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EXECUTIVE SUMMARY

The purpose of this study was to survey and explore concepts
of underwater and water-related sensing systems and determine the
technology appropriate for present and anticipated Coast Guard
activities. Guildelines for establishing the technical bounds of
the study were developed by considering the traditional and the
probable future activities of the Coast Guard. Since many of
these activities require sensing of underwater as well as water
surface parameters, both underwater sensing systems and sensing
systems operating above the water, but directed at sensing of
water surface phenomena, were included in this study.

An examination was made of the various forms of sensing
energy appropriate for water-related applications. The sensi-
tivity and effective range of potentially useful sensing systems
were compared. As expected, acoustic sensors are the obvious
choice for many underwater applications; but optical, electro-
magnetic, electrical, magnetic and chemical sensor systems are
useful f'or specialized missions.

A data base was acquired containing information on current
and developmental sensor systems relevant to the selected water-
related technical areas. The procedure employed both a litera-
ture study and a survey letter to sensor manufacturers and users
to obtaln a broad base of representative sensor information.

The information was cataloged in a computer file using a classi-
fication system which included sensor, environment, and object
descriptor groups.

Selected Coast Guard activities were considered in detail
to determine their general sensor requirements. An analysis




technique was developed which systematically reviewed specific
Coast Guard mission scenarios to determine if they would benefit
from the use of new or improved sensor systems. A computer-
aided morphological method* was used to analyze the required
general sensor operating characteristics and concurrently examine
the data base to determine the relevance of existing technology.
The output of the computer program identified sensor systems in
the data base which best matched the specific mission require-
ments. Any set of input requirements for which the program

did not produce a sensor system output thus identified a potential
technological "gap". These gaps were examined to see if they
were real or possibly the result of an omission of sensor infor-
mation in the data base.

General recommendations were developed for the application
of existing technology and for the development of new technology

where indicated. These recommendations are directed at the ?
following six major Coast Guard activities: '

« Search and Rescue

The growth in satellite-communication technology should be
utilized to improve emergency beacon effectiveness both for
small craft and for isolated personnel distress situations.
Acoustic and radio systems capable of relaylng a distress signal
through the air-water interface are required to aid distressed
submersibles and divers.

«+ 011 Spill Detection and Classification

The oll-spill detection sensitivity of satellite sensors
must be improved and the data transmission rates increased to
obtain timely input to classification and clean-up teams.

*A technique for methodically describing all possible ways of
achieving a specified purpose.
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Real-time spill detection and classification techniques using

airborne sensors would provide greatly improved clean-up
response times and help to minimize the area affected by spills.

« OQOffshore Law Enforcement

Present sensing systems used for offshore law enforcement
are directed against surface vessels. For this purpose, improved
satellite 1imagery and high altitude synthetic aperture radar
development will be useful. However, it may soon be economi-
cally feasible to employ submersibles for illegal acquisition
and transportation of high-value cargo. Improved magnetic and
acoustic detectors are required to sense small submersibles at
operationally useful ranges.

« Ice Operations

Icebreaker operations can be aided by a remote sensor
system capable of determining ice properties at some distance
from the vessel itself. This can be done by instrumenting a
helicopter or by developing a remotely-controlled underwater
vehicle with upward looking sonar. Data on ice coverage in
remote areas can be obtained using improved sensors on new
satellites such as SEASAT-A. Data relay via satellite from
local sensors can provide quantitative information on ice
thickness in remote regions.

» Port Safety and Security

Water-based terrorist or sabotage activity is a potential
threat in port areas handling valuable or dangerous cargo.
Incursion by swimmers or small vessels (surface or submerged)
may be detected by acoustic and magnetic barrier systems set
along harbor entrances or pierheads. Bistatic (shadow-detecting)
acoustic sensors should be further developed for this purpose.
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« Underwater Aids to Navigation

Underwater acoustic beacons, transponders, and reflectors
will be increasingly useful for commercial submersible operations.
However, the increased use of submersibles, acoustic navigation
systems, and other underwater acoustic sensors, will soon re-
quire frequency channel ailocation to minimize interference, as
has long been the case in the electromagnetic spectrum. This
may well come under the authority of the Coast Guard for regula-
tion and enforcement.

secause of the broad scope required, this study did not
consider detalled questions of engineering requirements and cost-
effectiveness for the various sensor configurations suggested
by the analysis process. Those configurations which are techni-
cally realizable and of practical interest to the Coast Guard,
such as the examples discussed above, are recommended for further
consideration. Thus, a Coast Guard review 1s appropriate at this
point to select the principle sensor candidates for concept
development and cost-benefit analysis.
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1. INTRODUCTION

The Coast Guard is presently building a technological base
for future underwater capabilities. This requires systematic
investigation of many aspects of the underwater environment.
Coast Guard programs in Aids to Navigation, Port Safety and
Security, Commercial Vessel Safety, Marine Environmental Pro-
tection, and Search and Rescue can all benefit from advances
in underwater technology. The Coast Guard presently has a
substantial capability for performance of these missions,
but future demands will require development and use of advanced
technology. Ocean exploration and exploitation efforts are
growing rapidly. Expected legislation could increase
Coast Guard underwater responsibilities to include functions
such as inspection of offshore structures and protection of
coastal and offshore assets. Future developments such large
submarine commercial carriers, automated submersibles, under-
water habitats, and offshore power plants will require new
types of underwater sensing systems to be used by the Coast
Guard.

The objective of this study was "to survey and to explore
the concepts of underwater sensing devices and systems, and to
determine the technology required to allow the Coast Guard
to meet possible needs in the area of underwater sensing for
the next 5 — 25 years."

The sensor technologies to be studied were determined by
examining Coast Guard operations in the program areas discussed
above. A computer-aided morphological analysis was conducted
in selected program areas to determine if Coast Guard needs are
being met with present technology or if new technology must be
developed. Specific recommendations have been made where present

technology seems deficient.




The procedure used in the study involved the following
tasks:

Task 1. Determine in detail the sensor technology to be
studied based on an examination of present and possible future
Coast Guard activities.

Task 2. Review current literature and contact manu-
facturers, government laboratories, and private research in-
stitutions to determine the present state of the art and obtain
information on developing technologles.

Task 3. Design a taxonomy for sensor-system classification
and computer-aided cataloging of the sensor information obtained
from Task 2.

Task 4. Analyze the present and possible future Coast
Guard uses of sensor systems by examining mission scenarios and
determining where appropriate sensor systems would be beneficial.
Use a computer-aided morphological method based on the sensor
taxonomy to catalog all sensor system combinations of relevance,
and determine if suitable examples exist in the data base.

Task 5. Using the results of the morphological analysis,
identify the classes of sensor systems having the best potential
benefit in Coast Guard applications. Determine if existing
sensors will provide the required performance or if modification
of present technology or development of new technology is needed.

The results of these tasks are presented in the following
sections of this report.




2. THE FUNCTION OF SENSOR SYSTEMS IN PRESENT AND FUTURE COAST
GUARD MISSIONS
The guidelines for establishing the technical bounds of the
study were developed by considering both the traditional and
the probable future activities of the Coast Guard. The present
Coast Guard budget was examined to learn present mission priori-
ties in terms of how operating and R&D funds are spent. The
Coast Guard Program Standards were reviewed for information
about present and near-term operating requirements. Finally,
the Commandant's Long Range View! was used to provide informa-
tion about the anticipated mission requirements in the next
5 — 25 year perilod.

Based on the review of these documents,- a group of appro-
priate Coast Guard activities was selected to serve as a focal
point for the study. The set of sensor technical areas for the
literature review and current information search was determined
by developing specific mission scenarios within each of the
general activity descriptions in the Coast Guard Documents. This
process is i1llustrated in Table 2.1.

After examining the information in Table 2.1, it was
apparent that many of the Coast Guard activities involved the
sensing of both underwater and surface phenomena. Pollution
detection, for example, may involve sensing pollutants on the
surface as well as 1in the water column. Search and rescue
of submersibles involves the probable requirement of trans-
mission of information through the air-water interface. Ice

1U.8. Coast Guard, Commandant Instruction 5000.2B, 18 July 1977.




thickness measurement may involve the coordination of data from
both underwater and in-air sensors. To avoid excluding sensor *
systems of Coast Guard interest, the scope of the study was

expanded somewhat to include sensor systems generally used above
water, which were involved with sensing water-related parameters.

Since the objective of this study was thus expanded in
scope to cover a broad range of underwater and water-related
sensors, it was necessary to establish some ground rules to
provide reasonable bounds to the types of technology to be 3
included. Hence after reviewing the information summarized in
Table 2.1, it was decided that several classes of marine sensor
systems would not be included in this study. Examples of these
sensor systems and the reasons for exclusion are

Radar systems used for navigation and collision avoidance
(Properly the subject of a separate study)

Military sonar systems used for long range submarine |
detection and antisubmarine defense (Not applicable for i
peacetime Coast Guard missions) ?

Radio and electronic navigation systems such as Loran C,

DECCA, OMEGA, etc. (Properly the subject of a separate
study)

Sensors for surface acoustic and visual navaid systems
3 such as fog detectors, light-operated switches, etc.

] (These devices are considered to have only in-air
applications.)




TABLE 2.1. UNDERWATER AND WATER-RELATED SENSOR TECHNOLOGY APPROPRIATE FOR

PRESENT AND FUTURE COAST GUARD ACTIVITIES

Present Activity

Long Range View Input

Relevant Water-Related
Sensor Technologies

Search and Rescue

Respond to marine and aircraft acci-
dents, floods and ice conditions

Aids to Navigation

Maintain network of manned and
unmanned aids along coast and
waterways. Include visual,

audible and electronic signals

Marine Safety

* Insure compliance with Federal
regulations by ships and per-
sonnel

* Recreational boating safety

Marine Environmental Protection

* Prevention of damage to marine
environment

+ Inspection of vessels and water-
front activities

+ Conducting of pollution patrols
* Port operations safety
¢ Harbor traffic control

Ocean Operations

* Offshore law enforcement

+ Ice patrol, ice-breaking operations
¢ Marine science activities

All-weather operation
Ice Area Operations
Submersible search and rescue

Under-ice (submersible) search and
rescue

Satellite-aided search and rescue

Improve effectiveness and reli-
ability of aids while reducing
operating and maintenance costs

Improve buoy positioning technique
Improve electronic aids (Loran-C)

Augment - Loran-C to provide ship
positioning information in harbor
areas

Improve navaeid reliability in ice
covered areas

Offshore structure safety

Cargo handling safety on new types
of ship

Detection and response to small
spills in coastal waters

Capability to deal with massive
spills

Identification of oil origin
Deepwater port regulation

Port security from ssbotage and
terrorism

200-n1 fishing zone enforcement

Satellite detection and identifi-
cation

Fast response vessels
LTA craft

High seas crime, piracy and drug
traffic control

Offshore mining activities

Electromagnetic, optical and
acoustic detection, surveil-
lance, communication and navi-
gation systems

Systems for transmission of
information through the water-
air interface

Underwater detection, location
and navigation systems

Underwater navaid technology
is of primary interest

Acoustic beacons, transportation
and positioning systems relevant
to ice-covered area navigation
and to suomersible navigation

Electromagnetic and magnetic
sensors may be relevant for
short-range guidance systems

Mechanical parameter sensing
on offshore structures

Systems for monitoring ship
hull integrity

Remote optical and electro-
magnetic sensing of oil spills

0il spill classification
sensors

Acoustic ship movement sensors

Detection and Surveillance
systems for port safety

Acoustic, electromagnetic, and
optical surveillance systems

Ice measurement and mapping
sensors

Sensors for long range detec-
tion of small craft, doppler
radars and sonars




2.1 An Overview of Relevant Sensor Technology

Sensors are devices for transferring information which 1s
usually contained in a stimulus or sensing energy. The most
effective sensing systems are those where the sensing energy 1s
compatible with the properties of the propagating medium used
for transmitting the stimulus information. Thus electromagnetic
signals are the most commonly employed sensor stimull in air or
space both of which are insulating media. In seawater, electro-
magnetic waves are not very useful since they are highly
attenuated (except at very low frequencies) by the conductive
properties of the water. However, the density and low com-
pressibility of water make it a much better acoustic medium
than air. Thus sound 1s a very effective underwater sensor
stimulus. Light which is also very useful for sensing in air
or space, is only useful in clear ocean water because of the
attenuation due to scattering from suspended particles -and due to
absorption by the water. Many other sensing stimull such as
magnetic and electric fields, radiocactive phenomena, and
chemical agents may be useful for short-range applications,
but they generally do not have the information carryling ability
of rapidly controllable signals.

In this section, a comparison of the effective underwater
range of various sensing systems is presented. This comparison
is based on a study by the Naval Undersea Research and Develop-
ment Center (NUC)? which examined the underwater use of static
electric and magnetic fields, radioactive flelds, chemical
systems, extremely low frequency (ELF) electromagnetic radiation,

2A. Gordon, ed., "Undersea Detection of Various Signals," Naval
Undersea Research and Development Center, San Diego, Report
NUC TP 294, July 1972.
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light, and acoustics. (The technical detail in the balance of L
Sec. 2 1s supplementary and may be omitted if not of direct

interest to the reader.) 1

2.1.1 Electric and magnetic fields

Electric field detection may be used to determine the loca-
tion of a submerged object undergoing electrolytic decomposition. :

The range obtainable is on the order of the dimensions of the
object itself. A more effective use of electric field effects
is obtained by setting up a spaced set of submerged electrodes
or antennae and applying a voltage across them to produce a
conduction current field. The effective range of this field

is determined by the geometry of the electrodes and the applied
electrical power. Table 2.2 shows the theoretical range of an
electric dipole as a function of input power. The dipole in
this example was formed by 2 spheres of 0.1 m radius spaced 2w
m apart. The receiving potential is measured across the ends
of a 2m m antenna. The electrical noise limits of this type
of sensor are generally determined by the interaction of water
motion (current or turbulence) with the earth's magnetic field.
The noise limit determining the range shown in Table 2.2 was
produced by an assumed water current of 0.1 cm/sec.

Magnetic field technology has recently been advanced by
the development of superconducting magnets and field sensors.
Magnetic anomaly detection (MAD) equipment is widely used
for submarine detection. In most MAD applications, a local
variation in the earth's magnetic field is sensed to obtain
the required information (detection). If a magnetic source
such as an electromagnet were used, its high local magnetic

field produces an anomaly in the earth's field which is detectable




TABLE 2.2. STATIC ELECTRIC AND MAGNETIC FIELDS (From Ref. 2)

Static Magnetic Field

Power or
Weight Magnetization Range
Source Dimensions (P or M) (R?
Copper torus r, =1.0m 2 tons P=10W 30 m
r,=10"'m M= 5.4k x 10?
A-m
Permanent magnet Length >> width 2 tons M= 2.61 x 10° 130 m
Volume = 0.25 m® A-m?
Filled solenoid Length = 21 m 3.8 tons M= 3.2 % 10° 135 m
Diameter = 0.2 m A-m?
P=T0W
Superconducting r, =1.0m = M = 3.56 x 10° 320 m
coil A-m?
Static Electric Field
Electric dipole Length = 2T m - P=10W 160 m




at an appreciable distance. Table 2.2 also shows the effective
range of this type of device as a function of the magnetic
moment of the transmitting field. The noise 1limit in this case
is determined by small local magnetic anomalies superimposed

on the earth's field. Note that an electromagnet with a 10 W
inpht can be detected at about 30 m compared with about 160 m
for the 10 W electric dipole.

The effective noise 1limit of magnetometers can be improved
by using them in pairs connected as a gradiometer. In this
application, the noise due to the earth's large-scale field
variations is effectively equal in both sensors. Thus when
their outputs are connected in opposition, the earth's field
component 1s cancelled and only short spatial magnetic fluctua-
tions due to local anomalies are detected. Unfortunately, these
local natural anomalies often have characteristics similar to
the object or magnetic source being searched for.

2.1.2 Radioactive fields and chemical systems

The range of most nuclear radiation in water is quite
limited. Gamma rays and neutrons have the most penetrating
power for conveniently detectable nuclear radiation. The gamma
rays from a 100 Curie point source of Cobalt-60 would be attenu-
ated to background level about 10 ft from the source? Neutrons
from a 10'! n/sec source would be detectable out-to. about
8 £e.* ]

Neutrinos are able to pass readily through water (and most
matter) and would be very useful for long-range sensing. How-
ever, they are detected only with difficulty because of their
low interaction with matter, and no technology exists for
modulatling thelr emission rate to convey information.




r

The radioactivity induced in seawater by a neutron source
is carried from the vicinity of the source by the normal dif-
fusion of the water. This activity generally would be suf-

ficiently above the background level to be detected 1 mile from
a 10'! n/sec source when carried by a 1 kt current.? 1In this §{
application however, no additional benefits, and some considerable
hazards, are obtained over a chemical diffusion type of source.

Several forms of Zn situ chemical sensors have been
developed for measuring water pollutant concentrations. These
sensors can be employed to sense a chemical marker agent used
for a locating beacon or for tracing current profiles.

Chemical agents used must not be present in normal seawater |4
and must be detectable in concentrations down to 0.1 ppb to '
avoid having to use inordinately large amounts of chemical.?
The agent is diffused horizontally much more widely than verti- | 4
cally because of the normal horizontal stratification of the 1 3

ocean.

When agents are instantly released, they spread quickly
as they drift with the current. A maximum useful (detectable)
patch size is reached which then begins to decrease. For
example. instantaneous release of 22 kg of Rhodamine B dye resulted
in a maximum patch with dimensions of 21 km length, 0.9 km width,
and 8.3 m thickness. The effective time of maximum volume was
96 hr (based on a detectable concentration of 0.0l ppb).?

When the agents are continuously released, a steady-state
patch geometry is reached which remains connected to the release
point. Thus in a search mission it would only be necessary to
follow the patch "upstream" to find its origin. A comparison
of the cost-effectiveness of various chemical agents for a
required detection range is shown in Table 2.3.

10
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2.1.3 Extremely low frequency electromagnetic radiation

The conductive nature of seawater causes electromagnetic
energy to be absorbed by charged ions. The resulting attenua-
tion per unit distance 1s frequency dependent and 1s lowest
at low frequencies. Thus only frequencies below 100 Hz have
been found to be practically useful for electromagnetic propaga-
tion underwater.

When the transmitter and receilver are near the surface
much of the energy 1s transmitted through the air and a signi-
ficant improvement in range results. Similarly, when the trans-
mission path 1s near the bottom, the electrical properties of
the bottom often provide less attenuation than seawater and an
increase in range results.

The primary noise source for electromagnetic receivers
underwater is low-frequency atmospheric noise such as from
lightning and power transmission lines. Since the conductivity
of the seawater acts as a shield, the sensitivity of deep
receivers is limited only by their own input noise. Detection
range 1s improved by narrowband filtering and coherent detecting,
however these techniques‘also severely restrict the achievable
.information rate. i

Table 2.4 shows the theoretical variation of detection
range vs transmission path depth for low-frequency electromagnetic
signals.? 1In this table, the transmitter is assumed to have a
10 m antenna with a radiated power of 10 W. The receiver
detector is assumed to have a 100 sec averaging time. The

receiver is assumed to be atmospheric nolse limited down to a°
depth of 800 m, below this the range would be determined by
system noise, hence typical lower 1limit values are shown here.

-
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In general, the table shows that the greatest ranges are
achieved near the surface using higher frequencies. Transmission
near the bottom does almost as well, but here the lowest fre-
gquencies produce the best range. The range achieved is sensi-
tive to the value of the bottom conductivity. At mid-depths,
away from the surface and bottom effects, the lowest frequencies
again produce the greatest range. The ranges achieved using
10 W low frequency EM wave transmission can be seen to be
appreciably greater than the 30 m and 160 m values predicted
for the 10 W static magnetic or electric field sources.

2.1.4 Underwater light transmission

The absorption of light energy by seawater is wavelength
dependent, and is minimum in the region from 4500 to 5500 R.
Thus, to achieve the greatest transmission range, optical
sources and detectors should operate in this band. Fortunately,
several powerful optical sources are available such as the
argon laser, the yttrium-aluminum-garnet (YAG) laser, and the
thallium-iodide doped mercury arc lamp. The lasers have high
beam collimation but low efficiency (0.1 to 2%) and the mercury
lamp relatively high efficiency (16%) but low beam collimation.
The YAG laser, at present, offers the highest beam power capa-
bility but its output at 5300 R suffers almost twice as much
attenuation per meter than does the output of the argon laser
at 4765 R.

The state of the art in optical detectors has reached the
point where an individual photon i1s detectable. Hence, the only
feasible detector improvement for achieving increased optical
sensor operating range 1s improved signal processing to reduce

14




noise from interfering light quanta and from detector dark current

pulses. The primary sources of interfering noise for optical
systems 1in the ocean are background illumination near the surface
and bioluminescence at depth.

In order to compare the potential performance of optical
sensors 1in the ocean against other sensors, it is useful to deter-
mine the maximum detectable range for a laser-detector system.
Table 2.5 shows the values obtained? for the argon and YAG lasers
as a function'of depth 1n clear ocean water. The detector noise
level was assumed to be controlled by daylight penetration at
shallow depth, bioluminescence at intermediate depth and by the
number of available photons for deep sensors (as shown in the
table). For photon-limited detection, a required arrival rate of
about 2 photons/sec was assumed over a 5-sec observation period.

The values shown in Table 2.5 indicate that a maximum detect-
able range of about 1 km is achievable for a 10 w (average output
power) argon laser beam in seawater. In order to increase this
range 1t is necessary to increase the beam power, the receiving
aperture area, or the observation period. For photon limited
detection, an increase of a factor of 10 in any of these quanti-
ties results in a range increase of only about 50 m for the argon
laser, since the beam attenuation is controlled by absorption
loss, not spreading loss. Moreover, it must be remembered that
the values shown in the table are for clear ocean water, a condi-
tion that is often not found — especially near the surface.

2.1.5 Underwater sound transmission

Sound is widely used by underwater sensor systems since it

propagates well in seawater at frequencies which permit a large
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amount of information to be carried. Underwater sound propaga-
tion is influenced by the density, salinity and thermal gradients
in the ocean and thus rarely follows a straight propagation path.
The propagation of sound in the ocean is a complex subject, well

R —————

covered in the literature®. Hence, to permit a convenient com-
parisonfof sound energy propagation with the other forms of
underwater sensing previously discussed, an ‘isotropic medium is
assumed where sound propagation losses are controlled by spherical
spreading and an absorption factor per unit distance.

The output power available from an acoustic source is limited
by the cavitation threshold of the water. This effectively limits
the transmitted power to about 1 W/cm? near the surface. Thus
to increase the achievable output power it is necessary to in-
crease the radiating area of the source. However, when this
is done the source becomes more directive, i.e., more like a

searchlight, and special designs are required to achieve the
desired radiation pattern.

Acoustic receiver sensitivity is determined by the crystal
geometry and the type of piezoelectric material used. Modern
hydrophone designs are generally ocean-ambient-noise-limited
rather than receiver-noise-limited. Hence, improved effective
sensitivify is obtained by making the hydrophone or receiver
array directive to limit the amount of ambient noise received
and by employing special signal processing. ~ :

The maximum achievable range for an acoustic transmitter-
receiver system 1s shown in Table 2.6. Here the range is deter-
mined at several frequencies for a 10 W l-sec transmitted pulse.

3See, for example, R.J. Urick, Principles of Underwater Sound
for Engineering, 2nd Ed., McGraw-Hill, N.Y., 1975.

17
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TABLE 2.6.

UNDERWATER PROPAGATION OF SOUND

Frequency Attn. (dB/km) Max. Detectable Range
10 kHz 6 60 km
32 kHz 5<0 12 km
100 kHz 30 2.4 km
Assumptions: 10 W Omnidirectional source

S.S.2 Ambient noise (thermal noise limit
at 100 kHz)

10 4B S/N ratio

1 Hz Signal bandwidth
Omnidirectional receiver

16°C Water temperature

35 ppt salinity

18




The receiver noise limits are determined by the ambient noise in
a 1 Hz filter band for Wenz Sea State 2 spectra. A recognition
differential of 10 dB has been used (signal = 3x nolse level).

The observed values of achlievable range can be seen to be
appreciably greater than the ranges obtained at the same 10 W
output power for the other forms of underwater sensing energy
considered. Thus, underwater acoustic sensing systems are
evidently the winners in terms of efficiency and achievable
range. However, for special applications, other sensor require-
ments must be considered such as extremely broad bandwidth,
transmission through the water-air interface, or measurement of
chemical and optical phenomena. In these cases appropriate,
nonacoustic, sensing means must be selected. This study will
thus be broadly based and include representative sensor systems
from all of the groups discussed.

i
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a; MORPHOLOGICAL ANALYSIS APPLIED TO SENSOR TECHNOLOGY |

3.1 The Morphological Method

The term "morphological method" was first used by Fritz
Zwicky" to describe a technique for methodically describing
all possible ways of achieving a specified purpose. This tech-

nique, if carefully formulated, is capable of focussing atten-
tion on possibilities for achieving the purpose which are not

immediately obvious, and which may be of considerable benefit

if implemented. The method is thus useful in assisting tech-

nology forecasting but must be supplemented by judgmental in--
sight on technological feasibility.

In order to use morphological analysis productively it is
essential that the fundamental aspects (principal fields) of
the selected subject be identified, i.e., that its organic
structure (morphology).be understood.. The ways of realizing
each of the fundamental components are then analyzed to derive
a general taxonomy for the entire subject.

This process can be illustrated by considering the problem

of making a sandwich. Table 3.1 shows a sandwich taxonomy which
is representative but not all-inelusive. This taxonomy rec-

ogniges that the morphology of a sandwich has five furldamental
[ organic component groups. To determine all possible ways of

| making a sandwich, it is necessary to consider all combinations
of each component in the five major groups, a total of 22,680
possible morphologies. Thus, the process of morphological
analysis forces one to consider every combination ranging

l'F.6Zwicky, Discovery, Invention and Research, McMillan, New York,
1969.




TABLE 3.1 TAXONOMY OF A SANDWICH
1. Bread

white, whole wheat, pumpernickle, rye, French bun, English muffin,

bagel, long roll, onion roll

2. Spread
cream cheese, butter, mayonnaise, margerine, mustard, olive oil,
none

3. Filling

ham, cold meats, lox, kippers, peanut butter, jam, hard cheese,

process cheese, hot dogs, pastrami, hamburger, none

4. Relish

lettuce, onions, sliced olives, piccalilli, none

5. Spice

salt, black pepper, red pepper, tabasco, oregano, none

from the absurdly obvious to the obviously absurd. Presumably,
somewhere in the middle are delectable sandwich possibilities
such as a kipper and cream cheese sandwich on an onion roll
with sliced olives and a dash of tabasco.

Since the routine analysis of 22,680 sandwich combinations
would require an appreciable effort, even if only theoretical,

it is useful to reduce the number of combinations to involve only

the essential fields of the taxonomy. Thus, for sandwiches,
the essentials are probably bread, spread, and filling. The
remaining total combinations are thus reduced to 756, which
represents a more easily digested analysis task. If additional
privation can be endured, a morphological analysis can be done
considering only the bread and filling taxonomy fields. This
results in 108 "residual" morphologic combinations which
consider only the major nutritional components of a sandwich.

21




This process of reducing a complete taxonomy to a simpler one
containing only the most essential components is thus the key
to developing useful (and manageable) morphological analysis
procedures for complex systems.

3.2 Development of a Sensor Taxonomy

The process of developling a taxonomy for water-related
and underwater sensors was difficult because it was not an
easily conceptualized, isolated technology such as sandwich
making. Many technical fields were involved as well as many
different sensing requirements. Thus to insure that an adequate
taxonomy was obtained, three major groups of descriptor fields
were included. These were derived by considering the primary
function and major working principles of the sensor itself,
the environmental relationship between the sensor and the object
sensed, and information about the object and its interaction with
the sensing process. This is a variation on the classic "source" —
"path" — "receiver" concept used in acoustics and other informa-
tion transfer technologies.

Sensor descriptors were selected which are based on
scientific sensing principies rather than on terms more specific
to sensor operation. This was done so the taxonomy would remain
relevant even though sensor types were added, modified, or
dropped. The various forms of sensing energy (stimuli) that
could be employed by water-related and underwater sensing sys-
tems were used as the basis for organizing the sensor descriptor
fields. In addition, the sensing method (direct or indirect),
the sensor involvement (active or passive) and the sensor
availability (commercial product, laboratory prototype, devegjop-
ment project, or theoretical study) were included in the set
of major sensor descriptors.




The environmental descriptor fields were determined by
considering the relevance of the environment at the sensor,
the environment at the object, the preferred sensor platform,
and the sensor-object proximity. These environmental factors
were important in considering which of several possible stimuli
would be appropriate for the required environmental morphology.
For example, if the sensor were in air and the object underwater,

sound would, not be an appropriate stimulus because of the
attenuation suffered at the water-air interface.

Three major object descriptors were included in the sensor
taxonomy because of their importance to sensor operation. These
were the nature of the object sensed (discrete, distributed or
continuous); the object-stimulus interaction (was the object
itself active or did it simply modify the sensing stimulus in
some way); and the type of information about the object that was
desired. (Was information transferred between object and sensor?
Was only one-dimensional synoptic-type information obtained or
was multi-dimensional, image-type information obtained?)

The sensor taxonomy which evolved is shown in Table 3.2. It
is recognized that this format may have more descriptor fields
than are required for many sensor morphologies. The chief
benefits of retaining as much generality as 1is practical may be
seen by considering how the taxonomy is to be used. Initially,
this format is to be used in developing a data base containing
information on present sensing technology. The same taxonomy
format will then be used to organize specific morphologies for
searching the data base to determine how well existing sensor
technology matches a required Coast Guard application. Thus

the sensor descriptor information in the data file must be as
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complete as practical, since it will not be possible to develop
search morphologies which need descriptor fields not included
in the data base.

The generality of the sensor taxonomy will allow both
user-oriented and developer-oriented searches to be made. For |
example, if a specific sensor use is identified and a search
of the data base is to be made to determine the number of sen-
sors that may be applicable, it is only necessary to specify
a morphology based on the known environmental and object des-
criptors. The stimulus descriptors do not need to be specified
since, presumably any sensor that meets the environment and ob-
Jject information requirements should be examined as a poten-
tially applicable candidate.

A sensor developer probably will have specific types of
stimulus technology available and will wish to know how these ]
stimuli are used in existing sensor systems and what environ-
mental factors must be considered in the design of new sensor . :
systems. Thus a morphology which includes a major set of sensor
descriptors and some object descriptors would be appropriate

-

for a data base search to see how many existing sensors were
available for various environmental combinations. The combina- 1

tions which were not provided for by present technology would
be identified by the search, and a decision could be made as
to whether -or not a real technical need existed.
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4. PRESENT SENSOR TECHNOLOGY — OBTAINING THE DATA BASE ]

4.1 Sensor Information Search Procedure

Because of the broad scope of this study, it was necessary to
obtain a data base of sensor information which was representative
of the state of the art in all of the relevant technologies. The
acquisition of a comprehensive set of information in any specific
sensor area, such as underwater acoustic detection systems, would
consume an excessive amount of contract resources. Thus the data
base composition had to be a compromise between breadth and depth.

State-of-the-art sensor information was obtained after orga-
nizing a key word list covering all of the sensor fields relevant
to Coast Guard activities. This key word list was supplied to the
Defense Documentation Center (DDC) for a literature search of
Department of Defense Reports including classified information
through the level of SECRET. In addition, the list was also used
for a search by the National Technical Information Service (NTIS)
of all government sponsored reports from nonDOD agencies. These

searches concentrated on the past five year period.

In addition to these searches, a review of abstracts in the 3
Engineering Index was conducted along with a survey of selected
recent technical journals and trade magazines.

The bibliographies resulting from the DDC and NTIS searches
were reviewed and reprints of selected items requested. When
these reprints were received, a second review process was followed
to select the items to be entered in the sensor data base.

Information about commercially available sensors and about
sensors now under development was obtained by a letter survey
of manufacturers, government laboratories, and private research




institutions. A total of 259 letters were sent out and 115 replies
received. Of the total number of replies received, 82 contained
information useful for the study.

4.2 Organization of the Sensor Data Base

Each sensor system to be entered in the data base was cata-
loged using a standard 2-page format. Page 1 contained a general
description of the device together with manufacturer or author
information as shown in Table 4.1. Page 2 contained the taxonomy
information as shown previously in Table 3.2. The taxonomy in-
formation was determined by a reviewer familiar with the appro-
priate sensor technology. Following a review of the sensor in-
formation, the correct descriptors on the taxonomy sheet
(Table 3.2) were selected. A key number was then assigned to
the data entry and the page 2 information was then coded into a
computer file. The page 1 information was organized into a
printed catalog and comprises two appendices to this report.
Appendix C contains the unclassified sensor information and Ap-
pendix D the classified information. These two appendices are
separately bound.

It was necessary to establish some general rules to insure
consistency within the data base in reviewing the sensor informa-
tion and specifying the appropriate entries on the taxonomy sheet.
Thus, even though a certain procedure might subsequently be deter-
mined to be inaccurate, at least it will be consistently 1lnaccurate
and a general correction can be applied. Table 4.2 contains a
list of the general assumptions used in determining the "correct"

taxonomy descriptor.




TABLE 4.1. WATER-RELATED SENSOR DATA FORM

1. Instrument or System Descriptive Title, Model No.
or
Technical Paper Title
2. Manufacturer and Address
or
Authors and Address (usually employer's address)
3. Date of Information
or
Technical Reference Citation (Follow ASA Format — example —
Journal, Volume, No., pages, date)
4. List of Specifications
or
Abstract
28
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..d Newman Inc.

TABLE 4.2. TAXONOMY DESCRIPTOR DETERMINATION

Descriptor No.

Comment

5.2

6.4

Tk

7.2

Sensing Method

Sensor-Object Proximity

Nature of Object Sensed

Object-Stimulus Interaction

If the stimulus employed by the sensor
does not obtain information directly from
the object, the method is "indirect".
Example: An electromagnetic water cur-
rent meter indirectly measures flow speed
by directly detecting the voltage induced
across a set of electrodes placed in a
magnetic field

The sensor is considered '"near" the object
if it is within a distance less than the
overall dimensions of the sensing element
itself.

"Continuous Medium" is appropriate if the
sensor works with properties of the
medium itself rather than those at a
boundary or object within a medium.

"Stimulated Emission" results from con-
version of sensor stimulus energy to
another frequency which is reradiated;
or if stored energy is released by the
object, the released amount is related
to the energy or bandwidth of the sensor
stimulus.

"Cooperative Emission" may be initiated
by the sensor stimulus or may occur at
expected intervals. It is not dependent
on energy and bandwidth properties of the
sensor stimulus. '

29




- P ANALYSIS OF UNDERWATER AND WATER-RELATED TECHNOLOGY AS APPLIED
TO COAST GUARD NEEDS

5.1 Establishment of Mission Scenarios and Corresponding Sensor

Templates

Since the concept of morphological analysis is applied to
sensor technology in this study, it is convenient and consistent
to also apply it to the selected Coast Guard activities discussed
in Sec. 2. This will help insure that all possible mission
"scenarios" are recognized and that the sensor systems which
would assist, or be required by, these missions are considered.
Ideally, each mission scenario implied by a given morphological
combination should be examined for its possible sensor require-
ments. This was not possible because of the large number of
mission scenarios developed by this procedure.

To reduce the procedure to manageable dimensions and still
retain the generality of the morphological method, the following
analysis sequence was devised:

1. Develop a mission taxonomy for selected general CG
activities.

2. Develop a general “template" for all sensor descriptors
implied by the mission taxonomy using the sensor taxonomy sheet.¥*

3. Search the data base using the general template.

4. Depending on results, repeat searches using progressively
fewer search fields (in order of priority relating to mission)
until a number of nonrelevant sensor types appear in output.
Several priority schedules may be tested. To insure that the
search field 1s sufficiently broad, some nonrelevant output
must be permitted.

¥The "template" in this application is the list of sensor descrip-
tors that the computer 1s requested to search for. All sensors
in the data base which have matching descriptors are identified
by key number, title, and specifie use on the output sheets.
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5. Select a "best" set of search fields and printout a
general morphological combination set using the template items
in the selected search fields. The final set of morphological
fields should consider not only those defined in Step 4 by the
present data base, but also should include the fields relevant
to future sensor technology from the general template of Step 2.

6. Analyze the morphological list for combinations which
are relevant but for which existing sensor technology i1s inade-
quate.

7. Outline appropriate procedures for filling the indicated
technological gaps.

The general mission taxonomies developed for Step 1 in this
procedure were restriéted primarily to cover operational descrip-
tors which might have water-related sensor implications, hence
some items of general operational procedure may be omitted. What
is hoped 1s that no significant water-related mission descriptor

has been overlooked.

The general mission taxonomies and corresponding general
sensor templates are shown on the following pages. In some cases
the general mission taxonomy encompassed such a wide range of
possible sensor descriptors that it was necessary to select some
specific mission areas within the general taxonomy to obtain a
better focus for the analysis procedure.
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5.1.1 Taxonomy of search and rescue

o Search Areaq

Harbor, seacoast, Continental Shelf, Deep Ocean

Lip Distressed Object

Personnel, small craft (open), coastal vessels (decked
pleasure craft, fishing vessels, small commercial vessels),
ships (ocean-going), aircraft, submersibles, offshore platforms,
isolated bases.

3 Search Vehicle

None, satellite, aircraft, airship, small boats (CG or
private, single or several), conventional USCG cutter (ocean-
going), high-speed surface craft (hydrofoils, surface-effect-
craft), semisubmersible surface craft, submersible.

