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a. Levels Above the Equipment Compartment 

surmnary 
This report ,  P a r t  V-a of Technical Memorandum No. 16, presents  the r e s u l t s  I 

of a survey of calculated gamma-ray l eve l s  a t  maqy points  on the surface of the 
operating f l o o r  of the  containment building f o r  the  Enrico Fermi reactor .  That 
port ion of t he  f l o o r  surveyed l i e s  d i r ec t ly  above the  equipment compartment. 
The calculat ions were made with t h e  aid of an 1m-6So elec t ronic  computer. 

The main source of rad ioac t iv i ty  which gives r ise t o  gamma radiat ion 
above-the f l o o r  i s  t h e  radioactive sodium-2& in the  primasg coolant system. 
systemwas considered t o  be completely f i l l e d  with sodium, and act ivated t o  an 
equilibrium a c t i v i t y  o f  0.05 curies/cc , which corresponds t o  i n f i n i t e  reac tor  
operation a€ 500 megawatts power. 
f o r  these calculat ions.  

T h i s  

No f i s s i o n  product contamination was considered 
The operating f l o o r  is 5 feet th ick  and of concrete and 

csteel, as shown i n  Figure 1. 

The r e s u l t s  of , the  survey, presented i n  Table 11, ind ica te  t h a t  above 
t h e  equipment compartment t h e  surface dose on t h e  opera t ing i f loor  w i l l  i n  no case 
exceed Q.9 mr/hr a t  

from one se t  oflconcrete and s t e e l  thicknesses t o  another. 

e expected f u l l  operating power of 430 megawatts. 
I 

Included as ap* ndices are der ivat ions and methods of corrections ' 

Prepi red 

Approved 

W e  Chaltron 

c Y7 
C)zs o a /  

6 
., , 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



TECHNICAL MEMORANDW NO. 16 

Survey of  the Radiation Levels i n  the  Containment 
Vessel of  the Enrico Fermi Atomic Power Plant 

_-  
i Being Issued: 

Par t  V - Gamma Radiation Level i n  the Operating Area 
of the  Containment Building 

a. Levels above the Equipment Compartment 

Issued Sep-Lember 4, 1958: 

Par t  I - Gamma Radiation Levels i n  the  Equipment Compartment 
Due t o  Primary Coolant Activity and Associated 
Fiss ion Product Contamination I 

To Be Issed  a t  a Future Date: 

P a r t  I1 - Gamma Radiation Levels i n  the Equipment Compartment 
Due t o  the Storage o f  Various Radioactive Pieces 
of Equipment 

Pa r t  I11 - Gamma Radiation Levels i n  the Reactor Compartment 

Par t  I V  - Neutron Radiation Levels i n  the Reactor Compartment 
During Plant Operation 

Par t  Vb - Gamma Radiation Levels i n  the Operating Floor Above 
the Reactor Compartment 

Par t  V I  - An Estimate of Neutron and Gamma Streaming i n t o  the 
Operating Area of  the Containment Building,, 



T A B U  OF CONTENTS 

I. Description and Results 

A. Design Basis 

B. Purpose of t h i s  Survey 

c. Description of Survey Program 

D. Conditions of the System 

E. Results of t he  Study 

11. Calculat ional  Bases and Methods 

A. General Description 

B. Orientat ion of Sources and Detection Points 

C. Tota l  Dose a t  Point P 

APPENDICES 

Appendix A - Raw Data - Machine Calculation Results 

Appendix B - Corrections t o  Other Thickness 

Appendix C - L i s t  of Symbols 

Appendix D - Derivation of  t he  Dose a t  Point P Direct ly  Above 
a Ver t ica l  L i n e  Source 

Appendix E - Derivation of the  Dose a t  point P a t  a Skew Angle 
Above a Vertical Line Source 

Appendix F - Derivation of t he  Dose a t  Point P Above a Horizontal 
Line Source - Case I 

I Appendix G - Derivation o f  the Dose a t  Point  P Above a Horizontal 
Line Source - Case I1 

Appendix H - Derivation of  the Dose a t  Point P Above a Horizontal 
Line Source - Case I11 

Page No. 

5 

5 

7 

7 

10 

10 

10 

10 

1 7  

17 

23 

25 

27 

32 

3.5 

39 

43 

46 

- 3  - 



LIST OF TABLES 

Page No, 

8 

11 - 16 
- Radiation 

- Radiation Levels on the  Surface of t h e  Operating 
Floor Direct ly  Above the  Equipment Compartment 

Sources i n  Equipment Compartment c Table I 

Table I1 

Table A - 1  - Raw-Data, Uncorrected Results of Machine Calculations 
Radiation Levels on Operating Floor f o r  a S tee l  Thick- 
ness of  6-3/4 Inches and a Concrete Thickness of 
53-1/4 Inches 

LIST OF FTGURES 

1. Plan V i e w  of Operating Floor, Showing Stee l  Thicknesses 

2. 

3 ,  Vertical Source, Configuration 1 

4. Ver t i ca l  Source, Configuration 2 

Grid of Equipment Compartment on Operating Floor 

5. Horizontal Source, Configuration 1 

6, Horizontal Source, Configuration 2 

7. Horizontal Source, Configuration 3 

24 

6 

10 

18 

19 

20 

21 

22  



I. Description and Results 
A .  Design Basis 

The operating f loo r sh te ld  of t he  containment building f o r  the  Ehrico 
Fermi reac tor  has been designed s o  as t o  allow continuous access t o  the building 
a t  a l l  times during full-power operation of t he  reactor ,  
external  radiat ion exposure t o  which p lan t  personnel working i n  unregulated 
a reas  w i l l  be subjected is  0.03 rem on the bas i s  of a 40-hour week. Translated 
in to  a design c r i t e r ion ,  t he  maximum permissible l e v e l  due t o  rad ia t ion  leaking 
through the  operating f l o o r  of  the containment building has been s e t  a t  a r a t e  
of 0.75 millirem/hr.  

The maxhum weekly 

c 

The sh ie ld  floor cons is t s  of a, t o t a l  thickness of  5 r'eet i n  most areas, 
consis t ing of from 3-1/2 inches t o  10 inches of s teel  p l a t e  on the  underside of 
t he  sh ie ld ,  with t h e  remaining thickness being comrete  having a dry density 
.of 150 1b/& (1). 

Serpentine concrete ( 2 )  has been chosen f o r  t h e  high-temperature am- 
irhIch w i l l  e x i s t  around the  access plugs i n  the  f l o o r  f o r  t he  primaqy coolant 
heat  exchangers and primary sodium pumps. 
by t h e  Toledo Testirig Laboratory, has a density of 130 lb/ft3 and a compressive 
s t rength of around 2500 ps i .  The serpentine rock aggregate, ac tua l ly  a type of 
asbestos ore, has the a b i l i t y  t o  hold i t s  hydrated water t o  temperatures as high 
as 900 F,and therefore  t o  keep i t s  neutron sh ie ld ing  effect iveness  t o  these 
temperatures. 
s teel  $hicknesses required are grea te r  than i n  other  areas because o f  the  low 
density of serpentine concrete. 

