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ABSTRACT

Road profiles available for digital terrain simulation at
TARADCOM are cataloged. The terrain simulation program for the
PACER 100/EAI 580 Hybrid computer system is described. The terrain
simulation program was developed to better utilize the hybrid
computing system when it is required to run several vehicles over
known terrains at different speeds for varying lengths of time.
The operator can interactively setup the test environment or feed
in a prepared paper tape. Terrains are stored on disks and vary
from profiles of actual test courses to synthesized forcing
functions. Development and operation of the program are described
and possible future refinements are explored.,
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PREFACE

This report describes digital terrain simulation at TARADCOM.
The aim of the simulation is to subject a vehicle to a vibration
environment similar to what it might experience in the field. This
is accomplished by placing the vehicle on hydraulic actuators which
move up or down depending on the electrical voltages applied. Elec-
trical signals are usually supplied by an analog computer. Digital
terrain simulation is accomplished using a digital computer to
produce voltages in digital-to-analog (0-to-A) components on the
analog computer.

Reference 1 describes how several actual terrain profiles were
digitized for use as input to vehicle simulation studies. These
profiles and others (about 40 in all) were transferred to disk
storage for rapid on-line use by the digital computer.

The report describes how these terrain profiles were converted
to wheel displacements and how the wheel displacements are applied
to a vehicle.
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1. CONVERSION OF TERRAINS

The terrain elevations are in feet and were measured at one, three,
six, and twelve-inch intervals. Most terrains had 600 or less data points
and this was chosen as a practical limit. All elevations are greater than I
zero and some reach a height of almost eight feet. This presented a

problem because the actuators currently available at TARADCOM only have
a 12-inch span. It was solved by taking into account the fact that long
uphill or downhill trends provide very little input to the vibration
response of a vehicle.

The detrending routine is fairly straightforward and is presented in
Appendix A. The program takes out long uphill and downhill trends by
drawing a line through the slope which has no data point more than six
inches away.

Figure I

TERRAIN ABOVE ZERO

The slope is then moved down to level, with the starting and
ending points equal to zero.

Figure 2

DETRENDED TERRAIN

2



In this way the relative slopes between data points are preserved
while keeping within the physical limits of the actuators. The only
discontinuities exist at the pivot points of the detrended segments.
The subroutine finds the longest segments in order to minimize the
number of discontinuities.

Now that the terrains fit an actuator it is necessary to calculate
the motion of a wheel traversing the data points. The wheel trajectory
routine described in reference 2 obtains the position of the bottom of a
rigid wheel traversing a non-deformable terrain. The resulting wheel
trajectories for each terrain were then dumped to paper tape and loaded
into separate disk files on a digital/analog hybrid computer.

2. SIMULATION PROGRAM
I

The program has basically three phases:

1. Terrain Input - Subroutine "INPUT"

2. Bay Setup - Subroutine "BAYS"

3. Terrain Output - Subroutine "RUN"

In the terrain input phase, the operator is asked the names of the
files on disks containing terrain data. The first record ofthe disk
file has the number of samples and sample interval in inches followed
by records containing the scaled fraction data. In scaled fraction data
there are 15 bits of information plus a sign bit. For example:

0000000000000000 a 0 volts - 0 feet
1000000000000000 A-9.9999 volts - -. 5 feet
Olllllllllllllll = 9.9999 volts - .5 feet

After all terrains have been input, the operator is asked how many
bays will be run. The operator must supply the number of axles and their
dimensions, which terrains will be traversed, the angle of traversal, the
desired speeds, and distances for each bay.

The subroutine BAYS translates these parameters into control
variables which are later used by subroutine RUN. To get an idea how
this is done, picture a jeep mounted on four actuators. If the wheel
signal were applied to all four actuators simultaneously the jeep would
have only vertical accelerations being input into it. Now if the back

3



wheel signals were delayed a small amount of time there would be angular
motion between the front and rear of the vehicle (called pitch). When
wheels on both sides of a vehicle see duplicate paths the vehicle is said
to be traversing a "washboard"-type terrain. Traversing the washboard
at an angle causes a time delay from when a wheel on one side of the
vehicle hits a point to when a wheel on the other side hits it. This
produces a side-to-side motion called roll.

BAYS will translate the speed and angle of attack into relative
delays between the wheels of a vehicle. In this way vertical accelera-
tion, pitch, and roll can be produced in a vehicle in the laboratory.

In the output routine, RUN (see figure 1), the data channels are
all more-or-less independent. The subroutine scans the channels and
subtracts the time since the last scan from each channel timer. If the
timer reaches zero, a new data point is output. A channel may change
to a new terrain only after a complete run of the current terrain. This
is to insure that the output of one terrain is zero before a new terrain
is introduced. Channels common to a bay are sequential and the right
rear wheel is identified as the LAST to finish the phase. This insures
proper interwheel timing for the next phase. There is a two-second
pause between phases to allow easy differentiation of terrains.

It should be noted that this setup allows two vehicles to use the
same terrain. If one vehicle changes terrains, it should in no way
affect another vehicle which might happen to be in the middle of a run.

Once the digital program is running, the hydraulics should then be
turned up to whatever level is desired. To shut down, the hydraulic
controllers should be brought to zero and the program terminated.

4
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1 3. FUTURE PROJECTS

a. The system currently has eight channels of analog wheel displacement
data. This allows, for example, a three-axle truck and a one-axle water
trailer or, say, a four-axle tracked vehicle by itself. If eight more
channels were added, there would be greater flexibility in simulation
scheduling. Three vehicles in the three bays would be virtually independentof each other and would not have to double up on data channels.

b. Due to the digital nature of the terrain simulation, the output is
a staircase function as shown below in Figure 4.

" U ... , 
-"

Figure 4

STAIRCASE FUNCTION

This introduces high-frequency noise and is not very realistic. A
straightline approximation as in Figure 5 is desired. There are two
basic approaches to this problem.

Figure 5

LINEAR INTERPOLATION
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1. Construct linear interpolators as shown below.

Figure 6

LINEAR INTERPOLATOR

The resources exist to construct only four of these and would necessitate
changing the potentiometer settings for a bay each time it changed terrains.
The effect of this would be to require all of the bays to run the same
terrain at the same speed and for the same distance, which would limit the
flexibility of the system.

2. As the number of data points is increased (by decreasing the sample
interval) the staircase more closely approximates a straight line. All
that is needed is to use Capacitance Limiting to smooth out the small
increments.

This approach is currently being pursued but it is limited by the
digital computer having only 16K of memory. The addition of 16K would
allow a greater number of terrains in a test setup.

c. In a system with a large library of terrains such as this, it soon
becomes desirable to modify or combine terrains for special applications.
A system for updating or modifying terrains would be a future enhancement.

4. TERRAINS

On the following pages you will find plots of terrain profiles with
detrended wheel trajectories below them. The actual wheel displacements
are tabulated after each plot.

7
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The RMS value is calculated by the following formula:

RMS (Yj -) 2

N i-l

where:

N = Number of terrain samples

Y- Average wheel displacement

Yi - Wheel displacement for sample I

The date on the plot is when the terrain was converted. The date
on the tabulation is when the terrain was first stored on disk.

8



TABLE I

TERRAINS WITH CORRESPONDING FILE NAMES

TERRAIN FILE NAME

Ft. Knox Mild R001

Ft. Knox Rocky RDO2

Synthetic Field RD03

Ft. Knox Medium RD04

Synthetic Rock and Log RD05

APG Perryman III RD06

APG Belgian Block RDO7

Six-Inch Sine Wave Course RDO08

Three-Inch Spaced Bump RD09

RMS Equal One RD10

Modified RMS RD12

APG Terrain 10 RD13

APG Terrain 9 RD14

APG Terrain 11 RD15

APG Terrain 12 RD16

Houghton Data 3 RD17

Houghton Data 4 RD18

Houghton Data 5 RD19

Houghton Data 6 RD21

Houghton Data 7 RD22

9



TABLE I

TERRAINS WITH CORRESPONDING FILE NAMES (CONT'D)

TERRAIN FILE NAME

TARADCOM Wood Course RD23

Ft. Knox CTAI RD24

Ft. Knox CTA2 RD25

Ft. Knox STV1 R026

Ft. Knox STV9 RD27

Ft. Knox STV4 RD28

APG 30 RD29

APG 29 R030

APG 34 RD31

APG 35 RD32

APG 37 RD33

APG 32 RD34

APG 36 RD35

APG 34 R036

APG 31 RD37

APG 29 RD38

Profile 4 APG RD39

Profile 4 Chrysler RD40

10
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TABLE 2

FORT KNOX MILD 1964 ADDEn TO THE 0I8K ON I.MAN.77

,NUM8E& OF POII'1S * 351 '.o

INTERVAL IN INCWES I 3P

pOINT ELEVATIONS IN FEET

1 .00 -. •1 .(A .23 .49 .,, .42 .39 '41 949

it '40 .48 .46 .48 .5p .42 .49 1" ,921 goo-

21 .15 .19 .19 .17 .A4 .'7 .12 w.191 P04 =*t#'

31 .07 .0j Q7 '00, -.01 0.65 v.6?7 0613 .0 w*1

41 .,19 -.23 -,23 -.2ý .17 -. 20 -. 23 &,23"' o•"i.2 -

51 w.17 -.I -.@7 .01 .02 .03 .14 .1 012 4 13

V, 14 o*02 m.Zj1 *.06 W'05 -'03 e~2 ate a1e

71 .17 .1A .19 .21 .23 1 .10 3 Ma-S *6. . "

81 .02 -.03 -.02 w.07 w.06 w.09 '1 .' *1*1

91 0,17 -. 17 w.22 -.20w .18 -P16 :.13 0.10 '00,

!1t .3A .15 .12 .11 .it .11 .1 .1 .10 ;107

Iii .06 .fe PO5 C16 .1p .12 .13 .16 J1A .1i

191 .18 .14 .16 .17 ,16 .1a .20 .24 *24 .25

131 .27 .25 .27 .21 .26 .22 .23 .26 .24 .27

141 .27 .28 :27 .2S .20 .21 .0e w.6g mail 091

151 -*06 -.06 -.Z2 m.05 w.03 -.02 -.01 P@&2 -a-12 &gel

161 -. et - . VS -. 07 1.2)5 ..06 '-.01 =.e4 0.03 902 ;11

171 ids6 ,1 .14 .13 *13 .14 .12 .14 .sy Ole

1ýI .21 .24 .28 .31 .24 .3'. :39 .39 *35 0,31

101 26 .13 .88 log .13 t1 .01 -.22 0-19 ale:

2'A1 .47 ,4F .'5 .18 .20 .11 :61 *.62 .1 "a 6 4

211 .go (t -.wo -. 02 .?7 .63 .63 -.11 #5 -64#

221 .09 .13 .1ek t12 .09 .07 'j" .06 411 "03

231 '01 Ov~ '01 .10 ig .22 .24 .22 v24 :2d

241 .22 .25 .26 .30 .33 .38 .45 .47 049 947

251 .41 .35 .31 .30 .28 .29 .27 .24" 120 024

2b1 .30 .32 .2s .29 .25 .17 1.3 .07 .ve ..07

271 a.10 -. 13 -,14 -.12 -15 m.14 a,11 .t2 *." 19 *•S7

9 .2 24 e ' 0.0; .97 .28 .27 .26 28 :16 .22

3A1 .23 .,2 .22 .22 .21 .22 .22 *16 *29 .e2
311 .27 .21 '1p 0e2 -. 09 -. 19 -. 19 -att -wvU it~t"

S321 -@22 w.2t -,1O w,19 -. 20 -. '19 =at? ".e'1. e at* U20

331 -,20 -.20 -. 19 -.20 :-, -,12 ,e1 ,14 411 q14
3Al .16 .. 22 .21 -,02 -. 02 -. 93 w.05 w.P5 wive Woo

351 .08 -1.00 1.12 .00 -*03 -. 43 w921 *9-* *I6 -033

"R"S a 2.135 INC0Es
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TABLE 3

Fr•k T it40X N.OVb A 400)o TO THE DISK ON IEMAR,77

P I r -Ltv;. T r(s,8 IN FEET
""0I o 9 . .. 20 .10 ",14 oleo ".0, wage

" "1 ,o4 ,1F .17 P,) .24 .1 ,27 ,y :34 03WAl .27 .,3, .•, .*8 .1i -. 00 -. 1? .Me 025 0,2P
"I -. 429 -. . .eý - .*? -. '17 -. 32 -. 32 -. 32. , .m1 -,4

11 .0 .7 -1 . 2 -. 174 -. 013 -. 10 .9 : 3 woo

1:41 .A, . Q .16 .4'I . , . . 8 .02 .00 .0.0 "to

7~ 1 *2 . 4 ,(09.i 117 -. 0 8 p.0 9 0 * .0 0 " 02 'A

z~i ".34 -. 1.k -. 21 -.1,8 -. | -. •, .2i .22' ".15 ,,,,

-026 10 p13 I2 It .2 of .23 4 11 0 go~ oil
l'31 4.8 -17 t 21 7 1 .12 .1 100 .13 45""3 " -.91 . .8 -.15 -25 00813 to

411

141 .21 .29 -. 2 -. 36 .4.A -. 2D *0. m.41 1 ,43 ,,0 5 .2 .

