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Material Safety
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Commission %)
Waehington, £. C. 20555

Dear Sir:

This is in reference to your letter dated March 28, 1984,
requesting additional iuformation to complete the evaluation
of our report dated February 7, 1984, Control No. 17007.

1. a. The Ludlum Model 12 survey instrument was calibrated
by Philip H. Cooper, Ph.D.

b. The standard used for this calibration is a Model
64-764, S/N157 Cesium 137, 100 millicuris, sealed source

as of March 9, 1973; was purchased from Victoreen/Nuclear
Associates; is NBX traceable; and emits, with the source

in the irradiation position, 45 mR/hr at 30 inches as of
March 9, 1973. The survey instrument is calibrated every
six months in the following manner. After calculating

for decay, distancee are chosen to deliver 14 exposure

rates between 0.5 and 400 mR to include two exposure values
in the midrar~e of each of three scale factors on the survey
instrument from a full scale reading of 2 mR/hr to 600 mR/hr.

c. The primary dosimetry system used to perform the cali-
bration of the teletherapy unit was the Capintec Model
192A Electrometer, Serial #57F174, and Capintec chamber
Model PR-06C, Serial #C110.6290. Also used in the cali-
bration was a Keithley electromotor Model 615, Serial
#77269, and a Nuclear Enterprises, Ltd., Farmer chamber
Model 2502/2, Serial #152.

d. The dosimetry system was calibrated by the Regional
Calibration Laboratory at the M. D. Anderson Hospital and
Tumor Institute in Houston, Texas. Enclosed is a copy of
the calibration report for the instrument which shows 1t
to be in compliance with 10 CFR 35.23.

/V
in Rephy Aefer To:  580/190 W5 & @iy E.
8512050148 851025
I1C30 -

REG4
3

L

2-00084-08 PDR



United States Nuclear Regulatory Commission
Washington, D. C.

2. The output stated as of August 30, 1983, was from the
manufacturer's test cell report. This was not used to treat
patients, Instead, immediately after source installation
and before resumption of patient treatments, a full cali-
bration of the teletherapy unit was performed in compliance
with 10 CFR 35.21. Enclosed is a copy of the results as
recorded in the teletherapy unit logbook.

3. a. The teletherapy source "on-off" indicators are "source-
on" and "source-off" lights at the source housing, at the
teletherapy machine control panel, and akove the entrance
to the treatment room door. The mechanical indicator is a
rod which extends from the source housing when the source
is in the "on" position and retracts when the source returns
to the "off" position. Both mechanical and electrical indi-
cators at the source housing are observed to function via a
television monitoring system. All indicators were observed
to correctly indicate the source to be in the "on" position
or the "off" position. The position of the source was veri-
fied by measurement of the exposure rate with the dosimetry
system, |

b. Use of the dosimetry system to determine exposure rate
shows the source to return to the "off" position at the
end of the present time. Turning the "source-on" contro!
does not cause the source to return to the "on" position
until the timer has been reset.

Director

\_/ Enclosures:

1. Report of calibration
2., Calculation of posted
outputs
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REGIONAL CALIBRATION LABORATORY

Report of Calibration

Date instrument received for calibration: December 28, 16E!
Date instrument calidbration compieted: Januzry 29, 1987

Date celibration report completed: Augnst 12, 1982

Description of instrument:

Capintec Exposure/Exposure Rate Meter Model 192A, Serial # 57F174
Capintec Chamber Model PR-06C (0.6 ml, AL plastic), Serial # Cil0.6290
Polystyrene EBuildup Cap, # C110.6290 -

NOTE: Proper function anc reliability of the radiation measuring devices duicribed Ir
this document are highly dependent upon handling and use. Therefore, the cduratior of
responsibility of The University of Texas System Cancer Center, M. D. Ancurson Hospitz !
and Tumor Institute, and its employees for the calibration results extends only tc th~
time the instrumerts leave the M. D. Anderson Hospital premises. It is recommengec that
the instrument user establish an appropriate technique of monitoring the corstancy uf
the instrument response before anc after its submission to the Recional Celitrzt o
Laboratory and on a regula- basis thereafter. In addition, it is the esprece
responsibility of the instrument user to assure himself (by personel coarunicetion, °
necessary) that his interpretation of the information in this document is consisten:?
with the interpretation intonded by the Regional Calibration Laboratory.