This concrete, developed f o r  PRDC 

It should be noted t h a t  i n  the  serpentine concrete areas$ the  

The present  report  is  concerned with t h e  rad ia t ion  l eve l s  a t  the s rf 
of t h a t  port ion o f  t he  operating f l o o r  above the  equipment compartment. c3P, ?E7 

A t  the  time t h a t  the design of t h i s  operating f l o o r  sh i e ld  was set ,  the  most 
reliable information which w a s  ava i lab le  indicated t h a t  150 lb/ft3 concrete 
could be easily obtained by use o f  a pa r t i cu la r ly  heavy grade of l o c a l  t r a p  
rock. 
consis tent ly  in la rge  quan t i t i e s  with t h i s  aggregate. 
w i l l  be added t o  achieve t h i s  density.  

It has not been establ-ished t h a t  t h i s  density i s  ' .possible t o  achieve- 
Some magnetite o re  

A descr ipt ion of t h i s  concrete i s  given i n  an a r t i c l e  e n t i t l e d  "'New Shielding 
Material f o r  High Temperature Application" by H. E. Hungerford, R, F. Mantejr, 
and R. V a n  Maele, Nuclear Science and Engineering, November 1959. 

Section V-b , Radiation Levels on Operating Floor Above t h e  Reactor Compartment, 
w i l l  be issued a t  a fu ture  date, 

The secondary sh ie ld  w a l l  (Figure 1) divides t h e  lower building area i n t o  an 
inner  reactor  compartment and an outer  equipment compartment. 
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The nzaximum l e v e l  of  t h e  neutron f lux which i s  expected t o  be incident @ on $he underside o he operating f l o o r  in the equipment comprtment is  less than 
1 x lo4 n/cG-sec f s j .  Part I of the  survey ( 6 )  indicated t h a t  t he  highest  E-ray 
flux on the  undersi 

i n  Case I V  of Par t  
any given point. 

the  operating f l o o r  due t o  radioactive sodium-24 i s  of 
Fission product impurit ies present t o  the extent taken 

r a i se  t h i s  l e v e l  by as much as a f ac to r  of 10 a t  
the  order of 5 x 10 

The s teel  and concrete thicknesses were determined by means of de ta i led  
hand ca lcu la t ions  which considered separately and co l lec t ive ly  a l l  t h e  important 
radiat ion sources which contr ibute  radiat ion t o  a given area o f  the f l o o r  above 
the  shield.  With the  a id  of t h e  r e s u l t s  of these calculat ions,  the steel require- 
ments are s a t i s f i e d  3.n various areas b;lr the  use of from 3-1/2 f t  t o  4 f t  of 
concrete. The remainder of t h e  concrete thickness and t h e  s tee l  thickness require- 
ments then are necessazy because of the  nature and M e n s i t y  of  the  gamma radiat ion 
below the f l o o r  and the maximum design dose rate p r m i t t e d  above t h e  operating 
f loor .  

B. Pumose o f  t h i s  Survey 

This survey was undertaken as a check on the previous hand calculat ions 
and t o  de tec t  any hiddenaweaknesses which may exist i n  the f loo r  as designed. 
Since the f l o o r  is a re la t ive ly  la rge  area, there  could conceivably e x i s t  points  
not covered by the  hand calculat ions.  

C, Description of  Survey Program 
I .  

The plan o f  the,sur;vey follows closely t h a t  outl ined i n  P a r t  I, The 
gamma rad ia t ion  penetrating the  operating f l o o r  comes primarily f rom t h e  radio- 
ac t ive  sodium-24 i n  the  primaly coolant loops, 

The sources l i s t e d  i n  Table I are the same as those used f o r  P a r t  I. 
A gr id  consis t ing of radial l i n e s  and concentric c i r c l e s  was overlaid on a plan 
view of the  equipment compartment as shown i n  Figure 2 
established t h a t  the  t o t a l  thickness o f  the  sh ie ld  was determined only by the gamma 
rad ia t ion  l eve l s  ex is t ing  below the f loor ,  no survey on neutron l eve l s  above the 
operating f l o o r  has been made. (8) 

Since it was previously 

This value is a mid-compartment f igure.  
compartment w i l l  be s l i gh t ly  less than th i s .  

Levels a t  the  ce i l i ng  of  the lower 

P a r t  I was issued September 4, 1958. 
power radiat ion l eve l s  a t  t h e  underside of t h e  operating f loor .  

See Chart 1L of Pa r t  I f o r  expected f u l l -  

i .e.,  a contaihination level of  0.025 curies/cc (Char6 I1 of Par t  I). 

The only sources of neutrons above the  operating f l o o r  are possible streaming 
paths. 
The statement of t he  above paragraph refers only t o  the sh ie ld  above the  
equipment compartment, 

Possible neutron l eve l s  from these p l t h s  w i l l  be presented i n  Part V I ,  
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1. 

2. 
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v e r t i c a l  source only 
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Grid of Operating Floor Above Equipment Compartment 

A = Inner Wall of Containment Vessel 
B - 3 Feet from Containment Vessel 

= 6 Feet from Containment Vessel - 9 Feet from Containment Vessel 

E - 12 Feet from Containment Vessel 
F 0 1s Feet from Containment Vessel 
G = 1 Foot from Outer Wall of 

Secondazy Shield 
H = SeF?ondary Shield 



Calculations of t he  dose rate t o  be expected a t  the  surface of the 
operating f l o o r  were made a t  each of t he  more than 200 g r i d  points designated by 
the  in te rsec t ion  of the r a d i a l  lines h d  the concentric c i r c l e s .  
wa$ developed f o r  running these calculat ions on the IBM-650 e lec t ronic  calculator ,  
using the  formulas developed i n  sec t ion  11’ and in the appendices t o  t h i s  report ,  

A program 

The machine calculat ions were run usisg a s ingle  s teel  thickness of 
6-3/4 inches -- the  la rges ts ingle  thickness o f  s t e e l  used (See Figure 1) in 
the opera+,fng f l o o r  shield.  
After an inspection of t he  r e su l t s ,  the dose rate values f o r  a l l  points  over areas 
of d i f f e ren t  concrete and s t e e l  thicknesses were corrected t o  t h e i r  Proper thicknesses, 
by hand calculat ion,  using the  ra t io  formulas developed i n  Appendix B. 

The corresponding concrete thickness i s  53 1/4 inches, 

Condition of the  %stem 

The sodium primary coolant system at  operating power of 500 megawatts ( 9 )  
w i l l  contain radioactive sodium calculated t o  have a spec i f ic  a c t i v i w  of 
0,OS curies/cc. 
has an energy of 2,76 mev. 
these  calculat ions,  because the proportion of f i s s i o n  products which m;r$ e x i s t  , 
in the  quan t i t i e s  assumed i n  Part I of* t h i s  repdrt ,  dnd which have 8-ray 
energies above t h a t  of the sodium gamma-ray i s  negl igi ldy small. 

The dominant gamma-ray which contributes almost a l l  the dose 
NQ fissw- p d u c t  contamination was assumed in 

Results of t he  Study 

show t h e  expected gamma radiat ion leve ls  a t  the  surface of  t he  operating f l o o r  
a t  a reac tor  operating power l e v e l  of 500 megawatts. 

