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1020, 1360, and 1700 meters) were chosen for obtaining the flux on the 
coupling surface. 
"battlefield condition" vehicle configuration of the M60A1 was 
investigated in this study. In the "battlefield condition," the turret 
is oriented with the gun in the forward position with the ha 
and with a full complement of ammunition and fuel. Four veh 
orientations relative to the weapon detonation (front facing, left side 
facing, right side facing, and rear facing) were investigated. Four 
detector locations were chosen for calculation of the dose inside the 
M6OAI .  These corresponded to the mid-head position for the co 
loader, gunner, and driver of the M60A1. The crew members were each 
represented by a four body description consisting of a head, torso, 
thighs, and legs. The Snyder-Auxier neutron tissue dose and Claiborne- 
Trubey gamma tissue dose response functions ere utilized to obtain the 
dose at these locations. 

The radiation shielding characteristics for the 

The adjoint Monte Carlo calculations for the commander, loader, and 
gunner detector positions, generated and tracked 100,000 primary source 
particles sampled over the energy range o f  interest. 
detector position required 200,000 primary source particles to obtain 
statistical convergence responses similar to the other three crew member 
locations. An energy dependent relative importance factor was utilized 
over the energy range to increase the frequency o f  sampling the adjoint 
source particle from energy groups which have a significant effect on 
the dose response function. The secondary particle production 
probability was set to unity for all regions and energy groups in the 
Monte Carlo calculations, and the in-group energy biasing option was 
switched on. Only one region dependent and energy independent set of 
splitting and Russian Roulette parameters was utilized in the 
calculations. 
nominally 90 to 95 escaping particles for each 100 source particles 
generated. 
dose response at the detector location, maximizing the number of 
leakages per source particle (without biasing the "true" adjoint leakage 
spectrum) is of prime importance in obtaining adequate statistical 
convergence in an efficient manner, 
Roulette parameters on a geometry model as compl icated as an armored 
vehicle i s  virtually impossible. 
improving statistics is to increase the total number of source particles 
generated and tracked, or simp1 ifying the geometry model. 

The driver 

The results of the above parameter setup allowed 

Since the adjoint leakage file is utilized to obtain the 

Optimizing splitting and Russian 

The only reasonable alternatives for 

The VCS and MASH neutron protection factor (NPF) results show a factor 
o f  1.3 for the commander, 1.8 to 1.9 for the gunner, 1.6 to 1.7 for the 
loader, and approximately a factor of three for the driver (3.5 for VCS, 
and 2.8 for MASH) .  
elevation in the vehicle indicates a large fraction of the dose enters 
from the top o f  the vehicle. 
ranged from approximately 3 to 36 for the VCS calculations and 3 to 32 
for the MASH calculations, depending on crew member location, vehicle 
orientation, and source/vehicle ground range. Neutron protection factor 
changes versus vehicle range relative to point o f  burst are negligible, 
whereas variation of the vehicle orientation relative to the source can 

The decrease in the NPF a s  a function o f  crew 

The gamma protection factor (GPF) results 
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The purpose was to establish a version of VCS which is generally 
acceptable to the user community, and place this version under 
responsible custody on the DNA computing network for use on the @RAY 
computer system at 10s Alamos National Laboratory (LANL).  This final 
version o f  VCS was renamed MASH (to mitigate confusion with the various 
versions of VCS) and given a version number, i.e. MASH 1.0, for 
referencing purposes. 

MASH is currently being appraised as the "code-of-choice" to replace 
VCS. However, before it can be adopted, t h e  code system must first be 
verified and validated through comparisons with experimental data and 
with previously calculated results using VCS. 
primary objectives of the ORNL MASH Verification and Validation Subtask 
o f  the DNA Radiation Environments Program (REP). 

This effort is one of the 

1.3 Background 

The detonation o f  a nuclear weapon results in the release of energy in 
the form of blast, thermal radiation, and nuclear radiation. Usually, 
for large yield air bursts, blast damage is the dominant hazard t o  
combat vehicles. However, scenarios can be identified in which the 
detonation o f  improved nuclear weapons, L e .  lower yield (400 kt) 
tactical weapons, require tactical changes by the military commander to 
counter an increased nuclear radiation threat. In order for a military 
commander to deploy his armor o r  defend against enemy armor, he must 
have knowledge of the protection afforded his crews against the nuclear 
weapon radiation. 

1.4 Initial Radiation Environment 

Radiations from a nuclear weapon can be time-segmented for the purpose 
of shielding analyses. Initial radiations are conservatively defined as 
those occurring within one minute of burst. All subsequent nuclear 
emissions are called residual radiations. The significant constituents 
o f  initial nuclear radiation in the free field are prompt neutrons and 
secondary gamma rays resulting from neutron interactions with the nuclei 
o f  the air and ground. 
radiation generated during a weapon burst is assumed t o  be negligible 
for the purposes of this work5 

The contribution from prompt (fission) gamma 

The radiation source used in this study (and in the previous BRL study2) 
i s  an unclassified 1 kt boosted fission nuclear weapon detonated a t  a 
hei ht of 100 meters above the ground. The neutron yield is 3.102 x 

and shown graphically in Figure 1. 
fission gamma rays is generally negligible and therefore was ignored. 

10 2 9  n/kt .  The emitted neutron source spectrum is presented in Table 1, 
Dose to shielded systems from prompt 

- 2 -  
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Total Neutron Yield = 3.102 x I O z 3  n/ 

Figure 1. Boosted F i s s i o n  Weapon Neutron Source Spectrum 
Used i n  t h e  V C S  and MASH U. S .  M6QA1 Tank Analyses. 
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2.0 CALCULATIONAL PROCEDURES 

a t e  the neut 
t e c t i o n  f a c t o  

e t h e r  w i t h  t h  

finition o f  P r o t  on Factors 

n t i t i e s  t h a t  are i 
on 

a1 protection f a  e f ined  as follows: 

where : 

ons from the a 
t secondary 
&le by furt 
protect i on 

f i n e d  as:  
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where: 

N F F  = the free-field neutron dose 

N,, = the in-vehicle neutron dose 

and 

G, = the in-vehicle dose from gamma rays produced 
by neutron interactions with the vehicle 
(secondary gammas). 

The gamma protection factors (GPF) is defined as: 

where: 

GFF = the free-field dose from gamma rays produced 
by prompt fission and from neutron interactions 
with the air and ground. 

and 

GAG = the in-vehicle dose from gamma rays produced 
by prompt fission and from neutron interactions 
with the air and ground. 

The neutron protection Factor limits the incident radiation field to 
neutrons, scattered o r  unscattered, and secondary gamma radiation 
arising from (n,r) reactions with the vehicle. Similarly, the gamma 
protection factor consists o f  that incident radiation resulting from 
gamma rays produced by prompt fission and extra-vehicle (n,r) reactions 
(air and ground). The prompt (fission) gamma radiation from the source 
sometimes can be neglected relative t o  the ga ma radiation produced by 
(n,r) reactions in the air and grounde5 

Because detector systems are unable to discern the origin o f  the gamma 
rays (Le. source, air secondary gamma ray, vehicle secondary gamma ray, 
etc.) contributing to the in-vehicle dose, it is anticipated that the 
calculated reduction factors will be more easily compared with 
experimental measurements than the protection factors. 

The total reduction factor (TRF) is defined as follows: 

TRF = D,,/D,, 

- 6 -  
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where : 

D,, = the free-field total dose, 

and 

D,, = the in-vehicle t o t a l  dose. 

tion factor ( 
t. 

n reduction f fined as: 

N F F  = the f ree  se, 

ma reduction fac  

G R F  = GFF/G,v 

where : 

dose f rom 
and ground 

are 
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Table 2. Detector Response efinitions in DRC. 
-~ ____ ~ 

Detector Response Definition 

4 

1 Direct neutron - a neutron entering the vehicle and 
contributing a neutron dose. 

2 Capture gamma rays from vehicle - a gamma ray resulting from 
a neutron entering the vehicle and contributing a secondary 
gamma-ray dose. 

3 Capture gamma rays from ground - a gamma ray resulting from 
a neutron entering the ground without passing through the 
vehicle and generating a secondary gamma-ray dose from a 
ground interaction. 
upward-directed gamma rays that enter the vehicle. This 
generally is negligible.) 

(This dose i s  already included in the 

Direct gamma rays - a gamma ray entering the vehicle and 
contributing a gamma-ray dose. This  source o f  gamma rays 
includes both gamma rays originating from the source, and 
capture gamma rays from the air. 

5 Total gamma-ray dose - Sum o f  detectors 2, 3 ,  and 4 .  

6 Gamma-ray dose from gamma rays entering the vehicle (usually 
dominated by direct gamma rays - Sum o f  detectors 3 and 4 .  

7 Neutron and gamma-ray dose from neutrons incident on the 
vehicle - Sum o f  detectors 1 an 

- 8 -  
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2.2 Air-Over-Ground Environment 

The boosted fission nuclear weapon spectrum (Table 1) 
GRTUNCL and DORT codes to determine the air-over-groun 
which the flux on the coupling surface could be obtained. 
calculates the uncollided component of the f ux and DQRT calculates the 
scalar and directional fluxes of the collide component. A1 1 three 
components are processed through VISTA' t o  obtain t 
coupling surface to be folded in DRC. The air-ove 
this study utilized 140 radial intervals and 175 a 
flat topographical r-z model to represent a 2500-m by 2500-m air 
environment. One meter of ground was included in the calculations to 
model ground scattering. The source height was set at 100 meters above 
the air/ground interface at the center of the radial mesh (r=O.O). The 
air-over-ground model utilized a 240 direction forward biased 
quadrature, a P, Legendre expansion of the cross sections, the reference 
DNA Defense Applications Broad-group Library (DABL69) 69 group (46n/23r) 
cross-section and referenced air and ground materials uti1 ized 
in previous BRL calculations o f  armored vehicles.' The material 
compositions for the air and ground used in this analysis are given in 
Table 4. Utilizing these materials enables the ORNL analysts to 
directly compare the present air-over-ground environment results 
the results previously calculated with VCS. Six source/vehicle ground 
ranges were chosen in VISTA for obtaining the flux on the coupling 
surface. These ground ranges were 170, 340, 680, 1020, 1360, and 1700 
meters. 

as modeled in the 
envi ronment from 

GRTUNCL 

For documentation purposes, the input data streams (decks) for GIP, 
GRTUNCL, DORT, and VISTA are included in the appendices. This 
enable future versions o f  MASH to be "benchmarked" t o  the analysis 
reported in this document. 

2.3 Vehicle Geometry 

The radiation shielding characteristics for only one vehicle 
configuration of the M60A1 was investigated in this study. 
configuration, is referred to as the "battlefield condition." Schematic 
diagrams of the top, front, and side views o f  the M60 1 "battlefield 
condition" vehicle configuration are shown in Figure . Isometric views 
o f  the M60A1 "battlefield condition" configuration are shown in Figures 
3 and 4 ,  with Figure 4 detailing the crew locations, 
"battlefield condition," the turret is oriented with the gun in the 
forward position with the hatches closed and the vehicle 
complement o f  ammunition and fuel. Four vehicle orientations relative 
to the weapon detonation were investigated. 
"battlefield condition" and vehicle orientations are given in Table 

Phis 

For the 

The details of the 
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Table 4. Composition o f  Materials Used in t h e  VCS and MASH M60A1 Tank 
Neutron and Gamma Dose and Protection Factor Analyses. (continued) 

Material Composition (atoms/barn.crn) 

Fuel Ammunition Battery klheel s G1 ass 
Element Filler Tracks 

2 e 68-04 

Hydrogen 6.03-02’ 1.17-02 3 e 06-02 2.31-01 
Carbon 3.35-02 5.11-03 5.81-03 2.31-02 
Nitrogen 8.97-03 
Oxygen 1.06-02 
Sodi um 
Magnes i um 
A1 umi num 
S i 1  icon 
Argon 
Calcium 
Chromi um 
Manganese 
Iron 
Nickel 
Copper 
Molybdenum 
Tungsten-182 
Tungsten-183 
Tungsten-184 
Tungsten-186 
Lead 1.05-63 

2.35-02 
1.31-03 

8.99-03 

2 18-03 
3 95-04 
3.41 -04 
3 .Os-02 
3.35-04 

.92-05 

d9m/cm3) 7.69-01 6.10-01 1.23900 3.8O-t.00 

2-97-03 

2.25t00 

aRead as 6.03 x lo? 
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Table 5 .  Definitions o f  M6QA1 "Battlefield Condition" 
and Orientations Relative to the Source Used in the 

VCS and MASH Neutron and Gamma Dose and 
Protection Factor Analyses. 

