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Abstract

The physical and chemical properties of radioactive waste drums, which have been temporarily
stored on site, should be characterized before their shipment to a disposal facility in order to prove
that the properties meet the acceptance guideline. The investigation of NDT(Nondestructive Test)
method was figured out that the contents in drum, the quantitative analysis of free standing water
and void fraction can be examined with X-ray NDT techniques. This paper describes the
characteristics of X-ray NDT such as its principles, the considerations for selection of X-ray system,
etc. And then, the waste drum characteristics such as drum type and dimension, contents in drum,
etc. were examined, which are necessary to estimate the optimal X-ray energy for NDT of a drum.
The estimation results were that: ®A the proper X-ray energy is under 3 MeV to test the drums of
320 B§ and less; ®E both X-ray systems of 450 keV and/or 3 MeV might be needed considering
the economical efficiency and the realization. The number of drums that can be tested with 450
keV and 3 MeV X-ray system was figured out as 42,327 and 18,105 drums (based on storage of
2006. 12), respectively. Four testing scenarios were derived considering equipment procurement
method, outsourcing or not, etc. The economical and feasibility assessment for the scenarios was
resulted in that an optimal scenario is dependent on the acceptance guide line, the waste
generator’s policy on the waste treatment and the delivery to a disposal facility, etc. For example, it
might be desirable that a waste generator purchases two 450 keV mobile system to examine the
drums containing low density waste, and that outsourcing examination for the high density drums,
if all NDT items such as quantitative analysis for ’free standing water’ and ’void fraction’, and

confirmation of contents in drum have to be characterized. However, one 450 keV mobile system
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seems to be required to test only the contents in 13,000 drums per year.
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Fig. 1. Computed tomography using a collimated fan beam
and linear detector array data acquisition to reconstruct
cross section of object.
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Fig. 2. BIR’s 3.0 MeV X-ray DR/CT system for NDT of
radioactive waste drum

Fig. 3. VJT’s 450 keV X-ray DR/CT system for NDT of
radioactive waste drum
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Table 1. Drum specifications & contents according to drum types under 320 | (Unshaded : group A , Shaded : group B )

Drum Type Specifications Contents
DOT-17H (combustible) 586 X H884 paper, vinyl, cotton, plastic, wood, rubber, secondary spent resin, activated
(200 11 (carbon steel : 1,2 mm) carbon, shoes, ash, spent resin(dewatering/drying)
DOT-17H (pégaofﬁ?]waste form) ” mixture of dried concentrate and paraffin

@615 X H890
(carbon steel: 1,2 mm,
concrete: 60 mm)

Shielded DAW Drum
(combustible) [200 1]

paper, vinyl, cotton, plastic, wood, rubber, secondary spent resin

DOT-17H Repack @713 X H955
(combu,) [320 ] (carbon steel: 1.2 mm)

1 drum of 'paper' or 'cotton' or 'plastic’ or 'wood' or 'the others/nonclassified'

DOT-17H Repack ”
(the others) [320 ]

1 drum of 'dried concentrate(paraffin form)' or 'spent resin (dewatering)

Repack(shielded DAW Drum)
(comb.) [320 1]

” 1 shielded drum of 'paper’ or 'vinyl' or 'the others/nonclassified'

Spent Filter Drum (carbon steel: 1,2 mm)

(s‘upcﬁ‘fﬁéﬁcﬁom) ., around 2 compacted drums of paper, vinyl, cotton, plastic, wood, rubber,
chmbU )[320 1] secondary spent resin, activated carbon, shoes, the others/nonclassified
DOT-17H < . iron. the other metallic. soil. asb i "
(non-combustible) 9586 X H884 iron, the other metallic, soil, asbestos, concrete, spent air filter, gypsum, sludge,
200 1 ] (carbon steel : 1,2 mm) glass, the others/nonclassified
DOT717H(C[02%1§ nlt ]wastc form) ” mixture of borated concentrate and cement , mixture of spent resin and cement
@570 X H884

