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FOREWORD 

The study reported herein was authorized by the U. S. Army Mate-
riel Systems Analysis Agency (AMSAA) and was conducted during June-
Decemb~r 1973 by personnel of the Environmental Simulation Branch (ESB), 
Environmental Systems Division (ESD), Mobility and Environmental Systems 
Laboratory (MESL), U. S. Army Engineer Waterways Experiment Station 
(WES). 

The study was under the direct supervision of Mr. J. K. Stoll, 
Chief, ESB, and under the general supervision of Messrs. W. E. Grabau, 
Chief, ESD, and W. G. Shockley, Chief, MESL. It was planned and di-
rected by Mr. H. W. West of the ESB and Messrs. J. Kramar, Chief, Spe-
cial Activities Office, and M. Reches (Program Monitor) of AMSAA. Per-
sonnel of the MESL who contributed to the study were Ms. J. A. Parks, 
Messrs. P. L. Doiron, s. Winfrey, R. Erazo, and L. M. Rodriquez, and Dr. 
V. E. LaGarde of the ESB, and Messrs. C. E. Stevens and A. Vazquez of 
the Environmental Characterization Branch, ESD. The computer model 
used to calculate the shielding characteristics of the various road 
sites was developed by Ms. Parks, assisted by Dr. LaGarde. The supple-
mentary computer programs used to portray the terrain characteristics of 
the various road sites were developed under other research programs by 
various staff members of the ESB. This report was prepared by Messrs. 
West and Doiron and Ms. Parks. 

Acknowledgment is made to Mr. 0. P. Bruno, Chief, Reliability, 
Availability and Maintainability Division of AMSAA, for his helpful 
suggestions and direction in the conduct of this study. 

Director of WES during the study and preparation of the report was 
jCOL G. H. Hilt, CE. Technical Director was Mr. F. R. Brown. 
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CONVERSION FACTORS, METRIC TO BRITISH UNITS OF MEASUREMENT 

Metric units of measurement used in this report may be converted to 
British units as follows: 

Mil ti ply 
centimeters 
meters 
kilometers 

By 
0.3937 
3.2808 
0.6214 
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SUMMARY 

The mathematical model presented herein allows the user to deter-
mine the amount of shielding from munition bursts offered by the ground 
surface to targets (vehicles, personnel, etc.) on and moving along roads 
or in cross-country terrains. In the shielding model it is assumed 
that fragments and projectiles travel in straight-line trajectories; 
therefore, the amount of shielding offered by the ground surface to a 
target is calculated along the optical paths between the burst point and 
selected points on the target. The shielding values given by the model 
are maximum values. 

Shielding characteristics in terms of probability of shielding for 
a point(s) on a target, or in terms of average shielding for a one-
dimensional target of a specified height, can be obtained. The model 
variables include target height, number of target height intervals, 
locations of five target positions, elevations of six munition height-
of-bursts (HOB), and eight horizontal target-to-HOB ranges. 

Shielding results are provided for six road sites near Vicksburg, 
Miss., selected to be representative of a wide range of road configura-
tions known to occur in various geographical regions. The ground-
surface shielding results obtained for the six road sites show that 
shielding of a one-dimensional vertical target is significantly affected 
by both distance (or range) and burst height, and that shielding does 
not change appreciably for the different target positions that were 
evaluated along the center line of the road. However, since five target 
locations were in relatively uniform areas, it is believed that target 
location would have a significant effect on shielding on those roads 
that contain closely spaced cuts and fills. Of the six sites for which 
shielding calculations were made, site 6 contained the greatest amount 
of shielding; this amount increased with increasing range and decreased 
only slightly with increasing burst height. At sites 1 through 5, the 
shielding of the target varied between 0 and 25 percent for the dif-
ferent ranges and burst heights equal to and greater than 100 cm. For 
a burst height of 0 cm (i.e. ground burst), the shielding of the target 
varied between 10 and 55 percent for the different ranges. 

Appendix A describes the general procedures used in the acquisi-
tion and recordings of on-site three-dimensional topographic data and 
presents the topographic data that were collected at the six road sites. 
Appendix B describes the interpolation procedure used in determining a 
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fine grid of equally spaced discrete elevations (i.e. 2-m grid points) 
from a set of randomly located (field measured) elevation points. 

Appendix C presents examples of the tabular output of the shield-
ing model. Volume II (published in limited quantity) contains the 
total tabular output of the shielding model. 
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ANALYTICAL STUDY OF GROUND-SURFACE SIIlELDING 
CHARACTERISTICS OF SELECTED ROAD TERRAINS 

VOLUME I: DEVELOPMENT OF SIIlELDING MODEL 
AND ANALYSES OF RESULTS 

PART I: INTRODUCTION 

Objectives and Scope 

1. The overall objective of this study was to determine the 
amount of shielding from munition bursts offered by the grotmd surface 
to targets (vehicles, personnel, etc.) on or moving along roads. The 
munition bursts were considered at various heights (on or above the 
ground) and various distances from the roads. The specific objectives 
of the study were to: 

a. Develop a mathematical computer program (i.e., a model) 
to calculate the shielding characteristics of various 
selected ground surface configurations, including those 
that might be encountered in both road terrains and 
cross-cotmtry terrains. 

b. Survey a limited number of road sites to obtain input 
data for the computer program in ~ above. 

c. Compute the shielding characteristics of the various 
selected road sites. 

d. Compare the shielding characteristics of the various 
selected road sites. 

Approach 

2. In this study consideration was given to the development of 
analytical procedures for determining answers to the following questions: 

a. How much ground-surface shielding is provided to targets, 
such as vehicles and personnel, from fragmenting munitions 
bursting at various distances from the road and at various 
heights on and above the ground? 

b. For those targets or portion of targets that are vulnerable 
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(or unshielded) to fragmenting munition, what are the 
target-fragment trajectory impact angles for different 
munition burst heights and ranges to target? 

3. In pursuit of answers to these questions, analytical proce-
dures for calculating the ground-surface shielding characteristics for 
various targets, ranges to targets, and munitions burst heights were de-
veloped. In addition to the shielding characteristics, the attitudes, 
or contact angles, of the unobstructed lines of sight, or optical path 
from the burst points to the unshielded portion of the target, were cal-
culated. 

4. Tn the shielding model in its present form it is assumed that 
fragments and projectiles travel in straight-line trajectories, which 
may or may not be a complete and/or accurate representation of the paths 
that certain fragments take. However, for fragments traveling at high 
velocities {greater than 500 m/sec*) and with relatively short (less 
than 100 m) travel paths, it is believed that the straight-line paths 
can be assumed to be characteristic of the trajectories. In any event, 
the shielding as calculated by the model provides the maximum ground-
surface shielding that would be provided for targets traveling on or 
along the roads. 

5. In the shielding model it is also assumed that the slant dis-
tances between the points on the target and the burst points for any 
given range circle of radius R have no effect on shielding. 

6. The results of this study are intended to provide some insight 
into studies pertaining to the following: 

a. Determination of the effects of ground-surface terrains on 
the vulnerability of different types of military targets 
on or moving along roads. The results of this study are 
restricted to determination of the ground-surface shield-
ing effects (i.e. vegetation effects are not considered) 
of selected road terrains; however, the model is capable 
of determining the ground-surface shielding effects of 
any type of ground-surface terrain, including cross-
country terrains. 

* A table of factors for converting metric units of measurement to 
British units is presented on page vii. 
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b. Determination of the effects of ground-surface shielding 
on munition effectiveness and performance. Results should 
be useful in indicating the minimum burst height for maxi-
mum target exposure and, thereby, provide for maximwn 
effectiveness of certain munitions. 

c. Evaluation of body armor for military vehicles and 
personnel. 

d. Fragment retardation and, possibly, fragment ricochet. 
e. Determination of the cover offered by different road con-

figurations to tactical vehicles on or moving along roads. 
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PART II: DEVELOPMENT OF THE GROUND-SURFACE SHIELDING MODEL 

General Description 

7. The ground surface shielding model is written in Fortran lan-
guage to be used in the batch mode on a G-635 computer, and is designed 
to determine shielding characteristics for the following model 
variables: 

a. One-dimensional vertical target (or vertical line) of a 
specified height. 

b. Ten equally spaced target height intervals on the vertical 
target. 

c. Five different target positions along the center line of a 
road. 

d. Six munition heights of burst (HOB), on and aboveground. 
(It should be noted here that ten HOB's were enlisted by 
making two runs of the program.) 

e. Eight horizontal target-to-HOB ranges. 

Terrain shielding, as calculated by the model, is defined as follows 
(see fig. 1): A point on a vertical target is said to be "shielded" if 
the optical path between a specified munition burst point and the point 
on the target is obstructed by the terrain surface. If a point on the 
target is shielded by the ground surface, the probability of shielding 
p equals l; if the point is not shielded, the probability of shield-s 
ing is zero. In addition to a determination of the shielding probabil-
ity for each of 10 points (or height intervals) on the target, the aver-
age shielding for the vertical target is calculated. In the model if 
any one point on the target is shielded or visible, the height interval 
represented by that point is said to be also shielded or visible. The 
location of each point was at the top of the interval (see fig. 1). 
The "target shielding value" is calculated (see fig. 1) by projecting 
optical lines of sight from the burst point to each of 10 equally 
spaced points on the target and determining which, if any, of the lines 
of sight are obstructed by the terrain surface. Mathematically, this 
relati0n can be expressed as 
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where 

(1) 

S = average target shielding value, or fractional part of the 
target height that is shielded by the surface of the ground, 
for a specified burst point, percent 

T = first point or target height interval that is visible (or 
unshielded) from the burst point. In fig. 1, the first 
interval visible from the burst point is interval 4 

I = total number of target height intervals; for this study, 10 
intervals were used 

= total height of one-dimensional vertical target, centimeters. 
For this study a height of 300 cm was used. 

8. To determine whether or not a specified line of sight is 
intercepted by the terrain, an elevation profile along a line between 
the.target position and munition burst position is calculated using the 
topographic data that were generated in the study. (For a discussion 
of the procedures used in establishing the topographic (i.e. elevation) 
data arrays for the various road sites see Part III and Appendix B of 
this report.) The profile is determined by calculating the elevation 
of points at each 2-m distance along a line connecting the horizontal 
positions of the two points. The elevation of each point along the 
specified profile is then calculated using the following equation and 
the elevation data arrays that were generated for the various road sites. 

where 

4 z /4 
zi,j = 2: J 2: ~2 

k=l -k k=l k 
(2) 

z .. 1,J =the elevation at the (i,j)th grid position within the data 
array 

~ = the elevations of the four nearest neighbors of grid points 
to the specified position (i,j). Each 200- by 200-m data 
array for this study consists of 10,201 grid points. The 
spacing of the grid points is 2 m. 
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R~ = the square distances of each kth data point from the 
(i,j)th grid point. 

After the elevation of each respective 2-m point along the extracted pro-
file is calculated, these elevations are compared with elevations along 
each projected line of sight at the same 2-m intervals. If the eleva-
tion of any ~ point along the ground profile is greater than the cor-
responding point along the specified line of sight, the line of sight 
is said to be intercepted by the ground surface, and the interval repre-
sented by that point of the target height is shielded. 

One-dimensional vertical 
target and target position 

Model Variables 

9. Since tracked and wheeled vehicles and, to some degree, person-
nel must be considered three-dimensional targets in determining whether 
or not they might be vulnerable to fragmenting munitions, consideration 
was given to specifying the locations (i.e. x,y,z coordinates) of 
"points" on the outermost surface(s) of a target that might be subjected 
to fragment hits. To model a three-dimensional target, the target 
should be specified according to its three-dimensional outer surface or 
in terms of its sides, top, back, and frontal areas. For this study the 
height dimension of the target was represented by a vertical line of a 
specified height, and the length and depth dimensions of the target were 
represented by the x:y position of the vertical line. These dimensions 
are illustrated in fig. 2. To define the vertical dimension more specif-
ically, the vertical line (or target) is divided into ten intervals, 
and the shielding probability P is computed for each of these respec-s 
tive height intervals. For example, if the target is specified as being 
300 cm tall and contains 10 height intervals, a shielding probability is 
computed for each 30-cm interval up to a height of 300 cm on the target. 
In addition to determining the shielding probability for each of the 10 
height intervals on the target, the average shielding value (equation 1) 
for the target is calculated for each of five target positions (A through 
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E) along the center line of the road (see fig. 3). Since the five tar-
get positions were selected approximately along the road center line, 
only the length and height dimensions of a target were considered in 
determining shielding (i.e. the depth, or x-dimension, of the target 
was considered equal to zero). 
Munition HOB 

10. Terrain shielding can be computed for any of six different 
HOB's in any one run of the program. In this study two runs of the pro-
gram were made and 10 HOB's were considered: 0 (ground surface), 10, 
25, 50, 75, and 100, 200, 300, 400, and 500 cm. 
Target-to-HOB ranges 

11. Terrain shielding can also be computed for eight horizontal 
target-to-HOB ranges in any one run of the program. The only limita-
tion on the horizontal range value that can be considered is that the 
data array for the site must be large enough so that a circle with a 
radius equal to the range (radius R ), centered at a specified target 
position(s), will lie inside the array. The ranges used herein were 10, 
20, 30, 4o, 50, 60, 70, and Bo m. 
Number of burst points 

12. The number of burst points considered for each HOB (i.e. on 
the surface and aboveground) and for each range is determined by speci-
fying uniformly spaced points (at 3.1416-m intervals) along a circle of 
radius R (fig. 3). The total number of points for any one range is 
then calculated by the following equation: 

where 
Nt = total number of burst points for each HOB and range 
R = range 

(3) 

s = uniform spacing of burst points along the circumference of a 
circle of radius R and considered to be equal to n m , or 
3.1416 m 
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Shielding calculations 
13. Shielding is calculated (equation 1) for each specified burst 

point along the circwnference of the circle of radius R • In addition 
to these shielding calculations, the average shielding of the target for 
the entire circle of radius R is calculated. Symbolically, the aver-
age shielding is represented by the following equation. 

where 

Nt 

I 
n=l 

(4) 

= average shielding of target for all burst points along 
the circumference of the circle of radius R and 
specified HOB, percent. The subscript j represents 
the number of ranges (i.e., j = 1, 2, ••• 8), and the 
subscript k represents the number of burst heights 
(i.e., k = 1, 2, ••• 6). 

sjkn = sum of individual shielding values as calculated by 
equation 1 for each specified burst point along the 
circumference of the circle of radius R and 
specified burst point, percent. 

Nt = total nwnber of burst points along the circumference 
of the circle of radius R as calculated by 
equation 3. 

Vertical target contact angle 
14. To provide data for use in target vulnerability evaluations, 

the attitude (or contact angle) of the first line of sight (i.e. Wlob-
structed optical path) between the specified burst point and the target 
is determined (see fig. 1). In addition to the vertical target contact 
angles for the individual burst positions along the circwnference of the 
circle of radius (or range) R (see fig. 3), the average vertical con-
tact angle for the entire circle of radius R is calculated. 
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PART III: GENERAL TERRAIN DESCRIPTIONS, TOPOGRAPHIC 
SURVEY PROCEDURES, AND GENERATION AND 

ANALYSIS OF ELEVATION DATA ARRAYS 

15. This part of the report discusses the selection of road 
sites. their general ground-surface and vegetation characteristics, the 
topographic survey procedures used to determine the three-dimensional 
ground surfaces at each site, and the procedures used to establish 
the gridded elevation data arrays for use as input to the shielding 
model. 

General Terrain Descriptions 

Site selection 
16. Six road sites were selected within an 8o-km radius of Vicks-

burg, Miss. (see fig. 4). Each contained paved, two-lane, two-way roads, 
and was 200 m by 200 min size (i.e. roadbed and surrounding terrain out 
to a distance of 100 m). These six sites were selected to cover a wide 
range of road configurations that are known to occur in various geo-
graphical regions, including Europe, Asia, the Middle East, and others. 
Terrain descriptions 

17. Road site 1. Road site 1 was on Mississippi Highway 27 near 
the town of Crystal Springs (see fig. 4). The site was situated in a 
road cut (fig. 5), and the center line had a downward slope of approxi-
mately 2 percent from southeast to the northwest. The heights of the 
shoulders (or banks) on both sides of the road varied from approximately 
1 m on the southeast end to approximately 5 m on the northwest end. 
Computer-drawn perspectives looking southeast (fig. 6a) and northwest 
(fig. 6b) show how the three-dimensional ground surface varied at the 
site. (These perspectives are a series of vertical profiles equally 
spaced along the road center line and were generated using a computer 
program and the elevation data arrays described in paragraphs 29 and 30 
below.) The vegetation occupying the site (fig. 7) consisted of small 
isolated trees and two wooded areas with trees in the 3- to 30-m height 
range. 
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18. Road site 2. Road site 2 was at mile 78.5 on the Natchez 
Trace Parkway just southwest of its intersection with Mississippi High-
way 467. The road (fig. 5b) is slightly elevated above the surrounding 
terrain, which consisted of rolling pastureland on the southeast side 
and farmland on the northwest side. The center line of the road had a 
downward slope of approximately 2 percent from northeast to southwest. 
The surrounding terrain, in general, was very smooth but contained areas 
with gradual slopes (i.e. rolling topography). There was a small, well-
pronounced drainage channel on the southwest side of the road, as de-
picted in the computer-drawn perspectives (see fig. 8). The vegetation 
on the s·ite consisted of a few isolated trees and two areas of widely 
spac~d trees and understory vegetation (fig. 9). 

19. Road site 3. Road site 3 (see fig. lOa), located on Highway 
2 approximately 6 km northwest of Lake Providence, La., was selected be-
cause of its dikes and irrigation canals, which are characteristics of 
the rice-growing regions of Louisiana and Mississippi. The center line 
of the road was almost flat (i.e. zero slope). In addition to the dikes 
and canals, there is also an unpaved access road that parallels the main 
highway. A ground-level panoramic view of the site is given in fig. lOa, 
and two computer-drawn perspectives are given in fig. 11. There was no 
woody vegetation material at the site. 

20. Road site 4. Road site 4, on Highway 61 near the community 
of Onward, Miss., is in the Mississippi Delta farming region and the 
center line of the road contained zero slope. There is a rather large 
bayou {Deer Creek) on the west side of the road (fig. lOb). The road is 
elevated approximately 3-4 m, and the terrain on the east side is nor-
mally used for growing cotton or soybeans and is extremely smooth and 
flat. Fig. 12 provides two excellent perspectives of the bayou, the ele-
vated road, and the flat farmland that make up the site. The only vege-
tation occupying the site was a line of rather large {height 20-35 m) 
isolated trees a~.ong a fence row {see fig. 13). 

21. Road site 5. Road site 5 was also on the Natchez Trace Park-
way at mile 81.5. The road (fig. 14a) is elevated above the adjacent 
terrain, except at the northeastern end of the site {i.e. the last 20 m 
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of road), which passes through a cut. The center line of the road had a 
small downward slope {less than 0.05 percent) from southwest to northeast. 
The terrain adjacent to the road on the southeastern side was primarily 
rolling grassland with a few widely spaced trees; whereas on the north-
western side, the terrain was flat to sloping and contained an extremely 
dense stand of vegetation. The perspectives (fig. 15) show how the 
three-dimensional ground surface varied at the site, and fig. 16 depicts 
the vegetation. 

22. Road site 6. Road site 6 was on Highway 27 near the commu-
nity of Hubbard, Miss. A ground panoramic view is given in fig. 14b, 
and computer-drawn perspectives are presented in fig. 17. The site had 
a road embankment and relatively flat topography on the southwest side 
of the road's center line and an extremely rough and undulating topog-
raphy on the northeast side of the road. The center line of the road 
slopes downward approximately 4 percent from southeast to northwest. 
The vegetation on the site {fig. 18) consisted primarily of groups of 
widely spaced (3-10 m) trees of varying heights and stem diameters. 

Topographic Survey Procedures 

23. To characterize the three-dimensional ground-surface config-
uration of each of the six road sites, 11 profiles spaced 20 m apart 
were established along the length of the 200-m roadway (fig. 19) in 
accordance with procedures outlined in Appendix A. A constant spacing 
of 20 m between profiles was selected primarily because of the unifor-
mity of the road terrains at the six sites. However, in some cases 
variations did occur between profiles; in these cases survey points 
were taken at selected places between profiles, as needed, to delineate 
areas of changing slope. Of the six sites that were surveyed, all sites 
with the exception of site 2, contained straight alignments along the 
center line of the roadway. At site 2, the center line of the road-
way was such that the southwest end of the center line was located 
approximately 4.7 m southwest of the base line and the northeast end 
was located 8.4 m southwest of the base line. The general survey 

11 



procedures for the various sites are discussed below. 
General procedures 

24. To survey the sites, a base line was set adjacent and approxi-
mately parallel to each road's center line. Along the base line, con-
trol points spaced 20 m apart were located using a theodolite, tape, 
rod, and standard survey procedures. The start of the base line (con-
trol point 1) was used as the origin of the three-dimensional survey, 
and all topography survey points were located with respect to this point. 
(The positive x-axis for the coordinate system was along the base line, 
and the positive y-axis was assumed to lie 270 deg clockwise to the 
positive x-axis.) 

25. Once the 11 base-line control points were located, a theodo-
lite was set up over each respective control point, and an elevation 
profile perpendicular to the base line was determined (fig. 19). The 
three-dimensional locations of selected points were taken along the pro-
file as often as necessary to reproduce the geometry of the surface. 
The distance measurement to each point was determined either by taping 
or stadia. All changes in slope were included, and in those areas where 
the changes were indistinguishable, measurements were taken at no 
greater distance (or spacing) than 10 m along the profile. 

26. The three-dimensional topography measurements (i.e. azimuth 
and distance data) obtained at each of the sites were recorded on a 
standard data form, as discussed in Appendix A, and then placed on cards 
for computer processing and analysis. The three-dimensional topography 
data were then used as input to a computer program to determine Car-
tesian (x,y,z) coordinates. The x,y,z coordinates for the sites are 
contained in tables Al-A6, Appendix A. 
Survey of 250-m·profiles 

27. In addition to the survey of the 200- by 200-m road sites, 
two of the sites (sites 2 and 5) were selected for obtaining profile 
data on three lines (i.e. three different azimuths) approximately 250 m 
in length. These data were collected to determine the effects of target 
shielding over long distances. 

28. The profile data were obtained on the three azimuths as 
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illustrated in fig. 20. These data were processed through the Cartesian 
coordinates program to determine the x,y,z coordinates of each survey 
point along the 250-m profiles (tables A7 and A8, Appendix A, for sites 
2 and 5, respectively). 

Generation and Analysis of Gridded Elevation Data Arrays 

Generation of elevation data array 
29. The three-dimensional coordinates of the survey points were 

used to establish an elevation network of grid points for use as input 
to the shielding model. The automated procedure used to determine the 
grid elevation array for each of the sites is discussed briefly below. 

30. The Cartesian (x,y,z) coordinates of each surveyed point 
(tables Al-A6, Appendix A) were input on cards to the grid array pro-
gram to determine the elevation of each 2-m grid point on the 200- by 
200-m site. The total number of grid points in each array is 10,201. 
The computer storage of the grid elevation data is illustrated in 
fig. 21. A general interpolative algorithm that had been developed by 
the U. S. Army Engineer Waterways Experiment Station (WES) in support of 
another study* was used to calculate the elevations of each 2-m grid 
point within the array. This analytical procedure is described in de-
tail in Appendix B of this report. 
Analysis of gridded elevation arrays 

31. The gridded elevation data that were generated from the basic 
field profile data represent a reasonable characterization of the three-
dimensional ground surfaces at all six road sites. To illustrate how 
well the computed 2-m grid elevations compared with the field-surveyed 
elevation data, profiles were extracted (perpendicular to the road's 
center line) at three locations at each of the sites as shown in 
fig. 19. These data are discussed below. 

