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ABSTRACT

This report is the annual report of the project on “Determination of Naturally
Occurring Radioactive Materials (NORM) in Products, By-Products and Wastes from
Petroleum, Mineral and Heavy Mineral Industry and Waste from Waterworks Authority”.
The objective for the year 2004 is to systematically and objectively study NORM in
products, by-products and wastes form industrial processes for the benefits of industrial
sector in safety and product quality aspects. In addition, the baseline data will be useful to
the competence authority in issuing a code of practice for radiation safety control.

The studies during the past year are as follows:

1.

Determination of NORM in equipment and waste from petroleum industry
targeting at the inland oil fields of the PTT Exploration and Production PCL.

All measurements were conducted 3 times in the same areas in order to
take into account seasonal and activity variations. The average gamma-ray
dose rate obtained from walk-over ground surveys and directly from the
equipment/machines in all production areas were found to be less than the
dose rate in the surrounding areas and below the Action Level (50 uSv/hr). In
addition, gamma-ray emitting radionuclides were analyzed using a high
resolution poratable HPGe detector at appropriate spots in the areas. It was
found that the gamma-ray dose rates from all detectable radionuclides in all
production areas were much less than those obtained in the surrounding areas.
It can be concluded that the ground, the equipment and the machines in all
production areas are not contaminated by NORM at significant or elevated
level.

The laboratory analysis results of NORM in soil, water and waste samples
from the petroleum production areas were found to be in the natural
background levels except the produced water which contained **°Ra above the
allowable level 5 pCi/L. However, the produced water was never released to
the environment but it was pumped back into the ground at an abandon oil
field to avoid environmental contamination.

Determination of NORM in waste from Waterworks Authority

Determination of NORM in waste from Waterworks Authority has not
been completed. Several samples from the Provincial Waterworks Authority
will be collected and analyzed. The results will be included in the next report.
However, some sediment samples have already been collected and prepared.
The analysis will be soon conducted when the radioactive equilibrium is
attained.

Determination of NORM in waste from heavy mineral industry

For the year 2004, there were 2 companies interested in joining the Project
i.e. zircon ore and tantalum ore production companies. 2*®Ra and ***Ra were
analyzed using gamma-ray spectrometry and it was found that ***Ra
(227.71+7.16 pCi/g) was much higher than *°Ra (67.08+2.56 pCi/g) for the
raw materials from zircon ore production. The results were also indicated that
22Ra from the raw materials was extracted to be in Monazite and Leucoxene
more than **°Ra which was accumulated in Rutile, Zircon and Tailing
products.

For the samples from the tantalum ore company, 22%Ra and **°Ra were
found to be in the range of 2380.32 — 9093.85 pCi/g and 5262.49 — 188897.29
pCi/g respectively.
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Product & Byproduct : Radium Radiation Level [pCi/g]
low average High

Soils of the united States 0.2 NA 4.2
Geothermal Energy Waste Scales 10 132 254
Petroleum (oil and gas)

Produced Water 0.1 pCi/L NA 9,000 pCi/L

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

Treatment Sludge 1.3 pCi/l 11 pCilL 11,686 pCi/lL

Treatment Plant Filters NA 40,000 NA
Aluminum

Ore ( Bauxite ) 4.4 NA 7.4

Product 0.23

Production Wastes NA 3.9-5.6 NA
Coal and Coal Ash

Bottom Ash 1.6 3.5-4.6 7.7

Fly Ash 2 5.8 9.7
Copper Waste Rock 0.7 12 82.6
Gold and Silver and Rare Earths.(Monazite; Xenotime; Bastnasite) 57 NA 3224
Titanium Ores : 8.0 24.5

Rutile 19.7 NA

limenite NA 57

Wastes 3.9 12 45
Zircon 68

Wastes 87 1300
Fertilizers ( Phosphate & Potassium ) Phosphate

Ore ( Florida ) 7 17.3-39.5 6.2-53.5

Phosphogypsum 7.3 11.7-24.5 36.7

Phosphate Fertilizer 0.5 57 21
“Uranium AR

Uranium Mining Overburden Low hundreds

Uranium In-Situ Leachate 3 30 3000

Evaporation Pond

Solids 300

NA = Data Not available
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Mmﬂmuﬁﬂﬂmﬂmﬁﬁmum Radon concentration in Radon concentration in
(8q/m3) working place (Bq/ma)school
(1994)EPA and DHHS 150
Other nations 300-20 100-20
(1996)IAEA 1000 1000
(1993)ICRP 1500-500 1500-500
MR 1.4 inneiiunanudiiuressfien 226-uay Ren-226  hwhAsiagmitsen US

Environmental Protection Agency (US EPA)

(15)

Contaminant

MCL

(year promulgated)

Source

Health Effect

Combined radium-

5 pCi/L (1976)

Naturally occurs in

Some people who drink water

some drinking water

sources.

226/-228 some drinking water | containing radium -226 or -228 in
sources. excess of the MCL over many years
may have an increased risk of getting
cancer.
(Adjusted) 15 pCi/lL Naturally occurs in Some people who drink water
Gross Alpha (not including radon | Some drinking water | containing alpha emitters in excess of
or uranium) (1976) sources. the MCL over many years may have an
increased risk of getting cancer.
Beta Particle 4 mrem/year May occur due to Some people who drink water
and Photon (look-up table) contamination from | containing beta and photon emitters in
Radioactivity (1976) facilities using or excess of the MCL over many years
producing may have an increased risk of getting
radioactive cancer.
materials.
Uranium 30 pg/L (2000) Naturally occurs in Exposure to uranium in drinking water

may result in toxic effects to the kidney.
Some people who drink water
containing alpha emitters in excess of
the MCL over many years may have an

increased risk of getting cancer.
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seuLlszind(international Atomics Energy Agency, IAEA

)
)

Radionuclides

Activity Concentration , Ba/g (pCi/g)

40K

10 (270.27)

All other radionuclides of natural origin

1(27.027)

o [ =3 c:” a iy ¥ o = @ . Ao Y ar 4"
dwiulumsdnuiil nadns i 18zt sfsunun Action Level N mualy feil

NORMs

Action Level

' <o iy
V]url‘ﬁl\']']utﬂm’ﬂnquuﬂﬂlﬂﬁ

. 226 228
Soil, sludge, scale (" Ra +

Ra) | 5 pCilg (0.185 Ba/g)

AP, “Management and  Disposal
Alternative  for  Naturally  Occurring
Radioactive Material (NORM) Waste in
Oil  Production and Gas Plant

Equipment”, November, 2002,

Drinking Water (*°Ra + ** Ra) 5 pCill (0.185 B/L) US. EPA
Radon gas 2-4 pCilL (74- 148 Bg/m”) US. EPA
Gamma exposure 50 LR/ (1 mSviyr) CRCPD : Part N, “Regulation and

Licensing of Technologically Enhanced
Naturally Occurring Radioactive

Materials (TENORM).

