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Ozarks Medical Center
Radiation Oncology Center
ATTN: Liep T. Tio, M.D.
1103 Alaska Avenue
West Plains, MO 65775

Gentlemen:

Please note that the submittal of your full calibration measurements (10 CFR
35.632) for your cobalt-60 teletherapy unit is not required by regulation. As
per 10 CFR 35.645, only the measured output as determined in accordance with
35.63? must be included with records submitted relative to 35.636, 35.641 and
35.643.

In light of the above, we have voided your letter dated July 25, 1990, and
therefore have not issued an amendment to your license. The documentation
that you submitted with the above mentioned letter will be placed in your file.

If you have any questions or require clarification on any of the information
stated above, you may contact us at (708) 790-5625.

Sincerely,

Original Signed By
Kevin G. Null
Mater;als Licensing Section
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.* CALIBRATION ~ REPORT.

Theratron 780 Cobalt 60 Teletherapy Unit-

Radiation Oncology Center
West Plains, Missouri

On July 1 and 2,1990, a complete calibration was performed on the
A.E.C.L. Theratron 780 Teletherapy unit, serial no. 86, located in the
Radiation Oncology Center,- West Plains, Missouri. This unit is an isocentric
Cobalt 60 teletherapy unit with a rotational isocenter of 80 centimeters.
The unit has a Cobalt 60 source, serial no. S-3903, issued under NRC license
no. 24-18733-02 with an initial activity of 7946 curies on July 17, 1986.'

The unit is located in the Radiation Oncology Center, Doctors' Pavilion,1115
- Alaska Avenue, Suite _116, West Plains, Missouri 65775, phone (417)
257-7082. The unit is under the supervision of 1iep Tiong Tio, M.D.

This report is a complete calibration of the above unit performed by
Dennis Frieda, Ph.D. The calibration was performed using an Keithley
Model 35617 Dosimeter, serial no. 22828, with an NEL (Farmer) Chamber
Model 2571, serial no. 912, which were last calibratr>d at the Accredited
Dosimetry Calibration Laboratory, M. D. Anderson Hospital and Tumor
Institute, Houston, Texas, on April 10, 1990.

A summary of the calibration findings follows with a copy of complete
calibration data included in the appendix.

1. Equipment Evaluation

A. Contr 01 Console

1. The control console is located in an adjacent room with _means
provided for visual observation of the patient and control
console from thc. same position. Means is also provided for oral
communication between the patient and the control room.

,

Patients are not to be treated unless visual and oral contact
can be made with the patient at all times.

.

2. A key lock is provided on the control console to prevent
unauthorized use. It is also not possible to activate the unit or
beam from inside- the treatment room.

-3. Lights are located on the control console to indicate when the
console is ON and when the source is in the ON position.-

JUL 2 61990
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4. The control console has a timer to terminate exposure af ter a
preset time. Means is also provided on the control console for

,

the opcretor to terminate exposure at any time.

5. Emergency procedures are posted at the control console.

6. Emergency shut-off push buttons are provided on the control
console anu in the treatment room.

7. The teletherapy room door is posted with a " Caution - High
. Radiation Area" sign.

B. Interlocks and other warning lights and devices,

1. Ligh's are locatre on the control console, above the door to the
treatment room and in the treatment room on the gantry
head thtt ind.cate when the control console in ON and when
t; e source 3 in the ON position,

2. Interlocks are provided such that the beam cannot be turned
on if the door is open, if the door to the treatment room is
opened while. the beam is ON, the source will automatically
return to the 0FF position and cannot be turned ON until reset
at the control console.

3. A radiation monitor is provided in the treatment room that
emits a flashing red light that can be seen from the treatment
reom entrance when the source is ON. The monitor is
provided with a working battery back-up.

4. An interlock is provided such that the source can only be
mov~d to the ON position when the port is directed at the
beam stopper, or within a 90 degree angle between the floor

id the west (maze) wnll.

5 o interlocks are provided for the wedges or blocking trays.

C. Mechanical Alignment

1. The co. incidence of the central axis of the light field, the
cross hairs, and the mechanical axis of the coliimator
assembly were checked and found to agree within 1.5 mm.

Page 2
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2. The field size indicators are analog and were found to be.

accurate to within 2 mm of the light field 0 80 centimenters
over the range of use.

3. The mechanical and optical distance indicators were
checked and found to agree to within 1.5 mm. with the
rotational isocenter of the unit. The optical distance
indicator was found to be accurate to within 2 mm with
actual distances from the source for distances of 60 to 100
centimeters. r

4. Films were expsed at 80 cm. SSD with 0.5 cm, of acrylic
over the film and the edges of the actual radiation field was
defined as the 508 isodensity as compared to the central axis
isodensity. The radiation field edge verses light field edge
were found to agree to within 1.5 mm. on all sides over the
range of use.

D. Leakage of Radioactive Material

A wipe test of the source portal and collimator surfaces was ;

performed on June 5,1990. Analysis by Assay Services, Inc. ,
Friendswood, Texas indicate the source is not leaking.

!

II .' Measurements

A, Beam Direction Dependence.

The source output was found to exhibit a negilible. variation-
(i0.1%) with beam (gantry) direction.

B. Field Flatness / Symmetry

Scans were performed in both the in plane and cross plane
directions. Field flatness and symmetry were found to be
satisfactory.

C. Timer

1. The timer constancy and linearity over the useful clinical
range were found to be satisfactory.

.)
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2. The source was found to exhibit a timer error of -0:015<
,

minute. Thus 0.015 minute should he added to the ,

calculated timer setting for each 0FF-ON-OFF movement of
:the source.

.D. Central Axis Depth Dose

The table of Percentage Depth Dose data in 'use was taken-
from Supplement No. _17, " Central Axis Depth Dose Data for Use-

'in Radiotherapy",- Bn'tish Journal of Radiology; 1983. The data'

was checked with measurements at-depths of 5,10, and 15 ,

'

centimeters in a water phantom for field sizes of 6x6,10x10
and 20x20 centimeters; The normalized calculated percent i
depth' dose values were found to agree with table values to-
-within-0.5% and. indicate that:the data is an appropriate choice
for the unit. A table of the Tissue-Air Ratios (TAR) in use
and also taken from Supplement No.17_ is also provided. A

table of Tissue-Maximum Ratios (TMR) calculated from the
Tissue-Air Ratio data -is also provided.

' E. Field Size Dependence

The variation in output was measured over the range of
field sizes at 80 -cm .SSD. Measurements were made at 5 cm
depth.in water, corrected for percent depth dose to dmax, and

!2 field. A table of measured outputnormalized to a 10x10. cm
factor _s vs. field--sizes is provided. These new values vary from
previous calibrated values by -0.2% or less. A table for clinical
use that uses the TAR (0 5) values provide _d in the Tissue-Air-

-Ratio table to separate out a normalized collimator (S )-and--
'

c

treatment area. factor (S ) is also provided.p

F. Dose Rate Calibration

The absorbed dose rate at dmax (depth of maximal dose)-was

determined from measurements at 5 centimeters in water- for a
210x10 cm field with an 80 centimeter source to surface

distance (SSD). Using calculation methods of AAPM Protocol
Task Group 21 (Dec.,'83), the dose rate at d is .given by:max

A
(M/U) ~ N (L/p) air P,,33 P P ,p3 (100/P )

.

D ion 7 g= go,max

Page 4
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where
.

M is the average of readings of. the field instrument
'

corrected for temperature and pressure;
e

U is the monitor unit,- in this carr time (minutes),
corrected for any end errors;

N is the cavity gas calibration factor;
aas

(ll/p)mn. is the mean restricted collision massair
stopping power for medium (water) to air for Cobalt 60;

P is the correction for attenuation and scatter forwon
the wall of the chamber;

P is the correction for ion-collection efficiency;
ion

P is the factor that corrects for replacement of
rni

phantom material by an ionization chamber; and

P is the percent depth dose at the point of3
measurement for selected field size and SSD.

Using this formulation, the measured absorbed dose rate to
2water at d f r a 10x10 cm field at 80 cm SSD is:rnax

126,8 rads / min.D =
max

on July 2,1990

2
The previous calibrated output at d ! r a 10X10 cm fieldrnax

at 80 cm SSD when corrected for decay to July 2,1990, would
have been 127.5 rads / minute, The percent difference between the
current measured value and this decay corrected value is -0.6E

2
A table of decay corrected dose rates at .d for a 10X10 crnmax

Sid at 80 cm SSD, for the next 12 months (July,1990 thru
July,1991) is provided.

!

Page 5
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N - G. Beam Of f <llead Leakage-
-

3

: The beam off head leakage was measured at points on the
-

1surface of -an imaginary sphere with a radius of -one meter from
the source Measurernents were made with a Keithley 36150

'

Durvey : Meter, serial no. 22530 which was last calibrated on
1

August' 30, 1989 by the University of Wisconsin Radiation
Calibration Service. An average reading of 0.9 mR/hr was found
with a maximum value of 4.4 mR/hr.

' H. Inverse Square Correction

The virtual source position was determined and found to agree
to within 0.65 cm of _the expected source position. Using inverse,

square values based on a source to isocenter distance of 80 cm is
appropriate and accurate to within 0.3% for source to surface
distances between 70 and 100 cm.

1. Transmission Factors >

Transmission factors for the solid acrlyic and slotted actlyic
- blocking trays ar.2 the large (10w) 30, 45 and 60 degree wedges
'were measured-in water at 5.0 cm depth. A table of-measured !

. values :is provided. Factors agreed with previous values to-within
-i0,25.

,

J. Arm Speed _ Calibration ,

.s

-The actual degrees rotated per minute verse arm speed
.

setting was determined. The: rotational speeds were found to'

differ slightly. for motion in the counterclockwise direction-verses
clockwise motion. For arm speed- settings between 0.2 to 0.9, the-
following equations may.be use to determine the arc speed setting:

CW: -y = 0.00251x + 0.0340: for 0.2 5 y s 0.9
CCW: y = 0.00247x + 0.0513-

wbre x = _ degree / min.
y = arm speed setting

i

Nw %A
bennis Frieda, Ph.D.
Radiological Physicist (ABR)

Page 6_ ggg
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DECAY CORRECTED DOSE RATES *
AECL Theratron_780 Cobalt 60 Teletherapy

Radiation Oncology Center
West Plains, Missouri

10 X 10 CM FlELD, 80 CM SSC
CAllBRATED_ OUTPUT *=126.8 rads / minute ,

at D in water on July 2,1990max

Decay Correctedt
Month Output * (rads / minute)

July-1990 126.2

August-1990 124.8

' September-1990 123.4

October-1990 122.0
4

November-1990 120.7 i

December-1990 119.4

January-1991 118.1

February-1991 116.8

March-1991 115.6

April-1991 114.3

'

May-1991 113.1

June-1991 111.8

JuIy-1991 110.6

* Includes timer error of -0.015 minute.

th1 Decay corrected to the 15 of each month.