The results of t h i s  s e t  of calculat ions are presented i n  Table 11, which 

!his survey shows tha t ,  f o r  the m o s t  par t ,  the radiat ion l eve l s  are 
within the  design limits. 
every point w i l l  be exactly a t  t he  design l i m i t ,  
point of highest  rad ia t ion  l e v e l  a t  t h e  design l i m i t  i n  each area of t h e  f loo r ,  
This means t h a t  other  nearby points  w i l l  f a l l  somewhat below the limit, 

It is, of course, impossible t o  design so t h a t  
Effor t  i s  made t o  keep the 

The machine calculat ions indicated a few points t ha t  were s l i g h t l y  over 
the design l i m i t  of 0,75 m r e m h r  a t  the 500 megawatt sh ie ld  design power of 
the  reactor,  
of 300 mw and WO mw, respectively,  most of the points f a l l b e l o w  the design l i m i t ,  

When correct ion i s  made t o  the  cor rec t  reactor  operating powers 

It l l ~ c g  be concluded, as a r e su l t  o f  t h i s  study, the operating 
f loo r  sh i e ld  w i l l  perform as designed and t h a t  the r ad ia t ion  leve ls  w i l l  a t  
no point  be mom than  ls$ grea te r  than the  design l i m i t s ,  

11, Calculational Bases and Methods 
A, General Description 

A l l  the  calculat ions wewmade assuming l i n e  soumes. The same line sources 
were used as .those f o r  Pa r t  I of the  survey. 
and v e r t i c a l  run of coolant piping, was treated as a separate source (see Table I) ,  
Pipe elbows were divided appropriately between the horizontal  and the v e r t i c a l  runs, 

Each piece of equipment, and horizontal  

~ 

. @ ( 9 )  F i r s t  full-power operation w i l l  be 300 megawatts, Later t h i s  w i l l  be ra ised 
t o  4.30 mw. 
safety f a c t o r  of about 15%. 

Use of the  500-megawatt f igure  f o r  design purposes allows a 
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TABLE I$ 

O0 

loo 

2 oo 

30' 

40' 

50° 

@ 

A 
B 
C 
D 
E 
G 
H 

A 
B 
C 
D 
E 
G 
H 

A 
B 
C 
D 
E 
G 
H 

A 
B 
C 
D 
G 
H 

A 
B 
c 
D 
G 
H 

A 
B 
C 
D 
G 
H 

RAD AT IC EVELS ON THE SURFACE OF THE ERATING FLOOR 
ABOVE THE EQUIPMENT COMPARTPBNT 

Floor  Thickness (inches) 
S tee l  Concrete Se rpent ine - 
5.75 54.25 
5.75 5L.25 
5.75 54.25 
3.50 80.50 
3.50 80.50 
3.50 80.50 
3.50 80.50 
5.75 
5.75 

54.25 
54.25 

3 .SO 80.50 
3 .SO 80.50 

3 .SO 80.50 

3.50 80.50 
3 .SO 80 . 50 

3.50 80.50 

3.50 80.50 

3.50 80.50 

3 .SO 80 . 50 

3 .SO 80 . 50 
3 .SO 80.50 

3.50 80.50 

3.50 80.50 
3.50 80.50 
3.50 80.50 
3 .SO 56.50 
3.50 80.50 
3 80.50 

5.75 54.25 
5.25 54.75. 
5.25 
5.25 
5.25 
5.25 54.75 

5.25 54.75 
5.25 54. 75 
6.75 
6.75 
6.75 
6.75 53-25 

Dose Rate, mr/hr 
a t  500 Mw 
4.86 (-Q* 
4.38 (-1) 
2.60 (-1) 
2.66 (-3) 
2-66 (-3) 
5.10 (-3) 
6.09 (-3) 
2.96 (-1) 
3.92 (-1) 
8.17 (-3) 
8.64 (-3) 
8.64 (-3) 
8.64 (-3) . 
8.64 (-3) 

220 (-3) 
3.31 (-3) 
4.49 (-3) 
5.67 (-3) 
6.20 (-3) 
6.U (-3) 
6.37 (-3) 

8 The figures i n  parenthesis indicate the power of  ten ty which the 
qumbers t o  the l e f t  a re  t o  be multiplied. 
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1.01 (-3) 
1.65 (-3) 
2.43 ( - 3 )  
3.13 ( -3)  
2.97 (-3) 
3.15 ( -3)  

2.31 (-1) 
3.17 (-1) 
1.81 (-1) 
1.80 (-1) 
2.06 (-1) 
2.22 (-1) 



- 

70' 

80' 

90' 

looo 

: lloo 

A 
B 
C 
D 
E 
G 
H 

A 
B 
C 
D 
E 
G 
H 

A 
B 
C 

E 
F 
G 
H 

A 
B 

D 
E 
F 
G 
H 

A 
B 
C 
D 
E 
F 
G 
H 

A 
B 
C 
D 
E 
F 
G 
H 

c 

TABLE I1 (Continued) 

F loor  Thickness (inches) 
Steel - 
5.25 
5.25 

10.00 
10.00 
6.75 
6.75 
6.75 

5.25 
5.25 
11 . 00 
11.00 
10 . 00 
6.75 
6.75 

5.75 
5.25 

10 . 00 
10.00 
10 . 00 
10.00 
6.75 
6.75 

5.25 
10 . 00 
19.50 
19 . 50 
10 . 00 
10 . 00 
6.75 
6.75 

5.25 
5.25 

10 . 00 
10 . 00 
10.00 

7.25 
7.25 
7.25 

5.25 
5.25 
6.75 
6.75 
7.25 
7.25 
7.25 
7.25 

f- ~ 7 
!J ,; 3 

c onc ri t e 

54 .2 5 
5k.2 5 

53.25 
53.25 
53.25 

54.75 
54. 75 

53.25 
53.25 I 

53.25 
53 025 

54.75 

53 2 5  
53.25 

54.75 
54. 75 

52 . 75 
52.75 
52 75 

Serpentipe 

40.00 
40 . 00 

58.00 
58 . 00 
40.00 

Iro.00 
40.00 
40 . 00 
40.00 

40.00 
51 50 
51.50 
40.00 
40.00 

40 . 00 
40 . 00 
40.00 

54.75 
54.75 
53.25 
53.25 
52.75 
9.. 75 
52 75 
52 . 75 

=-,-12 - 

Dose Rate, mr/hr 
at 500 lb 

4.08 (-I)* 
3.10 (-1) 
2.97 (-2) 
4.31 (-2) 
2.09 (-1) 
2.64 (-1) 
2.90 (-1) 

8.01 (-1) 
5.65 (-1) 
2.18 (-1) 
1.02 (-1) 
4.12 (-1) 
5.16 (-1) 
6.42 (-1) 
6.18 (-1) 

4.63 (-1) 
2.2L (-1) 
1.33 (-1) 
2.45 (-1) 
6.92 (-1) 
6.79 (-1) 
3.03 (-1) 
3.48 (-1) 

