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ABSTRACT

Dosimetry measurements end calibrations have been made at the
University of Washington's Fast Neutron Medicel Research Faciliﬁy.
The facility is designed to deliver localized neutron doses of a '

' few rads to the testes of volunteer subjects at 2.5 MeV and 1L MeV.
Dose measurements were based on the use of tissue equivalent ion
chambers. Dosimetry and shielding meesurements show that doses
accurate to * 10% can be delivered to the volume of interest

while maintaining safe dose levels outside the shield and to

other portions of the subject.
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FIGURE CAPTIONS

Schematic representation of Medical Research Facility showing
major hardware. As diagrammed the facility is set up to

irradiate the testes from the front. To irradiate from the rear
the positions of the specer end bed are interchanged (rotate 180°).
The subject kneels over the bed with the lower legs extending

into notches in the sides of the spacer,

Overall view of the medical research facility. The positions of
the BF3 tube for monitoring at 2.5 MeV and 1k MeV are shown on
the figure. '

Calibration and location of  ion chambers for use as a secondary

monitor.

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

neutrons.
Approximate position of the testes in the volume of interest.

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

neutrons.

Dose to various locations (mrem) for 10 rads to the volume of
interest. All measurements to the vertical section (A-A') are
on the centerline of the target unless otherwise noted. XNumbers
on the floor plen represent dose rates two feet off the floor.

(See Figure 2 for plan detesils)
1
Reference location for the irradiation vessel.

Reference location for the indexing rod.
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INTRODUCTION

This report describes and summarizes dosimetry measurements made on
the University of Washington's "Fast Neutron Medical Research Facility".
The facility is composed of a Qéssive shield of weter, concrete blocks,
and lithium stearate, containing a neutron generator end an irradiatibn
couch for a subject. The facility is designed to deliver low doses of
2.5 MeV peutrons, and ?uch higher doses of 1k MeV neutrons to a small
volume of interest (the testes) on a volunteer subject(l’2’3).

To selectively irradiate‘the volume of interest, it is necessary
to use r2 attenuation--thus irradiating with the volume of interest
next to the source of neutrons. In order to produce uniforﬁ doses at
small source to irrasdiation-volume distancés, it is recessary to irradiate
with one-half of -the dose delivered from the front of the volume of
;nterest end the other half from the rear, Figure 1l shows a schematic
representatiop of the facility indicating the major pieces of hardware.
The voluﬁe to be irradiated is contazined in a 5 b& T by 10 cm plastic
cup filled wifh warn water. This is done for two rezsons: first, the
varmth\will caﬁse descent of the testes, and second, the cup and testes
will apprpximate\a single tissue equivalent mass, thus meking the dose
distribution independent of variations from subject to subject. A temp-

erature control circuit is used to regulate the temperature of the water

to within 0.25° F.

1063908
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Geometry control is important if-reproducible doses are.to be
delivered. The testes are restreined within the plestic cup by a plastic
insert forcing them against the surface of the 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 aré connected to the indexing rod by slide bolts, thus allowing
positioning to within 1/16 of an inch and preventing uncontrolled movement.
The trunk of the subject is not restrained during irradiation and is the
only uﬁcontrolled pafameter.

The dosimetry is based on tissue-equivalent dosimetry methods although
activation methods were used in the preliminary investigations(z’s). Most
of the measurements were meade with air filled penecil chambgrs made of
‘tissue-equivalent p;astic(h).' These ion chambers were calibrated against a
lﬁrge volgme tissue-equivalent ion chamber filled with tissue-equivalent
gas. The calibration was done at the faciiity to assure calibration with
the proper neu%ron spectrum. A large volume graphite ion chamber filled

2

Current through the large volume chambers was read continuously while the

SN (5)
pencil chambers were pulse read 25

with CO, was used to estimate the contribution to the dose from gamma rays.

A moderated BF3 tube is used to give a continuous monitor of the dose
delivered to the volume of interest. For irradiations at 2.5 MeV the BF3
tube is located at the rear of the shield while for 1li MeV neutrons it was

found that better performance occurred with the tube located near the

front of the shield. Figure 2 shows the general positions for the monitor.
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This monitor was calibrated during the dosimetry experiments, but should
not be relied on exclusively as a standard during exposures due to
variations causéd by position changes of the subject. This is discussed
in more detail in later sections. Tissue-equivalent ion chambers were used
for the 2.5 MeV neutrons and sulfur pellets were used for the 14 MeV neutrons
as supplementary monitors. The ion chambers are contained in holders affixed
-to the cup and the sulfur pellets are teped to the target holder.

