JAERI-M
- 88-198

INTERPOLATION OF GAMMA-RAY BUILDUP FACTORS
IN ATOMIC NUMBER, USING THE GEOMETRICAL
PROGRESSION (G-P) PARAMETERS

QOctober 1988

Yukio SAKAMOTO, Shun-ichi TANAKA and Yoshiko HARIMA*®

B * B F H B R ™
Japan Atomic Energy Research Institute



JAERI-MU #— Fit, HAETHHERATERILHL T IMREREETT.

AFNE AT, O AR FFRE AT ERERE (F319-11 KRR AIRE) & T,
HRLIL S, i, IOEPIHTEANET HILESEE £ - ¥ — (F319-11 K3 RN EE
SR DR A HFRRPD) TR CLZERFARSE I - TENET,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed tc Information Division Department
of Technical Information, Japan Atomic Energy Research Institute, Tokaimura, Naka-gun, Iharaki-

ken 316-11, Japan.

& Japan Atomic Energy Research Institute, 1983

WERRS A & R 7 71 BF % A
Ell il HE LEHAaH




JAERT-M 88-198

Interpolation of Gamma-Ray Buildup Factors

in Atomic Number, Using the Geometrical Progression {G-P) Parameters

. .. . K
Yukio SAKAMOTO, Shun—ichi TANAKA® and Yoshiko HARTMA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 10, 1988)

The values of buildup factors for specified energy above K-edges
and penetration distance vary smoothly with respect to atomic number,
and the geometrical progression (G-P} parameters behave also similarly.
An interpolation of buildup factors for an arbitrary elemental material
was examined using the G-P parameters for an equivalent atomic number,
where the G-P parameters are data fitted to the proposed American
National Standard buildup factor data compilation of 17 elements from
Be to Mo calculated by the moments method and those for 8 elements of
Fe; Mo, Sn, La, Gd, W, Pb and U, including bremsstrahlung and fluores-—
cence, calculated by the PALLAS code. It has been confirmed through
various tests over a wide range of atomic number that the values of the
buildup factors generated by interpolated G-P parameters can accurately
reproduce the basic data calculated directly over the full range of
energy within a few percent.

The values of equivalent atomic number for mixture materials, such

as water, air, concrete and lead glass of the density 4.36, are
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determined from a ratio of scattering cross section to the total
attenuation coefficient. The buildup factors for these materials
calculated using the G-P parameters, interpolated by the equivalent
atomic number, are in good agreement with the basic data, except the

buildup factors for lead glass to Y-ray energy above 3 MeV.

Keywords: Gamma-Ray Buildup Factor, G-P Parameter, Interpolation,

Equivalent Atomic Number, Mixture Materials
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1. Introduction

Following the Three Mile Island accident, an American Nuclear
Society Standards Committee Working Group, identified as ANS-6.4.3,
began developing a set of evaluated gamma-ray isotropic point-source
buildup factors and attenuation ccefficients for a standard reference
data basel’z. The 1985 data base was released as part of the CCC-493B/
QAD-CGGF code package3, and as the DLC-129/ANS643 data package4 available
from the Radiation Shielding Information Center {(RSIC). The 1985 data
base is represented as coefficients for the G~P fitting function, and it
contains data for 19 elements and 3 mixtures (water, air and concrete).

The 1985 data base as calculated by the moments method, concent—
rates upon the light elements from Z=4 to 29 and does not take into
account the bremsstrahlung process. Newer buildup factor data, includ-
ing bremsstrahlung and fluorescence effects have now been calculated for
iron, molybdenum, tin, lanthanum, gadolinium, tungsten, lead and
uraniums’e”7 with the PALLAS code8. '

It frequently happens that shielding materials will consist of
elements not included in the standard data or compounds and homogeneous
mixtures of a pumber of elements. Furthermore, there are significant
disagreements in the bﬁildup data using the different approximating
techniques in the present computational art for analysis of photon
transportg. Therefore, it is important to predict consistent buildup
factors using the available data.

In this paper the validity of using the G-P parameters to interpo-
late the buildup factor in the atomic number is tested in the wide range
of the distance from the source and the source energy.

The common interpolation methods are based on the use of an equiva-
lent atomic number for mixtures and compounds. There were a few values
of the equivalent atomic number Zeq for ordinary concrete following the
method to find a value of Zeq. That is, 18 by Obenshainlo, 13.4 by
Berger and Spencerll, and 11 - 12 by Walker and Grotenhuinslz. The
values of Zeq in this paper are determined from a ratio of scattering
cross section to the total attenuation coefficient for the source energy.
The discussions are performed about the method of finding a value of Zeq
and the values of adopted buildup factors to interpolate in Zeq before

this.



JAERI-M 88-198

The buildup factor data of Ref. 7 were replaced by the recalculated
values over the energy range of 0.5 to 3 Mev. The buildup factors and
the G-P parameters including the replaced values are listed the appendix.
Also, the buildup factors including fluorescence radiations were com-

pared with the results calculated by the ASFIT code13

2. Interpolation of the Buildup Factor for Atomic Number

There are now avallable buildup factor data of 17 elements for
atomic number Z = 4, 5, 6, 7, 8, 11, 12, 13, 14, 15, 16, 18, 19, 20, 26,
29 and 42 calculated with the moments method1 and of 8 elements for
Z = 26, 42, 50, 57, 64, 74, 82 and 92 calculated with the PAILAS
code5’6’7, for the energy range from 15 keV to 15 MeV up to 40 mip.

The behavior of the buildup factors at various distances reflects
the characteristics of the element and the source energy. As typical
examples, the dependence of the exposure buildup factors as a function
of log Z are plotted for various penetration depths in mean free path
lengths for 10-, 3-, and 0.5 MeV sources in Fig. 1.

The geometric progression (G-P) form can accurately reproduce the

buildup factor data over the full range of energy and atomic number

within a few percent. The G-P functionla is:

B(E,x) = 1 + (B-1)(K'~1)/(K-1) for K % 1

1 + (B-1)x for K =1
K = ex? + d {tanh(x/Xk-2) - tanh(~2)}/{1 - tanh(-2)}

where x = source—detector distance of the medium, and a,B,c,d and Xk
are parameters. The value of the parameter B (buildup factor at 1 mfp)
monotonically decreases with increasing atomic number as seen in Fig. 1.

The parameter K represents the photon dose multiplication and the
change in the shape of the spectrum.

As seen in Fig. 2, the bahavior of the parameter K is not monotonic
with increasing atomic number, but is smooth. Therefore, the values of
the parameter K for elements not calculated will be approximated by

those interpolated in atomic number.
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2.1 Interpolation of the G-P Parameters in the Atomic Number

The interpolation of each parameter with respect to log Z was
performed with parabolic interpolation. At first, four atomic numberé
were selected from the calculated data at before and behind an arbitrary
Za, where Z)<Zy<Zl,<Z3<Z; . The parabolic interpolation was repeated two
times, that is, for Z,, Z,, Zy and Zp, Z3, Zs. The mean value of the two
interpolations was adopted as the parameter.

The validity of using the G-P parameters to interpolate the buildup
factor in Z is investigated in two regions of the atomic numbers. The
first is the range of Z=4-29, and the second Z=42-92. This treatment
was confirmed from the comparison between the basic buildup factor
data and those by the G-P parameters interpolated in equivalent atomic
number? ., .The results were given in Tables 1 and 2. The value of element
in Tables corresponds to Za. A large part of the maximum deviations 1is
within 10%. A few large values appear for low Z and low energy. At deep
penetrations, there is a peak formed by an increasing concentration of
photons scattered to the vicinity of Epeak. The values of Epggk move to
high energy with the atomic number (see Fig. 7). When the source energy
comes the Epeak of one among four atomic number applied to interpolate
the parameters, the maximum deviations often become above 107.

For Za located between two regioms, it follows that interpolations as
performed by parameters fitted to buildup factors calculated with diffe-
rent technique.

The buildup factors calculated with two methods are compared for
iron and molybdenum in Figs. 3 and 4. Both results are good agreement.
The PALLAS's buildup factors are larger than the moments method's for
high energy. This is due to be included bremsstrahlung for high energy.

These deviations come from bremsstrahlung contributiomn.

2.2 Other Methods for the Interpolation of Buildup Factors

One of the methods for the interpolation is a polynomial expression
for the buildup factors presented by Tobias->. That is,
Br==14-A-(ur)*-B-(ur)2-+C-(ur)3. The values of A, B and C were deter-
mined from Goldstein and Wilkins datal®. The present data for beryllium

117

and graphite were compared with Tobias' results and Engholms ones

calculated by DTF-IV codel® for the source energies 0.5, 1 and 2 MeV in
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Figs. 5 and 6. The values of DTF-IV1® calculations are a little higher
than the present ones. Tobias' results are a little lower than other
two methods for 0.5 and 1 MeV, and become higher than others for 2 MeV

above 10 mip.

3. Interpolation of the Buildup Factor for Mixture Materials

3.1 Calculation of Zeq

The values of the buildup factor at 1 mfp are almost entirely based
on unscattered and single scattered gamma rays, except for lower source
energies and for low Z materials. Besides, the flux spectrum at 1 mfp
forms a specified shape for a specified source energy and atomic number.
The magnitude of single scattering gamma rays at 1 mfp depends on a ratio
of scattering cross section to the total interaction cross section
usca/utot for a specified source energy and attenuating rate of scatter-
ing gamma rays. Single scattering gamma rays with the energy near to the
source energy hold a majority in contribution to a part of scattered
gamma rays of buildup factor at 1 mfp. This is clear frem the fact that
the differential cross section for the Compton effect is predominantly
forward scattering for the high source energy, and is near to symmetrical
in cos 6 for the low source energy, where the fractional energy lost is a
quitely few. That is, the total interaction cross sections for the effec-
tive single scattered gamma rays are almost the same to the one for the
source energy. A values of ratio Ug.,/Mior for a specified source energy
is plotted as a function of atomic number, The curve monotonically
decreases with increasing atomic number. The value of Mgea/Hror for
mixture is founded out at an atomic number on the curve, It seems to be
reasonable to use this atomic number as an equivalent atomic number Zeg
for mixture. The values of the Zeq are given for water, air, concrete
and lead glass in Tables 3 and 5.

The value of 1 mfp-buildup factor for mixture is obtained by tbe
interpolation of the 1 mfp-buildup factor as a function of atomic number
in the Zeq for mixture,

Next step is to estimate the values of mixture's buildup facters for

penetration depths above 1 mfp. The flux spectrum at 1 mfp represents a
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source spectrum with continuous energies for further deep penetration.

Tn the energy range below 1.5 MeV, the Compton scattering cross
section gently increases and the photoelectric absorption cross section
steeply increases with decreasing energy and increasing atomic number;
The Compton scattering cross section agrees with the photoelectric
absorption at a energy Epe- The value of Epe changes with the atomic
aumber as seen in Fig. 7 (0.025 MeV for N to 0.56 MeV for Pb). The
values of Epe for mixture are 0.027 MeV for water, 0.028 MeV for air,
0.052 MeV for concrete and 0.39 MeV for lead glass. These values agree
with the ones for Zeq on the Epewcurve. The gamma rays are almost
absorbed in the energy range below Epe. This suggests the values of Zeq
aimost constantly take place in the energy range between the initial and
Epe-

At very deep penetrationms, a peak formed from multiple scattering
photons appears in the energy spectra. The peak occurs at an energy
Epeak, where the ratio of photoelectric effect to the total is "20%.
This moves from 40 keV oxygen to v1.5 MeV for lead with increasing the
atomic number. The value of Epeak is larger than the cne of Epe for a
specified atomic number as seen in Fig. 7.

These facts indicate that the buildup factor for mixture can be
represented by the interpolation of the cnes for elements near to the Zeq
in the energy range below 1.5 MeV.

In the energy range 1.5 MeV or more, the Compton scattering cross
section competes with the pair production. Both cross sections have
the same value at the energy Bpg-. The value of Epp changes with atomic
number (25 MeV for N to 4.6 MeV for Pb). Those for mixtures are 27 MeV
for water, 24 MeV for air, 18 MeV for concrete and 7.1 MeV for lead
glass. These values agree with the ones for Zeq on the Epp—curve.

This is due to the fact that an interested emergy constantly takes place
in the energy range, where the Cempton scattering cross section propor-
tion to Z maintain predominance over the pair production proporting to
72, TFor light mixtures the values of Zeg constantly take place in the
energy range 1.5 to 15 MeV. However, there are a few deviations between
the values of Zeq defined below 1.5 MeV and above 1.5 MeV. This is due
to the difference of Z-dependence of the absorbed cross section which the
Compton scattering cross section competes with. As seen in the spectra

for Fo=3- and 10 MeV of Fig. 1, those for light element are almost flat
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curve in the high source energy range, where the maximum deviations of
buildup factors are 10% at most for deviations of two atomic number.

In the high source energy, the energy spectra for light element decrease
uniformly with decreasing energy except annihilation gamma rays. Thié
shows a part of energy spectrum below 1.5 MeV is less important relative
to the rest of the spectrum.

The case of lead glass, the predowinant cross section alternates at
7.1 MeV. Therefore the corresponding Zeq values range from 41.3 for
15 MeV to 65.3 for 1.5 MeV. Continuously, the values of Zeq slowly moves
to the value determined in the energy range where the photoelectric
absorption cross section competes with the Compton scattering and predo-
minates below that. The peak of energy spectra occurs at 1.5 MeV, and
its shape is almost the same as the one of gadolinium. These facts sug-
gest the buildup factor for lead glass cannot be represented by the
interpolation of the ones for elements. TFor such case the buildup factor
for mixture cannot exactly estimate by Zeq.

For heavy material, there is a minimum in the total interaction
cross section. The energy corresponding the minimum Epjnp is lower than
the values of Epp- Saying in other words, in the case that the value of
Epin for mixture is smaller than 15 MeV, the buildup factor for the high

energy canmot exactly estimate by Zeq.

3.2 Water, Air and Concrete

The proposed standard data contain 3 mixtures of water, air and
concrete. The ratio Wgea/Mtot foOr water, air and concrete were
calculated for a source energy range from 15 keV to 15 MeV. By compa-
rison with the values of the ratio corresponding to individual elements,
the values of an equivalent atomic number were determined. Next, the
values of the buildup factors for 3 mixtures were calculated from the
C-P parameters interpolated for the equivalent atomic number. The results
were compared with those of the 1985 data. The equivalent atomic number
and the maximum deviation of the estimated buildup factors from the 1985
data base are listed in Table 3.

As seen from Table 1, the values of the equivalent atomic number for
cach mixture are divided into those for the energy range of below 1.5

MeV and of above 1.5 MeV; 7.5 and 6.5 for water, 7.8 and 7.3 for air, and
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13.5 and 11.5 for concrete. These phenomena were explained by the fact
that in the energy range below 1 MeV, the photoelectric effect with A

2 dependence

dependence is dominant, and above 1 MeV pair production with Z
is dominant. The values of the maximum deviations of the buildup factors
estimated by the equivalent atomic number from the basic data are within
10% except for a few cases of low source energies at 40 mfp.

Engbolml7 read from the plets of buildup factors to obtain the
equivalent atomic number of 6.4, 8.2 and 10.4 for water and of 16, 11
and 9.6 for concrete, at the source energies of 0.5, 1 and 2 MeV,
respectively. " The data used were water, iron, tin, tungsten and uranium
from Goldstein & Wilkine1® and beryllium, graphite, concrete and iron
from calculations made with the DTF-IV codel®. The differences between
their equivalent atomic number and the present ones in Table 3 was caused
by merging DIF-IV results with NY0-3075 data as the reference data. That
is, DTF-TV results are smaller than those of NY0-3075 at 0.5 MeV, larger
than those at 1 and 2 MeV.

In Fig. 8 the new buildup facter datal? are compared with ones calcu-
lated by DTF-IV and Goldstein & Wilkins for 0.5, 1 and Z MeV.

The water buildup factors by Coldstein & Wilkins are larger than the
present ones and the concrete buildup factors by DTF-TV are smaller than
the present ones at 0.5 MeV. In the cases of 1 and 2 MeV, water data by
Goldstein & Wilkins and concrete data by DTF-IV are good agreement with
the present. The differences between their equivalent atomic number come
from the difference of reference data.

Walker and Grotenhuis' equivalent atomic number were determined
from the comparison of the total cross sections nermalized at 2 and 8 MeV
with those of individual elements. Their values are the same as the
present values above 1 MeV. However, their estimated buildup factor data
were larger than Eisenhauer & Simons data?0 in the low energy range, and
smaller in the high energy range as seen in Fig. 9. These differences
are caused by the deviations of the equivalent atomic numbers in the low

energy range and differences of the buildup data between the 1985 data
and NYQ-3075 data.
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3.3 Radiation Shielding Lead Glass

Lead glasé for direct observation is an indispensable material for
radiation shielding in the design of hot cells.

The values of buildup factors of various radiation shielding glasses
are given for energies from 0.5 to 10 MeV in Table 9.1-60 and -61 of
Ref. 21. Lineér attenuation coefficients for lead glass resembles that
for lead in shape. However, the values of their buildup factors are
significantly larger than those for lead at the source energies 0.5, 1
and 2 MeV,

Initially, a case of buildup factor data for lead glass was calcu-
lated by the PALLAS code. The chemical composition of lead glass is
given in the Table 4.

The linear attenuation coefficients of the calculated lead glass
were compared with those of the RS420G of Ref. 21 in the Table 5. The
values are almost the same. The values of the incoherent scattering,
photoelectric, pair production and total cross section are listed in
cm?/g units. The values of the exposure buildup factors are listed in
Table 6, and given in Fig. 10 as a function of distance from source.
Where buildup factors below 0.3 MeV are including of fluorescent radia-
tions treated as 4 X-rays with different energies and corresponding
emission efficients’. These of the G-P fitting parameters are given for
them in Table 7, where the cross sections used are from NBS-2922 for the
energy range above 0.3 MeV and from DLC-1523 below 0.3 MeV,

The PALLAS results without bremsstrahlung are in fairly good agreement
with RG420G results of Ref. 21 ip the energy range 3~6 MeV, but are not
below 2 MeV or above 8 MeV. Furthermore, the present buildup factor
data are in good agreement with Penkuhn results?% in the energy range of
0.5 -3 MeV., These comparisons are given in Fig. 1l.

The equivalent atomic numbers were determined by the method
mentioned above and listed in the 8th column of Table 5. The values of
the equivalent atomic numbers are about 64 between 2 and 0.15 MeV, and
about 35 below 0.08 MeV. However, these are decreasing from 52 to 41
with increasing energy above 3 MeV.

As typical example, the buildup factors for lead glass (Zeq = 41.27)
are compared with those of high Z elements in various depths at the
source energy of 15 MeV in Fig. 12. The values at 1 and 5 mfp are good

agreement with those corresponding to Zeq.
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However, the values at depths above 10 mfp decrease with increasing
depth. This behavior is clearly explained from the comparison of energy
spectra for molybdenum, gadolinium and lead glass in Fig. 13.

The energy spectra at 1 and 5 mfp for lead glass are in gocd agrée—
ment with ones for molybdenum. With increasing depth the energy spectra
for lead glass become smaller than the ones for molybdenum.

The Zeq for lead glass almest equals to gadolinium in the energy
range below 1.5 MeV. However, the shape of broad peak at 15 MeV is not
the same as gadolinium. It is broader and lower than ones for molybdenum.
In Table 5, "Max. dev." is the maximum deviation between the PALLAS
results and the interpolated buildup factor for 0<X<40 mfp. The maximum
occurs at Xmax. The shape of the photoeffect is similar to that of
gadolinium, but the pair production cross section for lead glass cannot
be represented by that of an arbitrary element. The energy corresponding
to the minimum in the total cross section is about 6 MeV. In the useful
energy range, the buiidup data for lead glass were estimated by the G~P
parameters interpolated in the equivalent atomic number. However, it 1is
difficult to estimate the values of the buildup factors for lead glass

from the present definition of equivalent atomic number for source energies

above 3 MeV.

4. Conclusions

Using consistent reference buildup data, the interpolation of build-
up factor in atomic number was examined by the G-P parameters interpolated
in the equivalent atomic number.

Tt is confirmed by various test analyses that the interpolation of
the buildup factor for elements not calculated and mixtures composed of
light elements can be performed using the G-P parameters interpolated by
the equivalent atomic number determined from the comparison of a ratio of
for mixtures with those corresponding to individual elements at

Usca/Mrot
a source energy.

The differences between estimated results and the basic data are very
small over a wide range of atomic number and low-Z mixtures, when the

reference buildup factor data are calculated by the same approximating
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range below 1.5 MeV. However, the shape of broad peak at 15 MeV is not
the same as gadolinium. It is broader and lower than ones for molybdenum.
In Table 5, '"Max. dev." 1s the maximum deviation between the PALLAS
results and the interpolated buildup factor for 0<X<40 mfp. The maximum
occurs at Xmax. The shape of the photoeffect is similar to that of
padolinium, but the pair production cross section for lead glass cannot
be represented by that of an arbitrary element. The energy corresponding
to the minimum in the total cross section is about 6 MeV. In the useful
energy range, the buildup data for lead glass were estimated by the G-P
parameters interpolated in the equivalent atomic number. However, it is
difficult to estimate the values of the buildup factors for lead glass

from the present definition of equivalent atomic number for source energies

above 3 MeV.

4., Conclusions

Using consistent reference buildup data, the interpolation of build-
up factor in atomic number was examined by the G-P parameters interpolated
in the equivalent atomic number.

Tt is confirmed by various test analyses that the interpolation of
the buildup factor for elements not calculated and mixtures composed of
light elements can be performed using the G-P parameters interpolated by
the equivalent atomic number determined from the comparison of a ratio of
for mixtures with those correspending to individual elements at

Mgea/Vtot
a source energy.

The differences between estimated results and the basic data are very
small over a wide range of atomic number and low-Z mixtures, when the

reference buildup factor data are calculated by the same approximating
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technique or code using the same cross sections. The interpolation of
buildup factors for heavy element mixture remains a problem above the

source energy in the minimum tetal cross section.
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Percent deviations of values of buildup factors interpolated in the
atomic number from the basic data calculated with the moments method.

Table 1
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Table 2 Percent deviations of values of buildup factors
interpolated in the atomic number from the basic
data calculated with the PALLAS code.
Element Sn La Cd W

z 50 57 64 7k

Eg Max.Dev. Xmax | Max.Dev. Xmax | Max.Dev. Xmax | Max.Dev. Xmax

(MeV) (%) (mfp) (%) (mfp) (%y  {(mfp) (%) (nfp)
15 4.6 (1) 7.1 (35) 6.1 (1) 7.9 (35)
10 3.2 (6.5) 6.7 (35) 13.7 (40) 31.0 (40)
8 (40) 13.1 (35) 8.7 (40) 15.8 (35)
6 5.0 (35) 5.7 (0.5)| 13.7 (40) 5.6 (35)
5 7.9 (40) 10.3 (35) 7.3 (40) 4.6 (35)
4 7.5 (40) 7.9 (35) 4.0 (0.5) 5.8 (4)
3 2.4 (5) 5.6 (35) 2.6 (0.5) 6.8 (35)
2 6.1 (40) 6.1 (35) 4,6 (40) 4.6 (35
1.5 1.7 (£0) 1.6 (15) 1.8 (5) 6.9 (35)
1 5.0 (40) 6.6 (35) 2.7 (40) 7.6 {40
0.8 (40) 6.2 (35) 6.3 (40) 3.1 (15)
0.6 | 2.8  (40) 2.7 (35) 5.0 r40) 7.6 (35)
0.5 (35) 4,1 (40) 1.9 (5) 6.9 (40)
0.4 .5 (35) .9 (40) 3.5 (25) 4,1 (40)
0.3 2.0 (40) 1.1 (40) 3.6 (40) 5.3 (35)
0.2 5.1 1.8 (0.5)| 40.9 (40) 4.6 (40)

(40)
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Table 3 The equivalent atomic number for water, air and concrete
and the maximum deviation eof buildup factors estimated by
the equivalent atomic number from the standard data

photon water air concrete
energy Z-eq Max.D. ZXm Z-~eq Max.D. Xm Z-eq Max,D. ZXm
(MeV) (%) (mfp) (%)  (mfp) (%) (mfp)
0.015 7.57 1.8 35 7.76 1.9 10 13,05 0.5 4
0.02 7.52 1.9 0.5 7.74 3.3 35 13,13 0.9 0.5
0.03 7.52 13.7 40 7.75 15.6 &0 13.23 1.5 0.5
0.04 7.52 2.8 40 7.74 2.7 5 13.2¢ 2.7 35
0,05 7.46 10.3 35 7.76 3.7 25 13.34 2.6 2
0.06 7.54 3.6 25 7.78 5.2 &0 13,35 12.7 40
0.08 7.50 7.7 35 7.73 6.4 35 13,33 2.0 35
0.1 7.51 6.1 1 7.78 6.4 25 13.43 4.1 35
0.15 7.51 9.3 35 7.81 3.4 25 13.46 2.0 40
0.2 7.49 9.5 40 7.83 5.3 40 13.54 2.6 30
0.3 7.51 3.2 35 7.84 4.5 25 13.54 2.8 40
0.4 7.50 4.4 35 7.83 2.8 25 13,59 1.0 8
0.5 7.50 2.9 15 7.90 3.9 40 13.59 0.9 5
0.6 7.43 4,1 35 7.86 2.4 25 13.62 1.7 30
0.8 7.50 2.5 10 8.00 3.7 25 13.62 0.9 25
1.0 7.67 2.3 40 8.00 3.0 25 13.64 0.8 30
1.5 65.76 5.6 15 7.37 2.7 35 12,00 3.1 35
2.0 6,62 5.3 35 7.41 2.1 10 11,62 1.7 10
3.0 6.36 3.9 15 7.14 1.7 8 11.43 2.0 40
4.0 6.26 3.0 6 7.37 1.1 30 11.31 1.4 4
5.0 6.41 2.3 4 7.17 0.6 1 11.78 2.4 20
6.0 6.33 8.2 40 7.02 4.6 40 | 11,75 4.1 &0
8.0 6.50 3.1 20 7.30 6.2 40 11.52 2.1 25

-10.0 6.66 1.4 4 7.29 1.3 35 11.58 1.7 25
15.0 6.54 1.9 4 7.37 1.2 4 11.50 2,8 40
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Table & Composition of lead glass

8102 34.5 wt (%)
B203 3.0
Ba0 5.0
PbO 55.0
NaZO 0.5
KZO 2.0
density 4,36
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Table 5 The gamma-ray cross sections for lead glass, the equivalent atcmic number
and the maximum deviaticns of builldup factor estimated by the equivalent
atomic number from the PALLAS calculations in lead glass

Photon| linear attenu- | total Scat- photo- | pair | Max.