Page 7
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July 1,1990

TRANSMISSION FACTORS'

Theratron 780
Cobalt 60 Teletherapy

Radiation Oncology Center
West Plains, Missouri

likQCKIN_G TRAYS

Solid Plastic Tray 0,958

Slotted Plastic Tray 0.975

WEDGES

30' Wedge (10W x 15) 0,713

45' Wedge (10W x 15) 0.578

60' Wedge (10W x 15) 0,412

Dose rate with absorber
l * Transmission f actor =
! Dose rate without absorber

1

Measurement made at 5 crn depth in water phantom

i

i

Page 6
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. July 2,1990-

NORMAllZED MEASURED OUTPUT FACTORS
Theratron 780 Cobalt 60 Teletherapy

Radiation Oncology Center
West Plains, Missouri,

Field Size Output Factor *
;(cm - x cm) ,

5.0 x 5.7 0.956-

6.0 x 6.0- 0.966

7.0 X 7.0 0.973

8.0 x 8.0 0.983

9.0 x 9.0 0.993 ~ l

10.0 x 10.0 1.000

12.0 x 12.0 1.017.-

14.0 x 14.0 1.031-

16.0 x 16.0 1.042

18.0 x 18.0 1.052

20.0 x 20.0 1.059"

-

22.0 x 22.0 '1.067

25.0 x 25.0- 1.076

30.0 x~30-0~ 1.081
.

35.0 x 35.0 1.080
,

* Measurements made at- 5 cm depth in water phantom with 80 cm SSD
2and' normalized to 10 x 10 cm field.

Page 9
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July 2,1990
'

.

OUTPUT- FACTORS
AECL Theratron 780 Cobalt 60 Teletherapy

Radiation Oncology Center |

West Plains,. Missouri

Field Size Collirnator Treatrnent Area Total Output
(crn x crn) Factor (S) Factor (S) Factor (S,p)c p c

5,0 x 5.7 0.971 0.985 0.956

6.O x'6.0 0.978 0.987 0.966

7.0 x 7.0 0.983 0.990 0.973 '

8.0 x 8.0 0.989 0.994 0.983

9.0 x 9.0 0.995 0.998 0.993

10.0 x 10.0 1.000 1,000 1.000

11.0 x 11.0 1.006 1.003 1.009

12.0 x 12.0 1.011 1.006 1.017

13.0 x 13.0 1.016 1.008 1.024

14.0 x 14.0' 1.020 1.011 1.031

?15.0 x 15.0 1.023 1.014 1.037

16.0 x 16.0 1.026 1.015 1.042

17.0 x-17.0 1.029 .1.017 1.047

18.0 x 18.0. 1.032' 1,019 1.052 >

'

19.0 x 19.0 1.034 1.021 1.056

20.0 x 20.0 1.035 1.023 1.059

21.0 x 21.0 1.038 1.025 1.063'

22.0.x 22.0 1.040 1.026 1,067

23.0 x-23.0 1.042 1.027 1.070

24.0 x-24.0 1.043 1.029 1.073

25.0 x 25.0 1.045 1:030 1.076

30.0 x 30.0 1.046 1.034 1.081

L 35.0 x 35.0 1.041 1.038 1.080

Page 10 C@MOL IS- b$ 0b1b
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!AECL THERATRON 780 C08 ALT-60 PERCECT DEPTM DOSE (80 Cf1 SSD)

Field Size 4 x 4 5x5 '6x6 7x7 8x8 9x9 10x10 11X11 .12x12 13X13 14x14 15x15 16x16 17x17 18x18 ' 19x19 - 20x20. Field Size - .

Depth, cm Dacth. cm
05 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1000 100.0 100.0. 100.0 100.0 05
1.0 97.2 97.5 97.7- 97.8 97.9 98.0 98.1 96 2 98.2 98 2 98.3 98.3 98.3 98 3 98.3 98 3 983 ,1.0 .

2.0 91 A 92.1 92.6 93.0 93 2 , 93 A ~ 93.7 93.8 93.9 94.0 94 0 94.1 94.1 942 94 2 943 94.3 | 2.0'
;

3.0 85A 86.3 87.0 87.6 88.0 88A 88.7 '88.9 89.1 892 89A 89 5 89.6 89.7 89.9- 90.0. 90.1 3.0 '

'

4.0 79.7 80.7 81.6 82 3 82.8 83.2 83.7 84.0 84.3 845 . 84.7 84.9 85.0 85 2 85.3 855 -85 4 ~ ' -4 0 -

5.0 73.9 75 2 76 2 77.1 77.8 78.3 78.8 79.2 79 5 79.8 80.0 803 80 5 80.7 80.9 81.1' -81 3 5.0

6.0 68.4 69.7 70.8 71.9 72 5 73 3 73.9 74.4 74.9 75 2 75.6 75.9 76.1 76 3 76 5 76.7' 76.9 6.0 '

7.0 63 3 64.7 66.0 67.0 67.9 68.6 69.3 69.8 70.3 70.7 71.1 71 5 71.7 71.9 72.2 72A 72.6 7.0 :

8.0 58.5 59.9 61.2 623 63 2 64.0 64.7 65.3 65 8- 66 2 66.7 67.1 67A 67.7 68.0 68.3 '68.6 8.0
9.0 53.9 55 5 56.8 57.9 58.8 59.7 60 5 '61.1 61.7 62.1 62.6 63.0 63.3 63 5 64.0 643 64.6 9.0 ,

10.0 49.7 51.2 525 53B 54 8 55.7 56A 57.1 57.7 58 2 58.7 59.2 595 59B . 60 2 60.5 50.8 10.0

11.0 45.9 47 4 48.7 49B 30.7 51.6 52.5 53 2 53.8 54.3 54B 55 3 55.7 56.1 56A 56 8 57 2 11.0 .

12.0 42.4 43.8 45.0 46 2 47.2 48.1 48.9 49.6 50 3 50.8 51 A 51.9 523 525 53.0 53 3 53.7 12.0
1

13.0 39.1 40A 41.6 42.8 43.8 44.7 45.6 46.3 47.0 47.5 48.1 48 6 49.0 49A 49.7 50.1 50.5 13.0 ;

14.0 36.1 37.3 38.7 39.7 40.7 41.6 42A 43.1 43.7 44.3 44B 45A 45.8 46 2 46 5 47.0 47A 14.0

15.0 33.2 345 35.7 36.7 37.6. 38 5 39A 40.1 40.8 41 A 41.9 42 5 42.9 43 3 43.7 44.1 44 5 15.0

f.

16.0 30.8 31.9 33.0 34.0 35.0 35.9 '36.8 37 5 38.1 38.6 392 39.7 40.1 40 5 41.0 41A 41.8 16.O'

17.0 28.3 295 30 5 315 32.5 33 3 34.1 34.8 35 5 36.0 36.6 37 1 375 37.9 38A 38.8 39 2 17.0 -

18.0 26.2 273 28.3 29.3 30 2 30.9 31.7 32A 33.1 33 6 342 34.7 35.1 35 5 35.9 36.3 36.7 18.0

19.0 24.1 25.1 26.1 27.1 28.0 28.8 295 30.2 30.8 31.3 31.9 32A 32.8 33 2 33.6 34.0 34A 19.0 |

20.0 22.2 23.2 24.1 25.0 25.8 26.6 27A 28.1 28.7 29.2 29.7 30.2 30.6 31.0 31A 31.8 32.2 20.0

'

21.0 20.6 21.6 22.4 233 24.1 24.8 25.6 26 2 26.9 27A 27.9 28.4 28.7 29.1 29 5 29.9 30.3 21.0
22.0 19.0 19.9 20.7 215 22.3 23.0 23.7 24.4 25.0 25.5 26.0- 26 5 26.9 27.3 275 28.0 28.4 22.0 t

23.0 17.6 18 5 19.2 20.0 20.8 215 22.1 22.7 23A 23.8 243 24.8 25 2 25 5 25.9 26.3 26.7 23.0 l

24.0 16 2 17.0 17.7 18 5 19 2 19.9 20 5 21.1 21.7- 22.2 22.6 23.1 23 5 23.8 24.2 245 24.9 24 0
25.0 15.0 15.8 16 5 172 17.9 18.6 19.2 19.7 20.3 2C.8 212 21.7 22.0 22A 22.7 23.1 23.4 25.0

26.0 13B 145 15.2 15.9 16.6 17 2 17.8 18A 18.9 19.3 19.8 20.2 20 5 20.9 21 2 21.6 21.9 26.0

27.0 12.8 13 5 142 14.9 .15.5 16.1 16 5 17.1 17.7 18.1 18 5 19.0 19.3 19 5- 19.9 20.3 20.6 .27.0
28.0 11.8 12 5 13.1 13.8 14A 14.9 15A 15.9 16A 16B 17.3 17.7 18.0 18 3 18.7 19.0 19.3 28.0

'

29 0 11.0 11.6 12.2 12 3 13.4 13.9 14A 14.8 . 15.3 15.7 16.1 16.6 16.9 172 17.5 17.8 18 2 29.0
30 0 10.1 10.7 112 11.8 12 3 12.8 13.3 13.8 14 2 14.6 15.0 15A 15.7 16.0 16A 16.7 17.0 .30.0

t

. . . _ .
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AECL THERATRON 780 COSAI.T-60 PERCENT DEPTH DOSE (80 CM SSD)

Field 5 ire 20x20 21x21 22x22 ' 23x23 - 24x24 25x25 26x26 27x27 28x28 29x29 30x30 31X31 32x32 33X33 34X34 35=35 Field 51re
' Depth, cm Depth, cm .

