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Installation of a D—D Type Neutron Generator

and Its Performance Test
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Summary

This report describes a applicability of neutron generator to the
development of neutron counters regarding with research project,
"development of nuclear material accounting and safeguards technologies".
Selection of the generator, installation, radiation shielding and dose
evaluation of the operating area, and its basic performance test result are
described in detail. The subject neutron generator is GENIE16GT model of
EADS SODERN, France, and it is a D-D type generator with the
maximum flux of 2x10° n/s of 2.5 MeV neutron and operating range of
80 pA and 110 kV.

Using previous developed well-type neutron counters, we performed
tests for the basic feature of the generator and active neutron counting
test for natural uranium oxide powder samples. Test result showed the
neutron flux was more than 5.3x10° n/s at 20 pA, 80 kV of operating
setup and the maximum flux as high as equipment design value.
Regarding with application on active neutron coincidence counting, the
average specific coincident counts rate was 2.64 cps/g-" U in the range of
0.5 - 35 kg natural uranium oxide ( up to 21.7g of *°U). Based on
evaluation of the experimental results and simulation results, the angular
distribution of the emitted neutrons from the generator is not isotropic.

A neutron generator has several advantages over a radioisotope
neutron source for development and performance test of neutron counting
equipments. One of the important advantages is that it can control the
emission. No emission of the turned-off neutron source is of importance
in the view point of radiation safety, as well as its applicability of
variable flux. Pulse mode emission is also applicable to develop the
non-destructive technology based on delayed gamma rays or delayed
neutrons.

The experimental results showed larger error for the case of neutron
generator as an interrogation source than the case of isotope source, and
there should be more efforts to reduce the error. We expect, however, the
generator would be highly applicable to basic performance test of neutron

counters for nuclear materials, to the situation in which radioisotope



neutron source is not preferred, to the active neutron counting system
whose measurement uncertainty for acceptance level is reasonably high,
or to the situation in which the integrated system of passive/active
neutron and gamma counting is needed. And, if we maximize its
advantages of control the neutron emission, the safeguards techniques for
a spent fuel management process will be expanded and have a high
confidence by combining with other conventional non-destructive assay

methods.
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41.2. AR A7 AA

o AN /&% ue} 2ol, B FUFY BE FHL 2] A

F44 WYAE A4, FHSE [F 5]k 2ol @A (2007d) T HEH

QA FAA WA ol§ AT TFSS AL, BE Bop B 54, AxA}
o

o tigk AR H7F T O ARES a#ste Z#29 EADS

SODERN Ate] F4A I 7]E A4tk SODERNAE thekst

A TAZIE A, FEske [&

T JeE EZ Q] FAA W7 MzGA ot E AT E?Qoﬂ HEsl= =
oA 2 de A& b d8 SHS st 3 Bl D-DE

A(-)]x X
AstA . AAM S A A ol ek Zo

o =d: GENIE 16GT
- A AE (oY A) : 2E06n/s (2.5 MeV)
- &% : 110 kV, 80 pA
- A 2HAF © EADS SODERN(ZE #22)
- A 3 WAYSE - D-D type
- A YA 2.5 MeV

- a neutron emitting module (D-D sodilog neutron tube)
- modulator unit

- control unit



d 7d Xe)

- remote control software package

- interconnecting cables.

o] 74 LES Y AN SAHL olge) nok

1)

3)

Neutron Emitting Module equipped with D-D Neutron Tube
SF6 AA XEe A A8 SR BE 228
TAAF YA ;25 MeV
A& or H FAAA WEE: 1E06n/s/4nsr(+10%)
A TAA =8 2E06n/s/4xsr
Bt 47: 4000 A1ZF for 1E06n/s, 8000 A7+ for 5E05n/s
HAHAE: 10W (ventilation required from 5W)
& &%: 20T to 70T
a7] 2 FF A% 76mm (flange 27 104mm), Z°] 740mm, 8kg

N

o

A

Modulator Unit
BARE ZH4 WAL 99 BE

"2 F7]: 10Hz - 10kHz 7P 2 A
=1

A

L =
Duty factor: 5% - 100% (¥ &=2E) 71
TR B2 S /34 A7 (vise and fall time): 1.5 usec ¥ %k
A7] ¥ F7: 200mm x 100mm x 80mm, lkg ©]3}

Control Unit¥} Alol&E A2 Z4o]: H 15m

Control Unit

$RZA 44 L voly ¥A BE

b F3Z: 2 7] 9] safety loops Alo] & safety key Ao
7hE A 2 A AF A Hd 110kV, Ho 80nA
Input : 1 modulation TTL input

Output : 2 synchronization TTL outputs

Ae FF: 230V/50Hz

A7] ¥ F%: rack 19"/3U/length-715mm, 23kg

Remote Control Software Package
AT 9 F%= Control Unit Alo] 2ZE 9]



- %4l: RS232, 10m cable
- FAAYE Ao (BAEE, duty factor, HE A7 AA, Ao])
Safety loops and alarms “3E] 3EA]

Fo steelE 34 8 oA, 4% /1%

5) Interconnecting Cables
- =Xz A =8 9l modulator unit 7F <4 4: 05 m
- A2 B 589l Control Unit 7F 994: 15 m LAY Aol&E

- RS232 541 Ao]&: 10m

[3E 5] U S 2AY 7] o8 dF (2007 FA)

at= 3|0 KAERI A 3AF-KAERI M2 = A
T TEA 0]= ZetA
i} 24 AlOF NSl
(3 AF) SODERN LBNL SODERN
SaM D-D t D-D t D-D t
- e, - e, - e,
e O-T type ¥ vp _ R D-D type
iy RF BfAl alpha detector| tH& (1x1x1m)
=d Xt
14 MeV, 2.5 MeV, 14 MeV 2.5 MeV 2.5 MeV
Oll LA K|
=d Xt
ey 1E08 n/s 1E08 n/s 1E08 n/s 1E08 n/s 2E06 n/s
O|g DF[:H./H DFD|./H DI-D|./\-| CJ AH % %/\4}&
Gamma- _ _
=4 =Z8=E X Z8sE X DM = SHI &
Radiograph s
=9 4000 AlZ2t ghey 1000 AlZ2t BFy 4000 AlZ2t
—_OMLAH =
_RE Al 2B = =
=P
~Noise &tXl o LM 2N,
_ -2 0te N
B2 =0 X iEHHI L 2| g AlAE _31I_—.—7I01I
-2 CH->H 24 SESIH AIS
A gOx =2 < —
le -l-j; E]’ _%!-‘?\;_I(E'C_) XHL" EDP




[3£ 6] SODERN A} 542k LA 7] B, o]& 7|

Customer Name Country neutron Generator Model | Quantity
AlEA Croatia Geniel6 Compact 1
ANCORE USA Geniel6 GT 2
ANCORE USA Genie1l6 Compact 3
AWE UK Genie1l6 Compact 1
BNFL UK Genie26 5
CEA Cadarache France Geniele GT 1
CEA Cadarache France Genie36 1
CEA Cadarache France Genie26 1
CEA Marcoule France Genie16 Compact 1
CEA Bruyeres France Geniel6 GT 1
CEA Bruyeres France Genie1l6 Compact 1
Chaimers Sweden Geniel6 Compact 1
COGEMA France Genie36 5
Computalog USA Geniel6 GP 1
DELFT Holland Genie1l6 Compact 1
OSTL UK Genie16 Compact 1
ETCA France Geniel6 GE 1
ENERTOPIA Korea Genie16 Compact 1
FOA Sweden Geniel6 Compact 1
Fraunhofer Institute Gemany Geniel6 2
Hi—Energy USA Genie16 Compact 9
HMS Sultan UK Genie16 Compact 1
INEEL USA Genie1l6 Compact 3
INEEL USA Geniel6 RT 1
INEEL USA Geniel6 GT 1
INFN Italy Geniel6 GT 2
IPR India Genie35 1
JNFL Japan Genie36 3
LPC France Genie26 1
Sheffield University UK Geniel6 G 1
St Lukes Hospital USA Geniel6 Compact 1
Tenex Russia Geniel6 GT 1
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MILLIMETERS

