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MINUTES 
HEETIRG OF THE 

PAPrEL OR RADIOLOGICAL 1:psTRuMgloTS - 
Fi ra t  Day - 7 Rovember 1955 

The meeting wan caUcd t o  order by the Chairman et 0920, w i t h  the 
folloving voting members preeent: 

Dr . 
Dr . 
D r  . 
D r  . 
CDR 

The 
a t  tended 

Mr. 
L t .  
xr. 
Mr. 
CDR 
Mr. 
Mr. 
Mr. 
Mr. 
Mr. 

C. Faille - Chairman 
W i l l i a m  F. Bale 
F. R. Shonka 
R .  A. Weies - Army 
H .  A.  Jackson - Navy 

following alternates,  associates, and other interested persas 
the meeting a t  the end of the Cloeed Session: 

Robert 0. Attmore 
Col. 6. T. Brennan 
Peter Brown 
Robert La Butenhoff 
F. W. Chambers 
Irving L. Cherrick 
Abrahsm Cohen 
George Davis 
Frank Day 
E. D i  Ianni 

Capt. Duane L. Emerson 
Hr. Irving Feister  
D r .  Howard W. Gilbert 
Capt. James A. Graham 
Mr. Jack C. Groene 

Mr. Toivo E. Hedman 
Capt. Willis D. Holland 
MaJ. John d*H Bord 
Dr .  G. W. Imlrie 
Mr. Martin Jachter 
Mr. Joeeph Lindwarm 
Mr. George W. Mahsifey 
Mr. Neil Marehall 
Col. Clinton S. Maupin 
Capt. Ralph B. Heal 
CDR J. A. O'Donoghue 
L t .  Col. M. R. Olson 
Mr. A. Pfe i f fe r  
Mr. I r v i n  Plotkin 
Mr. Smuel C. Rainey 
D r .  W. J. Ramm 
Dr. Arthur Redmond 

Mr. T. D, H ~ ~ B C O E  
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Hr. Bdward R. 8aunders 
Mr. Phillip Shaplro 
Dr. Scott W. Smith 
MaJ. Jack Spencer 
Msj. Robert C. Splker 
CDR E. C. Svendren 
Mr. Herbert Talkln 
MY. Gaylord Wall 
Mr. George Work 

FCDA 
ESL 
RBS 
ARDC 
OCAFF 
BuShlpr 
AEC 
llML 
llRDL 

For the Secretariat  and rpomoring organization, the follavhg perrons 
were present: 

LCDR Nathaniel I. Berlin Dr. Rank Shelton 
Capt. Thomar W. Connolly Capt. Hubert R. Smith-Secretary 
L t .  Col, George W. P. Daughtry WaJ. Roy C. Weidler 
Capt. J. 0. F. Dorrett lad. J. M. Wilson 
Col. lagene C. La Vier Tlll Wallace 1. Wolff 
Col. Dent L. Lay Mia6 Carole R. K a r l  
L t .  Col. Alfred H. Parthum, Jk. 1 

cmsm SESSIOlV: 

A closed rerrion war held from 0920 t o  lo00 hourr. The fbrt  item 
t o  come before the Psnel  wam the nomination of new mcmberr. Eeu ember- 
rhip t o  the Panel rerulted in a complete change of the Service memberrhlp. 
Eominations fur the B w y ,  Alr Force and Army lPembert -re read and brief 
biographical rketches of penom nominated for Panel ~ n b c r r h i p  were 
prerented by the Service memberr and the Secretary. 
new memberr were voted on and the i r  acceptance t o  the Panel was unanimous. 

Following th ir  the 

The minuter of the 13th Meeting of the Panel were'reviewed and carrec- 
t lons ruggerted by the member8 were explained. 
as corrected. 

The minuter were appEstrcd 
e 

OPEN SESSION: 

The newly accepted member8 , CDR Svendren (navy), MaJor Hord ( A i r  
Force) and D r .  Crenrhaw (Army) rat a8 Panel memberr for the remalnder of 
the meeting, except that Mr. Bedman (Army al ternate)  replaced Dr. Cren- 
rhaw, who wa6 not present. 

- The Secretary addressed the conference and r ta ted that the agenda 
included a review of weapon8 effects data which wsr of in t e re r t  t o  the 
Instrument people, but requeeted rpeakers not t o  r t r ay  too far from the 
business at  hand and asked t h e m  t o  avoid the more r emi t ive  areas, l.e., 
weapons employment and weapons derign which were of no in t e re r t  t o  the 
conference attendants. 
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Reriev of Weapon6 X f f e c t r  Raillation Data: 

Capt. To W. Coxmolly of Headquurterr, AFSwp,-aad~ thir prerentation. 
He gave 86 his  chief 8ource of hrhrmation-the 'Caparbilltie8 of Atbmic 
Weapons*, '1M 23-20, rcvired D e m b e ~  195'1 81d rfrovcd a cbsrt InaiCat- 
the t e r t  aperstionr, pSrt and lkhxre, lridchform tfre b&8 far OPT know- 
ledge of weapon8 c i f t c t r .  The rtvfev cmered tht hatsrd of ldtlrl and 
realdual gmmna, and E n t i o n  was made of the- e-er concept ai the lack 
of Q neutron hazard. Mention w b ~  d e  of the yleld device8 wbich 
were f i r ed  at C A S T U  md- the M@er neutron i h t x  weupon6 which have de- 
veloped frum recent uclvances in reapan deslgn. 
transport parametera of ggnma md neutron radlatlon =re dlrcttsred.vith 
the ald of twu chsl-tr reproduced f r o m  the referenced TM, ehowlng the  
percentage of t o t a l  dosage! of l n l t i a l  gamma radiation u a ftmctian of 
t h e  f o r  a 26 ICT ve8pon at loo0 yards and for a 5 MT weapon n t  2500 
yards. 
gamma pltls neutron, plot ted as a fuuctlon of r u n p  and yield. 
t o t a l  doses of 100 rem or greater, the neutron contrlbation VBE dmi- 
nnnt a t  low fields and the gumma M a t i o n  van dcdnant  at  -high *Ids. 
The re la t ive  importame of neutron snd ganmnr &mer wa~ i l luu t ra tehvi th  
the example of an M-48 tank at a rcaled distglce trom variuus s e l d  
weapons where the tank crew hsd a 5eqb chance of rrrrvlvd bsrred on blast 
ef fec ts  alone. 
radiation not the dominanf hatard t o  the tank crew. 

Delfrery rates and- 

The next chart prerented 6hrraed the toted initial radiation, 
For 

Only f o r  yields  In the  megaton range wn8 initial nuclear 

A m was p e n t e d  showlag fall-oat c m  f o r  high field 

fPhir data 
mapone. "he Naval Radiological Defense Iabmatory { m L )  work t o  
determine the resichniL radlstion spcctrumva8 mentioned. 
is  not p t  avaihble, but 6O-9 t t v  may be t h e  ~~IIIIUIU energy of n 
residual f i e ld .  
which It m6 6tated that thc AFSWP paldtion a t p r e s e n t  wa6 that the 
beta  was the lerser of the rcsidnal  hazards, md the rerultr of the 
exporure of the J&mhdl Island native8 seemed t o  indicate that the 
problem could be rolved through t ra in ing  urd w e  of protective clathing 
i n  the f le ld .  

A d l r c ~ ~ i o n  of the beta h8zuz-d followed, durlng 

Capt. CunnoUy thexi  talked about the  requirement6 f o r  dosimeter6 
suggeatlng there  18 a need for revllrlon of wr requiremcntr for r a t e  
dependence and LD-58 concept. 
rates for initial gammn Wtrich Indicated that under cer ta in  conditions 
the dosimeter8 recorded only about 75s of the t o t a l  i n i t i a l  bore. 
MB followed by a general discussion on maturation of dorimeterr and 
the need for response t o  dose rates of t h i s  magnltude. 

This wa8 I l lus t ra ted  by rhovlng delivery 

Th18 

Weapons Testa Gsamrs l~kauurements: 

Capt. Graham,  XSL, opened h i 8  peaenta t ion  wlth a review of the 
or igin of gamma whlch contributes t o  l n l t i a l  and rer ldual  f ie lds .  
importance of the hydrodynamic e f fec t  and the techniques w e d  t o  

The 
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I I  

1: 

' 1  

determine dose VB distance and dose r a t e  vs distance mearurementr vere 
given. 
the hydrodynamic e f f ec t  was glven. This wa6 followed by a deecrlption 
of the detectors used f o r  t o t a l  expoenre VB distance mesrrnrments where 
film immulsion holders were used fo r  doses of Ir t o  30,OOO r and the 
t e s t s  were mentioned from which the data had been obtained, mere  
followed a description of the detectore used for determination of dose 
r a t e  VI time and distance which Included organic ec in t l l l a to r r  and un- 
saturated ion chambers. 

Yield 6 C d i n g  ww dircuseed and the tranuport equation f o r  

C h a r t s  were rhom which had dose r a t e  VI t h e  for -ace and 
Instnmrentation was described, gi-g the  t h e  underground shots. 

resolution and energy response of the Instrrmrents. 
graphite wa8 used as the detector f o r  10 r per hour ra te6 and higher 
and anthracene and graphite vere wed  f o r  rate8 of 1 mr/hr up. 
had the w e r - a l l  accuracy of 25%. 

Stilbene I n  

Theee 

Weapons Tests Neutron MearJurements: 

Mr. Han8come of BRL made the follovimg presentation: lkutrOn t 

flux measurements with some energy discrirmiastian have been made a t  
nearly all weapons t e s t s .  LASL, BRL, NRDL, and ORNL have participated,  
a l l  using threshold and activation detectors ruch as gold (n,f actlva- 

plutonium 239 (n, f'7:' zirconium (n, a), iodine (n, a), a r s e d c  b,l ) 
and (n, 2n). 

ri FL5.S.- 

t ion) ,  sulfur, (n, neptunium 237 (n, f ) ,  uranium 238 (n, f) ,++, . .  