NOTE: The Capintec Mocdel 192A, # 57F1, . supplied only 250 volts poléerizing voltao:.
instead of the nomina) 305 volts, due to 2 weak battery. The Regionel (elibraticn
Laboratory used its own battery for the chamber calibration.




Page 2 of &
Repcrt # 035

CALIBRATION FACTORS:

R/rdg: Roentgen/reading calibration factors apply to the chamber-clectrometer-
_readout system as 2 unit, with scales, switch settings and output mode specified. To
obtain the exposure in roentgens at the geometrical center of the ion chamber volume*,
in the absence of the chamber, the calibration factor is applied directly to the
{nstrument reading corrected for temperature and pressure.

R/C: Roentgen/coulomb calibration factors apply to the ifon chember 2lone. To |
obtain the exposure in roentgens at the geometrical center of the ion chamber volume®, '
in the absence of the chamber, an appropriately calibrated (coulomb/reecing;
electrometer must be used.

TEMPERATURE-PRESSURE CORRECTION FACTOR:

For chambers open to the atmosphere, the instrument readings were normzlizec to 760 :
millimeters of mercury and 22 degrees Celsius. Use of the chamber 2t other pressures A
and temperatures requires correction by the following multiplicative factor:

1427315 260
295.15 P

where T is the temperature in degrees Celsius, and P is the chanier preciJr ir

millimeters of mercury.
ho corrections were made for air humicdity.

4}

CAL1B8RATION CONDITIONS:

rie

Calibration field size it given by the dimension across the field from one
percent intensity line to the other (in air) measured at the calibretion distance.
Stem effect was not investigated; the calibration factor applies only to the ficic
size stated.

During calibration the chamber was centerec in the beam with the stem perpendiculer
to the beam direction, except for end-window chambers which are calibratec with the
stem parallel to the beam direction.

The sign of the polarizing voltage indicates the thimble potential relativ=
collecting electrode, although the thimble may actuzlly be groundec.

The exposure rate at the calibration position was measured with a trensfer-gcuality
jonization chamber which was calibrated at the National Bureau of Standarc..

The overall accuracy of the calibration factors assigned vy the Reyione!
Calibration Laboratory is believed to be within 2.5%, which includes the uncertainty
inherent in the determination of the roentgen.

+

to the

BIAM QUALITY:

Medium energy x-ray be:n quality 1is described in terms of the firct i2lf.velue
thickness in millimeters of 2Yuminum or copper, the ratis of the first tc the secont

half-value thickness, and the peak kilovoltage.
The half-value thicknesses were determined with a 2 cm dianeter aporture and hich

purity aluminum or cop~er absorbers. The aperture and ion chamber were positioncd ot
§0 cm and 100 cm, respectively, from the target.

*The center of end-window chambers is normally designated by 2 circular groove.
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REGIONAL CALIBRATION LABORATORY
M. D. ANDERSON HOSPITAL AND TUMOR INSTITUTE

Report of Calibration
~ INSTRUMENT: B

Capintec Chamber Model PR-06C (0.6 m1, AE plastic), Serial # C110.67290
Polystyrene Buildup Cap, # C110.6250 (Cobalt-60 radiation only)

SCALES, SWITCH POSITIONS, AND CONDITIONS: Field Size: 10 x 10 ¢
Preirrad. Leakage: -1 » 10734 4
Chamber Only Orientation: Air hole towz d Lo
Nominal Full Scale: N/#
Polarizing Voltage: -307 V
(on thimble)

BEAM QUALITY EXPOSURE RATE CALIBRATION® % FULL SCALL or
HVT(mr) 1st/2nd kVp (R/min) FACTOR (R/C) (Tote)l Expousure!
2.5 A1 0.58 100 g¢ 4.704 x 10° N/

1.86 Cu  0.64 250 61 4.86, x 10° Ny
2.98 Cu 0.8 250 33 4.89, x 10° N
Cobalt-60 37 4.92, x 10° N/

*at 22°C, 760 mmHg: The chanber was determined to be open to atmospheric comsnunicatico: .

