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MESZTING OF SUBCOMMITTEE NO. 2, SMALL SOURCE DESIGN
June 12, 1954

Members Present: Dr. Henry Jaffe - University of Southern California
Dr. James F. Kelly, Jr. - Crieghton University
Mr., John H. Tolan - Emory University
(Representing Dr. H., Stephen Weens)
Dr. Marshall Brucer - ORINS Medical Division
Mr., J. Howard Harmon - ORINS Medical Division

Members Absent: Dr. John A, Isherwood - Baylor University Graduate School
Dr. Harold W. Lewis - Duke University

CURRENT STATUS OF HECTOCURIE MACHINES:

The Subcommittes reviewed the currant status of the hectocurie teletherapy
units and was informed that the design recommended by the Teletherapy Evaluation
Board is now on a production basis. The Subcommittee was also informed that the
Picker X-ray Corporation has a design under construction, and that the Westing-
house Company is considering the design problems of the hectocurie unit.

Dr. Brucer stated that he had been informed that the United States Atomic
Energy Commission had approved research grants for four TEB member universities.

The Subcommittee reviewed briefly the current availability of high and
low specific activity cobalt 60 for teletherapy sources. This material is now
being published as a gquarterly report.

The current quoted sales prices of hectocurie units were compared to the
construction cost of units being built by individuals.

REIATIONSHIFS OF FACTORS INVOLVED IN THE DESIGN OF LOW CURIAGE UNIIS:

The Subcommittee discussed the increasing interest in very low curiage
units in 5 to 300 curie range. A preliminary chart was shown to give the
relationships of factors involved in the construction of low curiage units.

This chart is not ready for publication but will be presented at a joint meeting
to be held in Rockford, Illinois on July 22.

DESIGN CRITERIA FOR LOW CURIAGE UNITS:

The Chairman reviewed the possibility of using multiple sources in opposing
positions. Two opposing units may be supported in opprosite positions on a "C"
frame, or multiple units may be suspended on ring supports. The "C" and ring
supports may, or may not, be designed for rotational therapy.

The Subcommittee reviswed the standard capsule, which was designed for
sources 1n the hectocurie range. It was agreed that another cepsule should be
designed for sources in the curie and multicurie ranges. The nacessity for a
modified design for very low curiage units was emphasized when the standard
source capsule was scaled onto the diameter of the shielding required for very
low curiage units.
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The Subcommittes agreed that the design criteria for curie and multi-
curie units should follow, in general, the criteria established for the hecto-
curie unit, with the addition of a light localizer. A selection was made of
the ranges to be emphasized to manufacturers.

COST OF COBALT 60 FOR TELETHERAPY SOURCES:

Dr. Brucer discussed the cost of cobalt 60 for hectocuris and kilocurie
teletherapy units, and briefly reviewed the cost analysis which was included in
the minutes of the meeting of the Third Industrial Conference on Teletherapy.
The minutes of this meeting have been previously sent to all TEZB members.

RECOMMENDATIONS FOR FUTURE PROGRAM OF SUBCOMMITTEE NO, 2:

On a motion by Dr. Jaffe, seconded by Dr. Kelly, the Subcommittee re-
commended the building of three pilot models in the range of 10, 40, and 150
curies; the initial effort to be an engineering study to determins that ths
machines will not exceed an estimated price in the range of practicability. It
was agreed that other isotope sources should be included in the study. Since
cesium 137 is still a few years off, europium 152-154 will bs emphasized.

j%mﬂ %émmc

J. Howard Harmon
Executive Secretary
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IiINUIES OF THE »UGUST 30 MEZTING OF SUBCOLIIT.EE NO. 2

Low Curiage Source Design

Llembers present:
Dr. Paul Riemenschneider — University of Syracuse
Dr. C. C, LicClure — Vanderbilt University
Mr. John Tolan -~ Emory University
Dr. J, F. Kelly, Jr., - Creighton University
Dr. liarshall Brucer - ORINS Medical Division

Members absent:
Dr, Henry Jaffe — University of Southern California
Dr. Robert Reeves - Duke University

Present at the invitation of the Subcommittee:
Dr. Frauk L. Hoecker - University of Kansas
Or. I, Lieschan -~ University of irkansas
Dr, Cerl E, Nurnberger - University of Tennessee
Dr, James E, Lofstrom —~ Wayne University
Dr. Frank torgan — Emory University
Dr. George Cooper - University of Virginia
Dr. Gilbert Fletcher - M. D. inderson Hospital

Pr. Norman Simon - iit, Sinai Hoswnital
Dr. Robert P. Ball - Oak Ridge Consultant
!r. L, J, Bulliet - ¥, F. and John Barnes Company .

ir, Epil Galvanoni - W, F. end John Barnss Company
lir., Gene Stober - Keleket Corporztion

lir, Tom Carraher — Keleket Corporation

lire J. %, Wilde ~ Instruwent Engineer, CRINS

lire H. E. Kimble - Instrument kiaker, ORINS

Dr. Brucer opened the meeting at 9:00 a.m. with a brief discussina .. the
original objectives of Subcommittee No, 2.