Whether these detectors provide a very accurate method f o r  flux 
measurement, they ham been wldely used f o r  lack of more precire  and 
d i r ec t  methods. The more uaeful detectors f o r  e f fec ts  work are gold 
(n,f ), rlov-neutrons; I 

200 ev, 1 Lev and 4 kev f o r  B l d  rhields 1 an, 1.5 cm and 2 em thick; 
ead sulfur (n, p) threehold at 3 mev. 

237 (n, f') t h r u h o l d  at 00 key; @38 (n, f )  
threshold a t  1.4 mev; Pu g 39 (a f) 6hiel&ed with BTO, threshold8 at  

It has generally been conceded tha t  neutron dose from stomlc 
weapons is of secondary importance becau6e the mean i n e  path I 8  r d  
(sbout 200-300 yards), and because e f f i c i en t  weapons co116em in te rna l  
flux a t  the expense of f lux outside the napon.  Some "cspon8, however, 
lead t o  fluxes large enough to contribute B u b 6 t a n t i d y  t o  the  radiolo- 
g i ca l  dose. For the high altitude shot at  TEAPOT spproxhately 50$ of 
the dose could be ascribed to neutrons. 
weapons in the 20-50 ICT range detonated near the  ground, neutrons con- 
t r i bu te  lese  than lO$ of the dose In t h e  c r i t i c a l  region. 
f lux  measurements are important f o r  emall yield weapon6 mince lethal 
radiation extends into the region of survival frog! thermal air blast 
damage . 

For cer ta in  low neutron flux 

Thus, neutron 
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Correlation at l%yd ea1 and Biologlral Data: 

I 

Colonel llsupin who bad planned t o  prerent thir report rtated he 
had expected t o  bare hi8 prerentation an the recent vork of Dr. Payne 
Harris of Lor Alamor rho war r m m d i n g  the renul t r  or  that work, but 
that the- material had not reached Eeadquaz4zrs to &&e. CObnel Maupin 
added that rince he did  not have thir more recent data, he preferred not 
to,Bpe& cp the rubdect. 
675 r mentioned e a r l i e r  in the meeting var a value t h a t  Dr. Harrlr was 
leaning-tovsrd M a rerult of a re-evalu&ion of t he  data available from 
the Japanere bomb8.- Thir value would prubably be modlfled by a8 much 
a8 fi50 r. He a l r o  cautioned againrt  complete reliance on the !RIAPOT 
preliminary report  by Dr. Harris ( I T R - u ~ ~ ) ,  a d d r i n g  that fur ther  
analysir of the data hed resulted in rOme revinion of the conclusionr. 

The conference VM advised that the dome of 

I 

Evaluation of Military W i a c  on Operation Teapot - Arq: 

This w a s  a presentation of the r e r u l t r  of the lllAPOT ProJect 6.1.1s 
which were recorded i n  ITR-1137. Mr. Cohen reported on the evaluation 
of the DT-65 polaroiid dasimeter, HR-3 chemical dosimeter and the IM-93 
quar tz  flber dorimeter. Also, the report  of the resultr of the evalua- 
t ion of the m i 0 8  models XII-1 and XIS-2 survey meter were given. The 
conclusions of the evaluation o f t h e  above instruments were read from 
ITR-ll37 and po8eible cause8 -of inaccuracies were mentioned. Details 
of the results of the TEAFOT pro3ect may be found i n  the above ITR (1137). 
Mr. Cohen's report  was folloved by a dircussion of neutron r ens i t i v l t i e r  
of the IM-93, chemical ry~tems,  and f i lm badges, and the complexitier 
of measuring neutron ef fec t r .  
responre of -the I#!-108 -survey meter t o  X-band radar. 

There wa8 a l r o  8ome dircurrlon on the  

Review of Medical ProJectr: 

L t .  Col. J. T. Brennan d i r c u r e d  the r o f t  radiation problem and 
the beta radiation hazards. There was a general agreement on the matter 
of the roft radiation problem, but considerable diragreement and lack of 
knowledge on the re la t ive  Importance of t h e  beta hazard. The difference 
was pointed out between the beta contact hatmrd and the beta bath hazard. 
Emphasis war placed on the beta contact hazard by reference t o  the beta 
burns vhich have been recorded and the exposure of the Marrhallese native6 
dur ing  the CAS!CLB operation. . 

A discussion of the d i f f i cu l t i e s  attendant t o  measuring or detecting 
theee point source beta6 followed, and he pointed out that the best rolu- 
tion aeemed t o  be the avoidance of the hazard through "battlefield Wgiene" 
and the use of suf f ic ien t  body covering i n  order t o  avoid such exposure. 
The record ha8 Indicated that these protective mea8urer would be adequate. 

The work of Chambers, Imirle and Sh8rpe wa8 referred t o  in whlch 
L 

depth dose measurements within phantom were made i n  rer idual  radiation 
f ie lds .  
so f t  gamma component MI of conriderable rignificance. 
out that the present practice had been t o  allow people t o  work i n  the 
residual f ie ld8 (during t e s t  oper 

The beta dose was received i n  outer tissue layerr vhtre the 
It was pointed 

badge8 t o  record 
--e-- 
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I .  

t he  t o t a l  doae recetved. The lack of drta t o   upp port a derf-rioa retttng 
the tolerance leve l  for the  e rutlistion component. w a m  menti-md.  
The dircursion war conclulled wlth the muggertion Y o r t h e  need of lab- 
oratory and f i e l d  work Involving exporure of l u g e  anlmslr In order t o  
determine the hazard of the r o f t  radiation components- of a remidud. f ie ld .  

There followed a general dlscumlon uf the p~otect lolraffor&ed by 
clothing and Lt .  Col. Brennan noted that clothing did more thaa striel&, 
b u t  kept par t ic le8 moving thus lerrenlng point skin burnr. It has been 
observed that the point type akin burn8 are ususlly of the order of 1/2 
cm c i rc les  and are  rcattered Over an area. 

Median Lethal Dore for Man Expored In- 8 Radioacttve Fall-out Field: 

The presentation given by Dr. G. Fallla VLIE t h e  folloxing: When 
the armed force8 undertook t o  develop mili tary radlac instruments It was 
assumed that fal l -out  was not an Important factor.  
was t o  estimate the dose of prompt xadlstion received by 8 man. Since 
t h i s  raitiat3on -6 hm t o  'be very penetrating, It vas specified that 
the instrument rhould be rearonably Independent -of gamma ray energy down 
t o  80 kev. ('The neutron component war Ignored). The choice of thir 
f igure  no doubt was Influenced by prac t ica l  conriderationr, rlnce it 
becomes increaringly more difficult t o  obtain energy Independence below 
t h i r  energy level. 
that time constituted the only prac t ica l  dorlmeter f o r  f i e l d  me.  

The i n i t i a l  objective 

Thir I# part icular ly  t rue of fi lm badges, which a t  

While I t  18 obvious that survey lnstrumentr would be wed only i n  
case of ground coatamlnntion due t o  radioactive fal l -out  or o t h e m r e ,  
the speclflcatlon fo r  energy Independence in there lnrtruments we8 the 
mame ar for dosirneterr primarily Intended t o  mearure dore of prompt rd la -  
tion. It war realized by 
romething should be done to estimate the twnt r lbut ion  t o  the dome re- 
ceived by a m~ i n  a fa l l -out  f i e l d  from beta rays and gamma ray compo- 
nen t s  of lower energy than 80 kev, 

indlvldudlr ismil iar  wlth the problem that 

I have always been'of the opinion t h a t  w h a t  1s needed f o r  the 
evaluation of the biological hazard i r  a knowledge of the d i r t r lbu t lon  
of radiation i n  the human bow, from the skin  t o  the deeper tlssue8, 
no matter w h a t  type of radiation (beta or gamma) is  rtrponrible for 
it. For this rearm I have urged thst experiments be conducted i n  a 
fa l l -ou t  f l c l d  with snitably designed ionization chambers dlr t r ibuted 
i n  a phantom representing the  human body. Such erperlmentr were con- 
ducted In Nevada by CDR W. F. Chamborr In 1953 and by Mr. Imlrle In 1955. 
Owing t o  a number of circumstancer the r e r u l t r  are  not completely ratir- 
factory. 
desirable t o  make use of whatever Information 18 available In order 
t h a t  at  lea& iomt tentat ive conclusions may be reached. 

Because o f ' t he  prac t ica l  Importance of the problem it I s  

The problem conrlr t r  of two separate parts: (1) To decide w h a t  
16 the dlatr ibut ion of rsdiat ion in the human body In 'a ia l l -out  f ie ld ,  ~ - 
i n  the light of presently available information. Since the Information 

14th PRI Mtg - Draft 6 



i r  i n r ~ c i e n t  and the dir t r ibut ion muat depend on numemum factum 
(nature of fall-out,  terrain, pmition of t h e  body, e tc . )  only a 
rough approldmatlon can be made. (2) To ertimate tbr biological 
hazard resul t ing *om the arrumed dist r lbut l6n of radiation In the 
body and thereby provide a figure for the mcdian lethal durc for 
man thur erpoeed. 
available, t h i s  ertimate m w t  be comldercd t o  be errentially a "guerr", 

Since there l r  pract ical ly  no relevant information 

Distribution of Radiation i n  the Main Portion of the Body of a 
M s n  Standing In  a Large Fall-out Field: My best  estimate a t  present 
is that  t h i r  dlr t r ibut ion is ar rhown in Figure 1. (See Appendix A). 

