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Radiation problems of the accelerator invol"',rc personnel protection, 

da!U8.ge to rr..atcrials, and control of bac}:ground intensities for experiments. 

Perso~~el protJoction has t;ro aspects: exposurc to secondary radiations 
• 

genernted dur~g accelArator operations, and exposure to res idual radio-

,activity during essential maintenance and dcvclo1')I:lent activities. For the 

former, extensive shielding will be required arotmd the accel~.rator housing, 

emergent beam runs and exp~rimental targets. 

Exposure to residual radioactivity (Raa) induced in accel~rator co~pon-

ents and the inside walls of enclosur~s is of primary concern, and will 

require SOI:le li~itation of beam cu.'rTents during initial operations. At 

the Broo)-hClven AGS the !!'.ost serious 1')Toblems of personnel exposure at 

present are those involving induced Haa in the "hot spots" around internal 

targets. At the NAL, where the design beam pouer "'ill be 200 times that of 

the AGS, us ~ of ftill beam current could soon lead to Raa levels which H01lid 

forbid personnel access. To the extent that some personnel access to the 

hot spots at the ITAL is required for essential ITaintenance and develonment 

activities, the Raa intensity should be kept below some practical 1i~it, 

so as not to expend unwisely the acceptable toler:mce to radiation of t~le 

maintenance and develoPr.Jent staff. 

The induced Raa co~ fro~ beam spills in localized r~giors such as 

the ejection straight section for the emergent beam, internal targets, etc. 

Around the r~st of the ring the beam loss :.3 expected to be small. It is 

s at these 10calic,ed hot spots where the probl~m of personnel exposure to Rna 

will be most acute. Houever, it is .Just at these locations where the 

problems of development will be !'lost severe. The beam spill at an extraction 

area depends on percent~ge of beam la,s; the beam current c:m be raised by 
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increasing extraction efficiency. At an internal target location the 

induced Raa dep~nds on the effectiven~ss of local shielding ~round the 

target and the experinr:mt. Accc10r$.tor cor;~"""'onents dounstream from th~ 

suill or tar~et will have the highest Raa intensitios; for these special • 
quicY-discmmoct systems, local s!lieldinr, and remote handling devices 

\riD be required to minir.dze exposure to· personnel. If intensities due 

to such hot components can be controllpd, the wholc-1:Jody eXcosl1re of 

personnel depends on the ambient Raa from the rest of the accelerator 

and the HanS of the enclosure. He take this arrbient Raa intensity 

as the effective value for analysis of Hhole-body radiation exposure. 

If Raa intensity rises to excessive vaJucs, the beam must be turned 

off for a ccol-do.m period sufficient for intensity to decay to acceptable 

levels. After months of operation the very long-lived activiti"s build up 

to be a relatively l~rge fraction of the residual Raa, the decay rates 

are slow, and long dool".dmm perioos are required for significant dnel'oases 

in Raa intonsi ty. The lengths of cool-dOlm p,riods should be minimized 

to reduce off-tir:1e ar,d increa se b~o.!TI on-tine for exp0riments. The probleP.l 

is to balance th·3 loss of beam tille for cx;>erilnents ag2.inst the desire for 

high "eam currents 'rhich l..,aa'to excessive build-up of Raa. 

Analysis of thecse factors, coupled with personnel exposure lir.dt&tions, 

will provic1e an estimate of the maximum beam currents Hhich should be 

permitted durin;; initial operations "hen sor.e personnel aCCeSS is required 

for maintenance and development. The estim~ted bean spill intensities can 

then be used to calculR.te the external. shi"lding required around hot are2.Si 

to reduce external radiation intensities to acceptable levels. In other 

"quiet" portion" of the ring the :taa win probably be 101·' enough to allow 

ad~auate oersonne] e.ccess, anc the ext'~rna1 shi~Jr'Ung can be much less. 

H01.rever, in tar?'€'t areas, be~dumns and other very hot a!"eas, pct"sonnel 

must be d~ni~d access, all h2J:ldling f.,ust be remote, and shielding must be 

provioe! for the ",axil':1]m anticipated bePJIl curr~nts. 
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2. Personnel Radi8.tion Dosages: 
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The oo.xil;nnn perrrissi1:l1r dose (EP!J) for radiation Horkers is basp-d 

on recorrlIi~end-'tions by th8 Interno..tional Comr"ission for RadiologicaI 

Protection ,.rhic"- have been accepted and prOlculgated by the U.S. Department 

of Health and Uelfare and th~ U.S. Ato~.~ic EnergtJ Con::;ission. Radir>..tion 

workers of age N years are permitted e.n accur:mJatcd whole-body dose of 

5(ll - 18) reM, with a rr.aximun o:;;:-)osuro of 3 ren in any 3 !Conths. This 

has customarily been interpreted as i.''lpJying dose rates of 5 rcn/yr, 

0.1 rem/I,O-hr week, or 2.5 mrem/hr. HOHever, thp esta1:Jlished limit is 

that acc1ll1lulated in 3 months, which ,Ie use as the maxim1ll1l al1o'·,ed value: 

The nnxi.r;l1.lln dose pemitted to the ex+,rcr.riti-:s 

(i.e., hpnds and fo,.earns) is 25. rem/3 months. It is e"-PDcted that local 

body shie'ds win be used to reduce the >lho10-·)ody dose to the 1"P!J above. 

