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Tables of infinite medium gamma-ray dose and energy
absorption build-up factors given in various references
have been collected together, The data tables for beryl-
lium, carbon, aluminum, iron, tin, tungsten, lead, uran-
ium, water, ordinary concrete, magnetite concrete, and
barytes concrete have been interpolated linearly on
energy to give values at 31 energy levels in the range
0.25 to 10 Mev., Shorter tables are given for air, wood,
sand, and lithium hydride. Parametric fit coefficients,
which represent the build-up factors as smooth functions
of optical distance, have been determined for all ener-
gies and materials included in this report. Taylor
exponential fit coefficients are given except for those
cases where both low energy and low atomic number occur
simultaneously; under these conditions cubic and quartic
polynomial fits were found to be more accurate. The
accuracy of the parametric fits given here is generally
better than 10 percent., Brief tables of dose build-up
factor data obtained by linear and log-log interpolation
of known data with respect to atomic number are included.

GAMMA-RAY DOSE AND ENERGY ABSORPTION BUILD-UP FACTOR
DATA FOR USE IN REACTOR SHIELDING CALCULATIONS

0. J. Wallace

I. GENERAL INFORMATION

The numbers known as gamma-ray build-up factors* are used to account for the
scattering of gamma rays as they are attentuated in passing through shielding
materials. The scattered gamma rays suffer degradation in energy, but contribute
very significantly to the dose rate or energy.absorption rate at the detector
point. The gamma-ray dose rate build-up factor at a detector point F (Figure 1)
1s defined by the relation

- total dose rate at detector point F (1)
BD uncollided dose rate at detector point F

A point isotropic source and an infinite medium are assumed as boundary condi-

tions in most published build-up factor data.

¥Note on nomenclature: The nomenclature. used throughout this report is based
on, and compatible with, that used by Goldstein and Wilkins (Reference 1).
This nomenclature has been retained because it is familiar and meaningful to
those shielding engineers for which the report is intended. The author is
aware of the recommended changes in build-up factor terminology and the con-
troversy that has been engendered thereby (References 1 through 5).
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Figure 1. Model for Determining Optical Distance between
Gamma-Ray Source Point and Detector

Obviously BD depends on the energy EO of the source gammas, the materials
between the source point (S) and the detector point (F), and the optical dis-

tance (b) between S and F.

If only one element intervenes between S and F, the build-up factor may be
related to the atomic number of the element. When several materials are present

between S and F, b is given by

b is measured in mean-free-path (MFP) lengths (see Reference 1). Here, N is
the number of different materials encountered between S and F, ti is the distance
through material i, and My is the corresponding macroscopic gamma-ray attentuation .

coefficient.

Gamme-ray build-up factors are usually given in tables as functions of the
optical distance D (measured in mean-free-path 1engths); the initial gamma-ray
energy Eo (measured in Mev) and, for elements, the equivalent atomic number Z;
For compounds such as water and mixtures such as concrete, an equivalent atomic
number may be assigned by comparing the build-up factors of the mixture or com-
pound to those of various elements. However, such an equivelent atomic number

may be energy dependent or dependent on the interpolation scheme.

For instance, Goldstein (Reference 1) gives 7.5 as a reasonable equivalent .
atomic number for water, but Engholm (Reference 6) found that a lower equiValent
atomic number for water was indicated at low energies. An equivalent atomic . .
number of 16 may be used for ordinary concrete if linear interpolation of build—.
up factors on atomic number is the method used to find build-up factors of mater- .
ials not given in the tables (Tables 3A, LA, 10A, and 20); however, some other
interpolation scheme such as log-log would require assignment of a different @

equivalent atomic number to ordinary concrete, especially at low energies.
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The gamma-ray energy absorption build-up factor is defined similarly to the

dose build-up factor

_ total energy absorption rate at detector point F (3)
E uncollided energy absorption rate at detector point F

B

and these data are likewise given as functions of b, EO, and material (or equiva-

lent atomic number, 7).

These gamma-ray build-up factors are important in shielding calculations
since they permit the shield designer or engineer to obtain collided dose rates
and energy absorption rates using the straightforward point kernel technique,

which assumes exponential attenuation. The point kernel equation may be written

R I T — ‘ (L)

where the source point (S) has coordinates ;' and strength SO, and the field
point or detector point F has coordinates T ¢un(;) is the uncollided flux at

> -> - -> -
r from the source So at r', d = lr - r'l, and b is defined by Equation (2).

The total dose rate is then given by

D__(7) = ¢un(?)k

TOT B (E_,b,Z) (5)

D

where kD is a flux-to-dose conversion factor and BD is the dose build-up factor.

Similarly, the total energy absorption rate is given by

+
EA = ¢un(r )LeaB

o1 (E,b,2) (6)

E

where kea is an energy absorption coefficient, and BE is the energy absorption

build-up factor.
II. PARAMETRIC REPRESENTATION OF GAMMA-RAY BUILD-UP FACTORS

The point kernel given by Equations (4), (5), and (6) may be integrated
numerically over arbitrary source volumes. If the energy (EO) and equivalent
atomic number (Z) are known, a build-up factor may be found corresponding to each
value of b calculated during the integration process. One technique that may be
used to find the build-up factors is simply to look in existing tables, and to
specify some interpolation scheme so that build-up factors not explicitly given
in the tables may be found. This technique is used in the SPAN-L4 program
(Reference 7), which has a library of build-up factor data (as given in Refer-
ence 1) stored as an integral part of the program. SPAN-L4 uses linear inter-

polation whenever interpolaticn on b, Eo’ or Z is required. Two of the reasons



this method is used in SPAN-L4 are (a) it provides better accuracy than that which
could be achieved by any one of the parametric representations available at the

time SPAN-U4 was written, and (b) it is easy to input data for new materials, since %

parametric coefficients need not be derived.

Another technique that is widely used to find build-up factors requires
that the build-up factors be represented parametrically. In a given problem
interpolation with respect to energy (E) and atomic number (Z) is done only once,
but interpolation with respect to optical disfanoe (b) is done repetitively;
therefore, many representations with b as the parameter have been proposed

(Reference 8).

Sﬁch parametric representgtions are convenient for many hand calculations;
they are also useful in computer programs since fewer data need to be input and
manipulated, and calculating a build-up factor parametricaliy may be,siﬁpler
than searching or interpolating available tabulated information. However, unless
the parametfic fit coefficients are carefully derived, the build-up factors cél—
culated may not be accurate, and the use of build-up factors for & new material

requires that parametric fit ccefficients be derived first.

A convenient and widely used parametric representation of build-up factors

is given by the Taylbr exponential fit (References 8, 9, 10, 11, and 12) which —
uses three parameters '
-a.b ~a,b : 5
BD=Ael+(l-A)e2 (7)
where
B, = BD(b,EO,Z)
A = A(EO,Z_) ‘
a, = al(EO,Z)
o, = a2(EO,Z)
Equation (5) then becomes
-
S (r~) -(1 + a,)b -(1 + o )b
) (1«*):-‘-’—}LD Ae 1w (1= a)e 2 (8)
TOT L 2 :
md .

which is convenient in many hand calculations and is also adaptable for use in

computer programs. Since three coefficients cover the complete range of b values, -

. fewer data items need to be input and/or stored to describe the build-up factors
for a given Iﬁaterial and energy. Also, no explicit interpolation on b is . &
necessary. '
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This technique was used in the SPAN-3 program (Reference 11). The table of

Taylor exponential fit coefficients used by SPAN-3 is given in Reference 11

When the point kernel (Equations (4), (5), and (6)) is integrated over a
volumetric source region in any of the geometric situations that may be treated
analytically, the build-up factor should be included in the integrand. When
- Taylor fit coefficiehts are available, this requirement may be immediately satis-
fied by using Equation (8) as the integrand, since this replaces an integral

. containing an exponential with two similar integrals. (See Reference 9, p 412 ff.)

When build-up factor representation for the SPAN-L4 program was being inves-
tigated, én effort was made to improve the Taylor exponential fit coefficients
of Buscaglioni and Manzini (References 8 and 12). Several small computer programs,
written to aid in this endeavor, were used to evaluate and improve coefficients

for many materials.

It was found that the Taylor exponential fit was not sufficiently accurate
for those cases having simultaneously low energies and low atomic numbers (see
Appendix). Another parametric representation was need for these cases, and it
was required to be uncomplicated. A polynomial representation was chosen for
simplicity and ease of use. In most cases, a cubic polynomial requiring only
three coefficients is sufficient. A few extreme cases require a quartic

representation.

The cubic and quartic polynomial representations are
By = 1.0 + Ab + alb2 + a2b3 (9)

and

_ 2 3 L4
BD = 1.0+ Ab + alb + (xeb + a3b (10)

If the polynomial fit for some specific Eo and Z is such that a, or a_, is nega-

2 3
tive, that fit should not be used for b > 20.
Tobias (Reference 13) and Capo (Reference 14) have also published extensive

tables of polynomial fits of build-up factor coefficients.

The tables given in Section IV, therefore, give (a) Taylor exponential fit
coefficients if they are reasonably accurate representations of the corresponding
build-up factor data and (b) cubic or quartic polynomial fits for those cases

(z €13, Eo < 2.2 Mev) where Taylor exponential fits are not satisfactory.




In general, the accuracy requirement established for these tables is that

<build—up factor calculated 4) -gbuild-up factorzi '
from parametric coefficients from tables
<
build-up factor from tables x 100 < 10%

-5% <

for each of the seven standard b values (1.0, 2.0, 4.0, 7.0, 10.0, 15.0, and
20.0 mfp) for which build-up factor data are usually tabulated.

III. SOURCES OF DATA

Reference 1 (Goldstein and Wilkins) has been the primary source of build-up
factor data since it was published in 1954. The tables given here for water,
aluminum, iron, tin, tungsten, lead, and uranium are Based'on data from
Reference 1, except that data for watef at 0.5 and 1.0 Mev is drawn from the

newer work of Berger (Reference 15) and Morris and Chilton (Reference 16).

Build-up factor data for ordinary concrete have been published by Chilton
(Reference 17) and Clarke and Trubey (Reference 18). Their results agree
reasonably well. Engholm (Reference 6) also calculated related concrete build-
up factors and obtained good agreement with Clarke and Trubey and with Chilton.
Clarke and Trubey also obtained build-up factors for magnetic and barytes con-~
cretes. The tables given here for ordinary, magnetite, and barytes concretes

are based on Reference 18.

Engholm has also calculated build-up factors for beryllium and carbon at
low energies, and has checked some of Goldstein's results using a gamma transport
program. In all cases Engholm's results agree reasonably well with Goldstein's
Engholm also gives (in Reference 6) log—log plots of dose build-up factors versus
atomic numbef. These plots give smooth and relatively flat curves, which he
recommends for finding build-up factors for intermediate atomic numbers. The
tables of data for beryllium and carbon come from the log-log plots of Refer-.
ence 6. At low energieg the values plotted were actually calculated, and at
higher energies (>2 Mev) they were the result of extrapolation (log-log) of

Goldstein's data.

Data for sand, air, and wood come from the work of Clarke (éeference 19),
and the dose build-up factor tables for lithium hydride given here were published

by Kam and Clarke in Reference 20.

The starting point for the calculation of the Taylor éxpcnential fit coef-
ficients given here was the excellent set of data published by Buscaglioni and
Manzini in Reference 12. Without these data, the task of obtaining the results

- set forth in this report would have been much more difficult.



Build-up factor data are ordinarily tabulated for eight standard energy
values (0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, and 10.0 Mev); but, for the
users' convenience, the tabulated data for beryllium, carbon, aluminum, iron,
tin, tungsten, lead, uranium, water, and concrete were extrapolated and linearly
interpolated to give values at 31 energy levels in the range 0.25 to 10.0 Mev.
(Build-up factors at 0.25 Mev are given only for water in the literature; there-
fore, the user should be aware that the build-up factors given here for other
materials at_0.25 Mev are not based on independent calculations or experiment.)
Parametric coefficients were derived for all energy levels. Linear interpolation
on energy was used because of its simplicity and because it gives reasonably

accurate intermediate values for most cases of interest in shielding calculations.

Plots, tables, and much additional useful information can. be found in most
of the references already cited, especially References 1, 6, 8, 9, 15, and 19.

In addition much information and theory are summarized in Reference Z21.

IV. TABLES OF DOSE AND ENERGY ABSORPTION BUILD-UP FACTORS AND COEFFICIENTS



TABLE 1A.

GAMMA-RAY DOSE BUILD-UP FACTORS FOR BERYLLIUM

Error Magnitudes Greater than 5%

Energy b{mfp) Paired with Correspending b values
{Mev) 0. 1.00 2.00 _b.00 7.00 10,00 15.00 20,00 A ALPHAY  ALPHA2  ALPHA3  Type* (% Error, b(mfp))
¢25 1400 3,04 9,03 44,18 233425 742,10 2675,70 6038400 1,289 = 416617 0,.7% 0e € (-5.48,1),(11.52,b),(21.1,7),(-6.04,15)
«50 1200 2460 6480 27,00 10100 255,00 700,00 1350400 .7 o7 o2 - .0030 @
060 1600 2,53 6,40 24,40 88420 217,20 SP6,00 1122400 .664 607 J1r8 - L00312 g
70 1e00 2,65 6,00 27,80 75¢40 179,40 472,00 894.00 ,629 268155  L17675 = 00247 Q
¢80 1400 2,39 5460 10,20 62460 la4l,60 358,00 666.00 o 6460 LT 00740 = 00191 ¢
690 1000 2,32 5.20 146,60 4980 103,80 244,00 438,00 .6240 465320 ,04320 = 00117 g
1,00 1600 2,25 44RO 14,00 3700 66,00 130,00 21000 +B007 ,53383 01397 = ,00088 ¢
1425 1600 2416 4445 15,35 31425 54,75 105,50 167475 7882 45150 .0nBBn = ,00007 q
1.50 100 2,08 4,10 17,70 25.50 43,50 81,00 125,50 +R375 434650 ,00680 = ,00057 @  (5.31,1),(5.61,15)
1,75 100 1.99 3.75 9,05 19.75 32,25 S6,50 83625 49025 224150 00425 = ,00044 (8.07,1),(5.54,10),(7.98,15)
2,00 1400 1.90 3,40 7,40 14400 21,00 32,00 41,00 +B336  L20318 - 00726 c (6.82,1),(6.63,10)
2420 1000 1.88 3428 £.90 1280 19,00 28,60 36060 +B4R2 415594 = ,00823 ¢ (6.63,1),(5.84,20)
2450 1e00 1,85 3,10 6,15 11400 16,00 23,50 29.50 +9340 05017 = ,00247 ¢ (8.74,1),(8.48,20)
2,75 100 1,82 2,95 &,52 9.50 13,50 19,25 23.75 8354  .00281 « 00230 c
3,00 1600 1,80 2.80 4,90 B8e¢00 11,00 15,00 18,00 «R554 03230 - ,00162 ¢
3,50 1400 1,77 2460 4,35 7.00 9,05 12,50 15,00 26.2793 = 400758  ,02052 T
4,00 1¢00 1,75 2.40 2,80 6400 7410 10,00 12,00 12,8370 - .0u978  ,0s574 T
4,50 1600 1,74 2433 3,62 S5.52 6,60 8,95 10,65 12,903 = «0US19 08792 T
5400 1600 1473 2425 2,45 5405 6410 T.90 9430 B8,A943 « L0000 07359 1!
5,50 1600 1.7] 2617 3,27 €57 S,60 6,85 7695 S5.4022 = 402030 17901 T
6,00 1400 1,70 2.10 2,10 4e10 5.10 S.80 6.60 S.8036 = J0u792 12737 T
6,30 1,00 1,60 2,07 3,02 3,99 4,93 5.59 6,3]1 4.654n = 01649  L1R192 T
6,50 1¢00 1,69 2,05 5,97 3492 4,82 5,45 6,12 4,120n3 = 02198 18457 T
7400 1000 1,67 2.00 2,85 3e75 4,55 5,10 Se85 4.,09R7 = o016B4  L1R49 T
Te50 1400 1,66 1,95 3,72 3,57 4,27 4,75 5,17 3,9539 = ,01232 ,19653 T (-5.2,1),(5.58,2)
7,65 1000 1,66 1,94 3,69 3452 4,19 6,64 5,03 3.28n0 = «N2400 L2630 T (-5.26,1),(5.37,2)
8,00 1e00 1,65 1490 2,60 3440 4400 4,40 4,70 33,1294 = 402359  ,2A324 T (6.46,2),(6.49,20)
8,50 100 1,67 1.87 3,82 3.30 3,82 4,25 4,52 3,2813 = .01631  ,23558 ¥ .
9,00 100 1,57 1.85 5,45 3.20 3.65 6,10 4435 3.,67a5 = 401313 20071 T
9.50 1400 1,54 1.82 3,37 3e10 3,47 3,95 4,17 3.,2486 = 401356 ,21086 T
10,00 1400 1,50 1,80 5,30 3400 3,30 3,80 4,00 3.0132 - ,01398 22127 T

#T signifies Taylor exponential fit coefficients
A*exp(-alphal®b} + (1-A)*exp(-alpha2¥b)
C signifies cubic polynomial fit coefficients
Build-up factor =

Build-up factor =

Build~up factor =

1.0 + A%b + alphal¥*b**2 + alphal2¥ph*#3
Q signifies quartic polynomial fit coefficients
1.0 + A%b + alphal*b*¥2 + glphal2*b*¥*3 + alpha3*b**h



TABLE 1B. GAMMA-RAY, ENERGY ABSORPTION BUILD-UP FACTORS FOR BERYLLIUM

Energy . b(mfp)

(Mev) . O. 1.00 2.00 4,00 7.00 10.00 15.00 20.00 A ALPHAL ALPHA2
0.50 1.00 2.40 L. 80 13.00 38.00 80.00 190.00 360.00 L8771 .b481ko .02030
1.00 1,00 2.20 3.70 8.20 19.00 34,00 61.00 99.00 1.0L5 .2080 0.

2.00 1.00 1.80 2.90 5.40 10.00 15.00 22.00 31.00 .97h9 .03498 0.