4. Rescue Vehicle ]

None, aircraft, airship, small boats, cutter, high-speed
surface craft, semisubmersible surface vessel, submersible.
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. 5.1.1 Taxonomy of search and rescue
T fearch Area

Harbor, Seacost, Continental Shelf, Deep Ocean

2, Distressed Object

Personnel, small craft (open), coastal vessels (decked)
pleasure craft, fishing vessels, small -ommerical vessels),
ships (ocean-going), aircraft, submersibles, offshore platforms,
isoloated bases.

3. Seareh Vehicle

None, satellite, aircraft, airship, small boats (CG or
private, single, or several), conventional USCG cutter (ocean-
going), high-speed surface craft (hydrofoils, surface-effect-
craft), semisubmersible surface craft, submersible.

4. Rescue Vehicle

None, aircraft, airship, small boats, cutter, high-speed
surface craft, semisubmersible surface vessel, submersible.

THIS PAGE IS REPEATED FOR THE CONVENIENCE OF THE READER.
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5.1.2 Taxonomy of o0il spill detection, classification, and
removal

P Location

River, harbor, near shore (beach), continental shelf
(fishing grounds), mid ocean.

2. Detection

Satellite, aircraft, motor vessel, cutter, outside agency
(or private vessel).

3. Classification

Remote sensor, in-situ sampling and analysis, sampling and

remote analysis, none.

4. Removal

By party at fault, CG small craft, specialized sweep vessel,
CG strike team and spill barges, CG battalion and specialized
ships.
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5.1.2 Taxonomy of o0il spill detection, classification, and
removal

i Loecation

River, harbor, near shore (beach), continental shelf

(fishing grounds), mid ocean.

i Detection

Satellite, aircraft, motor vessel, cutter, outside agency

(or private vessel).

ol o Classification

Remote sensor, in-situ sampling and analysis, sampling and

remote analysis, none.

4. Removal

By party at fault, CG small craft, specialized sweep vessel,
CG strike team and spill barges, CG battalion and specialized
ships.

THIS PAGE IS REPEATED FOR THE CONVENIENCE OF THE READER.

38




STT®33Q JIOTJII3UT wrog Jo aduey)
sayd S¥wwy g-€ |
eo8gang jo a¥ewmy q-f £
2%8yamg jo Iswuy (-2 2
oragauntop T

UOLJRUMOJUT DpJ433W039 €  UOLIPWMOJU] D13dOUAS 2 J43ySURL] UOLIRUMOJU] |
(3jeadoudde (e 31d412) uopIeumioju] 329fqp €72

1013u0) Wa3}SAS €
L1jeweTa] ®3%( 2
uoT3BOTUNUWO] T

39937TpUI 9
uoT38QqIN3Iad PIANA §

wy snoauejuodg £
ug PS3Ie MUTIS~e)
uoyssTWy AT3IBIAdOO) T
323(q0 3A}sseq 2 3230qQ 3AL3IV |
(@3etadoudde (| 3|24}D) UOLIIRJIJU] SN|NWEIS-3230Q0 27/

S

PIIoS 2

PITOS T (@T7qow) ajswruy [
wnipay snonuiiuo) (wnipaw upyjim) (A4epunoq wnipaw J0)
$323(qQ paIngi43sig 2 3290qQ 33auos4q 1

(3301adosdde (1@ 312412) pasuas ($)323fqQ 30 aunjey [°f
SY01dI¥ISIA 193040 L

ajoway £
I8N 2
3083u0) T

A3Lwixoad 323fqQ 40Suds §°9

PaJa3y3ady 9 231J ‘aTIqON €
PT3Y PUBH §  PaTTOI3u0d ‘ITTQOW &
TT8S 3314 § paxtd T

(93e14doudde ||® 3[J41D) WMOjIR|4 JOSUBS E°9

(330tudoudde ((e 312413) 393040 W 2'9

wo3joq-ang 9 Qoejans ¢)
WO3308 § 23V
EZIRATPEN Ty  o9wis

(93etuadoudde (@ 31241D) 4OSUIS ¥ 1°9

SY01dI¥IS3A INIWNOYIANI 9

05 Ppa13roadg 30N T'Le ‘2°L ‘T°S

2l Pa13109dg 30N 2°L ‘T1°¢

69 Pa1J1o3dg 30N T'¢ PIaTJ

saosusg g9 yoaeag a3vTdwsy TTNJ
puno4 @ouanbag sisA|euy

S3A®A OTP®Y #

TeoTwayoomwIayy, ¢ SSABAOJIDTH €

TedTWaYD0I303TH 2 4817 2

puoq JBTNMOSTOW T saAea FuyzYuol T

ledtway) § J133ubewoa323(3 ¢

aamssaxg ¢

SATIOWOIIOATI 4 PUNOS “J°H f 983H 1

OT383S0IIOITT € punog “J°W € S3TITT8d JBITONN €
o;39udey g punog “4°1¢e UOT3ON °"PH J0 “UTTC
Uor3eITABIY T uotTjeaqry T UOTIOW PINTI T

Pialj 3404 € 243SN0JY 2 Ledtueyday |
(@3etadoadde [(@ 3{d4}D) pasn SNNWLIS $°G
SATSS®] 2 SATIOV T
{1 31241)) JUBWOA|OAU] 40SUS £°G
(TT@IIS (1) 399ITP
~ut ayj o3 pue AQV 303aTp 303aTPpUI 2

9y3 03 Ardde sxojdraossp
JO YdTyA mOys 303ITPUT JI) 399410 T

(T 31241)) poyzap bursuas 2z°g

uoT3dTI089p 3I0Ys)

3sn dp3422ds 1°1°S

(Futao3Tuom
J9JSUBLL UOTIjJBWIOIUI §
USWSINSBIY OTJI3oWeIRg

UOTIBITASK L

(@3etadoadde ||e 9|d241D) uokIdUNy [°G
SY0Ld1¥IS3Q ¥OSN3IS S

?jerdus]
UOTIBOTFTSSETD TTFAS TTO 'O "33M ¥0 JLIL HOSKIS

39



5.1.3 Taxonomy of offshore law enforcement

7% Suspect "vessel"
P

Large ship, fishing vessel, small eraft, submersible,

swimmer.

2. " Detection (platform)

Shore base, satellite, aircraft, airship, cutter, high speed
surface craft, semisubmersible, submersible.

3. Interception (platform)

Interception made by detecting veésel, aircraft, airship,
cutter, high-speed surface craft, semisubmersible, submersible.

4. Identification (stimulus)

Light (visual), electromagnetic (radio), acoustic (direct
voice or electronically augmented sound), imaging methods (radar,

IR viewers, photographic, satellite).

5. Enforcement (procedure)

No action needed, transmitted message (visual, radio, or
acoustic), close inspection (overflight or pass-by), board and
search, seizure of vessel.

e Follow-up (procedure)

None required, continued surveillance, escorted passage,
transfer of command and control.
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5.1.4 Ice operations taxonomy

2. Location

Arctic, Antarctic, Great Lakes, Northern Ports, Northern

Rivers.

2. Ice Type

River (fresh water), slush, pancake, field, pack, glacial
(iceberg).

3. Mission Purpose

Ice measurement and mapping, search and rescue, prevention
of flooding, facilitate marine transportation (ice breaking),
law enforcement, pollution cleanup support, ice station, support

of other agencies.

45 Adnti-Ice Procedure

Avoidance, mechanical (ice breaking), thermal (increasing
heat input to ice), hydraulic (increasing water motion to prevent

freezing).

42
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5.1.4 Ice operations taxonomy

Ve Location

Arctic, Antarctic, Great Lakes, Northern Ports, Northern

Rivers.

2. Ice Type

River (fresh water), slush, pancake, field, pack, glacial
(iceberg).

3. Mission Purpose

Ice measurement and mapping, search and rescue, prevention
of flooding, facilitate marine transportation (ice breaking),
law enforcement, pollution cleanup support, ice station, support

of other agencies.

4. Anti-Ice Procedure

Avoidance, mechanical (ice breaking), thermal (increasing
heat input to ice), hydraulic (increasing water motion to prevent
freezing).

THIS PAGE IS REPEATED FOR THE CONVENIENCE OF THE READER.
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5.1.5 Port safety and security taxonomy

1. Type of Port

Deep-water (offshore), open roadstead, enclosed harbor,
estuary, major lake, 1inland waterway, river.

2. Navigation Services

Advisory service for approachling vessels, vessel traffic
service in harbor, ship speed surveillance.

3. Ship Handling Facilities (and Berthed Vessels)

Oil terminals, LNG terminals, container docks, general
cargo plers, fish handling piers, passenger terminals, shipyards,
dangerous cargo docks.

4 Anti-Pollution Measures

Periodic harbor boat patrols, aerial surveillance, routine
surface vessel sampling, fixed continuous monitors (oil, chemical,

and nuclear sensors).

5. Anti-Sabotage and Terrorism Measures

Local police patrol, routine CG harbor patrol, dock access
security check, swimmer and submersible detection system, sur-
veillance of suspect vessels, monitor systems on dangerous cargo
docks (explosive vapor and nuclear radiation sensors), special
coverage of potential terrorist targets.
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5.1.6 Aids to navigation taxonomy J

2. Loecation

Rivers, harbors, coast, conuinental shelf, deep ocean.

2. Environmental Conditions

Benign, high winds, high seas, ice, rain, fog.

3. Platform

Shore mounted, fixed (at sea), tethered (buoy), bottom
mounted.

4. Operating Stimulus

Visual, acoustic, underwater acoustic, electromagnetic,
magnetic, electric.

5. User Equipment Requirements

None, chart (light 1list), general radio receiver, specialized
radio receiver, special sensor equipment.
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5.2 Determination of Relevant Sensor Technology

5.2.1 The TEMPLATE program

A program for examining the data base to determine the relev-
ance of existing sensor technology for specific Coast Guard appli-
cations was implemented on a Wang Laboratories Model 2200 Computer
System. This computer was selected because oi its general avail-
ability in Coast Guard facilities. The template matching program
(TEMPLATE) has two search modes. In the "regular" mode a search
will be implemented using only one descriptor in each taxonomy
field. This is used when very specific sensor applications are
being considered. In this mode a sensor must match for every
descriptor specified in the search morphology, or template, before
being found and identified by t° program. In the "or" mode
several descriptors may be seleccved in each taxonomy field. This
has the effect of permitting a search using several morphologies
simultaneously. Sensors will be found and identified by the
program which match one or more of the possible morphologic
combinations.

An example of a template for a search for oceanographic
current meters is shown in Fig. 5.1. Figure 5.2 shows an
example of the output from this search. This output is in
the "short" form where the data base key number, the sensor
title, and its specific use are listed.* A "long" form output
is also available which provides the above information plus all
of the sensor taxonomy descriptors. Note that all of the sensors
identified in Fig. 5.2 are appropriate with the seeming exception
of sensor key number 280, which is an electromagnetic ship speed
log. This instrument is, however, a type of reverse current

¥\ complete sensor data base list in short form is included as
Appendix B of this report. The long form descriptor 1list for
each sensor is included in Appendices C and D (bound separately).
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meter which moves in a "fixed" medium. Thus, if the electro-
magnetic principle were not already being used for conventional
"fixed" current meters, thils application of the morphologic
method would have identified a new sensor application.

The general templates developed for the Coast Guard missions
shown in Secs. 5.1.1 to 5.1.6 were used to examine the data base
for specific sensor systems suitable for the range of applications
implied by the assoclated mission taxonomy. In most cases a group
of 20-60 sensors were identified, most of which were either
directly applicable to the required need or which employed re-
lated or adaptable technology.

The "or" mode search of the data base using a general mis-
sion template effectiveiy provides only a general'answer aboﬁt
the suitability of available sensor systems. In order to obtain
sensor information relating to specific missions, a complete
morphological analysis must be conducted wherein each possible
morphological combination in the general template 1s used to
search the data base. As illustrated previously in the sandwich
example, this often results in a very large number of possible

combinations. To make this task manageable (even with the aid

of a computer), it was necessary to determine which of the sensor
descriptors specified for each general mission template were
essential and which were redundant. This was done by using
progressively simplified templates in successive searches of

the data base. If an important descriptor field were left un-
specified the search program would permit a significant increase
in the number of nonrelevant sensors ldentified. Thus after
several iterations it was possible to derive a "residual"
template for each of the original general mission templates.
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These residual templates were then used to form all of the

possible sensor morphologies permitted by the remaining taxonomy
descriptors.

5.2.2 The RESIDUAL program

To facilitate the morphological analysis, the "RESIDUAL"
program was devised. This program resulted in a printed form
showing all of the possible morphological combinations for a
residual sensor taxonomy. As each combination was formed, a
complete search of the data base was conducted to determine the
number of sensors matching that specific morphology. The match-
ing sensor key numbers were then printed at the end of the line
1llustrating each morphology. Thus by reviewing the results of
the program, it was possible to immediately spot any morphologies
which did not evoke a sympathetic response from the data base.
These combinations were then analyzed to determine if

1. The morphology had practical meaning
2. 1f there was a gap in the data base

3. If there was a gap in present technology.

The results of this analysis were then used to develop the
recommendations which are the principal output of this study.




6. RESULTS OF THE SENSOR MORPHOLOGY ANALYSIS

This section presents a summary of the sensor analysis for
each of the residual taxonomies developed for the selected
Coast Guard activities. Morphological combinations of particular
interest are discussed in detail in a general summary of the
analysis for each activity. A discussion of all the results
has been included at the end of this section and in the executive

summary .

The complete computer output for the RESIDUAL program
searches is contained in Appendix A together with the associated
detailed analysis sheets. These forms show the mission scenario
implied by each morphology combinations, the relevant sensor
systems, the number of sensors identified in-the data base which
match the combinations and an indication of whether or not the
identified sensors are relevant to the specific mission. To
illustrate the analysis procedure, an example of the computer
output and the analysis format is included in the following sub-

section.

A sensor system is occasionally "found" by the RESIDUAL
program which is not seemingly relevant to the application for
which the search is being made. Conversely, a relevant sensor
system in the data base may be missed. This results from an
incorrect classification in the sensor taxonomy in the data
base or an insufficient specification of the search morphology
to sort out inappropriate sensors. In presenting a summary of
the results, any sensor matches which do not seem applicable
have been eliminated and any known sensors which are relevant
have been added. The nonrelevant sensor systems have been
indicated by parenthesis around their kéy numbers in the program

output sheets.




6.1 Search and Rescue

As shown in Sec. 5.1.1, two general sensor templates were
derived from the mission taxonomy. This was done to be more

specific in the sensor morphology, since a search mission

may be oceanic in scale and require detection of a distress signal
over considerable distance, whereas a rescue mission usually in-
volves a smaller area and requires sensors to distinguish the
distressed vessel or survivors from other craft or from the sea
surface background.

The general templates were too large to permit convenient
analysis, hence the descriptor reduction process described earlier
: was used to obtain two residual templates. The resulting residual
f morphological combinations were then analyzed with the assistance
of the RESIDUAL program.

6.1.1 Search

+ Residual Taxonomy and Sensor Descriptors

Environment at Sensor: Space, Alr, Surface, Underwater,
Bottom

Environment at Object: Surface, Bottom

Sensor-Object Proximity: Remote

Nature of Object Sensed: Animate (discrete), Solid
(discrete), Film

Object Information: Communication, Detect presence

+ Total Number of Combinations: 60 (See Fig. €.1)




_ Number of sensors from data base matching one or more
: combinations: 60

Sensors with highest number of matches: r
E
Key No. No. of Matches Sensor Description or Specific Use
132 8 (corr.) Infra Red Detector (nonrelevant matches
omitted)
133 8 (corr.) Infra Red Detector (nonrelevant matches
omitted)
212 6 Magnetic anomaly detector
95 5 Sea surface marker agents
27 4 Magnetic gradiometer and magnetometer
158 b Forward Looking Infra-red sensor (FLIR)
207 y SOFAR system
272 4 Buoy mounted acoustic detection system
n

279 (corr.) Satellite aided emergency beacon detection

(Relevant matches added)

(Specific information on these sensors is available in the
Appendices under the sensor key number.)

Explanation of the Analysis Procedure

The output of the RESIDUAL program as shown in Fig. 6.1 was
analyzed using the following procedure and summarized in the
format shown in Fig. 6.2

1. State the Coast Guard mission scenario(s) implied by
the specific morphology for each of the reference lines of the
computer output. (Column 2 in Fig. 6.2).

2. Analyze the sensor systems found by the program for
relevance to the mission application. Determine 1if the sensors
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found are directly applicable, employ closely related technology,
or are not relevant. (The total number of sensor systems found
in each category are listed under columns "R", "C", and "NR" in
Fig. 6.2.)

3. If no sensor systems are found, is this a problem with
the data base or is no relevant technology available? Data base
problems may be due to incorrect taxonomy assignment of sensors
already incorporated (denoted by * in Fig. 6.2), or due to
omission of existing sensors from the data base (denoted by ¥#
in Fig. 6.2). The number of sensor systems denoted by ¥ or **%
should be considered only as representative since their identi-
fication depends on special knowledge of the data base by the
analyst.

4, Determine if existing sensor technology seems adequate
for the specific mission requirements, if further development
or modification of existing technology is indicated, or if new
technology must be evolved. Use imagination tempered by the
technical requirements. (Columns "E", "D", or "N" in Fig. 6.2.)

5. Select the most appropriate sensor system or develop-
ment idea and summarize in a brief comment. (Column 3 in
Fig. 6.2.)

6. Indicate whether or not this is a mission area where
sensor development specifically for Coast Guard needs is
recommended ("USCG Dev. Recom." in Fig. 6.2).

7. Provide a brief discussion or recommendation for the
sensor development which seems most appropriate for this
specific USCG mission. (These recommendations are keyed to
the reference line number of Figs. 6.1 and 6.2 and listed on
the pages following Fig. 6.2'under "Identified Technological
Needs Relevant to this Mission.")
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REF D:TA INDICATED |ysce
: LINE IMPLIED SCENARIO(S) FROM MORPHOLOGY APPROPRIATE SENSOR SYSTEM(S) OR TECH DEV.
F NR. COMBINATION ON REF. LINE COMMENTS ON MORPHOLOGICAL COMBINATION RICINMI|EIDIN RECOM,
1 Distress call from svimmer via satellite to rescue station |Radio emergency beacon with sufficient power (see key NR 279)|1* / 4
2 Detect a swimmer in distress from a satellite Radio emergency beacon would serve this function also 1* 3 / v
3 Distress call from a boat or liferaft via a satellite Radio emergency beacon (can be larger than swimming type) 1 / /
) Detect a boat in distress from a satellite Radio emergency beacon (as above) s pe / v/
5 Use of a dye marker detectable from space to give distress |The quantity of dye required may be excessive : 4 v
signal
6 Detection of dye marker or oil slicks to show distressed Matching of dye spectrum and satellite sensor response could 3 | / &
vessel position improve dye patch detection
T Communication of distress signal from diver on bottom via Swimmer emergency beacon in waterproof case with pop-up 10 / v
satellite buoyancy package
8 Detection of diver in distress by ‘a satellite Radio emergency beacon as above 1*] 21 7/ v
9 Communication with distressed submersible via satellite Again a pop-up type of radio beacon is appropriate (see key / 7
numbers 279, 234)
10 Detection of a distressed submersible from a satellite Radio beacon as above 2 / v
j 11 Detection of a submerged film from space (distress signal) Not feasible unless film floats to surface - line S
12 As above Not feasible 2
13 Distress call from swimmer to aircraft or airship Radio emergency beacon again appropriate 1. / v
14 Detection of distressed swimmer from aircraft or airship FLIR, IR and visual sensors, radiio emergency beacon s 2|37V v/
15 Communication of distress signal to aircraft from ship VHF radio direction finder and similar equipment 1 v
or boat B
16 Detection of distressed vessel from aircraft or airship Radar, FLIR, IR, and visual sensors, radio beacons 1k 2 W4
3 17 Dye marker from surface vessel to convey distress signal to |Visual sensors, or sensors using stimulated emission | v
aircraft
18 Detection of oil slicks to determine distressed vessel Visual sensors, oil pollution sensors 12|k 4
location
19 Communication from distressed diver to aircraft Pop-up radio beacon (similar to line T) 1* v v
20 | Detection of distressed diver from aircraft Radio beacon (as above) vh) - 4 ¥
21 | Communication from distressed submersible to aircraft Radio beacon (as above) (similar to line 9) 2 v
22 Detection of distressed submersible from aircraft Magnetic anomaly sensors, radio emergency beacons (pop-up) Le 317
23 Dye marker distress signal from submersible on bottom for May be effective in pop-up capsule (line 17) L v v
aircraft detection
2k Dye marker to show general location ‘of distressed sub- As above, may be used with specific spectrum sensors e v v
mersible to aircraft
25 Communication from distressed swimmer to search vessel Radio beacon for swimmers 1 4 v
3 26 Detection of distressed swimmer from search vessel FLIR, IR and visual sensors, radio beacon 3 11 v
27 Communication from distressed vessel to search vessel or Emergency radio beacon, standard radio distress call 2" v
shore station
28 Detect distressed vessel from search vessel Radar, FLIR, and visual sensors, radio beacon Lj2 1]V
29 Dye marker distress signal from surface craft to search May be used to improve detectability but not as effective as 1. v
vessel in air search
30 Dye marker as above As above *f2 v
31 Communication from distressed diver to surface vessel Diver communication equipment can be used (see key numbers
5* v
181, 198 A, B, 239)
CODE SYMBOLS: _“DATA BASE TAXONOMY REVISION NEEDED Sensors Found: R - Relevant, C - Close, NR - Not Relevant
#H0ATA BASE ADDITION NEEDED Indicated Technology: E - Exists, D - Development Needed, N - New Tech. Req.

FIG. 6.2,

MORPHOLOGICAL ANALYSIS — SEARCH (Example of Analysis
Format)




TA

REF INDICATED [ygce
LINE. IMPLIED SCENARIO(S) FROM MORPHOLOGY APPROPRIATE SENSOR SYSTEM(S) OR DEV.
NR. COMEINATION ON REF. LINE COMMENTS ON MORPHOLOGICAL COMBINATION RICINIEID I N (RECOM|
32 | Detection of distressed diver by surfsce vessel Pingers, pinger locators and scanning sonars can be used,
also pop-up radio beacon (see key numbers 1k2, 153, 174, wilisl2 | /|/ /
217)
33 | Communication from distressed submersible to surface vessel | Undervater telephone, pop-up radic beacon (see key numbers 30 /
or shore station 181, 183, 234)
34 | Detection of distressed submersible by surface vessel Magnetic anomaly detection, pop-up, radic emergency beacon Le 2|/
35 | Dye marker to show location of distressed submersible to Pop-up capsule may be used, probsbly not as effective as 10 /
surface vessel well as air search (line 23)
36 | Dye marker to aid detection of submersible (as above) As above 1ef2 v
37 | Communication from distressed swimmer to submersible or Not practical for search scenarios — rescue scenaric more
undervater sensor feasible. Modificaiton of diver comm. equipment possible 2 v
solution
38 | Detection of distressed swimmer by submersible As above, distress signal pinger a possible solution ) 8 3| /)7
39 | Communication from distressed surface vessel to submersible | Undervater acoustic sensors, electric field sensors 5 7
or undervster sensor (1imited range), undervater telephone
40 | Detection of distressed surface vessel by submersible or Undervater acoustic sensors (SOFAR), distress pinger, 3 |1l2]v
undervater search sensor station magnetic meter (see line 37)
41l | Undervater detection of surface distress dye marker Not practical g v
42 | As above As abvove 10 217
43 | Communication of distressed diver with submersible, under- Diver communication equipment can be used (see key numbers 50 /
water habitat, or another diver 2, 181, 198A, 198B, 239)
44 | Detection of distressed diver by submersible High resolution sonar, distress pinger and locator gear 2 2|7 3
45 | Communication detween distressed submersible and search Undervater telephone (see key numbers 60, 67, 181, 183) Le v/
sub.
L6 | Detection of a distressed submersible by a search sub. High resolution sonar, magnetometers, distress pinger 8lu 3|V
—
47 | (Line omitted by computer) see below See below 1* v
48 | Detection of a dye marker from a distressed submersible
by & search sub. Not practical 1*l2 |/
49 | Communication from a distressed swimmer via a sensor system | Not practical, diver communication equipment would work L o
on the bottom
50 | Detection of distressed swimmer by bottom mounted sensor Not practical, acoustic detection systems together with a 1 2| v
system distress pinger would work
51 | Communication of distressed vessel via sensor system at Not practical, underwater telephone appropriate e v
bottom
52 | Detection of distressed vessel by bottom-mounted sensor SOFAR signal system, distress pinger b 3 2|V
system
53 | Dye marker distress signal from surface vessel detected by Not practical 1* 4
bottom sensor
S5k | As above As Abvove 1*|l2 | v
55 | Communication between distressed diver and undervater Similar to line 43 50 v
habitat, search submersible or another diver
56 | Detection of distressed diver by bottom sensor system, Bottom crawling vehicle with precision sonar (see key num- i
mobile or stationary ber))‘I’A) or distress pinger and locator system (key number |2% 2|V
153
5T | Communication from distressed submersible via bottom sensor | Undervater telephone, electric communication system (see 20 &
system Xey numbers 183, 102)
58 | Detection of distressed submersible by bottom sensor system,| Precision sonar and magnetometer on moving vehicl dinn.rl 1' 2| v
mobile or stationary pinger, SOFAR and directional acoustic sensor s em
59 | Dye marker or chemical distress signal for submersible, May have limited effectiveness down current from distress . 7
sensed at bottom by vehicle or stationary sensor site, chemical agent and sensors more effective than dye .
60 | As above As above (see key numbers 217, 226, 227) 3 2|7

Fié. 6.2. (Cont.)




+« Identified Technolzgical Needs Relevant to this Mission
(from Fig. 6.2)

Ref.
Line No. Sensor Requirement
1-2 Further development of radio emergency beacons to
enable signals to be detected or relayed by satellite
to nearest rescue equipment base. Miniaturization
of equipment would permit using the beacon as part
of lifejacket aid package.

3-4 As above except the radio beacon package for life-
boats or liferafts could be larger and thus have
more available output power than that designed for
swimmer use.

6 By matching the light spectrum of distress dye
markers and satellite color sensors it should be
possible to improve the effectiveness of satellites
in resolving small color anomalies on the ocean
surface. Thus a practically sized dye package
could be used to mark a distress site.

7-8 If a radio emergency beacon is developed which per-
mits signals to be detected or relayed via satellites,
this unit could be designed to fit into a package
with deployable buoyancy. Thus a diver in distress
could activate the buoyancy bag and pop the radio
package to the surface. A tether would be used to
keep the beacon in position.

9-10 Present emergency radio beacons, designed to be sent
up to the surface from a distressed submersible,
should be improved to enable the distress signal to
be relayed via a satellite. This would be particu- I3

larly applicable to larger submersibles which operate

independently without a "mother™ ship.
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Ref.
Line No. Sensor Requirement

13-14 The radio emergency beacon for swimmer use, discussed
under lines 1-2 above, should be capable of being
received by aircraft in addition to satellites. This
would facilitate locating the swimmer quickly after
the distress signal was received.

19-20 The comment above also applies to the distressed
diver radio beacon discussed under lines 7-8.

23-24 A dye marker could be used as a distress signal from
a submersible to aid aircraft search. The dye in-
jection could be effected by a pop-up capsule which
would release the material upon reaching the surface.
A quasi-continuous injection of dye (a series of
capsules) should be used to prevent the mark from
drifting away from the distress location.

25 The swimmer radio beacon discussed under lines 1-2
could also be used to aid surface vessel search if
the search vessel were equipped with appropriate

direction finding receivers.

32 The above comment also applies to the diver pop-up
beacon discussed under lines 7-8.

6.1.2 Rescue

* Residual Taxonomy

Environment at Sensor: Air, Surface, Underwater
Environment at Object: Surface, Bottom

Sensor Platform: Mobile~controlled
y Sensor Object Proximity: Remote
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! Nature of Object: Animate (discrete), Solid (discrete)

Object Information: Communication, System Control,
Identify Features

« Total number of combinations: 36

* Number of sensors from data base matching one or more
combinations: 32

« Sensors with highest number of matches

Key No. No. of Matches Sensor Description or Specific Use
94 4y Ocean Photography (from aircraft)
158 y Forward Looking Infra Red Sensor (FLIR)
64 2 Multispectral Photographic Sensing
108 2 Extra-Low Frequency Submersible Comm.
114 2 Underwater Optical Imaging
120 2 Infra Red and TV Sensors
174 2 High-Resolution Scanning Sonar
213 2 Aerial Photography
231 2 Synthetic Aperture Radar
236 2 VHF Automatic Radio Direction Finder

« Identified Technological Needs Relevant to the Mission*

Ref.
Line No. Sensor Requirement
2 Emergency radio rescue beacon for swimmer use (dis-
cussed in lines 1-2 and 13-14 of Search Morphology
Analysis)

*See Appendix A for complete analysis.
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Line No.

10-12

19-20

Sensor Requirement
Location of distressed swimmers could be aided by
improving their visual and radar reflectivity.
Methods of doing this should be developed. One
possible scheme would employ an inflatable radar
reflector which is fluorescent orange in color.
Inflation could be by CO2 cartridge or by a sea-
water activated gas generator. If a gas such as
hydrogen were used, the reflector could be made
to rise above the water on a tether and thus be
considerably more detectable both visually and by

"radar.

Pop-up type of emergency radio beacon for divers
as discussed under Search Analysis, lines 7-8,
13-14 and 19-20.

Pop-up emergency radio beacon for submersibles.
Discussed under Search Analysis, lines 9-10

A directional microphone system would be useful on
rescue craft for improving the detectability of
shouts or whistle signals from swimmers. This
would also gid i determining their bearing.

An emergency pinger on a distressed diver and a
directional hydrophone on the rescue vessel would
help position the rescue vessel so that a team of
rescue divers could reach the diver in trouble.
The rescue divers could be aided by a powered sled
that was able to home on the distressed diver's
pinger. This vehicle would then be used to return
the diver to the surface. Alternatively, a lock-
out rescue submersible could be developed for this

application.




Ref.

Line No.

22

23

25=2T7

Sensor Requirement
Present underwater telephone performance 1s degraded
by multipath transmission in near-bottom and shallow
water applications. Development of multipath and
reverberation interference reduction techniques
and equipment would provide better communication
systems for use in underwater rescue applications.

An automatically controlled surface-launched sub-
mersible rescue vehicle can home on the location
of a distressed submersible using the emergency
beacon signal (as in lines 19-20).

In these lines the implied scenario suggests the

use of a submersible to rescue personnel from the
surface. Normally this would not have any advantage
over rescue using surface craft; however, in severe
weather conditions, if the rescue could be accom-
plished without requiring the submersible to surface,
the risk to personnel would be reduced. Some type
of rescue capsule could be devised which could be
floated up to the vicinity of the surface swimmer.
The swimmer would then enter the capsule and be
winched down to the submersible. An airlock would
permit transfer to the submersible.

It is necessary to provide a sensor system for the
submersible which can detect the swimmer in the pres-
cence of wave noise and enable the submersible to
maneuver to the proper location. If the swimmer has
an emergency pinger, this can be done with existing
"ping-pointer" receivers. However, if the distressed
swimmer has no rescue assistance devices, his body




Ref.
Line No. Sensor Requirement

presents a very poor target for sonar because of
the high background clutter due to the rough sea
surface. Development of specialized sonars,
probably of the doppler type, wlll be ncessary.

28-30 In this combination a rescue of a surface craft by
a submersible is implied. The comments under lines
25-27, above, apply. Location of the surface craft
by the submersible would not be as difficult in this 1
case since, presumably, the underwater portion of
the surface craft's hull would present a better
sonar target. However, an inflatable life raft
would be a difficult target.

34 If the bottom terrain around a distressed submersible |
1s quite rough, ELF EM radiation may provide a better
communication/location signal than underwater sound. |
This radiation would be aided by the proximity to the
bottom and would not be scattered and attenuated by
the rough bottom terrain.

6.2 0il1 Spill Detection and Classification

The procedure followed was similar to that used for search
and rescue.

6.2.1 0i1 spill detection

* Residual Taxonomy
Environment at Sensor: Space, Air

Environment at Object: Surface




Sensor Platform: Mobile, controlled

Sensor-Object Proximity: Remote
Nature of the Object: Liquid, Film

Object Stimulus Interaction: Stimulated Emission,
Spontaneous Emission, Reflection, Scattering,
Absorption

Object Information: Detect Presence, Identify Features,
2-D Surface Image
+ Total number of combinations: 60

+ Number of Sensors from Data Base Matching One or More
Combinations: 38

+ Sensors with highest number of matches

Key No. No. of Matches Sensor Descriptor or Specific Use
160 18 Multispectral Scanner (Satellite)
90D 12 Side-looking Radar (Air¢raft)
118 6 ERTS-1 Satellite Sensor System
90A 6 IR and UV Line Scanner (Aircraft)
90B 6 Low-Light TV (Aircraft)
90C 6 Microwave Imager (Aircraft)
213 6 Aerial Photography

« Identified Technological Needs Relevant to this Mission:*

a. Systems to collect spatial imagery at various wave-
lengths have been developed. Synthetic Aperture Kadar (SAR)
systems are being driven by other needs but can be adapted to this
mission.

*#See Appendix A for complete analysis.
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6.2.2

Choice of optical wavelength/radar frequency to optimize
0il detection needs to be investigated.

Data reduction procedures need to be developed to allow
more immediate access to the information of interest. (Present
techniques tend to require several days to several weeks. 011
spill detection needed in less than a day from data collection.)

0il spill classification

« Residual Taxonomy

« Total Number of Combinations: 54

+ Sensors with highest number of matches

Key No.
230
180
204
284

Environment at Sensor: Air, Surface, Underwater
Environment at Object: Surface, Underwater, Bottom

Object-Stimulus Interaction: Stimulated Emission,
Spontaneous Emission, Reflection, Refraction,
Scattering, Absorption

Object Information: Measure Properties

Total Number of Sensors from Data Base Matching One or More

Combinations:

No.

of Matches

6
4
4
3

99

Sensor Descriptor or Specific Use
Multispectral Scanner (Aircraft)
Laser Backscatter
Gas Chromatograph
Xray Fluorescence




* TIdentified Technological Needs Relevant to this Mission

a. Development of an integrated, multisensor system to
provide all the classification information needed to deal with
the spill.

b. Technique for collecting samples by the airborne plat-
form (presumably a CG patrol aircraft).

6.3 O0ffshore Law Enforcement

A single residual morphology was developed for this activity.
This morphology is directed at missions concerning 200-mile fish-
ing zone enforcement, monitoring of underwater mining activity,
detection of clandestine boat landings and detection of illegal
submersible operations. It is quite possible that submersibles
will be increasingly employed in illegal activities involving
materials of high economic value. For example, if shellfish
prices continue to increase, it may be economically feasible to
harvest them clandestinely by submersible. Presumably the sub-
mersibles could be tended by a factory ship lying just outside
the 200-mile boundary.

Sensor technology for use in detecting and apprehending drug
smugglers was not directly included in this study since it is
primarily an in-air sensor application. Hence a taxonomy for
this activity was not developed. A future augmentation of the
data base could include more of the appropriate sensor technology
i1f desired.

¥See Appendix A for complete analysis.




6.3.1 Offshore law enforcement

« Residual Taxonocomy

Environment at Sensor: Air, Surface, Underwater, Bottom
Environment at Object: Surface, Underwater

Sensor-Object Proximity: Remote

Nature of Object: Solid

Object-Stimulus Interaction: Spontaneous Emission,
Reflection, Field Perturbation

Object Information: Detect Presence, Identify Features
+ Total Number of Combinations: 48

« Number of Sensors from Data Base Matching One or More
Combinations: 62

+ Sensors with highest number of matches:

Key No. No. of Matches Sensor Description or Specific Use
2z 13 Magnetic Anomaly Detection
132 5(corr) Infra-Red Detection
272 5 Acoustic Detection System for Buoy
Application
23¢ 5 Submersible Flasher Beacon
64 b Remote Oceanographic Sensing

T




Key No. No. of Matches Sensor Description or Specific Use

94 4 Ocean Photography

120 4 Infra-Red TV

158 4 Forward Looking Infra-Red Detector
(FLIR)

215 y Magnetic Anomaly Detector, Underwater

275 4 Moored Underwater Surveillance System

252 b Ferrous Material Intrusion Detector

+ Identified Technological Needs Relevant to this Mission
Ref.
Line No. Sensor Requirement
4 Further development of high resolution synthetic
aperture radar for surface ship surveillance

12 Develop technology for a 2-D image of the earth's
magnetic field strength to detect a moving anomaly

representing a submersible among natural anomalies
of comparable or greater strength.

114 Development of over the horizon, low-frequency
radars using either backward or forward scattering
(bistatic) to detect ships at considerable distance
from a remote (probably land-based) site.

41 Develop a system using bottom-laid (or buried)
cables to produce a magnetic barrier-type detec-

tion system to detect clandestine boat operations
along remote shorelines.

#See Appendix A for complete analysis.
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Ref.
| Line No. Sensor Requirement
42 As above plus use of pulsed fileld to determine
the size of detected target.
47, 48 As in lines 41, 42 except for application in

deeper water and harbor entrances against sub-
mersible.

6.4 Ice Operations

Two residual taxonomies for ice measurements and 1ice-
breaking were developed to provide specifiec focal areas for
the sensor technology analysis.

