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Analysis Method of Fractional Release of Cesium

from Fuel Elements cf HTTR
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This report describes an analytical model and parameters to evaluate the
fractional release of metallic fission product (cesium) during normal
operation of High Temperature Engineering Test Reactor (HTTR) .

The fractional releases, which are calculated by TRAFIC code, on the
basis of the present analytical mcdel and parameters show about ten times
larger than that measured in the sweep gas capsule irradiation test and the
0GL-1 fuel element irradiation test. Thus, the analytical model and the
parameters are concluded to be applicable to the evaluation of the cesium

release from the HTTR fuel element in the safety analysis.

Keywords: Fractiomal Release, HTTR, Metallic Fission Product, Cesium,
Sweep Gas Capsel Irradiation Test, OGL-1 Fuel Element

Irradiation Test
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Table 2.1 Diffusion Coefficient and Sorption Isotherm Data of Cs—137
Material Evaluated data Ref.
UDzkernel 6.75x10 "Cexp(-2.18x104/T} m%/s (3)
PyC layer 6.60x10 %exp(-2.38x104/T) m¥/s (3>
SiC layer 6.75x10 "2exp(-2.13x104/T) m®/s (3.11)
graphite sleeve 9.0 x10 fexp(-1.89x104/T) n¢/s (12)
e(E@ Z-7TReae~s T
compact matrix x 11130t 2 37388000 (13>
. +C(-1 37+36382 } &tﬂ!
(12 .5-23572@ 73
graphite sleeve x {0.6031 2 %F eI {14)
$CI1 REARIRESTY Y atm
T : Temperature (K)
C ¢ FP concentration on material (umole/g)
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Table 3.1 Result of 75F5A Capsule Irradiation Test (Cs—137)
Inner capsule T5FHA-1 ThF5A-2 THFHA-3 -
Inventory ; | (Ba) 2.4%10'° | 2.8%10'® | 2.8x10'®
Released activity : R (Bg) 1.1X10° 3.6%107 1.5%107
Fractional release ; FR 1.5X10°% 1.3x10°° 5.4X10°¢

Table 3.2 Configuration and Failure Fraction of Coated Fuel Particle

Inner capsule TSFH5A-1 T5FSA-2 T5F5A-3

Kernel diameter (pm) 617 505 507

Buffer thickness {um) 59.1 43.5 40.1

Inner PyC thickness (um) 29.4 26.7 30.3

SiC thicknes (um 28.5 26.8 29.0

Outer PyC thickness {um) 46.1 44.7 43.5
Through coating failure fraction at BOL 9.5%10°® 1.1X107°8 4.4X10°°
Through coating failure fraction at EOL | 5.0X107° 5.0X10 4 4.0X107*
SiC coating failure fraction at BOL 1.0X10°° 2.0X10°3 1.0X10°?

_._15(
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Table 3.3 Calculation Results of 76 F5A Capsule Irradiation Test (Cs—137)

Inner capusule T5FHA-1 THFDHA-2 T5F5A-3

Dy 5.0X10°* 5.0X1074 4.9)(‘10""

Dot 6.0X 1071 1.5X1073 6.4X10°*

FRuy 4.3X107! 8.7X107" 6.1X107

FFRes 1.1X107! 7.4X107! 2.8X10°!

FRi . 4.2X107° [.5X10°2 1.0X10°°

FR 3.2X10°¢ 1.7X10°7 5.3X10°¢

FRneasures 4.5X10°" 1.3X16°° 5.4X10°¢

Symhols are explained in eq. (3.3)

Table 3.4 Configuration of Coated Fuel Particle and Fuel Element {5th OGL—1)

inner diameter (cm) 0.80
Fuel compact outer diameter (cm) 2.40
tength Com) 3.60
inner diameter (cm) 2.42
outer diameter (cm) 3.00
Graphite sleeve

compact loading length (cm) 720

number of compact 20

Fuel Assembly number of sleeve 3
U0, kernel diameter (zem) 600

huffer layer thickness {m) 60

Coated fuel particle inner PyC tayer thickness (jem) 30
SiC layer thickness Cuem) 25

outer PyC layer lhickness (um) 45
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Table 3.5 Calculation Result of 5th OGL—1 Fuel Element
Irradiation Test (Cs—137)

beo 0~1.9X 1072
D 0~1.9X 1077
s 2.0% 102
FRu 3.7X 10!
FRe 11X 10
F R 7.0% 10" 1
fos 6.0X 107!
FR 9.9% 10-5~2.2X 10"
FRucesurea 2.2% 10"