*T signifies Taylor exponential fit Coefficients

Build-up factor = A¥exp(-alphal*b) + (1-A)*exp(-alpha2*p)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A% + alphal®¥*¥2 + alpha2%p¥**3

o*

Error Magnitudes Greater than 5%
Paired with Corresponding b values
(% Error, bimfp))

)
),(11.25,20)
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TABLE 2A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR CARBON (GRAPHITE)

Error Magnitudes Greater than 5%

Energy b(mfp) Paired with Corresponding b values
(Mev) 0. 1.00° 2.00 4,00 7.00 10,00 15,00 20,00 A ALPHA1 ALPHA2 Type* (% Error, b(mfp))
e25 1400 2,85 6,44 23,43 67433 177,05 49l.1a 1024481 11,3410 +6290 en91 (1.4,1),(7.55,2),{7.56,T)

¢S50 1+00 2.48 5,26 18,60 39490 87,20 203,00 372400 «941R «BN060 e0la

60 100 2,42 5,01 14,40 36420 77,04 176,18 319,20 «9947 «51190 «n131>
o70 1400 2,35 4,77 13,20 32,50 66,88 149,36 266440 .91ng «9R6807 «NNH24
RO 1400 2.29 4,52 12,00 28480 56672 122,54 213460  ,95an «43511 eAN3I24
090 1000 2,22 4,28 16,80 25.10 46,56 95,72 160.80 o7 «35684 400027

1,00 1400 2,16 4,03 9,60 21440 36,40 68,90 108,00 1,04mn 2520 = 4A0(Qa (6.44,1),(6.37,20)
1.25 1000 2,09 3,79 18,67 18462 31.25 S7.80 8%.12. 11,0070 20506 = 00112 (5.79,1),(5,73,20)
1,50 100, 2,02 3,55 7,74 15,85 26,10 46,70 70425 11,0178 el4512 = 400059 (1.05,1),(7.0,20)
1,75 100 1495 3,32 6,82 13,08 20,95 35,60 51437 29471 «l1146 = on0120 (5.3,1),(5.32,20)
2,00 1400 1.88 3,08 5,89 10630 15,80 24,50 32.50 J92k4 e Uh195 e 40012% (5.7,1),(5.57,20)
2.20 1400 1.85 2,98 §,57 9,64 14,52 22,40 29.60 R85 «0R367 =~ «ANlle

2.50 1400 1.81 2,86 6,09 B.65 12,60 19.25 25425 24,4208 WU3662  L0037s 7.33,1),(7.25,20)

2.75 1400 1.78 2,72 a.70 T.82 11,00 16,62 21+82 20,0139 +u3135 h1230

A A A A A AAAAAAAAAA A4 AOOOODTOOOOOOOO

3,00 1000 1e75 2460 5430 7400 9440 14,00 18400 22,775 1953 onl176c
3,50 1009 1'73 2440 1.095 6425 8,10 12,00 15.25 16,1404 «U?13g en2652
4,00 1000 1e70 2,20 3,60 5,50 = 6,80 10,00 12450 12,8374 - 01778 © ,n361a,
4,50 1400 1.67 2,15 11,42 Se15 6,435 9,05 11422 15,18n0 = +un9es e03315
5,00 1400 1,65 2,10 1,25 4.80 5,90 8,10 9495  6,841R = L2507 on7350a
5.50 1600 1,63 2,05 1.08 4445 9465 7T.1% 8468 7,7178 - LU7149D «N&T9A
6,00 1¢00 1.60 2,00 2,90 4el0 5,00 6,20 Teb0 S,0466 = 401981 1107«
6,30 1400 1.58 1,97 2,85 3499 4486 6.02 Teld 5,4756 = «C16949 10124
6,50 1000 1.57 1,95 2083 3492 477 5,90 6495 55,2129 = 4uy717 «1078n
7.00 1400 1,55 1,90 2,75 3,75 4,55 5,60 6450 4,557p = 401895 11547
7450 1-0(_) 1.52 1,.85 2.67 3.87 4,32 5¢30 6605 64,7347 = w1335 011134: ’
T.65 1400 1.52 1,83 2,65 3.52 4,26 5.21 Se91  3,7037 = u2490 01647,
8,00 100 '1.50 1,80 2,60 3440 4,10 5,00 Se60 3,9397 - .u1841 +13497
8,50 1-00 1e47 1,77 2050 3¢30 3,92 4,80 Se.40 S.01a3 = 4UNKSEO «N978A
9,00 100 1,45 1475 2,40 3,20 3.75 4,60 5.20 64,0900 < LU]1545 211460
9.50 1400 1.42 1.73 2,30 3e30 3.57 Y Se00 3,8170 ~ 4G159% 212040
10,00 1¢00 1le%0 1,70 2,20 3400 3,40 4,20 4,80 3.,5450 = L1645 012644

*T signifies Taylor exponential fit coefficients

Build-up factor = A*exp(-alphal®*b) + (1-A)*exp(-alpha2%v)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A¥*b + alphal*b**2 + alphal*b**3
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TABLE 2B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR CARBON (GRAPHITE)

Error Magnitudes Greater than 5%

Inergy b(mfp) . Paired with Corresponding b values
(Mev) 0. 1.00 2.00 4,00 7.00 10.00 15.00 20.00 A ALPHAY ALPHA2 Type* (% Error, b(mfp))

0.50 1.00 2.39  4.73 12.80  35.60 71.30 163.00 295.00 . 820 49776 .01032 c

1.00 1.00  2.08 3.73 8.k5  18.90 31.80 59.60 93.50 .9010 .280 - .0050 o

2.00 1.00 1.8 2.98 5.56  10.30 15.10 23.50 ©31.30 1.0283 .03326 0.  C (11.4k4,1),(7.04,2),(11.41,20)

*T signifies Taylor exponential fit coefficients
Build-up factor = A*exp(-alphal¥b) + (1-A)*exp(-alpha2*b)
C signifies cubic polynomial fit coefficients .
Build-up factor = 1.0 + A%b + alphal*b**2 + alphao#p¥%3
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TABLE 3A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR ALUMINUM

Error Magnitudes Greater than 5%

Energy b{mfp) Paired with Corresponding b values
(Mev) 0, _ 1,00 2,00 _L.,00 _7.06  10.00 15,00 20,00 A ALPHAY ALPHA2  Type* (% Error, b(mfp))
025 100 2472 5,21 12.75 32423 63,99 150,89 290.44 1,17 044163 040108 o
#50 1400 2437 4,24 0,47 21.50 38,90 80.80 141.00 - 0,974 0.2R50 0. ¢
060 100 2430 4,05 R.89 19,82 35,36 72,22 12450 0.9813 042480 0o c
.70 1000 2023 3.87 8031 1801‘ 31.82 63.6‘ 108000 0.99" 0-2‘10 Ne C
#80 1400 2016 3468 7,73 16446 28,28 55,06 91450 D,99R  0.,1740 o, c
«90  1¢00 2.00 3¢50 7,15 1l4e78 24,74 46,48 75400 1,008 01370 0. o
1,00 100 2402 3,31 6,57 13.10 21,20 37,90 58,50 1.017 0.1000 0. ¢
125 1600 1495 3,13 4,08 11.84 18,87 33.10 50645 0,961 0,813 O c
1,50 100 1.88 2,96 ©¢59 10e57 16455 28,30 62,40 0,910 DeVR2H N c
1675 100 1482 2,78 6,11 931 14,22 23,50 34,35 0.8509 0.v439 0. C
2,00 1400 175 2,61 4462 8405 11490 18,70 26430 16,641 <0.u4b8  0.p026 T (5.0,1)
2,20 1400 1,73 2,55 4,45 T7.67 11,25 17,56 24,58 15,430 «nevsSe  Nennyl T (5.4,1),(5.2,20)
250 1400 1le70 2,46 4020 7409 10,27 15,85 22400 13,612 ~0sus37 0s4nl38 T (5.1,1)
2,75 100 1,67 2,39 1,99 6462 9466 16,62 19,85 12,092 =04u422 Cenl9s T
3.00 1400 1.64 2432 .78 6e1s 8,65 13,00 17.70 10,583 =0.0407 n.0251 T
3,50 1400 1.59 2,20 3,50 Se57 Te76 11,55 15,55 9.0S5 ~neusd2 040315 T
4,00 1400 1¢53 2,08 1,22 Se01 6,88  10.10 13440 7.526  =0eu397  Nen346 T
4,50 1400 150 2,02 3,09 4,77 6,53 9,57 1265 7.073  =AsU394 N.N3YB T
5600 1600 1448 1,97 2,96 4,53 6,19 9.03 11.90 6,620 ~0,U395  N,n4l0 T
5450 1400 1le45 1,91 2.83 4,30 5.84 8,50 11.15 6,164 0,039 N.0623 T
6,00 1400 1442 1,85 32,70 4406 5,49 . T497 10640 S.713  =0eu393  0.r435 1
6.30 1400 1461 1,82 2465 3e97 5,35 7,76  10e12 5,561 <0.u392 0436 T
6,50 1400 1,40 1.81 2,62 3.9) 5,26 7,62 9.93 5,464 =0.0391 0.n6437 T
7,00 1400 1le38 1,77 2,53 3,75 5,03 Te26 9. 46 5,214 044389  0.n439 T
TeS50 100 1436 172 2,45 3460 4,81 6,91 8499 4,965 =NsU3IBR  Nenbs] 7
Te6S 1400 1le3s 1471 2,43 3.56 474 6,8) 8,85 4,800  .AeUIBS Nenss? T
8,00 1000 1434 1468 2,37 3,45 4,58 6,56 8.52 4,716 «0sU3BG  Nen643 T
8,50 1400 1433 1.65 2,31 3,34 6,42 6,33 8,22 4,537  =0.U3B53  0.n436 T
9,00 1400 143] 1461 2,26 3,23 4,27 6409 Te92 4,357 <0.u3R7T  0.4428R T
9,50 1400 1le30 1,58 2,18 3.12 4,11 $,86 Te62 6,178  «0.u38B  N,enall T
10,00 1«00 1l.28 1.55 ?2e12 3401 3.96 5.63 7032 3,999 =JeU390 Denédl3 T

*T signifies Taylor exponential fit coefficients

Build~up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2¥b)
C signifies cubic polynomial fit coefficients

Build-up factor = 1,0 + A*b + alphal*b¥**¥2 + alphal¥b*¥3
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TABLE 3B. GAMMA~-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR ALUMINUM

Error Magnitudes 3reater than S7
Energy bimfp) Paired with Corresponding b values
(Mev) 0. 1.00 2.00 L.00 7.00 10,00 15,00 20,00 A ALPHA1 ALPHA2 Type* (% Error, v(mfp))

25 1000 3,00 6,33 16,22 43.33 90,86 210,3% 414,29 1.287 046290 Nenlas
oS0 1000 2,61 4,92 17,60 26490 49,20 106,00 185.00 1.12n 0.3856 0.
60 1000 2,52 4.66 10,60 26¢52 44,00 92,02 161,82 1.12n 0.3326 O
«TD 1600 2,43 4,41 9,80 22,14 38,80 80,04 138,64 1.12n 0.,2795 n.
«B0  1¢00 2,33 4,15 9,00 19,76 33,60 68,06 115,46 1,120 0.2766 N
«90 100 2,24 3.90 .20 17.38 28,40 56.08 92,28 1,120 Q41736 .
1,00 100 2,15 3,66 7,40 1500 23,20 44,10 69,10 1,120 0el1208 0,
1.25% 1'09 2¢06 3,41 £e78 13041 20460 3,12 §58.90 1,054 0euQ7s Ne
1,50 100 1.97 3,19 6el6 1181 18,00 32,15 48,70 0,987 0,743 VNS
1,75 1400 1,89 2,96 5,55 10.22 15,40 26,17 38,50 0,927 0.uB12 e
2,00 ].oo 1680 2474 9093 8463 12,80 20,20 28,30 35.911- «Neu3OT =NenlZR
2,20 1000 1477 2467 472 8u17 12,03 18,84 26028 38,848  ofeii3el <=0enluld
2.50 1400 1,73 2,585 4e80 Toe49 10,87 16,80 23.25 32,246 <0eulDl  =0en060
2,75 100 1460 2,46  i.14 6492 9.90 15,10 20473 30,016 049268 <=0en027
3,00 1000 1,66 2437 3,88 6435 8,94 13.40 1820 28,581  =n.u23e Deh0UT
3,50 1400 1.60 2,23 1,56 Se70 T7.93 11,80 15,85 26,972 <neur0? 140022
4,00 1600 145¢ 2,09 1426 5405 6,93 10,20 13450  25.364  =nsu180 540036
4,50 000 1450 2,02 2,09 4,77 6,51 9,58 12460 23,967 =0.017¢ Ne00%0
$.00 000 1,47 1,95 3,93 4,48 - 6,10 8,91 11671 22,5774 enev167 P TYY
5,50 1400 1.63 1.88 2,78 4.20 5,68 8,26 10081 21,1764  =0.u161} DeNP4R
6,00 1000 1,40 1.81 35,63 3,92 $,27 7,62 9.92 19,777 =0e3154 Danp52
6.30 100 1,39 1478 3,57 3,82 5.12 7.39 9461  19,4%n  =.u152  0.0049
650 1000 1438 1476 5,54 3.75 5,02 T.24 9,41 19,21 =nev)5l Nenn4g
T¢00 1600 1e35 171 3,44 eS8 4,77 6,86 8490 18,652  ap,u148 D.nnté

7.50 1400 1433 1467 3,35 3,42 4,53 6.48 8o39 18,090  =0e0u145  0e00%n

7.65 1400 1,33 1.65 5,32 3.37 4,45 6,37 8,24 17,922  =h.uléé Nean3q

+1,107
1,190}

,-‘
U

N

H A A A A A A A A A A A A AAA N -1OOOOOOOOOTOOOO

8,00 100 1.3] 1462 2,26 3425 4,28 6,10 T¢88 17,528 «Q.u)s2 Nenn37
8,50 1000 1.39 1.59 5.?0 3el4 4,13 5.88 T.59 16,24n “Ne)49 Nen036
9,00 1000 1428 1456 3,16 3,04 3,99 5,66 Te3l 14,967 «0.0156 0.0036
9.50 !OOQ 1.27 1,54 5008 2+93 3,84 Sebs Te02 13,687 -0elU163 0.6035
10.00 1«00 1.25 1,51 5.02 2083 3070 5022 674 12,407 -0e )69 Nennds

*T signifies Taylor exponential fit coefficients

Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2¥b)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A*b + alphal*b*¥*2 + alphal¥b¥*¥*3



»:_ TABLE LA. GAMMA-RAY DOSE BUILD-UP FACTORS FOR IRON
Error Magnitudes Jreater than 53

Energy Dinfo) . Faired with Correspending o values

(Mev) 0. 1.00 2,00 L.00 _7.00 10,00 15,00 20,00 4 ALDHEAL ALPHA2  Type* (1 Error, blafp))
025 1000 2,06 3.22 6,40 12085 21473 42417 59422 48,63800 -.07220 -ou5130 T 1&.-a11,(=3.1,105,(6.1,2!

- «50 1400 1.98 3,09 5,98 1lle70 19,20 35,4n 55460 40,43700 -e06410 -eU3940 T (j.f,‘ ;:.;,2;&@.2,2;?
o860 1400 1,96 3,05 5,86 11440 18,60 33,98  53e02 35,04000 ~.06300 -.u3esu T (8.6,1:,.7.6,2),(7.2,20)
70 100 1.94 3,01 5,764 1lel0 18,00 32.54 50048 3564300 ~.06180 -w3slo T {7.3,2),(7.5,55,.7.6,20)
«B0 - 1000 1,91 2.97 5,63 10.80 17,40 31.14 47486 33,24600 -.06070 -.u3140 1 (7.2,1),(7.7,2;,:7.5,20)
«30 100 1489 2,93 &,51 1050 16,80 29,72 65428 30,84800 ~-.05960 -.o02880 T {6.2,1),(7.0,2/,(7.2,2¢;
1,00 1¢0¢ 1,87 2,89 8,39 10.20 16,20 28430 62470 28,45100 ~.05840 ~.02610 1 (6.2,1),(5.7,2),(6.0,20
1,25 100 1.88 2.77 1,07 9466 14,87 25,62 38430 ,5,80500 ~¢05540 -.u2100 T (i.i,l)ﬂo.7.2)$5-5,20)
1,50 1400 1,81 2,66 4,76 8472 13,55 22,95 33490 23,16000 ~-.05230 -.01580 T {8.7,2)

1,75 1000 1479 2,54 4,44 7499 12,22 20427 29e50° 20.51400  -.04920 -.01060 T

2.00 1400 1,76 . 2,43 4,13 7425 10490 17,60 - 2510 . 17.97400  -.,04630  =4u0570 7

2420 1000 1472 2.37 44,01 6697 14,42 16,78 2390 17,02300 -+ 04590 -.u0470 T,

2,50 1400 1,65 2,29 1,82 6455 9.70 15,55 22010  15,59600  ~.04530 -eu033y T

2,75 1400 1.60 2.22 2,66 6420 9.11 1¢,52 20060 14,40700 -~ e 04480 -eu0210 T

3,00 1000 1,55 2,15 2,51 5485 . 8,51 13,50 19410 13,21800 -.046430  ~.00090 T

3,50 1400 1.50 2,05 2,27 5.38 7.81 12,35 17655  11,42100 -.04560 00040 T

4,007 1¢00 1,45 1.96 2,03 491 7411 11,20 1600 9,62400 ~e 04700 .volgo T

4,50 1400 1,42 1.88 3,92 4e72 6,84 10,87 15467  8,68500 -.05060 .uoos80 T

5400 - 1600 1440 1,83 5,80 452 6,56 10,54 15435  8,13225 -,05149  -.,00006 T

5050 1400 1,37 1,77 3,69 4433 6,29 10422 1502 6.80600 -.05790 -.00100 T

6,00 1400 1,34 1.72 3,58 4¢lé 6,02 9.89 14470 5,86700 -.06150 -.00190 T

6430 . 1400 1,33 1,70 5,53 4e06¢ 5,88 9,68 18446 5,47306 -,063%0 .00160 T

6,50 1400 1,32 1,68 3,49 3458 578 9.5% 14427 4495045 -+0649Q 00546 T

7,00 1400. 1430 1464 2,41 3481 5,54 9,19 1385  4,32725  ~,06820 01018 T

Te50 1000 1,29 1460 . 3,32 3465 5,31 8,85 13482 3,89900 -.07160 00930 T

To65 1400 1,28 1.59 5,29 3+60 5,24 B,764 13430 3,33180 ~-.07623 01978 T

8,00 1¢00 1,27 1,56 5,23 3.4% 5,07 8,50 13400  3,24300 -,07500 ez120 T

8,50 1600 1425 1452 2,16 3436 4,89 8.26 12485 - 2,58210 ~.085U% 3087 T

9,00 100 1,23 1,49 35,09 3.24 4,71 8,02 1270  2,37025 -.08700 02622 T

9,50 . 100 1,22 1.45 3,02 311 4,53 7,78 12455 2,12100 -.09300 .03300 1{

10,00, 1400 1,20 1,42 7,95 2099 4,35 TeS6 12440  1,74700 -,09900 2U6630

*7 signifies Taylor exponential fit coefficients
Build-up facter = A¥exp(-alphal*p) + (1-A)*exp(~2lpnal*b;
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TABLE