Parameter Definition 

Battlefield 
Condition 

A11 Hatches Closed 
Gun Turret Forward 
Fuel Tanks Full 
Full Ammunition Stowage 

Vehi cl e 
Orientation 

R6 
RSO 
FO 
LSO 

Rear Side Facing Source 
Right Side Facing Source 
Front Side Facing Source 
L e f t  Side Facing Source 
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Modeling of the "battlefield condition" M60Al armored vehicle 
configuration was accomplished using a 301 body combinatorial geometry 

of the M60A1 used in this analysis is included in th 
Nuclear cross sections used in the calculations were obtained from the 
reference DNA DABL69 69-group (46n/237) c oss-section 1 ibrary' to 
generate the 13 materials shown in Table e These materials 
obtained from the original BRL study2 and were prepare 
elemental cross-section sets using the GIP module' in 
system, 
the adjoint MORSE analysis of the M60A1 ar ored vehicle, 

description with 303 regions. The GIFT geo 

A P, Legendre expansion o f  the cross sections was also used for 

Four detector locations were chosen for calculation of the dose 
the M60A1. 
the Commander, Loader, Gunner, and Driver o f  the M60A1. The crew 
members were each represented by a four body description consisting of a 
head, torso, thighs, and legs. 
comprised o f  the "personnel" material shown in Table 4 .  
comprised of air and the radiation dose was calculated at the center of 
the head. 
tissue at a particular point in air for each of the crew members. 
coordinates (relative to the GIFT geometry model) for these four 
detector locations are given in Table 7. 
tissue dose and Claiborne-Trubey gamma tissue dose response functions 
given in Table 8, and graphically illustrated in Figure 5 ,  were utilized 
in DRC to obtain the dose at these locations.. 
correspond to the ones used in the original BRL study,2 an 
from the old DNA DLC-31 37n-217 group library.'' 
the present analysis for comparison purposes. 

These detectors corresponded to the mid-head position for 

Except for  the head, these bodies were 

The resulting radiation levels are then the dose deposited in 

The head was 

The 

The Snyder-Auxier neutron 

These response functions 

They are included in 

2.4 Vehicle Calculation 

Statistical uncertainties less than +5% were desired for the DRC 
integral detector responses defined in Table 2. This would yield 
(require) uncertainties on the differential results t o  be within t.5% to 
+15% in the energy ranges which make a significant contribution to the 
integral results. To accomplish this level of convergence, the adjoint 
Monte Carlo (MORSE) calculations, for the Commander, Loa er, and Gunner 
detector positions, generated and tracked 100,000 primar 
particles (100 batches of 1000 particles) sampled over the 69 energy 
groups. 
particles (200 batches of 1000 particles) to obtain statistical 
convergence o f  the integral detector responses defined in Table 2 
similar to the other three crew member locations. An energy dependent 
relative importance factor was utilized over the 69 groups to increase 
the frequency of sampling the adjoint source particle from energy groups 
which have a significant effect on the dose response function. 
secondary particle production probability (GWLO) was set to 1.0 for all 
regions and energy groups in the Monte Carlo calculations, and the in- 
group energy biasing option in MORSE was switched on. 
dependent and energy independent set of splitting and Russian Roulette 

The Driver detector position required 200,000 primary source 

The 

Only one re 
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. 

e VCS and MA 

1 Air 

2 Ground 

3 Steel 

8 Battery 

9 Wheels and Tracks 

10 G 1  ass 

4 Personnel 1 1  Tungsten Carbide 

5 

6 Fuel 

A1 umi num AI 1 oy 

7 Ammunition Fil ler 

12 Computer/Intercorn 

13 Lead 

L 

Table 7 .  GIFT5 R nd Coordinate f 
the Center o f  rew Member i n  

"Battlefi d e  Configur 

GI FT5 nate Positions ( i n  
Regi on/Body 

Number 

Commander 92 

Gunner 96 

Loader 100 

-65.000 115.000 

-60.200 55.500 

60.235 57.500 

Driver 0.000 -32.860 
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Tab1 e 8. Snyder-Auxi er Neutron and C1 ai borne-Yrub y Gamma Tissue Ker 
Response Functions Used in the VCS and MASH M6 A 1  Tank Analyses. 

Snyder-Auxier Neutron C1 ai borne-Trubey Gamma 
Group Tissue Dose Group Tissue Dose 
Number ( c ~ y  e cm2/n ) Number (cGy cm2/r) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

7.8500-09' 
7.7800-09 
7.7400-09 
7.7100-09 
7.4900-09 
7.2100-09 
6.8900-09 
6.4900-09 
6 a 2300-09 
6.1000-09 
5.9700-09 
5.8200-09 
5.5700-09 
5.3400-09 
5.0900-09 
4.5600-09 
4 .OOOO-09 
3.8200-09 
3.7400-09 
3.5200-09 
3.5200-09 
2.9400-09 
2.9400-09 
2.9400-09 
2 -9400-09 
2.9400-09 
1.6900-09 
1.6900-09 
1.6900-09 
9,7200-10 
7.4500- 10 
5.8900- 10 
5.8900- 10 
5.1300-10 
4.4900- 10 
4.2100- 10 
4.7900- 10 
5.2500- 10 
5.5800-10 
5.5800- 10 
5.9400-10 
6.1800-10 
6.2800- 10 
6.2200- 10 
6,0000-10 
5.1700-10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

0.0000t00 
3.0500-09 
3 -0500-09 
2 e 4300-09 

1.9200-09 
1.7160-09 
1.5000-09 

1.0900-09 
9.5900- 10 
8.1300-10 
6 e 4100- 10 
4.8200- 10 
3.6000-10 

1.6400-10 
1.0100-10 
7.4400- 1 1  
7.7300-11 
1.1700-10 
2 e 2300- 10 
6.2600-10 

1.2700-09 

b 

'Read as 7.8500 x 
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parameters was utilized in the MORSE calculations. The results of the 
above MORSE parameter setup allowed nominally 90 
part i cl es for each 100 source part i el es generate 
leakage file from MORSE is utilized in BRC to ob n the dose response 
at the detector location, maximizing the num er of leakages per source 
particle (without biasing the Ittrue" adjoint leakage spectrum) is o f  
prime importance in obtaining adequate statistical convergence in an 
efficient manner. Optimizing splitting and Russian Roulette parameters 
on a geometry model as complicated as an armored vehicle is virtually 
impossible. 
is to increase the total number of source particles generated and 
tracked, or simp1 ifying the geometry model. 

The only reasonable alternatives for improving statistics 

As presently configured, DRC assumes the DORT f l u x  on the "coupling 
surface" i s  dependent on energy and elevation only, and not on azimuth. 
Consequently, DRC only uses the flux at a particular ra ius ( e . g .  170 
meters) in the OORT mesh and does not use the radii encompassing the 
M60A1. This assumption is valid for small objects at a great distance 
from the source. Since the size of the M60AI is small relative to the 
distance from the source, it was felt this assumption was v a l i d  for this 
analysis and would produce an uncertainty within the statistical 
devi at i ons o f  the cal cul ated resul ts. 

The input data streams (decks) for MORSE and BRC are included in the 
appendices for documentation purposes. T h i s  will enable future versions 
of MASH to be "benchmarked" to the analysis reported in this document. 

- 22 - 



3.0 DISCUSSION OF RESULTS 
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Table 9. Comparison o f  WCS and MASH Free-Field Neutron and Gamma 
as a Function o f  Source/Wehiele Ground Range for the  M60A1 

"Battlefield Condition" Vehicle Configuration. 

VCS Cal cul at i on MASH Cal cul at i on 

Free-Field Free-Fie1 d Free-Field Free-Field n FFvcs 7 FFvcs 

(m) W Y  1 (CGY 1 W Y )  M Y )  " FFHASH "-Y FFMASH 

Range n Dose 7 Dose n Dose -Y Dose 

170 3 e 69t0sa 2.34+04 3 a 56t05 2.22tO4 1.04 1.05 

340 6.43t04 5. 21t03 5 e 75+04 4.63+03 1.12 1.13 

680 3.31t03 4.38tO2 2 a 79t03 3.73t02 1.19 1.17 

1020 2.37+02 5.31t01 2 * OO+O2 4.7!3tO1 1.19 1.11 

1360 2 .Q7t01 8.64+00 1.7%O1 e 17t00 1.18 1.06 

1700 2.04tOO 1.71+00 1.78tOO 1,7O+OO 1.15 1.01 

aRead as 3.69 x 10'. 

- 24 - 



d MASH Neutr 

Commander 

1.3 1.3 1.3 1.3 

1.3 1.3 1.3 1.3 

vcs 1.3 1.3 

MASH 1.3 1.3 

1.00 1.00 1.00 1.00 1 .oo 1.00 

Gunner 

1.9 1.9 1.9 1.9 

1.8 1.8 1.8 1.8 

vcs 1.9 2.0 

MASH 1.8 1.9 

1.06 1.06 1.06 1.06 1.06 1.05 

Loader 

1.7 1.7 1.7 1.7 

1.6 1.6 1.6 1.6 

vcs 1.7 1.7 

MASH 1.6 1.6 

1.06 1.06 1.06 1.06 1.06 1.06 

D r  i ver 

vcs 3.3 3.5 3.5 3.5 3.5 3.5 
MASH 2 . 7  2.8 2.8 2.8 2.8 2.8 

1.22 1.25 1.25 1.25 1.25 1.25 
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Table 11. Comparison of Average VCS and MASH Gamma Protection Factors 
as a Function o f  Source/Vehicle Ground Range for the M60N in the 

"Battlefield Condition" Vehicle Configuration. 

Source/Vehi cl e Ground Range (in 
Detector Code 
Position System 

Commander 

5.2 4 . 2  

4.8 3.9 

3 . 7  

3.5 

3.4 3 .2  

3.2 3 - 1  

vcs 6.2 

MASH 5.6 

1.06 1.03 1.11 1.08 1.08 1.06 
pFHASt4 

Gunner 

10.2 8.2 

10.0 8.1 

7.3 

7.2 

6*8 6.6 

6.8 6.6 

vcs 11.9 

MAS 11.6 

1.03 1.02 1 -01  1.01 1.00 1.00 

7.8 6.3 

7.3 6.2 

5.7 

5.6 

5 . 4  5.2 

5-4 5.4 

vcs 9.1 

MASH 8.4 

1.00 0.96 1.08 1.07 1.02 1.02 

vcs 25.6 

MASH 14.5 

22.4 18.1 

14.8 14.8 

16.1 

15.1 

15.1 14.6 

1 5 * 6  16.2 

1.77 1.51 1.22 1.07 Q.97 Q,90 



. Comparison o f  d MASH Neutr  ctors 
ation for t h  L 

eh ic le  Conf 
. 

Commander 

1.4 1.3 

1 .4  1.3 

vcs 1.2 1.2 

1.2 MASH 1.2 

1.00 1.00 1 .oo 1 .oo 

Gunner 

1.8 2.0 

1.8 1.9 

vcs 
MASH 

2.1 

2.0 

1.7 

1.6 

1.05 1.06 1.00 1.05 

Loader 

vcs 1.5 1.8 1.9 

1.8 

1.7 

1.7 1.4 1.7 

1.06 1.06 1.00 1.07 

Dr i ver 

vcs 
MASH 

5.1 3 . 3  2.7 3 . 4  
3 . 7  2.7 2 . 3  2.7 
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Table 13, Comparison o f  Average VCS and MASH Gamma Protection Factors 
as a Function o f  Vehicle Orientation for the M60A1 in the 

"Battlefield Condition" Vehicle Configuration. 

Vehicle Orientation Towards Source 

L e f t  Side 
On 

Detect or Code 
Posit i on System Rear Right Side Front 

On On On 

Commander 

3 , 4  VCS 

MASH 

3.8 

3 . 2  

5.7 

5.7 

4.1 

3. 3.7 

0.92 1 .Q0 1.211 1.19 

7.4 

7.3 

13.5 

13.2 

6.2 

5.9 

8.2 

8.5 

vcs 
MASH 

1.01 1.02 1.05 0.96 

6 J  8 . 3  

8.9 

4.3 

4.0 

7.5 

7.4 

vcs 
MASH 6.7 

0.93 1 .Q 1 .00 1.01 
G P FM AS H 

Dr i ver 
35.2 15.8 15.7 14.6 vcs 

MASH 23.7 12.9 13.5 14.1 

1.04 1.16 1.49 1.22 
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Gunner 

Loader 

Dr i ver 

1 . 3  

1.9 

1.7 

3 . 4  

4.1 1.3 

8.1 1.8 

1 

3.8 

8.0 

6.2 

1.00 

1.06 

1.06 

1.08 

1.01 

1.02 

15.1 1.26 1.19 
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se ts  (symmetric S, for VCS and 240 angle forward biase f o r  MASH), axial 
and radial mesh, and cross section d a t a  as the most l ikely causes. 