1. To use the cobalt 60 now available,

2. To design a "limited use" machine.

3. To follow all NCRP Subcommittee No. 9 recommendations.
4. To keep "costs" consistent with "limited use",

The source container shown at the meeting is designed to use the cobsli
sourcas nov available, but sufficient shielding to teke a 600 curie source has
been built into the design., This vwas done in recognition of the fact that larger
sources should be available within a fevw years. Ilir. Bulliet of the W. F. and
John Barnes Company, in a discussion of ccst, said thet their accounting depe: -
ment had not yet caught up with the engineering department and tnat he ¢id not
know the cost of the machine. These cust data will be made available as scon as
possible. Dr, Brucer pointed out that the design was started in lLay, vas =z-
proved in June, and that the machine was delivered in iugust. This achisvereut
is remarkable in an age that glcrifies administrative paralysis. Tr. 3rucer
said that the necessity for using Kevimet as shielding material on thre sourc:
vheel had added about {12C0 to the cost, but thet he had approved it in orde.
to maintain the Lederman idea of removing mass from the shoulder and hezd rzgion.
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The industrial participants were reminded of the Subcommittee's insistence thet
che price of the machine be kept at the level of 250 KVP X-ray equipment, The
Subcemmittee in turn vas told of a design meeting in June with kLicClure, Tolax:,
Brncer, and Barnes and Keleket representatives, At this meeting each item cn
the machine was considered for cost reduction or replacement with cheaper a. .-
ity. We believe there is no further way to reduce cost through engineering.
1y reduction of the costs must nov come through administrative and produc*icr
nmetiiods, The Subcommittee was asked to review the design and to look for vx-
uscessary features particularly as they relate to cost.

The group then adjourned to the cobalt room to inspect the machine.
Following the shoving, the machine was taken apart to show construction details.

Aftev imuch informal discussion the group returned to the conference rocn
anc disecussed tne folleving points in considerable detail:

I. The Design of the External Surface.
There vere no criticisms of the general shape of the shield.
It allows, as expected, ample room for the patient to oe placed
in all treatment positions. The final decision on this parv.ci-
tar shepe or external configuration will depend upon the heal:uh
rhysics surveys after loading., Following the meeting, a pre-
liminary test survey vas done with a small source. Scme of the
immediate resulcs are included in these minutes, although vhrey
were not a part of the Subcommittee deliberations. With a 2
curie source of cobalt 60 in place, a set of 96 hour exposu:zs
with "Kodak no-screen” type fllm completely surroundiug tu~
machine at contact distance revealed only a faint fogging taizh
vas too light to interpret, With the machine in "off" pecsitior,
and without & cone in place, there was a narrov pencil lezl: on
the cone as expscted from the design. This appears to rean
about 1 mr/hr/curie, Vith the cone in place it canaot bz
measured, Since there is no significant leakage in the de<lzn
the large source will be loaded within the next veek,

II. Opening and Closing llechanism.
The mechanism is excellent. The 3-way solonoid sir valve heats
up on prolonged use, This is a commerciasl item that can ve re-
placed with a bettier valve., Only one piston is being used al
80 pounds pressure. The Barnes Company should consider activa-
ting both pistons, each one at 40 pounds pressure, if this vill
lessen maintenance problems on the piston vashers and if it does
not add substantially to the cost. The rotation period is about
3 seconds and is remarkably smooth. The timer should be adjustzd
to rezd with the beam light rather than with the activatiag push
button, The mechanism for the control panel is excellent, Ths
"on-off" light system is a positive indication of the position
of the source and appears to be fool-proof. Scme of the memnirs
felt that the air piston is a major advance over other methods
of rotating the vheel,
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III.

VI.

The Internal Wheel Loading Plug.
The plug housing the internal rotating vheel was removed an'

demonstrated, With the present loading mechanism there is o
conceivable need for ever again removing the plug. The manuul
opening and closing vheel is difficult to operate. It might
be better to serrate the edges or to use an open spoke vheel.
4 hole and wedge pin has been put into this model to mechani-
cally hold the source "on" for purposes of 8 hour measuremeasts
and 24 hour health physics surveys. Such a device is NOT -~an-
ommended for any except experimental machines,

Design of Cones.
The cone design is a special problem and cannot be discussed

without isodose curves and build-up studies. Most members felwu
that the electron shield should be moved back into the cone,
Some felt that a few centimeters should be cut off the cora
extension and lucite positioning cones should be place outside
the beam limits, Vhen preliminary data are ready the Subcommit-
tee will be recalled to consider cone design. Copies of t.e
Richardson paper on build-up will be distributed when availac..
and before recalling the committee,

Loading Device.
Following the recommendations of the Subcommittee and also the

stated policy of Subcommittee No, 1, the machine was designed
for field loading. During the assembly of this machine -, ~
Bulliet and Mr. Kimble suggested that the loading mechanism
could be improved by removing the snap ring and letting the
source float in the race vay as a free bearing. No cre csan
think of any objections and it is so recommended to the : rnes
Company, However, even with this snap ring device now in  wece.
it is very simple to load and unload the machine., During the
first loading of a 2 curie cobalt 60 source, every possible
thing went wrong. In spite of the fiasco, Brucer got le:ss

than 10 mr exposure on one loading of 2 curies. This is *..'&
no special shielding. It appears that the large source cuuld
be loaded in the field vith less than 1 r exposure. The only
expense wWill be a $1.50 pair of pliers, some lead bricks, a
vacuum cleaner, and a mirror.

