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ABSTRACT

Dosimetry measureménts end calibrations have been made at the
University of VWashington's Fast Neutron Medical Research Facility.
The facility is designed to deliver loczlized neutron doses of a

" few rads to the tesies of volunieer sudbjects et 2.5 MeV and 1l MeV,
Dose measuﬁements were based on the use of tissue equivalent ion
chazdbers, Dbsimetry #nd shielding reesurements show that doses
accurate to * 107 cax be delivered to the volume of interest
ﬁhile meintaining safe Qose levels outside the shield and to

othef portions of the subject.
i
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FIGURE CAPTION

Schermatic representation of ledical Research Fecility showing

major hardware., As disgrammed the facility is set up to .

irradiate the testes from the front. To irradiate from the rear

the positions of the spacer and bed ere interchanged (rotate 180°).

The subject kneels over the bed with the lower legs extending

into notches in the 'sides of the spacer.

Overell view of the medicel resezrch facility. The positions of

the BF, tube for monitoring at 2.5 MeV and 1k }MeV are shown on

3

"the figure.

Calibration and locetion of: ion chazbers for use as a secondary

monitor.

Dose to measured poinls in the volume of interest for 2.5 MeV

neutrons.

he testes in the volume of interest.

Approximate position of ©

Dose to measured points in the volume of interest for 1k MeV

neutrons.

Dose to various locaticas (mren) for 10 rads to the volume of

‘ interest. All measurements to the vertical section (A-A') are

on the centerlire of the target unless otherwise noted. Numbers
on the floor plan represent dose rates two feet off the floor.
(See Figure 2 for plan detzils)

1}
Reference location for the irrediation vessel.

Reference locatiocn for the indexinz rod.
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INTRODUCTIO:!

This report describes end summerizes dosimeiry measurezents made on
the University of Weshingtoa's "Fast Neutron Medical Research Facility".
The fazcility is composed of a massive chielé of water, concrete bdblocks,
and lithium s?earate, éontaining & neutreonx generator and an irradiatign
couch for e sudject. The facility is desigred to deliver low doses of
2,5 MeV neutrons, and ?uch higher doses of 1k MeV reutrons to a small
voluze of interest (the testes) on a volunteer subject(1’2’3).

To selectively irradiate the voluze of interest, it is necessary
to use r2 attenuation--thus irradiating with the volume of interest
next to the source of neutrors. In order to produce unifor; doses at
small source to irradiation-volume distences, it is necessery to irradiate
with one-half of the dose delivered from the front of the volume of
interest and the other half freom the rear, Figﬁre 1l shows a schematic
representatiog of the facility indicating the major pieces of hardware.

The volume to be irradiated is ccntained in e 5 b& T by 10 cm plastic
éup filled wiih varn water. This is done for two reasons: first, the
yarmth\will cause descent of the testes, aad second, the cup and testes
will apprpximaté‘a single tissue equivalent mass, thus meking the dose
distridbution independent of variations froa subject to subject, A temp-
erature control circuit is used to regulate thre tempeiature of the water

to within 0,25° F,

’ »
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beomet;y control is important if- reprocucible doses are to be
delivered, The testes are restrained within the plastic cup by a plastie
insert forcing fhem against the surface of ﬁhe cup facing the target.

The front of the cup is referenced to the front of the table which is in-
turn referenced to an indexing rod (See Appendix). Both the table and

the spacer are connected to the irndexirz roé by slide bolts, thus allowing
positioning to withiﬁ 1/16‘of an inch end preventing uncontrolled movement.
The trunk of the subjéct is not restrazired during irradiation aﬁa is the
only uncontrolled pareteter.

The dosimetry is based on tissue-eguivalent dosimetiry rethods although
activetion methods were u;ed in the prelininary investigations(z’B). ost
of the measﬁrements weres nade with air filled pencil chambers made of
tissue-equivalent p}astic(h).' These ion chaxzbers were calidrated against a
lerge volume tissue-equivalent fion chamber filled with tissue-equivalent
gas. The calibration was done at the faciiity to assure calibration with
the proper neutron spectrun, A large volu-e grephite ion chember filled
with CO2 was uséd ?o estimate the contribution.éo the dose from gamma rays.