3.2 In-Vehicle Dose 

A comparison of the absolute in-vehicle ne 
presented in Tables A - l  through A-8, indic 
between VCS and MASH for most of the individual contributors (e .g .  
direct  neutron, vehicle ( n , ~ ) ,  e tc . )  t o  the total  in-vehicle dose a t  a 
given crew member location. Both VCS and MASH indicate the same trends 
relat ive t o  vehicle orientation and source/vehicle ground range for a l l  
crew member locations. A s  in the case of the free-f ie ld  d a t a ,  the 
direct  neutron dose calculated with VCS i s  ap roximately 5% t o  20% 
greater t h a n  the direct  neutron dose calculated w i t h  MASH. 
the degree of difference follows the trend evident in the free-f ie ld  
d a t a  re la t ive t o  source/vehicle ground range. This probably indicates 
t h a t  the differences observed here are due t o  the differences observed 
i n  the free-field d a t a .  The vehicle secondary gamma (vehicle ( n , r ) )  
results show MASH calculates considerably more dose t h a n  VCS a t  most of 
the crew member locations. The magnitude of the difference ranges from 
approximately a factor of two for the driver location t o  l ess  t h a n  5% 
f o r  the loader location a t  680 meters ground range. The vehicle 
secondary gamma results do n o t  indicate any apparent trend relat ive t o  
source/vehicle ground range, vehicle orientation, o r  crew member 
location. 
spectral differences between the VCS and MASH f ree-f ie ld  dose, and cross 
section d a t a  (especially secondary gamma production i n  i r o n ) .  I t  i s  
interesting t o  note, t h a t  for a l l  crew locations except the driver,  the 
comparisons o f  the  sums o f  the direct  neutron and vehicle secondary 
gamma doses for VCS and MASH are in excellent agreement for a l l  
source/vehicle ground ranges and vehicle orientationsn The driver 
location indicates agreement within approximately 30% o r  l ess  for t h i s  
resul t .  

Furthermore, 

The primary reasons for these differences may be due t o  

The absolute dose due t o  secondary ga ma production from the a i r ,  i . e .  
a i r  (n,r) dose, calculated using VCS nd MASH, also compares well f a r  
most of the crew locations, vehicle orientations, and source/vehicle 
ground ranges. 
source/vehicle ground ranges. 
differences i n  the cross section d a t a ,  angular quadrature, and mesh 
spacing used i n  the VCS and MASH air-over-ground calculations. The 
largest  discrepancy between VCS and MASH occurs in the contribution t o  
the dose from secondary gamma product ion w i t h  the ground, i . e .  ground 
( n , T ) .  MASH predicts an order of magnitude more dose t h a  VCS for the 
commander, gunner, and loader crew locations. Furtherrnor 
calculates over two orders o f  magnitude more dose t h a n  VCS a t  the driver 
location. In the VCS calculations, the contribution from the secondary 
gamma production i n  t he  ground i s  negligible for a l l  crew member 
locations. I n  t h e  MASH calculations, t h i s  hold true for  the commander 
and gunner locations, mostly true for the loader location, b u t  n o t  for  
t h e  d r ive r  losation. A t  the driver location, the ground secondary gamma 

The agreement diminishes s l ight ly  a t  longer 
This probably occurs because of 
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Tables 10 and 11, indicate source/vehicle round range has a negligible 
effect on all crew member positions. The driver position indicates a 
consistent 25% difference between VCS and MASH in the NPF. This 
difference is attributable to the difference in the vehicle secondary 
gamma production component of the total dose as calculated by VCS and 
MASH (see Table A - 7 ) .  The gamma protection factor results indicate a 
slight decrease as a function of source/vehicle ground range in both the 
VCS and MASH results. The driver location gamma protection factor ratio 
ranges from 1.80 at 170 meters source/vehicle ground range to 0.9Q at 
1700 meters source/vehicle ground range. 
attributable to the large discrepancy in the ground secondary gamma 
production component to the total dose predicted by each code system. 
It should be noted, that had the ground secondary gamma production been 
significant for the other three crew member locations, a similar trend 
in the VCS/MASH GPF ratio would have been shown in Tables 10 and 11. 

This difference i s  

In Tables 12 and 13, comparisons of average VCS and MASH calculated 
neutron and gamma protectionsfactors as a function o f  vehicle 
orientation are presented for  each crew member location. Both the VCS 
and MASH results indicate vehicle orientation and cre member position 
present noticeable variations in the protection factors, Such changes 
most likely occur due t o  mutual shielding o f  the commander, gunner, and 
loader and to location in the vehicle with respect to the source in the 
case o f  the driver. The driver has the greatest protection when the 
rear o f  the M60A1 is facing the source, and the least amount o f  
protection when the front o f  the M60A1 (where the driver is located) is 
facing the source. 

comparisons of the overall average VCS and MASH neutron and gamma 
protection factors (averaged over all source/vehicle round ranges and 
vehicle orientations) for each crew member location, presented in Table 
14, indicate excellent agreement between VCS and MASH. The commander, 
gunner, and loader positions show agreement within lo%, and the driver 
position shows agreement within 30%. 
discrepancy at the driver position have been discussed above. 

The possible causes o f  the 

The final comparison between VCS and MASH is the neutron and gamm 
protection factors averaged over a1 1 source/vehi cl e ground ranges, 
vehicle orientations, and crew member locations. These factors 
represent the M60A1 "vehicle" protection factors and are indicative o f  
the vehicle average independent of position. 
1.8 and a GPF of 6.9, and MASH calculated a NPF of 1.7 and a GPF of 6.5. 
This indicates excellent agreement between VCS and MASH (within 10%) for 
the analysis o f  the M60A1 tank in the given radiation field. 

VCS calculated a NPF of 
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Consequently, a contributing secondary gamma may h ve been counted as an 
a i r  (n,r) i n  the VCS calculation and a ground (n,r i n  the MASH 
calculation. This would yield differences i n  the VCS and MAS 
individual secondary gamma production resul ts  but  indicate reasonable 
agreement i n  the t o t a l  secondary gamma production resul ts .  An 
examination o f  the dose resul ts  presented i n  Appendix A s u p p o r t  t h i s  
possibi l i ty  t o  some extent. 

To better understand the causes o f  the differences in the resul ts  o f  the 
VCS and MASH analyses o f  the M60A1 t a n k  would require spectral 
comparisons o f  the free-field and in-vehicle d a t a .  Unfortunately, t h e  
original VCS d a t a  no longer exist  and such a comparison cannot be made. 
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APPENDIX A 

on and G a m a  

mbers, a l l  Sou 

Ground Ranges, and Orientations Use 

the U. S, M60 

Vehi cl e Conf i gura 





. 
t i o n  o f  Sour 

170 

5a 2 . 50+04 69+05 3.88.t 
5 2.47+04 60+05 3.81+ 
5 2.48+04 
5 2.73+04 

340 

4 4.55+03 
4 4.54t03 
4 4.89t03 
4 4.68+03 

680 

3 2.41t02 2 4t03 3.27+0 
3 2.40t02 2 5+03 3.21+0 
3 2.49t02 4+03 3.04tO 
3 2.46i-02 8+03 3.16tO 

1020 

2 1.76+01 1 
2 1.76t01 1 
2 1.78+01 3 
2 1.79+01 1 

1360 

1 1.54+00 1 8+01 2.02t00 
1.54+OO 4 t01  1.98tOO 
1 53+00 O t O 1  1.88+ 
1.56tOO 9+01 1.94t 

1700 

1.49-01 1. 1. O+OO 1.98-01 1 
6+00 1.94-01 
2+00 1.84-0 

1.00 
1 .oo 
0.93 
1.08 

1.00 
1 .oo 
1 .oo 
1.08 

1.00 
1 .oo 
1.00 
1.08 

1 .oo 
1 .oo 
1 .oo 
1.00 

1 .oo 
1.00 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1.00 
1 .oo 

A-3 



Table A-2. Comparison o f  VCS and MASH Gamma Doses and Protec t ion  Factors  
as a Function o f  Source/Vehicle Ground Range and Vehicle r i m t a t i o n  f o r  
t h e  M60A1 Commander i n  the  " B a t t l e f i e l d  Condit ion" Veh ic le  Configurat ion.  

VCS Cal cul  a t i  on MASH Cal cul  a t  i on 

Air Ground Sum GPF Air Ground Sum GPF GPF,@, 
Range n - r  n - r  n - r  n - r  
(m) (CGY) (CGY) (CGY) (CGY) ( W )  (CGY)  G P F M A S "  

170 

RO 
RSO 

FO 
LSO 

340 

RO 
RSO 

FO 
LSO 

680 

RO 
RSO 

FO 
LSO 

1020 

RO 
RSO 

FO 
LSO 

1360 

RO 
RSO 

FO 
LSO 

1700 

RO 
RSO 

FO 
LSO 

4.04t03a 2.45tOO 
3.90t03 2.45tOO 
3.41t03 2.45t00 
3.82t03 2.45t00 

1.08t03 3.60-01 
1.02t03 3.60-01 
8.43t02 3.60-01 
1.06+03 3.60-01 

1.13t02 1.84-02 
1.06t02 1.84-02 
7.89t01 1.84-02 
1.21t02 1.84-02 

1.56i-01 1.37-03 
1.44t01 1.37-03 
1.00+01 1.37-03 
1.77+01 1.37-03 

2.74t00 1.24-04 
2.52t00 1.24-04 
1.63tOO 1.24-04 
3.30+00 1.24-04 

5.68-01 1.26-05 
5.15-01 1.26-05 
3.13-01 1.26-05 
7.09-01 1.26-05 

4.04t03 
3.91t03 
3.4143 
3.82t03 

1.08t03 
1.02t03 
8.44t02 
1.06t03 

1.13+02 
1.06-1-02 
7.89t01 
1.21+02 

1.56t01 
1.44t01 
1.00t01 
1.77t01 

2 e 74t00 
2.52t00 
1.63tOO 
3.3OtOO 

5.68-01 
5.15-01 
3.13-01 
7.09-01 

5.8 
6.0 
6.9 
6.1 

4.8 
5,1 
6.2 
4.9 

3.9 
4.1 
5.5 
3.6 

3.4 
3.7 
5.3 
3.0 

3.1 
3.4 
5.3 
2.6 

3.0 
3.3 
5.5 
2.4 

4.21t03 3.71+01 4.25t03 5.2 
4.10t03 4.47.tOl 4.14+03 5.4 
3.52+03 3.97~01 3.56+03 6.2 
3.87t03 334t01 3.90t03 5.7 

1.07t03 6.1Ot00 1.07+03 4.3 
1.02t03 7.13t00 1.03t03 4.5 
7.96t02 7.28-tOQ 8.03tQ2 5.8 
9.57t02 5.69+00 9.64+02 4.8 

1.11t02 3.04-01 1.12tQ2 3.3 
1.05t02 3.39-01 1.05t02 3.6 
6.87t01 3.34-01 6.90t01 5.4 
9.62-i-01 3.49-01 9.66i-01 3.9 

1.68+01 2.15-02 1.68~01 2.9 
1.57-4-01 2.46-02 1.57+01 3.1 
8.75+00 2.40-02 8.78tOO 5.5 
1.43t01 2.61-02 1.43+01 3.4 

3.19-00 1.83-03 3.15t60 2.6 
2.94t00 2.13-03 2.94+0 
1.45+00 2.08-03 1.45~00 5.6 
2.67t00 2.36-03 2167+00 3.1 

6.90-01 1.78-04 6.91-01 2.5 
6.45-01 2.11-04 6.45-01 2.6 
2.91-01 2.04-04 2,91-01 5.9 
5.84-01 12.28-04 5.85-01 2.9 

1.12 
1.11 
1.11 
1 .oa 

1.12 
1.13 
1.07 
1.02 

1.18 
1.14 
1.02 
0.92 

1.17 
1.19 
0.96 
0.88 

1.19 
1.21 
0.95 
0.84 

1.20 
1.27 
0.93 
0.83 

aRead as 4.04 x lo3 .  
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L 

c t  Vehicle ect  Veh i cl e 

5a 1.97+04 1+05 2.70 1.05 
5 2.20+04 4+05 3.04 1.06 
5 2.34+04 6+05 2.90 0.94 
5 2.06t04 3+05 2.76t04 1.05 

340 

4 3.66+03 9+04 4.60+0 1.10 
4 4.07+03 7t04 5.14tO 1 .oo 
4 4.21+03 1+04 4.86t 1.00 
4 3.75+03 8+04 4.64+ 1.05 

. 
1.95+02 1 8t03 2.32+0 1.05 
2.17+02 1 5+03 2.52+0 1.06 
2.22+02 1 7+03 2.41+0 1.00 
2.01+02 1 2+03 2.31tO 1.05 

1020 

1.43t01 4+01 1.66+01 1.05 
1.58+Ol 3t02 1.79+01 1.06 
1.611-Ol 2+01 1.724. 1 .oo 
1.46+01 2tO1 1.6% 1.05 

1360 

1 . 25tOO 1.11 
1.38+00 1.06 
1.39+00 1.00 
1.27+00 5+00 1.42+0 1.05 

1700 
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Table A - 4 .  Comparison o f  VCS and MASH Gamma Doses and Protection Factors 
as a Function o f  Source/Vehicle Ground Range and Vehicle Orientation for 
the M60A1 Gunner in the "Battlefield Condit?on" Vehicle Configuration. 

