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Conceptual Design of a Commercial Potato Irradiator

for Installation in Shihoro, Hokkaido

Tomotaro SATO, Naoyuki TAMURA, Shohei AOKI,

Shoji NIKAIDO, Hiroyuki TACHIBANA, Tamikazu KUME,
Ryuichi TANAKA, Satoshi TAJIMA, Takayuki KIKUCHI,
Mikito KAWAIL and Eiichi KAGEYAMA

Takasaki Radiation Chemistry Research Establishment, JAERI
(Received February 4, 1975)

With permission of the y-irradiation of potatoes for sprout
inhibition by the Government in August 1972, it was decided to
construct a commercial potato irradiator in Shihoro, Hokkaido.
Design study of the irradiator has been carried out by the Taka-
saki Research Establishment, JAERI, upon request of Shihoro Agri-
cultural Co-operative Association which will be owner of the
irradiator. Cbncerning the irradiation conditions and the dose
distribution in a potatoes container, the following were revealed
: For the large container holding 1.5 tons of potatoes with irra-
diation by a circular-line conveyor moving around the 60Co source,
300 kCi of 60Co at least is mnecessary for attaining the absorbed-
dose range of 6 - 15 krad and the jrradiation capacity of 10,000
tons per month. If a straight-line motion conveyor is used instead,
larger intensity of the 6UC0 source is required to attain the same
irradiation conditions. The source may preferably be stored in a
water-filled pool rather than a lead- or concrete-shielded dry

container.
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Table 1. Effect of Dose Rate on Sprout Inhibition of Potatoes

by y-Irradiation

Researchers

Results obtained

Jaarma

Kruschev et al.

Kahan et al.

Mathur-

Heilinger

Ogata et al.

In America

and Canada

The dose rate of 600 krad/hr is more
effective than 100 rad/hr.

The 630 rad/min is more effective than

40 rad/min.

There is no difference between 19 krad/

hr and 76 krad/hr.

In the dose rate ratio of 1 : 12, the

higher dose rate is more effective.

The 45 R/min is more effective than 4

R/min.

The l.6><10S R/hr is more effective

than 500~1000 R/hr.

No effects of dose rate are shown except

for only one case.
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60
Co Source

Fig. 2. Schematic Diagram of Irradiaticon Container

Table 2. Bulld-up Factor Obtained from Observed Value of Dose

Distribution and Empirical Equation

Depth in sample B B

(cm) (From observed value) (From emp. equation)
10 1.32 1.33
20 ' 1.63 1.65
30 1,97 1.96
40 2.30 2.28
50 2.64 2.62
60 _ 2.98 2.99
70 3.38 . 3.40
80 3.86 3.87
90 4.42 4.42
100 4,99 5.04

B : Build-up facter

Distance between source and container : 205 cm
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Q / Sample contziner

Point source
(100kCi)
Fig, 9, Calculation Model
(a) Toint Source
Line source d
{ TO0KCH) -

Sample centainer

Fig. 9. Calculation Model

(b) Line Source

Plane source
{100kCi)

Sample container

L‘ Fig., 9, Calculation Model
\ ‘. (¢) Plane Scurce
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Figel0 Distribution of Exposure Rate in the Samples with Various Thickness
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Table 3, Expoesure Rate at the Points As, Ao and Co in Fig.9% and Dose
Uniformty, ay and Gpe '
(a) Point Source
a (em) Agxposure Ri;e (Rghr}aéo Doie gnifarméty
A C
56 5,52x10%  6.74x10*  1.46x10"% 8,20 37.91
100 1.,32x10° 3.00x10%  1,36x10" 4,39 12,53
150 5.88x10" 1,69x10" 1.05x10"% 3.49 7.45
200 3,32x10% 1,08x10" 7.89x10° 3.08 4,21
250 - 2.13x10" 7.49x10%  6,01x10° 2.85 3.55
300 1.48x10% 5.50x19%  4,67x10° 2.70 3.18
350 1.09x10%  4.21x10° 3.71x10° 2.59 2.95
400 8.38x10° 3.32x1019 3.01x10° 2.52 2.79
450 6.63x10%  2,70x10%  2.48x10° 2,46 2,67
500 5.34x10%  2,23x10° 2.08x10° z2.41 2,58
‘ (t) Line Source
d (em) ‘Exposure Rate (R/hr)at Dose Uniformity
As Ao Ce QA ac
50 3.85x10°  5,61x10* 1.54x10% 6,86 24.92
100 1.18x10° 2.74x10° 1.38x10" 4,33 8.64
150 5.50x10%  1.60x10*  1.05x10" 3,50 5,34
200 3.235x10* 1.04x10*% 7.85x107 3.10 4.11
250 2.00x10% 7.32x103 5.97x10° 2.86 3.50
300 1.47x10" 5.41x10° 4.65x10° 2.71 3.15
350 1.08x10%  4.,16x107 3.70x10° 2,60 2.93
400 8.32x10° 3.29x10° 3,00x10°% 2.53 2.78
450 6.59x10° 2.67x10° 2.48x10° 2.47 2,66
2 500 5,35x10°  2.21x10°% 2 08x10° 2,42 2.58
e {c) Plane Source
& (cm) Exposure Rate {R/hr) at Nose Uniformity
As Ao - Co aA @C
50 2.48x10°%  4.01x10*  1.74x10° 6.18 14,22
100 9.89x10" 2,30x10%  1.34x10° 4,30 7,39
150 5.09x10° 1.44x%10% 9,97x10° 3.53 5.10
200 3.05x10%  9,73x10°? 7.49%10° 3,13 4,07
250 2.01x10" 6.96x10°? 5.74x10° 2.89 3.51
300 1.43x10° 5.21x10° 4,50x10° 2,73 3.17
350 1.06x10*  4,04x10°  3,60x10° 2,62 2.95
400 §.19x10° 3.22x10° 2.93x10° 2.54 2.79
450 © 6.51x10° 2.63x10°%  2.43x10° 2.48 2.68
500 5.30x10° 2.18x10° 2.04x10°3 2.43 2,60