(The dis t r ibut ion i s  r l i gh t ly  different  from the one I rhowed 
a t  the January 1955 meeting of the Radiological Inrtrumcnt Panel of 
AF'SWP. The conclurionr, however, are essent ia l ly  the rame.) 

Estimation of Median Lethal Dose fo r  Man when the Distribution 
of Radiation i n  the Body i s  as rhom in Figure 1: In 1943 a t  the 
insirtence of the Manhattan Di r t r l c t  Corps of tngincenr it became 
necessary t o  arrlgn a value t o  the median l e t h a l  dose for  man. 
the basis of some flimsy c l in i ca l  data then available t o  me I suggested 
500 r. 
was a reasonable figure. 
quoted aci being between 400 and 500 r. 
present purpose. 

On 

A J J  the radiologists consulted at  that time agreed t h a t  t h i r  
Since then the doue has been variously 

We m y  take 450 r fo r  the 

Rot much ha8 been raid about the point at  which t h i r  dore I s  

rented the so-called "air dore" measured In f r e e  air a t  the point 
where the rurface of the body would be, on the  Incidence ride of a 
more or le88 para l le l  beam of penetrating x-ray# (e.g. highly ill- 
tered 200 kv x-rays, correrponding approximately t o  monochromatic 
100 kev gamma r a p ) .  The t l m e  of expome envisaged war rhort. 
these canditionr the depth dose d i r t r ibu t ion  I n  the body l r  M r h o n  
in Figure 2. Arruming that the human body 18 25 cm thick at the trunk, 
the dore in the center I 8  about 50$ of the entrance skin dose and the 
e x i t  dose on the  f a r  r ide I8  about 25s. Accordingly, a conriderable 
volume of t issue on the exit ride receiver much l err  radiation than 
the t issues  on the entrance ride. It l a  now known that in t h i s  care 
the radiation l a  not 80 damaging t o  the individual as a whole as when 

ments of Tul l i r  e t  
500 r t o  350-400 r when the hogr are  Irradiated froZO& opporite 
sides. 
i r radiated from all sides. We may assume, therefore, that a r a t i o  of 
350 applies t o  sum when the dis t r ibut ion of radiation I n  the body is  
500 nearly uniform. (Figure 2 is attached a6 Appendix B). 

beam of penetrZ?& x- rap ,  we may arsume that with backrcatter the 
skin dose on the Incidence ride l r  600 re 
r a t i o  we arr ive a t  a dose of approximately 400 r within the body, 
when the radiation comer from a11 directions and i t s  dir t r ibut ion i n  
the body is nearly uniform. 

, t o  be measured. My own conception a t  the time war that thlr  repre- 

Under 

it i r  more uniformly tributer3 throughout the body. The experi- 
with hogr rhow that the LD drop8 from 

The difference might be somewhat greater if the animals were 

I f  the I;D fo r  man I s  450 r measured In air with a mingle 

Making ude of the above 
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The problem now Ir t o  estimate the median lethal dore (XLD) for 
when the dlr t r lbut lun of radiation i r  &I rhown in Figure 1. 

this care the radiation enterr the body frum a l l  direction# and rome 
is readily abrorbed In the first 3 cm of tirrue. The re la t ive  dorer 
at  pertinent depths are as follows: 

I n  

Dore a t  3 or more cm. depth 11 laoq6 
1 cm. 15* 

“ 5mm. 256 
1 m m r  75* 

” ” 7 mg/cm2 15w 

11 w 

n 

W 

n 

n m  

If the uniform dtBtribution of radlatlon I n  the central  porttun 

Since from now on we r b l l  t a l k  about tirrue 

of the body extended t o  t h e  rurhce, thut i r ,  If the hlgh peat I n  the 
peripheral layer of tIr8ue did not e r l r t ,  the lILD would be 400 r mea- 
r u e d  within the body. 
dorer and beta rayr vlll be Involved, It become8 necerrary t o  exprem 
dorer i n  radr. 
Ionizing radiation, equal t o  100 ergr/gram). For the prerent purpore 
we may take 400 r of penetrating gamma r&y8 as being equal t o  400 rads. 
With a uniform dir t r ibut ion of radlatlon, &8th wduld be caused by 
damage of internal  orguu. 

(The rad l r  the international unit of abrorbtd dore of 

It is well known that dertruetlon of a l u g e  fract ion of the 
skin - by whatever mean8 - causer death, also. It may be arrumed 
tha t  a dose of 4000 rads w i l l  cause permanent destruction of the human 
rakin. Therefwe a dore of 4000 rads, even If limited t o  the thlcknerr 
of the skin, - . ‘a  l e tha l .  O f  courre, I n  thir care the lethal action of 
radiation I 8  quite different  from that of ru l la t ion  uniformly dir- 
tr ibuted throughoa the body. According to  the above figurer, i f  the 
dose In the central  region of the body l r  400 radr, the akin dore will 
be 6000 rads. Hence the man would receive a l e tha l  body dore and more 
than a lethal skin dore. 
of the s k i n  decreare the MLD f o r  animals exposed t o  gamma rays. 
fore, there ir some interconnection betveen skin damage per re  and the 
l e tha l  action of gama radiation in body doses that do not r e r i o w l y  
injure the skin, Furthermore, the radiation in the care under conri- 
deration Is not limited t o  the akin but extend8 t o  the deeper t issues,  
slthoueJl the dose drops rapidly. I r radiat ion of a peripheral layer of 
tissue of conriderable thickners, m u s t  influence the MU). The problem 
i s  now t o  asress the contribution of damage i n  the rkin and I n  th i s  
layer,  t o  the l e t h a l  action of the radiation, 

Experiment8 have rhown that thermal burn6 
There- 

Table I 
Baby Guinea 

Animal Rate Mice R a t 6  pigs  Rabbit6 
50 2200, 47OW - 7 1 5 0 0 9  7,750+ 17, 5m 

Beta, Reps 
LD 50 510 840 1,270 310 1,500 
Gamma, - r 

Rati@Beta 4.3 5.6 5.9 25 11.7 Gam.a 
* 
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Table I rho- the n r u l t r  of animal experiments deucrlbed in 
"Biological Wfectr  of External Beta Radlatinn" by Zlrkle and Law- 
son, B.B.E.S. ,  Vol. IV-22E. The point of 
chief i n t e re r t  i r  the r a t l o  of beta ray skin dore t o  gananapybody 
dose for 5076 mortality. P las t ic  plates Impregnated vith P vere 
used a6 sources of beta rayr - the en t i r e  body being exposed. 
thickners of t i r r u e  effect ively irradiated was about 3 mm. 
dentally, the  hair e d e d  considerable prutection). 
animals the  hyer of tlraue thus lrrsdiated conltl tuted a Urger 
proportion of the t o t a l  body volume than In the larger animals. 
th i r  rense a peripheral layer of 3 mm in the rat might be conridend 
t o  be eqnivalent t o  a layer of 3 cm in man. 
baris, the r a t i o  between a surface dore of radiat ion limited t o  3 
mm depth in the rat and t o  3 cm depth In man, and a uniform b o w  
dose of gumma rays, rhould be the r e  for rat and man. According 
t o  Table I t h i r  i r  5.9. There 1s rome ju r t t f lca t ion  for thlr  as- 
rumption in that the r a t i o  fur rmsller anlmalr i r  romevhat +muller. 
The r a t i o  for guinea pig8 i r  completely out of l i n e  and msy well be 
discarded. The r a t i o  f o r  rabbits I 8  considerably higher.* There 
are  two reasons f o r  thir :  

(See Table 3.11, P. 74). 

The 
(Incl-  

In t l ~  smaller 

In 

On th is  rather f l lmry 

The explanation given by the ruthorr fo r  the lncreare In r a t i o  can 
hardly be J u t i f l e d  i n  the l i gh t  of pregent knowledge. 

(1) The thicker hair of rabhttr probably rbrorbed more radiation, (2) A 
layer 3 plll thick conatituted a rmaller proportion of the t o t a l  body 
tirrue of the rabbit .  

Assuming that a r a t i o  of 6 applier t o  the cast  under dircurrion,+ 
the MLD 

* Note that th io  i r  not a r a t i o  f o r  beta rays and gamma rays, but a r a t i o  
Tor radiat ian (beta and s o i t  gamms) that Irradiates only the f i r r t  3 cm 
of tisrue according t o  the dose dis t r ibut ion of Figure 1 and hard gamma 
radiation that i r rad ia te r  the body e r ren t i a l ly  uniformly. 

when only the r o f t  component of the radiation Is prerent, should be 
6 x 400 * 2400 radr, measured a t  the "surfa~e" e 

practice we s h a l l  arsume that a "rwface" or skin dore mean8 the dore in 
rads a t  a depth of 7 mg/cn?. 
skin dose of 2400 rads nrul ts  i n  a body dore of 160 radr. 
contribute t o  the damage and therefore the HLD measured at the skin would 
be less than 2400 rads. 
s k i n  and the concomitant internal  body dose represent8 the Mu). 

To conform with accepted 

With the dose d i r t r ibu t ion  of Figure 1 a 
This w i l l  

Le t  UI assume that 2000 rads over the en t i r e  

It i r  evident from the foregoing that the r o f t  component of the 
radiation is the controlling factor,  under the Msumed conditions of 
exposure. A more r e a l l r t i c  approach is t o  take in to  account absorption 
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of radiation by clothing. 
account, a l ro ,  the variation of dore with height from ground. Ac- 
coi'ding t o  mcarurementi by Imirie and Sharp, for a man rtanding in 
a fall-out f i e ld ,  the rurface dose decreases by a factor  of four 
from the rkin t o  the top of 'the head, while the i n t e r n a l  dose remainr 
rubetantially constant. 

