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SAFETY paOBLEMS ASSOCIATED WITH HIGH-EN.ROY MACHINES·
••. f • _ u.t..... It 'J t" , .. " .1. .

1\. Wallace', J.8. HaDello.or:••• J. Moyer', ~. W. Patter.oat •
L. Phtllip. • aDd A. Jl. SmU.

C••ple. l'adlatlo1l net4. exi.t &rowullaJ'le acc.leratore, .ucll A. the
3..a,v Co.mot1'OO at the Brookhaven Natioaal Laboratol'Y anct the 6..a8V
a.vatroll at the Vrliver.!t, of CalUonta l\adlation Laboratory. The bto ...
1011c:a11, .ilaUle.at componerd. of th... racl1aUoft ao14. are Deutl'OD' arut
.amrae. ray. wko•••poet!". e....4 oyer .. very wide ......, ran,.. Beca.•••
the H"tro•• al'8 tal' more peaetRtla. tha. the ,amma ra,•• theyeoft.t1tllte
tho priulple compo.ent of the radiation tield that mu.t be me••und ."t,14e
01 the accolol'atGl' .hi.l41ft,.

PART I. TECHNIQUES USE)) AT BElUtELEY

Neutroll 82!ctnm Ov.t'~d;' of .. Bi~lolicat Shi.ld

Becaus. at pl',.ent, Gate Oil the 'blelo,l.«al dana'l' of "oulMe. te lImU.d
to tho•• of .ur" te•• than 10 Mov, it I. 11'adfylDI to fi.d that" me....I'."
avel'as..."tMIl eaerl' til occupted an.. I, ",auaUy c...Werably t••• thaa 10
Mev. Mea.llro.e.', an at.o macle who•• eu1'1' threaholets are ao and .50 Mev
to make certal. that .0 ,t,Billeaat flux of ..ut1'00. above the•• e..erll•• b
' .....nt.

The uutl'Oa. 'l'Oclue' by blah....I'" acceteraton eoa.l.t pndomlaaatly
01 evapoP,tloalle"tl'O•• pn.eat i. lal". Rumber. b\d with ener,l., of oaty .. few
Mev. The.. Mut......... aot be couid.Rd til the .la1eldf.n.a ,"We. becau••
the,. an, for pracdcal pu~•••••li.l......d by the til'st f.w lache. ol ....aet
.tnctu.... 01' 'hleldS.,. In a4diUon to u.•• evapondon ..atHos, the
accoteratol" pl'Odue JUlh..urlY _am. of I1fnah'ou la .trippiftl, chaqo •
• xc:haill" aad bock.o" ....Dt. ira abe tal'l_&. The._ aeutl'OU h.......rlle.
rall.bl, upwam to the ma.mum .....,.y of the ace.l.....t•• pa..dele•• At._..
til••, Mah........' primari•• ha•••atel'.el the eldeldta,. thell' .euboa lpectl"Um
i. atteNd, aad allen I, lint aft laUta' bulld....p &ad ••e." a co.ta, iato
••utUbrium with low......r.J' .eeoHal'Y UlItrona that arieo ll'OlIl evapo ....ti.n
_qftt,l. the aWitcU.na. Alter equilibrium I•••tabUsho. 1•••• ai.... tho peak
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01 the build.up 1. pu.ed, the ._utro. of all .DIU·..... are attenuated 1ft 41l'eet
proportion. to the atteauatloa of the primarl•• , with no futbe .. ella..e in the
DeutroD .pectl'Um. Thl••hitt .'uuboa .De~IY towarell.wer value. 1••0
_fleetiv. that the ave~al. eneJrIY of tho.e DeullOa. pre.allt ill hiolopeallT
.ilalficaat aumbel" out.lde .ua a .Id.lel may be In tho llaISh'bol"hoe4 of 1 Wev.
Thl. oael'l' .hilt make. it much .a.18r to evaluato the ...tl'Oli bazard thaa
would be the ca•• wUh the 0 risiaal J.d,h ..... JrIY Deutl'Oll'.

