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I. The Patient Exposure Port. The patlent exposure port and preparation
room should use a vertical faca of the reactor and remain essantislly
now drawn. The more detailed desicn of the port skould be

as
oodifiad as foilowa:

A. A ghutier for tho port chould be provided.

1. Ths rsasons are:

a. To sllow accesgs to ths preparatlion roon bty peraons
proparing the patlsnt, whila ths reactor is In operation.

b, To alliow more eccimato control of exposure time than
would be possible if 1t were nscessary Yo bring the
reactor to powsr with ths patlient positiomed for exposurs.

¢. To avold interfercncs vith tho Independent operation of
other facilitios,

2. The shutier should consist of two rarts, a neutren and a
garma shicld.

’ 2. The gema shutter should be motor-driven, and require of
! the order of &0 soconds or less to open. Vhile the gamma
‘ shiutter is cloged, coniinuous occupancy of the preparation
g - - roon stould be permissible (total radiation exposure less
i | than 8 rilli~em/hour); while it i3 opem, limlted access
' to ths roglon of the port should be pernissible.

b. The nsutron shutter should be of sultabls materisls for
sbsorbing slov and epithermal nsutrons and ths total time
for iis opening or closing should not excesd two seconds.
The shutter should be located between the patient headblock
end the shielding Interposed botween ths patient and the
teactor core. It 1s anticipated that tie patient headblock
be 12g2dly fixed to a cart onm which the patlient can be
complately preoared well-removed fron the sxposura port.
Usen the patlent 13 completoly repared, the cart can be
wheelad to the exposure port. The headblock will be so
designed and so positioned on ths movable cart that it
can bs 9azily "plugged in" Yo the port opening, following
which the neutron siutier can be opened for the exposurs.

3. As prosently indicated, the shiolding and noderating materials
batwesn the patient and the reactor core are fixed. The entire
aszonbly In the 20" dian tubs leading from reactor core to treatment
vort, including the shuttars, bilsouth shield, deuteriun tanks, and
graphits stringers, ghould be removable. Graphite stringers should

¥ be removable ossentlinlly to the core of the reactor. Changing of
B the assgembly should require no more than 2 or 3 days' work.

C. The centar of the port should be 36 inches fron the floor.
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Subject:

1,0 Recently, data have been analyzed which were taken, using various foils,
with varying quantities of heavy water located between the BMRR core and
- - the dose point (located at the center of the patient therapy portal).
These data are presented in Table I. Table 1I contains a descriptiocn of
the shielding array. All measurements were taken at 1 megmwatt, In addi.
tion, results of modifications in the liner of the cone are also reported,

2.0 - Results of these measurements are summarirzed below,

2.1 No fast neutron flux, (energy greater than 2.9 MEY), was detected
under any condition.

3.2 A fast neutron flux in the energy region 1.5 to 2.9 MEV is present,
This flux is not & major component of the neutron spectrum. It is
detected using boron-shielded flssion folils (depleted U338), since
the spectzral distribution in this energy region is still unknown, I
consider it unwise to convert a count rate to a number flux. How-
ever, relative intensity may be safely stated. As the amount of
heavy water decreases, this component of the fast flux increases,
When no heavy water is present, this component increases by a
factor of 7.5 over the flux present with all D40 tanks full,

2.3 The thermal neutron number flux end the gamna dose rate are in-
versely proportional to the amount of beavy water.

2.4 The average value for thermal flux with all heavy water tank full
(as given by averaging data for six foils) is S.1 x 1010 n/cn2° sec,
This increases to 6.5 x 1010 n/cna- sec when all D:O tanks are empty.
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’ . 4.5 A 1/4" thick aluminum sheet was placed over all surfaces of the
: ; s liner, ,
§g o ‘ ”TH s 6,12 x 1010 n/cmzo- sec
$ © 857 r/nin

7 _ Y
‘4,6 The plastic llne.r". and aluminum sheet were removed. The concrete
cone ‘surface was covered with a 2,5-inch layer of Bi,

10 P

ﬂ_m = 5,24 x 107 n/cm” ~sec

~ pi' .iSO t/min

4.7 A boron carbide epoxy resin plate was placed between the dose
point and core with the arrangement noted in 4.5,

) "l’ﬁ = not measured

uf & 670 r/min

4,8 The core to dose point material sequence was zltered and is des-
cribed under "new configuration” in Table II. The Bi liner has
been retained.

