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SUMMARY

In order to investigate the release kinetics of Kr—85 fission gas
during DUPIC fuel fabrication process using spent fuel materials, the
test equipment and its procedure was developed. The purpose of this
test involves the measurement of Kr—85 released during OREOX
process in DUPIC fuel fabrication as well as the analysis of fission—
gas release kinetics with the variation of fuel fabrication conditions.
Gas monitoring system installed inside glove box was located at
out—cell of DFDF(DUPIC Fuel Fabrication Facility) at which OREOX
and tube furnaces have already installed inside hot cell. The use of
glove box i1s aimed for preventing a gas release from sampling gas
line under negative pressure. Based on the allowable discharge
concentration of Kr—85 to environment and the preliminary analysis
assuming total released amount a year, environmental impact

according to Kr—85 measuring test would be minimal.
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3. AIE &A 74

7t. OREOX 33 Z2HY WEH+= Kr—85 AFSA H7 A¥

(1) OREOX ¥4

= A9 A % AE dAas ddr 44 Ax 7leviE ZokelA
T3 MOP (Manufacturing and Operating Procedure) —400, 500 A%
Aol sk, ol HAH 1, 2, 3, 4% Zoh

B OP-001 : A3tk A-AGMCEH D

B MOP-400 : OREOX Process(#3 2)

W OP-002 : 2t3sh3kd® wi7]A A2 dA] &4 A (83 3)

B MOP-500 : Off—gas Treatment System for OREOX Process

(HH 4

(2) Kr—85 =% Alg A

OREOX 4o &% H WEH:= T8 HREIAYHES MOP-500°] A
AlE wkel o] Off—-gas treatment system®A] tfF-2 A A=W, Kr—85
= =g FEAVIAelER R AAEClM AAEA kev whebA
Off —gas treatment system< %33 7] A Wel= o F
st}

Fig. 12 Ald54 7 9 U F3st7] fleto] IMEF M6a StAle] A
2]¥ OREOX 7F¥® 9 tube furnaceZHE WEI+= vj7|A 5% 0|H,
Kr—85 542 {1t 7[Al 3555 Aol BojFa Sty webA Fig. 19
A dERd mkel o] MiB @, @F ol&3ste] OREOX &4 9 tube

H

F Kr—85%ko] &xj

[e)
FE HE% Kr—-85 7[AlsEE 39 #
T3tk WA Tube furnace Z4-E
T2 AXxT Haert glon, Kr—85

FHE 5 dES TSR

furnace® °] &3t APy Ao R
1



TE2T Il 3E2H BEEORI RElo 902U 34N & &E XOMIO T Bid

MEX N @B
S G8-14 2g

[180-1NO 10109194

@%W Wi
® ‘e
hm_s%m

BY Y 2R
sed-10

Ie|qgng

ERZAACL
seb-}0

T L L R R R X R T Y



@ Kr—

85 4 AFFA AFA = 8 AR

A 59 wi7]Al 2kl Out—cellod] AX ¥ Fig. 19 Kr—85 =%
AN2'|(D 3 A9 2E 74 2e& Out—cell BTz 714
TS WAE7] flekel AT o)F-oF ¢ Apdsio)
A 213} Kr—85 FAHAAAZ FYdH+= 7|Agel, A= =
Bk~ (Fig. 2 ) dlel fAIstojoF stH, s =BdA Yi= 9

B2 AARAE BAS] Aol RekE AT

Hﬂ
u: X

Y] F7F A= glom, OREOX +4 42 tube furnace®
He w71 AlE ZIAERl S F5ke] VAR R fdEH = d,

)
A ehel B PN Kr-85 ZHAAROR AEY AR A

@ Kr—85 =74 A2 7/HQ

2 =4 AA"e] meElyg ¢ Jodine & Gas Monitoring System3
RGM~— 02HR (A Z3]A} : RTS, RADOS Tech. Srl., ol&g2])
B A AEE SAS R sk 7| A7F AH QA A" A Marinelli

