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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 µSv/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 g round, the e quipment 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 226Ra above the 
allowable level 5 pCi/L. However, the produced water was never released to 
the e nvironment b ut i t  was p umped b ack i nto t he g round a t  a n  a ban don o il 
field to avoid environmental contamination. 

2. 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. 

3. 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. 226Ra and 228Ra were 
analyzed using gamma-ray spectrometry and it was found that 228Ra 

(227.71±7.16 pCi/g) was much higher than 226Ra (67.08±2.56 pCi/g) for the 
raw materials from zircon ore production. The results were also indicated that 
228Ra from the raw materials was extracted to be in Monazite and Leucoxene 
more than 226Ra which was accumulated in Rutile, Zircon and Tailing 
products. 

For the samples from the tantalum ore company, 
228Ra and 226Ra 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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1�fompriii9f?1�n.:iutl:r::;mrutl:r::;�1tl 2547 lil.:J� 

.:JUfl.:JYl'W( fl'i' 11 ill6Vl) 
' ' 

400,000 

1,713,000 

2,113,000 'j")l-J 

1.5 'i�ti�b'J%nm'i(?)1b uum'i'll'el.:lbfl'i.:lm'i 

U1Yl 

U1'Vl 

U1Yl 

'i':::t1:::Lri�1v11Lil'Wm'i' 3 tl.:iutl:r::;ii1ru L�)-l"l1ntl.:iutl:r::;mru 2546 n.:i tl.:iutl:r::;mru 2548 Lf?1tl 

tl.:iutl:r:::mru 2546 1�v'\1�runnfoY1unuiiV11'5Vlmimrl'1.l 23 iim1r1ii 2546 LL�::: �1V1fo.:iutl:r::;mru 
� � ' 

25471�v'h�CJJCJJ1fUVJ'W'l9t1nuiim'5Ylmimrl'1.l'1'W� 2 i'.lu1r1ii 2547 

L ti'1.l.:i"l1 n.:iutl:r:::mru LLe-l'W�'W�1�fo'1.lzj1 'WVliJ'l f?1'VJ'W'Q f?1V1'4'Wn1'i'19tl 

tl.:iutl:r:::mru �1�fo�1ii1rn v11 L ilu.:i1u'5r.rt1 r;lmti'1.l.:i1� 2 ti 

tl.:iutl:r:::)-11ru1'1 

,s .., d _"f d o "'.., 

1.6 fl'J1:J-l·Gi1flqj bb��'VI 3J1'1l'el.:Juqj'Vl1'Vl'V11n1'i'J�tl 

lil-:J'W'W L'\.JLL[i]�::; 

Lf1Nn1'i' "n1'i'Vl1mmrufi1(;1fll-Jlr'W(;lf.:J�(;11)-lfij'j')_f'Jl1iii1'Wi:-J�(;l.11DJ6r'l i:-J�(;lJ1ill6r'l'V'lfl'1.ltlL� LL�::; mn 
' 

fi1(1.]fl)-la1''Wr;if.:i�r;i1iinnmniii (Naturally Occurring Radioactive Materials, NORM) LU'W�1'i' 

niiaYur;if.:i�� Lflf?1�'W'V'l�'1.lilfl1Jn1'i'Lfl (?) L�n LL�::;tl::;uu'1.lzj1 'W�'l'WU:r::;n'1.lU'll'1.l-:J LU�'1.ln fon L 'WW)-11ruif '1.lt1 LL!ii1 'W 

:r::;11lu��1ii1rnr;inroiff?11� i'.l NORM mnn�1 60 'll'Wf?1 ��1mrn'V'l1JL�'Wn'i'rn'll1� NORM ��1r1CJJ �'1.l n1(1.] 

mn Utl)-1 LL�::;Y1'1Jlj't1ii�.:i��1m1iri 1'!Xn1r;i niia1'ur;if.:i�LU'W'1.l'Wnrnr;lmil'1.l.:itl:r:::mrun1r;i�::: 1 o n�1'llilf?1 lil.:il!u 
'U <t <t <t 
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'l'�viuVl�'1�9v1L1J'W'l'�viuf--i��'W.PW (background radiation) �--itlhnruf--i��1�fudr.i :;1il iii:rnm--i f--i � vi 'el 
11--1 n1 l'.l 'll 'el --i ii'W'liU tv1 l'.l f--i �� ii 'W'liU"'l �1Mu ii1 n�� v1 mr.i1 n n 1'1! L 'l'v1 'el'W-222 (222Rn) �" LU'Wfi11i1V1�'1 

'l 'l q q 

('el'WviU� 7)L'W'el1.¾n'l'iin1'i'��11'.J(ll')'Jl'el'1fi1fij�L'i'L'Wl'.lii-238 
L'W�'WLLi (Ore) Vl1'el 'Jlilt1�UU1'1'll'Wv1 (raw material) U1'1'll'Wv1�nn�nv1r.i1mtl�'eln fanii1 L°lll.'W--11'\.J ' � 

o LL1�'W'elli1�1'1.rnnii L'l1'W Ld�tl-nii, Ldvl'el�LYili1�1ifl.'Wm'i'Yl1Umm�mV11'l'ili11 u��' ' 
LLfLULLlil� LU'Wr;i''W

o Ldm!n L'l1'W L'll'elfi:rniluii �1.Jn 'Vl'el'1LLv1'1 LVl�n LU'W�'W

0 LLiLf'elLY'l�--1 L'l1'W ci1'W�'W �nL'W(i] ULlil'i'L�l'.lii(tl1�'\.JLL�:;n1'lln'i''i'l-l'll1UJ) lU'W�'W 
o n1nlil�n'el'Wr.i1nn'l'�U':l'Wn1'i't:.1�1i1tl1tl'i'�tl1�u

NORM �il'elti1'W11iln�utlnuivY':l1tlLL���1ifl'W'11'W'elli1�1V1m'i'iiLV1�1ddj'elri'el'Wdr.i�hJrinr1'i''elUr1�ii111 
'IJ q 'I 'U q 

L'W'n'elll1Vl'Wv1 rJh'Wr1':l1iitl�'el v1nur.i1nm'i' H'--11'\.J'll'el--l'JM)lll-l�'Wlilf--i�J--1 L'W'l'�viu'll1 ul LL�:; 'W1'W1'll1 ul ( um 11'\.J 
LVlil'el--i� L'i'L'Wl'.lii) LLvir.i1nmi� 'Qli1�1Vln'i''i'iiL V1�1d�'el--11-if 1 li1 (l�U 1 'Wm�rn'Wmrn�lil LU'W91'W':l'Wmn if--i t:.1� 1 � 

L'W e..J�li1J1n..l'Yl, t:.l�lilJ1n..l'YlY'l�'ell'.JL!il LL�:; bv11'.JL'uY'l1�L'Wn1n�L!i191nn'i'�U':l'Wn1rn�lil�'J� v1ilri11rJf rin�n VI 
. � 

'el'eln1tlilri':l1iiLoifiioif'W'll'el'1 NORM �'1�'W91n'l'�virn�ii�il'eltjL'W'Jblfij�UL1iiLLm NORM �t;im�11�ilr1':l1ii 

Loifiioifm�ii�mrl'el'1!il')l'.J L'Vlrl'Wr1Vl1'elm�U':l'Wn1'i'Lv11 Yl1'1'Qli1�1Vln'i''i'l-l Vl1'elr.i1nnr.im'i'l-l'll'el'1iil¾1itl' 9�tJn 
Lfon�1 Technologically Enhanced Naturally Occurring Radioactive Material Vl1'el TENORM �" 
TENORM LV1�1d mr.iilr1':l1moifiioif'W�'1L'W'l'�viu�L�l'.J'1[i]'el�'ll1l1Y'l'll'el'1U'l':;'Jl1'll'Wllil [1] n1hiilm'l'fl')UfliiV11'el� ' . 

il'l'11'.J'11'Wn1'i''l91'.JL'WVl�11'.JU'l':;L'Vlf'1Lrlmnutl�Vl1n1'i'9v1n1'l'n1n�il TENORM U'W Lri'el'191n�e.h'W 
m mmv1�1fi11ilrintl�v1tl�'ell'.l'el'elnci mmf'l tl1 v11'el n'fl'1�'11'W�n�1--1LL�--1 tv1u1ililm'l'muriii vi--i�'WL'W'l1':l'1 � � . 

'l'�l'.l� 1 o tl�c.l1'Wm Vl'W':ll'.l'11'WL'WV1�11:Jtl'i'�L Ylf'lvY':l t�nJ--1mrifj�ilm1iifu nv1'll'elU 1 'Wn1'l''el'flnnD'l':;LiJl'.lULL�:; 
1l1r1L'eln'Jl'W�Lrlm-if'el'111U NORMffENORM L!ilL�rl':l1ii�'WL9 LL�:; Llili':lii'\'l'Wfl'W'Vl1n1'l'fin'li1Lrlmnu NORM 
LL�� TENORM[2·5l L'W'lln.l�L�l'.J')fl'W YlU':l'1n1'i'mt--1--11'Wtl'i'm�'i'�W:i1--1tl'i'�L'Vlf'l (International Atomic Energy
Agency, IAEA) LL�� International Commission on Radiological Protection, ICRP �--iilwi.h�'fl'eln 
if'fln1v1'Wv1mur1iiLL��i:l'el--1n'W'el'Wlil'i'11'.l'Vl1--1f--i�'fltl1m�v1�1--1m'l'vlr.i1'i'ru19v1Y11Lnru'l'lm'l'r1':lur1iiLL�:;i:l'fl--1n'W ' � . 

1 mSv/u (;115'1'1� 1.1 LL�v1--1'l':;i;i'um1iiLoifii-if'W'll'el'1fi1fijL'i'L�tJii�'V'lUL'We..J�lilnru'l'l e..J�lilnru'l'l'V'l�'ell'.JL!ilLL��mn 
91 n'Q li1�1Vln'i''i'l-l vi1--17 

Lti'el'191nL'WU'i'�L'Vlf'1L'VltJ if--1hJilm'l'�n'li1Lrlmnu NORM �il'eltjL'W t:.l�li1J1n.!'1'1 /e..J�(;le..J�'V'l�'ell'.JL!il LL�� 
mn�11ilr.i1nm�rn'Wm'i'L'W'Qlil�1V1m'l'iioif1--1�'W'eltl1.:iLu'W'i'�UULL��Ltl'Wltlnnii vi.:i�'W 1'Wtl--1utl'i'�ii1ru 2546 
Jl1 rl'l'll1'W') Lrl�l'.Jf L Yl r1 b'W t�u riru�'5 f'1':lnniif'11�1ilf 1l11·Mnml'iiV11'l'Vll'.J1�tJ �.:ii'.Jtlr.i91'.J�'Wl1'WLL��1.J r1�1 m� 
'V'l�'el ii1 'Wn1'i'lil'i''J9') v1mmruf--1�L 'W�'1 LL') (;)ft'e) ii �.:JL!il L�'W'el Lrl N n1'i''l91'.J/11 El 'lm'fl'l 'N n 1 :/SiEJT'J3-//11 PlfJti�::

Lfln"JJU tv1u11i1r1'i''elUr1�ii'Qlil�1v1nnii 4 LLVl�.:i �i'.Jm'l'1-if1i;i'l��u�Lrlmoif'el.:iriu NORM 1'Wtl'i'�L'Vlf'1 �.:JLLri 
,:f'eHW��B'i'iWlf1® wluu'i11111t1vtM'ia.J LLimrn ££fl� n1n�1nn1'i1.1111111t11t/'i�t/1 J.:id L�'elLU'W • 

tl'l':;LU'll'IJ vi'fl111fl'Qlil�1v1nnii L'WLL�'ll'el--1r1ri1iitl�'elv1nu LL�� PJn.!1l1'V'l'll'el.:Je..J�lilnru'l'l LIPlm'ilm� 
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M1l-Jfi'j"j'l-J'Jl1�1'r ll'cl:::�1mrn1-if LU'W-if'ill,j'cl�1vlfuWi,!'ll'N1'W�ilm'.11�1'Wn1rn'iln-if'iln1vl'W��1'Wrl'l1l-J 

U'i'l'il�nm1nf..:i� 'i:�1:1il'i':::1:J:::L'l'i'l1'1l'il..:Jlrl'i'..:Jn1'i' 3 tl (2546-2548) Cil..:iO 

1. u1Lfm1-'l�..:i : �n1'Wt,f tl1JJ'W LL'i'l::: n1'lln'i"i'a.J'll1� (LriNm'i' 'i':::1:1:::� 1-2: 2546-2547)

2. n1n�1�ronnn1:i''IJ1U�tl1u'i':::u1�u (lrlNn1'i' 'i':::8:::� 2-3 : 2548)
I IV � i1'° )' ,:::4 3. LL'i'WWn: �1.Jn LL'cl::: L'll'il'i'rl'el'W (brlNn1'i' 'i':::8:::Yl 2-3: 2547-2548)

4. LL1ih.J'ilM�1v1mrn: 1-fo�Li"JM �U'lla.J (LriNn1'i' 'i':::1:1:::� 2-3: 2547-2548)
'

'l,ll-J11'Jlvli?l �1v1fu n1'i''l91'JL�tl'lnrnliLf 'el Li"l�..:J (�n L'Wtll) Yl1'1n1'i'L�vht:hm.J�i?l 1�r11U'WYln-if 'ell'l'l1l-J

( Cil..:J LL��..:i 1umri i:..iu'ln iu) u 9..:im'i1'i':::w11..:iilti..:i 1a.Ji"l�'ila.J�roi::: l!Xm1a.Ji'la.Ja'.i'il 

1.7 11J1�'ll�i'l,:i�'l]'e),:itisi-a-m1-a 

LrlNn1'i''l980i'.J'5'[,][l'LJ'i':::�..:iri"L�'el 

1. Amn Mnroi'5'�'5M'i'1lli'mruf..:i�Ll'i'l:::'lLrl'i'1:::ihB-mrum1a.JL-ifa.J-if'Wf..:i� (Activity concentration)

'JJ'il..:Jn1Mna.JlJ'WMf..:i�M1a.Jn'i"i'a.J'll1��u'WLfl'il'WL'W i:..i�Mnru'Vl i:..i�t,111ru'Vli"l'i'l'il1:JL� U'i'l::: n1nroi1n

LLv11'i..:i'Qt,1�1v1n'i'rn�L-if11'la.J1u'i:r1Nm'i'

2. �,rU�'4'Wlli:..J'Wn1'i'9 �n1'i'�1'Wrl'l1l-J'LJ'cl'el �118 �'l'W1J1'1:J'JJ'el..:J �UDU�'11'WLL'cl:::�..:J U'll?l�'ell-J'JJ'il..:J

u1'11Y1�L-if1i'li1Lr1Nm'i'

3. L�1-a.J�h� rl'l 1l-J L-if iJ Ll -ii..:iYl1'1'l'Jl1n1'i' 11XnuWW'll:Jn1'i'Am11na.JJ..:i�..:i l�1-a.J1 '!Xil rl'l1iJ1'liJa'.i'el U'i'l:::

�,rU�'W'W'11'WYl1..:J'l'Jl1n1:i'J:::v1'i1..:imr1f�Ll'cl:::l'iln'll'W
' �

1.8 �biiE'lJ�fi�iE 

Lti'il..:iroi1niJ'ilM�1v1m'i'a.J�roi:::r11m'i'Am11 J..:iv1a.J� 4 n1'ia.J�'lmfo Cil..:it!u 'i':::LUl:JU'lfi'l91:l�..:i LLU..:J'elt:1mtlu 
' ' 

t, t, 
V = .ol 7 'JJ'WM'il'W �..:J'W 

1. ��i;]'el'LJ'i':::�1'W'11'Wf1Ufl1rl'Qt,1�1vlm'i'a.J
' '

CV O 1-=!I q .::::,1 1./ IV � CV 

2. roi�Y11L'iln�1'i'r1iJ'ilY1Lnl:l'l'll'il..:inrn1'W'l"'l1:J
�

3. L-if1�1nroi�'W�Lt'il..:iilfu (Preliminary site survey)

4. 'l1..:JLLi:..J'Wn1'i'i'.llm1:::ifu'i'l:::9�Ll1Util'l'ilth..:i (Complete sampling and analysis plan)

5. t,1nroi'5'�f..:i�u'i'l:::LnUtil'l'ilU1..:JL'W�'W� (Detailed radiation site survey and collect samples)

6. LIJ111:JiJLL'i'l:::'lLr'ln:::iftil'l'ilth..:i (Sample preparation and analysis)

7. 'lLA'i'1:::if-ifm;J'i'l �tULL'i'l:::L�l:J'W'i'1tJ'11'W (Prepare final report)

1.9 'll'el1J'll1En1':i'Plm.t1 

n1 'j'')�tJ-0 roi :::111 n1 'j'') LA n :::if ma.J1rum1a.J L "nil"n'W1'1��1 L vn:::'1l'il..:Jfi1 !JlllillY'WIJl f..:i� IJ11l-Jfi'j''i'l-J'Jl1 �� 

U'WLrl'il'WL'W!ll'lt:1tl1..:i'JJ'il..:J eJ�11111ru'Vl eJ�1J1J1ru'Vli"l'i'lt:1tJL�LLfl:::n1nroi1n'fl1J1�1v1nna.J�L-if11'la.JLANn1'i'LYht!'W 
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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 pCi/L 11,686 pCi/L 

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) 5.7 NA 3224 

Titanium Ores 8.0 24.5 

Rutile 19.7 NA 

Ilmenite NA 5.7 

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 5.7 21 

Uranium 
Uranium Mining Overburden Low hundreds 

Uranium In-Situ Leachate 3 30 

Evaporation Pond 
Solids 300 

NA Data Not available 

1 . 1,nl':1 t.M1'W'll'il'1 f :v� i'.iv1ih�'il'iln-ir'il 1h1-11.Jvl"l::: 1'1\'-ir'il l-1��1 dlw��1mrn H LU'WlL 'W'lV11-:i�1v1fum1 
� � 

9 vli'l1 rn ru'l'11 um1mur1J-J LL�:::U'il'1f1'W'el'WIJl'.1'11:li'l1'1f-:i�r.i1n NORM 'ilU1'1�l-JL v11J1�l-l t:.J� Lvll:l � 
' ' � 

ufiu1i�1l-J1'.1'(1Uflu1i1ili'u'W�'WJ1'W'll'il'1l-J1iJl'.l'J1'W'fliJl�1v1n'.l''.l'l-JIJl1l-Jf"l'nl-JLU'W"l1'1U�:::hJri'ilm'.I'::: 

1�numr1'fl1J1�1v1m1J-J'lv!t11iJ�1d'.l'W 

2. LU'WLr1Nm1'11i'il-:i�1v1fu -ir'iln1v1'Wvl�1'Wrl'l1J-JU'Z'l'ilvl1ltir.i1nf'1�

3. �'1L�Tl-JL�rim1J-JT'Jl-Ji'.l'iln'W1:::v1�1'1111f"l13LL'Z'l:::L'iln'l!'WLL'Z'l:::L�Tl-J�T1'1rl'J1l-JL-irl-lLL;'1i'l1'1,j'l!1m1

1�nuv1t.l<J1:1m1Mmn

4. u1-:i�'l'W'll'il'1'11'W;;i9t1'il1r.iufuLu�t1'WLU'Wm1�1Lil'Wm11'WL'n'1Ynru'l!ti1�

5. LU'W�'Wtl°n'Z'l1'1'll'il'1'11'Wrj91:Ji'l1'1�1'Wm1Mn1!t1L�mnum1L�3-Jill'l-l1CU'll'il'1fl111Jf1l-l31''W1J11'1�1J113-J

nnl-J'l!1� �'1hlLr11:1�1 Ltl'Wm1J-J1ri'il'WL'Z'lt11'Wu1:::Li'lP'1 LL'Z'l:::Lu'W tr1Nm1�r.i:::vh 1� Lnvl'11'W;;i91:J LL'Z'l:::
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m1Pin1111u1:;�u�..:i�1m1mu'W�1'1l..:i!unw'l4'tJ'll'il..:J v1-w1u..:i1u�L�mif'il..:i l>l�'il(?)"'lt.l il�l>l 

11nfimn 'Vlrn:;�u 

6. mr1 L'iln'llu� Lif111l-l tr11..:in11r.i:;1Jffrn . .h:; LtJ'llur.i1nt-J�'ll'il..:J..:J1'W'l4'tJ �..:i�

0 �,rU�\¾'W LLt-J'Wn119(?)n11J11'Wfl':l1 l-JU�'el (?)JltJ 'D':l'il'W1lY tJ 'll'el-.'.l �tJfiu�..:J 1t.l LL�:; 

�..:i LL ':l (?)�'ell-J'll'el..:JU1-jj'Vl� Lif 11':ll-l Lf1Nn1111"'VI(?) L 'VltJl-JflUt.l1'W1U1:;L'Vl fl 

,., ' 
.dil ,,:::::H., � 

background 'll'il-.'.lYl'W'Vl'll1-.'.lLfltJ..:il-l1n 

o � wm111" t-J� l>lllru'Ylrn..:i'il t.l1..:i'il1r.iv'\1m1tJfoui..:ir.i'W�..:ii°'W�1l-l1 rn�..:i'il'il n 1tJr.si1ww1u

if..:i1.h:;LV1fl�iloif'1ln1vlt.l(?)L�mnu NORM 1�

0 ��1..:im1:wJ1u1r.i 1iXnutJ1:;'l11'll'WLL�:;'W1'W1'l11�1'WL�'il-.'.ln119(?)n11n1nnl-llY'Wl>l!..:i��'el19 

il£ul>l nmL�:;'1l1r.i�..:i t-J� m:;'Vlu i;i'1l�'lll11Yi'll'il..:iu1:;'l11'll'W �..:i il-n'l l>li'W7 LL�:; 

�..:JLL':l(?)�'ill-l 1utJ1:;LV1"11�'1lt.l1..:itJ�'il(?)JltJ 

n11�1 L Ut.l-.'.l1'W'l9tJl>l1l-J� L�t.l'il 1,r], t.l Lfl N n11'l9 tJ Llffou L 'VltJUflU-.'.l1t.l'l4'tJ�1� �1LU'Wnl11tJ LL�':l 

(l>l.fl. 2545 - ii.fl 2548) LL�(?)..:JWl.t.!l>l111-.'.l� 1.2 

nr.irn:rl-l 
1 .. iiii;iuimh:::�1u--11unum1,wi111��,"1-1n11l-J 

� 
2. "l�'11Lfl0�11-�j'fo ◄ 

3. �rn:11 l'lru�iiuiii'llfl--11111niiiu�'l-il1.u11ui 
◄-► 

fl:::ntjii--11�ti;im{i1111n"l���L�TJ--1iliu � 
4. 'l1'1lLCJ\J01t<i1m1:::i11f1:::<i'i;i1nu 

171'lfl£i1'1'llfl'1LLllifl:::n�l-l'11'W 

3 6 9 

--- - -

•--► 

� 

-----

◄-► 

- - --► 

,:;u::tJBuiJim, (l�'ilUVl) 

12 15 18 21 24 27 30 

◄-►
. � � 

, 

◄-► ◄-►
J . 
- .