2@t ",32 -. •s -.14 -.,1 -.19 "o20 ",08 -.01 e'42 .09
'7I .20 .14 .M .05 .21 .28 .10 -,10 -0.6 $9 ,

21 .113 w. 11.4 * w.07 .115 .? ed .40 ws .49,317 J i -,3 -. 66 w*o -J.23 1.12 .03 132 .17 0.06 .22

. 0 5 p , m p ( A 2 3 i 1 1, , I l 1
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y I T '4'- iTC fIi * .* 1vi Arflýr3 TO THE. LT$K ON I *MAIR.7 I

I ' R~VA4.. IN IN ý1 S

P, r, I F:LtVA1O A TIN FEFT tri
. 27I -. -. (.. ... 9 .• .18 .27 .32 .34 .32 ' ,

i1 .2? .27 v -10 *Vj .18 33 .42 '48 '50
71 .48 .32 .33 .44 .47 .4P .47 ,42 .3 .41

ý1 .47 ,,. .47 .41 '32 .41 46 .40 046 o3l

11 .31 ., 15 .47 .46 .40 .*o .30 .45 .47
S ..45 a4 ,4• .254 , 9 .'.38 1 .

-t - 27 1 . • , 3 .' .i *4,5 ,4 .4 .437
.?8 .)7 .02 .44 .12 .37 .27 .1 41 .43

*4. .M .p It, . .V .41 .4A .41 .35 1.2 ,35
vi * ~ ri~ ~ .34 4(4 .41 *~

¶ .24 . .3 3 .,13 ,2 ,27033 .38 .410
3 .38 ... n') .P .3' .M9 .6 .3W .23 3

171 .37 .• ,34 .2 .. .28 .3' .w3 .3. 61 ,I'll~ '11*~ 2~.~ 2 .36 .32 .30 5 2

21 .64 .. 42? .2 V .IQ .28 .27 .10 '2? .21

P~ 71 ' .~ .I A4 4 2 .112 V t7 .26 .25 .234

.~ 2 17 ..IM *4' .13 .31 P65 to3 .1

*?1 .7 17 .6 .21D .13 .24 .13 132 130 .24

. 11 .3 .2 .?7 .~3 -. 2 24~ .14 .23 '26 397

'29i .3 3 .1 .3 2 3 P.28'3 .26 .22 .4 I :2
3ti 27 . 1 .27 .2 2 .12 .21 .27 .26 ,27 '2
Sv 25 .1 .3 3 .211 .26 .23 s 2 .30 '18
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TABLE 5

SF61T %N I iX ý,FfL t 1 9 4 4AnC f Tf THE OISK ON l MI AR.?7

NUIm OF PnlPTS x 4004

IZ.TEVk'L I IACiES 12

PtINT Ei-6VATIONS TIw FEET

11 -. 29 -. 353 -. 41 w,42 mA5 a,40 w.44 *,3$6e*38 :$#a:0 -. 15 ".0 .01 .2 .215 OR 49 .40.44 113 o.8 99O

3 1 .12 .5 6 14 0 *5-0 .7*0 p 4 *L+ 41 -. 24 - 1'5 -. 16 -. 26 -. 3 -. 3 w. Y 44' iA -4

o.37 -. 31 -.;OA w.15 -. V7 *' ..7 M05 029 .21
t' .19 .~ P 1 .19 .23 .27 .3 P .3A .31 .30

71 .64 . 3 A .a4 .46 .4b .35 .31 a3 .3 142
4 1 *42 . 4 A 46 .47 ,48 41P 648 .3 P 33 .27 .

S.;12 .10 .24 .17 .18 .,21 .18 os• 8%1 ,80 .

m01 - .ýA3 -.0 m-O w.07 w.$ *,A# *,it a,13 ".15
11 -,21 -. PS -.,42 -.31 -. 14 -.22 -.18 -.09 -.31 -.43

121 -. 0 -w.34 -. 29 -. 90 -. 2 -. 41 -. 38 0.20 -. 18 w.25

141 .16 .215 .I *.,IN .11 .22 .43 .27 .30 .3A
A15 , .34 ,42 .44 .45 .42 .41 .34 .t$ '10

jA' to .15 0 *9 2 P " * ;1 u.03 P 2 -$ 080 8.1 *.0A
III -. o -. 11 -... v k ' .6. .4 .17 .18 ,21 921 .20

1~ .22 .10 .1i h t .16 .18 15 1 .17 Is8 tog
I'll .24 2ký I,4 A 34 .36 .40 .43 '43 .4 , 0,37

221 .31 .2i ,31 .32 .32 .31 ,33 31 .39' a28
2,11 .29 . 1 .3, .37 .39 .42 .43 .40 ,43 48

2.41 .47 .4S .43 .40 .30 .34 .32 .30 .2? ,24
2bi .22 .20 *t .19 2 10~ .06 .011 003 *be? "its
261 -,19 w.22 w.17 -. 13 -. 08 -.05 .01 .04 *64. .04
271 .02 w.012 601 -.03 .00 .00 w.01 .00 0,015,w 6,1
21 A .w25 -.34 -.36 -.34 -.33 -.38 *,41 0,45 -. 45 607?
292 -. 33 -. 3? ".30 -. 28 -. 26 -. 30 a.26 -. 23 -.21 -. 22
V31 -. 22 -..A -. 23 -. 27 w.30 -. 32 -. 36 -. 37 -. 37 a.3$
.611 w.37 -. 44 -.A3 -. 44 o. 45 w.42 -.43 w.415 .44 43
321 -. 44 w.43 -. 45 -. 46 a.43 -. 43 -. 43 w.42 -.30 -.38
3.%1 -. 34 -.36 -. 33 -. 31 a.32 &.30 -. 30 0.32 -.25 w.asv; 341 -. 25 -. 25 -.24 -.25 -. 29 -. 29 -. 27 -,33 -@,37 -s40

T'351 -642 -. 42 -. 4P -. 43 -. 37 w.27 -. 18 -. 07 -. 05 -,ig

-361 w10~r5 (4~8 .(4 &17 .10 1 a 10 .18 .22
371 ,30 .41 .64 .49 .46 .33 .18 .22 0.11 -. t, '

3ýii m,37 in.Al -.42 m.47 N,47 -.44 w,40 0 34 -.4* -s.29
391 w.ae &.0 .* .16 .10 .24 .24 :10 .6 .1 a

HMS u3*437 INCHES
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SY,,. SOCK A LCG Ps.*G. 1964 AODED TO THE U16K ON 1.AM.71/

tL'i'4e-.- OF POINIS a 2 7 Q

INTERVAL IN INCHES 8 *

P L I T ELEVAIXONS TN FEET
.13 .*13 .4' .41 .43 .38 .33 .24 oll Pe3311 -. 45 -. 46 -. 23 -, I1? -. 02 .00 -. 05 0.11 -,•Iv 40 " .'...'

2 .27 .2t .33 .25 .09 .Is '25 .it .05 *,U
*.0 -. 07 .0 ..32 40 .32 .14 .02 at} #Il I

,1 .14 .4,2 1.X -. 24 -. •'7 .11 .19 .23 .27 -
5), fli -. 17 -.?*P -. 34 *.43 -.30 -. 24 w.87 1010 or

61 -. 27 -. 42 -. 33 -. 16 1.08 -. 15 a,1 11 all of 40
91 .47 a A i .19 .02 fj 6 'I4 o22 .31 .31 '39VAI) .19 V•7 .17 .4! ,48 .41 .30 .10 ld* 10

111 '25 .43 *b .43 .19 .37 .44 43 .3 .31 j
1 '31 -412 .00 ,.0 .08 -616 -.07 Ole a 07 -8 *14

141 .2l. .•14 .'1 '06 013 14 1 5 ,00 fay " | ,1 -

151 o(4 -. 11 .2l 01 09 ,41 , 017 , .9- $43 691
161 -.08 , 4 IMP - il 0,08 11 ,1. ,12 .7 -. 1

I'l 00 •l .0 l .24 .' . . . ,4 ,38 .45 .41 .3•7 30e

p 1I .00 0 -. 20/ , -. 19 -,.04 Ill .22 '311 ,38 ,31

RmS 29611 INC:MPS

TABLE 6
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TABLE 7

A~fv O~rkk'ymAN% T17 1964 ADDtn TO Tf"E rrSK O ~Is'1MAR77

N~.II UPi 4D PO'1I I A a(%

S1 I IL Ei V Tjr, rs TN' FEET

1 v'' *~~ P ~ * V~. *(A6 .02 0,0 -008

i -. 45 -. A6 -. Z7 -. 46 -. 4,A -. 38 -. 34 -.28 -,20 -,1

01 .v -. -. 2 .7 4 -2~ 'I w.7 .36 e,41 o.42
~~*i~V 4.3 v. .? *.~.i *~ 7 .11 .15 .20

1 ,21 2. .23 .23 .If .18 .15 .12 le8

1... -o•7 -,1• -,2• -,•l-. -. ,8 ,.45 ",38 -,28 ,.14 i
vl .9, v .14• .20 .26 ,t .,),4 31 .43 ,47 ,4

i:*i -,34 -;02 -,5 -,47 -d9 -.48 -. 45 w.30 -. 27 -. 14

1•I ,•1 -.' / -,V. -. 41 -. 32 -. 33 -.27 -,a.-4 -447
2vI -,p -. 61 . v3 .4 .17 1 0 2 .917 1.4 , 1,2 .27

211 -. Jf .• -. 3'7 -.d' -. 39 -*4 -. 41 -. 3Q -. 43 -.37
121 -. 34 ". -47' - -.49 -. d• 4.6 0.35 ,2? .3

241 .39 .3b .23 .13 .•1 .V1 ,37 .12 .20 .22 K.
241 , 12 , .0 v 2 3!1 .4 1 .33 .38 .21 -2-

•1 0, -. 0 -, 3• -. 22 -1 ,- -.39 -6,A -,12 -,34 7

i2 --. -.k -. 4-.1 -. A -. I( -. 12 .20 .*3 .43 '.n V

J311 -,49 ,2 , -. 4ý -.44 -.P .,1• w.27 w.9 14 w.7 ,06

2v 1 -. 2 1! • 5 .ý .37 0' 4 43v 13 -,44 -019 wo22

271 j-.3 - -.3.• ' -. 4 -. 32 w.400 041 P.23 w.36 *7

Pi -..I -m4 -,t2 -. 01 VA .22 .3 .42 .48 .39

'I IV5 1 1 -,1 -a -. 31 -,3Q -. 43 0,45 .17 , 6 16A

271 -,17 .b ,143 .36 .24 ,A6 .01 -.05 -. 15 :007

1 - 3 -

2222

6.1 34 .ýp V3 -10 -25 .38 OA5 949-*49-s4

311 - 41 - 4, . 0 -3 - - 2 m2 , 4 - 0 V
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u.j
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II

oo 1 'C.A~F Al'C41 V,. T14F N~SK ON 16.APR.??

1 1. A , "

IINTERAL Ify ltrHýS m 122~I

I.I- ELk VATJOýh S~ It ET

"I ee "13 - .-:29 -. 15 -. Is -. 21 -. 21 -. 21 -. 17
712 -02 -. 27 -. '., ..3 -,0 -.03 w27 -.1? -,3 w,12

pi - .3p -.31 -.-. 6 -, lP .2 -.22 -."2 15 -#217o2
I1 -. P6 p8 7 -.P -. 21 -*17 w a t 2 w .20 -. 2-2 -. d

ol -.26 -. 27 -. PQ -,35 -,3 -. A2 -. 27 -. 0 -,8 -,3.
I1 r43 - ,.o -. 2 4 -,27 -.22 -.29 -. 17 -. 12 1R0 .

4'1 .45 -. 3- -. 01 -. 2 -,2! -. 2I -.21 -. 13 -. 15 -. 13 f
712 -,2 -. 27 -. 34 -. 6 -.32 -.32 -,24 w,2 -,022 -,81

;4J -,22 -.P6 -.?P -.35 -. 39 -. 31 -. 2 -.o4 -0 2 w8 a.3

171 -. 32 -.22o34 -326 -. 27 w.22i w.20 =.A@2 wo29 we$@

I,-1 -. 3 -,d, -. 31 -. 32 -,96 -,2- . ,2 - ,2 -,25 m,228
I1 1 ,-2, -. 5 -.dS ".3 -02 -. 26 -. 24 -. 23 ".22 -o.2

~'i-2 ."-.31 -. 38 - .1f -. 31 -,38 -. 36 -. 01 0,23

JA I -. 2 , -. 2 -.32 -m,3 -w.4 v.45 a.45 -. 39 -g33 w,20

141 -q26 -. 24' -. 23 -.25 -09#1 -.34 -.At o,13 0,45 w*42

17l w.39 - - .1A -.34 m.31 -. 27 -. 2h w.24 -.26 -. 21 v.37
I A1 -,37 2.' -. 42 -. 40 w.30 -. 34 - 02 .22 -. 2 -22 -V2

w, -21 -,*'A -. 19 -. 34m,1 -. 30 .2 -. 22 -. 27 o*22 w.25

P 1 .03 1 K -. 13 -. 13 -. 91 -. 41 -. 3 9-.1 -. 31 u.28

Pi .1o ,, .1P 5 -8 w. a4 -•04, -. 02 w.04 w#6
?j - # j54 - .12 .2 2 41 -. 95 -. 1 . 0 w.9 .02

;o .-. 32 2NL 'E ."9

¼TABLE 85
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2 o, I I I I I I I00 Im I

1153 TN&
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I X I.CH SJNý -All C.LIk,.E 1904 Anmlt TO THE DISK ON 3,MARe77

NLIYvfk OP POP'-TS a 2,1

NT..VAt. IN INCHES a 3

F(rwi ELEVATIOt' IN FIEET
I~ 11 .t% .20 .2Z .24 211 .24 J23 020

'2 16 .1s .(16 .oi -,(o .13 .,26 *.23 -,85 -#0
21 -UI20, .. 13 -. 07 -. 01' .6 .11 .16 .go .o3 024
ýj .25 .24 .23 .2e .36 .1 1 06 -. 01 -. 87 t 13,) -.,19 -.P3 -.25 -. 23 -.PA -,.13 -. O7 0.e0, .l5 ,it

