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Reca lcu la t ion  of Shie ld ing  for t h e  Addi t ion  of a PAR 

1.0 I n t r o d u c t i o n  

The s h i e l d i n g  estimates f o r  t h e  E lec t ron  and P o s i t r o n  Linacs  and t h e  

Booster Synchrotron, conta ined  i n  t h e  1987 Conceptual Design Report (CDR) of 

t h e  APS (ANL-87-15), have been reviewed and r e c a l c u l a t e d ,  along w i t h  newly 

i n i t i a t e d  c a l c u l a t i o n s  of t h e  r equ i r ed  s h i e l d i n g  f o r  t h e  a d d i t i o n  of a 

Pos i t ron  Accumulator Ring (PAR). Seve ra l  new assumptions with respect t o  beam 

i n t e n s i t y ,  p ro j ec t ed  l o s s e s  i n  t h e  system, and assumed o p e r a t i o n a l  t i m e  have 

been incorpora ted  i n t o  t h e  c a l c u l a t i o n s .  Details of t h e  prev ious  

c a l c u l a t i o n s ,  which d e s c r i b e  t h e  methodology used,  may be found i n  APS Light  

Source Note LS-90. 

2iO Shie ld ing  Design Ob jec t ive  

The Department of Energy's (DOE) guidance (DOE 81), concerning t h e  ALARA 

des ign  g o a l  for new fac i l i t i es ,  s ta tes  t h a t  t h e  des ign  o b j e c t i v e  i s  t o  l i m i t  

exposures t o  one-f i f  t h  of t he  5-rem-per-year l i m i t  g iven i n  t h e  same document. 

T h i s  impl ies  a n  average dose rate l i m i t  of 0.5 mrem/h, based on a 40-h work 

week. S u f f i c i e n t  conc re t e  as a bulk s h i e l d  is used t o  achieve  reasonable  

g l o b a l  s h i e l d i n g  of a c c e l e r a t o r  components f o r  d i s t r i b u t e d  l o s s e s  i n  t h e  

system. Local ized s h i e l d i n g ,  which may c o n s i s t  of i r o n ,  l e a d  and/or  dense 

polyethylene,  is  used a t  h igh  l o s s  p o i n t s  t o  supplement t h e  g l o b a l  s h i e l d .  I n  
some cases, exc lus ion  zones may be requi red  dur ing  t h e  ope ra t iona l  t i m e  of t h e  

par t icular  component i n  o rde r  t o  m e e t  t h e  gu ide l ine .  

An a d d i t i o n a l  cons ide ra t ion  used i n  t h e  s h i e l d i n g  e s t ima tes  w a s  t o  l i m i t  

t h e  dose rece ived  by any i n d i v i d u a l ,  due t o  any s i n g l e  beam dump loss,  t o  less 
than  100 mrem. 

3.0 Types Of Radia t ion  Considered 

Depending upon the  energy of the  acce le ra t ed  p a r t i c l e s ,  one o r  more of 

t h r e e  r a d i a t i o n  components, each with d i f f e r i n g  a t t e n u a t i o n  lengths  i n  a g iven  

A 
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medium, must be d e a l t  with. These are bremsstrahlung (BREM), g i a n t  resonance 

neutrons (GRN), and high energy neutrons (HEN). High energy e l e c t r o n s  and 

pos i t rons  produce photons which i n  tu rn  produce more e l e c t r o n s  and pos i t rons  

which produce more photons. 

con ta ins  a spectrum of bremsstrahlung photons with energ ies  up t o  t h e  inc iden t  

par t ic le  energy. 

d i r e c t i o n  of t h e  par t ic le  beam, but t h e  t r ansve r se  component cannot be 

neglected.  

( t h re sho ld  energy i n  most materials i n  the  range 7-20 MeV).  They are emit ted 

almost i s o t r o p i c a l l y  and have a n  average energy of about 2 MeV. For e l e c t r o n s  

o r  pos i t rons  above s e v e r a l  hundred MeV,  high energy neutrons (E > 100 MeV) are 

produced. The high energy component i s  not  i s o t r o p i c ,  but  i n  many sh ie ld ing  

s i t u a t i o n s ,  on ly  the  t ransverse  component is important .  For s h i e l d i n g  

estimates i n  t h i s  review, both t h e  GRN and HEN components are gene ra l ly  taken 

t o  be i s o t r o p i c .  

components w i l l  a l s o  adequately a t t e n u a t e  any synchrotron r a d i a t i o n  which 

escapes from t h e  vacuum chamber in which t h e  p a r t i c l e s  a r e  acce le ra t ed .  

