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The study was to investigate e £, bable water types on secondary radiation

lyzed for the activity concentration

of the natural radionUeNEEE Hsing 1 : de FWith a relative efficiency of 20%,
the activity in water sagplEale ., 61 BC .- 8LSpe ific activity concentration for
**Ra, **pb. "Pb, *; ! | 6.+ 0.89, 0 10 0.40 + 0.07, 0 to
0.07 + 0.08, 0 to 0.374F QM Ofahd "0 1057, \ 81.Ba.Kg", respectively in various
water types studied > e "‘..-'-- ik ‘ imples, respectively were found at

trace level. Howeveg ability and low cost.

In the experinienty : T ___ 6} sta sS'steel containers with dimension
of 1L0Bmx123mx0. et an i #d with tap water were mounted around

the lead shield HPGe detseloe-i¢ iC s with filled and non-filled tap water

were counted far-a perod of 80000 secands —The T Li s indicated that stainless
L7 ' \
steel containers .“ "':1 ound counts statistically. A

reduction of net pet k area and net area uncertainty

-‘ obtained. A multilayered
shield of t ter i m m detector housing was
created in ['t e ﬁﬂmd oln dﬂn?cnnstmctlnn materials.

ts_s matic Ilf polyethylene
mﬁ ﬁaﬁﬁﬁﬁ milﬁlﬁ i% éﬁl giaaymr background
count particularly from “'K (Energy 1.46 MeV). Tap water yields a satisfactory result

for the construction of efficient multilayer secondary shields.
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ANENNT (2.7) axle
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2.2.5 AMNKINTIARNTE (Specific Activity)



16

WA nuanteantsared lalaindiusdunsed fanniane aAduusaraslalaing

o o

Nt T o O Vg L N gL R L PGP E R ST N e G A LI TN P R FTER P L L TV R VW

Reansu (Ci/g), Winimawasaniy (Ba/g) wse Winiaairasenlaniy (Ba/kg)

'
v o o o a o

2.2.6 ArAgantiudnlidniuAinisdannsiaating (Lower Limit of Detection)

TN UANR azinniInmasaiadainsetteraue i iunisdaauuansas el
a

NaANLLlaTIAN

o

ale (IAEA, 1989) Lilunaannni3dnsadannsaetng Ansaadnle

Yy A P e j X [ o = 2 P | A a
RLAANNATNNINNANAN Lower Limit of Deteclion muiﬂm’mu N%afaimmﬂumwmmq’m

' [

NN3AAEFUAITIRUDIADEHNT NN N AURINATATIAT A LA NANTNAY Lower  Limit  of

' o i %

Detection yigatiaandniAneaadatiiaildainasndariaesnisdaisfanieiadle (Not

Detectable) ‘l

aa dl ! o o Tl : f"l o o A o 1 A ¥ !
Qﬁﬂﬁ?‘l’]@ﬁ@ﬂﬂ’]ﬂ"l@ﬁ%l&ﬂﬂva@QWLﬂuﬂ’]Qﬂﬁ‘\‘m"]’]ﬂmQﬂﬂ’]\‘l ABAACABANNEETNARAN

q

D_

LUANTIIALR9TTLLL8IN I AR WH 1714A Nazg 18 sanssin b vizaaialaenisiiy

wanlunisiudn iunnat ) b 4

2.3 598uwnuNn (Debertin, 1988)° el

2.3.1 nraaTEEa s ALnNNN

o 3/; al a é’ o o Krls)u/ a A v
nsaane i A UNNNT NATNUAYAINNIgAaTE A 1A visaaynAlauds 1IN
lalaindgnéetluannenszsiu lalainduuazsesliusingaganueiu lnanislaesnau
whAN AN Fanda 593N 89130 [l e, (KoK, :2000) WA URAZAINNDUBIFTIRLANN