LB,

GAMMA-~RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR IRON

Error Magnitudes Greater than 5%

Energy b(mfp) Paired with Corresponding b values

{Mev) 0, 1,00 2,00 §,00 7.00  10.00 15,00 20.00 A ALPHAL ALPHA2  Type* (% Error, b{mfp))
25 1600 3,47 6,21 14,27 28.42 49,57 98,82 166471 66,017 =0eURI3 «Nenta? T (5.7,2),(5.8,20)
S50 100 2.80 4,86 9,97 20440 34,20 64,30 101400 44,303 =0+0G720 =0en302 T (6.5,1),(6.8,2),(-5.1,10),(6.8,20)
60 100 2,68 4,59 o,38 19.06 31,74 59420 92¢50 61,420 <=0.U703 =n.n2d4 T (6.6,1),(6.7,2),(-5.4,10),(5.8,20)
70 1400 256 64,34 A,78 17.68 29,28 Sé,.lo0 84,00 38,5568 <0.ukBT  20en206 T (6.8,1),(6.7,2),(-5.7,10),(5.2,20)
«BO 1e00 2443 4,08 .19 16432 26,82 49,00 715.50 35,6R> «NeukTN =fenPbn T (6.9,1),(6.6,2),(=5.7,10),(5.1,20)
90 1000 2431 3,83 7.59 14.96 264,36 43,90 67400 32,808 =040A53 an.0230 T (1.1,1),(6.5,2),(-5.5,10),(5.7,20)
1,00 100 2,19 3,58 7,00 13.60 21,90 38,80 58450 29.934  =A.Ug3T =Nen2l? T (1.2,1),(6.5,2),(7.2,20)

1,25 1600 2.09 3,34 4,38 12418 19,40 33,92 50072 2R,247 ~0,USB2 <0.r174 T {6.1,1),(5.b4,2),(-6.4,10)

1.50 1600 1498 3,11 &,76 1075 16,90 29.05 42495 26,559 ~0.u527 =0enl3g T (5.3,1),(-6.7,10),(-5.9,15)

1475 100 1488 2,88 5g,15 933 164,60 26,17 35,17 26,872  2QsU4T3  o0s009R T (5.2,10)

2,00 1400 1.7 2.64 4,53 7490 11,90 19,39 27440 23,257 «04sV620 «0enhol T (5.5,2),(6.2,20)

2.20 1600 1474 2.55 4435 TeS3 11,28 18.24 25.88 21,2R1  =0eu625 wNaine? T

2.50 1400 1468 2,42 4,07 6097 10,36 16,65 23460 18,325 =0eu63l <0.AN26 T (5.6,2),(6.7,20)

2,75 100 1463 2,32 2,86 6451 9.59 15,32 21.70 15,861 =0,9437 0,00u8 T (5.5,20)

3,00 100 158 2,21 1,61 6405 8,82 14,00 19,80 13,398 =N.uaél 0en009G T

3,50 1400 1,52 2,08 2,32 5e47 7,96 12,55 18,25 11,330 =ns0869 040006 T

4,00 100 1leés 1,95 1,03 490 T.10  1l.l0 16.70 9,261 =NeUa9S  0Nennu3 T

4,50 1600 1641 1,87 2,87 4461 6,66 10,49 1570 8,200 =04U522  N.N0OUS T

8.00 1400 1438 1,79 5,70 - 4¢3} 6,22 9.88 14,70 7,157 =feugso 00008 T

$.50 1¢00 1434 171 3,564 4402 5.79 9.28 13.70 6,104 <=0,u877 Ne0nll T

6.00 1400 1430 1,63 3,38 3073 5,35 8,67 1270 5,052 =0.0606¢ 0.0014 T

630 1600 1429 1,60 3,32 3462 5.18 8,40 12435 4,875 =Aelall =n,en007 T

6.50 1400 1428 1459 3,28 3eSé 5.07 8,22 12412 4,758 <040A16 «Ne(n21 T

700 1400 1425 1.56 3,18 336 4,79 7,78 1155 4,464 =Neunl2? «N.Nn05g T

7.50 1400 1.23 1,49 3,09 317 4,51 733 10697 4,169 2043639 <0enn8e )

T.65 loo_o 1e23 1,48 5,06 3el2 6,43 T.20 10480 4,081 “0sUh4 ©NeNn100 T

8.00 I.OQ 1.2{ 1.65 ?.99 2099 ‘.23 6.89 10460 3.975 =0suUAS0 aNeOl26 T

8,50 1400 1420 1.42 7,94 2489 4,09 6,71 10,27 3,682 =NeURTT =NenlT77 T

9.00 1400 1,18 1,40 71,88 2.80 3,96 6.53 10414 3,488  -0eu703  ~0.0230 T

9.50 1400 1.17 1,38 7,83 2e70 3,82 6435 10402 3,295  =0.u730 ~0.n283 T

10,00 1400 1elg 1,35 7,78 2¢61  3.69 6.17 9.89 3,101 -0.0756 .0,n334 T

*T signifies Taylor exponential fit coefficients
A%exp(-alphal*b) + (1-A)*exp(-alpha2¥*b)

Build-up factor =
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TABLE 5A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR TIN

Error Magnitudes Greater than 5%

Energy ____bimfp) Paired with Corresponding b values
(Mev) 0. 1.00 2.00 4,00 7.00 10.00 15,00 20.00 A ALPHAL ALPHA2 Type* (% Error, b(mfp)) ’
«25 1600 1452 1,97 376 3477 4,63 611 6480 7.523  =0.u067  0.A654 T
¢S50 Je00 1,56 2,08 2,09 4,57 6,04 8,64 10480 11,44n <0.0180 0.0319 T
60 1000 1,58 2,12 .22 4.89 6,60 9,65 12440 11,437 =0.u229 0.0287 T
oT0 100 1,59 2,17 135 5621 - 7416 10,66 14,00 11,434 =0.0279  0.0255 T
«80 1400 1,61 2,21 1,48 5,53 7,73 11,68 15,60 11,432 =neJ328  0.n224 T
090 1400 1,62 2,26 .61 5485 8,29 12,69 17420 11,629 =0.0377  0.0192 T .
1,00 1000 1,64 2,30 2,74 6017 8,85 13,70 - 18480 11,42¢ =0.9427 Nealel T
1,26 1400 1462 2,27 .69 6409 8,77 13,67 18,92 10,759 -0sUs54 Nen15A T
1450 1000 1,60 2,23 .63 6402 8,69 - 13,68 19405 10,091 =0s0481  0enlsSS T
1,75 100 1.59 2,20 1,58 S.9 8,61 13,62 194617 9,424 =0.0509 Den153 T
2,00 1400 1.57 2,17 3.53 5.87 8,53 13,60 19430 8,783 =0.0535  0er150 T
2020 1400 155 2,13 145 5.75 8441 13,54 19,46 8,106 =~0.us77  0.0162 T (5.6,20)
2.50 1600 1452 2,06 2433 5,57 8,22 13,45 19.70 7.091  =0eU639 040179 T (5.7,2),(7.7,20)
2475 1000 1449 2,01 2,23 S.43 8,06 13,37 19490 6,246 =0e0692 0e0194 T (5.6,2),(7.3,20)
3,00 1400 1446 1,96 3413 5,28 7491 13,30 20410 5,400 =0eUT44  0en20B T
3,50 100 1,42 1,88 2,97 5,05 7466 13,25 . 20465 4,448  =040R48  0.0234 T (6.9,20)
4,00 1000 138 1481 282 4.82 To¢l 13.20 21.20 3,494  =0e9352 040260 T
4,50 1600 1435 1,75 2471  4es6 Te29 13,60 23017 3,123 =0.1057  0.0157 T
S.00 !009 1632 1469 2'59 4449 Te17 14,00 25,15 2.750 ‘Qol]ﬁz Nen05% T (5.6,20)
5.50 1600 1429 1,63 2,48 4,33 7.06 14,490 27,12 2,378 «nel?68 <0.n048 T (5.1,20)
6,00 100 1426 1457 2437 4017 6.94 14,80 29.10 2,005 ~=041373 =0.n150 T
6,30 - 1'09 1025 1455 2032 4¢08 = 6,83 14,84 29.83 1,864q “0elé27 -”0015“ T
6,50 1400 1424 1,53 2.29 4,02 6,75 14,87 30,32 1,779 =061462 <«0en157 T (5.7,20)
7.00 1000 1422 1.49 2.21 3.87 656 14,95 31455 1,553  =0.1551 =nenles T
7.50 100 1.2 1,46 2,13 3,72 6,38 15,02 32.77 1,327 =0¢lk4n  =nenl72 T (6.2,20)
Te65 1000 1420 1,45 2411 3467 6,32 15,05 33,164 1,259 =0elg67 =nenlTe T (5.4,20)
8.00 1009 l1el19 1.42 2.05 357 6,19 15.10 34,00 1,101 '901729 -0.’}17Q T
3.50 1009 lela 1,39 1098 3042 5.94 14,45 33,85 1,003 “Nel777 ~0Nen09% T
9,00 1400 1e16 1437 1Ye92 3.28 5,70 13,80 33.70 0.906 =0e1R26 <ne0nl2 T
9,50 1-09 le18 1.3‘ 1.@6 3.13 Se¢4S 13,18 33.55 0.,80¢ =Nelar2 NDen0172 T
10,00 100 1ela 1431 1479 2499 5.21 12,50 33440 0,708 =041920 00155 T

*T signifies Taylor exponential fit coefficients
Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2*b)
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Energy
(Mev)

.25

+50 "

«60

70

.80
* «90
1,00
1.2%
1,50
1.75
2,00
2.20
2.50
2.7S
3,00
3,50
4,00
4,50
5.00
5.50
6.00
6.30
6,50
7.00
T7.50
T.65
8,00
8,50
9.00
9.50
10,00

TABLE 5B. GAMMA-RAY ENERGY ABSORPTION

BUILD-UP FACTORS FOR TIN

Error Magnitudes Sreater than 5%

b{mfp) Paired with Corresponding b velues
0. 1,00 2.00 4.00 7.00 10.00 15.00 20.00 A ALPHAL ALPHA2 Type* (% Zrror, bimfo)}
16400 2433 3,50 .53 8436 10,60 14,85 19,40 7,387  -0.,04R1  1.1558 r
1000 2.25 3,38 =,51 8,58 11,60 17.00 22450 R,405% =f,Jclé Ne1l0R T
1400 2.22 3,36 5,50 8473 12,00 17,84 23,74 9,38 «0ei149] nennl9 T
1000 2420 3,30 5449 B8.87 12,40 18,72 26,98 14,317  ~heulTe  AenGe7 T
1600 2,17 3,26 S,49 9402 12,80 19.58 26622 16,473 0,449l 0en395 T
16400 2.15 3,22 ©5.48 9.16 13,20 20,44 2Te86 18,9A9  =0.u359 140229 T
1600 2,12 3,18 &8¢47 9¢31 13,60 21,30 28470 18,518  -y,u4e0d | 940201 T
1400 2402 3,02 ©S.19 8.85 12,95 20,40 27¢55 17.590  <h.usll Nenl173 T
1600 1,92 2.6 4,91 8439 12,30 19,50 26,40 16,6Rn “0sa27 Neli) 46 T
1600 1483 2,70 4463 7494 11,65 18,60 25425 15,761  -A.:440 Nenlln T
1000 173 2,54 4,35 7.48 11,00 17,70 24,10 14,A7Q  20..453 Dennd) T
1600 1468 2,46 4214 Tell 10,49 17.20 23432 16,137 -A.us43 040016 T
1600 1.6] 2,28 1482 6455 9.71 16,45 22415 19,138 _n. 422 <0008 T (5.1,20)
1¢A0 1455 2,16 56 6408 9.07 15,83 21e17 34,182  o0,4374 =N4A200 T (5.2,1),(6.4,2),(6.5,2C)
1600 1449 2,03 3,30 5062 Be43 15,20 20420 45,528 044373 =Nen2es T (6.2,1)J5.h,2)(7,7,3)(5.=2 .
1400 1,41 1,88 2,98 5,04 7.62 14,20 19485 17,980  wA.uR0é =Nen252 T G (Te62) (Tebe ) (578 m g 20,
1600 1436 1e76 267 4067 6,80 13,20 19610 11,711 <0.9423 =0en319 T (6.1,2).(6.8.5).(5.4.7),0=5.3.25) (.3 21
1000 1431 1,87 2,52 4,22 644 12,62 19652 . 9,745  an.u713 =nenals T T A A AN b
1600 1427 1459 2436  3.97 6,09 12,08 1995 4,560  «yeya07 =Ne0363 T
1400 1,24 1,52 3¢21 3472 5,73 11,47 20637 2,730 -0.1885 =1.A270 T
1000 1420 1445 2406 3e47 5,38 10,90 20480 1,667  «n 1290 =Nenluék T
1600 1420 1,43 2401  3e3¢ 5,23 10,72 20480 1,543 «041337 =n.0nd0 - T
1600 1419 1,61 198 3.28 5,13 10,60 20480 1,4AN =AelIB9 =n.nnTQ T (5.9,20)
1400 1,17 1,38 190 3.10 4,88 10,30 20480 1,256 «0,1468 <0.0033 ¥ o7.7,20)
1400 1,16 1.34 1,82 2491 4,63 10,00 20480 1,040 aheleg27 =n.An24 T .6.5,23)
1000 1415 1,33 7.80 2.86 4,55 9,91 20480 0,986  -4,1550 =0.0n919 T (5.3,20)
1600 14lé 131 1746 2.73 4,38 9.79 20480 0.,R4YT  «04l&yb  De T
1600 1413 1,29 1670 2464 4,23 9.48 20467 0,79n ~0elaldn Tenlle T
1000 1613 1427 )e66 2455 4,08 9.2% 20455 0,739 oA, labeT n,n232 T
100 1.12 1.26 1062 2¢67 3.93 9,03 20442 n,HA8R =UelrIH ”-?3“7 T
1600 1411 1,24 1.58 2.38 3.78 8,81 20430 0,637 <0s1728 Nens63 T

*T signifies Taylor exponential fit coefficients
A*exp(-alphal*b) + (1-A)*exp(-alpha2¥b)

Build-up factor =
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TABLE 6A.

GAMMA-RAY DOSE BUILD-UP FACTORS FOR TUNGSTEN

Error Magnitudes Greater than 5%

Energy b(mfp) Paired with Corresponding b values
{Mev) 0. 1.00 2.00 4,00 7.00 10.00 15,00 20,00 A ALPHA1 ALPHA2 Type* (% Error, b(mfp))

025 1400 1420 1.33 1447 1455 1460 1,65 1671 1,574 =04v055  0.2813 T

50 1600 1428 1.50 .84 224 2,61 d.12 3489 2.875 ~0eu169 Os13vé T

60 1400 1.3] 1,57 1499 2.52 3,02 3,715 4e36 2 764 =0.0216 ne1320 T (-5.1,15),(~5.5,20)

oT0 1400 1.34 1.63 2413 2479 3,42 4,37 S5¢09 2,916 =0.0263 01336 T (-7.0,15),{=5.7,20)

80 100(_’ 1¢38 1,70 2.28 3.07 3,83 5,00 Se8S 3,087 =neiIl0 Ne¢1352 T (-7.2,15)

090 1600 1441 1476 2442 3434 4,23 5,62 6460 3,258 =0.0357 Ne1368 T (=6.2,15)

1,00 1400 1.%4 1,83 2.57 3,62 4,64 6,25 Te35 3,42  =0e76404 7¢13°4 T

1425 1000 1.43 1.83 2.61. 3474 4,80 6,70 8.16 3,553 =0.0637 0e1236 T

1,50 1000 143 1,R4 2.64 386 4,95 Tels 8497 3,670 =NeU469 Ne1088 T

1.75 1600 1442 1,846 2468 3,97 S.11 7,61 979 3,804 =0.UR02 De0940 T

2,00 1400 lo‘? 1.85 2072 4.09 5.27 8,07 1060 3,924 -0sU533 NeNTYR T

2,20 1400 1441 1,83 269 4407 5,40 8,39 11430 4,084 ~ =VeUS56 040666 T

2.50. 1600 139 1,80 2465 4e04 5,59 8,86 1235 4,323 =0eu590 0en&69 T

2,75 100 1438 1,77 2462 4402 5.76 9426 13e22 4,523 «0.U0618  0.0305 T

3,00 1600 1436 1,74 2459 4400 5.92 9,66 14010 4,722  =%euUg47 Nenls0 T

3,50 100 1432 1,68 2.50 4401 6409 10,83 1750 5,127 - -0.0766 <0,015R T

4,00 1600 1,29 1,62 2041 4403 6.27 12,00 20490 5,529 =0eUREO  afen457 T

4,50 1600 1.27 1457 232  3.92 6,28 12,92 24475  g,n244 = +09864 = on776a T

5,00 1400 1.24 1.52 202‘ 3.81 6,28 13,85 28460 1,695 = 014366 « (01674 T

85,50 100 1422 1.48 2415 371 6,28 14,77 32445 1.B6aN = +15160 = 925> T

6,00 1600 1,20 1,43 2,07 3460 6429 15,70 36030 1,273 =0e1726 =04121R T

6,30 1400 1¢19 1.41 2403 3,52 6,16 15,62 3Telé 1,182 =A44l777 =nen9s5 T (5.3,4),(6.4,7),(5.8,10),(7.9,20)
6.50 100 1419 1,40 2400 3e4¢ 6407 15,57 37¢70 1,009 = «18120 = +nk36a T

7.00 1600 1417 1,38 1.9¢ 3.32 5,84 15,45 39.10 8712 = ¢lR9BO = «NNT4p T

T.50 1400 1.16 1,35 .87 3,19 Se.62 15,32 40450 . 7344 = +19850 eN0R4s T ,

Te65 1400 1415 1,34 1,86 3.15 95,56 15,29 40692 0.771 =0e2011 nenlle T (6.5,7),(7.0,10),(5.4,20)
8,00 1400 1.14 1,32 1481 3.05 Seéd0 15,20 41090 0,664 “-Nel2071 0er 460 T

8,50 1400 1e13 1430 177 2494 5,21 14,90 41625 0,625 =Ue2n97 Nen478 T

9,00 100 1.13 1,28 1.73  2.83 5,02 14,60 40460 0,587 =0.2123 Nen48e T

9.50 1400 1412 1,27 168 2473 4,84 14,30 3995 0,548  =0.2]48 Ne 0494 T
10,00 100 1411 1,25 1464 2462 4,65 14,00 39630 0.509 =ne2174 040502 T

*T signifies Taylor exponential fit coefficients

Build-up factor =

A*exp(-alphal*b) + (1-A)*exp(-alpha2*b)
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GAMMA-RAY DOSE BUILD-UP FACTORS FOR LEAD