51 .16 . 2Ci .2 .24 .201 .24 .23 .28 .16 .11
1' .s05 -e J•-47 w,13 -.20 -. 23 -.20 w.23 w.2 m.,1

71 -. V7 m.01 .06 .11 .11 .12 .23 .24 695 *Qd

1 -. 95 -. -. 19 -. 13 -. 07 -. Ot .01 .i .16a 21 ,
1I1 .23 PA ..5 .24 .23 .20 .16 .11 0.6 .,U.
Jl -.. 2 ... U -. 1.' -.23 -.25 -. 23 -.20 '13 -@07 -901

ý• . .. 1i .L6 .2I .2i .24 .25 .24 g23 ,29

141 -,Q ..13 w.0,7w.01 .15 .16 .2! 443 ,l4
12' .25 .2 .23 .II .1 .11 .. 6 -.01 -,07 -43

IAI o.20 -.23 -.25 -.23 -.19 w.13 w.07 w.. 0 6 t'.11el
M '2• 16 .2 .) 4 25 .24 .23 .2 6 ,,. el

I'l1 -15 -. v -.07 13 -.19 -. 23 -w.2 -.23 -0• w,13
I'~ or~ -' ,1 .11 .16 .2(d .23 .24 '*5 .84

'2 .23 .2v .16 .11 .05 w.01 w,01 -.13 -.16 -42b
211 -,25 w.23 w.20 ".13 0.07 0.01 el 6 .11 Ila $so

PP 023 .94 .205 .2A .23 .20 .10 111 006 -6C

fr1 *rI -1.mko 1.t2 -.24 -. 22 -. 18 -. 13 '.06 6 09 .98 ,

TABLE 9

41

21

[ ;.26

l' • •, *, l



C:I
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S4o4JF tC4 SPtt tP. flP 1064 40010 To V.4 D1 0DS ,•*41r,?,

NA-0to) OfP OJINTS 0*242
* -•+ 0'P1.I* 1 | >+

p+.Tf A .L VATTON. I oi M Y

.0? .12 .17 .2V .23 .24 .25 .84 .l oIe

' .17 .1? .P? .*1 .Oa .0 .f, .go g .09 j,,

'1 .8j .÷N .. P.e .tt .PC . e.g .o M
31 ,se .01 OPP .99 *BO .60 to Off .* o

" d1 .1 *€' *P *,• *P• *ee *+s *'l *ti ,I
41 .80 or .2p 'Pe Pei .0t .05 oSf ,08 ir.

4o .17 .6w .1o . PC, f- . .00 AIt a0 ,sf

" . v .0p .Ik e(+ *+ .09 .ge set ,II ,jiP ,0

se1 1 Ik *V? lop lee fi *e .04 v

171 'l0 .op 0"0 .09' *e' *80 .+ .05 ,I3 ,0

191 ?p .09%ý*9 ope .2e .33 S.91 .0

29' .90 .00 .A .+P ? oo .*e .ke to1 ,I6 ,19

21 4 07 o12 .17 .2? .23 .24 .25 '94 .24 klk

I21 o17 .12 ,P7 -. 21 .'t .2 .o 0 ,8, so. gStO ....

151 . le !Cim .e .90 at

- 61 .+ .91 OPP ,qQ .1pe .00 .01 0 1 !

19 10 i-e Opp .. 61 ,g e I le e l ,BI J's+

2 11 lee .20 .72 ,pe .09 .10+ ,8p off ,•+,

231 o02 .60 .00 set *so o.01+ol ,i I

24 01l.+ -1.QP 1.12 o00 P-P .69 gee .i0 6" of$

R • + * .7 0 6 5 IN C HE S

TABLE 10

Reproduced From
Best Available Copy *
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SR"Su1 ArnED T(O THE DISK ON 110.AN.77

No"IFfe OF POITS % 3MfP

IbTE.AL IN ICkF5 12

P(-Tk' ELEVATI',NS IN FEET
I .0', .e3 .vj *at1 -. 01 -. 061 -. P04 ,.04 -. 01 *,Vol

11 .03 . C! .•1 7 5 P9 .12 .12 .06 *.18 ,7
21 P9 .10 *7 .917 .07 .0 .5 1 07 .66 .Jo '3B "

"Al 45 .;'.6 .A .• .2P .09 .11 .11 .$0 .'10
31 -.911 -. 13 .•2 *3 *1 .92 -,03 •.12 '08 .0
71 .08 .-7 .05 .?2 -. lo F.e -. ,Oi ".02 994 1. 2"
1i1 .05 ,?3 (A3 .05 .5 .(a ,02 .e2 g -43 9, ; 4
17 .12 .09 11 .14 .12 .13 .15 .03 .94 4"2

1 ,15 .18 . 3 .115 .15 .5 ,1"3 $11 ,0 "
ill .14 .14 I1 d 915 ,14 .15 .12 06 t,3 .42

2?1 A3L o2i P,1 910 24 ..03 '.00 0.161 -401 log

21•102 -05 .. , a3 . .61 -. 03 -. 02 ",113 w.61

171, .12 .;r7 .,7 s¢ .02 -1l • .00 404 902

21 .01 3.1 .10 Y..3 .Sl .04 .07 .07 1,7 *07
191 ,03 .VP; ,011 1 Q12 -.PA w.05 - ,I; a.02 P 8 I "5r *#3 -,2•

2.1 . P6 o .1 =4 A6 So 0.1? ."8@.04 "0,16 W,205 u,,1 as

221 -,17 -. IF a-.19 -.. 21 -t.23 -. IV" I•t a .11 ..irs -. i *"-

23'1 -1 -J. -. V6 .. 04 -. 03 -. 07 -. 08 w.11 ..629 .107

251 .08 .11 .A 7 .5 .105 06 .00 .07 -1,67 °.06
2 6 1 .06 Z •4 .9)4 .0•4 .0•2 :00.• " 0.0 goe : 0 U 6 =i Js )

j271 u.01e w,01 I P)3 -004 -. P.7 -...•7 P.09g w,11 0111| :*4 1 A
2131 ".11 -. MA• -0•5 -. 01 -. 75 -=O4 sled 08• "0,3- __Wfaý

241 -s,OA m.04 w,-4 w..7 a.08 -. 07 w,05 ,.,03 -,02 silo

RMS .9727 INCHES

TABLE 11

Reproduced From
Best Available Copy

30



0)

0)

Co

CL

U)

C)
Cl)

F-

N011HATJ

31u~



-. S'7 .. 12 A

21 .1• ,•A .1 .1: *(.a ,1•. * .63 ,;Sd .22

"" . -.? *•' .,4 .v7 ,e2 ,.01 ,.,4 .,3 .,t)

-1 ,"-•.•. o,' -. '3 *.' . .'2' ,? .5, o12~ .UP .*VP *

1-1 .• .v .Z7 *," *• . i' *7 .te.1 e a ,rl •

;* 3~ ? *at2

V ., o 0 04 .VA•t ' ,i

7;1 .6'3 .i . 2 -. •' ~ .'A .e ,,.? .00 PsS , A Iv

2, 1 .1.6 *•o'5 .?7 *IP .13 *15 .12 1 ,,1T , ,I C8

¶ *'t .1,1 *1a .14 ~g a .11 .11 .12 o* 18 •4 .Sl

2• .11~ ..*44 .*7 0,•5 u.91 ,e22 ,e3 ,.Il' ,*8 .1a .

27I t ,• .12 .12 *i3• ,,R *Qo *P2-S e.94 -*qS .et

1-1't . -. '1 .•1 .:'2A .12 1 A2 .1•e2

,2 .1 ".kI -. 'tI -. •2 -.* 5 -.0 t ,,.2 -. 26 ,,..e 1o 1 *, ?

*rev ... A3*? v 9d .3wh1 .1 .

'--k R S • .6787 0 C1S .'2

TABLE 12

Reproduced From

-- Best Available Copy I
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1 I3

AP'; 1JfATN i ' ACOFt TC, ThE DISK OF iI."'R.77

NL,,AEý OP' PCI&S 1 301 -

INTERVAL IN INCI"IS * 1?

ptLkT i LEVATIONS IN FEETI ,,• .•• .• - •3 -. I s, 3 4,F -,07 -,06 "so0

S�ii .,4 .fi -. 10 0,12 w.q7 0095 -,O3 -. 02 IL8 I0.2

?1 -,5 e, 3 6 .01 .0 (Z f3 .109 09 .03 a2 fgl W14

S .09 V*, 7 P.t'5 4.~ V 4 091 *1 *e5 *-es 0 i6,
1 12 .1 12 .16 .10 .09 .10 . 6 ,05 oil1

71 .07 rý.a o96 .V5 0(,7 LA7 V•9 .10 08 05

) V16 .vd col4 V.04 V 06 .10 .Is 7 .17
1l .17 .15 .12 .10 .14 .15 .13 .17 #19 ,1 I

1•1 .19 .2! .27 .31 .26 ,2A .29 ,32 ,3A 031

111 .33 .31 .29 .31 .!6 .33 .32 .31 &32 .33

,32 .V9 Pqg .25 .26 .28 .21 .20 319 *is
1• ,2o ,1 .17 .22 .24 .33 .29 *31 .35 " 38:.

1 1 139 .3k .35 5 59 .34 .35 .31 .33 .eg9 ,31F

151 ,29 . 3 .30 :29 ,1 .30 .32 P32 12 v32
1I1 .32 .33 .13 .3' .32 ,34 .32 .35 ,t3 ,37
17) .36 .4-A 94 .41 .40 .41 .43 A43 ,40 .35

IF1 .32 .34 .3v, .32 .32 .35 .35 .33 .37 .34

V;1 .28 .29 .32 .29 .31 .30 .29 .29 WAS ,27'
V1 .25 .26 0391 33. 36 .32 .20 .27 .*24. o26

211 .29 .2@ .27 ,26 .27 .28 .29 .27 .A4 .23
25ý1 .E .22 .24 .24 .24 .2A .291 18 I:' IV8 lie :

;ý31 .22 ,1!4 115 .17 .16 .13 .20 ,23 ,25 017,

261 .20 .22 P23 .29 .3e, .3V .28 2?8 ~39 031.
251 .36 .28 .27 .27 .28 .2-4 .26 ,20 w: "21 "

271 .07 .12 ,22 .17 .26 .26 ,24 ,25 ,21. .29
2 * .3v .31 .3 P .27 .0 .29 .27 ..20 J6 T' 19
291 ,14 ,18 1t7 .19 ,14 V•q ,10 :07 .03 ,e2

3011 1 0,594 INCOhS

TABLE 13

Reproduced From
34 Best Available Copy
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RD 14

APC- Tf.•FIAN P k ".Gm'V ADDED TO TkE DISK( ON 11.MAR,77

pjpAE OF POI~NTS awl~

ZNrERVAL IN INCHES 12

ELEVATTON3 IN FEETV .(P -. k3 = V',% 0 ,Q1 5 w. W. 7 *. t1o w.13 -. 14 0411 "o14

21 -.15 -1 -. 2, -. 16 ,.14 -. 17 0.18 ,.10 **,9 * 6 1.." ",
91 -,26 -. k -. •, ".31 r.20 -w.2 -. 21 0.21 a 97 ., I'A

31 -,20 -. 22 -,P4 -@27 -.27 w.26 o.22 .we If ::Is
71 -.26 -. 2' -.24 -. P -. 17 -,10 w.14 .13 NO17 1 -0

r61 w,49 -.42 w .'% -.26 -.d'Q a.16 w.21 w 19 -,17 W.10
94 1 '(04 . v 5 , z ,V, 2 ,.7 .15 .01) .130 q 1 ,•5 ;

r4i .213 .it7 .1 q109 A VL4 w.04 107 go9 as0 601
o•i .j .7 .ý4 9;t .0'7 . 11 .13 .14 .1 .16 .17

111 .'23 .24 .p .21 .17 .22 .21 .21 .20 .17
I 1 . .1 14 .19 .12 .13 .. .IIg .9 .1 .14
13 t .20 .,8 .32 .38 .32 .32 .31 ,22 .17 001914 J , • slat 3 , 1• ,91 ,1$ .22 ,.2• gol 000 40 " '

,1 .35 .39 .44 .45 .44 .44 ,,2 ,0 .t I .as

171 .28 .36 .. 4 .38 .34 .32 ,37 .37 .34 a36

l;i 3,Q4 .i.*7' .24 '18 10 .11 .10 role q ii, ",-"

21 .91 7 -06~ -. 08 16A F -. 1 . .014 10 d .06 a I 0

211 .It f, e• ., 4,• A ,.24 -011 , 101 P,.1,2 we,;, I, Iv I •4 ' 10

911 w.91 .. 1 .14 .M, .07 .'0 11 Il.a .14 ,17 -. ,1 /
23 , .1 ib .15 13 .12 "if; .? '18 .,6 ,to v13

241 .07 -1.Ko w1.12 ,k 4W L .00 .014 '04 .1 06 tie*09
261 2.,0 m.21 ,,.27 032 -dS 0-.41 Cop57 w,,43' :,30S ,t271 o,,29 -,16 -. 18 -,.11 w,.07 ,w,10 u.14 v',ld 0~ t 1*11 a vs

TABLE 14
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I 
. 1 1 ', 4, V

'i

AP-G TFRRAIN 11. QS a 1.32 1974 AOnEO TO THE DIZS ON IIA3'PR7 1 , f

NL•MhER Of POINTS * I ;~1 " ,

I ZNiT"RVAL 11% INC•tS a 12 *'

pnIr.NT ELZVATinNs IN FEET

"?I .2m) .k .2 10 .•1 .•,8 -o4 .14 ,.39 *,.18 Ov116
31 .2¶ .2 12 013 -.&(A -,to mad oe.03- a as
41 -. 15 .,14 .. 1A Q.•1 .. PQ w,04 ,I lb 0,10 io6 .90a

