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PESTX&.CT 

Dosimetry rxzscrezezts z.?C c z l i h a t i o n s  hzve been ZaCe a t  t h e  

University of Wzshingtoz's Fest I k u t ~ o n  ?.iecliczl Research Fac i l i ty .  

The f a c i l i t y  i s  designed to Celiver l o c a i z e d  neutroa Coses of a 

few rads t o  the t e s t e s  o? v o l u t e e r  sc3jects  et 2.5-XeV and 1 4  MeV. 

Dose Eeasurezents were based 03 the use of t i s s u e  equivalent ion 

t 

che=bers. 

accurate t o  f 10% c a  be delivered to t:?e v o l w e  of i n t e r e s t  

DosiEetry a?& shielCi3g rzes*irez?znts show t h a t  doses 

while naintzining szfe  dose levels  ozts ice  the  sh ie ld  a d  t o  - .  

other portions of t'ne subject. 
! 

' \  . 
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1 Fieure 1 

\ 

Figure 2 

Figure 3 
I 

Figure 4 

. Figure 5 

Figure 6 
\ 

'\ 

'Figur; 7 . .  
\ 

\. 

Schematic represe+tion 0: Xedical iiesearch Fac i l i t y  showing 

major hardwzre. 
i r r a d i a t e  t h e  t e s t e s  fron t 3 e  front.  
the posit ions of t h e  spzccr zn2 bed ere interchulzed ( ro t a t e  180~). 
The subdect knecls GVC the bed wi t 'n  t he  lover legs  extending 
into notches i n  the 'sides of the  q a c e r .  

As diogrzr-?ed t3e  f z c i l i t y  i s  s e t  up t o  
To i r r a d i a t e  from the  r ea r  

Overell view of the ~ e 2 l c a l  reserrc:? f e c i l i t y .  
t h e  BF . 3  
t h e  f i p r e .  

The posi t ions of 
tube for  sonitoring a t  2.5 KeV a i d  1 4  XeV a re  shown on 

Calibration end location of. ion cha-;bers f o r  use es a secondary 

monitor . 
Dose t o  neasureC points 
neutrons. 

A2proximzte positio:: 02 

' -. 
Dose t o  measure5 points 

neutrons . 

i n  tke voluae of i n t e r e s t  f o r  2.5 MeV 

the t e s t e s  i n  t h e  volme of i n t e re s t .  

i n  ::?e volme of i n t e r e s t  for 1 4  MeV 

Dbse t o  various loczticns (me3) 'for 10  rads t o  the  volunc of 
i n t e re s t .  
on the  center l ize  of t'r.2 tnrgot uless  otherwise noted. 
on the  f loor  p L a  rspresent dose rates  two f e e t  off  t h e  f loor .  

(See Figure 2 for glcs d e t a i l s )  

AU z .~asurem3ts  t o  the  v e r t i c a l  sect ion (A-A' ) are 

Numbers 

1 

b 
Reference location for t he  i r r&iz t ion  vessel.  .. 

Reference locat io3 for thc  inclexin: rod. 

0008934 
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This report  dcscribas m-6 surserizcs Zosicztry cezsuzczents made on \ .  

11 the University of Weshinzton's 

The f a c i l i t y  is  c o ~ ~ o s c d  of a nessive sMel6 of wzter, c o x r e t e  blocks, 

and l i t h i u n  s t ea ra t e ,  contzinicc B neutrcr? gexratoor a d  2.n i r r ad ia t ion  

couch f o r  e su5ject. 

Fzsi Neutron I.I=Cical Rcsecrch Facil i ty".  

