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REVISION
FEBRUARY 1978

STUDY OF SECURITY LIGHTING SYSTEM
AND AUXILIARIES

FOR
SECURITY SYSTEM MODIFICATIONS

AT
VARIOUS SAC BASES

1. SCOPE:

The Air Force has been engaged in a program to provide upgraded
security at its weapon's storage and aircraft alert facilities. As a part
of the program, it was necessary to upgrade the lighting systems in
these areas to meet the newer, more stringent requirements contained
in AFR 207-1 issued in July 1975 (revised version of AFK 207-1). Lighting
surveys of SAC bases in the Continental U. S. and overseas had revealed
extensive deficiencies. Because of the large number of facilities
and investment in materials involved it was concluded chat a detailed
lighting study should be made of various lighting schemes to determine
the arrangement that would best meet the prescribed illumination require-
ments both photometrically and economically. The study would examine
variables such as type of light source, pole spacing, mounting height,
aiming angles, etc. Such a study was conducted by the Corps of Engineers
and an initial report issued in December 1975. A set of definitive drawings
based on the results of the study was issued in October 1976. They were
utilized in the design and construction of upgraded systems at the various
weapons storage aress (WSA's) and aircraft alert areas (AAA's or BAA's).
The present security approach, however, is somewhat different than that in
effect in December 1975. It has evolved through various changes, revisions,
and refinements of criteria, security philosophy, and operating format.
Current approach is noted in the following discussion.
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2. TYPES OF FACILITIES INVOLVED - LIGHT!NG FORMAT:

There are two different types of areas which are being modified
to provide greater security. One area is involved with storage of weapons
and materials related to our national defense and the other has as its
primary function to provide immediate reaction capability against an
attack. The revised lighting is intended to provide an increased deterrent
to intrusion sabotage, or hostile action, provide earlier and more reliable
detection of such condition, and allow reaction personnel to cope more
effectively with a threat.

2-1 Weapons Storage:

Areas used for weapons storage vary in size depending on the
Base. Probably the largest is approximately 3000 feet by 2500 feet;
one of the smaller, 300 feet by 1200 feet. A typical area, both in
size 0nd operation, is shown on Figure 1. At present most facilities
have only a single fence. Future criteria will probably specify a
double fence at some areas. Perimeter lighting will be directed outward
and is intended to be energized continously during hours of darkness and
reduced visibility. It will be switched, in no more than 2 segments, from
the Master Surveillance and Control Facility ("MSCF" "Main Control Tower").
Area lighting will normally be off. It will be sectorized with controls
at the MSCF. Controls will also be provided at the Entry Control Facility
with over-ride capability by MSCF personnel. Guard personnel at the tower
will be able to light up a specific location (sector) where there may be
an intrusion or other problem. Towers range from 20-50 feet in height.

2-2 Aircraft Alert:

Aircraft alert areas at SAC bases are either of two types:
the standard "SAC Christmas Tree" or the mass ramp type. See Figures
2 and 3 for typical layouts. Perimeter lighting will be similar to
the format used at the Weapon's Storage Areas with the exception of the
taxiway gap. Area lighting will be sectorized; however, for alert areas
"a center sector will be required with lights installed no closer than
"a envelope traced by a line 125 feet from hardstand paving. This required
width of the center sector will range from 600 to 1200 feet for various bases.
Typical will probably be 900 feet for the mass ramp type. For the Christmas
Tree type shown in Fig. 3, it would range in width from 475 feet to 750
feet depending on distance selected for lateral spacing of poles.

2-3 Entry Control:

Each of the areas described above has a single entryway through
which acceis is controlled. An entrapment area, enclosed by security
fence, straddles the entrapment. Most areas will be subdivided into

vehicle and personnel areas. Security police personnel will be stationed
within Entry Control Buildings located within or adjacent to the entrapment
area.
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3. CRITERIA

3-1 Photometric Requirements:

3-1.1. Perimeter Lighting. For perimeter lighting, a strip
from 10 feet inside the inner boundary fence to 30 feet beyond the outer
fence must be lighted along the entire length of perimeter fencing. Minimum
illumination required by Air Force criteria (AFR 207-1) in July 1975
was 2.0 footcandles, vertical, at the edge of the clear zone, 3 feet above
ground and 2.0 footcandles, vertical, at each fence from ground level
to 9 feet above above. A maximum of 1.0 footcandle, vertical (photometer
perpendicular to the fence) was stipulated for a line, at ground level, 10
feet inside the inner fence. See Figure 4 for illustration. Previous
criteria was 2.0 footcandles horizontal, at 6 inches up to 50 feet beyond
the fence (derived from DOD 5210.41M (Confidential)). Under present criteria,
the strip to be illuminated extends from the inner fence to the outer edge
of the clear zone. A level of 2 horizontal (photometer aimed upward)
footcandles average, at 6 inches above grade, is required at the time of
initial installation. Degradation down to 65% is permissible (1.3 foot-
candles average, maintained). The uniformity of illumination must not
exceed a ratio of 3 to I. The luminaire is to be centered over the fence
to minimize fence shadows.

3-1.2. Area Lighting. For area lighting it will be
necessary to provide an arrangement such that there will be a minimum
of 0.4 footcandle of vertical illumination measured at 3 feet above ground
throughout the area concerned. A value less than 0.4 footcandle at a parti-
cular point in a particular direction will not be considered a violation as
long as the 0.4 f.c. measurement can be obtained at some other orientation.
See figure 4. In 1975, the minimum value was 0.5 fc. Prior to that
the requirement was 0.2 footcandles, horizontal, throughout the area, at
the 6 inch level.

3-1.3. Entry Facility Lighting. Present policy stipulates
use of a high pressure sodium light source installed in a roadway type
of lucinaire. A minimum of 2 footcandles of horizontally measured
illumination is required within the cntrapment area(s) at ground level
(6 inches up is acceptable for measurement purposes). A minimum of
1.5 horizontal footcandles is necessary on the 30 foot clear zone in
front of the exterior fence. An average level of 0.5 to 1.25 fc is
desired for background lighting. The ECF lighting zone extends 25
feet from the ends of the gateway(s) and 25 feet behind the ECF building.
The background lighting requirement applies to the exterior area(s) lying
to the sides and behind the entrapment area.

3-1.4. Taxiway Gap Lighting. The minimum size taxiway gap
will have dimensions of 425 ft across the taxiway by 60 ft. deep. The
lighting zone will extend 15 feet farther (to a 75 ft depth) on the taxiway
itself. The minimum acceptable illumination in the defined lighting zone
is 1.5 vertical footcandles, obtained at any orientation from 0* to 3600
horizontally in a plane 3 ft above ground.
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3-2 Special Requirements and Limiting Factors.

The selection of a light source and specific layout arrange-
ment was governed by certain special considerations. The impact of
some of these factors will be analyzed elsewhere in this report. The
following are some of the significant items:

3-2.1. Instant-On Fixtures. The area lighting will normally
remain off (see Section 2). When circumstances call for one of the sectors
to be lighted, it will be necessary that full illumination be provided
almost immediately. For the subject facilities full illumination within
five (5) seconds has been stipulated.. The practical effect of this requirement
is to eliminate all but the quartz iodine type of light source.

3-2.2. Instant Restrike. Perimeter lighting for both types
of areas must provide continuous illumination at 100% of criteria levels
during hours of darkness (see above). Unless UP~S (Uninterruptible Power
System) equipment is provided (or the requirement modified somewhat),
this will require use of the quartz iodine lamp either entirely or to
provide backup illumination during the restart interval of other lamp
types.

3-2.3. Mounting Height. For perimeter lighting, Air Force policy
in 1975 was that luminaire mounting not exceed 15 feet in height. Current
policy allows 25 feet for single fence layouts and 35 feet maximum for
double fence sites.

3-2.4. Clearance from Perimeter Fence. Lighting poles had to be
set back at least 15 feet inside the inner fence under 1975 criteria. At
present poles are to be placed approximately 3 feet back at WSA's, 6 feet at AAA's.

3-2.5. Airfield Clearances. Area lighting must be installed
outside an area defined by an envelope of 125 feet from the limits of the
hardstand paving per AFM 86-8. A clearance of 250 feet is required at
taxiway areas (measured from far side of taxiway). In addition a 2000
foot approach zone is required along runways (1000 feet on both sides of
the centerline). From the limit of that zone a I on 7 gradient is required.
For more information, refer to the clearance layouts on Definitive Drawing
AD 86-11-01, Sheets C-1 and C-4. No lighting or power poles can be higher
than that envelope. These factors will limit pole location and heights at
some facilities. The effect of jet blast is also to be considered relative
to pole location.

3-2.6. Reliability. The type and arrangement of the lighting

II

system has to be such that failure of one unit will not affect the rest
of the system. The equipment must operate as intended irrespective of
seasonal temperature variation and weather conditions.

3-2.7. Hardening. Components which are essential to the
functioning of security lighting (or other essential services) and
which might be vulnerable to sabotage, must be hardened to prevent the
breakdown of an entire system. Hardening is not required for components

7
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mounted 15 feet or more above the ground. Generators will normally be
housed in hardened concrete structures. Electrical distribution within
200 feet of the perimeter fencing should be underground. Pad-mounted
transformers and lighting controls should be contained within hardened
enclosures.

3-2.8. Backup Power. An alternate power source is necessary

to replace commercial power during conventional outages or intentional
sabotage to insure continuous operation of lighting and other security
facilities. Automatic switching to full load capability on the line
within 60 seconds maximum must be prov-ided.

3-2.9. Sectorizing. As mentioned previously area lighting has
to be divided into several individually controlled sectors. Each sector
has to stand alone relative to establishing the basic format (number of
luminaires per pole, horizontal aiming, pole spacing, distance between
rows). However in placing the border of the sector, the illumination
contribution from an adjacent sector can be included. This is acceptable
on the basis that should the center of attention (intruder, etc.) shift

to the edge of the sector, the adjacent sector lighting will be turned on.

3-2.10. Visibility/Glare. The traditional approach
for perimeter lighting has been to project glare toward an intruder
approaching the secured area, while leaving reaction forces within in relative
darkness. Initial designs in 1975 and 1976 followed this approach using
high pressure floodlights. The present format, however, requires uniform
illumination that will provide maximum visibility for viewing by TV
surveillance systems (TV cameras typically will be aimed down the fenceline).
A meeting at Eglin Air Force Base on 20-22 February 1977 established the
roadway luminaire as the standard for perimeter lighting.

r8
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4. BACKGROUND FOR THE STUDY:

4-I General: The prescribed objective of tne lighting study was
that the most efficient arrangement both photometrically and economicaliy
be determined. The study was to proceed, initially, in an unconstrained
mode, on the basis that all arrangements that might feasibly fulfill
the objectives of the study be considered. The effect of varying such
parameters as mounting height, luminaire orientation, aiming angle,
quantity of luminaires, pole spacing, etc., were to be considered. The
effects of constraints such as 15 foot mounting height limitation (perimeter
lighting), clearances from taxiways or hardstands, instant start or
restrike requirements, maximum of I footcandle spill light 10 feet inside
perimeter fence, etc. were also to be considered. The economic penalty,
if any, resulting from such constraint was to be identified.

4-2 Lighting Schemes Considered: To provide the illumination levels
described in Section 3, a number of different schemes, as listed below,
were evaluated. The low pressure sodium source was not one of the
specified schemes in the original criteria, but was included here, with
Air Force concurrence, since available literature indicated it was a lamp
of very high efficiency.

4-2.1. Area Lighting:

a. Quartz Iodine Fixtures. Because of the instant start
requirement and the relatively infrequent use (unlikely to total over 200
burning-hours over an entire year), there would be little gain in consider-
ing other types of lamps.

4-2.2. Perimeter Lighting;

a. Quartz Iodine Fixtures.

b. High Pressure Sodium (HPS) fixtures with supplemental

means of insuring 100% illumination during restart interval (Provided by
quartz fixtures serving as backup illumination until the H.P.S. can build
up to full illumination output. Quartz units would automatically
shut off at that point.)

c. H.P.S. with 75% backup illumination during the
restrike interval.

d. H.P.S. with 50% backup illumination during the

restrike interval.

e. H.P.S. plus an Uninterruptible Power System. The
U.P.S. had to be of sufficient capacity to maintain service without a
break to the H.P.S. lights for 15 minutes.

f. H.P.S. with spill light from Area lighting fixtures
being utilized to provide backup illumination during the restrike interval.

10
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g. Low Pressure Sodium (L.P.S.) fixtures with
supplemental means (quartz iodine lamps) of providing 100% illumination
during the interval required to return to full brillance.

h. L.P.S. with 75% backup illumination during the interval
required to return to full brilliance.

i. L.P.S. with 50% backup illumination during the
interval required for full brilliance to be restored.

j. L.P.S. plus b.P.S. of sufficient capacity to maintain
uninterrupted service to the lights for 15 minutes.

k. L.P.S. with Area Lighting being switched on (by
personnel at MSCF) to provide spill light as backup illumination while
the UPS builds up again to rated light output

4-3 Light Sources Considered - Description:

4-3.1. General. The primary purpose of a light source is
generation of light energy. The efficiency at which this end is achieved
is expressed in lumens output per watts consumed (input). The maximum
theoretical efficiency (luminous efficacy) of an ideal white source
(one which radiates a constant output ovez the entire visible spectrum and
none outside that spectrum) is 220 lumens per watt. If the input energy
were to be radiated only as a monochromatic yellow green, at a wavelength
of 5550 angstroms (the region of the spectrum most sensitive to the eye),
the theoretical efficacy would be approximately 680 lumens per watt. The
first electric lamps in the 1880s produced 2 lumens per watt. The
modern low pressure sodium lamp achieves approximately 180 lumens
per watt, the greatest achieved chus far in a commercially available
lamp.

