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romm NRC-313M U.S. NUCLZAR REGULATORY COMMISSION /

; ;:::’” APPLICATION FOR MATERIALS LICENSE — MEDICAL GAG ROSE?

INSTRUCTIONS - Complete Iterns 1 through 26 if this B an initial application or sn application for renews! of a license. Use supplomental sheets
whevre necessary. |tam 26 must be completed on all applications and signed. Retain one copy. Submit original and one copy of entire
application to : Director, Office of Nuciesr Materiak Safety and Safeguards, U.5. Nuclear Regulatory Comm ission, Washington, D.C.
20656 Upon aporoval of this spplication, the applicant wiil receive a Materials License. An NAC Materials License is issued in accord-
ance with the general requirements contained in Title 10, Cade of Federal Regulations, Part 30, and the Licensee is subject fo Title 10,
Code of Federsl Regulations, Parts 19, 20 and 35 and the license fee provision of Title 10, Code of Federal Regulations, Part 170. The
licanse fwe category should be stated in [term 26 and the sppropriate fee onclosed.

T NAME AND MAILING ADDRESS OF APPLICANT finsttution, | 1.b. STREET ADDRESS(ES) AT WHICH RADIOACTIVE MATERIAL
tirm, clinie, physician, ete.) INCLUDE ZIP CODE WILL BE USED (/f different from 1,a) INCLUDE ZIP CODE
Richard A. Morrison, M.D. 20,° 1778 2
The Radiarium Same as in item 1l.4. Lt
17525 Medical Center Parkway dRRTD
Independence, Missouri 6405,

TELEPHONE NO.: AHIACODI(NOt) yet installed / 4 A /74&

.{ PERSON TO CONTACT REGARDI IS APPLICATI 3. THIS IS AN AFPLICATION FOR: (Check appropriate /tem)
Richard A. Morrison, b 1 a NEW LICENSE

OZ% ?el b (] AMENOMENT TO LICENSE NO,
gra rie Viilage , Kansas 66207 e C] AENEWAL OF LICENSE NO.
TELEPHONE NO.: AREACODEQ]13)16489. 6582

4, INDIVIDUAL USERS (Name Individuals who will use or directly 6. RADIATION SAFETY OFFICER (RSO) (Name of person designated

supervise use of radioactive material, Complere Supplements A and B as raciation safety officer. !f other than individual user, compiete resu-
for esch individual,) me of training and experience as in Supplement A.)

Richard A. Morrison, M.D. a. On Site: Richard A. Morrison,M.D
b. Consulting: Peter J. Debus, M.S.

6.a RADIOACTIVE MATERIAL FOR MEDICAL USE

MAXIMUM I MARK MAXIMUM

OSSE ITEM POSS
RADIOACTIVE MATERIAL DE , “ms#ou ADDITIONAL ITEMS: DESIRED ur’u’#m

LISTED IN: (In millicuries) “X* | (In millicuries)

I 131
10 CFR 31.11 FOR IN VITRO STUDIES oc;omgg*xgg%?:mﬁoa .

10 CFR 36,100, SCHEDULE A, GROUP | AS NEEDED PHOSPHORUS-32 AS SOLUBLE PHOSPHATE
FOR TREATMENT OF POLYCYTHEMIA
VERA, LEUKEMIA AND BONE METASTASES

PHOSPHORUS-32 AS COLLOIDAL CHROMIC
PHOSPHATE FOR INTRACAVITARY TREAT-
10 CFR 35,100, SCHEDULE A, GROUP 111 MENT OF MALIGNANT EFFUSIONS.

O A IR Ot M ar
AVITAR | N
10 CFR 35.100,SCHEDULE A, GROUP IV AS NEEDED SFF&IAONS. g o

IODINE-131 AS IODIDE FOR TREATMENT
10 CFR 36.100, SCHEDULE A, GROUP V AS NEEDED OF THYROID CARCINOMA

XENON-133 AS GAS OR GAS INSALINE FOR
10 CFR 35,100, SCHEDULE A, GROUP VI BLOOD FLOW STUDIES AND PULMONARY
FUNCTION STUDIES.

65 RADIOACTIVE MATERIAL FOR USES NOT LISTED IN ITEM 6.8, (seaec sources up o 3 mCi usea for
calibration and reference stendards are authorized under Section 35.14(d), 10 CFR Port 35, and NEED NOT BE LISTED.)

-

CHEMICAL | MAXIMUM NUMBE R

AND/OR OF MILLICURIES
PHYSICAL FORM | OF EACH FORM DESCRIBE PURPOSE OF USE

C~halt-60 Teletherapy |17,000 curies One source to be used
sealed sour§(2 sources off in an AECL Theratron
ces (AECL C|not more than 780 teletherapy unit £
=146 or C~ [8500 curies the treatment of human
1313 . jeach. Each One source in its shipp
‘ 'source is ing container to be in
' ¢ 'rated at | possession of licensee

L B 17500 RHM.), | as source replaﬁeilm}iie_

s QOOTOq0 AT ) T A

10 CFR 35,100, SCHEDULE A, GROUP |1 AS NEEDED

ELEMENT AND MASS NUMBER




INFORMATION REQUIRED FOR ITEMS 7 THROUGH 22

For Items 7 through 23, check the appropriate box(es) and submit & detailed description of a!l the requested information. Begin
each item on a separate sheet. |dentify the item number and the date of the application in the lower right corner of each page. If
you indicate that an apnendix t: the medical licensing guide will be followed. do not submit the pages, but specify the revision

number and date ot the referanced guide: Regulstory Guide 10.8 3 TR s Date:
g, GENERAL RULES FOR THE SAFE USE OF

7. MEDICAL ISOTOPES COMMITTEE Not ApplicablP™ RADIOACTIVE MATERIAL (Check One)

Narmes and Specialties Attached; and ARSI S i Felowed; or

Duties as in Appendix B; or X |Equivalent Rules Attached

(Check One)

Equivalent Duties Attached 16. EMERGENCY PROCEDURES (Check One)
8. TRAINING AND EXPERIENCE oo g oot cirat® 8PPL | Appendix H Procadures Followad; or

f::p!mnu A & B Attached for Each Individual User: X |Equivalent Procedures Attached

Supplement A Attached for RSO. 17. AREA SURVEY PROCED'JRES (Check One)
9. INSTRUMENTATION  (Check One) Appendix | Procedures Followed; or

Appendix C Form Attached; or X |Equivalent Procedures Attached

¥ | List by Name and Model Number 18. WASTE DISPOSAL (Check One) Not Applicable

10. CALIBRATION OF INSTRUMENTS S€€ ALT. APPL |, 0 | Form Attached; or

Appendix D Procedures Followed for Survey

Instruments; or Equivalent Information Attached

(Check One)
F P A
Equivalent Procedures Attached; and 19, THERAFEUTIC L;g:.gk :n:?’ o{' Axgp Ei%gﬁ 1Les
Appendix D Procedures Followed for Dose
Calibrator: or Appendix K Procedures Followed ; or
(Check One)
Equivolent Procedures Attachad Equivalent Procedures Attached
11, FACILITIES AND EQUIPMENT 20. m&aﬁfsg{lfcpﬁ Pg SEé&Eq:ﬁngiC;ﬁp licatio
X | Description and Diagram Attached Detailed Information Attached; and
12. PERSONNEL TRAINING PROGRAM Not Applicaple |Appendix L Procedures Followed: or
(Check One)
Description of Training Attached Equivalent Procedures Attached
13 PROCEDURES FOR ORDERING AND RECEIVING PROCEDURES AND PRECAUTIONS FOR USE OF
' RADIOACTIVE MATERIAL Not Applicable |?!' RADIOACTIVE GASES (e.g., Xenon — 133)Not App 14
Detailed Information Attached Detailed Information Attached
# EDURES PRE | N§ 5R ? F
PROCEDURES FOR SAFELY OPENING PACKAGES 22, Ri%?OigTIVEAMN:TEmiC?J ZNIM;LS OEto
14, CONTAINING RACIOACTIVE MATERIALS Applicabhl
K etailed Information Attached
Not Applicagcf'ce One) Detailed Information

h
:ablﬂ

PROCEDURES AND PRECAUTIONS FOR USE OF

Appendix F Procedures Followsd; or 23. RADIOACTIVE MATERIAL SPECIFIED IN [TEM 6.b

Equivalent Procedures Attached X | Detailed Information Attached

Page 2

FORM NRC-313M
Y878 .



INFORMATION REQUIRED FOR ITEMS 7 THROUGH 23

For Items 7 through 23, chack the appropriste box(es) and submit  detailed description of all the requested information. Begin

sach item on a separate sheet, |dentify the item number and the
you indicate that an appendix o the medical licensing guide will
number and date of the referenced guide:

Regulatory Guide 10.8

date of the application in the lower right corner of each page, If
be followed. do not submit the pages, but specify the revision
, Rev, Date:

7. MEDICAL ISOTOPES COMMITTEE Not Applicabl

GENERAL RULES FOR THE SAFE USE OF

8 RADIOACTIVE MATERIAL (Check One)

Names and Specialties Attached; and

Appendix G Rules Followed; or

Duties as in Appendix B; or
{Check One)

Equivalent Duties Attached

X |Equivalent Rules Attached

16. EMERGENCY PROCEDURES (Check One)

8. TRAINING AND EXPERIENCE oeg 4otcinate ap

Pl Appendix H Procedures Followed ; or

Supplements A & B Attached for Each Individual User,

and X |Equivalent Procedures Attached
Supplement A Attached for RSO. 17. AREA SURVEY PROCEDURES (Check One)
8. INSTRUMENTATION  (Check One) Appendix | Procedures Followed; or
Appendix C Form Attached; or X |Equivalent Prucedures Attached
% | List by Name and Model Number 18. WASTE DISPOSAL (Check One) Not Applicable
10, CALIBRATION OF INSTRUMENTS S€€ ALTt. APPL |\ o | Eorm Attached: or
Appendix D‘Procoduru Followed for Survey Equivalent Information Attached
et & sk One/ THERAPEUTIC USE OF RADIOPHARMACEUTICALS
Equivalent *ro edures Attached; and 19, (Check One) Not Applicable

Appendix D Procedures Followed for Dose
Calibrator;
- (Check One)

Appendix K Procedures Followed ; or

Equivalent * seedures Attached

Equivalent Procedures Attached

11, FACILITIES AND EQUIPMENT

20. TR ASET'EEPE SBorEQ 84N Bp11catio

=4

¥ | Description and Diagram Attached

Detailed Information Attached; and

12. PERSONNEL TRAINING PROGRAM Not Applica

ble Appendix L Procedures Followed; or

(Check One)

Description of Training Attached

Equivalent Procedures Attached

PROCEDURES FOR ORDERING AND RECEIVING

PROCEDURES AND PRECAUTIONS FOR USE OF

rablé

13. RADIOACTIVE MATERIAL Not Applicable |[2' RADIOACTIVE GASES (e.g., Xenon — 133)Not Appli
Detailed Information Attached Detailed Information Attached
PROCEDURES AND PRECAUTIONS FOR OF
PROCEDURES FOR SAFELY OPENING PACKAGES 2 . A%?gig:r JSE M:TEREIiLLIJN Emsm A?.S \CE:_‘ :
14, CONTAINING RADIOACTIVE MATERIALS Anplicahl]
g eck One) Detailed Information Attached
Not Applica
P PRECAUTIONS FOR |
R il ROCEDURES AND PRECAUTIONS FOR USE OF

RADIOACTIVE MATERIAL SPECIFIED IN ITEM 6.b

Equivalent Procedures Attached

Detailed Information Attached

FORM NRC-313M
(878

Page 2



E o &

24. PERSONNE L MONITORING DEVICES

(Check .1','::,,.. box) SUPPLIER EXCHANGE FREQUENCY
3 Wb Searle Health Physics Services Monthly
8. 'WHOLE
BODY TLO
OTHER (Specify)
FILM
|b. FINGER Two
OTHER (Specify)
FILM
c. WRIST LD
OTHER (Specity)

d. OTHER (Specify)

Do L
SEETE o B 4}
ULLC b 'y e
 Ghnik s /7. /@e

g o
A RS
— RS nOR

2. FOR PRIVATE PRACTICE APPLICANTS ONLY

s HOSPITAL AGREEING TO ACCEPT PATIENTS CONTAINING RADIOACTIVE MATERIAL
b. ATTACH A COPY OF THE AGREEMENT LETTER

NAME OF HOSPITAL
| X
Not applicable f | A SIGNED BY THE HOSPITAL ADMINISTRATOR
MAILING ADDRESS
G ¢. WHEN REQUESTING THERAPY PROCEDURES,

ATTACH A COPY OF RADIATION SAFETY PRECAU-

Isrne ‘ ZIP CODE TIONS TO BE TAKEN AND LIST AVAILABLE
RADIAION DETECTION INSTRUMENTS,

CITY

26. CERTIFICATE
(This item must be completed by applicant,

The applicant and any official executing Jm. certificate on behalf of the applicant named in Item 1e certify that this application is prepared in
conformity with Title 10, Code of Federal Regulations, Parts 30 and 35, and that all information contained herein, incl-'ding any supplements

attached hereto, is true and correct to the bst 0f bur knowledge end belief.