* Study entitled "Methods for Assessing Effects of Military Construction 
Activities on Ecosystem" (Formerly: Catalog of Critical Environmental 
Elements, and Methodology for Establishing Baseline Profiles), 
sponsored by Office, Chief of Engineers, Washington, D. C. 
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32. Profile data. In figs. 22-27 the field-surveyed elevation 
data for the three selected profiles are compared with the computer 2-m 
grid elevation data that were obtained by interpolating between field-
surveyed points. The field-surveyed and grid data for all sites, in 
general, show an excellent agreement along the measured profile, thereby 
reflecting that the elevation interpolation procedure (see Appendix B) 
provides a good representation of the geometry along the surveyed pro-
files. The only points along the three profiles that did not show a 
reasonable elevation comparison were those wherein the slope changes 
abruptly, such as at the top of the road embankment in profile A at 
site 1 (fig. 22) and at the bottom of the irrigation canals and the 
crest of the dikes in site 3 {see figs. 24 and 11). The poor agreement 
at these points can probably be attributed to the 2-m grid spacing used 
in the grid arrays. If these grid points had been specified at the 
same xy locations as the field-surveyed points, the agreement would 
probably have been much better. 

33. Since very little field survey data were obtained between the 
measured 20-m profiles, no comparison could be made between the profiles 
represented by the grid data and the actual field elevations that oc-
curred between the profiles. However, to illustrate the gradual changes 
that are inherent in the grid data between the surveyed profiles, grid 
data were extracted from 11 grid lines of site 1. This profile compari-
son is shown in fig. 28. As shown here, the grid data between the two 
surveyed profiles (i.e. profiles 20 and 40 m, respectively), show only 
gradual changes in the surface of the ground between the two measured 
profiles. 

34. The elevation data presented in figs. 22-27 also show how the 
ground surface varies along a direction perpendicular to each road's 
center line. A review of these profiles indicates that the terrain 
adjacent to the road changes significantly over relatively short 
distances. 

35. Slope data. The 2-m grid elevation data were also analyzed 
for changes in slope along profiles perpendicular to the base line and 
parallel to the base line. The results of these analyses are given in 
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fig. 29. Fig. 29 shows that the changes in slope are greater along 
grid lines perpendicular to the road than along those parallel to the 
road, which would be expected. Also, the sites show good agreement for 
slopes along both directions, except site 3, which contains dikes, 
irrigation canals, and a secondary access road (see perspectives in 
figs. lla and llb). 

36. Contour data. To provide a quantitative areal description 
of the three-dimensional ground surface at each of the six road sites, 
computer-derived contour maps using an elevation interval of 60 cm 
were prepared. These maps (fig. 30) show that the local relief varies 
from approximately 250 cm at site 3 (fig. 30c) to approximately 1700 cm 
at site 6 (fig. 30f). The maps also reflect the uniform slopes that 
occur along the paved surfaces of each of the roads. 
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PART IV: GROUND-SURFACE SJITELDING CHARACTERISTICS 

37. This part of the report discusses the ground-surface shield-
ing characteristics of each of the six road sites. Calculations were 
made for 10 different height intervals on a one-dimensional vertical 
target 300 cm tall, positioned at 5 target locations along the center 
line of the road (see fig. 2), for 8 target-to-HOB ranges (10, 20, 30, 
40, 50, 60, 70, and 80 m), and for 10 munition burst heights (0 or 
ground surface, 10, 25, 50, 75, 100, 200, 300, 400, and 500 cm). In 
addition, shielding calculations are also made for the six 250-m pro-
files surveyed at sites 2 and 5 (see fig. 20). The results for the six 
sites are discussed in detail in the following paragraphs. 

Presentation of Ground-Surface Shielding Results 

38. The detailed ground-surface shielding data for the one-
dimensional vertical target that were obtained for each of the six road 
sites consisted of: 

a. Percent shielding of target by individual burst point (or 
azimuth) along the circumference of each circle or ranges 
10, 20, 30, 40, 50, 60, 70, and 8o m, and burst heights 
of 0 or ground surface, 10, 25, 50, 75, 100, 200, 300, 
400, and 500 cm (tables 1-60, Volume II). 

b. Average percent shielding of target for each of the 8 
ranges and 10 burst heights (tables 1-60, Volume II). 

c. Target-LOS contact angle (0) for each individual burst 
point, as indicated in.! above (tables 1-60, Volume II). 

d. Average target-LOS contact angle for each of the 8 ranges 
and 10 burst heights (tables 1-60, Volume II). 

e. Probability of shielding of target for each 30-cm height 
interval, for each of the 8 ranges and 10 burst heights 
(tables 61-120, Volume II). 

Only a few copies of Volume II were published. However, copies are 
available for loan; persons interested may borrow copies by writing to 
U. S. Army Engineer Waterways Experiment Station, ATTN: WESFE, Vicks-
burg, Miss. 39180. Examples of the tabular output are given in 
Appendix C herein. 
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Analyses of Ground-Surface Shielding Results 

Frot·::i.bili ty of shielding 
39. The probability of shielding data for each 30-cm target 

height interval were averaged for the five target positions along the 
1·00 .. iway (see fig. 3). The probability of shielding data for 6 of the 10 
tarf~C t height intervals ( i . e . 30, 60, 120, 18o, 240, and 300 cm) were 
ti:,_•11 selected for comparison (figs. 31-36). These figures show con-
10:.!.d·:>rable variation in shielding between the six sites and also varia-
tion among the six targ,:t heights for each of the sites. Most of the 
ve:r:iation occurs at the lower munition burst heights (less than 300 cm); 
although site 6 (fig. 31-)) shows significant variations for burst heights 
of 200, 300, 400, and 500 cm, respectively. 
Average shielding of 300-cm-tall target 

40. The ground-Eurface shielding data for the 300-cm-tall target 
were averaged and plott•!d to illustrate the combined effects of dif-
ferent target positionc, ranges, and burst heights (figs. 37-42 for 
sites 1-6, respectively). These figures show that the average shield-
ing of the 300-cm-tall Ln.rget is significantly affected by both distance 
(or range) from the tarcet and burst height at all six sites. However, 
the shielding does not change appreciably for the different target posi-
tions (i.e. positions A-E) along the center line(s) of the road(s), 
probably because they cover a relatively short distance(s) (40 m) in 
areas that tended to be uniform parallel to the road center line. The 
effects of the target location would probably be quite significant for 
roads that contain several cuts and fills within a short longitudinal 
distance. 

41. In addition to the comparison of the average shielding for 
the various target positions along the center line of each of the roads, 
the average shielding characteristics of the six sites were compared 
(fig. 43). Fig. 43 shows that for a burst height of 0 cm (or ground 
surface burst), the average shielding of the 300-cm-tall target varied 
between 10-85 percent for the six sites; but for burst heights equal to 
and greater than 100 cm, target shielding at sites 1-5 varies only 
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between 0 and approximately 25 percent. Site 6 has the greatest amount 
of shielding. Not only does site 6 portray the greatest amount of 
shielding, but also the shielding increases with increasing range and de-
creases, only slightly, with increasing burst height (up to 500 cm 
aboveground) • 

42. The primary reason for the increase in target shielding with 
increasing range, as indicated by site 6 and to a certain extent by site 
1 (see fig. 43), is the decrease in the elevation of the ground surface 
with increase in range from the target (see figs. 27 and 22). 
Shielding along 250-m profiles 

43.· The average shielding characteristics for the 300-cm-tall 
targe~ along the six 250-m profiles, three each at sites 2 and 5, are 
shown in figs. 44 and 45, respectively. These figures show varying 
amounts of shielding along the three profiles. The primary difference 
between the profiles of the two sites is the shielding portrayed by 
ranges from 10 to 60 m to approximately 120 to 150 m; although profile 
C (azimuth 108°) at site 5 (see fig. 20) shows shielding decreasing for 
burst heights equal to and greater than 100 cm for ranges greater than 
18o m. 
Average vertical target contact angle 

44. Figs. 46-51 show the average vertical contact angles (or at-
titudes of the first unobstructed optical paths as shown in fig. 1) be-
tween the burst points and the target for each of the eight ranges, six 
burst heights, and five target positions along the center line of the 
roads. These data indicate that the vertical contact angle of a frag-
ment with a target is significantly affected by range and burst height, 
and that the degree of the effect is directly dependent upon the local 
relief portrayed by the site (see contour maps, fig. 30). Fig. 52 is 
a comparison of the average vertical contact angles along the six sites. 

Supplemental Considerations 

Site intervisibility 
45. To show the ground surface areas of the six road sites that 
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are open (i.e. visible) and those that are in defilade from a target 
90 cm tall located at the center of the site, intervisibility plots* 
were prepared and are included in fig. 53. These plots show the por-
tions of the sites that would have the most target exposure and vulner-
ability from ground bursting munitions. Although only one target height 
(90 cm) was assessed by the intervisibility algorithm, fig. 53 shows 
that the open regions and those in defilade on each of the different 
sites tend to occur as linear strips along and parallel to the length 
of the roads. 

Determining the 
shielding effects of vegetation 

46. As presently structured, the shielding model does not con-
tain considerations for determining the shielding effects offered by 
vegetation on the landscape. To provide some insight into whether or 
not vegetation should be given proper consideration, fig. 54, which was 
abstracted from another study,** is included. The graphs in this figure 
show two-dimensional computer-drawn views of a tropical forest that was 
surveyed by WES in three dimensions, in support of a munition evaluation 
study.t Fig. 54c shows the degradation effects of the vegetation stand 
on a bundle of horizontal, parallel beams of an infinitesimal size as 
they are projected horizontally through a selected portion of the forest 
(or vegetation). From the graph, which relates the number of beams and 
distance penetrated, it is noteworthy that of the total number (900) of 
beams that entered the vegetation all but approximately 125 had encoun-
tered a branch or stem of a tree before reaching a distance of 24 m. 
This particular figure (fig. 54) indicates that vegetation provides 
considerable visual shielding; however, the degree of shielding against 
munitions depends upon the density (i.e. number and size of stems and 
branches in three-dimensional space) of the vegetation stand. 

* The target intervisibility program was developed by WES in support of 
Tactical Effectiveness Testing of Antitank Missiles (TETAM) for the 
U. S. Army Combat Developments Experimental Conunand, Fort Ord, Calif. 

** Terrain Reconnaissance Airborne System (TERRAS) Study. 
t Degradation Effects Study sponsored by U. S. Army Picatinny Arsenal, 

Dover, N. J. 
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47. It is believed that the shielding effects of the vegetation 
would be very significant along a large number of road types that would 
have to be considered in materiel evaluations, and, therefore, the 
shielding effects of vegetation should be incorporated into the 
shielding model. 

Inputs to Materiel Programs 

48. The detailed ground-surface shielding data generated in this 
study should provide the necessary framework for performing detailed 
analyses of selected materiel systems (or hardware), such as those iden-
tified in Part I. If such analyses are to be performed, the shielding 
data could be placed by machine onto magnetic tapes or discs for use 
with computer programs that perform various materiel systems 
evaluations. 
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PART V: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

49. It is concluded that the primary objective of this study, 
i.e. to develop a mathematical model for predicting the amount of 
shielding from munition bursts offered by the ground surface to targets 
(vehicles, personnel, etc.) on or moving along roads, was achieved. The 
shielding model in its present form assumes that fragments and projec-
tiles travel in straight-line trajectories, which may or may not be a 
complete and/or accurate representation of the paths that certain frag-
ments take. However, for fragments traveling at high velocities (greater 
than 500 m/sec) and with relatively short (less than 100 m) travel 
paths, it is believed that the straight-line paths can be assumed to be 
characteristic of the trajectories. In any event, the shielding as cal-
culated by the model provides the maximum ground surface shielding that 
would be provided for targets traveling on or along the roads. 

50. The ground-surface shielding results obtained for the six 
road sites that were selected to be representative of a wide range of 
road configurations known to occur in various geographical regions show 
that shielding of a one-dimensional vertical target is significantly 
affected by both distance (or range) and burst height, and that shield-
ing does not change appreciably for the different target positions that 
were evaluated along the center line of the road. However, since the 
five target locations were in relatively uniform areas, it is believed 
that location would be significant on those roads that contain closely 
spaced cuts and fills. Of the six sites for which shielding calcula-
tions were made, site 6 contained the greatest amount of shielding; this 
amount increased with increasing range and decreased only slightly with 
increasing burst height. At sites 1-5, the shielding of the target 
varied between 0 and 25 percent for the different ranges and burst 
heights equal to and greater than 100 cm. 

51. Although the shielding model in its present form calculates 
only the shielding effects of the ground surface (i.e. vegetation 
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effects are not considered), it is capable of determining the ground-
surface shielding effects of any type of ground-surface terrain, includ-
ing both road terrains and cross-country terrains. 

Recomrnendations 

52. Since the shielding results exhibited by the six road sites 
indicate, in general, that selected targets on or moving along roads are 
shielded to some degree by the ground surface, it is recommended that 
the effects of vegetation be accounted for, so as to determine the 
total shielding afforded by the terrain. The shielding effects of the 
vegetation would be very significant along numerous road types that 
would have to be considered in materiel evaluations and, therefore, it 
is recomrnended that vegetation effects be incorporated into the shield-
ing model. It would also be worthwhile to consider shielding effects of 
man-made factors such as buildings and other objects. 

53. If the shielding data generated by this study are to be used 
in materiel studies, as discussed in Part I, it is recomrnended that 
these data be placed on magnetic tapes or discs for use as input to 
computer programs that would be used (or developed) in these studies. 

54. Since this study was limited to the examination of the shield-
ing characteristics of only six road sites, it is recommended that a few 
additional road sites, including ones that contain a number of cuts and 
fills and other characteristic configurations, be sampled to determine 
the shielding characteristics in these road terrains. It is also recom-
mended that a limited number of cross-country sites be selected and 
sampled to determine the ground-surface shielding characteristics of 
cross-country terrains. 

55. Since the analytical procedures used to calculate shielding 
characteristics in this report may not be as adequate as one might hope 
for in determining shielding of targets for use in target vulnerability 
studies, it is recomrnended that·work be continued on the further devel-
opment of the shielding model to allow for the following considerations: 
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!:.· Equations that more adequately describe the true three-
dimensional paths or trajectories of fragments and 
projectiles. 

b. Methods for modeling the outermost surface of a three-
dimensional target. 
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a. View northwest, road sit e 1 

b. View southwest, road site 2 

Fi g. 5. Ground panoramic views of road sites 1 and 2 
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a. View west, road site 3 

b. View north, road site 4 

Fig. 10. Ground panoramic views of road sites 3 and 4 
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a. View northeast, road site 5 

b. View northwest, road site 6 

Fig. 14. Ground panor8lllic views of road sites 5 and 6 
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APPENDIX A: GENERAL PROCEDURES FOR THE ACQUISITION 
AND RECORDING OF ON-SITE THREE-DIMENSIONAL 

TOPOGRAPHIC DATA 

1. This appendix briefly describes the general procedures used 
for measuring and recording three-dimensional topographic (i.e. azimuth 
and distance) data. Before topographic data can be obtained, a three-
dimensional coordinate system must be established, as discussed below. 

2. The origin of the three-dimensional coordinate system (fig. Al) 
is usually an arbitrarily selected point near the area for which topo-
graphic data are to be measured, although it may be any convenient 
benchmark near or within the area to be surveyed. The origin of the 
three-dimensional coordinate system is designated as topographic (or 
control) point 1 (TPl). No data are required for the location of TPl, 
since the computer program that reduces the orthogonal coordinates to 
rectangular coordinates assumes the x,y,z coordinates of TPl to be 0,0,0. 
To establish the position of the positive x-axis to which all data are 
referenced, the following procedure is used. 

\ 

270° CLOCKWISE FROM+ X-AXIS >----t 
O::::FIN~S TH~+ y-A}~IS 

+ z-AX IS 

TP1 !ORIGIN OF COORDINATE SYSTEM) 
x,y,z COORDINATES OF TP1=0,0,0 

+X-AXIS OR BASELINE !THE DIRECTION 
FROM TP1 TO TP2 DEFINES THE +X-AXIS) 

Fig. Al. Coordinate system 

Al 



a. 

b. 

c. 

Set up and level a transit or theodolite over TPl 
(origin of coordinate system). 
Adjust the instrument's horizontal circle (i.e. azimuth 
circle) to read 360 deg 00 sec (or 0 deg 00 min 00 sec 
for some instruments) when sighted in the direction of 
magnetic north of any other selected reference. For this 
study the horizontal angle reference was along the base-
line. 
Along the reference line, establish topographic point 2 
(TP2) at any selected distance. For this study, TP2 was 
located at 20 m along the baseline. Information pertain-
ing to the location of TP2 must be entered on the first 
line of the topographic data form (fig. A2) according to 
the instructions in paragraph 3. This line of data 
establishes the positive x-axis for the survey. From 
the positive x-axis, the positive y-axis is then always 
assumed to lie 270 deg clockwise, and the positive z-axis 
is assumed to lie in the vertical or zenith direction 
and perpendicular to the x-y plane. These axes (i.e. y 
and z) do not require location in the field. These 
coordinate axes are illustrated on the following page. 

3. Once the coordinate system has been established, other topo-
graphic points are selected and located, as required in the topographic 

survey. To provide the three-dimensional location of each topographic 
point (except TPl, which is assumed to be 0,0,0), the following data are 
required, and are recorded on the topographic data form (fig. A2) as 
follows. (The numbers in parentheses indicate the corresponding column 
numbers on the topographic data form and also correspond to those on an 
automatic data processing (ADP) card.) 

a. Columns 1-17. The information in these columns is used 
for computer storage and retrieval systems at WES, and 
is not required in conducting the topographic survey. 

b. Height of instrument (18-20). To locate a new topographic 
point, a transit or theodolite is set up and leveled over 
an already existing point, such as TPl. The height of 
instrument is the vertical distance, in centimeters, from 
the horizontal axis of the instrument (or scope) to the 
topographic point beneath the instrument. 

c. Instrument TP (21-24). The number assigned the topo-
graphic point beneath the instrument. 

d. Backsight TP (25-28). The number assigned the already 
established topographic point being used to reference 
the horizontal angle of 360 deg 00 min 00 sec. The 
first number recorded on the data form is always 02. 

A2 
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e. Foresight TP (29-32). The number assigned the new topo-
graphic point being located. The first number recorded in 
this field is always 02, which establishes the positive x 
axis. All other foresight TP's should follow 02 in an 
increasing numerical sequence (i.e. 03, 04, 05, through 
9999) on the data form. 

f. Rod reading (33-36). A metric stadia rod is used to lo-
cate the elevation of topographic points. The rod reading 
is recorded in centimeters. 

&• Horizontal distance (37-41). The distance, in centimeters, 
measured horizontally between the instrument and the new 
topographic point being established. 

h. Horizontal angle (deg (42-44), min (45-46), sec (47-48)). 
The clockwise angle between the reference line (i.e. 
360 deg 00 min 00 sec) or backsight TP and the new topo-
graphic point being established. 

i. Vertical an le (de (4 - 1) min ( 2-53) sec (54-55) • 
The clockwise angle between zenith vertically upward) 
and the line-of-sight to the topographic point being 
established. For running a line of levels, the vertical 
is assumed to read 90 deg 00 min 00 sec and is the number 
that is recorded for the vertical angle. 

J_. Remarks (56-80). This field is used to record any nar-
rative information pertinent to the topographic point 
being located. 

4. After all the topographic points have been surveyed and the 
data recorded on the form (fig. A2), the data sheets are given to a 
keypunch operator for punching the field data into standard ADP cards. 
(It should be noted that ~ADP card represents~ line of data on the 
field form, fig. A2.) Once the topographic data are on ADP cards, they 
are then ready to be used as input to a computer program (Fortran IV, 
G-635 program) that computes the x,y,z coordinates for all points in 
the survey. Coordinates can be computed in metric or English units by 
inputting a specific data card in the program. 

5. The surveyed three-dimensional x,y,z, coordinates for each of 
the six road sites are given in tables Al-A6. Coordinate data on the 
250-m survey line for sites 2 and 5 are given in tables A7 and A8, 
respectively. 
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Table Al 

Top0graphic Data (cm) 

Road Site 1 

T1P1 x y z 
1 Q I !l 1 g I 
2 ~QQQ.Q a. -~~.D 
3 400J.(I -I') I() -.55 IQ 
4 6DQQ.g -a.a .. 1~.a 
5 .) Q !) QI Q -I') IQ -l3.g 
6 lQDOQ1D -a.a -!HI ID 
7 J:~Qr>12.Q -o.o -Q9,Q 
8 1~aaa.a :dl I a -10:1.a 
9 16QOQ 1 Q -a.a -144.!l 

1£1 111aaa.g -0.1 ·11z.a 
11 ~Qgoc.~ - rl. 1 -21a.a 
:1.2 a.a ·~~.a .. 11.a 
13 u.g J."C!laO -101.a 
2.4 rr. g 22DD.D ·250.1 
1~ Q.Q 2h~2.0 -2h2aZ 
J.6 g I L! •iJ:!l~ I 0 -~2~.~ 
17 Q.o 471Q 1 0 -46Q.~ 
J.8 g.g 56'DD ID ·!~i.D 
19 (I I l) 6'-60.0 -4~8.5 

2a g.g 64QD.a •6D2a~ 
21 a.~ z1120. n -~~1.2 
~2 fbG 14aa.a -72.9.a 
23 o,o 10~0.o -72514 
24 a.a Z95a.g ... !ill2 .1 
25 fl. Q IHIQQ 1 0 -~1~.1 
26 -g.g -5gg.o ·1D410 
27 •QI (I -a.~.~Q I 0 -237.g 
28 •CI§! -J.39g.g ... ia2. a 
29 -0 I (J -1610.0 -176.g 
~a -a.~ -2DDD.D -1t6.a 
31 -r..o -f)3~Q 1 0 -112.a 
~2 .. g.g -2680.D -111.a 
33 -Q.Q -;:!94Q,!l -2~&.a 
~4 -D.D -i.l~ZD I g -1~1.a 
35 -(11 u -37zn.o -A§1Q 
~~ -a.a -~~~DiD -1~z.a 
~7 .. ,, • g -SfQQ,IJ -12;s.a 
~8 -a.a ·5lHlD. D,;, •1Z6.0 
39 -[:. 0 -~ZlD.Q -212.a 

··----
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Table Al (Continued) 

\ 
i.e. ~ v z 

4Q -c I ti -~t-ZQ.Q ..~12.c 
~3 '"'Ci IQ .. zsco.a -az1.a 
42 -Q.~ -BQ~o.o -~D2,D 
~~ -g.g -a~za.1:1 -~~a.a 
44 .. 0 I t1 -9flQ0 1 rl -~25.Q 
~5 .. a. a .. 1oaoo.c ... 5z2.~ 
~t -c.o -llHlll.D -sz2.2 az •D.D :d33SO,O ·•6•3.Z 
!B -c • t! -l2COO,O -663,6 
~2 2000.a ~•o 0 -~ 32 ID 
2Q 2DDQ,t- l~OD,Q -211.c 
!U 2000.0 2000-, D -236.D 
22 ~QQC,Q ;5~DQ,C -;52Z.C 
!2~ 2ruur. a ~ooa.o -~~2 I 3. 
24 ZDIH1,Q ~eico.o -466,2 
55 2000,D 6000.0 -~a~.6 
26 2DDD,Q ZC!DO,D -505.~ 
IZ 2000.a 22·00 ID ·~2z.z 
28 2000 dl acoo,o -625,S 
5i 2aao.a -~oo.D .. ,fa,Q 
~D 2000.g -55!],Q -123.D 
§1 2aaa.a .. u100.a -2~~.D 
~~ 2Q0Qd2 -11~0.n -2~2.Q 
63 201u1. a -1iHO IQ •211. D 
~4 2000.0 -J620,D -202.0 
6~ 2DEU:lal1 -2000.0 ·126.D 
66 2QQQ,Q -2360,D -202.c 
6Z 2DDDaD -2~!20.Q -21&.o 
6A 2QOQ 1 Q -26ZQ,O -26~.Q 
69 2DDD.a -22;sa.a ... zz2.a 
7Q 2QQQ,Q -~C!DQ,Q -261,Q 
Z1 21uu1. a -~~QD,Q •165.D 
Z2 2001.i.tl -3600,Q -aa.c 
23 2DOD,Q -~QQD,D -1a2.a 
z~ 2QD08'J -~~JQ,D -1z2.o 
Z!i 2000.a .. !HOD·, D -212.a 
Z6 2000.u -2eao.a -2~1.a zz 2f:Ul0 I a -62lHI ID ·3a2.a 
Z8 2ana.a -ZC!O!l, !l -JSJ,O 

