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1, General Consideraticns:

Radiation problems of the aceelorator involve personnel protection,
damage to materials, and control of bacliground intensities for experiments.
Persennel prdm%mtion has two aspects: exposure to seccondary radiations
generated during accelerator operations, and exvosure to residual radic-
activity during essential maintenance and develomment activities. Tor the
former, extensive shielding will be rcquired around the accelerator housing,
emergent beam runs and experimental targets,

Exposure to residuzl radicactivity (Raa) induced in accelsrator compon-
ents and the inside walls of enclosures 1s of primary concern, and will
require some liritation of beam currents duwring initizl operations, At
the Broolhaven AGS the most serious vroblems of personnel exposure at
prescnt are those involving induced Raa in the "hot spots®" around intcrnal
targats, At the HAL, where the design beam rover will be 200 times that of
the AGS, use of f1l] beam current couldlsoon lead te Raa lewels which would
forbid persomnel access, To the extent that some personnel access to +the
hot spots at the NAL is required for essential maintenance and develovment
activities, the Raa intensity should te kept below some practical lirmit,
so as not to expend unwisely the accevptable tolerance to radiztion of the
maintenance and develorment staff, '

The induced Haa c@gs from beam spills in lecalized regions such as
the ejection straight section for the emergent beam, internal targets, etc,
Arownd the rest of the ring the bsam loss .5 expected to be small., It is
at these Jocalized hot srvots where the problnn?of personnel exvosure to Raa
will be most acute, Howrever, it is just at these locations where the
problems of development will he most severe, The bean epill at an extraction

area depends on percentoge of beam loes; the beam current can bhe raised by
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incressing extraction efficiency. At an internal target location the
induced Raa depends on the effectiveness of loeal shielding aroﬁn& the
target and the experiment. Accelarator conronents devmstream from the
spill or target will have the highest Raa intensitirs; for these, spocial
quick-discommrct systems, lecal shielding and remote handling devices
Wil be reanired to ninindze exposure to personnel., If intensities due
to such het components can be controlled, the whole-hody exnosure of
personnel depends on the ambient Raa from the rest of the accelsrator
and the walls of the enclosure. WYe take this ambient Raa intensity

ag the effective value for analysis of whole-bedy radiation exposure.

If Raa intensity rises tn excessive valuns, the beam must be turned
' off for a ceol-dovm period sufficient for intensity to decay to acceptakble
levels, After months of operation the very long-lived activities build up
to be a relatively large fraction of the residual Raa, theé decay rates
are slow, and long éool=down poriods are required for significant doercases
in Raa intensity, The léngths of ¢ool-dovn poriods should be minimizsd
to reduce off-time arnd inerezse baam on-time for experiments, The problem
is to bhalance tha loss of heam tire for experiments against the desire for
high beam currents which lead®to excessive build-up of Raa,

Analysis of those factors, coupled with personnel expesure limitations,
will orovide an estimate of the maximum beam currents which should be
permitied during initlal operations wvhen some personnel access is required
for maintenznce and development. The estimated beam spill intensities can
then bhe used to calculate the external shielding required arcund hot arezs;
to reduce extsrnal radiation intensities to acceptable levels. In other
"quiet™ portions of the ring the Raa will probebly be low enough to allow
adequate versonnel 2ccess, and the ext-rnal shieldine can be much less,
However, in tarset areas, bear—dumns and other very het areas, personnel
must be denind acecess, all handling rust be remote, and shielding must be

providel for the maximimm anticirated bean currants,
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2, Personnel Radistion Dosages:

The maxinum perrissible dose (?ED) for radiation workers is hased
on recormend-tiens by the Intsrnational Comr-ission for Radioclogical
Protection vhieh have been zccepted and prorulgated by the U.3, Department
of Health and Welfare and the U,S. Atomie Energy Cormission. Radiztion
workers of age N years are permiited an accumulated whole-body dosc of
5( - 18) rem, with a maxirmm exvosure of 3 ren in any 3 months, This
has customarily been interpreted as implying dose rates of 5 ren/yr,