-1 .1• .11 .. '2 .03 .11 .03 .06 .17 .11 014
"61 oVA -=1 .11 .13 .13 .19 0 4 .07 .11 a,1

81 *6(4 -. P3 .0.16 v.06 w.04 a.11 .02 4 .11 0131 '
Q" ,1 9 .11 .15 .12 '11 .14 .18 , .16 .14

1.1. .20 .21 ,P4 .92 .20 .21 .20 -.30 1,2= '.23
Iii .1 .13 .19 .1• , . .P1 9 V Ja1 '17 *20 'g4

19l1.29 .3d P36 .oi2 .48 VA9 .49 '41 '36 s32
131 .27 .10 10 .01 -. P7 -. 13 ,v,12 Of "4 ,* ,12 ,1,•- ',

141 -.,19 '1 .5 .2 20 a33 40 06 *0 *'

151 41 .3 .4 .31 .33 .28 '.t4 *to * 'A
I~2 .I 0 .le I e .04 .v -.03' .01 ,fi $ .113 ",
171 ,04 .'e 9 '14 .17 .17 .14 .18 '14 4.17 ,i?
181 '20' .24 .26 .23 .2A .24 eta to s-20 *33
I U 1 .05 .27 .28 .26 .26 .go a2 J? ~ ai0

211 .22 .21 .15 .1' .18 .li .10 "
221 .13 .16 .10 .14 .17 .13 .1i .1t3 - . al,
2.' A I Pi4 *'? .1' 08 V4 '06 '.01 -,go *021 df.30
241 -. 16 -. 2 u&22 o .29 w .28 -. 34 -. 44 v.21 0-49 .ga
911 .12 .10 .22 o28 .31 '38 *3l 44 .*# A
2A it 33 .46 .ý31 018 '(0 .16 .14 VgB; #01 log '

271 -,10 -.12 -*#14 w.12 0,13 0.16 *.1? 2 ..4 69KA

Pq'I -. 35 -. 33 -.P6 -.e19 -.20 -. 19 o&21 -. 14 i -.2
"", I -. 30 -. 31 -. 36 w.40 -. 38 w,, w.41 -,43 -. 360 -,U

311 -.32 P.26 w.21 &.20 m,19. welt well b,6. ".01 1
321 .05 .P6 .( .13 .0e4 .05 0.60 ".1. t 'Mie' t
331 -0$ -04 ~10 PI fs i 0s, . 18 .23 ..10'
341 .3? .34 .37 .41 .4A ,1" 14 • .,3 "-.
351 .02 -..3 u0 -.1 0 14 u.00 .05 9.05 i'0 6;f 017"'3 AI I R .3 3 04 9 ,4 1 . 37 e34 e33 .3Ai '36 . 3y

471 .40 . ,7 A4 A? '45 .44 ,42 31 .17 016

361 38 .A0 .dO b337 ' 40 .4 ~44 W4
891 0@ .3: ' 27 .620 '14 .* ,le 1 0#01 IS I "

.00 l 09 j.1 Me l 0 . o

-, ~ RS * 2o553 INCkes .

TABLE 15
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AP16 YkPRA1N 32 -e-Sm11.72 WkO~I TO THIE DISK ON 11.MAR*77

Rut'eFp OP POINYS 31

IN1kAVAL IN INCHES 6 12I

ELEVAT.rTnS IN FEET
v th'~ .' T~4 1 A4 7 .18 .09 Ope 001
ai o6 .9i reo 01, -,191 w,23 -,24 '.81 ".4S .1107

21 -. 26 -,QA o,28 -o20 -. 33 -. ? -. 40 vda A' 3  -4

i1 w.40 -d4~ -.31 &.24 -. 9V .9 .4 'O Q8 "1
S~1 -.09 '103 .21 135 A$ aA .5 :4 .08 9

7 -,27 -. 33 -4? w.46 -. 47 w,41 -36 3016-d 4.31

1~ 32 .341 .30 .27 .28 .27 .90 .'1U all t-21
11 26 .23 .39. 36 .4A *50 '48 30 jýA .34

121 .33 .31 *129 26 .10 335 .14 *24 .14 .Ole~
13) .13 .15 '16 Pig 105 .83 a8 BY 1 . 0 .17 c

ii *e .14 .111 .10 .11 iS0 t3 g.3' $ ,1'.6

lei w.602 wa,vA w.1th w.15 -,IA w.10 -a1 'O7 Well w.16

031 a.10 w.,2 we It~ ov~ 02 k1iS. d ,sv

21 -02 -. 01 .119 -*15 o.154i.d *l
221 -.12 -.317 -,P1 v.22 m.22 -. 25 t.2 -.30 16 ., 33164 *

94~1 P, 1 .15 1 0 4 -.21822 .3 ,d W.31 -*88 well *921

26 2.91ofa15 -. 1 A lg 21 M0 a, s .1

2S w,2 iv.A . A W-3I3 . 8 v.It .# ,1



H( 601I fj&ATq ';- 7ý ADOED TO THlE OZ13( ON 23.PMAR*77

NlFF OF POINTS U401

I N.I tW'vAL I N I X'.L HER 12

POINTr ELLVATIONS 1IN FEET
-' ~.i .2 .2v .23 . 1 14 .04 .07 #9d 0*.0

11 0.9 10 -.13 W.14 -. 1 .09 0.38 047 ujo : .1's 'i
41 -,14 7.1 -.21 &,25 -.a1 w..42 se.48 on,34 ao.. 1 1

41 -2 . .4 ;49~ -.02 '.73 105 .04 -;el 0.04
1 -. V ('~7 wP w, V 9wVS .00 .V1 .03 'W,02 .011i 0 03 v*1 *rA 1 -. ! 1 001 * PA 1408 .08 113 .14

71 .14 P. .ý6 .110 e1 .20 .23 .20 oil *sop
~1 -008 WoA .13 %a. .27 .27 .25 .23 ej8o 0

1`1 .;i -*'A2 -. 1 ..14 17.1 s 121 '18t v. 5 at~

11 1 -.17 -. I.A .11 8;?e5 .36 .43 .36 .20 103 -.8,
I ? av. 1 .2? .38 A37 .23 (A 6 -,vo .06 .,03 111*

1411 ..)2 A 1 .3. .21 .0 "k Pe .02 10V 0113..
171 -.W2 -.21, -. VQ eo-i wAA v049 -441, -.29 v.0 -.11

2f1 ,oa*'~.~ .8 .02 .00 e 3 (041 4 8

wpl -.10 -.10 -,12 V72 .12 .16 to0 .16 010 49 1
2:ii .17 044 .17 V~7 .14 .16 .14 .1d .16 12a

~4 ~ ~ .8 .92 P25 .32 .40 .30 .38 .30
251 .23 .10 .12 .17 .29 630 138 .40 A .9 ... ... 1

-d271 .08 .0 ýe0 ~1 *I8 .0 .9~ S >0

- 3~1 ."~.1 .6 .5 3~ .20 .27 .13 .09 0

311 .1 -. W5*~ o.tl y.P3 p.1 .02 g1o .20 * .4
.35P' -,1$ -.31 w.21 a-.09 -.22 -. 08 -.1 -. (A18 -1
ý3i -0,0 -. 02 101 .'60 8,? vlie .15 -.21 07 -W.08

37) -,07 -00I -,16 "*25 w.37 0.43 "o.3? op*30 v#921 wj10
381 -,12 -.14 -.20 -. 22 -.22 w,12 -. 00 to1 ::Ao 0,41$,

31 s' -. 2 -.05 &.07 P.97 &.1A w,009 :0 '.7 0 ,0143
A 1 .00 -1,00i 1.12 .921 .12 .00. .00 .08 nf t*6

IHvS a 20341 INCH~ES

TABLE 17

42



(Li
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QieI

hill.'GHT'N 1)TA4 ,ePr 75 ArýOEO TO THE DIBK ON VoMAR.77

NIimtEIk OF POINTS 0 dIAi

IN I' W~ V-t A .ININCr 12

pF01T%'T ELEVATIO',.S IN FEET

, .RO a ..l1 .05 .08 .1.2 8 .6 . .-1

5I -. • -. V'9 -. 20 .13 .34 .07 .31 ms' *1 ".
-1 .32¶ -. P -. 45 w.35 -. 25 -. 1l7 .21 .12 ".25 I, ..

1?1 ~ -. 2• .2 -.2.. .17• .. 1 .24 -. 12 ".2 .12 -os. "

101 -. 43 -. 33 -. 26 -. 24 *,.21 -. 2k -.21 ".27' ",26 ",m• " •'

IA1 v.147 -A3 I -9kAd V -. 05 -. 16313.08-2 -60 -04~

71. - . 0 6 M .41 .04 .22 .21 .31 .34 4 .49"1

2 .01 .7 .1 .5 .2. .07 .02 .0* '02 .1.
25 .18 .2 .38 .48 .42 .20 11 .w6 .01 ., ,

•'I N -. 12 -. 127 . - .• t ,3 .• .1 A loo tI Pl 3" :A""2 w o

-,2 1 -. 11 -.-.14 -. ' -* t.o ... 32 .418 .v.1 "-,18 1

2 , V ... 1 -. 0 0..2 *.7 -.2 .219 .2. .23 m#21

32 A 2 13 -. 18 .Q, 10 -4,10 m.4 .21 -d2O02 '.19

161 -643 -.33 -2 -. 4 medl megg .*21 627 was -36

317 -o26 -,P9 -,24 -.26 -@24 -.22 -.18 -.27 wiol a'18

371 -.3*14 2.4 V..0 w .25 - .21 -03v.08 -.07 w o 1 .1w

.'07 I U . I 1 00 w.5 I,1 o,1 I,1 1 -01 so II

211 '15-0?-.15W 5-61 0,2 moe 010 0ý040 0

o~ 0 9. i 1 I 2 .3 4 ý0 o

2.41~ ~ ~ ~~k 18 1t 4 b4 ,2 .1 .3 3 4

. 97 ý44A .7 10 2 3 0 3

251 ýa .7 .40 '4 26 21 29 04 me 01
261 le .9 .36 46 4 20 Is I D *V w#1
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~jLT Akc P ST 7.$ AO~eO To TH.E OISK ON 23,MAR,77

NWeý Of PflXNTi V Iv

I E W 4 L T N I NL S a 12

FLeVATHNS IN FEET

I ' . ý5 * 00 '1 0 13 .13 *10

91 c aG~ .ve 6~ (A2 I 2 003 .03 .04 .47

-1 .. I .A -.29 ?. 5 o k7 -. 27 -. 30 w.28 w.28 -. 29A

71 -... 6 w.' -. ,it .35 -*a 5 -.. 3d -. 32 -,30 w,34 v.33
-1 -0..3 -,36 -. ý47 -41 w.44 w.47 -. 49 -047 -. 43 -. 42

1I .14 j QI w1 4 *20 .31 .35 .36 .38 6
2I .5 r 9~ */A4 *0 *5(4 46~ A4 7 4 .4A .40 f.

I1A~' I 3 I .38 .4d1 .39 .30 437 .3q '38 139 .41

1.5 1 .27 .92 .17 id4 .12 .13 '14 .11 .19 08

I1i I1A5 v.~ -. 5 -. 07 .15i y,27 .1 -. 1~ to1 20)1 '18

t'% 71 i' .12 3 11 13 11 12 Q 07.05 .034 '04 ,.5 v04

AVwR 09 111 0 1 -0 It24 INCMS i,

46O It' 0w2 ,3 .5-2 7:g



(jU

L7 )

Ci k

47



TABULk 4u

R021

t.C' r1f~ W OAT$ 6 SFP1 75 ACDPtD TO TH'E DISK( ON 20,APR.77

NLbE OF POINTS f P. 0

INTERVAL. INI~ NLHS 1 2 ~

ELEVATION$1 IN FEET

I 8~.I3-~i ,~2 .r3 .10 .16 .13 005 -000

21 -. 015 V.k.7 -. 08 w,07 w , 10 -.12 o.12 o.14 m.46 m,10

1i .35 .30, .27 .24 .2A .28 .9a .2 .17 .0.8
M .'4V, I 1.1 &.04A fe¶k JA .01 :0 02 .05 *I

0-1 . w . 12 .14 .16 .15.1 1 .06 .04 *05
/1 .00 .12 .16 .20 .2m .24 .23 .22 R22 .22

Gk .22 .23 .23 Ig9 .26 .35 .37 .29 .25 R

11 1 2~ .21 .23 .21 .20ý 20 23l .23 .215
Ii 1 .29 .32 .30 .23 .19 .18 1.1.9 .19 20 .10
1? 1 .2w) .24 .21 .25 .21 .09 -. 04 -. 08 -403 -0

141 .203 .29 .26 .19 .09 .08 .r6 a 03 *i -09~

171 .34 64i .48 .45 .4p .30 .19 120 :25 .27
I -t .28 . 2 .23 .25 l.2P .24 .20 .29 .35 .31

1* i1 .33 . 2 6 .25 .30 .34 .40 AO go9 647 40.3
2V-1 .13 . I1 A9 .12 .17 a1s .18 '14 si6 .23-
211 .22 .26 .27 .33 .21 .05 w.09 0.25 0#16 0,0'0

2~31 a0 *6 .1 .12 .20 .23 .16 a le .06 It1

251 -.31 -. 2,6 -. 17 -,.12 -. 1 -11 -008 W.04 at1 .1
261 ie8 .2v .14 04 .03 .05 .02 o,02 **$I w,01