1. CRCPD = Conference of Radiation Control Program Directors

2. APl = American Petroleum Institute
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AU NNALER AN TTANART
Ccu : + 45.78 £ 1.42 NA 51.73 1+ 2.01
IWIAINTUNVINGIRY
WA . AR unuieERdald o nuueniuidi v

s o d R i d e e & g
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gl nanmnaTndme B inndadunumn o Ui uenuiinedn 3 qn !

u’%wmmq”nﬁfq'a%iu@nﬁuﬁmwﬁm SKJ1-1 mefieazSuaanideld veannfadudnsesuidimane
20 [WAs UAT WRANuEWIRLTRThwg 70 Lins %qrﬁhﬁgnwtﬂum background duiunlFauiiien
Adma B ERTRlE LN sH@AR UT1-7, UT1-3 uay SKJ1-1 ilesanndn Rufimst@mieaned i
Inafiu e UT1-7 waz UT1-3  agvreiudszanmd 1 Alawns dauitud skJ1-1 agwnean UT1-7ua
UT13 dszanm 3 dlawms Iinasdnsa 2 ke Taaeked 3 Lildvnnsda iesanfinindgninalu
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18aM3&1999ANR 1 UAY 2 WU9N BAndnsn Aty 54, 17+ 1.33 pR/Mr sy 57.50 £ 1.36
uR/Mr FNANAU

fuillssomBunmeniuiinie@n Ks1-1  (eegly A.uAslgu) agfnudnvinsannfaufitiune 20
wms yefidwile uaz 30 WRe anauuwihRuRtieng ARsalElHDud Background fviun
dhwsne Aufinsudatiineannituiinise@n UT1-7, UT1-3 uay SKI1-1szinns 50 Alawas Tunis

d1maanansoinnsdnliiies 1 afavindullesaniuniinnlgndesnsenggnia laedald 5173 £
2.01 uRhr
Wnumunaauea Ansgiant aansalianends 18inneda 2 A% wadallAwingy 45.78 £

1.42 yaz 51.73 £ 2.01 uR/hr ANNAAL
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25.00 - e - —— ———

1 s R T - - -
: ‘ Action level > 50
i
: Well Head .
¢
: ! i
i 1 .
~20.00 +- ST 777115 3 - i ¢Maximum -~
[ i t
c : ¢ \ § -
= ' 1 & Minimum
oC ' { 1
e 3 ; ' - Average
L : s :
T 15.00 +—— : e :
e i \ '
e ! ! )
3 s i
t 1
3 11.64 X 1164 ¢1164 § 11.64 i 1.8
< 1000 I 21067 . I ‘ 10.67 I Vo
] ! 9.38 9.49 LAL q LR AETY VI
© 873 9874 t gea |8 73 184 I
€ 7.76 748 W1.76 4776 1 AT76 ' w776 7.76
€ 6.79 : 6.7 s
© 582 J ‘ :
© 500 44 ; :
H
i s ,
H L i
1 : i
1 § i
0.00 +—— . - 4
= ¢ Y b & by b ¢ g b 8 8
5 5 5 9 ] i 3 yi - = - =
£ § &5 § § B 2 2 2 2 2 ¢
Equnpment/l\‘/:fachme

H 1 v H H
27 deedmenfiuniidgean Anqa uazANade 189 Well head aannisdisaaiiuiiiuuned 1

149 3 A%
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25.00

i 1 ‘
' . ! ¢ Action level > 50 mR/hr
l : Oil storagé tank : 1
l t t
| [ |
| . : : I o Maximum | |
©20.00 |- e R e S S L
£ | t ' ] ! - : 1‘
o | : : : ¢ aMinimum | |
! !
2 : ' : - Average
o) X ‘ . A
= | 1
©45.00 . L '
o i . ‘
- 1 ' 1 13.59
s I ' ‘ 12.81 ‘
S l 1nea : I %8 11.64
P ! ' : 1067 I10A67
10.00 ~ 49670 ' 70 | ' 970 i 8g70 w970
£ 8.73 8.73 873 8.35 8.98 H .
- . 8.18 .
£ } 7.70 I 757 I 7176 I?Je
i 6'99 i
[\M] 6§79 6.79 ( 6.79 6.79 i
O 5.82 ! 582 5.82 !
5.00 B : e - e .
1 1] 1
t i 1
1 t 1
; i 1 i
i s [} 1
i l 1 t
| 1 t i
0.00 +—_ o o - N o' i x O - [N ©
S " 5 3 $ & 22 2 5 3 T
T pa s h = ha P @ @ & 7 &
) = o) =) = o . X 4 ¥
Equipment/Machine
= Y o o o S . o
gUi2g  daedmsnfiunnuiidqean fngn uazARRe 289 Ol storage tank @INN1941999
& = v/ E
Auunen 193 3 AR
25.00 —— : : :
i 1 1.
Actio > R/
Produced water storage tank ction level > 50 mR/hr
H 3 H
‘ ; ! o Maximum
— :
520.00 - : — e ——  Minimum
H i 1
C:Ki i ; : . - Average
= i : !
§ ! ] :
® 15.00 ; : ;
o ‘ 13.59 s ) 13.59
2 : : !
b4 : 111.64 Iﬂ o4 ' 11.26 111.64
O ! H H i ® 10.67
X10.00 \—- — 970 : 1019 I EAC T X/ R 7o 0P
) , : 9.15 9.1 ‘ l 7
i . : f 8.32 : 8.73
g : 776 8% 7.76 776 S A 7.76
3 I 6.79 631 6.79 ' 6.79 6.79 I 6.79
% : 5.82 L 5.82 5.82
o 5.00 ~ e - ‘4?85;' e :, e A4‘ -
’ : :
: i
1 i
1 t
0.00 e = e —+ fr - ——p = o e e o = e o
L - - <~ - — 7] 173 N - P -
5 5 5 5 5 5 4 2 ¥
Equipment/Machine

ali29  dosdmsnBunniadgega Anga uavANaRe 199 Produced Water Storage Tank

NN1sg1IauREinvIneR 194 3 A%
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25.00