I n  doing t h l e  we may as w e l l  take in to  

The re la t ive  figurer are as rhown i n  Table 11, taking the value 
a t  the height of the abdomen as look. (Interpolated by G. Fa i l la ) .  

Table I1 

Part of Bodv Relative M a c e  Dose 

Face 
Chert 
Abdomen 
Knee 
Shin 
Foot 

60 
75 

160 
140 
175 
275 

Let u11 arrume that the en t i r e  body except the face ir covered with 
clothing equal in abrorptive power t o  1 mm of t i r r u e  (100 mg/cm2) and 
that the skin In the  rbdaminal region receiver 2OOO rad8 through the 
clothing, Then the .kin and in te rna l  dorer are as rhom i n  columna 3 
and 4 of Table 111. The integrated e f fec t  may r t i l l  be too high 80 
that t h i r  dore dis t r ibut ion may reprerent romwhrt more than an KLD. 
On the other hand, clothing around the legr  -.iy vell be thieker than 
100 mg/cm2, which will reduce the skin dose IR there partr. 
f e e t  need not be conridered if heav  rhoer are worn). 
as the MLD d i r t r ibu t ion  we murt now reduce it t o  one figure. 
purpore we s h a l l  take the mavel am the level of reference, vhieh In the 
phantom man used by Imirie and Sharp was a t  a height of 115 cm. 
t h i s  leve l  the rkin dore through 100 mg/e& 18 2000 redo and the in- 
t e rna l  dose i r  267 rads. 
reading a t  t h i r  level. 

(The 
Accepting thin 

For thlr 

A t  

Thir mwt now be correlated with an ins t rment  

Table I11 

1 2 3 4 5 6 7 
P a r t  of Abrorber Dose i n  Rade 
Body J43/em2 Sun Internal  A t  Surface Through Through 

Chest 100 1500 m 3000 500 300 
Abdonen 100 2000 267 4000 670 400 
Knee 100 2800 370 5600 930 560 
1 Shin 100 470 7000 u70 700 

5oomg/ cm 1000mg/  cm 
400 240 

Aooumlng that the inrtrument l a  a t i r sue  equivalent ionization chamber 
wlth 2 ; j  geometry and is held agalnst the body t o  provide the necerrary 
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backing, the f l g u ~ e r  in cblumnr 5 ,  6 ,  and 7 of Table I11 reprerent the 
reading for the KtD *ear the hendspherlcal wall of the chamber i r  res- 
pectively 7 mg/cm2, 500 mg/cm2 or 1000 m g / d .  mst milit-  i m m t r u -  
m n t r  have im the range of 500 t o  1000 mg/& u d ,  ttierefore, i r  
properly derigned and calibrated, a rerbing of about 500 r at  the l eve l  
of the navel reprerentr a median lethal dore for mm in a fall-out f ie ld .  
It i r  important t o  note that under there comditiona the dore at d e p t h  
greater than 3 an rhould not exceed about 250 reds. 

It 18 very rurpriring t o  find that with all the  arrumptionr m d  
allowmcer mrde here, we come out with e r r en t i a l ly  the inmtrcpmmt read- 
ing used heretofore M reprerenting an MLD. Thlr 18 a mere coincfdence 
and doer not Ju r t i fy  in any way the urumptionr made. 
be analyzed by otherr,  using other approrcher. It may then be porrible 
t o  arrive at a more re l iab le  crtimte. 

The problem rhould 

Response of Radiac Inatrumentr in Residual Fields - lavy: 

The rerultr of Operation !l%APOT ProJect 6.1.2 were presented by 
Mr. G. Work of W L .  Conclurionr presented remsin e r ren t i a l ly  the 
lame a8 thore reported In  the preliminary project report  (ITR-1138) 
on accuracy of mili tary rrdiacr. Hr. Work discusred the direct ional  
and energy dependence factor# effect ing rrdiac accuracy, f ie ld  rource 
cha rac t t r i r t i c r ,  and derign conriderationr fo r  the f i e l d  rtuidard in- 
rtrument as well ar the methodr wed t o  determine radiac errors  in 
field conditionr. In  general, mi l i tmy radlac lnrtrumentr read low 
In f i e l d  conditions even though c a r e m y  calibrated and c-efully 
handled, The rtandard lnrtnuaent used in thi r  f i e l d  work r..r the 
100 m r  Victmeen thimble chamber shielded with 1500 mg/cm2 p laa t ic  
t o  eliminate the beta dore. A technlqae of ”off” cal ibrat ing ln- 
rtrumentr t o  reduce reading er rom war mentioned, and o r g d e  phorpher 
used t o  mearure the contributlonr of the dir t r lbuted f i e l d  war der- 
cribed. 

The above report  waa followed by a dircusrion of the technique8 
of measuring rer idual  f ie ld8 v i th  ru~vey meterr and the ruggertion 
was made by Dr. Fa i l lu  t h a t  porribly our field irutrumentr were more 
accurate than indicated bared upon the rerultr of depth dore meuure- 
mente msde concurrently. 

u: 
MaJor Splker opened hir prerentation by br i e f ly  dercribing the 

development sad t e a t  organization vithin CONARC and mentioning the 
procedures by which mili tary character i&tics  and rtandardization of 
inrtrumentr are determined, MaJm Splker prerented what CONARC be- 
l ieved t o  be the Army requirementr for mili tary ragiac. 

There is a requlrement fo r  a oelforesding t a c t i c a l  domimeter 
and th i s  requirement war r e t  forth reveral pars ago by COlVARC. The 
expected ure of thir dosimeter wag t o  be by commaaderr of amall unit8 



I ’  

I 

ae a @de In determiaing the glrwnt of gmma radiatlbn received hy 
the men of t h e  command. It wa8 not expmtml t h a t  the tactleal dosi- 
meter would pravide Information on the  unuunt oi--radiation received 
by the Individual roldlen ,  but rather that the  dosimeter would pro- 
vide an indication of the  t o t a l  gamma basage reached BO m eatlaate 

The readings can be used a6 a bas18 far c o n t r o U g  exposum w f  u x t t a  
by Indicating when contlnued exposure rhould be avo-2ded. 
the comnnrnder can make optimum use of h i 8  troop unit8 based on paat 
radlatlon exposure. 

Of -6 arposcrre C O n l d  be msdC md taCbIed  P-B Ed-- mC-0 

In t h i s  way, 

The several  types of d o r l ~ ~ t e r e  wbleh haif been developed t o  meet 
the reqplrements were reviewed. The DT-65 f l lm badge!, tbe EM-3 end 
the IM-93 n r e  mentioned. Extensive tests of dostmete~s by 
CONARC Board Bo. 2 rerulted In a 113~- that the IM-93 be 
rtandsrZnzed end no further-ef’fort be expended on thc DT-65 or EM-3. 
The molrt apprrrent -act t o  the IM-93 18 the requtreanext for a 
separate charging d w i c e m c h  hse not bem standmdized f o r  use at 
the present time. The PP-995 m t n & t t e U  to izrvill that requirement 
was available, but mny -deifciencier vere noted- amil t h e  charger 18 being 
molilfied. Winter t t u t r  of the IM-93 w i l l  be conducted t o  determine 
it6 r ~ d t a b i l i t y  f o r  Ude I n  extreme cold and thc present b a t h  of I r rue 
f o r  the IM-93 I 8  one t o  each platoon or lmit Or comparable s i t e .  
though Board Bo. 2 had newmuended no W W h n  eon8lderation of the  
ElR-3 EE a ta,dAaal doaimctcr, the r e p e e  im &&cal system used 
in Opera5ion TgApoT had been rrtndled w‘pth cmsiderabke In te rea t  by 
CONARC. Of pa-rticulsr In t e re s t  wan the &ta on neutron sensitivity 
of the mtr%ons &emleal ayrteme. 
aignffYMmce of neutrons VM not well tnown, nor the pe ran tage  of 
n e u t r a s  turd gummar n n i v e d  fn un 6f?mL”ioc, I t  is probable that 
CONARC would Estate a requirement for at lesat i e a a l b l l i t y  studies 
le&% t o  the derelopmcnt of netxtrun dosimetq In the near future. 

Al- 

Altbugb the s e t a  b”robogica8 



Tht report  by Boarb Bo. 1, C O l W C ,  of December 1953, bid not Indi- 
cate a requirement for a contemlnatlon meter t o  marme low in t en r i t l e r  
o? gamma radiation. Emever, more recent rfady bu indtcateb certsfn 
rpecial  c a ~ e r  in Phich the contamination meter is necerrary. The coa- 
tamination meter w i l l .  be wed by mecttcil tmitr  t o  determine contamination 
of wounded perronnel pr ior  t o  treatment. It msy a l r o  be wed  by engineer 
water polntr, Qnartennuter bath aad laundry unit r ,  and by radiological 
monltorr a t  all echelonr. It l r  conridered aecerrary that the contamina- 
t ion meter detect ln$xrlow rmomrtr of contamilutian in f a i r l y  heavy 
gama background flcldr, 
be required. The i n r t n u ~ t n t  m u s t  rlro be rugged, reliable and uable  u 
a survey instrument rrhcn aecesrrry. ?%e XX-70, currently d e r  develop- 
ment, appear8 t o  f u l f i l l  mort Aray requirements except for the beta re- 
quirement. 
18 erpected that a modiflcation t o  the IM-70 wlll be requerttd t o  permit 
beta  detection in a gamma field not exceeding 1 r/h.r* 

Tbtrefore, a beta d e t e e t l m  capablllty Vill 

Upon completion of a Board No. 2 study of thir problem, it 

A study I s  current ly under way t o  determine the f e a s i b i l i t y  of 
rapid aerial survey and It i r  thought that it may be nectrru-y t o  pro- 
vide a special Instrument with greater meuitivftf t u  rccumplirh much 
a mlrrion. 