FHe] For v B E AFHoR sEHA ' e 93

st AE71E ol &ste] V1A sEE SAST VA FFE AT FFA
(Mass flow meter) & ©] oé‘PO% s A9 £ 54 e Ay
AEZE o] gdte] FFS 2AFET Hol oy B AdA = A4y
£ o]g3dte] VAE FIFEEE HEZE AMEEHA & I FES 1

2 54 eu

EYUHE AXRE A% SAS o v A ERZvE URE o] &9
oh (7t BAbsS MBo/m’© % $#A]). LPU(Local Processing Unit)
£ o] &35to] Hole FA, Alad 24, HolH dF o T
Detector chamberelli= 17 X 0.57 Nal(T) crystal % 3=
photo—multiplier FHX.7} 3t}

Detectori= 316 cc AHJIH A AEH Marinelli FE vessel?t A4
o] 3 F7= 1 mmoltt. Lead F7= 5 cm©|t},

RGM—-02HR-> Integral Nal(TIl)/PM/electronics ©JA1H.2]E A}-&-3}
w 2o F3skAl BA (calibration) ©] 7Fs3tth MCA 71715 AR
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sto] S EE WA 7R 3% o4l /749 ROI(Region Of
Interest) & AAE 4= Qa wa W& Woo|xo HHzts H &
At AA(FLE F9) Y net arears WAL 2 SHE v% 54 HIY
E 7217171 $18ke] background® R sk d AF A€

— Chamber+= Z A3t A fAS AFgslo] HASS S, “Marinelli

1_;
O:

response"$} 7 Point—source response"Ato]2] A #AES A A

il point sourceE chamber & FHo Yol A&t o Tst
Al = o3l
— uf AMEH Atk o529 dHolHE A st

574 @t 9l Az
T vt ks wE 8l SANE Ak A FE(MBa/m?)
AEG AT Y 5 54

— High range unite= B3 Zo] F+44 5o 3t
316 m¢ Fuo] Ay A9 QA Marlnelli 2] vessel 2 374
o] FAFH/ET, A¥lA)S 7K high range measuring
chamber
AE PMTeF A9 37 (voltage divider) S 7} 17 X0.57
Nal(Tl) high range detector, %< WAFsS] Am—241 A¢o] QHA
52 sshe] A,
[Integral electronics
— High voltage supply : 50~ 1,200 V, &AXEQo]Z A4
— Pre. amplifier @ Direct anode coupling 1 s decay constant
— Amplifier : Coarse gain(X1...X4), Pluse shape (Bipolar)
-ADC
— Conversion gain : 1024 Channels
— A 99 51272048 Channels, A2XE9ojzZ XA
-Acquisition memory
— Counts/Channel : 4,000,000,000
- A% 59 16 X 1024
-Accuracy @ =< 10%
- A9 s : Xe-133, 10° Ba/m’
— Background : 0.2 xSv/hr
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@ Kr—

- WEY/EH A AL F A 2 ks

cm 77 @xkd 57
% : 0 T30 L/min
85 4 Al +4

srBEAYes Sl YRR RE S VA, e, &57], A%
FA, 2EQlel s A" Marinelli vessel, #&7], #lo]/dlo]E A
Al2~®' 3t interface Alol& so] o, Aol FASEE
oA (At : — 100mmaq. =74 7Fs)7F AAH o] 3t}
FEEMAY Kr-85 A4S 9% 714 £5%% Fig. 33 2th
lodine & gas monitoring system= Kr—85 =7 H Q3 HZ o
gRelnks FElate] FRBHAYC] AXA3Elth Fig. 39 #&40]
A 7]A gkl SEHY A Kr—-85 54 AlAaglze] A4 =5
== Yehfa Qa, Vessel (316 co)e 33 & tha] gl 59
7] AFoZ FYEnt. Vessel W 714 249l A HE flaiA= Ve 8
Bl &t 7IAE F{gtet

