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Abstract

There is currently no value of survivability attributed

to an aircraft's reactive maneuver capability. In this ex-

periment, exposure to enemy ground threats for various levels

of information feedback to the aircrew were compared. This

was done in an attempt to isolate the maneuverability factor.

The Threat Model Penetration Simulation Analysis (TMPSA) model

produced by the University of Dayton Research Institute was

the penetration model used. The conclusion of this experl-

ment was that only order of magnitude differences in capabili-

ties can be captured with this model. It is recommended that

two simple changes be made to TMPSA. These changes would

allow more precise values for reactive maneuvers to be de-

1Lved.
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QUANTIFYING REACTIVE MANEUVERING

I. Introduction

The purpose of this research was to examine the problem

of quantifying aircraft maneuvering in response to electronic

warnings of ground based threats. The objective is to exa-

mine one approach to solving the problem of quantifying air-

craft maneuvering.

The research is limited to examining only bomber-type

operations. It is hoped that the methodology developed can

be extended to other aircraft by making the minimum number

of assumptions necessary to achieve the objective stated

above.

The EW Planning Process

Planning bomber operations begins with receipt of the

target list. In the case of the Single Integrated Operations

Plan (SLOP), this is prepared by the Joint Strategic Target

Planning Staff (JSTPS). Strategic Air Command then plans

aircraft sorties based on the targets on the list. In a

conventional war, targets are assigned by the theater commander.

In this instaiice, the bomber planners are cooperating with

the theater commander's staff to develop the operations plan.

Figure 1 shows generally how an electronic warfare (EW) plan

is developed.
1



Hardware

Tactics PECM

Fig. 1. iWo-mtber EW Planrnin,, Process



With the targets assigned, the planners must now deter-

mine a feasible route for the bomber force. The goal is to

achieve the objective, target destruction for- example, with

minimum losses. It is the responsibility of the Electronic

Warfare Support Division (ESM) to gather information on the

nature of the enemy's electronic defenses. The ESM staff is

usually part of the intelligence directorate. With the raw

data gathered by ESM operations, as well as other intelligence

sources, an enemy radar order of battle is developed. The

type of radars and their locations, functions, and character-

istics are determined or estimated. This intelligence esti-

mate is used to plan the aircraft routes. Known point de-

fenses, such as surface-to-air missiles (SAMS) and anti-

aircraft artillery (AAA), are avoided. Weaknesses in the

electronic defensive network are exploited. Some of these

weaknesses may be gaps in the radar coverage, low saturation

level of the local command and control net, and poor types of

equipment. Where electronic defenses must be penetrated,

detailed information on these defenses is made available to

the aircrews for study. With tentative routes established,

the Electronic Countermeasures (ECM) plan is prepared.

The ECM plan consists of determining what hardware and

tactics to use on the mission. The hardware is made up of

the aircraft selected fcr the primary mission and the air-

craft selected for support roles. Selection of the bomber

is based on performance characteristics, such as range and

speed, as well as ECM capabilities. Some bombers, such as

3



the B-52, have an assigned strategic mission. In this case.

the ECM equipment on the airplane is tailored to the strate-

gic mission. Some bombers do not have adequate built-in

ECM equipment. On some missions, even the extensive equipment

on a B-52 may not be sufficient to ensure a high probability

of success. In these cases, support aircraft may be included

as part of the plan.

Two examples of ECM support aircraft are stand-off jam

(SOJ) platforms and defense suppression aircraft. The SOJ

platform has a pure jamming and deception role. The SOJ air-

craft flies out of enemy weapons range and uses high powered

electronic equipment to jam and confuse enemy radio and

radar operators. The primary defense suppression aircraft

is called the Wild Weasel. The job of the Wild Weasel is to

find enemy radar controlled SAM or AAA batteries and destroy

them. Selection of the hardware depends on the tactics to be

used; and the tactics to use depends on the hardware. That

is, tactics and hardware are interdependent.

The ECM tactics employed are primarily dependent on the

type of operation. The timing of the SIOP is designed in

such a way that the bombers saturate the enemy's defenses in

one area, then fly individual routes to the targets. During

the initial phase of tha attack, the bombers support each

other electronically. As the bombers diverge, the individual

routes are designed to exploit enemy electronic weaknesses,

such as those mentioned above. Each aircraft must then be

prepared to defend itself. The self-protection tactics used4



are developed by determining what equipment the enemy has

and how he uses it, developing and testing new ECM equipment

or tactics to counter the enemy capability, and training the

crews to use the equipment and tactics thus derived (see

Figure 2).

This same process is followed to develop the equipment

and tactics for the use of massed bombers in a tactical

operation. In the case of a tactical operation, self-protec-

tion may not be part of the ECM plan. Many other tactics

are available. These ECM tactics include defense suppres-

sion, stand-off-jamming, chaff clouds or corridors, elec-

tronic confusion, and electronic saturation through the use

of decoys. Thus, the choice of tactics is based on the type

of operation, the hardware available, the routes chosen, and

the targets assigned. None of the criteria for electronic

warfare (EW) planning mentioned above is considered in iso-

lation. The routes, targets, hardware, tactics, and type of

operation are interdependent. Each is considered in light of

the others before the final operations plan is established.

The Problem

This description of EW planning is only an overview.

The interdependence of the planning factors coupled with the

growing diversity of the enemy's anti-aircraft equipment and

organization pose complex problems for the operations planners.

Many of these problems have been solved through the use of

computer models and simulations. Models have been devised to

measure the effectiveness of ECM equipment against radars of

5
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most types. Models for many different scenarios have been

developed, but none of these models has successfully included

reactive responses (Ref 1).

One of the specific problems of this genre concerns

determining a value, or modeling an aircrew reaction to a

perceived threat. Although the problem of how to model

maneuvers has been present in the past, recently it developed

a greater importance.

The increasing mobility of the Soviet anti-aircraft

forces is significantly complicating the job of operations

planners. All of the latest Soviet anti-aircraft equipment

is mobile (Ref 13:49). As a result of this mobility, a num-

ber of EW planning tactics are no longer as useful as before.

One of the main tactics of the EW planner is to avoid

enemy defenses. As a result of the enemy's mobility, the

planner is reduced to planning based on uncertain defensive

positions. Avoidance is not as credible a tactic in this

situation.

A second tactic, which is severely degraded by enemy

mobility, is exploitation of the enemy electronic defense

network. With a mobile air defense force, the enemy is cap-

able of filling gaps in radar coverage; and, he can move

equipment to locations where poorer equipment is operating.

Today's weak spot may be tomorrow's strong point. Thus, the

value of another tactic is reduced.

The last problem caused by the mobile defense concerns

the impact on the aircrews. Before the mobile forces were

7



deployed, the crew could study a mission and be well prepared

for the defenses to be encountered. Now The aircrew must be

prepared to counter any and every threat the enemy can field.

As a result of the above, most of the problem of de-

feating enemy defenses rests on the aircrew's reaction once

the threat is perceived. The planner's problem remains one

of determining the best application of the forces available.

This problem is complicated by a more dynamic battle situation.

The key factors of the problem of aircrew reaction to

perceived threats are the aircrew detecting the enemy radar,

the enemy radar operator identifying the bomber, and the sub-

sequent reactions of both sides in the ensuing battle. If

radar or some other electromagnetic device is not used, the

situation is not an EW problem and is beyond the scope of

this paper.

The aircrew detection and enemy radar operator target

identification pcocesses are two sides of the same problem.

When the radar detects the bomber, the radar orerator must

see the "blip" on his scope and determine that the blip re-

presents a bomber. Conversely, when the radar signal triggers

the electronic warning equipment on the bomber, the aircrew

must recognize the signal and the weapon type the radar sup-

ports. Although the problems of aircrew detection and radar

operator interpretation are beyond the scope of this paper,

the reaction times determined in the studies of these problems

can be used in the research model.

The second key factor of the problem is responses of the

8



operator or crewmember to the detection. The specific actions

of the radar operator are beyond the scope of. the paper,

except that they result in firing of a SAM or AAA.

The reaction of the aircrew can be active electronic

countermeasures, physical maneuvering of the aircraft, neither

of these tactics, or both of these tactics. Active electronic

countermeasures are jamming the enemy radar signal, dropping

chaff, and employing electronic deception techniques. Con-

sideration of these reactive tactics is beyond the scope of

this study. The problem of reactive ECM is an area that has

not been modeled as yet. It is a considerably more complex

problem than the problem to be addressed.

The second possible action available to the aircrew is

to maneuver the aircraft to minimize exposure to the ground

threat. This is an application of the avoidance tactic. As

stated above, the objective of this paper is to examine an

approach to solving the problem of quantifying the value of

reactive maneuvering. With this value determined, the plan-

ning staff will have a better understanding of how much force

will be necessary to achieve an objective.

Review of EW Modelin,

Modeling EW is a relatively new development. The intro-

duction of sophisticated radar-directed anti-aircraft weapon

systems by the Soviets resulted in the need to develop air-

borne systems that warn aircrews of the impending attack.

Other equipment was needed to deny the enemy radar operator

location information about the aircraft. Modeling and



simulating developed as tools to evaluate ECM equipment and

tactics.

one of the earliest comprehensive efforts at simulating

EW was the formulation and construction of' the USAF REDCAP

electromagnetic simulator in 1964-1965. The simulator was

capable of' evaluating ECM equipment against a single tracking

radar. More radar channels and a variety of' capabilities,

such as chaff' simulation, have been added to the simulator.

Today the system is capable of' simulating an entire air de-

fense region against an attack by hundreds of aircraft. This

simulator has been used extensively by the U. S. Air Force to

evaluate tactics, ECM concepts, and EW hardware (Ref 3:1-2).

The history of' the REDCAP simulator is a typical ex-

ample of' how simulation of' EW by digital computers has grown.

Today there are many models of air warfare which include EW

(Ref 1). However. none of' these models has adequately model-

ed reactive EW, including maneuvers (Ref 5).

A model, called the Threat Model Penetration Simulation

Analysis (TMPSA), was developed for the Air Force Avionics

Laboratory by the University of' Dayton Research Institute to

determine whether more accurate knowledge of threat location

by a penetrator would enable the aircraft to increase its

probability of survival. In the model, an aircraft seeks to

maximize its probability of survival given knowledge of all

threats lying within a certain distance (Ref 19:1-2). This

flight path generation model is a first step in putting a

value on maneuvers. The model accomplishes this by attempting

10



to minimize the amount of time the aircraft is exposed to

lethal enemy ground fire. This research effocrt proposes to

improve TMPSA as described above by refining the assumptions

and explicitly accounting for some uncertainties assumed to

be constants in the TMPSA model.

The Approach

The approach used is to compare feedback loops to deter-

mine a minimum lethality time. Feedback loops are informa-

tion flows. The specific loops used are described later.

The minimum lethality time is a function of the lethality of

a defensive system at various ranges and the amount of time

the aircraft spends within these particular weapon ranges.

In the postulated situation shown in Figure 3, the air-

craft must navigate from the starting point (S) to the finish

point (F). The aircraft track is denoted by the dotted line.

The solid parallel lines represent the corridor the aircraft

must remain within. When maneuvering is allowed, these re-

present the maximum lateral travel allowed for the bomber.

Each circle represents a fixed enemy SAM or AAA unit. Three

types are noted in Figure 3 as Ti. T 2, and T 3*The total

PM lethality time is computed by multiplying the amount of time

the aircraft is in each circle, which is a constant (At),

by th~e lethality of the circle ( T ~T pT The approach
kl' Pk2' Pk3

used in the TMPSA model is to divide the lethal radius of

the SAM or AAA battery into segments with an assigned proba-

bility of kill based on the range and azimuth of the aircraft

to the battery site (Ref 19:2). Figure 4 is an example of a
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site template used in TMPSA.

Three levels of feedback will be exarinEd. First, the

situation will be considered with no feedback. Next, a feed-

back loop will use the TMPSA model flight path generator to

determine the reaction with perfect information. The final

feedback loop will attempt to model manual reaction based on

less than perfect knowledge about the enemy defensive system

locations. The missions with these three levels of feedback

will be called the preplanned mission, the automatic mission,

and the manual mission.

The purpose of the preplanned mission is to determine the

total lethality time of the aircraft in the situation when no

knowledge of the threats is available to the aircrew. In

this situation, the aircraft is flown over its preplanned

route and its total exposure to lethal enemy weapon effects

is computed.

The preplanned mission will be constructed using the mis-

sion planning assumptions of an operational Air Force staff

against a random distribution of ground threats. As part of

the study of the unplanned mission, an additional unplanned

threat will be introduced. The new situation posed by this

threat will be examined to see how it changes the total leth-

ality of the penetration. The threat location will be changed

for each iteration of the model so the entire gamut of inter-

actions from collocation with other defenses to no overlap

of defensive fire can be examined.

The automatic mission will start with the same mission
14



as the preplanned, but as the airplane penetrates, the crew

is assumed to have perfect knowledge of where all threats are

once they come within the awareness range of the penetrator.

Again, the total lethality will be determined, but this time

the crew will be allowed to react based on the given infor-

mation. As a variation of the automatic mission, a second

set of lethalities will be computed for the case where small,

random range and azimuth errors occur, thus simulating sensor

limitations. In this variation the crew will no longer have

exact knowledge of the threat location. Both of these auto-

matic loops will use the flight path generator of TMPSA to

determine the aircrew reaction to the threat.

In the manual mission, the input to the crew will be

similar to the imperfect automatic loop. Crew reactions will

be modeled based on reaction times from studies of human

responses and the tactics prescribed by the major commands

for these type engagements. The result will be lethalities

as in the earlier cases.

This step-by-step approach to the problem should result

in a realistic value for aircraft reactive maneuvering. This

algorithm and the value it produces for maneuvering should

enable planners and decision makers to employ forces more

efficiently. An interesting result of determining the man-

euver value is that it provides a way of determining the value

of knowledge of enemy defensive locations. The emphasis of

the approach, however, will be to proceed in small incre-

ments to achieve the objective of quantifying reactive maneu-

vering. 15



Chapter II The Preplanned Mission

Introduction

The purpose of this chapter is to establish a control

model and scenario against which later refinements in the

model can be compared. To this end the relevant planning

assumptions used by the JSTPS will be outlined. Using these

assumptions, a route segment will be defined, a threat ar-

ray established, and the threat site template described.

With these parameters established, the first basic model will

be defined and run results shown. Finally, an additional

threat will be added to the scenario and the model will be

adjusted to treat this threat as havirg an uncertain loca-

tion. This second basic model will serve as the control model.

JSTPS Planning Assumptions

The JSTPS attrition methodology Epplies the threat mod-

el to the penetrator on a one-on-one basis. The output of

each engagement is a probability of kill (PK) of the pene-

trator. These probabilities are then combined in series to

yield a probability of arrival (PA) at any particular point

along the penetrator route. The computation is accomplished

as follows:

PA = (1-P K I )(1-PK2)...(l-PKN) (1)

for N threats encountered (Ref 17:3-J4). In Chapter one, it

was stated that cor.arison between the control model and the

16



modified models would be based on the lethality time. Since

the JSTPS model determines a probability of arrival, these

two approaches must be reconciled.

The JSTPS attrition model computes a probability of kill

(PK) for each threat site encountered. The PK is a function

of the probability that the threat successfully 1) detects

and tracks the penetrator (Pd) , 2) fires its weapon (Ps), and

3) the weapon, missile or AAA rounds, cause lethal damage to

the penetrator (Ref 17:8-10). Mathematically this is:

PK =  (Pd)(Ps)(Pk)

Time is treated by determining how many shots (N) the site

can make before the penetrator is out of enemy weapon range.

This computation considers the geometry of the penetrator and

threat site engagement, and the ability of the threat site

to reengage the penetrator (Ref 17:11). This results in

the PK formula being revised slightly.

= (Pd)(Ps) l1Pk)n]

When all PK s are derived for the aircraft route, Equation 1

is used to compute the probability of arrival.

The TMPSA methodology is different in the way it treats

time and in the resulting output. Each threat site template

has a probability of kill for each segment. These probabili-

ties are static probabili.ties which are functions of the range

and azimuth of the penetrator to the site (Ref 19:2-5). The

TMPSA program sums all the kill probabilities for all sites

within whose lethal ra-re t he aircraft is located (PKT).

17



Then the incremental lethality time, called exposure E),

is determined by:

6E = PKT 6t

where At is the time increment. Total exposure E over an

entire flight path is then:

E =: N(PKTN 6t

where N is the number of time increments in the flight path

(Ref 20:3-4).

The lethality time and the probability of arrival are

determined by the same inputs. However, the TMPSA methodo-

logy considers the penetration problem using a fixed time

increment. The JSTPS methodology is event oriented where time

is a subroutine. The result is that TMPSA produces a scalar

output (probability X time) and the JSTPS model produces a

probability output (probability). The TMPSA result is a

lethality time that is inversely related to probability of

arrival (Ref 20:1).

Mission Segment Definition

For this research, a route segment was constructed based

on the start and finish points, the track the aircraft flies,

the distance from start to finish on track, and the speed of

* the penetrator. The symbols and their defini+ions for con-

structing the route segment are noted below.

XI = the starting point for the aircraft and the zero

time location.

18
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XF =the finish point for the aircraft and the run ston

time.

