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1,0 Since last spring over 20 geometries have been experimentally evaluated
when built into the BMRR inm order to arrive at one which will produce a
maximm thermal neutron flux and an accompanying minimm gamma intensity,
In addition, the spectral destribution of the flux should be that of &
soft spectrum, i.e., 8o fast neutrons,

2,0 Neutron spectrum determinations have been made using radioactivants, s
technique based upon threshold energy for variocus reactions. Gamma inten-
sity has been measured using a Li-shielded Victoreen condensor-r-meter
having s wall thickness designed to insure secondary electronic equilibrium

‘When the chamber is exposed to co0 gamma radiation. In addition, radio-
photoluminescent glass needles have been recently introduced. These
needles axe:relatively ntutron-insensitive amd apparently energy-independent
without metallic shielding from 1 MeV to 22 MeV. No gazna spectral dis-
tribution has as yet been obtained.

3.0 The data in the first of the two encléuuru report, in the first tw columns,
the measured rates. The third through tenth columns of data transiate the
tates into what I hope will be figures of significance for the doctors, and
that is, exposure and exposure time. These eight columns are broken up into
fouzr categories determined by either the total gammy expogure or therml
neutron NVT. Depending upon the criterion, t!m corresponding exposure time
and NVT ise reported in the third through eighth columns. The ninth snd
tenth columns reflect tha effect of holding thermal neutrom NVT at 10” and
show the accompanying gmwma dose and exposure time. The geometries mve
been ranked according %o gamma dose delivered per 1013 NVT. Sxposure time,
which cannot be neglected im practice, has becn overlooked in this rating,
The lower the gamma exposure in r, the higher the rating (there are tw ainor

& exceptions to this)}
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/ Memo to Dr. J.S. Robertson -2~ March 8, 1960

4.0 Thése enclosures are essentially the same as those prepared for an inter-
departmental meeting in January attended by Dr. Haworth, Dr. PFarz, Mr.
Powell and others, During this meeting, Dr. Farr stated his specifications
for neutron capture therapy. They are:

Lo 8. 5 x 102 to 1013 NVT of thermals
R b, 100 r or less of gammas
€. 100 ms to 100 sec exposure time
d. no fast neutrons
e. an undefined, as yet, resonance spectrum

If these requirements_are strictly applied, no geometry is suitable. 1f
thesnimgmexpoaurcrmt is relaxed to permit 0 r and ex-
pbautc times of 100 to 200 seconds, then five configurations are acceptadble,
On m of which, in thaoty. is usable, ani that is geometry B due to the
sbsence of a “fast™ neutron flux,

Ll 3,
/’

3.0 As of this writing, th patient therapy portal camfiguration denoted as
_geomatry E has been instelled i messurements taken, While the data ob-
t_uined and sn analysis of it will be published shortly in mnother memo, the
' following comments, subject ®© future modification, are made:

&, There are no neutrons shove 1.5 MeY present.

b. Neutron nusber flux fell below the design goal by slightly
more than 30%.

€. Gamua intensity is lower than anticipated.

d., More work will be done this week to place gsnma measuremen ts
on a firmer footing.

6.0 The techniques of neutson spectroscopy and gamma dosimetry, per agreement,
will be cutlined in detail in a “cook-book"™ type of report which should be
issued in hme,

cc: Dr, L.E. Pary De. J. Hendrie
Dr. BB, Stickley Dr. M. Kouts -
Mr. R.N. Powell De. G. Price
Dr., Y.L. Yamamoto MNr., J. Gdlmartina
Dr. S. Rine Miss D. Driscoil
De. V.P. Bond Mr, C. Meinhold (3)
Dr. S.H. Com Kz, J. Paust
De. D.C. Borg Mr. T. Konikowski
De. k. Sher Me. Jo M
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Measured Radiation Rate INY &G § ¢ &

Gsoma Dose Limited to 300 r
Thermal NVT  Exposure Time

Gamma Thermal Neutron GCamns Dose Limited to 00 r

(r/ng) (n/ca’-sec) Thermal NVT Exposure Time

(n/e-t) (seconds) (n/cl‘) (seconds)