Suspension.
A Keleket wall stand was used in the present prototype med=1,

The base plate on this vall stand was objected to and should te
removed, 4 permanent flush floor plate should be used. Lhe
fork can then be shortened by about 6 inches, At the rezr of
the stand the air mechanism projects unnecessarily into <re
wall area, This mechanism should be repositioned to allow vu.=
stand to fit close to the wall., No motor box should be on t.:
stand, The side arms should be moved back as far as possible,
The shield should be suspended at the center of gravity to get
rid of the pendulum effect in extreme positions. The position
of the adjustment wheels vas discussed. Folloving the meoilig,
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the suggestion for changing the plene of the wheels was tried
by some members. If the plane of the adjustment vheel 1s ro-
tated 90° it becomes impossible to reach the wheels with a bed
under the machine, Hence, the committee's recommendation to
change the plane might be a serious error, It is recommended
that the Barnes Company prepare a ceiling mount., The committee
would like some cost estimates from the Barnes Company on ceil-
ing and wall mounts,

The committee then made the following recommendations:

1., Source shield.
The design is approved with some suggestions.

a. There should be labels for the moving parts of the ccne
device,

1) Rotate — remove

2) Rotate - locked

3) "“On-—off" lights should be placed on the machine zs
recommended by NCRP Subcommittee Fo., 9. (This
suggestion has been added by Brucer. It was not
discussed in committee.)

b, If possible the two locking devices for the cones should
be incorporated into one locking device. If this is not ~
possible, the cone locking device should use a rotating
handle with a fast screv thread similer in operatlon to
the cone rotating device.

¢. Since the Subcommittee meeting, the health physics survey in-
dicates that the following statement should be engraved around
the master cone base plate: "Do Not Leave liachine Without
A Cone Insert." If the Subcommittee disagrees with this
suggestion, it will be withdrawn.,

2., Fork design.
The design wes approved with some suggestions.

a. The fork should be shortenad in its forward extension as
much as possible.

b. The plane of the adjustment wheels should be rotated 90°.
(Further study indicates that this might be a serious
error.) With the machine in some positions it is possible
to reach the wheel at 211 times. However, if the plane
is rotated in some positions, it is impossible to reach
the wheel, The Barnes Company is urged to study the
problem before adopting the suggestion. (This statement
is counter to the Subcommittee's recommendation, but has
been agreed to by 2 members of the Subcommittee following
the meeting. If there are any objections, we will reconvene
the Subcommittee for reconsideration.)

L13bbh3



3. liotions of the machine,

a. The Subcommittee recommended keeping the up and dovn rotion,
The cone should clear (at the highest position of the mach-~
ine) the sitting height of a tall man, This places tlre
cone at about 55 inches and the source at about 65 inches.
The dom motion should be extended as low as possible,

b. The Subcommittee approved the shield tilt of 2250, A
method is inherent in this shield tilt for stopping the
tilt at any position in the arc,

¢+ The Subcommittee recommended that the fork rotation gues-
tion be delegated to the manufacturer after the msnufacturer
has checked on the cost significance of this motlon and the
cost of the mechanism. The Subcommittee could not reach
agreement on whether a tilt of the fork vas necessary,
Some members felt that fork rotation was undesirable from
the point of view of room shielding. Other members felt
that it was necessary from the standpoint of the maneuver-
ability in setting up patients,

d. The Subcommittee recommended that a ceiling suspension be
prepared by the manufacturer at his option. The ceiling
suspension was highly recommended by some members of the.
Subconmittee,

4 The Subcommittee recommends that manufacturers make every effcrt
to agree on a standard source container design.

5. Base Plate.

The Subcommittee recommends that a base plate for pointing
and positioning gadgets be attached close to the top, next
to the cone device, ‘

&t the close of the meeting Dr. McClure suggested that the Subcommittee
extend their appreciation and compliments to the Barnes Comrany for the excel—
lence of design, their beautiful vorkmanship, and the rerarkable speed of ex-
ecution, This suggestion was passed as a motion of the Subcommittee. Ir.
Bulliet complimented the Keleket people for their cooperation in ge%ting a wall
stand prepared and shipped in great haste, The meeting adjourned at 4:30 p.a.

. o
L P
7 R AR A A

ilarshall Brucer, h.D.
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June 13, 1953

MEMCRANDUM TO: ALL MEMBERS OF THE TELETHERAPY EVALUATION BOARD

SUBJECT : MEETING OF SUBCOMMITTEL NO. 2

Pursuant to the instructions from the Executive
Committee, a meeting is called for Subcommittee No. 2 on the
Design of Small Curiage Units for 9:00 a.m., 30 August 1953,
in Oak Ridge, Tennessee. The purpose of this meeting will be
to view, discuss, and finally approve a low curiege unit. It
is expected that a unit will be available on this date. Since
the deliberations of this subcommittee will be of interest to
all members of the Teletherapy Evaluation Board who are contem-
Plating the purchase of a low curiage unit, the meeting will be
open to all members of the TEB.