Military Reqnirementm - Blavy: 

CDR Svendren prertnted the llavy requirementr f o r  radire  and 

ThC reqarementr and the equipment aeri@ea t o  meet 
dis t r ibu ted  a l i r t  of the loaval requirementr which i r  sttached am 
Appendix C. 
there requirement8 war more or  leas rtandardited and although developed 
IOW time ago, still appeared good t o  the Navy md no change was con- 
templated until evidence clearly Indicated revision war necerrarg. The 
never group of reqairementr currently receiving at tent ion i n  the Ilavy 
e r e  l l r ted  on the recond rheet of the attached Appendix C and there uy 
the special requirementr for  Inatrumentation for nuclear powered rhipr 
which c m O t  bt met by If-d e q a p n t .  
ment~  -8 prerented which included thore item for which de t r i led  ch.rac- 
t e r i r t i e s  have not been formulated. 

A third grow Of require- 

There nev requirements are:  

1. Reutron dorimeter, W& rangeo 

2, Fired detector, ramate fndlcr t ioa monitoring ryrtem fo r  rhip- 
board Instal la t ion.  

3. 

4. 

5 .  

6, 

7. 

14th PRI 

Beta eontamination meter. 

for  underwater ra lvwe or 
demolition work. 

Underwster dosimeter. 

Underwater lrurvey meter. 

Accerrory equipment for w e  with mtundrpd equipment: 
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a. Emergency rir runpler f o r  use v l th  PDR-27* 

b. 

c. 

Bmergency wmter runpler f o r  w e  wlth PDR-27 .  

B a t t e n  operated reader fur DT-60 dorimeter. 

Host of there item are In the RbD rtage either in Ham laboratar ier  
or under development contract. 
airborne equ tpen t  was prerented by Br. Gilbert of BuAer. 

Another group of requirementr for navy 
(See Page 22) 

Military Requirement8 - Air Force: 
Air Force requirement8 wre given 3h~Jor Hord who g m e  flrrt thc 

requirement for a special  lnrtnrmcst ivr =~SUTWWIT~B while flyfng 
through the atomic cloud. Such an iut rument  i r  being developed by the 
Signal  Corpr urd will be derignated the M-Ul (referred t o  88 the Bio- 
Scel). The inrtrument 18 an ion chamber h d a g  a range of from 1 r/b 
t~ 2OOO r/hr. 
Kal*er A i r c r d t  Company which record8 on a wire recorder amd h a m  E 
range or from 1 r/hr t o  1000 r h .   he me of Bendlx dorimeterr in 
test operatione md Air Force requirement8 Prhich b a v c  been t i l l e d  by 
standardiced inrtramentr were mentioned. There included the DT-60 
(an adminirtrative dorimeter) and the CP-995 reader, the PDR-27, PDR-39 
end IM-70 survey meters and the PDR-10 alpha meter. There u e  addi- 
t iona l  requirements for a 5 r dorimeter fo r  a l r c r a f t  and a fixed in- 
rtrument t o  be located a t  airflelds and weather r ta t ions.  The fixed 
ina t rumat  should be capable of reullng at very high r a t e r  for a de- 
termination of fal l -out  d i r t r ibu t lon  in the  event of an a l l  out attsck.  
Another instrument, a quartz fiber rate meter ( 5 0 0  r/hr device), vill 
be t e r ted  a t  the next rtaponr test. %e mcrin d i f f i cu l ty  with ruch am 
instrument i r  the time conrtrnt  which i r  on the order of 7 recondr. !%e 
instrument featurcr  8 meter which l ldtcater  the current flow through a 
r e r i r t o r  in r e r i e r  with the loni ta t ion ehunber urd eondenrer. 

There i r  a rimilu i ~ r t r u n e n t  -der development by the 

Mili tary Dorimetry - Where To? - Navy: 

Mr. Rainey ennumerated the uses of, .ad requirement8 for ,  mili tary 
dorimeterr, which me: 

1. To furnirh military tscticml 1nfol.meLtion. 

2. To fufnirh medical information. 

3.  To iurnirh adminirtratlvt information. 

4, To monitor perronnel in low level and high level fieldr. 

5 o  To furnirh a prychological bulwurk againat a new urd myrteriour 
phenomena. 

6. Furnish radiation e f fee ts  infonmtlon upon which future doetriner 
can be baaed. 
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Five rearonr vhy dorlmeterr may l o t  read properly or give the 
des ired r e ru l t r  are :  

1. Unexpected type o? radiation. 

2. Poor design c r i t e r i a .  

3. Mechanical Failure, 

4. Mirunderrtandlng of the biological e f f ec t .  

5. Poor dirremlnrtian of the imiOnaatlon required fir t h e i r  w e .  

The importance of determining the chrPacter l r t icr  of mort type6 of 
radiation and the necerri ty of thorough f i e l d  t e r t l ng  were rtrerred. 

Dircursion on Military Requirementr: 

During the dircurrion of mi l i ta ry  rtqulremtntr, the rpeakerr vho 
had pnuented the rervice requirements took the rtand, beginning with 
Major Spiker who rnrwered quertlom from the audience. 
these questions, MaJor Splker indicated the A r q  WM more r a t l r f i ed  
v i t h  the available l ~ l t r u m e n t r  urd the opinion FIM that the IH-93 would 
f i l l  t a c t i c a l  rcquiremcntr. 
qulrementr, the chemical ryrtema were r t i l l  of i n t e re r t  t o  the Army 
fro3: the rtsndpoint of neutron dosimetryo There followed a diseurrion 
of the requirement ?or the logarithmic reale and the weight md size 
of rurvey inatrumentr ar well ar the accuracy requirements of rurvey 
instruments. Concerning accuracy reqairements, MaJor Splker advised 
that he f e l t  more accuracy vas desirable in the range up t o  100 r/hr 
than the range above 100 r/hro 

I n  ~nrwer t o  

Although the EM-3 did not meet the re- 

CDR Svendren took the rtrnd rad mtattd that the Wavy was very 
much lnterer ted In the neutron dorlmeter problem .n4 f e l t  an urgent 
need for a better determination of the response of the i r  standard 
dosimeterri 
monitoring device for a rhlp, 
the l i m i t  rca le  of radiae (from 200 r t o  600 rl0 

He also Indicated the navy vu doing romh work on a fixed 
The Navy feels no change is needed i n  

MaJor Hord followed vith general eommentr on the Air Force re- 
quirementt, indicating a need f o r  an admiairtratlve dorimeter and he 
added that they would like t o  have a neutron dorimetry eapablllty. 
He alro r ta ted  there was, In general, eoncurranee i n  the Air Force on 
the need for a beta probe. 

Second Day - 8 November 1955 

Tripar t i te  Conference - Arqy: 

The report  of the CBR Tripartite Conference he ld  during September 
in O t t a w a  and attended by the representatives of the United States ,  
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United Kingdom and Canada yu mrde by EfF. Lindar;rm of the Army Chemical 
Center. Mr. L$h3waxm briefly outlined the purposes of the confercnce. 
He reported the rcope of the meetingr follovr broadly the areu of 
detection, protection u d  d e c o n t ~ a t i o ~  with rome dircurrion of 
phenomenology. 

Mort of the r e r u l t r  of the Tr ipar t i te  Conference =re covered by 
prevlou  reportr  given at the 14th PRI. 
however, were: 

The rsriour u e a r  covered, 

1. Beta hazard ma dlrcwred and the U.S. made a nnJm contrl- 
bution t o  there talkr. Accidental erporure of ~ t l v e r  a t  CAsTLg vu 
dlscwred. Ibtpharir war on the blo-medical a8pectr. The U. S. con- 
t r ibut ion from RMRI a t  TMPOT on phantom vu hircwred and the United 
Kingdom reprarcntativer Indicated that the r e r u l t r  of I!fMRI were about 
the rame as the U.K. rarnltr. The U.K. at t r ibuted the rurface dore t o  
beta rays. RMRI did not make thir di r t inc t ion  betmen the beta and 
r a f t  gamma. 

2. I n  t h i r  particular regard the U.K. feela that in rp i t e  of 
CASTLB-BRAVO rhot rerultr where there wan no indication of beta body 
phenomenology, it i r  r t i l l  romthimg t o  be contended with and the 10 t o  
1 r a t i o  i r  a worry. 
mination aa t o  whether ue do or  do not get a 10 t o  1 ratio. 

I n  inrtrvment development the U.K. wanti a deter- 

During a dircarrion a t  the conference on the phy8ic.l rignificance 
of 10- energy component of a gsmmr, rpeetrum, the U.K. indieated that 
they ,?lt there w u  no r ignif icant  contribution belov 60-70 kev, It 
-8 reported that Dr. Taylor (of the US.) I s  rtudying the use of t h e i r  
rurvey meter number 2 .I an ion chamber = t o  dircrimilute between beta 
end gamma. 
would not conrt i tute  a whole body hrtrsd In which 

based on a eonrideration tha t  clothing thlcknerr i r  of the order of 
50 mg/em2. 

It mi f e l t  that beta g.nnnr r r t l o s  of lerr than 10 t o  1 
e the beta coatri-  

bution could be neglected, Their ealeulatlsuLI of E" he beta hacard are 

The U.K. raired a point about radar interferenee on radiac In- 
rtruments. They were dsn Interested in the technique8 ured f o r  
monitoring water a d  1Iw looked into the w e  of the survey meter 
number 2 fo r  monitoring food and p r ronne l ,  A l l  three countries now 
have radiac instrumentr whleh are e i ther  rtandardfced or on an ad- 
vanced stage of development, therefore, aome exchange of Instruments 
was recommended. 