FAHAURUSNANANT

hv. "= E,— €l (2.7)
= o = -
bNB h AR ATPANNUBILNAIA
A -dl o o a
V AR AIMNDUBINAINIUTNALNNNN
A o al %
E, ABNANTULTNA U
A o 4
E ARNAINIURANE



17

nsdanasa R aunuan llinafemantg uaziareznanaad lalsindneuiaznds
nsaaesa uwiinalidmasuanas laltnlusiuazlelaindlgnaadulelnues enaisen

ANggaaNeAa I RAwNNEN 1A “nnsi Al aelalaiwesn (Isomeric Transition)”

232  AUAINIENUAINALANNIAUAANT

tﬂl o a 1 % o o a o aa [ = 1
LN@T\?@LLﬂNN’]NquLﬂ'\N'}FLuM’J’_] QZLﬂﬂﬂuﬁ]?ﬂﬁ‘ﬂqﬂUi’ﬂtsﬁIVIﬂ BRTNNITONELN

o 4 ' A I o an = -dld”
WA uliLnasnanviTaly Lanaasl F1L14% UUe9aURIAsaNEnanaLuL Tunilay

] PP = o o oA o X
NANDN 3 WU NEHaLazNdl Wt lil 199A39E Al
- nanal
N3uIRN1IN NG 190NN NAIWAINNA 1L
ALANFATAUNINTALUILAS WwiauEaliuigraenllniauanaznen
“‘ 1 1 o/
Band “Iiptannse” 1997 é\u JNTRBLaNATaY (E ) NAWINAL
HARNSTDINAIUADITIAUANNA (hV) T INASA1 2199B9BLANATAUY UL AENITAL

..(2.8)

d

ﬂm&mmmwmmuv BNNNN

ﬂUﬂ’JWHWﬁWﬂ

Incomin
X-ray |

'LEL’E

Atom

77 2.5 manaUisenTningianssn



18
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- uwsldesndu (Pair production)
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(Evans, 1955)
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DOSE BUILDUP FACTORS--Continued

Dose Buildup Factor (B) for a Plane Monodirectional Source
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2.5 szuun199ndLlnATNARISIRLANN (Adams, 1970)
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NANISIAE

4.1 n9UsuRLNRIU (Energy Calibration)
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4.2 nsdsunaulss&@nsnw (Efficiency Calibration)
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L’Jmﬁ%ﬁu qummmim Efficiency Calibration) mmm\m 4.3 LL@Jlﬂjm\m’]ﬁ‘w (4.1)
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AN NN 4.3 AN UANTURNINTIE LL@:@'Wﬁuﬁummwﬁ*ﬁmmm?mmﬂﬁu U

[

wan tlaqiii (Funinievin Efficiency Calibration)

- . Aos. )\_1 Time (days) Awea
falpad | 1-Jan-09 (day”) 25-Sep-10
Am-241 | 1089.65 4.39024E-06 632 1086.630812
Cd-109 | 1522550 {ww0:001498054 632 590737.2965
Co-57 563.51 0:0025497653 632 112.4754598
Ce-139 711.88 0.0050348721; 632 29.54366248
Hg-203 | 2291.41 00148728424 632 0.189623922
Sn-113 | 2564.84 0.006021_37573' P’ 632 57.06224247
Sr-85 3476.15 0.01 9636364 4\ R 4.054789504
Cs-137 2463.09 6.2888E-05 {:"Jt,; 632 2367.113904
Y-88 5642.5 0.006489109 ;'-1'?:13? 632 92.81846323
Co-60 | 3006.62 | 0000359888 [ 4632 2394.961561

e .
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A %P
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sz@nsnIn (Bq)
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A15197 4.4 AN Efficiency 284uAaznasunazldunilss@nsn neesriadnied

- B Net Energy
falaad Time R Ay P, Efficiency
counts (keV)

Am-241 | 330000 | 80000 | 4.125 1086.630812 | 0.36 59.5 0.010544826

Cd-109 | 416000 | 80000 52\\ '* 737.2965 | 0.0363 88 0.000242495
W 0.856 1221 0.031548938