The avel'a._ e"I'IY of aeutmD' lealdal tAl'Ouah a blotolieal .ldeld is
m••,uNci by either of two alte~aate method.. Tu n •.t 01 &he•• methods con
.iat. 01 takin. two me.,ul'ementl, l)ne 01 flux clensity anG the other of enel'l'
flux clea.lty. We.aurin, flux cl.naity i. clone by tald.al a couati•• rate with a
BJ"3 eouater IUI'I'O\lDded by 6.1 cm of paraffin (eM z)' botll completely
IUl'l'Oullded by a cadmium cover. The H.poDla of.. .,.J eounter ,uJ'l'ouraded by
thi. amoUllt of paraffia hal beell mea.tu..ed and found to bies.entially in ..
depend_,t of ene." ovel' the r.~. aXMnclinl from a traetion of .. Mev to about
20 Wev. If a Han.on ...).(eKl'bbea "10D' counter" 1. avail..ble. It caG aleo be
..e. to me••uft &hi. e.erly-iadepeacl...t nux deralUy if c.re U takeD to correct
for tlle noalaotroplc .ea.Uivit, of thl. cl.t.e&ol'.

An acldUioaalme.lurament 11 macle with a polyethylene.line. proportional
counter who•• couttlll rate haa beoD. ahown to be p:ropordoaal to the BeUal'On
eUl'lY nux "neUy. The validit, of thi. relatioll 'bet.....n. couatilll rate allel
•••r" fiux bll.ity 1. ba••d Oil two .I.wnptiona. Fir.t, it ia •••wned,••t tho
ran,_ a. a fuaction of ellerfl E of a Pl'otoll .recoil in thi. material eaabe
expre••e. a. IUE) • Ro(E) f2. Second. it 1...s.umea that the protoa path
len,th in ,/cmZ'ln the eouat.r .aa Hc•••ary for cletectioaia .e.U.lble c.-
pared to 1\(1:). Seca\l•• ta... two almpUlyina ....wraption. &"0 both lo04~n

the raase of Deubone.el'ate. from 0.1 to 10 M.v. true plO,ordoaality exia••
hehlraeD the counUra, rate io .uet. a proportional cOWlter aacl the Ilum'ba.. of
Meviem2 .ee availaltta from no"troll' ill thl. a".r., I'a.... The theol'y of the
eSe.ilft au operation of thll counter i. D.\Ore fully d.acrthed in ReleJ'fn\ce 3.
After the•• two mea.\ll"emellt. have been made, the avara,. neutrOIl enel'llY i.
obtain.ed by dividing the a"er8Y flux rate by the flu rate.

!Xftlrimental We••uremel'1t of an Elfective Neutron 8"'10'1 bI the Sia.,le CounterRema .. ,.. - . . I

The .econd of the two methocla and {requeatly a .1mplel" mea.us-ement of
.ffective ...utroa eDerlY reqw.re. the use of a BF1 counter aloae ,uI'I'OWld4td by
various thicka••••• of parafftll. The BJ") proportIonal couate.. it.eU i •
• en..itiva ooly to thermal lleutl'ODI. aacl. a. pal"afflnl. adeled arov.ad the C:OUlltel',
an inerea.ed couotill8 rate I, obeervea uDtil the paraffin ,"coma. thick ellOup
to alllaorb the thermal neutron. mON .ffectively tb..n it pl'oduce, them from the
incideat flux ot hither 81\81'I1e.. After tid. tldcklle" i. exceeded. the couadQ&
rate will dec re.,a a. more paraffin 1. adele. becaue of aU.GutiOD of the
primary neutronl. Thi. b\rlld-up and .Gb.equent recluctionlo CO\Ultil'll rate



_peed. upoa the avera.e e.e." of the a••' al t..nJ..i.~
an the cOWltt t•.• of a aia,le aI'S COWl'-J" 1' ,lurNfta ..t.lU.dC_'
paallia 1. aacta ea a. cOYeNclwUh Cd .. 1M 4latal\av.beeacor
IlmGlate aa t ••tnpic ••utlOa flux.

Five dille".t "811tJ'08 aou.N" wen ••e4 who••••qie. "rietl£....
J5kv ttl 14 ....v. The cOWlda. ,tad,dcI aft moM accunle thaa 1... "t&t~~
pI'OC'" .f avel"a.l.....ft .. t1le •• loUd .ql_ ,."lll'y hal lat....u.et ........ ·
muh .1 10". The DT •••tnll. aN mono.Clerl_tie at 14.1 Mev. naP_.,...)
u"'rOIlI bve • calculated .... mea.ured ave.... '.'''7'.f 4.4 M.v.~f""~·';
fil.toa ralutnm. have .. ¢aleutated. av_ra.e enlZ"y 011.4 Me.,.. ne 1»0 ..14 "
••utro", .ave a calc"tat... aDd. me.lu"ed ave..... 8MI'".f 400 lcev. n. '
A.Be .."troD., bave a cale\llated a1Hl avera._ 811Orl1 0' 15 bv. '" ,

