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Dose Evaluation Method of High-Power
X-Ray Generator for Irradiation

: +
Satoshi TAJIMA , Toshio HIRAO, Ryuichi TANAKA and

Naoyuki TAMURA

Pilot Scale Research Station,
Takasakl Radiation Chehistry Research Establishment, JAERI
(Received September 6, 1978)

For the purpose of evaluating absorbed dose in the material
irradiated with a high-power X-ray generator the effective
energies of X-rays were obtained by various methods such as the
HVL measurement, the ionization measurement tased on cavity
theory, and X-ray spectrometry. Through a comparison between
thé results of experimental values, the effective energy matching
with practical irradiating condition was evaluated. It was 95 keV
for tube voltage of 150 kV. Based on this value, the dose
characteristics were obtained with ionization chambers, Fricke

] .
dosimeter, polymethylmethacrylate dosimeter and cellulose triacetate
dosimeter, and a general formula for evaluating the absorbed dose

was proposed with a consideration of the composition, the size,

and the thickness of the irradiated material.

Keywords; High Power X-ray Generator, Irradiation, Absorbed Dose
Evaluation, Effective X-ray Energy, Half-Value-Layer, Ionization
Measurement, Cavity Theory, Spectrometry, Fricke Dosimeter,

Polymethylmethacrylate Dosimeter, Cellulose Triacetate Dosimeter.
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Fig. 1 Sectional view of X-ray tube.
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Fig. 2 Sectional view of the anode.
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Table 1. Cylindrical-cavity ionization chambers with
different walls.

| : . Ionization Wall thickness
Chamber Wall material volume (m1’ (tm)
20 C ~ Graphite ' 8.20 3.0
2031 Aluminium 8.20 1.5
20cu Copper 8.20 0.5
- spo

l. H l lx-ray TARGET
| _l—(:‘HAMBr%R
/

REFFERENCE POINT

r——mo——a

CABLE

Fig. 5 Geomatrical arrangement of the cylindrical-cavity
ionization chamber. : '
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Fig. 6 Correction for the wall thickness of the cylindrical-
cavity ionization chamber.
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Table 2. Experimental results with cylindrical-cavity

ionization chambers. a: relative dose rate,
Chamber 7 I (a) ka kS (Sm/sair) a
20 C 1.67x10"7 1.041 1.039 1.01 1.00
20 Al 3,67x10°7 1.027 1.086 0.86 1.95
20 Cu 1.47%x10°°5 1.71 1.49 0.73 15.50
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Fig. 9 Geometrical arrangement of X-ray spectrometry.
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Fig. 10 Energy spectra at different tube voltages.



JAERI-M 7891

35 BUBES X BEE OEBIC & BT

EHTHNF —HEHT SR TOBBENRXRECHLT, B EHOERERAMOE
WERLAE OEHI A LF -G LTRDTEGE, FONOXFICH LTHEKICAE 2N
HEBERLOLEILZOEH I ALY —LHETEE, COFRIIRHBOIF A P —px
ANFE—ZART PVOEREZEZERLTORVS, AIZBOHEEN B ONIBECERIZNES I,

%EwmXﬁﬁﬁﬁ%%&ﬁ%ém%ﬁ®¢ﬁxﬁm@%é%%(%ﬁﬁf%ﬁmbkccm
HBCHLTEMHINTOEER T A vF— (30 ~200 keVEFNIHIE S 2 FEE B LT
FH LT &% % Table 3 I,

HEicERL-rERAZARHTRERME (208) T, BME 33 LEAKIZ7 74+, T
AU ABICROIBETHL, MERXROEAD» CTHWE T TOERES 130 cn, EBHE
10mA fRE, BEEL60kV 25 180 kV $TEASE T -7z, ERECHRT 52X
THAE - OEEE30~120 keV TH 2, REMAXBRREEBICLZAELS 3 LEKRE
TEEBRA 100mA & L, BEES 100 kV 75 150 kV FTEATIT 72,

COREICL S TEOhER T A vF - LEERAMOERBRILE Fig. 13 ioxd, &E
FREEOEHIIH T ISR FESOBMOBEHER O, TaALF-—BETTHIZELL LT
#Mind s, —F, BEABCIABERF LI A LVF -—OBETLLE HICKECRELN, INEE
BIREOBEHATELL,, OEOEBIIL TEYz A vF— o3 2BHER LI - /%25

B, COF— 7 lon /e DBATROH 05, BHERIL IouTa OER, R xF

— 23100 keV HETCIAALF-IHLTIREALEH LSV, IhhbEHz A LvF—%
HETEZDRRETHL, O, BEERL o/ ToBL U a Io OHEBICAIEERE L
B S EsHTEBTEF NI 2EH T A VF —2HE L, TORRE Table 4 II77,