2A 1 -.09 -.V4 .0 .03 . V- .13 .15 .07 6804 0.14

3 v! -.35 -. 3 - ,P A -. 29 s. 35 o.42 -,46 w.48 -,44 -43
311 -. 39 -.:33 -,27 -,21 ally w.15 w.10 0.80 .10 10
31 .06 kA v. 3 .05 .06 .02 w.01 ~ss .16 007
3 31 .07 .11 .1? .21 .18 .13 .11 .14 .13 Th0

3~ .9 13 .3 .18 .22 .26 .29 .35 4 4
361 .48 .36 .2, g1 VQ9 .02 ,02 .13 .24 031
371 .33 .34 .34 .29 .26 .20 eo0 .15 .115 *to ~
3V .06 .04 .911 -. 08 -. 06 .04 .07 '09 .05 .10

I~ w.88 -. 09 -. 15 u.23 -.23 w.18 -.14 w010 .068 *009 ~

Iii 4 -16 -. 09 w.6 .04 A *.02 w.05 -.10 -,10 o,18
did1 .0 -. j 03 1ýA *2 03 -* 9 1 -. 3482

1 -,5 .,3 11 -. 3 m 11 & 04 .@9 .14 -014 wqI



TABLE 20 (Cont'd)

Z21 -.3A w.47 w.~40 w.46 -.48 -.48 -,35 w.27 v.14 w.03
523j .12 p 13 .34 .42 .43 .3 .29 47r .0 106

551 is .12 008 b3 .02 -. D* -s08 m.7 'w? .Y
561 w,06 .(42 ft.07 w.10 w.06 -0 8 w *.O w,9 o# 7  o*,. 1 wv$
571 .,14 -1 -.16 -.17 -.iS -0 -,1$ w&43 w It .,110 ..ea ,

~ .6 "' n~ .00 103 .05 .07 loo '$a 103
I~ .~W.Vi .(71, -.03 *,Oj .02 .03 11-3 .04 see

RSs2,254 114C He

49L

min -
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TABLE 21
RD22

m 00IU CN DATA7 SýPT 7.b A~n•l TO THE 0159 ON 230NAR,77',

KILIiffk¼ OF PO1IN1S a O

INJTERVAL IN 1PVC~eS 0 12

pr1I ELLVATIONS IN FEET
WV!~ .7 .2 .05 0000 .012 topam -. 0 is.3

II*-01 -. V5 *.02 .01 *#P2 w.06 adit v,14 .e'1I
P I -.09 -. I I 14 w,19 ,-.22 w,5 w,26 o2d , , w .11 . "I
31 -,17 -. 7 -,22 w.26 -. 16 w.07 w,91 * .01 *,-2 J,.a
41 w.02 a.eP w*1 -,13 o,14 weld owe17 w.24 -,9? i. PA
51 w.10 -.18 w 16 -.13 -.12 -.16 -,23 o,24 w@23 v,18•19 v.10 -. ?3 w24 -. 22 -.18 -. 14 ".12 .11 0614 0,15

71 w,13 -. k6 004 .01 -.061 -. 02 -. 0 1 ,0 • S*B 4.2 '0.

11 .27 .2 is .23 .2 ..2 w .29 w#05 *,15 .02 "01 -. 10 1 1 0 9 -I• 1.H -.0 eýg -.00t 1€ 411 ,04

71 .09 9 3 .34 .17 .48 .41 .31 .11 .12 .a1

121 .21 .1 7 .25 .2 .2 .209 .12 .28 .w20 .18

1411 4 11. 2 21 1 .21 .12 ,28 ,21
151 .07 -0,2 .101 .05 .14 .09 .06 .25 .22 I22

216 .21 ,2• .5 2 .01 5 2 .41 .24 -. 2- . .30 .138
127 .27 .7 .44 .47 .29 .43 35 .27 3.2 .OQ

I e .21 .12 -.7 .. 7 .1 4 22 .2 .. 2 .14 .25 2 6A

3 .131 .~2 .28 119 .24 .28 2A0 . .2Q1 lip t

7 .3to .16 .12 .31 .21 g43 .40 .V4 i4o .2 ,.

P77 28 zv9 *32 .37 .33 .35 .24 19 25 *to

241 .21 .2 .02 .31 .10 .41 .31 .2 ,g? ..0 w
bi1 .w3 .34 ..2 .20 .-m0 ,4 .m9 .18 .I a .1t .. ,

2b1 02 -. 12 .15 .43 .14 .14 .81 .02 047 ...
"21% .03 ... .i6 .20 -24 . 33 .9 .2-8 .10 .•.i

291 .15 .2 "1 0 ..26 .2 3 .1 8 1 0 .02 w.02 81
43.1 .07 .161 .13 .28 1 1 i .11 .19 .111 .15 3i
311 .03 P.03 .19 .4 w .021P -.11w, I a. -#08 &.0 at.1
32 1 -013 -. 02 v.1 .05 IA .20 .22 .17 :00 .14

331 0 .1 '11 'I' ILA .14 o 01 I1.



TABLE 21 (Cont'd) - .. ;.S5 V-., s04 - . (7 -. 13 .09g -oil -,20 -,29 -@4w,3 4~ ao17

5 541 -. 14 -. 16 -. I1 -. i1 -. ee ,., -_.9 j .ogw12 *94 -,.16

651 -. 18 0.21 w.21 -. 20 -. 22 -. 07 w.30 w,35 o#19 w$,)7

561~*~ -. 33 w.0w31*3$71 -.30 -. 6 -.32 -.20 .y Vi -sa 0
591 -'.21 -. 281 w.27 ",30 -.20 .. 26 "21? .1t3• ..

IR• 5 2s344 I PYc E 8

5. 14j7

5-" t.+., 4,
52," • ',,

, .,,-',.,

'1. •,



C-)

C-)

Lu

U-j (v'

LA.

C-)
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TMILE 22
P0D23

TA14~tr O('m 00 L%)L.SE AMI)E To~ ?HE 013 ON 23,P"AR,77

W.ik OF, POlkTS 4 6p v

XIJTkYAL IN IPCH'ý$ a id

LI• LEVATI(IF'S I• FEET

21 -. 10 -017 -. q05 -.0 w.03 o,• *04 , w #05 w.0 w4 v .
31 -000 k. 2 -,06 -.10 w..1o -. 06 *606 048 No" ''1 I

41 . P .02 -. 12 .0 -. 8 IA .2 -. 26 -. 24 -. 97 -41

S11 -. 127 .16 -. 1 -. 2$ -. 2A -. 24 -. 20 0.19 -.18 , 1

11 -. •4 -.P3 -. V -. 0 2 -. ,.* -. 3 .. , 98 *0 -0 .4

141 ,1 .1 ,26 .2( .2A ,08 .21 ,01 , ..1 '15 ,6 1 -i

I IP .21 .22 .25 .29 .36 .38 .33 .39 *.35 .,7ill .37 I3Q . 3f .15 .32 131 .33 .32 131 4 2 A
121 .25 .23 .24 .20 .16 .o2 .10 .06 .04 'al

151 -.1 2 -.2 22 -. 2 -.3 2 .125 2.08 -.99 -. ,31 -,36 -'

171 -. 14 -. 10 -. 11 -. 14 -. 19 -. 16 -,09 -.03 -ot4 -,04
161 -. 03 o.04 w.05 -. 03 (.A1 .1 -. 01 "02 .*00 ",009
Igi -. Oo -.00 '.09 sees -. 10 .0.18 ".*3 "i,1 *,, w 0,,9

211 1.06 .. -,03 -. o. -.02 e.01 .09 ,0~ 4 1 6 -• 1 09

P91 ,01 .OA . -0, ..101 . .0 ,Y ,17 :it ..
P'4 17 .27 .2 .4 7 .2 .27 .'2 g2 's .
Plot roe .ý92 .,04 .3a ,6 , 4 .02 .66 .0p IQ
251 .'1 .15 .10 .03 .01 .06O 9.0-
261 .25 .31 .2 .27 '28 .30 .37 ,4' .01 .•3

81 -. 16 -. 26 -. 20 w.28 -,27 w.27 o.27 w.tO .2 -.27w'6
2Pi w.22 -. 22 -.24 w.23 w,18 w,14 w,10 0.00 0,04 -,rdW

331 ..01 -. 01 -. 07 -. 02. -. 01 -.17 .013 -.i 90016-

!~ ~A .:~;..2 : I .. ..A:! u.,;,.J

w24 .34 -. .3 - v

3p? -,s .6 .34 t W,00 -,1 35 w,5 -.16 .3 w,1 .*SO
331 w.04 .O w.93 ,02 w.09 w.03 039 146 .3 10~
34 139 .:v *06 .380 2 0 .42 301 0 )NO a4 *.02
.35 ,02 -.09 .'01 '0 02 P26 .05 .25 203 ai'
381 .10 .0,1 .02 w.01 .07 .96 016 107 .11 .01

371 '0 .14 ý IQ .0 .25 -*Od .34 .134 13 .33 0441

391 .22 .32 .33 .3o '13 .30 .8 .3y .27 1140

413 329 .67 *3i .38 '42 .491 .319 .33 .4A 41e
AJI .45 .9 .24 Ill '28 .27 .24 .28 .201 .IA

AAJ 16 .15 .31 .0~ oil .22 .17 .19 .08 .0$

A 1 .R .300200 .3 .0 9 0



" 4 TABLE 22 (Cont'd) ,
,.~I 1.3 1• Ls ! .P. ,• .• .15 016 .1? ,bI""ll,'541 -t .17 . 07 . * ..0 4• .04 ..6 ..* a

.(A A. .. • *. .. 15 .. *9 .. Jo .. 8 "(4 0.• , 1. ,

5. ,1 ..1. ..1 ..1 O . lb So "

1) '1
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,a N X C TA] AY 7 ADDEI Tn THE DZSK ON 24,MAR.?7

N'imaek cý# POIN76 a 361

- INTERVAL IN INCHES 12

PI'll ELEVATIONS 114 FEET
I LfA I 1 I~ *I. .1 24 .3v .33 '42 '46 '40

1 *45 *d.2 *4P .41 .4P '49 ,d2 ,38 037 601
P) *.j0 .62 .31 .26 .,96 .22 .2?1 *22 .2A '26
1)1 '25 .34 .30 .Z52 .36 "~34 .33 ,36 .42 03.9
.1¶ 1 37 0 4 .42 6717 .315 .97 .21 14d 106 *00

14 -.31 -. 32 -. 34 -. 39 -,34 w.2k0 *,2 w,20 w.06 '*00
(41 .15 W6 .29 .29 .35 .39 .37 4A0 "As ,

IA 1 .38 .41 .36 .35 '39 .98 ,33 .34 .34 ,3 '
1,171 .32 m 1 .26 'pm *27 '2 .6 .a 17 012 ER3

141 .1 b *26 .27 .32 '36 62 040 '44 40 '.43
11 1. .45 2, 1,45 .45 .Qf .47 .42 *43 '41 3'1A 1 3 .34~ 3, 29 P26 .24 .?l .2U .jl - iH

2i A .2 .3 P.p~ M.P1 61 0,02 -.02 :02l

251 -. 34 -°5 -. d7 -. 4P - .4 -. 2J -,25 -,26 ,303 48B
2,11 -. 10 w.V6 w.051 .11 10 -.02 '.61 0,1 006, w . I

211 w,05 w.0$ -. 7 ,8 16 moge .126 a*4.8 31 -.39 ip3
P~ w.6 -.46 w.35 .3A w.44 w.26 *00 .12 .01 -b"

3211) '15 .23 .31 .19 3 29 zq 2 .46 437 .48 0
324 4 06 462 .37 .12 .2m .20 .11 o02 -,15 1*',A
251 w.34 w.46 ".47 -. 49 w.44 -. 4e w.14 41? W60 its

2 1 .39 .20 .42 ,.3 .38 .34 31 ,23 ,17 go *P%01 671 -.v7 1.1 .A&3 .11 .26 290 .18 .03 0.005

RA' 000 3.171 -. 9~17 A4-01 .0 1 '7 '

TABLE 23
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F' C,v C T A A APPFn TO THE DISK ON 18zAPR,77

IrTEkVAL IN lhMP- a i

pi 11.1 ELEWdlIOS TN FEET

11 ,46 *.g .10 ,48 '4B .43 ,33 ,22 ,14 IJ3,
pt I w vi V3 -. 01 .- , 14 -,P1 a-.31 w,34 10,35 -,40 w,9.4

111 01 p 96f .4 ,36 .32 .27 ,27 .17 -,Il

Q .• -3• • -.8v -.90 -. 2Q .16 ,12 -,25 0002

"7 1 -. 0t 12• v ,2.3 .3 .o o37 ,a ow.4 w,44 ,4€ *,43 *4•
b• J .3S .;0 .2 -. V8 ".% .1 p .0 1 ,27 00 •3 '
071 .31 .37l .39 .43 A• A A6 .45 .3s; 4,• .174

03 VA .14 .6 It6 0P 01 a4 0

2 .*3P -.44 ..37 a.¶4 *•. .37 .14 *24 ,2 .47

1•1 1 • . .l I 7 o3 .26 24 13 ,2 11

S .,B .-.36 -34 -4 3 2 -.17 -.* -014 -025 -.I

14 .19 .2v .6(A .10 116 .44 .27 .28 ,24 .i.