] b. APPLICANT OR CERTIFYING OFFICIAL (Signature)

02 | Wd rz . .
a. LICENSE FEE REQUIRED : b
(See Section 170.31, 10 CFR 170) (1) NAME (Type of Print)
Q3AI323M Richard A, Morrison, M.D.
i (2) TITLE

(1) LICENSE FEE CATEGORY

JA: New Licenig Sealed Sources in Teletherapy Director, The Radiarium
y ¢. DATE

July 15, 1980

(2) LICENSE FEE ENCLOSED: § 300.00
FORM NRC-313M (8-78)

Page 3



PRIVACY ACT STATEMENT

Pursuant to 6 U.S.C. 56562a(e)(3), enacted into law by section 3 of the Privacy Act of 1974 (Public Law 93-579), the following
statement is furnished to individuals who supply information to the Nuclear Regulatory Commission on Form NRC-313M.
This information is maintained in a system of records designated as NRC-3 and described at 40 Federal Register 45334
(October 1, 1975).

1. AUTHORITY Sections 81 and 161(b) of the Atomic Energy Act of 1954, as amended (42 U.S.C. 2111 and 2201(b)).

2. PRINCIPAL PURPOSE(S) The information is evaluated by the NRC staff pursuant to the criteria set forth in 10 CFR
Parts 3036 to determine whether the applicatinn meets the requirements of the Atomic Energy Act of 1954, as amended,
and the Commission’s regulations, for the issiiance of a radioactive material license or amendment thereot,

3. ROUTINE USES The information may be used: (a) to provide records to State health departments for their information
and use; and (b) to provide information to Federal, State, and local health officials and other persons in the event of inei-
dent or exposure, for their information, investigation, and protection of the public health and safety. The information
may also be disclosed to appropriate Federal, State, and local agencies in the event that the information indicates a
violation or potential violation of law and in the course of an administrative or judicial proceeding. In addition, this in-
formation may be transferred to an appropriate Federal, State, or local agency to the extent relevant and necessary for
a NRC decision or to an appropriate Federal agency to the extent relevant and necessary for that agency's decision about
you. A copy of the license issued will routinely be placed in the NRC's Public Document Room, 1717 H Street, N.W,,
Washington, D.C.

4. WHETHER DISCLOSURE IS MANDATORY OR VOLUNTARY AND EFFECT ON INDIVIDUAL OF NOT PROVIDING

INFORMATION Disclosure of the requested information is voluntary. |f the requested information is not furnished,
however, the application tor radicactive material license, or amendment thereof, will not be processed,

5 SYSTEM MANAGER(S) AND ADDRESS Director, Division of Fuel Cycle and Material Safety, Office of Nuclear Mate-

rial Safety and Safeguards, U.S. Nuclear Regulatory Commission, Washington, D.C. 20556,

FORM NRAC-313M
(8-78)

Page 4




Alterngse to Form NRC-313M |
(8-78)

THE RADIARIUM

APPLICATION FOR NUCLEAR REGULATORY COMMISSIO!N TELETHERAPY LICENSE

l.a.

1.b.

NAME AND MAILING ADDRES

S OF APPLICANT:

Richard A. Morrison, M.
The Radiarium

17525 Medical Center Parkway

Independence, Missouri

TELEPHONE NO.: Not yet

64057

installed - See Item 2 below.

STREET ADDRESS(ES) AT WHICH RADIOACTIVE MATERIAL WILL BE USED:

See Item l.a above.

PERSON TO CONTACT REGARDI

NG THIS APPLICATION:

Richard A. Morrison, M.D.
9021 Delmar
Prairie Village, Kansas 6

TELEPHONE NO.: (913) 649

THIS IS AN APPLICATION FOR A NEW LICENSE.

INDIVIDUAL USER(S):

Richard A. Morrison, M.D.
Licensed Physician in the

Licensed Physician in the

Certified by the American
on June 14, 1968.
Certified by the American
on June 6, 1969.

See Annex A for CURRICULUM VITAE.

RADIATION SAFETY OFFICER

D,

6207
-6592

Registered in Wyandotte County.
State of Missouri - No. 28338; June 24, 1961;
Registered in Jackson County.

J

W

State of Kansas - No. 12645; July 15, 1961; ‘
Board of Radiology in General Radiology

Board of Radiology in Therapeutic Radiology-OY

(RSO) :

ON SITE: Richard A. Mo
See Annex A f

CONSULTING: Peter J. D
Certified
in Radiolo

RADIOACTIVE MATERIAL FO

rrison, M.D.
or training and experience.

ebus, M.S. |
by the American Board of Radiology |
gical Physics - December 1978. |

R MEDICAL USE:

Not Applicable, since this is an application for a teletherapy license.

04676
DATE: July 15, 1980




' Alte to Form NRC-313M
(8-78)

THE RADIARIUM Page 2
APPLICATION FOR NUCLEAR REGULATORY COMMISSION TELETHERAPY LICENSE

6.b. RADIOACTIVE MATERIAL FOR USES NOT LISTED IN ITEM 6.a.:

ELEMENT AND CHEMICAL AND/OR MAXIMUM POSSESSION LIMITS

MASS NUMBER PHYSICAL FORM IN CURIES OF ACTIVITY

Cobalt-60 Teletherapy 17,000 curies (2 sources
sealed sources of not more than 8,500
(AECL C-146 or curies each). Each source
Cc-151). is rated at 7,500 RHM.

DESCRIBE PURPOSE OF USE: One source to be used in an AECL

Theratron 780 teletherapy unit for

the treatment of humans. One source

in its shipping container to be in

possession of the licensee as necessary

to the replacement of the source in |
the teletherapy unit only. ‘

7. THE MECHANICAT, AND/OR ELECTRICAL BEAM STOPS:
The mechanical and electrical beam stops, which will be operational
at the time of installation of the AECL Theratron 780 teletherapy
unit, are discussed ir Annex B.

8. PLAN AND ELEVATION DETAILS OF TELETHERAPY FACILITY:

Annex C includes a description of the shielding material, thickness,
and density of each barrier in the teletherapy room, as well as a
floor plan and elevation drawing of the room itself. The location
of the teletherapy unit isocenter and the distances from the iso-
center to areas adjacent to the shielded facility are indicated on
the drawings.

9. PATIENI VIEWING SYSTEM:

Two completely independent closed circuit television systems will
be installed to view the patient during treatment. One television
camera and monitor will serve as a backup to the other television
camera and monitor. Both systems will be operated during treatment.
The teletherapy unit will no* be used for treatment, if both
patient viewing systems become inoperable.

10. PENETRATIONS AND VOIDS:

Annex D includes drawings of the teletherapy room entrance,
ventilation ducts, pipes, conduits and all other penetrations
and voids in the treatment room walls, ceiling or floor. A
deceription of the shielding used to compensate for the voids
is included in Annex D.

DATE: July 15, 1980




Alternate to Form NRC-313M
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Page three
THE RADIARIUM

11. Door Interlocks:
The door leading into the teletherapy room will be provided with an interlock

to control the "ON-OFF'" mechanism of the Theratron-780 unit. The interlock
will cause the source to move to the "OFF" condition if the door is opened
during source exposure. The mechanism will be so wired that the source can-
not be returned to the '"'ON'" condition until the system is reset at the control

panel .

12. Calculations of Radiation Levels:
Annex E provides a general description of the assumptions and parameters which

were utilized in calculating the radiation levels that will exist in each area
adjacent to the shielded facility. This annex also contains a floor plan and
elevation drawing, showing the locations of the various points used in calcu-
lating the radiation levels, as well as the calculation sheets themselves.
While occupancy factors were not considered in evaluating the exposure
rates at the various locations, workload was included in determining whether
the requirement to keep the dose equivalent to any individual continuously
present in an UNRESTRICTED area at or less than two millirem in any one hour
would be met. Shielding for first order scattered and leakage radiation was
designed to keep the maximum instantaneous exposure rates at or below 5 mR
per hour for a 7,500 RHM source. At this maximum output, the greatest number
of individual ports to be treated in an hour would be eight, with an approxi-
mate total '"ON' time of 16 minutes in one hour. Therefore, {f the maximum
exposure rate were 5 mR/hour at an area adjacent to the shielded facility,
even with continuous occupancy, the maximum dose equivalent to an individual

in any one hour would be 1.33 millirem.

DATE: July 15, 1980




Altgrnate to Form NRC-313M
& ] (8-78)

Page four

12. Calculations of Radiation Levels (continued):

The second criterion for an UNRESTRICTED area is that an individual con-
tinuously present in the area would not receive more than 100 millirems in
any seven consecutive days. It would be most unlikely that this facility would
treat forty hours per week at such a high workload as eight individual ports
per hour; however, if such an assumption relative to the workload were made,
an individual present in the area would not receive more than 54 millirem in
seven consecutive days.,

As discussed in Annex C, the density of the shielding material, name!
concrete, was estimated by the architect to be not less than 145 pounds per
cubic foot. Since the standard density of concrete is normally listed as 147
pounds per cubic foot, the shielding calculations and the calculated radiation
levels took this slightly lower density into account. However, it is likely
that the actual radiation levels will be slightly lower because, subsequently,
the concrete supplier has specified a concrete density of 152 pounds per cubic
foot.

Radiation levels, from multiple scattered radiation to that section of
the West wall containing the door, were not calculated but rather were approxi-

mated.

DATE: July 15, 1980




Alternate to Form NRC=313M
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Page five

THE RADIARIUM

ls. Radiation Safety Program:

nex F is the Radiarium Program for Maintaining Occupational Radiation Exposures
As Low As Reasonably Achievable (ALARA). This program is based on the Model Pro-
gram which was enclosed with the NRC letter to all medical licensees dated

June 16, 1980, Since this is an application for a private practice physician

to be licensed for use of a Co-60 teletherapy unit, references in the Model Pro-
gram to a Radiation Safety Committee do not apply. |In particulay, Section Il

of the Model Program has been modified in the Radiarium Program for the following
reasons:

a. Review of Proposed Users and Uses. Since the Radiation Safety Com-

mittee does not exist in this private practice environment, and since the Radia-
tion Safety Officer is also the Director and the only User (for the near future)
and since, for the purpose of this license, the only use will be external beam
teletherapy, it is unlikely that paragraphs 1, 2, and 3 of Section 1la could
apply.

b. Delegation of Authority. It is assumed that in the case of a private

practice, such as exists here, the authority normally vested with the Radiation
Safety Committee will rest with the Radiation Safety Officer since the RSC does
not exist.

c. Review of ALARA Program. The three items mentioned in this section

overlap into the responsibilities of the Radiation Safety Officer, which are

outlined in Section |11,

The Radiarium Program will be general enough to allow for expansion of staff to

include a radiation safety committee.

DATE: July 15, 1980




Al ate to Form NRC=313M
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Page six

THE RADIARIUM

14, Personnel Monitoring Devices:
Searle Diagnostics, Inc., Health Physics Services, will provide clip=on film

badges for all occupationally exposed personnel to determine 'whole body and

skin'' X-, gamma and beta dose. Badges are changed and reported monthly.

15. Radiation Survey and Monitoring Instruments:
The Radiarium will be equipped with a Victoreen Model 470 Panoramic Survey

Meter with an unsealed air ionization chamber which is capable of detecting
Alpha (greater than 8 MeV), Beta (greater than 120 keV), Gamma, and X-ray
with a window thickness of 17 mg/cmz. This meter has both a rate and an

integrate mode and has the following exposure rate ranges:

i) 0-3 mR/hr and R/hr
i) ¢ =10 mR/hr and R/hr
i) 0 - 30 mR/hr and R/hr
iv) 0 ~ 100 mR/hr and R/hr
v) 0 - 300 mR/hr and R/hr
vi) 0 -~ 1000 mR/hr and R/hr

This survey meter will be calibrated annually. It is equipped with a long~1ived
check source which is read:

i) before each use

i1) after each maintenance and/or battery chamge

iii) at least quarterly
The Nuclear Associates Model 05-433 "PRIMALERT 10" area radiation monitor with
Model 05-440 back-up battery pack will be installed within the teletherapy room
as an ald in early detection of teletherapy machine malfunctions with accom=

panying hazardous radiation levels.