6.4.1 1Ice measurement and mapping

Mission Deseription

Determine ice coverage, type, and thickness to yield
synoptic maps on different scales. (1) Global scale, encom-
passing entire extent of Coast Guard responsibility, to provide
strategic summary of ice conditions and their evolution in time;
(2) Major water-system scale, such as Great Lakes or Northwest ]
Passage to permit coordinated planning of ice-breaking opera-
tions; (3) Intermediate scale, such as critical areas along
navigable waterways, to lnsure conditions are known and areas
kept open during navigable seasons; (4) Small scale, in viecinity
of individual icebreakers (covered more explicitly under
Helicopter-Aided Icebreaking) or arctic installations (oil
platforms)

TU
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« Residual Taxonomy and Sensor Descriptors
Stimulus Used: H.F. Sound, Magnetic Field, Light,
Microwaves
Environment at Sensor: Space, Air, Surface, Underwater
Environment at Object: Surface
Nature of Object Sensed: Solid (discrete)

Object Information: Detect presence, identify features,
measure properties, 2-D surface
image

« Total Number of Combinations: 64

+ Total Number of sensors from data base matching one or more
combinations: 29

« Sensors with highest number of matches:

Key No. No. of Matches Sensor Description or Specific Use
132 6 (corr.) Infra Red Detectors (photoconductive)
133 6 (corr.) Infra Red Detectors (pyroelectric)

158 6 Forward looking IR sensors — low light
level

212% (§)*t Magnetometer — anomaly detection

231 6 (3) Synthetic aperture radar — ship search

245 6 Synthetic aperture radar — global search

94 4 Improved photographic films for oceanic
use

64 3 Multispectral photographic sens;ng

¥Not relevant to this mission.
tNumbers in parentheses are the irrelevant matches.
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Key No. No. of Matches Sensor Description or Specific Use

120 3 Evaluation of IR and TV sensors

213 3 Aerial photographic system

214 3 High resolution radar

219 (3) Magnetic field measurement (super-
conducting)

229 3 X-L band synthetic aperture radar

237 (3) Submersible flasher beacon

+ Identified Technological Needs Relevant to this Mission*

E Ref.
: Line No. Sensor Requirement

Navigable Narrows

1-4 Active sonar array permanently installed at narrows
in important navigable passages maps ice coverage,
synoptically. Information, including 2-dimensional
map, relayed by microwave to central processing
station for that geographic region either directly

3 or via satellite. The array could be supplemented
by passive components measuring ambient noise due
to the ice. Different ambient noise spectral shapes
and/or levels may be correlated with the type of

ice.
41-43 Above water installation at the same narrows of
57-58 scanning IR, laser, or microwave systems monitors

above-water ice shapes, notes occurrence of ice-
bergs. Processed information forwarded by same
data link as for sonar.

*¥See Appendix A for detailed analysis.




Ref.
, Line No. Sensor Requirement J

Ice Stations (e.g., research installations, oil platforms)

10-11 Surface vehicle (e.g., snowmobile) makes detailed

. survey of ice thickness acoustically prior to
establishing an ice station or surveys area around
an ice-bound oil platform to determine best path
for approaching or departing vessel. Acoustic
data supplemented with detailed visual observation
of ice type. Vehicle's position monitored and
possibly controlled via radio link to the station.

41-43 Scanning IR system provides continuous readout
b of local ice conditions (type, coverage).
E "Global" Survey

Satellite-mounted detectors determine ice presence and

coverage with sufficient data rate to permit map gener-
ation at ground installation. Rapld data processing

for ice movement coverage. Microwave data transfer.

Sensor systems appropriate for consideration in 1
33-36 such a configuration include optical devices using
49=52 high resolution lenses and scanning infrared systems

which can determine ice thickness. Radar can be
used for somewhat coarser mapping. Much of the
system exists and only requires specific implemen-
tation.

Major-water System Surveys
Much of the information needed for major water
systems can be generated from a "global" system
such as mentioned above. Details can be supple-
mented with aerial surveys. Aerial photography

§




Ref.

Line No. Sensor Requirement

37-40 can provide detail on ice occurrence, coverage and
type. Infrared detectors and photography can be
used during days where cloud cover prevents normal
photographic methods. IR devices which can scan
both spatially and spectrally increase the proba-
bllity of identifying ice type on such poor visibility

53-56 days. Microwave emission from ice can be used to
yield maps of ice coverage when visibility is poor,
and radar can be used to measure ice thickness.

21-24 Eddy current losses also provide a means to deter-

mine thickness.

Understanding Ice-Breaking Dynamics

Furtherance of such understanding might enhance
ice-breaking efficiency. An important aspect is
a knowledge of the range of underwater contours
one might encounter. Such maps and three-dimensional
displays could be generated from data gathered by
16 submarine-mounted sensor systems including high-
45-48 frequency acoustic, and photographic types.

6.4.2 Helicopter-aided ice breaking*

Mission Description

Determine local ice type and thickness so best ice breaking
path can be selected. Helicopter, based on icebreaker, avail-
able to assist in this local survey. Task could occur on two
scales: (1) individual icebreaker clearing a single path; (2)
group of icebreakers working together to clear a larger region.

¥This mission was also considered to include other remote instru-

ment platforms such as tethered balloons and remote-control
vehicles.
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i « Residual Taxonomy and Sensor Descriptors

Stimulus Used: H.F. Sound, magnetic field, light,
microwaves

Environment at Sensor: Alr, surface, underwater
Environment at Object: Surface, underwater
Sensor platform: Mobile controlled

Nature of Object Sensed: Solid (discrete)

Object Information: Detect presence, measure

properties, 2-D surface image
» Total Number of Combinations: 72

« Total Number of sensors from data base matching one or more
combinations: 47

« Sensors with highest number of matches:

Key No. No. of Matches Sensor Description or Specific Use

212 (12)# Magnetic anomaly detector

219 (6)% Magnetic field measurement — super-
conductive

64 (&) Multispectral photographic sensing

94 (%) Improved photographic films for oceanic
use

158 (y)* Forward-looking IR sensors — low light
levels

215 4 Magnetic anomaly detector

230 y Multispectral scanner for earth resources

23l b Synthetic aperture radar — ship search

91 2 FM radar to measure ice thickness

92 2 Ice Identification System
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Key No. No. of Matches Sensor Description or Specific Use
| 101 2 Obstacle avoidance sonar
120 2 Evaluation of IR and TV sensors
142 2 Low-frequency scanning sonar
152 2 Scanning sonar for submersibles
i 174 2 Underwater location and navigation —
§ acoustic
E 175A (2) Well reentry sonar and TV
‘ 202 2 IR determination of ice thickness;
imagery
213 (2)t Aerial camera
214 2 High resolution radar
220 2 Electromagnetic ice profiler
226 2 Synthetic aperture radar for sea ice
and icebergs
238 (2)t Range-gated photographic system
241 2 Underwater TV transmission
2Us5 2 Synthetic aperture radar — global search
267 2 IR detection of surface
213 2 Underwater laser radar

¥Various magnetic anomaly detectors were selected when "magnetic" |
force field was chosen for the template to yield the eddy-current :
device. Such magnetic detectors are felt to be irrelevant.

t+Photographic systems deemed inappropriate for quick-response
ice-breaking operations.
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+ Identified Technological Needs Relevant to this Mission#* |

Ref.
Line No. Sensor Requirement

Icebreaker alone

Ice presence and above-water shape determined from
43, 45 icebreaker using radar or alternatively infrared
61, 63 scanners. These are particularly relevant in low
visibility or at night. Detection acoustically of
underwater shape and depth of ice from the vessel
should be actively considered, although there are
significant problems in implementation; a bow-

mounted sonar is probably impractical and a
variable-depth sonar lowered on a cable may be
unacceptable.

Helicopter Assisting Icebreaker

The hellcopter can be used to assist in far more
extensive ways than just visual observations radio-
relayed to the vessel. Airborne acoustic signals

s 3 from the helicopter could determine ice presence

4-6 in low visibility and active sonar lowered by cable
from the helicopter through open patches of water
could examine underwater portioﬁs of the ice. Ice
thickness could be determined using the eddy-

19, 20 current device mounted on the helicopter. 3

37-39 Infrared scanners on the helicopter can not only
determine ice presence and shape but actual ice
thickness. They probably have much finer spatial
resolution than the magnetic device.

55=57 Finally radar can be used to determine ice presence
and thickness, giving local maps. Passive devices

*See Appendix A for complete analysis.
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! Ref.
Line No. Sensor Requirement

responsive to microwave emission can determine
presence.

There is obviously an overlap in function in these
devices so that not all are needed. Presumably
the choice might be made based on consideration of
the helicopter's total mission. Other helicopter

uses are found below.

Surface Vehicle and Helicopter Assisting Icebreaker

A small, unmanned surface vehicle could precede
the icebreaker, guided by the helicopter, when
ice cover permitted such travel. It could be
outfitted with a variety of sensors such as low-
8 light-level TV camera, IR scanners, and acoustic
probe to force against the ice for ultrasonic
thickness determination. A radio link to the
vessel and helicopter would provide control and
data relaying. The vehicle would be launched and
recovered from the helicopter.
Such a system would be less complicated than the
underwater vehicle described below, but also less
versatile since it would be limited to those ice
conditions where the vehicle could actually propel
itself rover the ice.

Underwater Vehicle and Helicopter Assisting Icebreaker

An unmanned underwater vehicle, preferably un-

tethered, precedes the icebreaker and is controlled
by it. The icebreaker vectors both the under-
E water craft and the helicopcer, often to the same




Ref.
Line No.

52, 54
16-18

62

Sensor Requirement

point, so that a control center on the icebreaker
receives a simultaneous picture of below-and above-

water ice conditions.
The helicopter could be outfitted with some of the

airborne devices discussed above.

The submerged craft could have underwater TV and
laser radar; also various sonar devices including
side-scan for mapping and upward-looking sonar for
delineating underwater contours and thickness.
Deployable, expendable sensors could also be used
to measure ice parameters at some distance from an
icebreaker. These could be similar to sonobuoys
in configuration and be launched either from a
helicopter or by a rocket from an icebreaker.

Balloon-Platform Assisting Icebreakers

1,3,19520
=35 35501

A helicopter could be either replaced or supplemented

in poor flying conditions by a balloon tethered to
the vessel and containing a platform on which an
instrumental suite is mounted. This could contain
an appropriate mix of acoustic, magnetic, light,
and microwave sensing devices.
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6.5 Port Safety and Security

The sensor morphology analysis was directed primarily at

detecting water based sabotage and terrorist activity since
other missions in this area would imply primarily in-air sensing
requirements.

6.5.1 Port Anti-Sabotage and Terrorism
« Residual Taxonomy of Sensor Systems
Function: Detection, Surveillance

Environment at Object: Surface, Underwater, Bottom,
Sub-bottom

Nature of Object: Animate (discrete), Solid (discrete)

Object Information: Detect Presence, Identify Features,
2-D Image

+ Total number of combinations: 48

+ Number of sensors from data base matching one or more
combinations: 104

+ Sensors with highest number of matches: (12 for each)

Key No. Sensor Specific Use
64 Remote photographic sensing
101 Diver vehicle sonar
120 Infra red and TV sensor systems
152 Navigation sonar for submersibles
158 Low light level sensor (FLIR)
174 High resolution scanning sonar
231 Synthetic aperture radar
266 High definition swimmer detection sonar

8u4
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+ Identified Technological Needs Relevant to Mission¥

: Ref.

Line No. Sensor Requirement

§ 8 Further development of swimmer detection sonar is
required. Bistatic (shadow-detecting) sonar seems
particularly promising. Refinement of doppler-
type sonar is necessary to improve detection range
and minimize false alarms.

14 Above comments apply. In addition, special trans-
ducer design and placement is required for detect-
ing swimmers near the bottom. Minimizing false
alarms from bottom fish is necessary.

32-33 A concept similar to that used for acoustic fish
F " counters is attractive for use as an installed
E swimmer (and submersible) detector fence at
harbor entrances or pier-heads. In this applicaf

tion active, upward directed sonar transducers

are placed along the bottom in a row so that
their beam patterns overlap. |

37 Same application as in lines 32-33. In this case
the acoustic transducers may have to be shallowly
buried to escape detection by bottom swimmers.

Lo Electrical cables may be placed along the bottom
to form magnetic detection loops for conductive
objects passing near them. They can be oriented
to form barriers across harbor entrances and
channels.

*See Appendix A for detailed analysis.
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: 6.6 Aids to Navigation

Because of the nature of the data base, the morphological
analysis was oriented toward underwater sensors for navigational
assistance.

6.6.1 Aids to Navigation
* Residual Taxonomy
Stimulus Used: H.F. Sound, Magnetic Field, Radio Waves

Environment at Sensor: Surface, Underwater
Environment at Object: Surface, Underwater, Bottom
Sensor Platform: Mobile Controlled

Sensor-Object Proximity: Remote

Nature of Object: Solid (discrete)

Object-Stimulus Interaction: Cooperative emission,
Stimulated emission, Spon-
taneous emission, Reflection

+ Total number of combinations possible: T2
» Total number matching sensors identified: 32

¢ Sensors with highest number of matches:

Key No. No. of Matches Sensor Descriptor or Specific Use
212 6 Magnetic Anomaly Detector
175 A it Combined Sonar/TV for Well Re-entry
140 2 Doppler Speed Log
142 2 Scanning Sonar and Recorder
152 2 Scanning Sonar for Submersibles
53 2 Dual Frequency Transponder
173 2 Doppler Speed and Distance Log
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|
|
|
E
|

Key No.
174
177
208
215
277

of Matches Sensor Descriptor or Specific Use
2 High Resolution Scanning Sonar
2 Solid State Compass
2 Radiated Noise Measurement System
2 Magnetic Anomaly Detector
2 Acoustic Transponder

* Identified Technological Needs Relevant to Mission¥*

Ref.
Line No.

2X

24

69

Comments on Recommended Developments
Bottom-mounted acoustic navaids such as bea-
cons or transponders would be useful in
areas where seasonal ice cover creates
problems with buoy-mounted surface aids.
They would also be useful in relocating the
correct position for a surface navaid anchor
after the aid had been lost or moved due to
l1ce or storm action.

The above comment applies. In this case
passive reflectors would be used to serve

as the underwater markers. These could be
designed to provide an effectively large
reflective cross section at the interrogation
or search sonar freguency.

ELF EM waves may be useful for a submersible
navaid system in rough bottom terrain areas
where acoustic systems are not effective.
The range achieved would depend on the di-
electric properties of the bottom material.
The frequencles employed must be high

enough to provide the required phase reso-
lution of the received signal for the posi-
tion accuracy needed.

*See Appendix A for detailed analysis.
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s CONCLUSIONS AND RECOMMENDATIONS

7.1 Comments and Recommendations Concerning the Sensor Data Base

The computer data file and the operating search programs#¥
have been supplied to the Coast Guard. A continuing program of
data base updating is recommended to insure that new sensor
information is made available for analysis. The morphological
analyses explored in the course of this project, have, of
necessity, had to be quite general. The technique is even more
appropriate to specific sensor requirements, because the de-
scriptor fields are smaller and the process of deriving a
residual taxonomy can be eliminated.

In the course of the morphological analysis, descriptor
changes were found to be needed for some of the sensors. A
detailed review of the data base is thus recommended to insure
that any subsequent analyses will pick up a minimum of non-
relevant matches.

A major advantage of a taxonometric data catalog is that it
is not as sensitive to specific word selection as is a strictly
key word type of catalog. The field descriptors of the taxonomy
are chosen to be generally descriptive concepts rather than
specific key words. Thus when a data entry is cataloged, it is
only necessary that the correct general descriptors be chosen.
This 1is a much easier task than picking the right set of key

words.

Specific sensor information is recovered from the taxono-
metrically organized data base by searching with a set of des-
criptors in mutually independent fields rather than by

¥Instructions for operating the programs are included in
Appendix B.
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searching with the correct key-word. However, in setting up
the taxonomy, cataloging the data, and then searching for
specific information, it is important to eliminate or minimize
the problem of circularity. This may result if the same person
performs all three tasks. He 1s able to find the correct in-
formation because he knows how he put it in and what to ask
for, but someone else may not have the same set of concepts
about the desired infromation and hence not get the proper
output from his search. Ideally, the taxonomy should be
organized by a panel of experts and the data should be cata-
loged by a panel of experts so that the descriptor fields are
known to have the same general meaning to most of the user
population.

7.2 Summary of Sensor Development Recommendations

Sensor systems which seem particularly interesting for
specific Coast Guard applications, as determined by the
morphological analysis procedure, are summarized below under
the operational activity heading. Appropriate further action
on any of these sensor systems and system concepts is to be
decided by the Coast Guard after consideration of program
priorities and technical development costs.

Seareh and Rescue

The growth in satellite-communication technology which
will occur when space-shuttle operations commence should be
utilized to provide world-wide coverage of emergency beacon
transmission. Electronic miniaturization procedures will
permit emergency radio beacons to be carried as standard life-
Jacket equipment. Pop-up emergency beacons with deployable
floatation should be developed for submersible and diver use.
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The improved resolution available in search radars should
be utilized by providing better rzdar visibility for liferafts
and distressed personnel in the water. Deployable aluminized
radar reflectors, in fluorescent colors, inflated with helium
or hydrogen, may be one way of improving rescue probability.

Increased use should be made of electronic optical aids
such as low-light level and IR imaging devices. Specialized
sensors for the color spectra of dyes would enable more effec-
tive use of dye patches as search aids.

The technology involved in rescuing survivors on the surface
by using a submersible should be investigated. Development of
a rescue capsule which could be brought down to an airlock-
equipped submersible would minimize the hazards of rescue
operations in high sea states.

0il Spill Detection and Classification

‘ The imaging capabilities of satellites in the optical and
microwave bands useful for oll-spill detection are being improved,
however the data-rates required for resolution of small spills
make satellite detectilon impractical unless on-board processing

is used. If ground-based processing is used, a near real-time
processing speed 1s needed to provide timely input to classi-
fication and clean-up teams. Present processing of satellite

| and aircraft imagery requires days to weeks.

Synthetic aperture radar systems, presently being developed
for other missions can be adapted to oil-spill detection. The
proper choice of radar wavelength and optical wavelengths for
alrborne detectors should be investigated.
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Qlagssification of ell spillls genefally is carried out by
special missions to the site after a detection by a routine
surveillance mission has occurred. If a means of classifying
a spill were provided to the surveillance aircraft, the second,
special mission would be avoided. A technique for collecting
samples by a patrol ailrcraft could be developed. Alternatively,
an integrated multisensor system could be operated from a patrol
helicopter or airship. An airship would have'the advantage of
long range and high carrying capacity for on-board analysis
equipment.

Offshore Law Enforcement

Satellite imagery having sufficient resolution to detect
and track all offshore shipping would require data rates which
are impractically high for present telemetry and processing
equipment. If ships were provided with an onboard ID beacon,
this would greatly reduce the information processing required
to track their location. However, a cooperative target is thus
required, which is usually not the case with illegal ship acti-
vities. Thus, detection and tracking of potential illegal ship
movements will continue to be done by land and aircraft radar
systems.

Synthetic aperture radar imagery should be developed further
for high altitude aircraft surveillance of important ocean areas
for surface ship activity. Submersible activity surveillance is
not as easily performed, but special processing of magnetometer
data may be devised to provide imagery of a moving anomaly pro-
duced by a submersible, against the stationary terrain-related
anomaly background. The effective range of present magnetometer
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systems 1s limited so that aircraft surveillance of an extensive
area 1s not feasible. Magnetic cable "barriers" to detect sub-
mersibles and surface vessels may be more practical at harbor
entrances or shorefronts where illegal landings may occur.

Passive underwater detection of surface vessel or submersible
activity is feasible at operationally useful ranges if the target
has a unique acoustic signature which is distinguishable frqm the
ambient background caused by other shipping or by wave action.

Ice Operations

Sensor technology relating to ice measurement and mapping
and to helicopter-aided icebreaker operations was analyzed.
Local underwater acoustic or optical sensors could monitor ice
conditions in commercially important remote narrows and other
navigable passages. Data relay via satellite would provide
timely warning of impending passage closure. The imaging radar
which will be available on SEASAT-A will provide data on general
ice coverage and ice movement in more open water. Avallable tech-
niques using radar, IR and electromagnetic pulses for remote mea-
surement of ice thickness and composition need further development
to improve accuracy and resolution.

Since it 1is generally not feasible to mount a conventional
sonar on an icebreaker, some other means:of providing underwater
sensing of ice conditions ahead of the ship is needed. Improve-
ment of remote ice-sounding sensors would make helicopters more
effective for this purpose. The development of a remotely-
controlled vehicle should be considered for either surface or

underwater operation. The vehicle would carry ice measurement




sensors and navigation equipment. Sensors on the vehicle would
transmit both data and position information back te the ship by
direct cable or by acoustic telemetry. This vehicle could thus
be used either alone or in conjunction with the helicopter to
map the ice field ahead of the ship.

The helicopter itself might be replaced with a tethered
balloon or other non-manned air platform to carry a range of
instruments.

Port Safety and Security

The analysis was directed primarily at the aspects of port
security relating to water based sabotage and terrorist activity.

Detection of swimmers is a difficult sensing task. For
underwater swimmers, high frequency doppler-shift sensing sonar
is required to distinguish moving targets from the reverberation
and stationary target background. Bistatic, shadow-detecting,
sonars should be developed for this task. For surface swimmers
at night, low light level and infra-red scanning sensors (FLIR)
are applicable at short ranges. For longer ranges, high-resolution
radar has been found to work under low sea-state conditions. For
detecting bottom swimmers, an upward-looking barrier type of sonar
system similar to acoustic fish counters can be developed. These
could be placed across pier heads and other areas to be.protected.

Small submersibles may be used for clandestine activities.
Sufficient electrically conductive material is usually contained
in the vehicle to permit detection by pulsed-magnetic field
sensors. This system can consist of long loops of electrical
cable oriented to provide a barrier system. Alternatively, fixed
or steerable bottom scanning sonars may be used.
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Underwater Aids to Navigation

The analysils in this activity was directed at areas and
circumstances where underwster navaids would provide unique
capabilities not available from standard surface equipment.

Polar commercial channels where ice cover makes buoy and
day-mark installation difficult could benefit from installation
of an underwater acoustic beacon system.. This system could be
used by a relatively simple direction finding receiver installa-
tion, elther temporary or permanent, on the user vessels. In
the advent of commercilal cargo submersibles, the underwater
acoustic beacons would be the most appropriate navaid.

Underwater acoustic markers — either transponders, or pas-
sive reflectors — would provide a readily observable reference
marker for buoy anchor location. When buoys were moved off
stations by ice or storms the exact position could be refound
by scanning sonar or by a pointer-locator system, once the general
area had been located by conventional surface navigation.
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APPENDIX A — RESIDUAL PROGRAM QUTPUT AND MORPHOLOGICAL ANALYSIS
RESULTS

Contents — Sensor System Residual Taxonomy Analysis
Rescue (Search included in Section 6)
0il Spill Detection
0il Spill Classification
Offshore Law Enforcement
Ice Measurement and Mapping
Ice Breaking
Port Anti-Sabotage and Terrorism
Aids to Navigation

This appendix contains the output of the RESIDUAL program
which was run for each of the above taxonomies. This program
performs a search of the sensor data base for each morphological
combination permitted by the residual sensor descriptors. The
sensors which match each descriptor combination are identified
by their key number which is printed to the right of the line
specifying the morphology.

An analysis was made of each morphology and summarized on
the data sheets accompanying the program output. The line numbers
of the analysis corresponds to the line number of the morphological
combination on the computer output. A complete explanation of
the format is given in Figs. 6.1 and 6.2 of Section 6.




‘
SLY ¥,
e ) S i i ) vLT  TLY &9 es1 231 1517 Y6t
€2 1§ caubI ALfiNDal (*ISr@ares 10634 OITIYINDD 3 IIU0K w21108 me:..u.uﬁim?.;
61 gut UHANDD WALSAS (*oSIONAI 0S P oo lirh TE
TR0 e eyl JIOW3Y  OTTOYLNDD FTIvaN w103 ZAHED " [
ROT LR INT0 (*3S1)aI IS JUOMIY  OTTHOHLMOD *ITIC0u 91103 mmw(wwm.m. H__ oﬂb
21 1t (728 1AL I 310W3Y OO ..n
o 5N 4 AL 11D RIRTaT 3 et g
(T OC LAY ILVHING T4y JUJ._.LV..;::U At i h” xtMH h s
(2000 TS T ; e
(ve) (-I3IQ)aT 108 ETGEN “3 (1o o
("ISIQIATI0S L0 £33 g Mn‘
43 8L CIErQiar ns o
& 25¢
I3 £Le
i ) : =iy : : 290
Qo1 5100 I NIy AL0WEN  AFTIOHINGD 180 309HHNS MALVEIONN 52
95100105 ALOWAM  AIVIONINGD ‘3RO WoL108 2o | b2
TIS1A)ALTINS ALOWAY  QITIOHINOD A1 a0W WoL108 ERCETy SR =}
(9810001705 AWM Q3ITIONINGD “HTE0N 101108 JowAAE  Ea
A un_g.m_.c.,,:_.z 10N GFTIONINGD “FIE0H WO1168 IovANS 12
FOSTA) HLVTNY 3L0MIN  GITIONINGD T80 27 4EE 02
... 1A ILVIHING GIATI0GINDD *IT180W EF SR SO 2 §
8s1 *551Q)a105 CROINGD *IMTAO 20vAHNS Aov4EE 81
5510017105 CATIONINAD =T A Ao 4dnS IvAAa L1
ORI A0S O3 NIOHINGD <3180 I A IS Srdens o1
51 D510 3LV T HTIIOMINGD “3T1E0W AWANS IVAGNS ST
195100 AW a3 I0INOD I VTECH HOVAHNS JAACS 41
201 (*D510) ALYHINY Q3T0HINGD *ITHOM F0vZe1S €1
(*I510) 01705 QI OUIND CFITAON siv 21
2510017105 QRTCRUNAD T Enl NCART o
UL AT GFTIOLMGD 3180 HIvV Ol !
(*05) () ALVIINY W AITIRINGD CFT a0 WoL L1063 av € =
05T AUVHINY JIOMIH QI TIONLHOD 31180 WaLLOR ¥iv 8
(OGN DTN JLOMIN  CHIDHLNGD CF 11 A0 101108 T
l, .

L 9 (351105 ALOKHL GRATIOHLNGD .wimg,.%m s mmeumww_a.mm_m o B em_«_ :w
%2 (1951001105 AL0WAN  CATVIOMLNAD 31T EOM Fovuns ¥IY S
oz2 (*3510001710S 10NN QITIONINGD “3IACK IVAENS HIV ¢

ve bs FNOWAN  QITIOUINOD “HTADM wqﬁ%m_mm i mmu_,qomm

A0WI QATIDALNGD AINAHE “Miv 2
3 o 5100 AUVINY JLOMIN QITIOHINOD 2OV S Hiv 1
O=hal L5380 CA5NTAS LOALA0 ALINLXOMHA WO 44 z_umﬁm 103rE0 v "An3 HOSNES 1V /N3
EIlg e
SINNLY34 ALILINIQL " ALIWIXOEd 123r@0 HOSN3S ¢°9
“04NI D11dONAS QITI0NLNOD CINIG0M "
MDHLNOD WILSAS® WHOAIYId 80EN3S E°9
NOTLVOINMWWDD WoL108°
HAAENTHL MOTLYHECIT ER I
NOILWMHOSNT 103080 E°L 103760 1V 2°9
(*5510)QIT05 " ; HILWiAEEN"
(*2S10) ILYUING* 309G
153rE0 3L3woSIa y1v:
0ASHES 1OACED 40 3&IYN 1°2 YOSUES LY 179
~SISHOLGTHOS3Q L03£80--- ~--SNOLAINIS3Q 1N IO¥I/NI-—-

ONLMOTIAS IHL 8300 HI¥V3S

A90TOHJYOW 3INISIY TVYNGISIY "1V "914




038 KO3l

] 4
M3N - N ‘034 LN3WJOA3Q J14103dS -@ ‘MO0 ‘HO3L ONILSIX3 -3 “13y Q3033N NOILIGQY 3SVE ViVOyy
10N 'HO31 - ¥'N ‘A90TONHI31 3S01J -3 ‘ONNOJ SHOSN3S INVA3I3Y - ¥ Q3333N NOISIA3Y AWONOXV.L 3Sve viva, :ST08WAS 3000
2J8TJ YITT “
A y 0]otpea AousBaswe ‘STRUSTS OF3SNOOE J0J SuUOYdOLITW [BUOTIDAITA UOT3BIO0T JSWWIAS UO SWOY O3 3N0S3X JSTSS® 03 3dA3q | 41
JoumTAS JOJ OTped AousBiows ‘waysAs auoydoIdTw TBUOTIDIITP (@oe3ams)
Vg v\ ’ T 0 £q pajusuSne A1qyssod (973sTya LousBrsws ‘Jurgnoys) re.ny T9SSaA 9NdSaJI 03 JSUMTMS pPISSIIISTP WOIXJ UOTIVIFUMEmMO) £1
3JB8I01TE®
, YAV 0 9J840a78 uo Jeuos Puiddp OST® ‘8A0QE 6 JUIT O3 JBTIWIS £q 2TqQrsIaWQNS PassaI3STP JO UOTJWOTJTIUSPT pUB uUCTwo0T | 2T
2 / Q satousnbady Jqy uo Furywaal. 4u)3TwWsUBI OTped dn-dog PI® 4JBJIOJTB JOJ ITQISJISWQNS PISSIIIETP WOJIJ u0d®aq FuTwoy % 4
T (n€e Iequmu ITqISsTW
Ve Vs . Koy 93s) ITqTSIWQNS WOJJ II33Fusuvy) Adusdrews dn-dog -qns passax3sTp 03 (dIysare) 3JeJdITe WOIJ uOTIEITUNEMO) | OT
wy3oTA
PITQESTP J0J AONQOUOS TWUOF3OIITP PIYIUNBT 3JBIDITE puw Jeroate £q ™
YRV, 0| aoArp uo x38urd AdusBisws ‘WIROTA 3AF3BA2dO0D 10 IAOQE SY WO330Q UO JIJATP PISSAIISTP JO UOTIBOTITIUSPT pus uoy3edor| 6 \
2 Vs 0 sasodand BUTREO0T 10j 19331WSUBA] Ipod ATUO 3nq ‘sA0qe sy PI® 3JBJIOITE JOJ ISATP PISSIIISIP WOy I933TwsUesy Bujwoy | g <<
398 . wo330q Uo
/ 0 "umod JISATP 03 PIYyooy J233Twsuex3 Adusaswe jo odA3 dn-dog J9ATP PoSsaI3STP 03 (dIYsaATe) 3YBIOITY WOLJ UOTIEdFuUnmmWO) | L
Jox
Y 9| ¢ Tepea ‘yojed 3Ap — sI0SUSS TENSTA ‘Jeped ‘Sax YBTU ‘MIT4 | (39OQEITT) T9SSSA PIsSsaIISTP JO UOTIBITIFIUSPT pu® u0T3edo1| 9
PT® BIDITE
£ 1 2A0Q® S¥ ‘OTPRd fHA 403 (380Q9JTT) [96S9A PISSIIISTP UO J933Twsuey Fujwoy | ¢
2 E quemitnba OFpeI AoUaBISWe IIYIO IO ‘OIPRI JHA 3JBIOITE pUe SS2IISTP UT T[ISS3A UISAISQ UOTIEDTUTEWO) L
€ J0303TJ92 JepRa 3J8IDITR
rre Y a1qefordap ‘yojed afp ‘JepBIX "S3X YFTY PUB HITJd ‘TeNSTp WOJIJ JSUMTAS PISSIAISTP JO UOTIVITJTIUSPT pU® UOTIBI0T o
, Vs 0 ISN ISWMIAS JOJ JI933TWSUBIZ OIpPBI INdsax Adusdrsuy FuT3w00T UT 3JBJDITE PIE O3 JSumyAS UO wOodeIq BUTWOH | 2
(Ren-2)
L pe0 | X¥ovd-doap Ul OTpPBI IO (AVA-T) saa¥wadspnor pajumom IFVIIATY JoumTas Y3ta dIYSITE IO JVJIDITY WOXJ uoTedyunmmo) | T
8 N . v
a1 91 3 [8N)] 9 NOILYNIBWOD TvJ190TOHIHOW NO SINIWWOJ 3INIT 438 NO NOLLYNIWOD o
A30 | uo3u HO (S)N3LSAS HOSN3S 31VI¥JOUddV A90T0HJYON WOY4 (S)OI¥YNIIS G31TdNI <
9950] g3svoiom | 3% EEL)

INIS  — SISATVNY TWIIO0TOHA¥ON "2°V "914




T ————

AN e e A S R e A AR S At o 4 e S S S

03y HO31

M3N -N ‘034 ININJOAIA J14103dS -0 ‘O ‘HOIL ONILSIX3 -3 “13y
10N 'HO34 - '¥'N ‘AS0TONHI3L 3S010 - O ‘ONNO4 SHOSN3S ANVA33Y - ¥

Q3033N NOILIOQY 3SVE ViVOyy
Q3033N NOISIA3Y¥ AWONOXVL 3SVE viva,,

:STO8WAS 3002

o

(LL2 “€ST £ax) sauoydoapAy TeUOT3037p pue xafujd Lousdiouwy

STQISISWNS JOJ IOTASP JOFBOOT JSUNITAS PISSIIISTA

92

ol

(20T £ax) P31
"399T9 J0 0}38NO0® ‘jusmxinbs -wWWOD JIATP JO UOTIEOTITPOW

JJWNTAS POSS3I3STP 03 STQJSISWQNS WOIJ UOTIEITUNENIO)

se

L]

(T2 aurT #98) sxafurd papod ‘AJ JII3BAISDPUN ‘JIBUOS UBDS-IPTS

198834 PNIEAI
Wo1J ITQFSISWANS PISEIIISTP JO UOTIBITITIUSP] PUS UOTFBI0T

e

(nLT *€g ‘gS sxoquau

y yav: £ £3%) sxeuos UOTFEFTARU ‘AL I33BAISPUN ‘AI3PWRTI] DT3SNOJY 9TqISJouqnNs O3 998BJINS WOJIJ IDTAIP INISII PaTT0I3U0I~-04NY
(LLZ “€ST sasqunu 43y STqrsIsuqns
P 298) saspuodsueay ‘juemdinba 038007 pue xaFutd AdousBrowmy PaSSaI3STP JO UOTIBIOT UO TISSIA aNOSAX JO FuTwol
Vi €2
(h€e ‘€8T ‘TQT sJaqumu L3y 398) T9583A aNOSaJI 208JINS pUE 3BITQARY
Vs A2 o€ quamdtnba oypea dn-dod ‘xafuyd papod ‘auoydarsy Ja3jeAldpuUn J93BAISIPUN IO ITQISIIWQNS PISSIIISTP UIaA3aq UOTIEdTunmmO) | 22

-

(LL2 *HLT ‘49T *€4T sIaqumu A9y 39s) saaBurd
¢AL I938AJIIPUN PITTOIIUOD 230WAI *JIVUOS UOTINTOSIX USTH

ToSS3A
anosax £q JIATP PISSIIISTP JO UOTHBITJTIUSPT PUB UOTIBIOT

e

[

(LLZ “€4T sxoqumu A3y 998) 2Jwjams WOIJ
UAOD U8 IDTAID SNOSII PITTOIJUOD 230WSY ' [ISSIA INISAI
uo sauoydodpAy TBUOT303ITP pus IJATP uo xa8utd Adusdsouy

9OTASD SNOS3I PITTOIIU0D AT230WAI
“IIATP 938007 03 T9SS3A 908Jms 3ISTSSE® 03 IOTASD FuTwol

0e

(6£2 ‘46T ‘YR6T
‘19T ‘z sxaqunu A5y 99§) T9SS9A aNIS3I uo Jusmdynba *mMOD
JPATQ 998 'WWOD JIIATP O3 payooy JI¥jjjususai orpex dn-dog

T9SS9A 9NISAJ PUR JSATP PISS3IJSTP UIIM3aQ UOT38OTUmEmIo)

61

JBDPBJI UOTINTOSSI YITY ‘AL TIAST-IYSTT MOT “MITJ ‘TensIA

Jeao
9nosax Aq TISSIA PISSaISTP JO UOTFBITJTIUSP] PUB UOT3IWIOT

|t

(9€2 Zoqumu £9¥ 23) JQ¥ PUB OTPBI JHA

19SS3A PISSILISTP WOLJ 2OULISTSS® FUTWOH

PA

juaudnba pue sTauUByd OTpBI AOUSFISWS TBWION

T9SS3A 3NdsaL ™UE
(*932 “3JBI3JTT) TOSSSA DISSIIJSTP USIALQ UOTIEITUMmLL)

91

STBUBTS Team® ‘AL T9A3T IYFIT mOT ‘sSJosuas YITd Pue TENSTA

TO9SSSA 9Nn0sax £q JSWWIAS JO UOT3EIIJTIUSPT PUB UOTIBIO]

-

’ rA
T b2 z%
1231 ]
298N e
Q31vIIaNi VLVC

NOILYNIBWOD TvII90TOHJHOW NO SIN3IWWOD
H0 (S)WILSAS HOSN3S 31VI¥dO¥ddY

3NIT 334 NO NOLLVNI3WOD
A90TOHJHYONW WO¥H (S)OI¥YN3IIS Q3ITdWL

3NIT
33y

INISH

— SISATYNY TV2I90TOH4¥OW "2°V "914




034 HO3l1

M3N -N ‘038 INIWJOAIQ J14103dS -0 ‘MO ‘HO3L ONILSIX3 -3 “13Y
LON HI3L - ¥'N ‘AS0TONHIIL 3SOTD - 3 ‘GNNOS SHOSNIS ANVA3T3Y - ¥

Q3033N NOILIOQV 3SVB ViVOyy

G3033N NOISIA3Y AWONOXVL 3SVE viva,  :ST08WAS 3000

e 2 6 SUBaW TENSTA 3I3JTP ‘Al I9jBAIapun ‘JIeUOS UOTINTOSAI YITH aTqrsIamwqns andsad £q Qs PISSaIISTP JO UOTIBITJTIUIPY 9€
Y 2l 2 QNS INISIL UC IJATIIM TBUCTID3JTP pue saeduld Aousliaumy STQISISWQNS INOSIA PYE O3 QNS PISSIIISTP UO IDTASP 103807 | SE
(€8T “gOT ‘gL saqunu £ay) STQTSIoWQNS aNOSaX YITA
. LA o UOT3eIPeS W JTd ‘138utd papod ‘auoyda(al Ja3BAIIpU) wWO330q UO 3VITQEY JO QNS PISSIIJSTP WOJJ UOTFLI[UNEEO) €
Vs 2 SUBSW TENSTA 393J4TP ‘AL I39BAIIpUN ‘IVUOS UOTINTOSIX YITH a7qTSIaWqns IN0Sax AQ IIATP PISSIISTP JO UOTIWOTITIUPI | €€
(68T ‘98T ‘Q6T ‘L6T
y - £3%) *qQnS UO JSATIVIA [PUOTIOSATP pue 1a3urd AOUSBISW |ITQTSISWQNS INISII PTE O3 JIATP DPISSIIFSIP UO SDFAIP 1038207 | 2€
(6€2 “€g6T
Vs oS ‘yg6T “TgT ‘¢ sJaquru Aay) juswdinbs uoyrjedTUNEIOD ILATQ STQTSIAMQNS INISIL 03 JIJATP PISSAIISTP WOXJ UOTFedTunmmo) | TE
(9TT 4ox)
/, LA ol Jeuos Jatddop Istrasyjo ‘paddinba ST T[9SSIA JT ‘SA0QE SY |9TqQISISWQNS WOJJ [ISSIA I0BJINS PISSIIISTP JO WOTFWOTJTIUSPY of
(LL2 “€5T 4ax) ! STqTSISmQNS ANISII
Y. #2| 9TqrSIsWQNS UO JSATIDII UOTIOAITP YITA Jopuodsuexy ‘IaBurg 3STSS® 03 [95S3A 99BJINS PISSIIISTP UO ITASD 038207 | 62
(€8T ‘€51 2TqIsIouns
/ 22 1 2 Aay) 233urd papod *UOTIVIPEL Wi J4Td ‘duoydale] IajeAISpUn SNDS3I 03 TPSSIA IVBJJINS PISSIIJSTP WOIJ UOTJBITUNEROD 8
3 (9TT £ax)
Vs Vavs w2 | o1 9sTAI9Y30 J8uos JaTddop ‘paddynbas ST Jsumras JT ‘2A0Qe Sy a7qrsaauqns £q JSWNTAS PISSaIISTP JO UOTIBdITJTIuepr | L2
N|OQ|3 2014 . N
..“WM. NOILVYNISNOD TwII90TOHJHON NO SIN3IWWOD 3NIT 438 NO NOLLYNI3NOD
935N OU_HUN._. " Vi HO (S)NILSAS HOSN3S 31VINDOYddY A90T0HJYON WOY¥4 (S)OINVYNIIS G31TdNI Uuzw.n‘—_
VI vivg

NS

— SISATYNV TVII90TOH4¥ON "2°V "914

.

