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SUMMARY

A DUPIC nuclear fuel is a newly developed fuel for CANDU
reactors based on the concept of refabrication of spent PWR fuel by a
dry process. Because a spent PWR fuel, a highly radioactive material,
1S used as a starting material, the experimental verification of a DUPIC
nuclear fuel fabrication requires an appropriate facility which satisfies
engineering requirements and guarantees safe operation.

DUPIC nuclear fuel development team modified M6 hot-cell in
IMEF to construct the dedicated facility called DFDFE for the
experiment. The team obtained the permission for IMEF modification
from the regulatory body on July of 1999, and have conducted
experiment since January of 2000 with spent PWR fuel.

According to the expanding IMEF utilization plan, the preliminary
hot-cell located underground of IMEF will be modified for verification
test of advanced spent fuel management process. Therefore, the safety
of IMEF has to be re—evaluated including the expanding utilization plan
to obtain the permission from the regulatory body for the construction,
modification, and operation of IMEF.

Environmental effects of DFDF have been investigated when DUPIC
nuclear fuel are fabricated with a maximum capacity of 50 kg U/yr. The
results of analysis of the environmental effects for evaluating the radiological
safety of DFDF facility have verified that both national regulation limit and

IMEF design criteria are satisfied.
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Layout of DUPIC Equipment at IMEF M6

21 End Plate Welder

L Sitting Machine . Peller Cleanar

Z. Oxidatian Furrace 12, Pellet Dryer 22, Bundle OC'Eguipment
3. OREQX Furnace 13. Peliet OC Eguipment 23 Bundle Cleaner

4. M 14 Peler Stack Aduster 24 Balance

5, Rol Compacior 19, Peller Leoading Machne 25, Material Storage

. Grapdlaxaoy © End Cap wWelder 26, Waste Storage

7. Nixer 17, Weld Blash Remover 27, Vacuum Cleansr

8. Compaction Press 18. Helum Leak Tester 28. Ventdation Filter

2. Sinering Surnace 9. 5/G-00A 292, Ventiation Quck

10, Centerless Grinder 20. Rod QC Eguipment
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Items Descriptions Specification
- Rod Array 14x14
- Rod Pitch (mm) 14.122
Fuel Assembly - Dimensions (cm) 19.712x19.712
- No. of Fuel Rods 179
- No. of Instrument/ 17
Guide Thimbles
- QOutside Diameter (mm) 10.72
— Inside Diameter (mm) 9.48
Fuel Rod
— Clad Material Zircaloy—4
- Length of Fuel Rod (cm) 385.7
- Material UO;, sintered
Pellet(fresh) - Enrichment 3.21 w/o of U-235

— Fuel Stack Length

365.76

Spent PWR Fuel
Composition

(ke/MTU)

- U-234

- U-235

- U-236

- U-238

- Pu-239

- Pu-240

- Pu-241

- Pu-242

- Fissile Pu
- Total Pu
- Total Fuel(kg)/Assembly

0.136
7.625
4211
941.39
5.305
2.229
1.320
0.556
6.624
9.410
374.9
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52 LaO; FHZ EAT o 59302 HAR, F2 La0, —@‘ﬂF/Hi/H &l
Aget DEAE o]FE oz LA Ay dAFZ YA ARIANEE
o] E¥ = dA(formation)¥} ©] % (migration)e FHAS AF dirre &

e} o] Fojxt Ao oA

SA4% A= M2 AR ol AL, dast A

Ao wel A& or WMEEtE YRIAYAE TR dAEE, 9953
44 SE& HAIIE O/MY], AR e ARERLEENE IAHE
22 79 gFEY 5% inclusion & €olof tEE I AFS oS53}
717F oA H A Hoth

HE AW Eo] QX ZAb(Grradiation)ol] olsl] = A FF&FS wH=d|,
o] = inclusion¥} LEAE FdA = A4 HAHS &olatA st A