For the purposes of dosimetry, an Alderson Research Remab phantom
filled ;ith a tissue-equivalent solution of wéter end sugar was used., The
phantom contained approximately 30 liters of water and ebout 13.5 kg of
sugar and 1 kg of gelatin in solution(6). The phantom is articulated

and contains a skeleton and dosimeter tubes so that dosimeters can be

placed at various points of interest.

DOSIMETRY AT 2,5 MeV

DOSE MONITORING.

Experimeﬁts vere performed to investigate tﬁe effect on the monitor
.(BF3 tube) of variation in the position of the phantom and the position
of the table on which it rests. When the facility is set to irradiate
the volume‘of interest from the front (See Fig. 1), the trunk of the sub-
Ject is, effectively, between the target arnd the monitor. This is
referred to as Position A. In this position moving the phantom's torso
left or right caused a decrease of about 8% in the dose delivered to the

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

16b3910
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position. The torso was pivoted esbout & line through the testes with the

head moving six inches left or right of the central position. Removing

"the right arm caused a decrease in the dose of about 3% per unit monitor

éount. Keeping the position of the volume of interest fixed with respe;t
to the source of neutrons, it was found that moving the bed and phantom
2 3/4 inches toward the generator ceused an increase of about 11% in tie
dose per unit monitor count. The position of the spacer located behind
the bed had no observed effect on the dose per unit monitor count.

When the facility is set up to irradiate the volume of interest from
the rear (Position B), it was found the position of the phantom's trunk
had no observed effect on the dose to the volume of intereét for a unit
monitor count. In this position, the spacer is between the neutron source
and the monitor and the neutron source is behind the subject. Removing
the lower leg of the phantem, which rests in a notch in the spacer, caused
& decrease of ébout 12% in the dose per unit monitor count. Holding the
position of #he volume of interest constant, but moving the spacer toward
the generatgf‘one inch, ceaused an increase 6fﬁ§bout 5% in the dose per
unit monitor count.

“.For an Alderson Research Remeb phantom filled with a tissue equivalent

(6)

N

sélution the\calibration for the monitor is 106,000 counts per rad in
Position A (irradiation from the front) and 100,000 counts per rad in
Position B for primary neutrons of about 2.5 MeV. This is for an average
dose of one rad to the volume of interest and in fixed positions as

3

defined in the Appendix 1. .

10b39] | - L



ZIbEQQ]

-

-9 -

Since variations in the sensitivity of the dose monitor are likely to
occur due to different body sizes and movement of the trunk, a second
method of calibration was devised which is relatively unaffected by the
phantom's position. During exposures pencil ion chambers affixed to the -
cup can be used to mo#itor the dose. A special holder is provided on the
cup and the calibrations obtained for ion chambers in this position are
shown in Fig. 3. |

At first glance, one would expecf chambers 1 and 2 to agree unless the
dose ceﬁter of the target did not coincide with the geometrical center.

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

to agree, but it must be noted that the positions of the chamber are not
exactly symmetric with the center of the target. This causes the apparent
asymmetry in these calibrations. Using only the BF3 monitor, an accuracy
of about ¥ 10% in the average dose delivered to the volume of interest is
feasible. The ion chambers will rnot improve upon the accuracy of the BF3-~

determined dosés, but serve azs a secondary check.

DOSE DISTRIBUTION IN THE VOLUIME OF IKTEREST

Figure L shqws the dose distribution for a typical irradiation of
the volume of interest with the Remab phantom in the facility and with
one-half the dose delivered from the front and one-half from the rear.
Figurg 5 shows the assumed position of the testes during an irradiation.
These points were measured with pencil ion chambers es mentioned previously.
It was assumed that the dose center and geometrical cente} were the same.
This distribution represents en average dose of 0.98 rads to the volu&e of
interest. The points show a standard deviation of 0.22 rads and range from

0.60 rads to 1.45 rads. This dose required an exposure time of about 50

minutes.
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" DOSE TO OTHER LOCATIONS IN THE PHANTOM

Dose to other points in the phantom 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(T)

Eye , 6l

Dose (mrad)

Base of Sternum 118
Prostatic Urethra 87
" Trigone Area of Bladder 84
Anus Lo
Rectun 59

In most cases, the decses zre less than one-tenth the dose to the
volume of interest. Most of the dcses ere zpproximetely as expected.
In the case of the eye and the base of the sternum, the doses are much
higher than expected from calculations. The reason for tﬁe high read-
ings is not k&own, but these points would be expected to agree more
closely with the results for 1k MeV neutrons (T;ble 2). A second series
of measurements confirmed that doses to various parts of the phantom
were less than 160 mrad per rad to the voclume of interest. Because of
the unusuélly long exposure times needed, mofe accurate numbers were

not obtained.