[13 6] AXE T84 27 BRE BF

414. 75 AZEo] AX W

AE Fuf A FHAHD SODERNALS] 2 338 42519 (setup.exe) S &
F7F Ael, o2 AZESOE HXE F Utk (Readme HYS Fx)
WIN XP 52 WIN 98 J#gle] 598 Wi o s HX7t 7hssith

1. 9=FoA B

[k

2rxEZ Aiste] DOSHLE H S, LZEg ] A



2 #do] = "y Z2 CD HIHYRE °]F.
2. “System32” CHHZS ‘msflxgrd.ocx’ HFLS  “C:\Windows\
System32” t]HElg o] &AL
- DOS " #: copy "System32\*.*" "C:\ Windows\System32\"
- Z2 A AT BA & Eo% 7]
3. activeX #¥E 55 (msflxgrd.ocx)
- DOS " #: regsvr32 "C:\Windows\System32\ msflxgrd.ocx"
4. Genielo= AXg HIHZE 522 Y (Y99 vdHAY 71H5)
- ¥3: md "C:\Geniel6"
- Z2 s "V 20 A
5. Files ote] #A=S thd v EH ol EFA}
- DOS "% #: copy "Files\*.*" "C:\Geniel6"
- Z2 A5 "HATAA BAF & E% 7
6. activeX #%Y 5= (Geniel6C.ocx)
- DOS " #: regsvr32 "C:\Geniel6\Geniel6C.ocx"
7. 2209 HdXx &F- C\Geniel6\ 2] AppDemo A3Jojo]Z A
- ol g HAIA 7L s F gl 24
- COM XE A= Fol de
]

= e Z ol atel S5l
o A EESE AAAZ} =U g

Olt

54
- Geniel6 Z 20| HaEjo] ey H3] 9] A48
8. USB-RS232 converter =2}o]H AX] (28 A))

- FAA 27 AEEY AZLS RS232 cable® 7}s s, ZAFFE O
RS2323ZE(9 pin)7} fl= 75 USB-RS232 converting cables A}&
st AAs|oF 3, o] wl converter A|Eol 3| FE= driversS A
28 oF 3.

- @A AHEste AlFe] driver= FIDIAFSY] E=gto|WE ALE-stH, &
cdol AsHA/AEA vpEAL A Al v HEEHgE 2A:
\USB 2.0 TO RS232 Cable\ Windows\win 2000_xp_2003_visa
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TAA A7) Hell F4A BATIE ZAT FHol dI Adrde
[Z2¥ 14]9 =] o, Aol g 2de [ad 159 A s
A7l el EA 7o) 3 Ao me} F4x BAAHAM S F A7}
Aol A7y At BaAQl Aol Sk e HEFAHAA A
Z 7bte] EASe Aoz Hgstinh Aok #Af il "oz yro] A
ZjZo] o FEE AFAM BAbd A7FE ARtk ZH el TR
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b | — 020m
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Source TE

025-12m 025-120m

Target

025m 025m

.

[29 15] T4A 277 A" FEAAF7S Adrd

0.17m
— |
[
0.48 m
Air
PE
1.0m
0.10 m
ldm
FE
0.98 m 0.25 ~ 1.20m
Target
- Concrete 0.25m
v
HFE! concrete 02 m
0.27m
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He-3 Z2=J| LHE2
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AE 22 50 mm A
_ 50 cm He-3 JIA 2}
He-3 &) & 2 Al
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SA X )
2] Isolated Panel 5 mm Isolated Panel Airg Jtd
N eS0T 01 m OlA
2t HBol HAKIE =e ERAS
HOHA
PE &M 0.1 m Ol&t 0.1 m
A2 SAX LA
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AtE A E A2t
=MT U 28 Mev 3 MeV
= (B2 2.5 MeV)
Maret SHR0Is HZSU BLMoz DA
gatel Wmel Aol gyl WEe] AF W B W HEL uelsy
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qﬂﬂa]fﬂ A3 A27} Ho ¥Zx]Fo] & Aot

5.7.3.2. Cf-252 A%+
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Z2b BAHI 012t AN
SAEEE

(20 AIZ2F DIE) (500 AlIZF JIT)
(mSv/hr)

(mSv) (mSv)
<.00266 <0.0532 <1.33
<.00146 <.0292 <0.729
<.000943 <.0189 <0.471

0.00109x1.48=0.00151 | 0.0218x1.48=0.0323 | 0.546x1.48=0.808
0.00247 0.0493 1.23

10] Cf-252 A& Aol Bastes Aejolre] WA %

T2+ BEAIS 2 2F BEALS 2
SAIE S
(mSv/hr) (20 AlZF J1T) (500 AIZF J1E)
mSv/hr
(mSv) (mSv)
&M 0.000267 0.00535 0.134
=H 0.00201 0.0402 1.05
M=H 0.000161 0.00321 0.0804
EH 0.00157 0.0314 0.786
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6. TR T A

AgFaAne A4HY 34 B F 85 S ALALDe] 9
$ 44 Bgel A glol, TFY ¥AY BACU)S AFne &)
AAAE QWA NBY FHAAS WS A o2l go] Uk ®
@ 85 Sehy Uels tE $ERhe BaER TP I Al
3 o)Ee URE AuAS BE AsAe] ol Aubd AWM
A% golstA @tk ole@ A% %o FAA HAL 0§ F¥G
4 BAZRH SASE FEIRD TANE AL 55T F44 24
AL ol§F NBA AFIANE AEF + Ak B AFNNE S5
Mot A g RS 98, 9% FAANUCEA FEY FAA 247
9 FARES] BE B§ A4S HAERT 45S Bk

[ 19]= S84 T As HEES S8 A3 ALES BHofFH,

o] &3t TAA AFE AFEE 285%A TAAASF7I(INVS)SE ASFEE
13%9 S4AAF71(DSFC)ol e}, T Alg7lol dish MAF Ade [% 12]9

2y 44 3 D-DuHSOl 9% 25 MeV, Hol =7 2x10° 719 FA4
A7 A Y. B 7Y FAEEE A4 (Continuous Mode), B2 (Pulse
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Blol Waw 573 AL 7090 kv, d8L 5 W o]5t2 wtEste ¥ oA
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Aol o] &3l7] 9elA =AA A7 e kst =2 A%

4 %4
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1.7x10° n/s &2 UE}RTH

Signal
 Acquisition

[

[ 12]
B H 39

# 19]

42 A7) (DSFC, INVS) A5 9
Zled SHANE BT

TAA A7 ¢ S5 F FAAATT

~Neutron
Generator

Neutron
Counter

Al (DSFCe] AlFase A 21% ©ld,
FEE 13%2 FFelA =74)

DSFC ltem

Specification

INVS [tem

Specification

Cavity diameter

13.5 cm

Cavity diameter

3.97 cm

Outside diameter

52.5 cm

Outside diameter

25.72 cm

Gamma-ray shield

Inner lead: 5 cm

Gamma-ray shield

Inner lead: 2 cm

Preamp PDT110A® (16 ea) Preamp JAB-01(4 ea)
He-3 tubes Reuter—Stokes® He—-3 tubes Reuter—Stokes®
(a) Number 16 ea (a) Number 16 ea

(b) Active length 20 inch (b) Active length 15.5 inch
(c) Diameter 1 inch (c) Diameter 1 inch
(d) Gas fill 4 atm (d) Gas fill 4 atm

Efficiency 13 o Efficiency 08, 6%
(HV @1680 V) ’ (HV @1680 V) o
Gate width 64 us Gate width 64 us
Predelay 4.5 ys Predelay 4.5 ys
Die—away time 88 us Die—away time 44 us
Double gate fraction, Double gate fraction,
d 0.4910 d 0.6126
Operation HV 1680 V Operation HV 1680 V