VCS Cal cul at i on MASH Cal cul at i on 

Air Ground Sum GPF Air Ground su GPF GPFvCs 
Range n-7 n-r n-r n-7 
(m) W Y )  W Y )  (CGY)  W Y )  W Y )  (CGY)  GPFMA," 

170 

RO 2.06t03' 2a55t00 
RSO 2.09t03 3.29t00 
FO 1.77+03 2.85t01 
LSO 1.96t03 4.75tOO 

340 

RO 5.29t02 3.90-01 
RSO 5.80t02 5.13-01 

LSO 5.18t02 7.47-01 
FO 4.18t02 2.57tOO 

680 

RO 5.37t01 2.00-02 
RSO 6.64+01 2.63-02 
F6 3.59t01 1.16-01 

LSO 5.66t01 3.81-02 

1020 

RO 7.20+00 1.50-03 
RSO 9.64tOO 1.96-03 

FO 4.11+00 7.96-03 
LSO 7.99tOO 2.83-03 

1360 

RO 1.23tQO 1.39-04 
RSO 1.78tOO 1.81-04 

FO 5.88-01 6.87-04 
LSO 1.45t00 2.60-04 

1700 

RO 2.47-01 1.45-05 
RSO 3.80-01 1.89-05 

FO 1.01-01 6.82-05 
LSO 3.07-01 2.71-05 

2.06t03 
2.09~03 

1.96t03 
1 a 79+03 

5.30t02 
5.81+02 
4.20t02 
5.19t02 

5.38t01 
6.64t01 
3.60t01 
5.66t01 

7.21+00 
9.64tOO 
4.11tOQ 
7.99t00 

1.23t00 
1.78tOO 

1.45~00 
5.89-01 

2.47-01 
3 -80-01 
1.01-01 
3.07-01 

11.4 
11.2 
13.1 
11.9 

9.8 
9.0 
12.4 
10.1 

8.1 
6.6 
12.2 
7.7 

7.4 
5.5 
12.9 
6.6 

'1.0 
4.8 
14.7 
6.0 

6.9 
4.5 
16.9 
5.6 

1.92+03 5 . 1 2 ~ 0 1  1.97~03 11.3 
2.01+03 5.16tOl 2,06+03 10.8 
1.66~03 5.70i-01. 1,71t03 13.0 
1.83t03 6.39t01 1.90t03 11.7 

4.52t02 9.46tOO 4.61t02 10.0 
5.34t02 8,54+00 5,42t02 8.5 
3.69t02 9.06t00 3.7842 12.3 
4.60t02 9.15~00 4.69t02 9.9 

4.38i-01 4.17-01 4.42tOl 
5.84t01 4.17-01 5.88tOl 
3.09t01 4.31-01 3.13t01 11. 
4.84-t-01 4.25-01 4.88tOl 7.6 

6.16tOO 2.93-02 6.19t00 7.8 
9.24tOO 2.97-02 9.27tQO 5.2 
3.72t00 3-06-02 3,76tOO 12.8 
7.33tOO 3.00-02 7.36tOO 6.5 

1.09-t-00 2.50-03 1.09+00 7.5 
1.79t00 2.54-03 1.794 
5.73-01 2.63-03 5.75-01 14.2 
1.38+00 2.55-03 1.38tQO 5.9 

2.31-01 2.45-04 2.31-01 7.4 
4.00-01 2.51-04 4.00-01 4.3 
1.07-01 2.59-04 1.07-01 15.7 
3.04-01 2.49-04 3.05-01 5.6 

1.01 
1.04 
1.01 
1.02 

0.98 
1.06 
1.01 
1.02 

0.96 
1.05 
1.03 
1.01 

0.95 
1.06 
1 .Ol 
1.02 

0.93 
1.04 
1.04 
1.02 

0.93 
1.05 
1.08 
1 ,oo 

aRead as 2.06 x lo3. 
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5a 2.55+04 1.00 
5 2.61+04 1.11 
5 2.88+04 1.00 
5 3.72+04 8t05 3.59+0 1.00 

4 4.6343 1.06 
4 4.58+03 1.11 
4 5.32+03 1 .00 
4 5.89+03 1.07 

. 
2.46+02 9+03 2.62+ 1.06 
2.41+02 1+03 2.54t 1.11 
2.77+02 6 4 3  2.66+ 1 .oo 
3.01+02 6t03 2.88+ 1.07 

1020 

2 1.80t01 1 0+02 1.87+01 1.06 
1.76+01 5+01 1.82t 1.06 
2.00+01 6+01 1.90+ 1.00 
2.16+01 8+02 2.05+ 1.07 

1360 

2+00 1.61+ 1.06 
8tOO 1.57.t 1.06 
8+00 l.63+ 1.00 
5+01 1.77+0 1.07 

1700 

0-01 1.57-01 
6-01 1.54-01 
9-01 1.60-0 
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Table A-6. Comparison o f  VCS and MASH Gamma oses and Protec t ion  Factors 
as a Function o f  Source/Vehicle Ground Range and Vehicle O r i e n t a t i o n  f o r  

the  M60A1 Loader i n  the  " B a t t l e f i e l d  Condit ion" Vehicle Configurat ion.  

170 

RO 
RSO 

FO 
LSO 

340 

RO 
RSO 

FO 
LSO 

680 

RO 
RSO 

FQ 
LSO 

1020 

RO 
RSQ 

FO 
LSO 

1360 

RO 
RSO 

FO 
LSO 

1700 

RO 
RSO 

FQ 
LSO 

2.60903a 5.46-01 

2.45+03 6.74-01 
2.42+03 2.89+00 

2.81+03 7.99tOO 

6.52t02 7.78-02 
6.29+02 2.45-01 
6.03+02 1.71-01 
8.04+02 5.73-01 

6.16t01 4.25-03 
6.48t01 1.04-02 
5,5841 9.50-03 
9.45+01 2.24-02 

7.71+00 3.53-04 
8,66+00 8.39-04 
6.86tOO 6.70-04 
1.40+01 1.55-03 

1.22tOO 3.47-05 
1.50+00 8.23-05 
1.07-t-00 6.12-05 
2.63+00 1.29-04 

2.28-01 3.73-06 
3.09-01 8.81-06 
2.01-01 6.27-06 
5.65-01 1.15-05 

2.60+03 9.0 
2.42+03 9.7 
2.45+03 9,6 
2.82t03 8.3 

6.52t02 8.0 
6.29+02 8.3 
6.03+02 8.6 
8.05+02 6.5 

6.16+01 3.1 
6.48+01 &8 
5.58+01 7.8 
9.45+01 4.6 

7.71tOO 6.9 
8.66900 6-1 
6.86+00 7.7 
1.40+01 3.8 

1.22+00 3.1 
1.51+00 5,7 
1.07t00 8.0 
2.63+00 3.3 

2.28-01 7.5 
3.09-01 5,s 
2.01-01, 8.5 
5.65-01 3.8 

2.48t03 1.73-t-02 2,65+03 
2.23+03 1.80tO2 2.41t03 
2.31~03 1.67+02 2.47+03 
2.83t03 1.66+02 3.00t03 

5.77t02 2.7O-t-01 6.04t02 
5.49+02 2.8741 5.78+ 
5.26~02 2.72+01 5.53+02 
7.64+02 3.15+01 7.96+02 

5.27+01 1.32+00 5.41tO1 
5.39t01 1.35tOO 5.52+01 
4.53+01 1.31+00 4.66-t-01 
8.54t01 1.3390 

6.91+00 9.46-02 7.01t00 
3.73t00 9.61-02 7.83tOO 
5.57tOO 9.36-02 5.66t 
1.36t01 9.49-02 1.37-t-01 

1.14tOO 8.19-03 1.15.tOO 
.30-03 1.41i-00 

8.64-01 8.09-03 8.72-01 
2.61+00 8.20-03 2.62-t-00 

2.25-01 8.12-04 2.25- 
3.01-01 8.23-04 3.01-01 
1.61-01 8,82-04 1.62-01 
5.82-01 8,12-04 5.83-01 

8.4 
9.2 
9.0 
7.4 

7.7 
.o 
. 4  

5.8 

6.9 
6.8 
8.0 
4.3 

6.8 
6.1 
.5 

3.5 

7.1 
5.8 
9.4 
3.1 

7.6 
5*7 
10.6 
2.9 

1.07 
1.05 
1.Q7 
1.12 

1.04 
1.04 
1.02 
1.12 

1.03 
1 .oo 
0.98 
1.07 

1.01 
1.00 
0.91 
1.09 

1.00 
8.98 
0.85 
1.06 

0.99 
0.96 
0.80 
1.03 

aRead as 2.60 x lo3. 
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a 1 . 07+04 8+04 2.28+0 1.33 
1.38+04 9+05 2.68+0 1.23 
1 . 4344 5t05 2,89+0 1.14 
1.22+04 9tO5 2.67tO 1.19 

340 

1.96+03 1 4 4 4  3.88tO 1.39 
0+04 4.45+0 1.22 2.34tO3 1 

2.71+03 2 5+04 4.78+0 1.17 
2.38+03 1 7t04 4.37+0 1.30 

680 
* 

2 1.03+02 7+02 1.95+0 1.42 
2 1.22t02 3+02 2.19+0 1.22 
3 1.41+02 9+02 2 .33+  1.17 
2 1.27+02 1+02 2.15+ 1.30 

1020 

1 7.58+00 4+01 1.40+01 1.39 
1 8.9OtOO 1+01 135t 1.22 
1 1.01+01 3+01 1.66t 1.17 
1 9.18tOO 5+01 1.54+ 1.30 

1360 

0 6.56-01 8+00 1.20 1.39 
1.22 0 7.72-01 OtOO 1.33 

0 8.78-01 2+00 1.42 1.17 
0 8.05-01 8+00 1.32 1.30 
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Table A-8. Comparison of VCS and MASH Gamma Doses and Protection Factors 
as a Function of Source/Vehicle Ground Range and Vehicle Orientation for 

the M60A1 Driver in the "Battlefield Condition" Vehicle Configuration. 

170 

RO 6.72+02a 1.31+00 6.74+02 
RSO 9.45+02 4.43tOO 9.49+02 

FO 1.06+03 1.05+01 1.07t03 
LSO 9.38+02 2.17+01 9.60t02 

340 

RO 1.53+02 1.82-01 1.53+02 
RSO 2.4642 3.68-01 2.46+02 

FO 2.78+02 1.36+00 2.79+02 
LSO 2.50+02 1.49+00 2.51+02 

680 

RO 1.27i-01 9.09-03 1.27t01 
RSO 2.69+01 1.55-02 2.70+01 

FO 2.88+01 7.24-02 2.89-t-01 
LSO 2,83+01 6.55-02 2.84+01 

1020 

RQ 1.50+00 6.89-04 1.50+00 
RSO 3.77+00 1.14-03 3.77tOO 
FO 3.82+00 5.44-03 3.83+00 

LSO 4.08t00 5.02-03 4.09-t-00 

1360 

RO 2.40-01 6.40-05 2.40-01 
RSO 6.71-01 1.04-04 6.71-01 
FO 6.29-01 5.23-04 6.30-01 

LSO 7.51-01 4.81-04 7.52-01 

1700 

RO 4.68-02 6.56-06 4.68-02 
RSO 1.39-01 1.04-05 1.39-01 
FO 1.21-01 5.59-05 1.21-01 

LSO 1.60-01 5.10-05 1.60-01 

34.8 
24.7 
21.8 
24.4 

34.1 
21.2 
18.7 
20.7 

34.4 
16.2 
15.2 
15.4 

35.4 
14.1 
13.9 
13.0 

36.0 
12.9 
13.7 
11.5 

36.4 
12.3 
14.1 
10.7 

7.85+02 4.95-tO2 1.28tQ3 17.4 
1.05+03 5,76+02 1.62+03 13J 
1.21t03 5.08+02 1.72+03 13.0 
1.03+03 4.99t02 1.53+03 14.6 

1.62+02 8.22+01 2.44+02 19.1 
2.47+02 8.71+01 3.34+02 13.9 
2.76+02 8.55+ 
2.37+02 8,40t 

1.19tO1 4.07+00 1.60+01 23,3 
2.41t01 4.27+0 2.83+01 13.1 
2.57+01 4.1%-0 
2.25+01 4.13t00 

1.44t00 2,89-01 1.73t00 27.6 
3.51+00 3.05-01 3.82t00 12.5 
3.38+00 2.98-01 3.68+0 
3.17+00 2.95-01. 3.47+0 

2.43-01 2.46-02 2.67-01 30. 
6.35-01 2.62-02 6.62-01 12.3 
5.45-01 2-55-02 5.70-01 14.3 
5.65-01 2,51-02 5.90-01 13.8 

5.14-02 2.38-03 5.38-02 31. 
1.36-01 2.56-03 1.39-01 12. 
1.03-01 2.48-03 1.06-61 16. 
1.19-01 2.43-03 1.21-01 14. 