DATE: July 15, 1980
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Page seven
THE RADIARIUM

16. Calibration of Survey Meter:
The Victoreen Model 470 Panoramic Survey Meter will be calibrated annually

in accordance with Appendix D, Section |, ''Methods for Calibration of Survey
Meters, Including Procedures, Standards and Frequency', which was provided
with "Licensing Guide for Teletherapy Programs''. This annual calibration and
quarterly checks will be performed by:

R. Emory Larimore, Health Physicist

Radiation Consultants of Mid-America

4955 Westwood Terrace

Kansas City, Missouri 64112
NRC License No. 24-18831-01

17. Semi-Annual Leak Tust of the Teletherapy Source:
The cobalt-b0 teletherapy source will be tested for leakage every sic months by:

R. Emory Larimore, Health Physicist
Radiation Consultants of Mid-America
4955 Westwood Terrace

Kansas City, Missouri 64112

NRC License No., 24=18831-01

The leak test performed by the above named consultant shail be sufficiently

sensitive to detect 0.05 microcurie of contamination on the test sample.

18. Emcrgency Procedures:
A copy of the Emergency Procedures, which will he posted at the console, is

enclosed as Annex G.

19, Service:
Any service operations on the teletherapy source, including the required five

year service and maintenance inspection, 2s well as source exchanges, will be
performed by persons or organizations licensed by the Nuclear Regulatory Com-
mission to perform these services. At this time, it Is anticipated that

Atordic Energy of Canmada Limited, Ottawa, Canada, or its regional service office

DATE: July 15, 1980
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THE RADIARIUM

in Dallas, Texas, will perform the required maintenance or source exchanges.

Prior to initiation of a treatment program, and subsequent to each installation
of a teletherapy source, radiation surveys and operational tests will be per-
formed by a qualified expert and a copy of the results in a radiation survey
report will be furnished to the NRC for evaluation, The surveys and tests to
be conducted will be performed in accordance with Appendix A '"Teletherapy

Survey Reports'' to this Licensing Guide.

Applicant's or Certifying Official's Signature: W’M\—

Richard A, Morrison, M.D.

Name:

Title: Director, The Radiarium

20. Radlation Survey Report:
|
|
|

DATE: July 15, 1980
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THE RADIARIUM
APPLICATION FOR NUCLEAR REGULATORY COMMISSION TELETHERAPY LICENSE

ANNEX A - ITEMS NOS. &4 AND 5.
CURRICULUM VITAE

of

Richard A. Morrison, M.D.

Date and Place of Birth: July 25, 1934;
Kansas City, Missouri

Marital Status:
Married 1958, 3 children

Education:

University of Kansas, Lawrence, Kansas;
1952-54.

Yi1liam Jewel College; Liberty, Missouri
1954-56; A.B. (Chomistry), June 1956.

University c¢f Kansas School of Medicine;
Kansas City, Kansas; 1956-60;
M.D. June 6, 1960.

Postgraduate Training:
Internship (Rotating); University of Kausas
Medical Center; Kansas City, Kansas;
1960-61..
Residency (Internal Medicine); St. Luke's
Hospital; Kansas City, Missouri; 1961-62.
Residency (General Radiology); University of
Kansas Medical Center; Kansas City,
j Ransas; July 1-31, 1962 and Aug. 17, 1964-
June 30, 1967.
USPHS Senior Clinical Traineeship in Cancer Control
(Therapeutic Radiology)
University of Kansas Medical Center;
Kansas City, Kansas; July 1, 1967-June 30, 1969.

Specialty Certification:
Diplomate, American Board of Radiology
(General Radiology); June 14, 1968.
| Diplomate, American Board of Radiology
| (Therapeutic Radiology); June 6, 1969.
Military Service: i
Captain, United States Air Force, 3640th
U.S.A.F. Hospital; Laredo AFB, Texas; 1962-64.

Medical Licensure:
Kansas - No. 12645; July 15, 1961;
Registered in Wyandotte County. TR
Missouri - No. 28338; June 24, 1961; 04676
Registered in Jackson County.

DATE: July L5, 1980
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THE RADIARIUM
ANNEX A - ITEMS NOS. 4 AND 5 (continued). Page 2

Chief, Radiology & Internal Medicine, 3640th
U.S.A.F. Hospital; Laredo AFB, Texas; 1962-64.
Head, Division of Radiation Therapy; University
of Kansas Medical Center;
Oct. 1, 1969-June 30, 1972,
Member, Research Committee, Mid-America Cancer Center
Program, University of Kansas
Medical Center; 1974-77.
Acting Chairman, Department of Radiation Therapy;
University of Kansas Medical Center;
July 1, 1972-0ct. 31, 1976.

Past Appointments: i
|
|

Present Appointments:
Assistant Professor, University of Kansas Medical
Center; July 1, 1967-present.
Associate Scientist, Mid-America Caucer Center
Program, University of Kansas Medical Center,
Aug. 1, 1975-present.
Consultant, Kansas City VA Hospital; K.C., MO; 1968-present.
Consultant, Bethany Medical Center; K.C., KS; 1974-present.
Consultant, Providence~St. Margaret Medical Center;
K.C., KS; 1974~present.
Consultant, Kansas City Tumor Institute Foundation, 1974-present.
Member, Committee for Radiation Therapy, Kansas Radiologic
Society, 1974-present.
Member (full), Southwest Oncology Group; 1975-present.
Medical Liaison Officer Network Representative for Kansas,
U.S. Environmental Protection Agency; 1970-present.

Professional Society Memberships:
Kansas Medical Society
American Medical Associacion
Greater Kansas City Radiologic Society
Kansas Radiologic Society
American College of Radiology
Radiologic Society of North America
American Society of Therapeutic Radiologists

Wyandotte County Medical Society
American Radium Society
Publications:
1. Morrison, R.A.: The Radius-dose
Relationship in Linear-Source Therapy. i
Amer. J. Roent. 123: 179-181, Jan. 1975.
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*2. Morrison, R.A.: A Drop~in Treatment Shell Support.
Radiology 114: 734-735, Mar. 1975,

3. Morrison, R.A.: The Total Biological Dose.
Radiology 114: 717-721, Mar. 1975.

4, Oliver, L.M. and Morrison, R.A.: Automatic Correction of
On-0ff Error in Telecobalt Therapy.
Radiologic Technology 47: 250-251, Jan ~ Feb 1976.

5. Morrison, R.A.: Spherical Lead Shields for Megavoltage
Radiotherapy. Radiology 127: 546-547, May 1978.

6. Morrison, R.A.: The Total Biological Effect. (Abst.)
Proceedings of the American Radium Society's 6lst
Annual Meeting, Los Angeles, Calif., Mar. 4-8, 1979.
|
|
|

7. Morrison, R.A.: Surgery, Radiotherapy, And Chemotherapy
In 4 Hospital-based Cancer Practice. (Abst.)
Proceedings of the American Radium Society's 6lst
Annual Meeting, Los Angeles, Calif., Mar. 4-8, 1979.

Scientific Papers Presented At National Meetings:

1. Morrison, R.A.: A Drop~in Treatment Shell Support.
XVI Aanual Meeting of the American Society of
“Lherapeutic Radiologists, Key Biscayne, Florida,
Oct. 30-Nov. 3, 1974.

2. Morrison, R.A.: Spherical Lead Shields.
XIX Annual Meeting of the American Society of
Therapeutic Radiologists, Denver, Colorado,
Nov. 1-5, 1977.

| Scientific Exhiibits and Films:

1. Morrison, R.A.: Radiation Treatment of Cancer of the
Larynx, Stage I.
University of Kansas Medical Center Film
Library, 1968.

2. Morrison, R.A.: A Drop-in Treatment Shield Support.
XVI Annual Meeting of the American Society
of Therapeutic Radiologists. Key Biscayne,
Florida, Oct. 30-Nov. 3, 1974.
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3. Morrison, R.A.: Spherical Lead fhields.
XIX Annual Meeting of the American ‘ociety

of Therapeutic Radiologists., Denver, Colorado,
NOV. 1-5. 1977.

4, Morrison, R.A.: The Total Biological Effect.
XX Annual Meeting of the American Society of
Therapeutic Radiologists. Los Anneles, Calif.,
Oct. 31-Nov. 4, 1978.

Patents:

1. Morrison, R.A. and Johnston, C.W.: Method and Appavatus
For Making A Focused Shield. U.S. Patent No. 3937971
granted Feb. 10, 1976.

2. Morrison, R.A.: Biplane Radiographic Localization Ot
The Target Center For Radiotherapy. U.S. Patent
No. 3991310 granted Nov. 9, 1976.

3. Morrison, R.A.: Method and Apparatus For Automatically
Providing Kadiation Therapy Treatment Conforming
To A Desired Volume Of Tissue. U.S. Patent
Application Pending.

|

|

|

|

|

|

\

4, Morrison, R.A.: Method and Apparatus For Homogeneously ‘
Irradfating The Vaginal Mucosa With A Linear Source |
Uterovaginal Applicator. U.S. Patent Application |
Pending. ‘
|

|

|

\

|

|

|

|
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Annex B - ltem No. 7
The Mechanical and/or Electrical Beam Stops

According to Section B.3.3 of Specification No. 652200 for the AECL Theratron
780 Teletherapy Unit, ''on a Beamstopper unit and with the hgad'at 180°, the
beamstopper will absorb an average of 99.7% 6f!;h; ;;I;a}y ;é;;, and up to
35° of scatter radiation regardless of collimator setting'. The beamstopper

would intercept the entire primary beam for a collimator setting of 30 cm x 30 cm

even if the head were swiveled 5° either side of center.
The primary beam wil! be limited to the beamstopper with provision fu, off beam-

stopper radiation only when the primary beam is directed to the floor (vertical

down) .

DATE: July 15, 1980
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X C = Item No, 8
Plan and Elevation Details of Teletherapy Facility

Much of this information will be repeated in Annex E - Item No. 12 as part
of the assumptions used in calculating radiation levels.

The shielding design was based on the architect's initial assumption that
the concrete used in the walls and ceiling would have a density of at least 145
pounds per cubic foot. This led to a conservatively safe shielding design since
the actual concrete density was 148,52 pounds per cubic foot, Copies of the Mix
Design and the Concrete Cylinder Test Data are enclosed with this annex, Gypsum
wall board, which is 5/8 inch thick, lines the interior surface of all vertical
barriers, as well as the outer surface of the West and near North walls. The
manufacturer listed the welght of his gypsum wall board as 2.375 pourds per
square foot, while, for comparison, the weight of & one inch thick, one square
foot slab of concrete would be 12.08 pounds. For shielding purposes, we may
assume the 5/8 inch gypsum wall board is equivalent to 0.2 inch of concrete and
that the double thickness on the West and near North walls have the equivalent
shielding of 0.4 inch of concrete.

The West wall, adjecent to Superficial X-Ray Room/Mold Room, has 2€ Inches
of concrete plus two thicknesses of gypsum board for a total shielding equiva~-
lent of 26.4 inches of concrete.

The near North wall, adjacent to the Control Desk, has 20 inches of concrete
plus two thicknesses of gypsum board for a total shielding equivalent of 20.4
inches of concrete.

The West wall, containing the entry door, has 12 inches of concrete plus two

thicknesses of gypsum board for a total shielding equivalent of 12.4 inches of

concrete.,
DATE: July 15, 1980
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The four foot wide entry door has 5 mm of lead shielding.

The far North wall, an outside wall, has 14 inches of concrete plus one
thickness of gypsum board for a total shielding equivalent of 14.2 inches of
concrete.

The East wall, an outside wall, has 22 inches of concrete plus one thickness
of gypsum board for a total shielding equivalent of 22.2 inches of concrete. A
major portion of the southern half of this wall is below ground, that is, covered
by earth.

The South wall, an outside wall, has 18 inches of concrete plus one thickness
of gypsum board for a total shielding equivalent of 18.2 inches of concrete. With
the exception of a small area near t.e ceiling, this entire wall is below ground,
that is, covered by earth.