’TH s 1,66 x 1.0m n/cnz—sec

57 » 34 r/ain
4.9 The preceding measurements were made at or scaled to 1 megawatt.

All heavy water tanks were full at all times. Knowledge of cose
configuration by the reader of this memo is assumed.

5.0 An automatic wire scanner is under construction. A slow chopper will be
received sometime in late January (sic). Gamma dose and spectral measure-
ments will be soon begun. A subsequent memo will contaln a critique of
the foil technique.,

C. G. Amato

.¢cy Dr, L.B., Parr Dz. H.J.C. Kouts

Dr. B.B. Stickley Dr. G, Price

Dz. Y.L. Yamamoto Mg, R.M. Powell

Dr. 3. Pine Mr. J. Glimartin

Dr. V.P. Bond Miss D. Driscoll

Dr. S.H. Comn Mr. C. Meinbold

Dr. D.C. Borg Mr. T. Konikowski
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TYPE OF KBASUREMENT

One UNO Tank Pull

No DgO Taak Pull
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CR
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5,25x10%° 4.43x10° s.48x10'° 6.5

6.5x1010  s.6x10®  6.7xiol® 6.5
. e

6,510  3.18x10° 6.4310°° 11,

6.27x101°  2.58x10° 6.24x10"

6.15x1010 1,79x10° 6.13x10

5.37x10%0  5.32x10° s.ex10’® 73,
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6.5310° 3.x0® 6.0’ 11,
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6.55x1010 7.38x10° 6.48m0'0 s8.
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Pro Ject status review

1.0 Purpose:
To present an end-of-year project review,

2.0 Project Status
" .@. Neutron spectroscopy.

| The major affort hug been directed toward developing techniques,
wsing activation smalysis which will yield the spectral and
spatial distribution of the patient neutron therapy beaa in alg,
in vivo and in phantoms during steady-state resctor operation,
These methods will «lso de applicadle to pulsed neutron bemms,
The objectives of this program have been achieved. Bight isotopes
are being used, and two more may be added in 26 geometries. Three
counting techniques have been developed. Cadmiunm and doron shield-
ing 1s used to obtaln information in ths resonance region. Results
of this program indicate that, depending upon moderator, reflector
and collimator geometry end pile-power level, a maximum thermal
flux of 7.5 x 1019 may be nttnined accompanied by a very intense
gamna beam. The gold resonance flux lying detween 0.4 ev and 4,95 ev
is two orders of magnitude less than the thermal flux. MNeutron
nmber flux falls off rapidly with energy vanishing at 3.9 MeVY. An
essentially uncellided neutron flux is present in the energy region
of 1,5 to 2.9 MeV¥. The valus of this value is approcdmately
9 x 108 n/cnB-sec. PFilm emulsion techniques, very fecently used,
confimm foil measurement. Greater use of emulsions will be made in
the future, If possible, & slow chopper will 2l1s0 be used.
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I N A Yyt N ,(‘_/‘}L(((;/; doom L4
COLLECTION o Tt n D e vl
30% Mo TO: Dr. J. S. Robestson
- oLozA FROM:  C. G. Amate (&
SUBJECT: Summary of BMRR Patient Therapy Port:
‘Geome tries,
1,0 Since last spring over 20 geometries have been experimentally evaluated

2,0

when built into the BMAR in 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 a

soft spectrunm, 1.,e., no fast peutrons.