2.0x10° . ! , ! . : . ! . !
1.8x10° | Tube Current = 20uA B e 4
N Target plane at Center i
1.6x10" | INVS Efficiency = 28.5% .
1.4x10° - — — - _— B
»n 1.2x10° | O SO LA R o N
L o
c L
g LOXL0® b B o ) N
(@) N ‘ ‘ ‘ ‘ | _
8.0x10" |- R i AR : IO S . i ]
6.0XLO% o ]
A.0XL0% | i G N
2.0x10* : ! . I . I . I . i .
65 70 75 80 85 90 o5

Tube Voltage (KV)

[2" 20] =42 2A7]e] Aol wE FAA AFi (A7) INVS
HEEL 285%, HA7] FHAFE 20 pA)

2.6x10° T ; T - ; T ; — T r T
2.4x10° -| Tube Voltage = 80kV i b
2 9%10° b Target plane at Center : K : .
o0 INVS EfflClency 28 5%
2.0x10° |- —
1.8x10° [ o
%) . E
o 5
C 1.6x10° | o
=) L
8 1.4x105_— .
1.2x10° |- —
1.0x10° i
8.0x10" i —
6.0x10" |- —_—
4.0x10* i
40

[2¥ 21] SAA 719] #AFA g2 FA4A ASFH (A57] INVS

[l
AL 285%, WA BALE 80 kV)
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[ 13] d&RE T2 A #AY, BAFA BE 94 A5 (54 AS7) DSFC
82 13%

Target 8 X R H% 2 (cps) Target 8 Y MR H2 23 (cps)

Current(uA) |VHV(KV) | Singles | Doubles | Triples |Current(uA) | VHV(kV) |  Singles Doubles | Triples
10 70 22878.39 4.69 -2.00 20 90 101735.06 | 156.69 -52.63
10 80 34059.72 | 68.40 | 15.05 20 100 139536.09 33.15 36.83
10 90 49344.88 | 114.51 | -21.86 40 70 94478.05 91.13 -11.55
10 100 67547.89 | 276.08 | 83.44 40 80 140458.04 | 116.11 178.61
20 70 46759.85 | -9.53 | 32.34 40 90 203139.64 111.66 121.84
20 80 69800.01 16.62 | 74.47 40 100 277505.25 | 277.71 | -125.89

_

(2% 22] B2 (pulse) E=

€

T cycle

/.

1 excitation
% | repetition

PR

T emission

T excitation
T repetition

[ 23] Sh(burst) B = A|ZHH S

53 —




[ 14] 2 9 oY 2= A AFE (54 A7) DSFC &&2 13%)

Target 8 X &R Timing Parameters H= 2 (cps)
Current VHV Texc Trep Temi Tcyc Singles Doubles Triples

(LA) (kv)

20 70 10us 100us n/a n/a 40430.0 29431.0 -5606.1
20 70 10ms 20ms n/a n/a 46801.7 159359.3 427701
20 80 10us 200us n/a n/a 60488.8 96762.9 63965.1
20 80 10us 100us n/a n/a 58465.1 49295.9 -5183.5
20 80 ims 5ms n/a n/a 67225.4 1139763.9 8794170.6
20 80 10ms 100ms n/a n/a 66872.0 | 2538866.2 43216040.6
20 80 10ms 20ms n/a n/a 69355.8 340455.5 497106420.0
20 90 10us 100us n/a n/a 85042.0 70592.4 -26300.6
20 90 10ms 20ms n/a n/a 98073.1 681469.3 296639.9
20 100 10us 100us n/a n/a 118258.5 31609.0 -23687.3
20 100 10ms 20ms n/a n/a 135884.3 1291119.5 693051.0
20 80 10us 100us 10ms 20ms 62280.4 272735.7 161320.7

63. WA FAA A FBA
SAAFE T A%, BANA BHE FAAE ADIH BA7

T ]’
G ge olgdozt 0 olojol @Y. AA HAE
% &

Ay} FAAGFe FB/E A gk (Doubles ¥ Triples)2 AW EH, A&HEE
AN SRS AT Magtees A&5H AF71Y As a8d we o
X

=229 80 kV, 20 pA
A

FHAAL, o= FA

o
b
o

2oy gy wEol AL dAEnsoA 10 ~ 20 cpsd] FAIAFIE
4" A ¥as, & 2144 10,000 ~ 1,000,000 cps ]2l FAIA
T e B, ol TAAYY FUI¢ AAG AsAY dAEvy @
(Gate width, pre-delay % long delay time)ol| we} A @t &, F4
AsAAFE A Abgske Al Ale] Wl osix, FAATE Aol
U oy 2= EE A9 AAE A3E 4 7 ojin dukze=w 3
23 &Y A5, AEFAHAH(Delayed Neutrons)tt A|H7Hetd(Delayed
Gamma)< ©]-&3% BlHIEAHo| &8 + Ut

«

2 A7 e T5F BlgIEY B TS A8, oF ALl
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F Nzd 74
3

71. 553 A
Akl B F o] o] 3}

oX
_>|~1_,
i
ox
S
L)
o
£Q

Ir
Sote
i
—o
AL
i
o
)
ot
QL
\

Ol
-1

o
Jo

o,
e

& o
ol i

oo
rok

M 2
2N
ofN i pe Ho

g o

tlo ©

H

rot

i

oo

i

flo

ol

~

>

rx
o

2

o,

AU

o

N il

o

B

il
-
>
>,
ofo
i
X
e > 4
2
iy

)
ol

2,
2

ol Mt o N
N
ok
1 oy

4 mn ox N

=h
i}
tr

A AFFARC] FAA AF7IE 16709 "He $44 A

%iﬂ"{‘} Zeogd #EA 2 Avkd AHA R FAEY Ao A4 HET]

(Precision Data Technology Inc.) 89} A= 11, 16719 4l

7} 87H"“ 2718 aFer EHHo OR Az zoA FHIH. FAA S
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Neutron Energy : 2.5 MeV (D-D type)
Neutron Yield : 2x106 n/s
Life time(working time) : 4000 hours
- Size and weight :
.Neutron Emitting module : dia. 70mm/flange dia. 104mm - 740mm length -
8kg
.Modulator unit : 200mm x 100mm x 80mm, less than 1kg
— Pulse rate @ adjustable from 10Hz to 10kHz and continuous emission
Interconnecting cable length with control unit @ 15m
Average power : limited to 10W, ventilation required from 5W

Operating temperature : =20C to 70C
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ACTIVE NEUTRON ASSAY FOR SAFEGUARDS

Advanced spent fuel Conditioning Process(ACP), a part of pyroprocss, has
been studied in KAERI since 1997 and a passive neutron counter, ACP
Spent fuel Neutron Counter(ASNC) has been developed for the safeguards
of the processing facility(ACPF). Special Nuclear MaterialSNM : U-235,
Pu) treated in each unit process of the ACP is measured by ASNC
based on the Cm ratio, which is the ratio of SNM to Cm. From this year,
our project has been extended to the electro-refining process in which an
active neutron assay (interrogation) is needed for the measurement of the
recovered U or TRU. But until now, the optimum neutron counter for the
purpose seems to not be developed and certificated worldwidely. So we
should try to find the best neutron counter for the safeguards of the
pyroprocess facility including the electro-refining preprocess. One of the
candidates of the optimum counter is the active neutron counter in which
a neutron source is used to induces fission in the fissile material and the
neutron emitted in the induced fission reaction is detected for the
measurement of the fissile material amount.