3.6 IRIAF—AEEROBRE

Ak DEER 150 KV I LTRSS LESHT 40 ¥ — D% Table 5 (CRT,

Narrow beam geometry TORERMOPMBIEEL =4 1 F— 27 PV LTIT -
fops, TN OROLEHT 3+ L F 1387 keV CEEREIE), 82~89 keV (R =7 bIVE)
THH, LT broad beam geometry iZHH 2EBHTHIMLYD bEL,

EBBOS -7 v MIKEHEBRELOEMO THL, ) 228 AKERIEBEL T
B, COLINE—F v FHOOREENIXRE, BEOUA A M) —OFHBRCL L, Txrw
H-Z R PAHEBEST, B AT -HAERGICLIDE LTS, HIZ, narrow
beam geometry THOOWLATEIEIEROBRFRMEICHIET 2R AV F —HLID ZD
B D, Chil, BN EIAF R4 EBCELAAROHE XRL, v —aa X
Rk S TREShALDLEZLNS,

Ti, RMEBEERY PAETRORED T 2L F - OELRET 5L, REAE =0
BOTEEBETROTHEOFHE, COERIMAEORBNSHEGERTILELDS
2,20 A—2ORBORVICEIEEBLEZONS, THOEEERLAET HEONEZ0m



JAERI-M 7891

10

NUMBER GF PHOTONS (Arbitrary )
- ‘

) i 1
0 50 700 150
PHOTON ENERGY{ keV)
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Fig. 12 Energy spectra for various thicknesses of the filter (Cu).

Table 3. The relation between effective energy and tube
voltage of ETL X-ray generator.

Effective energy Tube voltage Filter
(keV) {kv) {mm)
30 60 2,32(al)
50 100 0.26(Cu)+1.01(Al)
80 120 1.30(Cu)+1.01{Al)
120 180 4,69 (Cu)+1.01(Al)}
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" Fig. 13 Ionization current ratios between various walls

as a function of the effective energy.

Table 4. Effective energy estimated from the ionization current

ratios.
Tube voltage Current ratio Effective energy (keV)
(kv)

Tew/Ic a1/ Tc (a) (b)
100 15.1 3.54 - 70
120 14.5 3.00 - 78
140 12.8 2.54 85 B6
150 11.8 2.36 92 90

(a); obtained from the current ratio (ICu/IC)

{b}; obtained from the current ratio (IA1/IC)

Table 5. Effective energy evaluated by different methods for
tube voltage of 150kVp.

Method Beam geometry Effective energy(keV)
HVL in Cu Narrow( 30mmg¢) 87
Broad 30
94 (I I.)
Cavity chamber Broad 95 ( Al/ C
96(1Cu/IC)
Narrow (1.5mmd) 82 (6=0°)

Spectrometry

Comparison with
ETL X-ray denerator

89 (0=18.5°}

80(I,,/I)
Broad 91 Al"7C

92(ICU/IC)
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Fig. 14 Correction for the thickness of the graphite wall of the
parallel-plate ionization chamber.
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Table 6. Exposure rate at the reference point measured with the

parallel-plate ionization chamber.

I (A) | K, K (s /8 ;) % (R/h)
7.50 10°° 1.055 1.00 1.10 3,27 10°

Table 7. Exposure rate at the reference point measured with

Fricke dosimeter.

Sample Irradiation pet? yield Exposure
number time {(min) {mol/1) rate (R/h)
1 10 0.740 3.27x10°

2 10 0.733 3.26x10°

3 20 1,441 3,18x10°

4 20 1.434 3.16%x10°
Average 3.22x10°
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Fig. 15 Depth dose distributions in the various materials at 150kVp.
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8. M B HE &

KA XBRESBORIUEEERICHERER T A VF —42FHMET 572, BrDOHHICE
ARPERETT 572 FORE, BEE 150 kV , BERWOOmA OCBIFHICEBOTER = F 0¥
1105 keV EEMEAN, T2, BREAICEI IHMHBREERII2TXI° R/ h&lioT,

IHRDDERAZLEICLT, ~EOASSLESZET A HBHEORIRESAEHE T 5
HEmRbahi,

EEOBE ICE TS HESETORIBEIROFHETRBON S,

BEMHGEHIEANMTOEETOEHORHBREE SR T, »oWuREEOTENEMNREE
ATEORTHREZBRTEIBE I/ SN, TORIMEDIZORTEAONS,

(Bec.”P)m

TV Xot=fe-X"1t ' (9)