The f z c i l i t y  is Cesigzed to ee l iver  low doses of 

2.5 GeV neutrorrs, a d  nuch hig'ner Zoses of 14 b!eV r.eutr0r.s t o  a small 
I 
I 

(1,2 , 3 )  ' volme of i n t e r e s t  (the t e s t e s )  03 2 v o l u t e e r  subject 

. To se lec t ive ly  irrediate the v o l c x  of i n t e r e s t ,  it is necessary 
2 t o  use r attenuation-thus irrzdiztic:  with the  volme of interest  

next t o  the source of neztrozs. 

small source t o  irradietioE-volcze eistzxes, it is necessery t o  i r r a d i a t e  

with one-half o f t h e  dose ZeZivered fro3 tde f roc t  of t h e  voltme of 

i n t e re s t  and the  other h z l i  f ~ = ?  t>e  rS'.zr. 

I n  ordsr t o  produce u l fo r rn  doses it 

Fi,we 1 sho;:s a schenatic 

. representation of the  faci1it.y indicztiag the I=zJor pieces of hardware. 

The v o l u e  t o  be i r rzd ie ted  is cc5tzicsd i n  e 5 by 7 by 10 CP p l a s t i c  

cup f i l l e d  with w c 1 3  wzter. 

vanrth w i l l  cacse eescezt of t:?e t e s t e s ,  a d  secosd, the  cup a d  t e s t e s  

w i l l  approximate a single t i s s c e  eqcivzlent zicss, thus n&ing t h e  dose 

d is t r ibu t ion  inCepni!eat of v a i z t i o z s  .fro= sG3ject t o  subject.  

Y ~ l s  is dcne for two reasons: first, the  

. 

A temp- 

\ erature  control  c i r c u i t  is use6 t o  rcgclete  t k e  teziperatwe of t h e  water 

t o  within 0.25' F. 
9 
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' Geonetry control i s  i q o r t m t  i f . rc jzo2ucib lc  dosea are to be 

delivered. The t e s t e s  are rest rzined v i t 5 i n  t h e  p l z s t i c  cup by a p l a s t i c  

i n se r t  forcing them agzinst t h e  surl"zcc of t he  c q  facing the t a rge t .  

The front of the ccp is  referenced t o  t h e  frozt of t h e  t a 3 l e  which is i n '  

turn referenced t o  an indexing rod (See Agpeneix). Both the  table and 

the  q a c e r  a r e  coanected t o  t'ne ic2exir.g ro8 by s l ide  b o l t s ,  thus allowing 

positioning t o  within 1/16 of en inch en2 prevezting uncontrolled movement. 

The trunk of t he  subject i s  not restrzir.eZ Curing i r r ad iz t ion  and i s  the  

only uncoatrolled p a r c e t e r  . 
The dosinetry is base2 ox tissce-ecufvzlent dosizetry cethods although 

activetion rriethods were used i n  the  prelinimzry investigetions(* s3). l o s t  

of the  meesurezlents were ca2e with a i r  f i l l eZ 'penc i1  ckzn3ers made of 

tissue-equivalent .' TTese ion c3mbers were ca l ibra ted  against  a 

lm&e  volme tissue-equivalent io3 che-3er l i l l e d  with tissue-equivalent 

gas. The ca l ibra t ion  wzs Zone z t  t h e  f r c i l i t y  t o  assure ca l ibra t ion  with 

the'pro2er neutroc s g e c t r u .  

with CO w a s  used t o  estimzte t h e  contribction to t'ne dose f ro3  g m a  rays. 

Current through the lz rge  voluxe chm3ers w2s rez5  continuously while t he  

pencil  'chmbers were pulse read 

A l a rge  voice grzphite ion chzqber f i l l e d  
7 .  

2 
' 

'. ( 5 )  

3 

. 
A moderated BF tu5e i s  used t o  give e conticuous nonitor of the  dose 

3 
delivered t o  the  volu-,s of in te res t .  ?or i r r ad iz t ions  et 2.5 XeV t h e  BF 

tube is located a t  the  re- of t he  sh ie ld  v k i l e  f o r  1 4  KeV neutrons it was 

found t h o t  b e t t e r  perforzzxc occurred ;-it3 the  tube locgted near t he  

f ront  ot t he  shield.  
I.! .. 