JAERI-M 6000

(CiI) RO Lo s BTs b, Rithiie 1 A 2 4 ReBBm T 4 &340l 1RRxAYOL
B EE139 ton b, =¥ 7 7 1MCASRBOBEE LS ton ThiHi b 1Y D
0.06 4 — =M TALLBENE A, ATy I FOBBEHESE1ITIm T2 Y, BRKO
ny%f%@%%ﬁlUM&&%Tﬂm,%%t:y47ﬁﬁu1awwmhﬁﬁbémmm
Jmin kb, CCTOREHEROMNEL L THREE 100K, 7 v TRE209/ min &
B LLTWAEZ ELDL, Sn(C1) EatamiEz o kh LT 5L

27.8 6000 '
20 XAD

@

EXRB LB, Table 4 W Sn CEFXTL T 5,

GELRB T T FEROER A 400 nl T THEREAYEw £ ChZ CLThay
b3 5L TFleedsbhitv, 2AKESTDE, wike CehbhoOTEFig. 15 KRT L9
CSn @A LTS AR, d=600m AR TEERU EOBIERONE (T Lo
i) EREHEoH

HEEECRE O HTOBEH0T2¢ /0 ERELTELL AN, COHBEXIETE
&ﬁxﬁw,%%%@W&%ﬂ%%%%@ﬁﬁ@émﬁmy?f«@%bﬁ&&w;bgmf
&O%E&7mmﬂ4nmfbﬁ@fﬁ%€@ﬁw.%%ﬁﬁ%Snﬁ£©E§%%T&@%
NThA, dUBIEOSEAL LD Sn HRACELE600mo—EfBE LA, Table 51T
da =25 BT ALORE L wE LU Sn LOBBRERLE, CORARBHEEOI L TE
ErEnT oL LBBEESEARICHMT A LERL T A,

ui@%%ﬂ5,lﬁﬁU:T§4Vﬂyﬂ?ﬁ%wrmfﬁﬁ@%ﬁﬁ&7%vmsib
KEWigAE, 1) BEADELRC T2 (d=—%0HE ), »50nid2) BERLFEHM
OEELKECTA(we—EOBE)CELLPC L b HEH—Er—ECRDTLTE
Lat, MMBEE (Ci) OB BBRELZ 5T 5,

6.22 2BXPIFIBERI=T 71 HR

1B =754 »HRTH, dp £ 25 BRCFADLEAHDECEI00T UL 5RED
GESDBBCADL C Lt vnike LT, AI¥y_T 54 v 2Eb50nE 3B L L THRIEF
BEEes B AL I b, LEHBERE Sn2da (T EEHRM Lo
iy 2BRV =T34 N

Fig.16alC/id L ool 2 BFo0a v <7 54 wgREl, BMI¥T I %
AP0 4 v FRERBE I L LR Lo THERPILT 25 30T 0, 2BRNCHE
g, 16b CHRF L9 RARLOCS 1 v &4, Fig.9(a) OAsC=TBHE L C, K
50 B 8E & Ok G Xas /X0, R THEBEhOGRSErhlblr. TOMOHE
FEE1BER 7 4 ~HEEERTS %, :

= 700OHED A =25 %M T w., Xas, X, ,» %o ¥ L 8n % Table 6 CRTo d
£ 600 MU FTlWEWHKAZI LTS Qo 25 UTUEEL B LHDTERETS o7g
i) 3RV =754 »FHK

