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ELLIS FISCHEL

State Cancer Center

GOVERNED BY THE MISSOURI STATE CANCER COMMISSION

September 13, 1990

Isotopes Branch

Division of Materials Licensing
Us8. Nuclear Regulatory Commission
Washington, D.C. 20545

Rea; License #24-00481-04
bee. & “ F Sl ™

Dear Sir:

This 1is a repart of surveys and tests required after the
installation.of a new caobalt telotrpvap) source. The services were
performed by Keith Hickey, Teletherapy Fhysicist on the above-
referenced license, and Emmanuel Ekwelundu, Medical FPhysicist.

The source was supplied by Neutron FProducts, Inc., Dickerson,
Maryl and. The source was instal.ed on August 17, 1990, in an
Atomic Energy of Canada Theratron 80 rotational teletherapy unit
used for the treatment of humans., The scurce 168 & NeP.o1.,=20=-5400W,
Serial Number T=106&¢ containing 4010 ¢uries on September 1, 1990,

\ Report of Inspection

An  inspection certificate si1gned Dby Leslie Forrest, Neutron
Products, Inc., states that the teletherapy unit has bueen inspected
on August, 17, 1930, to assure proper function of the source
exposure mechanism. Neutron Froducts is licensed by the State of
Maryland, Number MD=21-025-02 tao per form such inspactions.

Xs Interlocks
|

Closed circuit TV and an cbservation window are usecd tolobsﬁrve the
patient during treatment. The interlocks on the treatm@nt room
door and the daor to a storage room beneath the treatment rédom were
functioning properly. This storage room door 18 locked and the key
le kept on the key ring with the key to the THeratrop 80 control
console. [

n

With the curved arm aof the teletheragy unit at O, the source could
not be moved to the ON position unlesc the, gource heed swivel angle

was within 10" towards guns-ha and 13" awa¥ from ‘°”5“11?I?f*‘f\fﬂ'7
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Page 2

curved arm at 450 y the saurce could not be moved to t?l 0%3
position unless the source %nad sxivel angle was within 45 + 10
towards the console and 45" + 13 away from the cansocle. In

rotation made, the head swivel angle allowed is between O and + 1
degree.

3. Warnings - Energency Flans

The entrance to the therapy room, the fence around the restricted
area on the rocf, and the storage area under the therapy room are
posted "CTaution, High Radiation Area." The entrance docr and
treatment head are posted "Caution - Radicactive Materials". Red
warning lights cver the door, on the consocle, and the therapy
machine indicate a beam "on" caondition, Green lights on the
therapy machine and aon the console indicate that the source is
fully retracted. An independent source position indicator of the
G~M type is located in the rcom giving positive indication of
radiation levels of above or below § mR/hr. A sign is posted cver
the control console giving emergency action to be followed if the
source fails to retract.

4. b

Wipes of the inside of the collimator and windaw area indicate less
than 0,005 microcuries of removable activity. Neutron Products
leak tested the scurce by the helium pressure test and found it tao
be leak free. Wipes of both the inner and outer container indicate
Q.020 and 0.0001 microcuries respectively.

- f Irradiaticn

Coincidence of the light field and photon field was demonstrated
with film. Field symmetry films were also taken to insure proper
gource positioning.

&, Calibration

The output on August 18, 1990, for a 20 x 20 cm2 field at BO cm was
141.1 rads/min (5429 RHM).

7 [imer Check

The timer coperated properly to move the source to the on and off
positions. The timer agrees with a stop watch to within 0.2 second
on a two minute exposure.
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8. Bean-Qff Head Leakage

The beam~off head leakage was measured at points on the surface of
an imaginary sphere of | meter radius and centered on the source
in the off position., A maximum reading of 2,7 mR/hr was obtained.
The average of 14 readings on the imaginary sphere was 1,2 mR/hr.
Measurements were made with a Keithley model 36150 survey
ingtrument, This instrument was calibrated on August 19, 1989, by
pesitioning it at distances from a cesium=137 source which were
calculated to produce readings of 1/3 and 2/3 full scale on each
gcale of the instrument.