-- ·------· ...... -·· - -·-. 
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Table Al (Continued) 

I.e. l( y z 
79 2:)0010 -80QQ If') -42 7 I 6 
8D 2~00 dl -90DQ.g -4~6.~ 
81 ?.r100 1 0 -1ong!l 1 n -553.5 
12 20110.a ,.1D~llll.D .. ~210.2 
83 2000.0 -11. 0Qf) If') -645!6 
14 2aoa.a -i2aoa.a -67~.4 
85 4nOQ 1c 1~5 1 0 -a.a 
16 4QQQ.g 4~g.g -ii21D 
87 4QQO.£: lQllQ.n -1~5.g 
II 4ggg.g 1~1HJ. a -11~.a 
a9 4!!QD.C 2~00.0 -JJl.O 
212 4fH20 ID 3~DD.D .. ;sa1.a 
21 4QQC 1 Q ~QQ!],Q -~01.a 
22 ~ODD.a 5DDD.D .. ~2Z.D 
2J HID~.Q 60U!l,O -~~8.D 
i~ ~IHHI IQ zooo.o .. ~a1.a 
2~ 4U01J 1 Q aoao.c -:208,Q 
26 40DQ.D -~·65. g ·125.D 
2Z 4 u D •JI L1 -azo.c -261.Q 
28 ~OO!l. Q -11~0.a .. 220.a 
22 ~UQi.l,Q -lJ~o.o -2~5.C 

1DD 4 ,, !Ul I g ·16UJ .a -2~~.D 
101 4rtQQ,Q -~t!QD,Q -224,Q 
~g2 41!0Q 1 g -23:!n,Q ·232.0 
103 4(102.0 -26Z!'l, o .. ,4~.g 
iD4 4QDlh D . -289g.g ·2971D 
1Q5 4(100.~ -3'140,0 -202.Q 
116 40aa.a -a4~D.D -120.0 
:I.OZ 4QQQ.Q -;1ezo.t1 -1ns,c 
11:18 ~DOD.a -~360.D •126.D 
iQ9 4 ,, (I G I Q -536Q 1 0 -234.Q 
12.D 4lJIJQ .r2 ·6DDQ.Q -221:1.0 
111 4 (l Q QI c -zccn.o -J1~.o 
112 4DQC.D -acaa.D ·4~~.D 
113 4 (: 0 QI Q -2ocrn.t1 -~14,Q 
11~ ~CDC.I! -2B3Di0 •558.D 
ll~ H10C'l,C -llilC•O,il -6J2.Q 
116 3212,i .. J31Dll,D -656.D 
11Z 3<i99,9 -12000,0 -624,o 

...... ···-.. -·-- ----··· .. ---·---- ----·----
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Table Al (Continued) 

IaP1 ~ y z 
11B 6(·0n,Li 153.n -24,Q 
112 6000.0 ~~C.tl •·!21 IQ 

12[! b (1 0 (1 I C. f.'.c;n.Q -fie.a 
1~1 f>ttH!.C 1eco.c -22~.D I 1Z2 h ( 0 {1 I~ l::At[!,O -290.C 
123 6LllC.D JDDfl.D ... Joo.a 
124 6(Q(,Q ~ncn. o -J~f!.D 
125 6CCD.C 5000.C -~oo.o 
l 2fl !2UCU.C flCC:C! ID -~~2.0 
122 6000.Q ZDDO.D -~s2.o 
l 28 6 Q a(! I [l SC!OO I 0 -~62.C 
l 22 63~1.6 1223 2 -336,D 
j 30 6('(111 I c -~25,C! -lZ6,0 
l 3l 6000,C -1020.0 -318.D 
332 6CDC1,C -13~0.0 -2z~.o 
l 33. 6Ct1Hl, D -H~lS.O •26~.D 
1~4 {?(!Q(·. c -21'.!0Q,Q -252,0 
1~~ ~~oa.a -2~~0.o -260.0 
1~6 ~QOO.CI -26~0.0 -2z2.c 
S3Z 600C!1C -2680.D .. 326.0 
1 ;5f 600'1.C -3QQC.C! -;uc.o 
132 60QC!,Q -J460.D -1a~.o 
1~[! 6 0 D L1 IQ -~720.0 -324,Q 
1~1 6000.Q -3260.0; -~Z.D 
142 ~OQCl,C -4Jf:[!,Q -~s.o 
14~ 6QDQ.Q -4~81:!. D -111.0 
144 6toc1 1 c -~3CQ I ('I -198 •· 0 
1~!2 6DlHt.C .. 6000.D -2~8.Q 
146 6QQr·.~ -ZODC!,Q -352.C_ 
1~Z 6DDC,C .. BDl:U'l. 0 ~~~J.D 
1~a 6000.C -2000.0 -SQ5,Q 
1~2 60DD.D .. 1DDDD.O ·~H2. D 
1~0 6CQQ,Q -10120.0 -602,Q 
1!:U Sii2,i :i:1l DOD Q -655.D 
152 ~2~9.2 -12000.c -z10.o 
15J 8DCEl.ll 26ll.D --10.0 
35~ aooc... c 4~0.D z.o iss 8000,Q lJSo.o -8~.D 
l56 acioc:.o 2000.0 -l22.0 

. --- -··-· ·-. 

(Sheet 4 of 11) 



Table Al (Continued) 

Ia ea x y z 
157 eooo 1 0 287D 1 0 -186.g 
:1.5~ eggg.Q ;}5QQ.g ... 21~.a 
159 80001(1 4500.0 -327.Q 
:l.6Q egoo.a ~ggg.Q -~54.g 
161 eooo 1 0 60Q0 1 0 -393.Q 
J.62 agog 1 g 1ggo.o ... 43i.a 
J:63 aooo 1 0 eogo 1 0 -44810 
1~4 aoao.c -4~D.D •176.D 
16~ 8QOQ 1 ~ -91~.Q -~~6,Q 
166 1aan.D .-u~~o.a .. 3f;s.a 
1~7 aooQ 1 0 -108Q,O -~43,Q 
16a ADO~.a •1160 I a -~;J6.D 
1~9 §QOi.! I g -l3Z~.o -292.D 
1Zll 8DDll11J "'1621l.Q .. 221.D 
1Z1 AQ!:U11C _,QQQ,Q -2a~.c 
172 aaoa.a -236~.Q ·211.D 
17~ aaao.c -26~0.Q .. ;saa. a 
174 §!ggg.g -22·00. a .. ~~6.D 
175 8QOQ 1 Q -31QQ,O -~11.a 
1Z6 &DOD.a -~72Q.Q ·1•i.D 
1ZZ aaao.c -398Q.(I -~7.Q 
J,78 ft'UIO.~ -•1~a.a ~29.tl 
179 AQ00 1 Q -43~~.o -11.a 
Ji8Q 8DOQ 1 Q -~CUlD I g ·125,g 
181 aoog 1 c -~QQQ,O -z11.a 
182 §QODaO -zoaa.~ -;soa.a 
183 8000 1 C -§tlCQ I tl -~9~.a 
l84 sgoo 1 c -9000 1 0 •465.g 
i0s 8Ci0Ci 1 C -1QOQQ,O -541.D 
116 72!2.! •104~0.D ... 621.Q 
1&7 729212 -11000.a ·6'211D 
11a Z2!i.2 -12aoa.a -zra.a 
1·82 lDDQQ,Q 253,D -21.a 
190 1oaaa.a 438.a -2~.a 
191 lllCQQ.Q 10!2!3 IQ -~7.Q 
:l.i2 1!U:U1Q I c 122~il2 ·!!1D 
l,93 l!lC!la.g 14CQ,Q -1az.a 
124 l.DDOQ.g 1485.D -!a.a 
12!2 1QDDO di 2320,D '"'1;31.0 
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Table Al (Continued) 

I1f 1 ~ y z . 
196 10000.0 (460.0 -105.0 
197 10080.Q 3000,0 .. , 24. a 
198 10000,l' 4poo 1 0 -166,Q 
199 10000.D SQ00.0 ·244,Q 
200 10000,0 60QO,O -321.0 
2DS 10000,a 6610,0 .383,0 
202 10Poll .C! z~ao.o -~oa.o 2a3 UUUUl ,I 8DDD,Q -•sa.a 
20~ 10000.a -~25,0 -1za,o 
205 1aoaa.a .. aaa.a •33~.a 
2Q6 10000,0 -1050,0 -:U6, 0 
2Q7 20000,n :s211f\,O .311,n 
208 10000,c -1160,Q -368,Q 
200 10000·, 0 ... 1:sao,o .. :s25.a 
210 10000,0 -1620,Q -322,Q 
212 20000,0 -2000,n .. 3,4.0 
212 1QQOC 1 Q -2360,0 -320.0 
213 10000,a -26.50 IQ ... 33s,a 
214 10000.0 -286Q 1 0 -388.Q 
215 10000,n ... Jann.a •374,0 
216 10000.0 -3430,Q -237.0 
217 10000.Q -380Q.0 .. 159 1 0 
218 10000,0 -4000,0 -91.0 
219 10000.Q -4120,Q -ea.a 
220 10000,Q -4340,0 -123.0 
22, 10000,1 -5000,0 •t44.0 
222 1 0000,0 -60QQ,Q -163,o 
22:5 10000 1 0 -zooo,o -233.Q 
224 10000.0 -epoo,o -316,0 
225 10000,p -9000,0 ·•14·0 
226 lOOQQ.O -10000.0 -528.0 
227 9999.t -10520.0 -592,D 
228 9999.9 -11000.0 -673,Q 
229 99!9,9 -12000.0 .122.0 
230 12Q0(; 1 0 225,0 -9.0 
231 12000.0 445·.0 -22.0 
232 12000,0 1000,0 -43,0 
233 120DC.D 2CQD,0 .. 13.a 
234 12000,Q 3000,0 -112,0 
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Table Al (Continued) 

I.e, x y z 
2~:2 12aaa.a 4QQC 1 Q -1~~.c 
2~6 12aao.a ~16a.a -1~2.a 
237 12QOQ 1 Q 4JZ5 1 0 -2zz.a 
2~8 12aaa.a ~aoa.o •2Zi.D 
1!39 1ZQQC.Q ~QQQ,O -299.Q 
24D 12aaa.a zoaa.a •i546aD 
241 12goo 1 0 80QQ 1 0 -387,g 
2~2 111tg.a, 412;5.~ -1~1.ll 
243 1ZQOQ.Q -3~D.Q -184,Q 
2~4 121'UIQ 1 I -t1!1.a -211.a 
Z45 1ZQQQ,g -9~o.o -~94,g 

2f 6 120DD.D ... 1aza.a ·~a!.D 
2~Z 1ZQQQ,Q -1160,Q -~2~.D 
2~8 1200,r. a -1~20.a •355.D 
249 12QQQ,Q -162Q 1 0 -~49,g 
250 120~0.I -2000.g -~44.0 
251 12QQQ,g -237Q,n -~49,Q 
252 12ggg.g -a6·6a. g -;s6~.o 
253 12QOC\ 1 ~ -2e~a.o -41110 
2fU 12oaa.a .. 2220.a -~12.a 
2~!2 12DQC,Q -JQ20,Q -J22,D 
2~6 12aaa.a ·;54ZD.D -265.a 
257 12QQQ,Q -32QQ,Q -1z1.a 
2~& 12QDQ .Ii -~QiD.O .. 1;5Z.D 
259 12goo.~ -43~g.o -169,Q 
260 ,.2000 dl ... 5QOQ.o .. 1a1.a 
261 l~QOQ.g -~oao.o -2oe. a 
2~2 12DIUI •a -zaaa.g -21•.a 
263 12Q00 1 Q -73~0 1 0 -23010 
264 12000.a -8DQQ.D •iJDJ.a 
265 12Qoo 1 0 -2ogn,o -424.Q 
266 120012.Q ·lDODO.D -~~a.a 
2~7 112!2.? -11000.0 -61~.D 
268 1199919 ·12QQO.O ·1i1.a 
Z69 14QD01b 3ZQ,Q ~.g 
2ZD 1~DDD.a ~Hli D ·2. a 
2Zl l~OfHi,Q 452,0 -25.D 
2Z2 1~DDD,8 1000.0 -38.D 
2ZJ l~OOO,D 2000.0 -62,D 

·------···-· ... 
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Table Al (Continued) 

I. E! I ~ y z 
274 14QD~.D ~DCD.Q -91.C 
215 1•DOO,D •DDD,D -us.a 
27~ 14QDC,Q :2DCD,Q -124,D zzz 1~aaa.a 2~aa.a -1~2.g 
278 1~000.c 2750.Q -172,D 
222 1~000,Q 52•1L D ·215. D 
280 1~0DO dl 6:200,0 -226.D 
282 1•000.a ZDDD D ·2~2.D 
282 l~DOD,D acoo.o -222,Q 
283 2•000.0 ·283,D .. Ha6 I a 
28~ l~DOQ,Q -220.0 -2a~.o 
28!5 1•000,a s:!ialO-. D 1:•j8,Q 
286 1~000,a -1ozo.o -~2a,o 
21Z 1 ~aoo·. a -uzo.o -•j5,Q 
2BB l~DOO,Q -l~os.o -JZS,o 
211 1•000,D -2630,D -JZl.Q 
220 l~DQO,D -2000.0 -J62,0 
2i1 1~oaa.a -2J~o.a ·368.0 
222 l~DOO,Q -2680,0 -3Bl.O 
2i3 1~000.a -2820.D .. ~JJ.o 
22~ l~OOOdl -22zo.o -~:s~.o 
2i!J 1~000.a -3020.D -~as.a 
226 l~DOD,Q -~:2JO,O -2z2.o 
2iZ 1•000.r.1 •J2•D.D -120.a 
22A 14QQD,Q -41ZO,Q -122.a 
2ii 1~aaa.a -~260.Q -132.0 
~DD 14QQQ,g -4360,Q -1so.a 
~02 1•000.a ·~420.Q -1az.a 
~02 14QQQ,Q -~QDQ I !l -208,D 
303 l~DDD,D -5620.D -222.0 
~04 14QQQ,Q -6QQQ,Q -2~4,Q 
~a~ 1~000.a -2000.0 .. 312.0 
~a6 l!DQQ,C -~oco.c -366,D asaz 1~1UUI •a -2DDO,O -~13.0 
;1Q8 14QDl:law -ll:!~QC,Q -~62.C 
~Di 1~2!i.i -11000·.o .. 550.0 
~10 13222.2 -12000.c -642,Q 
~11 16000.a 2SD.O -66. 0 
312 l60QQ,Q 445,D -62,Q 

. ------------
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Table Al (Continued) 

I1P1 ~ y z 
313 16QOC1Q lO(zQ.O -1e.o 
~14 1Acaa.c 2t!DO.Q ,_8;5 IQ 
315 16Q00 1 c ~OQl'.1 1 0 -Aa 1c 
316 1~~gg.g ~QCD.Q -91.C 
317 16~0(1 al~ ~iOOQ.o -86.C 
~1a 16cao.a ~cco.a -11a di 
319 16~00.Q ~fl2n.o -16~.c 
1520 16CQll,g ZllDD.C .. 172.ll 
~21 16CDD.~ ~QIH1.D -1a1.o 
~22 1~~1~.1 1~12.4 -21.a 
3Z~ 16CCH'a0 -4Cl!J.O ... 2~1. c 
324 16QCD.a -9~5.D -~51.0 
3~~ 16QQC.~· -1czn.Q -~6§.0 
~26 16DQD.D -1~6D.C -~1i dl 
327 16~!H!.~ -1t10.o -41,.C 
~28 16~00.g -2ario.o -~D~.D 
329 l6C'Ot1 1 ~ -(36Q,O -4C2.C 
~~D 16(100.D ·26.ZD.12 -~2~.D 
~31 l6~QOd! -29QQ,Q -472 di 
332 16~gg.g -;uco.o -~Si1D 
~~~ l!! ,, Q 0. ~ -357Q,Q -282.ll 
~~4 16QQQ di -~92Q.Q -167 .Cl 
33~ l6C!00 1 g -4?4Q.Q -94.Q 
3~6 16ClDO.a -4~111.D -111.a 
332 16 (1 c (l • ll -~C!CO,Q -1Jr..o 
338 16QQC.D -6DDD,D -1a2.o 
3J2 l6l!QU,C -ZC!UD,Q -2~6.D 
34!2 J.6g~g.g -740Q.g -2~4.g 
341 16QQ0 1 ~ -BOQQ,Q -2a~.c 
342 1~Q£H1.a ·iHUD.D -a22.a 
343 l6CI0~1U -95QQ 1 0 -~&2.c 

~·~ l~C!DC.D ·1UDDD,Q ""680 I tl 
342 12~92.2 -111.6Qfl, ll -ZlC.O 
346 2,.52•9.9 ... 11CIJO.D -721.CJ 
347 15999.9 -12oein,o -7:SQdl 
~~~ UUUlD. g ~~li2 -8Z.D 
J~9 lfHlOO.O 4J~.2 -llZ.D 
~5Q 1ago12.a 999.9 •14710 
3!23 l 8 (1 Q Cl I c 3222,2 ... 166,Q 

- - ------ . ----·------- --·-·---
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Table Al (Continued) 

I.e. ~ y z 
352 18000.0 2439.9 -198.0 
353 18000.0 2570,9 ·177.Q 
3!U lBUQQ,ll ;H22,2 -J6Z.O 
355 18000.Q 4499,9 .. 153.0 
356 18000.C 49<JCL 9 -111.0 
357 18QQO.a 5999.9 -134.Q 
356 18000,0 674<L 9 -100.0 
359 18000.0 7' 99. 9 ·174.0 
J6D lBllOO.Q z9qq.2 -123.D 
361 18518.7 4575.6 .. 128.Q 
362 1anoo,c -300,1 -282 1 0 
363 ]8000.Q -86Q..1 -442.0 
J6~ J a Q (I (I 1 0 -lJUO,l -~2!1.0 
a6~ 1aooo.a ·1~20.2 ·~~z.o 
J66 Jaoao.c -H220, 1 -~~u.c 
;56Z 18DDD .&:I -2000.1 -~~;s.o 
368 181)(lQ,Q -2360,1 -438.0 
J62 28000.D -2650.2 -~!i~.D 
JZO lBllOD,Q -2trno. l -~2LO 
322 38000.0 -J060,2 -~23.D 
JZ2 lAOQU,C -32cO.l -225.0 
;sz;s 1aaa~.o -38!2D.1 -2~1.o 
374 1A')Oll 1 0 -12Q:".1 -ltQ.O 
;5Z!I 180DD.ll -~Jaa.1 ... 101.0 
~F6 181) 0 QI Q -!14~0.1 -321.Cl ;szz 181JOQ,Q -2QDD.1 -1z2.o 
3Z8 • l fl I) Q Q I c -~QO!l.1 -219,Q 
379 1aooa.o -b650 1 1 ·275,0 
380 181) 0 IJ • p -/C'Ofl,1 -281,0 
381 181100,0 -zzoa.1 -437.0 
382 181)0(1 IQ -RQ!)0,1 -517,0 
383 18\l0Q 1 0 -2000.1 -697,0 
384 18J00 1 0 -10000.1 -832,0 
J85 181100,0 -1100.1 ·857,0 
386 1 z·129, 9 -l<'OQO 1 1 -847,Q 
387 20000,a 319 9 ·226,0 
388 20100,0 432,9 -J6.S,Q 
389 20000.0 999,9 -200,0 
390 20000,0 1999,9 -243,Q 
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Table Al (Concluded) 

1.e. J( y z 
~91 20000.c ~922.9 -29210 
322 2DDOD.Q J222.9 ·2911D 
393 20000.0 499Q.9 -237.Q 
~2~ 2gggg.a ~922.9 -19~.a 
395 ~OOQQ 1 Q ~999.9 -1a~.Q 
~26 2aaaa.a Z922.2 .. 2D~.g 
397 20000,Q -36iJ.l -~o7 1 Q 
398 ~gggg.g -100.J. •41i10 
399 2QQOQ 1 Q -1Q2fl.1 -!U5. g 
•aa 2aaaa.a -1120.1 -~22.c 
4Q1 2QQQQ 1 0 -13~0.1 -4811Q 
~02 2DDQQ,Q -1~Jo.1 -~Z1.D 
4 Q~~ ~IJQQQ,Q -2000.1 -463.g 
4Q4 2naoa.a -2~zo.1 .. 46S.a 
4Q~ 20000.a -2620,1 -~7~.g 
~D6 20Dllll.O -2a~a.1 ·52~.D 
4Q7 2000Q,Q -~QSS.1 -49~.g 

•aa 20DQQ.g -;.,~20.1 ·JD6.D 
41J9 20QQQ,Q -42J!l.l -161.D 
~10 20DDD.Q -~~Zll.1 •211. D 
411 20!JOQ,C -!H!CO.l -292.D 
~12 20DDD.O -532!l.1 -;Hz. D 
413 ?.ogoo.~ -60QQ,1 -452,0 
414 2DODD.ll -zaaa.1 .. 567.Q 
415 '-0000,0 -8CQ!',1 -692.Q 
416 2!BIDD1'1 -21HUJ .1 ·ZB7aD 
417 ?OO~Q 1 0 -1orca.1 -a6~.c 
41e 19222.i -11cao.1 ·868.D 
412 1'1299,9 -12000.1 -fPJ d! 
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Table A2 

Topog;raphic Data 
Road Site 2 

T,P, x y z 
1 0. o. Q. 
2 2000.0 a. .. 4i!~ 
3 4000 1 g -o.o -7410 
4 6QOOal -a.o ·11610 
5 8000,Q_ -01Q -15410 
6 10000.g -o.o -1•1.o 
1 12000,Q -0 10 -2351.L 
8 1400011 •O I 0 ·278 . .t..L 
9 16000,0 -o.o -324,0 

10 i80D0 1 I -011 .. 316. 0 
11 20000,Q -0,1 -427,0 
12 D1i 152.0 4,0 
13 o,a 467,0 2,0 
14 011 ?87,D .4.o 
15 0.1 1055,0 ·Jl,O 
16 01i ' 1290 IQ -75,0 
17 o.o 1620,0 -5610 
18 o.g gJ52 1 0 ... 43. 0 
19 o.o 3000.0 -3410 
20 o.a 4000 1 0 .. a3.o 
21 010 5000.0 •40 IQ 
22 o.g 6000.0 ,..55 I 0 
23 0 1 1 7000,0 ... 79. 0 
24 0!1 8000.0 •119,0 
25 0, 9000,0 ·168 t 0 
26 0.1 95&0 1 0 •194,0 
27 o.o 10500.0 -110.0 
28 -o.o -soo.o •88, ~ 
29 -o, a -880,0 •146,0 
30 •O,G -1200.0 ... 141,0 
31 -o. a -220010 .. 99,0 
32 -o.g ... 3000.0 10.0 
33 -o,g -4000,0 128,0 
34 -o ·' ·•600 1 0 19010 
35 -o. a -5600,0 229,0 
36 -o,g -6000.0 2501Q 
37 -o.a -1000.0 315.0 
38 ·o. a .. ~oaa.o 3i71D 
39 •O,Q -9000,0 278,0 
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Table A2 (Continued) 

T.P. x y z 
40 -o.o -9500.0 240,0 
•1---""'il!49!!!!111r:"o=-oo~.r 120.0 .. 31,0 
42 2000,0 430.0 -3~...!..l_ 
43 2000.0 755,0 -47_!..L 
44 2000,a 1095.o ··----9~ 
45 2000,0 1695.0 -214~ 
46 20 0 0. Q 2275. 0 -----214_.i_L 
47 2000.J__ 3000' 0 __ :_~Jl!.J__ 
48 2000~~ 4000,0 -204.0 
49 2000,D 5000,0 ·209,0 
50 2000,Q 6000.0 ·223.0 
!H 2 o o o-; f------1000-:0----· ---.:"2"4-3~ 