Fig. 4, 5% Kr—85 &4 & Z2HutA 43 Apxlgolt. 4 FE55
By, s28drA gl ukbas ffie] AXd AE7], 714 el Wr, &
=7], interface Al°o]E, ¢EHA0)A Fo|t}. Fig. 4 oA H+= wvlel &
o], ¢ A HEHI SEBEEAE go|x ddEo| 9lu, vo|=x
el B 712 #@lo] &of lo] F=E VA= FAEHA O}%E}.
Fig. 6& 4 87]A% 754 22Butay 2ok 452 by

+ H °F 40 mmaq.8] F¢ol A8 SRaEAY ] VA gRlA +A
o] dojutrEt: EE 7IA= A R E Fd9n web A A
ﬂM1% 198 Fwsttha & 4 QUvh Fig. 7 Kr—859] Algte] w

o]
2%
£ ¥R WEE 92T & 9 YUY 9 5w S A5

ok

i

Y. AlE3AARE o]83 Adgyg P47 AFx FAZAY WE Kr-85
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O A /AL : Fig. 1 #=x

— AAFTE 7}Y9Sl= tube furnace, 71A FEEel, wir)AYg RS54 E
A7 (HEPA ZH, Balston ¥H), A& 59 <344 dF 4S5 9

st A& (TGT), BubblerZ 4= o] St} Bubblerg 5 ¥3t wj7] 4|
+ OREOX 374 wix7bA 2 Kr—85%te] EA8te Kr—85 4 AlX
Hoz m7d 25S AFAACEE O, @ AFHE) AlZte] W& Kr-85
e BAET oy dAAdgzRE WEHE s S FF
of tut A ERW I AXEHo glom npd HE7 = AA
T FEES FASEE AT dd 9

g5 gstel A AXsgon], AARY A3

@ Tube furnace : Fig. 8 =%

m
— UF Z7] : 200x200%x430 mm?, F A7] : 460x520%X690 mm®
— Ad 220V, &, 15 kW, AR&=% : 1800 T, Ha=% : 1900 C
— WA : Super kanthal, &2 @ Ceramic board ¥ 1|3}

— 9171 chamber : i+%E dFHY FH(99.9 %) ¢ 60 X1000 mm

W Ao]7]

— Program digital PID controller : REN P—250
— SCR unit 220V/150A(4.20mA)
— Digital V/A meter

— Thermocouple B Type, Oven—temperature controller
— Transformer 150A/200A

Gas flow meter : 1 = 3 L/min
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— W71A Zo g uHA AAS 95l HEPA ZEFS Balston JE S
ARg-3th HEPA FEE 2949 3% ZE (IS 0.3 m LA,
99.97 % AAEE ] . 1% F¥E 327 80 mm(L) X 50
mm (W) X 100 mmID)ola d+, &7 S 1/2 X unions ©] &3}
o AFetdct. dEHEALS FUNFF MM¢! 4<% 9.5 mmAqe]t}.

[e]
HEPAZ A% Fo+&= Balston =S XA Hr}.

i
o
oo
o
o

e
—
O

@ 7tA~FF A=
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OREOX PROCESS

1. PURPOSE

This procedure describes the methods used to convert the declad spent PWR fuel into a ceramic fine

POWEL.

2.SCOPE

This procedure applies to the process used by DUPIC Manufacturing & Process Development Section
to manufacture a ceramic fine powder, suitable for refabrication into the DUPIC fuel pellets, from the

declad spent PWR fuel. This procedure is to be used by DUPIC Fabrication Engineers.

3. DEFINITIONS

OREOX: Oxidation and Reduction of Oxide fuels

OREOX process: A dry thermal process which involves subjecting the spent PWR fuel to successive
oxidizing and reducing cycles to break it down to a ceramic grade powder suitable
for refabrication into DUPIC fuel pellets.

Work Sheet: Records that accompany the process materials throughout the various stages of

fabrication. Essential data is recorded during fabrication processes.

4. RESPONSIBILITY

The Fabrication supervisor is responsible for defining process parameters (e:g., operations to be used,
batch size, component masses involved, specified densities) and ensuring that all work meet QA
requirements. The Fabrication Engineers are responsible for carrying out the process and recording the

Work Sheet in accordance with this procedure and the fabrication supervisor’s direction.

