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A b s t r a c t  : T h e  e x p o su re  g c o in e ln c a l-p ro g re ss io n  (G -P ) fittin g  p a ram e te rs  for seven  

p la s tic  m a te r ia ls  h av e  b een  com pu te t] in the  p h o to n  en e rg y  range  of 0  015 to 15 0 M eV  The 
re su lts  a rc  sh o w n  in the  fo rm  o f  T ab les.
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To provide adequate protection of personnel and equipment against the deleterious eficcts 
of nuclear radiation study of materials from the point of view of radiation shielding is 
important. Shield to protect from X and gamma rays came into existence since tlic 
discovery of X-rays. During the developmental stages, the knowledge about shielding ami 
health physics was not available while designing reactors. Considerable efforts have been 
made in developing analytical methods and techniques to handle shielding problems. Since 
the 1979 accident at Three Mile Island (TMI), it became increasingly apparent that a 
comprehensive and reliable buildup factor data would be very useful lor post accident 
analysis, control and for future shield designing. Buildup factors are shielding material 
and geometry dependent parameters and arc applied to correct the attenuation calculations 
by including the contribution to the radiation field produced by the collided part of the 

beam.

The buildup factor data has been computed by different computer codes such as 
ASFIT II], PALLAS [2] and EGS4 [3]. In many cases the calculated buildup factor data
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have been represented by parametrized forms. Over the year, Taylor’s [4], Berger’s [5] and 

Polynomial formulas [61 fitted for the Goldstien and W ilkins data [7] have been essentially 

used by shield designers. Jacob et al [8] have calculated the buildup factor o f air up to 

10 mfp by M onte Carlo method and have fitted these factors by a polynomial form in £*"* 

and \ir. Foderaro and Hall [9] pointed out failures in Taylor’s and Berger’s fits in the water 

buildup factors of the order of 10  ̂ for low energies by com paring three exponential 

representation with both forms.

A new form ula called G eom etrical-Progression (G-P) fitting form ula has been 

developed by H arim a et al [10]. This form ula can reproduce data over full range o f 

d istance, energy and atom ic num ber. H arim a et al [11] have dem onstrated  the 

applicability o f G-P m ethod to generate buildup factor data for a wide range o f energy 

and distance.

The objectives o f the present investigations is to provide G-P fitting param eters 

for different plastics in the large energy range so as to enable one to calculate exposure 

buildup factor at different penetration depths (upto 40 mean free path). The exposure 

buildup factor is defined as that buildup factor in which the quantity of interest is the 

exposure and the detector response function is that o f absorption in air. The usefulness of 
these investigations lies in the fact that they assist in recognizing the use of plastics as a 

potential shielding material. These studies would also be important because the behaviour 

o f buildup factor at various distances and source energies reflects the characteristics o f 

the material.

In the present investigations, the exposure G-P fitting parameters were com puted 

for d ifferent plastics nam ely polypropylene (C 3H6); aniline form aldehyde (C7H7N); 

nylon (C 12H22O2N 2); poly(vinyl acetate) (C4H6O2); teflon (C2F 4); poly(chlorotrifluoro 

ethylene) (C 2F 3CI) and poly(vinyl cWoride) (C2H3CI) in the incident photon energy range 

of 0.015 to 15.0 M eV. The chemical composition o f these plastics has been taken from 

literature [ 12 ].

The whole of the computational work can be divided into following two steps :

(a) Calculation of

(b) Calculation of G-P fitting parameters and exposure buildup factor.

(a) Calculation ofZ ^^:

Firstly, the values of Compton partial attenuation coefficients (jicomp) attenuation

c:)cfficients (fitot) were obtained for elements from Z  = 4 to 25 and for chosen

plastics in the energy range of 0.015 to 15.0 MeV, using the state-of-the-art and convenient 

com puter program  XCOM  [13]. Further, by using a simple com puter program , the ratio 

it^comp/Mtoi was obtained.
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Then was calculated by matching the ratio of a particular material at a given 
energy with corresponding ratio of an element at the same energy. In the cases where this 
ratio lies in between the two ratios of known elements, the value of was interpolated by 
using the following formula of interpolation :

_  Z, (log /?2 ~ log R )  -H Z2 (log R  -  log /?j) 
]og R2-logR,eq ( 1)

where Z] and Z2 are the elemental atomic numbers corresponding to the ratios 
/?, and R 2 respectively, and R  is the ratio for the given material at a particular energy.