T =a straight line between XI and XF representing the

penetrator track.

Any point on the ground can be measured from a point on the

track by noting distance and angle measured clockwise from

the track. Thus, along track is zero degrees. Although

not too important in this model, it will have more meaning

in later developments.

D = distance measured in kilometers between any two

points on the ground.

VMNT' = speed of the penetrator. In this model, the

speed will be constant.

The last two parameters need further definition. The

route segment is set at 100 km and the speed of the penetra-

tor will be set at 350 knots. The length of the route seg-

ment was set arbitrarily. The sensitivity of the model to

route length will need to be examined later. The penetrator

speed represents a common B-52 low altitude training speed.

As noted in Chapter one, bombers are being modeled. This is

sufficient for this model, however, later model development

will require specifying minimum and maximum speed limits.

With the route segment defined, the threat array must be set.

Threat Array Determination

For this model, an artificial threat array is generated

and threat system parameters will be arbitrarily selected.

19



However, for planning an actual bomber sortie, this would

obviously be unnecessary. Having noted These caveats, the

threat array determination method is outlined below.

A three-step method was used to establish the strate-

gic (ie. fixed site) threat array. First, a corridor on each

side of the penetrator track was set based on the maximum

threat range. For this model, all threats represented the

same weapon system. Next, a grid system was devised as a

way of locating points on and around the route. Finally,

ten random numbers were selected to locate each threat on

the grid system.

Since the corridor limits depend on the range of the

threat system in this model, the first step was to determine

the threat range. In this case, the threat range was arbi-

trarily set at 10 km. The corridor width was selected to be

20 km (10 km on each side of track). For this corridor, a

grid of one kilometer by one kilometer squares was considered

appropriate. To establish the ten threat locations, ten ran-

dom numbers were selected from the CRC Standard Math Tables

(Ref 2:545). Lines one through ten of column eight were

selected as the random number stream. The first two digits

were taken as the x coordinate. The middle digit was ignored.

The y coordinate was determined by the last two digits. The

fourth digit was reduced to a zero or one. If the fourth

Idigit was even, the digit became a zero, if odd, it became

a one. The revised fourth digit and the fifth digit repre-
setdteycodnt e.7 rnltdt 5ad8
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translated to 0,25). Table 1 shows the random numbers and th3-

x and y coordinates derived. It later became evident that

threats were needed outside the corridor. For this reason,

another 27 random numbers were selected from the CRC 7ables,

column 7. The grid was expanded to include a distance equal

to the awareness radius from each corridor at 25 km. In

effect, the grid was now 70 km by 100 km. To establish each

plotted position, the random number was divided as before.

The first two digits represented the x coordinate. The miJd-

die digit was ignored. The y coordinate was more difficult

to compute. If the fourth digit was zero through four, it

was not changed. If it was five through nine, five was sub-

tracted. If the last two revised digits were greater than

25, then 20 was added to the number to obtain the y coordi-

nate. Otherwise, the last two digits are the y coordinate.

Figure 5 is a plot of the final array. The final step in

building the basic model was to define the threat template.

Threat Template Defined

The threat template represents the lethality of the

threat system by range and azimuth of the penetrator from

the threat site. The lethal radius of the threat system is

* divided into segments with an assigned probability of kill

(),as shown in Figure L (see Chapter one). As an air-

craft transits a segment, the total lethality time of the

penetrator is incremented by the segment P K for each incre-

ment of time the penetrator is in the segment. Each segment

P Iin other words, represents lethality as described earlier

21
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TABLE 1

Random Threat Site Location

Site Number Random Number Coordinate
x

1 14194 14 39
2 53402 53 27
4 5433 24 42
3 24830 24 35
5 81305 81 30
6 70659 70 44
7 18738 18 43
8 56879 56 44
9 84378 84 43

10 62300 62 25

12 69179 69 49
13 27982 27 52
14 15179 15 49
15 39444 39 64
16 60468 6o 18
17 18602 18 02
18 71194 71 64
19 94595 94 65
20 57740 57 6o
21 38867 38 17
22 56865 56 15
23 18663 18 13
24 36320 36 20
25 67689 67 59
26 47564 47 14
27 60756 60 06
28 55322 55 22
29 18594 18 64
30 83149 83 69
31 76988 76 58
32 90229 90 49
33 76468 76 18
3 4 94342 94 62
35 45834 45 54
36 60952 60 02
37 66566 66 16
38 89768 89 18
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in this chapter.

For this research, the threat template used was exact-

ly the same as the template shown in Figure 4. The segments

are two kilometers deep and subtend a 45 degree arc. The

segment PK 's are for a hypothetical terminal ground defense

site. With the site template parameters set, we now turn

our attention to the computer program to run the basic model.

The Basic Model

The computer program for the basic model is the TMPSA

program. A copy of the program is in Appendix A. All vari-

ables are identified in this program listing.

The results for the basic model are shown in Appendix C.

The most important result is that total exposure equals 63.99.

The Control Model

The control model represents the no-feedback case. The

other models developed will be compared to the results of

this model.

There are only two changes to the input required. The

number of threat sites is increased to eleven (NSITE = 11).

With the increase in sites, another location is required.

Using the same technique described earlier, the random num-

ber 56865 was selected from the CRC, line 11 column 8 (Ref

2:545). Since this site is not static, a range of locations

is needed. It is noted that the only variability this new

threat poses in this situation is with respect to the threat

offset from the flight path. Thus, the x coordinate was
24



taken as 56 and the y coordinate was varied from one corridor

limit to the other. The program output is in Appendix C.

The run results are shown in Table 2.

TABLE 2

Control Model: Total Exposure Table

Mobile Threat Location Total Exposure

56.00 27.5 67.87

56.00 30.0 80.00

56.00 32.5 80.43

56.00 35.0 79.48

56.00 37.5 80.43

56.oo 40.O 8O.OO

56.00 42.5 67.87
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Chapter III The Automatic Mi-on

Introduction

In this chapter, results are presented for the case

where the TMPSA program was used to determine the flight

path through the threats. This is the opposite extreme situ-

ation from Chapter two. Thus, in this chapter we assume per-

fect knowledge of threat locations in determining the air-

craft flight path. The previous chapter assumed no know-

ledge of threat locations.

The TMPSA program includes the capability to be used as

the flight path generator. The procedures for determining

the exposure were the same as used in Chapter two. The dif-

ference in using the full power of TMPSA is the ability of

the program to choose among alternate routes. This is accom-

plished by the program through a change of the input data.

The procedure requires input of the aircraft speed (VMN)

required to reach the finish point on schedule. It is im-

portant to note that VMN is the constant x component of the

velocity. Next, the maximum speed (VMX) for the aircraft is

input. This implies that the aircraft cannot deviate from

the centerline of the corridor by an angle greater than:

Arccos V'N

If a deviation of greater than Vis allowed, VMN would no

longer suffice as the x direction velocity component. The

third bit of information rrquired is the awareness radius (R).
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This is the maximum distance at which the aircraft becomes

aware of the threat. Figure 6 shows the resulting geometry

(Ref 19:4).

Fig. 6. TMPSA Wedge Geometry (1)

The next step was to divide rinto a number of parts

(J) which is input. This results in 2J + 1 rays emanating

from the current aircraft location (x, y). Each ray is then

subdivided ino a number of steps xI , x2, ..., xN. (Ref 19:9).

Figure 7 illustrates this situation.

pL

Fig. 7. ,FSA Wedge Geometry (2)
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The TMPSA program computes the exposure along each of -,he

2J + 1 rays through N steps, then selects the ray with the

minimum exposure. The aircraft position is moved one step

along that ray and the position and exposure are updated.

Then the process is repeated (Ref 19:9).

The program makes two tests to keep the aircraft within

specified limits. The corridor test ensures that the air-

craft does not stray beyond the corridor limits. This is

accomplished by eliminating any ray from consideration which

would cause the aircraft to make its next step out of the

corridor. The second test is the "wedge" test to ensure that

the aircraft arrives over the finish point. This is accom-

plished by determining the maximum lateral distance the air-

craft can be from the centerline and still reach the final

point assuming flight at maximum speed. For the wedge test,

note the geomretry in Figure 8. If the aircraft is allowed to

travel into the shaded area, it cannot maintain a constant

x direction velocity and reach XF on schedule. Therefore,

any ray causing the aircraft to step out of the wedge is eli-

mninated.

Fig. 8. TMPSA Terminal Wedge Geometry 'orid~

Automatic Input

Two cases were considered for perfect knowledge. In the
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first case, the qwareness radius is set to 25 kilometers,

the maximum number of steps the program can hold. This was

done so that each step would equal one kilometer, thus the

output would be comparable with the control model output.

In the second case, the awareness radius was set at 100 kilo-

meters, thus allowing the aircraft the capability of select-

ing its path based on knowledge of all threats in this scenar-

io. This results in a four kilometer step size. The maximum

speed allowed in both cases was 390 knots (722 km/hr) (Ref 18).

The number of rays considered was eleven. This is the max-

imum capability of the TMPSA program.

Automatic Run Results

The run results for the two cases of the automatic mis-

sion are shown in Table 3.

TABLE 3

Automatic Model: Total Exposure

Mobile Threat Location Case 1 Case 2 d

x y 1 KM Steps 4 KM Steps

56.0 27.5 42.16 67.31 25.15

56.0 30.0 48.17 78.29 30.12

56.0 32.5 50.01 62.27 12.26

56.0 35.0 50.36 62.67 11.91

56.0 37.5 53.98 69.20 15.22

56.0 40.0 40.41 64.78 24.37

56.0 42.5 36.44 60.38 23.94

Note that the results for the two cases described above follow

a similar trend. A paired t-test indicates that there is a
29



statistical difference between the two results at the 95 per-

cent confidence level. The column labeled u is the differ-

ence between the second case and the first. Let D = n dipence

2n 1
and compute sd, the sample variance.

2 ~_(di)2 n
d n

n -

where, n = the number of d. 's. For the data in Table 4, we
2

obtain: D = 20.42, sd  51.75, n = 7

The null hypothesis is that the mean of the deviations (d)

is zero. The test statistic is:

to =D/ D2/n7 = 7.510

The tabulated t for a two-tailed test with 95 percent con-

fidence and six (ie. n - 1) degrees of freedom is, t = 2.365

(Ref 9:477). The rejection criteria for this test is, reject

if Jto(> t (Ref 9:267,269). Clearly, the hypothesis is re-

jected. Since step size causes a significant difference in

exposure, the step size will be held constant throughout the

experiment, if possible.

The above discussion concludes this section on perfect

knowledge of the threat locations. In the next section,

exposure is examined wher. perfect knowledge is not available,

for example, due to sensor limitations, but an automatic

flight path generator is used.

Uncertainty of Location

Due to the complexity of the geometry between the threat

30



sites, their templates, and the aircraft, the problem of

uncertainty is resolved using simulation. "he measurement

of range and azimuth is simulated by adding zero-mean, normal-

ly distributed noise terms to the actual range and azimuth.

The procedure for accomplishing this is described below.

The algorithm is included as part of the TMPSA program in

Appendix B.

The algorithm used by the program to accomplish the

randomization of the site location with respect to the air-

craft is based on changing the statistical scale. The algo-

rithm begins with selection of a series of random numbers,

R., from a uniform distribution between zero and one. A
j

unit variance is generated by:

12
NA L R.- 6

The result approximates a sample drawn from a truncated nor-

mal (0,1) distribution (Ref 12:90-95). Multiplying the sample

by the standard deviation yields a noise term In effect,

the multiplication spreads the normal distribution. The

noisy azimuth measurement becomes:

where, q1 is the noisy azimuth measurement to the kth site,

ak is the actual azimuth measurement to the kth site, and

is the standard deviation of the azimuth measurement

(Ref 20:6). The addition results in the normal distribution

being moved frcm zero to the actual azimuth.
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The noisy range measurement is determined by:

r' = rk + rk Or NR

where, r is the noisy range to the kth site, rk is the

actual range to the kt h site, G"r is the standard deviation

of the normalized range measurement and N_ is a normally

distributed random variable with unit variance generated

the same way as NA (Ref 20:7).

The location from the aircraft for site k is deter-

mined by the relationships above, ie.

xi= xn + rj o (kI  n k cosk

= Yn + rk sin

where (xn ,Yn ) is the aircraft location. This computation

results in an estimate of the site location for one measure-

ment.

Clearly, if a large number of measurements were taken

and averaged, the limiting condition would be to have per-

fect knowledge of threat locations. In actual fact, time

is available to take only a finite number of measurements.

The question then is how many measurements can a processor

handle in the time it takes to make each step. The proce-

dure to estimate this was to define the processing time per

measurement, and the distance per step and speed in the x

direction. Dividing the distance by the speed and then

dividing this result by the processing rate will yield the

number of measurements per step.

The last problem to be solved is the determination of

the number of simulation runs required. Since there is

32



uncertainty as to the standard deviation of the exposure

for each run and the feasible range of the possible stand-

ard deviation, a formulation for the number of runs is:

(Z / 2 ) 2- 2

(0 /b) 2

where, n is the number of samples, Zc/2 is the risk to be

taken (ie. ZC(/2 is the two-tailed standard normal statistic

for the level selected), and + is the interval about
- b

the mean in which the sample value will lie between

100 (1-0) percent of the time (Ref 16:188).

This ends the discussion of the formulation for the

case with uncertain threat location. In the next section,

actual parameters to be used are presented.

Uncertain Location InDuts

The first inputs necessary for the simulation are the

standard deviation of the range and azimuth (a- and o ).
r

In an earlier study using TMPSA it was determined that expo-

sure increased greatly when Gr >- 0.15 and 5;> 5 degrees

(Ref 20:13). These critical values will be used. An

argument will be offered later that sensitivity analysis

of these parameters is unnecessary.

The next input parameter needed is the number of

measurements per step. Assume one second is required for

each measurement. The aircraft in this model is travel-

ing at 648 kilometers per hour at one kilometer per step in

the x direction. Therefore, the processor is averaging more

than five measurements per step. Obviously, the number of
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measurements per time is sensitive. The time of one second

per measuremr t is slow for modern processorE, and is

therefore, a conservative assumption (Ref 8:E-3)(Ref 15:9).

It is further noted that for ten or more measurements the

exposure rate converges rapidly to a low value (Ref 20:13-16).

It is by this same set of circumstances that it was shown

that the exposure becomes fairly constant for a suitably

large number of measurements (Ref 20:13-16). Thus sensi-

tivity analysis of O-r and r is unnecessary.

The formula for determing the number of runs indicates

that 16 runs would be needed (rounded up from 15.37) to

have a 95 percent probability that the average exposure

over those runs will lie within the interval + where

is the true average exposure, and b = 2. Since this is a

very broad range, these initial runs are used to determine

a sample standard deviation (s). This statistic and the

t statistic are then used to derive another number of runs.

In this case, the number of runs is determined by:

t2 s
2

n d2

where, t is the tabulated t value for the desired confidence

level (W), and the degrees of freedom of the sample runs,

s2 is the estimate of the variance obtained from the sample

runs and d is the half-width of the confidence interval

specified (Ref 16:189).

Run Results with Uncertainty

rhe results of the first sixteen runs are shown in
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Table 4. The cumulative exposure and standard deviation are

indicated.

TABLE 4

Average Exposure: 16 Runs

Total Cumulative
Ru, Exposure Average Exposure Standard Deviation

1 55.07 55.07

2 55.61 55.34 .382

3 60.38 57.02 2.922

4 56.94 57.00 2.386

5 54.62 56.52 2.325

6 54.08 56.12 2.306

7 55.48 56.02 2.119

8 58.57 56.34 2.158

9 54.89 56.18 2.076

10 57.51 56.32 1.002

11 58.32 56.50 1.993

12 55.36 56.40 1.928

13 54.80 56.28 1.899

14 55.72 56.24 1.831

15 55.46 56.19 1.776

16 58.18 56.31 1.786

Clearly, the average exposure is converging to a value

around 56. To compute the average exposure within t 0.5,

however, with a 90 percent confidence requires n runs.

t 2s 2

n =d

The t statistic is the t value for 15 degrees of freedom

and 0(= 0.1. This equals 1.753 (Ref 9:477). From Table 4,

35

*,1



s equals 1.786, And d is the interval of ±0.5. Therefore,

~~(1.753)2(i 76 2

n = 3(.786) 39.2
(.5)2

By making 40 runs, it can be stated with a 90 percent cor-

fidence that the actual average exposure lies between plus

and minus 0.5 of the computed value. Table 5 shows the

average results for each case of 40 runs. The computer out-

put is in Appendix C.

TABLE 5

Uncertain Model: Total Exposure Table

Mobile Threat Location Average Exposure Standard Deviation
x y

56.0 27.5 44.0 3.7

56.0 30.0 52.5 4.2

56.0 32.5 51.8 3.5

56.0 35.0 52.3 3.7

56.0 37.5 56.0 3.7

56.0 4o. 44.4 3.4

56.0 42.5 38.8 3.7

This completes the discussion and data collection for

the automatic model. In the next chapter, some of the com-

plexities of the human and machine interactions used to model

the manual mission are introduced into the model.
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Chapter IV The Manual Mission

The manual mission involves more specific modeling of

the human factor in the experiment. First, an overview of

human reaction time theory is presented. Next, current air-

crew interactions are described, and the complexities of these

interactions are discussed. From this a simplified aircrew

reaction model is developed. Finally, this model is used

to modify the TMPSA input data. The revised input is run

using TMPSA, as shown in Appendix B, and the output derived

will parallel the results of Chapters two and three.