Certaln types of activities can b'3 distingll.ished involving different 

personnel, for ~<1hom lengths and frequcmcies of OXDOSurC can differ. For 

mainten1?ce staff on a ",eekly schcd1lle, for r;:xa""'-'ple, the u.b. deBe in .0. 

single lTce1r~y expOSU':'O S~10".l::1 not e::ceed 0.23 T"em. 'For dcvcloPI,1cnt staff 

anticil:nting no more than 1 exposure per month the lL:.i tation should ce 

1.0 r~n. The ~mergcncy JT:axim'JIl for any single e.."'<POSlITS should never 

excMd 3.0 rem. The nunber of successive eX',:'osures is l:i:.:it cd by the e.ge 

of the individual. For a person of age 18 the y~arly acclL"1uluticn TIl1.lst not 

exceed 5.0 rem/yr; he would be restricted to 22 ,·,·,o]'ly doses Elf 0.23 rem :in::o::-

tear. trith nolnore th~ 13 in anyone 3-month :?~riod. A person of age 33 

without previous radkti:m exposure would be allO"ed 12.0 rc"fyr for G ycp.rs, 

then reducing to 5.0 rem/yeu. The time scheduling of doses to stay within 

the ""rmittecl accur::ul"ted dose ?t age I: years ,·rill be the res pons ibil ity of 

the Radiatton S~fety Division of the Laboratory. 
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The pcrmissihl(" dose levels given above deter!dne the time dur3.tion 

of single: exposures at a given R:.':l.a· intensit.y level. 1rfhen access by unshi('l"::ec: 

personnd is required ("hich ;Ie define as pha~e I), levels must be 1m! to 

allo1-1 practical ,.ror1-:ing tif:"1.l3s. A typic2_1 activity rdeht be to reP10Ve 11 hot 

c()m::oncnt (i. c" a n;q.gnct septuT';l) anCl. rcple.ce with on irr..provcd Hodel. A. 

sequence of operations r.Iieht be involved, using diffc!"ent operators, snch o.s 

disconnection 'Of electrical, Hatcr aml vaCUtun circuits, installation of 

pre-forced shicldin::; and removal, of 'lOt comnonents, ph, cement of local. bocy 

~~s shielding, and 8. sequence of tool mo.ninuhtions. The [lTI'bient Raa intensit", 

at the Harking location of each op0rator ;,iJl dctcrrc,ine thc exposure tirlcs. 

If the activity can be perforr::cd from ;rithin a shielded vehicle (phase II) 

the shielding factor Hill a11o", a higher external Raa intensity. In the 

LRL Desien Study a shielded vehicle ",ith 4.5-inch Pb Halls is reported to 

give a shielding factor of 4.6 x 10-2 • With thicker Pb ",aIls and further 

development ve assune that a factor of 1.0 x 10-2 can be achieved. HO"'€VCr, 

oth~r li;~itations are involved, such as th~ lonrrcr ti~cs nQeded for IT'.ani}>-

ulations frO!:l within a s~::!.elded vehicle. 

In Table 1 He list to'Pical persOlmc1 cx')osure til,es for phase I and 

phase II activities, fer the 3 classes of workers described above, and for 

selected lW.a intensity levels: 

Table 1. Personnel Ex:oosure Tilces 

R~,a Intcn: 
(rem/hr) 

1.0 rem/hr 

5.0 rern/hr 

50 rem/hr 

100 rl'!m/hr 

Shielding 
Factor: 

Phase 1: 

1.0 

1.0 

Phase II: 

1 x 10-2 

1 x 10-2 

Weekly Hainten: 
(0.23 rem/Hec],) 

( unshicldcn 

14. min 

2.8 min 

(shielccd vehicle) 

28 min 

14 min 

]':onthly Develou: 
(1.0 rem/month) 

1.0 hr 

12. min 

2.0 hr 

1.0 hr 

Emn,rg. ~·£tx.: 

(3.0 rern/3 mo.) 

3.0 hr 

36. min 

6.0 hr 

3.0 hr 



-5-

3. Distribution of Raa Intensity: 

FN-IOO 
1100.0 

In the m1.in acccl~ro.tor ring the hot spots 1-rill be localized in 

regions Hh~re beam spills occur, prirc.arily at the ejectIon straight and 

around the internal target. Other hot spots nny be associo.ted ;rith clean-up 

targets located in medium straights. ,\rd a less intense hot spot =y develop 

at the injection straight dUll to spills of the 10-GcV injected beaF. 

Losses can be expected to be very small « 0.1,,· total)around the rest 

of thc ring. 