DATA BOOK__17/16 ;PAGE(s) 21,22/2:%

) =0 S
0{,{‘} v "14//

& TUSE, A

Robert J. Shalex
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REGIONAL CALIBRATION LABORATORY
M. D. ANDERSON HOSPITAL AND TUMOR INSTITUTE

Report of Calibration

INSTRUMENT:
Capintec Exposure/Exposure Rate Meter Mode)l 1924, Serial # 57F174

SCALES, SWITCH POSITIONS, AND CONDITIONS:

Electrometer Switch: Position

PROBE SELECTOR: ELECTROMETER
COMPENSATION FACTOR: 1.00
METER RANGE: NORMAL st
EXPOSURE LEVEL: HIGH (199.9 full scale)
MODE: TOTAL

NOTE: 2ERD ADJUST and BACKGROUND were adjusted in accordance with the Capirtec
cE e YA

192 Operation Manual. However, any zero offset or zero drif hou 1¢
taken into account, if significant to the reading being teken.,

-

CHARGE CALIBRATION FACTOR:
0.854 » 10"9 C/unit of reading

NOTE: The charge sensitivity (rdg/C) was constant to within + 0.1% over the res
of readings from +51.2 to +199.7.

EXAMPLE: Assume that the chamber described on page 3 is being wusid witt
electrometer and switch settings described above , th:t
temperature-pressure correction is 1.000, and that the reading o 10
(i.e. 50% full scale); then the exposure for Cobalt-60 raciation wu.lc
%90.0 x 0.855 x 10(-9) x 4.985 x 10(+9) = 428 R. Nominal full scale ic CRE

DATA BOOr_ 15 ¥AGE 157

; N G101 1
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Robert J." Shale}
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28 axrome 1983 In_air  Calibmation .
fox o em? ﬂ,ud @ BO cen SSD p 4E com STD (a/w}s))' .

prr‘be certered In Fled @ 805 cm From Source .
Bierthley [Farmar chm #152 CCF +538.6
T= 25.8°C cP: 770.86 mm Hqg  TPCF= O. 9986 &

- S —— S S—————— . —

exposure Sethng: foo mun ()

rwd.."js. 0.3%0g, O.331, 0%%2 0.%32 0.332, 0332

average 0.231546% (f)

outpul in arr ©_ave * TRCF » CCF & heg * Fuscic T €3P set ‘

¢ 0331683 ¥ 0.9966p £ 5386 * 0985% 0.95% +1.00min |
= 16B.13 %—‘?{n wm air for fOx {0 et C,eld
@80 e SSO (dose rate

delivered to svmall moss

of muscle at this Pos‘h'on):

In air measurement nyrapolaﬁtd to dece rate in water

PMnbm. wWith probe immersed @ de,pHA of Gmm,

BO e ssD to water surface 5 all other condihons

unc hanaed -
*
audput 1 unber = L5F 2 ave X TPCF » CCF X A"}x fm'“ + exp set
prayered) 10395 panisps x 0.99guan SIBC X 09BTX0%C

OO Mmn

rad dose rake delivered (pm\)‘er_,fed)

= {75.87 :n.'n to same pt with Full Phanh)m

of water

®
'ﬁ'o:‘ factor rate " meode (sm up 4as beFo"‘)

reading £ 4ray: 0549 (Ry)
fcado'mb c f'ﬂ'&\' : 0.525 (ﬂq)

* BSF calcwlated From measurements; (c./cuhﬁz;ns on

%

dec 29

F, av6h ; Fawels 20953 5 T4 pa T

wales *
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In air Tirmer error and OQ’/aJ sfuc/y
Qveraoce of Zum r'eaf:nss of n:=$§ fr/a./s wfft.
0.20 minute exposures Set per trmal (Sefupas b.‘Foaz)

rmd:njs. 0.3/18 ,0.3:% J

avrage: .31%s (2;)

£ M2 £.)T _ 0.3¥583-0313s (1.00min) Q’Oscc)
£, -n K, 0.%317¢ -(5)0.331583 (. Comin

¢ 2 =0.C3040 sec

(1’,‘ T From Pase 29)

Crmin) ,
Cypcture f.eHnm} , "r(ndm;}s Ave rnje A
{.00 see page 29 0.331583
©.4< 0245/02'49, 0248
0.50 0.163,0.163 0163
0.30 o051, 00915 0.09693 !
0.70 0063‘7"00616 0.06%15
0.i0 0-0199, ©. 03075 0.03035