Overview of Human Reaction Time Theory

There are currently two principal theories to describe

human response times, the additive component theory and the

variable criterion theory (Ref 6:431).

The older, additive component theory traces its origins

to the experiments of Donders during the mid 1800's (Ref 14:2).

One of the most recent applications of this theory is the

method of convolution (Ref 10:3-4). Using this method,

Kohfeld and Nullmeyer identified three component stages of

response time; sensory-detection, stimulus identification,

and response execution (Ref 10:11). The main contention of

this theory is that these stages occur consecutively rather

than simultaneously. Thus, the components are additive in

nature.

The variable criterion theory was first proposed by
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Grice in 1968 (Ref 14:4). In its present form, the theory

postulates that "response evocation will result when the

combined strength of the (sensory) processes satisfies a

decision criterion." (Ref 6:431). For a simple reaction

time experiment, sensory growth occurs with respect to time

in a negative exponential fashion until it reaches the cri-

terion. The criterion is described as a normal distributed

random variable. At the point where excitatory strength

reaches this momentary criterion level, a response occurs

(Ref 14:8). A basic premise of this theory is that reac-

tion time need not and should not be broken down into com-

ponent parts to be described. This theory holds that the

components vary from completely overlapping to no overlap-

ping and therefore cannot be summed accurately.

Irrespective of the theory used, there are a number of

factors which affect reaction time. The most important of

these factors are noted as follows:

a. The sense used.

b. The characteristics of the signal.

c. The complexity of the signal.

d. The signal rate.

e. Whether or not anticipatory information is provided.

f. The response characteristics of the body member used.

(Ref 11:228).

These factors will be used to build the simple aircrew re-

sponse model.

First, however, a description of a current bomber
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aircrew interaction is presented. This relies heavily on

the author's seven years of experience as a E-52 Electronic

Warfare Officer (EWO).

Description of Current Bomber Crew Procedure

The simplest engagement is the one-on-one situation.

In this case, the engagement begins for the aircrew when any

crewmember detects a threat. Under normal circumstances, the

EWO will detect a radar directed threat first on ECM re-

ceivers. Information about the relative location of the

threat is passed to the rest of the crew. If the threat is

immediate, the pilot will attempt to maneuver the aircraft

to avoid being hit while the EWO applies electronic self-

protection measures. If more time is available, the navi-

gator may become involved. Based on the relative location

transmitted by the EWO, the navigator will attempt to identi-

fy the threat from among the known enemy threats in the area.

Then he will direct the pilot to follow a course which

enables the bomber to avoid the lethal envelope of the threat.

Although the procedure is fairly simple to describe,

the possible interactions result in a virtually infinite num-

ber of possible aircraft maneuvers. Variables include the

time it takes the EWO to detect and identify the threat, the

time it takes him to transmit this information to the rest

of the crew, the time it takes for the pilot to "detect" the

EWO's message, and finally, the specific maneuver the pilot

chooses to make. These variables do not even consider the
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time required to react if the navig-atcr is involved in the

process. In the next section, a much simpler model is de-

veloped. Its purpose is to include the man in the loop of

the TMPSA program.

Simplified Crew Procedure

To simplify the crew reaction model, the following

scenario is used. Aircraft sensors receive the threat radar

emissions. This information is processed using an algorithm

- like TMPSA. The output is then passed in the form of a digi-

tal readout to the pilot. The pilot is prompted to respond

by observing the heading readout. He responds by making an

input via the aircraft controls. Then, the aircraft mecha-

nical response follows.

As noted earlier, the hardware sensing-processing time

is assumed to be one second (see Chapter three). The crew-

member response time to a visual prompt is on the order of

0.2 second (Ref 11:229) (Ref 7:305,307). However, for tasks

such as the simple response outlined above, the maximum

rate of response is two to three per second (Ref 11:231).

These are mean times drawn from the probability distribu-

go tions for reactions as described earlier in this chapter.

They are sufficient for the purpose of this study. Assuming

a conservative two responses per second reaction rate, the

pilot can keep pace with the sensor-processor, except there

will be a half second laf-.

Another lag occurs when the mechanical input of the
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pilot is translated into aircraft movement. The first part

is the aircraft response time. The second part is the time

it takes the aircraft to complete the turn. The mechanical

response time is considered a constant for like aircraft

while the turn time is based on the aircraft turn rate and

angle through which the aircraft must turn. Continuing use

of the B-52 data, the mechanical response time is on the order

of a half second (Ref 4). The time required to complete a

turn is a function of the angle of bank, the altitude, and

the speed of the aircraft.

Another way to view the simplified crew procedure is

to consider actions along a time line (see Figure 9). The

action starts with the sensor picking up a threat signal.

After one second, a heading readout is displayed for the pi-

lot. The pilot reaction time is a half second. Finally, it

takes a half second for the mechanical translation of the

pilot's input to start the aircraft turning and a certain

amount of time to complete the requirEd turn.

If the readout changes during this time, it is assumed

the pilot would be too preoccupied to notice. In that case,

the next cycle begins when the pilot rolls out on the first

indicated heading. Thus, the delay is actually only the

time required for the pilot and aircraft to react to a new

heading. During that reaction, another heading is being pro-

cessed. Figure 9 shows these simultaneous actions.

Manual Model Inputs

To make the results _i' the manual model comparable with
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the control model, it is necessary to minimize the changes to

the input data. The method used is to deermine how quickly

the man-machine system can react. Assuming that the aware-

ness radius (R in the model) remains 25 km, the size of each

step (DX), the number of steps in the awareness radius (NSEG),

and the number of measurements for each reaction (NM) can be

computed.

Figure 9 shows how the event chain occurs. Figure 10

below portrays this event chain as a cycle.

Detect -Crew Aircraft Control
Response Response

T mTime

Fig. 10. Penetrator Response Cycle

In the previous section, the crew response time was assumed

to be a half second, and aircraft mechanical response time

was stated tc be a half second. The turn time must be deter-

mined.

As noted earlier, the airspeed, altitude, and bank angle

of the aircraft determine the level rate of turn. In this

model, the altitude and airspeed are constant. The alti-

tude is about 1,000 ft, and the airspeed ranges from 350

knots to 390 knots. The maximum turn _Kfor this scenario

is computed by:

minimum speed "
maximum speed = cos

Using the airspeeds above, ' = 26.2 degrees.

The only variable left is the angle of bank. At low
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altitude, the normal angle of bank used by the B-52 is

12 degrees to 15 degrees. However, a turn .f up to 30 de-

grees is possible, but hazardous (Ref 18). The fastest rate

of turn for 30 degrees angle of bank is at the slower air-

speed (ie. 350 knots). The maximum turn rate is 1.8 degrees

per second at 350 knots, 1,000 ft altitude, and 30 degrees

angle of tank (Ref 18). Therefore, to complete the 26.2

degree turn, the shortest time is 14.5 seconds. This repre-

sents the minimum time for the maximum turn. It is possible

with the TMPSA program for the aircraft to turn from a max-

imum heading of +r to a maximum heading of thus cover-

ing 2r degrees. Since this represents a rather violent

maneuver, it is assumed that extraordinary measures such as

this would be accomplished by exceeding the assumed parame-

ters of the scenario. For this reason the 14.5 second turn

time will be used. Also, any smaller turn can be made in

this time using a shallower, and thus safer angle of bank.

Therefore, this is used as the turn time constant.

The total response cycle is a half second for crew re-

sponse, half a second for aircraft mechanical response, and

14.5 seconds for completing the maieuver. The sum of these

is 15.5 seconds.

The size of each step is a function of the airspeed

(in the x direction), and the total response time. That is:

648 km/hr (15.5 sec ) 2.79 km
3,600 sec/hr response response

In the TMPSA program this is DX.
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Since the awareness radius (R) is kept at 25 kilometer-,

the number of steps (NSEG) in the awareness radius is:

D XE G o r 2 .7 9 = N S E G a n d N S E G = 9 b y c h o o s i n g

DX=NSEG orNSEG

the closest integer.

The last piece of information needed is the number of

measurements per step (NM). This is the number of measure-

ments which can be processed during each response cycle.

NM is computed by:

(15.5 seconds/response)(1.00 measurments/second) =

15.5 measurements/response (round down to the nearest integer).

To summarize, the inputs for the manual mission are:

R = 25
NSEG = 9

NM = 15

Run Results

To be comparable with the results in Chapters two and

three, the TMPSA program was run through forty iterations for

each position of the mobile threat. The output is in Appen-

dix C. The results are summarized in Table 6.

-- I. " '--_ i 1. . .. . - ..45



TABLE 6

Manual Mission: Total Exposure Table

Mobile Threat Location Average Exposure Standard Deviation
x

56.0 27.5 34.6 4.2

56.0 30.0 46.8 4.4

56.o 32.5 44.3 3.2

56.0 35.0 44.6 3.6
56.0 37.5 48.7 3.8

56.0 40.0 39.0 3.5

56.o 42.5 30.5 3.4
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Chapter V Results and Analysis

Results

In this chapter, the results of the missions described

in Chapters two through four are tabulated and analyzed.

Table 7 summarizes the results for all four mission types.

TABLE 7

Summary Results Table

Exposure
Index Threat Control Automatic Uncertain Manual

i y-coordinate

1 27.5 67.87 42.16 44.0 3.7 34.6 4.2
2 30.0 80.00 48.17 52.5 4.2 46.8 4.4
3 32.5 80.43 50.01 51.8 3.5 44.3 3.2
4 35.0 79.48 50.36 52.3 3.7 44.6 3.6
5 37.5 80.43 53.98 56.0 3.7 48.7 3.8
6 40.0 80.00 40.41 44.4 3.4 39.0 3.5
7 42.5 67.87 36.44 38.8 3.7 30.5 3.4

The general structure of these results is intuitively

appealing with the exception of the manual mission results.

Figure 11 shows what one could intuitively expect to occur.

As the level of feedback increases from no information on the

left to much accurate information on the right, exposure de-

creases.

Information Accuracy Increases

Exposure Decreases

Expected: CONTROL MANUAL UNCERTAIN AUTOMATICI I

Fig. 11. Accuracy vs. Exposure Line
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In the following sections, each step used to develop th

final results is explained. How the changes in input affected

the exposure is interpreted. Finally, comments are made to

explain how much of the exposure change is attributable to

the input change.

From this discussion, the reason for the counterintui-

tive mission results is explained. With the reason for this

anomoly explained, the manual mission results are adjusted,

then an analysis of the differences between the manual and

control missions is accomplished to find the value of reac-

tive maneuvers.

Control to Automatic

The only change in the input data between the control

mission and automatic mission is the maximum speed. The maxi-

mum speed used for the control mission is 648 kilometers per

hour. Since the minimum speed is also 648 kilometers per

hour, the penetrator can only travel down the center path.

This simulates no feedback to the aircrew of the status of

enemy defenses. The maximum speed for the automatic missic-i

is 722 kilometers per hour. Taken with the other input data,

this situation simulates accurate and timely information reach-

ing the crew. The crew is thus able to choose the flight path

using the TMPSA algorithm to find a flight path which reduces

total exposure.

The total exposure declined in absolute and relative

terms as shown in Table 8.
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TABLE 8

Control/Automatic Mission Differences

Exposure
i Control Automatic dli Ali

1 67.87 42.16 25,71 0.38
2 80.o0 48.17 31.83 0.40
3 80.43 50.01 30.42 0.38
4 79.48 50.36 29.12 0.37
5 80.43 53.98 26.45 0.33
6 80.00 40.41 39.59 0.49
7 67.87 36.44 31.43 0.46

In Table 8, dli = Control. - Automatic.•

Ali = dli 4- Control i

The average relative exposure difference (A1) is.

n
i1  A li for all values of i
n1=1

For the data in Table 8, A1 = 0.40. The standard devia-

tion ( Oi) is 0.06. The variance (S2) is computed as de-

tailed in Chapter three and 0'i is the square root of S 2

Sd.

It would appear from the above analysis that the effect

of accurate knowledge of threat locations decreases exposure

by about 40 percent. The relatively wide dispersion of these

results seems to indicate that the scenario itself is a factor.

Automatic to Uncertain

Two changes were made in the input data in going from

the automatic mission to the uncertain mission. The first

was to change the standard deviations of the range and azi-

muth measurements from zero to 0.15 times the actual range

and 5 degrees respectively. The effect is to introduce
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uncertainty into the location of the threat sites. The seccnd

change between the automatic and uncertain missions was to

average a number of range and azimuth measurements of a site

before a location for that site is estimated. This has the

effect of reducing the measurement uncertainty by the averag-

ing process.

The net effect of these two changes is to cause the

TMPSA flight path algorithm to make choices based on less

than perfect information. Table 9 shows the increase in

exposure that resulted from this uncertainty. In Table 9,

d2 i = Uncertain i - Automatic i

A2i = d2i Control.i

For the uncertain mission, the mean values are used.

TABLE 9

Automatic/Uncertain Mission Differences

i Uncertain Automatic d2i A2i

1 44.0 42.2 1.8 .026
2 52.5 48.2 4.3 .054
3 51.8 50.0 1.8 .022
4 52.3 50.4 1.9 .024
5 56.0 54.0 2.0 .025
6 44.4 40.4 4.0 .050
7 3B.8 36.4 2.4 .035

2 = .034 = .013

The above analysis indicates that there is about a

three and a half percent decrease in exposure that can be

directly related to the accuracy of measurement of threat

location. Again, a wide variance suggests the scenario is
50



a significant factor.

Uncertain to Manual

Two changes were made in the input data in going from

the uncertain mission to the manual mission. The number of

measurements of each site to establish a location was in-

creased. The result of this change is to decrease the un-

certainty in locating threats. The second input change was

to decrease the number of steps in the awareness radius.

Since the awareness radius was not changed, the effect is

to take larger steps. As noted in Chapter four, the step

size changed from one kilometer per step to about 2.8 kilo-

meters per step.

This was not considered significant until the results of

all missions were compared in Table 7. Careful consideration

of the model dynamics offers a logical explanation. First,

the locations of the threats are more accurately known be-

cause more measurements are being taken. Second, the in-

creased step size is significant because it is larger than

the depth of site template segments. This allows the air-

plane to step completely over the worst probability of kill

segments without incurring a commensurate exposure penalty.

Figure 12 shows how this can occur. Note that path A is a

shorter path and still keeps out of the segments with large

probabilities of kill.

A correction factor of 6.3, derived as shown below, was

added to all of the manual mission values to establish a
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revised manual mission exposure. This revis~ed manual missicn

output is then compared with the uncertain output in the next

section.

The correction factor was derived by showing the depend-

ence of exposure to step size. To do this 40 simulations

were run for each value of the mobile threat site (7) and

for five step sizes. This resulted in 35 data points. The

F raw output is in Appendix C. Figure 13 summarizes these re-

sults. Smooth curves are drawn in for each of the seven

scenarios. Although a number of data points are off the

curves, none are off by more than one standard deviation.

Only one curve does not connect the end points. The scenario

with the eleventh threat y-coordinate at 27.5 is the only

not on the curve. This curve is based on the shape of the

other six curves; and the point at one kilometer is, as

L noted, within one standard deviation of the raw data mean

(see Appendix C).

For each scenario, the exposure is read from the curve

at the 2.8 kilometer step size and subtracted from the 1.0

kilometer step size exposure value. The values are shown

in Table 10. These differences (D.) are then averaged.

This average of 6.3 is the correction factor. The standard

deviation is 0.5. The revised manual mission values are

L shown in Table 11 in the next section.
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TABLE 10

Exposure Difference Due to Step Size

i 1.0 Value 2.8 Value D i

1 40.0 33.0 7.0
2 51.0 45.0 6.0
3 51.0 45.0 6.0
4 51.0 45.0 6.0
5 54.0 48.0 6.0
6 43.0 37.0 6.0
7 37.0 30.0 7.0

Uncertain to Revised Manual

With the step size difference accounted for, the main

difference between the uncertain and manual missions is the

number of measurements taken for each step. Since more

measurements are taken for the manual mission, the results

of this comparison should be that the revised manual expo-

sure is lower than the uncertain. Table 11 shows the effect

of increased information of threat locations.

d 3i = Uncertain i - Revised Manuali

63i = d2 i 4- Control i

Mean values are used for the uncertain and revised manual data.

TABLE 11

Uncertain/Revised Manual Mission Differences

Exposure
i Uncertain Revised Manual d3i 63i

1 44.0 40.9 3.1 .046
2 52.5 53.1 -0.6 -.007
3 51.8 50.6 1.2 .015
4 52.3 50.9 1.4 .018
5 56.0 55.0 1.0 .012
6 44.4 45.3 -0.9 -.011
7 38.8 36.8 2.0 .029
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The above results indicate that increasing the accuracy

of' threat location information in this scenario does not

significantly change exposure between the uncertain and re-

vised manual missions. Thus, one of the three factors af-

fecting exposure is eliminated from consideration. That is,

sensors accurate to five degrees in azimuth and 15 percent

in range are adequate if at least one measurement per second

- can be taken.