Co-57 | 243000 | 80000

Ce-139 | 55000

gg.E@, 0799 | 1659 | 0.029124709

Sn-113 | 41500 5{_'.\‘ 47 10.649 391.7 0.014007627

Cs-137 | 1420000 367.1139 0.851 661.7 0.008811496

Y-88 45000 .94 898 0.006447039

Co-60 | 963000 ﬁ986 1173.2 0.005033223

Co-60 | 864000 ).9998 1332.5 0.004510369

Y-88 25400 1836 0.003441303
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Efficiency Calibration
"September 25, 2010"
DSA 1000 S/N 05057966

1 T 1
1!L0 1000 10000

”y/ = 3.4024x0%

0.1 1

Efficiency
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0.001 -

gﬂﬁ 4.2 ANANNWE T3 ANENINT DI TATLWAIUAN]

annszii 4.2 azldaun

—_—

'll m ...(4.3)

il AerAadszAninnaewiadnied

ﬂ‘UEVJVIElY]@WEﬂﬂ‘i

AR NANTULBITNA

Syl ) @M@W%M% T T T

ﬁiﬁaq‘luﬁ%ﬂmqmmmmw waaunnsd (4.4) (JAEA, 1989) AMUIUUILFHIUANTURNIN

all o ] A
NNRINTURANT AB

a9t lAas

R,
A, = _ ..(44)
&, X Py xm

We A An Usunouiudunninaesialaas n (Ba/kg.)

n
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= % ] dl U L8
m A 128189 TAYRE 9N 3ATIER (kg.)

A

R Aa dmsn1eTiugnsrestialaas n (counts/sec)

A a a v o o al dl
€, Ae UsrAnEnmaewindnied NAndsnula
= o o al o d o
Py Aa SuuaRununn lunsaans fauikas
4. ANTIARNNAANGATDINTIANITRAN9I0dATE LLD (Lower Limit of Detection) Hutineiilu

Ba (IAEA, 1989)

LLD (45)
NIIANUIDINIA St
wa S,
S, SZ= Ryt
S, ate (cps), S,” = R/t
R, A4 the gross ¢
Rb
Lﬁ@mmmmﬂumumm AnanfusiasAruaAnfinaeIN193n

'
A o o

idFnTnANganiadnaIn1sndnls

1
v

%uﬂummmmﬂm

A

5. ﬂwm@’mmmzﬁMfmﬂ’]a‘qmwmqmﬁﬁm?mmim MDC (Minimum Detectable Concentration)

. PR8N TN

4.66xS,

’QWWMﬂ?ﬁﬂﬂﬂﬂﬂﬂﬂ?ﬂﬂ

NN7ANUIUNIAN Standard deviation (S

2

S’ AaS’+s)’

Wa S, Ao AndauuuNInIgIuesAdnIInstiudn (cps)

A, oA 2
AR ALLENLIUNIATFIUIAG gross count rate (cps), S, = R/t

—

S
S, Aa ﬁi’]Lﬂﬂ\iL‘uumm‘g’]um'ﬂ\i background count rate (cps), Sb2 =R/t



52

A ! g o o 1 = 1 |
AR ANTNUTINaaYsaating Il (kg.)

3

N

R, A8 the gross count rate (cps)

R, A8 the background count rate (cps)

4.3 MFIATIZRANNNNZANUDIUNTRARN 7]
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] o
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Bunauinsiunn nsa@lusesnauin (Ba/kg)

TRAUDILN
Ra-226 Pb-212 Pb-214 | Bi-214 K-40
Sn9ng # 1 - 0-0.30 +0.06 - - 0-486+078
ﬁﬁﬂifaq #2 0-3.79+0.74
igmm::#1 0-6.10+0.72
‘13’12@?: #2 0-5.89+0.70
ﬁqﬂivﬂq #1 0-4.26+0.72
'ﬁﬂﬂ?"ﬂﬁ #2 0-5.90+0.69
Hntlsxaln # 3 0-6.44 + 0.84
ﬁmavm # 4 0-6.12+0.85
ﬁﬁﬂavﬂq #5 0-7.39+0.95
ﬁ'}'ﬁ'u #1 0-5.32+0.77
i # 2 0-6.32 +0.75
gy # 1 0-7.94 +0.91
i’iﬂm{u]; I : I Ei q i | 3 3 - GTE 0-4.23+0.86
q