US"‘\ﬁ L.Q_'
R: 0335 T - 0.004

Fimer error,)
cole. from
o),

timer er

when £: 0, T=z=00:2min = O Fitb sec

pmmﬁmph o 'rm‘fc,:f & O0015min ¢ 0.9005ec(From graph )
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Fie ld <i2e dependence {FSD) Factors

Setup as before, with Varymj

TRF: 099868

Flé Id s:z'esJ'
“rate ‘mode used T:d58°C (P+270.8mm Hy

EsD Fsp ‘B2 | B
C.eld ( "
norm t+oae|(factors meal A = 3- '8
sSizde (r.m‘) read.'nj toy 10 rd3) ® 82 calib) 52
lo x 1o 0.549 N - =
(min)
Yixd 2 0522 0.952 0.95% ~-0.31
G b 0-532 0 9270 0.933 -0.31
84 B 0 .540 0.785 0.98 7 -0.20
la»i12 0.554 1010 Lot -0.10
le » 16 0.565 /.030 l.o3o R
20 ¥ 20 0573 /.045 ].044 +0.10
25 % 25 0.579 l.ose l.os2a +0.38
(max )
34px349| o057 1.052 .05 ———
lo x io 05458 . —_
joxio | os48s | 1999 l.000 e

——

. —
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lox 10 eom® Fieid @ Bocm SsD 4S5 cm STD, probe
centered n Fre l @ B80.5com

VAH Capo;v#vc [Farmer chm
T: 0%
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CCF = 4 2821
TPcF = 0.99948

CP:z370.3_mm Hq

exposure setting Lo min

readengs: 413, 41.4, 414, 41.4,
N

avarmge: 41.335

Qutpul an Qir :
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1 .
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@ +Hus Posixftcm )

In air measure mert (’d’mpclaﬁrd to dose rate 1w wnter

Phaa4’0w\ (de:fuu'k outlined on pq 29) :

Outout m waber 3 E4Fx ave x TPCFx CLF X Aqk S +exp set
(P’OJ?chd)

0392 ¥ W1.37¢ » 099948 ¥ 4.2821 x0985 0.96

1.OC min

rad . h
= | :‘ 15 . A(‘," "O*C de‘hv(‘r:‘ ;) ('_Y,‘)‘,"(""g
te came pt with Fullp}nnhm‘
C’A/.’.u/ﬂr(‘.'\ ol-

("

T2l -10a

Sh,lr\(l‘afd {® &7 cmm SsSD
md
166.92 min
lop. 13 ™

min

O\HP.A-( measured (n
arr (pgs 29, 35)
(2) 1n water meas output,

corr. for BSF ("J .’)7)'.

176. 4222 = 103295
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In_water Cn/:.bmflon' { h
lox 10 ewm? Field @ 80 em SSD, Y5 com STD .
probe centered in Fie Id @ depth of Al (

dasc (éf mm) In water
B_(C4J‘A_/_C< Farmer Chm d/‘:'Z CCF: 5§38.6

s

W

Tu*2%0%c CP: ?70.b mm Hg TPCF: 0.99293
exposv re seffing [LOQ minyfg
J

readin s 0.343, 0348, 0393 0.3¢47

o e s v
e 3

average: 0 3432%
C]u'guf in_water = __dve ! X Tf_’f_f_l Cff r {.2 <« & f_)
= 0.3432C ¥ 099293 x 5386 > 095 ¢ 1.00 rmn

: (%42 L’é‘i m water For 10x (0 wm® Field

set

@ pomSSD, @ dmax®
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4 v -y ‘
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‘) ——— l 1