Ii th••• data an coftverted to cOWltlna affldeacy .. a fWicti.a.f l"i••tIl~:<,yr'
D..ut~n a...rl' for val"io". ,.....ltin thick....... the curvet .laowa ia Vi,.J ..,,.:,,,;
obtai..4. By the \1,. of the•• nlation. it i. ,.••lbie to obtaia all eflectlve ." ' , '
ae.'ron e••I'IY .vee 1ft ca.e. ,.,bere the neutroa flu i' far below the ' ......tl'
accepte. occupatloaat tole"aBCe level beea"•• tbe .en.U4"'".' a 8", e.W'lte~
is btlh.

i \,;:< ,

Eval"'adoa .f the Ne"tMa Macant
• • n I " r

In 0mr to check the a'luaptloa tlt.at the maJol' WolOlic:al • .,e.u....t.
lide of aD ace.terato...ldelel 1~ dellve...4 by uutrOD' l"the eMYI' lI'aQ"".":
ZO Me" in. which the above two mea.unmeet. are prlnetpallyvalid, two '
who•• threshold. U. r••pectlvelyat ZO aDd 50 Nev aro

1
ped. nt ~~~,

with the 10.Mev thft.ho14 an made 'by ••teed.. the C 1(., aalc . ftac~l.""
carMa c:ontai••d in 1700.. cylinder. of plalticjl,ctatillatel9 a. ,ul.e,_."',,'"
work with li,ul4 .cictf.llatoI'8 of l\olaaov et at. v Th••• poli••• _ytl........
cO\Uite4 by ,laoll11 :th.m ia eoa.ct with a lJ.S-cm-4iam pJ1.eo.wtip1I.I'~.,..
optical borul .&4. by mill. rat oll. The c••atl.... d.otae l••t_ of a led . ," .'
8"clOl.'" 10 c. thick. The cro•••••d.on of tIla earboa ..uliO" i ....taly
c••t..t.ta value 01 22 1Ill» from 50 Mev to more than 400 ••v.' ,..~lil'
~a ._leraace ft....fue",tl'oa. may al•• befal:rl, coutant 1. dd' .....,.",.,. <",,,,".tlal. c..,_a "tecto!' quite ••a.m.,NI. .

20-Mev Thre8betd D.teetor.
F' d ,

U it I. a.....e. tliat all .f tM ,",utI'ODI pre.eftt po••••• the ave_•• OJ'
effective enel'lY me••ured by olle of the above mathod., the ...utl'Ollrdl.Uoa
Ia.u'" ••y \HI evaluted bom the work of Sa,..... " whtdl i. tbe b_l. fol''' , <

cUJ've .hoVlll ia Fli. J. Tid. curve alvea the flus of .\It_•••f varlout.. .a•••••• ·,·
ft..... to p ..odue 100 mitt!re. ia 40 !lour.. A. de.en,". above *••c...... ,",
n.atreD epecthID out.lde an aceeter.toJ' .h1e14i1'll walt will 1M .imilal" to Qltt.t ", .
6n evaporation spoctNm 01' a li••loa Ipeetl"\\m. a.ca"•• *h. flus of .."tM""
product", 100 millt.Nm la .0 l\ourl fall. with e.era, a. ' ••ftia Fl,. 'fam ••
• n....' 0 about. In' to about • We., it i ate ••••mptloa that an of ,the·, ,
n••trou llav... ava..... 8""" 01' effecUv T &bat hal be." m......... '"
0 •• 01 the above methode. '