0.1 rem/i0-hr week, or 2,5 mrem/hr, However, the established limit is
that accumulated in 3 months, which we use as the maximum alloved value:

1M == 3.0 ram/3 menths, The maxirum dose perniticd to the extremitios

(i.e., hands and forearns) is 25 rem/S months, It is expected that loeal

body shields will be used to reduce the whole-body dose to the 1TD above,
Certain tynes of activities can be distinguished Invelving different
personnel, for whom  lengths and frequencies of axvosure can differ., TFor
mainten¥ee staff on a weekly schednie, for sxarnle, the u,b., dcse in a
gingle waekly exposure should not enceed 2,23 rem. Tor develonment staff
anticipating ne more than 1 exposure per month the limitation should te
1,0 ren, The emergency raximm for any single exvosur: should never
exeaed 3,0 rem, The number of sueccassive exvosures 1s linited by the zge
of the individual, For a verson of age 13 the yearly accwmlaticn mst not
exceed 5,0 rem/vr; he would be restricted to 22 wacily dosss 6f 0,23 rem in-on-
year, Wwith no hore thdn 13 in any one 3-month pariod. A person of age 33
without oprevious radictisn exposure would be alloved 12.0 rem/yr for § yoors,
then reducing to 5.0 ren/yezr. The time scheduling of doses to stay within
the vermittsd sceurulated dose 2t age ¥ years will be the resvonsibility of

the Radiation Safety Division of the Laboratory.
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The permissible doée levels given above determine the time duration
of single exmosures at a given Haa intensity level, Vhen access by unshlelreq
personnsl is required (vhich we define as phase I}, levels must be lov to
a1lew practical working times, A typle2l activity night be to rermove o hot
eomzonent {i,e, a magnet septun) and rerlece with an improved model, A
sequence of operations might be involved, using different operators, such as
disconnection of electriecal, water and vacuum circuits, installation of
pre-formed shisldinz and removal of hot components, placement of local body
shielding, and z sequence of tool maninuwlations, The ambient Raa intensiﬂf‘
at the working locatlicn of each operator will determine the exposure times.
If the activity can be performed from within a shielded wvehicle (phase If)
the shielding factor will allow a higher external Raa intensity., In the
LRL Desism Study & shielded vehicle with 4,5-inch Fb walls is reported to
give a ghielding factor of L.bx 10'2. With thicker Pb walls and furiher

development ve assure that a factor of 1,0 % 1072

can be achieved, However,
other li-itaticns are involved, such as the longer times neceded for manip-
ulations from within a shielded vehicle,

In Tatle 1 we 1ist typical personnel exposure times for phase I and
phase IT activities, for the 3 classes of workers described above, and for
gelected Raa intensity levels:

Table 1, TIersonnel Exnosure Tiires
Raa Inten: Shielding Weelly lMainten: Honthly Develon: Emerg, lax.:
(rem/hr) Factor: (0,23 remfueek) (1.0 rem/month) (3,0 rem/3 mo.)
Phase 1: (urshicldes)
1.0 rem/hr 1.0 14, min ' 1.0 hr 3.0 hr
5,0 rem/hr 1,0 2.8 min 12, min 36. min
Phase IT: (shielded vehicle)
50 ren/hr 1 x 1077 28 min 2.0 hr 6.0 hr

100 rem/hr 1 x 1072 1} min 1.0 hr 3.0 hr
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3. Distribution of Raa Intensity:

In the main accel~rztor ring the hot spots will be localized in
regions whore beam spills ocecur, prirarily at the ejection straight and
around the irnternal target., Cther hot spots may be associated with elean-up
targets located in medium straights. Ard a less intense hot spot mey develop
at the injection straight due to spills of the 10=GeV injected bear,
Losses can be expected to be very small (< 0,1% +total)arcund the rest
of the ring,

When high-energy vrolons are diverted out of the orbit by pulscd
ejection fislds and strike a deflecting magnet septum or other obstacle,
they create a nuclear cascade or shover. The cascade builds up to mexirum
intensity (maximum number of iénizing secondaries) within & few interaction
lengths of material (from a faw inches to & inches of Fe, dopendire on energy),
and then attenvates with a 1/e decay length of about 130 gm/cm2 of matter.

