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ZHAEH| 1-D model

- MCS (multichannel scaler) bin time
- SER AP X EH O SE A2 E

2. /4Kt 0|1 X| = two group(thermal/fast) 2 2 Tt}

3. Delayed gamma 12| A|ZH0f| I} 2 Z4| & HIYF
- SAND2015-7024 (2015) 3H G| O|E{ A}

- “Delayed Fission Gamma-ray Characteristics of 23°Th, 233U, 235U, 238U, and 23°Pu”
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<Program Flow Chart>

MNeutron source
- Strength (n/s)
- Neen/Noet

> 1-D Simulation Model T+ :

Pellet specification
- calculation of Ny for 2331, 2381

<Parameters of 1-D Simulation Model> o :
- scan speed
- neutron source strength - calculation time step
. . . - length of neutron room
input parameter - calculation time-step "
. 235 concentration Make a pellet pass through a irradiation
- chamber in a given scan speed
output parameter - gamma-ray counting n
- neutron source position » Fission calculation at a time step
. . . ¥
. - irradiation length Moving time calculation form
variables . s
- scan speed fission position to detector area
- moderation structure - .
Delayed gamma-ray strength calculation
1 dimensional - calculation at a z-axis ¥
] o Summation of delayed gamma-rays
- material oxidized 23°U, 238U 3
252Cf n E spectrum - two group (thermal/fast) peprzt"?”t

eutron area?

Nuclear data library - SAND2015-7024

¥
Calibration between pellet
length and detector length




> HA 7 HAMSH| 1-D model & = mt2tH|EF(O]])

1-D 2-group model

thermal neutron flux (n/cm?/s) 1.00E+06
fast neutron flux to thernal neutron flux 1.00
moving speed (cm/sec) ;scan time 6.00
effective irradiation length(cm) 20.00
U25 concentration(%) 2.00
pellet diameter (cm) 0.826

pellet length (cm) 0.991

pellet density (g/cm?) ; p 10.44

molecular weight of UO2 (M) 269.978662

molecular density of UO2 (No. of mo./cm®); N=N,*p/M

volume of a pellet (cm®)

pellet material (UO,) 3t7i & No. of U25 atom per cm?

pellet material (UO,) 3t7i & No. of U28 atom per cm?

fission numbers in cm?® during 1 sec
U25 thermal neutron X section(barn)
U25 fast neutron X section(barn)

U28 thermal neutron X section(barn)

U28 fast neutron X section(barn)

fission numbers during 1 sec

irradiation time

total fissions during irradiation time

U25 thermal fission
U25 fast fission
U28 thermal fission
U28 fast fission
total

U25 thermal fission
U25 fast fission
U28 thermal fission
U28 fast fission
total

2.32869E+22
0.531035482

2.47323E+20
1.21189E+22

N(number of atoms

per cm?®)=

(density)*N,/M

at 0.1eV
at 2 MeV
at 0.1eV
at 2 MeV

6.18E+04
2.47E+02

1.21E-01
8.48E+03
7.06E+04

3.33E+00

2.06E+05
8.24E+02

4.04E-01
2.83E+04
2.35E+05

250

1
1.00E-05
7.00E-01

F(fission per cm®/s) =

I(neutrons/cmz/s)Nc

detection distances (cm)

half distance of moderator area|(ceter to exit) 27.94

from cener to 1st Detector 87.354

btwn Detector to Detector 3.703

length of detector collimator 1.0
detector passing time (sec) 1.0




Total count/s from pellet

> 1-D model A= simulation 2

74

a

- scanning speed 0| [} £ counting = H2} H| 11

1-D Model Simulation Result

LANL Team Experimental Result

5.100E+04 1000000
5.050E+04 E 900000
5.000E+04 " Bhonatid |
3
4.950E+04 i 700000
E 600000
4.900E+04 o
« 500000 {
4.850E+04 2 400000 |
4.800E+04 * Thermal/fast neutron flux ; 1.0x10% n/cm?/s § 300000
4.750E+04 * Scan speed ; 6cm/sec — 200000 +
* Irradiation length ; 20cm 3
4.700E+04 + U25 concentration ; 2% NN
4.650E+04 owvww N ¥ © © N ¢ © @ o
-y [4Y]
0 0.5 1 15 2 2.5 3 35 4 S & 5 e P 4D o 5 e B
Scan Speed (m/min) Rod Speed (m/min)
scan speed [ scan speed
. D1 D2 D3 D4 total
(m/min) (cm/sec)
0.3 0.5 1.250E+04 1.197E+04 1.144E+04 1.091E+04 4.683E+04
0.6 1 1.316E+04 1.260E+04 1.204E+04 1.147E+04 4926E+04
0.9 1.5 1.340E+04 1.283E+04 1.231E+04 1.182E+04 5.036E+04
1.2 2 1.343E+04 1.289E+04 1.238E+04 1.190E+04 5.059E+04
15 2.5 1.340E+04 1.287E+04 1.237E+04 1.188E+04 5.052E+04
1.8 3 1.326E+04 1.274E+04 1.225E+04 1.180E+04 5.006E+04
24 4 1.302E+04 1.253E+04 1.207E+04 1.164E+04 4927E+04
3 5 1.275E+04 1.229E+04 1.185E+04 1.144E+04 4.834E+04
3.6 6 1.262E+04 1.212E+04 1.166E+04 1.124E+04 4.764E+04 [STANDA@\




DD Count Rate

4. HX| SUXH|O| SHEH HI}

oiXl 2HH|o| AN Al=Z1} (252¢f strength 4.83 x 10° n/s)
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HH| n,/n. N AF7| 2= 7|

ng/n; Ofl M2 MZCHE sHEQ| BT HH+ HI)