96—



JAERI-M 6000

SRR =T 54 v EREFig 1Ta AT £91, BEOBMO1ERI 4 (4477
4 Vo ETENNEZA > (¥7 94 v ) el thROABMBERILLIIELRD
@T@éof4yﬁ4yﬁom1uffmlﬁﬁi4Vﬁﬁfﬁﬁbﬁ%ﬁ&@%f&ovf
54 v onTEGte FTAErbOAT AL EDT, BREM— VA RS &2 ¥ 7
¢mu@§ﬁ—gz%ﬁ¢bk@wmy@47bmﬁfiﬁmﬁ%¢v7a4y¢@ﬁﬁt®
E%dgﬁ,%ﬁ&f4V§4VL®ﬁﬁt@ﬁ%dlibﬁé(tb%%ﬁé%o

ST A Y OWTE, Ao=25 & Td, , W, #1100, LY EKEX TEELR.
2454y EHLTHEIER (621 8R) LU LHARRER V. LERERE Sn
HAA v YUy 754 > CHTHEENBREOHL DB L,

54 DN Td, =900MOBEOFER%E Table 7 AT, dp = go0m T AC
@250%&2%0C@%%&lﬁﬁfﬁzlﬁﬁ)fﬁaﬂkf4794V@ﬁ%&%ﬁb
H TR O E % Table 8 T,

6.2.3 Y=T 34 rar~THANOKH

1&%.2&&3103&K002754VﬁKKDWT%%%ﬁﬁoﬁ%%,%%mﬁ%
1Q0mnmyﬂ.ﬁﬂm@ﬁ%ﬁwﬁzsuT¢m5%#%%&?5@K%%tﬁﬁ%5n
H1BXT992000Ci, 2EXT929000Ci, 3BAT545800Ci LR ot, 2ERK
HANEIBR TS Sn FABEH LT L EETE AN &b 2 o

Yo7 BT, BuEShe ks (T2 L RELMECHENT 20, FOAKKS
@%@Tﬁﬁﬁ—ﬁm%<t%oLﬁﬁof.%%m&%~%@%#fﬂ,@%ﬁﬂﬁﬁl<
?5%@%@,Snﬁxg<¢au%ﬁm#ﬁm¢%%éhao%cf.C@%%ﬁ&%&?
BrwBRAEDESKE (, pokEY—Er LWREHEE LT, BRCHAR ¥ 7 F 2
%Kmﬁbfméiﬁﬁ%%,T&b%ﬁﬁ%*@tLkﬁ%ﬁ%yi&aﬁﬂﬁﬁfév—
s G4 2y _THR A L

6.3 H—sAT4 var~TICLBRS

S s 4rEREFig.18a WWRTIoKBBRERLLLAAET 4 v EEERSE
@?&%%ﬁif-ﬁ@%%?éﬁbmmv—fw%—%bk&,%ﬁﬁﬁ%bf%ﬁﬂﬁﬁ
By ahEsH b, '

6.31 #HEHIE
ﬁw&MgJSawiﬁmMﬁ&mmﬁuﬁ%é,%ﬁ%(m~sg)ma@aﬂmﬁf&
G 0BELK, AErkEHEotrbr—RTsEEETARL, S~ 85 ©oboingl

OB SR s BB En b 0L LTEHEBT 5 &0 TE B, HREBELHBREC

Bl Ao, GEE-BEF LUREILEECELOEBESZ L b, BBRUFORE
CHENFZERELAZALDLTD L,

r, =0 THEERFORE &2 (HMICR L,
ﬁﬁﬁﬁ%®ibbﬁlﬁbﬁﬁﬁﬁﬁﬁﬁﬂwﬁétM@@&%T@(MgJSbé%)

g —



JAERI-M 6000

Sample

Line source container

—\ LY

Fig-11 Schematic Niagram of the Single Straight-Line Conveyor System,

5
S o4k
5
T
o
5 3
= d=450cm
& d=500cm
o
=2
g
= d=600cm
Ll

‘] -

O 1 | |

0 100 200 300 400

Conveyor position from source center {ecm)
Fig. 12 Exposure Rate Distribution along th2 Conveyor Line.

_’1 // Sample container

1] 7 [

J T

T

- Source

] 3=
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Table 4. Calculated Results for the Single Straight-Line Convevor

System.
d (cm) w (cm) = XAo (R) Sn (kCi)
450 220 2,49 5.17x102 1613
500 420 2.49 T.42x102 1125
550 580 2.49 8.13x102 1026
600 740 2.50 8,40x10%2 992

Table 5, Effect of Sample Density on the Required Source Activity,

Sn, and the Effective Irradiation Width, w, in the Single

Straight-Line Conveyor System when aA=2.50 and d=600cm.