1 6 1 41 .2ý "'2 .32 .10 .7 4 '0

TABLE 24

• 59

I L Nt pý8 ,i 7 ' 1 3 2 2 9
I171 illl .n.4 1 9 4 4 . S . 1 .3l2 1
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pFr,- I .(O STk1 i Y i 97b AODED Tn THE D)TK ON 18.APR.77

NW kOF P(OIt1 4 I IV

INTEkVAL IN •U-[E S .1
pr'iNT ELIVAT1nKS IN FEET

I ~ ~ ~ ~ ~ ~ i *-L I~' P~i *v 2 6 -. 16 25 -6
p1 q 1 r.1 .~ .25 .20 .18 #or *.0,

21 -. 18 -. 351 -. 4A -. P8 -,ef .13 .29 .39 #41 A4O

111 .49 hI t .49 l .49 .335 143 e4 1 3 '04 5

4t1 .00 M. . .-. 05 -. ,1 -. 30 -. 32 -*3 .32 w431
-1 -. 33 -. 42 -. 49 -. 43 -.. 30 .16 .00 -.04 -'08

S11 .- 7 -. 19 -. P y-.3z 1,3 -3 2 7 39 18 3" ,IB i V27 Sol

71 .02 .1v .1 . .• - -. ,1 -,a4 -. ,11 -,0,4 .t0 I .A
P. . 12 .vl .lQ.2 .03 .15 .24 1.2 .36 .43 Oak
241 .24 .15 .A2 -. 1.1 -6 w.-0 ,1 w..33 -,41 --,4.N

1"11 -. 4V -. 34 -. PM -. 25 -. 14 '0 .00 .12 .18 2.e

.11 .14 .2.7 .11 .102 P.8 03 . 43 9'43 '6 .a3

I ? I2. -.3 3 -. 13 -. ~ 1 -.2P -,16 '.0 '. W153 *02 -.

131 . 2 . 1$ .7 .12 .V3 .14 .34 .w4 .3 .2t
241 .1 3 - .'0 -. 09 -,21 -. 160 .3 w 113 ..2 , 317

151 -22 - .k w 3.31 -. 16 -. ib -,27 -,w1 Qt0 -,4
S1. -. 27 - .24 -. 19 -. 13 -. 36 -. 3 O ,09 0.49 .16 .09

171 .0 . A .I ý '4 v 91 1 .1 2J .20 .38 .405
?JW3 .37 .;k V50 wP.19 &.7 ,31 .29O -.460 .36

;3 ',1 .134 .27 VO3 w ,5-0.04 a.3 -1 .10 -. 31 ".26 1* '3
211 -.31 -.35 -a.3 -.38 w.37 -.36 -.10 -.15i~fi '00 00
2i -.0!8 *i11 '(.-1,45 GOA .029 024 002 "to)

37i ,42 .3' .23 ,45 0 16 ,22 .16 ,13 , 4 Set9
34 -. 10 -. I7 -. 17 -. 12 -W2, -. L7 .07 .6 I t8 • ,t3
2.31 .15 V71 -.*1 -. 37 -. 41 -. 397 -w02 w05 t0o .*I

"ri .Io -i.i 1.12 .12 ,4 . .3 .U92 .30 .'

a' 2.82? XNc•eS

TABLE 25

61

311 33 03 -49 .P1 .27 *-.32 -30 -048 0..

Lý)-U G ý- 4-1 m*J *3-e 2 -1
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"T '". FXt 5,s •T ,,raY 76 AUDEn TO" THE DISK ON 24.MA•P•Z

.l (mbF MC POI•ITS * 351

Po T T LEVAT7O'S IN FEET
~ * -v? 2 .~ -. ,' ACJ- .00 '03 @1i

1? .11 .1? .23 .2. .3A .h .37 .39 ,42 ,42
~1 .44 A4 .1 .41 *39 Z.7 .33 .31 .265 .
3i ,2• FO 9 -,?( 0.•3 -,09 -.17 '.9 -,21 -,34 ,,',4W

P~ .6 -.2' -.34 -#34 w.9 -.25 -. kP -.16 ,00I *
71 .1 V .12 .76 -. 00 .08 .k9 .30 .35 .21 •'L,

1 -22 . 3 .29 .33 .A1 ,48 .47 A6 ,4O ,R2
1~ 1 29 .;C' .23 .14 L48 .1I? 909 *04 .02 3
I1t1 - .' f/i . .14 . I A .I ft ..1 .2V .17 .20 '26"" k . 2 .;e .92 p v .17 .16 .02 - .• -, 0 17

191 ,42 .•% ,35 .26 ,20 ,14 ,14 =B ".S5 •'e

2I A1 -.14 -. 2 .27 -.32 -.A3 -.A9 -.43 o3 .2A9 *4 r43

211 -.I3 1..25 -.2 .2' 3.15 .11 ,08 ,01 .47 , .. '1
161 .38 .44 436 .4. .21 .3 1 304 .9 .03 w,14,

17 -3 .24 .31 -. 8 -. A3 .41 .41 -,39 .6 -.* 4 *61

171 .12 .19 ,35 .2e .20 .14 120 045 ,165 o,3

2 'ýt -. 13 4- . 2 -.*26 .•31 ,37-l , .1.3 -.3QvA s64 0q 3
2~11 -,36 *.25 -2 -.2A P.17 -.11 w.08 0101 :05 *g0

4) -.3 -2 . 1 ,27 3.45 -. 3 -. 365 It. 44 ., A-.5 ,

2ro1 .36 do 137 .28 .26 '24 .25 '28 .16 424

P ' 3.135 INC.V0.

S~TABLE 26
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fI
FLT r ' C. PT~ Ei. 0 Tr~ TI THEi DISK ON 24,MAW,77 l

I~eWVAL IN INLNt$ 5 12

PO i.1 FLtVATItN$ IN FEET
SI *v, . ý .21 .,6 .'7 .,4h .46 .42 .28 .08

li *d *1, (A ' Oil a.04 P.08 al 18 .0 .d .2
3!.7 .07 .47 IN9 .?m .12 .07 .09 JA4 i18

51I .21 .;" .' .1P .V7 -. 03 -. ,1 ,1&?3 '16 ,3S
~1 .46 . 5 .49 . ý .19 lip .96 .37 *33 *Q3

71 .13 .• ,,4 .0 2 -. 02 'j5 .33 *441 .,43 ,3 ,
Ml .k2 . I'd ,.1+ -. 24 -. 27 -,Rd -,14 -. 4 ,? ,.1L"

... , , .8 02 ;.0 -. 12 .,1 1. .48 .47 .1A v.
'.;1 .96 1. S.. -.1 .. 7 .1 .29 .40 .4S ,41

., .2,t .3. .33 ' .42 .46 .42 1, ,so •

+'t,: .. 3e • *,, 49 ~. . •.2 .13e .0,6, .0O, .81 .0•k ,•

S-.31 1 1 .28 -. 36 -. 09 -. 21 -. ,..4 .04 .6 I'
7 ... w ' . 92+ -,P .,, -. 17 -. 5/ -. 24+ -. 30e -. 33 . a w.2 -,B! -,,mZ

1+ 1 .,37 w.:+ .06 -. 06_ -. 21. -. 27 -,20 a.00 -. 00 .. g . :

2P 11 .t7 -. A 7 - . I Aa.24 -.. 20 w.19 wee go,.• .€ •

S.2t,3 ,2 V .3 N. ,35 t • .15 .29 22R '10 92A ':
-" 41 .36 . .49 .,•s '24 .13 P) a .09g '14 .09 :'

2? .t 0 .I4 .14 .109 .05 .07 '.e fai. .06 .1
2,,1 .03 . 7 14 Ql .,f% .47 '4.8 .3(, .20 lip.,

I 5'I , -.. " 1.12 CA .V7 .33 .86 .51 .31 82S

TABLE 27
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AtL' f- OF P fl It, a 21I

IYt hL IN IK FCS' a l2
L[{ t F-L V k 'r , I Pt8 ' FEET

I k'h m.1 -s - 1

,• -.. • 1 -. 6 . .- .. ? . . ?, -.. • . . .A -. 22 -. s 25 *.1:

71 .2 1' . .25 P~ .2 ~ A.2 va.15 S io

2..5 -.P P -. 23 -. 22 -. 2 -. 196 -.. dt v.17 -. 18 -.,12d v

1J -,7 -.- ,1 -e.i .47 .56 .48 .. 7 .,,2-.15

~7 1 -. 4 7,4 1.E 17 173E e.3 '3 .2v *P -.24 w 1~

1• .. •, -. :• -. ,s -. 11 -. 3 -. 22 ",17 ".14 ,,,1Q .47• K..'
71i -.21 ~ ' -.?7 a1 .PP w,2 w.28 m.29 P w k9 so2
• -. 27 -. 1P -. o0 -. 4 .1- .. 4 -. 09 -. 14 -. ,21 -.12

3-. -2 o, .. S -. V- .. 1 .. Q -. 26 2 -63.

31 -. 35 0.3). ...7 - 0¼ 4 -. 1-.4*14 - .2a6 a.4l6 .- ;., t2 46

?I -. P7 -.1 -. 44 -. 33 -. 36 -. 23 -,27 -. 1 --.3 -.,2 - w2
21 P~ - -~.12 -. 48 u.46v.4 -. 47 -. 44 422a~A 1

,i ~~TABLE 28 !, ,
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I, I

(.1•.

V•

5--

r-- LI

i I I r I " " .... t ... I - SI. . ... i -- .. - - -- I! ca 2

:1,5
tr

rI -T'1T -



;p ,, ,, I I t r. 7"Aid"t' TO• THF IA SK ON 24,,PAP.,77

I T f 'L IN TNLe'qhk a 12

F' iiJ I LcVAi1'l=iS, II, FE T•
' Vl 1A -e 7 .•7 . 3v .34 .3k =30 ,•ir

t 1 4 4 d 048 .. 9 47 42 34
1 .28 .12 - 3 1. 7 -. 22 -. 21 ,m..) 6 -. 21 w.1 t -. 2

17 11 h~ -. 0 0* (A fl v3 .1 1. .28 *26
. .2 .) "3 . . .36 .4 ..47 44 .44 01 8 3b.

1 I .2,5 12 t,* . '#7 ,I" -. 1 .28 ".21 -. 21 w.27 *",23 "K•
I'• -. -. , -.v - . i , 37 1.17 . 3 .2 97 ..7 42"

241 . • .' . *', .,'A ., VA . .. .13 .14 .t8 a._"

1/ l 0¶ 'A4 O A -. 14 .~18 P-.0 18~ in*2 5 vV29 2

a 6 1. P~ , I A V .2,1 .22 . .31 39 2 A

$, I."

4" . h A7 .. ' 461 .4ýi .38 .33• .31 '2,1 .4 11,0•'

1I -. ? 4,.? : -. )4• -,. , q .1 -. 4 v, 44 .,44 . *,32• 0,23 ... ",

211~,0 -:.0-, -. ', "

P ,¢I - • V 1.• - ',7 w.1• 1 .15 -. 18 -. 21 w. 2, ,M..27

2ai .43, -. )7• -. 37 -. 31 . v -. 30 .wo4 .21 .,ow 6 '7

lp1 .1 1•. 4 .,A5 -. 0,7 w ,. 4 o.0.6 -. 06 . w ,05 w 11
2., 1 .-,13 -. 2 6,,, 3.• -.,, .. , 0, w. 46 .. A 1 -. 39 w,30 w,18I","I',.,,

V ) -, 1 - w - , ', A , P . , 7. . v . 9) 7 . f? . 0 1 - 0 0 0 0 . 0 v,' • • :'
V• 01. , I ," 1 I• . ; 1 .33 b06 .51 ,.31 s22 ••. v

TABLE 29
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~ j~ Oý Tf` THL I)ISK flN 24,MAVR.77

p 0 1 1 ELEVTO-S TN PP"T ;vOl, . L"46PK - . F wII A6 AT

t! 1g} . .27 .,0 .3• 30{ .24 19g ,22 a1.7..

I. I1 Is v '12 - 03 ~10 w 112 w. 115 v.22 -*22 * 4 1

1 .4 .2 g. .24 p12 .23 610-

40 ¶ 7 12 14 041*

.1. -.' - .. ' • -. 3. -. 3E -. 33 119 A..219 r. 4.
161 1 ~ A' .2 .5 1~J *3b .4.1 2 .44

2?. 1.43 -. ;.1 -. ,3 . o• ,.1.4 -. 12 -. 17 ".1 .. 13 -,1{84 ,•

PV3 -. 11 -. S 4.1w P..14 ,.V, - -., -. 32 "34 -. 39
-. 3 . 8 , . , .37 .3 1 . &i ,•,0 2 .15 14

S2?1 .I1 *.-3 .•3 .3 .36 *367 .3 ,1 ,48 ,.4 ' ('

1 3 22 W *P 5 2 ?' .,) 1Nf t .12 'e .01 .. 3 -

P7~~~~ .V5"9I-• .. 4-• -1 -. ,12 -. 33 -. 33 -,14 IA•.'
)2' P; - 1 R" 17 17e -,,15 w.", "10°

I IV I. -4 t• 16€ 144 1 0

*. *173 7 1 Q .3? .35 .3Q .32 .32 ,28

;~P 4t -. l 441 - l .. 1 -. 47 - 01 -. 1 ",e; -o3 1, • .2

': • ' -, t -i ( 1 3 -,pII-.?t I,0 ",2 ",2 ",;• ",3t -

i4 .16,, ,.,. ( 0 .V- a 04

".1 b TABLE 30
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I I
1d C) A1D I O TE OIK U 4 M R

IN TE2'VAL. IN ICiS F, C ~
fin:V, T T I.V TC1 N 8 7 FE

34 -jv J.17 V7~ .3 -" ~3 .0~7 w.