The survey form is attached,

k- 18 s&l! ey

The survey assumes 200 treatments per week at given doses of less
than €400 rads at cne meter each. This gives a workload of less
than 80,000 racds per week at one meter, Current beam-on time

required to get 80,000 rada/week is 14.7 hours, See attached data
and results.

The survey of areas external to the treatment room was done with
a polystyrene phantom in treatment position to scatter the
radiation, the maximum field size of 32 x 32 ¢m was used, and the
88D to the phantom was BO cm. The measurements were made with a
Keithley model B61850 survey meter calibrated as described in
Section 8 aon August 13, 198%9. A "nmominal'" measurement was made
with the curved arm at O° and the source head at 0" , and a “yorst
case" measurement was made with the curved arm rotated + 30" and
source head at 0° to angle the beam toward the areas adjacent to
the treatment room. In both cases the beam stop intercepted the
primary beam. The therapy room is located on the first floor with
a restricted storage area beneath it and a restricted roof area
above i1t. To the left is the control area (console) and to the
right is a restricted roof area. Behind is a restricted room where
a cobalt teletherapy unit has Jjust be removed and in front is a
restricted storage room,

ol 90211

ot e A L TR AT T e T R
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10, Restricted Areas

A restricted area is below the treatment room. The door is
interlocked to the machine. The key to the room below i on the
key ring that operates the unit. The roof above the unit is also
restricted. Access is through a screened window on the third floor
te the roof. From there it is necessary to cross 79 feet to a
ledge posted "Caution, High Radiation Area." On this ledae is a
fence which encloses the restrictec area. Radiation area signs are
also posted along the fence.

Entry into the restricted area on the roof is possible through a
gate; however, this gate remains locked by a padlock.,. The key for
this padlock is attached to the key ring of the teletherapy unit.
It requires the teletherapy unit key ring to open the restricted
area gate.

, & O n an

All indicatar lights were found to be correctl} indicating the
current status of the teletherapy unit and its cantrols. All
controls were found to be operating properly.

Radiation "on" and "aff" conditions were tested using an
electrometer with an ion chamber in the beam. BEeam interlocks were
tested using the survey meter mentiocned in Section B.

...Bl\_“‘.‘.”}:\wL Cj&w& by

EMMANUEL C. EKWELUNDU, Ph.D.
Medical Physicist

cc: U.S8. Nuclear Regulatory Commission
Region III
7992 Roosevelt Road
Glen Ellyn, IL &0Q137
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Work 1(2) for caleulating the dose Bo w‘m at g, from photon beams
Name: 'C WEL un DM Date: | % c\ &)

. Radiation source: = | ; Stated energy: ____\' 3§ MeV
lonization ratio: _0+ 55418 INominal accelerating potential: 2+ 5 MYV
(Sec. IV B) (Fig. 3)
‘ 2 Phantom material (med): Ee\%"*x‘\n " R S3D: o cm
Collimator field size: __\v x \C ¢m®; Depth of measurement: 5 em

1. Dose to phantom msterial per monitor unit (Eq. (9)):

Do /U (M7U )Ny (L /012" P, P, ' g

where U refers to accelerator monitor units, or time for a ®Co unit,
"2 The chamber temperature 7' __ 2.2« > 'Cand pressure P _ 144\ b mmHg
at the time of measurement. The chamber signal M is normalized to 22 °C and | atmosphere using the factor;
T +213'C , 760 mmHg R W

295°C P i
3. Mean chamber signal per monitor unit (at the higher collecting potential, and normalized to 22 'C and 760 mmHg)
V83T, 1,2998 18415 Mia g9 0B (M70)= 1 %08 X1 % c/monitor unit
or (IM/U)j= ____________scale divisson/
Dz s \c 0021 o .87 ans mgneito‘ruzm

4. Cavity-gas calibration factor: AUl 1
Chamber model:P‘m NLTa3s bi’al] material: _ &g~4\. te

Inner diameter: _&\ ___ mm Wall thickness: _¢: vS>  g/em? ' 2
: N = M8 32 K15° Gy/CorGy/scale divi-

sion.

