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A Basic Study on the Radiological Characteristics and Disposal
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Securing the radiological safety is a prerequisite for the safe management of the naturally occurring radioactive materials
(NORM) which cannot be reused. This becomes a crucial focus of our R&D efforts upon the implementation of the Act
on Protective Action Guidelines against Radiation in the Natural Environment. To secure the safety, the establishment of
technical bases and procedures for securing radiological safety related to the disposal of NORM is required. Thus, it is nec-
essary to analyze the characteristics, to collect the data, to have the radiological safety assessment methodologies and tools,
to investigate disposal methods and facilities, and to study the effects of the input data on the safety for the NORM wastes.
Here, we assess the environmental impact of the NORM waste disposal with respect to the major domestic and foreign
NORM characteristics. The data associated with major industries are collected/analyzed and the status of disposal facili-
ties and methodologies relevant to the NORM wastes is investigated. We also suggest the conceptual design concept of a
landfill disposal facility and the management plan with respect to the major NORM wastes characteristics. The radionuclide
pathways are identified for the atmospheric transport and leachate release and the environmental impact assessment meth-
odology for the NORM waste disposal is established using a relevant code. The assessment and analysis on the exposure
doses and excessive cancer risks for the NORM waste disposal are performed using the characteristics of the representative
domestic NORM wastes including flying ash, phosphor gypsum, and redmud. The results show that the exposure dose and
the excessive cancer risks are very low to consider any radiation effects. This study will contribute to development in the
areas of the regulatory technology for securing radiological safety relevant to NORM waste disposal and to the implementa-
tion technology for the Act.
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Table 1. A range of reported concentrations and average concentration
measurements of Naturally Occurring Radioactive Materials (NORM)
by EPA [3]

Radiation Level (pCi/g)

Sources
low average high

Soils of the United Sites 0.2 NA 42
Geothermal Energy Production Wastes 10 132 254
Oil and Gas Production Wastes

Produced water (pCi/L) 0.1 NA 9,000

Pipe/Tank Scale <0.25 <200  >100,000
Drinking Water Treatment Wastes

Treatment Sludge (pCi/L) 13 11 11,686

Treatment Plant Filters NA 40,000 NA
Waste Water Treatment Wastes

Treatment Sludge (pCi/L) 0.0 2 47

Treatment PlantAsh (pCi/L) 0.0 2 22
Aluminum Production Wastes

Ore (Bauxite) 4.4 NA 7.4

Product 0.23

Product Wastes NA 39-5.6 NA
Coal Ash (fact sheet)

Bottom Ash 1.6 3.5-4.6 7.7

Fly Ash 2 5.8 9.7
Copper Mining and Production Wastes 0.7 12 82.6
Fertilizer and Fertilizer Production Wastes

Ore (Florida) 7 173-39.5 6.2-53.5

Phosphogypsum 73 11.7-245  36.7

Phosphate Fertilizer 0.5 5.7 21
Gold and Silver Mining Wastes
%ax:realgz(:lh \g]:(s);sante, Xenotime, Bastnasite) 57 NA 3024
Titanium Production Wastes

Titanium Ore 8.0 24.5

Rutile 19.7 NA

Ilmenite NA 5.7

Wastes 3.9 12 45
Uranium Mining Wastes

Uranium Mining Overburden low

Esflgium In-situ Leachate Evaporation 3 30 3000

Solids 300 3000
Zircon Mining Wastes

Wastes 87 68 1300

219



Jongtae Jeong et al. : A Basic Study on the Radiological Characteristics and Disposal Methods of NORM Wastes

Table 2. Measured concentrations (Bg/kg) of radionuclides in various coal burning residues [6]