--52 2 0 0 0 • 0 8 0 0 0 • 0 - 2 4 7 • 0 
53 2000 t Q 9000-t.!_ ... 21L_L 

-- --54-· 2 0 0 0 • 0 10 0 0 0 , 0 -12 3 • 0 
55 2000,Q 10500,0 -12,0 
56 2000,0 -390.0 -95.0 
51 2000,G -120,0 ·143,o-
58 2000,Q -1700.0 -7~ 
5 9 2 0 0 0 d1 - 2 7 0 0 ' 0 __ _13 .Li_ 
60 2000, a ___ -3000. o s3 ._L 
61 2 o o o , a - 4 o o o • o 14 ? _ _!_o. _ 
62 2000. Q____ -5000 '0 ·- ____ 220. o ... 
63 200~_J_l -5600,0 255.L~-
64 2000.0 -6000,0 265,0 
65 2ootf;o-· -1000. o ·-. ~:r~o_~ 
6 6 2 o o.hL _ _ -e o o o • o 2 4 e ,_..o._ 
67 2000.0___ -9000.0 ?1~..t...0-
6 e 2 o o o _LP_ - 9 so o • o 1 ~~...!.L 
69 40001~- 100.0 -12.0 
70 4000~ 410.0 -77,0 
71 40--0-0,·-a--- 740. 0 -84. 0 
12 4ooo;o-·- ~. o ... 101. o 
73 4000. o- 1690. 0 _-256 ~--
74 4000,0 2225.0 -258,0 
75 4000,Q 3000.0 •278.i...O_ 
76 4000,Q 4000,0 -293.0 
71 4000,Q 5000.0 -297,Q 
78 4000,Q 6000,0 -287.0 

(Sheet 2 of' 10) 



Table A2 (Continued) 

T,P, x y z 
79 4000,Q 7000,0 -252,0 
80 4000 1 g eooQ.o -110.0 
81 400010 9000,0 -76.0 
82 40oo 1g 10000.0 1.a 
83 40oo.g 10500.0 61.0 
84 4Q00 1 I •190.0 .9s.a 
85 4000 1 g -375.0 -111.g 
86 400011 .. iooa.~ -a•.a 
87 400010 -1100.0 -5110 
18 •aoo.g -ggao.o L..L 
89 400010 -300010 72.0 
90 40~0.1 ·4000.0 1•~.a 
91 4000!g -sooo.o 184,0 
92 •000.1 .. tooo.o 200 • .o_ 
93 400010 -1000.0 191,0 
94 400011 .. aooo.o i11.g 
95 40001Q -9000,0 115.0 
96 400011 -9500.0 a1 1 g 
97 600010 80 1 0 -112.0 
98 6olUi. I 4l10,0 -111.0 
99 6000,0 ?44,0 -123.0 

100 600011 95510 •151d) 
101 6000!0 138010 -225,0 
102 600011 2032.0 ·30410 
103 6000.0 2300.0 ·300,0 
104 60DD,I 3000,0 -319,0 -

-f05 6000,a 4000,0 -335.0 
10·6 600011 4310.0 -351.0 
107 600010 5000,0 -313.0 
108 6000,g 6000.0 .. 2891G 
109 600010 7000.0 -189,0 
110 600019 eooo.o ..,97 I 0 
111 60oo 1 g 9000,0 -9.0 
112 600011 1000010 69.g 
113 6000,Q 10500.0 67,0 
114 6000.1 -350!0 •149,0 
115 6000,a -785,0 .. 91,0 -116 600011 -1000.0 -74,Q 
117 6000,0 -2000.0 -3.0 
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Table A2 (Continued) 

T,P, x y i 
118 6000,Q ·3000!0 52.0 
119 6000.g ... 400010 95,0 
120 6000,Q -5000,0 122.0 
121 608011 -6000.0 11910 
122 6000,0 -700010 123. Q__ 
123 \ 600011 -aooo.o 10410 
124 60001G -9000.0 451.0_ 
125 600011 -o5go.o 510 
i26 aooo 1g 90,0 -151;Q 
i21 808011 •io.a ·156.ll 
128 8000,Q 755.0 -161,0 
129 800011 1036.0 •190,0 
130 8000,D 1715.0 .. 299.0 
i31 eooo.1 2140 1 0 •33910 
132 800011 2345!0 --346tJL 
133 aoao.1 Jooo.o •37910 
134 8Q001~ 400Q 1 0 -38910 
135 eooo.g 5000.0 -353.Q 
136 8000 1 g 6000.0 --299.Q 
,37 aoao.1 1000.0 -2221a 
138 8000,fJ eooo.o -123.0 
S.39 eooo.1 9ooa.o -56..J_ 
140 8000 1 g 10000.0 J.o 
S.41 eaao.1 1a5oa.o .L.L 
142 8000 1 a -300.0 •181.0 
i43 aooo.a --1ooa.o ·152.o 
144 aooo.a -125510 -15110 1 .. 5 BDDa,a ... 2noo.a ·1!52,D 
146 8000,Q -Jooo.o •119,0 
J:47 agg~.a ... 40UJ I 0 -3o.a 
148 8000,Q -4665,0 -1,0 
149 soao.a -~ooa.o 6.a 
150 8000.0 -5225.0 1.g 
is1 aooo11 -5310 1 0 -46. a 
152 8000 1 0 -5610,0 -36,0 
3.55 8QI018 -5770.0 Ja.a 
154 800010 .. 6000.0 51.0 
1~5 agoo.1 -10110.a ~6.a 
156 SQ00 1 g -800Q 1 0 -3,Q 

.. ·-·---· 
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Table A2 (Continued) 

·-· . -· 

T1P, )( y z 
157 80001Q -900010 -501D 
158 sooo.a -950Q10 ... 541 0 
159 10000.0 125.0 -1§8.g 
160 10000.1 43710 '"'194 I a 
161 10000,1 110.0 -201,0 

-162 10000.0 102810 -22s.a 
163 1000010 144010 ·31810 
164 100001Q J-910.0 -39310 
~65 10000.g 24Q0 1 Q -41410 
166 10000.a 3000.~ ... 4i41D 
167 10000.g 4000,0 -4Q9.g 
168 10000.1 5ogo.o .. 393.g 
169 10000.0 6000 10 -30710 
170 10000,a 700010 •234 t 0 . 
171 10000,e 800010 -!45, 0 
~72 10000.1 9000.0 ... ,o. a 
173 10000.g 10000.0 -64. g 
J:,74 10000.1 1Q5DO.~ ·•2.a 
175 10000.g -440.0 •2611D 
176 10000!8 .. 94510 -32Ll._ 
177 10000,0 -1165,0 -325.0 
178 10000.1 -2000.0 ·291,0 
179 10000.0 -2470,0 ·257,0 
180 10000.g •300010 -2~6!0 
181 10000 1 0 -•000 1 0 .. 142,0 
182 10000.0 ·5000.0 ... 10. 0 
183 10000,Q -6000.0 w67 ! 0 
18~ 10000.1 .. 6220.0 ·6010 
18!5 10000.0 -6610.0 ·119,0 
186 10000,9 •6915,0 •123,0 
187 10000.0 -7060,0 .. 1a2.o 
188 10000.1 -7515.0 .. 186,g 

-. _,189 10000.a -7890,0 .. ~~!.t_L 
190 1000010 .. e~o .. 1o_~ 
191 10000.0 -8430.0 -66.~ 
192 10000,Q -9000,0 -107,Q 
193 10000,0 .. 9500.0 .. i.4.2_,.Q_ 
194 1~oDD, J ---- .. 1-S'. 0 -2:so.o 
195 12000.0 500.0 -235,0 
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Table A2 (Continued) 

x T,P, y z -------=---
196 12000,Q 830,0 -~~--0-:;__c_ __ ____;;~....;.___;;_~------= 

197 12000.1 1050.0 -268.0 
198 12000,0 1510,0 -388.0 
199 12000 IQ _2065 I 0 ~lL_.Q__ 
200 12000,a 2310,0 -470dL_ 
201 12000,Q 2470,0 -447,0 

----:,..-:--:---=-=----=---------:~ 202 12000 IQ _ 3000 1 0 •44~ 
-~03 12000,0 4000,0 -409,0 
~20_4 _____ 1-20_0_0~.-u-----5-0-00.0 -·365,o -

20s 12000.a ~ooo.o ·266.0 
206 12000.0. 7~00,0 -166,l_ 
201 12000.a aQoo.o -1•1.o 
208 12000,G 9000,0 -132,0 
209 12000. a 1000~-- .. 122.J_ 
210 12000,a 10500.0 -124.o 
211 12000.0 -135,0 ·251.0 
212 12000.a -470,0 -322,0 

____;,2;....:::::1~:5 ___ _;;;;12000' Q -1000, 0 -387. 0 -
214 12000,0 -1715,Q_ -378,0 
215 12000,Q -2000.0 ·350._.o__ 
216 12000,0 -3000.0 -252,0 
211 12000.a -4000,0 -192,0 
218 12000,0 -5000,0 -158,Q 
219 12000, a -6000, o ·-~1'_4. 0--
220 12000,Q ~7000~0 -158,0 
221 12000.0 -eooo.o ~167,0 
222 12000,Q -864l,O •204,0 

--2n 12000, a -9000, 0 --,;.248, D 
224 12000,Q -9500,0 -265,0 
225 14000,0 225,0 •27ii..,0 -
226 14000,0 sss.o ·--,;v-4,o·-

---2 ...... 2=-1-----.,,1-..4-z-o-ro.T-- ---e 9 o~--o-·----- -··~ts o ·~ o --
22 a 14000. a 1235:0---------:._r21_~~0--

229 14000,G 1630.0 •4J1.a..D_ 
230 14000,Q 2220,0 -581~~~ 
231 14000. Q 2360. 0 -527 IO __ 
232 14000.0 2s2~.o -so2~0-
2J3 14000,0 3000,0 -~ao.o 
234 14000,Q 4000,0 ·404.0 
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Table A2 (Continued) 

T,P, x y z 
235 14000,Q 5000!0 -341.Q 
23& i40001t 6Q0010 ~27D1a 
237 1400018 7000!0 •188,0 
238 14000.1 8000.0 -112.~ 
239 14000.g 9000.0 ... 1a8 1 o. __ 
240 1400011 10000.0 .. 191.g 
241 14000.a 10500.0 ·20410 
242 1400011 ... 3ao. ~ .3,4.g 
243 1400018 -100.0 •403t0 
244 1400011 •1iOQQ 1 0 .. 421.a 
245 14000!Q -2000!0 ·396,D 
246 1400~ •• ... Jooa.o -3~3.0 
247 140001g -4000.0 -262.Q 
248 1400011 .. 5000.0 .. 2401D 
249 14000.g -6000.0 -239t0 
250 1400011 •6610.0 •241!0 
251 !'1000, -7000,0 .. 233,o 
252 ~4DD01I -aoaa.a •2,01G 
253 14000.Q -9000.0 -253,0 
254 14~00.1 -950a.o .. 2_!l1. L.o __ 
255 1454111. •957 I~- -467,0 
256 148131i -234812 -394 ! .o._ 
257 15527,S -3696,8 ·35.?_t..L 
258 15922.• •3277,8 ·508.0 
259 1S2~8.~ -2055,1 -534~0 
260 14114,i ·895!2 .499·~~0 
261 15771·' -216811 ... 624.J_ 
262 1551917 -160416 •63~1L 
263 1537313 -887,3 -631.0 
264 1,369,t -884,6 •630. 0 
265 16000,a 310.0 -303.0 
266 16000.1 620.0 -309,0 
267 16000.~ 955,0 -315.0 
268 16000.1 1390.0 .. 374. o-·-
269 1600010 2100....t..!... -481,0 
270 16000!1 2610!0 .... ~ 
271 1600010 3000.0 -483.Q 
272 1600011 400010 •391.0 
273 16000 1 0 5000.0 -347,0 
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Table A2 (Continued) 

T p, x y z 
274 16000,Q 6000!0 .. 279.Q 
27'. 1600011 10~~.o •2601D 
276 1600018 eooo.o ·24910 
277 16UZO 1 I 'OOD.D •2U •• D 
278 16000 1g 1~000.0 .. 3~5.g 
i79 16100·1 I 1a510.a •3231D 
280 16000,g .. 4go.o -411. o __ 
281 1600011 .. a30 10 •48010 
282 16000,0 .. 176010 -612.0 
281 1600010 -2210.0 -621,J_ 
284 16000,Q -2 7 ll_J_ ___ - -- __ -61 ?...!. Q_ 
285 16,0011 -3_Q_Q._Q_J _________ ~ 18 1 .. 0 __ 
286 16000.g -3570.0 ·4_71 • .L 
287 16000.1 -41Qo.o ·379i.0._ 
288 16000,Q -5000,0 -371,0 
289 1600018 .. 6000.0 ~367,0 
290 16000,Q -7000,0 -338.Q 
291 16Q00 1 1 -aooo.o •J2i61D 
292 16000 1 g -8450.0 ·3Q9.Q 
293 16~00.a -9Qgo.o ·316.g 
294 16000,0 -9500.0 .. 334,0 
295 Ieooo,g 139.9 ·- -J-~.Lo __ 
296 1800011 4Q9.9 -3321.0 .. 
291 18000! 729,9 ·337,0 
2'l8 1Booo,a 1069.9 ... 342. er· 
299 180DO,Q i52~9------413 ,_p__ 
JOO 18000,tJ 2239,9 .. 496 ._Q, __ 
301 18000.g 266919 -488. o._ 
302 18000,0 2999,9 --~81.Q_ 
303 11000.g 3999.9 ·-~-~.!L.O _ 304 1800018 4999.9 -401.0 
305 1aooo.1 59-99. 9--=---=-=-':~~t~·a 
306 1eooo 1 g 6999 9 -352_,J_ 
307 1eooo.g 7999.9 ~_L_Q __ 
JQ8 1800Q.I e999.9 -~55.0 
30i 11aaa.1 2222.2 •3!2.D -310 18QQQ.Q 10492,9 -- -~10.o_ 
il:U ieaao.1 -5.aa.i. -•el.a 
312 18DDa.g -1115.1 -~~1.a 
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Table A2 (Continued) 

T.P.· x y z 
313 18000,0 -2000.1 .. 542.0 
314 1800011 -300011 ·533t-0_ 
315 18000,a -3630.1 -636,0 
316 1eooo.a -3~00.1 -638,Q 
317 1800010 -4135.1 -628,Q 
318 1800011 -4480 1 -5•9!a 
319 18000.0 -4900.1 -489,0 
320 1800011 -5000.1 ·48910 
321 1800010 -550011 -478!0 
322 1800011 -6000.1 .459.g 
323 1800010 -700011 -429.0 
324 18~0010 -eoo.o .1 _ ·38~_L 
325 18000,Q -9000!1 -395,0 
326 ,_ 18000 •• -950_Q .1 •42.Q I a 
327 "foooo. g • 269 t 9 -36710 
328 2000010 52919 ·357,0 
329 20000.0 839,9' -361,0 
330 2000010 1179.9 -367.0 
331 20000,a 1649,9 .. 441,0 
332 20000.g 2379!9 .. 54'0 I a -333 20000,Q 2749,9 .. 554,g 
33~ 20000.0 2999.9 .. 553.g 
335 20000!2 3999.9 ·536.0 
336 20000.1 499919 -5ii1.~ 
337 20000,U 5999,9 .. 49a,o 
338 20000.0 6999.9 -48010 
339 20000.0 7999,9 -450.0 
340 20000.a 8999.9 ·458,0 
341 20000,Q 9999,9 -473.0 
342 20000.1 10499!9 -•to!g 
343 20000,0 -320!1 -501.0 
344 20000.0 -1015!1 ·60510 
3~5 20000,G -2000.1 -628.0 
346 20000.0 .. JOOOe1 -627,0 
347 20000.a -4000.1 -613,0 
348 20000.0 -4340,1 ·646.D 
349 20000.0 -4510.1 -651.0 
350 20000.i -4-635 .1 •648.~ 
351 20000.g -5000.1 -58310 
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Table A2 (Concluded) 

-· . -----T.P. x y z 
352 20000,0 ·6000.1 -··--:-554.0-
353 20000.g •700011 -537.0 
354 20000.0 -8000.1 . -~~]' 0 -3'5 20000.J ·9000.1 ... 53'-~-
356 20000.0 -9500.1 -545.0 
--· 
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Table A3 

Topographic Data 
Road Site 3 

x v z -- -·--------------------·--·-··-----
1 0. ----·--u-;-· ----,-. --

--~ ·2000,0 ··--··-u-;---· s.r.-u--
·----T •ooo.o --·-.;0,0- -·-22.0 ·-
- ~ 6000·;-o -=-o-;o·· -..,-;o·-

s- aooo. o ·---~~~ _ •O. o as. o 
__ 6___ 10000. o -o. o ar~c;---

' 12000.0 -----····-o;r-· ----···-10.0--
--,-- ----·1-i-u-ov;-0--- -·----:.-o-;o--- ---·H";T-
-·--· ----, · ·--- --11"0"0 o • o --------· · · -··a ;1"" ···· --·---·· --· 2~ 0-
--10 1eooo. o ---··· ·· ·-.;o-; 1--- 32. o--l1 _____ - 2ocnro-;r ---·--···· -- --~o-;1- ------- ·-.-Q·-·-

12 -·-- 0. 0 ·----· -·in-;-o--------.;u-;o 
---i~------------·~ ----·--. -. ~ Olr;-o-. -·-- -- --·-· ··-.-1-31~-0. -

14 o, o ---- · --,-511 ;-o---·-----·-111-;o·--
--1-5 o.o --n.r;1_._ .. ____ --111-;r 
--16--·· -·.--·---a.a·-----· --aro.o·--·---·-···--_,4-·;0--
---tt- --·-· ·-·-,-;-v-- -·--v~,o-------· ··· ··-· •r. o-·-

1e a. o ·-n41ft"O" ··--- --;;n;r 
--iv o.o ,210,0 -· -•o.r 
--20· -----··-o;u--·-----··2croo. a ·---;.-,a ;-a· 

21 - 0 • 0 .. ··3ffo. .. r.··-----·. •96;·~-
--2~2- o. o •ooo. o --------.,-r,o---rr-· o. o --:-"ov;rr ·· · -.,o,o 

24 . 0. 0 ·-· 6000. 0 ·---------.-06-;o·-·----,,·- ··----····-· o. o ·· · · 6tn•a-··--------·-·-n ~o 
---~6 ·---;;u;-u--·--· ----·•2"10-; a-·-------·---·•s:1··; o-· ·--,,--------... --- · -o.o -----·----·-- .. 3,a-;·o·· ···---·-· · · ~,-4~0 
---zs ···· ----· ·-· ·· ··--u.a-·--·-· ·--·- ··T61r;v · ···---· · · .;;97·~ o .. 

··- ___ ff ___ --- -···-·-·-11.u--· · · ·- - · ·.v;so·;o·· ·· -··-- ·· · ·-20-e·;·o 
--·To ·-------·---·· - -;;-a-;·a-·-· · · ···---· w.·910--; o ··22-r.o--
. ·----· -3' 1- ·· -·--· -- -· ··-· -o·~ -u- · -· ·-- -· · • s:o1u·,11 · · ---···· - ·• "2 o e-·; o · 
- -32 ... -- ... ·--· -,;r.-g-- -- . -· -· ·-100 90 .. .. - .. - •1:14; 0 . 
--··--~- ---·-· ··.....-cr.-o-·-··· ------ •15•0;0--· ---·- •to;v 
-----i-..- -···------· ··-·· --;oeu--·- - ··--· ·-. ··197lJ ... 0... ·-----· -·- .. --.. ..,5. If. 
- 35 · -------· - ------v-;v· · -··--· --·· · -2;,~·;o · - ······--.. - ·---o, o -
·----~6·--··- -·· -- ·-·-···~a.a-·-····---· ··2650·; a· - - -- ·- -33'~·0 · 
- ;17--------· ·· · · ·o. o·-···-· --· •3oso·10 - · ···-··-··--·-·····-.-6 ;v-· 
·--~------·· ..... -'"lft"U·---··---·- •3UD;O. . ... - . ----,-4·~0 

--~--------·- ··-oa-u·-·-·--- ··382010 ... ---.-.o 
. -·----··--·· ---
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Table A3 (Continued) 

,,,, )( y z 

43 -o.o ·5025,0 ·93,0 
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Table A3 (Continued) 

_T_.!1 _____ __ x ---· __________ V ----·---------· _Z -···--
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Table A3 (Continued) 

)( -----z---
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Table A3 (Continued) 

t • fll, X ---- ·--y r-------- ------------ ---···---· ~ -··--. ---·---· -------·-----
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Table A3 (Continued} 

t •It' x ' z ---·-------
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Table A3 (Continued) 

-,-;p;-
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Table A3 (Continued) 

x y z ·-----------·----------·---

·---·-··-----

(Sheet 9 of 14) 
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Table A3 (Continued) 

.! !., !.._ ·----~-~ .. ----~ -··-·-· .. --- .. ___ i ·-- ·-· ··-
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Table A3 (Continued) 

x ____ !_ ____________ i _____ _ 
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Table A3 (Continued) 
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Table A4 

Topographic Data 
Road Site 4 

------- ---------- ---------___ 1 _. __________ . .o_._ __________ O_a.____ 0, 
2 2000.1 o. 1.0 
3 4000,I -o.o 4,0 
C 6Q1.i.a.I -0.0 7.0 

-·--' ~oow____ _ ___ ".'-lJ __ .___ _u_J_ 
__ 6_____ 10000.1 ·0 0 9.0 
---'-----~~OOO_J_ _____ ._·-=0....a.•-=-0___ 13. 0 ___ e -·-- 14 o a o J.... _ ... o. o _______ 1......,2=-·~o-

9 ~-6 0 0 0 I II -- -- __ _=._O_t_O____ 1 ~ 
1 e 1ao o o. a ~ .. =-o ......,. 1..__ ___ ~16~·~0~ 
11 ___ _g_~.o o o , a ______ :Jt • .L___ 11 • o 
12 •D,I -~_ill-LO~~-- 2.0 
13 •O,I -500,0 13,Q 
1• •D.I -eao.o o.o 
15 -o , o __ ... -"1......,0,......a ___ o~. _o _____ .,..-::4,......,_o_ 
16 ~0.1 •1470.0 •165.0 
11 -o.e -2040.0 .. 311.0 
1a -~• ·2680. o_ ·364, o 
19 -a.a -32~.-----·-3_•0_._o_ 
20 •O. I •3690 • .D.-- •309. O 
21 -o , a ---·-=•::-::o_o_o_. -:-0 ____ .. _,2,....,a,.....,1,_.~o_ 
21 -0.1 __ -~'~o_oo_._o~------21~•~·-o-
23 ~j_._t_ •6000.D •269.0 

__ 2!__ •O,I •7000.0 •264~0 
25 -0,1 -eooo,o ·264,Q 

-~i-,- -0.1 ·;9·~0-o_o ........ -o-_-----.-2~&-,-.~a-
___ 21__ ~L__ •10000.0 •264,0 

2e -o.q -10500.0 ·264,..D_ 29 o.a 100.0 _____ ~1~._o_ 
30 0.1 500.0 •115,0 

__ 3 t_ ---~ a --:::e-=-a""="o~. -:-0------.=-3 a:::::-,5=-,......,0:--
---'3=-=2 o . 1 ___ 12-=---1 ..... 0'-IO •. ~o___ -3 t1. o _ 
_ __,3,,....,.3 0 I A 1760. o,.---- •413. 0 
_ __,,3=-=•- .~t.L __ -· _ 2130. ~ -----·-~3.-.-96.,......,~o-

3 5 o , 1 . _.? 3 e o • o ·------•__.o.....,o_,_o_ 
36 Q......L. 2640. o •3oa. a 

~--~-- 0.1 2940,0 -~19,0 -----: 
-----=J-=-8 0 • I llll~· ~O _ • 338 • 0 39 o , a __ 3_5_o o_._o ____ ._4_0_9 ._o_ 
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Table A4 (Continued) 

