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##5370320021: MAJOR NUCLEAR TECHNOLOGY

KEYWORDS: RESIDENCE TIME / Cs-137/Ba-137m RADIONUCLIDE GENERATOR /
NATTHAPHATCH PIROMKIT: DEVELOPMENT OF A TECHNIQUE FOR
ESTIMATION OF RESIDENCE TIME USING Cs-137/Ba-137m RADIONUCLIDE

GENERATOR., 80 pp.

Characteristics of an industrial = Cs/" "Ba radionuclide generator was experimentally
investigated in production of short lived “™Ba for radiotracer experiments such as in
measurement of flow rate, determination of minimum mixing time and residence time distribution
(RTD). The generator was produced by China Institute of Atomic Energy by absorption of 50
mCi (1.85 GBq) "'Cs onto KCoFC-SiO, cation resin. “™Ba could be eluted by using 0.1M HCl
with 0.9% NaCl solution. To allow "~ "Ba to build-up to its maximum activity, it was found that
the next elution could be done after 6 minutes using 10 ml eluting solution at a flow rate of 20
ml/min.

The experiment was then carried out in determining the RTD in a 157 L tank at varying
flow rates i.e. 0.12, 0.24 and 0.83 L/s respectively. The detector system consisted of 4 sets of 2”
x 2” Nal(T1) detector connected to a LUDLUM 4612 12-channel counter and a microcomputer.
The counter allowed up to 12 inputs and the outputs were displayed graphically on the
microcomputer screen. The results were in good agreement with those obtained from the DTS
PRO Software Package particularly after 50 s when the radiotracer was mixed thoroughly with
water. The next experiment was carried out in a 21.2 L fluid mixer having 4 baffles using
propellers and paddies at flow rates of 0.04 and 0.083 L/s respectively. The results were in good
agreement with those obtained from those obtained from the software particularly after 100 s

when the radiotracer was mixed thoroughly with water.

Department: Nuclear Engineering Student’s Signature

Field of Study: .. Nuclear Technology

Academic Year: 2013 Co-advisor’s Signature
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M9 2.1 assedaeauna llaldlugaaimnssy

Radiation and Tracing of
Chemical form Isotope Half-life

Energy (MeV) phase
Tritiated water H-3 126y Beta: 0.018 (100%) Aqueous
Sodium carbonate Na-24 15h Gamma: 1.37 (100%) | Aqueous

2.75 (100%)
Ammonium bromide Br-82 36 h Gamma: 0.55 (70%) Aqueous
p-dibrom-benzene 1.32 (27%) Organic
Dibrobiphenyl Organic
CH,Br, C,H,Br Gases
Lanthanum chloride La-140 40 h Gamma: 1.16 (95%) Aqueous/Soli
Lanthanum oxide 0.92 (10%) ds

0.82 (27%) (absorbed)

2.54 (4%)
Chloroauric acid Au-198 2.7d Gamma: 0.41 (99%) Aqueous/Soli

ds
(absorbed)

Cr-EDTA, CrCl, Cr-51 284d Gamma: 0.32 (9.8%) | Aqueous
Mercury metal Hg-197 2.7d Gamma: 0.077 (19%) | Mercury
Mercury metal Hg-203 46.6 d Gamma: 0.28 (86%) Mercury




M3199 2.1 (A0)

Radiation and Tracing of
Chemical form Isotope Half-life
Energy (MeV) phase
potassium or sodium I-131 8.04d Gamma: 0.36 (80%) aqueous
iodide 0.64 (9%) organic
iodobenzene
sodium technetate Tc-99m 6h Gamma: 0.14 (90%) Aqueous
sodium molybate Mo-99 67 h Gamma: 0.18 (4.5%) | Aqueous
0.74 (10%)
0.78 (4%)
scandium oxide Sc-46 84d Gamma: 0.89 (100%) | Solids
1.84 (100%) (particles)
Xenon Xe-133 5.27d Gamma: 0.08 (100%) | Gases
Krypton Kr-85 10.6 y Gamma: 0.51 (0.7% ) | Gases
Krypton Kr-79 35h Gamma: 0.51 (15%) Gases
Argon Ar-41 110 min Gamma: 1.29 (99% ) | Gases
i 2.2 naasansSadaaai i lunwivessssunss
Labelled compound and its )
Radiotracer Boiling point ( C)
chemical form
Br-82 p-dibromobenzene, C.H 482Br2 219
Br-82 Ammonium bromide, NH 482Br 235
Br-82 Bromododocane, C,,H,." Br 240
Br-82 Bromonapthol, “BrC 1oHOH 130
I-131 lodobenzene, C H, "1 188
I-131 Ammonium iodide, NH4mI 220