Sndu# 3 - 0-0.32 +0.05 - - 0-4.82+0.76
Snd # 4 - 0-0.30 +0.06 - - 0-4.15+ 0.69
Spmnguq | 0-3.94£0.76 ; - - 0-4.12+0.71
Fpagq#o | 0-397%083 [ 0-0.30+0.06 - . 0-3.95+072
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4.4 NISNARAUAMNAINITA FNITANLISIA
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http://en.wikipedia.org/wiki/passivation
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http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%94%E0%B8%87
http://en.wikipedia.org/wiki/Ductility
http://en.wikipedia.org/wiki/Malleability
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%A3%E0%B9%88%E0%B8%AD%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0%E0%B9%80%E0%B8%87%E0%B8%B4%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0%E0%B9%80%E0%B8%87%E0%B8%B4%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%AD%E0%B8%87%E0%B8%84%E0%B8%B3
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%94%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%AD%E0%B8%87%E0%B8%84%E0%B8%B3
http://th.wikipedia.org/w/index.php?title=%E0%B8%95%E0%B8%B1%E0%B8%A7%E0%B8%99%E0%B8%B3_(%E0%B8%A7%E0%B8%B1%E0%B8%95%E0%B8%96%E0%B8%B8)&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AA%E0%B8%87%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B8%A1%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B9%87%E0%B8%99%E0%B9%84%E0%B8%94%E0%B9%89&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AA%E0%B8%87%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%9F%E0%B8%A3%E0%B8%B2%E0%B9%80%E0%B8%A3%E0%B8%94&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AA%E0%B8%87%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%9F%E0%B8%A3%E0%B8%B2%E0%B9%80%E0%B8%A3%E0%B8%94&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%84%E0%B8%A7%E0%B8%9A%E0%B9%81%E0%B8%99%E0%B9%88%E0%B8%99%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%84%E0%B8%AD%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%84%E0%B8%A7%E0%B8%9A%E0%B9%81%E0%B8%99%E0%B9%88%E0%B8%99%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%84%E0%B8%AD%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9C%E0%B8%B4%E0%B8%A7%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%9A%E0%B8%AD%E0%B8%AD%E0%B8%9B%E0%B8%95%E0%B8%B4%E0%B8%84%E0%B8%B1%E0%B8%A5&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%88%E0%B8%81%E0%B9%80%E0%B8%87%E0%B8%B2
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%87%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%88%E0%B8%81%E0%B9%80%E0%B8%87%E0%B8%B2
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%88%E0%B8%81%E0%B8%A5%E0%B8%AD%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%88%E0%B8%81%E0%B8%A5%E0%B8%AD%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A5%E0%B9%89%E0%B8%AD%E0%B8%87%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B8%97%E0%B8%A3%E0%B8%A3%E0%B8%A8%E0%B8%99%E0%B9%8C
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http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%A9%E0%B8%B2%E0%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9
http://th.wikipedia.org/wiki/%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%A1%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%A5%E0%B8%82%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
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‘ 5 24937 Avenue Tibbitts
e ECkert & Zlegler Valencia, California 91355
- Isotope Products Tel 661+309+1010
Fax 661:257°8303

CERTIFICATE OF CALIBRATION
MULTINUCLIDE STANDARD SOURCE

Customer: AMALE INTERNATIONAL Source No.: 1364-6
P.O. No.: 2853-THI Reference Date: 1-Jan-09  12:00 PST
CatalogNo.:  EG-ML Contained Radioactivity: 1.001 pCi 37.04 kBq