Residues By =y ®Th 2Ra “Ra P %o Py *Th “K Total
Fly ash emitted to the atmosphere from UK power station
Drax 109.7 121 34.5 53 188 171.3 <3.6 39.6
Eggborough 84.9 88 30.6 74 1254 139.8 <1.9 19.1
Alberthaw 433 479 38.2 443 98 64.2 2.08 28.6
High Marnham <200 208 74
Drakelow <200 220 92
West Burton <400 290 158
Polish coal fired power stations (1195 ash and 645 slag samples)
Ash(average) 146 102 631
Ash(median) 131 101 654
Ash(range) 18-870  16-275 35-1484
Slag(average) 108 79 549
Slag(median) 97 79 561
Slag(range) 17-487  17-261 23-1103
Croatian coal fired power plants
Fly ash 8700 2400 20 400 150 11700
Bottom ash and slag 3400 2000 60 200 290 5900
Brazilian coal and combustion products
Coal 72 72 62 72 62
Bottom ash 156 120 84 70 96
Fly ash 144 192 144 440 80
US coal combustion wastes"
Fly ash 96 96 67 111 96 200 207 5 63 1003°
Bottom ash and slag 26 26 19 26 22 52 52 1 15 255°
 Assumes that 80wt% of the concentration is fly ash.
® Excludes contributions from other (short lived) radionuclides in decay chains.
of whet 27 ThEUH6). Table 3 T} Folek, fdlek 28] 2.2 AHE A FAFAE
v 2k ol e gk H A AP F 4 AFfolth4, 5. -
B AR A AAgA S BEst Aol vl oF 307) UetelA] Ul 2 sl 9] SR 0 BN A
3l ohek 2-3u) A 5ol HY A AR HAHA) o ZFebar glem Aef tie] Q1FA 2 A ol A= Er
thek 9-190) A FSEe= ¢S Hdvh dubao g 4% AefgAors 8ol SAsh= “Rad]
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Table 3. Radionuclide concentration (Bq/kg) in coal and flyash [5]

Samples “K Ra *Th

Domestic anthracite coals

Hwasoon 409+ 13 405+12 50.0+1.8
Dogye 410+ 6 53.7+1.5 712£29
Jangseong 117+2 23.8+1.2 274+1.8
Gyeongdong 22110 40.0+£1.3 456+1.9
Fly ash from anthracite coal-fired power plants
Seocheon 802 +23 86.2+2.1 102+3
Yeongdong 681 +20 84.9+2.1 101£3
Donghae 749 +23 116+3 146 +4
Imported bituminious coals
Australia 26.4+0.6 16.6+£0.9 149+15
China <8.25 104+0.9 5.35+1.40
USA 33.7+0.7 11.6£0.9 5.75+0.84
Russia 76.7+9.2 122409 8.48+1.37
<734 4.67 +0.68 <221
Indonesia
357+84 1.36 £0.68 <244
Fly ash from bituminious coal-fired power plants
Dangjin <271 <0.519 4.06 +0.92
Honam 495+ 16 65.8+1.8 61.5+2.1
Boryeong 390+ 13 482+13 56.5+1.9
Hadong 31512 195+4 110+3

80%, **The] 30%, **Ue] 14%7} 14k Lol Ho} ok, ¢
S B2 A 2(F eEH EF2 70%)2] °F 150%
7HA] 2 ETH6]. Q1AM AL (phosphogypsum)E 452] 914k
(phosphoric acid) A4 FH oAl BAEE T2 #H7]&E9|
o}, Qa1 &8P Glurry) 2 A 0] 22 o) 2 %
o} A7t Aot vtk 2 WEErh. QI AR A2
skt B 270 o)) QI AL TinEE THA AL gloH o]
gulEe YR 9o Utk Harolx 9 g sE= A

oA 5E Hu) 1,700 Bq/kgoll o] 2tH(Table 4 33)[6].
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Table 4. Examples of radionuclide concentration in phosphogypsum
(Ba/kg) [6]

Country (source) ~ “*Ra U *%pp %pg “Th
USA

f;’lf;};fgfm o U138 41366 STT-I8S3 4371765 I
North Florida ~ 270-599 22451 348551  355-566

Europe 151700 500 1300 900 10
South Africa

Local rock 4548 6473 76132 205-284
Togo rock 17 61
Australia 280350 1024 320440 150360 4.7

Table 5. Examples of radionuclide concentration in scales (Bq/kg) [6]

(ngl;?g ”Ra U *%pb *po Th
South Africa 918-
Local rock 70-4,470 66-3,510 11,000
Togo rock 129,000-139,000  0.62 470-2,730
USA 333,000
Europe 370,000-3,700,000
Australia 3-3,900 30-1,300  5-112
Brazil 52-889 52-132  45-186 24-189

QU NN F7HHl A7) BE 34 ol ofztey
2 B AR Ape] 27| o, sho] L8 vk A7)
7) w2 2718 0.2 A Asolo} gk W] olefat /1%
o 2Ll Qi me) 3ok ujwah A el e Rt
£ e ohA, o5 AN Aol ol b m