The e lec t romagnet ic  shower which develops 

This bremsstrahlung is  h ighly  peaked i n  t h e  forward 

Giant resonance neutrons are produced by photonuclear  i n t e r a c t i o n s  

The bulk s h i e l d i n g  provided €or t h e  above mentioned 

4.0 Radiation Dose Equivalent Factors 

The unshielded r a d i a t i o n  dose equiva len t  f a c t o r s  f o r  t h e  above components 

have been adapted from Fasso, e t  al. (FAS 8 4 ) ,  with  t h e i r  suggested 

modif icat ions.  These are: 

Radia t ion  Component 

Dose Equivalent Conversion Fac tor ,  FH 

2 ( m r e m  m 1 
J 

Bremsstrahlung 

Giant Resonance Neutrons 

High Energy Neutrons 

2.8 
0 .63  

0.075 

These f a c t o r s  express  t h e  unshielded dose rates a t  1 m i n  t h e  t ransverse  

d i r e c t i o n  (90") t o  t h e  e l e c t r o n  o r  pos i t ron  beam. In t h e  forward d i r e c t i o n  
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( 0 ' )  with respect t o  the  p a r t i c l e  beam, the bremsstrahlung r a d i a t i o n  is q u i t e  

i n t e n s e  and 9 

m r e m  mL 
J 1, F~~~~ = 8.3 Eo( 

i n  which EO is t h e  i n i t i a l  energy of t h e  particle i n  MeV. 

components i n  t h e  forward d i r e c t i o n ,  the  dose f a c t o r s  i n  t h e  t a b l e  above are 
used. 

For t h e  GRN and HEN 

5.0 Radia t ion  At tenuat ion  Parameters 

Information on t he  a t t e n u a t i o n  of bremsstrahlung, g i a n t  resonance 

neutrons,  and t h e  high energy neutrons by d i f f e r e n t  s h i e l d i n g  w a s  taken from 

the  l i t e r a t u r e ,  when a v a i l a b l e .  The l i t e r a t u r e  sources  consul ted f o r  t h e  

a t t e n u a t i o n  l eng ths  inc lude  ALS 73, BAT 67, BAT 70, DIN 77, FAS 84, N e 1  68, 
SWA 79, SWA 85, TES 79 and o the r s .  

With r e spec t  t o  a t t e n u a t i o n  of t he  high energy neutrons,  a t t e n u a t i o n  

l eng ths  w e r e  no t  a v a i l a b l e  i n  t h e  l i t e r a t u r e  f o r  every material of i n t e r e s t .  

I n  t h e  absence of quoted values ,  t h e  a t t enua t ion  l eng ths  f o r  t h e  high-energy- 

neutron r a d i a t i o n  component (E > 150 MeV) were es t imated  from t h e  expression:  

X = 38.5 
mass number of t h e  a t t e n u a t i n g  material. 

g/cm2, adapted from ICRU Report 28 ( I C R  78), i n  which A i s  t h e  

I n  a l l  cases, a n  a t t e m p t  w a s  made t o  use conserva t ive  va lues  f o r  t h e  

a t t e n u a t i o n  l eng ths  quoted i n  t h e  l i t e r a t u r e .  The fol lowing a t t e n u a t i o n  

lengths  w e r e  used: 
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Attenuat ion  Lengths 
~~ ~~ ~~~ ~~~~~~ ~ 

Radiat ion Component Shie ld ing  Material Attenuat ion Length 

A(g/cm2) 

B r e m s  s t rahlung Le ad 25 
Concrete 49  
I r o n  37 
Sand (Earth)  70 

Giant Resonance Concrete 
Neut rons  Dense Polyethylene 

Sand (Earth)  
I ron  (backed by H) 
Lead (backed by H) 