Energy! ation coeffi- CTOSS tering | effect | produc-! Zeq | Dev. Xmax
Ep cient (cm™ 1) section tion

(MeV) | - =4.36 =4.20 | (cm2/g) | (cm?/g) | (cm?/g) | (cm?/g) (%) |(mfp)
0.015| 2.600+2 1 5.964+1 | 1.588-1| 5.936+1 37.54

0.020| 1.903+2 4,364+1 | 1.560-1, 4.342+1 33.12

0.030] 6.479+1 1.486+1 | 1,508-1 1.469+1 33.52

0.040] 2,988+1 6.877+0 1 1.462-1| 6.746+0C 33,88

0.050| 1.664+1 3.816+0 | 1.417-1] 3.677+0 34.42

0.060] 1.031+1 2.36540  1.377-1| 2.228+0 34.97

0.080| 4,985+0 1.137+0 | 1.306-1 1.0Q7+0 35.93

0.10 1.195+1 | 1.216+1 1 2,.741+0 | 1.244-1| 2,619+0 -

0.15 | 4.467+0 | 4.38 +0 1.025+O 1.121-1¢ 9.131-1 63.10; 27.4| 8.0
0,20 | 2.339+40 [ 2.25 40| 5.365~1 1.026-11 4.337-1 64,27 4.6 1.0
0.30 1.056+0 | 1,00 +0| 2.421~-1] 8,930-2] 1.531-1 65.60 | 20.7 | 40.0
0.40. 1 6.707-1 | 6.49:~1| 1.538-1| 7.996-2 7.371-2 66,12 11.1]40.0
0.50 | 5.079~1{4.92 -1 | 1.165-1; 7.297-2| 4,339-2 66.81 15.5 | 40.0
0.60 | 4.199-1 | 4,11 ~1] 9.631-2 6.750~2 2.853-2 67.21 13.0 | 40.0
0.80 | 3.247-11]3.23 -1 | 7.446-2| 5.938-2| 1.516-2 67.08 11.5 | 40.0
1.0 2.742-1 12,76 -1 6.,290-2 | 5.332-2 | 9.494-3 £7.00 16.3 | 40.0
1.5 2.118-1 | 2.15 -1 | 4.857~21 4.,333-2 | 4.,294-3| 9.032-4 | 65.31 7.8 1 5.0
2.0 1.849-1 11,88 -1| 5.241-2 3.695-2 | 2.630-3 | 2.773-3 | 66,62 16,0 | 40.0
3.0 1.615-1 | 1,63 =11 3.705-2 | 2,911-2| 1.358-3 | 6,570-3; 52.20 77.5 | 40.0
4.0 1.521-1 | 1.55 =1 3.489~21 2,430-2 ; 8.753-4 | 9.759-3 | 48.23 | 77.2  40.0
5.0 1.487-1 1,50 ~1| 3.411-2| 2.097-2 | 6.449-4 1.246-2 | 46.19 | 124.5 | 40.0
6.0 1.470-1 1.49 -1 3.371-2 | 1.854-21 4.994-4 l.4f0~2 45.67 ) 180,5 | 40.0
8.0 1.476-1 1 1.48 ~1| 3.386-2 | 1.515~2 | 3.433-4} 1.827-2 | 44.00 | 261.5 | 40.0

10.0 1.505-111.52 -1| 3.451-2| 1,291-2| 2.646-4 | 2,135-2 | 42.00  282.8 | 40.0

15.0 1.613-1 3.700-2 | 9,553-3| 1.,662-4 | 2.730-2| 41.27 | 326.9 | 40.0
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Table 6 Exposure Buildup Factors in 45-mfp-thick Lead Glass by the PALLAS Code
ENERGY (MEV)

R(MFP) 15 10 8 & 5 & 3 2 1.5
0.5 1.32 1.28 1.26 1.23 1.23 1.24 1.23 1.21 1.21
1.0 i.64 1.50 1.46 1.41 1.41 1.44 1.43 1.43 1.43
2.0 2.26 1.92 1.83 1.75 1.76 1.84 1.85 1.89 i.B%9
3.0 2.95 2.35 2.21 2.12 2.14 2.28 2.32 2.38 2.38
4.0 3.76 2.83 2.62 2.50 2.55 2.74 2.79 2.87 2.8B6
5.0 4.71 3.35 3.06 2.92 2.98 3.23 3.29 3.39 3.35
6.0 S.83 3.92 3.54 3.38 3.45 3.76 3.83 3.93 3.84
7.0 7.16 4.55 L.06 3.87 3.96 4.32 440 4L.48 4 37
B.O 8.71 5.25 4.63 440 4.50 4.91 4.98 5.04 4.90

10.0 1.27E1 6.86 5.%90 5,56 5.68 6.18 6.20 6.20 5.97

15.0 3.01E1 1.2581 1.01E1 9.16 9.25 9.88 9.58 9.27 8.75

20.0 6.69E1 2.13E1 1.60E1 1.38BE1 1.37E1 1.42E1 1.32E1 1.25E1 1.16E1

25.0 1.43E2 3.46E1 2.40E1 1.94E1 1.90E1 1.90E1 1.70E1 1.5BE1 1.44E1

3p.0 2.97E2 5.42E1  3.45E1 2.62E1 2.51E1 2.42E1 2.10E1 1.91E1 1.73E1l

35.0 6.01E2 8.26E1 4.B2E1 3.40E1 3.20E1 2.98E1 2.50E41 2.24E1 2.01E1l

40.0 1.19E3 1.23E2 6.556E1 4.31E1 3.97E1 3.57E1 2.91Ei 2.58E1 2.29E1l

ENERGY (MEV)

R(MFP) 1 0.8 0.6 0.5 0.4 0.3 c.2 0.15 0.1
0.5 1.21 1.18 1.16 1.14 1.1z 1.12 1.15 1.26 1.52

1.0 1.43 1.36 1.32 1.28 1.22 1.1¢9 1.22 1.41 2.053
2.0 1.88 1.74 1.62 1.54 1.41 1.30 1.28 1.58 3.35
3.0 2.35 2.13 1.93 1.80 1.59 1.40 1.32 1.67 5.32
4.0 ¢.80 2.4% 2.21 2.03 1.73 1.47 1.36 1.73 8.68
5.0 3.26 2.84 2.49 2.25 1.87 1.54 1.39 1.77 1.48E1
6.0 3.73 3.20 2.77 c.b7 2.00 1.60 1.42 1.80 2.49E1
7.0 4 .20 3.56 3.05 2.68 2.13 1.65 1.45 1.83 4,.19E1
8.0 4.68 3.92 3.33 2.89 2.25 1.70 1.47 1.86 6.88E1

10.0 5.64 L.ob62 3.87 3.30 2.49 1.79 1.51 1.91 1.93E2

15.0 8.08 6.36 5.07 4,20 2.98 1.95 1.59, 1.99 3.01cg3

20.0 1.06E1 B.03 6.20 5.06 .44 2.08 1.64 2.05 5.50E4

25.0 1.31E1 9.61 7.25 5.86 3.86 2.18 1.69 2.10 1.10E6

30.0 1.56E1 1.11E1 8.26 6.60 4,23 2.27 1.73 2.13 2.27E7

35.0 1.81E1 1.26E1 9.23 7.31 4.56 2.34 1.76 2.15 4.81E8

40.0 2.05E1 1.40E1 1.02E1 7.97 4.88 2.40 1.78 2.16 1.03E10

ENERGY {(MEVD

R{(MFP) 0.08 0.06 0.05 0.04
0.5 1.C4 1.02 1.02 1.01
1.0 1.06 1.03 1.02 1.01
2.0 1.08 1.04 1.03 1.02
3.0 1.10 1.05 1.04 1.02
4.0 1.12 1.06 1.04 1.02
5.0 1.14 1.07 1.0%8 1.03
6.0 1.16 1.08 1.05 1.03
7.0 1.17 1.08 1.06 1.03
8.0 1.18 1.09 1.06 1.04

1¢.0 1.21 1.10 1.07 1.04

15.0 ~1.25 1.13 1.08 1.05

20.0 1.2¢9 1.15 1.0%9 1.06

25.0 1.32 1.16 1.10 1.06

30.0 1.35 1.18 1.11 1.07

35.0 1.38 1.19 1.12 1.07

40.0 1.40 i.20 1.13 1.08
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Table 7 Parameters for Point [sotropic Source Exposure Buildup Factors up to
40 mfp in 45-mfp-thick Lead Glass and Comparison to Values Calculated
by the PALLAS Code :

E B C A XK D MAX. XMAX RMS
(MEV? DEV(%> (MFP> DEV(X)
15 1.597 1.063 0.031 14.24 -0.0451 2.4 1 1.21
10 1.470 0.923 0.055 14.30 -0.0607 2.7 0.5 1.33

8 1.430 0.904 0.056 14.23 -0.0630 3.1 C.5 1.41
6 1.376 0.972 0.030 13.B8 -0.0453 3.5 0.5 1.33
5 1.385 0.981 0.026 13.67 -0.0431 2.7 0.5 1.18
4 1.417 1.023 0.010 13.14 -0.0303 2.4 0.5 0.97
3 1.421 1.053 -0.003 12.29 -0.0181 1.7 0.5 0.66
Z 1.430 1.079 -0.015 7.83 -0.0030 0.3 35 0.17
1.5 1.433 1.064 -0.014 16.28 0.0017 c.8 3 0.24
1 1.433 1.037 =0.009 11.51 0.0028 0.6 3 0.28
0.8 1.372 0.997 =-0.001 12.52 -C.0006 0.7 3 0.30
0.6 1.314 0.976 0.001 16.43 0.0048 0.5 3 0.22
0.5 1.280 0.920 0.016 15.81 ~0.0030 0.7 3 0.25
Q.4 1.2¢3 0.820 0.043 16.55 -0.0160 0.4 3 0.18
0.3 1.187 0.612 0.107 13.74 -0.0468 c.8 0.5 0.37
0.2 1.212 0.295 0.299 13.28 -0.1781 1.0 3 0.57
0.15 1.409 0.360 0.186 15.10 -0.0B49 0.3 0.5 0.14
0.1 2.100C 1.268 0.098 16.67 -0.0854 9.9 3 4o41
0.08 1.053 0.537 0.150 13.67 -0.0743 0.8 0.5 0.32
C.06 1.028 0.491 0.178 13.92 -0.1032 0.5 0.5 0.1¢9
0.05 1.021 0.390 0.248 13.64 -0.1591 0.3 0.5 0.15
0.04 1.012 0.411 0.231 14.20 -0.1470 0.2 4 0.08
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Fig. 7 Energy Epe, Epp and Epeak versus atomic number.

(Epp: the photon energy where the cross section of photoelectric
effect and scattering are the same value, Epp: the photon
energy where the cross section of pair preduction and scatter-
ing are same value, and Epeak: the energy correspondlng to a
broad peak by the multiple scattering of photons in an energy
spectrum at deep penetration)
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Fig. 13 Comparison of energy spectra for lead glass, molybdenum

and gadolinium at the source energy of 15 MeV.
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Appendix

This is data library of gamma-ray buildup factors for a point
isotropic source including the contribution of bremsstrahlung, fluores-
cence and annihilation radiation, and the G-P parameters fitted to these
buildup factors. The absorbed-dcse, exposure and dose—equivalent buildup
. factors calculated by the PALLAS code are tabulated for molybdenum, tin,
lanthanum, gadolinium, tungsten, lead and uranium, the source energies
over an energy range from 0.0l5 MeV to 15 MeV, for penetration depths
up to 40 mfp.

The buildup factor data of Ref. 7 were replaced by the recalculated
values over the energy range of 0.5 to 3 MeV. Here are listed the
revised buildup factors and the G-P parameters again. The buildup
factors including fluorescence radiations were compared with the results
of tin, tungsten, lead and uranium, calculated by the ASFIT codel3,

Both values were in good agreement.
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Table A.l Gamma-ray buildup factors for point igotropic source
in 45-mfp-thick molybdenum

ABSORBED DOSE BUILDUP FACTORS IN 45-MFP THICK MOLYBDENUM

ENERGY {(MEV)

RINFP) 13 10 a § 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 1.66
1.0 1.47 1.48 1.55 1.62 1.67 1.62 1.72 1.86 1.91 2.28
2.0 1.84% 1.81 1.89 2.00 2.12 2.11 2-38 2.80 2.88 3.48
3.0 2.25 2.14 2.21 .38 2.55 2.57 3.02 3.72 3.93 4.73
4.0 2.76 2.52 .59 2.79 3.02 3.08 3.68 4.64 4.98 5.95
5.0 3.39 2.97 3.02 3.26 3.57 3.64 4.40 5.61 6.05 .18
6.0 4.18 3.49 3.51 1.80 4.18 4,28 5.20 5.69 T.24 8.61
7.0 5.16 4. 11 4.08 4.41 4.85 4.98 6.0% 7.82 B.4T 1.01E1
8.0 6.38 4.81 4,77 5.07 5.59 5.73 6.96 §.02 .69 1.15E1
10.0 9.72 6.56 6.23 6.60 7.25 7.40 8.94 1.16E1 1.23E1 1.46E1
15.0 2,751 1.38E1 1.19E1 1.18E1 1.26€1 1.26E1 1.48€1 1.91E1 1.96E1 2,35E1
20.0 7.59E1 2.74E1 2.14F1 1.92E1 1.99e1 1.9CGEt 2.1581 2.75E1 2.75E1 J.35E1
25.0 2.03E2 5.30F1 3J.65FE1 2.93E1 2.90E% 2.66E1 2.8BE1 3.653F1 3.56E1 4.41E1

30.0 5,27E2 9.83E1 S5.97E1 4.24E1 4.02E1 3.53E1 3.66E1 4.59E1 4.38E1 5.51E1
35.0 1.33E3 1.7TRBE? 9.44E1 5.%2F1 5.36E1 4.51E1 4.49E1 5.58E1 5.21E1 6.66E1
40.0 3.30E3 3.13E2 1.45E2 7.99E1 6.93E1 5.57E1 3.34F1 6.59E1 6.03E1 7.B1E1

ENERGY (MEV)

RC(HFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 0.08 0.06
0.5 1.76 1.86 1.92 1.94 1,82 1.48 1.323 1.13 1.07 1.02
1.0 2.43 2.57 2.62 2.58 2.30 1.71 1.42 1.16 1.09 1.03
2.0 3.69 3.86 3.84 3.62 3.01 2.00 1.53 1.19 1.10 1.04
3.9 4.99 5.18 5.04% 4.60 3.61 2.23 1.63 1.22 1.42 1.05
4.9 6.23 6.43 6.14 5.46 4.11 2.41 1.72 1.25 1.13 1.06
5.0 T.48 7.68 7.21 §.27 4.58 2.55 1.80 1.28 1.15 1.07
6.0 §.91 9.13 8.44 7.19 5.03 2.71 1.88 1.30 1.16 1.08
7.0 1.04E1 1.06E1 9.66 8.08 5.51 2.85 1.94 1.32 1.17 1.08
8.0 1.1861 1,20t 1.08E1 8.92 5.93 2.97 2.00 1,34 1.18 1.09

10.0 1.48E1 1.51E1 1.33E1 1.07E1 6.78 3.21 2.10 1.37 1.20 1.09

15.0 27.3281  2.40E1 2.02E1 1.%2%1 8.89 3.76 2.31 1.43 1.23 1.11

20.0 3.25Et 3.41E1 2.7S5€1 1.97E1 1,09E1 4.25 2.43 1.47 1.26 1.12

25.0 4,29€1 4.A9E1 3.52%1 2.41E1 1.27E1l 4.67 2.57 ‘1.51 1.27 1.143

30.0 5.20E1 5.62E1 4.3CGE1 2.85E1 1.43E1 5.03 2.67 1.52 1.29 1.14
35.0 6.21E1 6.81E1 5.09E1 3.27E1 1.59E1 5.36 2.17 1.586 1.30 1.15
40.0 7T.22E1 B.OZ2ET 5.83E1 3.6BE1 1.7T2E1 35.63 2.85 1.58 1.31 1.15

ENERGY (MEV2
R{MFP} 0.03 0.04 0.035 0.03 0.028 0.026 0.024 9.022 9.021 0.02

0.5 1.31 1.31 1.31 1.29 1.29 1.28 1.27 1.26 1.26 1.01
1.0 1.38 1.49 1.53 1.55 1.56 1.57 1.57 1.56 i.56 1.01
2.0 1.40 1.686 1.89 2.11 2.22 2.33 2.42 2.48 2.51 1.02
3.0 1.40 1.72 2.19 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 3.36 8.99 1.02
5.0 1.49 1.79 2.84 5.61 7.70 1.04E1 1,.37E1 1.73E1 1.9381 1.02
6.0 1.40 1.80 3.20 8.16 1.2561 1,87E1 Z.69E1 3.6TE1 4,.24E1 1.03
7.0 1.40 1.80 3.62 1.21€% 2.05E1 3.3?E1 5.07E1 T7.28E1 &.TOE1 1.03
8.0 1.40 1.81 4.15 1.78E1 3.23E1 S.74E1 9.52E1 1,.47E2 1.81E2 1.03
10.0 1.41 1.82 5.3% 3.80E1 8.41E1 1.79E?2 3.46E2 6.13E2 B8.06E2 1.03
15.0 1.41 1.82 1.26E1 3.26E2 1.10E3 3.46E3 9.53E3 2.33E4 3.55E4 1.04
20.% 1.42 1,84 4,03E1 3.60E3 1.7GE4 7.74f4 2.91E5 9.55E5 1.67EH 1.05
25.0 1.43 1.84 1.53E2 4.58E4 3.19E5 1.92E6 9.59E€6 4.12E7 B.19E7T 1.05

30.0 1,44 1.85 6.28€E2 6.21FE5 6.24E6 5.14E7 3.36EB 1.BSE9 4.16E9 1.06
35.0 1.44 1.85 2.64E3 B.69E6 1.27EB 1.44E9 1.24E10 B.T2E10 2.18E11 1.06
40.0 1.45 1.83% 1.13E4 1.23E8 2.64F9 4,17E10 4.73E11 4.22€12 1.1BE13 1.06

R{HMFP) ©0.015

oo OoCOoO0QOoOOCeOoOCWn
=
(=]
—

[
S WO M-S O

Ll
w

30.0 1.03
35.0 1.03
40.0 1.03

__.31 _
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Table A.l (continued)

EXPOSURE BUILOUP FACTORS IN 45-MFP THITK MOLYBDENUM

ENERGY (MEV)

R(MFP) 15 10 8 6 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 1.30 1.36
1.0 1.64 1.58 1.57 1.57 1.57 1.54 1.58 1.62 1.64 1.75
2.0 2.21 2.02 1.98 2.01 2.04 2.04 2.18 2.34 2.37 2.54
3.0 2.89 2.49 2.41 2.45 2.51 2.54 2.78 3.07 3.15 3.38
4.0 3.73 3.04 2.90 2.93 3.03 3.09 3.40 3.82 3.94 4,21
5.0 4.79 3.68 3.45 3.49 3.61 3.69 4.09 i.61 4.75 5.07
6.0 6.12 4.44 4.10 5.12 4.27 4.37 4.84% 5.47 5.65 6.04
7.0 7.78 5.32 4.83 4,82 4,99 5.11 5.65 6.39 6.58 7.03
8.0 9.84 6.34 5.65 5.59 5.78 5.91 6.50 7.38 7.51 8.02
10.0 1.56E1 8.88 7.64 7.38 7.57 7.67 8.36 9.43 9.49 1.02E1
15.0 4.63E1 1.94FE1 1.51f1 1.35E1 1.34E1 4.31E1 1.38E1 1.54E1 1.50E1 1.62E1
20.0 1.31E2 3.98E1 2.77E1 2.22E1 2.11E1 1.9%E% 2.00E1 2.20E1 2.09E1 2.29€1
25.0 3.S54E2 T7.77E1 4.78E1 3.41E1 3.10E1 2.80E1 2.68E1 2,92E1 2.70E1 3.0tE1

30.0 9.24E2 1.46E2 T.88E1 4.97E1 4.31E1 3.7281 3.41E1 3.67E1 3.32E1 3.75E1
35.0 ?2.35E3 2.65E2 1.25E2? 6.95E1 S5.76E1 &.75E1 4.17E1 4.45E1 3.93JE1 4,52E1
40.0 5.83E3 4.69E2 1.94E2 9.42E1 7.45E1 5.87E1 4.968E1 5.25E1 4.55E1 5.2%E1

ENERGY (MEV)

R(MFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 G.08 0.06
0.5 1.37 1.37 1.37 1.35 1.30 1.20 1.18 1.08 1.05 1.02
1.0 1.76 1.75 1.73 1.66 1.54 1.34 1.25 1.11 1.07 1.03
2.0 2.55 2.50 2,41 2.23 1.95 1.54 1.35 1.13 1.09 1.04
3.0 3.37 3.28 3.09 2.78 2.31 1.71 1.43 .18 1.10 1.0%
4.0 4.18 4.04 3.T74 3.28 2.62 1.84 1.51 1.20 1.12 1.06
5.0 4,99 4.81 4,38 3.76 2.9 1.96 1.38 1.23 1.13 1,07
6.0 53.91 5.68 5.10 4.29 3.21 2.07 1.64 1.25 1.14 1.47
7.0 6.84 6.56 5.81 4.80 3.50 2.18 1.69 1.27 1.15 1.08
8.0 7.77 T7.45 6.52 5.30 3.77 2.28 1.74 1.2% 1.16 1.08

10.0 9.72 9.33 7.99 6.32 4.31 2.46 1.83 1.32 1.18 1.09

15.0 1.52E1 1.47E1 1.20E1 8.95 5.64 2.89 2.00 1.37 1.21 1.11

20.0 2.11E1 2.07E1 1.63E1 1.16E1 6,88 3.26 2.12 1.41 1.24 1.12

25.0 2.72E1 2.T7T2E1 2.08E1 1.42E1 B.01 3.58 2.22 1.44 1,25 1.13

0.0 3.35E1 3.40E1 2.54E1 1.87E1 9.04 3.a86 2.3 1.47 1.27 i.14
35.0 4,00E1 4.11E1 J.00E1 1.91E1 9.99 4011 2.3% 1.49 1.28 1.14
40.0 4.64E1 4.82E1 3.46FE1 2.15E1 1.09E1 4.33 2. 46 1.51 1.29 1.15

ENERGY (MEV}
R(MFP) 0.05 0.04 5.035 0.03 0.028 0.026 ¢.024 0,022 0.021 0.02

0.5 2.66 2.82 2.68 2.43 2.32 2.17 2.03 1.89 1.82 1.01
1.0 3.06 3.83 3.9 3.76 3.59 3.38 3.1¢6 2.90 2.78 1.01
2.0 3.12 4.83 5.886 6.59 6.66 6.58 65.38 6.02 5.82 1.02
3.0 3.06 5.23 7.52 1.03E1 1.12€1 1.19E1 1,23Et 1.23E1 1,22t 1.02
4.0 3.02 5.42 9.19 1.58E1 1.89E1 2.18E1 2.44E1 2.59E1 2.65E1 1.02
5.0 3.02 5.53 1.10E1 2.43F1 3.20Et 4.05E1 4.91E1 3.61%1 5_.92E1 1.02
6.0 3.02 5.57 1.2961 3.72€1 5.42E1 7.52E1 9.91E1 1.22E2 1.33€2 1.03
7.0 3.01 5.58 1.5261 $.TOE1 9.13E1 1.36E2 1.89E2 2.44E2 2.75&2 1.03
8.0 3.02 5.61 1.80E1 &.57E1 1.46€2 2,38E2 3.57E2 4.94E2 35.74£2 1.03
10.0 3.01 5.62 ?.47€1 1.B7E2 3.83E? 7.44E? 1.3083 2.07E3 R2.56E3 1.03
1.0 3.00 5.63 6.31E1 1.62E3 5.03JE3 1.44E4 3.58E4 7.B3E4 1.13E5 1.04
20.0 3.02 5.69 2.10E2 1.77E4 T.96E4 3.19E5 t.09E6 3.70E6 5.27E6 1.05
25.0 3.04 5.72 8.09E2 2.74F5 1.43Ep 7.BBE6 3.56E7 1.37ES 2.57ES 1.05

30.0 3.086 5.74 3.32E3 3.04E6 2.80E7 2.10E& 1.24E9 6&_17E9 1.30E10 1.06
35.0 3.o7 5.73 1.40E4 4.25ET 5.68E8 S5.BTE9 4.56E10 2.88E11 6.80E11 1,06
40.0 3.09 5.72 5.,98E4 6.02E8 1.18E10 1.70E11 1.74E12 1.39E13 3.63E13 1.06

ENERGY (MEY)
R{HFP) 0.015

a.5 1.00
1.0 1.01
2.0 1.01
3.4 1.01
4.0 1.01
5.0 1.01
6.0 1.01
7.0 1.0t
8.0 1.01
10.0 1.02
15.0 1.02
20.9 1.02
25.0 1.02
30.0 1.03
35.0 1.03
4.0 1.03
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Table A.1l {continued)

DOSE EQUIVALENT BUILDUP FACTORS IN 45-MFP THICK MOLYBDENUM

EMERGY (MEV)

REMFPY 15 10 8 6 5 4 3 2 1.5 1

0.5 1.39 1.39 1.38 1.37 1.37 1.32 1.32 1.32 1.33 1.40
1.0 1.75 1.69 1.66 1.65 1.66 1.60 1.63 1.67 1.71 1.83
Z.0 2.40G 2.18 2.11 2.12 2.16 2.12 2.27 2.44 2.50 2.70
3.0 3.14 z-69 2.57 2.58 2.67 2.65 2.90 3.22 3.35% 3.62
4.0 4.07 3.29 3.10 3.10 3.23 3.22 3.58 4.01 4.21 4.53
5.0 5.25 4.00 3.170 3.69 3.85 3.85 §.27 4.85 5.09 5.4%
6.0 .72 4.84 4.49 4,36 4.56 4,56 5.07 5.77 6.08 6.52
7.0 8.56 5.81 5.20 5.11 5.35 5.34 5.92 6.74 7.08 7.61
8.0 1,09E1 6.94 6.09 5.94 6.20 6.18 6.81 7.77 8.10 8.69
10.0 1.72E1 9.75 8.25 7.85 B.14 8.03 a.77 9.97 1.03E1 1.10E1
15.0 5.14E1 2.15E1 1.64E1 1.44E1 1,44E1 1.38E1 1.45E1 1.63E1 1.62E1 1.76E1
20.0 1.45E2? 4.4%1E1 3.02E1 2.38E1 2.29E1 2.10E1 2.11€1 2.34E1 2.27E1 2.50E1
25.0 3.94€2 8.63E1 5.21E1 3.65E1 3.36E1 2.94E1 2.83€1 3J.10E1 2.93E1 3.28E1

30.0 1.03E3 1.62E2? B.61E1 5.33E1 4.68Et 3.91E1 3I.60E1 3.90E1 3.61E1 4.10E1
35.0 2.62E3 2.95E2 1.37E2 7.4TE1 6.25EY 5.00E1 4.41E1 4.73E1 4.28E1 A.94E1
40.0 6.51E3 5.22€E2 2.12E2 1.01E2 8.09E% 6.19E1 5.24E1 5.5BE1 4.95E1 35.73E1

ENERGY (NEV)

R{MFP) 0.8 0.6 e.5 0.4 0.3 0.2 0.15 0.1 0.08 0.06
0.5 1.42 1.41 1.41 1.37 1.32 1.22 1.19 1.09 1.05 1.02
1.0 1.85 1.82 1.80 1.7 1.57 1.36 1.27 1.12 1.07 1.03
2.0 2.71 2.63 2.53 2.31 1.99 1.57 1.37 1.135 1.69 1.04
3.0 3.62 3.47 3.26 2.88 2.36 1.75 1.45 1.18 1.10 1.05
4,0 4,50 4.28 3.95 3.41 2,68 1.88 1.53 1.21 1.12 1.06
5.0 5.39 5.10 4.64 3.9% 2.98 2.00 1.60 1.24 1.13 1.07
6.0 6.39 6.04 5.41 4.46 3.29 2.12 1.66 1.26 1.14 1.07
7.0 T.41 6.98 6.17 5.00 3.58 2.23 1.72 1.28 1.16 1.08
8.0 B.42 7.93 6.93 5.52 3.86 2.33 1.77 1.30 1.17 1.08

10.0 1.06E1 9.95 8.50 6.58 4.42 2.52 1.86 1.33 1.18 1.09

15.0 1.65E1 1.57E1 1.28E1 9.33 5.78 2.95 2.03 1.38 1.22 1.11

20.0 2.30E1 2.22E1 1.7aE1 1,211 7.06 3.33 2.16 1.42 1.24 1.12

25.0 2.9FE1  2.91E1  2.2281 1.48F1 8.22 3.65 2.26 1.45 1.26 1.13

30.0 3.66E1 3.64E1 2.71E1 1.74E1 9.27 3.94 2:35 1.48 1.27 1.14

35.0 4,37E1 4.40E1 3.20E1 2.00E1 1.02E1 4.20 2.43 1.50 1.28 1.14
40.0 5.07E1 5.17E{ 3.69E1 2.24E1 1.11E1 4.42 2.51 1.52 1.29 1.15

ENERGY (MEV}
R(MFP) 0.05 0.04 0.035 0.03 0,028 0.026 0.024 0.022 0.021 0.02

0.5 2.28 2.36 2.32 2.2 2.13 2.03 1.93 1.82 1.77 1.01
1.0 2.59 3.12 3.30 3.31 j.22 3.09 Z2.94 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
i.¢ 2.59 4.18 5.15 8.81 9.79 1.06E1 1.12E1 1.14E1 1.15E1 1.02
4.0 2.57 4.33 7.48 1.3561 1.64E% 1.9381 2.2181 2.41E1 2.49E1 1.02
5.0 2.56 &.81 - 8.93 2.06E1 2.T7EYT 3.57E1 4.44E1 5.21E1 5.58E1 1.02
6.0 2.56 4.45 1.0561 3.15E1 4.68€1 6.64E1 8.96E1 1.13E2 1.235E2 1.03
7.0 2.56 .46 1.24E1 4.83E1 7.88F1 1.20E2 1.71E2 2.26E2 2.59E2 1.03
3.0 2.57 4.48 1.46E1 7.26E1 1,26E2 2.16E2 3.23E2 4.58E2 5.41E2 1.03
10.0 2.56 4.50 2.00E%1 1.59E2 3.32E? 6.58E2 1.18E3 1.92E3 2.41E3 1.03
5.0 2.55 4.51 5,151 1.39E3 4,.40E3 1.2BE4 3.26E4 T7.31E4 1.06E5 1.04
20.0 2.57 4.56 1.72€2 1.54E4 7,02E4 2.87E5 9.95E5 3.00E6 5.01E6 1.05
25.0 Z.58 4.59 6.64E2 1.95E5 1.27€6 T7.13E64 3.28E7 1.,30E8 2.46E8 1.05

30.0 2.60 4.60 2.73E3 2.65E6 2,49E7 1.91E8 1.15E9 5.84%9 1.25E10 1.06
35.0 2.61 4.560 1.15E4 3.71E7 S5.07E8 5.35E9 4.24E10 2.T4E11 6.54E11 1.06
40.0 2.63 4,58 4.92€4 S5.2TE8 1.035E10 1.55E11 1.62E12 1.33E13 3.53E13 1.06

ENERGY (MEV)
R{MFP) D0.0G15

0.5 1.00
1.0 1.0t
2.0 1.01
3.0 1.0
4.0 1.01
5.0 1.01
6.0 1.01
7.0 1.01
8.0 1.01
1¢.0 1.02
15.0 1.02
20.0 1.02
25.0 1.02
30.0 1.03
35.0 1.63
46.0 1.03

44,33‘u_
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Table A.2 Gamma-ray Buildup factors for point isotropic source
in 45-mfp-thick tin