2.00 
1.80 
1.68 
1.67 

1.79 
1.53 
1.45 
1.43 

1.48 
1.24 
1.22 
1.10 

1.28 
1.13 
1.09 
0.94 

1.18 
1.65 
0.96 
0.83 

1.15 
1.00 
0.88 
0.76 

-_ -.I-___ - 

=Read as 6.72 x lo2. 
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APPENDIX B 

Sample Input De CL, DORT, VISTA, MO 

and DRC Used i i s  o f  the U. 

cle Configur 





. and air mixt comparisons 

69 3 4 72 42 / i g  

120 /iprt, 

45 150 396 4 i151 
rf ground 

156 0 5 /m t 

e t  

4 i l  6 4 i 3 1  36 10i49 / nd 

lOi25 36 4179 84 / a i  

19-05 6r1.13- 

t 

Boosted F i s s  
MASH Analys 
icfe Conf igu  
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' 
' 
' ground data, and air data from brl report number 1998 
air-over-ground using boosted fission weapon neutron source 
lOOm source height, simple topography out to 1700m test s i t e  

1$$ 0 5 6 140 175 / ith,isct,izm,im,jm 

/ mcr,mtp,mt,idatl,noa 
/ imode,iprtc,nflsv,npso,iprtf 
/ iprts,iz3,idfac,nbuf,ntnpr 

69 3 4 72 0 / igm,iht,ihs,ihm,ms 
0 12 12 2 0 
4 1 0 23 2 
0 0 0 500 0 

2** 0 10000.0 0 
t 
1** f O  /fission spectrum 

/ xnf,zpt,rpt 

2** /axii (jmtl) 
-80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 - 
-1 0 50 150 250 350 450 550 700 950 1100 1300 1600 2000 2500 3100 
3800 4572 5825 6788 7529 8100 8538 8875 9136 9335 9488 9606 9697 
9767 9821 9862 9894 9918 9937 9952 9963 9971 9978 9983 9987 9990 
9992 9993.5 9995 10008 10005 10006.5 10008 10010 10013 10017 10022 
10029 10037 10048 10063 10082 10106 10138 10179 10233 10303 10394 
10512 10665 10865 11125 11462 11900 12471 13212 14175 15428 17056 
18700 20500 22500 25000 27500 30000 32500 35000 37500 40000 42500 
45000 47500 50000 52500 55000 57500 60000 62500 65000 67500 70000 
72500 75000 77500 80000 82500 85000 87500 90000 92500 95000 97500 
100000 103000 106000 109000 112000 115000 118000 121000 124000 
127000 130000 133000 136000 139000 142000 145000 148000 153000 
154000 157000 160000 163000 166000 169000 172000 175000 178000 
181000 184000 187000 190000 193000 196000 199000 202000 205000 
208000 211000 214000 217000 220000 223000 226000 229000 232000 
235000 238000 241000 244000 247000 250000 

4** /radii (imtl) 
0 5 6.5 8 10 13 17 22 29 37 48 63 82 106 138 179 233 303 394 512 665 
865 1125 1462 1900 2471 3212 4175 5428 7056 9000 11000 13000 15000 
16500 17500 19000 21000 23000 25000 27000 29 00 31000 3250 
34500 35500 37000 39000 41500 44000 46500 49 00 51500 5400 
59000 61500 64000 66000 67500 68500 70000 72000 74500 7700 
82000 84500 87000 89500 92000 94500 97000 99000 100500 101500 102500 
103500 105000 107000 109500 112000 114500 117000 114500 122000 
124500 127000 129500 132000 134000 135500 136500 138000 140000 
142500 145000 147500 150000 152500 155000 157500 160000 162500 
165000 167000 168500 169500 170500 171500 173000 175000 177500 
180000 182500 185000 187500 190000 192500 195000 197500 200000 
202500 205000 207500 210000 212500 215000 217500 220000 223000 
226000 229000 232000 235000 238000 241000 244000 247000 250000 

Figure B-2. Sample GRTUNCL Input for the Boosted Fission Weapon 
Neutron Source Used in the MASH Analysis of the M60A1 

"Battlefield Condition" Vehicle Configuration. 
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a 

air  
2 

ints 13-18 

ints 19-23 
94 
175 

r-ll 3r-7 / mat b 

t i  nued) 
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' dart - aog for tactical/boosted fission weapon neutron source, mm=240 
I lOOm source height, simple topography ou t  to 1700m ground range 
I ground data, and air data f r om brl report number 1998 

61$$ 0 21 4 0 23 / ntflx,ntfog,ntsig,ntbsi,ntdsi 
0 0 0 0 22 
0 e / ntdso 

/ ntfci,ntibi,ntibo,ntnpr,ntdir 

62$$ 0 5 6 140 175 
69 3 4 72 0 / igm,iht,ihs,ihm,mixl 
0 12 12 0 240 
1 1 0 0 0 / ingeom,ibl,ibr,ibb,ibt 
1 -4 0 4 0 / isrmx,ifxmi,ifxmf,mode,ktype 
2 0 0 0 0 / iacc,kalf,igtype,inpfxm,inpsrm 
0 0 0 0 0 / njntsr,nintsr,njntfx,nintfx,iact 
6 0 1 1 2 / ired,ipdbZ,ifxprt,icsprt,idirf 
13 27 120 11 1 
1 1 1 1 1 / maxblk,isbt,msbt,msdm,ibfscl 
4 50 2 0 0 / intscl,itmscl,nofis,ifdbZz,iswp 
19 28 0 0 0 
0 0 1500 0 -30 
4 46 0 0 0 / ncndin,neut,itally,ispl,ispZ 

/ iad$,isctm,izm,im,jm 
/ mcr,mtp,mtm,idfac,mm 

/ jdirf,jdirl,nbuf,iepsbz,minblk 

/ keyjn,keyin,nsigtp,norpos,normat 
/ mstmax,negfix,locobj,lcmabj,nkeyfx 

e 

63** 300 0.0 1-4 1-2 0.0 / tmax,xnf,eps,epp,epv 
1-3 1.0 0.2 1.5 10.0 
1.0 1.0 -1.0 0.3 10.0 
1.0 3-4 1-2 0.3 -1.5 
1.5 0.6 0.0 1-60 0.0 
1-2 0.2 0.9 / epo,extrcv,theta 
e t  
t 

/epf,ekobj,evth,evchm,ev 
/evkmx,evi,devdki,evdelk,sormin 

/conacc,conscl,coneps,wsoloi,wsolii 
/wsolcn,orf,fsnacc,flxmin,smooth 

81** / wts mm240 
0 2rlO2900-8 0 2r307825-8 0 21-530200-8 0 2r708425-8 0 
2r901350-8 0 563869-8 316131-8 n2 0 641385-8 359590-8 n2 0 
714976-8 400849-8 n2 0 784547-8 439853-8 n2 0 85752 

310872-8 507890-8 n3 0 716550-8 326901-8 34077-8 n3 0 
745915-8 340298-8 555965-8 n3 0 775565-8 353825-8 578064-8 
n3 0 489468-8 386282-8 513536-8 364389-8 n4 0 500102-8 
394674-8 524693-8 372306-8 n4 0 508580-8 401365-8 533587- 
378617-8 n4 0 515474-8 406806-8 540820-8 383750-8 n4 0 
517107-8 408094-8 542534-8 384965-8 n4 q120 

480771-8 n2 0 642875-8 293289-8 479164-8 3 0 681415-8 

Figure 6 - 3 .  Sample DORT Input for the Boosted Fission 
Neutron Source Used in t h e  MASH Analysis of t h e  M60A1 

"Battlefield Condition" Vehicle Configuration. 
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-6 -176303-6 
-6 -180348-6 
-6 -183400-6 

-6 -976194-6 -6 -186473-6 

11045 9r-.03 

5 
0 1300 1600 2 

i nued) 
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4** /radii (im+l) 
0 5 6.5 8 10 13 17 22 29 37 48 63 82 106 138 179 233 303 394 512 665 
865 1125 1462 1900 2471 3212 4175 5428 7056 90 0 11000 13000 15000 
16500 17500 19000 21000 23000 25000 27000 29000 31000 32500 33500 
34500 35500 37000 39000 41500 44000 46500 49000 51500 54000 56500 
59000 61500 64000 66000 67500 68500 70000 72000 74500 77000 79500 
82000 84500 87000 89500 92000 94500 97000 99008 100500 101500 102500 
103500 105000 107000 109500 112000 114500 117000 119500 122000 
124500 127000 129500 132000 134000 135500 136500 138000 140000 
142500 145000 147500 150000 152500 155000 157500 160000 162500 
165000 167000 168500 169500 170500 171500 173000 175000 177500 
180000 182500 185000 187500 190000 192500 195000 197500 200000 
202500 205000 207500 210000 212500 215000 217500 220000 223000 
226000 229000 232000 235000 238000 241000 244000 247000 250000 

5** fl / energy group boundaries 

8$$ / zone numbers by interval 
' zones 1, 2, & 3 - ground, 4 , 5, & 6 - air 
140rl llq140 / j - i n t s  1-12 
33r2 3r3 7r2 3r3 13r2 3r3 13r2 3r3 
13r2 3r3 13r2 3r3 5r2 251-1 5q140 /j-ints 13-18 
33r5 3r6 7r5 3r6 13r5 3r6 13r5 3r6 
13r5 3r6 13r5 3r6 5r5 25r4 4q140 /j-ints 19-23 
115r5 25r4 70q140 /j-ints 24-94 
140r4 80q140 /j-ints 95-175 

9$$ 3rl 3r7 / mat  by zone 

24"" 1.-10 1.-1 1.0 1.-10 1.-1 1.0 / importance by zone 
28$$ 35r10 llr25 23r8 / inners by grp 

29$$ 6r19 6r20 6r21 61-22 6r23 / key f l x  j-pos's 

30$$ 35 45 61 77 93 109 4q6 / key f l x  i-pos's 

t 

Figure B-3. (continued) 
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, 

F B-4.  Sampl he Boosted n 
utron Source n a l y s i s  o f  

"Battlefiel e Conf igur 
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M60-A1 Armored Tank without liner - Commander's head - 
$$ 1000 1500 100 1 46 23 46 69 0 1 2 
$$ 0 69 1 0 
** 1.0 1.0-05 1.0t.04 0.0 2.2t.05 
** -86.80 -65.0 115.0 0.0 0.0 0.0 0.0 
** 69r1.0 
** 8r1.0 llr2.0 8r4.0 3r2.0 16rl.0 3r3.0 12r6.0 8r3. 
** 1.9640+7 1.6905+7 1.4918t7 1.4191t7 1.3840+7 1 2523+7 1.2214+7 

1.1052t7 1.00OOt-7 9.0484t6 8.18734 7.4082t6 6.3763t6 4.9658t6 
4.7237+6 4.0657t6 3.0119t6 2.3852+6 2.3069-t 
l.l080+6 9.6164+5 8.2085t5 7.4274t5 6.3927t 
2.4724t5 1.5764t5 1.1109t5 5.2475t4 3.4307+4 2.47884 2.1875+4 
1.0595t4 3,3546+3 1.2341t3 5.8295i-2 2.7536t2 1.0130t2 2.9023t1 

1.0000t7 8.0000+6 7.0000t6 6.0000+6 5.0000t6 4.0000t 
2.5000t6 2.0000t6 1.5000t6 1.0.00i-6 7.0000t5 4.5500t5 3.0000+5 
1.5000+5 1.0000t5 7.0000+4 4.5000t4 3.0000t4 2.0000t4 
0365475134631321 

1.0677tl 3.0590tO 1.12535+0 4.1399-1 2.0000t7 1.4000t7 1.2000+7 

$$ 1 1 0  0 0 1 6 9  1 
$$ 1 1 69 1 1 1 ** 5,0+00 5.0-02 2.0-61 0.0 
$$ -1 9r0 
$ $ O  0 0 0 
** 23r1.0 

1 68 
0000000000 0.001 0.001 0 0 0 

20 40 44 46 48 49 50 51 52 53 
58 59 60 61 62 63 64 72 73 78 
110 113 119 120 169 171 173 17 180 181 182 183 184 185 
186 187 189 190 214 217 219 22 224 227 229 232 248 262 
264 266 268 294 295 296 297 298 299 92 96 100 

300 
2 1  

3 148 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  
15 16 17 18 19 21 22 23 24 25 26 27 28 29 
30 31 32 33 34 35 36 37 38 39 1 43 45 47 
65 66 67 68 71 74 75 76 77 79 3 87 99 91 
104 108 112 114 11 118 124 125 126 127 128 129 130 131 
132 133 134 135 13 137 138 139 140 141 142 143 144 145 
146 147 148 149 150 151 152 153 154 155 156 157 158 159 
160 161 162 163 164 165 166 167 168 170 172 174 175 176 
177 178 188 207 208 210 211 212 216 218 225 226 233 234 
251 253 254 256 257 258 259 260 277 278 279 280 281 282 
283 284 285 286 287 288 302 303 