On or about August 15 a memorandum will be sent to
all members of the TEB requesting information on who will
attend and the time of arrival so that reservations and trans-
portation can be arranged,

. | .
\“jle{(XJMAJ(ngiyy LI AAN
" Marshall Brucer, M.D.
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April 27, 1953

TO: Riemenschneider and other members of Subcommittee No, 2

At the end of the meeting of April 12, Dr. Riemenschneider
brought up the question of the similarity of depth dose distributions
in the 200 kv igadose curves from Dr. Ball's machine and the curve
from the cobalt® machine. I think I fumbled the answer on this ons.
We've gone into the matter a little bit more carefully.

The explanation for the apparent similarity in some of the
depth dose curves lies in the method of measuring depth dose. In
general, there are two ways of measuring depth dose. (1) A practical
method very often used, and in fact preferred by such people as Carl
Braestrup because it gives a quicker approximation for the practicing
radiotherapist. It is the type of curve in which 100 per cent skin dose
is defined as the dose at the hypothetical skin surface but measured in
air. Hence, there is no back scatter from the body. The dosage at any
depth is related to this 100 per cent but is measured in a water phantom.
(2) A theoretically more correct way of measuring depth dose so that the
differences in isodose curves can be compared betwesn machines of
different energies, is in th: case where 100 per cent skin dose is de-
fined as the dose at that point underncath the skin whera the dosage
reaches its peak, Although the vpecak dosage may fall at different depths
at different encrgies (and under different irrzdiation conditions,
different field sizes, etc.) usually the differcnce is relatively small.
It is measured in millimeters as comparced to the centimeter depth dose
lcvels, and a good standard way is to selecct a theoretical peak dose
depth for any spccific cncrgy.

If we take an cxample which is fairly closc to somec actual
measurements that have been made, we can get a picturc shown in the
following table.

200 kv coba1t60
. Dosage in air at skin
distance 100 100
Dosago in watcr phantom

10 cm beyond skin 45 50

The dosage at 10 cm is somewhat higher for cobalt60 since
the cnergy is higher, hence, the absorption in tissuc will be lowcr
and a grecater portion of the radiation flux rcaches 10 cm of depth.

If thesc same measurcments are to be made according to tha
sccond method, the contribution from back scatter and the penetration
of cleetrons bencath thz skin arc going to depend on energy and for
low cnergy radiation the pcak dosage will be slightly below the skin

FE3bbkD



-2 -

surface and the back scatter will cause a considerable build up of

" dosage early in its penetration of the tissue. There is about thirty per
cent added to the air dose measurement at 200 kv when the dosagg is
measured at peak value in a skin-like material. For the cobalt 0 energy
with more forward scatter, less back scatter and increased penetration
of the electrons that are formed, the skin dose measured by the second
method is only 105. Using the same tentative figures as shown in the
first table the readings of the table are now converted to the fellowing:

200 kv  coba1t®®
Dose in skin gt peak
value 130 105
Dosaze in water phantom
at 10 cm below the
surface 35 48

These figures will be modified as the source is moved farther
and farther from the skin surface; there is an apparcnt build up in
dosage at depth. This is due wholly to the inverse square correction.
The reason for the difference in dosazo at any depth is due to two
factors. First the amount of tissue pcnetrated detcrmines the amount of
absorption of encrgy from th: beam znd this factor is measured by an
absorption coefficient. The absorption coefficient does not change with
2 change in source-skin distance. (This statement is false but it brings
up a complicated series of questions which considcr corrcctions too small
to worry about right now; for all practicable purposes it can be consider-
ed a good first approximation.) If table 1 had been mcasyred as 100 r
at 50 em then in a vacuum without any ahsorption a cobalt O beam would be
rcduced by a factor of 502 = 0.69, thercfore, the 100 r is rceduced

60~
to 69 r by ths inverse squarc factor alonc. The change from 100 cm to
110 ¢m is 100< = 0.83, thercfore, the reduction is only scventeon per
10

cent at a meter compared to thirty-onc per cent at 2 half meter, henee,
no matter what the cnorgy of radiation, moving the source farthcr from
the skin will inercase the dopth dose. Beyond 70 or 80 cm any additional
improvament is rcletively small.

At 10 cm depth makes a big diffcrence at 30 ecm source-skin
distance. The radiztion is reduced to fifth-six per cent just by the
divergence of thc bcam. At 50 cm a 10 cm depth is still important, the
reduction is to sixty-ninc per cent. At 80 to 90 cm sourco-skin distance
the curve is beginning to flatten out, at 80 cm the reduction is to
seventy-ninc per cent, 2t 90 em it is to cighty-one per cent, at 100 cm
it is to eighty-three per cent. From hcrc on it doeen't pay to move
much farther out from thc cone since it is nccessary to move 2ll the
wey to 200 cnm to got to a nincty per cent reduction. To get to nincty-
cight per cent it is necccssary te move all the way out to 10 motcrs.
For this rcascen thc importance of the diffcrcne: betwsen 80 and 100 cm

[ 13bbb
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sourcc-skin distancc is debatablc and our design for the big machine
nced not stress extremely long sourcc-skin distanccs.