FiGure 2 s h o ~ s  t?x gcnc rd  positions for t h e  nonitor. 
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T h i s  nonitor wzs ccl ibratcd Curiaz t?.c 2osirr.ztz-y experiments, bu t  should 

not be re l ieC on cxclusi*rcly es e stLri!art c?uring exposwes Cue t o  

variations cmsed by posit ion chmces of t5,e subject.  

i n  more d e t a i l  i n  l z t e r  sections.  

for t he  2.5 KeV neutrons a d  sulfur pe l l e t s  were used f o r  t he  1 4  KeV neutrons 

as supplenentary nonitors.  %.e ion c:?ar;.*sers are contzined i n  holders aff ixed 

This is discussed 

Tissue-equivalent ion chambers were used 

t o  the cup a d  the  su l fu r  g e l l e t s  ere t q s d  to '  t h e  t a rge t  holder. 
j 

For t h e  purposes of Zoslr,etr,r, LT Alterson Sesezrch Receb phantom 

f i l l e d  with a tissue-equivalent solution of wzter aad sugar was used. 

.phanto;? contained a2poxizz te ly  33 l i t e rs  of wzter e?d ebout 13.5 kg of 

sugar and 1 kg of ge le t in  i n   solutio^(^). 

The 

The phmtox is  e r t i cu la t ed  

and contains a skeleton an8 tos ize te r  tubes so t h e t  dosizeters can be 

placed a t  various points  of isterest. 

DOSE KONITORIEG , 

Experiments were pe,-forizc3 t o  icvestfgate ths e f fec t  on t h e  nonitor 

(BF tube) of var ie t ion  i3 the  posit ion of t he  ??enton and t he  posi t ion 

,of the  table  on w5ich it rests. 
3 \  

then the  f r c i l i t y  is set  to i r r a d i a t e  

t he  volurne of interest  f ro3 t3e f r on t  (See ?ie. l), t he  trunk of t h e  sub- 

j e c t  i s ,  e f fec t ive ly ,  bctuecr. the  t a r g e t  GC the conitor. This is 

referred t o  as Position A. 

left o r  r i g h t  ccuseb a Cecr22s2 of &oct 

voluiie of i n t e r e s t  per urit coni tor  C O L ~ I ~  w'xn c o q a r e d  t o  t h e  normal 

In t h i s  posit ion roving t h e  phzntom's to rso  . 

i n  t:?c 6ose &livered t o  the  
'.! .. 

0 0 0 8 9 3 1  
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posit ion.  

head moving six inches l e f t  or  r i g h t  of thc c e n t r a l  posi t ion.  

The t o r s o  was pivoted &out a l i n e  through t h e  t e s t e s  with t h e  

Eecoving 

t h e  r i g h t  a m  caused a decrezsc i n  t h e  8ose of c3out 3% per  un i t  nonitor 

count. 

t o  the source of neutrons, it w2s four6 t h a t  roving the  bed and phvltom 

2 3/4 inches towerd the  generator c a s e d  zn increase of a3oGt 11% i n  t h e  

dose per unit Iconitor C O ~ L ? ~ .  

the  bed had no observed e f f ec t  on t h e  dose per ux l i t  L-.onitor count. 

Keeping t h e  pos i t ion  of t h e  v o l u e  of i n t e r e s t  f ixed  w i t h  respect 

. 

The positioz 0,” t h e  spzcer located behind 

When t h e  f a c i l i t y  is s e t  u? t o  i r r e 8 i e t e  t h e  voluze of i n t e r e s t  from 

t he  rear (Posi t ion B), it wzs f o u d  t h e  position of t h e  phentom’s trunk 

had no observed e f f ec t  on the  dose t o  t:?e v o l w e  of i n t e r a s t  f o r  a unit 

monitor count. 

and t h e  monitor and t h e  neutron source i s  behine the  subject .  