2 A6 -. .33 -. 32 .4 w*LA w,28 -,26 -,128 :3 1

.46' .1 .1 A .3 .38 P040 -. ) Oi,32 *1Pb -. 21

116V6 *~~' *, H' .13 *lb .0 vo .167 13 1$

14: AH ~ O * .(17 072 *:3 Q 4 *.s0 .3i
ILI *A 1 12 * .27 .215 *13 212 .1 0a,

?I i .12 JA~ . 2 A '213 -32 .1; .38 *.38 ' 3 5 "3 3141 .3.0 .*: 3 A Al .31 . .1V6 lip 22U 24 .3fl
21 71 .5 p .27n 0~ P~ P*I' .28 .12 .33? LS4 *3

.3 7~ *:'.1 .26 4l *30 22628 .4

71 4.1 1,t4 *.l '"k1 *.1 p - .1. -09 .126 120 ,0

2:1 ... 4 -. 3 2.. t I~i V0 .1 ou1 .15 isE
2,1 ;e 0 ý .41 t;l 043 044 .47 447 3t)

3 41I . *4i [h 6 "A~ (A S .8 .27 .2 .4? 240
23ý1 .35 14 .09 .02 -.V2 -. OA -. 01 0012 al,1 -o19 v

2:4 ,1 .l v I ~ I . Al .02 .006 3 111. 15 1
?~ .21 .3 ro 131 13 ~ 3 .37 .36 .33

A .'. 03 ;' Al? .3b4 .43 046 .47 .425
2~ i 2 646 .4 4 .42~ .1'2 .41 .,S 36b 354 .4
A .81 .3( .1a .12 .6Q .31~ .30 3~0 .301 -.2

3,1 .3 -. 3 A7 4~3 m .19 ),a .'4l6 3L ..07 384 3

'491 w.~-1 A' . . .02 P.0/2 COI w.02 .0O3
A'A- : *1 I~ (AW .Q) vo .00 .00 .0

8 2 .Q40 TC H S

TAB3LE 31
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i~~ ~ rv n7 Lrrr r T CTE D8ISK ON' 24.PAAR.77

I•i.,K•VAL •. I•F•. £ I;

p(..i•Y ;LEVAT1(rP- IN FEF'T

Id .i 1~7 *- .97 2 k .28 .31 032 .33 033,
•.v~ (A . ,. .,, -. ;30 . ,.z .{"• , ,Pl 26 P2 -. 2(b .16 . 6 , 1%4

.01 14 00~ 1 ,¶ *P ,4 002 *02 wo(6

7i .26, ..vir: *28 .,2 .32 i24 .26 .2 .26B

,12 . b .26 .22 .22 .2 2 . 19 .16 .1 • Q• t ,,42,1•

A Aj .29 .11 NJ a .4,1 0 .4 46 .~ 44 43 *44 4f3

A1 .5 . of .47 . 45 .44 .45 a U .44 *46 .46
'D *45 . 4 0 a 7 .43 64 .45 0~ 4 0 .40 .38

A, .18 .P2 1,7 .1 .19 .11 8 .Pa12 12 bO-
1 .Vt .vi .',9 .A v* .('4 1*2 -. V 1 .01 02 eA

S71 -. •'I -.ý I .. , -. v, -.. t 1 l .01 .vf2 .0i2 .02

14 " 0 t~'4 v .2 .4 ('4 1Q 0-2 .Q05 003 1105
v• . 3 - '4 = . 7 (A 7 - . V ' - 1 - . 1• 2 - 1, 1 4 w , .1 6 1 9, g ,, ,

211 .06 .11 .16 1i .1, .21 .23 .24 .21 02.

9I1 .22 .22 .23 .24 .P12 .2 .19 *.Ig .18 *14d

201 .13 .3 .12 .34 .If .14 .12 .14 .*Q .1,

P;0I v1 I -. I 'e6' .02 V .A w04 m.03 ,.06 ",07 a.07."

"271 -. 6 -. Q V, -. 1 -. 11 -. 14 -. 14 -. 18 *-17 o,18' 0 • 8 t • 1 15 1 k1 1 40 - .PB. . 7 - .0 7 w ,0 6 - ,*0 7 t. :":

,i,'I -. V 9. . -. 1 -. VO -. 12 v.13• -. 10 -,11 a.13 m.097 .•.

1i ..24 -. ;0, -. 29 -. 2 -.25 o.2 .. 23 w*23 -624 -. 2'3P)I -,22 - . ý5 -. 24 21• -. 22 -. 24 ,-.22 ,0.19 -918 "aq•ii,.i I S',

3 .3 - .17 - . I -. 16 - .16 -, 6 P ,14 -. 17 ,,1 19 - 0t3 ".,I le ..
3,1.1 1.' 1 ', - • -. 09 -. P -. JA 8 -w -. 10 .0.0$ ..,10( il'

3 :", 7' -,A7 Vh -. 7 - VA -,0 ;

I• - . ,A - .1 ' .4' - ! - 2 .2 ,1 v.2 ".2 • 3 "- 5 o .2 4 o .2 7 w .3 0 '';

•7 1 -,25 -. 2;4 -,23 -. 22 -,22 -,25 -. 26 -,26 -0,33 -,3% '
S -... 2. 8 - .9 5 - .2 3 ,,,17 b. ( -. 0•9 - . 4 - .0 1 0@4 0 9 , ~ ," • ;

3ý4 .1 ) , ' .Ae .,,3 , . 16 .0 -, 1 -400 ,,•%iL•.:

S id, E ,

TABLE 32
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.. IL VATI r'k"S TUi FEET

J V. . 1 .1 7 -. 3M ,,259

31 .1 • .- . g 7 041 .38 .36 92 .25
S . -. , . - . 1 4 -. 22 w.27 -. 27 -. 23 -. 42

•'3 .. a ., " .,3 . ,: .•3 . "• .I7 v 9 1*2 '15

7 1 .)6 16 i• . .17 *,4 P26 a 38 .4b4

-- -,1 4..* 3 -, j -437 -N3. - .',

1 -28 .1 -,v -. 29 -. P2 -. 25 -. 21 -. 16 - .1 -. 03

I -. V 1 ,. , - .~ I ", --. 2 -. 43 .*4?'8 0.35 -. 41 w.44

1, -5 17 -1 4 -. ,"6 . .- 31 -. 1 .c .15 . .1 23 33
S4, . ."16 .35 .'3 .33 .37 .345 46 46

I'L1 4.3 .. 1 ...,/7 .27 4. .P .37 .22 .15 .20

I., -. • -. ;, ý "r -. . ". 1I -. 24 -- 4 .-. VI -. 33 -,,36 -,43
.1 - .5: -. " - . •"; .14, -,"I -,1 . ,, I ,ý 09 163 2I3

-i1 .4. .44 &..7 *4o 1 .40 .47 .37 .•6 2V

3;1 .12 .,1 .w9 •'7 ;. . 9 -E . 11 0.12 .15 W, 11

2-3 -,1 -.1I• -. 1 7 -. 1 2ý -.;2 ,,-F .1 WS -, a -,24• -,129 -.31

V 7," 4 P• .2' v• .5. PQ1.5 .12 .02 . Q2
371 ~ ~ ~ ~ ~ ~ ~ ~~1 -. '-.17- " • .1".1'"2 .• ,4"3 -. 21I

,•-1~d -43 -. 43 -, PI, .3 ,3 1,2 -,2,6-07 - ;•

3•] ,•15 . . 08 ,3 ,..'0 -,.00 , o V); -,19. • ! -

P .7 -w -. 42 00.36 -,12. ,,

1ý (A .'0 43 .3 0357 'C,

3~ ~ ~~~~~AL 133 4 1 9 37 .9 3 3

3;,, 1 .37 . 5 .3ý 77 *0. k6 . 1 . 2 . 5 2
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AIr I0• FL 0• 1*C• • Cj I• HE "', 24 MA
:'I

Ii A LI C . C .Fr , F.L t V A I 'C ,t S V , F E k I • .

1 .. 1 ,t -, .* 9 4 o. I"6 - , .23 . i.•,

1 I -.. 3 ,,.. " - 4 -v ^ .. ,7 .. 37 0 ,el f -. 12 ,15 .36
11 . z .. .d3 9., *04. .3.4 .3; .'1 *42 .4*

/, . *,' *. I 1( .- 'R ,1 .2o 3 ,v ,34 ,37 .37
* vQ -. A'. *z3 ,v• ,v7 .12 ,14 .24 ,20

4/ .•5 . .12 0 1 ,v .02 .P- .?0 -,13 ,1

14.v .{ It .", .. d ,.a ,.30 ,3• ,41 ,Ad,
,, .•.5 . • ,4P ,v= -, ),' -.r It ,,,n ,, 1B v, -. 03 :

S! -. ,2 -. "7 -. 31 -. 13 -.24 ,'.33 -. 38 -,46 -. 37 ,,33

v 2 , ( • . , . 19 . I .2v .28 .34 374 .37

1 01 1v 36 .~ 2 91 A v*/ *Q 2 $4 .4'8 47

F4~~ v .3.. 6 2 6

TABLE 34
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V.

A P A ' 1)'NV~ 7 ODE1. To TIE DISK ON 24@?AAP.,77

N L,1-4F~ rF Po 1II t,1! dG'1I

IN TEýOVPL IN 1,VCHES * 19

PCilT ELEVATIflNS YN FEET
I1 V W, '.. t'A *'.3 V2 , 0 1 '.1 V *.o1 *0 0(61 .04
1 - ,1 02 m .i . 01 . 12 . 11 *ao .20 2 3 Vi5 2 1 d0 " '

2 1 .16 5 .; 16 .30. .43 .34 .31 028 *31 0*8'x.i 1 po• .27 .17 .07 =.P6 PoIG -.06 0021 0 2#w i:• :IV'

)I O.VP~ 1 .2P~ .18 .20 .23 .21 .20 o2y
1 .9 .3 .3A 17 .2P .27 .31 .30 .21 12e71 ,25 ,P 1 .2 ,) .23 P .2e .26 .20 435 ,i41 f

0$1 *44 046 .49 .4~8 .Al A68 .47 .45 .30 e.4
.1 ,4 04i9 .4W .,0 .A4 .37 .35 .34 031 .23

P1 P~p .2 *1 .15 *.19 .201 .17 .22 .20 26
u, .2b . , P .2 ,iV .17 ) 8 -,OA w,12 .l4i

I -.18 .3 1,7 -. i 12~ 'Af .06 -402 .00 .0003 t 1&9
141 -. 12 -. 19 -. 22 -. 37 P.1 -. 6 -. 48 ,4.0 0,40 w441
"1 i -. 35 -*37 -.32 -.23 a.23 w.20 -. 14 0,02 ,Is 014
1. 1 .26 *•7 .34 .40 .47 144 .36 .31 .34 .30
)11 .16 .39'.17 io pj2 .07 .07 0.01 .01 '00
Io ,'9 ,1 . 5 .13 .11 .12 .14 .23 .24 023
141 .15 .24 .27 .20 .21 .26 *2a Ila *97 apu
2 7.1 .27 .2hs .36 .32 .26 U3 .33 032 :34 11.
211 .34 .30 .30 .54 .38 .34 .38 Mal 8 i1. "0"
221 .4 .40 *A6 .e ~9 .4z .42 ~41 Its 032
V31 ,28 .28 .21 .17 .13 .16 .13 .8 .i9 11
P41 .18 .21 .22 .2 .96 .27 .32 'n0 .28 .29
251 .34 .7 .36 32 .37 .39 .3d 433',3 v~o
261 .34 .31 .38 .37 Z32 .32 .34 *98 *23 .26
271 .2g .18 -13 I .2V .18 .03 lie 4i10' 89 '.2, w ..

• l. (A~ i6' 001 '06 1. 10 .~ l i 17
" 3,11 .24 ,2 H ,.7 .1 ,? . 1 .iA -. 05 0,18 -. 28 P.38

S11 -,43 w.44 -w37 .,34 -. 29 -. 21 m,08 000 -,Og 040<
391 2 .14 .917 .12 .19 Ole .24 *35 *36 .3'
.331 .39 40 .48 488 .47 "45 0414 4 40 "3 *3
341 .27 -. 2 '22 .20 .1. is .910 .01 *086 mou....
351 -58 ".11 . 2 V .1 s 1.05 w,18 .12 -. 14 -,29 -. 21
361 -. 18 -. 26 -. 3P -. 34 P.34w .42 -. 40 a.42 0"37 =.34

371 a W2 -. 02 A2 -,03 .11 w.02 .06 to,0 evi o* ..0
S31) -. k 1 0 - 00 -. OP 1Z 4 0 . g•o$ to o.401 1 40 1..80 .o00 • . ý ..gof .00 lot '60 sot:,

RM 2.5 INCH4ES

TABLE 35
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A': 32 J36 J V 7 AhOVO TO THE 018K ON 2d.MAR.77

Nk~k OP PODIIA's a4

INTERVAL IN IA(..F8 a 12 '

p)T• P h LeVATIn•S IN' FEET
i V .2' 1q .35 042ý .3Iz .23 ".4 male Oslo 0,9.

21 .19 .37 .43 4A .48 *42 .33 *18 -*01 w. '1
31 -. 20 -. 33 -. 42 -. 45 .,42 -. ,4 5 1o9 *045 -. 41 .