A i  a r e su l t  of the Tr ipar t i te  Conference, there reeommendationr 
vere made: 

1. That some re-determination of the LD-50 mid-line dore be made. 

2. Suggested that LD-50 from i n i t i a l  radiation might be revired 
upward and tha t  LD-50 from rer idual  radiation might require revlr lon 
downwnrd. 
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3. Recommendation of the phyriologicak rigniflcance be rtudied 

4. Thrt LLI three countrier undertee  an exchange of F . A I ~ C  

for gunma energier betmen 90 m d  30 kev. 

e qul pmen t . 
Beutron Survey Equipment - Bavy: 

Dr. Redmond exhibited a neutron rurv~y meter atdch i r  presently 
In development a t  lcRDL. Thir IMtrument FRI rho- at  the 13th meetiag 
of the Panel m b  the w e  of the lnrtrument VIS br i e f ly  outlined in 
the minuter of that meting. Some changer have been made, one of 
them being the use of a t r aa r i s to r  power rnpply in the new modelr. 
The i n r t rmen t  01er two proprtional counterr and mother laodiflca- 
t ion  wa6 the use of methane only in the chamber afiich had prevlou#ly 
w e d  methane md hydrogen. f t  vu found that the hydrogen war hard 
t o  contain. The Inmtrumcnt I8 wed l a  connection with chart8 rhow- 
ing UI arrumcd moderated or unmoderated neutron spectrum. 
curve is  selected by taking count rate meartrementr at two d iser l -  
minator rett ing8 which then permit8 the calculation8 of the actual  
Uore r a t e  by u e  of the meter reading md the curve. 
i r  blared a t  1 r per hour t o  eliminate gunma contributions. 

The proper 

The inr t~ument  

Standardization of Dorimeterr - Army, Bavy and Air Force: 2 

A report  war requerted on the rtandardization of dorimeterr, 
recommended by the 3?$h met ing  of the PRI. 
8i8cu86iOn on the rub",tect of rtandrrditatlon of dorlmetere during 
which the rcrvice member8 re-rtated their requirements u given 
e a r l i e r  in the meeting. l o  mther recommemdationr were made. There 
v.8 a l r o  romc dlrcurrion on procurement methodr m d  Mr. Cohen re- 
ported that the rpecificationr of the IN-93 contract were performrace 

There wm rome general 

8peCifiCatiOX8. 

Urc of PDR-27 t o  Monitor Water - Haq: 

The r e ru l t s  of a reeommendation of the laut PRI t o  determine the 
capabili ty of the PDR-27 for water monitoring were given by MI-. Attmore 
of KRDL. 
Rerults obtained from both RRDL m d  EKL indicate d i rec t  measurement 
of a 3 micro curie per l i t e r  Strontium 90 rolution Kill give a back- 
ground corrected reading of rpprorimately O J . 2  m/hr on the AlV/PDR-27 
ser ie r  radiac ret. The normal background observed wa8 abmt .W - -03 
mr/hr. Them reading8 were made with the window open a t  the dir tsace 
of about 1 cm from the rurface of the aample giving approximately a 
one quarter r c a l e  reading on the mo6t rensi t ive rca le .  

The PDR-27 ha8 been found t o  be ouitable for water monitorimg. 

I n  the c u e  of water contaminated with firrion productr, MRDL 
has obtained d i rec t  reading8 on the A11mR-27 equivalent t o  0.05 mr/hr 
for 1 day old firrion products, and t o  0.12 m/hr for 20 day old firrion 
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products, both for concentrationr of about 3 mc/l, Consequently, 
the AlV/PDR-27 may be wed t o  monitor water on r 10 b y  emergency 
basir  when the contamination l r  produced by f l r r i o n  productr. In 
the case of 1 day old productr, however, the background must be 
f a i r l y  low. 

The effective r en r i t l v i ty  f o r  water monitoring can be ln- 
creased by a factor  of 100 or more by the f i l t e r i n g  of the vater 
through a millipore or other e f f i c i en t  f i l t e r .  
two advantages are obtained: 

By using f i l t e r i n g  

1. Concentrationr much lower than the 10 day emergency l eve l  
can be detected, urd; 

2. The meuurementr can be made in a f a i r l y  high background. 
One half liter t o  a l i t e r  i r  required: F i l te r ing  taker approxi- 
mately 20 minuter per half l i t e r .  

Statue Report of navy Hi-Range Survey Meter - Navy: 

Mr. Cherrick reported the rurvey Instrumentr which had been 
evaluated by the Irvy. 
by Anton, the Army I M - 1 0 8 ,  and the llRDL inrtrument derignated the 
RGI-18. 
the basis of the evaluation, it WEL concluded tha t  the two ber t  
instrumentr were the commercially developed EP-501 and the NRDL 
RGI-18, A primary c r i t e r i a  fo r  relection waz the resd&bil i ty  and 
accuracy i n  the  rrnge 100 t o  500 r, 
were energy dependence, bat tery l i f e  of 40 hours, calibration and 
zero drift .  

There included two lnrtrumentr manufactured 

Thir evaluation was ma& by IORDL, RlL, R?lL m d  RES. On 

Other fac ta r r  conridered 

Report6 of evaluation are available a t  BuShipr. 

Status Report of Beta Survey Meter - Navy: 

Mp0 Marshall reported on the development of a beta rurvey 
meter (at! yet underignated) which vould feature a gama rignal 
reJection ruch that 100 millirep/hr beta surface dom r a t e r  w i l l  
be indicated with le88 than lo$ f u l l  rca le  er ror  vhen the detector 
in ambient gamma f lux of 0.1 r/hro The following beta rurfree dore 
ra te  ranges are t o  be Incorporated: 0-5009 0-5,0009 O-5Q9OOO, nnd 
O-~OO,OOO millirep/hr. 
ioni ta t ion chamber hermetically realed. 
window thicknesr w i l l  be ruch tha t  the Indicated beta rurface dore 
r a t e  v i th ln  the over-all uncertaintier of the rystem in the method 
i r  biologically accurate. 

me inrtrument w i ~  ~ R O  feature an air 
!the sensit ive volume md 

A prototype model of the M/PDR-kL(xrPj WM dirplayed. 
Instrument bar a l inear  reale and multi-range presentstion and 
features a balanced electrometer c i r cu i t  using a militarized ver- 
sion of the 5884. 
ion chamber having a 2~ geometry urd a eoverlng of led f i l t e r  
plater .  The chamber I s  xenon f i l l e d  urd ha8 erll energy rerponre 
f la t  down t o  about 80 Lev. 

This 

Gamma detection i r  aecomplirhed by a dame rhaped 

Beta detection Is aeeomplirhed with an 

14th PRI Mtg - D P r f t  18 



I 

air f i l l e d  ion chamber wlth a 10 mg/d vladar urd the beta detection 
ir ruch th8t the thrashold or tolerance dare of 50 rcp/hr mrultr In 
8 mid rcale reading. The beta detection ehrmber rlro nrpondr t o  the 
low energy gamma which l r  not read on the hi-energy gama chamber. 
The "beta" chamber rcrponre t o  high eaergy gunmr (about 80 kev) i r  
down by a factor  of about 20. 
re lectr  the "beta" or "gamma" e m b e r  by the ume of a rvitch. !!!he 
inrtrument features a t r an r i r to r  pomp rupply and 13 vol t  i l a r ~ i g h t  
ce l l .  The meter wed i r  a ruggedlted 20 micro rmp meter with a time 
conatant of under one recand. 

The operator w i n g  th i r  instrument 

S t a t w  Reportr of PDR-17xfl4 and CP-263 Reader - Navy: 

Mr. Rainey reported that the cp-263/m portable rea&er for the 
DT-60 l r  now in the rervlce t e r t  rtage, md complete test8 have not 
been made. A prototype production model vu demonrtrated vhich war 
powered by a vibrator power rupply and 5 f lash l igh t  c e l l s 0  
bat tery l i f e  war given 88 about 40 horns. 
a Sylvaxia S-698 and p a r e  length wur about 50 ndcrosecondo. The 
responre of the rerder t o  the pre-dore rerding of the DT-60 was 
about 2 r and the minimum reading which could be read on the CP-263 
was about 10 re Fif-  
teen of there  reader8 have been ordered for rervice t e r t  and delivery 
i r  expected within the next 8 months. 

The 
The f larh bulb wed wau 

The weight of t h i r  reader i r  about 9 poundr. 

Another inrtrument war then displayed, an An/PDR-l7XrJ4, which 
consisted of a houring with b u i l t  in dorimeter charger derigned t o  
receive en IM-107 quartc flber dorimeter, or rixrdi r type. 
eharger conrlr t td  of a l n c l t t  rotor  and tcf lon pad. Voltagt ngu- 
Lation war accompllrhed by the me of a gar tube t o  l i m i t  the charge 
t o  200 voltr .  Thlr lnrtrument vaa now on rervice t e c t  contract t o  
Chathum Eltctronicr and procurement of 200 had been Ini t ia ted.  
timated cort  i r  about $30.00 each for the urembly. 

!L%e 

Ea- 

Status Report of IM-lll and I M - 1 . :  

Thir r ta tur  report  of the I M - I l l  and IM-106 was made by MrO 
Jaehter. 
during Operation TEAPOT in the rprlng, but the re ru l t ,  of the t e i t  
were not yet available. Thin Instrument, shown t o  the conference 
attendants, was reported .Ira at the 13th meeting of the PRI. The 
instrument is derigned t o  be mounted In em a i r c ra f t  fnrtrument panel 
and hse a cylindrical  rhape. "he circuitry i r  quite rfmiltw t o  that 
wed in the I M - 1 0 8 .  
on a logarithrtic reale. 