Hhen high-energy Drotons arc diverted out of the orbit by pulsed 

ejection fields and strike a deflecting magnet septum or other obstacle, 

they create a nuclear cascade or sho·-rer. The cascade builds up to maxirum 

intensity (maxi@um number of ionizing secondaries) within a few interaction 

lengths of material (from a few inches to 6 inches of Fe, dcpendin" on energy), 

and then attenTh~tes with a I/e decay length of about 130 gm/cm2 of matter. 
another 

For exar:plc, fort-"'rd intensity is reduced to 1% in about' 2.2 ft of iron 
Of' 
t>f 7 ft of nomal concrete. The hi"hest energy rarticles, both pri@ar'J 

and secondary, form a c forward jet with small anguJ'1.r spread, typically vithin 

lOmradian at 200 GeV. Lot-Ier energy secondaries spray out lateralJy from 

this,·jet Hith a broeder angular distribution. The most penetrating of the 

secondarbs oj acted transverse'_y are fast neutrons of .:; lOD-HeV energy; 

the intensity of these fast neutrons dcter~Qr.es the thic):ness and type of 

shielding recuired around th", hot area to reduce external intensity to 

accepto..l)le level s during operations. A very great numh~r of lower energy 

secondaries a1:'b procluced in th~ m'l.terial traversed hy the shoHer, including 

s1m-, neutrons. The Raa developed in accel'Jrator components CO:L:'es l.2.rgely 

fro," Raa spa)Jation produced by the ver'J high ener",' particles. The Raa 

in the wa.l1s of the enclosure cones l!1.rgely fror. s1m·, neutrons in equ.ili'n"ium 

\lith the lower energy second",ries. The total nun:ber of s,;cond'l.rics, anc\+·1)o 
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resultant total Raa intensity within the enclosure, arc closely proportional 

to the total nQ','cr in the beo.ill snill. .- . . 

The hot e.Tea dmmstreo.I'1 from a beam s piU is limit cd in extent. If a 

ca~ca,de jet origiD3_tes in ~..nd traverses solid T:'..:'ltcriaJ., the production of 
primarily 

spallation Raa is'localized in th~ region of ID3.jor attenuo.tion of the jet, 

which is less than 10 ft in length. High energy secondo.ries which ",",erge 

transverseJy from the solid material, but have a fonlard direction, e::-..-tend 

the Raa furth0r downstr2am. At the Brooyhaven AGS (30 GoV) the Raa drops 
beyond 

to about half intensity at I5 ft .~".eH the target locc.tion. At 200 GeV the 

angule.r distribution ,,'ill be ll'ore sharply fOrlmrd, with the opening angle 

decreased by the ratio of energies or by a factor of about 1/7. Depending 

06 thc transverse shieIding ar~und the jet, the ",aj or doposi tion of Raa 

may extend dOFnstrearl for a distance of about 100 ft. The fast neutr~ns 

"'hich emerge transversely Hill "be 'lssociated with this distribution of 

spallation Han.. The region requirir..g thick c::ct.Grnal shielding is li;:-:ited 

to this relatively localizc'~_ hot spot. 

Another type of spill can occu!" "ri th thin ta:;:'g{~ts or s::;':!tm::s ,.,hen the 
scattered 

'particl'Js are projected do'ltmstrea.."!l through the vaCUlli.~. chD.Ij~~cr or through air. 

Me·st. of these cm be cauglit on " cl can"-up" targets at, the edges ~ the 

aperture, and th~ir spills confined to local regions beyond these targ~ts. 

Some may miss the cleon-up targets and soray out against che.mbcr Halls, 

extencUng dm-'!lstre.oJTI for about t betatron wavelength or about 250 ft. 

Again, the extent is Ii: ited and external shieldin'C( is needed only around 

the hot sont. If the acc·,lerator is mistu.'1cd the location of soill s can be 

observed by r'"diation monitors instoJ.lcd in the rin!;, and the orbits CM be 

corrected fron the contrel console. The infrequency ann lic:,ited time duration 

of such off-r~sonancc 8Di11s shon]n make thicI-: e},.--ternn.l shielding unnecesso..ry 

arottrld th~se norn .. '111y "QuietI! ~ortions of the ring. 
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4. B"o.m Power and Raa Intensity: 
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Expcri('nce at severa] labo!'c.torics confirms the expectation th:1.t 

total Raa intensity developed beyond a s::>iH or target is closely propor-

tional to beo.m DOHer in thf! spill, uithin the energy r:-~se wh(:r~ nucleonic 

shovers 9.rc dominn.nt in att"l'_U2.tion of th~ beam. Thr- pro~ortionality factor 

is affected by the ch"l"ical constitutents of materi".l in the region '..there 

the sho~·Ter develo~s, and on the arne.f1...Ult and arrangcr:.:::nt of transverse 

~hieldin" arolIDcl the region of the shoHer. Expcr,l.lental evidence is aV3.ile.ble 

onlv for energies up to 30 GeV. 

