C =0,262 =0,382 =0,586 =0.833 =1,220 =1.777 =2,447
33,00 -U.388 =0,337 =0,301 =0,z260 =0,279 =0,401 =~GC,613F =0,88B3 ~1,2%1 =1,8l2 =2,483
34,00 -0,40% =0,3%T =0,324 =~0.28%1 =0,297 +«0,421 =0,637 =0,913 =1,282 =l.b4d =2,515

35,00 -U,431 =0,378 =0,349y =0.302 =~0.316 =0,442 =0,66% =0,%944 =3,313 =1,878 =2,547
36,00 0,454 =0,400 =0.374 =0,325 =0.33¢ =0,462 =0,6%91 =0,975 =1,344 =1,909 =2,575
37,00 - =0,478 =0.421 =0,400 ~0,349 «0,354 =0,4B83 =0,718 =1.006 =1,374 =1,939% =«2,0602
38,00 ~0.503 =D.444 =0,427 =0,373 =0,374 =0,505 =0,746 =1.038 =1,403 =1,967 =2,627
39,00 =(.529 =0.467 =0,456 =0,399 =0,394 =0,5%26 =~0,774 =1.070 =1,432 =1,995 =2,649

40,00 ~0.556 =0.,990 =0,486 =-0,426 =0,415 =0,548 =0,802 =1,102 =1,461 =2,021 =2,669
41,00 -0,584 =~0.514¢ =0,516 =0,453 =0,437 =0,570 =0,831 =1.136 =~1,490 =2,046 =2,588
42,00 -0,613 =0,538 =~0.548 =~0,482 <=0,458 =0.592 «C,660 =1,366 =1,517 =2,U70 =~2,704
43,00 ~0,644 =0.562 =0,582 =0.511 =0,481 ~0,615 ~0,88% =1,198 =1,544 =2,092 =2,717
44.00 =0,67T7 =0.587 =0.616 =0.542 =0G,503 =0,637 «0.918 =1,231 ~-1,571 =2,ll¢ =-2,729

45,00 =0,712 =~0,612 =0.652 =0,5T4 =0,526 =0,660 =0,%48. =1,262 =-1,596 =2,133 =2,738
46,00 =0.T49 =0,638 =0,688 =0,606 =0,550 =0,683 «0,977 =1,294 =1,82] =2,L31 =2,744
47,00 =0,789 =0,664 =0.727 =0.640 =0,574 =0,706 =1,00T =1,325 =1,645 =2,168 =2,749
48.00 ~0.831 ~0.690 =0.766 =0.675 =0,598 =0,730 1,036 =1,3% =1,668 =2,183 =2,751
49,00 =0.816 =0.716 =0,806 =0.710 =0,623 =0,75% =1,0065 =-1,387 =1,691 =2,i96 =2,751

50,00 =0,924 ~0,742 =0,548 =0.,747 =0.649 =0,778 =1,095 =1,416 =1,712 =2,208 =2,750
: 51.00 ~0.9T6 =0.768 =~0,491 =0,785 =0.675 =0,802 =1,124 =1,445 =1,731 =2,218 ~2,745
; 92,00 =1,032 =0,79% =0,935 =0.523 =0,702 =0,827 =1,133 =1,473 =1,750 =2,221 =2,139
53,00 =1,09Z =0,822 =0,980 =0.863 =0,730 =0,852 =1,181 =1,500 =1,768 =2,234 =2,730
54,00 =1,157 =0,848 <«1,027 =0,904 =0,738 =0,878 =~1,210 «1.,525 =1,786 =2,239 =2,719

