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FOREWORD 

This report was prepared under Program Element 62601F, Project 8809, 
Task 03. 

Inclusive dates of the work repo-ted herein are December 1970 through 
February 1972. The report was submi:ted 1 September 1972 by the Air Force 
Weapons Laboratory Project Officer, Mr. Harry M. Murphy (SAA). 
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ABSTRACT 

(Distribution Limitation Statement A) 

SMAUG is a digital computer code, written in ANSI FORTRAN, that calculates the 
neutron and prompt gairma dose environment in the vicinity of a low to medium 
yield atmospheric nuclear detonation. SMAUG dtfcs mass-integral scaling of ANISN 
discrete ordinates and SORS Monte Carlo results to obtain values of the neutron 
prompt ganma, and secondary gamma spectra and doses at user-selected receiver ' 
points. In addition, SMAUG is capable of computing altitudes and ranges at 
wh ch selected dose values occur, as well as calculating isodose contour values. 
This report describes the calculations performed by SMAUG in detail. Technical 
Report No. AFWL-TR-72-3 is the SMAUG User's Guide. 
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SECTION I 

INTRODUCTION 

This report describes SMAUG*. a high-speed digital computer program which 

calculates the initial neutron and gamma radiation dose environment in the 

vicinity of a low to medium yield atmospheric nuclear detonation. 

Studies of the prompt nuclear radiation hazards associated with modern 

warfare, such as the study of aircrew doses resulting from nearby nuclear 

detonations, usually involve many dose calculations under many different con¬ 

ditions of burst yield, burst altitude, and receiver position. The use of 

detailed radiation transport codes which use the Monte Carlo or discrete 

ordinate computational technique to solve such problems would be very expensive, 

both in problem preparation time and in computer time. SMAUG was written 

specifically to provide such dose estimates quickly, in an easily understood 

format, with a minimum effort on the part of the user. It does this by 

performing mass integral scaling of the results of Monte Carlo and discrete 

ordinates calculations made for infinite, homogeneous air. 

Given a nuclear detonation specified in terms of burst yield, burst altitude, 

neutron source spectrum, and gamma source spectrum and given a receiver point 

specified in terms of altitude and ground range from the burst, SMAUG computes 

★The program name, SMAUG, is taken from the following passage in The Hobbit, a 
popular work of fantasy fiction by J. R. R. Tolkien: 

"There was a most specially greedy, strong and wicked worm 
called Smaug. One day he flew up into the air and came south. 

★ * * 

"We saw the dragon settle on our mountain in a spout of flame. 
Then he came down the slopes and when he reached the woods they 

all went up in fire. 

* * * 

"The dwarves rushed out of their great gate - but there was the 
dragon waiting for them...." 

1 
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the prompt radiation environment at the receiver point, including the neutron 

and gamma fluence, energy fluence, mean energy, and energy spectrum as well as 

the absorbed dose in both tissue and silicon. 

Control card options enable SMAUG to read neutron or gamma source spectra 

or to use internally stored unclassified "nominal" fission or thermonuclear 

source spectra. Other control cards enable the computation of isofluence or 

isodose receiver positions under constraints of fixed receiver altitude or fixed 

receiver ground range, or to compute the isofluence or isodose contour point in 

10-degree angular increments around the burst point. Still other control cards 

enable the user to specify the use of English or metric units in the output, 

while other control cards permit the user to edit the results by including or 

excluding portions of the printed output. 

SMAU3 is written entirely in American National Standards Institute FORTRAN 

(ANSI FORTRAN, Refs. 1, 2) and is a machine-independent computer program capable 

of execution on any digital computer which accepts and compiles ANSI FORTRAN. 

When compiled and run on the AFWL CDC-6600 computer*, SMAUG requires 18,560 

computer words (44,200 octal) for instructions and storage. Compilation of 

object code from FORTRAN source code requires approximately 19 seconds of 

central processor time. The running time of the SMAUG code depends on the 

length and complexity of the input data deck, but on the AFWL CDC-6600 computer, 

time is typically about 1.5 seconds of central processor time per receiver 

point. 

This report provides a detailed description of the data base and the 

computational techniques used in SMAUG and is not intended for use as a user's 

guide. Persons interested in using the SMAUG code may obtain the User's Guide 

(Ref. 2) from the Defense Documentation Center (DDC) or from the US Department 

of Commerce National Technical Information Service (NTIS). 

SMAUG has been released as a code package to the Radiation Shielding 

Information Center (RSIC), Oak R’dge National Laboratory, Oak Ridge, Tennessee, 

and may be obtained from that Center. 

» 

*CDC FORTRAN Version 2.3 as compiled by the RUN compiler under the Scope 3.0 
operating system. 

2 
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SECTION II 

COMPUTATIONAL TECHNIQUE 

This section outlines the basic calculations performed in the SMAUG code. 

Included is a discussion of the use of mass integral scaling, the application 

of mass integral scaling to neutron, prompt gamma ana secondary gamma calcula 

tions, extrapolation, peak gamma dose rate calculation, and the basis of the 

dose calculations in air, tissue, and silicon. 

1. MASS INTEGRAL SCALING FUNCTIONS 

The Morte Carlo and discrete ordinates air transport results on which the 

SMAUG code is based were obtained for particles released in infinite constant 

density sea level air. To provide solutions for practical problems, it is 

necessary to account for the variation in air density with altitude. To do 

this, SMAUG uses the technique of mass integral scaling as a first-order 

correction for the effect of variuole air density on neutron and gamma trans¬ 

port. Mass integral scaling is based on the following considerations: 

For a monoenergetic source of particles released in constant-density 

infinite air, the number of particles which reach range, r, without loss of 

energy is given by 

N = Nq e"Zr (1) 

where 

Nq is the number of particles released 

ï is the macroscopic total cross section in units of cm"1 

r is the range in centimeters 

The macroscopic total cross section is given by 

l = apA/W (2) 

where 

3 
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o is the total effective cross section for air in units of Cn¡2 

p is the air density in gra'ns/cm3 

A is Avogadro's number (6.023 x 1023 per mole) 

W is the mean atomic weight of air (14.48 grams/gram-mole) 

Equation (1) can be expanded to 

-cp(A/W)r 
(3) 

or 

-4.16-1022 apr 
(4) 

Since the effective cross section, o, is constant for this mor.oenergetic 

problem, the exponential is governed by the product pr, whose dimensions are 

typically grams per square centimeter, corresponding to the areal density 

between the source and the receiver. 

The uncollided particle fluence át range, r, is computed by correcting the 

above expression for the spherical divergence of the particles. 

(5) 
4Trr2 

In cases where the air density, p, is not constant between the source and 

the receiver, the product pr, is replaced by the following expression which 

integrates the density along the line which connects the source and the 

receiver: 

r 

(6) 

o 

where p(x) is the air density function evaluated at distance x from the source. 

Since the areal density is obtained by summing or integrating the mass of 

air in a cylinder whose base area is 1 square centimeter and which extends from 

the source to the receiver, this technique of fluence calculation based on areal 

density is called mass integral scaling. 

4 
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Only rarely is the uncollided oarticle fluence of much practical interest; 

usually what is needed is the total fluence above some minimum energy, or the 

particle fluence in some energy band. For such cases—even for particles in 

a single-source energy band—one must consider the fact that the particles will 

probably make several collisions, losing energy each time, between the source 

and the receiver point and that the interaction cross sections are energy 

dependent. Thus, a simple exponential function cannot be expected to provide 

acceptable solutions in such cases. 

The application of mass integral scaling to such cases is a matter of some 

debate; however, one can make the argument that scattering and energy degrada¬ 

tion are primarily dependent on the total mass between the source and the 

receiver and not so dependent on the distribution of the mass. If such an 

argument is valid, then one can replace the exponential term with an empiric 

transmission function to give 

N = N0 T(pr) (7) 

where T(pr) is the empiric transmission function which gives the number of 

particles in the energy range of interest which reach depth pr grams/cm2 in air. 

In reference 4 Webster describes what appears to be the first use of a 

complete set of such empiric transmission functions to represent the number of 

neutrons in a given receiver band, per source neutron, as a function of depth 

in air. 

In slightly modified form, Webster's empiric transmission function is 

TWi,j<X) = exP (Aj 

(8a) 

where Tw. .(X) is the number of neutrons in receiver energy band i, per neutron 
' *J 

in source band j, at a range X meters from the source, and the coefficients 

A.. .. R. .. C. .. n. .. F. .. and F. . were obtained by least-squares fitting 

the results of SORS Monte Carlo neutron calculations (Ref. 5). 

Although Webster's transmission function is given in terms of meters from 

the source, it is easily adapted to areal density units since his SORS Monte 

5 
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Carlo calculation Is based on transmission in infinite air at a constant density 

of 1.23 • 10"! g/cc. 

Webster used 12 monoenergetic neutron sources and collected the neutrons in 

28 energy bands; thus the number of six-constant transmission functions is 

potentially the product of 12 and 28, or 336, for a total of 2016 constants 

Howeyer. since neutrons at a given source energy cannot contirbute to higher 

energy bands, Webster's set consists of only 230 equations for a total of 1320 

constants. These constants are tabulated in reference 4. 

The first version of the SMAUG computer code, written in January 1970, used 

Webster's transmission function and his tabulated constants. This code still 

exists at AFWL as the SMAUGN computer code. 

Because Webster's transmission function contains three reciprocal terms 

the function becomes indefinite when evaluated at aero. Further, in his report 

Webster points out that his function has several roots in the vicinity of zero 

and that, as a consequence of these roots, the function oscillates as the range 

approaches zero. For this reason, he warns that his equations should be con- 

sidered ill-behaved for ranges less than 2.5 meters. 

The current version of SMAUG is based on the use of a new empiric trans- 

mission function of the following form: 

T'.j(X) ‘ eXP (AU * Bi,jX tCi.j*’ * Di.jX’/’ + Ej>jX'/’ V F^X-/’) 

ere T^fx) is the number of neutrons in receiver energy band i at a distance 

corresponding to X grams/cm2, per neutron released at the source point in 

source energy band j, and the coefficients A. ., B. ., C- . n. . F anw 

Fi.j are obtained by least-squares fitting techniques. 1’J’ 1,J’ 

The selection of the terms used in this transmission function was entirely 

empiric. The first three terms lend themselves well to cases in which the 

transmission is exponential, or nearly exponential. The fourth term, involving 

was selected on the practical basis that such a term seems essential in 

the function. The square root and the cube root terms account for the build-up 

that occurs over the first few mean free paths. The structure of the function 

is such that—,n some cases where the transmission is nearly exponential-terms 

6 
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can be dropped from the right-hand side of the function without significantly 

affecting the quality of the fit. 

Ttiis class of function can be adapted to the calculation of gamma fluence- 

and to the calculation of neutron-induced secondary gamma radiation by fitting 

gamma transport and secondary gamma data generated by detailed radiation 

transport codes such as SORS or ANISN (Refs. 5, 6, 7). 