TABLE TA.
Zrror Magnitudes Sreater tnan 3k
Energzy b{mfp) Paired with Correspondins » values
(Mev) 0. 1.00 2.00 L, 00 7.00 10.00 15.0C 20.00 A LLPHAL LLEEAZ Tvpe* (% Error, ol:
«25 1000 117 1.29 i-‘O 14649 1453 1,57 1¢72 134200 -.01050 - e04100 T
oS50 1000 1,24 1.42 1,49 2400 2427 2,65 3,10 1.67700 -.03080 30900 T
60 1600 1,27 1.47 1480 2420 2456 3,08 3465  1,93800 -.03170 W27400 T
70 1600 1429 1453 1,92 2.4] 2486 3,51 4420 2,09000 -.03575 .21510 T
.80 1,00 1,32 1,58 2,03 2,61 3,15 3,95 4,76  2,46100 -.03340 «15300 7T
«90 100 1e34 1.64 2415 2.82 3,45 4,3R Se3)1 2472300 -.03420 «16900 T
1,00 100 1,37 1.69 2,26 3,02 3,74 4,81 5¢86 2.98400 -.035U0 13400 T
1.25 100 1.37° 1.71 232 318 4,01 S.32 6465  3.,05150 -6 04025 l2210 T
1,50 100 1,3a 1,72 2.38 3,34 4,29 S,.R84 Teé3 4400425 -4034%0 SUT480 T
1,75 1000 1038 1.74 2445 3,50 4,56 6,35 8421  4.8300U  -.U331Q5 U525 T
2,00 100 1439 176 251 3466 4486 6,87 9.00 5442100 ~ 03450 WU4300 T
2,20 1400 1,38 1,74 2,49 3,68 4,93 7,18 9466  5,45300 -4038/0 «U3600 T none
2,50 1600 1,37 1472 2.,47 3,70 5,07 7.65 10465 5050000  —404450 V2500 T
2,75 1600 1435 1470 2.45 3,73 5.19 8,05 11447 5454000 -4 06940 WSUIB00 T
3,00 100 1,34 1468 2,43 3,75 5,30 B,4a 12,30 5.5800Q  =+05420 00600 T
3.50 100 1,30 1.62 2434 3,68 5437 9,12 16430  4.73900 -.06940  -.,00800 T
64,00 1600 1,27 1456 2425 3461 5,44 9,84 16430 3.89700 -.08470  -.02300 T
4,50 1400 1,25 1,52 2,18 3,54 5,50 10,80 20460 2436500 =.11300 -.U3200 T
5,00 100 1423 1448 2,11  3.47 5,56 11,80 26450 1.47800  ~.14140  -.U1300 T
5.50 1000 1420 1,44 2,04 3.4) 5,63 12,80 28460  1e35100 =~el5510  —eu7500 T
6,00 1400 1,18 1,40 1,97 3,34 5,69 13,80 32,70 «92600 ~.17860  -.U4600 T
6,30 1400 1,17 1.38 71,96 3427 5,60 13,86 36,48 284200  —~olB8730  —aU4700 T
6,50 1400 1417 1,37 1,91  3.23 5453 13,87 35.67 74670 © ~419320  -eU44l10 T
7.00 1600 1416 1435 1.85 311 5,38 13,95 38.65 » 58230 ~+20780 -eV4845 T
7.50 1000 1,15 1,32 1.80 3.00 S.22 16,072 41462 45720 =422230  -eU5130 T
7.65 1690 1,15 1,32 -1.78 2,97 5,18 14,08 42,52 234950  -.238U3  -.07700 T.
8,00 1000 14la 1,30 1,746 2.89 S5.07 16,10 46,60 ¢36800  ~.23690 -.U5600 T
8.50 1400 1413 1,28 1.70 2.80 4,89 13,7s 43,25 «35400 -423770 -.04900 T
9,00 1600 1.13 1,26 1.66 2.70 470 13,30 41490 «34000  ~.23860 -.04200 T
9,50 1400 1,12 1,25 1,62 2,61 4,52 12,90 40,55 32500  -.23940  -,03500 T
10,00 100 1411 1423 7,58 2,52 4,34 12,50 39,20 «31100 =424C20 -e02700 T

*T signifies Taylor exponential fit coefficients
Build-up factor = A*exp(-alphal*bt) + (1-A)*exp(-alpha2*b)
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TABLE TB. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR LEAD

Error Magnitudes Greater than 5%

Energy b{mfp) ’ Paired with Corresponding b values
(Mev) 0. 1.00  2.00 4,00 7.00 10.00 15,00 - 20.00 A ALPHAL ALPHA2 Type® (% Error, b{(mfp))

e25 1600 1438 1451 7459 1455 1,51 1.55 1460 1,644 Geun2é ne@NG

«50 1009 losi 1')30 5.19 261 3,01 3,52 4430 2.03n ~0sul74 Ne& NS -

60 1e00 1,56 1,91 2,43 3,04 3.61 4,37 S.38 2.4672  «0.03R4 Nedd24 (7.4,2),(7.9,4)

o700 1e00 1461 2,03 2,67 a6 4,21 5,22 646 2,750  =g.vsl5 042838 .

80 1400 1,6 2,14 2,91 3.89 4,81 6.08 Te54 3,100 =n.u42S Ne?358

e90 1400 1,71 2.26 3,15 . 4431 Setl 6,93 8462 3,760  =0euslS D250 (1.0,2),(8.8,4),(5.5,7)
1,00 1000 1476 2437 2,39 474 6,01 T.78 970 4,192  =0.,u426 NelBo4

1425 16000 1a7] 2030 9,33 4,73 6,09 B.10 10427 4,775  «nedsll Ne1536 (7.9,4),(7.6,7),(5.2,10)
1,50 1000 1467 2,23 2,27 4472 6,16 B,41 10685 4,555  =0.0440 Nel1267

1,75 1600 1462 2417 2,20 4471 6424 8,73 11442 4,454 =0e0437 041143

2,00 100 1,58 2,10 3,14 4e70 6,32 9,05 12600  6.502 22,0375  0.n563
(2420 1000 1454 2,03 2,01 4,53 6.14 8,97 12412 6.640  =n,u396  Neabs)

2.50 1600 1,47 1,91 5,82 4427 5.88 8,8% 1230 6,R4R  on,0627 0.0282

2.75 1000 1442 1482 5,66 4406 5.65 8,75 12445 7.021 “0eusSe NeQle)

3.00 1400 1,37 1.73 3,50 3.85 Se43 8,65 12460 7.196 =0s480 Nen

3,50 1400 1.390 161 2,29 355 5.11 8,55 13,2% 4,137  -0.UK94 9en
4,00 1400 1.2§ 149 2.09 3425 4,79 8446 13.90 2.529 «NeuQ09 Jen

4,50 1-00 1021 1.64 1.99 3409 4,64 9.7] 15,80 1.672 -Del182 NeNDSA
$,00 1400 1l.l9 1,39 1.89 2e94 - 4,49 8,96 17.70 1,237  =7.1348 Nen267
5,50 100 1,16 1,34 1.80 2.78 4,35 9,21 19,60 1,029 -0e1472 0e0172
6.00 1-09 lol‘ 1.29 1070 2463 ‘.20 9.‘6 21050 0,777 -(—)01660 505382

6,30 1600 1,13 1,28 7,67 257 4,09 9.33 2le72 0,713  =Qel716 040325
6.50 1600 1413 1,27 7,65 2,52 4,02 9,26 21e8T 0,674 «A.1756  N4n2a87
7.00 1-00 1012 1025 7060 2eb2 3.85 9,03 22025 0,574 . «0eslr47 NeN191]
T.50 1600 1.11 1423 7,55 231 3,67 8,81 22462 N.470 =n.lasl Ner0YA
7.65 l'oo loli 1.22 i.53 228 3,62 8.75 2274 0.4_6? -0/01969 NeN067
8,00 1400 1.19 1.21 1-50 2021 3,50 8,60 23,00 n,38) =0e2035 Ne

8,50 1600 14090 1,20 71,47 2414 3.35 8,24 22,35 0,329  <0,2113 <0,n079
9.00 1400 1,09 1,18. 7T.44 2406 3,21 7.88 2l.70 0,27h =Ns2192 =04n15R
9,50 1000 1,08 1,17 7Y.41 1499 3,06 T.51 21405 0,224 =0,27271 =0,n236
10,00 1400 1.08 1.16 71,38 1492 2492 TelS 20040 0,171  <0,2350 =Nenll5

(5.5,15),(5.5,20)

(5.6,15),(6.6,20}
(5.6

I e e R e R R ]

*T signifies Taylor exponential fit coefficients
Build-up factor = A*exp(-alphal*b) + (1-A)*exp{-alpha2#p)
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TABLE 8A.

GAMMA~-RAY DOSE BUILD-UP FACTORS FOR URANIUM

Error Magnitudes Greater than 5%

Energy b(mfp) Paired with Corresponding b values
{Mev) g, 1.00 2.00 _&,00 _7.00 10.00 15,00 20.00 A ALPHAL ALPHA2  Type* (% Error, b(mfp))
25 !'09 1ev0 1,17 1423 1626 129 1,28 1.30 1,13n '000'[‘05 Nekh5]13 T (7-3920)
S0 1000 1017 130 71,48 1467 1.85 2408 2036 1,444 =0.uP46 03517 T
060 1400 1420 1,35 7.58 184 2,07 2.40 2¢79 1,571 «0.u27¢ 043266 T
«70 1400 1.23 1,40 7,68 2400 2430 2.72 Je21 1,690 - «04u302  0e30lA T
+80 1000 1425 1,46 7,78 2417 2,52 3,03 3,066 1,826 <0030 D765 T
90 1000 128 1.5} i.ee 2433 2,75 3,358 4,06 1,954 ~04u358 Ne2514 T
1,00 1400 1.3 156 71,98 250 2497 3,67 4089 2,081 ~Aeulag  De2744 T _
1,25 1600 1431 1,58 5,04 2465 3.21 4409 4099 2,452  =0.u375 11315 T (6.4,4),(6.0,7)
1,50 1400 1432 1460 2,10 2479 3,46 4,51 5¢48 2,827 =0443K5 Ne1585 T (6.4,2),(8.8,4),(8.5,7),(6.3,10),(5.1,20)
1,75 1600 1032 1.62 3,17 2494 3,70 4,9 $,98 3,196 -0,u35¢ 0,1216 T (5.4,2),(T.4,4),(7.1,7),(5.1,10)
2,00 1400 133 1,66 3,23 3.09 3,95 5,36 648 3,550 =A.U346 nengdl T
2.20 100 1032 1.63 ?.23 313 4,06 5,68 T.16 3,17 PYYREY IS n,n724 T
2,50 1400 1431 1461 2,22 3.18 4,23 6,16 8418 4,216 «0.usl9 Nensdo T (5.5,4),(6.0,7)
2,75 1400 130 1459 2,21 3.22 37 6,57 9,03 4,580 000457 Nen296 T
3,00 1400 1.29 1,58 3,21 3.27 4,51 6,97 9488, 4,8R3 <A.u495  9.009R T
3,50 1400 1627 154 2,15 3.24 4,58 T.49 1129 3,841  =N.ubS9  (enn68 T (5.3,20)
4,00 1.00 1.24 1,50 2,09 3.21 4,66 8,01 12.70 2,800 =p.uR26 nenn37 T
4,50 1400 1422 1446 5,03 3618 4,69 8,71 15,27 1,807 ~0.11791 0.A231 T
S,00 1,00 1.20 1,43 7,97 3.08 4,73 9.40 17485 1,365 «0.1290  A.ne84 T
5,50 1400 1el8 1,39 7,91 3402 4,76 10410 20682 1,09r =0.i8467 Je195R T
6.00 1000 l.16 ‘.36 ;.85 2096 ‘080 10.80 23'00 0.97§ -9¢l=89 ne?2110 T
6,30 1400 1415 1.35 7,82 2691 4,73 10,86 23475 0,910  =nele3n 041835 T
6,50 1400 lels 1.34 7,80 2487 4469 10,90 24425 0,882 <0.4ia71 041652 T
7.00 100 lela 1431 1,75 2478 4,58 11,00 25.50 0,788 =0el754¢ 041196 T
Te50 1400 1al3 1,29 71.71 2470 447 11,10 26675 0,695 =N.1836 0.n736 T
To65 100 1e13 1,29 .69 2467 (YY) 11,13 27,12 0,667 .=Asinb6l  Nen598 T
8.00 1400 lel2 1,27 71,66 2461 4,36 11,20 28400 0,602 <«0.1919 0,0277 T
8,50 100 lel]l 1,25 1,62 2.52 4,21 11,02 28412 0,551 «0e1972 Nen260 Y
9.00 1400 1el0 1.23 1,58 2443 4,07 10,85 28425 0,500  ~necn25 040263 T
9,50 100 1el0 1422 1455 2435 3,92 10,67 28,37 0,650  =f.2078 Nen22¢ T
10,00 1400 1,00 1,20 1,51 2.26 .78 10,50 28450 0,399 " «0.2731 N.0208 T

*T signifies Taylor exponential fit coefficients

Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2*b)
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TABLE 9A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR WATER

Error Magnitudes Greater than 5%

Energy b(mfp) Paired with Corresponding b values
(Mev) Q. 1.00 2.00 4,00 7.00 10,00 15.00 20,00 A ALPHAL ALPHA2 Tvpe* (% Error, blmfp))
W25 1400 3,09 7,14 23en0 72,90 166,00 450.00 982,00 1,335 Q.6924 0,0835 €
o50 100 2,46 4,51 12490 32,80 63,10 laleg0 252,00 0,983 0,4805 p,0052 c
060 1¢00 2,39 4 27 11,96 29,48 55,90 122,88 218 04 0,99% 0,4795  0,0042 ¢
W70 1400 2,33 4,33 1a.8l 26,16 48,70 104,76 1Rr4 08 1,000 00,3386 0,0036 ¢
oBO 100 2.26 4.i9 977 52.94 4lec0 Roep4 150417 1,004 0,2845 g, ,002% e
090 1400 2_20 3 S5 2,72 19,52 3¢ 30 68,52 116 16 1,002  0,2215  ¢,0018 ¢
1,00 100 2.13 3.7y 768 16420 27410 Syeal 22,20 1,048 00,1575 0,00 ¢
1,25 1400 2.°5 3,47 4438 14,26 23,42 42.67  4B,B7 1,007 0,124y  qg,0 c
1,50 100 1,83 13, 74 4428 12,33 19,75 364,95 54,95 0,966 0,0%997 0.0 c
1,75 1400 1,90 2,40  S¢58 10,39 lo, g7 27422 41,32 n,926 0,0574 5,9 e
2,00 100 1,33 2,77 4*Q8 Resth 12940 1950 57476 13,369 «0,0521 0.016¢ s
2,20 1400 1,30 2_7n . 4,9 8,91 11,65 18,16 25 56 12,917 =0,0488. 9,019 T
2.50 - 1400 1.76 2.%9q 4¢39 7,34  lu,S5i 16¢15 22.35% 12,239 =0,0438 0,0242 T
2.75 1400 1.72 2,41 4019 6,79 J.87 1447 19,67 11,675 +0,0397 0.0282 M
3,000 1400 1,79 2,472 1,81 6,23 3,63 12,80 17,00 11,110 =0,0355%  ¢,032% 7
3.50 100 1,53 2,33 Je53 5,68 7.78 11038 14495 11,137 =0,0305  ¢,0312 T
4,00 1,00 1,38 2,17 3% 5,13 6494 Sea? 12.99 11,163 =0,0254 0,0303 T
4,50 1400 1 =5 2 ,1n 3.19 4,84 0,50 9.25 11,89 10,465 =0,023% 0,033¢ T
5,00 1600 1.22 2,4  4n5 4,56 o.06 de53 10,87 9,774 =0,0218 $.0358 T
5,50 1400 1,59 1,57 2e0Q1 4¢28 S,¢2 7eR] F.k6 9,079 =0,0200 0,0388 Y
6400 100 | 4 1,53 2.76 3,99 5,18 7409 8,85 8,385 0,182 0,0416 T
6430 1600 .45 1.9R  2.71 3,89 S.04 0,98 8,56 7,822 =0,0194 g, 0460 T
6,50 1e00 1,06 1.%7 >en7 3483 4495 6273 L R.37 7,447 «Q,0202 0.0498 T
Ta00 " 100 ") w2 1,-2 2,889 3,66 “,71 6,37 7.9¢ 6,510 =0,0223 0.,0562 T
7450 100 .45 1,78 2449 3.5 4,48 6402 7,42 5,572 =0,0243  0,063¢6 M
7.65 1400 1,29 1,77 2446 3.45 4s41l 591 7.29 5,291 =0,0249 g, 0658 '
8,00 100 1,38 1,74 2440 3,34 4,25 Se6b6 6,95 4,635 20,0283 0,070 T
B,50 1400 1,37 1,77 2435 3,25 4,12 5447 6,71 C 4,362 =0,0272  ¢,0750 M
9.00 100 1,35 1,49 229 3,16 3.98 Se28 SIS 4,090 =Q,0281 0,079 T
9,50 1400 ] 34 1,46 .24 3,06 3.85 Sen? 6,27 3,817 =0,0290  [,083% ’
10,00 1400 1,33 1,83 2419 2,97 3,72 4490 5,98 3,545 =0,0299 ¢,0872 b

*T signifies Taylor exponential fit‘coefficients
Build-up factor = A¥*exp(-alphal*b) + (1-A)*exp(-alphacib)

C signifies cubic polynomial fit coefficients
1.0 + A* + alphal*b**2 '+ alphal*p*#3

Build-up factor =
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TABLE 9B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR WATER

Energy b(mfp)
(Mev) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 A ALPHALl ALPHA2
.25 1600 3.03 4.48 2180 48¢ln 154,00 42_1-00 906400 1,323 0,6448 0,0789
<50 i.O(.) 2,46 4,41 l?-qg 31.30 5?.‘:0 13_‘1'00 232,00 1,025 0,4392 0.0047
60 100 2.37 4,57 11e%2 28.14  S2.p0 11334 200,06 5998 00,4009 0,0028
W70 1600 2.29 4,32 11454 24,98 46,00 96.68 168,12 1,008 0,3332 0,002%
.80 1600 2.22 4,'8 Ges5 21.82 39,00 RUege 136,18 1,012 0,2656 0,006
W90 1e00 2,14 3,43 8,57 18,66 32,49 63,30 1né, 26 1,012  0,1980 0,0008
1,00 1.00 Z2.37 3,49 7489 15,50 29,60 46479 72430 1,038 0.,1334 0.0
1.25 i,ob 2.1 3,40 feQ4 13,79 22462 40602 Al1,37 0,972 0,4093 0,0
1.590 1.00 1,6 3,740 4479 12,08 19,25 33.35 50.65 0,938 06,0801 0.0
1.75 1409 1.51 3,1 Sehé 10438 16,07 26467 19,52 0,928 00,0538 0.0
2.00 7,09 1,25 2,47 4099 8.67 l?.qo 2Ue00 ?R.60 22,082 #),0421% L0008
2,20 1.00 1,83 2,75 6,81 8,35 12,14 19468 26,45 54 934 40,0392 L0036
2.50 1400 1,80 2,67  4e54. 7,62  1ll,pl 16470 23,25 19,204 90,0347 L0108
2,75 1400 1,77 2,59 432 7,09  lu,p6  15e05 20,57 17,765 0,0340 0154
3,00 1400 1,76 2,55 410 6,57 3,12 134 17,90 16,326 «0,0273 ,0208
3.50 1400 1,66 2,35 3e73 5.88 8,06 11e73 \15.“5 13,828 «0,0263 0258
4,00 1400 1,59 2,18 337 5,18 7,01 1ue1d 13,00 44,330 0,0253 0303
6,50 1s00 1,56 2,11 3,22 4,98 6,85 9e34 11,96 40,067 «0,0255 0368
5.00 1¢00 1.52 2,°3 3e46 4453 6,09 Be58 10.91 8,805 0. 0257 ‘oa3e
5,50 1400 1,49 1,96 291 4,28 5,64 7eR3 987 7,843 «0,(289 ,0500
6,00 1e00 1,46 (,79 2.76 3,98 5,18 Teo? 8,83 6,280 0,0261 L0568
6,30 100 1,65 1,27 271 3,89 5.c4 6ea6 3,56 5,985 «(,0266 0599
6,50 1400 1,46 1,=5 267 3,83 4,95 be73 8.37 5,788 0,0269 0628
7.00 100 1,42 ,,41 2459 3.67 “,73 6033 7.91 5,297 «0,0276 L0675
7.50 100 1l.40 |,78 2650 3«52 4,80 6ens Ta4b 4,80% «0,0284 ,0729
7.65  1e00 1.39 1,77 269 37 4046 9494 Te32 4,658 «(,0286 0746
8,00 1e00 1.38 1,74 2642 3.36 «,28 370 7T.00 4,314 w0,0291 0784
B.50 1600 1.36 (.79 2+35 3.24 4.1l Sest 6,69 4,138 «0,0288 0788
9,00 1400 1,36 1,67 2e27 3412 3.9« Se21 6,38 3,962 «0,028% L0794
9,50 1400 1.33 1,63 220 3.00 3,77 4e97 6,07 3,786 «0,0282 0795
10.00 100 1.31 1,6p 213 2488 3,60 4073 5,76 3,610 0,0279 0798