The ceiling has at least 20 inches of concrete throughout, with an additional
seven inches of concrete in a 10 foot x 10 fout slab centered over the teletherapy
unit isocenter. This ceiling is the unoccupied roof of the building.

There are enclosed with this annex, a 1/4 inch to the foot scale floor plan
of the teletherapy room, a 1/4 inch to the foot scale elevation plan of the tele~-
therapy room, and a 1/8 inch to the foot scale floor plan to show the teletherapy
room in relation to other rooms within The Radiarium. Distanzes from the source
or isuwenter to the various barriers are shown on the 1/4 inch to the foot scale

drawings.

DATE: July 15, 1980




Plant Location Telephone
1700 North 291 Highway
Sugar Creek, Missouri 64054 257-5300

May 22, 1980

Crowley Construction Company
3200 South M-291
Independence, Missouri 64057

Re: Radiarium Center Building
Medical Center Park
Independenca, Missouri

Gentlemen,

As per your request, we are pleased to submit the following mix
design used for the above mentioned job.

Cement - Type 1 =-ceee esesssesensscsnsanancnse $78
Lineaton. rock - .- 1650

Mi'ﬁouri Rtver Slnd .-~ 1650
water G S - 225
Yielde« 27,0 cubic ft. Weight 152 lbs per cubic ft

Hoping this meets with your approval and may we be of further
service to you,

Yours truly,
HUB MATERIALS, INC,

by,t:E;::;/

L
Ral

RWK /mgw



i .‘SM CITY TESTING LAIORATORY.

P.0. Box 6323

SHAWNEE MISSION, KANSAS 66208
TELEPHONE 648-2303

Laboratory No......... B i i

Received..... 0680, ... From. ..

TEST DATA

CONCRETE CYLINDERS

Dete...... 21080

.......-..-.-......--.--.........-. L TR D

R e R T RN V) e RO RO DY S A P, A
Location of Pour............oooooovvovvnn o, INFORMATION NOT AVAILABLE WITH CYLINDERS
Height, ins. 12
Diameter, ins. 6
Area, 8q. ins. 28.27

Cylinder marking............... ¢ SEASPRAN R - RN . -
T A GARRRADOTR, =2=80.......6:2=80........ T e Rl s el e Ao e L ] L SRR
Date crushed........................ o CTMISEEE ST R T T S e ot NS SRS SIS A S S
T TR, SRERANh. SRS v RN VR A A e R e O . N
co o R T NSRRI G R T b A oo asht) W SO P
Compressive strength
WSRO T SRR | /WO [ SR
*148.8% *148,62 *148.10"
Fracture.... AR - (e EoN. | wh. -
(Codo C—conica.l D-—dmzonal B lrrezular M-—momr. A-—aggrogate)
B s i airamten IR i ncoriacsisantbmmbbiciodin i oihad Ib. /cu. ft
BRP I oo TR ecesascssossosnsisascns Class - Aot O icveiss snntnapdonats UL conosaiinionpihismiti
Coarse aggregate, 1bs.:.......ocoovvoocvovnnnn. T YRS A N R
Fine aggregate, BIIRE o ionnb i I T moniesittihim s St i
Cement, B e it ek T st cinokdatienton o ot AR !
Water, R e SRS Nt e T e R R R A e A D e

KEMARKS; MADE BY CONTRACTOR

*UNIT WT. IN LBS/FT3

CC: CROWLEY, WADE, MILSTEAD-BRADD CROWLEY-4

DS/cjim

Kansas City Testing Laboratory

Oriyinal Slaned by)

é@ée«zw’ G A
DATE: July 15,1960
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Annex D ~ Item No. 10
Penetrations and Voids

Sheets Si3 and S14 show details of duct penetrations in the West wall over
the entry door. The supply duct, which is souih of the return duct, is lined
with 6 mm lead while the return duct, which is located in the north corner of
the West wall, is lined with 5 mm lead. These penetrations are located above
the acoustical reiling.

Sheet S14 also shows conduit penetrations through the West wall betweer the
supply and return ducts. Sheet S'5 demonstrates these penetrations in a dif~
ferent perspective. Since less than 3 inches of concrete were lost in the wall
shielding, no compensating shielding was used. At these locations, 9 inches of
concrete were considered adequate shielding.

Sheet S15 shows penetration of the East wall by conduit for exterior
lighting. At that location, the remaining concrete thickness was considered
to offer adequate shielding without compensating shielding.

Sheet S16 shows conduit entering the treatment room from the near North
wall in a trench cut into the footing under the near North wall!., The conduit
then passes under the concrete slab floor to the Theratron 780 pit. This arrange-
ment does not interrupt the integrity of the existing shielding.

The conduit running vertically inside the South wall does not require com=
pensating shielding, since its entire run is below finished grade. (See sheet

S$16 for illustration).

DATE: July 15, 1980
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Annex E - Item No. 12

Assumptions for Calculations of Radiation Levels
Equipment :
Tas_gg%fﬁfheratron 780 Cobalt=60 Teletherapy Unit with beamstopper is to be
installed in the Southeast c<orner room of the Radiarium. This unit is
designed for fixed field or moving beam techniques, with an isocenter at 80 cm
from the source. ''The sourcehead capacity of the unit is guaranteed at a mini~
mum of 125 Rmm''., (This corresponds to 7500 Roentgens per hour at one meter or
a maximum activity of 8375 Curies of Cobalt=60). From this statement, it has
been assumed that the sourcehead of this unit meets th: criteria for a protec~
tive source housing in accordance with paragraphs 4,2,1(a) and (b) of National
Council on Radiation Protection and Measurements (NCRP) Report Number 33. This
means that In the '"OFF'" position, the average exposure rate at one meter from
the ''stored' source is 2.0 mR/hour or less, and the maximum exposure rate at
any single location one meter from the source will not exceed 10 mR/hour. This
should not be a concern for shielding of the walls. However, leakage with the
source in the '""ON' position is of concern., Since the specifications for the
Theratron 780 do not guarantee . lower leakage figure than that recommended by
NCRP Report No. 33, leakage of 0.1% has been assumed, which would mean that a
potential exposure rate of 7.5 R/hour could be experienced at a distance of
one meter from the source in all directions except the collimator zone (which
would be much higher, but fortunately intercepted by the beamstopper). With
regard to the beamstopper, assumptions have been based on the following quota-
tion from NCRP Report No. 49, section 6.4: 'When a beam interceptor is pro-
vided, it should transmit not more than 0.1 percent of the useful beam. It

also should reduce, by the same factor, the radiation scattered by the patient

DATE: July 15, 1980
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Equipment (continued):
threugh an angle of up to 30 degrees from the isocenter. Unless it is estab~-

lished that the heam interceptor attenuates radiation scattered more than 30
degrees, the computation of radiation barrier thickness should be based on the
assumption that there is no interceptor attenuation beyond 30 degrees.' It
should be noted that Paragraph 8.3.3 of the AECL Specifications for the Thera-
tron 780 contains the following statement: ''On a Beamstopper unit and with the
head at 180°, the beamstopper will absorb an average of 99.7% of the primary
beam,..." This would indicate that the transmission of the primary beam through
the beamstopper is 0.3%., With the patient in the beam, the net transmission
would be reduced to 0.1% in accordance with the recommendation of NCRP Report

No. 49 quoted above.

Workload:
NCRP Report No. 49 in Table 2 of Appendix C suggests that a typical weekly work-

load for busy installations is 32 patients per day for a Cobalt-60 teletherapy
unit., At 80 cm SSD, this would be equal to 40,000 Roentgens per week at one

meter. It was suggested that this facility be shielded for a maximum workload
of 40 patients per day which would be equivalent to 50,000 R/week at one meter.

R R ol

Nature of Barriers: s av | L
ATl Darriers are designed to shield for stray radiation, which includes both

leakage and scattered radiation. It is assumed that the floor or the beam-

stopper will always intercept the primary beam. Separate calculations have been *

done for leakage radiation and for scattered radiation at a specified angle. §s
According to paragraph £8.2.3 of NCRP Report No. 49, '""If the required barrier
thickness for leakage and scattered radiations are found to be approximately

the same, one HVL (Half Value Layer) should be added to the larger one to

DATE: July 15, 1980
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Nature of Barriers (continued):
obtaln the required total secondary barrier thickness. |f the two differ by at

least one TVL (Tenth Value Layer), the thicker of the two will be adequate'.

Occupancy:

All controlled areas, which include the hall and console area adjacent to the
near North wall and the section of the West wall containing the door and the
superficial x-ray/mold room, are assumed to have a full time occupancy (T = 1,0)
with an exposure limit of 100 mk (0.1R) per week. The East wall and South wall
are both outside walls with a very low occupancy (T = 1/16). The roof is also
assumed to have a very low occupancy (T = 1/16); and the areas adjacent to these
barriers are assumed to be noncontrolled areas with exposure limits of 10 mR
(0.01R) per week.

Use:

The use (U) factor for 90° scatter to all walls except that section of the West
wall containing the door is 1.0, and to the ceiling it is 0.5. The use factor
for leakage radiation to all walls and ceiling, except for that section of the
West wall containing the door, is 1.0. The use factor for 309 scatter to the
East wall, West wall, and ceiling is assumed to be 0.25 in each case.

Radiation Areas:
With respect to all walls and the ceiling, an evaluation has been made of the

shielding requirements to limit the exposure rate to 5 milliroentgens per hour
under the worst beam orientation at points of anticipated maximum radiation
levels., For example, the worst irientation for the West wall would be with
the beam directed toward the Vest wall (beamstopper in place), 30o below hori-~
zontal, with an SSD of 65 cm {isocentric technique). Thirty degree scattered

roediation would strike the wall perpendicularly at point W=4, It might be

DATE: Ju‘j__]__s_a 193(_)_
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Radiation Areas (contlinued):
interesting to note the following comment from Section 8.3 of NCRP Report No. 49

regarding the radiation protection survey: ‘'For the determination of the adequacy
of secondary protective barriers, measurements shall be made employing a suit-
able phantom to simulate the patient. The near surface of the phantom should be
placed at the usual source - skin distance.'" With this teletherapy unit, the

usual source = skin distance - would probably be 80 cm for fixed fields, and

the exposure rate from 30° scattered radiation woul!d be even lower than that

calculated for point W-4, The criteria for an UNRESTRICTED area have been
discussed in ITEM No. 12 in the main body of the application. If the maximum
instantaneous exposure rate were 5 mR/hour at an area adjacent to the shielded

facility, even with continuous occupancy, the maximum dose equivalent to an

individual in any one hour would be 1.33 mil irem and not more than 54 millirem
in any seven consecuiive days.

Location:

The locations of the pit and isocenter are shown in the attached floor plan and
elevation drawings. The isocenter is 7 feet 6 inches from the interior surface
of the concrete West wall and 8 feet 6 inches from the interior surface of the
concrete South wall., Exposure rate points have been marked on the drawings and
have been located at & distance of 30 centimeters (12 inches) beyond the gypsum
wall or concrete barrier, whichever is farther. On the elevation drawing, the
isocenter is 115.6 centimeters (45.5) inches above the finished floor,

Shiclding Material:

TnTtTally, the architect specified that the concrete to be used in the walls and
celling would have a density of at least 145 pounds per cubic foot. This density
is slightly less than that specified in NCRP Report No. 49. Consequently, the

minimum barrier thicknesses as determined from Appendix D, figures 12 and 15 of

DATE: July 15, 1980
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Shielding Material (continued):
this report, have been corrected by the factor 1.0138 which is the ratio of

147:145. Gypsum wall board, which is 5/8 inch thick, lines the interior surface
of ail vertical barriers except the door, as well as the outer surface of the
West and near North (adjacent to the Control Desk) walls. The manufacturer lists
the weight of his gypsum wall board as 2.375 pounds per square foot, while for
comparison, the weight of a one inch thick, one square foot slab of concrete
would be 12.08 pounds. For shielding purposes, we may assume that the 5/8 inch
thick gypsum wall board is equivalent to 0.2 inch of concrete and that the

double thickness on the West and near North walls have the equivalent shielding
of 0.4 inch of concrete.

The shielding design, which is discussed below, and the maximum radiation
levels were calculated on the assumption that the concrete had a density of 14F
pounds per cubic foot. The attached report from the Kansas City Testing Labora-
tory indicates that the actual average density of the corcrete was 148,52 pounds
per cubic foot. The last column of summary sheet for CALCULATED RADIATION LEVELS
contains the calculated maximum radiation levels for a concrete density of 148,52

pounds per cubic foot.