6.37 (-1) 
8.11 (-1) 
4.01 (-1) 
4.44 (-1) 
5.05 (-1) 

5.53 (-1) 
5.42 (-1) 

6.37 (-1) 



- 

-63 
120° 

I 

13 00 

140' 

150° 

160° 

' 176' 

i - +  

A 
B 
C 
D 
E 
F 
G 
H 

A 
B 
c 
D 
E 
F 
G 
H 
A 
B 
C 
D 
E 
F 
G 
H 

A 
B 
C 
D 
E 
F 
G 
H 

A 
B 
C 
D 
E 
G 
H 

A 
B 
C 
D 
G 
H 

TABLE I1 (Continued) 

n o o r  ghickness (inches) 
S t e e l  

5.25 
5.25 

10 . 00 
10.00 
10.00 
6.75 
6.75 
6.75 

5.25 
10 . 00 

10.00 
10.00 
10.00 
10 . 00 

6.75 
6.75 

5.25 
10.00 
19.50 
19.50 
10 . 00 
10 . 00 
6.75 
6.75 

6.75 
6.75 

10 . 00 
10 . 00 
10 . 00 
6.75 
6.75 
6.75 

6.75 
6.75 

10 . 00 
11.00 
10.00 \ 

6.75 
6.75 

6.25 
6.25 
6.25 
6.25 
6.25 
6.25 

C onc rete Serpentine 

54.75 
54.75 

40.00 
40. 00 
40.00 

53 925 
53 025 
53.25 

540 75 
40.00 

40.00 
40.00 
40. 00 
40.00 

53 2 5  
53 2 5  
54.75 

40.00 
51 50 
51 . 50 
40.00 
40.00 

53 025 
53.25 

53.25 
53 .25 

40.00 
I 40.00 

40.00 
53 2 5  
53 2 5  
53.25 

53 * 2 5  
53 2 5  

40 . 00 
58.00 
Lo . 00 

53.25 
53.25 

53.75 
53 . 75 
53 75 
53 . 75 
53 75 
53 . 75 

Dose Rate, mr/hr 

6.IJ-i (-11% 
7.96 (-1) 
9.59 (-1) 
1.81 (-1) 
L.88 (-1) 
5.49 (-1) 
5.58 (-1) 
5.03 (-1) 

4.47 (-1) 
7.87 (-2) 
9.59 (-2) 
1.81 (-1) 
h.88 (-1) 
5.60 (-1) 
1-74 (-1) 
1.85 (-1) 

5.24 (-1) 
1.84 (-1) 
3.96 (-3) 
3-96 (-3) 
5.e8 (-1) 
5.83 (-1) 
5.09 (-1) 
4.59 (-1) 

a t  500 Mw 

4.19 (-1) 
3-04 (-1) 
2.06 (-1) 
9.63 (-2) 
3.31 (-1) 
5.33  (-1) 
5.12 (-1) 
5.33 (-1) 

2.92 (-1) 
2.L3 (-1) 
2.62 (-1) 
4.75 (-1) 
3.52 (-1) 
4.66 (-1) 
4.59 (-1) 



TABLE I1 (Continued) 

F loor  Thickness (inches) 

180° A 
B 
C 
D 
r, 

i H 

. 190° A 
B 
C 
D 
G 
H 

200° A 
B 
C 
D 
E 
G 
H 

210° A 
B 

' C  
D 
E 
F 
G 
H 

220° A 
B 
C 
D 
E 
F 
G 
I1 

230' A 
B 
C 
D 
E 
F 
ti Q H  

S t e e l  
6.25 
6.25 
6.25 
6.25 
4.25 
6.25 

6.25 
6.25 
7.00 
7.00 
7.00 
7.00 

h.25 
6.25 
6.25 
I3 000 
13 e 0 0  

7.00 
7.00 

3 .SO 
3.50 

13 .OO 
13 . 00 

13.00 
7.00 
7*00 

13 000 

Concrete 
53.75 ' 

53.75 
53 75 
53 75 
53.75 
53.75 

53 075 
53 . 75 
53 000 
53 .OO 
53.00 
53 .OO 

55.75 
53.75 
53 075 
47.00 
47 . 00 
53 . 00 
53 .OO 

56.50 
56.50 
47 . 00 
47.00 
47 -00 
47.00 
53 .OO 
53 . 00 

3.50 56SO 
3.50 56.50 
3.50 56 . 50 
3 .50 56.50 
3.50 56.50 
ll.25 550 75 
6.25 53 . 75 
6.25 53 75 

3 .SO 56.50 
3.50 56.50 
3.50 56 .3 
4.75 56.00 
L. 75 56.00 
L.25' 
h.25 

55 . 75 
55 . 75 

6.25 53 75 

Serpentine 

1.02 (-1) 
1.64 (-1) 
1.38 (-1) 
1.64 (-1) 
2.27 (-1) 
1.56 (-1) 

9.89 (-2).  
6.11 (-2) 
6.83 (-2) 
8.73 (-3) 
7-04 (-3) 

4.51 (-2) . 
2.08 (-1) 

5.21 (-2) 
9-70 (-2) 
3-41 (-3) 
1.20 (a)  
2.48 (-2)  
1.31 (-1) 
2.02 (-1) 
2.36 (-1) 

3.73 (-2) 
7.13 (-2) 
1.25 (-1) 
1.99 (-1) 
2.94 (-1) 
2,8L (-1) 
1.l4 (-1) 
6.88 ( -2 )  

1.06 (-1) 
1.90 (-1) 
3.03 (-1) 
2.82 (-3) 
1.07 (-2) 
5.44 (-1) 
5.63 (-1) 
1.23 (-1) 
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TABLE I1 (Continued) 

Floor Thickness (inches 

240' A 
B 
C 
D 
E 
F 
G 
H 

250' A 
B 
C 
D 
E 
F 
G 
H 

260' A 
B 
C 
D 
E 
F 
G 
H 

270' A 
B 
C 
D 
E 
F 
G 
H 

280° . A 
B 
C 
D 
E 
F 
G 
H 

290' A 
B 
C 
D 
E 
G 
H 

-_ 

Stee l  

3-50 
3.50 
4. 75 
L. 75 
L. 75 
4.25 
L.25 
4.25 

5.25 
5.25 
6.75 
6.75 
6.75 
6.75 
6.75 
6.75 

5.25 
5.25 

10.00 
10.00 
10 . 00 
10.00 
6.75 
6.75 

5.25 
10 . 00 
10 . 00 
19 . 50 
19 . 50 
10 00 

6.75 
6.75 

5.25 
5.25 

10 * 00 
IIL 00 
10 . 00 
10.00 

6.75 
6.75 

5025 
5.25 

- 

11 . 00 
11.00 
11.00 
6.75 
6.75 

Concrete 

56.50 
56 .9  
56.00 
56.00 
56.00 
55.75 
55.75 
55 75 

5L 75 
54 . 75 
53-25 
53.25 
53 025 
53 025 

53 025 

54075 
54.75 

53.25 

53 025 
53 a 7 5  

54.75 

53 2 5  
53 02 5 

54 . 75 
54. 75 

53 025 
53 2 5  
54 . 75 
54.75 

53 2 5  
53 025 

Serpentine 

40.00 
40.00 
40 . 00 
40 . 00 

40 . 00 
40 . 00 
51.50 
51.50 
40.00 

40 . 00 
40 00 
40.00 
40.00 

58.00 
58 .OO 
58 .OO 

t 

D o s e  R a t e ,  mr/hr 
at 500 Mw 

3.40 (-I)* 
5-72 (-1) 
1.59 (-2) 
h.21 (-2) 
7.87 (-2) 
9.35 (-1) 
8.80 (-1) 
8.5L (-1) 

4.21 (-1) 
5.05 (-1) 
2.u (-1) 
2.08 (-1) 
3.29 (-1) 
3.78 (-1) 
2.75 (-1) 
2.90 (-1) 

3.87 (-1) 
8.18 (-2) 
3.47 (-2) 
1.50 (-1) 
5.12 (-1) 
5.83 (-1) 
1.19 (-1) 
1.19 (-1.) 