43 7)o 93 gas bubbled] AL AFS A 7] wFEolt) o
T TAE9 columnar PAF G FHA A

equiazed YAFF G| ZF A3t LA vk T3 Am, Nd, Cm
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T T2 dn o7l Rol= AF&e] Stk Kr, Xe, I, Hy =2 7|4

il
rlo

¢} Ceot Nbel #Zeo]l O/MHlol wet 24d AstEs JAdste da
=2 mobilityE e AEAANAHESH o5 gas bubblel AF
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(equiaxed grain AFF )l F4E = ZAHAR o] &3t

o YA oot AdH = TEE e Ak
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Mg 12

Hyr
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(2) /It OREOX 3AAE A8 AE

Auth AECLolAM = 1992d A &4 Atst=dds £88 A%
A FHo=2 OREOX(oxidation-reduction of oxide fuel)S X735 2
m 19949 F Y EAA R st AFPS Esto] dATA AsEINds &
DAz 7hsAdS ATt OREOX 342 AFESddaE Atsl/3d
= 7 3 WRAoEN TR Ads A Az AgE &
Zohe= Wyolth

AECLZ OREOX &HoA9 TP ES] WEEAHS A3t 4
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wela] OREOX ¥4 53OS 2= noble gas ¥ A RESAAAE
(Cs, T, Te)®l 99 %7h w&stv], & L2 ARy, Mo)=e A3 Wk

E vlg o2 AECL2 OREOX #749 £dd mE 374
owo WEds A4 98 vEd 2 HHS AFESe] AtE itk
©999 %< H, 100 %2 C, Br, Kr, I ¥ Xe¢ 10 %< Se, Rb, Mo,
Tc, Ru, Ag, Te ¥ Cso] OREOX Aoz HE FTEHHT}

© 999 %2 H, 100 %2 C, Se, Br, Kr, Rb, Mo, Tc, Ru, Ag, Cd, Sh,
Te, I, Xe ® Cs©| 1,200 Co] AbstetAlo A ==t

¢ OREOX &4 % 1,200 T AtstdAANA 72t 05%<] Sr, Y, Zr,
Nb, Pd, Rh, Sn, Ba 3 &8uo]=(La £3H)7F 8 A FH
Z FEETh

¢ 0.1 %9 H, 100 %°] Se, Kr, Br, Rb, Sb, Te, I, Xe ¥ Cso|] 4~At
AelA B8 A =2 [tk

el AN EA] EEES REH QA D UC A dalAE
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A Bz ol B AdFE 49T ARnES HESI ok ?‘&D}.
AIROX &4 400 T~500 T2 AFAaE7]olM 23}, 600 T ~900
T FAaE7A 29, 1,800 T~2100 T2 SFLE]7NAH 22 T2
2 TAE o)y g vhgol webA ojn EAjstE AstEES o =2 A
e Zte AStER HATE SAdEn, AbstE R 2dd dAaEe A
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3E 35, A3t - A RoAM e AFTE =& H AAE
gy | Griont | Trapoing | Trooping | Trpping| FEPA | 3013017
& % | °°° | Tube | Unit | Unit | Unit | °° |gzozg
o) DF=10 | DF=10 | DF=100 | DF=1000 |DF=3000| ‘=&
H 100 - - - 107 - 10°
He 100 - - - - - 1
Br 100 - - - - - 1
Kr 100 = - - = — 1
I 60 - - 107 - - 6x10"
Xe 100 - - - - - 1
Ru 2 10" - - - | 3x10"| 6x107
Cs 2 107" - - - | 3x10"| 6x107
Tc 20 - - - - | 3x10"| 6x107
Cd - - - - - | 3x10™ -
Se 10 - - - - | 3x10"| 3x107”
Sb - - - - - | 3x10* -
Rb 5 107! - - - 3x10"| 15x10°
Te 10 - - - - | 3x10"| 3x107°
C 100 - - - - - 1
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#E 36 2ERAAY AFE FE& D AAE
sy g | Trappin | Trapping | Gradiont | HEPA | 10w
3 = o) Unit Unit Tube A% g 2 9]
DF=100 | DF=100 | DF=10 | DF=3000| T=%#
H _ _ _ _ B _
He - - - - - -
Br - - - - - -
Kr _ _ _ _ _ _
I 40 - 10 1 - 4x10”
Xe - - . 1 < -
Ru - - - 1 3x10" -
Cs 98 10 - 10" 3x107" | 2.94x1077
Tc = = - -~ 3x10* -
Cd 75 - - - 3x10* | 3x10™
Se 90 - = - 3x10* | 2.7x10™"
Sb 60 - - - 3x10* | 1.8x10™"
Rb 95 - - 10" 3x10* | 2.85x107°
Te 90 - - - 3x10* | 2.7x10™"
C — — — — _ _