F igu re  B-5.  Sample MORSE Input for the Commander 
P o s i t i o n  Used i n  the MASH A n a l y s i s  o f  t h e  M60A1 
"Bat t 1 efi el d Cond i t i  an" Veh i cl e Con f i  g u r a t  i on. 
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4 11 

5 10 
93 94 95 97 98 9 

261 263 265 

272 274 276 

209 213 215 235 

81 84 85 88 

121 122 123 

69 70 
0 1  

1 1 1  1 1 1  1 1  
1 1 1  1 1 1 1 1  
1 1 1 1 1  1 1 1 
1 1 1 1 1  1 1 1 
1 1 1 1 1 1  1 1  
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1  
1 1 1 1 1 1  1 1 
1 1 1  1 1 1  1 1  
1 1 1  1 1 1  1 1 
1 1 1 1 1  1 1  1 
1 1 1 1 1 1  1 1 
1 1 1 1 1 1  1 1 
1 1 1 1 1  1 1  1 
1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1  1 
1 1 1 1 1 1  1 1  
1 1 1 1 1  1 1 1 
1 1 1 1 1 1 1  1 

301 

103 249 250 

273 275 

198 199 20 
241 242 24 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1  
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1  
1 1 1 
1 1  1 
1 1  1 
1 1 1 
1 1 1  
1 1 1 
1 1 1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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69 group cross sections for the m60a tank 

m60a armored tank  46n-23g gps/ingb=l 

$$ 46 46 23 23 69 72 4 21 13 
$$ 7 Z  - 2  32 

** 1.0 
$$ 2 1 

61 3 

Figure  B-5 .  (continued) 
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nk Rotated 0 
0.0 175.3 -2  

ier  Neutron - 
09 7.7800e-0 
09 6.4900e-0 
09 5.3400e-0 
09 3.5200e-0 
09 2.9400e-0 

00 3.0500e-0 e-09 2.1200e-0 
09 1.5000e-0 e-09 9.5900e- 
10 4.8200e-1 e-10 1.6400e- 

e-10 6.2600e- 

0.0 175.3 - 
0.0 175.3 - 
nk Rotated 2 

for  the  Comm 
lysis o f  the 
cl e Conf igura 
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APPENDIX C 

GIFT5 Geometr for the U. S. M6 

ehicle Configuration 

nalysis 





7400 84,800 

560-133.4754 

40 -83.45930 

750 1.1658 50 1.16580 

400 84.8000 00 101.60000 
40 79.97230 

000 122.1039 40 117.27600 
000 84.2770 00 122.10390 

30 79.68620 
00 84.80000 30 80.20920 
00 122.10390 00 84.27700 
50 79.68700 50 117.51390 
00 82.95640 

400 -84.8000 50 -83.63420 

1. GIFT5 RSE for  the U. 
B a t t l  ef i el Configuration. 
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014 

015 

016 

017 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

arb6 ,00000 131.30000 
.36510 78.50690 

arb6 -63.50000-133.34200 

arb6 -202.47400 -84.80000 

arb6 -63.50000-133.34200 

-63.50000 122.10390 

-62.55110-104.76700 
-202.47400 -84.80000 

-203.97870 -96.35290 
-63.50000-133.34200 

-64.13270-104.72260 
.OOOOO-102.38700 

arb6 .OO000-102.387QO 
-.37910-126.04830 

-63.50000-133.34200 
rcc .ooooo .ooooo 

131.30000 .ooooo 
r c c  .ooooo .ooooo - 

106.60000 .ooooo 
arb8 12.70000 74.62500 

.OOOOO-102.38700 
12.09480 74.62500 

-.27950-102.38700 
arb8  12.70000 74.62500 

101.60000 -55.47400 
11.18820 74.62500 

100.08820 -55.47400 
arb6 12.70000 -98.47600 

.OOOOO -91.59200 

.OOOOO-131.30000 
arb6 .00000-131.30000 

25.40000-118.59200 
12.70000 -98.47600 

12.70000 -85.80000 
25.40000-130.20000 

50.80000-105.35300 
50.80000 -80.06120 

50.80000 -60.42700 
50.80000-122.60000 

76.20000 -92.97000 
76.20000 -67.76760 

76.20000 -47.52360 
76.20000-109.10000 

arb6 50.80000 -80.06120 

arb6 25.40000-130.20000 

arb6 76.20000 -67.76760 

arb6 50.80000-122.60000 

arb6 101.60000 -55.47400 

.OOOOO .OOOOO 82.95640 
93.28860 .36510 126.85050 

7.87700 -63.13490 117.65440 
8.39900 -63.50000-110.00000 

94.13830 -62.55110-128.10900 
95.54000-201.52510 -79.56700 
95.54000-205.00000-101.60000 
24.13490-201.45270 -79.55290 
8.39900 -62.47870-128.09490 
8.39900 -63.50000-110.00000 

94.12640 -64.13270-128.06460 
95.54000 m.63270 -97,10960 
95.54000 .OOOOO-131.30000 
-1.58930 -.37910 -97.13530 
8.39900 -63.87910-128.09030 

.ooooo .ooooo .00000 

.ooooo .ooooo .00000 
20 * 00000 .ooooo .00000 

.ooooo .ooooo .ooooo 
94.13400 .00000 82.95640 
95.54000 12.70000 -98.47600 
88.66740 -.27950 82.95640 
93.01540 12.09480 -98.47600 
94.13400 12.70000 -98.4760 

88.84590 11.18820 -98.47600 

94.13400 .OOOOQ-102,38700 
95.54000 12.70000 -85.80000 
11.00000 .OOOOO-123,55300 
11.00000 25.40000-130.20000 
11.00000 .OOOOO-123.55300 
94.13400 12.70000 -85080000 

12.70000 -98.47600 
94.13400 50.80000 -60.42700 
11.00000 25.40000-118*59200 
11.00000 50,80000-122.60000 
11.00000 25.40000-118.59200 
83.24190 50.80000 -60.42760 
75.98040 50.80000 -80.06120 
83.24190 76.20000 -47.52360 
11.00000 50.80000-105.35300 
11.00000 76,20000-109.10000 
11.00000 50.80000-105.35300 
75,98040 76.20000 -47.52360 
68.71900 76.20000 -67.76760 
75.98040 101.60000 -35.00200 
11.00000 76.20000 -92.97800 

68.71900 101.60000 47.70000 

63.43090 100.08820 47.70000 

95.54000 turret 
-2.25140 l e f t  s i d e  

5.62560 sec 4 
95.54000 turret 

6.99730 r i g h t  s i d e  
94.13830 sec 1 
25.42900 turret 
94.24590 r i g h t  s i d e  

7.10490 sect 2 
95.54000 turret 

6.98540 r i g h t  s i d e  
94.12640 s e c t  3 

.00000 turret 
93.95070 r i g h t  s i d e  
6.80970 sec 4 

11.00000 turret 
.OOOOO r ing  o u t s i  

40.00000 turret 
.OOOOO r i n g  i n s i d  

95.54000 turret t o p  
94.13400 tapered 
93.01540 s t r i p  a t  
88.66740 bend 
94.13400 turret  top  
68.71900 s l an ted  
88.84590 face plate 
63.43090 
95.54000 turret  
94.13400 f r o n t  
11.00000 sec 1 ri 
11.00000 turret  
1 1 . O O O Q O  f ront  
94.13400 sec 2 ri 
94,13400 turret  
83.24190 f r o n t  
11.00000 sec 3 rl  
11.00000 turret  
11.00000 front  
83.24190 sec 4 rl 
83.24190 turret  
75.98040 f r o n t  
11.00000 sec 5 rl 

11.00000 f r o n t  
75.98040 sec 6 rl 
75.98040 turret  
68.71900 f r o n t  
11.00000 sec 7 r 1  

-~ -~ - . - 

Figure C - 1 .  (cont inued)  
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0000 -92.3780 
0000 -92.9700 

000 106.60000 
000 107.5000 
000 106.6000 
000 37.6680 
000 55.3830 
000 27.4820 
000 91.5480 

000 89.9540 
000 -81.4930 
000 47.7000 
000 -52.5000 
000 20.0000 

000 -55.6000 
500 57.8000 
000 -55.6000 
882 54.8846 
000 -55.6000 
500 50.4000 
000 -55.6000 
077 47.48339 

i nued) 
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049 

050 

051 

052 

053 

054 

055 

056 

057 

058 

059 

060 

061 

062 

arb8  101.60000 -37,33500 

101.60000 27.48200 
76.20000 91.54800 

arb8  76.20000 -56.24640 

76.20000 39.18640 
50.80000 106.60000 

arb8  50.80000 -76.75690 

50.80000 53.42400 
25.40000 120.16900 

arb8 12.70000 -89.64300 

12.70000 71.55580 
.OOOOO 122.96900 

arb6 -63.50000 122.10390 
-63.50000 .ooooo 

.OOOOO 82.95640 
arb6 -63.50000-133e34200 

-63.50000 .ooooo 
.OOOOO-102.38700 

arb6 .OOOOO 82.95640 
.ooooo .ooooo 

-63.50000 122.10391 
arb6 -205.00000-101.60000 

-202.47400 .ooooo 
-63.50000-133.34200 

arb6 -63.50000-133.34200 
-63.50000 .ooooo 

-202.47400 -84,80000 
arb5 -224.88740 -1.34070 

-197.06140 -1.16580 
-197.06140 83.45930 

-199.58740-100.25930 
-224.88740 1.34070 

arb6 -202.47400 84.80000 
-205.00000 .ooooo 

-63.50000 122.10391 
arb8 -63.50000 122.10391 

-63.50000-133.34297 
.OOOOO 120.23313 
.OOOOO-131.30000 

arb6 -63.50000 122.10391 
-63.50000 .ooooo 

-202.50000 84.80000 

76.20000 -92.97000 

50.80000-105.35300 

25.40000-123.09200 

.OOOOO-123,55300 

arb5 -197.06140 83.45930 

68.71900 76.20000 -4 
11.00000 101.60000 -76.42700 
68.71900 76.20000 37.66800 
11.00000 101.60000 75.34100 
75.98040 50.80000 -60.42700 
11.00000 76,20000 -96.65660 
75.98040 50.80000 48,38700 
11.00000 76.20000 91.54800 
83.24190 12.70000 -90.80000 
11.00000 50.80000-110.35346 
83.24190 12.70000 65.76000 
11.00000 50.80000 106.60000 
94.13400 .OOOOO -91.59200 
11.00000 25.40000-118.59200 
94.13400 .OOOOO 72.11000 
11.00000 25.40000 120.16900 
7.87700 -63.50000 84.27700 

95.54000 -63.50000 .ooooo 
95 + 54000 .ooooo .00000 

8.39910 -63.50000-111.00000 
95,54000 -63.50000 .ooooo 
95.54000 .OOOOO .ooooo 
95.54000 .OOOOO 131.30000 

.ooooo .ooooo .ooooo 
7.87700 -63.50000 .OOOOO 

25.42901-202.47400 -84.80000 
95.54000-205.00000 .OOOOO 

8.39910 -63.50000 .OOOOO 
8.39910 -63.50000-110.00000 

95.54000 -63.50000 .OOOOO 
95.54000-202.47400 .OOOOO 
23.50170-215.25750 -1.16580 
94.81030-197.06140 -1.34070 
95.02370 .OOOOO .ooooo 
95.02370-199.58740 100.25930 
24.91280-197.06140 -83.45930 
23 e 50170 .OOOOO . 00000 
95.54000-205.00000 101.60000 
25.42901-202.47400 .ooooo 

7.87700 -63.50000 .ooooo 
7.87700 -63.50000 .ooooo 
8,39918 -63.50000 .00000 -. 51410 .ooooo .ooooo 

.ooooo .ooooo .ooooo 
7.87700 -63.50000 84,27700 

95.54000 -63.50000 .ooooo 
95.54000-202.50000 .ooooo 

75.98040 a i r  between 
11.00000 n sec t ions  
75.98040 7 8 and 15 
11.00000 16 
83.24190 a i r  betwee 
11.00000 n sec t ions  
83.24190 5 6 and 13 
11.00000 14 
94.13400 a i r  betwee 
11.00000 n 250 26 
94.13400 and 33 34 
11.00000 
95.54000 a i r  betwee 
11.00000 n 31 32 
95.54000 and 23 24 
11.00000 
95.54000 a i r  i n s ide  

7.87700 s o l i d  13 
95.54000 
95.54000 a i r  i n s ide  
8.39910 s o l i d  17 

