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Review of the Gross Alpha for Characterization of Radioactive Waste
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In this study, we discussed the limitations of gross alpha measurements for the characterization of radioactive wastes produced in nuclear
facilities through experimental tests and Monte Carlo N-particle transport simulations. The determination of gross alpha is essential for
the disposal of radioactive waste produced in nuclear facilities in Korea. The measurements of gross alpha are easy to perform and yield
rapid analytical results, but it cannot be used for quantitative analysis. The error of counting efficiency for gross alpha with various masses
of the deposit on planchets using KCl and **' Am was determined. The relative deviation of the counting efficiency in samples having the
same mass was 20%. Uranium was extracted from the soil through acid leaching and extraction chromatography, and the concentration of
U determined by inductively coupled plasma—mass spectrometry (ICP-MS) was compared with the results for gross alpha. The gross alpha
was underestimated by 50% compared to the U concentration by ICP-MS. The counting efficiency depended on the energy from the alpha
emitters, which differed by up to three times in determination of the counting efficiency depending on the kinds of alpha radionuclides
of interest. Therefore, the gross alpha is not compatible with the sum of radioactivity for each alpha emitter and is suitable as a screening

method.
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Table 1. Classification of concentration of radionuclides for the disposal (unit: Bq-g™)

Limit of low level

Limit of low level

Radionucldie radioactive waste)  1aget MDA?  Clearance level”  Radionuclide radioactive waste  LATECt MDA  Clearance level
*H L.11x10° 1.11x10* 1.0x10? #Te L.11x10° 1.11x10! 1.0x10°
14C 2.25%10° 2.25%10° 1.0x10° Gross alpha 3.70x10° 3.70x10! na’

2] 3.70x10! 3.70x10" 1.0x107 *Nb 1.11x10? 1.11x10° 1.0x10"
*Fe n.a. n.a. 1.0x10° %Co 3.70x107 3.70x10° 1.0x10"
*Ni 7.40x10° 7.40x10? 1.0x10? B7Cs 1.11x10° 1.11x10* 1.0x10"!
3Ni 1.11x107 1.11x10° 1.0x10? 3Co n.a. n.a. 1.0x10°
“Sr 7.40%10* 7.40%10? 1.0x10° 4Ce n.a. n.a. 1.0x10!

D Nuclear Safety and Security Commission (NSSC) Notice 2017-65
2 NSSC Notice 2017-60
3: Not available

H2=3a A7) e ASEES Bl ufeAlT& S
2], LSC+= 1.8 ¢pm (0.1 M HNO, 10 mL + Ultima Gold AB
10 mL; HDPE vial)& Xo|& ¥H, GPCE 0.1 cpm F7579]
t}. Currie] 2]& o] &3}a1[7] AISAIZE 1008, A5 1g %
oA, GPCe] HAAE7FeE = 7.3 Bq-kg' 0] L, LSC=
10.8 Bq-kg'S Helt},
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2. Az % 9H
2.1 43 A= 4 77

ASEES Frketr] Sl ARgs 43t JRedde
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Fig. 1. Geometry of instrument
(XLB-SS, GAP: 1.52 mm, Mylar film: 0.58 pm).

A o] = ALkt KOS o] &3 AY st AlS8E 4
oloe, B T U F& uf A8 0.1 M ABOE ©]§31¢
Az0gE o] FA1(10~20 mg)ol| 2 ASEES H71819
th o] ASEE T EY T U wxot dYn 74 4