Action level > 50 mRhr |

Dehydration tank
— ] ; X
[ { ‘. e i . S
< 20.00 f* et - . 1 o Maximum A‘
o : ; | . |
3 N . ! u Minimum |
) ; X 16.50 - Average |
- | t 3 | 1
© 1500 | § Lo 11853 CnTm g
o 13.39 13.59
3 12.62 ; ‘
8 , : 11.64 : 11.78 11.64 11.84 11.64
Q. ] : 10.67 I , ; 10.67 |
5 00T e — : 1= 561 9970 B "10’2;3"'“1?)9183““——"}‘019
s | 8.73 ; 8.54 ; : 8.73 8.74
e | 7.76 793 {60 7.57 W7.76 ;
£ ! ; : 8679 8679
o j 5.82 5.82 : 5.82 5.82 5.82 X J
5. b e - -gE s e - - g —_—
(o 50 a8 X : i
0.00 4 ot B P
3 ¥ 0B B =% %= 5 5 ¥ ¥ &
pa pa pa pa £ b 2] » b s o b
o D ) D po} p ] X X N4
Equipment/Machine
qUN 210 daedmsniBunmiadgedn Angn uazARAY U189 Tank WA Dehydration Tank AN
o X o P 3
ﬂ’]iﬂW?’J"QWUﬂLﬁ’]ﬂN’\ﬂW 198 3 AN
25.00 : .
t 1
- +  Action level > 50 mR/hr
t Heater :
1 :
£20.00 4— - — — :, =) >~ = ' —{ ®Maximum
§ : i ® Minimum
=4 : :
N ! ‘ - Average
Lis00 ‘ :
o ' !
M [l
g ‘ 12.62 '
‘ 11.64 11.64!
3 i }“00 F 10.67 T . ®10.67
QU000 [ e e g
o e8.73 =873 873 ! =873 =873 | ' L 8.25
© T7.87 £7.60 ! "776 ®7.76 e 9776
= ‘. w679 | ! +6.79 L +6.67
c u582 ‘ i 582 5.82 w582
@ 500 e — ———— .
O ! ¢
[} ]
( ‘
t 1
¢ 1
i
0.00 4 = o )
E S # 3 > 3 b T T
i < < & < & 5 5 5
5 5 5 5 5 5 & & 7
Equipment/Machine
i L e o ° : = o ¥ o
g2 doedmadinnuii@gean R14n uasANLRAE 189 Heater AINNN9RNIIANUT

Wuunef 1 %4 3 A%
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25.00 —mr— .. - e B
’—‘ : Action level > 50 mR/hr
Manifold
- { e Maximum |
L 9000 - - _ B 4
é ' - _*: = Minimum |
3 -Average |
SN R ~
6]
-
® 15.00 -
[0)]
—
>
8
o  e1087 ® 1067
E 10.00 [~— — $970 tom T T T esw T T80 970 -
: "873 i ; 0873 %873 F8.85
g [ 9?8 ‘. 7.59 b 7.67 w776
I : 679
€ .58
© 500 oo e e
(O]
2
0.00 py = i
~ * Q
& ~ S 315 § %
- - - =~ = -
5 5 5 5 3 2
Equipment/Machine

U 2,12 499ERBANiidgedn A1an uazAaAY 189 Manifold ANN1TRNII AR LT

Whunnef 1 %9 3 A5

v
o al o

o i s o’ e d o/ 1 = 1 ¥ ‘4 o :’/ X
AnHaMsinTedRsFuiAresgUnsalimtesdnsusiazaiin luusdasinuiinisuanta 3 Axdlsatl

Well head: ynivuiin1sudniiAtgegawiniu 11.64 pR/hr uaz HAAngaag ludas 4.85-7.76 pR/r

ar

Oil_storage tank: ANdRsNLFuINGIRGeAATALAT WuN WUANIsuAR KS1-1 9 3 A% (11.64-13.53

uR/hr) UaT Wil UT 1-3 A3af 2 16 11.64 pR/hr douiuiiduiirngeanfidaliag ludaamaaiu (5.82-9.70 pR/hr)

¥ { B 'g { - 3 I3 o
Produced water storage tank: fufinnau@n UT1-3 uazwuiinisuan KS1-1 fiAngegnag ludoadaniv

: ¥ A X 4 P ) o
(11.64-13.59 pR/hr) WAL AuA UT 1-7 uazivui SkJ JarlndiAeeiu (5.82-9.80uR/Mr)

Dehydration tank: Wisinnsuan SKJ1-1 Fadnldgandniuiau (15.53-16.50 LLR/hr)

ar

Heater: NufinsWan UT1-3 AAiTnldgagn (11.64- 12.62 UR/hr) dauiNufinnau@n UT1-7 uaz SKJ1-1

fenegludalnfiAeaiu

'
¥ 1

Manifold: WITININAR UT1-1 was SKJ1-1 Anguaaiidalieglutaamaniu Aa 9.67-10.67 pR/hr

U
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=

gunsnliasednsinsadanudnsiunni dgegaaeusariuiinisudn agulfaad

H o o/ § L) 1 z {
AN9R 2.7 SR SunniaBgegaiineaanuniugnsading q resusiasivui

Site ’%’J”?‘ﬁ“’ﬂ%@"g{m ANB AT UTIRGIgA(LLR/r)
uT1-7 Dehydration tank (TK706) 12.62
uT 1-3 All equipments ~11.64
(Produced water storage tank) (13.6 first survey)
SKJ 1-1 Dehydration tank (TK102) 11.64
KS 1-1 All equipment/machine 11.64
except injection well area
Action Level 50

2.4 PTLNLAABENS
;%3 o &/ d‘ 3 :" v o [-3 a’ [} ] z
Tumsdndrsanuiusazafa Bvianisiusasing sa 'ty

o i oa a o o Y X A o
Finaginafiu TLSUININIALLL /n Situ YIIMURTUBNAUA 991 64 fdating

—_

o ¥ A 4 v
finatinat Tuuasuaniun 994 17 fiaating

AaaENg produced water 991 9 FiBENN

i
]

FRBENAfNEsIINTIR AU 2 AFY AINHUA SKJ 1-1 sapmatianisgaduludananefisinariu

NN

Tneriinuazanuauiietaiifiuuasaanismaziuanldlunanen a

2.5 uan1saAsIERlFunusdlusasng

s 1 -~
ABVEAU

v

a o« [V VIV ° 226
IDYRNANTI Lﬂmxmﬁmmmwmeumﬁmmﬁzmm

Ra, ?’Ra uaz K Twsetinamusnuo 61

o i a a ° < d‘ Py :’; Py :’/ Py :'/ i 1 a =
fiapting Miiuunannmsdmanuitlmungd 1 A% 1, AT 2 wazAfN 3 AamatiaunuuRUnInNwsT

wanal3lunmAnwan 4 (M99 9-6 Ta 2-9) Tnainsagimuuanilumsai 2.8

Finat AU lURUANIINAR UT1-7, UT1-3, SKJ1-1 uay KS1-1 wudn fifunnannudinduisdineade

189 *Ra, “Ra uaz “K fdrfeendrfunuanudniufdiedeluststrsfuueniuinsudniounn viail

il
a P

Wavann Goauluiuicdammniufign)dasfiududauiung

9 RV
] ' v

douAnuaniuinsuandaiuaulununianeusduiuianiuwme  wudn shetinaduiiungau
nifiURinnisdian-228 gandusian-226 @dnties uaawinilesdsynausessameGunsnnndnsngua ey