----· -------------------·--J,P, x y -----·--- z 
------ --·- -----·--__ 4-"-D_ 0, 0 4t50_._Q __________ .. _(>0j.LQ__ 

__ 4~'- o • a 48 .u_, _o _ ____ -·- -121, o 
42 0, 8 ---~J_O_J__ •849..J_ 

__ 4 s_ o • a ______ 51 o o. ,_ Q ________ ~..l9-1..Q. __ 
_ ..!_4 ____________ _Q_,l_ ________ . ___ _,?_O_OJ O __ ---~O.OhO_ .. 
--~L ___________ Q..i_~--- --·· ____ _j 21 Q .f_ Q_ ____ --~01?..t.Q .. _ 

46 0.1 6570,0 -1004.0 __ 4_1 ________________ o. a ~~--=--6~-~o-~«;· --- -_· · _--- ~?64-J.= 

__ 4_~---. -______ (l J______ -- .. __ l_l:JJl .J> _. - --· ----~ 8_~ __ ?_,__0 -
__ 4=-?. __________ _J_._O _________ .. 770JJ__Q________ ·801.JJL 
--~!______ __y ___________ 83_60..LO _____ . ____ •618, 0 
·--~J__ 0 I a _________ _llJ__Q t_Q _____ • 4_cil.t__Q __ 

52 a.a ______ 9! . .oo.o .. J1Ll_ 
__ 5~3 0 t ···----·--· _ ___!_500' 0 ·310. 0 -54 0,Q .!.1_Q.OO.O •2?3,0 __ 

5!5 . o.a ___ 11600.0 -221.0_ 
56 4 0 0 0 t Q -----• 11 ~~ 6 t 0 ---='r __ 4j~JL_a _______ ~_5_Q..o_._o _______ 1'_,__o __ 
5 e .. o o o • a _ . _________ ":'_ ~JJt. •. -2. _______ _!_.__o_ 
59 4000,1 -1090 0 -1.0 --- .. ---- _____ . .!_____ -----·--
60 4000,I -1540,0 ·188,0 

--6~1 · ----. -.:ti" 0 ~-, _ -~ --~---_-2_0 5~ij-~ Q--= ~~=~=-==-~ ~-'-~~~--:= 
62 4000,0" -2570.0 -370 0 ----·----------- . ·-- - ···---. ·- ---·-· .. -·-· ..... ----. ·--· Li.-'.-·-

-·-·-~~- -- ---·-. --·-- --~j) Q.Q__t-l . -- -- .. "'. ~-0..0 .. °--- __ · __ -·-- -·-· .~J;,_9-. 0. 
·--~·------·--·-----~-QQ_O.tl _ --·- ~_37_0.!),0 ______ ·--··-- -~~07LQ 

69 4oeo a -4600 o ~275 o ----- -------- -- ___ '-1..!_. -·--- . - -·'·-· --- -- -···--'- -· 
66 4000,8 -5700.0 -253.0 

~- -:-r==--=-~-~-:l~·~:~---~---~-~~·-·:-::~~S!l~g~ -:~:_-_ ~- -:-~~1:··~--
·---,9-------4-·ooo.1---·-·-·-··-·· :.a-0-00-:-0·--- ·····--;255~ if 
----1i,----- ·- ·-·-4.-0·00 ;a· - · -· -··- -.:.-9·0 o-c;-;o---- ---·· -· --·2-59·~·-o-· 

-1i-:--=--=-~--= •-o fo~~ ·-· ~ . ~~-=-- :-1.o_ o-o ~-- t. o ~-~-~~~~----- ~~---· -.-~ ?) ~-~o_·: _ 
7'1 399_9_i_L _________ ~J.9..~Q.Jb-°----·- ____ .. 251 ,_o __ _ ___ 1:s ____ __ 400!I~. _ _ _______ !~Q .. _o _________ ··---- ___ -9_._o_ 
74 4000,Q 500,0 •170.0 11 4000 ,-,-·---·-----· --94if-:-o---·----·;..:s61, 1r-

--,6~ 4oo«r-;u-·· ·----·--1-s-e-o~-0------------·;.424~0 -
71 400~---·-----~~237Q~J~-~-::·=- ~419~0-
78 4000.8 2600,0 •337,0 
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Table A4 (Continued) 

x y z 
79 4000..t..f 3000 ! 0 -~.!..t . .L 
88 4000.1 3450.0 -~22.0 
81 4000 I I 3890 I 0 . -557 ,_Q_ 

__ 8"'""'2 4000_J_ 420Q,,_Q_ _______ ·6•LL 
83 4000. I 4~!0 .. .-JL _______ •796..J__ 
84 4010. 1 __ ____!@_1,. o ·856 ... o_ 
89 4 o o o , I 51_!Jl.1...~ .. __ ·----.. -~ _g ~ .. dL .. 
86 4000 .... ... ----'·~·~.!..~--------·- •966__tJI_ 87 4000. 1 6512, o _________ ~~•!._L 
88 4000 ·•- 681.L..0 --~...6 .... Q_ 
89 4000, f ________ .. 69U1_ •. Q .... -·-·-- ... _~J..1~....1..0_. 

__ 9_fJ 4 000 J __ _LO..ll..._Q ____ -----~lli.i....O_ 
91 4000 ID 7440 I 0 -6?.~J_ 
92 •o...tLJ___ ao•'. o . __ ~-3-~_,_o __ --:: ---- -- :~:~1--· --·· --:-;:~.L~--. ·--·--···--··:j~t·:l-· ---...,,.-----·-·---·---------·-- ~-- -- ·-- - ··--· ...... ·- - ... 

__ 95 40lLJ. ... ____ ..ll.Q.1.0...JL ... --·- ____ •32~ .•. ..0... .. 
__ _?_L _______ .!_QJHt •. l __________ 1_o.'-oo .. ..O._ . __ . .. ~ .. 2 .. t~. O __ 
--- 9 7 ·-·-·-__ l !lllt l .. -- ... -···-. :-l .2 o .• 0. -·· . ----- . . _1~. 0 .. 
__ 9j ___ -·-·-· _IOD.LJ. ---·--·.5~0_.__o_ .. . ....... -·· ...... ...2 .. 0 .. LO. 

99 8000 8 -880 Q 11.0 - -·- . ·-------'..i.1... ·- ---- - -·-· - -~---·- . .... . .. .. ··--- . . .... 
--=1~00 ·- 8080.. ~12.0Q •. ~ ..... - .. ---- --- ? ... 0 -
__ 11!!_ _____ ~000._11 ----·- ___ -1~15·._Q ___ . ----··· -~1.5.6_.o 
__ 10~------· 8000 ,I ___ ~ --~_2J_O~....._o_ --·· ........ _ .. 3_2~_. __ Q_. 

103 8000,1 ~2700 0 ·344,0 -.=..,,,....,,.......--------·-------·-·· ... ·-·-·- ---~--. ·-- ·-· ---·- ----· 
___ ia• 8080 ._j _______ .. ~31_QJ.LQ ... _ . ··- ·---~_l~~.t 0 ... 
_105 8000..J_ ____ --·-----~-6!tQ . .._Q __ . ____ ....... ~01 .... 0 ... 

106 8000. I ·------~~9Z.0 . .a...L --··-· ---~2-~.e ... ..o..._ 
10 7 8 0 0 0 I D ------~4~L_l ___ ---·---~~_Q_._Q. __ _ 
108 8000,I •5000,0 •261,0 
1 o' e o o o • a- ----·---: 6000·-:-o -~-=-== -~ 5 ~ ~~ o _ 
110 8000, I ·-· •7000. o ____ . --·---.. ~'~ J....... 
111 eooo .1 -aooo, o --~-g_~~-'-L 
111 aooo. o . ..,ooo, o ·256 .. .t.._ 
11! 8000.8 -10000,0 ~25~_ 
11• 7999,' ·----~10500 I 0 -··-~57 I 0 
115 8080,1 110,0 _!,O 
11& aoao; •eo, o -1•2 .0-
111 8000,I 1110,0 ·380.0 
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Table A4 (Continued) 

'·'· x y z 
111 eooo.a 1120.0 -4a5.o 
119 8000.I 2300.0 •413.0 
120 8000,I 2580,0 .3,9_.__a_ 

-121 8000, I ·- ;5.HQ..._D. •:11..2 ... L 
122 ...!000, I . ________ 34_,_~ ... (L _______ ~~~~_J __ _ 
2.21 __ 80~.h_l------·-~9,Ji!> __ ·--·------~~-'-'_!.o_ 
12• 8000. 1 ··-----~~-6-'...1...0_ ------~-$-' .. o .• _o. 
12!5 ________ 8QGO, I _ 48_u__ •. 0. __ __ ·--~-t9, 1_.Q_ 
126 eoeo a 5050,0 .950 o !...!.-------------· . --- . ··-----··-. - !...f._ ---

t~~ :::a--·-------~~H1---- --·--;g~}:-g--
~I: ::;::I ·---l!~r:1·---- :-r~:~F-
131 1010,1 6750,0 -~.aoo.o 
132 8000 I e 7200 t 0 ·--- •7f8 t 0 _ 
13! 1000! I ?.800. o ·558-L.L 
134 8000., §300.0 ·379,0 
s,31 8010. - 9'!00 ,_Q_ -- - -~4-Q.~_ 
13• eooo.a 95~o.o ·33t..JL_ 
137 8010,1 1050Q.O •293,_l__ 
138 8000:1 11100.0 ·223~_ 
1~9 12000__ -120.0 19.i..L_ 
140 12000,1 -Soo..._o 25t..!_ 
s.•1 12000,1 -aao.o 16.0 · 
1•1 12000,1 ·1ioo.o 11.0 
1•1 12010.1 -1 .. 10,0 ----;-m-;-0-
1•• 12fOO,I -1990,0 ·352,0 
141 12010.1 ·252,,0 ·384,Q 
146 12000.1 -2945,0 •388,0 
1f7 12010.1 ·3440.0 •30-1.....1_ 
148 12010, ~40~0.0 -277,0 
149 12010,1 _,ooo.o ·-251,0 
150 12000.1 -6000,0 -249,0 
151 12010.1 ~1000.0 ·250.0 
151 12010 I -8000 o ·248,0 
11a 12010!1 -9000:0· ·239,0 