5. RELATED DOCUMENTS

Lindberg Box Furnace Manual (Serial No. 969985)
MOP-500 : Operating Procedure of Off-Gas Treatment System for OREOX Process

6. EQUIPMENT

The main equipment are as follows.
e OREOX furnace
e  Off-gas treatment system for OREOX process

Their location is shown in Appendix I.
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7. PREREQUISITES

The sufficient number of gas cylinders (gas pressure: above 100 kg/cm?) must be prepared to supply air,
Argon gas, Argon/4%H; gas, and Argon/2%0; gas in OREOX furnace without shortage during operation.

The total pressure of each cylinder must be recorded on Work Sheet prior to operation.

It must be checked that off-gas treatment system is working properly according to the Operating
Procedure of Off-Gas Treatment System(MOP-500)

It must be confirmed that the temperature program of OREOX furnace is set up correctly.

The balance must be readable to at least 0.01g.

8. HAZARDS AND PRECAUTIONS

The Procedure of Radiological Safety Control (by Department of Radiological Safety Control) must be
applied to protect persons working at operating area of DFDF.

If the other work in hot cell is performed with the operation of OREOX process at the same time, any

interruption must be avoided between them.

‘9. PROCEDURES

. Tumn on “Main Power” of control panel.
. Record the pressure of each gas cylinder. (e.g. Air, Argon gas, Argon/4%H, gas, Argon/2%Q; gas)
. Tum on furnace controller.

. Confirm that the furnace is at room temperature.

w»m bW N e

. Confirm that the program of furnace controller is coincided with the temperature program of
Appendix II. |

6. Confirm that thermocouple, gas-flow line and off-gas treatment system is properly connected with
the OREOX furnace.

7. Start the off-gas treatment system in accordance with the Procedure of Off-Gas Treatment System
for OREOX process (MOP-500) and confirm that the system is properly operated.

8. Weigh the tray(A), and pour the PWR fuel into the tray.

9. Weigh both the tray and PWR fuel(B)

10. Determine the weight of PWR fuel in the tray(B-A).

11. Open the OREOX furnace door.

12, Place the tray in the furnace.

13. Close the OREOX furnace door.

14. Supply atmosphere gas with 20 psi(1.4 bar) to furnace in accordance with the Table 1 of Appendix
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Ii
15. Check the valve of the off gas treatment system.
16. Start the program of furnace.
17. Change the atmosphere gas and gas flow in accordance with the Table 1. of Appendix II.
18. Monitor the gas flow meter and the bubbler to ensure that the gas-flow line is not becoming

plugged.

WARNING
If the gas-flow line is plugged (the gas flow meter indicates near “0” and no bubble is in the
bubbler), stop the operation. and follow the Procedure 9.4 (When the Gas Flow Line is Plugged) of Off-
Gas Treatment System for OREOX Process (MOP-500).

19. Wait until the furnace temperature reaches to 80 °C after finish of the temperature control program.

20. At the furnace temperature of 80 °C, start the program of furnace for the passivation step.

21. Undergo a passivation in Argon/2% O, gas with the flow of 2 L/min for 4 hour.

22. After the finish of the temperature program is finished, close the Argon/2%0, gas cylinder and
supply Argon gas with the flow of 2 L/min. until the furnace temperature reaches to room
temperature.

23. When the furnace is at room temperature, close the Argon gas cylinder.

24. Turn off the power to off-gas treatment system.

25. Record the pressure of each gas cylinder.

26. Open the furnace door and pull out the tray powder.

27. Transfer the tray with OREOXed powder to balance very carefully.

28. Weigh the tray loaded with OREOXed powder. _

29. Sample the OREOXed powder for the characterization, if necessary.

10. ACTIONS ON ABNORMAL SITUATION

If abnormal situation occurs, operator must notice it to the fabrication supervisor first of all and

follow in supervisor’s direction.