High Energy Neutrons Concrete 

I ron  
Lead 
Dense Polyethylene 

40 

33 
100 
16 1 

65 (E < 100 M e V )  
115 (E > 100 MeV) 
138 
191 (E > 150 M e V )  
62 (E > 150 MeV) 

6 -3 

5.1 Shie ld ing  Computatfons 

Bulk sh ie ld ing  computations were based on the  fol lowing expression f o r  

po in t  l o s s e s  i n  t h e  va r ious  components of t h e  APS system: 

i n  which has  u n i t s  of mrem/h, i f  W,  the  energy l o s s  rate, is expressed i n  

J /h ,  FHi i s  t h e  appropr i a t e  dose conversion f a c t o r  from t h e  t a b l e ,  f o r  t h e  ith 

r a d i a t i o n  component, r is t h e  sou rce  t o  dose p o i n t  d i s t a n c e  i n  m, d is t he  
2 s h i e l d  th ickness  i n  g/cm , and Xi is  the  a t t e n u a t i o n  l eng th  f o r  t h e  ith radia- 

t i o n  component, i n  g/cm 2 
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6.0 Shie ld ing  of Linacs and Pos i t ron  Converter 

6.1 Assumptions and Parameters 

The r ev i sed  phys ica l  parameters used t o  r e c a l c u l a t e  the s h i e l d i n g  f o r  t he  

e l e c t r o n  l i n a c ,  t h e  p o s i t r o n  conver te r  and the  p o s i t r o n  l i n a c  are: 

Elec t ron  Linac: 

Pu l se  Amplitude: 1.2 A 

Pulse  Width: 40 ns  

Pu l se  Repe t i t i on  R a t e :  

Charge pe r  Pulse: 

Average Current:  I = 1.2(40 x 10")48 = 2.3 e- 

Maximum Energy: 200 MeV 

Elec t ron  Beam Power at Target:  

24 per  1/2 s = 48 pps 

3 x 10" e-/ pulse  

2.3 pA (200 MeV) = 460 W 

Pos i t ron  Converter: 

Conversion Rat io:  0.0083 e +/e - 
Transmission t o  Pos i t ron  Linac: 60%, which g ives  a n e t  conversion of 

0.005 e+/e- 

Pos i t ron  Linac: 

Pos i t ron  Charge per  Output Pulse:  

Pos i t ron  Average Current:  

Maximum Energy: 450 MeV 

1.5 x lo9 e+/pulse 

I = 11.5 nA e+ 

Tunnel Parameters:  

Dimensions: 9 '  by 9' 

Beam Height: 5' above f l o o r  level  
Distance from B e a m  Line t o  Inne r  Shie ld  Wall: 1.7 m 

6.2. Estimated Beam Losses  in Linac  System 

For t h e  va r ious  components i n  the  Linac system, s h i e l d i n g  computations 

were based upon po in t  losses of a c e r t a i n  f r a c t i o n  of t h e  beam power. These 

are i n d i c a t e d  i n  t h e  t a b l e  below: 
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Estimated Losses i n  t h e  Linac System Components 

Average Power Loss 
- (W) 

Component f: (PA) Loss (X) E (MeV) e+ e- 

Gun Output 5.69 

Buncher 2.56 

F i r s t  Linac 2 .3 

55 0.15 0.47 

10 100 25.6 

output  
100 200 460 

Second Linac 1 . 91x10-2 
Input  40 60 0.46 
Transmitted 1.15xlO-* 

6.3 Shielding Recalculations 

6.3.1 Electron Linac 

I n  LS-90, the  E lec t ron  Linac s h i e l d i n g  was  determined t o  be 2 m of 

concre te ,  and the  d i s t a n c e  t o  the  n e a r e s t  dose poin t  w a s  taken as 4 m. For 

the  Klystron Gal le ry  s i d e ,  t h e  s h i e l d i n g  i s  2 m of concre te .  On t h e  oppos i te  

s i d e  of the  l i n a c ,  t h e  s h i e l d i n g  is  p a r t  concrete ,  p a r t  e a r t h  berm which 

i n c r e a s e s  t h e  t o t a l  d i s t a n c e  t o  t h e  dose point .  For t h e  r ev i sed  va lue  of 

power l o s t ,  25.6 W, t he  computed dose rates a r e  

2.35 (200) 