Where high intonsity is casy to achicve but very nigh voltage
is as hard to achieve as in x-rays or in the Van de Grazaf machine, one
should move out to farther source-skin distances to meke use of each
additional percentage depth dose. However, where high intensity is hard
to get and high voltage is easy to gset as in the isotope sources, then
the source- skin distance should be moved in to 70 or 80 cm so that one
can make use of sach additional percentage increase in intensity. (This
inverse square business holds true only for point sources and there is 2
significant correction for sources tha size that we usually use. The
corrections are only academically important, actually the simplified
statement holds true very well in spite of coherent scatter, forward
scatter, etc. all of which complicates the idea.)

The pictures we showed of depth dose were a comparison of
Ball's 200 kv unit as measuraed by the first method. His curves were
made for a very practicable purpose. The cobalt curves we showed wvere
mezcsured by the second method for comparison with other mzchines, hence,
the apparent similarity of the depth dose picture.

I3 A ¥
A Woans ha bl (A pateen
Marshall Zrucer, M.D.
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JINUTIS, arRIL 12, 1953 IEET LG
TELETHERAPY LVaLUATION EOaRD - SUBCOWIITTLE IO, 2
SAALL SOURCE DESIGH

lMembers present: Dr. Henry Jaffe -- University of Southern Culifornia
Dr. Robert Reeves =-- Duke University
Dr. Paul Riemenschneider -- University of Syracuse
Mr., John Tolan -- Emory University
Dr, ilarshall Brucer -~ ORINS

Visitors: Dr. Robert F. 3Ball, lladiologist, Oalt Ridge General Hospital
' ir, Jo . lilde, Instrument Engineer, ORINS
Mr, H. E., Kimble, Instrument iiaker, ORINS

Members absent: Dr., C., C, McClure -~ Vanderbilt University
(Absent due to illness, Came in to Ouk Ridge on 19-20
Anril 1953 to review Subcommittee #2 proceedings.)
Dr. J. F. Kelly, Jr. -- University of Nebraska
(4bsent due to illness,)

Dr. Marshall Brucer opened the meeting with a review of previous discussions
on the design principles of teletherapy units, outlining the problems encountered
to date in designing a small "head and neck" therapy unit, und sketched, for .
purpose of ciscussion, a suggested desipn vhich woulé solve most of these problenms,
Because of the anatomical conformation of the head and neck region, the primary
principle to be follovied in any small unit is to removc as much mass as possible
avay from the cone of the machine in two plancs. Thisz can be cdone by placing the
source at a 459 angle to the normal angle of rotation of the shutter mechanism,

There followed a discussion of the sizcs and sgecific activities of Co60
sources currently availasble, or expected to be available in the near future, The
sources presently available are 1 cm in diameter by 0,2 cm, 1 cm, 2 cm, or 4 cm
in length and have activitics of 85 to 140 curies rer inch of length., There are
also azvailable 1/8 inch diameter rods 1/2, 1/4, 1/2, and 5/8 inches in length,
These smaller rods have activities of from 10 to 15 curies per incn of length,
Several design patterns were c¢iscussed vwhich vould allow the build up of about
300 curies in a2 cm diameter source, A dovble overlapping clover leaf cesign
is considercd to bc the most ¢conomical in spacc and curiagce, Bascd on this
informetion the committce agreed that the small therapy unit should be designed
for an anproximate maximum of 45 r/min, at 30 cm Souvrce-Siin Distance.

Dr, Jaffe suggested the committee revicw advantages and limitations of a
small therapy unit of this Zize and ccsign. Dr, Riemenschncider discussed the
flexibility of thc small Co O therapy unit vercus 250 KV x-ray unit, Also, he
pointed out that a 250 XV x-ray unit would cost approximatcly 315,000 as zgainst
an estimated cost of $10,000 (or lecss) for the small "head and neck" unit, The
comaittee reviewed the following factors both for and against the small unit.

1, Possibility of a high tumor-skin dose ratio in tumors approximatc-
ly 5 cm below the surface of the skin,
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2, Sincc the unit must be used in contact with the skin at 30 cnm,
the inversc squarc reduction in exposurc ratc is considerable,
It probably will not be suitable for any form of dccp thcrapy.

3, With corrcet conc designs it is possible to usc the unit in
intravaginal and intraoral thcrapy.

4o It can bec designed with oxtraordinary flexibility in manipulation
but this will depend dircctly upon the amount of moncy allowced
for the suspension mechanisn,

5. Bccausc of the short sourcc-skin distance, the unit is not
practical for any form of rotational therapy.

6, It has many of the advantagcs of thc radium pack but will be
supcrior in its depth dose and output, :

7+ It requircs a very small spacc for thoe machinc itsclf, however,
with cach incrcased degree of freedom in motion, therc will be
an additional rcquircament for shiclding of the room.