I n  t h i s  posi t ioz,  t h e  s p c e r  is between t h e  neutron source 

Removing 

t h e  lower leg of the  phantoz, wXch r e s t s  i n  a zotch i n  t h e  spacer,  caused 

a decrease of ebout 125 i n  t h e  dose pr mit r,onitor c o m t .  

posi t ion of t h e  voluce of i f i terest  c o ~ s t m t ,  but Eoving t h e  spacer toward 

t he  gener&.one inch, ceused rn incrszse  of \ &bout 5% i n  t h e  dose per  

un i t  monitor count. 

Holding the  

\.For an Alderson Research Res& 3hrctcz1 f i l l e d  with a t i s s u e  equivalent 
‘. 

solutlon!6) t h e  ‘cal ibrat ion for  t h e  zoni tor  is 106,000 counts per  rad i n  

Posit ion A ( i r r a6 ia t ion  f ro3  the  f r o c t )  a id  100,000 counts per rad i n  

Posit ion B for p r i m e 4  neutroxs of &out 2.5 MeV. riis is f o r  an averege 

dose of one rad t o  the  v o l ~ 7 e  of i n t e r e s t  a d  i n  f ixed  posi t ions as 
I 

4) defined i n  t h e  Appeadix 1. -. 

. .  
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-S ince  var ia t ions i n  t h e  s e a s i t i v i t y  of tine dose Iconitor ere l ike ly  t o  

occur duc t o  different  boCy s i ze s  &id r.ovc-rr.ent of t k e  trunk, ci second 

method of calibrEtio3 w e s  Cevised which i s  r e l a t ive ly  unaffected by t'ne - . 
' phantocl's . .  posit ion.  D*aricg exposures 2enci l  ion c h m b e k  aff ixed t o , t h e  . 

cup can be used t o  Eonitor the dose. X spec ia l  holder is provided on the  

cup and the  c d i b r a t i o n s  o5taiced for  ion c h d c e r s  in ';his posi t ion a re  

shown i n  Fig. 3. 

A t  first g lmce ,  one wollld e q e c t  c3ez3ers 1 end 2 t o  agree unless the .. 
dose cen2-er of the tz rge t  d i d  cot  coir.ciCe wit3 the  geozetrical  center.,  

I n  general, one would no t  e q e c t  ';:?e Cose cezter zr.5 geoxetrical  center 

t o  agree, but  it aust be note5 th~: t ke  2 c s i t i o x  of the  chamber are not 

exactly s p e t r i c  wfth the 'ces tez  of t3e  tzrget. This causes the apparent 

a s m e t r y  in t3ese czl ibrzt iozs .  Usizz only tlle 3F 3 nonitor,  an accuracy 

of about f 105 i n  the  average Cose CeEvercd t o  t h e  vol'me of i n t e r e s t  is 

feasible.  The ion c h z ~ 3 e r s  will not i-rove cpon the  accuracy of t he  BF 3- 

detemined doses, but serve 2s 2 seco>&zy check. 
\ 

Figure 4 shovs t h e  2ose e i s t r ibu t ion  for  e t yp ica l  i r r ad ie t ion  of 
.. 

the  volmc of in t e re s t  w i t h  t3e Recl.ab pkzr.t.03 i n  t he  f a c i l i t y  and w i t h  

one-half thc  dose delivered fro=: the f r o c t  ZTC 0r.e-hzlf from t h e  rear. 

Figure 5 shows the assuzcd posit icn of the t e s t e s  during e? i r rad ia t ion .  

These points  were necsurcd with p o x i l  io2 cha73ers es mentioned previously. 

It was assumed t h a t  t:?e Zoce center ~ 7 9  G s o x t r i c z l  center were t h e  s m e .  