= 1.101 mrem/h - 2.8 (25.6) (3.6 x 10”) e- 49 

(412 
%REM - 

- 2.35 (200) . 
=E 0.029 mrem/h - 0.63 (25.6) (3.6 x lo3) e- 46 

( 4 1 2  
HGRN - 

2.35 (200) 

= 0.313 mrem/h, 0.075 (25.6) (3.6 x 10’) e- ~ 6i 

%EN= (412 
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f o r  a t o t a l  of 1.44 mrem/h, on t h e  Klystron Gal le ry  s i d e .  Assuming a n  

ope ra t iona l  t i m e  of 10 %, t h e  average dose rate would be 0.14 mrem/h, w i t h i n  

the  gu ide l ine .  

can be reduced t o  wi th in  t h e  gu ide l ine  even f o r  continuous opera t ion  of the  

l i nac .  With respec t  t o  t h e  e a r t h  berm s i d e  of t h e  sh i e ld ing ,  t h e  dose ra te  

w i l l  be w i t h i n  t h e  gu ide l ine  without  any l o c a l  sh ie ld ing .  

With t h e  a d d i t i o n  of l o c a l i z e d  l e a d  sh ie ld ing ,  t h e  dose rate 

6.3.2 Positron Converter 

A t  t h e  pos i t ron  conver te r ,  we  assume a l o s s  of 460 W. If an a d d i t i o n a l  

30 c m  th i ckness  of concre te  is added t o  t h e  s h i e l d  on t h e  Klystron Ga l l e ry  

s i d e ,  t h e  t o t a l  sh i e ld ing  i n  t h e  conver te r  area w i l l  then be 30 cm of i r o n  

backed up by 200 c m  of concrete .  

s t a r t i n g  a t  t h e  beginning of t h e  conver te r  area. No  added s h i e l d i n g  w i l l  be 

needed on t h e  e a r t h  berm s h i e l d  s i d e .  For t h e  increased  sh ie ld ing ,  t h e  dose 

rates become 

This added s h i e l d i n g  w i l l  be 10 m i n  l eng th ,  

7.8 (30) - 2.35 (200) . 
= 0.035 mrem/h - 2.8 (460) (3.6 x 10 ) e 37 e 49 3 -  

- 
(412 

H~~~ 

. 

2.35 (230) 3 -  
= 1.900 mrem/h, 0.075 (460) (3.6 x 10 ) e . 65 

%E*= (d 

giv ing  a t o t a l  of 1.985 mrem/h. 

average dose rate would be 0.199 mrern/h which i s  w i t h i n  t h e  guide l ine .  

For an  assumed o p e r a t i o n a l  t i m e  of lo%, t h e  
The 

dose rate can a l s o  be reduced t o  wi th in  the  gu ide l ine  by using l o c a l i z e d  lead  

s h i e l d i n g  around t h e  conver te r  t a r g e t .  
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6-3-3 Pos i t ron  Linac 

For the  Pos i t ron  Linac, t h e  previous amount of sh i e ld ing  w a s  more than 

adequate f o r  t he  pos i t ron  beam'but w a s  kept  a t  2 m t o  provide s h i e l d i n g  f o r  

t he  expected l o s s e s  i n  t h e  accompanying e l e c t r o n  component. 

i n t e n s i t y  i n  t h e  new design,  t h e  2 m is  s t i l l  adequate f o r  sh i e ld ing .  

For the  increased 

6-3-4 Positron Beam Compression System 

A t  t h e  beam compression system, the  l o s s  is assumed t o  be 10% of the  

pos i t ron  beam, which amounts t o  0.518 W(11.5 nA x 450 MeV x 0.1). In addi- 

t i on ,  t h e  accompanying e l e c t r o n  beam, assumed t o  be equal  i n  magnitude t o  t h e  

pos i t ron  beam, is e n t i r e l y  l o s t  a t  a dump i n  t h i s  same region. This  g ives  an  

a d d i t i o n a l  loss of 5.18 W, f o r  a t o t a l  of 5.7 W. The r e s u l t i n g  dose rates 

are : 

2.35 (200) 
0 

= 0.006 mrem/h 40 3 -  0.63 (5.7) (3.6 x 10 ) e 

(412 
H ~ ~ ~ =  

2.35 (200) 

= 0.070 mrem/h, 65 3 -  0.075 (5.7) (3.6 x 10 ) e 

(4 l2 %N= 

for a t o t a l  of 0.321 mrem/h, which m e e t s  t he  guide l ine .  