We have been thinking about the best neutron source for the active
neutron counter: isotopic neutron source and neutron generator. We
finally decided that the generator is better than the isotopic source during
at least developing step. In conclusion, we will use the neutron generator
as a neutron source of the new active neutron counter which has been
developing to measure SNM (U-235, Pu) recovered in the electro-refining
process, a part of pyroprocess. This final goal of all those SNM
measurement activities is the safeguards of the pyroprocess facility. The
topics related to this explanation are described in the attached document.

The active neutron counter is preliminarily modeled as follows;



NCI Contro]l?

a Single Annular He-3
Detector

Anode

Recovered U

Recovered TRU
—— L or TRU ‘ ‘ =

Electro—Refiner \_/’ :

Attached Document

1. Pyroprocess R&D

Korea has considered nuclear power to be the most reliable energy source
for the future, and steadily expanded the role of nuclear energy in its
energy mix. At present, a total of 20 nuclear power units are in operation
in Korea, sharing about 40 percent of the total production of electricity.
Such an active nuclear energy program, however, has inevitably resulted
in producing significant quantities of nuclear spent fuel. The cumulative
amount of spent fuel generated in Korea is more than 8,000 ton as of the
end of the year 2005. At present, it is stored in temporary storage pools
at plant sites, while a portion of the CANDU spent fuel has dry-stored
(concrete canister). Unfortunately, all the storage pools currently in
operation in Korea are expected to reach their full capacity in the
foreseeable future. To resolve this problem, the Atomic Energy
Commission (AEC) of Korea made a decision to formulate a publicly
acceptable "National Radioactive Waste Management Policy," through the

national-wide consensus.



Meanwhile, the Korea Atomic Energy Research Institute (KAERI) has been
focused its R&D activities in order to develop a "clean"nuclear fuel cycle
that 1) will utilize and thus, reduce the accumulated spent fuel, 2) will
produce less amount of spent fuel with power generation, and 3) will
dispose high-level waste safe and sound. In doing so, KAERI has
performed several research projects, such as the Advanced spent fuel
Conditioning Process (ACP), the pyrometallurgical partitioning and

transmutation, and the high-level waste disposal.

2. ACP program

The Advanced Spent Fuel Conditioning Process (ACP) has been under
development at KAERI since 1997. The main concept is to reduce spent
oxide fuel into a metallic form in a high temperature molten salt, as an
intermediate step for the conditioning of a spent fuel for an eventual
disposal and for a recycling and transmutation of the spent fuel in a
GEN-IV fast reactor. It includes several unit process such as an air
voloxidation of the oxide fuel pellets, an electrolytic reduction of the
oxide fuel powder in a LiCl-Li20 molten salt bath, and a smelting of the
reduced metal powder. The air voloxidation transforms the UO2 pellets
into U308 powder which an air vsuitable form for the subsequent
reduction process by increasing the surface area of the UO2 pellets. Also
the process removes the volatile f volatiproducts from the U308 powder.
The U308 powder is introduced into a molten salt bath for a conversion
of the spent fuel oxides to base metals. Earowddevelopment activities for
the reduction process focused on a convened intoLi-reduction process in
which a highowdreactn salithium metal was used as a reducing agene.
However, since ell a new electrolytic reduction technology has evolved
as an innovatn sassproach and it has replaced the Li-reduction process. In
the process, the spent oxide fuel serves as a cathode of a cell in which
the metal oxides for reduced to base metals, and the oxygen datbas for
oxidatbd at an inert anode to produce oxygen gas, which is then vented
from the cell. The new concept has advantages over the Li-reduction
process such as a simplicity of the process systems, reduction of the

molten salt waste and an increase of the reduction yield. Over the period



of 2002-2005, the following results were obtained from the inactive
electrolytic reduction tests of 10 gU / batch to 20 kgU/batch.

3. ACPF

To demonstrate the laboratory-scale ACP with 20 kg HM / batch, the hot
cell facility named the Advanced Spent Fuel Conditioning Process
Facility(ACPF) was constructed. All the process equipment has been
installed in ACPF and the cold test of the process has been performed by
using the fresh Uranium and the simulated fuels. The hot test by using
the spent fuel is scheduled in the end of year 2008. The details of the

ACPF construction is given in section 2.

4. ASNC

The ASNC is a kind of coincidence neutron counter based on the
autocorrelation measurement of coincidence neutrons from spontaneous
fission events of even mass number isotopes such as Pu240, Cm244, and
so on. ACP nuclear materials are various in their forms and isotope
compositions and contain fission products of high gamma radiations. The
ASNC was specially designed to account for these ACP nuclear materials
of complex matrix in the hot cell. According to the present schedule, the
PWR spent fuel will not be brought into the ACPF until 2008. Instead,
the simulated fuel will be used to fulfill ACP experiments during the
cold test est es. Preliminary calibration curves for the metal ingot,ll be
salt, and UO2 powder are produced to perform the nuclear material
measurements in the early stage until real calibration samples of the
ACPF are prepared. These samples are going to be produced in the first
ACPF hot operation. Preliminary calibration curves are produced from the
measurement data for 252Cf sources . These curves are also generated by
using MCNPX code.

The design requirements of the ASNC are a sufficiently high efficiency
for the doubles rate measurement, flat spatial response in the cavity, easy
remote maintenance ability, and high sustainability for strong gamma
radiations from fission products. The ASNC has a horizontally-laid

geometry for convenient placing and removing of nuclear materials. If



some problems occur in its electronic components such as preamplifiers
and 3He tubes, those can be replaced with new ones by remote
manipulators. The design of ASNC was optimized by using the MCNPX
code to get a high neutron detection efficiency and flat spatial response
in its cavity. The neutron detection efficiency, spatial efficiency profile in
the cavity, HV plateau characteristic curve, deadtime coefficients, die-away
time, predelay, and gate width were determined by measurements with
two 252Cf spontaneous fission neutron sources. One of the sources is a
weak source (CVN101) whose activity is about 1.6 uCi (09/02/06) and the
other is a strong source (C7-427) whose activity is about 0.9 mCi
(15/02/06). The strong source was cross-checked by LANL N-1 group.
From the test results, we can see that the efficiency is high enough to get
reasonable values for singles and doubles rate of the spontaneous fission
neutrons.

The spontaneous fission rate per gram and reduced first and second
moment for spontaneous fission neutrons for 244Cm or 252Cf are
independent of a sample or neutron counter properties. However neutron
detection efficiencies for 244Cm or 252Cf are dependent on the neutron
counter and they should be obtained from measurement data for each
isotope. In this study, only 252Cf source was available. Thus the
efficiencies for 244Cm and 252Cf were calculated by using the MCNPX
244Cm. The doubles rate of those curves for multiplying samples is
calculated by wusing the MCNPX code. The effect of neutron
self-multiplication for the metal ingot and UO2 powder is surely shown.
This can be confirmed through the comparison between the calibration
curves for non-multiplying. The 244Cm mass for multiplying samples can
be obtained by using the correction method for self-multiplication. These
preliminary calibration curves will be used until the real samples are
prepared from the hot operation of the ACPF. The mass of 239Pu and
235U for all ACP nuclear materials can be obtained with these three
calibration curves and Cm ratio calculated by using the ORIGEN-S code
in the early period of the ACPF hot operation.

