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Analysis of Regulation Standard and Radiological Characteristics of NORM Industry

Seung Beom Yoo', Ju Young Kim', Ga Eun Oh', and Kwang Pyo Kim"*
'Department of Nuclear Engineering, Kyung Hee University, 1732 Deokyoungdae-ro Giheung-gu, Yongin-si, Gyeonggi-do 17104, Republic of Korea

ABSTRACT International organizations such as IAEA and EC recommend graded approach by identifying NORM
industries requiring radiation protection. In Korea, single regulation rather than graded regulation for NORM industry
is applied. Therefore, it consumes more manpower and costs than necessary for both regulators and workers, and is
not optimized. The purpose of this study is to analyze domestic and foreign NORM industry regulatory standards and
radiological characteristics for graded approach of NORM industry in Korea. Safety reports and publications such as
SRS 49 and ICRP 142 published by international organizations were investigated, and domestic and foreign NORM
regulatory guidelines and legislation such as Health Canada and the Act on Protective Action Guidelines Against
Radiation in the Natural Environment were investigated to indicate NORM industries and regulatory standards.
The radioactivity concentration of raw materials or by-products, radiation dose by industrial process of the NORM
industry identified in IAEA and Korea were investigated. Nine NORM industries in Korea were identified based on
the NORM industry from IAEA and KINS survey report. Foreign countries such as Canada, UK and Denmark were
executing graded approach such as classification of dose level or licensing, registration, notification based on safety
assessment. Radioactivity concentration of domestic and foreign NORM industries were widespread up to 200 Bq g’
or higher based on industrial process and work type, and numerous NORM industries that exceeded radiation dose
of 1 mSv y' were indicated. Therefore, it is necessary to consider handling materials and work types of identified
NORM industry when establishing graded approach for NORM industry in Korea considering domestic situation.
The results of this study are expected to be used as basic data for developing methodology of graded approach for
NORM industry in Korea.
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Table 1. NORM Industry lists from international organizations

Classification NORM Industry lists
1. Extraction of rare earth elements 7. The phosphate industry
2. Production and use of thorium and its compounds 8. The zircon and zirconia industries
3. Production of niobium and ferro-niobium 9. Production of tin, copper, aluminium, zinc, lead,
TAEA - . .
4. Mining of ores other than uranium ore and iron and steel
5. Production of oil and gas 10. Combustion of coal
6. Manufacture of titanium dioxide pigments 11. Water treatment
1. Extraction of rare earth elements 7. The zircon and zirconia industries
2. Production and use of metallic thorium and its compounds 8. Production of metal
3. Mining and processing of ores (other than uranium) 9. Extraction and combustion of coal
ICRP . .
4. Extraction of oil and gas 10. Water treatment
5. Manufacture of titanium dioxide 11. Building materials
6. The phosphate processing industry 12. Legacy sites
1. Extraction of rare earths from monazite 9. Production of phosphate fertilizers
2. Production of thorium compounds and manufacture of 10. Cement production, maintenance of clinker ovens
thorium-containing products 11. Coal-fired power plants, maintenance of boilers
. Processing of niobium/tantalum ore 12. Phosphoric acid production
EC . Oil and gas production 13. Primary iron production

. Geothermal energy production

. TiO, pigment production

. Thermal phosphorus production
. Zircon and zirconium industry

[c BN o) SR, T S

14. Tin/lead/copper smelting
15. Ground water filtration facilities
16. Mining of ores other than uranium ore

Table 2. Safety standard for NORM from international organizations

Exemption and clearance level

Classification Radioactive

concentration (Bq g")

Radiation Dose
(mSv y")

Safety standard

U/ Th series: 1

TAEA K210

1

- Graded approach by form of notification, registration, licensing
- Graded approach should be correspond exposure level, possibility to regulation

- Graded approach should be correspond exposure level, possibility to regulation
- Provided scope of radiation protection regulatory control using justification and
optimization

ICRP - 1

- If concentration standard is exceeded, it is necessary to decide by each case

whether the application of requirement is the best protection method
- Exemption when situation exceeded 1 mSv y ' may not be justified if easy to
manage or simple alternative

- Regulation by notification, registration, licensing if higher than exemption level

38U/ Th series: 1

EC YK: 10

- Exemption from notification can be accepted if exemption is the best option
- Graphical representation of the classification system based on effective dose

(1,6,20 mSvy")