For gamma calculations, the transmission function is interpreted in terms 

of photons per source photon; for secondary gamma calculations the function is 

interpreted in terms of photons per source neutron. In each case, the same 

scaling rules apply. 

2. NEUTRON CALCULATION 

SMAUG neutron calculations are based on the use of transmission functions 

fit by least-squares techniques to data reported in ORNL-4464 by Straker and 

Gritzner (Ref. 8). 

In their report, Straker and Gritzner present the results of using the 

discrete ordinates code, ANISN, to compute the neutron and secondary gamma 

spectra resulting from the release of neutrons in homogeneous, constant-density 

infinite air (Ref. 7). The air was assumed to be 79 percent nitrogen and 21 

percent oxygen at a density of 1.11 milligrams per square centimeter. 

The nine neutron source energy bands used by Straker and Gritzner and by 

SMAUG are given in table I. 

Table I 

NEUTRON SOURCE ENERGY BANDS 

Band N-; Energy range (MeV) 

2 

3 

4 

5 

6 

7 

8 

9 

0.0033 - 0.111 

0.111 - 1.108 

1.108 - 2.35 

2.35 - 4.06 

4.06 - 6.36 

6.36 - 8.18 

8.18 - 10.0 

10.0 - 12.2 

12.2 - 15.0 

7 
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The 22 neutron receiver energy bands used by Straker and Gritzner and by 

SMAUG are given in table II. 

Band No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Table II 

NEUTRON RECEIVER ENERGY 

Energy range fMeV) 

BANDS 

0.0 

4.14(-7) 

1.12(-6) 

3.06(-6) 

1.07(-5) 

2.90(-5) 

1.01(-4) 

5.83(-4) 

3.35(-3)0 

1.11(-1) 

0.55 

1.11 

1.83 

2.35 

2.46 

3.01 

4.07 

4.97 

6.36 

8.19 

4.14(-7)9 

1.12(-6) 

3.06(-6) 

1.07(-5) 

2.90(-5) 

1.01(-4) 

5.83(-4) 

3.35(-3)5 

1.11(-1) 

5.50(-1) 

1.11 

1.83 

2.35 

2.46 

3.01 

10.0 

12.2 

- 4.07 

- 4.97 

- 6.36 

- 8.19 

- 10.0 

- 12.2 

- 15.0 

Average energy 

2.07(-7) 

7.67(-7) 

2.09(-6) 

6.88(-6) 

1.99(-5) 

6.50(-5) 

3.42(-4) 

1.97(-3) 

5.72(-2) 

3.31(-1) 

0.830 

1.470 

2.090 

2.405 

2.735 

3.540 

4.520 

5.665 

7.275 

9.095 

11.10 

13.6 

äRead as 4.14 x 10-7. 

5« • . 

nnufrAAr>.exls5s 1n 55e Tabulation for this energy value in 
ORNL-4464. The value given here is correct. 

8 
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A series of 149 transmission functions, I. .fX), have been fit to this data 

set. 

Figure 1 compares data points from reference 8 with the transmission 

function fit to those points for the case of neutrons in the 12.2 to 15 KeV 

source band arriving in the 10.0 to 12.2 MeV receiver band. 

N/N 12 2 15 MEV TO 10-12.2 MEV. 

X (GRAMS PER SQUARE CENTIMETER) 

Figure 1. Fit of Transmission Function for 12.2 to 15.0 MeV 
Neutrons Arriving in the 10.0 to 12.2 MeV Receiver Band 

(Points are taken from ANISN results of Straker and Gritzner (Ref. 8)) 

9 
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Figure 2 compares data points from reference 8 with the transmission 

function fit to these points for the case of neutrons in the 12.2 to 15.0 MeV 

source band arriving in the 1.11 to 1.83 MeV receiver band. 

The neutron transmission function coefficients are tabulated in appendix I 

of this report. 

N/N 12.2-15 MEV TO 1.11-1.83 MEV. 

X (GRRMS PER SQURRE CENTIMETER) 

Figure 2. Fit of Transmission Function for 12.2 to 15.0 MeV 
Neutrons Arriving in the 1.11 to 1.83 MeV Receiver Band 

(Points are taken from ANISN results of Straker and Gritzner (Ref. 8)) 

10 
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The neutron spectrum at a point is computed by summing the contributions of 

each of the nine source bands to each of the 22 receiver bands. If the receiver 

is at a range of r meters, corresponding to a depth of X grams per square centi¬ 

meter, the neutron fluence in receiver band i is given by 

(9) 

where Nj is the number of neutrons in source band, j, and the factor of lO“1* 

accounts for the fact that r is given in meters, while the dimensions of fluence 

are neutrons per square centimeter. 

3. PROMPT GAMMA CALCULATION 

SMAUG prompt gemma calculations are based on the use of transmission 

functions fit by least-squares techniques to gamma transport data prepared for 

the SMAUG code by Robert A. Bigoni of the Air Force Weapons Laboratory. Bigoni 

used the SORS Monte Carlo computer code, described in reference 6, to calculate 

the gamma spectra resulting from the release of photons in homogeneous, constant- 

density infinite air as a function of depth in air expressed in units of grams 

per square centimeter. 

The 10 gamma source energy bands used by Bigoni and by SMAUG are given in 

table III. 

Table III 

GAMMA SOURCE ENERGY BANDS 

Band No. Energy range (MeV) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.1 - 0.2 

0.2 - 0.4 

0.4 - 0.7 

0.7 - 1.0 

1.0 - 1.5 

1.5 - 2.0 

2.0 - 3.0 

3.0 - 5.0 

5.0 - 7.0 

7.0 - 10.0 

11 
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The 18 gamma receiver energy bands used by Bigoni were selected to conform 

to Straker's gamma receiver band structure used in ORNL-4464 (Ref. 8). These 

bands, which are used by SMAUG, are given in table IV. 

Table IV 

Band No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

GAMMA RECEIVER ENERGY BANDS 

Energy range (MeV) 

0.02 - 0.05 

0.05 - 0.10 

0.10 - 0.20 

0.20 - 0.30 

0.30 - 0.40 

0.40 - 0.60 

0.50 - 0.80 

0.80 - 1.00 

1.00 - 1.33 

1.33 - 1.66 

Average energy 

0.035 

0.075 

0.150 

0.250 

0.350 

0.500 

0.700 

0.900 

1.165 

1.495 

1.66 - 2.00 

2.00 - 2.50 

2.50 - 3.00 

3.00 - 4.00 

4.00 - 5.00 

1.830 

2.250 

2.750 

3.500 

4.500 

5.00 - 6.50 5.750 

6.50 - 8.00 7.250 

8.00 - 10.00 9.000 

A series of 108 transmission functions, Ti j.(X), have been fit to Bigoni's 

Monte Carlo results. Because in Monte Carlo calculations relatively few photons 

are available at depths of 200 to 300 grams per square centimeter, the trans¬ 

mission factors for such depths contain larger relative statistical errors than 

the transmission factors for shallower depths. To account for the statistical 

error associated with the data reciprocal variance weighting was used in 

12 
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performing the least-squares fits (Refs. 9, 10, 11).* Variances were based on 

the estimates supplied by the SORS code of the standard deviation associated 

with each point. 

Figure 3 compares Bigoni's SORS data points with the transmission function 

fit to these points for photons in the 7 to 10 MeV source band arriving in the 

5 to 6.5 MeV receiver band. 

Figure 4 compares data points with the transmission function fit to these 

points for photons in the 7 to 10 MeV source band arriving in the 1 to 1.33 MeV 

receiver band. 

In both figures the relative scatter of the data points around the fit 

function increases for depths greater than 200 grams per square centimeter. 

This scatter is the result of the statistical nature of the Monte Carlo calcu¬ 

lation and is not seen in the results of the ANISN discrete ordinates code 

shown in figures 1 and 2. 

The coefficients for this data set are tabulated in appendix II. 

The prompt gamma spectrum at a point is computed by summing the contribu¬ 

tions of photons in each of tne 10 source bands to each of the 18 receiver 

banks in a way exactly analogous to the neutr n receiver spectrum calculation. 

In particular, if the receiver is at a range of r meters, corresponding to a 

depth of X grams per square centimeter, the photon fluence in receiver band i 

is given by 

j=10 

Tt .U) 

4nrz J 'J 

(10) 

*Scarborough1s precision index, h, used in Article 143 of reference 9, is 
related to standard deviation by 

-i 

h = (/2- o) 

Thus, weighting by the square of the precision index, recommended in Article 
148, is equivalent to weighting by the reciprocal of the standard deviation 
squared, which is identical to weighting by the reciprocal of the variance. 
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G/G 7-10 MEV TO 5-6.5 MEV. 

X (GROMS PER SQURRE CENTIMETER) 

Figure 3. Fit of Transmission Function for 7 to 10 MeV Gammas 
Arriving in the 5 to 6.5 MeV Receiver Band 

(Points are taken from the SORS Monte Carlo results of Bigoni. Reciprocal 
variance weighting was used in performing this fit.) 
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G/O 7-10 MEV 0 1-1.33 MEV. 

X (GRAMS PER SQUARE CENTIMETER) 

Figure 4. Fit of Transmission Function for 7 to 10 MeV Gammas 
Arriving in the 1 to 1.33 MeV Receiver Band 

(Points are taken from SORS Monte Carlo results of Bigoni. Reciprocal 
variance was used in performing this fit.) 
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where N. is the number of photons in source band, j, and the factor of 10 ^ 

accounts for the conversion from photons per square meter to photons per square 

centimeter. 

4. SECONDARY GAMMA CALCULATION 

SMAUG secondary gamma calculations are based on the use of transmission 

functions fit to neutron-induced secondary gamma data reported by Straker and 

Gritzner in ORNL-4464 (Ref. 8). This is the same report that is used for 

SMAUG's neutron data base. 

The nine neutron source energies used are given in table I. The 18 gamma 

receiver energy banks are identical to those used in the SORS Monte Carlo 

calculations and are given in table IV. 

A series of 162 transmission functions, Ti j(x)» have been t0 this 

secondary gamma data set. The coefficients for this set are tabulated in 

appendix III of this report. 

Figure 5 compares data points from reference 8 with the transmission 

function fit to those points for neutrons in the 12.2 to 15 MeV band resulting 

in secondary gamma photons in the 8 to 10 MeV receiver band. 

In the previous cases of neutron and gamma transport, the actual number of 

transmission functions fitted was less than the product of the number of source 

bands and the number of receiver bands because such particles do not gam 

energy as they penetrate air. This is not the case for neutron-induced 

secondary gamma calculations. Because of the presence of exoenergetic n.y 

reactions, neutrons in each source band can and do contribute secondary gammas 

to every one of the 18 gamma receiver bands. For this reason, more transmission 

functions have been used for the secondary gamma data set (162) than were used 

for the neutron or the gamma data sets (149 and 108 functions, respectively). 