‘another
For exarple, forward intensity is reduced to 19 in about’2,2 £t of iron

22 7 £t of normal concrete, The highest energy particles, both primary
and secondary, form a- forward jet with small anguwlar spread, typically within
W mradian at 200 GeV, Lower enefgy sceondaries spray out laterally from
this-jet with a brosder angular distribution. The most penetrating of the
secondarins sjected transversely are fast newtrons of £100-MeV energy;

the intensity of these fast neutrons determires the thiclness and type of
shielding recuired arownd the hot arsa to reduce external intensity to
acceptahle levels during operations. 4 wvery great number of lower energy
secondaries are produced in the material traversed by the shower, ineluding
slow neutrons, The Raa developed in accelarator components cdres lergely
from Raa spallation produced by the very high enerzr particles, The Raa

in the wzalls of the enclosure comes largely fror slow neutrons in equilitrium

with the lower energy secondnries. The total nurber of szcondaries, andthe
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resultant total Raa intensity within the enclosure, are closely proportlonal
to the total powér in the beom spill.

The hot zrea dowmstream from a beam spill is limited in extent., If a
cascade jet origirates in and itraverses solid material, the production of

primarily
spallation Raa is'localized in the region of mmjor attenuation of the jet,
which iz less than 10 £t in length, High energy secondariss which emerge
transversely from the golid material, bub have a forvard direction, extend
the Raa further downsiream, At the Brookhaven AGS (30 GeV) the Raa drops
beyond

to about half intensity at 15 ft,f#em the targ:t location, At 200 GeV the
angulaer distribution will be more sharply forward,with the opening angle
. dacreased by the ratio of energies or by a factor of about 1/7. Depending
of the transverse shielding ar~und the jet, the major depcsition of Raa
may extend dovmstrean for a distance of about 100 ft, The fast neutrcns
which emerge transversely will “be 2ssociated with this distribution of
spallation Raa, The region requiring thick external shielding is limited
to this relatively loecalizod hol spot,

Another type of spill can occur wi%h thin targets or seotuns when the
Scattered .
particles are projected devmstreazm through the vacuur chaxber or through air,
Most of these can Be caught on "elean=up" torgets at:the edges & the
aperture, and their spills confined to local regiens beyond these tarzets,
Some ray miss the e¢lean-up targets and svray out acainet chamber walls,
extending dovmstreom for about 4+ betatron wavelsngth or about 250 £,
Again, the extent is 1irited and external shieldinz is needed only sround
the hot soot, If the aceolerator is mistuned the location of spills can be
cbserved by radiation meonitors in;talled in the ring, and the orbits can e
corrected from the contrel console, The infrecuency and linited time duration

of such off-rasonance svills shonld make thicl: extsrnal shielding unnecessary

around these normzlly "cuiet" vortions of the ring,
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4. Peom Power and Raa Intensity:

Experience at several lahorctories confirms the expectation that
total Raa intensity developed beyen& a gpill or target i= closely propor-
tional to beam power in the soill, within the cnergy rrnze where nucleonic
shovers arc dominant in attenuvation of the heam, The pronortionality factor
is affected by the chemical constitutents of materizl in the region vhere
the shower develons, snd on the ameunt and arrangeront of transverse
ghielding arouné the region of the shower, Experiiental evidence is available
only for energies up to 30 GeV,

At the BroolYhaven ATS, following long runs =i eneréins up to 30 GeV,
at an average beam current of 4 x 1011 protons/sec, with 90% of the beam-
striking an internal target (107 lost around the orbit), the ambient Raa
intensity within the (concret:) enclosure, when hot spots were locally

observed to be

shielded, was'about 1 rem/hr after a 42 hr cool-down., In local regions close
to (tool distance) major hot spots and without loeal shielding, the Raa
intensities vere in the range 10 to 50 rem/hr. At this intensit:;;sthc
hhndling of essential raintenarnce activitirs by the AGS operations group
without excending prrmissible exnosures --g been onsof the major nrotlenms,

The team paver spilled at the target was 1,9 ¥ilowatt, The ambient Raa

efter 45 hrs cool-downt, fol’owing long rims, can be expressed as:

Raa Inten,(4? hr) = 0,52 rer/hr per ‘:ilowatt.

