DEPARTMENT OF THE ARMY
MADIGAN ARMY MEDICAL CENTER RECEI VED
!

TACOMA, WASHINGTON  98431-5000 'Rr\
1981 11 _,
REALY TO June 29, 1987 TR0 PRss
ATTENTION OF RERIn

Radiation Protection Office

United States Nuclear Regulatory Commission (NRC), Region V
ATTN: Chief, Nuclear Materials Safety and Safeguards Branch
1450 Maria Lane, Suvite 210

Walnut Creek, CA 94596

Dear Sir:

The radicactive Cobalt-60 source contained in this medical center's single radiation therapy
unit licensed by your organization was exchanged on June 19, 1987, As required by Condition |8
of our NRC Byproduct Material License No. 46-02645-05, a radiation survey of this unit was
performed on 20 and 21 Junc 1987. A copy of this survey is enclosed.

Sincerely,

Enclosure é-’( Darryl H. Powell, M.D.
Brigadier General, U.S. Army
Commanding




RADIATION SURVEY
Cobalt-60 Teletheraopy Source Replacement

I. Name, Address, L icense Number, and Telephone Number*

Commander

Madigan Army Medical Center

ATTN: Rodiation Protection Office, Box 2458

Tocoma, WA 98431-5000

NRC BML N 46-02645-05, expiration date 31 Aug 87

Phone: (206)-967-7973
2. Name and Address of Each Person Conducting the Survey:

Major David W. Lee, Radiation Protection Officer, address as above

Captain Joseph P, Hellman, Medical Physicist, address as above except substitute "ATTN:
Radiation Therapy Clinic, Box 419 Phone: (206)-967-6696

3. Reason for Survey: Source Change
4. Date of Source Change: |9 June 1987, NOTE: Source exchange was accomplished by AECL
on 19 Jun 87; however, the maintenance/refurbishment of the Cobalt-60 unit was not completed
by the AECL NRC-certified source handler until 20 Jun 87.
5. Date Radiation Survey Performed: 20 & 21 June 1987
6. Radiation Measurement Instrumentation Used:
a. Radiation Therapy Instruments Used to Mecsure the Absolute Radiation Output
Manufacturer: Victoreen and PTW
Model: Victoreen, Model 500 Electrometer; PTW, Model 23333 Chamber
Serial Number: 23| (Elecirometer); 486 (Chamber)
Date Last Calibrated: 4 March 987
Calibration Standards/Methods Used: K. & S Associates, an Accredited Dosimetry
Calibration Laboratory accredited by the American Association of Physicists in Medicine. This
laboratory provided TG-21 calibration factors for a Cobalt-60 source obtained by
intercomparison with instruments calibrated by or directly traceable to the National Bureau of

Standards. The Cobalt-60 unit was calibrated using the TG-21 protucol (Medical Physics, Vol.
'O. NO. 6’ '983. ppl 7“"77').

b. Radiation Protection Office Instruments

Manufacturer: Victoreen



Model: 470A (Panoramic)
Seriai Number: 3569
Date Last Calibrated: 17 July 1986
Calibration Standards/Methods Used: Calibrated by the U.S. Army Calibration and
Repair Center, ATTN: AMXTM-CW-SA, Sacramento Army Depot, Sacramento, CA 95813-
5035. This center has been licensed by the NRC under BML 4-4279-01 and SNM-507 to perform
RADIAC instrument calibration/repair using procedures acceptable to the NRC. A copy of the
general RADIAC calibration procedures used by this activity is in the possession of the NRC in
the application for renewal of this medical center's Cobalt-60 teletherapy license. ~ his renewal
application was transmitted by this medical center on 12 May 87. Receipt of this application
was acknowledged by the NRC in a letter dated 9 Jun 87, Docket No. 03 074, Control No.
70579.
7. Cabalt-60 Unit Name, Model, and Serial Number:
Atomic Energy of Canada Limited (AECL)
Theratron 80
Serial No. 329
8. Cobalt-60 Source Manufacturer and Model

AECL, Type C-146, Source 5-4003, 2-centimeter active diometer, leak tested by AECL on 3
Jun 87.