At the BrooYh?ven At'S, follo"ring long runs ;:-,t c!1c~B:i~s up to 30 GcV, 

at an average bec.m cu","cnt of 4 x lOll protons/3 CC, Hith 90% of the beam· 

strikinrs an intern[ll targ0t (10% lost arou'1d t'cc orbit), the [lmbient Raa 

intensity within the (concreto) enclosure, ",hen hot spots Were locally 
obscrved to be 

shielded, was'about 1 rero/br after a 48 br eool-dDlm. In local re<;ions close 

to (tool distance) ",ajor hot spots [lnd ,,,ithout 

intensities -..rere in the range 10 to 50 rem/hr. 

local shieldi:1g, the Raa 
'e:; 

At thW intensit~ th~ 

h1mdling of essentio.l l".aintenance activitIes by the AGS opcr,,~5.ons f,!'0up 

without exce~ding p~rrnissible eXDo:=;ures ::~.s been oneof the IfI..ajor nrocJ.e1.1.S. 

The beam pOler spilled at the ta~grt uas 1.9 lciJ.ow"tt. The ruubicnt R8.3. 

.. fter 4S brs cool-oo,,-"'7l, fo:~:)\"'ing :!..onB' r1.ll1s, can be expressed as: 

In the ACS conversion program for higher intensity nOl-r in progress, 

the goal is for 2 x 1012 p/sec; at 33 ':eV and Hith 90% on targ~t, beam 

po"er wiIl be 9.5 kw. The Raa intens::'';y expected after 48 brs is 5 rem/br, 

in agreement with the value of Ran. 

ex~ct~d that som~ minimal p~rs{)nn""l '" ccess can be alloFE:d, Hith maxiIT,1J.r.1 

preca,.,tions, for essential tas],s tha~ cannot be mndlod by remote control. 



-8- FN-I09 
1100.0 

Improvements can cort8.inly be made in thc Rail per kilO1",tt in the 

200 GoV machine. Sjl<'1.l1..-ction products dor:im.te the Eaa in the dense metals U ... e 

(f.n accclc-r'ltor Coc'!1oncnts. The a!1.bient Raa can be reduCed by thick tr~lllSV(~rsc 

shieIci'ing aro1J..."1d the areas of sho~';Gr developr'cnt, or cy rwre effective local 

shielding of exposed hot spots such a c upstream f~ces of deflecting m~gnets 

or other cor:ponents. It is tl.'llil:cly that the chenical co!:cposition (i.e., Fe, 

Gu,stdnless steel) can be codified to chan"e the sD"illllticn Raa siVlificantI: 

In enc1.osure "aIls the inducd Raa due to slow neutrons is an important 

COJr,DOnlJnt.. Add5_tion of small arnoltrlts of boron to the concrete aggrcgD.tc 

can reduced tho slm·, neutron :tan; the felctor by which this could r0duce the 

ambient Rae. l~ve1 is difficult to estL.,ate and probably STrzll. 

Another posst'Jlc advantage a.t 200 GeY is the i'oTIr:".rd-folding of the 

angular distribution of high-encrgy second"lries, \-Thich roight retain a lRrgcr 
dOi.-rnstr~[· 

fraction wit~in the WCU11!:1 ch'J..l1.her or air beyond a soptun, .and so extend' 

the locations "There ShOl.'t-3rs in solid mttcr origiT'.ate. The rr.aximui·n f8.ctor 

by ,·rhich the R2U could be longitudin~.lly distl"ibutcd along a strC'.ight section 

is t~e ratio of energies (7:1 frOI': 30:200 GcV). Ho,rever, t:1is spatial 

extension can onlY be achieved "it:1 c·".ref111 design. If thc !"2-jor P".rt of 
at one noint 

the shover origin9.t~s'and continues ':.hroueh solid rn.'1terial, the SholTer 'Will 

be concentrat~d in a region not signi£'ic.-:.nt.:y lon~cr thC'm for 30 GeV. 

Ifhe r·~ "uction of the i\.a.a/h.~ .. T f!lctor ·,·ri].l requi:-e continuous dovelopnent, 

eS1Jeci~.lJy foJlow~_"'.~ the ste..rt of oparntions. In the absence of any provable 

ir;-provel'lcnt "t the present sto.ge of design, "e Hill Use the factor obtained 

from Brool:haven for estirr.ating Raa intensities as a function of spill poper .. 
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5. Decay RatM and Cool-r1o>rn SchcduJ_~s: 
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The decay of induc,"d Rna in a- hot area c1e"l~nds 0:: the r,'ltcriaJ s 

being nctiv;;;.tcd, thr>ir different activation eros s-scctions r.md d ~CD-Y rq.te:s, 
esp~ciQJ.ly 

and ~ on tl:f! build-t'p of v~ry long-lived 2.ctivities. UitlJ. the !"~"'{t.urcs 

of rnaterh:.lf! uS;:;Q in accelr:'rator cOD.:'orients anrl encJosure HaJJs, the ohs8rvel 

decay r2.tcs f'rO!1 the several laboratories a:!:'c 2j ~hly variable and also 6h,::m:e 

with tir.le. The best experiment.?l evidence at present is froD the Erookh-:vcn 

AGS. After ::onths of opsr3.tion at energies of )0 GeV lTith an Hvr:r~Ge bea..r;. 