The secondary gamma spectrum at a point is computed by summing the contri¬ 

butions of neutrons in each of the nine neutron source bands to each of the 18 

gamma receiver bands in a way exactly analogous to the neutron and the prompt 

photon calculations. 

Except for their somewhat longer time of arrival at the receiver, there is 

no way of distinguishing the neutron-induced secondary gammas from the prompt 

gamnas at the receiver. For this reason, the prompt and the secondary garmia 

spectra are combined in calculating the total gamma spectrum at the receiver. 

16 
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N/G 12.2-15 MEV [Q 8-10 MEV. 

X (GRRMS PER SQURRE CENTIMETER) 

Figure 5. Fit of Transmission Function for 12.2 to 15.0 MeV 
Neutrons Resulting in Secondary Gammas in the 8 to 

10 MeV Gamma Receiver Energy Band 
(Points are taken from ANISN results of Straker and Gritzner (Ref. 8)) 
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5. EXTRAPOLATION 
» 

The ANISN neutron and secondary gamma data set of Straker and Gritzner is 

tabulated over ranges corresponding to 8.325 to 199.8 g/cm2, with the data for 

the 12.2 to 15.0 MeV source further tabulated to a depth of 532.8 g/cm2. 

Bigoni's SORS Monte Carlo gamma data set is tabulated to 350 g/cm2^ Frequently, 

solutions are needed for depths greater than these limits; if SMAU6 was strictly 

held to these limits, the usefulness of the code would be severely reduced. 

To permit extrapolation to greater depths,,SMAUG takes advantage of the 

fact that—for deep penetration—the transmission functions can be well 

approximated by simple exponential functions of the form i 

T1,J<X> ■ “P (aï.j *Bi,j<x>) , 01) 

This transmission function is the same function defined in eqi^tion ,(8) with 

the exception that the four nonlinear terms of equation (8) are nc: retained. 

A point-slope form of equation (11) is used by SMAUG to calculate the trans¬ 

mission functions beyond the extrapolation point 

! Tf,j(x) = exp(R1,j + S1,j<,x-Xe>) 02) 

where R^ j is the value of the six-constant transmission function evaluated at 

the extrapolation point, Xe, and S, . is the first deriv Jve of the six- 
1 • J 

constant transmission function evaluated at the extrapolation point, Xe. 
1 1 • ! 

For neutron and secondary gamma calculations, the extrapolation point, Xe, 

is 200 g/cm2. For ranges within 200 g/cm2 SMAUG uses the six-constant trans¬ 

mission function; for ranges beyond 200 g/cm2 SMAUG uses extrapolatio;i. 
I 

For prompt gamma calculations, the extrapolation point is .300 g/cm2:. 

Except for contour calculations, in each case where the results are based 

on extrapolation, SAMUG prints an advisory message. SMAUG aborts calculations 

beyond twice the maximum extrapolation point (i.e., beyond 600 g/cm2). 

6. PEAK GAMMA DOSE RATE ESTIMATION 

SMAUG estimates the peak prompt gamma dose rate if the user supplies the 

following information: (1) the fraction of the prompt gamma yield in the prompt 

gamma "spike;" and (2) the mean width of this spike. Given this information, 

18 
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SMAUG first calculates the uncollided peak gamma spectrum from the following: 

F N. 10“* 
(13) 

4irr2 

where 

is the uncollided gamma fluence in source band 

is the number of prompt gammas originating in source band 

F is the fraction of the prompt gammas in the prompt "spike" 

vi.j is the total gamma absorption coefficient for gammas in band 

The dose in units of Roentgens and in rads(silicon) is computed by summing 

the contribution of photons in each of the energy bands. 

A correction term is then computed to account for photons which undergo 

shallow-angle scattering, but which still arrive within the prompt gamma spike. 

This correction term is based on a series of SORS Monte Carlo runs made by 

Brown B. Rogers of the Air Force Weapons Laboratory who computed the number of 

photons arriving within 15 nanoseconds in each of 18 receiver energy bands, as 

a function of range in homogeneous, infinite, sea-level density air. This 

information, converted to Roentgens or rads(silicon) for each source band was 

fit by least-squares techniques to the six-constant transmission function. This 

scattered component of peak prompt gamma dose is computed in the usual way, 

with the addition of the following scaling function which accounts for the 

longer path lengths encountered in high-altitude situations: 

(14) 

where 

Rs is the equivalent range in meters at sea level, defined as 8.16327 

times the depth in air in g/cm2 

AT is the mean width of the prompt gamma spike 

S is the source-receiver slant range in meters 

19 



AFWL-TR-72-2 

The scaled scattered dose and the direct dose are summed and divided by AT 

to obtain an estimate of the peak prompt gamma dose rate. In most cases, the 

direct dose rate accounts for roughly two-thirds of the total dose rate. 

7. FLUENCE TO DOSE CONVERSION 

Fundamentally, SMAUG is a program that computes neutron and photon fluences 

in a series of energy bands at the receiver. In some cases this is the infor¬ 

mation needed by the user, but more often the user wants dose values which can 

be more easily related to the personnel injury or equipment damage resulting 

from such exposures. 

As an aid to the user, SMAUG calculates the following dose and dose-related 

values: 

(1) Neutron energy fluence in MeV/cm2 

(2) Neutron mean energy in MeV 

(3) Neutron tissue dose in rads 

(4) Neutron phantom midline or gut dose in rads 

(5) Neutron silicon dose in rads 

(6) One-MeV (silicon) equivalent neutron fluence 

(7) Gamma energy fluence in MeV/cm2 

(8) Gamma mean energy in MeV 

(9) Gamma tissue dose in rads 

(10) Gamma phantom midline or gut dose in rads 

(11) Gamma air ionization dose in Roentgens 

(12) Gamma silicon dose in rads 

(13) Neutron plus gamma tissue dose in rads 

(14) Neutron plus gamma phantom midline dose in rads 

(15) Neutron plus gamma silicon dose in rads 

Table V gives the factors used to convert neutron fluences in the 22 

receiver bands to dose units. For each entry the value given is dose per unit 

neutron fluence at the average energy of the receiver band. The average energy 

is defined as the arithmetic mean of the lower and upper limits of the energy 

band. 

20 
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Table VI gives the factors used to convert photon fluences in the 18 

receiver bands to gamma doses. For each entry the value given is dose per unit 

photon fluence at the average energy of the receiver band. 

A discussion of each of the 15 dose values follows: 

a. Neutron Energy Fluence 

The neutron energy fluence is computed by summing the product of the 

neutron fluence and mean energy of the 22 receiver bands. The unit for neutron 

energy fluence is MeV/cm2. 

22 

i(MeV) = ^4»iEi (15) 

i=l 

b. Neutron Mean Energy 

The neutron mean energy is calculated by dividing the neutron energy 

fluence by the total neutron fluence summed over all 22 receiver bands. 

c. Neutron Tissue Dose 

The neutron tissue dose is calculated on the basis of fluence-to-kerma 

factors reported by Ritts, Sol omito, and Stevens in reference 12. Their report 

describes the results of making detailed calculations of kerma in an 11-element 

tissue corresponding to a standard man, while accounting for all significant 

neutron interactions, including neutron capture, n,n', n,p, n,d, n,t, n,a, 

n,2a, n,n'3a, n,n'p, and n,2n reactions. The calculations were performed for 

131 neutron energies ranging from 0.0223 eV to 15.14 MeV. The tissue composi¬ 

tion of their standard man is given in table VII. 

The fluence to dose conversion factors shown in table V were obtained 

by performing four-point Lagrangian interpolation of the 131-point table given 

in their report. The values given here are in units of rads per unit fluence. 

(One rad corresponds to an absorbed dose of 100 ergs per gram or a kerma of 100, 

hence the dose represented is "first collision dose.") 

The data set given in reference 12 was selected for use in SMAUG in 

preference to similar sets in references 13, 14, 15, and 16 for two reasons: 

(1) the set explicitly accounts for the effects of the minor elements calcium, 

phosphorus, sulphur, potassium, sodium, chlorine, and magnesium; and (2) the 

set evaluates in detail kerma over an unusually wide energy range, using the 

22 
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Table VII 

TISSUE COMPOSITION 

Element Percent 

Number 

density 
(atoms/g) 

X 1024 

H 

0 

C 

N 

Ca 

P 

S 

K 

Na 

Cl 

Mg 

10.00 0.05977 

60.00 0.02259 

24.00 0.01204 

2.90 0.00125 

1.20 0.177(-3)3 

1.10 0.214(-3) 

0.24 0.451(-3) 

0.20 0.308(-4) 

0.20 0.524(-4) 

0.20 0.340(-4) 

0.03 0.743(-5) 

a(-n) represents (10"n). 

best cross-section data available in early 1969. However, differences between 

kerma values reported in the sets referenced above are not great over most of 

the energies of interest, amounting to 14 to 15 percent in the energy region 

above 10 MeV where such differences are most pronounced. 

d. Neutron Phantom Midline or Gut Dose 

The tissue dose discussed above represents the specific energy density 

in units of 100 ergs per gram, deposited by kinetic energy processes in an 

absorbing mass (in this case, tissue) so small that no sensible attenuation of 

the neutrons takes place and that no neutron makes more than a single collision 

at most—in the mass. In the past this has frequently been referred to as 

"first-collision dose." 

To provide the user with an estimate of the neutron dose to the gut of 

a man, SMAUG computes the mean tissue dose on the axis of a right circular 

cylinder of tissue 30 cm in diameter and 60 cm long. Such a phantom approxi¬ 

mates the dimensions of a human torso without involving a welter of anthropo¬ 

morphic detail. 
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The gut dose calculation is based on work by Auxier, Snyder, and Jones 

(Ref. 17), who used the ORNL 05R Monte Carlo computer code (Ref. 18) to calculate 

detailed neutron transport in a right circular cylinder of tissue of the dimen¬ 

sions given above. The cylinder was divided into 150 volume elements as shown 

in figure 6. The irradiating neutron beam was assumed to be uniform in intensity, 

monoenergetic, and directed as shown in figure 6. The mean dose in each volume 

element, including the dose from the H'(n,Y)H2 reaction, was computed per 

neutron pur square centimeter for each neutron energy. Fourteen neutron 

energies ranging from 0.025 eV to 14 MeV were used. 

The central cylinder, or gut, dose is not explicitly given in reference 

17. To obtain such values for use by SMAUG, the mean dose in elements 1, 2, 3, 

and 4 of layer 3 of the phantom was computed, giving double weight to the 

Figure 6. Phantom Geometry 

LAYER I 

LAYER 2 

LAYER 3 

LAYER 4 

LAYER 9 
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symmetrically duplicated elements 2 and 3. This was done for each of the 14 

neutron energies. The resultant data set was smoothed by fitting a fifth-order 

least-squares polynomial to the logarithm of the dose values as a function of 

logarithm of the neutron energy. The dose values given in table V were obtained 

by evaluating the polynomial for the SMAUG receiver band mean energies. 