05 100.0' 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 ~1000 05
1.0 98.3 98.3 98 3 98A 98A 98A 98.4 98.4 98 5 98 5 - 98 5 98 5 985 98.5 98 5 98.5 1.0

2.0 94.3 94.3 94A 94A 94 5 94 5 945 94.6 94.6 94.7 94.7 94.7 94.7 94.8 94.8 94.8 2.0 .,

3.0 90.1 90.1 902 90 2 90.3 90.3 90.3 90A 90A 905 905 90 5 905 90.6 90.6 - 90.6 3.0

4.0 85.6 85.7 85B 85.8 85.9 86.0 86.1 86.1 86.2 86 2 86.3 86.3 86A 86A 865 86 5 4.0

5.0 81.3 81A 81.5 815 81.6 81.7 81.8 81.9 81.9 82.0 82.1 82 2 822 82.3 82.3 82A 5.0

6.0 76.9 77.0 77.1 77 3 77A 77.5 77.6 77.7 77.9 78.0 78.1- 78 2 78.2 78.3 78.3 78A 6.0

7.0 72.6 72.7 '72.9 73.0 73.2 73.3 - 73A 73 5 73.7 73.8 73.9 74.0 74.1 74.1 74 2 74.3 7.0

8.0 68.6 68B 69.0 69.1 69.3 69.5 69.6 69.7 69.9 70.0 70.1 70.2 70.3 70.3 70A 70 5 8.0

9.0 64 6 64.8 ' 65.0 65 2 65A 65.6 65.7 65.9 66.0 66.2 66.3 66A 665 66.6 66.7 66.8 9.0

10.0 60.8 61.0 61 2 61.5 61.7 61.9 62.0 62 2 62.3 62 5 62.6 62.7- 62.8 63.0 63.1 63 2 10.0

11.0 57.2 57A .57.6 57.9 58.1 58.3 58 5 58.6 58.8 58.9 59.1 59 2 59A 595 59.7- 59.8 11.0

12.0 53.7 54.0 54.2 54 5 54.7 55.0 552 55.3 55 5 55.6 55.8 55.9 56.1 56 2 56A 56 5 12.0 -

13.0 50 5 50B 51.0 51.3 51 5 51.8 52.0 52.2 52A 52.6 52.8 52.9 53.0 532 53.3 53A 13.0 -

14.0 47A 47.7 '47.9 48 2 48A 48.7 48.9 49.1 49A 49.6 49.8 49.9 50.1 50.2 50A 50 5 14.0

15.0 44 5 443 45.1 45.3 45 6 45.9 46.1 46.3 46 5 46.7 46.9 47.0 47.2 47.3 475 47.6 15.0

16.0 41.8 42.1 42.4 42.6 42.9' 43 2 43A 43.6 43.8 44.0 442 44A 445 44.7 44.8 45.0 16.0 .

f

17.0 39.2 395 39.7 40.0 40.2 40 5 40.7 40.9 41 2 41 A 41.6 41.8 41.9 42.1 42 2 42A 17.0
'

18.0 36.7 37.0 37 3 37 5 37.8 38.1 38.3 38 5 38.8 39.0 392 39.3 395 39.6 39.8 39.9 18.0

19.0 34A 34.7 35.0 35 2 '35 5 35.8 36.0 36 2 36 5 36.7 36.9 37.1 372 37A 37 5 37.7 19.0

20.0 32.2 325 32.7 33.0 33 2 33.5' 33.7 34.0 34.2 34 5 34.7 34.9 35.0 35 2 35.3 35 5 20.0 |

!

21.0 30.3 30.6 30.8 31.1 31A 31.7 31.9 32.1 32.3 32 5 32.8 32.9 33.1 33 2 33A ~ 335 21.0 t

22.0 28.4 28.7 29.0 29 2 29 5 29.8 30.0 30 2 30.4 30.6 30.8 30.9 31.1 31.2 31 A 315 22.0
I

23.0 26.7 26.9 272 275 27.7 28.0 28 2 28A 28.6 28.8 29.1 29 2 29A 29 5 29.7 29.8 23.0
'

24.0 24.9 25 2 25A 25.7 25.9 26.2 26A 26.6 26.9 27.1 27.3 27 5 27.6 27.8 27.9 28.1 24.0

25.0 23A 23.7 23.9 242 24.4 24.7 24.9 25.1 25.3 25 5 25.8 25.9 26.1 26 2 26A 26.5 25.0
L

26.0 21.9 222 22A 22.7 22.9' 23.2 23A 23.6 23.8 24.0 242 24.3 245 24.6 24.8 24.9 26.0 .

27.0 20.6 20.9 21.1 21A 21.6 21.9 22.1 22.3 22 5 22.7 22.9 23.0 23.1 232 23A 23 5 27.0

28.0 19.3 19.6 19.8 20.1 20.3 20.6 20.8 21.0 21.1 21.3 215 21.6 21.7 21.9 22.0 22.1 28.0

29.0 18.2 18.4 18.7 18.9 19.2 19A 19.6 19.7 19.9 20.1 20.3 20.4 205 20.6 20.7 20.9 29.0 t

30.0 17.0 17.2 17 5 17.7 18.0 18 2 18A 18 5 18.7 18.8 19.0 19.1 19.2 19.4 19 5 19.6 30.0
.
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= AECL TIERATRON 780 COSALT-60 TAS TABLE

Field Size 4x4 5x5 6x6 7x7 8x 8- 9x 9 10x10 11x11 12x12 - 13x13 14xt* 15x15 : 16x16 17x17 18x18 19x19. 20x20 Field Size -
Depth, cm -

: Depth. cm
05 :1.014 -1.018 1.022 .1.025 1.029 1.033 1.035 1.038' 1.041 1.044 1.046 '1.049 1.051 1.053' 1.055 1.057' 1.059 05.
1.0 OS98 - 1.004 1.011 1.016 1.021 -1.025 '1.029 1.032 1.035 1.036 1.041 1.044 1.046 1.048- 1.050 1.052 1.054. 1.0

2.0 0S61 0.972 OS81 0.988 0994 'O.999 1.005 1.009 1.013 ' ~ 1.017 - 1.020 : 1.024 1.026 1.029 1.031 1.034 1.0361 ' 2.0
3.0 OS19 OS32 OS44 : 0 S53 0961 :0S68 OS74 0S79 OS84 0.988- 0 992 0996 ' OS99 1.003 1.006 1.010 1.013- 3.0

4.0 0.877 0.892 0.905 0.915 OS25 0.933 OS40 OS47 0.953 0.958' O.962 0967 OS71 0.974 OS78 OS81 ' O.985 ~ 4.0
'

5.0 0.832 0.849 0.864 0.876 0 388 0.897 'O.905 OS12 OS19 OS25 - 0S30 OS36 OS40 0.944 OS49 OS53 O.957 5.0
4

6.0 0.787 0.805' O.820 0.835 0547 0.858 0.868 O 876 0.884 0.891 0.897 0 SO4 0 908 'O.912 OS17 OS21 0 S25 6.0
4

7.0 0343 0.763 .0 380 0395 0508 0.820 0.830 0.839 .0 348 0B55 ' O.863 0.870 0.875 0.879 0.884. 0.888 0.893 7.0.

8.0 0.702 0.721 'O.738 0.754 '0368 0.780 0.791 0.801 OB10 0.818 0.826 0.834 0.839 0.845 0.850 0.856 0.861 8.0

9.0 0.660 0.680 0.699 'O.715 ' O.729 0 342 ' O.755 0.765 0375 0.783 0391 0.799- 0.805 0.811 0.816 0.822 OB28 9.0

10.0 0.620 0.642 0.659 0.676 0.692 0.706' O.718 0.728. 0.738 0347 0.756 0365 0.771 0.777 0.783 0389 0395- 10.0-

11.0 0585 0.604 'O.623 0.639 'O.654 0.663 0.680 0.691 0.702 0.711 0320 0.729 0.736 0.742 0.749 0.755 0.762 11.0

12.0 0550 0570 0587 0.603 0.618 0.632' O.646 0.657 0.668 0.677 0.687 0.6 % 0.703 0.710 0316 0.723 0.730 12.0

13.0 0517 0536 0553 0569 0584 '0598 0.612 0.624 0.635 0.644 0.634 0.663 0.670 0.677 0.685 0.692 0.699 13.0'

14.0 OA87 0505 '0521 0.539 0 553' 0.566 0579 0591 0.602 0.611 0.621 0.630 0.638 0.645 0.653 0.660 0.668' 14.0

15.0 OA57 0.474 O A91 -' 0507 0520 0533 0547 0559 0571 0581 0590 0.600 0.608 0.615 0.623 0.630 0.638 15.0

16.0 0.431 0.448 OA63 OA77 OA91 0505' O.518 0.530 0542 0.552 0561 0571 0579 0586 0.594 0.601' O.609' 16.0

17.0 OA03 OA20 OA36 OA50 OA63 OA77 OA90 0501 0512 0522 0532 0542 0550 0557 0565 0572 0580 17.0

18.0 0.380 0.395 OA10 OA25 OA39 OA51 OA63 0.474 OA85 OA95 0504 0514 0522 0530 0537' 0545 0.553 18.0

19.0 0 356 0370 0.385 0.399 GA12 OA25 OA38 0.449 OA59 OA69 OA78 OA88 OA96 0503 0.511- 0 518 0526 19.0 '

20.0 0.335 0348 0.362' O.375 0387 0399 OA11 0.422 OA33 OA43 OA52 OA62 OA70 OA77 OA85 OA92 0500- 20.0

21.0 0316 0.328 0.342 0.354 0366 0 378 0.389 OA00 0.411 OA20- 0.430 OA39. 0A47 OAS4 OA62 OA69 OA77 21.0-

22.0 0297 0 308 'O.321 0.333 0344 0356 0.367 0378 0.388 0397 OA07 OA16 OA23 0.431 OA38 0.446 OA53 22.0

23.0 0279 0290 .0.303 0.314 0325 0.336 .0.347 0.357 0367 0376 0.385 0395 OA02 OA09 0.416 OA24 OA31 23 0

24.0 .0260 0.272 0284 0295 0305 0316 0.326 0.336 0.346 0.355 0364 0.373 0.380 0.387 0.395 OA02 OA09 24.0

25.0 0245 0256 0.267 0278'0288 0299 0.309 0.318 0.328 0336 0.345 0.354 0361 0.368 0.375 0.382 0390 25.0

26.0 0230 0.239 0250 0261 0270' O.281 ''0291 0.300 0.309 0318 0326 0.335 0342 0349 0.356 -0.363 0.370 26.0'
,

27.0 :0.217 0226 0.236 0246 0255 0266 0.276 '0 284 0293 0.301 0 309 0317 0324 0.331 0.338 0.345 0.352- 27.0
,

28.0 0203 0.212 o 0.222 0231 0240 0250 0260 0268 0276 0284 0291 0299 0.306 0.313 0.320 0.327 0334- 28.0 '
29.0 0.191 0200; 0209 .0218 0227 0236 0245 0 253 0261 0268 0276 0284 0290 0297 0294 0.310 .0.317: 29 0-

'30.0 0.178 0.187' O.1 % 0.205 '0 213 0221 0229 0.237 0245 0253 :0260 '0268 0274 ~ 0281 0287 0294 0.300 30 0

L - _ _
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emz c
S ,5 0 0 0 0.0 0 0 0.0.0 0.0 0.0.0 0.0 0.0.0 0.0000 00.000i