GAMMA CONTAMINATION N

%

To estimate the contribution to the totel dose delivered by photons,
measurements were made with both a tissue equivalent flow chamber using

(8)

- tissue equivalent gas and a graphite chamber with cerbon dioxide

1063913
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These measurements were then used to calculate the gamma contribution after
the method of handbookt75(8). For the 2.5 MeV neutrons the gamma contri-

bution was determined to be about 0.L4%.

DOSE QUTSIDE OF SHIELD

For generally occupied areas around the facility, measured dose rates
were léss than 0.5 mrem/hr for 2.5 MeV neutrons. Next to the entrance
dose rates of 2 mrem/hr were obtained. This indicates_that the dose rates
around the shield are within safe limits when compared with the reéommended
1imit of 100 mrem per week for continuous occupational exposure(g). It
should be pointed out that these measurements were made when the shielding

was only partially assembled (door open end wzter tanks empty) and actual

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

DOSIMETRY AT 14 MeV

DOSE MONITORING

For the lﬁ MeV neutrons it was found that the most relisble position
for the BF3 ionitor was near the front of the sﬁield (See Fig.2). A
ngmber‘of other positions were tried, but were unsuitable because of
sengitivity to oéerating paremeters or beczuse of low or high count rates.

In Position A, it was found that moving the spacer two inches in or
out from its standard position caused a change of about 1L% in the dose
delivered for a unit monitor count. Moving the torso or the right leg of

the phantom caused errors of less than 2.5% in the dose per unit monitor

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

I0b391L
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'in its standard position preduced errors of as great at 5% in the dose
p;r monitor count. In Position B, this error was about 7%; lateral move-
ment of the phantom did not cause any significant change. For the Remab
phantom filled with tiésue equivalent solution it tekes 172,000 monitor
counts to deliver an average dose of 1 red in the B pos;tion and 302,000
monitér‘spunts for the same dose in the A position.

‘With the BF3 monitor an accurascy of about ¥ 107 in the average dose
delivered is feasible. As a second check sulfur activation can also be
used to monitor the dose. Cne pellet can be positioned on the lower front
of the cup and a second placed on the center of the target cap. For a
calibration run using the Remeb phantom, the sulfur pellet on the target
cap gave a reading of 9.6 cpm/red-gm while the one on the cup gave a read-
ing of 1.07 cpm/rad-gm for irrasdiation Position A. In Position B, the
sensitivity for the target cep was 17.6 cpm/rad-gm while the sensitivity
for the cup was 2.07 cpm/red-gm. The differences for the two positions
probably reflect the chenges in the scattered‘flux between the two positions.
Ten minute counts were used in analyzing the sulfur pellets, which gave
marginal reliabilify for lowvdoses (<3 rads). For doses greater than 6 rads,
95% confidence limits of better than * 10% were obtzined for the pellets.

For low doses the accuracy of the calibration is limited to % 10%. In

these cases the BF3 monitor mey be more useful than the sulfur pellets.

DOSE DISTRIBUTION IN THE VOLUME OF INTZREST

Figure 6 shows the dose distribution in the volume of interest for a
typical irradiation of the Remab phentom with one-half of the dose delivered
from the front and one-half from the rear. These points were measured with

the pencil ion chambers essuming the dose center and the geometrical center

1063915
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are identical. This distribution produced an average dose of 1.96 rads to '
the volume of interest. The points show a standard deviation of‘b.3h rads
and range from 1.21 rads to 2.59-rad§. This exposure required a time of
about five minutes. In general, the time required for a given exposure
(i.e. dése rate) will depend on the age of the target and the operating

parameters of the generator.

DOSE TO OTHER LOCATION IN THE PHANTOM

The dose to other locations for one rad delivered to the volume of

interest in a typical irradiation of the Remeb phantom are shown in Table II.

TABLE II: Dose for a One Rad Dose to the Volume of Interest - 1k MeV,
(7)

Location in Phantom Dose (mrad)

Eye. <5
Base of Sternum ' 59
Prostatic Urethre “ 13
Trigone Area of Bladder 82
Anus %0
Rectﬁm . Sé

Middle of Beck 14

The measured dose at.other locations in the phantom is less than one-tenth
the dose to the volume of interest, as expected from calculations. The

dose to the location of the eye was less than the sensitivity of the ion
chambers and so only an upper limit is given. The other numbers are accurate

B
Xy

to about ¥ 10%.