The ASNC was developed to quantify uranium and plutonium in spent

fuel and process materials of the ACPF. This neutron counter can be



remotely maintained with manipulators of the ACPF hot cell. The
performance of the ASNC was tested with two 252Cf sources and the test
results show that the efficiency of the ASNC is sufficiently high to
measure the doubles rate of spontaneous fission neutrons. Preliminary
calibration curves are generated from the measurement data of 252Cf
sources. These calibration curves are used until real calibration curves are
produced with calibration samples in the early hot operation of the
ACPF.
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- T4 dA EE: Gas Insulated Neutron Emitting
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‘'ON’” £¢

- Tube Current’} %41 set value 117, Voltage= 09X 5E set valueZ7}A]
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- Tube Voltage”} set valueZ 3173, Ion Source Voltage® 1.97kVZE set
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7+2=(~1500 -> ~870)

(13) LA A2+

*HZ T4 Al set valueZbA| M EA FZFste dle 2% ol A8 4.
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- Aol ==Z1%9 A "Generator Starting Error! Tube current doesn’t go
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Window+ PE, Concrete Wall, NG(2-3 MeV, 2E6 n/s) or Cf-252(5E6 n/s)
33 5 -19.0 -61

4 -5.0E-5 -51 33 -35 (61)

2 -0.95 -52 32 -35 ( 51:-33)

4 -5.0E-5 12 -14 22 -24 31 -39 ( 52:-32:35)

1
2
3
11
12
21
22
4

10
11
12
13
14
19
16
17
18

20
21
22
23
24
29
26
27
28

30
31
32
33
34
35
39

2 -0.95 17 -18 26 -22 36 -37

4 -5.0E-5 17 -18 21 -22 36 -38 (-26:37)

2 -0.95 16 -12 27 -28 36 -37

4 -5.0E-5 11 -12 27 -28 36 -38 (-16:37)

3 -2.9 11 =14 21 -24 30 -39 (-12:-22:-31) (-17:18:-21:22:-36:38)
(=11:12:-27:28:-36:38)

4 -5.0E-5 10 -19 20 -29 30 -39 (-11:14:-21:24 )

jobe
pXx
pX
jobe
px
pX
jobe
pXx
pX

py
py
py
py
py
py
py
py
py

Dz
pz
pz
Dz
pz
pz
Dz

-10: 19:-20: 29:-30: 39

-30
=27

113
445
450
-10

89
241

-30
-27

113
695
700
-10
112.
264.

o1 O1

-30

10
25
35
60
400



36 pz 98

37 pz 198

38 pz 246

c

51 ¢/z 113 113 15

52 ¢/z 113 113 25

61 s 12499 11350 3

impnll111 111110

ml 8016 20.000 7014 80.000
mz 6012 1.0000 1001 2.0000
m3 26000 -0.7784
1001 -0.6187
6012 -17.52
8016 -41.02
11023 -0.02706
13027 -1.083
14000 -3.448
19000 -0.1138
20000 -32.13
m4 7014 -0.755 8016 -0.232
mb 92235 -100.
print
mode p n
nps 1000000
sdef erg=3 pos= 127.9999 113.00001 50.000
c spb  —-3.000 1.025 2.926
deb 2.5E-8 1.0E-7 2.0E-7 5.0E-7 1.0E-6 2.0E-6 5.0E-6 1.0E-5 2.0E-5
5.0E-5 1.0E-4 2.0E-4 5.0E-4 1.0E-3 2.0E-3 5.0E-3 1.0E-2 2.0E-2
3.0E-2 5.0E-2 7.0E-2 1.0E-1 1.5E-1 2.0E-1 3.0E-1 5.0E-1 7.0E-1
9.0E-1 1.0E+0 1.2E+0 2.0E+0 3.0E+0 4.0E+0 5.0E+0 6.0E+0 7.0E+0
8.0E+0 9.0E+0 1.0E+1 1.2E+1 1.4E+1 1.5E+1 20
dfb 2.7360E-6 3.5820E-6 4.0320E-6 4.6080E-6 4.9680E-6 5.1120E-6
5.1122E-6 5.1840E-6 5.1850E-6 5.2200E-6 5.2560E-6 5.3280E-6
5.4000E-6 5.4360E-6 5.4370E-6 5.6520E-6 6.5880E-6 8.5680E-6
1.0440E-5 1.3860E-5 1.6992E-5 2.1528E-5 2.8872E-5 3.5640E-5
4.7880E-5 6.7680E-5 8.3160E-5 9.6120E-5 1.0152E-4 1.1160E-4
1.3788E-4 1.55562E-4 1.6488E-4 1.7064E-4 1.7388E-4 1.7640E-4
1.7784E-4 1.7790E-4 1.7856E-4 1.7892E-4 1.7930E-4 1.7964E-4

1.8135E-4

fm5 2.00000E+ 06



f5'n 345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0

113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000

55.000 0.00000
50.000 0.00000
45.000 0.00000
40.000 0.00000
30.000 0.00000
20.000 0.00000
10.000 0.00000

5.000 0.00000

1.000 0.00000

0.000 0.00000

del5 log 0.01 0.03 0.05 0.07 0.1 0.15 0.2 0.25
0.3 0.35 04 0.45 0.5 0.55 0.6 0.65
07 08 10 14 18 2.2 2.6 2.8
3.25 3.75 4.25 475 5.0 5.25 5.75 6.25
6.75 7.5 9.0 11.0 13.0 15.0

df15 log 3.96e-6 5.82e-7 2.90e-7
7.59e=7 8.78e-7 9.85e-7
1.52e-6 1.68e-6 1.98e-6
4.41e-6 4.83e-6 5.23e-6
7.11e-6 7.66e-6 8.77e-6

fm15 2.00000E+ 06

f15:p 345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0

113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000
113.0000

2.58e-7 2.83e-7 3.79e-7 5.0le-7 6.31e-7
1.08e-6 1.17e-6 1.27e-6 1.36e-6 1.44e-6
2.51e-6 2.99e-6 3.42e-6 3.82e-6 4.0le—-6
5.60e-6 5.80e-6 6.0le-6 6.37e-6 6.74e-6
1.03e-5 1.18e-5 1.33e-5

55.000 0.00000
50.000 0.00000
45.000 0.00000
40.000 0.00000
30.000 0.00000
20.000 0.00000
10.000 0.00000

5.000 0.00000

1.000 0.00000

0.000 0.00000
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1. Tube Current’} %1 set value 117, Voltagex= 0] A4 F¥ set valueZ}
A A=

2. Tube Voltage”} set valueZ 1174, Ton Source Voltagex 1.97kVZE set

3. AZEo(ZZ1%)7} tube curreX 7} “0”AA A=

4. 0°] o}y e} (tubeW pressure’} == 5, A A o|stE "HAAV|E
71tk oF 3 of gw A =] A

4. 0°]2}¥ Replenisher Current Z7}(~480 -> ~1500), heating®] <2]3l tube
Y pressure”’} 571314 tube current’} A 71A

5. Tube Current 57} A%}

6. Tube Current’} set value®| =23}HA|, Replenisher Current’} F37FS
2 72(~1500 > ~870)
*ZE F 23, o

ZLA] set valueZbA] SHAE A & st=d= 28 o4
g F-5 2] AZHS Tube Current S7H$] &4 3¥)st=d &9
Zrol M= (Al HH A A 7} DA SHA] e

o e O R B

"Generator Starting Error! Tube current doesn’t go back to zero"

Target Voltage, Ion Source Voltage 7}A] %18 =1}, Tube Current’} 022
=2 Eskal 2~10 (7L A operation setup®l] Wl gro] EEbR) HZ oA
H3131, Replenisher Current 7} ~15002.2 F7}8FA] 5&

ZP2= A7 (e-mail)

(KAERI comment) 2A]{to] H& WX U+, current/} =< W U FobA
W2 22 F4s e dix 1472417 7t of sk 2A41%F o] 7]
g ol st FA7F A, el BAIEHY JAE S

- Wi gel 102 delaygtal EAIE H-

34

- delay= A7FH5 9 operating point(E2tE&7-duty, V, I §)o 9FS w5
(& 52 21L& 3 gAY o ool dnkw A9



(KAERI comment) 3tAIFF AA 2 S 2] IS e 208 HS

-4 TV, = M3AE F s

- duty7} 2ojAH Q3 pressure © AT

(KAERI comment) A7ls Z7o| we} delay’} &S wete @2
pressure?} Aol lojHojA| Tt o}F I B A