2345 678902345 67890h 0 1 1

d t 01 2345 6789 2 22222 222231 1 1 1 1 1 1 1 1 1

lep
i e
FD

4826 42077 6803525685 41 6404 8801 11 1

8529 741 96 42075 31 0863 77531 8 52074 1

x 0 0.0.0. 0 9 9 9.9.8.3 8 7 7.7.6 6.5 6.5 5 555AA AAA33
5 0 00000 00000 00000 0000O 0OO003 1 1 1 1 1

4 305393 66899 90235 81 492 08633 24691
3 775308 52963 08529 641 86 41 975 31 976

0 0 0.0.0.9 9 9.8 8 8 8 7 7 7.6 6 6.6.5 5 5.5 A A A A A 3. 3. 37

4 0 00000 00000 00000 00O0O OO000
3 1 1 1 1 1

3 294282 55777 7 I 902 571 59 74299 81 358
3 765308 52963 0 I 429 o31 85 31 964 21 975-

0 0 0 0,0.9 9.9. B 8 8 8 I. 7.7.6 6.6.4 5 5 5 5. A A 4 A A 3 3. 3x
3

1 1 1 1 1 0 00O00 00000 00000 00O00 OO0003

4725 31 865 579242 2931 60 33554 45779 1

3 765308 52963 0741 6 63085 31 864 20875
x 0. 0. 0.0.0. 9 9.9.5 B 8 E 7.7.7 6 6.5 6. 5 5 55AAA A A 3 3. 3
2

0 000O0 O0000 00000 00O0O OO0001 1 1 1 13

368182059 22432 224 46 80482 97 421 1
1 1

3 765307 52963 0741 8 53075 20864 20865
x 0 0 0.0.0 9 9.9.8 8 3 B77.76 6.6.6.5 5 5 5.A A 4 AA333

0 00000 O0000 00000 00O00 OO0001
1 1 1 1 13

1 3 57058 631 88 702570 071 948 0021 0 001 08643 765207 52963 0741 8 52074 20853 1

000.009 9.9. 8 8. 8 8 7 7.7 6 6.6.6 5 5 55.AA4 AA333x

0 00000 00000 00000 00O00 OO0000
3 1 1 1 1 1

9643 358031 361 4 19 960826 88987 77779 9764E 2 665207 41 852 96307 52974 297S3 1

L x 0 0.0 0.0.9 9. 9.8.8.8 7.7.7.7.6 6.6.5 5 5 5AAA4 A 3 3.3 2.

B 9 0 00000 00000 00000 00O00 O0000
1 1 1 1 1A 2

T
8 85961 4 65754 43445 79260 74209 91 369

9752 09753R 2 664207 41 852 96307 41 964 1

0.0.0.0.0 9 9.9. B E B 7 7 7.7. 6 5555.5 5AAAA A 3 3 3.3A x

1 1 1 1 1 0 000OO 00000 00000 00O0O O0000T 8
2

0
6 7 847593 43432 00002 45825 30855 47924

9642 08653852 96307 41 863 1
- 2 664297 4 1

T x 0. 0. 0 0 9 9 9 9. 8.8 8 77776 6.6.5 5 5 5 A A 4. A A 3.3.3 3
L 7 1 1 1 1 00 00000 00000 00000 00O0O O0000
A 2
B 02470
O 6 736381 20209 76778 01 471 8531 1

2 664297 41 851 85296 41 853 08642 08643
C x 0.0.0.0 9 9 99888 7 7 7. 6. 6 665.55 54444 4.3333

00 00000 00000 00000 00000 0000060 2 1 1 1 1

8
5 625269 08976 43334 67037 4 977 680367

N 2 664296 40741 85296 30852 08531 97642
x 0.0 0 0 9. 9 998.88 7.7.7 6 6 6 6.5 5 5 5AAA4 3.3333O 5 00 00000 00000 00000 00O00 00000R 2 1 1 1 1

T
33812582 9S31A 4 503047 75532 08889 1 11

531 97532
9 ''A A 4 A 3 3 3.3 3R 2 664296 3074 841 85 30742
A0. 0.0. 0.9.9 9 9.8.B 5 7.7.7. 6. 6 6.6.5 5 5E x

00 000O0 00000 00000 O0O0O 00000H 4
T 2 1 1 1 1

L 3 391 824 42298 54334 56926 30866 68036
7420 865311C 2 6541 96 30730 741 85 29641

0.0 0 0.9.9 9 9. 8.B 8 7. f. 7 6.6 65555 4AAAA 3 3.3.3 3E x

00 000O0 06000 00000 00O0O 00000A 3
1 1 1 12

9988 01 471 84200 0247098632 270792 1I

2 6541 86 39630 73074 29631 86420 86421
7 0 0.0 0 9.9 98888 7.7 7 6 6 65555 AA4.AA 3233.3

00 00000 00c00 00000 O000O 000002
2 1 1 1 1

068579 86529 65433 4581 5 29755 57925
8530 8531 9 753201

2 6531 85 29639 63074 1

x 0 0 0 0,9.9 9.8. E 2 7 7.7 7_5 6 6.5.5.5 5 AA443 3 3.3.3 3
00 00000 00O00 00000 O0000 000001

1 1 1 12

0 946357 531 85 20988 90360 731 90 02470
2 5531 85 29629 63963 08520 75309 7531 0

0.0. 0. 0. 9. 9 9.8887 7 7.5 6.6 6.5.5 5.5 AAA4.3 3.333.3x
00 00000 00000 00000 O0O00 000000

2 - 1 1 1 1

e m
S 50.0000 0.0 0 0 0 0 0.0 0.0 00000 0000.0 0000.0iz c

2345 678902345 67890 1
h 0 1

2 22222 22223lat 01 2345 6789
_

1 1 1 1 1 1 1 1 1 1

ie pe
_F D
.

.

_
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. _

.

'

AECL TERATRON 780 COBALT-60 THR TABLE
c.

'

Field '"ze 4x4' 5x5 6x6 7x7 8x8~ 9x9 10x10 11x11 12x12 13x13 14x14 15x15 I6x16 17x17 18x18 19x19 . 20x20 Field Size .,

Depth. cm ? -Depts., cm
.

..1.000 1.000 1.000 1.000. 1.000 . 1.000. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -0505 1.000 1.0C0 1.000
' 1.0 OS84 0.986 0.989 OS91 0.992 0.992 .0.994 0.994 . 0.994 OS95 0.995 0.995 0.995 0.995 0.995 OS95 0.995' 1.0

2.0 0.948 0955 OS60 OS64 0 966 0.967 OS71 OS72 OS73 0.974 0.975 OS76 0.977 OS77 0.977 0.978 0.978' 2.0

- 3.0 OS06 0.916 OS24 0.930 0.934 0.937; 0.941 0943 OS45 OS47 OS48 OS49 OSSI OSS2 OSS4 OS55 OS57 3.0

4.0 0.865 0.876 0.886 0293 0.899 .0 S03 0.908 0 S12 0.915 _0S18 OS20 OS22 OS24 OS25 0927 OS28 0.930 4.0

5.0 0.821 0.834 0.845 0.855 0.863 OB68 OE74 0.879 0.883 0.886 0.889 0B92 0.895 0.897 0.899 0.901 OSO4 5.0
,

6.0 0.776 0.791 0.802 0.815 OB23 0.831 0.839 0.844 0.849 0.853 0.858 0.862 0.864 0.866 0.869 0.871 0.873 6.0

7.0 0.733 0.750 0.763 0.776 0.785 0.794 0.802 0.808 0.815 0520 0.824 0.829 0.832 0.835 0.838 0540 0.843 7.0 -

8.0 0.692 0.708 0.722 0.736 0.746 0.755 0.764 0.771 0.778 0.784 0.789 0.795 0.799 0.802 0 806 0.809 0.813" 8.0

9.0 0.651 0 668 0.684 0.698 0.708 0.718. 0.729 0.737 0.744 0.750 0.756 0.762 0.766 0.770 0.774 0.778 0.782 9.0

10.0 0.611 0.631 0.645 0.660. 0.672 0.683 0.694 0.701 0.709 0.716 0.723 0.729 0.734 0.738 0.742 0.746 0.751 10.0-

11.0 0577 0593 0.610 0.623 0.636 0.642 0.657 0.666 0.674 0.681 0.688 0 695 0.700 0.705 0.710 0.715 0.720 11.0 j

12.0 0542 0560 0574 0588 0.601 0.612 0.624 0.633 0.642 0.649 0.656 0.663 0.669 0.674 0.679 0.684 0.689 12.0

13.0 0510 0.527 0541 0 555 0568 0579. 0591 .0.601 0.610 0.617 0.625 0.632 0.638 0.643 0.649 0.654 0.660 13.0

14.0 0.480 0.4 % 0510 0526 0537 0548 0559 0.569 0578 0586 0593 0.601 0.607 0.613 0.619 0.625 0.631 14.0

15.0 OA51 OA66 OA80 OA95 0505 0516 0529 0539 0549 0556 0564 0572 0578 0584 0590 0 596. 0.602 15.0

16.0 OA25 OA40 OA53 OA65 OA77 OA89 0500 0511 0521 0529 0536 0544 0.551 0557 0563 0569 0575 16.0

17.0 0.397 OA13 0A27 OA39 OA50 OA62 OA73 OA83 OA92 0.500 0508 0517. 0523 0529 0535 0542 0548 17.0

18.0 0375 0388 OA01 OA15 OA27 0.437- 0.447 OA57 OA66 OA74 OA82 OA90 OA96 0503 0509 0516 0522 18.0

'.377 0.389 6A00 0.411 ' O A73 0432 0.441 0.449 OA57 OA65 OA72 OA78 OA84 OA90 OA97 19.0-0 19.0 0.351 0363 O

0.330 0.342 0.354 0.366 0.376 0.386 0.397 0407 OA16 OA24 0.432 0 440 OA47 OA53 OA60 OA66 OA72~ 20.0g 20.0

ps 21.0 0.312 0322 0334 0345 0.355 0.365. 0.376 0.385 0394 OA02 OA10 0 418 OA25 OA31 OA37 OA44 OA50 21.0

22.0 0.293 0303 0.314 0325 0.334 0.345 0.355 0.364 0373 0.381 0389 0.397 OA03 OAC9 OA15 OA22 OA28 22.0

23.0 0275 0285 0296 0306 0315 0325 0.335 0 344. 0.353 0.360 0.368 0.376 0.382 0.389 0.395 OA01 OA07 23.0 .