The smoothing polynomial used was 

D(E) = exp (a + bZ + cZ2 + dZ3 + eZ1* + fZ5) (16) 

where 

D(E) is the rad dose per unit fluence, evaluated at neutron energy, E MeV 

Z is the natural logarithm of the neutron energy 

a = -2.15333641E+01 

b = 7.51236993E-01 

c = 1.03569765E-01 

d = 1.71455644E-03 

e = -3.96747677E-04 

f = -1.55681609E-05 

e. Neutron Silicon Dose 

The neutron silicon dose conversion factors given in table V are taken 

from table 4 in reference 8 and represent the total silicon dose, consisting of 

the sum of the ionizing and the nonionizing doses (see Ref. 19). Note that the 

contribution to the silicon dose from neutrons in the lower energy bands is 

assumed to be zero. 

f. One-MeV Silicon Equivalent Neutron Fluence 

The 1-MeV silicon equivalent neutron fluence purports to be the 1-MeV 

monoenergetic neutron fluence which will produce the same amount of permanent 

damage in silicon as the given polyenergetic neutron fluence. In some respects, 

this dose unit is similar to the "rem" dose unit formerly popular in reporting 

the results of nuclear radiation on biological materials. 

The values shown in table V are derived from the ratio of the "l-MeV(S)" 

values to the fluence values given on page 17 of reference 20, which reports 

work using the same neutron receiver bands as are used by SMAUG. The ratios 
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are based on Stein's measurements, reported in reference 21, which appear to 

yield a better estimate of equivalent damage in silicon than does Messenger's 

equation developed in reference 22. 

g. Gamma Energy Fluence 

The gamma energy fluence is computed by summing the product of the 

photon fluence (including both direct and secondary gammas) times the mean 

energy of the 18 receiver bands. The unit for gamma energy fluence is MeV/cm2. 

h. Gamma Mean Energy 

The gamma mean energy is calculated by dividing the gamma energy fluence 

by the total photon fluence summed over the 18 receiver bands. 

i. Gamma Tissue Dose 

The gamma tissue dose calculation is based on the use of photon fluence- 

to-tissue dose factors given in table A-2 of NBS Handbook 75 (Ref. 14). The 

values used by SMAUG were obtained by performing four-point Lagrangian inter¬ 

polation of that set of data. The dose is calculated in units of rads (tissue). 

j. Gamma Phantom Midline or Gut Dose 

To provide the user with an estimate of the gut dose resulting from a 

gamma exposure, SMAUG computes the mean tissue dose on the axis of the same 

cylindrical phantom as was used for the neutron gut dose calculation (figure 6). 

The gamma calculation is based on the work of Richard W. Enz of the 

Air Force Weapons Laboratory, reported in reference 23, who used the SAMC Monte 

Carlo computer code described in references 24 and 25, to calculate the mean 

gamma dose per unit fluence for 11 monoenergetic gamma source energies, using 

the same geometry and volume elements as was used for Auxier's neutron calcula¬ 

tions (figure 6). The gamma energies ranged from 0.1 to 10 MeV. 

The gut dose was calculated by computing the weighted mean of the doses 

in elements 1, 2, 3, and 4 of layer 3, giving double weight to elements 2 and 3 

and using reciprocal-variance statistical weighting to account for the relative 

error in the dose value calculated for each element. This was done for each of 

the 11 gamma energies. The resultant data set was smoothed by fitting a fifth- 

order least-squares polynomial to the logarithm of the dose as a function of the 

logarithm of the gamma energy, using reciprocal-variance statistical weighting 

in the fit. The dose values given in table VI were obtained by evaluating the 

polynomial for the SMAUG receiver and energies. 
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The smoothing polynomial used was 

D(E) = exp (a + bZ + cZ2 + dZ3 + eZ4 + fZ5) (17) 

where 

D(E) is the rad dose per unit photon fluence, evaluated at garona energy, 

E, MeV 

Z is the natural logarithm of the gamma energy 

a = -2.18283865E+01 

b = 1.03749623E+00 

c = -6.82357453E-02 

d = -1.08026000E-02 

e = -3.90440527E-02 

f= 1.43658019E-02 

k. Gamma Air Ionization Dose 

The gamma air ionization dose, in Roentgens, is computed by SMAUG so 

that the u.er can compare the tissue dose in rads with the older dose unit of 

Roentgens. The Roentgen is defined as that amount of X or gamma radiation which 

results in 1 esu of ions of either sign in 1.293 mg of air, and thus is a direct 

measure of the ionization of air resulting from a gamma fluence. 

The Roentgen conversion factors shown in table VI are based on four- 

point Lagrangian interpolation of tabular data presented in reference 26. 

l. Gamma Silicon Dose 

The gamma silicon dose conversion factors given in table VI are taken 

from table 5 in reference 8. 

m. Neutron Plus Gamma Tissue Dose 

The total tissue dose is the arithmetic sum of the neutron tissue dose 

and the gamma tissue dose. No weighting of any kind has been done to account 

for possible differences in biological effectiveness of the radiations, and thus 

the value represents the total energy density in tissue resuming from the 

irradiation. 
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n. Neutron Plus Gamma Phantom Midline Dose 

The total phantom midline dose is the arithmetic sum of the neutron and 

the gamma phantom midline doses, with no weighting applied to account for 

possible differences in biological effectiveness of the radiations. 

o. Neutron Plus Gamma Silicon Dose 

The total silicon dose is the sum of the neutron and the gamma silicon 

dose, with no weighting to account for possible differences in damage effective¬ 

ness of the radiations. 
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SECTION III 

PROGRAM STRUCTURE 

Program SMAUG is written entirely in ANSI FORTRAN (Ref. 1) and consists of 

the main routine, 15 subroutines, 5 function subroutines, and 9 BLOCK DATA 

routines. The code has been processed by the TIDY editing and resequencing 

code described in reference 27. 

The program has a blank COMMON block of 539 words, and 14 labeled COMMON 

blocks whose length totals 5322 words. The total number of words in COMMON is, 

then, 5841 words. Communication between routines is done mainly through vari¬ 

ables in blank COMMON rather than through the use of formal parameters. For 

the most part, the labeled COMMON blocks are used for constants loaded by the 

BLOCK DATA routines. 

SMAUG input is assumed to consist of card images on Unit 5, output is written 

on Unit 6 and assumes a printer capable of accepting 120-character lines (includ¬ 

ing the control character). Orly control characters 1 and (blank) are used. 

Page skipping and line counting are automatic. 

Unit 1 is used only to load or save the information in the labeled COMMON 

blocks; this is done with the *L0AD or the *SAVE control cards described in 

reference 3. 

Variable names have been chosen to have as high a mnemonic content as 

possible within the restrictions of FORTRAN implicit typing, a maximum of six 

characters in names, and the limits of human ingenuity. Variables in COMMON 

blocks have the further convention of having a minimum of three characters in 

their names. Logical variables, used as flags in SMAUG, start with the 

character "Q". 

To preserve machine independence and to accomodate computers with short word 

size, all Hollerith character input has been limited to a maximum of four bytes 

per word. No assumptions are made as to the internal representations of such 

characters or bytes; however, the code does assume that characters can be 

matched by subtracting one word from another in the integer mode and testing 

for equality. 
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Comment cards have been used liberally within the program to explain the 

purpose of each routine and to document the major portions of each routine. 

Although a source listing of the SMAUG program is not a part of this report 

nor reference 3, such a listing may be obtained upon request from the author 

of this report. 

1. SMAUG, THE MAIN PROGRAM 

The SMAUG main program contains and defines the major COMMON blocks, reads 

all input cards, and serves as an executive routine which calls other routines. 

A general outline of the main program follows. 

At the start SMAUG sets all flags to their normal values and sets the 

maximum areal density, GMXX, to twice the maximum extrapolation point for the 

neutron, the gamma, or the secondary gamma calculations. The normal options, 

set at this point, are given in table VIII. 

Table VIII 

NORMAL OPTIONS SET ON INITIALIZATION 

Value Option 

FALSE Do not perform peak gamma dose rate calculation 

FALSE Subroutine EXEC is not currently in control 

TRUE List input neutron and gamma source spectra 

TRUE Print detailed gamma receiver spectra 

TRUE Print detailed neutron receiver spectra 

FALSE Do not accept receiver points; source spectra not yet 
defined 

FALSE A recursive call to subroutine CONTRL from EXEC has not 
been made 

1.0 Distance units in the output shall be labeled in meters 

30000. Maximum altitude processed shall be 50,000 meters (not 
alterable by control cards) 

As soon as execution gets under way, SMAUG checks one word in the last 

COMMON block to verify that the blocks have been loaded by BLOCK DATA routines; 

if they have not, SMAUG automatically calls the DATIO subroutines to load the 

blocks from Unit 1. 

Flag 

QDOT 

QEXEC 

QLST 

QPRG 

QPRN 

QRUN 

QTRAP 

CDIST 

ALTMAX 
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SMAUG then reads the name, or caption of the job, and tests the first four 

characters for "*LAS" or -STOV If either are found, SMAUG stops; otherwise, 

SMAUG proceeds to read the neutron source spectrum control card. 

When SMAUG reads the neutron source spectrum control card, it prints the 

card image and calls Subroutine CONTRI to check for the presence of a control, 

card. CONTRL examines the card and returns a value, KON, containing a number 

ranging from 1 to 9, depending on the results of the scan. $MAUG then executes 

a multiway GO TO statement based on KON. 

The nine values of KON and their meanings are given in table IX. Note that 

once Subroutine CONTRL identifies a control card, it ignores characters punched’ 

after the essential characters; thus a "*USE FI" control card might be punched 

"*USE FISSION SPECTRUM NEUTRONS." 

Table IX 

INTERPRETATION OF VALUES RETURNED BY SUBROUTINE CONTRL 

¥3lue Interpretation 

Card scanned was not a control cafd 

Card scanned read: "*USEFI ..." 

Card scanned read: "*USETN ..." 
! I t 

Card scanned read: "*READ . " 1 

Card scanned read: "*DITT0 ..." 

Card scanned read: "*G0 ..." 
I 

Card scanned read: "*LAST ..." 

’ Card scanned read: "*ST0P ..." , , 

1 

8 

9 Card scanned was a control card directly i 
executed by Subroutine CONTRL, such as 
setting or clearing a flag or calling a 
special routine such as CONTOR 

If the control value, KON, is 2 or 3, SMAUG uses internal fission or 1 

thermonuclear neutron spectra taken from reference 8. 