8. Stopping-power ratio (Fig. 2, Table IV); Trpre e oW\ %

ar

s Wall correction factor (Eq. (10)):
LalZ /p)t" i /01088 + (1 = @)L /p)) -

P . 4940
’ (L /p)ne .
Fraction of ionization from chamber wall (Fig. 7): a= _©O' 4y
fa>0.25, entera and (1 - a). l=a)= _0: 356
Ifa <0.25, enter @ = 0 and proceed to 4
Stopping-power ratio (Fig. 2, Table 1V Llopda _\ V0%
Energy-absorption coefficient ratio (Table 1X):
Bafpi® L9020 + (i /ol 1218 = (3, /000 299494
4 lon zation recombination correction (Sec. IV C and Fig. ): Poy = __\_5,0_0__?_’__
| 3. Replacement (gradient) correction (Fig. §): Po = 22892
: 6. Dose to phantom material per monitor unit or per unit time," 44 . 0 S8R )
at point of measurement: D, /= ,,___L‘..E;‘__._QG; /menitar unit M

7.1, Dose to water per monitor unit, at d,.,, (Eq. (17))

(Dpag U )X ESC X (T, /pines
o=

Do fat doy U

P/100
1.2, Correction for excess scatter from acrylic phantoms (Table X1V): ESC ~ e
73 Energy-absorption coefficient ratio (Table X11): R en Z0138T = __\_U:’_b___
73, Percent depth dose at depth of measurement: P= __18.2 o,
1.5, Dose to water per monitor unit, at d,, Dy uelat dp VU= -‘-}‘—"“'—L;l_l.’._“‘lcp),"mon.::r unit iy

——

Cobalt60) Laits may have 3 nonlinear relationship between dose per unit lime uny (ime espevially for short exposure imes. Corrections should be made
Using the method of Orton and Sieben (Ref. 38

D \: — " 5, Q€ - <, . X 1 ’ y
Medical Physics, Vol. 10, No. 6, Nov/Dec 1983 W - h"""\‘" s 0N VRN (ﬂ M‘.h /”“
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FULL CALIBRATION

AECL Theratron-80, 8/N 141
Neutron Products Source: Model WNPI-20-5400W; 8/N T-1064

Calibration Cqguipment

PTW N23333, 8/N 1226 ion chamber with acrylic build-up cap.

Keithley 61l6/6169 electronmeter, S/N 41952A/41453A

Nx=53.4553 R/Rdg %nd was calibrated by M.J. .inderson Cancer Center on 7/11/90.
Ngas = 45.%3 X 10° cGy/Rdg (includes electiometer calibration factor of
0.996 x 107® )

I Qutput in Air

Probe at 80 cm SAD with bulld-up cap; 10x10 cm? field.
T = 18.4 " P = 741.5 mmHg

Clp = "T.viey :

Leakaye = 0.003 x 10°" A,

Timer Error =
Ml = 2,415, 2,415, 2.41% Mi = 2,415 -~ 1 min readings
Mn = 2,26, 2.265, 2.265 Mn = 2,2633 -- 4 x 0.25 min reading

M® - Mn
TR Xt
Mn - 4 Ml
2,415 ~ 2,2633 0.1517 -0.021
. i xi e . et Y =
2.2633 ~ 4x2.415 7.3967
i Timer Error X = =0,021 mins
Output = Mo Chp Ny i RER . w
l + ¥
hAeg = 0.985 ~~ attenuation in 0.5 ¢m of muscle.
2,
a) Output = 2,415 x 1.0125 x 53.4553 x 1,035 x 0,985 x 0.957 x (80/80.,5)2
1 - 0.021

= 128.63 rads/min for 10x10 cm2 field in tissue.

M= 2,56, 2,555, 2.565 M= 2,56 -~ 1 min reading for 20x20 cm2 field.