4-3.2. Incandescent Lamp. The incandescent lamp is the
oldest lamp type presently in use. A tungsten filament serves as the
light source although not very efficiently since only 10% of its output
is usable light, the rest being primarily heat. The lumen efficiency
can be increased slightly but at the cost of shorter life. The quartz
iodine (tungsten halogen, tungsten halide) variation contains a halogen
gas which tends to regenerate the tungsten thus increasing life. Quartz
lamps find their greatest application for flood lighting where low
initial cost and/or instant start requirements govern. A summary of
this lamp's significant characteristics and a comparison with other
sources is contained in Figure 5. A quartz lamp has negligible
lumen depreciation over its operating life. The lamp is limited to
operation in the horizontal position. See Figure 16.

4-3.3. Fluorescent Lamp. In fluorescent lamps, a ballast

causes an arc to strike between cathodes. The arc causes mercury vapors
under low pressure to emit ultraviolet radiation which causes fluorescent
powders to generate visible light. These lamps have relatively long

11.



life and low surface brightness (glare) with application for interior
.ignting primarily. Their poor beam control and instability during
temperature changes limits their usefulness outdoors.

4-3.4. High Intensity Discharge (HID) Lamps. These lamps
have a gaseous arc and operate under pressures and current densities
sufficient to generate visible light from their arcs alone without
additio;oal additives. Like most discharge arc lamps, they have a
negative resi3tance characteristic which requires a ballast to limit
current to the lamp and supply the prope'T starting voltage. Mlercury
1Limps have a quartz arc tube containing mercury for light generation,
argon for starting, and in some lamps added phosphors for color im-
provement. Metal halide lamps contain iodide additives for better color
rendition and greater light output. Both of these lamps suffer from
comparatively long restart intervals. High pressure sodium lamps contain
a ceramic arc tube with xenon gas added for starting. They have the
advantage of a significantly iaigher lumen output and a relatively shorter
restrike time. A characteristic common to HID lamps is the necessity for
lamps to cool down and the pressure to drop before restrike can occur.
This process must occur whenever the arc has been los~t. A break
in power as short as one cycle (16.6' milliseco~nds) or a sudden
,lip in line voltage 'as small as 25% for HPS) can extinguish the
arc. The c~ool down interval ranges from' 20 minutes for metal halide
lamps to 1-2 minutes tor high pressure sodiu 'm depending on the manu-
facturer and the lamp size. The low prasaure sodium lamp Fhax.es the
negative resistance characteristic of HID lamps, however it performs
somewhat differently because it operates at significantly lower vapor
pressures. See subsection 4-3.6. for more details.

4-3.5. High Pressure Sodium (HPS) Lamp. HI'S lamps were
pioneered in the U.S by the qeneral Electric Company in the mid 1960's
and have found rapidly increasing acceptance as a result of the increased
emphasis on energy conservation. Efficacy of the bare lamp alone extends
to 130 lumens per watt in the larger sizes. Over 25% of its output
energy is in the form of usable light. HPS lamps utilize a different
ballast design than mercury or metal halide because of the high voltage
high frequency starting pulse required. Warm-up time is approximately 5
minutes to full output. Operating pressure is lower than for a mercury
vapor or metal halide lamp which, coupled with the differemt starting
method, allows restrike times to be lower - approximately 1-2 minutes,
3 minutes maximum. HI'S lamps have a characteristic golden-yellow output
(yellow, orange, and red preiominate). The lamps themselves are
physically quite compact compared to other types of lamps and allow
luminaires designs having excellent beam control. Lamps made by General
Electric are limited to a vertical mounting pnsition, either base up or
base down. The vertical aiming can be adjusted up to approximately 90'
from the design pasition; if aiming extends beyond that, part or all of
the sodium amalgam may spill from its reservoir. The newest Westinghouse
and Sylvania lamps can be operated in any position with apparently
minimal effect on lamp life. In a lIPS lamp operating voltage increases
over its rated life. The extent of rise determines lamp life. when the
required input voltage to the lamp exceeds the voltage supplied by the

12
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ballast, the lamp will cycle on and off. At this point the lamp must
be replaced. Extended operation in this mode (a maximum of 50 hours has been
recommended) or operation without a lamp will cause damage to the ballast.

4-3.6. Low Pressure Sodium ULPS) Lamp.

a. History. The first practical LPS lamp was intro-

duced commercially in this country in 1932. Efficacy then was 50 lumens
per watt. Development effort here, however, on a lamp for outdoor use,
soon faded and effort was concentrated instead on the mercury vapor
source, plus, variations of the incandescent, and later others such as
metal halide and HPS. On the other hand, in Europe the lamp came into
wide use for applications such as roadway lighting. It has recently
reentered the commercial lightirj market in the United States. A partial
listing of locations where LPS equipment has been installed and organizations
that have studied LPS lighting is included in Attachment 8. Other articles
and information on LPS is included in Attachments 5, 9, 10 11 and 12.

b. Description of Lamp Types. There are two types
of lamps available: one manufactured by General Electric Company Ltd.
(G.E.C.) of England (not affiliated with General Electric Company
of the United States), the other made by N.V. Phillips Company of
Eindhoven, the Netherlands. (Nozelco is the primary outlet for Phillips
Products in the U.S.). Presumably an essential difference between the
two lamps is that the G.E.C. lamp is a constant wattage type with
lumen output decreasing over life, the other a constant lumen type with
the lamp absorbing a gradually increasing amount of input wattage over
its rated life. On this basis, an engineering decision should involve
evaluating the trade-off between lower light output or additional energy
consumption. However, it has not been possible to verify that the
difference is as significant as proponents of the G.E.C. lamp have indicated.
In practice it appears that the lamp will experience some wattage increase
although less than the Norelco lamp. The Norelco la ' apparently undergoes
a slight increase in lumen output over its rated life.

c. Lamp Construction and Operition. Lamps are of the
arc discharge type. The arc tube is constructed of borate glass (to resist
attack by sodium) backed by lime glass (to seal out moisture). It contains
sodium under a very low vapor pressure plus one or more starting gases such
as neon, argon or xenon. As is characteristic of arc-discharge lamps, light
output is dependent upon arc-temperature and vapor pressure. Ionization
of the starting gases increases temperature in the tube causing the sodium
to vaporize (at 90*C). Tube within a tube construction with a vacuum
between insures excellent thermal insulation properties. Ambient temperatures
between -IOC to 40*C have no practical effect on light output or starting.
There are two different varieties of arc tubes - dimpled vs smooth construction.
Dimpled lamps utilize indentations spaced along the tube serving as
reservoirs of sodium to counterbalance the sodium migration characteristic
which occurs toward the end of useful lamp life. Norelcu lamps use this
approach. G.E. of England utilizes a smooth tube with a heat reflecting
film on the lamp jacket. Film thickness is tapered along the length of
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the lamp to balance thermal and electrical gradients in the arc tube
and thus maintain sodium vapor light output constant over rated lamp
life. According to the ballast manufacturer, the two lamps should be
completely interchangeable in any fixture without any adverse affect
on either ballast or the lamp. See attachments 1 and 2 for literature
on the lamps.

d. Starting and Restrike. Once the arc has been ignited,

heat from the starting gas discharge begins to vaporize the sodium.
The vaporization process continues for 7 to 15 minutes, depending on the
particular lamp, until full light output is achieved. Restrike
is almost immediate since the temperature and pressure have to drop only

slightiy to enable restrike to occur. The lover wattage lamps exhibit
better characteristics than the larger units. A sample 35 watt luminaire
from Quality Outdoor Lighting (G.E. of England lamp) tested in this
office in September 1975 provided immediate (within 3 seconds) restrike
and full illumination for power breaks up to 2 minutes duration. Total
warmup time from cold start was 8 minutes. "Off" intervals from 2-4

minutes duration had fairly sharp dropoffs of illumination, which then
leveled off until at a 15-minute interval conditions were equivalent to

cold start. Tests made by Southern Division, Naval Facilities Engineer-
ing Command in September 1975 using 4-90W Verd-A-Ray fixtures showed
average restrike times of approximately 2 minutes for a 30 second
break iz1 power. Representatives from North American Phillips and SEPCO
Lighting have indicated immediate restrike for outages of up to 5 minutes
duration. See Attachments 3 and 4. Test data on new 180 W lamps was
received from the Los Angeles representative of Norelco in March 1977.
After a power break of I second duration, 65% of the lamps reignited
immediately, 85% within 2 minutes. Lumen output was 67% initially
increasing to 87% of normal at 2 minutes. If the power interruption
was a full minute in duration, 73% of the lamps reignited immediately,
100% at 1-3/4 minutes. Lumen output was 73% initially 102% at 2 minutes,

settling down to normal (100%) after 5 minutes.

e. Color Rendition. Light from low pressure sodium

lamps has a reddish coloration initially due to ionization of the neon
starting gas. This changes to a monochromatic yellow at full output.

This area of the visible spectrum is nost sensitive to the human eye,
which results in maximum efficiency in energy usage to achieve a given
level of useful illumination. Objects viewed under this light will
tend to lose their color quality; discrimination between red and

orange, blue and green, etc. will be difficult other than as degrees
of brightness or darkness. However, according to representatives of

Quality Outdoor Lighting, addition of supplemental light from another
wider spectrum source of one-fifteenth or more of the LPS illumination
level will restore color quality. For roadway lighting, public
acceptance after an initial adjustment period has apparently been relatively

high. See Attachments 6 and 10 for results of opinion surveys.

f. Special Considerations. To maintain optimum light
output and lamp life requires that the higher wattage (135,180W) luminaires
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be mounted with the longitudinal axis not more than 20* from the horizontal.
This assures more uniform operating temperature along the tube and minimizes
concentration of sodium at one end.

g. Availability. Low pressure sodium lighting has
only recently bpen reintroduced into this country and as yet is still
relatively unknown. However, interest in this source is growing.
Luminaires and ballasts are manufactured in the United States. Lamp
stocks are maintained here, but lamps at present are still manufactured
overseas. See Attachment 7 for addresses. Either type of LPS lamp
can be operated in a given fixture; there may be some difference in
lumen output or wattage drawn in a particular application, however.

4-3.7. Xenon. Two types of lamps are available, short
arc ("compact arc" -and long arc. The short arc lamp has found more
commercial application than the long arc. These include use for search
lights, projection lamps, studio lighting, optical instruments
and display systems. The main application for the newer long arc lamp
has been for sports lighting or similar configurations where poles have
to be placed outside the area to be lighted. Short arc lamp enclosures
operate under high internal pressures (10-50 atmospheres), whereas long arc
lamps are subject to much lower (and safer) pressures of I atmosphere
maximum. Short arc lamps utilize resistive or inductive ballasts; long
arc lamps require only a starter. Starting voltage pulses are under 600V
(line voltage) for the long arc unit vs. several thousand volts for short
arc. Both lamps reproduce the spectral energy distribution of natural light
with exceptional fidelty, better than any other artificial light source.
Starting and restrike is essentially instantaneous (2 seconds). The long
arc fixture is available without the instant start feature, restrike is
30-60 seconds. Efficacy of the long arc lamp is 20-27 lumens per watt.
Short arc lamp efficacies range from 20 to over 50 lpw. The long arc
fixture has the disadvantage of being heavy and bulky (265 lbs, 84 inches
long for 20 kw unit). In the U.S. sources of long arc luminaires and
lamps are limited to American Daylight Co. International of Phoenix,
Arizona and EC & G Inc. of Salem, Massachusetts (lamps only). The short arc
lamps and fixtures are more competitive with a variety of sources available.

4-4 Evaluation of Lamp Sources.

4-4.1. General. Each of the various lamp types has its
own characteristic features which may be advantageous or disadvantageous,
depending on the application. Comparative characteristics are shown in
Figure 5. Table I contains a listing of lamp sizes and the nearest
equivalent, based on relative lumens per watt, for other types. Specific
factors which determined the selection of lamps for this application
are discussed in the following paragraphs.

4-4.2. Cost. The incandescent units have the lowest initial
cost, but are relatively high in energy consumption. The HPS and
LPS conversely, have relatively high initial cost and very low operating
cost. The highest initial cost (02500 for a 20000 watt fixture) occurs with
long arc xenon units.
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4-4.3. Efficacy. The incandescent sources have the lowest
lumen output at 12-23 lumens per watt. The highest efficacies are available
from the the LPS sources, 183 lpw for the 180 lamp alone, 135-i40 lumens
per input watts to the luminaire The lPS Pource is next best at 140 lpw
for the bare lamp, and 90-95 lpw for thŽ lamp/luminaire assembly.

4-4.4. Lamp Characteristics. Comparative data on lamp
mortality and lumen depreciation over life is shown 5'n Figure 7 (also
refer to Figure 8 and Attachment 4). It should be noted that lamv charac-
teristics have been upgraded since this chart was compiled and that some
lamps have slightly longer operating life or better mortality than indicated.
For the purposes of this lighting study, it was assumed that group relamping
would occur when 20% of the total lamps initially installed had been spot replaced
(80% survival). Maintenance factors (dirt factor X lamp lumen depreciation)
were determined, from manufacturers data, using the LLD corresponding to this
point on the mortality curves. See table III for typical maintenance factors.
The HPS lamp suffers a decline in lumen output over life which results in
a change in efficacy from approximately 105 lpw initial to an average of
92 lpw. The LPS lamp has ballasts which are designed to compensate for
the lumen degradation by increasing the wattage delivered co the lamp.
The Phillips lamp will even show an increase in its lumen output. Power
consumption by this lamp rises from 180 watts initial to approximately
240 watts at end of life. Change in efficacy drops from 150 lumens per
watt (lpw) initial to an average of 136 lpw. Although firm data has been
difficult to obtain, indications are that the G.E.C. lamp also has an
increased energy consumption over its life, although of lesser degree,
plus some deczease in lumen output. See Table II. In computer analysis,
we have used figures of 40 watts and 10 watts respectively for the
wattage rises projected at 20% mortality for the PhillipS And G.E.C. lamps.ll

TABLE I - EQUIVALENT LAMP SIZES BY WATTAGE* (APPROX.)