23 uui383-137m (Ba-137m)

= ] v W v A o = J
ninnguRmMsdateaIves o laTndduduassd@naly Cs-137 duilu Parent Isotope
1 3 a [ @ ] I
HazlanT Tty 30 3 aaredd 1 leTeInidsed Ba-137m  94.4 % uddnareilu
] ' Y
Daughter Isotope Ba-137 ﬁ@g“luefmuz metastable #4011# 2.2 TA8 Ba-137m Hazaarsda 1
FIAUAVNINGINY 661.66 keV agalnasuvosadunuuinaatsaiganaiuandlunini
I [ S a [
2.3 udrnaedu loTeIniliatios (Stable Isotope) A0 Ba-137 A28AIATIFIANINY 2.5 UIT
A =~ a . . 2 o Yo A @ dyd
19199910 UNI5NA internal conversion VAN INTIFUNVUINGIIU 661.66 keV ¥ lonia
1lanilassoonuuiies 85.1%
v @ 1 = Y o a I o =
NAMIAABHIAINA11ATNIT1 Cs-137 VWAl UL D1519D 5 U0 Ba-137m $4
o = Y ~ ' o 9 v A
wihldiogldnuienuiuni wazawsnihweninldauldaasanal 1iie991n Ba-137m

Y
wina¥u lminnmsaatediued Cs-137

30 yr.

7 £ L f7 (NN

7/2+
137
55Cs

Q=1175.63

e B 0066 137mBa
2.5 min. 56
-
o
()
56%\32+ W _ip
137 stable
5eBa

MNA 2.2 Muamsaanedives s

A1 2.3 Ll,ﬁﬂ\1W5\1\ﬂuuﬁS’Jﬂﬂmsﬁ}ﬂﬂlﬂﬁwﬂﬁllﬂﬂu"l Cs-137[7]

GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide *'Cs Half Life: 30.07(3) yr.

Detector : 55 cm’ coaxial Ge(Li) Method of Production: U(n,f) chem.
Ey (KeV)[S] GEY Iy(rel) IY(%)[E] (0 IY S
283.5 0.1 0.0006 0.0001 4

661.657 0.003 100 85.1 0.2 1




10

¢ WCs(30 yr.)
12771
55 cm® coaxial Ge|Li)
1.18 glem? Poly
10cm
85.1 55-137-1
105
104
1
B R
g AW
£ \
5 10° - -
g N
§
10¢
T g ¢
10! t k3
100
o 400 800 1200 1600 2000 2400 2800 3200 3600 4000

Channel Number

d' v v A [71
MNAN 2.3 F)nasusaaunuNIves Cs-137

TagAuusa5advee Cs-137 Huily Parent Isotope 1482 Ba-137m &a1iy daughter

I o v o v A
isotope Lﬂu”lﬂﬁmﬂg]miﬁawmmmmmmumm (radioactive decay law) Ao
A=Ae™ (1)

Taeld = ANUUTISITTUAUVDY Cs-137

[ dd‘ A " d‘
A =anuusasianaeagued Cs-137 inaila 9
A —mnefimsaaied (decay constant)

t

= NAVBINTAAYA

1 1< 4 a a J J a g
'f)fﬂ\?ﬂﬁ'llllﬁf]\?ﬂ'lﬂ Ba-137m Glulﬁﬂj’f)uﬂulﬂaﬂ!mu@ﬁm@iLﬂ@ﬁuﬁﬁ@ﬂlﬂﬁvﬂ'lﬂ Cs-
9 v
137 A9VU Activity Y94 Ba-137m Nnvazamnsadim laamaunis 2