N

F Hobe dARFrlo EdEE Aol B ofu] A S
7} o]FoJA 1 Gl AR 7hESEIT ECOllA] AAEkAL 9l
NORM 4t B22 % 167}X| 2, IAEAS} ICRPO|A] A A& <1
A]—fﬂ A]—@o] Oﬂoﬂ _46]— o] J\HA]- A]—Cg] O]A]-d H]j;'__ Aﬂ}\]- A]—@ 01
AR AL AFQJ o2 BEREQIL, AHE AYAL 4], Aerstedbd
A AR, 1RF AL Ak o] 7hE|QlLt.
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Table 3. NORM Industry lists in countries abroad

ZU-2] NORM F&

Abg] A 712 B AATEE B4 24199

Classification

NORM Industry lists in countries aborad

1. Coal-fired power plant®- <" 9-9-£-0
b).0), D). £).h)

Energy generation 2. Geothermal energy production

3. Heat and power production plants using biofuel such
as straw primarily due to potassium®

1. Production of tin, copper aluminium, zin, lead,

h
iron and steel”" - 0-M-)

Metal handling 2. Production and use of thorium, thoriated materials,
o), d), ¢), D, i)

thorium compounds handling industry

4. Extraction, use and processing of pyrochlore ores”

5. Metal processing-hydrometallurgy and smelters,
including Ni, Cu, Zn, Co, Fe"
6. NORM-contaminated scrap metals (and Cs-137

3. Metal extraction and processing” contaminated materials)”
1. Oil and gas production®- "> - 0-£--9 9. Processing of niobium/tantalum ore””
2. Mineral/mineral sand/rare earth industry® "< 7" 10. Forest products and thermal-electric production”
3. Phosphate industry” < ™" 11. Bauxite industry”
. 4. TiO, pigment production, TiO, handling industry™ »#"? 12. Slag heaps from coal mining®
About handling . S o), d), ), . .
. 5. Zircon handling industry®™ " 13. Use and processing of slag from the smelting of
and production of Y &

material 6. Cement production copper shale ores

7. Decommissioning/remediation/removal of residues or 14. China clay extraction®
scales™ " ® 15. Processing of potassium minerals”

o]

uranium added materials®®

. Production and use of uranium, uranium compounds,

16. Production of coating pigments for paper and board"
17. Fertilizer production”

. Water treatment facilities® ™ <> "¢
. Mining and tunnelling® """
(Metal) Recycling industry * ¥
Building industry”

Non-ferro industry®

. Cutting and sandblasting processing”

About industrial
process

DUk W

7. Activities related to coal mine de-watering plants®

8. Waste processing facilities”

9. Borehole cores, geological sample materials, ore and
tailings?

10. Milling

a) Canada, b) Australia, ¢) Belgium, d) Germany, ¢) United Kingdom, f) Italy, g) Denmark, h) Finland, i) Norway

@710l g=, olgEloh, dnta, ARE 5 7 S7IE YEb

ok o, Ulﬂ]%“EHE, SERF Fu AR, AgekEdida, A

F R AR A T2 o ST 2L e AR Al
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Table 4. Safety standard for NORM in countries abroad

Exemption and clearance level

Country — : : — ; Safety standard
Radioactive concentration (Bq g”)  Radiation Dose (mSvy")
Canada Derived Working Limits (DWLs) - Graded approach by radiation dose level of 0.3, 1, 5mSv y"'
Australia # 8U/23420Th series: 1 i Exemption, notification, registration, licensing by
K: 10 screening assessment
. YK, *'°Pb+, *'°Po, **Th,,., U, 5 Divided exemption level for radioactivity concentration
Belgium 226 228 2387 . 0.3 ; .
Ra+, ~"Th+, U, 0.5 for each progeny radionuclides
Germany B80T series: 19 i Graded approach f0.r surveillance limit by radioactivity
concentration equation
oo “°Ra+, *’Th,,, **Ra+, Graded approach by registration and notification based
United Th+, *°U,,, “Act: 1 on amount of radioactive material and radioactivity
Kin deom U+, U, *'°Pb+, *'°Pb, - concentration
& B2Th, U+, ®'Pa: 5 Additional exemption and clearance level less than 1,000
ZOTh: 10 kg of radioactive material amount
2387 1232 - Worker: 1
Ital B’é’bf h“s‘f]:)r[iess ! Public: 0.3 Specific exemption for some NORM industry and
v 4015. 10 ' Consideration of residues by radioactivity concentration level
’ drinking water: 0.1
Japan UL Thseries: 17 : 0o a0 e o reomto il
P “SU/7*Th series: 107 7 ’ 4
amount
238 232, .
. 'U/7"Th series: 1 Worker: 1 . . . .
Finland 0K 10 Public: 0.1 Notification, licensing by dose assessment
238Uscc, 226Ra+, 235Uscc, 227AC+,
Th,,, “*Ra+, **Th+: 1 Licensing and notification by safety assessment
Denmark U+, 2*U, ?'°Pb+, 2'°Po, - Divided exemption level for radioactivity concentration
U+, P'Pa, P’Th: 5 for each progeny radionuclides
#0Th, “K: 10
Norway 28U/ Th series: 1 i Graded approach for NORM industry waste management

