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Ue Se DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

WASHINGTONs OC 20234,
REPORT OF CALIBRATION

VICTOREEN CHAMRER
MODEL 415A SERTAL NUMBER 149

MANUFACTURED BY VICTOREEN INSTRUMENT COs
CLEVELANDs OH 44104

SURMITIED BY BATTELLE NORTHWEST LABORATORY
RICHLANDs WA 99352

RECEIVED AT NBS ON 1982 AUG 18

THE CALIBRATION FACTORS GIVEN IN THIS REPORT ARE QUOTIENT S OF THE
X- OR GAMMA-RAY EXPOSURE AND THE CHARGE GEMERATED BY THAT RADI AIION
IN THE IONIZATION CHAMBERes THE AVERAGE CHARGE! USED TO COMPUTE WE
CALIBRATION FACTOR IS BASED ON MEASUREMENTS WITH THE WALL OF THF
TOMTIZATION CHAVMBER AT THE STATED POLARITY AND POTENTIALs LEAK ACE
CORRECTIONS MEKRE APPLIED IF NECESSARYe. IF THE CHAMBER: WAS OPEN TO THE
ATMOSPHERE THE MEASUREMENTS WERE NORMALIZED TOt ONE STANDARD AJ MCSPHERE
AND 22 DEGREES CELSIUSe USE OF THE CHAMBER AT OTHER. PRESSURES.: AND
TEMPERATURES REQUIRES NORMALIZATION OF THE ION CURRENTS TO THE SE
REFERENCE CONDITIONSe THE NORMALIZING FACTOR F IS COMPUTED IFR O THE
FOLLOWING EXPRESSION:

F = (273615 + T)/(295415 H)

MHERE T IS THE TEMPERATURE IN DEGREES CELSTUSs AND

H 1S THE PRESSURE EXPRESSED AS A FRACTION OF A STANDARD
ATMOSPHEREe (1 STANDARD ATMOSPHERE = 10143525 KILOPASCALS = 101225 .
MILLIBARS = 760 MM HG) .

THE EXPOSURE RATE AT THE CALIBRATION POSITION MAS MEASURE D BY A
FREE-AIR IONIZATION CHAMBER FOR X RADIATIONsi AND BY GRAPHITE: CAVITY |
10NIZATION CHAMBERS FOR COBRALT-60 AND CESTUM-137 GAMMA RADIATI OMe
THE GAMMA-RAY EXPOSURE RATES WERE CORRECTED M0 THE DATE OF CAL:IBRATION, .
FROM PREVIOUSLY MEASURED VALUESs BY DECAY CORRECTIONS BASE) ON:
HALF-LIVES OF 5427 AND 30e0 YEARSs FOR COBALF-60 AND' CESIUM-137
RESPECTIVELY.
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THE INHERENT FILTRATION OF THE X-RAY TUBE USED FOR THE MF AND:
HF BEAM QUALITIES IS EQUIVALENT TO 1¢5- MM OFI ALUMINUMse THIS: IS AN
AVERAGE VALUE DERIVED FROM MEASUREMENTS AT 60 AND 100 KVe THE
INHERENT FILTRATION OF THE X-RAY TUBE USED FOR THE L- BEAM CUALITIES IS
1740 MM OF RERYLLIUMe , ,

THE UNCERTAINTY OF THE EXPOSURE-RATE MEASUREMENTS IS BELIEED TO
BE VITHIN ONE FERCENT AND THE ION CURRENT MEASUREMENTS ARE BEL 1EVE) |
TO RE ACCURATE 10 WITHIN A FEW TENTHS OF ONE PERCENTe -

THE CALIBRATION FACTORS GIVEN IN COLUMN & ARE COMPOSED OF A
NUMBEK FOLLOWED BY A PLUS OR MINUS SIGN FOLLOVWED BY A 2-DIGIT
NUMBRERs - WHEKEVER THIS OCCURS IN THE REPORTs THE INITIAL NUMBER IS
To BE WULTIPLIED BY 10 RAISED TO. THE POMER INDICATED BY THE SIGN
AND THE FINAL 2-DIGIT NUMBERe THE CALIBRATION FACTOR 1S 6IVEN 10
FOUR DI1GITS TO PREVENT ROUNDING ERRORS UP TO: 0«5 PERCENT WHEN THE
FIRST DIGIT IS UNITYs

INFORMATION ON TECHNICAL ASPECTS OF THIS REPORT MAY BE OB VAINED;
FROM Ts Pe LOFTUSs RADIATION PHYSICS C210s NATIONAL BUREAU OF