(b) Calculation o f G-P fitting parameters ,

The obtained values of Z^q for the chosen materials were then used to interpolate the G-P 
fitting parameters (fc, c, a , and d )  for the chosen energy range of 0.015 to 15.0 MeV [14]. 
The formula used to interpolate these parameters is given as follows :

P j(logZ 2 - lo g Z )  + P ^ G o g Z  -  \ o g Z ^ )  
log Z 2 ^-logZ, (2)

where P i  and P 2 are the values of the parameters corresponding to the atomic numbers 
Zj and Z2 respectively [15] at a given energy, whereas Z is the equivalent atomic 
number of a given plastic at a particular energy. The computed values of the G-P fitting 
parameters of the chosen plastics are given in Tables 1 to 7. The exposure buildup factor

T a b le  1. E x p o s u re  G -P  fittin g  p a ram eters  o f  p o lyp ropy lene

E (M e V )

0 1 5 0  

.0200 

.0 3 0 0  

0 4 0 0  

.0 5 0 0  

.0 6 0 0  

.0 8 0 0  

.1000 

.1 5 0 0  

2000 
.3 0 0 0  

.4 0 0 0  

.5 0 0 0  

.6000 

.8 0 0 0  

1 0000 
1.5000

1 55 4 0  

2.24.56 

4 .1 5 0 6  

6 .0 3 0 8  

7 4062  

8 .0614  

7 .3 9 6 9  

7 .0 2 2 0  

5 .1265  

3 .8345  

3 .1513  

2.8521 

2 .6 6 7 5  

2 .5449

2 3 3 4 4  

2 .2235  

2 .0 4 1 5

6097 

8433 

1 4287

1 9782

2 3574  

2 7337 

2 9196  

2 .8846  

2 .9686  

2 9481 

2 6588 

2 ,4036  

2  1847 

1.9989 

I 7879

1.6060 

1.3401

.1209

0506

-  0755 

- .1 5 4 8  

- 1 9 4 1  

- .2 2 8 5  

- .2 4 3 7

-  2385 

-.2 5 0 8  

- .2 5 5 0  

- 2 3 6 8  

- .2 1 7 3

-  1953 

- .1 7 3 4

-  1492 

- .1 2 1 9  

- .0 7 5 7

14.6588 

15 1827 

1 3 7 1 3 8  

14 2378 

14.3991 

14.4243 

14 5450 

15.1874 

14.7318 

14 6314  

14 2048 

13.0453 

13.4694 

13 6430  

13.5996 

13‘6607 

13.7330

-.0591

-.0 2 8 9

.0308

.0673

.0843

.1004

1056

1003

1062

.1139

.1100

.0950

.0913

.0806

.0754

.0621

.0398
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Table 1. (Cant'd.).

£(MeV)

2.0000

3 .0 0 0 0

4 .0 0 0 0  

5-(XXK)

6.0000 

8.0000

10.0000

15 .0000

1.9252 

1.8296 

1 6972  

1 61 7 4  

1.5468 

1.4.S28 

1.4(X)9 

1.2923

1.2020

1.0793

.9799

9 3 2 6

9 0 1 6

8691

.8262

.8212

- .0 4 6 9

- .0 2 1 4

.0051

.0176

.0267

.0361

.0509

.0508

14 .2048  

12 .9 2 3 0  

15.2991 

15 9 4 0 9  

14 .8652  

14 .2425  

13.6981 

13.4777

.0141

-.0 0 2 9

- .0 0 9 3

-.0 1 4 4

-.0201

- .0 2 7 5

-.0 2 4 4

.0240

Table 2. Exposure G-P fitting parameters of aniline formaldehyde

E ( M e V ) a

,0 1 5 0

0200
.0 3 0 0

.0 4 0 0

.0 5 0 0

.06(X)