N, ()= Acs No,cS o I:ef/la M) _ oo (t)] @
(ﬂ’Ba - ﬂ’Cs)

1o N, (0 fv $1uIuezABNYRI Ba-137m finanla g ¢ N . Ao S1uIueza0m

A A v A A o A A
VDI Cs-137 NIAUTUAU, 7\,Ba A9 AANNNITTEAYNIVDY Ba-137m LAy A D ATANINNIT

Cs
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AABFIBY Cs-137 19199970 Cs-137 Tin39d3ne1nnie 30 3 iilerfouiumasadin 2.55
Wived Ba-137m ildaia,, >> A, sutumuaumst 2 die ¢ fidnnn 114 Ay, N, =
deo, No. BaHIN8ATMIUAAANAANIAUTUATIT (radicactive equilibrium) 111395 9F
Y04 Ba-137m 9iMfunNnunsaiadves Cs-137  #avzldszeznanlszunm 5 imwesninss

=) = dd?
¥I9U04 Ba-137m Aodszana 13 wnau 'l

agy_ A d d d[2]
2.4 15aleilnacaiuasisines

o [ P 9y a v Aaa A A A 1 a a 4 L4 d'gll
?f'lﬁ‘iiJQ‘]Jﬂﬁmﬂsl‘HNﬁﬁﬁ'lii\?ﬁﬁﬂﬁ'liJ NIDNLTININ Liﬂii’]u’)]’lﬂﬁﬂlmu’i)ﬂimﬂiuu

M Tagodenanmsaatedivedle TaIndfsiuasadinaludutly Parent Isotope fdiA1

e

A3933n01iiaa1ef2157 Daughter Isotope ﬁ@giﬁluﬁmuz metastable 108 Daughter Isotope
aaed I sadunun udnareile Ty Iniiades (stable Isotope) Sematadinfidu i
1337 Parent isotope 13744 ion exchange resin ‘ﬁuhjﬂﬂualﬁl Parent isotope aaasnoenlild ua
delFesazmenifimmeaumd I dve (elue)  az1fadfasomaniidonleson (o
exchange) 914130480101 Daughter Isotope 20n31 1AYA Parent isotope ldawnsorueenun
18 (@aaaslunmunnlunind 2.4) lfau15014 daughter isotope fnnsasanduiuas
Siddaenld  dredreveusdlenalaadimammes laun Mo/ "Te,  FGe/*Ga waz

137 137m

I~ a %} s
Cs/""Ba 1Wudu TasaariiausnlFnununineuinanamsunwng

Aqueous solution
( salinity, pH)

7 A Parent nuclide

Aqueous solution
+ daughter

| y

.-\(]ll(’OllS tracer

a o as A ¢ s [6]
MNN 2.4 ﬂaﬂﬂ'ﬁﬁﬂiﬂujqﬂaﬂlﬂlﬂu@ﬁ!ﬁ!ﬁ@i
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2.5 13aletlnadiuesisnes Cs-137/Ba-137m
251 15aleh lnadiielsines Cs-137/Ba-137m dwdulilumegamvinssu'

a a s J 3 Aa o Ao '
Lmiam”lﬂammumimas Cs-137/Ba-137m "U‘LﬂﬂmﬂVIllﬂ’ﬂlILLiQiﬂﬁﬁﬂu%’N

Uszum 1 - 10 luTasgs (37 - 370 kBg) maadum I lumsiSeunmsasuilfianisniediu

a

a A a2 d a Jou A 1 = Y 1 1A [T
anauanaesuazlandss@uin 30 tudd L!WU1.!1@1??&101/1JJﬂ’J"IiJLl,i\‘]'Nﬁﬂimﬂm 10-100

