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STMPLIFIED ANALYSIS OF SHIELDING REQUIREMENTS
M, 8, Livingston

January 19, 1968

1. Basic Condltions:

a) Radiosctivity build-up in hot spots will be limited to
allow practical personnel access times. Exposure tlmes will
be controlled to limit individual doses to below the MPD.
Beam current will be restricted as required to limit beam
spill power, until low splll factors are achileved, when beam
current can be increased.

b) Radiation intensity during operations is provorticnal
to spill power. Beam spllls are treated as point scurces,
using spill power at each point. Observed intensities out-
side shield at AGS are used tc obtain an "equivalent unit
source' per kw spill power and at a nominal 1 ft. distance
from source.

¢) Attenuation factors due to shielding and distance are
calculated for the several sizes of enclosures at NAL, for
earth fill and mill-scale f111, as a functicn of thickness
of 111 in ft.

d) Radiation intensity in rem/hr 1s calculated as a func-
tion of fill thickness for the maximum estimated spill powers
in NAL enclosures, usling appropriate attenuation factors.

e) Allowable intensities outside shields are based on the

MPD and probable occupancy times at the several splll sites
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near or far from occupied areas. These are used to determine
shield thickness for the several enclosures.

f) Recommendations are made for shield thickness for
components of ring enclesure. Since these are hased on
maximum spill powers and aceceptable outsicde intensities,
thicknesses ares taken directly from the plot in d) above.

g£) Calculation of resulting intensities for special cases:
1) acecidental full-power spilll of beam in main ring,

2) high-rise laboratory bullding,
3) equipment gallery above booster ring,

4) econditions for 400 GeV operation.

2. Maximum Power Limitation in Spills:

Tn an earlier study (Control of Radiation, M. 8. Living-
ston, 12/7/67) the induced radioactivity levels expected
1 hr after shut-off are given for various spill nowers,
based on observed Raa Intensities at the AGS. With a 10 kw
spill (2% of design beam power) the ambient Raa will be
25 remn/hr, with much higher wvalues near hot components.
This is 5 times the maximum allowed for unshielded personnel
access with practlical exposure times, and wiil requlre use of
shielded vehlicles. 3o 10 kw 1s taken as the maximum allow-
able splll power in hot areas. At the booster ejJectlon regilon
a maximum of 5 kw (20% spill) is taken. In the qulet sectors
of the main ring, where splills will occur only by accldent or
mistuning, the maximum spill vower 1s taken as 1 kw (0.2%

spill).
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3. Egquivalent Scurce Intensity:

Radiation intensity ocutside the shield at the AGS during
operation at 4 x 101l p/sec, 30 GeV, 90% on target (1.9 kw)
was observed to be 1.0 rem/hr; the unit intensity was 0.52
rem/hr/kw. The shleld consisted of 1 ft concrete
(d = 2.5 g/em3) and 10 ft sand (d = 1.8 g/em3), or a total
of 638 g/cmg, with a ceiling height 12 £t gbove the beam.
Tne equlvalent unit polint scurce at 1 £t from the target is

I, = PoRS eX/% = 0.52 x (23)% x &838/130 = 5,79 x 10" ren/nr/xw

g 1 ft.
Tne attenuation coefficient, A = 130 g/cmg, is that observed
at CERN for nucleonic showers with good geometry {point
source)., Additional shielding around the AGS source due to
magnet iron or local shileldlng is neglected; to be equivalent
at NAL, such local shielding should equal or exceed that at

the AGS.
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4. Shielding Tactors for "melosures of NAIy as“func‘c.'ion of thiclness t {1%)1

shield: x

; Xy = concrete roof

- 1 = )
Uge:l" = o7 ° /A . R = total digtunce outside s
L 4
shield'ng in p/or?; x = shielding £i11 thicknessiin g/en”; N = 130 o/er,

Density of esyth £i11 talen s d = 1,8 gfow’ = 112 1b/1t7,

Tocntien: Fnel, roof: Dist: Shield: Fig, 1
heicht: thiel: Rs Xo * X4 Curve:
(£6)  (f8)  (£8) (/)
Vndn Rine:
lng,scctors: 5 1 6+t T76455+% A
St.e~ctions: & 1 T+t 704+ 55 ¢ B

(henn ser-pers)

Eject, strai<ht 17 2 16 4+ % 152 4 55 ¢ C
Booster: (eorind 6 i 7T+t TH 4+ 551 B
(3411 scale)d: 6 1 7+t 7647281 D