TABRNIZAUTINNTHAR KS1-1 1 wudn Awluuasueniuinisu@niBunnmnudndusedinfoens

228

Ra,

Ra uway “K  gendiiuindmdu use vinnueniuiiinsinienss Galfvauasanadesiunanis
= a ' = - 5 o g o [l a o vy
AwrmziinnzAaunnadilugjariisngmeGuuiuesdzney  uasfanudn uwdtetnsAuiAiadadndu

fa@smaeanfaniandlalinilgand 5 pCilg Gafludn Action Level 1dniee  wdstiwlsfimu  ile
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+ v H a z H ° é’ i °
\WiasannsauuinsuanIamniuivinnsneasnss Taeiud UT1-7, UT1-3 uas SKJ 1-1 i

Tnasauitui dou KS 1-1 ulden fulu [amseanusis K-40 Tananteilalditudnauasdealudetinamiu

g od oo A e oae XA A Y
uanwuinsadn luFunuigandidetaauluiuinisudnun il

226, 228

e ¥ 4 '
Ok Musiatinanuuenuas luNuAdiuune® 1

A3 2.8 ArdiNd s Ruee “°Ra, ?°Ra uay
Anudindusd pcirg
Slte 226Ra 228Ra 40
X 4 X 4 ¥ 4 ¥ 4 ¥ X

UBNAWUN Tuwun UBNNLN Tunun UBNNUN Tuun
KS1-1 1.52-2.88 | 0.44-1.55 | 0.26-3.23 | 0.67-1.95 | 36.87-43.25 | 18.33-36.86
UT1-7, UT1-3, SKJ1-1 0.78-2.53 | 0.39-2.57 | 0.84-2.86 | 0.63-1.76 | 13.35-33.25 | 9.46-28.72
Auvllenansdnased 2) 0.07 - 5.41 0.14-5.0 0 - 864.96

AREN9U

naNsAATIEEAN B AR IR za9e *Ra Faflusinfianadudunsesenysduas

s 7 Raulaludoadein uandl¥lugli 2-13 T 2-16  TasanwnsoagUanssdrAnyls dail
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[ ANuuiud taadtutiunaa
i 350
i 1 aafodi2 25/12/03 osfedl 303/031/05
H %00
~ 250!
o) i
3 .
& 004
P
K
K !
£ 1504 i
H :
g
o
o 100
500
' 2.8 28 8¢8 8%
o AT T e T e
Cs-137 Th-232 U-238 Ra-226
aNnumintiutastaadTu Mud pit cement line
350 oafeitt 20-21/08/03 aafod2 25112103 a3 11/05/04
3004
i 250
-
8 a0
-
2
-4
H
o
Cs-137 Th-232 U-233 Ra-226 K-40 {
L Nucfides H
anuiudutaldMaadlu Produced water
350 aafofl1 20-21/08/03 mafodi2 2512103 Oafafl3 110503
300+
- 250
<
2 20
=
o
g 150-
5.
E=3 @ o8
§ 1o = R
504
Q ao
2 2 2
0 Z ] i I =
Cs-137 Th-232 U-238 Ra-226 K-40
Nuclides
i anudntudainadiy WATER PIT
i 304 aafed1 20-21/08/03 aafoft2 25/12/03 onfovia 11/05/04
3
G
&
=3
k]
3
£
8
5
o
i Nuclides

U7 2.13 Audinduresiinlred i@ lushetnninassiud UT1-7
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Concentration{pCi /L)

AduduuaINIlnadtu Produced water

aafeRt 3-4/09/03

mafoii2 24/12/03 oafodl3 4/05/04

U-238
Nuclides

Ra-226

3504

300

Concenrtration (pCi /L)

Cs-137

oafevit 3-4/09/03

Myt taadiu WATER PIT

a2 24/12/03 Oafefl3 4/05/04

Th-232

Nuclides

Concentration{p Ci /L)

cafarit 3-4/09/03

anuinturasintaadlutihuandud

mafoi2 24/12/03

Oafedi3 4/05/04

t U-238 Ra-226 K40 \
i‘ Nuctides i
271 2.14 Anudnduresinlaasfdlushatinninvediun  UT1-3
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Concentration (pCi /L)

Concentration (pCi/ L)

amututuaasiMeadlutiuaniiui

350 aafori2 23/12/03 oafed3 6/05/04
300
250 .
200
150

100

W = P e

Cs-137 Th-232 U-238 Ra-226 K-40
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i
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i

2504
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<
a
P
B
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i

i

712.15 anudindaesssdlusaastinainuesiiui SKJ 1-1
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300

!
‘ 2504
200
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Concentrati o( £i/L)

100 -

50

anuinduaasiitnadiu Produced water

aafedtt 8-9/10/03

aafori2 28/01/04 Oafedi3 1310504

Co nentration (pCi/L)

3507

300

250

200

150+

Concertration (pCI/L}

100+

50+

oafedt 8-9110/03

U-238 Ra-226 K-40
Nuclides

aaford2 28/01/04 Dafod3 13/05/04
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arudtutadtiteadiuiunea

anforl2 28/01/04

oafodd 3 03/03/05

a

@

S
Vit

Nuclides

9 2.16 Anudinduassinlaadfedlusatranuo i KS 1-1
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Fia8giNg produced water

HANNSILATET WU AMBnaA TN M9 ZRa Tuaatia produced water luusiasiitien
agludaalndiAsai Tngiluiuiinnse@n UT 1-7 fiAnagfludaq 12.89-17.16 pCilL (0.477-0.635 Bg/L) laeing
iundait 1 Wirngagn dau UT1-3 frnaglutoe 8.78-14.08 pCill (0.33-0.52 Ba/l) Tnanaifusiaatnaned 3
WiAngega  dou KS 1-1 BaAnBuimanudnduiniunninees 2°Ra aglutdag 5.84-16.37 pCill (0.22-
0.61 Bq/L) Fudleufauiiugeaaiiniudeyadnadluniee 2.9 wudn Santasndtdgegainulue

wluselszmanan

AN3797 2.9 Radium Concentration in Oil-field brines in Kansas, Oklahoma, Arkansas, Louisiana, Russia and

(3-61

Germany
Area Ra concentration range, pCi/L Nuclide No. of wells N
Russia & Germany 0.05-1430 Total radium Not given
Oklahoma | 10-1620 #Ra 10
Texas panhandle 3-1560 **Ra 75
Gulf Coast Oil 1.3-967 #Ra +*°Ra 10
Gulf Coast Oil 0.05-2801 *Ra +*Ra 18

wONANT AT UT 1-7 uay UT1-3 flawusin noiden-232 atilugas 3.19-8.84 pCill (0.12-0.33 Ba/l)
o 1 It o 1 X { [ <
Tusiating Produced water Waziinnsmsaawy s1agiaiion 238 Tuunesiat1enesiui KS 1-1 atalsfinny