STANDARDSs WASHINGTONs DC 202345 301-921-2361%
MEASUREMENTS SUFERVISED BY Te Pe: LOFTUS e,

REPORT APPROVED BY Ke LOEVINGER EQ}-I

FOR THE DIRECTOR

i:zamabm.éz/ QZUQ@AAAJ4Ar{AJ

ELMER He EISENHOWER

DEPUTY CHIEFs RADIATION PHYSICS DIVISION
CENTER FOR RADIATION RESEARCH

. NATIONAL MEASUREMENT LABORATORY.
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NATIONAL BUREAU OF STANDARDS REPORT OF CALIBRATION

BATTELLE NORTHWEST LABOR ATORY
RICHLAND s WA 99352

VICTOREEN CHAMBER

»MODEL L15A SERIAL NUMBER 149
OPEN TO THE ATMOSPHERE WHEN TESTED
COLLECTION POTENTIAL: -300e

1 2 3 L 5 6 7 8
BEAM CONST EFFECT CALIBRATION FACTOR AL DIST REAM EKP'
COPE POTEN ENERGY 22 DEG C AND 1 ATM HYL © °  SIZE RATE
(KV)  (KEV) o (MM)  (CM) (MM)  (R/S)
Lio  L-D 20 10386409 R/C = 36575405 /KG 07 50 C 43 1e4400
L-E .20 14340409 R/C = 34458405 /KE 23 50 C 43 748-02
io L=G 30 14344409 R/C = 34468405 /K6 36, 50 € 43 1e5-01 :
LT 50 16351409 R/C = 3¢487+05 /KG' 1402 50 C 43 149-01 :
cqn L=k 75 16338409 R/C = 30453405 /KC' 1e86 50 € 42 2e5-01 :
L= 100 14316409 R/C = 34396405 /KG 2478 50 € 43 342-01;
o MFC &0 16361409 R/C = 34513405 /KG. 2479. 100 € 33 245-02
MFE 75 TeX40409 R/C = 34458405 /KGI 3439. 100. € 33 4e2-02 .

DURINGC CALIBRATION THE CAVITY &AS POSITIONED IN THE CENTER OF 1HE BEAM
WITH THE STEM PARALLEL . TO THE BEAM. DIRECTION.

2¢-15 AMPERES VAS THE LEAKAGE CURRENT MEASURED BEFORE CALIBRAT]CN.
1.0604 UASkTHE RATlO OF THE CURRENT MEASURED FOR FULL. COLLECTION
POTENTIAL TN THE CURRENT FOR HALF COLLECTION POTENTIAL FOR A CAURRENTI

OF 7+8-11 AMPEKESe A DETAILED SATURATION STUDY WAS NOT CARRIED
NUT AND NO CORRECTION FOR LACK OF SATURATION WAS APPLIED TD THE DATA.

CHcCKFD BY EZE 7]
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EYPLANATION OF COLUMNS IN CHAMBER CALIBRATION TABLE!

1 THE BEAM CODEs A COMBINATION OF LETTERS THAT IDENTIFIES! 1 MPORTANT
PARAMETERSe THE LETTERS L-s MF» AND HF STAND FOR LIGHT, MODERATIE,

AND HEAVY FILTRATION RESPECTIVELYe FOR GAMMA RADIATION THE CODE
IDENTIFIES THE RADIONUCLIDE.

2 THE CONSTANT POTENTIAL ACROSS THE X-RAY TUBEs

3 THE EFFFCTIVE ENERGYs FOR GAMMA RADIATION,: THE NUMBER LISTED IN
THTIS COLUMN 1S THE PHOTON ENERGYs - FOR X RADIATIONs THE NUMBER LISTED
IS COMPUTED FROM GOOD-GEOMETRY COPPER ABSORPTION DATAe ABSORP TION
COEFFICIENTSs DETERMINED AT SEVERAL POINTS ON THE CURVEs ARF USED TO
ESTIMATE THE VALUE OF THE COEFFICIENT AS: THE COPPER THICKNESS 1¢
REDUCED TO ZEROe THE PHOTON ENERGY ASSOCIATED! WITH THIS COEFF ICIENT:
1S THE 'EFFECTIVE ENERCY'e THE ENERGY: VS ABSORPTION-COEFFICIE M1 DATRA
USED FOR! THIS PURPOSE IS "WITH RAYLEIGH SCATTERING® :TAKEN FROM TABLES
IM MNSRDS-NRS 29 BY Jes He HUBBELL (1969)e. THE EFFECTIVE ENERGY. IS
GIVEN ONLY WHEKRE 1T 1S BELIEVED TO BE A MEANINGFUL CHARACTERIZ ATION 1
OF THE BEAM QUALITYs

4 THE CALIBRATION FACTOR DEFINED IN- THE BODY OF THE REPORTs N
SPECIAL UNITS (ROENTGENS PER COULOMB) AND IN:SI UNITS (RECIPROCAL
KILOGRAMS) o

5 THE FIRST HALF-VALUE LAYER IN ALUMINUM AS! DETERMINED RY A FREE-
AIR IOMIZATION CHAMBERe THE CALIBRATION FACTORS ARE LISTED IIN' TE
ORDER OF INCREASING AL HVLe THE CU HVLS FDOR THE SAME BEAM QUALITIES!
ARE GIVEW IN THE TABLE ON THE LAST PAGE OF THIS REPORT.