6.4 PAX Shie ld ing  Cons idera t ions  

10 The s h i e l d i n g  estimates f o r  t he  PAR are based upon a t o t a l  of 7.2 x 10 

e+/s of energy 450 MeV being de l ive red  t o  the  PAR. These parameters g ive  a beam 

power of 5.184 W, of which 50% is assumed t o  be lost a t  poin t  P i n  Fig. 1 below. 
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Figure  1. Shie ld ing  l ayou t  f o r  t he  a d d i t i o n  of a PAR. 

This  assumption i s  based on exper ience  at DESY which would i n d i c a t e  t h a t  most 

of t h e  l o s s  t akes  p l a c e  i n  t h i s  r eg ion  and t h a t  fol lowing t h i s ,  about 99% of 

t h e  remainder is d e l i v e r e d  to  t h e  synchrotron. For t h e  geometry shown i n  t h e  

f i g u r e ,  t h e  forward d i r e c t e d  bremsstrahlung w i l l  be in t e rcep ted  by s u f f i c i e n t  

concre te  t o  n u l l i f y  any s i g n i f i c a n t  con t r ibu t ion  t o  t h e  dose rate i n  t h a t  

d i r e c t i o n .  The n e a r e s t  dose po in t  of concern i s  A i n  t h e  f igu re .  To estimate 

the  bremsstrahlung c o n t r i b u t i o n  a t  poin t  A, t h e  fol lowing e m p i r i c a l  expres- 

s ion ,  adapted from Swanson, e t  a l .  (SWA 8 5 ) ,  which expresses  t h e  angular  

dependence of t h e  bremsstrahlung dose equiva len t  f a c t o r ,  was  used: 

-e / i i o )  F = 16.7E0 (2-eB/e 1/2)  4- 833 (10-e,/21) + 25 (10 B 

is  i n  ( m r e m  m 2 / J )  a t  1 m, Eo is t h e  pos i t ron  energy i n  M e V ,  OB, 

Hi 

i n  which FH 

is  t h e  bremsstrahlung emission a n g l e  with r e spec t  t o  t h e  o r i g i n a l  pos i t ron  

beam d i r e c t i o n ,  i n  degrees  and Eo = 100 M e V  deg. The f i r s t  t e r m  of the  

express ion  accounts  f o r  t h e  in t ense ,  h ighly  peaked forward component of t h e  

bremsstrahlung, t h e  remaining t e r m s  express  t h e  con t r ibu t ion  as a func t ion  of 

OB. For po in t  A i n  Fig.  1, t h e  d i s t a n c e  from t h e  l o s s  poin t  i s  6.53 m and % is 
taken as 27.35 degrees .  The bremsstrahlung dose f a c t o r  a t  t h i s  angle  i s  then: 

i 
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27.35(450) 27 . 35 27.35) 
= 16.7(450)(2- 100 ) +_833(10- 21) + 25(10- 110 ) 

2 m r e m - m  = 55.6 . 

The dose rates f o r  an  assumed s i d e  w a l l  s h i e l d i n g  of 1.5 m of concre te  and a 

50% loss  at  a po in t  are: 

2.35(150)sec 27.35O 
49 

= 3.696 mrem/h 
3 -  55.6(0.5)(5.184)(3.6~10 ) e 

%REM= (6.53)2 

2.35(150)sec 27.35O 
40 = 0.007 m r e m / h  

3 -  

(6 .53)2 

0.63(0.5)(5.184)(3.6~10 ) e Gcm= 

2.35(150)sec 27.35 
65 = 0.037 mrem/h. 

