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The meeting wm cal led t o  order by the Chailrpipn at 1000 hours, 
lh Hay 1959, With t h e  following voting membera present: 

Dr. 0. Failla, &aiman .. Columbia University 
Dr. Mlliam F. Bale - Univemitg of Rochester 
Dr. Francis R. Shonka - St. P m p i u s  College 
Dr. Wolfgang J. Ramin - Amy (USASRZ) 
W. Oeorgenphaffey - Navy (BUSHIPS) 
Lt  C o l  L. T. Boatvright - Air Force ( A m )  

'he followiug member uas absent: 

Dr. George K. Oreen - Brookhavan National Laboratorg 

For the Meme Atomic Support Agency (MSA) Secretariat, the  
following person van i n  attendaace: 

Captain W i l l i a m  D. Sheehan, US, CmlC 

The alternates and other interested persona l i s t ed  below also 
attended the  meetingt 

Mr. Horris Si l l s  - O C W O  (Amy A l t e m t e )  
Crm h o r g e  Ewe - CW (Wvy Alternate) 
Ltcolonel Paul Cerar - oCc1130 
Ilr. Ab& Cohm - USBSEDL 
Mr. glao DiIPnai - ma 
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The suarmoriee of discussion and Panel resolutiom are .ae . foUht '  

The Chairman has noommended t o  the  Chief, nBsB, that  Dr. Victor 
Bond, Brookhaven National Laboratory, be invited t o  join the Panel t o  
replace Dr. 0. K. .Ween who has suhnitted his resignation. 

The Chief, DASA, asked the Chailman t o  consider t h e  feaa ib iu ty  of 
e m i n g  the Panel t o  include f ive civil lan mambers. 
t o  enlarge the Panel t o  include f i ve  civi l ian members and three SerPice 

The Panel voted 



,m :? '2:. 

' ' membem. V d d  parsons, repmenting the IVatioi, Lpboratorias, 
c i r i l ipn  Universities and industry, were pmposed t o  the  Chainaan 
as the  fifth member. 
advhement and if he does not nominote a fifth member by the next 
meeting, the ncminees m i l l  be dlscassed at the 20th m e e t i n g .  

.. -* 

._ The Chainwm took the llst of nmes under 

The Panel presented three recommendations t o  the aid, W, for 
fonrarding to  the Research and Development elements of the Semices. 
The prepared l e t t e r  uas coordinated w i t h  the  Panel. 
reconmendation on a t r i t i u m  monitoring inatnnncnt, a further discussion 
was held on the f eas ib i l i t y  of such an instrument and the consensus of 
opinion was that th i s  recommendation was feasible f o r  a go no-go type 
instrument. A possible si tuation where t h i s  imtnrment might not be 
feasible was discussed and as a remilt the  Ponelvotedfo add the  
following sentence t o  the current recaarmendations. 

is assumed here t o  be 1 x lo-* micro curies per cubic centimeter. 
%posure f o r  one hoar at  this concentration does not exceed the  inte- 
grated l3 week exposure for occupational personnel allowed by the  
current (1959) International Commission on Radiological Protection (ICBP) 
reccormem3ation.w 

As for the  

"The pennissable concentmtion f o r  a s h o r t  exposure t o  t r i t i u m  god 

Hinor modlfioationa t o  the  wording of Na-24 body f l u i d  assessment 
The Panel recommendation and the energy dependence sunnnaxy were made. 

then cooniinated on Vurrent Recamendation" le t te r .  

S l ' m  CALI6RATION SOUICES 

The Navy member discussed the problems associated with alpha 
calibrators. Three problems i n  calibration sources were discussed; 
namelp, reduce the swipe count hazard, reduce the  variations i n  the 
prepared calibration sample and the prormrceent of Fu-239. The HNL 
representative discussed h i s  ideas and the Mounrl Laboratory method of 
callbration sample preparation. The O C W O  member discussed some 
apparent procurement problans. After further discussion, the Panel 
made the following resolution: 

OThe Panel recognizes the importance of having suitable 
primary alpha standards t o  c a b r a t e  alpha mdiacs. 
Therefore, the Panel recommends that  an accelerated 
effor t  be made to fabricate suitable alpha ray standards." 

The Secretary indicated that the DASA w i l l  assist the Services in  
Pu-239 procurement if any di f f icu l t ies  i n  procurement are  eaperienced. 
The Fleld Camand,  DASA, channel t o  obtain Pu-239 uas discussed. 
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'. . 
The Navy member discussed another espect of standardization; that  

is, that the responsibillty o f t h e  radlac standardisation progrpa naa a 
Navy responsibility. 
dosimeters and field calibrators ufiicbhe hoped would be stadal.diSsd 
this year. 

H e  further discussed the specificatdona fo r  

The question of the response of personnel dosimeters was again 
discussed. 
laboratory irradiations were discussed and the Panel then made the  
following resolution: 

The energy response of dosimaters t o  ini t ia l ,  residual and 

*The Panel recuumenda tha t  fo r  purposes of evaluation 
of t h e  short tern effects of whole-body exposure of 
military personnel in ~ I I  s x t d e d  fdlout field,  the 
energy dependence of personnel dosimeters should be 
adjusted t o  take into accout the lower efficiency of 
t he  leas penetrating components of the gamn ray 
spectrum and beta rays in producing such effects. 
R e s e n t 4  available information indicates that f o r  
practical  purposes this codi t ion is fu l f i l l ed  when the 
reading of the pereonuel dosimeter i n  an &ended 
radiation fallout f i e l d  represents: 

(1) lOC$ of the air dose i n  roentgens i n  the 
gamma ray energy range from 1.25 Hev (Co-60) to 
00 K e v .  

(2)  A gradually decreasing percentage of the 
air dose in roentgens below 80 K e v  80 that it is 
5@ a t  50 K e v  and no greater than 5 a t  20 Kco. 
Allowable error limits should be stated i n  the de- 
tailed specifications of the procuring agency. 
precision of - + X$ is suggested. 

The Panel also recommends that a l l  dosimeters i n  
the 0-200 m r  and 0-5 r range and dosimeters of all 
ranges f o r  technical and laboratory use, where the 
evaluation of possible long term hazard i s  the 
principal object be constructed so as t o  shou 
essentially f l a t  energy response from Go-60 
radiation down to  X-ray quantum enegies  of 20 kev 
with no peaking of response fo r  quantum energies 
bel- t h i s  value.* 

A 

EFFECTS MFDRNATION 

The DASB representative reviewed PLUMBBOB and HARLlTACK results 
which have a bearing upon radiac instrument requirements. 
of the i n i t i a l  gama ray spectrum and - its application t o  dosimeters 
ensued. 

3 

A discussion 



I -  

& ,- 
i.,- I 

€TELD TESTINQ 
- .  

The testing of radiacs in shula ted  field6 was discossed. 
The ?W, representative discussed depth4ose meauurments and felt that  
phantm and depth-dwe exposures t o  laboratory sources can be adjuated 
t o  duplicate f ie ld  srpoaures. The USASRIL representative -read m i t h  
the idem discussed but fe l t  the  problem of field testing m a  centered 
about the user’s use of the  imtruments. 
felt that although the radiological t e s t  area will be open fo r  Service 
use, the bomb fallout spectrum would not be duplicated and thus a 
degree of confidence is lost .  After further discussion, the Panel mode 
the following resolution: 

The C@hlO representative 

“The Panel believes that f i e l d  tests of radiac 
instnunents designed f o r  m e a s m e n t  of p v t  
radiation and radiation from fallout fields hod 
been in the past unduly expensive i n  money and i n  
the time of professional pernoanel because of a lack 
of f a c i l i t i e s  for prelbdnary testing of instruments 
under development under simulated f i e l d  conditions. 
The Panel therefore recommend8 that facilitiem for 
s b d a t e d  prampt f i e l d  tests and extended fal lout  
f i e lds  be made available for these purposes. For 
proapt radiation studies, t h e  Panel r e c m  tha t  a 
f ac i l i t y  be provided f o r  joint Semlce w e  in the 
study of  radiac instruarWtation and radiological 
effects based on a pre l idnary  studp ta i d i c a t e  
whether one o r  mom pranpt radiation SiDniLOtors are 
required for &equate scheduling of necessary tests 
f o r  both purposes. 

The Panel understands that  action has already been 
taken to  prwide an extended gsnrmo radiation field 
a t  the Bugvoy Roving bund, Nevada, which will be 
available f o r t e s t i n g  of radiac instruments. 
Panel recommenda that such f a c i l i t i e s  be supplemented 
t o  simulate more closely a radiation field.” 

The 

BIOLOGICAL WsplETERs 

h e  bodily effects of slow and fast neutrons were discussed. 
The aubject of Cx-Reactive Protein ( C m )  response i n  rabbits given 
whole body X-irradiation was mentioned. The question of whether or  
not CrRP appearing in the blood s e m  as a biological dosimeter i n  
addition to arP-2b was discussed. 

- l L  



'' EIG- IGETING OF TKE 
P m  ON R4DIOLooICAL INSTFLMENTS 

First Thy - 10 February 1959 

The meeting was called t o  order by the Chaiman a t  0900 hours, with 
the fol lar ing voting members present: 

Dr. 0. Failla, Chairman 
Dr. William Bale 
Dr. Francis Shonka 
Dr. Wolfgang Ramm A w  (USASEL) 
Mr. George Mahaffey Navy (BUSHES) 
L t  Colonel L. T. Boatn'ight 

Columbia University 
University of Rochester 
St. Pmcopius College 

A i r  Force (AFShC) 

The alternates and other interested persons l i s t e d  below attended 
the meeting at the end of the Closed Session. 

Mr. Robert Attmore, BuShipe 
CDR Gurdon Bell, BuHed 
Dr. Victor Bond, BNL 
L t  Col Francis Bradley, CSD EI&E 
Major Heber B r i l l ,  CONARC 
Hr. Louis Browne, USBSEDL 
Major Wil l iam Bryan,  AFSWC 
Mr. A l v i n  Carriker, NRL 
CDR Francis Chambers, NMRI 
Mr. Irwin Cherrick, BuShips 
Mr. Leland Clark, Sr., NML 
Mr. Abraham Cohen, USASEDL 
Dr. George Davis, 
Mr. Elmo D i I a n n i ,  NMl 
L t  Col B. S..EV=S, JTF-7 
L t  Col  James Hartering, SGO 
Mr. Charles Hollander, Buships 
CDR George Houe, CNO (Navy Alternate) 
Mr. Martin Jachter, USASEDL 
Mr. Robert Jones, BuShips 
Mr. Nathan Klein, CWL 
Dr. S. Kronenberg, USASEDL 
Colonel Ralph LeChausse, AFCSG 
Capt Dale Lindall, A F a  
Nr. Joseph Lindwarm, CWL 
Mr. Joseph McGreevy, NML 
Mr. Robert FIarLin, OCDM 
Mr. Harry Murphy, USHSEDL 

'* H. Redmod' NRDL - CONFIRMED To BE UNCLASSIFIED BY 



Mr. Edward Zaundcrs, C.*X 
h-. James :.-chulman, 6 
wr. Eorris :>ius, "?',mlO <  my .:Iternate: 
Mr. henneth f inclair ,  W:.: 

Er. Xerbert Talkin, 
',t Colonei 5'. Timmennan, C K  

i t  Zolonel ..owell f h q s o n ,  ,X?i;mlO 
13, Colonel :.lwrt Voegli, 2 
Capt Clay %eight, !<!:< ($.ir "orce Alternate) 
Fr. tenry khitten, m l i  
IT. Harold Wyckoff, hi? 

!r. Scott h i t h ,  !*?E 

The following persons from Eeadqwrtcrs, :.meti :'owes Special :deapor;: 
f o j e c t  were in attendance: 

?.aptah Mll im . . Sheehan, .?,ecretary, ?-ne1 on Radiological 
-hstrments 
Exjor Fhil l ip  k l a n  
Csptain Thomas .-mvenzsno 

1. : closed session of the anel was held frm 0900 t o  100 hoursr 

2. 1'. ; a i l l a  was re-elected t-.. iman of the :,anel fo r  1959. 

3. The following members were absent: 

:T. 'rancis Shonka, Prosopius College 
<:re Peorge 'reen, Erookhaven Fhtional ! zboratory 

/I. raptain Clay 

5. :ne Chief, ':%. , indic- ted t o  the Fanel tkt the mission of A%<?. 

:.!eight was nominated ind elected -is an a l t e r m t e  
rmoiocr (Y::. f.ir lorce'! t o  t h e  hnel .  

;:.>; 'Jeing reuri t ten :nd t h - t  Chief, G%:~~', would be responsible t o  'm:.intain 
:urrent information IS t o  the st ; tus of military research and engineering 
in the f i e l d  of radi-.c instruments and t o  mike reccimnendations t o  intagrate 

- 
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the effor ts  of Services researoh agencieo." The Chief, AFSk'P, ahto 
pointed out t o  the ?;ne1 that t h e  Charter of the Panel would still 
be valid under the new mission and that the Panel would contirme to 
advise the Chief, AFSkF. 

O P E N  S E S S I O N  

hELCC?:2 - Dr. Failla, Chiman 

On behalf of the ?anel., I wish t o  welcome you to the 18th meeting. 
A t  t h i s  tine, I would like t o  reiterate the five functions of the  Amed 
Forces Special Weapons PMject Pam1 on Radiological Instruments. 
function6 of the Panel am: 
of radiac instnrments under d e v e l o p n t ,  (2 )  t o  review the implication6 
of new weapons effects  i n f o m t i o n  upon radiac instrument requiremento 
2nd design, (3) t o  provide a f o r m  f o r  the axchange between the R a d  
C elements of the Semices, (h) t o  render assistance to specific problems, 
and (5) recoamend, where appropriate, ckngss or extensions in the 
research ind developent programs within the Services. 
w i l l  now begin wi th  the first presentation. 

The 
(1) t o  periodically review the status 

The Qmn Session 

NZF' HIXTARY RADJAC REQUlEXENTS 

A R E  - ;!!ijor Aeber C. B r i l l ,  CONARC 

.:he Anny has no specific new requirements. Time has been spent, 

One problem that arose md was fe l led during the year was the  alpha 
survey meter. 
l i k e  it and f ee l  we are  comit ted t o  it, although we are interested in the 

since the last meeting, f i l l i n g  the old requirements. 

The !,my bought JUNO (the standard range model). We 



PAC-30 .nd 1s. ' 

The M-108 for f i e l d  survey i ncy bdng  procured plld ismmd. A 
wersion of t h i s  h t lument  - the h-& -. for a e r i a l  survey has besn 
prepared and will be tested in A p r i l .  
tested now. 