00 24.0 0.256 0.267 0.278 0288 0.296 0.306 0.315 0324 0.332 0 340' O.348 0356 0.362 0.368 0.374 0.380 6 386 24.0

25.0 0.242 0251 0.261 0.271 0279 0.289' O.298 0306 0.315 0.322 0330 0.337 0.344 0.350 0.356 0362 0358 25.0
,

26.0 0.227 0.235 0.243 0255 0262 0272 0.281 0.289 0297 0304 0.312 0 319 0.325 0.331 0337 0.343 0.349 26.0*

H 27.0 0214 0.222 0.231 0.240 .0 248 0.257 0.266 0.274 0.281 0288 '0295 0 302 0.308 0.314 0320 0.326' O.332 27.o

00 28.0 0.200 0.208 0217 0225 0233 0 242' O.251 0.258 0.265 0272 0278 0.285 0.291 0297 0.303 0.309 0315 28.0

29.0 0.188 0.1 % 0205 0213 0220 0.228 0.236 0.243 0250 0 257 .0.264 . 0.270 0.276 0.282 0288 0294 0299 29.0

30.0 0.176 0.184 0.192 0200 0207 0.214 .0.221 0.228 . 0.235 0.242 0249 0255 0261 0267 0272 0.278 0203' 30.0-

- -- a
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AECL THERATRON 780 C06 ALT-60 TIM TABLE

. Field Size 20x20 21x21 22x22 23x23 24x24- 25x25' 26x26 27x27 28x28 29x29 30x30 31x31 32x32 33x33 ' 34x34 35x35 Field SizeDepth, cm
Depth, cm

05 1.000 1.000 1.000 1.000 . 1.000 1.000 1.000 1.000 1.000 1.000' 1.000 1.000 1.000 1.000 1.000 1.000 05-

1.0 OS95 OS95 0.9 % OS96 CS% OS96 OS% OS97 0.997 OS97 OS97 OS97 OS97 0.997 0.997 OS97 1.0

2.0 OS78 0.979 OS79 OS79 OS80 - ' OS80 OS81 - OSB1 OS81 OS82 OS82 OS82 OS83 OS83 OS83 OS83 2.0 -

3.0 0.957 OS57 OS57 0958 OS58 OS59 0S59 OS60 OS61 0 S61 0962 OS62 OS62 . OS62 0.963 OS63' 3.0

40 OS30 0.931 0.932 OS33 OS33 0.934 0.935 0 936 OS37 OS38 OS38 0.939 OS39 OS40 OS40 OS40 4.0

5.0 OS04 0.905 OS06 OS07 0.908 OSO9 0.910 0.911 0.912 . 0.913 OS14 0.914 OS15 0.915 0 S16 OS16 5.0
,

'

6.0 0.873 0.875 'O.877 0 878 0.880 0382 0.883 0.884 0.885 0.887 0.888 0 889 0.890 0.890 0.891 0.892 6.0

' 7.0 0.843 0.845 0.847 0.848 OB50 0.852 OB53 0B55 0.857- 0 858 0.860 0.861 0.862 0.862 '0 563 0.864 7.0 ,

8.0 0.813 0.815 'O.818 0.820 .0.822 0.8''5 0.826 0828 0.830 0.832 0.834 0.835 0335 0.836 0.837 0.838 8.0

9.0 0.782 0.784 0.787 0.790 0.792 'O.795 0.797 0.799 0.801 OB03 0.805 0.806 0 807 OB08 0.810 0.811 9.0

10.0 0.751 0.754 0.'757 0.760 0.763 .0.765 0.768 0.770 0.772 0.774 0.776 0.777 0.779 0.780 0.782 0.783 10.0

11.0 0.720 0.723 0.726 0.729 0.732 0.735 0.738 0.740 0.743 -0.745 0.748 0.749 0.751 0.752 0.754 0.755 11.0

12.0 0 689 0.693 0.696 0.700 0.703 0.706 0.709 0.712 0.714 0.717 0.720 0.721 0.723 0.725 0.726 0.728 12.0

13.0 0.660 0.664 0.667 0 671 ' O.675 0.678 0.681 0.684 0.687 0.690 0.693 0.695 0.697 0.699 0.'701 0.703 13.0

14.0 0.631 0.635 0.639 0.642 0.646 0.650 0.653 0.656 0.659 0.662 0.664 0.667 0.669 0.671 0.674 0.676 14.0

15.0 0.602 0.607 0.611 0.615 0.619 0.623 0.626 0.629 0.632 0.635 0.638 0.641 0.643 0.645 0.648 0.650 15.0

16.0 0575 0.579 0584 0588 0592' 0597 0.600 0.603 0.606 0.609 0.612 0.615 0.617 0.620 0.622 0.625 - 16.0

17.0 0548 0 552 0556 0561 0565 0569 0.573 0576 0579 0583 0586 0589 0591 0.594 0.597 0.600 17.0

18.0 0522 0.527 0531 0535 0540 0544 0547 0551 0554 0557 0.561 0564 0567 0370 0572 0.575 18.0

19.0 OA97 0501 0.506 0510 051* 0.519 0522 0526 0530 0534 0537 0540 0543 0546 0548 0.551 19.0 f

20.0 OA72 0.477 0.481 OA86 OA90 0.494 0.498 '0 501 0505 0509 0.512 0.515 0510 0521 0524 '0527 20.0
3

21.0 OA50 OA55 0.459 OA64 OA68 OA73 0.476 OA80 OA84 OA87 OA91 OA94 OA97 0500 0503 0.507 21.0

22.0 0 428 0.432 0.437 . 0 A42 OA47 .0A51 OA55 OA59 OA63 OA66 OA70 OA73 OA76 OA80 OA83 OA86 22.0

23.0 0.407 0.412 0A16 0A21 0A26 0A31 0A34 0A38 0 A42 ' O.445 0A49 0.452 0A55 0A59 0A62 0A65 23.0 !

24.0 0.386 0.391 0.396 0A00 0.405 0A10 0A14 0A17 0A21 0A24 0.428 0A31 0A34 0.438 0.441 0A44 24.0

25.0 0.368 0.372 0.377 0382 0386 0.391. 0.394 0398 OA02 OA05 OA09 0 412 OA15 OA19 OA22 OA25 25.0 ,

t

i

26.0 0349 " 34 0.358 0 363 0367 0.371 0.375 0379 0382 0.386 0390 0393 0.396 0.399. 0A03 OA06 26.0

27.0 0 332 0.337 0341 .0.346' 0 350 .0.355 0358 .0362 0 366 0.370 0.373 0.377 0.380 0.383 0.386 0389 27.0

28.0 0.315 0.320 0324 0.329 0333 0.338 0.342 0345 0.349 0.353 0357 0360 0.363 0.366 0.369 0.372 28.0

29.0 0.299 0.304 0.300 0.313 0.317 0.322 0.326 0329 0.333 0.337 0341 0344 0.347 0.350 0.353 0356 29.0

30.0 0.283 0.288 0.292 0.297 0.301 0 306 0310 0.313 0 317' O.321 0324 0.327 0331 0.334 -0 337 0.340 30.0
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Un1'1Iant[t ] on Hnone t. Durvey

H nmo til' . Pnc il l t.y : k 6 ()td fe,) k/gecke>W-(tdrADat.o: T*"| f f 90- !-

"

haaronn: Oce \ <,af (% \iva 'l ' '

'

n\r M As k4 Avm Glc //6
West C/n,hs , M 0 J E77f

Touphnno: / yr?) 5 zd / - 7ef t
'\.

~ AscL' Tkerkeid 5'OTypn or unii.:

Manurnatuvori Mo30t Faritov eO CwAM ; LN

squi pmc.i t. Iden t.1 rie n t 1 on : -hGCL \ k(AAl/tch 7/6 /s/A/ 5'6
G ce n AECL Mcdr( C-I% /s/n/ %-39od u,% 7)d( C ,'es '' - #

Itoo$ 1 t. . on :
._

Doac ri p ti on : Cihn||-60 T kcedk(n kokAksosAk k,V

~ Person (n) nonponnible, 3 nnluno td i.In :-
_

G , % ,, ~ G M . Dr. --
..

,

U'
_

C.

_ Asale, nod Opern tdiy,; Pornonna11

A.

D.

G._
Physicint(s) Making Reports--

A.- FWWes- Rs$0F . & 0 ic 0$cs IcIiN
'

/ /'

B.

. Ins trumen t,n Unod s-

Y di 2NTbY 4 ~ bbEO '514 (LA.

n, d6L Ntinc/L (kelmt . mmc (257\,$cdsA(*|ik
h k |41 N e ws M rfr( ,Mccftk @ , 954( 4 2 M36

C.
' '

/ /

k/* ~cd
/

Physicist

1
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7)l! 70Radiation Trotection Survey Datet
Institution: RN),Nied =Cactleq y hd\rn

W cd- - ('/n,,a J/

Unit:-k&CC- 7(ro.Ah,) 10

Room Location:
_ Type of Treatments bro MD hahoks NAk |-

Adequate interlock system (doors, filters, wedges) d-dirAfochs
k rt Necn. S - d atA$ mr M Itoc w No /M mfud kn weeds
Pationt and control observed simultaneously des, /noO<A

'

nk codIr d c.oNe(C- /-
,

Patient operator communication.available o ss , 33 iGtcod/
'

|c.k cm V Ku ^r
Rablation Area Posted \/ f <,
Primary Beam _nhlold pedsont (with interlocks) V(s , /nd rakock :
Anew- hrAe. N -0 Eh cvkV /d heut. eXL weI bn{(
EmergencyProceduresPosLtdl ves

IControl. Panel Lock V/$'

Emergency Shut 0FF V Es, <W ev/Inck owd Nn i# (6b eI

of hoso cJ\ad nuol % c,n <2 %%rak shao
ccahlBoarfIndication that contirol console is OH VGS, v e/

Shec cfoc(L Mt> d A(6kM(d (tocw - AM) e.VI 4hhh/ -k(40
qA, od ccMAck ' OArvr( ; h}wc. <./ccR.

IndicaLion thal-beam in ON ;l '

M M -Itrs d o c N /{o e.w A/D ca 4Ard4 ktAD '
l'Means- provided for operator to teeminato exposure at 'any -

time Vf4.
l: Timer lerminates-exposuro -3/65

I W.'O cs ' 4Aktd 4/r/90-Leok Toet Porformed Q(5 ,
' '- 'f.f.