D= 0.869

T, f. ﬁaPﬁﬁﬁﬁ(:a%Q%ﬁﬁég%),Xum%ﬁ%&(R/h),tuw%

B (h) TH5,

R B R B A T T OBEOTIETHD, 1§/ BEN L O A
Ba&E, TEORHBRERSF , BEREEST, SLUBRFREACE AR AZER Lsurhidig
57510, T OBE, HRNESADEERIRE Dy BWXTEZ LMD,

Dm=fc X-t-fp-fa-Bus {10
ST, Xz =7y MhLE TR GREOME (B LERHAREELTV) K805
BHBEE, {HEAORNOCRMRERAGATALTILOOFRK (o <1) T2—7 v tH
DR AR TOERE S HEHEDER, KE3TRE S,

fq BEETHRENHEIELTILHORK (fa<1) THEOBHELIZOEIICL -, TRE
%o

Bmﬁﬁﬂﬁﬁﬁﬁ%ﬁ?%@,%Et;of&iéoﬁ%mm%%ﬁ%%ﬁu&—fybm
SoOEBCEE L, 3 B i BHEROA S S (Fl) KRET S, TITHEHINSOHR
SR e, WS DTS IC BT 35— @ (Dmax/ Dain )11, FEORSBERSHO
HEa, LETHBAGOE—F ay LORTEUTE 5,

S EDEREARDL S HMBEREFTRDI

(1) #WBEEOBREBIRET S,

(2) BHHELSEACEST AESLOBOBERHBECH LT, T0RFCHEEAYE LS

WEHBELBY BHAOHEOBE XS HEMICETIESUEICNL LOKT 5,

3 ExHEOEIBES A OE—E4 R T BEBHEORERK LTI,

) Rk ohLEE =7y bhLEEICE Y TS,

Table 8 ~11 2@ 5h 72 #RETY., Table 895 keV DRFIANF—IlBIT B~
OB T ABEE I AV E - RIUEBRB LT FERFEH f., Table 9 X FRIROE £ DK
XX DBEESEAZ —7 v P D OEBEAS , 105X 20emilt » P LIBEOERH AR
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: 251t BBHAEOETTCORMOFERERER (X - f,) Lz0HE—FEa,, Table 10
| PMMA, 73 =7 A5 X CHORRBEBS KOS s L BERENG CHT 5 FHLRY 1o
Brot—& ¢y OE&, Table 11 EPMMA, 73 =7 L8 X UHOE» DEXIINT 2
B SELER BL AR T |

Table 8. Mass energy absorption coefficient and conversion factor
at photon energy of 95keV.

Mass energy absorption
coefficient, uen/p R-rad conversion

Material (cm?/g) . factor (rad/R)
H 0.0393 1.453
C ' 0.0211 0.780
o] 0.023% 0.884
Al 0.0420 1.553
Cu 0.350 12,94
Air 0.0235 0.869
Water 0.0257 0,950
Fricke solution 0.0261 0.965
PMMA ' 0.0235 0.869
CTA 0.0234 0.865
Cobalt glass : ..0.0300 1.109
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Table 9. Average exposure rate and the dose uniformity in
the irradiation field for different distances

from the target and various sample sizes.

Distance Average
from target Sample size exposure rate Uniformity
{cm) (cmxcm) £ -X (R/h) a_*
P P
i 5 5 x 10 4.74x10°5 1.09
10 x 10 4,58x105% 1.34
; 10 x 20 4,48x10°% 1.59
20 x 20 3.66x105 4.12
| 10 5 x 10 3.18x10° 1.17
} 10 x 10 3.09x10° 1.33
| 10 x 20 2,94%x103 1.66
20 x 20 2.62x105 2.67
20 5 x 10 1.62x10°3 1.09
10 x 10 1.59%103 1.17
10 x 20 1,51x10% 1.36
20 x 20 1.45x2105 1.64
* Xmax/xmin

Table 10. Dose averaging factor and the dose uniformity in
the depth dose distribution for different sample

thickness.

g?lggggiz Dose averaging factor,f, Uniformity,a ,
(g/cm™)  —ipm AL ta PMMA AL cu
1.0 : 0,95 0.88 0.82 1.00 1.03 1.02
2.0 . 0.90 0.81 0.67 1.01 1.05 1.06

0.86 0.76 0.56 1.01 1.08 1.17
4.0 0.82 0.71 0.4¢ 1.01 1.12 1.44

Table 11. Backscattering factors as a function of the sample

thickness.