A version for trplra is baing 
The M-93 i s  be- ismod. 

O n e  m u  requirement stated Last p a r  is at5J.l valid - the need for 
a gamma-neutron dosimeter. 
both. 

We prefer, of course, one instrument t o  do 

We do have one thing that $9 new. C O W I C ' s  Dr. Browning and so6's 
ColomlnPupin have approved the concept of adminiStratiVa doibnter  

None of the present dosimeters are considelad t o  be &table. 

issued ami used. This i s  a radio transmitter with signal st-% ptcrs 
made to  resemble e x a c t l ~  the IH-lO8. Y uha it. It has a far bugs, but 
has proved t o  be very useful fo r  training. 

We f e e l  that if a devlce cpll ta found tha t  -IJ 
body i n  reqmnse to radiation, it dll Lm weful. 

me &&la training device, which I mantiom3 last par, hw been 

olir m u  requirements are conteptual rather than mech&ic& we 
have found tha t  our imtruumnts give uq all the idomat ion  m o.ll me. 
We lloy ham a capability a t  ha&, in 
reached the f i r& plateau, so t o  ape&, and C a n  take a look amund. b 
are now concerned with w h a t  do we wa& from these i n s t w n t s ?  What do 
M need t o  hare them t e l l  us? b a t  should we expect them t p  do? Once 
we have decided these things, we can turn  4grin t o  develqamnt. 

the requisite PhMeS. We ham 

NAVY - Hr. George W f e y ,  BUSNIPS 

The Navy haa need fo r  Radiac Equipvk. for personnel t o  pro+&& 
themselves from overexposure t o  ionizing radiations. 
measuring instruments, techniques, and procedures are required for ths 
following f ive  applications: 

nuclear weapons requires protection Ipemres f o r  personnel from ionising 
radiations due t o  accidents or other incidents involving our om weapons 
and weapons delivery systems. 

radiological effects of hostile nuclear weapons. 

volved i n  deep wa div ing  and in salvage operations may not be over- 
exposed t o  nuclear radiations. 

Radio log id  

3 

a. Nuclear weapons and weapons systems, wherein the use of 

6 b. Atomic warfare, wherein Naval personml am subjected t o  the 

C. Explosive Ordnance Dispaaal, wherein Naval personnel in- 

- 



- .  d. Nuclear propulsion, wherein the presence of a nuclear 
reactor provides a radiological or possible radiological anvlrolaent 
&ich must be h a m  in order t h a t  personnel are not inadvertepltlp a- 
posed to nuclear radiations. 

e. Health safety a d  regulatory purposes, wherein the use of 
radioisotopes requires precautians t o  protect personnel from undue 
exposure t o  ionizing radiations due to n m a l  use of radioisotopes, 
contaminated materlals or leaking somces. 

It mag be observed tha t  all of the abwe are concerned with health 
safety; h a r m r ,  the approaches uhich must be used are frequently 
dictated by the application involved. 
instnment tppe, properly designed, can be used in more than o m  eppli- 
cation. &re practicable, the latter approach is used. 

The requirements which equiptents and techniques must m e t  are 
dynamic. The body of knmledge relating radiation t o  biological 
effects i s  constantly growing; because of t h e i r  application, mauy radiac 
equipnents must produce reodings which can be quickly and easily cornlatad 
with these biological effects. Nang toleramas are being revised, gem- 
a l l y  downward; therefore, equipment6 and techniques muat be capable of 
meamremnts a t  the raduced levels. Nem wapom and systems for dslivem 
are being evolved and suitable i n s t ~ ~ ~ ~ ~ n t ~  fop. the protection of persolrml 
during handling and delivery must be provided. 

To insure the Naval Forces Afloat and Shore Establishments are in a 
state  of readiness, radiac equipment t o  meet the Navy's requimnents 
include: Survey Ileters, D o s h t e r s ,  Monitors, Laboratory Equipaent, 
Calibrators, and Accessories f o r  existing equiptent. 

In other instances, a s-le 

Radiacs presently i n  use i n  the Navy and types i n  development 
proposed fo r  future adoption by the Navy are included i n  the L i s t  of 
Military Radiac Devices. 
of these types. 
the Sixteenth Meeting of the Panel. 
be described and models presented l a t e r  i n  the meeting. 

A requirement exis ts  f o r  a s u m y  meter to  determine the  presence 
of ionizing radiation because of the increasing pcuer of radar equipmentB. 
Personnelwho service or bench test radar equipment may be expwed t o  
ionising radiation i n  addition t o  thermal damage due t o  microwaves, 
depending upon the radar i n  use. 
w i t h  250,000 volt transmitting tubes require approximately one ton of lad 
shielding. 

Time will not permit discussing i n  de t a i l  each 
lIarlp -re presented and are covered i n  the minutes of 

Some of the types i n  development vill 

Sans current Navy radar developnents 

I n  summary, i n  some operations potential hazards t o  Navy personnel 
may occur from radioactive materials used and present i n  the envimmmnt. 

- 
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The Navy meaber reviewed the use of thenuoluminescence fo r  
radiation doshetry. Results of investigations being conducted on 
radiation sensitive materials at the Naval &search Laboratorp indicate 
tha t  a special Banganese-activated c a l c h  fluoride phosphor pexmits 
detection of X-ray and gamma-ray doses i n  the nrLUimentgen range. 
lhis device offers pmmise as a replacement for the photographic film 
badge f o r  health physics applications. I n  t h i s  methad of dosimetry 
t h e  sensitive element i s  a luminescent solid that,stores part  of the 
energy received from t he  radiation. This storage is generally due t o  
the trapping of electrons, uhich have been freed by the radiation, a t  
imperfections in the solid. When the phoqhm i s  heated, t he  stored 
energy i s  d t t e d  as luminescent light, and the  amount of this light 
is proportional t o  the dose received. lhe reader used t o  measure the  
dose consists of a amall light-tight furnace, a simple meam of inserting 
and ramoviag the dosimeter, a photomiltiplier tube %hat v i m  the active 
surface of the dosimeter, and a conventional meter read-out s y s t ~ .  
the dosimeter has been read, and subsequently cooled, it is again ready 
for use. 

After 

The Panel f e l t  that  it waa worthwhile t o  investigate solid s t a t e  
dosimetry. However, no resolution was made t o  recanmend an expanded 
effort. 

Dr. Shonka discuased h i s  quartz-fiber ratemeter. It was pointed 
out that  the 6 sec time constant was too long f o r  military we8 mch as 
mobile operations in radiological fields. 

OTHER BUSINESS 

The Panel expressed a vote of thanks t o  Dr. Bale of the University 

The Panel accepted Dr. Shonlca's invitation t o  hold the next meeting 
The Chairman suggested an October meeting and 

of Rochester f o r t h e  hospitality shown during the 19th meeting. 

a t  St. Procopius College. 
the date of the meeting would be held during the same week of the 
Radiological Society meeting a t  Chicago, Illinois. 

The m e e t i n g  uas closed a t  a00 hours on 15 Hag 1959 and the Panel 
was then  given a conducted tour thmugh the reeearch f a c i l i t i e s  of the 
AEc project a t  the University of Rochester's School of Medicine. 

- Captain, USA 
Secretary, Panel on'Fiadiological 
Instruments 
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these situations, it is desirable and often mandat.org t o  ham 
Idonnation on dose a d  dose rate  within an accuracy of + 20 per cent. - 

AIR FORW - L t  Colonel k T. Boahrrig ht, ARW 

The various areas vimre the A i r  Force requirss nuclear instmmentafian 
are as foUcuar personuel dosimetry t o  include the present integrating 
instillments such as  the DT-60, quarts-fiber dosimeters and f i lm badges, 
and a nev requirement exists fo r  a suitable neutmn dosimeter. 
pereonnsl dosimeter would be one tha t  givea a corrsct dose indication upm 
expoclure to both gama and mutmns over the ant- energy epectm.  

Requirements fo r  portable f i e ld  survey instmmaxts am for m o w  
reliable types which are  easier to maintain and which have a simplified 
battery canplem~nt. 

which ahould be rugged and capable of immediate operation a f t e r  a long 
storage period. 

give an alarm in case of unexpected radioactive fallmt. 

The ideal  

For air crew survival kits we need a miniatwe gamma rate inst-nt 

Air Base monitoring requires a continuously operating i n s t m n t  t o  

Spacial purpose instruments ore required from t h e  t o  time in the 
weapons t e a t  program and high al t i tude sampling projects. 
categorg VB also include a i r  ssmplers, calibration equipmnt, trltium 
monitors and analysera. 

In this 

IIEPORT lQ3M TRIPARTIlS CONFERENCE - Ilr. Joseph Lixiwann, CWL 

The U t h  Triparti te Toxicological Conference on Chemical Warfare, 
Biological Warfare, and Radiological Defensa vas held 9 - 23 September 
1958 a t  Suffield Experinmntal Station, Alberta, Canada. 
par t i te  countrles are US, UK, and C a u i d a .  
conference. 
Wonnation, and arrive a t  a degree of standardization of equipment and 
techniques among the three countries. 

The T r i -  
This is a yearly, 2-ueek 

The purpose is t o  coordinate the B&D efforts,  exchange 

Discuseions i n  the f ie ld  of Radiological Defense include: maclear 
mapons radiation phenomenology, biological effects  of radiation, radia- 
t ion detection and measururement, protection (shielding) decontminstion 
and simulation - all from both the  technical and service aspect point 
of view. 

This report w i l l  suannerim the discussions, conclusions and 
reconmendations of the conference which are of pertinent and innnediate 

- 
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- inferest t o  this group. 

1. Nuclear weapons radiation 1 ~namena--no new 
data were presented. 

lfomratioa or 

2. Biological effects  of ionizing radiation--it was concluded 
tha t  the  two areas of greatest ignorance were: 
effects  of neutrons, (b) the  effect  of protraction and fractionation 
of the dose on the table  af acute effects of radiation. It was fur ther  
concluded that  the e f for t  being put into the neutron prcblem by the 
thme countries i s  inadequate t o  produce solutions in a r e ~ ~ n a b b  time. 
It was therefon, recommended that action should be taken by all three 
countries t o  increase substantially the e f fo r t  i n  this field.  To in- 
that this would be effective, a meeting of experts i n  biologp. and laedicim 
aheuld be srwaged t o  examine existing data and t o  recommend how the 
mil i tar i ly  significant problems could best be attacked. Further, tha t  
the  three countries should exmine means of set t ing up a working group 
which could plan an integrated program on biological effects fo r  a 
weapons test devoted specifically t o  the acquiring of biolcgical effects 
data. 

I (a) dose versus acute 

3. Radiac InstnunenW.tion. 

a. Dosimeters. It was noted that currently available 
quartz f iber  dosimeters, i n  a l l  3 countries, t a i l  t o  me 
specifications on dose-rate and neutron r e s u o c s e , e f o r  im- 
yield, d l  -sized tac t ica l  weapons. Three recommendations weere made: 
(1) the Services should conduct an operational analysis specifically 
directed towards evaluating the effect  of these inadequacies on the 
a b i l i t y  of the commander t o  arrive a t  a "suitable estimate of the 
situation;" (2)  present types of quartz-fiber and phosphate g h s  
dosimeters should be retained un t i l  i t  i s  determined t o  what extent the 
neutron response and dose-rate characteristics of dosimeters can and 
should be improved; and (3) 
f o r  measuring i n i t i a l  gamma radiation dose should .cntinue i n  or&r t o  bs 
prepared t o  meet a s t r i c t e r  specification on dase-:ate dependence. 

n t  1 

iwestigatio\.s on the design of dosixnetera 

. It was agreed that a level i n  drinking 
products is one which can be water of 3 x 

consumed f o r  several weeks without significantly increasing the likelihood 
of acute effects, and radiac instruments exist which can measure t h i s  level 
w i t h  sufficient accuracy. 

C. Aerial Surve . It was noted that considerable progress 

Further, t h a t  the technical problems involved in  the  development 

has been made by t e + countries i n  defining the i r  operational require- 
merits f o r  ae r i a l  surrrey Over friendly terr i tory using low performance 
aircraft .  
of the associated equipment do not appear t o  be particularly difficult. 
Visual navigation and radio-telephonereporting appear t o  be acceptable; - 

7 



- 
c -  . . . .. .L..._ , 

- the improved accuracy obtainable with more sophisticated techniqws 
does not apaear t o  w a r r a n t  the associated Increased cost, greater 
complexity, and risk of failure due t o  destruction Of t h e  LMd-based 
components. 

obtain a measure of the surface dose-rate at levels  approaching the  
acute response of tbe akin would require a high dose-rate measuring 
instrument with a good beta capabwty.  There was disagreement as 
t o  the actual need fo r  such a me&surtrment. 

d. @r face Hazard Evaluation. It was concluded that t o  

e. Radiac Units. It was agreedthat  altbough it i s  necessary 
for designers of radiac instrumants and for radio-biologists t o  
consider c a r e m l y  the units and terms which they use, such as roentgen, 
rep, rad, gram-rad, rem, rbe, etc., and whether dose should be maawed 
in air or i n  tissue, at the surface or a t  the  center of t h e  body, for 
isotropic or for uni-directional radiation, etc., the reading of the 
Service radiac instrument should be directly related t o  the  iniormttion 
movided t o  the Services concerning physiological damage. 

ALPHA CALIBRATION AND CAPABILITES OF METERS 

Mr. Louis Browne, USASRDL 

A requirement was established t o  determine the Alpha Calibration 
and carabi l i t ies  of Juno radiacmeters SRJ-6 and HRJ-6. 
calibrated Fu-239 source la  ues were e ared. The ac t iv i ty  of the 
plaque8 ran d from 18x1 3 Chl t o  5-8 EFU (the surface area of each 
ulaque was $X&~I, as compared t o  t h e  Juno window area of 3W+3/8".) Two 
SRJts and four HFiJls were gamma calibrated on an AN/UM-l cobalt-& 
Cali r or a t  USAS From t h  data, corrected accorcingly '. - .  s -I. r, the !offouing conc usions w e r e  &-awn: 

beta contamination i n  t he  Pu-239 source plaques used. 

Seven accurately 

1. The Juno was insensitive t o  the  garma components or any 

For t he  SRJ, the f u l l  scale capabilities over an effectively 2. 
"infinite" area of uniformly distributed Fu 239 are: 
160,000 CpN; for xlo rangerl, 600,000 CPH; for  xl00 range=16,000,000 
CPM. 
5,770,000 CPM; f o r  xl00 range= 57,7M),oOO CPM. 

for x l  ranges 

Similarly, for  the  HRJ, for  xl range: 577,000 CPM; for xl0 rangg 

3 .  Moving the  Juno window l/l&'closer t o  or away from thc alpha 
surface resulted i n  a 25% change i n  meter reading. 