9. New Source Activity and Assay Date
a. Activity: 6168 Curies, assayed by AECL on 22 May 87; |117.5 Rmm +/- 5%

b. De "ayed Value as of 20 Jun 87: 6103.83 Ci on the day the absolute radiation output was
measured assuming 5.2610 years half-life and 365.242 days/year.

10. Intensity of Primary Beam
Date Measurement: 20 Jun 87
Field Size: 10em X |0 em

Measurement Distance: 80 centimeters source-to-phantom distance. Intensity was
measured in water at D at 80.5 centimeters source-to-chamber distance in water.

max’ ie.
f{ olts  168.8 rads/min @ Dmax, (168.8 ¢Gy/min)
1. Maxirmum and Average Radiaticn Exposure Rate One Meter From the Source

See Figure F-1, Teletherapy Head Survey Attached



2. Limits of Beam Orientation -- See Attached Room Sketch

a. Gontry direction is East-West, with head swivel in the North-South direction
mechanically prevented. The Theratron 80 has an integral beam absorber directly opposing the
source head. For the primary bearn directed toward the integral beam absorber, electrical
interlocks are set so that the primary beam must be centered (within plus or minus 5 degrees) on
the integral beam absorber, and, in that configuration, may be rotated 360 degrees pointing
toward the floor, East wall, ceiling, and West wall, Even using the largest collimator field of 33
x 33 em*, the plus or minus 5 degrees interlock has all of the primary beam attenuated by the
bearn absorber with no portion o? the primary beam not absorbed by the integral beam absorber.

b. For the primary beam to be directed away from the integral beam absorber, mercury
switches permit the unattenuated primary beam to be directed in a 110 degree arc from 10
degrees toward the West wall to vertically down toward the floor to 100 degrees toward the
East wall. These angle limits, which allow the source to enter the "ON* position without the
bearn absorber in the primary beam, are shown in the below en-face drawing.

10 Degrees

TOTAL
110 Degrees

EAST WALL WEST WALL

10 Degrees
I3, Radiation Scatter Measurement Results -- See the Attached Room Sketch and Results
Sheet

14, Room Plan -- See Attached Room Sketch

|5a. Primary beam directed toward the integral beam absorber. Rotational position causing
maximum radiation level in each area adjacent to the treatment room, to include above the

ceiling.

Phantom Used: MDH Model 8101 Mark | SCRAD Calibration Phantom, 25 e¢m X 25 cm X 23
cm dimensions. The maximum field size obtoinable from the Cobalt-60 unit of 33 em X 33 cm
was used in all of the radiation scatter measurements. The source-to-top of phantom distance
was 80 cm,

Instrument Used: Victoreen, Model 740A (Panoramic), Serial No. 3569

I5b. Primary beam directed away from the integral beam absorber. Maximum radiation levels
were measured within the arc specified in paragraph |2b, above, when no phantom was in the
primery beam as indicated in measurement points 8, 9, and 10. Orientation of the primary beam
is specified for euch measurement on the attached radiation scatter measurements results

sheet,
Phantom Used: None

Instrument Used: Same as in |5a, above



6. Compliance:

a. Assume a "worst case" workload on the Cobalt-60 unit of 20 patient treatments/work
day, 4 minutes beam "on" time/treatment, and 5 treatment days/work week; then (20) X (4) X
(5) divided by 60 minutes/hr = 6.7 beam "on™ hours/work week. Further, assume 100%
occupancy and use of the presently unused attic area above the ceiling and of the unrestricted
office space adjacent to the West wall of the Cobalt-60 room, i.e. T = | and U = | with a quality
factor for gamma radiation of |, i.e. QF = | rem/rad and taking Roentgens as
being essentially equivalent to rads; then the integrated dose equivalent were a non-radiation

worker to occupy these areas continuously for one work hour would be estimated by:

(Rodiation Exp Rate — miR/beam "on" hrX6.7 beam "on" W%M Fxla IXU= IXGF=1)

b. Substituting the 5.8 mR/beam "on" hour measured in the unrestricted office space
adjacent to the West wall of the Cobalt-60 treatment room and 4.8 mR/beam "on" hour
measured in the attic space above the ceiling yields 0.97 mrem, and 0.80 mrem in any one work

hour, respectively. Assuming 8 hours/work day yields 7.7 mrem and 6.4 mrem in any one work
day, respectively, Assuming 5 work days/work week, yields 38.5 mrem and 32 mrem in any one
work week, respectively, f the Cobalt-60 unit was utilized for 7 consecutive work days, the
total beam "on" time would be 9.33 beam "on" hours/week. In this case, the maximum weekly
unrestricted office space and above-ceiling attic space radiation dose equivalent to o non-
rodiation worker occupying these areas |00% of the time would be 54 mrem and 45 mrem in any
7 consecutive days, respectively.

c. Since the integrated scatter radiation dose equivalents to non-radiation workers
occupying the unrestricted office space and the above-ceiling attic space are less than 2 mrem
in any one hour and less than 100 mrem in any seven consecutive days, the NRC "unrestricted"
area criteria for these areas which are adjocent to the Cobalt-60 room are fulfilled.

I7. Safety System Tests and Results:

a. Teletherapy treatment door interlock: With the beam "on" as indicated by the control
panel lights, the red illuminated light on the unit gantry, and the room radiation monitor
odjacent to the control panel, the room entrance door was opened. Cpening the entrance door
coused the alarm at the control console to sound and the source to return to the "of f" position,
to turn off, The door was then reclosed and the beam control time turned back on again, The

4



bearn did not come back on. For the beam to come on, the door must be closed, the timer must
be manually turned off, and the reset button depressed which causes the reset button on the
control console to go off. Opening the room entrance door also caused the source to retract
into the "safe," "source off" position as evidenced by:

(1) The source indicator rod retracting into the head.

(2) The room radiation monitor returning to the normal, background radiation
condition.

(3) The illumination light on the gantry, console, and door glowed green.
b. Teletherapy "on-ofi" indicators:

(1) Beamn "On" -- With the beam "on" as indicated by the room radiation monitor:
(a) The source indicator rod protruded from the head.
(b) The room rodiation monitor analog needle pegged to maximum,
{c) The gantry, door, and console warning lights glowed red.

(2) Beam "Off" -- With the beam "off" as indicated by the room radiation monitor:
(a) The source indicator rod was fully retracted into the head.

(b) The room radiation monitor indicator needle returned to the background
radiation position.

(¢) The gantry, door, and console warning lights glowed green.

c. Stops installed to limit use of primary beam: With the beam absorber rotated out of the
primary beam and the head positioned at the angles indicated in paragraph |12, above, the unit
was activated at the control console. For angles greater than those specified, above, the source
did not come to the "on" position as indicated by the zero reading on the room radiation monitor
and by the green illumination of the gantry, console, and door interlock source condition lights.

d. Teletherapy treatment timing device:
(1) The accuracy of the timer was checked using a stop watch and a Veri-Timer for
times between 0.5 and 5 minutes. The timer was found to be accurate to within plus or minus
0.02 minutes.

(2) When the timer terminated the radiation exposure, the source fully retracted into
the head.