3 -  0.075(0.5)(5.184)(3.6~10 ) e 

%EN= (6. 53)2 

The t o t a l  dose rate i s  3.74 mrem/h, but  for a n  ope ra t iona l  t i m e  of lo%, t h e  

average dose rate is reduced t o  0.374 mrem/h, which is wi th in  t h e  guide l ines .  

Because of t h e  increased  d i s t a n c e  from po in t  P i n  Fig. 1 t o  o the r  dose po in t s  

o u t s i d e  of the PAR, only  1.3 m of s h i e l d i n g  is needed for t he  remaining 

s h i e l d i n g  w a l l s  of t he  PAR. 

With r e spec t  t o  the  roof s h i e l d i n g  of the  PAR, the  sh i e ld ing  i s  designed 

so  t h a t  t h e  area may be occupied while  t h e  a c c e l e r a t o r  is i n  operat ion.  

Assuming a roof s h i e l d i n g  of 1.5 m of concre te  and a t o t a l  d i s t ance  of 2.72 m 

t o  t h e  dose po in t ,  t h e  computed t o t a l  dose rate i s  3.188 mrem/h on t h e  roof 

d i r e c t l y  above t h e  poin t  P in Fig. 1. Assuming an  ope ra t iona l  t i m e  of 10% of 

cont inuous,  t h e  average dose rate t u r n s  out  t o  be 0.32 m r e m / h ,  wi th in  the  

gu ide l ine .  
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Althoi gh no beam l o s s  i n  t he  PAR is  xpected t o  r e s u l t  i n  a forward 

d i r e c t e d  beam o t h e r  than a t  poin t  P i n  Fig. 1, l ead  beam s t o p s  (10-15 c m  

t h i ck )  which w i l l  g r e a t l y  a t t e n u a t e  the  bremsstrahlung component can be 

provided f o r  t h e  t h r e e  pos i t i ons  ( B ,  C and D)  where a problem might develop. 

6.5 Booster  I n j e c t i o n  

The assumed loss ra te  a t  t he  I n j e c t o r  w a s  taken as 50% i n  LS-90. Using 

t h i s  same assumption wi th  t h e  increased  i n t e n s i t y ,  t h e  power l o s s  now becomes: 

10 3 3 W = 7.2~10 (0.5)(450)(1.6~10-~~)(3.6~10 ) = 9.33~10 J/h.  

For a s h i e l d  of 1.5 m of concrete  and a minimum d i s t a n c e  of 3.2 m t o  the  dose 

po in t ,  t h e  dose rates are: 

2.35 (150) 
49 = 1.916 mrem/h 

3 -  

%REM - (3.2)2 

- 2.8 (9.33 x 10 ) e 

2.35 (150) 
40 . 

= 0.085 mremlh 
3 -  

'GRN (3.2)' 

- 0.63 (9.33 x 10 ) e - 

2.35 (150) 
65 . 

= 0.302 mrem/h, 
3 -  - 0.075 (9.33 x 10 ) e 

'HEN (3 .2)2 
- 

which g ives  a t o t a l  dose rate of 2.303 mrem/h. For an  ope ra t iona l  t i m e  of 10% 

of cont inuous,  the  average dose rate would be 0.23 mrem/h, which i s  wi th in  t h e  

gu ide l ine .  I f  10 c m  of lead  were used as l o c a l  s h i e l d i n g ,  t he  photon dose 

rate could be reduced t o  about 0.02 mrem/h, and t h e  t o t a l  dose rate would then 

meet t h e  gu ide l ine  without averaging. 
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6.6 B o o s t e r  Ex t r ac t ion  

The Booster Ex t rac t ion  reg ion  p resen t s  t he  most formidable problem of 

s h i e l d i n g  because of the  high energy of the  pos i t rons .  Any losses i n  the  

t r a n s f e r  of pos i t rons  t o  the  s t o r a g e  r i n g  r e s u l t  i n  t h e  formation of a rela- 

t i v e l y  l a r g e  HEN component (because of t he  high energy of t he  pos i t rons) .  