> 1-D model 0| 2|t &

o
@ 80,000
3
E ng/ne = 10.0
- - 60,000
<87l 7} 5 %H| 1-D model SHA Hu}> E
- O o 9
- RE 100% 7°d_|_ @ 40,000 r‘th/nf =10
+—
©
: nth/nf = 05
S 20000 Ngy/Ng = 0.2
2 et nn=0
4‘_3 . ———a (-_ o E— > » D1 measured counting
Q 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450 5.00

235 concentration

ng/nOfl HE MZ2LHE SREo| WalY 5P+ HIl

UBs x5k 1.17% U2 E2| D1 HZ+ 7I& 8,000
=xc n/n; = 01| ny/ng =022 [ny/n, = 05 Tng/n = 1.0 ne/my = 10 [ measire. | o Nw/n;=10.0
1.71 2,700 £ 2700 2,700 2,700 27001 2700} ng/n; = 1.0
2.00 2830 ;2902 3,004 3,066 3147 1 2900|' gp00 N /n.=0.5
220 2919 1 3042 3,214 3,318 34551 3100 th/ T = M-
3.14 3340 . 3698 4,201 4,504 4903 | % 3750} 5000 . ny/ng=0.2
465 4,016 4752 5,787 6,409 7230| . 4400 — .- D1 measured counting
detector efficiency 0.31692 0.26924 | 0.20228 | 0.16200 0.10881 4,000 e
ng/n;=0.1
3,000
2,000

1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
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5. SAXH| 0| A{2| Cf-252 HAEMEF 17}

> 252Cf source 2| A

Total count rate (gammas/sec)

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

= ‘'nfs 2O |
7|15 2x10°n/s 2 Ol U= [

S5k ng/ng = 0.1 ng/ng = 0.2 | ng/ng = 0.5 [ny/ne = 1.0 ng/ng = 10 | measure
1.71 1,058 1,246 1,658 2,070 3,083 2,700
2.00 1,109 1,339 1,845 2,351 3,593 2,900
2.20 1,144 1,404 1,974 2,544 3,944 3,100
3.14 1,309 1,706 2,580 3,454 5,598 3,750
4.65 1,574 2,193 3,554 4914 8,255 4,400

detector efficiency 0.30000 0.30000 0.30000 | 0.30000 0.30000
= 2 X |
nth/nf O'“ [[I-I— -IE EI-: o =I1_E-o—| E%ﬂ b
XA HE _
S+ Hl New/ Ny = 10.0
> ~
Ng/Ns = 1.0 \
D1 measured counfing
ng/n=05
-
—o N/Me = 0.2
—3 ng/ng=0.1
2.00 3.00 4.00 500 * Ripplebackground count 100 O|StY &%

235 concentration

HSl 0 X} S5l HAHAR 5H & X10] °'||k|
400 count O| & X}0| 7} T+SO{X|H 7}
ng/n; = 0.5 OlA| A| AR 318 715
O:IXH LFEHO-"*-IO' 7|-'—A'| h—_OI
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> 252Cf source 2

MZIE

1x10°n/s E SIS I ; n, /n=1.0 O| &

=55 ng/ng = 0.1 ng/ng = 0.2 |ng/ng = 0.5 |ng/ng = 1.0 ng./ng = 10 [ measure
1.71 529 623 829 1,035 1,541 2,700
2.00 555 670 923 1,175 1,796 | 2,900
220 572 702 987 1,272 1,972 0T
3.14 655 853 1,290 1,727 2799 | 3,750
4.65 787 1,096 1,777 2457 4,127 4,400
detector efficiency 0.30000 0.30000 | 0.30000 | 0.30000 0.30000
—_ = = > T || C
S ny,/n; Ol IHE MEZLHE S| HalT
(%2]
S~ = A e
é Fd 3 Ho|
€ 5,000 .
S D1 measured counting
oo coo00°?® *
Py 4,000 ..........--" ng/ng = 10.0
= eoe°®’
g 3,000 RO D ’ - Ng,/ng = 1.0
[
> —
2,000 ® = ng/ng=0.5
8 ’ ° S ~ 7 th/ ''f
£ 1,000 ] o ny/n;=0.2
o O—0—0— —$ <> o )
0 Ng,/ng=0.1
1.00 150 2.00 250 3.00 350 400 450 5.00
. * Ripple background count 100 & 4%
235
U concentration . SIS MOlZ =X KHO| Of| A
* 200 count O| 2} X}0| 7} Et 501 |H 7ts

* ng/ne=1.0 0| A A LB 20 U5
« O ZHOM 2.0%2t 2.2% T+ES E7ls




Total count rate (gammas/sec)

> 252Cf source 2| M|

5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

= 8 =
7| & 1x10 n/s olF= I
s=5: ng./ng = 0.1 ng/ne = 0.2 | ng/ng = 0.5 [ny/ne = 1.0 nyg/ns = 10 | measure
1.71 53 62 83 104 154 2,700
2.00 55 67 92 118 180 2,900
2.20 57 70 99 127 197 3,100
314 65 85 129 173 280 3,750
4.65 79 110 178 246 413 4,400
detector efficiency 0.30000 0.30000 0.30000 | 0.30000 0.30000
= = x || cC
n,,/n:Ofl HE MZLHE SH | BT
x> AL =
S8+ Hel

1.00

Lo
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4.00

10.0
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* US Patent, US 2017/0358375
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Fig. 1. Distribution of the cumulative thermal fission yields (fraction of fission ;‘ VW, ) 2 ) %
fragment produced directly and via decay of precursors par 100 fissions induced by o = =% = % s =z -k = o o
thermal neUtrons) as a function of mass number, from JEFF3'1 database. Fig. 7. Zoom on the regions of interest of Fig. 5, for different acquisition times (optimized as a function of the radioactive period of each delayed gamma emitter).
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