Neutron spectrum determinations have been made using radioactivants, a
technique based upon threshold enargy for various reactions., Ga=ma inten-
sity has been measured using a Li-shielded Victoreen condensor-r-aeter
having a wall thickness designed to insure secondary electronic equilibriun

“wWhen the chmber is exposed to Co%C gamma radiation., 1In addition, radic-

3.0

photoluninescent glass needies have been recently introduced. These
needles are:rtlatively ndutron-ingensitive amd apparently emergy-independent
without metallic shielding from 1 MeV to 32 MeV. No ganma spectral dis-
tribution has as yet beem obdtained,

The data in the first of the two cnc.lc;aures report, in the first tw columas,

the measured rates. The third through tenth columns of data translate the
rates into what I hope will be figures of significance for the doctors, and
that is, exposure and exposure time. These eight columna are broken up into
four categories determined by either the total gamm exposure or thermal
neutron NVI. Depending upon the criterion, the corresponding exposure time
and NVT gze reported in the third through eighth columms, The ninth and
tenth colusna reflect the effect of holding thermal meutron WVT at 10%¥ and
show the accompanying gamma dose and exposure time. The geometries mve
been ranked according to gamma dose delivered pes 1013 wvr. Bxposura time,
which cannot be neglected in practice, has been overlooked in this rating,
The lower the gamma exposure in zr, the higher Uflﬁ 0r1th¥ Ythere are tw ainor
exceptions to thisl;
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Ihteggated I
Gesma Dose Limited to 200 r

Measured Radiation Rate

Gamma  Thersmal Neutgron Gszms Dose Limited to 500 r

(z/ue) (n/cnz-eec) Thermal NVT  PBxposure Time Thermal NVT  Exposure Time
(n/az) (seconds) (n/caz) {seconds)
240 2.4 x 10° 1.79 x 103 7460 1.08 x 10%° 476
7,200 5.0 x 10%° 1.25 x 1013 250 7.5 x 10M 150
9,600 6.2 x 10%° 1.17 x 1013 188 7.0 x 102 144
3,600 2.3 x 10°° 1.16 = 1013 499 6.9 x 1008 300
3,240 1.7 x 10°° 8.9 x 10%% 558 s.4 x 10°8 333
6,600 3.1 x 20t 8.4 x 103 272 5.0 x 1012 168
7,500 3.2 x 10%° 7.7 x 1038 240 4.59 x 208 144
3,600 1.3x 1080 6.5 x 102 500 3.9 x 1018 20
24,000 7.5 x 1030 5.6 x 1038 75 3.4 x 10%% pr
7,500 2.3 x 10%° s4 x 10'3 240 3.24 x 1013 144
25,680 6.6 x 20%° 4.6 x 2013 70 2.77 x 10 a
28,000 6.7 x 10%° 4.12 x 1012 63 2.61 x 10%? 39
16,200 3.7 x 10%° 3.89 x 1018 m 3.34 x 3012 86
24,000  S.1 x 10 3.83 x 10'8 75 2.28 x 1018 43
12,400 6.7 x 101° 3.58 x 1012 ss 3.15 x 1012 33
8,400 1.89 x 10%° 3.16 x 1002 167 1.9 x 102 103
33,000  5.24 x 10%° 2.e8 x 1012 ss 1.73 x 10%2 33
48,000 6.4 x 10%° 2.4 x 1032 38 1,34 x 10%2
51,400  6.13 x 10°° 2.14 x 1012 1.28 x 1042
45,000 3.8 x 1010 1.53 x 10'% 40 9.18 x 10%t

40019a1b
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BMRR Patient Therapy Portal Gecmetries

Cose
0‘25 Lno C
0.28 in. A1
0.23% in. air gap
6,0 in. C
N 12.0 &n. Bi
~ A B C D . -B
$54in. C 5.5 in. Dzo - 5.3 in, nzo 5.5 in. 930
0.12 'mo N‘ 0.23 iﬂ. Al 0.35 ho M 003’ h. u
4.0 h. c o.u 111. n Oou h. n O-n i-l\. k
8.0 in. Bi 4.0 in. C 4.0 in, air gep 13.5ia.C
17 in, nir gap 8.0 in, B1 8.0 ia. Bi 16.3 is. alr gep
Dose point 17 in. air gap 17 {n. air gap 3.0 in, B
Dose point 2.0 in, Bi Dose point ) .0 ln 81
Dose point Dou point-

All geometries describe the shutter open position. In geometry E, the a» Bi, 8"
Dzo and ¥ Bl are located within the movable stutter, In geometries A, B, C, and D,
the D40 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, ls

lined with a polyethylene reflector,

4001917
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gocn Coors in tho Kedical Regeaseh Rosstos
safety eystem. This device g om-ieferval Slsee wids
eystes inoparable for pericds up to éne kous.: This
angerous altustioss 4n that porsduosl will cosd £4'ry
zay, in cffact, not ba Chaves
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for ¢ I m chfti & Pér Prax, s IR pee(Xh At "end of 'f__
thi' tabie’. *A tﬁethhl neutmn’ﬂux of 1018 g/cu? sec is assuned, and l!.ncc