¥} H]alof] ARE-E| ATt

Bk (A Ak=1:3, mol ratio) 20 mLE ZHq(re-

0C, 4 AZH), 9JFHGF/F, Whatman)&Fc},
ool S 2171 58 M HNO, 10 mLE £-3]3tc}, o] o
T Z UL [CP-MSE ZA3te] 27] 25U, FE(mg)E
AAsFATt. o] S 8 M HNO, O 2 A3} TRU 2 -
(2 mL, bed volume) ]l ‘& Z+A]Z1T}, 3 M HNO,2} 2 M HNO,
o2 WalEd-E TRU Ay A|AgT} TRU &
ZHd UL 0.1 M ABO 10 mLE ¥t} U £ 352
UF289 F 250 S EU)3ke] 29U,/250,9] A3 of
ofa] 2AHATY. U F= &4 10 mL 5 1 mLE L9} &
Aol ARg3laL, He 898 ICP-MSE U, U, #2U&
213817) Qlal AR ATh, g T} A of] A-g-gk 1 mLe] 71
Z1HE FAIE 14~16 mgol AT, 2,340 270sk g3 2
o] A& Al 1 mLE F7HeF & 8] Hxstdint. o]
210N AL ASEES A3 S8, U FE899]
0.1 MABO €42 o] &3] AxnHE A7} 12~18 mg ¥
T& Fdskrh. YAmd U BF80S 247} o] 83l|A], 1
Z313 5 12~18 mgoll J$t ALdu} A58 HAgIA S H
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Fig. 2. Self-absorption curve for gross alpha (source: > Am, Residue: deposit on the planchet).
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Fig. 1> MCNP B 9] 913t Z47]7] +%, AlA el & v 8:@ =
Ehd Aot} A2uPEL A 12.6 cm* (A F 40 mm)
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()

T e R

(b)

Fig. 3. Schematic of the sample prepared for gross alpha analysis
((a) homogenously distributed sample, (b) heterogeneously distributed sample; Both of red color box indicate the residue having the same mass).

Table 2. Comparison of radioactivity concentration of total U and gross alpha in soil

Sample code ijUo . Tﬂtal U Gro_sls alpha Recovery (%) Total U
(mg-g'-dry soil) (Bq-g'-dry soil) (Bq-g'-dry soil) / Gross alpha

soil-#1-1 0.68£0.10 17.2+0.9 114+12 99 1.5
soil-#1-2 0.72+0.12 183+0.7 11.7£1.3 93 1.6
soil-#1-3 0.85+0.13 216+ 1.1 113+£1.2 103 1.9
soil-#2-1 1.23+£0.15 31.3+13 19.6 2.1 97 1.6
soil-#2-1 1.46+0.21 372+19 232+24 92 1.6
soil-#2-3 1.26+0.21 32413 23.0+2.4 98 1.4
soil-#3-1 0.72+0.10 183+0.5 125+13 97 15
soil-#3-2 0.80+0.12 20.3+0.8 13.1+14 100 1.5
soil-#3-3 0.92+0.13 234409 162+1.7 90 1.4

Average L5

Assigned U Relative
(Bqrgh deviation (%)

Method, 71403 49406 9 74402 43

D:0.1 gof 1000 p-g' U

Az

4 = Azng e FE i
A ) & s 4 Aznoes TAE ALY ¢
= 3

370 AlHo] Fig, 3(a)e} 2o, Al §lo 1=
Ak A& 7}7‘05}‘:} 131‘4 Fig. 3(b)# 4, Fig. 3(a)¢} &
A 23 = ot S,
wRe] S A9 s ASE ol
PRl 9o} ST o] old

O
T At Axudgs T et ASEES A A o] obd

EF AR T US 32 A, U s} Ay #4 4
FHE Table 20 YERATE, U] WAl e 290U, 29U, 25U
Fxo o2 yehlth TRUGIA F&3 U &9 5 20U
I} UL ICP-MSE BA35193, U 994 A pdn=
28(J:250=1:0,00727 o|t}, #U2] WA ICP-MSE 245}
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40 1 L
» source:*'Am
a source:U
slope =-0.36
301 r=ogs
g
22|
=
= slope=-0.53
10 A ?=0.85
0 ‘ ‘ . : ‘
10 12 14 16 18 20 22
Residue (mg)

Fig. 4. Efficiency gross alpha with a source of > Am and U.

40
244Cm
)
30 A
53
o
£ 20 | .
& Efficiency =-97 + 74 x In(Energy)
= 28 r’=0.980
10 - .
0 ‘ ‘ ‘
40 45 5.0 55 6.0

Energy (MeV)

Fig. 5. Counting efficiency of gross alpha with alpha energy using
MCNP simulation (mass thickness: 1.35 mg-cm?).