*T signifies Taylor exponential fit coefficients
A*exp(-alphal*b) + (1-A)*exp(-alphal*b)

Build-up factor =
C signifies cubic polynomial fit coefficients
Build-up factor =

1.0 + A% + alphal®b**2 + alphal2¥#p®#3

Type*

e e e R R R e R R e e e R R R s e Rs R Ne N ¥e]

Error Magnitudes Greater than 5%
Paired with Corresponding b values
(% Error, b(mfp))

None



w2

TABLE 10A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR ORDINARY CONCRETE

Error Magnitudes Greater than 5%
Energy b(mfp) ‘ Paired with Corresponding b values
(Mev) 0. 1.00 2.00 _L,00 7.00 10,00 15,00 20.00 A ALPHAL ALPHA2 Tvpe* (% Error, b(mfp))

025 J000 2453 4,73 17427 27661 53,45 123,47 233.86 1,2295 «2914] +n113s
¢50 1400 2,25 3,94 0,58 18490 33.70 69,10 119,00 9760 024225 Ne
060 1600 2,19 3,79 ALJI1 17456 30.88 62428 10592 .933r +2108y O
o700 1000 2,14 3,64 F.64 16422 28,06 55,46 92.84 .94n5 «17935 0.
¢80 1400 2,08 3,48 7.16 14488 25,24 48,64  79.76 (9481 414790 0
e90 1¢00 2,03 3,33 6,69 13,54 22.42 41,87 66,68 +9547 e11665 Do
1,00 1400 1.97 3,18 6,22 12420 19,60 35,00 53.60 9614 3000 O
1,25 1400 1,91 3,03 €479 11608 17455 30,75 46,47 W9462 - L07262 O
150 1400 1,86 2,89 8,35 9497 15,50 26,50 - 39,35 A6a5 «UG634 0o
1475 1400 1,80 2.74 4,92 8485 13,45 22,25 32,22 «Blg0 eu3951 O
2400 1000 1,75 2,59 4449 Te746 1ll,60 18,00 25.10 18,3us) w4212 oN028k
2.20 100 1473 2,54 4435 Te42 10485 16,98 23.54 15,4300 V4332  «NO0BRT
2.50 1.00 1076 2445 2.13 6493 10,01 15,45 2120 17,0180 13714 '(_\0’329
2,75 1400 1,67 2,39 3,95 6453 9432 14,17 19,25 16.3323 03376 01170
3.00 100 1464 2,32 1,77 6013 8,63 12,90 17.30 10,5839 «u4070 02510
3,50 1600 1,60 2,23 1,56 5469 7494 11,75 15,60 95,0550 «u4020 en3lars
4,00 1000 1,56 2,14 13.35 5e26 7425 10,60 13.90 10,1601 s03176  +03URo
4,50 1400 1,54 2,09 .24 Se04 6.91 10,03 13,10 9.5485 203168  +n3184

{5.4,1),(-5.3,7),(5.4,20)

AAAAAAAAAAAAAAAAAAAASOOOOOOQOOOOOO

5.00 1¢00 1,52 2,04 .13 4.82 6,56 9,46 12430 9.26R0 «U2962  +032Rr
5.50 1000 1.49 1,99 3,01 4460 6422 8,90 11450 8,63%4 «UP955  «N33B4
6,00 100 1,647 1,94 2,90 4.38 5.87 8,33 10,70 T.T176 = UP947 «0391x
6.30 .1.'09 le46 1,92 5.87 4432 578 8,19 10452 7.51n0 U294 .r\éllpe
6.50 1600 1446 1,91 2,84 4428 5,72 8,10 1040 6,5568 $03323  #04807
7.00 1400 1,45 1,89 2,79 418 5,57 7.87 10411  7,2994 «UP917  #n3957
7050 1400 1,43 1,87 3,73 4408 5462 7,64 948l 6,2062 = +U328]  «0485]
T¢65 1400 1,43 1,R6 2,72 4405 5437 7.57 9,73 6,601% RYEYY:-Y) eN642n
8,00 1.00 1,62 1,86 3,68 398 527 Tobt 9452  6,3666 = ;3072  +N443a
8,50 1400 1,47 1,81 32,63 3489 5415 7.23 9,28 5,891 = .u3272 en479¢
9.00 100 1,39 1,79 3.59 381 5403 7.05 9.086  5,6641 - o03PEY 046925
9450 100 1,38 1.77 5,54 3eT2 4,491 6,87 8481 5,402 = U104  enbké2n
10,00 1400 1437 1,74 5,50 3e64 4,79 6,69 8¢57 5,59R86 = +ul3l20 eN4Téo

*T signifies Taylor exponential fit coefficients

Build-up factor = A*exp(-elphal*b) + (1-A)*exp(-alpha2#p)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A*b + alphal¥™b**2 + alphal#p*#3
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TABLE 10B.

GAMMA-RAY ENERGY ABSORPTION BUILD~UP FACTORS FOR ORDINARY CONCRETE

Error Magnitudes Greater tharn 27

b {mfp) Paired with Corresponding o value:
z 1.00 2.00 4,00 7.00 10,00 15,00 20.00 A ALPHAL ALPHA2  Type* (% Error, b{mfo);
.25 1600 3403 6,20 18,94 %0466 80,26 188,88 360441 1.5444 47175 n}b5¢
BN 1400 2.5 4,76 14,90 24480 44,490 93,50 162400 1,12nn 327786 e °
60 1600 2445 4,49 1a,12 22462 40,46 R2,94 162,10 1,12e0 271 . o
70 1ern 2436 4,26 9,35 20446 36,02 72+38 122.20 1.1200 PATHA T, ¢
A0 1400 2427 4,00 a,57 18426 31,58 61,82 102.30 1.0640 Jla2al N c
W9n 1400 2.1 3,75 7,80 16408 27,16  S5l.26 82460 1 pe4p JlTAZe . r
1.00 1400 2.0a 3,50 7,02 1390 22,70 40,70 62450 1.930) A TN TN C
1.7 1eUN 2402 3,30 6,44 12446 20,02 35,27 53.52 1.0013 o iR775 N o
1.50 1400 1.94 3,09 5,87 1103 17,35 29,85 44,55 9374 WJBHHT N, o
1,78 1eUN 1086 2.39 :.29 9.59 1‘.67 2‘.‘2 35.57 JRARYG YYD e I
2.00 1400 1479 2,69 4,71 Relé 12,00 19,00 26060 0, 27c4 - ,93119 - oplerz T
2,20 1400 Yo7k 2,62 4e56 TaT8 11,36 17,84 24480 17 7257 - .03239 - .pploF T
2.50 1400 1le7? 2.52 628 7620 10440 16410 22010 43,5791 = 37958 - 00750 T
2,75 1400 1469 2,43 4,06 6473 9,60 14,65 19485 34 ,97a1 - 407412 - .0pd83 T
3,00 1.00 1468 2,35 1,88 6425 8,80 13.2n 17660 2a,5017 = 0234y 0007 T
3,580 1400 1461 2,26 1,59 575 8,02 11,99 1575 26,9750 = J020f0 00270 T None
4,00 14UN 1456 2,16 - 3,35 Se26 1.25 10,60 13690 22,9732 - L,j164g NA3RE T
6,50 1400 1453 2,08 3,22 5401 6,86 9.97 13,02 32,3554 = 01308 DOdye T
5,00 1.00 1.57 2,92 1,09 476 6,67 9,34 12615 27.0840 = op133a e00nle 1
S.50 100 11e48 ],97 2697 4052 6409 8,71 11627 29,6438 = 1047 L T
6,00 1,00 1,46 1,91 2.86 4427 5,70 8,0A8 10660 26,6989 - ,p1061 «0072p T
6.30 1400 1.45 1,89 5,80 4420 5,60 7.93 10420 27,2160 = Gn9KRA . 0NGRE T
6.50 1400 1,45 1,08 2,78 4e16 5453 7.8 10606 26,9010 =« pn3=) -0&’@72 T
7.00 1400 1443 1,85 5,72 4e06 5,37 7.57 973 26,1128 = D136 00577 T
7.50 1400 1e%1 1,82 5.66 3493 5.20 Te32 9439 24,4215 = JP1087 s0056¢ T
T.65 100 le4l 1.81 2466 3490 5,16 T.25 9429 25,0908 = Q10AN 06487 T
R.00 1400 le%n 1,79 2,60 3482 5.04 T.07 9406 24,5307 « 01045 QU499 T
8.50 1400 1439 1,77 2,56 375 4,94 6.92 8487 21,9348 - 01192  .00504 T
9.00 100 1438 1,75 2,52 368 4485 6,78 8468 20,0537 = 01248 .GU4BR T
9.50 100 137 1,76 2,49 3462 4475 6.61 8,49 18,4774 = L0345 «CO%9¢ r
10,00 1400 1¢36 1,72 2,45 3455 4,66 6.49 8430 17,3600 = 01436 .p049c |

*[ :i,nifies Taylor exponential fit coefficients

Build-up factor =

A*exp(-alphal*b) + (1-A)*exp(-alphal¥b)

C signifies cubic polynomial fit coefficients

Build-up factor =

1,0 + A*> + alphal*b**2 + alphal#b**3
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TABLE 11A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR MAGNETITE CONCRETE

Error Magnitudes Greater than 5%

Energy b(mfp) ) Paired with Corresponding b values
(Mev) 0. 1,00 2.00 L, 00 7.00 10.00 15.00 20,00 A ALPHAl®  ALPHA? Type* (% Error, b(mfp))
25 1000 2425 377 7486 17411 30467 64,37 114416 73,5706 = UA664 = on6IBY T (7.1,1),(7.5,2),(7.7,20)
S0 1400 2609 3040 £479 13490 23,60 45,50 74490 47,5860 = ,u737] = «0504n T (6.8,1},(6.4,2),(7.1,20)
60 1400 2,05 3,31 re55 13426 22430 42,42 69406 46,5545 = ,07092 =~ «0478. T (6.7,1),(6.2,2),(6.7,20)

oT0 1600 2,01 3,23 6432 12462 21,00 39,34 63622 44,5537 = ,0R798 = enbé3n T (7.2,1),(6.9,2),(~5.4,10),(6.4,20)
«B80 1400 198 3,14 €408 11498 19,70 36,264 57438 35,711 = +ukKTT = «03IK3 i (6.7,1),(6.2,2),{-5.0,10),(6.4,20)
90 100 1494 3,06 8,85 1134 18,40 33,18 5154 39,6195 = (ukll2 = «n3617 T (1.0,1),(6.5,2),(6.5,20)

1,00 1400 1490 2,97 S.61 10e70 17410 30,10 45470 64,4846 = ouG54R = 03422 T (6.5,1),(5.6,2),(6.5,20)

125 1400 1485 2,85 &,28 9488 15,57 26,95 40¢40 27.370A = (us6K] = #0239, T (5.4,1),(5.1,2),(5.7,20)

1450 1400 1,80 2.74 4,96 Ge07 14405 23,80 35410 2R,452) = .u5108 = «0216> T

175 1600 1476 2462 4463  Be25 12452 20,65 29480 24,6148 = «u4s74 = 0143y 7

2,00 1000 1471 2,51 4431 7446 11,00 17,50 24450 22,4675 - +u3935 = #0512 7

2.20 1400 1.69 2,46 4,18 TelT 10.54 16,66 23422 23,8322 = (03472 = «n0517 T

2.50 1400 1.6 2,38 12,99 6e75 9484 15,40 21e30 21,0546 = 403626 = «N0264 T

275 1000 1463 2,32 2,84 6441 9,26 14,35 1970 18,7291 = +U1584 = «n012, T

3,00 1400 1460 2.26 1,68 6407 Bes8 13,39 18410 17,8643 = ,u35644 = en0l2y T

3,50 1400 1,56 2,17 1,48 5,66 8,02 12,20 16450 18,9780 = ,03020 «n0Q06s T

4,00 1400 1,52 2,08 2,28 5425 7437 11,10 14490 13,4736 = ,03525 .N02532 7

4,50 100 1450 2,03 1,16 Se03 T402 10,52 14.07 14,6317 ~ ,03263 0008y T

$.00 1600 148 1,98 3,05 4481 6467 9,9 1325 12,R6Q7 =~ 43495 = «0N00R T (5.7,20)

5.50 1¢00 1,45 1,93 2,93 4458 6433 9.36 12043 11,3004 = 4u1734 = «n0Q4o T (-5.3,7),(8.3,20)

6,00 1.00 1,43 1,88 2,82 4,36 5,98 8,78 11.60 15,967 =~ ,u2145 = #00023 T

6,30 1000 1442 1486 2,78 4429 5,88 8,63 11¢39 18,6345 ~ Ju2lel  on0222 T

6,50 1400 1441 1,85 2,76 4425 5,81 Be52 11425 16,452) « ,u2090 en0bbo T

700 100 1le4n 1,82 2,70 4413 S.65 8,27 10690 7,56R9 = +u3708  enlel> T

Ta50 1000 1438 1679 2,64 4402 5448 80,01 10¢55 46,4789 « ,037R4 02572 T

T.65 1400 1,38 1,78 2,62 3.99 S,.44 Te96 10464 6,1515 = 403947  +r2885a T

8,00 100 1,37 1.76 2,58 3,91 5,32 T.76 10620 55,2827 = 44269 03522 7

8.50 1400 1436 1473 2,53  3.81 517 754 9¢91  4,6735 = L4527 en518a T

9,00 1000 1434 171 2,47 3,71 5,03 7.31 9¢63 33,4930 = +45655 e06lla T

9.50 1600 1433 1,68 2,42 3,62 4.88 7.09 9634 3,5244 = «u5339  en752n I

10,00 1600 1432 1.66 2,37 3,52 4,74 6,87 9406 2,9029 = .u5959 0971«

#T gignifies Taylor exponential fit coefficients
Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2¥*u)
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TABLE 11B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR MAGNETITE CONCRETE

Error Magnitudes Greater than 5%

Energy b(mfp) . Paired with Corresponding b values

(Mev) 0, 1.00 2.00 4,00 7.00 10.00 15,00 20.00 A ALPEAL ALPHA2 Type* (% Error, b(mfp))
025 1000 3422 5,95 12,32 30638 55456 119¢33 213696 61,9615 - +G9R47 = «N61R, T (9.25,1),(8.5,2),(9.4,20)
«e50 1000 2,65 4,65 0,84 20490 36,10 70,90 118400 37,575]] = «0aSB9 = «n3962 T (9.1,1),(8.,1,2),(9.0,20)
060 1000 2,55 4.42 9,24 19438 33,18 64,36 106406 81,6937 = ,07225 = +05274 T (8.2,1),(6.9,2),(8.2,20)
«70 le00 2,44 4,18 a,63 17.86 30,26 57,82 9%e12 44,2054 = 437565 = #n416n T (8.2,1),(7.1,2),{7.9,20)
+80 100 2,34 3,95 R,03 16e34 27,34 Sl.28 82418 41,50n) = +u7182 = «N378c T (8.1,1),(71.0,2),(7.3,20)
«90 le00 2,23 3,71 T¢42 16,82 24,42 44 74 70026 51,5673 = 0k425 = #3910 T (7.4,1),(6.3,2),(7.7,20)

1,00 1600 2413 368 ¢,82 13,30 21,50 38,20 58430 33,R182 « ,uk316 = en273~ T (1.7,1),(6.5,2),(7.8,20)

1,25 1400 2405 3,28 4,28 1201 19,15 33,47 50052 30,R849 = +uyR968 = »r237a 7 (6.5,1),(5.5,1),(6.5,20)

1,50 1400 1,94 3,08 g,75 1072 16,80 28,75 42,75 27,889 = .uys8533 = 01904 7 (5.3,1),(5.3,20)

1,79 1400 1.88 2.88 ¢,21 964 16,45 26,02 3497 24,8720 = Jua966 = enle2= T

2.00 100 1,80 2.68 3,68 8415 12,10 19,30 27420 27,9074 - +u3780 = 00701 T

2,20 100 1,77 2,60 4,50 7e76 11445 18,16 25446 27,6663 = 4u3612 ~ 00634 T

2.50 1600 1,71 2449 4,22 Tel7 10,49 16,45 22485 24,7387 = .u3448 = 0032 T

2.75 1600 1467 2439 2,99 6469 9468 15,02 20087 22,2064 = 03277 = +0004a T

3,00 1:00 1463 2430 9,76 6420 8487 13,60 18450 18,7572 - 03315 00124 T

3,50 1400 1.58 2,18 2,860 5468 8406 12,25 16455 15,8620 = «u3517 oNNOBA T

4,00 1400 1452 2,07 2,24 Sel? Te26 10,90 14460 15,0859 = ,03279  +00034 T

4,50 1000 1,51 24,00 2,10 4690 6482 10,21 13¢62 13,64r7 « U336 +NN03c T

5,00 100 1,49 1,94 5,96 4463 6,41 9,51 12465 11,8996 = U357  .0006> T (6.0,20)