r,
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It has beea found that these large sc!nUl1ators are ••pecialty c:oftvenient
to use in performing a radiation IUrvey. They lllre inexpensive to duplicate aQ,'
maY' be ,imultaneou81y placed at many different locations. After expo."re of
the eeintillatol'" prope r interpretation of the eQuAting rate yield. 4ata from
which honux radiation contours of the stray neutl'Oft field of a targe accelerator
may be plotted. An important feature of theee dettlc:lcu" it that they are
completely immune to pile-up problema cau.ed by hiah in.tantan.ou counting
rate. a& i& often. met with in the c.... of electronic: detec:tors such a. lOll
chambers a.mi proportion.al counters. A 1700"'1 piece of p1aatic aeintillatot
wItt give 100 dieintegrations per minute wher the neutron flux over ZO Mev
prior to countinl baa been 1 neutron per c~ per ace for a period. of about
three time. the ~O_4 ~min half lite of the C formed. The c::o,mie ..n.y and
natu.'1"Al,,1;....backg1"ound counting rate i. about 1000 counts per minute (cpm).
CHatel' sensitivity can be obtained by a proper selection M the min.imum and
maximum pube height. that a.re counted and by using an anti-coincidence cover
of Geiger counter. or scintillation. counter8 over the scintillator while it ie
bein; counted, to reduce the background radiation.

50 -Mev Threshold Detector

The detector with the 50 ..Mev threeholcl WI,4 for ehec1dftl the above
a••umpdoft it a larae ft.lioft-pul.e ion chamber coatainial .ffeclively 60
Irams of BtaO, evaporated to a depth of 1 ml per cmZ onto 41 aluminum platea
30 cm In. diameter. The plate8 are connected 'by the componeab of a lumpe4...
eon.ataat delay lin.e in such a way that a fis.ion putle originating lNtweel1 any
pair of plates char\os the capacity of only one pair of plates at a time, thUI
allowing 60,000 em of i08~chamberarea to be employed.. The practical
fh.ion thresbold for Bile; is 50 Mev, and the crose-.action rises with. enerlly.
to about 300 Mev and 18 then fairly COllstant up a8 Ca.r as it has been measured.'I,9
The bilmuth fission chamber is equally fJensitive to neutroru. a.nd proton.s above
SO Mev and also to pions. but relatively few of these charged particlee are
prreent outside of a thick radiation shield. Thu., th18 detector is espec.\ally
useful in measuring the nux of primary neutrons present outside the .Melding_
Thb instrument has a sensithity to l10-Mev neutrons of 60 cpm for the whole
chamber when it is immersed in a. nux of 60 neutrons per em! per see.

LO"Wer-Energy Ion Chambers

: Considerably smaller £bllion-pulte.. iOIl chambers of conventional d.,tln
\fInose plates are coated with "1'11.232 or U~3' are used to take advantage of their
energy thresholds of loS Mev and thermal respectively. The U235 ion chambor

,has been found to be eepecially .u.efu,l a. a nlOn.itor of over-aU 'Bevat.ron operation•
.' It 16 placed at the center of the main magnet ring where it views the entire

I machine equally. In this pollition it. mea.surement of the thermal-neutron flux
is to some extent indopendent of tbe particular target. or beam-.pill char ..
acte risties being employed a.t the time. The U215 ion chamber measures the
over-all neutron production, which hal proved to be well correlated to
ci rculating ..beam -current measurements.

-If-
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ladi\lm -roll Fa.t.Neutron Detectora
au ..

Aaothel' deteeten·to which ha. the aame advanta••• of t.expentive
duplicatioa. abnultaaeity of meaaurement, and DO ,Ue -up problem a. the lar.e
pla.tic .cbltillaters t. aa la foll imbecld.e. ift ,.raUia uut .ul"l'Ouacled 'by Cd.
Tbi. a••embl,1I a cubical box 15 em Oil a .i4e made of Cel 0.051 em thick.
Insid. the box i. a parall!••,here 15 em. ill diameter mach or two heml.phere••
Each hemisphere 'baa • reee•• at the ce...r, S.O cm 10 eIlameter and 0.' em"'p 1ft which aft 1. foil 11 placecl. The O.llS.mm-thick folll 'lIed welaA
about 100 ., eacll. Tbi. detector la lea.itlve to MUlI'OD' from %0 keY uparcl,
with aimo•• \lrdform efficieacy to ao Mev. The foll. an cOWlte«l. a methaae ..
flow propol"tl.u' eoualer, and whoa activated to ••luratiOR ill the above
a.lembly, a follilw. about 4 elm tor a fa.t n.e\ltI"OD nux of 1 t&/cm'l. .ec. ~
couate.. bat .. baekllOUU couatlt'l1J rate of 10 elm. A nux .1 small a. 3 'A/em
.ee baa been .ucc•••fv.lly me••ured with thi. detector. The re.poaee .e a
f\loetion. of eoel'lY ie .1milar to that of a SFJ couoter covered by 15 em 01
mode ratillS panlflrl.

..s.