spent liquid filter (dewatering without cement grouting), spent liquid filter

[200 1] (concrete: 180 mm) (cement grouting)
i (%]
Shle]de?{ DAY Drum . 615 X 4H890 iron, the other metallic, soil, concrete, spent liquid filter, sludge, glass, irradiated
(non-combustible) (carbon steel: 1,2 mm, arte/control rods, the others/ Jassified
[ZGO i ] concrete: 60 mm) parts/control rods, the others/nonclassirie:
DOI7H Re[g);;)k l(‘]”“)“'“"“lm‘) ( 1@ 713t XI‘PPZSS ) 1 drum of 'the other metallic' or 'soil' or 'concrete' or 'spent air filter' or 'sludge’'
carbon steel: 1,2 mm
DOT-17H Repack 1 dmml of 'borated concen;mte(cletxlent form)' or 'sp«?nt resin (cemelnt fonn)‘ or
) ” 'spent ligiud filter (dewatering without cement grouting)' or 'spent liquid filter
(the others) [320 1] (cement grouting)'
Repack around 2 compacted drums of iron, the other metallic, soil, asbestos, concrete,
(supercompaction) ” spent air filter, gypsum, sludge, irradiated parts/control rods, glass, the others/
(non-combu, ) [320 ] nonclassified
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I x 208 1) o]ofe} 3EE pvCrl AH Bge
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F Aok 2YBER =8 AR AF 58.6 cm F X-ray
7} FHEof sk B2 F7= EA 0.24 cm, PVC
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Repack(combu,) [320 [ | = & & 'DOT-

17H(combu.) [200 1] =7 75 320 | AEXH =
Holl gol T4 Zoln HA 747} 28 = =0]
W 0.48 cmo]al F7] T3} FAE 27.63 cmE 9]
YR PVC TS S Y3THGE 2 Fx).
‘Repack(supercompaction)(combu.) [320 T
‘DOT-17H(combu,) [200 [T =
2 Qrashel RAE 12T R B G5

Table 2. Compositions and thickness of contents in group
A drums

Ho
| =

Drum Type Max, Weight| Compositions & Thickness
DOT-17H(combu,) 162 kg iron: 0,24 cm, PVC: 43,19 cm,
[200 1] airt 15,17 ecm
DOT-17H Repack 1o data iron: 0,48 cm, PVC: 43,19 cm,
(combu,) [320 1] air: 27.63 cm
(supe?:eo}?r:llgiaion) ” iron: 0,72 cm, PVC: 52,52 cm,
(combu.) 320 1] air: 18,06 cm
Shielded
iron: 0,24 cm, concrete: 12.00cm,
(Com%ﬁs\gblzﬁ;noo /] 325kg PVC: 36,45cm, air: 12.81cm
R%)z%];(g:ﬁlgf d 1o data iron: 0,48 cm, concrete: 12,00cm,
(comb,) 320 11 PVC: 36.45cm, air: 22,37 cm
DOT-17H . .
. . iron: 0,24 c¢m, PS: 39,10 cm,
(ewatered resin) | 190K8 i 19 36 cm
DOT-17H Repack - . . .
(dewatered resin) no data ;rler 3{) 74§ ;ﬁl’ PS:39.10 cm,
[320 1] o
DOT-17H iron 0.24
(paraffin waste form)| ~ 300kg | O™ D-et e <
200 1] paraffin waste form: 58,36 cm
iron: 0.48 cm
DOT-17H Repack fron: . '
. ; nodata | paraffin waste form: 58,36 cm,
(paraffin form) [320 ] air: 12,46 em
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Zadez 9%e Solt. neby AulgaA =
Hol B3} 549 F7= 23YE FAV} 12 cmo]
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E 7 %] XerayZt SHsks AEE FAE Hol
11.33 em(= 57 0.24 em + W85 A 57
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Z39t E3te] 320 1 =Ho) Yol AEFT
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Table 3. Compositions and thickness of contents in group
B drums

Drum Type Max, Weight| Compositions & Thickness
. . iron: 11,33 cm
DOT-17H(iron) 335 kg (drum-0,24, waste-11,09),
(200 1] air: 47.27 cm
Repack iron: 28,95 cm
(supercompaction) 582 kg (drum-0,72, waste-28,23),
(iron) [320 1] air: 42,35 cm
DOT-17H — . -
(the other non combu,) 272 kg 1ron ] 9'24 cm, conerete: 30.35 cm,
1200 1] air: 28,01 cm
DOT-17H Repack Lo . -
(the other non-combu,) no data 1rlo'n~ 0.48 cm, concrete: 30.35 cm,
320 1] air: 40,47 cm
Repack
(supercompacti()n) . iron: 0,72 cm, concrete: 40,68 cm,
(the other non combu,) airt 29,90 cm
[320 7]