This dis t r ibu t ion  rcprcssnts 

! 

cver2;s ease of 0.98 rads t o  the  volume of 

in te res t .  

0.60 rads t o  1 . 4 5  =a&. 

The points s%ov a st2As:-d =hviztioz of 0.22 rads e:d ra?ge from 

2iis eosc r q L i x 3  LY CX?OOL-C t i z c  of cbout 50 

ninutes . 0008934 
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I -  DOSE TO o w n  LOCATIO:.IS I w  THE P~A::TOM 

Dase t o  other points  i n  the  p h a t o n  were also investigated.  The 

doses a re  shown i n  Table I. 

. . 

TABLE I: Dose for  Q One Red Dose t o  the VolL-e of Interest  - 2.5 MeV 

(7) Location i n  Phul.ton 

we 
Base of Sternun . 

Pros ta t ic  Urethra 
Trigone Area of Bladder 

Anus 

Rectum 

Dose (mred) 

64 

87 
118 

84 
40 

59 

I n  most cases, the  doses e--e less t h& one-tenth t h e  dose t o  the  

* voluuie of i n t e re s t .  Most of the doses ere apgroxir,etely as expected. 

I n  the  case of the  eye a d  the bzse of t he  sterqurn, t he  doses a r e  much 

higher than e q e c t e d  f ron  calccletions.  Eqe reason fo r  t h e  high read- 

ings i s  not known, but these 3 o h t s  vould be e q e c t e d  to egree more 

closely with t h e  r e s u l t s  fo r  1 4  XeV neutrozs (Table 2). 

of measurements'confired that doses t o  verrious p a r t s  of t h e  phanton 

A second se r i e s  

were l e s s  than 100 m a d  per re& t o  th2 volme of in t e re s t .  Because of 

the unusually long e q o s u r e  tir,es needed, more acta-ate nm3crs were 

not obtained. . \  

To estimate t h e  contribution t o  t h s  t o t a l  dose delibered by photons, 

zieasurexcnts were zrde wi th  bot:? G t i s s x e  eqcivelent flow cfiamber using 

t i s sue  cqukvalcnt gas cat! e p q h i t e  c h . 3 c r  with c a b o n  clioxide (8) 
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'These measurements were t5ea used t o  celculcte  t h e  ca-za contribution a f t e r  

For the 2.5 !<eV neutrons tke  gxma contri-  

bution xes Cetcricined t o  be &out 0.45. 

For generally o c c q i e d  ereas e.ro~..C t he  f z c i l i t y ,  zezsured Cose r a t e s  

were less t h rn  0.5  r;rez/hr for  2.5 ? k V  ieutrozs. ilext t o  the entrence 

' dose ra tes  of 2 mez/h .r  were o3';zizcd. This  indicztes  t>zt the dose r a t e s  

around tfic sh ie ld  are w i t h i n  safe lizits when conpred  wit:? the recoinnended 

l i n i t  ?f 100 m e n  ?er veek for  co?.';inwxs dccu23atior.el eqosure(9) .  It 
i 

should be 2ointed out Yizt these zczsur?ztnts vere zz6e when t h e  shielding 

was only p a r t i a l l y  assezbled (Soor o?er 2nd wster t s k s  eqty) and ectual  

dose ra tes  outside of t he  cozqleteC sh ie ld  skould 5e l e s s  than quoted above. 

For the 14 XtV neztrozs it wes foci& thzt t h e  zest' r e l i a b l e  posi t ion 

f o r  the BF3 con i to r  vas ne= the  f ront  of t:?e s'aield (See Fig.2). A 

nunber, of o the r  posit ions uzre t r i e d ,  bct vere u s u i t e 3 l e  because of 

s ens i t i v i ty  t o  operetisg parcTstcrs or  3eczuse of low or  high count ra tes .  