PART II. PROBLEMS AT JUlOOKHAVEN

Introduction.

The Brookhaven. Co.matron 18 a protOG synchrotron that aceeleratell
proton. to ene r,le. of 3 aov cluriog 1 aee ot a 5....e cycle. The duration of
the radiation pule. may be mu. to vary from 10 ""lee .to 100 msec depel'lclinl
upon the particular experimental requirements: tao shorter pull•• are
utili.ed by the bubble ..chamber grouptland loqer pul••• by the counter croup••
Beam int.naiti•• have approached 10 protons per pula. lor intemal ..beam
operation. MeewuJion. of the health phy.ic. procedure. aftc! instrumentation
..ssociated with the Coemotron and pulsed radiation may be found in .evel'a1
repo~•• ll.la,13

At present the C08motron hi .hut down for an extended period of time
(to January 1959) lor major eoll modification., conltructlon 01 a aew and. more
complete lhielet. and expaneiol1 of the experimental area. When the COlmotron
loee back into 0nlation it is hoped that beam inleDeUles will be iocreaeed to
approximately 10 protonl per pv.l.e because 01 improved techniques.

Ext.rnal aeame
I

De_pite the increae.4 lnteneity, however. the new CoemotroQ. shieldiBg,
completely encompaeslnl the machine, willareatly nduce the health physics
problems except tor experimental runs that utiUz. iteame broupt out throulh
port. in the .hieleS. It i8 expected that the external proton beam8 will be utilized
lor approximately 50" of the experimen.tal time.

The Co.motl"Oll was 4e.i,ned to ue. oAly one external beam. An ejection
malnet briDle the beam out of the machine near oae 01 the 8trai.ht eectioa.
wUh al'1 ejection elficieDCy of approximately 15 to 30%. The beam follow. a
northerly cour.e throulh a port ia the .hi.lei, acroe. an experimeatal area,
then out ot the buUcU.nl and Into a larse earthen beam catcher 800 feet north
of the COlmotron. buildin.. Thie 40,000 ...cubic ..yardl), beam catcher 1.
equlvalel'lt 10. thickn••e to about 1.5 it ot heavy concrete of 300 th/lt' clen.Uy. and
haa reduced the radtation leveta beyond it to tole rabl. value••

ne increase 10 radiation over Datural bacqrouDd from the 3..a.v proton.
Itrildnl the beam catcher I. insllmlteant. probably 'becaul. the ••condarle. are
procluceet 10 deep in the catcher that few reach the sudace. Little .tray
radiation re.ultl from the pa••age of the beam throqh the air. The lreatest
eouree of Itray radiattoll is cauled by the beam's pal.inl throu,h the port in the
eMelding and throulh the varioul (oeue1nl and beDdina maln.te. TIle addition 01
a maximum-eeatterifts target (3 blche. 01 Ph) at the focal point in the 'beam
rala•• the radiation t.vela by a factot oi' two OJ' 1••••

Radiation levete in the external-beam area between the .hieWng wall
and foeal pohlts have beeD meaeured by U8. of a email bakelite ioniaation ~.

chamber; do•• rate. of approximately 1600 rad/hl' have been found dUriPI
external.beam inteneitl•• 01 approximately 1.6 x 1010 proton. pel" pub.~

.6-
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Personnel al'e prevented from enterina the extemal ..beam area 'by a
fence Ift.iele the eo.motron buildiug and another 8urrGun4iq the ana out.ide
the building. encompa.slng the entire beam catcher. Also. a television camera
haa been uled so that Co.motron operators may obl.rve the tar••t area re.
motety.

r.>tans are being made lor a aecond external beam to leave the ma.chine ill
a northwesterly direction. This will enla.rge the present oxternal ..beam area
both inside and outside the building. Targets placed in the external beam
may have tv be Ihielded. dependinc upon location, beam intonaity, a.nd
operating time.

The external beams may be u,led either toeeUler (each taraet receivin,
alternate pulsee) or singly. Special resulationa a.re MinS atu4ieclior pro
cedur08 t11at will allow personnel to enter that target area in which the beam
is not in U8e.

Experimental Measurements ot RBEwith .. Cloucl Chamber
•• L'

The relative bioloaica1 effectiven.a. (UE) of racliation in areas
aec••dble to pe raonnel at the Coamatron ia e.timatea to b. no sreater than 5.
ID view of 8Qme uru::ertainti•• involved in thle estimate, a aatety factor of 2 has
been introduced, which increales tho operatina RBE to 10.