¥ 37 A w7 ABoRe] A vEE
a = akat - i}%jiéﬂ ijiiﬁ Wiﬂgﬁ%
e e FE8 3

H 107 - 107
He 1 - 1
Br 1 - 1
Kr 1 - 1
I 6x10" 4x107 10
Xe 1 1 1
Ru 6x10°7 - 6x10°"
Cs 6x10 2.94x10 " 8.94x10 "
Tc 6x107° - 6x107°
Cd - 3x10* 3x10
Se 3x10°7° 2.7x10 " 3x10 "
Sh - 1.8x10™" 1.8x10™*
Rb 15%10° 2.85x107° 3x107°
Te 3x107° 2.7x10™ 3x10™
C 1 - 1
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DUP A< E3te] shubz ~do® wE9dth HEPA 28 = 0.3m 7 #A
of disl HA 99.97%9 AALES 7HA o A HEE iodine
of digk AAZLE] HA 99.75%°] t}.

auzAE g8 AARE &
g aelste] AE @k A WAES Bal EHE wslE 3w
HEPA €] % 19 S48 FeE AF w75t oo s nsgo
2 9o HEPA 9¥ 2 1we] 249 Aewe ueldh 1o /ol
uhel AdE BPo el WEFE E 39 et gl
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#E 3-8 FAsUHE FFE WUAte B A wriAlToRe] wEE
sl 2] WA (Ci/50-ke) 27 R
. ot | 71 AAE
B gagere | TR gy | v | 00T

A A = A A = (Ci/50-kg)
H-3 | 640E+00 1.36E+01 | 200E+01 | 1.O0E-03 | 2.00E-02
C-14 | 300E-02 615E-06 | 300E-02 | 1.00E+00 | 3.00E-02
Se-79 214E-02 | 214E-02 | 300E-04 | 64IE-06
Kr-85 2425402 | 242E+02 | 100E+00 | 242E+02
Rb-87 L12E-06 | 112E-06 | 300E-05 | 3.35E-11
Te-99 | 785E-06 690E-01 | 690E-01 | 600E-05 | 414E-05
Ru-106 323E+00 | 323E+00 | 600E-07 | 194E-06
Cd-113M 155E+00 | 155E+00 | 300E-04 | A65E-04
Te-125M | 7.85E-04 6A0E+00 | 640E+00 | 300E-04 | 192E-03
Sbh-125 | 321E-03 2.63E+01 | 263E+01 | 180E-04 | 473E-03
Sh-126 565E-03 | 565E-03 | 180E-04 | 102E-06
1-129 165E-03 | 165E-03 | 100E-02 | 165E-05
Cs-134 LOAE+02 | LOAE+02 | 8.94E-07 | 9.30E-05
Cs-135 222602 | 222E-02 | 894E-07 | 198E-08
Cs-137 400E+03 | 400E+03 | 894E-07 | 357E-03
7 2,425+02
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i 39 84 =¥

o= Hjj 7] 71]]%2?&9] HEPA ZE 7 &2 E %‘r%‘ o =29

W= =HCD) A& AA & W=7 Ch)
H-3 2.00E-02 2.00E-02
C-14 3.00E-02 3.00E-02
Se-79 6.41E-06 3.00E-04 1.92E-09
Kr-85 242E+02 242E+02
Rb-87 3.35E-11 3.00E-04 1.00E-14
Tc-99 4.14E-05 3.00E-04 1.24E-08
Ru-106 1.94E-06 3.00E-04 5.81E-10
Cd-113M 4.65E-04 3.00E-04 1.40E-07
Te-125M 1.92E-03 3.00E-04 5.76E-07
Sb-125 4.73E-03 3.00E-04 1.42E-06
Sb-126 1.02E-06 3.00E-04 3.05E-10
I-129 1.65E-05 2.50E-03 4.13E-08
Cs-134 9.30E-05 3.00E-04 2.79E-08
Cs-135 1.98E-08 3.00E-04 5.95E-12
Cs-137 3.57E-03 3.00E-04 1.07E-06
A 242E+02
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(4.8), (4.9), (4.10), (411)
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=5