A&‘_}_A e

hado o

i




nsa-2 INYHALIVOS : {Yos10varneT

TTTTTHIOREY  dITOHINGD WeoR T T

w%ai _{os1) te2d ovwr 3wy
c22) (s02) 091 >

S3HUY3S Ad
1IN0 ONIN3LIVIS ("2S10)QINOIT _H10W3d  AITIONLNDD “3180M 30v4HNS AYHS  T1C X
g “(FEY(GOY 03T FomSIEa
193430 ONIY4L1VOS (*251Q0)Q1NOIN 210W3Y GV I0¥INDD ‘ITIIe0W 30934uNS 0Vds 01
PR e St B 0 - N . Frmne : et S oo ol A e (®2) 031 €Y 19 29wl 3ovdy
ns a-2 NOI1D31334 *oe10)aINeIN TTTTTALONEY T a3TICHANGD T “3N180u o FOVANTS 209dS” €
(e82) €02) 031 €V c& wulj.iuu Ad
11M3a1 NOI123143Y °2S1Q)01N1Y 310WM om..éEﬁwb.u.. 180U ____3owIuns AMds 8
g Rl U iy . S g K e (e82)(502) 097~ =on3534d
123130 NOI1.1D27143Y ("2SI1C)CINBIN FU0W3Y  G3TIDUINDD “3T180W 30%480S 2D9dS L
IR S 5 bl R 8 kg o8¢t (102) 091 OST WBYI S8 Ov _ EE S 3oyl 3ovdy
NS C-2 “SSIWd SNU3NLINOAS (*dS10)QINOIT Q1CH3E T a37708LN0D f3TUR0u IoW4uNS E )
(502) 031 ¥BY1  EE  S3uNLY3d A4
_IINZOL  "SSIW2_SNUINYLINOAS (°0S1@)OINOIT__ 300W3Y  GIVOMINGD_‘IEOW 3ovns =8 3¥S_ S
6og) ¢t EET T eEd HONI=34d
103130 "SSIWd SNOINYINOAS (*0S10)QINDI 310W38  GITIVUINGD “3T1e0M y HOVNS 4T9dS &
- 399u1 30944
s @-2 "SS1kd Q3LVINWILS Gasiayarmpin. FLOWaE ~ Q3 VI0AINGS I iTeth T T Hhvauns ZoVdS €
S3EUV3S Ad
_INzUL "SSiKd QILVINNILS 4T0SIMAINeIT_ _ H10W3¥ 437 I04INOD_‘371680W l-.u_.uMu,«Sw- quwes 2
TR ; e R e B EET
10313 "SSIW3 Q2LVINWILS (*0S1Q)QINDIT 310W3y  OFTIOMINOD *3T1E0W " 30ov4uns 30¥dS T
R
103rF0 NOILDWM3INI @d4EN3ST 153rseo ALTWIXO¥d WBOZLVIA HOSHAS — — L03red iV *AN3 HOSNAS 1Y T3

NOILJ313Q

el ti«an a-e°
NI OTMLZA029 -
samuvas Ad1uGal - =
T ZoNFS3WA 193130°
*O4ANI DLLdCHNAS
__NOLASSNT LO3CH0 E°L
T NOI LAUOSHY
ONTYHILIVIS®
NDI1D31434°
10303) AAISSvd
SSIMA SMIENTLNODS®
.m!.ﬁ. QALY MNILS®
ey 123060 3ATION
NOILOVHIIND ETNALLS-LO3060 272
WIIdT
(38100117~
194rap 11345510 :
QSIS 193080 A0 JWUWN 172
s LS I R R - I e = T R

F——

1114S 110 1YNAIS3y “€°V "9Id

200u3Y°

TTTTTUALIWMIXOEA L0308 BOSNES v

aaT0N¥LINOD *IIROR"
_ME0ALYTId HISNHS €'9
i LO3rE) 1V 2°9
M s
HowdE*®
UYIENDS AV 173
---vm:.&murw_ AN AN - - =

SNIMUTIIE DHL Mivi) HOEv3S
811 .. 66 SANIIvId Az

A-6

e




©C6 | 3oviI 30vaw

ne g-2 ENIU3LLIVIS £°28IMAINDIN 34rW3y d3IT0ELNOD ‘s LTS ¥IY Ty
: (soZ) car cce s3enivss 24
I1MN2C SMIM3LLIYOS (*s1a:aInoIn J10W3Y 3 TIOELANDD ‘3nrecu BOVIETS T OHIY T
(s02) cce . 3Thzs2wd
133130 SMINILLIVOS (*2S1)CINDIT 31CW3Y CITTONIMCD ‘3TIecw 2PYHENS 41y 4
(e22) s:2  +c coe 3owmr 3t
ns a-2 NOIL3TTL3Y { *CEIGOINDIN S10W3IY O3 T0HLNDD ‘3TIRCW ENCEI Y OEE
(e22) 412 (892) CBT € CC5  S2wni¥3d4 Ad
ILNZaT NOTLO2743d ¢ *0S1AIaInDIT JACWIY  G3TIOHLMOD “‘ShIecu . B3YIeDS . ¥I¥ EE
, {sez) cee 35304
103120 MOIL33743d (*CEIQY3INOIN C3TI0HLINOS ; iE
5 g1z (ecz] L1 - =098
ns o-2 ( *cergsaInoi C3To¥INDD R
2 Lt 3 ¥34 A<
[INZQT  °SSINZ SrOTHYLINGUS (*2SIgICGIODIT s Ep I k) : ie
c12 YCE 53 S21ZS34d
L103120 °SSIWd SIGIHINOGS Ghteish e ploj tpol ) i3 O3 TI0ELN0D 5
(#€) =swur 33944
NS Q-2 "SSIN3 g3UFTUHILS (*3sigsaInNsIT 3ACW3Y O3 TIOULNDS €¢
() S4 A2
IINZ3T "ESTH3 O3LYTTMILS €*3810)a1001 303 - ou._n.:.%zo; . c¢
@22 cE2 ZINESZHY
133123 (°2SI1QaIN9IT . Hulet om.ﬂmmb. 2O gy 1€
Sl X P SRS A A tf % e B T Ty B l ................... . ~ - lvmo%.- .wwyumlmﬁgw.m:
ns a-2 NOLLANOSEY ! W4 H10W3Y  G3TTUNINDD *IIECK 3074405 30veS  OF
3 811 S3uNivad Ad
TINZAI T NOIrI4rosav T WA T T T T T T H10w3d T3 TIuNINGD Tt 3T Eou 3593uNS TS €2 = b
) e 811 HONESING 0
103130 NOT1dHOS8Y W4 _ 310W3¥  aITI0NINGD ‘380 . 30v4uns y _3ovaS B2
i ; (€82) G351 Cos T doval Vil
ns a-2 ONINHLLYIS . T} & 310W3Y¥ QI TTUNLINDD ‘IIR0M - 3o93NNS Ivds L2
MO {e62) (503) o091 SFMUvIs A4
IR0 T ONIMalIvosT T TTWNA T T T ROW3Y T aSTuNINGD  fITreonl T T T T T 1 DVES 9T
mm..uv._amomv 031 (s€)  Himze3ug
123130 UNTMILIYVIS W4 L ___HoW3¥  gITuENa) “IT100W m.k..z..m IWaS 52
e e e BT e S T T ) S A (€82) oat T aTr AV VAT
ns a-3 MNOILD3143Y WIS 310W3Y  a3TIOULNDD “‘I1Eom muqu&#. 40948 v2 ;
il WOV e R G T . e em) —mouw.o...wﬁ 3811 SIWUVIS AL
TriN3cr T T T morLoaE3y W4 HI0W3N T AINT0HINDD 3180 oW 4H0E — u&&» —te
(e22)(502) 031 311 (S€)  3res3ud
193130 _NOwloIEey WA 20BN G3TTOMINGD “ITIeOW  30vdans Im.&& 22
T e i aaeT T Ca1 (08T) TSBT EE T 39wl 3ovIn
™S Q-2 "SSIW3 SNUINYINOGS "R} &} 310u34  A3TIOMINDD “3T1E0W IoYRNG WIS 12
o S ; (s02) 031 ef S3nivad ag
TTLN3G1 T CESIWG SNUINVLINDOGS TWOIS T T T T 3M0W3Y T aI IOMINGD T 31 eanT T T agvauns 3L G2
amouu 031 €1 eEl Y SN
123130 "SSIWI SN0FVINOAS . o 3l0W3M  a3TOMINGD ‘TTIFOM __3yvding WS 61
e TR P : R TTTTTTT TR dova
NS Q-2 “SSikd QALY INWILS W14 JL0W3Y AT IONINGD u,:..wz %.?jm 30vds 2t
IiN3G1  *SSIWI Q3LYTINNILS w4 o diouEM 0N0MANND ‘Tuoow __ 3oy A IS LT
i ey isp g o : S s e AR i) ot oTRee) T aoNasayg
152139 SEiWd 031V INWILS Wiy J0W3N  OFTUMINGD *3TT1SIW I N3 3owds AT -
) oW FOVSY
s a-2 ToNOLLANSSEY T TTTUYOSIANAINOIT T T TTTTT T 410w3NT Ta3TONANGD ‘FusaW T T T T TTTT T 3ovduns T T T T T T T Jovwas TGt .
SIUNLY24 A4
IIN301_ MOLLdugSev (*3S1@)a1N017 310WIH  QIT0NINGD *II80M 3ov4uNS mumamnrm_
RN AR e Al R R TR R T T HRE33d
173130 NOI LNoseY  (TIS1QOINOIY_ . 310W3¥  J3T0HLN0D “TI1H0W ERCE R Hvds £
) ’
(*3u0)) *g°y "9I4




NOILdedsav

NOILiduCsay

133423

SSIH3 G2LYTNWILS

“SSIZ C2iVTINWILS

Wird
WiId
Wird
wWird
WaIrd
WiId
W4
wiId
WiLd
WIId
Wird
EJnM
wWhId
WAL
wWiId

(-3sI1C!aIneIn

(

vneT
o8l

emmy
voa

aaInen

giginsIii

310wy

311Gz

21038

J3T0HLINDD

C3T70MINCD
G370EINS
C20dUIN0D

C3TT2EANDD
(e mpial-HZsh]

Q37708403

(e st -3t s o]

C3ToEiNS

(*qu0))

‘anrecu 2wns

*3TI1eom 23¥5enS

‘a1ecU 2v4uns

‘€'Y "9ld

35vWI 3D
¥iv ceo
S3ENUV3S A4
HivY <§
3IM3S3Yd
v &S
35V 20544
Y G
S3:71Y34 24
gy =§S
37LISS3,

Seteotot

Y S

SOOI Zo¥2e
iy =9

S3wOLV3Z A3
¥iY g
3oES3E

-WI¥ -T

8V €
S38NI¥34 A4

giv 3

3lhzS3Yd

BI¥ ©$



M3N -N ‘038 LN3IWdJ™ \3Q J14103dS - @

U3a HOU31

‘MO ‘HO31 ONILSIX3 -3 13y

LON HO3L - ¥'N ‘A90TION.:J31 3SOTD - O ‘ONNOS SHOSN3S INVA3I3Y - ¥

Q3033N NOILIOQY 3SV8 ViVQyy
03033N NOISIA3Y AWONOXVL 3Sv8 vivad,,

:ST08WAS 3002

/ Vol I K4 1 “ % 2
7 Bl 34 T “ u 92
/ 2 FALE T “ " e
Vs i W & 4 2 “ “ e
i Pl Wl 4 4 " : £e
oA A AlE b PINbIT UBY3 I343BI W(IJ I03 3dooxa -, SE Aumg pINbIT ueyjz JIsujea wrli 207 3dsdxs ZT~L S® Iuweg 22
, sl Al ]t e " “ e
Y ol ] b4 “ " (4
2 AL AlTl e}t PINbLIT UBY3 I3U3eX WY o3 3dadxs g-y S® Aweg PINbIT UBY3 I3yjed WL J0F 3dedXd O-n sB awwg | 61
A 0 " " 8T
7 0 " “ Lt
A ~ 0 pInbr{ Uey3 J9y3wL Wy 03 3d90X3 £-T S® SWBG PINbLIT usYy3 J3y3ed WITJ 203 3dadxd £-T S® aweg g1
/. 0 *3TqeTTEAB 4B sanbruydsy dew g-z2 | 41
A 0 2137582 ‘43Yy30 20UTS PAPUIWWOISI 30N ‘UOISSTWS PIJETNUILS uotsdaosqe Aq #08ds WOJJ S3an3edy AJTIUSPI | T
A 0 £q usyy os ssat AT3uFTTs L1qeqoxd ygnoysz ‘3TOTIITP Lasy ® uorjdaosqe Ag soeds woxy uor3dslaq | €1
A 2y EES 1 deuw g-z | 21
/ a4 T Buyaayqess £q sowde moag ssangesy AFT3uepl | IT
ya /1 212 T £1dd® £=) SSUTT JSPUN S3USUWO) PuTaa3380S £g 908dS WOIJ UOTII933] ot
Vs Al ALe 2 *0ST® 843y PIpsau UOI3ONPII BIBP I33SBY  °9IJNOS . deu g-2 €
A 2 2AE 2 SB 33TTT938S UO I933JWSUBIZ 9AT3IO¥ Y3TA SABAOIOTU PUB uoy3oaTJax Aq 20vds woxl samaesy A3TIUSPI [}
2 Ak Al 1 “90anos se uns Yilm §I 40 aTqIsta Fuisn swiysfs Suyfeuw] uoT3o2TIea fq 8dwds WOI UOTIVILIQ i
y sl rletzis *sasuodsad 19358) UTB3Q0 03 juswdAodwl pesu ssnbiu uorssywe-jT9s £q soeds woay dsw -2 9
Y Ak AEE L =kE -14033 UOT3ONPad B4EP PIjEWOINY ‘pajudssadas ade sanbruyday uotsstwa-j1as £q 2devds wWOIj SaaM3IBI; AJT3IUSPI '3
2 T T g 1 IARAOIITU DUE PIIBIJUT YIOF ‘UOTIDIBP IYBIU JOJ popssN uorsstwa-319s Aq 20vds WOIJ UOT30333Q n
» 0 2ouds woxy UOTSSTWS PayBTNWI3S Aq Buldewy (-2 €
i Vs 0 aoeds woxy v “sTwa pajeTnNWI3S AQq saam3yesy AJTIuspl 2
"S7QBTIBAR a1® sanbiuydajy
, 0 197583 ‘J5Yy30 IOUTS PIPUSUMODII 0N ‘3TNOTIITP AI9) 2ovds wOl) UOTSSTWS pajenuyys Aq UOTRVIIIQ T
N|Q|3|uN|D| Y . : B
>uw- 5 wL NOLLYNISWOD TvII90TIOHJHONW NO SINIWWOD 3NIT 338 NO NOLLYNI 3W0D N
AN e YO (S)WILSAS HOSN3S 31VI¥dOHAdY A90TOHJHON WOYJ (S)OINVA3IS G31dWI bl
9980} qawvdiant | 37VE EEL]

NOT123130 111dS 110 — SISATYNY WY CIOHINOW

e

‘P°¥ 913




034 hou3l

M3N -N ‘O34 LNINJOA3Q JI4103dS -@ ‘MO ‘HO3L ONILSIX3 -3 ‘" 13¥
AON 'HI3L - 'H'N ‘ASOTONHI3L 3SO1D - O ‘ONAO3 SHOSN3S INVA3I3Y - ¥

Q3Q33N NOILIAAY 3SV8 ViV0,,
03033N NOISIAIY AWONOXVL 3SvE viva,

:ST08WAS 3000

) AAL 1 " . s
? i 2 “w “ ks
4 2 ELET % “ " €S
A 2 2 PInbIT wey3 xaujes myry oy daIxa 2h-LlE se gmeg PINbIT weys Jayses wryry 205 3dsdxa Zn-lf se aweg 2
7 "
4 . 8 “ . 15
/4 (o) Tl B 9 “ w 0s
A r A Y} 2] S PINBIT wey3 Iaujex wrly 205 3da0Xxs gf-4E S® ameg PYNDIT weys ayjex wilj Joj 3deoxs gE-nf s® awes | 6q
“. 8 “ “ e
“ i
s 2 PINbIY wey3 Jayjeax WLy nou 3dsoxs £E-TE s® aureg PYRbIT weyy I3Ujex WL oy 3dsdXs E-1E Sv swes | 9y
Vs 0 uotrydaosqe Aq 3gexoaTe woxy dey Q-2 <
75 0 ‘2318 TTIds Japum AT7303ITp 32INOS uoT3ds0sqe Aq 3JBIOITE WOIJ $3IN3BIJ A313Uapl "
A 0 2338MI9DUN 9AT1813d000 SATTdWl  [BIT3oevxdWT ATQRQOIg uoridrosqe Aq 3JBIIITE wOJF UOT3VR3IRA | £
i LA 1 QK Furaa3330s £q 3geIoaTR MWoXy dey Q-2 2n
o 2 EAYE 4 " Burzayieds £q 3jeIdITe WOIF S2an3ee) AJIIuspl ™
Y ALA 1 T Ardde g¢-)f SIUIT Japtm SJUSUMO) BTA93980S £q 9JEIDITE WOIy UOTI2233(0 on
*Atprdes SI0W UOTIPMIOFUT UTEJQO O3 SAWAYIS woT3 |*
’ s A1z €| -®313diajuy pue uoyionpas wiep pasoadut Spasy - ssydvoxdde UOT309TIa £q 3yexvate woxy dey q-2 | 66
A v o n ABAOIOTW IO I331TWSUBIY 3UI0GLte Buysn pue saydeoxdde UOT30373ax £q 3yeldaT® WOIJ saanjesy Ayrauspl | gf
Y v 2 € Yl pU® 3TQISTA JOJ 30InoOs s® uns Jursn wajshs Arafwuy UOT303T 3 £Q 3JBIDITR WOIJ UOT20333q £
Vs Abritl e L UOTSSTWa JTas £q 952J94Te woly dey g-2 | 9€
s L2 Tl 2| ¢S watqoad atgraads UOTSSTWR 195 AQ yBJIOIT® WOI; S9Unjeay Ayrauapr | <f
Vs rA T £ (- 03 Ardde o3 juswdoraAdp pasu ATqBQ0Ly “swayshs ¥I UOISSTWA JT3S £AQ 3JBIdITE WOl UOT1D333] e
3 T JBIOITE WOLJ ‘uolssTmw pajernuriys Aq de; g-z2 | €f
Fi T 0 sanbruyssy I3yjo £g Iuop I3333q WBIDITR WOy ‘UOISSIWR paleInalls AQ saimiesj Aj13uspl Fas
rloa T T] Araeqead uotidajsp 11ids  Cjusmerdwr 03 anbruysal EAUAR & 8144 3JBJI0ITR WOIy ‘UOTSSTWA pajeTnuwIls Aq WOT3I0a33] 1€
Jo wl " “ 0t
4 T " “ ~1 6
» ot pInbry weyy Jayjex wiiy 10j 1d3oxa GY-€Y s® aweg PINbIT uweyy Iaysex wily Joj 3dsdxa (T-¢1 se aweg| gz
N|lQ|3|8N[D| ¥ ;
n0D3Y RN NO! LYNISWOD 7190 10HINOW NO SLNIWWOD 3N 338 NO NOLLYNI 3W0D BN
o5en| 032334, | *5sve ¥0 (S)NILSAS HOSNIS 3LVINIOHddY A90T0HJHOW WOYS (S)OIHYN3IS 031NdWI s
viva

NOTLI3130 1U4S 110

= SISATYNY TWWISCTIOM4NON “v°V 914

A-10

A




Ui1s Hosd
M3N ~N ‘034 LNIWJOA3A J14103dS -0 ‘MO ‘HIO3L ONILSIX3 -3 T3y
10N 'HO31 -'¥'N ‘A90TONHI3L 3S01D -3 'ANNOS SHGSNIS INVA3I3N - ¥

Q3033N NQI LiAaV 3SVE ViVQ,,
(3033N NOISIA3Y AWONOXVL 3Sve viva,

:STO0BWAS 3002

vivo

/ o O “ 9
/ 0 " . 6
/ [ PINDIT weu3 29ujer WILJ Joj 3dedXs Sn-fy S® uwwg PINbIT ueyy Iayjex wrry Joj 3dedxs Sn-fy s JR
£ ' B T “ “ sl L8
/ ol W 2 pINBIT weyy Iayiex wyyy 303 3Ixs 2n-if sw suwwg PIOBIT uwyy Jayjex wrEl J03 3daoxs 2n-Lf s 95
NJQ|3juN|OD|¥ . “UN
nao2y A NOILYNIGNOD 172190 TOHJNON NO SLNIWNOD 3NI "33 NO NOLLYNI IW0D
AJ01  woa | SHOSH YO (S)W3LSAS HOSNIS 3.VINAOUdAY AS0TIOHJNON WO¥A (S)0INYNIIS Q3NN —_
935N| g31vdian 33y

NOI1J3130 TIIdS 0 — SISATYNY TVII9STI0HINONW

eV OC9ld

A-11

"

-



1 (502) (202) 61 (6%1) sy 26T SOT R

a2 su2

SHLLYANRI

(€5c) ver (212) (L57) (6v3)
e
enz e Lol

sz (ve2)(212) (e21) (es1) (Ev1) Exy

L2 90

(si2) (2ve) (ar)(6vy)

D! SR

(o) (s12) (@10) (6v1) Exy,

oie a2 e oe (001)

Goz) onr ey (001) (Pe)  m

o2 gve (502) (sen) (261) onr  wsy (26) (v¢): i S
TSI AN A A K

e oer (Vre)(s6) 201 (001) 66 b SALLMEHARIA SISV

O:NY L0

NOLLIOVYATY HALYMMEHONN IW-NSs 82

NOLLOA 145 ALIMMEING AWANE L2

"HSIWH SOEHNY LN S ALY ACHND IS 92
‘BRIWN CEHYYMILS UATIRREIOND ANNS S2
NOLL PG X AW PHIS 92
AW €2

Awaws o2

GRIWA 41V N WY LS

NOY LM 0w E..t _:m Hiv 81

HLLNg HlY L1
LN Hiv 91
L) L0 Hiv st
HiY &1
div ET
Hiv 21
HMiv 11
v 0ot
AL UMD vy 6
A ik 1N HIiv 8
.5_{3: g Hiv L
NS Hiv 9
Adns Hiv S
1 e iV ¥
ERLAL Hiv M ﬁN
CHOIWEA SN LNO S O MNS Hi
o.!wm S
TOOIWA (EUY NI LS A9 NS C NIV 1

NOLLOVHALNT 19300 19 " WISNTS IV “AN3

SAT NN SISV
TOANI DT LMAS
MOTIVIHNINT 103080 EL
ML LUV *
REITIETRL Je o iy
ML AN
NOTLOT TN "
FICHD INTSSYd
TESTWA SNl LNDGS ¢
COTOHIWA QARG

NOT LOYHILNT St s 103A0H0 2°L
==L HTYGEQ 1 0Iran-~~

W0 -

HFIWMUAGIN

A RIS
10380 Iv 2°9

HA UMy 106N

AVANNS T

iy
MOUNTS IV T°9
N IWMOMTANT -~ =

« OISYH CBAZLT/Y TMOTLYDLATSSY D TS IO AN kW A ISEN
ONIMUTIINA L WD HOWES

NOILYII4ISSY1D 11IdS TI0 — A90TOHdYOW T¥NAISIY °"G°V "9Id

A-12



SALLHANIN: ISV NOLLeMOS Y w1108 MAIGNEN  ¥S ol
SHLLHANIM SISyl ONTMALIVOS WoLL08 MAIWMEIGNT €5 .
STV DAV MOLLIVM:FH W08 WUYMNIGN 25 %]
AU ISV W NOX LD 1339 w108 MALGHEKING TS
(513 (232) (229) (o) sev 261 (s1%) ?o_ 5oy AMdee BAEVIM CSSINE SONENY IS W)LIOA MALGMHIGND 05
LY SALLEANRID SISV SSIWA G319 N WILS w1108 HLGNMIGND 6y
: 22 at
W (eL) () (1) (0) #0508 (1E)sALLEHELI v NOT Ll v TR ) ALV By
2
@2 (ee)arr (e (22) (12) Aot B 65 OS5 SN RNV ONTHALIYOG FRIVRNIGNN MAVECNT Ly
(65T LM D15V NILEDYHAIN MIALYR: IR MILGWINI Iy

cQu A.Nq LA R el A4y 13y LMY K i
R

REREE k
() PP Uiy T Byl T et (55 oo o0 G e e ST

202 65 w6 "SSIWE QALY IS UALVIDEIGNN YA EY
NOTL K5 1039 - HIIGHHKNN By

HWAUNS HAIVHEIGNT Ty

WS MILOMHAGNT 0%

RENEE HW-HS MILVNECNT 6

w2 fe12) sHevy) se1 ey SO SN RS VIS HIALOMIINT  BE
%02 "SSINE (19T 1S WS UM 2E

w1109 TV 96

w1Ina WS SE

WILI0A HWANS v

; WOLI0A AWAS  EE

(252) (109) (6v1) (9 G ) HSTRA SIKENG LS WiL108 WIS 2
LM "SSIWA Q1Y T LS w1108 E LR

6H2 102 YO SATLHANRI] UKV NOT LISV VILYMHION IWMNS 0
STALAMEAIDI TV ONXHALIYE HILVMIECND IS 62

(*3403) *G°Y "9I4




033 HO31
M3N -N ‘034 IN3WJOA3Q J14103dS - @ ‘MO ‘HO3IL ONILSIX3 -3 *13¥
10N 'HO31 - '¥'N ‘A907TONHI31 3S01J - O 'ANNOJ SHOSN3S LNVA3II3Y - ¥

Q3033N NOILIGQY 3SVE VAVOyy

03033N NOISIA3Y AWONOXVL 3SVE vivd,  :STOSBWAS 3000

] A T *I3uueds TBI303dSTI TN UOT303TJ3d ¥lA JOSUSS SUIOQIT® Y3TA 303[qo mWo330g (44
Y nlzlo 3TQT8way 30U ATq8qoigd | uorssywe Frosuwiuods BTA JOSUIS SUIOQITE YITA 303(qo wozjog | N 4T
~ (*x0x13
A T | € |9oxeds aseq wyBp Ava-X) A31T71qTssod ST Jauusds TeBIFOAdSTITNH UOTSSTWS PIIBTMUWI}S BIA JOSUIS IUIOGITS Y3 393{qo WO3308 £1
Vs (o] anbyuyoay ajowes ® s¥ TBIT30wId 30N uoy3dIOosqe BTA JOSUSS IUIOQITR UITA 133(Q0 IjVAISPUN 21
Y 0 Teot30wad j0N FUTI333808 BTA JOSUSS SUJOQITE YITA 393(Q0 IIjuAIapun 5 1
A 0 ( Axjua 99s) Teoy3owaduy UOT30BIJSI BTA JOSUIS IUJIOQIT® Y3ITA 302(qo Jajearapupn o1
’ A T *(938133uad 3,UOA SABAOIDTW) JIUUBDS TBIFIIIASTITOW UOT3O2TJ2 BTA JOSUIS JUJOQITE® YITA 302(qo Jajwmarapun 6
uotTssTWe
A wlzlo =" snoauejuods “ 8
(*eTqeorTdde jou snbruydsy Ava-x) uoTSS W
A ~ T| T | f ¥o11082d jou UBWRY O0WY  *353Q SWSIS JISUUBDS T[BIIOIASTITNR P31BTIUMI}S BIA JOSUIS SUJOQIT® YITA 302(Q0 Ia3wAIapup L
A Q -2anbIuydI) IYOWRI B $® [EO1308ad 0N uoy3dI0SqQe ¥Im JOSUIS IUIOQIT® YITA 393[qo 3d®jang 9
“feads
Vi &l t:s JO 20u3sqe £q PIZTIIIOBIBYD YOITS TI0 °ssnbruydaz JIass] BuTI3338OS BTA JOSUSS 2UJIOQITE YITA 393[Qq0 298I 4
*Teor3oBadur ATqeqoxd — SUOTIBOOT UMOUY
y 0 38 Y30Q ‘JIIATID3X 1JBJIIITE PUB IDINOS II}BAISPUN sATTAW] UOTIDBLIII RIA IOSUSS SUJOQITE YITA 393(q0 298Jang n
+33mos a
Vs Vs Sle|e S8 ums Fursn Jauuwds TBI303dSTI[NW PUB J19338ISHOBQ I9SV] UOT303TI3I BTA IOSUIS JUIOQITB Y3TA 393[Q0 30BJang €
*juamdoTaA9D FUTIIFUTHUS SPIIU JSWIOH “SBPITBA 03 YOI8ISII
Vs y slnle O1SBQ SPIAU I3338] AIIBWOTPBI IABAMOIOTW puw TwITIdD | uoTssTwe snosusjuods BIA JOSUSS SUIOQITE YITA 303[Q0 298JINg 4
*20us0sIIONT IISBT
3JUaWaTdWOD PTNOM JISUUBDS TBIIOAASTITNY * SNOPJIBZBY 003
20u30saI0NTy ABI-X °33q pood B 8q AvW 3DUIDSIIONTY IISV]
2 A €E12]9 *Burnsand y3Iom jou A1qeqoxd Adodsoaidads usumy S30WIY UOTSSTW® PajBTNUWIIS BIA JOSUIS JUIOQIT® YITA 303[Q0 32BJIng T
N]G|3|uNjOD | ‘ 4
NOO3Y QWAIWI NOILYNISWOD TvJI9010HJHOW NO SLN3WWOD 3NIT 338 NO NOILVNI3WOD ﬂ._‘._
A3g1 x| SHOSND HO (S)WILSAS HOSN3IS I1VINAONIAV A90TOHJYOW WOY4 (S)OINVNIOS G3ITdNI =
93s0| gawvdian | 37V 43y

NOILVDIJISSYID 111dS 110

— SISATUYNY VII90I0HANON "9°V 914

A-1}4

2+

ey




0338 HO31
M3N - N ‘034 IN3WJOA3Q J14103dS - ‘MO ‘HO3L ONILSIX3 -3 “73y 03033N NOILIOOV 3SVB ViVOyy
10N 'HO31 - ¥'N ‘A9070NHI31 3S01J - D ‘ONNO4 SHOSN3S LNVA3I3Y - ¥ Q3033N NOISIA3Y AWONOXVL 3Sv8 viva, :ST08WAS 3002
A Q " UO¥aDvageL u e
A 0 W uoT33TIaL “ 23
A1 o i uOTSSTWS Snoauwjuods 4 2€
A 0 *A1dde sjusumod SA0QE uay3 ‘sardwss paay UOTSSTWA DPIJBINWILS BIA IO0SUSS adwjans Aq 393[qo wojjog 1€
Tl e A uotydaosqe N o€
/ 0 " Futa933eds A 62
0 “ UOT3IBIJIL u 9z
A 0 *Ardde sjusmmod 3A0Q8 U3Y3 ‘sarduws pasy UOTIVITISI UIA JOSUSS IIBIIMS YITA 103(Q0 I3remxspun 12
uolssTWS
Alnlelo “02 ?30u 35 ‘sarduws YITM snoauwjuods BTA JOSUSS IVBJANS YITA 303[Qq0 Iajsatapuf) 92
+Burrdues 3noyzta reoTsoBIdUy T
V. b [ TeoT308admy  ‘sa7dwes I33BAIIDPUN Y3TA €T S8 SHIPWAL SWSS HOISSTWS pIB(NWISS BIA JOSUIS IVBJINS Y3TA 303[Q0 J338AIIDUf [+ —
*as¥q BIWP A_n
v 2|¢ 03 Pappe aq pINOYS SI333wW0a303ds UoT3dIOSQE TBUOTIUSAUOY uoT3dI0SqQ® BTA JOSUIS IVBVIINS YA 303(Q0 3D¥Jang ne
“I3Asmoy L3TTTaN PIITWIT Jo Arqeqoad-Iwatd .
110 9STAISY3I0 I93BA UT TnJasn aq Avw juswaunssam A31PTQINg *BUTIS398OS BYA JOSUIS 0BJINS UY3a 302[Qo I0wJang €2
“(6ST 'ON A9y 99s) aArsuadxaur aJv SUSWNIFSUT UTHTIO
A A T 01 s8 $3nTO aPTAcad ABW JUIWILNSBIW UOTIOBIJAI JO XIPUI UOTI08IJSL BIA JOSUSS 90BJINS Y3Ta 393(q0 3owjung 22
A T §0 ‘uUOT3BUTWEXS TBNSTA UOT393TJ3X BTA JOSUSS 30BJINS Y3iTA 393[Qq0 3owjmg 12
*9s58q
e 9l€]o ®38p 03 pappe aq prnoys Adodsox3oads UOTSSTWS T[BUOTIUIAUOY uolssTwa snoauvjuods BIA JOSUSS 3VBJIMS YITA 393[qo I0®yang 02
"UOT3BITJTIUIPT FUSWATS JOJ UOFIBATIOE uoxnay ‘atiqeitdds
30U SUBIQWAW AATIVITIS uol ‘AydsaForswoay) ‘*parjriuapr
y A zlz U33Qq 9ABY DTNOYS *IONTF ABX-Y ¢ JIONTJ I3SBY *30ads Ueurmy UOTSSTWS P3IBTNUIIS BIA JOSUIS 20BJINS YITA 392(q0 aowjang 6T
Y 0 i uotydiosqe » 8T
4 9 b 3uy213808 e i
y 0 *(n Axjus 99s) TeOT3oBaduy UOT3OBIJSI BIA JOSUSS JUIOQIT® Y3ITA 392[qo mojzjog 9T
N|a|3|uNjO|H : S5
[nO03Y z.IWL NOILYNISWOD TvJI90TOHdHOW NO SINIWWOD 3NIT 3438 NO NOLLYNISWOD ¢ﬂ~.._
A301 w3 | SHOSNS 0 (S)W3LSAS HOSN3S 3LVI¥JO¥ddY A90TOHJHON WOYJ (S)OINYNIIS G3ITdNI =
9980| gwvoiant | 33V 434