4. The Juno alpha resuonse is l inear across the  scale on a l l  
range8 . 



Resulting frcm t h i s  study, the duno SRJ-6 was selected for interin 
.hay use. 
prepared for a Pu-239 source plaque and two atrenuator masb. The 
arrangement w i l l  allow calioration of the EhT-6 on each of its three 
ranges and t h e  check of additional points :icrDss the scale. 

A design was evolved and specification requirements were 

2 -3 C;,LIEXATI38 

Robert bttnore, BuShips 

The Navy, l ike other Services, is I n  the m i d s t  of a program t o  
obtain spitable Flucon ins tmenta t ion .  
procuring the Eberline Instrument, YAC-3G gas flow proportionil countsr~l, 
and USNRDI. has c q l e t e d  developnent of the i r  FAS-10 sc in t i l l a t ion  type 
alpha survey meter. 
100,OOO counts per minute t c p j  corresponding t o  a p1t;tonium contPlaination 
of ?bout 100 microgrw r square meter (ug/m2.1 The NRX equipment 

contamimstion of 10,000 pg/m2. 

t o  be used for calibration w i l l  be as versat i le  as  possible i n  terns 
of acconrmo&ithg probes of various types and form factors, we are 
call ing for an active ares of 10 CII! x 20 am; surrounded by a 3 cm in- 
active border for hindling. 
calibration must be accomplished, we are specifying plutonium as the 
actfve mateiial. 
t b e  respective sources i n  the set having act ivi ty  as follows: 

.- 

I As an inter5111 measure we are 

I The Eberline ihstrunent bas an uppar range of 

has an upper mnge of 10 r counts per minute corresponding t o  plutonium 

In order to '::ssi~re to the extent pr:ctic.,ble tht the Apha source8 

Because of the high range on which the 

The sources are being procured i n  sets of four; w i t h  

la: i& ug uniformly distributed t o  give concr..tratjon of 9.8 

16 ug uni fonly  distributed t o  give concentrition of 0.08 

ug/cm2 over t h e  active areao 

ib;  
ug/aa2 over the active areao 

0.008 ug/cm2 over the active area. 

0.0008 u g / d  over the active area. 

i c '  1.6 ug uniformly distributed t o  give concentration of 

Id: 0.16 ug uniformly distributed t o  give CO--' ' ' . :-"' -c 

The distribution of the active mterial is t o  be as uniform a8 
practicable across the surface of the sources and t o t a l  mount of each 
source is not t o  differ  from the amc'unts specified by more thzn 5%. 
Residual energy of alpha p.irticles is to be a t  least h MeV a t  the saarce. 

The concentratiom called for_ are intended t o  give an 80< reading 
on t h e  corresponding ranges of the NRJRR;. equipment. 

3 
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The physical procedure of callbration will be slmple. T b  rm-8 
and meter indications of the -10, for example haw been selected M) 
thst a plutonium and concentration of 10,006 ug/c& will give m 
indication of 106 cmp, a,concentration of lo00 u g / d  w i l l  glw m 
indication of 105 cmp, e tc .  

equivilent of ug of Pu per d (under ideal  mrasuring conditions). 
To calibrate t he  equipent on the 100,006 c p  scale, the  probe would 
be placed in t h e  center of t he  active area of the  .08 ug/cm?- wurce so 
t h a t  t h e  ent i re  screen is covered, and the  calibration potentimetar 
adjusted t o  give a reading of 80,oOO cpn on the m e t e .  

In using this equipent  for applications, othsr than Plucm, it is 
desirable that the  meter readings be easily interpreted in terms of 
disintergrations per minute rather than micrograms of material. 
assums a 2- geometry in the abme calibration, we find tha t  an arm of 
about 15 c&, Plutonium contaminated at 1006 u g / d  w i l l  give 16 dpn in 
a 2- geomatry, must be referred t o  15 square centimeters of area. 

This does not impls that the  alpha window is 15 c d  in area, 
merely t ha t  the m e t e r  reading should be referred t o  t h a t  area. It 
does imp4 tht the source m u s t  be axtended ( i . e . -cmr  all of t he  
sensitive area), and tha t  separate calibrations must be made for 
sources vhich are not extended. 

- .  

In this manner, a meter  Mading can be easily converted t o  i t 8  

If we 

I 

INSTMJWT DEVEU)PMEWT FOR PLUCON 

Mr. Kenneth Sinclair ,  NWL 

Several separate instlument developnents w i l l  be covered, w i t h  

The Plucon problem has reemphasized the need for suitable field 

special emphasis on alpha instrumentation. 

alpha instrumentation. 
quantity of alpha contaminated material available for inhalation. 
The best present means for accomplishing this kind of measurement is 
means of an estimate of the surface contamination level, coupled with 
the use of a l i k e l y  resuspension factor.  This data is used in estimathg 
the  &entia1 or 1onR term health hazard result ing f r o m  an alpha 
contamination situation. For determination of immediate hazard, standard 
a i r  monitoring techniques are mployed. Here, interest  i s  directed at 
the  material actually suspended i n  t h e  a i r  a t  the time the measunmant 
l e  made. For some time, it was hoped t h a t  some more direct means of 
gett ing at t he  material available for resuspension would be found. 
Some effort at  NRDL was directed towards the  development of a device 

The principal concern here i s  in estimating tb 
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having an integral  f ac i l i t y  for  mechanically establishing some standard 
particulate resuspension and then automatically measuring the  = o u t  of 
the material so atspnded t o  provide a d i rec t  masure of t h e  hazard. 
Further study, harever, disclosed many d i f f i cu l t  and apparently insoluble 
DrOble5ls. 
in a given area could result in radically different readings h m  such 
a device. Cons quently, the  existing method of determining potential  alp& 
hazard by meaw of a direct  surface measurement corrected for the type 
of surface and the  eapcted resuspension factor  must be employed. 
order t o  provide a device suitable for military field use i n  detelminatim 
of the  alpha surface activity,  NBDL undertook the  developnemt of a new 
alpha survey ractiac. This instrument, known aa the RAS-U, is a gonerdl 
purpose device u t i l i z ing  sc in t i l l a t ion  detection and t r a n s i s t o r i z a  . It is intendea t o  replace the a d s t i n g  nuu7XFy d evice, the 

with  present operational needs. The PDR-10 has an upper range capability 
corresponding t o  5 micrograms par square meter of plutoniuur239 without 
modification. 
incidents does not require decontamination below 1ooo micrograms per 
square mater, far greater range capability was indicated. 
w i l l ,  on its top range, give a f i l l -scale  indication for 10,000 microgrm 
per square mater. Its maximum full-scale sensit ivity,  on the  other hand, 
will correspond t o  10 ricrograrnaper square meter. The mjor enviramantal 
problem with the  PDRl!!o, humidity sensit ivity,  is eljminated by t h i s  
instrument. Packaging is consistent with the operational need, providing 
maximtrm f lex ib i l i ty .  
f ie ld  check of overcall instrument perfornnnce. 
boards are used through-out, fac i l i t a t ing  maintenance. Work is underway 
on an additional small area probe f o r  personnel monitoring and inspection 
of munds. The opaque covering on the  zinc sulphLde screen s t i l l  leaves 
much t o  be desired and further work i s  planned t o  improve this situation, 
usinptwo alternate lines of attack. Continuing effort w i l l  be directed 
a t  the  duvelonment of a screen wi th  an evaporated or transferred aluminum 
over-coverlng and, i n  addition, work is planned on coatings consistlng 
of ouaque par t ic les  in an epoxy binder. 

Factors l i k e  t h e  ho*to-hour m O i s t v M  content of the s o i l  

In 

I 
I -$E#? 10, and, in addition, t o  provide a range capability consistent 

Since the  present military standard in plutonium alpha 

The RAS-10 

An integral Thorium m e t a l  source is provided for 
Plug-in printed vlring 

Another recent Laboratorg developrent is a n e w  low-range beta-gama 

It covers the standard mili tary low-range f r o m  .5 mr/hr full 

survey instrument, 
transistorized instrument operating from two standard type D f larhl ight  
ce l l s .  
scale t o  500 mr/hr f u l l  scale in four l inear  ranges. 
ments are  nrovided over the existing AN/PDR27 series of radiacs. 
include beta indication on a l l  ranges, a side window beta capability on 
tha two lower ranges, nhysical location of both Q4 tubes in the s8me 
assembly t o  eliminate confusion, considerable reduction i n  over-all size  
and w i g h t ,  simplified battery complemtnt, and high r e l i ab i l i t y  c i rcu l tm 
employing a functional layout t o  pennit easy maintenance. 

T h i s  device, desiwated the RCG10, is an all 

Important improve- 
These 
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- .The th i rd  device of interest i s  t h e  AU/FB%52 bet8-survey radiac. 
This ia a multi-patpose instlwnent, presenLly out cm contract with the 
waico ccnl$E-y infanrir eapolis. 
t i on  and t e s t .  The range covered by this i n s t m e n t  is from 2 rep/hr 
full scale t o  loo0 mp/hr full scale in four linear ranges. 
t i n c t  meamring functions are provided: (1) beta only, (2) beta plus 
gama, and (3) gamma only. To provide beta only maasuremmts, the  gBmma 
cancellation technique is  employed, using two essentially identical  bu t  
oppositely polarized ionization chmbers. Th i s  feature is extremely 
important in decontamination and recovery operations where a high ambient 
gamna field may not permit local  contamination assesantent. Far beta 
measurements, the  &amber is aonsistmt with b io lo@al  C r i t c s h .  
window consists of 10 milligrams p r  square celtimeter mylar and the 
chamber depth i s  about 14 centimeters. The power supply i s  transistorized 
and tw, type D flash-t ce l l s  are used f m  p r w  power. 

Pmtotypes have been delivered for evalua- 

Three dia- 

The 

ABSORBED DOSE FROM INITIAL RADIATION 

CLR Francis Chambers, NMIU 

This  discussion w i l l  consider the absorption of the integrated 
dose of the Initial radiation rather than the  prompt, because of its ,,, more practical  application. -T a t  

Looking a t  the  absorption of the initial gamma radiation i n  the 
absence of neutrons, we f l n d t h a t  the exi t  dose from an average s ize  
man i a  approldmately 6045% of t he  mtrance dose. 
t e s t  data obtained in the  laboratory shows that  a 10 MeV Betatron T 

produces anuroximately t h e  a a ~  transmission curve as ttm weapons evaluated, 
which did not include therm-nuclear detonations. 
not t o  change for the  distances involved a t  the dose levels  of interest ,  
namely, up t o  loo0 roentgens. 

Comparison of f i e l d  

The energy appeared' 

The evaluation of t he  absorbed dose due t o  neutrons uresents a 
main10 bsc the lack of (a)  g o d  instrumezItatia 

nd (b) an ade m i o f - F h e ; r p t a f e r  
neutrons or t he  urrotons liberated by them. 
i s  discussed is not f i e l d  but laboratory instrumentation. 

and calculations have been made w i t h  regard t o  t h e  LD 0 (mm) for 

in tissu, apuear t o  be the 

The instrumentation tbt 

Processes involved in neutron absorption have been investigated 

neutrons of val-glng energies. The significant t h e m  f neutron effects 

n,a reaction a+ ILCU + p (0.61 Mev) 
n$reaction H +  k D +  r ( 2 . W e v )  
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The signif’lcant effect of fast neutrem appears t o  be the pmductim 
o f  recoil protons. Calculations have been made by Care in Englpnd for 
the 9 that (a ? the 5s lethal dose f o r  X-rays is bo0 roentgens, (b) t im BLQ for 
p m t o ~  is 6.5, (c) tha cr i ter ion for le- effects is  me eqdvalent 
amount of ionisation produced i n  the whole body, and (d) 
tha nautmns is i s o t  pic. The values vary f m  1.6 x 
energies f o  1.7 x 18 n/m2 fo r  3 Herp neutrons. Zhese values agme within 
an order of magnitude ui th  those given i n  the YME EFFECTS OF ATBIIC -.a 

Hur& and Bossi have developed methods f o r  evaluating tissue dose for 

other detectom, in an attempt t o  correlate the mid measurements of 
absurbad dose for  laked ionizing radiation with biological effect  in large, 
as mll M in amall, animals. 
dose of mixed ionizing radiation i n  tissue at  t h i s  tdm is one f o r  the 
laboratory. Considerably more infomation, both physical and biological, 
will be needed befom one could “set  upu a good field project. In the 
meaut-, the  w e  of threshold and other presently available detectors for 
air measurements d e r  various conditions of exposure would prmide valu- 
able infomation f o r  future correlation and possible developmnt of an 
integrating dosincter for mized ionizing radiation. 

- .  

(man) of various energy neutrons. They we= based on a a.S8mim 

-e_-- 

neUtlUM oad W d  ionizing radiation which WI) hope to we, dth 

The iastxwnentation problem for absorbed 

TRITIUM MONIT0RI.W EQUIPWSNT 

Captain James H. Scharff, AFSW 
u 

1. T h b ~  5s a presentation on the t r i t i u m  monitoring eq-nt 
presently i n  we by the USBF. 
problems we have experienced with t h i s  equipent. 

tritium monitoring. These include a portable air monitor, the T-290; 

used with the T-289, the T-336; and a uranalysis kit, the T-329, al80 
used in conjunction u i th  the T-289. 

This presentation includes mme of tbe 

2. There are presently four items of equipment assoclpted with 

a Sd-permeMnt air monitor, the T-28f a remabe indicating a d t  

3. The T-290 is a smsllportable uni t  weighing only 23 pounds and 
aperates from a self-contaimd battery. The inmbnmient provides fill- 
scale sensi t ivi ty  ranges frm 12.5, 125, and 1250 micro curies per cubic 
meter of air. Major components up the T-290 include the precipi- 
tat ion chmber, electraaeter, amplifier, meter, d a m  circuit, blower, 
and associated parer suupply. Ambient oir is dram through the precipi- 
ta t ion chmbar into the electrcntater by the blower. 
the air ample are moved  by the precipitation chmber before it entem 
the electmamter. Ionization then present results i n  a currarrt e8tabUshed 

Free ions present i n  
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In-the electrometer w h i c h  i s  proportional t o  t h e  inoieation level of me 
air sample. 
the meter reaches f u l l  scale on any range selected, the alarm circuU is 
activated. 
ofaupmximately 1,OOO cycles par second. The alarm c i rcu i t  is self- 
holding and must be manually deactivated. The instrument is self-calibrating 
and very simule t o  operate. 
on a plate located on t h e  side of the instrument. 
i 8  mrde UD of mercury ce l l s  and provides 6.3 vol ts  t o  F e r  the  blarer 
mota- and audio osci l la tor  and a 12.06 volt  output for  the electrometer 
t i r c u i t .  
50 hours a t  temperatures above 5&. 
is F a t l y  dewndent on temperature, an external battery is provided for 
operation below 50 degrees. 
4s worn next t o  t h e  operator's body t o  maintain its Operating temperature. 