5.12 (-1) 
1.83 (-1) 
3.96 (-1) 
3-96 (-3) 
3.96 (-3) 
6.30 (-1) 

h.l-4 (-1) 
4.84 (-1) , 

9.94 (-2) 
4.75 (-1) 
2.62 (-1) 
3.96 (-1) 
3.87 (-1) -, ?- 
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TABLE I1 (Continued) 

300' 

310' 

32 0' 

330' 

340' 

350' 

63 

A 
B 
c 
D 
E 
G 
H 
A 
B 
C 
D 
G 
H 
A 
B 
C 
D 
G 
H 

A 
B 
c 
D 
G 
H 

A 
B 
C 
D 
E 
G 
H 

A 
B 
C 
D 
E 
G 
H 

Floor Thickness (inches) 
S t e e l  Concrete Serpentine - 
5.25 54.75 
5.25 511.75 
6.7% 
6.75 

53 025 
53.25 

6.75 53 2 5  
6.73 
6.75 
5.25 54. 75 
5.25 5lt 75 
5.75 54.25 
5. 75 54.25 
5.75 54.25 
5.75 54.25 

5.75 54.25 
5* 75 54.25 
5.75 54.25 
5.75 54.25 
5.75 54 .2 5 

5.75 54.25 

5.75 
56 75 

54.25 
54.25 

5.75 54.25 
3.50 80.50 
3.50 80.50 
3.50 80.50 

5.75 
5.75 
3 .SO 
3.50 
3.50 
3.50 
3.50 

54.25 
54.25 

80.50 
80.50 
80.50 

80.50 
80 . 50 

5.75 54.25 
5.75 
3.50 
3 80 . 50 

3.50 80 . 50 3.50 80 . 50 

3.50 80.50 * * * * *  

Dose Rate, mr/hr 
a t  500 Mw 
5.111 ( -1)w 
4.05 (-1) 
1.35 (-1) 
1.39 (-1) 

2.87 (-1) 
2.09 (-1) 

4.98 (-1) 
7.00 (-1) 
6.71 (-1) 
7-25 (-1) 
6-14 (-1) 
3.75 (-1) 

5.88 (-1) 
5.42 (-1) 
5.13 (-1) 

2.25 (-1) 

5.88 !-I) -1) 

3.03 (-1) 

3t The f igures  in parenthesis ind ica te  t h e  power of t en  by which the 
qumbers t o  the l e f t  are t o  be multiplied. 
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lr.63 (-1) 
2-34  (-1) 
7.20 (-1) 
9.22 (-4) 
1.83 (-4) 
4.31 (-4) 
2.62 (-1) 
1.63 (-2) 
1.10 (-1) 
1.10 (-1) 
1.10 (-1) 
4-08 ( - 5 )  
1.41 (-4) 

3.w (-1) 
5.88 (-2) 
4.15 ( - 6 )  
1.66 (-8) 
1.66 (-8) 
4.15 (-4) 
1.33 (-3) 



Q 

. .  

L'ne source calculat ions were used r a the r  than volume source calcu- 
l a t i o n s  tlo) f o r  the  reason t h a t  programming f o r  t h e  IBM-650 calculat ing 
machine i s  s implif ied by the use o f  l i n e  sourceso 

l' 

B. Orientation of  Source and Detection Points 

The calculat ions break down in to  f i v e  d i f f e ren t  types according t o  t h e  
or ien ta t ion  of t he  l i n e  source with respect t o  the sh ie ld  
t o  the point on the  upper surface of the  shield.  
operating f l o o r ,  i t s  or ien ta t ion  is always horizontal .  
of the  source with respect t o  t h e  point o f ,  detect ion a r e  shown i n  Figure 3 
through 7. 
t h ree  the  l i n e  source is horizontal .  The dose a t  P f o r  each o f  these or ientat ions 
must be calculated ty means of a separate  formula. 
any point  on t h e  operating f l o o r  f o r  am given or ientat ion are developed in 
Appendices D through H. 

and with respect 

The f i v e  or ientat ions 
Since t h e  shield is the  

I n  the first two, t he  l i n e  source is v e r t i c a l ,  and i n  the l a t te r  

Equations f o r  the dose a t  

Case 1 - Vert ica l  line source. Detection point  l i e s  d i r e c t l y  above 
( o r  within 5 O  of being d i r e c t l y  above) the  l ine source. 
(Figure 3)  

Case 2 - V e r t i c a l ' l i n e  source. Detection point  P l i e s  anywhere 

A perpendicular l i n e  drawn 
from2 the detect ion point  P t o  the source intersects 
the  source a t  some point  between the ends. 

except d i r ec t ly  aboye l i ne  source. (Figure 4) 

Case 3 - Horizontal l i n e  source. 

(Figure 5 )  
Case 4 - Horizontal l i n e  source, .  A perpendicular l i n e  drawn from 

P in t e r sec t s  the source only a t  one end. . (Figure 6) 

Case 5 - Horizontal l i n e  source, A perpendicular l i n e  drawn from 
P does not i n t e r sec t  the source but i n t e r sec t s  an 
extension of it, (Figure 7) 

C. Tota l  D O S ~  a t  Pdtnt P 

The machine calculat ions are so set  up t h a t  a t  evely point t he  dose 
rates due t o  each separate source are added together  t o  give the t o t a l d o s e  
rate a t  the  point ,  
Appendix A are e s sen t i a l ly  only semi-processed data, and must be modified 
according t o  the  pa t te rn  of cor rec t  s tee l  and concrete thicknesses t o  obtain 
the  tme t o t a l  expected dose rates. 
calculat ions us-_ th'e formulas given i n  Appendix B. 

(lo) In  actuality, t h e  volume source formula such as given i n  Rockwell, I1Reactor 

The r e s u l t s  of t he  machined calculat ions s h m  in 

These modifications w e r e  made by hand 

Shielding Design Manual," TID-7004, a r e  l i n e  sources with a bui l t - in  
mechanism f o r  taking i n t o  account-build-up and self-absorption i n  the  
source material. 
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Figure 6 
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Figure 7 ' 

HOFCfZONTAL S9URCE - CONFIGURATION 3 
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Appendix A 

FUW DATA - THE MACHINE Cf&XJLATION RESULTS 

The r e s u l t s  of the  machine calculat ions a re  shown i n  Table A-1. 
values are f o r  a 5-ft shield floor which consis ts  e n t i r e l y  of 6-3/4 inches of stee 
and 53-l/b inches of concrete. 
of concrete and s t e e l  used). 
Table I1 were obtained by appl icat ion of t h e  formulas shown i n  Appendix B. 