=D

a A A A a dgl EF v 1 ' Y
aafs (0.37-3.7 GBq) LWQiJﬂWiNa@]sllull11‘1)'\‘]11411!1/]NQW,TTWﬂiﬂthJLﬂulmuﬂf’ﬂﬂf)u‘UN

Z)

9
[

3 AITUNINDRMINGINUY 5019521319152 (International Atomic Energy Agency,

o))

a a a J 4 [ o Y]
IAEA) 34181 Tasanmsnansdloin lnaduaiseossiaidseudadisuldaulunig

v
a a2 A

A 1 a Iy 9 o A £ Aaa ua/' 9
gadvinssuneduasuldumslyassadaamununsaxiadulumsuniymilulseanu
[ = & A:? Y a a a o
gaEnnIsy UszmaassusgUszmruIugesy Insemsil ldnanisalein laadnmers
s 2 Y &L 9 ' A
1995 Cs-137/Ba-137m vunmaz lariunisnadeuiiosdulullszmania o nsiulasanis
a a a o a 4 o a %
Uszne lnelagn 113N suiluAGes ANZIAINTINATAT IWIAINTUNKHIING 1Y

Yo a =) 4 4 d’ = d’ o
"l,ﬂiﬂliﬂiﬂuﬂqﬂﬁﬂlﬂmmﬂﬂﬂi Cs-137/Ba-137m Wona Wl w.¢. 2512 tethunagouuas

137m

1 1 v
19152 Towiluniswan lo T TnlseduuGeon-137m  (V"Ba) Fan5933aduiieq 2.55 1

Tunmsgaamnssuazdudu 9

Y
a o v A

a a J J Ay Yo P4 A~
Lmiauﬂﬂammumimai Cs-137/Ba-137m T]llﬂiﬂlmglﬂ)’éluﬂ'liﬁl YUUANULTITIA

=

VOITTHU-137 50 + 5 Haans (mCi) YszAdUAWALNINUT 5.5 5UAUATINDT 0 UTI

[

f
HYaanTzez 1 waslunu 50 Tulasdnsanesd Tua (S0uSV/h)

3
Y A o
NN I aNBUNAROATINITHNS
a a 4 =\
Hszaninmlumswe (elute) 50 + 5% uazazanadniumal e luiuesmesaell KCoFC-
. . . .. . . @
SiO, (potassium cobalt hexacyanoferrate inorganic ion-exchanger supported on silica gel) 1ludn

U Cs-137 lumswszuuBen-137m ooniunazldaisazais 0.1 M HCIH0.9%NaCl (91

137m

~ A J Y
A1TATANYLULTYN-137m sluﬂ1W°Vl"U’fNﬂa’f]uliﬂ( BaClz) ’f]’f]ﬂiJfl"]f



13

madhasazaw
0.1 M HC1+0.9%NaCl

maiaan
Ba-137mCl1

KCoFC-S8iO,

1s@leilnadioumad
Cs-137/Ba-137m

fhidarie

fnnag 20 m1

aFazay
0.1 M HCI+0.9%NaCl

] J 1
mwn 2.6 gnsainlslumsmSsuasazate

2,52 MsesaNaITaza Ba-137m anlisaledidlnacamersines Cs-137/Ba-137m
MIATIUEITAZANY Ba-137m 9291 laenisnaa1sazais 0.1 M HCI+0.9%NaCl 14111/
Twsalein laadnueisiaes Cs-137/Ba-137m laansatouuison-137m lumwnvesnas lsa
m v =) ' . . I = 4 A Aa a
(“""BaCl) Taeldiluiane (Peristaltic pump) (Hudiiaaisazatelinaounriusalond
@ 2 Y o A o
Taadaueisees  Cs-137/Ba-137m 9189031013 Ivanansuiluvaz Tvaasllluvaa