. = = <l
HT} 1,0008) o) d7HA] 2

)

2 WAL F=E HoltH(Table 5

RESON
el A, 7P 2 B8R AAAIQ] Fal skt
AL AR S 7HA AL o, Y /13342 T AR ol mh
2} theFet A ATAE o] T 9IS A o o
o] B9 2 iAol wet 3Ee] =L FEE 2 &
otk A FAS AT FRF 1EA Well T3 At
BT & FE(*Ra, *Ra)E HZF 90% ol Fo] QA
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Table 6. Radionuclide concentration in raw materials, products, and resi-
dues of phosphatic fertilizer (Bg/g) [5]

Table 7. A range of concentrations and average concentration in ore,
product, production wastes in bauxite industry (pCi/g) [3]

Radionuclide Concentration (Bq/g)

Radiation Level (pCi/g)

Samples Materials
“K Ra *Th low average high
China 0.02-0.07 (0.04) 0.10-0.93 (0.37) 0'084(;8'009 Ore (bauxite) 44 NA 74
imported 00 Product 023
roduc .
Ehoipha‘e Phillippines < MDA® 0.60 <MDA*
o Product Wastes NA 3.9-5.6 NA
Morocco 0.02 1.2 0.001
*NA: not available
0.006-0.035
Phosphoric Acid - 0.8-1.4 (1.1)
0.02) Table 8. A measured radionuclide concentrations in a domestic bauxite
‘ industry (Bq/g) [5]
Calcium Chloride 17.2-17.5(17.3) <MDA* <MDA®
0.003.0.007 Radionuclide Concentration (Bq/g)
Composite Fertilizer 0.02-0.08 (0.05) 0.10-0.51 (0.31) '(0.005) Sample o e —
<MDA'-0.038 0.004-0.011 -
Phosphogypsum 0022) 04308404 T h07) Imported  China  0.003-0.23(0.09) 007-039(0.29) 0.25-0.41(036)
Phosphogypsum <MDA* 122 0.151 Bawsite 4 stralia 0.1 0.06 0.08
Transport Pipe Scale
- MDA: minimum detectable activity Bauxite Redmud ~ 0.01-0.07 (0.04) 0.18-0.20 (0.19) 0.26-0.28 (0.27)
SEHM $EH (U, U2 = 95% o] de] jIMte R & Table 8o Uebdt v} o] Ul 71 4A|ellA g A
S5 €. Table 69 AlAI# vkl o] Q1A a19] ZZGRa 29| JuEmE AR 2% BEAAT Y E TrE
o] 3= W o= theF 0.4-0.8 Ba/g, 1 W 23 #Ral 5 EFAILC] th=F 0.3 Ba/g eHE A€ 0] 0.2 Bq/g B =oltHS)]
= W= 2k 0.8-1.4 Bg/g o|t}, & B3| 8 A x2FH

o B9l 59 HA| Fahz

o] 43| =UH~17 Bg/g)51.
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Table 9. A measured radionuclide concentrations in domestic iron smelt-
ing slags (Bq/g) [5]

Radionuclide Concentration (Bg/g)

Samples
4OK 226Ra 232Th
Iron Ore 0.01-0.10 (0.07)  0.002-0.004 (0.003) 0.001-0.006 (0.003)
Limestone <MDA"-0.08 <MDA"-0.02 <MDA"0.002
(0.02) (0.006) (0.001)
Iron Slag 0.01-0.15(0.10) ~ 0.01-0.22(0.13) ~ 0.01-0.09 (0.05)

Non-Iron Slag  0.20-0.20 (0.20) 0.02-0.03 (0.02)  0.010-0.015 (0.012)

* MDA: minimum detectable activity

Table 10. Cases of domestic NORM contaminated scales [5]

Radionuclide Sources
Date Type of scales . (Confirmation and
Concentration .
Presumption)
2006. Pipeline Scale 125 Bq/g of *Ra Unidentified
Pipeline Scale Nambhae Chemical
2008.8  (Detect during site 12.2 Bg/g of **Ra Phospogypsum
survey ) transport Pipeline
Pipeline Scale Mdry 2ldias . .
2008.10 (Gate-type detector) 40 Bg/g of ~"Pb, " "Bi Unidentified
Pipeline Scale Ddry 2ldias .
2009.4 (Gate-type detector) 41 Bg/g of “"Pb, ""Bi  Namhae Chemical
20099 PipelineScale gy p o oy 2B Unidentified
’ (Gate-type detector) ae ?
HEFe] sk vk ol ) FoE 714 BRE G
Ao dhekeh, e, of Avks 49 ?m} SRk
4 AE AR A3t oy ar, xﬂ;“i%u 4o
C ool AL B2 RS 1 5 ol u}w 374
FakEo] 23E o] e A aelal] & wo] Bk AAH
Q1 2418} B7)7} B A olehs), Table 9] et vho) 2
o] 37he] AFEAWT A 270 ¢f vjH Sefae] BHA, A
AAMIEF L = 29 T 0.2 Bq o8k vl v F