’

Current througn the large volume chambers was read continuously while the

‘ ’ -(5)

ﬁéncilfchambersnﬁere pulse read'”’,
A m&ﬁerated BF3 tube is used to give e continﬁous monitor of the dose
delivered to the volume of interest. 7Tor irradiations at 2.5 Mév thé BF3
tube is located at the rear of the shield while for 1k MeV neutrons it was
. Tound thet better performance.oécurred with the tube locgted near the

front of the shield, Figure 2 shows the gencral positidﬁs for the monitor.

ﬂﬁdsqab
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This monitor was callbratcd ¢uring the dosimetry experiments, but should
not be relied on exclusively as a stendaré during exposures due to
variations caused by position changes of the subject. This is discussed

in more detail in later scctions. Tissue-equivalent ion chambers were used

for the 2.5 KeV neutrons and sulfur pelleis were used for the 14 MeV neutrons

as supplementary monitors. The ion chamters are contazined in holders affixed

to the cup and the sulfur pellets are tzped to the target holder.

For the purposes of cosirmetry, an Alderson Research Remedb phantom
filled *ith a tissuve-equivalent solution of wzter and sugar was used. The
. phantom contained approximetely 30 liters of water and-ébout 13.5 kg 6f
sugar and 1 kg of gelstin in soln*lon( ). The phantom is articulated

and contains a skeleton and dosireter tubes so thet dosimeters can be

placed at various points of interest.

DOSI}M=TRY AT 2.5 eV

DOSE MONITORING S

’

.\

Experlmeqts were performed to investigate the effect on the monitor

.(BF3 tube) of variation in the p051u10n of the phantom and the position

\

.of the table on which it rests. When the fezcility is set to irradiate

the volume of interest from the front (See Fig. 1), the trunk of the sud-

Jject is, effectively, between the target znd fhe nmonitor. This is

O
U

referred to as Position A. In this position roving the phantom's torso

Py

left or right caused a decrezse of about &5 in the dose dslivered to the
. ‘y

voluze of interest per unit monitor count when compared to the normal

00089431
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position. The torso was pivoted about 2 line through the testes with the

head:moving six inches left or right of the central position. Removing
the right &rn caused & decrgase in the dose of ebout 3% per unit monitor
eount. Keeping the pbsition of the voluze of interest fixed with respect
to ihe source of neutrons, it was found that moving the bed and phantom
2-3[hlinches towerd the generator caused an increése of about 11% in.tie
dose per unit monitor count. The position of the spacer located behind
the bed had no observed effect on tie dose per unit monitor count.

" When the facility is set up to irrediste the voluze of interest from

~the reer (Position B), it was found the position of the phantom's trunk

had no observed effect on the dqse to the volume of interest for a unit

monitor count. In this position, the spacer is between the neutron source

and the monitor and the neutiron source is behind the subject. Removing

the lover leg of the phantom, which rests in a notch in the spacer, caused

& decrease of about 127 in the dose per unit monitor count. Holding the

position of the voluze of intere§t constznt, but moving the spacer toward
the generat?f'one inch, ceused en increzse of ?bout Si in the dose per
unit monitor count,

\\For an.Alﬁerson Reseerch Remab phentcm filled with a tissue equivalent

« .

solufion(s) the.calibration for the monitor is 106,000 coun%s per red in

~

Position A (irradiation from the front) end 100,000 counts per rad in

Position B for primery neutroas of abcut 2.5 MeV. This is for an averege

‘dose of one rad to the volume of interest and in fixed pdsitions as

defined in the Appeandix 1. !
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- Since veriations in the censitivity ol the dose monitor are likely to
occur duc to different body sizes and rmovementl of the trunk, a second

method of calibration wes devised which is relatively unaffected dby tne

phantom's position. During exposures pencil ion chambers affixed to the
cup can be used to monitor the dose. A specizl holder is provided on the

cup and the calibrations obtained for ion chemters in this position are

shown in Fig. 3.

D

At first glance, one would expect chambers 1 and 2 to agree'unless the

dose center of the targzet did not coincide with the geometrical center.
I z g

In general, one would not expect the cdose center and geometrical center

to agree, but it nust be noted thet the pesitions of the chamber are not

exactly symmetric with the center of the iazrget. This causes the apparent

asynzetry in these calibd ns. Using only the BF_ monitor, an accuracy

3
of about * 109 in the averaze dose delivered to the volume of interest is

feasible. The ion chambers will not improve upon the accuracy of the BF -

3

determined cdoses, but serve as a secoadary check.