Symbols are explained in egs. (3.3) and (3.4)
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Table A1.1 Diffusion Coefficient and Sorption Isotherm
Data of Ag—110m

Material Evaluated data o Ref,
Ungernelr B6.75x10 '"Cexp(-2.13x104/T) mg/s;~ {4)
PyC layer L2.O x107%exp(-1.97x104/T) m?/s (5)
~SiC layer 6.75x107 " Texp(-2.13x104/T) m?/s (4>
graphite sleeve 5.3 x107% exp(-3.18x104/T) mé/s {(6)

T : Temperature (K)
C ! FP concentration on material (umole/g)

Table A1.2 Diffusion Coefficient and Scorption I[sotherm
Data of Ba—140

Material Evaluaied data Ref.
UG, kernel 3.5 x10 " %exp(-4.92x104/T) m®/s D)
PyC layer 2.3 x10-%exp-2.37x10°/7) mé/s (&)
SiC layer 1.2 x10 %exp(-2.47x10%/T) m®/s {9)
graphite sleeve 1.06x1072 exp(-3.22x10%/T) m?/s (8)
e(E?.S-SCSBGfT)
compact matrix x 1150¢-¢& 9i-szi@ Tre (1g)
+C(-1.91+52?9rT)} ﬂtm

-t

e(@.dd-dEdEB/T)

graphite sleeve v {0, 12f-t.sTeansleT g (&)
+C("Z.57*559€’TJ} &tm

T : Tewperature (K)
¢ . FP concentration on material (umole/g)

4,26__
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T_ableA1.3 Result of 75F5A Capsule Irradiation Test (Ag—110m)
Inner capsule T5F5A- 1 75F5A-2 T5F5A-3
[nventory ; | (By) T.4X10° 4.8X10™ 2.7X107
Released activity ; R (By) 5.2X%10 3.7X10° 1.2X10°
Fractional release ; FR T.0X106°7 7.7X10°7? 4.5X10°3

Tahle A 1.4

Test {Ag—110m)

Calculation Results of 76 F5A Capsule Irradiation .

{nhner capusule ToF5A-1 T5FbA-2 TOF5A-3
D 5.0%10°¢ 5.0%X10°¢ 4.0X10°4

Do 6.0X10°¢ 1.5X10°3 6.4X10*
FR,. £.3X1077 | 8.6X1070 | 6.1X10°
FRa: 3.9%X107! 8.6Xx107! 6.0X10°!
FRint 2.0X10°2 2.9%107" 5.1%10°2
FR 2.1X10°7 2.9%107! 5,1X10°2
FRucusures 7.0X10°3 T.7X10°2 4.5%10° 2

Symbols are explained in eq. (3.3)
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Table A1.5 Result of 5th OGL—1 Fuel element Irradiation
Test (Ag—110m and Ba—140)

Nuclide Ag-110m Ba-140
Released activity 5 R (Bg) 2.1%107 3.0X 107
Fractional release ;, FR 2.0X10°? 2.4%X10°7

Tahle A1.6 Calculation Result of 5th OGL—1 Fue! Element -
Irradiation Test (Ag—110m and Ba-— 140}

Nuciide. Ag-110m Ba-140
Peco C~1.9X10"2
b 0~1.9%X10-%

b 2.0X 1072

F R 3.6X10°! 2.2% 1077
FR., 3.4X 107! 2.1%10°7

FR 2.4)(107"9 12102
fes 1.0 2.9%X10°°F
FR 3.2X10°° 1.1%10°"

~3.1X10"¢ ~3.6X10-7
FRucasured 2.0x10°% 2.4%10-7

Symbols are explained in egs. (3.3) and (3.4)
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