- duty7} 229 delay’} 25

(KAERI comment) duty’} @AM delay’} @8tA= AL o=y, A

duty”7} #ol% delay7} AlZ}ztel™, 53] I we} S =AE 2+

tube current= stopA] FZ71 0°] =i, FAAE TSR AT, A 7}

EA] "ion source test" &<tel| tube currentZ} 0¢]ojof dh=d|, delay”}

SEA o™ o uf current’} 0°] HA X3IT= T dufstd tube

Y pressure”} too high.

tube off A|, replenisher current = standby (490mA), pressurex= 743}
7 A%
- duty’h 2EAW Bag %

>

pressure= @e}A|3l, ©]= replenisher

currentE A EFOZA ZolE & F S

- Replenisher current: Cont == Wl °F 750mA, 10% duty & @ <F
900mA

- Cont ==Y 7} 10% duty YjH T} B33 pressure= Solof 3

(KAERI comment) & replenisher current’} =<5 pressure’} =+, 3
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From: SK (Seong Kyu AHN) [mailto:skahn76@kaeri.re.kr]

Sent: Friday, May 09, 2008 3:08 PM

To: 'thierry.dargent@sodern.{r'

Cc: '"¥r3led (K9]) (phy@enertopia.fr)'; 'shinhs@kaeri.re.kr'

Subject: Question for the operational troubleshooting of GENIE16GT

Dear Mr. Thierry Dargent,

Hello. I am SK, a researcher working at Korea Atomic Energy Research Institute.
Our group purchased a neutron generator from SODERN, model Geniel6GT (D-D
type),

and Dr. Hee-Sung Shin (I hope you remember him) had taken technical training
from you in France last year.

We have a question about its operation and one of the Error Message.
(I have no idea if you are the right contact point to ask about troubleshooting.
If there is a right person to take care of it, please forward to him/her.)

When you make "ON" the neutron generation, neutrons are generated and emitted.
(no problem at the very first time ON).

When we try to turn it on again after first ON and OFF, sometimes it works and
sometimes not (with an error message).

The error message is

Generator Starting Error: Tube current doesn’'t go back to zero".

This situation is

#1 Same for the continuous mode and pulse mode (we didn’t check for the burst
mode)

#2 Sometimes it's okay (no error and working properly), sometimes not (above
error message). Looks like a random event.

#3 Especially, in case of the next ON after long duration of generation ON (ex: 20
min), it almost always does not working.

#4 In case of #3, we have to wait for 1 ~ 2 hours for the next On.

#5 This situation was same at the time of the Geniel6 set up last December.

1. What makes the Error Message of
"Generator Starting Error: Tube current doesn’t go back to zero"comes out?
2. What should we do when the above error happens?

[ believe there’s something wrong or something that I don’t know.

It should be possible to start and stop generating neutrons as a user’'s wants.

I'll wait for your reply.

Let me know if you need more specific description or other circumstances in
operation.

Thank you

P.S.

We didn't change any operating point (for example mode, duty cycle, current,
voltage:*) at all. Under the one operating parameter, and Off (stop) for the
emission has been tried.

Seong-Kyu Ahn
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From:EK-PARK Hwa-Young [mailto:phy@enertopia.fr]
Sent: Wednesday, May 14, 2008 3:26 PM

To: skahn76@kaeri.re.kr

Cc: EK-Ko Hyung Joo; 2134

Subject: Genie 16GT issue

ok A5t vl =gy

PARK Hwa-YoungTech / Sales ManagerENERTOPIA KOREA
Tel : + 82 (02) 6000 8279(7& %)

Fax :+ 82 (02) 6000 8299

HP :+ sxxxxrs*

ENERTOPIA Tel : + 33 1 4225 4018

www.enertopia.fr

————— Original Message ————-—

From: RIQUET sylvain

To: skahn67@kaeri.re. kr

Cc: conan@enertopia.fr ; SLINGUE marine
Sent: Tuesday, May 13, 2008 4:11 PM
Subject: Genie 16GT issue

Dear Mr AHN,

Your issue may be due to a too short delay between a stop and a restart attempt.
In pulse mode with 10% duty this delay should at least 5 minutes.

In continuous mode this delay could be 1h (specially if the NEM was running more
than 30minute).

If the delay is not long enough, a tube current different than O is detected by the
software. In this case an error message "Tube current doesn’t go back to zero"
appears and the start—up sequence is automatically stopped.

Could you give us the delay between start and stop and the mode (continuous or
pulsed (duty) use) ?
Thank you.

Best regards,

Sylvain RIQUET
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Dear Sylvain RIQUET,

First of all, let me double check the term, delay. In my understanding, the Delay
means the holding (not operated) time required between a stop (neutrons are not
emitted) and a start (neutrons are emitted). Am [ correct?

For the information on your question at the end of your last mail, the delay was 1
to 2 min between stop and restart (Neutron emission On and OFF) after about 2
min running.

We tried in both modes of pulse (duty cycle 20%) and continuous, and the same
things happened.In my experience, I should say the delay time is kind of random.
Sometimes there’s no error message and sometimes there is, even m. Sothe same
operation point (same mode and same duty cycle) and the same operation (running)
time.

According to your explanation, the delay at least more than 5 min is needed
between every stop and start again. And this delay could be more than 1 hr after a
long time of continuous running. Is it correct?

Here are several further questions and un-—clarified issues.
1. For "the delay" you mentioned, is it also needed even though there’s no change
in operating point? (No change means same mode with same duty cycle.)

In the manual you provide, there is a note for the change of operating point in
section 6.5 on page 27. It says "it is necessary tostop for about ten minutes to
change from one (for example 5% duty cycle) to the other (for example continuous
mode)". This is the only note about the delay between tube operations in the whole
manual.

As far as I understand, the above note explains for the CHANGING of operation. It
means we don’t need any long delay (like 5 or 10 min) forthe same operating point.
If we ALWAYS need some delay between every stop and start, I don’t think it is
normal and it should be mentioned in the manual.

2. What is the relationship between the delay and the duty cycle? Would the delay
be longer for the longer duty cycle? Would the delay be longer for the continuous
mode than the pulse mode?

3. Can you explain more detail about "A tube current different" you mentioned?

I think it is also related the operating point. Does a tube current different
corresponds to a pressure difference in the tube? If yes, I still have same doubt
which I described in question 1. What I believe is that there should be no pressure
different if we use in the same operating point, and that means we don’'t need a
long(5 min) delay between a stop and a restart.

I'm sorry for the lengthy question. But the long delay is kind of a big obstacle to
use the neutron generator in our experiments.

Detailed explanation and comments for the each question would be very
appreciated.

I look forward to receiving your prompt reply regarding above issues.

Thank you

SK Ahn, skahn76@kaeri.re.kr, Korea Atomic Energy Research Institute
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From: RIQUET sylvain [mailto:sylvain.riquet@sodern.fr]
Sent:Thursday, May 15, 2008 2:57 AM

To: 4t

Cc:phy@enertopia.fr; shinhs@kaeri.re.kr; conan@enertopia.fr
Subject: RE: [Re] Genie 16GT issue

Dear Mr Ahn,

You're true: while asking about delay, I mean time between a stop and a new start
sequence.

The needed delay increases with the duty cycle. In continuous mode (100% duty
cycle) needed delay could be long and is also a little bit dependent of the
precedent running time.

1 — Delay for changing operation point.

In the manual, a 10 minutes delay is given for general cases (20%-30% duty
cycle).

For a 10% duty cycle this delay can be reduce up to 5 minutes, but for a
continuous mode this delay needs to be increase up to 1 hour.

This delay is due to the operating point you want use after the stop, whatever the
precedent running mode.

We apologize for this mistake in the user manual.

However you can change electrical parameters (tube voltage or tube current)
without stop the generator.

2 — Relationship between delay and duty cycle.

In fact the needed pressure decreases when the duty cycle increase.

When you stop the generator, the pressure decreases but not linearly. This is
exponential as temperature phenomena for example.

