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Gamma-ray buildup factors for a point isotropic source have been
calculated as a function of atomic number of heavy elements and source
energies over an energy range from 0.015 MeV to 15 MeV, for penetration
depths .up to 40 mfp, bu the PALLAS-PL,SP-Br code. These data include
the contribution of bremsstrahlung, annihilation radiatiomn and
fluorescence X-ray. The calculated abscrbed-dose, exposure and
dose-equivalent buildup factors are tabulated for molybdenum, tin,
tungsten, lead and uranium, which are practical dinterest shield
materials, lanthanum and gadolinium which are impertant materials for
obtaining buildup factors by interpolation with the atomic number.

In the <case of high atomic number materials, inclusion of brems-
strahlung source has great influence on the buildup factors fer high
source energies and that of fluorescence X-ray gives spectracular
effects on those for low énergies close to the K edge of attenuation
cross section. Furthermore, the geometrical-progression (G-P)
parameters have been determined for these buildup factors in order to
obtain the values of buildup factors at arbitrary distances and

energies.
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1. Introduction

In spite of development of sophisticated computational schemes, the
point kernel iIintegration method is very often useful 1in gamma-ray
shielding design, btecause the calculation is simple for three
dimensinal problem and usually gives tolerable accuracy. The reliance
of this method is influenced by the accuracy of gamma-ray attenuation
coefficients and buildup factors for shielding materials.

Goldstein and Wilkin's buildup facter data L which were calculated
with the moments method, have been used for nearly 30 years. However,
in the case of high atomic number {Z) material and high energy gamma
rays, the values of buildub Factors disagree with those calculated by
other methods. For instance, Butueva et a1.2 cbserved the moments
method values for lead have deviated about 70 % from those of SN
method in energy range of 6 and 8 MeV about 15 mean-free-path{mfp).
They thave further corroborated this fact by means of Monte Carlo
calculation. Shure3 indicated a correlation of such differences 1in
the case of lead with the trends in the gamma-ray attenuation c¢ross
section. Natarajan et al.q confirmed these disagreements were
concerned with the calculation considering the Compton scattering
process alone. They calculated buildup factor data using ASFIT code5
for +tin, tungsten, lead and uranium, and observed the systematic
trends of deviations from the Goldstein-Wilkin's values. Based on the
magnitude of deviations they confirmed that the weight function used
by Goldstein and Wilkins is not appropriate for the cases where the
gamma-ray attenuation cross section contains a trough and the incident
source energies lies above the trough. Further, they indicated the

6.7

lead data calculated by the modified moments method , developed with

respect to the deep penetratien problem, was adequate to deal with
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this situation as well. The lead data of PALLAS8, excluding brems-
strahlung, were in good agreement with the results of ASFIT and the
modified moments methodu, except above 15 mfp in the 10 MeV source
energy.

This report furnishes buildup factor data for high Z materials with

the PALLAS-PL,SP-Br code 9-12

, including the contribution of secondary
gamma-ray source, bremsstrahlung, annihilation radiation and
fluorescence X-ray. The values of absorbed dose, exposure and dose-
equivalent buildup factors are tabulated for molybdenum, tin,
lanthanum, gadolinium, tungsten and uranium, with lead reported in
Refs.8, 11 and 12.

The G-P (Geometrical Progression) parameters 13-15 are fitted to
those buildup factors in order to obtain the values of buildup factors

at arbitrary distances and energies. The values of five parameters

are listed in tables.

2. Calculation of gamma-ray buildup factors

The gamma-ray buildup factors for a point isotropic source have
been calculated by the PALLAS-PL,SP-Br code8_12. The scurce energy was
from 0.015 MeV, (in-the case of lead and uranium medium, from 0.03
MeV), to 15 MeV, Buiidup factors corresponding tc 16 source-detector
distances were picked up from the photon transport calculation in the
sphere of A45-mfp-thick medium of each materials for each source
energy.

The calculations were made using the photon cross section daté
taken from Hubbell's(NBSZ9)16 and Storm and Israel's(DLC-lB)17

compiiations. The items of cross section used for each material are as

follows.
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Source energy Low High and Intermediated
Library Name J2391.CXDLC.DATA J2391 .GXSECLIC.DATA
Molybdenum DLC-15 DLC-15
Tin DLC-15 (EO < 0.6 MeV) NBS29 (O.BMeV‘SEO)
Lanthanum PLC-15% DLC-15
Gadolinium DLC-15 DLC-15
Tungsten DLC-15 DLC-15
Lead DLC-15 (EO <<0.3 MeV) NBSZ29 (O.uMeV'EZEO)
Uranium DLC-15 (E, =1 MeV) NBS29 (1.5MeV SEO)

The photon cross section data from DLC-15 compilation are listed in
Table 1.1 - 1.7 with the dose rate conversion factors used for buildup
factors. Figure 1 shows the tetal cross section of several matelials
from DLC-15. As respcnse functions, the mass energy absorption
coefficients of medium materials, air and tissue were used for
absorbed dose exposure and dose-equivalent buildup factors,
respectively.

In these calculations, the effects of bremsstrahlung in the high
source energy and K-shell fluorescences with different transition
energies  in the source energy close to the K edge of attenuation in
each materials were included. It was pointed out that there were large
differences between buildup factors including a single K-shell
fluorescence with average transition energy 12 and these including
some K-sghell fluorescences with different energies 1in deep
penetration, because of the differences of the total cross sections
corresponding to the fluorescence energies below the K-edge energy.
The energies and intensities of # fluorescences (Ka2’ Kal’ Kﬁl" KB2')

used in this calculation are tablulated in table 2.
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3. Parémeter Fitting to the G-P Arrpoximation

As the buildup factors are needed at arbitrary source energy and
gource-detector distance in shielding caleulation, the buildup Ffactors
have been represented by parameterized forms. The G-P apporoximation
method is the one of these formula for point source bﬁildup factor and

is represented by
Br(Eg,X) = 1+ (B - 1) » ( KX 21y /7 (K-1) ...(1)

where Br is the buildup factor at source energy (EO) and X source-
detector distance in mean-free-path of the medium , B is the value of
the buildup factor of 1 mfp depending on EO and K represents the

photon dose multiplication per unit mfp penetration depending on EO

and X. If K eguals unity, the equation.is expressed as follows.
Br(EO,X) =1+ {({B-11)4%X a1y
The pérameter K is represented by
K=cwX +dx flX/X )
fly) = {tanh(y - 2) - tanh(-2)} / {1 - tanh{-2)}

where a, ¢, d and Xk are the fitting parameters depending on the

source energy.

The G-P parameters in this report were obtained by the least

square fitting code, GPFIT.
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4, Results and Discussion

The values of absorbed dose , exposure and dese-eguivalent buildup
factors for molybdenum, tin, lanthanum, gadolinium, tungsten, lead and
uraﬁium are listed in Tables 3.1 - 3.7. These wvalues 1include the
effects of bremsstrahlung in high source energy and of fluorescence
in the source energy clcse to the K edge of attenuation cross section
in each materials.

The lead exposure buildup factorsB, excluding the contribution of
bremsstrahlung, are compared with the results of modified moments
method and the ASFITq in Figure 2. Deviations of the PALLAS results
from those of the ASFIT were within 10 % for all cases in the 3-10 MeV
energy range up to 20 mfp depth, except for 15 and 20 mfp depths in
the 10 MeV source energy. The deviations from the modified moments
method are almost the same as those from the ASFIT.

The vwvalues of the buildup factors are gently varying with
increasiﬁg the atomiec number. As typical examples, the exposure
buildup factors are shown for the atomic number from 8 to 92 at
distances of 1, 5, 10, 20 and 40 mfp in Figure 3. In the 1 MeV case,
the value of the buildup factors are dominant in low Z material. On
the other hand, in the 10 MeV case, they show on increasing curves in
high 7Z material range. The curves for 3 MeV case are flat. These of
lanthanum and gadolinium are effective for the purpose of the
interpolation of buildup facters with atomic number.

Moreover, in order to obtain the value of buildup factor at
arbitrary distance and energy from the PALLAS's results the values of
the G-P parameters were determined for all buildup factors. The
results are given in Tables 4.1 - 4.7, These tables ineclude the

5 parameters of G-P approximation ( B, ¢, a, Xk and 4}, mnmaximum
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deviation of fitted data to original buildup factors, scurce-detector
distance where the maximum deviation appears and roct mean squre of
fitted data to original ches for each source enérgy. Maximum
deviations in parameter fitting to the G-P appreximation are below 20
% for all buildup‘factors of 7 materials. The G-F parameters are
smoothiy changed over the energy except in K-shell edge energy. It is
possible to interpclate the G-P parameter in source energy or atomic

number.

5. Conclusion

Gamma-ray buildup factors for point isotropic source in medium of
high-2 material as a functicn of source energies have been obtained
over an energy range from 0.015 MeV to 15 MeV for penetration depths
up to 40 mfp. Furthermore the G-P parameter to those buildup factors
have been determined within 20 % in maximum deviations. Using these
G-P parameters, the buildup facters in medium of arbitrary atomic

number will be calculated in gamma-ray shielding calculation.

Acknowledgement
The authors wish to thank Dr. Y. Naito, Div., of Tuel Safety
Research , JAERI, for his discussions and encouragement during the

present work.
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Table 1.1 Photon cross section and dose rate conversion factor

for molybdenum

42 - MO MAT=1420 A= 95.94

E TOT PHOTO K X-RAY MASS E MASS E TISSUE ALR
(MEV? ELECTRIC PRODUCT TRANSFER ABSORP. RESPONSE RESPONSE
UNIT ¥ CAD (A2 CAD (A2 (A (B2 (C)
0.01 8.230E+1 8.223E+1 8.223E+1 B8.223E+1 3.980E~1 3.073E-1
0.012 4 . F66E+1 4 .FLEE+] L.P47E+Y 4 .F4T7E+]1  2.401E-1 1.71BE-1
0.013 3.974E+1 3.957E+1 3.957E+1 3.957E+1 1.927E-1 1.331E-1
0.014 3.232E+1 3.218E+1 3.219E+1 3.219E+1 1.372E-1 1.050E-1
0.015 2.664E+1 2.655E+1 2.636E+1 2.656E+1 1.301E-1 B.428E-2
0.017 1.891E+1 1.B79E+1 1.879E+1 1.879E+1 9.226E~2 5.677E-2
c.018 1.616E+1 1.6C4E+1 1.605E+1 1.603E+1  7.886E~2 4.739E-2
0.02 1.208E+1 1.199E+1 1.199E+1  1.199E+1 - 5.905E-2 3_.398E-2
0.02001 8.107E+1 B8.0%97E+1 6.899E+1 B.098E+1 3.428E+1 5.897E-2 3.398E-2
.03 2.741E+1 2.730E+1 2.326E+1 2.731E+1 1.683E+1 1.940E-2 ©9.BZ2E-3
¢.04 1.254E+1 1.243E+1 1.059E+1 1.244E+1 B.861E+0 9.82%E-3 4 .440E-3
0.05 6.710E+Q0 6.591E+0 5.615E+0 6.603E+0 S.UOBLE+D 5.800E-3 2.6%4E-3
C.06 4., 063E+0 3.942E+0 3.359E+0 3.955E+0 3.1946E+0 4.537E-3 2_024E-3
0.08 1.834E+C 1.714E+0 1.460E+0 1.730E+0 1.48B5E+0 3.339E-3 1.613C-3
G.1 1.009E+0 8.913E-1 7.5%94E-1 9.093E-1 8.089E~1 2.830E-3 1.3553E-3
0.15 3.829E-1 2.718E-1  2.316E-1 2.930E-1 2.723E-1 2.530E~3 1.659E-3
0.2 2.203E-1 1.168E-1 9.947E-2 1.399E-1 1.3308#-1 2.505E-3 1.779E-3
0.3 1.280E-1 3.634FE-2 3.096E-2 6.145E-2 6.007E-2 2.530E-3 1.9i1E-3
0.4 9.874E-2 1.651E-2 1.407E-2 4.237E-2 4.1B7E-2 2.463E-3 1.95BE-3
0.5 B.449E-2 9.164E~3 7.808E-3 3.515E-2 3.496F-2 2.340E-3 1.964E-3
0.6 7.617E-2 5.869E-3 5.000E-3 3.179E-2 3.168E-2 2.270E-3 1.$58F-3
0.8 6.4658-2 3.013E-3 2.567E-3 2.831E-2 2.827E-2 2.100E-3 1.918E-3

1 5.736E-2 1.871E-3 1.594E~-3 2.635E-2 2.633FE-2 1.980E-3 1.8B45E-3
1.5 4.662E-2 B.662E-4 7.380E-4 2.341E-2 2.341E-2 1.7535E-3 1.686E-3

2 4.130E-2 5.348E-4& 4.556E-4 2_.209E-2 2.208E-2 1.604E-3 1.553E-3
3 3.652E~-2 2.869E~4 2.444FE-4 2.170E-2 2_.170E-2 1.3%97E-3 1.361E-3
& 3I.484E-2 1.921b~4  1.636E~-4  2.250E-2 2.250E-2 1.258E-3 1.234E-3
5 3.429E-2 1.444E-4  1.230E-4 2.363E-2 2.363E-2 1.160E-3 1.155E-3
6 3.426E~2 1.136E-4 9.6B0E-5 2.490E-2 2.49CE-2 1.0932E-3 1.083E-3
8 3.504E-2 7.972E-5 6.7%2E-5 2.733E-2 2.733E-2 1.004E-3 1.009E-3

10 3.615E-2 6.164E-5 5.252E-5 2.958E-2 2.958E-2 9.543E-4 9.623E-4

15 3.933E-2 3.842E-5 3.273E-5 3.445E-2 3.445E-2 B8.867E-4 B.953E-4

20 4.234E-2 2.812E-5 2.396E-5 3.837E-2 3.837E-2 B.600E-4 B.68le-4
¥ UNIT (AY ¢ CMxx2 / G

(B @ (MREM/HR} f (PHOTONSxMEV/CM*x%x2/SEC)
(C> + (MR/HR) / {(PHOTONSH«MEV/CMxx2/SEC(S
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Table 1.2 Photon cross section and dose rate conversion factor

15 4.249E-2 6.69BE-5 5.619E-5 3.746E-2 2.924E-2 B_36TE-4 .953E-4

20 L.612E-2 4.B46E-5 4,0606E-% 4,203E-2 3.035E-2 8.600k-4
¥ UNIT CAY @ CMxx2 / G
(B> ¢ (MREM/HR)Y / (PHOTONS*MEV/CMxx2/SEC)
(€)Y t (MR/HRY / (PHOTONS*MEV/CMxx2/SECY

for tin
50 - SN MAT=1500 A=118.6¢%

E TOT PHOTO K X-RAY MASS E MASS E TISSUE AIR
(MEV?> ELECTRIC PRODUCT TRANSFER ABSQRP. RESPONSE RESPONSE
UNIT ¥ (A> CAD CAD CAY CAD (B> gD
0.01 1.340E+2 1.340E+2 1.340E+7 1.340E+2 3.960E-1 3.073E-1
0.012 8.149E4+1 B.127E+1 B.128E+1 8.128E+1 2.401E-1 1.718E-1
0.013 6,545E+1 6.527E+1 6.527E+1 6.527E+1 1.927E-1 1.331E-1
0.014 S.341E+1 5.327E+1 5.328E+1 5.328E+1 1.572E-1 1.050E-1
0.015 4. 417E+1 4 _409E+1 4.410E+1 4 .410E+1 1.301E-1 8.,428E-2
0,017 3.128E+1 32.115E+1 3.116E+1 Z.116E+1 F.226E-2 5.677E-2
0.02 1.993E+1 1.984E+1 1.984E+1 1.984E+1 5.%905E-~-2 3 . 398E~2
0.0292 7.052E+0 6.951E+0 6.959E+0 6.959E+0 2.089E-2 1.067E-2
0.02921 4.32BE+1 4.318E+1 3.623E+1 4.319E+1 1.558E+1 2.087E~-2 1.066E-2
0.03 4. 003E+1 3.993E+1 3.350E+1 3.994E+1 1.507E+1 1.940E~2 9.822E-3
0.04 1.888E+1 1.877E+1 1.575E+1 1.878E+1 1.000FE+1 9.829E-3 4.440F-3
0.05 1.031E+1 1.020E+1 B.557E+0Q 1.021E+1 6.402E+0 5.800E-3 Z2.6F4LE~3
0.06 6.304E40 6.190E+0 5.194E+0 6.203E+0 4 273E+0 4 .537E~-3 2.024E~
0.08 2.86%E+0 2.755E+0 2.312E+0Q 2.771E+0 2.124E+0 3.339E-3 1.613E-3
0.1 1.568E+0 1.456E40 1.222E40 1.473E+0 1.198E+0 2.830F-3 1.553E-3
0.15 5.612E-1 4, 551E-1 3.81%9E-1 4.755E-1 &,175E~1 2.530E-3 1.65%9E~3
0.2 2.978E-1 1.989E~-1 1.669E-1 2.212E-1 2.015E-1 2.9505E-3 1.779E~3
0.3 1.512E-1 6.343E-2 5.321k-2 8.758E~2 8.301&-2 2.530E-3 1.911E-3
0.4 1.081E~-1 2.897E-2 2.431E-2 5_.384E-2 5.198E-2 2.463E-3 1.958E-3
¢.5 8.8B5E-2 1.62%E-2 1.367E-2 & .130E-2 4,.029E-2 2.340E-3 1.964FE-3
C.6 7T.794E-2 1.045E-2 8.770E-3 3.537E-2 3.471E-2 2.270E-3 1.958E-3
0.8 6.474LE-2 5.378E-3 4 . 513E-3 2.973E-2 2.907E-¢ 2.100E-3 1.918E-3

1 5.684E-2 3.384FE-3 2.8322E-3 2.691E-2 2.603E-2 1.980E-3 1.8465E=3
1.5 4.576E-2 1.548E~3 1.2%98E-3 2.331E-2 2.262E-2 1.755E-3 1.686E-3

2 4  Q69E-2 Q.48B8E-4 7.961E-4 2.124E-2 2.09%9E-2 1.604E-3 1.553E~3

3 3.653E-2 5.059E~4 L_2L4LE-4 Z2.187E~2 2.041E-2 1.397E-3 1.361E-3

4 3.545%E-2 3.374E-4& 2.B831E-4 2.313E-2 2.114E-2 1.258E-3 1.234E~3

5 - 3.531E-2 2.527E-4 2.120E-4 2.465E~2 2.212E-2 1.160E-3 1.152=-3

6 3.566E-2 1.974E-4 1.656E~4 2.616E-2 2.308E-2 1.093E-3 1.082E-3

8 3.692E-2 1.38CE-4 1.158E-4 Z2.910E-2 2.490E-2 1.004E-3 1.009E-3
10 3.852E-2 1.066E-4 8.940E-5 3.181E-2 2.E6LLE-2 .5435-4 C.623E~4

g
8
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Table 1.3 Photon cross section and dose rate conversion factor

fer lanthanum

57 - LA MAT=157C A=138.90
E TOT PHOTO K X-RAY MASS E MASS E TISSUE AIR
(MEV)D ELECTRIL PRODUCT TRANSFER ABSORP. RESPONSE RESPONSE
UNIT ¥ CA2 CAD CA> (A2 (A2 B CH
6.01 1.921E+2 1.921E+2 1.921E+2 1.921E+2 3.960E-1 3.073E-1
0.012 1.179E+2 1.177E+2 1.177E+2 1.477E+2 2.401E-1 1.718E-1
C.013 P.509E+1 9.490E+1 FAPLIE+L  9.491E+1  1.927E-1  1.331E-1
0.014 7.790E+1 P .777E+1 7.777E+1  7.777E+1  1.372E-1 1.050E-1

¢.015 6.468BE+1 6.461E+1 &.461E+1 6.461E+1 1.301E-1 8.428E-2
0.017 4.594E+1  4,581E+1 4.581E+1 4.581E+L1 9.226E-2 5.677E-2
0.02 2.940E+1 2.931E+1 2.932E+1 2.932E+1 5.905E-2 3.3983&E-2
0.03 F.549E+0 9.4L52E+0 F.AH6CE+0  9.460E+C  1.940E-2 9.822E-3
0.03892 4.742E+0 4 .640E+0 4.6L9EFD L,649E+Q 1,04BE-2  4.7B8E-3
0.038%93 2.707E+1 2.697E+1 2.239E+1 2.698E+1 9.375E+0 1.048E-2 4.785E-3
0.04 2.538E+1 2.528E+1 2.09BE+1 2.52%E+1 9.245E+0 9.82%9E-3 4.440E-3
Q.05 1.398E+1 1.388E+1 1.152E+1 1.389E+1 6.819%+0 ©S.8CC0E-3 2.694E-3
0.06 B.651E+0 8.542FE+0 7.0%90E+0C B.554E+0 4.956E+0 4 .537E-3 2.024E-3
0.08 3.994E+0 3.8B5E+0 3.225E+0 3.900E+0 2.664E+0 3. 3F39E-3 1.613E-3
0.1 2.181E+0 2.0738+0 1.720E+C 2.089E+0 1.565E+0 2.830E-3 1,353E-3
0.15 7.657E-1 6.634E-1 5.506E-1 6.833E-1 5.706E~1 2.530E-3 1.659E-3
0.2 3.889E-1 2.931E-1 2.433E-1 3.148E-1 2.775E-1 2.505E-3 1,779E-3
0.3 1.808E-1 9.583E-2 7.954E-2 1.194E-1 1.111E-1 2.530E~-3 1.%911E-3
0.4 1.214E-1 4.423E-2 3.671E-2 6.847E-2 6.565E-2 2.463E-3 1.95BE~3
0.5 9.591E-2 2.524E-2 2.093E~2 4.960E-2 4.B30E-2 2.340E-3 1.964E-3
0.6 8.1532E-2 1.604E~2 1.332E-2 4.032E-2 3.963E-2 2.270E-3 1.958E-3
0.8 &6.595E-2 8.282E-3 6.8B74E-3 3.204E-2 3.178E-2 2.100E-3 1.918E-3

1 5.724E-2 5.203E-3 4.319E-3 2.818E-2 2.805E-2 1.%80E-3 1.845E-3
1.5 4.564E-2 2.389E~3 1.983E~-3 Z2.367E~Z2 2.363E-2 1.755E-3 1.686E-3

2 4.066E-2 1.457E-3 1.209E-3 2.218E-2 2.216E-2 1.604E-3 1.553%-3

3 3.698E-2 7.718E-& 6.406E-4 2.231E-~2 2.230E-2 1.397E-3 1.361E-3
& S 3.619E-2 5.073E-4& 4,.211E-4  2.38B3E-2 2.383E-2 1.258E-3 1.234E-3

5 3.645E-2 3.794E-4 3.149E~4 Z2.561E-Z2 2.561E-2 1.1460E-3 1.155E-3
6 3.6%94F-2 2.992E-4 2.483E-4 2.733E-2 2.733E-2 1.093E-3 1.038E-3
8 3.863E-2 2.094E-4 1.738E-4 3.068E-2 3.068E-2 1.004E-3 1.009E-3
10 4 04LE-2 1.617E-4& 1.342E-4 3 _359E-2 3.359E-2 9.543E-4 9.623E-4
15 4.502E-2 1.002E-4 8.313E-5 3.987E-2 3.987E-2 B8.847E-4 8.953C-4
20 4,919E~-2 7.241E-5 6.010E-5 4.504E-2 4.504E-2 B.400E-4 B8.681E-4

¥ UNIT (AY @ CM=xx2 / G

(B> : (MREM/HR?> / (PHOTONS*MEV/CMxx2/SEC)
(C» ¢ (MR/HRY / (PHOTONS*MEV/CM#x2/SEC>
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Table 1.4 Photon cross section and dose rate conversion factor

for gadolinium

&4 — GD MAT=1640C A=157.30
E TOT PHOTO K X-RAY MASS E MASS E TISSUE AIR

{MEV> ELECTRIC PRODUCT TRANSFER ABSORP. RESPONSE RESPONSE
UNIT ¥ CAD CAD CAD (A (A 4P C2

0.01 2.628E+2 2.627E+2 2.627E+2 2.627E+2 3.960E-1 3.073E-1
0.C12 1.625E+2 1.623E+2 1.623E+2 1.623E+2 2.4031E-1 1.718E-1
Q.013 1.316E+2 1.314E+2 1.314E+2 1.314E+2 1.%27E-1 1.331E-1
0.014 1.081E+2 1.080E+2 1.080E+2 1.080FE+2 1.572E~1 1.050E-1
0.015 2.007E+1 ©Q.0Q00E+1 9.001E+1 9.001E+1 1.301E-1 8.428E-2
0.017 6.430E+1 6.417E+1 6.418E+1 6.418E+1 9.226E-2 S.677E-2
.02 4,144E+]1 & 136E+1 4L.137VE+1 4,137E+1 5.905E-2 3.398E-2
0.03 1.365E+1 1.356E+1 1.357E+1 1.3578+1 . 1.940E-2 $.822E-3
0.04 6.190E+0 6.090E+0Q 6.099E+0 6.099E+Q F.B29E~3 4.440E-3
0.05 3.398E+0 3.294E+0 3.305E+0 3.305E+0 5.800E~-3 2.694E-3
0.05024 3.359E+0 3.255E+0 3.267E+0 3.267E+0 5.BO0E~-3 2_.694E-3

0.05025 1.810E+1 1.800CE+1 1.472E+1 1.8C1E+1 6.139E+0 S5.800E-3 -2.694E-3

C.06 1.140E+1 1.130CE+1 9.242E+0 1.131E+1 5.C68BE+0 4.537E-3 2.024E-3
.08 S.354E+0 5.247E+0 4.292E+0Q0 5.262E+0 3.087E+0 3.3392-3 1.613E-3
c.1 2.94BE+0  2.842E+0 2.325E+0 2.839E+0 1.916E+0 2.830E-3 1.553E-3
0.15 1.03%9E+C 9.383E-1 7.676E-1 9.581E-1 7.513E-1 2.530E-3 1.659&-3
0.2 5.125E-1 4.175%E-1 3.415E-1 4.390E-1 3.697E-1 2.505E-3 1.779E-3
6.3 2.237E-1 1.394E-1 1.1408-1 1,628E-1 1.475E-1 2.530E-3 1.911E-3
0.4 1.409E~1 6.473E-2 5.295E-2 8.8B78E-2 B.342E-2 2.463E-3 1.958E-3
0.5 1.074E-1 3.727E-¢ 3.048E~2 6.143E-2 S5.894E~-2 2.340E-3 1.964E-3
0.6 8.897E-2 2.386E-2 1.95Z2E-2 &4.795E-2 L.6635E-2 2.270E-3 1.958E-3
0.8 6.944E~2 1.237E-2 1.012E-2 3.5%93E-2 3.543E-2 2.100E~3 1.918E-3
1 S5.944E-2 T7.V3VE-3 6.329E-3 3.053E-2 3.028E-2 1.980E-3 1_.845E-3
1.5 4.682E~2 3.581E-3 2.929E-3 2.473E-2 2.465%5E-2 1.755E-3 1.686E-3
2 4.159E-2 2.18B3E-3 1.7Y86E-3 2.29BE-2 2.294E~2 1.604FE-3 1.553£-3
3 3.822E-2 1.145E-3 9.367E-4 2.328BE-2 2.327E-2 1.397E-3 1.361t-3
4 3.771E~2 7.468E-4 6.109E-4 2.503E-2 2.502E-2 1.258E-3 1.234E-3
5 3.817E~2 5.553E-4 4_.543E-4 2.707E-2 2.706E-2 1.1608-3 1.155E-3
6 3.885E-2 4 .366E-4 3.572E~4 2.898E-2 2.898E-2 1.093E-3 1.088E-3
8 4.079E-2 3.053E-4 2.497E-4 3.260E-2 3.260E-2 1.004E-3 1,009E-3
10 4.290E-2 2.352E-4 1.924E-4 3.588FE-2 3.588E-2 9.543E-4& 9.623E-4
15 4.806E-2 1.452E-4 1.187E-4 4.278E-2 4.278E-2 8.867VE-4 J3_.953E-4
20 5.272E-2 1.046E-4 B.553E-5 4.838E-~2 4.B3BE-2 B8.600E-4 B8.681F-4
¥ UNIT (AY @ CM=x=x2 / G

(B> ¢ (MREM/HRY / (PHOTONS*MEV/CMxx2/SEC)
(Cy © (MR/HR}Y / (PHOTONS*MEV/(Mxx2/SEC)
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Table 1.5 Photon cross section and dose rate conversion facter

for tungsten

74 - MW MAT=174C A=183.9%90
E TOT PHCOTO K X-RAY MASS E MASS E TISSUE AIR
(MEV) ELECTRIC PRODUCT TRANSFER ABSCRP. RESPONSE RESPONSE
UNIT ¥ (A2 CAD CA) (A2 (A (B> {(C2
0.01 2.014E+1 S.00%9E+1 9.009E+1 9.009E+1 3.960E-1 3.073E-1
0.01153 1.645E+2 1.6L3E+2 1.6455+2 1.645E+2 2.6728-1 1.946E-1
0.01154 2.304E+2 2.303E+2 2.303E+2 2.303E+2 2.671E-1 1.940E-1
0.01209 2.028E+2 2.0283E+2 2.028E+2 2.028E+2 2.348E-1 1.677E-17
0.0121 2.333E+2 2.333E+2 2.333E+2 2.333E+2 2.347E-1 1.673E-1
0.015 1.344E+2 1.343E+2 1.343E4+2  1.343E+2 1.301E-1 B.42BE-2
0.02 6.297E+1 6.290E+1 6.291E+1  6.291E+1  5.905E-2 3.393E-2
0.03 2.1228+1 2.113E+1 2.114E+1 2.114E+1 1.94C0E-2 §.822E-3
0.04 9.726E+0 9.631E+0 9.,641E+0 9 .641E+0  9.829E-3 4A.440E-3
0.05 5.341E+0 S.242E+0 S.252E+0 5.2%2E+0 5.BCOE-3 2.694E-3
0.04 3.24CE+0  3.13BE+0 3.151E+0 3.151E+0 4.337E-3 2.024E-3
0.06952 2.200E+0 2.097E+0 ' 2.110E40 2.110E+0 3.720E-3 1.802E-3
0.06953 1.078E+1 1.068E+1 8.576E+0 1.069E+1 3.617E+0 3.719E-3 1.802E-3
0.08 7.540E+0 T.437E+Q 5.972E+0 7.451E+0 3.163E+0 3.339E-3 1.613E-3
0.1 £ .230E40 L4.128E+0 3.315E+0 &4.144E+0 2.241E+0 2Z2.830E-3 1.553E-3
0.15 1.501E+0 1.402E+0 1.126E+0 1.422E+0 9.8%2E-1 2.5330E-2 1.659E-3
0.2 7.351E-1 6.421E-1 5.158E-1 &.4634FE-1 S5.160E-1 2.505E-3 1.779E-3
0.3 2.994E-1 2.165%E-1 1.739E-1 2.396E-1 2.062E-1 2.3302-3 1.911E-3
0.4 1.785E-1 1.032E-1 B8.286E-2 1.270E-1 1.152FE~%1 Z.463E-3 1.958E-3
0.5 1.287E-1 5.942E-2 4.788E-2 B8.354E-2 7.797E-2 2.340F-3 1.964E-3
0.6 1.029E-1 3.866E-2 3.104E-2 6.247E-2 5.952E-2 2.27CE-3 1.93BE-3
0.8 7.705E-2 2.038E-2 1.636E-2 4.367E-2 L.249E-2 2.100E-3 1.918E-3
1 6.355E~2 1.278E-2 1.026E-2 3.52BE-2 3.469E-2 1.980E-3 1.8435E2-3
1.5 4L ,88B7E-2 5.884E-3 4,709E-3 2.68%9E-2 2.66%E-2 1.755£-3 1.686E-3
2 4,324E-2 3.53BE-3 2.841E-3 2.449E-2 2.443E-2 1.604E-3 1.553:8-53
3 4.005E-2 1.854E-3 1.489E-3 2.475E-2 2.472E-2 1.397E-3 1.361E-3
4 3.988E-2 1.219E-3 9.7B46E-4 2.67%E-2 2.678E-2 1.258E-3 1.234L-3
5 4L.064E-2 S.009E-&4 7.234E-4 2.914E-2 2.913E-2 1.160E-3 1.155E-3
& L.162E=2 7.076E-4 5.6B2F~4 3.137E-2 3.137E-2 1.093E-3 1.088E-3
8 4.393E-2 4,.914E-4 3.946FE-4 3,543E-2 3.543E-2 1.004E-3 1.009E-3
10 4.4653E-2 3Z.735E-4 2.999E-4 3.916E-2 3.916E-2 9.543E-4 9.623L-4
15 5.232E-2 2.293E-4 1.841E~4 4. 674E-2 4.674FE-2 8.867E-4 B8.953E-4
20 5.766E-2 1.667E-4 1.339F-4. 5.308E-2 5.308E-2 B8.600E-4 B.631E-4