~

DOSE DISTRIBUTIQXY Il THEZ VOLUME CF INTZREZST

Figure 4 shows the dose distribuiion for a typicel irradietion of
the volume‘bf interest with the Renmszb phantpﬁ in the facility and with
one-half the dose dellve*ed froz the front and one-half from the reer,
Figure 5 shows the assuned positicn ol the testes during an irradiation,

These points were measured with pencil ion chamdbers as mentioned previously.

I3

It was assumed that the dose center and gecmetrical cenver vere the sane,
This distribution represents an averaze dose of 0.98 rads to the volume of
interest. The points show a standard deviation of 0.22 rads end range from

0.60 rads to 1.45 rads. This édos

'ninutes. 0 0 ﬂ 8 q 3 q

ime of sbout 50
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DOSE TO OTHER LOCATIOHS IN THE PHANTOM ,

Dose to other points in the phanton were also investigated. The

doses are shown in Table I.

TABLE I: Dose for a One Rad Dose to the Volume of Interest - 2.5 MeV

- Location in Phantom(7) Dose (mred)
Eye 4 6k
Base of Sternum . 118
Prostatic Urethra 87

" Trigone Aree of Bladder 8L
Anus Lo

Rectum . 59

In most cases, the doses ere less than one-tenth the dose to the

) voluﬁe of interest. Most of the doses are approxiretely as expected.

In the case Qf the eye and the base of the sternum, the doses are much
ﬂigher then expected from calculetiorns. The'reasdn for tﬁe high reed-
ings is not kﬂoyn, but these points would be expected to egree more
closely with the results for 1k MeV neutrons (T;ble 2). A second series
of measurementsfconfirmed thet doses to verious parts of the phantom
were less than ibo nrad per rad to the volume of interest. ﬁecause of
the unusu;lly long exposure times needed, more accurate nucbers were

not obtained.

GAMMA CONTAMINATION

3
d

To estimate the contridbution to the total dose delivered by photons,
reasurements were made with both a tissue equivalent flow chamber using

(8)

tissue equivalent gas end e gropaite chambder with carbon dioxide

00089y
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‘These measuremenis were thea used to celculete the gamma contridbution after
(€)

the method of handvook -75 ‘. For the 2.5 MeV neutrons the gamma contri-

bution wes determined to be sbout 0.L3.

DOSE QUTSIDE OF SHIELD

For generally occupied areas around the facility, measured dose rates
were less than 0.5 mrexz/hr for 2.5 leV neutrons. Ulext to the entrence
' dose rates of 2 mrem/hr wera obiained. This indicates that the dose rates

eround the shield are within safe limits when compared with the recommended
limit of 100 mrem per week for continucus occupational exposure(g). It
should be pointed out that these measurements wers mede when the shielding

vas only partially assezbled (door open and water tanks expty) and ectual

dose rates outside of the completed shield should be less than quoted above.

DOSIMETRY A7 1L vev

DOSE MONITORING

For the 1l MaV neutrons it was found that the most relisble position

for the BF3 monitor was near the front of the shield (See Fig.2)., A

nunber of other positions were tried, but were unsuitedble because of
sensitivity to operating parameters or beczuse of low or high count rates.

In Position A, it was found that zoving the spacer two inches in or

out from its standerd position caused a change of ebout 147 in the dose

.

delivered for a unit ronitor count. MNovirz the torso or the right leg of
the phanton causeé errors of less than 2.5% in the dose per unit monitor

count. We also found that removing the phantom end then placing it back

00089y
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.‘in its standerd position produced errcrs of as great at 5% in the dose
per ronitor count. In Pesition B, this error wes ébbut %3 iateral move-
ment of the phantoa did not cesuse any significant change. For the Remab
phahtom filled with tiésue equivalent‘solutioh it tekes. 172,000 monitor
counts to deliver an e.ve_ra'ge dose of 1 red in the 3-position end 302,000
monitor counts for the saxze dose in the A position.

With the BF. ronitor an accuracy of about = 10% in the average dose

3
delivered is-feasible., £Ls a second checX sulfur activation can also de
used to .monitor the dose. Ore vellet can be positioﬁed on the lower front
of}the cup and a seccnd placed on the center of the target cap. For a
- calibration run using thé-Rezab zhentem, the sulfur pellet on the target
cap.gave a resding of 9.6 cpm/rad-gm while the one on ihe cup gave a read-
ing of 1.07 cpm/red-gzn for irradiation Position A. In Position B, the
| éensitivity for the target czp wes lT.6 cpz/rad-gn while the sensitivity
for the cﬁp was 2,07 cpm/rad-éﬁ. The differences for the two positions
probably reflect the changes in the scattered flux between the two positions.
Ten nminute coﬁﬂts were used in analyzing the sulfur pellets, which gave
ma;ginal reliabilify for low doses (<3 rads). For doses greater than 6 rads,
95% cénffgénce linits of better then * 107 were obtained for the pellets.