◄- ► ◄- -►
e--+ 

33 36 

5. '11n1i'1�1rtmruf'1flLLfl:::LllU171'lfl£i1'1 ,__ -- - - - --- -- - -- -�-- - - - - - - - - - - -...- - - --- - - - - -I►

'lW111'l�u1ii 

6 .. '5Ll'l11:::1-l171'lflci1'1 

..,. ,t- ..,. 0 

7. 'lLl'ln:::'l-l'llfll;Jfl 11f1:::"l�Ynnm1u 
J 

-

◄-

◄ 

- - - -

- - - -

- -- -

- - - -

v1 mm v1 l>l ◄- - - ► ihrnrn�11..:iLLt-J'Wl'1 

nr.im:rl-l�1��1L'Wt.ln1:i'lULL�':l 
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-- - -

-- - -

6P 

-- - -

- - - - -

----

- - - - -

6P 

- - --

- - - -

. 

-" - -

.... - - -

6P 

-- - -

- - - - -

- - - -

- - -- -

6P 

6 p = :i'1tJ-.'.l1t.lfl':l1l-Jll1':lWW1 

6 F = dltJ-.'.l1t.l'u'IJU�(?)Yl1tJ 

----► 

6F 



1.12 bmU<w3-111Pl'a-11'1..!Vl1'elbnru-wr11Vl'l..!IPlffi'll°i.'1..!.:i1'1..!1iti 

mru'Ylinmj1-w1,i�'fln1v1-wvim1a-JL-ira-Jir'W�tl'fla-JL1Xi'.lv11''fl1.h.1Lfl'fl-w1-w1'��1i11--1 7 '1l'fl'1vltJ'ltl'11'Wli11--17 i'.l 

I � �0 vl'W'ltl'11'WV1'fl'fl nm ru'Vl n1v1-wv1 

(1994)EPA and DHHS 

Other nations 

(1996)1AEA 

(1993)1CRP 

Radon concentration in 

(Bq/m3

) working place 

300-20

1000

1500-500 

Radon concentration in 

(Bq/m3)school 

150 

100-20

1000

1500-500 

v1111--1� 1.4 mru'Yln1v1-wvim1a-JL-ira-Jir'W'll'fl'1Ln�t13-J 226-u�:; L1L�tll-l-226 1-wJ1�a-Jtvit1v1tlr;it1--11-w us

Environmental Protection Agency (US EPA) £151

Contaminant MCL Source Health Effect 

(year promulgated) 

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

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 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 ii] 

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 µg/L (2000) Naturally occurs in Exposure to uranium in drinking water 

some drinking water may result in toxic effects to the kidney. 

sources. 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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J 
mn:rv11.5 

4oK 

rnru'Yln1v1'WC?lfl'l1J-JL-ifJ-J-if'W'll'iMil'l1r1ri1?1f���mr.i1nn'.l''.l').l'll1�LC?lt1V1U'l�m'.l'Yi���1'Wthm� 

'.l'::;w:i1�1.h::;rnP1(international Atomics Energy Agency, IAEAl61 

Radionuclides Activity Concentration , Bq/g (pCi/g) 

10 (270.27) 

All other radionuclides of natural origin 1 (27.027) 

'JI • I V 

ffl'\11'lJL'Wf11'Jfimnw N('l1tm1::::11vi'1�'il::::tl1mtmvrnvit1'lJf1'lJrll Action Level viril'l'l'W�1.if �-'l'W 

NORMs 
. 226 228 

Action Level m.i'lt1�1'Wmru'Yln1v1'WC?l�1if 

Soil, sludge, scale ( Ra + Ra) 5 pCi/g (0.185 Bq/g) AP, "Management and Disposal

Drinking Water (226 Ra + 228 Ra) 5 pCi/L (0.185 Bq/L) 

Radon gas 2-4 pCi/L (74-148 Bq/m3)

Gamma exposure 50 µRlhr ( 1 mSv/yr) 

1. CRCPD = Conference of Radiation Control Program Directors

2. API = American Petroleum Institute

1-8

Alternative for Naturally Occurring 

Radioactive Material (NORM) Waste in 

Oil Production and Gas Plant 

Equipment", November, 2002. 

US. EPA 

US. EPA 

CRCPD : Part N, "Regulation and 

Licensing of Technologically Enhanced 

Naturally Occurring Radioactive 

Materials (TENORM). 



.,i 
'U'Vl'VI 2 

n1<aV11man ru fi1 IP111 :J.J:JYU IP'lf.:ii IP11 :J.J fi'a'a:J.J6.lf 1 wl, Ubf>11'el.:iiJ'el 

1 rlivi1.h:;�--:if'1L�'fl �mn IWl''1"'l'1Vl'ill?l:i'1t.fhnruf--:i�uft:;';ju-m:;ihJ'hncw'1'11l.Jb'ifa.Jifuf--:i� (Activity concentration) 'll'fl'1 

NORM 1mri1'fl--:ii'.l'fl mn'll'fl'1b�tl �Ubbft:;tl1'll'fl'1U5'b'1ill�U�n1:i'i:.J�l?lml?ln�m.J bbft:; b�'fltJm:;i;i'uml?l:i'�1U�l1Ufl'11l-J ..,, 

Uft'flVlJltl ;'1'flU1�tlLbft:;�'1bb'1Vl�'fla.JL'l\nuu1'11Y1�b'Il1'.r'1l-JLULflNn1:i'';j9tJ �--:irl1utl--:iutl:i':;a.J1ill 2546-2547 ii U5'11Yl Ul?l'Vl. 

�h:i''1"'l LLft:;i:.J�1?1tlt1?1n�t1a.J 91nvi (l-l'l-11'l!U) 1�b'ih1'1rnLft:;1'1\m:i'�uu��u--:iutl:i':;mnmritr1 Nm:i' rl1:;t1:;rn'l1m1 

vi1Luu--:i1u 2 tJ tvit1rlmnif1�1n"'l'flth--:id'.lum--:imn�'fl'1U� 30 a.Jm1r1a.J 2546 fl'11a.JLuum'll'fl'1n1:i'�mn1�rn-h'1H 

1w11r1i:.imn 'll 

.d' .,j � "".., 
2.1 'VfU'Vlb1J1Vl3-11t'ln1'a'J"Ul 

�u�Lih'l-lmt1�1'l-lfum1':j9tJ'lJ'fl'1U5'11Yl Ul?l'Vl. �11'l"'lLLft:;i:.J�1?1tlti;in�t1a.J 91nvi (a.Jm'llu) uti--:iLuu 3 �u� i;i'--:iO 

2.1.1 �u�Lihv1mt1� 1 (PTTPEP1) Lbvll:"l'1i:.J�1?1tl1�uuuun (Onshore) tl1:;n'flU�'ltl 4 Lbv11:"l'1 i;i'--:iO 

2.1.1.1 

2.1.1.2 

2.1.1.3 

bb'l-ll:"l'1i:.J�l?ltl1�U�Yl'fl'1 1- 7 (UT1-7) l?l.�'lUbbl?l'1 'fl.bi'.l'fl'1 "'l.�Ymrut{5' 'fltjih'1"'l1nnt'1L'Vl'r'l "1 tl1:;mru 80 

ntma.Jl?l:i' �1LLww--:i�i--:i'll'fl'1�U�LL�vi--:i1umr1i:.iu'ln 'll itl� '11-3 

bb'l-ll:"l'1t-l�l?ltl1�U�Yl'fl'1 1 -3 (UT1-3) l?l.�'lUbbl?l'1 'fl.bi'.l'fl--:i "'l.�'r'l:i':i'llti� 'fltjih--:i"'l1nnt'1L'Vl'r'l "1 tl1:;mru 80 

ntma.Jl?l:i' �1LLv1ti--:i�i--:i'll'fl'1�U�LL�vi--:i1umr1i:.iu'ln '11 itl� 'll-3 

bb'l-11:"l'1t-1�1?1tl1�ui--:i�"'l1tl 1-1 (SKJ 1-1) l?l.�'lUbbl?l'1 'fl.bi'.l'fl--:i "'l.�'r'l:i':i'llU1 'flUl-11'1"'l1nnNLYl'r'l "1 
, q \J 'I 

� 0 • .J� �.J .J 
tl1:;a.J1ru 80 n LftLa.Jl?l:i' 1?11LL'l-lU'1Yll?l'1'll'fl'1'r'lUYlLL�vi--:i1umr1t-1u'ln 'll itl'Vl 'll-3 

2.1.1.4 bbv11:"l'1t-l�l?ltl1�U1l1bb'r'l'1bb�U 1 -1 (KS 1-1) l?l .�--:i�nun 'fl.1l1bb'r'l'1bb�U "'l.Ufl:i'Ujl-l 'fltjl-11'1"'l1nnt'1L'Vl'r'l "1 

tl1:;mru 70 ntma.Ji;i1 �1LLWW--:i�i--:i'll'fl'1�U�LL�vi--:i1umr1t-1u'ln 'll itl� 'll-4 
t., I I t., 

2.1.2 �uvhi11v1mt1Y1 2 'l-l'W'1t1�--:it'.ht--:in1i--:i�--:i'llft1 (Songkhla Logistic Base) �--:i'fltj �1Ufti'lm ii1LJ1'fl�'1'l-lUl'l:i' 

9'1'l-1'1vi�--:i'llft1 �1Lmti--:i�i--:i'll'fl'1�U�LL�vi--:i1umr1i:.iu'ln 'll itl� 'll-5 

2.1.3 �u� LU1v1l-J1tl� 3 bb'YIUi:.J�l?ln1'lln:i':i'l-J'll1�U'fln'l!1tl�'1 (Offshore) 'fltjLU'EJ1'lLYltl bbft:;t,11'1"'l1n9'1'l-1'1Vl�'1'llft1 

tl1:;a.J1ru 230 nLftLa.J1?11 �1LL'l-lti--:i�i--1'll'fl--1�u�LL�vi--11umr1t-1'U'ln '11 itl� '11-6 

m1':j9t1Li'fl--1n1rn1mmrun1�na.J�ui;if--1�ma.Jnrn.J'll1�1uLr1i'fl--1rl'flLLft:;mm1n�i;i�1'l-lnna.Jtlt111n�t1a.J 

�1'\-11U U111'Vl Ul11Yl. �t-1. �117Vl(l-l'l-11'll'U) iin"'ln:i':i'l-JL'Un11':j9mL�Vl'1L'Ul11111'1� 2.1-2.2 LliltlL'UU'1Utl1:;mru 25471ili'Y11 
., .. .. ., -;;I ., ., ., -;;1..J 1 .Ji' .,J _., .,J .... ... ... .Ji' .,J _., .,J n111111'l"'l'lVl bLft:;'JLfl11:;v1tnl-J1NN'&'! LLft:;n1�na.Ja.J'Ul11N'&'!Yl�'UL"'l 'U'r'l'U'Vl Lu1l-1l-J1U'Vl 1 L:i'UU:i''fltlLLft'l �'l'U'r'l'U'Vl Lu1l-1l-J1U'Vl 

2 LLft:; 3 �--1Y11n1rniu uft:;� Lf111:;ifoi'l'flil1--11a.J LL'l\''l L�1r.i L'1'fl--1r.i1niiif'fl�1nlil 1un11L if 1�1n"'l L'ULLi;lft:;flf--1 

Vl'1'1'U UVlO�--1 LU'U11U'11'Ut-lM11') lil LL ft:;� Lfl11:;if til?lnmmruf--1� LLft:;fl')1l-J L 'Ill-J'Il'U1'1�'ll'fl'1n1 � 

lll-J�'Ul11f'1�'ll'fl'1�'U�LU1'\,1l-J1U� 1 LY11'1'U 
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2.2 m'i-&1'a'Jr.i1111"1i<iu1:1-1'JJ'el.:i�uvhih'lll:1-11!1"¥11 

flru:-;ri4'u1�Lii1�1nr.if..:i�mfl�'W1l-l1'W�'W�Li11tunu� 1 �..:iv1l-Jv1 4 flf..:i Lu-wn11�1nr.i�'W�Ln''rl..:iuf-w 1 flf..:i L�'el 

vi1mn1..:iLLt:-J"Wn11Lii1�11r;ir.i'eltl1,rn:-;L�tJv1 �..:i1�Lii1�11r;ir.i'eltl1..:ift:-;L�uv1 3 flf..:i 1'W'rl'1..:i1:-;u:-;L'1ft1 1 ufli..:i tv1mL(?lft:-; 

'D'1..:JL'1ft1�Lih�1nr.iil(j �n1ftl>l1..:Jf1'W1'W 'n'rll,jft�1r1(l!�Mr.i1nn11�1nr.i�'W�Lrl''el..:iuf-w LL�v1..:i1"W1,m1..:i� 2.1 nr.imrni,h..:i 7
'j., O  � .d  ... l-f .J �� J O cvLLft:-;1:-;u:-;L'1ft1n1n'll1�1J'19'll'el..:JV'l'W'Yllu1vll-l1tl'Yl 1, 2, uft:-; 3 LL�vl..:J b'1 b'Wffi111'1'Yl 2.2, 2.3 LLft:-; 2.4 ffl1l-Jft1v!U 

..3 "-'9"1 d' d  "' .I " ""  �.:. 2.2.1 m'i·6'11'i'J'°l'i.:Ji'l b 'W'V-l'U'Vln1'if!J'Ml u1:-:n'eluv1r;iunr.imrn v1..:i-w 

• vi1mrlv1iffl11mmruf..:i�Lmw-11r.i1ni'.h�'WLLUUL�'W�11r;ir.i�r;imXr;i1'v1f..:i� Nal(TI) ffl1l-JL�'Wffl1J1..:J(n1'v1)

���1--:i:n'-w 1-w�-w�mm�fflL�'rl 1�m'V'IJ'1l-lLLft:-:1?11uml..:i'll'rl..:Jlli'mruf..:i� LLnl-lmnl-l1'W�'W�mm�ffl

• vi1n111'v1iffl11mmruf..:i� LLUU ru �u� (in situ) �r;iu'\Xr;i1'v1f..:i�'l1i'.lv1 HPGe 1-wu1L'1ru�Y'lu�1il

mmruf._:i��'191nn11fflJ'191vllli'l-J1llif..:J�LLnl-Jl-J1J'1l-JLLUUL�'W�1J'19L�'el'lLfl11:-:'\,lvl1lli'l-J1CWn1ffl� '

uft:-:ifflnmmruf..:i� (dose rate) �iv1t1-w 7

• 'V11n1J'J v!'elff!J1lli'l-l1llif..:J� LLnl-Jl-J191n'elunn-wMi'rl..:i4'm 1um:-:U'1'Wn11t-l�fflLLft:-:n'el..:J'Vl'rl�1-if..:i1'WLL�'1
' 

• vi1n11�v1l>Y..:i'QUnrnfm11v1f..:i�LL'ElftYhr.i1nn1'l1L1vl'el'W (Track-Etch Film) LLft:-; 'QUmrum11v1f..:i�

LLnl-lmr.i1n�..:JLL'1vl�'Ell-J (TLD)

2.2.2 n1'ibfi'U'91'J'elltl1.:i 1?1'1'El81'1�'V11n1nnumriLfl11:-:v11'W'IX'El..:iUl)u'1imn�'El'lLrlJ1:-:1vnmmru NORM � 

�-w1r.i t�uri 

• 1?1'1'El81..:itl1r.i1nm:-;rn-wn1m�fflvl1'rl��un�1 produced water, 1?1'l'ElU1..:itl1�'l�'WLLft:-;tl11!X�-w1-w
Al � .J  - d- ' ..::I 

Uft:-;/'l,l1'El'W'El n'V'm'Vl n11t-lft ff! L '\"l'el'l Lfl11:-:vlv11lli'l-J1llin1l>j L1Lv!t.ll-l-226

• 1?1'1'El U1'1l11'llnnl-l'l11 � L �'Elv11'l Lf111:-:1v11mmrun1'.ll LJvl'El'W-222

• l?l'l'ElU1..:J�'W1'W�'W�mm�ffl�'V11n11fflnr.i1'v1uuu In Situ, 1'WLLft:-;/v11'El'W'Eln�'W�L�'El1'DLU'Wf'l1
... F.:! ..,,, d - ' ..,,, ..,,, 'l': ...,. LU JUUL 'Yl tJUL'\"l'El'J Lf1J1:-;'l,lvl1lli'l-J1llin1ffl Lnv!tll-J-226, LJLv!tll-J-228, b'l"l LL 'Yl�L'llt.ll-l-40

' 
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0 � <V "l 1 'W'l 'W vi �U-J'W1 :W'W ' 

water injection well 

"1'l1:W L 'll:W'll'Wf'1�91 L Yn::::

�'1�Wll'tl'1 226Ra L'W[ll'lflti1'1" ' 

�'W.. pCi /g (Bq/ kg) 

"1'l1:W L 'll:W'll'Wf'1�91 Ll'l1::::'JJ'a'1 
226Ra L'W[i]'l!lti1'1tl1 •••

pCi/1 (Bq/1) 

UT1-7 

16 

'W1'll1'l 

13 iJ

400 

7 

0.96 ± 0.11 

(35.52 ± 0.07) 

�'WU1L'lrl.Jj1'1j::::U11:J'W1 
!,I I t., t., 

..:!l .o::fcv a o o cv 

l'l'W'VltN LnU'W1 LL�::::'W1:W'W 

18.11 ± 2.70 

(0.67 ± 0.10) 

tl1 produced water 

"l1n TKW-701 

J' -=i -=i VfW'Vl LU1v1l-nl'.l'Vl 1

UT1-3 SKJ1-1 

8 8 

'W1'll1'l 

13 U 2 

50 300 

3 

* * 

NA NA 

(µR/h) jflU well head LL�::::'ll'El n'El-:ivi'El1-if 

8.36 

'll'tl(i]'el 

(i]'e) 

.:. .J ,'J 
.J V t, - - t, - V •' -

� VJnY fU'YlL 1v1mt1'1ln1nl.J'/ll.J\,l'U1Vl'ULVl.Jvl'ltl\,l'Ul'lfjnl.JCllflvlui::1-nru 30 L'li'UvlL.Jc;)j' 

• h.i1ilii•11n1J'iCil, NA 1i.i1Jiv'hn11�Ll'lJ'1!:1-IL�fl�"l1nf;l'Jfl!.h��LlitJmi'.h.nmruuflmn-u1tl 

KS1-1 

8 

13 

30 

1.49 ± 0.06 

(55.13 ± 2.22) 

�'WU1L'llliv1�'1t1'1Ll1U 
'W1l1'W (T101) 

11.35±2.16 

(0.42 ± 0.08) 

tl1 produced water "l1n 

TKW-101 

17.57 ± 3.51 

(0.65 ± 0.13) 
,., t., !,I ' 
o I o t., d .o::f 

'W1"l1nU'fl'W1v1'W1l'l'W'Vl 

LU1v1l-nl'.I 

25.08 

v1�'1 oil storage tank 102 

.. f;l'J'ilci1�mu �Ll'lJ'1!:\,11-Uifo�tlBullinwnf'l�'li1U'lLf'l�tlfL'llf'll'ULl'l� f')(W!:�M'lnn.il'!1�111f "Jvl1iNnmJ.JM1�'1ltnl'ltl 

··· f;l'l'ilci1�tl1 �Lm1::1-1�ntjmll11111'l<in.iiJ-u111m11¼'�� cl1un�1-utlw1(¼L�mi'-uiii 
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2.3 !!-l'6rn1'alWa'J'-l'JUlr{l;1,.wvrtivhi:hV1mt1-vi 1 'elti1{1��b�tl!n 

2.3.1. !!-l�n1'a'JU1i'1n-a1mmrur{lifan3,1mr.i1ne.i'J�h1bb1J'I.Jb�m{1-a1r.i 

n111' {?lUhn ruf-:i� umn.nr.i1 n �'l�'WllUU l�'W�1nr.i �'ll'J lr1i'el-:i�1 nr.if-:i�'llu{?lir'l,r {fl 'f •JH�mJL'el L'el 

l{?l'71Yim�m-1 (Na I (Tl)) 'JJ'W1 {fl 2D1x2D1 Y-lt'ell-lCil'l9U,r'l,r{?l ml-l"j{?lCil (?l'JJ'el--'.l l�'Wm11-:i� �-:i'!l1nrfo�t1-:i�'W 1 'ULl[l]�:::�'W� 

mrn�[i]�-:iQnrhM'W{?l Hl�'elr1f-:ivhn11�1nr.i'elth-:i�:::lfil'JMf-:i� 1 ('f{?lml[i]�:::l�'U[,]1n-:ir.i:::iA1-:in'U 1 o ll-J[i]'.i'1'Wll[i]�::: 

,,J 
'Y12.5 

·Jhnruf.:iifonm.J1�1:J-Jr.i1n n1�b�'U

1-u�-uvhihvim�vl 1 
t,. maximum 

::I( minimum 

- a�rage 

◊ background 

__________ :;.A�c�tio�n�L!:.ev!:e;;!l.:-:.5:;;0�� J.lR/�h:,_r ______ _;;:====;--'
50-' 

10 -t-

0 . 

1

32

.