T« 18.1° ¢
P = 741.5 mmHg; Ctp = 1,0114



0 SRR e e i I R

2
Output = 2,56 x 1.0114 x 53,4553 x 1.059 x 0.985 x 0.957 x (80/80.5)
1 - 0.021

= 139,38 rads/min for 20x20 cm2 field in tissue.

= 5429 RHM

Timer Linearity

Rd

Time (min) Reading (x10-8C) Time + TE AY w.r.t, 1min
0.10 0.1985 4.512"7 1.9
0.25 0.568 2.4803 0.8
0.50 1.188 2.4802 0.5
1.00 2,415 2.4668 -
2.00 4,905 2.4785 0.5
4.00 5.850 2.4755 0.4
Y = MX + b

M = 2,4755

b = ~0,0514

Correlation Cvefft r = 1.00

Output w.r.t. gantry angle in air
Probe at 80 cm SAD, 15 x 15 cm field, probe with acrylic build-up cap.

Angle Reading (x10™" A) AN from Average Reading
50 40.95 0.17

90 40,75 0.32

180 40.80 -0.20

270 40.95 (2 1

0 40.95 0.17

Average Reading = 40.88

Fleld Size Dependence in Alr
®robe at 80 cm SAD with bulild~-up cap.

Fleld Size Reading (x10"" A) FSD alr BSF FSD Phantom
5 x 5 38,55 0.9601 1.018 0.944
7x 17 39.26 0.9776 1.025 0.968
10x10 40,15 1.000 1.035 1,000
12x12 40.65 1.0125 1.041 1.018
15%15 41.35 1.0299 1,049 1.044
16x18 41.90 1.0436 1.055 1.064
20%20 42,20 1.0511 1,059 1.075
25%25 42,75 1.0648 1.066 1.097

30x30 43.05 1.0722 1.070 1.108






; Tray
Probe at Scm depth in polystyrene, 80cm 88D,

Fleld 8ize

10x10
20x20
30¥30

Dotted Tray Factor

Factor

Cpen

3.21%
3.58
3.73%

1/4" Tray,Dotted 1/4" Plane Tray

3.065

3.08
3.445
3.615%

Plane Tray Factor

x10~'° a

0.9533 0.9580

0.9595 0.9623

0.9639 0.9679

0.9589 0.9627
Extended Tray Factor
Fleld S8ize Open Extended Tray Tray Factor
30x30 3.738 3.63 0.972



8. Wedge Factor
Probe at 5cm depth in polystyrene, 80cm 88D

0o i 1800 Y Average
Fleld 8lze Open(x10~10A) Wedged (x10 A) wedged (x10 A) wWedge Fact:
30°
10wxl5 3,305 2.405 2.358 0.720
BWx15 3,235 24158 2.465 0,754
EWxl5 3.145 2.445 2.495 0.785
45"
10wx1$ 3.318 2.2195 2:.138 0.657
BwWx15 3,235 2,285 282 0.696
Swx1% 3.07% 2.415 2.48 0.796
EWxl5 broken - - -
10wx8 3.14 2.00 2.085 0.646
60" :
10wx1l5 3,308 1,368 1,443 0.425
BWx15 3.235 1.544 1.627 0.490
6Wx15 3,145 I+743 1.815 0.561

9. Percent Depth Dose
Used Capintec parallel plate ion chamber in polystyrene; 10x10 cm2 field

at 80cm 88D.

Depth (cm) Reading (x10-10A) $DD
0.8 3.605 100
3.0 3.165 B7.8
$.0 2.76% 77.3
10.0 1,965 54.5
15.0 1.354 37.6
18.0 1.079 29.9

From BJR #17, %DD at 5cm = 78,8
10, Light Field

Set Measured
5x5 5.1 x 4.95
10x10 10.0x10.08
15x%x15 15.0x14.88
25x%x25 25.0x24.9
33x33 32.9%32.8

11. Distance Indicator
Stick 32.05 cm



12.

13.

8afety/Mechanical Checks

a,
b,
c.

Q

HX A TO M0

n.