8., It is competitive with a million volt unit at short distanccs
in all rcspeets except exposurec rate,

Dr, Jaffe brought up a number of qucstions relative to initial cost, :
rcplacenent of sources, and routinc maintenance, As listed the cost of multicurie
sources is $100 per 2 curics plus {5 per curic or fraction thereof above 2 curies.
There will be a loading charge of anywhore from $500 to $1500, however, this
depcnds upon the difficulty of loading sources and whether the sourccs are just
incapsulated or are loaded into thc shield, In addition, therc is of neoessity
a shipping charge for the shield or isotope carricr which would differ for cach
university, depending upon the distance from Oak Ridge and the mode of transporta-
tion. The roplacenent cost would occur at approxinatcly eight ycar intervals,
Ir, Tolan, in summarizing the discussion, cxprcssed an opinion that these costs
are comparable to replaccaent cost for x-ray tubcs., The comnittec then discusscd
the service or maintenance costs of custom built units versus scrvice costs for
comiercial x-ray units., Dr. Ricmenschneldcr pointed out that the type of
maintenance rcquired on the small source unit under discussion was not of a
speceialized nature and was well within the scope of any mechanical shop; cxecpt
for thc nmaintenance of a source vhael, It vas agrec that any proposcd cnginecring
design, if of a siaple nature, could provide trouvlc frec operation for several
ycars,

The committec then held an informal discussion of thc various factors
involved in the design of any unit, Ir. Wilde dcmonstrated a simple design shown
in Figure 1. Illr, Vilde's estinutes are thet a prototypc unit some similar to tne
design demonstrated would cost approximately $12,000 to cngincer and build,
whereas on a second unit the cost might be rcduccd to approximately $8,000, It
was cnphasizcd that these cstimatcs are indepcndent of source costs and installa-
tion costs, The ORINS design was tentatively accepted in principle to facilitate
the discussion of various spccific factors which would influcnce any particular
design.
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A. Sizc of Fields ot 3kin Distance

Dr. Brucer pointcd out limiting factors affccting the portal size at the
skin surface, such as the rclative weight of various sizc cones, types of materisl
used in fabricating concs, visual and transmittcd penumbra problems, the source-
skin distance, the problems of conc contact vith irrcgular surfaces, cte. Dr,
Jaffc lcad a discussion on thc dcsirubility of using maxirnum sizc portal versus
multiple fieclds,- The committce discusscd the probability of a continuously
variablc diaphragn arrangeaent,  The variable diavhragm being developed for the
cesium machine was outlined, however, the committec agrocd that the size and cost
of such a mechanism made it impracticable for the small therapy unit, 4 uotion
by Dr. Recves, secondcd by Dr, Ricmenschneider, and approved by the committce,
rcecormendcd a ninimunm 2 enm dianeter, and a maximum 10 cm diancter ficld ot skin
surface, This is to be considered a minimun requircnent, . If an engincering study
shows it to be practical, the maximus sizc should be incrcased to a 12 cm diamcter
ficld, Following this motion thc comuittic aprced on the fabrication of & number
of experimcntal concs to be at 4 x 6, 6 x 8, 8 x 10 rcetangles; 2, 3.5, and 6.5
crt circles. The committee requested that the concs and holding devices be designed
to pernit rotation of thc concs,

B, Treatment Distance

It was brought out that thc sourcc-slkin distancc intinately cffcets such
other factors as field size, penumbra, dosc distribution, source curiesgc, and in
addition affects such mcchanicel itens as the balance of the unit, Discussion
around these factors brought out other possible uscs of a snall therapy unit in
addition to tumors in the head and ncelt arcas, It was the uwnaninous opinion of
the committee that in spite of the design restrictions inmposcd by the small curizge
source many uscs were possible with the suggested design, Dr, Jaffc noved that
the committce adopt a 45 r/min output 2t 30 cn sourcc-skin distancc as a goal to
be reached, The notion was sccondéed by Dr. Recves and carried without objcction,

C., Sizc cof Co60 Scurces

Dr. Bruccr outlincd the nunber and siceific activity of Coéo sourccs
expeceted to be available for the nest five ycars, The connittoe was inforned
that cobalt sourccs are availablc in the following sizes, as listcd in the
radioisotopes catulog.

Diancter Activity pcr inch of length Lengths aveiloblce

0.5 mn 0.2 mc = 25 =¢ 2 m1to 6 cn

1.0 .m 1l mc - 100 ne 2 111 to 6 cn _

1/8 inch 10 mc - 15 curics 1/8", 1/4%, 1/2%, 5/8*%
10 an 84 mc - 140 curics 2 m1y, 1ecn, 2cn, 4cm

The comnittec discusscd the cesirability of various source sizes and shapes
vhich could be made from the matcrials now avaeilable., On motion by Dr. Recves,
seconded by Dr, Ricmenschneidcr, the committeec voted for e source conitainer
slightly greater than 2 cn diancter with the sourccs arranged in a double clover
leaf design, Vith this arrangemcnt, approxinatcly six 1 x 1 cm rods plus one
1/8 x 1/2 inch rod would be uscd. This allows for the minimum sclf shiclding and
dcpending upon thc specific activity of the material should yicld greater than
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250 and less than 350 curics. Such a sourcc would cost about $1830 and should
approach a 45 r/ain output at 30 ca, Therc is sore question on the flatncss and
symnctry of the isodosc curves with such a source design, however, this can be
deternmined only by experi-wnt.