In the AGS conversion program for higher intensity now in progrecs,
the goal is for 2 x 1012 p/sec; at 33 CeV and with 90% on target, beam
power will be 9,5 kw, The Raa intenslty expected after 48 hrs is 5 rem/hr,
in agrzement with the value of Raa per kilovatt given above, It is
exrected that some minimal psrsonnel ~ccess can be allowved, with maximum

precantions, for essentisl tasks that connol be handlrd by remcte conirel.
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Improvements can certainly be made in the Raa per kilowatt in the
200 GeV machine, Spallation products dorinate the Raa in the dense metals yee
&5 accelerator cornonents. The ambient Haa e¢an be reduced by thick transverse
shielding around the areas of shover developrent, or ty rore effective local
shielding of exposed hot spots such as  upstream fzces of deflecting mngrsts
or other corneonents. It is unlilely that the cherical corposition (i.e., Fe,
Cu, steinless steel) can be modified o change the svalliatien Raa significantl;
In enclosure walls the inducsd Raa due to slow neutrons is an important
cormonent, Addition of small amounts of boron to the concrete aggregate
can reduced the slow neutron Raa; the factor by which this could reduce the
amhient Raa level 1s diffieuls to estimszte and probatly small,

Another possihle advantage at 200 ZeV is the forwrrd-folding of the
anguiar distribution of high-enersy secondaries, which might retain a larger

. . doimstras
fraction within the vacwm chamber or air beyond a septun, and so extend’
the locaztions whefe shovars in 80l1id matter originate, The maximum factor
by which the Raa could be lonzitudinslly distributed along a stroight section
is the ratic of energiess (7:1 from 30:200 GeV). Hewever, this spatial
extension can only be achieved with careful design., If the major part of
at one voint

the shover originatsg’'and continuce through solid material, the shover will
be concentrated in & ragion not significamtly longer than for 30 GeV,

The r2ucticn of the Raa/lor factor will require econtinuous davelorment,
especinlly fellowing the start of cporations. In the absence of any provable

irprovement at the present stage of design, we will use the factor obtalned

from Brookhaven for estimaiing Raa intensities as a function of spill powver.
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5. Decay Ratea and Cool-down Schedules:
The decay of inducsd Raa in a hot area denends on the materials
being aétiv&ted, their different activation cross-sections and dacoy rates,
espocially

and etzn on the build-up of very long-lived setivities. Vith the nixtures

of materizle used in sceel-rator comonents and enclosure walls, the observeld
decay retes from the several laboratoriecs arec highly wariable and also dhange
with tine, The bhest experimentsl evidence at vresent is  from the Erookh ven
AGS, After months of opsrzticn at encrgzissg of 30 GeV with an averare beam

current of 2 X 1011

orotons/see, =nd a cool-dovm period of 48 hrs, the
ambient Zaa wvwithin the inside~torget enclesure was observed to follosr the

relation: I = I, ’G"O‘!L (t+ in hours), This relation is plotted in Fig, 1

on a log-log scale of relative intensity vs. time, extend-d backward and
arbitrarily normelized ot 1 hr and forward to 10% hrs, This result is
consistent and reproducible only after vory leng runs at relatively consisnt
beam curraent, and only foll~wing a relatively long ccol-dowm period such as
4R hrs, The acttenurtion factor due to decay from 1 hr to 4% hr, coming fron
this extranolation, is 0,21 ; a% 4% hrs the further tire %o decay to half
intensity (not the "half-1ife") is over 200 hrs, It is cleur that long-lived
activitics ﬁaVe becorme very significant after several years of coperation,

The A%-hr ccel-lovn is novw used as a minirum at both the Brookhoven AGS
and CIFH P23, associated with bi-weskly maintenance schedules, This long
cool-dovr is found necess~ry due to the slow deecay rate Jeseribed above,