NOILYII4ISSYID 111dS 110 — SISATYNV TVII90TOHJHON "9°V “914

oy




034 HO3L 3
M3N - N ‘034 LN3WNJOA3Q J14103dS -0 ‘MO ‘HO3L ONILSIXS -3 “I3y Q3033N NOILIAQY 3SVE ViVQyy 4
AON 'HO31 - ¥'N ‘ADOTONHO3L1 35072 - D ‘ONNOS SYOSN3S LNVA3T3Y - ¥ Q3033N NOISIA3Y AWONOXVL 35VvE viva, :STO8WAS 3002
0 “ uorydrosqe “ ns
0 o FutI933808 5 £5 \O
4 0 o uoT30BIJI 4 25 —~
k4 0 Al UOTIVITIAI a 15 ]
LI ¢Clo “Tedr398ad 30N | uorssTwe snosuvjuods » 0% <
A 4 “UOTJIBATIOE UOINAN ‘-IonTy AvI-Y - Jonyy AISE] UOTSSTWS paje[nuIls BJA JOSUIS J3jwAlapun Lq 392(qo mo3jog (11
Y2 S m € uoyssTwsusd] Aes sumey ‘uoyjdiosqe J9SBT uoridIosqe " gh
L2 S w sI3jamotayday ‘a93sw uoridiosqe I9SET BurIa33808 A Ly
T T UOT38IFIL " on
e 0 w UOT3D3TJOI WIA JOSUIS JIJBAISPUN Aq 303(q0 IejeAISPUN 14
uoyssTwe
08| S|o ‘Tedr3o8ad 0N snoauvquods ¥TA JOSUIE I3jeAlapun £q 393(Q0 JajBAISDUN nn
uoySSTmS
rlelelt *UOTIBATIIR UCIRNIU * *IONTJ JISV] PIIBTNWIGS BIA JOSUSS JIjBAISpun £q 303(q0 I93BAIapuUf £
[+) ' uot3diosqe ~ 2n
0 ° Butasl3ecs “ ™
0 i UtV & [
Q “ UOFIORTIX “ 6
€] €]o & UQTESTWR enosueguods & g€
Vd T *Teot13982d 30N UOTESTWS PIjJBTNUII8 BTA JOSUIS JIIBAJIIPUN £Q 323(Q0 2dwjIng L
. 0 @ uotydIosqe “ 9€
y 0 *Ardde sjusmmod aA0Qqe uay3 ‘sardwes pPIIN FuTI933808 ®IA JOsUss a9vJame Aq 303[qo wo3zjog (49
mogzal M1 913 [UN| 9 | ¥ NOILYNIENOD TWJIS0TOHAHON NO SINIWNOD 3NIT 338 NO NOILYNISWOD HN
n30 ) woma [ SHOS) Y0 (S)NILSAS HOSNIS ILVINAO¥IIY A90T0HJHON WO (S)0IMYNIDS G31TdMI ek
995N qavoiam | 3V 43y

NOTLVIT4ISSY1D 11145 110 — SISATUNY “IWOIO0TOHA¥ON “9°V “914




SIUYTY ADLLME ) (*2810)0170S ALOWIY C3LvMEEcNN 82
SIENLYIY ALILINZCY  SSINZ SNO3MVINGGS e 2iE @13 of
v AMTI *SSING SNOSNVINOGS (*2SIMOI0S 210043y ¥3LYMEZSN 52
o iy caPNLvY NOILY3¥TLH3d 01314 ..um_en:.ﬁm Tt 2ovzeS w2
2 NOILvEeLYId O30S *2510)0I70S Zviens €2
WOILDTTI438 *351¢)QI70S Iiveens 22
310343 .uma:u_dn S e
St DdS bXa) gu'n'-1
SSIME S03MYINIGS (*ISICCIT0S "% tod ~ Vvan.n ‘£
&t "ESIWE ENOENYLNDJS €810 QI INNE
NOTAVREMNLNIY 0314 (*2810)3170S 3ovad5 !
! HOIAYEMILESd 0314 (*2510:0a170S 2ovens LS
ASTINEDT +314031438 ("0€10)3170S 3vdens 9t
IMG 102430 NGILO3A3Y ¢ *2SI0Y0IT0S ETRTEN 3¥Hens St
A4ILNICI  "SSIK3 SN0ZMNYINOGS ¢°3SI1Q}0170S 31OWRN . 394as w3
7 : . - LE@ 4EE 212 BS1 €
€1 2V ISNISTH L23430  "SSINT SNOSNYLNODS (°ISIHOIOS i INSES BT
¥ 1934 ASILN3AI NOILYEENIE3d 314 ¢*3S10)4a170S LUSLYMEZIY Biv 21
$12 2@ ¢©
141 NOILYENILNId CT31d SOSIANATITS g9 1t
NOTLOINL3Y :.ua.dxam, div ot
cE2 €2 o
L2 HOT103742Y (" SSIOII0S R ) n
*SSIMZ SNOIVLKOLS . ¢ (*3s10)01708 . w»ﬂﬁx : ;
s B : ; « -l9g »m"mgam"ww A8
£1 *SEINT SNOIMYINOLS (*0S10)017CS W 2ucwad
HOILVEENLEZd 0314 : ¢;os10)01708 v 3owad alv w
2 L FINISING 133430 NOILYENILYSd 314 (*osI18)aITas 310 EIY 5
SHE E2 &2 vi2 O
21 6 NITLOFN43Y *IEITHOINNS =Xk i l] ¥lv ¢
32 SHE €2 CEE €22 ¢ ~
12 czr NIILIZ43Y (*2SIC)CIT0S 3LoHIY TS ¥i¥ E —
: CIE 25T 02T 3 N
A 9 cSZEnIYIL A-ILNZCI "SSING SNOZWVANOGS "2SIQI0IT0S | ! -Fc:um dgiv 2 <
: 3 21 ast &ET 2EV ©
2t 49 (*2SIAYQIT0S 21003 diy ¢
J3eMEs L33rea ALTWINDG EDSHIS AV o3

IEbde3d AJISN3CL”
..UUmJ. d 153izC" -
] :.n.u.z)m

ed=dl L3370 €7

JAISSVd

LIZTES 30143

[ S I .r.,..l.;.r>bw‘.rLW> g0 2L

AT3050 m.»l.runna
CIEMES (03TE0 S0 32NaWN 1L
- =~ SEGLEINSSES LlETEDY-~=
: 2433

2iliINIES LOED .u tTRESE 979

IN3IW3IOY0ANI MV JYOHSJ40 A9QTOHJYOW TVNAISIY “L°V "9I4 'y




momww
'z 212
o1 o8
o
12 oz
ta

212

PP

S iiv3d A4 INTA]
NISFdad L2ALA]
w34 Aalinadl

asddad 193430
vt AsltQl

4 23430

Sdd 103450
©oaaernrd ASaLiNONL
JonaSAdd L ad

Soviatrase 45

10 I B
+ A )

g - O R |

SIMUvES Ad1aNIaT
FoN3534d 103430

NOTLvEENLYE34 Q0314
NOLLvENOUI4 QN30
NOTLLOIANA3Y

MNOT L343
"SEIWA S0ANVINDGS
“GEINA SO0ENY LNQES
GOl LvAdn) d3d Q0314
WD) LYEedNLA3d Q7131
NUTLOA43d
RN ERE ]
“wo ko 005N L0dS

THLLNE SNUIY LNDJS
NOTAvHdnLddd AN314

mNOILYAan; 434 Q314
ROT1IOAT743
RS EREE!]

“HIUNA &

SEACE
Iiviainiagid a7l
g4 GOATA
WO L3143
[FELRRE R EE N

(*2S10)a170S
("OS1QXAIT0S
(°0810)a170S

(051 a170s
(*OS1M0OIT0S
CT381Aa10S
(TIS1MAa10s
(TIS1NAL0s
(*OS1MAInS
("OS10)Q1 0S
" oS51MAarios

(031 A170S
(*0S10HAI0s

(051 aros
FOTOS1AY a1 s
(TOS1a1708s

CTO51AITNS

192 ®s2 S5 2.2

21 aIns
(TOS1Ma1os
CUSIMOINOS
(*2510)aIos
¢ U51AA1TS

J10W3N
EJis e ]
31043

EL D]
LAY

ERL L
310WFY
F10W3d
3L0W3d
303y
FLOWIN

ElL e ]
ENTE L]

ElaTE]
992 S92 iv2 BE2

Bl TER
992 S32 w2 BEZ

A10WAN

EIGTE)]

TSl e 8L 22 .2

31013
=G ITE L]
EFRR A L]

(*3u0))

¥21
e

H31VMAONN
HILVMHICINN
HALYMAIaNN

REANLT]
HALMA2IW

dIINMATTHN
AJVI3ENS
ANV IUNS
IWAHAS
AWLNNS
AWAHNS

MHALSRONT

LML 0N
Sie @12 01e
TR I

AW AHNS

LY "913

cat

121

AR
aFe

Woliio8

WOL108 J& 5k
WOLLDE O M
ase a2 a2 (e
wili08 &1
W0L108 BT I
WOLI03 LT ™
WOLLG3 3T o
Wo1103 ST 4
WwlIoa wiss
S22 ﬂm
woLioa #1 g
N HINN 2T g
e5e wie S
431 OMATCNT LT 58
Y11 E1 be i
- E AT e
251

852 $52 S22 0
HALTARGd) B e
vz (es1) (221) -
n ra

3
4

s

4
114

™ x e

a3 v aoEn

A-18




e

034 HO3L
M3N - N ‘O34 IN3IWJOA3Q J13103dS -0 ‘MO ‘HO3L ONILSIX3 -3 “13¥ G3033N NOILIQOV 3SV8 ViVQyy
1ON ‘HO31 - ¥'N ‘A90TONHI3L 3S01D -2 ‘ONNO4 SHOSN3S LNVA3I3Y - ¥ Q3033N NOISIA3Y AWONOXVL 3Sva viva, :ST08WAS 3002
(uorsstwa-31as) | <
1 2 14 K SI0SUS YIT4 ‘I ‘SUOTSSTWS OTpEI IO YITT JO UOT3ID333Q SJIOSUJS DPISBQ-IOBIJJINS WOIJ STISSIA S0BIINS jJC w0 | €1
& Josuas Furaow wouay ATswour FuiAomw 3233370 (uor3jeqmaaad
pa 0 |so13s1a33omamyd aanjsudrs ATBWOUB 30333p 03 JBaF QyN 2aoxduy PT31J) WBIDITE WOIJ SITQTSI3WQNS JO S3.am3way /[j313uUspl 21
(022 £ax) § (uors
, n J0Suds PIaT) Or3auFeu pastnd ‘si030339p ATrUOUE DljauFel -8qumisad pIaTy) JBIOITE WO SHTQISIAWQNS JO UOT3ID933Q had
A A 1 (sqns moyteys) LydexSojoud reorzdo pue AL UOT303TJaa) 3JBIDITE WOIJ SITQTSIAUQNS JO SaIN3IBIJ SUTWIIaQq ot
(ans aotTT®YS) Au (uoT323133x)
Y L] mna3oads moassu ‘ALyderfojoud Tworado ¢ (Jmpra-zasel) ¥vall 3JeIdITe WOX (sS303(qo pafisuans) SITRISISUWQNS JO uO130933Q 6
(o)}
2083ans (uotrssyuws e
A T 0 38 JIOSU3S IIBTPIWIIIUT INOYITA 3TqIsed] Ar3uasaxd 0N =JT3S) 3JBIDITE WOXJ SITQTSIAWANS JO S3IN3VIJ OUTLISISQ 8 1
(3822278 03 WUIT OTped =5
Vs , €l 2| Y3iTA SJOSUIS IjBTpawIajul .n.csnocomv JI030933p 3yea Tenplsag (uorsstma-JTas)
‘(ATuo sQNS MOTTRUS) $3ID3JJ3 YI I0BJUNS JO UOTI0838Q | YBIOITE WOLJ (S393(q0 PaFiawgns) SITQISIIWGNS JO UOTIIBIQ 1
(uor3eqanazad
. A 0 aanirudTs ATwwouw O>T3a3uBel PISTJ) IJBIDITE WOJ] STISSIA DBJINS JO S3IMIBVF) SUTWIIZaQ 9
(uor3
Vo £ |40SU3s PTaTS o139ufew pasTnd ‘SI939wOTPELT PUE SII3SUWOIUBEN | -BQINIISd PTOTJ) ISBIVLTE WOI; STeSssa 908jans JO ©OTINAIQ 4
Jepey danjuady (£Basus pa3oaTIaa)
A 2l 2 1]¢ d1yeyjudg *AydeaFojoyd wyiy pue AL ‘JEpPRI UOTINTOSSL YIIH 3JBI0ITE WOIJ STSSSIA S0BJINS JO $3IN3VIJ SUTWIIIAQ n
/ L S10Suas TENSTA PUB Jupey |ABI5US PIIDSTISA) IJBIVATE WOI; STISSAA IVPJINS JO UOTINAIBQ | €
(uotsstwa
, TfS £x38vul aABMOIOIW puw yI ~JT9S) JBIDITR WOIJ STISSIA IDVIJINS JO SIIMIVIJ JUTWLIAQ 4
2 (uorSSTWa-3138)
3 Vs e L UOT3IBIPBI WY PU® NI JO 5303033230 ﬁmn:nm.:nu 1JBJIDIT® WOIJ STISSIA 3JBJJINS JO uUOT3ID33I3Q 1
N[a[3a|un[o]u ] 7
i WOD 3 NI NOILYNISWOD TVII90TOHJINOW NO SINIWWDID 3NIT 338 NO NOILLYNI 3W0D uﬂ—.f
; A30 3L Y YO (S)W3LSAS HOSN3S 317I¥dON¥ddY A90T0HJHOW WO¥4 (S)0I¥VA3DS Q3ITdWI .
9350} g3avoiom | 378 334

INIW3IJYO04INI MY JYOHSII0 — SISATYNY TWIIOCIOU-NOW  °8°V "914




038 HO3L

M3N - N ‘034 ININJOAIQ J4103dS -G ‘%O ‘HO3L ONILSIXI -3 3y
10N HO3L - ¥'N A4907T0NHDO3L 3S0T7J -3 ‘ANANO4 SHOSN3S LNVA3T3Y - ¥

03033N NOILIOAY 3SVE ViVQyy
03G33N NOISIA3Y AWONOXVL 3SV8 vivad,

:ST08WAS 3000

uoo®aq YITYT (uoyssTme
Vs £ € 3O u0130333p Ted13do ‘sAonqouos ‘sI0suas OTISN0OB SATSSBY ~JT35) JOSUaS J33BALapUN £q TSSSSA 29BIUMS JO UOY3III3] <2
(uor3Bqanizad
~ (1) UOTINTOSSA 3M3BUBIS-QYW | PTATJ) J0SuUIS dBjuns ® £q STQTISISTQNS JO Samae3y A3T3uapl w2
(uor3Bqanzasd
y 1 (022 £2¥) ao0suss pTatd o132uFsw pastnd ‘jusmdinbs qyw PI3T;) Josuas aoeyins ® Aq STQIsSI3UWQNS ® JO UOIIDNIBQ | £2
(uor303739a)
£ -~ (€L2 ‘0Lz "san 49y s35) (QNS-MOTTBUS) HVAIT J0SU3S 3JBJJINS B WOLJ STQISIIIGNS JO S3.IM3wdy £313uUdp] 22
N (892 ‘9Lz ‘€Lz ‘0Lz "say kax awes)
s pT 90BJaNS MOT3Q 3Isn[ J0SUSS) JBUOS SAT30® ‘(QNS MOTTRUS) ¥YQIT | (UOT3IVATISI) JOSUSS 20BJINS ® WOJJ ITQYSIBUQNS JO WOTRD3337 | T2
(1€ (uoysstwa-yras)
A 0 | SUTT U PSI3PTSUOD JBUOS ATSsBA) UmOuUY poylaw TEs7398ad oy J0SUIE 90BJANS B WOJJ SITQTSISTANS JO Saanywal Ay1juapr | oz
sfonqoucs
¢(90Byans Y3eaUaq 3SN[ JOSUIS) UOTIVAISP UOTIBWIPBL OT3ISNOOEB (uoysstwa
sl z | tle Keoosgms mau) suorsstws oypea ‘SyPIT [BUIAIXS JO HOTI3DIAQ JT9S) JOSUSS 30BJINS © WOIJ SITQTSIAWQNS JO UOT30233q | ¢1
(uor3eqamixad praty)
2 2 C AydeaPoroy Wy ‘uUOTINTOS9a SIn3BUFTS QWW JOSUSS B0BIINC WOJJ TOSESSA SOBINS JO Saan3wdy AITauap] g1
F 2 A (FuIa3380S pamMADj) JBPBA D13BISIE ioT3eqaniaad vT213)
~ T T3ss3A 3133uFBW-UOU J0 3aM3onais ‘Aong uUO 1a39wWO3BUNBY JOSUSS S0BIIMS ¥ WOJIJ STSSSAA SOBIJINE JO UOTAIIAN 1
(912 *BST “0ST 4oy 9s) HITd (uoz
~ £ pue JudTTUdIwSs W1 ‘AzePeuwr Twoyido ‘JwpRa UOTINTOSAX YRR I0SUSS BDBJANS WOJJ TISSSA IDVFZANS JO S5INBIT
8174
2 PUR IYITTIUOIEIS HI *SpI® [ensiA ‘sJosuas T®o13do ‘aupwy UOT3D3TJa) JOSUSS 3DBIJINS WOLJ STICSIA 20BIINE JO UOTIA3AQ <1
(uorsstwa-319€)
Y T Ara¥ewy ¥ JOSUSS 30BJANS WOIJ TISSSA IVBIIMS JO £3IM3L33 AJTIUSPI | 4T
N[Q[3|uN[D|Y
W03 T NOILVNIBWOD TvDI90TOHJHON NO SINIWNDOD 3NIT ‘334 NO NOILYNI 3W0D i
A3Q +I31 mmomdm HO (S)WILSAS HOSNIS 31718d08ddV A90T0HdYOW WOY¥S (S)0IHVA3DS a3INdWI w.Z
9980 g3twoiont | 33V 33y

IN3W3DUO0INI MYT J¥OHSII0 — SISATYNY TVIIOCTOU~YONW

‘8°v 914

A-20




Uas HO3L
M3IN =N O3 IN3WJOA3A D13103dS -3 ‘MO “HO3L ONILSIX3 -3 13y
10N ‘HO3L - ¥'N ‘ASOTONHO3L 35010 - D ‘ONNO3 SYOSN3S ANVAII3Y - ¥

03033N NOILIOQV 3SVE ViVOxy
G3033N NOISIA3Y AWONOXVL 3SV8 Vivd,

:ST08WAS 3002

w (uvorssme~jy1as)
Y e (182 ‘gl AN Koy 995) UOT}BWITIFSSVID 2aINIBUBS JT3SNOVY SJIOSUdS WO330q Y3ITA [¥SSSA 20BJIMS JO satmjeay Aj1juspl gt
- (uotsstwe
A 1 SJIOSUSS UOT3ID333p JT3SNOJB SATSSEJ ~3J19S) WO330Q UO JOSUIS £q [9SSaA 90BJINS JO UOTI2933] £
(uoryeq.myaad praty) 3
» T AydsaForoy d73snody J0SUSS 1939AISDUN AQ ITQFSIdWANS JO saan3way AJTIuspl | 9f
(uotyeqmaasd
Vs T} E £poq mo3 uo 0 pajunow fong ‘jusudinba QVW PT91J) JOSUIS Ja3BAMISpUM AQ STQISISWQNS JO UOT39333( (<3
(uot13031332)
A i et Buydewy d57135N0d% *(I93®A JwI[0) Furemy Twop3do J0SUSS J3JBAISPUN AQ STQTSIBWQNS JO samyeay AJTuapy ne
) 2zl et JYUOS BATIVW (I23WA JWATI) NVAIT (UOT3O9TIB) JOSUIE I9BAIIPUN AQ ITQTSISWQNS JO uOTILRYR]d | €F
(uotssyme
2 $ UOT3BITJTSSBTD 3 N3BuFLS ITISNOdY | -3T98) 208USS Jajearspun £q ITQTSIPWQNS JO saanjeay AJTauapy | 2¢
uodeaq YFIT J03 (uorssywa
A LY K44 2030339p Ted13do ‘SAONQOUOS 'SIIATI021 JTISNOJE IATSEBY =J196) SI0SUIg IIjemIS3pUn fg ITQTSIAWQNS JO UOT3ID33Q 1€
(uor3eqmiaad prayd)
0 UOTANTOSII IINIBUBTS-IVW JOSUSS JIIBAISIPUN £Qq TISSaA 208JINS JO saanyeay AJT3uspI | OF
(uot3vamaizad
Y 1 Apoq-mo3 uo pajunow fonq ‘juswdmba QYW PIS1J) J0SUPS I93BAISpUN AQ TISSSA 90®JINE JO WOTINNRQ | 62
(7LT £a¥) . (uoT3o3TIeI)
Vi T | 4suos 2A720® vorInTosaX YBIY ‘(Iajma IBITI) FulFeay Tesyado JOSU3S I3JVAJISPUN Aq TISSIA IVvJans JO saamyedy AJTIVSPI| g2
(Lt
A a2 “nTT "IN A3v) (2339 IwaTD) SI0sUSS TBI73d0 ‘IWUOS SATIDY [UOFIVATISI) JOSUIS I23EAIIpUN £Q TISSIA P08JMS JO woTIdReq | Lz
) (uorssywe~3T98)
2 a2 (162 ‘SLz "SaN £3Y) SUOTIEITJISSEID 2INIWUBLS DT3ISNOJY J0SUdS 193AIIPWN £q TISSIA VWIS JO saImIwdy AJTuepr| 92
L N|a|3 (¥ S , ¥N
NOD3Y| N NOILYNIBNOD TVII190TOHJYONW NO SLNIWWOD 3INIT 334 NO NOLLYNI3WO0D 3N
A301 wj 5 HO (S)W3LSAS HOSN3S 31VINJOHdIY A90T0HJHON WOXS (S)0IMYNIDS Q31TdWI -
998N| g31vdiONI vive ' 43y

INIW3DYO04INI MY IJYOHSA40 — SISATYNY TVIIOCIOHANON “8°Y 914

A-21




038 HO3L
M3N - N ‘034 IN3WJOA3Q J14193dS ~@ ‘MO ‘HO3IL ONILSIX3 -3 13y Q3033N NOILIGQVY 3SVB ViVQOyy
JON HO34 - ¥'N ‘A90T0NHI3L 3SOTD - O ‘ONNOS SHOSN3IS INVA3II3Y - ¥ Q3033N NOISIA3Y AWONOXVL 3SvE viva, :ST0BWAS 3002
:
(QV)
(uor3eqmizad praty) o
, A A 0 PT3TJ o133uPfeuw pasTnd Y3TA UOTIBUTWISFSP 32TS [ISSIA wWO330Q UO JIOSUSS Y3Tm STQIsAaugqns JO saxnjea] LJriuspl | 1
(uot3equmizad <
A , Vi Josuss 3dA3 JaTirRq STqES dT3sufem ‘jusudinba qQyw PI3TJ) WO330Q UO Josuas Aq STQISIIWQNS JO UOTIVLISA| Ly
(uoT3d3TIax)
Y Q JBUOS TRV “UOTINTOSDA YIIR wo330q UO JOSUIS .%u«: 9TqTsIdWQNS JO $3IN3®IJ AJTIUSIPT 9%
y 0 JBUOS PI3UNOW-WO330q SATIOY (U0T3937Jad) WO330q UO JOSUSS £q ITQTSIAWANS JO UOTIIG| Sn
E (uorssyus
yl T UOTIBILITSSBTO 2INJEUFTS ITASNOTY [JT3E) WOL30Q UO JIOSUIS YITA STATSISWANS JO SaInyea; AITIUSPI| #n
AL 2L 1]z 5I0SUSS DTISNOOW SATSSEJ | (UOTSSTWL-JTAE) WO330q UO Josuds AQ STQTSIsmans Jo uoT3d933q | En
(uotr38qm3aad pIaTy)
y £l 2 0 PT21J o139ufsw pasTnd Y3TA UOTIBUTMISILSD 92Z[S [9SS3) J0SUSS WO330Q YITA TISSIA d98Jams JO sainjeal AJTIuspI| 2y
« wo330q (uoT3eqanizad
) £ 0 20 J314I8Q ITQEd OT3aufem ‘pajunom wolzoq ‘jusudinba Qvi PI31J) WO330Q UO JOSuds Aq TISSIA IDVBJIMS JO UWOTIIRIRA | T
(UOT3IDITIAI)
’ [ JRBUOS 3AT3I0¥ PIIUNOW WO3I0Q ‘SUOTINTOSII YITH J0SUSS WOIFOQ YITA TISEIA 308jams JO samiway AJTIuapI | on
) 0 JIBUOS PajUMOW WO330q ‘IATIOY | (UOTIISTISJI) WO330Q UO I0SUIS AQ [ISSIA I0VIMMS JO UWOTR0333q | 6
mopnat M1 913 {91 914 NOILYNIBWOD V2190 TOHJHON NO SINIWWOD 3INIT 438 NO NOLLYNI 3W0D g .k
A3Q | w3y HOSNIS HO (S)WILSAS HOSN3IS 31VINJO¥ddY A90T0HJHOW WO¥4 (S)0I¥VN3DS G3IdWI -
92sn| g3swdiam | 3SV8 33y
viva
IN3IW3JY04INI MV 3JYOHSIJI0 — SISATYNY TVIIO0TOHI¥OWN “8°V “91J




oz (61 (v sarLumania Inevid

SIRAUVES AATLINGOT
AN AN 1.0ALI0
AWUWL AV O-2
SALLUAN Wl V34
SV AA AT LNCRIX
AN LOALA
AV AN R O-2
SALLdAS RId DAV
SRS A AL INEKT
e HONBIHUA 1. D¥LED
p_avdin ;.-U(p.z.nm ATM

oz (@12) ()

SIULUARS .E E(..!
SANUYIA AAT AN
ZIONER AN LOALS0
TENL LOEHD

INIddYW ONY IN3IWIUNSYIW 3D “AD0T0HJYOW T¥NAISIY

81 arms
A\ LMUALNG
COEBIMALS
C oINS
COBIMAIWE
€ OB AINS
€T OUXMATNE
C 5L Ar™S
COBIANArs
CoAAres
C DAL W
CoEXALWIS
COBLAATIS
COSIAUINS
(e - (dpTA ) iy ¥ 1
CBIMAIrNs
O8NS
COSIUTNS
CABLAIAT WIS
COSIAOAINS
COHIDMALNS
COGIMAL RS
G AT WS
CESNERS 1030

AW-NS
VAN
AWHNS
AWAIIS
AW IS
AWM
A0S
AWV
ERCETE
AWAMNES
AWV AN
AW NS
AW NG
ER AN
AV
ERIEL )]
AV A S
AW:DHS
AW ANG
AW ANNS
ERIRY ) )
HWAS
HWH0S

103080 1v "aNE

HIV OILINW  E2

Hiv JITNIVM 22

HIY DILTNOWM 12

HWAS DILENO9M 02
AWAS DVAANOW 61
IAWAS NI 8Y
AWAS ILTINOL LT
AALYMM NN GNNOS “A°'H 3t

U MY AN QNS "'H ST
ML WM RN WNOS “4°H &I
LI OGNS C:°H ET
R B ) YIS CiICH 2t
HN AUNS NS “4°H TS
AW AMNS GirOS CAH o 0F
AN A UNYS “4°H 6
HIVY DS "4'H B
oIy ONYIS “4'H L
HIV NG "4H 9
HIV GNOS “H4°H S
IWdS NS “4°H &
AWAS NS “4°H E
A5 ONMLIS "4°H 2
IS NS “A4°H T

WISNTS v "AN3 Q50 SOTWILS

FUIL AW-HNS -2
“OAND DINLI039
SATIHIAN] RSV
SANUVYIL ALLINIQL "
AMEISTMA L3I
03I D1 LA0NAS
MOT LV SdY L300 E°L
COTDHACNS
3 ZCROST
CY) 4D TIRINLWN T4

A M3 193rm--=

Iwauns ’

10380 v 2°9
MIALYMYAGN *
AWHINS
Hiv*
IS

HOGNAS IV 179

=== SHOLATHOSH  INMNONIANT--~

= e
LHOITY"
JLLANIWRLITER
DT LN
CEN: 30804
NS CAH®
JL LSOOV
@SN SNTMILS ¢°S
===8NLATHIEIA HOSNAS--~

BL/GT/T “ONIdcWW (NV NSNSV DT A FHASM MIISIN

INIMATEA 3HE 43N0 HOWV3ES

‘6°Y "9I4

A-23




2 2 m2 26 ¢
ot o

She (IE@) ot b
(os2) shz 152 oo

iy M

VWL AN U-@
SHAULMAA N DY I
SN A AALLNAUE

Sl AU 1DAL )
AW HVAME d-2
RIETE DIt BB T

LY AL AN -
To H43 d DY W
Ly i A A NI
i oz 1L N0
St ,

Yitred
AL o

(eev) Aun.y AR AN B

Y, WUV A 15 LAEKT
ngﬁooaué ONASHHG 1L
Ml % e

££1
(@) sy een

o2 (S91) A1 o2 we
O PO vy

Sk
L}

:.QNI A _:.Z*_n
Ao e Rd 1D AL

9
e

AL HW S -3
LERAET SET I 3 RS

€4) €12 B8V OFV  wE YOS HAMNVYAD AL
(I G a._: [PETE AON SR 1021140
v (991wivy G HOYWE ¥ (-
:x.?. rel X
EEL
ANPHG (-2
?iv T: RNl 5

ﬁ

.vlv

_ ,:4 e :

O8I arvs
CXXMAIMS
CO3IAar
51D arms

USRS
ae s
WaAr s

FAL

Y ECH OIS
DUy s

TSI ALTWS

COBIDAT NS
COSUDATNS
CT O8I ar wks

AWHNS
ADV AN
AN NS
AW
AV AU
AMVAMIS
ANAS
AW-HWS

AN AN
AN
AW s
AN e s
ERCE U
ERLEL
ERUETES
AW
ERERNTY
AN
AW S
Hov NS
ER SR )5
109N
ERERY
A -ROS

AISASS
ERLCAL

WS

ANAH S
a N .z-.-nw

J WS
AN NS
ERTE L)
ER RN
H)yvAuns
.a W AHNE

(*3u0D

HAL MK
ULV AGNN
HALIMAIGND
AALOMRGNN
ERLEL )
HOYIMNS
AW AdNS
AWM HNS

HIY

Hiv

HIv

Hiv

AWAS
ANAS
IWS
AWAS
BERA VR 8 3]
HATYMN-KirN
AN K INN
HALYRY RN
ERLCET )

AW s
AW ANS
ERLEL Mo

Miv
HIV

MV

HIY
AWAS
AWMAS
A0 AS
AWAS
ERRRHE O 3}
AT AN
A LMRIIGND
z.:<> -1

"6'V "914

SINVMNDIN 9 .

SINVMONOTW €9
SIAVMOMOIW 29
SIAAVHOMIIW 19
SANIMIHOTIW 09
SINMIHOTH €5
SIWADITH 1S
SANUMPOTW LS
S92 1
SAVMROTR 95
SINVMOMITW &S
SIMMPIOTW &S
SIAEPIITW €S
SANTMORIIW 25
NS T 1S
SIAPMPINIW 05
SICMRINW 68
Hi911 Ry
HOT: LY
LHOIT 9y
JHOIT Sy
HIT vy
1HOIT £
LHOTTT Py
HAT 1Y

(=) €12 2
W9l oY
LHOT o....f

i

LHOIT  8F

(1F2) o2
LHOTT £
IHDI 98
1HD) T &F
HIT1  v%
LHOIT  EE
AoV 2E
ITITINOYW TE
DUZNOM OF
IV €2
LV 82
LI L2
DILFROVM 92
IIFNOM S2
DLLSNOVW 92

A-24

S

e

e



03¥ HO3L
M3IN - N ‘034 LNINJOA3QO J13103dS -0 ‘YO ‘HO3L ONILSIX3 -3 *3¥

(G3033N NOILIQAY 3SVE ViVQy,

10N 'HO3L - ¥'N ‘A90TONHI3L 380D - O ‘ONNOS SHOSNIS INVA3I3IY - ¥ Q3033N NOISIA3Y AWONOXVL 3SvE viva,  :ST08WAS 3002
~
~ wage
A 2’ *SSIUYOTY3 20T SIINSBWIW IOTASP JUaLMD Appe IFILuIeY 208JaNS PILTEIP J3AC PTAB s37Tj suerdaye 3deoxs ‘Tz uy SV 2
2 1 ‘12 uy sy te
*201 Jo adf3
A A AJTIUSPT 03 ¥oBIF FUOT® 2OUBISTP SA €SIUXDIIYZ ¥} JO 3014 *2a0Qqw SY 22
5 3ol
y A 2 ) 4 *(022) @o149p juasmmd Appa-orjaufey | suwrd JuOoTe SSAUNOTYZ ‘I2uIsIXd DT SO JUSWAINSSIW SUIOQIATY 12
VN (4
‘ *3371T9398 03 AeTay “20wjans 307 uo paoerd
y *ABT3I IABAOIOTA " (022) ITAIP 3udIIMD Appa dTIAUTEK SI0su3s d133uPem £q ATTe0T3doUAS BEAUNDTYI DT UOTIVNIAC | 6T~BT]
. VN i
*301d amo3uod SIUSWDMSLIW SUTIOWINS
Vs / et Y3a 3901038 BIVD PIzyIaIndmo) “JIVUOS UOTINTOSIL YRTH Y3TA SOT38TISIVBIBYD DT O3 SJNOJUOD V] IIIBAIIPUN 238TIY 9T
Buioejans I0J 297
’ ool “JIBUOS UOTINTOSAI YITH WBIA IO ITOY SY2as Jeyos BUTOOT~pIesdn pajunow-UTIVWANS ma*i
dnprng 297
Y , ) *A9T3X OTPEY "S1030313D JITIENOIB IATSSVG UOTJIBTAI UT 9STOU JUSTQUWE JIO3TUOW SAONQ JUSUBWID] £T
VR et
I9Y®aIq 2T
A i 97329doad 307 “8SIUITYI 3] SIINSVIW IDTAIP IATION OTISNODY | JWaU JO SV NOTIBI[ABU [EOTITID JO AsAMS ITOTYsA 2983amg | TT-0T]
VN 6
e VR 8
*RaTad oTpey *sweTd 03 fBTaY - aI0BINYD
, *998yume 38 Aurywsado ‘swayshs IATIOR 27ASNOIR ITqUpuAdXy *8S3UYOTYJ AD] SIIMSWIW J030939P JO YoUM®T SUIOQATY | L-9
VR S
y , *efawt -z 01 1X2auGd 03 A31T108) Ja3ndmod snyd ‘as0qe sy *9A0Q® UOTIBINFTJUOD IY3 UT PITTeISUT sAeire oTdyITnW N
*IIATIVAIL 33TTT338S ‘IITTTR88
2 Vi "UOTIBIS IABAOCIO[W 3DBJING " SAVII® IATIO® JII3BAIIDU( 03 AeTax ‘saPesged UT SAOIIBU 3® 207 dew sAvIay JeUOS £-1
N|lQ|3[ENID|Y : ;
o038 NOILYNIBWOI TVJI90TOHJHOW NO SLNIWWOD 3NIT ‘338 NO NOLLYNISWOD i
%uumn: HI3L wl o 38V YO0 (S)WILSAS YOSN3IS 3IVI¥HONddY AS0TOHJHON WOUS (S)OINYN3IS G31MdII u.uzu_c
Q3Lvdd viva