The second factor affecting exposure is the absolute

Yaccuracy of the sensors. If the accuracy of the sensors is

perfect, as opposed to five degrees in azimuth and 15 percent

in range uncertainty, it was shown that the exposure is re-

duced by about three and a half percent.

The remainder of the reduction in the total exposure is

related to the ability of the aircraft to maneuver. This is

the third factor affecting exposure. In the next section,

the value of maneuverability is derived from a comparison of

the control and revised manual missions.

Control to Revised Mdanual

The comparison of the control mission with the revised

manual mission yields the value of reactive maneuvers. In

the revised manual missibn, a degree of knowledge of the de-

fenses allows the penetrator to make decisions required to

maneuver the aircraft. The two differences between the control

and the revised manua'l -,-is.3ion are maneuverability and threat

location knowledge. Table 12 illustrates this comparison
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where:

d4 i = Control - Revised Manual

A4i = d4 i -I- Controli

TABLE 12

Control/Revised Manual Mission Differences

Exposure
i Control Revised Manual d4i '4i

1 67.87 40.9 27.0 .40
2 80.00 53.1 26.9 .34
3 80.43 50.6 29.8 .37
4 79.48 50.9 28.6 .36
5 80.43 55.0 25.4 .32
6 80.00 45.3 34.7 .43
7 67.87 36.8 31.1 .46

A 4  .38 0' 4  .05

These results indicate that the survivability increases

by about 38 percent when there is adequate knowledge of threat

locations and the aircraft is allowed to maneuver.

The next chapter discusses the analysis results stated

above and judgements on the results are rendered.
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Chapter VI Conclusions and Recommendations

The conclusions to be drawn from the above analysis must

take into consideration a number of limitations discovered

in the course of this research. A critique of TMPSA is fol-

lowed by conclusions and some recommendations for future work

in this area.

Critique of TMPSA

The goal of TMPSA is to determine how aircraft sensor

measurement accuracy is related to aircraft survivability

against surface-to-air weapons. The goal of this research

was to use TMPSA to derive a value for reactive maneuvers.

Following is a critique of the main weaknesses and strengths

of TMPSA learned in its use.

The TMPSA program and supporting documentation have three

categories of shortcomings. The first shortcoming is that

a major claim of the TMPSA report is not factual. The second

and third shortcomings are groups involving modeling short-

comings and user pitfalls. Each of these problems is pre-

sented and discussed below.

In the TMPSA report, the author claims that TMPSA uses

an "algorithm to find the safest route through an arbitrary

threat distribution." (Ref 20:1). In fact, while the algo-

rithm attempts to maximize survival by minimizing exposure,

it does not actually crLize. Consider how the flight path
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is generated. Only a maximum of 11 rays or possible paths

are examined. This immediately eliminaie- ar. infinite number

of possible alternatives. The subsequent movement of the air-

craft is determined by stepping in the direction which offers

the lowest exposure to the awareness limit in that direction,

but does not consider alternate paths which may have lower

exposure.

Figure 14 shows a small sample of the possible flight

paths. The solid lines are the paths considered by the TMPSA

algorithm. The dotted lines are alternate possible paths.

The numbers at each node are the exposure for that node and

the letters identify the node.

FL

A H/4

Fig. 14. Example of Flight Paths

In this example, the choices of flight paths available to

TMPSA when the aircraft is at A are ABE, ACG, and ADI. The

total exposure over the length of each of these flight paths

is five, six, and seven respectively. The program would step

to B. From B the available paths are BEN, BFN, and EON where

N represents all seven of the following nodes which are assumed

to cause no exposure. They also could be viewed as all N

points having equal exposure. The exposure for the paths
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from B are five, five, and seven respectively. Observe,

however, that if path ABEN or ABFN (total exposure equals

five) are compared with ACFN, the ACFN path is safer with

a total exposure of only four. Thus, TMPSA does not choose

the optimum path. Although the program could be revised to

accomplish the above task, the number of possible paths to

be summed grows exponentially with the number of rays and

the number of steps in the awareness radius. Therefore, this

is not a practical solution for the usual situation being

modeled.

The model has four additional shortcomings which have

been grouped together as modeling shortcomings. Two of these

shortcomings are related. They are lack of consideration of

terrain and lack of consideration of cultural features. The

factors of use of terrain and avoidance of cultural features

are used extensively by operations planners to determine

safe penetration routes. Terrain is used by the penetrator

as cover. The penetrator will seek a flight path which causes

terrain to be between the aircraft and the enemy fire control

radar. Cultural features such as roads and cities are avoided

by the penetrator as a way of avoiding contact with the ene-

my. Although not critical to the overall model, these two

shortcomings reduce the credibility of the output.

The third shortcoming in this group involves the con-

struction of the threat site templates. The only document-

ation of the values used in the construction of the site tem-

plate used in the TMPSA study report is a parenthetical phrase
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that the probabilities of kill and lethal rcndius were th-se

used in a large scale simulation study (Ref 20:8). How the

site templates are constructed is crucial to the model be-

cause they play a key role in determining exposure. To be

able to judge the credibility of the cutput, the method used

to generate the site templates is essential.

The last shortcoming of this type concerns where the

aircraft is allowed to fly in the corridor. The aircraft

has a constant velocity component along the attack axis.

This is not realistic. Although the penetrator can maneuver

sharply and sustain higher airspeeds to get back on time,

in reality, in TMPSA it is incapable of such maneuvers be-

cause of the constant velocity component. An example illus-

trates this problem. Consider the problem in Figure 15.

Corridor Limit

Start Finish

Corridor Limit

Fig. 15. Example of Velocity Constraint

In this figure, path A is longer, but at a higher sus-

tained velocity the Finish point can be reached at the same

time as the path B penetrator. The main difference is that

the path A axis velocity component is allowed to vary. This

is another crucial element in the total exposure computation

which raises questions about the credibility of the model.

The last group of shortcomings are user pitfalls which

the analyst must keep 'n mind when developing the input for
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the model. First, the model does not explicitly include

physical time and space limitations for crew reaction and

aircraft motion. Turns are instantaneous at each step.

Second, a constant altitude is assumed for the penetra-

tor. Although the program can be revised relatively easily

to accomplish three dimensional motion for the penetrator,

the threat site templates would also require development in

three dimensions and the lack of terrain consideration would

grow in importance.

Third, the model literature does not explicitly mention

threats outside of the corridor limits. In this research ex-

periment with the model, it was found that the exposure de-

clined when external threats were introduced. The reason

deduced for this anomaly was that without the exterior threats,

the penetrator would track to the edge of the corridor. Be-

cause there were no threats outside the corridor, those rays

would have the lowest total exposure and the penetrator would

thus remain along the corridor edge.

The last pitfall concerns the data input used by the au-

thors of TMPSA. Although they studied the effects on expo-

sure of accuracy of sensors by range and azimuth separately,

they produced no comments on the combined effects on expo-

sure of range and azimuth inaccuracies together.

Having m2ntioned nine specific criticisms of TMPSA, let

us now turn to the positive aspects of TMPSA. The model has

three good points. Within the context of the purpose of the

model, these points are > concept, model flexibility, and
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intuitively appealing results.

The basic concept of the model is to investigate all of

the various possible paths within the awareness radius of the

penetrator, then choose the safest path. Due primarily to

computer hardware and time limitations, it is not practical

to investigate each and every path. Use of the computer also

requires use of non-continuous probability of kill distribu-

tions for the threat site templates and the stepping of the

aircraft flight path. Althouth this is artificial, the pro-

blem can be resolved by decreasing the template segment sizes

and the step size of the aircraft. Again, computer hardware

and time limitations restrict the resolution that can be at-

tained. However, these input parameters can be used to con-

trol the model to a large degree.

It is through judicious data input that the model de-

rives its flexibility. By correct selection of the input,

all of the shortcomings of user pitfalls can be overcome.

Also, if a proper analysis is done, the threat template can

offer a true representation of a certain type of surface-to-

air threat verses a certain type of aircraft. Thus, by

carefully planned input, the output can be reasonable.

In using this program, it was found that the output

agreed with this author's intuition. The paths selected

matched closely those an operational planner might select

under the same circumstances. This was achieved only when

the input data was true to the scenario. In every instance

where the results did not _zree with intuition an error was
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found in the input data.

Conclusions

This model does not portray many of the factors involved

in a penetration model. Examples of items not modeled are

terrain and cultural features. But the purpose of the model

is not to attempt to model all the nuances of a penetration.

The goal of 'TMPSA, as stated in the beginning, is to determine

how aircraft sensor measurement accuracy is related to air-

craft survivability. The purpose of this research is to use

this model to examine how maneuverability affects surviva-

bility.

The analysis in Chapter five shows that the effects of

maneuverability and accuracy of threat location knowledge

are intertwined. From the above discussion and analy-sis in

Chapter five, it is concluded that the TIVPSA model is ade-

quate for studying the effects of sensor accuracy and air-

craft maneuverability on exposure if the input is properly

prepared. However, for the reasons listed below, the model

output cannot be used to establish ratio relationships among

the various input variables, specifically the accuracy and

maneuverability input variables.

There are two reasons for the above assertion. First,

the aircraft travels through the threat array by large steps

and the threats are represented as segmented probabilities

of kill where the segments are relatively large. These dis-

continuities alone are enough to destroy the ratio relations.
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Second, the model does not optimize survival. For this rea-

son, there is no point from which to measurel the lowest expo-

sure. In fact, some runs of the program yield lower exposure

with inaccurate measurements than runs which have no measure-

ment inaccuracies!

With these caveats in mind, it can be said that the re-

sults are comparable on an order-of-magnitude scale. That

is, if one set of runs results in twice the exposure of an-

other set of runs, it is safe to say that the second set of

conditions will yield a safer penetration profile than the

first set of conditions. It would probably be erroneous,

however, to assume the second conditions are twice as safe as

the first.

From the above statement, it is inferred that the goal

of relating sensor measurement accuracy and maneuverability

to aircraft survivability is accomplished in a macroscopic

sense. However, a clear mathematical relationship between

sensor measurement accuracy and aircraft maneuverability,

and aircraft survivability derived from this model is not

supportable.

Having concluded that the results above are insuffi-

cient, what avenues are available to improve this rough pro-

cedure?

Recommendations

One recommendation was noted above; that is to increase

resolution of the model by decreasing the step size of the
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aircraft and decreasing the size of the threat template seg-

ments. Another recommendation is to expand to three dimen-

sions. Each of these procedures increases the degree of

reality being modeled. They also increase the computer run-

ning time significantly.

Two other possible approaches to this problem of quanti-

fying reactive maneuvers are suggested. One is to try to fol-

low every possible discrete flight path from the awareness

radius limit back to the present aircraft position, one step

at a time. Using a dynamic programming algorithm, all but the

smallest exposure branch for each node is eliminated until

the present position is reached. Then a step is taken on

the last branch. Returning to Figure 14 and the example

above, the technique would work as follows. In this example,

the awareness radius is two and the step size is one. To node

B from nodes E, F, and G, the smallest exposure is two from

E and F, so G is eliminated. To node C from nodes F, G, and

H, all but node F are eliminated. To node D, all three nodes

G, H, and I remain possible (all equal four). To node A, the

total exposure from node B is five (two plus three at B). To

node A from C, the total exposure is four. And, from node D,

the total exposure at node A is seven. Eliminating all but the

smallest, yields the optimum flight path.

The second approach would be to rewrite the TMPSA pro-

gram in terms of a computer simulation language. With TMPSA

written in a simulation language, a large number of runs

could be efficiently run. The mean total exposure can be

determined with a tighter distribution about the mean when
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more runs are made. The result would be rihat the analyst

could have more confidence in evaluating the interaction be-

tween maneuverability and sensor accuracy on exposure.

The last recommendation is to make a change in the in-

put to allow study of different degrees of maneuverability.

In the context of TMPSA, increasing the maximum speed re-

sults in increased maneuverability. In this regard, it

would be better to include some physical limits on the ability

of the aircraft to turn. Even the best aircraft in the world

cannot turn on a point.

To this author, the most promising direction for future

work in this area is to combine the last suggestion above

with the dynamic programming recommendation. It would be

relatively simple to revise TMPSA with these two changes.

Then a three dimensional matrix of data points relating

scenario, maneuverability, and sensor accuracy could be built

and the interactions of these factors analyzed. From this,

a true independent value for reactive maneuvers might be

developed.
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Appendix A
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'SET-UP ::-RAY r.TINC

71 leT.K ( L)

' F(TiY A(L) *:c, r-(')) R nI *b .

7,1 C- TT' ;-

LL L
A.r] ( 1 F " L 7 V'- , ( ) =£ , V )

C" '.L'

*INI 71',L "/ 'C K

j 1 XI =Yv

Y (t =lY

y- =',"

"ENCO I . .I t 7

*PRI JT 7:el] , ' * .'

T -1 : ,:1 <

W P I Ti (r17 ),9 )T =~ T

12 14J 72 N U I
I T . Y' 9 7 Y -

N' *T' ( 'I )1 fl CL)(<PH LL)

DIST - - r

... LY R L -L

2-_ C_ ,



i ALPR:L(L)-'Fr (?V r 4 )

6 2 :: . "T (' .L4 . -

21 Co N" t:C

*'TEST 7-F ,- - I ,. ) .) -4 . .1 )
I S" " IT =

VZVL, ' L )
T F (V. ,*'C:.. ( " ( ) ._ (<' ) - C - -

C-VV ( - " = - L)

SYV ( + )=::y (j)

23-1 Cu t

'AT L-.T rt r

a " Pr

Irwr if
14 ' L= ,A :

O 0 -7 Ll =1,:'
Y:P*'IF(-3

370 cC T "-._

qI-T ='I T-" (I +S F I + I" 4 " T Lt

00 7, - ELL =1 1P

Y = *4 F -4)

RN=F"4 +Y
383 CnNT.-,'UE

A L P " ' r = L - r +..l F J :)-_, . - - : ; : p ,
ol 4 17T ( 1 r , q I (L )).LF ' L L

36Z7 C~2~'
A C (L) : 1 I V

a (L) =/L ° I I"'*
X (L) r f(L) : . ( "", ,

=SET-'IQ t Fr y
Dr ,

j j j)= •
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*SET-UP Lc) F" f .Y F r--

V' C'~ + T -

S. -tJ L C;

" L -Y- .

, F -: "4C- 'V(L)_._y: e

2 7f .F '.nT, , c"3 "

2 ,  T '4ET J, ", - ( J)--. '

i KY~v'vk"f L)
W -

50511 ( . : ,T ' t ' ,

I L- = 2

T2-'Y' Q )-Y--l7
9)=: nT ( T " I + T)

2 6'j P ,; I + ) vU 7

IFL' . Er!.!

)=S~~TC~a7 142~

4 O T~ N U

WFSu m ,% ) J Pk" J( R' <'y'G

$ SUM4 tv~ ' *.y ,j,

C<J(J)=r J( J) +t v

5 11r, n tf--h '

*SO; o..pv
-. , : -, ) " ~ b(J( J~ *~ l) J(J) J!, "N:Y.7)

CALL kvjr "
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* ELi17 F 11YFr 4 T
*FAIL C(4. KTIV- TE TF

j j=
X t , = X t, +--IJ= y

T"=Y - t - ;

Gr- c  (J)- . '( 'F- (P , +.

'J .?$TT (" ) J, CA J( fl -. ,,-. J- I)) ,y\,Vy , ' .r (J)
7 G. c ( " +

4 " J) j

PV: J(JJ)=( J)J(

P -''J (JJ): - ' J( (J

N , = +
JO J J -z j j

IP P J( J j,) = , ~ J-) ! q 7

7;6 CCT U

0" a . T ( 11 9 l : " I

N5 I t(!I~q , ) ' =C I

ON I n3 '=:

77 0"" rz

I ( 'Y .-o L:""S T r

77''r-E' " :' •

r.y-IF( P,"y= 1

7 . . CC'+ N T M1

76
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WPIT' (I ' . V' 1- T 4 q 
"

Y

r;R7 P r, R - ,U'' - ,, Y:

*TOALPv F La ,'-f L' T -H

3 KT(.T %e7(,':'+: JJ : .'- ) ' s

*ALL f) ;

W)~ ii?/I
T 2:vri -Y"r) y_-) y-i T

*0 OIST I --L r'4 :

9I + ' 3 y

-VUPl.AT / C C C TCv

Y , y

4 PPT NIT C (I C T

'4').!- (E ,?V' j 1, y Y D r,, ~4j T T

*AT TAf 'G -

T I=V. -Y'
T 2=Y7 -VN
1= .( (i+T2' 2)

92i IF( Y',L , F .I- '- - "9 2" Ic(Y- , .Y l- st S C ,

OY=
GO T3 9.

931* TETP'tt.',(1 . FT '4,
Y:=) Y T z'F

Y h, =y. +_[ Y

95 '4 L ,77 ') Y7TpFcL4':

_F r, z r, nt, r ) f .-- :.

"AT, , KTC . Y

w l .(' ,77 )-..',)
32"o r " (" .. IC - % ~- '7'1, - TW' %' -J.1'-" :,CK , ?)