cm'rent of 2 x lO:n protons/ S8C, "-nd a cool-d01-'" pcriod of 48 hrs, the 

ambient ?,;)..'}. ,,~ithin the insic:c-to.rgct cnclo8iX:.'c \l3.S observed to follm·;- the 

rchtion: I = Io t-0 • 4 (t in hours). This rehtion is plotted in Fig. 1 

on a log-log sC:J.le of r,~l·-::.t,ive :U1tcnsity vs. tiP..c, extend -d bt'.ckl-mrcl e.nd 

arbitrariJy no!?2J.iz~c1 <:"_t 1 hI' and fon~T0.rd to 104 hrs. This rcsu:r.t is 

consistent and reproducible only !lftE;r v':JrJ long runs :J..t rcl,-..tively const~,nt 

beaJTI cu-:-rent, End only follr;vine a reln.tiv<:.:ly lOi.lg cool-dmm period such ~lS 

4::\ hrs. The dt enu",-t ion factor due to decay from 1 hr to 48 hr, cO'1ing fro,,] 

this (";xtrn.pol.0.t5_on, is G.21 ; ut 43 brs the further tir.c to decay to half 

intensity (not the "hD.lf-Jifc") is over 200 hrs. It is cle_r that lonG-lived 

activiti:,s have becor.:e very sigrdficant "lfter se~JerD.l years of 0pc""'ation. 

The 4~hr cool-JovTll is nO"1;T us .. :y1 as a minirr1J..r.'71. at both the BrooY:h.~.ven AGS 

and C:TJi P3, assoch\tcc, l:ith bi-;"TF.::c1<:ly m3.intcn1ncc sch8c1u.lee. T~is long 

COol-00't:r_ is fOlmd neccss, .... ·ry c1u~ to the slow dccf"'cY r6.te ,:;'escribe:!r1. above. 

And both J.pboratori~s Rre nov s!'!verely rest.ricted in further dcvelop:-··ent 

t"orl~ withiY1 hot 2.reas by the high Rna levels OVen follo;;ing a 48-}-I.r cool~Q1.m. 

Years of develo~~e!lt to minimize 'repJ3.ccn:~nts and 3.chil";ve high reliabiJit:T 

cool-0.clms. 
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Despit(' thr 1Jest efforts in cesisn and pl:l_nning, it seems lmli~~cly 

tirr,e after initial oDcrations sto.rt. S~10rt!!r r:aintcn~:mc~ schcchJJ~s and 

shoTter coaJ-dovm '.J,::riorls wi:} be necessary and, fo!' a tir.-,e, a sie;nific:'::lt 

fraction of both off-time [' ... nd bee_m-ti::'"':c must bc a.p1)J_i~d to c1cvclo'!Jf~ent. 

Durir..g these d--velo~;r::ent activiticB coo]-c1m·m '!:;,-:riors of' 1 hr for short 

Joos arc inc1icatp.d; for ,j01)8 requirine; Jon2or '!1crsonneJ access, longer 

cool-do~ .. m t}~rior1s C2.n be aJJO\·,red. The Raa intensit.y i;l tho') hot areas shoUld 

be :I!\9_iiltamed at levels such th",t practical p~rsonnel cXPOSllr(,s Crul be 
a 

schedu"! ~d after ~ 1 hr cooJ-do~.·m. 

6. lrucimtun Rna Int~nsity, and BeD.m Current Lirrl,itEl.tions: 

The ambient Rna int.ensiti(>s·l~~hich alloH practic.:tl lengths of exposure 

time for the three clo.escs of DerSOIL'lcl ocscribc'cL above, c.re listed in 
access 

Table I, for unshielded accesS (pht1.se I) ,'1l1d'T.tlithin a shieIr:led vehicle- (lJh3.se r: 

A genera] rcco:-;'J.":'£ndation nO'H foJ.lm· rs bOJ.sC'G on the an[tly:::is of cool-dmm ra+,es 

discussed above. Far accQss by ulishieldod pcrsonr,el aftf)r I-hr coo!.-doT.tm, 

the Rao. intensity Sh01.L1_d not exceed 5 rcm/hr; "hich ,'irilI - decay to Lrc~/hr 

aft~r l8-hr cool-dolm. Referring to Table I, this win 0.1='-0,", lillshieIdccl 

access for the tim~s listed for 5 rCD./hr for the three clCl.ss,,,;s of pcrson.l;.el; ttl aF01"')l~ lJ:!.ill ~e 
after 4Q-hr, llith intensity' ·decG.yins to 1 rem hr, eJCjosu-r-es ~~ 5-ti::-'cs lon?'cr. 