ABSORBED DOSE BUILDUP FACTORS IN 45-MFP THICK TIN

ENERGY (MEV}

RCMFPY 15 10 8 6 s 4 3 2 1.5 1
0.5 1.27 1.30 1.35 1.39 1.42 1.34 1.38 1.42 1.46 1.67
1.0 1.49 1.52 1.56 1.62 1.67 1.58 1.69 1.82 1.93 2.25
2.0 1.87 1.85 1.89 1.98 2.07 2.00 2.27 2.65 2.89 3.36
3.0 2.32 z.21 2.22 2.34 2.48 2.42 2.84 3,45 3.89 4.49
4.0 2.91 2.65 2.62 2.76 2.95 2.89 3,43 4.26 4.88 5.55
5.0 3.68 3.18 3.08 3.24 3.48 3.42 4.12 5.12 5.89 6.62
6.0 4.68 3.82 3.63 3.80 4.09 4.02 4.87 6.06 7.01 7.84
7.0 5.98 4.59 4.26 4,43 4,77 5.68 5.68 7.06 8. 16 9.08
8.0 7.66 5.50 4.99 5.14 5.52 5.30 6.54 8.10 9.30 1.03€1
10.0 1.26E1 7.47 6.79 6.83 7.25 7.00 8.43 1.04E1 1.1TEt 1.28E1
15.0 4.38E1 1.89E1 1.41E1 1.3061 1.31Et 1.21Et 1.41E1 1.68E1 1.84E1 1.99E1
20,0 1.49E2 4,351 2.7961 2.27E1 2.15E1 1.87Et 2.08E1 2.3%9E1 2,55E1 2.73&1
25.0 4.89FE2 9.67TE1 5.25E1 3.72E1 3.28E1 2.68FE1 2.83FE1 3.16E1 3.28E1 3.50E1

30.0 1.56E3 2.08E2 G9.352E1 5.83FE1 4.77E1 3.63FE1 3.65E1 J3.96E1 4.01E1 4.28E1]
35.0 4_B4E3 4.3BE2 1.53E2 B8.80E1 6.66E1 4.73E1 4.53E1 4.79E1 4.75E1 5.06E1
40.0 1.47E4 8,9TE2 2.87E2 1.29E2? &.99E1 5.97E1 5.46E1 5.65E1 5.47E1 35.83E1

ENERGY (MEV)

R(MFP) 0.8 0.6 0.5 0.4 0.3 Q.2 Q.15 0.1 0.09 0.08
0.5 1.75 1.81 1.80 1.77 1.61 1.32 .11 1.10 1.09 1.35
1.0 2.33 2.41 2.3% 2.24 1,93 1.46 1.17 1.12 1.11 1.40
2.0 3.47 3.47 3.29 2.97 2.37 1.63 1.26 1.15 1.14 1.41
3.0 4.60 4.51 .17 J.62 2.74 1.76 1.32 1.18 1.15 1.42
4.0 5.66 5.43 4.96 4.16 3.02 1.86 1.38 1.19 1.17 1.43
5.0 6.71 6.37 5.72 4.66 3.28 1.94 1.42 1.21 1.18 1.44
6.0 7.92 T.42 6.58 5.21 3.55 2.02 1.46 1.22 1.1% 1.45%
7.0 9.12 8.44 7.4l 5.72 3.8 2.10 1.49 1.24 1.20 1.46
5.0 1.03E1 9.43 8.21 6.20 4.03 2.16 1.52 1.25 1.21 1.46

10.90 1.27E1 1.15E1 9.88 T.17 4.49 2.9 1.58 1.26 1.22 1.48

15.0 t.95E1 t.71E1  1.43E1 9.53 5.55 2.56 1.68 1.30 1.23 1.50

20.0 2.67E1 2.28Et 1.88E1 1.17&1 6.59 2.80 1.75 1.32 1.27 1.52

25.0 3.41E1 2.87Et 2.32E1 1.38%1 7.32 3.00 1.81 1.34 1.28 1.54
30.0 4,15E1 3.44E1 2.76E1 1.56E1 8.03 3.16 1.85 1.36 1.30 1.53
35.0 4.90E1 4.02E1 J.20E1 1.T4E1 B8.66 3.3 1.89 1.37 1.31 1.57
40.0 5.63E1 4.58E1 3,621 1.91F1 9.22 J .44 1.93 1.38 1.32 1.58

ENERGY (MEV)
R(MFP) 0.07 0.04 0.055 0.05 0.045 0.04 0.035 0.03 0.029 0.02

0.5 1.38 1.38 1.38 1.38 1.37 1.36 1.36 1.35 1.01 1.00
1.0 1.4% 1.548 1.61 1.64 1.68 1.70 1.75 1.76 1.02 1.01
2.0 1.52 1.70 1.86 2.05 2.28 2.51 2.81 3.04 1.02 1.01
3.0 1.51 1.73 1.99 2.37 ?2.96 3.569 4.68 5.66 1.03 1.01
4.0 1.51 1.74 2.07 2.69 3.84 5.62 8.33 1.15E1 1.03 1.01
5.0 1.51 1.74° 2.13 3.02 5.85 8.87 1.56E1 2.46E1 1.04 1.01
6.0 1.52 1.74 2.17 3.38 6.70 1.43E1 2.97E1 5.38FE1 1.04 1.01
7.0 1.52 1.73 z.21 3.80 9.08 2.32E1 5.45E1 1.,10E2 1.04 1.02
8.0 1.53 1.73 2.25 4.33 1.22%1 3.66E1 9.89Et 2.26E2 1.05 1.02
10.0 1.54 1.72 2,34 5.59 2.24E1 9.32E1 3.38E2 9.82E2 1.03 1.02
15.0 1.53 1.71 2.62 1.26E1 1.2%E2 1.1BE3 B.09E3 4.09E4 1.06 1.02
20.0 1.57 1.71 2.88 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 B.65E7 1.08 1.93
30.0 1.59 1.72 .64 4.93E2 B.16E4 6.13E6 2.12EB 4.25FE9 1.08 1.03
35.0 1.60 1.72 4.26 1.90€3 7.72E5 1.20E8 7.13E9 2.17E11 1.09 1.03
40.0 1.61 1.73 5.14 7.47E3 T7.39E6 2.39E9 2.47E11 1.14£13 1.10 1.04

ENERGY (MEV)
RIMFP} 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
3.0 1.01
10.9 1.01
15.0 1.01
0.0 1.01
25.0 1.01
310.0 1.02
35.0 1.02
40.90 1.02
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Table A.2

{(continued)

EXPOSURE BULLDUP FACTORS I[N 45-MFP THICK TIN

3.44

ENERGY (MEV)

5

2.30E1
3.53E1
5.14E1
7.20E1
9,.74E1

4

3.49
4.14
4.85
5.62
7.35
i.28E1
1.99E1
Z.86E1
3.89E1
5.07E1
6.41E1

ERERGY (MEV)

C.3

0.2

T.86

1.31E1
1.93€1
2.63E1
3.40GE1
4.22E1
5.07E1

5.29
6.09
6.88
8.54
E1 1.3%E1
E1 1.79%9E1
Ef 2.29E1
E1 2.79E1
E1 3.29E1
E1 3.79E1
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Table A.2 (continued)

DOSE EQUIVALENT BUILDUP FACTQRS IN 45-MFP THICK TIN

ENERGY (MEV)

RCMFP) 15 10 8 [ 5 4 3 2 1.5 1
0.5 1.39 1.38 1.37 1.36 1.3¢6 1.30 1.30 1.38 1.32 1.37
1.0 1.76 1.67 1.63 1.61 1.61 1.54 1.57 1.61 1.67 1.75
2.0 2.45 2.17 z2.07 2.05 2.07 2.01 2.13 2.28 2.39 2.50
3.0 3.31 2.74 2.55 2.51 2.56 2.48 2.70 2.94 3.15 3.28
4.0 4. 44 3.43 3.1 3.03 3.10 3.02 3.30 3.62 3.92 4.03
5.0 5.94 4.27 3.77 3.63 3.72 .61 3.ov 4.35 4.70 4.80
6.0 7.90 5.28 4.54 4.32 4.42 4.2% 4.70 5.13 5.57 5.66
7.0 1.05E1 6.50 5.43 5.11 5.21 5.03 5.49 5.96 6.45 6.52
8.0 1.38E1 7.95 6.47 6.00 6.07 5.83 6.34 &.83 7.34 T.37
10.0 2.37E1 1.18E1 9.04 .11 8.09 7.64 8.18 8.70 9.21 9.17
15.0 8.65E1 2.97EY 1.96E1 1.58E1 1.49E1 1.34E1 1,37E1 1.40E1 1.44E1 1.41E1
20.0 3.00E2 7.02E1 3.97VE1 2.B2E1 2.4TE1 2.08E1 2.02E1 1.99E1 1.98E1 1.93F1
25.0 9,97EZ 1.59E2 7.59E1 4.67E1 3.80E1 2.99E1 2.75E1 2.62E1 2.54E1 2.47E1

30.0 3.20E3 3.45E2 1.39E2 7.37Et S5.55E1 4.06E1 3.55E1 3.28E1 3.10E1 3.01E1
35.0 0.97E3 T7.29E2 2.46E2 1.12E2? 7.7TE1 5.31E1 A.41E1 3.97E1 3.65E1 3.35E1
40.0 3.03E4 1.50E3 4.24E2 1.64E2 1.05€2 6.71E1 5.31E1 4.67E1 4.21E1 4.0%€E1

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 1.37 1.36 1.34 1.31 1.24 £.15 1.07 1.10 1.11 1.563
1.0 1.75 1.71 1.66 1.57 1.43 1.25 1.11 1.12 1.14 1.72
2.0 2.48 2.35 2.73 2.04 1.71 1.38 1.18 1.15 1.16 1.72
3.0 3.23 3.60 2.78 2.41 1.96 1.49 1.24 1.17 1.18 1.73
4.0  3.94 3.60 3.29 2.76 2.16 1.57 1.28 1.19 1.19 1.74
5.0 4.66 4.720 3.79 3.08 2.34 1.64 1.32 1.21 1.20 1.75
6.0 5.47 4.86 4.34 3.43 2,53 1.71 1.36 1.22 1.21 1.76
7.0 6.27 3.50 4.87 3.76 2.71 1.77 1.39 1.23 1.22 1.77
8.0 7.07 6.14 5.40 4,07 2.87 1.83 1.42 1.24 1,23 1.78

10.0 8.74 7.47 6.48 4.70 3.19 1.93 1.46 1.26 1.24 1.80

15.0  1.33E1 1.10Ef 9.31 6.23 3.94 2.17 1.55 1.29 1.27 1.83

20.0 1.81E1 1.47E1 1.22E1 7.64 4.60 2.38 1.62 1,32 1.29 1.88

25.0  2.30E1 1.B4E1 1.51E1 8.95 5.18 2.53 1.67 1.34 1.31 1.38

30.0 2.80E1 2.20E1 1.79E1 1.02E1 5.68 2.67 1.72 1.35 1.32 1.89
35.¢ 3.30E1 2.57E1 2,07E1 1.13E1 6.12 2.79 1.75 1.37 1.33 1.91
40.0 3.79E1 2.93E1 2.34E1 1.24E1 6.51 2.90 1.79 1.38 1-34 1.92

ENERGY (MEV)
R{MFP) 0.07 0.086 0.055 0.05 0.045 0.04 0.035 0.03 0.029 0.02

0.5 1.84 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 1.01
3.0 2.10 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 1.00E% 1.50E1 2.07E1  2.54E1 1.03 . t.01
5.0 2.09 3.01 - 4.36 T.63 1.39E1 2.49E1 4.01E1 5.59%9E1 1.04 1.01
6.0 2.09 2.99 4.49 B.81 1.91€1 4.15E1 7.BQE1 1.724E2 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 1.19E1 3.6581 1.10E2 2.64EZ §5.2412 1.0 1.02
10.0 2.11 2.93 4,38 1.61E1 6.90E1 2.B2E2 9.06E2 2.2BE3 1.03 1.02
15.0 2.14 2.89 5.81 3.93E1 4.08E2 35.59E3 2.1BE4 9.51E4 1.06 1.02
20.0 Z2.16 .87 6.60 1.23E2 3.17€3 5.59FE4 5.93E5 4.26E6 1.07 1.03

25.0 2.7 2.86 7.56 4,34T2 ?2.BOE4 9.88E5 1.7BEY 2.01E§ 1.08 1.03
Jo.0 2.19 2.86 4.90 1.63E3 2.60E5 1.87E? 5,70E8 9.91E9% 1.08 1.03
35.0 2.20 2.87 1.08E1 6.30E3 2,46E6 3.67TE8 1.92E10 5.06E11 1.09 1.03
40.0 2.22 2.88 1.3561 2.47E4 2.35€7 7.29E9 6.66E1Y1 2.66E13 1.10 1.04

ENERGY (MEV)
R{HFP) 0.G15
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Table A.3 Gamma-ray buildup factors for point isotropic source
in 45-mfp-thick lanthanum

ABSORBED DOSE BUILDUP FACTORS INH 45-MFP THICK LANTHANUM

ENERGY (MEWV)

RCHFP) 13 10 8 & 5 4 3 2 1.5 1
0.5 1.28 1.31 1.36 1.41 1.44 1,36 1.41 1.44 1.48 1.64
1.0 1.50 1.52 1.56 1.63 1.67 1.59 1.70 1.83 i.95 2.17
2.0 1.60 1.85 1.87 1.96 2.05 1.98 2.24 2.63 2.86 3.13
3.0 2.38 2.23 2.21 2.32 2.45% 2.38 2.79 3.39 3.80 4.09
4.0 3.03 2.69 2.62 2.73 2.91 2.83 3.38 4.13 4.70 4.99
5.0 3.9 3.7 3.11 3.22 3.43 3.37 4.G3 4,97 5.62 5.89
6.0 5.08 3.98 3.69 3.78 4.06 2.97 4.76 5.86 6.64 6.91
T.0 6.65 4.85 4.38 4.43 4.76 4.64 5.55 6.890 7.68 7.92
B.0 B.73 5.91 5.18 5.16 5.53 5.37 6.39 T.79 8.69 B.G%1
10.0 1.52E1 8.76 T7.22 6.93 7.37 7.04 8.25 9.89 1.08E1 1.10E1
5.0 6.04E1 2.31E1 1.62E1 1.37E1 1.39E1 1.2681 1.39E1 1.59&£1 1.67E1 1.66E1
20.0 2.35E2 5.89E1 3J.46E1 2.30E1 2.39E1 2.01E1 2,06E1 2.25E1 2.27E1 2.24E1

25.0 B.B3E2 1.46E2 T7.12E1 4.31E1 3.85Et 2.%8F1 2.84E1 2.95E1 2.8B8E1 2.82E1
30.0 3.22E3  3.49E2 1.41E2 7.10E1 5.89E%1 4.18E1 3.70E1 3.69FE1 3.4BFE1 3.41F1
35.0 1.14E€4 &.15E2 2.73E2 1.13E2 B.67ET S.64E1 4.63t1 4.46E1 4.07E1 3.39E1
40.0 3.96E4 1.B6E3 5.12E2 1.74E2 1.24E2? 7.37E1 35.62E1 5.25E1 4.65E1 4.36E1

ENERGY (MEVY)

R(MFP} 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.% 0.08 Q.07
0.3 1.7¢ 1.72 1.78 1.72 1.58 1.41 1.13 1.38 1.41 1.42
1.0 2.23 2.22 2.23 Z2.10 1.82 1.51 1.17 1.46 1.60 1.68
2.0 3.18 3.05 3.00 2.65 2.14 1.64 1.23 1.48 1.73 2.00
3.0 4.18 3.az2 3.67 3.11 2.39 1.74 1.27 1.49 1.75 2.18
4.0 4.93 4.51 4,23 3.48 2.59 1.81 1.31 1.50 1.78 2.32
5.0 5.75 5.16 4.76 3.g2 2.76 1.86 1.34 1.51 1.7& 2.43
6.0 6.68 5.88 5.35 4,19 2.94 1.92 1.36 1.52 1.75 2.52
7.0 7.59 6,58 5.90 4.52 . 3.1¢ 1.98 1.38 1.53 1.75 2.61
8.0 B.46 7.25 6.42 4,82 3.25 2.02 1.40 1.54 1.75 2.72

10.0 1.03E1 8.63 7.48 5.42 3.53 Z2.11 1.44 1.53 1.74 2.96

15.0 1.50E1 1.21E1 1.01E1 6.83 4,18 2.29 1.50 1.58 1.74 3.70

20.0 1.99E1 1.56E1 1.26E1 B8.07 4.74 2.435 1.54 1.61 1.75 4.81

25.0 2.46E1 1.89E1 1.49E1 9.15 5,20 2.58 1.58 1.62 1.76 6.76

30.0 2.9261 2.21E1 1.71E1 1.01FE1 5.59 2.69 1.61 1.64 1.77 1.02E1
35.0 3.37E1  2.5281 1.92E1 1.10E1 5.93 2.79 1.63 1.65 1.78 1.65E1
40.0 3.81E1 ?2.B1E1 2.11E1 1.19E1 5.23 2.87 1.66 1.66 1.78 2.81E1

EMERGY (MEV}
R(MFP) 0.0& 0.055 0.05 0.048 0.046 0.044 0.042 0.04 0.039 $.038

G.5 1.41 1.41 1.40 1.40 i.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 1.85 1.86 1.88 1.02
2.0 2.34 2.56 2.78 2.88 .00 3.09 3.1% 3.27 3.36 1.03
3.0 2.97 3.58 4.29 4.64 5.02 5.3% 5.77 6.11 5.38 1.04
4.0 3.75 5.09 5.90 T7.84 8.88 9.99 1.1261 1.23E1 1.31E1 1.04
5.0 4.76 7.4% 1.15E1 1.38E1 1.64E1 1.94E1 2.27E1 ?2.80E1 2.83E1 1.05
6.0 6.08 1.0%E1 1.96E1 2.47ET 3.10E1 3.84E1 4.69E1 5.59E1 6.19E1 1.05
7.0 7.91 1.64E1 3.34FE1 4.36Et S.7T4E1 7.24E1 9,22E1 1.1282 1.27E2 1.06
8.0 1,03E1 2.44E1 S5.45E1 7.49E1 1,03E2 1.36E2 1.80E2 2.28E2 2.61E2 1.06
10.9 1.78E1 5.32E1 1.52E2 2.30E2 3.44E2 4.93E2 T7,07EZ 9.59E2 1.14E3 1.07
15.¢ 8.63E1 4.82E2 2,.36E3 4.37E3 7.90E3 1.36FE4 2.33E4 3.7TZE4 A4.TFE4 1.08
20.¢ 5.60E? 5.58E3 4.41E4 9.75E84 2.08E5 4.24E5 8,43FE5 1.57E6 2.15FE6 1.09
25.0 4.12E3 T.31E4 9.27E5 2.43E6 6.04E6  1.44E7T 3.30ET T7.03E?T 1.03EB 1.10

30.0 J.1764 1.01E6 2.08E7 6.48E7 1.88E8 5.19E8 1.36E9 JF.30E9 S5.11E9 1.11
35.0 2.48E5 1.42E7 4.83£8 1.79E9 6.09E® 1.96E10 5.86E10 1.61E%1 2.64E11 1.12
4G.0 1.97E6 2.03E8 1.14E10 5.07E10 2.03E11 7.60E11 2.60E12 §,08E12 1.40E13 1.13

ENERGY (MEV)
R(MFP} 0.03 0.02 0.015

0.5 1.01 1.0¢ 1.00
1.0 1.01 1.08 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 1.63 1.61 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.G1

35.0 1.06 1.02 1.01
40.0 1.07 1.62 1.01
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Table A.3 (continued)

EXPOSURE BUILDUP FACTORS LN 45-MFP THICK LANTHANUM

ENERGY {(MEV}

R(MFP) 15 10 8 ] 5 4 3 2 1.5 1
0.5 1.34 1.32 1.32 1.31 1.31 1.26 1.27 1.27 1.27 1.31
1.0 1.66 1.58 1.54 1.53 1.52 1.47 1.50 1.54 1.58 1.62
2.0 2.31 2.04 1.95 1.92 1.93 1.88 2.G0 2.12 2.18 2.22
3.0 3.16 2.60 2.41 2.35 2.37 2.32 2.51 2.69 2.81 2.84
4.0 4,32 3.29 2.96 2.84 2.87 2.82 3.06 3.29 J.44 3.43
5.0 5.90 4,15 3.62 .42 J.45 3.38 3.66 3.92 4.08 4.03
5.0 §.02 5.2% 4,40 4.08 4.11 4.02 4.33 4.61 4.78 4.69
7.0 1.09E1 6.51 5.32 4,84 4,848 4.72 5.03 5.33 5.49 5.35
8.0 1.4TE1  8.10 6.41 5.71 5.71 5.50 5.83 6.08 6.19 6.00
i¢.0 2.66E1 1.2401 9.20 T.81 7.69 T.27 .52 7.69 7.68 7.36
15.0 1.11€2 3.44E%1 2.15E% 1.5881 1.48E1 1.31Et1 1.26€1 1.22E1 1.17E1 1.1GE1
20.0 4.39E2 B8.99FE1 &4.71E1 2.94E1 2.57E1 2.11Et 1.B8E1 1.72E1 1.58E1 1.48E1
25.0 1.66E3 2.2562 9.83E1 S5.13E1 4.16E1 3.14E1 2.58E1 2.25E1 1.99E1 1.86E1

30.0 6.09E3 5.44E2 1.97€2 B.51E1 6.39E1 4.4261 3.36E1 2.81E1 2.40E1 2.24E1
35.0 2.17E4 1.28E3 3.82E2 1.36E2 9.44E1 5.96E1 4.20E1 3.39E1 2.81E1 2.61E1
40.0 ?.53E4 2.91E3 7.20E2Z 2.10E2 1.35E? 7.7T9E1 5.10E1 3.98E1 3.21E1 2.98El

R{MFP} 0.8 0.6 Q.5 0.4 0.3 0.2 0.15 0.1 0.08 0.07

2.16 2.0G4 1.92 1.74 1.52 1.2% 1.14 1.48 .21 3.02
2.72 2.50 2.30 2.02 1.68 1.36 1.17 1.4% 2.25 3.39
3.25 2.93 2.64 2.25 1.81 1.42 1.20 1.50 2.25 3.65
3.77 3.34 2.97 2.40 1.94 1.46 1.23 1.51 2.24 3.88
4.35 3.79 3.31 2.68 2.06 1.51 1.25 1.52 2.23 4.07
4.92 4,22 3.64 2.89 2.17 1.55 1.27 1.53 2.22 4.25
5.47 .64 3.95 3.08 .27 1.59 1.23 1.54 2.22 4,46
6.61 5.50 4.59 3.46 2.47 1.63 1.32 1.56 2.21 4,94
9.59 7.67 ° 6.16 4.34 2.91 1.80 1.38 1.59 2,20 6.46
1.26E1 9.80 7.63 5.11 3.29 1.92 1.42 1.61 2.20 8.72
1.55E1 1.19e1 9.02 5.79 3.6t 2.02 1,45 1.62 z2.21 1.27E1
30.0 1.B4E1 1.38E1 1.03E1 6.40 3.88 2.1¢ 1.47 1.64 2.22 1.98E1
35.0 2.1361 1.S57E1 t,16E1 6.97 4.11 2.17 1.50 1.65 2.23 J.26E1
40.0 2.40E1 1.76ET 1.27E1 7.48 4,31 2.24 1.52 1.66 2.24 5.63F1

e
L = - R A - RV R T
e W= =R = W= I B = = R = = B

[ASRES]
woo

ENERGY (MEV)
R{MFP) 0.086 0.055 0.05 0.048 0.046 0.044 0.0472 0.04 0.039 0.038

0.5 2.02 2.04 2.05 2.0t 1.98 1.94 1.91 1.86 1.82 1.02
1.0 2.85 2.98 3.08 3.05 .02 2.97 2.92 2.85 2.78 1.02
2.0 4.36 4.99 5.64 5.74 5.84 .89 5.972 5.89 5.77 1.03
3.0 5.96 7.62 9.60 1.0261 1.08E1 1.13E1 1.17Et 1.20E1 1.19E1 1.04
4.0 7.92 1.1561 1.64E1 1.82E1 ?2.02FE1 2.20E1 2.39E1 2.53E1 2.55E1 1.04
5.0 1.0561 1.74E1 2.85E1 3.33E1 3.86E1 4.41FE1 4.97E1 5.49E1 5.83E1 1.05
6.0 1.3861 2.65F%1 4.95E1 6.08E1 T7.40FE1 8.85E1 1.04E2 1.19E2 1,24E2 1.05
7.0 1.84F1 &4.04E1 8.56Et 1.09E2 1.38E2 1.68E2 2.06E2 2.41E2 2.56E2Z 1.06
8.0 2.44E1 6.11E1 1.81E2 1.87E2? 2.4%E2 3.16E2 4.03E2 4.89E2 5.28E2 1.06
10.0 4.33E1 1.35E2 3.96E2 S.78E2 4.36E2 1.15E3 1.59€3 2.06E3 2.30E3 1.07
15.0 2.16€7 1.24E3 6.16E3 1.10E4 1.92F4 3.19E4 5.22F4 B8.01E4 0.65E4 1.08
20.0 1.41€3 1.43E4 1.15E5 2.46E5 S.0SE5 9,905 1.90E6 3.3BE6 4.36E6 1.0%
25.0 1.04E4 1.87ES 2.4266 6.12E6 1.47ET7 3.3567 7.39E7 1.51E8 2.08E8 1.10

30.0 8.00E4 2.59E6 5.43E7 t.63E8 4.55E8 1.21E9 3.05€9 7.08E9 1.03E10 1.11
35.0 6.27E5 3.65ET 1.26EY 4.52E9 1.48E10 4.56E10 t.31E11 3.45E11 5.33E11 1.12
40.0 4.96E6 5.20E8 2.98E10 1.28E11 4,92E11 1.77E12 5.83E12 1.74E13 2.83E13 1.13

ENERGY (MEV)
RCMFP) 0.03 0.02 0.015

0.5 1.01 1.00 1.00
1.0 1.01 1.00 1.00
z.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 1.0
6.0 1.03 1.01 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
15.9 1.04 1.02 1.01
0.0 1.065 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 i.o1
40.0 1.07 1,02 1.01

__.38‘47
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Table A.3  (continued)

DOSE EQUIVALENT BUILDUP FACTORS IN 45-MFP THICK LANTHANUM

ENERGY (MEV)

RCMFPY 15 10 8 6 5 4 3 2 1.5 1
0.5 1.40 1.38 1.37 1.36 1.35 1.29 1.29 1.29 1.30 1.34
1.0 1.77 1.67 1.62 .59 1.59 1-51 1.54 1.57 1.63 1.67
2.0 2.48 2.18 2.06 2.01 Z2.03 1.94 2.03 2-18 2.28 2.32
3.0 3.43 2.79 2.56 2. 46 2.50 2.39 2.58 2.78 2.95 2.98
4.0 4.71 3.55 3.15 2.98 j.o3 2.91 3.16 3.40 3.62 3.61
5.0 6.43 4.49 3.486 3.59 3.635 3.49 1.78 4.08 4.31 4.24
6.0 8.79 5.66 4,70 4.29 4.36 4,15 4.48 4.78 5.06 4.95
7.0 1.19E1 7.09 5.70 5.10 5.17 4.89 5.23 5.53 5.81 5.65
8.0 1.52E1 8.85 6.88 6.02 6.07 5.6% 5.03 6.31 6.57 6.34
10.0 ?2.93E1 1.36E1 9.90C 8.25 3.20 7.54 7.80 T7.98 8.15 7.79
15.0 1.23€2 3.78E1 2.32E1 1.68E1 1.58E1 1.36E1 1.31€1 1.27E1 1.24Et 1.17E1
20.0 4.86E2 9.92E1 S.11E1 3.13E1 2.75E1 2.19€1 1.9561 1.79E1 1.68E1 1.57E1
25.0 1.85E3 2.49E2 1.07E2 5.46E1 4.47E1 3.27E1 2.68E1 2.35E1 2.13Et 1.97E1
30.0 6.76E3 6.02E2 2.14E2 9.07E1 b6.8BE1 4.60E1 3.49E1 2.93E1 2.57E1 2.37E1
35.0 2.41E4 1.41F3 4.16E2 1.4582 1.02EZ 6.22E1 4.38E1 3.53E1 3.00E1 2.73€E1

40.0 8.36E4 3.23E3 7.84E2 2.24E2 1.45E2 B.13E1 5.31E1 4.13E1 3.43E1 3.17E1

ENERGY (MEV)

R(MFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 g.08 0.07
¢.5 1.34 1.31 1.30 1.26 1.20 1.16 1.07 1.44 1.70 1.82
1.0 1.66 o 1.60 1.55 1.46 1.34 1.23 1.1 1.53 2.0% 2.34
2.9 2.27 2. 11 1.99 1.78 1.54 1.32 1.15 1.55 2.22 2.95
3.0 2.87 2.60 2.39 2.06 1.7 1.40¢ 1.19 1.55 2.26 3.32
4.0 3.43 3.04 2.74 2.30 1.85 1.45% 1.22 1.56 2,26 3.58
5.0 3.99 3.48 3.69  2.53 1.97 1.50 1.25 1.58 2.25 3.81
6.0 4.60 3.G4 3.45 2.75 2.09 1.54 1.°27 i.59 2.25 4,00
.0 3.21 4.40 3.79 2.90 z.21 1.59 1.29 1.60 2.23 4.19
8.0 5.80 4.84 4.12 3.16 2.31 1.62 1.31 1.61 2.23 4.40