AL ‘L?e r:gfz?'sw i?i.ﬂlg 9&1."%’?‘& ratiw&&y‘&&%ﬁ tfrj & t:?&»‘:h; ce
RE.638 i"io”)mg"z“f @) (1071) « ¢.02. s

atoms/mole R
The geometry factor used was 90, which ¥VERd m‘bie at the tim

This part of the calculation is expisined, aven though the basic auunpticu '
of uniform flux is cutrageous because it seems thnt divhicn ef the doses

1isted by the g factor used g:lm 4 puaber v gpu Adity when a
corresponding factor which does ¢ ’i uunlf flux s
used. I would especiany lixe to nﬁ‘ltcp of the
reaaoning.

The hlg job, of course, was cucuhtion of ttu proper "g" valuc, vith "g"
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throughout the volun. . BOXNo.

Measirements made by golid u:%LD(é‘avm-rmmmt phantom
head exposed to an 8x8 cm thermal neutron “bean™ from the MAR were avail-

able as the input data for £ (x), snd are stowm as isodose contours in an
enclosed diagram. Based on this, the “g® factor for each of 90 points
within a 20 e dismeter x 10 om long crnnder was ¢siculated by numerical
integration of the Ag's from some X0,000 elements of volume, using the
IBM 704 computer. Whereas the g factor for sumiform flux in this size
cylinder comes out aboat 65 (using the formula in 8iri) for the mid point
and about 38 at the center of either end, the "g" values for the non-
uniform flux come out 20.4 at the center of the presenting end, goes
through a maximun of 23.1 at sbout 6 ma depth, falls %0 19.9 at 2.16 cm,
15.9 at 3.16 e, 12.2 at 4.16 cm, etc. to 1.99 at 10 em, for the points
along the axis, '

The relative doses shown in the dlagrm sent you previously include the
heavy-particle contribution to the dose. Tihns at the maximum we ave

}%) (23) = 40,8 gama rad/10 nV‘l/(::lz

+ 23.3 N (na) and O (na) n.mo” nvt/m
Total 64.3 x 10713 nd/n/c-

IRRVAR
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2 at‘ (s svs en frmsaucy rata
yos ¥ Thi frsenstoNat d 4

f\"‘"-"' s 9 ssswened; wd since

fos the A""“&p‘ﬁi‘tt £y {ginnnd n ixely I;
zsA sr-"sr'x‘g ¢ *\*nbttqd R ¥ i

\ AL
was wush, with *t":: neczds ek

¢8.025 1 WS itig Ny et
Mr - Waltex §. Snydez v

Assis tant Director S .
Asalth Rhysica’ Division : v 'm, puloit fueeny Flsslbebie st the time,

Oak Ridge Natidmal hbo:ato:y By prvel : bt Laole aamumptios
PO Bok X fluz fh ouiwygmmp . 4 -~'L5&m ol t‘a dcaw"
Oak Ridge, Tennessae\: er widel dong kdxe 9
errrespeding Faotor Wwhid heds 'ft ‘&vg J,jft:t’x fiwx iv
Dear Mr. Soyderiapstix Ve war WPt ‘iﬂ!{%& x‘&sr of 2he
[32&40’11‘3- D LR TR AT e
Thanks very much for your reprint, the rem dose memo, and cspeciauy for the
Mtchst ¥ou expressed in: wtmhlw,u of the peopn “*g'* ﬂm; wita g

we tuven' -(3“ on. up & complete explanatlan of how our uiculations were
entis "i:ytﬂuy “‘“ ﬁonﬂtwh{‘&éﬂ! lﬂ'ﬁ! mhm sote