95 54000 

95.54000 n 14  18 
7.87700 l e f t  

95.54000 a i r  betw 
25.42901 11 and 16 
8.39910 r i g h t  sec2 

95.54000 a i r  betw 
8.39910 12  and 15 

95.54000 r i g h t  see 2 
94.81030 a i r  opposi 
23.50170 t bod 8 

.OOOOO tur r e a r  
24.91280 a i r  rear 
95.02370 be t  sec 7 

25.42901 a i r  betw 
95.54000 11 and 16 

.OOOOO a i r  betwee 

.ooooo 9 

7.87700 l e f t  sec 1 
2.20500 a i r  i n  
8.39910 bottom 

-6.09920 under 13 
.00000 17 14 18 

95.54000 a i r  betw 
7.87700 12  and 15 

95.54000 l e f t  sec 1 

Figure C-1. (cont inued)  
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.I 

0000 142.700 
0000 -58.800 

000 .oooo 

000 11.0000 

I 

000 .0000 
000 .0000 

000 90.6780 
000 53.0000 
000 58.0000 
690 115,2000 

000 -36.4000 
000 -39.4000 
000 -39.4000 
000 -42.7400 
000 -52.2869 

100 -63.6200 

100 -63.6200 
00 .ooooo 

re nued) 
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092 sph 
093 rpp 
094 rpp 
095 rpp 
096 sph 
097 rpp 
098 rpp 
099 rpp 
100 sph 
101 rpp 
102 rpp 
103 rpp 
104 rcc 

105 rcc 

106 rcc 

107 rcc 

-86.80000 -65.00000 115.00000 8.50000 .OOOOO .000OO cmdr head 
-97.50000 -76.10000 -84.25000 -45.75000 36.30000 106.50000 cmdr torso 
-97.50000 -40.20000 -81.00000 -49.00000 20,30000 36.30000 cmdr thigh 
-53.40000 -40.20000 -78.20000 -51.80000 -17.50000 20.30000 cmdr legs 
-11.00000 -60.20000 55.50000 8.50000 .OOOOO 
-21.70000 -.30000 -79.45000 -40.95000 -23.20000 47.00000 gun torso 
-21.70000 
22.40000 35.60000 -73.40000 -47.00000 -77.00000 -39.20000 gunnr 1 egs 

.000OO loadr head -36.00000 60.23500 57.50000 8.50000 .ooooo 
-55.25000 -16.75000 49.53500 70.93500 -21.17500 49.02500 load torso 
-52.00000 -20.00000 13.63500 70.93500 -37.17500 -21.17500 load t h i g h  
-49.20000 -22.80000 13.63500 26.83500 -74.97500 -37.17000 load legs 
161,54700 -31.85000 51.01550-120.30000 .00000 .00000 s i g h t  

4.60000 .ooooo .ooooo .ooooo .ooooo .OOOOO te l  escope 
161.54700 -31.85000 51.01550-120.30000 .OOOOO .OOOOO inside 

3.96850 .ooooo .ooooo . 00000 . OOOQO .OOOOO scope 
158.54700 -31.85000 51.01550 -7.00000 .ooooo .OOOOO forwar 

3.96850 .ooooo .ooooo .ooooo .ooooo .00000 lens 

3.96850 .OOOOO .00000 .OOOOO .ooooo .ooooo lens 

35,60000 -76.20000 -44.20000 -39.20000 -23.20000 gun tighs 

40.84700 -31.85000 51.01550 4.56000 .00000 

108 

109 

110 

111 

112 

113 

114 

115 

116 

arb8 -182.05100 
-116.26300 
-179.08509 
-116.26300 

-178.70868 
-178.39214 
-178.70868 

-149.76432 
-160.05019 
-149.76432 

-117.26962 
-137.55521 
-117.26962 

arb8 -181.28011 

arb8  -162.97996 

arb8 -140.75108 

rcc -190.80000 
16.85290 

rcc -190.80000 
16.15290 

90.20000 

87.90030 

8 e 08500 
rpp 78,30000 

- 14 . 57070 

I"CC -25.50000 

73.77200 89.86500-190.26300 21.56500 
15.36300 89.86500-107.38878 79.38771 
92.62751 30.19717-190.26300 21,56500 
15.36300 18.39272-104.36901 101,17442 
73.20264 89.01500-189.28132 22.33570 
21.44960 89.01500-171.43273 73,94331 
91.56263 30.91523-189.28132 22.33570 
21.44960 27.69977-168.83912 92.65542 
74.02555 88.26500-171.23020 21.57546 
19.77638 88.26500-142.02652 75.60155 
92.65126 29.32437-171.23020 21.57546 
19.77638 24.59411-139.33496 95.02091 
76.65695 89.56500-149.90161 18.48333 
15,74842 89.56500-108.49100 79.08339 
96.97437 25.27100-149.90161 18.48333 
15.74842 18,84514-105.50300 100.6408 
52.20000 64.00000 91.00000 .00000 

0 00000 .ooooo .00000 .ooooo 
52.20000 64.00000 91.00000 .OOOOO 

.ooooo .ooooo .ooooo .ooooo 
92.12700 48.90000 77.74800 47.65200 
72.31400 14.88000 3,34400 116.62200 
87.47233 44.68397 75.44830 42.99733 
67.65933 10.66397 1.04430 111.96733 
71.30000 84.00000 .OOOOO-168.00000 

.ooooo .00000 .ooooo .ooooo 
98.62000-102.80000 -82.50000 15.00000 

89.86500 105 mrn 
89.86500 ammo rack 
28.35797 i n  turret 

89.01500 105 mm ammo 
89.01500 expl o s i  ve 
29.12354 
29.71672 
88.26500 105mm ammo 
88.26500 air space 
27.48482 
26 e 72546 
89.56500 l05rnm ammo 
89.56500 propel 1 ant  
23 e 23954 
21.24977 

.00000 sl eeve 

.00000 ammo air  

.OOOOO ammo air 
,00000 

48.90000 ammo box 
13.33906 l e f t  f r o n t  
44.68397 o f  turret 

.12304 

.OOQOO range . 00000 f i  nder 
35.32008 computer 



000 107.3000 
000 101.9000 
000 101.9000 

000-107.3000 
000-107.3000 
000-101.9000 
000-101.9000 
000 107.3000 
000 107.3000 
000 101.9000 00 101.90000 
000 101.9000 00 101.90000 

Fi . i nued) 
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134 

135 
136 
137 
13% 

139 

140 
141 
142 

143 

144 
145 

146 

147 

14% 

149 
150 

151 

arb8  188,40000-107.30000-126.20000 126.40000- 107.30000-126.20000 h u i  11 s i d e  
126.40000-107.30000 -13,70000 187.60000-.107.30000 -15.60000 sec 3 r t  

r p p  126.40000 201.50000-107.30000 107.30000-12620000-123.6OQOO h u l l  bot 
r p p  -298.80000 126.50000 101.90000 107.30000 -40.50000 -10,40000 s i d e  sec41 
r p p  -298.80000 126.50000-107.30000-101.90000 -40.50000 -10.40000 s i d e  sec4r 
arb8  126.40000 124.40000 -60.70000-298.80000 124.40000 -60.70000 s i d e  sec 

188.40000-101.90000-126.20000 126.40000-101.90000-126.200QQ 
126.40000-101.90000 -13.70000 187.60000-101.90000 -15.60000 

-298.80000 107.30000 -40.50000 126.40000 107.30000 -40,50000 l e f t  
126.40000 121.65232 -63.02601-298.80000 121.65232 -63.02601 

-298.80000 102.58327 -40.50000 126.40000 102.58327 -40.50000 
arb8  126.40000-124.40000 -60.70000-298.80000-624,40000 -60.70000 s i d e  sec 5 

-298.80000-107.30000 -40.50000 126.40000-107.30000 -40.50000 r i g h t  

rpp -298.80000 126.40000 119.00000 124.40000 -78.20000 -60,70000 s i d e  sec61 
r p p  -298.80000 126.40000-124.40000-119.00000 -78.20000 -60.70000 s i d e  sec6r  
arb8 126.40000 47.40000-126.20000-298.80000 47,40000-126.20000 s i d e  sec7 

126.40000-121.65232 -63.02601-298.80000-121.65232 -63.02601 
-298.80000-102.58327 -40.50000 126.40000-102,58327 -40.50000 

-298.80000 124.40000 -78,20000 126.40000 124.40000 -78.20000 l e f t  
126.40000 45.76007-123.56929-298.80000 45,76007-123.56929 

-298.80000 122.23106 -74.72068 126.40000 122.23106 -74.72068 
arb8  126.40000 -47.40000-126.20000-298.80000 -47.40000-126.20000 s i d e  see7 

-298.80000-124.40000 -78.20000 126,40000-124.40000 -78.20000 r i g h t  
126.40000 -45,76007-123.56929-298.80000 -45.76007-123056929 

-298.80000-122.23106 -74.72068 126.40000-122.23106 -74.72068 
r p p  -298.80000 126.40000 -47.40000 47.4000 -126020000-123.66000 f l o o r  s2 
arb8  126.40000 101.90000 -91.70000 126.4000 124.40000 -78.20000 f r o n t  end 

126.40000 124.40000 -60.70000 126.40000 101.90000 -40.50000 O f  bulge 
120.40000 101.90000 -91.70000 120.40000 124,40000 -78.20000 I t  
120.40000 124.40000 -60.70000 120.40000 101,90000 -40.50000 

126.40000-124.40000 -60.70000 126.40000-101.90000 -40.50000 O f  bulge 

120.40000-124.40000 -60.70000 120.40000-101.90000 -40.50000 

arb8  126.40000-101.90000 -91.70000 126.40000-124,40000 -78.20000 f r o n t  end 

120.40000-101.90000 -91.70000 120.40000-124,40000 -78.20000 r t  

arb6 126.40000 107.30000 -88.70000 126.40000 107.30000-126.20000 f i l l e r  I t  
120.40000 107.30000-126.20000 120.40000 107.30000 -88.70000 f r o n t  

arb6 126.40000-107.30000 -88.70000 126.40000-107.30000-126.20000 f i l l e r  rt 

r p p  -376.60000-373.30000 -91.50000 91.50000 -58.70000 -10.4000 

arb8 -360.20000 91.50000 -86.00000-298.80000 47.40000-126.20000 r e a r  sec3 

126.40000 47.00000-126.20000 120.40000 47.00000-126.20000 

120.40000-107.30000-126.2Q000 120.40000-107.30000 -88.70000 f r o n t  
126.40000 -47.00000-126.20000 120.40000 -47,00000-126.20000 

box -376.60000 91.50000 -58.70000 .00000-1$3.00000 
16.40000 .00000 -27.30000 2.82880 .OOOOO 1.69930 

-298.80000 -47.40000-126.20000-360.20000 -91.50000 -$6.00000 
-358.39239 91.50000 -83.23911-296.99239 47.40000-123.43911 
-296.99239 -47.40000-123.43911-358.39239 -91.50000 -83.23911 

Figure C-1. (cont inued)  
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0000 87.900 

0000 -88.4772 
5273 aa.4772 

ar 

ar 

F 1. (continued) 
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170 

171 

172 

173 

174 
175 
176 
177 
178 
179 

180 

181 
182 

183 
184 

185 
186 

187 

arb8  -215.30000 -75.50000 14,40000-215.30000 -91,50000 -10.40000 top  r e a r  
-215.30000 91.50000 -10,40000-215e30000 75.50000 14.40000 sec 2 
-298.80000 -78.46774 9,80000-298.80000 -91.50000 -10.40000 
-298.80000 91.50000 -10.40000-298.80000 78.46774 9.8000 

-215.30000 88.47726 -10.40000-215.30000 74.11845 11.85615 S ~ C  2 

-296,26000 88.47726 -10.40000-296.26000 76.99592 7.39608 

arb8  -215.30000 -74.11845 11.85615-215.30000 -88,47726 -10.4000 

-296.26000 -76.99592 7.39608-296.26000 -88.47726 -10.40000 i n s i d e  

-376.60000 -91.50000 -10.40000-376.60000 -78,46774 9.80000 sec 3 
arb8 -376.60000 78.46774 9.80000-376.60000 91.50000 -10.40000 t o p  rear 

-298.80000 78.46774 9.80000-298.80000 91.50000 -10.40000 
-298.80000 -91.50000 -10.40000-298.80000 -78.46774 9.80000 

-373.30000 -88.47726 - 10 40000-373.30000 -77.08371 7.26000 S ~ C  3 

-298.80000 -88.47726 -10,40000-298.80000 -77.08371 7.26000 

arb8  -373.30000 77.08371 7.26000-373.30000 88.47726 -10.40000 t o p  rear 

-298.80000 77.08371 7.26000-298.80000 88,47726 -10.40000 i n s i d e  

r p p  -298.80000-126.40000 88,47726 107.30000 -12.94000 -10.40000 t o p  rear41 
r p p  -298.80000-126.40000-107.30000 -88.47726 -12,94000 -110.40000 t o p  r e a r  4 r  
rpp -276.60000-156.60000 95.50000 100.00000 -16.20000 -10.40000 g r i l l  top1 
r p p  -276.60000-156.60000-100.00000 -95.50000 -16.20000 -10.40000 g r i l l  t o p r  
r p p  -376.60000-369.60000 -86.00000 86.00000 -5320000 -10.40000 g r i l l  r e a r  
arb6 187.60000 107.30000 -15.60000 185.90000 107.30000-126.20000 crew a i r  