~ - , -' 

Sllnil"x lis-it s can "e set for ph"lsC II activiti~s usir,S a shielded vehicle. 

The Rna int!!!'!sity sl1ou} d not exceed 
, t/.J... 

after 48 hrs. This aJI01rs "CXDOsur e 

~/-t..., 
1 ['0 rem/hr, Hhich :Jfill - rlecay tn 20 ren0n" 

I-
times after 1 hr :;iven in th~ last rm·r 

in Table 1; after 4"-hr cooJ-rlo'm the tiro-eo HilJ he 5-til"cS longer. 

Some crit~rion rnlRt bo f01.l!1d to cstabl ish Raa intensity levels resul tir..G 

in pr,':',ctical cU!"c'ltions of pcrso:n~cl ::CcesS for raintcn~nca 8J1d d'~yclo~t'ent 

activj.tics. Those d~scribed above £l.nd listed in Tpblfl 1 seem reasonable. 
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The design beam current at t~(' NAL at 200 GeV is 1.5 x lO13 protons/sec; 

this repr'}sents a total beam pOl-Ter of 480 kilo'Jatts. It can be eornpar3d >lith 

the past AGS output described eo,rl ior of 1.9 how on an inside target. 

Plans at NAT" include ejection of a single emergent beam, Hith switching 

~agn~ts to direct the heam against 3 or more targets. The effici~ncy of 
• 

the pulsed ejection magnets ann the septQm-type deflection magnets Hhich 

I produce and control the emergent beam, will determine the percentage of 

beam spill and the p01wr in the spill in th" ejection straight section. 

A long e}..-traction period is desired to extend the extend th" time 

duration of extraction over 1 sec, or 25% duty cycle. The highest effiQiency 

for long-pulse extr'lct1on achieved tn dut", is about 80%, at the FS ~,t CERN; 

an improved system aimed at less than 10% loss is being installed at the AGS. 

Conceptual designs of an ejection system for the r~ machine suggest a 

much higher efficiency, ~Tith less than 2% spill Joss initially and 1% or 

lmTer ~Tith further deveJop:.,ent. In calculating the beam spill pOHer in the 

ejection straight He will use spill fractions of 0.1, 0.02 o,1'.d 0.01 to 

represent successive ir'.provcl:lents durin" developnoent. At an internal target 

the spiJ1 fraction is t'lhm as 1.0. In the absence of any conclusive 

evidence to the contrary, 'Ie essume the same Raa intonsity per ki10Hatt of 

beam pOlTer observe'] in the liGS; ~ ;l.G.a Inten~%r) = 0.52 reri/bxj:;10Wu.tt. 

t--- Table 2 lists the Raa intensities to be expected after 1 hr a.nd 4"" hrs, 

over the above rnnr,e of spill fractions, at the design intensity: 

Table 2: Raa Intcnsitie-r at Design HeM! CU±Tent: 
(1.5 x lcr3 p/s~c at 200 GoV) 

Spin Fraction: FOHer: Raa Int"n.: Raa Inten: 
(kw) (rem/hr ;@1 hr (rem!hr) @ 48 hr 

1.0 (into heam) 480. 1200. 250. 

'c. ~ 0.1 (10% spin) 48. 120. 25. 

0.02 (2% spin) 9.6 24. 5.0 
0.01 (1% spill) 4.8 12. 2.5 
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He note trom Table 2 that the ambient Raa intensities ,~nticipo.ted 

nt design beam current and ener",y exceed those described above for ph·o.se I 

(unshiclr1.€·-r) activities.. Clc:::.rly some reduction in beam current is nece8s:,~y 

as long <~S sone unshielded ,!)crsorm.cl 2CCCSS is required. l·nny months of 

development c"" be antieip'ltcd to ac'lieve lOller P.aa/hT and ImTer spill 

frs.ctions.. Until such dcvclopr,~cnts arc successful, the bCnLl cU!'rcnt in 

long rnns should be Ih,ited. In Table 3 the IutximL'1J operating be.,.m currents 

are listed '!hieh shaul" resu.l t in tho allmnble Raa intensity lir:i ts 

describ,_'d. above for the two phases of activity~ 

Table3. lnxbtU1 operating EeSlll Currents 

At4ro,.' 
Spill Rna Inten: B eUItl OOlJf.:r: Beam curre!1t: Fraction 

fraction: (roH/hr) G 1 hr (kw) (p/scc) of dcsie;n 
Phase l: 