5,50 1600 1,48 1,87 35,82 4,36 5499 8,82 1167 8,808 = 03304 N198e T

6,00 1600 1,66 1481 5,68 409 5.57 8413 1070  g,3079 = .u3052 02160 T

6.30 1000 1,64 1,79 3,64 4401 Se46 T.96 1046 8 _,3079 = ,u3052 on216n T

6,50 1¢00 1,43 1.78 35,61 3,97 5,38 T.84 10431 88,3079 = +u3052 0216~ T

7400 1600 1,40 1,74 35,84 3,84 5,20 7.5% 9:91 R_.628n = LU2T00 02322 T

T.50 1600 1,37 1.71 3,48 3,72 S,e01 T.26 9¢52 B,1T711 = «u2700 #n2320 Y

Te65 1600 1,3¢ 1470 3,46 3468 4496 Tel? 9.0 8,1771 = 442700 02320 7

8,00 100 1,34 1:68 35,417 3,89 4,83 6,97 913  7,7171 - 02800 en232e0 - 7

8,50 1400 1433 1466 5,37 3,51 #.72 6,80 8490 7,9657 = 452457 eN249« T

9.00 100 1,32 1+66 35,33 3044 4,60 6,62 8467  7,54k5 = 02548  +A24qQe T

9.50 1400 1431 1.63 5,29 3436 4449 6,45 8445  7,2632 « 02700 .02320 T

10,00 1400 1430 1661 5,25 3.28 4,38 6.2 Be22 6,8002 = +02800 02320 T

*T signifies Taylor exponential fit coefficients
Build-up factor = A*exp(-alphal¥*b) + (1-A)*exp(-alpha2*b)
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TABLE 12A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR

BARYTES CONCRETE

Error Magnitudes Greater tnan S35

*P signifies Taylor exponential fit coefficients
A*exp(-alphal*b) + (1-A)*exp(-alphal¥b)

Build-up factor =

Energy b(mfp) Paired with Corresponding b values
(tev) 0. 1.00 2.00 1,00 7.00 10,00 15.00 20.00 A ALPHA1  ALPHA2  Type* (% Error, b(mfp))
«25 1400 1472 2,41 8B 6435 9,04 13,87 18,97 14,9820 = 403496 0131 T
oS50 1000 la72 2443 2495 6451 9,33 16,50 20420 15,6630 =~ +u37ls «00HOF T
$60 1400 1e72 2,46 4402 6.7} 9,70 15,26 2le42 14,3010 = 04151 .nl03= T
oTO 1400 1272 2446 4409 6490 10,08 16,02 22066 14,3010 = +C4370 «A096e T
<80 1400 1e72 2447 4018 Te10 10445 16.78 23486 13,62n0 = «us379 "_‘1394:\ T
e30 1400 1e72 2,49 4422 7429 10,83 17,54 25.08 15,8080 - «u4kR0 +n019s T
1.00 1400 1672 2,50 6429 7449 11,20 18,30 26430 14,1440 = 405148 +0033r T
125 100 1e69 2,45 4016 7421 10,71 17,37 24482 13,3170 = 2u5143 «n0364 T
1,50 1.00 1467 2,39 4,03 6,92 10,23 16,45 23,35 12,2520 = 05025 +009%6& T
1.75 100 1le64 2,34 391 664 9,74 15,52 21487 12,2580 = 404807 «nN96« v
2.00 1400 1e62 2,29 278 436 9426 14,60 20660 10,5830 = «usRB4 «nlb3Ij T
2.20 1400 1e60 2,25 W70 6419 8,99 16,16 19470 9,5247 = 08087 +n?00n T
2450 1400 1457 2,19 .57 5,93 8,58 13,45 18,65 99,5247 = 404884 .n)oRs T
2.75 1400 1455 2,15 246 5,72 8,24 12,87 17,77 9.0580 = «C4R24 02072 T
3,00 1400 1653 2,10 .36 Se51 7,90 12,30 16490 7,6170 - ,uS122 ,0296) T
3,50 1400 1069 2,02 2,20 S.20 Te42 11,50 15480 7.6130 = «u4925 «0233c T None
4,00 1400 1le46 1,95 2,04 4,89 6,95 10,70 16,70 6.6270 = <J5122 402967 T
4.50 1400 1le%s 1,91 2094 470 6,66 10,25 14410 5,9580 = +uS319 .0338. T
S.00 1600 le4l 1,86 2484 4,5) 6,38 9,80 13450 6.36AK6 = 44992 +~2550 T
- 5480 1000 1639 1.8l 274 4432 6,09 9,35 12490 5,6592 = «UR1H84 L0310 T
6.00 1400 1e37 1477 2.664 4413 5480 8,90 12.30 5,623 = JUS1B4 «n2HARA T
6,30 1400 1e36 1,75 2461 4407 5.71 8,78 12,16 5,423 = «US1B4 Wn2hSe T
65.50 1400 1636 1,74 258 4,02 5465 8,69 12407 4,9518 = +u5376 «n332> T
7.00 1400 1e34 1,71 2.52 3,92 $.50 Bo4a 11485 5,1340 = 08265 +N2467 T
7.50 1400 1633 1,69 247 3.8} 5,36 8,28 116652 4,75A0 = euckbH) or2h6c T
7.65 1400 1433 1,68 245 3.78 5.31 8,22 11456 4.7500 = «uS46(0 NP6 T
8,00 1600 132 1,66 241 3,71 5,21 Be0B 11460 4.7540 = «uG4bD +NP46n T
8,50 1400 loe31 1,63 2436 3,61 5406 TeB6 11012  4,5630 = «iR460 +0246r T
9.00 1400 1430 1.61 230 3,51 4491 T.66 10685 4,3700 = +uR460 on246¢ T
.50 1400 1e28 1,59 2425 3,42 477 Te43 10657  4,18np = «u5460 «"206% T
10,00 100 1427 1,56 2420 3,32 4,62 Te21 10430 3,99n80 = (uR46D an266c T
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TABLE 12B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR BARYTES CONCRETE

Error Magnitudes Creatzr taan 35
Energy b{mfp) Paired with Corresponding © wvalues
(Mev) 0. 1.00 2.00 4,00 7.00 10.00 15.00 20.00 A ALPHAL ALPHA2 Type* (% Error, blmfp)
025 1400 2478 4,18 6,76 11,09 15,68 24,10 33,07 159,.8799 = +unBU7  +r0l24 T (=10.4,1},(5.1,7;
e50 1400 2.87 3,75 k40 10490 15,80 25.00 35,10 72.3257 = 01937 00024 T
e60 100 2440 3.65 e30 10e84 15,864 25,30 35,76 59,9270 = +u2338 = 0019 T
o0 1000 2¢33 3,56 #el9 10,78 15,88 25,60 36442 39,8533 = ¢JI6D7 = 20472 T (-5.1,1)
«80 100(_) 202:’ 3.‘6 6.09 10'72 15.92 25.90 37.08 33.5772 o 34020 = -;‘ﬂbaﬂ T
.90 1000 2020 3.37 5098 10'66 15096 ?6.20 37.7‘ 33,5772 = 36320 = .000385 T
1,00 1.09 2'13 3.27 s.ea 10460 16,00 26,50 38+40 33,5772 = «u6257 - 060887 T
1.,2% _‘ooo 2,04 3,09 5050 981 l4,72 26,2n 34,85 34,R20R = +.i4N20 = 4n1020 T
1,50 1600 195 2,92 8,12 9,02 13,65 21,90 31430 33,5772 = 037686 = «n03R5 T
1,75 1400 1486 2,76  4eT4 8423 12,17 19,60 27,75 24,737 = 433879 = 10247 T
2,00 100 1077 2,57 4436 Tebé 10,90 17,30 24420 18,3750 = 424310 = 400265 T
2020 100 1473 2,49 4419  Tell 10638 16,42 22,92 24,7387 = «u3448 « 400332 T
2.50 100 1,67 2,38 2,94 6,61 9460 15,14 21400 21,9900 = U4R = LH4N227 T
2.75 1600 1463 2,28 1_-73 6419 8,95 14,00 19,40 15,7955 = .u2986s eNOUB, T
3,00 100 1.58 2,19 '!052 Se78 8,30 12,99 17480 15,2955 = +u3752 «R0OB4 T
3,50 1400 1.52 2,08 227 5.1 758 11,70 16415 11.R926 = 4u4l29  +nol32 T
4,00 1400 1447 1,96 2,03  4.84 6486 10,50 14450 10,0100 « «u440G0  +0004p T
4,50 1400 1e6a 1,89 2.89 4,58 6067 9,88 13.62 10,0198 = «usl25 <00l1> T
5,00 1400 1041 1,83 2.76 4,32 6.07 9425 12475 14,16%a8 = 413025 4002 T
5,50 1400 1437 1.77 2.62 4,07 5.68 8,63 11487 14,166R = 40?915 = «nnosn T
6,00 1400 1e34 1,70 2.49 3,81 5,29 8401 11400 10,3074 = «U3500 « +N004n T
6,30 1400 133 1,68 2.45 3.7 5,18 7484 10,79 10,3074 = 493430 = +n004n T
6,50 1000 1433 1.67 2,42 3.69 S5ell To73 10464 10,3026 = 433430 = on012> T
T.00 looo 103! 166 2035 3.56 4,92 Teb6 10.28 6.,3122 = +JV4AB0 « JNNGRA T (5.9,20)
7050 100 1630 1,61 2629  3eb64 4,74 Tl 9493 6,3122 = 406714 = 400512 T
TebS 100 1629 1,60 2427 3441 4,69 Teln 9482  6,4390 = +us593 - ,00534 T
8,00 1400 l.28 1,58 ?.22 de32 4,56 6,91 9,57 6,2000 = 404593 « on053n T
8,50 1400 1427 1,56 2418 3.24 4,44 6,73 9¢35  6,084R = ,4u4593 = 400610 T
9.00 1400 1427 1,56 2¢14 3416 4,32 6,56 9,14 5,425p = (U4RTS = L0060 T
9,50 e00 1e26 1,52 2.10 3409 4,21 6,38 8e92 5,2312 = 404875 = L0000r T
10,00 100 1e25 1,50 2.06 3.01 4,09 6.21 Be7l 5,0375 = +U4BTS = 4n065~A T

*T signifies Taylor exponential fit coefficients
Build~-up factor = A*exp(-alphal*) + (1-A)*exp(-alpha2¥p)



TABLE 13A. GAMMA-RAY DOSE BUILD-UP FACTCRS FOR AIR (N_.0_ )
() 78722
ot -
Error Magnitudes Greater than 5%
Energy 5 {mfp) Paired with Corresponding b values
(Mev) G. L0090 2.00 4.00 7.90 10.00 15.03 BRI A ALPEAL ALTHA2 Type* (% Error, ©{mfp))
0.50 1.00 2.42 4,65 11,5 27,9 52,6 114, 205, 0,913 0,4456 9,0 ¢
1.00 1.0 2,06 3,49 7.18 14,5 23,8 43,1 65,6 1,012 0.1200 0.0 c
2.00 1.00 1.80 2,72 4,79 8,31 12,2 19,3 24,8 19,989 =Q,0421 00,0016 v
3,00 1.00 1.68 2,41 3.94 6,38 8,93 13,3 17.6 14,818 +Q,0305 p,02313 T
k.00 1.00 1.60 2,22 J.47 5,44 7,38 10,8 13,8 10,160 00,0298 ,0347 4 None
6.00 1.00 3.52 2.02 3,02 4,58 5,97 8,37 10,7 7,712 *3,0275 90,0497 Y
8.00 1.00° 1,47 1,92 2,81 4,14 5,44 7,58 9,69 6,602 00,0288 0,050 Y
10.00 1.000 1.43 41,84 2,66 3.84 5,06 - 7,02 8,97 5,598 0,0312 10,0557 T

*] signifies Taylor exponential fit coefficients

Build~up factor = A*exp(-alphal®*b) + (1-A)*exp(-alpha2*v)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A¥%b + alphal*b*¥2 + alphal*pb**3

TARLE 13B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR AIR (N78022)
Zrror Magnitudes Greater than 5%
Erergy b{mfp) Faired with Correstpondirng b values
(vev) 0. 1.00 2.00 L.0o 7.00 1¢.20 15.00 20.00 A AIPEAL ALTHAZ ook (% Zrror, t(=fp;)
2.50 1.00 2.38 4,51 11,0 26,4 49,5 107, 192, 0,840 0.4242 g9 ¢
1.20 1.00, 2.04 3,43 7,901 14,8 23,1 41,7 64,8 1,008 0.1146 .0 ¢
2.00 1.2 1,79 2.70 4,74 8,20 12,0 19,0 26,4 43,093 *0,0312 -0,0115 T ione
3.00 1.2¢ 1,67 2,39 3,89 6,30 8,81 13,1 17,3 38,584 +0,0175 9 0006 T
L.00 1.5 1,60 2,20 3,44 5,36 7,30 10,5 13,7 35,509 =0.,0117 p, 60050 ’
§.00 .25 1.5t 2.01 -3,00 4,47 5,93 8,31 10,6 27,688 =0,0100 9, 0070 T
8.00 1.0 1,46 1,91 2,79 4,10 5,38 7,49 9,58 24,539 =*0,0121 ,0048 T
10.00 1.0c 1,43 1,85 2,67 3,89 5,09 7,07 9,04 19,808 ~0,0437 p,0057 T

*T signifies Taylor exponential fit coefficients

Build-up factor = A*exp(-alphal®*b) + (1-A)*exp{-alpina2¥)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A*b + alphal*p*¥*2 + alphal¥b**3




TABLE 14A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR WOOD (CELLULOSE, C6H1005) '

“rror Megnitudes Greater than S5}

Znergy Paired with CTorresponding © values
(tav) B 1.0 2.00 12.00 15,00 £3.00 4 ALPHAL ALPEA2  Type* (% Zrror, b(mfp))
0.50 1.00 2.43 4,714 11,7 23,7 54,2 119, 214, 0,853 90,4843  (,0 c
1,00 1.00 2,07 3,51 7,26 14,7 24,1 43,8 67,9 10038  0,122% 0,0 ¢
2,00 1.00 1.81 2,74 4,32 8,35 12,3 19,4 26,9 19,966 =0.0421  ¢,0022 M
3,00 1.00 1.69 2,42 3,98 6,35 8,93 13,2 17,5 13,220 =0,0326 0,0263 T
L.00 1.00 1,61 2,23 3,49 5,43 7,39 10,46 1,8 10,169 =0,0300 0,0367 T None
6.00 1.00 1.52 2,03 3,03 4,52 5,99 8,38 10,7 7,713 =0,0275 0,0478 v
8.00 1.00 1.48 1,94 2,34 4,17 5,43 7,63 9,74 6,602 =0,0283 0.0509 M
10.00 1.00 1,44 1,86 2,69 3,91 5,12 7,11 9,10 5,398 ~0,0331 0.0578 d
*T signifies Taylor exponential fit coefficients

Build-up factor = A*exp(-alphal®) + (1-A)*exp(-alpha2*b)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A%b + alphal*b#**2 + slphad¥p**3

TABLE 14B, GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR WOOD {CELLULOSE, CGHlOOS)

Zrror Magnitudes Greater than 5%

Energy b(nfp) Paired with Corresponding b values
(Mev) 0. 1.00 2.00 L.00 7.00 10.00 15,00 20.00 4 ALPHAl ALDHAD Tyoe* (Z Error, b(mfp))

0.50 1.00 2,36 4,44 10,7 25,8 48,4 195, 188, 0,840 0,4049 t,0

1.00 1.00 2,03 3.40 6,93 13,9 22,A 41,2 63,8 1,008 0,1146 6.0 c

2.00 1.00 4,79 2,69 4,72 8,16 12,0 18,9 26,2 43,093 ~0,0312 =0,0115 T

3.00 1.00 4,68 2,40 3,91 6,31 8,82 13,1 17,2 37,155 »0,0175 0,0010 d

L.00 1.00 1,61 2,22 3,48 5,41 7,37 10,6 13,8 32,244 ep,0126 0,0046 T None

6.00 1.00 3,52 2,03 3,04 4,53 6,00 8,40 10,7 27,688 =~0,0100 0,0073 T

8.00 1.00  1.48 1,94 2,84 4,1) 5,48 7,62 9,75 26,832 «0,0098  ¢,0062 T

10.00 1.00 1.45 1,88 2,73 3,98 5,21 7.24 9.27 19,805 «0,0144 0,0057 Y

*T signifies Taylor exponential fit coefficients

Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2*v)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A*b + alphal¥b¥**2 + alphal#*h*¥3
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TABLE 15A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR SAND (SiOe)

Error Magnitudes Sreater than 5%

b(mfo) Paired with Correstonding b values
0. 1.00 2.00 L.C0 7.00 10,00 15.00 20,00 A ALFHEA ALPHA2 Type* (% Error, b(mfp))
1.00 2.3¢4 4,27 5,82 22,¢ 41,2 66,8 152, 0,927  0,3135 ¢, ]
1.00 2.02 3,33 6,67 13,3 21,6 39,0 60,2 1,012 0,1300 0, €
1.00 1.78 2,66 4,45 8,07 11,9 18,9 25,43 16,641 *©0,344% 0.00286 ]
1,00 1.66 2,37 . 3,37 6,31 8,89 13,3 17,8 12,170 «0,0356 0,0251 '
1.00 1.58  2,1R 3,42 5,38 7,490 10,8 14,1 10,160 0,038 0,0328 T None
1.00 1,49 1,97 2,95 4,46 . 5,94 5,44 10,9 6,854 =0,0334 0,0478 T
1.00 1,43 1,87 2,73 4,05 5,36 7,52 9,64 6,367 0,034 0,0487 T
1.00 1,39 1,77 2,55 © 3,72 4,89 6,81 8,7t 5,599 «0,0312  0,049¢ T
*T signifies Taylor exponential fit coefficients
Build-up factor = A¥exp(-alphal¥*b) + (1-A)*exp(-alphal*b)
C signifies cubic polynomial fit coefficients
Build-up factor = 1.0 + A¥p + alphal*b¥*2 + alpnal¥*b*¥*3
TABILE 15B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR SAND (Sioe)
) Error Magnitudes Greater than S%
b (mfp) Paired with Corresponding b values
Q. 1.00 2.00 L.00 7.00 10.00 15.00 20,00 A ALPHAL ALPHA2 Type* (% Error, b(mfp))
1.00 2,50 4,78 11,5 27.¢ 49,8 106, 187, 1,064 0,4849 90, ¢
1,00 2.09 3,52 7,19 14,4 23,7 42,8 66,3 1,064 0,1146 0. e
1.00 1,80 2,72 4,79 8,34 12,3 19,5 27,3 43,093 =0.2330 =0,0134 T
1.00 1.67 2,38 3,90 6,35 8,95 13,4 17,9 28,589 =0,0734 0,000 '
1.00 1,58 2,17 3,41 5,35 7:36 10,7 14,1 35,509 *0,0135 0.,0037 T None
1.00 1.47 1,95 2,50 4,35 5,82 v.22 10,6 27,687 =0.1%0Lf 08,0070 T
1.00 1.42 1,83 2,66 3,91 5,16 7,22 9,25 23,662 =0,0114 0,0052 T
1.00 1.38 1.76 2,51 3,68 4,80 6,68 8,53 17,369 =0,0152 0.0047 T

O FwMH O

[

.00

*T signifies Taylor exponential fit coefficients
Build-up factor = A*exp(-alphal¥®b) + (1-A)*exp(-alpha2¥*b)
C signifies cubic polynomial fit coefficients

. Build-up factor = 1.0 + A*b + alphal¥*b**2 + alphal¥b¥**3
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TABLE 16A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR LITHIUM HYDRIDE (LiH)

Error Magnitudes Greater than 37

Znergy 5 (mfp ) Paired with corresponding o values
(Mev) 0. 1.00 2.00 4,00 1.00 16.00 15.00 20.00 A ALPEAL ALPEA2 ~ Type* (% Error, b{mfo))

0.50 1.00 2,56 5,66 47,8 52,9 110, 261, 498, 0,659 0,8109 0.,0182 c

1.00 1.00 2.08 3,78 gR,48 18,1 30,6 57.3 91, 0,943 0,2142 =0,0014 c

2.00 1.00 11.80 2,72 L.77 B.23 12,2 18.9 26, 21.364 -0,0353 0.0079 T (1,7,1),¢2,6,0)

3.00 1,00 1,65 2.33 3.72 5.88 8.09 11.8 15.5 23,914 -0.0176 0.0115 4

L.0o 1.00 1,58 2,12 3,29 4,99 6,69 9,48 12,2 16,689 =0,0151 0.029¢ T

6.00 1.00 1,48 1,92 2,77 3.97 9,12 6,99 8,81 5,804 «0,0277 0,06653 hd

8.00 1.00 4,42 1,80 2,51 13,51 4,47 6,03 7,57 4,925 =0,0258 0.080% T

10.00 1.00 1,38 1,73 2,38 13,29 4,18 5.62 7,06 4,786 =0,0230 0,079 T

*T signifies Taylor ekponential fit coefficients

Build-up factor = A*exp(-alphel®b) + (1-A)*exp(-alphal*b)
C signifies cubic polynomial fit coefficients

Build-up factor = 1.0 + A% + alphal¥b®**2 + alpha2%p#¥3



V. EXAMPLES OF LINEAR AND LOG-LOG INTERPOLATION OF DOSE BUILD-UP FACTOR TABLES
ON ATOMIC NUMBER
Linear interpolation of build-up factor tables on atomic number is allowed
by SPAN-L4 (Reference 7), while Engholm recommends (Reference 6) log-log inter-
polation. Engholm gives plots of build-up factors versus atomic number that

support his recommendation, particularly at low atomic numbers.