Door interlock OK

Beam condition indicator light on unit 0K

Beam condition indicator light on console OK

Warning light over door 0K

TV monitoring unit OK

Pb glass viewing window OK

Intercom OK

2 area monitors + back-up batteries OK

Reset required when enter + exit door OK

Radlation warning signs posted OK

Timer constancy OK

Timer accuracy + linearity OK

Lasers adjusted to 80cm OK

Radiation/Light field congruence OK

ODI + mechanlical distance OK

Fleld size indicators OK at 5x5, 10x10, 15x15, 25x25, 33x33.
Mercury switcheg for beam limiting of head rotation OK
Emergency stop bar on console 0K

Emergency stop bar on unit table OK

Inside door handle OK

Light Fileld/Radiation fleld colncidence checked for 6x6, 10x10,
15x1% and 20x20.
Used V £ilm, 80cm &8D and 0.5cm polystyrene build-up.

Unlformity £ilm taken at 10cm depth in polystyrene, 80cm 88D and 15x15
cm2 fleld.
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TELETHERAPY 1IEAD SURVEY

(Source in "OFF" position,
Mecasurcments taken one meter
from source) !

ELLIS FISCHEL STATE CANCER
CENTER
115 Business Loop 70W
Columbia, MC 65203
Top View ~ Showing orientation
of Views A through D °

Rear
racizzion
Level
Position No. (mR/hr) >
: A (left side)sy +5 .
View A 1 21 y45° !
2 (S 3
3 S B (left=front) my\Y5" (45 VLD (right=f
lg T Y i G i S - — ———— ' - ‘
View A - Vertical from left side . C (front)
(3_) L__...- LTI FRG S
View B 5 oY .
o . 2.3 . ', View B = Vertical from leftefront
7 Q}‘a / \‘
8 . ’ci ¥ 2
i ° \- \5'.) e O ™S "\ )
@+— ¢ - "
View ¢ 9 11 T N[ \
10 g
) il / N4s'
< 7 ks 9:0 i
View D 11 0.3 - \‘__/("5 \ '
12 5.5 X N —
13 Sy o e (6, , W7
14 o 0 %3 iy ‘

Average value '}vb, o)

Maximum value 7

" Instrument used Kdﬂn\-zj 34| 50 /

View C ~ Vertical from front

Viaw D= Vertizal from rightefront

oy 16015 | Laay () Wtslatd ()4
01O
.9 \u lQO

Curics
&
Date

Manufacturer's
nume & model {
of teletherapy

unit _Keer "W
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Facility Address: Revision Date
July 25, 1983
 114¢ Fischel State Cancer Center
15 Business ‘oop 70 West INSPECTION CMECK LIST

 plumbis, Missouri 65203
: Unit: Theratron 80 Serial Number: jbff

| Prior to =~ Bubsequent to

Operation Transfert Transferss
1. Determine Operating History X ‘/
2, HKead Movement X / X /

3. Electrical and Mechanical Source / /
Condition=Indicator Check X X
4. Manual Source/Shutter Return X / X /
5., Timer X / X /
6. Source Holder/Shutter Movement Check X 3/ X t/
7. Pnevmatic Activating Systew b 4 ‘/ X/
,% 8, Mercury Shutter Systenm X/
9. Stand and Stretcher x/
10, Protective Bource Housing, Beam-0ff Leakage
(Confirm Measured by Medical Physicist) X
11. Source~Surface Distance (88D) 7 ;
12, Beam Orientation X / x/ N
13, Congruence of Light and Radiation Fields X L/
14, Full Calibration
(Confirm Performed by Medical Physicist) x
15, Facility Door Interlock X t/ X /
' 16, Teletherapy Units with Moving Source |
Draver xJ oy
M 17, Teletherapy Units with Moving Shutter Blocks X X
/YA 18, Teletherapy Units with Rotating Shutter X X
19, Indicator Light . x/ x/
20. E-argency Shutoffs _ X/ xe”
21, Collimator X / X

Note: *Circle all items not meeting attached criteria,
*#*Circle all {tems not meeting attached criteria after servicing,
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