These 

(This i s  the  l a rges t  s ing le  thickness configuration 
Correctipns t o  these values which a r e  reported in 

- 23 - 



TABLE A-1 

Degrees 

0 
10 
20 
30 
40 
50 

70 

90 
100 
318 
120 
130 
140 
150 
160 
170 
180 
3Qo 
200 
23.0 
220 
230 
240 
250 
260 
270 
280 
290 
300 
33.0 
320 
330 
340 
350 

60 

80 

Conditions: Concrete' t&&ness - 53-1/4 inches 
S tee l  thickness - 6-3/h inches 

E F 

1ollc-5) 

G H 

Dose r a t e s  i n  m/hr on t h e  operating f l o o r  of he reac tor  building (corres- 
ponding t o  the  g r id  poin ts  as  shown in Fig. 2)  from Na2k a t  equilibrium ac t iv i ty ,  
system ful l ,  with the  reac tor  operating a t  an assumed 500 Mw. 

. .- 
. .  

, -  : , . .. . . .  

8 The f igu res  i n  parenthesis indicate  the power of t e n  by which the numbers t o  the l e f t  
are t o  be multiplied.  
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Appendix B 

CORRECTIONS TO OTHER THICKNESSES 

Once the dose a t  each point f o r  a given thickness o f  each material i s  
known, it is a simple matter t o  cor rec t  these values f o r  t he  proper (i.e. design) 
thickness i n  each locat ion,  

There are two (2 )  cases t o  consider. The first i s  where t h e  correct  amounts 
of concrete and steel  are simply d i f fe ren t  from the  amounts used i n  the  machine 
calculat ions.  
o r  dry-packed aggregate i n  ce r t a in  areas. 

The o ther  case is where the concrete changes t o  serpentine concrete 

Case I - Consider the  dose rates % and % respectively.  Let 4 be 
t h e  value of t h e  dose rate resul t ing from the machine 
f ixed thicknesses tls  and t l c  and l e t  Dz be the dose rate des imd  f o r  
thicknessesl , t2s  and e& ? ,  The subscr ipts  s and c refer t o  
steel  and concrete respectively.  
a t tenuat ion f a c t o r  from the  source t o  the  detect ion point ,  and B be the  buildup 
through the shield.  

calculat ions using the 

Let S be the source term, G be the  geometric 

(See Appendix C f o r  symbols) 

= SG [B(ustes, uctec )] C ~ ' ( ~ S ~ ~ S ~ , . +  UCt2C I. D2 

Dividing 9 by D2 we have: i 

Now, we assume the buildups can be expressed as products i n  each case, o r :  

B.1 

B.2 

Therefore, D can be expressed i n  terms of D thusly:  
2 1 

Case I1 - When concrete i s  replaced byserpentine, the  correct ion 
becomes s l i g h t l y  more complex. Let the  subscr ipt  sp r e f e r  t o  the  serpentine 
area. 

cllr) 
In  t h i s  case,  D1 i s  the same as given i n  Eq. (B.1) but D becomes: 3 

- 25 - 



+ u  t ) D3 = SG [B(ust3s, usptsp))e-(ust3s SP SP . 

Then the rahio D j / q  is : 

€3.6 

B.7 

The r a t i o  of the buildups becomes f o r t h i s  case:  

and therefore ,  the value of D can be found by: 

r 1 

- 26 
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Appendix C 

LIST OF SYMBOLS 

The following l ist  of symbols appl ies  t o  a l l  equations given e i t h e r  i n  
t h e  text  o r  i n  the  appendices. 

1. Prime Sgmbols 

A 0 Factor converting 8-ray flux t o  dose r a t e  

= k.00 x 

= Number of mean free paths through floor sh ie ld  

for  2.76 - MeV Na-2k 8 -rays 

bl 
B = Buildup f ac to r  

c 

Dp 
f 

L 

r = Radius of source container 

= Effect ive pos i t ion  of l i n e  source within source material 

= l-ray dose rate at  point P 

= Self absorption f ac to r  i n  source material 

= Length of l i n e  souce 

p = Detection point  

p’ = Projection of detect ion point P onto plane containing 

horizontal  source, o r  onto horizonal plane containing lower 

end of v e r t i c a l  source 

= Line source s t rength,  photons/cm-sec 

Sv = Volume source strength,  photons/cm%ec 

ti = Steel thickness i n  shield f l o o r  

t2 = Concrete thickness in - sh ie ld  f l o o r  

- 

ts = Stee l  thickness of sodit&tanks o r  pipes (sources) 

= Thickness of serpentine concrete i n  operating f l o o r  

= 2( -ray l i n e a r  absorption coef f ic ien t  for concrete 

tSP 

uC 

- 27 



%a =I -ray linear absorption coef f ic ien t  f o r  sodium 

us = 2( -ray l i n e a r  absorption coef f ic ien t  f o r  steel  

= 1 -ray l i n e a r  absorption coef f ic ien t  f o r  serpentine concrete uSP 

2 .  Geometric Quantit ies 

a )  Horizontal l i n e  sources 

A 

m 

n 

P 

9 

Y 

S 

82 

% 

B 

Distance from p' t o  near  end of B O U ~ C ~  

Distance from pt t o  fa r  endof source 

Perpendicular distance from pt t o  source ( o r  t o  source extension) 

Perpendicular dis tance from P t o  source (o r  t o  source extension) 

Length of extension of source l i n e  f r o m  the near  end o f  sou rce to  

l ine d. 

Distance from P t o  near  end of source 

Distance f rom P t o  far  end of source 

Distance from P f  t o  midpoint of source 

Distance from P t o  midpoint of source 

Perpendicular distance from underside of  f l oo r  sh i e ld  t o  PI 

Distance'between P and P I  (See S e c .  G - 3 )  

Angle formed by lines g and n; % < Q2 

Angle formed by l i n e s  g and m; > 8l 
Angle,,forqed by l i n e s  PPt and,q  o r  g 

b)  Ver t ica l  l i n e  source 

d =  

u =  

V "  

x =  

Y =  

Horizontal distance from P' t o  lower end of l i n e  source 

Distance from midpoint of source t o  P 

Distance from lower end of source t o  P 

1 .  

a 

Distance from upper end of source t o  P 

Perpendicular distance from upper end of l i n e  

source t o  underside of f l o o r  shield 



-A 
6 = Angle formed by l ines  PPI and u 

81 = Angle formed by l i nes  PPI and x 

= Angle formed by l ines  PPI and v 

3. Derived Quantities 

h = 1 / 2 L + j  = 1/2 L +  (a2 - d ) .  2 3  

j = ( a 2 - d y  ’ 
k ~ ( b  2 - d )  2 *  

m = ( a 2 + s )  2 *  

n = ( b 2 + s )  2 4  

P = (h 2 + % ) Z  

2 2 *, 9 = (P + d2 ) 

s = y + t 1 + t 2  

1 

+ t + L  
2 N = y + t l  

Q = (L2 + n2) * 
R = (L2 + $ ) *  

v = s + L  

T o =  u C na 

3 (u*& c s c p  T1 

T3 = (ustl ) s e c B  

T 4 =  u t  
c 2  

= (u t ) s e c B  

‘-’ “4 0 
I ,-+L.i .” .) 