I2 z3 s2 1 .01 .2A '46 %.d .03' 130 .50
4 V4 -. 25 -.32 .,43 -. ,3 . A .3,43 -*,4 -,w4 -,m4 .43 .

n 1 .43 . 7 -. 2$ .16 V V .29 . ,3O .0 , 02 '10

71~ .106 ~.12 *.Q10 . 41 418 .37 .4 .43 468 .2

37 *4'4 -. 41 -2.o -.. - e , -z . 1 .40 1@ 441 le3

31 ".16 -. a5 -. 12 -. 15 6.J -. &. 223 ".4 2 ".30 .29

3I 1 4.2 -. " w.3$ A0 3 47 -44 w,42 o1 -. 28.0 .*16

131 ".0 .e1 .13 .25' .3. .43 .42 %48 '39 343

S1 -. 23 "., 2.1 -. 19 . .42 .. 1 .47 .49 .19

2 0 3.d3 10frE 4 4 4 0 '8 '4 .1 01 0l

163 b "• -.3• .1 31 w.42 4• 5 ,4 o.46,3 P30 ws45 o~4'7
161 =47 V.4 .38% .;, 108 '10 .27 o00 woat SR

17 ,k -. /4 -. w -,5 -. P5 ,¢ -,20 ,3 .40 0.40 w#41 m#43

1 41 ,- .1 U3 3 , 1 0, 0 .21 ,• -. ,5 -. 1 ,.I VR -. 1 S y 2
I7 -1.32 -. 6 ".g 4 .' 39 .29 -,$4 ".0t 069 -,is -,84

2•01 w. .4 ,2 -. 44. -. s, ".A -. 3 - 2 it. 39 13 , ".8 13 -0019'

TABLE 36 ;L"
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3,d~ .2 .12 . 1 .7 05 .3 0 ' SS 'see •t• J

25, ý .2 007 13 t 2' -6 4, -3261~~, Il 2,,6 ,1 -2 a,2,o34-.2 0
,1 , 6 w 4 . 5 w 3 . 1 46 o i 9 'e l w 6

P,! 1 '0 1m al 91 (A fm ti Pm 9 .;A A u l



C)

UL)

C-)
Cr)

C..-

LL. CN

~L)

Ln

C:)

CD
co

84



AF~',.' A ' l ,o 71, APrEO Tln THE (013K ON 24.MAR,7 .

Nwod~p, OF POINIS 3* 3I

INTL:t'4ý,L IN IItCm.S 9 1j2 ''

'LEVhTIChS IC FEET
I v O A 1 .11 .16 .21 .26 .31 .ý2 .20 ý24

21 -. 32 -. -,42 -.-.44 -. 42-.38 w.99 w.al ,,MY.,

"-4 41 7 .4• .a .P2 ... ' 4 .;6 .P9 2 ,17.2t ,1. ...
1 ' -.ECI -.2 Q .. 13 -. I7 -. 5 -.31 ".03 9 .11 -.11 to %4f

S2i .44 .? .51 .35 .31 .22 .10 .23 o.25 ,,,)
1tiX .36 .3• .4• .4•e .,43 .42, .a3 ,2? ,*3 ;-'.1 •

"151 -.20 -.15 -. 23 -4.25 -. 1 -. 20.1 -,33 ',305 ,2 0, -2
/16 -. *2 .io .r9 .-. .9 .*- .49 -43 o45 047"

A 1 -,2 4 .27 .29 3 ,1 .17 . -01 '.14 i;44 ...

?i i -. 1 W. 0 ,Q -. 19P ! -.16 -.-. .3 . e0.6 0 .I1 .00 '"
P1 5v -. v I~(~ P .20) .32 u.40 '41 ".8 442

1ý0 -044 442e -. 1 .35+ .31I .22• -,2 -. 2! .25 ,I '30
131 -. 36 .3ý. 14,0 .4;• .1 .2 633 a27• , 1 #304 "j4

141 li.e 32. IV ., -.01 -.09! %,at .t2 44,

151I -,20 -,.2 -,.23 -1.28 -,,32 -.,31 -.33 -,30 -:1092

S,....,TABLE 37

~~ :.•
1 1 2 ' V, ." 3' .Al .4As

t ..... ý,' 3, 31t *28••~I .3 31? 26 .2 .2 i++'0

Pi .1 .2 - % L ie W. 4 a. 3 -. 1 0 W 0

2,0 - , (O it II ;, l G .l .1 1 12i wa 9I1-6I l
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E38

P T.1- 4A GA00E0 TC TH.E DASK 0t4 2A.14AR.77

hl4b0 Oto ~o r ONTS A k*

INrTERVL tN TNC gES 0 12 ...T
F ;c T ELEVATIONS IPý FET

PT.~ ~ 9 ::i' 9: ¾.3 .7 1v III 15 ,Ir 2 1 t

3 1 A - -. 27 -. 38 -. 41 -. t7 - i d4 .10 ,A a

1, .035 - .,., .+ I • I• .o .V, A• .020" j7
431 .47 *A '01 .24 .22 eve tl~ -0 at8 it,

ml 17 .**,', LK .26 .1 .9 43 l3? .2 0 0

9j 45 .11 -2. . 13 . 01 -. 0' w.1 , o6,33 " " ,"
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COMPUTER PROGRAMS

I. DETR - Detrends terrain and performs wheel trajectory calculations
(see section 1 and Appendix C).

This program reads in a terrain from the disk, graphs it, takes out
long uphill and downhill trends (subroutine DETRZ), digitally rolls a
wheel over it (subroutine TRAJ) and then graphs the resulting trajectory
of the bottom of the wheel. The wheel trajectory can then be listed on
the line printer and puncheJ out to paper tape.

DETR is only a control program which handles input, calls the sub-
routines and provides output.

II. DETRZ - Detrends a terrain so that it starts and ends at zero and

stays within a specified limit.

The subroutine is supplied four parameters.

Y - Real array of terrain data

N - Number of data points

DELTA - Distance between data points

DISP - Maximum distance a data point can be above or below zero

Using the equation for a line

Yi Pm Xi + b

and toie distance of a point (XJ, Yj) from a line

j D IYj - (m Xi + b)I

I+
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the subroutine uses Yi as one of the endpoints of a line and scans the
terrain for another endpoint so that D will be less than DISP. Once
this line is found, the new terrain elevations are calculated as being
the distances from this line. The subroutine then uses the second end-
point as a starting endpoint and scans the rest of the terrain for another
line. The entire terrain is detrended in this way and the subroutine
exits.

III. TRAJ - Translates terrain displacements into wheel trajectories.

This subroutine is taken directly from reference 2. If a rigid
tire is rolled over a non-deformable terrain, the bottom of the tire may
not meet all of the data points.

The subroutine calculates the height of the bottom of the tire over
each of the terrain data points. A tire of 42" diameter was used for
all terrains to obtain maximum smoothing. For a discussion of the
mathematics involved, see reference 2.

IV. LOAD - Loads a paper tape containing wheel displacemewits to a disk
(see Appendix C).

The programi expects the tape to have the five character name of the
file as the first record followed by the number of data points and sample
interval in inches in a 215 format as the second record. The data points
then follow, ten to a record in a 1055 format. The program creates a
disk file for each terrain.

V. SAMP - Sets up and runs a digital terrain simulation
(see section 2 and Appendix C).

SAMP is structured as a control program which calls the three subroutines
INPUT, BAYS and RUN. Communication of the control variables is accomplished
through the two FORTRAN Common's; DATA and PARAM.

COMMON DATA

BEGIN (8) Contains the starting locations of up to eight terrains in
the array SAMPLE.

SAMPLE (7500) Contains up to 7500 terrain data points.
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COMMON PARAM

TERRA (8,8) TERRAI,j is the terrain number for CHANNELI during PHfASQj.

SPACE (8,8) The time between data points in milliseconds.

NRUN (8,8) The number of times the terrain will be traversed.

DELAY (8,8) The number of milliseconds to wait before outputting the
first data point.

NPHASE (8) NPHASEI is the number of terrains Channel I will cyclicly
execute.

LAST (8) LASTI I .TRUE. if I is the lcst channel for a bay.

INIT (8) If LASTI is true then INITI will be the first channel for
that bay.
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OPERATING PROCEDURES

I. Hewlett-Packard 2116B

A. DETR - Performs detrending and wheel trajectory calculations
(see section 3 and Appendix A)

1. The program first asks for parameters necessary for graphing.
When the title is asked for, the user should supply blanks
(the file name is used as the title).

2. After plotting the terrain profile, the program performs the
necessary calculations and plots the resulting wheel displace-
ments.

3. By entering YES after the wheel trajectory is plotted, a
listing and paper tape of the wheel profile are produced.

II. PACER 100

A. LOAD - Loads paper tapes to disk.

1. The program continuously loads paper tape without operator
intervention.

2. The computer should be halted at the end of the tape.

B. SAMP - Runs digital simulation (see section 2 and Appendix A)

1. The EAI 580 should be in digital mode, The program will
initiate POT-SET and Logic CLEAR. Hydraulics should be
running but with inputs at zero.

2. In the terrain input phase enter the one to six character
name of each file.

3. The distance for the first axle is its width. The distances
for the following axles are the number of feet from the first
axle.
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4. The format for TERRAIN, ANGLE, MPH, MILES is (Il, IX, 3E6.2).
Free field input may be used if all commas and decimal points
are supplied (see example).

5. The computer will go to OPERATE and logic RUN when the bay
setup Is complete. The hydraulics should be brought slowly
in to verify proper operation.

6. To terminate, shut down hydraulics and then HALT computer.
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tAAMVLL Ur LUMPUTER RUN

OL,SAMP2,21
SAMP2 CI P1
LD
#G, 1000

ENTER LOGICAL UNIT FOR INPUT:
KEYBOARD - 2
HSPT READER x 4
2
ENTER NUMBER OF TERRAINS:
3
ENTER FILE NAME FOR TERRAIN NUMBER: 1
RO05
ROO5 DA P1

ENTER FILE NAME FOR TERRAIN NUMBER: 2
RIO6
RD06 DA P1

ENTER FILE NAME FOR TERRAIN NUMBER: 3
RO07
RD07 DA P)

TERRAIN INPUT COMPLETE

ENTER NUMBER OF BAYS:
I
ENTER NUMBER OF AXLES FOR BAY 1:
3
ENTER DISTANCE(FT) FOR AXLE 1:
7,'
ENTER DISTANCE(FT) FOR AXLE 2:
13.,
ENTER OISTANCE(FT) FOR AXLE 3:
17.5,
ENTER NUMBER OF PHASES FOR BAY 1:
3
ENTER TERRAIN,ANGLE(DEGREES),MPH,MILES,:
3,45., 10.,.25
COMPUTED FOR BAY 1, PHASE 1
44.75 DEGREES 10.00 MPH .25 MILES

ENTER TERRAIN, ANGLE(DEGREES),MPH,MILES,:
2,45.,20.,.25
COMPUTED FOR BAY 1, PHASE 2
44.75 DEGREES 20.00 MPH .23 MILES

ENTER TERRAIN,ANGLE(DEGREES),MPHMILES,:
1 ,45. , 30.,. 25
COMPUTED FOR BAY 1, PHASE 3
44.75 DEGREES 30.00 MPH .25 MILES

BAY SETUP COMPLETE
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pt' '. r *A t ffL fFLAVf

.7 7

37

SAMPLE O COMPUTER PRINTOUT C

SPACE: Milliseconds between datapoints

RUNS: Number of times terrain Is traversed

DELAY: Initial delay in milliseconds

111



IIl

DISTRIBUTION LIST

No. of Copies

Conmander
U.S. Army Tank-Automotive Research and

Development Command
Warren, MI 48090

ATTN: I
Chief Scientist, DRDTA-NS I
Director, Tank-Automotive Systems

Laboratories, DRDTA-R I
Director, Tank-Automotive Concepts

Laboratories, DRDTA-Z 1
Computer Simulation and Test

Methodology, DRDTA-RRS 10
Administrative Office, DRDTA-UA I
Systems Analysis Division, DRDTA-VS 1

U.S. Army Materiel Systems Analysis Activity
ATTN: DRXSY-MP
Aberdeen Proving Ground, MD 21005 2

Defense Documentation Center
Cameron Station
Alexandria, VA 22314 2

112



REPORT DOCMENTATION PAGE BEFORE COMPLETING FORM
I., REPOT NUMmBER - 12, GVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

12391
4. TITLE fand &Alj 10) S. TYPE OF REPORT & PERIOD COVERED

DIGITAL TERRAIN SIMULATION
6. PERFORMING ORG. REPORT MUMMER

7. AUTHOR(I) 4. CONTRACT OR GRANT NUMBER(s)

2nd Lt Steve Charles

9. PERFORMING ORGANATION NAKE AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

USATARADCOM 7 AREA A WORK UNIT NUMBERS

Warren, MI 48090

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATU
Comp Sim & Test Meth, DRDTA-RRS October 1978
Warren, MI 48090 13. NUND,"A OFPAGES

121
14. MONITORING AGENCY NAME I A.DRESS(it dliorma( from Gwoorotlng Office) II. SECURITY CLASS. (of 1hie troporf)

UNCLASSIFIED

ISa. DECLASSIPFICATION-TDOWNGRADING
SCHEDULE

"1S. DISTRIMUTION STATEMENT (of thin Report)

Approved for public release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ab.scird enterd In Block 20, II dllu•mt t•oro Reporl)

16. SUPPLE•,NTA•Y NOTES

IS. KEY WORDS (Continue on revotgo side it nocoecaary and Idemlify by block nimtbst)

Analog/Digital Computers
Simulation
Terrains

20, ABSTRACT (Continu, t.a wc. aide 1 necessary and identif. by block n•mi,•o• • Road profiles available for
digital terrain simulatbn at TARADCOM are cataloged. The terrain simulation
program for the PACER 1OO/EAI 580 Hybrid computer system is described.The
terrain simulation program was develo ped to better utilize the hybrid computing
system when it is required to run several vehicles over known terrains at dif-
ferent speeds for varying lengths of time. The operator can Interactively setup
the test environment or feed in a prepared paper tape. Terrains are stored on
disks and vary from profiles of actual test courses to synthesized forcing
functions. Development and operation of the program are described and possible
future refinements are exlaored..

DD JAN 73 1473 EDITION OF I NOV 65 13 ONSOLCT3 UNCLASSTFIED
3 rciJniTY CL ASIFICATION OF THIS PAGE (Whe t ODslo oIm rerd)

gj