: CMx=2 / G
(B) : (MREM/HR) / (PHOTONS*MEV/CMx%x2/SEC)
T (MR/HR) / {(PHOTONS*MEV/CMx*x2/SEC)
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Table 1.6 Photon cross section and dose rate conversion factor

for lead
82 - PB MAT=1820 A=207.2C

E 70T PHOTO K X-RAY MASS E MASS E TISSUE ALR
(MEV? ELECTRIC PRODUCT TRANSFER ABSORP. RESPONSE RESPONSE
UNIT ¥ CAD (A2 (A2 (Ad (A2 (8> (Cc>
0.0131 1.591E+2 1.590E+2 1.590E+2 1.59CE+2 1.88YE-1 1.298E-1
0.015 1.070E+2 1.070E+2 1.070E+2 1.070E+2 1.301E-1 8.428E-2
0.0152 1.044E+2 1.044E+2Z 1.044E+2 1.044E+2 1.254E-1  8.42BE-2
0.01521 1.457E+2 1.456E+2 1.456E+2 1,456E+2 1.252E-1 8.42B8E-2
0.0159 1.518E+2 1.517E+2 1.517E+2 1.517E+2 1.1C%9E-1 B.4A2BE-2
0.01591 1.5188+2 1.517E+2 1.517e+2 1.5178+2 1.107E-1 3.428E-2
0.02 8.292E+1 8.285%E+1 8.286E+1 B.Z286E+1. 5.905E-2 3.398E-2
0.03 2.854E+1 2.B46E+1 2.847E+1 . 2.847E+1 1.940QFE-2 $.B22E-3
0.04 1.3268+1 1.317E+1 1.318E+1 1.318E+1 $.829E~3 4 .440E-3
0.05 7.247E4+0 7 .131E+40Q 7.162E+0 7.162E+0 5.800E-3 2.6%4E-3
0.06 4. 459E+0 4. 360E+0 4.373E+0 4.373E+0Q 4L .S37E-3 2.024%E~3
.08 2.077E+0 1.977E+Q 1.991E+0  1.991E+0 3.33%9E-3 1.613£-3
0.088 1.629E+0 1.529E+C 1.544E+0 1.544%+0 3.111E-3 1.587E~3
C.0881 7.309E+0 7.209E+0 S5.6BlE+D 7.224E+0 2.495E+0 3.111E-3 1,587E-3
c.1 5.332E+0 5.233E+0 4.123E+0 5,249E+C 2.229E+0 2.830E-3 1.553E-3
C.15 1.919E+0 1.823E+0 1.4&36E+0 1.842E+0 1.141E+0 2.530E-3 1.659E£-3
c.2 9.4C01E-1 B.488E-1 6.689E-1 B.6%¥BE-1 6.256E-1 2.505E-3 1.779E-3
C.3 3.750E-1 2.936E-1 2.314E-1 3.163E-1 2.599E-1 2.530E-3 1.911E-3
G.4 2.154E~1 1.416E-1 1.116E-1 1.64%E-1 1.446E-1 2.463E-3 1.958£-3
0.5 1.503E-1 8.256E-2 6.506E-2 1.061E-1 9.64BE-2 2.340E~3 1.964E-3
0.6 1.172E-1 5.40Q7E~-2 4.261E~2 7.750E-2 7.227E-2 2.270E-3 1.958E-3
0.8 B.419E-2 2.866FE-2 2.259E-2 5.157E-2 4&.951E-2 2.100E-3 1,918E-3

1 6.805E-2 1.805E-2 1.423E-2 4.020E-2 3.916E-2 1.980E-3 1.845E-3
1.5 5.063E-2 8.285E-3 6.529E-3 2.904E-2 2.872E-2 1.755E-3 1.686E-3

2 4 . 480E-2 4.971E-3 3.917E-3 2.591E-2 2.576E-2 1.604E-3 1.553E-3
3 4.1428-2 2.581E-3 2.034E-3 2.595E-2 2.590E-2 1.397E-3 1.361E-3
4 4.,145E-2 1.709E~3 1.347E~3 2.815E-2 '2.813E-2 1.258E-3 1.234E-3
5
6

4,237E-2 1.265E-3 9.965E-4 3.067E-2 3.066E-2 1.160E-3 1.155E-3
4.342E~2 9.76BE-4& T7.69T7E-4& 3.296E-2 3.295E-2 1.093E-3 1.088E-3
8 4,579E-2 6.744E-4  5.314E-4 3.714E-2 3.7V13E-2 1.004E-3 1.009E-3
10 4.8B4HE-2 5.204E-4 4.100E-4 4 .097E-2 4.097E-2 9.543E-4 9Q.623E-4
15 S.468E-2 3.169E-4 2.497E~4 4 ,.B9TE-2 4L.BY97E-Z2 8.8B67E~4L B.953E-4
20 6.067E-2 2.297E-4 1.810E=4 5.598E-2 5.598E-2 8.600E-4 B.68BLlE-4

: CMex2 [/ G
(B ¢ (MREM/HR) / (PHOTONS*MEV/CMx%x2/SEC)
: (MR/HRY / (PHOTONSxMEV/CM*xx2/SEC)



0.015
0.0171&
0.01717
C.02
.020%94
.020%5
02175

@]

Table 1.7

5.977E+1
4 .256E+1
1.0258+2
6.812E+1
6.003E+1
8.508E+1
7.723E+1
8.887E+1
1.848E+1
1.026E+1
6.318E+0
2.955E40
1.664E+0
1.156E+C
4.650E+0
2. LTLE4D
1.225E+0
4.840E~1
2.7158-1
1.8398-1
1.394E-1
9.589E-2
7.539E-2
5.381E-2
4.691E-2
4 _BLLE-2
4.341E-2
4 43IFE-2
4.S30E-2
4.B10E-2
5.061E-2
5.733E-2
6.358E-2

JAERI—M 87~ 210

Photen cross section and dose rate conversion factor

for uranium

PHOTOD
ELECTRIC
(A2

S.971E+1
L .250E+1
1.025E+2
&.806E+1
.998E+1
.501E+1
.716E+1
.880E+1
.839E+1
.017E+1
L22LEXD
2.859E+¢C
1.569E+0
1.060E+0
4 .554E+0
2.381E+0
1.136E+0
4,048E-1
1.996E-1
1.179E-1
7.792E-2
L o17LE-2
2.656E-2
1.212E-2
7.286E-3
Z.7LLE-3
2.449E-3
1.811E-3
1.409E-3
P.6F0E-4
7T.LE6ZE-4
4L _529E-4
3.264E-4

o e e BN s+ IRV, |

U MAT=19238
K X~RAY MASS E
PRCDUCT TRANSFER
(A) (AD
5.971E+1
4.251E+1
1.025E+2
6.806E+1
5.997E+1
8.501E+1
FL.T1ITE+
B.8R1E+1
1.840E+1
1.018E+1
6.236E+0
2.8B73E+0
1.584E+0
1.077E+Q
3.493E+0 4L .5T71E+0
1.826E+0 2.399E+0
8.713E-1 1.156E+¢(
3.105E-1 4 ,270E-1
1.531E-1 2.225E-1
9.043E-2 1.408E-1
5.977E-2 1.008E-1
3.202E-2 6.411E-2
2.038E~-2 4.820E-2
$.295E-3 3.251E-2
5.589E-3 2.815E-2
2.872E-3 2.770E-2
1.878E-3 2.98B7E-2
1.389E-3 32_.24L6E-2
1.081E~-3 3.465E-2
7.L32E-4 3 ,923E-2
S.725E-4 4L 297E-2
3.L74LE-4 5.151E-2
2.503E-4 5.876E-2
CAY @ CMxx2 [/ G
(By = (MREM/HR) /
(Cy =

A=238.03

MASS E
ABSORP.
(A

5.971E+1
4.251E+1
1.025E+2
6.806E+1
S.SFTE+L
8.501E+%
7.7ATE+L
3.881E+1
1.840E+1
1.018E+1
6.238E40
2.873E+0
1.584E4C
1.031E+D
1.651E+C
1.223E40
7.364E-1
3,258E8-1
4.855E-1
1.2348-1
9.118E=2
L032E-2
L622E-2
L190E-2
LTB7E~2
LTLOE-2
.983E-2
3.P44E-D
3. LGLE~D
3.922E-2
L.297E-2
5.1518-2
5.876E-2

NN O

TISSUE
RESPONSE
(B2

?.829E-3
5.800E-3
4. 537E-3
3,339E-3
.830E-3
.720E-3
L7192~ 2
-530E-3
-505E-3
2.530E-3
2.463E-3
2.340E-3
.270E-3
.100E-3
.F80E-3
.755E~-3
SH04E-S
.397VE-3
.258E-3
1.160E-3
1.093E-3
1.004E-3
G.543E~-4
8.867E-4
&.600E-4

(AR 3NAV RN AN AN T AN |

2%

[ %)

AIR
RESPONSE
{G¥D]

8.428E-2
5.501E-2
5.491E-2
3.398E-2
3.368g8~2
3.398E-2
2.628E-2
2.625E-2
LOLLOE-S
2.694E-3
2.024E~3
LH13E-3
L5532E-3
.590E-3
.590E-3
.6592-3
1.779E-3
1.921E-3
1.958E-3
1.964E-3
1.958E-3
L218E-3
.845E-3
SG86E-3
“5353E-3
L361E-3

3 ) 3 A

P e
.«

(PHOTONS®*MEV/CM%%x2/SEC?

(MR/HRY / (PHOTONS=MEV/CMxx2/3EC)



JAERI- M 87-210

Table 2 Energies and intensity of Y4 fluorescence X-ray for sevral

materials
Z element K{E2 Kul KBl, KBz, wy

h2 Mo a) 17.3743  17.47934 19.60 19.97 0.764
b) 52.5 (100) 25.9 4.1

50 Sn 25.0840 25,2713 28.48 29.11 0.859
53.4 (100) 28.2 5.5

57 La 33.0341  33.4418  37.8 38.7 0.906
54.4 (100} 29.7 7.3

64 Gd 42.3089 42,9962  48.7 50.0 0.934
55.6 (100) 30.8 8.9

74 W 57.9817 59.3182  67.2 69.1 0.957
57.6 (100) 33.8 8.6

82 Pb 72.804 74.969 84.769 87.3 0.968
59.3 {100) 33.8 10.2

92 U 94.665  98.439 110.991 114.5 0.976
61.9 (100) 33.6 12.3

a) fluorescence energy (keV)
b) relative intensity

W, K-fluorescence yield
Source: Tahle of Isotfopes ,seventh edition (1987)

edited by C.M.Lederer and V.S8.Shirley

A Wiley-Interscilence Publication
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Table 3.1 Gamma-ray buildup factors for point iscotropic source
in 45-mfp-thick molybdenum
ABSORAKD DOSE BULLDUP FACTGRS IN 45-HFP THICK MOLYBDLNUM

ENERGY (MEV)

R{MFP) 15 10 g 3 5 4 3 2 1.5 1
0.5 1,25 1.27 1.33 1.37 1.40 1.34 1.38 1.42 1.44 1.52
1.0 1.47 1.48 1.55 1.62 1.67 1.62 1.72 1.86 1.92 2.07
2.0 1.84 1.81 1.89 2.00 2.12 2.11 2.38 2.80 3.02 3.37
3.0 2.29 2.14 2.21 2.38 2.55 2.57 3.02 j.r2 4.14 4.74
4.0 2.76 2.52 2.5% 2.79 j.o3 3.08 3.68 4.64 5.2% 6.13
5.0 3.39 2.97 3.02 3.2 3.57 3.64 4,40 5.61 6,41 7.57
6.0 4.18 3.49 3.31 3.80 4,18 4.28 5.20 6.69 T.67 9.16
7.0 5.16 4.11 4.08 4.41 4.85 4.98 6.05 7.82 8.99 1.06E1
8.0 6.38 4.81 4,77 s5.07 5.59 5.73 6.95 9.02 1.04E1 1.26E1
10.0 %.72 6.56 6.23 6.60 7.25 7.40 8.94 1.16E1 1.3381 1.65E1
15.0 2.75E1 1.38F1 1.19E1 1.18FE1 1.26E1 1.26E! 1.48E1 1.91E1 2.17E1 ?2.79E1
20.0 7.59%E1 L.TRET 2.14E1 1.92E1  1.99E1 1.90E1 2.15E1 2.75E1 3.09FE1 4.10E1
25.0 2.03E? LJ0E1 3.65E1 2.93E1 2.90ET1 2.66E{ ?2.8BE1 3.65E1 4.06F1 57E1

2

5 5
3o.o 5.27E? 9.B3E1 5.97kE1 4.24E% 4.02ET 3.53E1 3.66Ef 4.59E1 5.07E1 7
35.0 1.33E3 1.78E2? 9.44E1 5.92E1 5.36E1 4.51E1 4,49E1 5.58E! 6,12E1 B8.87F1
40.0 3.30E3 3.13F2 1.4%F2 T7.99E1 6.93E1 5.57E1 5.34F1 -6.59F1 7,19E1 1

ENERGY (MEV)

R(MFF) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 0.08 0.06
¢.5 1.60 1.65 1.72 2.35 2.10 1.65% 1.33 1.13 1.07 1.02
1.0 2.19 2.28 2.32 3.19 2.69 1.87 1.42 1.16 1.09 1.03
2.0 3.59 3.70 3.67 4.45 3.49 2.16 1.53 1.19 1.10 1.04
3.0 5.06 5.18 5.02 5.69 4.22 2,42 1.63 1.22 1.12 1.05
4.0 6.5% 6.68 6.34 6.79 4,85 2.63 1.72 1.25% 1.13 1.06
5.0 .08 8.24 7.69 7.91 5.45 2.81 1.80 1.23 1.15 1.07
6.0 9.77 9.97 9.13 9.17 6.10 3.00 1.88 1.30 1.16 1.08
7.0 1.16E1 1.18¢1 1.07E1 1.04E1 6.68 3.17 1.94 1.32 1.17 1.08
8.0 1.35E1 1.37E1 1.23E1 1.16E1 7.25 3.32 2.00 1.34 1.18 1.09

10.0 1.73E1 1.80FE1 1.57E1 1.40E1 B.38 3.60 2.10 1.37 1.20 1.09

15.0 2.96Et1 3.05E1 2.53E1 2.04E1 1.10E1 4.16 2.31 1.43 1.23 1.11

20.0 4.32EY  4.49E1 3.61E1 2.66FE1 1.32F1 4.57 2.45 1.47 1.26 1.12

25.0 5.80E1 6.11E1 4.7BE1 3.26E1 1.53E1 &.B9 ?2.57 1.51 1.27 1.13

30.0 T.40E1 T7.8BF1 6.01E1 3.8501 1.71E1 5.1%7 2.67 1.53 1.29 1.14
35.0 9.10E1 9.79E1 7.31E1 4.41E1 1.B7E1 5.42 2.77 1.586 1.30 1.15
40.0 1.09E2 1.18E82 B.64E1 4.96E1 2.02E1 5.63 2.85 1.58 1.31 1.15

ENERGY (MEV)
R{MFPY 0.05 0.04 0.033 0.03 0.028 0.026 0.024 0.022 0.021 0.02

0.5 1.31 1.3t 1.31 1.29 1.29 1.28 1.27 1.26 1.26 1.01
1.0 1.38 1.49 1.53 1.5% 1.56 1.57 1.57 1.56 1.56 1.01
2.0 1.40 1.6% 1.89 2.11 .22 2.33 2.42 2.48 2.51 1.02
3.0 1.40 1.73 2.1% 2.84 3.21 3.60 3.99 4.33 4,50 1.02
4.0 1.39 1.77 2.50 3.93 4,87 5.95 7.16 8.36 3.99 1.02
5.0 1.40 1.79 2.84 5.61 7.70 1.04E1 1.37E1 1.73E1 1,93E1 1.02
6.0 1.40 1.80 3.20 8.16 1.25E1 1.87E1 2.69E1 3.67E1 4.24E1 1.03
7.0 1.40 1.80 3.62 1.21E1 2.05E1 3.32E1 5.0vE1 7.28FE1 8,701 1.03
8.0 1.40 1.81 4.15 1.78E1 3.23FE1 S.74E1 9,52R1 1.47YE2 1.81E2 1.03
10.0 1.41 1.82 5.39 3.80E1 &.41E1 1,79E2 3.46E2 6.13E2 B8.08E2 1.03
15.0 1.41 1.82 1.2681 3.26E2 1.10E3 3.46E3 9.53E3 2.33£4 3.55E4 1.04
20.0 1.42 1.84 4.03E1 3.60E3 1.76E4 T.74E4 2.91E5 9.55E5 1,67E6 1.05
25.0 1.43 1.84 1.53E2 4.58E4 3.19E5 1.92E6 $.59E6 4.12E7 8.19E7 1.05
30.0 1.44 1.85 6.28E2 6.21E5 4.24E6 5.14E7 3.36F8 1.86E0 4.16E9 1.06
35.0 1.44 i.85 2.864E3 B.69E6 1.27TE8 1.44E9 1.24FE10 8,72E10 2.18E1% 1.06
40.0 1.45 1.85 1.13E4 1.23E8 Z2.64E9 4.17E10 4.73E11 4.22E12 1.18E13 1.06

ENERGY (MEV)
RCMFP) 0.015

Q.5 1.00
1.0 1.01
2.0 1.01
3.0 1.01
4.0 1.01
5.8 1.01
6.0 1.01
7.0 1.01
8.0 1.01
10.0 .02
15.0 1.02
20.¢ .02
25.0 1.02
30.0 1.03
35.0 1.03
40.0 1.03
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Table 3.1 (continued)

EXPOSURE BUILDUP FACTIORS IN 45-MPP THICK MOLYBDENUM

ENERGY (MEV)

-|-l-

RCMFP) 15 10 8 [ 5 4 3 2 1.5 1

0.5 1.33 1.32 1.32 1.32 1.32 1.29 1.29 1.29 1.28 1.29
1.0 1.64 1.58 1.57 1.57 1.57 1.54 1.58 1.62 1.62 1.63
2.0 2.21 2.02 1.98 2.01 2.04 2.04 2-18 2.34 2.40 2.47
3.0 2.89 2.49 2.41 2.45 2.51 2.54% 2.78 3.07 3.19 3.34
4.0 3.73 3.04 2.90 2.93 3.03 3.09 3.40 3.82 4.00 4.25
5.0 4.79 3.68 3.45 3.49 3.61 3.69 4.09 4.61 4,86 5.20
6.0 6.12 A.44 4.10 4.12 .27 4.37 4.84 5.47 5.78 6.25
7.0 7.78 5.32 4.83 A.R7 4.09 5.11 5.65 6.39 6.75 7.36
8.0 9.84 6.34 5.65 5.59 5.78 5.91 6.50 7.36 T.77 8§.53
0.0 1.56E1 8.88 7.64 7.38 7.57 7.67 8.30 9,43 9.92 1.11E1
15.0 4,63FE1 1.94F% 1.51FE1 1.35E1 1.34E1 1.3161 1.38FE1 1.54E1 1.60E1 1.84E1

0.0 1.31E2 3.98L71 2.7fEY 2.22E% 2.11E1 1,99FE1 2,00C1 2.20E1 2.26E1 2.69E1
25.0 3.54E2 7.77E1 4.7BE1 3.41E1 3.10E1 2.80E1 2.68E1 2.92E1 2.96E1 3.64F1
30.0 9.24E2 1.46E7 7.8BE1 4.97E1 4.31E1 3.72E1 3.41E1 3.67E1 3.69E1 4.67E1
35.0 . 2.35E3 2.65E2 1.25E? 6.95E1 S$.7pET 4.75E1 4.1FE1 4.45E1 4,44E1 5.76E1
44,0 5.83E3 4.69L27 1.94E2 9.42E1 7.45Et 5.87E1 4.96E1 5.25E1 5.21E1 6.90E1

. ENERGY (MEV)
R(MFP} 0.8 0.6 0.5 0.4 Q.3 0.2 0.15 0.1 0.08 0.06

0.5 1.30 1.29 1.29 1.59 1.48 1.31 1.18 1.08 1.05 1.02
1.0 1.65 1.63 1.60 2.41 1.79 1.46 1.25 1.11 1.07 1.03
2.0 2.49 2.42 2.32 2.68 2.23 1.67 1.35 1.15 - 1.09 1.04
3.0 3.37 3.24 3.05 3.35 2.65 1.85 1.43 1.18 1.10 1.035
4.0 4.27 4.10 3.77 3.97 3.02 2.00 1.51 1.20° 1.12 1.06
5.0 5.23 5.01 4.53 4.61 3.39 2.14 1.58 1.23 1.13 1.07
6.0 6.27 6.01 5.34 5.29 3.76 2.27 1.64 1,25 1.14 1,07
7.0 7.37 7.07 b6.19 5.95 4.11 2.39 1.69 1.27 1.15 1.08
8.0 8.54 8.19 7.00 6.62 4.45 2.50 1.74 1.29 1.16 1.08
10.0 1.1161 1.06E1 8.99 7.99 5.12 2.71 1.83 1.32 1.18 1.09
15.0 1.83E1 1.77E1 1.43E1 1.15E1 6.63 3.11 2.00 1.37 1.21 1.11
20.0 2.66E1 2.59E1 2.02E1 1.49E1 7.97 3.42 2.12 1.41 1,24 1.12
25.0 3.55E1 3.50E1 2.67E1 1.82E1 9.17 3.66 2.22 1.44 1.25 1.13
30.0 4.52E1 4.50E1 3.35E1 2.14E1 1.03&1 3.87 2.31 1.47 1.27 1.14
35.0 5.54E1 5.57E1 4.00C1 2.46E1 1.12E1 4.06 2.39 1.49 - 1.28 1.14

40.0 6.61FE1 6.59E1 4.T9ET 2.76E1 1.21E1 4.22 2,46 1.51 1.29 1.15

ENERGY (MEVYY)
RCHMFP) 0.05 0.04 0.035 0.03 0.028 0.026 0.024 0.022 0.021 0.02

0.5 2.66 2.82 2.68 2.45 2.32 2.17 2.03 1.89 1.82 1.01
1.0 3.06 3.83 3.91 3.76 3.59 3.38 3.16 2.90 2.78 1.01
2.0 3.12 4.83 5.86 6.59 6.66 6.58 6.38 6.02 5.82 1.02
3.0 3.06 5.23 7.52 1.0361 1.12E1 1.19E1 1.23E% 1.23E1 1.22E1 1.02
4.0 3.02 5.42 9.19 1.58E1 1.B89E1 2.18E%1 ?2.44FE1 2.59E1 ?2.65E1 1.02
5.0 3.02 5.53 1.t0E1 2.43E1 3.20E1 4.05FEt 4.91E1 5.61E1 5.92E1 1.02
6.0 3.02 5.57 1.29€1 3.72E1 5.42E1 7.52E1 9,91E% 1.22E? 1.33E2 1.03
7.0 3.01 5.58 1.52Ef 5.70E1 9.13E1 1.36E2 1.89E% 2.44E2 2.7¥5E2 1.03
3.0 3.02 5.61 1.80EF 8.57FE1 1.46E¢ 2.38F2 3.57FE2 4.94F7 5.74E7 1.03
10.0 3.0t 5.62 ?2.47E1 1.87E2 3.83E2 T7.44E2 1.30E3 2.07E3 2.56E3 1.03
15.0 3.00 5.63 6.31E1 1.62E3 5.03E3 1.44E4 3.58E4 7.83E4 1.13E5 1.04
20.0 3.02 5.69 2.10E2 1.77E4 7.96E4 3.19E5 1.09E6 3.20E6 5.27E6 1.05
25.9 3.04 5,72 B.09E? 2.24E5 1.43E6 7T.88E6 3.50E7T 1.37FEB  72.57FE8 1.03

30.0 3.06 5.74 3.32E3 3.04E6 2.80ET 2.10EB 1.24E9 E.17E® 1.30E10Q 1.06
35.0 3.07 5.73 1.40E4 4.25E7 5.68EB 5.87E% 4,56E10 ?2.88E11 6.80Ef1 1.06
40.0 3.09 5.72 5.98E4 6.02E8 1.18E10 1.70Ef1 1.74E12 1.39E13 J.65E13 1.06

ENERGY (MEV)
RCHFP) 0.015

0.5 1.00
1.0 1.01
2.0 1.01
3.0 1.01
4.0 1.01
5.0 1.01
6.0 1.01
7.0 1.01
8.0 1.4
10.90 1.02
15.0 1.02
20.0 1.02
25.0 1.02
30.0 1.03
35.0 1.03
40.0 1.03
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Table 3.1 (continued)
DOSE EQUIYALENT BUILDUF FACTORS IN 45-MFP THICK MOLYBDLNUM

ENERGY (MEV}

R{MFP) 15 10 8 & 5 4 3 2 1.5 1
9.5 1.39 1.39 1.38 1.37 1.37 1.32 1.32 1.32 1.31 1.32
1.0 1.75 1.69 1.66 1.65 1.66 1.60 1.63 1.67 1.68 1.70
2.0 2.40 2.18 2.11 2.12 2.186 2.12 2.27 2.44 2.54 2.62
3.0 3.14 ?2.69 2.57 2.58 2.67 2.65 2.90 3.22 3.42 3.59
4.0 4.07 3.29 3.10 3.10 3.23 3.22 3.56 4.01 4,31 4.58
5.0 5.2% 4.00 3.70 3.69 3.85 3.85 4.27 4.85 5.24 5.63
6.0 6.72 4.84% 4,40 4.36 4.56 4.56 5.07 5.77 6.25 6.78
7.0 8.56 5.81 5.20 $.11 5.35 5.34 5.92 6.74 7.31 8.00
8.0 1.09E1 6.94 6.09 5.94 6.20 6.18 6.81 T.77 8.42 .28
10.0 1.72E1 9,75 8.25 7.8% 8.14 8.03 8.77 9.97 1.08E1 1.21E1
15.0¢ 5.14E1 2.15E1 1.64E1 1.44E1 1.44E1 1.3BE1 1.45FEf 1.63E1 1.74E1 2.02E1
20.0 1.45E2 4.41€1 3.02E1 2.38E1 2.29E1 2.10E1 2.11E1 2.34E1 2.47E1 2,96C1

25.0 3.94E2 8.63E1 S5.2101 3.65E1 3.36E1 2.94FE% 2.83F1 3.10E1 3.724E1 4.00F1
30.0 1.03E3 1.62E2 8.61E1 5.33E1 4.68E1 3.91E1 3.60E1 3.90E1 4.04E1 5.14E1
35.0 2.62E3 2.95E2 1.37E2 T.47E1 6.25F1 5.00FE1 4.41E1 4.73E1 4.87E1 6.35F1
40.0 6.51E3 5.2282 2.1262 1.01E2 #8.09E1 6.19E1 5.24E1 5.38E1 5.73%E1 7.60E1

ENERGY (MEV)

R(MFP) 0.8 ¢.6 0.5 G.é 0.3 0.2 0.15 0.1 0.08 0.06
0.5 1.33 t.32 1.32 1.62 1.50 1.33 1.19 1.09 1.05 1.02
i.0 1.72 5 1.68 1.65 2.07 1.82 1.49 1.27 1.12 1.07 1.03
2.0 2.64 2.54 2-43 2.78 2.29 1.70 1.37 1.15 1.09 1.04
3.0 3.62 3.43 3.22 3.48 2.72 1.89 1.45 .12 1.10 1.05
4.0 4.61 4.35 4.00 4.13 3.10 2.04 1.53 1.21 1.12 1.06
5.0 5.66 5.33 4.81 4.80 3.48 2.19 1.60 1.24 t.13 1.07
6.0 6.81 6.41 5.68 5.52 3.86 2.32- 1.66 1.26 1.14 .07
7.0 8.02 7.55 6.60 6.20 4,22 2.45 1.72 1.28 i.16 1.08
g.0 .31 8.75 7.57 6.91 4.57 2.56 1.77 1.30 1.17 1.08

10.0 T.2161 1.14E1 9.61 8.34 5.26 .77 1.86 1.33 1.18 1.09

15.0 2.01€1, 1.90%1 1.53E1 1.20R1 6.87 I.19 2.03 1.38 1.22 1.1

20.0 2.9281 2.78E1 2.17E1 1.56FE1 8.20 3.50 2.16 1.42 1.24 .12

25.0 3.91E1 3.77E1 2.8TE1 1.90E1 G.44 3.75 2.26 1.45 1.26 1.13

30.0 4.9761 4.85E1 3.60E1 2.24E1 1.06E1 3.97 2.35 1.48 1.27 1.14

35.0 6.11E1 6.00E1  4.36E1 2.37E1 1.16E1 4.16 2.43 1.50  1.28 1.14

40.0 7.28E1 7.22E1 5.15E1 2.8GE1 1.25E1 4.32 2.51 1.52 1.29 1.15

ENERGY (HEV)
R(MFP} 0,05 0.04 0.035 0.03 0.028 0.026 0.024 0.022 0.021 0.02

.5 2.28 2.36 2.32 2.21 2.13 2.03 .93 1.82 1.77 1.01
1.0 2.59 3.12 3.30 3.31 3.22 3.09 2.94 2.76 2.67 1.01
2.0 2.64 3.87 4,84 5.69 5.85 5.90 5.84 5.64 5.53 1.02
3.0 2.59 4.18 6.15 8.81 9.79 1.06E1 1.12E1 1.14E1 1.15E1 1.02
4.0 2.57 4.33 7.48 1.3561 1.64E1  1.93E1 2.2%E1 2.41E1 2.4GE1 1,02
5.0 2.96 4.41 8.93 2.06E1 2.77EY  3,537E1  4.44E1 5.2181  5.58f1 1,02
6.0 2.56 4.45 1.85€1 3.1561 4.68E1 #6.64FE1 8.96E1 1.13E2 1.256E2 1.03
7.0 2.56 4.46 1.24E1 4.83E1 7.88E1 1.20E2 1.71E2 2.26E2 2.59E2 1.03
8.0 2.57 4.48 1,461 7.26E1 1.26E2 2.10E2 3.23E2 4.S8E? 5.41E2 1.03
10.0 2.56 4.50 2,001 1.59E2 3.32E2 6.5BE2 1.18E3 1.92E3 2.41E3 1.03
15.0 2.55 4,51 5.156E1 1.39E3  4.40E3 1.28BFE4 3.26F4 7.31E4 1.06E5 1.04
20.0 2.57 4.56 1.7262 1.54E4 7.02E4 2.8TE5 9.95E3 3.00E6 5.01E6 1.05
25.0 2.58 4.59 6.64€E2 1,955 1.27E6 T.13E6 3.28E7 1.30E8 2.46FE8 1.05

30.0 2.60 4.60 ?.73E3 2.65E6 2.4%E7 1.9fEE 1.15E9 5.84E9 1.25E10 1.06
35.0 2.61 4.60 1.1564 3.71E7 5.07E8 5.35FE9 4.24FE10 2,74E11 6.54E11 1.06
40,0 2.63 4,58 4,92E4 5.27E8 1.05E10 1.55E11 1.62E12 1.33FE13 3.53E13 1.06

ENERGY (MEV)
R(MFP) 0.015

1.02
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Table 3.2 Gamma-ray buildup factors for point isctropic source
in 45-mfp-thick tin
ABSORBED DOSE BUILDUP FACTURS IN 45-MFF THICK TIN

ENERGY (MEV)