156 12010,1 80,0 11.0 
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)( y ·-- z 
157 12000.1 460.0 •137.0 
158 12oao.1 1000.0 -ss1.o 
159 12000.1 1700.0 -382.0 
1~6-=-D ___ _1ll_GO. I 2600 ,J_ .. 318. 0 
161 12000.1 3000.0 ·429,0 

~~~1~6~2-=--~1~2~0~00~·~·~ 3640.0 ·549,L_ 
163 12000J.J____ 4050,0 •671.0 

_ _;;1~6 __ •---~1 ....... 20'"='-'t.O •I 4 610. 0 •8 5 0, 0 
165 12000, 4800,0 -93..!JJ_ 

-1~,-,----~1~2-=-oo~o~.~,,---..------..,~6~1-a.~o,__----.~913,0 

167 12000,1 6430,0 ·959,0 
168 12000,I 6730,0 •l,O.D 
169 12080,D 7000,0 ·746,0 

-~1'--7~0 ____ 1_20_0_0~· -•-- 7490. 0 •691t0 
171 12000__._t___ 8000.0 ·459.a..l_ 
172 12000 •• u ·----9000 t 0 .344, 0 
173 12000,1 9500,0 ·305,0 __ 1,_, ..... ,----1..,.....,2r--,:o,.....,.e~o ...... , ,.,..__- 1o23 o , o ... 224 , a 
175 12000,8 10980,0 ·212,0 
176 12000.1 11900,0 •209,0 
111 16000.1 ·---m-;o-· 18,0 

--1~1~ar------,1~6~o~e~o ...... ,1~ -soo.o 2a,o 
179 ,16 0 0 0 _J -8 8 0 t 0 18 .rL 180 ·---1-6-0-0~0, .- -- ---;: 1fo-=,~. -=-o -------=-1-=2, o 

--1..-..e-1......------.1....,6'"""0,--zo...,,..o ...... , Ir----- -154 5 , o • 16 e , o 
ill 16000,1 ·2150,0 ·!48,0-__ 1.,._,8,.....3=----------=-1-=-6-=-o =-o o:--'-, I -- - 2 6 o o , o - 319 • o 
184 16000, I ·--~970, o •385, o 
185 16000,1 -3~0 •309.0 

--"'1_8_6 ___ 1'"--6,.......00~0 ~,I •4 o Q.~., o • 26 7, O 
--=1~a 1_. __ ~1~6~0 o~o:;....o•u;i•'-- ... 5 o_o o • o -25 o, o 

-~1"-:.8,---8 ___ __,1~6-=-0-=-0 0.,,.... • ....,,1;--- ... 6 0 0 0 t 0 • 2 4_.i_i_t__ 
189 16000,G ... 7000,0 ·242,0 
190 16000,I •8Doo,o •245,Q 

_ __,1::....;;9.....:1'--------=-16"-'0'-"0_,._0......_, _a - .: 9 0 0 0 I 0 • 2 3 8 t 0 
192 16000.t -10000.0 •240.0 

---'1""-9--"-3 ___ 15999.' -10500. 0 ·240 t 0 
194 16000,8 110.0 12.0 
195 16000.0 490.0 ·161.0 
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T, P, X ------y--------·z-·-
-!....~'-------- -------

196 __ ! 6 o o o. a _1.Q_~ .. _o_----~~.!o_J_ 
197 16000. Q __ 1?..,_Ll _______ -:j77, 0 
198 16000. Q 2~~0. 0 ·-- ·33_?_J_ 
199 16000,1 30~_ ---.~67,0 
200 ____ 160.Q_Q_J_ ______ ~~f>..L.0 ___ -----~457 t 0 
201 16000,Q 3945,0 •601.D 
2 o 2 __ 16 o o o i1 ·---==-_:__ 4 6 5-1.t. o.::=.-=:...--=~-=---,;s 3 9 ,_t_ 

·-___lg~ 16000, I 49,0, D ____ •?29..J.._ 

-4-gt-·---·-·-~:~gg:I ~mL ___ ~1-r;:~ 
206 16000. Q --~?.50 ! 0 -~39 ! 0 
207 16000,, ---1!0~. ·692,0 
208 16000, 7700,0 ·521,0 
209 16000.a a100.o •• ,2.0 
210 16000,I 9500~ ·329,0 
211 16000,I 10000.0 ·24~ 

__ 2~1J 16000,I 10620....J_ ·230.0 
__ 21~----- __ 20000 ! 0 ----~-~2,_L.1_ ____ . _____ 25 ,_o_ 
-~-~· 20000.a ___ -_!00,1 32,0 

215 20000_ij__ -890,1 22,0 
216 20000,G -1110,1 19,0 ---· 211 2oooo;a··-·-------;-rsas .1 ------~-1-66, o 

__ 21~ 20000, o ..... ·-·· -211,;-;t--:=_~·~--:-::-- ~~.~o. o 
--=2=..:19 20000. Q --- .. 257_,_.._1____ -31.o....J... .. 

220 20000. Q -2870, 1 ------·· -381, 0 
--~~1 ____ . _ _iQJJOO_._f_ -3_35.L.t.. __ ---~.283....._Q_ 

222 20000.a -4000J1 -264,o --Tii 20000. a ... -iooo ,-1 ---·-·-- -2•6. o 
__ 2_~4 20000, e ... 6000, 1 ___ •. 239. o 
-~?-~. 20000, I •7000, 1 •233, O_ 

226 20000,8 -8000,1 -233,Q 
227 ~0000.. -9000 .1 ·-----~~· t 0 __ 2_28 ~0000 1 Q w1QOQO 1 1 •238..J..:_ 

__ 2~9 19999,f ·10500.1 ·----~_2~j_J_ 
230 2000!..t..L._. 89t.L ______ _l~ 
231 20000.1 479,9 ·66,0 

-......,2~J=--2 20000. a _ __-_J69-;·9 ~310~ o 
2Js 20000.e 12••~'--· ·374,o 
234 20000.1 1734 9 -J95,Q 
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T,P, x " y z 
235 20000.0 2319,9 •404,0 
231 20000.1 25,9.9 •338,0 
237 20000,I 2954.9 -359,0 
238 20000.1 3329.9 ·447,0 

.____;;;:,2....;...39.;___ __ ---....2QOOO I. 4099 9 •631t0 
----!l!!--,4;..:::8 __ , __ 2:-'0=--'!0o-:!!O~O ....... ~I -- 4829 I 9 •8'6. 0 

241 20000. •--· 5129. 9 - ·956. 0 
24! 20000.t 5864_.__9__ •984.0 
243 20000.1 6599,9 •926,Q 
24• 20010.1 6899,9 ·856,0 
245 20000.1 7799,9 ~653.~_ 
246 20000.t 8529., •526,0 
241 20000.e 8919,9 ~311,0 

-___,2=--=•,....,,..a-----=2:-::::o-=-0-::--e 0-="""",-::1~ 92 99 • ' .. 212 _J_ 
249 20000.1 9499,9 •273,0 

____J.58 20000.1 9799.9 ·270.0 
251 20080,I 10499,9 •261...t...O _ 

__ 2,...,,,'-=-'-------,2~0~0 Q..i.L ___ --'-1=""1"""''·--· _o _ _ -··--· .hQ_ 
253 2000, I ·500, o. 1~ .. t.L. 
25- 2000.1 -880A_ _______ _L_Q __ 
255 2opo .1 -1oeo, o ____ -31_0_ 

--=256 2000 I I •14.ll. 0 --~t~_t..D __ _ 
257 2080. I . •2040.,JL ______ ~~1-0.Li _ 

_ ...=.;:2tt._ 2000.1 --~Ll __________ ~li;$.J_. 
259 2000 .1 -320Ll_ -------~33.~_._a_ __ 

-~·=-68......__ ____ ~20_1_0~·-·-----~H.9...D......D._ __ -·--· .. ~-~_u..._a_.:._ 
261 2000.. -4000' 0 ..... ____ ·2.§6. 0 
262 2000. t ·50..0LJL_. •2_73.J.._ 
263 2080 • .L .. 60_u..J_________ ·26~.J-
26• 2000 I G -~7000. Q._ - ··----~263_,_Q_ _ 

_ _j65 2 0 0 o__. I .. 8 O O o_J_ ________ -· ~-2~~-._.o ·---
266 2000 I. __ .. 9000.J_. __ ·---- _ ".°.2.61.1JJ.._ 
267 2000 .1 •\.0000' 0 ·-·--··-···--2~~_._a__ 

-~'' 2010 •• •10500. 0 __ .:-.liL . ..L_ 
269 2000.0 100.0 ___ ___g_.~~ 
270 2010.1 500.0_ - ~~~4.0 
271 2000, I 880, o --~324. o 
272 2000.t 1210.0 •390,.D.._ 
273 2000.0 1760.0 •412.0 
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j,p, x y 

27• 2000.0 2130.0 •395.0 
271 2010.1 238Q.0 .399.....a__ 
276 2080.1 264Q.O •307_._a__ 
277 2000,I 294D.0 •318.0 
278 2000.1 3270.0 ~z....._o._-
279 2010.1 3500.0 ··408.0 

__ 2 __ 8""'"'0'----·--=-2-..0 l.._O~ ...... I.___ 415 O • 0 •6 0 7-L1._ 
211 2010.1 4800.0 •726.0 
282 2000.1 5410,0 ·848.0 
111 2010.1 szoa.o •9-Dl,O 
284 2000,I 59QQ,0 •1DQ3.Q 
281 2000.1 6270,0 ·1018.0 
286 2000.1 6570.0 ~1003_._t__ 

---''"""'''""'"'----2 ... 0 ..... 10 .......... I,____ 6830 I 0 •96L_L 
288 2080.0 7130.0 ~48,0 
289 2000.1 7700.0 •800.0 
29D 2000,Q 8360.0 •617.0 

---'2.._9:;..Jlt _____ -=2 ..... 01 .. 0 ........... 1.___ ae 1 a a.L_ • 49 o t..L. 
2ta 2000.a 9100,0 -3.u.._o __ 
291 2000 I I ·---'-"OJ __ ··----· ---~-~-o..,~ 0 .:: 
294 2000.Q 11000,0 •272.Q_ 

---'2,....9'-"S"------=2 ..... 0 o_o~·~·H-• 116 0 0 I 0 -~ 26 • 0 
_ __..._29.;;....;6:;;._ _____ 6,'-"0_0,.,.,0 ...... ..._O ·---~~ , 0 --·--·--. _9_.~ .. 

297 - 6000.. - ·500. 0 ___ 11 .• ..a .. 
_ __,2"-'-9-=8 ___ _.;:;_6=-'0Q._,,O~• ...... O ______ -~IL_ j_J _ 
__ 29"-'91<--___ _.6._.o .... o_o ........... a__ -12 o a • a --~-o- __ 

3,.,.,.0._.0'------'6._.0 ..... 0_Q.._t_ -1515_. 0 • 159. J_ _ 
__ s~o~s _____ ~6 ..... oo_o~ ...... •~- -2100.0 •326.o 

302 6080,0 -2100.0 -347,0 
30! 6000.8 -3100.0 •346,0 
304 6000,8 -3600.0 •284,0 . 
305 6010.8 -3970.0 •271.0 
306 6000.I ~45~ •263,Q 

--"~o...,7'--___ ...... 6 .... o ... a .... o __ • •- .. 'o o o • o -26 4 • a ·--
308 6000.I -6000.0 •260.0. 
309 6010.I -1000.0 •262.t-L_ 
31D 6000.1 -eooo.o •258,o 
11l 6000,I •9000,0 ·259,0 
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----x- ·-··-----,( z 
·-··-_313 ·---~· ----~~-·.9~----··-·.-1.0_500 1.0. •260 I 0 

314 600.0 t. 11 Ll ·3 I 0 
-~3,1~ 6Q.QO, 0 480. O •165. a 
__ 3_16 60J..O.i.@______ 11U.a..L__ •383 I 0 
__ 3_1?___ 6_000....t.1 _______ -1].2.0...J _. ~_!0-8 .. J.._ 

318 6100,I _ 2~~0.0 •416.0 
__ 31.? ________ ~ O 0 .0., 0. ·-····-· -·- ... _.2.,_8..D........L -36 2 ,.G_ __ 
---~go ~ H L.L_ _____ --~..0..0 o . o • ll2.~-
___ 3.2..S. _______ ~ Q.O O .• 0 _______ _a~.20..J. -439. 0 
-~3~22- 6000,0 ~.lla.......O •658 • .a_ 
·--· 32~ .. -~O..PJL g ___ . --·--·----~6..~_5_, __ 0 ___ ... .~853 1.L. 
--~~·-- --·----~-l.00...J____ 481.LO •898. 0 _ 

325 6000 ID 5..o..5.o..J. ..953. 0 
_ _n_~--- -~ 0 0 • 0 . -----"''. 0 ·....2..U .... .a. --
--~~-'-· - ----~-Oo.L.L _______ 6Q..0.0.......0.. -985 I a_ __ 
__ 32! ______ .iO_~.Q ..l 0 ----· ~--~~ll..J. •9 78 I 0 
-~_2-9_. 6000_ti___ 6650 I 0 •853 I 0 
----~~-°-- ~-o.ao_._.1_ _____ ~m. o -aa3. o 
--~;u ___ ~.ot.0 ..... 0 120~0--~- -151. a 
__ 332 _________ ..i.0.00. a 1eoo. o -----~1..L 
__ 3_33. ____ 6J_O_L_l___ 8300 t 0 •382 I 0 

33• 6000......L 9300. 0 •343 I 0 
--~~~-- -----~.L_i_- . -- --- __ _9 5 .o..a ..... Q... _____ ~-~-~j _ _._o_ 
---~~~ -·-·---_ ___il O..LJ.. ____ .. _ ___ll_,OL_L _____ ~H.L.D_ 
--~~_7 ______ --~l_O_q J ___ .. ___ 111 O.ILJL _________ -~~~_J-
-·---~J_L_ __ 10000-1 L_ .. ---·. --~.1.2..0...._o__ ____________ -1LL 
---~-3.9-____ ··-----~01..0.t..l.. .... __ .. __ -:-5JLL..Q ___ -----~_._.a_ 

348 1000...0_J______ -880 J__ 12' 0 
-~341 ___ _llQ_gQA__ __ ---~1.0..D..J___ 7 I 0 
-~2 _____ .llQto...a..L ___ .. 1470,0 ... 1,4.0 
__ 3~. _____ _J,_~1) Q_.L _______ -:1~.9.L..O._ --- ~.2_6. 0 
----~-4~----- 10..0.o.LL -2s25. o -Ja8. a 
_34-' _______ ..llQJ)_O IQ -2945. 0 -392 IQ 
--~-4!l_ ___ ----- .1.0..0..0. 0 I • .. 3 4 4 a t 0 ... 3 0 7 I 0 

347 100~0.o -4000.0 -2s1..e...L_ 
348 10000.Q •5000,0 •255,D 
349 10.000 I a -=-6..0..0.0 t 0 •253 t 0 
350 10000.0 -zooo.o •254,Q 
351 10000,0 -eooo.o -2s2.o 
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=r ~-~~--·-· ··· -=-==-~~~~~----~----=-~~:--5' .· ---~-·. ·:·-~----~~~=t ----~~= 

~- 3_~2- -~~--=-=-~-fo_o·qa_t.f. ·_ :·--~~=-~~~~iooo. o. .. . . ~= ~-~~-~ ~-o:.-·~ 
----~-'3_ . _______ ---~-o g_o o_,J __________ -~-Q.o o a, o _ . . __ ~ 241, Q _. 
_____ 3_~i- _______ 9_99?.t 9 ______ --~JQ~OO, 0 __ ---~~49 ,_.O _ 

355. _ -···---~Qo_oo.g ·- ___ . ao,o... .. 7_.JI 
.. _3_5~ .. - . 1.0000. 0 - 460. 0 .. 141, Q 

___ -1.'-1 -· . _ _1 o P o o , a . . . 1 o o o , o . _ .. 3 ~ 5_,. o .. 
____ 35e 100~0 • .a . 1100.0 . -386,Q. 

-~ 5 9 ... i Q 0 !> Q • 0 - . . . . . . 2 6 Q 0 .• 0 . - -.. 3 0 2 LO .. -
_36o .. .. _ 100Q.o .... l. ·- -··· .3.ooo, o_____ ____ . __ '."'4~3 '-Q __ _ 

.. ~-~J ----· -·-· . 1._Q_O_O_O.LD. _ ·-·-·-. ;5_6_40, Q _______ . _ . --~553 ... 0_ 
··---~~2 ··--·-- ... l9.Q.P.O.tl_ .. ________ 4Q..,0 ... 0. .. ___ .. _____ ":_~}-~ __ J__ 

--·· _363. _ --· _J._P..°-QQ ,t_ _______ --· 4_~..10.LQ _____________ -a~_y __ 
_ 36_"!._ _____ JJ!..O..Q..9 'Q_. -·· ... - __ 4eJ)_Q_tjJ _____ . ____ ".'_9_;3!.i_Q_ 
-~~'-·-----1.0..D.ll_ .. .l_ ... __ ···'-~-1..0.iJ)._ --· _____ '."'.2.ZL~--
__ _i~~--------.-~0.0..QJJ_,JL ____ . ----~~-3.0 .... 0. _____ . ··---96~....t...O.. _ 
____ j~_'l _____ J...O~.O I 0 ····-___ .6__7~.0.-&.0_________ .. 95_L....D._ 
·-- J 6 $ __ -- 10 .Q..Q_Q ._Q_ ___ - _____ ] !tQ . .O..J_ ___ ---~.].2..Q.J_ 
. ~_9 ________ _l_Qo_o.o_.a.__ ·-· ?._4.9.~J ________ -6~2 ...... a__ 
-~111_ ____ . .. .1.0..0.0!! ... J _____ -·- ____ e.o.o.o . .L.o .. ·----·· ... ·--=--~~-=l..1L 
·--~7_1 -· ·---· __ _1.0_0_0..0~---·-·-- ... 9000 • .0. __ ---·· ·-·-··-·-3~.8..t.O __ 
____ 37? _______ .10.000.a... .. __ . 9.500,.0 ... __ -·· .. -Jo9,_o 
_____ 373 . -·---·. _ _J,_Q_0.0.0t . .I·_ . . - ·t.~~---0- ···-· .. ··- ':'22~._o_ 

·-~-7.• ___ ... 11toQ o_._a__ ·- .1.09.e o.Lo . ----· . . . _ ... 21~ Lo_. _ 
____ ___}_?_'- -···-·----· .U>..0.0..0._1..L _____ . -· .J.19-0_Q_L.0 ... ··--- -·---··-· _ -~2..13.LO __ 
_ --~_76_ -···-·-- _ 14.0 __ QP., 0. ____ . ·- _. -!1..Q..t Q ______ 1.~.tl _ 
_ _}7J ___ ·--· .... J._4'_.0.Q.0 ,_g__ . ····-· .... 5_00.LQ .. ·- -···- ._ ··---2'i_O_ 

.. _E.$ ____ ··--· . l.!QO.O __ a.i .. ··-· .. ·-----.9'.~ll....._Q __ ··-··-.. ---·· _l~-~--
__ _ll_9. ________ _u_o.o..o.....L _______ -~.1.1.05.J ... ·------ _____ L.L 
____ 38Q ___ ·--· -~0..0.0..J_ ________ .. :'.1~4.L..Q __________ --=.11..L...O _ 
__ _:J_S.L __ ···-··· _ _uo_oo ... .o_ ________ :-2.l5JL..O .... _______ _ ·351. o _ 
_____ ie_.a. _____ J, !O.JlJL. o_ ____ _ -··-~ 2 ~ o_o_._.o ___ ~---· ____ :--3 8.Ll _ 
__ -~ _ ... 1400.0 ,.L_ ______ .. _"'..2.9J.D. 0 ·----.. ·· --~88. 0 _ 
_ ____ll_~ ________ i40PQ_J__ ______ :~~.O....L..P __ ·312, o 
--=3=8=-5 ___ 14000.J.____ __:~QOO. 0 -----~1L...0. ... 
-~__L _______ ___!!_()~ ,l__ ________ -!)000.J_ __________ -2'-3' 0 
__ J8'!.. __ 1~0.0 ... .0._ ·-·· ·-- .:-_60..0.o.J _____________ ~a•..z. • ..L 

:see ______ 14_Q_QJ2 . .i..t. _____ .. _-_7_00LQ. ·---·--_'.:'-2~-~..!.L 
389 1400 .. 0_t..L_ - ____ :1'JtO_LJt_______ -2~8.J..L 
390 14000..._L_ ________ _:.9...0...0.0. ...... Q .. _________ ·241. 0 
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....._X _____________ Y. -------·--. ______ .z__ __ _ 

~=3·9i=-~-~--~---~-~=~~~:oo t v: ~~- -·· ~- --~ :~.3:~_0_1fi(.--.~~~~-- ~~=-~-~I~~~~~rc 
__ 3.?_2 13999 .J_________ -10500_._o .. 2!L..O __ _ 
---~9~ - -- __ _l!ill_J_ __________ -11.0.J__ ____________ 9.~L. 
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_ ____ 3~!._ ____ . ___ J .. 4.0J>O_,J __ . -·-··· ... 2.~80J _________ "."~~-~tO .. 
_:19.«t_____ 1400..0 .. ~- _____ .. ___ .3.000 .• .JL ·-.. ·-·--·- ----~37_o_ .. _.o __ 
··----~99 ______ 1~.0.00.J. _____ ... --~60 •. o ______________ "."_~lO .• JI. _ 
__ il_o_ ______ 1_~0.a.o.._Q__ -·- ____ 3..9..45.~. ________ .. ~6..u .. .o __ 
... ---~-0_1_ --····--.J:~Oj_O_J__ ____ ........ ~6~.t> ... -1 ___________ ·- .. _0._!_~ _, Q __ 
____ 4'._0_2._ _______ 14.0.0LJ _______ -------~--95..DiO ____ --·---· ~i-~_J __ 
-~03 _____ _.M_Q_Q_.Q._. 2_ ___________ ~~~-O..t..L _________ ~98~.a.L 
__ 4~ 1'4_Q.U-Ll-- : _______ ..6..44.5..0 .• o_ ________ •.U.2-LL 
__ 4H __________ -1~.D.O...O..J .. _. ___________ -6Z5..D._Q ________ ·----~-8.~.2_._Q _ 

406 _.liD.QO ..... J ______ ·- ... J-20.D L.Q _________ ._6.9..5._._a. _ 
401 --~oo. a _______ J_zn.a..._o__ -------~'-24..a...L 

__ !_Q.8 ____ ----1.!Q.Q.O_._.L ______ .&700 ,.Q ________ .!"..!.5.5_._a __ 
-~09 _ _1_4000 .ft. ___ . ______ Cl,OQ_._.O _________ .~.J~.2.._0 __ _ 
_ _ilb__ l!OJ..i,.L_ ______ i.o 0 o o ..... 0. ___ .. ·-_ __ .... ~2'..L..O __ . 
_____ 4 l!_ 14ooO_J_ ______ 1 o.~.2.D-*- o_ _____ . --· ______ • g_~~ .. _D_ __ 
-· 412 - 1800 0 • 0 . - ____ .. ....12.5....l..___ 3 .0. .. Q ___ 
___ 4.1~ ______ _ll..llL_Q ·-· ---~ ---~-~.0..0. ... 1 --· ·-·-··---·---~L..L ... 
·---~1.4 ________ 1.lD.0..~.t..i-- .. ---- ... ~89D. • .1 - -···--·--···. _27 ..... a. __ _ 

415 ________ 1.UQOJ. ·---- ~llQ.L _____ ·-··. --~......D._ 
---~16 18000 ,J _______ ------~~.5. ... ~ ··----___ ~16.L.O __ 
-~'-----1~..c>q..o.....t __________ ... 2i.1.o. • ..L .. ____ . -·· --~~~-~ .. _o __ 

418 1800Lt _______ _:...2~Z,. Li ________ -~AZ.L..O __ 
419 18 Q!.Q.J..L. ··--··--- ... 2~.? J!.t..~ ----·--·-----~ 3 7 6 i..a__ 
•2a 1eooo .1 ··-_·335..a......L ______ ":'..21.l .. o._ 

_ 421 18_000. 8 -~400.0..a....L_ _______ -~_59_t fL_ 
-· 422 18000a1 _ --·------~..5..0...0.0.LL-- ---··· ·--~24..L..Q __ 
---~23 18 . .0~0 a Q ·--·~Q.OL.L_ _________ _.._lM_._o _ 
-~n 1eo.aa...1. ______ -~20.o..11....1 _________ ~22a. a __ 

425 18000. 0 •8000 .1 -·-·---~_.._Q_-
426 1eooo .o ~o.o.o....1... _______ !"22a. a 
427 18000.. -.1..Q..Q_Q.D_._l_ ________ ~_ll;t._Q_ 
•28 17999,9 .. illo.a.J.___ -233,Q 
429 18000,0 89,9 20.0 
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·----------- ·-----------------------
_,_T.:..;t P'--''=------~>< __ ----~------·-----z ___ _ 

__ 4_4_9 ___ ~1f000. 9799.9 •265__._Q_ 
•50 18000.0 10499.9 •256,0 
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hie Data Topograp 

Road site =5-------:Jz~== -

-----~====· "==--== x a, T. If, u, -•. o =====~====;~~oi.~=====:;~o. ·2•.0-1 2000,0 •O,O -37,0 =--~----~•ooo.o -o,o •SB.a 
6000,0 -o,o ·77,0 _:_ ___ 88000.0 -o.o •92,0 

-~:...._---n1oooo.o -o,o -119,0 
12000.0 ~o.o -142,a 
1•000.0 ~o,o -161,a =----:ar---~16000. o -o .1 --'!11169. o 

------1r--z3 -o. o •1n,, o .539. a 
14 •O,U •1870,0 .,47,g--
15 -c.o •2000,0 •497,D 

---16 -c.o -n2,,o -01,a 
t7 -o.o •3000,U •419,0 
18 .u.o -•ooo,o •

3
7,,u 

19 •O,O -- •5000,U •322,0 2 o=------; .. lJ"o-;-. !O • 6 0 o o , o -2 79 , o 
----n ----u-;-u- •7000. 0 •251. u 

22 -o.o -eooo,o -212.0 -- ·"73·· -o. o _ .9000, u ~- ·201. o 
24 -------.950 u. o 

1
2, a 

-· 25 16',0 -- 7,0 
---c6 48',0 1.0 

27 81,,0 •23.0 
28 1015,0 •1J5,0 - ....... 2 .... 9 - uoo,o ·279,0 
JO 1740,0 - •J!3,0 -··· ;JI 2030,D •297,0 =J~2~===---~o~.~oc-=-=-=-==----.2r.2~9~or,,~o ·200.0 --=!~"~-----~o.o 3000.0 --·-~1.0 

-.-- 34 o ·~o____ 4000. a _____ •1!3. o --· ---- ;ss ---o:--. o~-----5-slro01uolr!J. a~__ .35. o 
- ~3~6:___ ____ -00 •!0 ___ ~6610010TUU ~-- l8';11 

- ~:~6====-=-=-=-=-~-~B:~~~===2,o~o~o-=-:=_:_ .. _ ··----- .. --·· --- 3Y 

-=--==~------
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Table A5 (Continued) 

x ' z 
•o o.o eoon.o 73.0 

---:14 ...... 1------0-....... o----""Y"""u rru-;-o- 120 • o ---
-----4'r"- a·, 0 10000, D 1iT.-U-
- 43""------.c..-.~o.---- 1o5 o o--;ir- 14 J. o --

45 2000.0 .. 420,0 -135.0 -----.-o-- 2000. 0 .. 5 75. 0 ------";tJ"6J t 0 
47 2000.0 •1285,0 -460.,,-------u-- 2 o o o • o ·.01"6 ~-o-;TJ - .. .,-2 o.o·· -
49 2oco.o ·2035,o ~~0-----""5"0____ 2000 ~-11-- ---~~ir;-o--- •514._0 __ 
51 2000.0 ·25"30-,o -516.0 

--· 52 2000. 0 ·3000 t 0 ... 94-;-o-
----,.3 2000.0 ·4000,0 -~48,0 

54 2000.0 •5""000,0 ... 433,0 --
55 2000.0 -6000.0 -430.0 
56 2000. o -•nnro, o ·•o5. u-
'' 200lr.lf"" •8000, o ;."J""W.T-
'8 2000,0 •9000,0 •329,D 
59 20 OtJ. 0 ·""V51JO I 0 -319 ;v-
6b 2000.0 11,,0 o.a -
61 2000. 0 ~, 0 :.o-;v---
62 2000.0 eoo.o -1,,0 
63 20011-;-a-· -ro-co, o .. 40. o 

-·--04 21ro1r;-o--- 125·5·;-o- ·12~-;a-·-·· 
---6-s- --zu-rr~·u--- -----i5""5·u ,-u-··------- .. -195: u ··-
- - oo 2001r.ir-----mut0·---------.-zoJa- -
-----51 2 o o a-;v-------zno-;ir------n7 ;v- -
------oe 2000.0 ·--~-o-.o -1~-0----

69 2000.0 4000.0 -50.0 
10 2000.0 '000,0 .,-;v--
71 2000.0 ---rsooo.o 31.v--

·-·-n-· 2000. 0 &36-0-, 0 51. 0 --
73 2000.0 7000,0 111.-0--

_____ 74 2000.0 7280,0 142,0 
----- 75 2000. o - eooo, o 1&·3"·;-v-
----,,,- 2000. o - 90110. o 213 .v·--

' 1 2000. r-----------110110. o 22r.-o--
-·- - ·-·7e 2000. o ----in-ow-.-a-------n-~---
------------ ----- ---------------
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T,P, )( z -------- ----- -------
79 2000.0 10500,0 2S9,0 ----.-o 4000.0 "150,Q ·35,0 --- 11 Aooo,o .. ,20,0 -1ao.r-
a2 4000. o -111s. o -m:o--
13 - 400o.G •1670,0 •532,0 