The radiae meter, 1~-106, vhieh IW described, wa~ teated 

The range of 50 m r / h  t o  50s r/hr f r  prercnted 

W e  Jaehter then demonrtrated the I M - 1 1 1 ,  also an Instrument 
The Instrument i r  derfgned in two developed for use In a i r c ra f t .  

units f o r  instrument panel mounting and the r e a l e  ranger from 1 r/hr 
t o  20W r/hro 
an atonic cloud. 

The use of the Instrument l e  for mtarurementr within 
'phe Instrument was developed at  the requeat of 
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AFSWC and war requfred t o  operate In a vide mge of temperature, 
prerrure- m d  ImmIditJ- cmdit ionr ,  ua well ar t o  be mrgy i.nd.cpm- 
dent fo r  gunnu energier between 80 Lev md 1.3 mcv. Hercury c c l l r  
are wed  md heating f o r  the c e l l r  l r  provided by a heating element 
and thermostat wing a i r c r a f t  power in order t o  overcome the low 
temperature e f fec ts  (-2oOP) on mercury cells. 

Procurement had been in i t i a t ed  for 20 of there iartnrmrntr 
which w i l l  be supplied t o  AFSWC. 
wed which l r  expected t o  give a probable accuracy of f204. A 1$ meter movement w i l l  ah0 be 

Statu8 Report of IM-93 and PP-995 - Army: 

Mr. Cohen reported that procurement of the IM-93 had been 
In i t ia ted  and 55,000 unit r  were expected t o  be available by July 
of 1956. 
Company a t  a bid of $7.90 tach. 

Thir had been done by contract t o  the Landrverk Instrument 

The rtatur of the FT-995 war reported t o  be r t i l l  in the R&D 
rtager ILB had been mentioned earlier In the meeting. Tht charger 
t c r ted  on Operation !ClWQ!t wu In need of r c r c r ~ l m o d l ~ i c a t i o n r  which 
were now being undertaken. 
one having the form factor of a f l r sh l lgh t  care. 
t r a c t  ror the PP-995 l a  expected before 1 July 1956, 

Tro inatrumeat derlgn8 are in procerr, 
A production con- 

Statu8 Report of IM-108 and W-70 - Amy: 

Modifications t o  the r~r-108 rubrequent t o  Operation TEAPOT ;:?e 
reported by Mr. Jachter. The lnrtrumentr obtained for rervice t c r t  
were evaluated on Operation TEAPOT, at  lW and at the Signal Corpr 
laboratory. 
Reference n r  made t o  the evaluation report by the 8atioaal Bureau of 
Standard# (Report #4088) m d  conclrulonr of t ha t  report vere read. 
Bared on the TEXPOT rad BBS tvalustion, the laboratory had requerted 
the followlng modificrtlonr: 

Slider were rhovn 1.dlcating the deficiencier obremed. 

1. Re-vork of the bat tery compsstment. 

2. Re-work of the garketing. 

3. Addition of a cheek c i rca i t .  

4. 
t e rna l  port. 

Modificationr t o  permit cal ibrat ioa adJuotments from an ex- 

The inrtrumcnt model8 were rubmitted t o  WNABC for  t e r t  a t  BIG DELTA 
and are being re-rubmitted f o r  phyrlesl  and environmental ter t ing.  

The radiac meter, IM-709 i s  in produetion under a development 
contract. The IM-70 =E dercribed at the 13th meeting of the Panel 
of Radiological Instrumentr and has been known popularly M "Jake". 
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Delayr i n  production occurred becrwe the f i r r t  model fa l lad  the 
low pterrure tertiag of the chamber. 
required modiflcation . Alro the bat tery contact8 

Following Mr. Jachter'r report, there waa conriderable dir-  
cusrlon on the w e  of logarithmic rcaler aad the lDeter accuracy in- 
herent t o  ruch presentations. 

S t a t l r t i c a l  Barlr fo r  Accuracy and Preclrion Requirementr fo r  
Daaimctcra mad Survsv - t e r n  - Armvr 

Mr. Cohen d e  thir prerentation and dircurred the accuracy 
of logarlt#dc inrtrument compared t o  r t u d a r d  inr t rment r .  
ruch a cornpariron Mr. Cohen concluded that a rpecified accuracy of 
f30$ f o r  954 of a production run cam be met by the present rtate of 
the art. - !Be r t a t l r t i c a l b u i r  for accuracy and precision require- 
ments for dorimcterr va8 given. 
f i cd  for r t ep  reading dorimeterr were dlrcurred and a r t a t i r t l c a l  
formula which i r  applicable t o  obtalnlng the ertimater of the t rue 
mean In a vUi-.ble rattlatlon -1d vu give. u: 

From 

The military char rc te r l r t ie r  rpecl- 

This 1 6  spec i f ica l ly  m n d e d  t o  Indicate the re la t ive  quantlt lcr 
of c o a ~ s e  or fine inatrtment8 required t o  eve the Dame Informstion 
t o  t ac t f ca l  commmderr. For example, the  average reading of f lve  
lnrtrummtr vf th  lO$ accuracy will be u good an ertlmate of the 
true mean u the average readlmg of forty-five (45) inrtrument v i t h  
3 6  rccurmy. 

Monitoring Bqxdpment far llaelerp Paacr Equipment - RML: 
MF. Wall prerented the flprt portion of th i r  report. In 

addition t o  the radiation haFarda of lrnd baoed reactom, the 
problems ariring fromthe lack of rpaec and lack of ventilation 
on a rubmarine make accurate and reliable rabiation detection on 
board a nuclear powend rubmarine very important. Generally, there 
a r e  2 f a c i l i t i e r  for rafegnardlng crew wmbem from this  danger. 
F i r r t ,  a ryrtem of fixed detectors that measure radiation levels 
a t  c r i t i c a l  locations and rutomatfcally B O U U ~  slarms when exceirer 
occur. Secondly, 8 complement of portable gamma, beta and alpha 
rurvey meterr operated by health phyrier perronnel. 
GM tube8 for gamma and beta and proportioned counters f o r  neutrons 
rend pulrer t o  computer-indicator c i r cu i t s  which i n  turn dirplay 
radiation leve l  Information on log rate meterr. The m a m e  rignal 
tr ipr an alsrm vhcn cer tain preret  lavelr  are exceeded. 
detector8 ut grouped around the resetor  and auxlllary equipment 
at c r i t i c a l  points. I n  the recond f ac i l i t y ,  etmdapd Navy f ie ld  

In the former, 

The 
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rurvey frrrtrnmcntr - finding general acceptmee. 
fo r  a bet8-gunnu rurvey meter with an cxtemded probe fo r  rurvcying 
conditionr peculiar t o  reactor. 

There i r  a need 

Follovlng I&. W a l l ,  Mr. D i  1-1 gave a presentation 16 follows: 
On the brrir of theoret ical  m d  experimental rtudler, the IML has 
developed techniquer and procedure8 t o  be rued on board the l a u t i l u r  
and other nuclear powered c ra f t  f o r  merruriag beta-activity in water. 
Two reparate procedurer have been developed, one fo r  monitoring, the 
primary coolant of the rubmarine reactor, the other fo r  monitoring 
the drinking water wed on board. I n  the f i r r t  procedure, in which 
a conventional end mica vimdow Geiger-Mueller tube l r  ut i l ized  u 
the detecting element, runplea of the imary water coolant, having 
beta concentrationr i n  the range 5xlO’Yto 100 mc/cc, can be measured 
d i rec t ly  or a f t e r  di lut ion v i t h  uncontaminated water. 
procedure which u t i l i z e r  a f la t  cylindrically rhaped Geiger-Mueller 
tube with a mica window on each end ar the detecting element, rampler 
of the drinking water nre evaporated t o  -err prior  t o  counting t o  
enable mearurement of concentrationr u lov a i  10-7 me/ml. 

I n  the recond 

A recond detection device derlgned b7 the Laboratory t o  monitor 
the ac t iv i ty  of radioactive Argon 41 In the atmorphere of the Rautilum 
ha# been recently incorporated in to  the complement of monitoring 
equipment on the Baut i lw.  .The inrtPument enabler colleetion of air 
raropler throughcat the rubmarine, md ut i l izec  the detection and 
counting eomponentr of the AN/UDA-l Wa er Monitor, 
technique concentrationr ar low a& 10-6 microcuries of Argon 41 
i n  air m y  be measured with reuorable .CCUi*a.Cyo 

Uriag this 

Airborne Radiac - Naq: 

The Bureau of Aeronautics’ prerentation on the rtatw of slrborme 
radiac equipment war given by Dr. G i l b e r t .  The M/ADR-l gumns 
radiation Indicator har been tued in weapoir terts operationr mince 
GREENHOUSE t o  mearure gama radiation in both maned rad rlnmlaned 
a i rc raf t .  
rcales which charge automatieally. !l%e infftrument CUI be ured with 
the RD-7’7 recorder. 

!The imtrument baa a r.nge of from 0 t o  230 F In two 

The M/ADR-2 doiimeter was 8J.m mentioned. Thfs unit  had oeriour 
temperature dr i f t r ,  but work was direontinwd aa the requirements for 
much an instrument were met by the AIV/ADR-l. 

The AN/ADR-3 radiation cloud tracker i r  ured i n  a i r c r a f t  t o  dir- 
t inguirh between atomic and normal clcudr illuminated by runlight. 