R(MFP} 15 10 8 6 5 4 3 2 1.5 1

0.5 1.27 1.30 1.35 1.39 1.42 1.34 1.38 1.42 1.43 1.48
1.0 1.49 1.52 1.56 1.62 1.67 1.58 1.69 1.82 1.87 1.96
2.0 1.87 1.85 1.89 1.93 2.07 2.00 2.27 2.65 2.83 3.04
3.0 2.32 2.21 2.22 2.34 2.48 2.42 2.84 3.45 3.77 4.10
4.0 2.91 2.65 2.62 2.76 2.95 2.89 3.45 4.26 4.69 5.14
5.0 3.638 3.18 3.08 3.24 3.48 3.42 4.12 5.12 5.65 6.19
6.0 4.68 3.82 3.63 3.80 4.09 4.02 4.87 6.006 6.68 7.33
7.0 5.98 4.59 4.26 4.43 4.77 5.68 5.68 7.06 7.75 8.52
8.0 7.606 5.50 4.99 5.14 5.52 5.39 6.54 8.10 8.86 9.74
10.0 1.26E1 7,87 6.79 6.83 7.25 7.00 B.43 1.04E1 1.12E1 1.23E1
15.0 4.38E1 1.89E1 1.41E1 1.30E1 1.31E1 1.21E1 1.41E1 1.68E1 1.76E1 1.95E1
20.0 1.49E2 4.35Et 2.79E1 2.27E1 2.15Et 1.87E1 2.08E1 2.39E1 ?2.84F1 2.74F1
25.0 4,89E2 9.67E1 5.25E1 3.72E1 3,28E1 2.68E1 2.83F1 3.16E1 3.15€1 3.57E1

30.0 1.56E3 2.08E2 9.52E1 5.83E1 4.77FE1 3.63E1 3.65FE1 3.96E1 3.B87E1 4.45F1
35.0 4.84E3 4,38E2 1.6BE2 B8.80Ct 6.66E1 4,.73E1 4.53E1 4.79F1 4.60FE1 5,35F1
40,0 1.47E4 B.97€E2 2,87E2 1.29E2 B8.99E1 5.97E1 5.46€1 5.65F1 5.35E1 6.26E1

ENERGY C(MEV)

R(HFP) .8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 0.09 0.08
0.5 2.1 2.14 2.13 2.04 1.75 1.39 1.11 1.10 1.09 1.35
1.0 2.92 2.93 2.81 2.60 2.09 1.50 1.17 1.12 1.1¢% 1.40
2.9 4.21 4.1 3.81 3.36 2.51 1.64 .26 1.15 1.14 1.41
3.0 5.51 5.28 4.79 4.05 2.87 1.77 1.32 1.18 1.15 1.42
4.0 6,73 6.36 5.65 4.64 3.16 1.87 1.38 1.19 1.17 1.43
5.0 8.02 7.49 6.53 5.21 3.44 1.96 1.42 1.21 1.18 1.44
6.0 9.47 8.74 7.49 5.83 3.72 2.04 1.45 1.22 1.19 1.45
7.0 1.09E1 9.94% 8.39 6.3% 3.97 2.12 1.49 1.24 1.20 1.46
8.0 1.23E1 1.12E1 9.31 6.95 4.21 2.19 1.52 1.25 1.21 1.46

10.¢ 1.534F1 13701 1.12E1 B.04 4.67 2.31 1.58 1.26 1.22 1.48

15.0 2.36E1 72.05E1 1.59E1 1.06E% 5.64 2.54 1.68 1.30 1.23 1.50

20.0 3.23E1  2.72E1  2.04E1 1.28BE1 b6.44 2.70 1.75 1.32 1.27 1.52

25.0 4.13E1  3.4001 2.47E1 1.49E1 7.12 2.83 1.81 1.34 1.28 1.54

30.0 5.07E1 4.10E1 ?2.88E1 1,68E1 7.72 2.94 1.85 1.36 1.30 1.55
35.0 6.02E1 4.79£1 3.27E1 1.85E1 8.25 3.04 1.89 1.37 1.31 1.57
40.0 f.00E1 5.50E1 3.64Et 2.0261 &.72 3.13 1.93 1.38 1.32 1.58

R(MFP} 0.07 0.06 0.055 0.05 0.045 0.04 0.035 0.03 0.029 0.02

1.49 1.56 1.61 1.64 1.68 1.70 1.75 1.76 1.02 1.01

1.51 1.74 2.13 3.02 5.05 8.87 1.56E1 2.46F1 1.04 1.01

D0 ~NTWN b e @
[=TK = = T = = I e R I - RV )

1.54 1.72 2.34 5.59 2.24E1 9.32E1 3.3BE2 9.B2E2 1.05 1.02
4,09E4 1.06 1.0?2
20.0 1.57 1.71 2.848 3.78E1 9.96E2 1.83E4 2.20E5 1.83E6 1.07 1.03
25.0 1.58 1.71 3.20 1.32E2 8.80E3 3.24E5 6.60E6 8.65E7 1,08 1.03
30.0 1.59 1.72 3.64 4.93F7 8.16L4 6.13E6 2.12E8 4.25E9 1.03 1.03
35.0 1.60 1.72 4.26 1.9083 7.72F5 -1,.20E8 7.13E% 2.17E11 1.09 1.03
40.0 1.61% 1.73 5.14 T.4TE3 T.39E6 2.39EF 2.47E11 1.14E13 1.10 1.04
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R(MFP) 0,015

0.5 1.00
1.0 1.00
2.0 1.00
3.0 1.01
4.0 1.01
5.0 1.01
6.0 1.01
7.0 1.01
8.0 1.01
10.0 1.01
15.0 1.01
20.0 1.01
25.0 1.01
30.0 1.02
35.¢ 1,02
40.¢ 1.02
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Table 3.2 {continued)

EXPOSURE BUILDUP FACTORS IN 45-MFP THICK TIN

ENERGY (MEY)

REHFPY 13 10 3 6 5 4 3 2 1.5 1
0.5 1.33 1.32 1.32 1.32 1.31 1.27 1.28 1.28 1.26 1.26
1.0 1.65 1.57 1.55 1.54 1.54 i1.50 1.53 1.57 1.56 1.55
2.0 2.27 2.03 1.96 1.%5 1.97 1.94 2.06 2.20 2.22 2.23
3.0 2.05 2.55 2.40 2.39 2.42 2.40 2.61 2.83 2.88 2.80
4.0 4,08 3.7 2.92 2.88 2.93 2.91 3.19 3.48 3.55 3.57
5.0 5.43 3.94 3.53 .44 3.50 3.49 3.82 4,17 4,25 4.27
6.0 7.21 4.86 4.74 4.10 4.16 4.14 5.53 .92 4.99 5.01
7.0 9.51 5.96 5.07 4,84 4.89 4,85 5.29 5.72 5.76 5.79
8.0 1.25E1 7.28 6.02 5.67 3.70 5.62 6.10 6.55 6.56 6.59

10.8 2,141 1,07E1 8,39 7.65 7.57 7.35 7.86 8.33 8.24 8.29

o
—~
o
—
m
—_

2.69E1 1.81E1 1.49E1 1.39E1 1.28E1 1.31ET 1.34E1 1.28E1 1.29El
6.35E1 3.66E1 2.64E1 2.30E1 1.99E1 1.93E1 1.90E1 1.76E1 1.80F1
25.0 8.98E2 1.43E2 6.98E1 4.3BF! 23.53E1 .86E1 2.63E1 2.50E1 2.26F1 2.34E1
J.11E2  1.28E2 6.90E1 5.14E7 L89E1 3.40E1 3.13E1 2.78E1 2.91E!

B.97E3 6.37E2 2.26E2 1.0S5E2 7.20E1 L.O7E1  4.22E1 3.78E1 3.30E1 Z3.49E1
40.0 2.73E4  1.35E3  3.89E? 1.54E2 9.74E% L41E1 5.07E1  4,45FE1 3,83E1 4.07C1

A
[=2R")
(=]
R
-
—-
m
L~

L Lt
WO
oo
>
™
=
m
[
oW oo

ENERGY (HEV)

R(MFP) 0.8 0.6 ¢.5 0.4 0.3 0.2 0.15 0.1 0.09 0.08
Q.5 1.58 1.55 1.51 1.46 1.34 1.20 1.06 1.09 1.11 1.69
1.0 2.03 1.96 1.86 1.75 1.54 1.28 1.1t 1.12 1.14 1.79
2.0 2.78 2.61 ‘2.42 2.18 1.80 1.40 1.17 1.14 1.16 1.79
3.0 3.54 3. 27 2.96 2.58 2.03 1.49 1.23 1.16 1.17 1.79
4.0 4.30 3.91 3.47 2.93 2.23 1.57 1.27 1.18 1.19 1.80
3.0 5.09 4.58 3.99 3.29 2.42 1.65 1.31 1.20 1.20 1.81
6.0 5.95 5.29 4.53 3.64 2.60 1.71 1.34 1.21 1.21 1.83
7.0 6.80 5.98 5.05 3.97 2.76 1.77 1.37 1.22 1.22 1.84
8.0 7.68 6.70 5.58 4.31 2.%52 1.83 1.40 1.23 1.23 1.85

10.0 9.52 8.19 6.65 4.96 3.22 1.93 1.45 1.25 1.24 1.86

15.0 1.44E1 1.20E1 9.33 6.46 3.87 2.11 1.54 1.28 1.27 1.90

1.96E1 1.59E1 1.19€1 7.80  4.40 2.24 1.60 1.31 1.29 1.92

1.98E1 1.44E1 9.03 4.86 2.35 1.65 1.33 1.30 1.95

3.06E1 2,3861 1.68E1 1.02E1 5.26 2.44 1.70 1.34 1.32 1.96
35.¢0 3J.63E1 2.78E1 1.90FE1 1.12E1 5.61 2.53 1.73 1.35 1.33 1.98
40.0 4,21E1 3.18E1 2.12E1 1.22FE1 5.%4 2.61 1.77 1.37 1.34 2.00

LAt ]
=T ]
[=R =T =1
R
i
Q
m
-

ENERGY (MEV)
RCMEP) 0.07 0.06 0.055 0.05 0.0435 0.04 0.035 0.03 0.029 0.02

0.5 1.96 2.25 2.34 2.40 2.36 2.28 2.08 1.86 1.¢1 1.60
1.0 2.22 2.83 3.12 3.40 3.50 3.50 3.23 2.86 1.02 1.01
2.0 2.28 3.28 3.9¢9 4.91 5.69 6.3% 6.41 5.98 1.02 1.01
3.0 2.25 3.38 4.43 6.12 8.17 1.06E1 1.20E1 1.24E1 1.03 1.01
4.0 2.23 3.38 . 4.70 7.26% 1.14Et 1.75E1 2.29E1 2.66E1 1.03 1.01
5.0 2.23 3.37 4.90 8.54 1.58E1 2.91E1 4.45E1 5.86E1 1,04 1.01
6.0 2.24 3.35 5.04 9.86 2.1861 4.84E1 B8.67E1 1.30E2 1.04 1.01
7.0 2.24 3.32 5.17 1.14E1 3.05E1 T7.99E1 1.61€2 2.66E2 1.04 1.02
2.0 2.24 3.31 5.30 1.3361 4.17E1  1.28E2 2.93E2 5.49E?7 1.05 1.92
10.0 2.25 3.28 5.59 1.B0E1 7.88F1 3.°2BE? 1.00E3 2.39E3 1.035 1.02
15.0 2.28 3.23 6.52 4.37E1 4.61F2 4.1583 2.40E4 9.92E4 1.06 1.02
20.0 2.30 3.20 T.41 1.3602 3.57E3 6.41FE4 6.49E5 4. 43E6 1.07 1.03
25.0 2.32 3.19 §.49 4,B1E27 3.15E4 1.13E6 1.94E7 2.08E8 1.08 1.83
30.90 2.34 3.20 10.00 1.8083 2.9285 2.13E7 6.19E8 1.02E10 1.08 1.03

35.0 2.36 3.20 1.2161 6.%6£3 2,76E6 4. 17E8 2.0BE10 5.19E71 1,09 1.03
40.90 2.37 3.21 1.52E1 2.7T3E4 2.64E7 8.3DE9 T7.20E11 2.73E13 1.10 1.04

ENERGY (MEV>
R(MFP}Y 0.015

0.9 1.00
1.0 1.00
2.0 1.80
3.0 1.01
4.0 1.01
5.0 1.01
6.0 1.0%
7.0 1.0%
8.0 1.01
10.0 1.01
15.0 1.0%
20.0 1.01
25.0 1.01
30.0 1.02
35.0 1.02
40.0 1.02
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Table 3.2 {continued)

DOSE ERQUIVALENT BULLDUP FACTORS IN 4S-MFP THICK TIM

ENERGY (MLV)
R{HMFP)Y 15 10 . 8 6 5 4 3 2 1.5 1

3.31 2.74 2.55 2.51 .56 2.48 2.70 2.94 J.05 3.06
4.44 3.43 3.1 3.03% 3.10 3.02 3.30 3.62 3.76 3.79

=T R I Y O AL 1
= NN - - E-E-Nv

5.94 4.27 3.77 3.63 3.72 3.61 3.97 .35 4.51 4.54

B 7.90 5.28 4.54 4.32 4.42 4,29 4.70 5.13 5.31 5.35

. 1.05E1 6.50 5.43 5.11 5.21 5.03 5.49 5.96 6.14 6.18

B 1.38E1 7.95 6.47 6.00 6.07 5.83 6.34 6.83 .01 7.05

10. 2.37E1 1.18€1 9.04 8.11 8.09 T.64 4.18 3.70 8.81 8.88
15.0 8.65E1 2.97E1 1.96E1 1.58E1 1.49E1 1.34E1 1.37F81 1.4081 1.37E1 1.39E1
20.0 3.00E2 7.02E1 3.97E1 2.82E1 2.47E1 2.08%1 2.02E1 1.99E1 1.90F1 1.94E4

25.0 9.97E2 1.59E2 7,.59E1 4.6FE1 3.80E! 2.99E1 2.75FE1 2.62E1 2.44E1 2.52E1
30.0 3.20E3 3.4582 1.3902 7T.37E1 5.55E1 4.06FE1 3.55FE1 3.28E1 2.99F1 3.14F1
35.0 9.97€3 T.29E2 2.46E2 1.12E2 7.77EY 5.31E1 &.41F1 3.97E1 3.S6E1 3.76E1
40,0 3.03E4 1.50E3 4.24E2 1.64E2 1.05E2 6.71E1 5,.31Et 4.B67E1  4.13E1 4.40F1

ENERGY C(MEV)

RCHFP) 0.8 9.6 - a.5 0.4 0.3 0.2 0.15 0.1 0.09 0.08
0.5 1.63 1.59 1.54 1.48 1.36 1.21 1.07 1.10 t.11 7 1,63
1.0 2.13 2.03 1.93 1.79 1.56 1.30 1.11 1.12 1.14 1.72
2.0 2.94 2.73 2.52 2.24 1.83 1.41 1.18 1.15 1.16 1.72
3.0 3.77 3.43 3.10 2.65 2.06 t.51 1.24 1.17 1.18 1.73
4.0 4,59 4.11 3.63 3.02 2.26 1.59 1.28 1.19 1.19 1.74
5.0 5.45 4_B7 4.18 3.38 2.456 1.67 1.32 1.21 1.20 1.75
6.8 6.37 5.57 4.75 3.5 2.64 1.74 1.3% 1.22 1.21 1.76
.0 7.30 6.31 5.31 4.69 2.81 1.8¢ 1.39 1.23 1.22 1.77
8.0 8.25 .07 5.87 464 2.97 1.85 1.42 1.24 1.23 1.78

10.0 1.02E1 B8.64 7.00 5.11 3.28 1.95  1.46 1.26 1.24 1.80

15.0 1.56E1 1.27E1 9.84 6.67 3.94 2.14 1.55 1.29 1.27 1.83

20.0 2.12E1 1.68F1 1,26E1 8.06 4.48 2.27 1.62 1.32 1.29 1.8¢6

25.0 2.70E1  2.10E1 1.52E1 9,32 4,95 2.38 1.67 1.34 1.31 1.88
36.0 3.3181 2.52E1 1.7YE1 1.06F1 5.36 2.48 1.72 1.35 1.32 1.89
35.0 3.93F1 2.9501 2.01E1  t.18E1 5,72 2,56 1.75 1.37 1.33 .91
40.0 4.56FE1 3.38E1 2.24E1 1,.26E1 6.05 2.64 1.79 .38 1.54 1.92

ENERGY (MEV)
R{MFP) D.07 0.06 0.055 0.05 0.045 0.04 6.035 0.03 0.029 0.02

0.5 i.84 2.05 2,14 2.23 2.17 2.08 1.97 1.82 1.01 1.00
1.0 2.07 2.54 2.82 3.10 3.16 3.12 3.00 2.77 1.02 1.01
2.0 2.12 2.92 3.57 4,42 5.05 5.58 5.84 5.74 1.02 1.061
3.0 2.16 3.01 3.95 5.49 7.20 9.17 1.09E1 1.18E1 1.03 1.01
4.0 2.09 3.01 4.18 6.53 1.00E1 1.50E1 2.07E1 2.54E1 1.03 1.01
5.0 2.09 3.01 4.36 7.63 1.39E1 2.49E1 4,01E1 5.59E1 1.04 1.01
6.0 2.09 2.99 4.49 8.81 1.91E1 4.15E1 7.80Et 1.24E2 1,04 1.01
7.0 2.09 2.97 4.60 1.02E1 2.67E1 6.85E1 1.45E2 2.54E2? 1.04 1.02
8.0 2.10 2.95 4.72 t.1961 3.65%E1 1,10E2 2.64E2 5.24E2 1.0% 1.02
19.0 2.11 2,93 4,98 t.61E1 6.90E1 2.82E2 9.06E2 2,28FE3 1.05 1.02
15.0 2.14 2.89 5.81 3.93F1 4,08E2 3.59E3 2.1BE4 9.5104 1.06 1.02
20.0 2.16 2.87 6.60 1.23E2 3.17E3 5.59E4 5.93E5 4.26E6 1.07 1.03
25.0 2.17 2.86 7.56 4.34F2 2.80E4 9.BBES f1.7BEV7 2.01C8 1,08 1.03

30.0 2.19 2.86 8.90 1.63F3 2_60F5 §.8YEY 5.70E8 9.91t9 1.08 1.03
35.0 2.20 ?.87 1.08E1 6.30E3 2.46E6 3.67E8 1.97E10 5.06f1% 1.09 1.03
40.0 2.22 2.88 1.35F1 2.47YE4 2.35C7 7.29E9 6.66E11 2.66F13 1.10 1.04

ENERGY (MEV)
R(MFPY 0.015

0.5 1.00
1.0 1.00
2.0 1.00
3.0 1.01
4.0 1.01
5.0 1.01
6.0 1.01
7.6 1.01
8.0 1.01
10.6¢ 1.01
15.0 1.01
20.0 1.01
25.0 1.01
30.0 1.02
35.0 1.02
40.9 1.02
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Table 3.3 Gamma-ray buildup factors for point isctropic source
in 45 -mfp-thick lanthanum
ABSORBED DOSE BUILDUP FACTORS IN a5-MFP THICK LANTIANUM

ENERGY (MEY)

R(MFPY 15 10 8 3 3 4 3 2 1.5 i
0.5 1.28 1.31 1.36 1.41 1.44 1.36 1.41 1.44 i.44 1.48
1.0 1.50 1.52 1.56 1.63 1.67 1.59 1.70 1.83 1.87 1.93
2.0 1.90 1.85 1.87 1.96 2.03 1.98 2.24 2.63 2.79 2.93
3.0 2.38 2.23 2.21 ?2.32 2.45 2.38 2.79 3.39 3.65 3.87
4.0 3.03 2.69 2.62 2.73 2.91 2.859 3.38 4.15 4.51 4.78
5.0 3.91 3.27 3.1 3.22 3.45 3.37 4.03 4,97 5.38 5.70
6.0 5.08 3.98 3.69 3.78 4.06 3.97 4.76 5.86 6.32 6.69
7.0 6.65 4.85 4.38 4£.43 4. 76 4.64 5.55 6.80 7.29 7.71
g.0 8.73 5.91 5.18 5.16 5.53 5.37 6.39 7.79 8.29 8.76
10.0 1.57E1 8.76 .22 6.93 7.37 T.04 8.25 9,88 1.04E1 1.09E3
15.0 6.04E1 2.31E1 1.62E1 1.37E1 1.39€1 1.26E1 1.39E1 1.5%9E1 1.59E1 1.69E1

2G.0 2.35E2 S5.BSE1 3.46FE1 2.50£1 2.3981 2.01E1 2.06E1 2.25E1 2.18E1 2.32E%
25.0 B.83E2 1.46E2 7.12F61 4.31E1 3.85E1 2.98E1 2.84E1 2.9581 2.7vVE1 2.99E1
30.0 3.22F3  3.49f2 1.41F? 7.1i0E1 5.89E1 4.18E1 3J.70F1 3.69FE1 3.36F1 3.67F1
35.0 1.14F4 §.15E2 2.73E¢ 1.t3E? B8.67E1 5.64E1 4.63E1 4.46E1 3.97E1 4.37E1
40.0 3.96F4 1.86F3 S.12E2 1.74E2 1.24£2 7.37£1 5.62F1 5.25F1 4.57E1 5.07E1

ENERGY (MEVY

R(HFP} 0.8 0.6 0.5 0.4 0.3 0.2 0.15 9.1 0.08 0.07
0.5 1.52 1.51 1.93 1.81 1.54 1.26 1.13 .38 .41 1.42
1.6 1.98 1.93 2.44 2.19 1.75 1.33 1.17 1.46 1.60 1.68
2.0 2.96 2.78 3.13 2.67 2.00 1.42 1.23 1.48 1.73 2.00
3.0 3.87 3.54 3.76 3.10 2.21 1.50 1.27 1,49 1.75 2.18
4,0 4.72 4.23 4.30 3.44 ?.38 1.56 1.31 1.50 1.76 2.32
5.0 5.57 4,92 4.84 3.77 2.54 1.61 1.34 1.51 1.76 2.43
6.0 b.47 5.64 5,41 4.11 2.69 1.66 1.36 1.52 1.75 2.52
7.0 7.39 6.37 5.93 4.41 2.83 1.70 1.38 1.33 1.75 2.61
8.0 8.32 7.11 6,44 4.71 2.96 1.74 1.40 1.54 1.75 2.72

10.C 1.0381 8.359 T.46 5.27 3.20 1.81 1.44 1.55 1.74 2.96

15.0 1.53E1 1.22E1 9,87 6.52 3.68 1.94 1.50 1.58 1.74 3.70

20.0 2.03E1 1.58E1 1.21E1 7.53 4,06 2,04 1.54 1.61 1.75 4.81

25.0 2.54E1 1.93FE1 1.40C1 8,46 4.38 2.11 1.58 1.62 1.76 6.76

30.9 3I.05E1 2.28E1 1.58E1 9.29 4.66 2.17 1.61 1.64 1.77 1.07E1
35.0 3.57E1T 2.672E1 1.¥5E1 1.00E1 4.91 2.23 1.63 1.65 1.78 t.65E1
40.0° 4.07E1 2.95E1 1.90E1 1.07FE1 5.13 2.28 1.66 1.66 1.78 2.8181

ENERGY {HMEY)
R{(MFF) 0.06 0.055 0.05 0.048 0.046 0.044 0.042 0.04 0.039 0.038

Q0.5 1.41 1.41 1.40 1.40 1.41 1.40 1.40 1.40 1.41 1.02
1.0 1.74 1.77 1.80 1.82 1.83 1.84 i.86 1.86 1.88 1.02
2.0 2.34 2.56 2.78 2.88 3.00 3.09 3.1% 3.z27 3.36 1.03
3.0 2.97 3.58 4.29 4.64 5.02 5.39 5.77 6.11 6.38 1.04
4.0 3.75 5.09 6.90 7.84 8.88 9.99 1.12E1 1.23E1 1.31E1 1.04
5.0 4.76 7.41 1.1561 1.38T1 1.64E1 1.94E1 2.?7E1 2.60F1 2.83E1 1.05
6.0 6.08 1.09E1 1.96F1 2.47E1 3.10E1 3.84FE1 4.6%9E1 5.59E1 6.19E1 1.05
7.0 7.91 1.64E1 3.34F1 4.36F1 5_T4E1 7.24E1 9.2281 1.12F2 1.27E7 1.06
8.0 1.03E1 2.44E1 5.45E1 7.49E1 1.03E2 1.36E2 1.80E2 2.28BE2Z 2.61E2 1.06
10.0 1.78E1 5.3%E1 1.52F? 2.30FE? 3.44E2 4.93E2 7.07E2? 9.59E2 1.14E3 1.07

15.0 8.63E1 4.8?E2 2.36E3 A.3T7E3 7.90FE3 1.36E4 2.33E4 3.72E4 4.77t4 1.08
20.0 5.60E2 S5.58E3 4.41FE4 9,.7SE4 2.0BES 4,24E5 8.45E5 1.57E6 2.15E6 1.09
25.0 4,12E3 T7.31E4 9,?7ES ?_.43F6 6.04E6  1.44E7 3.30fY T.03E7 1.03E8 1.10
30,0 3.1764 1.01E6 2.08E7 6.4BE7 1.88E8 5.1%E8 1.36E9 3.30E9 5.11£9 1.11
35.0 2.48E5 1.42E7 4.83E8 1.79r% 65.09E9 1.95E10 5.86F10 1.61E11 2.64T11 1.12
40.0 1.97E6 2.03E8 $.14E10 S.O7TE10 2.03E11 7.60E11 2.60E12 B.08E12 1.40E13 1.13

ERERGY (MEV)
R(KFP) 0.03 0.02 0,015

0.5 1.01 1.00 1.00
1.0 1.01 1.00 1.00
2.0 1.02 1.01 1.40
3.0 1.02 1.01 1.00
4.0 1.02 1.01 1.00
5.0 1.03 1.0% 1.00
5.0 1.03 .01 1.00
7.0 1.03 1.01 1.01
8.0 1.03 1.01 1.01
10.0 1.04 1.01 1.01
15.0 1.04 1.02 1.01
20.0 1.05 1.02 1.01

25.0 1.06 1.02 1.01
30.0 1.06 1.02 1.01
35.0 1.06 1.02 1.01
40.0 i.o7 1.02 1.91
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Table 3.3 (continued)
£XPOSURE BUILDUP FACTORS IN 45-MFP THICK LANTHANLM

ENERGY (MEV)
R{MFP) 15 10 8 & 5 4 3 2 1.5 1

0.5

1.0

2.0

3.0

4.0 4,32 3.2% 2.96 2.84 2.87 2.82 3.06 2.29 3.30 3.24
5.0 5.90 4.15 3.62 3.42 3.45 3.38 3.66 3.92 3.92 3.83
6.0 8.07 5.21 4,40 4.08 4.11 4,02 4,33 4.61 4,57 4,45
7.0 1.09£1 6.51 5.32 4.84 4.86 4,72 5.0% 5.33 5.24 5.09
8.0 1.47E1 8.10 6,41 5.71 5.71 5.50 5.83 6.08 5.93 5.76
0.0 2.56E1 1.24E1 9,20 7.81 7.69 .27 T.52 7.67 7.36 T.13
is5.0 1.11E2  3.44E1 2,15E1 1.58E1 1.48E1 1.31F1 1.26E1 1.7261 1.12E1 1.08E1
20.0 4.39E2 8.99E1 4.71E1  2.94FE1 2.57E1 2.11F1 1.88E1 1.72E1 1.51FE1 1.48F1
25.0 1.66E3 2.25E2 9,.83E1 5.13E1 4.16F1 3.14F1 2.58E1 2.25E1 1.92E%1 1.90€1
30.0 6.09E3 5.44t2 1.97E2 B8.51FE1 6.39E1 4.42E1 3.36FEt 2.81E% 2.33E1 2.33E1
35.0 2.17TE4  1.28E3  3.82€2 1.36E2? 9.44FE1 5.96E1 4.20E1 3.39E1 2.74E1 2.76E1
40.0 7.53E4 2.91E3 7.20E? 2.1Q0E2? 1.35E? 7¥.79E1 5.10FE1 3.98E1 3.15E1 3.20Et

ENERCY (MEV)

R(MFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15% 0.1 0.08 0.07
0.5 1.23 1.21 1.42 1.37 1.26 1.14 1.06 1.39 1.69 1.8%
1.0 1.49 1.43 1.69 1.58 1.39 1.19 1.09 1.47 2.00 2.38
2.0 2.05 1.90 2.49 1.87 1.56 1.27 1.14 .48 z2.21 3,02
3.0 2.57 2.33 2.46 2.13 1.71 1.33 1.17 1.49 2.25 3.39
4.0 3.08 2.73 2.80 2.35 1.83 1.38 1.20 1.59 2.25 3.65
5.0 3.60 3.15 3. 14 2.57 1.95 1.43 1.23 1.51 2.24 3.88
6.0 4.14 3.58 3.47 2.78 2.06 1.47 1.25 1.52 2.23 4.07
7.0 4,70 4.02 3.79 2.97 2.15 1.50 1.27 1.53 2.22 4.25
8.0 5.27 4.46 4,10 3.17 2.25 1.54 1.2¢9 1.54 2.22 4.46

1¢.0 6.44 5.34 4.72 3.53 2.42 1.59 1.32 1.56 2.21 4.94

15.0 9,43 T.48 6.17 4,32 2.76 1.71 1.38 1.59 2.20 6.48

2¢.0 1.25E1 9.61 7.50 4,99 3.05 1.79 1.42 1.61 2.20 8.72

25.0 1.5%E1 1.17E1 8.70 5.58 3.28 1.85 1.43 1.62 2.21 1.27E1
30.0 1.86E1 1.38C1 9.80 6.12 3.48 0 1.91 1.47 1.64 2.22 1.98E1
35.0 2.17E1 1.5%E1 1.0BE1 6,60 3.67 1.96 1.50 1.65 2.23 3.26E1
40.0 2.4BE1 1.7TBE1 1.1881 7.0% 3.83 2.01 1.52 1.66 2.24 5.63E1

ENERGY (MLV)
R(MFP) 0.06 0.03%5 0.03 0.048 0.046 0.044 0.042 0.04 0.039 0.038

0.5 2.02 2.04 2.65 2.01 1.98 1.94 1.9 1.86 1.82 1.02
1.0 2.85 2.98 3.08 3.05 3.02 2.97 2.92 2.85 2.78 1.02
2.0 4.36 4.99 5.64 5.74 5.84 5.89 5.92 5.89 5.7°¢ 1.03
3.0 5.96 7.62 9.60 1.02E1 1.08E1 1.13E1 1.17E1 1.20E1 1.19E1 1.04
4.0 7.92 1.15F1 1.64FE1 1,82F1 2.02E1 2.20E1 2.39F1 2.53Ft 2.55E1 1.04
5.0 1.05E1 1.74E1 2.85E1 3.33E1 3.86E1 A_41F1 4.97E1 5.49£1 5.63E1 1.09
6.0 1.38F1 2.65F1 4.9%FE1 6,08F1 7T.40E1 #.8581 1.04F2 1.19F2 1.724E2 1.05
.0 1.84E1 4.04E1 8,56E1 1.09E2 1.38E2 1.68E2 2.06E2 2.41E2 2.56E2 1.06
8.0 2.84F1 6.11E1 1.41E2 1.87E2 2.49€2 3.16E? 4,03F? 4.89F2 5.28E2 1.06
19.0 4,331 1.35E2 3.96E2 5.7BE? B8.36F2 1.15E3 1,59E3 2.06E3 2.30E3 1.07
15.0 2.16E2 1.24F3 6.16F3 1.10E4 1.9264 3.19E4 5.22E4 B8.01F4 9,.65E4 1.08
20.0 1.41E3 1.43E4 1.15E5 2.46E5 S5.05E5 9.90E5 1,90E6 3.38E6 4.36E6 1.09
25.0 1.04E4 1.87E5 2.42E6 6.12E6 1.47ET 3.35E7 T7.39E7 1.51E8 2.08E8 1.10
30.0 8.00F4 2.59E6 S5.43F7 1.63E8 4.55C8 1,.21E9 3.05E9 7.08E9 1.03F10 1.11

35.0 6.27€5 3.65E7 1.26E9 4.52E9 1.48E10 4.56E10 1.31E11 3.43E11 5.33E11 1.12
40.0 4.96FE6 5.20E8 2.98E10 1.28E11 4.92E11 1.7vE12 5.83FE12 t.74E13 2,83E13 1.13