---·---.-4 4 0 0 0 ~-0 • 2 0 0 IJ. 0 -"TI~-
., 40 o o·. 0 -·-· •2290, o •5Yif-;-O- -

-----e.....-6- 4000. o ·7675";0 -542~ 
11 1000.0 .3000,-0------ •5s.1.·o·-

------·-·-- 88 40~;u-·· .""J7VU-;u--· -3'1T.-V--
89 4001f~-O----- •4000. Q •364. 0 -
90 4000.0 •5000,0 -326.~-

··-------f"1 40-0·0. o -•1;n1ro ·;r--- -2 3~-;u---
-·- 92 •ooo·-.u-- ·•701Ju-;o- -212:11--
-~-.,3 •ooo.o •eooo,o -210.0 

94 4000. o .9000. o -1tz·:u-
95 QlrO.O - •9500 ;lf •159, a· 

---96 4000 t 0 80. 0 -22 ;-u--
- 97 4'01JlJ, O 410, O ·25. 0 

98 4000.0 ~5.0 ~30,0 
99 4000, 0 -- 950, D •49 ,.cr--·-

--1TO --4000, 0 130u-;o---- •181·;0--
101 4000, 0 1735, D ------no, 0 --m------ 4 o o O"·;o----22s o. o -~r2·;-o· .. 

·----io~ Aooo, o ---··- 3000. o -·""2ez;-o· .... 
--,;u-..--··-·--..-lfO"tr,O 4"0ll-O-;o--- 9 241,.--0· -
-·· --~ 1000.0 ----·-5ovtr,-u------..--i1e.o 

106 4000. Cl ·---,.;ooo. o ·· -10·; o- · -·--i·o 1 --40"0 o. o ·---"Tlf01Jtlf·-·-------,-. -u---
10 s 4000. 0 . ---·--7450. 0 -- &1-;-u--

--i-09 4uoo .o eouv;u------- 98,0 --· 
--·-1·n 4000. 0 83lJU. 0 -n-s-,-g--
----111 ~·oo ,o acuo, o 1-,r.a .. -· 

112 4 0 0 0 ;o-----"'9UU0.0------1-s~;-lf" -
-·11"'3___ 4000. 0 10000. Q 220. 0 
-··11• •oiro-;-u-----10500. o 22~-

115 0000 .o "'17tr;1r -~ -
116 600 0. 0 ,.:435. 0 •l.6-1· ~lJ-

--n1 601Jr.'"o -~~,,.--- ·Jn;-o--
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'."' x ' z 
!18 'uou.a •1225,0 •!Sl5;r 
119 r;con.o ·1500,0 -562,0 
i2D llJDU,O •2025.0 -~01-;l)-

121 6o1Hi.o ·24100,D .. sai:"Q 
122 1000,0 •3000,0 •579,g 
123 5000.0 eqoir. 0 -496-·.o 

--in 6Doa.u ·---9'110 D ' G -4~2-;T-

125 liDOO,D •l>ODO,IJ -322-;u·-
l2l; l;ODO,D --·---.vooo. o -22a-;-o-
127 ~ooo.o •aooo.o -11r."o 
128 tooa.o •vcro1r, o -------..1r.u·--
129 6000.0 •9500,0 ... 6.0 
130 6DDD,O --- 55,0 ---•n-;i,--
131 5000,D --4105, D ~3~1)-

132 6000.D ·--,50. 0 .. 49 .-o-
IJJ 5DOD.O 930,0 -65, D .. 
l~H 5000.0 1280,D •1vr.-o---
135 iOOIJ.O 1570,0 -J3ill,O 
1~1 1000.a 2000.a -.f69~-
137 5000.0 2500.0 .490,-0-
138 ~ooo.o 3000,D ----04~1)-. 

139 5000.0 illOOO, 0 •lf10-;-o-
l~D iOOD,D 'ODO,O •32"8-;ir 
141 6000.0 ---0000,0 -2or.v--
-~ 6000.0·---- 1000.0 •UT;r 

143 60o-o-; 0 7300-, 0 ·-----· -;;-.-·li-;-o--
----i-4• 5000.0 ---- ·aooo, o -n·;lJ ·-
-1i115 1Suoo.c -neo. o ~r.r 

1~f> 1000-;ir 9600,0 ·----in-, v-
ii117 6001].0 10,00.0 -13~-

l•B 8000.D •tBO,O ,.81.0 
1ill9 eoo o-;-u- •500,0 -220.0 
:t'D eooo.o •890,0 •423.0 
i51 eooo,o •:C3,o,a -!Se:t.o 
!'2 8000.0 •1700,0 •52%.0 
1,3 eooo.o •2000,0 -609,0 
1'if aooo.a •3oao,o .,92,0 
i,5 aouo.o ·•ooo,o •558.0 
1,6 8000·.0 .,ooo.o .,20.0 
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T • '5' " ' z 

l'' 8DUO,U •f;UDO,U ·•12.a 
158 BODO.a •1tlOD,O •367.0 
1'9 BUDO,D •BUDO,D •281.D 
150 BOuD,,D •91HID,O .. 207.0 
161 1000.a •95UD,U ·171.a 
1l)2 sooo.o l)5,o .. ,1.0 
113 sunn.a 39U,a ""'",a t54J 8000,D 735,0 .. 70,D 
115 8000.l'I 910,U -ts.a 
15l) BDDD.O 1285,D ·22il,O 
117 souu,a 1580,D •317,D 
168 aooo.o ~100.0 •555.0 
li9 aooo.o 2~35,U •llJ&,a 
170 BDIJD,O 3000,D •502,D 
!71 BDOD,Q 'iSDQO, 0 •513,D 
172 BDDD.O 5000,0. -~11.a 
173 1aao.a 5DUU,U ·317,a 
174J BDOD.D li5DD,D -2u?. a 
175 8UDD,U 7000,0 •2D.i1. a 
175 BDDD.O 7illDO,D •it3,U 
177 BDOU,U eoao.o -112.u 
178 BDDD.O 8300,0 .. ar.r 
179 soao,o 90QO,Q •19,0 
!BD 8000.0 10000.0 .;s,a 
un: eoao,o ID5oo,o s;. a --- 182 10000.0 •tl55,0 ·88,0 
i83 10DDO,U ... ~ 70. u -221.a 
184' IODDO,D •7iJO,O •3tl7,U 
II' IDDOO,O •%000,0 -•14',0 
185 10000,D •l3'00,0 -5~7.0 
187 3.0DDO, D •!7&2,Q •531,a 
188 IDOOD.D •2DOD,D ·!513.a 
189 lODDO,O •3UDO,Q •it37. a 
!9D lODDD.D •1'DDD,D •3'71,D --ur 10000,0 •'OOO,O -~ns:s, o 
192 lDDDO,O .. l;DOO,O •333,0 
!93 iauoo.o •1000,0 ·•3fJif.U 
l9iJ l.OODD • D •8000,D -212.a 
195 10000.0 •9000,Q •232.U 
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Table A5 {Continued) 

f ,P, x ' z ---------··-
196 10000.0 .9,00.0 •""{'97;11-
197 10000.0 ·50,0 .75-;-o-

·--1 ....... , ..... 8,...-------,.-1-...0 .... 0 ....,,, 0--.--0...- J 95";T .. 81 • 0 --
199 10000.0 750,0 -89,0 
2 0 0 10 0 0 0 • 0 -· 9 7 5 ' 0 -1!8 t 0 
201 10000.0 T4nr-;1r·-- ·319.o ---·-20-2 -10000. o- ..... ___ -·--11zo-;o-·-----·-----·46""3-;-o-

~o 3 1 o o o o. o --- -----·-zzulr.l)-·-----·~5-4 ·,o·-
2 o• 1000~----··-· 2825....-0- ·-;.6·96.l) -
20s 1.0000. Ci--------~soo-.-o·· -------~6-~-r 

--~-"06-- 11m"O"O-~o-·------~o-uu-;i,--------.-66"6-;·u 

207 j 0000 .o ·500-0~ --~:-o 
20s ·ITOlfo. o ---0011·~.1r ·-----·-•4"JZ;o 
209 l oooc. (1 7000. 0------·--4·00. 0 
210 1.0000 .o - 11-z1r-;-u--·----- •J07 .o 
211 JOOOtl.o ""lJOU-0.0" -"335.o 
2 Jt2 1 o o o o , o 9 o o o ·;-o----- --• 2:s1 • o 
213 10000.0 10000.0 -~-o--
2104 l 0000, o 10500, a ·---9122. o 
215 !21JU"u-7U •142,V •103,o--

--""216 12000.u- ·500,0 --239,0 
217 - 1200~--- .. 540. 0 -41fo-;ll 
218 1200-0.0 --.-JJBO • 0 --·---:----;;"4.0 

-ziv- 12000.0 -1s•c.o· ·575,o 
-220 · 12000.0 -·--.yu-ur.r· -----.53,-;v-
-·221 120110 ,-u-- ------ -~'e'. n ·-- -- -5~o·--
-- -·222 12000. 0 --- - •JOOO I u-·--- ····-----,11. 0 

223 12000 .o ·---- ·•ooc .ir------..33e.o -
---- 2 2 4 12 o o o • o- ------..' o u a flr --i 1 e , o 

225 12000.0 ----t>OOO,O •152,0 
2 2 6 12 0 0 0 ' 0 w 7'0170I 0 - • 14 2 • a 
221 12ouc.o ·----·-eouo,o -·--12s.o 
22e 120 o cr;-cr-·-------.vtnnr.-o •..,..,.-;--a--
229 12000.0 ·9500.0 •42.0 
2JO 12000,0 90,0 •90,0 
231 12000. 0 -it20. 0 ---91. 0 
232 12000.0 --- 110,0 •104,Q 
233 12000 .-cr-----i-ovo. o ·138. o 

··----234 12000. 0 - .. ·--i3"41>-;v --21,. 0 --------
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Table A5 (Continued) 

"-T.P' x z ----- -------
235 12000,D 1790.0 -1110.a 
23~ 12m.o 2150,0 ·6f57o ___ 

--_,-37 !2n-O.O 2vJo!a ·711 ;-o--· 
238 r2noo.o Jsoo.o •720-;o-
239 1aooo.o •ouu,a -1:so.o--
2'10 32000~0 5000,0 ·-------;.,!01:-0 ___ 
241 -,~.o ---mo .o ----- •66-o-. o ··--
242 12000.0 oaoo.o .;s95. 0 
2tlJ3 12000.0 7800,0 •583 .. ~ 
2i!J4' 12000.0 BODO,~--- •580-;-D-

-·---~45 12000.0 90oo.o ·5os.o --
2~6 12000.0 10000 t 0 -451,f-

-~·7 1200-l'J,O 1nsoo,o -- -·~30,0 
---2«"-- 141000,0 .. 50,0 . ------en-q-

2~9 1i1JODO,O ie3BO,O •23if;-o-
250 i~ODC,D -655,0 •375.0 
251 14000,D •touo,a ·521r;o--
252 iilJOOD,D •1360,0 •!501f;u-
253 1'1DOO.U •!l>60,IJ •591,0 
25i1J 141000,0 •CU-0-0. 0 -51J-;-u--
255 liJOOD,O •"""31f 1111";T--· •370.0 -··- 25~ 141000,D •ilJDCD, 0 .-,:•T.1)-· 
2,7 t•ooo,u •5000,D •iT.""O"-
258 14000.0 ·6000,0 .. 4. o·-· 

-·--p9 I~OOO,U 97000. 0 -26-;-o-·-
2~0 i ilJ 0 0 0, -u----· ·8000,0 -------.;r;-o-· 
211 1•000.u •CJOW,O ---n-;-v-
202· 141000. 0 ·950 o-;-u--·-----.,r.11-

--·-26~· 14000,0 l2D,O --.i 1~-;-u-·-
2&4 111000,0 470,0 -u:e.o --
215 :tl!IODO, 0 -e-zo-;r- •12ilf. 0 -· 
266 14000,0 1:000,0 .. t4112. 0 
217 1arnoo.o 1290,0 ·2w.v-
2liB 1-.or.10, n 1670,0 .. 4''l'1;v- -
219 14000,D 2~00-;o- •658.0 
2 7" 1~000.0 2550,D -;ros-;-a--
271 lilOOD,D JODD,O -1s.1.a 
272 14000.0 3'000.0 •8l;1,D 
273 14000.0 50DD,D -1111;-u-...... __ 
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Table A5 (Continued) 

'·'· x ' z 
274 1•000.0 6000,0 •794,0 
275 14000.0 6300,0 •791.0 
176 14000,0 1000,0 •784,0 
277 14000,0 8000,0 •791.0 
278 14000.0 9000,0 •786,Q 
279 14000.0 10000,0 -112.0 
210 14000.0 10500,0 • 781.:0 -
281 16000.0 ... 255. 0 •227,0 
282 16000.0 "'*"11.J -- •315.p -• 
283 16000.0 .. 970,0 •494,0 
214 11000.0 •1165,0 •527.0 
285 16000.0 ·1425.0 •528,0 
296 16000.0 •ioao,o •477.-V-
287 16000,0 -2200.0 •4145,0 
288 16000.0 -aooo,o •422.0 
289 16000.0 •4000,0 •298,o 
290 16000.U .,ooo,u •167.0 
291 16000.0 •6000,0 -12.0 
292 11000.0 •64iJO,Q a2,o 
293 16000.0 ·7000,0 169,0 
294 16000,0 -aooo .• o 248,D 
295 16000.0 •9000,0 281.0 
296 16000,0 •9500,0 317.0 
297 16000,0 180,0 -121.0 
298 16000,0 525,0 •132,0 
299 16000,0 8140,0 •139,0 
300 11000 .. a 10110,0 •i58.D 
301 16000,0 1345,0 ·Jo4,0 
302 16000.0 1e20,o .,!3,0 
303 16000.0 2200,0 •601,0 
;)04 usoou.o ~eoo,o •663,0 
305 16000.0 ~ooo,o •668,0 
:soo 11000.0 400010 .,,,,o 
307 16000.0 'OUO,O ·8z3,o 
301 16000.0 eooo.o •ea2,o 
309 160011,0 7000,0 •879,0 
3JD 11000.0 eouo,o •888.0 -
311 16000.0 9000,0 •898,0 
312 16000,0 ioooo,o •903.0 
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Table A5 (Continued) 

f .P, JC ' z 
313 16000.a 10,00.0 -•o•.a 
31~ 18000.0 •:SOD,1 ·3o2,o 
315 18000.0 .. 610.1 .. 4Dl,O 
316 18000.0 •1100,,. •4i7,0 
317 18000.0 •1610,1 •444,0 
318 18000.0 -2000.1 -433,0 
i19 18000.0 •3000,s; w4o8,0 
320 18000.0 •4000,1 •2,7.0 
321 18000.0 .,000.1 .. 21·-;u--
322 18000.0 •6000,1 135.0 
323 18000.0 •7000.1 206,G 
324 18000.0 -sooo.1 Jes.a 
325 1aooo,o ·9000,SI 414.0 
326 180DO,O ·9500.1 453,0 
327 18000.0 99,9 -111.a 
328 19ono.o 239,9 -1i4,0 
a2t 1aooo.o 569,9 •1147,0 
330 18000.0 899,9 •154,D -
331 1eooo.a 1049,9 •178,0 
332 1eono.o 1499~9 •317.0 
333 18000.0 1729,9 •4i3,0 
334 18000.0 2159,9 -549,0 
3.,5 1aooo.o 2999,9 .. 625,0 
336 18000.0 3999,9 .. 724, 0 
337 18000. 0 ---- ill999,9 •770,u 
338 18000.0 - 5329,9 •787,0 
3;s9 18"U"Olr."lr 5999,9 •818,0 -
340 18000.0 - 6999,9 •861,g 
341 18000.0 1999,9 •&ell. r-
342 18000.0 8999,9 -s884,0 
Jif 3 18000.0 9999,9 •9!2,0 
344 raooo.o 10499~9 .. 9.2,v-
345 20000.0 -~,o.i "'197. 0 
346 20000.0 .. 600.1 -1e1.u 
347 20000,0 •1000,1 -202.0 
348 20000,0 •1800,1 •241,0 
349 20000.0 -2000.1 -210.0 
350 2oono.o •JOOO,t -2:s~.o 
3'1 20000.0 -•ooo.a; •106.0 
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f .~ _____ X ___ _ y z ------------··-
3,2 20000.0 .,000,1 99,0 

---.35-3------2-0~0-oo-.o •6000.1 240.0 
354 20000.w -1000,1 356.0 
355 2oonn.o -sooo,1 425.u------:s ... , ..... 6----"Z01)1111, 0 • 9 0 0 0 ~ 1 4 '9 ' 0 -
3' 7 2 0 0 lJ 0 • 0 • V51Jo.1 518 • 0 -3,-a-----NDo-o:-u:--·· ·····--av·;v-- ----in·;-o-· -
359 -v.ol>oO. o 299. 9 ·U·~--·--

--3-6~0----2~01JOO-;ir----·- 63979 ·-·T6T.1- -
361 2 0 0 0 0. 0 9 19 .. ;·-9------1rr.11 
362 20000 '0 111f9t9 ---iu-;v-

---=3.,,...63 _____ __,2_,0 .... 0 ..... fl,...,.O-;-o "1"554. 9 •245. o·--
364 2ooau-;r-· -z·149. 9 -290-;-u·--

--30~5-----2-a~o uu-;-o ~999. 9 ·---.irl1L -u--
366 20000,a· 39VV.9 •538,g. 

--3-0--,..--------2 0....,0 ..... 0,....,.0 ;· 0 .. 9 9 9 • 9 -6 .. 4-;-u-- . 
368 2000tr.'O 5999,-V- •7l1.0 

--3-0 9------.2 ..... 0 ..... 0 ..... 0 ..... 0-...... 0- 69 99. 9 -a o 2. o 
310 2olfno.o 7999,9 -e42-;-o--

----3-1~1----2~0~0~0.--o.o --S999,9 - -902.0 
372 20000-;lr 9999,9 •922.0 
373 20000.0 10499.9 •92T;°V-
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Table A6 

To12osra12hic Data ~cm~ 
Road Site 6 

T,P, )( v z 
1 o. o, o. 
2 2000,Q o, ... 70. 0 
3 4000,D .. o. 0 •165,0 
4 6 o o o ~ -,r· -t). 0 -2tt1,o 

' sooo.a -o,o .. JO?, 0 
6 10000,, -a.a •382,0 
1 12000.0 -o,o w459,0 
e 140ao,o .. 0. 0 ·559,0 
t 16000,a -o,o •661t0 

10 18000,0 -o, 1 •693~0 
11 2ooao .Cl -0.1 •781,a 
12 •O,D •80,0 ·1~0 
13 -o. Q .. 200,0 ·18,0 
14 •O' g -•10,0 16,D 
1' •O,Q -1100,0 11,0 
16 -o,e -1•00,0 ·52,0 
17 •O,Q .. 2•10,0 •157,0 
18 -o,g "'2620,D •351,D 
19 -o. CJ .. 3090,0 •478,0 
20 -o. a .. 3600,0 ·713,0 
21 -o.o .. 4160,0 ·893,0 
22 -o;o •4900,0 ·1025,0 
23 •O,O •5800,0 -1305,0 
24 -a.a •68QO,O •1345,0 
25 -a.a -1•00.a •1015,0 
26 •O,G -11oa.o •1Q63,0 
27 •O,O •8270,0 ·755,0 
28 •O, 0 -e100,o •736,0 
2t -o.o •9300,D ·613,0 
Jo o.a 75,0 6,0 
31 O,Q 440,D 31,0 
32 o·, a 795,0 32,0 
33 o.o 985,0 11.0 
34 o.a 1115,0 •5,Q 
35 o.o 1210,0 44,Q 
36 a.a 1370,0 162,0 
37 o,o 1600,a 242,0 
38 o. u·-- - -- 1920,0 246,Q 
39 o,o 2500.a 191,0 
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Table A6 (Continued) 

___ J_!!_t _______ 2 __________ ·-·· -~---- -· z 
---~_Q___ __. o_,~_ --~Q_OO.t!. __ . ·--····--1~-~.J.L 

41 o,o 3120,0 51,0 
42 0 Q 4300 0 -11,0 -·---· ----- ·- _______ u ____ -------··-·----~---- -···------ --· -- . 
43 o.o 4600,0 ·58,0 
44 0 ' 5000 0 ·241 0 ·- ---··------Ll..------··-·-·--·---· -··· ... ·-·--·. - -· ·-·-- --··· ., o.o 6000,0 •341,0 
4~ ·····- .. ___ .QJ.Q ··--·-·· .. ---~-87..n .. ~L. __________ ... ~.4;53,0 
41 o.o 1600,0 ·565,0 4•. . . . o. a _ .... .J.o o.o ... Q __ ... ________ !,.~. o__ 
49 O,Q 9000,0 •565,0 
so o,o _?.2•0 •. 0 ---···--··. ·-~•,,_Q_ 
51 o,a 9900.0 ·•15,o 
52 O,Q 104Q0,_0 . --··-·· _____ !_4'9.~.J .. _ 
53 o.o 10700,0 •325,0 
'' 2000.e -·~60,_o __________ ._,~ • .o __ 
55 2000.0 -500.0 -21,0 
'' 2000,; .95,,_o -·-··· _____ .. t.o .. _ 
51 2000,a ·1soo.o ·36,o 
51 2000,0 •1700,0 ·--~'O•l_ 
59 2000.0 -2000.0 •123,0 
60 2QOO, D •2945, 0 _ .. ~-~34 t Q __ 
61 2000,0 •3410,0 •637,0 
62 2000.0 ·4320,0 •822,0 --,s 2000. a .,,o-o. o -~1029 ~ o-
6• 2000,a .5eso,o -11•s~o 
65" 2000 ~ Q .. ~6500. 0 ·i"!'' · 0---
66 2000,a -1000,0 ·1390,o 
6·1 2000, D •8000, O ·1332·~·a-· 
68 2000,a •8800,0 -1091,0 
69 2000.0 •9300,0 •1023;~·-
70 2000,a 220,0 ·60,0 
11 2000,a 5ao,o ·•6,0-
12 2000,1 900,0 -•1,0 
13 2000.a ·1015;0 .,8,o 
74 2000,D 1200 1 0 ·89,0 
'' 2000,e 1310,0 ·36,o 
76 2000,0 1600,0 186,0 
77 2000,g 2000,0 169,0 
1a 2000.a. 2525~0 131,0 
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Table A6 (Continued) 

T,P, x v z 
79 2000,Q 3000,0 90,0 
so 2000,Q 3370,0 56,0 
81 2.000,D 3510,0 S.9,0 
82 2000.0 4000,(1 ·1.0 
83 2000,a 4560,0 -73, 0 
8• 2000.0 4800,0 •150,0 
85 2000,0 5260,0 ·331,0 
86 2000,Q 6000,0 •388 t 0 
87 2000.0 7000,0 ·487,0 
88 2000,Q 7550,0 .. 555,0 
89 2000,0 8000,0 w648 1 0 
90 2000,a 9000,0 •705,0 
91 2000,a 9650,0 ·'148,0 
92 2000,0 10170,0 ·705,0 
93 2000,Q 10400,0 •606,0 
94 2000,0 10700,0 ·557,0 
95 4000,Q -343,0 •113,0 
96 4000,0 ·841,0 •149,0 
91 4000,0 -1500,0 •154,0 
98 4000,Q •2500,0 •168,0 
99 4000,0 -3000,0 •186,0 

100 4000,Q ·4000,0 •309,0 
101 4000,0 ·4900,0 •433,0 
102 4000,0 ·5500,0 ·698,0 
103 4000,0 ... 6000 '0 ·810,0 
104 4000,0 .. 6500,0 .. 1104,0 
105 4000,Q -'1000,0 ·1384,0 
106 4000,Q ·'1•25,0 •1569,0 
107 4QOO,Q .. eoon,o ·1593,0 
108 •ooo.a ·8600.0 •1589,0 
109 400018 .. 9000.0 •1544,0 
110 4000.0 ·9300,0 w1419,o 
111 •ooo,o 290,0 -1•1,o 
11~ 4aoo,a 660,0 -121,0 
113 4000,a 980,0 •123,Q 
114 4000,Q 1150,0 •137,0 
115 4000,Q 1210,0 ·158. 0 
11"& 4000.a 1500,0 ... 99. 0 
117 4000,Q 1'120,0 104,0 
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Table A6 (Continued) 

-J !!._!_. ----------~----- .. ------- --- __ r 
11a •ooo.o -119·- ---- •ooo ~-rr ··-
120 4000,0 i21 _______ -- •ooo,-o 
122 •ooo.a 1·23 - ·--------·4i:;o·o; a 
124 _ 4_000 I (J_ 
125 •ooo,a 
126 4000,Q 
121 4000.a· 
128 4000,0 
129 •ooo.o 
130 4000,Q 
131 4000,0 
132 6000,a 
133 6000,Q 
134 6000.0 
135 60001D 
136 6000.e 
131 6000.0 
138 6000,Q 
139 6000,0 
140 6000,Q 
141 6000,Q 
142 6000,Q 
143 6000,Q 
144 6000,Q 
145 6000.0 
146 6000,0 
147 6000,0 
148 6000,D 
149 6000,Q 
150 6000,0 
151 6~00,a 
152 6000,Q 
153 6000,Q 
154 6000,0 
155 6000,G 
156 6000,Q 

... ·-______ i ___ _ 
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Table A6 (Continued) 

T,P, )( y z 
157 6000,Q 2240,0 1•.o 
158 6000~Q 3000,0 29,0 
159 6000,Q 4000,0 ·•6,0 
160 6000.J. 4900.0 •106,0 
161 6000.0 51.60,0 "'298,0 
162 6000,Q 5•oo,o ·399,0 
163 60001G 6000,0 •489,0 
164 6000,D 7000,0 .,.3,0 
165 6000,0 aooo,a •608,0 
166 6000,Q 8570,0 ;.·626. 0 
167 6000,0 9000,0 •687,0 
168 6000,0 10000,0 -eoo.o 
16t 6000,Q 10700,0 •836,0 
170 eooo,a ·3oo. a •265,0 
171 8000,0 ... 100. 0 •114,0 
172 aooo,a .. &25,0 •165,0 
173 8000,Q .. 1000,0 •150,0 
174 8000,Q •1090,0 •206,0 
175 eoao.a .. 1445,0 •208,0 
176 8000,0 -2000.0 •309~0 
177 eooo.o .. 2280,0 •382,0 
·11e aooo.o •3000,0 •601,0 
179 aooo.a •3640,0 •496,0 

- 180 eooo,o •40oo,o ·599,0 
181 eooo,a -5000,0 .. 9a•.o 
182 aooo.a -5500,0 ·852,0 
183 eooo,o •6000,D ·952,0 

· 18• -- - 8000. a .. 6410;0 w1135,o 
18' eooo.e ... 6100.0 •1118,0 
186 &000.1 ... 1000.0 •1104,0 
187 8000.a ·7335,0 •1060,0 
188 ·a·ooo.o •1800 .-o •1119~0 
189 sooo.o •8000,0 •1159,0 

--190- eooo.a -atoo,o ·1•88,0 
191 eooo.e •9300,0 •1658,0 
192 eooo.a 355,0 - •299,0 
193 sooo,a 100.0 .. 291,0 

-·19• aoao.a ·- 1040, 0 •293,0 
199 8000.a t.~oo.o •304.0 

-.. ·-- ~ . 
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Table A6 (Continued) 

T,P, x z ---
___ -'-'-'-~-------· ---~.09~_,_Q ___ ·--··-- __ 1~.~o , __ o_. ------~~3~,.o __ _ 

197 eooo,a 1500,0 -211,0 
___ 1_9_a ____________ 80J._Q,~-----·------1~00,o .... ··- __ ._2_~_.o . 

19t 8000,a 2230,0 •14,o 200 aooo a 3000 o .39 o ··-·· _________ J _______ ----· • - ·-·--·-·-. - J ___ _ 
201 aooo,o •ooo,o ·96,o 
202 ... --·-· ~J>_oo,a .. ________ ,J>o.o •. o ___ ·- ___ _!.13~_.o __ 
203 8000,0 6000,0 -211,0 
20' . ··-· .. ~.G..QO_, Q _______ . 1.000.._g __ __ ·-·-· .. •.~1i_1.0 -·-
205 eooo,a 8000,0 •414,a 
206 _8000, 0 ·-- _ .. . 9.0QO_.._g__ ------~j_f.1 0 __ 
201 aooo,o 9300,0 ·632,o 
20_8 8000. ; ___ - .. 1000~_.J.__ -··. -·-···-~'-1~. L_ __ 
20• 8000,Q 10100,0 ·794,0 
210 10000 f 9 . ..~~JI.LO... •Jl15.t.D_ _ 
211 10000,0 ·140,0 -210,0 
212 10000 'fl .. •i080. o .. -· ··----~-~_o__._o_ --
213 10000.0 •1300,0 •133,0 
22t4 10000,a ·117!5,o _____________ '!.1-~Q.i.O. __ _ 
215 10000.a -2000.0 •154,o 

.. ·--~1.6 1Q_ooo,a ·-· ·30_oo •. o._ -···------~-·~_._o__ 
211 10000,Q ·•ooo.o .soo,o 
211 10000,g -4220,0 ·'27,0 
21t 10000, o •4470. o· ·· ·· - ···--.ssT._o _ 
220 10000,Q •5000,0 ·739,0 --- 22-1- ·· -· ·-1000-0 ;·e ·· -- --· - ;.544·5·, o·- - - ·-·.-J"l6~ o-· 
222 10000,a ·5700,0 •t•e o 

· ·-·223- 10000,a -6100,0 ·---;991·~0----
22• 10000,a •6700.0 .,,,,o 
225 10000,D •1000,0 ·1003,0 -
226 10000,0 -111,,0 ·1139,0 
221 · · 1i»Ooo, a -eooo ;-o·· .;.2ar, o ·- · 
228 10000,0 -877!5,0 •1519,0 
·22t · 1-rrooo~·a ... 93·00,o ·-;.1se·9~0 

230 10000,a 150,0 w397,0 
231 1lOOO,O 335,0 ~3,9,0 
232 10000,0 700,0 .311,0 
2·33 · · · 10000 ~a 102·0, o ~3'', o 
2J• 10000,a 1110~0 ~38a,o 
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Table A6 (Continued) 

T,P, x v z 
235 10000,Q 1320,0 •433,0 