99

1 

3
2 

02 31.05 
29.11 28.14 

25.23 24.26 23.29 ��:3� 21 87 21.35 20 38 21.35 21.35 . 20 05 · 20.59 I 15.53 t :::::!14.56 1 15:86 1 16·95 1 :::::} n-gl ::·::113 991- 15.53 15.53 
12 99 i 13.90 13 02 · · 13.59 
1 f64 12.62 11:64 11.64 11.64 10.67 10.19 10.67 10.67 

I I I I I I I I 

I I I I I ' ' I ' ' ' 

� � � ij � ij � � � � ! ! � � 
j'.: j'.: j'.: 

� 
j'.: j'.: -, -, -, I- (/) (/) (/) � � � ::::i ::::i ::::i Site ::::i ::::i ::::i � � � 

(/) (/) 

'e)[i]'.i'1lli'l-l1ruf.:i�lLnl-ll-l1�--'.l�{?l �1�{?1 l'il�l'J ll�::: Background r.i1nn11n11L�'W�1J'l"l'1'111'\..lll'1l�::: � . ' 
I,, .J I t,, t, 

v1'Wmi:l1'\,ll-l11'l'Vl 1 i-:i 3 r1f-:i 
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.f d = 

'VnJ'Vln1'atJ�(;J 
(�1'U1'1Jn�(;J 
1u�uvb 

UT 1-7 (86 'jvl) 

UT 1-3 (67 'jvl) 

SKJ 1-1(39 'jvl) 

KS 1-1(144 'j'11) 

tl'hnruf<i�?!<li'!l;J, µR/hr 

(A1b'u��) 
J'., d A'i<l'Vl 1 

25.23 

J'., d 
A'a<l'Vl 2

24.26 1 

J'., d A'a<l'Vl 3

22.32' 

(14.15±2.65) (14.36±2.68) (13.99 ±2.30) 

20.38 21.353 19.41 4 

(15.86± 2.27) (16.95± 2.53) (15.30 ± 2.36) 

15.53 15.53 

(12.99± 0.96) (13.90± 0.70) (13.02 ± 0.77) 

29.11 32.99 28.146 

(20.05±4.15) (21.87± 4.47) (20.59 ± 4.04) 

J'., d 
A'a<l'Vl 1

K12 

E6 

H5 

E1 

lii1bb'Vl'U<I 

K12 

A1,B10, 

E6,E7 

H5, 11 

F1 

(µR/hr) 
J'.- d J'.- d J'.- d J'.- d A'a<l'Vl 3 A'a<l'Vl 1 A'a<l'Vl 2 A'a<l'Vl 3 

K-12 17.47 19.41 23.29 

A1,B10 

A3, C4, 

H1 

20.38 

21.35 

E1, NO7.5, 31.05 
NO8.5, 08 

21.35 21.35 

19.41 23.29 

32.99 32.02 

" 

'l-ll.l1EJL'\,WJ: 1. -ihm�'l(i) 84"lvl"l10'Yl�'l-l"lil 86 "liilLti'iM"l10"llil A9 LLl'l:: E12 ilmnlfotlt4vi'WVl'r11Lmi.J111i.nrn'r11n1�'llil'Lii 

2. 'r11n1�'llil 82"lvl"l1m��'l,l"(i) 86 "l'11Lrl,N"l10"llil A9, J9, J11 Ltl'l:: J12 iln1nlfotli��'W�Vh'tmi.J111i.nrn'll1n1rim11K

3. 'r11n1�'llil 66 r.imr.i1ni�1-1"v1 67 "llil trl,i�r.i1n-,v1 A6 ilmrtlfotl'{��'W�94Li.J111i.nrn1-11n111m1ili 

4. -ihn111111 65 r.iv1r.i1ni�1-1"1il 67 -,111 trl,i�r.i1n-,m A6 ttft:: E1 iln11tlfotl14�'W�<i�1i.J111i.n�n'l!1n1ri1111ili

5. 'l!1n111111 38 r.im<i1ni�1-1"111 39 r.im Lrl,i�r.i1nr.i111 H4 iln1itlfut11��'W�<i�1i.J111"1rn'l!1n1ri1111ili

6. 'l!1n111111139"llil"l1ni�1-1"111 144 "llilLrl,i�r.i1nr.i111 B4-B7 iln1nlfotlt��'W�<i�li.Jfl1i.nrn'l!1n1ri11111K

t:-1r1roi1mh1'Jr.i1',w1J(?l'.!"1tfhnruf-i�1tJLLlilr1:::�tJ�m'.!"t:-1�(?1 Y11J�1 rl1'il(?l'.!"1m:i.J1ruf-i�L'il�t1'1l'fl'1'YJn�tJ�mrn�(?l 

i'.iri1�1n�1ri1mmruf-i�m�t1�1''711iiltJ'fln�tJ�m'.!"t:J�(?l (Background) 'JJ'fl-JUlilr1:::�tJ� ur1:::Y11J�1 �'\.J� KS 1-1 LU'\.J 

�tJ��i'.ii(?lnmmruf-i�'i:'71m'il�t1�-i��'7191nm'.!"1''71l'Y-i 3 rif-i 

L�'fl'W91'.J"DJ1rl1lli':i.J1DJf'1�LLn:i.J:i.J1j"J:i.J�-J�(il L'\.JLL!ilr1:::�'\.J� 'V'11J�1 

• 

• 

'fl�vrnii11tJVJf'\(?l:::'ltJ(?ln�-ii'.im'.!"�:::�m'fl-in1(?ln:i.JJ1'tJ(?lf-J�m:i.Jn'.!"'.!"Wll1iii�-in�11J1'L'JDJ�tJ1iir 
'II ' 'II 

�'\.J� UT1-3 i'.iri1mmruf-i��-JM ��1LLvn.i-i E6, E7 �-JLU'\.J1J1'L'JDJ1ii'71!71J well head 
'II ' 

�1LLVl'W-J A 1 LLr1::: B 1 o �-JLUtJ1J1-L'JDJ1ii'71f'Jiil1tJVlf'l(?l:::'ltJ(?lnLLr1:::iii'71f'Jiil1tJVlf'lLVIU'flLnl¾1h:::� 

Yl1'1L'n1(?11:i.J�1�1J 

• �'\.J� SKJH Y11J�1i'.iri1minruf-i��'1�'71 ��1LLVl\.1'1 H5 �'1'flzjVl1J1 heater treater, �1LLVl'W'1 H1, 

11 �-i'flzjiil1tJV1�-i'JJ'fl'1tl1r11nr1i'fl-in1Lil'711�vh�L'llr1 LL'Cl::: ��1uV1ti-i A3. c4 �-iLutJu1L'Jruiii'11f'J 

ii111.Jv1 f'l (?1:::1'1.J(?ln LL'1-l:::1J1L r;iruii11tJV1i.i11n�1h:::�Y11-JL'n1(?11:i.J�1 �1J 

• �'\.J� KS 1-1 'V'11J�1 i'.iri1mmruf-i��'1�'11 ��1LL'\!lt.!'1 F1, E1 1J1L'JDJ&i'11f'JYl1'1Vlf'\(?l:::')'\.JlilnL�\:l'1L�

LL'1-l:::�1LLVl'W'1 N07.5, N08.5 ,08 �-JLUtJ1J1'L'JDJ'\!1�'1LLvi-iu1rnl1J!tJ�1J LL'Cl::: t1-iLn1J produced

water
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LLrl:::LLt?1rl:::r1f-1 LLfWN1'Jl:witJ 2.2-2.5 

ui,l'cll:l1-:i'l:di1?11l.l fl1�'1"11i:lfl:wut?1ri:::�'W�mm�1?18-1r1-1�1n�1fl1i1?1:r1illmruf-:i��vrnr1ru:::�1nr.iih1,11.J"1Vi' 

11Xd'.l'W Action Level A'el 50 µRthr L"1t.l'B1'1�'1fl1l-l11?1:i'j1'W"'l1n International Commission on Radiological

Protection (ICRP) �'1fl1'!,1'W"111X�tl!]'U�'11'W�hlL�mnuf-:i� LLri:::tl:r:::'ll1'll'Wi11tl1:iJr11:rfuf-1�Ln'W 1 mSv/yr �'1 

LYlt.liJLYhnu 50 µRthr 1,11'c) 0.50 µsv/hr �11,1fuf-1�LLnl-Jl-J1:i"Jl-J 
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2.3.2 ,:..i�m'i'JIPl'alWiTtn:1-11ruf.:ii tL'l.J'IJ ru vf u-vl (in situ) 
., .,";;J .l;' J_, ., ., ., .,";;J i:::UU'll?lNrilln:1-J:1-J1fl1flt'1'W1:I-Jll'IJU ru �'WVl ui:::n'el'IJl?l'lt.l '\,l'l'll?lNr.UUU High purity Germanium 

(HPGe) uri:::u·11'1"l-:J'llfl5'7:::v1�(1!(1!1CW'\,lf'l1t.l'll'1l-:i (Multichannel Analyzer; MCA) c;in-w1m 1'Dlumii,inr.i1"1 L'W'IJ5'l'lru� 
�u,j1il f'i1 m1 :i.J LLNf-:i�t'1-:ir.i1 nm ii,inr.i1 l?ltnm ruf-:i� LLn :1-J:1-J1 n:i.J Ll'IJ'IJ L�u�1 nr.i t.1 n L 'JUU1-:i �1 u ww-:i�1ilt'11mrn L -if 1 " 

mi1'(?ltnmruf-:i�Ll'IJ'IJ ru �u� 
�1Lm-w-:ii,inr.i1'!?lr.i1nmi�1i'lr.iflf-:i� 1, 2 LLri::: 3 i:::u1mLUf'l'Wlli;,J'W�'1l'1"l-:JLLi;iri:::�u�LU1'\,1:l-l1t.1�-:iLLt'1!?l-:iHhmJ 

q " 

� 2.2 - 2.5 c..irimfofln:::v1ii,inmmruf-:i�lln:I-Jl-J1 ru �'W� ll'i'l"1-:J1'JLU"115'1-:l� 2.6 llri:::iu� 2.6 Ll?lt.lYJn 1 �1llVl'W-:l'JJ'1l-:l 
n15'"15"l"'l')l?l'eli?l5'1tnmruf-:i�un:i.Jm ru �u�1rJfvhmnnrni'hm.h-:i�u1uu1L'lCW�'W� 100 "115'1-:ll:I-Ji?l5' nium'llfln:::v1 
1u�'el-:iufjmlmi i;,Jf'l'i'l�U'JJ'1"l-:Jn15'"15''J9'11?l'el"15'7tnmruf-:i�LLn:i.Jm ru �u� ii�-:irl

90-1
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I 10 
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,::,! I �  �-::J �..J O J'.J ..J t � 
rmnm 2.6 r11'1llil:ntlhnruN�Lml-lm ru Y fWYl lwmffi15"lr.im�f'l'W1l-l'll'el"Y fWYlLU1V1mt1Yl 1 Vl" 3 �N 

., ' 

fl1'f11ilJ1llil-J1ruf"�LLnl-ll-l1L'W�'W ru �'W� (µRJhr) 
.. 

�'WVl 
i,'i1 LLWW" 1 'Wn1Jlilnr.i1'vi 

LU1VllJ1tl 

UT 1-7 

UT 1 -3 

SKJ 1-1 

KSH 

cu 

0 ' "" 

lil1 LLVl'W"'Vl 1 (F 8) 

' ' 

0 I �  di I """' 

lil1 LLVl'W·-l'Vl 2 (n"n'i'l1..:JJ:::Wl1" mvi B10,B11,C11 ,C10) 

M1LLVl'W-:JY13 (G11) 

0 I .d d I ""' lil1LLVl'W..:J'Vl 4 (n-ininn:::1-1'l1-l mlil LS, L9, MB Lift::: M9) 

0 ' "" 

lil1LLVl'W-:J'Vl 5 (n-imnn:::Wl1-l nrlil H3, H4, 14 LLft::: 13) 

0 I ..J ,.J_ t -
lil1 LLVl'W..:JVl 1 (n-im-rn1:::1-1ri1-i nTlil 89, 810, C11 lift::: 

' 

0 ' "" 

lil1 LLVl'W"Vl 2 

0 ' "" 

lil1 LLVl'W"'Vl 3 

0 ' "" 

lil1 LLVl'W"'Vl 4 

0 ' "" 

lil1 LL Vl'W..:JVl 1 

' 

0 ' "" 

lil1LLVl'W-:J'Vl 2 

0 ' "" 

lil1 LLVl'W..:J'Vl 3* 

0 ' "" 

lil1 LLVl'W"Vl 1 

' 

0 ' "" 

lil1 LLVl'W-:J'Vl 2 

0 ' "" 

lil1 LLVl'W"'Vl 3 

(n-Jnft1-11:::1-1i1-1 nrlil 87, 88, CB llft::: C7 

{n-:inm-:i,:::1-1i1-i nrlil B3, 84, C4 llft::: C3) 

(n•mft1-J1:::1-1i1-i nrlil G3, G4, H4 llft::: H3) 

(n-inm-:J1:::1-1i1-1 nrlil A2, A3, B3 llft::: 82 

{�-:Jnft1-l1:::'!,!i1-l nrlil F4, F5, G5llft::: G4) 

., ' 

('W1']1'J'W'1ln'Vi'WYJn1Jl;,J�lil) 

(F3) 

( E10) 

(N-O9) 

M1LLVl'W"� 4. (H�'1ltJW'1ln�'W�t-J�lil) 

1Jj'L'JCWf'l'W1l-lv-llil1J'1l'C'l �ru:::f�f'11f'llilf 
' d}) 

9'011'i'l-:JnJCUl-JV11'l'Vltl1�tl 

. 

., ' ., ' ., ' 

�f"Yl 1 
� .. � ""  

�NVl 2 �NVl 3 

23.12 ±0.95 - -

19.10± 1.02 34.19 ± 1.31 29.76 ±1.66 

36.00 ± 1.16 - -

26.36 ± 1.13 - -

18.85 ± 1.42 42.52 ± 1.55 33.18 ± 1.95 

33.95± 1.29 35.62 ± 1.30 44.08 ± 2.09 

33.34 ± 1.22 - -

39.19± 1.24 33.87 ± 1.05 43.82± 2.01 

29.10 ± 1.07 - -

24.53 ± 0.91 29.65 ± 0.94 27.29 ± 1.33 

30.39± 1.13 - -

54.17 ± 1.33 57.50 ± 1.36 NA 

30.21±1.11 27.00± 1.19 27.35± 1.16 

38.57 ± 1.22 - -

NA 59.17 ± 1.52 56.89 ± 1.16 

NA 86.03 ± 2.03 NA 

45.78 ± 1.42 NA 51.73 ± 2.01 

0 V V l..,jv � .;j ... MIJ7f.JlM(;J : • !'l1'fl11111tlhnruN�Vl'llillrli' ru 1JTL'lCUU'flnY11-1V1Ll'.11mrn.1 
'[ •'t" • v .,I "' • I .J v v •.'f � .J '1 , • v • 1 v • I ... � .J., • I NA = l-J lilVl1n11111r'l"l'llil LU'fl-l"l1nl-J'1ju�r1"1 L·DU M'l'llill-Jut\jM1 YiUVl'flfJ U1:::M'l1-ln1INuTUut-l M1'fl YiUVll-Jn111Yi1:::u�n 
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.., .., -� 0.,9 ,!' ""oi ,!' ..i "" 2.3.2.1 l!J�n1'atJ1'a'J"'l'J0l'eltJ1'a11J'a:!-11tu'a.:!·6'l tu 'VfU'VI bU'VfU'Vln1'al!J�tJ1 

n1'J'(,]'J"l9')fn'f)(,]'J'1Uhnruf-.:i�un:wm ru �'U� r.i1n�u�n1m�(,] UT1-7, UT1-3, SKJ1-1 ll�� KS1-1 

'1l'el-.:Jn1'l'�1nr.imfl�u1:w 3 flf-.:i 'V'l1JCJ1 f11'fl(,]'l'1mmruf-.:i�Lm:wm ru �u��!?lnr.i1'f?l1�mw1��flf-.:i'1l'el-.:Jn1'l'"1'l"191'f?I 

'JJ'el-.:J llfil���'U� lU1'\il:w1tl1l'uilri1 LL!?ln i,11-.:inutf 1-.:i �-.:idii t:-J�mr.i1nur.i4'rn,l'el 1tl0 

1. r;.i�'ll'el-:IA':!1:wtu m'l'�1nr.imfl�U1l-Jflf-.:i� 1 �-.:i'eltj'lh-.:iri��u 'V'l1JCJ1 r11'el1?1'J'1m:w1ruf-.:i�un:wm ru �u��

(i]'l"J9')f?11�r.i1n �U�lU1'\il:w11:J UT1-7 LL�� UT1-3 ilr11�1nri1r11'el!?l'l'1ill':w1llif-.:i�un:wm ru �u��(,]'J"l9')f?l1�

r.i1nm'l'�1'l''J9Jl1fl�u1:wr1f-.:i� 2 �,rntj1wlh-:ir]�'VIU1'J ll�� flf-.:i� 3 �-.:i'eltj1u'lh-.:iri��'elu �-.:id L0'el-.:i:w1r.i1n

'1Jru��v'hm'l'�1nr.iflf-.:i� 1 �1'Vlfu�u� UT1-7 ll�� UT1-3 i!uil�u!?ln'llnnr:h�u��u 9-.:ivi11��u��v'hm'l'
' 

!?l'l"J'-l')f?l'i)-.:Jtl1ll��fl')1:W'VIU1U'WU'JJ'el-.:J�U1u�u�ri'eluoif1-.:i�-.:i vi11�f-.:J�lln:W:w1��1Ul'Il1i'J')f?lf-.:i�rln�f?l'Vl'elU�-.:i
' " " 

1u'1lru��n1'l'�1'J'')9�'U�flf-.:i� 2 ll�� 3 �u�ilimtru�ri'elU'Il1-.:Jll�-.:J f-.:i�lln:W:w1��1Ul'Il1i'J')f?lf-.:i�il1�nn

�f?l'Vl'elu�-.:i �-.:ii!u r11'el1?1'J'1mmruf-.:i��,rf?l1�f?lm'1:w9-.:iilri1�-.:inri1ri1�1�r.i1nm'l'1'f?IAf-.:i� 1 1:.1m11u �u� SKJ

1-1 ll�� KS 1-1 il�u!?lnri'elU�l'Il1vi1m'l'�1'l''J9�U�flf-.:i� 2 u��flf-.:i� 3 l'UUL'J�11 ')U
" "" OJ ,l' .,j2. r;.i�r.i1nm'i'a'Lln'JUVIU101U bU't'IU'VI

1� l'l1U n1'l'�1'l"l9�U�Jl1fl�U1:Wflf-.:i� 31u�u�mrn�!?l UT1-7 r11�')f?11���1U'Vl'W-.:J� 2 ilri1�f?l�-.:J91nn1'J' 

�1nr.i l1mf-.:i� 2 �-.:id l 0'el-.:ir.i1n�u�uu1L '1 ru�vi1m'J'"1'l''lr.i1' f?li!UQ nmmuww1 �ul�:wr.i1ntlfutl1-.:i �'J �u 1 u 

u1L 'Jrui!u Lf?lt.1tl1iiu:w1uuuww1 �ul�:W 1 m.Jri'elu� fl ru�rj4' 1:.1r.i�l ii1vi1 n1'J'�1nr.im fl�m:w 
" 

.., ..,  -� 0.,9 ,l' .,j  ,l' .,j  ... 2.3.2.2 r;.i�n1'itJ1'i'l"'l'J0l'eltJ1'i111'imru'i.:i·6'l ru 't'IU'VI U'eln't'IU'Vln1'il!J�tJ1 

flru�rj41:.11�vi1m'l'1?1nr.i1'f?l'1l1?1'l'1m:w1ruf-.:i�lm:wm ru �u� U'elf f�-u�mrn�!?l 3 "'lf?I �-.:id 

1. u1L':lruu1ii1'J�-.:i'elt1U'eln�u�mm�1?1 SKJH Y11-.:i'ViP1"1�1'U'el'elnL�t.1-.:i1� '\,h-.:ir.i1nf'J�1uii1-.:i'JJ'fl-.:l�U�LU1'Vlmt.1
" 

20 l:W!?l'l' ll�� ih-.:ir.i1nnuuwi.h�u�LU1'Vl:w1t.1 70 l:W(i]'J' �-.:iri10Qn1'ii\uuri1 background �1'Vlfrnt!fornvl1:.1u

r11'el1?1'l'1m:w1ruf-.:i��,rf?l1�u�u�m'l't:-J�(,] UT1-7, UT1-3 ll�� SKJ1-1 L0'el-.:ir.i1nri1 �u�m'l'e.J�(,]�-.:1�1:W'eltjhl

1n�nu Lf?lt.1 UT1-7 ll�� UT1-3 'flt1'\,11-.:JllUU'l'�:w1ru 1 nL�l:W!?l'l' �'JU�U� SKJ1-1 'flt1'\,11-.:191n UT1-7ll��
" " 

UT1-3 tl'l'�mru 3 nfoL:W!?l'l' 1�vi1m'l'�1'l''Jr.i 2 flf-.:i Lf?lt.1flf-.:i� 3 hl1�vi1m'l'1'f?I Lti'fl-.:ir.i1nilm'l'tl�nii1'J1u

'l'�'Vlri1-.:iLii1vi1m'l'�1nr.iLLi;]flru�rj4'1:.11�vi1m'l'Lnu�uu1L'lruL�:wmrjLfl'l'1�'Vl1U�'el-.:itlfiu�n1'l' e.i�n1'J''rjLm1�1-1
... ' 

'JJ'el-.:Jn11�1'l"J'-lrlf-.:JY1 1 ll�� 2 'V'l1J'"J1 ilr11'el"1'.i'1ill':1-J1llif-.:l�l'Vl1!11J 54.17 ± 1.33 µR/hr ll�� 57.50 ± 1.36

µR/hr "11:W�1�1J

2. �u�11if'eluu1L1ruu'eln�u�mm�(,] KS1-1 (�-.:i'eltj1u r.i.Ufl'l'Uj:W) 'fltj�1uii1-.:i1,11-.:ir.i1nf1�u�LU1'Vlm1:J 20
... .. ., .l/ ..J.'1 , .,J.,�!:"'l" ."1 ' 0 ., .lj' ..J

L:W!?l'J' 'Vl1-.:JV1P!L'Vl'U'fl LL�� 30 L:WtJl'l' r.i1nt1'U'U'Vl'U1'V'l'UV1Lu1'\il:w11:J l'l1Vl'JP\ bf?i b"lllu'Ul'l1 Background �1'\il'l'1J'V'l'UV1

LU1'Vl:w11:.l0 �u�m'l'e.J�tJ1d1,11-.:ir.i1n�u�mm�tJ1 UT1-7, UT1-3 LL�:: SKJ1-1tl'J':::w1ru 50 iitm:W(,]'J' 1um'J'
� ,od � I � J A' .J,q ti <i" 1" �1nr.:i�1inrnvi1m111f?I biJi'L'V'll:.l-.:1 1 flNLV11uuLu'fl-.:ir.i1nY'luV1:wm1tl�n'fl'fl1:JtJ1�'flf?l(l�n1� bPll:.l'1f?I f?I 51.73 ±

2.01 µR/hr

3, 1JJL'JnJ�'U1:WYitJ11J'fl� riru:::f1'11"!1�tJlf r.i"111�-.:inrnr:wv11rjV1miu 1iJi'Yl1n1'J'')(;\ 2 flf-.:i Y'l1J'"J1ilri1LVhnu 45.78 ±
' .. ' 

1.42 LL�� 51.73 ± 2.01 µR/hr (,11:wih�u 
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L'Wndru�'l:iJ�1ii1rn'l'11n1J[?]J'l"'l'J171ll'il1nJf'1�'W'eln�'W�n1Jl:-l�[?]l171L�'el'WLrl'fl-:imr.i1ni1n1d1-if�'W�l'Wn1J 
L V'l1:;tl�m,11mlfrn.Ji-:i�-w� f!ru:;'i98L�'l'l1n1nnu Cil':l'elth-:i �-wmri Lf!J1:;v11-w�'el-:itlIJu�n1d �-:i LL� 171'1 e-i� 1 '11. -wiX':lif 'el� 
2.4.1 (e..i�n1driLfln:;1-1Cil':l!lt.h-:i�-w) mh-:ihnmii e..i�r.i1nn1J[?]nr.i1171fi1£[?]nmmruf-:i�uniim ru �'W� r.i1nn1d 
�1J':lr.iJ-:i 3 flf-:i V'l1J11 A1'fl[?]J1lli'mruf-:i��1171L�'W'eln�-w�mrn�[?] i1fi1�-:in11fi1£[?]nmmruf-:i�LLniim�1171L�'W 

2.3.3 tw�m'a11Pl�wa1'i..l�mru.r.:i�bbn:1-1mr.i1n'el'i..lnnu/LR1'el.:i�m1um::armm'ae-J;[?]bb'6'1�n'fl.:i'Vi'fl� 
• 

"l" v .¾' dJ1 d 
b'li.:J1'Wbb'cl'J'JJ'el.:J'V'l'W'Vlb'U1Vi:1-11t'l'Vl 1 

e-J�n1J'Jf?1'J1').:j'e)(?]J1lli'il1nJf'1��'1 A1L'il�8 u�:;fi1�1�171'JJ'el'1'fltlnnw/Lrl;\'fl-:i9nd'Jlil171L�mn'WniiJ-:i 
-eitlmn1\L�:;mNvi'el�l'TILL�':l'JJ!l'1LWi�:;�'W�e..J�vl'JJ'el'1�'W�LU1v1m8� 1 LL�171-:i'l'1l-witl� 2. 7-2.12 Ll718rh Equipment

background L1J'WA1'J171'avlJ1lli'il1nJf-:i��d:;8:;'1,h'1r.nn-eitlnnw/Lr11'fl-:i4'mtld:;mru 1 Ll--J[?]J 

25.00 

-;:-20.00 
..c 
a: 
2, 

� 15.00 

� 
:::, 
<f) 

0 11.64 
Cl. 10.67 

' 
T 

11.64 

' 

Well He,ad 

11.64 

I ' 
.;. 