This curnnb IS then presented t o  the  mter circuit .  men 

The alarm is  a t=axf -?v  audio osci l la tor  presenting a Si-1 

Adequate operating instructions are printed 
The b a t t e q  pawar suppu 

An internal battery provides an operating l i f e  of apuroldmately 
Since tb l i f e  of mercuq bat ter ies  

This battery is contained in a holster which 

4. The semi-permanent monitor, the  T-289, i s  made up of two sections, 

The u n i t  is nonually located in the  area where monitollng is  
The wcmd section, t h e  control amplifier unit, can be located 

each weiching s l ight ly  war 100 lbs .  
contains the  blower, precipitation chamber, electrometer and preamplifier 
circuitry.  
desired. 
either 10 or SO feet from the pre-amplifier uni t  using cables provided. 
This unit  contains the  amplifier circuitry,  operating controls, alarm 
circuit ,  and a recorder which provide a permanant record of instrurnrnt 
oneration. 
unit i s  unstable for a s h o r t  period and *.is s t a t e  is indicated by a 
buzzer. 
is quiet. 
loud alarm is sounded. Full scale rangea r o r t h e  T-289 are.1, 10, 100, 
and 1,000micro-curies per cubic meter. T h i s  unit  is normally used only 
i n  an area t h a t  is routinely occupied by personhel, such as assembly 
buildings. 
checkingstorape igloos prior to entry, aboard aircraf t ,  e tc .  

The th i rd  instrument, the  T-336 Over-radiation Alarm, onerates 
i n  conjunction w i t h  the T-289 and provides remote aural  and visual 
indications of the  t h n e  s ta tes  of operating condition of the T-289. A 
buzzer and yellow l iph t  indicate t h e  non-operative states;  silence, and 
a green l i g h t  indicate normal operation (a t  l e s s  than f u l l  scale); uhile 
a loud alarm and red l i p h t  indicate a full-scale reading. 
condition o f t h e  T-289 is a l so  self-holding and m u s t  be manually deenergized. 
The T-289 can accomodate either one or two T-336's without external power 
connections. 
by a s i rgle  T-289, nrovided moper nower connections are made. 

The first, a pre-amplifier unit ,  

The T-289 is a lso  self-calbrating. When first turned on, the 

Once the unit  s tabi l izes  and is operating properly, the  instrument 
A t  any time t h e  instrument reaches f u l l  scale on any range, a 

other monitoring operations a re  covered by the  T-290, such as 

5. 

The alarm 

If conditions require, a number Qf T-336 uni ts  may be controlled 

6. The f ina l  piece of monitoring equipment is t h e  T-329 Uranalysis 
K i t ,  
dryinp, of the  generated gas, precipitation chamber, electrometer, and a 

This  unit consists of a gas generator jar, associated glassware for 

- 



vawm pmnp. A urine sample from an individunl suspected of tritium 
contamination I 8  placed in the instmnt. The Urine sample is allowed 
t o  react with metallic ca lc im liberating free m e n  aud/or tritium 
ions. resul t ing gas is dried and collected in the electramstor. 
The vacum system is used t o  npovera th i s  operation. 
rawhr is then removed from the T-329 and placed in a T-289 for read-out. 

The charged elect- 

EVALUATIOH OF BOD= EFFECTS OF FAST NEDTBONS 

Victor P.;Bond, W.D., Ph.D. 

Brookhaven National Laboratow 

Before beginning th i s  presentation I would like t o  define a 
few terms that mast be clear ly  understood for meaningful discussions. 
The tams are as followst 

1. "Air dose." This has been termad "air exposure dose," and 
the "dose measured free-in-ab." With x-rays or ganrap rays, 
m r e s s e d  in roentgens, a d  is the dose measured free-*air with 

it is 4 

th;, virtual absence of-any scattering 'haterial  near the measuring 
instnmumt. 

2. "Incident dose." A i r  dose refers s t r i c t l y  only t o  x- or 
gama rays and connot be wed in connection with neutrons because, 
while thc ~chPni.gms of absorption of x- or gamma radiations are not 
mtly dif fer tn t  in a i r  or tissue, they a m  vastly duferen t  in a i r  
and tissue in the cage of neutrons. The incident dose then w i l l  be 
used t o  correspond t o  the a i r  dose used with x- or gama rays, .and 
indicates t h e  f irst  coll ision neutron dose calculated from the neutron 
flux measured free-in-air, in the absence of significant amounts of 
scattering material. 

'Tissue dose." This refers t o  x- or gama radiation only, 
a d  is the a i r  exposure dose measured in tissue. 
chsnber, for instance a Victoreen chamber, is placed on the surface 
or in tissue,  aud the  dose in the a i r  contained within the instru- 
meat io measured a t  .an exposure s i t e  Within the tissue. 
from the air  dose above, principally, in t h a t  it takes into account 
scattered radiations from the t issue and the geometry of eq~osuree. 
The tlmw dose may d i f f e r  in value from the air dose, and may be 
ugh? or lover by a8 much as a factor of 0.5. 

J 

3. 
fl The ionization 

This  dif fers  

It is usually higher 
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than the a i r  dose in the case of q o s a r e  of smell animals such aa 
mice; is ~ u a l l y  lower than the a i r  dose v i t h  large animp1 h a d i p t i o n  
p r i n c i p a l l y b e c a d  of the geometry of expoanre employed. 

"Absorbed dose." This value is masured in  rads, and re- 
presents the actual absorption i n  t issue rather than i n  air as with 
t h e  air dose or the t issue h e .  With x- or gamma rqs, it is ob- 
tained from the a i r  dose by multiDMne b~ a factor of the order of 

b. 

0.95. numericdl &er most- cokitions, it is essent ia l ly  
equal t o  t h e d e .  

5. True  BBE." The %rue BE," or the"intrinsic BBE" refer 
t o  the RBE obtained under conditione where the doso is measured in 
the biological specimen, and is esselrtidlly equal throughout the 
biological specimen. The BBE% obtained are presumably related t o  
acme intrinsic property of the radiations involved, probably princi- 
pally on LET. 

i n  tissue., princlpally i n  large anh3.s i n  t h i s  discussion. M o s t  
radiations are absorbed rapidly, and the distribution of dose through- 
out the body is marksdly fnhomogeneous. The degree of inhomogeneity 
depends p inc ipa l ly  upon the energy of the radiation, and the geanetry 

6. Vose distributions." This refers t o  the depth dose pattern 

of the axposure. 

7. "Appam~rt FlBE." By apparent BBE I mean tb term BBB used 
loosely t o  cmnpnre appamnt differences in effectiveness of two 
radiations d e r  conditions where the t issue dose ei ther  is not 
known r i t h  any de-9 of accuracy, is  non-homogeneous throughout the 
tissue--or, both. 
compare effects on large animals or  man i n  terms of the air dose or 
incident dose. The apparent RBE of different energy radiations for 
acute mortality in large animals can be quite Large a s  indicated by 
the fact  t ha t  in going from 250 KVP x-rays t o  50 KVP x-rays, and 
studying acute mortality i n  dogs, the apparent RBE of the radiations 
can change by a factor of 20 or so. 
t o  the LET, or the intr insic  e n e r a  of the radiations, but is sec- 
ondary t o  dffferences in, or  the Lack of penetration. 

Specifically here, apparent RBE w i l l  be used t o  

This  apparent BBE is not related 

Under the usual conditions we have the a i r  dose or the  incident 
dose t o  work with. 
depend upon the t issue dose or absorbed dose and its distribution, 
and it is of great importance t o  determine the relationship between 

aidered important. 

It is obvious tha t  the biological effects h m v e r  

'these factors i f  accurate prediction of biological effect  is con- 

One other point before we get t o  t h e  data. Present instrumants . 
for neutron dosimetry read in terms only of the heavy 'recoil 
from the neutrons. 

particles 
They are calibrated i n  tenus of the first co l l i -  - 

16 



_. 

.. 
sion dose for a "thin f o i l *  of t issue t o  which generated gama radi- 
ation i~ a mlmr contributor. This is excellent fo r  the mouse. 
vo shall see, in man, f a s t  neutrons are  thennalised rapidly, and a 
p a t  deal of gama radiation is generated. This added dose, not 
memured by the  instmnts, is of considerable importame, and raws 
the question as t o  what should be considered the "neutron dose.* 
Should neutron dose include t h e  gama radiation o r  only the heavy 
recoi l  particles. 

were.potentially of increasing importame, and thus preliminary a t m s  lr boration with b. b. w. H u r s t  and R. Bitchie Ci Oak Ridge, p r e l b i -  
nary studies were carried out using principally their fission f o i l  , 

detector system. (Som chemical dosimeters were used; however these I 
functioned less satisfactorily.)  This system a l l o m  one t o  measure , 
the to t a l  neutron flux, and by a system of multiple threshold detec- 
tors,  t o  break down the spectrum par t ia l ly  into energy interpals. 
From this flux the first coll ision dose cau be calculated. 
incident dose was obtaimd frcm the detectors, mounted essentially 
completely free i n  air, and absorbed doses in t issues  were calculated 
from fluxes measured Pran instruments placed throughout tissue equiva- 
l e n t  phanttxw. 

e bottles,  w i t h  diameters 
approaching that of the average man. 4 bott les  were f i l l ed  with 
a t b s u e  equivalent f luid according t o  a foxmula provided by Dr. 
A. E. Bossi. Several phantoms are placed a t  a given distance f r o m  
the source, and 1 t o  3 of the instruments were mounted in each of 
the phalrtolps simh that in the aggregate the dose vas measured a t  
several points from the front t o  the rear  surface of the phantan. 
All instnrmsnts functioned well, and excellent results were obtained. 
In fact, on initial plott ing of the data, i r regular i t ies  beyond the 
expected accuracy of the instrments  were first encountered. 
re-checking, it was noted that because of the size of the instnnnents, 
some of the fo i l s  had been represented a s  being a few cm. frm the i r  
t rue location of the  phantom. 
obtained under different conditions essentially superimposed. 

The depth dose curves obtained are shown i n  Fig. 1. 
doses are expressed i n t e r n  of the incident dose. 
the e n t h  curve of the absorbed dose lies well below the incident 
dose. The absorbed dose of the front surface is approximately IO$, 
and falla t o  less  than 20% a t  the  midline. The exit dose is of the 
order of bo%. 
directional flux measurements made by Hurst and Ritchie, indicating 
that the si tuation in the f i e l d  is close t o  being isotropic. The 
curves obtained are analogous t o  those obtained with low emrw 
%-rap, of the order of 100 KVF', given with b i l a t e ra l  exposure; 

Aa 

In the c o m e  of f i e ld  studies, it becaw apparent t h a t  neutrons 

made t o  meamre neutron depth dose p a t t e r n  in tissw. In co- 

The 

The phantoms consisted of poly& 

On 

When th i s  correction was made, data 

The absorbed 
Please note that 

These results are entirely combtent vi th  separate 

- 



howwee it differs somwhat because more dose is incident on the 
front than on the back surface. We have broken this curve dam into 

mental curve. The unilateral  c w e 8  correspond i n  their pattarn to 
that obtab8dIficla the calculations Of SWder and lleufield for a 
mqoenergfc beam v i t h  an energp between 1 and 2.5 MeV, closer to the 
1 MeV. With a changing energy spectnrm in tissue, the effect  of 
changing intrinsic BBE with neutron e W g p  becomes of importance. 

Frau neutron data, another point brought, out by Dr. Fai l la  
becomes evident. The thermal neutrons contribute essentially 
nothing t o  the t o t a l  dose i n  a mixed f a s t  and therms1 neutron flux. 
Thus any cplculations of dose based only on therm1 neutron fluz 
w i l l  be accurate only under conditions in which the  f a s t  neutron 
apctrtra, and i ts  relationship t o  the thermpl neutron spec- are 
known with reasonable accuracy. 

Before interpreting these mSdt8 in terms of biological effects, 
I would l5.h t o  diverge for  a moment and discuss two separate labora- 
tory experiments. The first relates t o  experiments done principally 
by Dr. Bataman i n  our laboratom, and have t o  do with the change in 

H aa a faaction of energy in the ranges of interest. 
U s i n g  intrinsic# the T reaction with a Van De Graaf machine, it 
t o  expose mice t o  relntively monoenergic beam of neutr 
in energy f r a m  aver 2 MeV down t o  l/lOth MeV or  lea8 b 
the animals a t  different angles with respect t o  
the target. 
wight with mice in the range of 2.2 MeV t o  0.b 
BBE appears t o  increase with decreasing energy i n  these ranges, and 
the overall magnitude of the effect  is an increase of approximately 

8 unilateral curves, that when added together wuld give the  experi- r 

. 
7 

7 c- '^ , 6 . 5  " 

4 

He has completed preliminary work 

30%. 

Secondly, I would l i ke  t o  refer t o  LDx, experiments on large 
aninals, dogs, exposed t o  f a s t  neutrons obtained fran a cyclotron. 
I and my group first exposed dogs a t  the U S m L  t o  a high energy 
neutron beam, with approximately 90% of the neutrons abwe the 
2.5 MeV point. The dogs were exposed bi la teral ly ,  and the dose 
distribution throughout the depth of the animal was equal within 
a p p r o x h t e l y  10 per cent. We can thus consider this essentially 
an intrinsic BBE. The intr insic  RBE, of course i n  terns of rads, 
was found t o  be unity. 
and has extended it t o  l o w  e n e r a  beams and also finds the intrinsic 
RBK t o  be unity. Thus it seems apparent that  wi th  large animals, 
the in t r ins ic  RBE for  acute effects is h e r  than that obtained with 
mice, and can be taken as one. 

Dr. Alpen has since repeated this work, 

How if we can return t o  the neutron curves obtained i n  the 
f ie ld ,  and now we shall speak in  tsnns of the apparent BE, or  the 

I 
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apparent effectiveness of the neutrons expressed in tenaa oi the 
incident and the a i r  dose. 
w h a t  t h i s  fl C%UW would b e. bec6se a &uth dose Dattern l jke  this 

It is not poseible t o  say precisely . - 
has not beenproduced e x p e r d t a l l y  in'the laboratom, md i ts  
biological effects  noted. However it is apparent that nost of the  
t issues of the animal is receiving 50% o r  less of the incident dose 
of neutmns. 
Ue therefore expect the apparent RBE of neutrons under these conditions 
t o  be ffmallar than one, probably 0.5 or less. f would presamably 
expect a value of approximately 0.3 t o  hold. 