Quartz High Low
or Mercury Metal Pressure Pressure

Incandescent Fluorescent !a• Halide Sodium Sodium

200 55/60 100 -- 50 35
250 2x40 175 -- 70 55
500 4x40 250 175 100 90
750 -- 250/400 175 150 135

1,000 400 250 1501250 135
1,500 .... 400 -- 180

-.... 700 -- 400 --
-.... 1,000 ....
-....... 1,000 -- --
-...... 1,500 1,000

*The lamp sizes listed are based on the wattages of lamps alone, actual
input wattage to fixtures may be higher than these nominal sizes due to
ballast losses. Equivalency i; determined from rated lumen output.
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TABLE II - COMPARISON* OF HIGh PRESSURE AND LOW

PRESSURE SODIUM FIXTURE CHARACTERISTICS OVER RATED LIFE

LPS HPS
GEC PHILLIPS

Initial Lamp wattage 180 180 395

Lamp Wattage at end of life 200 240 400
Ballast Loss (watts) 40 40 80

Total. Input Watts - Initial 220 220 475
Total Input Watts - Final 240 280 480

Initial Lumens 33,000 33,000 50,000
End of Life Lumens 28,050 34,000 37,500
Efficacy Initial (Lum/W) 150 150 105
Efficacy - Final 117 121 78

Efficacy - Average 134 136 92

*These figures are based on available information. Operating experience

on these lamps apparently has not been sufficient to publish firm detailed
data, particularly for the GEC lamp. The figures represent averaged

performance; individual lamps off the production line may perform
somewhat better or worse than indicated.

TABLE III - MAINTENANCE FACTORS

NECA* RATED LIFE RELAP CORPS OF ENGINEERS

TYPE OF LAMP MF (50% Fail) (20% Fail LLD DF MF

Incandescent 0.75
Quartz 0.85 2000 1600 0.95 0.85 0.81
Mercury Vapor (White)

175-700W 0.70

1000W 0.65
M.V. (clear/color impr)

175-700 W 0.75
1000W 0.70

Metal Halide 0,i-.65
High pressure Sodium 0.75

250W Floodlight --- 15000 9500 0.85 0.85 0.72
250W Roadway 15000 9500 0.85 0.80 0.68
400W Roadwa 20000 13000 0.85 0.80 0.b8

Low Pressure Sodium
180W Phillips --- 18000 14000 1.00 0.90 0.90
180W G.E.C. --- 18000 14000 0.85 0.95 0.81

*NECA data is taken from their "Electrical Design Guidelines" series.
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4-4.5. Lunen Output vs Voltage Drop. For fluorescent

and HID lamps lumen output is influenced primarily by ballast design.
Ballasts are readily available which will limit changes in lumen output
(or wattage) to + 3% (or + 5% some mfrs.) under a lits voltage fluctuation
of + 10%. Standard incandescent and tungsten halide lamps, howeveE, are

very sensitive to line voltage variations from design operating voltage.
A lamp operated at 5% below design voltage will deliver only 85% of the

rated lumen output. Allowance for voltage drops in supply circuits will have
to be made. See Figure 8. (Example: An area designed to a level of 0.47

footcandles minimum will yield 0.4 FC minimum if the actual voltage delivered
to the lamp due to voltage drop in the line is 95% of rated lamp voltage.)

4-4.6. Color. Of the artificial light sources, the xenon lamps

most nearly duplicate the color spectrum of sunlight. The output of in-
candescent lamps spans the entire light spectrum but tends to be strong at
the red end. Fluorescent lamp output is spotty, tending toward the violet
end of the spectrum, special natural spectrum lamps are available however.
The HID sources also have irregular spectral distributions. The metal halide
1.amps generate a set of color components that most closely, of the HID
sources, resembles natural light. The light energy from HPS sources is
predominately yellow and yellow-orange plus some low intensity components
of red and blue. The LPS lamps concentrate virtually all of their light
energy in a monochromatic yellow component.

4-4.7. Visibility/Glare. Glare as perceived by an observer

can be of two types, discomfort glare or disability glare ("veiling glare",
"blinding glare"). If disability glare is present, the observer's visual
performance will suffer. Discomfort glare will make an individual un-
comfortable but will not necessarily interfere with visual perception or

discrimipation. Most of the factors having an influence on glare, such
as reflector design, type and construction of lense or refractor, Urientation
or location of luminaires, are not inherent in the lamp itself. However
compact, high output sources such as HPS will create some direct glare problems
because of the relative brightness per unit area. Physically large lamps
such as LPS or fluorescent appear less intense to the observer even for

units equivalent in lumen output to the HPS. The luminance (photometric
brightness) of a LPS lamp is approximately 65 candela (cd) per square

inch, 2900 cd/sq. in for mercury vapor lamps, and 6500 cd/sq. in. for HPS
(to obtain values in footlamberts multiply by 452). Some users are of

the opinion that LPS permits more discrimination of objects than HPS; others
report particularly good light penetration on heavy fog.

4-4.8. Warm-Up/Restrike. One of the greatest advantages of
quartz iodine and other incandescent lamps is that they produce full
illumination almost instantaneously when energized. Xenon and fluorescent

lamps for most purposes, can also be considered to have instant start/restrike
characteristics. Xenon's high cost and fluorescent's mediocre photometric
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performance outdoors outweigh these advantages for most applications, The
HID lamps such as merctry vapor and metal halide have relatively long
restrike intervals of approximately 5 and 15 minutes respectively.
Manuf&CL-rers of high pressure sodium utilize a high voltage starting
pulse to cut this interval to approximately 1-1/2 minutes.

4-4.9. Load Characteristics. All of the lamps commonlv used
for outdoor lighting, except incandescent, use ballasts to control current
to the lamp. Ballasts are available for each lamp type, in high power
factor versions that will maintain power factor of the line at 90-95%.
Power consumption by the ballast will be 15-25% of lamp wattage. Incan-
descent sources operate at 100% power factor and don't require ballasts;
however there will be large inrush currents when tungsten filament lamps
are energized. Although the current spikes are of short duration, they are
high in magnitude (1500 to 1800% of normal operating current vs approximately
150% starting current for other types of lamps such as HPS). It is necessary
that equipment serving incandescent lighting be fully rated for such duty -
is., contacts rated for tungsten filament loads, heavy duty lighting
contactors, overcurrent devices, switches, etc.

4-4.10. Strobe Effect. This phenomenon results from the
tendency of lamp output to follow the fluctuations of an alternating
current wave form. It can cause moving objects to flicker and rotating
machinery to appear to be at rest or turning slower than actual speed. The
effect is most noticeable in an individual's peripheral vision rather than
directly in front. For outdoor lighting it would tend to be a nuisance
rather than a hazard. Stroboscopic effect is most pronounced with
mercury vapor and some type of fluorescent lamps (or ballasts). RPS lamps
are slightly less subject to it; metal halide lamps exhioit minimal effect.
To counteract the effect, mercury and RPS lighting should be supplied by
3 phase power. The problem does not develop under incandescent lighting
and apparently is minimal with low pressure sodium.

4-4.11. Safety and Environmental Considerations. Attention
should be given to proper disposal of removed HID lamps. Sodium is
somewhat volatile whet, exposed to water. Loose sodium should be neutralized
before discarding. For recommended disposal procedures for LPS lamps,
see Attachment 17 in Appendix A. There are no special hazards involved
with disposal of HPS lamps other than what could be expected from careless
handling of tubes. Mercury vapor lamps can cause harmful ultraviolet radia-
tion burns if operated after the outer glass enqelope has been broken. The
required operating voltage of HID lamps tends to rise with age. When the
ballast can no longer deliver sufficient voltage to maintain operation,
mercury vapor and metal halide arcs will be extinguished. dPS ballasts
will deliver a starting pulse to reignite, thus cycling on and off
continuously.
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4-4.12. TV Surveillance. Use of a closed circuit television
system for outdoor surveillance requires that attention be given during
design to the amount and type of lighting to be installed. If the light
levels are too low, the camera is subject to image "burn-in" particularly
if cameras are held in fixed positions. The result is that the particular
image that remains on the TV monitor even though the scene in front of the
camera may have changed. The spectral response of the light source also
is a factor affecting the efficiency of the system. Since cameras are
sensitive to average illumination, unifirmity of lighting on the scane
is important. Th'ee types of tubes are generally available at present.
The oldest is the antimony sulpnide vidicon, the standard for the industry.
It is most compatible with incandescent lighting; if other lamp types
are employed, the relative illumination level must be increased to
compensate (1.7 FC HPS equivalent to I FC incandescent, LPS 2 FC Lo I FC).
The newer silicon vidicon is over 5 times more sensitive thcn the standard
vidicon under incandescent lighting, almost 3 times when HPS is the source.
The newest tube, the hetero-junction vidicon has a sensitivity ratio of
10:1 over the standard vidicon; 6:1 when using HPS lighting. The last
tube, in addition to its better sensitivity for low light application,
is more resistant to "blooming" (the brightest o')jects in a scene appear
larger than actual size - the extent of the distortion being proportional
to the relative brightness).

4-4.13. Restrictions ov Mounting Position. For quartz
iodine lamps, orientation of che longitudinal axis is critical. If the
variation from horizon exceeds + 40 lamp life will suffer appreciably. There
are no restrictions in rotation about that axis other than insuring that
floodlights aimed upward have been specifically designed for the extra
heat load. Low pressure sodium lamps can be tilted up 200 maximum above
horizontal and down to 900 below horizontal; however the base (socket end)
of the lamp must serve as the pivot position not the opposite end. The most
efficient operation and longest life will be obtained at or near horizontal
particularly with the larger lamps (90 - 180W). High pressure sodium lamps
manufactured by General Electric must be ordered in either "base up" or a
"base down" versions. Lamps can be tilted 95' maximum from the vertical
(to 50 above horizontal). If tilted beyond, the mercury sodium amalgam
can spill out of its reservoir. Lamps of other manufacturers (except
Westinghouse 1000 watt unit) may be operated in any burning position.

4-4.14. Miscellaneous Considerations. Low temperature
operation has minimal effect on lumen output of most lamps but can interfere
with starting. Low temperature ballasts are readily available for outdoor
applications to compensate for temperature related starting difficulties
(commonly rated at -20°F). Fluorescent lamps however do suffer significant
lumen decrease as temperature drops. Large, long lamps such as fluorescent
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or LPS present problems in designing housings that will provide efficient

beam control. LPS, primarily because of its high efficacy has been used

in floodlights, whereas with fluorescent this nas not been done. Compact

sources such as quartz and lPS are ideal for floodlighting applications.

Manufacturing techiques employed in the production of incandescent and

fluorescent lamps have been refined to the point that camp characteristics

are quite uniform and are predictable with reasonable precision. With LPS

and to a lesser extent, HPS there is more variance in performance parameters

from one lamp to another off the production line. LPS lamps operate at
relatively low temperatures (260*C/500°F) resulting in a minimum of
breathing during fluctuations in ambient temperature; as a consequence
these lamps have negligible dirt factors (0.90 to 0.95 typically). HPS
lamps operate at comparatively higher temperatures (400OC/750 0 F) with
poorer dirt factors (0.75-0.85). Some HPS floodlights and roadway units

are available in filtered versions that are less subject to light degradation

due to accumulations of dirt, film etc. on lenses, lamps and refractors

(higher dirt factors, 0.85-0.90). The typical quartz lamp operates at

temperatures exceeding 500*F.
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5. LIGHTING ANALYSIS:

5-1. Criteria. To properly evaluate the various potential
lighting arrangements developed for each of the schemes described
in Section 4, calculations of the footcandle output for each
arrangement has to be made. The format specified in the original
criteria was that computer printouts be provided to determine the
extent to which each arrangement met the illumination criteria prescribed
in Section 3. Calculations were to be based on the point by point
method. Computer printouts were to show the calculated vertical or
horizontal footcandle illumination at evenly spaced grid points throughout
the defined area.

5-2. Lighting Theory.. The unit "lumen" is used to identify the
amount of light emitted from a light source. It represents the amount of
luminous flux leaving the source. One lumen is defined as the flux
contained within a unit solid angle emitted from a uniform point source
of one candela. Illumination resulting from luminous flux falling on a
surface is measured in footcandles. One lumen per square foot is
numerically equivalent to one footcandle; one lumen per square meter
is equivalent to one lux. One of the most significant factors in
determining applicability of a particular luminaire to a specific
task is its luminous intensity (candlepower) which is expressed as
candela. This unit represents the intensity of the light source in a
given direction. Intensities will have different values in different
directions. The basis of most lighting calculations is the Inverse Square
Law. It sets forth the following relationship: that the illumiration
at a point on a surface is directly proportional to the luminous intensity
of the light in that direction and inversely proportional to the square of
the distance from the source. This relationship is not valid for other
than point sources, and for distances that are lees than 5 times the
largest dimension of the luminaire. See Figure 9 for additional informa-
tion. Formulas, based on the Inverse Square Law, for computing illumination
levels in vertical or horizontal footcandles are given in Figure 10. One
determinant of quality lighting concerns its uniformity. Even illumination
without dark areas or spots of high intensity light is the objective. The
extent of variation is defined by the uniformity ratio, that is the average
illumination (footcandles or lux) over a given area divided by the minimum
value of illumination in that area.
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5-3 Illumination Calculations. The point by point method
of calculating illumination has proved most accurate. Formulas for the
point by point calculation technique are given in Figure 10. Illumination
may be determined on a horizontal basis or for any orientation of a
vertical basis. The general formula will be most commonly used since
mo3t applications will be 3-dimensional. In certain special applications
the simplified 2-dimensional formulas could find use. The effect of
degradation in light output due to lamp aging or contamination is accounted
for by the maintenance factor. An adjustment could also be included that
would compensate for lamp operation at other thau rited voltage or at
low ambient temperatures, if desired. When applying these formulas, the
contributions from several sources to the illumination at a point may be
added directly in the case of horizontal footcandles. When calculations are

made on a vertical footcandle basis, it is necessary that all contributions be
resolved into components at the same orientation such as 2700. This is
analagous to conducting all footcandle measurements with the photometer
pointed in the same di~ection - such as perpendicular to the plane of
a fence or a pole line.