11. ATTACHMENTS
Appendix [ Lay-out of Equipments in DFDF
Appendix II Operating Condition of OREOX Process
Appendix III Work Sheet for OREOX Process
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Lay-out of Equipment in DFDF

Appendix I
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Appendix 11

Operating Condition of OREOX Process

Temp.
< Program No. | —_  p4qProgramNo. 2
700T
500T
450 /
80T \
2 3 4 7 8 9 1011 12 13 14 15
Step
Fig. 1 Temperature Program of OREOX Furnace
Table 1. Operating Condition of Each Step
Step State Condition Atmosphere Gas Flow Remarks
1 Heating 4 °C/min Argon 1 L/min
2 Dwell 500°C, 2 hr Air 5.5 L/min
3 Heating 4 °C/min Argon 1 L/min
4 Dwell 700°C, 7 hr Argon/4%H, 13 L/min
5 Cooling 4 °C/min Argon 1 L/min
6 Dwell 450 °C, 2 hr Air 5.5 L/min
7 Heating 4 °C/min Argon 1 L/min
8 Dwell 700°C, 7 hr Argon/4%H, 13 L/min
9 Cooling 4 °C/min Argon 1 L/min
10 Dwell 450°C, 2 hr Air 5.5 L/min
11 Heating 4 °C/min Argon 1 L/min
12 Dwell 700°C, 7 hr Argon/4%H, 13 L/min
13 Cooling 4 °C/min Argon 2 L/min
14 Dwell 80°C,4 hr Argon/2%0, 2 L/min
15 Cooling 4 °C/min Argon 2 L/min
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Appendix III

MOP-400 OREOX Process

Work Sheet for OREOX Process

CAMPAIGN
Work serial No. Batch/Lot I.D. No.
Operator Date
Source of Material
Mass of Input I Mass of Output I
Remarks
Equipment OREOX furnace, Off-gas treatment system, Electronic Balance
Program No. Maximum Temp. 700 °C
Gas supply pressure 20 psig
Air flow rate 5.5 L/min Argon flow 1.0 L/min
Argon+4%H, flow 13.0 L/min Argon+2%Q0, flow 2.0 L/min
Remarks
Gas cylinder pressure Start Final Comment
Argon
Air
Argon+4%H,
Argont+2%0,
1. Preliminary Check
No. Check Item Confirm Remarks
1 | System is correctly connected ?
2 | Control panel power has no problem ?
3 | Gas line has no problem ?
4 | Gas pressure is suitable for gas supply ?
5 | Off-gas treatment system is normally operated ?
6 | Temperature control program is correctly set-up ?
2. Operating Procedure
No. Operating Action Confirm | Remarks

Turn on “Main Power” of control panel

Record the pressure of gas cylinder

Pour the fuel into tray

Place the tray in the OREOX furnace

Close the OREOX furnace door

Start the furnace operation according to input program

NN B W

Supply atmosphere gas with 20 psi (1.4 bar) to furmace
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No. Operating Action Confirm | Remarks
8 | Temperature, gas type and flow rate in each cycle on input
program for furnace operations are as follows.
Step | State Condition | Atmosphere ; Gas Flow
1 Heating 4 °C/min Argon 1 L/min
2 Dwell | 500°C, 2 hr Air 5.5 L/min
3 | Heating | 4 °C/min Argon 1 L/min
4 Dwell | 700 °C, 7 hr | Argon/4%H, 13 L/min
5 Cooling [ 4 °C/min Argon 1 L/min
6 Dwell | 450°C, 2 hr Air 5.5 L/min
7 Heating [ 4 °C/min Argon 1 L/min
8 Dwell | 700 °C, 7 hr | Argon/4%H, 13 L/min
9 | Cooling | 4 °C/min Argon 1 L/min
10 Dwell | 450°C, 2 hr Air 5.5 L/min
11 | Heating | 4 °C/min Argon 1 L/min
12 Dwell | 700 °C, 7 hr | Argon/4%H, 13 L/min
13 | Cooling | 4 °C/min Argon 2 L/min
14 Dwell 80 °C, 4 hr | Argon/2%0,; 2 L/min
15 | Cooling | 4 °C/min Argon 2 L/min
9 After input program reaches to 80°C, stop the program by
pushing program hold s/w (14" step)
10 _{ Wait until the furnace temperature reaches to 80°C
1 After the furnace temperature reaches to 80°C, Restart the
program by pushing program run s/w (14" step)
12 | Close Argon gas cylinder and supply the Ar-2%0, gas
13 ] Confirm the finishing of input program
14 Close the Argon/2%0, gas cylinder and supply Argon gas
with the flow of 2 L/min
15 Wait until the furnace temperature reaches to room
temperature )
16 Close the Argon gas cylinder after reaching room
temperature
17 | Tumn off the power switch for furnace operation
18 | Open the furnace door and pull out the tray powder
19 | Finish the whole operation
3. Final Check
No. Check Item Confirm Remarks
1 | Weigh the powder treated from each batch operation
2 | Sample the powder of specific weight if necessary
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4. Results