I 
f 

10.67 
11.64 

--- --- � - I -- -- �-- - --------- --�--

�ction level > 50 

1 
I

,--
-----, 

1 
·, • Maximum 

■Minimum I 
·A�••• 7 

11. 

� 
10.00 +---->----+-8-73--l-: ,�_ 1-+

9
-
-3
-
0

-•��-+---+----t-8-.73-�.�.�-,-D;a�i----��--+--i 

E 7.76 6 7.76 7.76 : • 7.76 7.7 
E ' 
CU 5.82 

I 
( 

('.) 5.00 ·-- +------· .. ---+------·----: ·------·-· -

9.49 
8.63 

7.76 I 

6.7� 

0.00 

� � � � 
� ;2 ;2 Q 

' 

I 

4�� -....-----.--.+----.......-+-� 

� � � 
� � � 

Equipmentl@iachine
w w 

'Jl':l-:J'a[?]J1lli'mruf-:i��'1M �1�171 LL�:;fi1L'il�8 'JJ'el-:J Well head r.i1nn1d�1nr.i�'W�Lu1v1m8� 1 � ' ' 
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I 

I 
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'l1'N'al7lnmmruf-:i��'1�(?) �1�(1) u��r11Lru�t.1 'll'el'1 Oil storage tank r.nnmj'�1nr.i 

�'W�L1J1t-1:w1t.l� 1 i'Y'1 3 flf'1 

"' 
� 
t-;-
� 
::i 

� � 
<? <? 
� � 
::i ::i 

' 
� ! 

(/) 

EquipmenUMachine 

'. 
�: 
:,,: 
(/) 

'' 
�: 
:,,: 
(/) 

'l1'J'1'al7lj'11.ITl-nruf'1��'1�(?) �1�(1) LL��r11L'U�t.l 'll'el'1 Produced Water Storage Tank 
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25.00 

i 
"2 ..c 20.00 i-

n:: 
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(I) 
� 15.00 
(I) 
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Dehydratio� tank Action level > 50 mR/hr 

16.50 
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;: ;: ;: ;: CJ) CJ) CJ) en en:::, :::, :::, � � � 

Equipment/Machine 

°li'N'ilm:i'1uhnruf..:i��..:i�(?l �1�(71 LLrl!:fl1L'il�tJ 'JJ-a..:i Tank LLrl!: Dehydration Tank r.nn 

n15'�1:i''l"l�'lJ�bU1'\,ll-11tJ� 1 J..:i 3 flf..:i 

25.00 �---------------------------------------� 

"2'20.00 1-------------
..c 

::t 
...__.. 

Q) 
1u 1s.oo 

(I) 
::::l 
(/J 
0 
Q.10.00 --

Q) 
(0 
E 

� 5.00 -

C) 

'8.73 

1 7.87 

� 5.82 

I --- - - ------ - ---- ----. --

I 
' 

Heater 
Action level > 50 mR/hr 

•Maximum 

■ Minimum 

•Average 

--------t� ---�---- - --------�---------------! 

■ 8.73 

'
L 

'8.73 I 

� 7.60 I 
116.79 

j 12.62 

11.00 

I 
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, 11.64 T 11.64: 
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'10.67 

-7-----
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- --�------- ----l...-.----------- ----·---
'
I 

' 
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EquipmenUMachine 
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25.00 �-----
Action level > 50 mR/hr 

Manifold 

_c 20.00 --
•Maximum 

■Minimum 

:::l... .___.. 

� 15.00 

� 
:::, 
w 
0 
a. 

-Average 

� 
10.00 -�--T� • 10.67 -f---

t 9.43 
■ 8.73 

---�9.70 -

� 7.59 

'8.73 
r 7.67 

Iii 6.79 

• 10.67 
- - -j,-9coo-

• 8.73 
---.--ivo 

r 8.85 
■ 7.76 ro 
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1115.82 

0.00 

� 
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� 'lie 
� ";- ";-

;: ;: ;: :;2 � 
::) ::) ::) (J} (J} 

EquipmenUMachine 

ttl� 2.12 

Well head: 'l'Jn�u�mm�Cila'.lr11���f?lLVhnu 11.64 µR/hr LL�� a'.lr11�1�f?l'fltj1w.dr;i� 4.85-7.76 µR/hr 

Oil storage tank: A1'1lf?lntl'hnru������f?l'Jf?lL!il� 'Y'IU� �u�mm�!il KS1-1 i� 3 flf� (11.64-13.53 

µR/hr) LL�� �u� UT 1-3 fir�� 2 L!il 11.64 µR/hr �'lU�U��ua:lri1���(?l�')(?)L!il'eltj1u,h�L�mnu (5.82-9.70 µR/hr) 
� d ..::. Ji' d � .c:d I '1 ... ... Produced water storage tank: 'Y'IU'Ylmn.J�!il UT1-3 LL��'Y'IU'Yln11e.J�!il KS1-1 l-Jfl1���f?l'el� u'llr;i�Lf?lmnu

, :t., I :t., I 

.:::1 .-=::I  ..,,y q  """'1""" ... (11.64-13.59 µR/hr) LL�� 'Y'IU'Yl UT 1-7 LL��'Y'IU'Yl SKJ l-Jf\1 n�LfltMnu (5.82-9.80µR/hr) 

Dehydration tank: �u�mm�!il SKJ1-1 'Jf?lA11!il��n11�u��u (15.53-16.50 µRlhr) 

Heater: �u�mm�f?l UT1-3 A1�'1f?lL!il���f?l (11.64-12.62 µRlhr) �'lU�U�n1Ti:-J�Cil UT1-7 LL�� SKJ1-1 

a'.lr11'eltl1u'llr;i� 1n�\�mnu 
'II 

� ...J  � I ..,J,v1" '1 ... _, ...,  
Manifold: 'Y'IU'Yln1Ti:-J�(i] UT1-1 LL�� SKJ1-1 A1���f?l'Vl'lf?l f?l'elf,J 'l.,l'jj'J�Lf?lmnu l'l'el 9.67-10.67 µR/hr 
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Site 

UT 1-7 

UT 1-3 

SKJ 1-1 

KS 1-1 

c:,; ..., ' 

2.4 m<abni.J(?l'J'elm.:i 

ti ., .,I ..., 

'el n<aru/bFl<a'el.:ir.in<a • 

Dehydration tank (TK706) 

All equipments 

(Produced water storage tank) 

Dehydration tank (TK102) 

All equipment/machine 

except injection well area 

Action Level 

1im1nif1�hl''l"'l�'\J�LL(?1'1"l:;flf-.:i 1(ifvhmnnUfil'l'elth-.:i i?l'elLud 

�1� (?l'i1lli:IJ1W�.:ii'i'i.:i� (?]( µRJhr) 

12.62 

�11.64 

(13.6 first survey) 

11.64 

11.64 

50 

1. fil'lmh-.:i�u 1'wu1Lriru�v'hn111'f?ILLUU In Situ �-.:i1t1LL'l'l:;t1'eln�'W� nii 64 fil'l'elil1-.:i

..., ' ... 

(?l'J'elm.:i1P1u 

2. fil'l'elil1-.1J1 1'Wu'l'l:;'W'eln�u� nii 17 fil'l'elil1-.:i

3. fil'l'elU1-.'.I produced water nii 9 fil'l'elU1-.'.I

4. fil'l'elil1-.:in1'llnnmn� 91'\J'lt! 2 flf-.:i r.i1n�u� SKJ 1-1 (ifrim'Vlflilfln11f?lf?l'DU1'W[l]'lnft1-.:i�i,i1-.:inu
" 

'll'ell,jm-mmfhfl11:;ihEii1rufl'l1iJL'llil'lltlf-.:i�91LYn:;'JJ'el-.'.I 226Ra, 228Ra LLft:; 4°K L'\J[l]'l'elU1-.'.l�tl91'\J'l'W 61

fil'l'elU1-.'.I �Lnuii1r.i1nn11�1nr.i�'W�L'Lh'\,lil11'.l� 1 flf-.'.I� 1, flf-.:i� 2 LL'l'l:;flf-.:i� 3 �'ll:JL'Vlflilfluniim�Luntumii1,i? 

LL�f?l-.:i1'1l'Wrnflf..l'W'ln 'lJ (m11-.:i� 'JJ-6 ii-.:i 'JJ-9) Lf?ltJSlf..lft�tilniiLL�f?l-.'.IL'W111111-.:i� 2.8 

[i]'l'elU1-.'.l�'W1'W�'W�n1m�111 UT1-7, UT1-3, SKJ1-1 LLft::: KS1-1 Y'lU�1 Slmmrufl'l1i!L'llil'll'Wf-.'.l�Lf?ll:JL'u�l'J 

'JJ'el-.'.I 226Ra, 228Ra LL'l'l::: 4°K Slrhifoun�1mmruflri1iiL-iiii-ifuf-.:i�L'il�tJ1'Wfil'l'elil1-.:i�'Wt1'eln�u�n1m�111J-.1'\,liJf?l �-.:id

Lti'el-.:ir.i1n c'.lri�'W1'W�'W�f..1�111YJn�'W�Qn��'ll'.l�'WLU'\J�'l'W1ml) 

�'l'\J�'\J'W'eln�u�n1m�111�-.'.ILU'W�'WL'\J�t1�Sl�n�ru:::LU'W�t11'l'WU'W'Vl111'.J Y'lU�1 [i]'l'elU1-.'.l�'W�LnUiJ1�'l'W 

L'\,lqjilmi11ruLn�uii-22s �-.:in�1m�uii-226 L�nu'fltJ LL�f?l-.1�1il'fl-.:if'lu1:::n'flu'JJ'fl-.'.lfi1f?J'Vl'flL1uiiii1nn�1fi1f?JfJLTLilt1ii 
'\' .Ji ..J ., � , '"' � .l/ ..J ., ... r;: .., ., ., '!I ..J 226 bf?ll:JL'ilY'l1:::Y'l'W'Vln1mftlll KS 1-1 'W'W Y'lU'l1 (?l'\J b'WLL'i"l:::'W'flnY'l'W'Vln1mftllliJuj'iJ1CWfl'l1iJL'JJil'JJ'WNriL'uftl'J'JJ'fl-.'.I Ra, 

�Lf111:::ifLY'l11:::�'W'Vl111'.J�'l'WL'l,lqj"'l:::ilfi1f?J'Vl'flL1t1iiLU'W'fl-.'.IPllh:::n'flU LLft:::u,mu�1 U1-.'.llil'l'flth-.:i�t.1Slfi1fl'l1i!L'llil'n'W 

f-.:i�nil'JJ'fl-.'.ILn�l'.lil�-.'.l�'fl-.'.IL'flL'liL'VlU�-.'.ln�1 5 pCi/g �-.'.ILU'Wfl1 Action Level L�n'W'fltl LLi?l'flth-.:ihnmii L�'fl 
Ar.:! -=i.f .,. , A J a o Jt .J .. '1 ..J � 'l .Jt J -. °"' ., • • 

LU11'.JUL'Vll'JUl1l'l'fll'J1-.'.lf?l'W'VlLnUil1"'l1nm1�1nr.iY'l'W'VlL1J1'\,liJ11'.J'Vl 1 'Vl-.'.11111'.J b'WLLft:::fl11'.J'W'flnY'l'W'Vln1m'l'llllnUl11'l'fll'J1-.'.lf?l'W
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.""1 �.J � XJo .l'.J 
L'W'fl,:j"l1m''el1J'YfW'Vln1'i'e.Jft(;J'JJ'fl,:jVjnYi'WVlVl1n1'i'Lffl1Wlrn'i'W bl111'.lYi'WVl UT1-7, UT1-3 Uft::: SKJ 1-1 'Yl1'W1 

bl111'.l'i''fl1J�'W� �')'W KS 1-1 d'.l'WW'El'fll'.l �-:iil'W 9,:j(;J'i"J"lYi1Jfi117l K-40 �-:imr.i1n�1:1�1�1i-fnu-ihr;iuft:::'El'fll'.ll'Wlil"l'flth-:it1'W 
'W'fln�'W�n1rn�W1L'Wm:w1ru��-:inr;l1lil"l'flch-:i�'W1'W�'W�m'i'e..i�W1J-J1 il'WL'W 

Site 

KS1-1 

UT1-7, UT1-3, SKJH 

c;i'1'elthnh 

,, ' 
,. "" 'W'flnYi'WVl 

., ' 

,. "" 'W'flnYi'W'Vl 1 � ..J'WYi'WVl
1.52-2.88 0.44-1.55 0.26-3.23 0.67-1.95 36.87-43.25 18.33-36.86 

0.78-2.53 0.39-2.57 0.84-2.86 0.63-1.76 13.35-33.25 9.46-28.72 

0.07 - 5.41 0.14-5.0 0 - 864.96 

e.Jftn1'i"l Lrin:::1,1 r11m:w1rur1r;i1:w L ii:wii'Wf-:i�"h L Y-11 :::'JJ'fl-:i 226Ra �-:i LU'Wn1 Wl�mr.i LU'W'el'WWl'i'18 ui'fl:W'W'jj'tJLLft::: 
' ' 

fi117l�'W 1 ��1.Jl"ll'Wlll"l'flth-:itl1 u�111-:iH1'WtU� 2-13 n-:i 2-16 bl111'.l�1J-J1'i't1�lU�1'i':::�1fl'1:JHf �-:id 
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(;l'l'elth-i produced water 

��n1'.i''lLrl'.i'1:::if YlU'l1 f"l1lli':lnCWfl'l1J-JLifJ-Jif'Wnl-ll1''Wlilfl1Yl'll'El-:J 226Ra L'W(;l'l'elt.h-:i produced water L'WlLlii�:::�u�i'.lri1

'Eltl1u'lh-:i1n�i�tMnu t1M.11u�u�mm�lil UT 1-7 i'.lr11'Eltl1u'll'l-:i 12.89-17.16 pCi/L (0.477-0.635 Bq/L) ti;irm1:r 
� � 

illUflf-:J� 111Xri1�-:iM �'l'W UT1-3 i'.lr11'eltlL'W'll'l-:i 8.78-14.08 pCi/L (0.33-0.52 Bq/L) LVltJn1'.i'lflU(;l')'eJU1-:Jrl¥-:i� 3 
� ' � 

�'l'W KS 1-1 iir11ill'mrum1mifJ-J-if'WnJ-Jl1''\.JlilI11Yl'll'El-:J 226Ra 'Eltjlw'll'l-:i 5.84-16.37 pCi/L (0.22-

0.61 Bq/L) �-:iiri'Elillit.1rnvit.1uri1�-:i�i;i�'!'lunuif'Ell;J�'a1-:i;;\-:i1ulil1:r1-:i� 2.9 YlU'l1 i'.lr11'W'Elt.1n'i1ri1�-:i�i;i�YlUL'WU'El 

tl1l1UL'\.J[1]1-:JU'.i':::L'Vlfil-l1n 

lil1'.i'1·1� 2.9 Radium Concentration in Oil-field brines in Kansas, Oklahoma, Arkansas, Louisiana, Russia and 
(3-6] Germany 

Area Ra concentration range, pCi/L Nuclide No. of wells 

Russia & Germany 0.05-1430 Total radium Not given 

Oklahoma 10-1620 226Ra 10 

Texas panhandle 3-1560 226Ra 75 

Gulf Coast Oil 1.3-967 226Ra + 22aRa 10 

Gulf Coast Oil 0.05-2801 226Ra + 22aRa 18 

U'elnroi1nd �u� UT 1-7 LL�::: UT1-3 tJ-:J'l'lUfi11iJ 'Vl'el�tJJ-J-232 'Eltj1u'll'l-:i 3.19-8.84 pCi/L (0.12-0.33 Bq/L) 

L'W(;l'l'ElU1-:J Produced water LL�:::i'.!m'.i'lil'.i"lloJ'l'lU fi11ilt.lL'.i'LUtll-J 238 L'WU1-:J(;l'l'EJU1-:J'll'El-:J�'\.J� KS 1-1 'eJtl1-:ihnlil1J-J 
'� 

Lri'Elivit.1uri1r1'l1mifJ-JifunJ-Jl1''W!il1l1Yl'll'El-:J 226Ra Li�::: fi11iJ�'W�YlUL'W(;l'l'eltl1-:i Produced water num1J-Jiifl-lif'W

nl-ll1''\.Jlilfl1Y'l'll'El-:Jfi11iJl1i1-:J7L'Wtl11��'\.J (�lil1'.i'1-:J� 2.10 u:r:::n'ElU) Y'lU'l1i'.Jri1'EltjLU'll'l-:Ji�tl'lll'W 

(;l'l'Eltl1-:i-w1 �'l �u 

t., I t,, I I 

(;l')'EJU1-:J'W1'Yhnuai1n Water Reserve Pit 'll'El-:J�'I-Jvi UT1-7, UT 1-3 Li�::: SKJ1-1 vii'.lri1m1J-JLifJ-Jif'WnJ-Jl1''Wlilfl1Y'l 

'll'El-:J 226Ra �-:in'i1 Action level (5 pCi/L) LV1tJi'.Jr11�,:i�i;i 25.89 pCi/L (0.96 Bq/L), 12.05 pCi/L (0.45 Bq/L) LL�:::

7.62 pCi/L (0.28 Bq/L) lil1l-J�1(i)U �-:i'EltjL'W'll'l-:JL�tl'l!lUrl'l1l-JLifl-l-ir'WnJ-Jl1''WlilI11Yl'll'El� 226Ra 1utl1ll'l�'W

( <1.0x10·3 
- 3.0 Bq/L) roi1nLL'\,l'ti,:ilii1-:i 1 'll'El-:JL�n"1-:iLL�Vl-:i1um:r1-:i� 2.10 LLliitl1i;i'lmh-:iroi1n�-:i�1J-J�Ll-lL'\,IJ-J1:::�r.i::: 

U1l-J1U1Ulfl Lil'El-:JioJ1 ni'.!lli'J-J1llirl'J1l-J L 'nl-J'n'Wlll-Jl1''Wlilfl1Yl'll'El-:J 226Ra �-:i Lnumru�ri1'\,l'Wi;J L'Wl-J11il'.i'j1'Wtl1�l-J �1'\,lf'U

U'.i':::LY1flLY1tJi'.Jn1:rri1'\,l'WV1LnCW�l'JCWfl1Yl'W1Ulmri'i:i;imhrn-:i1uJ-J11il'.i'J'1'W'qlil�1'\,ln'.i".i'J-J m.l-:Jlil1J-J'lltli;i'll'fN'W'JLfil�ffl,:j� 

'11-:id 1-:J�LL'tl�Yh <0.1 Bq/L (2.7027pCi/L) f-:i�uilh <1 Bq/L (27.027pCi/L) Lil'El-:iili''lm'.i'l�tll-J��1tlln'JL1X'el\¾fl1fil 
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(0.185 Bq/L) 

m1'elr.h._:itl1U1"11fl 

1�vhmnnutl1u1"11fl91n�u�mm�lil UT1-7 LL�:::r.i1n�u� KS 1-1 (�'1LUUtl1U1"11��'llU�'1:w191n 

UT 1-7) YiU')1 i1fi1'eltjLU'jj'J._:j 8.62 pCi/L (0.32 Bq/L) �'1'eltjLU'jj'J'1L�mnum11-JL'lll-1'11Ul1l-Jl1Ulilfl1'Vi'll'el'1 226Ra 1utl1

1��u ui;i1:iJrnm:::�r.i:::-Cnmu1-tnri Lti'el._:ir.i1ni'.hEmrur1111-1Lii1-1iiun1-1JJu1i1rn'Vi'll'el'1 226Ra �'1LnULnru'Yln1t,1U"11u
., ' 
0 "" l-J11ilj'J1UU1"1l-l 

d !il1)'1'1'Vl 2.1 O Concentrations of Naturally Occurring Radionuclides in Groundwater and Surface 