1010 into '0oam 1.0 5.0 2.0 6.2 ,- 0.004 

em~r.beam 0.1 5.0 20. 6.2 X loll 0.04 

emer.bc~ 0.02 5.0 1'00. 3.1 X IJ2 0.21 

e!Ccr .. bC9.ID O.OJ 5.0 200. 6~2 X 1012 0.42 

PM.se II: 
int. bc·'lJTl 1:0 100. 40.~ 1.2 X 1012 0.08 

eLler.beam 0.1 100. 400. 1.2 X 1013 0.83 

eIneT .. be."".ID 0.02 24. 480. 1.5 X 1013 
1.0 

emer. be!3...TU 0.01 12. 480. 1.5 x 1013 1.0 

From the above Table 3 He find th".t beam.curi"ent Hust be lildted 

for all levels of efficiency during phe.se I acti vties, and for" lcm",efficiency 

extraction during ph.e.se II (shieJ-led ve'licJe). The lJl..ucimum an mTo.ble 
snil' 

benntprnrer for u...YJ.s~d~lr1e-l per-sonnel acc'?Ss is 2.0 kiJovr.!.tts, corresDondiTIf;; 

to a Raa lntegsity C 1 hr of 5.0 rem/hr. 



-13-

7. Shielding for Hot Ar82s: and the lhin Rine: 

E/;! -109 
11 00.0 

If th0 m1.Ximtun beam-spill pover is to be linited as inrUcded above, 

the intensity of fRst neutrons and oth(}r second'1.ry r?di':tions gener~.ted 

in the sDill will be reduced in direct propOl-ioion to the spill po','er. 

This means th,~.t the shie) dinG rec:uired nro1ll1d the hot 0.:'80.8 is also 

reduced ":lelo'.1 thn.t needed if hign-pol·;rer s,ilJs Here to be allo'Ped# 

The IT1..3.3'I1i tude of this minirj1fl.l shieldir.g eBn 'be estinated from the 

observed radiation intensity outside the shield at the AGS during o~cr~tions. 

In one r:'le8.surCIT1.2nt ou.tside the st:-mdard overhec.d shieJ.ding of' 1 ft of concrete 

nnd 10 ft of s:md (density 1.9 g/om3), 'lhen the beam spEl pOlTer on an 

intern:).l t3..rget 1,."0.8 1.9 kilmrtts as described 2:JOye, the radiptiO!l 

intensity ,,-bove the shielding 'rds about 1.0 ren/hr. crow, if the be= s;:>ill 

pover in a hot area at the NAL \Jere lilTited to 2,0 kilOHatt, in order to 

restrict +';le ", .. a intensity to 5.0 rern/hr after 1 br, the same amount of 

shieJ~img as used at the AC'S would result in a radiation intensity outside 

the shield of 0.1 rem/hr. This is 1130 of tho ;;ru fo:>, rndi"tion worl:ers 

for :3 months; a nerson exposed to this rD.,~_i"'.tion for 1 hr HO'1..~ld rrweive 

a dose eouivalent to 3 days 2t the EFD rate. If s"ill ;:>O"ler were to be 

so lil:\ited, and only this ano'_'l1t of shielding were inst~_lled, the judicious 

USe of fences to keep staff au3.Y from th0 hot area regions CQuld D1.;""!.ke this 

intensity acceptable. 

This is not intended to suggest thn,t the ;.C.,s shiel ding is adeq\l,c1,te for 

hot spots o.t the R~L. Actu::lly, much higher oe,,,-!'_ spill po,,'ers can be aT.d 

wi11 be used terr.poro.rily at the HAL, particuJ.orly during early stn:;es of 

operati.on befo~c the long-lived Ma's hc.ve developed. The shield thiolmess 

to be instC1.J18d sllould be deter1:,:ined from the r-.o.ximttr1. anticipated spills 

and from attenu~tion c2.1culo.tions. 
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Anothpr situn.tion deservin?; ano.J.ysis is th~ rncli.qtion do~e i-lhich 

"rou] d be given to a pr?rson out.si7 e" the shieldincs res~ ting from un 

acciitento.l s7JiJJ. of the entire "fJeam at one point in the orbit. Again, 

assume the s,~.m.e shield thickness as :1t th'2 AGS, of 1 ft concrete plus 

10 ft of s.?!ld, for \·r:1ich o. beOlll sT'il1 of 1.9 l<ilol.''ltts gave a radi?tion 

intensity of 1.0 rem/r...r ontsin e ~he shieJd c1UJ."'ing operations. The IrJ.:).xinn.lPl 

desiVl beam OCHer is 480 kilm-ratts. If one ptL1 S8 at full intensity "ere 

accic'entc.1.1y sni1 Jed the enerS'J in the pulse Hould be 4 times 480 or 

1,900 kilcjoules/pu.1 se (at the cyc'.ing rate of 15 pulses/aL'1ute). The 

time-twerc.ge radhtion intensity outside the shield '·Iould be 480/).9 

or 250 rem/hr cr o.en rem/sec. The e:x-ternal r9.di'.tion dose due to one 

pulse "mud be 4 times 0.07 or 0.2S rem/utus.&.,. This dose/pulse is 

less thO!! 1/10 of the lIID for 3 lConths, equimlent to 8 days exposure 

a t the HFD rate. Consic~ering the lOH probn.biJ.it~r of such fuJI-intensity 

acci,le!'.to.l spins, this doee is not excessive. So the shield thickness 

at the AGO HouJ.d be (barely) ade(l1.urte for prot.ection o.~.inst singJe 

accidental sDi")Js at the l'~AL, if instr<lled around the entire ring. 