6 THE DISTANCE BETWEEN THE KADIATION SOURCE: AND THE DETECTO k
CENTER OR THE REFERENCE LINEe FOR THIN-WINDOW CHAMBERS THAT! H#tyE NOI
REFERENCE LINEs THE WINDOW SURFACE 1S THE CHAMBER REFERENCE!

7  THE PERPENDICULAR DISTANCE FROM THE CENTER LINE: OF THE
CALIBRATION BEAM TD THE SO PERCENT INTENSITY( LINEs FOR CIRCUL AF
FIELDS THE LETTER C PRECEDES THE DIMENSION GIVENe - FOR SQUARE FIELDS
THE LETTER S PRECEDES THE DIMENSION GIVENe UNLESS OTHERWISE SPECIFIED
THE CHAMBER AXIS IS PERPENDICULAR TO A SIDE OF THE SQUARE. IF N
LETTER PRECEDES THE DIMENSION A SPECIAL FIELD WAS USED AND ITS
DIMENSIONS ARE GIVEN IN A NOTE AT THE BOTTOM OF THE TABLE.

'8 - THE EXPOSURE RATE AT WHICH THE CALIBRATION WAS PERFORMEDs IF THE
CHAMBER 1S USED TO MEASURE AN EXPOSURE RATE THAT IS SIGNIFICANTLY
DIFFERENT .FROM THAT USED FOR THE CALIBRATION IT MAY BE NECESSAKY TO
CORRECT FOP RECOMBINATION LCSS.



DG 796682

1982 NOV 03

BEAM
CCDE

-
1
O >

~rr
|
-3y m

BEAM
CODE

MFR

MFC

MFE
MFC
MF 1
MFK
MF K
MF O

CONVENTTIONAL CALIBRATION CONDITIONS

HALF-VALUE
LAYER
AL
(MM)
0029
0050
«071

223
036
1¢02

186

FOR X- AND CAMMA-RAY MEASURINE INSTRUMENTS
LICHTLY FILTERED X RAYS
ADOED
CONSTANT DISTANMCE FILTERX

POTENTIAL AL

(KV) (CM) (MM)
10 25 0
15 25 0
20 50 0

20 50 045

20 50 0e5

50 S0 140

75 50 145
100 50 2+9

CONSTANT
POTENTIAL AL
(KV) (MM)
60 0
.60 2«50
75 2651
100 2s50
150 2e49
200 349
250 3450
250 2eb?

2078

NHERENT FTILTRATICN APPROXIMATELY 140 MM BREs:

MONERATELY FILTERED X RAYS

cu:
(MK)

0

0

0

0
0425

050

101
3420

_ ADDED FILTERX

AL
(MM)
1¢62
2¢79
3639

5603
10425
13420

15+80
182390

HALF~-VALUE LAYER

cu
(MM)

0090
06116

020
"0eb6

1e24

2023 .
3e25

* INHEPENT FILTRATION APPROXIMATELY 145 MM AL

REAM
CODE

HFC
HFE
HF G
HF 1
HF K

HEAVILY FILTERED X RAYS
HALF-VALUE LAYER E FFECTIVE

cu
(MM)
014
074
245

L4409
S5e25

CONSTANT ADDED FILTERX
- POTENTIAL AL Cu- SN P8 AL
(KV) (MM) (MM)  (MM). (MM (MM)
50 250 0 0 010 Lel9
100 2450 0 0 050 1120
150 2e50 4400 1451 0 16496
200 2047 0660 Lelb 0677 1960
250 2850 0460 1404 272 21455
% INHERENT FYLTRATION APPROXIMATELY 15 MM AL
GAMMA RAYS
hADIO- E NERGY CALCULATED CU
NYUCLIDE HALF -VALUE LAYER
(KEV) (MM)
€S137 662 108"
Co-60 1250 149

M- b4
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HOMOG ENET T Y
COEFF ICIENT
1ST AL HVL/
2ND AL HVL |

0e ¢9

Oe 74

Je 7¢

Oe 7P
0e 64
0.66.

Oe¢ 7
0e 56

HOMOG EMETI TY
COEFF YCIENT:
18T AL HVL/
2ND AL HVL |

Ue 68

0e 79

Oe 7&

De 73
Qe 8¢
0 92

0e 92
De 98

FNERGY!

KEv)'
33 ¢
770 -
117 .

167
210 -