236 10000,a 1500,0 •357,0 
237 10000 ,61 1770,0 "111.0 

---238 . -. - -·· 10000. e· 2180,0 •100,0 
239 10000,0 Jooo.o ·15e,o 
-240 10000,a 4000~0 •155~0 
.241 10000,Q 5000,0 •152,0 
242 10000,a 6000,0 •175,0 
243 10000,a 1000,0 ·259,0 
244 10000,a 8000,0 tt328,0 
245 10000,Q 9000,0 •405,0 
246 10000,0 9700,0 •489,0 
247 10000,Q 10100,0 ·6•6,0 
248 12000,a -•15,0 •425,0 
249 12000,e .. e20,o •269,0 
250 12000,a ... 1210,0 ·158,0 
251 12000,0 -2210,0 •169,0 
252 12000,a •3000,0 ·344,0 
253 12000,a •4000,0 ·548,0 
254 12000,0 ·5000,0 •806,0 
255 12000,0 •6000,0 •1125,0 
256 12000,a •'1000,0 ·1259,0 
257 12000,a •8000,0 -1381,0 
258 12000,8 •9000,0 ·14S.9,0 
259 12000,a .. 9Joo,o ·1396,0 
260 12000,Q 210,0 .412,0 
26t 12000,a 350,0 ·455,o 
262 12000,a 100,0 tt448,0 
263 12000,Q 1000,0 ·457,0 

·-164 12000. g- 1200.0 -••5,o 
265 12000.a 1330,0 ·5o9,o ·-·· 266 12000iU - 1500.0 ·46J,o 
267 12000,a 1160,0 ·228,0 
268 12000.u 2225,0 •228,0 
269 12000.a 3000.0 ·2•1,0 270 .... 12000,a- 4000,0 ·229,0 
271 12000.a 5000,0 •195,0 
272 .. 1200-0·~ Q 6000,0 •175,0 
273 12000.a 1000.0 •S,BJ,O 
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Table A6 (Continued) 

.r_.!.~--·--. x v z 
21• 12000.0 eooo o -22a o .. ---------- --- --·-----····---· •---~ ------- ·-~ 215 12000.a 9000,0 •311,0 

·-···- .~1-~ . __ ---~?.Q_OO, Q _ _ _ _. _9__8Qlt Q ____ -·-· __ _!4.°-?J..0._ 
277 12000,0 10700,0 .,.o,o 
21a 14000,a -•oo o •505 o 21·, ·· --·------·· 1 j•oi;o; a --- - · ---;.eaO.-o-- -- · --- · --- -~4oi!_o __ _ 
280 ________ 1~0.0_,_o _. _____ . ·-- -100.0 .o ·-- --·- ----~35_~ 
281 14000,Q -2000,0 ·381,0 
282 1_400..0 .• Q. -----·-- _ ~Jooo.o _______ . -·-~·-o~_ .. o_ 
283 14000,Q •3650,0 •353,0 
~~· 14000 t., __ ·-------· -:~~_oo_,._q _____ .___ ---~~83, o 
285 14000,Q •5000,0 •503,0 
286 14000,G .·53Q_Q,O ________ •4!L_O __ 
287 14000,Q •5680,0 ·519,0 
2ee 14000,a ·6000 o .,,. o - - -· ' ----·---- -- . _______ t __ 
289 14000,Q •6370,0 •679,0 
290 14000, a _-:_f>57o, o ____ •77.L.L 
291 14000,a -1000.0 •76o,o 
292 14000, a -1225. o _ ~69~ 1_0 __ 
293 14000,Q •7470,0 •615,Q 
294 14000, o ·8000, o __ -·-~79.6..J_L_ 
295 14000.a •8810,0 •858,o 
296 1•000.a ·9300,0 -11•,o 
297 14000.a teo,o· --;.·551;0--
298 14000,9 380,0 •533,0 
2·9 9 14 0 0 0 , D '12 0 , 0 . - - -• 5Y6-;o--
300 1•000,Q 1070,0 ·533,0 
301 1•000,a 1260,0 - •540·~·0--
302 14000,D 1390,0 •584,0 
3 o 3 14 o o o , a s.' o o , o -.. 519 ~ -~ -
304 14000,D 1730,0 wJ22,0 
305 14000,a 2220,0 ·3•7.~-
306 14000,a 3000,0 ·3&4,o 
307 14000,0 4000,0 •349,0 
308 14000,Q 5000,0 •312,0 
309 14000,0 6000,0 •223,0 
310 14000,Q 7000,0 •196,0 
311 14000,g enoo,o ~200.0 
3;~ 14000~0 9000,0 ~270,0. 

(Sheet 8 of 11) 



Table A6 (Continued) 

T,P. )( v z 
:S1~ 14000,Q 10000,0 •372,0 
31• · r•rooo, a 10290,0 •397~0 
31' 14000,D 10700,0 ·•79,0 
316 f60-ao·~ o - - ·--;;150~··0 •633,0 
311 16000,Q -aoo,o ·519 0 

~---···- ·- ···' ----·-·-·31e 16(fo·o ;·a -1075~0 •562,,0 
319 16000,0 •1150,0 •601.0 

.. 320 1·6000; Q -1110,0 .5e;s,o 
321 16000,Q •2000,0 •675,0 . - - -322 ·-· . . --· .. -- -i"!0-0"0-,Q -;;3·000 ~If . -a21.o 
323 16000,0 ·400tJ,O ·856,0 
32• 16000,Q --- ;.-•650 ;o •769 ~-0 
325 16000,a _ •5000,0 - •629,0 
3l6 16000,a •5510,0 •503-, 0 
321 16000,Q •6000,0 •3,3,0 -·- ·32e· 16Cf00, o-·-·- .;6460, o· - - •292~0 

--
329 16000,D .. 6975,0 ·3•3,0 

-330 ···-·-. 16000, D ----· ~7500,0 •382,,Q 
331 16000,0 -aooo,o .. 411.0 
332 ---·-· 16000;0 - -· ;.. tt,-a-o· ;-o- -· ·-

•409~0 
333 16000,D .. ':'~210,0 •398. Q ... 
·334 16-000~D 

-- •9300,0 ·432,0 
335 16000,D 305,0 •607,Q 

··331··· 16000,a -·· 375,0 ·6o4;a 
337 16000,Q 71,,0 •602,0 
338 1·6000. a . ·-· 1091) ~ 0 •605,0 
339 16000,0 1230,0 •627,0 

.. 340 -1·6000, a -· 
1•15~0. .. 6,1,0 

341 16000,0 S.500,0 •627,0 
341 16000,a· S,690,0 ··426. 0 
343 16000,a 2230,0 ·458,0 

-----~« ·· 16000 .-a-·- - 30·00~-o- - -- -- ··415·,·o---
345 16000,D 4000,0 ·442,0 - - --34-6 ·- - ... 16·000 ;a 5000,0 •398;0 
347 16000,Q 6000,0 -313,0 
348 16000,D 7000~0 -2•1.·o 
349 16000,D aooo,o •219.0 . 350 1-6000,Q 8650,0. w227,0 
351 16000,Q 9000,0 ·231,0 - - -· - . ·-· 
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Table A6 (Continued) 

·--!!._P "--' --- x v z ·····---·-·--··-··- -- --
-- - .. ~ 5 2 16 9 l_Q_._o _______ ~ _O_ O _O..l.._ Q___ ~ 3 2_~.J _o_ .. _ 

353 16000,D 10700,0 •422,0 
- - 35_4 _______ 1~Q-~.P. t_ --· - _____ !9_7.~.0.t.l ____ ---- ----~~~-1·0 ... 

35' 1aooo,o -1020,1 •613,o 
_356 __ ·---·--· 1a~oo.J l ..... _ ... --· _____ •1!-t_o_._s. .. ___ ....... -~6.lL.Q.. __ _ 
357 18000,Q •2000,1 •1038,0 3-'' _________ 1eooo,_a ___________ '.!li,J)_,1 _________ ·1101 .. 0 
359 18000,Q •3600,1 •lJ,1,0 
36 0 ... __ . ___ 1.8.Q..O_Q.1_ 8. _ _ ---~-30_Q.1 1 ...... __ ...... __ .._j.~2~ .t. O _ 
361 1sooo,a .. ,000,1 •1143,o 
362 __ 1~~-~o.e. -~~.?th2i. _________ ·io.a_?..o __ _ 
363 1eooo,Q •6000,1 ·857,o 
36• t.80001Q. ~6760,j_ ··----·- -·~~l?.t.l __ _ 
36' 1sooo.a ·1000.1 •548,o 
366 t,8000. 0 .. ,,20t1 ------ ---· -~527.J_ --
367 1aooo.a ·eooo,1 •829,o 
368 1&000, e •$300e1. --·· ___ .. _'!~.8~ .LL 
369 1eooo.o •9000.1 •l099,o 
3 7 0 18 0 0 0 • Q - ?. 3 0 0 • 1 • 117 4 t Q_ - . 
371 1eooo.a 214,9 •616,o 
372 1eooo ta 399,' . __________ ~~~..?-~ 
373· 1eooo.a 734,9 •67J,o 
374 1eooo,o 1119,9 •683,o 
375 1eooo,o 1249,9 -1~~~~-
376 1eooo,o 1•49,9 -12e,o 
:s11 1sooo;a -- 1584~9 · -~,s·o;·o-· 
378 1aooo.e 1789,9 •522;0 
379 1sooo,a 2259,9 .:524;0··-
380 1sooo,a 2999,9 .540,0 
381 18000,Q 3999,9 ·513~~ 
382 18000,0 4999,9 •464,0 
383 1eooo,a 5609,9 ·44S~o 
384 18000,D 5999,9 •387,0 
385 . 18000,D 6999,9 •301,0 
386 1eooo,o 7999,9 •256,o 
387 1aooo,a &999,9 •232,o 
388 1eooo,a 9999,9 •283,o 
38t 1aooo,o 10699,9 •339~0 
390 20000~0 ~140~1 •755,0 
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Table A6 {Concluded) 

T,P, )( v z 
~91 20000,a -1050,1 .. 760,0 
392 20000,a -1450,1 -110.0 
393 20000,a .. 2000,1 •1125,0 
394 20000·; 8 •2950,1 .1195,o 
395 20000.a •J600.1 .. 1439,0 
396·- 20000.0 ... 4300,1 •1335,0 
39'7 20000,0 -5000,1 -12J5,o 
398 20000~0 •5600.1 •1185,o 
399 20000,0 -.6000,1 .. 945,0 
400 ·20000,Q •6750,1 •685,0 
401 20000,0 -1000,1 ·636,0 
402 20000.0· -7500,1 •6i?,O 
403 20000,a •8000,1 •917,0 
•o4 20000,Q ... 9300,1 •1077,0 
40' 20000,0 -9000,1 •1187,0 
406 20000,g •9300,1 tt1267,0 
40'7 20000,a 274,9 •765,0 

.. 401 20000,Q 424,9 ·760. 0 
409 20000,a 699,9 •763,0 
410 20000,0 1064,9 ·113,0 
411 20000,a 1249,9 ·795,0 
412 20000.a 1449,9 ·830,0 
413 20000,a 1579,9 ·113,0 
414 · 20000,a 1799,9 .. 611,0 
415 20000,Q 2259,9 •613,0 
416 20000 .rJ 2999,9 •629,D 
411 20000,0 3999,9 ·598,0 
411 20000,a 4999,9 ·553,D 
419 20000,0 5999,9 .. 533, D 
420 20000.a .6499. 9 ·463,0 
421 20000,a 6999,9 •393,0 

. 42"2 · 2oono,a - -7999. 9 .... .343,0· 
423 20000,a 8999,9 •318,0 424 ··-· 20000~0 9999,9 .313,0· 
42' 20000,a 10699,9 •428,0 
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Table A7 
Topographic Data on 250-m Profiles 

Road Site 2 

T.P, x y z 
l* 66!l0.'1 1C~9i:\.6 38. (I 
2 6291,9 11849. 7 59,C 
3 5982,fi 1noo.1 83,0 
4 5f.76,2 1312A.8 102.0 
5 5714.0 13628.1 69.0 
6 5673,G 13751.a 35.0 
7 5364,B 14702.8 -85.0 
8 ~055,13 15l'>53.9 -142,0 

Az= 2520 9 4746,8 16605,0 -165.0 
(See Fig 20 10 .t437,& 1·1556,n -183.0 

11 412~.i:i 18507.1 -1eo.o 
13 3b19,8 1945A.1 -158.0 
14 3:,iu,7 20409.2 -232.0 
15 321'l1. 7 21360.2 -26Q.(l 
16 2fJ92,7 22311. 3 -294.0 

7 ?583,7 ?.3262.4 -314.0 
l* ~;>74.7 24::>13.4 -318.0 

10ncc.1 11i55,,. ll -10.0 2 1LJ000,1 1:1.437. 0 -86,0 3 1:10".ll'!,l 12437,0 -147,0 4 H'Ot'JO, l 13"07.0 -196,0 
5 1·ioor.,1 1.3437.0 -214,0 6 1.: (100, 1 14437.0 -254.0 7 luCflCJ,.L 1i;437,o -321.0 8 1nooo,J. 1~437.0 -363.0 

Az= 270" 9 1110 I') 0, J. 17437.0 -413 •I) 10 1\)G(I0, J. 17767.1" -418. I) 
11 111 0 Cl l: • .L Hi437, li -448. 0 12 11H:nc .1 19437,0 -470,0 
13 11; 0 I) c .1 ?t::437. ('I -483,0 14 10000,t 21437,0 -495.0 
15 lOoor.,t ??437.0 -504. (• 16 1"01JQ .1 f.13437,0 -504.0 17 1nooo,t 24437,0 -sn2.a .8 

10 110 0 .1 2!)437.0 -499.0 
/l* 13~~99. 2 1flF9'1. 6 -188.0 2 l HOS, J 11e49,6 -244.0 
13~ 14017.J Peon. 7 -298,n 

1419J,4 1.334?.8 -323.o 
: 5 14326,3 13751.7 -355.Q 

6 14635,J 14702.s -418.0 
7 14944,4 15E-53.9 -466,G 
8 1:>2c;3,4 16604.9 -!>07,0 

Az= 288° 9 1!i~62,4 17556,0 -538.0 
10 15tl71,4 113507. 0 -556.0 
11 16u56,a 19077.6 -602.0 
12 1~069,~ 19115.7 -712.0 
13 11.103,2 1.9220.3 -708,Q 
14 16273,1 19743,4 -583.0 
15 1'>489,5 20409.1 -526.~ 
16 l67Q8,') 2136n.2 -539.0 
17 t7107.i; ?.2311,2 -5:52. c 
18 17416,':) ~3262,3 -515,IJ 
19 17725,6 24213,3 -508.0 

* First survey point outside boWldary of 200- by 200-m 
site for each profile azimuth. 
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APPENDIX B: LINEAR INTERPOLATION PROCEDURE USED IN 
DETERMINING ELEVATION GRID ARRAYS 

1. This appendix describes the linear interpolation procedure 
used in determining a fine grid of equally spaced discrete elevations 
(i.e. 2-m grid points) from a set of randomly located (i.e. field 
measured) elevation points. This gridded array of elevation points is 
often referred to as a digital terrain model (DTM), and is used as a 
basis for performing various functions, including the automated pro-
duction of elevation contour maps. 

2. The elevation interpolation procedure is composed of two 
parts: one for determining the elevation of a grid point with respect 
to its four nearest neighbors, one point being in each of the four quad-
rants; and the other, based on less than four data points such as when 
the grid point lies on the bobndary of the site. Both procedures are 
discussed below. 

Four-Variable Interpolation Procedure 

3. The program divides the elevation domain into four quadrants 
centered on the selected grid point, and the four nearest data points 
(i.e. the nearest point in each of the four quadrants) are determined 
as illustrated below. 

z 

2ND QUADRANT y 

3RD QUADRANT 

Fig. Bl. 

I 
I 

I 
I 

I 
4TH QUADRANT 

1ST QUADRANT 

Nearest neighbors by quadrants 

Bl 



4. The procedure involves three linear interpolations to finally 
produce the elevation value at the grid position. The first interpola-
tion is performed along a line segment connecting the data point in the 
first quadrant with the data point in the fourth quadrant as illus-
traded below. 

GRID POINT 

I 
I 

I -y 

I 
I 

I 

z 

x• z• 
1,4 1,4 

Fig. B2. First linear interpolation 

An elevation value is then determined for the point where the line 
intersects the y-axis as illustrated mathematically below 

where 

Y4 
zl 
Y1 
Z4 

= interpolated elevation value along the line segment 
where it intersects the x axis 

= y coordinate of the data point in the fourth quadrant 

= elevation value of the data point in the first quadrant 

= y coordinate of the data point in the first quadrant 

= elevation value of the data point in the fourth quadrant 

(Bl) 

The x location of the interpolated elevation value along the line seg-
ment is denoted by xi, 4 , defined mathematically as follows: 

Y4X1 - Y1X4 = --------
Y4 - yl 

(B2) 

B2 



where 
x1 , x4 = x coordinates of the data points in the first and 

fourth quadrants, respectively 

The second interpolation is along a line segment connecting the data 
point in the second quadrant with the data point in the third quadrant 
as illustrated below. 

'")·j ' >l 
x~./~.31/ l 

/ 
- x __ -.L ___ -~--r-1-----~ x 

x3y3z3 f GRIOPOINT// 

I 
I r 

I 
-/ 

Fig. B3. Second linear interpolation 

Again, the elevation value is determined for the point where the line 
intersects the y-axis. Mathematically, the elevation is defined as 
follows: 

where 

Y3 
z2 
Y2 
z3 

= interpolated elevation value along the line segment 
where it intersects the x-axis 

= y coordinate of the data point in the third quadrant 

= elevation value of the data point in the second quadrant 
= Y coordinate of the data point in the second quadrant 
= elevation of the data point in the third quadrant 

(B3) 

The x location of the interpolated elevation value along the line seg-
ment is denoted by and is defined as follows: 

B3 



= y3x2 - y2x3 
Y3 - Y2 

where x2 and x3 are the x coordinates of the data points in the 
second and third quadrants, respectively. The third interpolation is 
then made along a line segment connecting 
mine the elevation of the grid point. 

I 
I 

I 
X' Z' 
2,3 2,3 IJ--·-·-·-· 

I 

z 

and 

>1 ·--Ix• Z' 
/ 1,4 1,4 GRID i POINT -x--

1 
____ 

11

_,___,,. ___ ___,._ x 

I 
I 

-y I 

to deter-

Fig. B4. Third interpolation for elevation of grid point 

where z = interpolated elevation value at the grid point. 

Three-Variable Interpolation Procedure 

5. If the elevation data points are found in only three of the 
four quadrants, the z coordinate of the grid point is computed using 
the plan passing through the three points. The equation of the plane 
is given by 

z = ax + by + c 

(B4) 

where a , b , and c are constants to be evaluated. These constants 

B4 



can be determined by writing each of the three equations as follows 

z = ax + by + c 3 3 3 

These three equations represent three simultaneous linear algebraic 
equations from which a , b , and c are determined. However, since 
the grid point being evaluated is at x = 0 and y = 0 (i.e. origin 
of coordinate system), only the constant c is required (see equation 
B6). The determinant form for c (i.e. z = c) is given below. 

1 

1 

1 

Solving for c gives z as follows 
0 

z = c 
0 

= x1(Y2Y3 - y3z2) - yl(x2z3 - x3z2) + zl(x2y3 - y2x3) 
(x2Y3 - x3y3) - (xly3 - x3yl) + (xly2 - x2yl) 

The expression above was used to determine the elevation (zi) for 
each grid point that occurred on the boundary of the site. 

B5 



6. If for any reason a point(s) falls on a quadrant line, it is 
assumed to be in the quadrant that preceded the line. For example, 
if a point fell in the n/2 line, it is assumed to be in the first 
quadrant; whereas if it fell in the 2n line it is assumed to be in the 
fourth quadrant. 

B6 



parts: 

APPENDIX C: EXAMPLE OF OUTPUT OF SHIELDING MODEL 

1. The tabular output of the shielding model consisted of four 

!!:. • 

b. 

c. 

d. 

Percent shielding of 300-cm-tall one-dimensional target; 
burst heights 0, 100, 200, 300, 400, and 500 cm. 
Percent shielding of 300-cm-tall, one-dimensional target; 
burst heights 10, 25, 50, and 75 cm. 
Probability of shielding of target for each 30-cm height 
interval; burst heights O, 100, 200, 300, 400, and 500 cm. 
Probability of shielding of target for each 30-cm height 
interval; burst heights 10, 25, 50, and 75 cm. 

2. Examples of tabular output for each of the four parts are 
shown in figs. Cl-C4. 

3. The total tabular output of the shielding model has been pub-
lished in Volume II in a limited number of copies. However, copies of 
Volume II are available on loan. Persons interested may borrow copies 
by writing the u. S. Army Engineer Waterways Experiment Station, 
ATTN: WESFE, Vicksburg, Miss. 39180. 

Cl 
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COtfT&CT ANGLE ,, .. u 11 ra 67 

• 90 MEANS !>lORllAI,. CONTACTl 0 MEANS NO CONTACT 
•• TME F'RACTl01'4AL PART or TME TARGET NHICM 15 SMIELDED 

BY THE GROUND SUltF'ACE IEXP~tSSED AS PERCENT) 

Fig. Cl. Example of pa.rt a. 



SNIELDINO O' TA•GET AT ,OSITJON A 
ltANGE 111 H 

T&AIET MEIGMt UIGET HEIGHT TARGET MEI GMT TARGET HfJIHf _ UlllT MEllH! UHO VlltHT CONTACT DF' CD"hCT O' CONTAGT OF' CON TA Cf O' CDNhlf ,, CONTACT O' &JIMUTl4 ANGLE• AUASTt• ANG Li BURST - ANGLE IURST ANGLE ·- BURST ----'NILi - . aul&f ___ -ANGLE - IURST DEG DliG lf CH DEG 25 CM DEG 'o c" DEO n Cl! DH I CM DEO 0 CH --18 t4 21.00 tl 10,00 •o Or " ,, • h o, 
36 •o •• " o, " °' ., . ' . ' h a, 54 " •• .. o, 17 OJ " ., I h •• 72 " •• .. o, 17 o. --- . ., -·- ... -----· -·· h--- -- -- -- D t 90 t1 •• 90 o, II or 11 a, h o, 101 •1 •• " a, et a. 17 •• -·- h o, 

126 " 11,00 91 o, 93 a. 91 o, o, o, 144 fl •• 97 o, ,, o. 94 •• h a, 
162 110 11.00 " 10.00 fl 01 96 o, o, o, uo •1 •• " o, " a. 17 ··--··--- - h -- - ••• 191 111 10.00 SOI 10,00 99 a. 97 •• h o, 216 ,, u.oo " o, 97 °' " ••• --- o. o, 
234 96 •• " o, 94 or t2 •• h o, 
252 n •• 91 o, 91 Ot .. o,. . -· o, o, 270 f2 •• . , o, " Or .. •• h o, 2IJI •1 •• " o, " o. ... f) t - . -·- h .. .. o a, 
306 t1 •• " o, " o. 17 a, h 0 o, 324 tz •• ., o, ,, O; .. • • h 0 •• 342 " 21,00 91 10,00 91 ., " •• h 0 1, 360 t7 39,00 ta 10,00 ,, Of .. o, o, D •• 

AYE-AGE SMllLDl80 ,,,o 2,50 ·- . -- -----o. •• h, o, 
AYEIHGE URIET 
CONTACT ANGLE 94 93 91 ,, - - • ' . -• 90 MEANS NORMAL CONtACT& 0 MEANS NO CONTACT 
•• THE F'AACTIONlL PART or fME TARGET NHICM Ir SHIELDED 

IY THE GIOUNI SUIF'A&E lEXPRISSED AS PERC NT' 

Fig. C2. Example of part b 



PRORABILITY or SHIELDING 
TARGET POSITIO~ A 

RAl'll4E u" 
URGF.T Hf.JGHT HEIGHTS or RURST,C" 
INCHE"ENTi Cit D uo iDO no 4U , .. 

300 .. 270 Do o, Oo Do a, Do 
270 • 240 Oo Do Do Do o, h 
240 • 210 Do Oo Oo Do Dt •• 
210 • 180 Do Do Do Do a, •• 
180 ·no Do Do Do Do o, Do 
'50 • lilO •• Oo Oo o. D, Do 
uo. to Q,050 Do Oo •• a, •• 

90 • to Oo150 Do Do Do a, •• 
60 • ~o Do25D a. Do Do o, .. 
H • 0 ,,,50 Oo o. a. •• h 

Fig. c3. Example of part c 



••0•···~•11 or SMll~DINI 
t&IQE1 POSl1l0,. a 

H,.GE 
lO " 

UIGU MUGMt MllGM11 tr IUll1eCM 1,.lillEMi,.1 i CM u It '° n • • 
100 • 210 •• o • •• 1 • 1. •• 
110 .. 20 •• •• •• •• •• ,, 
140 .. 2U 1. o, •• •• 1, • • au• uo •• •• •• •• It •• 
110 • uo 1. •• •• 1 • 1. •• uo .. uo 1, •• 1, •• 1, •• 
UO• •• •• •• 1, •• •• ,, 
IO • •• 1,no •• 1. •• •• ,, 
H• ~· 1,ltl •• •• •• •• ., 
H• I 1,111 1.as1 ,, •• •• ., 

Fig. C4. Example of part d 
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