TS c 2  

. 29 - e ”1 ”-, 



y 5  
y6 

= s e c b / 6  (e1 - Q2 )] 

= (sec el sec Q2) 
8 

97 = 

= sec ?I.- - 
-2 

T o  = u t + uct2 s l  

= (ustl + uct2) s e c f f  

y2 = ( u t  + u t )  C S C B  s s  c 2  



= u (t s e c 6  + t c s c g  ) --63 s 1  S 

T*TL T2 + T4 I* o(= 



1. Basic der ivat ion 

Referring t o  Figure D-1 the  dose r a t e  a t  P due t o  the rad ia t ion  emitted f rom 
an element dz on a l i n e  source of length L is: 

The meexling 
found by i n t eg ra t ion  over 

of each of the  symbols is  given in appendix C, The t o t a l  dose i s  

The buildup B and t h e  self-absorption f a c t o r  f may be handled e i t h e r  
i n  the in tegra t ion  d i rec t ly ,  or separate from t h e  main in tegra t ion ,  
convenient f o r  t he  machine ca lcu la t ions  t o  k d l e  these f ac to r s  separately,  as 
the  d i r e c t  i n t eg ra t ion  leads t o  solut ions involving exponential integrals. 
Since a r e l a t i v e l y  few points  have this ge,ometry, it was f e l t  t h a t  t h e  t ine  and 
expense involved i n  developing’a prograh involving the  E-functions was  not worth 
any increase i n  accuracy %hat i s  afxorded by t h e i r  use, Trial hand calculat ions,  
by both methods ind ica te  a difference of only- lo%, 

It i s  found 

- 32 - 
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A 

Treating f and B separately,  the  total. dose a t  P i s  then given by 

ABS f e-'' 
= - bW (3-&) 

Now the sel,S-aSssq?tion To;. gacma-iqs- erriitted from the end of a .. 
l'w source can be derived as follows: 

Geometry f o r  self-absorption from end of l i n e  source. ____% 

U 
Consider a l ine  element emitt ing Si 
gamma-rays are assumed t o  be emitted i n  an upward di rec t ion  and half i n  a 
downward direct ion.  

Is/cm-sec. I n  any increment dz h a l f  of  the 

Therefore, t he  e f f ec t ive  source a t  Q is: . 

de 
j o  

sL -uf = SL zL(l-e -uL ] 
-- e 
2uL 

Therefore, the self-absorption f a c t o r  is: 

f % m .  1 

The buildup f a c t o r  can likewise be represented, 
~ -q ':yJ 

1 4 . 3  d u  - 33 - 



The average buildup through t h e  source may be represented by: 

F 

Jo  dz 

where B(uz) = 1 wz 
f 

and 

= (1 + 1/2uL) I 

T h e  t o t a l  builciup through the source and t h e  sh i e ld  is given by: 

Therefore, the  dose a t  P i s  given by: 

Now, i n  ac tua l i t y ,  the  spec i f i c  a c t i v i t y  SV w i l l  be known. Therefore, 
t he  re la t ionship  between the  l i n e  source SL and the spec i f i c  a c t i v i t y  S is: 

where r is the radius  of the container  of the  l i n e  source. Therefore, finally: 



A p p e n d i x  E 

DERIVATION OF THE DOSE AT A POINT P AT A SKEW ANGLF, ABOVE A V E R T I C A L  LINE SOURCE 

1. The basic eauation 
P 

I 
Referring t o  Figure E-1, the  dose a t  point P from t he  element of 

line segment dl i s  s i m p l y :  

where 
p = a csc 8 

and 
d p  = -a csc 8 c o t  8 d 8 

also, 
p2 = ( l+y+ t )2  + a2 

and 
= ( l + y + t ) d l ,  P dP 

Solving f o r  dl :  

= -a2 csc2 co t  Q dQ 
( l + y + t )  (3 -a2)2 

-a2 csc2 Q cot  Q d Q  
a = -a csc2 8 de , 

a c o t  8 

E .1 

E.2 

E.3 

E.4 

E.5 

E.6 



: @ After subs t i tu t ing  i n  E . l  and l e t t i n g  bl = zyti we have 

de 
- -b l  seck3 BAS$' e - - -  

I 

Again, we t r e a t  the buildup and self-absorption apar t  from t h e  
main integrat ion.  Thus: 

dQ - 
4 n  a 

F(B,b) e e-b de 
Now 

Therefore ,  t h e  dose a t  P is given by: 

Subst i tut ing for t he  volume source Sv (Appendix D, E q . ,  D.11) 
and noting t h a t  t h e  distance d shown i n  Figure 1 is the  same as 
distance a of Figure D-1, we have: 

The number of mean free paths b l  is  given by 

E.7 

E. 8 

E. 9 

E.10 

E.ll 

bl = y o ,  
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and the angles 81, %,andB, are given in this geometry by: - Q  

Also Sec el, and Sec Q2 are  given direct ly  

Sec el = f l  = g/s 

The l a t t e r  value is needed t o  eva lua ter2 .  

2. Nmerical evaluation bf the F-Function f o r  computer use. 

The F-functions can be approximated vexy nicely f o r  machine 
computation ty the  use o f  Simpson's 3-Poht Rule: 

3.15 

E.16 

E117 

E.18 

Eo19 

E.20 

In  the above formula fa , f l  , and f2  are  evenly-spaced points evaluated by Xo , 
X1 , and $ on the curve t o  be integrated,  and the spacing h is given by: 

h = 1/2 (~ . 'Xo)  E.21 

The terms fo  , fl , and f2 become f o r  our case: 

E.22 

E.23 

E24 
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The e r r o r  term C i s  evaluated as: 

I n  our case 

) .  
- b P 2  

+ e  = @ + e  -b 9 1, 40 'bl v3 

The e r r o r  term C fs ommited s ince the correct ion is less than 1%. 

E.25 

E.26 

3.  The Buildup Factor B 

main integrat ion.  
t h e  path from the source element t o  point  PI. 
length fron source t o  P i s  not s ign i f i can t ly  d i f f e ren t  from that-drawn from the 
center  o f  t h e  source t o  P 

The buildup f a c t o r  i s  here assumed t o  beevaluatedindependently of  t he  

It is found t h a t  t h e  average path 
I n  t h e  geometry shown i n  Figure E-1, t he  buildup w i l l  vaSy with 

AccordirPcgly, t h e  buildup f ac to r  i s  taken as: 1' 

E.27 

4. The Self-Absorption F a C t O r f  

The self-absorption f ac to r  is taken over t h e  average distance i n  the 
source material from the  e f fec t ive  l i n e  source t o  one outside of the  real source. 
This distance i s  given b y r  therefore ,  the  self-absorption f ac to r  f is h' 

5. Final Equation f o r  Computer Use 

Collecting the  above information, we have, finally.: 

E.28 

E.29 



Appendix F 

DERIVATION OF THE DOSE AT A POINT P ABOVE A HORIZONTAL LINE 

Case I 

Perpendicular l i n e  drawn from P t o  l i n e  source in t e r sec t s  source some- 
where between the ends. 