GCJ ' ' :

77



(AC wN N r'i f\ N r~i11)N) N N) 1- ..& 'D %0¢o" e. - .D -j', ".n . ,,j N 1, . I) 
- 

.. , 0 D rn

n, 1 T 1 r rl i T r ,.n n " 71 " rl / ) "r 1 7,1 7, " A r 1 rl r .i /) -
'- : ?g " -; -r .: " .. .: - i "3 TUC-, :,) • -' -

-- 4 - -. -- -4--4 - .s

ii r

-l . • ,e- .( - -, . -... . P ... Jb

.- -' * J . .- ' .I -' N - J I I ii -r II '--"-

""1 , N . ) N- .- - J_ 1 4
'2~ ~ ~~~~ 

it',~' I 
1 * 4 ~ * 1 '

'C J I .) I _)• .. % .*4 ,, J 4 -

.- - -... < 'r " " ? " i ,

"it I , . -. " - - " .( ,- - ... - . . -C ,,

I-J *, __ A - I JJ tl II ,3. .. I -

G ' - . 3. -* -- .I Z- - -- A

G-) Z - -, 1, -4

T1 X ). , I • Z 4 X I

.DJ * : • i. - -- I .. s S, I

- -% . -

- -
l  

r-a - 4 L., - < " .'

e- IJ

4 -L, , <. -

X I

Jr -L x> i' x C

P-4rv ~ .. .. S ~ ,78



*TO ' -' F' V *j : J (' v'-i CF

*AN(LE (TW4

-. L (2,--4

*'OI ,"o~' TC _ 'I, ' V"  L'- - ' : u.2

LU'- I (,Y)) ,
*O<LCCI: U'T-- r ,:_

G T

2 = L4=1 G " ( -

*TEST A "r %I'k, " r7,-

41"' 9 = C" , 7' A, T ., : r +t.

*THF7'A~
5 r N = N S E7 C 2 : (v

GO T.

r N=NSC2 ( (V

E ERF. 3".
c ,F IT: (k) l, ) r :T

S Tb
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uS~ U''~ 13l1'I,

*TO l't > V: FL -1 '14

*R~AY IJ 'i C' K;

FL

3c J=, 7.

T ?=:V J(i

T ! PWT J Ji

D SI J J) =r F Cj j

PVTJ(J+)=P..(J1

I FL " 1

80



Appendix B

FORTRAN Code Listing of the Revised

TMPSA Program
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..... (

*PRCG)a" ;C , "  r i'

MULTT'L- TYF
4

#MAY LI " ,1 -

- --

* I ST7-v

j=' , y".
<= T' - Yc -3

S -.r. K y

i ef. ), .'vX v ), . y -

:Z T' ."(E " <
CA I I' ' . " "

. .,o I l".L " ' - . , . , t * Y - ' , F I ;-;g *TI"3

;)FT'.. =( , ,r rr "

'CH1 P PJ TL C

4 . ( , . 3 7 9V-, V - -

C Jt HE C.' 3')KV
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WrIT .(' IT, );,V , ' 4'

*STT- -Al ---

FT . fl( ) C,,..' . ( ' ., 7 ] ( < ) ,'; J V < ) ,'IT ( )
,¢ ",, ',= ,:. , ,)/-

2~

ASITz - K -
r) y j'C' -

*SIT" C i, V [ T -7
0 C L=: T:rF

W~~~iT:~~ T , L Y (L

6e  -:;T, L,

ENDn C r P , D'IT .

*INIT!4L' -. C 7, ' "
615 1JAY- JEL2 1 - + i

OPSI'•

PKTCr= ,

T E " Do tS T G

T -'? P- VF /L V if
IF(T- LFn .! r) T =,

PSI= CIS(T - 1)

P '1 (L ' ., - '

W T ' e7 -} '

s i" )/: F

83



*SET-UP y . L~iI hG
4SIT- NO. TC T- T y P

KK L )=
r~.- (= . ,T1 Y<

<=T  7 :( C,~-*' ( ;~

,L! .L t = t .

LC7.

LL~q L L ). !

6. .. - " y

4INITI L "C Ir -C "}:7k
LI1 '.:=y-

YT=YF

P RI 4T I!',;: 1- l' w, Y
V7~YY

NT-- N.- C ? )

12^ " drI

OlIST.AtC .--. " T ., 4

WRIT" (, -

6"nh FC. uT(. P -' C (L) , LPH.L))

21 .  30 21 L- r " v,4 T 7

712= ISY (L)-'
T?- c YL) -f
I A" L)= r T (-I . . "

8 4

L m - L(L =

211 .L p . L (L) ' ( T
'4 ~ ~ ~ ~ ~ 1 1 :i , ) ' , t 'L.Pl.;.L (L)

6 " 2 c'0 "" T(- ,."

2 1 - r -.! . ;l

84



*TEST FO,- Sjl 4T 'Ilt, 4- ? - ,

00 2.7 L= . q 7 T.:
I F(D ,(.). i. c, r ?

<=K( L)
IF ( " ' " I L) +F L (e)

ALlj  r :Z ' ) ' F ' _
A . L r- L

2 " O+ : 3':"

C - c ' (
1 F(7 ' I -_ r ,  q ""

'AT LLAS- C . '

CALL F

I I 'T:= •
L

4"IL ' = o

t-' : LL = 1,' E

0r LLL 1,:2

Y=R:. ,F(- }

Y--PtF (-1)
R ;=", + Y

38 1" c 0m k(1

ALPHW'P=AILP'J ALC- ,R(L- ) ' F F

36, COrt " 'I.-

YF(L) = L ) '. C C

Y S(L)= (f '' I( If, ,

T-( J-j ,0? " - - J-

r -. - -.

85



*S5T-JP L2'CF 7C. fV y A

PSIT!2

ypf :yp 4r "y . I)

r~- -31

LP'U

24' ~ L

41:) 'r ' ( _ 76

PI T T Lj£,=,-
Ij= ( L ) -- )Y,

T?=Y ' (1 -Y

G C, T

WI ( Er, n j ) -'-J3J, ( G

*SUM(J)r t: 'j I)

Dv J) + C j

7 ~ J L- -

q IT (, J ( J)
5":L4. c.) A (

!LL



A--A1OI 1M AIR FORCE INST OF TECH WRIGHIT-PATTERSON AFB ON4 SCOO--ETC F/6 1/3
SUJANTIFTIN6 REACTIVE MNEUVERS. (U)
mAR8 si ALT

WICLASSIFIED AFIT/6ST/*OS/81N1 N

umhuhhh/



4ELT~~Y ii P: ~y -~-
*FAIL COTz~ t,11N Tr51 s

* y: t + ".

rC.

r;w (Jj J () *+. )/

J(= j) jJ+

j = S: J7;(J

0'<7 J 4 J'A l J I

'(,- 'I T -4

I Lf T 2 D1

t, IT 1=:Pl -

75, T(44 t.G .1 Tt)

S1 EL T Y IF

A C;S )L I

87



9 y 
" -

V 7.-- , C , - j( C,~v 7 ,,

GO -- c.

*ALL 0 • F

85n T =Y- -Y

5 11 T (k L§~ C'

iy=rv '- 1 /T

D!OISTt :4C- rL (.V

91A]. E -/ 9 FL F W + Y)

U P AT " -'

yt'=Yl +rY

*PRI14T *~If 27

*AT TAPG-"
T J=(T -Y,.
T 2=Y -YN

CO t

I IF (n VY -

9V I r C, I C -

92f IF (YT ..Y I ,) r
920 1. F(vT7 a -,v 'y S T C -

'c =

9 3: T E , .P:-" AI 1, U T -)f r

941 x Y,: ; + rX

Or G L',:" F 1-1 1 '71Y

.AT =:F VT" C' fn '
Wpi " (, 9 "i . , v -.. v",'

3 ' , n C - yrr  i !" A' C +'

88
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X CO' -4 l 0 47 'D k. I

C , 0 

A -4 a -' -4 14 -4 -. 0

- 's' N - .. ~ it it I'. -

- ' 'I . :-- I-s A ~ -rl> c' -

Z1 -- * - , a -

-~- X -

a, I *) -r,-. j.

PI. a I,- - i .

, 1 N I
W .. . . fl 2 *< a -- I

t-- a' - <-4C '

- *; a -, --,..4
,t5 .

flc)~~. X J -,J-

II ia.-' C. .4a

~- ~ -' -.4 t., 41It

,- C l -- I - ~r1 -89-



*TO ''I,. K V -  L J'1'fl' CF
AS N L" ) .
ANGtLTV (Tj TC D

CO=j .",,x/ 7i L ' V ) ,'T'JC ( c ) ,.3 ?L(2 ) -- ', 2 ,

T .'-=rI C T Ak )

SDISTA Y'T 7C S.:, VS L-TqI 'T':.

*D<PL, CY U , F 4
I0 I M= (7ITL;;)*t

GC 7:

TEST A!,GL r7' 1,LI S-CTCr

*THETA cPT
40 N= (T HTA T fF:) 0i* ,

GO T (

*THETA =P7
50 N=NfrC2 (KX)

60 P 0 " T P 4 ley
rO 73

E R,' T (I,- ) ': T -

S TOO :

-go
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*USS C-3 'L I *J

*TO A-K~ F- - 4

'RAY 1'c ';:r'

tJI~i F I

I F~L

T J J )

T !=" e")J J)
0 ~IJ( J ~~JJ +
P Kl.J( J) 0'V J ( j 1

IKJ 'J+J =T

PSTJ(J+-91



Appendix C

Raw output Data
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Appendix Cl

Basic Model Output

93

93



00 z

61 II S
I-.W &o Aj

-4 S W~

C)V fFi I P

o4 is~ I- i s

-- 6-4 0

II 1--m*4(.

-4 Z - -. -
z- M l 4 - ' -

uf V) ~ -

4J C

* * a * 0' ~ U ii

111 -

C~cl

-4 - U)094

ow 0 - -



STTE JA7A---
X-ROT rE"'DY

II* 1) 39:," 1 ;1

1: 3 2o
2. , :.l ±1 ' 1.

5 ,. ,2 " I "~ ±

7'.A* ~
, , 1 .1

39 w~~27. . 1. 1

38. 170 1

51E. o ' 3 1 1-'  (

71o 1 3s.,"  1 ,

9. . "II£
57o "l c. , Ir

35~ 2.~

67, ; .7 ") "L

55. 22a 1 '.

18 05 L

83, 5! 2 .'go!.

6o 3 58.01 £

91 o 5 I* I V ' v

76s 3 1 Fe 1:

944 2.

E.o .3 22s' 1

89, )0, Io

18. :1 95



PROGP M OUTPJT---

X- OTTE) Y-R)F 8r-) AN'G (F ,1' XPOSI!KE

?o1 C ~ 1j

3 c c3 i I

3.~

3.2

L° C 2i -."+I i., +, o ,3.

.. 3r I .

"3o 3+ 3 a ] j .Lo P

U, 1.:? 3~. 13 2

.~v.17.a18
2 u, 33 3 2 -.i3

22a,' 3 ro 1 3: o2{- P7.
2 , 3:z ] I L R' 2 .3

2 350. ; I) t o.2 .19

( .,.. 3", " i. : .2 .

Ti= T2 .1 m=

21,+ 0 3.-, - 1 32.s-45
2l, r 3 eJ J I. L~ 339.04

27, 3- "" 1) 1.i , 33. ,6-+

2 n,.R' 35 o. L;•:.+ L 34 32 9+

3 ,9L 3:z , " I o L 35o,19

31.) 3, C "3 ;, , ~ 35 o b4+

33s 3 U 3: o IJ 0., v. LG 35o92
3 o 0 D5 2" C,. 3 3 f 3b 0D6f

ol33s, 0 C I ,I I o c r '. 36s '.6
PI3.7# 3L 1) L' L L 36 o+ rr3

-0 33+,IJ .a' 369 .

3" .: 3 5,& ) ,' .' 36o 6
" :, "- "1r3E.,92

PL .%1' " : 36,C 6

.. .. .7 363 6
- . 36- 6

r 1 39 7 *7 7

966

..... OMANI



33 , 1 , r - .2.69

0 3 2 6
. ?=. ] L... , 43.19

F 437. .7*
7 , 3 ' , * r 4 o 9

F 5 3 4L :r7* ' 3".1 -. ;, ,Z 9

k 9. 3 ,+'4 3'

F o "o.. ' /44 .43

8.... V ", ) , f, , • ',

*- .a,, -( 57 -, .53.78

Le 6 .62

7 ," -. 3 5.f,( ' .77

73 ] 3 ..37Z, ~ ~ ~ ~ ~ ~ b o67 . ) .( .i •9.

7", 4B 0' "  ' .. 15
7,.. , , 37 j oL 49 s43

70_o9 a.: l 1 ' o0 L  52 o ,6
79o ,0.X " . 53.*92

u", : 3 e 55 9 L, I-' 78

6l 1 = , :', : 5 "7 o64

82.0 3"'. 637
e 3,,- 3"-o: ; •. . 6f' 97
8: '.61 3"5 ,. I L. o,: 62o64
86 .0 37 . 1. r;i 62.92

3 5 * I63.921Ci J .,; , ,tr, 63. 29

87,3. 3 eo , C. 63*.52
8 8, c" 0 1"" '  . ,( 63o72

a,)$ 3 1 L o ' L 63.939 io" " ; , 1. 0 . , , 63o 19

9. 3 o o i ' 63o99

9.', " , .• I '3o.9g'io:3 --o 6 3. * ,'( 99
3 o63•9-

9 9

3 .'' ,L' 63*99

33 ot 6309

97



Appendix C2

Control Model Output

(see Table 2)
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4 D- wC -< C)
N 1 0 In/ A

If) 1 ii u
8-4 8-' -4-

-4 S -
I "A V

-

o '?t I

- -= . (A I

v., s'ryj -L w AO
4- C U.) (A w " 1 rIl Z '.J LA

-- . -4 sN In) It vi 0

Z

m , -4 , -4

IV

ton

0-

in t

99
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SITE DATA --- o-
X-ROTAr:-D Y-Rorz-

34. ?7o3 IA 1

5 3. I 2o 1 .

EL. a3 14 1

S'' 1 2 1

S4 ,. 2. .1
52. ' IF ' 1'.: 1

590. 79.' LL
27o .3 2 1. 1

2 2. ' j
1 -, .2 . ? LI 1

57, ?t ' I:,
8 *t. . 1

.18., 13. . 1! c I

5 9. } .''"1 
'  1

58. } 3l 1

83.0 59.'. IL L

5. ,3 8," 22o,, 1

921, A "4 1 , I

+5, ; 5 ' "

830A 50 1~ c

88 1

A. ' 1.. 1
410

100



PROGR M OUTOJT---

X-ROTUED Y-ROT 2r-) ANG (0) EXPOSURE

2 ' 3oo*
5 . 3 ' 9 1

So
0' .42

, : "3 7, .. 1 ., .:3 8 _

,3 . 130r2

- - I% ] 3 0 1. 0 3817 1

I it 3", J

is3. 13 e 1 As

i , i0 3 4.I 0 I :2 0

114 3q U 3 , 1 0, t .' C 2,
S:'. 3 . o 0, W 17 a.1.

1. ' . 2'.1

2. . 3 .0 0 25, ,83

22. ,  35 * 6.

3m. 31os 1

2 .C.3 o 32.7

,,. . 3524
2., 7 L 33 -.,
2 ' 36

-, 3=, o 3 s. 39

31 ,' 37, 1 a 3:, 92

32,. 3:1.' • 35. 7a
,.l C . 35992

33 0' ;i 36 )

13 1 t U li

p 36.j6

74 36 6

L. R. A 4i

101-+
L 9.E



*43 )7

r. r 4L87

47 *
.r ~ ?. *- J 0 .ot 7,9!

F r 47 9?
S o 3 1 4 o17

o 45. s 3

E'l- " : ?= z 1{ 5, 3
F 4 Y 4.9i.,: 3- • t. '. o E97

F j c- 9 .

3. i 49. 19

7 29 C . 7.. 7

7 3, .s 3 ,.. 5! 26
3~~ * *74

!?: v. 3 e,: .3 -5. '.2L."
7--o ,, 3"  ; 1 L0 . ; 1 ? 2

77s 3 , "e '
7 ?,s .- ',55.93

"79,6 3 3 ;o } s ,.. f Of 57,7cl

_E It , f 3140 '1 . .;, t .17

" 84o 3 ". ' '." LA 6 :

3 3 '1 ' 1 65 .79
8 o 3 .3I . . 67eo8

8 ,C 2 3r5,3] . 67o39
8s. 35o3 . 67o59

g89oC 3 ' 3 5.r(i 67o8.J

92 1 6 67
9.. a. 67.87
9;, .. 67.87

I? ".o 67.87

C, 9 . T*. "6oI 7.8'
97," V ,~ 0, ' 67.87

" 3. . , 67 87

102



SITE DATA---
X-ROTAr ED Y-?Orr-)

'3 2 , 1 I

2,*' 12et . 3.r ' .
7: " • 2,* . i" "

18.1 " 1. l C £

i; 3. ) ' 1'. I
I2. 2 ,: " I

=., 3 ,!1. ±

4 Ce, - 1 " '  I-

17,.L 2o 1

.3 .5 ' .,. itt. S

6, 7, "a 31, I

•55 r. 3 22o " 1'.