ONIddYW GNY LNIWIYNSYIW 321 — SISATUNY TVII90TOH4HOW "01°V "914

A-25

e ————————

RHERSD -

1



034 HO3L
M3N -N ‘034 LNINJOA3Q J14103dS -0 ‘MO ‘HO3L ONILSIX3 -3 ‘' 113y

Q3033N NOILIOOY 3SVE ViVQyy

10N HO34 - '¥'N ADOTONHI3L 3S01D - D ‘ONNO3 SHOSNIS INVA3I3Y - ¥ G3033N NOISIA3Y ANONOXVL 3SVE Viva,  :STO8WAS 3002
.
/a ’ T 6n uy sy | 2
A %
3 k v | oS
A V § ol | J8pPES PIUNOW-33 I [[2385 S8JABAOIO YW Y3TA I0uds woiy 3dussaid 337 yo Puyddwm asI80) 6n
o r VA 13 atydexdojoyd aduys I9IBAISPUN JO WOFIWIUTTIP snTd ‘Gn UT SY gn
2 VI 2 adf3 907 sutmrajep snyd ‘Gy uy sy i
y ] p T opydsadojoyd -adwys Jajvmrapun ajemy3sad snyd ‘Sq ur sy 9
, L] E)|ue *$J030939p TENSIA PUTIPWQNS WOIJ IIT JO SUOTIOIS JISIBAIIPUN UOTIVAISSQO TwoT3dQ <
T VR "
7 4 we | ‘2h Uy dAoqe sy €n
» \ A st “swa3sAs I9S®T FUTUUBDS OSTY ‘SI039339P YT *2z18 0 3deys JIIBA-3AOQE FUTWISIAP sn{d ‘aa0qe SY 2n
*p2380T0-907 sawyjomWos
Vo) v T € *8107393139p MY ‘SAOXIRU STQEBTABU JBAU SUOTIBTTEISUT TEST3do JusWRIERTS m
2~ & VALC 9 sBupBewy yi - AydewaBojoyd TeTISY *sdew aATsua3xa snyd ‘)f uy sy on
2 22 n SI0SUSS Y] “S30TA3P [wa3dads Tworzdg £318uUap “SSAUNOTYI JO UOTIEBUTMIILLP snTd ‘LE Ul ey (34
Vs r LA T G |sxosuas ¥y -sysAreuv Telajoads Fuypnyouy AydeaBojoyd TeTIAY 2df3 997 Jo uoyrjeurmIajzaep snyd ‘jf ur sy 14
* SULIW PIIVIJUT
YA Y 9 s1sAeuy TeJ30adg -stosuas y1 -AydexBojoyd TerIay pue teor3do Aq 9dussaad 20} JO UOTIBUTWISILSP SUIOQITY LE
y Vs T £ "GE-£€ 99g 5C=£€ uT sayoueas Fuyddem jo sAeTdsip [BUOTSUWIP-Z 9€
Vo Va T € “8J030333p Y] PIjuUNoOWm I33T[T[238S SSaUNOTIY3 30T JOJ seaye dwy (49
Y A T *S327A3D TEo13do pajunow 33I[T238S *90vds WoIPp 20T JO $3dA3 PUS 20UIIMII0 0] swaIe del ne
v AlA 2 ‘ma3shs Buruueds Teryeds saanbay ©51039933P ¥I 23772385 [298ds WOIJ 30T JO IVVIIIMOIO-UOU PU 3DUIMO0 JOo sware dey €€
VN | 2804
e VN €3
T VN 62
y L2 uy punoj s3>1ASp Auwm Fuysn Aerdsyp den 82
*s3Inopwa
2 2 *feT3x o1pwy “juaxand Appa dT3uUBBR orjdoufs 9ATP 20®JIns 307 uo pakordep S1030238p SSAUNITYL L2
‘vN| 92
T VN se
NIG]3IENID Y 5 g
093y o NOILYNISWOD V190 T0HJHOW NO SINIWWOD 3NIT 438 NO NOILLYNIIWOD uN
A3 wow a0 HO (SYW3LSAS HOSN3S 31VINAONdIV A90T0HJYON WOX3 (S)0INYN3DS G3ITdWI el
9350| gauvdiom | VA - 43y

INIddYW ONY LINIWIYASYIW 301

— SISATVYNY VII2CTI0HIHON

0Ly 9ld

A-"6




034 HO3L

M3N - N ‘O34 INIWJOAIQ J14103dS -a 0 ‘HO3L ONILSIXI -3 “ T3y
LON 'HI3L - '¥'N ‘A90TONHI3L1 35010 - D ‘ONNO4 SHOSN3S LNVA3I3YN - ¥

Q3033N NOILIGAY 3SVE ViVOyy

Q3033N NOISIA3Y AWONOXYL 3SV8 viva, :ST0BWAS 3002

T T T I

VN | 19-19

YN | 09°69

£ ’ - Tepey adeys 1338A~2A0Q8 »z[JI930wa8Yd snid ‘saoqe sy 8S
PeSBOTo-90T SsaWjaWOS

y , '™ (paxy3) Iepey SAOIIBU ITQEITABU JUaU SUOTIBTTEISUT SABAOIOTW JUSUPWIS LS

UOTSSTWS IABAOIOTW IO

y rA 2 }s *sdem pratf 03 sysATeue pazysazndwoy % SBaIv DIJIIA0D-207 Jo Pupddewm sutd ‘¢S uy sy 9S

7 7 s £ " $89UYOTY3 sanswom snyd ‘€S Uy SY (39

V. A2 4 “ *adeys J938A~-3A0QW ITTI93OwIeYd snid ‘sAoqe sV L19
aFessed 107

s e AN e ]2 *IepRI 3JRIDATY Fuiyaress ‘'S ‘SIABAOCIITE YITA D] JO UOTIVIIIP JUIOQITY (<9

NI1Q|3 AR} . “HN

gu- NOILYNISWOD TVIID0TOHIHOW NO SLINIWWNOD 3NIT 434 NO NOILYNISWOD
A30) wo3y | S HO (S)WILSAS HOSNIS 3IVINAO¥dAY A90I0HJNON WONS (S)OINYNIIS G31TdNI N
9350} g3voiom | ISV EEL]

INIddVH ONV ININIYNSYIN 301 — SISATYNY TWOI90TOHANON “01°V "91J4

A=-27




OF |, 96 FWMI VAN 0-2

(80%) SN M ATV
Gl 10T HONTNAMA 10730
FWUWL ANAINS (-2
SAT LA RMH =D ESY W

SN RES
qu AR A 1
B TR B N B
SHLLHA B DRV

44 B3R 104170

W MM (-2

SAC HAM N Aeh BV B
SN AL

SO AOY
SAIHA R A S

AN S A0A 304

TANL 100

ONINYIYGID] A3AIV-YILd0IITIH — AD0TOHYOW TVNAISIY

COSIMDAITNE  CETINNLNDD
CUIMALNS  EFTROMNGD

CEA T HMNOD
GATRRIND
CETI0M LNOD
CETT MM
CATIOMINGD
TEAIOM LD
CLEETROMANDD
G TOM LD
Cl T ROMLNOD
H L)
CIOM NG
TIOHANOD
CE 002 DY)
CEE TN

: 1T WMINDD
COBIMANNS G TI0OMNDD
AF5NAS 120

‘FIraow
ERIET )

MERIC ]
MR "
MR
RIS
BRI "]
W
RIS
b REEE )
S
3D
ERICT ]
AW
:_ HET"]
R
ERIET
ERTC

WML LV I BOSNCS

VGLT wLY 25T 291 1

HILGMMEONN NI VAN @IS "4W 81
IR Y 5.«3: QNS “4H L1
JA‘-TJZ vLY (ES)) 251 2

AL TRHIGN zu_s._z..;S G5 CHAH 91
AW ML GMHKN G4NS “4H ST

ERO Y NEIC e T GUWIS CAH el

AW ANG M LM N @S CAH EL

A1 GHNKGN AN G CAH 2T
MHALGHAAGN O P GONIS CAHTT
UL OMH AN O -AHNS GENIS AW 01
ERCAIS AWM AN GUKIS CAH 6
ERORITISS NS GIOS CA'H 8
ERv -G QULIS CAH L

711 SR IGN NIy QUNS CAH 9

M LOMM NN MY GUNS CAH §
LGN H NN MY GUNS CAH e
AWVNG HIV GEWIS CAH E
AWAUNG Hiv WS CAH 2
AW HIV NS CAH T

1D3EH) 1V "ANA MISNES LY CANT aFEN SNVMILS

AT F0VAuNS a-2°
SENY O el 039
SATLHAKIN] ISV
AMATANA LA
SN DX LADNAS
NOT L90E0)ENT 103080 E°L
CETMUINS
ADATH) FLNOS1O
CASNAS ACEN) 0 HANUWN TTL
===SH)LATHISAO L0Aran---

CETIOULNOD “HT1180W°
WRIALY N WISNAS €°9
H AN
AW PNG "
103780 1w 2°9
UL OMUICN
WS
EICH
HISIES IV 19
===SHOLAIHISHT INBNONTANI---

SANGAOND I
1HOI7*
DT LENOYWGHLITTI
RITETL T
T4 30M04
NS "A°H”
LISV
34950 SNTTMILS ¢°S
~=SLATHOS I HOISNIS-=~

RL/6T/T "ONDWANGANT AINIV-YIALAIDI T A PHAN NAISIN
ONIMITINA 3 HWND HOWIS

Tty "9id

A-28




TR O I f‘& oLy TBY &

1E o (v6) HOWMI FvAES 0-2 COUMALIS CHTOUNDGD A1 ETL e X L OMHKIND IHOTT t...ﬁ
€1) (26§ sanEndd vl COSIMALIINS  CETRRINDD ‘M - HALMMIIGNT HALYMHACONN LHD, J_nnmn
A g2 vm
€T 9L ANIS A 1030 COSIOUTIS  HTIORNDD N1 HALOMNN WA LY ANN y
Y6 HAOYWI AV NS O-2 CORIMUTIE  EFTIORINDD T 1M ERCE HALYMUKEN E.:._
: £
EF 21 SILLMANDMND 3V COSIMAL IS CETTIONINGD “411m AWM A LM HOTT 0S
: £
€T 21 FONHSIG 1LOALH COBIDALINS  THTIONINDGD 1w AW HUNS HALYMYACINN IHOTT 6%
FWUL FAWHNS -2 COSIDATIGE  EFTIOMINGD “TI0 I LUMHEGN AW AUNS iHOTY 8y
ET 261 SALLNNIG SNV COSIMALI0E (T TIOMINGD ‘3110 HALYMMEIONN AW AMNS IHOT 1%
. £
E1 21 ARG LOALET COSIAANKN  ETIOMINGD 3180 HIALVMMHONN ERU RIS HOTT 9%
BST  HOWWI 0V -2 COGTMATNS T TONLNOD 31w AV AW ANS JHOT SYy
£
EV  2F1 SATLUIANNG ISV COBIMOTWS  ETOHRND Tiraom F0VANNS AW NS LHOIT &%
f - ) X J ; 851 £
£1 2ET JONZSHNG 103150 COSIMATTING  EITIOHINDD 0w 3VHung FWANS Eu_w_p 3
: ”°
(v6) (#9) Fomr AWHus -2 COSIAOITNS  GATIONINOD “HITAm U LOMHEOND HIY o1 2 1
F
€1) ﬁmmqvmm:zui,i NGV COSIOANTINE  EHTIOHINGD T AW 4 L VAMHZIONN HIY EJ_ 1
Q.on~ Mon& (r22) (022) (€€t )(2€1)
(68) (#9) Fw=S:aMd 104130 COSIAMAURE  (FTIOMINOD 1180 YA MG M HOITT 0%
i E2 FI@ P02 S9T HST 021
Y6 99 AOMWI VNS -2 CCOSIMAXTIE - THTIOEINGD I ERUEI )] MTY LHOLT 65
5@ o2 202 €
ET  2ET SALLMIANYD AWV COSIAYTINE  CETINLNDD ‘FaoM AWAHNS HIV IHOT 8%
(re@) oe@ €12 BST FEL 1 0O
21 ¥ HONSMA 107030 COBICA QLTS IOMIMYY ST AN AVAMNG MTY HIT 2E
AWWT AVANNS -2 COSIDAT NS TOMLNGDD W UL IMM NN REICRET N u:.h.:aem ,w.p
ci2) s
1N E12)SIUHANNG DSV COSTAO ARG CEFTIMIND W RN e N Y] AT DT LTENOVW n..n~
S
12) ﬁm"mv AONHS A 103130 COSTMATIS  CATIONNND “TITHOM M LGNNI ERICAVE N DILTINOVH &%
FWWT AWDS Q-2 COSIMUNNE AT FATTHOW AIVAMNG ERICANE G Xy DT ANV mn»
&
12)(212) 591 LA Sneva COSLMATNE FIOMNDD CTITHOW AW ANNG AL YMHTIONN 25
(212)  ANesid LoLEa 0% IGHLN0D W AWHUNG YA PRKGNN T
HWWWT VAU (-2 LRGSO SR EOW Y31 GMHEANG ERUEY ) omr
i &
12)(212)8 910190 mg Y W OHINOD A1 M GMHEANN AW-HNG 62
ﬁm_uv AN 10310 (3] IMLMD 4T ITLON ML LGMHICING HMANNS 22
AOYWT A9 NS (1-2 a3 RUMYD A 10I0M AWM AW NG Eﬂ
€
Ev?-u SATLMAIDI DY I WINOD AITAOM FV-IHNS AW NNS IITNOWM 92
(22 AMASUA 103130 HINOD AW ANV AWS AW HHNS DLW nu
AT JOV-IUNS -2 FIOMINGD TN M3 GMH NN HIV art uzJ.&m :
12) \S
_mw pm_mvmm:.ﬁ.:za ISV G ALY ONINGD W HILGMNAGNN © MY D1 ANV Jup
512) \2
12)(611)  AONASAMd 1031 COSIALNS  CHTONLNOD T 1AM HALYMMAGNN HIY u:.fuiw 2
FOUWT AOV-G -2 COSIMATNE  CEFTIONND 1180 ANANNS, HIY QT 1ENOVM _mr
oz e
.m:m_mvmu:zmiz.... ANNSYIN (-081Q)AXI0Y  GHTIMINOD T IWE HIY DILENOVM 02
i 7 o
22 (212) 3ONI[IMJ 1ALA - CIBIMATTB  (ETIONINDD 1MW F0v-uns NI OTLENOWM 6T

(*3u0)) “11°VY 914




ks

A-30

HOWWE VAN -2 COSIMAINS  THAT P.-z.gd I HALGMMZIGNN UILYMHIAGNN SIAAVMONDIN 2L
S IHAA M NSV [Ge 33 CapXa ) g v 3] HE L EMMECNN HIALYMHACGND S30WMIH0IN T2
AW AN LD ALK OB AN HALVMHEIGNN HALGMU N SIAVROIN OL
JOVWE AR (-2 OSIMALTRR AW AUNG HIALVMRAZICNN SIAVIOIN 69
SAUINA M Y COBIMALRS o ANYAHNG HALYMMKTIN SIAVMON0IN B9
SONC IS L OGNS .E TIOHWNOD "1 o AWAMNS HALYMM AN SANVMOMDIW 49
WL L ! COSIANUTIS TN I AW U LVMHIIONN AV -HNS SIAVRODIW 99
Szld LH el RSV C OB A0S TIOMUND AW ALV AN Y NS SIAYMOMOIW 59
ER VR e R R4 ] COSTA AT IO LNOD 1AW A LGN ERLEL 2] SIAYMRIDTN 3
AW IO JHN -3 SOSBTC OIS PRRMANOD AT ERCEL) M -INS SAAVKRIDIW €S
EEIRRIER RN AR 7 g VIOHLNDD T e ERUE N AW ANS SAMOIN 29
0N R e NOD T HTITHC AWHYNS WS SINWMOHOTW 19
FRL I B AN REILARRE §) UiV SINVMRMOIN 09
S LA LETCARE N )] MIV SINVMRIDIW 65
s el 1410 AL AN uiv ﬁ SIWHRDIW ]S
Gve (1E2) 62 w12 o6
ie LY UYWL AU JENG - COSIMUTNES  CETOMINGD 310 FIVAHNS iy V m”s.Q.SZU:— hm
Amﬁ\ 16 500 LHAANd RIEVEIW COSTOALINS  HTIOMINGD ‘S04 ER R ) HIv ﬁ”“vt “
ava (1E2,
22 w12 AONFREINAS LOLLIIA CONNMUUIN  CETIONANGD “31THM A0V AN iy h.

(*3uo0g) “11°V "9Id



M3N -N ‘034 LN3WJOA3Q J13103dS -0

034 HIO3L
‘MO0 ‘HO3L ONILSIX3 -3 “13Y

L1ON 'HO3L - '¥'N ‘A90TONHI3L 3501 - D ‘ONNOL SHOSN3S LNVA3I3Y - ¥

03033N NOILIQOV 3SV8 ViVOy,
Q3033N NOISIA3Y AWONOXVL 3SVE viva,,

:STOBWAS 2000

128824 03 YUJT UOT3EdTUNEMOD PIIAYIDL 129dodTTay Jo 208Td uy wroz3eTd UOOTTeq Paiay3zal jJo asn | 6E-
Y L2 4 9 & 193dodJTaY WOIJ 30T Y3TA seate [[ews jJo PurPewy passijul 6
A AlrlT € 81010239P PIIRIJUL MI £q 123dod1TaY WOJJ UOTIBUTWIIISP SSIUNITYL 3
(%o punod nays3)
Y Yy |2 1lzls - slauueds TeJ3oads ‘8J030939P PaTBIJUI susaw Y] pue I[QISTA Aq 193dOOTTSY WOIJ 3D JO UOTIVAIIEQ0 LE
g JueAsTa Jeadde jou op sOTIaUIDS OTjeuBem, Bujuremay | 9f -2
*Lressadau j0u Arqeqoxd Bupddesm parrelaQ 12
*79883A 03 YUTT UOT3Ed [Unumod PII3Y3a 193dooyTay Jo 29wTd uy mroy3eTd UOOTTEq PaIaY3a3 JO Isf
‘yzed TassaA autw
y 2 o T “[9883A 03 YUIT OTPEY ‘30TASP juaiand Appa-dF3audey ~1339p 03 ddouasaad *sSsauNdTY3 22T JO jJusmaumseaw J23dodITeH | 02461
“20uepInd STITUIA
’ A2 2 |n PaIay3au ‘SIVUOS UBIS-IPTS ' JBUOS BUTUUBOS WYIQ-AOIIBN *ease Trews Ja2ao Fupddew snyd ‘9T Uy SY 14
’ Vs 1 ™ = o *say3aadoad sanssam snyd ‘saoqe sY LT
207 $39939p ‘37
Ve r1Ar1E02 (¢ *20UBPINS ITOTUSA DIIIYRIIUf ° IBUOS PUTUUEDS WYIQ-AOITBN | AQ PITTOIJUCD *T[3sSSaA 83padaxd ITITYSA ‘pauuemUN *II3VAISDUM 9T
“AOT3q QT-9T UJ PIIIPTSUOd ST
357 Jo suoridod I93EAZSpUN PuUTIOIISP JOSUSS JIJBAISPUN UY | ST-ET]
aaoqe sy | 21°T
aA0Qe g UT S8 §SAUXITYF 390X ‘2oWJIns WOIJ
1 207 Jo suoyjaod Jajeaxapun aqoxd 03 Tedr3ovadwy ATQeqold ot
(3ussaxd 907 uSyA ATUO PISN ITOTUIA I0BJIMS) “JUBASITSX 30N | 6°L
$SaUYOTY3 SIIMEVIW 0T
qasurePe paogoy aqoxd punog ‘a33dodyTay Aq pIpInd ‘TassdA
Vs v .. *qUIWAINEVIW SSIUYOTY3F OJUOSBILTN “NUTT 2duepind orpey sapaoead (3TTQOWAOUS) ITOTUYIA S08jJns pauuwmum TTemg 8
907 JO suor3lod JI91BAISPUN SIZTJIIFIVIEYD
A A V4 . *123dOdTaY 03 Pa3dIUUOD JBUOS IATIOY “sdew *830939p I93dOOTTaY WOIJ PIISMOT IDTASP PUNOS IATIY 9-1
punos Y3 ta adf3 90] SuTmIa3AP 03 TeoT13oead jou Arqeqolyd 2
*T9883A 03 YU UOTIEIJUNIMNOD PIISIY3IIL 123dodTTaY Jo a9eTd uyp mroy3eTd UOOTTEq PIIAYIRY JO I8N
198894 A3rTIqISTA
, 2 o 03 YUTT OTPeY ‘We3sAs pUMOS WEaq-ACIIvU Bujuuwds-TeTIwdg AOT Uy 327 jo Fuyddem ITEOS-TTPWS PUe UOT3IV33p I23dodTTaH | E°T
N A -
N LICEICEID NOILVNIGWOD VD190 10HJHON NO SINIWNOD 3INIT ‘338 NO NOLLYNI IN0D b1
A30 HI3L HO (S)NILSAS HOSN3S 31VI¥dO¥ddV A90T0HJYON WO¥ (S)OI¥VYNIOS G31NdWI 3
938N| g3.1vdioN v 33y
viva

ONINV3YE-3I1 Q30IV-¥3ILdOJIT3H

— SISATVYNY TVII9CTOH4¥ONW

2LV 914

A-31




034 HO3L

M3N -N ‘03Y ININJOA3Q JI4103dS -@ ‘MO ‘HI3L ONILSIX3 -3 13y
10N 'HO31 - ¥ N 490T0NHI3L 3S01D - J ‘GNNQ4 SHOSNIS ANVA3T3Y - ¥

Q3033N NOILIQAY 3SVE ViVOyy

Q3033N NOISIA3Y AWONOXVL 3SV8 vivd, :ST08WAS 3002

BUPMeaIqeoT Ul JUBASTSI 30U JIIBMISPUN-O3~30BJINS SABMOJOTIH 9919
P *JIIWEILQGIVY UO JUpBY durddem Tedoyr snyd ‘19 uy sy £9
*IIaWEILQIIY WOXY £311791880d
PAYOUMBT 39¥004 IO ‘133dOdITIY WOIy IoBJANS 207 03 paddosp ® Josuas arqudordap ‘(g UY SB) STOTYSA SUBJINS WOI) IUOP
AA 0 3q prno2 fonqouos 03 JeTTwrs aqod arqupuadxe ‘arqelordaq 2q Aeuw ‘T35S3A WOJJ [BO[398Id 30U UCTJBUTWIILSP SSBUNDTYL 29
s SJ9YBSIQIOT U] JBPWY J0OSUSS 30BJINS SABMOIOTW AQ 297 JO UOT403430 9
5 21qrses) ATa8Tnor3qed JO JUBASTSI JON 09-094
*T9SS3A 03 YUIT UOTFIBITUNENOD PIiay3al z23doatrey jo a2u1d up mioyyeyd uCOITEq PaILU3Ial Jo as0 | L§~44
> AhAY TS ®ase [rews 1aao Fuyddew snyd GG uy SY 15
A ol 8 T 2 UOT3BUTWIS}SP SSAUNOTY3 snid ‘dAa0Qqe sY 95
A sl el ] e *I333WOTPBI SAVMOIOTW IWDPEY 233dodT(aY WOy 3D JO UOTIDIIIP SABMOIOTH 144
2 Al 2] 2le] € Burddew snyd ‘2¢ uy sV ns
2 ‘*(31qesn jou pageljuy) ATTeo13do 2TQIS¥a] 30U JIJVAIIPUN UOTIBUTWISISP SSIUNITYL £
*aTo1YaA JO J9)BaIq 30T JO JUOLJ UT ITITYSA
’ Al Al e £ 1011u00 FUTIIMAWATR], ‘UCTIVWIOJUT PaIIISWITIYL *JepPed Jose] PIpPTNS J33BAISPUN WOIJ IDTASP UOT3D233P TBoT1do Iajeatapun 25
v
T 15
4 AOT2q 7S~2S 0S
2 ut ATreo13do 307 JO UOT}0333P JIIFBAISPUNM ISPTSUOD TIIM (1]
8%
2 31qysway Jwadde jou ssop SPTITI 99T Ly
4 30 suojjiod JI3JBAISPUN JO IDVJINS WOIJ UOTIBAISSQO Ted13do 9N
Vs i~ 1 JI3UUBdsS pasesyul 291 Jo Buyddew [ed0l snid ‘cy uyp sy (<}
2 T9S89A WOIJ T®IT308ad J0U UOTIBUTWIILAD SSIUFITYL "
£3TTIQISTA 8OT
, Vi € 8JaUURIS ‘SI03D332P PITBIJUL uy 30ussaxd D] $30939p JIYEAIq O] UO JOSUIS PIIUNOW AOH £n
€ 9Tqysuss en
. < Feadde 10U Op (3A0QE GE U] SEIWYDTYI ™
J03 3da0xa) gpraty 1 Jo suoyjxod
8 I338AIIPUN JO IT® 3Y3 WOJXJ UOTIVAISSQO Teo7adD on
N|OQ[3[uN[O|¥Y . 4
0D NOILYNIBNOD TVII90TOHJEON NO SINIWWOD 3NIT 338 NO NOLLVNISWOD un...._
%uunm_ 3:3» " H¥O (S)NILSAS HOSN3S 31VINJON¥dDY A90TOHJYON WNOYS (S)OIMYN3DS O31TdNI 43y
volant}  viva

ONIIVI¥E-3I1 0301V-¥31d0IITIH — SISATUNV TVIIO0TOHAYON “z1°y "S14

A-32




034 HO3L
M3N -N ‘034 ININJOA3QD J14193dS -G ‘YO ‘HO3L ONILSIX3 -3 *13y G3033N NOILIGOV 3SV8 ViVOyuy
10N 'HJ3L - ¥'N ‘AS0TONHO3L 3S01D - 9 ‘ONNOS SHOSN3S LNVA3T3Y - ¥ 03033N NOISIAZY AWONOXVL 3SVE vivd, :3108WAS 3002
fss)
o
; |
<
BuryedIqe T
UT JUBASTSI 30U J3JBAISPUN-0] ~ JIIBAISPUN IABAOIDTW | 2L-0)
L.lLr
Suryeaaq
<307 U] JUBASTAI 30U 08JINS-07 ~ JIIIBAISPUN SABAOIDTH | 69-19
JRIRT. BRI NOILYNIGWOD V190 TOHJNOW NO SLNIWWOD 3NIT 338 NO NOLLYNI IWO0D N
A30 | w3y HO (SIW3LSAS HOSNIS 3IVINAONAY A A90TOHJHON WON3 (S)OIBYN3OS G31dWi 3N
9380} gauvdiom | ! 33y

ININVI¥E-ID1 030IV-¥3LdOIITIH — SISATYNY TWIIO0TOHINON 21V 914

B




A

—

(588) w2 s1e @2 w2 oy

LR c:.a a1
sy QR1) w9 s

2 wrv o ren (€61) @51 vy aer (661) (98)

LZA

YLE ) EET
192 9% v (s21) esp awy
% 83 &2 S22 0N e0e v (L) 2l

IN ssg vee (Le@)(eoe) wea, (2,
nm.o & ey 01 68 () 9L 2@
PR ST = O R -T2

9 L et SHe Y
(

S9d e Gl wEE S
S e 6ded BYE sGY

e o0e w2 aie ?.r...wmxr... BG T :. o2y

BGt
R w BT
(1€2) 222 (02) ~s1 asx ,H 01

WSIYOYY3L B 39YL0GVS-IINY 1¥0d AD0OTOHJYOW

nmw. Xnnuv sre (012) (602) .:_
S e e I Ll

a2

2.2,
L
W

Le
24y
ith
toy

101

wmu 9 sikd e?

i

Cm.u
Octy

let
Oty
Ot

(&)

IMML VNS -3
SAWUY I A4LANIAT
ANSTIG LA

AWML AW (-2
SPNNVAD At] LNACT

HAMEERA LD
A0V VAN 0-2
G HYAL A4 LNAGT

V_J<£_ .},\ A G-

S VAR A DINAAY

FONASIMA 1071050

(" O8XMOIT08S
CTOBIMATTI0S
CTOSIUXaTL 1G
CTO5LA) SLWINY

b 1LIOH-85
WILLOA-8NS
Wi )i |

NOLIDALHG o2
NOIIDALH] €2
NOLIDALHA &2
NOTIDAIT 12
NOJ 1D 02
NOTID3 €1

OO0 WS

LS BERER 2] NOT1D4LE) 81
b1 408 NOTIDAIHa 28
(se2) o *Ev s12 2
COS)ATTNS W Lna NOIID 0 91
L) TV IENY W) ng D K SY

W ina NOTIDSL5G o

,Y_.»:u_{E_Z( WL g NOTLOHL4G €3

O aLs YL N NIt 2t
€2Ne S

HIALGMEL N NOTLOAL3a 1t
e 97 992 S92 v32 £32 192

OO 0N WS

£L@ 2 02 G123 242 ole 602 408 ?-0?. oBﬂ:&qa w21 (i) (gsn) os1 2
COsIarng =K NGTIDA13a  OF
8100 ALY R NLIDAH €

AOVML 09N
VA AL _.Z...:

IS Al L)L
OVML AV -2
LUV A UIN AL

ANANA 1020260
IOVME AN Q-2
SAUUVLL A4YINAOX

AR A L0300

AN 030D

LD ALY REFR-GLRET B NOTIONAD 8

B DL ikt yLE Am&uvﬁ.u (@e2) o1z eve (oZ) 971 ewy »nﬁ.v 821 7.& 9T

COS 0L A VWINY A Lo IO NOTIDILAa 2

OSNG0S AR NDIIDILI0 9
G ar Y BB NTADALI0 S
(ss) 52 sv: (LsZ](068) 4r2) o oo ouz) =

( Qr Xanax xkd ._}‘.?-‘*. NOTLIOA O
HW S NOL DTSRG m
HNAHS NOI(OH13C @2
HW-HS NOLIOL3a ¢

:*..Z|_r. [INEING b 42400 LYy 3 NOTLONNA

VML IW:-Nns a-2°
NENTD ONUAN039
SANUVIS A4TINT "
EXE-EEEI BT
AT D11 ANNAS
NOT VAR T 104080 E°L
COSIMHUL NS
COSTA) AIIMINY °
LYTIC0H) 31.380810
CESNES 1030 ) SN 172
===G AT S LI3FE0-~~

WwiLiNg-ans -
Wwiioa*
HI M
AMAUNS *
103re0 v 2°9
= =SHDLATHISH] LN MEONTANT- -~

AWV IAUNS
NOLLIALAG”
MOTIONNS T°S
=== LI NG HOSNAS- -~

RLZO2/T “WSTHOMNAL BIWIONS- TING LM ARV InAM WOOISIN
DM T SHL 4000 HINTS

wnarsiy €1y °"9I4

A-34

|
|




g5.18  Eea
2 (08

Ly est oz
21231 wig
G2 YSLT 25T
£8) o 2
:..NSV 221
@t (gtf) 1ot
v1) 020 W
R) 12 i
20 wiz 12

1T 29 o¥

ﬂ-v vee »N—;&th: RS

w2 ;m vali

i1 EXT Y

&

il ve 10T

o7 S 8 SN {0}

Za) S ) R

Lo V3 S Y
WLl EEE e

(o) (v9) (o)

st en (v9)

ea (18) (v9)

oin ein (W8) or (v9) (w)
vit ki1 (e) 101 em (w9)

61 (18) 9 9) = (@)
ﬁs Ge) v Lww) (1) L9)

it (Went) o

ve v ?.v

213 88 ac @?Iv 02 €6

:,.%

(rez) x_u Soe! -

021 w6
xr_ — Oe!¥ v6
nat O3 Gk

eia

A4

CJ

AWML AWAUNS Q-2
SANNVA ASLINIAY

HONGEAMA LD7LED
HOYWL COVAUS Q-2
£ #ﬁ:( A Ad)ANIUT
d 1.031:K)
-_.vs.: AWAU A-&
A UY A AN

AN e 10 ALK
T HDVeE -2
SENLY3:0 AULNEAX

HONASIMG L0110

AWML A)v-ds Q-2
SAENLVEL AJUINEOT
RETIR £
SN deld O]
AWML AWES -2
SANLLY L ASTLNAAT
AN A LDDLN)
AL ANANY -2
SAWLYI AJLINIAX
NN LA
AOVWI AW-UNS -2

SAWLVYAS AALNIAT
HON:RENG  L0ALIA

(*3uo))

CO8IMArNg
OS5I AITIS
(O8I ArIos
CTO5 0 ALVWINY
€081 JLVWNINY
O8I FLVWNINY

WiLLna-ens
b Og-80S
WO LLOA-ANS
WOLLLOW-HNS
WOLLOH-ANS
W)LLOSA-HIS

AN T ANNNS
ADNY M EAANNS
AV LIS
JONY 1) 3ANNS
ADNY THOIANNS
O M1 EAENS

n%’i.ﬂ????i#'ﬁ's%’

O8N Ay 0% WA AONY MITIAMNS

ONEhH O IS WL AN TITANHNG

OB G) WS W o TN M IS

COE A ALV NG biiliom A T3NS

OGS 1IVNINY W La SOV T3NS

CT 300 ALVWINY WL AN T ANNS
€501 992 BED RS P2 (ﬁ\— (]

S0 ax ALY N HONY T1LANAS .#.
oS e .ﬁvﬂ sea ree (P)ls22) e w_
O NEICANET ER n_,.
988G Sud ;. ise wee (oge) 822 e w2 w12 P12 Em (3

( .Hx:.uv.u_..sﬁw UALIMRAHOND 442( MIANENS o

BT 9B @R ..mv »u

COS1) ALVWINY MALGMMECNN "32(_.. 15
9P M52 SGe mwm m{ :rm b

#sLT

OB ELYMI NI jawns e
wae a2 \192) sse (a9d) wea (8ed) c;.m 012 €02 8

CORIM AN eI BN i€
S .?stxuv viz €12 pm&ﬁmm_ v

ORI 08 A0S =W TITIA 3
sv2 162 (B

CaRTMAL0S HV-S HONV TS 62
GY2 e 1Fe »onmv €

COSIDaLI0S AWANG 0MY (UHMS

OB ANYWING HVANTS P

OB E UVWINY A0 NS I TTIEANS 92

CIG V) ALMMINY s HOWY MLEAHNS  S2

LY 914

A-35




V3s nosa

M3N -N ‘D38 INIWJOA3Q D14103¢S - @ ‘MO 'HO3L ONILSIX3 -3 '3y G3033N NOILIOQAV 3SVB ViVOyy
AON HO31 - ¥'N ‘A9070NH23L 35070 -3 ‘ONNO3 SHOSN3S LNVA313Y - ¥ (3033N NOISIA3Y AWONOXVL 35v8 viva, ‘ST08WAS 3002
LyT *ge 4ey) ajeyad
Al T *? ~osdde juswdinbs Buyyrryosd wolzoq-qns 3ng ‘reor3zoesd jJoN wWO330q uy FUTTIUIMI IaATp 393330 | 6T
kg (4738 IB3TO) AL
AT 4 J9j8maepin ‘uBuOS FulIBWY UOTINTOSIL-YE [Y ‘IBUCS UEdS-IPIS 5302(q0 wo430q Jo IPwW] UTEIFO puw £3t3uspy § gT-LY]
VB4 I3 I83F VW ‘dIBuOS UBOS IFTS ‘JBUOS UCTINTOSII-YITH WO330q UO $338(Q0 JO SOUBUIPIO ‘ITQ(SIIWQNS jO uoldaiag | 9T
A 2 (Z33em I¥ITO) AL 4338AIIpUM ‘JBUOS FuyFewy uoyinrosas-yITyH (WO3303 UC SIIATP) SIuIAS JO a¥wwl g-2 ureiqQ St
A A A ¥ Jeuos 2atddop aA13dY SJoUIME SB WOL30Q UO JO JBAU §303({Qq0 £ Tuapl L2
Ak g 2 JBUOS UOTINTISILI~LATY IATIY WO330Q U0 (SJISATP) sdeumitms 39933q | €1 %
rle 3 (4938a IBATO) AL <338Maaptm ‘Surfsur JBuog £393383 I33BAISPUNR O IFRwT Q-2 UTE330 b4 6 A_n
2lx gl L JBUOS UOTINTOSII-YBTY SATIOY $383143 TeTIuaiod S8 §198483 JI3jemispum £313uspl | TT
Jusndnba 231a5p
v ha gl I T Qv (5938 18370 UT) HYQIT ‘ABUOS UOTANTOSAI-YATY SATIOY 2338AIIpUN IO ‘3DUBUIPIO I93BAISPUN ‘ITQIsIamwqns 399330 | 0T \
(4238
v (< IV3TD) AL I23BAISPUN ‘BurFBW] JBUOS UOTINTOSII-YITY SATIOY SISUWMIAS J3jeAlspun JO aBwuy -z uUTeIQ0 6
Y Al Al S 2 e JRUOS UOTINTOSAI-yBY1Y d148351q ‘avuos tatddop sAL3OY SIFUMTAS S8 §338.4¥3 ~IjBALIpUN LJTUSP] ]
(*338m x®312)
Alot | L]Lit Teot13do ‘saosuas o735n0dw aarssed ‘awuos Jarddop IATIY SIUWWTIAS JIJBAISPUN 303330 i
/ € £ JepBI UOTINTOsax YITY ‘FJurfewy ¥y pue [eNSTA 138IJ 3J|IINS JO 2BBUT UTLIQO pue AJTuspl 9-¢
SsI0su3ds df3snose ‘sdoor
Al L S L dT3suSEw ‘JEDRI uUOTINTOSAX YBTY ‘SIOSUdS YI pue [ENSTA WBID [TBWS pUB STISS3A IDBIJINS 323330 L]
Al e 2 JurFewr AL ‘siosuas Teor3do yI ‘rensip SISUWMITAS 308J.Ms JO IFeW] UTB3QO puw euucuv;u £-2
rlel T} o JBpBI UOTINTOSaI YITY ‘saosuas Teorydo yI Tenstp 90BJINS UO SISUWTAS JO UOTII33aQ T
N|Q|[3|8N[D| Y . HN 1
WQOJ3Y qulrdl NOILYNISWOD TvII90TOHJHOW NO SIN3IWWOD 3NIT 434 NO NOILVYNISWOD 3N
A uaaL SHOONS YO0 (S)W3LSAS HOSN3S 31VINdOHddY A900HJYON WO (S)OIHVNIOS G31NdII :
9380| gawdiomt | I3V 43y

WSTY0YY¥3IL ONY 3OVI0GYS-TLINV L¥0d — SISATYNY 1vII9CTI0H4¥ON "#1°V "S14 :




Use HU3L
M3IN - N ‘03§ LNINDOAIA NH1D3dS -Q ‘3O ‘HO3L ONILSIX3 -3 13y
10N 'HO31 - '¥'N A90T0NHI3L 3S01D - D ‘ONNOJ SHOSN3S INVA3IIY - ¥