The calcuhtions were directed to datct-ini.ng the udhtlou dose attributadble
to thermal neutrons when the Mcd is c:poccd at m HRR.
thz=amast the woluws,
The tissue composition for the stwdud nan m Quht:lvely uou-zd, realiz-
ity that corrections may be haeded fox the o ed ¢f M AR 3844 Are.t1isted
in the mclosdd tabley: and do Giffer .« it Coon’tihAs You west vathe Xalne
for tydrogen s -whicir ds, £ courts, the mest mporiadia i abaut khe 1me,,
although perhaps ny Walte shatld bagained A At e s Ritrogen value
varies. amdirg tissues and your oralve seeus -guite digh il npnlied ta:thecal
brain, < Javidetialig ). Olin ycdnvestigst ¢ s(3B3) paclP 42019, tin; the
table on poA07 st 748 fox gray mitery X, Wiss patiex vd a
nullml of 2:20% . for brais Stumet pitreg@ czuls 1a $irl) for the nid point
W Ansy 34 at the ceater of sithor emd, the “g" values for tha non-~
The "absorption cross’séttions weze taker prneipplly fvom Bhi1I3YceSince
o8z plan was o work’ With meamired seutromsfigxdi, the s¢stiexing Gxoes.,
séctions were mot fedded. 4.1 oy ctec. to 1.93 at 20 en, for the pointa
sty Hy wads,
References for the numbers used for the energies and for the gasmma constant
ite isted in thetadle; i1t should -he:ncted $hatpthe igesdy donstantais
1isted ure for Aisintegraticnsy whereth) shevaslmsadually given are
in terms of millicurie hours, or 1..332 x disintegrations.

(525050 = 458 gamoa rads/1o”t < uvi/en
The calculatlms which take the actusl neutron f1 htxi%ut!.on into
account had not bdéeg adfiidved whenifhis iblaves syed, snd the figures
in the last colummn were arcrived at byzum-inz a uniform neutron flux
throughout the tissue. U Ted pad A fan
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MW'&‘» PHiade G 0 )
E» ragdxy &5

,oCLElT mm,m,““m a4

The ¥XR was operated for adaut 63% of ths svellsdle tine for o total of
23.3 mn, »miu.x femson 3

Sebe ey Skl o woal M WMOGRL Un Nte ;‘J-n-&'}
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tzevicus experiments invalving the irredistions of dogs, mmm
colls st the patient port uzre cantimued. aammmmmw
of the snimal gnd patient fosilities with the AEC Realth Phyaics follcushiy
students contiresed,

The Resctor Operstions group flslshed ammcating ths cove graphite. Maictene
ance work was done oo the hoat exchisogers, ad routine resctor safety clrcuit
tests weze carried gut. The reactor power level Indicator was recalibrated)
heat balences aod Au foll frradiatisns show thet the powss level is now 5% higher
than befare the gecalidsaticn om July 30, 1943,
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UNITED STATES
ATOMIC ENERGY, COMM/@S! -

7
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REPOSITORY &ttt /) FRASTINGTON 25, D.o.” T meed
couLecTion Attt Al G it el inil Tl
IN REPLY REFER TO: BOX No. October 5, 1962
FOLOER

Dr. J. S. Robertson

Brookhaven National Laboratory
Associated Universities, Inc,
Upton, Long Island, New York

Dear Dr. Robertson:

On behalf of Dr. Dunham and members of the Division of Biology

and Medicine staff, may I thank you for participating in the
Neutron Capture Therapy Conference in Washington, September 24
and 25, Our impression is that valuable realistic consideration
was given to many perplexing aspects of the general problem. We
would be most pleased to receive a letter from you giving thoughts
or ideas about points you feel may have been omitted or passed
over too lightly, and particularly any conclusions which emerged
from the meeting,

While the first attempts at brain-tumor therapy have proved
disappointing, the diversity of conditions with respect to dif-
ferential distribution of target materials of different kinds 1

<. Sincerely yours,

-

H. D. Bruner, M. D. :
Assistant Director for X

Medical and Health Research '
Division of Biology and Medicine

and the application of neutrons with differing energies are so @y
vast that investigation of potentialities for therapy leaves open ;i_
many avenues of investigation. We would especially ask whether ;*
benefit would come from a scientific meeting of the work-shop 5
type convened perhaps shortly after the first of the year,. )

¥ -

i
Please feel free to comment frankly and in detail. F

‘
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H. D. Brunes, M.D. -2~ 19 October 1943

this noed., It scens clear that s large fraction of the time at such
8 confad shouid be avalladle for uuscheduled presentations and
digcussima.