Thickness of sample

Backscattering factor,BL

(g/cm?)} PMMA AT Cu
1.0 1.06 1.08 1.03
' ) 1.13 1.10 1,03
3.0 1.18 1.10 1.03
4.0 1.21 1.10 1.03
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9, » & H x

Xﬁﬁ%%ﬁd;ﬁh%ﬁﬁtbTE<ﬂmén5umﬂorwmwﬁ,%%ﬁu&Nfﬁﬁ
ANKENC L, RIBBICHNTEAHDETHATH S I LU EL SHBNERETTOR
I LTIRESH Y, AROFENPE NS, SOOREFEEICET IMERRIIO
BERTREODXBEOBHMNBILETIEDLEELLNS,

CCTEERY AENETESHEVLHIBERESE LRV v -ERa v 7
L (PIC) DB EICTTICERSATHY  TOHAMASRESNTOE, S5IC4H%
CORBEFEEOEFEHICHOVTERANICEET A HENDH I,

COREICENTIE, SCOBRBRAERLUE=4 Y vSICMATRRY PLEIELT DR,
Zhick o TXBEOBHER, SEBRAEEMCBELTEL o8RBT, TILE
HMERASODTEHT DR ~TIZOROA, ERRLERE LTRSA TS, 540D
REI2%Co 7 HROMEER E ORI/ . TV AHE r ROBELEFTE20IIDBUL2BD
EEX LN D,

FHOICEEXBEEONACH LTHENAE O LETFRRRAFTAN TERAEMRAK
BLUOEERSGE, ALBMOBRBEL LU7 U » ¥REFCLAWECE LTEENEE O
M ESERARACAR (BEREBAHES), 37, AXBRBREBEOARICE LB« OEEL
Lo TEN-HEESREES 2 FRE, NAE-—RICEHR LT T,

B F X W

) 72& i, Brit. J. Radiol. Suppl. N10 (19612

2 KB, BB, 8, BHb: JAERI-M5223 (1973)

9 Mt A HE, B, ME, L, B, &R JAERI- M6346 (1975)

£y F.H Attix et al’ Radiation Dosimetry I 2nd ed, p33l, Academic Press
(1968)

5 T.E.Burlin:Brit. J. Radiol. 39, 727 (1966)

6) E.Storrn and H. I. Israel i LA~ 3753 (1967)

T PR ESEEBRATRER, 31, N7, 879 (1967)

8 M, WA, HE, ¥4, K, Bl JAERI-M5608 (1974)

9 ICRU-Report 21, p27 (1972)

1), ICRU-Report 17, p5 (1970)

1) AEHGREEANESE, RHARERREGS, ABBAEHEZESE (1978)

12) R.Tanaka,S.Tajima and A Usami; Intern. J. Appl. Rad. Isotopes. 27, 73 (1976)
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9. » & H x

XSREEE T BEAREE LTECHASAZICRB TRV, EFRCENTSES
AMAENT L, RIBBICHNTELHOEATEANTH L J LR ELSHBHIERBTILR
IR LTEAMADSY, SR OHENH/F SN L, SEAORBEFMEICET IHARRIIZD
BERTREOCXBEOBHEAACERI-DLEEILNS,

CCoTERIRERY ABHNETFEESREOLDCREFELE L AR —BR2 V7Y
L (PIC) OEBEZCTTEBASRTED , cONMBAIRESATOS, 551048
COBRBIHMEEOEFREEICHOVTERNICGERT A2 LENHS I,

COPRFICENTE, SCORBRIERSLUE=4 1) v SIUMATARY PVRIEST DN,
Fhicd > TXBEORKER, BRAEEMCBELTEL 0ERLERMELN, T LK
MBIEIABOPRTIZHET DR ATZVELD, FRNEERE LTREATV S, X5IC5H0
BEILIOCo rBOBMHEH FOBMBICL , THARL r ROBELRBFTL0EHBRI2HOD
LEZOND,

b ICEEXREEONA TR LTHENE BV CETRFERAFAR LIEP AT MEHAK
BIUEHKREER, AERVOBBALS IC 7Y » rREFICLSRIECH LTHREDZHV
B ELENAEDAE (ERBAFER), 3/, AXBRAKBOERIIR LEAOEHELS
o THEOEBHERREEH 2 RE, NAE—KIUBRHKL T,

B % X W

) #&ZiE, Brit. J. Radiol. Suppl. Na10 (1961)

D KB, HE, 8, Bh: JAERI-MS5223 (1973)

9 M WA, HE, BN, mE, L, B3, &R JAERI- M 6346 (1975)
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(1968)

5 T.E.Burlin:Brit. J. Radiol. 39, 727 (1966)

6 E.Storrn and H. I Israel : LA- 3753 (1967)
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