Q3033N NOILIQQY 3SVEB ViVOyy
Q3033N NOISIAZY AWONOXVL 3SvE viva, :STOBWAS 3000

~

92sSN|{ ga.1vaNt

. sdoot wo330q UO
o2 U0}33339p dj3uBeu ‘sIeuos 3dA3 I9TAIeq ‘IRUOS UBIS-IPTS §393(qo snoyoydsns Jo 3TqTsIauANs ® 32333p 03 dueTrieams| oy
s
. (saosuas
/ (4938A JWITY) AL I3j8al3pun ‘sIeuos FulBeWI UOTINTOSII-YITH PITT¥3ISUT) WO330Q UO JMMTAS JO 3FBWl UTEIqO Puv AJT3uUapl -8
» (ardrourad  133unod ysiy,) Jeuos Jarddop aAr3oe 2dA3 Javaaeg WO330q Y3 UO JAWMTAS ® 32333p O3 IdUV[TIeAaIng| Jf
(sdosuas
2 (2938A IWaTD) AL J23IBAIIpUN ‘savuos FupFewy ‘uorynrosaI-yITH PaTTEISUT) 5393(q0 I39BALIpUN JO IFewT UTRAAS PUB AZTAUSP] Wmuan
(4938A IBITD) JOSUIS
V. Teo13do ‘sidjawojaulvm ‘Ieuos UOTINTOSII-yBTY SATIOY S3TQTSISWGNS ~ S$323(Q0 IIjemldptm 30333p 03 IduweTTIAAING HE
$I33UN0d YSIj 03 JeTTWIS (saosuas
A o2 — WO0330Q BUOT® WIISAS JSITIIBQG DTISNOOW ATIOE DU 3A0Q® SY | DPI[TRISUT) SISWWIAS II3BAIIpUN JO IFeWT uTe1q0 PUe AJTRuapl EE-2€
(4238A 18372)
Y stosuas 113 ‘seuos s97ddop ‘seuos uorynrosax YITH Saomrras Iajemzspun 103 soueyrreams| 1E
Ieped aanjzade (saosuss payrTe3sur) s323fq0
2 ~Y3ufs ‘FJuiFew] Sawmoaotm IArssed ‘IBPEBL UOTINTOSII YITH *98dd [TPWS ‘STISSIA 20wJans JO SFewl urelqo puw A raulpl pe-62
s323qo
, SJOSUSS WITT FTQISTA pue yI ‘Jepey “3JBJO [TRWS ‘STISSIA I0BJUNS I0; IIBJINS JO IDUB[TIIAMG 82
(saosuas
A BurFewy YII[ ITQISTA puw YI PaTl¥ISul) SJUMITAS 3d8juns ;O aFBwl Urelqo pue AJruspl | 2-92
2 J9pRd UOTINTOSIL YBIY ‘SIOSUds IYBYY ITQISTA pue HI SIJWMTAS JOJ IVBIINS O IDUBTIISAIAS | &2
Twor3dead 3o he-€2
’ szalawojauBvm panol d3ap ‘IBUOS UOT3II33p FUTW wW0330Q UT patanq $393(qo yo 2dussaxd 32333q | 22
Ted110sad o4 fR-02
L NOILYNIFWNQD 7190 TOHJINONW NO SINIWNWOD 3NIT 4348 NO NOILVYNI3W0D Wﬂ“‘._
K31 HO (S)W3LSAS HOSN3S 3UVINdOY¥ddV A90T0HJIHOW WOYL (S)OIHYN3DS Q31N1dNI 43y

WSTHO¥Y3IL ONY FIVLOEBYS-ILNY (804 — SISATYNY TWwIIOCTOHANOW “$1°Y "914

A=31




03y HO3L
M3N - N ‘038 ININDOA3Q Di41D3dS -0 'NO 'HO3L ONILSIX3 -3 13y
10N HO3L - ¥'N ‘A90T0NHI3L 380713 - D ‘ONNOS SHOSN3S INVA3II3IN - ¥

03033N NOILIGAY 3SVE ViVOuy

Q3033N NOISIA3Y AWONOXVL 3Sv8 vivd, :STOBWAS 3002

Te21398ad aJ0w SI933WOUTBW PUB JIBUOS FUT3D933p AUTW

A SJI08SUIS

0 yira £aaams oyporaad ‘jusmdinba pITTB3ISUT I0J ITQTSVa) 3ION Pa1Te3SUT) $309[Qq0 parang Jo a¥eWT UTLIQO pu® AJTuspl vals
’ 2 Jeuos Furjeajauad wo330q ‘SWIISAS JVW $303[q0 JaY30 puB SIUTW pPatanq 3039P 03 ooﬂcagm 9%
(] Tea1308xd 30K Eq-€q
sJeuos FuiFewy % (B30suUas PITTeISUT) WO330Q WO
y T| @ [UorinTosai-yITy (JI93va I83TO) AJ JPIVAISPUN ‘IBUOS UBIS-IPTS $305[q0 I9Yy30 20 ITqFSISWA S JO SPWW] UTPIQO PU® AJTIUIPT Py-T14
woozel M [ 913 17EL 012 NOILYNIBINOD TWIID0TOHJHON NO SINIWWOD 3INIT ‘438 NO NOLLYNIIWOD N
A30 HI3L mww#u YO (S)N3ILSAS HOSN3S 31VINJONddY A90T0HJEOW WO (S)OINYN3IDS O31NdWI w.z.
935N} aauwdiom | iva T 334

WSTH0¥Y¥IL ANY 3IVIO8YS-IINY 1¥0d — SISATUNV TWIIOCTIOH~¥OW “¥1°V 914

A-38




Y is
Moch WD
BERERE
YLrhlds
LTI
LR A
A RRNL )
ikl
WS
HARn0

VU AINT

CTOsuhaurms

HHAL0sS

O8I AL NS
O8I S
COSIAAL KOs
Cronduh s
ClruddiTs

CRONDan mns

CO50War s
Crosuares

sEE RS 1D 0

AW
AW
AN
AW
AW
AW
LW
AL
AW
ALOWAY
AL TWIXOHA

CEFTIOMNGD - ST wiiing AV AUNS
CETIONANOD  “ 1080 W.LNA FWHHNS
AT IONINDGD ST 1HW AL WM AN AW -NS
CATIOMGEND 1o HALYMHAONN AW ANNS
CEFTIOWNGD T O HALVMNM AONN AWV :ANNS
CATIOULNGD TN MALGHH AN AW DNS
CECTRMANGD 1 AW A AWANS
CEVIOMANDD ST AV=ING AWHANNS
GATIOMINGD “T 10w AWAINS WS
CECTIOHINDD  * T HOW HIANG AWHENS

WHOALY Id MOSNES ADACHAD) LY CANA HASNTIS LY AR

'SSIW3 3w
NS “A°H 01
"SSIWI 3IAILY
Y5 "4°H 6
NOIL
OGS "4'H 8’
‘SSIWE SIMEIN
NS C4H
TSSIWI 3wy
QHNS "4°H 9
BYY "SSIWG ALV
s "4°H §
NOIL
QNS "AH &
"BSIW3 SEN
GH¥IS "4°'H E
SSTWI v
aas "4°H 2
TSSIWA HALIY
NS “AH T
NOILID
TN STV LS

NOL DI 3
LOACHG SN ISSYd

TSSIWNG SINIENY LN
TSHIWA RV TMILS
TOSIW GALIVYIAND T

NOTALOVEILNT ¢

AUHO ANL LN
MWLLS-109CHD 2°¢
IS NS*

ALTHIXMA 12
CERTRWND T

WA LY Td #0088 €79
WL0AR™
HALVMH AN
HW s
LI3rk0 v 279
HALYM KN *
A5
WIS IV 179

===SHDLAINDS L W S IANR-~~

NOILVOIAYN 01 SQAIV “A9070HdYOW T¥NAISIY ST

AN OV
DLAENOWIMIDAT
T NG
AT 40804
NS TR
DLV
50 SITYWNLLS ¢°S
=== LA MR HOSNIS -~

ONTMO TR ZHL 30 HOMWW3ES

‘Y "9ld

I

A-39

e



SENCE)

VNS

WLLS
U AH N
BEREE':]
VLN
IS
PIRE BN
NERE R
VLN S
MMNS
M0
BENEE"
VLS
TRmLLS
HAANID
BENSE )
Vin e
TRWEES
Hicku))
DAL
Vi
Wil
Mol
BEREEL]
WAtk
[ BT ENE
Hohhu))
BRNEN]

TS

S

TISIMaIrms
Hmarns
T|uddIns
BEIMArs
SUNArNs

BRI 3 =

Banres
TSI UL NS
TOSTUNGE NS
R TR
TOSUDATNS
RO TN ¥ o
T NDUL S
OHSTAAL NS

Al s

RS

s

HLAT NS
OSLNAI NS
IBIUNITS
sundr s
RSP TH oy ¥
OSUDAL RS
A s

TS S

ALV

N aAnres
A ER TNV A ) o

TXELDALNS

BTN k]

AL
ELES k]
AN
TN TR
AL N
Al
ELI AR
AW
ALY
AW
AW
H1OW
A
LW
400
AW
HLOW™™
HLOWI
ALOW
Al
HLOW AN
ALOW
R T
ELls TEH]
ALOWHM
AL
SO
HLOWIH

ALY

CETONLNDD CTIa0W
CEFTIOMANDD “TIem
UFTIRUNDGD T
CETIONINGD “31isom
CETIOMINGD ‘T
QATIONLNGD T 1w
CEFTIONINDD T 100w
CEHTIOMINGD ST
ATTRHINGD ‘T I
QITIONNDD S 1M
A TIOHINGD TS MW
AHTIOHLD *1TEMW
CEHTIOMANDD T 1M
AFTHONINDD ‘T
CHTINWNOD T
CHTIOYLNOD ST A0
12 9T WSLT
CATHOMLND  “TIEM
CATIONANGD  “TIROWN
CEATHMINGD S HOW
CEA TIOMANGD  “ T 100
CETIORANDD. “T M
AT OMLNND “TITe M
CEA TIOMINDD  “HITEW
CEA TIOHLNOD S TITHOW
CATERUNDD ST
QA TRMINGD 31
CETTIORLNGD “ZT I
A TWMLNDD  TITHW
CETIOMNGD S35 o
CEHTRRMINOD ST

LZA%

AN AL KN
AWANE MM AN
AWAING M UMAEGNN
AW YA LGMM NN
WLADH AW
WLIOH YNNG
WL 1S
WL TS

AN HN NS

MEALVIHEON 0PN

REILNET V) AW IS

HALGIERONT HOW NS
HW AN AW AN
AW NG
AN AANG
QRIS W DS

w91 var 251 16y (201) (ov1) est
WILLOH RETCANET Y
WLLOH ALY A
WLINA ETL RN

202
wiLINg HALYMHAN
VSAE WL ELT PSY (Pe1) ove

NEIC Ny 1Y) MANONA N

NEIL ey Y HA 1IN NN

HALLYMAZCIN) HA ) IMAECNN

122 ROZ. ERT EST RS

YA LG AONN HALYMIEK N
FOV-I'KS M3 OME K TN
ANV HA LYMA NN
FIVANES HA LM AN
FWANG A LM
W18 WG
Wi L0 VNS

("#uoy) GU'Y "9I4

(54

rSi

10%

L

NOILL
IITNIV Gy
TI® "SSTWY SN
DILINIO 65
TESIWG (R
OTLGNY9W BFE
TSEIWE ALY
DV IENYM LF

EHOTW AN
ITIUROM FE
NOIL
DTLENOYW X
12 THSIWA SINEN
DILHNOYM  Tx

IRl 52
HIR CHSTD SN
IO )3

G 3y
LN P
SSIWEA IATIY
TRV 52
e NOTL
GRS T b2
SSTHA SN
(RAXI CCH ER
WSLT e (U
BN HH 22
EVi. NSk d0TAV
OuYS CAH 12
.v (531 0]
QNS 1TH O
HO2 “SSTWA SN
NS CHTH 6T
VST CSSTWY a3
GANIS C4H 8T
2@ “SSTHE ALY
GANS C4TH LT
NITL
BRVIS CATH 9T
GG SN

TSSTWA gy
ONreIS "H4°H v

TSSIWG 3AILY
(RS “A4°H BT

NS “-1°H 2T
U ER N E ]
GNNIS "4°H TT

A-40




BENCE]
Vs
TS
HIAND
RENEE]
LNOAS
WIS
.4.,_.#5.0
BENEEL ]
YINUCIS

WIS
HELAD
BEREEL]
Yirh)ds

LS
HANND
RN
v LNUES
s
LRE B D]
DTN
¥ LN S

LS
b0
RENEE!]
YLNOAS
NS
AER b
DT 444
LA

TS

HAH D)

(T mi@arvs
OIS
i imarys
(S RYVPIT NGNS )
OB RS

Cranndae ks

OB Arms
OB UDALTEN
O aN s
C o s
OB U armS
COSUDNTIS
CTOSTMATTINS
CROBTAD AT
COsudLeS
[ REVRIND BN ) &}
OS5 LA
COsuInarmg

OB uUnan ms

CoOsTanan s
T Os DU s
CTOBTULIS
(SRS DIRYAN b
o5 Ihar s
COSTA UL S
CORUDUY S
OB aTINS
COSTCD TS
O D Armns
o s
Comihan ms

OB arrs

AU AR
AL
AL
EL TR
AW
ALOW AN
300
EIRe PR
EL R
HLOW N
O R
BV U]
FLOWEN
AlOW ™
BT TR
AW
ANOWIN
AL0M™H
LW
B0 K
AWM
HI0WH
HLOWAN
ALEW A
FI0W A
BN B
HLOW R
SHLOWR
ALOMM
ED ]
BRI EL]

AW

CEHTRRINGD
CEATOMLNGD
CLATTIOMANDD
CETOH LN
BERR L] ..z.-u
Q3 TIOHLNDD
CEFROMLNDD
CETRIN LD
QAT WM L)
CELPIOM LN

CECTOH NGO

CEITIOMANGD

CECTRRLLNGD
CEL T IOH LD
G TIONINDD
CEATIDNLNDD
CEV VIO LNDD
AR

CIA T RRLINGD

CEEVIOMLNOYD
CEATWOMANDD
CETIONINGD
A TION LN
QA THOHLND
CETWIMENGL)
T IDELND
CET RN
(RERRY LTI AW
CECVIOMID
(AERRTIDIINES)
ERRBETE )

G TN

el
i ]
‘TN
RIS ")
RE R L 7]
RERIE "]
fANHOW
RE RIS
ST
TN
T
T
ETITHOW
ETI W
TN MW
=R 7]
RE R
AV
TN
R R
CTIFW
RENTE L]
ST
ST
RE RG]
STVHON
ST
T
ST HOM
R
CTIOMW
T

wWiina HALPMM NN

WL LDH HALYMM KIND
WOLLOH HALTHMH (i

Wi 0Y HALYMM N
MELLUMA KON HA VYNNG
MALVMHAON HA LG ANN
ALV AON L HIALTMHOMD
AALVMAHAGN LEIR G LR )]
AV s HALYMAAGMN
ERUEE 1 HALIMA NN
A0V RNy A 3NN
AWAHNS HALIMM AN
WLog M-S
WLoH FW NS
WOLLOH LA L o
WOLLLOH A IS
DEIRZUEET ]| M-S
HATOMN SN ES D)
REIL LR T ) AN OIS
HALOMMAN) OV IS
AV RIS O NS
ANV HOM S
AWV:RINS AT -NS
AV RIS ANV BINS
WL O HALIRIHCND

sie a2

WLLOK HIALIMRMACGN

W)L LOE MALYMHAHRNN
WOLLLOH MALIMIHACNN
AALVIEL 1NN ARTRIT R Y]

£ 124
HALYMHAON) MALIMRHONG
HHLIMMHCNG HIA LM CNA
MALYMH N A LYMM 0NN
(*3u0p) °ST°V °91d

PRPCYSON ISR S S

NOIL

SUANYM NIMH 2/
POt ISIWA SN

SiAWM OT0WY 1L
NG E T

SIAVM DI0WH 0L
SSINA ALY

SIAYM DIOYH €9
NOTY

SN DTN 19
GETWH NON

SIAVM QTN 19
GIIWT qALY

S4AUM N1WY 99
SETWI JALLY

SIAM NiMH S§9
NOTL

SAAYM 1)TO9H 4
L HSIM SOOTN

SUAGM NTCMH £9
"SSTWY 031

SIAUM NTa9H 29
801 "SSIME ANIAY

SYATM DIavH 19
MITL

AT OTCMY O35
TGSTRTT SN

SUARIM NTORH 65
EHIWA a3

SHaid NTavH ]S
WSIWI 3ATLY

SUAYM 0T LS
NI

SIAUM NIWY 9%
TGETWEY SN

S9AM NI S5
"SSIW (154V

SN T 95
TSETMAE AT LY

SHAYM OT9Y £S5
MITL

STIAYM 01 S
B2 oSu AT LY
SHAT TAOYH €y

DT =N

THETWA IAT IV
HTLWIIVW Sy

D0 LGN b
TIE "HSHWE SEN
DN £y
TESTHE (TAIY

AN Py
WGOTWT HALLY
ITLUTNIVW 1%

A-41

S i it

e

I



034 HI3L
M3N - N ‘038 LN3IWJOA3Q JI4193dS - @ ‘MO ‘HO3L ONILSIX3 -3 13y
L1ON 'HO3L - ¥'N ‘A90TONHO3L 3S01D - D ‘ONNO4 SHOSN3S INVA3I3Y - ¥

G3033N NOILIOQV 3SVE ViVQyuy

0d3033N NOISIA3Y AWONOXVL 35veE viva,

:STOBWAS 3000

2083ans
# 1 Teat308ad jo uo pssuds ‘Arewoue pray) or3sufew Fuyonpoxd preARU 20BjaIng unmw
sJIoyoue preasu Futuoyiysodar o) [nyassp sasyaww jutod
» 2 2 2l 99 3JUBIIFII WO330Q JOF SI0IVITIJAI JIUIOD IO §10309Tjad paumy 203337334 ‘WO330Q UC PYBABL uuuusauﬂ w2
uoTSSTWa
y o T8o1308Id 300 (snonut3uod) snoasurjuods ‘w0330Q UC PyBABU OY3snody| €2
A T oyda Furd TETOTJT3I® yi1a aapuodsumay UOTSSTWS PS3BNEIIS ‘wWO330Q UC PYBABU dy3enody| 22
P1® Suruor3ysodax uy 3sisse
03 uot3tsod PIBABU IVBJANS BUTYIBW I0J SIIPUOASUBIF JO
A 7 [ G SUOJBAQ JOIBIOT ‘SBALE PSIIA0D-3DT JOJ SUODEIQ IT3ISNOJY 25AT8091 IsjEALIPUN ‘wWO330Q UO PIBABU OT35N00% Jajwmrspun| Tz
Al AL Gl ¥ UOT3BHTABU DIPTB-JBUOS I0OJ SI0303[JAI JSUIOD SO paumy J03037J32 ‘preaBu 0115N0d% J3jemaapun| oz
uorssTwe
Al B T (4onod yonm 003 spasu) TeoT3vBad JON (snonutiuod) snosuejuods ‘preABu 313SN0IB I3jemaspun| 61
yl a1 oycs Furd TVIOTITIE ue FuriwIauad saspuodsusay UOTSSTWS pWieTnuwils ‘pPreABU O13SNOdE J33BAIIPUN 8T
Vi €1 % sauoydoJpLy TBUOTZDIITP ‘sJapuodsusay *sisfuryg 9471909 J93BAISPUN PTRABU O13S5N00® Jajemiapun | T
0 Tes1308ad 0§ TTBABU DT3SNODE 30BJINS IO JIATODdI J33wAISpUN V.au:
(o) 3A0Q® SY aa0qe sy | 21-9
S S7qYS®3; 30 90BJINS UC JIATSD3X ‘SPIEABU O13SNOOE J83BAIIPUN <
0 Teo1408ad 30y STBUSTS DT3SN0J® FUTIDSTISX SPTEARU 3VvjINg b
TBUPIS
0 T8o130®ad 0y DT3SNCOR (SNONUTIUOD) SNOSUBIUCAS YIIm SPIRARU 30¥jing €
Q rea13ovad 30y TeUFIS DIISNOO® PIJBINT T3S L3ITA SPIGABU 208jang 2
A T.n STeuUF1s uJsoy ‘ITPsTYA ‘Tr9g _Awiuauwuccuv STBUNTIS OT3ENOOR Y3Ta SPIRARU 30BJIng 1
N|O|[3|8N|D| ¥ X
I»W:: THOENTS NOILYNIBWOD TvII90TOHIHOW NO SINIWADD 3NIT 338 NO NOILYN 3W0D NZ.._
a: 2331 umqmu N0 (S)IWILSAS HOSNIS 31vINdO¥ddY A90TOHJHOW WOX¥S (S)0IN¥VL.30S d31TdnI ELL
938N g31vdiaN viva i

MOTIWOTAYN 0L SCIV — SISITWNY 2warI0evow “91°V 914

A-42




M3N - N ‘034 IN3IWJOA3Q J14103dS -Qa

034 HO31
‘M0 ‘HO31 ONILSIX3 -3 13y

10N HO3L1 - ¥'N A90T0NHI3L 3S01J -2 ‘GONNO4 SHOSN3S LNVA3I3Y - ¥

03033N NOILIQOV 3SY8 ViVQyy
Q3033N NOISIA3Y AWONOXVL 3SV8 viva,

:ST08WAS 3002

e 1
“f1uo sTwudrs 473 Fuymopeys pue uorjededoad yjedyyTnu yyia
swarqoxd 3ABU 30U PYNOA STYL °WOIR0Q UBIIO YINOX UO HIOM
A y o|pazrreIdads 10; ws3sAs PTBARU STQISJIBWQNS B SB TNjasn aq A8y SI9ATS031 JI3BAIIPUN ‘WO330Q UO SPYBABU OTPRY | 2.-69
0 Teo130Rxd 30N SI3AT509 IIIWAIGPUN ‘IIJEAISPUN SPTEABU OTPRH | g9-<d
, 2 STEUHTS FUOJYS PUB SISATS021 MOTTBYS JOJ YHIHO SIBATSD3d JIFJBAISPUN °20BJIMS UC SPJBABU OIpPEY %9-19
0 T8o13281d 30N SI3AT3031 B0%jMs ‘WOI30G UO SprEABU OTPEY | 09-14
0 18a1308xd 20N SI3A19082 30¥J.NS ‘SPIBARU OTpPRIX 1338AISpUN | 9G-£4
ya 00 SPTE OTUOJIJOAT2 I9Y3IO PUB VOIWO ‘VOI3IA ‘NVHOT SJIAAT9091 30BJINS ‘SpIBABU OIPRJI 20vJINg 2561
uo13eFTABU J338m
Al 2 2 Z|e1q1sisuans 103 fmmspInd oMsuBew Furpraoad WO330Qq UO SITQED -J3pun JOSUSS ‘w0330Q UO PTaty o13aufex Furonpoad preasy an=S1
EELTTY
, Z Teor3o8ad j0N -JI9pun JIOsuas ‘I3j3®vAISpUN PTaTJ O7j33uFe= Fuyonpoad preasy nn-Ttg
938
Vi T T8o13982d 30N -JI9pun JIOsuds ‘30BJINS UO PTITJ OT32uFET FuTOnpoad prEABY on-L4g
PTeL
75l LS T Teo1308ad 308 dT38uBEL Pa3VaTIaL J0 snosuvjuods ‘pIIBTNWIIS ‘2a0q® SV | 9E-
STISSAA I0BJ.NE 03 UOTIBOTPUT UOT3TSOA
2l 2 0 103 vau:. d13ouBem pastnd apraoxd pINOS WO330Q UO £3TQE) [I0VIINS UO JIOSUIS ‘wQ3IZ0Q UO PTSTJ dT3auFem Suronpoad preAmy £
20%yans uo
y 1 Teat1308ad 08 pasuds ‘Arevwouw prat) driduBvum Furonpoid pIRARU JIjwAIIpun rmlaw
N|Q|3 L] ’ i
noo3 2 NOILYNIBINOD 172190 TOHJHOW NO SLNIWWOD 3NIT 434 NO NOLLYNI 30D k. X
A30| 331 | SHOSN ¥O (S)W3LSAS HOSN3S 31714d0¥ddV AD0TOHJYON WO¥S (S)0I¥VA3DS Q3ITdWI e
998N gauvdiam | AV

NOTLYOTAYN 0L SOIV — SISATYNVY VIIOCTICH-YONW

91V 9ld

A-U3




APPENDIX B — INSTRUCTIONS FOR TEMPLATE AND RESIDUAL PROGRAMS
AND SUMMARY OF SENSOR SYSTEM DATA BASE

Section 1 of this appendix contains a set of instructions
for the TEMPLATE and RESIDUAL programs used to search the sensor
data base developed in this study. An annotated listing of these
programs, written in Wang Baslic, has been suppllied separately.

A "Diskette" with the programs and a complete short-form sensor
list has also been supplied for use with the Wang Model 2200
Computer Systems installed in Coast Guard facilities.

Section 2 consists of a complete short form list of all
the sensor systems in the data base. Each sensor entry contains
the key number, the title or system description, and its specific
use. For a more complete description of a specific system,
please refer to Appendix C (Unclassified Sensor Systems) or
Appendix D (Classified Sensor Systems). These appendices are
separately bound.

B.1 Instruction for "TEMPLATE" and "RESIDUAL" Programs for
Sensor Information Search

The program to sort through sensor data is stored on a
floppy disk. The program name is TEMPLATE. The following
description explains how to load and run the program. A dis-
cussion of the conventions used is included.




GETTING ON THE COMPUTER

First turn on the computer. Make sure the floppy disk
unit and the printer also are turned on. The screen should show

READY

élace the floppy disk containing the program into the floppy
disk drive marked B10 (the second from the left) and shut the
door. Be careful that the 4UP on the diskette actually does
paint up.

Now type:

:LOAD DC R "TEMPLATE" (return)

at the keyboard. The GOTHIC letters indicate user type-in and
(return) means the return key. The program now will be read
in from the floppy disk. A colon will appear when it has
finished loading.

CONVENTIONS

Let's pause to cover the conventions used in this program.
In general a question may be answered with an appropriate name
or value or with one of the following: HELP, EXIT, XXX, DONE,
or NONE.

HELP

Typing HELP will cause the computer to print out the
possible options in response to the question. The program
then repeats the question.




EXIT

Typing EXIT causes the computer to assume that the user
wishes to abort from the present level of the program to a
higher level. At the highest level, it causes the program to
finish. All values within the program remain at their last
values.

It 1s possible to stop the program at any time by pressing
the HALT/STEP key. Values which have been input are still in
the machine and the program may be continued by pressing the
CONTINUE key.

XX

XXX may be used by itself or at the end of a type-in if the
user feels he wants to repeat the question. The program ignores
what has been typed in and tries again.

DONE

DONE is typed when the user has finished with the present
level of the program and he wants to go on to the next level.

NONE

Typing NONE re-initializes the present level of the program.

RUN PROCEDURE

A blank template form is included on the following page for
use in entering information for specific searches. \

The program is started by typing

:RUN (return)

B-=3 . @ .
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. It will now ask the user several set-up questions.

Qutput Destination

All output from the program appears on the CRT. If printer
output also is desired, answer this question with P. |

Qutput Format

There are two choilces, long or short. Long form gives all
stored information about each sensor. The short form gives the
key number, the specific use and the sensor title only.

Search Type

Searches may be performed in "regular" or "or" mode. In
"regular" mode each item in the template must be matched by the
record before it is printed. In "or" mode, any match in a
category makes the record acceptable.

Skipping Records

The entire data base need not be searched. The records to
be covered are specified by saying ALL or by giving the first
and last to be searched. (The numbers given refer to position
in the data base and not to key numbers.)

Making the Template

When the set-up 1is finished the user is ready to build a
template of the items he wants to match. The number of options
on the highest level is limited because not all possibilities
were put into the program. It is possible to include sensor,
environment, object and key, but all other descriptors are ignored
in the template. As an example, let's construct a template which
wlll include the following:

(SEE EXAMPLE TEMPLATE)
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Stimulus Interaction.

Navigation under Sensor function, Underwater for sensor and

object under Environment, and Spontaneous Emission under Object
The interaction with the computer would

look like this:

DESCRIPTOR: 5 (return)

SENSOR: 1 greturnl

FUNCTION: 1 (return)
FUNCTION: DONE (return)

SENSOR: DONE (return)
DESCRIPTOR: 7 freturn)

OBJECT: 2 §return)

OBJECT-STIMULUS INTERACTION: HELP (return)

1. ACTIVE OBJECT
2. PASSIVE OBJECT

OBJECT-STIMULUS INTERACTION: 1 (return)

ACTIVE OBJECT: 3 (return)
ACTIVE OBJECT: DONE (return)

OBJECT-STIMULUS INTERACTION: DONE (return)

OBJECT: DONE (return)

DESCRIPTOR: 6 ~(return)
ENVIRONMENT: 1 (return)
DESCRIPTOR AT SENSOR: 4 (return)

DESCRIPTOR AT SENSOR: DONE (return)
ENVIRONMENT: DONE (return)

DESCRIPTOR: DONE (return)

Then program will now print the resultant template on the CRT

(and the printer, if requested):
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SEARCH OVER THE FOLLOWING

---SENSOR DESCRIPTORS---
5.1 FUNCTION
NAVIGATION
---ENVIRONMENT DESCRIPTORS---
6.1 AT SENSOR
UNDERWATER
---0BJECT DESCRIPTORS---
7.2 O0BJECT-STIMULUS INTERACTION
SPONTANEOUS EMISSION

OK (Y OR N)? N (return)
DESCRIPTOR: 6 (return)

ENVIRONMENT: 2 (return)
DESCRIPTOR AT OBJECT: 4 (return)

DESCRIPTOR AT OBJECT: DONE (return)
ENVIRONMENT: DONE (return)
DESCRIPTOR: DONE (return)

The program will now print out the template with all four
of our requested items. As soon as a "Y" answer is given to
the OK question the search will begin.

To get a speclifie reecord, type;

DESCRIPTOR? KEY (Return)
KEY NUMBER? 260 (Return)
DESCRIPTOR? DONE (Return)




This procedure will search the data and print when it gets to the
record with key Number 260. It does not stop, but will continue
through the data base to the end.

To get a print-out of all the data,

DESCRIPTOR? NONE (Return)
DESCRIPTOR? DONE (Return)

The program has no entries in the template and therefore
all records in the data base are acceptable. All records in the
data base will appear on the CRT (and the printer) in long or
short form as was initially specified.




¥NOTE : In this consecutive listing of the data base the

Short Form Sensor List

Example Listing

Program Output Reference Line Number*
Computer File Number
Sensor Key Number in Data Base

LY MSACH IDONTNT
! . A IR U g

"
L4

w,

Sensor System Title pecific Use

program output reference line number is the same as
the file number since the files are searched in con-
secutive order. This is not true when a specific
template search is made.

The sensor key number is used to cross-reference
the taxonomy information for a particular sensor with
the corresponding abstract or specification informa-
mation contained in Appendices C and D. Sensor key
numbers occasionally contain letter designators. These
refer to separate components of a multi-sensor system
which 1s usually in one mechanical package. Editing
and changes within the data base have resulted in some
out-of-sequence key numbers. This does not affect the
computer searches.
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SHORT FORM SENSOR LIST

BEARCH OVER THE FOLLOWING
(IN ‘0OR‘ ™MODE)

R () S o ACOUISTIC MAVICATION
PLLSE-DOPPLER NAUTCATION SYSTEM

G R DIVER COMMLINICATION
UMDERWATER BINAURAL COMMUNICATION

SRy KEVEE ] REMOTE TEMP. MEAS,
EATELLITE MEAGIREMEMT OF SURFACE TEMPERATLIRE

4 < 4 ), KEY IS 4 LASER-EXCITED RAMAM BACKSCATTERT
REMOTE DETECTION OF OIL. SPILLS

5 ¢ 50, KHEY & & SEA ICE IMACERY
SATELLITE IMACERY FOR SEA ICE

6 (6 Y. KEY IS & RADIOMETER FOR REMOTE SENSING
UHF RADIOMETER

G N G SURFACE CHRREENT MEASUREMENMT
HFE BADRIO MEASUREMENT AT SURFACE CLRBENT

= R HE T S VERTICAL CLRRENT MEASIREMENT
VERTICAL CURRENT METER

DG 9y R EYT B CURRENT MEASUREMENT
INCLIMOMETER ARRAY

$& 10y, FEY I® 10 TEMPERATURE PROFTLE MEASLIREMENT

BEAR BUOY THERMISTER CHAIN

1T ¢ 11 ), KEY I8 11% DETERMINFE SICNAL DIRECTION
NON ECANNTING  SONAR

Te e ey KiEN S TS T D VOICE OPERATED KEYER
VOICE OPERATED KEYER

P2 G 14 ). KEY IS 13
WAVE HEICHT METER

14 € 14 ¥, XKEY 18 14 CURRENT AND TURBLELENCE MEAS,
3 AXIS CURREMT MFTER >

a5 € 1y KEYVE IS 15 " OCEAN CURRENT MEAS.
ECC MODEL 301 CURRENT MFTER

1€ ( 16 ), KEY IS 16 REMOTE SALINITY MEASUREMENT
REMOTE MEASUREMENT OF SALINITY :

i oL Y KEY s ST MICROWAVE RADIOMETER
MICROWAVE EMISSION FROM ICE

18 ¢ 18 ), KEY 18 1R WAVE -SRPECTRA MEASUREMENT
BISTATIC RADAR DCEAM WAVE OBSERVATION

19 ¢ 19 ), KEY IS 19 WATER FLOW MEASIREMENT
B"ll - -




PRESSURE DIFFFREMTIAL FLOWMETER

20 ( 20 ), HEY I8 20 ACOLISTTC POSTTION LOCATING
FLOAT TRACKIMNC SYRTEM

21 (21 )., Ke¥ IS5 21 TEMPERATLRE PROFILE MEGHRERENT
DICITAL XBT SYSTEM

ar ¢ 22 ), KEY 1I& §f SAL IMNITY MEASHREMEMT
ON=-L INE CONDLICTIUVTITY MEASUREMENT

22 ¢ 23 ), HEY I& 23 UNDERIATER  PHONCRAPHY
FREE VEHICLE OR0OP CAMERA

24 ( 24 Y, KEY 185 24
HORIZONTAL. PLAMAR ARRAY FOR SONOBLIOYS

25 ( P& ), HFY I8 P&
DOPPLER SONAR TNUEETICATION AND EUAL HATTON

PEe ( BE ), MEY IE PG
DOPPLER SONAR DETECTION OF GWIMMERS

- 7
M

ST YL CEN S e
INETIC CRADIOMETER AND MACNE TOMETER MEAS REMENTES

R

p2

28 ¢ ag ), HEY I8 A9
ARCTIC PORTARLE SURVETLLANCE SYSTEM

29 (SR NOE R T ) CAMMA RAY TRAMGMTEETON SPFOTRIME
MUCL EAR MEAGIEIMNG TECHMIGLIES IM MIMNING

30 ( 20 ¥, EEY I8 24 BEER bEiER CROLND SPREET) MEACUIRE K
SPERRY PARAMETRIC ARRAY DOPPLER E7NAR

2 (A ), MEY I8 32 TEMP MEASHEEMENT
TERMISTOR CHAIN EOR UL W, TEMD, MEASUBEMENT

22 (32 ), HEY I8 33 SATEL T11 THACERY
ERTE-1 NCEAN (RSERUATION

33 (3R Y, KEY T8 P4 SEDIMENT TRAMSPORT STHNY
ACOUETTE TRANGPIINDING PERSI FG/GTNEECAN SONAR

34 ( 34 ), KEY IR 35 ORCANTC CARBIN MEAGH REME T
OIL-WATER POLLLN ION MOMITORIMNG SYETEM

3 (3T ), KEY I8 3G FISH TRACKTNG
ATQ, FLECTRONTC FT8H TRACKTNG SVETI™M

36 -( 36 ), HEY I8 37 WATER DRIFT TRACKING
ACOUSTIC TRACKIMC OF WOODHEAD DRIFTERS

37 § 87 Yy, MEY I& 38 FISH TARCET STRENCTH MEASIREMENT
DUAL. BEAM FISH TARCET STRENCTH MEASIREMENT

38 ¢( 38 ), KEY I8 39 CLURRENT MFELUREMENT
LONG TERM CURRENT MEASUREMENT SYETEM

39 ( 39 ), KFY I8 40 ML TICHANMEL. MICROWAVE AMINTOMETF
B-12
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SEASAT A SCANMTNG MR TTCHANNEL MICROMAUE RANTOMETER

40 ¢ 40 ), HFEY I8 41 RADAR AL TIMETER
DESICMN AT SUASAT-A RADAR ALTIMETER

41 < 41 ), MEY 1R 42 SLIBMERCEN CARLE TRACKING

VECTOR MACMEMOWETER GYSTEM

42 ( 42 ). KEY IE 43 RADAR TMACERY j
SEASAT-A SYNTHETIC ARERATLIRE RADAR

A3 ( 43 ), KEY I8 44 DUMBET) WMATERTAL  MOMTTOR TR
OCEAN DUMPING SURVETILANCE EYETEM

46 (a4 Yy, MEY IS 45 WATER CLERENT METER

s -

EL ECTROMACMETIC CURRENT METFR

AS (45 ), HEY I8 46 INTEENAL  WAUE MEAGHREMERTS
TEMP. MEASUREMENT ARRAY FOR IMTERMA! WAUE DGEFRUATTON

46 ¢ 48 ¥, KEY 1IQ 47 XRAY FLOUBVEESCENCE COECTRIMETED

rw

ANALYSIS OF MARINE SEDIMENTS DY YRAY El (UIRESCENCE

47 ¢ A7 ), HEY IS5 48A MICROSTRLICTURE TMAGTNG
TEMP + SALIMNITY MICROPROFILER

A48 ( 48 ), KEY IS8 488 SALINITY MEASURCMENT
TEMP + SAL MICRO PROFILER

4% ¢ 49 ), KEY 18 48C TEMPFERATLIRE MEASUREMENT
TEMP + &AL MICRO PROFILER

50 ( 50 )}, KEY I8 45 PRECISION RATHYMETRY

HICH RESOL.UTION AT, CHARTINGC SYSTEM FOR NCEAN FiI (0R

81 ( 51 ), KEY IS 50 MEAS. OF | TOHT ECATTFR, & ARENED
TOW-TYPE LAGFR ARENAPTION METER

52 € 52 ). HEY 15 &1 PHOTQCRARFHL QICEAN FL ODA
UMDERWATER CAMERA AMD STROBF

53 ¢ 53 ), KEY 18 a8
INTECRATED EEMNGOR QYSTEM FOR BURIFD ORDMNANCE

B4 ( B4 ), MEY I8 52 MOMITOR FI8H MICRATION
ACOUSTIC FISH COUNTER 2
B (&5 )y KEY I8 53 CLIRRENT PROFILE MEASLIREMENT

FREE FALL ELECTHAMAGNETIC CURRENT METER

BE ( 56 ), KEY I8 54 LOW FREQ AIR PRESEIRE FI LICTLIANT R
AIR PRESSURE MEASUREMENT MNEAR GEA CILRFACE

57 (57 )y, HEY I8 8§ DISSMH VED OXYCEN MEASLIRFEMENT
IN SITU MOLECLR AR DXYCEN PROFILER

68 ( 88 ), KEY I8 B4 MEASUREMENT OF TIDF HEICHT
IM SITU TIDE CACE

59 8 B3 3, KREYIIE S MEASURE TIDAL. PRESRIRF
B=13




TIDAL PRESSURE MEASUREMENTS

€0 ( €0 ), KFY 18 58 U, W.DATA TELEMETRY & INSTMT. OOM
TELEMETRY RFEGEIVER AND ACOUSTIC COMMAND SYSTEM

€1 { &) ), HMFY T8 B9 DETECT DFNEITY OF FLURENT CHEM &
VARIOSGENS CHL NRNEMYL L AND FLUDRFECENCE DETECTOR

€2 ( &R ). HFY I8 €0 L, . COMMUINTCATTON
LW, COMMUMTICATION RY ELFCTRIC CURRENT

€3 ( &2 ), KFY I8 &% VATER PRESGIIRE MFASUREMEMT
SELF CONTAINED TINE CACE ]

€4 ( & ), KEY 18 €2 DEPTH MEASUIREMEMT
C.T.D. MICROREOFTLER

€5 ( €5 ), MEFY I8 €3 SEDIMENT DENSITY PROFI! ER
BLY M DENGITY MEAGMMT BY CAMMA RAYS

€€ ( €€ ), MEY 18 €4 REMOTE PHOTNCRAPHIC SENETNG
ML TISPECTRAL PHOTOCRAPHIC SFNESTMO

€7 ( €7 ), KEY I8 €5 EARTHA INHE MEAGLIREMENTS

OCEAN BOTTOM SFI1EMOCRAPH

€8 ( €8 ). MEY IS &6 L SOLIND MEASHIREMENT
MNRL.ZUIERD H=-48 HYDROPHONE

€3 ( €9 ), FY I8 &7 FLFCTRIC CURRENT COMMUCATM
CONDUCTION CLRRENT SQTCNALLING

70 (7D Y, MEY IS ER LICHT SCATTERING MEASUREMENT
PHOTOCRAPHTC MERHEL OMETER

71 ¢ 71 ), KEY I8 €3 LICHT RANIANCE MEASUREMENT
UNDERWATER RANTANCE SCAMNEPR ® .