This component is  very d i f f i c u l t  t o  s h i e l d ,  s i n c e  f o r  any material t h e  a t t enu-  

a t i o n  l eng ths  are r e l a t i v e l y  l a r g e ,  thereby r e q u i r i n g  l a r g e  th icknesses  t o  

r e a l i z e  s i g n i f i c a n t  a t t enua t ion .  Moreover, t h e  l o s s e s  occurr ing in t h i s  

reg ion  gene ra l ly  t r a n s p i r e  wi th in  a s h o r t  t i m e  per iod  which can l ead  t o  t h e  

production of s i g n i f i c a n t  dose rates, which tend t o  be dominated by the  

neutron component. 

concre te  is  115  g/cm2, i n  i r o n  i t  is 138 g/cm2, and, in l ead ,  191  g/cm 2. 

t a b l e  which fo l lows  i n d i c a t e s  t h e  dose rates produced assuming c e r t a i n  

f r a c t i o n a l  l o s s e s  a t  a poin t .  The r e l evan t  assumptions f o r  t h e  s i g n i f i c a n t  

parameters are t h a t  t h e  s h i e l d  c o n s i s t s  of 1.5 m of concre te  and t h e  minimum 

d i s t a n c e  to t h e  dose po in t  i s  3.2 m. T o t a l  beam power is obtained from: 

W = 7.2 x 10" (7000) (1.6 x 

The a t t e n u a t i o n  l eng th  of t h e  h igh  energy component in 

The 

(3.6 x lo3) = 2.9 x lo5 J /h .  

Dose R a t e  i n  mrem/h 

Beam Loss Frac t ion  BREM GRN HEN TOTAL 

0.5 
0.4 
0.3 
0.2 
0.1 
0.05 

40.9 1.3 49.5 91 07 
32.7 1.1 39 .6  73.4 
24.5 0.8 29.7 55.0 
16.4 0.5 19.8 36.7 
8.2 0.3 9.9 18.4 
4.1 0.1 5 .O 9.2  

By us ing  l o c a l  sh i e ld ing ,  an assuming t h a t  t h e  o p e r a t i o n a l  t i m e  i s  lo%, t h e  

average dose rates can be reduced t o  those shown in t h e  following t ab le :  
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B e a m  Loss Frac t ion  

Dose Rate i n  mrem/h 

- 
BREM GRN HEN To ta l  fi (10% OPER) 

0 a 5  - 0.078 4.604 4.682 0.47 
0.4 
0.3 
0.2 
0.1 

- 0.063 3.683 3.746 0 -37 - 0.048 2.762 2.810 0.28 - 0.032 1.841 1.873 0.19 - 0.016 0.921 0.937 0.09 

From the  t a b l e ,  i t  is evident  t h a t  t h e  HEN component con t r ibu te s  t h e  major i ty  

of t he  r a d i a t i o n  dose rate and t h e  bremsstrahlung component con t r ibu t ion  can 

be made n e g l i g i b l e  i f  s u f f i c i e n t  l ead  is suppl ied  as l o c a l  sh i e ld ing  ( i n  t h i s  

example, 40 c m  of l e a d  w a s  used). 

l o s s  a t  a s i n g l e  po in t ,  t h e  average dose ra te  w i l l  s t i l l  be wi th in  t h e  guide- 

l i n e s  f o r  a s u f f i c i e n t  amount of l o c a l  sh i e ld ing  a t  t h e  assumed loss point .  

Since it  is not  known what the  f r a c t i o n a l  beam loss a t  e x t r a c t i o n  w i l l  be, t h e  

amount of l o c a l  s h i e l d i n g ,  i f  any, t h a t  w i l l  be requi red  cannot be exac t ly  

estimated. However, experience a t  DESY i n d i c a t e s  t h a t  t h e  losses may even be 

smaller than those  considered i n  t h e  t a b l e  above. If t h i s  proves t o  be the  

case for t h e  APS, only a small amount of l o c a l  sh i e ld ing ,  i f  any, may be 

required.  The recommended conc re t e  s h i e l d i n g  is  1.5 m i n  t h e  e x t r a c t i o n  

region,  supplemented by l o c a l  s h i e l d i n g  of "hot" spo t s  as needed. 

Even with t h e  p e s s i m i s t i c  assumption of 50X 
c 
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