10.0 7.02 5.74 4.79 3.55 2.51 1.69 1.34 1.62 2.22 4,89

15.0 1.02E1 8.0%2 6.43 4.46 2.96 1.84 1.40 1.65 2.21 6.43

26.0 1.34E1 1.03E1 7.98 5.23 3.35 1.96 1.44 1.68 2.21 8.71

~
w
=
-
a
=
m
—
—
n3
s
m
-

9.43 5.94 3.68 2.07 1.47 1.69 2.22 1.27E1
30.9 1.97E1  1.45E1 1.08E1 6.58 3.95 2.15 1.50 1.71 2.21 1.9%E1
35.0 2.27E1 1.63E1 1.21E1 7.1 4.19 2,23 1.52 1.72 2.24 3.29E1
40.0 2.56E1 1.88E1 1.33E1 7.69 4.39 2.29 1.54 1.74 2.25% 5.69E1

ENERGY (MEV)
RCMFP) 0,06 0.055 Q.05 0.048 0.046 0.044 0.042 0.04 0.039 0.038

0.5 1.95 1.98 2.01 1.97 1.94 1.90 1.86 1.81 1.78 1.02
1.0 2.71 Z.87 3.01 2.97 2.93 2.87 2.81 2.T4 2.69 1.02
Z2.0 4.12 4.78 5.48 5.56 5.62 5.65 5.65 5.59 5.53 1.03
3.0 5.61 T.27 9.31 9.82 1,0381 1.08E1 1.1181 1,%13E1 1.13E1 1.04
4.0 T. 45 1.10E1 1.59€1 1.76f1 1.93E1 2.10E1 2.26E1 2.39E1l 2.43E1 1.04
5.0 9,86 1,66E1 2.76E1 3.21E1 3.70E1 4.20E1 4.71E1 5.16E1 5.35E1 1.05
6.0 1.30F1 2.5381 4.81E1 S5.88E1 7.10E1 8.44E1 9.87E1 1.1282 1.18E2 1.0%
7.0 1.74E1 3.87E1 B8.33E1 1.0562 1.33E2 1.80E2 1.95E2 2.27E2 2.44E2 1.06
8.0 2.30E1 S.85E1 1.37E2 1.B2E? 2.40F2 3,02E2 3.83E2 4.61E2 5.03E2 1.06
10.0 4.10£1 1.30E2 3.8TE? S.61E2 B&.06E2 1.10£3 1.51E3 1.9SE3 2,20E3 1.07
15.0 ?2.08E? 1.2CE3 6.09e3 1.08E4 1.87E4 3.08E4 5.00E4 7.61F4 9.25E4 1.08

~ R
(=t
oo
—-
<t
— O
m m
P
RPN
o &
=
m m
v o
PRI
e
epes
mm
oW
o A2
=S
]
m m
o Wi
-
]
w o
mm
- v
D
~ oo
o~
mm
- v
—
o
N
m
o
w
L3
3
m
[~
+
~a
o
m
=3
=
o)
o

7.16E7 1.45€8 2,01E8 1.10
30.90 7.75E4 2.55E6 5.45E7 1.63EB 4.51F8 1,1989 2.97t9 6.83E9 1.01E10 1.11
35.0 6.07E5 3.60ET 1.27E9 4,.52E9 1.47E10 4.50E10 1.28E11 3.34E11 5.21E11 1.12
40.0 4_.81E6 S.13E8 3.00F10 1.28F11 4.9CE1f 1.TSE12 5.72E12 1.69E13 2.78E13 1.12

ENERGY (HEVD
RCMFPY 0.03 0.02 0.01%5

0.3 1.01 1.00 1.00
1.0 1.01 1.00 1.00
2.0 1.02 1.01 1.00
3.0 i.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
1.0 1.03 1.01 1.01
8.0 1.03 1.01 1.01
1%.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 1.03
35.0 1.08 1.02 1.01
40.0 1.07 1.02 1,01

44,39A4,
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Table A.4 Gamma-ray buildup factors for point isotropic source
in 45-mfp-thick gadolinium

ABSORBED DOSE BUILDUP FACTORS IN 45-MFP THICK GADOLINIUM

ENERGY (MEV)

R(MFPY 15 10 8 [ 5 4 3 2 1.5 1
0.5 1.3¢ 1.33 1.37 1.42 1.45 1.37 1.42 1.43 1.48 1.59
1.0 1.52 1.54 1.57 1.63 1.67 1.57 1.68 1.81 1.82 2.05
2.0 1.93 1.38 1.588 1.94 2.03 1.92 2.17 2.53 2.74 2.86
3.0 2,46 2.78 2.23 2.30 2.41 2.29 2.67 3.20 3.55 3.63
4.0 J.18 2.79 2.63 2.71 2.86 2.73 3.22 3.gs8 4.32 4.33
5.0 4.17 3.42 3.16 3.18 3.38 3.22 31.82 4.50 5.10 5.02
6.0 5.51 4.21 3.76 3.74 3.97 3.78 4.49 5.38 5.95 5.80
7.0 T.33 5.18 4,48 4.38 4.64 4.41 5.22 6.20 6.81 6.55
8.0 $.79 6.38 5.33 5.11 5.40 5.10 6.00 7.05 7.64 7.28
10.0 1.76E1 9.68 T.52 6.89 7.20 6.69 7.71 8.83 9.37 8.78
15.0 7T.67E1 22,7261 1.74E1 1.3861 1.37E1 1.20E1 1.29E1 1.38E1 1.39E1 1.27E1
20.90 3.26E2 T.41ET 3.88E1 2.60E1 2.41E1 1.94Et 1.92E1 1,92E1 1.85E1 1.65E1
25.9 1.34E3 1.96E2 B8.35E1 4.53E1 3.96E1 2.93Ef 2.55E1 2.48E1 2.30E1 2.02E1
30.0 5.33E3 5.04FE2 1.74E2 T7.91E1 6.21E1 4.18Et 3.47E1 3.06E1 2.74E1 2Z.39E1

35.0 2.07E4 1.26E3 3.53E2 1.31E2 9.38E1 5.75E1 4.38E1 3.66E1 3.16E1 2Z.7AE1
40.0 7.82E4 3.08E3 6.98E2 2.09E2 1.37E2 7.64Et 5.35€81 4.26E1 3.57TE1 3.0BE1

ENERGY (MEV)

RCMFPY 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 0.09 ¢.08
0.5 1.63 1,60 1.67 1.60 1.49 1.40 1.37 1.44 1.45 1.44
1.0 2.07 1.99 2.03 1.88 1.65 1.47 1.42 1.64 1.71 1.77
2.0 2,82 2.61 2.57 2.26 1.87 1.56 1.46 1.80 2.02 2.31
3.0 3.5t 3.16 3.03 2.56 2,64 1.63 1.49 1.84 2.19 2.79
4.0 4.12 3.62 3.40 2.80 2.16 1.57 1.52 1.85 2.31 3.31
5.0 4.70 4.06 3,75 3.01 2.27 1.71 1.55 1.86 2.41 3.91
6.0 5.3 4.53 4.13 3.23 2.39 1.73% 1.57 1.86 2.48 4.61
7.0 5.9 4,98 4,47 3.43 2.49 1.79 1,59 1.85 2.56 5,50
8.0 6.55 5.40 4.7% 3.61 2.58 1.82 1.60 1.85 2.64 .67

10.0  7.73 6.25 5.44 3.96 2.75 1.87 1.63 1.85 2.81 9.74

15.0 1.07E1 4&.3% 6.94 4,74 3.14 2.00 1.69 1.85 3.38 3.20E1

20.0 1.34E1 1.02F1 8.29 5.39 3.45 2.09 1.73 1.85 4.02 1.38E2

25.0 1.60E1 1.19E1 9.48 5.94 3.71 2.18 1.78 1.86 4.97 6.70E2
30.0 1.8561 1,351 1.06E1 &.42 3.93 2.25 1.78 1.87 6.49 3.43E3
35.0 2.08E1 1.50E1 t.16E1 6.85 4.11 2.31 1.80 1.88 8.93 1.80E4
40.90 2.30E1 1.64E1 $.25E1 7.25 4.27 2.36 1.82 1.89 1.30E1 9.60E4

ENERGY (MEV)
R(MFP) ©.075 0.07 0.065 0.05 0.058 0.0586 0.054 0.052 0.051 .05

0.3 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 1.63 1.94 1.95 1.03
2.0 2.48 2.67 2.86 2.03 3.14 3.25 3.35 3.44 3.50 1.04
3.0 3.22 3.75 4,34 4,97 5.31 5.68 6.04 6.37 6.58 1.05
4.0 4.16 5.31 6.78 8.53 9.47 1.05E1 1.16&1 1.26E1 1.32E1 1.06
5.0 5.41 7.69 1.09e1 1.53E1 1.76E1 2.G3E1 2.31€1 2.60E1 2.78E1 1.07
6.0 7.08 1.13E1 1.80E1 2.78E1 3.33Et 3.98E1 4.70f1 5.48E1 5.92E1 1.07
7.0 9.47 1.68E1 2.96E1 4.97E1 6.18E1 7.45E1 9.11E1 1.10E2? 1.19E2 1.08
8.0 1.26E1 2.49E1 4,.75E1 B8.66E1 1.11E2 1.39E2 1.75&2 2.17E2 2.39E2 1.09
10.0 2.30E1 5.40E1 1,252 2.73E2 3.75E? 4.97E2 6.67E2 B8.76E2 9.91E2 1.10
15.0 1.2862 4.86E2 1.72E3 5.58E3 8.83E3 1.34E4 2.06E4 3.0BE4 3.71E4 1.12

25.0 T.75€3 T.27E4 5.54E5 3,.57E6 7.17E6 1.38ET7 2.65ET7 4.93E7 6.65E7 1.13
30.0 6.66E4 9,87E5 1.12E7 1.01E8 2.79E8 4.93E8 1.05E9 2.16E9 3.06E% 1.16
35.0 5.83E5 1.37E7 2.32E8 2.98EY T7.59E9 1.83E10 4.33E10 9.B4E10 1.47E11 1.17
40.9 5.16E6 1.91E8 4,.88E9 B8,93E10Q 2.58E11 7.00E11 1.84E12 4.63E12 7.24E12 1.18

ENERGY (MEV)
R(MFP) 0.04 .03 0.02 0.015

0.5 1.01 1.01 1.00 1.00
1.6 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 1.08
5.0 1.04 1.¢2 1.01 1.00
6.0 1.04 1.92 1.01 1.00
7.0 1.04 1.02 1.01 1.00
8.0 1.05 1.02 1.01 1.00
10.0 1.05 1.0% 1.01 1.00
15.0 1.06 1.03 1.01 1.01
20.90 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 A.4 (continued)

EXPOSURE BULLDUP FACTORS IN 45-MFP THICK GADOLINIUM

ENERGY (MEVY

R(MFP} 15 10 8 6 5 1 3 2 1.% 1
6.5 1.34 1.32 1.31 1.30 1.29 1.25 1.25 1.25 1.6 1.27
1.0 1.7 1.57 1.53 1.50 1.49 1.43 1.46 1.50 1.51 1.54
2.0 2.35 2.05 1.93 1.88 1.87 1-81 1.91 2.02 2.06 2.04
3.0 3.28 2.65 2.41 2.30 2.29 z.21 2.38 2.52 2.60 2.54
4.0 4.58 3.39 2.97 2.78 2.77 2.67 2.88 3.04 3.12 3.00
5.0 6.36 4.33 I.65 3.34 3.32 3.20 3.43 3.59 3.66 3.47
6.0 §.79 5.50 4.46 3.99 3.95 3.79 4,04 4.18 4.23 3.87
7.0 1.21E1 6.98 5.43 4.73 4.67 . 4.45 §.70 4,79 4.81 5.47
8.0 1.67E1 8.76 6.58 5.59 5.45 5.18 5.41 5.43 5.38 4,95

10.0  3.1281 1.38E1 9.356 7.69 7.40 6.85 6.96 6.77 6.56 5.95

15.0  1.42E2 4.06E1 2.31E1 1.59E1 1.44E1 1.2561 1.16E1 1.05E1 9.64 8.49

20.0 6.13E2 t.13E2 5.29E1 3.04E1 2.55E1 2.03E1 1.73€1 1.4561 1.27E1 1.10Et
25.0 2.54E3 3.04E2 1.15E27 5.49E1 4.23E1 3,07E1 2.39Et 1.856E1 1.58E1 1.35E1
30.0 1.02E4 7.85E2 2.43E2 9.43E1 6.66E1 4.4081 3.13E1 2.30E1 1.87E1 1.58E1
35.0 3.94E4 1.97E3 4.94E2 1.56E2 1.01EZ 6.0501 3.94F1 2.74E1 2.15E1 1.82E1
40.0 1.50F5 4.83E3 9.80E2 2.51E2 1.48E2 B8.05E1 4.81E1 3.19E1 2.44E1 2.04E1

R{MFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.1 0.09% 0.08
0.5 1.27 1.24 1.22 1.19 1.15 1.11 1.14 1.41 1.51 1.64
1.0 1.52 1.46 1.41 1.34 1.24 1.16 1.17 1.60 1.82 2.12
2.0 1.97 1.83 1.72 1.56 1.38 1.23 1.20 1.75 2.18 2.90
3.0 2.39 2.17 1.%9 1.75 1.49 1.27 1.23 1.79 2.38 3.61
4.0 2.79 Z.47 2.22 1.90 1.58 1.31 1.25 1.80 2.52 4.37
5.0 3.17 2.77 2.45 2.04 1.66 1-34 1.27 1.81 2.63 5.27
6.0 3.58 3.ov 2.67 2.18 1.74 1.37 1.29 1.81 2.72 5.33
7.0 3.97 3.36 2.89 2.31 1.81 1,40 1.30 1.81 2.81 T.69
8.0 4.35 3.63 3.08 2.43 1.88 1.42 1.32 1.81 2.91 9.45

10.¢ 5.11 4.19 3.5¢ 2.66 2.00 1.47 1.34 1.80 3.13 1.42E1

15.0 6.99 5.52 4,44 3.17 2.28 1.56 1.38 1.80 3.82 4.B4E1

20.0 8.77 6.76 5.28 3.60 2.50 1.63 1.41 1.81 4.61 2.11£2

25.0 1.04E1 7.8% 6.03 3.9¢ 2.68 1.70 1.44 1.81 5.78 1.04E3

3o.o0 1.20E1 8.93 6.72 4.28 2.84 1.75 1.46 1.82 T.64 5.31E3
35.0 1.3561 9.93% 7.33 4,57 2.97 1.8¢0 1.47 1.83 1.07E1 2.79E4
40.0 1.49E1 1.08E1 7.93 4.83 31.08 1.84 1.49 1.84 1.56E1 1.49ES

EXERGY (MEV)
R{MFP) 0.075 0.07 0.965 0.06 0.058 0.056 0.054 ¢.052 G.051 .05

0.3 1.68 1.72 1.77 1.81 1.81 1.80 1.80 1.78 1.78 1.02
1.0 2.24 2.37 2.51 2.65 2.60 2.68 2.68 2.867 2.67 1.03
2.0 3.29 3.76 4.29 4.87 5.00 5.14 5.25 5.32 5.38 1.04
3.0 4.44 5.54 £.92 8.58 9.08 9.62 1.01E1 1.0%E%1 1.08E1 1.05
4,0 5.91 &.16 1.13€1 1.54E1 1,69E1 1.85E1 2.01E1 2.16E1 2.24E1 1.06
5.0 7.89 {.22E1 1.87F1 2.84E1 3.23E1 3.66E1 4.11E1 4.54E1 4,.80FE1 1.06
6.0 1.06E1 1.82E1 3.13€1 5.25E1 6,20E1 T7.?9E1 8.45E1 9.62E1 1.03E2 1.07
7.0 1.44E1 ?.75Et 5.22E1 9.4%E1 1.16E2 1.37E2 1.65E2 1,95E2 2.0%E2 1.08
8.0 1.94E1 4.12FE+% B8.46E1 1.66E2 2.10E2 2.57E2 3.18E2 3.BVEZ 4.21E2 1.08
190.0 3.61E1 9.09€1 2,25E2 S5.30E2 7.13E2 9.27E2 1.22E3 1.3VE3 1.75E3 1.09
15.0 2,07E2 &.38F2 3.16E3 1.10E4 1.70E4 2.53FE4 3.T9E4 5.54E4 6.62E4 1.11
20.0 1.53E3 9.76F3 5.40E4 2.66E5 4.66ES 7.84E5 1.32E6 2.16E6 2.73E6 1.13
25.0 1.27€4 1.27F5 1.03E6 7.14E6 1.41E7T 2.65ET 4.%7E7 9.037 1.20€8 1.14
30.0 1.09E5 1.73E6 2.09E7Y 2.04E8 4.51E8 9.51E8 1,98t9 3.98E9 5.58E9 1.15

35.0 9,58E5 ?.39E7 4.35E8 6.01E9 1.50E10 3.55E10 8.21E10 1.82E11 2.69E11 1.15
40.0 B.49E6 3.35E8 9.15F9% t.81E11 5.11E11 1.36E12 3.%0E12 8.60FE12 1.33E13 1.17

ENERGY (MEV)
R{MFP} §.04 ¢.03 0.6¢2 0.015

G¢.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
3.6 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 1.00
8.0 1.05 1.02 1.01 1.00
10.0 1.03% 1.02 1.01 1.00
15.0 1.0¢6 1.03 1.01 1.01
20.0 1.07 1.04 1.01 1.01
25.0 1.08 1.04 1.0% 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



JAERI- M 88-198

Table A.4 (conftinued)

DOSE EGUIVALENT BUILDUP FACTORS IN 45-MFP THICK GADOLIRKIUM

ENERGY (MEVY>

R(MFP} 15 10 8 b 3 4 3 2 1.5 1
0.5 1.40 1.37 1.36 1.34 1.33 1.27 1.27 1.27 1.28 1.30
1.9 1.77 1.66 1.60 1.56 1.55 1.47 1.50 1.53 1.57 1.59
2.0 2.52 2.18 2.04 1.98 1.96 1.85 1.96 2.07 2.14 2.12
3.0 J-54 2.83 2.54 2.40 2.41 2.7 2.44 2.59 2.71 2.64
4.0 4.97 3.65 3.15 2.90 2.92 2.75 2.986 3.13 3.26 3.13
5.9 6.93 4.68 .88 3.49 3.50 3.29 3.53 3.69 3.83 3.62
6.0 9.861 5.96 4.79 4.18 4.138 3.90 4.16 4.30 4,44 4,15
7.0 1.33E1 T7.56 5.80 4.97 4.94 4.58 4.84 4.93 5.0% 4,67
8.0 1.83E1 9.55 7.04 5.88 5.81 5.34 5.57 5.59 5.66 5.18

10.0 3.43F1 1.51E1 1.03E1 8.10 T.87 7.07 T.17 6.98 6.91 6.23

15.0 1.57E2 4.45E1 2.49E1 1.68E1 1.54E1 1,291 1.20E1 1.08E1 1.02E1 &.91

20.0 6.77E2 1,235E2 5.71€1 3.23E1 2.73E1 Z.10E1 1,791 1.49E1 1,.35E1 1.16E1

25.0 2.80E3 3.34E2 1.25%2 5.8ZE1 4.53E1 3.18Et 2.47E1 1.93E1 1.67E! 1.41E1
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35.9 4,36E4 2,18E3 5.36E2 1.66E2 1,08E2 6.28E1 4.08FE1 2.84FE1 2.23E1 1.91E1
40.0 1.66E5 5.33E3 1.06E3 2.67E2 1.59E2 8.36E1 4.98E1 3.30E1 2.58E1 2.14E1

R(MFP} 9.8 0.6 0.5 0.4 0.3 G¢.2 0.15 0.1 .09 0.08
0.5 1.29 1.26 1.24 1.28 1.16 1.14 1.19 1.49 1.58 1.67
1.0 1.56 1.49 1.44 1.36 1.2% 1.19 1.23 1.72 1.93 2.18
2.0 2.04 1.88 1.76 1.59 1.40 1.26 1.26 1.90 2.32 3.q0
3.0 .50 2.23 2.05 1.78 1.51 1.31 1.29 1.94 2.55 3.75
4.0 2.91 2.535 2.29 1.94 1.61 1.35 1.31 1.95 z.71 4.56
5.0 3.32 2.85 2.53 2.08 1.69 1.38 1.33 1.96 2.83 5.50
6.0 3,75 3.7 2,76 2.23 1.77 1.41 1.35 1.96 2.94 6.61
7.0 4.16 3.47 2.99 2.36 1.84 1.44 1.36 1.95 3.04 .03
8.0 4.57 3.76 3.20 2.48 .91 1.46 1.38 1.95 J.15 9.88

10.0 5.38 4.33 3.62 2.72 2.04 1.51 1.40 1.93 3.39 1.48E1

15.0 T.37 5.72 4.60 3.24 2.31 1.60 1.45 1.94 4.16 5.05E1

20.0 9.24 7.00 5.47 3.68 2.54 1.68 1.48 1.935 5.03 2.20E2
25.0 1.1981 8.7 6.25 4.05 2.73 1.74 1.51 1.95 6.34 1.08E3
30.0 1.27E1 9.76 6.97 4,37 2.88 1.80 1.53 1.9%6 8.41 5.54E3
35.0 1.43E1 1.03El T.63 4,67 3.02 1.85 1.54 1.67 1.18E1 2.91E4
49.0 1.58E1 1.1261 8.23 4.93 3.13 1.39 1.56 1.98 1.73E1 1.53E5

ENERGY (KEV)
R(MFP) 0.07S 0.07 0.065 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 2.58 2.69 1.03
2.0 3.38 3.81 4.28 4.78 4.94 5.10 5.25 53.36 5.44 1.04
3.0 4.37 5.62 6.90 8.39 3.95 9.54% 1.01E1 1.06E1 1.09E1 1.05
4.0 6.09 8.23 1.1261 1.51E1 1.67E1 1,84E1 ?2.01E1 2.17E1 2.27E1 1.06
3.0 8.13 1.23E1 1.87E1 2.77E1 3.17E1 3.63E1 4.11E1 4.58E1 4.80E1 1.07
6.0 1.09€1 t.8SE1 3.12E1 3.12E1 6.09E1 T.22E1 B8.44E1 9.69E1 1.05E2 1.07
7.0 1.48FE1 2.79E1 5.19E1 9.25E1 1.14E2 1.36E2 1.64E2 1.96E2 2_.11£2 1.08
8.0 2.00E1 4,17E1 8.41E1 1.52E2 2.06E2 2.54E2 3.,17E2 3.89E2 4.26E2 1.08
10.0 3.71E1  9,20E1 2.24E? 5.15E2 &6.99E2 %.16E% 1,21E3 1.57E3 1.7V7E3 1.09
15.0 2.1262 B8.45E2 3.12E3 1.06E4 1.66E4 2,50E4 3.77E4 5.57E4 6.6TE4 1.11
20.0 1.57E3 9.82E3 5.33e4 2.57TE5 4.54E5 7,71E5 1.31E6 2.17E6 2.75E6 1.13
25.0 1.30E4 1,.28E5 1.0286 6.89E6 1.37E7 2.60E7 4.92E7 9.03E7 1.21E8 1.14

30.0 1,125 1.73E6 2.06E7 1.97E8 4,.38E8 9.33EB 1.96E9 3.97E9 5.60E9 1.16
35.0 9,80E5 2.40E7 4.2BE8 S5.79E9 1.46E%0 3.48E10 B.11E10 1.82E11 2.69E11 1.17
40.0 8.69E6 3.37E8 9.00E9 1.74E11 4.96E11 1.33E12 3.46E12 8.57E12 1.33E13 1.17

ENERGY (MEY)
R(MFP) 0.04 0.03 0.02 0.015

0.5 1.01 1.01 1.00 1,00
1.0 t.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 i.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 i.04 1.02 1.01 1.00
8.0 1.05 1.02 1.01 1.00
10.0 1.0% 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 .03 1.02 1.01
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Table A.5 Gamma-ray buildup factors for point isotropic source
in 46-mfp-thick tungsten

ABSORBED DOSE BUILDUP FACTORS IN 45-MFP THICK TUNGSTEN

ENERGY (MEV)

R{MFP) 15 10 8 6 H 4§ 3 2 1.5 1
0.5 1.28 1.31 1.35 1.40 1.42 1.38 1.43 1.45 1.47 1.52
1.0 1.51 1.51 1.53 1.58 1.60 1.54 1.64 1.77 1.87 1.89
2.0 1.61 1.84 1.82 1.87 1.91 1.84 2.07 2.39 2.55 2.48
3.0 2.45 2.24 2.16 2.20 2.25 2.18 2.52 2.95 3.20 3.0%
4.0 3.21 2.76 Z.58 2.58 2.64 2.57 3.01 3.53 3.79 3.50
5.0 4.25 3.41 3.07 3.03 3.08 3.02 3.54% 4.13 4.39 3.95
5.0 5.70 4.23 3.66 3.55 3.60 3.53 4,13 4,77 5.04 4.45
7.0 7.71 5.726 4.38 4,15 4.18 4.09 4.76 5.43 5.66 4.91
8.d 1.05€1 6.56 5.23 4.83 4.84 4.71 5.43 6.11 6.28 5.36

10.9 1.96E1 1.02E1 7.47 6.54 b.42 6.15 6.91 7.52 7.51 65.23

15.0 9.40FE1 3.11E1 1.80E1 1,34E1 t.23E1 1.10E1 1.14E1 1.13E1 1.06E1 8.34

20.0 4,42E2 9.31F1 4.?5E1 2.60E1 2.18E1 1.79E% 1.67YET 1.53E1 1.36FE]1 1.03E1

25.0 2.01E3 2.71E2 9.74E1 4.85E1 3,.67E1 2.72E% 2.2981 1.94E1 1.64E1 1.20E1
30.0 B.87E3 7.69E2 2.17E? 8.69E1 5.91E1 3.94E1 2.99E1 2.35€E1 1.90E1 1.36E1
35.90 3.8?E4 2.13E3 4.73E2 1.51€2 9.21Et $.50€1 3.76Ff1 2.77E1 2.16E1 1.32E1
40.0 1.61E5 5.74E3 1.01E3 2.56E? 1.39E2 T7.44E1 4.59E1 3.18E1 2.40E1 1.66E1

R(MFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.15 0.14 0.13 6.12
0.3 1.57 1.49 1.53 1.43 1.44 1.45 1.45 1.47 1.47 1.48
1.0 1.93 1.77 1.80 1.68 1.55 1.52 1.62 1.67 1.72 1.78
2.0 2.48 2.19 2.135 1.92 1.68 1.57 1.71 1.81 1.95 2.14
3.0 2.97 2.53 2.43 2.10 1.78 1.61 1.72 1.85 2.04 2.36
4,0 3.38 2.81 2.63 2.24 1.85 1.63 1.73 1.86 2.09 2.52
5.0 3.76 3.o8 2.85 2.35 1.90 1.66 1.74 1.86 2-11 2.65
6.0 4.18 3.35 3.05 2.49 1.96 1.69 1.74 1.86 2.13 2.77
7.0 4.56 1.60 3.74 2.690 2.01 1.71 1.75 1.86 2.13 2.89
4.0 4.92 3.83 3.41 2.70 2.05 1.73 1.76 1.87 2.14 3.02

10.0 5.63 4.29 3.74 2.89 2.13 1.76 1.77 1.87 2.13 3.31

15.0 T7.28 5.33 4.46 3.29 2.29 1.84 1.81 1.89 2.17 4.27

20.0 8.73 6.24 5.08 3.62 2.42 1.90 .1.84 1.91 2.17 5.64

25.0 1.00E1 7.02 5.60 3.89 2.52 1.94 1.86 1.92 2.8 3.01

30.0 1.1261 71.71 6.05 4,12 2.61 1.98 1.88 1.94 2.17 1.23E1
35.0 1,231 B.34 6.46 4,33 2.69 .02 1.89 1.96 2.7 2.00E
4¢.0 1.33e1 8.91 6.82 4.51 2.77 2.03 1.91 1.97 2.17 3.47TE1

R(MFP) 0.11 0.1 0.09 0.08 6.075 0.07 0.069 0.06 0.05 0.04
0.5 .47 1.47 1.47 1.47 1,48 1.49 1.03 1.62 1.01 1.01
1.4 1.82 1.86 1.91 1.96 2.00 2.03 1.04 1.03 1.02 1.01
2.0 2.35 2.60 2.92 3.25 3.47 3.70 1.06 1.04 1.03 1.02
3.0 2.80 3.42 4.31 5.40 6.11 6.91 1.07 1.05 1.03 1.02
4.0 3.25 4,47 6.50 9,38 1.14E1 1.37E1 1.08 1.06 1.04 1.02
5.0 3.74 5.89 1.01E1 1.69E1 2.19E1 2.B2E1 1.0¢% 1.06 1.04 1.02
6.0 4.29 7.82 1.58E1 3.10E1 4.29E1 5.88E1 1.10 1.07 1.04 1.02
7.0 4.97 1.06E1 2.51E1 5.61E1 8.14E1 1.18E2 1.11 1.08 1.05 1.03
8.0 5.83 1.43F1 3.%3E1 9.82Ef 1.51E2 2.32E2 1.12 1.08 1.035 1.03