Shielded DAW Drum iron: 0,24 cm, concrete: 37,62 cm

(non combu,) 335 kg T e
200 1] (drum-12 cm, waste-25.62),
Spent Filter Drum air: 23.64 cm
[200 1] no data iron: 0,72 cm, concrete: 60,78 cm
DOT-17H Repack iron: 0,96 cm, concrete: 60,78 cm,
(spent filter) [320 1] ” air: 9,80 cm
wI:sCt)eT;ZiS:?Zmo?)ml ] ” iron: 0.24 cm, concrete: 58,36 cm
DOT-17H Repack iron: 0,48 cm, concrete: 58.36 cm,

(cement drum) ”

1320 1] air: 12,46 cm
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Table 4. Linear attenuation coefficient[(x (cm-1)] of materials in drum with respect to X-ray energy

Energy Iron Air Concrete | Polyethylene | polystylene PVC

(MeV) (7.87 g/em3) |(0.0012 g/cm3) | (2.3 g/cm?) | (0,96 g/cm?) | (1,06 g/cm3) | (0.9 g/cm?)
0.5 6.622x10" 1.045x10* 2.050x 10" | 9.549E X107 | 9.942X10* 8.083x10*
1.0 4,718 x10" 7.630x10° | 1.494x10" | 6.972x10? | 7.258x107 | 5.879x10?
2.0 3,357 x 10" 5.336x10° 1.048 X 10" | 4.861x10? | 5.064 %10 4,128 %107
3.0 2.850x10" 4.297x10° |8,512x107% | 3.883X107 | 4051x10% | 3.304x10*
4.0 2,607x10" | 3.695x10° ]7.399x10° | 3.306x10° | 3.457x10* | 2.935X10*
5.0 2.476x 10" 3.301x10° | 6.688x10% | 2.923x10? | 3.062%10? 2,663 %10?
6.0 2.406% 10" 3.026X10° | 6,203X10* | 2.650X10* | 2,784X10? 2.479%x107

Table 5. Linear attenuation coefficient[( #(cm-1)] of materials in drum with respect to X-ray energy

e | Obraend | (s emy PiBos e | SSFeso.Cr)
0.5 9.185x10* 1.296 %10 1.164E-01 6.482%10"
1.0 6.706X 107 9.463 %107 8.498 % 107 4.622% 10"
2.0 4,676x 107 6.614x10? 5.935x 10 3,288%10"
3.0 3.734x10* 5.317X10* 4,763 x10? 2.789X10"
4.0 3,179 %102 4,563x10? 4,079 102 2,548 % 10"
5.0 2.810% 10 4,069 % 10? 3,628 %107 2,418 x10"
6.0 2,548 %10 3,723%10? 3.311%x10? 2,347 x 10"
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Table 6. Transmission ratio with respect to types of group
A drums and X-ray energy strength

Transmission ratio(I/Io) with

Drum Type X-ray energy strength

0.5 1.0

DOT-17H(combu.,) 2.595% 102 7.041 X 10

[200 1]
DOT-17H Repack 2.211%10° 6.281% 102
(combu,) [320 1]
Repack(superoompaction) 8.881x10° | 3.243x10°

(combu,) [320 1]

Shielded DAW Drum

= 2
(combustible) [200 1] 3.819x10 1.742>10

Repack(shielded DAW Drum)

3 . R
(comb,) [320 1] 3.257 %10 1.555%10

DOT-17H (dewatered resin)

-2 ;-2
200 11 1.745 %10 5.221 %10

DOT-17H Repack (dewatered resin) 1 487 %102 4.657%10?
[320 1] i o

DOT-17H (paraffin waste form) 9,568 10* 6.266% 102
[200 1] i )

DOT-17H Repack (paraffin form)

3 )3
1520 1] 1.579 %10 9.059 <10

B =3, 23 4= X320 H(EADE

2k AAMY AluEle 74 2 Ha
@ AdEle 4 AT 73

0 450 keV A2 AA} 713t Ade =8

e 22 2 o §2 o Z ogE (A K

2 oo

[ o

[o n%

et
N
o
g
2 0

O

b))

>~

Rl

bo o oE
o

rlr o rm r[o

2
[
o
w

i
oft
B
ko
Al

E°JNe)
Ho
o2
2
o>
ot
i)