D; Allowable Penumbra

The committce discussed isodosc curves and the penumbra problems vhich might
be produccd with the sovrcce design rccomended., A report was given on Dr,
Richardson's work mcasuring thc isodosc curves around the Canadian Sourcc as usecd
in thc ORINS - M.D. 4ndcrson Cob0 Unit. For comparison Dr, Hobert Ball discusscd
the isodose curves around the Oal Ridge Cencral Hospital's 250 kV x-ray therapy
unit, Thc pcnumbra on even these small curiage sources can be cxpected to be better
than that shown for thc 250 KV x-ray thcrapy unit and nuch better than those shown
for thc¢ various radium packs throughout thc country, Howecver, it is not cxpected
that with such a lurge source and snull collinating distance the penunmbra will be
anyway ncar as sharp as that shown for the large €00 machinc. To e certain
extent thc large penumbra can be overcone by bringing trecatment concs up to contact
with the skin., The recent work on clectron build up with the large cobalt machine
was discussed and it was shown that the cxcessive clectron contanination in the
first few millimetcrs of skin can be markedly minimized provided prorer precautions
arc taken in the design of clecctron filters over thc cnd of the cone,

E. Light Localizer

The commnittce was of the opinion that in a small curiagec source nachince it
was probably advantagcous to bring the concs up to contact with the skin, in
vhich cas¢ therc was no nceessity for a light localizer. Dr, Recves moved and
Dr, Riemenschneider scconded the motion that with the short sourcc-skin distance
machine no light localizer was rcguired., Other comaittiec nmenmbers concurrcd,

F, Timing Mechanisn

The comnittee discussced the design of the source vhecl and the cxpected
opcrating speeds with the source vheel noving into the "on" and "off" position,
Vithout voting the comnittcc agrcecd that nuch of this depends upen vhat can be
cngincered and agrecd on an cstinated onc stcond build up of dosarc, (less thun
1% of total dose) during the "on" and “off" movenents.

G. The Shutter Mechanism

Dr. Bruccr outlined a shuttcr mechanism consisting of a doughnut whecl
opcratced from the control pancl, conplcete vwith tina switeh, signal lights, zand
master key lock switch, Mr, Tolan quustioned the ability of the cogwheel and
worn gecar nmechanism to be as e¢fficicnt as an uxlc drive, It was cxplained that
the original design fouaturc vas the result of an attenupt to locatc the drive
mechanisn in the most advuntapcous position vith respect to the center of gravity
of the unit so that thc shuttcr drive could f{loot inside of the fork suspinsion.
This would avoid bulky projcetions at the treatient end of the machine, lr. vilde
discussed other possible shuttcr drive arrangcnents wvhich would locate the driving
nechanisn in the desircd position, however, these alternate arrangencnts placed
gears vithin the shiclding hcad znd the comiittee cxpresscd a cesirc to clininate
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any nachinery which could be roepaircd only on dismantling and cxposing thu source,
Dr. Tolan pointcd out thut the cogrheel would have to be built of high alloy nctal
to withstand eight ycars wcar of thc high spced on the worm gcur design suggestcd
and- asked for further discussion on possible usc of an axle drive, It was pointed
out that the arrangcment of a whecl at an angle puts any axle drive in such a
position so as to locatc an exterior obstacle in = forbiddem arca, however, it
weas fclt that some arrangcacnt nust be made which will place all gcars and bearings
on the outside of thc unit., Thc committce cxpresscd agrecment on the gencral
design idcas, although they disegrecd with the specific design suggested., The
discussion was closed with a consiccration of the rccomcndutions of the ncw NBS
Handbook on Protcction froa Incapsulatcd Sources vhieh will demand some extention
for nmanually shutting off the bcean.

H., Shiclding llatcrials

The comnmittee revieved the cost factors in various shiclding materials vhich
could be uscd, It was irmcdiately agrecd that the cost factor alone nade it
necessary to use lcad as the prine shielding neterial, There is still a
possibility of using small picces of uorc dense materials in strategic locations
within the design,

I. Suspension Mcchanisn

The cormittee agrecd, after nuch discussion, that no matter what the design
of the shielding unit, the problem of suspcnsion depcnds to a large cxtent on the-
individual needs and specifications available to cach user, Uhercas, it night
be possible for one university to usc a wall mount, another university mey find
it morc ccononical to use a ceiling mount. It was agreed that the prototype unit
should be designed with a specific suspension nechunism but that this suspension
might have to be modified for each university., For thc prototype unit it was
agrced that the suspension mcchanism mmust provide for a verticle imotion of the - .. .
yoke betwcen two feet and five ond a half feet above the floor, a 3600 rotation
of the yoke, and tilting of thc hcad through an arc of 180°, It vas agrccd not
to attempt to put in a horizontal movecment of the yoke, It was suggested that an
investigation be nade immediatcly of the cormiercially cvailable suspension
nechanisme, and to compare their design and cost with a speeially constructed model,
The one criticism of most commercially available suspension mechanisns is that feow
are designed to carry the load required of cven a small curizage unit, I, Tolan
showecd the committce descriptive literature on one typiczl commercial x-roy
suspension unit which might be adaptable to a snall 0090 unit,