I n  Posit ion A, it w 2 s  fow.6 t 3 z t  =wring the  spzcer t r o  inches i n  or  

i out from its staneerd posit ion c a s e d  e c h z ~ g e  of e5out 145 i n  t h e  dose 

delivered for a unit r a n i t o r  C O ~ L ? ~ .  Kovir-.f the  t o r s o  o r  tke  r i g h t  leg of 

the  phantoa cause6 er rors  of l e s s  thz? 2.5s ir.  t h e  dose,$er .. un i t  monitor 

count. We also foLqd t3at rcsovir.g the phc?ntos then alacind it back 
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i n  i t s  stendzrd posit ion r;roZtlceC erycys of as Great a t  55 i n  t he  dose 

per Lonitor count. I n  Pcsit ion B, this e r ro r  w8s &out 72; l a t e r a l  move- 

ment 0: the  phantoa did Rot czuse aiy s i g z r f i c m t  chanze. 

p h d t o a  f i l l e d  with t i s s u e  equivz1er.t solctio,? it $ekes. 172,000 monitor 

counts to del iver  

monitor counts for  the  saze Zose i n  tk2 A 2osit ion.  

For t h e  Renab 

cvercge Zose of 1 rcd in the 3 .position cnd 302,000 

With the 3F Eonitor an acccrecy of about f 10% i n  t he  average dose 

deliverec i s . f e z s i b l e .  

used t d  Eonitor the dose. 

of the cup and a seccnd plzcsd on the  center of t ke  t a r s e t  cap. 

cal ibrat ion run using the  ResG $xz?tc3, t:?e sulfur p e l l e t  on t h e  t a r g e t  

cap gave a r e d i n g  of 9.6 ca-,/rzt-gz vh i l e  t he  one on t h e  CUT gave a read- 

3 
Js a second c?..eck s u l f c r  zct ivet ion can a l s o  be 

0r.e ?e l l e t  can be positioned on the  lower f r o n t  

For a 

.ing of 1.07 cpn/ree-p for  irrzc?f&tioz Tosftior, A. 

sens i t i v i ty  for the  target  c.q wzs 17.6 c~ , / reB-p  wkile the  sens i t i v i ty  

f o r  t he  cup was 2.07 c p / r z d - s .  

probably r e f l e c t  the  ckziges in tke scz t te red  flu between the  two positions. 

Ten ninute c o k s  were used 13 ztelyzing %?e s c l f u  p e l l e t s ,  which gave 

marginal r e l i a b i l i t y  fo r  lov doses ( < 3  r z 2 s ) .  

95% confidence liziits of b e t t e r  than f 105 were obtained for  the  pe l l e t s .  

I n  Posit ion 8 ,  the 

?:?e eifz'erences f o r  the  two posit ions 

For Soses grea ter  than 6 rads, 
I' 

For low doses t h e  eccurzcy of the  celfbrat ion is  l imited t o  f 105. 

tbese cases the  BF c,onitor zqr be =ore c s e X  thzn the  sulfur pe l l e t s .  

In 

3 

DOSE DISTRIBUTIOX I9 TI3 I'OTJL?Z 07 IXT3EST 

Fiaure 6 sheds the  6ose distribx-lion i n  t h e  v o l u e  of i n t e r e s t  fo r  a 
.: .. 

typical i r r ad ia t ion  of the EiczLo ph~c.tor;l v i t h  om-hzlf of t he  dose delivered 

froa t he  front and o n e - h l f  fro, t k e  rear. Tf?cse poin ts 'vers  measured with 

the  pcncil  ion charnbers SSSLT~Z; tile dose cez tc r  azd t h e  p o c e t r i c a l  ccntcr 

0008942 
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ore identical .  Th i s  d i s t r ibu t ion  produced m averece dose of 1.96 I rads t o  

the  voluze of in t e re s t .  The points shosr a s tmzzrd  devirt ion of 0.34 rads 

and ranze from 1.21 rads t o  2.59 rd s .  This exposure required a t i n e  of 

- 
' 

' about five minutes. I n  generzl, the  t h e  required f o r  a given exposure 

(%.e. C o x  ratc) w i l l  dcgcnd on thc ccc of t h c  targot and the operating 

parameters of t he  generator. 