5-4 Characteristics of Horizontal and Vertical Illumination. There
are some basic distinctions that should be kept in mind with respect to
the different illumination characteristics of vertically and horizontally
based lighting. A floodlight type of luminaire mounted relatively close
to the ground will yield the maximum vertical illumination on a particular
point. Readings of horizontal footcandles, however, will be very low and will
tend to drop off to zero the greater the distance out fr',m the pole. A
floodlight mounted relatively high will result in a much stronger horizontal
illumination component at the point. It can be seen, therefore, that for
a horizontal footcandle requirement, high mast lighting would illuminate
an area more efficiently and evenly with fewer poles than would be the
case for low mounting heights. Mounting height considerations are
discussed in paragraphs 9-1.1 and 9-3.1. One idiosyncrasy of basing
criteria on vertical footcandle measurement is that the illumination
at the pole under the luminaire will always measure zero, since the
vertical footcandle component is zero. The eye of an observer may
perceive a high level of illumination however, since the horizontal
component could be very high.

5-5 Candlepower Data.

5-5.1. General. Because of the directional characteristic
of light intensity, each luminaire will have its own distinctive candlepower
distribution pattern somewhat like a fingerprint. The variation in
characteristics of a particular model from one unit to the next off
the assembly line will depend on the control that can be maintained
over the various manufacturing processes. Since most lighting cal-
culations do not require an extreme degree of precision, a photo-
metric test made on one or two random units should be valid for all
units of that particular model luminaire. Accuracy, including minor
error due to midpoint interpolation of candlepower values, should be
better than 5% in most cases. (The margin of error could possibly extend
to 10% for some low pressure sodium luminaires. Operating voltage and
temperature could have an effect in some cases - note 4-3.3 and 4-4.5).
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Most manufacturers perform informal abbreviated tests during development
of a prototype; once the decision has been made to go into production, one
or more units are pulled off the assembly line and sent to a recognized
testing laboratory for a formal test. Some of the larger manufacturers
have their own in house test laboratories.

5-5.2. Test Procedure. Vihtually all tests in this country
are conducted in accordance with the procedures recommended by the
Illuminating Engineering Society (IES) in their published standards.
There are two recognized test configurations: one in which the polar
axis (axis of rotation) is horizontal, the other in which the polar
axis is vertical. The horizontal polar axis (HPA) test format is almost
universally used for examining floodlights. The vertical polar axis
(VPA) procedure is applied to roadway luminaires, fluorescent, high
mast, and most wall mount units. Steps in the test procedures are
illustrated in Figure II. The smaller the increment at which readings are
taken the more accurate the candlepower data will be. For narrow beam
floodlights 1V intervals may be advisahle. For wide beam floodlights,
100 intervals are preferred. IES recommends that mid-zone angles (50,
15*, 250, etc) be selected for taking measurements so that the data could
be used in the computation of lumens by the zonal method without additional
manipulation.

5-5.3. Data Format. Photometric data is available from manufacturers
in a variety of formats. The most convenient, and the most accurate for
computer calculations, is the raw test data in tabular form (similar
to Figure 14 and sheet 3 of Figure 15). An example of the standard LES
NEMA reporting format (floodlights and other horizontal polar axis units)
is shown in Figure 12. Isocandeia curves have been plotted from
candlepower test data on the left half ot the diagram respresenting the
luminaire, lumens have been calculated and listed on the right half.
These lumen figures may be converted to candelas by the technique given
in Figure 13. The table of Figure 14 shows the lower half vertical
angles as negative. Other organizations make the lower half positive
while some identify vertical angles as "upper" or "lower". The isocandla
chart portrayed on Figure 15, sheet 1 constitutes recommended IES reporting
format for roadway luminaires. The plot of critical distribution values
such as 1/2 maximum candlepower and maximum candlepower aids in identifying
the beam distribution categoey to which the luminaire belongs. One short-
coming of data in the form of isocandela curves is that it can be
difficult to interpolate values between curves with accuracy, par-
ticularly if a small scale graph is used. A single candlepower
distribution curve, in a single plane will not be of value for point
by point calculations unless the particular luminaire should happen
to have symmetrical distribution such as LES type V. (Note: When
requesting data from local representatives of luminaire manufacturers,
it must be stressed that the data must be candlepower measured 3
dimensionally, in 4 or more planes. Since this data often has to
be obtained from the factory, a better response can often be obtained
by contacting the concern's lighting applications engineer direct.)
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INDEPENDENT TESTING LABORAT@ZIMS, INC.
3386 Longh;r Road Bulder, Colrado 80302

Phone 442.1255, Area Code 303

REPORT NO. 16969 SHEET 51SUPPLEMENTARY CP DATA)

DATE 8-6-73 AVERAGE GF RIGHT AND LEFT SIDES

PREPARED FOR KEENE CORP. STONCO LIGHTING • ,o. -/•/• ,•00W •'•r,

PoLAR AAXIS HlRIjZNTAL !

HOPIZONTAL A4/DZ?•ONF G ....

0.0 5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0
A 60.0 290. 301. 291. 270. 334. 219. 167. 130. 83.

52.0 580. 673. 693. 572. 1076. 663. 293. 227. 112.

44.0 4446. 4185. 2841. 2935. 2881. 1954. 842. 378. 144.

36.0 5703. 5386. 5272. 5064. 4105. 2979. 1544. 510ý 177.

I 28.0 7395. 7103. 7025. 6619. 5596. 3961. 2123. 621, 209.

20.0 10488. 10080. 10155. 9368. 8101. 5482. 2743f 690. 239.

,; 12.0 16723. 16092. 16043. 14394. 12209. 8016. 3691. 728. 259.

Z 4.0 25858. 24649. 24433. 21261. 17277. 10482. 4316. 760. 265.
Na

0.0 27018. 26052. 26028. 22613. 18681. 11576. 5099. 749. 265.

-4.0 '25230. 24047. 23733. 20626. 16784. 10312. 4288. 780. 265.

-12.0 16337. 15704. 15620. 14070. 11915. 7893. 3704. 768. 260.

-20.0 10343. 9954. 9955. 9282. 8061. 5479. 2832. 709. 241.

-28.0 7250. 6936. 6894. 6579. 5619. 3973. 2138. 623. 211.

I-36.0 5316. 5090. 5033. 4934. 3907. 2886. 1,504. 507. 179.

-44.0 1933. 1566. 1771. 2776. 1361. 1786. 811. 368. 146.

-52.0 531. 547. 543. 520. 402. 607. 282. 207. 113.

-60.0 290. 300. 308. 309. 20. 203. 183. 122. 82.

ZONE' OMir: 8.vFJ bRTiCAL SPACINrCt, x0 /00 R1ZoNr/iOf /N7EkVAL

FGU~q( / PHl'O,,1ErlIc Dq-r4 c/?AtOL(PaWeLR MaBLE
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CERTIFIED TEST REPORT NO. ERL 1924

ITT LOW PRESSURE SODIUM LUMINAIRE, CAT. NO. 67-12184
UPPER LAMP POSITION

ONE 180 WATT LOW PRESSURE SODIUM LAMP, RATED 33,000 LUMENS

*'~~LUMINAIRE TILTED 10.00 DEGREES
POLA* - Y~ys?^

ISOCANDELA CHAPT
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ENVIRONMENTAL REESEARCH LABORATORIES
1410 E. HELM iiive. imuNoEaiii O INi USTRIAL AIRPAIK- SCOTTS. ALE. ARIZONA 55260 TELEPHONE: (602 " "-3471

RATIO Of TRANSVERSE DISTANCE TO IIOUNTING mEiGNT

1. 0UIM 1.0 2.0 3.0 4.0 5.0 66O

S. .. . . . . . .. . . . . . . . r.../..| || -! . | ! !m ! | ] ! n ] u

log-

-~. . - 0MHTRL

C4 * _- -a. 
5 t K T L

%iIIi
%m

if jI .J "
%0 .0 Max, zR-

0z /

/|

if - i

-0 0

Is 4D. '

4~AG ..- %N

LOMINITU R

I.. ... , ,. ,
I S.M "I " ' .

T _No,• •__. E,4 : T .P 1; S -3 -1 -- -

II..• .. "4 t• ". •
.75 M I

-. ,.-.-.

o. I -- ' I • , '

o ' \

"I__= T\ E
- RA" NG- '

- II i

LONG1TUDINAL ROADWAY LINES (LRL)

Test No. ERL1924 IES CLASSIFICATION :TYPE IV SHORT NON-CUTOFF



ENVIRONMENTAL RESEARCH LABORATORIES INC.
7410 E. IIELM DRIVE, TIItJNDTRnIRD II•rUSTRIAL AIRPARK

SCOTTSDALE, ARIZONA 85260.

CERTIFIED TEST REPORT NO. ERL 1924

ITT LOW PRESSURE SODIUM LUMINAIRE, CAT. NO. 67-12184
UPPER LAMP POSITION

ONE 180 WATT LOW PRESSURE SODIUM LAMP, RATED 33,000 LUMENS
****'* LUMINAIRE TILTED 10.00 DEGREES *

MEAN CANDLEPOWER IN STANDARD ZONES

HORIZONTAL VERTICAL ANGLES
ANGLES

5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0
5. 3849. 3842. 3726. 3356. 2787. 2036. 1462. 947. 376.

15. 3850. 3903. 3909. 3582. 3121. 2556. 2030. 1345, 700.
25. 3850. 4020. 4155. 3906. 3579. 3103. 2711. 2178. 1909.
35. 3856. 4125. 4299. 4163. 3811. 3619. 3600. 3551. 2743.
45. 3867. 4210. 4306. 4316. 4116. 4554. 4761. 5008. 2763.
55. 3875. 4263. 4324. 4326. 4805. 5388. 5758. 5167. 2564.
65. 3879. 4299. 4430. 4343. 5505. 5806. 6214. 4732. 2036.
75. 3877. 4321. 4439. 4531. 5854. 6145. 6330. 4374. 1548.
85. 3886. 4364. 4446. 4672. 5881. 6322. 6179. 3951. 1112.
95. 3809. 4265. 4423. 4724. 5870. 6398. 5986. 3692. 630.

105. 3883. 4109. 4318. 4572. 5634. 6245. 5660. 3094. 433,
115. 3866. 4044. 4182. 4277. 5179. 5848. 5212. 2593. 329.
125. 3839. 3964. 3990. 3889. 4469. 5142. 4797. 2179. 0.
135. 3804. 3872. 3782. 3631. 3724. 4100. 4251. 1770. 0.
145. 3781. 3737. 3600. 3394. 3128. 2977. 3313. 1445. 0.
155. 3756. 3587. 3290. 3012. 2652. 22286 2027. 984. 0.
165. 3729. 3471. 3049. 2565. 2146. 1591. 954. 521. 0.
175. 3733. 3381. 2910. 2229. 1702. 1233. 592. 62. 0.

LUMENS IN STANDARD ZONES

HORIZONTAL VERTICAL ANGLES
ANGLES

5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0
5. 10. 30. 48. 58. 60. 51. 40. 28. 11.

15. 4.. 31. 50. 62. 67. 64. 56. 40. 21.
25. 10. 32. 53. 68. 77. 77. 75. 64. 58.
35. 10. 33. 55. 72. 82. 90. 99. 104. 83.
45. 10. 33. 55. 75. 88. 113. 131. 147. 84.
55. 10. 34. 55. 75. 103. 134. 159. 152. 78.
65. 10. 34. 57. 76. 118. 145. 171. 139. 62.
75. 10. 34. 57. 79. 125. 153. 175. 129. 47.
85. 10. 34. 57. 81. 126. 157. 171. 116. 34.
95. 10. 34. 57. 82. 126. 159. 165. 109. 19.

105. 10. 32. 55. 80. 121. 156. 156. 91. 13.
115. 10. 32. 54. 74. ill. 146. 144. 76. 10.
125. 10. 31. 51. 68. 96. 128. 132. 64. 0.
135. 10. 31. 48. 63. 80. 102. 117. 52. 0.
145. 10. -30. 46. 59. 67. 74. 91. 42. 0.
155. 10. 28. 42. 52. 57. 55. 56. 29. 0.
165. 10. 27. 39. 45. 46. 40. 26. 15. 0.
175. 10. 27. 37. 39. 36. 31. 1I. 2. 0.

AA



5-6 Luminaire Beam Distribution. Although there are
applications where general, uncontrolled illumination is suitable,
optimum performance in a given application is obtained when a
lighting arrangement has been designed using a luminaire with pre-
cisely defined beam characteristics. Factors affecting beam control
are the design of the reflector and the lens or refractor and the
position of the lamp relative to these components. Effects of these
factors for incandescent luminaires is illustrated in Figure 16. The
industry has developed classification standards to identity specific
beam categories. For projected beam units such as floodlights and
searchlights there are seven defined NEMA Beam spreads from very narrow
to very wide. Beam spread width is measured from the limits of the
isocandela line corresponding to 10% of maximum candlepower. This method
has been in effect since 1971. The 1952 IES method determined beam
spread by measuring the isocandela line corresponding to 10% of the
average maximum candlepower. Beam spread per the 1971 IES method
is usually 2-5* less than that obtained with the 1952 method. NEMA
beam types and the corresponding beam spreads in degrees is given
in Figure 16. There is a different set of beam distribution

categories applicable to some of the vertical polar axis luminaires
such as roadway and high mast units. Illumination is classified
according to the proportion of light directed to the front and to
the sides of the luminaire and above a defined cutoff line. For
street lighting applications, IES type III, medium, semicutoff is
most commonly used. A general pattern in which illumination is equal
in all directions (IES type V) is most suitable for high mast lighting
and area lighting. The various categories are identified in Figures
17 and 18.