And both leboratorics are now severely restricted in further developrent
worl within hot areas by the high Raa levels cven following a 48-hr cool<doun,
Years of develorrent to minimize replacements and achieve high relisbility
have be n required to allow such infregusnt maintenince noriods and long

cool—davms,
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Desvite the best efforts in desieon and plonning, 1% scems wunlilely
that the NiL accel-~rator can achieve equivalent relisbi’ily until sore
time after initial omcrations start. Shorter raintenznce schedules and
shorter cnel-dovm nariods will be necessary and, for a dinme, a sienifiennt
fraction of hoth of f-time ond beorm-tine must be apvlied to develonrent.
Durirg these d-velorment activities cool-dovm naricds of 2 hr for sherd
Jobs are indicéted; for johs reouiring lonzer nersonnel access, longer
cool-down variods czn be gllowed, The Ras intensity in the hot areas ghould
be maintained at levels such thot practicel personnel exposures can be

a

schedulad after’'l hr cool-dowm,
6, taximm Raa Iﬁtensitya and Beom Current Limitaticns:

The embient Haa intensities which allow practical lengths of exrosurs
time for the three classes of personnel desceribed z2bove, cre listed in

acecess
Table 1, for wmshielded access (vhase I) and'within & shielded vehicle (vhase I-
A general recommendation now follews based on the analyels of conl-dowm rates
discussed sbove, TFor accoss by unshielded peorsonnel after l-hr cooal-dovm,
the Raa intensity should not exceed 5 rem/hr; which arill  decay to ) rem/hr
after 48-hr cool-dewn, Referring to Table I, this will allow unshielded
access for the times listed for 5 rem/hr for the thres classes of personnel;
the allew=hle (will be
after A%hr, with intensity décaying to 1 rem;hr,lexposures-&re‘?—tircs longer.
Similay lirits can he set for phase Il activities using a shiclded vehicle.
1 n
The Raa intensity should nov exceed 100 rem/hr, which arill ™ Aecay to 20 rem/hr
A

after A3 hrs., This a]lm}sﬁgxposure times aftcr 1 hr ziven in the last row
in Table 1; afber AR-hr cool-down the tires will he 5-tires longer.

Some ¢ritorion rust be found to establish Raa intensity levels resulding
in proectical durations of personnel zcccegs for raintenanes snd developﬁent

activitics., Those described ahove and 1isted dn Teble 1 seem reascnatle,
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The design beam current at the NAL at 200 GeV is 1,5 x 10-3 protons/sec;
this renresents a total beam pow;r of 430 kilowatts, It can be comparad with
the past AGS output described exrlier of 1,9 kw on an inside target.

Flang at NAL include ejnction of a single emergent heoam, with switching
magnats to direct the beam z2gainst 3 or more targnts. The efficiency of
the pulsed ejection magnets and tLe septum~type deflection megnets which
.I/produce and control the emergent beam, will determine the percentage of

j beam spill and the power in the spill in the ejection straight section,

4 long extraction period is desired to extend the extend the time
duration of extraction over 1 sec, or 25% duty cycle. The nighest efficiency
for long-pulse extractlon achieved to date is about 80%, at the FS ot CERIN;
an improved systenm aimed at less than 10% loss is being installed at the AGS.

Conceptual designs of an ejection system for the AL machine suggest a
much higher efficienty, with less than 2% spill loss initially and 1% or
lower with further developrent. In caleuwlating the beam spill pover in the
ejection stiraight we will use spill fractions of 0,1, 0,02 »nd 0.C1 to
represent suecessive inmprovenents during develorwent, At an internal target
the spill fraction is talen as 1,0 . In the absence of any conclusgive
evidence to the contrary, we assume the same Raa intensity per kilowatt of
bean vover observel! in the 4G3) =£ Raa Intenﬁ?ﬂhr) = 0,52 ren/hr/kilowatt,
b—— Table 2 lists the Raa intensities to be expected after 1 hr and 4% hrs,
over the above range of spill fractions, at the design intensity:

Tadle 2: Raa Intcnsitie; at Design Beam Current:
(1.5 % 103 p/s-= at 200 GoV)