. 

DOSE TO OTER Locmo?r ET FZ P F ~ T W  

The'dose t o  other locztions for  oae rad delivered t o  the  volume of 

*. in te res t  i n  a t n i c a l  i r raXat ioA of the  Rem5 phanton Ere shown i n  Table 11. 

TABLE I T :  Dose fo r  a Oze Rzd Cose t o  t k e  Volme of Interest - 1 4  NeV. 

Location i n  Phzr?to=? (7) Dose (mred) 

<5 
59 

we 
Pros ta t ic  Urethra 73 

82 
40 , Anus '. . 

Rect i1  . 53 

1 4  

. I .  

Base of S ternm 

Trigone Area of Bledder \ 

Middle of Back 
. .  

The neasured dose a t  other loczt ioas  i n  the  phzntox i s  l e s s  then one-tenth 

the dose t o  the  volwx of i n t e r e s t ,  es expected f r o 3  calculations.  The . \  
dose t o  the locat ion of the  eye w2s l e s s  thzn the  s e n s i t i v i t y  of t he  €on 

'chambers and so only en upper l i r r f t  i s  given. The other  nyrnbers are accurate 
.i .. t o  about +, 10%. I 

. .  0008443 
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GA!.XA COXTi24IHP.TIOli 

The contribction t o  the  t o t e 1  Sese f ro2 2hotons vas c e c s v c d  by the  

use of tissue-equivalent an.d g r q h i t e  c:?zzbers e f t e r  t he  nethod of 

Handbook 7 5 ( 8 ) .  3y the  use of t h i s  r.et'r.06 a coztribution of 7.4% was . 

obtained.  E & l i o r  work with tkcrr?.olu?izcoccat d o ~ i c c t . c r s ( ~ )  i n d i c a t e d  

a contribution of 7.85 Tor a siailar i rzzdiz t icn  geozetry for  which the 

calculated y-containat ion wzs 7.5%. 

D O E  OLTSIDE OF SEIZLD 

Dose rates &ad doses outsiee of t%e sh ie l ted  f a c i l i t y  were measured 

with both a De P a g h e r  Docble Xoderator( l0) m d  t h e  standel.0 rediat ion 

monitoring ics t r -Gent  ased a t  3zttelle-::ort%est. ' T'se stzrlezrd nonitoring 

in s t rmen t  is a scaled down versio?. of t he  Dou5le l<oZerztor u i t h  8 portable 

r a t e  Eeter md is  less secs i t i ve  t:?m t t e  l v g z r  De ?zagher version. 

Figure 7 shows t2e  2oses ( z z e z )  6elivercC t o  various points of i n t e re s t  

. for  10  rads to the  V O ~ L . ~  of i n t e re s t  es =e~su=ed with the  De'Pang5er 
. 

Double I4oderetor. The doses s:?om m e  ::?e ~ v e r z g e  for  50th the A and B 

Positions; ex te r io r  dose r a t e s  3eir.g s l i gh t ly  higher (10%) i n  t h e  B position. 

Dose r a t e s  ere not given s i i x e  the rz?id>y 2eccyfr.g output of a tritium 

target  makes such inforaetion useless. A l l  t > e  ncribers r e f e r  t o  operation 

w i t h  the weter tmks fillee a i d  ell of t C e  shiel&ing i n  ploce and with the 

phanton i n  the f ac i l i t y .  

of the dosimeter tvo f ee t  off the  f loor  u l e s s  othercrise coted. 

c r i t i c a l  neasuienents w e  t>ose for  the  cptairs  corric?or!ad t h e  c l in ic .  

These areas hove ur,-,onitorec? g e r s o x c l  LX! p t i e n t s  novinc &out. 