4 A ] YR VIRV 226 4 A o ' o v
LHANEUATANMHLTNAYUNNNURANWIEY ™ Ra WAL ﬁrlﬁlﬂu'wwulum’Jﬂﬂ'N Produced water NUANMNLUNUY

' i

udunnwaaasasne i liRu (@m1snei 2.10 Ysznew) wudiilragludaadenii

o

o | ¥ o o
ANBEINNUINIAU

= P )y o o e 1+ ¥ aa dg X 4 a )
uanTaesiAdnduiuiunnInIas NORM 'Lumﬂm\m'lmﬂuﬁan'm'\,utmzuﬂnwuﬁma‘mam WU

finastinainiitain Water Reserve Pit 289w UT1-7, UT 1-3 uaz SKJ1-1 RdAanudinduiudunnn

226

1849 *’Ragandn Action level (5 pCill) TatifiAngean 25.89 pCill (0.96 Bg/L), 12.05 pCill (0.45 Ba/L) uay

#opa Tuinfinmu

7.62 pCilL (0.28 Bg/l) ANAGU Feaglutaadsaiuanududuiiiuaniwees
(<1.0x10° - 3.0 Bg/L ) anumaasing 7] 1ealandauanalunisned 2,10 widetwainisanailivmnziiay
thinudlna issanifiinuanudiduiiiuaninaes “Ra guiunasitnuualumnnsgnhag - duiy
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o o
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o :’/ ':l i o a T o 1 g .J ]
waarn  Aaths dnitinantiinaaastidiunausfentiesndn 0.1 Ba/L waz US EPA fwua d1lutinanlainosil

Anndinduisiuan waes ®Ra MU 5 pCill  (0.185 Ba/L)

AaRtNNUNLNANA

o o ¥ ¥ 4. y o ¥ '
Pinmafiuinunamaainiuinisudn UT1-7 wazannivui KS 141 @adudunanafiaudanann

UT 1-7) wud fleeg it 8.62 pCill (0.32 Ba/L) dvegludaamsniuanudinduiisiunniwans “Ra luin

Tiau wibimuzfiazinamizina eeanfitBunuanududuiuiuanimaes #°Ra guiwnneinowunly

NAATFIUMAN

AN379% 2.10 Concentrations of Naturally Occurring Radionuclides in Groundwater and Surface
@

Water.
Concentration(Bg/L)

Nuclide Groundwater Surface water
2y , 2.0 x 107-185 <1.0x10°56
'y NA 45x10°-2.7
22Th NA 0.5 x 10?
#0Th NA 2.6x10°-5.0
“*Th NA 35x10°-1.9x10°
?Ra 1.5x10%-0.21 5x 10
Ra 7.4x10° - 56 \ <1.0x10°-3.0
2%y, <49x10"-51 ~ 1.7x10°%-0.25
#pg 0-48x10° 56x10°-2.6x10°
0 1.3x107°-0.16 0-0.85

N199ANELII AU LA BN EITNEN R

G « o/ 1 23 - H < g { 4 o {
NANIIATIZTETNIEREW-222 Tusetinafingsssuenf Aviuaniuitiauung SKJ1-1 Wadui 22
e w.A.2547 famatianigeinutuiudusd Taeld fow rate Yszunnu 0.5 anssaud uan 1 Falua

waztn Ut NTuERInaMNNA iRt ssuuunuInanTATNET  wudBunnseen-222  AAseils
Winfu 4.02 + 0.26 pCill
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Film) uaz Qﬂnﬁrﬁmﬁmﬁaunummnﬁamm'ﬁfau {ae’ld Thermo-Luminescence Dosimeter (TLD) ofia
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v v ! v i H v
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Zhe

2.6.1 Aaraailnsal TLD
Inmsfiove TLD Anlimeuenetans wariRnmmsuandnninarenisinfadunenuunibu
deaalitAngs uaznde LindifinainRanssuagiludszdn ghai]
1. UT1-1 794 7 4qm Office, Guard house, Heater, Grid B11, Grid G12, Grid E7, Grid 12
2. UT1-3 794 53A #un Guard house, Electric heater, Pipe stack, Grid H4 wa Point E12
3. SKJ1-1 994 6 9m léun Office, Guard house, Near well head, Near pool, Near heater,
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2.6.3 AnAsglnsal Track-Etch Film
Track-Etch Film égnAndeiiluenansnniifidwinififeumesed dulszéfedinmzin
Fnnmsaeuhaioaniy | Taeninmsiiasa o qasiag y !
- UT1-7: anau 3 qn office, guard house, heater treator
- UT 1-3: 99U49U 6 9@ Guard house, Tndifiu ginsnd, vieuna U-3, U-3

(iauw), U-1

SKJ 1-1: Office, Guard house, Heater treator, Generator

KS 1-1: office, Guard house

uanIaATIe innuiidisneudegnuidiiunstesainia (Ba/m®) lurdaenaisdiaataginsal
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Mostly Immobile. Remaining in Underground Formations

Partially Mobilized. Occasionally Accumulating in Scales
And Sludges

Mobile Gas. 5%-22% Emonated From Scales And
Sludgees, Soluble in Petroleum Liquids

Radon Daughters,
Deposited At Radon
Decay Sites

Mostly Immobile. Remaining
in Underground Formations

Partically Mobilized, Occasionally Accumulating In
Scales And Sludges

Mobile 6as. 5%-22% Emonated From Scales And
Sludgees, Soluble in Petroleum Liquids

Thorium Daughters,
Deposited At Thoron
Decay Sites

gl -1 U-238 uas Th-232 decay series
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st -2 Oil and gas equipment

TayaANNLNTUSIHUR9 NORM lugnainnssntlinifes

AN -1 Activity concentration (Bg/g) of *°Ra, *’Ra, and

Equipment during Shut Down. P

210

Pb in Solid Samples Taken from

Sample type No. of sample *Ra ’Ra 2%y, (no. of measurement)
Hard LSA scale 15 4.0-32.3 2.6-33.5 0.1-0.3 (5)
Porous LSA Scale 13 0.3-24.2 0.3-18.8 0.1-0.2(3)

Sand 26 0.1-21.9 0.1-12.7 0.0-0.5(8)
Sludge 15 0.1-4.7 0.1-4.6 0.30.7(4)

LSA = low specific activity

AN39N 2-2 Activity Concentration (Bg/g) of Ra and *’Ra in Produced Water, and Amount of -
Water per Day of Samples Taken During Operation of North Sea Qil Field. 02l

Platform no. Sample place *Ra *’Ra Amount, mg/day _
1 Flotation cell n.d. 0.3-0.6 n.m
1 Degassing tank n.d 0.5-0.7 n.m.
2 Flotation cell 3.5 1.5-4.2 229-3,020
2 Degassing tank 0.7-7.6 0.5-1.4 15,661-17,545
3 Flotation cell 1.9-2.5 1.7-2.1 2,078-2,168
3 Degassing tank 2.2 24-2.7 n.m
11 valve 3.0-5.6 0.8-1.1 n.m.