(3) The source did not come to the "on" position until the console reset button was
depressed and the timer reset,



|8, Source Removal -- (See attached removal certif.cate)

Date of Removal: 19 June 1987
Remover: AECL, Commercial Products, Ottawa, Ontario, Canada, License #54-00300-04

19. Recommended Changes to Source Change Report Format or Content -- No changes

recommended.

b il Josh Holdee—

David W. Lee Joseph P, Hellman
Major, U.S. Army Captain, U.S. Army
Radiation Protection Officer Medical Physicist



RADIATION SCATTER MEASUREMENT RESULTS

|. Measurement Conditions:

a. When the head was directed directly toward the floor, this head position was considered
to be the 0 degree position. When the head was rotated clockwise as viewed through the
viewing window until the primary beom pointed directly toward the East wall, this heod position
was considered to be 90 degrees. When the head was rotated to the upside down position with
the beam/beam absorber pointing directly toward the ceiling, this position was considered to be
the 180 degree position. When the head was rotated toward the West wall with the beam/beam
absorber pointing directly toward the West wall, this position was considered to be the 270
degree position,

b. The maximum field size obtainable from the Cobalt-60 unit was used, i.e. 33 cm X 33
cm.

c. An MDH, Model 8101 Mark | SCRAD calibration phantorm was used whose dimensions
were 25 em X 25 em X 23 em. This top surface of the phantom was placed 80 ¢cm from the
source. Since the field size used was greater in area than the phantom, some primary beam
photons were not intercepted by the phantom. These unattenuated primary photons were
intercepted by the beamn absorber. For measurements #8, #9, and #10, the bearm absorber was
rotated out of the primary beam and the head directed 90 degrees clockwise toward the East
wall (primary barrier) without a phantom since this configuation produced the greatest (worst
case) radiation exposure rate, Given these measurement conditions, the radiation scatter
measurement results are considered to be "worst case."

2. Radiation Measurement Results:

Exposure Rate
Measurement Point (mR/hr) Head Pasition
il 0.0 Zero degrees with phantom/beam absorber
2 0.0 Zero degrees with phantom/beam absorber
#3 2.0 245 degrees with phantom/beam absorber
#4 5.8 245 degrees with phantom/beam absorber
/5 0.2 245 degrees with phantom/beam absorber
e 0.2 245 degrees with phantom/beam absorber
7 0.0 Zero degrees with phantom/beam absorber



Measurement Point
#8

9
#10
#
2
4
#5
i#6 (Attic)

Exposure Rate

0.4
0.0
0.0
0.0
0.0
0.0
0.0
4.8

Posit

90 degrees--No phantom or beam absorber
90 degrees--No phantom or beam absorber
90 degrees--No phantom or beam absorber
Zero degrees with phantom/beam absorber
Zero degrees with phantom/beam absorber
Zero degrees with phantorn/beam absorber
Zero degrees with phantom/beam absorber
205 degrees with phantom/bearn absorber
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Figure F-1

b 'b TELETHERAPY HEAD SURVEY
(Source in "OFF" position. " Top View-Showing
Measurements taken one meter orientation
from source) of Views A througih D
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Date of survey o0 & 21 Jun 87

y View C-Vertical View D-Vertical
Instrument used YACL, Mod 470A trom front from right front
SN 3569
Manutacturer's
nam.e & model number R
of teletherapy source _AECL, Type C-146
S=4003 a0
Date of instaliation .19_.Jun 87

output 117.3 [0 RHM
0 rvm

Dot 22 May 87 by ABCL

& NOTE:

Installed Absolute Radiation Output: '68.8 cGy/mimute @ 80.5 om (Dpax)
in water measured by the medical physicist on 20 Jun 87 |
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TO WHOM IT MAY CONCERN:

)

A

Atomic Energy of Canada Limited

7

SOURCE DISPOSAL CERTIFICATE

This is to certity that the following source has been removed from the unit described herein. and returned
‘o Atomic Energy of Canada Limited, Commercial Products. Ottawa. Ontario, Canada for disposal:

COBALT 80 OR
CAESww™ 137
seaceo soumce Co 60

SERIAL NO DEPLETED URANIUM

5-3490

Use Y

THERATRON 80

UNIT SEFIAL NO

329

LOCATION OF UmiT

MADICGAN ARMY MEDICAL CENTER

TACOMA, WASHINGTON

Dete: 20 June 1987
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