33.00 =1,228 <«0,R75 =1,074 <0.9385 =0,788 «0,20% ~1,239 =1,350 =1,799 =2,¢43 =2,707
36.00 =1,303 =0,901 ~1,123 =0,988 =0,819 =0,934 =1,267 =1,574 =1,812 =2,246 =2,692
57.00 -1,38% =0,%27 =1,172 =1.,03? =0,850 =-0,963 =1,296 =1,595 =~-1,825 =2,243 =2,67¢
58,00 =l,474 =0,953 =~1,223 =1,076 =0,884 =0,994 «1,324 =1,615 =~1,833 =2,%83 =2,637
39.00 =1,570 =0,¥?9 =1,274 =1,122 =~0,919 =-1,027 =-1,353 ~1,633 ~-1,843 =2,240 =2,637

80,00 -1,673 =1,005 =1,326 =~1,168 =0,9%% =1.,061 =~1,381 =1,630 ~1,830 =2,233 -2Z,61%
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Fig. 4.2 Assumed fast neutron-induced dimensional changes of
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Fig. 4.6(a) Variation of the flow gap during irradiation, comparison
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Fig. 4.6(b) Variation of the flow gap during irradiation, comparison
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Fig. 4.7(a) Variation of maximum temperatures of the fuel compact and
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Fig. 4.7(b) Variation of maximum temperatures of the fuel compact and
sleeve, axial location 0.50H
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Table 5.4 Results of bulk densityxneasurementéswz)
No. of Mean Value Standard

Grade Designation Samples (gms/ce.) Deviation Range

ATJ-1 (h&1) 12 1.784 +0.024 (1.731-
: (1.818

ATJ-2 X, Y& Z) 18 1.765 +0.114 (1.650-
- (2.162

B205 (&) . 10 1.518 +0.004 (1.514-
(1.526

CBR (r &) 12 1,710 +0.009 (1.696~
{(1.722

H205 (f & 1) 12 1.747 +0.060 (1.563~
(1.803

H249 (&) 9 1.876 +0.004 (1.871-
. (1.882

H359 () &.L) 8 1.740 +0.013 (1.725~
- (1.754

MHIM (1 &) 12 1.816 +0.042 (1.685-
‘ (1.836

PGX - (b &) 12 1.773 +0.020 (1.732-
. (1.793

TS-835 (X, Y & Z) 7 1.885 +0.060 (1.824-
(2.014
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ELONGATION (AR/% 103)

0 o™ '
0 100 200 300 400 500 600 700 800 900 1000

i
t _=22° o MEAN CTE x 106(°c~1)
0 TEMPERATURE, t (°C
? e (22-1000°C)

Fig. 5.2 Linear thermal expansion of PGX graph:.te, 1-C (LD and
1-E (/) (5-2)
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Fig. 5.3 Linear thermal expansion of B205 carbon, 1-D (1) and
1-E () (5=
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6. K JGEE A A A B O B A ARUE

%ﬁﬁ@&mﬁﬁ@%ﬁﬂ&bfm,ﬁﬂﬁﬁﬁﬁ*Vvh,ﬂ%ﬁ%%ﬂﬁ.&ﬁﬁmﬁﬁ
—Wﬁﬁéocném,BA:%X&%%HK&m6ﬂ5%%¢($ﬁﬁkbﬁﬁ)ﬁﬁﬁ$n
T de LirL, COBOHEORESLUHBRE, AERFERIIECENTS, TAAHHE
DieDEEBICE T H REFORBILS 50

wEN R REICE T, BOEEEEhN A3, HBBARRSLY Y FOREAREE LF
REERHTCORBHTHE, THbE, tYEGHARIBRL » tOEY, RHEfgetks
OBEELmMAT &, i, HEEHCES THEEEHEHAT LTH S,

cHoOMBAE LY, EAEO (F&LTGAR) HTGR MEHEDOHRT, LOkI7I
AR L - TEDOL ST Eo Y ADBESEE TN TRED, Ef, FASK2VTERLD
MBS EEEN T A2 RBE L

cofth, SR, EWEFRRFORHFEE LD

HEEAO KT EAD T 07 FOBARE ZRICONTOMEEEONEHIE%E Table
6 LICRT. BEEE LTEERERARENS 5o £ NENIKON TR AR & RS RS
O —% % Table 6.2, Table 6 3WKmT, choma v, 7 PORBCERINEZM DL
w2 iiF o —ma (671 (672) Table 6 41z, BT LREORET 0«28 T % Pig.
6 licid. o oBERS B AR BE HERIOMBENS 5L EEL oNT. HMEFTR
BED I ERETAFEEARNETS S,