(d = 4.2 g/c:3)

5. Intensity Cubside Shields; 2g function of spill vorer and thickness]
Use: I=XI, PF, I, = 3,70 x 104 rern/hr/lar € 1 £t, Use ¥ = 10, 5, 1 luv,

Ugse ghieldingz factors F plotted in Fig, 1. Resulisg are vlotied in Fig, 2,

Tocstion: Power, Pt Shield, Factor: Fig, 2
(Icwi Curve:
Mnin Ding:
IMng, Sectors: for: 1.0 Fig. 1, Curve & c
nerr: 1.0 iz, 1, Cuwrve A c
S5t,sections: 1C.0 ¥ieg, 1, Corve B a
(besn seripera)
Eject.str-ieht: 10,0 Fig, 1, Curve C é
Eooster: (e-prth) 5.0 Tig, 1, Curve b b
(1111 senle): 5.0 Fig. 1, Curve D e
Cool:(errth): 1.0 Fig., 1, Curwe B c

(i3l scele): 1.0 Fig, 1, Curve D f



6, Recormerd~bions: The allcowsble inlernsities oulside the &}

- S ity

differ, devending on distrinee from occupicd arenrs, Three intens
levels are chosen: 1) 25 rreny%r above shield far from ocorupicd avesns,
2) 1¢ mrem/hr above ghield newr (over 100 %) oceanied arens, and

Just obatde the ghisl
¢ Ll . ) .
3) 2.5 ﬂﬁenlhr'.l.c.“hnqulnment mllery ahove the boostery. Thege lirits
v o

-

are irdic+tel on the approrriste curves of Fig, 2,

and detormine the thickness required in ench case, Thess resulits are

suwrsrised *n the recormenditiions hHelour:

Toention: Cuteide Inten: Fip,2 Shield Thic ness:
(rmren/hr) Curve: (ft)

Main Ring, far: 25, c 1z,

nexr: 1.0, ¢ 20,

St.sects, Tor: 25, 2 22,

t
>
)

St,sects,nenr: 24,
Liect.sect,neov: 1C, d 20,

Eooster, hot srezc: 2.5 b- 25,

hot ape~s: 2.5 e 12.

cool areia: 2.5 f 10,5



n 1) FN-139
1100.0

7. innlyels of Speclal Situnrtions:

a) Accientnl s7il) of beznm 2% o single point in the mnin ring:
Aggume the full benw (5 x 1013 p/éu]se) ot 200 Go2V enerpy 1s apilled.
The equivilent sowrce intensity ab £a1l power (490 lor) is I, = 1,77 % 107

rem/hr @ 1 ft, Minirua shield thickuess (Fig. 2) is 19 ft of esrth over

H

the main ring, for which the shielding facter ¥ = 5,C x 1077 (Fig, 1,4).

L]
U

Intensity cubeide shield, I= I, F = 8,% ren/bir = 2,45 % 1073 ren/sec,

juil

4 T=1,0x%x 10°% ren,

H

fhn dose fron a gincle pulse (A sec cyele) i D
This is 0,3 % of the M for 3 monﬁhs or equivalent to 4 hrs exrosure
ot 1 MID for radiation vorlers., It is not a signiiic-nt hnzord,

b) Intengity ot higl-rice office and lohoratory bulldine: This building
ie located 25C £t from the main ring or 300 It sl=nt dlstance, onovosite a

Il'-"-
"near" recion where maxiram intersity ovkbside the shield will he'l0 mrem/hr,

Attenuntion due to distance from source is Ip = (?QO) e 6,4 X072 mren/hr,
This is 25% of the IFD for nrnradiction verkers of ths general publie,

Additional Tocal ghielding arovnd hob swobs is neplected, Shyshine is 2lso
neglected but will not c¢hange I5 enovgh to be & hazard,

¢) Equimrent galiery ahove the booster: laximus allowshle spi’l at the
booster will produce intensities in the zallery of 2.5 mrem/hr, or 1 NID
for radistion workers, Occuponcy times can be limited 4o a frachtion of

40 hr/ulk so accurul ted dees will be a fraction of 1 11D,

d)  4L00-GeV oner~tion: The design average hean cuvrent st A00 GeV is the

=

arme ng at 200 GeV, so bern vaver is drubled, By the time this is snchleved
bean svill froctions shon®d be reduced =2t Jezst to half by develornrent,

So the sane bean enill powers will eon’y and chiclding will be adequnte,
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