ENERGY (MEV)
R{MFP) 0.03 0.02 0.015

0.5 1.01 1.00 1.00
1.0 1.01 1.00 1.00
2.0 1.02 1.01 1.00
3.0 1.02 1.01 1.00
4.0 1.02 1.01 1.00
5.0 1.03 1.01 1.00
6.0 1.03 1.01 1.00
7.0 1.03 1.01 1.01
g.0 1.03 1.01 1.01
10.0 1.04 1.01 1.01
15.0 1.04 1.02 1.01
20.0 1.05 1.02 1.01

25.0 1.06 1.02 1.01
30.0 1.06 1.02 1.01
35.0 1.06 1.02 1.01
40.0 1.07 1.02 1.01
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Table 3.3 {centinued)
BOSE EQULIVALENT DUILDUP FACTGRS IN 45-MFP THICK LANTHANUH

ENERGY (MEV)

R(HMFP) 13 10 8 6 3 4 3 ? 1.5 1
0.5 1.40 1.38 1.37 1.36 1.35 1,29 1.29 1.2¢ 1.27 1.26
1.0 1.77 1.67 1.62 1.59 1.59 1.51 1.54 1.57 1.57 1.54
2.0 2.48 2.18 2.06 2.01 2.03 1.94 2.05 2.18 2.22 2.18
3.0 3.43 2.79 2,56 2.46 2.50 2.39 2.58 2.78 2.8% 2.80
4.0 4.71 3.55 3.15 2.98 3.03 2.91 3.15 3.40 3.48 3.41
5.0 6.45 4.49 3.86 3.59 3.65 3.49 3.78 4.06 4.13 4.04
6.0 8.79 5.66 4,70 4.29 4.36 4.15 4.48 4.78 4.83 4.70
7.0 1.1%E1 7.069 5.70 5.10 5.17 4.89 5.23 5.53 5.54 5.39
8.0 1.62E1 8.85 .88 6.02 6.07 5.69 6.03 6.31 6.28 6.10

10.0 2.93E1 1.36E1 9.90 4.25 8.20 .54 7.80 7.98 7.81 7.57

15.0 1.2382 3.78E1 2.32E1 1.68E1 1.58E1 1.36FE1 1.31E1 11,2761 1,19FE1 1.15F1

~
(=1
f=]
P
o
o
m
L)
v
o
]
m
—_

5.11E1  3.13E1 2.76E1 2.19E1 1.95E1 1.79E1 1.61E1 1.57E1
1.07E2 5.46E1 4.47E1 3.27E1 2,68E1 2.35E1 2.05E1 2.02E1
3o.0 6.7683 6.0262 2.14E2 9.07E! 5.88E1 4.60ET 3.49F1 2.93F1 2.49E1 2.48E1
35.0 2.41E4  1.41E3 4.16E2 1.45E2 1.02E2 4,.22E1 4.38E1 3.53E1 2.9%3E1 2.95F1
40.0 8.36E4 3.23E3 7.84€2 2.28f2 1.45E2 8.13E1 5.31FE1 4.15E1 3.37E1 3.42€1

~
w
(=1
-
o=
n
T
=]
XY
&
2
m
~

ENERGY (MEV>

. R{MFP) 0.8 0.6 a.5 0.4 0.3 0.2 0.153 0.1 0.08 0.07
0.5 1.25 1.23 1.45 1.38 1.27 1.14 1.07 1.44 1.70 1.82
1.0 1.53 1.46 1.74 1.61 1.41 1.20 1.11 1.53 2.01 2.34
2.0 2.13 1.96 2.16 1.91 1.58 1.28 1.15 1.55 2.22 2.95
3.0 .70 2.41 2.55 2.17 1.73 1.34 1.19 1.55 2.26 3.32
4.0 3.24 2.83 2.90 2.40 1.85 1.39 1.22 1.56 2.26 3.58
5.0 3.80 3.27 2.25 2.63 . 1.97 1.44 1.25 1.58 2.25 3.81
6.0 4.38 j.72 3.60 2.84 2.08 i.48 1.27 1.39 2.25 4.00
7.3 4.97 4.18 3.94 3.04 2.18 1.52 1.29 1.60 2.23 4.19
8.0 5.58 4.64 4,27 3.24 2.28 1.55 1.31 1.61 2.23 4,40

10.¢ 6.83 5.56 4.92 .61 2.435 1.61 1.34 1.62 2.22 4.89
15.0 1.00E1 T7.81 6.44 4.42 2.80 1.72 1.40 1.65 2.21 6.43

20.0 1.33F1  1.0061 7.8% 5.11 3.09 1.81 1.44 1.68 2.21 8.71

25.0 1.66E1 1.22E1 9.08 5.72 3.32 1.87 1.47 i.69 2,22 1.27E1
30.0 1.99E1 1.44Et 1,07E1 6.27 3.53 - 1.93 1.50 1.71 2.23 1.9%E1
35.0 2,321 1.66E1 1.13E1 6.70 j.ve 1.98 1.52 1.72 2.24 3.2%E1
40.0 2.65E1 1.8TFE1 1.23E1 7.23 3.88 2.03 1.54 1.74 2.25 5.69E1

ENERGY (MEV)

R{MFP) 0,06 0.055 0.05 0.048 0.046 0.044 0.042 0.04 0.039 0.038
0.5 1.9% 1.68 2.01 1.97 1.94 1.90 1.85 1.81 1.78 1.02
1.0 2.71 2.87 3.01 2.97 2.93 2.87 2.81 2.74 2.69 1.02
2.0 4.12 4.78 5.48 5.56 5.62 5.65 5.65 5.59 5.53 1.03
3.0 5.61 7.7 9.31 9.82 1.0381 1.08E1 1.%1E1 1.13Et 1.13E1 1.04
4.0 7.45 1.10ET 1.59E% 1.76E1 1.93E1 2.1DE1 2.26E1 2.39C1 2.43FE1 1,04
5.0 9.86 1.66E1 2.76Et 3.21E1 3.7T0E1 4,201 4.71E1 5.16E1 5.35E1 1.05
6.0 1.30E1 2.33E1 4.81E1 5.88E1 7.10E1 B8.44E1 9.87E1 1.1282 1,182 1.05
7.0 1.74F1 3.B7FE1 8.33E1 1.05E2 1.33E2 1.60E2 1.95E2 2.27E2? 2.44E2 1.06
g.0 2.30E1 5.85E%1 1.37E2 1.82E? 2.40FE2 3.02E2 3.83E2 4A.61E? 5.03E2 t.06

10.0 4,100t 1.30E? 3.87E2 95.61EZ 8.06EZ 1.10F3 1.51E3 1.95E3 2.20E3 1.07

15.0 2.08E2 1.20E3 6.09E3 1,08E4 1.87E4 3.08E4 5.00E4 T.61E4 9.25E4 1.08

20.0 1.36E3 1_.4004 1,15E5 2,43E5 4,95FE5 9.62E5 1.83E6 3.22E6  4.20E6  1.09

25.0 1.01E4 1.84E5 2.42E6 6.09E6 1.45E7 3.28E7 7.16E7 1.45E8 2.01E8 1.1¢

30.0 7.7564 2.55E6 5.45E7 1.63E8 4.51E8 1.19E9 2.97E9 6.83E9 1.01F10 1.11
3s5.0 6.07E5 3.60ET 1.27E9 4,529 1.4TE10 4.50E10 1,28E11 3.34E11 5.21E11 1.12
43.0 4.81E6 5.13£8 3.00E10 1.28F11 4.90E11 1.75€12 5.72E12 1.69E13 2.78E13 1.12

ENERGY (MEV)
R{MFP) 0.03 0.02 g.015

0.5 1.0t 1.00 1.00
1.0 1.01 1.¢0 1.00
2.0 1.62 1.01 1.¢0
3.0 1.02 1.01 1.00
4.0 1.02 1.01 1.00
5.0 1.03 1.01 1.00
6.0 1.03 1.01 1.00
7.0 1.03 1.01 1.01
8.0 1.03 1.01 1.1
10.0 1.04 1.01 1.01
15.0 1.04 1.92 1.61
20.0 1.05 1.02 1.01
25.0 1.06 1.02 1.01

30.0 1.06 1.02 1.01

40.0 1.07 1.02 1.01
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Table 3.4 Gamma-ray buildup factors for point isotropic source
in 45-mfp-thick gadolinium
ABSORBED DOSE BUILDUP FACTERS LN 45-HFP FHICK GADCLINIUM

EXERGY (MEV) :
R(MFP) 15 16 8 6 5 4 3 2 1.3 1

0.5 1.30 1.33 1.37 1.42 1.45 1.37 1.42 1.45 1.44 1.45
1.0 1.52 1.54 1.57 1.63 1.67 1.57 t.68 .81 1.83 1.85
2.0 1.93 1.88 1.88 1.94 2.03 1.%2 2.17 2.53 2.65 2.70
3.0 2.46 2.28 2.23 2.30 2.41 2.29 2.67 3.20 3.40 3.47
4.0 3.18 2.79 2.65 2.71 2.86 2.73 3.722 3.88 4,13 4.18
5.0 4.17 3.42 3.16 3.18 3.38 3.22 3.82 4.60 4.87 4.90
6.0 5.51 4,21 3.76 3.74 3.97 3.78 4.49 5.38 5.66 5.66
7.0 7.33 5.18 4.48 4.38 4.64 4.41 5.22 6.20 6,47 5.43
3.0 9.79 6.38 $.33 5.11 5.40 5.10 6.00 7.0% .29 7.21
10.0 t.76E1 9.68 T.52 6.89 T.20 6.69 7.71 8.83 .8.97 8.80
15.¢ 7.67E1  2.72E1 1.74E1 1.38E1 1.37E1 1.20F1 1.29E1 1.3BF1 1.33F1 1.29€1
20.0 3.26E2 7.41E1 3.8BE1 2.60E1 2.41E1 1.94E1 1.92F1 1.92E1 1.78E1 1.72E1
?5.0 1.34E3  1.94C2 8.35E1 4.63E1 3.96E1 2.93FE1 2,65E1 2.488E1 2.22F1 2,15E1
30.0 5.33E3 5.04F2 1.7T4E2 7.91E1 6.21E1 4.18E1 3.47E%1 3.06Et 2.65E1 2.59E4
35.0 2.07€4 1.2683 3.53E2 1.31E2 9.38F1 5.75E1 4.3801 3.66E1 3.09F1 3.03E1

40.0 7.B2E4 3.08E3 6.98E2 2.09E7 1.37E? 7.64E1 5.35E1 4.26FE1 3.52?G1 3.46E1

R{MFF) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 0.09 ¢.08
0.5 1.47 1.43 1.40 1.62 1.57 1.42 1.37 1.44 1.45 1.44
1.0 1.8¢6 1.76 1.67 1.89 1.73 .47 1.42 .64 1.71 1.77
2.0 2.67 Z2.472 2.19 2.20 1.91 1.53 1.46 1.80 2.02 2.31
3.0 3.36 2.96 2.60 2.46 2,00 1.59 1.48 1.84 2.19 2.79
4.0 3.98 3.43 2.95 2.67 2.18 1.64 1.52 1.85 2.31 3.31
5.0 4.60 3.90 3.29 2.86 2.29 1.69 1.55 1.856 2.41 3.91
6.0 5,24 4.38 3.62 3.05 2.39 1.72 1.57 1.86 2.48 4.61
7.0 5.87 4.86 3.96 3.22 2.49 1.76 1.59 1.85 2.56 5.50
8.0 6.51 5.33 4.28 3.39 2.58 1.79 1.60 1.85 2.54 6.67

10.0 7.79 6.26 4.92 3.70 2.73 1.84 1.63 1.85 2.81 9.74

15.0 1.09E1 8.37 6.30 4.34 3.05 1.95 1.69 1.85 3.38 3.20E1

20.0 1.39E1 1.04E1 7.62 4,88 - 3.30 2.0?2 1.73 1.85 4.02 1.38E?2

25.0 1.67E1 1.22E1 8.83 5.33 3.50 2.09 i.7¢6 1.86 4.97 6.TOE?

30.0 1.95E1 1.40E1 9.97 5.73 3.68 2.14 1.78 1.87 6.49 3.43E3
35.0 2.22E1 1.57E1 1.10E1 6.09 3.85 2.20 1.80 1.88 8.93 1.80E4
40.0 2.4281 1.74E1 1.21E1 6.42 3.99 2,24 1.82 1.89 1.30E1 9.60E4

ENERGY (MEV)
RCMFP) 0.075 0.07 0.065 0.08 0.058 0.056 0.054 0.052 0.051 0.05

0.5 1.44 1.44 1.44 1.43 1.43 1.44 1.44 1.44 1.45 1.02
1.0 1.81 1.84 1.86 1.87 1.89 1.91 1.93 1.94 1.95 1.03
2.0 2.48 2.67 2.86 3.03 3.14 3.25 3.35 3.44 3.50 1.04
3.0 3.22 2.75 4.34 4.97 5.31 5.68 6.04 6.37 6.58 1.05
4.0 4.16 5.31 6.78 B.53 9.47 1.0581 1.16E1 1.26E1 1,32E1 1.08
5.0 5.41 T.69 1.09E1 1.53E1 1.76E1 2.03E1 2.31€1 2.60E1 2.78F1 1,07
6.0 7.08 1.13F1 t.80E1 2.78E1 3.33E1 3.98F1 4.70F1 5.46E1 5.92E1 1.07
7.0 9.47 1.68E1 2.96E1 4.97E1 6.1BE1 7.45E1 9.11E1 1.10E2 1.19E2 1,08
8.0 1.26E1 2.49E1 4.7SE1 8.66E1 1.11E2 1.39E2 1.75E2 2.17E€2 2.39E2 1.09
10.0 2.3061 5.40E1 1.25E2 2.73E2 3.75E2 4.97f2 6.67E2 AB.76E2 9.91F2 1.10

15.90 1.2BE2 4.86E2 1.72E3 5.58E3 B8.B3F3 1.34FE4 2_06FE4 3.0884 3.71E4 1.12
20.0 9.39E2 5.61E3 2,914 1.34E5 2.39E5 4.1265 7.09ES 1.19F6 1.52E6 1.13
25.0 f.f5E3 7.297E4 5,54E5 3.57E6 TF.17E6 1.3BF7 2.65E7 4.93E7 6.6507 1.15
3o.o 6.66E4 9.B7E5 1.12E7 1.01E8 2.29E8 4.93E8 1.05E% 2.16E9 3.06E9 1.16
35.0 5.83E5 1.37E? 2.3?E8 2.98E9 7.59E9 1.83E10 4.33F10 9.84E10 1.47E11 1.17
40.0 5.16E6 1.91EB 4.88E% 8.95E10 2,58E11 7.00E11 1.84E12 4.63FE12 7.24E12 1.18

ENERGY (HEV)
R{MFF) 0.94% 0.03 0.02 4.015

0.5 1.01 1.01 1.00 1.00
1.0 1.02 1.01 1.00 1.00
2.0 1.4¢2 1.01 1.00 1.00
3.0 1.03 1.01 1.01 1.00
4.0 1.03 1.02 1.01 1.00
5.0 1.04 1.02 1.01 1.00
6.0 1.04 1.02 1.01 1.00
7.0 1.04 1.02 .01 1.00
3.0 1.05 1.02 1.01 1.00
10.0 1.05 1.02 1.01 1.0¢
15.0 1.06 .03 1.01 1.01
20.0 1.07 1.04 1.01 1.01

25.0 1.08 1.04 1.01 1.01

40.0G 1.10 1.05 1.02 1.01
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Table 3.4 (continued}
EXPOSURE BUILDUP FACTORS IN 45-MFP THICK GADDLINIUM

ENERGY (MEV)

R(HFPY 15 10 3 6 5 4 3 2 1.5 1
0.5 1.34 1.32 1.31 1.30 1.29 1.25 1.25 1.25 1.0% 1.21
1.0 1.67 1.57 1.53 1.50 1.49 1,43 1.46 1.50 1.07 1.45
2.0 Z2.35 2.03 1.93 . 1.88 1.87 1.81 1.91 z2.02 1,10 1.94
3.0 3.28 2.65 2,41 2.30 2.29 2.1 2.38 2.52 1.12 2.40
4.0 4,58 3.3¢% 2.87 2.78 2.77 2.67  2.88 3.04 3.00 2.85
5.0 6.36 4.33 3.65 3.34 3.32 3.20 3.43 3.59 3.51 3.31
6.0 8.79 5.50 4.46° 3.99 3.95 3.79 4.04 4.18 4.05 3.79
7.0 1.21E1 6.96 5.43 4,73 4.67 4,45 4,70 4.79 4,60 4,27
2.0 1.67E1 8.76 6.58 5.59 5.45 5.18 5.41 5.43 5.16 4.77

10.0 3.1261 1.38E1 6.56 7.69 T.40 6.85 6.96 6.77 6.3¢ 5.77

15.0 1.4262 4.06E1 2.31E1 1.59E1 1.44FE71 .25E1 1.16E1 1.05E1 9.23 8.35

20.0 6.t3E2 1.13E2 5.2%E1 3.04E1 2.55E1 L03E1 1.73E1 1.45€1  1.22E1  1.10E1

25.0 2.54E3  3.04E2 1.15E2 5.49FE1 4.23E1
30.0 1.02E4 7.85E2 2.43E2 9.43E1 6.66E1
35.0 3.94E4 1.97E3  4.9482 1.56FE2 1.01E?2
40.0 1.50E5 4.83E3 9.8082 2,51k2 1.48E2

J07E1 2.3981 1.86E1 1.52E! 1.38E1
L40E1 3.13E1 2.30C1 1,82E1  1.65E1
.05E1  3.94E1 2.74E1 2.11E1 1.93E1
L.05E1 4,.81E1 3.19E1 2.40E1 2.20E12

0o O P L) opo =

"ENERGY (MEVY

R{HFP) 0.8 0.8 0.5 0.4 0.3 0.2 0.15 0.1 0.09 0.08
0.5 1.21 1.18 1.18 1.29 1.21 1.14 1.14 1.41 1.51 1.64
1.0 1.42 1.36 1.31 1.45 1.30 1.18 1.17 1.60 1.82 2.12
2.0 1.88 1.7% 1.61 1.65 1.42 1.23 1.20 1.75 2.18 2.90
3.0 2.28 2.04 1.86 1.82 1.52 1.28 1.23 1.79 2.38 3.61
4.0 2.66 2.33 2.07 1.97 1.60 1.32 1.25 1.80 2.52 4.37
5.0 3.04 2.62 2.29 2.10 1.68 1.35 1.27 1.81 2.63 §5.27
6.0 3.43 2.92 2.50 2.23 1.74 1.38 1.29 1.81 2.72 6.33
7.0 3.82 3.22 2.71 2.35 1.81 1.40 1.30 1.81 2.81 7.69
8.0 4.21 3.51 2.92 2.46 1.87 1.42 1.32 1.81 2.91 9.45

1i¢.0 5.00 4.08 3.33 2.68 1.97 1.46 1.34 1.80 3.13 1.42€1

15.0 6.90 5.39 4.21 3.12 2.19 .54 1.38 1.80 3.82 4.B4E1

20.0 8.72 6.63 5.06 3.49 "2.35 1.60 1.41 1.81 4.61 2.11E2

25.0 1.0561 7.79 5.86 3.80 2.49 1.64 1.44 1.81 5.78 1.04E3

30.0 1.2281 8.92 6.60 4.08 2.61 1.68 1.46 1.82 7.6% 5.3182

35.0 1.3961 1.00E1 7.30 4,33 2.73 1.72 1.47 1.83 1.0781 2.79&4
40.0 1.55E1 1.10£1 7.98 4,57 2.83 1.76 1.4% 1.84 1.5651 1.49%5

ENERGY (MEV)

R{MFP) 0.075 0.07 0.065 0.06 0.058 0.056 0.054 2.052 0.051 0.05
0.5 1.68 1.72 1.77 1.81 i.81 1.80 1.80 1.78 1.78 1.02
t.0 2.24 2.37 2.51 2.65 2.66 2.68 2.68 2.67 2.67 1.03
2.0 3.29 3.76 4.29 4,87 5.00 5.14 5.259 5.32 5.38 1.04
3.0 4.44 5.54 6.92 8.53 9.08 9.62 1.01€1 1.0SE1 1.08E1 1.05
4.0 5.91 8.16 1.13E1 1.34E1 1.69E1 1.85E1 2.01E1 2.16E1 2.24E1 1.0%
5.0 7.89 1.22E1  1.87E1  2.84E1 -3,23E1 3.66E1 4.11F1 4.54F1 4.8001 1.05
6.0 1.06E1 1.8281 3.13E1 5.25E1 6.20E1 7.29E1 8.45F1 9.62E81 1.03E2 1.07
7.0 1.44E1 2.7581 5.22E1 9.49E1 %,16E2 1.37F? 1.65F2 1.95E2 2.0982 1.08
8.0 1.94E1 4A.12E1 8.46E1 1.66E2 2,10E2 2.57E2? 3.18E2 J.B7E? 4,212 1.08

10.0 3.61E1 9.0961 2.25€2 5.30€2 7.13E2 9.27E? 1.22FE3 1.57&3 1.75&83 1.09

15.0 2.07E2? 8.38E2 3.16E3 1.10E4 £.70E4 2.53E4 3.7%9E4 5.54E4 6,.6284 1.11

20.0 1.53E3 9.76E3 S5.40E4 P2.66E5 4.66E% 7.84E5 1.32E6 2.16€E6 2.73E6 1.13

25.0 1.27E4 1.27E5 1.03E6  T.14E6 1.41E7 2.65E7 4.97EY 9.03E7 1.20E8 1.14

30.0 1.09F5 1.73E6 2.09F7 2.04E8 4.,51ES8 9.51E8 1.98E9% 3.98E9 5.58L9 1.15
35.0 9.58£5 2.39EY 4.35E8 6.01€9 1,50E10 3.55E10 8.21E10 1.82E11 2.6%£11 1.16
40.0 8.49€6 3.35E8 9.15E9 1.81E11 S5.11E11 1.36E12 3.50E12 8.60E12 1.33€13 1.17

ENERGY (MLV)
R{MFP) 0.04 0.03 0.02 0.015

0.5 1.01 1.01 1.00 1.00
1.0 1.02 1.01 1.00 1.00
2.0 1.02 i.01 1.00 1.00
3.0 1,03 1.01 1.01 1.00
4.0 1.03 1.02 1.01 1.00
5.0 1.04 1.02 1.01 1.00
6.0 1.04 1.02 1.01 1.00
7.0 1.04 1.02 1.01 1.¢0
8.0 1.05 1.02 1.01 1.00
10.0 1.05 1.02 1.01 1.00
15.0 1.06 1.03 1.01 1.01
20.0 1.07 1.04 1.01 1.01
25.0 1.08 1.04 1.01 1.01
30.0 1.09 1.04 1.01 1.01
35.0 1.09 1.04 1.02 1.01
40.0 1.10 1.05 1.02 1.01
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Table 3.4 {continued)
DOSE EQULVALENT BULLDUP FACTORS IN 45-MFP THICK GADOLINIUM

ENERSY (HEV)
R(MFP) 15 10 8 [ 5 4 3 ? 1.5 1

0.5

i.0

2.0

3.0 3.54 ?2.83 2.54 2.40 2.41 2.27 2.44 2.59 2.61 2.50
4.0 4.97 3.635 3.13 2.90 2.92 2.75 2.96 3.13 3.13 2.98
5.0 6.93 4.68 3.88 3.49 3.50 3.29 3.53 3.60 3.68 3.46
6.0 9.61 5.96 4.75 4.18 4.18 3.90 4.186 4,30 4.25 3.97
7.0 1.33E1 7.56 5.80 4.97 4.94 4.58 4,84 4.93 4,83 4.48
8.0 1.83E1 9.55 T.04 5.88 5.81 5.34 5.57 5.59 5,42 5.00
0.0 3.43E1 t.S51E1 1.03E1 8.10 T.87 7.07 7.17 6.98 6.63 6.06
15.0 1.57E2 4.45E1 2.49F1 1.6BE1 1,54E1 1.29£1 1.20E1 1.08E1 9,74 8.80
20.0 6.7TE2 1.2562 5.71E1 3.2361 2.73E1 2.10Et1 1.79E1 1.49E1 1.2981 1.16FE1
25.¢ 2.800E3 3.34E2 1.25E2 S5.B?E1 4.53FE1 3.18E1 2_.47E1 1,931 1.61€1 1.85E1
30.0 1.12E4 8.66E2 2.63E2 1.00E? 7.14F1 4,56F1 3.24E1 2.38E1 1.92E1 1.75E1
35.0 4.36E4 2.18E3 5.36E2 1.66E? 1.08t2 6.28FE1 4.08E1 2.84€1 2.23E1 2.03E%
40.0 1.66E5 5.33E3 1.06E3 2.67E2? 1.59E2 B8.36E1 4.98E1 3.30E1 2.54FE%f 2.32E1

ENERGY (MEV)

R{MFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 0.09 0.08
0.5 1.22 1.19 1.17 1.30 1.22 1.17 1.19 1.49 1.58 1.67
1.0 1.46 1.38 1.33 1.46 1.32 1.1 1.23 1.72 1.93 2.18
2.0 1.94 1.76 1.64 1.67 1.44 1.27 1.26 1.90 2.33 3.00
3.0 2.37 2.09 1.90 1.85 1.54 1.31 1.29 1.94 2.55 3.75
4.0 2.77 2.39 2.13 2.00 1.63 1.33 1.31 1.95 2.71 4.50
5.0 3.18 2.70 2.36 2.14 1.70 1.38 1.33 1.9 2.83 5.50
6.0 3.59 3.01 2.58 2.27 1.77 1.41 1.35 1.96 2.94 6.61
7.0 4.00 3.32 2.80 2.39 1.84 1.44 1.36 1.95 3.04 8.03
8.0 4,42 J.62 3.01 2.50 1.90 1.46 1.38 1.95 3:15 9.88

10.90 3.25 4.22 3.44 2.72 2.00 1.51 1.40 1.95 3.39 1.48E1

15.0 7.26 5.58 4.36 3.17 2.22 1.58 1.45 1.94 4.16 5.05E1

20.0 9.19 6.86 5.24 3.55 2.39 1.64 1.48 1.95 5.03 22082

25.0 1.11E1 B.06 6.07 3.87 2.54 1.69 1.51 1.95 6.34 1.08E3
30.0 1.2981  9.24 6.84 4.16 2.66 1.73 1.53 1.96 8.41 5.54E3
35.0 1.47E1 1.04E1 7.56 4.41 .77 .77 1.54 1.97 1.18E1 2.91E4
40.0 1.64E1 1.14E1 8.25 4.65 2.87 1.81 1.56 1.98 1.73E1  1.55E5

ENERGY (MEV)
R(MFP) 0.075 0.07 0.0465 0.06 0.058 0.056 0.054 0.052 0.051 0.05

0.5 1.70 1.74 1.77 1.79 1.79 1.80 1.80 1.79 1.79 1.02
1.0 2.29 2.40 2.51 2.62 2.64 2.66 2.68 2.68 2.69 1.03
2.0 3.38 3.81 4.28 4.78 4.94 5.10 5.25 5.36 .44 1.04
3.0 4.57 S.62 6.90 8.39 8.95 9.54 1.01E1 1.06E1 1.09E1 1.05
4.0 6.09 B8.28 1.1261 1.51F1 1.67FE1 1.84E81 2.01E1 2.17YE1 2.27E1 1.06
5.9 8.13 1.23E% 1.87E1 2.77vE1 3.1YEl 3.63E1 4.11E1 4.58E1 4.86E1 1.07
6.0 1.09E1 1.8%E1 3.12E! 5.12E1 6.09E1 7.22E1 8.44Et 9.69E1 1.05E2 .07
7.0 1.48E1 2.79E1 5.19E1 9.25E1 1.14E2 1.36E2 1.64FE2 1.96E2 ?.11E2 1.08
8.0 2.00E1  4.17E1 8.41C1 1.62E2 2.06E2 2.54E2 3,17E2 3.89F2 4.26E2 1.08
14.0 3.71ET  9.20F1 2.24E2 5,.15E2 6.99E2 9.16E2 1.21E3 1.57FE3 1.77E3 1.0¢9
15.0 ?.12E2 8.45E2 3.12E3 1.06C4 1.66FE4 2.5064 3.77E4 5.57E4 6.67E4 1.11
20.0 1.57E3 9.82F3 S5.33E4  2,57E5  4.54E5 T.71E5 1.31E6 2.17E6 2.75F6 1.13

25.0 1.30E4 1.28E5 1.02E6 6.89E6 1.37E7 2.60E7 4,92E7 9.03E7 1.21E8 1.14
30.0 1.12E5 1.73E6 2.00E7 1.97E8 4.38E8 9.33E8 1.96E9 3.97E9 5.60E9 1.16
35.0 9.80E5 2.40E7 4.2BE8 5.79E9 1.46E10 3.48E10 8,11E10 1.82E11 2.6%9E1% 1.17
40.0 8.69E6 3.37E8 9.00E9 1.7T4E11 4.96E11 1.33E12 3.46E12 8.57E12 1.33€13 1.17

ENERGY (MEV)
R{MFEPY .04 0.03 0.02 0.015

0.5 1.01 1.01 1.00 1.00
1.0 1.02 1.01 1.00 1.00
2.0 1.02 1.01 1.00 1.00
3.0 1.03 1.01 1.01 1.00
4.0 1.03 1.02 1.01 1.¢0
5.0 1.04 1.02 1.01 1.00
6.0 1.04 1.02 1.01 1.00
7.0 1.04 1.02 1.01 1.00
8.0 1.035 1.02 1.01 1.00
10.0 1.05 1.02 1.01 1.00
15.0 1.06 1.03 1.01 1.01
20.0 1.07 1.04 1.01 1.01
25.0 t.08 1.04 1.01 1.01
30.0 1.09 1.04 1.01 1.C1

35.0 1.09 1.04 1.02 1.0
40.0 1.10 1.05 1.02 1.01
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Table 3.5 Gamma-ray buildup factors for point isotropic source

in 45-mfp-thick tungsten

ABSORRED DOSE BULLDUP FACTORS IN 43-MFP THICK TURGSTEN

ENERGY (HEV)

R(MFP) 153 10 8 & S 4 3 2 1.5 1
0.5 1.28 1.31 1.35 1.40 1.42 1.38 1.43 1.45 1.42 1.40
1.0 1.51 1.51 1.53 1.58 1.60 1.54 1.64 1.77 1.77 1.73
2.0 1.91 1.84 1.82 1.87 1.91 1.84 2.07 2.39 2.45 2.39
3.0 2.45 2,24 2.16 2.20 2.25 z.18 2.52 2.96 3.05 2.93
4.0 3.2 ?2.76 2.58 2.58 Z.64 2.57 3.01 3.53 3.-62 3.42
5.0 4.25 3.41 3.07 3.03 3.08 j.oe 3.54 4.13 4.19 3.90
6.0 5.70 4.23 3.66 3.55 3.60 3.53% 4.13 4.77 4.79 4.39
7.0 7.71 5.26 4.38 4.15 4.18 4,09 4.76 5.43 5.39 4.88
2.0 1.05E1 6.56 5.23 4.83 4,84 4.71 5.43 6.11 6.00 5.36

i0.0 1,961 1.02E1 7.47 6.54 6.42 6.15 6.91 7.52 7.20 .31

15.0 ¢.40F1 3.11E1 1.80Ft 1.34F1 1.23FE1 1.10E1 1.14E1 1.13E1 1.02E1 B8.57

20.0 4, 4262 9.3161 4.25E1 2.60F1 ©2.18Et 1.79E1 1.67E1 1.53E{ 1.30E1 3.D8E1

25.0 2.01E3 2.71E2 9.74FE% 4.85E1 3.67E1 2.72E1 2.2901 1.94E% 1.58E1 1.29E1
30.0 §.87E3 7.69E2 2.17E2 S8.69F1 5.91E1 3.94E1 2.99Et 2.356t 1.85E1 1.49E1
35.0 3.82E4 92.13E3 4.73E? 1.51€2 9.21F1 5.50E1 3.76E1 2.77e1 2.1281 1.70F1
40.0 1.61E5 S.T4E3 1.01E3 2.56€2 1.39€2 7.44FE1 4.59E1 3.t8E1 2.38E1 1.BS8E1

ENERGY {(MEV)