.0 8 0 0

.1000

.1 5 0 0

.2000

.3 0 0 0

.4 0 0 0

..5000

.6 0 0 0

.8 0 0 0

1.0000
1 .5000

2.0000
3 .0 0 0 0

4 .0 0 0 0

5 .0 0 0 0

6.0000
8.0000

10.0000
15.0000

1 41.37 

I 928 2  

3 6 2 6 0  

5 3416  

6 .6521 

7 .3 2 5 2  

7 396 9  

7 0 2 2 0  

5 .1265  

3 .8345  

3 .1 5 1 3  

2 .8521 

2 .6 6 7 5  

2 .5 4 4 9  

2 .3 3 4 4  

2 .2 2 3 5  

2 .0 4 1 5  

1 .9252 

1 .7617 

1 .6720  

1 .5860  

1 .5339 

1 .4429 

1.3795 

1 .2802

5507

7475

1.2026

1 7697  

2 .0 9 2 9

2 4 3 0 8  

2  9 1 9 6  

2 .8 8 4 6  

2 .9 6 8 6  

2 .9481 

2 .6 5 8 8  

2 .4 0 3 6  

2 .1847  

1 .9989  

1 .7879

1 .6060 

1.3401 

1.2020 
1.0612

-9811

.9363

.9058

.8701

.8537

.8364

1419

0751

-  0 3 5 7

-  1317 

- .1 6 8 2  

-.2022 
- .2 4 3 7  

-.2 3 8 5

- 2508  

- .2 5 5 0  

-.2 3 6 8  

-.2173  

-.1953  

-.1 7 3 4  

-.1492  

-.1219  

-.0757  

-.0469  

-.0152  

.0052  

.0175  

.0 2 6 0  

.0368  

.0414  

.0468

14 3675  

16 .3774 

12 .9807 

13 .9447  

14 3241 

14 .5156  

14 5 4 5 0  

15 .1874  

14 .7318  

14 .6314

14 .2048  

13.04.53 

13 .4694  

1 3 .6430  

13 .5996  

13 .6607  

1 3 .7330

14.2048  

12.2041 

2 0 .4 1 2 6  

14 .7058 

14.6711 

1 5 .8746  

13 .0 5 1 4  

14 .7395

-.0697  

- 0 3 8 0  

01 2 7  

0582  

.0727 

.0895  

.1056  

.1003 

.1062 

.1139  

.1100 

.0 9 5 0  

.0913  

.0 806  

.0754  

.0621 

.0398  

.0 240  

.0074  

-.00.59 

-.0104  

-.0145 

-.0289 

-.0189  

-.0274
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T ab le  3 .  E x p o s u re  G - P  f i t t in g  p a ra m e te r s  o f  n y lo n .

815

E (M eV)

.0 1 5 0

.0200
.0 3 0 0

0 4 0 0

0 5 0 0

.0 6 0 0

.0 8 0 0

.1000

.1 5 0 0

2000
.3 0 0 0

4 0 0 0

.5 0 0 0

.6 0 0 0

.8 0 0 0

1 0000
1 5 0 0 0

2 0000
3 0 0 0 0

4  0 0 0 0

5 .0 0 0 0

6.0000
8 .(KKX)

lO.OCXX)