\ 

A l l  of t:1e xezsazezerits were taken with the  center 
\ 

The 

Because 



of the infreqcent o p r a t i o n  a d  l i n i t e d  uszgc of t h e  neutron f a c i l i t y ,  

t he  rad ia t ion  l e v e l  i n  aCjoining rooz.3 i s  consiaered safe .  

with 14 XeV neutrons it i s  recorzenbd t3zt oaeret ing personnel not renain 

i n  the roon containing the  shielCed f z c i l i t y .  

During exposure 
. .  

DI SCUSSIOX 

Phmton 8osiicetry r e su l t s  in2 icz te  t3zt re3roaucible closes cen be 

delivered t o  the  &fined voluTe of' i c t e r e s t  while del iver ing r e l a t i v e l y  

low doses t o  other  portions of the ?>enton end to paople i n  adjoinin& room. 

The nmbers ?resented 2x2 usudly  based 03 two o r  nore sepra te  readings i n  

order t o  confirm e l l  i q o r t m t  r.ezsure-.xts. 

t he  dose t o  t h e  v01u.z~ of i n t e r e s t  neee et d i f fe ren t  tices a t  1 4  MeV agreed 

t o  within 3.55. 

chaaber e r ro r s .  

of f 205 end f 185 ( s t a z t a d  eeviet i02)  fo r  t k e  two sepzrate  measuresents. 

The accuracy of the  eosi-,etry re?orted %ere i s  l i n i t e d  by the  state-of-the- ~ 

art and is e'stinzted t o  hzva e 10s uncertzinty i n  &solute  ca l ibra t ion .  

S e p v a t e  ca l ibra t ions  for 

This e r r o r  inclndes both re-posit ioning e r ro r s  and ion 

Dose vzr ia t ions witl ; in t3e voluze of i n t e r e s t  had a spread 

, -  

' .  
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! 

2 Since r at tenuat ion is  used to c o ~ t r o l  Zoses and s ince  t h e  moderated 

BF monitor is affected by posit ioning e r ro r s ,  it i s  necessaq  t h a t  

posit ioning be control led z!.C r ep rokc ib le .  Ket5ods of restraint  and 
3 

referencing were establ ished.  

The t e s t e s  a re  r e s t r z i zed  within t k e  i r r a d i e t i o n  vesse l  by a p l a s t i c  
' 

. i n s e r t  and t he  i r r zd ia t ion  vessel  ( c q )  is refsr inced to t he  f ron t  of t h e  

t ab le  as shown i n  Fig. 8. 

a re  shovn in Table 3. 

The nezswexents used i n  ca l ib ra t ing  t h e  system 

. .  

. \  

Both the  spacer and t h e  t ab le  e r e  r e s t r z i ced  by s l i d e  b o l t s  t h a t  

fit i n t o  holes in en icdexing rod; This rod has holes sgaced one inch 

a p u t  and can be addustee t o  f ract ions of 5-? incb by a screw which moves 

. the  en t i r e  rod, 

Eent with a ne te r  s t i c k  as s'nosrr. i n  Fig. 9. 

nunbered consecutively. 

T'e f i n e  adjustnent of t'ne rod is  referenced by measure- 

The holes  i n  the  rod a re  

TaSle 3 S ~ O W S  t h e  reference poin ts  used i n  
\ 

ca l ibra t ing  !the\ systen with the  phsntoz. 
.\ 0 -  

, -. ' . 
TP13LE 111: Reference posi t ions 

\ 

InZex Rod . Index Rod Posi t ion ' I r r ed ia t ion  Vessel Geometry t o  Ta3le Tcble Spacer 
Ke 2s ur m e  n t 

'. . *. 

.- 

A 

B 

2 " 3" 

1 1/4" 2 17/32" 

32 

5 46 

L 

.i 

0 0 0 8 9 4 1  
e 

I 
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