1¢.0 8.01 2.66E1 9$.60E1 - 3.13E2 5.41E2 9.23E2 1.13 1.09 1.06 1.03

15.0 2.13E1 1.57E2 1.13E3 6.52E3 1.45E4 3.16E4 1.16 1.11 1.07 1.04

20.0Q 7.37E1 1.20E3 1.64E4 1.58E5 4.40E5 1.20E6 1.18 1.13 1.08 1.05

25.0 2.B8E2 1.03E4 2.66E5 4.26E6 1.46ET 4.85E7 1.20 1.14 1.09 1.05

30.0 1,19E3 9.11E4 4.52F6 1.22E8 5.17E8 2.08E9 1.22 1.15 1.10 1.05
35.0 5.07E3 &.24E5 7.84E7 3.60E9 1.90E10 9.28E10 1.23 1.16 1.10 1.06
40.0 2.20E4 7.53E6 1.38E9 1.08E11 7.15E11 4.26E12 1.24 1.17 1.41 1.06

ENERGY (MEV}
RCHFP) 0.03 0.02 0.015

0.5 1.00 1.00 1.00
1.0 1.0t 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 1.0% 1.00
10.0 1.02 1.01 1.00
15.0 1.02 1.01 1.00
0.0 1.02 1.01 1.00
25.0 1.02 1.61 1.00

30.0 1.03 1.01 1.01
3s.0 1.03 1.0% 1.01
40,0 1.03 1.01 1.01
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Table A.5 (continued)

EXPOSURE BULLDUP FACTORS IN 45-MFP THICK TUNGSTEN

ENERGY (MEV}
R(MFPY 15 10 8 6 5 4 3 2 1.5 1

0.5

1.0

2.0

3.0

4.0 4.55 3.32 2.84 2.59 2.55 2.48 2.64 2.73 2.73 2.51
5.0 6.41 4.28 3.50 3.10 3.04 2.94 3.12 3.18 3.14 2.83
6.0 9.01 5.49 4,29 3.70 3.60 3.47 3.64 3.65 3.57 3.15
7.0 1.26E1 7.04 5.25 4,39 4.24 4,05 4.20 .14 3.99 3.47
8.0 1.77€1 8.99 6.40 5.19 4.97 4.7 4.80 4.63 4,41 3.7
0.0 J.44E1 1.46E1 9.44 T.17 6.71 6.19 | 6.11 5.67 5.24 4,37
15.0 1.7262 4.66Et 2.39E1 1.52E1 1.3281 1.12E1 1.00E1 B.43 7.33 5.79
20.0 8.23E2 1.43E2 5.79E1 3.01E1 2.38E1 1.B84E1 1.48E1 1.13E1 9.31 T.09
25.¢ 3.77E3 4.20E2 1.35E2 S5.68E1 4.05E1 2.B1EY1 2.0281 1.43E1 1.12E1 8.28
30.0 1.67E4 - 1.20E3 3.03E2 1.03E2 6.57E1 4.09F1 2.64E1 1.74E1 3.J0E1 9.39
35.0 T.21E4 3.3283 6.62E2 1.79E2 1.03E2 5.71E1 3.32E1 2.04E1 1.47E1 1.04E1
40.0 3.04E5 9.00E3 1.41E3 3.04E2 1.56E2 T7.73E1 4.05E1 2.34E1 1.63E1 1.14E1

ENERGY (MEV}

R{(MFP) 9.8 G.6 0.5 0.4 0.3 0.2 .15 0.14 0.13 0.12
Q.5 1.22 1-19 1.17 1.14 1.11 1.12 1.19 1.22 1.26 1.31
1.0 1.41 1.35 1.30 1.24 1.17 1.18 1.26 1.32 1.40 1.51
2.9 1.74 1.61 1.51 1.39 1.26 1.20 1.3% 1.40 1.53 1.73
3.0 2.04 1.83 1.68 1.51 1.33 1.23 1.33 1.42 1.59 1.90
4.0 z2.31 2.03 1.83 1.60 1.38 1.25 1.34 1.43 1.62 2.02
5.0 2.56 2.21 1.96 1.69 1.42 1.21 1.35 1.44 1.64 2.12
6.0 2.82 2.39 2.09 1.77 1.46 1.29 1.35 1.45 1.66 2.22
7.0 3.07 2.57 2.21 1.85 1.49 1.30 1.36 1.43 1.67 2.31
8.0 3.30 2.73 2.33 1.92 1.53 1.32 1.37 1.46 1.67 2.41

10.0 3.76 3.04 2.55 2.05 1.58 1.35 1.38 1.48 1.69 2.65

15.0 4.82 3.75 3.62 2.33 1.7¢ 1.40 1.41 1.48 1.70 J.42

20.0 5.76 4,37 3.43 2.55 1.7% 1.44 1.43 1.50 1.71 4.50

25.0 6.59 4.91 3.77 2.74 1.86 1.48 1.45 1.51 1.71 6.38

30.0 7.36 5.3% 4,07 2.90 1.93 i.51 1.46 1.52 1.7% 9.76
3s5.0 8.07 5.83 4.34 3.04 1.98 1.53 1.47 1.53 1.71 1.60E1
40.0 8.73 6.22 4.58 3.18 2.04 1.586 1.48 1.54 1.72 2.77E1

ENERGY (MEV)

R{MFP) 0,11 0.1 0.09 0.08 0.075 0.07 0.069 0.06 0.05 0.04%
0.5 1.37 1.44 1.52 1.61 1.63 1.65 1.03 1.02 1.01 1.01
1.0 1.64 1.82 2.090 2.24 2.31 2.38 1.04 1.03 1.02 1.01
2.0 Z2.06 2.53 3.12 3.91 4,23 4,58 1.05 1.04 1.03 1.02
3.0 2.43 3.34 4.69 6.74 .72 8.83 1.06 1.05 1.03 1.02
4.0 2.80 4.40 7.18 1.20E1 1.47E1 31.79E1 1.08 1.05 1.04 1.02
5.0 3.23 5.85 1.13E1 2.21E1 2.88E1 3.74E1 1.08 1.086 1.04 1.02
6.0 3.72 7.87 1.80E1 4.10E1 5.71E1 7.89E1 1.09 1.07 1.04 1.02
7.0 4.33 1.08E1 2.90E1 7.50E1 1.09EZ 1.59€2 1.10 1.07 1.05 1.03
8.0 5.12 1,4BE1 4.60E1 1.33E2 2.05E2 3.15E2 1.11 1.08 1.05 1.03

10.¢ .13 2.8261 1.15E2 4.31E2 T7.44E2 1.27E3 1.12 1.09 1.06 1.03

15.0 t.97E1 1.76E2 1.43E3 9.39E3 2.07E4 4.49E4 1.15 1.11 1.07 1.04

20.0 6.92E1 t.38E3 2.15E4 2.37E5 6.51E5 1.75E6 1.17 1.12 1.08 1.05

25.0 ?2.73E2 1.19E4 3.53ES 6.51E6 2.22E7 7.31E7 1.19 1,14 1.09 1.03

30.0 1.14E3 1.06E5 6.05E6 1,89EB 5.0078 3.20E9 t.20 1.15 1.09 1.035
35.0 4,.85E3 9.63FE5 1.05E8 5.83E9 2,%8E10 1.45E11 1,22 1.16 1.190 1.06
40.0 ?.%11E4 B8.B4E6 1.86E9 1.70E11 1.13E12 6.73E12 .23 1.17 1.11 1.06

ENERGY (MEV?
R(MFP} 0.03 0.02 0.4g15

0.5 1.00 1.00 1.00
1.0 1.01 1.0% 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 1.91 1.61 1.00
i0.0 1.02 1.01 1.00
15.0 1.02 1.01 1.60
20.0 1.02 1.01 1.00
25.0 1.02 1.01 1.00

30.¢ 1.03 1.01 1.01
33.0 1.03 1.01 1.01
40.0 1.03 1.01 1.01
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Table A.5 (continued)

DOSE EQUIVALENT BUILDUP FACTORS IN &5-MWFP THICK TUNGSTEN

ENERGY (MEV)>

R(HFPY 13 10 [} & 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 1.25 1.25
1.0 1.70 1.548 1.52 1.48 1.46 1.41 1.44 1.47 1.50 1.48
2.0 2.43 - 2.08 1.93 1.83 1.82 1.74 1.84 1.92 1.96 1.88
3.0 3.46 2.73 2.42 2.23 2.22 2-11 2.25 2.35 2.40 2.25
4.0 4.91 3.55 3.00 2.70 2.67 2.54 2.70 2.78 2.83 2.59
5.0 6.96 4.60 3.70 3.23 3.19% 3.01 3.19 3.24 3.26 2.92
6.0 9.31 5.93 4,55 3.486 3.78 3.55 3.73 3.73 3.71 .26
7.0 1.3BE1 T7.62 5.58 4.59 4,46 4,16 4,30 4.23 4.15 3.59
B.0 1.9%3E1 9.75 6.82 5.43 5.24 4.82 4,92 4.74 4.59 3,90

10.0 3.77E1 1.59E1 1.01E1 7.52 7.09 6.36 6.27 5.80 5.46 4.52

15.¢ 1.89E? S5.00E1 2.57E1 1.60E1 1.40ET 1.1581 1.03E1 8.64 T.65 6.00

20.9 9.04E2  1.56E2 $.23E1 3.18E1 2.53E1 1.90€1 1.52E1 1.16E1 9.74 7.35
25.9 4.14E3 4.61FE2 1.45E2 6.00E1 4.31E1 2.90E1 2.08E1 1.47E1 1.17E1 8.59
30.0 1.83E4 1.32E3 3.26E? 1.08E2 7.01f1 44,2281 2.71E1 1.78E1 1.36Et 9.74
35.0 7.94€4 3.65E3 T.14E2 1.90€2 1.10F2? 5.39E1 3.41E1 2.09E1 1.54E1 1.G8E1
40.0 3.35£5 O0.89E3 1.53E3 3.22F2 1.67E? 7.98E1 4.16E1 2.41E1 1.71E1 1.18E1

ENERGY (HEV)

R{MFP) 0.8 0.6 0.5 0.4 0.3 ¢.2 0.15 0.14 0.13 0.12
0.3 1.24 1.21 1.1¢% 1.15 .12 1.16 1.26 1.39 1.35 1.40
1.0 1.45 1.37 1.33 1.26 1.19 1.20 1.36 1.44 1.53 1.63
2.0 1.79 1.64 1.54 1.41 1.28 1.24 1.42 1.54 .71 1.97
3.0 2.11 1.87 1.72 1.53 1.35 1.27 1.44 1.57 1.78 2.16
4.0 2.39 2.07 1.87 1.63 1.40 1.39 1.45 1.58 1.82 2.31
5.0 2.6% 2.26 2.01 1.72 1.44 1.32 1.46 1.58 1.84 2.43
6.0 2.93 2.43 2-15 1.80 1.48 1.34 1.46 i.59 1.86 2.55
7.0 3.18 2.63 2.27 1.88 1.52 1.36 1.47 1.59 1.87 2.66
8.0 3.43 2.79 2.39 1.95 1.35 1.37 1.48 1.60 1.88 2.79

10.0 3.91% j.12 2.61 2.09 1.61 1,40 1.49 1.60 1.89 3.09%

15.0 5.01 3.85 3.1 Z2.37 1.73 1.46 1.52 1.62 1.90 4,04

20.9 6.00 4.49 3.52 2.60 1.82 1.5¢ 1.55 1.63 1.90 5.38

25.0 6.87 5.05 3.88 2.79 1.9¢0 1.54 1.56 1.635 1.90 T.71

30.0 7.67 5.54 4.19 2.95 1.96 1.57 1.58 1.66 1.91 1.19E1
35.0 8.41 5.99 4,047 3.18 2.02 1.60 1.59 1.67 1.61 1.95E1
40.0 9.09 65.39 4.72 3.22 2.07 1.62 t.60 1.69 1.91 3.41E1

EKERGY (HEV)

R(MFP} 0.11 0.1 0.09 .08 0.075 0.07 0.069 0.06 0.05 (.04
0.5 1.46 1.54 1.59 1.64 1.67 1.69 1.03 1.02 1.01 1.01
1.0 1.80 1.98 2.14 2.31 2.39 2.47 1.04 1.03 1.02 1.01
2.9 2.32 2.84 3.40 4.09 4.43 4.81 1.05 1.04 1.03 1.01
3.0 2.78 3.81 5.17 7.08 5.14 9.35 1.07 1.05 1.03 1.02
4.0 3.24 5.086 7.98 1.27E1 1.55E1 1.90E1 1.08 1.05 1.04 1.02
5.0 3.76 6.79 1.26€1 2.33E1 3.05E1 3.97E1 1.09 1.06 1.04 1.02
6.0 4.36 $.17 2.81E1 4.32FE1 6.0JE1 8.36E1 1.10 1.97 1.04 1.02
7.0 5.10 1,26E1 3.24E1 7.89E1 1.15€E2 1.68E2 1.10 1.07 1.05 1.03
3.0 6.05 1.73F% 5.13E1 1.39E2 2.16E2 3.33E2 1.11 1.08 1.05 1.03

10.0 8.48 3.3061 1.28E2 4.51E2 7.81E2 1.34E3 1.13 1.09 1.06 1.03

15.0 2,3561 2.G4E? 1.S5?E3 9.72E3 2.16E4 4.TOEA 1.15 1.11 1.07 1.04

20.9 8.30E1 1.59E3 72.34E4 2.43E5 6.73E5 1.8286 1.17 1.12 1.08 1.05

25.0 3.27E? 1.37E4 3.B4ES 6.65E6 2.Z8E7 T7.55E7 1.19 1.14 1.09 1.05
30.0 1.36E3 1.22E5 6.56F6 1.92E8 8.17E8 3.29E9 1.21 1,15 1.09 1.05
35.0 5,80E3 1.11E6 1.14E8 5.71E9 3.03E10 1.49E11 1,22 1.16 1.10 1.06
40.0 2.5%7E4 1.02ET 2.01E9 1.73E11 1.15E12 6.88E12 1.23 1.17 1.11 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 1.00
6.0 1.01 1.00 1.00
7.0 1.01 1.00 1.00
8.0 1.01 1.01 1.40
10.0 1.02 1.01 1.00
15.0 1.02 1.01 1.00
20.0 1.02 1.01 1.00
5.0 1,02 1.01 1.00
30.0 1.03 1.01 1.01
3s.0 1.03 1.01 1.01

40.0 1.03 1.01 1.01
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Table A.6 Gamma-ray buildup factors for point isoiropic source
in 45-mfp-thick lead
ABSORBED DOSE BULLODUPF FACTORS IN 45-MFP THICK LEAD

] EKERGY (MEV)
R(MFP 15 10 3 ] 3 4 3 2 1.5 1

3.14 2.77 2.56 2.55 2.64 2,84 2.85 3.17 j.08 2.80
4.7 3.41 3.04 2,97 - 3.07 3.30 3.31 3.64 3.49 3.12
5.56 4.20 3.6% 3.45 3.56 3.81 3.80 4.13 3.89 3.43
7.48 5.21 4.30 4.00 4.12 4.37 4,33 4.65 4.31 3.74
1.01E1 6.45 5.12 4.64 4.75 4.99 4.89 5.17 4.72 4,05
1.8%E1 9.95 7.25 6.19 6.24 6.40 6.11 6.23 5.50 4.64
9.01E1 - 2.94E1 1.7201 1.23E1 1.17E! 1.10E1 9.69 9,00 7.36 5.99

oy

[C I R RV 2 I
OO0 000000 CWn

-

2G.0 4,23E2 &.59E1 4.02E1 2.35E1 2.06E1 1.75E1 1.39E1 {.18F1 9.06 7.24
25.0 1.94E3 2.45E2 9.17VE1 4.32E1 3.44E1 2.61E1 1.86E1 1.46E1 1.0TE1l 8.44
30.0 B.63E3 6.82E2 2.04E2 T7.66E1 5.52E1 3.73E1 2.38E1 1.75E1 1.22E1 9.57
35.0 3.75e4 1.85E3 4.45E? 1.32E2 8.5BE1 S5.13E1 2.95E1 2.03E1 1.36E1 1.06E1

40.0 1.60E5 4.94E3 9.52E2 2.22E2 1.30E2 &6.84E1 3.54E1 2.31E1 1.50E1 1.16E1

RCHFP) 0.8 0.6 0.5 0.4 0.3 0.2 0.16 0.15 C.14 0.13
0.5 1.30 1.25 i.20 1.15 1.40 1.46 1.48 1.48 1.49 1.50
1.0 1.52 1.42 1.32 1.23 1.48 1.60 1.74 1.78 1.83 1.88
2.0 1.93 1.71 1.55 1.38 1.58 1.67 2.00 2.13 2.32 2.5%
3.9 2.26 1.94 1.72 1.49 1.64 1.69 2.11 2.33 2.70 3.19
4.0 2.51 2.1 1.84 1.57 1.72 1.71 2.16 2.48 3.05 3.93
5.9 2.75 2.27 1.95 1.63 1.77 1.73 2.20 2.60 3.40 4.83
6.0 2.97 2.41 2.05 1.69 1.81 1.75 2.22 2.70 3.77 5.94
7.9 3.20 2.55 2.16 1.75 1.85 1.76 2.724 2.8¢ 4.20 T.42
3.0 3.42 2.68 2.26 1.81 1.89% 1.78 2.25 2.91 4,72 9.41

10.0 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 2.086 1.85 2.32 3.89 1.22E1 6.08E1

20.0 5.49 .87 3.14 2.26 2.14 1.89 2.33 4.78 3.10Ef  3.18E2

25.0 6.19 4.23 3.43 2.40 .20 1.92 2.34 6,13 9.00E1 1.85E3
30.0 6.82 4.57 3.69 2.54 2.26 1.95 2.35 8.32 2.81E2 1.12E4
35.0 T.40 4.89 3.93 2.648 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 z.36 1.81E1 3.03E3 4.33E5

ENERGY (MEV)

RCHFP) 0,12 0.11 0.1 0.0% 0.039 0.088 Q.O0B G.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 1.0% 1.04 1.02 1.0% 1.01
2.0 2.79 3.05 3.28 3.68 3.73 1.10 1.04 1.03 1.02 1.01
3.0 3.81 4,58 5.38 6.66 6.81 1.12 1.08 1.04 1.02 1.01
4.0 5.21 7.00 9.19 1.2781 1.31E1 1.13 1.09 1.04 1.03 1.01
5.0 7.20 1.10E1 1.62E1 2,51E1 2.62E1 1.15 1.10 1.04 1.03 1.02
6.0 1.01E1 1.75E%1 2.91Et 5.02E1 5.29Et 1.16 1.11 1,05 1.03 1.02
7.0 1.4461 2.81E1 5.22E1 9.66E1 1.03E2 1.17 1.1 1.05 . 1.03 1.02
8.9 2.02E1 4.42E1 8.98E1 1.83E2 1.97E2 1.18 1.12 1.06 1.04 1.02

10.9 4.09E1 1.11E2 2.77E2 6.81E2 7.44E2 1.20 1.14 1.08 1.04 1.02

15.0 2.99E2 1.36E3 5.35E3 1.99E4 2.26E4 1.24 1.16 1.08 1.05 1.03

20.0 2.80E3 2.05E4 1.22E5 6.53E5 TY.6TES 1.256 1.18 1.09 1.06 1.03

25.0 2.89E4 3.44E5 3.06E6 2.33E7 2.82E7 1.28 1.20 1.10 1.07 1.04

30.0 J.09E5 6.04E6 &.17E? B.7T7EE 1.10E9 1.29 1.21 1.1 1.08 1.04
35.0 3.38E6 1,09E8 2.25E9 3.44E10 4.44E10 1,33 1.22 1.11 1.08 1.04
40.0 J.T2ET 1.9YE9 6.30E1C 1.38E512 1.84E12 1.32 1.24 1.12 1.09 1.04

ENERGY (MEVD
R{MFP) 0.03

0.5 1.60
1.0 1.00
2.0 1.01
3.0 1.61
4.0 1.01
5.0 1.01
6.0 1.01
7.0 1.01
8.0 1.01
10.0 1.0%
15.0 1.01
20.0 1.02
25.0 1.02
30.0 1.02
35.0 1.02
40.0 1.02
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Table A.6 {continued)
EXPOSURE BUBILDUP FACTORS LN AS-MFP THICK LEAD

ENERGY (MEV)

R(MFP) 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 1.186
1.0 1.62 1.51 1.46 1.42 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 2.54 2.26 2.10 2.06 2.1 2.13 212 2.05 1.87
4.0 4.43 3.26 2.78 2.51 2.45 ?.49 2.51 2.47 2.34 2.10
5.0 6,21 4,17 3.40 2,98 2.489 2.92 2.91 2.83 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 1.2181 6.78 5.05 4.14 3.96 3.92 3.81 3.58 3. 21 2.75
8.0 1.6%E1 8.60 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 4.28E1 2.24E1 1.37%1 1.1BE1 1.01E1 8.43 6.80 5.35 4.30

20.0 7.83E2 1.28E2 5.36E1 2.6BE1 2.10E1 1.51E1 1.20E1 8,89 6.58 5.17
25.0 3.61E3 3.69E2 1.24E2 4.94E1 3,531 2.42E1 1.61E1 1.10E1 7.70 6.00
3jo.o0 1.61E4 1.03E3 ?2.78E2 8.83E1 5.70E1 3.46E1 2.06E1 1.31E1 8.78 6.80
35.9 7.03E4 2.87E3 6.10€2 1.53E2 8.89E1 4.77E1 2.56E1 1.52E1 9.81% 7.53
40.0 3.00E5 7.51E3 1.31E3 2.59E2 1.35E2 6.37€81 3.i0E1 1,73E1 1.08E1 8.21

ENERGY (MEV)

R(MFP) 0.8 0.6 0.5 0.4 0.3 6.2 0.16 0.15 ¢.14 0.13
0.3 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 1.4¢ 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 1.81 1.69 1.53 1.37 1.28 1.26 1.57 1.82 2.26 3.03
5.0 2.08 t1.80 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
7.0 2.39 . 2.00 1.77 1.52 1.37 1.31 1.62 2.03 3.06 5.70
§.0 2.54 2.10 1.83 1.56 1.39 1.32 1.64 2-11 3.44 T.27

10.0 2.83 2.28 1.98 1.64 1,43 1.34 1.66 .27 4.41 1.17E1

15.0 3.44 2.65 2.27 1.79 1.51 1.37 1.69 2.77 8.96 4.96E1

20.0 4,00 .97 2.52 1.%2 1.57 1,40 1.70 3.36 2.29E1 2.66E2

25.0 4,49 3.24 2.74 2.04 1.62 1.42 1.71 4,26 6.68E1 1.56E3

30.0 4,94 3.50 2.94 2.15 1.65 1.44 1.72 5.71 2.09E2 9.48E3

35.0 5.35 3.74 3.13 2.25 1.69 1.45 1.72 §.13 6.83E2 5.89E4
40.0 5.74 3.97 3.3 2.33 1.72 1.47 1.73 1.22E1 2.28E3 3.71ES

ENERGY (MEV)

RCMFP) 0.12 0.11 0.1 9.09 3.089 0.088 0.08 0.06 .05 0.04
0.5 1.38 1.45 1.52 1.58 1.59 1.05 1.02 1.01 1.01 1.0%
1.0 1.71 1.87 2.05 2.23 2.25 1.07 1.03 1.02 1.01 1.01
2.0 2.39 2.85 3.44 4,09 4,17 1.08 1.03 1.03 1.02 1.01
3.0 3.21 4.26 5.72 7.55 .77 1.1¢ 1.06 1.03 1.02 1.01
4.0 4.34 6.53 9.90 1.46E1 1.52E1 1.11 1.08 1.04 1.02 1.01
5.0 6.01 1.03E1 1.77E1 2.93E1 3.08E1 1.13 1.09 1.04 1.03 1.02
6.0 B.44 1.66E1 3.22E1 5.92E1 6.28E1 1.14 1.09 1.05 1.03 1.02
7.0 1.22E1 2.70E1 S5.83El 1.1562 1.23€2 1.15 1.10 1.G5 1.03 1.02
8.0 1.73E1 4.30E1 1.02€2 2.20E2 2.3BE? 1.16 1.11 1.00 1.04 1.02

10.0 31.58E1 1.11E2 3.20E2 8.32€2 9,14E2 1.18 1.12 1.06 1.04 1.02

15.0 2.78E2 1.45E3 6.355E3 2.54E4 2.90g£4 1.21 1.15 1.08 1.05 1.03

20.0 2.68E31 2.26E4 1,55E5 B.67E5 1.02E6 1.23 1.17 1.09 1.06 1.03
25.0 2.80E4 3.86ES 4.01E6 3.19E7 3.88E7 1.25 1.18 1.10 1.07 1.04
30.0 3.02E5 6.85E6 1.09E8 1.23E9 1.55€£9 1.27 1.20 1.10 1.08 1.04
35.0 3.31E6 1.24€8 3.02€9 4.89E10 6.35E10 1.28 1.21 1.11 t.08 1.04
40.0 3.66E7 2.26€9 8.31E10 1.98E12 2.66E12 1.29 1.22 1.12 1.09 1.04

ENERGY (MEV)

R(MFP) 0.03
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 1.0t

20.0 1.02

25.0 1.02

30.0 1.02

35.0 1.0?