A A Y v A
gaamaieson laqenini 2.6
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2.6 IasSedaamulumsiamsiva (Measurement of flow rate using radioactive

tracers)

v IS v 1w { o o 1 %

Myiaoasms Inadlumsiamdulsiddgamislunszuiumsnigaainnssy
A & A 9 o < o A o A
UNUNNFUA "]N!ﬂfJfJGUBQﬂ‘]Jﬂ1§leﬁ"U'E]\‘]5UE]\1LL‘UQ VBIUH A LLASNIY Tﬂﬂ‘l/lmi’mmm"hfiamam
Y A A an A 1 o 3 dyd?’ B A [
’e‘]1%1%?13EN11EJL!,am‘ﬁmim!,@ﬂmﬂﬂuf)’aﬂulﬂ mumu@gﬂuﬁmawmﬂlm"l?iamﬂuag
asxl ] <3 [ [ 1 9 9 = 9 A 1
VYMSUHU EJEJNUlﬁﬂ@meimmﬁam1"l,wam%mﬂmwmmummgﬂﬂmuazmﬂﬂmdﬂm

) Aa ] A 1 = a v A 3 9 ] o Y a
MsIadsumauau 9 L‘Wﬁ’]g'J']‘W']ﬂi]ﬂ'J'uJWﬂWa']ﬂﬂluﬂ”lﬁ’JﬂLWfN!aﬂuﬂﬂﬂﬂ'mﬂ'ﬂﬁLﬂﬂfni

a @ J

@ergedauinlunszurunswaaluiquainvesnanday  uazlsz@nininvel

Y v
= o

a 09/1 £ o 1 = 1 9 ~
NITUIUNTHAAUU 9 G]N%m"lﬂqmiqmumﬂmGlsvmwmﬂﬁuuuulm

msldmssedaamulumsiadasins lnalunszuaumsngaamnisy awnso
#1142 55 &ail
1. Pulse Velocity %30 Peak-to-Peak Method
2. Tracer Dilution Method
- Total Count Method

- Constant-rate Injection Method

2.6.1 Pulse Velocity Method %38 Peak-to-Peak Method

=

2 amd o Y v @ 1 | A & Aq Yo A o
HJ‘L!'J‘ﬁ‘V]‘L!HJﬂflfcl‘L!ﬂ'l'i’)ﬂ@G]‘i'lﬂ15114?1"1]@\1‘1/]@ﬁﬂﬁﬁﬁu@ﬂi%ﬂuuWﬂﬂﬁﬂ IHBIINN

Q
Y

Y 19 o 1< Y 1 o @ A Ay y Y
]’lﬂ\‘l']flllﬁgﬁgﬂ?ﬂ llllﬁi’)\?Vl']ﬂTﬁlﬂ‘]J@'J@fJ'N!Lﬁgﬁ'liJ'lﬁﬂ‘ﬂ'lﬂ15ﬁ33ﬂ391UWUWUlﬂLﬁﬂﬂﬁﬂ

nFeiarHALuUWANT MIIABAT1MS IHalluy Pulse Velocity 1130 Peak-to-Peak @13150711

[

Y] a < [ a
Tasnmsaamssadaaaiudn Tl luszvumeluszeznarsiasazlassasseadaaniuld

F

"lwa"l‘]Jmuﬂssuﬁmmszuuw%’amﬁwmimaﬁﬂﬁigmmmﬂmﬁaﬁﬁvimﬁ’ﬁﬂﬁmmmﬂ
MEUBNVBINE LFAIEINIMA 2.7 Tagnuiitadmifiniliriennduniiiiaaseddie
szgymeiians SaaRemuiuiIegefioziinsasnaounauiued A uaueLdY (beyond
the minimum mixing length) HRE NI T NI MO TE I AT deq (d) fufinihda
VOIND (a) taztIa (1) “l,uﬂ"rimﬁlauﬁmmﬁaumunmizwiwﬁmmﬁﬁﬂ OPTIT RETIE. o

M3 l1a (Q) uaasdaaumsi 3
_ax d
t

Q 3)
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(3o Q  =9a51m73 1A (flow rate), m’/s
tﬂy P Y o 1 . 2
a = WNUNHUINAUDIND (cross-section area), m
2
d = JTYTHWITUINNIIANITON (distance between the two

detectors), m

9
t = 1I0VITUYINTEHINHIIANIADN (transit time), s
Injection point Flow direction d a
— —

Mixing length - .