Spill Fraction: TFower: Raa Inten,: Raa Inten:
(Xw) (rem/hr @1 hr (rem/nr) € 48 hr
1.0 (int, beam) 480, 1200, 250,
2.70.1 (103 spill) 48, 120, | 25,
0,02 (2% spill) 9.6 4. 5.0

0.01 (1% spill) 4.8 12, 2.5
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We note from Tabler2 that the ambient Rza intensities anticipated
at design beam current and enersy excced those described above for phase I
(unshieldei) activities, Clearly some reduction in beam current is necessiry
as long as sone wnshielded norsonnel access is required. Many months of
develovment czn be anticipated to achieve lover Raa/loar and lower spill
freetions, Until such develonnents are sucecessful, the beam current in
leng runs should be limited, In Table 3 the maxinmum overating besm currents
are Jisted which should result in the allowable Raa intensity lirits

describned above for the two phases of activity:

Table 3. liaxirim overating Beam Currents

3 Aeeleralon
Bl w Spinl Raa Inten: Bean vower: Beam current: TFraction
fraction: (rem/hr) ¢ 1 hr (lw) {p/sec) of desisn
Phase I: 1
int, heam 1,0 5.0 2.0 6,2 = 109 0.004
emer.bean 9,1 5.0 20, - 6.2 % 1011 0,04
emer,.bean 0.02 5.0 1Co, 3.1 x 1012 0.21
emer, beam 0.01 5.0 ' 200, 6.2 x 102 0.42
Thase II:
int, beam 120 100. L0," 1.2 x 1042 0,08
eper, bean 0.1 100, 2,00, 1.2 x 1013 0.83
emer, herm 0.02 24,. 180, 1.5 x 10- 1.0
emer, bean 0,01 12, 480, 1.5 x 103 1.0

From the atove Table 3 we find that beam curient must be linited
for a1l levels of efficiency dufing phase I activties, and for lowmefficiency
extraction during phase II (shielded vehicle). The maximum allowable
spil? '

bean'power for wnshielde? personnel access is 2,0 kllowatis, corresntonding

to a Raa intepsity ¢ 1 hr of 5.0 rem/hr,
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7. Shielding for Hot Arees:and the Main Ring:

If the miximum beom-spill powver is to be limited as indiecsted above,
the intensity of fast neubrons and-other gecondnry radittions generated
in the svill will be reduccd in direct proﬁortion te the svill pover,

This means thot the shielding recuired around the hot oreas is also
reduced »elotr that needed if high~vower s»nille were to be alloved,

The magnitude of this minimal shielding csn he estimated from the
observed radiation intensity cutside the shield at the AGS during operations,
In one neasuremsnt ovtside the standard overhecd shielding of 1 £t of concrete
and 10 £t of sand (density 1.9 g/cm3), vhen the beam spill pover on an
internal target wis 1,9 kilow-tts a8 described abové, the radi~tion
intensity 2bove the shielding was about 1.0_rem/hr. fouw, if the bewm gpill
power in a hot area at the NAL were lirited to 2,0 kilowatt, in order to
restrict +ie Raa intensity to 5.0 rem/hr after 1 r, the same amount of
shielfdng as used at the AGS womdd result in a radistion intensity outside
the ghield of 0,1 rem/hr. This is 1/30 of the iTD for radintion worlers
for 3 months; a merscn exposed to this faﬂidtion for 1 hr world raceive
a dose ecuivalent to 3 days ot the NHFD rate, If snill nower were to be
80 Jimited, and only this amomt of shi-lding were instnlled, the judiciocus
use of fences to keev staff avay from the hot area regicns conld make this
intensity acceptable.