However amther factor m u s t  be considered, mentioned earlier,  
and that is the gama radiation generated by the thermal oeutrons, 
not measured by the  dosimetry devices employed. We have approximated 
t h i s  contribution by taking the flur energy intervals, and approxi- 
mating the g a m  contribution from the Snyder and Naufield curves 
i n  these energy intervals. By suPming up the contributions from 
each energy interval, we have been able t o  apprclrimate the t o t a l  
gama contribution. 
per cent a t  the entrance or exit. 
midline, hnrever, from less than 20 per cent up t o  approximately 
h0 per cent. Taking t h i s  into account, it would seem t o  me that 
the apparent RBE of the neutrons, including the gemratad gampvl 
radiation, would be approximately 0.5 MeV. 

is the acute effects  on man, namely the &day ID 
related principally t o  marrow hypoplasia. 
the ClJS syndrome, or the 01 syndrome. If man turns out t o  be l ike 
the burrow, and we pet the early deaths, then th i s  type of ME may 
not be the proper one t o  apply for acute effects i n  man. 

an RBE for  neutrons from animals exposed in a mixed gama-neutron 
field.  The effects  obtained of course are dueboth t o  the neutrons 
and the gannna radiation. Whatever the resul ts  obtained, say for  
instance an LDg of b9 rads to t a l  gamma and neutron dose, they can 
be interpreted i n  terms of e i ther  a high or a low neutron RBE. For 
the  case in point, say a value of b p  rads, t h i s  could resu l t  from 
a relatively l o w  f i e ld  LDs  for  gawna radiation, with a high BBE 
for  the neutrons involved. Conversely, however, it could be accouuted 
fo r  equally well by a re la t ively high gama LDg and a very low B E  
for the neutron component. 
meaningful such experiments must be conducted using the tuo types 
of radiation separately. 

The in t r ins ic  RBE f o r  large animals as we noted is one. 

It does not rdsc the doae by more than a few 
It raises the t o t a l  dose a t  the 

I would like t o  emphasise again that  w h a t  I am talking about 

I am no ? talking about 
, with death 

Finally, I would l ike  t o  refer t o  the d i f f icu l t ies  of obtaining 

d It would thus seem apparent that  t o  be 

SECRETARY'S NOTE: Cehain portions of t h i s  presentation have been deleted 
in order t o  remove a security classification. These portions w i l l  be 
supplied upon request to Chief, AFSUP , Washington 25, I). C., ATTN: Secretary, 
PFlI. 
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- .  TOXICITY OF TRITIUM 

C o p t h i n  Dale R. Lindal l ,  Apswc 

t r i t i u m  is a pure beta emitter with a half- l i fe  of 12.5 years. 
The emrgg of the emitted par t ic le  ranges frm 5.7 t o  18 Kev. 
radiological haaprd of tritium is the presence of t r i t i u m  within the 
body. The half-life of tr i t im oxide (tritium water) i n  the body is 
10 days, but, this half-l ife can be -d by the addition of water 
t o  the bo@. S h e  inhalation of tritium a i d e  vapor is the hazard, 
the detection of tritium is accomplished by sniffera which are special 
beta derbctom. 

Illthou@ t r i t i um is potentially a highly hazardous substance, 
there are so many mitigating factors tha t  the probability of serious 
radiation injm frcm tritium handling is extremely remota, providing 
a few basic facts  of t r i t i u m  chemistry, physiology, and health physics 
are known d applied. 

The 

DIRECT OF NXUTRON 

It. Col James Hartpring, WUMC 

Ibsnlts of exposure of swine t o  neutron fluxas at Operation 
HARDTACK, Phase II, wure presented. 
vaa &teimi&d by assaying the amount of Sodim-& formed in tho blood 
f roan  the mulhon-gaum reaction. The results of th i s  technique comparad 
favorable with.other independent dose measureunents. ilt 

The dose mcsived by t he  swine 

STATUS OF A I R  FORCE DEVELORfEh" PRDJECTS 

It. Colonel L. T. Boatwight 

The A i r  Force has an 
la t lon  counter type survey 
E, a camercially developed 
oration, has a range up t o  twa 
jected p&.otyFes t o  the f u l l  r 
found they caw, closer t c ,  w i t h s t  
other fnstrment M have tested. 
covered sensitive area which is optically coupled t o  a photamultiplier 
tube. Canplate transistorized circui t ry  amplifies the photomultiplier 
output and Integrates the signal for  presentation on a meter calibrated 
in counta per minute. 
battery which operates the instrument for  approximately 200 hours a f t e r  

It is powered by a four c e l l  z h  s i lver  oxide 

- 

+, Copies of  th is  presentation, 20 
k i c h  io Confidential, may be 
obtaixmd by laqust. 



vhieh It can be recharged. Present indications are that thSs battery 
can b. n c h r g e d  a t  l ea s t  9 or more times before requiring replacement. 
It can be rupplied .ad rtored in a drp charged state .ad in t h i s  c o d i t i o n  
ha6 an axtended shelf life. H o s t  of the electronic ccpponents am 
8ouuted on three remowable card8 which contain, reqmctively, pwer supply, 
ap1iii .r  c i rcu i t  and tr igger circuit .  Calibration potentianeters are 
provided for each of the t h e  ranges. The instrumant meter has been 
U t l  Spec. qualifisd. The gama probe associated with the imtmment 
contaiar a photanultiplier tube optically coupled t o  a sc in t i l l a t ion  
c r p t a l .  
200 r/hr and a lower range probe up t o  about 20 r/hr. This  will be a*- 
ccqU.edmd by varying the s iae  and canposition of the sc in t i l l a t i on  crystal. 

dUv6loped.to give field personml a 
t7ambt~’iaf’iafdhte~~ascartPiniag upha a i t i e t y  from air -8. 

h s e n t  efforts are towards getting a high range probe up t o  

A pCi9 a & h  prob 

The Air Force is presently using the’ P G 2 U  gas flow counter for 
i t a  alpha survey needs. Although th i s  instrument is relat ively insensitive 
t o  hrmidlty changes, it does require recalibration a t  different elevations. 
It priorma much b e t b r  than instruments which w e  an a i r  chamber open 
t o  ambient pressure and humidity. 

Bext a kl0p.a m o d e l  
cmw spITlip1 kits 
f iber  dosimeter t o  indicate radiation ratas up t o  200 r/hr. 
have a eeli-contained power sllpplsr consisting ei ther  of sol id  s t a t e  bat ter ies  
or a f r ic t ion  charger. 
our supervision and guidance. 

The sensing element is an unsaturated ion chamber connected t o  the 
indicating unit by 100’ t o  500’ of cable. 
Thio instrument can be se t  t o  give an .lamdm the ambient radiation in- 
creases t o  about 1 r/hr. A recorder is provided a s  an a c c e s s q  in order 
t o  provide a t h e  history of the radiation. 
o u s 4  and unattended for more than six months, a f t e r  which the bat ter ies  
muat be replaced. The clock driven recorder requires winding every 72 
hours .ad noraplly is not used untLl a f t e r  the instrument alarm has soupdcd. 

of an instrument which w i l l  be used in a i r  
is being considered. It ut i l izes  a modified quarts 

A contractor is developing t h i s  instrument under 

It w i l l  

Finally, the fixed s ta t ion monitor called the Ht3-3 w i l l  be discussed. 

Its range is up t o  1,OOO r/hr. 

The HO-3 will operate continu- 

RADIACMETW JM-133 AND RADIAC CALIERATIX SET TS 7% 

Mr. Martin Jachter, USASRDL. 

A logical extension of the 1M-108, nay in production t o  meet 
imMdiate mods of the Amy, is t o  provide the equipment with an 
external ion chamber capability. 
enables the operation of an ion c+er remotely by the additon of a 
connector and switches. A presettably relay t o  actuate an external 

The inherent sjmplicity of the c i rcu i t  
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a h m  is provided i n  addition t o  provision for e x h n a l  recordiqg of 
radlation rate. An a.c. nickel WIIE battern supply has &IO been 
bread boarded uhlch enables the inatnnnent t o  operate contiwously in 
fixed i n s t a ~ t i O M .  

Tvo accessory ion chamber hardwares are being developed for use on 
a i r c ra f t  (Low speed) and for use on tanks. Durability t e s t s  for the 
Tank accessory and Radiac have been performd. 

different case design which i n  turn made necessarythe m w  M-133 
nanenclature . 
M-108, IPI-123 (CIR-7201, IM-133, AlJ/pfR-39, and Radiac Dosimeters RI-9, 
YM-93, SH-l&7 and similar dosimeters. This has been made possible by 
the use of new j igs fo r  the calibrator equipment. 

s m e .  The i o m r  Strontium s a l t  h a  been replaced by Strontium incorp- 
orated in .a m e l t  ai glass,drieh is in ku9, bocuprnted' in.& a c o b d  mica 
alm%mm contrdmrb This encapml&iou kchniqu41 has been evaluated mer 
the b a t  five year6 681 M acc8llentSd b a a b  for the  pmpwe af detecting 
surt.00 Idcage nom has been 

Adding up a l l  these changes in the basic M-u)8 makes for a s l ight ly  

Radiac Calibrator !R3-7& w i l l  be used t o  calibrate Bodiac meters 

The calibrator equipment i t s e l t  has been modified vith a nnr type 

Dr. Stanley.Krbmntprg - USnsBDL 
a. Introduction. Military characteristics for t ac t i ca l  fast- 

neutron dosimeters have exintad since 1955. To sa t i s fy  these c h a r a c t e ~ ~  
i s t i c s ,  USASRDL has worked for - time on the problem, largely with 
ion-chamber dosimeters. One of the chief d i f f icu l t ies  with the ion- 
chamber dosimeters, however, is that of dose rate  dependence, which 
becomes very serious a t  dose rates  typical of nuclear detonations. 
Accordingly, we have suggested the SEMIRAD system for ultrahigh dose- 
ra te  measurements. 

b. Description of SET1DU.D. In general construction, SpMlFtAD has 
the same appearance as ion chambers. However. instead of beinn f i l l e d  

- w i t h  a h  or-other gas, SEMIRAD is evacuated t o  a veqy low pres-. 
a consequence, l i t t le  or no ionization is produced in SmIIw), and the 
ent i re  response is due t o  secondary electron product1 on. 

X-rays, gamma rays, or neutrons, a number of par t ic les  are ejected fm 
& In the case of X- and gemma rays, these par t ic les  are photo- 
eb&,mm of '5il t o  100-kev energy, and Compton electrons of a few hundred 

AB 

When the  wall of a SmIRAII detecting chamber is irradiated w i t h  

- 
I 
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t o - i  thousand-kev. For very high-energy gammas these par t ic les  inch& 
both positron9 and electrons from pai r  production. In the  case of f a s t  
neutrons the ejected par t ic les  are maw protons of energy averaging 
one-half tha t  of the neutrons. When these ejected par t ic les  pass t h r o w  
the surface of the  wall of the SMRAD chamber they c awe secondary 
emission of lowenergy electrons. Secondary electrons are also emitted 
when the high-energy Capton and photoelectrons or protons re-enter the 
opposite w a l l  of the  chamber. 

If a positively charged electrode is placed within the chamber, 
the low energy secondery electrons are easi ly  swept up and the t o t a l  
charge collected is proporbionalto the radiation dose receired. 

adjusted by varying the hydropn conbut  of the cbmber walls. 
neutron sensi t ivi ty  of the SEMIRAD may be enhanced by increasing the 
amount of hydrogen contajasd in the wall material. In thin way, readings 
of a mixed radiation dose can be made with t w o  SS4IRAI); one with non- 
hydrogenous walls (very low neutron sensi t ivi ty)  a d  one with hydrogenous 
ualls. 
neutron dose. 

Since the energg of the secondary electrons is very low (on the 
order of a feu ev), or3y a very low voltage need be applied t o  ensure 
complete collection. Tim primarg par t ic les  (electrons and protons) 
are not collected because of their energy is much too high t o  be affect- 
ed by the collecting potential. 

re la t ively heavy positive and negative gas ions, recanbination eff6ct.s 
do not occur, and therefore SWlRAD is Inherently dose-rate independeut,. 
This is, perhaps, SBKRAD's most outstanding feature. Fwthemore, 
because of the rapid collection of the secondary electrons (7 m l l l i -  
microseconda fo r  an applied voltage of k5 volts and an electrode sep- 
ratfon of 2 contimaterg) the response time of SwW is approximata~y 
OM millio&h tha t  of conventional ion-chamber dosimeters. 

c. S ~ I R A D  Sensitivity. ~n unique feature of s m m  is that we 

As in the ion chamber, the mUtr0n sensi t ivi ty  of SarmaD can be 
The 

This technique enables determination of both the gamma and the 

Since SlMRAD operation does not depend on the cdllection of 

can vary the sensi t ivi ty  of a giwn SEMIEAD detector over vide ranges 
without the necessity of changing the s iae  of the detector (as is 
necessary i n  conventional ion-c-r detectors). The system as  such 
5.8 about lo00 times less sensitive than an ion-chamber dosimeter nitb a 
similar g e d r y .  
ard so t o  make them suitable for  higher dose readings, condensers a re  
introduced between the collecting electrodes. The di-electric material 
in these condensers must be of highest quality; however, it is a source 
of aany unwanted effects, explained by persistent internal polarhation, 
which may make the dose readings unreproducible. Considerable research 
has been done on these effects. I n  the case of SWIRAD, the  sensit ipity 
can be increased by using a large emitting surface coated w i t h  a high- 

To reduce the sensit ivity i n  ion-chamber dosimeters 

I 
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yield secondary-electron emitter (for emmple, Ngo). 
sensi t ivi ty  of the instnunent, we use E veryamall emitter and a lw- 
yield emitter coating (for example, aluminum). 

Although low-energg secondary electrons a re  emitted fmm both 
the positive am3 the negative electrodes i n  a SDfIIuu), the presence of 
the e lec t r ic  f i e l d  w i l l  cause .the negatively charged electmns emi t ted  
from the positive e l e c t d e  t o  return immediately t o  tha t  electrode, 
and only the electrons emitted fran the  negative electrode w i l l  traverse 
the  detector. Therefore, only the negative electrode plays an important 
part  i n  SEXIRAD secondary-electron generation. In sore respects, the 
negative electrode of a SEMIRAIl $8 sirnilor i n  action t o  that d the cathode 
of a thermionic diode. As a consequence, the sensit ivity of a SEXIRAD is 
proportional t o  the product of tfie yield and the  area of the cmitting 
(negative) surface and unlike ion chambers is coopletsly Mependent of 
the volume. 