Shielding Design:
The West wall, adjacent to the Superficial X-Ray Room/Mold Room, has 26 inches

of concrete plus two thicknesses of gypsum board for a total equivalent concrete
thickness of 26.4 inches.

The near North wall, adjacent to the Control Desk, has 20 inches of concrete
plus two thicknesses of gypsum board for a total equivalent concrete thickness
of 20.4 inches.

The West wal’, containing the entry door, has 12 inches of concrete plus
two thicknesses of gypsum board for a total equivalent concrete thickness of

12.4 inches. The entry door has 5 millimeters of lead shielding.

DATE: July 15, 1980
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Shielding Design (continued):
The far ﬁgrth wall, an outside wall, has 14 inches of concrete plus one

thickness of gypsum board for a total equivalent concrete thickness of 14,2

inches.

The East wall, an outside wall, has 22 inches of concrete plus one thick=-
ness of gypsum board for a total equivalent concrete thickness of 22.2 inches.
Part of this wall is below ground, that is, covered by earth. The shielding
and maximum radiation level calculations did not take this into account. In
several areas along this wall, however, the radiation protection survey will
be measured at elevations above the isocenter so that measured exposure rates
will be at lower radiation levels than those calculated.

The South wall, an outside wall, has 18 inches of concrete plus one thick=
ness of gypsum board for a total equivalent concrete thickness of 18.2 inches.
With the exception of a small area above the suspended acoustical celling, this
wall is below ground. The shielding and maximum radiation level calculations
did not take this Into account. However, the radiation protection survey will
be measured at elevations above the isocenter so that measured exposure rates

will be at lower radiation levels than those calculated.

The ceiling is the roof and has a minimum thickness of 20 inches of concrete

throughout. However, there is an additional 7 inch thick slab below the ceiling
but integral with it which measures 10 feet by 10 feet and which is centered
over the isocenter of the teletherapy unit. Total thickness of concrete in this
area Is 27 inches.

Beam Orientation:
The exposure rates at various points have been calculated for some of the

following beam orientations:

DATE: July 15, 1980
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Annex E - Item No., 12
Beam Orientation (continued):

(1) Beam directed vertically to the floor with the surface of the
phantom at 65 ecm from the source (5SD = 65 cm).

(2) Beam directed at 30o below horizontal toward the West wall, with
the phantom at an SSD = 65 cm.

(3) Beam directed at 30° below horizontal toward the East wall, with
the phantom at an SSD = 65 cm.

(4) Beam directed 30° either side of vertical toward the ceiling, with

the phantom at an SSD = 65 c¢cm.

DATE: July 15, 1980




ITEM 1o, L‘ ‘

HUB MATERIALS, INC.

Planct’ Location Telephone
1700 North 291 Highway
Sugar Creek, Missouri 64054 257-5300

May 22, 1980

Crowley Construction Company
3200 South M-291
Independence, Missouri 64057

Re: Radiarium Center Building
Medical Center Park
Independence, Missouri

Gentlemen,

As per your request, we are pleased to submit the following mix
design used for the above mentioned job.

Ccment - Type 1 - - - 575
Limestone rock s=essssscecscssccccascsccsasnns 1650

Missouri River sand ececesmcsccccsccnccnnnsacccs 1650 ‘

w.ter - - - 225

Yield=~ 27,0 cubic ft. Weight 152 1lbs per cubic ft

Hoping this meets with your approval and may we be of further
service to you.

Yours truly,
HUB MATERIALS, INC.
|

RWK /mgw



; ‘ SAS CITY TESTING LABORATORY .

P.0. Box 6323

SHAWNEE MISSION, KANSAS 66206
TELEPHONE 643-2303

Laboratory No......... o R - Db Bme.

TEST DATA
CONCRETE CYLINDERS

Received..... 6-6-80 From.........CROWLEY WADE MILSTEAD, INC. ENGINEERS
L RN e L e e A i Rl e S MRl T G SN SR SR e
OO B O e INFORMATION NOT AVAILABLE WITH CYLINDERS

R e Y

Height, ins. 12

Diameter, ins. 6

Area, 8q. ins. 28.27
Cylinder marking..............h..c....ooernees Riadas NN o
IR st I iR TINE sc TTEIIR pnttb  aa at dT E e
Date crushed.. ..................... 6-9-80.......6=30-80......6=30-80
I I i st . ARSI Y b W TahaRLE) 28 PN LIS TR U LAV T UL TR £ N1 RN Dy
Crushing load, Ibs............... ot BURR L SRR L O R I ARG T R LRI

Compressive strength
R SRS T TRRRGRIASES | 4 . WSS T . S
*148.83 *148.,62 *148.10

T TR A CR - TN _CA CA

........................................................................................

R NG T R R LN ] P YOTRRRNSINRTNRIAII | T L Y AU LSO Ib. /cu., ft.
Supplier........ I st sesroni ot Class... i R G it ciniridiial Trk. No
Coarse aggregate, I1b8.:........cooevveoreeecninnnn, T T TR AR ViU ECR SRR g Ol
Fine aggregate, 5 ATERESNGERGE R T Rttt e RS UGN
Cement, AR L L SRR R M s
Water, T e RS S L RS RAN L SS

KEMARKS: MADE BY CONTRACTOR
*UNIT WT. IN LBS/FT3

\ t
cC: CROWLEY, WADE, MILSTEAD-BRADD CROWLEY-4 e e L/ Srewteny
)

DS/cim /
‘% - (//6: S
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Annex E - Item No. 12 ‘
Summary ¢f Calculated Radiation Levels ‘
0¢ i BEAM ORIENTATION| EXPRATE (€:/458) | EXP RATE (€:140.5288)
Wi (1) 0.052 4&
W-1 (3) 0.036 2%
W-l (2) 0.525 4% 0.420 B&
W-2 (1) 0.125 P&
W-2 (2) 0.064 B2
A Y 1495 BE 1207 2%
W-3 (I 0.348 9%
W-3 (3) 0403 B
W-3 2) 3,495 BE- 205798
Wed (1) 0.493 B5
W (3) 0.65¢ 25
| -4 (2) 5,155 48 4294 55
P ) 2.207 %1 1908 ﬂ,—
N-2 (1) 3.4¢7 4% 3120 B&
H=2 (2) | su4py & 498 3%
E-l (3) 1040 35 0858 - |
E-q (1) 0.822 B2 0.701 55
E-2 (3) 5,809 2% 4,934 5% |
S+ (1) 0.12¢ B& 0.103 4%
D WA S Bk Y| . 0,054 2%
C-1 (1) 0.919 o2& 0.7%5 45-
C-l T 4862 P& 4,033 45
¢-2 T 4,44y 25 3,722 48 |
W-5 Rghiste Sy | frobail jo e o o
below &,0mR /hr,




THE BADI'IUH COBALT-60 ’I’ELETEZRAPAOOH

Page -1

PERTINENT INFORMATION POR SEIELDING C.ALéULATIONS
FALL-LOC. | TYFE OF  INONCONTSOL |WOBELOAD | USE |OCCUP.| W+g-T DISTANCE |
(POINT | BADIATION lor CONTROL |(RM /WK) | FACTORS RM /WK)| (FT. & IN./M,) |
W-1(2) |Leakage | CONTROLLED | So,000 | Lo | 40 |So000 |5% " I3#Stinitnn
3 )3 in./4 |
W-I (b) | 90° Scamer | CNTROLLED | 50,000 | 10 | 40 | S0,000 |G e :"0"
v |38 0in ¥ 22m)
W-l ) | 3¢°Scamrer |CONTROLLED | 50,000 [0.25 | 70 | 12,500 |4 DCL 22:4
W-I(d)m Leaxage (niy)| 5 mR/he Limit | 155 @ lm, | — 4 i dsec s 5t 6in./3.51m.
Y W 22m.
W -1 (€) wwsy 36° Scaner, & i b %:l |
30)%’. tlnc? s
W | &) m‘* Leakage ) 7.5§; @I:v. - | - | - ___,A“_M /"’]fnl
W-26) |Lleanage |CONTROLLED|50,000 |10 | 40 |So,a00 ati2erSin/3.70m
W-2(0) | 90°Scamrer |CONTROLLED | 50, 000 /.0 L0 |50, %m%‘/.ZL’ug?:ZLZ&L
: Ain J3.9%m.
W-26) | 30°Scamer |CONTROLLED | 50,000 |0.25 | 1.0 12,500 :Z-'az.'f;'n. 3.94m
W-2(d)on Leaxageénly) SmR/hr. Limit 7,5_‘8; Olal = & ik | 2 /041.2in.[3.10m.
We2(e) .. ' L dgec s 12¢T0lin [2%4m.
W-2(€)wost 30°Scamer, A .. _ (e lellina
oA 4 m R/ hr, Limi . ' ,
W2 FlLoaxage 2 |SP VLN R @lm| - | _ | _  |[dwetléndinJison
W-3@ |Leakage |CONTROLLED 50,000 | 1.0 /0"_[50,000_ e died et m
W-3() | 90° Scarer |CONTROLLED |50, 000 L0 /.0 50,000 iln_‘_’_lﬂll_b‘ﬂm
o At o B W AR i !JLLLMM ol
W-3(c) | 30° Scatrer |CONTROLLED |50,000 |0.25 | 1.0 |12,500 5:: v ~——
§lii s W/ ¥
W'3(d)::r. Leakage. (anly) ‘ _.Sml;/hr. Lmir | 7.5 ﬁ@lm, % $lAr dses : 61, 9in/2.61m
W-3(€) unesy 30°Scamrer B b1l on ; - ““‘%Z‘Fé:,ﬁ"’”:

\ S mRnr. Limi ‘
0:96: ™ Lowass * 1 0 S R N v

| | | )

| N r
See page|:2 for pant |W-4 | ] LT ————

* |

R

i




THE RADIARIUM COBALT-60 TELETHERAPY ROOM Page-2

PERTINENT INPORMATION FCR SHIELLING CALCULATIONS

TYPE OF  INONCONTROL |WORKLOAD | USE |OCCUP.| W-g- DISTANCE
POINT | RADTATICN Jor CONTEOL [(RM“/WK) | FACTORS | (BM 2/ig)| (PT. & IN. /M) |

dsec. /01,100, /3.30m.
W-41) | Leakage  |CONTROLLED | 50,000 TERETI T i / ol

pros

dm 031, Lin. /230 m. | |

‘W-4(b) | 90°Scamer |CONTROLLED | 50,000 10|/ | 50,000

' S § ——t +

| Qe * I LTn, _
W- 4 () | 30° Scarrer ‘coUTRou.ED 50,000 |0 0 |12,500 _:j’ o) /345n.|

‘ i ldege e, 7348 a; |
W- 4 (d):j:” Leakage (anly) Smﬁ/hr Limit 7-55: @/Inl S - Ld‘ec Bev. fin. /265 |

W4 (e) Mdf.”.a_g .\S‘_‘_’Z'.’.> fnﬂv‘ﬁ"ffj/ﬂf‘l’ L A_.uu__m_‘.m I el N dm 0. 65m il

W (f)arm"' Leaxage ll 5;?; @/n?, ¥ ,du.:. 1351.5ie 4:0:1-1'

b e e Y

- e

| |
Leaxage COAJTROLLED | 50,000

‘,dsm..".__’zfﬂ.“‘!L‘ 3.5 !‘__|

| { | eec : 2g7.6in[3.80Im. |
90 Scarrer 1_co/urlwl.u»:[) | 50,000 | /. \ , 4‘:; 565,.. :
] ,

75'5"@/»’.

-}

|

!
o —

|

—

l

e

1

1

1

dmwm

3“““"‘0 22;-

wMhr Limir l

e e e e

|

!