Nuclide 
23su
234u 
232Th
230Th
22sTh
22sRa
22eRa
210Pb
210Po
4oK 

Water. rzi

Groundwater 

2.0 X 10"7-185 
NA 
NA 
NA 
NA 

1.5 X 10"2 -0.21
7.4 X 10"5 

- 56 
<4.9x10-4 -51 

0-4.8 X 10-2

1.3 X 10·2 

- 0.16 

m'a-r 1?1n16l!b 'al?l'el u"l 'U'91'J'el �1.:in16l! fi'a'a3J"Ji1 � 

Concentration(Bq/L) 

Surface water 

< 1.0 X 10-3-5.6 
4.5 X 10-3 2.7

0.5 X 10-2

2.6 X 10·3 - 5.0
3.5 X 10"3 -1.9 X 10"2

5 X 10-4 

< 1.0 X 10"3 -3.0
1.7x10-3 -0.25 

5.6 X 10-4 - 2.6 X 10-3 

0-0.85

� � o., 1 n, .-:::...da .J.' ,d  J cv ...J e-iflmnLm1:::t,1m1-11ruLj'"1'el'U-222 LU!il'J'elr.rnn1'llnnm1lil mnur.i1m>1U'VllU1t,1mt1 SKJ1-1 Ll-l'el'lU'Vl 22 

nU\'..11\'..l'U Yi."11.2547 �'l\'..IL'VlAtlr1n1nJ1mhun1-1JJu£il L"1\'..IL'D flow rate 1.h:::mru 0.5 �(i]j'i;i'C)'U1Vl LU'UL'l�1 1 i'JLl-1'1 

LL�:::tl1chwn1-1JJu£ilrK.,:irnh'J:w1'lLf1j'1:::if�'J\'..lj':::UULLnl-J:w1�LUnL!ilj'll-Jlil1' 'ViU'l1ill'l-J1rulj'(?l'el'W-222 

Lvi1nu 4.02 ± 0.26 pCi/1 
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2.6 n1'a!Pl'a'J'-l'J(Pli',wntf'hnruf..:iiv!Lb�'el'ema.nr.i1n�..:ibb'J(Pli'fla.1 
1im11�1nr.imr1�'W1l-lrlf-:J� 1 1�vhn11�v1�-:i�v1�-:i�unnun111'v1f-:i�u'iliwh·nnn1·mv1'il'W (Track-Etch 

Film) LL�::: 'ilUnmin111'v1f-:i�unJ.Jmr.i1n�-:iw:iv1�'ill-l L!ill'.IL'D Thermo-Luminescence Dosimeter (TLD) "llilv1 
' 

CaF2 : Dy Lv11'.19:::vhn11�v1�-:iHd'.l-w1:::l'J:::L'rn1u1:::mru 3 L�'il'Wri'il'WLflUl-J11Lrl:i'1:::ift:-i�1mX'il-:JU{)U�n1J L!ill'.I 
�1m,nl-:JL'Wn1:i'�v1�-:J'ilUnm1�-:i�'il-:J:i':::U'Elt1L'WLLU�'WLLt:-J'W�'ll'il-:JLLl?i�:::�'W�LU1'\,ll-J11'.J :i'11'.J�:::Lrcll'Jv1'll'il-:Jn1:i'��v1�-:Jn 

' ' � 

"" .t - I .,, 2.6.1 !Pl(Pl!Pl..:J'elun'aru TLD 
1��1n1:i'�v1�-:J TLD �v1L'1Jl11'.1'W'iln'il1fl1J LL�:::u1'Lr:in,m1m�lilU1'L'"rn.J�t:-J�'ll'il-:Jn1:i''Jv1f-:J�LLnl-Jl-J1LLUUb(i)'W 

�1nr.i 1�rh�-:i LL�::;/1,lj'i) u1'Lr:iru�iln11vhnr.innl-J'ilt1L'LI'WU:i':::91 v1-:iil 
� � 

1. UT 1-1 nl-l 7 "lv1 Office, Guard house, Heater, Grid B11, Grid G12, Grid E7, Grid 12
2. UT 1-3 nl-l 5 '°1111 L�LLri Guard house, Electric heater, Pipe stack, Grid H4 u�::; Point E12

' 

3. SKJ1-1 nl-l 6 "lv1 L�LLri Office, Guard house, Near well head, Near pool, Near heater,
Generator

4. KS 1-1 nJ.J 5 "lv1 L�LLri Guard house, Grid E1, Grid E7, Grid C11, Grid NO8.5

2.6.2 ��m'a'1bl"l'a1::;�,j'(Plf..:Jibbna.1mr.i1n�..:Jbb'J(Pli'fla.Jl?l'Jtl TLD 
t:-J�n1:i'1Lr!J1:::if'\,l�-:J�1n11UfrnLnrh Fading LL�'lLL�v1-:i1'll-wiu� 2.17-2.18 Y'IU'"J1 �'W�n1Jt:-J�(i] KS 1-1 

iliii111mmruf-:i�1'W�'W��-:J�v1L�'ilLYll'JUl1U�'W�n1Jt:-J�lil�'W L!111'.1ilri1�-:iu1'Lr:iru Grid E1 �-:JLU'W"lv'l��v1nuf:i 
Yl1-:J�1'WviPlrnU'il u�::; Grid N08.5 �-:J'iltjU1'L'ln.J'\,l�-:JLLvi'W��-:it1-:itl1JJ'W(i)Ubl�:::tfonu produced water �-:JL�t:-J� 
�'i)!1)fl�'i)-:JflUt:-J�n1:i'liln'°l'Jv1LLUUL(i)'W�1nr.i LL�:::'WU'"J1 'ellil:i'1llil-J1CWf-:i��-:J'iltjL'W'lh-:Jl�'il'W ll'Wl'J11'.1'W n-:i l-Jn:i'1rll-J u�::; 
�1�!1l'iltj1::;'l,l')1-:Jl�'il'W il'W1f'll-J n-:i Y'l9�Jl1f'll-J clr:i'W�'W� UT1-3 ll�::: SKJ 1-1 ilililt1mmruf-:i��'J!11L�n�l�l'J-:Jll'W 
llf?i�-:in11 �'W� SKJ1-1 L�nif'ill'J LL�:::Y'IU'l1�-:J 3 �'W�iln'illil:i'1llil-l1ruf-:i�1::;'\,l')1-:Jli1l'il'W ll'Wl'J11'.l'W n-:i l-Jn:i'1f'll-J ilri1 

� 

�-:in11 'ellilt1mmruf-:i�1::;'\,l')1-:Jl�'il'W il'W1fll-J n-:i Y'l9�Jl1rll-J l�nif'ill'.I "11 Background �-:JL'DLU'Wr11lllil'.IULYll'JU11'W 
'fl1'W'°l1n TLD ��v1�-:JL'1��'W1l-J'\,lif1�nmr11"i11Ur:iLf'l�l'Jfo1r1 t-wfau �-:JY'IU'"J1 ilri1'1llil:i'1llil-J1CWf-:J�LLnl-Jl-J1L'W 
�-:JLL'l!il�'ilJ.J�1n111-w�'W�t:-J�lil�-:i 4 �'W� 

'\,ll-111'.JL'\,llil - �'W� SKJ 1-1 L'LI'W�'W�mm�li1�1mJilm�n111oif-:i1-w 2 u
- i'Wlil'il'Wn11Ufrnvll'.luri1 Fading 'll'il-:J TLD LLM-:i1'll-w mr1t:-imn fl
- nW1Yl1'.11Pl1�1ilfmmwv1�L�'il\¾Lf'lJ1:::'l,l1�ul-J TLD 91'W'l'W 100 Lilv1 L'WmiJ4'1'.J\l
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2.6.3 �!Plif.:i'eltln'aru Track-Etch Film 
Track-Etch Film 1�Qn�1?1�--1Wl-wmm1u1'L'lru�i'lL�1v1i11�tlDtW1.:J1'W'll'eM'EltjLu'W'l.h��1L�'El'3Lfl11�iv11 

mmrun1'l!LJ'1?1'El'WL'WU1'L'lrutl'-w 7 L1?1t1'Vl1m1�1?1�--1 ru i1?11ii1.:i 7 cK.:id 
UT1-7: �1'W'l'W 3 ii?l office, guard house, heater treator 
UT 1-3: �1'W'l'W 6 ,i?l Guard house, Ln!i1'1Ll1U �tJnrnJ, 'Vl'ElLLrl'l U-3, U-3 

('Vl'ElU'W), U-1 
SKJ 1-1: Office, Guard house, Heater treator, Generator 
KS 1-1: office, Guard house 

Track-Etch Film v1�.:in11'Vl1m1tlfUL'Vlt1UllUA1J.J1(1]J'_j1'W�fl'l1l-JL-ifl-l-if'W'll'El'1!11'llLJ'i?l'El'WJ.J1(1]J'31'WJ'�Ci1Uli11'1 7 LL�'l 
(nt1ri�L�t11?1'll'El.:in11tlfrnLnri1u�1?1--1Wl-wrnfle-J'W'ln fl) LL�1?1--11'1l-witl� 2.19-2.20 Y-lur:l11-wuliiri��-w�mrn�(i]jj 
1�!i1Ufl'l1l-JL-ifl-l-if'W'll'El.:Jl11'l!LJ'i?l'El'W1n�L�t1.:in-w'Vlrnl'l--19� �'El 'Eltj1-w"lh.:i 70-72 Bq/m3 LLrl�Y-lU'l1 �'W� UT1-3 u1rnw� 
LnUn'El.:J'Vl'ElL'DLL�'lLLrl�'Vl'ElL'vlil a'lmmru�.:inr:l1�1LL'v11J.:J�'Wd�nifot11'W�'W�L�tl'lll'W mh.:ihnml-JA1�'l"11��1nr:l1 
Lnru'Y!n1v1-w1?1 Li?ltl US.EPA 'll'El.:Jfl'l1m-ifiJ-if-wfh'llLJ'i?l'El'W�1v1fu�'Eltjm�t1 �.:in1v1-w1?1r11Hr:l11ilfl'l1f1'W 148 Bq/m3 
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d "'"V 

3.1 'V1:l,!1'1J'e}•.m1'a'J'-lfJ 

d 
'U'Vl'VI 3 

L �'B-:ir.i1n rn:::rnumm� 1m111h:::1h�'B-:i 1 oif tl1n"Jrn'll1 liim:i.n rui1V11P11� LL�::: 1 um"Jthuf?ltl1�u L �fl 1 iX d'.lutl1 

�:::'B1vlVl1''Btl1tJ'J:::U1'1u nm:::U'J'l.Jn1'J'IJ1UfilL�'B1119filfi1!,JLL�:::�1'JU'J:::n'BUU1'11il'J�'B1"lL'LI'l.J'e)'l.Jl?l'J1t.lvi'B�'lll11'\"l 
'B'W1l1t.l 'll'B'1�U1Ulfl'B'Bn1tJ �-:i1urn:::U'J'l.Jn1'J'IJ1Uf?l'B1"ln.frw,1'B'l.Jvi1-:i 1 LL�:::vh1iii'Vl�1t.J')fi LLvi1urn:::U'J'l.Jn1'J'IJ11J(i) 
tl1U'J:::U1 Lf?lt.1vf 11tJllu hi1iii'n fl'J1iJU'J:::�-:i fl�"l:::1119 (i)fi1 l>Jllill1'l.Ji;if-:i�fi11iJfi'j"j'iJ'Jl1lii'B'Bn 1tJ tii''Jt.1 Cil-:Jl!'l.J 1 utl1U'J:::U1 
9'1'B1"l n fi1 "l nii l1ufilf-:J�U1-:J lil'J tJ :::Uu'Btj1 utl1 LL�:::mr.in i;m vi'B�'lll11'\"l'll'B-:J il'4'rl'tlLrl'B i;.l1uL -ihrji1-:i mt.1 u�:::�:::�ii'Btj1 'l.,l 
mmru�-:i n1 filniil1ufilf-:i� i,i1��1 ri' ru �fl n1fil L'JL�t.1ii�-:i Ltlun1 filn�ii L�mnrnLfl� L 'Dt.1ii�-:i�1mnwih LL Vl'l..l� 

'U , 0.,, , q , 

LLfl � L 'Dt.l ii 1 um:::c:i n 1iii' LL�:::n'il fi1 'j'1 mnht.1'B'Bn"l1 ni1-:imt.1oif 1mn LL�:::L ti'B-:J"l1 n L'LI'Wn1 l>Jll iil1ufil f-:i���mt.l lil'J 1 iX 
'B'4Jl1fl U'B�Yh�-:inmrnfilnli1'J L'U'Wrei'B'B'l.Jr.i1 L'\"l1:::�-:ivh 1 iXmr.in C-J�vi'B L dm�'Bm:::c:in 1� !ii'-:il!'l.JV11 nl.j fl fl� 1fil �iitl1V11'B 
futJ'J:::'Vl1'l.J'B1Vi1'J�nmmruL'JL�t.liJU:::U'l.J'B\:)�._:j n"l:::i1111XLiifilm'J�:::�iJ'JJ'B-:JL'JL�t.lil1'l.Jm:::filn LL�:::nt'Bm��"l:::L'LI'l.J 

�� � 

ii:::L;-:i 1un'J:::fil n�-:i nrhu fl fl��u1'!:n fl'B1Vi1'Jbl�:::J1�n L'JL�t.liJU:::U'l.J'B t),Jflt.J n,j1 �-:!1J"l"lU'l.J'V11-:!Jl1 fl f lliL�'JruN fib* 
'll 'LI , 'll q d.9 

tl1U'J:::U1Li'.lutl1��1mrn�iiu1mfl1� Cil-:Jl!'l.J n1'J'Vl'J1Ulli'illill'll'B-:JL'JL�t.lil1'l.JUVl�-:Jtl1u�:::1uJ1�tbm1oifu1mfl"l::: 
L'LI'l.JU "J::: Lt.1'll'WV11-:i iii'1u�'llm'l"l fl'J1iJU�'B fil.llt.1 LL�:::,h'Bml1t.1 vi'BU'J:::'ll1'lluvf 11tJ 

International Commission on Radiological Protection (ICRP) 111Vi'l.Jfil11Xmmru�-:i�f?l'll'B-:JL'JL�t.lil -226 

1u11-:imt.1Lfilt.1Lili1111XLnfil'il'Wm1t.1L'J L'Yl117U 0.1 µCi l61, United States Environmental Protection Agency
(US.EPA) 111Vi'l.JfilL1Xij'J:::"1Un1'JU'l.JL�'B'l.J�-:J�f?l (Maximum Contamination Level, MCL) 'll'B-:!n1fi1L'JL�t.lil -226 LL�::: 

� ' ' 

L'JL�t.lil -228 nii1ilfl'J'j'Lfl'l.J 5 pCi/L (0.185 Bq/L) [l] L'\"l'J1:::n1'J�iJtl1�nLn�t.1iJU'l.JL�'B'l.J1'l.Jtl1�mnw·h MCL LU'l.J 
L'J�1'W1'l.JV1�1t.lU'B1"lnl'Bn1�L�t.l-:Jvi'Bm'JL'LI'WiJ:::L1-:J�-:)�'l.,l ( 0.7-3.0 viM'l.Jf?i'BU'J:::'ll1m' 1,000,000 fl'W Vl1-'B 'J:::V1,j1� 
0 .5-2.0x10-4 fil�'Bf?l'Jh-:!'B1tJ 70 U) �1VlfUU'J:::L'Vl l'lL'Vlt.lnm'Jfl1Vi'l.Jf?l Lnill'Yl flillJl1'l"ltl1u1mfl Lfilmhwn-:i1umfil'J_j1'l.J 
'Qfi1�1Vim'rn [Bl LLU-:Jfi11il'll'Wfil'JJ'B-:J'W'JLfl�(;)f-:J� Ci)-:)� f-:i�LL'B�'W1 <0.1 Bq/L (2. 7027pCi/L) f-:i�u�h <1 Bq/L 
(27. 027 pCi/L) L ti'B-:i tii''Jt.1 L'JL�t.lil��1t.l lil'J 11X'B'4Jl1 fl LL'B�'W1 Cil-:Jl!'l.J tl1�'W1mU1LJl flfl'J'Jijlli'illillL'JL�t.liJiJ'Bt.J n'l1 
0.1 Bq/L 

1 u rn:::rnum'Ju1u filtl1tJ'J:::tJ1 Lfil t.1vf 11tJ1il1�ij m1 iitJ 'J:::�-:i fl�r.i :::1119 filn1 "l niil1ufil f-:i � fil1iiunii'll1 lii Cil-:i�1� 
mh1ii1ir1-:i !Xu LLvin1 "l L'JL�mA-:in f'lill�iJUlii'V11-:J Lfln L Vli'.l'BWlU LLfl�L'Dt.lil LL�:::LLUL1t.l).J�-:J'B1"li'J).J filnfil:::n'1l'l.J (co
precipitate) �'1).J1Jlumnfil:::n'B'l.JL�'Wi'Wfil'B'Wn1'Jfilnfil:::n'B'W "1-:Jll'W �-:J'1l1"l '\"lummrum�t.1).JL'\.Jmn111:::n'B'W�-:!Lfl'W 

• � .J ""1 --� J! � • I "" ' ,Ji .., • ., }: ..I ' ."I • I o .. "" "l1nIJ'J).J1nJ'Vl).J '\.Jjj'j''JiJ'Jl1fil bl'I •.o-:JIJnlll mn111:::n'1l'WLVl�1'\.J"l:::IJ1'1l-:JU1U!i1Vl-:!'1l'1ln·i;i�1fi1'Jill:::'1l\!JL1J'l.JU'J:::"l1 "l-:!'1l1"l).J 

C-l�m':::'VlUVl1-:J f-:i�(Jj'1)�-:) LL'J (?l�'1)).J� 111:::n'el'WL Vi�1'1'Wt;in'W111.lrh{ i;i�-:i Hr "1-:Jll'W n1'JVl'J1lJlli').J1nJ'll'el-:J L 'j'L� �m1 'Wn1 n 
.J .., .J .., .., 

111:::n'!l'WVltJnll�'iluvi..:i"l:::Ltlull"J:::fo'Jlu{Jj'1l'l"l'Wn..:i1'W'Vlllfiu1i..:i1'WLL�:::1.l'J:::'ll1'll'W1uu1L1ru1n�L�t.1..:i "1'1'W'W m"Ji'.i9uw �..:i 
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~-:JL'W'W~m:nvntlhnrufi1!ill1l-llJ'Wlilf-:J~li11l-Jfin'l-J'l!11ii~tl:::tlw'flzj1wmnlil:::n'fl'W~1~r.i1nmru1ur;itl1tlr:::tl1 Lf;l'1JL~'Vl1 

mn~'flnLnuCil-J'fl~.h-:imnlil:::n'flw~mr.i1nu'l,lri-:it.J~lil~il~wtl1~uc;h-:inwLuwmru'Yl 

3.21fin1'ae-Jivn.hu'a~U1 

.. ,hu~,J1" Luwtl1~~1'W'1lrnwmrc;h-:i 7 mnm'1Jn11r.i:::Luwtl11.h:::tl111Xu1mmri1h:::'ll1'llw1~h!w ili'Wlil'fl'Wmr 

t.J~lil'\,1'1'l1t1'TI\,1m'fl'W LLft:::~'fl-:iiimrft-:iVlw~~-:imn !il-:i '1lrnwmrn~lillil'fl1tld 

1. 