72 ¢ 72 ), KEY I& 70 LUCHT ATTENLIATION MEASLREMENMT

TRANGMISSOMETER

e e B e LICHT ATTEMUATION MEASUREMENT
BEAM ATTEM., METER :

AR o A T L.ICHT ATTEMUATION MEASHIRFMENT
EXPENDADLE BATHYRHOTOMETER

S S Y g RS TS DEEP BOTTOM PROFILER
BOTTOM PROFILES

e 4 e Yo KEY I8 4 AMBIENT NOIEE MEASUREMENT
ACODAC

TAT e S T D K R A SOUND EOLIRCE LOCATINC
4=HYDROMHONE ARRAY

8 ¢ Y8 ), KEY I8 7e OPTICAL. RADAR

LIDAR AS AN OCEAM PROBE

Th A e A s T RUBBLE ?ENSITY MEASUREMFENT

B-1




MEASMNT OF MYICRMSIRREI F CONCENTRATN :

20 ( BO ), KEY I& 78 SUBMARIME COMMUINTICATION
ELF COMMUCATMN SYETEM DESICN

B2 < 21 ), KEY I8 79 LICHT DIETRIBLITION MEAGUREMEMT
RADIANCE RISTRIALITION CAMERA

SRR ), KEY 16 S0 INSTRUMENT PERATION OBREGERUATIOM
BEER SEA COREHEAD CAMERA

HI € RIATN . SHEVEES S SPRAY DROPLET MEASUIREMENMT
LIDAR MEASUREMENMT DE SPRAY PLIIMES

84 ¢ 84 ). HEY IE 82 ORTICAL TR EMETRY
LICHT COURLED TAEQ TRAMGMIGETAM

85 ( 85 ), KEY 1& ©3 STEREN TU
UMDERWATER STEREN TY

RE ¢ 86 ), MEY 18 4 SEISMIC-ACIIBTIC SQICNALL Thic

COMMUNTCATION THROUCH ICE

8r 0 87 )Y, HEM 1G85 SPECTRAL RADIMMETOY
TRW SYSTEMS OCEAN COL.OR SEMNGOR

gEe  ( 88 ), YEY I8 86 INTRSTON DETECTOR
SEISMMIC POTNT SFRNGNR

23 ( §3 ), MEY 18 87 TNTRUETOM WARNTNG
WIRE TN TURE ©ENanm

90 ( 90 ). KEY I8 88 REIEET MR Gl BTG NG
SOMIC CAMERA WITH 10/ RANGE AMD BEAL TIME DTSR AY

AR §

31 (91 ), KEY 1€ @9
OPTICAL LOCAL I7ATION OF DEEP Ui TARCETR

: A (9P ), KFY T8 21 JOF THICKNERE MEAGHREMENT
EM RADAR ICF THINKNFES MEARLREMENT

92 (92 ), KEY IS 204 O ST DETECTION
ATRRORME OT! SLRUSTLI ANCE SYSTEM (TREIRS | TNE BOANNER)

24 (B4 ), HEY I8 A0R O EPTHL DETECTION
ATRBORME DTL SiBUETLANCE SYSTFMM (1 i L TOHT TY)

S 6 9 o MEYTS S0 (IS RIS A E e R G T N
AIRBORME (I SURUETLIANCE QYETEM (MTORMWNAUE TMACER)Y

; 96 ( 96 ), MEY I8 20D 07t 8PTI NETECTION
| ATRBORNE OT! SURUETILANCE SYGTEM (ST OAKTNG RANAR)

37 (A7 ), WFY T8 104 NIUFR UEHTCLE QONAD
ORETACLE AVIIDANCE SONAR  (AM/WNOE-1 )

98 < 98 ), KFY I8 92 ICE Gl ARKRTIFTCAT T
ICE TYPE INDENMT. &YET,

99 (99 ), KEY 18 23 LONC RANCE RANAR MEAE,
B-15




HICH RESOLULIT. OTH-B RADAR

100 ¢ 100 ), KEY IS 94 QCEANM PHOTOCRAPHY
FILMS FOR IMPR. OCFAN IMAGCING

101 ¢ 101 }. KEY IS 95 SEARCH & REGCLE, SURLETE L ANCE
SEA SURFACE MARMFR ACENTS

102 ¢ 102 ). KFY IS 96 TEMP. PROFTLE MEAS, LIMDERWAY
A LT.WT. TOWED TEMP. ARRAY

103 ¢ 103 ¥}, KEY 15 97 WATER WELO, PROFTLE MEAS,
VELO.PROFILER USINC DOPPLER PRINC,

104 ( 104 )}, KFY IS 98 LON-FREQ. SOLIND DETECT,
FIBER-OPTIC DETECT.OF SOLND

105 (¢ 105 ), KEY 1S 99 REMOTE WATEFR QLIAL  MEAES,
RAMAN SPECTRA OF HR0 RS04 TN SEAWATER :

106 ( 106 ), KEY IS 100 REMOTE TEMD MEAS,
MEAS. OF DCEAN TEMP., FROM DEPOL ARTZATION TM RAMAN SOATTERTMO

107 ¢ 197 ), KEY IS5 10z FLECTRIC CLRRENT i,
COMM. THROUICH A COMDUCTING MEDILIM

108 ¢ 108 ), KEY IS 102 MECH.OTL DETECTOR
FLOATINC OIL SLICK DETECTOR

109 ¢ 109 ), KEY IS 104 O, POLLUTTIOMN MOMTTOR
OIL. DETECTION BLIOY SYSTEM

110 ¢ 110 ). KEY IS5105 SPILL THICKMNESS MEAS,
MEAS.OF OIL-EPTL! DRIST.RY MICROWALET AnTOMTRY,

11t ¢ 111 ), KEY IS 106 DEFP TOAWED MACNETOMETER
NRL. MACNETOMETER

112 (312 ). MEY S 0T REMOTE POLL LITION MEAG,
LASER RAMAN EPECTROSCOPY FROM A REMOTE BRI ATECRM

113 ¢ 113 ). KEY 18 10R ELIBMARTNE COMMEINTICAT 1O
ELF COMMUMICATION SCHEME

114 ¢ 114 ), KEY IS8 109 Q1L SRty PETECTION
OIL-ON=-WATER SFME0R

115 ¢ 118 ¥, HEY & §10 MOATEE<CAMCEL | TMC MICRORUhE
DIVER COMMUNTICATION MTCROPHONE DEUEL FMDIMERT

1ie ¢ 116 ), HEVY 1€ (1} T OFL <-8RTH . MOMTITOR

VIDEO SYST.FOR OIL-8PILL SURWVETL .

137 . 3117 ), KEY IS8 (12A Q1L COMTENT MEAS,
OIL=IN=-WATER MOMIT. (BATRD-ATOMIC)

118 ( 118 ), HEY I8 112R 0T CONTENT MEAR.
DIL=IM=-WATER MOMNITOR (C.E., ENVWITRO=CONTRO )

119 ¢ 119 ), HEY I8 113 ACQHEgIC IMAC TNC
B-1




ACCUISTIC IMACIMNG SYRTEM

180 ¢ 120 )Y, KEY IS 114 ORTICAL IMACING
ADVANCED UNDFRUATER OPTICAL. IMACING SYRTEMS

2t ¢ 121 ), HEY I® 148 ACTUISTIC DATA RECORDIMC
MOORED ACOUSTTIC BLENY QY]TEM

g2 ¢ 122 ), KEY IS 4116
SWIMMER DETECTION RY DOPPLER QONAR

123 X 123 ¥, KEY I8 17 PCLLIITTON SURVET! ! ANCE
RUDY-MOLINTED HYPROCARBON SEMSORS

14 ¥ah XooMHEY IS 158 SATELLITE MOMITORINC
Ol SPILL DETECTION USINC ERTS-1

188 0 125y, HEN IS TS
MACMNETIC SENSGOR SiIBMARINE SURUETL L AMNCE

18e  Coligda ), HEM S U120
EVALUATION OF INFRA-RED & TV SENGORE

P S e A B N S CLURAENT MEASLREMENT
LOW VELOCITY FLECTROGCTATIC CLRRENT METER

188 ( 128 ), KEY 1€ 124 DEEP OCEAN TELEVISION
CARLE TV SYSTEM

129 € I8 ol e TS e OCEAN WAVE MEASUREMENT
RADAR UWAVE SEMEOR s

136 ¢ 130 Y, KEY 1§ $2/4 WaNE HETCHT MEAC,

WAVE AMPLITLINDE MEASIIRING BUOY (SHORE RECORDING)

a8 ¢ty ). HEV IS5 ACELIETIC IMACTING
HEOL OCRAPHIC IMACTNG EYRTEM

i32 ¢ 132 ), HEY 1S 126 SEDIMENT PROPERTY MEAS.
PENETROMETER SYETEM

133 ¢ 133 . HEV IENT=T FISH ETOCH MEAS,
HYDROACOUST IC FISH AGRESESMENT EVYET

136 ¢ 3134 Y. KEY 18 12%
PORTASLE ORIFCT | OCATOR SOMAR

—— o e “1,!

126 ( 135 ), KEY 18 129 MICROMAVE WIND SPFED MEAS.
SEA SAT-A SATELLTTF SCATTEROMETER

136 ¢ 13€ ), KEY IR 130 CURRENT METFR

ACOLISTIC CURREMT METER

137 ( 137 ), KEY I8 131 AMBIENT NOISE MEAS.

HE2 HYDROPHOME

138 ( 138 ), KEY I8 132 INFRA=RFN NETECTION

PHOTO CONDUCTIVE (Mg, Cd, Te) INFRA-RED DETFCTOKS

139 ( 139 ), KEY 18 133 INFRARED DETECTION

B-17 °




Li Ta 03 PYROELECTRIC IMFRARED DETECTOR

140 ¢ 140 ), WEY I8 134 TOE TRACK ING

ATR DROPADIET BAME BIEY

143 € 143 )Y, KREY 1S 135 MEAS., IR ABRORPTION OF 0¥l
HORIRA OIL. COMTEMT MOMTTOR

142 (¢ 342 ), KEY IS 13G TEMPERATIRE PROFILE MEASE
RATHYTHERMOCRAPH

143 ( 143 ), KEY TE (37 SATELL TTR B TRACK TN
(=T

.
COSRAME TRACKING 81K

144 ( 144 ), HEY 18 13% SENGALI~CATCLY TTE TEL ESfERY
SYNRAMSR ICE STATYION
4% ¢ 148 ). MEY 18 1y DERTH ETNNCH

DICTITAL DFPTH SNLINNER

146 ( 146 ), KFY I8 140 SEEER TNDTCATION
DOPPLER GREEN | NG

147 (147 Y, MEY TG 141 ROTTOM S EUTY TG
CORRELATION ECHT &M INNER PRNCEGEND

MEY T8 142 FTEH | OCATTON
B

149 ( 143 ), HEY I8 143 AMTC GHTP BORTT, TR

. HE (i Bt
i

HOMEYWFLL RE-7 ACAUSTIC POSTTION TMNICATOR

150 ( 180 ), MEY IS 144 AATER | EURL MEAG,

AANDERAA WATER | EVFL RECORDER, 2062, TO-4 .

381 0 A5 3. eV e 14k eREC

152 S e e YELECTEY MEAS,
EPERRY DORPPI ER SiniAR POCUTING SYET,

s e SRS o FR LA i BT SO SERTERE PRl TR G
O.R.E. SLIR ROYTOAM PROETI TNG GYETEM, MINEL 1036

156 ¢ 154 ¥, EEY 1IE J4EA LANND.SEA TNTEREACE NEE,

Fe v R

NIMBLIS-C SATFLL ITE.COACTAL. 7OMNE OO NR SCANMMER

185 ( 1B ), WEV IE 143 P T R A Y S,
CHARCEN PARTICLE DETECTORS

18¢ ( 196 ), MEY IS 180 WEATHER RE, fMEAS,
NIMBUS RADIOMFETER

157 € 157 ), WEY 1B 1S3 BOTTOM SLRUEYINCRCHARTNG,
SIDE SCAN SONAR

168 ¢ IS8 ), KFY IS 182 NAVTC.FOR SIBMERKIRLES
LESMAR SCANMING SOINAR FOR SURMFRETIRI £€

1589 ( 189 ), KEY I8 1§83 TRACKING & | QCATING ARIFCTE
B-18




T

WESMAR Ta00Q IMIAL FREQ. TRANMEPOMNDER

160 (¢ 160 ), KFY IS 154 BATHYMETRY
HICH POWER TRANGINICER

161 (¢ 161 ), KEY IS 186 SALIMITY MEAS,
REFRACTOMETER /&AL TNOMETER

1e2 ¢ 1e2 ). MEY IS 186 MODRINC RFL EABE MECHANISHM
SEDAR RELEASE MECHAMIGM, TYPE G569

163 ¢ 1€3 ), HMEY IS5 157 TEMSTIOM MEASLREMEMNT
TYPE 210 LOAD CFELY

164 (¢ 1€4 ), KEY IS 162 LOW L TCHT ORSCAVATION
MINIATURE FORWARD LOMWIMNC IR SENGNR

1es ¢ 165 Y. MBY IS 169 CRAVITY LWAVE MEAG,
OPTICAL. WAVE °PF”TRA MEAS.

166 ( 166 ), KEY I8 1€0 REMOTE SFMGING
MATI-SRECTRAL SCAMNERE

167 (¢ 167 ), KEY IS 1€1A MEASIRE COMDLICTIVITY
MODEL. L7 WATFR QUAL ITY CHECHER (CONDIICTTIVITY SFENEGOR)

168 ¢ 1682 ), MEY If 1618 TLURRIDTITY SEMEOH
MODEL. U7 WATER QUALITY CHECKER (TLREINTITY SENGHR)

162 ( 169 ). KEY 185 16iC PIESO D OXYCEM MEAS,

MODEL. U7 WATER QUALTTY CHECHER (ONYOEM SFMNOOR)

170 ¢ 170 ), HEY 185 1€1D FEMBERATUHE MEAGHIDEMENMT
MODEL. U7 WATER QUAL , CHECKER (TEMP . SRR )

YL ¢ 1t Y. KEVERGEI el PH MEASHREVENT
MODEL. LI7 WATER QLM CHECKER(PH SFwﬁﬁR)

172 ( 172 ), MEY IE 162 POLLLITYION DETECTION
WATER SAMPLF El FCTRODES

173 ¢ 173 ), KEY IS 16€3A PH MEASHUREMENT
TYPE 1€9 WATER QUAI ITY MOM, SYETEM (BH)

174 174 ), MEY I8 164 HICH REEOH LITTAN SONAR
KLEIN SIDE-SCAN SONAR GYSTEM

175 ( 175 ), MEY I& 1€5 SURFACE CURRENT MFAG,
CURRENT DROCUE WITH DVE

176 ( 17€ ), KEY I8 166 SURFACE CLRRFNT MEAS,
CURRENT DRACUE WITH RADIO AND DVF

177 ¢ 177 )}, KFY I8 167 WATER DRIFT TRAGKING
SOFAR PROBF

178 ( 178 ), KEY IR 168 CURRFNT METERG

SO0 SERIES ELECTROMACMETTIC H20 CLRRFMNT MTRS.

179 ( 179 ), KEY 1€ 169 FLOW METER
B-19
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MODEL. 201 WATER FLOW MEASLIREMENTE

180 ¢ 18O ). KRY 18 170 UNDERWATER TV CAMFRA
MODEL. 1600 HR LINDERWATER TV CAMERA

81 ¢ 121 ), HEY IS 173 DERTH MEASUREMENTS
MODEL. 9087 SNMAR EMINDING SET

188 (¢ 18P ), KEY I& 172 HYDROPHOINE
MODEL. €048 HYDROPHOME

183 ¢ 183 ), KE¥Y I8 173 SPEED AND DISTAMCE LOC
CROSETRAKM DORPLER ERFED LOC

184 (¢ 184 ), KEY IS 174 UL W L OCATIONGNAVIC, SYST.
HICH RESOLUTION SCANMNIMC SOINAR SYSTEM

388 1gR o KEV PG L ERA WELL. REEMTIRY
COMBINMNED BONARTY (GONAR Y

186 ¢ 186 ), KEY I8 176 HICH RESOL LITION SOMAR
ORSTACLE AVDIDANMCE SOMAR SYSTEM

$€¢ ¢ Y87 HEY e T DIRECTION INNICATOR

3
SOLID STATF COMPAGS

188 ( 1ES 3, KEY ¥& 978 CLIRRENT WL OCITY
CURRENT METER '

189 ¢ ¥ 0. HEY T2 179 MOMITOR WAVE DIRECTIONM
WAVE NIRECTINN RECMRDER (IN &ITLH

199 € 1890 Y. HEN G 1EE WATER QUIAL  MEAE,
DUAL. POLARTIIATION LASER BACHECATTER GY&T,

b G- b SRR (- 5 SRR I SR o el IR T LINDERBATEER TEL EPHONE
BINERS COMMUNTICATION SYSTEM
»

192 (192 ), KEY I8 182
DFFENGE ACATNET SWIMMER ATTACH (81IRFACE)

193 ( 193 ), MEY 18 183
SUPMAR TNE - TEL-51 IBMAR TNE COMMUNTOAT T0E

194 (194 ). HEY 18 184 MACNET IO HEADTNG SENENS
MACMNETOMETER COMPASE

195 ( 198 ), MFY I8 185 COMTRO | BN MARKER
HFLLE CALL. BLOY _

196 ¢ 196 ), MEY 18 1896 INETH,BECAL L RFIEAGH RYET,
HEL LE RELGABLE RECALL QYST/W MECH, RELEAGE

197 (197 ), MEY I8 187A FINCER RECETUER (84 NCATOR)
DIVER PINCFR RECETIVIR

198 ( 198 ), MEY 18 187R PINCFR | NCATOR
HELLE PING PATNTER

199 ( 199 ), MFY 1§ 18% PINGER | NCATORERECURR,

B-20
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DIRFCTIONAL ANTEMMA MONEL €600

200 ( POO ), MEY IS 199 PINCFR RECETUFR 8 | ARATOR
DIRECTIONAL ANTEMMA MODFL €555

201 ( P01 ), MEY IS 190 RADTO NTRECTION EINDTMG
SONDRLIOY | OCATTON GYETFM (ARA-50)

POP (202 ), MEY 18 193 EEA FLAOR BESTSTIVITY MEAS,
MARINE FIECTROMACKETIC SOUMNDING

POR  ( P0R Y, HEY 16 192 ICE THICKNERS MEASHREMENT
ATRENEMNE EEA-TCR THICMNESS PROFT! TNG

204 ( P04 3. WEY T8 193 REMITE TEMP. MEAG,
ERAUATER TEMP, MEASUHREMENT LISING BAMAM GRECTRA

208 ¢ 205 ), HFY &S 194 SH“TMLMW TRAMERORT MEAG,

Dtoeit) LR TR s

PDE. { P0F )}, HEY I8 195 REMOTE SOUBN MEAG,
REMOTE SENSING (F UNNERMATER SO

207 € 207 ), HEY o loc MICROWALE CAl THMITY MEAS,

1
TESTING TECHNTAUE FOR REMOTELY MEASURING SAL TMTTY TN A FETLARY

200 ( P08 ), HEY I8 197 AT BPTHL DETEQTION
FLUORESCENCE 011 8PTLL DETECTOR

P02 (209 ), WEY T8 198A DIV BUYETOAL COMDY, W T TR
ML TICHAMMEL (INDERIATER TELEMETRY SVETEM (NTUFR FMC MEAS. )

P10 ( P10 ). HE

MEY 18 1988 DIVER TEMD . MOMTTOR
MU TICHAMNEL {INDFRUATER TELEMETRY SYETEM (RONY TEMP, MEAS. )
P13 211 ), MFY T8 199 NEEERG, ACEANTO DENSTTY STRICT,

LARCE ARPERTIIRE ACMIGTIC ARBAY

238 ¢ @iZ ), KEY 1T £00 TRAGE EL ENMEMT MEAS.
DETERMINATION N TRACE FLEMENTE TN SiE-NANICEAM BANCE
P12 ¢ P13 ), KEY I8 208 BEMOTE [0F-THTOKMESES MEAS,

POTENTIAL LIEF OF SATELL ITE TR DATA E0R I6F THICHNERS MA

214 ( P14 Y, HEY T8 200 TOE-THIOUNERS MEAS,
ATRPORME TR TMACERY 0F ARTIC GRA TEF-THICKMERS
P18 ( P15 )}, MEY 18 203 UIMNEBWATER TH SATELL TTH O,

OPTICAL OO, BETWEEN UINDFRWATFR & SATE L TTE TERMINA! &

P16 ( RIE ). KEY I8 204 QT8 OO L LTI DETECTTOM
CAS CHROMOTACHAPHTC TFCH. FOR HYPDH.A“““NS T S WNATER

P17 ¢ 217 3. KFY I8 P00 TRFMTTEYTNG ETEHING ARFAL
REMOTE SENEING OF NCFANIC CAMEFETEH

218 ( 212 ), HEY 18 P06 SATER B0 T TON WM TTOR TR
TON-SG1 ECTIVE MEMBRANE FIL ECTRODES

219 ¢ 219 ), WEY 18 207 SEARCH AMD RERCLF
B-21
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ITEK KA-102A CAMERA EYSTEM

SOFAR

220 ( P20 ), KEY IS 208 MEASLIRE RADIATED MOIGE
CHESAPEAKE IMNET, MORILE UMNDERWATER MEAGUREMENT SYETEM

221 ¢ 221 ). HFY I8 209 PASETIVE TOMWEDR SMWAR
CHESAPEAME INGT, LICHT-WEICHT TOWED ARRAY SOMAR

g22 ( 228 ), KEY IS5 210 PARSIVE TIWED SOAR
CHESAPEAKE INGT. AN/EOR-15 SOMAR

P2 C 2EE Y. HEY TET AT WATER B LT ION DETECT IO
BARRINCER RESTARCH | ASFR FLUORODSENSOR

MACNETOMETER MODET EM-123

284 ¢ 224 )y, HEY 18 22 MACNETTE AMNIIMAL Y DETECT IO

225 ( 225 ), KEY I& 213 AERTAI  BHOITICRAPHY

2a6 (2286 Y. KEY IS 214 HICH RESOUL.UITTON RADAR
TEXAS INSTR. AN/ARE-116 RADAR

egtr ¢ 22l ), KEY IS 215 PIACRETIO ANOMALY DETECTT M
MACMETOMETER ANM/ASR-21 (V)

S8 (238 ), HEY 15 216 CURRENT MEAE,
CEN. OCFAMICE RECORDINC CLRREMT METER

23 22 9L HENE ] G T SRAGES AL S IDESCRTR T EI

v
AUTOMATED MEASUIREMENT OF METALE TN SNANATER

239 ¢ 230 3, KEY 18 Jis MEASLRE WALE HETOHT
TELEDYME CEQTECH INMFRARED OCEAN WAVE METER

223 6 2l o e S MOGME TG EIELD MEAE,
S.H.F.CORP. SUPFROONDUCTING QUANTIEM TNIFRFERENGE NEUICE

S8 s G ETH St S MNP e 10 ENECTREMAGNISTEC BRGERE TN e TEE
BARRIMCER RESEARCH CNTRAN PLE SED El EOTROMACENT IO DETECTOR

P33 ( PRI ), MEY I8 P69
WAKE NDETECTION GYSTEM

i I S L i o A e
OPTICAL. DETECTION OF A SIBMARINE

225 O mEEyT ey S e
LIMDERWATER ACOLISTO-0OTICAL TMACING

23¢ ( 236 ), MEY I8 272
ACOLSTIC DETECTION S8YRTEM FOR RLIOYE

e37 (237 Y, MFY 18 &72
ATRZUMDERMATER | AGER RADAR

238 ¢ 238 ), KEY I8 274
PEPLOYABLE ACOUSTIC/MACNETIC ANOMALY DETECTOR

2 239 ; 25
233 ( 23% ), KEY I8 278 B=22

ik



TN YV

MOCORED SLRVETLLAMNCE SYRTEM

240 { P40 )}, KEY IS 276
AM/SER-T75 GONCRLIDY

P4y P4y ), HEY T8

"

277 UINDERVATER TRACKTNC OR LOCATTING

- e

WEQMAR T210 THAMNSOONNER

242 ( 262 ), KEY I8 278 L..F.ACIISTIC DETECTION

ANSEER=G7 (W ALY | LR DTRECTIONAL  SONCRLIY
Pa3 (D4R}, MEY T8 373 BATFLL TTE NIGTREEE SI0MAL DETECT

EATELL ITE BASED MARITIME SEARCHRREECLE

Pra (244 ), MEY 16 280 GREEN AND DNTETANCE MEAS,
El ECTROMACNETIC SHINE | N0 SYSTFM

PAE (D4R ), MFY 18 P2 BUNY WOTTON MEAS,
NORDC BLINY MO TON MEASHREMEMT SYGTEM

246 ( 24€ ), KEY IE 222 MEARURE MICROBEBRLE ST2E NIET,
fICEAM MICRORLERL F ACOUGTIC ANALYIER

¢ PnT ), MEY I8 223 UAL UM L EAK DETECTTON
MERDC ACOHIRTIC VALUE | FAK DETECTOR

248 ( 248 ). MEY 18 P24 LMDERWATER GTEATN MEAS,
RUBRER PROTECTED LIMNERWATER STRATM CALKCES

;
-

ELECTRO TECH LARE MD-T70 CEOPHONE

249 ( 242 ), HFY 18 P28 SETEMIC WAUE MEAS,

250 ¢ asfy, HEvTERaRe CORRER BEL LERTTON DETECTION
CEOPPER IOM SELECTIVE. SENSOR

25)% ( 2851 . KEVYIS mad TRACE META. DETECTION
APPARATIIS FOR DETERMINING COPPER IM WATER

S2h8 (AR ST RE Y S e s POLLUTION DETECT TOM
LASER SENSIMC SYETEM FOR OIL &PILL DETECTION

FER (283 ), KFY 18 229 ICF DETECTION & CHROTRITN.
CHARACT. EFAICF & ICFRFRGE LIGING X-1 RANMD GYNTH, APERATURE BADAR

284 ¢ 254 ), KEY 18 230
MATISPECTRAL SCANMNER FOR EARTH RESORCES APPL TCATTIONS

2585 ( ass )}, KEY I8 231 SYNTH...".F‘FRT.RAD.’\.F! S SLEVE ST .
ANALYSIS OF CEORCEE RANM RADAR IMACFRY

PEE ( PGE ), WEY 18 232 Ui, PHOTOCRAPHY
BENTHOS BOOMERANG CAMERA MODEL 380 AND FLAGH

e DS B A A s T . W. PHOTOCRADHY
EEMTHOS MODEL. 371 DEEP SEA UTILITY CAMERA £ MODEL 321 FLASH

PSR ( 258 ), MEY TR 234 RADTN BEACON MARMER
0.A.R, ST-200 SUBMERSIBLE TRANCMITTRR

P59 ( P89 ), KEY I8 238 ° UWATFR HETCHT MEAS.
B-23




0.A.R. VIRRATINMG WIRE PREGGURE TRANGMIGTE 1
PO PEO Y, MEY 18 P3E DIRECTTON ETRHIER :
0.8 R. UHE BAND AUTOMATIC DIRECTION FIMDER MONEL  ANEG-320
» P61 ( PEY ), KEY I& 237 REACON (EOR L NCATTIONY s

0.A.R. SF=-500 GFRIFE SURMERETIRL & Flt ASHER

26R  ( PER ), MEY T8 P39 LBNERWATER PHOTOCRAPHY

Fe ¥ v . v

RAMCE-CATED PHQ%QCHAPHTC SY&ETEM

PER ( PER ), KEY I PHA MOM=ACOR T T DTUSR O
ELECTRIC DTVER COMMIMTOATTION

264 ( 264 ), KEY IS 240 LASFR UE) OCTMETER HYNROPHIME
FLECTRN-OPTIC HYDRABHONE

265 ( 65 ), KEY IS 241 TV TRANS., [ISING PARAMETRIC SOIRC

UNDERWATER ACTUIRTTIC TELEUIETON TRANEHMIGETOM

DGQ ( 2F€ ), KEY I8 242 DIVER DECOMPRESSION TIMING

LI vt

PET ¢ PET Y, HEY I8 P43 TEMD, BEOETIE MEAS,
SIPPICAN EXHENDAR E BATHYTHERMACRAPH PRODES

IR Dalt i)

PES  ( PER ), MEY 18 P44 HIOH SOFED TEMP PROET & MEAS.
ATR DFPLOYED FYPEMDARLT BATHYTHERMOCBAD |

PER (26 )y, HFY IR 4R SYNTHETTO ADFRTIME BADAR SEARCH
CLORAL SFEARCH AND RECOUE

270 ( P70 )}, KEY I8 24€ COLIFORM PO LISTTON DETECTTON

IN SITU WATER-MIMITORING SYST,

211 271 Y. HEY I8 2AY NRIFTING PLNY TRACK TNG
STRIFFLFE BIKY- NCATION GYETEM

Y 1E 248 LONG EANCE TRACKTMG & TE MTDY,
HoOuUER - THF-H“”I’F“ DANAR

A 2 H RSV S REMATE | QCATION DETERMINATION
MAY GAT SYETEM FOR BUOY LOCAT IO 1
274 (274 )y, KEY T8 250 CLRBEMNT U OCTTY MEAC,
WATER CLIRREMT METTER
75 O ES RN N EY T s N.S. . SLRVETE L ANCE
MOORED COASTAL SURVETIILANMCE SONNRLIOY
are. ¢ g76 ¥, KEY 1€ 258 INTRLUGION DETECTOR(FERRMLIS MAT. )
MACMETIC POINT SEMGOR
277 ( 877 ), KFY I8 253 =~ 8RISMIC REFRACTION BOMNIRILNDY

SEISMIC SONDRLUDY

278 ( 278 ), KEY 18 254 REMOTE BATHYTHERMOCRASH
AN/8SQ-36, BT T AMHNTT1FP

279 (279 ), HEY I8 25§ LeF. ACOUSTIC DETECTION |
B-24




AM/BRRO-G3A. NTRECTIONAI SONOSLIOY

S0 ( PRO Y, KEY IS PRe REMOTE ACOLISTIC MEAS,
ANSESR-87A REFERENCE SONORLUIOY

281 ( P81 ), KFY I8 287 AJRCRAFT-CIHIR COMMEINTCAT TOME
‘ SRPARTAN FI FCTROMICE SURMARTINE COMM INTOATIONG SONOBLOY

|2 282 ), HEY 18 258 LONG TERM ACOLISTIC SURUETL L ANCE
ATA RECORDIMNG QOMNIBLINY

283 ( 2R3 ), KEY I& 259 RADIOACTIVITY MEAS,
AFRIAL RADTAC QYETEM AN/ANR-€

284 ( 284 ), MEY I8 260
AIRRORNE METAL -DETECTING BADAR (METRRA)

HEE ( PRE L, KEY 16 P
VFRTICAL L TRNE ARRAY DIEAR SOMOSLINY

PRE  ( PBE y, MEVY I8 BER
ATRCRAST-SHEMARTNE  COMMIINICATIONG BLOV

2827 ( 287 ), HEY JE 262

¥
HINDER TCE GONORINY SYRTEM

agg ¢ 288 ), KEY IS 264
ICE AREA PORTAR E SURVETI! ANCE SYSTHM

223 ( 282 ), HEY IS 2eS

)

SHADDWCEHAPH SETMMEL SONAR

290 ( 290 ), HEY I8 P&e
HICH DEFIMNITION SWIMMER SONAR

A (23 ), MEY 18 P07
IR DETECTION {F SUH-CENERATED CiRFACE FEEEQTS

P2 ( PR ), MFY I8 208

. RN

SONAR FOR MIME DETECTION

292 ( 233 ), HMEY I8 1488 DATA RELAY & POSITOM | OCATION
TIROG-N SATE!LITE. DATA OO ECTION 8 B ATEDEM L DEATITN SYSTEM

294 ( P34 )y, MEY 18 1480 EFA SUREACE TEMP, MEAS,

) . L R ¥ e

TIROEG-M SATE! l'.TTF, HICH RESOLUTION aADTOMETER

2AC ( PAS ), MEY I8 1630 BAl TRITY MEASHREMENT
TYPE 162 WATFR QUALITY MON. SYSTEM (SA1 TNTTY)

PYE (P96 ), MEY IS 1630 TEMEERATHRF MEAS! REMENT
TYPE 169 WATER GUALTTY MON, SYSTEM (TEME, )

eS7 {297 )Y, KEY 18 17:5B W1l RFENTRY
COMRIMED SONAR/TV (TV)

298 ( 298 ), KEY IS 28} BIOLOCTCAL PROTEIM ANAI YEIS
EL ECTROPHDRFETE ANALYZER (ORTEC)

P39 ( P33 ), MEY I8 282 PHYTORL AMYTON CONCENTEAT TN
. B-25
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FOUR COLOR LIDAR FLUOROMETER

300 ¢ 300 ), KEY IE€ 283 INTERNMNAL. WAUVE OBSERVATIOM
SATELLITE IMACEFRY OF OCEAN SURFACE

301§ 201 ). ERY 18 284 FLEMEMTAL. AMALYSIE
X-RAY FLUORESCEMNCE AMALYZER. ORTEC €110, €122

302 € 30z Y. KEY 1S 28§ CHEMICAL ANALYEIS
X-RAY MICROANAM YSIE EYSTEM., ORTEC MONEL €230

2030 =0RE Y KEY S iRae LTUE/DEAD DRCAMTEM RATIO
ATP PHOTOMETER, JRR MODEL 2000

308 ( 304 ), MEY IS 287 ORCANTIC COMTENT
PRECISION OXYCEM, CARBOM, AND NITROGEM ANMAL YZERS

305 ¢ 308 ), KEY IE 282 pH
pH PROBE, HORIBA MODEL K-7

306 (¢ 306 )., KEY IS 289 QI CONTEMT
OIL CONTENT ANALYZER, HORIBA MODEL. OMCA-200

FOUND 30€ IM 20f RECORDS
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