Physical Description:
A. Capsule type:
B. Nature of active deposit:
C. Active diameter/volume:

0xy matrix

D. Backing:
E. Cover:
Gamma-Ray Nuclide Gammas Total
Energy (keV) per second Uncert.
60 Am-241 3923 . 31%
88 Cd-109 552.7 3.0%
122 Co-57 482.4 31%
166 Ce-139 568.8 3.0%
279 Hg-203 1867 32%
392 Sn-113 1665 3.0%
514 Sr-85 3421 3.0%
662 Cs-137 2096 30%
898 Y-88 5304 30%
1173 Co-60 0.08126 3002 3.0%
1333 Co-60 C d —99.98 0.08126 3006 3.0%
1836 Y-88 106:630 0.025 da 29T ~ 0.1525 5609 3.0%
Method of Calibration: ‘
This source was prepated from we s in uCilg were determined
by gamma spectrometry. m -
Notes: A

- See reverse sude for Ieak tét(@erformed on this sourﬁ»‘I

- EZIP partic in implicit traceability
for a number of nu te ndard Reference
Materials ( asWRC Regulatory Gunde 4 15).

- Nuclear data was taken from IAEA-TECDOG619 1991.

%:mmmmwnwmaa

150 9001 CERTIFIED

Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504

i .
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MUANNAVINTIA (Lower Limits of Detection)
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MUANNAVDINTIA (Minimum Detectable Concentration)
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ABNITATUIUNIAIAINLSISIRANLNIZUDY K-40 Tumqasne dilszih #1 anu. aspsne
A.UATUIEN BLALAITAIINAURAINITIA
1. ATIUFIAUNNNgVEIEY K — 40 (counts/s) = (ANTILFIRYR K — 40) - (ANTLITE

IAIULANTINA K — 40)

2. ANNIU s ANBN NIRRT ATIRNINATIN UGN
y — 1 OA(»0.8523(><) +0.3394)
r_‘ll A 1 a a v o o a
Wa y AR ANLszANININIRNTRTNE

6><S

LLD =

ﬂmmwauﬂzmﬁmﬁWHWﬂi
ENgh bl SRluBAINYIAY

Aa A 'WLﬁmmummgﬁmm gross count rate (cps), St =R/t

92]

t

'
' =

AR ALLENLLIUNINTFIULDN background count rate (cps), sz =Ryt

)y

wm
o

An the gross count rate (cps)

=4

A the background count rate (cps)

A A
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NISATUITIATAINTISIRUDY K — 40 lumras191indssdn 71 anu. 2a1AsnE 2. WAsUIEN

WAZAIUAINNAYDINITIA

(AuLila 16 AAIAN W.A. 2552 ALTE 21 AAIAN W.A. 2552)

ANTLFIAURY K — 40 lusnatinatindsziin 348.3 counts

ANTLIS9RRY K — 40 URILLIANTIVG = 57.3 counts

na g lun153aLd ’,”/ 80,000 second

ANTILFIAGVEIR K — 40 (3483 -573)
‘N 80000

.0040875 cps
ANUTEANTNINURIFITNTIAY Irff St '\ 0.004387522

Y 0 e .
TN A e

174662 kg.

ANUIUFAUNUNN AR 81511 0.107

0.0040875

o o

AU UANINEIR TR K — 40
e (0.004387522¢1.174662*0.107)

d

2108384 Bglkg

AN Standard deviation (S = 0.0002517439175

N u ¢ 3N EJ Ny WE Vi kedooooasizazars

ﬁq%ﬂ@’]ﬂﬂﬂl’ﬂﬂﬂ%"ém
(0.004387522*0.107)
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LAAIAIDEINNITAIUIUANNUUITDIUN LB NN1T95 9
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Without shielding #A1 X = 2890 uSv/hr

RNAN919 Mass Attenuation Coefficient 71 E 4184 Cs -137 = 0.662 MeV
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= 137.281 LGUBLNAT
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