These c3.lcul "tions a'Jove based on the shield thickness at the AGS 

are not to be taken as a recor,1I,:end::..tion for the use of such thin shielding 

at the !TAL. Rather, they are useful to i11ustrc.te tOle special conditions 

descri'l-.~d abov8, in 'to,hich spiJls are li~·:-.itec1 at aJ.l ti ... nes to spill pOHers 

of 2.0 ~rilot-.t' tts, in order to avoid excessive buiIcl-up of Ro.:t within the 

hot areas. 
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The most si,c;nifico.nt resu..lt of this aU9.!_ysis so f~n', is the concept 

it provides of a b?sic Dolicy atJplying to radi".tion protection \<Ihich 

differs DL'-u-kedly fron past pr;:1ctice.. "\Jith previous accelerators it h~s 

been custo'~"lry to desien for ru3.xirCt1I1 possible beam cur!'€!lt and to direct 

developments tOW'lrd ~.chieving this resli't "t the earliest possible date; 

beam spi'J s and Ra" "ere considered necessary evils to be cruntered by 

insta.] lation of heavy shiel<'.ing "",d spacinl h,mdling devices. The success 

of AG synchrotrons such as the AGS ".no FS in achieving be"m currents f"r 

greater than their design ~lues h~.s been greatly appreci~ted by scientific 

users, but they have exceeded their d9signcd shieJr1ing and h-1.ve reached 

unsC'.fe levels in the build-up of induced Rca, to the extent trot further 

efforts to "improve be-~m-hJ...1'J.dJ.ing eff5_ciency are severely llG.ndicapped. 

An aJterm.te policy for the E,lL acc~ler"-tor 1!ouJ.d be to place first 

priority on the d~velon;:,ent of bean ejection ~nd hRJlc.lir~€ devices to 

incrense efficienc'Y -'l.nd deCr82.:3e spiJ.l losses, Hith beam currents P.lronwhile 

limited to ulJ.mr safe personne]. access for these continuing developsents. 

Successful steps in this deveJ.orrnent ,"ould be fDIlOl·red im;r,edi~tely by 

raising the allo\-led beam cur:r'ent li<"1its. This analysis suggests th.".t 

uJ.tir-e.te success in tilis deveJo~r:,ent can reasonably be c.nticip,~ted, and 

th9.t the design beam cu:crent can be aChieved,c uitllout e:ccceo.ing the R~ 

intensities reauired for pr~ctico.l periods of: personne: :lcoess. Once 

this goal is achieved, the ?aa it'tensities in the hot ".reas need nev,or 

gro\.r e.bove t!l~ !e'rels est'?.blished foi" pe!"~onnel sQfety 3.nd further develop-

ments wi}'l be expedited. 
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FolloHir.5 this nl.j~e!'11i'_te no] icy of contro1 of radiation, tJ. high 

prioritr ".rill be given to the 8'lrly o.evelopr.lent nnd testing of beOLTU 

ejection and beam handling devices. Eeo;1.m current "rill be limitec dlTj_ng 

initial oper:::.tions to vfl.lues \-,rhich ".,riJ 1 not pro0.uce R:J.:l. intensities gre".ter 

thl:'.n t:1ose spe~ified to allml 2. pr~1.ctic~1 ttount of w1shielded p'3:'2onnel 

access. Eaa intensit:T "Hill not be allce.red to build up to the val u~s 

listed under ph'lse II activities until- shiel-ded vehicles ilnd techniqu~s 

for using them hnve beei.1 e8veloped p.nd tested. 

The earth fill shielding inst"-lled during constructio~. c::tn be lirited 

" to th.t ilvaihble as cack-l-filJ. from the ef'.rth eXCO.VCl ted for the construction 
~ 

of the tUl11lel-she.ped encJosure, redistributed to proviile a uniform coveriag 

of the ring. Aside from factors s11ch as strength of the enclosure 

structures, costs for the 83.rth-fiJ.l shiel~ing shou}.(~ not greatly exceed 

those for norm.?l backfi} 1. During early st3.ses of oneraticn G.t 1m! bef'lll 

cQ."'Tents, mep.surer".ents of r3.di:ltion intensity and of the induced R[I.u shouJ.(l. 

identify tmo.!lt:.cip~te::'. s'(:i115, where th~ 88.!"th fiJ.I can bB increased ;:"8 

needed. 

If this policy is accepted and cc.rried out, it sh01v.c1 lead ul timate}_"' 

to an accelerator with such exce] Ierlt cec;.YlJ. control and hr.ndlinf; systere 

that spills around the ring wEI be l1'ininP.l and the build-up of induced RD.a 

wiIl never :;econe a serions thre,?t to personnel access. 
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