5-7 Effect of Distance on Illumination Level. Illumination on

a point decreases significantly as the distance from the light source
to the point is increased. The extent is determined by the inverse

square law. The relationship is directly proportional for configurations
involving a single pole and direct illumination (i.e. the footcandles in
the direction of the ray(s) from the source to the point(s)). The
theoretical curve (dashed line) of Figure 19 corresponds to this
condition. The situation is more complex when several poles are
involved and a component of illumination is considered. The solid

curves on sheets 1 and 2 illustrate the relationships applicable at
4 different relative mounting heights. The figures shown for base
mounting height and spacing epply to the computer trials used to
develop the curves. The relationships between relative mounting
height, spacing, and illumination, however, should be valid using
any other reference figures. These curves could also be of use
in determining the adjustment necessary to adopt the area lighting
application curves (discussed in Section 9-2) to a revised illumination

criteria value (i.e. 0.4 footcandle minimum to 0.3 or 0.5).
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FLOODLIGHT LUMINAIRE TYPES

MINI•UN BEAM EFFICIENCY, %

BEAM SPREAD NVA BEAM INCANDESCENT HIGH INTENSITY
DEGREES TYPE DESCRIPTION TUNGSTEN-HALIDE DISCHARGE

10 Up to 18 1 Very Narrow 38
18 Up to 29 2 Narrow 40 30
29 Up to 46 3 Medium Narrow 46 34
46 Up to 70 4 Medium 50 38
70 Up to 100 5 Medium Wide 54 42
100 Up to 130 6 Wide 56 46
130 and UP 7 Very Wide 60 50

Above from NEKA Standard FA1-1973
Example: A floodlight with a rectangular beam pattern such to 756 horizontal,

35* vertical, would be designated NEMA Type 5x.3

ELEMENTS CONTROLLING EEAM SPREAD
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IfS "Type" classitication Comm;eq of Dietriloulkons Almye Maximiumn
Candlepanwer.

Type 1: 14 maximum candela line centera the are:% on Culufl. A luminatre light distribut ion is desig-
both sides of reference line (zrow MH LRL) and r* au lali cuItivn whesno thnerieandlor pxerd2 1000
mains within the area bounded by [-0 NIH LRL on aphmndo-otuerclyxed2521
both house .and street sides in tse trmnaywse sa*n of perct, C ftct aitAi anric oi 910 decrme above natiir
Max-MuM candgla.. I honzontlni , and HM)i (10 per cent i a a v-ertical

at;ic. oi W0 degrees above na-ir. This appLies to ansy
Type IT: 'A msaximums candela line does not cross lateral A11qie arokind the luininsire.

the 1.73 NIH LRL on the street side in the taaaeme
:=e of maximuma candela. Semieptleff. A ;urninaiec li'ght distributijon is dea.

Type III: 'A maximtum candela line enters area ignated ais ,ersicutoff when tite candlepotrer per
bounded by the 1.75 MH LRZL to the 2.75 IMH LR.L 100U S;lt!) luiten t ces not nuineneaaliy exceed 50
on the street side in the tranivezae zone of maximuam 15 per e-,,I) a, arn an;le of W0 degree- aI,.,se nadir
candela. fihorxaontall ;ands 2W~s Q10 per cvnt) at a verticul an-

gle oi 80 aegreeý sabve nadir. This app~ime to any
Type IV: 14 maximum candela line crosses the 2.75 latcral angle around the lutinnAire.

NIH LRL in the tsanavoemage o of maximum
eaudZIa. Nonculaff. A lumrinaire light diatribution is desig.

Type V- NW"cn the pattern has circular sy'nmseu of natcd as rioncutoff when thecre is no candlepower
cande~a distbudon and is essentially tse same at all limimaton in the zore above mazinvintans~dlepowec.
lateral angles.

'X<5ereq Zd L

IRS CLASSIFICATION: TYPE 11, MEDIUM SEMI CUTOFF

*C -fe LUNIMIREx~
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TYPES 1 "r3 TYPESr M= 62
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70 V0 view
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Preferred Wadth 150
Acgllteei. Rea*li so* FOUR WAY TYPE I
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5-8 Computer Format. The computerized lighting analysis

performed for this study was based on point by point formulas similar
to the format shown in Figure 10. Each lighting arrangement evaluated
required entry of input data pertaining to the type, location, and
quantity of luminaires to be used, the component of illumination to

be calculated, and the configuration and location of the illumination
grid to be printed out. An input sheet for the approved taxiway

lighting configuration is examined on Sheet 3 of Figure 20. Sheets
1 and 2 list the steps involved in the computer calculation process.
A printout of the complete program can be found in Appendix A, Attach-
ment 13. To calculate the illumination at each point on the grid the
contribution from each source has to be determined, resolved into
components, and added to the subtotal. The most complex phase of

this process involves determination of the light intensity applicable
to each contribution. The appropriate pair of candlepower angles must
be determined in each case by a technique employing direction cosines
(Note Figure 21 and 22). As can be seen from Figure 22, the angles
required and thus the value of intensity (candlepower) will be dependent
on the type and orientation of the programmed luminaire. Candlepower
data for a particular luminaire must first be entered and placed in
storage. The computer will then copy the data into its memory whenever
it is processing a trial in which that luminaire has been specified.
The reference coordinate formats applicable for entering data are
shown in Figure 23 for typical luminaires. A common format has been
applied to both the horizontal polar axis and the vertical polar axis

form of test data. The industry in contrast uses a distinct format
for each of the two tests. The corresponding industry notation
equivalent to the Corps of Engineers format is identified in the
figure. Figure 23 also identifies the reference coordinates
utilized when entering luminaire orientations. Appendix B contains
a listing of all luminaires filed in computer storage to date, both
by the computer identification code and by category. A copy of the
actual candlepower data applicable to each luminaire is included.
Because of the interpolation technique used, it is necessary that values
be entered at the extreme candlepower angles for the vertical polar axis

luminaires. This means that values at 0* and 360* horizontal have to be
listed or that the entries at locations such as 3550 and 5* have to be dupli-
cated at -5* and 3650. The latter approach was usually taken for the
luminaires listed in Appendix B. It is also necessary to enter
a value at 900 vertical. Since this location corresponds to the
polar region of the candlepower web, with the test procedure
converging to a point, the value will be the same, or very nearly so,
at all angular coordinates of 900 vertical from 0* horizontal to 900

horizontal.
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SUMMARY OF PROCEDURE*

Step i. The user enters input data. The luminaire ide~tification code
plus variables pertaining to location and orientation must be typed in
per Section 2 on Sheet 3. One line of data must be entered for each
luminaire used. The grid parameters selected for the illumination
calculations must be entered per Section 3. Other input is noted in
Section 1.

Step 2. The computer determines the location of the first point in
the grid per the boundaries and increments specified in Step I.

Step 3. Using direction cosines, the horizontal and vertical
candlepower angles applicable to the specific point are computed
for the first luminaire listed. The computer will select either a
horizontal polar axis calculation format or a vertical polar axis
format (See Figure 11) per the "H" or "V" code applicable to the
particular luminaire.

Step 4. The computer then searches the candlepower table for the
nearest listed angle above the horizontal angle determined in
Step 3 and the nearest listed angle below. The two nearest
spanning angles corresponding to the vertical angle of Step 3
are also located as a part of the same process.

Step 5. Applying an interpolation process to the four candlepower
values of the Step 4 angles, the computer determines a relatively
accurate approximation of the light intensity directed at the point.

Step 6. Direct illumination is calculated using the value of candle-
power obtained in Step 5 and the luminaire parameters entered in
Step I. The direct value is resolved into either a horizontal fqot-
candle component or an X or Y vertical FC component per the instructions
entered in Step 1 for the first grid.

Step 7. The processes of Step 2 chrough Step 7 are repeated for the
second luminaire and in turn for every luminaire that was entered in
Step 1. The FC contribution from each liminaire is added to the
value obtained in Step 6. The final result is placed in storage
pending printout instructions.

Step 8. The procedure of Scepa 2 through 8 is repeated for the second
point on the grid and in turn for every other point in the grid. The
process is initiated at the point having the lowest "X" and "Y"

coordinates proceeding progressively to the point having the next
highest value of "Y" coordinate. After the highest magnitude "Y"

COMPUTERIZED LIGHTING ANALYSIS

Figure 20
Sheet 1 of 3
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located has been processed, the calculation procedure shifts to the

row having the second lowest "X" coordinate again proceeding from

the point of lowest "Y" coordinate to the point of highest "Y"

coordinate. Calculations are also made to determine the total
footcandles on the grid, the average footcandles, and the uniformity
ratio.

Step 9. The procedure of Steps 2-8 is repeated for the second grid and
in turn for any other grids specified in Step 1.

*See Attachment 14 fcr a more detailed description of the computer

analysis and the equipment used. A copy of the program itself consti-

tutes Attachment 13.

Corer X =A

"" IV" a ." a'1. _ ,1 . -, ,_ ,. _

V / / "/ t." yl /"c

ILLUMINATION GRID PARAMETERS

(Refer to Attach. 19 & 20 also)

NOTE: Corner 4 coordinates are computed tutomatically. For horizontal

grids (ZI a Z2 w Z3 - Z4 - k) only corners 1 and 2 need be entered,

3 ard 4 will be calculated automatically.

COMPUTERIZED LIGHTING ANALYSIS

Figure 20

Sheet 2 of 3
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5-9 The Modular Approach to Lighting Analysis. Computer aided
evaluations of different lighting schemes, such as those examined in this
study, can be performed using a modular approach.

5-9.1. Single Row Format. In a pole line of infinite
length, light distribution patterns around any one individual pole
will be symmetrical and equal in magnitude to those around any other
pole. Axes of symmetry will be the centerline at each pole (normal
to the pole line) and the midline between any two poles. It is
possible therefore to select one pair of poles and establish a test
grid extending from one of the poles to the midline. Measurements
can be taken within the test grid and if criteria minimums are
satisfied for this grid, they will be met in all other grids. In
performing a computer analysis a 6 pole module can be established
with a test grid in the center. The critical points on the test grid
are the upper midpoint (UM), the lower midpoint (LM), the upper
centerline (UCL), and the pole. The upper midpoint is the weakest
grid point for most configurations, the area under the pole usually
will be comparatively strong. The 6 pole module approximates the
infinite row configuration with sufficient accuracy for practically
all applications. The additional contribution from an 8 pole module
could add 1-2% to the illumination at the midpoint depending on the
mounting weight, pole spacing, etc. For all practical purposes the
characteristics of the 6 pole module are repeatable. It can be used,
in building block style, to assemble a row of any length desired.
Since essentially only one pole contributes to the illumination at the
midpoint at the ends of a row, supplemental luminaires may be required
unless there is an adjacent lighting sector that can contribute (Note
discussion in Section 9-2 and Figute 36).

5-9.2. Area Lighting. For general area lighting an approach
similar to the single row format can be employed. Assuming luminaires,
in multiples of four, are equally spaced around a pole, the illumination
patterns will be symmetrical in four directions. For vertical footcandle
formats the distribution pattern will be directional (See Figure 24 for
illustration). For a vertican footcandle format, the weakest point in
the lighting module will be tne upper midpoint of the test grid located
at the center of the module. Changing module size from 4, to 6 or 8,
to 9, and to 12 or 16 poles will have definite effects on the illumination
at this point. Increasing the size beyond 16 poles will have minor
effect on weak point illumination. A 12 pole module can be used, in
building block style, to form an area of any size. Distribution patterns
are symmetrical in all test grids, but those just inside the outside rows
or columns will be slightly smaller in magnitude. The upper midpoints
at the four corners will require supplementation (See Figure 37 for
examples). The above relationships are valid for a vertical footcandle
basis. If illumination were horizontally based, the weakest grids would
be on the outside, the strongest grid would be the center one.
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5-9.3. Evaluation of Data. An extensive number of
computer trials were performed in the course of this study. Nearly
all of the trials used in making comparative analysis utilized a
i pole module if for a single row application and a 12 pole module
for general area lighting. The three critical points (UM,LM,UCL)
of the test grids were checked for aaherence to criteria. Grids
were computed in two formats - one, corresponding to the exact
borders of the test grid, was utilized to determine the applicable
uniformity ratio, for the second, an augmented version of the test
grid, the printout data extended slightly beyond the test grid so
that symmetry could be checked. The test grids, having relatively small
increments between rows or columns of illumination points, served
to delineate the isofootcandle patterns (see Figures 24, 25, & 26)
characteristic of the particular configurations. A grid which
encompased the entire module was also included in many trials. The
row and column intervals in this instance were selected to correspond
to the pole and critical point locations, or multiples thereof.
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6. FOOTCANDLE PRINTOUTS OF TYPICAL ARRANGEMENTS. The methodology
of the computerized calculations and format for entering input data were
outlined in Fig. 20 and discussed in Section 5-8. The results of buch
calculations have been printed out in the form of illumination grids,
such as shown in Figures 25 and 2b. Figure 25 is an example of a perimeter
lighting configuration. Zach location on the grid can be identified in
terms of a "X" and "Y" coordinate. The height of the grid plane in relation
to ground level is defined by the "Z" coordinate. The figures at each point
represent horizontal footcandles, maintained. Figure 26 provides an example
of an area lighting printout. Each grid point represents vertical footcandles,
maintained, for a 2700 measurement basis. For convenience and consistency,
the decimal point of each footcandle figure was selected as reference for
spotting poles, delineating grids, and evaluating compliance with criteria.
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7. ECONOMIC ANALYSIS OF PERIMETER LIGHTING FORMATS.