A typical fast neutron yield of 2.5 x 10” neutrons per kiloton is used for 1 

the fission neutron source spectrum. This value is based on 1.45 x 10” fissions 

per kiloton from reference 28 and a value of 2.75 neutrons per fission taken as 

k 
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the mean of 2.52 for U235 and 2.98 for Pu239 from reference 29. The mean leak¬ 

age rate, accounting for the one neutron needed to sustain the chain reaction, 

is 2.75 - 1 = 1.75 neutrons per fission. This value should be reasonably 

accurate for critical assemblies, but is likely to be high for actual devices 

since this derivation does not account for neutron attenuation in materials 

around the fissioning assembly. 

For the thermonuclear source, a typical neutron yield of 8.5 x 1023 neutrons 

per fusion kiloton is used for the source spectrum. This is based on 1.45 x 1024 

neutrons per kiloton from reference 30 and an assumed fission fraction of 0.5 

from reference 31. 

If the control card value, KON, is 4, the neutron source spectrum is read 

from the next two cards, using the translating routine, VALUE. 

If the control card value, KON, is 5, SMAUG checks to see if a neutron 

source spectrum is already loaded (from a previous calculation). If a spectrum 

is loaded, SMAUG goes on to read the next instruction; if not, SMAUG uses the 

fission source spectrum. 

If the control card value, KON, is 6, 7, 8, or 9, SMAUG takes action 

appropriate to the particular control card. 

Once the neutron spectrum has been loaded, SMAUG reads the prompt gamma 

source spectrum in essentially the same way. 

Based on information presented in reference 32, the prompt photon yield for 

a fission source is assumed to be 2.9 x 1022 photons per fission emitted with 

a normalized spectrum given by 

dN/dE(E) = 1.1 photons/MeV (18) 

or in absolute form 

dN/dE(E) = 3.2 • 1022 e"^*^ photons/(MeV-kiloton) (19) 

where in both cases the energy, E, is in MpV. 

The thermonuclear prompt photon source spectrum is assumed to bave the same 

shape as the fission prompt gamma spectrum with a photon yield of half that of 

the fission photon yield, namely 1.45 x 1022 photons per kiloton. This assumes 
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that half the yield of a thermonuclear source comes from fission and that fusion 

reactions do not result in prompt gammas. 

If "♦DITTO" is specified for the gamma prompt source and no source has been 

loaded, SMAUG uses the fission source prompt gamma source. 

If "♦READ" is encountered, the prompt gamma source is read from the next 
two cards. 

Once the gamma source Is specified, SMAUG reads another card, checks it for 

the presence of a control phrase and-lf it is not a control card-uses the 

VALUE routine to translate the first 10 columns into burst y.eld, In kllotons, 

and the second 10 columns into burst altitude, in meters. 

If the burst altitude is outside the acceptable range of -5000 to +50,000 

meters, or if an asterisk appears in column 11 of this card, SMAUG sets the 

burst altitude to the maximum altitude for appreciable local fallout as given 

by equation 2.118.1 on page 77 of reference 28. 

»(maximum for local fallout) = 54.86W0-4 meters (20) 

where W is the burst yield in kilotons. 

If the burst yield is zero, SMAUG assumes a yield of 1 

at 10,000 meters altitude. 
kiloton detonated 

Once SMAUG has a burst yield and altitude, it is ready to accept and 

process receiver point cards, and these cards are read next. 

Each receiver point card is read and immediately checked by the CONTROL 

routine to detect and process possible control cards. If a control card is 

found, it is processed and another receiver card is read. If a ‘LAST card is 

read, SMAUG recycles to the beginning. If a ‘STOP card is read, SMAUG stops. 

If the card is a receiver point specification, consisting of ground range 

in the first 10 columns and receiver altitude in the next 10 columns, a check 

is made for an "S" in column 1. If an "S" is found, the range is interpreted 

as slant range and the ground range is calculated by the Pythagorian Theorum. 

SMAUG then calculates the areal density between the source and the receiver 

by means of subroutine function GMCMF. If the areal density is less than 

0.1 g/cnr, or if the slant range is less than the radius of the fireball for a 

sea-level detonation. SMAUG writes an advisory message and rejects the problem 
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as calling for a receiver point too close to the source. The fireball radius, 

from equation 2.117.1 on page 77 of reference 28, is 

R = 33.53W0,4 meters (21) 

where W is the yi®ld in kilotons. 

If the areal density and slant range are sufficient, SMAUG calls the KERNEL 

routine to perform the necessary transport calculations and then the QUTPUT 

routine to print the results. SMAUG then loops to read another receiver point 

card. 

2. SUBROUTINE QUTPUT 

QUTPUT prints the results of a receiver point calculation, either as a 

result of a receiver point read by the SMAUG main program or as the result of 

an implicit receiver point generated by the FXTALT or FXTRAN routines. 

QUTPUT computes the cumulative and normalized dose values from the neutron 

and gamma spectra calculated in subroutine KERNEL. 

QUTPUT first prints the one-page summary output and then, depending on the 

QPRN and QPRG control flags, prints the detailed neutron and gamma outputs. 

If the areal density exceeds the maximum value of GMXX (currently 600 g/cm2), 

QUTPUT will abort printing dose values after printing a diagnostic message. 

3. SUBROUTINES FXTALT, FXTRAN, AND CONTOR 

These routines search for the point, or points, in the vicinity of a burst 

where, under user-specified constraints, certain dose values occur. 

FXTALT locates the range, if any, at which a given dose occurs at a fixed 

altitude. 

FXTRAN locates the altitudes, if any, at which a given dose occurs at a 

fixed range. 

CONTOR computes the points around a burst in 10-degree increments at which 

a given dose occurs. 

All three routines are executed as control card options. The control cards 

have the following format, where the asterisk is required to be in the first 

column while the remaining characters may appear anywhere on the card: 
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*ALTITUDE a Alt [Mode, Dose) 

*RANGE = Range [Mode, Dose) 

*CONTOUR * [Mode, Dose) 

where 

Alt is the receiver altitude constraint 

Range is the receiver range constraint 

Mode is the dose code from table X 

Dose is the dose value constraint 

Table X 

DOSE MODES 

Mode Dose selected 

1 Neutron fluence (n/cm2) 

2 Gamma fluence (photons/cm2) 

3 Neutron tissue dose (rads) 

4 Gamma tissue dose (rads) 

5 Neutron plus gamma tissue dose (rads) 

6 Neutron silicon dose (rads) 

7 Gamma silicon dose (rads) 

8 Neutron plus gamma silicon dose (rads) 

9 1-MeV silicon equivalent neutron fluence (n/cm2) 

10 Peak prompt gamma dose rate (rads(Si)/second)* 

11 Peak prompt gamma dose rate (Roentgens/second)* 

12 Neutron midline tissue dose (rads) 

13 Gamma midline tissue dose (rads) 

14 Neutron plus gamma midline tissue dose (rads) 

* 

Requires prior use of *GAMMA DOT control card option. 
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On being called, both FXALT and FXTRAN scan the control card for the charac 

ter after which the altitude or range constraint is read by a call to the 

VALUE routine. The routines then scan the control card for the character 

get the mode number by a second call to VALUE, scan for the character and 

get the dose by a third call to VALUE. 

Subroutine CONTOR similarly scans the control card looking for the mode 

and dose value. 

Once the necessary parameters have been acquired from the calling control 

card, the dose value is located through application of the regula falsi itera¬ 

tion algorithm described in reference 33. This technique is used for inverse 

evaluation of an arbitrary function to obtain the argument for which the 

function has a particular value. The function is evaluated for two arbitrary 

arguments and inverse-interpolation is performed to obtain a new argument for 

which the function more nearly approximates the desired value. The above 

calculation is repeated, using the new result and one of the previous values, 

to obtain a better result, and the process is repeated again and again until 

the desired result is obtained to a sufficient degree of accuracy. For example 

if one wishes to calculate the argument, x0, for which the function F(x) takes 

on value Z, the function is evaluated at arbitrary arguments xj and x2, and a 

better approximation for xo is calculated by 

x„* = X! + (x2 - Xi) (Z - F^n/iFixa) - F(x,)) (22) 

The value obtained for x0* is then substituted for either xi or x2, 

depending on which value is the poorer estimation of the solution, and equation 

(22) is re-solved for a new value of x0*. This process is repeated again and 

again until the process has converged to a value of x0* for which the corres¬ 

ponding function, F(xo*) approximates the value Z to the required degree of 

accuracy. 

The routine in SMAUG wnich corresponds to the function, F(x), is DXMOD,'* 

which calculates the dose corresponding to the current receiver position, 

according to the current value of MODE, and returns the result in the variable, 

DRX. 
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A trivial variation of the above outlined iteration technique is used by 

FXTALT, FXTRAN, and CONTCR, In which the logarithm is taken of the slant range 

and the dose, and iteration is performed for the logarithm of the distance. 

T 1S is done to increase the speed of the Iteration process, and is based on the 

observation that, over short distances, a log-log plot of dose as a function of 
distance is nearly linear. 

The initial slant range tried for these routines Is selected according to 

the following empiric rules; (1) the slant range must not be less than the 

minimum slant range Implied by the range or altitude constraints; (2) the slant 

range should correspond to an areal density of approximately 10g/cm!; (3) the 

slant range should not exceed 1000 meters. If AR and AH are the minimum slant 

ranges imposed by the range or altitude constraints, and 1f R,„ is the slant 

range corresponding to an areal density of 10 g/cm!, then the first slant range 
tried by the FXTALT routine is 

R1 = max(AH, min(R10,1000)) meters 

The first slant range tried by the FXTRAN routine is 

R1 - max(AR, min(Rj0,1000)) meters 

The first slant range tried by the C0NT0R routine is 

(23) 

(24) 

R1 = roin(Rio,1000) meters (25) 

C0NT0R performs calculations for receiver points in 10-degree Increments 

around the burst point. For the first calculation the receiver point 1s 

assumed to be directly above the burst point. 

FXTRAN problems generally have two solutions, one for the receiver at an 

altitude above the burst altitude, and one for the receiver at an altitude 

below the burst altitude. For the first calculation, the receiver Is assumed 
to be at the higher altitude. 

For all three routines, increasing slant ranges are tried until a slant 

range is found which corresponds to a dose value which is less than the desired 

dose. At this point in the calculation the desired slant range is between the 

most recent slant range tried and Its inrodiate predecessor. When this occurs 
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the desired slant range is located by application of the regula falsj algorithm, 

iterating until the natural logarithm of the dose differs from the logarithm of 

the desired dose by less than one part in 256 (a relative error of approximately 

0.4 percent), or until a maximum of 64 iterations have been performed. 

Once the desired receiver point has been located, FXTALT and FXTRAN call the 

OUTPUT routine to print the results. After the call to OUTPUT, FXTALT returns 

control to the calling routine, CONTRI. Because of the bi-valued solution 

implied in the fixed range constraint, FXTRAN repeats the iterative calculations 

for the lower receiver altitude, providing that altitude is above sea level, and 

makes a second call to OUTPUT before returning to CONTRI.. 