Counts

Time (sec)

MW 2.7 M3TAA31M3 11aA83T pulse velocity 130 peak-to-peak”

2.6.2 Tracer Dilution Method

2.6.2 A Total Count Method
v W 9 asn I YY) AQ Yo o A v A
ﬂ’li')ﬂ'i]@]i’]ﬂ’lﬁhlwaﬂﬁﬂﬁﬁ Total Count Lﬂuﬂ’lﬁﬁﬂaﬁ5’]ﬂ’lihlﬂaﬂcl"]fﬁﬁ'JQLWﬂQWﬁlﬂﬂ'J

MIUUVAAVUAIFIUUBNUBINOFINIIDINA N UIAATITTIFAAMNIUAIITL O NN AT

' '
[ ~ 1 o Y

Aamunuiganaziimsasnaeunauiuesuainaueudl Minmsaaassdaaaiudilu
v 1 ' < [ o v v o qgj {1 L [ !
ﬂﬂﬁﬁ@ﬂTQﬁ?ﬂLi?W%}ﬂNﬂU‘V]"Iﬂ"liLlll')ﬂﬁQde‘VN‘VillﬂﬁW"Il!ﬁ'):]ﬂ LLﬁﬂQﬂQﬂ"lWﬁ 2.8 Gll!ﬂ"li

o (% 9 ' [ a v AAaA 9
mmm@mwms"lwa ADINITIUAIANULUIITIT (A) wazdsuag V) sllﬂﬂﬁﬁiﬂﬁ%ﬂﬂﬂlﬂu

=2 [ % 2 A [ dy
Uy "INﬁ]%ﬁ"liﬂiﬂﬂ"ll!?]ﬂ!@@]i"lﬂﬂﬁhlﬁaﬂﬂﬁllfﬂi'i/l 4 ﬂ\i@]i’]‘lﬂu
Q=" 4)

o  Q  =9a5135 Wa (flow rate), liter/min
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A = AMNULTISIT (activity injected), pCi

F = {lademsUsuiey (calibration factor), cpm per pCi/liter
[ o qs.: dy A 9

N = 9ATINITUHUNHUA (total counts) = Wuﬂﬂlﬁﬂ@ﬂﬂi'lw

v
9% 1A (total Area under the peak), s

Injection Point Flow direction Detector

>

Mixing length

Counts

Time (sec)

~ o o Y an [3]
MNN 2.8 ﬂ”li’JﬂfZ)@'lﬁﬂﬁllﬁaﬂ’JﬂTﬁ Total Count

A511A1 Calibration factor (F) M1 lagmsanaisssdaaamunnaiuanuudulalu
VoA a A 1 v v o A A J v A 2 ~
neNNI1wUsuIasNuveuuaziuIas duauvINlassosny1NA1TTIAAAAINAIIIAN

[ 1 [ I @ 1
wizan TaeA F 9204 1u1118909 cpm per pCifliter iIUAW nansdan1ni 2.9

Identical Pipe filled with Know

Concentration of Radiotracer

eg.In" “.le].ll'ﬂ' "

d‘ v o A 1 % dtﬂ' 1 v A
HMNN 2.9 ﬂ'l'i’)ﬂiﬂﬁQWﬂ‘W@‘UiithlﬂI“]fI‘Vlﬂi\iﬁﬂﬂiWUﬂTﬂTﬂJ!Li\‘l‘Nﬁ

{WONTHIAN Calibration factor, F “
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2.6.2 B Constant-rate Injection Method

[V Y Qddy 9 9 v aAa a 9 = = o [
M3daonsins ladredstazdeslosmssadaamulsuanntazdesliaoid sy
< o ] v @ o o A {
NUAIBE19 713IASAI1MT 1HauDY Constant-rate Injection $111asMIRAATTIAAAA NN