Two experiments have been pursued to find a value of effective DE.
The first uees a diffusion cloud chamber. Whien,i. ·'ClPel."attHl in a jlvea re,ion
of scattered radiation. Stereoscopic photograph. are taken of lbe track., and
the toncth and den.Uy of every track 1. measured with the aid of a projection
ayatem. Tho photograpbs of the sensitive volume are projected onto a around
ala•• acreen in a manner that make. po••iDle the m.a.surem.lll of the ablolute
1enitha and dip anllel of the tracks. The unaUI•• are cla••Uied viaually, by
comparison of the tracks with tho,. made by know n particle.. The valu•• of
linear eller,y transfer (LET) of the•• known partido. are .uwnlt1 Fil. 4. FOlIr
clalsel of track density have been chosen, ranaing from miD1mwn.ionlzil'll
traeks to alpha-particle track.. These eta•••• are .hown La Fig. 5. 14 The
length of each track in a specified volume te meaeuroci and tbHienaUy ctaal1fied.
The fraction 01 the aum ot the length of all the tracks in each ela•• can thua be
determined. I! tho average value. of LET for each clast are uaed. the
traction of the energy loet in the chamber from each ela•• can be calculated.
Then if the energy lost in each class is weiabted with tho proper RBE for that
eta••, an effective lUnl in tho particular re,ioD studied. can be detennillOd.

E5l!rimental Measurements of Efiec.:~v~ ,DE with a Pr0R!rtioDal ...Goun.~r

The .econd experiment u••a a device that measure. the abeorbed do••
•• a function of LET. The cleviee was toaaeel to B rooltb.aven Mallo_t
Laboratory by Dr. H. H. R08s1 of Columbia University for evaluation of the
average DE for Coemotron radiation. The instrument i. a 4 ..in. (1. ct.)
spherical proportional counter c:on.tructed of 1/4.in. -tl'lick ti••ue ...,tdvale..t*
plastic anel (continuously) flu.shed with tis.....ectuivalent counting gas

'Tissue equivalent is defined has having approximately the same chemical
composition as 80ft tissue. .

..7.



at reduced preluure. Preliminary valuee of average aBE were obtataecl io
the CO.motroll control room anc on the balcony In bOAt of the cOlltrol Nom.
The total dose rates at these locatiouI, as mealured with a leeond ti.sue ...
• '",tvalent ionization chamber. were 0.75 and 1.77 mracl/hr, respeetively.
The stray radiation resulting from an experimeat utiUztnl .. lold tarset in the
unshi.lded welt .trdght aection of the Cosmotron was studied. The avera.e
circulatini-beam intene!ti.a were approximately 5 x 10' protenl. pel' pute. at
3 aov. The duration of the radiation pulse wa. e.timated to be from SO to 70
Inlee with a repetition rate of lZ pulaes per min. The pule...hellht distribution
11"9m the proportional counter wa. sorted by us. of a lO-ehaRMl dillereat!.al
pube ...height analyzer. !tuns were made at different bias .etting. and a total
of UO channela was cove red.

By use 01 the methoel developed by Dr. 1\0••• ,15,16 it wa. pos.lble to
derive II curve showing the distribution of ab.orbed do.e with LET from the
pu.b. -height distribution. S, (, This curve, representil11 the eot,rot-room do••,
is shown in Fta. (. aloni with a curve relatina U E to LET. .. Alao Rown
11 the RBE dOle curve, whieb ie the product of the two other curve.. By
eoznparinl the area under the RBE 40a. curve with the mea.ured total do••
ia nel., and maJdn, suitable allowanee lor the 40.age below the thre.hold of
the pulae ..height analysle, one obtain. a value of elfective RBE applicable to
the 1"6d.iatioo. in the control room.

Awrage RBE value. of ., and 3 "Ipeetlvely were obtaine. ill the two
location. mentioned above. Becaue the LET ehambers are roughly ti.eue ..
equivaleat, the•• value. should be appUeable to hUm&ft exposures. They help
eonllrm the beUet that the present lurvey practice 18 .afe. However, additional
mea811rements In numerous loeatione aDel for the many different types of
Coemotron experimental programs (which .llaUieaatly chan,. the LET apectJ"Um
of the atray radiation) are nee••eary betore one can obtatn a lood uneteretanelin.
o! the DE value. encountel'ed.
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