2 ,9,,0°5‘f',”' }
i

L

V-2 (@) lLemge” eraﬂca/cmoud 50,000 | 10 fg:0%35| 312

5“*”" W"WW""’“EP‘ 50,000 | /. L/_e‘f’;”f?{l,.%_’,,?i, g T P
fN-Z (c) »Leaxage ( ‘A/oucommeol 50,000 |0, ?“"0'%25" 782

diec * 24.2.0i0./2.32m |

w2 r@““-“s”%é:f’f?i'"_‘;

N l 78’ &anerw'uoucoworm 50,000
dsec s 2981, iuu/].ﬂm |

?'7.5§,‘.@/m.
bfﬁ‘a‘,ﬁ‘ﬁm,, | A ‘
W- 26) | 7§°Scameny] "

| | [ R

|
| |

: ‘l; o 1 1 20 4, v’(za“ :
@) |Leaxase © | wovcowmaues 50,000 | 025 i 0415 T ——

LN 2 €) Wr Leamge(Z)

im
‘0

' 1 — . e 5 WY PO
(b) | 37°Scarer (3) | NONCONTROUED 50, 000 | _4.25 Ug00s| 782 5;;;_@1‘{;3;{?‘“-

/

: ’
—

ooy i ROEL An £.20m, |

e mee sece o

\C) wordr ..€Qa\~2¢<. t‘ \ |
t‘u-_.‘ff‘[*m.‘ né/ﬂ '
e e ;i«.;___..f TP

— i

fm (m |m
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NALL-LOC,

POINT

THE RADIARIUM COBALT=60 ':‘ELET:—IERAPYQOOH Page -3

PERTINENT INPORMATION FOR

TYPE OF INONCONTROL |dCBKLOAD
RADIATION |or CONTROL !(RM“ /xx)

SEIELDING CA..C‘L'LATICNS

| USE |occup. w-g-r |  DISTANCE

| PACTORS (RMC/WK)| (PT. & IN./M,) |

Leakage wmwumousm 50,000

jgi03s| 3125 |

/07°chney( : NON(ONTMLLED 1 50,000

|
E

n dsnc* 1998 10in. [452m,
[/0 ;,‘ 0.0625| 3,125 Q‘;(,:} 52,

| Asec * /447.4in, /‘f .37m.

‘Leaxoyc () MUCONTROUEN 50,000

) 25 |/6 00625‘ 732 d.seg I7ff‘fm/523m’

T

| (3) |
35 Soarrrr WA)LOUTROu&le)‘O 000

{0.25 %.dﬂ‘zs 75’2 g::; /5?6.5;;/47/)'"

LPa kage G

35 'S(ar/er{3)

B

.

| 5% mir ' 7"‘5'5-QZ@4»—

'L

dsect 1761, 4in /5. 28m. |

[.i.ﬁt.ﬁa /4. 70m. |
;ge_ R

5-1d)

o

127" Scamer MNCOUTRILED 50, 000

' /3¢5,
1o_fruns 25 g

l ”
Le‘“‘a?C(') | NONCONTROLLE) 50,000 1 o s oous 3,125 sec: 24t 3in /373 m.

Na,u(oumw.sp 50,000

Leakage @

*0 5 00(2_5‘ 782 ““‘—m'/—“*‘f

|
[

| 9005(0,",(1) NOWCOMTROLLED | -50 000

| |
| |

cat 065~ o

t

C-/ (a)
L C-1(b)
| C- | (e)

d \
C- l()w,. Leaxage 4\}5%{"’"T

(1) |

| Leaxage™ |Wowcoumrouts| 50,000

|
fI Leaxage (‘_” '.UON(MTROMED! 50, 000
; 35 Sazf/'c'r( " rKMﬂ(OA,'TRdLLED 59, 000

| 35 Scamre

D

|
.

752,& @/m |

uee : K51 Yin [20m. |

(dame: LLte 10inJ3.60m, |

i
|
i
|
|

_foms 3128

0.25 0426 782 yf~*1/’”/-""2”’

iiu. Yﬂ‘ll A. /3 ‘Jm

sca: 0 6Sm. e
dsec * J/mej36/m.,

—

| | () | ey
C- 2(a) ok, Leaxoge - 754 @ ) -
f hagr =2 4.._9A.A_.t>5m._m Lvmip—-L: }zgr ST

| C-2(b)

(4
| 360 5camer

\dsec. : /‘l‘fﬁf/'x/?" ¢2m,
deaes [261Tkin J3.85 m,
dscn: 0.65m,
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THE amzswn COBALT-60 TELETHERAPY TROOM Paae-|
SHTELDED EXPOSURE BATE CALCULATIONS

WALL-LOC,| BEAM EXPOSURE |
POINT » CALCULATIONS RATE
& a e ] |
W=l | (1) (zij.mm_ 1500 mA. y ghems + 44410 5F |
M inches concrere -Jiﬁﬂl‘—':\‘ ’
x'orrez‘r‘cd sor density L. witufhre “m |
.isr 26.0Y inches 1, -'I‘Il.lé"ﬁé 'c-'mn :
Path length? To e 4416 B& «(1.0743 x /6™) |
A+ 32 (inches I.: 0,048 mjhr |
1. 76 em |
(5) |
90°Scarrer 1500 x 0.0007 950.4 2R
Parh Length : 8176 cm (0.65m)* x (4.10m)* i
as abeve, L £ .‘i? x 2L16em
I*’Smur . 9'9‘4%? xC - ’
-123173
I’o’.fawr'?so'vﬁé’e '
Toral ExPosure Rare from I,‘.s“’"r : mqﬁé M (4.4735,/0") |
' beam orienrarion (1) av !
PoinT Wl is 0.047 2 Laorscaner = 0.004 25 & |
‘ +0.004 %c'
[ l
‘ 0.052 MR hour . 0.052 8%
‘ |
ik vy P e .4 RS
Th Length: Since the .

| incidenT angle is large (45°), I : gos.¢ 28 e : fmn‘m |

| Subtract one HVL From the

| parh Imnh.%% Py I : 60988 , 011378
~s25in. - s gopv & 4 (59012x007%)

' 3".3‘3’_»%0 L : g
] o i .
(e) 34° Scawer 7500 B % 0.005 $4 R |
(2) Path Lengrh : (06Sm)> x (4. 22m* 49 "
32,19 inches gz 81.76 cm Rt ® 4'9:44':‘1’5 xe lem |
as in @) and(b) adeve. o |
o I“OM - 4,98"%!6 ' f
i I“om H ‘o,?f‘l Ll (? 24?'4:/0"’) l
| Tursam, : 0.461 B8
) heargae i . 326
& Parh Length: —— ’ﬁ.'m,)’ 3 o7 -
| —cgf%g}‘ 2 30.06F /nches IL s 329# x e : HZ‘..}.L 7 |
‘ 0s 30° or & |
76.37cm L+ 32048, ¢ 002 |

', romb ienrer, L
AT e L 2438 (562300°)

N Toe 0,064 2k 0.5255




THE RADIANIUM COBALT-60 TELETHERAPY HOOM Page -2
SHIELDED EXPOSURE RATE CALCULATIONS
WALL-LOC,| BEAM EXPOSURE |
 _POINT | ORIENT CALCULATIONS 2ATE
Wa@«b) (1) (@) heaxase 7500 22 ¥ Gy 7 524,904 |
264 r . 693 X 75,62 ¢om
corrnr‘z”;‘n‘:':mn"; I 52“3* ~C ‘2o :
‘-;%‘T:—': v 26.0% inches I.: 5249 9& e -8.9524 |
| Path Lengrh: I.. 524/12,’:;. x [2.1339 2 10™] 1‘
il ok Rt I: 0.112mR |
75.62cm. howr ‘
| (&) 90° Sarrer 75004 x 0.0009 _ gk
| Parh Length = 75.62em  (045m)ix (378m)* ~ g |
i “ above. L AT . 1 |
| Toral Exsosure Rare ¢rom T A’C-“ ”.23
| beam orienrarion(l) ar Iﬁ‘s«nri ly “?{”& I
| Poi W=2is: 0.11% a
| o 2",:0“,3;5_ I”'S«wr«l,m{}.[/./mno‘]
# 0.125 88 Lwwscamer + 0.0126 28 0.1252%
W-2) (3) @) Leaxase Goniy) 1500 22 x plomss « 700.4 4 |
| . Path Lemgth: i -&-IOm i \ ‘
26.041n. : W45t xe T 1
( \ = 32 9inches - =9.1387 ’
BT PO R A |
| | I.: 0.4 x[r0m3x/0™] |
| R R |
!_ | IL '0.035 hour 0.084&
| |
W-21(5) (2) (&) 30°Scarrer 75008z x 0.0060 . 486125 |
| &Th Lergrh; (0.65»1); a (J,qu)‘ 2 " I I
.(%ﬁ.-%%i;m 2.4 inches Lo scatn, * P61 08 4@ 2o
7“-?, cm I”OS“," H ‘,""?r& ‘3-95103 |
IJ@OM : 6.?‘/;3‘.‘1 [2.0!3?:/0"‘_] ;
Tae seutn, * 1.382 28
hour
) a 7500 m&. . mR |
| | 260010, 5 20.50inches Tt 3NEE , o”TEIIE |
» , )
| | e e Bt '™
| . 37 2L , [3.0583 x/0°%]
| | Toral Exposure Rare From L. ae e D x
' beam orienrarion (2) ar L:0.113 mR
l | Poinr W2 is: l?f’f - _— .
04 e t R
| | [. 495 mtfar |.495 70|




THE BAD]’.&UH COBALT=-60 TELETHERAP!%OH

[’OInf wW-23is: 347"*

Page - 3
SHIELDED EXPOSURE RATE CALCULATIONS
WALL-LOC, sxposzsz
LEQINT | c N RATE
- R o ‘ |
W= 3 (a)« (b) (;l)qlrsunm 7500 38 4 s “437,59;. |
Rovibd s o L: ensps , o=t2pldlem |
AL . 3¢ 0vinches L 537555& .("-’3?- |
p,;‘,, u'-'"’"'" ;L 637.5 & « [4.453 10" |
| Lo 26 76 inches i 0302544 t
1 (e 47em |
L
(b) 90°Scame (7,5:,0% x lO&:t:O‘I)‘. 357 58 b §
Path Lengrh : ER 4 Tem " " ik
Tu ab: % I’D‘Sm‘er . "35"’" e- sg
oTal ExPosure fare from -163152
beam oriermarion (I) e Lopscamer: 135085 4 € 9
Rint W-3 is: 8-033}5"‘/» Teo* seaner = |, 3sr‘3‘ [3.327200 ]
+ 0, MRy r
_m# qusanr 3 0-0450%,6‘ 0. 34,%
;chM 7500 B8 x b=y v (052 58 |
| rar engt I ,052%5 Bl
260%in e 277 inch X re
| Cos 20° "m es I..‘ "052% e 7?&7 |
% 0.30cn Lis ,,a;;%,ca.mu/o'ﬂ {
| I.: 0403224
| 040322
(€) 3¢° Sca 7500 £ x 0.0040 1
| | o 6smi s sTep © O o4 |
' Fath Lengrh: |
2hain, « 2¢.% inches Lopscaz,® 831083 x € e :
or
62.47 em I”’m: 3,3!0%;'@ b | '
Topseuzne s 531038 x (01058 x00"] | |
Ly scatn, : 347028 i |
() Leakage 1 .
Farh Length: 75”-;9}: : 421% §
| m(ﬁ‘l T 26. ‘700(601 IL " “2'%" e-ﬂ%&m |
, ‘7756'!\ IL=4:'%%XC_7.573 ‘
Torad ExPosure Kati From L: 42 % x [5.143 x/O'g
beam orienration (1) ar A | 2!65-’?5

| 0. 217-\5/&’
| 3005 mijhr




' bearn orienmarion (2) ar
Point W-4 is: %370*
1 0,275 24
:

S, 1551»%,-

|

L: 4demh o [6.1870x/07Y]
I -"5‘}#

: |5. 15528

THE RADI‘UH COBALT=-60 TBLETHEBAP‘OOH E’n,gg - 4
SHIELDED EXPOSURE RATE CALCULATIONS
WALL~LOC.| BEAM EXPOSURE |
LD SRIENT. CALCULATIONS e
W-4(@b) | (1) |(e) heaxage 7500 MR , A = (287 R |
26,4 inches concrere. Ar " (3.30m) hr |
corrected for density A, 687.7%5 i Ch‘ LWL ;
H . s : ¢.n i |
FhiF * 260 nihes T P |
Parh Length: 2",0!'"""“ I, : 688182 x [¢.157 x/0°Y] ;
| 66./9cm I.: 0.424 _?’é_ |
i : !
(b) 90° Scamer. 75004 » 00009 , 1,467 2k |
Parh Lengrh = 66./4¢m (0.65m)* x (3.30m)* i &
N P Tis sucm + 1467 8% 5 @ >80
o AMosure Kare from -9
i beam orienvarion (1) ar I?O'Sumn = 46753 <e o
E nl‘ﬂ7 W4 is: '01424*} I"‘m a /'l/‘7_?.’5 .EV.70.57'/0-JJ
| i[ 0.453# Lo scattn, » 0'0‘7f§- 0.493,%&
We4 (d) : (3) @ Leaxage (only) 1500 B4 x F:JE»')‘ -“/.a‘rgg |
| Pm:’ Length: Fa I: Lo6eBh, g tdem |
.04 inch AYem -
i ‘26 s or I :,06r2% .0 73927 |
‘ | | Io:1,060 3% x [6is7 :/o"].
‘ - : L. 065742 0.65¢55
W-4leis)| (2) (€) 30° Scamer 7500 £ 5 0.0%0 , goyr
| . Path Lengrh: (0.65m)* x (3.45m bk 1 |
! ; 26.04 inches or bb.M cm I”.sm : 3,1‘1?% Mg s |
‘ | Dseuz, * 494055 x & 5130
‘ I’f’wm\" ‘,"If-?’#; [5-4542:/0"'} { I
Lsoe scamer: 4 880 58 i |
() Leaxage | |
Parh Length. 7%% ‘ m‘ 2 446mafnr ;
| 26.04inches or 66,19 com I wyy % e’ —mﬂf‘_“““ : ‘
| ; R -7.3927 |
Toral Exrosure Kare $rom L. 446452 r € |




b sk s e A BB R B R VS i e

| 28803 294lin g 70.19em

Lo scamer® 831026« © L

0 &Y
‘ s 15 IM'&..mr 8310%5 € "
’ Im 73I0.§—&1£346241/0 /i
® Ivseatt, : 2.877mR/or
Parh Length: 7500.m8. h : L
; ?_‘I!Z}M 27.32/n 82 67.30em it .22m iy 3
| cos 12.8° IL' 42) mb 4 e.-' o~
,‘rom Expasure 3%;%‘ ‘:7;0""""” L.: 4 ahea* ™
(2) ar AinT W-3 15: \bo e * 42!.&“‘ x [4.3v16xs0 J l

{
|

08 7 mPf/ v,

Lz Ol R b

vuz sapfron comart-s0 TererEEsas@oon Page -5
SHIELDED EXPOSURE RATE CALCULATIONS
WALL-LOC.| BEAM | EXPOSURE
(EOINT _ ORIENT.| CALCULATIONS 2ATE
| | Loncrete Density is 14852 Ibs/f12 yice /45 /hsfsr’
w-le)o(f) | (2 (C 26° Scamrer 7500#
i ) . FRarh Length: (045m)" x (4 22»!) ”4%
| 26.Y4 inches concreve correcred por dersity Loovscazst % 9:4M‘c 'W |
| , t U in, _%i— 2 26, 673 inches - 9.5/34/3 |
| | gna " Tstoscatn, = 4904 22 2 € |
| ‘ (- . :
: B 5 o 3297inches ¢ 83,74 cm i[x, : _.4',”_?_#'@”'44 ,
| ) Leaxage Lassum, ¢ 0,368 mR/hr |
, - Parh Length: Whp e ¢ L. i
{ W s 30.80incres [T 77.230.. ?: 7 32?%
| L 320 pa, R
| Torad E,p“umm From beamorienration I : 200me, e-'.'?‘l‘l
| (3) at Frent W-lis: 0368 mR/ar ¢ ¢ 30
| 0,052 mi/hr L 31&%%7.[[.5941/0".]
0.420 mR/hr L. 0.052‘2A ,szgn
W-2e)ef) | () (€) 3@°Scamer 7500822 0.0000 . ¢ p¢) BE |
| . Path Length (0.65m)* x (3.09m)* 25700 g
‘. 264030n. . 30.21in. gg 74.73 em Lirscum © 61155 x€ | |
| } (as 28° ¢ I 377 i
: | 30%carmer * 6 “’*‘ € :
| ; Lapeseaers = 6,861 25 ¢ [1.6371010"] |
f Tsescazn. = I.I24.m£ i
| (4) Leaxage. |
i | Farh Length: 150084 x W 371_2&. |
| atte , /é i
H ! -y 2“:— 2, 20/0 g 74/‘6'! L s 37/ e__‘ e'-fer,;— i
| | Torad Exposure Kare From L: 3155 se”
. ‘bam orienrarion (2) ar I.:37 5?5- ‘ [2.51171/0':7 !
| pva W-2is: 1,124 me/nr I.:¢. 293 mR/ar ‘
| 1 +.013 nfi/hr ;s | |
( ‘( . [2 'Zm&hr T/217 -
W-3(e)s+(f) 2 e) 30° Scamer z(g ﬁgo 0060 g& <
@ Parh Length : 2.65m)x (3. ?3'0 |

R




THE RAD’IUH COBALT-60 TEI.ET!EHAPAOOH
SEIELDED EXPOSURE RATE CALCULATIONS

WALL-LOC.| BEAM
W-dle)e(®) | (2) ) m m.»:fi.m ¢ &94728
} 26673in. g 67.75 com _[w:“m: ?,9‘/f-'2§xe"'mf¥:ih
| Lotscamer o B00ERE, o~ W1
. Larsamn, + B9 *-2;'», [4.5425% /6]
i } .( Ly scamer = 4.065 mR/hr
f
 fEm v
| 673 in or 67.75em L: sgnt 0482
Toral Exasure Rave crom L: 4wzt . o~ "4
R L L LR
I +0.229m R/ L: 0.229me/sr
§ 4.299 ma/ar
N-16rod)| (1) () heaxage 1P Akt 51728

[

l

| Parh Lengrh:

| 204in. = 1.0138: 20.122in or 5], )lcm L i 5‘1* % e.%
| I.: 51788 (o -SNNF

| K520 g, 5,7.u,e-5mar

L.: 517 -;E 201592 073]

’@) ] L . ,‘4'7.%"
@) $0"Scamer Fi0 R e x 00008 1, 10] 5
Rarh Lengrn: 204in x-%'i-‘ : 20.6lin 045m)* x (3.0/m) itk %A

t

429428

!{

|

!

|

| I.: 517128 x[33034 x /03] i

| (4) 0°Scarer bt LIOE o5 |

1 Farh Length! by 4 " 101 mA. .

2.4in. -Houra 20.122in.Q Shilem  (045m* ¥ (3.81m)2 A

I I”, t iy - Jl.;a..ﬂ.um |

| Torad Exposure Rare £rom : Scattr, * ilOI BB ¥ © |

| beam oriermarion (1) ar 1 Scats, * 1,10] - 76999 5

! Point M=l is: 1-703*} I” %5 » ,

| 0.4 *Seallhn < 1,10) DA x [4.529x007Y] | |

2. 207 m&/nr. Lotrscamrer + 0,499 m&/nr | 2.2072%

Concreve Density (s 4652 1bs/5 vice 145 lbs/é1® | |
= 1 (e)e{d)] (I (c) k€AKQIE 150058 U‘ﬂ' 5738 |
N @\ ( ) Parh Lengrh: 20.4in, ..W,il 2 2.6lin, I.: 5,,7* -3; |
|

| e 52, 35¢m 10 \Jﬂ,&k&n‘
Toral Exposure Rare grom Lo scarar, : 1,101 3% x€ ...

Tgo*scawer : 1,101 B2 x€
Iﬂluﬂr - I,IOI* P £3 7573x/0
scawer= 0.4 “f ml//u-

'bcm avermarion (1) at
:ﬂ:‘nr M-l s 1487 n.:/;r’

'L /. lm hr

190184




THE mn’nm COBALT-60 mzmzm;goon Lage-1
SHIELDED EXPOSURE RATE CALCULATIONS

WALL-LOC.| BEAM J EXPOSURE |
EQINT | CRIENT CALCULATIONS RATE |
T |
. 2in == |, 0133& 14.007in, g__r35.5’cm I,.: 136, J* ™ e ey '-
2838em | 3¢ Slem. or /4 30in. I 13288 ve ~wore i
cos 13 : i |3
Iu 136,258 & [44892/0"] |
0. 90" Scarer; I: 230128 i
fath Lengrh: 3%.5/em or /ﬁghn, { = )%' 7 0. wf)j 3 2?0.2% ‘ i
0.65m 792m) > : |
Toral Extosur~ Rare ¢ ¢ B |
‘ m orienranrion {l) o IQO‘Sumr s 290 2?‘ 'e W ‘
| Pint W-2ls. 2.30| B2 : SN 2, . -5,500
i g’%’i- m” I” Scamer+ 290, 2* ,Efﬂﬁmﬂ
Pyaa In‘ ger /s /Ié.:gg» 3437!—.
| ' : m_ﬂaza_
N-26)b) | (1) [® Leasage:. 7500 204
: | Parh Len.’rh /‘/Jml%l /435“0 I.: /52 %& n
| Y277 ol “e """H'z‘““ |
| I .&"7’% 37.40m ¢ 1 72in, ok Lo:136228, ¢ 4!30'4‘.‘ i
\ l I 136288 ¢ (15203 200] |
| w 7 Length: 37400 ¢ M.72i e i s |
3 éngt - o in,
| ?mﬁ%'-(“ﬂ} 290.2 28
‘ }Tﬂﬂ Exmosure Rare £rom PASET RN .:i !
; \beam orienmrion (1) at : 290288 @ .ﬁﬁﬂu |
| Poirr W-2 is: 2.083 24 Lﬂ‘:.m,'w’2¢e“” |
- 4 12 I’bm 210, 1&‘:[5572&1/&’] ]
7 W !r ( l v Iﬂ&pr s ,O37mr/hr 3./12 ﬁé‘_’
“2er®)| (2) 1 Loagge: U TN ‘28 | |
| Fark Length: I#.2in + 10138 4007:n ¢ 35 50cm ; wr '5.32:1): M | |
| %27!’.;:'. : 35, 8Semor M, 1lin, I: 'Wr‘em?‘s’“"‘. = |
 Hogh ce™ |
To: 102 o [1.81%6xs0%] |
l I.: 2544 m&/hn |
(#) 18°Scamer: 25004 x 0.004 |
g Arrh Lengrh: M 2din. <0130 14.007in & 35, 5Fcom 7. ‘5%:' A 3;.), 4-55'55‘
35 3fem.. : 3¢, 37em g+ M.32in, 1-. ;\.,."-455"5:6%22

cas |2°
-5 041

'Tbn! Expasure Kare. £rom Lopescaper + 455 B5x @
|bearn orientarion [2) ar Dpescorer < 46552 « [§. wra/03] |
fomr -2 's: 254‘60"{5’

_2 973 136 scomors 2,993 A8/, ; |




WALL=-LOC.| BEAM
PO ;.:m OB IENT o

vz aapf@row  cosarr-60 TELzTEERA> @MooN Pge - &
SHIELDED EXPOSURE RATE CALCULATIONS _
EXPOSURE |
CALCULATIONS RATE

| N-2(e)s ' (2)

(e) Leaxage: 150008 g ks = 44 2B
| (7.22m )’

Concrere Density is [48.52 lbs/ 13 yvice |45 lisler®
Fath Length: 142inx & 7’“ = 4. 35in L 8 L4 03536 'nu.

3Hem . 5 o 3. #em
‘g HYS a, P ‘40%’6 -4./032

Cos 7°
Lo: 1408 x [16519 570"

I.:2.3)2 n& |
nr :

&) U2 Scarrer:
%Tﬁ L,nmr}) 4 2in. X_%__/‘L EP /‘/ 354'\ 7500&; x 0,004 - 5_’.&.
36.4 37 26 3em  GadmP a Gt hr |
1 Cas j38 - T ARm gL /4.67in, ) - 403
T 5 I"f’&‘n’cr i w‘?g'le i |
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Vil, Signature of Certifyiny Official

| hereby certify that the Radiarium has lwplemznted

the ALARA Program set forth above.

ETgnatule

Richard A, Morrison, M.D.

Tliame ~ print or type)

Jirector

- —

Treve) e

Licensee Address:

-

Prior to December 15, 1900:

10

After December 15, 1980

-

Richard A. Morrison, M.D,
M2l Delwmar

Shawnee Mission, Kansas
66207

Rizhard A, Horrison, M,0,
The Radiarium

17525 Medical Center Parkway
Independence, Missouri

64057
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Annex G - ltem No. 18
Emergency Procedures for the Teletherapy Unit

IN THE EVENT OF EQUIPMUNT FAILURE
RESULTING IN THE SOURCE REMAINING
""CN'', THE OPERATOR SHOULD DO THE
FOLLOWING:
A. If the patient is ambulatory, iastruct him to get off the table and leave
the room.
B. If the patient is not ambulatery:

I. If the patient can be removed from the room, enter the room and
avoiding exposure to the useful beam, pull the treatment table as
far away from the useful beam as possible, transfer the patient
to a stretcher and remove him from the room.