40.0 1.02
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Table A.6 (continued)

DOSE EGUIVALENT BUILDUP FACTORS IN 45-MFFP THICK LEAD

ENERGY (MEVD

R(NFPY 15 10 3 6 5 4 30 2 1.9 1
0.5 1.37 1.33 1.31 1.2% 1.28 1.27 1.24 1.22 1.20 1.17
1.0 1.71 1.58 1.51 1.46 1.44 1.44 1.41 1.41 1.39 1.33
2.0 2.40 2.07 1.90 1.7% 1.77 1.78 1.76 1.79 1.77 1.65
1.0 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 3.0% 3.02 2.99 2.92 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 1.32E1 7.30 5.35 4,31 4.15 4,02 31.83 3.65 3.31 2.83
8.0 1.B4E1 9.29 6.50 5.07 4.84 4,61 4.33 4.08 3.61 3.05

10.0  3.58E1 1,.49E1 9.54 6.93 . 6.47 5.96 5.42 4,85 4,18 3.47

t5.0 1.79E2 4.6561 2.39F1 1.43FE1 1.24Et 1,04Et B.58 6.93 5.54 4,43

20.0 8.57E2 1.39€2 S.T4E1 2.7%E1 2.22E1 1.66Et 1.23F1 9.05 6.80 5.33

25.0 3.95E3 4.02E2 1.33E2 5.19E1 3.7SE1 2,491 1.65E1 1.12t1 7.98 6.20
3o.0 1,7764 1,13E3 2.%9E2? 9.30E1 6.05E1 3.56E1 2.11E1 1.3381 9.10 7.02
35.0 7.71E4 3.06E3 6.55E2 1.61E2 9.44FE1 4.91E1 2,61E1 1.55E1 1.0281 7.78
40.0 3.2965 8.21E3 1.40E3 2.73E2 1.43E2 6.56E1 3I.13E1 1.76E1 1.12E1 B8.48

ENERGY (MEV)

RCHFP) 0.8 0.6 0.5 0.4 0.3 0.2 G.16 0.15 0.14 0.13
0.5 1.15 1.12 1.10 1.07 1.10 1.15% 1.30 1.34 1.38 1.42
1.0 1.29 1.23 1.1% 1.14 1.15 1.26 1.46 1.55 1.64 1.75
2.0 1.56 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 .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 .04 1.80 1.53 1.40 1.38 1.82 2.36 3.66 6.%1
8.0 2.62 2.14 1.88 1.57 1.42 1.39 1.84 2.46 4.14 2.86

10.9 2.91 2.32 2.02 1.65 1.456 1.41 1.86 2.66 5.37 1.44E1

15.0 3.53 2.70 2.31 1.81 1.54 1.45 1.89 3.31 1.12E1 6A.11E1

0.0 4.12 3.03 2.57 1.94 1.60 1.48 1.91 4.08 2.88E1 3.27E2

25.0 4.63 3.30 2.79 2.06 1.65 1.50 1.92 5.25 8.45E1 1.%1E3

30.0 5.10 3.56 3.00 2.17 1.69 1.52 1.92 7.14 2.65E2 1.16E4
35.0 5.53 3.81 3.19 2.27 1.73 1.54 1.93 1.03F1 8.63E2 7.21E4
40.0 5.93 4.03 3.37 2.36 1.78 1.55 1.93 1.56E1 2.88E3 4.54E5

ENERGY (MEV}

RCMFP) 0.12 0.11 0.1 0.09 ¢.089 ¢.088 0.08 0.06 0.05 0.04
0.5 1.47 1.53 1.59 1.63 1.64 1.06 1.02 1.01 1.01 1.00
1.0 1.88 2.04 2.20 2.32 2.34 1.07 1.03 1.02 1.01 1.01
2.0 2.72 3.21 3.78 4.32 4.39 1.09 1.05 1.02 1.02 1.01
3.0 3.72 4,88 6.39 8.05 8.24 1.10 1.06 1.03 1.62 1.01
4.0 5.11 T.56 1.11E1 1.5681 1.62F1 1.12 1.07 1.03 1.02 1.01
5.0 7.14 1.20E1 ?2.00E1 3.1381 3.27E1 1.13 1.08 1.04 1.03 1.01
6.0 1.01E1 1.94C1 3.64E1 6,3381 6.68E1 1.14 1.09 1.04 1.03 1.02
7.0 1.46E1 3.17E1 6.560E1 1.23£2 1.31E2 1.15 1.10 1.05 1.03 1.02
8.0 Z.08E1 5.04E% 1.15E2 2.35E2 2.53E2 1.16 1.11 1.05% 1.03 1.02

10.0 4.31E1 1.29E2 2.61E2 8.86E2 9.68E2 1.18 1.12 1.06 1.04 1.02

15.0 3.33JE2 t.67E3 T7.30E3 ?2.68E4 3.04E4 1.22 1.14 1.07 1.05 1.03

20.0 3.1983 2.60FE4 1.72E5 9.09E5 1.07E6 1.24 1.16 1.08 1.06 1.03

25.0 3.32E4  4.42E3  4.42E6  3.32E7Y  A.Q3E7 1.726 1.18 1.09 1.07 1.03

30.0 3.58E5 T.83E6 1.29E8 1.28E9 1.60E9 1,27 1.19 1.10 1.07 1.04
35.0 3.92E6 1.41E8 3.32E9 5.07E10 6.54E10 1.29 1.21 1.11 1.08 1.04
40.0 4.34ET 2.57E9 9.33E10 2.05E12 2.73E12 1.30 1.22 1.11 1.¢8 1.04

ENERGY (MEV)
RC(MFP) 0.03
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Table A.7 Gamma-ray buildup factors for point isotropic source
in 45-mfp-thick uranium

ABSORBEZ DOSE BUILDUP FACTORS IN 45-MFP THICK URANIUM

ENERGY (MEV)

R(MFP)Y 15 10 8 6 5 4 3 2 1.5 1
0.3 1.33 1.36 1.40 1.44 1.46 1.48 1.49 1.46 1.38 1.35
1.9 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 1.86 1.92 2.03 2.15 2.10 1.99
3.0 2.42 2.76 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 2.890 2.97 2.83 2.55
5.0 .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 3.4l 3.65 3.79 3,46 3.04
7.0 7.25 5.09 4.14 3.65 3.69 3.88 4,12 4,23 3.78 3.28
8.0 9.76 6,27 4.89 4,17 4.20 4.38 4.61 4,66 4.10 3.51

10.0 1.79E1 9.53 6.80 5.45 5.39 5.51 5.67 5.53 4.70 3.93

15.9 8.26E1 2.71E1 1.54E1 1.03E1 9.64 .14 8.67 T.76 6.13 4.85

20.0¢ 3.77E2 T7.64E1 3.42F1 1.89E1 1.63E1 1.40E1 1.21E1 9.98 T.47 5.69%

25.0 1.68E3 2.11E2 7.47E1 3.35E1 2.65E1 2.04E1 1.59E1 1.22E1 8.72 6.45

30.0 7.32E3 .5.70E2 1.60E2 5.76E1 4,16E1 2.8%Et 1.99E1 1.44E1 9.96 7.18
35.0 3.1264 1.51E3 3.35€2 9.67E1 6.33E1 3.84E1 2.43E1 1.66E1 1.1381 7.83
40.0 1.30E5 3.92E3 6.92E2 1.5%E2 9.41E1 5.0581 2.888E1 1.88E1 1.27E£1 B.43

ENERGY (MEY)

RE(MFP) 0.8 0.6 0.5 G.4 0.3 0.25 0.2 0.19 0.18 0.17
0.5 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 2.19 2.32 2.48
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 Z.53 2.16 1.96 1.79 1.73 1.80 2.36 2.75 3.34 4.28
6.0 2.71 2.28 2.04 1.84 1.77 1.81 2.40 2.88 .68 5.07
7.0 2.88 2.40 2.12 1.89 1.79 1.83 2.44 3.01 4.06 6.06
8.0 3.04 2.52 2.1% 1.94 1.82 1.84 2,47 3.15 4.51 7.33

10.0 3.35 2.73 2.33 2.02 1.86 1.87 2.54 3.47 5.68 1.08E1

15.0 3.97 3.13 2.59 2.18 1.94 1.93 2-68 4,52 {.08E1 3.47E1

20.0 4.52 3.47 2.82 2.32 1.99 1,97 2.80 5.96 2.51E1  1.42E2

25.0 4.98 3.75 3.02 2.44 Z2.04 2.00 2.86 8.40 6.64E1 6.55E2

30.0 5,40 4,00 3.19 2.55 2.08 2.03 2.92 1.26E1 1.90E2 3.17E3
35.0 5.78 4,22 3.35 2.65 2.11 2.06 2.98 2.03E1 5.865£2 1.57E4
40.0 6.16 4,43 3.51 2.74 2.15 2.09 3.04 3.426E1 1.73E3 7.93E4

ENERGY (MEV}

RCHFP) 0.16 0.15 0.14 0.13 0.12 0.116 0.115 0.1 0.08 0.08
Q0.5 1.49 1.49 1.50 1.51 1.51 1.51 1.10 1.06 1.02 1.01
1.0 1.90 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 .44 3.9% 4.58 5.35 6.14 65.47 1.16 1.11 1.05 1.02
4.0 4.41 5.45 6.95 8.87 1.11E1 1.20E1 1.18 1.12 1.06 1.03
5.0 5.68 7.71 1.08E1 1.52E1 2.07E1 2.33E1 1.20 1.13 1.06 1.03
6.0 7.36 1.10E1 1.70E1 2.63E1 3.92E1 4.55E1 1.21 .14 1.07 1.03
7.0 9.69 1,61E1 2.74E1 4.61E1 7.28E1 B8.7S5Et 1.23 1.16 1.07 1.04
8.0 1.2861 ?2.32FE1 4.31E1 7.74E1 "1.32E2 1.63E2 1,24 1.16 1.08 1.04

10.0 2.28E1 4.87E1 1.07E2 2.25€2 4.45E2 3.84E2 1.26 1.18 1.09 1.04

15.0 1.18€2 - 3.92E2 1.26E3 3.82€3 1.06E4 1.58E4 1.30 1.21 1.1 1.05

20.0 7.B7E? 3.98€3 1.83E4 T7.68E4 2.87ES 4.80E5 1.33 1.23 1.12 1.086

25.0 5.83E3 4.4TE4 2.95€5 §.72E6 B.55E6 1.59E7 1.35 1.24 1.13 1.07

30.90 4.49E4 5.23E5 5.01E6 &4.05E7 2.70E8 5.58E8 1.37 1.26 1.14 1.07
35.0 3.52€5 6.25€6 B.PI1ET 9.83ES 8.81E9 2.03E10 1.39 1.27 1.15 1.08
40.0 22,8066 7.54E7 1.53E9 2.43E10 2.94E11 7.54E11 1.40 1.28 1.16 1.08

ERERGY (MEV)
RCMEP) 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 .02 1.01 1.61
6.0 1.02 1.01 1.01
7.0 1.02 1.01 1.01
8.0 1.03 1.01 1.01
10.0 1.03 1.02 1.01
15.0 1.03 1.02 1.01
20.0 1.04 1.02 1.G1
25.0 1.04 1.03 1.01

30.0 1.03% 1.3 1.01
35.0 1.05 1.03 1.01
40.0 1.05 1.03 1.02
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Table A.7 (continued)
CXPOSURE BULLDUP FACTORS IN 45-MFP THICK URANIUM

ENERGY (MEV)

R(MFP) 15 10 3 & 5 4 3 2 1.5 1
0.5 1.31 1.27 1.25 1.25 1.23 1.21 1.21 1.19% 1.16 1.14
1.0 1.64 1.48 1.42 1.39 1.37 1.35 1.36 1.35 1.31 1.27
2.0 2.21 1.92 1.77 1.66 1.63 1.63 1.66 1-66 1.61 1.50
3.0 3.07 2.48 2.17 1.97 1.93 1.94 1.97 1.96 1.86 1.69
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 2.67 2.61 2.63 2.54 2.31 2.03
6.0 8,24 5.04 J.av 3.17 3.03 3.00 2.99 2.84 2.53 2.1%
7.0 1.14E1 6.36 4.66 3.69 3.49 3.43 3.38 3.15 2.74 2.34
8.0 1.59E1 8.01 5.60 4.28 4,01 3.%0 3.79 .45 2.95 2.49

10.0 J.02E1 1.26€E1 8.03 5.7%1 5.22 4,94 4.66 4.08 3.36 2,77

15.0 1.46%2 3.7T6E1 1.90E1 1.12E1 9.56 8.28 7.12 5.66 4.34 3.38

20.0 6.7T7TE2 1.09E2 4.35E1 2.09E1 1.64E1 1.28E1 9.93 7.24 5.25 3.94

25.0 3.04E3 3.03E2 9.863E1 3.76E1 2.69E1 1.B7TE1 1.30E1 8.82 5.11 4.46
30.0 1.33E4 8.24E2 2.0BE?2 6.52E1 4.25E1 2.62E1 1.64E1 1.04E1 6.96 4.94
35.0 5.67E4 2.19E3 4.38E2 1.10E2 6.50E1 3.54E1 1.99E1 1.20E1 -7.91 5.39
40.0 2.37Es 5.69E3 9.07E2? 1.82E2 9.7T0E1 4.86E1 2.36E1 1.35E1 B8.83 5.79

ENERGY (MEV)

R(MFP) 0.8 0.6 0.5 0.4 0.3 0.25 6.2 0.19 0.18 0.17
0.5 1.12 1.10 1.09 1.08 1.10 1.13 1.21 1.23 1.25 1.29
1.0 1.23 1.18 1.15 1.13 1.14 1.19 1.332 1.38 1.44 1.51
2.0 1.43 1.32 1.26 1.21 1.1% 1.24 1.47 1.58 1.70 1.87
3.9 1.58 1.43 1.34 1.28 1.22 1.27 1.5% 1.70 1.91 2.21
4.0 1.71 1.52 1.41 1.31 1.25 1.2% 1.60 1.81 2.11 2.59%
5.0 1.83 1.60 1.47 1.33 1.28 1.30 1.64 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 3.1 5.26

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 1.46 1.43 1.94 3.98 1.76E1 1.11E2

25.9 3. 46 2.68 2.20 1.81 1.49 1.45 1.99 5.55 4.69E1 5.16E2

30.0 3.74 2.85 2.32 1.89 1.52 1.48 2.0? &8.30 1.3562 2.52E3
35.0 .01 3.00 2.44 1.96 1.54 1.49 2.96 1.32E1 4.05E2 1.2b6E4
40.0 4.26 3.16 2.55 .03 1.56 1.51 2.10 2.23E1 1,25E3 6.3TE4

ENERGY (MEV)

RI{NFP) 0.14 0.15 0.14 0.13 0.12 0.116 0.115 0.1 0.08 0.06
0.5 1.32 1.36 1.40 1.45 1.50 1.52 1.06 1.04 1.02 1.01
1.0 1.59 1.68 1.78 1.%0 2.04 2.09 1.08 1.06 1.02 1.01
2.0 2.08 2.35 2.67 3.06 3.51 3.7 1.10 1.07 1.03 1.02
3.0 2.63 3.20 3.92 4,89 £.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 6.23 9.26 1.41E1 2.09E1 2.,46E1 1.16 1.11 1.06 1.03
6.0 5.53 2.01 t.48E1 2,47E1 4.02€1 4.37E1 1.17 1.12 1.06 1.03
7.0 7.33 1.34E1 2.41E1 4.38E1 7.56E1 9.45E1 1.18 1.13 1.07 1.03
8.0 %.83 1.95E1 3.85E1 T.45E1 1,382 1.78E2 1,20 i.14 1.67 1.04

10.0 1.79EfT A.23E1 9.85E1 2.74E2 4.81E2 6.55E2 1.22 1.16 1.08 1.04

15.0 9.97E1 3.69E2 1.26E3 4.10E3 1.22E4 1.88E4 1.26 1.19 1.10 1.05

20.0 6.87E2 3.9083 1.93E4 8.71E4 3.S50E5 6.04E5 1.28 1.21 1.1 1.06

25.0 5.16E3 4.47€4 3.20E5 2.01E6 1.09E7 2.08E7 1.30 1.22 1.13 1.07
30.0 4,014 5.29E5 5.50E6 4,.83E7 3.51ER T7.52E8 1.32 1.23 1.14 1.07
35.0 3.16€5 6.35E6 9.63E7 1.19€E9% 1.17E1¢ 2.78E10 1.34 1.25 1.15 1.08
49.0 2.53E6 7.71E7 1.70E9 2.95E10 3.93E11 1.05E12 1.35 1.26 1.13 1.08

ENERGY (MEV)
R(MFP) €.05 G.04 0.03

0.5 1.01 1.00 1.00
1.0 1.01 1.01 1.00
2.0 1.01 1.91 1.00
3.0 1.02 1.01 1.0¢
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
8.0 1.02 1.01 1.01
10.0 1.03 1.02 1.01
15.0 1.03 1.902 1.01
20.0 1.04 1.02 1.0t
25.0 1.04 1.03 1.01

30.0 1.05 1.03 1.01
35.0 1.05 1.03 1.0t
40.90 1.05 1.03 1.02

AA,SO.__
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Table A.7 (continued)

DOSE EQUIVALENT BUILDUP FACTORS IN 45-MFP THICK URANIUNM

ENERGY (MEV)

R(MFP) 13 10 3 6 5 4 3 2 1.9 1
0.5 1.35 1.31 1.29 1.28 1.26 1.23 1.23 1.20 1.17 1.15
1.8 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 1.69 1.66 1.69 1.68 1.64 1.53
3.0 3.27 2.60 2.27 2.03 2.00 1.97 2.00 1.98 1.91 1.72
4.0 4.58 3.33 2.77 2.40 2.34 2.31 2.33 2.27 2.14 1.90
5.0 6.39 4.25 3.37 2.81 2.72 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 4.97 3.43 3.64 3.51 3. 44 3.19 2.82 .39
3.0 1.72E1 8.61° 5.92 4,44 4.19 3.98 3.86 3.5¢ 3.04 2.55%

ic.0 3.29E1 1.36E1 8.51 5.%4 5.47 5.03 4,75 4.14 3.46 2.83

15.0 1.59E2 4.08E1 2.03E1 1.17E1 1.01E1 8.48 7.28 5.75 4,47 3.46

20.0 7.39E2 1.18E2 4.64E1 2.1981 1.74€1 1.3181 1.01E1 7.36 5.41 4.03

25.0 3.32E3 3.30EZ 1,03E2 3.94E1 2.85&1 1.9201 1.33E1 8.9%6 5.30 4,57

30.0 1.45E4 8.98E2 ?.22E2 6.84E1 4,501 2.68E1 1.67E1 1.08E1 7.18 5.07
35.0 6.19E4 2.38E3 4.69E2 1.16E2 6.8%E1 3.63€1 2.03B1 1.22F1 8.15 5.52
40.0 2.59E5 6.20E3 9.71E2 1.91E2 1.03E2 4.78E1 2.41£1 1.37E1 9.13 5.94

ENERGY (MEV)

R(MFP) D.3 0.6 0.5 Q.4 Q0.3 0.25 0.2 0.19 ¢.18 0.17
0.5 1.13 1.11 1.10 1.10 1.12 1.17 1.26 1.29 1.32 1.35
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 t.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 2.94
5.0 1.87 1.63 1.49 1.37 1.31 1.38 1.80 2.11 2.62 J.49
8.0 2.00 1.71 1.55 1.41 1.34 1.37 1.84 .21 2.89 4.14
7.0 2.11 1.79 1.60Q 1.44 1.35 1.39 1.87 2.32 3.20 4.69
8.0 2.22 1.87 1.66 1.47 1.37 1.40 1.90 2.43 3.57 6.13

10.0 Z.43 2.02 1.75 1.53 1.40 1.42 1.95% 2.68 4.54 9.20

15.0 2.86 2.30 1.94 1.65 1.46 1.46 2.06 3.50 8.84 3.10E1

20.0 3.24 2.53 2.10 1.75 1.50 1.49 2.15 4.62 2.09E1 1.31E2

25.0 3.55 2.73 2.24 1.84 1.53 1.52 2.20 6.52 5.60E1 6.09E2
30.0 3.85 2.90 2.37 1.92 1.56 1.54 2.24 3.85 1.61E2 2.97E3
35.0 4.12 .06 2.49 2.00 1.58 1.56 2.28 1.58E1 4.84E2 1.4BEa
40.0 4.39 3.22 2.60 2.07 1.61 1.57 2.33 2.68E1 1.4%E3 7.50E+4

RCMFP)Y 0.16 0.15 0.14 0.13 0.12 0.116° 0.115 0.1 0.08 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 1.8t 1.91 2.02 2.12 2.17 1.08 1.06 1.02 1.01
2.0 .31 2.61 2,93 3.31 3.72 3.90 1.10 1.08 1.03 1.02
3.0 2.9% 3.61 4.38 5.36 6.51 7.04 1.13 1.0% 1.04 1.02
4.0 3.79 5.05 6.69 3.98 1.19E1 1.33E% 1.14 1.11 1.05 1.03
5.0 4.91 7.20 1.05E1 1.56E1 2.25E81 2.60E1 1.16 1.12 1.06 1.03
6.0 6.41 1.04E1 1.6BE% 2.7T4E1 4,321 5.16€1 1.18 1.13 1.06 1.03
7.0 8.56 1.55E1 2.75E%1 4.8581 8.11£1 1.00€2 1.19 1.14 1.07 1.03
8.0 1.1561 2.26E1 4.38E1 B8.25E1 1.48E2 1.88E2 1.20 1.15 1.07 1.04

10.0 2.10E1  4,91E1 1.12€2 2.47E2 35.14E2 6.90E2 1.22 1.16 1.08 1.04

15.0 1.16E2 4.25E2 1.42E3 4.46E3 1.29E4 1.96F4 1.26 1.19 1.10 1.05

20.0 7.99€2 4.4TE3 2.15E4 9.42E4 3.6TE5S 6.25E5 1.29 1.21 1.11 1.06

25.0 5,99F3 5.10E4 3.55E3 2.18E6 1.13E7Y 2.15E7 1.31 1.22 1.13 1.07

30.0 4.65E4 6.03E5 6,09E6 5.19E7 3.65E8 7.71E8 1.33 1.24 1.14 1.07
35.0 3.66E5 T7.23E6 1.07TE8 1.27E9 1.2Z1E10 2.84E10 1.34 1.25 1.15 1.07
40.0 ?2.93E6 8.77ET 1.8BE9 3.16E10 4.06F11 1.07E12 1.36 1.26 1.16 1.08

ENERGY (MEV)
RCMFP) 0.05 0.04 ¢.03

0.5 1.91 1.00 1.00
1.0 1.01 1.0% 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
8.0 1.02 1.01 1.01
10.0 1.03 1.02 1.01
15.0 1.03 1.02 1.01
20.0 1.04 1.02 1.01
25.0 1.04 1.03 1.01

3¢.0 1.05 1.03 1.01
35.0 1.05 1.03 1.01
40.0 1.035 1.03 1.02

__.51 —_
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Table B.1 G-P parameters for gamma-ray buildup factors
in molybdenum medium

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

E B C A XK D i MAX. XMAX RMS |
(MEV) I I DEV(X) (MFP) DEV(X)!
15 I 1.404 0.984 0.072 14.18 -0.0947 | 4.7 1 2.44 |
10 P 1.411 0.863 0.091 14.31 ~-0.1056 | 4.9 1 2.59 |

8 ! 1.465 0.805 0.105 14.27 -0.1188 {+ 5.9 0.5 2.98 |
6 1 1.545 0.784 0.107 13.97 -0.1249 1 5.5 0.5 3.02 |
5 I 1.596 0.81¢9 0.090 13.79 -0.1087 | 5.6 0.5 2.86 |
I | I

4 I 1.563 0.900 0.057 13.51 -0.0796 | 3.3 0.5 2.06 |
3 I 1.6%0 0.950 0.035 13.30 -0.0570 | 2.0 0.5 1.40 t
2 I 1.860 1.032 0.006 13.22 -0.0281 | 1.6 2 0.73 |
1.5 | 1.906 1.079 -0.012 12.97 -0.00%5 t 0.7 3 0.34 |
1 I 2.263 0.958 0.026 13.62 -0.0389 ! 1.5 5 0.75 |
1 I |

0.8 | 2.408 0.908 0.040 13.62 -0.0467 | 2.1 0.5 1.03 1
0.6 | 2.549 0.847 0.063 13.82 -0.0655 | 2.5 0.5 1.34 |
0.5 | 2.594 0.774 0.085 13,93 -0.0750 | 3.1 0.5 1.48 |
0.4 | 2.555 0.675 0.119 13.99 -0.0%919 } 3.5 0.5 1.62 |
0.3 t 2.294 0.527 0.182 14.13 -0.1276 ' 2.9 0.5 1.41 |
! ! |

0.2 ! 1.709 0.38¢9 0.248 14.25 -0.1467 1 2.2 0.5 1.00 |
0.15 | 1.422 0.291 0.330 12.85 -0.2300 I 3.5 0.5 1.6%9 |
0.1 | 1.156 0.252 0.363 13.03 -0.2549 | 1.8 0.5 ¢.85 |
0.08 | 1.085 0.240 0.379 13.14 -0.2715 1@ 0.9 0.5 0.50 I
0.06 I 1.028 0.505 0.150 13.57 -0.0706 1| 0.1 0.5 .07 |
! ! !

0.05 | 1.380 0.053 -0.090 9.94 0.1063 | 0.4 4 0.23 1
0.04 | 1.486 0.349 0.064 29.63 -0.0674 1| Q.4 15 0.18 |
0.0351 1.545 0.529 0.259 17.17 -0.2122 t 1.5 0.5 0.74 |
0.03 1 1.511 i.111 0.103 28.%91 -0.1158 | 4.3 8 2.41 |
0.0281 1.553  1.275 0.087 36.00 ~0.2236 t 7.3 40 4.05 1
1 I |
0.0261 1.595 1.413 0.083 10.64 -0.0623 | 9.5 3 5.48 |
0.0241 1.594 1.632 0.057 $.15 -0.0313 1 10.8 3 .61 |
0.0221 1.5%96 1.785 0.04% 10.68 -0.0390 | 11.7 3 L.84 |
0.¢21f 1.531 1.997 g.022 20.26 -0.0122 | 7.6 3 4.31 |
0.02 I 1.011 0.365 0.261 14.32 -0.159%2 | 0.1 0.5 0.05 |
[ | |
0.015! 1.005 0.347 0.282 13.56 -0.1759 1| 0.1 10 0.04 |
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Table B.1 (continued)

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

E | B C A XK b I MAX. XMAX RMS |
(MEVY | I DEV{(%) (MFP) DEV(X)I
15 I 1.567 1.081 0.044 13.97 -0.0699 | 4.4 1 2.12 |
10 [ 1.510 0.936 0.067 14&.16 -0.086C | 4.5 0.5 2.37 |

8 I 1.496 0.904 0.070 14.12 -0.0891 | 4.9 0.5 2.37 |
é I 1.517 0.901 0.064 13.82 -0.0869 | 4.2 0.5 2.27 |
5 I 1.524 0.940 0.047 13.63 ~-0.0713 | 3.9 0.5 1.99 |
| i !

4 I 1.509 1.003 0.023 13.32 -0.0502 § 2.4 0.5 1.40 |
3 I 1.566 1.042 0.006 12.98 -0.0329 | 1.2 35 0.81 |
2 I 1.628 1.097 -0.013 12.41 -0.0128 | 1.3 2 0.61 |
1.5 1 1.64% 1.117 -0.023 12.45 -0.0005 | 1.2 0.5 C.44 |
1 I 1.743 1.061 -~0.006 13.68 -0.0129 | 0.9 5 .39 |
I | !

0.8 |+ 1.757 1.032 C.0 13.85 -0.0143 | 0.8 5 0.37 1
0.6 | 1.747 0.997 0.012 14&.14 -0.0237 I 1.0 5 0.3%9 |
0.5 | 1.716 0.940 0.025 14.30 -0.0275 1 1.0 5 0.44 |
0.4 | 1.654 0.856 0.047 14.13 -0.036%9 1 1.0 5 0.49 |
0.3 | 1.533 0.733 0.084 14.45 -0.0349 1 1.0 35 0.49 |
I I 1

0.2 I 1.334 0.582 0D.136 14.63 -0.0734 | 0.6 25 0.38 |
0.15 + 1.241 0.462 0.192 12.98 -0.1125 | 2.4 0.5 1.05 i
0.1 t 1.108 0.373 0.250 13.00 -0.14638 | 1.4 0.5 .62 |
0.08 | 1.065 0.341 0.275 13.17 -0.1833 | 0.8 0.5 .39 1
0.06 1 1.025 0.556 0.123 14.26 -0.0506 | 0.1 0.5 .07 1
I | ]

0.05 | 2.981 0.038 -0.226 16.53 0.0483 | 2.6 1 1.04 ]
0.04 | 3.839 0.345 0.050 30.30 -0.0%921 | 0.8 15 0.40 |
0.0351 3.897 D.545 0.248 17.68 -0.1994 | 2.1 15 1.04 |
.03 | 3.621 1.0%90 0.110 36.26 -0.3084 1 5.8 0.5 3.41 |
0.0281 3.577 1.275 0.087 25.69 -0.1113 | 9.1 3 5.57 |
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 10.16 -0.0447 | 12.8 3 5.60 |
0.0221 2.%935 1.820 0.043 10.51 -0.0326 | 11.4 3 4.89 |
0.0211 2.758 1.945 0.031 10.77 -0.0230 | 10.3 3 4. 64 |
.02 1 1.011 0.376 0.250 14.35 -0.1476 | 0.1 10 0.06 1
[ |

i |
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(continued)

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

XMAX RMS |
(MFPY DEV({X) I

v

o

0.05
0.04
0.0351
0.03 1
0.0281

|
0.0261
0.0241
0.0221
0.0211
0.02 |

13.98
14.14
14.09
13.84
13.63

13.41
13.10
5.00
5.51
13.63

13.99
14.04
14.19
14.1¢
14.31

15.11
12.81
12.93
13,17
13.73

15.80
25.76
17.37
28.78
32.82

11.87
16.67
11.36
35.45
14.32

13.56

-0.0807
-0.1014
-0.1092
-0.0961
-0.083¢2

-0.0590
-0.0387
0.0116
0.0015
-0.0188

-0.0180
-0.0266
-0.0323
-0.0405
-0.0618

-0.0801
-0.1339
-0.1764
-0.1932
-0.0581

0.0557
~-0.0643
-0.2035
-0.1329%
-0.1454

~0.0574
-0.0388
-0.0300
-0.0642
-0.1599

OO MNNO
= N0 o

MmN OoOnN
[ I I
~N N0

|
I
[
l
t
l
!
!
1
1
I
I
!
|
|
|
I
|
I
1.13 1
i
I
[
I
t
!
i
1
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Table B.2 G-P parameters for gamma-ray buildup factors
in tin medium

PARAMETERS FOR POINT SOURCE ABSORBED DOSE BUILDUP FACTORS UP TO 40 MFP
IN 45-MFP THICK TIN AND COMPARISON 70 VALUES CALCULATED
BY THE PALLAS CODE

E |- B C A XK D [ MAX. XMAX RMS 1]
(MEV) I ! DEV(%) (MFP)> DEV(X}I
15 | 1.398 1.055 0.064 164.06 -0.0929 | 6.0 1 2.81 |
10 I 1.433 0.895 0.088 14.80 -0.1043 1| 5.8 c.5 3.32 |

8 1 1.469 0.807 0.112 14.26 -0.1297 1 7.2 0.5 3.38 |
6 I 1.568 0.732 0.136 14.03 -0.1584 | 5.7 0.5 3.70 |
5 | 1.575 0.814 0.096 13.88 -0.1167 | 7.8 0.5 342 0
l ! 1

b 1 1.517 0.891 0.063 13.52 ~0.0873 1 5.1 0.5 2.52 |
3 I 1.643 0.933 0.043 13.32 -0.0665 1 3.7 0.5 1.85 I
2 I 1.814 0.981 g.021 13.33 -0.03%2 1 1.5 35 0.86 |
1.5 1 1.929 1.030 0.001 13.25 -0.0179 | 0.9 5 0.386 |
1 I 2.236 0.901 0.041 13.52 -0.0463 1 1.6 5 0.95 |
I | l

0.8 1 2.332 0.852 0.057 13.76 -0.0574 1 2.7 0.5 1.23 |
6.6 | 2.391 0.769 0.085 13.78 -0.0736 | 3.1 0.5 1.44 |
0.5 | 2.337 0.702 0.110 13.90 -0.08%92 I 3.3 0.5 1.60 |
0.4 1 2.224 0.589 0.151 13.88 -0.1057 | 3.5 0.5 1.51 |
0.3 | 1.924 0.460 0.213 14.10 -0.1426 | 2.5 0.5 1.25 |
| | 1

0.2 I 1.436 0.356 0.263 14.22 -0.1497 § 1.7 0.5 0.75 |
0.15 1 1.170 0.504 0.152 13.45 -0.0750 | 0.9 0.5 0.40 |
0.1 | 1.123 0.245 0.362 12.99 -0.2053 1 1.1 0.5 .44 1
0.09 | 1.115 0.192 0.403 13.17 -0.2361 | 0.7 2 0.37 |
0.08 | 1.393 0.033 0.741 14.35 -0.2278 1 0.5 3 0.24 |
1 ! 1