1 5 .0 0 0 0

1 .3 6 1 2  

1 .8 0 8 8  

3 .3 5 0 6  

4 .9 8 0 3  

6 .1 7 1 5  

7 .0 3 2 2  

6 .2 3 8 0  

5 .5 3 5 9  

4 .1 6 7 6  

3 5 6 5 7  

3 .0 5 0 9  

2 .7 6 8 7  

2 .5 9 5 2  

2 .4 7 1 9  

2  2 7 5 1  

2 .1 5 6 2  

1 .9 8 8 7  

1 .8 7 7 2  

1 .7671  

1 .6 6 5 9  

1 .5 9 2 0  

1 .5 3 2 7  

1 4 4 2 7  

1 ,3 7 9 9  

1 .2 8 2 6

.5285 

7 0 2 2  

1 .0 9 7 0  

1 .6 4 5 9  

I 9 5 7 9  

2 .3 3 6 6  

2 .5 2 9 7  

2 .5 5 7 6  

2 ,6 5 1 5  

2 .5 4 7 4  

2 .2 7 2 3  

2 .0 8 2 2  

1 .9 1 9 6  

1 .7 9 1 8  

1 .63.34 

1 5 0 7 7  

I 2 8 9 7  

1 1837 

I 0 6 3 0  

.9 8 2 7  

9 3 4 7  

9061  

.8 7 0 0  

.8 5 3 6  

8 3 3 7

J5 0 I

.0 8 9 4

- 0 1 2 6

- .1 1 2 8

- .1 5 1 7

-  1 9 3 4  

- 2 1 4 0  

- .2 1 4 1  

- .2 2 6 8  

-.2200 
- .1 9 4 9

- 1769

-  15 8 0

-  1422

- 1221 
1027

- 0 6 3 3  

0 4 1 9  

-0 1 .5 8  

0 0 4 8  

0 1 7 7  

0 2 6 0  

0 3 6 8  

0 4 1 3  

0 4 7 3

14 3035  

1 6 .2492  

13 3 4 0 8

13 8398

14 1829 

14 4 4 1 6  

13 .9893  

14 3 9 4 8  

14 1244 

14.1661 

14 2 2 8 3

13 7 7 1 2

14 1588 

13 8648  

1 3 .9194  

1.3.8787 

1 4 .2 7 1 6  

1.3 9 6 9 2  

12 .3283  

22  0 8 0 9  

14 .8193  

14 .6278  

15 .9407  

13 1005 

14 .4308

- 0741

-  04 4 3  

OHHX) 

0 4 9 0  

.0f>56 

0861 

.0 956  

.0931 

1003 

0 9 7 2  

0 8 4 6  

.0 745  

0 7 0 0  

.0 5 9 0  

.0 5 6 0  

0 4 7 7  

0 2 8 7  

.0 1 9 0  

0081

-.0 0 6 5

-.0102
-.0 1 4 6

-.0292

.0188

-.0261

T ab le  4. E x p o s u r e  G - P  f i t t in g  p a ra m e te r s  o f  p o ly (v in y l a ce ta te ) .

E (M e V ) b r a Xk d

.0 1 5 0 1 .2 8 4 9 4 9 6 4 A 626 14 2 8 3 4 - 0 8 1 1

.0 2 0 0 1 .6 4 7 3 .6 3 1 6 1141 1 5 .4903 - .0 5 5 8

.0 3 0 0 2 .9 0 2 4 .9 4 0 3 .0 2 7 7 1 4 .7962 - .0 2 4 5

.0 4 0 0 4 .3 4 4 2 1 .4 2 0 5 - .0 7 6 1 13.6802 .0 3 0 6

.0 5 0 0 5 .5 8 7 2 1 .7 9 3 9 - .1 3 1 7 14.0111 .0 5 7 0

.0 6 0 0 6 .1 4 8 5 2 .1 0 4 6 - .1 7 0 5 13 .9 9 9 4 .0 7 7 6

.0 8 0 0 6 .1 9 0 7 2 .5 1 5 2 - .2 1 2 8 13 .9489 .0 9 5 2

. 1 0 0 0 5 .5 3 5 9 2 ,5 5 7 6 - .2 1 4 1 14 .3948 .0931

.1 5 0 0 4 .1 6 7 6 2 .6 5 1 5 - .2 2 6 8 14 .1 2 4 4 .1003
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E (M cV ) h c- a