7-I General. The approach to perimeter lighting used in 1975
prior to surveillance TV considerations, was based on glare projection
toward the intruder. The floodlight type of luminaire was most compatible
to that type of lighting philosophy. An extensive number of trial
lighting configurations using floodlights were formulated and evaluated

with the aid of the computer in 1975. Those configurations that satisfied
photometric criteria were then analyzed economically, both individually and
on a comparative basis, using a separate computer program. Results are
discussed in Section 8. (Note: The lighting program used for these 1975
computer trials utilized a partially inaccurate technique for determining
candlepower angles. The error would affect portions of the footcandle
grids and this could change the total costs of individual schemes
somewhat. However the adjustment would be proportionate in each
case and could not affect the relative standing of any one scheme
in the overall ecomomic comparison).

7-2 Factors Evaluated. All significant factors bearing on

cost were considered both initial (materials and installation and
annual (operating, maintenance and annual ownership). A 10 year
life was assumed. These factors are described in the following
paragraphs.

7-2.1. Initial Equipment Investment includes costs for

luminaires, lamps, ballasts, poles and foundations and accessories,
electrical distribution including controls, standby generators, and
UPS (uninterruptible power supply) for some High and Low Pressure
Sodium lighting arrangements.

Wood poles were selected for cost comparisons due to their relatively

low cost. See Table IV for cost analysis (1975 figures).

TABLE IV
POLE SELECTION - 30' HIGH

Description Alum. Pt'd Steel Gal'd Stl Wood

Pole 473 312 332 70
Brackets 40 32 40 --

Crossarm & Brace -- -- -- 25
Foundation 50 50 50 --

Erection, Pole
Luminaire 120 120 120 120

Painting -- 20 -- --

683 534 542 215

Overhead & Profit Xl.3 X 1.3 X1.3 XI.3

"•888 $694 $704 $280
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TABLE V
COST COMPARISON OF OVERHEAD PRIMARY ELECTRICAL VS

UNDERGROUND PRIMARY ELECTRICAL

Based on 80 acre site with one mile of Electrical Distribution and two
300 KVA 30 transformers. (1975 figures)

Total Site
Item Unit Cost Quantity Cost Cost

Overhead System

Overhead Primary electrical
Distribution 4 #4/0 ACSR $7.95/LF $41,980

3-100 KVA Pole Mtd
Transformers $4,200/Ea $ 8,400 $50,380

Underground System
Underground Primary Electrical

Distribution 15KV, 3 #2
Copper with 1#2, 600 Volt
Copper, Concrete Encased $17.50/LF $92,400

300 KVA Pad Mtd
Transformer With
Hardening $7,500/Ea $15,000 $107,400

Underground primary and secondary distribution system was selected
for security reasons. See Table V for relative costs of overhead
and underground dijtribution. (Note: This analysis is based on
secondary distribution in conduit. Subsequently it was decided that
a direct burial cable system would be acceptable in lieu of the secondary
duct system.) Distribution from point of automatic transfer is either
underground or hardened.

Standby generators are sized to carry total connected load. In
combination schemes with quartz and sodium, generators must be large
enough to supply energy to both light sources during restrike period.

UPS system costs includes 15 minute battery backup and will supply
power during standby generator startup period.

7-2.2. Initial Labor Estimates include contractor costs for
installation of poles, luminaires, electrical distribution, generators,
and UPS.

7-2.3. Illumination Calculations include pole spacing (ft.) and
area (acres), maintenance factors used, design footcandles and unit cost
per foot or acre. A utilization factor was not programmed in tests so
is shown as 0.00.
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7-2.4. Annual Cost include energy costs, generator fuel costs
and replacement lamp costs. Also listed is total connected load and
total KW/hr consumption per year.

7-2.5. Annual Maintenance includes costs for relamping, cleaning
and general repair to all system components.

7-2.6. Annual Ownership and Operating Cost combines the
initial cost on an annual basis with maintenance and operating costs.
Also provided is a unit price per foot or acre.

7-3 Comparative Costs. Copies of the computer summary sheets
have been provided to conveniently show relative costs between schemes
(see Figure 27 or Appendix D, Sheets 1-6). They can be used to make the
following pertinent comparison:

a. 100% quartz, single fence, schemes 1, 2, 3, 4, 5.
Lowest relative cost is Scheme 1.

b. 100% H.P. sodium, single fence, schemes 6, 7, 8
and 9. Lowest relative cost is Scheme 8.

c. 100% L.P. sodium, single fence, schemes 10 through
17. Lowest relative cost is Scheme 10.

d. Single Fence. H.P. sodium without UPS (Scheme 18)
versus L.P. sodium without UPS (Scheme 22) and 100% quartz (Scheme 1).
Lowest relative cost is Scheme 22, low pressure sodium.

e. Single Fence. H.P. sodium with 100% quartz backup
(Scheme 19), L.P. sodium with 100% quartz backup (Scheme 23) and 100%
quartz (Scheme 1). Lowest relative cost is Scheme 19, high pressure
sodium.

f. Schemes 26, 27, 28 compare 100% quartz, 100 HPS
and 100% LPS with double fence layout. Lowest relative cost is Scheme
27, high pressure sodium.

7-4 Program Format. The summary sheet format shown in Figure 27
is a condensed version of the longer format used in the individual
analysis (see Figure 29 for example). The key to the computer program
used in the 1975 perimeter lighting analysis is shown in Figure 28.
A modified version of this format is shown in Figure 30. This is a
general format which could be used on any project. Figure 31 is a
work sheet for use when entering data. Since the computer recognizes
the input data only according to relative position, there must be
an entry corresponding to each line, either in fractional or integer
form. To instruct the computer to ignore a line item. the user must
enter "000".
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.. 4C .__LP1
0

5 $. 0 __________ 2t0.00 . .0o-.aa 90, 0 0 - -0 .. 0_____ 0 00
le. TOTAL INIT EOUIR INCL LAMPS 74360.00 97460.00 56320.20 141410.20 11649b.20

II I-N-ITIf AL L-AB 60iEs &TIMAES

20. NJET LAAOS. POLESý - LUNINIr4ES -2665b0.00 2--60.00 0450 87.0 2450
- 21. _LAROO ELECT('ICAL DIST01!LION.____ 517S.00-____7200 .04 ____ SO9.00___ 9'.____29.0

2.TnT'L INITTAL LAý014R 35075.00 36060.00 25031.20ý 692s.Z 5aA.2
2.TOTAL ITILIACTN 263535.00 288240.00 235751.40 210011.40 174347.40

24. PELATIVE 1HIT1AL:INvEtS1'ENT 1.9a 2.14. 1.77 1.56 1.31

',. TOTAL-sisieFWmw - 35'. - 8. 39. Z40. 173.
32. __TOTAL ENERGZY KwI'4/EAR 1.38000. 192000. 355&&0* 15 I9460. 1SA120.
36. OE-ANO CHIARGE PER YEAQ 0.00 0.00 0.00 0.00 00
37T. ANNUAL. Kw" COST 70.0____ ____________

3?ý. DIESEL FUEL COST 55.?0 76.80 62.1% 383.78 276.S8
60. EPý'AgEtENfT LA14P COST 1216.60 - 0689-.0- 2572.60 2602.9s 2600.9,

44. EI.A.4RIN G7E COS LAPI AO6 736 256 2i?.301 232.30"
.- 4?. CLEANINt.i COT-18R186 ____3.715119.81 419.1

50. PAINTING COST -LA809 0.00 0.00 0.00 0.00 0. 30
SI. __EPLACEMENT PARTT. PAINT. ETC. 702.ss 921.40 S12.2q 1363.08 1095.18
5?. TOTAL ANNUAL mAINTENANC- COST 05-3. ' 13-99831-00.7 773
93. ANNUALOPEPATING COST 5023.58 6933.33 t8636p.90 8171.20 7733.69

VANAAI C OWN E FS0IP- * OPERAIVN -4FC OS 1

5. IOO OWNEiS;HIP C-OST I6958s.Ts li82s'.52 10820.83 2 A 405S. 43 2 2?36 ,7.8 r
56. ANU~l OWNRSHIP* OP0NG OST _ _.J 93.6 25 8.5- 17465.13.. 370763 3151.5

Vii. RELArE CSSFLIGHT

59. CC.ATIVE COST EACLUDI-NOFIAC 13 18 17 2.19 2.07,
60,.2~~IIAT1VE29IAL~~~1.1 2.49___ .9____...J-

eu-p~ '



U.S. ARMY CORPS Of ENMIONEMRS.0i86146 DIS5TRICT

EC3NOMIC c aMP A aS IOsdN-

__________________________________ EQImeTEQ PEr.IMETEA PEI"ETUER 0I-ETEP PERP.ETER
LI(,4tING LIGHTING LIGWTING 1.1 NT ING L LId-iING-

______________________________________ 2 2 26 SCP#E.. 25

1, 1-41TIJ EQUIP!*NT IN ETmENT L) Ps LP4 .s-

*____ IUANT I TlY-ALU~tNA IQE. j3S _ J2 30 _ 3Z0 .00
3. LUMINAIRE COST TOTAL 40602.00 6368D.00 56060.00 S4060.00 3TI 0.00
&,__QUANTITY_ OF POLEc 67 80 8p so--0
Q. POLE - FOUNDATION COST TOTAL '0690.00 5600.00 5800.00 5600.00 46600.00

14A._LECTPICAL_ OISTP10UTI0P4 27872.00 4680.00 52480.00 3"40.00 24440.00
14A. STANORY GENERATOR COST 273691.08800 60.0 31008.00 2'200.00

-14z. p coslt ____________...00Q.. 0 a a0,00 _ _ 0.00 0.00
16. TOTAL 1811 EOUIP INCL LA

4
PS 104S60.20 60666.00 162068.00 13224%.00 119068.00

If. INITIAL LA80A ESTIMATES

20. NET LASPOR POLES - LU41NALRES 30&95.00 17200.00 29200.00 2920D.00 31400.03
?I. LA9OQ ELECTRICAL OISTQIIUTION _20406.00_ 3360.00 393h0.00 273&.0.00 213-0.00
"2ý?. TOTAL I4ITIlAL LA

TM
OR 5'176.?0 2100A.00- 73808.00 6020A.00 5580A ^q

?3 . TOTAL INITIAL INVESTmENT _______. 8.5A36.40 05820 385.0 129.0 173aEf
2'. f;ELATfvE ZNITZAL INVESTMENT -1.1i 2- 1.19 1.77 1.46 I

31. TOTAL SYSTEM Kw 13R. 22. 262. 182. 142.
--1. TOTAL ENEPiTY KVH/YEiR 257650. 89600. 96600. 92800. 42000.

36. DEMAND CHAWGEPER YiEkA 0.00 0.00 00 .000
____31. ANNUAL _K CO.Srý 3169.00 ____

370. DIESEL FUEL COST 222.96 35.R6 '19.84 a 21.8 2.8 4

6.0. QEPLACEM!ENT LAM!P COST 2612.00 921.60 957.60 955.20 9AA.40

V, ANNUAL -MAINTENANCE. LABOR M ATERIALS

24 EAPN OT LHR?3 !. 73' 170.67 174.67 178.67 142.67
47._.CLEANING COST -_.ABO0.. ... ~..S2.t3 ____236.. 1 550.6? S50.67?O.6.

0 . PAINTING. COST -L&ROO 0.00 0.00 0.00 0.30 0.00
____51, PFjPLACE-ENT DART'- PAINT. ETC. ____90,8.55 . 7a8 26.8 1271.6@ 1710.4@

S?. TOTAL A&NNUAL H-AINTEHANCE -COSýT 1756b.6 961.0 2 97 .0o I - 01.01 -2011I. a1
S3-L ANNU!Al. ERA! I?10&Qý 7L 76ý3 L)) a j5 2Sj 0

VI.ANUALOMEAI4I *OPEATNGCOST

56. t NyUAL OvNERSiIIP OP*ING COST 21885_ .'S2 3062 37165 88.1

VII. OELATIVE COSTS OF LIGMT-

$9. RELATIVE COST -ci-cLUDING FIAE'D 2.0? 1.00 1.-,9 1.37 1.35

7z 2



I~ ~ ~ ~ ~ ~15 IPM CORPSIH 0al IllO II II-R -IId D Im I I s lii Iil IIII-llllll

PCONIC(M I 'PARI SION

PER•IM4ETER PER IMETrEA ?EýtIrETER
LL~hj[ ING LIG.H ING LIGHTING

SCHEM•E 26 SCHEME 27 SCHEME 28

1. 1:11TIAL EQ UIP M4ENT INVESTMENT /1011,2 & 4RT7.z li )D/J ýtp 5 jo t; P•

1. QUA.NilTY Or: LUM4INAIRES 160 luO " 14

2-.-L 1:CIAl2E CU EST- IAT OuTAQ __O 25000.00 48240.00
4. QUAiJI-TY OF POLES loo 100 134

______, _JLE, +F')UJL)ATIION CST TOTAL 11200-00 7000.00 9380.00
14. ELECTRICAL DISTRIBUTION 4d000.00 1 1t5 00 0• O--O

_ A 3 LýDEY GLNEI.RA7OR COST 40800.00 9775.00 6834.00
14C. UPS (.•OST 0.00 350-- 24120.00

-- I _. -. Tc ALL-_N PQUIJP IlrLLIAMPS 112800.00 91675.00 l01036.00
17. RELArIVEIAIT EQUIP INVESTMENT 1.23 1.00 1.10

_I I 1:IT1AL LAdO_ ESTIMATES

2__20 .. N ETLLA3.0 a. -P U.L Ea-_L±sU M IN A-' IRESL3 W36dQ A uO 2C0.O0 30820.00
2?. LA8(,' ,LECkhICAL DIISTRIUUTI(GN 36000.00 o625.00 6030.00

_22 .__T.ALA~v JLBAFR 77o 00.00 37375.00 40870.00
23. TrOAL INITIAL IcIVESTME1r' 190400.00 129050.00 141906.00
2 ,.. L'AjIV, INITIAL INVESTIENT 1.4a 1.00 1.10

1Y.AJ1ILL C0515S

---1,I LSYSTEL'J 240. 5d. 40.
33. ;T.YAL ENERGY Kd1/YEAR 96,0000. 23,0000. 16P0800.

