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SIHPLIFIED ANALYSIS OF SHIELDING REQUIRE~1ENTS 

H. S. Livinp:ston 

January 19, 1968 

1. Basic Conditions: 

a) Radioactivity build-up in hot spots will be limited to 

allow practical personnel access times. Exposure times 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 spill factors are achieved, when beam 

current can be increased. 

b) Radiation intensity during operations is proportional 

to spill power. Beam spills are treated as point sources, 

using spill power at each point. Observed intensities out-

side shield at AGS are used to obtain an "equivalent unit 

source" per kw spill power and at a nominal I ft. distance 

from source. 

c) Attenuation factors due to shielding ann distance are 

calculated for the several sizes of enclosures at NAL, for 

earth fill and mill-scale fill, as a function of thickness 

of fill in ft. 

d) Radiation intensity in rem/hr is calculated as a func-

tion of fill thickness for the maximum estimated spill powers 

in NAL enclosures, using appropriate attenuation factors. 

e) Allowable intensities outside shields are based on the 

MPD and probable occupancy times at the several spill sites 



-2- FN-139 
1100.0 

near or far from occupied areas. 'l'hese are used to determine 

shield thickness for the several enclosures. 

f) Recommendations are made for shield thickness for 

components of ring enclosure. Since these are based on 

maximum spill powers and acceptable outside intensities, 

thicknesses are taken directly from the plot in d) above. 

g) Calculation of resulting intensities for special cases: 

1) accidental full-power spill of beam in main ring, 

2) high-rise laboratory building, 

3) equipment gallery above booster ring, 

4) conditions for 400 GeV operation. 

2. 11aximum Power Limitation in Spills: 

In an earlier study (Control of Radiation, M. S. Living-

ston, 12/7/67) the induced radioactivity levels expected 

1 hr after shut-off are given for various spill Dowers, 

based on observed Raa intensities at the AGS. With a 10 kw 

spill (2% of design beam power) the ambient Raa will be 

25 rem/hr, with much higher values near hot components. 

'fhis is 5 times the maximum allovled for unshielded personnel 

access with practical eXDosure times, and will require use of 

shielded vehicles. So 10 kw is taken as the maximum allovr-

able spill power in hot areas. At the booster ejection region 

a maximum of 5 kw (20% spill) is taken. In the quiet sectors 

of the main ring, where spills will occur only by accident or 

mistuninf" the maximum spill power is taken as 1 kw (0.2% 

spill). 
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3. Equivalent Source Intensity: 
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Radiation intensity outside the shield at the ~GS during 

operation at 4 x lOll 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 shield consisted of 1 ft concrete 

(d = 2.5 g/cm 3 ) and 10 ft sand (d = 1.8 g/cm3 ), or a total 

of 638 g/cm 2 , with a ceiling height 12 ft above the bewn. 

'1'[le equivalent unit point source at 1 ft from the target is 

I = P R2 e X/\ = 0.52 x (23)2 x e638/130 = 3.70 x 10 4 rem/hr/kw 
(J 0 

@ 1 ft. 

Toe attenuation coefficient, A = 130 g/cm2 , 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 shielding is neglected; to be equivalent 

at NAL, such local shielding should equal or exceed that at 

the AGS. 
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1" J _'T 5-Use:' = -R~:2 () ~"/) • , ' 
R :: tot::J c1ist'tTlce outsi(le shi..elrl; :xo = concrete rfJof 

-t 
Sh:i.81d-~YlR in g/CF?; x = Sh:t8l.cl~.n[; LtJJ_ thic];ilPr3slin g/c)':?; A = 130 e:/cn? 
Density of e-'rc', fill -en>"", I::S d = 1.8 r;/en3 = 112 Ib/ft3. 

I )OC~"i.t irm: Encl. roof: Dist: Shield: Fig. 1 
heir~ht. : thic1-: R: Xo 4 x • Curve: . 
(ft) (ft) (ft ) (g/er2 ) 

E'1.:L11 Ili'"lg; 
ED,e. sectors: 5 1 6 + t 76 + 55 t A 

St.s"-ct:i.on.s: 6 I 7 + t 76 t 55 t B 
(be·e .. , \ sere,rers ) 
Ej oct. f3tl"".i:;ht 17 2 19 + t 1 c: ') 

--j,~ 4- 55 t. C 

Boos-t-r"r' (c"'~""l~ 'c'. "._'_ u' 1 6 1 7 t t 76 + 55 t. B 

(i'ill 8C-1.) 8): 6 J 7 + t. 76 t 128 t D 
(d = 4.2 g/c, ,3 ) 

Use' 1= 10 P F .10 - 3.70 x 104 re·;/hr/hr ~ J ft. Use P = 10, 5, 1 b·T. 