Personnelmonitored-kN kW bAOAfs hoog \ick / Ops BAN @W/h
~'

IrJu e 7 Se s,u l Reno , 6kaed ,TL
Monitoring records AukD4dic. lo w rvp es c ro-

Me/,w
'

'
Physicist

.- , , , ., ._. ._. _ _ . . - - _ _ _ _ _ .
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IUOperationn1 Performance Evaluation Date:
' #

Institution: rap,ir\itd dNec' Irdq.ec, o

? %ULd I't V|h'Wc; , \

Unit: A ECL Thcan1ytca jg>o

Room Location:

Guincidence of the mechanical axis of the collimator assembly,
the centrt.1 axis of the light beam, and the cross hairs:

OK ,

Coincidence of the licht beam wf th the pseful x-ray beam
(acceptable: 1.$ mm) () k > cJJo/d Sca ()O i b Y fr N Y/u,

a Xtt , f(. X/(. , w m LGo xso' dl x.6 h OM i L.
c,

Coincidence of light field, collimator dial setting, and
x-ray beam sizen at the SAD or USD distance (acceptables
agree within 1 5 pun) Ok

Determination of the mechanical laocenter (acceptabler sphere
of 2 mm) /)K
Determination of the isoconter of the radiation beam

1) CollimnLion (acceptable: 1.5 mm in diameter circle)
OK

2) Treatment table (acceptable: 1.5 nun in diameter circle)
TAbk kAs +oc thck Dlov , do6 #cI' # d (A d FReh

\ / /

3) Gantry (acceptable: 2 mm diameter cirola) 8K

h t c wue v Arvn [bmnd , dk' __

Timer:

E c b Ai4( o it/DK Akoa, re) l'

to %~ .
SSD Indicatora:

OcNM TvPedon_ wbk> d Nw $ ML cbsfANeC5 btbMid 6 0 - /00 cy ,
\

(acceptable: Manuf ac ture specifications -

Beam Flatnoosi typically + 3% over central 60% of the largest field area at
loocenter) Ok CMG <,csss

,

Beam Direction Dependence: k6 [q s . (
~

.) J
|
|e a .

'

|
Physicial'

1

wm1 89918
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Percontone Depth Doso Data Chock Dato: /

Ots0id/cd dvec }cc,v [rdraInstitution:
N 11b(Jak ({njas 1,

Unit: SNL Thrr,A } ttcy 750

Room Location:
h/N Y(t[b '4 $d t'7 w d[, N6L 7,'i1[(h2) GAM >nt /d wda (dadt> .

$
~

Fiold Sizo 6 W /m SSD dd &
Readings for /,6nQat indicated depth in water phantom.
5 cm depth with reported % depth dose ~7 6 .7 .

*10 M1 ''LO.'Lo 2O J2h Aso. 20.\9 7 .

10 cm depth with reported % depth dose 5~2 . T .

[3.9 3U |3,G'52 P> .'I 37 Ave. /3.9 3'? _ . C al . % D . D . " T2. (

15 cm depth with reported % depth dooo 807 . "2.Q = +
2 7-

9. $ 1 7,NY '/. YdL Ave. _ 7.983 . Cal. % D.D.# 35h

#

Field sizo /0 Y/U SSD hd
Headingn for /.Udo.ud at ind' ented depth in water phantom.
5 cm depth with reported % depth dono '7 d 8 .

'2 | , ( Y 1/ . d *2/.67 Ave. ~?./. l.S7 .

10 cm depth with reported % depth doso M .V .

/fi f/3 /5',572 /f,5ff Ave. 6:552 . Cal. % D.D.* N-(.
39.'/ ) : + d . 7 7.15 cm depth with reported % depth doao .

/O N I /0.$96 /o d'/ Y Ave. /O.?i'9V . Cal. % D . D . " 3 'I. (

Field size 1(> 'X 2 C SSD 90 %
Readings for /.h6t at indicated depth in water phantom.

d .'$5cm depth with reported % depth dono .

*2,3. ((, '117;f'7 13.64 Ave. '2347 .

[0.'d10 cm depth with reported % depth done
%D.D.*bO')

.

f7,732 O|779 l'7|7 k Ave. / 7|7M . Cal.

15 cm depth with reported % de th dono 4/9.I 7. :. -t O J2 ?

Il W$ /2,')9 ( l'2. . 'II Avo. 12- .99(. .O al ." % D. D.* k
/9 , E)' = + 0. 2 9

U the* The dose measured at 5 cm depth han been normalized
reported depth dose for the field sizo and the corresponding
depth dosen at 10 and 15 cm calculated.

C\-{%WS
[ M),h Y( u-

'

d/ Physicist'

f3

|
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Timer and 1inearity Evaluation: Date: '7- O

b o 6 Ak/cd dwec e W b"!6LInstJtutJon:
1)gs't~ FMvs 8/14e

AFCL T/s surInt,v 7.s'o
Unit:

Room Location:

MMIdv 35CF7 u)4[ NFL ~25 7( h b)- Measuring Instrument:
A m<w* Ar// / fu c_ SSO

Technique:
/v teAint chakm

Measurements at _ 00
,<,6 dryIIs

Settlag Time Instrument Reading Measured Time

W *o o
-

~w i,

(),5 /B,6'36 /Wl7 30 ~
un

1

/.0d 2 l.6(I / oc,7a

| 50 - 3 2.GV /' 3c,hh"

7W V3,67 q# 0 0 *n <<

t Q~
3,00' y

a" "
/09,(,Z._ {/ 06V" , cc> '

Comments: tj(
jt,ud)

0 '0 '.''L'-
p .

t

M% 42 h ~ bE .

'

!

l

Physicist

1.
,

I

!
l
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h,o,}i[:
\ /tA-{c
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l
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- Dato I 90--Trny Fiictor
.

- -

dAck,.sbwigt {-
Institutions kmNk Aa

L0r:y[ O Wm 'l M 0

Unita bD (4- "T1r,txleto N 7 & '

Room Location: )

Techniqu'o n '- /0 K /o w * b // , ,YO 550 |.r w

~MonouremenLa at -9 0 % t/rrld--ls'u.>Alex t A3JIce'

Menouring Inatrumenti kt M /tv 35iC \~7 wIC NEL ~2671 'is 2) [
{

Settings' _ /.4) W M
; Headings-without Tray

.

--1b5k ;

i
*b '

'LI 4 \.

f2-.-.

T[ b O-Average

LRondingo with Tray $dQ 7g N ky ht.It [t
20, GS

20.W
2070 j

10,6 C/

'C9Avera60.

.Averano Roading with Tray
Tray-F,potor Average-Heading withou_t Tray-

2 OMI
7- _

g
*%I a bo

Previous Tray Factor <bY
,

}- - * O . U ')
_

Q~L A
/ Physloist

. ,, , . . . . - - . . - .
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SLbe 'Ta y
.

TrahFactoP Dato: J 9d
Inntitution: ks /\Pid f t ,e (Igr { c., y Cc,/fr<t3 '

'

Ldf > Y ('fnias ,

Vj1} D
/

Unib: kFC L T|svMD.w'7@
Room Location:

Technique: /0V/0<tj br/d
c/q-/[ wg{ ra /Measurementa at $30 cm fw c,u,a

Meaauring Instrument: ifec|[/gj '35(\1 g,[[ gyc M3; /8</,z)

/ dOSettings m%

Readings without Tray
'2. l , 6 \

2.l. l 0

2/.6L
69 21,4

.

' b I C'
Average

Reddingo with Tray

1| .0 5~
2-l . b [

2/. lo
2l \\ _

*L|,07'dAverngo

Av ran R ading with Tray
Tray Factor = AvoraSe Heading without Tray

2./,075 -

- FF =- o.9 n=._

2/ Giv'

0,9 7 bPrevious Tray Factor: ,

Q if, = Oo \ -

L jd&4
'

Physicist
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20" OrQ6c'

Date"- 7I , 7dWedge Facto ; ,

Institution: ( 0/A %d IWe e / c ov' 6dl-

R
lJr& PIAmis , M6

Unit: A FGL 'TituAInc s 7So
Room Location:
Wedge Description: G/O /0 tJ V/r

9SO: Yo e,n

SDD' '/ T c,r

cat. A4. Gt2.-1rlC

N O e $ 5 h . A V /_ 1 e ., 8 N r / dTechnique: s

' dok /s we %Measurements at: 5~ . o <m

16Mlo iSGn_u n % 2sn t (" 910 %el>rAMeasuring Instrument:
Setting: he w -\r /

Collimator Readings I(qadinos With Wedce O

Anale Without Wedne WedatLCode: NA-
no 2 \ . (M /f VT7

270' 2/ 59 /0f 3 C-
2no 2 ) . (s 0 ||5.Y35~~
'l0 2 ) .' 21 lf:'')49
90 7 I . L, o ' _._./i735~|

'

yoi 2 /.1/ L L 3 s 7L-
._

,_,
- - - _

Average:
2l bO N' 3 bof Readings:

Averane of readinutwnh wedue filterWedge Factor-
Average of readings without wedge filter

- ) F - g/ C V l 3 DI)=
a .co

O'1 OPrevious Wedge Factor:

,g j'
' ''

' Physicist

- -
_ _ _ _ _ - _ _ _ _ _ _
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T LJ f()c, C
.

~l//!90Wedge Factor Date'-

institution: R%AYna daccloo y bah ' '

Lle s A- On:.n Mo J/,
. <

Unit: _ ll C C L 'TIwcNi rus 760
Room Location:
-Wedge Description: Fd/d : /c w y 6

ss0: Vo em
500 V 5+c.
CM , A/c - 6-7/ a, - / 5 2. C

Technique: Ul% <2 .'c // 90 cm ss 0.

Measurements at: C0% dr/R // - wAfra
Measuring Instrument: kcMlei 55(11 w +k MS w /I (a elit) C/ a.vla
Setting: / Jd - /

Rea_dinns With Wedge [ f[}/
,

Collimator Readings

Annie -Without Wedge Wedge Code: NA-
' '

_

90 z.I.51 12Yn- _.

90- TI L L 12 Y26
9o' 21-(sc> I 2 .y2:11

270 21.L\ t 2. , f(> "L.-

12.. T6 L2770 C' 7I .C.'23 ~

23 0' 2/.G% (2 . 5G C

Average:

of Readings: 'Al 6 \ 2 - Il '4 # YI

Average of readinns with wedge filter
- Wedge Factor-

Average of readings without wedge filter

_
ll '99'| , [q g ,

.

)
'2.| . (o \t

J

'

O ' O'7Previous Wedge Factor:

l* f ~~ O' g.'

# Physicist
i

, - - .g e-, ee- ---.r-, ,, -- - - - - - - - - - -.
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I 90

Institution: J M 'A
._ Date'-

Wedge Factor .. kMJ Onkof ov/ (,rMat. ,

WEsd PL3 //Mo
,.