To lmr tha 

d. Vacuum Requirammts. The vacuum i n  SWIBBD s e m s  two 
pmpoaesr (11 it prevents gas ionisation, end (2) it makes possible 
the c o ~ s c t i o n  h th e lov-enew secodary electrons. We can determine 
the vacuum requiremente of SWIRAD by considering these two purpa~es. 

duction i n  mIRAD of one ion p& for every 50 secondary electrons, 
then the response of the SMIRnD by ionizatLon ulll be no greater than 
2 percent of the to t a l  response. To achieve this goal, the gas within 
the detecting chamber lrmst be reduced i n  pressure un t i l  the sum of ' the 
prodwtion of ions by both primary radiation and by ion multiplication i s  
less than 2 percent of the number of secodary electmns produced. 

If wu choose the arbitraly (but reasonable) l i m i t  for ion pro- 

has been made on confinepmt of plas t ic  materials i n  
and the results show tkiat the requirements can be met  by 

ush& for example, polyethylene. 
- 

e. Energy dependence of SEMIRAD. The conversion mechanism of 
fast neutrons t o  recoil  protons and gammas t o  electrons tha t  ex is t  i n  the 
w a l l  of SIMIRAD are the same that operate i n  the w a l l s  of ion chambers. 
T h  number of particles emitted frcm the w a l l  of the detecting chamber is  
dependent on the energy and the &flux of the radiation as well as on the 
geometry and wall material of the chmber. 
of SMIRAD would be the same as in  case of an ion chamber with negligible 
w a l l  separation if the  yield of secondary electmns would not depend on 
the energy of the pxhary particles. In this cam the energy depndena 
i s  given by the Bragg-Gray theory for ion chambers which s t a t e s  tha t  the 
measured current is proportional to  the energy absorbed i n  the w a l l .  In 
the case of SEMIRAD t he  yield is a function of energy but because the 
variation i s  slow, the Braggdray theory gives a rather good approx- 
inlation especially a t  energies above 1 Hev. In  order t o  establish the 
energy dependence i n  an exact. and absolute way, one has t o  know the 
distribution i n  energy of the elettron and recoi l  protons leaving the 
emitter surface, as well as the function of secondary electron yield verrms 

Therefore the energy dependence 
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amrgy of the primaries. 

The total charge emitted as secoxlary ebctrons frm the wall is 
then: 

when: q i s  ths total charge emitted 0s secondary electrom. 

N is  the energy distribution funetion of tbs p 5 - q  electrons 

on recoi l  protons Fespectirrly merging f rm the  emitter. 
5 
Y(E) is the field as function of energy for the wall material used. - 

and 

ThB function 

USASADL for gomap using phosphors and coineidence techniques. 

E is the maximum primary particle energy. 

(E) is now be- determined e x p r h n t a l l y  in 5rf 
.- 

f. SlBCDUD dom-rate UmitatSoaq.. Siace sEp1IRAD are electronic 
diodes in which the ehctrone are generated by highamrgg radia t i on  rather 
thpn6y thenniorfic emission. the limitatiom on currsnt that apply t o  
thennionic diodes may be directly applied t o  SSIIRAD. 
are the result of space charge fonnation between the emitter and the 
collector, and are given by the Langmuir Formula for parallel-plate gecmetry. 
The limiting current in a m:IRAD uhoae electrodes am parollel  plates may 
be expressed asg 

These l % & & i o l l s  

-6 3/2 -2 
1 - 2.334 x 10 AV x 

where: i i s  the  madmum current (amps) through the 
v is t he  voltage applied t o  the SMIR4D (volts). 
x i s  the plate separation (cm). 
A is the area of one plate (m2). 

e. Tests. Ewerimental aIEl4 .D have been desiened and tested for 
sensiti&y a n d e  ra& independence. 
can be applied i n  fountain pen dosimeters Similar to  the  m-93 by replacing 
the ion chamber with a SEXIRAD. 

!Bm m,sults sho; t ha t  the system 

The radiation delivered to the imtxumnt 
w i l l  be measured independently of the dose rate for all t ac t ica l  situations. 
Other tests have been made using the  device as a dose ra te  r e t e r  on Godiva 
II. 

- 

25 



.i 

- .  PUSTICS EeUIWAUNT TO TISSUE, Am, AND POLSS- 

Dr. Francis R ShoakO,.& Procopins College 

The purpose of t h i s  paper is t o  describe the  canposition and pro- 
duction of a series of conducting p las t ic  resins t h a t  have been dev- 
eloped which pennit the direct  meaaurement of absorbed dose in Fads for  
photons and n&.rons in muscle, bone, and P O ~ t y n W )  rads for photons 
in muscle (insensitive t o  neutrons); and roentgens. 

For pract ical  applications in ion chambers, proportional counters, 
etc. intended for f i e l d  as well as  laboratory me, tha camponents chosen 
for  tissue, a i r ,  and polystyrene equivalent materials should result in 
a conducting blend w i t h  certain optimum mechanical properties which place 
seven  limitations on the materials of choice. Thimble chambers and 
proportional counters f o r  f i e ld  use require materinls of great s tabi l i ty ,  
chemical a s  well as mechanical, thus precluding the choice of a q  material 
with an appreciable vapor pressure or sensi t ivi ty  t o  temperature, water 
vapor, etc. Pmctical  devices of t h i s  nature further require relatively 
high tensi le  strength, impact strength, and most especially low gaa per- 
meability with no selective adsorption of any one gas i f  they am t o  retain 
the gas compositions necessarJr t o  sa t i s fy  the Bragg-by cavity mquiro- 
wnts .  abvious4, moldability, low snrnknge, machinability, good elec- 
t r i c a l  conductivity, and suitable densities are desirable proportba a l l  
of which are obtainable w i t h  the herein described m i x t u r e s .  

To obtain the optimum e lec t r ica l  conductivity i n  the mixtures of th. 
materials of choice, namely combinations of the canmercial p las t ics  aad 
additivelb, it was found experimentally tha t  oil furnace black has a 
suitable structure t o  yield a maximum. 

The free carbon content essential  for suitable conductlVity i n  each 
case varies in the different mixtures from 10 t o  18.5%. 
furnace black or other particulate matter u l t h  a f i n i t e  particle size  
in a blend wMch is essentially a solution of the Var'lOus resins intro- . 
duces the problem of the range of the electrons within the particles a t  
the plastic-gas interface i n  a Bragg-Gray cavity. 
was made in that it was assumed that  a lo s s  of lo% of the anergy of th. 
aecondory electrons from within a part ic le  would introduce an error that 
could be ignored. 

The detennimtion of energy absorbed i n  rads i n  the simulating 
m i x t u r e  requires that for equal numbers of electrons there be equiv- 
alence in hydrogen and nitrogen content such that the same photoelectric 
absorption coefficients w U r e s u l t  f o r  low energy It rays a s  well a s  th. 
sama recoi l  production for  f a s t  neutrons as i n  the slmulatedmateri.1. 

The use of o i l  

b '4.. 

An arbitrary choice 

- 
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Thus the introduction of f ree  carbon in the described mixtures msultr 
in chiefly, an -gun or nitrogen ddficiency uhidh is compensated for  
by the addition of lesser amounts of’ calcium, silicon, aad f l w r h  to 
m t c h  tho radiation attenuation properties of the simulatedtiasaes in 
oath case. 

MIEHL 

The high d e b  of dispersion and extram unifonuity essential in 

- 
these conducting plast ics  could not be readily accomplished through tha 
uae of collmrercially available m i x i n g  equipment. From trW uhich an- 
volved several designs, OM was found t o  be re lat ively hxponsive t o  
construct in a wall equipped machine shop. The final design C O I I S ~ S ~ E  
of two a ~ e m b l i e s ,  OM of which is held stationary,  the other rotating 
within it. 

TISSUE KXtVAIZNT - MUSCIE 
( for  Photons and Meutrons) 

Since there is l i t t l e  agreement in the l i t e ra ture  on the comp- 
osit ion of wet  muscle, the decision was made t o  adopt the ccmposition 
rscanmranded by the International Commission of Radiological U n i t s  
(ICRU). The percentage compositions by weight given therein yield the 
formula: 

C H O  I Ha Mg P S K Ca 

containing a t o t a l  of 55.087 electrons. 

L02L 10.2 & e 5 5 6  0.25 0.0035 0.0008 0.0065 0.0156 0.0077 0.00017, 

Proper choice of materials results in a simulating blend tha t  may 
( c & ~ ~ o ) d  (SiOz), (CaF2b, where the literal 

subscripts number of molecules of each of the materials 
wed i n  the TB-muscle. The values of a$ b, d, ep and g are a-1.12; br 
2.73; dd.25; e=O.037&; and g=O.OSI.l6. One now obtains the percenfo’ges 
by weight of the materials uhich comprise the TC-muacle blend, consisting 
of carbon 13.58, polyethylene 52.12, nylon 28,222, si1l-a 2.H. and 
calcium fluoride &.Os. Thus the chemical formulation is c6.3&0.2 
8.325 %.25@0.102s6.0373 cB.0S116. 

(Insensitive t o  Neutrons) 

If ”E-muscle is t o  be insensitive t o  neutrons it may contain 
w i t h e r  hydrogen, nitrogen nor a w  element v i t h  an appreciable cross 
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aaction for MEtrOM. 
which contain8 no hydrogen ia Teflon, aince tha a t a i o  -era of i t a  
capomnta bracket that of -gem. 
balanaed such that equal Comptm and photoelectric absorption cw- 
fficienta moult. Thr redt ing mjxtnra when nonulimd a t  15 k m  consists 
of L3.871 carbon black and 56.w Teflon, 

The m8tOrial O f  c h o h  for a p h t i c  Ccapoaad 

In t h i n w e  &on and fluorhe are 

The chmical formulation then 
is 4.3& '2,530. 

Tlm =nlting mechanical properties of thia mixture are anything 
bat *01 ----- the m a s t  that may be said is t h a t  it ia superior to pure 
graphite in every respct .  

(for Photons and Butrom)  

Adupting the ICBU canposition of TE-bona the resulting calculations 
normollsad for photoelectric absorption a t  15 key, yield carbon LO%, 
nylon n.6%, polyethylem 30.0%, atxi calcium fluoride 31r,h%, thw tkm 
chemical caaposition la 

'LA9 B B  6.L 0. 193°0.193F0. 89uh0.W156. 

( P h O t O M  w) 
 he conducting a i r  equivalent ( ~ i r  R.) mteri.1, useful f o r  meas- 

uring the roentgen, consiata of the following mixture: carbon 17.692, 
nylon 67.238, silica 15.08%; and the c h a i c a l  composition is I 

f36.9 %77.1' 1.6.19 29.fii6.820. 

It i a  desirable in 8- cases t o  use the amme materials of conat- 
ruction fo r  certain parts of an ionization chamber, eqec ia l ly  uhen the 
condenser is an integral part of the chPmber. This'avoidr certain trap 
a l t i o n  effects rdrich are apparent with garmu radiation and l lOUtrOM. 
Since p o l y s t p n e  is the usual choice for the insulating pads,  a material 
that  is suitably conducting has the saum chemical composition and la 
canpatlble for molding wlth poQstnene C O M i S t 8  of 72% a, 15.1% CH2, and 
12.9% free carbon. - 
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MPBOVED m-60 Spsm 

0. E. Davis 
Naval Material Laboratory 

The DT-&/PD personnel dosimeter consists essentially of a Qpall 
square of phosphate glass of a definite basic farmalp, to uhich about 
8 per csnt of s i lver  phosphate is added. 
p las t ic  case. w wresces under radiation in the near ultraviolet ,  with intensity 
proportional t o  the I[- or gamma-ray dose received. 
indicated in roentgens of dose by "reader" v i th  photocell receiver. 
The reading includes a "predose" value inherent in the unexposed glass 
and specified t o  f a l l  in the range (3737)r. 

Sane time a f t e r  manufacture, a certain amber of the dosimeters 
were found t o  give predose readings highe.r than the b&r pemitted by 
specifications, and aoum readings showed a tendency to increase slowly 
uith time. To d e t e h  the cause of this ,  a largu number of samples 
from Navy stock and h.om wide4 separated A b  Force bases were invest- 
igated under the following conditionst shelf m e  under roam conditions, 
also a t  lr5 degrees C and 20% B.H.; same, with glass  remDved f rmmse  
and bare; exposure t o  ammonia vapor; exposure t o  high humidity. Er- 
aminationslreaammb visually, under ultraviolet  l ight ;  by spectros- 
copic analysis (surface brushings); by X-rays analysis (particles from 
some of the glast  surfaces). A study was made t o  detenniae whether high 
predose was related to meteorological conditions a t  the Air Force 
stations frcm which samples had been received. 

The findings were made plrtiaUy indefinite by the inseparability 
of causative factors and by frequently inconsistent results as between 
individual slmples. 
and variable predose were def ini te ly  indicated: (1) fluorescent contami- 
nant or contaminnnts (visible on some glaases), mos t4  confined @ the 
d t  face of the glass and very probably fm the cement used t o  secure 
the glass; (2) @iffusion of a fluorescent component of the  cement through 

ul t raviolet  and fluorescent l i g h t  scattered a t  the ground or sandblasted 
entrance and d t  surfaces of the glass, due mainly t o  the impossibility 
of exactly reproducing such surfaces and, t o  a lesser  extent, t o  changes 
in these surfaces due t o  humidity, washing, etc. 
glass coarposition, chemical or physical, due t o  inadequate control during 
manufacture, may grossly affect  the predose value. 

It was found tha t  washing, either by ultrasonic vibrations or by 
brushing or soaking i n  detergent solution, reduced the predrwe readings 
of mere than 90% of the high-reading dosimeters t o  within . t h e  specified 
(3747)r range. 

This glass is housed in a 
m e r  exposure t o  X - r a y s  or gama mys, the s i lver  phos- 

The intensity is 

Huwever, the following potential  causes of high 

the black paint on the bottom of tb glass; (3 separation of the black 
paint from the  glass (visible shiny spots); (4 variation in  amount of 

Also, variations in 
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As a result of these f Iudhgs , lh  m-601s ham been partla- 
re-designed t o  e l b l n a t e  the effects of scattering ~IWI groud-glaas 
surfaces, contsmbation by cement cmponenta, a d  separation of tb 
black paint fran the glass. The new glass squares are rmooth-rolbd 
on upper and lower surfaces, with edges sawed then grotand smooth and 
poliahed. The glass is held by a p las t ic  housiag secund by tw pats 
axtalding frm an aluminum base (formerly plastic), passlng through 
holes in the housing and swaged a t  the ends. 
of black palnt for  a non-reflecting lower surface, a black-glass frit is 
fused t o  the phosphate glass. The two glasses form a paraanent bond 
and the f r i t  should be more highly non-reflecting than the black palnt. 
The aperture for l igh t  entrance a t  the  upper surface of the glass la 
reduced t o  ellmiaate possible internal mflect ion fnm the side faces. 