240 2.4 x10° 1.79 x 1013 7460 1.08 x 10%? 4476
7,200 5.0 x 1030 1.28 x 1033 250 7.5 x 10%2 1%
9,600 6.2 x 1030 1.17 x 1033 188 7.0 x 10} 144
3,600 2.3 x 1019 1.16 x 10%? 499 6.9 x 1012 300
3,240 1.7 x 10%° 8.9 x 1038 355 s.4 x 1% 333
6,600 3.1 x 1030 s.ax 1088 272 5.0 x 1012 168
7,500 3.3 x 10° 7.7 x 3038 240 4.5 x 1012 144
3,600 1.3x 1000 6.5 x 10%2 300 3.9 x 1038 200
24,000 7.5 x 10%° 5.6 x 1038 75 3.4 x 10°? Yy
7,500 2.3 x 10%° 54 x 1088 240 3.24 x 308 144
23,600 6.6 x 2020 4.6 x 201 70 2.77 x 20'* a
28,900 6.7 x 303° 4.12 x 1013 63 2.61 x 1038 %
16,200 3.7 x 10%° 3.89 x 1018 m 3.3¢ x 30t 86
24,000 .1 x 1010 3.83 x 108 75 2.28 x 1012 s
32,400 6.7 x 101° 3.58 x 10%8 ss 3.15 x 1032 33
8,400 1.89 x 100 3.16 x 1073 167 1.9 x 1022 102
33,000 5.24 x 10° 2.88 x 1032 ss 1.73 x 10%? 33
48,000 6.4 x 101° 2.4 x 1013 1.34 x 10%2 24
51,400  6.13 x 103° 2.14 x 1033 1.28 x 1012 21
45,000 3.8 x 1010 1.5% x 1018 40 9.18 x 1011 24
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Gamma Dose Limited to 100 ¢  Thermal Neutron NVY of 10 Remarks
Thermal NVT Exposure Time  Gamma Dose  Exposure Time
(n/ca®) (seconds) () (seconds)
3.6-x 1013 1492 248 4170 BML Graphite Pile, Medical Facility
2.5 x 1012 %0 400 200 BMRA Proposed Revision Geometry E
2.34 x 1032 » s 161 Gecmetry A with 4"x4® Li P head bloc
) wd 3" additional Bi shislding
2.32 x 10*2 100 @ o Geometry A, 4" sdditional B shieldi
1.8 x 1013 m s42 802 Geometry D | |
1.68 x 1012 ss s6¢ M3 Geometzy A, 3" additional Bi
1.53 x 1012 48 650 33 Geometry A, 2° additicaal Bi shield-
ing and ¥'x3" hesd bloct
12
1.3x10 100 770 770 outer 4% Bt 1 a1l
m“ugc #ull and 1.0 ft. graph te
1.12 x 1013 1s 892 134 Geometry B with outér 8% Bi plate
tmnd
1.08 x 1013 Pry o3 448 Geometsy B with D0 thickneu extzep
: olated to 15 !.ndu.
9.24 x 101! 14 1084 152 Geonetry B, 3.7 h. o£ Dgo
8.7 x 101 13 119¢ 149 Geometry B, 1.3 im, of DaO v
7.8 x 101! 2 1218 270 Geometry B with n;c thletmu extrap
) olated $o 10 lnchu ek
7.6 x 1012 15 1308 196 Geonetry B
7.2'x 1ol! 1 1353 151 Geometry B, all DD tm enpty
6.3 x 10” b ) 1238 529 Geometzy B with plutlc reflector an
outer 8" Bi glock removed
s.8 x 101! 11 1750 191 Geometry B with outer 8 Bi plate re
noved and a 2.5 in,thick Bi reflecto
4.8 x 10! 8 3090 157 Geometry B with 8.0 in, removed from
. inner Bi block and no outc Bi plate
4.3 x 10! 7 2570 164 Geonetry B with a 0.25-1n, thick Al
, sheet placed over the teﬂector
3.1 x 10! 8 3200 263 Geometry B with the plastié reflecto

removed and 8" from the inner Bl
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BMRR Patient Therapy Portal Geometries

Coze
0.” hl c
o’u h. M
0,23 in., air gop
6,0in, C
- 12,0 &n. B
— - A B C D l
$54in. C 8.5 im. Dzo $.5 in, D'O 5.5 in. 3:0
0.12 in. l' 0.3% in. Al 0,23 ia. A} 0.23 in, A}
4,0 in. C 0.12 in. Mg 0.12 in. Mg 0.18 in. Mg
8,0 in. B 4.0 in. C 4.0 ia, air Sap 13.5ia. C
17 in. air gap 8.0 in, Bl 8,0 in, Bi 16.3 ia. sir gap
Dose point 17 in. air gap 17 in, air gap 3.0 1in, 81 ’
Dose point 2.0 in, BY Dose poiat 1.0 fu. 8L
Dose point Dose point

All geometries describe the shutter open position. In geometry E, the 3™ Bi, 8"
nzo and ¥ Bi are located within the movable shutter. In geometries A, B, C, and Dy ‘
the nao is surrounded by Bi. Unless noted to the contrary under remarks and excluding
the graphite pile from consideration, the outer air gap, which is conically-shaped, is

lined with a polyethylene reflector,
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