J. Loading of Replaccnent Sourccs

The committee discusscd the desirability and the advanteges and disadvantages
of ficld loading of rcplaccnent radiozetive sourccs, There ronains considerable
disagrccaent on the ncecssity for ficld loading versus loading by a vendor such
as the Oak Ridge National Lzboratory. In tie casc of universities locztcd within
a short distance from Ozk Ricdge, it is prcbably far norc ccononical not to attenpt
the ficld loading device within the design, however, in the casc of organizations
a long distance from Ozk Ridge, a lauck of ficld louding cquipment would be a
serious handicap, iir. Viilde is of thc opinion that any design can casily be
adaptable to any ficld loading device, however, some ccntral organizaotions would
have to have and be rcsponsible for such a picecc of cquipacnt, The committec
did not vote for either arrungement, howiever, the menmbers did express a definite
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desire for a field loading design provided it is practicable,

K. Automatic Versus ianual Controls of thc Suspension Mechanisn

Dr. Juffe discusscd the desirability of motor controls versus manuel
controls for at leost thic fine adjustmcnts on any therapy machine. It was his
opinion that radiologists in pencral werc currently in fuvor of manual controls,
The comiittce aprced that fully automctic operations of all novements was too
costly, but that it was nccessary to have motor operation of the shuttcr device
and any motion which covers a2 considcrable distance., In the casc of the present
degign this would be only thc vertical novements of the yoke, 4ll menbers
expressed an opinion that nanual opcration of vertical motions werc necessary for
finc adjustments, At this point Dr, Juffc and I, Tolan cxpressced the desire fer
the prototype unit at lecst have a naxirun possible freedon of novement as speci-
fied in Item I. Excecpted from this statcment arc the horizontal ™in® and Yout"
motions vhich arc casily obtainable by positioning the patient in s chair cr on o
treatment table,

Dr. Jaffc¢ nade a motion thut Subcom:iittec No. 2 approve the prelinirnary
dcsign as detailed above and autheorize ORINS to procecd with fabrication of the
pilot model, The motion was sceonded by Dr. Ricmenschneider and unaninously
voted by the comnittce, Dr., Bruccr cexpressed a cesirc that the coanittec revicw
the progrcss and developnont of the pilot ::odel prior to the October nccting of
the full TEB board, & %cntative date sowetine in Scptenber was agreced upon for
the committece's sceond riecting,

Dr. Jaffc qucstioncd the feasibility of the Imstitutc or sonc industry
building other units simultaoncously vith the pilet nodel, It was suggested
that thc fabrication of a number of units night lowcr the per unit cost. Dr.
Bruccr informed thc comidttece that the Institute could not undertakc the
nmanufacturce of telctherapy units for sale, znd explaincd that the ORINS proccdurc
of building the prototype unit of nccessity would be onc of sirultancous
fabrication and design., It is cxpected tint completc engineering plans will not
be available before complection of the pllot nedel, The comitteoe wus inforned
that "as-constructcd-prints®™ will beeonc publie property upon coiuplction of the
pilot model and that patcnt rights w111 all be, by the terms of our contract, in
the hands of afC.

although Dr, McClure was unablc to attcnd the April 12 nceting of the
subcormittce due te illnecss, he was able to conce into Oak Ridgc on the 18th of
4pril, During his visit Dr. ieClurc went over the discussions aond deliborations
of the april 12th nmecting »f thc Subcom:ittcce No, 2 and acdds his concurrcncc to
thc delibercations,

zrshell Erucer, Chuirnan

Copics distributcd to the cuntirc Tcletherapy Evaluation Bezard without revicw
by the comiittee, Comaittce members arc requested to nuke any delctions or
adéitions fclt ncecssary., any such corrcetions vill be distributed by the Oak
Ridgc Institutc of luclecar Studics, licdic=2l Division,
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April 3, 1953

MEMORANDUM TO: SUBCOMMITTEE NO, 2 ~ SMALL SOURCE DESIGN
Meeting April 12, 1953 - 9:00 a.m.
AGENDA FOR MEETING

1. Discussion of design of small "head and neck" unit.

We have prepared for tentative discussion a design following
some of the principles talked of in previous meetings and announced by
other workers. A number of very specific questions must be answered
to decide if this design is acceptable to the Committes.

a. Size of fields at skin

b. Choice of treatment distance

¢c. Size of source and the concurrent problem
d. Allowable penumbra

e, Timing mechanisms

f. Light localization device

g. Shutter mechanism

h. Shielding materials and their cost

2. Discussion of the necessary suspension mechanism for a
"head and neck" unit.

For example, if it is possible to use an already available
x-ray tube stand, we could save considerabls expense.

3. Source availability and source design.
L. Problems of procurement of small source machines.
5, Review of previous committee work, if time is available.

6. Adjourmment by 4:00 p.m.

et}
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Marshall 3rucor, M.D.