Operator 200
Reviewer 200
Supervisor 200

Comment
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MOP- 500
Off-Gas Treatment System for
OREOX Process
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OFF-GAS TREATMENT SYSTEM FOR OREOX PROCESS

1. PURPOSE

This procedure describes the methods used to remove the fission products, actinides, aerosol and

gaseous radioactive waste being discharged from OREOX furnace during operation of OREOX process

2.SCOPE

This procedure applies to the process used in DFDF (by DUPIC Manufacturing & Process
Development Section) to treat the off-gas being discharged from OREOX furnace during operation of
OREOX process. This procedure is to be used by DUPIC Fabrication Engineer.

3. DEFINITIONS

OREOX: Oxidation and Reduction of Oxide fuels

OREOX process: A dry thermal process which involves subjecting the spent PWR fuel to successive
oxidizing and reducing cycles to break it down to a ceramic grade powder suitable
for refabrication into fuel pellets for CANDU reactor.

Off-gas: A gas discharged from a spent fuel materials during processing, which usually involves

various particulates and chemicals.

4. RESPONSIBILITY

The Fabrication Supervisor is responsible for defining operating conditions and communicating them
with the Fabrication Engineers. The Fabrication Engineers are responsible for carrying out the process

and recording the Work Sheet in accordance with this procedure and the fabrication supervisor’s direction.

5. RELATED DOCUMENTS

MOP-400 : Operating Procedure of OREOX Process

6. EQUIPMENT

The off-gas treatment system for OREOX process consists of following equipment.
e  Thermal Gradient Tube and Cyclone
e Jodine Adsorber
e  Tritium Adsorber
e Filters

e DBubbler
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The location of off-gas treatment system for OREOX process is shown in Appendix L.

7. PREREQUISITES
The water of bubbler must be filled in proper level.
It must be confirmed that the ON/OFF position of valves in off-gas treatment system is correct.

The tightness of the system must be checked prior to operation. And it also must be ensured that there

is no leak on the gas flow line.

8. HAZARDS AND PRECAUTIONS

The Procedure of Radiological Safety Control (by Department of Radiological Safety Control) must be
applied to protect persons working at operating area of DFDF.

9. PROCEDURES

1. Open the valves in the gas-flow line.

2. When atmosphere gas Witil 20 psi (1.4 bar) is supplied to furnace according to the Procedure of
OREOX Process (MOP-400, section 9. step 13.), check the pressure of the line.

3. Monitor the gas flow meter and the bubbler to ensure that the gas-flow line is not becoming plugged.

4. If the gas-flow line is plugged (the gas flow meter indicates near “0” and no bubble is in the bubbler),

close the valve of gas supply and stop the operation and follow the next procedure;

When the Gas Flow Line is Plugged,

a. Stop the program-run of OREOX furnace and lower the furnace temperature te 80 °C.
b. Check the gas-flow line and the equipment of the off-gas treatment system (e.g. cyclone,
Iodine absorber, Tritium absorber and filters)

¢. When the plugged line or part is found, replace the line or part with spare units.

10. ACTIONS ON ABNORMAL SITUATION

If abnormal situation occurs, first of all, operator must notice it to the fabrication supervisor and

follow in supervisor’s direction.

11. ATTACHMENTS

Appendix I Lay-out of Equipments in DFDF
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Lay-out of Equipment in DFDF

Appendix I
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