This is not intended to suggest thnt the AGS shielding ie adequote for
hot spo£s 2t the MAL, Actui?ly, much higher bHeam apill powers can be and
will be us=2d temporarily at the NAL, particulerly during early stages of
operation befcre the long-lived Raa's hove developed. The shield thickness
to ke insialled should be determiﬂed from the moximm anticipated spills

and from attenuntion calculations,
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Another siturtion deservins analysis is the randiation dose which
wvould be given to a perscn ouisife'the shielding resulting from an
accidental svuill of the entire heam at one point in the orbit. Again,
essune the ssme shield thiclmess as ot the AGS, of 1 £t conerete plus
10 £t of sand, for waich o beam spill of 1.2 kilowtis gave a radization
intensity of 1.0 rem/hr outside the shield during operations, The maximum
design beam pover is 480 kilewatts, If one pulse at full intensity were
aceident2ly snilled the energy in the pulse would be 4 times 480 or
1,900 kilcjoules/pulse (at the eyeling rate of 15 pulses/minute), The
time-avercge radi5tion intensity outside the shield weould be 480/].9
or 250 rem/hr or 0,07 rem/see, The external radi-tion dose due to one

pulse would be 4 iimes 0,07 or 0,2° ren/oulse, This dose/pulse is

less than 1/10 of the }MID for 3 ronths, eduivalent %o 2 days exposure
at the MID rate, Considering the low Drabability of such full-intensity
accisental spills, this dose is not excessive, So the shield thickness
at the AG3 would be (barely) adeausie for protection aeninst single
accidental spills at the FAL, if instolled around the entire »ing,

These calcul~tions ahove based on the shield thickmess at the AGS
are not to be taken as a recormendation for the use of such thin shielding
at the AL, Rather, they are useful to illusirate the special conditions
descriked above, in which spills are licmited at all times to spill powers
of 2,Q Milowtts, in order to avoid excessive build-up of Raa within the

hot areas,
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8, Radintion Policy “uestions:

The most sismificant result of this analysis so far, is the concept
it provides of a basic volicy avrlying to radistion protection vhich
differs markedly from past practice. Uith previous accelerstors it has
been customary teo design for moximm ﬁossible bezm current and to direct
develomments toward achieving this resu’t 2t the earliest possible dates
beam spills and Raz were considered necessary evils to be cauntered by
installation of heavy shieléing and special handling cdevices, The success
of AG synchrotrens such ag the AGS and BS in achieving beam currents far

greater than their design values hus been greatly appreciated by scientific

By

users, but they have exceeded their designed shielding and have reached
unsofe levels in the btuild-up of induced Rea, to the extent that further
efforts to improve beam-handling efficiency are severely handicapped,

An zlternate molley feor the MAL acceleraztor would be to pilace first
priority on the develorrent of beam ejecticn ond handlirg devices to
increase efficlency nd decrsaze spill losses, with beam currents meanwhile
limited te allow csafe personnel access for these continuing develorments,
Success{ul steps in this develorment would be followed immedistely by
raising the allowed bean current linmits, This analysis suggests thet
ultirate success in this developnent czn reasonably be anticipated, and
that the design beam current can be achieved, without ezceceding the Raa
intensities reouired for practical periods of personnel. access, Once
this goal is achieved, the Raa irtensities in the hot areas need never
grow zbove thz levels established for rersonnel safety and further develop—

ments will be expedited,
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Following this alternnte policy of control of radiation, 2 high
priority will be given to the eirly develomment and testing of beam
ejection and beam handling devices, Fem cuwrrent will be limited during
initial operztions to velues which will not vroduce Raa Intensities greoter
then those specified to allow =2 procticnl arount of unshielded parsonnel
eccess, Raa intensity will not be alloved to build up to the values
listed under phase II activitiszs until shielded vehicles and techniaqurs
for using them hove heen developed end tested.

The earth fill shielding instnlled during construction can be linited
to thet availsble as backgfill frown the earth excawited for the construction
of the tunnel-shaped enclosure, redistributed to provide a uniform covering
of the ring. Aside from factors such as strength of the enclosure
structures; costs for the earth-fill shielding should not greatly exceed
those for normal backfill. During early stages of ovmeratich at low besm
currents, measurements of radiation intensity and of the induced Raa should
identify unanticipzte’ srills, vhere tﬁe eavth f£ill can he increased s
needed.

If this policy is accepted and carried out, it showld lead wltimately
to an accelerator with such excellent beam control and hendling systems
that spills arcund the ring will be minimal and the build-up of induced Raa

will never hecone a gsericus threat to personnel access,
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