Subroutine C0NT0R prints the results for the receiver point directly above 

the burst and then repeats the iterative calculation for a receiver point whose 

angular position, relative to the burst point, is 10 degrees lower than the 

previous point. For each point, after the first, the starting slant range is 

the previous slant range computed by the iteration algorithm. In this way, 

successive receiver points are located at the expense of only one or two itera¬ 

tions. 

4. SUBROUTINE DXMOD 

This routine computes the dose according to the current value of MODE for 

the current receiver position and returns the result in DRX, where both MODE 

and DRX are contained in the blank COMMON block. The 14 dose modes and their 

dose interpretation are given in table X. 

DXMOD calls the KERNEL routine to evaluate the neutron and gamma receiver 

spectra, and then applies the appropriate dose conversion factors to compute 

DRX. DXMOD returns with DRX set to zero if MODE is outside the range of 1 

to 14. 

5. SUBROUTINE KERNEL 

This routine computes the neutron spectrum, the prompt gamma spectrum, the 

secondary gamma spectrum, and the combined prompt and secondary gamma spectrum 

for a source-receiver combination in which the burst yield, the neutron source 

spectrum, the prompt gamma source spectrum, the slant range, and the areal 

density are given. 

Upon being called, KERNEL clears the neutron and the gamma receiver spectra 

to zero, computes a scaling factor, SCRR, which accounts for the burst yield and 
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for the spherical divergence of the sources, and loads the six-word vector, RXG, 

with functions of the areal density corresponding to the terms of the trans¬ 

mission function. If X is the areal density in g/cm2, the six terms of RXG are 

RXG(l) = SLR (slant range; this word is not used in calculation of 
the transmission function) 

RXG(2) = X 

RXG(3) = X2 

RXG(4) = X3/2 

RXG(5) = X1/2 

RXG(6) = X1/3 

Since the above terms are used repeatedly in calculation of the transmission 

functions implicit in a single call to KERNEL, precalculation of the terms 

results in a significant saving in computer time. 

If the areal density, GMGM2, is less than the extrapolation point, GMXG, 

the prompt gammas in each of the 18 gamma receiver bands resulting from gammas 

in each of the 10 gamma source bands are computed by the following 10 lines of 

FORTRAN coding: 

DO 7 K=1,10 
IF (SORG(K)) 7,7,4 

4 JM=NCGG(K) 
DO 6 J=1 ,JM 
SUM=C0NGG(1 ,J,K) 
DO 5 1=2,6 
IF (C0NGG(I,J,K)) 5,6,5 

5 SUM=SUM+RXG(I)*C0NGG( 1,0,K) 
6 FLUXGG(J)=FLUXGG(J)+SORG(K)*SCRR*EXP(SUM) 

7 CONTINUE 

where 

SORG(K) is the Kth prompt gamma source term 

JM is the number of transmission functions associated with the 
Kth source term 

C0NGG(I,J,K) is the three-dimensional array containing the coefficients 
for the prompt gamma transmission functions 

FLUXGG(J) is the Jth prompt gamma receiver band 

Two things should be noted in the above coding. First, the simple coding 

that results through the use of the vector, RXG, rather than explicit coding of 
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the powers of the areal density. Second, the prompt gamma fluence is accumu¬ 

lated in the array, FLUXGG(J), thus making the initial zeroing of this array 

essential. 

The neutron and neutron-induced secondary gamma fluence calculations are 

performed in similar ways, with both calculations nested in a single DO-loop 

over each of the nine neutron source terms. 

If the areal density, GMCM2, is greater than the gamma extrapolation point, 

GMXG, the gamma fluence in each of the 18 gamma receiver bands resulting from 

gammas in the 10 source bands is performed by linear extrapolation by the 

following eight lines of FORTRAN coding: 

15 DX-GMCM2-GMXG 
DO 18 1(=1,10 
IF (SORG(K)) 18,18,16 

16 JM=NCGG(K) 
DO 17 J=1 ,JM 
SUM= FUNGG(J,K)+DX*DFXGG(J,K) 

17 FL UXGG(J)=FLUXGG(J)+S0RG(K)*SCRR*EXP(SUM) 
18 CONTINUE 

where 

FUNGG(J,K) is the value of the transmission function for source 
band K and receiver band J, evaluated at GMXG g/cm2 

DFXGG(J,K) is the value of the first derivative of the transmission 
function for source band K and receiver band J, evaluated 
at GMXG g/cm2 

The neutron and secondary gamma calculations involving extrapolation are 

performed in similar ways, with both calculations nested in a single DO-loop. 

6. SUBROUTINE SMERT 

This routine calculates the direct and the scattered peak gamma dose rates, 

based on information supplied by the user through the *GAMMA DOT control card 

described in reference 3. 

The calculations are carried out using two dose units, Roentgens per second 

and rads(silicon) per second. The Roentgen dose rate information is returned 

in the four-wood array, DOTR; the rads(Si) dose rate is returned in the four- 

word array, DOTS. The contents of each of the words in the arrays is described 

on the following page. 

Direct peak dose rates are computed by simple exponential attenuation, 

using eguation (13) of tnis report. 
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Roentqens/sec Rads(S1)/sec 

D0TR(1) DOTS(1) 

DOTR(2) DOTS(2) 

DOTR(3) D0TS(3) 

D0TR(4) DOTS(4) 

Contents 

Direct peak dose rate 

Scattered peak dose 
rate 

Total peak dose rate 

Percent of total peak 
dose rate from scat¬ 
tered 

Scattered peak dose rates are computed by means of a series of transmission 

functions fit to scattered (Roentgens/second and rads(Si)/second) data generated 

by Monte Carlo calculations. The results of the scattered calculations are 

then scaled by application of equation (14) and the results combined in the 

four-word arrays. 

7. SUBROUTINE CONTRI 

This routine scans input card images previously read into the 80-character 

array, KARD, for control card statements and sets and clears flags or calls 

other routines, based on such cards. 

SMAUG control cards contain an asterisk in column one, followed by a 

succession of characters with or without intermixed blank characters. The 24 

control cards recognized by SMAUG are listed in table XI. The use and effects 

of these control cards is described in reference 3. 

CONTRI is called with a single argument, KON, which is used to return to 

the calling routine the result of CONTRL's analysis. Table IX contains the 

interpretation of each of the nine values of KON returned by CONTRI. 

Control card scanning is commenced by checking for the mandatory asterisk 

in column 1; if one is not present, the card cannot be a control card and 

CONTRI returns with KON set equal to 1. 

If an asterisk is found in column 1 of the card, CONTRI tentatively assumes 

that the card contains a control phrase and attempts to match the card contents, 

character by character, ignoring blanks, with the characters of the 24 control 

phrases. If a match is rot found, CONTRI returns with KON set to 9, causing 

SMAUG to ignore the unrecognizable card and its contents. 
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Table XI 

SMAUG CONTROL CARDS** 

♦ALTITUDE« 
♦CALL EXEC 
♦CONTOUR( 
♦DITTO 
♦DO NOT LIST 
♦DO NOT PRINT Gamma 
♦DO NOT PRINT Neutron 
♦GAMMA DOT ( 
♦GO 
♦LAST 
♦LIST 
♦LOAD ( 
♦PRINT All 
♦PRINT Gamma 
♦PRINT Neutron 
♦PRINT Summary only 
♦RANGE« 
♦READ 
♦SAVE ( 
♦STOP 
♦UNIT« 
♦UNITS« 
♦USE Fission spectrum 
♦USE TN spectrum 

♦♦Lower-case letters are nulls and are 
not required as part of the control card. 

If a match is made with ? control card phrase and the phrase is one of the 

first seven scanned for which no action on CONTRL's part is required, CONTRL 

returns with KON set to the phrase number plus one (i.e., KON is in the range 

of 2 through 8, inclusive). If the match is with a phrase after the first 

seven, CONTRL executes a 17-way GO TO statement and branches to individual 

processing of the control cards, which may involve the setting of or clearing 

of logical flags, or which may cause CONTRL to call other routines such as 

FXTALT, FXTRAN, or CONTOR. In all cases, CONTRL returns with KON set at 9. 

One control card, CALL EXEC, deserves special mention. This card causes 

the CONTRL routine to execute a call to subroutine EXEC, a dummy routine 

provided to enable the user to write his own specialized routines. Since EXEC 

is called from CONTRL, the subroutine return linkage is normally from EXEC to 

CONTRL to SMAUG's main program, which is the only routine that calls CONTRL. 

If, however, the user-supplied EXEC routine should call CONTRL, the return 
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linkage would be destroyed, causing an endless loop in which EXEC would return 

to CONTRI, which would return to EXEC, which would return to CONTRE, .... 

To prevent such a disaster, CONTRI sets a flag, QEXC, on calling EXEC, and 

clears the flag after EXEC returns. Each time CONTRE is called, it sets another 

flag, QTRAP, to the logical value of QEXC. Thus, if CONTRE is called directly 

or indirectly while EXEC is in control, QTRAP will be set to a logical value, 

TRUE. QTRAP is tested each time EXEC returns to CONTRE; if QTRAP is TRUE, an 

endless loop has been detected and CONTRE aborts with the following message: 

"RECURSIVE CALL TO SUBROUTINE CONTROL BY SUBROUTINE EXEC TRAPPED. 

BECAUSE OF THIS CALL, SUBROUTINE CONTROL CANNOT RETURN PROPERLY 

TO THE MAIN PROGRAM WITHOUT BECOMING CAUGHT IN AN ENDLESS LOOP. 

FURTHER COMPUTATION IS ABORTED AT THIS POINT." 

8. FUNCTION CUBRT 

CUBRT is a general purpose cube-root function which accepts positive or 

negative arguments. 

The cube root of the argument, X, is approximated by 

(26) y = exp (£n|X|/3) 

Although exact mathematically, equation (26) is only approximate when 

executed on a digital computer as a result of the compounding of the approxima¬ 

tions involved in the exponential and natural logarithm calculations. However, 

equation (26) results in an excellent first approximation and one Newton-Raphson 

iteration suffices to compute the magnitude of the cube root. 

= 1/3 Í2y + (27) 

CUBRT returns with the sign of the argument attached to the result of 

equation (27). 

Function CUBRT is an essential part of SMAUG since each transmission 

function calculation involves the cube root of the areal density. 
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9. FUNCTIONS GMCMF, RHQF, AND 6INT 

These routines are used to compute the areal density, in g/cm , between the 

burst point and the receiver point. GMCMF is the function called to compute 

the areal density, RHQF is an ancillary routine called by GMCMF, and GINT is a 

general-purpose integration function called by GMCMF. Areal density is defined 

as the mass of air in a cylinder whose base area is 1 square centimeter which 

extends from the burst point to the receiver point, and is computed by integrat¬ 

ing the air density in the cylinder. The relative air density at any altitude 

is supplied by Function AIRDEN. 