Use shiplnine: f:tctnJ:'s F p:1_otted in Fig. J. Resu:tts r.re nlo+·-t,eo. in Fig. 2. 

I.ocltion: 

H'15::J. ::'i-~"\g: 
... ~ r. J.. 1 .. ~ ..... f,.0ec .... o'Y's: f::,.r: 1.0 

ne~.r: 1.0 
St, sr:cti02:S: JO.O 
(been 8CC'·'r'~s ) 
Eject .. Rtl"~ 2.crht: J C. 0 

Booster: ("crt;,) 5.0 

(niJl scc,Je): 5.n 

CooJ : ( 8c,r't.h 1 : 1.0 

(l"ij 1 sc~IR): 1 0 

Shielc1. F:-lctOf': 

Fig. 1, CiJrVe .' .. 
n' Curve A ;. 19 • .c, 
Fir,. 1, C'Jr-'l0 B 

Fir,. 1, Curve C 

Fie. } , C'l~"'re E 

Fig. 1, CUY've D 

Yj z- 1. e 11I'''.' C· B 

Fig. 1, C1ITVC D 
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2) 1 C Tj";l'(::n/11r tl.bOV8 sh-'i.cld ne",!" (ove-'"!' 100 f't) occu::icd (1.Ter~.s, ~.nc1 
.iue'::' (y".1-.::;i(18 t118 £JhirJd 

3) 2. 5 r:~9;'1/IT I {i. c. tl'-fi)qui ::>Y,l-:m-L g;.:.lls!:J:' D. 'love the 00 os ter). Thpse Ijy~i:ss 

T,oc;.."tinn: Outsic1e Inten: 
(mrerc/hr) 

Hain lUn" , f".~: 25. 

St.s('cts, fl.r: 25. 

St. sects ,Ylb-:?;r: 10. 

BoosteI', hot PTe::::: 2.5 

cooJ ,'3.re~s: 

Boostr;r, (TniJJ s:::::'J_e~: 
hot. :::.r€,'s: 

coo] 2rF:"l.S ~ 

2.5 

2.5 

2.5 

Fig.2 
ClL4re: 
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S:-lj.c}r1 :'l::i.c' neps: 
(f't ) 

18. 

20. 

22. 

24. 

20. 

25. 

22. 

12. 

10.5 
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7. AnrJ,lys:i.s of Spee:i.n.:l ~;itu'ltj_on s: 
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Assmne tl18 fuJI b""cm (5 x 1013 p/puJse) at 200 GeV en,,"17 is spilJed. 

~'he equiv:.)8nt. SO'lY'ce in-r.E'nsit;r at fuJl pOVOl' (L,po hr) is 1m = 1.77 x 107 

rer<1/1rc G J ft. l,rin:tr~l"['1 shieJd tbicknpss (Fig. 2) is l~~ ft of e:J-rth O'Ter 

th8 rnin d.llr" for uhicl1 the shieldinc: fn.ctor F :: 5.0 x JO-7 (rig. J.,A) • 

• 
Intons:tty rJLlt~-;,i;-10 shielc_, I ';: Im F :: 8.8 rem/hr = 2./~5 x 10-3 l'er::;,/sec • 

. ~hf' close frOIl a sinc;Je pulse (I,. sec cyclo) is D = L, I u 1.0 x 10-2 reI:l. 

,This is 0.3 % of the ~·rln for 3 months or equiv'_'.lt:;nt to L~ hI'S e:;U~'OSlu~e 

is J oen.ted 250 ft froTi1 t,he IlcLin ring or 300 :.f't sJ ,'='.nt dist;:1.nce, o~o'l)o[-)~_~-}e !J. 

11 = 
flne1...t'" rer:;ion Hhere rn..axir-.l1T1l inteI'sity olJ'usii1 e the shie}/l. uiJ.l, bellO rr.re..Tn/hr. 

2~ 2 2 / A ttel,u~.tion due to distn.nce frat" SOl1TCe is 12 = (JoO') 11 " 6.~ xJ.O- mre", hr. 

This is 25~ of the I,:FD for n(\nr8.di.~.tiol1 l"~orkers or th~~ generaJ public. 

booster wil} pro0uce intensities ill the gDJ J er;r of 2. ~ rn...:re.vn/hr, or J l·.:FD 

for rD.c1:i:~tion "vor\o:prs. O,"?cnp::.~".cy times C2n be lir:d.ted to a fr']'c-tion of 

40 hr/,,]' so ccccurnu1·ted d08S "ill be Cl fraction of J. lTD. 

0) L...OO-GeV OpCI'·~,tiO;:l: The design o.,\rer:l.f,;e b0CH'1 cu(~rent 2.t ! ... OO GeV is the 

S-fl.Me :.ts nt 200 GeiJ, so be~n !)0Her is G ~u1)J eel. By the tine this is ['~c~:'eved 
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