5-1. AHEFRARS] B34

B39 (Ki/MTU)
Wzh7) 7k ()
PWR (4w/o0) CANDU
0.0 2,336 1,474
0.5 20.7 7.4
1.0 11.9 35
2.0 6.2 16
3.0 3.9 0.86
4.0 2.8 0.54
5.0 2.2 0.39
6.0 1.9 0.32
8.0 16 0.25
10.0 1.4 0.23
150 12 0.20
20.0 11 0.18
£ 7% AAR
1) PWR 40,000 MWD/MTU
2) CANDU © 7500 MWD/MTU
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=5

5-2. st A HEALd

. ;;ii% HEPA ] %}7] e
i) DF=1000 ()

H-3 2.00E-02 1.000E+00 2.00E-02
C-14 3.00E-02 1.000E+00 3.00E-02
Se-79 6.41E-06 3.000E-04 1.92E-09
Kr-85 2.42E+02 1.000E+00 2.42E+02
Tc-99 4.14E-05 3.000E-04 1.25E-08
Ru-106 1.94E-06 3.000E-04 5.82E-10
Cd-113M 4.65E-04 3.000E-04 1.40E-07
Te-125M 1.92E-03 3.000E-04 5.76E-07
Sb-125 473E-03 3.000E-04 1.42E-06
Sb-126 1.02E-06 3.000E-04 3.06E-10
1-129 1.65E-05 1.000E+00 1.65E-05
Cs-134 9.30E-05 3.000E-04 279E-08
Cs-135 1.98E-08 3.000E-04 5.94E-12
Cs-137 357E-03 3.000E-04 1.07E-06
Total 2.42E+02 2.42E+02

(2) w7 M shA)

w7l o] shAle] o)et FAFFES Frtsly] fEME WA dE F
Ag Ao YA HS Fallor gk ey st iy A A g A 2
HEPA ZEo| 9& 4% 4Ed PAALE - Ao w7
Ao w7l FA4 o] = WA kg o

b RAERE ol
webd w7 Al sl o F WAl WEL WEw
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_H
X,
(il
X,
1o
0,
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Fumigation 2713} A9 x/Q %kel nonfumigation ZZ3lelA2e] x/Q
Hup 2 Aol Aba BAS 307 ol AFdFAT A de x/Q
fumigation Zz71stl A9l x/Q & A &3k

AFILA] 2A12F ol el WEEE WA E ] o7 FRle ¥ ZE ] e
ALtS $18l AFEetE x/Q #2 oA T3 HolaTY x/Q #I 5%
A4 x/Q #FlA 2 #s 483

2 AZE o] F o 7| gakl A= mlw AAE A D3] AR 1111
of web AR A7) A7) Akl x gkt 2 AlzE o7 gkl A gk s WA et
of A AFgkt

B HrldAds vm dAEFAAAE] FAAF 11450 wEk ApE e
PAVAN HArZ2ass ARg&sto] @77l aiats AlLtsslon W
EAAFY AGEHE LdstAdth 7)dAE = 20029 197 stuE 7]
Aol S48 e AREstaith WEE HA Y x/Q e Ze gl
st o 7] g4k1IA gk S ZF2F nonfumigation 3=
FAFAAH(%/Q)g95), fumigation A ATE 7] A4k AH(x
/Q)) B EE W3] g o) 7] SARIFH(x/Q)gs) ol tHE 3E 5-30 HHE

¥ 5-39 YEY A= wEel 2 o] nonfumigation ZA st A el A4S

o) 7] EHAkel 2pgho]  fumigation F7etoll A o] A o 7] kel A gk

ojuf E= Wl thek tirjgakdag B ¥ 2 Ao yEiyty uhel
A 0~2A1ZF Abol o] 7] A1 ke At 7] gakelA gk H ok