F&r low doses the accuracy of the calibratioﬁ is limited to * 105, 1In

these cases the BF3 ronitor zzy be more useful than the sulfur pellets.

DOSE DISTRIBUTION IN THE VOLUME CF IXTEZRTST

Figure 6 shows the dose disiribution in the volume of interest for a
typical irradiation of the Remed phantom with one-half of the dose delivered
from the front and one-half fro= the rear. These points were measured with

the peneil fon chambers essuming the dose center and the geometrical center

0008942
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are identical.. This distribution produced zn averege dose of 1.96 rads to
the voluze of interest. Tﬁe points show a stendard deviation oflb.Bh rads
and range from 1.21 rads to 2.59 rads. This exposur; required a time of -
" gbout five minutes. In generzl, the time reguired for a given exposure
(1.e. dose rate) will depend on the ege of the target and the operating

parameters of the generator.

DOSE TO OTHER LOCATION IN THE PHANTOM
The ‘dose to other locztions for one rzd delivered to the volume of

interest in a typical irradiation of the Remab phantom are shown in Teble II.

TABLE IT: Dose for a One Rad Tose to the Volume of Interest - 1l MeV.

Locetion in Phentom(T) Dose (mrad)
Eye. <5
Base of Sternum ' 59
Prostatic Urethra 13
Trigone Area of Bladder - 82
. Anus N _ \hQ
. Rectﬁm . 55

Middle of Back 1L

The measured dose atuother locations in the phanton is less than one-tenth

the dose to the volume of interest, es expected from calculations. The

dose to the location of the eye was less than the sensitivity of the ion
“chambers and so only en upper limit is given. The other ngmbers are accurafe

..!
to about ¥ 107, -

0008943
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GAZ/A CONTAMINATION .

The contribution to the totai dose fron photons was mezsured by the
use of tissué-equivaient and grzphite chambers after the méthod of
Haﬂdbook 75(8). By the use of this metrod a contribution of T.k% was
obteined. ‘Eérlier work with thermoluninescent dosimc@crs(3) indicated
a contribution of 7.8% for a similar irradiaticn geometry for which the

celculated y-contamination wes T7.5%.

DOSE OUTSIDE OF SHIZLD

Dose rates end doses outside of trhe shielded facility wére measured
with both a De Pangher Double Moderator(lo) end the st;ndard rédiétion
monitoring irstruzent used av Battelle—ﬁorthwest.' The standard monitoring
instrument is a scaled down version of the Doubdle Moderator with a porteble
rate meter and is less sensitive than the lerger De Pangher version.

Figure T shows the doses (zrem) éelivered to vgrious points of interest
for 10 rads to the voluze of interest es meessured with the De Pangher
Double Moderatér. The doses shown are the averagé for both the A and B

Positions; exterior dose rates being sligatly higher (10%) in the B position.

Dose rates ere not given since the rapidly deceying output of a tritium
target ;akes ﬁuch informetion useless. All the numbers refer to operation
‘with the wéter tenks filled and ell of the shielding in place and with the
phanton in the fecility. All of the measurements were taken with the center
of the dosimecter two feet off the floor unless otherwise noted. The

critical measurements are those for the upstairs corridor'and the clinic.

These arcas have unrmonitored persomnel end patients moving ebout. Because

00089y
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of the infrequent opcration end limited uszge of the neutron facility,
the radiation level in adjoining rooxs is considered safe. During exposure
with 14 MeV neutrons it is recommended tazt operating personnel not remain

in the room containing the shielded facility.

DISCUSSION
Phentom dosimetry resulis indicete that reproducible doses can be

delivered to the d=fined volume of interest wﬁile delivering relatively

low doSés to other porticns of the phanton and toipeOplé in adJoininé TOOuS «
The numbers presented are usually based bn two or morelseparate readiggs in
order to confirm ell important ieasurements. Separate calibrations for

the dose to the volure of interest made 2t different tices at 1b MeV.agreed
to within 3.5%. This error includes both re-positioning errors and ion
chamber errors. Dose varietions within the volume of interest had a spread
of * 207 and * 187 (stancard ceviation) for the'two separate measurements.
The accuracy of the éosi:etry reported here.i§ linited by the state-of-the-

art and is estinated to have 2 10% uncerteinty in absolute calibration.