"_5. ND CHAtiGE PFE2 YEAR 0.00 0.00 0.00
37. ANhNAL .,iti COST 19200.00
_ _7 __.L Er F!L___SI 384.-00 92.00 64.32
40. REdLACEMENT LAMP COST 7200.00 1440.00 1415.04

I. ANNUAL MAINTENANCE. LAL()R + MATERIALS

.. ___44 P-Lzl,% U -LASOR I 0O0. 00 123. 0d 142.93
47. CLEANING CoST - LA3O)R 0.00 13d.46 196.53

.LA(R 0.00 0.00 0.00
51. rEPLACEMENý PAkTS, PAINT, ETC. 1104.00 377.75 96-6,:
52. TOiAL AltNUAL '4AilTENANCE COST 2704.00 1139.29 1305.61
53. ANNUAL OPER AI21 COST 29463.W 1271.29 " (' y0 I

¢ , AA P + OPERATI,.G COST

55. FIXED oeINERSHIP COST .. 6696.00 17771.30 19522.73
56. ANNUAL OiiNERSHI? + OPJ'I4G-CIOST 56Tho4.00 25042.59 25523.6Y

-ýf'-. RPLATIVE COSTS F)_jLHT

5?. RELATIVE,CobT EXCLUDING FIXED 4.91 ;.21 1.00
)0. rýELAZIVE iTOTAL CrSfr 2.24 1.00 I.O2

_~LJ~:

.73•u•- :-

I I ... I I-'m



7-5 Miscellaneous Considerations. The vertical footcandle
based criteria used for the perimeter lighting in 1975 favored a
low mounting height of approximately 4 ft. The cost savings of a
5-foot mounting height over the 15-foot mounting then called for was
approximately $1.00 per linear foot. The interference with operctions

in adjacent areas and to pilots from glare due to the corresponding nigh
(almost 90*) vertical aiming angle would have been significant however.

All photometric and economic analysis is contingent on the time period used
for the operational life of the lamps. The maintenance factor is in turn
determined based on that period. For the security lighting application
of this study group relamping was assumed when 20% of the total lamps
would have been spot replaced. (Refer to Table LII and Figure 8).
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1975 PERIMETER LIGHTING
KEY TO PROGRAM FORMAT

I. INITIAL EQUIPMENT INVESTMENT

I. Quantity of luminaires Given
2. Luminaire cost each Given
3. Luminaire cost total 1 x 2 (Step i x Step 2)
4. Quantity of poles Given
5. Mounting Height Given
6. Pole and bracket cost each Given
7. Pole cost total 4 x 6
8. Foundation cost each Given
9. Pole and foundation cost total 4 x (6+8)
10. Quantity of lamps per luminaire Given
11. Quantity of Iamps 1 x 10
12. Lamp cost each Given
13. Lamp cost total 11 x 12
14. Electrical distribution ($200)*x 31
14A.Cost of standby generator ($170)*x 31
14C.Cost of UPS (Uninterruptable

Power Supply) ($750)*x 1 x30
15. Total Initial equipment less

lamps 3+9+14+14A+14B+14C
16. Total initial equipment

including lamps 15 + 13
17. Relative initial equipment

investment 16/Lowest system value

II. INITIAL LABOR ESTIMATFS

18. Pcle erection and painting Given
19. Luminaire labor cost Given
20. Net labor, poles plus luminairea (4x18) + (1xl9)
21. Electrical distribution, labor ($150)* x 31
21A.Labor cost, standby generator (S20)* x 31
21B.Labor cost, UPS ($iOO)* - 1 x 30
22. Total initial labor :20+21+21A+21B
23. Total initial investment

equipment and labor 16 + 22
24. Relative initial investment 23/Lowest system value

Figure 28
Sheet 1 of 4
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III. ILLUMINATION CALCULATIONS

25. Spacing or area Given
26. Utilization factor Calculated
27. Maintenance factor Given

(Percent lumen depreciation at
time of group relamping x dirt
factor.)

28. Average maintained foot-candles
per design criteria Give = .5 FC or 2.0 FC
(Vertical for area lighting
measured 3'-0" above ground
level and approximately 2.0
FC Vertical average 3'-0"
above ground level for
boundary lighting.)

29. Initial investment cost per
lineal foot or acre 23 25 x 4
(Either Step 23 or Step 25 x
Step 4 -!ill be entered into
program depending on whether
perimeter lighting (linear
feet) or area lighting (acres)
is being examined.)

IV. ANNUAL COSTS

KW per liminaire Given
30. KW per luminaire Given
30A. KW for UPS power loss Given

(25% x Step 30)
31. Total system KW I x 30 + 30A
32. Annual operationr Given

(4000 hrs for boundary lighting
and 200 hours for area lighting.
4000 hours selected for boundary
lighting compares favorably
with the Air Force computer
analysis (See Attach No. 16) of
lighting required at 28
separate bases. The Air Force
analysis averaged 4089 hours with
full 2 FC horizontal illumination
maintained under cloudy sky
conditions.

The 200 hours for area lighting
is based on 5 percent of the
hours of darkness and is estimated
to be a maximum average figure
and includes a weekly 30 minute
test load on standby generators,

Figure 28
Sheet 2 of 4
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daily operation and inspec-
tion tests, time for alerts,

construction operations and
loading and unloading operations.)

33. Total energy KWH per year 31 x 32
34. Energy cost per KWH Given

($0.02/per KWH is used for
energy cost in this study.
Present (Aug 75) average Air
Force costs are $0.014 /KWH and
expected to increase.)

35. Demand charge/KW/month Given
36. Demand charge per year 31 x 35 x (12 months)*
37. Annual KWH cost 33 x 34
37A. Diesel fuel cost/gal S0.40
37B. Fuel consumption rate

Gal/KWH $0.08
37C. Diesel operating hrs/year 50

(Estimate of weekly tests and
emergency operation)

37D. Diesel fuel cost 3lx37Ax37Bx37C
38. Group relamping period Given

(From lamp curves where spot
replacement approaches 20%
or lumen depreciation drops
20% or more

38A. Rated lamp life, hours Given
38B. Portion laiaps spot-replaced Given
39. Quantity replacement lamps 11 (1.0 + 38B) x 32/38
40. Replacement lamp cost 39 x 12

V. ANNUAL MAINTENANCE, LABOR & MATERIALS

41. Cost of labor $/manhour $10.00
42. Group relamping timr naire .3 manhour

(including cleanii
42A. Spot relamping tim aaire .5 manhour

(Aincluding cleaning)
43. Group relamping/year/luminaire 32/38
43A. Spot relampings/year/luminaire 38B x 43
44. Relamping cost - labor lx4lx(42x43+42Ax43A)

45. Cleaning time/luminaire 0.2 manhour
46. Cleanings/year/luminaire 1.0 - 32/38

(If negative, Step 46 0 0)
(Assumes one annual cleaning.
Where annual operating hours
exceeds group lamp repalcement
fixtures will only be cleaned
at a time of group replacement.)

Figure 28
Sheet 3 of 4
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47. Cleaning cost - labor lx41x45x4E'
48. Painting time per pole Given
49. Paintings/year/pole 0.2
50. Painting cost - labor 4x4lx48x49
51. Replacement parts, paint, etc. 1% x 15
52. Total annual maintenance :44+47+50+51
53. Annual operating costs 36+37+37D+40+52
54. Annual operating cost per

Lineal Foot or acre 53/(25x4)

VI. ANNUAL OWNERSHIP & OPERATING COST

55. Fixed ownership cost 14.2% x (15+22)
(Cost % - i (l+i)n

(i+i)n-l
i = interest at 7%
n - functional life at 10 years
Note: It is assumed lighting
system will be obsolete in 10
years due to technical advances
and/or change in mission. It is
further assumed cost of salvage
will equal salvage value.)

56. Annual Ownership and Operating
Cost 53+55

57. Annual Ownership and Operating
Cost per linear foot or acre : 57/(25x4)

*All figures in the parenthesis identified by asterisks represent items

which were calculated internally (in the computer program) and which would
not appear in the actual printout.

Figure 28
Sheet 4 or 4
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U-5.S. ARMýY CORPS dF ENUIN~ERST OkAp1AW!*5TRI

ECONOMIC COMPARISION

. IETER TEST 50 2X500w QUARTZ HI00 V93
LIGHTING 60 -EGREE AIMING

HcE0•R. HORIINTA_. T .OSITION 60 135 DEGREES

2X500W OTZ
Q500WMGE

TOTAL FOR 60 FT SP
SYSTEM 15 FT MTG

I. INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 268 268
2. LUMINAIRE COST EACH 42.00
3. LUMINAIRE COST TOTAL .11256.00 11256.00
4o QUANTITY OF POLES 134 134
5. MOUNTING HEIGHT 15.00
_6_q_ PP ._BAC•ET COST EACH 70.0o
7. POLE COST TOTAL 9380.00
S. FOUNDATION COST EACH 0.00
9. POLE * FOONDATION COST TOTAL 9380.00 9360.00

In. OTY LAMPS PER LUMINAIRE I
11. QUANTITY LAMPS 268
12. LA'IP COST E'CCH 13.00
13. LAMP COST TOTAL 3484.00 348F,00
14.___ELECTRICAL DISTR.IBUTION 26800.00 26800.00

[IA. STAN'BY GENEPATOR COST 22780.0b 22780.00

1 C. liPs~STCOJ.. -... .0 0.00
15. TOTAL INIT EQUIP LESS LAMPS 70216.00
16. TOTAL INIT EQUIP INCL LAMPS 73700.00 73700.00

II. INITIAL LABOR ESTIMATES

i1, POLE EPECTION * PAINTING 155.00
19. LUMINAIRE LAHO_ 60.00
20. NET LABOR; POLES - LU4INAIRES 36850.00 36850,00

_____ .iL__LABOR ELECTRICAL_ DISTRIBUTION 20100.00 20100.00
21A, LABOQ STANDBY GENERATOR 261i0.00 2680.00
21Q. LABORU•S 0.00 0.00

22. TOTAL INITIAL LAROR 59630.00 5963U1.00
23. TOTAL INITIAL INvESTMENT 133330.00 13333u.00

III. ILLUMINATION CALCULATIONS

25. SPACING OR AREA 60.00
26. UTILIZAT!ON FACTOR 0.00
27. MA-I NT ENANC' FCTV 64 081
213. O__ESIGN FOOTCkNDLE __S. 2.00
29. INII COST PER LINEAL FT t M 16.58 16.'8

71 '
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U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRi-

ECONOMIC COMPARISION

DERIMETER TEST 50 2x.00.w QUARTZ H100 V93
LIGHTING 60 DEGPEE AIMING

_._ u.H.M.OE_ .1 HR N 0.i .. 0 135 OEGPEES

TpTA_.LFQR 0 FT SP
SYSTEM 15 FT MTG

IV. ANNUAL COSTS

30. KW PER LUMINAIRE .50
3_A•K•W UP_ P_ 0..SJ.-S 0 .Q0
31. TOTAL.SYSTFM KW 134. 134.
32.A_._ANNUA L .OPEPATION__.(HOURS) 4 000___
33. TOTAL ENERGY KiH/'YEAR S36000o 536000.
3_, _NERGY COST PER KWH .0200
35. DEMAND CHAWGE/KW/'4ONTH 0.0000
36. 0DANI_.CHARGE PER YEAR 0.00 0.00
37. ANNUAL KWH COST 10720.00 10720.00

37D. DIESELFUEL COST 214.40 214.40
3R. GROUP RP-LAmPING PERIOD (HOURS) 1600.

38A. RATED LAMP LIFE (HOURS) 2000.
38H* PORTION OF LA4PS SPOT IREPLACED .20
-3..3<_OUANTITY OFREPLACEMENT LAMPS 804.
40. REPLACEMENT LAMP COST 10452.00 10452.00

__yV,__ANNUAL MAUTEYANC. LA.OR * MATERIALS

3. -- TROUP- REL AMPI NGS/, YEARL/.L UM..N.I R.... 2250
43A. SPOT RELAM.PINGS/YEAk/LU4INAIRE .5000

44.,RELAMPIr,4G COST - LABOR 2680.Q0 2680.00
46. CLEANINGS/YEAR/LUMINAIRE 0.00
47T.,CLEANING _COST -__L!BOP. 0.00 0.00
48. PAINTING TIME PER POLE 0.00
50o._ PAINTING COST - LABOR 0.00 0.00
51. REPLAiCEMENT PARTS; RAINT, ETC. 702.16 702.16
5?._ TOTAL. AN'NUAL_MAI N.TEtNANCE COST 3382. 16 3382.1L_6
53, ANNUAL OPEPATING COST 24768.56 24768.56
S4. ANNUAL OP"'4G COST PER FT OR-ACRE- 3.08 3.08

VI. ANNUAL OWNERSHIP * OPERATING COST

55. FIXED dwNERSHIP COST 18438.13 18438.13
56..t_..ANNUAL OWNFRSHIP _ OP" ING COST 43206.69 43206.69
s8. TOTAL PER LINEAL FOOT 4A=a;9SLE--- 5.37 5.37