By g U2 HHARE (12,445 Bq-mg )& 22f3}ed 7l
AFsFRAAL, U #iUe] WAbs Hl&2 11152 Bkt U9
WAL 29U/ U] Aiku] e} #ue] vHARS(80 Bqrmg?)
S wejste] Attt B AlR oA FE38 U BFee
92~103%= YERTh 71BAH o2 ALy 54 dF5S #
A8k A7} of 7] wiiZol] 3 efebA] =t o
g o] YA, EF T U FE28&9S o s ddu=
A7) Wil AYE AL w) ue] 3488 31E
stttk MAmS ARESH AUI AlSEE A £
H AxuFEo FAE elste] ASEE&S 243
ICP-MSZE 2438t E¢F & UL 17.2~37.2 Bq-g'o&2 2%
gk WA, YTk 11.4~23.2 Bq-g' o2 YRRt 9wt
ol U w%of vjs) Al d o2 30~50% SA YERSTH U
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1000 pegt 8 0.1 go] EZ§H¥ Method-standard 2] #24] 2
I AR, US A3 A3 A3%+= 7.110.3 Bq-g'S
2,244 U F=ebe] A= -4.3% olct, 13 dds}
F5E(4.940.6 Bqrg)E A4 U E%ES] 7.440.2 Bq-g' B}
30% SEA| A = et
FTUG A EE WO A 4T U A s&
AYs} F%7} 30~50% AFo] U= olf= AT} ARk wf AL
=a& mjiEel Aog Helt o]F Felsly] s,
TRUOX U F&8 wf ARE-3F 0.1 M ABO &5 o] &3tof U
2 Ame]| gt AL st ASE &S HrIeAvh(Fig. 4). WY
I ASEE HATAo| APHor Hol= AL AxuIE
o] BA7}F 10~20 mg O & thh F-& W ¢jo]7] wjiEo|t}, KCl
S AHE AU ASE S FA(Fig. 2)7 0.1 M ABOE A
st AlSEE FA(Fig. 4)0] Tha 2po] e AL A2 &
o] Aolgt W zpolofx] 7113kSdtt, AlA Q] FAI7F 17 mg
A wf, UZ Ame] tig AL ASEES ZH2F 16%, 25%
ojt}, *MAm BFA Y-S AME-S wle] AUT ASE L U
S BFHN PR AL ALT ASEERT 50% =T, o
A] Table 2|4 949} F=7t U ko v]3) #4371 o]
FE YAMS ARSE BEAY ASE S AT A At
HASEES A wlioltt, ML T) wx Alkkel A8
HASHE S| ofH LufslFS o]gate] 2= A=A ol wh
2}, st A5 Agn A AFr) 156 2he] & 4= 9l

oo
ok
X
Y

Fig. 49] *Am& AME-St WYl A58 E %S 7IES
2, gyl 3 AL AlSEE-S Monte Carlo HAMRARSH
A}, AZIHE FA 17 mg (E% 1.5 grem?) o)L, Lu}s)
Zo] FU3A(AZ] 12,6 cm?) EEFTFaL 7pFEIY. &
G UA7t S5 AL ASE 82 S7RH(Fig. 5). &
ggzte] v A= o Aol Bleetr] wiitoltt, Yt
T AL9 ASEEL 10~-32% " =Z, ) 38)7}4] Z}o]
ot AlE7F oy dupelEs E3bshAY, Al X3

Fujalgo] W ASEE HAFH A48 FhH AT
BE A9, LT 2A AT Ak 4w v

VAMO R AU ASEE BAFAE
AE v, o)A A Boll #AmB Tk LA 7} ke kAL
7} Z3E o] 9= Alg o] Adul= B AT FET

il
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3.4 A7
A

1
d[m
oX,
o,
N
i
He
<
2
i

)
Mo
=

Folgt Ad e Gl ASES BAFHS 98 *Am,

=
Umm 259Pu, ZZ(‘Ra, 210PO7 236U % “5‘]—14—% 321-‘7\'_:‘}?4 %Q_E_ /\]_%:5]_

123 Si detectorE AFRSE 5 47 @Rttt 5YUE AR
(0.95£0.08 Bq-L) o= B7-akar, AAA Ato]e] Hdut
S5 zbol= A 10081 7kA] YERstTt. V. Jobbagy 5 2L
Aol 1) Al FH] #A, 2) ASEE A AFES 15
Ae] Apol= g0l AL} AL Led Az
FE FAE ASES BAFHAL AR E Axnd = F
ol gupFo wpet tav, dxuy s dee ¢t
ZFo| v AR FFS v FY A5l gk dLat
TAZARE vy SiAE Al 1], AISE S A
H A9 F o] nTstE EAEAT APHow FiE
+ Zlo] g3ttt
A

Aot} B Av)o] BakalA o] nfe- F7] wEo] A

g AL AHstA| Zrh4,11]. oot

Nz A|Z3&o| th27] w&d, ALy == jEd
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