A ground rurvey instrument, the AI?/ADR-4, is currently being 
re-packaged and revired am u3 externally carried unit  for w e  in 
cloud and ground rurvey measurementso 
as a ground survey instrument the data i s  recorded along with eorrec- 
t ionr  for a l t i tude  md air 8ttenu&tlono lphc rca le  of the instrument 

When this lnrtrument I s  w e d  

ranges from 50 m r / k  t o  5000 r/hr 
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The AlV/ADR-5 gumru indicator, a 
cations of 5 mr t o  80 mr gamma fields, WEB dercribed. 
a6 a p i l o t  protection ryrtem on a i rc raf t .  

uni t  f o r  giving indi- 
I t r  w e  in 

Tro other Uevicer, the AN/USQ-l u d  AlV/ARR-29(XH-3) gamma 
telemetering transmitter md receiver, are in development test. 
This equipment provider a transmitting range of over 100 milcr 
with interconnection t o  the a i r c ra f t  rsder f o r  azimuth location. 
The mador problem found i n  ter t r  vlbs leakage of water in to  the 
case. Thir i r  being remedied by minor rederign of the h t t e r y  
compartment rea l .  The range of indication i r  50 m/hr t o  2OOO 
r/hr with porrible extemrlon by extrapoht ion,  with lerr accuracy, 
t o  5000 r. Data trsnrmitted may be f o r  6 t o  8 hourr. Thir 
equipment war terted during Operationr CASTLB and WIGWAM in 
connection with other proJectr. 

There a r e  amall drop- 
pable unit8 which indicate i f  5 r/hr, 50 rfhr md 500 r/hr are 
exceeded. Only m e  range i r  included In each unit. There are 
intended for  dropping t o  indicate condition8 at  varioum pointr. 
They have the advantage that they are cheap u d  do not require 
rpeciil rervicing and they c u  be used by perronnel who have had 
no specialized training. 

Ruliac Flare6 were next dercribed. 

CLOSED SESSION: 

After hearing a l l  the briefings,  the Panel met in clored 
reir ion t o  conrider recommendation# on rubJectr of in te res t  which 
had been rupplied t o  the Pmcl  memberr. 
currion on the requirement for neutron Uorimctry md the following 
rerolution war unanlmourly voted by the Panel: 

There wa8 a brief d i m -  

There l r  r rrqnirement for aeutror dorimetry and 
the Panel reconmendm t ha t  a f e r r l b i l l t y  rtudy be 
made t o  determine the applieation of physical prin- 
e ipler  t o  mili tary dorimeterr. The Panel also re- 
comndr the AFSWP fund rwh a rtudy i f  neeerraryo 

The Panel had been -ked what phyrical principle might show 
promise of fulfi l lment of mili tary requirement& fo r  t o t a l  dorimetry 
but they could not make ray recommendation at  th i s  t i m e  although 
there was general agreement that the problem wa8 probabu not as 
d i f f i c u l t  ag it appeared and that the development of t i r sue  equi- 
valent ionization chamber8 might be vorthwhile. 

There wa8 a direusrion on the deafg. of exprimenti f o r  future 
weapons tests prodeetr on ru l iac  evaluation W e h  rerulted In the  
folllowfng unanimour recommendation from the Panel: 

That rome compariron of military Uorlmeterr with 
say, Sievert  type of chambers distributed i n  a 
phantom, be done tn connection with remidual 
fieldr from weapons te r te .  
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The response of dosimeter# f o r  i n t t i a l  radiat ion WEIS ala0 
d i scus~ad  and the Panel d e  the lnfcmml r e e m o n  t h a t  
experiments be conducted t o  dete-ne the rcayansc of ion cham- 
ber instruments t o  high dose r a t e s  so t ha t  a co r reh t ion  of response 
t o  i n i t i a l  and rer1du.d rsdiat ion might be obtained. 

A discussion followed on the correlation of instrument read 
dosage t o  human damage vhieh resulted in the fcrllowlng unanimous 
recomaendation from the Panel: 

The Panel r e c m b  the eqmsure of large 
animal6 ruch as pigs in a residual f i e l d  
strong enough t o  produce 30 day Lethality. 

The Penel then considered mll l tary requlremenh! ior rsbiac. 
Although no formal Fecomenbtion was made, it was g e n e r a l v  agreed 
tha t  presently accepted reqnirements f o r  rate and energy dependence 
are  adequate and r ea l i s t i e ,  but these requirements should be sub- 
Ject t o  fur ther  eralustion. 

The meeting was conclnded at 1830 hO-8. 
date s e t  fo r  the next meeting, the matter of a 8pe&d meet- t o  
cozsider resu l te  of medical atudies WBB bi8CUS8edo 
was suggested for  early in February or March 1956. 

Although there was no 

A meeting date 

3 Inel: 
Appendix A 
Appendix B 
Appendix C 

Capt. j USAF 
Sesretery, PmeZ on 
Radioliogf t a l  Ins tFument L 

(BOTE: Appendices A and B are not avsilsble at the preeent timto bEt 
Kill be added t o  the fins mimtes.) 
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Requirements for llavy I(il1tax-y Radisc l!quipments 

Function 
Btandard now #taudard under develop- 

Range awils t r le  ment or proctkemerit ' Remarks 

Dosimeter, Low range 0-200 mr 133-9( 1 /pD 
Se l f  Indicating (Technlcal) (A) t h - u  (Dl 

Dosimeter, High range, 0-200 R 
Self Indicating (Tactical) 

Dosimeter, High range, 0-600 R m - w  1 /pD 
Self Indicating (Adminie- 
t r a t  ive ) 

Dosimeter, a l a r m  0-200 R 

Dosimeter charger fo r  
Technical or Tactical  
Dosimeter 

Dosimeter reader for 
Administrative Dosimeter 

Survey meter, H i g h  Range 
;amma measuring, Beta 
indicating 

Survey Meter, LaK Range 
3ampla measuring, Beta 
lndlcatimg 

IM-l07/PD 

AB/PDR-31 

0-600 R CP-95/PD 
0-200 R 

disintegra- 
t ions per 
minute per 
150 eq. cm. 

Survey Meter, Alpha 0-10,Ooo 

APPXrnIX c 

Freproductior 
Yodels of Sex 
Tee t Complete 

Under Service 
Test Rocure- 
.=nt 

Energy Range 
4 t o 5 m  



Requiremeate for Navy lluclear Pover Radlac Equipmente 

Currently Standard under 
Function Range i n  use develupmmt 

Survey Meter, High .5-500R/hr --- 
range Beta G a m a ,  
Probe Type 

AbJ/PDR-43 - v i t h  
probe 

Survey Meter, Heutron 0-1000 mrem/b M/PDR-42(xA-l) D-W 

Dosimeter, Low range 0-600 mrem IM-lU/PD Lab development 
Be utron (Model L-29) 

and Rudolph (Tracerlab) 

s c a l e r  --- 
Assay Accerrory Group --- 

APPBRDIX c 

R ~ ' I W ~ B  

Bqulpment to be sbme 
a6 High Range Standard 
rurvey equipment ex- 
cept for probe 

- 

Energy raage . O a  ev 
t o  10 mev 

Energy range .O25 ev 
t o  10 mev 

C P - ~ / U D  or Militarized 
l I C C  Model 183 model of 183 

AR/UDA-1 H i l i t a r l t ed  model Detectom and acces8Of~ 
ies used with scaler kb 
determine contaminati8h 
in coolantr, potable 
water, marfaces ( W I ~ B )  

2 
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NTROL SHEFT 

TO: I N I T I A L S  

C H I E F .  AFSWP 

S P C C  A S I T  T O  C H I E F ,  AFSWP 

D E P U T Y  C H I E F ,  LISA 

D E P U T Y  C H I E F ,  USN 

C H I E F  OF S T A F F  

T E C H N I C A L  D I R E C T O R  

DCS / OPERAT IONS 

-- 

- 
C H I E F .  PL A N I  

C H I Z F .  O P E R A T I O N S  A N D  T N G  
-.v 

KO11 This  Roi r t inc  mil C n n t r J  Fh 11 i l l  r r n t o i n  n t f o c h r J  I O  thrr rommunicof ron  u n t i l  -k rrli o ton requtred IS completed After 
oct ion h a s  bcrn  c o m p l r f r d  11 i t 1 1 1  br f i l r d  in the- A J l u t r v l t  C c n r r o l ' s  Of / icr  

D A T E  FOR D A T E  R E C E I V E D  C O N T R O L  N U M B C  

A P P R O V A L  

C O M M E N T  ' 

C O P  C U R R E N C  E 
- - 

2,4 I N F O R M A T I O N  

4 N E C E S S A R Y  A C T I O N  - 
N O T E  A N D  F O R W A R D  

N O T E  A N 0  R E T U R N  

C O O R D I N A T I O N  

FILE I N  AGO 

, ---- 

~ FILE N U M B E R  S U S P E N S E  D A T E  

SWRI 933 
FROM: D A T E  

SWPRI 8 Dec 55 

A 
C O M M U M i C A T I O N  

-c C H I  E F , P E R  SON N E  L ! . I Tranemittal of Draft Minutes. 14th Meeting of 

I C H I E F .  WPNS D E V  I -  I I 
I C H I E F .  WPNS T E S T  
- 

2 C H I E F .  WPNS E F F E C T S  - 
C H I E F .  T E C H N I C A L  I N F O R M A T I O N  

' C H I E F .  S P E C I A L  FLD P R O J E C T S  

I I N S P E C T O R  G E N E R A L  
~ 

'HIS TOR I A N  

S U R G E O N  

h I A D J U T A N T  G E N E R A L  

T O P  S C C R E T  C O N T R O L  O F F I C E  

S E C R E T  C O N T R O L  O F F I C E  

C E N T R A L  F I L E S  
-. 

I D O C U M E N T  R E V I E W  B R A N C H  

I A D M I N I S T R A T I V E  B R A N C H  

L / /  I T Y P E  O F  C O M M U N I C A T I O N .  N U M B E R  OF COPIES,  I N C L O S U R E S  
A N D  I N D O R S E M E N t S  fT<ir I t / , &  

Letter 10 copies - 6 cys to Distr List 
1 green, AG cy 

I 1 pink, AG cy 
I 

I 

t i  

1 yellow, AG cy 
1 white, Rad. Br.  comeback 

1 . 1  

. .- 