YK: 10

by radioactivity concentration level

a) C(U,,.) + C(Th,,) <1 Bq g", b) Equilibrium with progeny, c¢) Except progeny

Table 5. NORM Industry lists and safety standard for NORM in Korea

Classification Note
1. Coal-fired power plant 6. Silica fume
2. Phosphate 7. Potassium
NORM industry lists 3. Bauxite 8. Monazite
4. Water treatment 9. Zircon

5. Titanium dioxide

Registration level

Radioactivity concentration (Bq g)

38U/ Th series: 1
YK 10

Amount of radioactive material (kBq y™)

%U/% Th series: 1,000
“K: 10,000

Safety standard

- Regulation by registration if concentration and amount of
radioactive material is exceeded registration level

Journal of RADIATION INDUSTRY
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Table 6. Radioactivity concentration of Zircon and rare earth element industry from IAEA

Abg] A 712 B ATt

2 54 24 /201

Radioactivity concentration (Bq g™)

Major industries Material/Process ) sorios ET=— g
. Glazes 0.068-5.08 0.03-1.22 0.27-1.2
Zircon in ceramic tiles and sanitary ware —
Ceramic tiles 0.03-0.25 0.02-0.11 0.39-1
Manufacture of zirconia by fusion of zirconium From zircon 0-5.76 0.07-0.87 -
Zircon minerals From Baddeleyite 1-600 0.3-11 -
industry Manufactqre of zjrconiurn compoul‘{ds by chemical ) 0.0004-39 0.0003-0.69 )
dissolution of zirconium minerals
) ) o ) Zircon refractory 0.16-2.9 0.037-0.17  0.018-0.036
Zircon and fused zirconia in refractories
AZS refractory 0.15-35 0.02-0.5 0-0.3
Mining and beneficiation of bastnasite-monazite ore - 0.02-0.08 0.212-14 -
Ore 0.32 2.79 )
Max: 0.6 Max: 6.4
Mining and beneficiation of rare earth ore Concentrate 039 610 _
Tailings 039 1.89 -
Heavy mineral sand 0.03-0.7 0.02-14.3 -
Heavy mineral concentrate <0.1-13.7 0.3-7.58 -
Monazite 0-175 7-1,000 -
Mining and beneficiation of heavy-mineral sand Xenotime <50 <60 -
Zircon 1-6.4 0.5-1.2 -
Other heavy minerals 0.12-85 0.1-60 -
Rare earth Tailings 0.01-10 0.036-8.4 -
element Amang 1-3.2 0.6-1 -
industry Monazite 12-46 67-370 -
Recovery of heavy minerals from tin mining residues Xenotime 37-247 13-200 -
Zircon 4.8-62 1-88 -
Other residues 0.02-10.5 0.04-8.2 -
Bastnasite concentrate 2.7-57 0.2-1.6 -
Mount weld concentrate 0.01-0.3 0.04-6.8 -
Chemical treatment of mineral concentrates Loparite concentrate 0.13-3.6 0.19-89 -
Monazite concentrate 3-450 23-5,000 -
Xenotime concentrate 130-190 34-250 -
Extraction and purification of individual rare earths - - <0.15-7.8 -
Glass industry product 0.001-1 0.05-10 -
Manufacture and use of rare earth products -
Product from monazite <300 <40 -

a) Average value
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Table 7. Radioactivity concentration of TiO, and phosphate industry from IAEA

Radioactivity concentration (Bq g™)