2. If the patient cannot be removed fror the teletherapy room without
ass'stance:

(a) Take the red "T" rod kept at the control panel and enter the
treatment room. Insert the 'T' rod into hole in front head
trim cover and push source drawer to '"OFF'" position,

(b) Obtain additional assistance in romoving the patient from
the room.

CAUTION: STAY OUT OF THE DIRECT (USEFUL) BEAM AT ALL TIMES

C. Close the antry door to the treatment room, lock it, and post a sign to
guard against wnauthovized access.

D. Notify Dr. Richard Morrison for remcdial action to be taken.

01676

DATE: July 15, 1980
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An F = Item No. 13 ¢
Radia. on Safety Program §l‘ *L?‘ L
‘ )
The Radiarium Program for Maintaining Occupational ’pﬁ) éﬁ' ?’
Rediation Exposures as low as Reasonably Achievable ‘,A A P‘ o
(ALARA) aY MY W b
v 6rk POy
Richard A, Morrison, M.D, T A |
VI ? ¥ A ‘
July 15, 1980 5, IS W S
- re} A
\0 A; W A f }
I.__Management Commitment M qp~9

a. |, the Director of the Radiarium, a radiation therapy facility, am
committed to the program described in this paper for keeping exposures
(individual and collective) as low as reasonably achievable (ALARA).
In accord with this conmitment, | hereby describe an administrative
organization for radiation safety and will develop the necessary written
policy, procedures and instructions to foster the ALARA concept within
my institution. The organization will include the Director as onsite
Radiation Safety Officer and an offsite consulting medical physicist or
health physicist. it

b, | will perform a formal annual review of the radiation safety program
including ALARA corsiderations. This shall include reviews of operating
procedures and past exposure records, inspections, etc., and consultations
with the above mentioned medical physicist or health physicist.

¢. Modification to operating and maintenance procedures and to equipment
and facilities will he made where they will reduce exposures unless the |
cost, in my judgement, is considered to be unjustified. | will be able }
to demonstrate, if necessary, that improvements have been sought, thet

modifications have been considered, and that they have been implemented

DATE: July 15, 1960)46'76
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Annex F - Item No. 13
l. _Management Commitment (continued)

where reasonable. Where modifications have been recommended but not
implemented, | will be prepared to describe the reasons for not im-
plementing them.

In addition to maintaining doses to individuals as far below the

limits as is reasonably achievable, the sum of the doses received by

all exposed individuals will also be maintained at the lowest practi-
cable level. It would not be desirable, for example, to hold the
highest doses to individuals to some fraction of the applicable limit

if this involved exposing additionai people and significantly increasing
the sum of radiation doses received by all involved individuals.

11, Radiation Safety Committee

At the present time, the responsibilities of the radiation safety committee have
been assumed by the Director who will carry out the following functions where
applicable, until such time as the staff of the Radiarium expands to make the
establishment of a radiation safety conmittee practical. The Director will also
function as the radiation safety officer in consi1tation with a medical physicist
or health physicist, until such time as a full-time qualified radiation physicist
or health physicist can join the staff.
a. Review of Proposed Users and Uses
1. The RSC will thoroughly review the qualifications of each appli=-

cant with respect to the types and quantities of materials and

uses for which he has applied to assure that the applicant will

be able to take appropriate measures to mainta.n exposure ALARA,

When considering a new use of byproduct material, the RSC will

review the efforts of the applicant to maintain exposure ALARA,

The user should have systematized procedures to ensure ALARA,

and shall have incorporated the use of special equipment such as

syringe shields, rubber gloves, etc., in his proposed use.

The RSC will ensure that the user justifies his procedures and

that dose will be ALARA (individual and collective).

DATE: July 15, 1980
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Annex F -~ ltem No. 13
Il. Radiation Safety Committee (coentinueu)

b. Delegation of Authority

1. The RSC will delegate authority to the RSO for enforcement of
the ALARA concept.

2. The RSC will support the RSO in those instances where it is
necessary for the RSO to assert his authority. Where the RSO
has been overruled, the committee will record the basis for
its action in the minutes of the conmittee's quarterly meeting.

¢c. Review of ALARA Program

1. The RSC will encourage all users to review current procedures
and develop new procedures as appropriate to imp ement the ALARA
concept.

2. The RSC will perform a quarterly review of occupational radia-
tion exposure with particular attenticn to instances where
Investigational Levels in Table | below are exceeded. The
principle purpose of this review is to assess trends in occupa~
tional exposure as an index of the ALARA program quality and to
decide if action is warranted when Investigational Levels are
exceeded.

3. The RSC will evaluate this institution's overall efforts for
maintaining exposures ALARA on an annual basis. This review
will include the efforts of the RSO, authorized users, and
workers as well as those of management.

Annex F is the Radiarium Program for Maintaining Occupational Radiation Exposures
As Low As Reasonably Achievable (ALARA). This program is based on the Model
Program which was enclosed with the NRC letter to all wedical licensees and

dated June 16, 1980. Since this is an application for a private practice physi~
cian to be licensed for use of a Co-60 teletherapy unit, references in the Model
Program to a Radiation Safety Committee do not apply. In particular, Section I
of the Model Program has been modified in the Radiarium Program for the following

reasons:

a. Review of Proposed Users and Uses.
Since the Radiatlon Safety Committee does not exist in this private prac-

tice environment and since the Radiation Safety Officer is also the
Director and the only user (for the near future), and since for the

DATE: July 15, 1980
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Annex F -~ Item No. 13
11, Radlation Safety Committee (continued)

purpose of this license the only use will be external beam teletherapy,

it is unlikely that paragraphs 1, 2, and 3 of Section lia could appiy.

b. Delegation of Authority.
It is assumed that in the case of a private practice, such as exists

here, the authority normally vested with the Radiation Safety Committee

will rest with the Radiation Safety Officer, since the RSC does not exlst.

¢. Review of ALARA Program.
The three items mentioned in this section overlap into the responsibilities

of the Radiation Safety Officer. which are outlined in Section |11,
The Radiarium Program will be general enough to allow for expansion of staff to

include a radiation safety committee.

Searle dlagnostics, Inc., Health Physics Services, will provide clip-on film

Personnel Monitoring Devices:
badges for all occupationally exposed personnel to determine 'whole body and

skin'' X-, gamma and beta dose. Badges are changed and reported monthly.

|

111, Radiation Safety Officer [RSO) s

| The Director, functioning as the R60, may request a consuiting medical physicist
or health physicist to carry out some of the functions listed beiow.
a. Annual and Quarterly Review
1. Annual review of the Radiation Safety Program. The RSO will
erform an annual review of the Radiation Safety Program for
adherence to ALARA concepts. Reviews of specific procedures

may be conducted on a more frequent basis.

2. Ouarterly review of Occupational Exposures. The RSO will review
at least quarterly the external radiation exposures of authorized

DATE: July 15, 1980
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Annex F - Item No., 13
111, Radiation Safety Officer (RSO) (continued)

users and workers to determing that their exposures are ALARA in
accordance with the provisions of paragraph VI of this program.

Quarcerly review of records of Radiation Level Surveys. The RSO
will review radiaticn levels in unrestricted and restricted areas
to determine that they were at ALARA levels during the previous
quarter.

Education Responsibilities for an ALARA Program

2,

The RSO will schedule briefings and educational sessions to
inform workers of ALARA program efforts.

The RSO will assure that authorized users, workers, and
ancillary personnel who may be exposed to radiation will be
instructed in the ALARA philosophy and informed that manage~-
ment, the RSC and the RSN are committed to implementing the
ALARA concept.

Cooperative Efforts for Development of ALARA Procedures

2.

Radiation workers will be given opportunities to participate in
formuiation of the procedures that they will be required to follow.

The RSO will be in close contact with all users and workers in
order to develop ALARA procedures for working with radioactive
materials,

The RSO will establish procedures for receiving and evaluating
the suggestions of individual workers for improving health physics
practices and encourage the use of those procedures.

Reviewing Instances of Ceviation from Good ALAKA Practices.

The RSO will investigate all known Instances of deviation from good
ALARA practices; and, if possible, determine the causes. When the
cause is known, the RSO will require changes in the program to main-
tain exposures ALARA,

iV, Authorized Users

New Procedures Involving Potential Radiation Exposures

]Q

The authorized user will consult with, and receive the approval
of, the RSO and/or RSC during the planning stage before using
radioactive materials for a new procedure,

The authorized uier will evaluate all procedures before using
radioactive materials to ensure that exposures will be kept

DATE: July 15, 1980
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IV. Authorized Users (continued)

ALARA, This may be enhanced through the application of trial
runs.

b. Responsibility of the Authorized User to Those He Supervises

I. The authorized user will explain the ALARA concept and his
commitment to maintain exposures ALARA to all of those he
supervises,

2., The authorized user will ersure that those under his super-
vision who are subject to occupational radiation exposure
are trained and educated in good health physics practices
and in maintaining exposures ALARA,

V. Persons Who Receive Occupational Radiation Exposure

a. The worker will be instructed in the ALARA concept and its relation~
ship to his working procedures and work conditions,

b. The worker will Fnow what recourses are available if he feels that
ALARA is not being promoted on the job.

VI, Establishment of Investigational Levels in Order to Monitor Individual

Occupational External Radlatlon EXpOSUres.

The Radiarium hereby establishes Investigational Levels for occupational external
radiation exposure which, when exceeded, will initiate review or investigation

by the Radistion Safety Conmittee and/or the Radiation Safety Officer. The Inves-
tigational Levels that we have adopted are listed in Table 1 below. These levels

apply to the exposure of individual workers.

Table 1

Investigational Levels (mrems per
calendar quarter)

LEVEL | LEVEL 1!
I1. Whole body; head and trunk; active 125 375
blood- forming organs; lens of eyes; 24
or gonads
2. Hands and forearms; feet and ankles 1875 5625 i/

DATE : JuWQsd,ng V'
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VI. Establishment of Investigational Levels ... (continued)

The Radiation Safety Officer will review and record on Form NRC-5, Current
Occupational External Radiation Exposures, or an equivalent form (e.g.

dosimeter processor's report), results of personnel monitoring, not less than
once in any calendar quarter, as is required by 10 CFR 20, 20.401. The fol~-
lowing actions will be taken at the Investigational Levels as stated in Table 1.

. Quarterly exposure of individuals to less than Investigational
Level |,

Except when deemed appropriate by the RSO, no further action will
be taken 17 those cases where an individual's exposure is less than
Table 1 values for the Investigational Level |,

b. Personnel exposures equal to or greater than Investigational Level |,
but less than Investigational Level 1,

The RSO will review the exposure of each individual whose quarterly
exposures equal or exceed Investigational Level |I. He will report
the results of his reviews at the first RSC meeting following the
quarter when the exposure was recorded. |f the exposure does not
equal or exceed Investigational Level )l, no action related specifi-~
cally to the exposure is reguireu unless deemed aponropriate by the
Committee. The Committee will,however, consider each such exposure
in comparison with those of others performing similar tasks as an
index of ALARA program quality and will record the review in the
Committee minutes.

c. Exposure equal to or greater than Investigational Level ||,

The RSO will investigate in a timely manner the cause(s) of all

personnel exposures equaling or exceeding Investigational Level 1|

DATE: July 15, 1980
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VI. Establishment of Investigational Levels ... (continued)

and, if warranted, toke action. A report of the Investigation,
actions taken, if any, and a copy of the individual's Form NRC=-5

or its equivalent will be presented to the Radiation Safety Committee
at the first Radiation Safety Committee meeting fo!lowing completion
of the investigation. The details of these reports will be recorded
in the Conmittee minutes. Committee minutes will be sent to the
management of this institution for review. The minutes, containing
details of the investigation, will be made avallable to MRC inspec~

tors for review at the time of the next inspection.

Re-establishment of an individual occupational worker's
Investigational Level 11 above that listed In Table 1.

In cases where a worker's or a group of worker's exposures need
to exceed Investigational Level |1, a new, higher Investigational
Level |l may be established on the basis that it is consistent
with good ALARA practices for that individual or group. Justifi-

cation for a new Investigational Level || will be documented.

The Radiation Safety Committee will review the justification for,

and will approve, all revisions of Investigational Levels Il. In
such cases, when the exposure equals or exceeds the newly established
Investigational Level |1, those actions listed in paragraph ¢ above

will be followed.

DATE: July 15, 1980