When you try to restart the generator in continuous mode after 10 minutes,
pressure is enough to produce neutrons (a tube current close to 1 or 2uA appears).
The software detects this current and that why it stops the NEM.

3 — Tube current different than "0".

During the startup sequence, when the VHV voltage setpoint is reached and ion
source is applied, the software verifies the tube current. If it is > O then software
stop the start sequence and the following error message appears: "Tube current
doesn’t go back to zero"

I hope my explanations are clear enough.

Also could you describe us your experiments? Perhaps we will be able to find a
solution for those issues.

We don’'t need to know what you do exactly, but only if you need to be close to
the generator during the stop, what's the usually running time, what's the usually
stop time, how many change of mode (duty cycle / continuous) you need per day,

Best regards,
Sylvain Riquet
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From: RIQUET sylvain [mailto:sylvain.riquet@sodern.fr]
Sent:Friday, May 16, 2008 2:54 AM

To: 4t

Cc:shinhs@kaeri.re.kr; phy@enertopia.fr

Subject: RE: [Re] Genie 16GT issue

Dear Mr Ahn,

Please find my explanations (and question) in blue.
Best regards,

Sylvain Riquet

————— Original Message ————-

De ¢FAl4F [mailto:skahn76@kaeri.re.kr]

Envoyé: jeudi 15 mai 2008 05:23

A: RIQUET sylvain

Ccshinhs@kaeri.re.kr; phy@enertopia.fr

Objet RE: [Re] Genie 16GT issue

Dear Mr. Riquet,

Thanks for your prompt reply with explanations.
Please see the detailed description between the lines in your mail below.
Thank you.

SK

————— Original Message —————

From: RIQUET sylvain [mailto:sylvain.riquet@sodern.fr]
Sent: Thursday, May 15, 2008 2:57 AM

To: 2+ At

Cc: phy@enertopia.fr; shinhs@kaeri.re.kr; conan@enertopia.fr
Subject: RE: [Re] Genie 16GT issue

Dear Mr Ahn,

You're true: while asking about delay, I mean time between a stop and a new start
sequence.

The needed delay increases with the duty cycle. In continuous mode (100% duty
cycle) needed delay could be long and is also a little bit dependent of the
precedent running time.

(KAER)-=—=-~ Clear.

1 — Delay for changing operation point.

In the manual, a 10 minutes delay is given for general cases (20%-30% duty
cycle).

For a 10% duty cycle this delay can be reduce up to 5 minutes, but for a
continuous mode this delay needs to be increase up to 1 hour.

(KAER)-———-- I understand the delay time as different duty cycles.

This delay is due to the operating point you want use after the stop, whatever the

precedent running mode.

(KAER)-==—--- This means we need the same delay time even though we use the
same operating condition (the same tube voltage and current). Am I
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correct?
(SODERN)-————- No : you need the same delay time with the same
condition of duty cycle.

We apologize for this mistake in the user manual.
However you can change electrical parameters (tube voltage or tube current)
without stop the generator.

2 — Relationship between delay and duty cycle.

In fact the needed pressure decreases when the duty cycle increase.

When you stop the generator, the pressure decreases but not linearly. This is
exponential as temperature phenomena for example.

When you try to restart the generator in continuous mode after 10 minutes,
pressure is enough to produce neutrons (a tube current close to 1 or 2uA appears).
The software detects this current and that why it stops the NEM.

(KAER)——-—~- [ still have several things unclear regarding to pressure and tube
current.
It may be because of my insufficient knowledge on the mechanism of
a neutron generator.
Let me double check.
After stopping of precedent running,
1. To do a re-start, a tube current should be zero.
2. To be zero for a tube current, neutrons should not be produced.
3. To make no neutron generated, the pressure should be low
enough.
4. To be low enough for the pressure, there needs some delay time.
Is it right?

(SODERN)----~- When you stop the generator tube current is "0" because of
power loss. Of course when you stop the generator there is
no neutrons emitted. This tube current should be to "O"
during the "ion source test" (see diagram 6.6.2.2 into the
user manual).

3 — Tube current different than "O".

During the startup sequence, when the VHV voltage setpoint is reached and ion
source 1s applied, the software verifies the tube current. If it is > O then software
stop the start sequence and the following error message appears: "Tube current
doesn’t go back to zero" I hope my explanations are clear enough.

(KAER)—-——-- Anyhow, what [ understand isrstandthe software was originally
programmed to stop the start sequence in case of a non-zero tube
current.

(SODERN)——---— Yes.
(KAER)-—--- Is that because of some kind of protection of a tube (and/or other

part of instrument)?
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(SODERN)-=---- Yes, it's to prevent damages into the tube (flashes if
pressure is too high).

(KAER)--—--- What if we change the software not to check a tube current and not
to interrupt the start sequence?

(SODERN)-=---- Perhaps we could have another possibility if you don’t need
to be close to the NEM during the stop.

Also could you describe us your experiments? Perhaps we will be able to find a
solution for those issues.

We don’t need to know what you do exactly, but only if you need to be close to
the generator during the stop, what's the usually running time, what's the usually
stop time, how many change of mode (duty cycle / continuous) you need per day,

(KAER)————- The reason why [ ask about this issue is not just related to the
specific experiment situation, but the general case as a general user.
In a current experiment, we expect as below.
Usual running time: 5-30 min/run
Usual stop (delay time): shorter is better (we can accept ~10 min)
Number of mode change: Not many time (usually no)

(SODERN)-—--- Thank you for these explanations. Could you tell me is you
need to be close to the NEM during a stop? (In fact do you
need to open the safety loop while you stop the NEM).

Best regards,

Sylvain Riquet
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From: RIQUET sylvain [mailto:sylvain.riquet@sodern.fr]

Sent:Friday, May 16, 2008 11:28 PM

To: SHAdT

Cc:shinhs@kaeri.re.kr; phy@enertopia.fr

Subject: RE: [Re] Genie 16GT issue

Dear Mr Ahn,

In order to be as clear as possible I deleted clear parts into this Email.
Your group of questions into the array is a good idea because it's clearer than with
a lot of text.

I hope this email answers your questions.

Best regards,

Sylvain Riquet

————— Original Message ————-—

De °HAf [mailto:skahn76@kaeri.re.kr]
Envoyé: vendredi 16 mai 2008 09:23
A: RIQUET sylvain
Ccshinhs@kaeri.re kr; phy@enertopia.fr
Objet RE: [Re] Genie 16GT issue

Dear Mr. Riquet,
Please find my adding in red.

As I mentioned, we need to know every possible way to use Genniel6, not only for
this time but also for the future experiment.

We cannot ask you about possible solution every time.

Please describe about every possible way. All of them will be helpful for us.

Thanks.
SK

————— Original Message ————-—

From: RIQUET sylvain [mailto:sylvain.riquet@sodern.fr]
Sent: Thursday, May 15, 2008 2:57 AM

To: <F Aot

Cc: phy@enertopia.fr; shinhs@kaeri.re.kr; conan@enertopia.fr
Subject: RE: [Re] Genie 16GT issue

Dear Mr Ahn,

This delay is due to the operating point you want use after the stop, whatever the
precedent running mode.

(KAERD)--- This means we need the same delay time even though we use the
same operating condition (the same tube voltage and current). Am I
correct?

(SODERN)--- No : you need the same delay time with the same condition of
duty cycle.
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(KAERD--- It looks like there’s some confusion between us. We
need to discuss with some example. (Assume 80kV, 20uA
for target setup)

Duty cycle Precedent running time Needed Delay time Please wrlteldown the lexpected
delay time you think.
10% 1min 5 min Always depend of the following
start
10% 5min 5min? >5min?
10% 30min 5min? >>5min?
20% 1min 10min
20% 30min
100% 1min 1thr? <thr?
100% 30min thr?

(SODERN)--- This array is not useful because delay
always depend of the following start. The
second array is more useful.