18,' .0 1b 54 II
836 "':.) 59" .i 1..
76e-") ) 5 80'" ?' L C

5 ,

ego. i .' 1 .8

103
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PROGP4. OUTOJT---

X-RCTTED Y-F]Tlr- t G(¢ l E XOsUkE

3.Z : : 3 S o

3a 3- r

r ... .r,? 42

0 v 0 2 o .53

1 3*1,' , ' ,383lI , C , '.) *,. . 8 8

1 11 , 37 80, :88
1' 1 3 L 33~ '774
13,DL 313 o

* . = 'I o '.3.i:•

0 -. 17 .8

23 9 A
1 , .> . , ,, -. 2'b,93

2",' v 2L, o' • .2 83

2:,' 3 3, Z 28. 54,
2? .C-- t 1 ; 3", •26

23, 3 3-,'1 e . 31 21

TI= {.. T2= ",

2 3?•6i
2 3 ) . ". 33 6
28o 7 3.L , ... . 34o13

3 • a 3 1 3Fo39
310i 35 , 1  , 3b964
30l0 3 ,I 35,9 o 27

33, 1-' 3= ,. 1,. f L3Do .92

T35 1 . 3 o" "I] Y 9 L' 6

3 S: GT* 7 ,0 f3 v*

37q, c? 3'0 ] _t 3', 6,

L a 1" 3=,I. Z •. .. 3f-, o ¢

L i ' 35, 1 - , 36o"5

. 3 3o. o a.. 3b. 7
- , 3='0 - .. 6

3 a, 3 '" "2
30i 1 3 " o  37 * 7 8

F ,G"a oo _,b 1-4

2104



35 1 47#96
15" , 3 r' 5 . o ,13,:",

33.3 115a2

F= , 3 , ?  5, E 59,Ur .7 .

f o I L 5 *92

E 3.>" 3. J . 5% $6
3 1

3". * -. 61 o li

7 "C) 3o) . 61.77

7?. ? 1t 35 1 61. 91
73s' 3; , 62.39

73 o . 64o2.

77"A i 3-:] . 66s2C

78Sf r 3 :0 05 o-6
73,.C C 1,4 69.92

6 ; j I, v71o73
all ; -,C73 . 64

3 "; 3 =?u 78.93

8rr L3 L i L L 79.521

e o 30 ,5 L. r (679.73
84. 3 1 1 o Lu. 7.93

'O 11 d ( 76o93

o ,. " . .. L to ,

86 05 i" • 9*2. ,

3- s 81

930U 0 ~ L i 8" k,

105



SITE OA74 ---

i'~~~y- or IO~ r L

53. 1 ?7j

Th 0 D 301

69. 1 0 0K0 I
710 49

Fb 67. 0t ) I

.84 22.7 1 3, I

83.2:3 59.~ x

7 E.' iE

j 1 :

06



PROGF M OuiTPJT---

X-R.OTTED Y-P)TTErl ANG( Ad) EXPOSURE

o ,0 3 , " I I .: - o .
2,.' 3 C,  ;? 1 , . 1," .'o'a

3, n  3 * 1 ., 1 - . 1 2

, -o8 3

"3:,. o 2o53
.3 l ,./.. 3.82

L~~~l'J'"~~ 36! :, LJ 7

3.,". ),1 ... . 7.1,2
3 - * u.2

1 3%

,> *.' 2' *13

o t 24.96

2 2 3 3
2.. 1 . B. . !,

2 ,3--. o 3 * 3 2 1i
2 3o31 2Ti= ;j•. T2= ,

23. 32o45

2or2C 33.78

2 o, .L 3- .,I I  '+ a 3L- *39
29, 0,, oI I * 35 s 7 15

333;4 li o t 35.*93 1 3 ,  L e. 3F *
3_ , 3. 1 ot rV 35,78

3 -. . 3 3; )3 .,!.t - f 6 .96
356 D rj 3 ; 0' L*LIi 36oU6
36, : 3" ; "IJ ! q , t : *, 36s,16

V7,Go 33,1 ,3,36,06

, c r ". 5'.b .
, ~ ~ ~ ~ ~ f a, C .. ) , , '6

Ik~~~o- 35 --" .. T 6 6

le c

'.P,3 "!=1 ) :, ' 3F
"
, C

C, ,-4 3 o 1 t. !. 6o0

1077

3 a L 37433
,'.~ 3",b' 0 . 3 ,19

r ,{',X'.: ,,142. 1 l
t,~~~~7 •= ' '  ,"73

107



r - -

r3 F, 3*~

r737: i.. *.. 57 e5j

.ii.

, ~~ ~ , 5, o.r34,

f j,"4 6t. .57

6±L

3%61 6i31
r ',, 3 ,0 61 e 5i.

' 3, e 10 L 6 .o76
T, 3, "1 61.98

73:, I 
6 2 2

7 , "" 3-, " 3 ,629,27
I 2,B !3.o.] L,.. . , 2•3

7 3o 62.8 ?
74a 3".T . r 63e3

7-. L 6t. 5

3-..01 6E.b3
7 OO : l a . k6, e b . 3
750 0t 7 1 1 A 4

3oo.1 70*35
8 .% 3";0 1 ii. 72921

f 20, . o..(1c 75o74
830o 3 . :- 1 :; 0 .1 )' ^ , 770*41
8,+§, C. 3-71 e 1 J * 'J' 7057

ase " c 0 1 0 . C c 79o36
833oi .D 3 r 79.64

870 3--e i I C79,95
ae,3 3;e3 ,'r L.C 8 C . 6
89. L o r 'L 8t e,36
9'. ; 3 o 1 ., U L 8( o438.0,' -. o. + 8 .Th

910 r 3 017 8-.'43

9?o c 3 5oe .1 0 C t 8C .43

9-' . t, 8 e 3

SL 3 . 0 or.. 8r.43

lo9



SITE DATA ---
X-RoT~rtED Y- orTTi

2 . 2.

7 s

18 3.0 , i..

36o 1.

6 L- a 1,
550 ? 2, ~ ±
180 614 4 ' I

C.. 1 8*L

18. 2. 90-
760~ ~ *

2. ±

~-110



PROGFAM OUTPJT---

X-ROTIrED y-R)tr r-) A NG(F D) EXPOSURE

.. : .l) . I ,'.JJ
27..

3 .,2r 3 =,~ . ',
3oT 3T Df 8

" ', , 3 -7 o 083 1 2
3 : 3:, i " 0 2s53
9 3-, - 3 82

7 2

07 " 3f' " . ,. 88812

i . . .
1I .'C: 3'=o) eVAo 7. 1o .i

2 ? . " 3 - 25* 8

2' s 3 . 0 L 32s CI

2.35.~ J 024

2 ,' "' .,
'  

, 2 ,,

2 * 3"o." 31.21

2",' 3"' t 32. tL

2: L 3. 9 3 3

39L" " ,. r,,,* . 3 3.15

2 9 0 0 i35.o13
3i r ;r, 35s39
3t*Wo 3F.6

2.L 3 , ,.,,IU 35,78
33s 0 3" o 1 3, L ,L . 35.92
31- r C 35. !] . .t,. , 1 36, L6

36sC- 37-, 1) 1 ,, x t . 369 06

37. ' 3 ' 3E, 6
3 .. : 3:, . t I ., ., 36 j; 6

&', , * ':.1 , , ,.t 6.,u63 3,.1"; 3.,. 36o )6

3 .0 3

30 3 6.
h'*,~~3C a -o? 3o 6

L :. '3 a 3 6o 1'6

""3" s o 3., e,. 7-
r 30196 1

0 42 .0I . 4 0 "2

3 %o.. " ,o" .-

111



3 0_ 35° ;:' .*, . 5.,b3
S, 3" , 5?,65

Ti= , T 2=
E 7, 3 , 78

£ , .3 o"J . . - 55o57

- , .57 37
.o . 2

E ,:. * * o ,. 59 ,.Jj

i f t

S3,. 1 7 .. 2.

l -: i. X;,!1 ."0- Ht6 e +
-+ "+. -"' ' .,.- ,,6

_ ",3: 3 ., , "1 L , t .* ".•
' . 3 -' .,* 6' .813i~,

f , ,0 t .o L i 61 9o.3
7 61,2 5
7..' 3" * . 61,32

??A ~ *, ". 61.38

7L3 I .3 z o" 62o75
. ,63.63

7" L 3 , J I o 6 , 92

LN 6 968
77o" 3 ,'I a I_~ I5 6

79, 3= " Z, 0 1. 69 oa 4
8 .L 3;. a L 71a 2b

a3* a 73. 12
8 2, -3 b 35.,1 1 + o t'o 4. 74 o 7 79
e3# 1 3 ) . 7So 46
8, .L 35, 1 3 L' o L.0t 78 o 12
85, ir 3",- 0, " 78,9 41

eSo 3 o1]3 c., 0v 7. .69

7,1K A~. .*o; i" 79,'4'
1 * r~ r. 79.'o

8C3,3 1 3 0 ) o . '. 79 o 21
73 + ] . 79 . 41

a : L 3 , - . 79.o+8
1 .1 - . "1, o ",,, 79o,8

q. :, - 3 ,1] L,. o 79,,+4 3

33 o 079*4,- . . •79 ,48

T," 79o48

0 "0, ' f !. 0a 79 *,4539 3 . "7-,9 o 4 d '7 o,

0 -- +  79o~b

.112



SITE fnATA---
X-ROTArZo Y-,or i)

2.'. W2,L* It" .130fi 3', 7o:

2 1- , 1
5 * . .1 '81s 11

71
7°-J If 1

(9.9 ;. 9.'Y ij ,. 1

31 1

7." ,. 1 1

I

. '1, 1

6 ,' L 7, '1, L

38. )7.' 1lt 1

8.0 14.9 1g "

f9. ; 6.') 1:. 1

76. 8

94,2 20' 1

4C . ~
EF. 1FC'29

D9 F 0

8905



PROGRA.M OUTPJT---

X-ROTtTED Y-P)T T'l A:,(: <) -XIOSUKE

3,,5. 3 %o,1 , .r •,,.10 r350 11 L. s C"

3~*- 1 0 1 LfC

6 3
," 3 , I , 2 3

o-C t 3.• F Io IL 3.82

l.>" 3,•" ' 0. &" 1. oa2,~~ h Z "1 F- ' ,o 38

I ,. 3 Lo t *7.13
3"-o 13 2

2 3> - 1 .o
37 17 13* r~

22>3 0 1 32 1

23 J 3 * * 0.... 34,21
2Y.3o~ 3 z3 a I 1 312. 1.

24o 3- ** 32 a J

STi= C• "T 2= "

26,. :.33
2 1 r- 35, 1 . .33 o64

2R, .3 r 3 3 34 s 39

3%,, 1 , • , 35. o39

3 , r 3 1): L..( 3rob

33,, 3 • o 13 L ... 35,92

34, 0) 3"3. ' I C . Lr ' 36 oi 635,,. L. 3 ,1 i C 36 C
.I " ))1 ) 1 36o6

V3, c 3-s I a C 36 6

L L, 31-'* • . .0 6
36*,-6

3o) e 36 .l6

36. 7

*03 31 331
I ", o I ,.. ,'.39.92

3 ,1*"- . " 42.19

114k



F ,.. C3 1 50 * 22
si.. r 35. 16 L 51.93
5-.o.+ 3 ,J 0 3

3, 5 , 35

r-_ -,,* f3 oJ1 5oC [6 ¢ og

F7 35 5 *- 51

-+~~ 6' C" 3 ,+ 57 o,6 , "o

o. 3., '. , 5 o34

3 61.3i5

F o.G 33o3 . 6's76C 3 61."9" • go':".'3"o 11 6.,' 3[ 1

.. 7+,1 3 0)3 ..,ti " 62o2.o7
7'so , 350- 1 t 62. 27'

72aD 3 * .I ' .'L L 62.33
730.-. 3.11 . " 62o82

_74,o 37-0 ' .  , .+ 63o 3U
75,L.: 35 )l- 64o58

7 -,, , '. C . PI[ b o87

73.0. 35.1 " U t 6es49
79.., 3 o ; 3 ...1.,k ,f 7t, 35
e o, 3n 3 o I I oC. u( 72o 21
61., i3 3 1 74 9' " 7 7
82a .1 L 3.75 1 . L j I 75 74+

a 01 -t 0 7741

e-# , 2%' 3-'. 3. 3 . rJ, 79,067

83 L 3 o 3 ? 3 .-L L 79o36
6, 3') (. L. r 79.64
e7, D 35o 1 L . Li 79.95

3'. .. 81. 16
8-3,0 c 3 " 3  r r o ' 35

3"' ". 8 .43

C ,..', ~ :*o -*.. ... , 8r. ,h3
3.' i I L 8 t e43

9 0 5-' 8'.43

8:: 43
9: o " 3- .:} . '. 8L 43

.9 8 *43
S.,"r 3"~ "  

.,.. o

115



SITE )AIA---
x-KOTArE-D Y-RCT T)

Ii,. , " '1.4 ., l - I
53o j 27s -1 1 '.

2L q 3 , . "I., 42o" .1I

S7. ,, .? :. " J I

7.

[- .' -o
"  ir ±

• 2 . '"' 2 % ' ± .'
' I , 6'' .I 1

2 ?..9 , *. 5I; I L

• 5 , 1 8 .;' 1: 12 2. 12

71. ( - "

E7' •) j"' "
38.1 .7. IA 1

18. ; i3," ': I

67. 59C' 1 : 1

iL 1
2C,1 o 170 1

18. '4 6.'' Z
67* 1 90'1
07e c

5,2. I . 1

F$. ! I .' 1 1
go 1 1

7E,1e



PROGPAM OUTOJT---

X-POTIT~fl v-pi~tr:) A .G(FAr) =-XPOSURE

30

.c,. -83

~ 1' 2

J * 29 37

I1.3:z 17 *

2.*' o4

2 i 0 37,' 20 ,

3!Z2 3' 29

23 .2 31 216

2 :3 32 e* 4F

2*3 . 5 1

73. i C 3-* 't 35 s 3

2.-.0 3 o* 3 35.6

l., 1 32+

336

Y.. 37 3 E ,5

4O 3.9 "Go
7. 4,3 .

3 E 5.i

3 17 .;iA357



3;. 1 3 E 47
".:." . 3 .92

.9, c 35o *.' * o .. 38 .64

F a 3,.I I a. 4. 91

r 0o' ' , c' 3 1 3 4 a1.7

F 3, 3 3".. f 47.98

3 . , . . 1

-.. ,-S 3., . ' 'L

. .. ,. 5£o92

*'•"' 3"T. " . . . 6. •.f.

6-,) 1 . :< :•,
*T 3-, * . 61o11

5' 3

St ," " -- . ... 61.33
,- f ,,3 , . ; , *b

7 ,.- 3",!3 , , 61.77
*7k.,' ,. "' . ., 61.3'3? ; 2. o 27

73% 1•' .. .., 62,336
k 7t , ; 3" • ;J " ., 6. 8

7 ,,. 3%•' .- • T

7P ,GL3-,] .". ' ( •2
. t 71.78

.. 78.91

,•, 7 3

. .. 9 . 79.93

: 0 5*' 9

fL 30 , •1 ' 2,.

* 8 8

11

7 1 6

3 77 1 62 * 6

I=18 1



SITE ATA ---

53. •
81.. .. 11

!,E, i 2.
2.,, 1. 1
2I9 .. 1

3 2." 1. 1

57. -3:

3.o 2 127, . 52,1:I 1

369 ) ? 1 1 1

67o 1 , 1

,5. 3 2. 1'

.00 j

97o ; C, ;L

119.

18., .. ')'. 1

36. 2 ,i I 1
67. 1 9. 1 I(" ±

46 , . .3Ei.," IL. 1

5, ;) 22, .. 1±

83.,) 5g "i." , :1

7 0' ,""1 2.

2... '-, ' 1 1.

LL " , 1 1

, It. ' 1. 1

119



PROGRAM OUTPJT---

X-OCOT TED Y- F)T. N r E AKG(A) - X3OSUJ;

SLL83
7 , 1., 3 o' , " 1,25

3,, , 2.53

i ,'.: ,...

12, 3 ' E 88

*1 171.-.C. 3:, , ,i 13o']2

o . 7.'. 17.18

j .f 34'o ' .~ ,:" . 2L, :3
3. 2I) !3A

1?, 37o - 24o095

2 o. 26983
2t.o 3) , 2b o54
2!L 3 3226

24,. 3 o . 32.'5

27: , r L 3 2 4

2Z,"' . ;3 ,+ .1". 33oa62;
279 1, ' 3 o 3364

29, .: 37. " 35.151
3.,0 ; ) o.+ .+ 3f: • 39

3 1 Ja. 33, 11 L u, t . . 3 e78

33. 1: 1 L 3o.3 .uL 35.92
++;71:, 3be. . 3 o 6

3"., 3" '"o i .. 0 6
7- 3 o j t a 1 35, 06

37,0 . 3:, + L 360$

i 3-, . ,

35" ..

120



3~.1) .<- .

. 47"""

F- L;.t,

A . . 3 , ' *. ; . 1-'

":..?3- P.r '.8.2,+,o .
E 5.?" :.' .,L, b.8

.3:,.