Unit: b6C L The:c.^ hJ 7So
Room Location:
Wedge Description: Rek - /oto V / 5~

SSO' W6 w
S PD - Y S c ,,1

CA ( . A/. . c4 2 7_. - 1 5 3 c _

Technique: 8 Y I ?> /c/ , YO em SSDm ,

Measuretucats at: CD n otroff, 'w tow 1rsi

Vt# le <' 36M7 d d6c 7571 (" rii- 10u-baMeasuring Instrument: '

Setting: - / 00^A /
-

Collimator _ Readings Readinas With Wedge 60

Anale Without Wedne Wedne Code: /V V
~

27 0 2./.G \ L 971
> 70 ,1. L3 s'. ' lid

.

74 0 2/.63 S' 5'M
90 21.c \ g, blY

90 2 /. 6( N.v39
90 d 6L ff. 837

Average:
.of Readings: 2d' '

Averane of readinus with wedge filter
Wedge Factor-

Average of readings without wedge fitter

8.909 0. V/L~

v) P. - z).uS

O,Y//Previous-Wedge Factor:
68 da 20, c p\ )w Y a49

-

_v .

,

''
'

'

Physicist\
'

l
|
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On11brn ted Monnuretlien t of' Penk Dono linte f'or 10 c!n Sounro Itonm
Dato: 1[lO

Ins ti tu tion s /\P,h km) dnw[ce, / (gks
'

ij
.

Unit hECL"Qrawk y3iu
f(oom LocnLion:

/0 ></D <c2 f)r // Yo ,cm ssoTechniques , -
,

Mottuuromelita int! (# O ,c sw f('' fs /d 'd f f/l C g o.s ke ,e

Moncuring Instrument: Erd'kff-/ '356 \~7 tod'k'NFL2T71["Itt).
hInstrument f(endings:

Gottin68 /00 e M 2 x 0. 6 f ''N

7J.L2. 21.'A z t.c.\
2 I l'l 2\.2cl 2. t. 6 \

21.6 L '2 \ ,3\ 2 I, (,o
2 I' b \"bl. 6 i 21. "2) \ 2 ( , /,, {2. l . 6 'l

- - - -

Averngo Y %) d32- 2- b.M 5 2 | , d o b'
~

k-'* # I' 0 'Ihpooted 8 truel rending for
~g= h/g 7\.30*i - 21.672 j,w} , _ g,gg,

lentrumentOnllbentionfactor(klNNt'[[o$nph,nonlodivision)
I~

lQ = '/, (,, *ib '< f o " lv' c ) Np =O g4h.'KC Kro' jm,

= 2 A .' b ' ~7 t/YnwuAmbienL l'roosurn
Ambiont Temperaturo = :P2,\ 'f Mg ' /' U .

% D.D. nt Ou deep for 10 cm aqunro bo nm = ~7b /

hhAM-$,UX/o'6$Other factors :

l'o nk Don o Ita te : ( , r'i 6o

N% hNlY C o Y N A'el 4 (Of'lb%

\> %Qck , %t, 'Ys-/n>
( M S \/ n 4c
/ I'hy sicis t

,

agula 8091ti
- .
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21 A AP'j Protocot: Tcsk Group 21: A Prottcot for etcort>M dots from high crittgy t>>:me 27

1cel(2) for c Icui:llng the doss to rt:l:t at d,,,,, fIotn photon be, .ns
* Wttks(Ndd6_ .fRAMIL 1)atc: _ ~7 2../.5pName: .

1. Iladiation houter: Af1k?.64Ald fl16L; Stated energy; _ kkk_ _. MeV
lonitation ratio. _ Nominal nuclesatmg potential: _. _._ M Y

see. IV 11) (l'ig. 31

2. Phantom materici(rnetl): S.IA. M. SSD. _... _b O csn

Collimator f'<hl to. /.CLE/d om'; licpth ofineni,urement: _ I) om

3 1. Dose to giantom material per monitor unit (liq ('))b

9,,,,a /U = ( AI 7tl ) N,,,(I / ):::" P.,a, P , P ,,a ,P o

where U n *fers to necclerator inonitor units, or time for a '"Co unit.

3.2. The chamber temperature Ta % k 'C and pressure P = __ _ nuolig
at the time of neasurement. 'l he chamber signai Alis noinntliicd to 22 *C and I atmosphere using the factor.

/T 4 ,'73 *C 760 mmiIg ,],o 2, ~~ ^*
7 g

y'
295'C f

3.3. Mean chamber signal p-r monitor unit (at the higher collecting potential, and notmulised,in 22 *C andf60 rninlig)
| h1/ll) ~ L''IN1-$ .C/ oms 4 nit9gf

D'll l /.o o or ( AI/II} = scale didsion/#
'

*~ ' D )1 inonitor unit
/*DO

3.4. Cavity. gas calibration factor:
l') Wall materinl: kl.T'b._

-

b
Chamber modeh //f L 'L57 I

inn r diameter: _IEL_ mm Wall thickness: .O'h1_. g/cm' '7

"' "'

[6 10UDN 6 S j N,,s : MDI
"

'''

3.5. Stopping. power rallo II ig. 2, Table IV): L t- SH <r ,Pc:a . J. / 3 Y ._
~

16. Wall cor rection factor [l!q. (10||:

, jn(I/P)!J"@,,,/ ld 4 (1 - nHf / C,"1, pf"'P P*
p

(E / C,'"P

']Fraction ofioniration from chamber wall (Fig 70 n=.

(l-n|= d.2 6If u>0.25, enter a and (1 - n).
If tr < 0.25, enter n = 0 and proceed to 4.

/_ /, d kStopping. power a ntio (Fig. 2, Table IV): ;[ fp;.7n,m

F.ncrgy. absorption coefficient ratio (Table IX).

@ ,/PC:'.h| + @,,,/ L*:".h.t = @,n /P)",'N *
P

P,,,,= ;/ M 'Y
4. lonintion recombination corecetion (Sec. lY C nnd Fig. 40

0. #N I7
5. Iteplacement (gradient) em rection (Fig. 5): P,,,a =

6. Dose to phantom material per monitor unit or p:r unit thne,8 * g 'g) ,4,

at point of measurement: D,,,a / U - O y/ memtoe-u mt

7.1. Dose to water per monitor unit, at d,,,,, (liq (171]:

D .,,,(at d ,,,,)/ U = (D,,,,,, / U ) x !!SC x W,,, /P);;7'
,

-
l

7.2. Correction for excess scatter from acrylic phantoms (Table XIV): liSC =
k(ji,,, / )*,',7' =

"P . 3 . linergy-absorption coellicieni eatio(lable Xlil- P

NYP=. <3
i 7,4. Percent depth dose ni depth of measurement:

/'167 b Oylino mit
7.5. Dose to water per monitor unit, at d,,,,,: D.,,,, (at d ,,, )/ U =o

/ 2. 6.V Wlu%.cmrm sm o.oonn o,ac
icown woon,mya.,c.,mnn,w nua,mn s m un w to on on,e .a n,oe. nnu,.ny a o,on nr,ui 1

using the method of Orton aml %ckrt (Ref 58!
,

f

M:dcal Physics, Vol.10, No. 6 Nov/Dec 1983 { g
,

. .-. .__
- .
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Ins ti tution hoe << ,s (L# o,f (hde(
b&s4 P/n a v , / Mo_

'

,

Units AFCL Thrtadne ,a 25"o
floorn Loontion:

/ts K/b U fc/d [O % IChTechnique ,

livnvurcunent ut ScrNrit. (N okl><n tN NrA L,Yf $Nf|vp cAf

140 00uP1118 Ins trutocrat /t !(V 35c|7 M8[. 2 T'7| 112).t.

; Solting ). 00 rd
lio nd Anglo _ llending,

o~ (pst 4s) 2 c.sb

.23d y 2 c. s2.
'

) z'6 |(>3! R 2 C . 50
. _ _

1s 2c.%*

,, is " 2c.so

W 2c. 50
- -

N 2 c.yy

/56 2 c. vg

/ $6 (pdA g 2c. 53
,

COttirT10!!LDI

_g 3 ,gg . ; o, o gep.2 c.6 3 -26 Y?
,

2 c.s s t 2c '/9

Y l' L% OcLWA
[ Physicist
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InotiLutions b AC[blor/. dae e hav (tdira
W b D f//)/.V% ,YM0

Unit AFCL T h r A 4 4 A r) 7 s'u

Room Location:

Teclinique /0 y/0 M < 4 r/ 76X70 d' -$cl/ , 7d a Sch
Mensuremonto at % - A,0 udi leiujj me c$p'

Menouring inntrument 6MT. (2nc,dt,ch f/r/</ $c Aevn/r,t

Setting
*

Crono P1nno In Plane

Rendingo Location 'Rendingo Rendingo Location Hendingo

(-) (+) (-) (+) .

'^$ $' -__

-
/-

.

.

.

Commento
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/ Physicist
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* Apparent Source Pos,i. tion determined by least squares linear regression.|
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St. John's lleglonal llen1th Centet
Endlation Oncology
North Ving, Suite 1960
Springfleid, Ho 65004

Page 1 of $
Itepott #90-23

ACCit0DITED DOSlHETRY CALIBRATION LAI10RATORY

Report of Calibration

Date instrument teceived for calibration: Apt 11 $,1990
.

Date Insttuinent enlihtntion completed: Aptil 10, 1990

Date calibration sepott mailed May 18, 1990

Description of Instrument:

Keithley Programmable Dosimeter Hodel 356171 Serial #22020
UEL* Chamber Hodel 2571, (0.6 cc, ginphite), Setini #912
Delr.tn Dulldup Cap 8912
PTV Chamber Hodel N2336434*, (0.125 cc, acrylic); Setlal $112
Acrylle Buildup Cap #112
* Nuclear Enterprises, LTD

NOTE: Proper function and tellability of the rndlation measuring devices !

desettbed in this document are highly dr: pendent upon handling and use.
the duration of responsibility of The University of Texas H.Therefore,

Anderson Cancer Center, and its employees for the en11bration resultsD.
extends only to the time the Instruments leave the H. D. Andetson Cancer
Center premises. It is recommended that the instrument user establish :

appropriate technique of monitoring the constancy of the instrument
f

response before and after its submission to the Accredited Dosimetry
an

Calibration Laboratory and on a ret;ular basis thereafter. In addition,

it is the express tesponsibility of the lustrument user to assure

himself (by perscnni communication, if necessary) that - his

interpretation of the information in this document is conalstent with
interptetation Intended by the Accredited Dosimetry Calibration

Laboratory.

|

1515 IKil1X)MBE IOUtEYARD * I 'IS10N,T1.XAS 77010 * OIM 702 2121
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CAllllllA, TION tat 10PJ.:
i

Chambet l'at t or s : Gy/C. This .i n c t o t applies to the ton ehnmbet alone.
The callbintion factots given in this icport are quotients of the x-ray or

gamma-rny alt kerma in alt and the chntge genetated by that indlation in the i
'

.

lonitation chamber. The aveinge chnige used to compute the enlibration inctot
j is based on inensutements with the vall of the Ionization chamber at the stated
! polatity and potential. 1.cakage cortections vete opplied if necessney.
!