Y 9 A ' S o a A A v 1 Y
NIUANUTVTURUURUIaZdATIMIAaNAIN i luszuutazdaes 1 ma ldaunszua
o <3 Y] (] 1 o 1 { a @ 1 o @
o1 Inaluszuy MmsnudI0 1A IHUINTAAMUA VAT NIZIINTATIVAOUHAUNU

1 ° 9 o w ] @ Y 9 v AaAa 9 v A

pgauavoudn uazidioond ldaanududuvesassidaaniualemsianmunzay

Y v o @ @ {
Wiauﬂﬂﬂ’lugmaﬁi']ﬂ’]ﬁ]lwa ﬂ\iﬁuﬂ’ljﬁ 5

Qz =Q1X(C1/C2) ©)
d’ v =) v A . .
1o Q, =PATINITRNANITINAAAN Y (flow rate), Liters/min
Y 9 v Aa { Lo
C, = ANV UVRIETSITAAAINNARA (LCilliter)
Yy 9 2 a g ! oy
C, — ANUANTHYRIETTIaanmy I uAle1 (uCi/liter)
Injection point
Flow direction Sampling point
Concentration, C, L .\
At Q. liter/min {0, et min) 1T Consentration, ¢,

Wixing length

MNN 2.10 M33A8ATIMS5 111aA283F Constant-rate Inject "

27 MIWINMMIHANIeNgA (Determination of minimum mixing time)

aa A Y A

Y} v aa = .. <
mslFassedaamulumsanyinisway  (Mixing  Study) 1Jud5 1o

A

Usg@nTamMsnanveunTonan (blender) 1UNTZUIUMINNYAAIHNTIUNDYINATO

s ] A A Aa A I 1 £ o Y = a [ 4

paulianuunnsenselidszanimmiluediels Fezildusuendinuninuesnandumi

uaznszuumslumsnaald msdamsnauiilasn1snaiiassduuudaiurAId1uuen

d' 3 a v Aaa 1 d' 3

vounIeanay nmiuauassaaaamuadldluarumaulunsosnauneluszezinaisiaG)
Y o A

wHeutuimsiutaanududusiduesaissidanay imsdunaaisiuiuiusidauil

ANAIN AININA 2.11 LAAUNALANTH NN TN
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Mixar
Counter —
‘ ] Datactor

Counts |

Minimum mixng time

Tirme

WA 2.11 MINIIAIMINEY (mixing time) "

2.8  MIATIVABUNMIN (Leak Test)

£ A

v & ax Y A
M3V NTUITHY 'I/]Gl‘]ﬂﬁ'ﬁ]@ﬁ')"l]ﬁﬁlﬂﬂiLJW'lﬂJE]\?igﬂ‘]Jsl,uﬂig‘]J'Juﬂ'liﬂ'N
1 o a A ) 1 [ o v Ay ya A R
PATIMNITY IFU NITHITBYAIHUNTOIDYTIVDINDUYUAN ﬁﬁlﬂiﬁﬂlﬂﬂi‘lﬁﬂﬂhiﬁﬂu NIVANH
a a A a I Y A Ay a 4%‘ < o
ﬂﬁgﬁﬂ‘ﬁﬂ'l‘wsl]'ﬂﬂmiﬂﬂuﬂﬂsluﬂ'lﬁiJ’)Hﬂ'liNﬁG] L‘]J‘L!G]‘L! Lll’E]N‘]JﬂJUW'ILﬂﬂleuﬂﬁ]gﬁNJ'lﬁﬂﬂ'lﬂ'lﬁ

Y Y A a o
ud lvldnssgafinasessa
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3 0.38
Detector 2

Detector 1

Detector 3

Detector 2

Detector 4

MW 3.8 MITATzUUSMSUNMINaadlFa1sSadana1u Ba- 137m 1WoH1A1 RTD

g




29
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%
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3.3.3.3 mamnamamsnaass’
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Y v
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3.3.3.4 MInaadlva1559aAan11 Ba-137m 1We11a1 RTD ludanmustianaas
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Y o = v Aaa a A Aaa 9 [ a
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J v v W a ' 4 Qy
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N c____z.'/ Qutlet
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Speed
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a o I o Y < . . . Y
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