n.d. = not detected
n.m = not measured
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[adapted from 13]

d - . .
;1919% U-3 Radon concentrations in natural gas (NG) and natural gas liquids (NGL) in various

countries.
Sample Country/location Reported range Reference
T 222 3
description Rn (Bg/m’)
Afri
NG rea 40-1200 Hamlat et al. (2003)
Algeria 37-111 UNSCEAR (1977)
Nigeria
Europ® 39-360 Holland (1998)
40-3,400 Dixon (2001)
5-200,000 Jonkers et al.
Netherlands o800 Dixon (2001)
Elsewhere 0-5,000 SIMP (1993)
Germany 37-370 UNSCEAR (1977)
40-360 Dixon (2001)
North Sea 74-148 UNSCEAR (1977)
Borneo 37-111 UNSCEAR (1977)
Canada
UNSCEAR (1977
Alberta 370-7,585 ) (1977)
370-7,600 Dixon (2001)
British Columbia 14,430-19,980 UNSCEAR (1977)
150-3,400 Dixon (2001)
USA
Colorado, N. Mexico 37-5,920 UNSCEAR (1977)
Texas, Kansas, 37-52,650 UNSCEAR (1977)
Oklahoma 190-54,000 Dixon (2001)
Texas, Kansas 370-1,924 UNSCEAR (1977)
Texas, Panhandle 407-1,665 UNSCEAR (1977)
Colorado 410-1,670 Dixon (2001)
Colorado 37-3,700 UNSCEAR (1977)
California 40-4,000 Dixon (2001)
Asia
ChiBeiing 49-88 RCA report (2001)
NGL
i 300-2,650
C2 Glgerla 297 Hamat et al. (2003)
300-18,000 Holland (1998)
Netherlands Jonkers et al (1997)
C3 Algeria 1,085-5,800 Hamat et al. (2003)
UK 940 Holland (1998)
Netherlands 150,000-380,000 Jonkers et al (1997)
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AR 24 Summary of Existing Oil and Gas Producing States NORM Regulations and Guidelines.[h1

]

1) Exemption Levels / Release Criteria

Arkansas

<50 MR/ including background at any accessible point and surface

Equipment Property contamination below the following limits (dpm / 100cm?):
OFor U-nat., U-235, U-238, and associated products (including Po-210) except
Ra-226,Th-230, Ac-277, and Pa-231: average of 5,000; maximum of 15,000;
and removable of 1,000
OFor Ra-226, Ra-228, Th-230, Th-228, Pa-231, and Ac-227: average of 100;
maximumof 300; and removable of 20
OFor beta-gamma emitters: average of 5,000; maximum of 15,000; removable
of 1,000
Soil Material < 5 pCi/g Ra-226 and or Ra-228,and

150 pCi/g of any other NORM radionuclide

Unrestricted Transfer
of Land

<
< 5pCilg Ra-226 or Ra-228 above background averaged over the first 15 cm of
soil below surface, averaged over 100 m?, and

<15 pCi/g averaged over subsequent 15 cm soil intervals

Louisiana
Equi t Pro
quipmen perty <50 LLR/h at any accessible point
Soil Material < 5 pCilg Ra-226 or Ra-228 above background, and
< 150 pCilg of any other NORM radionuclide
< 5 pCilg Ra-226 or Ra-228 above background averaged over the first 15 cm of
Unrestricted

Transfer of Land

soil below surface, averaged over 100 m?, and
< 15 pCil/g averaged over subsequent 15 cm soil intervals; or

< 30 pCilg of Ra-226 or Ra-228 averaged over 15 cm depth increments, provided
the total effective dose to individual members of the public does not exceed 100
mrem/yr

Michigan (Guidelines)

Equipment Property | < 10R/h above background; and surface contamination below the following
limits (dpm/100 cm?):
O For alpha radiation : average of 100; maximum of 300; and removable of
20
O For beta-gamma radiation : average of 5,000; maximum of 15,000;
removable of 1,000
Soil Material < 5 pCilg Ra-226 above background

Unrestricted Transfer
of Land

< 5 pCilg Ra-226 above background averaged over the top 15 cm soil layer,
averaged over 100 mz, and

< 15 pCilg averaged over succeeding 15 cm. thick soil layers
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AT U-4 Summary of Existing Oil and Gas Producing States NORM Regulations and C-}uidelines,[1

4]

(continued)

2) Exemption Levels / Release Criteria

New Mexico

Equipment Property

<50 LR/h including background: and removable surface contamination must be
<1,000 dpm/100 cm’

Soil Material

30 pCi/g Ra-226 above background, and

- Unrestricted Transfer
of Land

<
< 150 pCilg of any other NORM radionuclide above background
< 30 pCi/g Ra-226 above background in soil in 15 cm layers, averaged over 100
2
m

Mississippi

<25 JLR/h above background at any accessible point; and surface contamination

Equipment Property below the following limits (dpm/100 cm?):
O For U-nat., U-235, U-238, and associated products (including Po-210)
except Ra-226, Th-230, Ac-277, and Pa-231: average of 5,000; maximum
of 15,000; and removable of 1,000
O For Ra-226, Ra-228, Th-230, Th-228, Pa-231, and Ac-227: average of 100;
maximum of 300; and removable of 20
O For Beta-gamma emitters: average of 5,000; maximum of 15,000;
removable of 1,000
Soil Material

<5 pCi/g Ra-226 or Ra-228 above background, or <30 pCi/g, averaged over any
100 mz, provided the radon emanation rate is <20 pCi/m2/s; and

<150 pCilg of any other NORM radionuclide ,

Unrestricted Transfer
of Land

< 30 pCilg Ra-226 or Ra-228 averaged over a maximum depth of 15 cm of soil
below the surface, averaged over 100 mz, provided the radon emanation rate is
<20 pCi/mz/s; or

If the radon emanation rate is = 20 pCi/mzls, <5 pCilg Ra-226 or Ra-228 averaged
over the first 15 cm or soil below the surface and <15 pCi/g averaged over
subsequent 15 cm soil intervals, averaged over 100 m?

Texas
Equipment Property <50 WR/h including background at any accessible point and surface
contamination below the following limits (dpm/100 cm?): average of 5,000,
maximum of 15,000, and removable of 1,000
Soil Material < 30 pCilg Ra-226 or Ra-228, and

< 150 pCilg of any other NORM radionuclide

Unrestricted Transfer
of Land

< 30 pCilg Ra-226 or Ra-228 average over the first 15 cm of soil, averaged over
100 m”
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AMARUIN A

nsUsivieuA SIS IRaas TLD wag AMNLINTIU

LﬁﬂﬂuﬂﬁﬂﬂﬁﬁLitaﬁiNNﬁﬁﬁgﬁu

v = 1] s [} . as A‘
1. msdsuiguadsunussR@eas TLD wiledly 2 dou el

1.1 nMsUsuRsuANBNNERaNNNNIAG2E Thermo  luminescent Dose ( TLD )

TURAY
1.
2.
3.
4.
5.