]
ude scatter Fac tor 3 i
}
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0347y X 099293 . | gy i L
0.3%1583 x 099868 e o A
{
ave " vate wode rdg i ! " e
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{.0
554q x 0 99p6P 1.038

use ave of (1)5G) = | 0395 (+ 0 33% from etd K
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et £ . . 47} g



mf/on

Fu// Ca/, 30 :
In water Vé’nf‘,(-ahnn of '[Vrrtn+ c/(rp*"l dese {PD/)) {
sct up as before g probe fomtered in Field |
(S/?.e_\' as /nd:caftd) @ Vaf mj depfhs |
Tw *24.0°C CP: 730 Tmmbla TRCF * 099280
( Tw, P remancd Constant +l.,Mleuf Vl’rrr:(a"u )
“ rate’ PDD, norm A (/u
Feld o tnse | -paitey o -me.
depth mode | .2 f,01d 4: = 1
slzjo(cmz) ((m) V‘zad:'ns rdq @ dmay roe o
dix 42|07 (dmax)| 0.535 93.4 93 0.4
(minimam) & 0.4o2 70.2 69 [.7
1o 0.272¢ 47.6 46 3.5
15 0.18'% 31 .3 31 2.3
20 0.1215 2l .2 20 Lo
6xG |0e8(dma)| 0551 9% .2 96 02
5 | 0.423 3. 74 -0.3
10 0.294 57.3 51 0.6
Is 0. 199 34 .3 35 -0.9 !
20 0.135 23.6 a3 2.6 !
10 x 10 |0.65 Omax)| 0573 (oo.0 joo —
s 0.456 #9.6 #9 0.8 :
10 0.327%¢ §3.2 53 0.4 i
T 0.239 Yo.0 Yo w—
20 0159 213 ) -l
Iy x i1y o.{an..) 0.592 l03.3 o3 0.3
¢ 0.96 83.1 83 0.1 |
1o 0.35/1 61,3 77 0.5 i
s .25/ CER ) Yy - 0.5 P
20 o1 37,1 32 -2.8 3
I i
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ver:Frcation of PDDI cont.

Field
sge&mﬁ

depf‘w
(em)

" rate "
mode

readfnj

PDD, nerm

Fre ld rdJ
@ dpa x

to /oXioem®

Pcucd

PDD

20x 20

as5 (Amax)
5
/o
5
20

0. 614
0.499
0.3%
0.275
0. 198

[07.3
873.1
s Y
4.0
34.6

o7

348349

(s irmum)

04 (dmax)

5

2.9
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©9?.1
516
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Full Calibrat on
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on

Factors

Set up as before. | ¢ probe (emfered n wedged
feld @ depth = 6.0mm (: dmoux for all open
Pields measured ). Average rcadu'aj ((a/Cu/a{ed from
rencfmjﬁ measured tunder opposing wedge Pcﬁ;*lt;ns)

wsed to determine Hransmission Factors éfr/:

normalized fo identical open Field @ given r/f'f.-fh $

TF %

: nofm“i//j’e’d bo lox 10em’® open Field @ grven

o
Zfrcf_h

). Tr24.0% (P: F70.8mm My TRCF :

w, CP resmained constant fl»rou.jbod measuremmen

0.9926 7

——e.

),

i = B WTF, norm TE# , norm| TEX reas e
Faelds.jr.{t.') u(d_r’c o rate to “}e"““, 5 Bassand v 1982 A(/o)
d Y mode |operFrel rdy open fiald P38
(ui‘,)?e) 414 read ny @ 3";" rd @iyan ;‘,‘Zﬁ. A a2
oy . dept ot Cali eon
) 3 ") T oot
lo x to open 270 0(5.7'7" g) l.ooo /. 000 /.000
/-. JX 1O 3.0 o410
il S Yowes| ©.715 | O#5 0317 |-03
(rowx i) 90 |oHI
45 | 270 |0.3%3 -
i 0'34)033% 0.58/ 0.581 0582 |-02
o pJ
6o | 270 (024039 24d 0.4/8 OYiA 0.4:3
90 |0. 240
8x 8 open| 90 |0 563 | 000 0.98 | —_
Bwxs 30 | 270 |o420
oy 0.757 0. 42 0.743
(00")”5) % |04
7]
§ |20 056'3)0'3(34 0.628 0616 0.613
20 |o35y
o 3:2 :i‘:)nm o472 | 04ed | 0463
6 * G open 270 |0.5%50 l.o00 0.959 o
w X &
,6 6‘ s |270 M"")nw; o672 sonw | aevy
(Gwx15) 90 |p370
(9] o0 o2,
G0 |2%0 |03 pawd pssy | 0.531 | 0.522
9 |0%¢
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(’) Inverse Square from BOcm SSD odata.
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i In water (p\(} 37 ) 176 Y2 IIV.“'I‘IC{'

2
. rad [/ 80.5 rad -
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