The tables given here were obtained using both interpolation schemes, and
the results may be easily compared. If data from these tables are used in
shielding calculations the user should remember that the numbers were obtained

by interpolation and not by calculation.

The atomic numbers éhosen here for interpolation are primarily those that
identify shielding materiéls included in the SPAN-4 attenuation coefficient
library. A notable exception to this is the equivalent atomic number 5.75,
which was found to give a reasonable approximetion of the dose build-up factors
of lithium hydride (Table 16A) when linear interpolation was applied to the
data for beryllium and carbon (References 6 and 20). Two other exceptions are
the atomic numbers 16 and 23, which were chosen because the tables that are
obtained by linear interpolation on these numbers give values close to those

found by Clarke and Trubey (Reference 18) for ordinary and magnetite concrete,

respectively.

3k
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TABLE 17. DOSE BUILD-UP FACTORS FOR BORON: EQUIVALENT ATOMIC NO. = 5
Linear Interpolation, H-C
Energy b(mfp)

(Mev) 0. 1.00 2.00 4,00 7.00 10.00 15.00 20.00
025 1600 2494 Te73 34480 150429 459,57 1583.44 3531440
oS50 1400 2,54 6,03 21,30 70,45 171,10 451,570 861,00

1.00 100 2.20 441 171,80 29.20 51620 99,45 159,00

2.00 1400 1.89 3.?4 6065‘ 12.15% 18440 P8,25 3675

3,00 100 1,77 2.70 4,60 Te50 10,20 14,50 18400

‘000 _1-00 1073 2.30 ’070 5075 6.95 10000 12025

6,00 1400 1le65 2,05 3,00 4010 5,05 6,00 7.00

8,00 100 1457 1.85 260 340 4,05 4,70 515

10,00 1400 1,45 1.75 2.25 3.00 3.35 4,00 4,40
Log-Log Interpolation, H-C

025 1400 2,93  7.50 37,79 117,72 337,25 1052,64 2275.07

50 1400 2,53 5,90 10,96 60,58 141,28 354,19 664,14

1.00 100 2.20 4,36 17,37 2737 47,57 91,66 165,664

2,00 1.00 1.89 3.22 6053 11.82 17.96 27.63 36.08

3,00 100 1e77 2469  4.56 Te43 10,09 14,44 18400

4,00 100 1472 2.29 1,69 5472 6,93 10,00 12,27

6.00 1400 1.64 2,064 2,99 4410 5,064 6,02 7.03

B.00 1400 1,57 1,84 5,60 3040 4,05 4,77 5.18

10000 1000 1044 1074 5.2“ 3.00 3.35 400? 4.‘.2

35



TABLE 18. DOSE BUILD-UP FACTORS FOR LITHIUM HYDRIDE: EQUIVALENT
ATOMIC NO. = 5.75

Linear Interpolation, Be-C

Energy b(mfp) -
(Mev) 0. 1.00 2.00 14,00 T.00 10.00 15.00 20,00

.25 1,000 2.87 6,76 26,27 88,07 247,68 764,25 1651,46
+50 1.00 2,49 5,45 17.02 47,54 108,18 265,12 494,25
1,00 1,00 2,17 4,13 10.15 23,35 40,10 76,54 120,75
3.00 1{00 1.76 2|6_2 4.38 7.13 9.60 14.12 18.00 >
4,00 1,00 1,71 2,22 3.62 5,56 6,84 10,00 12,44
6,00 1,00 1,61 2,01 2,92 4,10 5,01 6,15 7,30

Log~Log Interpolation, Be-C

.25 1,00 2,87 6,67 25,16 76,71 205,79 586,83 1234,50
50 1,00 2,49 5.40 16,52 43,99 97,60 231,17 425,89
1,00 1,00 2,17 4,10 9.99 22,67 38,75 73,65 115,81
2,00 1,00 1.88. 3,11 6.08 10.64 16,28 25,20 33,30
3:00 1.00 1.76 2,62 4.36 7.10 9,56 14,10 18,00
6,00 1,00 1,61 2,01 2,92 4,10 5,00 6,16 7,34

8,00 1,00 1,52 1,81 2.68  3.49 409 4,93 5,50
:]_.0',_‘00 ) 1_--3?00 ,1'-4'1 ' 11|7!. ) 2.23 3,00 3|39 4,16 . 4071
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TABLE 19. DOSE BUILD-UP FACTORS FOR OXYGEN: EQUIVALENT
ATOMIC NO. = 8.0
@ Linear Interpolation, C-Al
Energy b(mfp)

(Mev) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00
25  1e00 2481 6,09 2r,38 5730 144,75 393,95 B14,99
50 1¢00 2445 4,97 17,85 3466 73,40 168,09 306,00

’ 1,00 100 2.12 3,82 Re73 19403 32,06 60,04  93.86

2,00 le00 le84 2,95 .53 9466 14,69 22,84 30,73

3.00 1le00 1.72 2,52 4,15 6475 9,19 13,71 17.91

4,00 100 1.65 2,17 2,49 5436 6.82 10,03 1276

6,00 1400 1.55 1,96 5,84 4409 5,14 6,7 8426

8000 l'oo 1.“5 1077 7053 3041 1’024 5.4‘% 60“3

10,00 100 137 1,66 2,18 3.00 3,56 4,61 5452
Log-Log Interpolation, C-Al

25 1400 2,80 65,95 12,68 51,19 121,24 316,61 641.06

«50 100 2,44 4,85 12,96 31,70 64,58 144,09 259,29

1,00 1+00 2,11 3,75 Re34 17.83 29,77 $5.16 85.97

2,00 1.00 1.83 2,90 c.38 9440 14,22 22,16 30.0¢4

3,00 1600 1,7 2,69 4010 6e67 9.11 13,62 178%

4,00 1400 163 2.15 3045 531 6483 10,04 12483

6,00 100 1,53 1,94 2.82 4e09 5,18 6,81 8440

B,00 100 1,44 1,75 2451 3442 4e27 5.53 6¢59

10.00 100 1,35 1.64 2.17 3.00 3,60 4,68 5¢62
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TABLE 20. DOSE BUILD-UP FACTORS FOR SULPHUR: EQUIVALENT
ATOMIC NO. = 16.0
Linear Interpolation, Al-Fe
Energy - b(mfp)

(Mev) 0. 1.00 2.00 4. 00 7.00 10.00 ~ 15.00 20.00
. 25 1.00 2e57 4475 1?028 27.7_6 D4.24 125,80 239039
50 1e00 '2.28 3,97 Be66 19424 34,35 70032 121.29
1,00 100 1.99 3,21 630 12443 20,05 35,68 54485
2,00 lolOQ_ ‘175 257 4‘05‘1 787 11.67 18,45 26,02
3,00 1,00 l.62 2,28 3,72 6407 Be62 13,12 18,02
4,00 1.00 1.51 2,05 3.18 40499 6,93  10,3% 14400
6,00 1000 la4p 1.A2 2.67 4.08 561 8,41 11,39
- Ba00 ]o'OQ 1«32  1+65 2034 3.46 4,69 7.01 955

"10000 1400 7'1626 1052 7.9_8 3.0} 4'05, 6.07 8e49 -

Log-Log Interpolation, Al-Fe

025 1600 2,50 4,51 1heaT 24447 - 46,30 102,99 189,01
. «50 1.00 2,25 3,86 8e25 17492 31,48 63,10 106,70
1400 100 1.97 3.18 6419 12415 19,56 34,72 53,24
- 2400 100 1.75 2.55 4447 780 11,59 18,34 25.93
-.3.00 100 1,617 2,27 .70 6.05 B.61 13,15 18.11
. 4400 1600 1,51 2.04 2,16 4098 6495 10,42 14013
.. 6400 1400 1,4p 1.81 2.66 4,08 5,64 8,50 11.54
-~ Be00 1400 1432 1.64 2433 3.46 4472 7.09 9,67
10,00 100 1.26 151 2,07 300 4407 6e14 8,57



TABLE 21.

DOSE BUILD-UP FACTORS FOR VANADIUM:

ATOMIC NO. = 23

Linear Interpolation, Al-Fe

EQUIVALENT

Energy b{mfp)

(Mev) 0. 1.00 2.00 4. 00 7.00 10.00 15.00 20.00
025 1600 221 3468 7,87 17432 31,48 67,26 120427
¢S50 lerh 2007 3.36 6079 1396 23,75 45.88 75431

1.00 1.06 190 2.99 QQ66 10087 1735 30.52 ‘6035

2,00 1600 1le76 2,47 4.24 Te43 11,13 17,85 25.38

3.00 1.00 157 2419 2,57 S92 8,54 13,38 18478

4,00 100 l.47 1.97 2,07 4493 T406 10,95 15440

6.00 1.00 1,36 175 ?o6l 4012 5.90 9,45 13.71

8,00 100 1.29 1,59 226 3,48 4,496 Be0S 1197

10,00 T1a0n 1422 1445 .99 299 4,26 Te1n 11.23

Log-log Interpolation, Al-Fe
25 1000 2.16 3,51 7.23 15.12 26.30 I"-'2,84 89,21
50 1¢00 - 2.04 3.27 6.49 13.03 21,75 40,96 65455

1.00 ’.000 1.9n 2,96 5.5@ 10066 16,99 29,80 45,15
2.00 1600 1e76 246 4,21 739 11407 17,79 25431
3.00 100 157 2.18 2,56 590 BeS53 13,41 18,84
4,00 160 le%6 1.96 .06 4493 T.07 11,00 15.51
6,00 ]-90 1638 1,74 260 4,13 5,92 9.5?2 13.83
B.00 len0 IQZB 1.58 2025 Je48 4,98 8,17 12.06

10,00 1400 1.2) 1,44 1.98 2499 4,28 T.16 1130
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TABLE 22. DOSE BUILD-UP FACTORS FOR CHROMIUM: EQUIVALENT
ATOMIC NO. = 2L :
Linear Interpolation, Al-Fe
Energy b(mfp)

(Mev) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00
25 1600 2413 3¢40  £,93 14429 24462 48,86 Bl.69
50 1600 2,02 3,20 4,31 12,55 20,83 38,94 61,91

1400 1400 1489 2,94 5,51 10450 16,71 29,27 44,28

2,00 100  1.76 2.45 4,18 Te34 11,01 17,72 25.24

3.00 1400 1.56 2.17 2,54 5.88 B453 13,44 18,93

‘.00 l‘oo l1e46 1,96 2,05 4,92 T.08 11.07 15,68

6,00 _ 100 1.3% 1'?3 2:59 " 4.13 5,96 9,65 14412

Bo00. 1400 1428 1,57 5,25 3449 5,01 B8.25 12,38
10,00 100 1621 1443 7,97 2099 4430 Te29 11a67
Log-Log Interpolation, Al-Fe

25 1600 2416 3e53 7438 1583 28,23 58,90 103.25
490 1.00 2404 3,27 6,52 13.21 22,23 .42,3n 68,74
1,00 1400 1e89 2,95 8,57 10465 16,97 29,78 45,13
3.00 100 156 2418 3,55 5489 Be53 13,47 18.88
4,00 100 le46 14,96 13,06 4e93 7407 11,03 15460

6,00 1000 1,35 1,74 2060 4.13 5094 9.59 14.04

8,00 1600 1428 1.58 2,25 3448 4,99 8,20 12,31

10,00 1«00 1.21 1,44 198 2499 4029 - Te28 11.62
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TABLE 23, DOSE BUILD-UP FACTORS FOR NICKEL: EQUIVALENT
ATOMIC NO. = 28.0

@ Linear Interpolation, Fe-Sn
Energy b(mfp)
_(Mev) 0. 1.00 2.00 L.00 7.00 10.00 15.00 20.00
25 1600 2402 3,12 wel0 12,09 20430 39,16 64,02
) 50 - 1000 195 3.01 507‘ 11.11 18,10 33,17 51487
1,00 1600 1485 2,84 Ge25 9486 15,59 27,08 40471
2.00 1000 1le74 2,41 4008 7413 10,70 17,27 24462
3.00 _100(_) 1.54 2.13 3,48 580 8,46 13.43 19,18
4,00 1¢00 le%s 1,93 2,01 4490 Tel3 11437 16443
6.00 16400 1433 1,71 2456 4ol 610 10,30 15,90
8,00 100 1.26 1.55 ?_022 350 5,16 9,05 1475
10,00 1600 1420 1,4] 194 2499 4442 7.95 14415

Log-Log Interpolation, Fe-3Sn

25 1400 1,99 3,05 8,82 11,18 18,24 33,88 53,21

«50 1600 1493 2,95 8,55 10.52 16,84 30,17 46,18
1.00 1400 1e84 2.82 5017 9¢64 15,13 26,07 38,91
2,00 100 le74 2,%0 4006 Te08 10,60 17,00 24,386
3.00 1600 1e5¢ 2,13 3,46 578 8,44 13,48 19,21
4,00 1_.09 leés 1.92 eool 4,90 Telé 11,41 16452
6,00 1600 133 1,70 2,56 belé 6,12 10,35 15,88
8,00 1000 1426 1454 2,21 3450 5,19 9,07 14,50

10,00 1600 1619 1,41 1,93 2499 Gob4 7.98 13,87




TABLE 24. DOSE BUILD-UP FACTORS FOR COPPER: EQUIVALENT
ATOMIC NO. = 29.0
Linear Interpolation, Fe-Sn

Energy b(mfp)
(Mev) 0. 1.00 2.00 4,00 7.00 10.00 15.00 20.00
25 1000 - 1499 3,06 8¢9 11e71 19,59 37,66 6162
¢S50 100 1,93 2,96 .62 .10,8) 17,55 32,05 50,00
1.00 1400 1,84 2,82 5,18 9470, 15,28 26,47 39,71
2,00 1600 1¢74 2440 5405 7408 10460 17,10 24,38
3,00 1400 1,56 2,13 13,46 578 8,43 13,47 19,22
4,00 1600 1444 1,92 23,00 4090  T,15 11,45 16,65
6.00 1000 133 1.70 '2.55 4e14 6013 10,50 16450
8.00 1400 1426 - 1.5¢ 2,21 3.50 S.21 9,32 15.62
10,00 1600 1419 1,41 193 2499 4,46 8,16 15,02

Log-Log Interpolation, Fe-Sn

.25 1600 1496 2,97 Se56 10447 16,79 30,54 46498
«50 100 1,90 2,89 5436 10,00 15,83 27,97 42,29
loo 1'09 1083 2078' 5097 9.38 14.64 ?5007 37.23
2.00 1600 1,73 2,38 4402 700 10,46 16,86 24,02
3,00 100 1.53 2,12 344 575 8,41 13,47 19.26
4,00 ;_.09 1.44 1492 2.99 4489 Tel6 11,51 16677
- 6400 1600 1433 1.69 2454 4elé 6,16 10,5 16,48
8.0(_) 1000 1.26 1.54 2.20 3.50 5024 9.3¢ 15,26
10.00 100 le19 1.40 1492 2099 4,48 8.20 14.63
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TABLE 25. DOSE BUILD-UP FACTORS FOR ZIRCONIUM: EQUIVALENT
ATOMIC NO. = k0.0
Linear Interpolation, Fe-Sn
Energy bt (mfp)

(Mev) 0. 1.00 2.00 4,00 7.00 10.00 15.00 20.00
e25 1400 le75 2449 4028  7e55 11,75 2l.1a 32481
50 1le00 1e73 2.50 4429 Te54 11.52 19,79 29447

1.00 1.00 le74 255 4043 7.85 11,91 19,78 28,76

2,00 1«00 1.65 2.28 3.78 6eb4 9,52 15,27 2le72

3,00 !QOO l.SQ 2.b4 3.29 552 8,16 13,38 1968

4,00 1.00 1.4 1.86 291 4486 T.28 12,37 19.03

6.00 1400 129 1.63 Deb6 4016 6.56 12,75 23.10

8.00 100 1.22 1.48 2013 3.54 Sa72 12,35 25.25

10,00 100 1el6h 1.36 1.86 2499 44,85 10,47 24465

Log~Log Interpolation, Fe-Sn
25 1400 1+69 2.33 268 Se73 785 11,81 15,01
.50 le00 1,69 2.38 3,87 6430 8,96 13,918 18,89

1.00 100 1.72 2449 4e24 Te32 10,88 17.5% 264487

2,00 1.00 1e63 2.26 2,72 6431 9,27 14,85 21.11

3.00 .00 1.49 2.02 .25 5¢47 8,11 13,37 19.75

4,00 1e00 le4n 1.85 2,89 4e85 7,31 12,418 19.26

6.00 1400 1.20 1.62 Peb4 416 6.61 12,90 23405

8,00 1400 1.22 1,47 2¢11 3.54 S.78 12,4 264,49

10.00 100 le16 135 1.84 2499 4490 10,52 23.82
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TABLE 26. DOSE BUILD-UP FACTORS FOR HAFNIUM: EQUIVALENT
' ATOMIC NO. = T72.0

Linear Interpolation, Sn-W

Energy . b(mfp) .