3 *6 89.7

7j* , 3-o") -. r,, 49.7

7" . ,, 3:o J ,.~ L;. o3

F 1 3-, ,79F .. 3 3:F ) ,8 .!",0: . .

3i -+ oo 2,,t;.

49.775

7 . "  =r :.,.LL 5!1.7

7=3 , 3 o 1 i.4 &' 533

3.31 665

7E '. 3 o ,8 ." . 5 3U

7.S, 3o]I o +~t 7.9

3 1 &4 . 96.87

i 8 , 0 i 3 . 1 o f L 19 t

7 . 3; 3 o 6 .

.- 7 to8 3 o 49 o 7. u 17 0

e .3 .. t'*. 67.87739 3:, . 6787

7 c- a 67.87

7 . . 6787
c . 67 7

.r - . 3 . - .* I1 61 57

8'; E- G3, . . 667 98

E+,: " 0 . 67o89

'a.- . 67o 87
C . 67.• o ... 75

121
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Appendix C3

Automatic Model Output

(see Table 3, 1 KM Column)
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-. ~~~~~ r\- - I--UI ~ U~- - -

En ~ C

A) C
' J.& g - r - I-M r U

4//)5

E) fn1 x N

I~ -4 0-4
* * .* * Z~~?VI~.A Uit

J-cJsu,-ra)1 4nP

IS 1 I'S123



SITE IA[A---

1.2 3F Fe
6. 279

9 CIO

1531.2 2*L
81. 3'. 1 '

3 1.. 1

47* 13 a7.0 1 ~
E. C.0,I

7 E.

a 2o

7 3 CZ.~
38.2 26

124 it



PROG-tM OIJTDJT
- - -

Y- CTkTE Y - F1 " A NG(9A2) EnYPOS U R E

,3.31.:, "o.5' j J
5S 4 S 7

?, 3!o" - 1+, o22
,3 '.r-. 4

I IJ 3DO o 7.51

- * : j rrt., 20 , . . . 6

%? 5t Q.1' .9

. ' ok . 7t 2 .69

2 .' ? " 3'3 -. 3 .4b
I r ,  .Z . -•.* 9! .58o

2i 5 0 L 9.8221, 3.23CIL 915 ,9923

2Q5

2S 1 34*~1~

29 3 r 3 0 21 -" -2 9

3 ar I u" -! 0 5?3 5f ^-o4

3 .? L I fP 2 b1 if, . b

, 3 1 + * L. " I o79

32 Ir' .797=. o. tt + 27 1" o79

0. .*'3 .. I " F r  79
7',,1 7?o' 2l , f 79

. :.3, , ,l'=;1"9o79

&+,"~~ 4," osE 1 79
b ~ ' ., + I . E"it o79

125



3 . ;3, It 2r, 131' 79

45o ~ .4 7 1 o3 2.2l e0

1:, 3 , .2 6W , 6

3 3, : X , v -, ,5 1 ,4 o5

. ,,5 3 ,t5 .5 1 ,7 6
"" * e' 2 95

.r , . .3, ) -, el 22, :2~~ ~ a.' .- 2ll

r 31 o k23 @ 7P7, 1" 4? 3 -. 7 1 2(4 .6"

f a,. 34 . I Ao I E 227'-2 2

f ? , 6 3's S5L 2-]I ZG, 81
F 3 . 3- .1 2 ,o62

3 o ,>: 3..91t 2F * 9.-

S3- .3 *0 G 2 F) o94
f 13 27.,17

f,. .,3 -, 27.23
f 3' L3 , b26 2?,46

7 1, t' ,* 27 -2 2" , ()6
7 .. 3?S 1 ? -,o27L2 27, 87

72.2 575 -. 2742 29.77

7" ) 32, 9. - 27 t2 31 866
7;,* "  i 2, I]I -,*214 2 3Z e,42

7 7 31 e 51 -,. -4 7, 330,98
71o Zi31 -o -. 1 e 2_ 35. 9

8,4* 3., ? 1f28 37,7o

82 33 L. r L .2{'42 35.83
3 3: 31.3J a 182b 39o42

8"4 3'0 31*? o3 f56 4, 2
F IZ : 3 , ' .0 F7"7 41 o77 -

e 8 c- 3 0o1t ,9 1" .F 841 .77
3 : 3, 5 o (. 7; E41.77

9 . * ' 0 r 7 42.16
914 42 13

93.'.. 3-,' -. .0 : 42o16o" -. ',9", '... 4Eo16
9"3 - 0 4 ."2o16

, - t: 42. 16

C, 1. 0-, 42 16
. -o 7 42.16

126



SITE DATA---
X-PoTrED Y-RCTr r--

1 ,b 3% '~ j:1L 1

2*. ± . I .

42. 1 1
S81, '. 3 • ' 1 I

. . :, , 1 C 1I. A

,1 1
e- , . c - 1*." 1

F27 .' : . ," I 1

23 , .. 26," 1 .L " ,I 1"'j 1
2'.. 2," 1 . 1

1"' 1 5 - ,.: 1
15..

_ 3-7 iF.5 ,' 1 1' 171.:

38a,3 37 1 ' 7a:
:S . f ' 1, -,

c5, .j* 2" -' I ' I
r7 o 1,{ F . '' " 155.) 127. 1

191

E'. ' I I
5 ". 1 j ". 1

L7, , itc I,' I

120

1 .

0 3 1

12



PROGFAM OUTPJT---

X-PCTUE! Y- FT rE) - NG( P. r) EX 0OSURE

37 o -5- ?,,

* -. - -3 .,. -* ,r7 '° .

3 22
3 F5' -i 7

1-3 iL 58

J .,2. , t "o ., ,5

.. 3
* .99

23, 1 , 5 74
2 51 4"L , 7.

2 '-, s 61 3 'f! 149 4 [,2. %3 * 1 L 98

32., 11 31.1 3 ., 2 ? 1 .*, 6
3't. 6 3_ 3 t"51 ,'- 7 lu.72

S. 5 ,.t2 1',72
3"." 3 g 7 1 2I E i 72
?''} 3 3 , ? )I o 2 F. 1'. ,72

33, 370 1 ' ,32. e 1 e72
x -Z . 1T,3 e r, 2: I., 7

3-. 5, •5 if oI 2f 1. o 7

44. "3" •. o ? E- 2', 1, ,72

128



47, 0 3* ° " 1. 91L 11.17
434. 3~ 12 . 3

14.,, ''., I (Ij 12c6/J

3 OIL 14 33- 15 rr0: I 911 16 a38

F. ,1 3" ? 7 4 L1 o.3
. 1t + 14 2. a'1

3 , 5'+ . 22*,,b

E 3-- 2 C- a74
34.a7572? uG

, 3., a + , 1. 3 l a33

. -. " 35.? .f 2 E 32 . 3

F 1 t, 7'32.7L
3,.:. , ' -o27 Z 32.77

f , t" .32.91
c 1 32. ': I

3313
E7 3 -,3 3 -o 7 33.19
EMo C 3..3 7 33.26

6, 3; 1, 7.- : 3!o 25
' T ,,. ?, 5 7,, 7 2o

7 ., 373" -, .76 3 . 25

7 ?2o , 3" .:  -oza 27' 2 33*68
73, 0" 3 , ?3 2 7., 1'" 97-'kI 27 12 3 l 33

7,0 3. + + o 2i ..2 38o22
$ 77,G# 3 1. 15 -a,'r7 39.78

73s,'.1 31, 5;' -,2 2 41 929

S3 t "' 3 -o 27-.,2 42.81
e ;, "L 3~ 41 ",1 (-7, 2 43. 54e . 31. L1 , c5 4& s84

83 1 34,a 9 a 12 6 5a4
8". )2 , 1. ' 3 a 7' 46 •33
8'j 0 : ): 3. ? , *.79

f 7 a a,~ 7 4 7

8,9 c 3 54. , P a3o

{it ' 3?'. At .+ 7/'8•1
5 -. 17

,  1 " . 17
9' T !.0 - 5

3 L I.,. ',1L -

129



1 4° ) 3o, " ,  1t . 11 1

41 3
C1, ; ", 1
b' . 1'

it. E* : 3. . 1(2. -?tS,. " 1

'2 7.I .5,' 1, . 1

, 39, I 5 - •" 1 ,

b- . Z o '  I 'I

38o 1 "1

i1 1

36 o )} j o;? ,

67.F1 9,) "

9. 1,1
8 3 , 2 5 o , 11L

76 i o 1, . 1
94, .-.,') .. 1

2. 1 7 1

ag. l+..*' 1"~ 1

13



DROGRIM OUTPJT---

X-RCTrEz Y-P3T -" A NG (F D) EXPOSURE

.772o 3 ? . V
• ':,:'" 33 o -o , a" .

33, r' 6-

7s !i. a , .L 7!

.. 7" 1 ' .,- .7 * ,,
I I .2 3 E 7 58

o o I r 7 o

1. 4, ti

n 

r 6

21.P1 a. .t
1 24. 2o. * t 9jL .'"'"9

*~~2 09~~ ~ L

3.1 e 4 7
*3" f,? . j ,g3

33,2.o 3 ,5 *.Ch74

p 7Z,. * ' . c2 G

* . ?.3 -. ; iL,
2 2

24a. t. ' 914 6 .5'
2'-, 1" 51 0 5 7 9 18L+

32!? 0, L.72o ;

28.: 3"L * , 7: 2 L. 2

3 ', :3". 9 S- ,3 ., 1c 045

31, o T.. ' ,. 193(31 I. 52
3?0 3" 1. - ,13 aI 2E. I. .- 66

33. o i- 1 _ 6? S' 7, : 1 j0 72

3-- * -, I * ,'? L  1' .I s72
3.b ? 5 3 ,b 4 72

.l~ 32 -,. IL, , 7, SI-2

370,' 31, '+4 l 1' 972

3 .10 a 7> lu" 972

'3.'0 ,-., IL €11. 72

L ,'' 37,* 9 .c "1, 72



6t.[' t>. :3 C, f li 36

k 963 3 3 - 6,15.32

, S " 0C'4 ; -.. 0 .: 17°59

F 1 ' 33, - . 22. 3

F 3, Inl. 5{P 0. 25 o, 1 ,. 7

S .3 • ° 27,97

3- 5 2.9 7

F .11 . 3 6 ,27,E 31 034
, 27, 2 32 *41

3 3.2 32,5

f ? 1, t 1. 3. E 3, i7l235 9

E3?L) , 34,27

6 , 6.e. 1

3 f - 2 8 ,

7. 3 1 5 4r .

71, .' 3?, 3 *57, *' 16

?4. , -. ,42 3.26
'. 3 5 -o" 35.05774, D al27'Z37,2

7 ., : *'-,t2 - ' .5,

75.' 3 . - 7 , 4 L, ..I?

, D. , .., 5 -.?.76 4",
77 32 47.o7

L31 3s 2 5 47s 52

3 s2 3"55 0 L
I1 '. iA + 0: *i S

9 3s t + 0 L

I, Y .

132



SITE DATTA---
X- OT .r D Y-ROT T--

F 3 7,, 1

F 3. 2.27£3,' '" 1',1

1. 3 3,. " . 1

18 '3," ". 1

27s 5 2e

-- 2o.) 2r:, ' IL 1

3.9 1,

C 3 -I
38o ; 17. '  7

" . : I V "

-3 3. 1 .LA.. ,

6?, 2, "0 , 1

9 ..'3 2', "

6. ",} 6 , ) 1,L I.

:18,

83.3 59. 1 1

76. .3 3EF. ' 1,. 1
0.' o',%o }

76.a F. ~
i 6,..: , "  1,,t 1

89s 3 I ' ±

133



OROGP5M OUTJT---

X-fTrTE1 Y-PrT r- t.NG(FF ) EXOOSUFRE

3 Lt' 7' . '

r.." 3!., - '. .. olT
-- r7

3, .. r 9.. 22

-~,? . 458

, ?2 -. 058

7- o,..7 ,58
058

2. t' 99

.R, .2 , ,. cI 1 4
1i ,  r 2 ' " ,-.7,69

2, :. ] ,, $1, 5 598

2"r, 9 1 3 0 14 ? a 4 7~ L •6. 14

2r, a .'. 1- o, 55- 9 08"

293 .1+ 7-'172
290 3 3",- T'-I 1 t 23
3 ;aO{* i' 7 .(,16 1'7 4o

319 3 L 3 t I I i 3t 3E. 1V, 052

1_, . T.tlil ,IEP26 i r G66

3,, ." -3 ' t , .7.1 ,7

3." , 3? , 54?, *i~o72
3., ' . ,74 1? , t . ;. 1,'o 2
3 o 3,10 5 c 1 *,7 2

3.. 0 Iv e72

.*' 3 3 ' l •. i'- 1,.72
. ! ,3 1., o72

?'' 9 V e7

* it 72

0 1 30 3 1 2 72

134,



ii~bi

3 5 4 312.*86
37 0 5 415.013

h-° 9, 2:3 .
t 3 5 1o1

r7 4?..4 17.39

F3 " 3?, r - ; . 21,o98
48 ; . ,? -2 .- o 2 77

S.. 27 75

::, : .3 ' - ,It.28.73

Fl 3, -0 7- 290 9-.

539iL 3 s .1f 2 b 31.32

1 1, 4" , I , .,' 2E 12, 28
0 . 3 3 0 , 2 -  " 7- 3 0' 3

a 3 * ? " E. 3"' a 22

" .f ., ' 35 T 34 D3,' ,I'0;
0 3.

a3 Ix 0. 3c 18
.3 + 18

F , 3 , 5 7

r ! ' 3 .5 - ,-... 3E.16..
7'. 3? o 2 F i

7z '[37. " 5, 7 31 18d

7 .e 31,z.I -,27 2 37*3

7 5. 3.3? -,2742 20,r,
? . 3 a 5 it -a27,,2 4-

79olL 3iO,5 -o1828 43.22

79, 3 . 3t ,' o .91 4k .73
e o1 5 -. 0 1-1 4f) s42

BLl 3 : 31 05? " " .;, , -+*" 12

820 3 " 3 5 *I F 2 847o28 .7

e 3 3',?.' 3t 5c': 47.57

8,.'0 .7053 3 5 F 48. 268 , 3 37o I- s -4 7! 49, 2-,

T 27 2 49, 7
8 ., 37, 53 o2742 51 * , .2

8, ?5 ,272 5e22

' . 3. : *39~ 1rJ , " 3 .F 7' 0 o36

.s 3".? -. 6.. b
o 3f,~ i6.9-[ ,?3 -o . , 5" ,3*
.- 5 .36

: 3;' -: i o 3 "o L5 o30

o 3%3 -13 51 7$

. . .. ..35,j..



SITE )AIA---
X-ROT r-_- Y- OT~r-

b, } 39:, ),. 9 J
' . 3? " 1

2. ,- 3", iI

8.. ) 3%o3. 1 .; i

27 .V? *' '4 ±

iS, 3. -,?." ' 1' j

ii, ,.i
.2. 1 1r j

2.. ) t ,. 1 I .£

3g. .! $. I. 1 j, 1
* 3.. 1.8. " 12i I

18.1 "2 ,.." I. C: 1
. 3 I .r " 1' I, I

9~C3

38.:) 1.. 12. 1
. L. .

±8.•1 '  6 1.') 1

55o7) j2L .' 1:? I

j3j'(.9, 1 j

55.- 22 ~ ±:

76 1 .8. "4 ' iH,' 1'1 5s,.'' L I

78. ') 1." 1' .. ±
g4. I ":2."; 1 .1

f-, . I , 1

38: 1 17..

6... . 1

136



PROGP15M QUIPJT---

X-ROTWTEJ y.t)r~rr) ANG(f 40) EXPOSUr E

SL 30J

3 -.~7

0 3 i.44

* .99

7Q*~2 69- 34

23m 3Li f 1'45o74

2 5 o47L 8 .14

29 3. ?3 4 1:0s23
316 315 3E56 1'.)45

s319 13 .3 E (1 ,. 5,2
3?. 0 310.ti 1 .2e 1'Ir.66
33o. 31 3F .12 61r 7

pm 3+. 31! 35 .1 F2 t : .73

3 43 E 2c 1f' 79

7 71

3 031 a 4. 10 .79
4 0 53 9 l E 1 * 79

L',2 I .P 2 1 7
' I lc? 1 .. us79

I t 2 1 , 73

137



S95 0 3 5? 6 11. 244~[t"7o IT I .1 2 L 11.t

4 , 3 ,5 ? .t 5 F12.52
3 a 5 t o 13.92
, 3-o 7 0 15. 18

F 2. 3 L'. 3 -. * 99
13 37,72 -ro 23,62

~4
3-. 'Q , 27o '3r c37.o3 -°7 f, 3t o77

3" . 1 Z 2 12 '-3X L.'47 0o 1 f3 .1 2 f Eoa22
F o 1 , 3 , .. r 3 ) 6 3
S.00 33o ?) '9 3* oe3

79." 3 ). 3  -. ,57, 38.

E 3. o 3' .1828 38 .E 583
E7,5: 3 ? 3. 5 -.(.57, 5.8 9
f '," 3-, 53 -, 27 2 3E.66

f ;"3 t 538.