S zb= W wEE 400 m A Aol A9 kel 1.38x107%8 A&t}
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%53 Abn A )71 shEeLA
(49 : sec/m')

W E A Y (m) (X/Q)g9s (x/Q)s (x/Q)gs
S 700 756x10" 560x10"*

SSW 800 3.17x10™" 1.83x10™"

SW 1000 1.03x107° 2.70x10*

WSW | 700 6.30x10 " 560x10"*

W 400 1.38x10°* 1.43x107°

WNW | 400 867x107° 1.43x10™

NW 700 2.27x10°° 560x10"*

NNW | 600 4.56%10 7.24x10™

N 700 5.47x107 5.60x10™ 5.01x10”
NNE 700 6.34x10 " 5.60x10"*

NE 900 2.78x107° 3.68x10™"

ENE 800 2.92x10™* 1.74x10™"

E 300 859x107° 2.37x10

ESE 300 6.13x10 2.24x10™

SE 300 7.84x107° 2.30x10™"

SSE 800 1.53x10 3.88x10™"

QIR ATFL F&A VA dElAT et I E k= Jfdo] A xS

of FetelAl HAJE HAAYAS FAd U= 7FA ofdl ALkst
= B3k uktE o] WALAL & (semi-infinite hemi-spherical cloud)d FE+
ArLslE A Ao A o] WAbs s WA S A4

ol Hdl Axd sz 7P n. Fofxl V|3Est Avkadel &%k 7jQl



(5.28)

D,, = 102 x x/Q x3.17x10 % xSNDCF,;; * Q)

o] 71 A,

A% (mrem)
D Ak = (pCi/Ch)

1012

12}F(sec/m’)

Sl

3LA
=

12} (yr/sec)

24

<

3.17x10°% :

ol

o

DCF p;

(mrem-m’/pCi-yr)

)
o)

(5.29)

Dy = 10% x 2/Q x B x 3(DCFy; x Q)

z

o171 A,

2 (mrem)

L de

Dy,

o gk #E (pCi/Ci)

10 12

12} (sec/m’)

kel

3kA
=

713t &oke] 7]

2 A= (mrem/pCi-inhaled)
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fol

oo
el

AEEIEER

&5 (m'/sec)

0 ~ 8 hrs
8 ~ 24 hrs

1 ~ 30 days

3.47 x 10
175 x 10

232 x 10

Abarel] o)gk FFe HIFR Ay SAW AV Mg 2 dFE VA=

LUEbstr st skl whE Hoiil o) Fu 5]

A2 47 & 55 3 560 WEby lvk Abateld Ak WHatade] 7l
=

AN DA o] A 7= A (H el 1/100)

(o3

=zl w
RS S

# 5-5. Ay Al WrEE WA =2l

S s Q] 53] 2 g4kl =} Faxe
o (Ci) (mSv/sec PER pCi/m’) (mSv)
Kr-85 2.42E+02 4.403E-15 147E-02
Total 2.42E+02 1.47E-02
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% 56 s shAA WEE WA RG] od TN
\
faam | 094
_ N S B} FA |
‘ WA kA =} _ fFaAlwk
3 ) ) A1 =} A7) 57 =
(C1) (mSv/pCi- . (mSv)
inhaled) (mSv/pCi- (mSv)
in
ae inhaled)

H-3 2.00E-02 6.660E-10 6.660E-10 6.38E-05 6.38E-05
C-14 3.00E-02 2.290E-10 2.290E-10 3.29E-05 3.29E-05
Se-79 1.92E-09 4.070E-08 1.410E-08 3. 75E-10 1.30E-10
Tc-99 1.24E-08 1.480E-07 8.830E-09 8.80E-09 5.28E-10