These design changes have been made by the  Specialty Bnglmering 
and Electronha Co., under Bureau-of-Ships contract. 
tha t  the new design, plus greatly tightened manufacturing specifications, 
w i l l  result in hi@* stable predose readings and much greater unlfomity 
in tlE read- of difitFrent &sihe€&rs. 
changed except for  amission of manganese, which una added by a mamri- 
a c t m  vithont psrmission. 
servation a t  the Material Laboratory for about two months. 
in predose have been observed. 

bu i l t  by Polaroid, A d m i r a l  and Speclalty, reapectlvelp, a re  in use. 
These are  quite aatisfactoqv except for an occasional rina drW or 
fluctuation in the gain. 
by Specidlty. 

k caaeut Is used. Instead 

It is expected 

The glass canposition Is u& 

A group of 100 samples has b e e n - d e r  ob- 
Ilo changes 

Three models, &signed and The DT-60 system includes the reader. 

A battery-operated reader Is under dovelopent 

MODIFICATION TO CP/YS 

Ma5or Bryan, AFSWC 

The A i r  Force Specbl  Ueapons Center has made modifications in  a 
CP.95b/pD Eadiac ComputepIndicator which Improve tbat  inatnmnmf's 
discrimination against surface fluorescence which is one cause d hlgh 
pre-dose readings of the DT-&/PD. 
for the manufacture of siz k i t s  which Wil l  be used t o  modify other CF- 
95A/PD's in order t o  determine the reproducibility of initial results 
and t o  indicate the feasabili ty of modifying other instruments. 

The Center has negotiated a contract 

The modification includes both optical and e lec t r ica l  changes. The 
e lec t r ica l  changes consist largely of a plug-in preamplifier aad mra 
made necessary by a loss  in sensi t ivi ty  caused by the optical  changes. 

Oru hundred seventy nine DT-601s which w 8 r e  rejected by A i r  Force 
units because of (~xcess pre-dose and lob DT-601s which -re in possession 
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of tr'oapr or vem comcted. S ta t i s t ica l  tlwtawut hem aBs1pIyts a 
nom1 or 0.wri.n distribution and randan sampling. zb f ee l  tht 
the rampling Ha6 such th$ the rejected dosimeter6 were wrw than 
tgpical and the &hero were better than typical. 

all cases the modified reader gave lower valnes for the maan 
old rt.ndud deviation than did the CP99, and thit this result l a  
most npoetaeular in the case of the rejects. 
parcentages that could be expected t o  f a l l  between -19 and+l%, the 
present acceptable lbits of predow in  the A i r  ?orce, favorrr the 
mod if^ Reader. 

After the DT-60's were washed with tap  water and dried, the 
roadhga ware better than before washing but not as good as readings 
mado w i t h  W i e d  reader. oood results were not achieved by washing 
rejeekd DT-60'8. The modified reader had Ita greateat effect on the 
hlghe& pro-doaes. The amall degree of correlation between readers 
indicates that their differerne d o p d  upon a more or  less rolldm 
variable. Y. okim that v d a b l e  to be surface fluoroscezm. 

sigrv l  a a alight differeme; howver, it was demonstrated that the 
average offset of m o d i f l e d  circuitry on reading8 of 9 dosimeters van 
only -1.2 r. Ha should Like t o  find a m-8 of increasing sensitivity 
that la better than incraosing amplification. Om requiramant of the 
optical modi fh t ion  ia the mod for a flat, tranaparant exit face on 
the DT-60. The DT-60's reported on here had their  exit faces mado 
tranaparont. by coating w i t h  clear lacquer or glycerin for  reading i n  
the modified reader. 
w i t h  a dosed DT-60. sjmi$3rly treated. We believe that polished exit 
facer would produce better results. 

strrfaco fluorescenoe can entar the photaaultiplier tube. 

Tha figures mpresenting 

Thla cmparbon of frequency reappolw of a modified 1 2 - 9 9  old a 62 cps 

@vioUSly it was necessary t o  calibrate the reader 

OM can determine with thia schematic and a straight-dge that IIO 

Lt. Col. Thuapson, QIU: 

The aroa w i l l  be a circle 200 in diawkr ,  contaminated 
wi th  appmximately 2.2 curies of 
i a tmr i ty  of 100 R,br a t  2 feet above ground. 
electroplated sof t  s tee l  wire and overplated w i t h  nickel t o  prwent 

cut i n t o  appmpriata l ength  ud spread by a ,@vice s L I 1 p r  to a seed 
drill. Piokup of the material, when required for  remhaping of the 
radiation pattern, w i l l  be done by- electramgmtic pielcup device. 
The oontamiaated circle  w i l l  be surrounded by a one foot concrete curb, 

Tha Co w i l l  be 

losr  of t h  Co 8 by flaking or cheaical oation. The w k a  w i l l  then be 

31 



.̂ - .: - 
-. - .  . 

_.  
a a i r  io& mat, and an eight foot ear th bank, in that order. A cm- 
memially available tractor, guided by remote control or electramg- 
notic- along a buried w b ,  w i l l  be used t o  spread the coatclmiaurt, 
place and remove apechens and ins-nts, and remove tb coatamlnaub. 
Tw Ylew-porta, built into the w a l l  of the ear th  bank and protectad by 
cone- a&lead glass vindows, w i l l  be placed a t  a 900 angle frao ths 
center of tha field t o  allow cartasion c o o r d i n n ~  anphemont of spec- 
~ O I M  prd ia8truwnts. 
and autaaatic alarrps. 

Tha area .yil.l be used for test work involving larger area, higb 
intenmity radiotion of approximately the a a w  spectram and energp a8 
t h a t  cf fallout. Shielding studies, depth dose meam-nts, instrument 
perfowme, and long tam biological studi4s imrolving both chronic 
and acute radiotion doses are ao1110 .of the projects crulvntly planned 
for thir area. 

The area vill be protected by fenma, guards, 

IOU RANGE SBLF MMCATRJG Des=- 

&. C h a r l e a  H o l l d e r , - m  

Today w can chocse the msthod of dose neasuremsnt; f o r  Instance, 
the silver halide or film, colorimetric, rodiophotolmuinsscent, p 
ionization math&. O f  theae, the most accurate, a t  least, in the 
lower raga ia probably the ionization w. 

The Ionisation c W e r  type can be further dirided into two 
categories, the self-indioating and the non-self indicating. 
the Navy ia primarily interested in the self-indicating type it is 
this one that w i l l  be discussed, and mom specifically the low range 
or 6 2 O h r .  

instrmeut fo r  accurately measuring X and gama rodlation, them 
are s t i l l  undesirable features. To point out some of the causes 
of iapccnracies l e t s  take a typical. instrumclnt apart. 
baeic canponents t o  the dosimeter; the charging end, electameter, 
chamber, uptical sgatem,  insulator, and barrel. 

Since 

Although the low range self-indicating dosimeter 5.8 the  best 

There are six 

(1’ 0 1 
(a) Tntarnctions with other parts of the dosimeter 

causing shock problems. 

(b) Mating problems between charger and dosjmeter. 

(2) ~ e o t r o m e t e r  (usually a h m i n d  - 
(a) Reproducibility problem! (in production) 
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chamber (Phenolic) 

optical system 

(a) Foorrrming problems (c la r i ty  of imp foam throughout 
range of scale-each unit mwt be focused) 

(b) ulgmaent (Fiber with reswct  fo raticla) 

(a) Isakage problem 

Other problm which do not re la te  t o  a q  om apeclfic prt 
of tb form4ntiomd amt 

(a) hrmetic rned 

(b) K i c k  

(c )  Tamperatwe effect 

To attmpt t o  eliminate the umbrslrabb features of the 
current dosimeter the Navy has i a i t i a b d  a development 
progru. The program consists of feur phamrnt 

S t g p  phose- During thla  phase as many type low range ioni- 
sa ~m~ohamtmr d w t w t e r s  nu =N a d l a b l o  mm exadMd to pi& 
&it desirable features. 
melopm nt Phase- The dwelopmnt phSe, lloy underway, is 

parbe, and developing fabrication t e c ~ w s .  One of the 
most inportant objectives of t h i s  program is t o  insure our- 
aelver tha t  production of the developed dosimeter vl l l  bo 
fearniblo fo r  any canpany in tb dosiapster fleld. 

a quantity of dosheters  based on resultant data of Pha6e 2. 

belug davot ed to selecting materials, cborloplng cmpomrrt 

Gon8tmtion Phase-. This phase ~lll be Utilised to construct 

The report phase w i l l  be devoted to uritiag 
cessarf t o  bm.l-0 mproduclbilltJ in production 

quantities, mnkFng manufacturing drawings of the instrumnnt 
and werg assoclated t e s t  Mrment .8emad  necessary for 
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production control. 

and/or developnent wurk is in process. Taking each component part 
wntion6d ear l lor  we have; 

I stated, we a m  now in Phase 2 of the program. Haterial studie 

(1) Charging mechanism-Sixteen methods have been examinad. We 
bmm IYR reduced this amount t o  t h e e ;  the neb1 dlaphram, 
p las t ic  dhphra5 ,  and the  hllv typ& 

(2) Bbctrometer  Brpmination of horseshoe types one of vhich is 
now cammonly used; other e lectramtor  m8pensions suoh as Dr. 
Shonk..'s a t t ract ion bending, and torsion electrawter6 are 

Chmber-Some of the materials being investigated are epoxy 

being i w e s t i p t e d .  

(3) 

(U w:Wcte stem-Slnco the optical system in dependent on t h e  

done. & basic problem in th i s  systam uill be t o  Increase 
the depth of focrul thereby eliminating, t o  s a  extent, the 
c r % i c i l i t y  of focua and pllorlng h r  a sharp f i b r  image as 
it mringa across sc&. 

Inauht&-Approximately 15 insulator materials have been 
-d. 
However, nutarinla as fuaed quarts, ceramics are sti l l  to be 
investigated. 

phenolics, flourocarbon plastics,  and thermoplastics. 

r c racter is t ics ,  most of the work is still to be 

( 5 )  
To date the most pnais ing  is tb '8sndh Amber". 

Thin is a short r e p o r t  of w h a t  has hppeoed in ion chamber neutron 

The results of the PlumbbobZMd tests of the t issue equivalent ion 

dosimetry a t  USASRDL during the last ,year.  

c w r  dosbetera Isere e n t h l y  unsatisfactory, and that the ion chambera 
€nd%catad - a t  best ' -  only a fraction of the to t a l  f a s t  neutron dose as 
meamwed by such doscrate independent syatema as t h e  Slgoloff C h e m i c a l  
dosimeter and f i ss ion  foils. 

Because O f  the Itlaw &Own factor0 that entemd at0 the P l d b o b  -, ruch as the effects of the nitrogen-l& gslaap radiation, 
6hock, &he fallold and residual f ie ld ,  etc., as u d l  as the unknown 
neutron .Id gama delivery rates, it y.8 hpossihle t o  determine the - 
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exact cause of the poor results. 
scheduled a t  the Los -os Godiva 'SI reactor which M hoped might clear 
up the reasons for the poor plumbbob results. 

However, UsdsRDL had an experiment 

Godiva 11 is a bare c r i t i c a l  assembly of oralloy which is capable 

In the absence of be t te r  infonuation, wa have concluded 
of .producing pulses of f a s t  neutron radiation las t ing about 75 t o  Bo 
microseconds. 
tha t  &diva 11 is a reasonable dimulator of the f a s t  neutron burst rec- 
eived a t  a distance of a few hundred yards from a typical  f ission weapon. 

Two experiments were p e r f o m d  a t  &diva If, one i n  January and 
o m  in July 1958. These experinants consisted of exposing calibrated 
ion chamber dosimeters fran operation Plumbbob a t  different distances 
ranging from 70 t o  500 centimetera from oodiva I1 for a to ta l  of 16 
bursts. 

The gama standard used for  these experiments were the NBS film 
pack loaded rrlth a special low neutron sensi t ivi ty  Set of emubiona. 
The fa s t  neutron dose was measured through the use of sulphur pellet 
threshold dosimeters whose induced act ivi ty  was converted t o  total t i s sue  
dose through factors. 

The results of the experiments are mmod up i n  Table I and 
bear out the results of the Plumbbob experiment. For the dom range of 
50 t o  109 rads, the ion chamber dosjmeters read only 50 t o  35 percent 
of the t o t a l  f a s t  neutron dose. 

Table I 

Canparison of eizperimental data t o  Boag's general recombination theory 

9 rads 0.5 x &rad/sec 0.55 
300 rads 3.0 x lO&ad/sec 0.45 
550 rads 5.5 x 106rad/sec 0.30 
900 rads 9.0 x 106rad/sec 0.30 

109 rads 10.5 x 106rad/sec 0.35 

0.75 
0.bS 
0.3.5 
0.29 
0.27 

If OM assumes that the fast neutron dose frm Godiva I1 i 
delivered uniformly OVera period of about 100 microseconds, then om 
can compare the resul ts  of the Godiva experiment with those predicted 
by the general recombination theory dweloped by Bong. 
such a comparison is given in Table I with the theory adjusted t o  f i t  
the results a t  a t o t a l  dose of 300 rads. 
the resul ts  cf the Godiva I1 expel3ment follow generally the results of 

The resul ts  of 

This  comparison shows tha t  
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the application of Boagls theory f o r  a parallel-plate ion ahamber with 
a plate spacing of, 1.6 millimeters. 
spacing not g m a t 4  different fram tha t  used in the euparhenkl ion 
*M. 

A s  a result d the Godiva experbmts,  it i s  concluded tha t  the 

This i s  a value of in tere ldc tmde ,  

response of the ion chamber dosiwtera a t  high dome rates is mainly 
c o n t r o W  by simple general recombination, a d  t ha t  the reaults of the 
exp82-iraent at opezation Plumbbob a m  mainly the result  of recombination. 

Since the dosimeter response seama t o  be so lam4 limited by 
dwe rate depsndence, we have made eaw simple calculations of the dose- 
rate limit that one might achieve through selection of w r y  high collecting 
f ie lds  and very small  interelectrode spacing. Using a f ie ld  s t r e m h  
of 10,oOO vol ts  per centimetei. ami a parollel  plate ion chamber spacing 
of one ndllhwpr, wing Boag'r thecry, the upper dose rate limit is 
about 3.5 x 10 mda/second. A t  t h i s  rate, such an ion chamber would 
have a 106s in sensit ivity due ,to dare rate limitation of about u) per- 
cent. 