71 , f 2, .. 0 3 .,8
73o 3 - aot2E 39,56
7.-. ' t.34 - 2 L- t 8

70ro. 3'* 35 o 3 3780; to31. -o14:25 46.84

79. 6 3 t,71 - l 48 * 35

8t, 3.:5C -. 34P 7
62P i 3 ,r*162E 5 r' o69
8'* !+ 9 3-7. 5+ .3(,56 51• 88

-. 33st.3 o'7 C 52o86
8 ,. a 31 *41 ,2742 53o 37

Iq . G  3T 5 27,2 53.*98

910 3 " 75 ' / 98

933 53 . + - "5 .98

9" T-" ?0" .. 53o93
a:, =ot; . i'530. 98

1( ."+" ,-.3,, 53.98

138



-p -. Romp

SITE "tiIA---
x(-ROTAr:-y'D '~r

114 1 1 9
F81. ? -. I

2. 1,07

11

6 2.. 2. 11

27, 2,

550 11
36* J

7' * 1. ~ 1

5.1. 1 2

18. 0' ': 6 iv1

75s 1 1 r 8* j

91. 0 1 52.1

E.~4 20 i.

1391

76.2.-1



PROGRM O(ITJTJ---

X-PCTuT'j y-p~rr:) A4G(F V) ExPOSUS

- 7 ..
33." - * 7 ,223?. ', -,..7 T  

*

3 * ? - s .2

3 . - 7

! ":~ ~ -+ , t - r I. b

-.
I .6

2. " _? . - . [ h 9
21.r. - . t. (As2

3IC. 3' .A] .3tbE. ±3.5?32,... 31 7 .2 E,
33. 31. " ,iE2b IL .79

231 , 9L 1 79
. .. .3 5 • -1 79

28' 1, :, 39,L ,.4F7 I' ,79
a296 " 3' t , 3 q1: L I ,7 2

77 3.e3E- & 73e4

31:6 31., I - 5 F- 10 e 279
33.' * I1'- 1.79

L. a 3.1 . 1011 1

35 3t C5j5L I o79

3': 9 3 * .79

L, ~ ~ 3 C 10

4, ~ 1 .7

130 CII 7



. 11.63
4 .9[ 1? ,;l 11 85
L ,1 .? ' 12 L) I . I
L ,* 3 . , C>1 13 37

F . 3. 3 .3e., IL*77

F o 3r. - 17,18

F b ~I1 _ e 1.93
ill 97

3, ? - 21 2

37. "  -, 22, 5r
7, x ?- .. .2.78

.Z'2 23.376
-3 L2 23 ,36

r- 3 7 5 127 2F 2 9,,

3 31: 2 .19

"' 2F.19
79. .L 0 d 25. 19

L 3 , tit- 2q.i9

7 .+ 7 2:-o.l9
7 . " 3, 11 1 5 2-= 'A. 3
7 20 " , 57 ! -v27 ;2 2 ,561

7!,: 32, -27i. 2 2 ,.-2
7 33,)5 -,27L2 27.31

In 272 .59
?7 . 1 ?7 51 a -, 7.-2 a:" 15
77, " " 0Z 3;. .. 7 31 7I

7 1-$ 3 tI 1 -0 91 33,22

79, 34 .i 3 - ~L* 73
9 ,-{ T ,' 1, 35,943
800 . 3 -,. ." 36o,12

63o,.?5 Z t i.182 E 37.67

e4,JL 3 0,3 1 ,E2P 38.27
8r,0 3? F ,12 399,78

3>. . I 7 4. .42F 39,78
.,e~a L 1 1 . 3 E41. e 12

9 ,'.. 7,'1 - ; 4 ,,

c9. X 7. ' 3 I! 4' o41

r , 33 o -

a- -... . m . . . ...... , , l .....

44 .4 4.

9 4,A

C,* 1 - 1 4, 41+

3 1 7 ~ 1

.14



SITE JAIA ---

Y-~RfArEJ Y-RorirrEi

1 1s

211

52 3 2' 1:

2 1

51 2.t

18. 3 13o' 1A1

5~ .3 5 96. ±
E . 1,

55 a3 2 2.11
18. 0 ~u
83) 5 .go

T2 C3 0
L1

1 4 - 1



PROGP5M OLITPJT---

X-ZOT TEO Y-')rAr rrE AJG( 'AD) IXPOSJ E

3.~5I L 3 . -57 5

7,'7,.

,) 3, ,22

I 3 *3 53L
11,M ?2. I - ,- 057

1 3m 0 1' k,, Ft "- 7 1,58
.53

,%~~~~~ ~ -. , ?,L -. (,33
1 'is 3 7 1 5

I * 21 3 s 712.o69
2 ,, " ? . -, .. 7 , + u

24s3C ' k . 7 ? * I ,E 92",] 3 .21 ', 711 5,7.4

26.0( r.- 3 55 ,, 1, 9,5
27, 0 21, 55 9s891"

3 , * 23 o LjL- I .23
3., :, 3" 57 , t~t 1'. 4

31,.' .1F2 1, ,79

3g,'. r  o5+0 Cl Ii..79
31, ^6 c. 31, Il ,79

- 331 v . ' 2

3 4 " " o 517" . I.,79
3 3, 1. s i# , 0 1' 1 79
7!., 3 a. q. Clt, 1. 79

3,.,0 . c1i L .79

{ : ' .?,55,, c 1 -11,21

1L43

L.'a0t , 7



' 3?-, 27, 2 11 ot 3

3. 17.L
34 33 12 4

49, 2)0 3 ,13 -Ilel 4',• *

- 3 ,3 -. . 15,37
, -, 7 0 T 15 0,35

33,, -, 1 .e57

1? 7.
s 8.8 , 3 ,2 7-2 2' r23
E .J 33'o 3 27,2 2. •06

J 1. 3 2 7 2 2:, 3

F 2. 3' 3 o. 91L 21913
f 30 . . 34I ' + 0 . 1- 21,o 19

., 34, ; 3 , 1 21o 26
34 ? , - 21,26

E , 3' 4, t I . L2+ 21a,23

7 a 1 3 o T * a 4rT"21.26
7 is , 3 1 ,:*t7 21.26

7 . 32, ? -o27;%2 24ob6
7r) * 3.5 t -o2742 26.22

77o 3 3 t -,.. 1t26 29a29

3"7, ' t,55 -o.1 3j ,50 L. , 3 t; 3t 53 l i k.1 31 * 5 ,'

6 p1 ,. 31o 55 ., ; 32.19
82 sL 3t, * 3 .f 2. 33.15
63,2 3?, ? . o3(56 33o74
8'si 3?o,53 ,3 5 6 34,34

8b ,', 37 5 , 7 r  35, 32

8 ,. :: 37 tr s 2712 35,78
F . 3-, S; o 2742 3 , 'A

• -

9 '' -, " - Z7 4, o .3

9',; Ce- -o .. -,•

8.,, 3, -,,7.k ' 3. o44

-?9 e 3; .4

c:,. :" - , ! 5

c. :,'- V., L -, . :, .

144

14



Appendix C4

Automatic Model Output

(see Table 3, 4 KM Column)
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z~ z

~4 (AJ X W- M- -

L/3 -4

-4 A

II (A - ~ LV -

Z ~ ~ ~ I fLAA '8 *' -

X" -4 IIT 
-* -

0 .>

(A- M4~

ill IN)

C' ;n

-4~ 04(

* * * * C) -( Io

it it

146



5 3. .1 I 7.:

32 1

- -56.;l 27*53

-9 - 1 L9

32. Fr~.j 1'
-7. 1 27.5 0> C

'47. 4 9 .u J
6 11 l

3-. , F'-.X IJ

75.) 1> 1

1F a

47.~) 47~ 2



D 23"-' M I JTcJT- o i

X-~CROTTF Y-POTATED AN,: ;AE) EYPC~L'RE

4)1 35 .0
8 ]3 35,C So -. C J , 3

2oJ 35. - 11.69

35,") ,7,51

2 , 35.3 , 0 3.,.29

28.)3 35.L3 ". 3 31
32. 35.3J 7.35oC 33.87
36.)3 35oCJ -. G3 33.87
4 .'. 3 35o ' -. a , 3 " 87

44. 3J 34.63 -9, qL4 33.87
48-1 34.27 -. 9 1 35.64
52.3) 34.63 .%£!4 42.62
56. 31 35oC I .9 14 45.51
6,} 34.26 -,1 2 8 47,27
64. 3 2 32.2 -45 7 J 5 58
68.3) 31.93 -.2914 F% .84
72.)3 31.56 -.214 52.51
76.11 31,56 . *I", 58.76
80,13 33.53 9457'1 E2.58
84.13 34.27 .1328 E6.49
88. )) 34.63 . 914 67.31
96.) 34.63 -E -7.3 1
1" .32.-. -457. 7. 31

148
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SITE lATA---
X-R"ITAT-) Y-PCTATEJ

5 2. L. ' 7 30 1

1 1
54 3. 4? 40

1 *. .. 1
7 3C 44o ~ 1~

19. 'l 4.7 • 1 2. 1

6q..) 43. 3 1": 1
62. 2 FS i J 1

15. 40o

39. 3 F ., 4] .
Z 0 1

6 . _, 1P.JOCC

71.uA 64*,G i41

9> 1
57. CL,0 112 1
39. ') i7.Oj l'

56. ' i113J I2 1

3;5. 3] 2( o Z! C I c

47.3 3° G I3
7. "JJ 1

55°03 22.,O 161

1i3,]3 64.CO 1

7 ,RS5,D ICJ 1

76. 3 18 0. 13 °  1

9-.. "' %1. : 1.,i,
9 -4.

4 5. .] l3u F' 4

149



PDNn'flAM CIJTP'JT---

'X-POTATT-C Y-K3T.T--) A ( A ) 4_' X IJRE

4.3? 35.- .
19.]: 3 5 C; I. F.13

12.o3 35.-) -. ,;, 11.69
35 . 1.. " _ .

21'.} 35%. j.';, 27.51

2 1 ' 35,"3 -. . .'329

32. 3 35, J - . 37.87
36. 1 j 34, 63 -."914. 3 .87

4,.,I3 34, 27 -. :91.1 33.87
44s]0 33.93 -. 914 33.87
48.)3 34,27 . 9iA. 37.31
52.11 33,93 -. 14 47.49
56.3) 33v53 -. 19 4 -53.44
6C, oJ1 32,79 -,182A 6C,38
64.13 30.83 -. 457 63.93
68.3) 32.46 -.,914 4.,24
72. 2 33J.83 .9 14 65.91
76.31 31.19 ,.2914 72.16

sC.)) 29.23 -. LS7 74.93
84.3 30.35 .2742 77,31

8 .33 32.3? .457 79.29
92. )l 33. ,) . ? 8 78.29
9 "1 34. 18 .2742 7A.29
2,.J 32.22 . 78.29

150



SITE IA T A-- -
X-R~OTATTE" Y-RCOTATEI

oc1

24.u 33.T 1 . 1

-,56 3 4L.01j

5c) 12

15:) 49 30 1.1

1.3 6 1 p 0j

71.J 64,L C>
9 14o 116 0

360.17 2.0 1

1J, 13

47. 0 14.i 16
60 96.003 12 c1

64.00 14,01

83.03 F 01

7".. 1 4 0 1 1
7 E, ~ Z 12

L I

151



X-QTA1Tr- Y-c'OTAT=D A N' (AC) cEXP 1) I)QE

4. 3 3.C 3 -. 4571 -
9.)3)- 1.67

c);.'37 3 3 M U U - -

1?*3 33o.3 -7,2 4.7

2. ]1 33, 3 -.- i 4
24.3 33."3 -. " * 71

2o3 3,3 I39 I. 8 4

36. J) 33.,,3 -. 2 : 3 4
24..)' 33 4' -. 14 2-'49
2 4 . "1, 33.43 -& . .

48.) 33s 77 .3914 23.84
52. 3 3 3.4J - a 031,4 34.02
56. ) 33.77 -. 914 37.76

33., C3 -. I? 8 .4 193

72.)J 31,r6 - .9 47o47
76. ]0 31.6 - .CL 731..
8 c.3"1 3Z.%3 a*457 57 *5
84.1) 33.77 .192e E1.44
88.1) 34 *.5 .1928 E 2 .27
9?1) 34.5 - 5^. . ^ 6-.27
96.)) 34 .:914 E 2 .27
1L.)j 32.91 -. *573 E?.27

152



S TT E ')ATA ---
X(-ROTAT7r) Y-POrATE')

14

5 30 i 2C 7.J24o; 3 AT0 1- 0

4 L

-. 56.0 4. .33 1. 1

43..

ih b F5.0 0: 0 1 4 o

56 . " , . 1051,3 40.. ! '1

7 52 .2 1> 1

1.) 49 o.3 12
3* 3. F 4 -.3 1..

-I p

67.3J e . 1?.

7~~1. 1E,4oJJI
56L.q03 6 1503 1>
57.C~ 1'1-Q11a 1

56.3 1K 1

18-

67.) 51.] 1> 1
47. ' .3 - 1 . -3
60.03 6.000 1 3 1
55. z 3 22ojO 1 . 1
ISO c 3 64o 0 1~ 11W

1>, 1 . CI "1 i56. oo i F Iz J -

7 .E ,0 1] 1

67, J) Loo, l I l .

76.3 .p.00 11 1
9 4o F2 o L 1

55 2,0 122 1

6 .0? 6.2: f1% 1

739,C G ,) 12 ' 1

153



i ~DD'-RA O. UT'JT ---

i (~~~--DOT T-D Y- !0 TAT- ANChO(qac) E C_

wo 4 , ]3 3.' 3 - 5 72 o

33. 3 -. 1.67
12 .l) 3 3. - 1, '4.71

0 16. 33.,3 -. 21)5 7.24
S. 33.3 -. 3 3.84

2 4 93 33 , 3 E. 8" 298L

32.32 33.: 3
3 6.)j 33.,C3 -. ].. 2:.4
4J.)) 33.4 , 3 .1.4 2,.40
44. 2 33.77 . 4 ^: .I.
48. 13 34.13 .1C.4 23.84
62. IJ 33.77 -. 14 34. C2
56., 3 3.4j -.344 37.76
6".1]3 3 3 .*3 -. 9' 4 4 1. 9 3
64. ] 31.1C 7 -. 9457 ".1 1.5 3

6 e.1' 31.C7 - .2: 45.80
72.)3 31.-7 -. 1 47.47
76. 1,3 31. -7 -. .;. ,3 .7 1

8J33 33.L3 .4573 57.53

84.13 33,77 .1928 Elo44
88.)3 34.51 .1828 E2.27
92. 1.2 34.51 -- ] .27

36. ]3 34.8 . 31-F 2.27
32.33 32.o -057 12 2

154
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SITE )ATA---
X- TrAT- Y-POTATF

:3 75'...' ?27 " l

24. 2] 33.] I

s 3. L . 1:I .
7 4LI - 4~

432] t .:; -:5E*. 44*JL 2

-62. , 7 5

52.1 3. .
69.A 4 9.3. 1".

4 q.

34 -1 E

2.0 1> 1
7.L1. 1>L

57.2 E,, <67.3 1, I 1"
39 L 173 J1

. .3i39..K 11 1

36. C) 2C O.J 1

612 .'0!: 1

6.30 Z J)
5-. 22. Ci

83. 0 69.60 C 1
1.2.1 58.o% 1,r,  1
76. I. 3 1 1

9 1.4:2 1o 1
76. ) . 1 1

6. '. 1 .C" 12* 53.22 1.01
45. 54 .0 I j 1
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1,3 ] .' 1" 3 . 3' 1.67
1?.)1 33,' -, .,71

r1 3 33.1 3 , 7.24

2 , i 33. 3 -. 4

24 , ,. -2 . 16.82
2 A . 33 .4 19,84
72.1 33.77
36, 3 33.77 -,.2. 4
4'.J 33, 777 2[.4,
L4 L.1 33.42 -. "AI1'^4.

L+ 3 3:3 -19:4 25.1±
52. 3 33.41 ,914 35.29
56.1" 33.-3 -. :,4 42.20

33.4) .914 40.42
64. 3 31.'L3 -,L.57 52.47
69.33 31943 0.c > 52.73
72. ) 3L.43 -. :3;o 54. 4
76. 31.43 -,.:j Ez,64
8 Z .) 3 333.43 , ;7 E4.47
81, 1 3 34,14 ,1,2e E. Eo3 8
6.)J) 34.51 .,914 69.2
9?.): 34,51.1 -. " 2-
96.13 34,, 7 9C19L', f: .2,

1,3C )3 3 2 '1 -, 57_ E-c. 2 0

156
.4J



SIr' E )ATA---
X-ROTPTzO Y-ROTATrl

14o j1

32~ 2. 10

19,A 4-7 Z

4. 1

r,4 3~2 4,.~ r

16-J) 1

31. 3' 17.0 u:

2C5i 12 1 .6

57.0) 4.20
1.20 13)

552 22C1

47 2 4.C -00
6 2 *3 3 1c0 10

18 .) 1>3 1

1) J
7 ~ O E.~ CI l

94ec ':) 62 0 1C

E..0

~1 ~ ~ ~ ~ ~ ~ . . . . . . . . . . . . . . .
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Appendix C5

Uncertain Model Output

(see Table 5)
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Appendix C6

Manual Model Output

(see Table 6)
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Appendix C7

Data for Points on Figure 13
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