185.90000-107.30000-126.20000 187.60000-107.30000 -15.60000 f r o n t  

a rb8  185.90000 107.30000-126.20000 126.40000 109.30000-126,20000 crew a i r  
126.40000 107.30000 -10.40000 187.60000 107.30000 -15.60000 f r o n t  see2 

r p p  -298.80000 126.40000-107,30000 107.30000 -40.60000 -10.40000 crw air s 3  
a rb8  126.40000-107.30000 -40.50000 126.40000-124.40000 -60.70000 a i r  sec 4 

288.00000 107.30000 -63.20000 288.00000-107,30000 -63.20000 

185.90000-107.30000-126.20000 126.40000-107.30000-126.20000 
126.40000-107.30000 -10.40000 187.60000-107.30000 -15.60000 

126.40000 124.40000 -60.70000 126.40000 107.30000 -40.50000 
-298.80000-107.30000 -40,50000-298.80000-124.40000 -60.70000 
-298.80000 124.40000 -60.70000-298.80000 107.30000 -40.50000 

r p p  -298.80000 126.40000-124.40000 124.40000 -78.20000 -60.70000 a i r  sec  5 
arb8 126.40000-124.40000 -78.20000 126.40000 -47.40000-126.20000 a i r  sec 6 

126.40000 47.40000-126.28000 126,40000 124.40000 -78,20000 
-298.80000-124.40000 -78.20000-298.80000 -47.40000-126.20000 
-298.80000 47.40000-126.20000-298.80000 124.40000 -78.20000 

r p p  -376.60000-298.80000 -91.50000 91.50000 -58,70000 -10.40000 a i r  sec 7 
arb8 -298.80000 -91.50000 -58.70000-298.80000 -91.50000 -86.00000 a i r  sec 8 

-298.80000 91.50000 -86.00000-298.80000 91.50000 - 
-376.60000 -91.50000 -58.70000-360.20000 -91.5000 
-360.20000 91.50000 -86.00000-376.60000 91.5000 

-360.20000 -91.50000 -86.00000-298.80000 -91.50000 -86.00000 
-298,80000 47.40000-126.20000-298.80000 -47.40000-126,20000 

arb6 -298.80000 91.50000 -86.00000-360.20000 91.5000 86,00000 a i r  see 9 

Figure C-1. (cont inued)  
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0000 180.100 000 -71.10000 

000 .oooo 

000 -59.70000 

000 40.4000 
000 39.6000 
000 40.4000 
000 40.1000 
000 25.7000 
000 25.10000 

re . (continued) 

c - 1.3 



214 rpp  
215 rpp 
216 rpp 
217 rpp  
218 r p p  
219 rpp 
220 rpp  
221 rpp 
222 rpp  
223 rpp  
224 rpp  
225 rpp 
226 rpp  
227 rpp  
228 rpp  
229 rpp 
230 rpp  
231 r p p  
232 rpp 
233 box 

234 box 

235 box 

236 rcc 

237 a rb8  

238 rcc 

239 a rb8  

240 rpp  
241 box 

242 rcc 

243 rcc 

244 rcc 

82.80000 174.20000 -93.30000 -47.50000 -92.60000 -27.20000 h u l l  ammor 
158.60000 174.20000 -93.30000 -47.50000 -92.60000 -27.20000 a i r  f r  amo 
143.20000 157.50000 -92.20000 -89.00000 -91.50000 -28.30000 p r o j  t i p  
143.20000 157.50000 -89.00000 -48.60000 -91.50000 -28.30000 a i r  t i p  
141.40000 143.20000 -93.30000 -47.50000 -92.60000 -27.20000 alum space 
84,25000 141.40000 -93.00000 -47.80000 -92.30000 -27.50000 p r o p e l l a n t  
82,80000 174.20000 -82.60000 -61.20000 -71.40000 -48.40000 a i r  space 
82.80000 174.20000 -83.00000 -60.80000 -71.80000 -48 00000 sl eeve a i  r 
87.40000 174 20000 38 10000 93 e 30000 -92.60000 -27 e 20000 h u l l  ammo1 

163.20000 174.20000 38.10000 93.30000 -92,60000 -27.20000 a i r  f r o n t  
147.80000 162.10000 89.70000 92.20000 -91.50000 -28.30000 t i p  a 
147.80000 162.10000 39.20000 89.00000 -93,50000 -28.30000 a i r  t i p  
146.00000 147.80000 38.10000 93.30000 -92,60000 -32.20000 alum space 
88.45000 146.00000 38.40000 93.00000 -92.30000 -27.50000 p r o p e l l a n t  
87.40000 174.20000 52.40000 78.70000 -71.40000 -48.40000 a i r  space 

-11.60000 40.40000 60.20000 61.10000 -36.56000 -1.96000 expl parti 
-10.70000 39.50000 61.10000 87.90000 -36.56000 -1.96000 wp explos i  

-279.38559 169.70166 109.00000 180.10000-175.30000-163e60000 t r a c k  bot1 
169.70166 180.10000-175.30000 .OOOOO -71.10000 .OOOOO t rack frnt 
92.60742 .OOOOO 62.99187 -6,58030 .OOOOO 9.67410 s l o p e  I t  

-279.38559 180.10000-175.30000 .OOOOO -71.10000 .OOOOO track r e a r  
-95.16121 .OOOOO 80.51990 7.55430 .OOOOO 8.93420 s lope  I t  

-349.10000 180.10000 -37.00000 .00000 -71.10000 .OOOOO t r a c k  t o p  
586.10000 .00000 -4.80000 .09580 .OOOOO 11.69960 1 t 

-349.10000 180.10000 -64.70000 .OOOOO -71.10000 .OOOOO t r a c k  arou 
39.40QOO .00000 .ooooo .ooooo .00000 .OOOOO nd d r i v e l t  

-349.10000 180.10000 -16.20000-349.10000 180.10000 -64,70000 d r i v e  t rck 
-416.60000 180.10000-144.47384-416.60000 180.10000 -16,20000 dummy 

87.40000 174.20000 52.80000 79.10000 -71.80000 -48.00000 Sleeve a i r  

-349.10000-180.10000 -16,20000-349.10000~180.10000 -64.70000 
-416.60000-180.10000-144.47384-416~60000~180.1000O -16.20000 
237.00000 180.10000 -75.10000 .00000 -71.10000 ,00000 track arou 
45.00000 .00000 .OOOOO .ooooo .ooooo ,00000 nd i d l e r l t  

293.40000 180.10000 -16.20000 293.40000 180.10000-172.71943 i d l e r  t rck 
237.00000 180.10000 -75.10000 237.00000 180.10000 -16.20000 dummy 
293.40000-180.10000 -16.20000 293.40000-180.10000-172.71943 
237.00000-180.10000 -75.10000 237.08000-180.10000 -16.20000 

-279.38559 169.70166-180.10000-109.0000 -175.30000-163.60000 t r a c k  b o t r  
169.70166-180.10000-175.30000 .OOOO 71AOOOO ,00000 t rack  frnt 
92.60742 .00000 62.99187 -6.58030 .00000 9.67410 slope rt 

138.70000 170.00000 -57.40000 .00000 -45.50000 .OOOOO t r k  suppr t  
16.40000 .OOOOO .00000 .ooooo .ooooo .OO000 roller 1 1 

-58.50000 170.00000 -5S080000 .OOOOO -45.50000 .ooooo t r k  s u p p r t  
16.40000 00000 00000 .ooooo 0 00000 .OOOOO r o l l 5 9  1 

-192.00000 170.00000 -54.90000 .00000 -45.50000 .OOOOO trk suppr t  
16.4000Q .ooooo .ooooo .ooooo .ooooo .OOOOO r a l l e9  3 1 

Figure C-1. (continued) 
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000 -74.7000 

000 115.5000 

000 .oooo 
000 115.2181 
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269 
270 
271 

272 

273 
274 
275 

276 

277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 

288 

r p p  -286.10000-105.10000 -98.40000 .OOOOO -40.50000 -20.90000 r i g h t  t a n k  
r p p  -285.95000-105.25000 -98.25000 .OOOOO -40.50000 -21.05000 fuel r i g h t  
arb8 -286.10000 .00000 -60.70000-286.10000-11§.50000 -60.70000 r i g h t  fuel 

-286.10000 -98.40000 -40.50000-286.10000 .00000 -40.50000 t a n k  t i e r  
-105.10000 .OOOOO -60,70000-105.10000-115.50000 -60.70000 2 
-105.10000 -98.40000 -40.50000-105.10000 ,00000 -40.50000 

arb8 -285.95000 .OOOOO -60.70000-285.95000-115.30347 -6OJOOOO fuel i n  
-285.95000 -98.20347 -40.50000-285.95000 .00000 -40.50000 t i e r  2 

r p p  -286.10000-105.1000Q-115.50000 .OOOOO -74.70000 -60.70000 t a n k  t i e r3  
r p p  -285.95000-105.25000-115.35000 .00000 -74,70000 -60.70000 fuel t i e r3  
arb8 -286.10000 .00000-118.70000-286.10000 -45.50000-118.70000 r i g h t  fuel 

-286.10000-115.50000 -74,70000-286.10000 .00000 -74.70000 t a n k  t i e r  

-105.25000 .OOOOO -60.70000-105.25000-115.30347 -60.70000 
-105.25000 -98.20347 -40.50000-105.25000 ,00000 -40.50000 

-105.10000 .OOOOO-118.70000-105.10000 -45.50000-118.70000 4 
-105.10000-115.50000 -74.70000-105.10000 .00000 -74.70000 

arb8 -285.95000 .OOOOO-118.55000-285.95000 -45.45677-118.5500 
-285.95000-115.21814 -74.70000-285t95000 .OOQOO -74.70000 t i e r  4 

r p p  -388.60000 282.00000 107.30000 181.00000 -21.20000 -20.70000 fender I t  
rpp  -388.60000 282.00000-181.00000-107.30000 -21.20000 -20.70000 fender rt 
r p p  -388.60000-298.80000 91.50000 107.30000 -21.20000 -20.70000 fender I t  
r p p  -388.60000-298.80000-107.30000 -91.50000 -21.20000 -20.70000 fender r t  
r p p  -95.40000 96.60000 108.00000 180.00000 -20.7000 -~ .20000  too l  box11 
r p p  -95.40000 96.60000-180.00000-108.00000 -20.70000 -2,20000 too l  b o x l r  
r p p  -227.90000-114.10000 108.00000 180.00000 -20.70000 6.30000 exhaust 
r p p  -227.90000-114.10000-180.00000-108~00000 -20.70000 6.30000 tool box2r 
r p p  -329.70000-253 e 60000 108.00000 180.00000 -20 e 70000 -2.20000 tool box21 
r p p  -329.70000-253.60000-180.00000--108e00000 -20.70000 -2,20000 too l  box3r 
rcc .00000 108.20000 -7.00000 .ooooo .OOOOO 18.00000 gear 

12.70000 .OOOOO .ooooo .OOQOO ,00000 .OOOOO motor 
r p p  -160.00000 160.00000-160.00000 160.00000 -50,00000 ,00000 dummy 

-105.25000 .00000-118.§5000-105.25000 -45.45677-118.55000 
-105.25000-115.21814 -74.70000-105.25000 .OOOOO -74.70000 

289 rcc - 11.60000- 116.50000- 130.30000 
33.30000 .OQOOO ,00000 

290 rcc -95.30000-116.50000-130.30000 
33.30000 .ooooo .ooooo 

291 rcc -179.00000-116.50000-130.3000 
33.30000 .OOOOO .OOOOO 

292 rcc -262.90000-116.50000-130*30000 
33.30000 .OOOOO .00000 

293 box -279.38559-180.10000-175.30000 
-95.16121 .OOOOO 80,51990 

294 box -349.10000-180.10000 -37.00000 
586.10000 .OOOOO -4.80000 

295 rcc -349.10000-180.10000 -64.70000 
39.40000 .00000 .ooooo 

.OOOOO -56,10000 
, 00000 .OOOOQ 
.ooooo -56.10000 
.ooooo .ooooo 
,00000 -56.10000 
. 00000 .ooooo 
.OOOOO -56.10000 
.ooooo .ooooo 
.OOOOO 71.10000 

7.55430 . QOOOO 
.00000 71.10000 
.0958Q .00000 
.ooooo 71.10000 
.ooooo .00000 

,00000 road- wheel 
.ooooo 3 r t  
.OOOOO road w h ~ ~ ~  
.OOOOO 4 r t  
.OOOOO road wheel 
.OOOOO 5 r t  
.00000 road wheel 
.OOOOO 6 r t  
.OOOOO track rear 

.OOOOO track t o p  

.OOOOO drive trck 

8.93420 slope rt 

11.69960 rt 

Figure C-1. (continued) 
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Figure C - 1 .  (continued) 
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Figure C-1. (continued) 
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