b1

£ HTH51

AR Al s 23 74%7] (Rad1at1on Portal Morntor)oﬂ/ﬂ
333 =2 FEo #Ao HE /‘}Eﬂ F e o] -9
= v =2 *Ra(%F 123 Ba/g)& Fratar siich =3
M AL EEAG ol A FAERE A JL* AEAAFOR
o]F3t=dl o] &H A Tho]zekel o] #A 4] #Rao]
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Table 11. Radionuclide concentrations in production water, crude oil,

scales, and sludges in oil and gas industries [7]

Waste (Unit) Radionuclide Reported Range
U-238 0.0003 - 0.1
Ra-226 0.002 - 1,200
Production water Pb-210 0.05-190
(Bg/L) Th-232 0.0003 - 0.001
Ra-228 0.3-180
Ra-224 0.5-40
U-238 0.0000001 - 0.01
Crude oil Ra-226 0.0001 - 0.04
(Ba/g) Po-210 0-0.01
Th-232 0.00003 - 0.002
U-238 0.001-0.5
Ra-226 0.1-15,000
Hard scales Pb-210 0.02-75
(Ba/g) Po-210 0.02-15
Th-232 0.001 - 0.002
Ra-228 0.05 - 2,800
U-238 0.001 - 0.05
Ra-226 0.8 - 400
Soﬁ/medill;n;/glrd scales Pb-210 0.05 - 2,000
Th-232 0.001 - 0.07
Ra-228 0.05 - 300
U-238 0.005 - 0.01
Ra-226 0.05 - 800
Sludges Pb-210 0.1-1,300
(Bq/g) Po-210 0.004 - 160
Th-232 0.002 - 0.01
Ra-228 0.5-50
Ra-226 0.01-75
Scrapings Pb-210 0.05-50
(Ba/g) Po-210 0.1-4
Ra-228 0.01-10
Rn-222 5-200,000
N‘(‘];”;Zln_‘%)as Pb-210 0.005 - 0.02
Po-210 0.002 - 0.08
Rn-222(NGL) 0.01-1,500
NGL/Hydrocarbon candensate Rn-222 (C3-liq) 0.01-4,200
(Bg/L) Pb-210 03-230
Po-201 0.3-100
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Table 12. Radionuclide concentrations in building materials (Bq/kg)[6]

226Ra 232Th 4(JK
1-250
Concrete (5000 mU) 1-190 5-1570
Aerated and lightweight concrete 9-2200 <1-220 180-1600
. 1-200
Clay(red) bricks (590 mU) 1-200 60-2000
Sand-lime bricks and limestones 6-30 1-30 5-700

CUR)! (60)°

Natural gypsum <1-70 <1-100 7-280
Cement 7-180 7-240 24-850
Tiles(glazed and unglazed) 30-200 20-200 160-1410
Phosphogypsum(plasterboard) 4-700 1-53 25-120
Blast furnace slag stone and cement ~ 30-120 30-220 -

JINFCWT Vol.12 No.3 pp.217-233, September 2014

AHMineral Sand) @ o] A S EJERF(TIO,) B 2], 54 A
d B A 2, S5 kA, A asket 2 g4k, Zir-
con, Zirconia ¥# 2+, A 2+ (Pulverizing & Milling),
SehE A B S ERREE) B4k 7 Fo] ATHS) HEg
O}ATE A§ 1 H, BAF, ADF, /A8 TellA
T A€ AT A EHAAY 0.5 7 dol Al71EAL
7] W&ol o] Sl thah M = A} 2 EX o] F g3t}

3. TAFAE HE T A 24 Y 24
FAF R YA SR ol U2t 1o &
25het gl wet theleh A i g el gl 34
AR AR = A 718 AR ete] B ol 713k
A e glo] FAAS GREEE AR Al
3 egatnt) FHS Erh ol 3R ARA
Aol AP 718 Bl g A8 A oza
Mg B0 GEHA FEF shof hiYe AR
2437 BaA AT