Bdpg haa d e  a similar calculation f o r  pprallnl  plate ion chambers 
aad has 

stringent reqaraments of 1.5 x 10 rad/aocond. 

100 ~ C ~ C ~ O M C O ~ ~ ,  agd a 600 rad dose, then this muld correspond t o  a 
dose nte of 6 x 10 rads per second. 
the .Grey Areau of dose rate  Urnitation mantioned above. 
that ,  considering simple recombination theorg only, opemtion of tac t ica l  
fast neutron ion chepber d c a h t e r s  probably is possible. 
opration depends on the use of high collecting fielda and very wrrll 
elect?ode spacing. 

However, 
there are other effects which can b added t o  *are of general recom- 
binntion; these a n  first, space charge, and second, insulator dsmage. 
The first e f fec t  is important uhen certain gaoes, such as ultra pure 
argon or  neon are used i n  which ionization is the resul t  of formation 
of positive ions and electrons only. For t h i s  condition, the electroas 
tend t o  be m p t  up Lnmadiately causing a positive space charge t o  
~emain which destroy6 the collecting f i e l d  and results in f'urther 
recanbiapticn. The second effect  is tha t  of transbnt damage in the 
insulators used in the ion  chambers and has been observed a t  dose rates  
an low aa 600 rads per second. !his effect remlts in the tranafer of 
chaw t o  or  from the collecting electrode of ion chmbers and results 
i n  e r ra t ic  ~ a d i n g s  not attributable t o  ionisation in the detecting 
chamber. &sa effects mn observed i n  f ie ld  t e s t s  of ion chamber 
dosimeters and are reported in WTA228 and ITR-1167. 

oncluded tha t  the dose rate l i m i t  of ion chaabera is about 

E 6.b x 10 ri rads per sacold; u i t h  a ore practical  limit, baaed on less 

Now, if you M S U ~  that  the t ac t i ca l  neutron dose is delivered in 

Thin dose rate lies just uithiu 
This means 

However, this 

So f a r  only general recombination has been mntioned. 

36 



c-. I 

.. 

Aa a result of these t e s t s  and t h e  consideration of recclabination 
thoom, it appears impracticable t o  C O M t r U C t  t a c t i ca l  tissw-equivalent, 
ion chambers dosimeters tha t  will measure f a s t  neutron dose a t  the 
rates eneauntsmd in the field.  
USASXI& has stopped. 

t d  the use of the  semirnd system of dosimetry which sham great 
prmise and which appears t o  be entirely free from dose ra te  effects. 
h v o r ,  much mom research and developnent must be done befors any 
field tests or & b a d  tac t ica l  dosimeters can be considered. 

Therefore a l l  work along those l ines  a t  

Current investigations a t  our laboratories aro being directed 

b. b i n , - =  

B . s o m h  and development work in chemical dosimetxy duringtim 
pad year m a  rov imd .  Work continued on the use of aqueous trichloro- 
e thy len  solutions as dosimeters. 
toward measuring neutron rosponse of the system. 
mono-energetic neutrons a t  1, 2, Ir, 6, 8, and U &v. 
shown t o  be enrgy Independent in this range. 
lik. g.mau response, is oxrge n iudwendont was detemined: %= u.5. 
Thon1~1 neutron sensi t ivi ty  was observed. It is fe l t ,  however, t h a t  
t h i s  4 r . o t a  property of the doshetxy system but is one t o  the f a i r ly  
high Bl0 content of the glass used t o  contain the solution. The fac t  
that gsr for thermal neutrons is deisdar& on oxymn content would tond 
tocorroborate the assuurption that a secondary gpmmo reaction such a s  
t h a t  produced by E l o  (n ,d )  Li7 is occurring. The cross section of H (ne i s  too low t o  account fo r  the observed effects. Ii-radhtion 
co iners free of Bl0 are currently being preparod t o  t e s t  t h i s  hyp- 
othesis. 

The dosimetry system was used w i t h  some degree of success during 

Th4 major e f for t  has been directed 

The system was 
Sensitivity which, un- 

This was dona w i t h  

- 

Operation Hardtack although these data W i l l  not be finalized un t i l  
matron response of the system is more completely elucidatod. 

Oamm-kutron Dosimeter E-5) was shown. The E-5 records gamma and 
neutron d e in ranges of 0-9, 50-19, 150-300, 30049, &50-b00, 

The canpleta d o s h t e r  is mado of molded p las t ic  with the fine glass 
tubos permanently shock mounted in place. 
inches and might is approxhtdy & ounces. 

A t ac t i ca l  dosimeter has been designed and a prototyps (Tactical 

and 600 7 Bw. A f a s t  neutron RBB of 1.0 is used in the dosinetor. 

Djmensions are 3x2fr l  
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CLOSED SESSIOFJ 

11 FebrunrJr 1959 

-. 

1. The following member was absent: 

Dr. George Qreen, Brookhaven National Laboratory 

2. The Panel discussed the problem of energy dependence in the 
response of persomel dosimeters, and the tentative resolution of the 
17th Panel met ing  on this subject. 
ac t ly  how des-ters were assumed t o  be calibrated in guidance given 
the Anaed Forces by the i r  medical s t a f fwi th  regard t o  predicted effects 
on service personnel from different radiation doses. These predicted 
dosage effects could be fo r  the  free a i r  dose, for dosimeters calibrated 
in  a i r  but worn against the human body, or in tenns of an assumed dose 
a t  sme particular depth or site inside the human body. 
froa the A m  Hedical Div 

Wh criteria are in 
at the fac t  _that the purpose of this resolution was t o  insure 

that the response of pereonnsl dosimeters below 80 kev was not greater 
than 100% and, i n  that the resolution did not impose an undue hardship 
upon the manufacturer, it should seriously be considered as it w i l l  insure 
a bet ter  doshe ter  for  Service usage. 

It was not clear t o  the Panel ex- 

A representative 

The Panel recognized the desirabil i ty of a very loit or absent 
beta  ray response in dosimeters t o  be ut i l lzed foq evaluation of the 
short term effects of whole-body exposure of military personnel i n  an 
extended fall-out field. 
in a fall-out f i e ld  of mixed beta and gemma rays can lead t o  substantial 
over-estimates of effective dosage from the radiation of such fields. 

Ideally, radiation dosimeters should reduce beta ray sensi t ivi ty  by 
shielding with a substance of an effective atomic number f o r  radiation 
absorption similar t o  that of sof t  tissue. 
b e  t o  current dosimeters. 

This is because substantial beta ray sensit ivity 

Such f i l t e r s  add unacceptable 
F i l te rs  dense enough to have effective beta 

ray stopping power i n  an acceptable thickness a lso substantially reduce 
dosimeter response t o  so f t  gamma- and x-radiation. 

After further discussion, the following resolution was proposed 
fo r  adoption. 

'he  Panel recommends tha t  for purposes of evaluation of the 
short t e rm effects of whole-body exposure of military personnel in An 
extended fall-out f ield,  the energy dependence of personnel dosimeters 
should be adjusted t o  take into account the laser efficiency of the lees 
penetrating components of the gama ray spectrum and beta rays i n  pro- 

ducing such effects. Presently available infonaation indicates that  for 
practical  purposes t h i s  condition is- fu l f i l l ed  when the reading of the 
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ptireonnel dosimeter in an extended radiation fall-out f i e l d  represents: 

energy range fram 1.25 MOP (GO-60) t o  80 Kev. 

roentgana below 80 Kev so that it is 9% a t  9 Xev and no greater than 
5% a t  20 Kw. U o u a b l e  error l imits are t o  be stated In  the detailed 
specificationa of the procuring agency. 

t ha t  these were satisfactory energy response specifications for the w e  
Bow- 

ever, it was pointed out that if dosirnetera w i t h  these characteristics 
were used f o r  other types of monitoring, f o r  example, radiation h a m  
due t o  the rather s o f t  x-rays generated in radar equipment, a very sig- 
nificant nnder-rifaPtion of hazard from radiation exposure might occur. 

(1) lba% of the a i r  dose in roentgens in the! gama-ray 

(2) A gradually decreasing percentage of the a i r  dose i n  

A preciaion ai+m% - is suggested. 

Further discussion by the Panel indicated general agreement 

of dosbeters f o r  the evaluation of short term fall-out hazards. 

For this reason no final action was taken by the Panel on this 

3. Tritim monitoring requirements and tritium monitoring instru- 
o the Panel that these instru- ' <\ ments were discussed. It was 

ments were rather expensive 

olution: 

be developed t o  indicate the presence of tritium. This device should give 
a positive response a t  levels i n  the neighborhood of permissible con- 
centrations fo r  short exposure./ One such simple device could be a quarta- 

of certain existing survey meters such as a beta radiac. I ]  

cussed. A satisfactory neu*on dosimeter is not available. The Pam1 
fel t  that continued work odneutron dosimeter should be performad in 
view of the Service requirqhnt  for  a neutron detecting dosimeter. 
Concurrently wi th  t h i s  effbrt ,  the Panel made the following recanendation: 

a.* Effort should be directed t o  the exploration of the poss- 
i b i l i t y  of the development of a portable, single channel analyzer, field 
detector which would enable the first echelons of medical service t.n 

determine- the concentration of Ma-& in body fluids and *mb be able 
t o  make a quick assessment of the dosage received from prompt neutron 
radiation. '' 

5. The status of gama radiac development was discussed and the 

t h a t  some monitoring require- 
ments indicate frequent adopted the following res- 

/ I '  
a. The Panel recamends that a simple, rugged, economical device 

f l  f iber  e lec t rmets r  with associatad ionization chambers or modifications 
I 

L. The problem of deteS$lination of prcmpt neutron dose was dis- 

Panel made the following general 

"a. The Panel recolmnenda that a continuing program be pursued t o  
develop a more reliable, simply operated and lower costing gamma radiac. I 
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6. Other topics were discussed (alpha inatrmentation, radio- 

logical test m a ,  modifications t o  existing equipment, and Panel 
mgbership) but no additional resolutions were made. 

7. Dr. Bale invited the Panel t o  hold the next working meeting 
a t  kches ta r ,  New York. 
May 1959. 

The Panel agreed t o  meet i n  Rochester in 

8. 

Following the meeting, Dr. Fail la  prepared a memorandm t o  

The h ~ l  wishes t o  point out that a dosimeter v i th  these charac- 

The meeting was closed a t  1630 hours. 

supplement paragraph 2 above. It states,  

teristics when suspended i n  a i r ,  in an extended fa l lou t  f ield,  doas not 
masum correctly the ganuna ray "air dose" a t  that point; and when worn 

on the rurface of the body i n  an extended fallout f ie ld ,  it does not 
measure correctly the gama ray skin dose a t  that point in the body, since 
in ei ther  case the dosimeter does not respond fullp t o  the low energg 
cauponents of the &amma ray spectrum. (Furthermore, it does not register 
the beta ray dose). 
different components of the gama ray spectrum according t o  their potency 
i n  producing short-term effects, when the whole body is exposed in an 
oxtended faZlout field.  
applicable t o  man is insufficient t o  permit an accurate weighting process, 
even f o r  the restricted conditions stipulated abooe. Hwver, since in 
an dxtended fal lout  f i e ld  the low energy gama ray ccinponents that pass 
through the shield r e q u h d  fo absorb the beta rays, do not contribute much 
less t o  the body dose, an approximate weighting of the lnr energy gamma 
ray components is satisfactory. The particular choice of lou energy gama 
ray response recommended above is based in part  on constructional consi- 

The Panel was t o ld  by Captain Barton tha t  the m i l i t a r y  c r i te r ia  f o r  

The adjustment represents an attempt t o  weight the 

Resent4 available radiobiological information 

derations t o  me& general requFraments of military instruments. 

the evaluation of radiation injury i n  cmbat situations are based on gamma 
ray doses measured i n  air (Le .  not on the surface of the bcdy or a t  scme 
particular depth). It should be noted i n  t h i s  corlaection that  an unbiased 
personnel dosimeter worn on the surface of the body i n  an extended gslmna 
ray f i e ld  measures the skin dose, which for gamma ray energies greater 
than 9 kev is about 80% of the a i r  dose a t  the same point without the 
presence of the body. It 
may be expected that there will be a similar difference between the reading 
i n  a i r  and on the surface of the body when the biased dosimeter is used 
i n  an extended fal lout  field. 
made with the biased dosimeter (or any dosimeter, fo r  tha t  matter) wum 
on the surface of the body do not represent the doses used i n  establishing 
the m i l i t a r y  cri teria.  This matter deserves further study by those res- 

(This is based on approximate calculations). 

Therefore, measurements of the nbody dose" 

ponsible for the military cr i ter ia .  
- 



The Panel wishes to point out also, that the use of the biased 
personnel dosimeter in radiotion f ie lds  other than an extended fal lout  
f i e l d  may result in serious underestimation of the dose recieved by the 
individual nearing It. The o b v i m  extrem case Is the use of the biased 
dosimeter in a &olrmp -,beam with photen energies l ess  than 20 kw,  in 
uhlch case the skin dose%cieved by the indivldual would be mom than 20 
times that recorded by the dosimeter on the inoidenee side. 1l the biased 
dosimebr nem wed under these conditions a8 a monitor t o  comply w i t h  
pennlsnlble U t 8  of occupational exposure In peace tine, the  qkin dose 

recelwd by the Individual over a period of years uould g r e a t 4  exceed 
the pennlssible limlt and i n  time cancer might develop. M course, such 
o b v l m  mlause vould not occur uith a high ramge dosinetar (O-&Or), 
but nevertheless, it wuld be well t o  label all biased d o s b e b r a  in a 
suitable manner t o  warn  the inexperieaeed mer. Since the s c a b  is marked 
in mntgeus,  It is natural for the unlnltlated tr assure t h a t  the dcs- 
h t e r  n m a m s  doses ftum a l l  gaamm rays correctly. 

The abwe -le brings up the question a8 t o  whether low range 
perrronnel dosimeter8 (e.g. 0-200 mr) should be biased a t  al l .  
such low doses uould be of concern only uhen chronlc exposure is in- 
volved and the pertinent biological effects uould then be long tern ones 
(such as cancer or l i f e  shortening) rather than the short tern effects 
emlaaged in mili tary operations, for which a suitably blased instrument 
(seem desirable. 
the main couslderations are biological and the decision should be made 
by the ~ ~ p ~ ~ l b b  medical authorities. 

(kvioasly, 

This matter was not dincussed by the Panel. Actually, 

Captain, U S  
Secretary, Panel on 
Rndiologlcd b t r u w n t s  