2(K)() -^.5657 2 .5 4 7 4  - .2 2 0 0  14.1661

.3000  3 .0509  2 .2723  - .1 9 4 9  14.2283

.4(K)0 2 .7687  2 .0822  - .1 7 6 9  13.7712

.5000  2 .5952  1.9196 - .1 5 8 0  14.1588

6 0 0 0  2 .4719  1 7918  - .1 4 2 2  13.8648

8000  2.2751 1 .6334 -.1 2 2 1  13 .9194

l.tXXX) 2 .1562  1.5077 - .1 0 2 7  13.8787

1.5000 1.9887 1.2897 - .0 6 3 3  14 2716

2 .0 0 0 0  1.8772 1.1837 - .0 4 1 9  13 969 2

3 .0 0 0 0  1 7445  1.0587 - .0 1 4 0  12.4135

4 .0 0 0 0  1.6625 .9835 .0046 23 .0294

5 .0 0 0 0  1.5721 .9392 .0172 14 2956

6 .0 0 0 0  1.5244 .9075 0263  14.2170

8.0(X)0 1 4 3 5 0  .8736 0365  15 4793

10.0000  1.3728 .8552 .0419 12.3741

15 .0000  1.2759 8410  .0460 15.2648

Gurdeep S Sidhu, Parjit S Singh and Gurmel S Mudahar

Table 4. (Cant'd).

.0972 

.0846 

0745 

0.7(K) 

.0590 

.0560 

.0477 

0287 

.0190 

.0057 

-.0 0 6 9  

-.0 1 1 3  

-.0 1 5 2  

-  0294 

-.0 2 0 8  

-.0 2 9 7

Table 5. Exposure G-P fitting parameters of teflon.

E (M eV ) b c a Xk d

.0150 1.1356 .4229 1949 14.0078 - .0 9 9 6

.0 2 0 0 1.3140 .4862 .1708 14.4547 -  0880

.0300 1 9358 .6758 . 1 0 2 0 16.0560 -.0 5 3 8

.0400 2 9006 .9329 0271 13.9653 - .0 1 9 4

050 0 3 7681 1.2052 - .0 3 0 7 13.6760 .0054

.0600 4  3356 1.4611 - .0 7 8 7 13.6757 .0296

.0800 4.48.54 1.7457 - .1 2 2 3 13.6979 .0509

KXX) 4  2749 1.9103 - .1 4 3 9 13.9483 .0599

.1500 3.7462 1.9750 -.1 5 0 1 14.5238 .0565

.2 0 0 0 3 .2530 2 .0019 - .1 5 6 4 14.1442 .0602

3000 2 .8296 1 8880 - .1 4 4 9 14.1848 .0535

.4000 2 .6 0 0 8 1.7821 - .1 3 3 4 14.3613 .0496

.5000 2.4512 1.6897 - .1 2 2 3 14 .3256 .0454

6000 2 .3 4 1 2 1.6089 - . 1 1 1 1 14.5294 .0406

8000 2.1721 1.5109 - .0 9 8 6 14.4189 .0393

l.OOOO 2.0837 1.4062 - .0 8 1 3 14 .6070 .0314

1.5000 1.9195 1.2591 - .0 5 5 5 14.3947 .0 2 2 2

2 .0 0 0 0 1.8290 1.1621 - .0 3 5 6 15.2153 .0134
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Table 5. (Cont'd.).

817

E (MeV) b c a Xk d

3.0000 1.7031 1.0532 -.0110 12.1708 0017
4.0000 1 6224 .9902 .0042 19 7992 -0072
5.0000 1.5529 .9471 0160 14.4246 - 0 1 1 2

6.0000 1.5037 .9166 .0257 15.1411 -0231
8.0000 1.4164 .8916 .0330 12.3670 -.0198

10.0000 1.3571 .8723 .0393 13.9267 -  0259
15.0000 1.2648 .8398 .0516 14.9527 -  0407

Table 6. Exposure G-P fitting parameters of poly (chlorotrifluoro ethylene).