Electrometet Factots: C/tdg. This (actor applies to the electrometer
)

j nlone for the scale, svitch setting and output modo speelfled. This inctor is
j the quotient of the chatge collected on the Intetual capacitor of the

! elecitometet to the tending Indiented on the dispiny.

System Pactot Gy/rdg. This factot applies to chamber-electrometer
rendout systeme as a unit with scale, switch setting and output mode

4

j speelfled. This factor is the _ quotient of x or gamma toy alt kerma and the
tending indiented on the display.;

A system Inctor can be obtained by multiplying the chamtier and |a

clectrometer f actois.
Gy/tdg . (Gy/C) (C/rdg)W

To obtalu nir ketmn at the ofIcetive mensurement polut, in the nbsence of'

the chamber, the system factor is multiplied by the tending on the dispiny
cortected for temperature and picanute ntni lon collection ef ficiency (Pggg).,

-

Some dosimetry systeme may also need a non-linentity correction.

Air Ketmn - (tdg) (Gy/tdg) (TPC) (Pggn) (non-linentity correction)

As of May 1, 1989 the official radiation quantity for lon chamber
calibrations used by the Nationnl Institute of Standards and Technology is air<

kerma in Giny (1 Gy = 1 J/kg). The AAPH (1983) calibration protocol uses

en11bintion factors in units of exposute. This report gives callbtation
in both units (nir herma and exposute) to be compatible with both NISTfactors

and the AAPH protocol. Air Kerma is reinted to exposure as follovst
,

To obtain exposute in Roentgen, divide air kotma in Gray by
d0.79 x 10 Gy/R for cobalt 60 gamma inys
~3H.76 x 10 Gy/R for x-rays

ENVIRONMENTAhCONDITJO@t
'

Prior to enlihtation all chambers ate tested to assure communication with
'the atmosphere. All chamber mensurements vere notmalized to 760 millimetets'

of mercury and 22 degtecs Celsius. Use of the chamber at other pressures and
temperatures requites corteetion by the multiplicative factort

(T * 773.15)/295.15 x 760/P

vhere T is the temperature in degrees Celsius, and P is the chamber pressure

in millimettis of mercury. No cotrection is made for the effect of vnter
vapor on the Instrument being calibrated since It is assumed that both the

and the use of the instrument take place in air with a relativecallbration
humidity between 10% and 70%, where the humidity correction is nearly constant.

N'1b[ g_ D

. _ . . __ . _ . _ . _ ._ ._____ _ _ _.
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CALIBRATION CONDITIONS:

Field size is delined by the distance between the opposing 50-percent
intonsity lines, measuicd at the calibtation distance, perpendicular to the
center line of the enlibtation beam. Unless otherwise indicated, the
calibtation field size is 10 cm by 10 cm. Stem effect was not investigated;
the callbintion factor applies only to the fleid size stated.

During callbiation, cylindrieni or sphet leal chambers are centered in the
beam with the stem perpendicular to the beam direction. The effective point

of measurement is assumed to be the geomettle center of the cavity.

A parallel plate chamber is centered in the beam with the plates

petpendiculnt to the beam direction. The effective point of measurement is

assumed to be the inner sutface of the entrance vindow at the center of the
vindow. Hanufacturer's markings are assumed to indicate this position.

All chambers (cylindtleal, spherical or parallel plate) are calibrated by
suspension free in space with no additional scattering material (other than

adequate bulldup for Cobalt-60).

DFfH 00ALITY:F

Hedium energy x-ray beam quality is described in terms of the peak

kilovoltage, the first half-value thickness in milllmeters of aluminum and
copper and the homogenelty coefficient (the ratio of the first and second
half-value thickness). The half-value thicknesses were determined with a 2 cmThe aperturediameter aperture and high purity aluminum and copper absorbet .

and ion chamber vere positioned at 50 cm and 100 cm, respectively, from the
target.

X-Ray Beam Qualltles Available

BEAM 00ALITY

DEAH ADDED FI!TERS llVT(mm) Il0HOGENEITY

CODE kVp (mm A1) (A1) (CU) (A1) (CU)

Hi 75 0.2 2.04 0.066 66 60

H2 100 2.4 4.14 0.156 71 57

H3 125 4.0 6.03 0.268 74 54

H4 250 0.8 Thoreaus 17.8 2.92 98a 85-

a) Estimated.

( .
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2c.

ACCURACY:

The alt ketma late at the callbiation posillon was measured with a
transfer-quality lonization chamber which was callbrated at the National
Institute of Standards and Technology. Electrometers are calibrated with a
standard capacitot, tegulated high voltage power supply and precision digttal
voltmeter all vith calibrations ttaceable to NIST.

The precision of the calibration factorc assigned by the Accredited
Dosimetry Calibration Labotatoty is believed to be within 1 0.5% (cobalt-60)
and i 1.0% (x-rays) of the current standards of NIST. The NIST states an
overall uncertainty of 1% of which 0.7% is assigned to the uncertainty In the
alt kerma of their beam. The overall uncertainty is therefore, 1.2% for
Cobalt-60 and 1.5% for x-rays. The overall uncertainty is considered to have
the approximate significance of a 95% confidence limit.

The calibration factors is given to four digits to prevent rounding errors
up to 0.5% when the first digit is unity.

COLLECTION EFFICIENCY:

The collection elficiency Alon,_under the conditions of enlibration was
determined on the cobalt 60 beam using the two voltage technique desetIbed by
Almond (1981) for continuous radiation. The ratio of current (charge)

produced in the chambet with the full polarizing voltage divided by that with
1/2 polarizing voltage was measured.

N ,,/(N Alon}'g x

The AAPH calibration ptotocol converts the exposure callbratlon factor,
N, int the cavity gas calibration factor, N This report provides the

.

gas

Ajyn) for cylindrical chambers published by a Task Group of the
x

ratio Ngas#5Hx
ADCL's (Gastorf,.1986). For parallel plate chambers, this ratlo is calculated
from the AAPH protocol guidelines using data by Nath 6 Schulz (1981).

References

1. Task Group 21, Radiation Therapy Committee, American Association of
Physicists in Medicine, Hed. Phys., vol 10, p 742 (1983).

2. Almond, Peter R., Hed Phys., vol 8, p. 901 (1981).

3. Gastorf, R. , ilumphries, L. , and Rosen f eld , H. , Hed. Phys., vol 13, p. 751

(1986).

Nath, R. and R. J. Schulz, Hed. Phys., vol 8 p. 85, (1981).4.
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' Accitl'.DITED InislHl:Tity CAL lltitATION 1 ABORAT0ltY
H. D. ANDERSON CANCl;ll CENTER

lleport of Chamber On11btntion
Cobalt-60

'

St. John's llegional Health Center
Page 3 of 5

Itepor t #90-23

IllSTRUMENT

' PTV Chamber Model N233643, (0.125 cc. nerylle), Setlal #112
Actylle Bulldup Cap #112 (l'on Co-60 only)

CALIBRATION CONDITIONS: Pr eirind. Lenkage -1 x 10- 0 A

Chamber onlys irradinted free Otlentation: Black line tovard
in space with no additional
scatter material (except for .

ndequate buildup) PointIr.ing Voltages -312 V
(on thitnble)

gnr. I"x Alon}~ '49 * "#Ion collection efficienry (Agon)=1.000 N

AIR KERHA

AIR KCitHA RATE CALIBRATION *

BEAH QUALITY (Cy/ min) FACTOR (Gy/C
-

B

Cobalt 60 0.1B 2.2(>6 x 10

l'KPOSUllE

EXPOSURE RATB CA1.1 BRAT 1011*

BEAM QUALITY (R/ min) FACTOR (R/0)

Cobalt 60 21 2.578 x to
--

_- ..

* At 22' C, 760 mm lig

DATA BOOK 23 i PAGE(S)1 344

V f,1 LL n bH.
nm t . linnnon ' )Al -

gun 89918
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ACCREDITED DOSlHETRY cal.lilRATION 1.ABollAToltY

H. D. AllDERSuli CANCER CENTER

Repott of Chambet Callbiation
Cobalt-60

St. John's llegional llealth Center
Page 4 of 5

Report #90-23

lilSTRUMEllT:

NEL Chamber Model 2571, (0.6 cc, gtnphite), Setlal 6912
Delrin Buildup Cap 9912 (For Co-60 only)

CAllBRAT10N CONDITIONS: Pteittad. 1.cakages -1 x 10-10 A

Chamber Only lttadiated itec Otlentation: Black line toward beam
in space with no additional
scatter materisl (except foi

adequate build sp) Polarizing Voltaget -312 V
(on thlmble)

lou collection efficiency (Aggn).0.998 N /(H Alon)"U'b0 * lU UY#K
n3 x

AIR KERHA

AIR KERHA RATE CALIBRATION *

BEAM QUALITY (Gy/ min) FACTOR (Gy/C)

Cobalt 60 0.10 4.090 x 10

EXPOSURE

EXPOSURE RATE CALIBRATION *

BEAH OVALITY (R/ min) FACTOR (R/C)

._

9

Cobalt 60 21
~ 4.653 x 10

* At 22' C, 760 mm Ilg

DA''A BOOK 23 _ PAGE(s): _3457

']f bb_ la1 &S:ty
Villiam F.Hadson Date

.
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ACCilEDITEll 1)oSlHETRY CAllllitATION LADORA'10RY

H. D. ANDl:RSON CANCI:lt CENTER

ltopot t of 1:lec t r onietet Callblation
LlettIometet Factor

St. John's Regional llenlth Centet
Page 5 of 5

Report #90-23

INSTRUMENT:

Keithley Piogtammable Dosimetet Hodel 35017: Serial #22028

SCALES, SV' icll POSITIONS, AND CONDIT10llSt

Electromelet Svltcht l'os i t lott

linngel Auto (199.99 full scale)
7.eto Cutiettt Ol'r

Suppt ess DIT
Trig OFF

Funetion: Coul
Blast 0%, Neg (Back Fanel)

ELECTROMETER CAllDRATION FACTOR

1.000 x 1 ~9 C/tInit of tending0

hNOTE: Charge sensitivity (rdg/C) was constant to within 10.1% or t e
precision of the reading (whichever is greater) over 'ha range of,

readings (tom 10.010 to 199.09 . The calibration factors in this
report may not be relTible outside this rar.ge.

BOOK 19_; PAGBt 467

-- Lets asj. ( '', O

DateVillinm F. Ilanson

i

I
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