D P 

81 i 
r- 

Figure F-1 
1. Basic Derivation 

sec .B 

Figure F-2 

The configuration of t h i s  case i s  given in Figure F-1. PI is  a point i n  
the  plane of t h e  course d i r ec t ly  below P. 
i n t e r sec t s  l i n e  source L a t  &. 
as well as s=%+y. 

A perpendicular l i n e  g dropped from P 
The easily-measured quan t i t i e s  are a, b, and d, 

However, the in tegra t ion  over the l i n e  source takes place in the  plane 
defined by t h e  l i n e  source and lines g ,  m, and n. This plane i s  incl ined a t  an 
a n g l e 6  from the  ve r t i ca l .  
from thd'measured quan t i t i e s  a, b, d,  and s ,  as given in Appendix C ,  Section 3.  

The quan t i t i e s  g, m, and n may be found by t r iangula t ion  

Referring t o  Figure F-2, t h e  dose a t  P due t o  an element of l i n e  dx is 
given by: 

- u t  . s e c g  sec 8 ap 3 AS'Bf dx e 

p = g sec 8 

dx = g sec2 8 d 8 

- 39 - 
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Assuming t h a t  the  evaluation of  B and f f o r  purposes of mechanical 
- 0 computing can be t r ea t ed  separately from the  basic integrat ion,  we have, as 

before: 

3 ‘ ‘ L B f L  - dx e- b l  S e C  e 

P A  DP 4 r r  

’9 

Here we have taken b as: 1 
bl = u t  secB 

where u t  i s  shorthand notat ion f o r :  

u t  = UStl + uct2 = To 

Theref o r e  : 

b = T  
1 1 .  

The various angles can be given i n  terms of t he  measured quant i t ies  
as : 

‘1 = t a n  k/g 

Q2 = tan-’ j/g 

- 40 - 
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sec e2 = m/g 

sec 6 = g/s , 

2. Numerical evaluation of t h e  F-Functions. 

The evaluation of the  F-Function f o r  t h i s  case is: 

where f, = embl'l 

or 

3. The builduD f a c t o r  B 

Here again, B var ies  with posi t ion,  We have chosen t o  take the 
build up as: 

- 1 
B = 1/2 a(ustl sec (uct2 sec + usts ] ( s e c 5  sece2) 2 r 

This equation i s  easily arr ived a t  by considering the mean of  the 
average value of Sece on each side of point  

4. Self-absorption f ac to r  f 

Q The self-absorption f ac to r  f o r  t h i s  cfse is  given by: 
1 = e-2 - (us%, + uwa C >  ("""9 sece2Jz 

F.20 



- 5. General Equation f o r  Computer Use 
Putting a l l  of the above together, we have, f i na l ly :  

D P'- +TJsl-l e-bl% + 4 emblgb + e - b l g l  F.22 

This equation is expressed i n  terms of t he  prime variables tl, t2, a,b, 
d, y, and L. (See Appendix C). 
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Appendix G 

DERIVATION OF THE DOSE AT A POINT P ABOVE A HORIZONTAL LINE SOURCE - CASE 11. 

PERPENDICULAR LINE DRAMN FROM P TO LINE SOURCE INTERSECTS ONE OF THE ENDS, 

P P 

Figure G - l  

/ 
/ P  

n / 

Q 

Figure  G-2 1. Basic Deriv'ation 

The configuration f o r  t h i s  case i s  shown i n  Figure G-1. A s  i n  the case 
of Appendix F, t he  integration over €3 takes place i n  the plane formed by the line 
source L, and the  l i n e s  g and n. 

The treatment of the equation is the;'same as i n  Appendix F. The dose 
r a t e  a t  P from a given element dx on L is: 

G . l  

where p a n d  x have the  same meanings as i n  Appendix F. 
then given by in tegra t ing  over the l i n e  source: 

The t o t a l  dose r a t e  a t  P is 

- h3 - 



_- 

J o  

In  t h i s  case, u t  i s  a shorthand way of  writ ing: 

bl =Tl = ( U s t l  + ucts) s e c d  . 

and the  angles are given by: 

sec % = n/g 

secg= g/s 

G.2 

G -3 

G .k 

G.5 

G.6 

G.7 

2 .  Waluat ion of t he  F-Pmction 

numerically evaluated t o  be: 
Following the  method outlined i n  Appendix E ,  the F-Function is 

3. The Buildup B 

The buildup B is taken over the  mean path length,  which i n  
t h i s  case turns  out t o  be: 

G. 9 

- Ll4 - 
I 



@ 4. The Self-Attenuation Factor f 

f = e-Y1*73 , G.10 

5. Final  Equation f o r  Computer Use 
Putting everything together,  w e  have the  final equation su i t ab le  fo r  computer 

i 



Appendix H - 0  
DERIVATION OF TI93 DOSE AT A P O I N T  P ABOVE A HORIZONTAL LINE SOURCE - CASE 111. 
P E W E N D I U C L A R  L I N E  DIWdN FROM P TO L I N E  SOURCE I N T E R S E C T S  AN EXTENSION OF THE 

SOURCE 

Figure H - 1  

1. Basic Derivation 

The der ivat ion of  t h e  dose at P f o r  this case f o l l o w s  qui te  closely those  
of  appendices F and G. 
l i n e  PO does not i n t e r sec t  L, but  i t s  extension. 

The geometry i s  s l i g h t l y  d i f f e ren t  because the  perpendicular 

The ‘dose a t  P from t h e  l i n e  source L i n  t h i s  case is: 

-ut s e c s  sec 8 dx 
3- 

4w P2 
D 
P 

KBf d0 = - - bi sec 8 e 
Q g 

Here, as i n  Appendix F, bl i s  taken as: 

bl =7‘1 

- 46 - 
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- -  

F o r t h i s  case the  angles are given as: 

81 = tan'' k/g 

e2 = tan-' j/g 

sec 81 = n/g 

sec = m/g 

sec = q/s 

H.3 , 

H.4 

H.5 
H.6 

H.7 

2 .  Evaluation of the F-Function 

The F-Function isl t h i s  geometSg has the  value: 

-b ?J 
+ e  2). H.8 

de = a3 (e -blVi + 4e - b l y  3 
obl sec 8 

3. The Buildup Factor B 

The buildup f ac to r  i s  expressed exactly the same as  i n  Appendix F 

B = 1/2(-T3TS; + T6): y6 . 

4. The Self-Absorption Factor f 

Likewise, t h e  self-absorption f ac to r  is  expressed the same as i n  
Appendix F. i.e. 

5. The Final  Equation f o r  Computer Use 

The f i n a l  equation f o r  computer use'may now'be expressed as: 

H.9 - 

H.10 
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