' " 

m'.ii'l'm11 mrt.J~1i1tl1tlr:::tl1 0l-Jr.i1n "h-:i~utl1LLr-:i~1" Yi1mr~utl1~ur.i1mmri-:itl1fin'l-.l'll1iiiL~'fl 
., " y 

~1 L~tNL -i11~r:::uu t.J~lil ~-:itl1 ~u~~1mrntl1mt.J~1i1tl1tlr:::tl1 H1l!w!X'fl-:iLuwtl1~1JJii~ 1JJiir~ 1JJil~-:i 
" 

~n,JmfaLflmU'WLrj'el'WL1l'Wn'l1~fl1'\,l'Wf;l ~-:JL~~1'Wn1J'lLf!J1:::i-llilJ'J"l~'el'LJ"l1n1rn'3VJ'1J1P\1~1ilfLL~'J'l1 

~1 )-J1 rntl1 )-J11 ,jf t.J~ Ii] LU'Wtl1tl r:::tl11~ LLft:::iX'fl-:i iiml-.11n.ll-.11nLYi'1J-:JY'l'el~"l:::tl1mt.J~li1tl1tlr:::tl1 L~'el~.h-:i 

2. n1'aUfo'U'a-:JflruJlTV-nJ1~'U tl1~'LJ~~'LJL'Il1l-.11LL~'J"l:::t.J~l-J~'J'1J~11Lflfi L'D'W ~1J~l-JLL'Cl::: 'ld'W'1l1'J L~'el'Vl1 
q q ~ ~ 

mrtlfutlr-:iflrumY'ltl1~u ~1rft:::m'1J~1r~l-.lr.i:::'il1'1J1'!Xilmrlilnlil:::n'fl'WL~~~-:i~wuft:::~1rn:::ft1'1Jtl'W'JJ11 
' ' " 

r.i:::'il1mrui-:imnr.i1(l!Liiiutlil'JJ'fl-:Jlil:::1flitl1'\,11''fl~1'\,li1t11wtl1 '\,lj''fl1J1-:iflf-:ir.i:::iimrL/ii)-Jflft'fl5''W L~'flYi1 

nw.1-hL~'el hfl~'el1"l"l:::tlwmnutl1 

~1nfliin)-JCil-Jnwr.i:::'il1'1.l1'!Xiimr4'uCil1'1J'fl-:Jlil:::n'fl'WL~~~-:i~w LL'1'l:::r.i:::tl1tl1mri1011XL-i11~t1-:ili1:::n'flw~il 

'1J'W1f;l1my L~'elY11L'IXLnr;itl1D-:i lil:::n'fl'W~ii'1l'W1f;lL'l,1(1!,11'1,1,rnmn "l:::lilnft-:i~nwn-:i LL'1'l:::t,1n~r;i~-:i tl11~ 

~1'W'LJ'W"l:::L'\,lftli11l-JJ1-:Jfutl1L'Il1~i'Wlil'el'Wlil'elLU 
' ~ 

4. m'.in'.i'eM 1 wmrm'fl-:ir.i::: 1im1t1'\,1'1J1'LJLLft:::m1'1.lft:::L7il'1Jr;iL vi'flmrnrn-:i m:::n'fl'W'1l'W1 f;lL~nmn 1wtl1 LL'1'l:::1 'IX 

iifl11l-.11~~:::mr;imn~w ~-:i1wiwlil'fl'W0tl1~~1wmmr'fl-:ir.i:::ilfl11l-.!1~mnLLli1r.i:::iifl11l-.l~'W'l,lft-:Jm~'fl'flzj 

tlr:::mru 0.2-2.0 ww1'1.lm1l-.l'll'W LLft:::m1'1Jnrn-:ir.i:::ilmr~1-:iYi1R11l-J~:::mr;i'fl~h-:i~J1L~)-J'fl L~'fl11Xmr 
' 

m'fl-:iiitlr:::~VlilmY'l 

5. m'a'J.i1bt'el b'.ifl tl1~~1wmmrn-:imLL~1r.i:::iifl11l-.!1~ LLli1mr.ir.i:::iiL~'fl trnL~'fltlwmnutl1 -u:::l!w~-:i 

r.i:::IX'fl-:iYi1mrihL~'fl hfl tr;iti1i flft'fl5''W ~-:Jflft'fl5''W0~1mrn$11L~'fl hfl1~LUU'fl81-:J~ tl1~1~fomrn~l-.l 

fi'Cl'el5''WLL~') (fon 11'W'l1 "tl1tlr:::tl1" ~1mrntl1m L'DL ~'eln1J'QULJ1fl'LJj'LJ1fl 1~ LL'1'l:::r.i:::Yi1mr4' r;i Lll'LJL -nucr-:i 

'1J'W1f;l1'\,laj L5''1Jn'l1 n-:itl11~ L~'fl9f;ln1J'LJj'n1Jlil'elLU tl1tlr:::tl1~Yi1mm~lill-.11LL~'Jl!U r.i:::~'fl-:J')Lfln:::i-f 

lilr'J"l~'flu~nr1f,:i'l,l~,:ir.i1mrnrSV1mP11~lilf LLft:::mrlilr1r.i~'fludr.i:::JhLilumrn81-:i~J1L~)-J'fl L~'fl1m~ 

tl1tlj:::tl1~~:::mr;i tlft'flf;l.11'1.l ~1'\,lfumrntlmr1u1'mr1 
' 

LLft::: 1w~w~1,h-:i 1nft'fl'fln 1tl'\,11'fliim1)-J~,:imn91Luw~'fl-:i 1i Lfl1'fl-:i'5 r;i ur-:i !ii'wtl1L ~'fl 1 '!Xtl1tlr:::tl1~1mrn 

u1mr1~'fl81-:Ji1n-:i 
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,I:, .,..., 3.3 °ll'W'9l'el'Wn1'a'J"UI 

1'Wn11191'JVl1lli'l-J1llifi11iJlll-llr'W!ilf-:J�!i11l-Jfi5'n-J'l!1�1'Wmn!il::n'fl'W91nn11'U11Jl?ltl1U5'::U1iJi'W!il'fl'Wn15"l91'J 

1. � l?l lil'flU5':::�1'W-:J1'WlllJ ��1n11u1::;u1'Wfl1Vl�'N ll�::u1::;u1�'l'WJJi1rn fl l �'fl'JJ'fl fl')1l-J'fl�lfl11:::tf-ii'fla,J �

LL�::; n 1 nnu fil ')'fl 81-:J tl1u1::;u1 u�::;m n !il:::n'fl'W91 rnhun-:i1'W n11U 1::;u 1'Wfl 5'111�'),:j lL� ::;mill 1::u1

JJi1rnflL'JJ!ilm1-:i 1 �-:i1�fofl'l1l-li'll-lilaLu'W'f!u1-:i� Ll?ll'J nl'J'W1l-J�1un-:i1'W1.h::u1L'JJl?l'Wmvi�'l-:i LL�::

5'11'J'W1l-J�1Un-:i1mh::;u1�'l'WJJi1fl1fl ll�l?l-:JL'1l'Wrnflt:.J'W')n 9

2. f11?ll�'fln�1un-:i1'WU:i'::u1r.i1nnl'l'W1l-l�1�fomL'il.Yn::�1un-:i1mh::u1�i1LNt:.J�l?ltl1u1::u1LYhtl''W

l'l1'W �1Un-:J1'WU1::U1l'JJl?l'Wfl1Vl�'),:j ihifo-:i 2 �1un-:i1'Wl'JJ!i1�iltNt:.J�1?1tl1u1::;u1 �'fl �1un-:i1'Wu1::;u1

lJ1,:j l'JJ'WLL�::�1un-:i1'WU5':::U1l-JVl1�'l�t �t:.J�1?1tl1u1::;u1 ll9n"'l11'l1�lllJVl'W'll'llJ1n11�'\.J1 �-:ihn 'll

WW'll'Jt:.J�l?ltl1LllililVlih�"'l11'Jtl11u�-:iliu1tnfl 1'Wn11f11?ll�'flnL�'fl1�1'J'n'fll-J�'Jj'fl-:J�1'W'l'WVlll'll'JU5'::u1,
� � 

ll V1ri-:itl1�1J' llt:.J'W��1tl1�1J LL�::9 l?l�1Jtl1�lJ'Jj'fl-:J�1tin-:J1'WU5'::U11 'W�-:Jlll?l�1tin-:J1'WU5'::u1 l 'JJl?lli11-:J 1
' � 

Ll?ll'l1�fl'l1l-l�1f1'1JllUU'Vlri-:iLL�::il?l�utl1�1JlU'WV1�n

3. n11Lnu m n !il::n'fl'Wll�::fil'l'flu1-:itl1 vrn fl ru::19\'J 1�� l?l lil'fl 1�vrn�1un-:i1'Wn111.l 1::1.l 1�'l'WJJi1rn fl l 'll !i1

lil1-:i 7 'll'll'l91?l�-:imnlil::n'fl"Wm1�vn-:i1un1ru�tl?ll'lvn-:iflru::r;J,jr.rmu'W�-n11::fi1'll'W�-:i 1"Wmnnumn

!i1 ::n'fl'W LL�::;[i]')'fl u1-:itl1 hl (A'f),:j il m:rfmn fl rurn'Y'l111 lllil'fl 81-:J 11?l l n'fl-:)91 n hlii t:.J� n :r::'VllJ lil'fl n11') (?l

nii�'Wlilrn'Y'lf-:i�r.i1nfil'l'fl£i1-:i
� ,.,. ..,.. ,r ev .cl 4. l�'flnl'Vlfl'Wfln15"llfl5'1::'VI l?l-:J'W

► fil'l'flu1-:in1 n !il::n'fl'W1-if l 'Vl flilfl unJ-JJ-J1Lun Li?l:i'll-l!i11l �'fl'l lfln::i.fo1mmru m�l'll-l-226,

l:i'l�l'll-l-228 u�:: LY'lll'Vl�l�l'll-J-40

► fil')'fl81-:Jtl11°DL'Vlfl'Wflllnl-Jl-J1lUn Li?l1ll-ll?l1 ll�:: ll'fl�Yh�lun Li?l1ll-l!i11

► mmrun1'1il11?l'fl'W1'Wtl1u1::;u11°DLfl1'fl-:J'll?l�'fl RAD-7 i'll-llllJ'QUnrn1l�1l-l�'fl RAD-AQUA

vi1'fl RAD-H2O

3.4 m-abn'U'9l'J'flth:imn'91�'9l'el'W�1nm-a�i'9ltl1tl�th '9l'J'flth:itl1bb�� b'VlAUP1m-a�uw1�� 

3.4.1 n1'abfl'U (9l'J'fl!h:itl1�'1.Jbb��.J1t1-a�t11 

fil')'fl81-:Jtl1�1JU�::tl1u1::;u1 r.i::v'hn1nt11Jfil')'fl81-:JLl?ll'J'lfin11Uci'f!l'Jtl1illm!i11'fl81-:J�'fll'J 20 

�!i11 e.l1'Wfil'lnm-:i �'fl L�'W11'l'fl::fl1�n�Lfl�'fllJlLl-J•m1il�11?l'fl'flnL'lic;) (Manganese coated- acrylic fiber, Mn-fiber) 

�-:JLl7111'll-J�'W�Jl1fl'l'l!1 '1 L�'fl1'Dl?ll?l'l!lJfi1i?ll5'L�l'Jl-J-226 lL�::; m�l'Jl-J-228 r.i1m!'Winl-l1lt:.J1LL�::t:.JilmnlJL'1lU'Wl'lm 
� ' 

u:r::;mru 3-4 �Ul?l1'1X L�'fl1�lnl?l�l-lc;i�'Vl1-:Jf-:i�1::;V1�1-:i l1L�l'Jl-JlLft::il'lLfl�c;)�n �'fl u��'Vl-214 (
214 Bi) 91nl!'W'W1l-J1 

') Lfl11::'IXV11mmrul1L�l'Jl-JJ-:i�'fl-:JL'fl L'l!L'VlU �')l'J l 'Vlfl'Wfl lLnl-ll-J1�Lun L!i11Ll-l !i11 Ll?ll'J'lfi'll?l'Vl1-:J�'fll-J l ti'fl-:J91n'Y'l�-:J-:J1'W1-:J� 

llnl-Jl-11 186 keV �U�l?luci'fll'J'fl'flnl-l11u1::;vi�1-:in11�ft11'J'JJ'fl-:JL1L�l'Jl-l-226 ilm1l-JL'nl-JT-:J� (radiation intensity) LYil'J-:J 

4% mr.iv'h1�t:.J�n11'llfl11::'1Xilfl'l1l-Jflft11?llfl�'fl'W�-:J �-:Ji!'W �-:iv'hn111'1?lYi�-:J-:J1'WT-:J�lLnl-ll-l1'll'fl-:J u�l!'Vl-214 � 609 

keV (�-:Jilfl'l1l-JL'nl-JT-:J� 47%) LL'Vl'W �'l'WL1L�l'Jl-l-228 r.i::�1n11'll?l� Yi�-:J-:J1'WLLnl-Jl-J1 911 keV (�-:iiim1m-iil-lf-:i� 

30%) 'll'fl-:JlL'flfl�LlJl'Jl-J-228 (228Ac) lL'Vl'W 
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nnu~~1,1n,nw 1Vl'1lzj1rnn..i!'el 1a.J~:::Vl'ln L'Wn1J 

L~'W'Vl1-:J9:::11Xvn..:i~1irn..:i1ul!ur.rV1~,nl1£il'l'elth..:ia-rnr..:imr1~'ll1'1 

'W'eln91nilm"lv'i1mm11~Lr111:::'\,hrnJhnru 

n1'llL1"1'1l'W1utl1~rnL~:::tl11.h:::1.h ru ~'W~ (In- Situ) lil'lmri1'1l..:i~'el 
,., 

,v ,=:!,i j,I I -={ Q/ -={ 

')(i) RAD-AQUA ii~:::/ 1A1'el RAD-H20 iL~'lLLi;Jnmi "1..:J'W 

1. n1T'1"1iiUUl7i'eliti'el..:i (continuous measurement) LVltl 

v'i1n111"1mmrun1'llt1"1'el'WL'Wfil'lmh..:itl1'elrh..:iifou 3 

-B''l h1..:ilil'ltl RAD7 L"1tJl7i'1li'liinumlnrn1~i'.J~'el'i1 RAD-AQUA '3fln111V1il9:::11Xr1'l1iinrnX'el..:i~..:in'i1'3fl~ 
' 'IJ 'IJ 

~'el..:i L ti'el..:i91n 1'if L 'l~11 'W'1"1'W1'Wn'i1 

2. n11'1"1LLUU Grab L"1l'.JV11n1JL!1Utl1£il'l'elth..:immru 250 ii~. L~'ll'lV1Lb~:::vhn111'"1LVltl'flUnrnH'll-!'ll'el..:J 

RAD 7 ~i'.J~'el')1 RAD-H20 LVltlL'DL'l~1L'Wn11'1Vl u1:::mru 30 'W1vi '3flil1a.J~1LU'W~'el..:JV11n11'1Vl ru 

~'W~ 'el19Vl1n11'1"11A~..:J91nLl1Ufil'l'elth..:imLL~'lla.lLn'W 5 i'lll-1..:J ~..:il!'W 9..:J~'el..:JV11n111J'Wvin '1'W b'l~1~Vl1 

mnnui'lm.h..:iHt~'elV11n11~1'W'lt1.Jn~UlUtJ..:Jb'l~1~Yl1n11bl1iJ(i]'l'elth..:iLti'el..:i91n~11f..:i~~~1tl(i]'l'elzj 

11.l~ 3.3 'elUmru'1Vll11'llb1Vl'el'WL'Wtl1 
'IJ ' 

~mi11.l1:::1.hl!'W 1 n~~ni;i:::n'el'W'\,11'1l1l-i 1A1'elU~'eltl~..:J'el'eln~tl1~1n1m1::: n11Lf1Ui;J:::n'el'W91mJ'el~ni;i:;n'el'Wi'.!"1'l1l-J 

~..:imnmn L ti'el..:i91 n i;i:::nm.id'.h.,1i;i:::n'el'WLU1v'i11 iX-if '1lmnu1'11 ~1u1n LL~:::i'.ltl11.lum 1 utfh.n rumn ~..:i Lri'elv'i11 iX 
' 

f'l1,11'1l LLi;in 1 u1:::1,1'i1..:imT'll'W~..:ivrn 1u1'tl'ru.tl° 

L ti'el..:J91 n~1irn m JU 1:::u1~'l'Wni1m r1 i1~1irn..:i1uu1:;u1~1'W'l'Wl-!1n 'Vl1..:J riru:::'3r.rtl9..:J ~(?\ 17i'1l 1 iXm..:i 
'IJ 

~1irn..:i1umnh:::1.h i ']Ji;Ji;i1..:i 1 'lhtlr.r (i)~..:Jmni;i:::n'el'Wm 11Xm..:i lU1'tl'W.tl' LVltl L 'in-n:;~1irn..:i1uu1:;u1~'eltjvh..:i 1n~ LL~::: 

1a.J~:::"1'ln1A1'1l 1a.Ju~'el (i)J1tl 17i'eln1JL~'W'Vl1..:J LLl7i1 umru~~1,1n..:i1uu1:::u1 LV1 la.l~1ii11nr.r (i)~..:J fil'l'el~1..:im Lttllil riru:::'3r.ru 
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d; O  <V l 

'lh1"l1'W'"l'Wl?l'l'fltn:imn 

lfl:::n'fl'W"l1ntL v1��tl1 �rnh:i 7 ���m LLr1:::r1ru:::'lr.r1:11rJf L�'WYl1�1tl 

LflUL'fl�L'W'll'"l��uth:::mru 2547 LL�()'l�L'Wlfl1n�� 3.1 

r.i :::tl1 cm n1 j'') Lfln :::ii\�'W'fl 1 'Wn 1:1�1'Wm1 J.J n1'"Jv1i.i1'!luu� 

'll'fl�U�uth:::mru 2548 

L'lllfl 

'U�'l.hUl"l'a'Vl�'N 

1. 1J1�L'll'W

1. JJLfl(?]

2. J.J'fl�'WLL()'l�

"l. 'll'fl'WLU1'W

4. uile:l'fl��'fl'W

�1'W'"l'W 
[,j'"J'flt.h� 

mn 
(71:::n'fl'W 

2 

4 

2 

0 a., I O ..::I 

"l1'W'"l'Wl?l'l'fll:l1�'W1Yl 
'lLflj'1:::ihB-mruLn�1:1J.J 

'Vl®,()'l'DUU'W Mn-fiber 

tl11.h:::tl1 

2 2 

LLiJi.J1L91Yi)':::l:J1 

... ' 
I ct O .o:!i 

'fl1�LnU'W1b'll'fl'W 
U1�'"l1()1 

�'"l1:J�()'ln'J1�uri::: 
flrl'fl�"Jlr!Uj'�Yl1'W 
v1'W'fl�v1'"l11:1ll�'ll'"l1 

r1ri'fl�".llr1tl)':::Yl1'W 
UiiLL(?]� 

I Cl" 0 1,1 

'fl1�LnU'W1v1'"ll:J 
LLii el'fl��'fl'W 
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- vi1n1)''1()1mJ..11run1'JlLj'()'l'fl'Wb'W
tl1tl)':::tl1rJf'"l1:J RAD AQUA

-vi1n1)")()1mJ..11run1"JlLj'()'l'fl'Wb'W
tl1tl)':::tl1rJf'"l1:J RAD-AQUA uri::: RAD
H20

-vi1n1)''1()1mJ..11run1"JlLj'()'l'fl'Wb'Wtl1�u
rJf'"ll:l RAD-H20



.d 
'U'Vl'Vl 4 

fi1 mn:waTu (9l'j�; '911:lJfi'a'a:lJisii1 W�1n'el '91�1Vlfi'a'a:lJ bbiVl'W n 
Q Q 

(bA<a�n1-a�'el�vi 3) 

1u1:;·wh-1tl,,:iu1.h:;mru 2547 i'1Vl'W1Lr1Nn111�dhi'1l-lth::,p-1 FNCA Discussion / Survey 

Meeting on NORM/TENORM (THAILAND) L'W')'W� 23-27 �-:iinril-l 2547 �,,:iile:/�u1r.iv1',,:imr1f1rnri:;ve.in'll'W� 
" .. 

ri'flL'IXLnl?I NORM LLrl:; TENORM L'll11'mtl1:;1l-JL'LI'W41'W'1'Wmn i'1Vl'W1LflNn111�hh�'W'eli;.Jrl'11'W'll'el-.'.llflj''1n11'l{l'Jd 

�'el-.'.l CU NORM, Radionuclide Analysis Project uri�tl1::1l-J �'1n11U1L�'W'eli;.Jrl-:!1'WL'Wflf'1tl''W1�ih�'W'el 

1'1il'lth::�,,:ir1'll'fl'1Lr1Nmrnri:;ilm1tl1L�'W'fli;.Jri,,:i1um1Am�nm1V11mmrun11iJnl-llJ'Wlilf'1�L'WfinJ-J'll1�'ll'el'1 

'i:r1Nm1'l{r.Jd i;.irir.i1nmm11tl1::1J-Jrif,,:itl'u ilmriL'eln'll'W�'WL"l�"l::Lif1nJ-J'i:r1Nm1 4 111'.J L1?1r.Jhltl1:;�,,:ir1�r.i:;'el'eln 

'W1l-J 2 111'.J li?il'JU5'M'Vl�1 L'Ui.iU5'M'Vl�i;.J�lilLLfrll'flffl'el'W U5'M'Vl� 2 l'LI'WU5'11'Vl�i;.J�lilLLiLL'Vl'W'Vl1�l-J U5'M'Vl� 3 �'elU5'11'Vl 

1'VlmLriui�Ll-lri�,,:iLL'el'W17111YlU,,:i 41n1?1 L'LI'Wu1-M'Vl riri-:iLLiLLri:;Yl'flnui�un uri::u111V1� 4 �'fl u111V1 tllil'Vl. �ml-l 91111?1 
' ' 

(zj'ell�l-JU5'M'Vl 1'Vlm'llriiLiin'lli'irl'ell1'll'W Ll'el'W1?1 Ltl1i;)n'll'W 41n1?1) L'U'WUj'l1'Vli;.J�lilLLrl::�1nr.itl1>JmLri:;n1'Jlfij'j'l-J'll1� li?itl 

11u� 3 LLri:; 4 r.i::Lii1i'1J-JLr1Nm11utl,,:iutl1::mru 2548 1u11u-:i1uiuuuUr.i::Ltlu11u,,:i1ui;.irim1'lLr111:;i1m,,:i�':J'W'll'el-:i 

2 U5'11'Vl�1iJ,J1:;�,,:ir1'el'eln'W1l-J 

U5'11'Vl1�l-l'elU£il'1'eltl1'1')1il(l�U i;.J�li]JlClJ'i') LLrl::Vl1'1LLi l�LLri'i:m,,:im141'W':J'Wj")l-Jv1''1Vll-Jl?I 6 (;l')'fltl1'1 

1�mi Lli')(?l(l�U(£i1'1'eltl1'1�1) �'1l'LI'WLLiU1L'll1"l1nfil1'1tl1::L'VlPI mvhm1�!11?1LLtln 1v'f i;.i�li]JlnJ'Ylv1''1Vll-Jl?I 4 'eltl1'1 iai'el 

Rutile, Leucoxene, Monazite uri:; Zircon (£i1'1'eltl1'1� 2-4) LLri::ilmnr.i1nmrn�lilL1t1n'l1 Vl1'1Ld (i'1'fltl1'1'Vl 4) �,,:i 

r.i::tJntl1n�uLii1m::rnumrnun�n1?1�mu1tlL-nudc;!'fltl1 

1'1il'l�U (Raw material) �tl1mLLt1ntl'uilmJ-J1rum�t1J-J-228 �,,:inri1 Ln�tll-l-226 mn LLri:;r.i1nm1'lLr111:;i1 

i;.J�lilJlnJ'i'1ViU'l1 L1L�l'Jl-l-228 L'WLLVl�'1LLi11ilQ�UtJn�n1711tl'fltj1u Monazite LLri:; Leucoxene mnnri1Ln�t1l-l-226 �-:i 

rin�n1711tl�:;�l-J'eltll'Wi;.J�li]JlnJ'Yl Rutile, Zircon Llri:; Tailing �'1�'ell?lfl�'el'111U'll'ell-Jrl l'WL'eln�11'El1'1fl'1� 7 ,,i�'elll�"1'1l'W 
" " " 

4-1



fi1')'1)U1'1'll'il'1U1-ii'Ylvi 2 

fil'l'ilu1--1 fl'l1:J-JLif:J-Jif'Wf'1�91LYn::;· pCi/g (Bq/g) 

Ra-226 Ra-228 

1. Raw Material 67.08±2.56 227.71±7.16 
(2.48±0.09) (10.28±0.27) 

2. Rutile 23.57±0.36 10.51±0.40 
(0.87±0.01) (0.39±0.02) 

3. Leucoxene 27.09±0.41 59.85±1.30 
(1.00±0.02) (2.22±0.05) 

4. Monazite 771.65±32.04 7033.13±164.27 
(28.55±1.19) (260.23±6.08) 

5. Zircon 103.35±1.87 52.09±2.28 
(3.82±0.07) (1.93±0.08) 

6. Tailing 3.03±0.11 6.25±0.25 
(0.12±0.01) (0.24±0.01) 

* Llf11'.lLYlfl'WflLLn:J-Jm�Ltln Ll?11L:J-Jl?11

(71111'1� 4.2 fl')1:J-JLif:J-Jif'W'll'il'1 TENORM �'Y'liJ1'W'Q1?1�1'\mn:J-JLdwwd81 

Industrial Activity TENORM Form 

Metal mining and processing Slag, leachate, scale, and tailings 

Wrom: 

► Rare earth metals, Special-

application metals (zirconium,

hafnium, titanium, and tin)

► Large-volume metal-processing

industries (copper, iron, and so

on)

4.2 'il1?1�1'\,mn:J-J��1?1LdLLY1'WY11�:J-J 

Dose Rate (µR/hr) 
' 

.J vi1:::l'J:::�:J-J er� Y11:::l'J::; 1 L:J-11?11 

61.7 6.6 

8.7 6.7 

7.9 6.6 

678.7 7.4 

7.2 6.7 

6.8 6.2 

Concentration 

Monazite sands: 
226Ra at 0.06 - 6.7 kBq/kg, 
228 Ra at 0.3 - 33 kBq/kg. 
238U at 3.6 kBq/kg. 
232Th at 0.52 Bq/kg. 