ROEADT s FOFASETOEBOBICRIEE TS C L7, WEky - AB L0
K BREHFTOTEOREHTH S, NERRBELHEFBEOTHS . BEE, RN
ﬁﬁﬁ&%&qufﬁotgﬁ%%ﬁomgazmﬁﬁﬁ,mga3KEWM®¢E£m$
E%%?GC®ﬁ§®ﬁ%mf.$@ﬁk@:y~ab@%iﬁ&@ﬁ%%ﬁ%%ﬁ?é&ﬁﬂ
ZLETOLDTH S.

B4 1t 5 e
TURIEER 30~40 wt %
T &
AR/ AE X
M3 s b
B A 845276 mm
RO 58.,33,/420mm
m¥Ea 7 b # &SR Z
oA 2(0~25/12~51mm
PR EE 1.6~1.9 g cm®
EAET
RERE ~T700CLF
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BT R ~6x10%n/co (E>0.18 MeV)
115, GAHD HTGR O#FH TR, ¥ —AMOILERIEPRMIC K ZEE, @BEL LD
BEMD, BHES316x10n/cm® (E>018MeV) iLHFIRLTHA,
T PR & i R R TR EFIE Table 6 51CRT, ZASICHOTIIBE LR
OEERENEEL SN G,
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Table 6.4 Chemical composition of raw materals(é~1) (62

T RT AR EIIE, O. M. stansfied 5 DEBRI BV TELALRENBEHAROLDOTH S,

A)  BamRK

Fima— 2% =— Fara— 7% GP38
(*ya—50+200us.) (MWETIDEA <48 4Am)
B < 05ppm C 09.88 wt %

Ba < 05 # ‘ Fe 400 ppm

Mg< 05 ~ : A 100 ppm

S < 10 # - . Si 400ppm

Ti 2ppm ash =010 wt %

Vv 10 ~

Zr 60 ~

B) mi{tHokKF Technical grade (Commercial )B,C
(#v2—40+50, =50 +70, =70 +140US, 50~ 400 #m)

B 69  wt %

B,O; 1~3  »

C Bal. ”
_Fe 080

C) ®HEM (a-via—nvEyFHF, *v¥a-30us)

C 99.96 wt % Mn < 10ppm Mo 6 ppm
ash 0.07 Pb 60 ~ TN < 4
Si 40 # Ca 60 ~

Al 40 » | Fe 20 ~

Bi & Na 200 ~

Ti 4

- 117 -



JAERI-M 7415

Table 6.5 Design data of burnable poison rods and

reserve shutdown elements for HTGRS

Burnable poison rod

I ®*= K . ‘
T gy 25 A Summit F.5-V Peach Bottom
% H B, C+E5 B, C+32 B, C+2% F R
{ A A R ERE (R RS (R
& K 19g/em® |
For B | 077w 5w,/ 0 5w/ 0 1.1 kg 2 RIC
R
i AT s R hEE R R -
T B ' 8 mm ¢ 1 0mm®$x748mm | <123mm ¢ | 21.8mm®$x51.3mm
Reserve shutdown element
B2 W ¥ F:N
Summit F. S. V
F % &t B & # G o
w & | B,Cct+mEm B,C + 2 B, C + &8 B,C + B
(I 4% %) L BERE K i RS 55 1K e 4 4
O
FoviEe 3w/ 0 40w/ 0 20740 w0
¥ R BR 523 B B
= 7 10mm ¢ 12.25 mm ¢
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7. B & 3
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