0.07 | 1.476 0.064 0.125 8.62 0.10%6 1 0.6 1 0.33 |
0.06 | 1.5686 0.258 -0.080 21.22 ©0.0579 I 0.5 0.5 0.27 |
0.0551 1.610 0.315 0.243 15.34 0.1054 | 1.5 c.5 0.81 |
0.05 | 1.636 0.496 0.276 16.81 -0.2316 | 1.9 20 0.91 |
0.0451 1.647 0.881 0.152 17.98 -0.1158 | 2.6 4 1.52 1
| I |

0.04 | 1.691 1.229 0.096 29.62 -0.1824 | 6.3 3 3.78 |
0.0351 1.671 1.705 0.030 13.79 0.0447 | 5.5 3 2.92 |
0.03 1+ 1.787 1.85¢9 0.042 11.10 -0.0316 ' 11.3 3 4.82 |
0.02%t 1.017 0.366 0.260 14.11 -0.1578 | 0.1 3 0.08 |
0.02 | 1.006 0.381 0.252 13.99 -0.15%92 | 0.1 15 0.03 |
1 | 1
0.0151 1.003 0.405 0.215 26.26 -0.3092 | 0.1 L 0.04 |
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Table B.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 CODE

E B C A XK D I MAX. XMAX RMS |
(MEV) | | DEV(X) (MFP) DEV(X)I
15 I 1.573 1.170 C.033 13.84 -0.0640 1 4.8 1 2.25 |
10 I 1.509 0.987 0.061 14.01 -0.0850 |t 4.8 0.5 2.49 |

8 I 1.478 0.945 0.063 14.24 -0.08B40 | 5.5 0.5 2.49
6 I 1.486 0.924 0.062 13.89 -0.0870 | 5.1 0.5 2.44 |
5 I 1.480 0.970 0.041 13.72 -0.0672 1 5.1 0.5 2.19 |
| | i

4 I 1.459 1.018 0.021 13.31 -0.0504 | 3.4 0.5 1.58 |
3 I 1.506 1.058 0.003 13.05 -0.0314 | 2.0 0.5 .97 |
2 I 1.567 1.073 -0.007 12.77 -0.0162 t 1.3 2 0.49 |
1.5 1 1.é612 1.085 -0.015 12.40 -0.0057 | 0.9 0.5 0.36 |
1 I 1.674 1.021 0.002 13.56 -0.0151 I 0.9 5 0.37 |
I ] ]

0.8 | 1.670 0.994 0.009 13.88 -0.0182 | 0.9 5 0.38 |
0.6 1 1.643 0.929 0.027 13.8% -0.0286 | 0.8 5 0.40 |
0.5 1 1.601 0.877 0.042 13.86 -0.0357 | 1.0 5 0.49 |
0.4 1 1.525 0.780 0.067 14,18 -0.0432 1 1.0 35 0.4%9 |
0.3 1 1.405 0.659 0.10% 14,33 -0.0678 | 0.9 35 0.4%9 |
1 ] ]

0.2 1 1.229 0.543 0.149 14.61 -0.0779 | 0.6 35 0.32 |
0.15 | 1.104 0.640 0.091 13.8%9 -0.0357 | 0.3 3 .15 |
0.1 | 1.117 0.229 0.366 13.11 -0.2253 | 1.0 0.5 .46 1
0.09 I 1.13%9 0.134 0.498 13.46 -0,288% | 0.8 2 0.39 !
0.08 | 1.765 0.018 ¢.810 15.18 -0.1613 | 1.1 1 06.35 |
I I |

0.07 1| 2.215 0.050 -0.558 .48 0.1018 | 0.8 2 0.40 |
0.06 | 2.848 0.236 -0.030 5.00 -0.0542 | 0.6 40 .38 |
0.0551 3.104 0.326 0.225 14.57 (0.1272 1 2.1 2 1.31 1
0.05 1 3.38¢6 0.491 0.279 16.78 -0.2340 | 2.3 0.5 1.18 |
0.0451 3.407 0.8467 0.157 17.52 -0.1194 t 3.4 4 2.02 |
I J I

0.04 | 3.472 1.233 0.094 27.06 -0.1217 | 'B.Z2 3 4.12 |
0.035F 3,122 1.612 0.052 27.11t -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 0.401 0.234 14.00 -0.1396 1 0.2 0.5 0.08 |
0.02 | 1.006 0.377 0.255 14.12 -0.1620 1 0.1 10 0.03 |
! . I |
0.0151 1.003 0.382 0.234 2B.06 ~-0.4056 | 0.1 4 0.04 |
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Table B.2 {continued)
PARAMETERS FOR POINT SQURCE DDSE'EQUIVALENT BUILDUP FACTORS UP TO 40

MFP IN 4S-MFP THICK TIN AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

] E | B c A XK - D ! MAX. XMAX RMS |
| (MEV) ! | DEV(X) (MFP)Y DEV(%)]I
15 I 1.663 1.135 0.043 13.78 -0.0756 | 5.4 1 2.63 |
10 1 1.578 0.969 0.067 14.03 -0.0913 1 6.2 0.5 2.88 |
8 1 1.551 0.898 0.080 14.07 -0.1022 | 6.1 0.5 2.87 |
6 | 1.543 0.891 0.074 13.88 -0.0990 | 5.9 0.5 2.80 |
5 | 1.552 0.918 0.059 13.67 -0.0845 | 5.5 0.5 2.53 |
[ | |

4 I 1.4%97 0.990 0.030 13.34 -0.0588 | 3.9 0.5 1.85 |
3 ! 1.553 1.022 0.014 13.21 -0.0410 1 2.0 0.5 1.14 |
2 | 1.609 1.056 -0.002 12.97 -0.0205 1 1.1 2 0.52 |
1.5 | 1.685 1.079 -0.013 11.82 -0.0077 | 0.9 3 0.39 i
1 | 1.746 1.004 0.007 14.18 -0.,01%1 1 1.0 5 0.41 |
| ! [

0.8 1 1.744 0.975 0.015 13.72 =-0.0229 1| 1.0 5 0.43 |
0.6 | 1.693 0.922 0.029 13.93 -0.0293 | 0.9 5 0.46 |
0.5 | 1.648 0.868 0.045 13.89 -0.0378 | 1.0 35 0.53 |
0.4 | 1.557 0.769 0.071 14.18 -0.0456 | 1.0 35 0.52 |
0.3 | 1.419 0.656 0.110 14.35 -0.0681 | 0.8 35 0.50 |
- | [

0.2 1| 1.242 0.529 0.156 14.58 -0.0821 | 0.8 0.5 0.37 |
0.15 | 1.110 0.631 0.094 13.87 -0.0374 | 0.4 0.5 0.17 |
0.1 | 1.125 0.220 0.374 13.07 ~0.2271 1 1.0 0.5 0.48 |
0.09 | 1.141 0.137 0.492 13.31 -0.2847 1 0.8 2 0.39 |
0.08 | 1.702 0.019 0.806 15.22 ~0.16%4 | 0.9 1 0.33 |
1 | |

0.07 | 2.070 0.051 -0.550 9.12 0.107&4 | 0.7 2 0.38 |
0.06 | 2.553 0.238 -0.022 5.00 -0.0544 | 0.6 8  0.34 |
0.055! 2.811 0.323 0.232 14.60 0.1162 1 2.1 0.5 1.26 |
0.05 | 3.091 0.495 0.277 16.76 -0.2333 | 2.1 0.5 1.10 |
0.0451 3.067 0.874 0.155 17.21 -0.1148 | 3.5 0.5 2.02 |
I ' I 1

0.04 1 3.132 1.222 0.098 19.11 -0.0717 | 8.8 3 L.84 |
0.0351 3.097 1.535 0.068 13.19 -0.0466 1 13.0 3 6.88 |
0.03 | 2.BO7 1.862 0.042 10.55 -0.0344 | 11.6 3 4.96 |
0.0291 1.017 0.366 0.260 14.11 -0.1578 | 0.1 3 0.08 |
0.02 | 1.006 0.381 0.252 13.99 -0.15%2 | 0.1 15 0.03 |
t i |
0.0151 1.003 0.405 0.215 26.26 -0.3092 | 0.1 4 0.04 |
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Table B.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 CODE

0.0381 1.021 0.399 0.237 13.92 -0.144%
I

E 1 B c A XK D I MAX. XMAX RMS |
(MEV) | | DEV(X> (MFP) DEV({Z)I
15 I 1.400 1.096 0.061 13.99 -0.0938 | 6.9 i 3.10 |
10 I 1.422 0.919% 0.089 14,18 -0.1121 1 7.3 0.5 3.36 |
8 I 1.404 0.924 0.0%3 14.62 -0.0883 1 10.9 0.5 4.13 |
& I 1.518 0.788 0.115 14.12 -0.1361 1 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 ] !
4 1 1.513 0.873 0.073 13.60 -0.09892 1 6.6 0.5 3.00 |
3 I 1.647 0.899 0.056 13.34 -0.078%9 | 5.1 0.5 2.30 |
2 | 1.822 0.942 0.033 13.34 -0.0477 1 1.6 0.5 1.09 |
1.5 1 1.937 0.977 0.015 13.37 -0.0258 | 1.2 5 0.50 1
1 [ 2.143 C.854 0.055 13.58 -0.0542 | 2.2 0.5 1.14 I
| ' ! i
0.8 | 2.212 0.786 C.077 13.61 -0.0670 | 2.9 0.5 1.35 |
0.6 | 2.202 0.620 0.112 13.78 -C.0874 1 3.0 0.5 1.46 |
0.5 | 2.235 0.59¢9 0.149 13.87 -0.1084 | 3.9 0.5 1.68 |
0.4 | 2.094 0.488 0.199 13.77 -0.1338 I 3.4 0.5 1.55 1
0.3 | . 1.820 0.369 0.269 14.03 -0.1785 I 3.2 0.5 1.35 . |
I ] |
c.2 | 1.524 0.216 0.390 14.02 -0.2232 | 2.3 0.5 1.02 |
0.15 1 1.170 0.338 0.259 12.95 -0.1506 1 1.4 0.5 0.60 |
6.1t | 1.450 0.043 0.646 14.35 -0.1780 t 0.6 1 0.2&6 |
0.08 | 1.604 0.214 -0.058 14.49 O0.068B0 I 0.4 1 0.16 |
c.07 | 1.699 0.288 0.358 26.36 -0.3037 | 3.7 0.5 1.73 |
I J I
0.06 | 1.694 0.794 0.175 16.64 -0.1387 1 2.4 1 1.27 |
0.0551 1.794 1.018 0.134 17.05 -0.1003 1 6.9 3 3.37 |
0.05 I 1.768 1.347 0.080 33.49 -0.1719 | 6.4 20 3.96 |
0.048% 1.811 1.434 0.072 25.88 -0.0836 | 13.4 40 5.43 |
0.0461 1.80%9 1.558 0.059 26.72 ~0.0842 | 15.0 40 5.75 1
I | 1
0.0441 1.B&8 1.646 0.054 18.45 -0.0407 | 11.1 25 6.26 |
0.0421 1.856 1.753 0.046 13.62 -0.0330 | 10.1 20 6.07 I
0.04 | 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 1 11.7 3 5.07 i
1 |
| i
0.03 1 1.012 0.371 0.256 14.48 -0.1601 | 0.1 4 0.08 |
0.02 I 1.004 0.385 0.242 15.44 -0.1504 | 0.1 5 0.03 |
6.0151 1.002 0.351 0.272 14.37 -0.1700 1 0.1 6 0.02 |



JAERT- M 88-198

Table B.3 {continued)

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

E I B C A XK D I MAX. XMAX RMS I
(MEV) | | DEV(X)> (MFP> DEV(X)1I

15 | 1.581 1.220 0.029 13.69 -0.0637 | 4.9 1 2.35 |
10 I 1.493 1.055 0.047 13.98 -0.0734 1| 5.7 0.5 2.54 |
8 I 1.468 0.974 0.060 14.13 -0.0838 1 5.9 0.5 2.56 |
6 ! 1.467 0.938 0.061 13.94 -0.0871 | 5.3 0.5 2.49 |
5 1 1.466 0.966 D.047 13.73 ~0.0749 | 5.2 0.5 2.33 |
I I !

4 I 1.431 1.028 0.022 13.38 -0.0535 | 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 I 1.536 1.053 -0.002 12.93 -0.0187 1 0.9 2 0.49 |
1.5 t 1.574 1.053 -0.008 12.66 -0.0081 | ©.7 0.5 0.32 |
1 1 1.608 0.9%0 0.009 13.65 -0.0172 | 0.9 5 0.40 |
I I 1

0.8 1 1.592 0.942 0.021 13.82 -0.0224 ¥ 0.9 5 0.43 |
0.6 | 1.547 0.868 0.042 13.95 -0.0331 | 0.9 5 0.45 |
0.5 1 1.500 0.805 0.060 14.09 -0.0407 | 0.8 5 0.49 1
0.4 | 1.426 0.709 0.089 13.99 -0.0526 | 0.8 35 .47 |
0.3 1 1.310 0.619 0.12% 14.43 -0.0711 1 0.8 0.5 0.45 |
[ | |

0.2 | 1.197 0.452 0.195 14.41 -0.1048 | 1.1 0.5 0.45 |1
0.15 | 1.089 0.537 0.135 13.64 -0.0636 1 0.8 0.5 0.2%9 |
0.1 | 1.455 0.040  0.661 14.48 -0.1748 | 0.7 1 0.25 |1
c.08 t 2.014 0.216 -0.123 16.23 0.0673 | 0.7 1 0.32 |
0.07 | 2.381 0.305 0.340 24.83 -0.2257 | 4.1 0.5 2.25 I
I ! !

0.06 | 2.786 0.778 0.182 16.42 -0.14%92 | 2.7 4 1.57 |
0.0551 2.849 1.084 0.114 20.72 -0.0%81 | 5.6 0.5 3.00 |
.05 1 3.178 = 1.269 0.100 18.88 -0.10953 | 12.8 40 6.98 |
0.048t+ 3.042 1.426 0.075 26.95 -0.1311 | 12.5 40 5.63 |
0.0461 3.095 1.510 0.070 16.32 -0.0550 | 12.4 3 7.17 |
| I [
0.0441 2.970 1.647 0.054 19.11 -0.0472 | 11.3 25 6.63 |
0.0421 3.029 1.684 0.059 10.66 -0.0434 1 12.9 3 5.68 |
0.04 1 2.900 1.811 0.046 11.12 -0.0333 | 11.8 3 5.15 |
0.0391 2.812 1.867 0.041 10.66 -0.0308 | 11.4 3 5.07 |
0.0381 1.022 0.380 0.25t 13.91 -0.1574 | 0.2 0.5 0.11 |
| | |

0.03 I 1.012 0.367 0.263 13.73 -0.1674 + 0.1 0.5 0.06 1
0.02 1 1.004 0.385 0.242 15.44 -0.1504 1 0.1 5 6.03 |
0.0151 .1.002 0.351 0.272 14.37 -0.1700 | ©.1 6 0.02 |
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Table B.3

{continued)

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

i

~4 o

0.06 |
0.0551
0.05 |
0.0481
0.0461

t
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0.0421
0.04 |
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|
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0.02 |
0.0151

14.29
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27 .94
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10.18
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Table B.4 G-P parameters for gamma-ray buildup factors
in gadolinium medium

PARAMETERS FOR POINT SOURCE ABSORBED DDSE 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 D 1 MAX. XMAX RMS |
(MEV) I | DEV(%) (MFP) DEV(X)I
15 1 1.415 1.120 0.060 13.92 -0.0949 1 7.0 0.5 3.26 |
16 | 1.433 0.938 0.087 14.14 -0.1117 1 8.2 0.5 3.54 |
8 Il 1.466 0.820 0.116 14.21 -0.1362 t+ 9.0 0.5 3.85 |
6 1 1.4B2 0.828 0.100 14.26 -0.1177 | 11.6 0.5 4,23 |
5 I 1.616 0.713 0.145 14.15 -0.1708 | 7.7 0.5 4.29 |
1. i |
& I 1.490 0.854 0.081 13.71 -0.1057 1| 8.0 0.5 3.34 b
3 I 1.625 0.866 0.068 13.44 -0.0887 I 6.3 0.5 2.67 |
2 1 1.795 0.889 0.049 13.34 -0.0585 | 2.5 0.5 1.35 |
1.5 | 1.899 0.912 0.033 13.36 -0.0360 | 1.2 5 0.72 1
1 i 2.025 0.790 0.074 13.55 -0.0629 1 2.6 0.5 1.28 |
| | l
0.8 | 2.054 ~-0.709 0.101 13.64 -0.0763 1 2.8 0.5 1.34 |
0.6 | 1.%75 0.625 0.134 13.80 -0.0948 | 3.0 0.5 1.38 |
.5 | 2.022 0.516 0.186 13.77 -0.1282 | 3.6 0.5 1.60 |
0.4 1 1.883 0.408 0.242 13.70 -0.1576 1 3.0 0.5 1.40 |
0.3 | 1.664 0.303 0.316 14.00 -0.2044 1 2.8 0.5 1.25 |
l § |
0.2 1 1.488 0.148 0.479 13.91 -0.2602 | 2.2 0.5 0.96 |
0.15 1 1.433 0.076 0.629 13.32 -0.3336 | 1.5 2 6.75 1
0.1 t 1.648 0.242 -0.006 19.35 0.0590 1 0.4 0.5 0.17 |
0.09 1 1.710 0.330 0.268 10.53 0.0625 | 1.6 2 0.95 |
g.0o8 1 1.739 0.609 0.235 16.12 -0.2033 | 2.2 35 1.23 1
i | !
0.0751 1.757 0.830 0.169 16.56 -0.1377 | 2.7 1 1.42 |
0.07 ' 1.771 1.069 0.117 20.36 -0.0956 1 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 I 1.903 1.408 0.085 18.32 -0.0988 | 15.2 40 7.47 1
0.0581 1.B49 1.603 0.049 13.03 0.0133 | 7.7 3 3.51 1
| l i
0.0561 2.022 1.508 0.080 12.29 -0.0541 | 14.0 3 6.3¢ |
0.0541 2.026 1.603 0.070 11.81 -0.0505 | 13.9 3 6.18 |
0.0521 1.990 1.736 0.053 12.46 -0.0402 1 12.4 3 . 5.86 |
0.0511 1.997 1.769 0.051 -10.56 -0.0359 | 11.8 3 5.13 |
0.05 1 1.030 0.408 0.228 13.76 -0.1346 i 0.4 0.5 0.17 1

| | |

0.04 | 1.017 0.393 0.238 14.15 -0.1412 | 0.2 0.5 0.10 |

0.03 | 1.008 0.370 0.262 14.04 -0.1718 1 Q.1 3 0.06 |

0.02 + 1.003 0.304 0.321 14.04 -0.2144 1 0.0 4 0.02 |

0.0151 1.001 0.623 0.099 11.85 -0.0272 1 0.1 4 0.03 |
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Table B.4 (continued)
PARAMETERS FOR POINT SDURCE EXPOSURE BUILDUP FACTORS UP TO 40 MFP

IN 45-MFP THICK GADOLINIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

E 1 B C A XK D I MAX. XMAX RMS
(MEV) 1 I DEV(X)Y (MFP) DEV({X)
15 I 1.5%90 1.269 0.022 13.68 -0.0562 | 4.8 1 2.25
10 I 1.503 1.074 0.046 13.91 -0.0V38 1 5.2 0.5 2.42

8 i 1.457 0.995 0.056 14.08B -0.0790 1 5.9 0.5 2.48
6 1 1.443 0.949 0.059 14.02 -0.0835 | 5.6 0.5 2.43
5 I 1.438 0.967 0.048 13.80 -0.0749 | 5.4 0.5 2.27
I |
&4 I 1.392 1.03¢6 0.020 13.47 -0.0510 1 4.2 0.5 1.73
3 I 1.444 1.038 0.010 13.33 -0.0365 | 2.5 0.5 1.13
2 I 1.496 1.016 0.007 13.01 -0.0237 | 1.0 35 0.54
1.5 1 1.524 1.009 0.002 13.00 -0.0122 | 0.8 5 0.31
1 I 1.533 0.935 0.022 13.53 -0.0218 | 0.9 5 0.44
I !
o.8 | 1.507 0.875 0.037 13.71 -0.0272 1 0.9 5 0.43
0.6 1 1.450 C.806 0.058 13.74 -0.0379 | 0.8 35 0.44
0.5 |1 1.39%9 0.749 0.075 14.07 -0.0448 | 0.7 15 0.48
0.4 | 1.328 0.658 0.104 13.96 -0.0569 | 0.7 25 0.43
0.3 | 1.235 0.576 0.136 14.60 ~0.0779 | 0.8 0.5 0.43
I i
0.2 I 1.160 0.389 0.232 14.05 -0.1256 1 1.1 0.5 0.46
0.15 | 1.175 0.182 0.427 13.11 -0.2640 1 1.2 2 0.460
0.1 | 1.607 0.246 -0.005 19.62 0.0612 | 0.3 0.5 ¢.18
0.09 | 1.822 0.331 c.270 9.77 0.0566 | 1.9 0.5 1.02
0.08 1 2.066 0.621 0.230 16.01 -0.1%9%8 | 2.4 1 1.40
| I
0.0751 2.171 0.836 0.168 16.31 -0.138%9 | 3.0 1 1.69
0.07 | 2.336 1.043 0.126 17.83 -0.0956 1 5.5 3 2.62
0.0651 2.476 1.255 0.095 26.75 -0.1659 | 9.4 40 4.18
0.06 | 2.651 1.449 0.076 19.01 -0.0762 | 10.5 40 6.14
0.0581 2.835 1.445 0.0856 12.65 -0.0598 | 14.2 3 6.59
I ]
0.0561 2.758 1.580 0.066 13.26 -0.0444 | 12.5 3 6.28
0.0541 2.760 1.659 0.060 12.87 -0.0430 1| 12.9 3 S5.47
0.0521 2.749 1.729 0.055 11.49 -0.0404 | 12.8 3 5.66
0.0511 2.732 1.762 0.053 11.10 -0.0399 | 12.6 3 5.45
0.05 | 1.029 0.419 0.220 13.78 -0.1281 t+ 0.4 0.5 0.17
! i
0.04 1 1.017 0.393 0.238 14.15 -0.1412 | 0.2 0.5 0.10
0.03 | 1.008 0.380 0.252 14.05 -0.1597 { 0.1 0.5 0.05
0.02 1 1.003 0.304 0.321 14.04 -0.2144 | 0.0 4 0.02
0.C15! 1.001 0.673 0.069 23.28  0.0179 | 0.1 7 0.03
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Table B.4 (continued)
PARAMETERS FOR PQINT SQURCE DOSE EQUIVALENT BUILDUP FACTORS LP TO 40

MFP IN &5-MFP THICK GADOLINIUM AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

E ! B C A XK D I MAX. XMAX RMS |
(MEV) | | DEV(X) (MFP) DEV(X)|
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 -0.0B25 | 6.3 0.5 2.82 |

8 I 1.519 0.959 0.068 14.09 -0.0916 | 6.8 6.5 2.88 |
& I 1.494 0.912 0.072 13.99 -0.0967 | 6.4 0.5 2.80 |
5 I 1.487 0.940 0.057 13.82 ~0.0832 I 6.3 0.5 2.63 |
I 1 i

4 I 1.423 1.004 0.030 13.52 -0.0598 | 4.8 0.5 2.02 |
3 ! 1.467 1.026 0.014 13.21 -0.0406 | 3.3 0.5 1.32 |
2 1 1.520 1.009 0.009 13.17 -0.0248 | 0.8 2 .57 |
1.5 | 1.563 1.002 0.004 12.81 -0.0133 | 0.8 5 0.38 |}
1 I 1.581 0.909 0.031 13.54 -0.02%6 | 1.0 5 0.50 1
| i I

0.8 [ 1.549 0.863 0.041 13.63 -0.0296 1 0.9 5 0.50 |
0.6 I 1.478 0.797 0.061 13.99 -0.0400 | 0.8 1 0.49 |
0.5 1 1.431 0.731 0.082 14.06 -0.0494 | 0.8 5 0.53 |
0.4 | 1.345 0.650 0.107 13.99 -0.0584 | 0.8 6.5 .47
0.3 | 1.251 0.553 0.148 14.34 -0.0863 1 0.9 0.5 .48 )
[ I I

0.2 | 1.191 0.335 0.272 13.98 -0.1517 | 1.4 0.5 0.57 |
0.15 1 1.232 0.137 0.495 13.19 -0.2937 1 1.3 2 0.66 |
0.1 | 1.726 0.245 =-0.021 20.47 0.0624 | 0.4 0.5 0.22 |
.09 t 1.925 0.331 0.2569 2.98 0.0590 | 2.0 0.5 1.06 |
0.08 ! 2.150 0.60¢6 0.238 15.93 -0.2101 | 2.3 35 1.37 |
1 ! !
0.0751 2.226 0.828 0.171 16.23 ~0.1421 | 2.9 4 1.70 |
0.07 | 2.346 1.043 0.126 17.57 -0.0938 | 4.7 3 2.47 1
0.0651 2.425 1.273 0.091 36.15 -0.3023 I 6.1 40 3.61 |
0.06 | 2.53%9 1.487 0.067 35.25 -0.1837 1 8.7 40 4.62 |
0.0581 2.629 1.553 0.061 9.99 ~0.0163 1 10.4 35 6.02 |
1 | I
0.0561 2.661 1.624 0.058 14.55 -0.0400 | 12.5 20 6.64 |
0.0541 2.679 1.701 ©.052 13.79 -0.0345 | 11.3 20 6.25
0.0521 2.763 1.728 0.055 11.19 -0.0402 | 12.7 3 5.67 |
0.0511 2.768 1.767 0.052 11.25 -0.0378 1 12.5 3 5.48 |
0.05 1 1.02%9 0.416 0.224 13.82 -0.1355 1 0.4 0.5 0.156 |
I ' I |

0.04 | 1.016 0.419 p.222 13.82 -0.1330 1 Q.2 0.5 0.09 |
0.03 | 1,008 0.370 0.262 14.04 -0.1718 1 0.1 3 0.06 |
0.02 | 1.003 0.304 0.321 14.04 -0.2144 | 0.0 4 0.02 !
0.015F 1.001 0.623 0.099 11.85 -0.0272 | 0.1 & 0.03 |
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Table B.5 G-P parameters for gamma-ray buildup factaors
in tungsten medium '

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

E B c A XK D | MAX. XMAX RMS |
(MEV) | ! DEV(X) (MFP) DEV (XX
15 I 1.396 1.164 0.054 13.90 -0.08B85 | 7.3 1 3.17 1
10 I 1.481 0.844 0.128 14.12 -0.1624 | 7.0 3 4,460

8 I 1.431 0.83¢9 0.112 14.28 -0.13CG4 | 8.9 0.5 3.71 |
6 I 1.480 0.768 0.127 14.27 -0.1441 | 9.7 0.5 3.95 |
5 I 1.509 0.756 0.126 14.11 -0.1441 | 9.9 0.5 4.02 |
| I |

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 1
2 I 1.748 0.827 0.068 13.39 -0.06%94 | 4.0 0.5 1.72 1
1.5 1+ 1.840 0.818 0.061 13.42 -0.0512 1 1.7 0.5 1.02 1
1 I 1.869 0.689 0.106 13.54 -0.0760 1 2.2 0.5 1.27 1
I I I

6.8 1 1.910 0.607 ©.139 13.57 -0.0%952 | 2.9 0.5 1.40 |
6.6 | 1.759 0.534 0.171 13.78 -0.1124 1 2.9 C.5 1.28 |
0.5 | 1.802 0.416 0.237 13.74 -0.1550 . 3.0 0.5 1.43 |
0.4 |1 -1.683 0.327 0.294 13.68 -0.1857 | 2.9 c.5 1.29 |
0.3 | 1.563 0.204 0.395 13.29 -0.2179 | 2.4 0.5 1.04 |
| | I

6.2 | 1.528 0.073 0.634 13.97 -0.2997 1 1.2 2 0.61 |
0.15 1 1.613 0.124 0.194 8.34 0.0659 | 0.5 0.5 0.27 |
.14 1 1.670 0.202 0.055 11.85 0.0626 1 0.2 20 0.10 |
0.13 1 1.722 0.302 0.098 10.26 -0.04%95 ' 0.1 40 0.09 |
0.12 | 1.784 0.314 0.334 24.73 -0.2381 1 2.9 0.5 1.46 |
I i |

.11 | 1.800 0.536 0.262 146.25 -0.2280 1 2.1 30 1.20 |
. I 1.809 0.852 0.164 16.3%9 -0.1348 | 2.6 1 1.54 |
0.09 I 1.903 1.149 0.111 17.41 -0.0776 1 6.6 3.09 |
0.08 1| 1.956 1.461 0.073 27.21 -0.1584 | 17.9 40 6.37 |
0.0751 2.075 1.544 0.072 11.76 -0.0407 | 12.4 3 5.50 |
I | I

0.07 1|  2.106 1.710 0.056 11.56 -0.0415 1 12.4 3 5.95 |
0.0691 1.042 0.417 0.220 13.25 -0.1242 1 0.6 0.5 0.23 |
0.06 | 1.029 0.415 0.224 13.44 -0.1325 | 0.5 0.5 0.18 I
.05 | 1.018 0.407 0.230 13.80 -0.1384 1 0.3 0.5 0.1 I
0.04 1 1.011 0.346 0.279 14.35 -0.1832 1 0.1 8 0.056 I
I i !
.03t 1.004 0.554 0.136 15.36 -0.0677 ! 0.2 0.5 .06 |
0.02 1 1.002 0.246 0.414 13.11 -0.3510 | 0.1 2 0.03 i
0.015! 1.001 0.277 0.342 19.18 -0.3351 ! 0.1 3 0.03 |
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Table B.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 | B c A XK D I MAX. XMAX RMS 1
(MEV) I i DEV(ZY (MFP) DEV(%)!I
15 I 1.544 1.332 0.013 13.57 -0.0464 1 4.4 1 1.87 )
10 I 1.442 1.156 0.028 14.05 -0.0537 | 4.6 0.5 1.97 |

8 1 1.416 1.024 0.050 14.34 -0.0707 | 4.3 0.5 2.12 1

6 I 1.395 0.953 0.060 14.15 -0.0823 | 4.0 0.5 2.13 f

5 I 1.365 1.010 0.035 13.97 -0.0597 | 4.8 0.5 i.92 !

! I |

4 I 1.346 1.039 0.019 13.73 -0.0470 I 4.3 g.5 1.68 1

3 I 1.392 1.028 0.012 13.29 -0.03462 ! 2.8 0.5 1.11 1

2 I 1.435 0.985 0.013 13.24 -0.0234 1 1.0 c.5 0.57 |

1.5 1 1.456 0.948 0.016 13.24 -0.0168 | ©O.7 1 0.36 |
1 I 1.443 0.849 0.043 13.546 -0.0282 | 0.8 5 O.44 |

| | I

0.8 | 1.403 0.799 0.057 13.63 -0.0340 | 0.7 5 0.43 1
0.6 | 1.339 0.743 0.074 14.08 -0.0417 |+ 0.8 1 0.43 |
0.3 | 1.294 0.681 0.094 14,19 -0.0502 1 0.7 1 0.42 |
0.4 | 1.234 0.611 0.118 14.19 -0.0609 | 0.6 0.5 0.37 |
0.3 | 1.16% 0.497 0.162 13.63 -0.0757 | 0.8 0.5 0.33 |
I | [

g.2 | 1.155 0.253 0.340 13.68 -0.1903 | 1.1 0.5 0.47 1
0.15 | 1.2537 0.152 0.335 15.57 -0.0722 | 0.3 0.5 .15 1
c.14 | 1.318 0.222 0.147 11.41 0.0326 ' 0.1 2 0.07 |
0.13 | 1.397 0.317 0.128 10.81 -0.0628 1 0.2 30 0.10 |
0.12 t  1.509 0.347 0.310 22.77 -0.2041 1 1.8 0.5 6.79 |
| I !