Ru-106 5.82E-10 1.040E-06 9.990E-08 2.90E-09 2.78E-10
Cd-113M | 1.40E-07 4.970E-08 3.32E-08
Te-125M | b5.76E-07 5.840E-10 1.310E-09 1.61E-09 3.61E-09
Sh-125 1.42E-06 1.780E-07 2.040E-08 1.21E-06 1.39E-07
Sbhb-126 3.06E-10 1.040E-07 1.330E-08 1.52E-10 1.95E-11
1-129 1.65E-05 3.550E-06 7.030E-05 2.80E-04 5.55E-03
Cs-134 2. 79E-08 2.440E-07 2.330E-07 3.26E-08 3.11E-08
Cs-135 5.94E-12 5.990E-08 1.70E-12
Cs—137 1.07E-06 1.700E-07 1.630E-07 8. 72E-07 8.36E-07
Total 5.00E-02 3. 9E-04 5.65E-03
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12

R

g W Frded (Cifyr)

9 u] 3
IMEF DFDF

H-3 2.80E+ 00 2.00E-02
C-14 3.00E-02
Se-79 6.41E-06
Kr-85 4.73E+02 2.42E+02
Sr-89 6.92E+ 02
Sr-90 2.38E+ 02
Y-91 1.02E+ 03
Zr-95 1.65E+03
Nb-95 7.25E+02
Mo-93
Tc-99 1.04E-04
Ru-103 7.79E+ 02
Ru-106 1.44E+ 03 1.94E-06
Cd-109
Cd-113M 4.65E-04
Cd-115M
Te-125M 1.92E-03
Te-127
Te-127M
Te-129
Te-129M
Sbhb-124
Sb-125 2.16E+01 7.89E-03
Sb-126 1.70E-06
Sb-126M
[-129 1.65E-05
[-131 2.34E+01
Cs-134 7.68E+02 9.30E-05
Cs-135 1.98E-08
Cs-137 3.46E+ 02 3.57E-03
Ce-144 2.77E+03
Al 1.09E+ 04 2.42E+02 IMEF<] 2%
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=5

6-2. 3t

ol

WEE v

&7 W= (Cilyr)

3% Al
IMEF DFDF
H-3 2.80E+00 2.00E-02
C-14 3.00E-02
Se-79 1.92E-09
Kr-85 4.713E+02 2.42E+02
Sr-89 6.24E-05
Sr-90 2.13E-05
Y-91 9.15E-05
Zr-95 1.49E-04
Nb-95 6.51E-05
Mo-93
Tc-99 1.24E-08
Ru-103 7.02E-05
Ru-106 1.29E-04 5.81E-10
Cd-109
Cd-113M 1.40E-07
Cd-115M
Te-125M 5. 716E-07
Te-127
Te-127TM
Te-129
Te-129M
Sh-124
Sh-125 1.95E-06 1.42E-06
Sh-126 3.05E-10
Sh-126M
1-129 4.13E-08
[-131 1.17E-03
Cs-134 6.90E-05 2.79E-08
Cs—-135 5.95E-12
Cs—137 3.12E-05 1.07E-06
Ce-144 2.49E-04
A 4.716E+02 2.42E+02 Kre] <dake] 99%
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o] ¢, DUPIC dsAzx ¥ FA7|&=/%, KAERI/RR-2034/
2001, 2002

W 2], DUPIC I dsAAd 7]&E7Y, KAERI/RR-2221/2001,
2002

277 ¢, DUPIC iz Az24d e wr1a2e 7% ook
A 54 KAERI/TR-1643/2000

o535 ¢, AIROX &4ol o3 AeFada
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Fol AT, nFURAEE} 9 pavEg g 9
g FHEN 9 ZTAg ANARA, B2 X, KAERI/NSC-397/89,

1989

Oak Ridge National Laboratory, QAD-CG A Point Kernel Code
for Neutron and Gamma-Ray Shielding Calculations, 1977
oA A4, hEAATEAAZ o] S FFF 7FE LA, 1986
St AR E AT A&, HEAATE A TARIA (A1 449 AL
AAHAIA), KAERI/TR-322/92, 1994

S AdASFAIAL AHdAE APty A AR E D
A, 1995

J.D. Sullivan and D.S. Cox, AECL's Progress in Developing the
DUPIC Fuel Fabrication Process, AECL Chalk River Laboratories
=7l B g X B E (F), HEPA FILTER TEST 23}, 2000
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