Major industries Material/Process
! “®U series  *Th series K
) o o Benilite process - 0.08-1.2 -
Feedstock for the production of titanium dioxide - -
and other titanium-containing products Synthetic rutile 0.03-1.3 0.04-4 -
enhancement process
TiO, Production of titanium dioxide by the sulphate Process materials 0.0009-0.12 0.003-0.13 -
industry process Process scale 13.5-415 3.9-1,644 -
Unreacted bed and
Prodl%ctio.n of titanium dioxi.de pigment and refractory materials <0.1-2.7 13-24 -
titanium metal by chloride process —
Neutralization plant scale <0.1-902 <1-1,530 -
o o Phosphate ore 0.03-4.6 0.01-0.63 0.003-0.29
Mining and beneficiation of phosphate ore —
Tailing 0.01-2.3 0.004-0.34 -
) o Phosphoric acid 0.001-2.6 0.01-0.39 -
Production of phosphoric acid by the wet process
Scale <0.037-4,000 0.01-9.46 -
Manufacture and use of ammonium phosphate Ammonlur.n.phosphate <0.005-2.6 0.002-0.22 )
fertilizers fertilizer
Ph(()lsphate Manufacture and use of superphosphate fertilizers Superphosphate Fertilizer 0.12-2.1 - -
indus
w Manufacture and use of nitrophosphate fertilizers Nitrophosphate fertilizer 0.1-0.4 - -
Manufacture and use of animal feed phosphates Animal feed phosphate <0.01-2.1 0.179-0.426 -
Phosphogypsum 0.161-0.214  0.006-0.019 0.013
Phosphogypsum
Cement 0.027-0.056  0.013-0.017  0.613-0.73
Production of elemental phosphorus by thermal phosphorus 0.03 - -
processing of phosphate rock ferrophosphorus 0.03 - -
& Zatstget. Qg A A B2 Y L A, B4
Aol O3 QIAE AL, QA Bl AL 2 AL 59 TR
A deEd 9 QAE W HE U AG A s TE T o
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3 A3 2 52 e lE)7hE B8 HAIS AAISHATH3S). 2
_ 1.0x102
Table 8, Fig. 19] IAEASIA A4S NORM AHlof49) 2 3
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S5 Ex= 37k FE 9 Asi7t AtAlE AIAIBHTH33]. ol 4tetE] Fig. 1. Radiation dose of NORM industry from IAEA
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Table 8. Radiation dose of NORM industry from IAEA

2 vRxLAELE EA BA /203

=~ O

=U-9] NORM F& A 14 71&

Radiation dose (mSv y™)

Major industry Material/Process
External Internal Total
Milling of zircon sand - 0.067-0.4 0.04-1.9 0.11-2.1
: Sanitary ware plant 0-0.08 0.003-0.04  0.004-0.086
er.con a}nd Zircon in ceramic tiles and sanitary ware y - P
zirconia Ceramic tile plant 0.012-0.2 0-0.44 0.012-0.48
industry Zircon in foundries - <0.01-0.15  0.05-025  0.051-0.42
Production of zirconia by fusion of zircon - 0.07-1.03 0.15-4.78 0.25-5.5
o o Current mining 0.02-0.32 0.02-0.1 0.05-0.4
Mining and beneficiation of rare earth ore —
After commissioning 0.2-0.5 0.02-0.2 0.3-0.8
Rare earth Mining and beneficiation of heavy-mineral sand ~ Dry separation plant 0.6-1 0.7-2.3 1.3-3.1
element  Recovery of heavy minerals from tin mining residues Amang plant 1.3-7.2 0.1-0.5 1.7-7.9
industry Chemical treatment of mineral concentrates Monazite processing 5< 1-5 -
Extraction and purification of individual rare earths - 0.7 0.6 1.9
Manufacture and use of rare earth products - 0.0006-0.8 0.006-0.6 <1
Feedstock for tbe p?oductlon of titanium dioxide and i 0.004-0 3 <0.01-0.5 )
other titanium-containing products
. TiO, Production of titanium dioxide by the sulphate i 0-0.000013 ) 0-0.000013
industry process
Production of titanium d10x1.de pigment and titanium i <0.1-1.35 0.1-0.5 <0.1-135
metal by chloride process
Mining 0.09-0.66 0.51-0.77 0.66-1.17
Mining and beneficiation of phosphate ore Milling 0-0.1 0.09-0.19 0.09-0.29
Beneficiation 0-0.8 0.09-0.27 0.09-0.97
Production of phosphoric acid by the wet process - 0.004-0.348 0.04-0.33 0.1-0.4
Phosphate ) Dry product - - 0.22-0.42
industry Manufacture and use of ammonium phosphate Storage _ _ 0.22-036
fertilizers
Shipping - - 0.15-0.25
Decommissioning of wet process plants and Decommissioning - - <LLD-1.7
management of scrap Melting scrap 0.00003-0.02 0.3-0.99 0.0002-0.4
Manufacture and use of nitrophosphate fertilizers Nitrophosphate plant 0.3-0.6 0.006-0.3 0.34-0.74
SEEE FATe] U 2 Th AF 9F, KO WPAs B AL HIE QAL SHEHAIE AL A7 AR AFelA K E
L BE 557122 205 9 A0E Uehgth 3 Q4 9 5k 557159 10 Bq ¢ & 20k BubAelE
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Table 9. Radioactivity concentration of NORM industry in Korea