R(HFP) C.8 8.6 0.3 G.4 0.3 0.2 D.15 0.14 0.13 0.12
0.5 .78 1.66 1.71 1.60 1.47 1.40 1.45 1.47 1.47 1.48
1.0 2.1 1.99 1.99 1.79 1.56 1.47 1.62 1.67 1.72 1.78
2.0 2.73 2.36 2.30 1.99 1.67 1.44 1.61 1.70 1.84 2.02
3.0 3.20 2.69 2.56 2.%7 1.76 1.38 1.47 1.57 1.74 2.03
4,0 1.61 2.97 2.78 2.30 1.84 1.41 1.45 1.54 1.72 2.09
5.0 4.03 3.24 2.99 2.42 1.90 1.44 1.45 1.54 1.72 2.17
6.0 4.44 3.51 3.18% 2.54 1.98 1.46 1.46 1.54 1.72 2.724
7.0 4.83 3.75 3.37 2.64 2.0% .48 1.47 1.54 t.73 2.33
g.0 5.20 3.99 3.53 2.74 2.06 t.50 1.47 1.54 1.74 2.45

10.0 5.93 444 3.84 2.91 2.15% 1.53 1.49 1.54 1.75 2.74

15.0 7.59 5.43 4.50 .28 2.33 1.59 1.51 1.56 1.76 3.71

20.0 9.11 6.25 5.09 3.57 2.46 1.63 1.54 1.57 1.77 5.09

25.0 1.05E1 6.96 5.58 3.82 2.57 1.67 1.55 1.58 1.76 T.47

30.0 1.18E1 T7.61 6.0C 4.03 2.67 1.69 1.57 1.5 ~ 1.76 1.17E1

35.0 1.30E1 8.21 6.36 4.22 2.76 1.72 1.58 1.61 1.76 1.95C1

40.0 1.42E1 8.78 6.69 4.3% 2.84 1.74 1.59 1.62 1.76 3.41E1

ENERGY (MEY)

R(MFPY 0.11% Q0.1 2.09 G.08 0.075 0.07 0.06%9 0.06 0.05 0.04
0.5 1.47 1.47 1.47 1.47 1.48 1.49 1.03 1.02 1.01 1.01
1.0 1.82 1.86 1.91 1.95 1.99 2.04 1.04 1.03 1.02 1.01
2.0 2.22 2.46 2.76 3.07 3.28 3.51 1.06 1.04 1.03 1.02
3.0 2.44 3.02 3.86 4.90 5.57 6.33 1.07 1.05 1.03 1.02
4.0 2.73 1.87 5.75 B.&T 1.03E1 1.2581 1.08 1.06 1.04 1.02
5.0 3.11 5.00 B.74 1.5061 1.95E1 2.53E1 1.09 1.06 1.04 1.02
6.0 3.52 6.51 1.34E1 2.65E1 3.68E1 S5.07&t 1.10 1.07 1.04 1.02
7.0 4.08 8.82 2.10E1 4.74E1 7.00E1 1.01E2 1.11 i.08 1.05 1.03
8.0 4,84 1.19F1 3.31€1 B.42E1 1.32€2 2.0282 1.12 1.08 1.05 1.03
0.0 65.85 2,2861 B.38E1 2.75E2? 4.82E2 8,20E2 1.13 1.09 1.06 1.03

1.48F2 1.06E3 6.04F3 1.35E4 2.91E4 1.16 1.11 1.07 1.04

_-—
w
o
s
-}
i
m
oy

0.0 7.2061 1.18E3 1.59E4 1.52E5 4,20ES 1.13E6 1.18 1.13 1.08 1.05
25.0 2.87E? 1.02C4 2.83E5 4.16E6 1.42E7 4.65E7 1.20 1,14 1.09 1.03
30.0 1.19E3 9.10E4 4.50E6 1.20C8 5.07E8 2.02E9 1,22 1.5 1.10 1.05

35.0 5.07E3 8.2?3C5 7.B3E7T 3.57ES 1.88E10 9.11E10 1.23 1.16 1.10 1.06
40.0 7.20E4 T7.53E6 1.38E9 1.08E11 7.10E11 4.21E12 1.324 1.17 i.11 1.06

ENERGY (MEV)
R{(MFP» 0.03 0.02 0.015

0.5 1,00 1.00 1.00
1.0 1.01 1.00 1.00
2.0 1.01 1.00 1.00
3.0 1.01 1.00 1.00
4.0 1.01 1.00 1.00
5.0 1.01 1.00 i.00
£.0 1.01 1.00 1.00
7.0 1.01 1.00 1.00
8.0 1.01 1.01 1.60
0.0 1.02 1.01 1.00
15.0 1.02 1.01 1.00
20.0 1.02 1.01 1.00
25.0 1.02 1.01 1.00
30.0 1,03 i.01 1.01
35.0 1.03 1.01 1.01

40.0 1.03 1.01 1.01
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Table 3.5 (continued)}
EXPOSURE BULLDUP FACTORS IN 45-MFP THICK TUNGSTEN

ENERGY (MEV)

R(MFP) 15 10 8 6 5 4 3 K 1.5 1
0.5 1.30 1.27 1.26 1.25 1.24 1.2%2 1.23 1.23 1.21 1.18
1.0 1.62 1.51 1.46 1.43 1.42 1.38 1.41 1.44 1.42 1.37
2.0 2.27 1.97 1.85 1.77 1.75 1.71 1.80C 1.38 1.85 1.76
3.0 3.22 2.56 2.30 2.15 2.13 2.07 2.21 2.30 2.25 2.09
4.0 4.55 3.32 2.84 2.59 2.55 2.48 2.64 2.73 2.63 2.40
5.0 6.41 4.28 3.50 3.10 3.04 2.94 3.12 3.18 3.02 2.7t
6.0 9.01 5.49 4,29 3.7C 3.60 3.47 .64 3.65 3.42 3.03
7.0 1.26E1 7.04 5.25 .39 4.24 4.05 4.20 4,14 3.83 3.34
8.0 1.77E1 8.99 &.40 5.19 4.97 4.70 4,80 4.63 4.23 3.65

10.0 3.44E1 1.4BE1 9,44 T.17 6.71 6.19 6.11 5.67 5.04 4.26

15.0 1.72E2 4.66E1 2.39E1 1.52E%1 1.32F1 1.17E1 1.00F1 8.43 7.03 5.71

20.0 8.23F2 1.43E7 5.79E1 3.01Et 2.38Et 1.84E1 1.48E1 1.13E%1 8.96 f.12

25.0 3.77E3 4.20E2 1.35E2 5.6BE1 4.05F1 ?2.81E1 2.02E1 1.43E%1 1.08E1 &8.51

30.0 1.67E4 1.2083 3.03E2 1.03E2 6.57E1 4.09E1 2.64E1 1.74E1
35.0 7.21E4 3.32E3 6.62E2 1.79E2 1.03F2 5.71E1 3.32E1 2.04F1
40.0 3.04E5 9.00E3 1.41E3 3.04E2 1,56FE2 T7.73E1 4.D5E1 2.34E1

L2TE1 9.85
-44F1  1,11E1
.62E1  1.23E1

-

ENERGY (MEV}

RC(HFP) 0.8 0.6 ¢.5 0.4 0.3 0.2 0.15 0.14 0.13 0.12
0.5 1.38 1.32 1.27 1.22 1.15 1.10 1.19 1.22 1.26 1.31
1.0 1.61 1.50 1.41 1.32 1.21 1.13 1.26 1.32 1.40 1.50
2.0 1.93 1.73 1.59 1.45 1.29 1.16 1.27 1.35 1.47 1.67
3.0 .22 1.95 1.73% 1,56 1.35 1.17 1.23 1.30 1.44 1.70
4.0 2.49 2.13 1.89 1.65 1.40 1.20 1.23 1.30 1.44 1.76
5.0 2.77 2.32 2.02 1.73 1.45 1.22 1.24 1.30 1.44 1.82
6.0 3.02 2.49 2.14 1.80 1.49 1.24 1.25 1.30 1.45 1.89
7.0 ¥.e7 2.66 2.26 1.87 1.52 1.25 1.25 1.31 1.46 1.97
8.0 3.51 2.81 2.36 1.94 1.56 1.27 1.26 1.31 1.47 2.07

10.0 3.98 3.11 2.5% 2.05 1.62 1.29 1.27 1.32 1.48 2.30

15.0 5.04 3.77 2.97 2.29 1.74 1.34 1.30 1.33 1.50 3.08

20.0 6.03 4,372 3.33 2.48 1.83 1.37 1.32 1.35 1.50 4.16

25.0 6.92 4.80 .64 2.65 1.91 1.40 1.33 1.36 1.50 6.05

30.0 7.76 5.24 3.91 2.78 1.98 1.42 1.34 1.37 1.50 9.43

35.0 8.55% 5.65 4.14 2.91 2.04 1.44 1.36 1.38 1.50 1.56E1
40.0 9.30 6.03 4.35 3.03 2.09 1.46 1.37 1.39 1.50 2.73E1

ENERGY (MEV)

R(MFP} 0.11 0.1 0.09 0.08 0.075 0.07 0.06¢ .06 0.05 0.04
0.5 1.37 1.44 1.52 1.60 1.62 1.65 1.03 1.02 1.01 1.01
1.0 1.64 1.81 2.00 2.23 2.30 2.37 1.04 1.03 1.02 1.01
2.0 1.96 2.40 2.95 3.70 4.00 4.33 1.05 .04 1.03 1.02
3.0 2.16 2.98 4,22 6.12 T.04 8.11 1.06 1.05 1.03 1.02
4.0 2.43 3.85 6.40 1.09E1 1.34E1 t.64E1 1.08 1.05 1.04 1.02
5.0 2.76 5.05 9,92 1.97E1 ?2.58k1 3.38E1 1.08 1.06 1.04 1.02
6.0 3.15 6.68 1.55E1 3.55€1 4.95F1 6.86F1 1.09 1.07 1.04 1.02
.0 3.67 9.21 2.48E1 6.43E1 9.50E1 1.38E2 1.10 1.07 1.05 1.03
8.0 4,39 1.26E1 3.94E1 11,1582 1.81E2 2.78E2 1.11 1.08 1.03 1.03

19.0 6.28 2.4TE1 1.03E2 3.85E2 b6.70E2 1.14E3 1.12 1.09 t.06 1.03

15.0 1.86E1 1.68E2 1.35E3 B8.80FE3 1.94E4 4.1BE4 1.15 1.11 1.07 1.04

20.0 6.80E1 1.36E3 2.10E4 2.28E5 6.25E5 1.67E6 1t.17 1.12 1.08 1.05
25.0 2.72E27 1,194 3.50E5 6.3906 2.17E7 7.06E7 1.19 114 1.09 1.05
30.0 1.13E3 1.06E5 6.03E6 1.B7EB 7.8BES 3.13E9 1.20 1.15 1.09 1.05
35.0 4.84E3 9.63E5 1.05E8 5.60E9 2.95E10 1.43E11 1.22 1.16 1.10 1.06
40.0 2.11E4 8.B4AE6 1.86E9 1.70E11 1t.12E12 6.67E12 1.23 1.17 1.11 1.06

ENERGY (MEV2
R{MFP) 0.03 0.02 0.015

0.5 1.00 1.00 1.00
1.0 1.01 1.00 1.00
2.0 1.01 1.00 1.00
3.0 1.01 1.00 1,00
4.0 1.01 1.00 1.00
5.0 1.01 1.00 1.00
6.0 1.01 1.00 1.00
7.0 1.01 1.00 1.00
8.0 1.01 1.061 1.00
10.0 1.02 1.01 1.00
15.0 1.02 1.01 1.00
20.0 1.02 1.01 1.00
25.0 1.02 1.01 1.00
30,0 1.03 1.01 1.01
35.0 1.03 1.01 1.01
40.0 1.03 1.01 1.01
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Table 3.5 (continued)
DOSE EQUIVALLNT BUILOUP FACSORS IN 45-MFP THICK TUNGSTEN

ENERGY (MEV)

R{MFPY 15 10 a [ 5 4 3 2 1.5 1
0.5 1.35 1.32 1.30 1.29 1.28 1.25 1.25 1.25 1.23 1.20
1.0 1.70 1.58 1.52 1.48 1.46 1.41 1.44 1.47 1.45 1.40
2.0 2.43 2.09 1.93 1.83 1.82 1.74 1.84 1.92 1.91 1.80
3.0 3.46 2.73 2.42 2.23 2.22 2.11 2.25 2.35 2.32 2.15
£.0 4,91 3.55 3.00 2.70 2.67 2.54 2.70 2.78 2.72 2.48
5.0 6.96 4.60 3.70 3.23 3.19 3.01 3.19 3.24 2.13 2.81
6.0 9.81 5.93 4.35% 3.86 3.78 3.55 3.73 3.73 3.55 3.13
7.0 1.38E1 7.62 5.58 4.59 4.46 4.16 4.30 .23 3.98 2.46
8.0 1.93E1 9.75 6.82 5.43 5.24 4.82 4.92 4,74 4.41 3.78

10.0 3.77E1 1.59E1 1.01E1 7.5? 7.09 6.36 6.27 5.80 5.25 4.472

1.40E1 1.1581 1.03E1 8.64 .33 5.94
20.0 9.04E2 1.56E2 6.23E1 3.18K1 2.5381 1.90%81 1.52E% 1.16E1 9,36 7.41
25.0 4.14E3 4.61E2 1.45E2 6.00E? 4.31E1 2.90E1 ?2.0BET 1.47E1 1,13E1 B8.86
30.0 1.83E4 1.32E3 3.26E2 1.08E2 7v.01E1 4.22E1 2.71E1 1.FBE1 1.3261 1.03E1
35.0 7.94E4 3.65E3 T7.14E2 1.90E2 1.10E2 5.89E1 3.41E1 2.09E1 1.5161 1.16E1
40.0 3.35E5 9.B9E3 1.53E3 3.22E2 1.67E2? T.98E1 4_16E1 2.41E1 1.69E1 1,29E1
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ENERGY (MEV}

RCMFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.14 0.13 0.12
0.5 1.41 1.34 1.29 1.23 1.17 1.14 1.26 1.30 1.35 1.40
1.0 1.66 1.52 1.44 1.34 1.23 1.18 1.36 1.44 1.52 1.65
2.0 1.99 1.77 1.63 1.47 1.31 1.19 1.37 1.47 1.63 1.86
3.0 2.30 1.99 1.80 1.58 1.37 1.20 1.3¢0 1.40 1.57 1.89
4.0 2.58 2.18 1.94 1.67 1.42 1.22 1,30 1.38 1.56 1.96
5.0 2.86 2.37 2.07 1.76  1.47 1.24 1.30 1.38 1.57 2.04
6.0 3.13 2.55 2.20 1.83 1.51 1.26 1.31 1.38 1.57 2.12
7.0 3.39 2.72 2.32 1.990 1.55 .28 1.31 1.3¢ 1.58 2.21
g.0 3.65 2.88 2.42 1.97 1.58 1.30 1.32 1.39 1.59 2-33

10.0 4.13 3.19 2.62 2.08 1.65% 1.32 .33 1.40 1.60 2.62

15.0 5.25 3.87 3.05 2.33 1.77 1.37 1.36 1.41 1.62 3.58

20.0 6.27 4.43 3.43 2.53 1.86 1.41 1.38 1.42 1.62 4.93

25.0 T.21 4.92 3.75 2.69 1.94 1,43 1.40 1.44 1.62 T.27

30.0 8.08 5.38 4.072 2.84 2.01 1.46 1.41 1.45 1.62 1.15E1
35.0 8,30 5.80 4.26 2.97 2.07 1.47 1.42 1.46 1.62 1.92E1
40.0 9.69 6.19 4,47 3.08 2.13 1.49 1.43 1.47 1.62 3.37E1

ENERGY (MEV)

R(MEPY 0,114 a.1 G.09 0.08 0.075 0.07 0.069 4.06 0.05 0.04
0.5 1.46 .53 1.59 1.64 1.66 1.69 1.03 1.02 1.0t 1.01
1.0 1.79 1.98 2.13 2.3 2.38 2.46 1.04 1.03 1.02 1.01
2.0 2.20 2.68 3.21 3.86 4.18 4.54 1.05 1.04 1.03 1.01
3.0 2.44 3.37 4.63 6.41 T.40 8.53 1.07 1.05 1.03 1.02
4.0 2.77 4,39 7.08 1.14E1 1.41E1 1.74E1 1,08 1.05 1.04 1.02
5.0 3.7 5.80 1.10€1 2.07F1 2.72E1 3.57&E1 1.09 1.06 t.04 1.02
6.0 3.62 T.71 1.7281 3.72E1 5.21E1 7.24E1 1,10 1.07 1.04 1.02
7.0 4.25 1.07E1 2.75E1 6.73E1 9.99E1 1.46E2 1.10 1.07 1.05 1.03
2.0 5.11 1.4761 4.37E1 %1.21E2 1.90QE2 2.9282 1.1% 1.08 1.05 1.03

10.0 7.39 2.87F1 1,132 4.01E7 T.01E2 1.20E3 1.13 1.09 1.06 1.03

15.0 2.21E1 1.94FE2 1.48E3 9.08E3 2.02E4 4.37E4 1.15 1.11 1.07 1.84

20.0 8.14E1 1.57E3 2.28E4 2.34E5 6.45E5 1.73E6 1.17 1,12 1.08 1.45

25.0 3.26E2 1.37E4 3.80E5 6.52E6 2.22ET TV.28ET 1.19 1.14 1.09 1.05

30.0 1.36€3 1.2265 6.54E6 1.90E8 8.04F8 3.2109 1.21 1.15 1.09 1.05
35.0 5.80E3 1.11E6 1,14F8 5.68E9 3.00ET0 1.46E11 1.22 1.16 1.10 1.06
40.9 2.52E4 1.01E7Y 2.0189 1.72E11 1.14E12 6.80E12 1.23 1.17 1.11 1.06

ENERGY {(MEV)
R(MFP} 0.02 0.02 0.01s

0.5 1.00 1.00 1.00
1.0 1.01 1.00 1.00
2.0 1.01 1.00 1.00
3.0 1.01 1.00 1.00
4.0 1.01 1.00 1.00
5.0 1.01 1.00 1.00
6.0 1.01 1.00 1.00
7.0 1.01 1.00 1.00
8.0 1.01 1.0t .00
10.0 .02 1.01 t.00
15.0 1.02 1.01 1.00
20.0 1.02 1.01 1.00
25.0 1.02 1.01 1.00
30.0 1.03 1.01 * 1.01
35.0 1.03 1.01 1.01
40.0 1.03 1.01 1.01

i 31 —
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Table 3.6 Gamma-ray buildup factors for peint isotropic source
in 45-mfp-thick lead
ABSURBLD DDSC BULLOUP FACTORS IN 45-MTP THICK LEAD

ENERGY (MEV)

R(MFP) 15 10 3 b S 4 3 4 1.5 1
0.5 1.32 1.36 1.39 1.44 1.47 1.51 1.43 1.42 1.37 1.32
1.0 1.53 1.54 1.55 1.59 1.62 1.69 1.63 1.69 1.66 1.58
2.0 1.91 1.86 1.83 1.87 1.92 2.03 2.01 2.20 2.19 2.06
3.0 2.43 2.26 2.16 2.19 2.26 2.47 2.43 2.70 2.67 2.47
4.0 3.16 2.77 2.56 2.55% 2.64 2.84 2.89% 3.17 3.08 2.80
5.0 4,17 3.41 3.04 2.97 3.07 3.30 3.31 3.64 3.49 3.12
6.0 5.56 4.20 3.61 3.45 3.56 3.81 3.80 4.13 3.89 3.43
7.0 7.48 5.21 4.30 4.00 4.12 4,37 4,33 4,65 4.31 3.74
.0 1.04F1 4,45 5.12 A.64 4.75 4.99 4.89 5.17 4.72 4.05

10.0 1.8981 9.95 7.25 6.19 6.24 6.4C 6.11 6.23 5.50 4.64

15.0 9.0161 2.94E1 1.72E1 1,23E1 1.17E1 1.10E1 9.69 9.00 7.36 5.99

20.0 4.23E2 B.59%1 4.02F1 2.35C%  2.06C01 1.75E1 1.39E1 1.18f1 9.06 7.24

25.0 1.94E3  2.45E2 9.17E1 4.32E1 3.44FE1 2.61E1 1.86FE1 1.46T1 1.07E1 8.44

30.0 8.63E3 6.B2R2 2.04C2 7P.66F1 5.52EY 3.73E1  2.38E1 1.75E1 1.22E1  9.57
35.0 3.7504 1.85E3 4,45E2 1.32E7 8.58E1 S5.13E1 2.95E1  2.03E1 1.36F1 1.06F1
40.0 1.60E5 4,943 9.52E2 2.22E2 1.30EZ 6.84E1 3.54C1 2.31E1 1.50E1 1.16E1

ENERGY (MEV)
R(MFP} 0.8 0.6 0.5 0.4 0.3 0.2 0.16 0.15 0.t4 0.13

O ANV e W -
-
n
—~
n

2.51 2.11 1.84 1.57 1.72 1.71 2.16 2.48 3.05 3.93
2.27 1.95 1.63 1.77 1.73 2.20 2.60 3.40 4.83
2.9¢7 2.41 2.05 1.69 1.81 1.75 2.22 2.70 3.77 5.94
3.20 2.55 2.16 1.7% 1.85 1.76 2.24 2.80 4.20 7.42
3.42 2.68 2.26 1.81 1.89 1.78 - 2.25 2.91 4.72 9.41

10. 3.83 2.93 2.44 1.90 1.94 1.80 2.28 3.14 6.04 1.49E1
15.0 4.70 3.44 2.81 2.10 2.06 1.85 2.32 3.489 1.22E1 6.08E1
20.0 5.49 3.87 3.14 2.26 2.14 1.89 2.33 4.78 3.10E1 3.18E2

25.0 6.19 4,23 3.43 2.40 2.20 1.92 2.34 6.13 9.00E1 1.85F3
30.0 6.82 4.57 3.69 2.54 2,26 1.95 2.35 B.32 2.81€2 1.12E4
35.0 7.40 4.89 3.93 2.66 2.31 1.97 2.35 1.19E1 9.11E2 6.90E4
40.0 7.95 5.20 4.15 2.76 2.36 1.99 2.36 1.81E1 3.03E3 4&.33ES

ENERGY (MEV)

R(MFP) 0.12 . 0.1V 0.1 0.09 0.089 0.088 0.08 0.06 0.05 0.04
0.5 1.50 1.50 1.48 1.51 1.51 1.07 1.03 1.02 1.01 1.01
1.0 1.93 1.97 1.98 2.07 2.08 1.09 1.04 1.02 1.01 t.01
2.0 2.79 3.05 3.28 3.68 3.73 1.10 1.06 1.03 1.02 1.01
3.0 3.81 4.58 5.38 6.66 6.81 t.12 1.08 1.04 1.02 1.01
4.0 5.21 7.00 9.19 1.27E1 1.3tEt 1.13 1.09 1.04 1.03 1.0t
5.0 T.20 1.1081 1.62E1 2.51E1 2.62E1 1.15 1.10 1.04 1.03 1.02
6.0 1.01E1 1.75E1 2.91E1 5.02E1 5.2%€1 1.16 1.11 1.08 1.03 1.02
7.0 1.44E1 2.81E1 5.22E1 9.66E1 1.03E2 1.17 1.11 1.05 1.03 1.02
8.0 2.02E1 4.4261 8.98E1 1.B3E2 1.97E2 1.18 1.12 1.06 1.04 1.02

10.0 4,0961 1.11E2 2.Y7E2 6H.BIEZ? T7.44E2 1.20 1.14 1.06 1.04 1.02

15.0 2.9962 1.36FE3 5.35L3 1.99%9E4 2.26F4 1.24 1.16 1.08 1.05 1.03

20.0 2.80E3 2.05E4 1.722£5 6.53E5 7.67E5 1.26 1.18 1.09 1.08 1.03

1.28 1.20 1-10 1.07 1.04
30.0 3.09E5 6.D4E6 8.17E7T 8,77E8 1.10E9 1.29 1.21 1.11 1.08 1.04
35.0 3.3806 1.0908 2.25E9 3.44F10 444010 1.31 1.22 1.11 1.08 1.04
40.0 3.72E7 1.97E9 6.30E10 1.3BE12 1.B4AE12 1.32 1.24 1.12 1.09 1.04
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Table 3.6 (continued)
EXPOSURE BUILDUP FACTORS IN 45-MFFP THICK LEAD

ENERGY (MEV)

R(MFPY 15 10 8 6 5 4 3 2 1.5 1
0.5 1.32 1.29 1.27 1.26 1.25 1.25 1.24 1.21 1.19 1.16
1.0 1.62 1.51 1.46 i.42 1.40 1.41 1.41 1.39 1.37 1.31
2.0 2.26 1.97 1.82 1.74 1.71 1.74 1.77 1.76 1.73 1.61
3.0 3.16 2.%4 2.26 2.10 2.06 2.11 2.13 2.12 2.05 1.87
4.0 4.43 3.26 2.78 2.51 2.45 2.49 2.51 2,47 2.34 2.10
5.0 6.21 4.17 3.40 2.98 2.89 2.92 2.91 2.82 2.63 2.32
6.0 8.69 5.32 4.15 3.52 3.39 3.40 3.34 3.20 2.92 2.54
7.0 t.2iE1 6.78 5.05 4.14 3.96 3.92 3.81 3.58 3.21 2.75
8.0 1.6%E1 &.60 6.13 4.86 4.61 4.50 4.30 3.97 3.50 2.96

10.0 3.28E1 1.38E1 8.97 6.64 6.14 5.80 5.37 4.76 4,05 3.37

15.0 1.64E2 4.28FE1 2.24E1 1.37E1 1.18E1 1.01E1 8.43 6.80 5.35 4.30

20.0 . 7.83E2? 1.28E2 5.36E1 2.66E1 2.10E1 %.61E1 1.20E1 8.8% 6.56 5.17

25.0 3.61E3 3.69E2 1.24E2 4.94E1 3.53FE1 2.42E1 $.6%E1 1.10F1 7.70 6.00

30.0 1.61E4 1.03E3 2.78E2 B8.83E1 5.Y0E1 3.46E1 2.06E1 1.31E1 8.78 6.80

35.0 7.03E4 2.82E3 6.10E2 1.53FE2 B8.B9E1 4.7YFE1 2.56E1 1.52E1 9.8%1 T.53

40.0 3.00E5 7.51E3 1.31E3 2,592 1.35€2 ©.37E1 3.10C1 1,73E1 1.08FE1 B.2%

ENERGY (MEV)

R(MFP} 0.8 0.6 0.3 0.4 0.3 0.2 0.16 0.15 0.14 0.13
0.5 1.14 1.12 1.09 1.07 1.08 1.14 1.22 1.25 1.29 1.33
1.0 1.28 1.22 1.18 1.13 1.12 1.19 1.34 1.41 1.49 1.59
2.0 1.53 1.41 1.32 1.23 1.19% 1.23 1.47 1.60 1.79 2.05
3.0 1.74 1.57 1.44 1.31 1.24 1.25 1.53 1.72 2,03 2.50
4.0 1.91 1.69 1.53 1.37 1.28 1.26 1.57 1.82 2.26 3.03
5.0 2.08 1.80 1.61 1.42 "1.31 1.28 1.59 1.90 2.50 3.70
6.0 2.24 1.90 1.69 1.47 1.34 1.29° 1.61 1.96 2.76 4.55
T.¢ 2.39 2.00 1.77 1.52 1.37 1.31 1.62 2.03 3.06 5.70
8.0 2.54 2.10 1.85 1.56 1.39 1.32 1.64 2.1 3.44 7.27

10.0 2.83 ?.28 1.98 1.64 1.43 1.34 1.66 2.27 4,481 1.17E1

15.0 3.44 2.653 2.27 1.79 1.51 1.37 1.69 2.77 4.96 4.96E1

20.0 4,00 2.97 2.52 1.92 1.57 1.40 1.70 3.36 2.29F1  2.66E2

25.0 4.49 3.24 2.74 2.04 1.62 1.42 1.71 4,26 6.68E1 1.5b6E3

30.0 4.94 3.50 2.94 2.15 1.65 1.44 1.72 5.71 2.09E7 9.48E3

3s5.0 5.3% 3.74 3.13 2.25 1.69 1.45 1.72 8.13 6.83E2 5.89E4
40.0 5.74 3.97 3.31 2.33 1.72 1.47 1.73 1.22E1 2.28E3 3.71E5

ENERGY (MEY)

R(MFP) 0.12 a.11 0.1 0.09 0.089 0.088 0.08 0.06 0.05 0.04
Q9.5 1.38 1.45 1.52 1.58 1.59 1.05 1.02 1.01 1.01 1.01
t.0 1.71 1.87 2.05 2.23 2,25 i.07 1.03 1.02 1.01 1.01
2.0 2.39 2.85 3.44 4.09 .17 i.08 1.05 1.03 1.02 1.01
3.0 3.21 4.26 5.72 7.55 T.77 1.10 1.06 1.03 1.02 1.01
4.0 4.34 6.53 9.90 1.46E1 1.%2E1 1.11%1 1.08 1.04 1.02 1.01
5.0 6.01 1.0381 1.77E1  2.93E1 3.0BE1 1.13 1.06 1.04 1.03 1.02
5.0 8.44 1.66E1 3.22E1 5.92E1 6.28FE1 1.14 1.09 1.05 1.03 1.0?
7.0 1.22E1 2.70E1 5.83E1 1.15E2 1.23E2 1.15 1.1¢ 1.0% 1.03 1.02
8.0 1.73E1 4.30E1 1.02E2 2.20E2 2.3BE2 1.16 1.11 1.06 1.04 1.02

10.0 3.58FE1 1.11E2 3.20E2 8.32E2 9.14E2 1.18 1.12 1.086 1.04 1.02

5.0 ?2.78E2 1.45£3 6.55E3  2.3404  2.9004% 1.1 1.15 1.08 1.05 1.63

20.0 2.68E3 2.25E4 1.55E5% B.6TE5 1.02E6 1.23 1.17 1.08 1.06 1.03

25.0 ?2.80C4 3.BHES 4.01E6 3.19E7 3.83E7 1.25 1.18 1.10 1.07 1.03

30.0 3.0285 6.85E6 1.09E8 1.23E9 t.55E9 1.27 1.20 1.1¢ 1.08 1.04
35.0 3.31E6 1.24E8 3.02E9 4.89E10 6.35E10 1.28 1.21 1.11 1.08 1.04
40.0 3.66E7 ?2.26E9 §.51E10 1.98E17 2.66F12 1.29 1.22 1.12 1.09 1.04

ENERGY (MEV)
R(MFP? G.03
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Table 3.6 (continued)

DOSE EQUIVALENT BUILDUP FACTORS LN 45-MEP THICK LEAD

ENERGY (MEV)

R{HFP) 15 10 L} 6 5 4 3 2 1.5 1
0.5 1,37 1.33 1.31 1.29 1.28 1,27 1.24 1.22 1.2¢ 1.17
1.0 1.71 .58 1.51 1.4% 1.44 1.44 .41 1.41 1.39 1.33
2.0 2,40 2.07 1.90 1.79 1.77 1.78 1.76 1.79 1.77 1.63
3.0 3.38 2.69 2.37 2.17 2.14 2.15 2.13 2.16 2.10 1.92
4.0 4.77 3.48 2.92 2.60 2.55 2.55 2.51 2.51 2.41 2.16
5.0 6.71 4.47 3.58 3.09 3.02 2.59 2.52 2.88 2.71 2.38
6.0 9.41 5.72 4,38 3.66 3.55 3.48 3.36 3.25 3.01 2.61
7.0 1.3281 7.30 5.35% 4.31 4.15 4.02 3.83 3.65 3.3 .83
8.0 1.84E1 9,29 6.50 5.07 4.84 4.61 4.33 4,04 3.61 3.05

10.¢ 3.58E1 1.49E1 9,54 6.93 6.47 5.96 5.42 4.85 4.18 3.47

15.0 1.7982 4.65E1 2,39E1 1.43E1 1.24E1 1.04E1 8.58 6.93 5.54 4.43

20.0 8.57€2 1.39E? 5.74E1 2.79E1 2.22E1 1.66F1 1.23E1 9.05 6.8D 5.33

?25.0 3.9563 4.02E? 1.33E2 5.19FE1 3.75E1 2.49F1 1.65E1 1.12FE1 7.98 6.20
30.0 1.77E4 1.13E3 2,992 9.30E1 6.0561 3,56F1 2.11E1 1.33F1 ©9.10 7.0?
35.0 7-71E4 3.06FE3 6.53E2 1.61E2 9.44F1 4,91E1 2.61E1 1.55€1 1.02F1 T7.78
40.0 3.29E5 8.21E3 1.40E3 2.73E2 1.43F? 6.56E1 3.13E1 1.76E1 f£.12E1 §.48