MN9Faaa TLD muuunaaeaslunanangin
¥ TLD Wauualiinnisenufedinusnann Cs-137 AnAwm 0.662 MeV TnssnmimBunnssed
(Dose) Aldlunsanu TLD #a 5, 10, 20 ua% 50 MR AHAFL
FagunsonmunBinuiediia TLD a218% annaniildluniseny TLD Tnensduannaau
usafadueq Cs-137 A

AN 4 Nov.1999 - 30 Jul. 2004 AnLihs 1730 U

t,,(Cs —137)=30.17x 365.25 =11019.5925 Day

A, =4.7237x10™R/s

vy

A=Ae™"

A= Aoe{%
A=0.89694,

A=0.423TmR /s
Dose 0.4237 mR 14alunmsany 1 sec

Ay Dose 5mR lHaanlun1se1y 11.8001 sec

Dose 10 mR lfflaanlun19e1u 23.4016 sec

Dose 20 mR lflaanlun1sa1u 47.2032 sec

Dose 50 mR Hiaanlunsa1u 118.0080 sec
andis 3 TLD fidunseruf@unumnain Cs-137  uda ezmewlunAnazgnnszduinliiie
Adnarendaszuaslandily thermoluminescent crystal wazazgn trap 1360t lattice imperfections
lundn e liasetlusnenssfulfidunaun aniuaztiansuindaeieiess TLD deay
andavdnmslitanufauurindn TLD e lididnasauuacisavgaeanann traps nfuganazuni
%qﬂ"}mmmmﬁmLmv‘?wmﬁﬂﬁaﬂ@@nmmnm‘inLﬂuﬂﬁmﬂﬁuﬁﬁmu trapped (W38 excite
electron) %'aﬁLﬂuﬂﬁmﬂﬁuwﬁamuﬁﬁﬁtﬁm TLD 'Lr}i@mnﬁu‘lﬁiiw,ﬂa
faynanlude 4 g,nﬁ']mLﬁﬂunmwmemwﬁuﬁuﬁ?wdwﬁﬁlﬁmmﬁﬁﬁlﬂummm TLD #ae

Cs-137 NuANBusa@Ridaldann TLD GaihuRunnia@nuia TLO Ieganauly



Reading (nC)

6. anta 5 azldiaunis Y = 1.9778 X + 0.0332 i W flunslfuideumanunnsednlsann

n19RsaTa luRIwRdaNmall

AN9NA A-1 eansUFUReusEndeA B @i i lunseny TLD  fusndmeiiuiadiadn i

Sa'lfanTLD
AP ARF U907 TLD (mR) | Andmstiusediadsfidnldann TLD
(nC)
5 10.156 = 1.000
10 19.390 % 1.023
20 39.799 1 2.694
50 98.899 + 6.944

TLD 200 calibration (Cs -137)

120.000 ¢
y = 1.9778x + 0.0332

100.000 |- R’ = 0.9999

80.000 |-
60.000
40.000

20.000. |

0.000 L 1 .

Exposure (mR) 40 60

g A1 neruannansliuiaussudneA Bl lunsenu TLD fuddms iy

v o A HHL
Fadwdandaldan TLD

12 nafuudanFunusadfilanldos (Fading) Tuusiaz T eIzaaTInNNNsTn

Tunoy
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Source : Pylon electrics development corﬁpany,ltd.

Model RN-2000A Passive source
Serial No.156 Isotope ; Ra-226
Total source activity : 20.79 kBg
Dispend activity : -
Date of calibrate : Jan 26,1993
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1. Radiation Unit

A3 9-1 Mdoean1aFed

Activity of Source Intensity Absorbed Dose Biological Effective Dose
Old unit Curie (Ci) Roentgen(R) Rad Rem
Sl unit Becquerel (Bg) Roentgen(R) Gray Sievert (Sv)

Film badge or dosimeter Jfil
measures personnel
exposure in rems or

sieverts.
Activity of radioactive source
measured in AT
becquerels ~
or curies T T
,\j" ~

Absorbed dose in rads or grays

g’é converted to dose-equivalent
Intensity of gamma i | in rems or sieverts
source measured |

in roentgens

2.1 ﬁ\%‘ﬁ'\ﬂﬂ’é’\ﬂﬂﬂ’ﬂ ANEN1959R

Activity of radioactive source is measured in Bq or Ci
- 1 becquerel = amount of material which will produce 1 nuclear decay per second.
- 1 curie = amount of material that will produce 3.7 x 1010 nuclear decays per second.
. 1 curie = 3.7 x 10 becquerels
- 1pCi= 0.037 Bq

Intensity
The roentgen (R) is a measure of radiation intensity of x-rays or gamma rays.
» 1 roentgen means the radiation intensity required to produce and ionization charge of
0.000258 coulembs per kilogram of air.

The absorbed radiation dose is measured in terms of the energy actually deposited in the
tissue.

- The 1 rad is 0.01 joule of deposited energy per kilogram of tissue.

- The gray is 1 joule of deposited energy per kilogram of tissue

To assess the risk of radiation, the absorbed dose is multiplied by the relative biological
effectiveness of the radiation (quality factor) to get the biological dose equivalent in rems
or seiverts.

> Quality factor of alpharay =20, betaray =1, gamma ray = 1

9-1
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2.1 Exposure limits and health risk'®’

The upper limit for radiation dose to the public is an important consideration in regulating
NORM. The National Council on Radiation Protection and Measurements (NCRP) and the
International Conference on Radiation Protection (ICRP) recommend an upper limit on exposure to
members of the public from man-made source of 1 mSv (100 mrem) per year which is equal to
exposure limit of 50 microR/hr for gamma radiation.

In April 1999, the Conference of Radiation Control Program Directors (CRCPD) re-leased
their final report, Part N, “Regulation and Licensing of Technologically Enhanced Naturally Occurring
Radioactive Materials (TENORM). Exemption levels for any combination of Ra-226 and Ra-228 are
set at 5 pCi/g, on the basis of experience with hazards associated with uranium mill tailings.

The CRCPD Part N report states in Section N.5 that operations, use, or transfer of TENORM
should be conducted in a manner such that a member of the public will not receive in excess of an

annual total effective dose of 1 mSv/yr from all licensed sources, including TENORM.

3-2



A1979T 9-2 Dose limits Auiuyanaiinawneadeeiuid uay Uszaiauial™

Nuclear occupational dose

Public dose

Whole body dose

single year

Below 20 mSvl/yr, average over 5 years (i.e. 100

mSv / 5 yrs) with no more than 50 mSv in any

Below 1 mSv/yr

Eye lens Below 150 mSv / yr

Below 15 mSv/yr

Skin and extremity

Below 500 mSv/yr

Below 50 mSv/yr

2.2 Radiation concentration:

2.2.1 Radon indoor :

Most of the public's exposure to natural radiation comes from radon which can accumulate

in homes, schools, and office buildings. EPA estimates that the national average indoor radon level in

homes is about 1.3 pCi/l of air. Levels greater than 2,000 pCi/l of air have been measured in some

' homes. EPA recommends reducing levels of radon in homes where radon concentrations exceed

the EPA radon action level of 4 pCilL.