Radioactivity concentration (Bq g')

Major industries Material/Process ] sorios Fr— g
Bituminous coal 0.002-0.02 0.003-0.021 0.014-0.08
Coal-fired Fly ash 0.077-0.13 0.077-0.11 0.25-0.37
power plant Bottom ash 0.054-0.091 0.046-0.083 0.21-0.46
Devulcanization gypsum 0.003-0.005 0.002-0.003 0.022-0.047
Phosphate 0.093-1.1 0.00072-0.011 0.062-0.18
Phosphate Extraction of phosphoric acid Phosphogypsum 0.007-0.23 0.0014-0.0039 <MDA-0.024
industry Potassium chloride <MDA <MDA 16
Manufacture of fertilizer Compound fertilizer 0.002-0.18 <MDA 5
Fly ash 0.082 0.082 0.39
Bauxite Manufacture of cement Bauxite 0.34 0.39 0.095
industry Cement 0.015-0.12 0.008-0.15 0.022-0.25
Production of aluminium - 0.00001-0.00086 0.00013-0.00032 -
hydroxide
Water treatment - 0.009-7.3 0.0027-0.094 0.031-0.085
TiO, industry - 0.0015-0.12 0.0003-0.41 -
Silica fume Transportation >1 <1 -
industry Weighting and mixing <1 >1 -
Transportation of potassium compound - - -
Production of potassium compound 0.008-0.19 0.011 2.1-19.9
Potassium Production of fertilizer - - 2.1-16.6
industry Production of chemical product - - 0.018-17.9
Production of food additive - - 12.9-17.9
Production of electronic product 0.007 - 0.065-9.9
Monazite milling 0.0003-21.9 0.0008-213 <l1.44
Monazite Monazite transport 27.2 212 <0.78
industry Manufacture of health pad 0.26-1.55 2.06-11.9 <0.14
Manufacturing ceramic ball 0.023 0.061 0.79
Manufacturing refractory 0.12-3.87 0.049-0.99 <0.18
Production of welding rod 0.051-3.54 0.02-0.77 <Il1.1
Zircon Invertment metal casting 0.2-3.58 0.089-0.68 0.12
industry Manufacturing glaze 0.17-5.32 0.031-1.24 <4.67
Manufacturing insulator 1.02-3.39 0.16-0.75 <0.017
Manufacturing tire stiffener <3.38 <0.74 <15.3
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Table 10. Radiation dose of NORM industry in Korea

=W 2] NORM 5 AH] 1A 71 9L @ARSH 524 24 /205

Radiation dose (mSv y™)

Major industries Material/Process
External Internal Total
Coal-fired power plant - 0.000011-0.000053 0.06-0.19 -
Phosphate industry - - - -
o Manufacturing of cement - - -
Bauxite industry - — -
Production of aluminium hydroxide 0.04-0.46 Max: 0.054 -
Water treatment - 0.000053-0.095 23%x107-6.9%10¢ -
TiO, industry - - - -
» . Transportation 0.078 - 0.078
Silica fume industry — —
Weighting and mixing 0.29 0.0012 0.29
Transportation of 0.00041-0.001 : :
potassium compound
Production of potassium compound 0.00091-0.43 3.92%x10%-1.45%10* -
Potassium industry Production of fertilizer 0.0042-0.19 1.28%10°%-1.17x10* -
Production of chemical product 0.00013-0.31 1.63%108-8.65x10° -
Production of food additive 0.0031-0.36 0.000027-0.000051 -
Production of electronic product 0.00024-0.0012 - -
Monazite milling 0.003-0.26 3.8%x10%-0.38 0.003-0.64
o Monazite transport 0.04-0.09 - 0.04-0.09
Monazite industry
Manufacture of health pad 0.032-0.23 0.033-0.036 0.065-0.266
Manufacturing ceramic ball 0.007 - 0.007
Manufacturing refractory 0.01-0.33 1x107-1.74% 107 -
Production of welding rod 0.01-0.24 1x107-6x10° -
Zircon industry Invertment metal casting 0.03-0.29 2x107-9.6x10° -
Manufacturing glaze 0.08-0.55 2x107-4.4%x10° -
Manufacturing insulator 0.01-0.09 1.8x10°-4.5%10° -
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Fig. 2. Radiation dose of NORM industry in Korea
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