(KAERD--- Next, let’'s assume we need the delay of 5 min for 10%
duty cycle, 10 min for 20% duty cycle, and 1lhr for
continuous mode (100% duty cycle)

Setuence Sequence #1 Sequence #2 Sequence #3 Sequence #4 Sequence #5
Set Set Set Set Set
Set u VHV=80kV, 1=20uA | VHV=80kV, 1=20uA | VHV=80kV, [=20uA | VHV=80kV, I=20uA | VHV=80kV, [=20uA
b 10% duty cycle 10% duty cycle 20% duty cycle 10% duty cycle 100% duty cycle
pulse mode pulse mode pulse mode pulse mode pulse mode
Start Start Start Start Start
Operating start (then neutron’s (then neutron’s (then neutron’s (then neutron’s (then neutron’s
emit) emit) emit) emit) emit)
Status Running for 5 min | Running for 5 min | Running for 5 min | Running for 5 min | Running for 5 min
Operating stop Stop Stop Stop Stop Stop
Delay time Wait fqr 2min (thls Wait for 7min Wait for 7min Wait for 15min Wait for 15min
delay time < 5min)
No chanaing in set Change setup into | Change setup into | Change setup into | Change setup into
oing | VHV=80kV, [=20uA | VHV=80kV, I=20uA | VHV=80kV, I=20uA | VHV=80kV, I=20uA
Setup up (Same operating

20% duty cycle

10% duty cycle

100% duty cycle

20% duty cycle

point) pulse mode pulse mode pulse mode pulse mode
Operating start Start again Start again Start again Start again Start again
Should be OK
because of 10%
SODERN's duty. Sh.OL”d be OK.' Same case than NOT OK. Same case than
| think better with Delay should be
Answer However a 3 or 4 : Sequence #1. Sequence #2.
10 minutes. near to 1 hour.

minutes delay is
better.
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KAERI's test Sometimes okay Sometimes okay
results Sometimes error Sometimes error

(SODERN)--- In this array, the delay is due to the setup
before the 2" operating start.

2 — Relationship between delay and duty cycle.

In fact the needed pressure decreases when the duty cycle increase.

When you stop the generator, the pressure decreases but not linearly. This is
exponential as temperature phenomena for example.

When you try to restart the generator in continuous mode after 10 minutes,
pressure is enough to produce neutrons (a tube current close to 1 or 2uA appears).
The software detects this current and that why it stops the NEM.

(KAERD)--- I still have several things unclear regarding to pressure and tube
current.
It may be because of my insufficient knowledge on the mechanism of a
neutron generator.
Let me double check.
After stopping of precedent running,
1. To do a re-start, a tube current should be zero.
2. To be zero for a tube current, neutrons should not be produced.
3. To make no neutron generated, the pressure should be low enough.
4. To be low enough for the pressure, there needs some delay time.
Is it right?

(SODERN)--- When you stop the generator tube current is "0" because of
power loss. Of course when you stop the generator there is no
neutrons emitted.

This tube current should be to "0" during the "ion source test" (see
diagram 6.6.2.2 into the user manual).

(KAERI)--- Then why the tube current is not zero during the ion
source test?

(SODERN)--- Because pressure inside the tube is too
high.

(KAERI)--- The reason why I ask about this is to try to understand
the physics and to be able to guess when the error comes.

(SODERN)--- I understand your point of view!
When the tube is OFF, replenisher current
is in standby (490mA). Note : the pressure
decrease with a logarithmic form.
A start sequence is the following :
— Increase the VHV power supply up to the
setpoint (80kV for example).
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- Switch on the Jon source power supply
(2kV). Now the software look at the tube
current. If it’'s "0" it means there is no
pressure inside the tube and the sequence
continues.

If it’s more than "0"it means the pressure is
too high (because the time wasn't enough to
have a pressure under the limit).

- Increase the replenisher current. By
heating, it’s increasing the pressure inside
the tube until there is tube current.

- After the software switch in regulated
mode. It means stabilisation of tube current
near to the setpoint is done by changing the
replenisher current. This is a close loop
regulation.

You can observe the differences of running
pressure for different running modes (duty
cycle) while looking at the replenisher
current.

It’'s close to 750mA in continuous mode and
close to 900mA in pulsed (10%) mode.

3 — Tube current different than "O".

During the startup sequence, when the VHV voltage setpoint is reached and ion
source is applied, the software verifies the tube current. If it is > O then software
stop the start sequence and the following error message appears: "Tube current
doesn’t go back to zero"

I hope my explanations are clear enough.

(KAERDD--- Anyhow, what [ understand is that the software was originally
programmed to stop the start sequence in case of a non—zero tube
current.

(SODERN)--- Yes.

(KAERI)--- Is that because of some kind of protection of a tube (and/or other part
of instrument)?

(SODERN)--- Yes, it's to prevent damages into the tube (flashes if pressure
is too high).

(KAERD)--- What if we change the software not to check a tube current and not to
interrupt the start sequence?

(SODERN)--- Perhaps we could have another possibility if you don’t need to
be close to the NEM during the stop.

(KAERD--- What could be a possible way when we don’t nee to be
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close to the NEM?

(SODERN)---  This possibility is a
Play/Pause option. It allows you to standby
neutron emission in 1 second and restart in
1 second too.

However, if you open the safety loop, the
generator switches from “Pause” to “Stop”
mode.

Also could you describe us your experiments? Perhaps we will be able to find a
solution for those issues.

We don’t need to know what you do exactly, but only if you need to be close to
the generator during the stop, what's the usually running time, what's the usually
stop time, how many change of mode (duty cycle / continuous) you need per day,

(KAERD)--- The reason why [ ask about this issue is not just related to the
specific experiment situation, but the general case as a general user.
In a current experiment, we expect as below.
Usual running time: 5-30 min/run
Usual stop (delay time): shorter is better (we can accept ~10 min)
Number of mode change: Not many time (usually no)

(SODERN)--- Thank you for these explanations. Could you tell me is you
need to be close to the NEM during a stop? (In fact do you
need to open the safety loop while you stop the NEM).

(KAERD--- Sometimes yes, Sometimes no. Let's talk about both
cases.
1.  When we don’t need to open the safety loop during
the stop.

What could be the possible way you mention above?

2. When we need to open the safety loop during the
stop

We have to be close to the NEM to change neutron
counter setup (like cable connection change, location
change.. it takes only several minutes)

Is there possible way to make the delay to be short?

(SODERN)--- Case 1 : I think the better way is the
Play—-Pause Option in the embedded software.
Case 2 : only way is to wait the mentioned
delay.
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How to change the embedded software of Genie 16C

-Open the suitcase and place the electronic side in front of you.
-Connect the serial link.

-For the moment the power supply is off.

-On the main electronic board, you will find the following jumper.

AlTERN

om
o
om
|
Nl
-
-
-
o
o
o
o

-Before to change the position of the jumpers, you have to note the position

each one.

-The next views will give you the position that you have to change in order
download the software.
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BOOT _EN have to be
present

o N30
Rl’:l!” 16"'

: aoor EN
miNa 0 | o srsqa_ LA

MX300 =3 J-!- — ;

VCCP have be in “0V”
position
(TOP position)

-When all jumpers are in the same position as the previous photos:

-Unzip the file included in this email.

-Copy all files in a directory (For example c:Wgeniel6Wsoftware).

—Check that the serial link is connected to suitcase and your computer (COM1
COM2)
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-Power ON the generator (key only in “"IDLE”" position)

-Wait 10 seconds

-If you use COM]1, execute “"FlashComl.bat”"

-If you use COM2, execute “"FlashComz2.bat”"

-The download will be ready after an automatic sequence ( about 1 or 2 minutes)
-Power OFF the generator

-Replace all the jumpers in original configuration :

-VCCP in “"+5V”" position (bottom)

-BOOT_EN : No Jumper

-WDOG in ON position (Top)

—-The generator is ready.
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