High level waste
(deep geological disposal)
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Activity concentration
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Very short lived waste
(storage decay)
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(landfill disposal) NORM
waste
Exempt waste
(exemption, clearance)
Half-life

Fig. 1. Classification scheme for radioactive waste - Application to
NORM waste[8].
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NORM CONCENTRATION LIMIT
Surface Licensed  Low Plugged
spreading NORM  level and Deep
Surface  with Industrial disposal ~ waste  Surface Injection abandoned Hydraulic geological
facility  facility — mine well well  fracture repository

low P high

spreading dilution  Burial  landfill

low

Degree of
isolation from
the public-and cost!
Actual costs may very according
to circum stances and do not always
increase in this order.

Fig. 2. Disposal alternatives for NORM wastes [9, 10].
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Table 14. Classification and management plan for domestic NORM wastes
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Uranium dispose into specific
NORM waste disposal
Table 13. Radionuclide concentrations in typical NORM wastes (Bg/kg) [5] facility
NORM Wastes i Reuse after safety
Radionuclides Fly Ash Phosphogypsum  Bauxite Redmud General NORM 1~10 TENORM assessment or dispose
Wastes them into disposal
K-40 264 17.0 - sites
Ra-226 16.6 0.8 - Large Quantity Phosphogypsum, - Reuse/Landfil
NORM Wastes <1 iron sludge, disposal near the
Th-232 14.9 _ 0.3 bauxite red-mud ~ facility
Clearance Level <1 Minerals and other Reuse/Treat industrial
U-238 - 1.4 02 NORM Wastes materials waste
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Fig. 3. Conceptual design for landfill disposal of NORM wastes.
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Table 15. Exposure doses and excessive cancer risks for disposal of typical domestic NORM wastes
Fly Ash Phosphogypsum Bauxite Redmud
Exposure Dose (mSv/yr) 4.0E-04 2.0E-04 3.62E-07
Excessive Cancer Risk 9.63E-07 5.21E-07 8.13E-10
Table 16. Exposure doses for different pathways resulting from the disposal of flyash(mSv/yr)
Exposure Pathways
Radionuclide
Ground Inhalation Plant Meal Milk Soil Total
K-40 4.84x10™ 7.18x10™" 1.44x10™ 6.63x10°™" 2.90x10™ 3.31x10™ 4.94x10
Ra-226 1.29x10™ 3.30x10" 6.80x10" 2.71x10™° 1.38x10™"° 1.95x10™ 1.95x10™
Th-232 1.87x10* 3.09x10™ 6.22x10" 9.33x10™" 9.90x10™ 2.43x10™" 2.00x10*
Total 3.21x10% 3.13x10™ 1.30x10°* 3.70x10™" 2.40x10™" 4.38x10™ 4.00x10™*
Table 17. Exposure doses for different pathways resulting from the disposal of phosphogypsum(mSv/yr)
Exposure Pathways
Radionuclide
Ground Inhalation Plant Meal Milk Soil Total
K-40 4.54x10" 4.14x10™" 9.40x10™ 4.49x10™" 2.06x10™ 1.88x10™ 4.64x10"
Ra-226 1.32x10™ 2.08x10" 4.85%10" 2.01x10™ 1.07x10™ 1.21x10™ 2.00x10™
Th-232 8.50x10™ 4.95x10™"° 6.87x10™" 7.28x10™" 2.31x10™ 2.15%10™ 9.33x10™
Total 1.32x10™ 2.12x10™ 4.85x10" 2.01x10™" 1.07x10™ 1.21x10™" 2.00x10™
Table 18. Exposure doses for different pathways resulting from the disposal of redmud(mSv/yr)
Exposure Pathways
Radionuclide
Ground Inhalation Plant Meal Milk Soil Total
Th-232 3.38x10™ 3.43x10™ 7.83x10™ 1.21x10™" 1.35x10™" 2.56x107™" 3.60x10"
U-238 2.13x10"” 1.24x10™ 1.72x10™ 1.82x10"° 5.79x10™ 5.37x10"° 2.33x10"
Total 3.40x10" 3.56x10™" 8.00x10™ 1.23x10™" 1.40x10™" 2.71x10™° 3.62x10"
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