¢ (g/em’) w (cm) Xyo (R) Sn {(kCi)
0,70 1020 1.07x10° 782
0.71 900 §,73x10° 857
0.72 740 8.41x10° 992
0.73 580 6.90x102 1210
0,74 380 4,78x10°? 1743
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Table 6, Calculated Results for the Double Straight-Line Conveyor

System when d=700cm.

w (cm) XAS (R) XCO (R) o Sn (kCi)
540 2.,40x10° 9,57x10% 2.50

500 2.24x10° 8.98x10% 2,50 929
340 1.59x10° 6.43x102 2.47 1297
220 1.07x10°? 4.37x102 2.45 1913
100 5.39x10? 2.21x10% 2.44

10 1.80x102 7.38x10° 2.44

Table 7. Calculated Results for the Sub-Line of the Triple Straight-

Line Conveyor System when d,=900cm.

w {cm)

X (R)

X (R)

As Co C
220 6.31x107 2.58x10? 2.45
420 1,14x103 4.63x102 2,46
620 1.63x10° 6,52x10° 2.49
660 1.72x10°8 6.88x10° 2.50

Table 8, Calculation Results for the Triple Straight-line Conveyor

System.
d (cm) w (cm) X (R) o Sn (kCi)
Main Line 500 740 8.41x102 2.50
Sub Line 900 660 6.88x102 2.50
Total 1.53x10° 2.50 546
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Table 9, Calculated Results for the Circular-Line Conveyor System

when r;=450cm.

T2 (cm) XAo (R) Gy Sn (kCi)
100 2.78x10°% 2,49 255,
50 2,70x10°3 2,47 262
] 2.67x103 2.47 265

Table 10, Effect of Sample Density on Sn and r; when aA=2°50 and
r,=0 in the Circular-Line Conveyor System.

Table 11

p (g/cm?®) T (cm) Sn (kCi)
0,70 348 209
0.71 380 228
0.72 420 251
0.73 470 280
0.74 530 316

Relation of Sample Density and Dose Uniformity in the

Circular-Line Conveyor System when r;=450cm and r:=100cm.

p (g/em?) ap
0,70 2.39
S 0.71 2,44
0.72 2.49
0.73 2,54
0.74 2,60
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Table 12, Comparison of Various Conveyor Systems when o is 2,50 and Less.

Conveyor Distance between Regquired source Effective irradiation Utilization

system spurce and sample(cm) activity (kCi) width (cm) ) efficiency(%)

. . r =450
Circular-line 152100 255 2m (rad) 10.6
Single

straight-line d =600 992 740 2.7
Double

straight-line ; d =700 929 500 2.9
Tr,icbl? heeli d12600 sa6 740 [main] s 0'

. straig ine d,=900 .

660 [ sub]
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Table 13, General
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Descriptions and Main Farticulars of the

l” " . - - - .
"Shihoro lrradiation lacility

{1} General UDescriptions

1TEM

DESCR1IPTIONS

Gamma-source

Cobalt 60 sealed source ; 300 kCi (possible
to contain 800 - 1000 kCi J

AECL type Cobalt 60 pellet 7,500Cix36pcs,

Object to be

irradiated

Container centaining 1.5 tons of potatoes

(internal dimensions ) 0.98 Mx L.6Mx13M

Abscorbed dose

Max. 15 000 rad {Welfare Ministry Notice
No. 285 )

Min. 6,000 rad( limit of sprout inhibition,)

Uniformity of
distributicen of

abscrbed dose

Max,Min = 15000,/76,000 = 2.5

Processing

capacity

15 ton/hr (at the time of 10 containers )
10,000 ton/@ﬂ { at the 1ime of increase of

source strength 15000 ton/M possible )

Processing
time { per

container );

Approx. 2 hours ( both-side irradiation )

—36G -
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(2) Main Particulars
ITEM SPEC1FiCGAT1ON
Civil engineer- Irradiation building HRC construction 449 sqg.m.
ing work Control butlding S construction 303 sq.m.
Conveyor building S construction 179 sq.m,
Carrying storage conveyor 1 unit each
One side irradiated load
return conveyor 1 unit
Fmpty pallet return con-
Conveyor veyor ' 1 unit
Turn-table for reverse op-
eration 1 unit
Trapsporting jinc inside
the maze unit
Turn-table for irradiation m. radius
units
Gamma-source Type Endless chain system
elevating equip- Max. loading load 500 kg
ment Elevating speed 50 mm/sec
Blevating distance 5870 m,'m

(zamma-ray deleclor

Moving type monitor Gamma-ray logarithm

ionizativen chamber 2 units

Fixed type monitor ditto 1 units

Control egquipment Block control system
' (iraphic type operating panel

Monitor Kadiation shielding glass window 1 unit

1TV camera inside of irradiation cell

for monitering use 2 units

ITV camera outside of irradiation cell

for monitoring use 2 units

Alr conditioning equipment 1 set
Associatled Air discharge equipment 1 set
facilities Water cleaning up equipment 1 set

Emergency power equipment 1 set
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