Referring to figure 7, the areal density between a point at altitude Z1 and 

another point at altitude Z2, separated by ground range R, is calculated by 

the following call to the GMCMF function: 

GMCM2 = GMCMF(R,Z1,Z2) 

Upon being called, GMCMF computes DZ as the difference between altitudes Z1 

and Z2, DR as the distance between the two points, and DZDR as the quotient of 

DZ and DR. DZDR is the derivative of altitude with respect to position along 

the line connecting the two points. Z1 is assumed to be the base altitude, and 

the integration is performed along the line connecting the point at Z1 with the 

point at Z2. Both Z1 and DZDR are supplied Function RHQF by means of the 

labeled COMMON block, RHQFDA. (Z1 is copied to ZB in the COMMON block.) 

2 

Figure 7. Calculation of Areal Density between Two Points 
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! 

! I 

Function RHQF accepts a single argument, S, and computes1the mass of air 

in a cylinder of base area 1 square centimeter and length 1 meter, where the 

cylinder is S meters from the point at altitude Z1 along the line connecting 

that point to the point at altitude Z2. ».Function RHQF consists of the following 

single executable FORTRAN statement: 

: * ! 

RHQF = 0.12250*AIRDEN(ZB+S*DZDR) 1 

‘ ! . ' 1 
! 

The constant, 0.12250, is the mass of air in a 1-meter cylinder at sea 

level, assuming a standard air density of 1.225 mg/cm3 from reference 34. 

AIRDEN computes the relative air density corresponding to the altitude (in 

meters) furnished as an argument, 1 

Function GMCMF integrates Function RHQF along the line connecting the two 

points by passing RHQF as an EXTERNAL argument to the general purpose integra¬ 

tion routine, GINT. The FORTRAN statement which does this is 1 

'GMCMF = GINT(RHQF,0.0,DR) 

Function GINT performs 1'2-point Gauss-Legendre quadrature of the function 

supplied as the first argument (in this case, RHQF) over the range specified 

by the second and third arguments. The integration is carried out by forming 

the weighted sum of the function evaluated at 12 points over the integration 

range, and is much more accurate than either Simpson's Rule or trapezoidal 

integration over 12 increments.(Ref. 35). During'the development of the SMAUG 

program, Gauss-Legendre quadrature using from 2 to 48 sample points for the 

computation of areal density was tested for a wide range of source and receiver 

altitude combinations. No significant improvement in accuracy was found when 

more than 12 sample points were used. 

For co-altitude cases, GMCMF computes the areal density by the following 

simple FORTRAN statement: . 

GMCMF = 0.1225*DR*AIRDEN(ZB) 

I 

I 



■MBMHHHMNHHBMI 

AFWL-TR-72-2 

10. FUNCTION AIRDEN 

Function AIRDEN accepts an altitude in meters above mean sea level and 

computes the relative air density at that altitude, based on equations and 

definitions of the standard atmosphere given in reference 34, the U.S. Standard 

Atmosphere, 1962. AIRDEN is valid for altitudes ranging from -5000 to +700,000 

meters. 

For altitudes between -5000 meters and sea level, AIRDEN uses the following 

cubic minimax polynomial expression which was fit by the author to tabular data 

in reference 39: 

(28) p/p0 = exp (co + CiZ + C2Z2 + CaZ3) 

where 

Z is the altitude in meters 

Co = 1.25885682E-06 

c, = -9.59950828E-05 

c2 = -1.06016969E-09 

c3 = -1.35266259E-14 

For altitudes above sea level, the relative air density is based on a 

computation of the air pressure, where the relative air density is related to 

the pressure by the following expression 

(29) 

where 

M0 is the standard molecular weight of the atmosphere 
(28.9644 kilograms per kilogram-mole) 

p is the sea level air density 
(1.2550 kilograms per cubic meter) 

R* is the gas constant 
(8.31432 joules per °K per kilogram-mole) 
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P is the air pressure in Newtons per square meter 

Tm is the molecular-scale temperature 

Table 1.4(e) of the U.S. Standard Atmosphere, 1962 lists 23 atmospheric- 

defining altitudes, and the molecular-scale temperature, the temperature 

gradient in degrees Kelvin per kilometer, the molecular weight, and the kinetic 

temperature for these altitudes. Other tables give the base pressure at these 

defining altitudes. 

Function AIRDEN contains these defining values in tabular form and computes 

pressure values for these and intermediate values through the use of equations 

I. 2.10(1), 1.2.10(2), 1.2.10(5), and 1.2.10(6) of reference 39. 

II. SUBROUTINES METRIC AND TIMUNT 

These routines scan an input card image to detect whether a suffix has 

been appended to a numeric value to show that the value read is in nonstandard 

or nonmetric units. If a suffix is found, the routines convert the value read 

to a standard or metric unit. For example, if the receiver range is punched 

as "123F", the "F" following the numeric value would cause subroutine METRIC 

to convert the range from 123 feet to the equivalent value of 37.49 meters. 

Subroutine METRIC scans for the following suffixes: "M\ "F", and "Y", 

which are used to indicate units of meters, feet, and yards, respectively. 

Nonmetric inputs are converted to meters. 

Subroutine TIMUNT scans for the following suffixes: "NS", "US", "MS", 

"S", or "SH" to indicate time values input in units of nanoseconds, microseconds, 

milliseconds, seconds, or shakes (ICT8 seconds). All time units are converted 

to seconds. 

12. SUBROUTINE VALUE 

Except for data read by the DATIO routine, all SMAUG input is read as 

card images in the 80-word array, KARD, using a format of 80A1 which puts one 

BCD character in each word. Numeric information in these card images is 

translated by subroutine VALUE under rules much more liberal than those imposed 

by FORTRAN for numeric input using the "E", "F", or "I" input specifications. 

Because number translation is done in VALUE rather than a FORTRAN-supplied 

system routine, SMAUG will not abort as a result of mispunched input data. 
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If the 80-word array, KARD, contains a card image, the following call to 

VALUE will put the floating numeric value in columns 11 through 20 in X: 

CALL VALUE (X,KARD(11),10) 

The first argument tells VALUE where to put the result of the translation. 

Tho second argument tells where to start the scan and the third argument tells 

how many consecutive columns are to be scanned. 

If the third argument is negative, VALUE returns an integer, otherwise 

VALUE returns a floating-point number. The following call to VALUE will put 

the integer value of the number in columns 1 through 5 in NSTAT: 

CALL VALUE (NSTAT,KARD(1),-5) 

The input rules for subroutine VALUE are 

a. A number is defined as a collvction of digits, with or without an 

embedded decimal point, preceded by an optional plus or minus sign and followed 

by an optional exponent. Leading blanks are ignored. Trailing blanks mark 

the end of the number. 

b. Integer or floating-point conversion is set by the mode of the call 

to VALUE rather than by the form of the number. Decimal points and exponent 

fields are permitted for integer inputs; floating-point numbers are permitted 

which do not have decimal points. 

c. If a plus or a minus sign follows digits in the numeric field, these 

signs are applied to the exponent of the number and mark the beginning of the 

exponent field. 

d. Nonnumeric information in the numeric field stops the assembly of the 

number. If no number has been assembled at that point, a zero value is returned. 

e. A single blank space is permitted in lieu of a plus sign following an 

"E" exponent indicator to conform with FORTRAN practice (e.g., "1.234E 05" or 

"1.234E 5" is treated as "1.234E+5"). 

Reference 3 contains a number of examples of inputs and the corresponding 

translation by VALUE. 
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detailed description of the VALUE routine Itself Is not appropriate here- 

rsons interested in the coding should study the well-consented FORTRAN source’ 

program. In general. VALUE scans the card image column by column, searching 

or certain characters by attempting to find matches between the characters 

those contained in the card Image. Numeric fields are assembled by 

comparing the characters in the card Image array. KARO, with the digits (i.e., 

. . . 3, 4. 5, 6, 7, 8. and 9) stored as BCD characters in the 10-word 

integer array. DIGIT. The following FORTRAN coding example demonstrates how 

number. N. is compiled from columns KB through KM in the array KARO: 

4 N = 0 
DO 6 K=KB,KM 
DO 5 0=1,10 

5 ÄReD(KK“T(J» G0 T0 6 
GO TO 7 

6 N = 10*N+J-1 
7 CONTINUE 

Note that If the 00 loop on statement 5 falls to find a match between the 

c aracter In KARD(K) and the characters in the BCD digit array. DIGIT, further 

tTscan“ a"d COntr0, fS tra"Sferred t0 Statement 7 the results of 

13. SUBROUTINE DIAGNO 

the range oTÍT ^ ^ w1t* a" inte5^ argument in 

<.»z ::.: -- - - - - 

2. 

3. 

a.S'ÄM.BSgl.is ■= 
0TESEIR^LR0LNfESUTPUT IS 0FFERED AS AN TO THE 

B^0ND00SMGERErSBVVA^irVE C0NTR0L CARD LIES 

DESIREOLPrÓbLEMBTPUT IS 0FFERE0 AS AN ^»XINATION TO THE 
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14. SUBROUTINE PAGE 

PAGE U a Utimy roatlne which nUmhers ahd captlohs each p.9e of 

output and limits the humher of prlhted Unes oh each pace • 

PAGE is controlled by a single arguant. N. If N Is aero. PAGE checks 

- - - m 
simp;, , N, i ---n1“::::; 

to mean that N lines of output have een p necessary, 

„„e limit has been reached or exceeded, and skips to a P 

15. SUBROUTINE DATIO , . . . 
U nahiiitV of saving all information, loaded in labele 

SMAUG contains the capabil ty of g a 

COMMON blocks by BLOCK DATA routines on a s lee ed tap b,ocks 
, »«ívr» as well as the capability of loading the laoeitu 

card, SAV , . d ''*LOAD". Both these operations are 
from a tape unit by another control card, 

performed in the DATIO subroutine. 

The argument for DATIO determines If the' 

eluted. If tbe neg ^ unit (currently 

TapHn if the argument is positive and nontero. a ‘LOAD is executed. 

nATIO scans the control card for the unit number 
For nonzero arguments, DATIO scans the ^ imH number5 

to be used, compares the unit number with a ist o P Mtch 

stored in the 10-word array L10 (currently limited to unit 1) 

is found-proceeds to save or load the blocks. 

"Tf r^cMs found during a -ad operation^DATIO generates a 

diagnostic message and that'the ,abc,ed COMMON 

«hen SMAUG starts execution, it checks to y ^ ^ 

blocks have been loaded by the BLOCK DATA ™ argument which 

blocks are not loaded, it makes a call to ^ ° * ldad tbe blocks 

causes DATIO to generate a comment message and to attempt 

from tape unit 1. 
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16. SUBROUTINE EXEC 

Subroutine EXEC is supplied as a dummy routine which may be expanded by 

the user to provide special computational capability in SMAUG. 