0.11 1 1.610 0.582 0.239 15.94 -0.2054 | 2.2 25 1.40 |
0.1 1 1.755 0.894 0.152 16.07 -0.1271 | 3.4 1 1.78 |
0.09 | 1.980 1.174 0.108 15.93 -0.0795 | 6.4 3 3.06 |
0.08 | 2.054 1.649 0.034 12.02 0.0348 | 8.8 0.5 3.70 |
0.0751 2.304 1.636 0.054 20.17 -0.0584 I 10.4 3 6.07 1
| 1 |

0.07 | 2.441 1.732 0.054 12.72 -0.0403 | 12.5 3 5.73 |
0.0691 1.034 0.495 0.172 13.26 -0.0911 | 0.4 0.5 0.19 |
0.06 | 1.026 0.448 0.203 13.55 -0.1178 | 0.3 0.5 0.15 i
0.05 + 1.017 0.432 0.213 13.80 -0.1254 | 0.2 0.5 .10 I
0.04 1 1.011 0.346 0.279 14.35 -0.1832 | 0.1 8 0.06 |
[ I |

0.03 | 1.005 0.408 0.224 14.86 -0.1299 | 0.1 0.5 0.03 |
0.02 | 1.002 0.258 0.394 13.12 -0.3192 | 0.0 4 .02 |
0.015¢ 1.001 0.277 0.342 19.18 -0.3351 | 0.1 3 0.03 |
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Table B.5 (continued)
PARAMETERS FOR POINT SOURCE DOSE EQUIVALENT 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 I MAX. XMAX RMS I
(MEV) I 1 DEV(X) (MFP) DEV(X)I
15 I 1.611 1.31¢2 0.018 13.52 -0.0524 1 5.2 1 2.19 |
10 I 1.501 1.128 0.036 14.00 -0.0627 | 5.4 0.5 2.32 |

8 I 1.469 0.%80 0.065 14.05 -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 b1.413 C.964 0.050 13.%7 -0.0739 | 5.3 0.5 2.23 |

| | ]

4 ! 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 I 1.464 0.955 0.023 13.22 -0.0322 | 1.1 4 .70 |

1.5 | 1.488 0.938 0.019 13.49 -0.0188 | 0.8 5 0.41 |
1 I 1.472 0.837 0.047 13.61 -0.0308 I 0.9 5 0.48 |

! 1 |

0.8 | 1.434 0.790 0.060 13.73 -0.0356 | 0.8 5 0.47 |
0.6 | 1.362 0.725 0.081 14.06 -0.0465 | 0.8 1 0.47 |
0.5 I 1.316 0.664 0.101 14,17 -0.0545 | 0.8 0.5 0.47 |
0.4 ! 1.250 0.594 0.125 14.43 ~-0.0648 | 0.9 0.5 .43
0.3 1 1.188 0.458 0.185 13.50 -0.0%917 | 0.9 0.5 0.40 1
i | i

6.2 1 1.203 0.190 0.414 13.68 -0.2315 | 1.2 0.5 0.54 1
0.15 1 1.356 0.136 0.314 21.14 -0.0514 | 0.4 1 c.22 |
0.14 1 1,435 0.214 0.107 11.86 0.0490 | 0.1 20 0.07 |
0.13 | 1.52% 0.313 0.116 10.66 -0.0613 | 0.2 3 0.12 |
0.12 | 1.656 0.341 0.314 23.43 -0.2148 | 2.1 0.5 0.99 |
| | |

.11 1 1.768 - 0.570 0.245 15.96 -0.2115 | 3.0 35 1.38 |

0.1 1 1.917 0.881 0.156 16.07 -0,1305 1 3.3 1 1.82 |
.09 | 2.008 1.246 0.088 29.13 -0.1309 | 6.4 0.5 2.87 |
c.o8 I 2.304 1.471 0.074 17.47 ~0.0728 | 10.5 20 6.11 |
0.0751 2.453 1.575 0.067 12.10 -0.0363 | 11.7 3 5.20 |
| | ]

0.07 | 2.552 1.713 0.057 11.74 -0.0422 | 12.7 3 5.57 |
0.0691 1.036 0.475 0.183 13.43 -0.0%980 | 0.4 0.5 0.19 |
.06 | 1.025 0.465 0.193 13.56 -0.1123 | 0.4 0.5 0.15 |
c.05 | 1.017 0.444 0.202 13.99 -0.1125 | 0.3 0.5 0.10 |
0.04 I 1.010 0.401 0.237 13.66 -0.1458 | 0.2 0.5 0.07 |
i I ]

0.03 1 1.005 0.401 0.231 14.64 ~-0.1381 | 0.1 3 0.04 |
0.02 | 1.002 0.258 0.394 13.12 -0.3192 | 0.0 4 0.02 |
0.015! 1.001 0.277 0.342 19.18 -0.3351 | 0.1 3 0.3 |
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Table B.6 G-P parameters for gamma-ray buildup factors
in lead medium

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

E B c A XK D ! MAX. XMAX RMS
(MEV) | 1 DEV(X> (MFP) DEV{%)
15 I 1.404 1.124 0.065 13.91 -0.0991 | 9.2 0.5 3.79
10 I 1.424 0.940 0.090 14.20 -0.1121 | 10.4 0.5 3.92

8 I 1.443 0.808 0.123 14.30 -0.1385 | 10.9 0.5 4.15
6 i 1.497 0.721 0.145 14.37 -0.1578 | 11.5 0.5 bao26
5 I 1.530 0.722 0.139 14.19 -0.1526 | 12.1 0.5 4.36
1 |
4 I 1.612 0.706 0.137 14.11 -0.1471 1 11.3 0.5 4.14
3 I 1.575 0.778 0.096 13.78 -0.1032 © 8.4 0.5 3.06
2 I 1.670 0.785 0.079 13.58 -0.06%96 | 4.2 0.5 1.66
1.5 | 1.656 0.778 0.069 13.61 -0.0452 1 1.4 6.5 0.73
1 | 1.589 0.744 0.076 14.76 ~-0.0406 | 0.8 10 0.53
! |
0.8 | 1.333 0.682 0.094 14.43 -0.0455 | 0.9 10 0.53
0.6 | 1.424 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 1.0 0.5 0.43
0.3 | 1.494 0.183 0.421 12.80 -0.2485 | 2.4 0.5 1.20
f I
0.2 |+ 1.588 0.097 0.441 14.49 -0.1076 | 0.8 1 0.27
0.16 | 1.742 0.317 0.124 12.50 -0.0510 | 0.1 40 0.09
0.15 | 1.783 c.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 20 1.07
0.13 | 1.840 0.689 0.209 15.78 -0.1834 | 2.9 35 1.44
I f
0.12 | 1.863 0.953 0.141 16.79 -0.1122 | 3.3 1 1.78
0.11 |t 1.862 1.242 0.090 28.31 -0.1473 1 5.4 0.5 2.94
6.1 | 2.014 1.393 0.083 20.93 -0.0912 1 10.0 3 5.32
0.09 | 2.056 1.679 0.052 14.62 -0.0356 | 12.3 20 6.32
0.08%91 2.026 1.730 0.045 58.63 -0.4542 | 10.8 40 5.38
1 |
0.0881 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 0.25
0.06 | 1.020 0.413 0.226 13.73 ~-0.1353 1 0.2 0.5 0.10
0.05 I 1.013 0.368 0.273 13.99%9 -0.1844 1 0.2 0.5 0.07
0.04 1 1,007 C.414 0.227 13.71 -0.1370 1 0.1 5 0.05
I |
0.03 | 1.003 0.506 0.167 14.21 -0.0950 | 0.1 0.5 0.04

MFP
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Table B.6 {cantinued)

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

E B c A XK D [ MAX. XMAX RMS |
(MEV> | | DEV(X)Y (MFP) DEV(X)I
15 I 1.548 1.287 0.024 13.50 -0.0571 | 4.7 0.5 2.21 |
10 I 1.448 1.121 0.036 13.98 -0.05%9% | 3.5 0.5 2.20 |

8 I 1.424 0.9568 0.068 13.98 -0.0874 | 4.2 0.5 2.35 |
6 I 1.377 0.941 0.062 14.14 ~-Q.0795 1 5.3 0.5 2.15 |
5 I 1.361 0.956 ¢.051 13.95 -0.070% | 5.3 0.5 2.06 |
| | |

4 I 1.378 0.954 0.042 14.04 -0.0603 | 4.6 0.5 1.72 |
3 I 1.385 0.960 0.029 13.48 -0.0421 1 3.6 0.5 1.31 |
2 i 1.,388 0.939 0.024 13.33 -0.0266 + 1.0 0.5 0.51 |
1.5 1 1.3753 0.891 0.029 13.29 -0.0168 | 0.5 2 0.35 |
1 I 1.318 .0.860 0.035 16.4% -0.0154 | ¢.7 3 .38 |
I I l

0.8 } 1.283 c.800 0.050 15.20 -0.0191 I 0.9 0.5 0.43 |
0.6 1 1.228 C.744 0.064 14,47 -0.0184 1 0.9 3 0.40 1
¢.5 I 1.179 0.725 0.072 14.89 -0.0244 | 0.7 3 0.36 |
0.4 1 1.135 0.670 0.085 19.56 -0.0325 | 0.5 0.5 0.26 |
0.3 1 1.122 0.533 0.137 13.69 -0.0612 | 0.8 0.5 0.32 |
] I I

0.2 1 1.184 0.190 0.381 13.27 -0.1868 | 0.5 3 0.26 1
0.16 1 1.339 0.343 0.151 12.54 -0.0682 | 0.2 4 0.11 |
0.15 1 1.408 0.362 0.281 21.46 -0.0964 | 1.2 0.5 0.66 |
0.14 | 1.474 0.512 0.259 16.39 -0.2077 | 1.6 35 1.07 |
0.13 1 1.549 0.746 0.187 15.62 -0.163%2 | 2.6 1 1.64 |
1 I I

0.12 | 1.652 0.999 0.130 16.27 ~0.1064 | 3.6 1 1.87 |
0.11 1 1.850C 1.204 0.103 16.88 -0.0848 1 6.5 3 3.22 |
0.1 | 2.037 1.432 0.079 18.37 -0.0935 | 10.5 40 5.97 |
0.09 | 2.168 1.728 0.045 16.92 -0.0346 | 10.9 40 5.81 1
0.0891 2.368 1.604 0.071 12.64 -0.0578 | 13.9 3 6.19 |
I | ]
¢c.0881 1.062 0.350 0.272 13.10 -0.1845 1 1.0 0.5 0.44 |
0.08 I 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 .11 |
0.05 1 1.012 0.405 0.244 14.18 -0.1624 | 0.1 0.5 0.07 |
0.04 1 1.007 0.438 0.204 14.26 -0.1093 I 0.1 3 0.05 |
I ! I

0.03 | 1.003 0.396 0.248 14.56 -0.1696 | 0.1 5 0.04 |
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Table B.6 (continued?

PARAMETERS FOR PDINT SOURCE DOSE EQUIVALENT BUILDUP FACTORS UP TO 40
MFP IN 45~MFP THICK LEAD AND COMPARISON TO VALUES CALCULATED
BY THE PALLAS CODE

E B C A XK D 1 MAX. XMAX RMS |
(MEV) | | DEV(X)Y (MFP) DEV({(X)I
15 I 1.612 1.271 0.028 13.58 -0.0619 1 5.9 0.5 2.65 |
10 I 1.510 1.084 0.047 13.94 -0.0721 | 5.9 0.5 2.48 |

8 I 1.457 0.9467 0.068 14.14 -0.0876 | 5.9 0.5 2.57 |
& i 1.443 0.B47 0.097 14.03 -0.1166 | 4.3 0.5 2.85 |
5 I 1.395 0.935 0.058 14.04 -0.0774 | 6.0 0.5 2.28 |
i | 1

4 I 1.403 0.928 0.051 13.93 -0.0686 | 5.0 0.5 1.95 |
3 I 1.384 0.963 0.029 13.61 -0.0456 t 3.6 0.5 1.34 |
2 I 1.401 0.935 0.025 13.24 ~0.0266 ! 1.3 0.5 0.63 |
1.5 | 1.395 0.889 0.029 13.75 -0.0156 1 0.7 2 0.36 |
1 I 1.341 0.842 0.041 15.93 -0.0189 | 0.8 1 0.47 |
! | [

0.8 | 1.2%97 C.803 0.048 15.95 -0.0168 | 1.1 3 .48 |
0.6 1 1.237 0.741 0.065 13.82 -0.0184 | 0.9 3 0.43 1}
0.5 | 1.18¢9 0.718 0.074 15.14 -0.0253 | 0.6 3 0.34 |
0.4 | 1.139 0.667 0.086 16.78 -0.0250 | 0.7 6.5 06.27 |
0.3 | 1.143 0.474 0.170 13.23 -0.0852 I 1.2 0.5 0.47 |
! i |

0.2 | 1.251 0.154 0.411 13.45 -0.1739 1 0.4 3 0.24 |
0.16 | 1.462 0.334 0.144 12.40 -0.0675 1 0.2 35 0.11 |
.15 | 1.551 0.347 0.293 22.96 -0.1245 1| 1.7 0.5 0.82 |
0.14 1 1.628 0.496 0.269 16.36 -0.2196 | 2.3 35 1.14 |
.13 1 1.710 0.731 0.193 15.63 -0.1704 | 2.5 1 1.70 |
| ! |

.12 1 1.818 c.982 0.135 16.17 -0.1115 | 3.4 0.5 1.97 |
0.11 | 1.994 1.210 0.10t 17.48 -0.0B45 | 5.6 3 3.02 1
0.1 1 2.25¢6 1.393 0.085 16.20 -0.0622 | 11.3 3 5.02 |
0.09 | 2.197 1.754 0.040 29.31 -0.0769 | 11.3 40 5.47 |
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 1.0 0.5 0.48 |
6.08.1 1.031 0.541 0.144 13.42 -0.0714 | 0.4 0.5 0.14 |
0.06 | 1.015 0.530 0.157 13.50 -0.08%90 | 0.2 0.5 0.11 |
0.05 I 1.009 0.553 0.15%1 14.26 -0.0870 | 0.2 0.5 0.07 |
0.04 | 1,006 0.452 0.206 14.38 -0.1351 1 0.1 4 .04
! | N

.03 | 1.003 g.422 £.231 13.42 -0.1520 | 0.1 3 0.02 |
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Table B.7 G-F parameters for gamma-ray buildup factors
in uranium medium

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

E | B c A XK D I MAX. XMAX RMS |
(MEV) ! | DEV(X) (MFP) DEV(X)|
15 [ 1.411 1.096 0.071 13.88 -0.1035 | 9.6 0.5 3.87 |
10 I 1.435 0.915 0.0%6 14.23 -0.1155 | 10.0 0.5 3.79 |

8 I 1.449 0.783 0.129 14.39 -0.1393 | 11.2 0.5 4.10 |
6 I 1.479 0.677 0.161 14.46 -0.1666 | 11.7 0.5 4.38 |
5 I 1.506 0.669 0.159 14.38 -0.1641 | 11.8 0.5 4.34 |
| ' I I

4 I 1.554 0.677 0.147 14.11 -0.1506 | 11.1 0.5 4.01 |
3 I 1.624 0.681 0.135 13.81 -0.1336 1 9.5 0.5 3.49 |
2 I 1.674 0.698 0.113 13,58 -0.0938 | 5.6 0.5 2.13 |
1.5 | 1.63%9 0.680 0.107 13.23 -0.0624 | 1.7 0.5 0.20 |
1 I 1.578 0.641 0.114 14.32 -0.0605 | 1.8 0.5 0.86 |
{ ! |

0.8 | 1.558 0.547 0.155 13.52 -0.0864 | 1.8 0.5 0.88 |
0.6 | 1.487 0.450 0.209 13.34 -0,1284 | 2.9 0.5 1.20 |
0.5 | 1.469 0.346 0.274 13.50 -0.1538 1 3.2 0.5 1.19 |
0.4 | 1.474 0.217 0.392 13.47 -0.2187 1 2.9 0.5 1.27 |
0.3 | 1.539 0.121 0.494 13.05 -0.2398 | 1.4 2 0.70 |
| | I

0.25 I 1.617 0.129 0.356 14.93 ~0.060&6 | 0.6 1 0.25 |
0.2 t 1.759 0.336 0.183 15.97 -0.0460 | 0.8 20 0.35 I
0.19 | 1.804 0.339 0.311 27.44 -0,2754 | 2.6 0.5 1.29 f
0.18 1+ 1.839 C.436 0.300 16.83 -0.2422 | 2.4 0.5 1.12 ¢
0.17 1 1.B39 0.611 0.232 15.95 -0.2006 | 2.2 35 1.36 |
I | i

0.16 | 1.839 0.810 0.172 16,12 -0.142% | 3.2 1 1.54 1
0.15 | 1.858 1.007 0.129 17.25 -0.09%90 | 3.4 0.5 1.93 |
0.14 | 1.890 1.219 0.093 23.66 -0.096%9 I 4.7 0.5 2.64 |
.13 1 2.00¢6 1.362 0.082 19.14 -0.0699 | 7.3 3 4.54 |
0.12 I 2.081 1.518 0.070 17.94 -0.0719 | 11.2 40 6.58 |
! | 1
0.1161 2.112 1.584 0.065 13.81 -0.0481 | 11.7 3 5.98 |
0.1151 1.11¢% 0.207 0.420 13.13 -0.2998 | 1.4 0.5 0.72 |
0.1 | 1.076 0.248 0.367 13.01 -0.2542 | 0.9 2 0.51 |
0.08 1 1.028 0.417 0.220 13.29 -0.1242 | 0.4 0.5 .18 !
0.06 | 1.013 0.446 0.202 13.886 -0C.1161 | 0.3 0.5 0.10 1
f f I

.05 I 1.009% 0.379 0.255 13.55 -0.16531 ' 0.1 0.5 0.07 I
0.04 1 1.005 0.448 0.191 19.76 -0.1466 1 0.1 0.5 0.05 |
0.03 | 1.003 0.270 0.357 14.60 -0.2551 | 0.1 3 0.04 |
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Table B.7 (caontinued)

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

E B c A XK D I MAX. XMAX RMS I
(MEV) | . I DEV(X) (MFP) DEV(X)!
15 I 1.526 1.285 0.022 13.61 -0.0515 1 4.8 0.5 2.17 |
10 I 1.429 1.111 0.036 14.05 -0.0565 1 4.7 0.5 1.91 |

8 I 1.376 1.009 0.050 14.37 -0.0633 1 4.9 0.5 1.90 |
] [ 1.335 0.930 0.062 14.27 -0.0740 | 6.2 0.5 2.26 |
5 P 1.338 0.889 0.071 14.10 -0.0838 | 4.4 0.5 2.33 I
| | |

4 1 1.317 0.963 0.036 14.07 -0.0506 1 4.1 0.5 1.52 1
3 I 1.335 0.948 0.031 13.63 -0.0436 | 3.3 0.5 1.27 |
2 I 1.341 0.911 0.030 13.96 -0.0258 | 1.2 0.5 0.61 |
1.5 | 1.317 0.849 0.041 12.50 -0.0154 1 1.0 2 .42 |
1 I 1.271 0.796 0.053 15.45 -0.0219 | 0.7 0.5 0.37 |
: ! ] i
0.8 | 1.235 0.746 0.067 13.79 -0.0264 1 0.6 2 0.32 |
0.6 | 1.177 0.724 0.073 13.34 ~-0.0304 | 0.8 10 0.40 |
.5 | 1.149 0.660 0.09&4 14.55 -0.0343 1 0.5 2 0.25 1
0.4 | 1.129 0.556 0.136 14.89 ~-0.0530 | 0.5 0.5 0.29- |
0.3 | 1.138 0.358 0.242 13.01 -0.1319 | 0.9 0.5 0.44 |
| ! i

0.25 1 1.189 0.228 0.323 13.26 -0.1347 | 0.3 10 .21 1
0.2 | 1.329 0.369 0.197 14.10 -0.0755 | 0.4 20 0.18 |
0.19 +  1.377 0.401 0.269 20.45 -0.1382 1 1.1 15 0.58 |
0.18 | 1.421 0.514 0.253 16.30 -0.1962 1 1.9 35 1.06 |
0.17 | 1.457 0.704 0.191 15.76 -0.159% | 3.2 1 1.66 |
I I I

.16 | 1.533 0.874 0.153 15.65 -0.1309 | 3.3 1 1.78 |
0.15 t 1.606 1.080 0.112 16.63 -0.0875 | 4.4 1 2.02 f
.14 1 1.719 1.250 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 |
0.12 | 2.027 1.566 0.064 17.89 -0.06%95 1 9.3 25 5.74 |
| | |
0c.116! 2.128 1.602 0.064 13.21 -0.0410 (| 11.1 3 4.84 |
0.1151 1.074 0.374 0.248 12.98 -0.1601 | 1.2 0.5 0.50 |
0.1 | 1.033 0.362 0.270 12.21 -0.1943 | 0.7 1 .38
0.08 | 1.021 0.550 0.139 13.56 ~0.0621 | 0.4 0.5 c.12 |
0.06 1 1.012 0.457 0.198 13.92 -0.1168 | 0.2 0.5 0.08 |
[ | !

0.05 ! 1.008 0.451 0.199 14.63 -0.1175 1| 0.1 0.5 0.05 |
0.04 1 1.005 0.448 0.191 19.76 -0.1466 | 0.1 0.5 0.05 |
0.03 + 1.003 0.275 0.355 14.80 -0.2744 |1 0.1 3 0.04 |
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Table B.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

B B C A XK D I MAX. XMAX RMS i
(MEV) | I DEV{X) (MFP) DEV(X)I
15 ! 1.588 1.262 0.028 13.54 -0.0587 | 5.4 0.5 2.43 |
10 i 1.481 1.087 0.043 14.1%1 -0.0638 | 5.3 0.5 2.21 |

8 I 1.473 0.87¢6 0.097 13.9%2 -0.1156 | 5.0 35 3.11 1

& 1 1.349 Cc.938 0.059 14.39 -0.0702 | 7.6 0.5 2.67 |

5 1 1.360 0.888 0.071 14.15 -0.0840 | 6.0 0.5 2.33 |

1 ! 1

&4 1 1.341 0.928 0.048 13.96 -0.0616 | 4.6 0.5 1.73 |

3 I 1.350 0.933 0.036 13.58 -0.0474 | 3.9 0.5 1.39 |

2 I 1.358 0.884 0.040 13.49 -0.0350 | 1.3 0.5 o.72 |
1.5 | 1.337 0.838 0.044 13.49 -0.0159 | 0.7 2 .44 |

1 I t.284 0.788 0.056 15.01 -0.0240 | 0.8 2 0.37 |

| ! l
0.8 | 1.247 0.747 0.066 13.98 -0.0253 1 1.¢ 2 0.34 |
0.6 | 1.192 0.6%1 0.087 13.4%1 -0.04211 | 1.0 10 0.43 |
0.5 I 1.165 0.624 0.110 14.24 -0.0451 | 0.5 10 C.26 i
0.4 1 1.142 0.528 0.150 14.45 -0.0617 | 1.0 0.5 .37 |
0.3 1 1.14%9 0.301 0.286 13.03 -0.1573 | 1.0 0.5 0.53 i

] | 1
0.25 1 1.237 0.200 0.338 13.53 -0.1237 | 0.3 3 .20 |
0.2 1 1.419 0.357 0.199 14.32 -0.0722 | 0.5 20 0.22 1
0.19 | 1.430 0.382 0.283 20.43 -0.1498 | 1.4 0.5 0.68 |
0.18 | 1.529 0.500 0.261 16.40 -0.2043 + 2.2 35 1.11 |
0.17 | 1.580 0.681 0.20%t 15.75 -0.17086 | 2.6 6 1.70 |1

[ I I
0.16 | 1.648 0.864 0.156 15.69 -0.1330 | 3.5 1 1.84 |
0.15 | 1.737 1.058 0.118 16.40 -0.0933 | 4.0 1 2.08 |
0.14 | 1.871 1.207 0.101 16.84 -0.0858 | 5.9 4 3.24 |
0.13 | 1.982 1.394 0.078 18.00 -0.0861 1| 7.0 3 3.89 |
0.12 | 2.063 1.601 0.056 22.83 -0.0804 | 11.5 &0 5.09 |

] : I I
0.116! 2.225 1.581 0.068 12.%91 -0.0481 | 11.8 3 5.16 |
0.1151 1.07%9 0.350 0.267 12.94 -0.1744 | 1.3 0.5 0.53 |
0.1 1  1.059 0.355 0.256 1t2.95 -0.1525 | 1.1 0.5 0.45 i
0.08 1 1.022 0.522 0.155 13.45 -0.0750 | 0.3 0.5 0.13
0.06 | 1.012 0.453 0.202 13.62 -0.1228 | 0.2 0.5 .07 |

| | ]
0.05 1 1.009 0.372 0.259 14.15 -0.1693 1 0.1 25 .07 1
0.04 1 1.005 0.448 0.191 19.76 -0.1466 | 0.1 0.5 0.05 1
0.03 | 1.003 0.27¢ 0.357 14.60 -0.2351 I 0.1 3 0.04 |



Buildup  Factors

Exposure

Fig.

Exposure Buildup Factors

JAE

RI-M 8

8—-198

7003
EolMEV i )
10°F T 903} B
Point Isotropic Source o .
1g° 0041 |
| PALLAS |
o ASFIT
lOB 00451 —
108 - i
Q051 ]
10* = .
102 0,085 .
006| |
100 t l 1 | 1 | L | 1 i T R e . - Y
10 20 30 40 003 005 G 02
r {mfp} Eo (MeV)
A.1 Comparison of exposure buildup factors in tin using the
PALLAS and the ASFIT codes.
Eo Mevpoo7H* % 1 (mfp) 1
12
10 Tungsten -~ 1
Point [sotropic Seurce 0081 .
|d° 30 -
009
— PALLAS
10° - ©  ASFIT -
010 55 -
10° - -
(04 01| _
1o
10? L i
0l2) > |
10° SR s o o a9 g013] | | Ths5a0000
10 20 30 40 008 0.1 015 - 02 03
r (mfp) Eo (MeV)

Fig. A.2 Comparison of exposure buildup factors

the PALLAS and the ASFIT codes.

in tungsten using
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Fig. A.3 Comparison of exposure buildup factors in lead using the

PALLAS and the ASFIT codes.
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Fig. A.4 Comparison of exposure buildup factors in uranium using

the PALLAS and the ASFIT codes.