(Mev) 0. 1.00 2.00 4,00 7.00 10.00 15.00 20.00
.25  1,0n 1,23 1,38 1.58 1,73 1,85 €402 2,13
S0 l.0n 1,30 185 ]'94 2¢43 2490 3.%8 . 40‘19

2¢00 le0n 1¢43 188 279 4424 5454 Heg3 1133

300 le0n 1.37 le76 Pe63 4a11 0009 9096 14060

4,00 leDp - 1,30 1.64 244 4.9 6,37 12010 20,92

600 l¢0p 1«20 144 209 365 6e36 15042 3570

Be00 .leOn 1,14 1433 183 3,09 . - 5,47 1519 41,26

10,00 le0n 1,11 1.25 1.65 2,65 4,79 13.87 38,8}

Log-Log Interpolation, Sn-W

25  1,0n 1,22 - 1,37 1+54 1,65 1,72 1.81 1,88
*S0 le0n 14300 153 1°91 2+35 Ce77 335 388
1000 le0n 1,45 186 264 3e76  4,.85 bepV 7.85
2,00 1,00 1,43 1.87 2677 4,19 5,45 Be37 11,05
300 1400 1.37 1675 2062 408 6.0% 9488 ' 14,45
4,00 1,00 1,30 1663 2,44 4,08 6,34 1€.08 20,92
6°00 1le0¢ 1e2 1044 2°09 3:64 6e33 15¢64 35474
8¢00 leOpn l.14 133 183 3.08 5445 19019 41429
10400 1l.00 1,11 1.2° 1065 2,64 4 69 13,89 38,86

LL
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APPENDIX. WATER, ALUMINUM, AND ORDINARY CONCRETE BULLD-UP FACTORS

CALCULATED USING TAYLOR EXPONENTIAL COEFFICIENTS (WITH ERRORS)

Since the user may have compelling reasons for ﬁsing Taylor exponential

build-up factor coefficients, even in cases where they are markedly inaccurate,

the following detailed tables are given for the useful materials water,
aluminum, and ordinary concrete. Using these tables, a good estimate of the
error introduced into a calculation by using Taylor coefficients (e.g., to
represent water buildup at 0.55 Mev) may be obtained. The main tables of
Taylor coefficients given here fit the middle range of b-values best. Since
the coefficient A is large compared to unity in all cases where the errors
are extreme, the user may reduce the error at either end of the range (at the
expense of more error in the middle) simply by changing the coefficient A in

an obvious way. Such coefficients are also given in this Appendix.
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TABLE 27. DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT REPRESENTATION
‘ OF DOSE BUILD-UP FACTORS FOR WATER

Dose Build-up Factors

Energy b (mfp) Coefficients
(Mev) 1.0 % 2.0 5 4o % 7.0 % _10.0 _ % _15.0 % _20.0 % A Alpha 1 _Alpha 2
0.50 2.k46 4,91 12.90 32.80 63.10 141.00 252,00
1.00 2.13 3.71 7.68 16.20 27.10 50.L0 82.20
2.00 1.83 2.77 4,88 8.46 12.40 19.50 27.70
3.00 1.69 2.42 3.91 6.23 8.68 12,80 17.00
4,00 1.s8 2.17 3.3k 5.13 6.94 9.97 12.90
6.00 1.h6 1.91 2.76 - 3.99 5.18 T.09 8.85
8.00 1.38 1.7L 2.40 3.34 k.25 5.66 6.95
10.00 1.33 1.63 2.19 2.97 3.72 L.90 5.98
Calculated Dose Build-up Factors (with Percentage Errors) for Minimum Errors at Middle of b-Range
(Mev) , A % i A Alpha 1 Alpha 2
0.50 3,31 34,5 6,12 24,67 13.60 5.5 31.17 -5.0 60.02 -L4,8 150.82 7.0 339.86 34.86 98.81319 -0.1160L -0.0959k
1.00 2.43 13.9 4,03 8.6 7.84 2,1 15.39 -5.0 25.74 -5.0 51.67 2.5 93.59 13.9 34.17618 -0.08059 -0.0L4255
2.00 1.92 k4.9 2.87 3.7 L4.90 0.3 8.25 -2.5 12,04 -2.9 19.59 0.4 29.06 4.9 13.36870 -0.0521k  0.01662
3.00 1.T2 1.8 2.b5 1.0 3.91 0.0 6.17 -1.0 8.51 -1.b 12.67 -1.0 17.27 1.6 11.11000 -0,03550 0.03206
4,00 1.59 0.7 2.18 0.4 3.35 0.4 5,11 -0.3 6.89 -0.8 9.89 -0.8 .13.01 0.9 11.16300 -0.02543 0.03025
6.00 1.4 -0.3 1.90 -0.5 2.77 0.2 L.01 o.4 5,19 0.2 7.06 -=0.L 8.86 0.1 8,38500 -0.01820 0.0L16k
8.00 1.37 -0.5 1.73 -0.5 2.4 0.5 3.36 0.6 L4.24 -0,2 5.63 -0.6  6.97 0.3 L4,63500 -0.02633 0,07097
10.00 1.32 ~0.7 1.63 -0.3 2.20 0.4 2.99 0.6 3.72 -0.1 4,86 -0.7 6,00 0.4 3,54500 -0,02991 0,0871T
Calculated Dose Build-up Factors (with Percentage Errors) for Minimum Errors at Ends of b-Range
Energy b(mfp) Coefficients
(Mev) 1.0 h_ 2.0 A 4.0 % _T1.0 %_ _10.0 15.0 %Z__20.0 fa_ A Alpha.l _Alpha 2
0.50 2.73 11.2 4.85 -1.2 10.50 -19.0 23,60 -28,0 45,14 -28.4 112,80  -20.0 253.60 0.6 73.20000 -0.11604 -0.0959L
0.50 2.55 3.8 L.,k -9,5 9,50 -26.7 21.20 -35.4 L40.38 -36.0 100.70 -28.6 225.90 -10.k 65.00000 -0.1160L -0.0959L
1,00 2.26 6,0 3.67 -1.0 7.00 -8.5 13.70 -15.6 22.80 -16.0 145,60 -9.5 82.h 0.3 30.00000 -0.08059 -0.04255




TABLE 28, DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT REPRESENTATION
OF DOSE BUILD-UP FACTORS FOR ALUMINUM
Dose Build-up Factors
inersy b{mfp) Coefficients
(ttev) 1.0 % 2.0 % L.0 % 7.0 % 10.0 % 15.0 % 20.00 % A Alpha 1  Alpha 2
0.50 2.37 4.2k 9.h7 21.50 38.90 80.80 1k1.00
1.00 2.02 3.31 6.57 13.10 21.20 37.90 58.50
2,00 1.75 2.61 L.,62 8.05 11.90 18.70 £6.30
3,00 1.6k 2.32 3.78 6.1k 8.65 13.00 17.70
L,00 1.53 2.08 3.22 5.01 6.88 10.10 13.40
6,00 1l.k2 1.85 2.70 L,06 5.49 7.97 10.40
8.00 1.3k 1.68 2.37 3,45 L,s58 6.56 8.52
10.00 1.28 1.55 2.12 3.01 3.96 5.63 7.32
C~lculated Dose Build-up Factors (with Percentage Erz;rs) for Mini%num Errors a%; Middle of b-Range
(Mev) Alpha 1 Alpha 2
g. .70 '13;9 4,68 T0.3 9.62 .5 20.16 -6.2 35.82 7.9 79.18 2.0 157.5k II.7 H§'I§76‘ :6£%§6T6 ZBE%6§E8
1.00 2,22 10.1 3.57 7.9 6.68 1.6 12.53 -4.3 20.14 -5.0 37.91 0.0 64.37 10.0 L48.06200 -0.06207 -0.03865
2,00 1.8L4 5.0 2.7 3.9 L.,58 -0.8 7.73 -h.0 11.33 -4.8 18.52 -0.9 27.57 4.8 16.64140 -0.04680 0.00255
3.00 1.68 2,3 2,37 2.0 3,79 0.2 6.03 -1.8 8.4k -2,4 12,90 -0.7 18.07 2.1 10.58300 -0.04066 0.0251L
4,00 1,55 1,4 2,11 1.3 3.23 0,3 L.,96 -1.0 6.76 -1.7 10.00 -1.0 13.6L 1.8 7.52600 -0.03973 0.03860
6.00 1.43 0.7 1.8 0.5 2.73 1.0 4,05 -0.3 5.42 -1.4 7.85 -1.5 10.57 1.7 5.71300 -0.0393Lk 0.043L7
8.00 1.35 0.4 1.69 0.7 2.39 0.7 3.bk -0.2 L.54 -1.0 6.47 -1.3 8.63 1.3 L.71600 -0.03837 0.0LL31
10.00 1.28 0.0 1.6 0.8 2.13 0.6 3.01 -0.1 3.92 -1.0 5.56 -1,2 7.4 1.2 3,99900 -0.03900 0.0L130
Calculated Dose Build-up Factors (with Percentage Errors) for Minimum Errors at Ends of b-Range
Energy b{mfp) Coefficients
(Mev) 1.0 % 2.0 % L.0 % 7.0 # 10.0 % 15.0 % 20.00 7 A Alpha 1 Alvha 2
0.50 2.5 5.3 42 -0.1 8.6 -9.4 17.80 -17.0 31.6 -18.8 69.6 -13.8 138.30 -1.9 43.,00000 -0.09610 -0.06548
1.00. 2.1 L7 3.3 1.0 6.2 -6.,0 11.50 -12.1 18.4 -13.0 3L.6 -8.6 58.70 0.4 U43,70000 -0.06207 -0.03865
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DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT

TABLE 29. REPRESENTATION
OF ENERGY ABSORPTION BUILD-UP FACTORS FOR WATER
Energy Absorption Build-up Factors
Energy b(mfp) Coefficients
(Mev) 1.0 % 2.0 % Lo % 7.0 % 10.0 15.0 % 20.0 % A Alpha 1  Alpha 2
0.50 2.4k L. 81 12.50 31.30 59.60 130.00 232.00
1.00 2.07 3.59 T.59 15.5 25.6 46.7 72.3
2.00 1.85 2.82 4.99 . 8.67 12,90 20.00 28.60
- 3.00 1.7T4 2,52 4,10 6.57 9.12 13.40 17.90
L.00 1.59 2.18 3.37 5.18 T.0L 10.10° 13.00
6.00 1.46 1.89 2.76 - 3.98 5.18 7.07 8.83
8.00 1.38 1.74 2.h2 3.36 4.28 5.70 7.00
10.00 1.31 1.60 2.13 2.88 3.60 4,73 5.76
’ | Calcul d E Absorption Build-up Factors (with Percentage E rof ) for Minimum Errors at Middle of b-Range
(Mev) ¢ a%e nerey %s P ' i‘ P s% n% ge mrrors %O A Alpha 1 Alpha 2
0.50 3.26 33.5 5.99 2k.5 13.18 5.4 29.78 -4.9 56.64 -5.0 139.62 7.4 309.17 33.3 58,77966 -0.11812 -0.08478
1.00 2,41 16.5 3.98 10.9 T7.66 1.0 1L.79 -4.6 2.3k -h.,9 L47.50 1.9 B84.00 16.2 30,99818 -0.76930 =-0.03L97
2,00 1.9% k7 2.91 3.3 5.00 0.2 8,48 -~2.2 12.43 -3.6 20.25 1.3 29.92 L.6 22,08190 -0.04212 -~0.0006k
3.00 1.77 1.6 2.54 0.8 k11 0.1 6.51 -0.9 9.00 -1.3 13.36 -0.3 18.06 0.9 16.32600 -0.02728  0.02080
L.oo 1.60 0.5 2.19 0.6 3.38 0.4 5.16 -0.3 6.96 -0.8 9.99 -1.1 13.1h 1.1 11.33000 -0.02527 0.03027
6.00 1.46 -0.2 1.90 0.6 2.76 0.0 3.99 0.1 5.15 =-0.5 7.03 -0.6 8.88 0.6 6.28000 -0.02610 0.05658
8.00 1.38 -0.2 1.T4 -0.0 2.43 0.2 3.38 0.5 L.26 -0.5 5.66 -0.8 T.0b 0.5  4,31400 ~0.0291L  0.07839
10.00 1l.30 -0.6 1.59 -0.5 2.14 0.5 2.90 0.6 3.60 -0.1 k.70 -0.7 5.78. 0.3 3.61000 -0.02790 0.07990
Calculated Ehergy Absorption Build—up Factors (with Percentage Errors) for Minimum Errors at Ends of b-Range
Energy , bmfp) Coefficients
(Mev) 1.0 % 2.0 % Lo % 7.0 % 10.0 15.0 % 20.0 7% A Alpha 1 Alpha 2
0.50 2.71 11.1 4.8 -0.6 10.20 -18.3 22.70 -27.3 U43.0 -27.9 105.4 -18.9 232.8 0.3 44.00000 -0.11812 -0.08L78
0.50 2.52 3.6 L.k -9.0 9.20 -26.3 20.40 -34.9 38.4 -35.6 93.8 -27.8 206.9 -10.8 39.00000 -0.11812 -0.08478
1.00 2.23 7.9 3.6 0.5 6.80 -10.1 13.10 -15.8 21.L4 -16.4% 41.7 -10.8 73.k 1.6 27.00000 -0.07693 -0.03497




TABLE 30.

OF ENERGY ABSORPTION BUILD-UP FACTORS FOR ALUMINUM

Energy Absorption Build-up Factors

DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT REPRESENTATION

Energy bt(mfp) Coefficients
(Mev) 1.0 % 2.0 % k.0 % 7.0 % 10.0 % 15.0 % 20.0 % A Alpha 1 Alpha 2
.50 2.61 4.92 11.40 26.90 49,20 104,00 185.00
1.00 2.15 3.64 7.40 15.00 23.20 4h,10 69.10
2.00 1.80 2.7k 4,93 8.63 12.80 20,20 28.30
3.00 1.66 2.37 3.88 6.35 8.94 13.40 18.20
L.00 1.54 2.09 3.24 5.05 6.93 10.20 13.50
6.00 1.40 1.81 2.63 3.92 5.27 T.62 9.92
8.00 1.31 1.62 2.26 3.25 L.28 6.10 7.88
10.00 1.2% 1.51 2.02 2.83 3.70 5.22 - 6.7k
Calculated Energy Absorption Build-up Factors (with Percentage Errors) for Minimum Errors at Middle of b-Range
(Mev) z z % z % x % A Alpha 1 Alpha 2
0.50 3.10 1B8.9 5.58 13.5 11.89 TL.3 25.68 -L.5 L6.72 =5.0 106.98 2.9 219.91 "18.9 7T6.57370 -0.09956 -0.07533
1.00 2.38 10.7 3.91 T.b T.46 0.8 1k.24 -5.0 23.17 -0.1 44,37 0.6 T6.51 10.7 59.31546 -0.06398 ' -0.0L261
2.00 1.89 5.1 2,83 3.3 4,84 -1,8 8.24 4,5 12.15 -5.1 19,97 -1.1 29.72 5.0 35.91120 -0.03671 -0.01282
3.00 1.70 2.3 2.4 1.7 3.89 0.2 6.23 -1.8 8.75 -2.2 13.34 -0.5 18.48 1.6 28.58100 -0.02343 0.00073
L.00 1.55 0.6 2,11 ~ 0.7 3.24 0.1 5.01 -0.7 6.87 -0.9 10.15 -0.5 13.69 1.k 25,36400 -0.01800 0.00361
6.00 1.4%0 0.3 1.81 0.1 2.6k 0.5 3.92 0.0 5.2k -0.5 7.55 -=0.9 9.99 0.7 19.77700 -0.01543 0.00516
8.00 1.31 0.1 1.63 0.4 2.27 0.2 3.25 0.0 L. 27 -0.2 6.05 -0.9 7.93 0.6 17.52800 -0.01421 0.00366
10.00 1.25 0.2 1.51 -0.2 2.03 0.5 2.84% 0.3 3.69 -0.4 5.18 -0.8 6.78 0.6 12.L0700 -0.01695 0.00351
Calculated Energy Absorption Build-up Factors (with Percentage Errors) for Minimum Errors at Ends of b-Range
Energy b (mfp) Coefficients
((ev) 1.0 °_ 2.0 % 4.0 % 7.0 % 10.0 % 15.0 5 20.0 b A Alpha 1 _Alpha 2
0.50 2.78 6.7 4.9 -0.7 10.2 =10.3 21.9 -18.6 39.7 -19.3 90.6 -12.9 185.90 0.5 6L,50000 =-0.09956 -0.07533
1.00 2. L& 3,6 -0.2 6.8 -7.5 13.0 -13.5 21.0 -9.3 Lo.2 -8.8 69.20 2 53,50000 -0.06398 -0.04261

TG



TABLE 31. DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT REPRESENTATION
OF DOSE BUILD-UP FACTORS FOR ORDINARY CONCRETE AT LOW ENERGIES

2s

Dose Build-up Factors

Energy b{mfp) Coefficients
(Mev) 1.0 % 2.0 @ L.0 % 7.0 @ 10.0 - % 15.0 7 20.0 W A Alpha 1 Alpha 2
0.50 2.25 3.94 8.58 18.9 33.7  69.1 119.0
1.00 1.97 3.18 6.22 12.2 19.6 35.0 53.6

Calculated Dose Build-up Factors (with Percentage Errors) for Minimum Errors at Middle of b-Range

.50 2.56 13.8 L4.,37 1
. 9.3

0. 135.0 13.5 66.34600 -0.08797  -0.06717
3.0 T

9 8.84 3.0 18.25 -3.5 32.0 = -5.0 69.3 2.3
N 1.5 11.70 -b,0 18,7 -k.7 34.8 -0.6 58.6 9.3 28.54000 -0.06635 -0.02881

6.30

Calculated Dose Build-up Factors (with Percentage Errors) for Minimum Errors at Ends of b-Range

Energy b{mfp) Coefficients
(Mev) 1.0 % 2.0 % L.0 % 7.0 % -10.0 4 15.0 % 20.0 % A Alpha 1 Alpha 2
0.50 2.37 5.5  3.96 0.5 7.9 -8.0 16.1 -14.,5 28,2 -16.3 60.9 -11.9 118.5 -0.4 58,00000 -0.08797 -0.06T17
1.00 2.05 L2  3.20 0.8 5.8 -6.0 10.8 -11.6 17.1 -12.6 31.8 9.1 53.5 -0.1 26.00000 -~0.06635 -0.02881
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DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT REPRESENTATION
OF ENERGY ABSORPTION BUILD-UP FACTORS FOR ORDINARY CONCRETE AT LOW ENERGIES

TABLE 32.

Energy Absorption Build-up Factor

Coefficients

[y
=Y

Alpha 2

Energy
(Mev)

Calculated Energy Absorption Build-up Factors (with Percentage Errors) for Minimum Errors at Middle of b-Range

Calculated Energy Absorption Build-up Factors (with Percentage Errors) for Minimum Errors at Ends of b-Range

Coefficients

-0.06874
-0.0%49k4

o

Alpha 2

0.50
1.00

—0;06870
-0.03490
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