N

2
o,
o
st
fu
r o
)
o

~
=

= =23(18,105 EH)S BT AR Folle ade

Table 7. Transmission ratio with respect to types of group B drums and X-ray energy strength

Transmission ratio(I/Io) with
X-ray energy strength

[320 1]

Drum Type 0.5 1.0 2.0 3.0
DOT-17H(iron) [200 1] 5.490x 10 | 4,752 107 | 2,225% 107 | 3.953 X 10*
Repack(supercompaction) - P 6 5 4
(rom) 1320 1] 4.705%107 | 1.166X10° | 6,010 X 10° | 2.608 X 10
DOT-17H(the other non combu,) 1687x10% | 9.569% 107 | 3.827%10° | 7.043 % 10°
0 1] d . 3.82 .04
DOT-17H Repack 5 - 5 - o - ,1
(the other non-combu,) [320 1] 1.437X10° | 8,537x107 | 3.529% 107 | 6.574x 10
Repack(supercompaction) _ ,
(the other non combu,) 1.476 % 10" | 1.630 X 10° | 1.103x 10? | 2.550 X 10*
[320 1]
Shielded DAW Drum 4 3 3 2 | 3,794 %107
(non combu,) [200 1] 3.801x10% | 3.231x10° | 1.787x10 )
Spent Filter Drum [200 7] 2.402x10° | 8.114X10° | 1,344 X 10° | 4.613 X103
DOT-17H Repack S " 5 X103 | 4.306% 107
(spent filter) [320 1] 2.047x10°| 7.240x10” | 1.239X10 :
Do»l«,17H(cT£1(1)8ntl \Jvastc forms) 5.420% 106 | 1461 %104 | 2,035 X 10° | 6.499 X 103
DOT-17H Repack (cement drum) 4.618% 10° | 1.303 % 10* | 1.876 X 10° | 6.066% 10°
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Table 8. Data for scenario setup & economical assessment

Drum Type
low density drum | high density drum
Ttems
Required X-ray | VIT 0.45(RTR) 2~4(DR/CT)
Energy BIR N/D 3(DR/CT)
. (l\[ACV)df{ g Goslar 2.5(RTR) 2.5(RTR)
estmetod 1 brGEM 0.45(DR/CT) 2.0(DR/CT)
VT RIR:5 CT 30
Required time BIR N/D N/D
(min,) Goslar ” ”
- RTR: 1 RIR: 1
DRGEM CT:20 Cr:30
S -0.45 MeV(RTR): 1.4,
Faupment | _ 45 MeV(DR/CT): 1,3-1 9(Fixed); 2,5(Mobile),
(mili Uss) |3 MeV(DR/CT): 2.99~3.8(Fixed); 3.5~5.0(Mobile),
: -4 MeV(DR/CT) : 5.4

AHE R sk A= 30 el

o] 7hg ol AME-H A AP 3 AR QAR =
o] FAGAE do s A =AM AAEke 2
Aakdnt. Xeray vl AAPEHIE Afsta Qe
2= A (VJT, BIR, Goslar)e} il GA| 5 X-ray &
ofo]l 7]%3 o] 9= JA(DRGEM)[6]E HIo 2 =
d FFY Xray 2 oluR|e} AApE 2 HAF &
[ARE, =Rl ) 7HE 55 _71243}04 E 89

FRHA. 4l HAe A
SRR

o Akl 7}%/%0 oF 1,664 A|7Fo]T.
525 X 0.8(A7F Fa4d B8) X 5YU/F x 84

2/ = 1,664t
@ X-ray AAPEH] £8 di5
A7 AAM ok = 13,000=8-3 A=t

Bag Xray gl SAE A7) 9 CT QNS

Cr#g| 0 101]02[03]04/05]06[07]08]09] 1.0
22 QARK1,083[1,625|2,167|2,708|3,25003,792|4,333 4,875 5,417 |5,958| 6,500
2287 0.7 [ 1.0 | 1316 | 20]23 |26 [29 | 33|36/ 39
gof & =9 gl wpat ARG AIRES AlAbstaL
A7F 7u] AR AIZEQ 1,664417F0 2 o] of#et
ol &8 & ALts .

Beko] oF 30 %0l ‘1t & A
ANe& S9N CT S

2 3 Aese A o
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