10b391b
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GAMMA CONTAMINATION

The contribution to the total dose from photons was measured by the
use of tissue-equivalent and grephite chambers after the méthod of
HAﬁdbook 75(8). By the use of this method a contributicn of T.L% was
obtained, ‘Eérlier woerk with thermoluminescent dosime?ers(3) indicated
a contribution of T7.8% for a similar irredistion geometry for which the

calculated y-contamination was 7.5%.

DOSE OUTSIDE OF SHIELD

Dose rates and doses outside of the shielded facility were measured

(10) and the standard'radiétion

Qith both & De Pangher Double Moderator
monitoring instrument used at Battelle-Northwest. The standard monitoring
instrument is a scaled down version of the Double Moderator with a porteble
rate meter and is less sensitive than the larger De Pangher version.

Figure 7 shows the doses (mrem) delivered to various points of interest
for lO\rggs to the volume of interest as measured with the De Pangher
Double Mbderatér. The doses shown eare the average for both the A and B
Positions; exterior dose rates being slightly hiéher (10%) in the B position.
Dose rates are not given since the rzpidly decaying output of a tritium
target ﬁakes such information useless. All the numbers refer to operation
with the wéter tanks filled and all of the shielding in place and with the
phantom in the faeility. All of the measurements were taken with the center
of the dosimeter two feet off the floor unless otherwise noted. The
critical measurements are those for the upstairs corridoriand the clinic.

M

These areas have unmonitored personnel and patients moving about. Because

1063911
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of the infrequent coperation end limited usage of the neutron facility,
the radiation level in adjoining rooms is considered safe. During exposure
with 14 MeV neutrons it is recommended that operating personnel not remain

in the room containing the shielded fecility.

DISCUSSION
Phantom dosimetry results indicate that reproducible doses can be

delivered to the defined volume of interest while delivering relatively

low dosés to other portions of thé phantom end to people in adjoining rooms.
The numbers presented are usually based on two or more separate readings in
order to confirm all important measurements. Separate calibrations for

the dose to the volume of interest made et different times at 14 MeV agreed
to within 3.5%. This error includes both re-positioning errors and ion
chamber errors. Dose variations within the volume of interest had a spread
of ¥ 207 and * 18% (standard deviation) for the two separate measurements.
'The accuracy of the dosimetry reported here is limited by the state-of-the-

art and is estimated to have a 10% uncertainty in absolute calibration.

1063918
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APPENDIX.

Since r2 attenuation is used to control doses and since the moderated
BFBImonitor isigffected by positioning errors, it is necessary that
positioning be controlled and reproducible. Methods of restraint and
referencing were established.

The testes are restreined within the irradiation vessel by a plastic
insert and the irradiation vessel (cup) is referenced to the front of the
| table as shown in Fig. 8. The measurements used in calibrating the system
are shown in Table 3.

Both the spacer and the table are restrained by slide b;its that
fit into holes in an indexing rod. This rod has holes spaced one inch
apart and can be adjusted to fractions of an inch by a screw which moves
the entire rod. The fine adjustment of the rod is referenced by measure-

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

.,
0y
N\

calibrating the\system with the phantom.

TABLE III: Reference positions

' , \\\ Irradiation Vessel Index Rod " Index Rod Position
Geomet : to Table Measurement Teble Spacer
seometry easurenent L&ble Spacer
A 2" 3" 32 1‘
B 1 1/4" 2 17/32" 5 46

1663920
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Irradiation
Vessel

Chamber

HsoWwWw N
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Position ofibn
Chambers as Seen
from Target

Rads/Rad to the Volume of Interest

Position A

0.51
0.45
0.21
0.11

Position B
0.70
0.52
0.28
0.12

21



0.7

0.71

0.98

1.02

0.70

0.97

1.33

1.45

0.94

0.97

1.22

1.43

0.94

0.85

2.7

1.7

0.86 0.84 0.63

1.15 1.12 0.71

1.16 1.07 0.79

0.90 0.81 0.67

0.64

1.05

1.01

0.72

0.49

1.19

1.29

0.98

0.86

1.12

1.43

1.00

0.64

Volume

572
%/

of
Interest
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1.7

2.41 2.10 2.04 1.55

2.07 2.53 2.49 2.03

1.83 2.32 2.27 1.98

1.50 2.00 1.99 1.62

0.71.7 2.7

0.7
1.83 1.77 1.92 1.88
2.19 2.58 2.59 2.16
2.15 2.50 2.18 1.41
1.21 1.78 1.70 1.31

2.7
1.69 2.01 1.92 1.54
2.12 2.47 2.47 2.08
1.79 2.35 2.30 1.94
1.54 1.77 1.84 1.69

| 'V |  Volume
of
Interest
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