. N . \ N
N -

\Q
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APPERDIX
Sin;e r2 attenuation is used to control doses and since the ﬁoderated
Bpé'monitor is affected by positioning errors, it is necessary that
posftioning be controlled and reprocducible. Methods of restrain; and
referencing were established.
The testes are restrained within thke irradistion vessel'by a plastic
- insert and the irradiation Qessel (cup) is refercnced to the fronf of the
tabie as shown in Fig., 8. The messurements used in calibrating the system
are shown in‘Table 3.
Both the spacer and the teble are restrained by slide bolts that
fit into holes in en indexing rod. This rod has holes spaced one inch
apert and cén be adjusted to fractions of an inch by a screw which moves
the entire rod. The fine adjusiment of the rod is referenced by measﬁre-

ment with a meter stick as shown in Fig. 9. The holes in the rod are

numbered consecutively. Table 3 shows the reference points used in
o :

AN
.

calibrating'the\system with the phantonm.
TABLE IIX: Reference positions
. ~

N Irradiation Vessel Index Rod Lo Index Rod Position

Geometry . to Teble Measurement . Teble Spacer
A L | L 32 c b

B 11/ _ 2 17/32" 5 46

0008947



- 18 -

b | . DISTRIBUTION
Nuzber of
_Conies

8 AEC-Yashinston, D.C.
Division of Biolozy and Medicine

E.B. Eervey (2)
W.W. Burr
WV.E. Lotz
~C.¥W, Edington
¥N.F. Barr
R.V. Wood
H.R. Wasson

2 Richland Ovnerztions Office

L.C, Brazley
¥.W, Tiernan

11 . : University of Washington

C.A. Paulsen (5)
R.M. Beltzo
K.L. Jeckson
W.B. Nelp
oL G.M. Christensea
‘ E.D., Thonas .
\ P. Wootton N

50 . C : Bettelle-Northiest

AN N
?\ '\T\\_ : Paul (L)

R.S. .

\\ ! J.J. Fucuzy !

S J.M, Nielsen ‘

D.C, VWorlten
V.G, Speer
C.E. Mewton (2)
N.S, Porter
W.J. Clarike
F.L. Risirg .
L.A. Brady (3) : i
K.L. Swinta (3) '
W.E. Wilson
K.E. Pavker (5)

W.J. Bair
Technical Information (5)

0 U 0 8 q u 8 Technical Publication (1)

Extras (18)



© platus

\

[9SSAA
uoljerpeds|

Jojelaua9
uolinan Vs

ALIT19V4 HOY¥VY3IS3Y TVIIGIW NOYLNAN 1Svid

bhb8000




|
!
J'

.
2o
ot

.
ST AT
.
el

C S‘I.'c(.{

Door

Newtsow Coeperdtor)
WV 9N W

) araely
Jerse
c . ,‘;-:‘ - . o

My tor O} Mosita

. Aesvraud

cﬁh".‘f:al

[]
R
RN IEE N TIN,

- ee—

Newi'ror\ ’ I . S
e QoZp 0PI E e

. S teasale I —— e e . o 3 S
.
[ =
« " . - 1 — ~ st

S N

. o . |
L U e b V
<2 P AR B B
'%.- - .o~ " | ., o
PO o S p o
K b = 2 Fecs i ' " ' be
. . Y Taes “ - .
.‘) -' LW '_T____‘ H __./4. . I .
D‘W"-k( . .T\-‘ ' ot ) | ‘\) . Mqal’ QQ‘ .‘.l' .;' ' " ‘ﬁ'—
Al - .UPS"L&".‘IS e C e ;
._j_:. -C-li\‘HC. corr;o(’br - .”. :

.
4

I K NI 'X-v»? ' - _D“c.\—‘ , ‘ :""""‘_——::h """"”'—i‘!g .. Croun:
ADOUPEIER N B | I RPN N ] -

>
(4
<
S

. sl ————

Door

74

75 skeld

N

| 17

| b g Tager N7
7 él’\_l’///””,“ G0l [ofy 7077 z-fz///////// /////}'////‘//////%////,_//‘/,’ /
ol Seation . CASAY DT T Al

0008950 ¢



irradiation
Vessel
. /’
1 | 2 Position of lon
3 l' 4 Chambers as Seen
: from Target
N
i \ <
-\\. . N