R(HFP) 0.8 G.6 4.5 0.4 0.2 0.2 0.16 0.15 0.14 0.13
0.5 1.15 1.12 1.10 1.07 1.10 1.19 1.30 1.34 1.38 1.42
1.¢ 1.29 1.23 1.19 1.14 1.15 1.26 1.486 1.55 1.64 1.75
2.0 1.5% 1.43 1.34 1.24 1.21 1.30 1.63 1.81 2.03 2.33
3.0 1.78 1.59 1.46 1.32 1.26 1.32 1.71 1.97 2.34 2.91
4.0 1.96 1.71 1.56 1.38 1.31 1.34 1.76 2.08 2.64 3.58
5.0 2.13 1.83 1.64 1.44 . 1.34 1.36 1.79 2.19 2.95 4.42
6.0 2.30 1.93 1.72 1.48 1.37 1.37 1.81 2.28 3.28 5.48
7.0 2.46 2.04 1.80 1.53 1.40 1.38 1.82 ?2.36 3.66 6.91
8.0 2.62 2.14 1.88 1.57 1.42 1.39 1.84 2.486 4.14 8.85

10.0 2.91 2.32 2.02 .65 1.46 1.41 1.86 2.66 5.37 1.44E1

35.0 5.53 3.81 3.19 2.27 1.73 1.54 1.93 1.03E1 B.63E2 7,21E4
40.0 5.93 4.05 3.37 2.36 1.76 1.55 1.93 1.56E1 2.8BE3  4.54[5

ENERGY <(MEV)

R{MFP) 0.12 0.11 0.1 a¢.09 0.089 0.088 0.08 .06 0.05 Q.04
. 1.47 1.53 1.59 1.63 1.64 t.06 1.02 1.01 1.01 1.00

. 1,88 2.04 2.20 2.32 2.34 1.07 1.03 1.02 1.01 1.01
2.72 3.21 3.78 4.32 4.39 1.09 1.05 1.02 1.02 1.01

. 3.72 4.88 6.39 8.05 8.24 1.19 1.06 1.03 1.02 1.01

. 5.1% ?7.56 1.11E1 1.56E1 1.62E1 1.12 1.07 1.03 1.02 1.01

7.14 1.20F1 2.90E% 3.13E1 3.27E1 1.13 1.08 1.04 1.03 1.01
1.01E1 1.94E1 3.64FE1 6.33E1 6.68Et 1.14 1.09 1.04 1.03 1.02
1.46E1 3.17E1 6.60C1 1.23E2 1.31E2 1.15 1.10 .05 1.03 t.02

L R - LI - |
cCoOCoO0ocaOoocoow

B 2.08E1T 5.04E1 1.15E2 2.35E2 2.53E2 1.16 1.11 1.05 1.03 1.02
16. 4.31E1 1.29E2 3.61E2 8.86E2 9.68E2 1.18 1.12 1.06 1.04 1.02
. 3.33E2 1.67E3 7.3J0E3 2.6BE4 3.04E4 1.22 1.14 1.07 1.05 1.03

N .
[= IRV |
(=]

3.19E3 2.60E4 1.T2E5 9.09E5 1.07E6 1.24 1.16 1.08 1.06 1.03
25.0 J.32E4 4,42E5 A.4266 3.32E7 4.03E7 1.26 1.18 1.09 1.07 1.03
30.0 3.58E5 7.83E6 1.20E8 1.28E9 1.60£9 1.27 1.19 1.10 1.07 1.04
35.0 3.92E6 1.41E8 3.32E% S.O0TE10 6:54E10 1.29% 1.21 1.11 1.08 1.04
40.0 4.34E7 2.57E$ 9,33E10 2.05Et2 2.73E12 1.30 1.22 i.11 1.08 1.04
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R(MFP) 0.03
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Table 3.7 Gamma-ray buildup factoers for point isotropic source
in 45-mfp-thick uranium
ABSORBLD DOSE BULLOUP FACTORS [N 45-MFP THICK URAKIUM

ENERGY (MEV)

RCMFPY 15 10 8 6 5 L] 3 2 1.5 1
0.5 1.33 1.36 1.40 1.44 1.45 .48 1.49 1.46 .38 1.35
1.0 1.53 1.54 1.55 1.58 1.61 1.62 1.68 1.70 1.63 1.58
2.0 1.91 1.86 1.83 1.82 1.85 1.92 2.03 2.15 2.10 1.99
3.0 2.42 2.26 2.15 2.10 2.15 2.25 2.41 2.57 2.49 2.29
4.0 3.13 2.76 2.54 2.41 2.47 2.61 2.80 2.97 2.83 2.55
5.0 4.10 3.38 2.99 2.7¢ 2.83 2.99 3.21 3.37 3.14 2.80
6.0 5.43 4.14 3.52 3.18 3.23 3.41 3.65 3.79 3.46 .04
7.0 7.25 5.09 4,14 3.65 3.69 .88 5.12 4.23 3.78 3.28
8.0 S.76 6.27 4.89 4.17 4.20 4.38 4.61 4.66 4,10 3.51

i0.0 1.79E1  9.53 6.80 5.45 3.39 5.51 5.67 5.53 4,70 3.93

15.0 8.26E1 2.71E1 1.54E1 1.03E1 9.64 9.14 8.67 7.76 6.13 4.85

20.0 3.77E2 7.64E1 3.42E1 1.89E1 1.p3E1 1.40F1 1.21E1 9.98 T AT 5.69

25.0 1.68E3 2.11E2 7.47E1 3,356t 2.65FE1 2,04f1 1.59F1 1.22F1 &.72 [

30.0 7.32E3 5.70E2 11,6062 S5.76E1 4.16F1 2.85F1 1.9951 1.44E1 9.9% 7.18
35.0 J. 1264  1.51E3  3.35FE2 9.67E1 6.33E1 3.84F1 2.43Et 1.66E1 1.13FE1 7.83
40.0 1.3065 3.92E3 6.92E2 1.59E2 9,41E1 5,05C1 2.B8E1 1.88E1 1.27Et B.42

R(MFP) 0.8 0.6 0.5 0.4 0.3 0.25 0.2 0.19 0.18 0.17
¢.5 1.35 1.34 1.35 1.38 1.43 1.46 1.48 1.49 1.49 1.49
1.0 1.55 1.48 1.46 1.45 1.54 1.63 1.76 1.80 1.83 1.87
2.0 1.90 1.73 1.64 1.58 1.61 1.73 2.06 Z2.19 2.32 Z.48
3.0 2.14 1.90 1.77 1.66 1.66 1.75 2.21 2.42 2.68 3.03
4.0 2.34 2.03 1.87 1.73 1.70 1.77 2.29 2.60 3.01 3.61
5.0 2.53 2,146 1.96 1.79 1,73 1.80 2.36 2.73 3.34 4.28
6.0 .71 2.28 2.04 1.84 1.77 1.81 2.40 2.88 3.68 5.07
7.0 2.88 2,40 2.12 1.89 1.79 1.83 2.44 3.01 4.06 6.08
8.0 3.04 2.52 2.168 1.%4 1.82 1.84 2.47 3.15 4.51 7.35

10.¢0 3.35 2.73 2.33 2.02 1.86 1.87 2.54 3.47 5.68 1.68E1

15.0 3.97 3.13 2.59 2.18 1.04 1.93 2.68 4.52 1.08Et 3.47E1
20.0 4.52 3.47 2.82 2.32 1.99 1.97 2.80 5.96 2.51E1 1.472E2
25.0 4,98 3.75 3.02 2.44 2.04 2.00 2.86 8.40 6.64E1 6
30.0 5.40 4.00 3.19 2.55 2.08 2.03 2.92 1.26E1 1.90€E2 3
35.0- 5.78 4.22 3.35 2.65 2.11 2.06 2.98 2.03E1 5.65E2 1.57F4
40.0  6.16 4,43 3.51 2.74 2.15 2.09 3.04 3.42E1 1.73E3 7

ENERGY (MEV)

R(MFP}Y 0.16 Q0.15 0.14 0.13 0.12 0.116 0.115 0.1 9.08 Q.06
0.5 1.49 1.49 1.50 1.51 1.51 1.51 1.10 1.06 1.02 1.01
i.0 1.%0 1.92 1.98 2.03 ?2.06 2.07 1.12 1.08 1.03 1.01
2.0 2.65 2.82 3.07 3.32 3.56 3.64 1.14 1.09 1.04 1.02
3.0 3.44 3.9 4.58 5.35 &.14 6.47 1.16 1.11 1.05 1.02
4,0 4.41 5.45 €.95 3.87 1.11E1 1,20Ef 1.18 1.12 1.06 1.03
5.0 5.68 7.71 1.0861 1.5281 2.07E1 2.33E1 1.20 1.13 1.06 1.03
6.0 7.36 1.10E1 1.70E1 2.63E1 3.92€1 4.5561 1.21 1.14 1.07 1.03
7.0 9.69 1.61E1 2.74F1 4.61E1 7.28BE1 B8.7501 1.23 1.1¢6 1.07 1.04
g.0 1.28E1 2,32E1 4.31E1 7.74E1 1.32E2 1.63F2 1.24 1.16 1.08 1.04

156.0 2.28E1 4.87E1 1.0TE2 2.25E2 A.45E2 5.84FE2 1.26 1.18 1.09 1.04

15.0 1.18E2 3.92E2 1.?2pE3 3.B2f£3 1.06FE4 1.58F4 1.30 1.21 1-.11 1.05

20.0 T.B7E2 3.98E3 1.83L4 7T.68E4  2.BTCS  4.8DE5 1.33 1.23 1.12 1.06

25.0 5.B3E3 4.47E4 2.95€5 1.72E6 B8.55£6 1,59E7 1.35 1.24 1.13 1.07

30.0 4_49F4 5.23E5 S5.D1E6  4,G5CE7 2.F0ES S5.58E8 1.37 1.26 1.14 1.07

35.0 J.5?E5 6.25E6 8.71ET 9.83EB B8.81E9 2.03E10 1.39 1.27 1.15 1.08

40.0 2.80E6 T.54F7 1.33E% 2.43E10 2.94E11 7.54E11 1.40 1.28 1.16 1.08

ENERGY (MLCV)
R(MFP) Q.05 0.04 0.03

5
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Table 3.7 (continued)
EXPOSURE BULLDUP FACIORS IN 45-MFP THICK URANIUN

ENERGY (MEV)

RCMFP) 15 10 8 & 5 4 3 2 1.3 1
0.5 1.31 1.27 1.25% 1.25 1.23 .21 1.21 1.19 1.16 1.14
1.0 1.60 1.438 1.42 1.39 1.37 1.35 1.36 1.35 1.31 1.27
2.0 2.21 1.92 .77 1.66 1.63 1.63 1.66 1.66 1.61 1.5¢
3.0 3.07 2.46 2.17 1.97 1.93 1.94 1.97 1.96 1.86 1.62
4.0 4.27 3.14 2.65 2.32 2.25 2.26 2.29 2.25 2.09 1.86
5.0 5.94 3.98 3.21 2.72 2.62 2.61 2.63 2.54 2.31 2.03
6.0 8.24 5.04 3.87 3.17 3.03 3.00 2.99 2.84 2.53 2.19
7.0 1.14(1 6.36 4.66 3.69 3.490 3.43 3.38 3.135 2.74 2.34
8.0 1.5%E1 8.01 5.60 4.28 4.061 3.%90 2.79 3.45 2.95 2.49

10.0 3.02E1 1.26C1 3.03 5.71 5.22 4.94 4,66 4.08 3.36 2.77

15.0 1.46L2 3.76E1 1.90E1 1.12E1 9.56 8.28 7.12 5.66 4.34 3.38

20.0 6.77E2 1.09FE2 4.35FE1 2.09E1 t.64F1 1.28E1 9,93 T.24 5.25 3.94

25.0 3.04E3 3.03E2 9.63E1 3I.76E1 2.69E1 1.87E1 1.30E1 8.82 6.11 4.46

30.0 1.33E4 8.24FE2 2.08F2 6.52E1 4.25E1 2.67E1 1.64Ff1 1.D4E1 6.9 4.94
35.0 5.67E4 2.1%E3 4.38E? 1.10E? 6.5001 3.54E1 1.9981 1.20E1 7.91 5.39
40.90 2.37E5 5.69E3 9.07E? 1,82E2 9.70E1 4.66E1 ?2.36FE1 1.35E1 §&.85 5.79

ENERGY (MEY)

R(MFP)Y 0.8 0.5 0.5 0.4 0.3 0.25 Q.2 0.19 0.18 0.17
0.5 1.12 1.10 1.09 1.08 1.10 1.13 1.1 1.23 1.25 1.29
1.0 1.23 1.18 1.15 1.13 1.14 1.19 1.33 1.38 1.44 1.51
2.0 1.43 i.32 1.26 1.21 1.19 1.24 1.47 1.58 1.70 1.87
3.0 1.58 1.43 1.34 1.26 1.22 1.27 1.55 1.70 1.91 2.21
4.0 1.71 1.52 1.41 1.31 1.25 1.29 1.60 1.81 2.1 2.59
5.0 1.83 1.60 1.47 1.35 1.28 1.30 .64 1.90 2.32 3.05
6.0 1.95 1.68 1.52 1.38 1.30 1.32 1.68 1.98 2.54 3.60
7.0 2.06 1.76 1.57 1.42 1.32 1.33 1.70 2.07 2.80 4.31
8.0 2.17 1.84 1.62 1.45 1.34 1.34 1.73 2.16 3. n 5.20

10.0 2.37 1.98 1.72 1.51 1.36 1.36 1.77 2.37 3.92 T.85

15.0 2.78 2.25 1.90 1.62 1.42 . 1.40 1.87 3.05 7.51 2.63E1

20.0 3.15 2.48 2.06 1.72 t.46 1.43 1.94 3.98 1.76E1 1.11E2

25.0 3.46 2-68 2.20 1.81 1.49 1.45 1.99 5.55 4_69E1 5.16E?

30.0 3.74 2.85 2.32 1.89 1.52 1.48 2.02 8.30 1.35E2 2.52E3

35.0 4.01 3.00 2.44 1.98 1.54 1.49 2.06 1.3261 4.G5E2? 1.26E4
40.0 4.26 3.16 2.55 2.03 1.56 1.51 2.10 2.23E1 1.25E3 6.37E4

ENERGY (MEY)

R(HFP) ©.16 a.15 0.14 0.13 0.12 0.116 0.115 0.1 0.08 0.06
0.5 t.32 1.36 1.40 1.45 1.50 1.52 1.06 1.04 1.02 1.01
1.¢ 1.59 1.68 1.78 1.90 2-04 2.09 1.08 1.086 1.02 1.01
2.0 2.08 2.35 2.67 J.o6 3.s51 3.71 1.10 1.07 1.03 1.02
3.0 2.63 3.20 3.92 4.89 6.09 6.66 1.12 1.09 1.04 1.02
4.0 3.32 4.41 5.93 8.14 1.11E1 1.26E1 1.14 1.10 1.05 1.03
5.0 4.26 6.25 9.26 t.41E1 2.09E1 2.46E1 1.16 1.11 1.06 1.03
6.0 5.53 9.01 1.4801  2.47E1 4.02E1 4.87E1 1.17 1.12 1.06 1.03
7.0 7,3% 1.34E1 Z2.41E1  4.38E1 7.56E1 9.45E1 1.18 1.13 1.07 1.03
8.0 9.85 1.95E1 3.85E1 7.45E1 1.38E2 1.78E2 1.20 1.14 1.67 1.04%

10.0 1.7981 4.23F1 9.8561 2.%4E2 4.B1E2? 6.55F2 1.22 1.16 1.08 1.04

15.0 9.9761 3.69E2 1.26F3 4.10F3 1.72F4 1.BAE4 1.26 1.19 1.10 1.05

20.0 6.87E2 3_90F3 1.93E4 B8.71f4 3.50E5 6.04E5 1.28 1.21 1.11 1.06

25.0 5.16E3  4.47E4 3.20E5 2.01E6 1.09E7 2.G9ET 1.30 1.22 1.13 1.07
306.0 4.01E4 5.29E3 5.50E6 4.83E7 3.51E8 7.52E8 1.32 1.23 1.14 1.07
35.0 3.16FE% 6.35F6 9.6307 1.19E9 1.17E10 2.78E10 1.34 1.25 1.15 1.08
40.0 2.5386 7.F1ET 1.70EY 2.95F10 3.93E11 1.05E12 1.35 .26 1.15 1.08

ENERGY (MEV)
RCHFPY 0.05 0.04 0.03

0.5 1.01 1.00 1.00
1.0 1.01 1.01 1.00
2.0 1.01 1.01 .00
3.0 1.02 1.01 1.00
4.0 1.02 1.01 1.01
5.0 1.02 1.01 1.01
6.0 1.02 1.01 1.01
7.0 1.62 1.01 1.01
8.0 1.02 1.01 1.01
10.0 1.03 1.02 1.01

-
W
(=1
—
=1
[ )
-t
[=]
~
-
<
-

20.0 1.04 1.02 1.0%
25.0 1.04 1.03 1.0t
" 30.0 1.05 1.03 1.01
35.0 1.05% 1.03 1.01
40.0 1.05 1.03 1.02
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Table 3.7 (continued)
DOSE EQUIVALENT BUILDUP FACTORS IN 45-MFP THICK URANIUM

ENERGY (MEV)

R(MFPY 15 10 8 [ 5 4 3 2 1.5 1
0.5 1.35 1.31 1.29 1.28 1.26 1.23 1.23 1.20 1.17 1.15
1.0 1.67 1.54 1.47 1.43 1.41 1.37 1.38 1.36 1.33 1.28
2.0 2.34 2.01 1.84 1.71 1.569 1.66 1.69 1.68 1.64 1.53
3.0 3.27 2.60 2.2¢ 2.03 2.00 1.97 2.00 1.98 1.91 1.72
4.0 4.58 3.33 .77 2.40 2.34 2.31 2.33 2.27 2.14 1.90
5.0 6.39 4.25 3.37 2.81 2.12 2.67 2.68 2.57 2.37 2.07
6.0 8.90 5.39 4.07 3.28 3.16 3.07 3.05 2.87 2.59 2.23
7.0 1.24E1 6.83 4.92 3.83 3.64 3.51 3.44 3.19 ?2.82 2.39
8.0 1.72E1 &.61 5.92 4.44 4.19 3.98 3.86 3.51 3.04 2.55

10.0 3.29E1 1.36E1 8.51 5.94 5,47 5.0% 4.75 4.14 3.46 2.83

15.0 1.59C62 4.0801 2.03E1 1.17E1 1.01LT B8.48 7.26 5.75 4,47 3.46

20.0 T.39E2 1,18F2 4,64E1 2.19E1 11,7401 1.31E% 1.91E1 7.36 5.41 4.03

25.0 3.32E3 3.30E2 1.03E2 3.94E1 2.85E1 1.92E% 1.33EY 8.90 .30 4.57
30.0 1.45C4 8.96E2 2,22E2 6,.84E1 4.50FE1 2.68E1 1.67E1 1.06E1 7,13 5.07
35.0 6.1964 2.38E3 4.69C2 1.16E2 6.89E1 3.63E1 2.03E1 1.22E1 B8.1% $.52
40.0 2.59F5 6.20E3 9.71E2 1.91E2 1.03E? 4.78E1 2.41ET 1.37E1 9.13 5.94

ENERGY (MEY)

RCHFP) 0.8 0.6 0.5 Q0.4 0.3 0.25% 0.2 0.19 0.18 0.17
0.5 1.13 1.11 1.10 1.10 1.12 1.17 1.26 1.29 1.32 1.3%
1.0 1.25 1.19 1.16 1.14 1.17 1.24 1.42 1.48 1.54 1.62
2.0 1.45 1.34 1.28 1.22 1.22 1.30 1.60 1.72 1.87 2.07
3.0 1.61 1.45 1.36 1.28 1.26 1.32 1.69 1.88 2.13 2.48
4.0 1.75 1.54 1,43 1.33 1.29 1.34 1.75 2.00 2.37 2.54
5.0 1.87 1.63 1.49 1.37 1.31 1.36 1.8¢C 2.11 2.62 3.49
6.0 2.00 1.71 1.55 1.41 1.34 1.37 1.84 2.21 2.89 4.14
7.0 2.11 1.79 1.60 1.44 1.35 1.39 1.87 2.32 3.20 4.99
8.0 2.22 1.87 1.66 1.47 1.37 1.40 o 1.90 2.43 3.57 6.13

i¢.0 2.43 2.02 1.75 1.53 1.40 1.42 .95 2.68 4.54 9.720

15.0 2.88 2.30 1.%4 1.65 1.46 1.46 2.08 3.50 8.84 3.10E1

20.0 3.24 2.53 2.10 1.75 1.50 1.49 2.15 4.62 2,09F1 1.31E2

25.0 3.55 2.73 2.24 1.84 1.53 1.52 2.20 6.52 5.6081 6.09E2

30.0 3.85 2.90 2.37 1.92 1.56 1.54 2.24 9.85 1.61€2 2.987E3
35.0 4.12 3.06 2.49 2.00 1.58 1.56 2.28 1.5801 4.B4AT? 1.48F4
40.0 4.39 3.22 2.60 2.07 1.61 1.57 2.33 2.68E1 1.49E3 7.50E4

ENERGY C(HMEV)

RMFPY €. 16 0.15 ¢.14 0.13 G.12 0.116 0.115 6.1 ¢.08 0.06
0.5 1.39 1.43 1.46 1.50 1.54 1.56 1.07 1.05 1.02 1.01
1.0 1.71 1.81 1.91 2.0?2 2.1?2 2.17 1.08 1.06 1.02 1.01
2.0 2.31 2.61 2.93 3.0 3.72 3.90 1.10 1.08 1.03 1.0?
3.0 2.96 3.61 4.38 5.36 6.51 7.04 1.13 1.09 1.04 1.02
4.9 3.79 5.0% 6.69 8.98 1.19E1 1.33E1 1.14 1.1 1.05 1.03
5.0 4.91 7.20 1.05E1 1.36E1 2.2%E1 2.60E1 1.16 1.12 1.08 1.03
6.0 6.41 1.04E1 1.68E1 2.74E1 4.32E1 5.16E1 1.1% .13 1.06 1.03
7.0 8.56 1.55E1 2.7%E1 4.85E1 B8.11E1 1.00EZ2 1.19 1.14 1.07 1.03
8.0 1.15E1  2.26E1 4.38E1 8.25E1 1.48E2 1.88FE7 1.20 1.15 1.07 1.04

10.0 2.10E1 4.91E1 1,12E2 2.47E2 G5.14E2 6.90E2 1.22 1.1¢6 1.08 1.04

15.0 1.16F2 4_.2?5E2 1.42E3 4.46E3 1,29E4 1.96F4 1.26 1.19 1.10 1.05

20.0 T.99E2 4.4TE3 2,15E4 9.42FE4 3.67TE5S b6.25E5 1.29 1.21 1.11 1.06

25.0 5.99E3 5.10E4 3.55E5 2.16E6 1.13ET 2.15E7 1.31 1.22 1.13 1.07

30.0 4.65E4 5.03E5 6.09E6  S5.19E7 .63E8 7.7T1E8 1.33 1.24 1.14 1.07
33.0 3.66E5 7.23E6 $.07E8 1.27E9 1.21£10 2.84E10 1.34 1.25 1.15 1.07
40.8¢ ?2.93E6 B.7TET 1.88E9 3.16E10 4.06E11 1,07EL2 1.36 1.26 1.16 1.08

[

ENERGY (MEY)
R(MFP) 0.05 0.04 0.03

0.5 1.01 1.00 1.00
1.0 1.01 1.01 1.00
2.0 1.01 1.01 1.00
3.0 1.02 1.01 1.00
4.0 1.02 1.01 1.01
5.0 1.02 1.01 1.01
6.0 1.02 1.01 1.01
7.0 1.02 1.01 1.01
g.0 1.02 1.01 1.0t
10.0 1.03 1.02 1.01

Mk
=T
oo
-
o o
E
—
oo
o
wh o,
o o
[

25.0  1.04 1.03 1.01
30.0 1.05 1.03 1.01
J3s.0 1.05 1.03 1.01
s40.¢  1.05 1.03 1.02
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Table 4.1 G-P parameters for gamma-ray buildup factors

in molybdenum medium

PARAMETERS FOR POINT SCURCE ABSORBED DOSE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK MOLYBDENUM AND COMPARISON T0O VALUES CALCULATED
BY THE PALLAS CODE

E I B - C A XK D I MAX. XMAX RMS !
(MEV) | I DEV(%Y> (MFP) DEV(%)!
15 ! 1.404 0.984 0.072 14.18 -0.0947 | 4.7 1 2.46 )
10 I 1.411 0.863 0.091 14.31 ~0.1056 | 4.9 1 2.59 |

8 I 1.465 0.805 0.105 14.27 -0.1188 | 5.9 0.5 2.98 |
& ! 1.545 Q0.784 0.107 13.97 -0.,1249 | 5.5 c.3 3.02 I
5 f 1.596 0.81%9 0.090 13.79 =-0.1087 t 5.8 C.5 2.86 |
! ! I

&4 I 1.563 0.900 0.057 13.51 -C.0796 | 3.3 c.5 2.06 |
3 I 1.690 0.950 0.035 13.30 -C.0570 I 2.0 c.5 1.40 |
2 F1.860 1.032 0.006 13.22 -0.0281 | 1.6 2 .73 I
1.5 1 1.%946 1.096 -0.015 12.83 -0,0080 | 1.8 3 0.84 |
1 I 2.104 1.125 =-0.020 14.71 -0.0060 | 1.8 3 c.82 |
i | f

0.8 ! 2.226 1.096 -0.012 12.80 -0.0130 | 1.6 1 0.6% |
.6 1 2.302 1.058 0.0 13.28 =0.0230 1 1.2 1 0.61 I
C.5 I 2.348 0.964 0.024 13.64 ~-0.0337 | 2.1 0.5 0.84 1
0.4 I 3,132 0.627 0.148 13.47 -0.1297 1 5.7 C.5 2.79 |
0.3 1 2.666 0.501 0.201 13.48 -0.1541 | 4.6 0.5 2.47
! ! !

0.2 | 1.874 0.344 0.290 12.99 -0.2102 | 4.8 0.5 2.18 i
0.15 | 1.422 0.291 0.330 - 12.85 -0.2300 | 3.5 0.5 1.6%9 1
0.1 I 1.156 0.252 0.363 13.03 -0.254% | 1.8 0.5 ¢.85 1
0.08 1 1.085 0.240 0.379 13.14 -0.2715 1 0.9 0.5 .50 1
0.C6 | 1.028 0.505 ¢.15¢ 13.57 -0.0706 | ©C.1 0.5 c.o7 |
! ! I

0.05 t+ 1.380 0.033 -0.090 .94 0.1063 1 0.4 4 .23 1
0.04 1 1.486 0.349 0.064 29.63 -0.0674 | 0.4 135 0.18 |
0.0351 - 1.545 0.529 0.259 17.17 -0.2122 | 1.5 0.5 0.74 |
.03 | 1.511 1.111 0.103 28.91 -0.1158 | 4.3 8 2.41 I
c.0281 1.553 1.27% 0.087 36.00 -0.2236 | 7.3 40 4,05 I
! ! !
0.0261 1.595 1.413 0.083 10.&4 -0.0623 1T 9.5 3 5.48 1
0.0241 1.294 1.632 0.057 9.15 -0.0313 1 10.8 3 4.61 |
0.0221 1.596 1.785 0.049 10.68 -0.0390 I 11.7 3 4.84 |
0.0211 1.531 1.997 0.022 20.26 -0.0122 1 7.6 3 4.31 |
0.2 1t 1.011 0.365 C.261 14.32 -0.1599 | ¢C.1 0.5 0.05 |
! | |
0.0151 1.005 0.347 ¢.282 13.536 -0.173% | ¢C.1 10 0.04 |
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Table 4.1 (continued)

PARAMETERS FOR POINT SCOURCE EXPOSURE BUILDUP FACTCORS UP TO 40 MFP
IN 45-MFP THICK MOLYBDENUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

!
0.0151 1.0065 0.377 0.269 15.06 -0.1493

i E B ¢ A XK D b MAX. XMAX RMS
I (MEV2} ! DEV(%) (MFP} DEV{%
I 15 I 1.567 1.081 C.044 13,97 -0.0699 ! 4.4 1 2.12
| 10 I 1.5130 0.936 0.067 14.16 ~-0.0860 | 4.5 0.5 2.37
I 8 P 1.496 0.504 0.07C 14.12 -0.0891 | 4.9 0.5 2.37
) P 1.517% 0.%901 0.064 13.82 ~0.0869 | 4.2 0.5 2.27
Foos fo1.524 0.940 €.047 13.63 -0.0713 | 3.9 0.2 1.99
' ! I

A I 1.509 1.003 0.023 13.32 -0.0502 | 2.4 0.5 1.40
P3 I 1.566 1.042 0.006 12.98 -0.0329 1| 1.2 35 0.81
I 2 I 1.628 1.097 -0.013 12.41 ~-0.0128 | 1.3 2 0.61
I 1.5 1 1.639 1.150 -0.030 16.02 ©0.0042 1 1.8 0.5 C.85
| Po1.665 1.184 -0.036 12.85 0.0068 | 2.2 0.5 1.00
f ! I

I 0.8 i 1.673 1.179 -0.035 15.87 0.0062 1 1.9 3 0.93
.6 | 1.648 1.143 -0.030 12.04 0.0016 | 1.4 0.5 0.73
0.5 1.620C 1.093 -0.015 13.51 -0.0043 | 1.4 3 0.71
P o.4 | 1.968 0.742 0.095 13.37 -0.0836 | 3.7 G.5 1.88
I Cc.3 | 1.754 0.634 0.129 13.45 -0.0939 § 3.3 0.3 1.64
! [ !

0.2 l.444 0.501 0.178 13.08 -0.1140 t+ 2.9 0.5 1.33
I 0.15 | 1.241 0.462 0.192 12.98 -C¢.1125 1 2.4 0.5 1.05
P oc.1 I 1.108 0.373 0.250 13.00 -0.1638 1 1.4 0.5 g.62
I 0.08 I 1.065 0.341 ¢.275 13.17 -0.1833 1 0.8 0.5 Q.39
F0.06 | 1.025 0.556  0.123 14.26 -0.0506 ! 0.1 0.5 c.07
I | !

I 0.05 1 2.981 0.038 -0.226 16.53 0.0483 ! 2.6 1 1.04
I 0.04 | 3.839 0.345 0.050 30.3¢ -0.0921 1| 0.8 15 Q.40
[ 0.0351 3.897 0.545 0.248 17.68 -0.1994 | 2.1 15 1.04
I 0.03 | 3.621 1.09C 0.110 36.26 -0.3084 | 5.8 0.5 3.41
I 0.0281 3.577 1.275 0.087 25.69 -0.1113 | ¢.1 3 5.57
I I !