Zircon sands: 
238U at 125 kBq/kg., 
232Th at 43 kBq/kg. 

ulii'YlL�'W'il�r.i::;vhm11?11'llol'Jlf1tfhnruf--1�1rn.11'WLN'11'WL'il'1Ld'1)'1toi1niJljj'VliJ'Qtlnrnrm111f1f'1�'1)zj 

LL�') LL�::; 1�vi1 n111?11'llol'J (f)j--1� 1?11 :J-l'fl'Unrnri;l1--1 1 1?11 :J_Jrj�� fl ru::;�� l'JL��1 L�'W'il 1 'Wm 1'U1:::')J:J-J ��n11'111'llol'J (;)'Q'Unrnr 

mm�1?11'WLN'11'W1?11:J-Jrj�m1���t11��1t!fo1!n m--1ulii'Y1LL�--1�1 L�l?lnr.i1i;i'Y'lutl1?111ilimruf--1��--1:J-J1nn�1 100 

mSv/hr �'Q'Un1Nfil'lW0'1 �'1L'LI'W'ell?111ll:J-l10Jj'1���'1mn �--1ilm1k'WL'LI'WL'Jl(?l'\.-1')'1�1:J-J LL�:::Y11--1u1-i'Vl1�vi1mnnu 

fil'l'iltl1--1mn1?1::;nf'W u�:::1?1:::n'il'W��i;i'ilzj1'W'fl'Un1N(il'1m•h'J 91'W'J'W 3 fil'J'ilU1'1 �--1:J-J11���1'JrjLfl11::;�milimruf--1�1'W 

fil'J'iltl1--1i,i--1mh'J �--1il��m1rjLf111:::�ili:J-J1rum�m..1 -226 LL�:::m�im-228 LL�i;i--11'W1?1111--1� 4.3 r.i::;L�'W�1il 

1.IT:J-J10Jfi1'J1:J-l L if :J-J"n'W'Jl'il'1L'il L'J!LY1UJ--1�'il'1�'1:J-J1n 1uLd'1l--1r1i''W�'W'W,S1'W�1 ')[,"l��iJ (iJlljYJ 1ii1��'1 fil')'flU1'1')(?1 ��iJ:J-11 
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'5 Lfl n:;,f) �tl1in 1 -ifl:wm:;U'lim 1m� v1ihJhnruLn�m-1r.i1n'fl\¾n:n11',! m ilm-1 LL�:;Vl'fl �uiJ1bJ'l.!'fltjmr.i'fltj1 'l.!'i':::�u 
n'i"i'iJ"ll1�,l�'flmr.i��n11inn LL�:::L�'fl�r.i1n1'1.!m:;u,mmm�v1�ilm11-if�1'i'LflilLL�:;ilmmJ�u'l.!LLU��"'1m1iJLU'l.! 

� 

e-i�v1��nfi1r:iv1�'flr,w:::u:::Lr:i�1mm�v1 ,r'l.!LLM1�r;i1minruLn�m-1!i]m1111XL�l-l:n''l.! (enhanced) L�'fl�r.i1nrn:::1J'l'l.!n1'i' 
e-i�v1 �� 1 'l.!m'l'il �9m:; 1 '!X-if'fl L�'l.!'fl LL'l.!:::urim�u1'11V11 'l.!m'i'9 ff1n1'l'iih'l.!fl'l1l-lU�'fl ff1.num�f�� ru 'llru:::ufiu1\�1'l.! 
LL�:::1'1.!'llru:;v'hm'i'U1Nfn�1'flUnmr��nfl1')[?l'flLU ' ' 

CV I """' CV ,=I vl'l'fl'tl1�'ll'fl�U'i'�Vl'Vl 2 

[,l')'flih� fl'l1l-lL'Ill-l'Il'l.!f���1L'V'n:::· pCi/g (Bq/g)

Ra-226 Ra-228 

188897.29 ± 1711.27 9093.85 ± 367.32 
1. Raf8

(6990 ± 64) (337 ± 14) 

2. Scale

No.1 _b1 (Black) 5262.49 ± 107 .27 
<0.000001 

(195 ± 4) 
No.2 _b1 (white)

14700.06 ± 204.15 
(<0.02) 

(544 ± 8) 

49213.44 ± 453.13 2380.32 ±166.05 
3. Ba1

(1820 ± 17) (89 ± 7) 

* Lff1m'Vlfl'WfllLnl-ll-!1�Lun Lvl'i'll-111'11'

4-3

Dose Rate (µR/hr) 

vh:;u:;�l-ler� Vl'i':::u::; 1 Ll-lvl'i' 

255.8 5.9 

17.1 5.6 

118.6 6.8 

20.8 6.8 
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'l.J'Vl'VI 5 

'cl'a'U'a1��1'W'U'a��1iJ 

5.1 i1!J'U13-IJ11Ri�Lb't'l!::b'eln'lf'Uvh-n1',h3-Jtl'li.:Jn1'a tl.:i'Utl'a:::mru 2546-2547 

11l'.l-w1w11r1fjLL�:::L'fln'll'W�L-ii11':i:wtr1Nmn:::vl'h:itl-.1uth:::mru 2546-2547 LL�C?N1')1.'Wlil111-.1� 5.1 L(?)l'.lmnn 

mmrun:wJ!-wlilf-1� 

o �1,!n-11-wtlnnruL�'fli'W�

- 'fl'WLr111:::tfm11"'mmruf-.1�

tm:wm 1-wrii''l'flch-.1tl1

- 'fl'4Lr111:::tfm11"'mmruf-.1�

LL'fl�Yh 1'Wrii''l'fll'l1'1 �'W
ff" 

0 1.v � - 'fl'4Lfll1:::'l,ln11u1Ul'l'll'.IU

'ill'l-11 tull1'l! L1(?)'fl'Wl-!1 lil 1j1'W

o m:w'l'l'lmP11�lilfmmvmtl'

n1:::Y111-.1�1n11ru�'ll

- 'fl'4Lfll7:::tf TLD 91'W':l'U 100

La'.J(?)

- 'fl'4Lfl17:::tfn11iJfrnvimJ

TLD
.J;' - -o nrnt'l!m'l"l�-.1nnm1!il

m:::Y1n-.1'\"l�-.1-.11-w

- LU'W�mm11-u1:::':l�1'W'11'W

llU'fllil�1'l,lfiJJl-JUL!ilJL�l'.l:W

o m1u1:::u1-wfl1'l,lm-.1

0 n11u1:::tl1rlr;i-wn�n1fl
'II 

�r;irl-.1rii'1'fJcJ1-.1(111'.l'W13-J 

�1,!n,J1::;,J7LL�(?)-.11 'W 

mfleJ'W':ln 'll) 

'VI mm 'VI i;i 

o � a � r - n1fNVltl'fll'.lln1.JLL�:::':lLfl11:::'l,l

rii'1'flcJ1-.1n1nlil:::n'fl'W"l1nn11

eJ�li1J1u1:::tJ1

fl11'lb'elfi'lf'U 

o u111Y1 Ulil'l'l. �1n"rn�:::eJftlilULliln�l'.l:w 91ll(?)(iJ'l,l1'l!'W)
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Radon Daughters, 
Deposited At Radon 

Decay Sites 

Mostly Immobile. Remaining in Underground Formations 

Partially Mobilized. Occasionally Accumulating in Scales 
And Sludges 

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

.. 
Mostly Immobile. Remaining -. in Underground Formations lllllllllil! 

Ta ..,,{',--13 ----:-1-:-'i::;.;.__• ------
--�-1 1111
- -

Thorium Daughters. 
Deposited At Thoron 

Decay Sites 

a 

a 

Partically Mobilized, Occasionally Accumulating In 
Scales And Sludges 

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

U-238 LL�::; Th-232 decay series
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Oil and Gas 
Production 

Well 

t 

RESERVOIR 

' 

l 

Dry Gas 
--+ 

Oil and Gas 
Separator 

WATER� 

l 
Emergency 

Sediment 

:i''U� 611-2 Oil and gas equipment l?J 
"' 

Enhanced 
Recovery or 

Disposal 

Injection Well 

v11n--1vi 'll-1 Activity concentration (Bq/g) of 226Ra, 228Ra, and 210Pb in Solid Samples Taken from

Equipment during Shut Down. r121

Sample type No. of sample 22eRa

Hard LSA scale 15 4.0-32.3 

Porous LSA Scale 13 0.3-24.2 

Sand 26 0.1-21.9 

Sludge 15 0.1-4.7 

LSA = low specific activity 

22aRa 210Pb (no. of measurement)

2.6-33.5 0.1-0.3 (5) 

0.3-18.8 0.1-0.2(3) 

0.1-12.7 0.0-0.5(8) 

0.1-4.6 0.30.7(4) 

v11:n--1vi 'll-2 Activity Concentration (Bq/g) of 226Ra and 228Ra in Produced Water, and Amount of-
Water per Day of Samples Taken During Operation of North Sea Oil Field. [121

Platform no. 
1 
1 
2 
2 
3 
3 

11 
n.d. = not detected
n.m = not measured

Sample place 
Flotation cell 

Degassing tank 
Flotation cell 

Degassing tank 
Flotation cell 

Degassing tank 
valve 

226Ra 22aRa Amount, m3/day 
n.d. 0.3-0.6 n.m
n.d 0.5-0.7 n.m.
3.5 1.5-4.2 229-3,020

0.7-7.6 0.5-1.4 15,661-17,545 
1.9-2.5 1.7-2.1 2,078-2, 168 

2.2 2.4-2.7 n.m
3.0-5.6 0.8-1.1 n.m.
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LJ1111�Vl °11-3 Radon concentrations in natural gas (NG) and natural gas liquids (NGL) in various 

. [adapted from 13) 
countries. 

Sample Country/location 

description 

Africa 
NG 

Algeria 

NiQeria 

Europe 
UK 

Netherlands 

Elsewhere 
Germany 

North Sea 
Borneo 

Canada 

Alberta 

British Columbia 

Ontario 

USA 

Colorado, N. Mexico 

Texas, Kansas, 
Oklahoma 

Texas, Kansas 

Texas, Panhandle 

Colorado 

Colorado 

California 

Asia 

China Beiiina 

NGL 

C2 
Algeria 

UK 

Netherlands 
C3 Algeria 

UK 

Netherlands 

'JJ-4 

Reported range 
222 

Rn (Bq/m
3

)

40-1200
37-111

39-360
40-3,400

5-200,000
40-1,600

0-5,000
37-370
40-360
74-148
37-111

370-7,585
370-7,600

14,430-19,980 
248-29,600

150-3,400

37-5,920

37-52,650

190-54,000

370-1,924

407-1,665

410-1,670

37-3,700

40-4,000

49-88

300-2,650
522

300-18,000

1,085-5,800 

940 

150,000-380,000 

Reference 

Hamlat et al. (2003) 
UNSCEAR (1977) 

Holland (1998) 
Dixon (2001) 
Jonkers et al. 
Dixon (2001) 
SIMP (1993) 
UNSCEAR (1977) 
Dixon (2001) 
UNSCEAR (1977) 
UNSCEAR (1977) 

UNSCEAR (1977) 

Dixon (2001) 

UNSCEAR (1977) 

UNSCEAR (1977) 

Dixon (2001) 

UNSCEAR (1977) 

UNSCEAR (1977) 

Dixon (2001) 

UNSCEAR (1977) 

UNSCEAR (1977) 

Dixon (2001) 

UNSCEAR (1977) 

Dixon (2001) 

RCA report (2001) 

Hamat et al. (2003) 

Holland (1998) 

Jonke rs et al ( 1997) 

Hamat et al. (2003) 

Holland (1998) 

Jonkers et al (1997) 



(11111'1� 'll-4 Summary of Existing Oil and Gas Producing States NORM Regulations and Guidelines.c14l 

Equipment Property 

Soil Material 

Unrestricted Transfer 
of Land 

Equipment Property 

Soil Material 

Unrestricted 
Transfer of Land 

Equipment Property 

Soil Material 

Unrestricted Transfer 
of Land 

1) Exemption Levels / Release Criteria

Arkansas 

:::; 50 µRJh including background at any accessible point and surface 
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 

< 5 pCi/g Ra-226 and or Ra-228,and 
< 150 pCi/g of any other NORM radionuclide 
:::; 5pCi/g Ra-226 or Ra-228 above background averaged over the first 15 cm of 

soil below surface, averaged over 100 m2
, and 

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

Louisiana 

:::; 50 µR/h at any accessible point 
:::; 5 pCi/g Ra-226 or Ra-228 above background, and 
:::; 150 pCi/g of any other NORM radionuclide 
:::; 5 pCi/g Ra-226 or Ra-228 above background averaged over the first 15 cm of 

soil below surface, averaged over 100 m2

, and 
< 15 pCi/g averaged over subsequent 15 cm soil intervals; or 
:::; 30 pCi/g 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) 

:::; 1oµR1h above background; and surface contamination below the following 
limits (dpm/100 cm\ 

0 For alpha radiation : average of 100; maximum of 300; and removable of 
20 

0 For beta-gamma radiation : average of 5,000; maximum of 15,000; 
removable of 1,000 

:::; 5 pCi/g Ra-226 above background 
:::; 5 pCi/g Ra-226 above background averaged over the top 15 cm soil layer, 

averaged over 100 m2
, and 

:::; 15 pCi/g averaged over succeeding 15 cm. thick soil layers 

'll-5 



r,nn:i� 'll-4 Summary of Existing Oil and Gas Producing States NORM Regulations and Guidelines.(141 

(continued) 

Equipment Property 

Soil Material 

· Unrestricted Transfer
of Land

Equipment Property 

Soil Material 

Unrestricted Transfer 
of Land 

Equipment Property 

Soil Material 

Unrestricted Transfer 
of Land 

2) Exemption Levels / Release Criteria

New Mexico 

S 50 µRlh including background; and removable surface contamination must be 
<1,000 dpm/100 cm 2 

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

m 

Mississippi 
S 25 µR/h above background at any accessible point; and surface contamination 

below the following limits (dpm/100 cm\ 
0 For U-nat., U-235, U-238, and associated products (including Po-21O) 

except Ra-226, Th-230, Ac-277, and Pa-231: average of 5,000; maximum 
of 15,000; and removable of 1,000 

0 For Ra-226, Ra-228, Th-230, Th-228, Pa-231, and Ac-227: average of 100; 
maximum of 300; and removable of 20 

0 For Beta-gamma emitters: average of 5,000; maximum of 15,000; 
removable of 1,000 

<5 pCi/g Ra-226 or Ra-228 above background, or <30 pCi/g, averaged over any 
100 m2

, provided the radon emanation rate is S 20 pCi/m2/s; and 
S 150 pCi/g of any other NORM radionuclide 
S 30 pCi/g Ra-226 or Ra-228 averaged over a maximum depth of 15 cm of soil 

below the surface, averaged over 100 m2

, provided the radon emanation rate is 
<20 pCi/m2/s; or 

If the radon emanation rate is � 20 pCi/m2/s, S5 pCi/g Ra-226 or Ra-228 averaged 
over the first 15 cm or soil below the surface and S 15 pCi/g averaged over 
subsequent 15 cm soil inteNals, averaged over 100 m 2 

Texas 

S50 µRlh 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 
S 30 pCi/g Ra-226 or Ra-228, and 
S 150 pCi/g of any other NORM radionuclide 

S 30 pCi/g Ra-226 or Ra-228 average over the first 15 cm of soil, averaged over 
100 m2 
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n1ioie.iu'Jn ioi 

1. n1'a'U'i'Ub'Vi�'Lifi1m:inru'i.:J�'ll'el.:J TLD m..i.:ibiJ'U 2 'ci'd'W li1.:Jt1

1.1 n11tlfrnV1t1ufi1mmruf..:i�r.i1nn1111?1�'1tl Thermo luminescent Dose ( TLD) 
'll'Ulil'f fW 

1. Y11n11(fo..:iLii1?1 TLD [7]1:Wvimmr-i'll·M lwrn1?1'V'lr11�iiin

2. '11 TLD i..:ivi:w1?1LUY11n11muf..:i�Lm:wmr.i1n Cs-137 �'V'l�..:i,nw 0.662 MeV Ll?ltl!l1Vl'Wl?ll.ITmruf..:i�
(Dose) �1-ifl'Wmnnu TLD �'fl 5, 10, 20 LLr-i:; 50 mR [7]1:W�1vi'u

3. �..:i�1mrnn1V1'W1?11.IT:!-l1ruf..:i��LiJ1?1 TLD r.i:;1�fu 91nL'1r11�L-ifl'Wn11'el1U TLD Ll?l'c.ln11fl1'W'".lillf11fl')1:W
LLNf-.'.l�'ll'fl-.'.1 Cs-137 �b'if

r.i1n 4 Nov.1999 30 Jul. 2004 fll?lL'U'W 1730 1'W 

t
112 

(Cs -137) = 30.17 x 365.25 = 11019.5925Day 

A
0

= 4.7237 x 10-4 RI s 

!?l..:iu'W 

A-Ae-21 

- 0 

( 0.693xl 730) 
A _ A e 11019.5925 

-
0 

A= 0.8969A
0

A= 0.4237mR Is 

Dose 0.4237 mR 1'iiL'1r11L'Wmrn1u 1 sec 
!?1-.'.IU'W Dose 5 mR L'DL'".lr11L'Wn11'el1U 11.8001 sec 

Dose 10 mR L'DL'1r11L'Wn11'1l1U 23.4016 sec 
Dose 20 mR 1-ifL'1r-i11'Wn11'1l1U 47.2032 sec 
Dose 50 mR H'rnn1'Wn11'1l1U 118.0080 sec 

4. r.i1nii'fl 3 TLD ��1'Wmnnuf..:i�Lm:wmr.i1n Cs-137 LL�'l 'fl::[7]'fl:WLW-.J�n"l::cinm::tii''WY111ifLnl?l� ' 
'eib'il\n(;lrn'W'fi�1:;LLr-l:;Lel��'WL'W thermoluminescent crystal LL�:;r.i:;tJn trap H�'ltl lattice imperfections
b'Wi:.J�n b�'flL�f1-.'.l'fltjL'W�m'W:;m:;�u1�Li'.l'WVrn1'W1'W r.i1ni!'Wr.i:;u1).J1'1l1'Wf11�'1mf11'fl..:i'1l1'W TLD �..:ir.i:;
m�t1Vl�nn1111Xm1).J�'fl'WLLrii:.J�n TLD L�'fl 1�'fiL�n(;11'fl'WLL�:;te:J�Vl�l?l'fl'fln'"l1n traps n�u��m'1:;tln�
�-.'.lill).J1n.Jfl')1).JL'n).JLL�..:ii..:im.Jli1�U�'fll'J'fl'fln).J1'-l1ni:.J�mtl'WtlfimP1nU�1'W'J'W trapped (Vl1'fl excite
electron) �..:iriLtl'WtlfimP1nU'l"l�-.'.l-.'.11'WT-.'.l��u'.11i1 TLD 1��1i1n�'Wl'1't!'WL'fl-.'.I

5. ii'fl¾J�r.i1n1'W-if'fl 4 tJnl11mL�t1'Wm1°flLL�li1..:iP1'J1).Ji:W�'W1fn:V1'l1..:il'i1mmruf..:i��1'Dl'Wmrn1u TLD �'Jtl
Cs-137 nufi1m:w1ruf..:i��'lli1LcJi'r.i1n TLD �-.'.IL'Ll'Will).J1n.Jf..:i��Liili1 TLD 1cJ\'�1i1n�'Wl')



0 

6. r.nn'll'fl 5 "1:;L��im1-r y 1.9778 X + 0.0332 L�m111u1-ifl:wmn.Jforvk1umrhtfhnrut'-:i��1�"11n

n11(?]'j")"l')(?I 1-W�-:J LL'l{?l�'fll-J(;]'fl LU

120.000 

100.000 

80.000 

60.000 

40.000 

20.000 

0.000 

0 

t:-J1'1n1-rut'rnvi1:1m:;vv:h-:ir11illJ..J1rut'-:i��1-ifl:wm-rmu TLD nur11'il(?]-r1-wut'-:i�vu�1:1� 

'l{?I L�"l1nTLD 

r11mJ..J1ruf-:i�vi1ifl:wm-rmu TLD (mR) r11'5 (?111-wuf-:i� L 'il.�1:1vi1' {?IL�"l1n TLD 
(nC) 

5 10.156+ 1.000 

10 19.390 + 1.023 

20 39.799 + 2.694 

50 98.899 + 6.944 

TLD 200 calibration (Cs -137) 

y = 1.9778x + 0.0332 

= 0.9999 

20 
Exposure (mR) 

40 60 

-ru� r1-1 nnvhL�(?l-:Jt:-J1'1m-rufrnvi1:1m:;·1,d1-:ir11mmruf-:i��1-ifl'Wm-rmu TLD nur11i(?]-r1-wu 

f-:i�L'il.�1:J�'J(?IL�"l1n TLD 

'n'W(?]'fl'W 

1. v'hm-rL11:1-:iLil'11 TLD (?]1J..J'l-ll-111:lL1'1'1liN1'Wm'1l'Y'l�1��n

2. -w1 TLD J-:i'l-ll-1'11LU'f11n1'r'el1U1-:J�Lml-lm"l1n Cs-137 �'Y'li-:i-:i1'W 0.662 MeVL'111:lf11'1-1'W'1llli'J..J1ruf-:i�

(Dose) �"l:;1-ifl'Wn1'r'el1U TLD �'el 100 mR

3. '111n1'r�1'W'ln.lL'l�1�"l:;1-ifl'Wm-rmu TLD L�'fl1�� Dose (?]1l-J�L�f11'1-1'W'11L'J L'111:J�1'W'lnJf'l'l1l-lLLN1-:J�
..J1"'ll'fl-:J Cs-137 Vl 'll 

f'l-2 



"l1n 4 Nov. 1999 19 Oct. 2004LUUL'l�118111u 

t112 (Cs 137) = 30.17 X 365.25 -11019.5925Day

A
0 

= 4.7237 x 10-4 
RI s

fi',nfo 

A-A -,l1 - oe 
(0.693xl81 I) 

A = Aoe 
11019.sns 

A= 0.8923A
0 

A = 0 .4 215 mR I s 
Dose 0.4215 mR H'L'l�11un11m1J 1 sec 

fl-l\JU Dose 100 mR H'L'l�11un1n:n1J 237.2340 sec 

4. 91nif'El 3 L�'Elr15'1J!l1VIWrlL'l�1 'W1 TLD �i-l1un1rn11Jf-l�LL�'l LLU-l'El'ElnLUU 4 zbmvi17 nu ci'lU� 1

'W1l-!1'1l1UA1'1'1UV1 riln�1iici'lU�L'\-'lft'El9:::Ln1Jl'J'1l1UA1Vli'191n�'1l')LUU5':::t.1:::L'l�1 1, 2 LL�::: 3 L�'ElU

li11l-!�1f11J

5. r.i1n-ii'El 4 r11�1rJ\'tl1ii1L�t.1unn1,fa�1r1-:im1ii�irvfulfa:::v1�1-:ir111fhnruf-:i��,r1r11rJ\' nu'li'l--11:::t.1:::L'l�1�vh

n1J'')(?\

6. r.i1nif'El 5 r.i:::1rJ\'�iin11 Y = 0.9184e-o·0922x L�'El'W11tl1ifl.un11tlfrnLnr11illmruf-:i��tl�1r1tl�'Elt.1

(fading) 1mLlii�:::'li'l'15':::t.1:::L'l�1�Vl1n15'�1rl�'1 TLD L�'Elvhn1111r1illmruf--1�1u�'1LL'l!?l�'Ell-Jlii'El1tl

li11J1'1Vl A-2 

«=::I O I I 

L'l�1'YlVl1n1'.i''El1UA1 

'l'IUV1V1i-:in1rn1uf-:i� 

v1i-:in1rn1uf-:i� 1 L�'El'W 

v1i-:in1rn1uf-:i� 2 L�'El'W 

v1i-:in1rn1uf-:i� 3 L�'El'W 

r11illmruf-l�Vl'1l1'W1rJ\'1uuvl�:::'li'l--11:::t.1:::L'l�1 ( fading ) 

r11ilil11uuf-:i� SD %SD relative reading 

L'U�t.l 

(nC) 

324 8.4 2.6 1 

242.7 7.1 2.9 0.75 

239.7 4.3 1.8 0.74 

239.3 3.3 1.4 0.74 

A-3



Ol 
.S 
"O 
m 

Q) 
> 
"iii 

2.00 

1.50 

i 
I 

1.00 1 

0.50 � 

TLD 200 Fading 

-0.0922x 

y = 0.9184e 

R
2 

= 0.6374 

II 

• 1i1Ufi1iuYl 

II !i1ufi1"60�1un1rn1ufoil 1 1iiiflu 

.l !i1uFi11160�1un11mufoil 2 1iiitu 

II !i11lfi1"6��1u111rn1uf�il 3 1iiitu 

- ,�n�11·11uu1;us (!i1u,i1Yiui'i1 

o.oo L.------------.-�-----,---------� 

� 
"ll'WIWel'W 

0.0 0.5 1.0 1.5 2.0 

Time ( month) 

Source : Pylon electrics development company.ltd. 

Model RN-2000A Passive source 

Serial No.156 Isotope ; Ra-226 

Total source activity: 20.79 kBq 

Dispend activity : 

Date of calibrate : Jan 26, 1993 

2.5 3.0 3.5 

1. Chamber �H''Yl1"11n'fl:;f)��n 'll'W1Ci1 n')1� 667 b'li'W�lLJ..llilJ, m'l 667 L'li'Wlilbl-.llilJ, �� 417 b'li'WlilLJ..llilJ
"' 

m1J..1r.im1:.11-w 18,551.87 ftnU1PlnL'li'W!ilLl-.llilJ
' "' 

2. 'Yl1n1JlilCil��l-.l CN-85 LLft:;�(i)')1�'ep.Jmru�r.i:;1-ifl-wmnffrnvlmJJl11:.1l'W chamber (!i1�itl� fl-3

LLft:; Pl-4) 



(n) 

(n) 

('ll) 

'.i"LI� fl-3 (n) LL�::; ('ll) LL�v1'1ftm1ru:::n114'vi'l1'1'fl'Linnu 
'iJ ' 

('ll) 

11.l� fl-4 (n) LL�vi-:iftmrru:::'ll'il-:i�ii LL�:::(ilun1Luv1111'l!L'.i'vi'il'W �1-ifl.umrnvi�'il-:i 

('ll) u�v1--1ftn11ru:::'ll'il'1 ATMOS 12 DPX ionization chamber detector �1-ifl.u n1'.i'i'lv1�'fl'1 

3. (l]'flVl'fl�11:.11'.11'1'fl'fln"l1n chamber dhrjLfl�'fl'1')v1fl1iJ1t,l'.i'!1'Wl11'l!L'.i'v1'fl'W ATMOS 12 DPX �'1LD'W

ionization chamber detector Vlft'1"11n'i11n1'.i'�'WLfl�'fl'1LL-li'lLD'WL'l�1 30 'W1Vl LL�:::'Yl1n1'.i'(l]'flVl'fl�11:.1

m-:ir.i1n detector nftrnihrj chamber (Cilsl?U� fl-5)

4. 

Chamber 

+ 

Film (LR-115,CN-85) 

Ionization chamber detector 

viii1mV11iJ �m1:.1fM ri1�ri1vi�11huL�m 

iu� fl-5 LLi:-J'Wfl1YHL�v1'1n1'.i'4'v1'l1'1'f.JUnrn1 ihvifun111'viri1 Background

fl-5 



5. 

6. 

v'hn111''71rh Background 

!ii'el'Y1'el�11'.ll:J1'1'el'eln"l1n chamber Lih�Eii l?l'el'Yl'el�11'.Jl:J1'1"l1nEii L'li1�!Xun1Lil'71ll1'lll1'71'el1J LL'Cl::lii'el 

Pump 

� � 

Chamber 

+ 

Ra-226 source 

Film (LR-115,CN-85) 

Ionization chamber detector 

'\,ll-J11'.JL'\,l{?J v'\,lil11'.l�'1 'J1i'JL'\,l'Cl�l11JL�m

7. 

iu� r1-6 LLC-J1J1l1"1'l LL�'71'1n119 '71'J1'1'fl'Linmf �1'!,1f1Jn11UfUL'Vll'J'l.J"11 r1'J1l-JL 'liil'li1JL1'71'el1J"l1n�1mL�l'Jil

il1fl11311J 

t, i,, t)I  cv t,  cv ..::Y

L'llil'll1Jn1'lll1'71'el1J 3 1::'711J'71'Jl'.ln1J r1'el 

L 'J'Cl1 (1J1'Vl) 

5 

10 

30 

8. mt'1r.i1nr111Jn1'\,11J'71L'J'Cl1'll'el'11::�1Jr1'J1l-JL'liil'li1Jll1'llL1(71'el'WLt.mliif:l::r1f'1�'1'Yl1n11rl'fl(;)'Y1'1)�1tll'J1'1�1ii'el

L'li1111JIX'Wn1Lil(;)fl1'JlL1(71'1)'U'fl'1)n �1n11U(;)El-J "l1ntl''W�1n11"l(;)'U'WVln"11r1'J1l-JL'liil'li'Wll1'l!L1(;)'1)'W Yln

10 'W1'Vl LU'WL'Jf:l11 -B''JLJ-J'1�1L'll'Wiltai'Wm::J'1muJ'131::�1Jfi1'J1J-JL'li3-J'li'W

9. 'W1Yl�3-J CN-85 �eJ1'Wn11'1l11J�l'JtJL1(;)'fl'WLL�'J L'LJ�1n11�1'1!l(;)'lJl'J11'.J1'1)tJ�')l'J�11'Cl::'Cl�tlL'l!L�tl3-JL!l(;)

;'eln
1

l'll(;) (NaOH) fi1'J13-JL'li3-loif'W 10% 'flnJ'\,IJ;)iJ 60 '1l'1Pl1L'l!f:lL'Dtl� LU'WL'Jf:l1 40 'W1'Yl

r1-6 



Radon 

(Bq/m3

) 

�11ri:;mt.1 t'.ll L�m-11ew1;'fln h vi' �111n f\'1-.:iu'W�'JYM'J-J'fl'fln LLri:;L'1.hvMJ-J 1* u*-.:i 

11. vhm1'WU91'W'Jm'flm11?1'fl'WU'Wyj�J-J�'Jt.1n�'fl-.'.I Olympus t'W BH2 n1�-.'.1'1ll'.l11'.l 400 L'\111 �'W�L'Wn11

12. 

' ,., 

uu 25 111111-.:iilri�LJ-Jl/11 r.i'Wm:;i-.:ir11ui-.:i 3 1:;iKum1moifJ-Jif'W

L11?1'fl'W�1'il1'Wm1muyj�J-J L�'fl'W1�J-Jn11LL�1?1-.:im1J-JiJ-J�rnf�1�hJ1ifl'WmnlfuLvlt.1uvnfi11:;iKu 

r1'J1J-J L oif J-Joif un1'll L11?'i'fl'W 1'WnnJ-J'll1� Lri'fl 1 oif n11111nr.i1 l?'l�'JmLi:.l'Wyj�J-J CN-85 

concentration Number of tracks in CN-85 ( tracks/25mm2
) 

2 3 4 5 6 7 8 9 10 

' "" 

r11L'urll'.l 

( tracks/25mm2

) 

Background 35 30 32.5± 3.536 

Low 

(12,360) 

Medium 

(16,565) 

concentration 370 235 325 380 235 245 260 370 320 340 308± 58.935 

concentration 660 590 470 445 570 560 635 540 685 680 583.5 ± 83.568 

High concentration 1875 1920 1760 1840 1720 1885 1785 1730 1795 1680 1799± 79.155 

(60,087) 

70000 

60000 

,C i 50000 

•

1

40000 

30000 

j 20000 

10000 

0 
500 

Rn calibration curve of CN-85 

y = 32.921x + 69.721 

R
2 

= 0.9813 

1000 1500 

Track in CN-85 {tracks/25mm2 ) 

ri-7 

• Background 
• Low concentration 
• Medium concentration 

• High concentration 
-11l�1i<lu (Background) 

2000 2500 



J'l1~H.J'W'Jn ~ 

'°111:l-J',fcvn~-r~~ bb~~:anruSV1t11'Vl'W~'°111:l-J'Ll~'el~Jl~ 
<U 

1. Radiation Unit 

Activity of Source Intensity Absorbed Dose Biological Effective Dose 

Old unit Curie (Ci) 

SI unit Becquerel (Bq) 

Activity of radioactive source 
measured in 
becquerels 
or curies 

Roentgen(R) Rad 

Roentgen(R) Gray 

FIim badge or dosimeter 
measures personnel 
exposure in rems or 
sieverts. 

~~ 

Rem 

Sievert (Sv) 

~ ,.._j""' 
Absorbed dose in rads or grays 

converted to dose-equivalent 
Intensity of gamma 
source measured 
in roentgens 

2. :J.l1111'a'IS1'UFl'J1:l-l'U~'el111J1m'l1-~f,:iiq ... 

in rems or sieverts 

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 1010 becquerels 
1 pCi = 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 coulombs 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 alpha ray = 20, beta ray = 1 , gamma ray = 1 



1. tfhnruf-:i��,l�v)��tlflu�-11'WV11'1f-1�fu1�1:w 1 tl �'el 50 i1rlMLi:ifa (50,000 LJ-Jbflj'jjL'Jfol)

Lvll'J�Lri'elL'il�l'J 5 U�vli;]'1lfl'W�'1l'1LilLn'W 20 i1rlMLi'.iflil (20,000 LJ-Jbfij'jjL'Jfa) i;J'1JU m.h-1hn

li11J-J'n'1l171'1,1'Wv1��1 r1 qjll�'el iurJt!;0um-:iTUUfl-:Jf1'W ur1::r::3Y/f/t::i-:i hrirlr¥u¥-:iNufJ vd� /fl' vhdr.i::rh

1rlr
2. �1'1,1fU1.h�'l11'll'tn�'')1tlrhwwvi1iWuf,:i�1�ilLn'W 1 i1rlMLi:ifa (1,000 LJ-Jbflj'jjL'Jflil) i;J'1Jti

J'��t11fli11ruf-.1�� (jaJvi11 �Lfiv1n1J'LtJ�tJ'WLLtJ�.:J L'wi1'1n1tJ�'W�U jjr)1�.:Jn'J1 250 iJ��� LfJf r;1 
' ,, 

(250,000 'lJ-JLflj'jjL')flil) tvimuun1rHffuf-1�LLUULiul'JUY'li'W1'Wflf'1L�m Ci1'1i!'W t11L11'li;WrnEmruf-1�1'Wflf-1 

L�m�,:i'liJLn'W 250 i1rlMLi'.iflil (250,000 LJ-Jbflj''jjL')flil) nr.i�1ilri'1l 1'1XLnvimntl�l'J'WLLUrl'1'\,11'1lfl'Wlil'.i'll'.l1vi 1

Lrll'J LLi;Jt111�fommruf-1�1'W'll'l'1 250 - 500 i1rlMLi'.ifli1(250,000 - 500,000 LJ-Jbflj''jjL'Jflil) �1mnrvh1'1X 

Ln vi mntl�tJ'WLLUrl-11 m�uu foil li1 ni;ir.i�niu �u�tln �1�tvitJ'lil3'.l i!-lrlL�tJ1:w1�tJ �m'l 1vi 7 r.i�L iiu1�,:h 

m lil'.i'_;i1'Wn1 j'fl')U "l J-J fl')1 J-JUrl'el v)Jl l'Jl'l 1-1 f ,:i�� 171'\,l'Wvl 1 'IX �tlflu�'11'WV11'1 f ,:i � fo f ,:i�'l�i!'W 3'.lmm lli'W 'el l'J n 'l 1 

j'�fi1U�'1l1"lLU'W'el'Wlil'.i'11'.JL�'\,lrl11'.JL'Vh 

2.1 Exposure limits and health risk181 

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. 



Nuclear occupational dose 

Whole body dose Below 20 mSv/yr, average over 5 years (i.e. 100 

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

single year 

Eye lens Below 150 mSv / yr 

Skin and extremity Below 500 mSv/yr 

2.2 Radiation concentration: 

2.2.1 Radon indoor : 

Public dose 

Below 1 mSv/yr 

Below 15 mSv/yr 

Below 50 mSv/yr 

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/I of air. Levels greater than 2,000 pCi/I 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 pCi/L. 

(?J15'1'1� -:i-3 Guideline to control Radon concentration in working place and schod91 

Organization Radon concentration in Radon concentration in 

working place (Bq/m3

) 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 water contaminants are 

shown in following Table: 

'1-3 



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 

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 µg/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 : http://www.epa.gov/ 

2.2.4 Standard of soil cleanup[141 

• 5 pCi/g Ra if radon emanation rate from the surface exceeds 20 pCi/m2/s 

• 30 pCi/g Ra averaged over any 100 m
2 

if radon emanation rate from the surface 

does not exceed 20 pCi/m2/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 pursuant to the Clean Air Act and its amendments . 

n��u1�n1���� ��� 
... ' ... 

frn .. h::Yl1'W'W1 LL�:: mm'l'VlL1h'1l::LU'fl'W NORM v'h1�i'.hn�tiJ.J�::�J.JL'1l.'Wrn::f?ln 
� 

�-:imr.i bU'WU Cl_jln (,)'1)�'Jlll1'W 1 'W'i'::ti::m'l�1i1fu b �1WW1��tlnu'11-:i1'W 

n1'i'il1ti1'-lb'1l1f11'llb'i'f?l'1l'W (Rn) u�::�'WL'WL�bU,tlJ.J (Po) dh1tl1'W'l'::w;h-:im'i' tlnu�-:J1'W 

�-:J'1l1'-li'.Je.J�(?l'1l'l'::UUvl1tl 1 r.i 1cif 

�-:ii!'W fl'W-:J1'W�vhm1J.J�::m f?l'1ltlrnru'll'1l-:J LN-:J1'W"1:; LU'W��i'.l fl'l1J.J L�ti-:i�-:i� f?l�roi:; 1ciffuf-:i�r.i1 n 
q, 'll 'll , 

NORM bf?lt1Lciffur.i1nf-:i�bLnJ.JJ.J11l1tl'W'1lni1-:in1ti n1m1t11"1L'1l1�'Wb-ih1tl u�:; n1'l'iJ.Jc1�nu slag bf?ltJ(?]'j'-:J 

r.i::v'h 1 �ehm1-:i 1ciffuf-:i�u1lh 'i:f?lti (?]N 

4. fl'l1J.JL-ifJ.J-if'Wf-:J��1L'W1::'Jl'1l-:J�1'i'flJ.JiJ'W[?]f-:J�(?]1J.Jfi'i"i'J.J'll1��'WU1'W'fo�(?l1-:J 1

fl'l1J.J L-if J.J-if 'Wf-:J��1 b 'W1::'Jl'1l-:J�1'i'flJ.JiJ'W(?]f-:J� (?]1J.Jfi'i"i'J.J'll1 ��'WU'1ltj1 'W'1� � (?l1-:J7 LL� f?l-:J 1 'W(?]1'l'1-:J� -:J-5 

,J (?]1'l'1-:!Yl -:i-5 Concentrations of Naturally Occurring Radionuclides in Soil, Rocks, Sediments, 
Groundwater and Surface Water. 121

Concentration (Bq kg·1, dry weight)
Nuclide Soils 
23su 2b-9.8 X 103 

C 

234u 55--9.7 X 103 
C 

232Th 1--180 
230Th 17-160c 

22aTh 3.7-7.4 
22aRa 5-185
22sRa 2.6--200
210Pb 8.5-230
210Po 10--51 
4oK 0-32 X 103 

a From Bradley (1993). 
b As collected 

Rocks 

0.5-4.2 X 106 C, d 

2.9--3.5 X 103 
C 

2--280 
< 11--26c 

NA 

NA 

30-1.7 X 103 

NA 

NA 

4-40

Sediments 

2-1 x104 

18
1-130

35 
NA 

NA 

3--1.3 x104 
e 

20-700
NA 

19-1.6x103 

c From an area of know enhanced natural radioactivity. 
d Bulk uraniferous vein material. 
• May include mine waste.
NA = Not available
1 Bq = 27 .027 pCi

Concentration(Bq/1) 

Groundwater Surface water 

2.0 X 10.7-185 < 1.0 X 1ff3-5.6 
NA 4.5 X 1ff3 2.7 
NA 0.5 X 10.2

NA 2.6 X 10.3 - 5.0
NA 3.5 X 1 ff3 - 1.9 X 1 ff2 

1.5 X 10·2 -0.21 5 X 1ff4 

7.4 X 1ff5 - 56 < 1.0 X 1ff3 -3.0 
< 4.9 X 1ff4 - 51 1.7 X 1ff3 - 0.25 

0-4.8 X 10·2 5.6 X 10.4 2.6 X 10'3 

1.3 X 10"2 -0.16 0-0.85



.cl .cl g.., QJ 

5. 'el111�1'Vlfi'a'a:J.l'Vlbm.l'J"ll'el�n'l.J NORM
' ' ,, 

'e)(?l�1Vlnn:wvhn1:.11-ii''el�1lU NORM/ TENORM 5'.1 ��11 

1 . Geothermal energy production 

2. Oil and gas

3. Use and Treatment of water

4. Metal mining

5. Coal and Coal ash

6. Phosphate, Fertilizers

7. Uranium mining

Material Radionuclide Concentrations (Bq/Kg) 

Scale in pipes and other equipment for handling Background 15,000,000 
oil/gas and formation waters (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, Background - 400,000 (generally 100 -

rare earths. etc.) 5,000)



' ' 
c,j ,i,, ,i,, c,j 61 • [8] 

IYl1:i'1-:J'Yl -:J-7 fl'J1a.H"ll�"ll'W"ll'fl-:l TENO RM 'Yl'WU b'W�IYl�1V,n:i':i'�IYl1-:J 1 

Industrial Activity TENORM Form 
Uranium mining Overburden 
Phosphate-fertilizer Ferrophosphorus, 
and elemental - Phosphogypsum, Scale, slag 
Phosphorus 
production 

Coal combustion Fly ash, Bottom ash 
Oil and natural Scale, Sludge, Contaminated 
gas production and water and production and 
processing Processing equipment 

Metal mining and Slag, leachate, scale, and tailings 
processing rom: 

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

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

Geothermal energy Scale, Brine pond deposits 
production 

Others: 
Pulp and paper Scale 
production Zircon sand ceramic shells 
Metal casting Contaminated soils 

-:i-7 

Concentration 
Average LL0

Ra 0.92 Bq/g (25pCi/g)
Fertilizer: Feed material with '

00
U at 1.5

226 228 
kBq/kg, Scales Ra and /or Ra at 100 
Bq/kg. 
Phosphoric acid: 

226
Ra at 1 kBq/kg. in 

gypsum; 
226

Ra at 100 kBq/kg. in precipitate 
Uranium and thorium at 0.2 - 10 kBq/kg. 
LL

0
Ra typically at 1-100 kBq/kg; 

. 226 3 
Highest reported: Ra at 4 x 10 kBq /kg 

Monazite sands: 
226 

Ra at 0.06 - 6.7 kBq/kg., 
228Ra at 0.3 - 33 kBq/kg.
238 

U at 3.6 kBq/kg. 
232 

Th at 0.52 Bq/kg. 
Zircon sands: 
238

U at 125 kBq/kg., 
232 

Th at 43 kBq/kg. 

Average ""Ra 4.9 Bq/g (132pCi/g) 

Thoriated lamps and rods; 232
Th at 500 

kBq/kg. 
232 

Ashes of gas mantles: Th at 150 q/kg. 
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