~
N

Chamber  Rads/Rad to the Volume of Interest

§\\ ' §\Posnion A Position B
1 " 0.51 0,70
2 0.45 0.52
3 0.21 0.28
4 0.1 012 ¢

0008(‘5' Figure 3



0.7
0.71 0.97 0.97 0.63

0.98 1.33 1.22 0.85
1.02 1.45 1.43 0.94

0.70 0.94 0.94 0.66

2.7

0.64 0.49 0.86 0.64

1.05 1.19 1.12 0.94

- .‘\
-,
N

1,01 '1.29°1.43 1.0
NN

0.72 0.98-1.00 0.60

0008952

L emees emg s e -
i

1.7

0.66

0.86

0.86

0.88

0.86 0.84 0.63

1.15 1.12°0.71
1.16 1.07 0.79

0.90 0.81 0.67

0.7 1.7 2.7

Volume

72 %

of
ilnterest

* s deee

Figure b




0.7 1.7 27

Side

Front

Figure 5

" \<Q$§$i Volume oflrﬂeresf

Testes

0008953



/. A W
. " -', . [y
- " h fv -
. E . [ . . - s
. . - . .
: : ot ', . . / /“/.///1 ~.
_ A . Mu #!f.l! ie o FVeVRram e w A e ¢ 1r.w
——— " - -~ ‘M’.}n\‘ A . : - " [T
~ . — s LA '] ' /// LI
i . : o !
w . . _ . . . : N ’ A :
i . . . . . \
i A X - o . .
L : ) : P \ .
“ [ Y : ' - : “ e A 4¢
[N H oy ﬁ : . ’ . 5 L
. ey . H : ’ N O
i N ° Lo : . . 2 \
“ . W i . . . .. “. . H unﬂ 1.1 v.- -
. - . ) ‘e C " i /
PR - . . - - e
[ 3. . 4 e [ T\
! . b : . . ) - [ e Y
i y . . . ) R
i & [Vl ° ..I.tU /.r.
ey . AL -— v o . . o, . -~o .
' i ) . > ) AW Tev / ...
' nll ~ 0 lo..w * X e
ProTeen | . . ] . AN
AN
u . ,;I .. -
Lo . [y e
H . - Y '
i * Seamcos o Pnemecme te et us = oo o -¢
: D et L L LIS TRCT LN PO atoge e . _ A R -.-
' N . - . [y -
! * N . L PRy
t . ~ . . ’
: H . Ry
H ' |~ e . .
: e “ . e B w “..?..o.......!u. —oneres \ :s
. : v — . C g e _ B ; _ / -
! E . -’ . » ’ |3 (|
... H H . . /.. - PRIV S * * ., - H . .\v
‘ ’ ! . . . " ) ) \. .
; i . . - 9 \
P .....au a: EN ¢ & - ¢ - N b ..l
L3 2 . Eh . 2
: O . b vt mmr s s m v Y, O K N 1. -.u.
“ . RN : " D e §N e
P 5 Vo oG i
e ed AeMEren e, o . . .
. " B L L N )
“ — o . ) g . ' 5. : :
- . . \
! . .W' R . . b
| . 2. . e o HE SR .
W _ —————) O w s s LR L
i . . . L)
. - ) - \\\ ' -. . °
. . -~ It L O S L YT S PN R o LT
.- o o ~ ' ", * -.
* ~l - . w . .... L A ] s * ::/. N
CEme e e e e e e st s erematy . ~ 1 3 . . el e - 0|~ —ulr-f . e -
. . e . Cr . ’ .
Camer veemirt e F cal W N @ tr e, T 108 e P ST E S8 et . . P. /} : S N\‘ . z . - ~lq
L. y _ . 4 - N . 1 e
Y . - . e — \ . IN ....-II’/
. . . e . . LI . I . P L. N ) . “
. R . - . R PN o RN e
K - x N - R - . . — . e . ) . .. . ' . \\.. . — %l/t Y
B . . > . N . - \/
»

<



0008955

Figure 8

e, v -
I

Front Surface,

- % of Table

-
| Reference [~ -~ |
Irradiation |, tﬂstanceghjj'
Vessel | T

—
72
L~
~
-
-



‘ 6 2an31g

9668000

\ . 391ie}s1Q 9ouUdIdjay .

~

. | a—
yo3edas ouco,:xmy_/ [o o]
R

B
2

- _
. e
099 _Hr

y; Q0] \

7 S | yo0lg sseug

e >t
[B-ArH