I 0.0261 3.252 1.519 0.057 26,56 ~-0.0687 | 12.8 40 6.29
I 0.0241 3.272 1.606 0.063 1C.16 -0.0C447 1| 12.8 3 5.60
P 0.0221 2.935 1.820 0.043 - 10.51 -0.0326 | 11.4 3 4,89
i 0.0211 2.758 1.945 0.031 10.77 -0.0230 | 10.3 3 L.64
I 0.02 | 1.021 0.376 0.250 14.35 -0.1476 1 0.1 1C 0.C6
! |

I I
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Table 4.1

(continued}

PARAMETERS FOR POINT SOURCE DOSE EQUIVALENT BUILDUP FACTCRS UP TC &40

MFP IN 45-MFP THICK MOLYBDENUM AND COMPARISCN TO VALUES CALCULATED

BY THE PALLAS CODE

8
&

0.05
0.04
0.0351
0.C03 |
0.0281

[
0.0261
0.024¢
0.0221
0.0211

ag.02 1

!
0.0151

15.80
25.76
17.37
28.78
32.82

11.87
10.67
S 11.36
"35.45
14.32

_40 —

-0.0807
-0.1014
-0.1092
-~0.0%61
~0.0832

~-0.0590
-0.0387
0.011e6
0.C032
0.00531

0.0064

=-0.0013

-0.0066
-0.0854
~-0.0%31

-0.1217
-0.1339
-0.1764
-0.1932
-0.0581

0.053%7
-0.0643
-0.2035
-0.1329
-0.1454

-0.0574
~-0.0388
-0.C300
-0.0642
-0.1599

XMAX

(MFPY DEV (%2

RMS
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Table 4.2 G-P parameters for gamma-ray buildup factors

in tin medium

PARAMETERS FOR POINT SOURCE ABSORBED DOSE BUILDUP FACTORS UP TCQ 40 MFP
IN 45-MFP THICK TIN AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

e - —— e o A A L e . e e = ————— = - — o —— —— — — — —

E 1 B C ' A XK D P MAX. XMAX RMS I
(MEV) I i DEVC(Z) (MFP> DEV (%)
15 I 1.398 1.055 0.064 14.06 -0.0929 | 6.0 1 2.81 |
10 b 1.435 0.895 0.088 14.80 ~0.1043 | 5.8 0.5 3.32 |

8 ! 1.469 0.807 0.1i2 14,26 -0.1297 | 7.2 0.5 3.38 |
6 I 1.568 0.732 0D.136 14.03 ~-0.1584 | 5.7 0.5 3.70 |
5 I 1.575 0.814 0.0%96 13.88 -0.11e7 | 7.8 0.5 3,42 1
! I I

4 ! 1.517 0.891 0.063 13.52 ~-0.0873 | 5.1 0.5 2.52 1
3 I 1.643 0.933  0.043 13.32 -0.0665 | 3.7 0.5 1.85 !
2 I 1.814 0.981 0.021 13.33 -0.0392 |1 1.5 35 0.86 |
1.5 | 1.889 1.021 0.004 13.07 -0.01%3 | 1.1 2 0.63 |
1 ! 1.983 1.032 0.C 15.26 -0.0134 1 1.3 3 o.70
I f f

0.8 | 2.853 0.741 0.103 13.39 -0.0987 | 4.5 0.5 2.49 !
0.6 | 2.852 0.686 0.123 13.42 -0.1098 | 4.9 0.5 2.64
0.5 I 2.763 0.604 0.157 13.49 —-0.1340C | 5.4 0.5 2.646 I
0.4 1 2.566 C.506 0.199 13.50 -0.15311 | 5.0 0.5 2.47 ]
0.3 | 2.077 0.399 0.254 13.45 -0.1782 | 4.0 0.5 2.02 i
' ! |

0.2 F1.507 0.292 C.325 12.77 -0.2238 | 3.3 0.5 1.60 |
0.15 t 1.170 0.504 0.152 13.45 -0.0750 | O.9 0.5 0.40 1
.1 1.123 0.245 0.342 12.99 -0.2053 | 1.1 0.5 .44
0.09 | 1.115 0.192 0.403 13,17 -0.2361 | 0.7 2 0.37 |
.08 | 1.393 0.033 0.741 14.35 -0.2278 | 0.5 3 0.2 !
i ’ I !

.07 | 1.476 0.064 0.125 8.62 0.1C0%96 | 0.6 1 0.33 !
.06 | 1.566 0.258 -0.080 21.22 0.0579 | 0.5 0.5 .27 [
C.0551 1.610 0.315 0.243 15.34 C.1054 ) 1.5 0.3 0.81 [
.05 | 1.636 0.496 0.276 16.81 -0.2316 | 1.9 20 .91 |
0.0451 1.647 0.881 0.152 17.98 -0.1158 | 2.6 4 1.52 [
! 1 l

0.04 1 1.691 1.229 0.096 29.62 -0.1824 1 6.3 3 32.78 1
0.0351 1.671 1.705 . 0.030 13.79 0.0447 1 5.5 3 2.92 [
0.03 | 1.787 1.85¢9 0.C42 11.10 -0.0316 1 11.3 3 4.82 1
0.0291 1.017 C.366 0,260 14.11 ~-0.15378 t 0.1 3 .08 1
0D.02 1 1.006 c.381 0.252 13.99 -0.1392 | 0.1 135 .03 |
I ! i
0.0151 1.003 0.605 0.215 26.26 -0.3092 | 0.1 4 .04 |
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Table 4.2 (continued)

PARAMETERS FOR POINT SOURCE EXPOSURE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK TIN AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS (ODE

E 1 B C A XK D [ MAX. XMAX RMS
(MEV) | I DEVC(X%) (MFP) DEVC(%D
15 I 1.573 1.170C 0.033 13.84 -0.0640 | 4.8 1 2.25
10 F1.509 0.987 0.061 14.01 -0.0830 | 4.8 0.5 2.49

8 I 1.478 0.945 0.063 14.24 -0.0840 1 5.5 0.5 2.49
& I 1.486 0.%24 0.062 13.8%9 -0.0870 | 5.1 0.5 2.44
5 | 1.4890 0.970 0.041 13.72 ~-0.0672 | 5.1 0.5. 2.1%9
I I
4 I 1.459 1.018 0.021 13.31 -0.0504 | 3.4 0.5 1.58
3 I 1.50C6 1.058 0.003 13.05 -0.0314 | 2.0 c.3 0.97
2 ! 1.567 1.073 -0.007 12.77 -0.0162 ! 1.3 2 0.49
1.5 | 1.572 1.101 -0.020 12.62 0€.0003 | 1.4 2 0.66
1 ! 1.36%9 1.1C09 -0.022 10.63 0.0041 | 1.6 C.5 0.80C
I !
0.8 | 1.97¢6 0.827 0.068 13.28 -0.0675 [ 4.0 0.5 1.92
0.6 | 1.906 0.784 0.081 13.28 -0.0737 | 4.0 0.5 1.97
0.5 I 1.823 0.724 0.100 13.47 ~-0.0846 | 3.6 0.5 1.79
0.4 I 1.723 0.630 0.132 13.48 -0.0953 | 3.2 0.5 1.68
0.2 | 1.518 0.537 0.166 13.55 -0.1074 | 2.8 0.5 1.38
I I
0.2 I 1.274 0.450 €.200 12.80 -0.1216 | 2.2 0.5 0.99
0.15 | 1.104 0.640 0.091 13.89 -0.0357 | 0.3 0.1%5
0.1 1 1.117 0.229 0.366 13.11 -0.2253 | 1.0 0.5 0.46
0.09 I 1.139 0.134 0.498 13.46 -0.288%9 | 0.8 2 0.39
0.08 | 1.765 0.018 0.810 15.18 -0.1613 | 1.1 1 0.35
I !
.07 | 2.215 0.050 -0.558 9.48 0.1018 | 0.8 2 0.40
0.06 | 2.848 0.236 -0.030 5.00 -0.0542 | 0.6 40 0.38
0.0551 3.104 0.326 0.225 14.57 ©0.1272 1 2.1 2 1.31
0.05 | 3.38¢6 0.491 0.279 16.78 -0.2340 1 2.3 0.5 1.18
0.0451 3.407 0.867 0.157 17.52 -0.11%94 i 3.4 4 2.02
] t
0.04 | 3.472 1.232 0.0%94 27.06 -0.1217 1 8.2 3 4.12
0.0351 3.122 1.612 0.052 27.11 -0.0716 | 12.6 25 6.73
0.03 1 2.901 1.854 0.044 9.47 -0.0403 1 11.5 3 4.87
0.0291 1.016 C.401  0.234 14.00 -0.1396 | 0.2 0.5 0.08
0.02 I 1.006 0.377 0.255 14.12 -0.1620 | 0.1 10 0.03
I [
0.0151 1.003 0.382 0.234 28.06 -0.4056 | 0.1 4 0.04
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Table 4.2 (continued!}

PARAMETERS FOR POINT SOURCE DOSE EQUIVALENT BUILDUP FACTORS UP TO 40
MEP IN 45-MFP THICK TIN AND COMPARISON TO VALUES CALCULATED

BY THE

¢.07
Q.06
0.0551
.05 |
0.0451

I
0.04 |
0.035!1
0.03 |
0.0291
.02 |

PALLAS CODE

13.78 -0.075¢6
14.03 -0.0913
14,07 -0.1022
13.88 -0.0990
13.67 -0.0845

12.34 -0.0588
13.21 -0.0410
12.97 -0.0205
11.95.-0.0052
7.31 0.0030

1%3.28 ~0.0716
13.27 -0.0782
13.47 -0.0869
13.61 -0.0957
13.53 -0.1113

12.7% ~-0.1255
13.87 -0.,0374
13.07 -0.2271
13.31 -0.2847
15.22 ~-0.16%94

?.12 0.1074
5.00 -0.0544
14.60 0.1162
16.76 -0.2333
17.21 -0.1148

19.11 -0.0717
13.19 -0.0466
10.55 -0.,0344
14.11 -0.1578
13.99 -0.1592

MAX.
DEV (%)
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Table %.3 G-P parameters for gamma~-ray buildup factors

in lanthanum medium

PARAMETERS FOR POINT SOURCE ABSORBED DOSE BUILDUP FACTORS UP TO 40 MFP
IN 45~MFP THICK LANTHANUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CGDE '

E B C A XK D I MAX. XMAX RMS I
(MEV | I DEV(%)Y (MFP)Y DEV(%)Y!
15 I 1.400 1.096 0.061 13.99 -0.0938 | 4.9 1 3.10 |
10 1 1.422 0.919 C.08%9 14.18 -0.1121 1 7.3 0.5 3.36 |

8 ! 1.404 0.924 0.073 14.62 -0.0883 | 1C.% Q.5 4,13 1
é I 1.518 0.788 0.115 14.12 ~-0.1361 | 9.1 0.5 3.85 |
5 I 1.574 0.797 0.107 13.96 -0.1293 | 8.8 0.5 3.80 |
! I f

4 I 1.513 0.873 0.073 13.60 -0.0989 | 6.6 c.5 3.00 1
3 ! 1.647 0.89% 0.056 13.34 -0.0789 t 5.1 0.5 2.30 !
2 I 1.822 C.942 0.033 13.34 -0.0477 1 1.6 0.5 1.09 |
1.5 I 1.876 0.985 0.013 13.12 -0.0237 | 1.4 2. 0.61 I
1 I 1.957 0.970 0.017 14.11 ~-0.0234 | 1.2 "1 .63 |
1 ' ! I

0.8 I 2.002 0.910 C.033 13.55 -0.0324 | 1.2 1 .72 |
0.6 1,939 0.847 C.050 13.66 -0.0383 ! 1.4 0.5 .83 1
0.5 P2.404 0.515 C.195 13.38 -0.1307 | 4.5 c.5 2.36 |
0.4 1 Z2.176 0.421 0.243 13.44 -0.1718 | 3.8 0.5 2.06 |
c.3 |1 1.7465 0.345 0.286 13.27 ~0.1912 | 3.3 C.5 1.70 i
I I !

0.2 | 1.333 0.275 0.333 12.89 -0.2172 | 2.7 0.5 1.18 !
0.15 | 1.170 0.338 0.259 12.95 -0.1506 1 1.4 0.5 .60 |
0.1 ! 1.450 C.043 0.646 14.35 -0.178C | 0.6 1 0.24 |
0.08 1 1.604 0.214 -0.058 14.4%9 0.0680 ! 0.4 1 0.16 |
0.07 1 1.69¢% 0.288 0.358 26.36 -0.3037 | 3.7 0.5 1.73 |
! I I

0.06 1 1.694 0.794 0.175 16.64 -0.1387 | 2.4 1 1.27 |
0.0551 1.794 1.018 C.134 17.05 -0.1003 | 6.9 3 3.37
0.05 | 1.768 1.347 C.080 33.49 ~0.1719 | 6.4 20 3.96 |
0.048!1 1.811 1.434 0,072 25.88 -0.0836 | 13.4 40 5.43 1
C.0461 1.809 1.558 0.059 26.72 -0.03842 1 15.0 40 5.75 |
| I !
C.0441 1.848 1.646 0.054 18.45 -0.0407 1 11.1 25 6.26 |
0.0421 1.856 1.753 0.046 13.62 -C.0330 1t 10.1 20 6.07 I
0.06 | 1.907 1.787 0.050 11.12 =-0.0373 { 12.1 3 5.13 |
0.0391 1.912 1.854 0.043 11.56 -0.0330 | 11.7 3 5.07 |
0.0381 1.021 0.399 0.237 13.92 -0C.144%9 | 0.3 0.5 0.12 1
I I I

0.03 1 1.012 0.371 0.256 14.48 -0.1601 | ¢C.1 4 0.08 |
0.02 I 1.004 0.385 0.242 15.44 -0.1504 | Q.1 5 0.03 |
0.0151 1.002 0.351 0.272 14.37 -0.1700 | ¢.1 6 0.02 |

- 44 —
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Table 4.3 (continued)

PARAMETERS FOR POINT SCURCE EXPOSURE BUILDUP FACTORS UP TO &40 MFP
IN 45-MFP THICK LANTHANUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CCGDE

E ! B C A XK D I MAX. XMAX RMS

0.0381 1.022 0.38¢C Cc.251 13.91 -0.1574

(MEVY | I DEV{XY (MFP)> DEV (%>
15 I 1.581 1.220 0.029 13.6%9 -0.0637 | 4.9 1 2.35
10 | 1.493 1.055 0.047 13.98 -0.0734 1 5.7 c.5 2.54
8 i 1.448 0.974 C.060 14.13 -0.0838 | 5.9 0.5 2.56
6 ! 1.467 0.938 C.061 13.94 -0.0871 | 5.5 0.5 2.49
5 I 1.46% 0.966 0.047 13.73 -0.0749 | 5.2 0.5 2.33
A !
4 | 1.431 1.026 0.022 13.38 -0.0535 1| 3.7 0.5 1.72
3 I 1.481 1.051 0.006 13.03 ~0.0342 | 2.3 0.5 1.09
2 | 1.536 1.053 -0.002 12.93 -0.,0187 | 0.9 2 0.49
1.5 I 1.534 1.070 -0.013 13.11 -0.0029 | 1.3 2 0.55
1 I 1.517 1.067 -0.012 21.66 -0.0028 | 1.5 -2 0.68
! I
0.8 | 1.502 1.027- -0.004 12.99 -0.0039 | 1.5 2 0.67
0.6 1 1.441 0.984 0.005 13.70 ~C.0053 | 1.3 2 0.53
0.5 I 1.660 C.645 0.12¢6 13.5%9 ~C.0931 | 3.4 0.5 1.63
O.4 1.553 0.561 0.157 13.50 -0.1026 1| 3.1 0.5 1.44
0.3 f 1.378 ©.483 G.189 13.38 -0.1159 ! 2.4 0.5 1.17
\ !
0.2 | 1.18¢9 0.422 0.213 12.93 -0.1247 | 1.6 0.5 c.71
Q.15 | 1.08%9 0.537 0.135 13.64 -0.0636 1 0.8 C.5 0.29
0.1 ' 1.455 0.040 0.661 14.48 -0.1748 | 0.7 1 0.25
0.08 1 2.014 0.216 -0.123 16.23 ©0.0673 | 0.7 1 0.32
.07 | 2.381 0.305 0.340 24.83 -0.2257 | 4.1 0.5 2.25
f |
.06 | 2.786 0.778 0.182 16.42 -0.1492 1 2.7 4 1.57
0.0551 2.849 1.084 0.114 Z20.72 -0.0%8%1 | 5.6 0.5 3.00
0.05 1 3.178 1.269 0.100 18.838 -0.1095 | 12.8 40 6.98
0.0481 3.042 1.426 0.075 26.95 -0.1311 | 12.5 40 5.63
0.0461 3.095 1.51¢ 0.070 16.32 -0.0550 | 12.4 3 .17
I !
0.0441 2.970 1.647 0.054 192.11 -0.0472 1t 11.3 25 6.63
0.0421 3.02°9 1.68¢4 0.059 10.6¢6 -0.04354 1 12.9 3 5.68
0.04 ! 2.900 1.811 0.046 11.12 -0.C333 | 11.8 3 5.15
0.03%91 2.81°2 1.867 0.041 10.66 -0.0308 | 11.4 3 5.07
I
!
0.03 1 1.012 0.367 C.263 13.73 -0.1674 | 0.1 0.5 .06

c.c2 1 1.004 0.385 0.242 15.44 -0.1504 1 0.1 5 0.03

0.0151 1.002 0.351 0.272 14.37 ~-0.1700 | ©.1 é ¢.02
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Table 4.3 (continued}

PARAMETERS FOR POINT SQURCE DOSE EQUIVALENT BUILDUP FACTORS UP 70 40
MFP IN 45-MFP THICK LANTHANUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

0.0381 1.021 0.401 0.235 14.15 -0.1456
f

E 1 B C A XK D PoMAX. XMAK RMS |
(MEV2 | I DEV(%) (MFP)Y DEV(%))
15 I 1.666 1.1%1 0.037 13.65 -0.0732 | 5.7 1 2.73 1
10 I 1.376 1.011 0.061 13.97 -0.0888 | 6.5 0.5 2.%97 |
8 I 1.532 C.93% 0.C072 14.08 -0.0965 | 6.8 0.5 2.97 |
6 Po1.516 0.912 0.070 13.97 -0.0958 | 6.6 0.5 2.87 |
5 I 1.520 0.939 0.056 13.77 -0.0834 | 6.3 0.5 2.66 I
! | 1
4 I 1.462 1.004 0.029 13.40 -0.0598 | 4.6 0.5 1.99 i
3 ! 1.511 1.032 0.012 13.14 -0.03%9 | 2.9 0.5 1.26 |
2 i 1.568 1.040 0.002 13.01 -0C.0222 | 1.1 2 .55 1
1.5 1 1.57% 1.061 -0.010 11.98 -0.0058 | 1.5 2 0.56 |
1 b 1.564 1.053 -0.008 15.90 -0.0C49 | 1.7 0.5 0.71 '
! I !
0.8 I 1.546 1.017 -0.001 13.24 -0.0062 | 1.4 0.5 c.70 1]
0.6 | 1.470 0.979 0.006 14.68 -0.0052 | 1.3 2 0.56 |
0.5 V 1.702 C.640 ¢.128 13.62 -0.0945 | 3.5 0.5 1.66 |
0.4 | 1.584 0.3545 0.166 13.47 -0.10%83 | 2.8 0.5 1.47 |
0.3 1 1.391 0.478 0.191 13.47 -0.1159 | 2.5 0.5 1.20 !
! ! !
0.2 1 1.198 0.410C 0.221 12.93 -0.,1308 | 1.7 0.5 .75 1
c.15 | 1.102 0.48% C.163 13.30 -0.0843 | 1.0 0.5 0.3%6 I
0.1 I 1.518 0.037 C.657 14.68 -0.1509 | 0.7 1 0.27 |
0.08 | 2.019 0.218 -0.118 16.77 0.0677 1 0.7 1 0.33 |
0.07 1 2.339 0.306 0.342 27.94 -0.3397 I 4.1 0.5 2.06 |
! i !
0.06 | 2.635 0.792 0.177 16.33 -0.1431 | 2.8 1 1.65 |
0.0551 2.760 1.087 0.113 19.94 -0.0848 | 5.1 0.5 2.80 |
0.05 1 3.048 1.295 0.093 20.38 -0.0%948 | 9.5 3 5.27 |
0.0481 2.765 1.508 0.059 29.90 -0.0961 | 11.0 40 5.97 |
0.0461 2.946 1.538 0.064 10.18 -0.0246 | 10.9 3 4,82 I
I I !
0.0&441 2.%970 1.59%9 0.064 13.03 -0.0451 | 13.0 3 6.37 1
0.0421 2.911 1.690 0.058 10.98 -0.0418 | 12.8 3 5.65 i
0.04 | 2.813 1.787 0.0517 .10.34 -0.0409 | 12.3 3 5.28 1
0.03%91 2.738 1.853 0.044 10.83 -0.0343 1 11.9 3 5.1 i
| !
I {
.03 1 1.012 0.371 0.256 14.48 -0.1601 | 0.1 4 0.08 |
.02 1 1.004 0.385 0.242 15,44 ~0.1504 1 0.1 5 0.03 |
c.0151 1.002 0.351 0.272 14.37 -C.1700 | 0.1 6 0.02 |
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Table 4.4 G-P parameters for gamma-ray buildup factors

in gadolinium medium

PARAMETERS FOR POINT SOURCE ABSORBED DOSE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK GADOLINIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

I
!
!
[
I
I
I
I
I
I
!
i
i
!
i
i
I
I
1.488 0.11¢9 0.555 13.16 -0.3477 |
1.433 0.076 0.629 13.32 -0.3336 |
!

!

[

I

|

I

|

I

!

I

!

{

i

i

!

|

I

I

I

!

v

1.648 0.242 -0.006 19.35 0.05%90

E ! B C A XK D I MAX. XMAX RMS f
(MEVY | P DEV(EY (MFP) DEV(X%)I
15 | 1.415 1.120 0.060 13.92 -0.0949 7.0 0.5 3.26
10 I 1.433 0.938 0.087 14.16 -0.1117 8.2 0.5 3.54

8 I 1.466 0.820 0.116 14.21 -0.1362 g.0 0.5 3.85
6 b 1.482 0.828 0.100 14.26 -0.1177 11.6 0.5 4.23
5 1,616 C.713 0.145 14.15 -0.1708 7.7 0.5 4 .29

!
& i 1.490 0.854 0.081 13.71 -0.1057 8.0 0.5 3.34
3 ! 1.625 C.866 0.068 13.44 -0.0887 6.3 0.5 2.67
2 | 1.795 0.889 0.042 13.34 -0.0585 2.5 0.5 1.35
1.5 | 1.836 0.925 0.029 13.26 -0.0318 1.1 5 0.67
1 I 1.8656 0.905 C.033 14.38 -0.0287 1.2 2 0.63

]
0.8 1.86¢9 0.848 0.046 15.57 -0.0357 1.3 2 0.84
0.6 i 1.767 Q.779 0.068 13.62 -0.0426 1.5 Cc.5 0.87
0.5 ! 1.677 0.696 0.096 14.14 -0.0552 1.5 G.5 .81
0.4 1.87¢% 0.358 0.279 13.49 -0.1861 3.0 0.5 1.6%9
0.3 | 1.737 0.241 0.380 13.26 -0.2513 3.2 c.= 1.66

I

I

i

1

.09 1 71,710 0.330 0.268 10.53 0.04625 .

.08 1 1.739 C.609 0.235 16.12 -0.2033 - 35 1.23

!
0.0751 1.757 0.830 0.169 16.56 -0.1377 2.7 1 1.42
.07 | 1.771 1.06% 0.117 20.36 -0.0956 3.8 0.5 2.10
0.0651 1.821 1.261 0,093 37.31 ~-0.3050 5.3 3 3.12
0.06 | 1.903 1.408 0.085 18.32 -0.098%8 15.2 40 747
0.058! 1.84%9 1.4603 C.04% 132.03 0.0133 7.7 3 3.51

oo
0.0561 2.022 1.508 0.08C 12.2% -0.0541 14,0 3 6.30
0.0541 2.026 1.603 0.07¢ 11.81 -0.0505 13.9 3 6.18
0.03521 1.990 1.736 0.053 12.46 -0.0402 12.4 3 5.86
0.0511 1.997 1.76%9 0.051 10.536 -0.,0359 11.8 3 5.13

[a¥}
L]
he]
\%2}

0.05 | 1.03¢ 0.408 0.228 13.76 ~0.1346 0.& 0.5 0.17
!

0.C4 1 1.017 0.393 0.238 14.15 -0.1412 0.2 0.5 0D.10

0.03 1 1.008 0.370 0.262 14.04 -0.2.713 0.1 3 0.06

.02 + 1.003 0.304 0.321 14.04 -0.2144 G.0 4 0.02

0.0151 1.001 0.623 0.099 11.85 -0.0272 0.1 4 0.03
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Table 4.4% (continued}

PARAMETERS FOR POINT SOURCE EXPOSURE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK GADOLINIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

E | B c A XK b b MAX. XMAX RMS
(MEV) | ’ I DEV(X%)Y (MFP) DEV (%>
15 ! 1.590 1.269 0.022 13.68 -0.0562 | 4.8 1 2.25
10 | 1.503 1.074 0.046 13.91 -0.0738 | 5.2 Cc.5 2.42

8 I 1.457 0.995 0.056 14.08 -0.0790 | 5.9 0.5 2.48
6 I 1.443 0.94% 0.0539 14.02 -0.0835 | 5.6 0.5 2.43
5 P 1.438 0.967 0.048 13.80 -0.0749 | 5.4 0.5 2.27
! !
4 I 1.3%92 1.036 0.C020 13.47 -0.0510 | 4.2 0.5 1.73
3 b 1l.4484 1.038 0.010 13.33 -0.0365 | 2.5 0.5 1.13
2 [ 1.496 1.016 0.007 13.01 -0.0237 | 1.0 35 0.54
1.5 1 1.486 1.026 -0.C03 12.37 -0.0067 | 1.1 2 0.44
1 I 1.458 1.007 0.001 17.08 -0.0060 | 1.3 0.5 0.59
{ I
0.8 I 1.434 0.952 0.013 13.84 -0.0096 | 1.3 2 C.58
0.6 + 1.361 0.926 0.017 13.84 -0.0068 | 1.4 2 ¢.51
0.5 1 1.314 0.854 0.037 15.44 -0.0163 | 1.1 2 C.4&6
0.4 1 1.430 0.494 0.186 13.54 -0.1145 | 2.5 0.5 1.21
.3 I 1.293 0.431 ¢.215 13.41 -C.1270 1 2.1 0.5 0.99
I t
0.2 | 1.182 0.307 0.298 12.89 -0.1787 | 1.8 C.5 0.78
0.15 | 1.175 c.182 0.427 13,11 -0.2640 1 1.2 2 0.60
0.1 ! 1.607 0.246 -0.005 19.62 0.0612 | 0.3 0.5 0.18
0.09 1 1.822 0.331 0.270 .77 0.0566 | 1.9 0.5 1.02
0.08 | 2.066 0.621 0.230 16.01 -0.1998 | 2.4 1 1.40
! |
0.0751 2.171 0.836 0.168 16.31 -0.1389 | 3.0 1 1.6%
0.07 | 2.336 1.043 0.126 17.83 -0.0956 | 5.5 3 2.62
0.0651 2.476 1.255 0.C%5 26.75 -0.1639 | 9.4 40 4.18
0.06 | 2.651 1.449 0.07¢ 19.01 -0.0762 1| 10.5 40 6.14
0.0581 2.835 1.445 0.086 12.65 -0.05%98 1 14.°2 3 6.59
! I
0.0561! 2.758 1.580 0.066 13.26 ~0.0444 | 12.5 3 6.28
0.054t 2.760 1.659 0.060 12.87 -0.0430 1 12.9 3 .47
¢.0521 2.749 1.729 0.055 11.4% -0.0404 | 12.8 3 5.66
0.0511 2.752 1.762 0.053 11.10 -0.0399 | 12.6 3 5.45
0.05.1 1.029 0.419 0.220 13.78 -0.1281 | 0.4 0.5 0.17
! I
C.04 | 1.017 0.393 0.238 14.15 =-0.1412 1 0.2 0.5 0.10
0.03 | 1.008 0.380C 0.252 14.05 -0.1597 | 0.1 0.5 0.03
.02 + 1.003 0.304 0.321 14,04 -0.2144 | 0.0 4 0.02
0.0151 1.001 0.673 0.06%9 23.28 C.0179 | 0.1 7 0.03
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Table 4.4 (continued)

PARAMETERS FOR POINT SQURCE DOSE EQUIVALENT BUILDUP FACTORS UP TO 40
MFP IN &4S5-MFP THICK GADOLINIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS COCDE

E B o A XK D) I MAX. XMAX RMS I
(MEV) | I DEV(X%Y (MFP) DEV(X)I
15 I 1.670 1.243 0.029 13.57 -0.0652 | 5.6 0.5 2.63 '
10 I 1.572 1.048 0.054 13.91 -0.0825 | 6.3 0.5 2.82 |
3 | 1.519 0.959 0.068 14.0% -0.0916 | 6.8 0.5 2.88 |
& | 1.494 0.912 0.072 13,99 -0.0967 1 6.4 0.5 2.80 |
5 I 1.487 0.940 0.057 13.82 -0.0832 1 6.3 0.5 2.63 |
| f {
4 ! 1.423 1.004 0.030 13.52 -0.0598 | 4.8 0.5 2.0z 1
3 ! 1.467 1.026 0.014 13.21 -0.040¢6 1 3.3 0.5 1.32 |
2 I 1.520 1.G09 0.00% 13.17 -0.0248 | 0.8 2 .37 1
1.5 ! 1.526 1.010 0.002 12.79 ~-0.0111 1 1.¢ 2 .48 1
1 ! 1.4%0 0.998 0.004 15.11 -0.0085 | 1.5 2 o.61 |
| i !
0.8 | 1.465 0.951 0.013 12.90 -0.0083 | 1.4 2 0.62
0.6 1 1.38%6 0.908 0.023 13.54 -0.0111 | 1.2 2 0.52 |
0.5 | 1.335 0.842 0.041 15.11 -0.0186 | 1.1 2 0.8 |
0.4 1 1.448 0.487 ¢,.190 13.53 -C.1178 | 2.5 0.5 1.23 !
0.3 1 1.30%9 0.418 0.224 13.34 -0.1344 1 2.3 0.5 1.03 |1
| I I
0.2 | 1.215 0.263 0.341 12.88 -0.2093 } 2.1 0.5 0.88 |
0.15 1 1.232 0.137 0.495 13.19 -0.2937 !} 1.3 2 0.66 |
0.1 | 1.726 0.245 -0.021 .20.47 0.0624 | 0.4 0.5 0.22 |
0.09 | 1.925 0.331 C.269 .98 0.0590 1t 2.0 0.5 1.06 |
0.08 1 2.150 0.4606 0.238 15.93 -0.2101 1 2.3 35 1.37 1
I ! !
0.075! 2.226 0.828 0.171 16.23 -0.1421 | 2.9 4 1.70 !
c.07 | 2.346 1.043 0.126 17.57 -0.0938 | 4.7 3 2.67
0.0651 2.425 1.273 0.091 36.15 ~-0.3023 | 6.1 40 3.61 !
.06 | 2.539 1.487 0.067 35.25 -0.1837 | 8.7 40 4.62 |
0.0581 2.629 1.553 c.061 9.99 ~-0.0163 | 10.4 35 6.02 |
I ! i
0.0561 2.661 1.624 0.0%8 14.55 -0.0400 1 12.53 20 6.64 |
0.0541 2.679 1.701 0.052 13.79 -0.0365 | 11.3 20 6.25 1
0.0521 2.763 1.728 C.055 11.19 -0.0402 | 12.7 3 5.67 !
0.0511 2.768 1.767 0.052 11.25 -0.0378 | 12.5 3 5.48 1
0.05 | 1.029 0.416 0.224 13.82 -0.1355 | Q.4 0.5 .16 1

I I f

C.04 | 1.016 0.419 0.222 ~13.82 -0.1330 | 0.2 0.5 .09 |

.03 | 1.008 0.37C D.262 14&.04 ~0.1718 | 0.1 3 0.06 |

0.02 | 1.003 C.304 0.321 14.04 -0.2144 1 0.0 4 0.02 |

0.0151 1.001 0.623 0.099 11.85 -0.0272 | 0.1 4 0.03 !
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Table 4.5 G-P parameters for gamma-ray buildup factors

in tungsten medium

PARAMETERS FOR POINT SOURCE ABSORBED DOSE BUILDUP FACTORS UP TGO 40 MFP
IN 45-MFP THICK TUNGSTEN AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

. E B c A XK D I MAX. XMAX RMS 1
{(MEV) [ I DEV(%) (MFPY DEV(%)|
15 I 1.396 1.164 0.054 13.90 -0.0885 | 7.3 1 3.17 |
10 I 1.481 0.844 0.128 14.12 ~0.1624 | 7.0 3 4.40 |
8 I 1.4371 C.839 0.112 14.28 -0.1304 | 8.9 0.5 3.71 1
<] I 1.480 0.768 0.127 14.27 -0.1441 + 9.7 0.5 3.95 1
5 P 1.509 0.756 0.126 14.11 -0.1441 | 9.9 0.5 4.02 |
[ | [

4 I 1.460 0.828 0.091 13.78 -0.1126 | 9.5 0.5 3.67 |
3 I 1.582 0.840 0.076 13.53 -0.0922 | 8.2 0.5 3.01 |
2 I 1.748 ¢.827 0.068 13.39 -0.06%4 | 4.0 c.5 1.72 |
1.5 | 1.768 0.843 0.052 13.33 -0.0422 | 1.4 0.5 .86 1
1 I 1.742 0.803 0.060 14.41 -0.036%9 | 1.0 10 0.64 |
I | [

0.8 | 2.163 0.485 0.208 13.60 -0.1495 | 4.3 0.5 2.27 |
0.6 | 1.959 0.415 0.247 13.35 -0.1741 | 3.6 0.5 2.02 |
.5 I 1.977 0.330 0.302 13.74 -0.2036 | 4.0 0.5 1.91 |
.4 | 1.797 0.252 0.367 13.43 -0.2382 1t 3.1 0.5 1.60 |
0.3 ! 1.578 0.178 0.450 13.32 -0.2795 I 2.9 0.5 1.39 I
! | [

0.2 | 1.402 0.028 0.956 15.12 -0.6428 | 4.5 1 1.88 |
0.15 | 1.479 0.023 -0.247 10.15 0.1778 | 8.5 1 3.14 |
0.14 1 1.520 0.133 -0.244 13.55 0.1120 | 8.9 1 3.54 |
0.13 1 1.685 0.179 -0.446 5.56 0.0571 1 3.3 2 1.40 |
.12 I 1.71% 0.170 0.552 17.29 -0.4575 | 6.0 2 2.60- |
[ ! !