Subroutine EXEC is called from subroutine CONTRE as a result of the 

♦CALL EXEC control card. 

Subroutine EXEC has access to all SMAUG routines; hov.ever, if EXEC calls 

the CONTRE routine, a flag will be set in CONTRE to prevent endless looping 

in the event EXEC attempts to execute a normal RETURN statement. If EXEC does 

call CONTRE, then EXEC should provide for terminating SMAUG. 

17. THE BLOCK DATA ROUTINES 

SMAUG contains nine separate BLOCK DATA routines which preload the 

labeled COMMON blocks with constants essential to the SMAUG calculations. 

Nine such routines were used instead of a single routine because it was found 

that the use of multiple BLOCK DATA routines resulted in a substantial reduction 

in the memory required to compile these routines by the RUN compiler on the 

AFWL CDC-6600 computer. The use of multiple BLOCK DATA routines does not 

appear to be prohibited by ANSI and-in fact-is implied by the wording of 

paragraph 8.5 of reference 1. 

In those cases where it is not possible or practical to use BLOCK DATA, 

SMAUG can be run using DATIO to load the COMMON blocks automatically from tape 

unit 1. 

Implicit equivalencing, which takes advantage of the fixed order of 

variable assignments in labeled COMMON blocks, has been done in the BLOCK DATA 

routines to permit the loading of multidimensioned arrays as a series of singly 

dimensioned equivalent arrays. 
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SFCTION IV 

INPUT DATA STRUCTURE 

The input data requirements for SMAUG have been made as simple as possible 

for the user, even though this means that the Interna! coding In the program is 

made more complex. To ensure simplicity, an extensive set of control car 

options has been provided which permit the user to use Internally store 

“nominal" sources, to re-use previously defined sources, to execute iterative 

contouring calculations, or to print or suppress certain portons of the 

printed output. All user-supplied numerical information is translated by 

VALUE routine which greatly relaxes the usual numeric Input requirements 

associated with FORTRAN. 

This section is not a full description of the input data requirements and 

capabilities of the SMAUG code; for that information the reader is referre o 

the SMAUG User's Guide (Ref. 3). A summary of the input data requirements and 

an example of an actual problem deck and its results follow. 

Each SMAUG input data deck consists of one or more separate job decks. 

Each job deck consists of a set of punched cards of which the first 

card is a job title card and the last card is a *LAST control card unless the 

job deck is the last one in the input data deck, in which case the last car 

is a *ST0P control card. 

Following the job title card, SMAUG expects the user to define the 

neutron source spectrum and the gamma source spectrum, in that order, throug 

the use of the "READ, "USEFI, *USETN, or the "DITTO control cards. 

Once the source spectra are defined, SMAUG expects the burst yield and 

burst altitude to be specified. The burst yield must be given in kilotons, 

the burst altitude is expected in meters, although a trailing F, Y, or may 

be used to specify units of feet, yards, or meters at the user's option. 

Following the burst yield and altitude specification, any number of 

receiver range-altitude cards may appear before a "LAST control card. The 

ground range is punched in the first 10 columns, the receiver altitude is 

punched in the second 10 columns. A trailing F, Y, or M may be used at the 
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user's option to indicate inputs in feet, yards, or meters; otherwise, input 

is assumed to be in meters. An S punched in the first column of a range-altitude 

card will indicate that the value is slant range rather than ground range. 

*ALTITUDE, *RANGE, and *C0NT0UR control cards may be freely intermixed 

with range-altitude cards in this portion of the job deck. 

All control cards except *READ, *USEFI, *USETN, *DITT0, *LIST, *N0 LIST, 

and *G0 may appear in this portion of the deck. The appearance of a *LAST or 

*ST0P marks the end of the job deck. 

The SMAUG control cards are listed in table XI. The use of the control 

cards is fully described in reference 3. 

Figure 8 is an input deck for a typical SMAUG problem. The output result¬ 

ing from this input deck is shown in figure 9. 

KADATH TEST SITE DETONATION 37-KT AT 215 METERS. (UNCLASSIFIED) 
♦READ (NEUTRON SOURCE SPECTRUM). 
1.466+23 1.188+23 8.088+22 4.918+22 2.308+22 7.622+21 5.977+21 1.012+22 
2.759+22 
♦READ (GAMMA SOURCE SPECTRUM). 
2.085+21 3.540+21 4.044+21 2.907+21 3.146+21 1.815+21 1.651+21 7.326+20 
8.118+19 9.742+18 
37KT 215METERS 
2000M 500M 
♦PRINT SUMMARY ONLY. 
♦ALTITUDE=500M(5,1000) 
♦CONTOUR(5,3000) 
♦STOP 

Figure 8. Input Data Deck for a Typical SMAUG Problem 

The first card of this deck contains the title "KADATH TEST SITE . . 

The title is used to caption the SMAUG printed output. SMAUG checks the title 

card for the presence of "*LAST" or "*ST0P" in the first five columns; if 

either are found, SMAUG stops. Similarly, a blank title card will also cause 

SMAUG to stop. Otherwise, the contents of the card are ignored by SMAUG. 

The next card is a *READ control card which causes SMAUG to read the neutron 

source spectrum from the next two cards. The source spectrum is read in terms 

of neutrons per kiloton with the nine neutron source terms read in order of 

ascending energy in fields of 10 columns each. The neutron source energy 

bands are given in table I. 
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The next card after the two neutron spectrum cards is another *READ control 

card which, because of its position in the input deck, causes SMAUG to read the 

gamma source spectrum from the next two cards. Like the neutron spectrum, the 

gamma source spectrum is read in units of prompt photons per kiloton in order of 

ascending energy. The 10 gamma source energy bands are given in table III. 

Following the gamma source terms, the next card tells SMAUG that the source 

is a 37-kiloton detonation at an altitude of 215 meters above mean sea level. 

The "KT" following the yield is ignored by SMAUG, but the "M" following the 

burst altitude confirms that the input is in meters rather than yards or feet. 

As the above information is read, SMAUG prints the card input together with 

comnentary. The output for this example is given in figure 9. At this point 

SMAUG has all necessary source information and is ready to accept and process 

receiver range-altitude cards. 

The next card specifies a receiver point at a ground range of 2000 meters 

and altitude 500 meters. The resulting SMAUG printout is shown on pages 57, 

58, and 59. Page 57 is the summary page, page 58 is the detailed gamma output 

page, and page 59 is the detailed neutron output page. 

The next card, *PRINT SUMMARY ONLY, is a SMAUG control card which limits 

further output to the summary page only. 

The next card fixes the receiver altitude at an altitude of 500 meters and 

requests that SMAUG locate the ground range at which the mode 5 dose is 1000 

rads. The dose modes are listed in table X. Mode 5 specifies neutron plus 

gamma tissue dose. Once the range is located, SMAUG acts just as if an ordinary 

receiver point card were read and prints the results of the calculation. 

Because in this example the *PRINT SUMMARY ONLY control card was used, only the 

summary page was printed. Page 60 is the resulting summary page. 

The next card asks SMAUG to locate the isodose contours around the burst 

where the neutron plus gamma tissue dose (mode 5) is 3000 rads. The resulting 

contour printout is shown on page 61. SMAUG first locates the point directly 

overhead where the dose value is found, prints the results, and then proceeds 

in 10-degree increments around the burst point until either the point directly 

below the burst point has been calculated or until the next point would be below 

sea level. 

The last card in this example, *ST0P, terminates the input data set for this 

example and causes SMAUG to stop. 
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SECTION V 

GENERAL REMARKS AND CONCLUSION 

Early in the development work that eventually led to the writing of SMAUG, 

the following informal goals were set out for such a prompt radiation environ¬ 

ment predicting computer code: 

1. The code must produce reasonably accurate results consistent with the 

accuracies needed for analysis of the hazards of nuclear warfare. 

2. The input data reguirements must be simple and yet flexible so that 

input data can be prepared with a minimum of effort on the part of the user. 

Further, the user must never be reguired to rewrite portions of the code itself 

to produce a routine solution. 

3. The printed output must be readable by a person unfamiliar with the 

inner workings of the code and must not consist of long lists of uncaptioned 

tables which have to be further processed by the user to obtain the results 

he needs. In addition, the user should be able to select or suppress detailed 

output as he desires. 

4. The code must be fast and produce a solution in only a few seconds of 

computer time. The code must not, therefore, produce the solution by making 

a Monte Carlo or discrete ordinates calculation for each problem. Similarly, 

in the interests of speed and convenience, the code should not be encumbered 

with input data tapes. 

5. The code must be machine-independent in that it can be run on any 

scientific computer and produce the same answers. This means that the code 

must not use instructions peculiar to one series of computers nor depend on 

the word size of the computer. As a further consequence of this requirement, 

the code must not contain any machine-language coding. 

6. The code itself must be entirely unclassified, although, depending on 

the input data used, the problems and the answers obtained may sometimes be 

classified. This requirement is essential to permit the development, exchange, 

evaluation, and discussion of the code openly, free of unnecessary security 

encumbrances. 
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These goals have been satisfactorily met by the SMAUG code. 

At this point it would be very desirable to quote some accuracy figure for 

the results produced by SMAUG. Unfortunately, such information is simply not 

available nor would it have much meaning in any case since there exists no 

absolutely known standard with which SMAUG can be compared. All that can be 

said is that SMAUG does reproduce the data base given in ORNl-4464 (Ref. 8) 

within 1 or 2 percent over the range spanned by the data base for constant 

density co-altitude problems. Thus, the first question to be resolved is not 

the accuracy of SMAUG, but that of the accuracy of the data base. Straker has 

compared a number of such data bases in reference 36 and shows that although 

there has been much progress in radiation transport since the mid 1940s, trans 

port calculations made by different techniques and using different cross- 

section sets are still not in as good agreement as one would like. 

The second question that must be answered is that of the validity of using 

mass integral scaling of data obtained in infinite, homogeneous air to non- 

co-altitude situations in exponential air. Certainly, such scaling cannot be 

accurate for problems in which either the source or the receiver is near the 

top of the atmosphere, for under such circumstances a significant amount of 

radiation must be leaking out of the atmosphere to reduce the dose level seen 

at the receiver. For more reasonable cases the same problem must exist— 

although to a lesser degree. This question deserves much more investigation. 

A look at the current state of the art of air transport calculations can 

be obtained from the recently published proceedings of the Radiation Transport 

in Air Seminar held at Oak Ridge in November 1971, in wh’ch a number of computer 

codes, including SMAUG, are described (Ref. 37). 
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APPENDIX I 

NEUTRON TRANSMISSION FUNCTION COEFFICIENTS 
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