With best regards.

Sincerely yours,

Jamee S. Rebertson, H.D., FPR.D.
Kedical Phyales Divisien
Medical Department

J&R 1 gfo
¢ct Dy, V.P, Boud
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T ' R. Falrchild
IO SRR . Mpdification of MRR Animal Port
S The Animal Bort has been modified to give & bean of epithermal neutrons

dth a penetratlon curvc (9 va diattnce) in A tiuue—equivtlcnt phant hesad

CrBPH) mittble for N.C ‘r. 'rhe mdi!ica.tion us mdc in the Animal Port

.—\..,,
-

=T tithéf than the Pnticnt Port. lince £t h snﬂciputed that expetlmentnl snimal

xmhtims win be wrled out Auo. cxpeeted kradutious of tissue-

,_'cqﬁnlent chambetl ux! thzeahold detectors la the epithml bm at various

D‘ 0 thickneuea would (ive 8 uedluc cxpome ta the ulctor cpentora if

o -‘ ~ .

\’

etn‘led out tt the Plﬂéat Po:t. )

- 'rhe themi flux. Od ﬂtio&. Y conttniution and neutron penctntiom in
s Cd-mpped ‘er v&e Enluted at the Anhnl Port for the case of 7.075" Dzo
tnd O" nzo in the reﬂmor. These results agreed within 4% with the corres-
popqln‘ results at the Animg] Port. Therefore, the two facliities can de
conskdered identical., A 60-mil Cd filter was installed ip the Animml Port,
since matisfactory meutron penetrttions im & Cd-wrapped TEPH have been obtsined
it the Pttl.c‘nt Port (BNM 6824). However, a 4'x4' filter was installed between
the 3.3735” D,0 tank and the 3° Bi filter in the reflector (Pig. 1) rather than
at the point of {rradistion for two reasons: 1) Cd cannot be used st the point
of irradistion since it is a significant sewrce of eapture v's, and 2) it is

desiradle to remove the thermal neutron component as clode to the core as

possible asince the y contamination resulting from the capture of thermal neutroas
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The y contamination at the bare port face with the two-filter arrangement
that gave the curve in Pig. 4 is 8 r/min at 1 MW as measured with a Catbon-oaz
current flow chamber. Gamma measurements were also made with & Victoree,
Landsverk and Baldwin Farmer B.D, 11 and B.D. 2/15 chambers., These chambers
gave y dose rates of 18, 15.6, 16 and 19.5 r/min, respectively, They all,
however, suffer from & neutron sensitivity due to the H2 and N2 in their alr
filling. Therefore, it is assumed that the 8 r/min given by the C—CD3 chamber
represents the most accurate estimate of the y contamination. A condenser

C-00.,, chamber is being made so that an independent check can be made.

2
Assuming the y contamination is 8 r/min at 1 MW and using the peak flux

from Rig. 4, an {ntegrated neutron flux of 3 x 1012 n/cn2 could be delivered

in 6 min (resctor power S MW) with an associated vy dose of 240 r (the 240 r

does not include the y dose from nentron capture in tissue). This is less of
[} ridoce than would have bcen-Aelivexed by the reactor y ¢ontamination in a
120-Bec run with & thermal bean at 5 KW. An additional advantsge will cb-
v@busly be gained from the removal of the thermal neutrons which were previ-
ouli; {incident on the surface tissue. 1t should be rememdered that the use of
any bean-defining devices will reduce the neutron flux and lengthen the irradi-
ation time. The y dose rate does not increase with time during a 6-min run at
S MW. Residual activity at the bare port face sfter a é-min run at 5 min {s
75 mr/hx.

The absorbed dose from fast neutrons remains to be determined. Preiimin-
ary data indicate a significant dose in rads at nzo thicknesses less than
7.075". Therefore, the above data were taken with ail the D,0 (7.075") in the
shutter. Dog irradiations, etc. could be carried out while the fast neutron
flux is being evaluated in order to gain experience with any beam-defining

[

devices used, and to evaluate the biological effect of the epithermal beam.
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