0.11 | 1.703 0.462 0.321 15.31 -0.3350 | 6.8 15 4£.03 |
c.1 | 1.728 0.774 0.202 15.09 -0.2055 | 6.9 1 3.41 1
c.09 | 1.752 1.145 0.116 16.58 -0.0995 | 8.1 1 3.15 1
0.08 | 1.946 1.335 0.104 14.16 -0.0888 1| 11.8 3 4.67 1
0.0751 1.984 1.492 0.085 12.%90 -0.06%0 1 11.9 3 4.75 |
| | !

0.07 + 1.991 1.683 0.062 11.93 -0.0465 | 10.5 3 4£.20 |
0.06%1 1.042 0.417 0.220 13.25 -0.1249 | 0.6 0.5 0.23 |
0.06 1| 1.029 0.415 0.224 13.44 -0.1325 | 0.5 0.5 .18 |
0.05 1 1.018 0.407 0.230 13.80 -0.1384 | 0.3 0.5 0.11 |
c.04. 1 1.011 0.346 0.279 14.35 -0.1832 | 0.1 8 0.06 |
[ ! I

0.03 | 1.004 0.554 0.136 15.36 -0.0677 | 0.2 0.5 0.06 |
.02 I 1.002 0.246 0.414 13.11 -0.3510 | 0.1 2 0.03 1
¢.0151 1.001 0.277 0.342 19.18 -0.3351 | 0.1 3 0.03 |
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Table 4.5 (continued)

PARAMETERS FOR POINT SOURCE EXPOSURE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK TUNGSTEN AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

E I B C A XK D 1 MAX. XMAX RMS
(MEV) | | DEV(ZX (MFP) DEV{¥)
15 I 1.544 1.332 0.013 13.57 -0.0464 | 4.4 1 1.87
10 I 1.442 1.156 0.028 14.05 -0.0537 1 4.6 0.5 1.97

8 ! 1.416 1.024 0.050 14.34 -0.0707 | 4.3 0.5 2.12
6 I 1.395 0.953 0.060 14.15 -0.0823 '} 4.0 0.5 2.13
5 I 1.365 1.010 0.035 13.97 -0.05%27 | 4.8 0.5 1.92
I - !
4 I 1.346 1.039 0.019 13.73 ~0.0470 I 4.3 0.5 1.68
3 I 1.392 1.028 0.012 13.29 -0.0362 t 2.8 0.5 1.11
2 I 1.435 0.985 0.013 13.24 -0.0234 | 1.0 0.5 0.57
1.5 | 1.421 0.970 0.009 13.45 -0.0092 § 1.1 2 0.39
1 I 1.37¢9 0.924 0.019 17.14 -0.0101 1 1.3 2 0.48
[ I
0.8 | 1.581 0.600 0.144 13.61 -0.0983 | 3.6 0.5 1.69
0.6 1 1.473 0.546 0.165 13.40 -0.1081 | 3.2 0.5 1.50C
¢.5 1 1.395 0.502 0.181 13.89 -0.1117 | 2.5 0.5 1.17
0.4 1 1.312 0.436 0.213 13.54 -0.1261 | 2.1 0.5 0.98
0.3 1 1.208 0.384 0.241 13.28 -0.1388 | 1.8 0.5 .79
I !
0.2 | 1.127 0.232 0.386 13.26 ~0.2696 | 1.5 3 0.68
0.15 | 1.234 0.035 0.346 7.53 0.2213 1 2.1 1 1.04
0.14 | 1.293 0.116 -0.388 9.46 0.2107 | 2.4 2 1.00
0.13 I 1.400 0.214 -0.545 5.00 0.1668 | 1.3 3 0.460
0.12 | 1.465 0.221 0.473 16.83 -0.3682 | 4.2 15 2.10
! f
0.11 1 1.52°9 0.530 0.278 15.18 -0.2795 I 6.5 1 3.84
0.1 I 1.677 0.833 0.181 14.98 -0.1835 I 7.6 1 3.56
0.09 | 1.850 1.154 0.117 15.35 -0.10G45 | 7.4 1 3.28
0.08 | 2.223 1.347 0.105 13.74 -0.1039 | 12.1 3 4.92
0.0751 2.309 1.487 0.089 13.11 -0.0858 | 13.3 3 5.34
I : i
0.07 | 2.271 1.733 0.054 13.15 -0.0363 | 9.9 3 4.05
0.0691 1.034 0.495 0.172 13.26 -0.0911 1 Q.4 0.5 0.19
0.06 It 1.026 0.448 0.203 13.55 -0.1178 | 0.3 c.5 0.15
0.05 1+ 1.017 0.432 0.213 13.80 -0.1254 | 0.2 0.5 c.10
0.04 1 1.011 0.346 0.279 14.35 -0.1832 | 0.1 8 0.06
| !
.03 1 1.005 C.408 0D.224 14.86 -0.1299 | Q.1 0.5 0.03
0.02 1 1.002 0.258 0.3%94 13.12 -0.3192 | 0.0 4 .02
0.0151 1.001 0.277 0.342 19.18 -0.3351 1 0.1 3 0.03
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Table 4.5 (continued)

PARAMETERS FOR POINT SOURCE DOSE EQUIVALENT BUILDUP FACTORS UP TO 40
MFP IN 45-MFP THICK TUNGSTEN AND COMPARISON TO VALUES CALCULATEDR
BY THE PALLAS CODE

E | B C A %K D I MAX. XMAX RMS |
(MEV) | | DEV(%) (MFP) DEV (%)
15 Fo1.611 1.312 0.018 13.52 ~0.0524 | 5.2 1 2.19 |
10 ! 1.501 1.128 0.036 14.00 -0.0627 | S.4& 0.5 2.32 |

B8 I 1.469 0.980 0.065 14.D5 -0.0877 ! 4.9 0.5 2.46

6 I 1,415 0.959 0.058 14.11 -0.0799 | 5.7 0.5 2.36 |

5 I 1.413 0.964 0.050 13.97 -0.0739 | 5.3 0.5 2.23 |

| | i

& | 1.363 1.024 0.024 13.55 -0.0521 | 5.3 0.5 1.94 |

3 1 1.409 1.018 0.015 13.30 -0.0383 | 3.5 0.5 1.29 |

2 | 1.4664 0.955 0.023 13.22 -0.0322 | 1.1 4 0.70 |

1.5 | 1.453 0.952 0.015 13.02 =0.0141 1 0.9 2 0.43 |
1 | 1.406 0.90% 0.024 15.90 -0.0137 | 1.2 2 0.49 |

[ - ! f

0.8 | 1.622 0.590 C.149 13.60 ~0.1023 | 3.6 0.5 1.74 |
0.6 | 1.4%8 0.538 0.169 13.43 -0.1106 1| 3.3 0.5 1.53 |
0.5 1 1.421 0.490 0.188 13.86 -0.1169 | 2.6 0.5 1.22 |
0.4 | 1.331 0.421 0.223 13.53 -0.1332 | 2.1 0.5 1.02 |
0.3 | 1.227 0.358 £0.261 13.22 -0.1540 | 1.8 0.5 0.83 |
| [ [

0.2 | 1.169 0.133 0.551 13.61 -0.4097 | 1.9 3 0.80 |
0.15 t 1.308 0.041 -0.185 B.64 0.2497 | 4.0 1 1.59 i
0.14 F 1.375 0.080 -0.339 10.48 0.1697 | 4.8 P 1.69 |
0.13 t 1.536 0.192 -0.769 5.00 0.1175 | 1.7 2 0.68 !
0.12 ¢ 1.596 0.210 0.489 16.89 -0.3873 | 5.0 2 2.40 1
! [ i

0.11 ¢+ 1.875 0.505 0.294 15.16 -0.3024 1 4.6 1 £.10 ]
0.1 I 1.833 0.807 0.191 16.94 -0.1972 1 7.4 1 3.72 1
0.09 | 2.004 1.114 0.128 15.32 -0.1216 1 6.6 3 3,464
0.08 | 2.326 1.326 0.109 13.92 -0.1070 | 13.3 3 5.36 |
0.0751 2.324 1.536 0.077 13.35 -0.0596 ! 11.3 3 ot |
| | [

0.07 | 2.458 1.644 0.072 12.6%9 -0.0716 | 13.0 3 5.22 |
0.0691 1.036 0.475 0.183 13.43 -0.0%80 | 0.4 0.5 0.19 I
0.06 | 1.025 0.465 0.193 13.56 -0.1123 | 0.4 0.5 0.15 |
0.05 | 1.017 0.444 0.202 13.99 -0.1125 | 0.3 0.5 0.10 1
0.04 1 1.010 0.401 0.237 13.66 -0.1458 | 0.2 0.5 0.07 I
[ | i

0.03 | 1.005 0.401 0.231 14.64 -0.1381 1 0.1 3 0.04
9.02 | 1.002 0.258 0.394 13.12 -0.3192 | 0.0 & .02 |
0.0151 1.001 0.277 0.342 19.18 -0.3351 | 0.1 3 0.03 |

i52 -
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Table 4.6 G-P parameters for gamma-ray buildup factors

in lead medium

PARAMETERS FOR POINT SOURCE ABSORBED DQOSE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK LEAD AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

E B C A AK D PO MAX. XAMAX RMS I
(MEV) I I DEVC(ZY (MFP) DEV{ZXI
15 1.404 1.124 0.065 13.%1 -0.099%1 9.2 0.5 3.7%9
10 1.624 0.940 0.0%0 14.20 -0.1121 10.4 0.5 3.9
8 1.443 0.8038 0.123 14.30 -0.1385 10.9 0.5 4,15
6 1.497 0.721 0.145 14,37 -0.1578 11.5 0.5 4.26

5 1.330 0.722 0.13% 14.19 -0.152¢ 12.1 0.5 4.36
4 1.612 0.706 0.137 14.11 -0.1471 11.3 0.5 A.ld
3 1.575 0.778 0.096 13.78 -0.1032 8.4 0.5 3.06
2 1.670 0.785 0.079 13.58 -0.0696 4.2 0.5 1.66
1.5 1.656 C.778 0.069 13.61 -0.0452 1.4 0.5 0.7
1 1.589 C.744 0.076 14.76 -0.0406 0.8 10 0.53
0.8 1.533 0.682 0.094 14.43 -0.0455 0.9 10 0.53
0.6 1.42¢4 0.621 0.113 13.77 -0.0478 0.7 0.5 0.42
0.5 1.332 0.590 0.127 14.62 -0.0572 0.9 1 0.52
0.4 1.237 0,552 0.134 15.25 -0.0504 1.0 C.5 C.43
0.3 2.4 0.5 1.20

1.4%94 0.183 0.421 12.80 -0.2485

!

[

|

I

|

!

i

i

i

!

!

!

i

I

I

f

i

!

i 1.588 0.097 . 0.441 14.49 -0.1076
| 1.742 c.317 0.124 12.50 -0.0510
!
i
!
I
i
i
{
!
!
i
!
I
!
!
[
f
!

[N
(@]
.
na
=~

0.2 0.8

0.16 0.1 L0 0.0%9
0.15 1.783 0.318 0.310 26.45 -0.1233 2.8 0.5 1.29
0.14 1.824 0.456 0.292 16.71 -0.2395 1.9 2C 1.07
0.13 1.840 0.689 0.209 15.78 -0.1834 2.9 35 1.44
0.12 1.863 0.953 0.141 16.79 -0.1122 3.3 1 1.78
0.11 1.862 1.242 0.090 28.31 ~0.1473 5.4 0.3 2.%94
0.1 2.014 1.393 0.083 20.93 ~-0.0%912 10.0 3 5.32
0.09 2.056 1.67% 0.052 14.62 -0.0356 12.3 20 &.32
0.08%9 2.026 1.73C 0.045 58.63 -0.4542 1¢.8 40 5.38
0.088 1.086 0.227 0.400 13.28 -0.2937 1.1 0.5 0.56
0.08 1.044 0.403 0.227 13.24 -0.1318 0.6 0.5 C.25
0.06 1.C20 0.413 ¢.226 13.73 -0.1353 c.z2 0.5 c.10
0.05 1.013 0.368 0.273 13.9% -0.1844 0.2 0.5 .07
0.04 1.007 0D.414 0.227 13.71 ~0.1370 0.1 5 Q.05
0.03 1.003 0.506 0.167 14£.21 -0.0950 0.1 0.5 .04
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Table 4.6 (continued)

PARAMETERS FOR POINT SQURCE EXFOSURE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK LEAD AND COMPARISON 7O VALUES CALCULATED
BY THE PALLAS CODE

E B C A XK D I MAX. XMAX RMS
{MEV) | i DEV(%> (MFP) DEV(X)
15 1.548 1.287 +0.024 13.50 -0.0571 4.7 0.5 2.21
10 1.448 1.121 0.036 13.98 -0.05%9% 5.5 0.5 2.20

8 1.424 0.968 0.068 13.98 ~0.0874 L,2 0.5 2.35
é 1.377 0.941 0.062 14.14 -0.0795 5.3 C.5 2.15
5 1.361 0.956 0.051 13.95 -0.070¢9 5.3 0.5 2.06
4 1.378 0.954 0.042 14.04 -0.0603 4.6 0.5 1.72
3 1.385 0.960 0.029 13.48 -0.0421 3.6 0.3 1.31
2 1.388 0.939 0.024 13.33 -0.0266 1.0 c.5 0.51
1.5 1.375 0.891 0.029 13.29 -0.0168 0.5 2 0.35
1 1.318 0.8460 0.035 16.49 -0.0154 0.7 3 0.38
0.8 1.283 0.800 0.050 15.20 -0.01%1 0.9 0.5 0.43
0.6 1.228 0.744 0.064 14.47 -0.0184 C.9 3 0.40
0.5 1.17¢9 0.725 0.072 14.89 -0.0244 0.7 3 0.36
0.4 1.135 0.670 0.085 19.56 -0.0325 0.5 0.5 0.26
0.3 1.1z22 0.533 0.137 13.69 -0.0612 0.8 0.5 0.32

I I
! f
! f
! !
I !
! !
I !
I f
I !
I !
I I
I I
I I
I !
| !
I f
I !
! !
! |
0.16 1 1.339 0.343 0.151 12.54 -0.0682 |
l I
i i
! I
I I
I I
! I
! !
! !
! i
I !
| {
! !
| !
| I
! {
! i
! I

0.2 1.184 0.1%9¢C 0.3817 13.27 -0.1868 0.5 3 C.26

0.2 4 c.11
c.15 1.408 0.362 0.281 21.46 -0.0964 1.2 0.5 Q.66
C.14 1.474 0.512 C.259 16.39 -0.2077 1.6 35 1.07
c.13 1.549 0.746 0.187 15.62 -0.1639 2.6 1 1.64
c.12 1.652 0.999 C.130 16.27 -0.1064 3.6 1 1.87
0,11 1.850 1.204 0.1032 16.88 -0.0848 6.5 3 3.22
0.1 2.037 1.432 C.07% 18.37 -0.0935 10.5 40 5.97
0.09 2.168 1.728 C.045 16.92 -0.0346 10.9 40 5.81
0.089 2.368 1.604 0.071 12.64 -0.0578 13.9 3 6.1%9
0.088 1.062 0.350 0.272 13.10 -0.1845 1.0 0.5 0.44
0.08 1.033 0.523 0.153 13.30 ~-0.0777 0.4 0.5 0.17
0.06 1.017 0.487 - 0.180 13.37 -0.1037 0.3 0.5 0.11
0.05 1.012 0.405 0.244 14.18 -0.1624 0.1 0.5 0.07
0.04 1.007 0.438 0.204 14,26 =0.1093 0.1 3 0.05
0.03 1.003 0.396 0.248 14.056 -0.1696 0.1 5 .04
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Table 4.6 (coentinued)

PARAMETERS FOR POINT SOURCE DOSE EQUIVALENT BUILDUP FACTORS UP TO 40
MFP IN 4S5-MFP THICK LEAD AND CCMPARISON TO VALUES CALCULATED
BY THE FALLAS CODE

E 1 B C A KK D [ MAX. XMAX RMS f
(MEV) | I DEV(X%> (MFP> DEV{%>!
15 I 1.612 1.271 0.028 13.58 -0.0619 | 5.9 c.5 2.65 !
10 \ 1.510 1.084 0.047 13.94 -0.0721 | 5.9 0.5 2.48 f

8 ! 1.457 0.967 0.068 14.14 ~-0.0876 | 5.9 0.5 2.57 |
6 ! 1.643 0.847 0.097 14.03 -0.1166 | 4.3 0.5 2.85 I
5 ! 1.395 C.935 0.058 14.04 -0.0C774 | 6.0 0.5 2.28 |
! ! I

4 I 1.403 0.928 0.051 13.%3 ~-0.0686 ! 5.0 0.5 1.95 [
3 i 1.384 C.963 0.029 13.61 -0.0456 | 3.6 0.5 1.34 [
2 [ 1.401 0.935 0.025 13.24 -0.0266 1 1.3 0.5 0.63 I
1.5 i 1.395 0.8879 0.029 13.75 -0.0136 | 0.7 2 0.36 |
1 i 1.341 C.842 0.041 15.93 -0.018% 1t 0.8 1 0.47 f
! I !

0.8 | 1.297 0.803 0.048 15.9> -0.0168 ! 1.1 -3 0.48 !
0.6 | 1.237 0.741 0.065 13.82 -0.0184 | 0.9 3 0.43 f
0.5 I 1.189 0.718 0.074 15.14 -0.0253 1 0.6 3 .34 |
0.4 | 1.13¢9 0.667 0.086 16.78 -0.0250 1 0.7 0.5 .27 |
0.3 | 1.143 0.474 0.17C 13.23 -0.0852 1 1.2 0.5 C.&e7
I l |

0.2 | 1.251 0.154 0.411 13.45 -0.173% 1 0.4 3 0.24 |
0.16 | 1.462 0.334 0.144 12.40 =-0.0675 0.2 35 c.11 !
0.15 | 1.551 0.347 0.293 22.96 -0.1245 1 1.7 0.5 c.82 !
0.14 | 1.628 0.496 0.269 16.36 -0.219%6 1 2.3 35 1.14 I
0.13 | 1.710 0.731 0.193 15.63 -0.1704 | 2.5 1 1.70
! ! i

.12 | 1.818 0.982 0.135 16.17 -0.1141i5 | 3.4 0.5 1.97 |
0.11 1 1.994 1.210 0.101 17.48 -0.0845 | 5.6 3 3.0z |
0.1 ! 2.256 1.393 0.085 16.20 -0.0622 | 11.3 3 5.02 I
0.0% | 2.197 1.754 0.040 29.31 -0.0769 1 11.3 40 5,67 i
0.0891 2.342 1.702 0.052 13.94 -0.0374 1 10.6 3 5.87 |
| I !
0.0881 1.067 0.318 0.299 13.25 -0.2057 | 1.0 0.5 0.48 ]
0.08 1 1.031 0.541 0.144 13.42 -0.0714 | 0.4 0.5 0.14 1
0.06 |1 1.015 0.530 0.157 13.50 -0.08%0 | c.2 0.5 c.11 f
0.05 1 1.0C% 0.553 0.151 14.26 -0.0870 | 0.2 0.5 0.07 |
.04 I 1.006 0.452 0.206 14.38 -0.1352 t 0.1 4 .04 I
i | I

C.03 1 1.003 0.422 0.231 13.42 -0.1520 1 0.1 3 0.02 [
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Table 4.7 G-P parameters for gamma-ray buildup factors

in uranium medium

PARAMETERS FOR POINT SCOURCE ABSORBED DOSE BUILDUP FACTORS UP TO &0 MFP
IN 45-MFP THICK URANIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CCDE

E | B C A XK D I MAX. XMAX RMS |
(MEV) | I DEV(%> (MFP) DEV(X) I
15 I 1.411 1.09¢6 0.071 13.88 -0,1035 | 9.6 0.5 3.87 I
10 ! 1.435 0.915 0.0%96 14.23 -0.1155 | 10.0 0.5 3.79 1

8 | 1.449 0.783 ¢.129 14.39 -0.1393 | 11.2 0.5 4.10 i
6 I 1.479 0.677 0.161 14,46 -0.1666 | 11.7 0.5 4.383 |
5 I 1.506 0.669 C.159 14.38 -0.1641 | 11.8 0.5 4.34 |
t ! I

4 ! 1.554 0.677 0.147 14.11 -0.1506 | 11.1 0.5 4.01 |
3 f 1.624 0.681 0.135 13.81 -0.1336 t 9.5 0.5 3.49 |
2 | 1.674 0.6%8 0.113 132.58 -0.0938 I 5.6 0.5 2.13 1
1.5 ! 1.63¢9 0.680  0.107 13.23 -0.90624 | 1.7 0.5 0.0 |
1 ! 1.578 0.641 0.114 14.32 -0.0605 ! 1.8 0.5 0.86 |
! : ! |

0.8 |1 1.558 0.547 0.155 13.52 -0.0864 1 1.8 C.5 0.88 |
0.6 | 1.487 0.450 0.209 13.34 -0.1284 | 2.9 c.5 1.20 |
0.5 1 1.469 0.346 c.274 13.50 -0.15358 | 3.2 C.5 1.19 |
0.4 | 1.474 0.217 0.392 13.47 -0.2187 | 2.9 0.5 1.27 |}
0.3 | 1.53% 0.121 0.494 13.05 -0.2398 | 1.4 2 .70 |
I I I

0.25 | 1.617 0.129 0.356 14.93 -0.0606 | Q.6 1 0.25 I
0.2 I 1.759 0.334 0.183 15.97 -0.0440 | (.8 20 0.35 I
.19 | - 1.804 0.33% 0.311 27.44 -0.2754 | 2.6 0.5 1.29 |
0.18 I 1.83¢9 0.436 0.300 16.83 -0.2422 | 2.4 0.5 1.12 I
0.17 | 1.83¢9 0.611 0.232 15.95 -0.2006 | 2.2 35 1.36 !
I ! [

0.16 | 1.839 c.810 0.172 16.12 -0.1429 1 3.2 1 1.54
0.15 | 1.858 1.007 0.129 17.25 -0.0%9%90 { 3.4 0.5 1.93 1
.14 t+ 1.8%90 1.219 0.093 23.66 -0.0969 | 4.7 0.5 2.646 |
.13 1 2.006 1.362 0.082 19.14 -0.06%9 | 7.3 3 4.54 |
.12 1 2.081 1.518 0.070 17.94 -C.0719 | 11.2 40 6.58 |
! 1 !
c.1161 2.11¢2 1.584 0.065 13.81 -0.0481 | 11.7 3 5.98 1
C.1151 1.11¢%9 0.207 0.420 13.13 -0.29%98 | 1.4 0.5 0.72 !
c.1 | 1.076 0.248 0.367 13.01 -0.2542 1 0.9 2 0.51 |
¢c.08 | 1.028 0.417 0.220 13.2%9 -C.1242 1 0.4 0.5 .18 |
.06 | 1.C13 0.446 0.202 13.86 -0.1161 | 0.3 0.5 0.10 |
! ! I

.05 | 1.009 0.379 0.255 13.55 -0.1651 1 0.1 c.5 0.07 |
0.04 | - 1.005 0.448 0.191 19.76 -0.1466 1+ 0.1 c.5 .05 |
.03 | 1.003 0.270 ¢.357 14.6C -0.2551 ! 0.1 3 0.04 |
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Table 4.7 (continued)

PARAMETERS FOR FOINT SOURCE EXPOSURE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK URANIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

g B C A KK D I OMAX. XMAX RMS
(MEVY I I DEV(%Y (MFPY DEV (%)
15 | 1.5286 1,285 0.022 13.61 -0.,03515 | 4.8 0.5 2.17
10 I 1.429 1.111 0.036 14.05 -0.0565 | 4.7 0.5 1.91

8 1 1.378 1.009 0.050 14,37 -0.0633 | 4.9 0.5 1.90
6 b 1.335 0.930 0.062 14.27 -0.0740 1 6.2 0.5 2.26
5 P1.338 0.889 0.071 14.10 -0.0838 1| 4.6 0.5 2.33
! |
4 [ 1.31 0.963 0.036 14,07 -0.0506 | 4.1 0.5 1.52
3 i 1.335 0.948 0.031 13.63 —-0.0636 | 3.3 0.5 1.27
2 io1.341 0.911 0.030 13.96 -0.0258 | 1.2 0.5 0.61
1.5 1 1.317 0.849 0.041 12.50 -0.0154 | 1.0 2 0.42
1 I1.271 0.796 0.053 15.45 -0.021%9 | ©C.7 0.5 0.37
r _ ]
0.8 | 1.235 0.746 0.067 13.79 -0.0264 | 0.6 2 0.32
0.6 | 1.177 0.724 0.073 13.34 -0.0304 | 0.8 10 0.40
0.5 i 1.149 0.660 0.094 14£.55 -0.0343 | 0.5 ? 0.25
0.4 1 1.129 0.556 0.136 14.89 -0.0530 | 0.5 0.5 0.29
0.3 1 1.138 6.358 0.242 132.01 -0.1319 1 ©.9 0.5 0.44
‘ ! I
0.25 1 1.189 0.228 0.323 13.26 -0.1347 | 0.3 10 0.21
.2 1 1.329 0.369 0.197 14.10 -0.0755 | 0.4 20 0.18
0.19 1 1.377 0.401 . 0.289 20.45 ~0.1382 | 1.1 15 0.58
0.18 1 1.421 0.514 0.253 16.30 -0.1962 1 1.9 35 1.06
0.17 1 1.457 0.704 0.191 15.76 -0.15%99 1| 3.2 1 1.66
[ |
0.16 | 1.533 0.874 0.153 15,65 -0.1309 | 3.3 1 1.78
0.15 1 1.408 1.080 0.112 16.63 =0.0875 | 4.4 1 2.02
0.14 | 1.719 1.2590 0.090 16,51 -0.0597 | 4.8 4 2.59
0.13 ! 1.957 1.313 0.100 13.21 -0.088% | 10.6 3 5.22
.12 + 2.027 1.566 0.064 17.89 -0.0695 | 9.3 25 5.74
[ |
0.1161 2.128 1.602 0.064 13,21 -0.0410 1 11.1 3 4,84
0.1151 1.074 0.374 0.248 12.98 -0.1601 1 1.2 0.5 0.50
6.1 1 1.053 0.3%362 0.270 12.21 -0.1943 1 0.7 1 0.38
0.08 1 1.021 0.550 0.139 13.56 -0.0621 | 0.4 0.5 0.17
0.06 | 1.012 0.457 0.198 13.92 -0.1168 1 0.2 0.5 0.08
i ‘ |
0.05 1 1.008 0.451 0.199 14.63 -0.1175 | 0.1 0.5 0.053
0.04 | 1.005 0.4L48 0.197 19.76 =-0.14866 | 0.1 0.5 0.05
0.03 1 1.003 0.275 0.355 14.80 -0.2744 1 0.1 3 0.04
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Table 4.7 (continued)

PARAMETERS FOR POINT SOURCE DOSE EQUIVALENT BUILDUP FACTORS UP TO 40
MFP IN 45-MFP THICK URANIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

E I B C A XK b I MAX. XMAX RMS !
(MEV) | I DEVC(Z%> (MFP) DEV (%!
15 1.588 1.262 0.028 13.54 -0.0587 5.4 0.5 2.43
10 1.481 1.087 0.043 14.11 -0.0638 5.3 0.5 2.21

8 1.473 0.87¢ 0.097 13.99 -0.1156 5.0 35 3.11
6 1.349 0.938 0.C59 14.39 -0.0702 7.6 0.5 2.67
5 1.360 ©.888 0.C71 14.13 -0.0840 6.0 0.5 2.33
4 1.341 0.928 0.048 13.96 -0.0616 4.6 0.5 1.73
3 1.350 0.933 0.036 13.58 -0.0474 3.9 0.5 1.39
2 1.358 0.884 0.040 13.49 -0.0350 1.3 0.5 c.72
1.5 1.337 0.838 0.044 13.49 -0.0159 0.7 2 C.&4
1 1.28¢ 0.7838 0.0546 15.01 -0C.0240 0.8 2 C.37
0.8 1.247 0.747 0.066 13.98 -0.0253 1.0 2 0.34
0.6 1.192 0.691 c.087 13.41 -0.0411 1.0 10 0.43
0.5 1.145 0.624 C.11C 14.24 =-0.0451 0.5 10 0.26
0.4 1.142 0.528 0.15C 14.45 -0.0617 1.0 0.5 0.37
0.3 1.16% 0.301 0.288 13.03 -0.,1573 1.0 0.5 0.53

! !
| !
[ I
1 I
! I
| |
i !
! |
! I
| !
I I
! I
! f
! f
! !
! I
| i
I I
I 1.237 0.200 0.338 13.53 -0.1237 |
o.2 i 1.419 0.357 0.199 14.32 -0.0722 |
! !
i |
i |
i I
I I
I |
I [
| ]
! I
! I
I I
I I
I I
I I
I f
! I
] !
j I
! !

MNP OO
O8I~ Wi
) o
i
o
0,8
0]

0.1% 1.480 0.382 0.283 20.43 -0.1498 .

0.18 1.529 0.500C 0.261 16.40 -0.2043 . 35 1.11
0.17 1.580 0.681 0.201 15.75 -0.1706 - 6 1.70
0.16 1.648 0.864 0.15¢6 15.69 -0.1330 3.5 1 1.84
.15 1.737 1.058 0.118 16.40 -0.0933 4.0 1 2.08
C.14 1.871 1.207 C.101 16.84 -0.0858 5.9 4 3.24
0.13 1.782 1.394 0.078 18.0C -0.0661 7.0 3 .89
0.12 2.063 1.601 0.056 22.83 -0.0804 11.5 40 5.09
0.116 2.225 1.581 0.068 12.91 -0.0481 11.8 3 5.1¢6
0.115 1.07% 0.350 0.267 12.94 -0.1744 1.3 0.5 0.53
0.1 1.05¢9 0.355 0.236 12.%95> -0.1525 1.1 0.5 0.45
0.08 1.022 0.522 0.155 13.45 -0.0730 0.3 0.5 0.13
0.06 1.012 0.453 0.202 13.62 ~0.1228 0.2 0.5 c.07
0.05 1.009 0.372 0.259 14.15 -0.1693 0.1 25 0.07
0.04 1.005 0.448 0.191 19.746 -0.1466 0.1 0.5 0.05
0.03 1.003 0.270¢ 0.357 14.60 ~0.2551 c.1 3 0.04
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10° - I ’ l |
B Lead Medium 7
5 —— PALLAS (no Brems.} ~
Moment
Ref. 4
o ASFIT E, (MeV)

Exposure Buildup Factors

0 | . | 1
0 10 20 30

Source - Detector Distance, R (mfp)

Fig. 2 Exposure buildup factors of lead medium via source-

detector distance excluding the centributicn of bremsstrahlung
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