A1519% 4-3 Guideline to control Radon concentration in working place and school™

Organization

Radon concentration in

working place (Bq/ma)

Radon concentration in

school (Bq/m3)

EPA and DHHS (1994) 150
Other nations 20-300 20-100
IAEA (1996) 1000 1000
ICRP (1993) 500-1500 500-1500

2.2.1 Drinking water

Final Standards: The regulated radioactive drinking

shown in following Table:

3-3
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3Tt 9-4 inoustannsthutieuse s lutian™
Contaminant MCL Source Health Effect
(year promulgated)

Combined 5 pCi/L. (1976) Naturally occurs in Some people who drink water

radium-226/-228 some drinking water | containing radium -226 or -228 in
sources. excess of the MCL over many

years may have an increased risk
of getting cancer.

(Adjusted) 15 pCi/L Naturally occurs in Some people who drink water

Gross Alpha (not including some drinking water | containing alpha emitters in excess

radon or uranium) sources. of the MCL over many years may
(1976) have an increased risk of getting
A cancer.

Beta Particle 4 mrem/year May occur due to Some people who drink water

and Photon (look-up table) contamination from containing beta and photon

Radioactivity (1976) facilities using or emitters in excess of the MCL over
producing many years may have an increased
radioactive risk of getting cancer.
materials.

Uranium 30 pg/L (2000) Naturally occurs in Exposure to uranium in drinking
some drinking water [ water may result in toxic effects to
sources. the kidney. Some people who drink

water containing alpha emitters in
excess of the MCL over many
years may have an increased risk
of getting cancer.

EPA . source : hitp://www.epa.gov/

{14]

2.2.4 Standard of soil cleanup

® 5 pCi/g Ra if radon emanation rate from the surface exceeds 20 pCi/mzls

® 30 pCi/g Ra averaged over any 100 m’ if radon emanation rate from the surface

does not exceed 20 pCi/mQ/s

® 150 pCi/g of any NORM radionuclide




This standard was based on the standard for radon established by the National Emission Standards
for Hazardous Air Pollutants ( contained in 40 CFR 192 and 40 CFR 61 ), a set of standards

promulgated pursuantto the Clean Air Act and its amendments.
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A1919% -5 Concentrations of Naturally Occurring Radionuclides in Soil, Rocks, Sediments,
Groundwater and Surface Water. ”

Concentration (Bq kg™, dry weight) Concentration(Bg/l)
Nuclide Soils Rocks Sediments Groundwater Surface water
2y 2°98x10°° | 0.54.2x10°%¢ 2-1x10° 2.0x107-185 <1.0x10°56
2y 55-9.7x10° ¢ | 2.9-35%x10° 18 NA 45x10°-2.7
221h 1-180 . 2-280 1-130 NA 0.5 x 10?
#Th 17-160° <11-26° 35 NA 26x10°-5.0
2Th 3.7-74 NA NA NA 35x10°-1.9x 107
*’Ra 5-185 NA NA 1.5x 107 -0.21 5x 10"
*Ra 2.6-200 30-1.7 x 10° 3-1.3x10"° 7.4%x10° - 56 <1.0x10°-3.0
2pp 8.5-230 NA 20-700 <49x10"- 51 1.7x10°-0.25
2%g 10-51 NA NA 0-4.8x10? 56x10"-26x10°
“K 0-32x 10° 4-40 19-1.6 x 10° 1.3x10%-0.16 0-0.85

® From Bradley (1993).

® As collected

°From an area of know enhanced natural radioactivity.
¢ Bulk uraniferous vein material.

° May include mine waste.

NA = Not available

1Bqg = 27.027 pCi

3-5



5. AAEIUNITNLALIUBITY NORM
gRaMNssHiiEadesiu NORM / TENORM i
1. Geothermal energy production
2. Oil and gas
. Use and Treatment of water
. Metal mining
. Coal and Coal ash

. Phosphate, Fertilizers

~N O O A~ W

. Uranium mining

[ %

&
PN

A390 9-6 Arudiudusmzaes NORM finuluiassing ¢

Material

Radionuclide Concentrations (Bq/Kg)

Scale in pipes and other equipment for handling
oil/gas and formation waters

Background - 15,000,000
(average 1,000 to hundreds of thousand)

Sludge in natural gas supply equipment

Background - 40,000

Sludge from ponds of produced water

10,000 - 40,000

Uranium mining overburden

100 - 20,000 (only Radium reported)
(average of — 5,000 total radionuclide
concentration)

Coal fired power plant ashes

200 - 25,000 (typically closer to lower value)

Drinking Water Treatment Waste

sludges-600 (only Ra-226 reported )
resins-1,300,000 (only Ra-226 reported)

Phosphate fertilizer (biomass energy)

5,000-25,000

Other mineral processing waste (including aluminum,
rare earths. etc.)

Background - 400,000 (generally 100 -
5,000)




5119197 -7 Annidinduaes TENORM inulugranunssusing q°

Industrial Activity

TENORM Form

Concentration

Uranium mining

Overburden

Average “°Ra 0.92 Bq/g (25p§i/g)

Phosphate-fertilizer
and elemental -
Phosphorus
production

Ferrophosphorus,
Phosphogypsum, Scale, slag

Fertilizer: Feed material with ““U at 1.5
kBq/kg, Scales “°Ra and /or *’Ra at 100
Barkg.

Phosphoric acid: **Ra at 1 kBag/kg. in
gypsum; *°Ra at 100 kBa/kg. in precipitate

Coal combustion

Fly ash, Bottom ash

Uranium and thorium at 0.2 - 10 kBa/kg.

Oil and natural -
gas production and

Scale, Sludge, Contaminated
water and production and

“*Ra typically at 1-100 kBa/kg;
Highest reported: *Raat4 x10° kBq /kg

processing Processing equipment
Metal mining and  [Slag, leachate, scale, and tailings | Monazite sands:
processing from: **Ra at0.06 - 6.7 kBa/kg.,

> Rare earth metals, Special-
application metals
(zirconium, hafnium, titanium,
and tin)

> Large-volume metal-
processing industries
(copper, iron, and so on)

’Ra at0.3 - 33 kBa/kg.
% at 3.6 kBg/kg.
*2Th at0.52 Bglkg.
Zircon sands:

% at 125 kBa/kg.,

Th at 43 kBa/kg.

232

Geothermal energy

Scale, Brine — pond deposits

Average “*Ra 4.9 Ba/g (132pCi/g)

production
Others:
Pulp and paper Scale Thoriated lamps and rods; *2Th at 500
production Zircon sand ceramic shells kBa/kg.

Metal casting

Contaminated soils

232

Ashes of gas mantles: ““Th at 150 g/kg.
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