E (MeV) b c a Xk d

.0150 1.0348 .3991 .2096 13 9360 -.1348

.0200 1.0787 .4198 .1927 14 1550 -  101.3

.0300 1.2568 .4360 .1933 14 72.56 -  1031

.0400 1.5444 .5284 .1552 14.9633 - 0829

.0500 1.8954 .6.531 1092 15 4849 -0557

.0600 2.2810 7291 .0931 13.56.55 - .0574

.0800 2.7396 .9609 .0254 1 3 2 1 8 1 - 0303

.1000 2.8495 1 n i l -0092 12.9734 -0186

.1500 2.8800 1 3589 -  0583 21.6021 0072

.2000 2.7638 1.4566 -  0743 17,(XX)2 01 16

.3000 2.5720 1.5365 -.0894 16.0926 0199

.4000 2.4197 1.5191 -0889 15 9600 0212

.5000 2.3007 1 4892 -.0859 16.2091 0215

6000 2.2088 1 4603 -.0834 16.1725 -0236

8000 2.0898 1 3923 -.0740 15.9460 .0217

l.OCXX) 1.9989 1.3429 -0675 15 7716 .0225

1.5000 1.8609 1.2315 -.0485 15 2799 .0170

2.0000 i.78-̂ 9 1.1540 -.0325 15.7071 .0099

3.0000 1.6877 1.0555 -.0110 10.8005 .0011

4.0000 1.6082 .9918 .0058 13.7927 -.0087

5.0000 1.5381 .9549 .0160 15.1046 -.0194

6.0000 1.4952 .9143 .0304 11.8377 -.0245

8.0000 1.4068 .9012 .0330 13.4412 -.0255

10.0000 1.3478 .87.57 ,0427 13.2454 -.0329

15.0000 1.2632 .8248 .0627 14.4150 -.0545
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Table 7. Exposure G-P fitting parameters of poly (vinyl chloride).

E (MeV)

.0150

.0200

.0300

.0400

.0500

.0600

.0800

.1000

.1500

.2000

.3000

.4000

.5000

.6000

.8000
1.0000
1.5000
2.0000

3.0000
4.0000
5.0000
6.0000
8.0000

10.0000
15.0000

1.0249 
1.0543 
1.1803 
1.3813 
1.6257 
1.8617 
2.3697 
2 5677 
2.6918 
2.6366 
2.4566 
2.3397 
2.2378 
2.1617 
2.0438 
1.9693 
1.8379 
1.7669 
1.6849
1.6060 
1.5371 
1.4898 
1.4055 
1.3456 
1.2599

.3635

.4174

.3958

.4589

.5711

.6864

.8255
.9940
1.2477
1.3493
1.4507
1.4562
1.4438
1.4199
1.3799
1.3230
1.2280
1.1555
1.0559
.9920
.9480
.9224
.9020
.8789
.8304

.2440

.1874

.2155

.1884

.1386

.0976

.0620

.0178
-.0369
-.0534
-.0749
-.0779
-.0780
-.0755
-.0720
-.0630
-.0475
-.0330
-.0110
.0060
.0202
.0281
.0335
.0424

.0618

13.1162
16.8589
14.0221
14.3352
15.0624
15.1747
14.3943
13.7791
10.8256
8.3207

18.0497
16.5066
16.3051
17.5358
15.4631
16.4254
15.2421
14.7734
10.5530
12.8600
12.5299
11.6450
13.6935
13.1611
14.3160

-.1661
-.1104
-.1159
-.1066
-.0740
-.0543
-.0507
-.0330
-.0087
-.0069
.0130
.0150
.0169
.0197
.0208
.0194
.0158
.0001
.0009

-.0089
-.0211
-.0224
-.0273
-.0334

-.0546

B (E, x) can be calculated using the above param eters from the G-P fitting form ula of 
H arim a^r al [10],

B(E,x)  =  1 + (K ’‘ - 1) for^T 1

B(E,x) = l + ( b - l ) x forK=‘ 1

tanh
where K(E,x)  = cx“+d

^ j  ~  ta n h (-2 ) 

1 -  tan h (-2 ) for 2  40 m l^,

(3)

(4)
where x  = source-detector distance o f the medium in mean free path (mfp). M ean free path 
is the average distance that photons o f a given energy travel before an interaction in a 
given medium occurs. The term K (E, x)  is the dose multiplication factor and b, c, a, 
and d  are the com puted exposure G-P fitting parameters.
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