712" -f W kq5 p 1%7, ; 'l

A.- J 'A4 "

cU



_________________J.5. ARMY CO IS SOF. FNCINEERS. OMA4AA DISTWI(

c~dci/oi4 ''-d ~ECONOMICCOMPARISION

1. 1141TIAL EQJUIPMENTINvEST,4ENT

______1. OUANTITY OF LUMINAIRE.S__ F_____
-=. _L UM INA IRE COS T F rCH ---

_______3. LU"INAItRE COST TOTAL____-
WUrTTYOFPOLE5-

6. P~OLE 6RACKET-COST-EiCH -
____ 7. POLE COST TOTAL ___________

t4-. - OUNUATION COST EACW ______

9. POLE * FOUNDATION COST TOTAL ________

11. OUANTITY LbtýP'S

13. LAMP COST TOTAL______ ZC
----- 1'LEECT-I,4CAL' DIS~TPIUTrON -

14A. cTANDRY GENEDITOP COST =

14 -cu-9S7 60 -T -
____ 15. TOTAL INIT EOUIP LESS LAM4PS___________

-1670-TTAL INIT EOUIP INCLTLAMVS5

Il. INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING

20. NET LAPOW, POLES * Lu4INAIRES
~~ ELECTPICAL DI ST;43uT ION---L-

2iA. LAPOP STANnRY GENJERATOR_
f R_. _LA~O Ui40PS
22. TOTAL INITIAL LAROR
2 ~ Oi7rTI !L -I NV E S T iN7

III- ILLUMINATION CALCULATInNS

2S. 0 R AREA-
;~ JTILIZL710-% FAC~P --

27. MAINTENANCE FACTnk f______________

26S.DESIGN FOOTCANiOLES ____

29 PEPI NL= 1VACER-E! \

oAc

815A ,I.. / i-



____________________ECONOMIC CONPAQISION

IV. ANNUAL coSTS

_______30. KW PER LUMINAIRE _________________________

30A---w U15S POWFR LOSS
31. TOTAL SYSTEM KW ___

33. TOTAL ENERGY KWH/YEAR________
~34?----E.EPGY COST PE -(WH ______

35. DEMAND CHA"RGE/KW/MoNTH _____________

36.' DEMAND CHARGE PEP YEAR I37. ANNUAL KWH COST-
-17A. C FLIELC0574A

37-9. uEIe- C041 /MPrI0 1j RAiT6 (6AL/Ae~ -

370. ,D[ESFL FUEL COST
_____3fk. c.ROUP RELWIPIN6 PER.IO' (HOURS) w

--1A. RATED LAmp LIFE (HOURS)--
_______38H. PORTION OF LAMPS SPOT PEPLACED ________

3Q.Q-IUkNTITY OF REPLACEMENJT LAMPS''
4I6, RPLACEMENT LAMP COST

V. ANNUAL MAZINTE~iNClE7TiiWOR * M!1'E-PffLSý-

41. Cor~ R*~d #y~ g -
4)-.GOUP PELAMPINGS/YEAQ/LUpINA jPE

434. SOOT qFLAMINI3S/YEa./LUMINAIPE
-.. W CEA -1-P IN COST 0'- L-:A f;-4

46.* CLEANINGS/YEAR/LU.4INAIRE

47-.--LEANjNG -COST-- ABdOW\\-i
48. PAINTTNG TIME PEP POLE 4

_______ 1. qE-PLACEMiEN PAPTqv PAINTo ETC.

-53. ANNUAL OPERATtNIS COST
!;f. ANNUAL OPIUNG6-O5YP-FER-fTOWAF-C-RE& 2

VI. ANNUJAL OWNERSWIP * OPERAT14G COST

57. FIXED OwNEPSHIP rOST
58. ANNUAL OWNFRSNI + ' "IG COS
$59. TOTAL PER ILINt:AL F50IU--MN

v~
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8. RESULTS OF PERIMETER LIGHTING ANALYSIS. The perimeter lighting
schemes outlined in Section 4-2.2 and 7-3 can be grouped in various
ways and different aspects compared. Figure 32 represents a relative
comparison of quartz, high pressure sodium and low pressure sodium
systems on a per year basis. Figure 33 lists actual costs of each
scheme on a 10 year basis. The figures it includes for the spill
light configurations mentioned in paragraph 4-2.2 correspond to the
HPS or LPS with UPS categories of Figure 32. Although this analysis
was conducted using floodlights, the comparison would be valid, on a
relative basis, to roadway cunfigurations also.

8-1 Summary. The schemes anlalyzed can be grouped into
four basic categories in suimarizing results: quartz versus sodium
vapor (high or low pressu. ) with UPS, with quartz backup, or with-
out either UPS or quartz backup.

8-1.1. All Quartz System. This system has the largest

annual ownership cost and consumes the most energy. Reliability of
system is good. Outages would be limited to the time it takes for a
standby generator to start up, approximately 25 seconds.

8-1.2. Sodium Vapor with UPS. This system has relatively
low ownership and operating costs and power consumption. Reliability is
good with no outages while the system is in operation. From a security
standpoint this is the best system.

8-1.3. Sodium Vapor Without UPS or Quartz Backup. This
system has the lowest annual operating and ownership costs and the
lowest power consumption. Reliability is fair. With loss of commercial
power, the H.P. sodium lamp wiLl be out during standby generator start-up
and will take up to 2 minutes for restrike. L.P. sodium will be back
to full illumination in approximately 2 minutes. Area lighting could
be turned on during restrike period to partially illuminate the boundary
area by spill light. This system does not meet criteria time limit on
outage. This arrangement is objectionable from a security standpoint
since security personnel inside the secure area would not be in relative
darkness compared to an intruder.

8-1.4. Sodium Vapor with Quartz Backup. This system has
relatively high ownership and operating costs and low energy consumption.
Reliability is good with outage only while standby power is starting,
approximately 25 seconds.
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8-2 Conclusions.

8-2.1. The 100% quartz system is the least desirable due
to costs and energy use.

8-2.2. Sodium vapor with quartz backup costs more than the
more reliable sodium with UPS system.

8-2.3. Sodium vapor without UPS, although the most attractive
from a cost and energy use standpoint, does not however meet criteria
relative to outage time. Temporary use of area lighting to furnish
spill light would be objectionable from a security standpoint.

8-2.4. Sodium vapor with UPS meets the criteria without power
outage, has relatively low cost and power consumption. This system has
lowest cost if the system of paragraph 8-2.3. above can not be used.

8-2.5. The low pressure sodium light source for one fence
and two fence configurations appears to be the best selection particularly
in the light of rising energy costs. However a L.P. sodium system
has the following disadvantages that are difficulc to effectively
evaluate:

a. A monochromatic light output that obliterates color
rendition. The yellow light requires "some getting used to".

b. Although there are now a number ot manufacturers
of L.P. luminaires, (roadway, floodlights, etc.) in this country (see
Attachment 7), major companies such as General Electric remain opposed
to it.

c. The light source is large and precise beam control
is more difficult to achieve compared to HPS and most other sources.

d. There is no known U.S. manufacturer of lamps. Lamps
must be supplied from foreign sotrces. This has impact on "gold flow"
and could affect availability under hot or cold war conditions.

e. Complete test data by independent testing labora-
tories was not available. The system is relatively new to the U.S. and
sufficient field data is no. available to substantiate all claims made
by manufacturers' representatives.
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8-3 Action Taken. The 1975 draft veision of the lighting study
recommended use of either high or low pressure sodium with UPS backup.
The high pressure sodium version received subsequent Air Force approval.
The low pressure sodium configuration, although somewhat lower in cost,
was rejected because of possible lamp replacement problems due to the over-
seas source. The scheme consisting of high pressure sodium without
UPS backup but using spill light from adjacent area lighting was
determined to be unsatisfactory since there would be ao light during
generator start-up and then only partial illumination until the HPS
source could build up to full lumen output. It was determined that
the interior area should remain in darkness for security reasons.
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9. DESIGN CONSIDERATIONS - FORMAT/OPTIMIZATION.

9-1 Area Lighting - Optimization.

9-1.1. Mounting Height. When illumination criteria is

based on vertical footcandle (FC) measurement, and there are no con-
straints relative to vertical aiming of the luminaire or uniformity
of illumination, the most efficient arrangement is to place the
luminaire at the same height as the object, line, plane, etc that
is to be illuminated per criteria. If there are constraints on
vertical aiming (see below), raising the mounting height will

increase the light projection in front of the pcle line (i.e. a
greater span can be illuminated to criteria levels). For most
situations, 40 foot is a practical limit to luminaire place-
ment. Above this height there is a pronounced escalation in
cost of poles and maintenance ("cherry pickers" can't be used).
Mounting heights over 40 feet are justified for applications such
as center sector lighting where poles must be located outside the
area that is to be lighted. The greattr the distance that poles
must be set back, the higher the mounting height should be.
The alternative is increased energy cost due to a greater
number of luminaires or higher installation cost for more poles.
Ten year costs favor higher poles. The lighting uniformity ratio
will also be improved by raising the mounting height (or by increasing
the pole setback in the case of center sector lighting).

9-1.2. Vertical Aining. As the discussion above indicates,
the most efficient configuration for a vertical FC format is to
mount floodlights at the same level as the objact(s) to be illuminated
while aiming the beam of the floodlight directly at the object. This
is equivalent to aiming 4t the horizon and corresponds to 900 vertical
in the aiming format (see Figure 23) used in the computer analysis.
This aiming angle however will also project the maximum amount of
glare and may interfere with the performance of pilots and Security
Police personnel. The IES Lighting Handbook recommends a maximum
vertical aiming angle of 60'. This will eliminate most of the
glare objectionable to the observer while still allowing a reasonable
extent of erea to be illuminated.

9-1.3. Beam Pattern. Wide beam patterns, in both
horizontal and vertical orientations, are most suitable for area
lighting. Most commercially available wide bean. 1500 W floodlights
have NEMA 6x5 (see Figure 16) beams.

9-1.3.1. The vertical beam spread could range
from 700 to 990 in width, although most 1500 W units available
tend toward the higher figure (500 W units have narrower beams in
most cases). Complete coverage is provided essentially from the
pole to the horizon. Since a large portion of the light energy

is above the beam axis, relatively wide pole spacing is possible
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(see Fig. 34). A narrow vertical beam unit would concentrate the
light, creating an intense "hot spot" at the 60* zone. Beam
control on narrow beam units is achieved by means of highly polished
(specular) reflectors which appear more intense to the observer and
will thus generate more glare complaints. The wide beam reflector,
however, has a diffuse surface making this floodlight inherently a
lower glare unit (Note illustrations in Figure 16). Narrow vertical
bcam units, since they concentrate their light energy around the beam
axis, are most suitable where narrow areas have to be lighted and
vertical aiming can be over 750. Taxiway gap lighting is an example of
such an application. See Par. 9-6.

9-1.3.2. The horizontal beam spreads on most
commercial units exceeds 1200. This rather wide spread permits 4
evenly spaced units to provide complete illumination around a pole
with a relatively high degree of uniformity. If a spread of 90*
or less is used there will be dark bands between adjacent luminaires.
For this application, a minimum beam spread of 115' has been stipu-
lated on definitive drawings. There are floodlights available in high
pressure sodium versions with beam spans exceeding 1400. When used in
high mast applications such as for interstate interchanges, the result
has been an exceptionally uniform illumination without discernible
weak spots.

9-1.4. Horizontal Aiming. A series of computerized
tests were performed to determine which of various aiming formats
provided the optimum resulLs. When using wide beam units, it is
most efficient to orientate 8, or 4, floodlights at 00, 90*, 1800,
and 2700 around a pole (00 is referenced from the "X" axis which
is aligned with the pole line). An arrangement using 8 evenly
spaced (450 apart) is less efficient. A configuration having a
pair of luminaires aimed 450, 1350, 2250 and 3150, horizontally will
be the least efficient. To achieve optimum performance in area
lighting an attempt should be made to create an essentially square
light pattern around each pole. The corners of the "square" lie
the greatest di tance from the pole and will thus be the most
difficult to illuminate. Selection of the "X" and "Y" axis for
horizontal orientations of the floodlights enables contributions
to be made from at least 2 units (4 & 8 luminaires per pole). It turns
out that the candlepower intensity directed at the corner is stronger
than that which could be obtained from a single floodlight aimed directly
at the corner. Another factor which also tends to work against the
second approach somewhat is that due to floodlight geometry the -7.8°
plane intersects the corner vs the prime (or 00) plane in the first approach.
(See Figure 35). As indicated in par. 1-3.2. above, these aavantages
could not be obtained with narrow horizontal beam units. Six or
eight aiming directions (and additional luminaires) would have to be
employed vs the four directions used here. The above rules are
applicable when light is to be projected in all directions from a
pole. When light is to be projected in one direction away from a
pole line, as in the case for center sector lighting, different formats
must be used. (See Discussion below in par. 9-2.3. and single row
application curves, Figure 40).
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9-1-5. Quantity of Luminaires Per Pole. From a purely
photometric standpoint, increasing the uumber of poles (decreasing spacing
between poles) will decrease the number of luminaires required for a
given application. There would be savings in total wattage and thus
energy costs. However those savings would be offset by higher installation
costs besides the objectionable features of a "forest of poles". For this
series of projects, the 8 luminaire per pole format was found to be
most suitable for large square areas and most rectangular areas (i.e.
multirow format). For long, somewhat narrow areas, the most efficient
format, 4, 6, or 8 luminaires per pole, would depend on the dimensions
of the particular area. Floodlights, for the purposes of this project,
are availabe in one size commercially, 1500W. It is not feasible
to adjust individual lamp wattages proportional to the dimensions
of areas to be lighted. The 4 and 6 luminaire configurations, in
some cases, may therefore be more efficient than 8 luminaires per
pole. Where illumination is to be projected in one direction only
and the pole must be set back from the area such as for center sector
lighting, more than 8 luminaires may be required per pole. (See par
9-2.3.).

9-1.6. Shielding. Use of floodlights with wide vertical
beam spreads will mean that in most cases there will be a small amount of
spill light above the horizon. This stray light could interfere with
pilots vision or could be a nuisance factor if residential areas are
immediately adjacent. Glare shields sulh as detailed in Figure 34
will cut off light above 80* and redirect it downward.

9-1.7. Spacing vs Mounting Height. When designing
area ixghting around criteria given in terms of horizontal footcandles
pole spacing should not, as a rule, be more than 4 times the luminaire
mounting height. As this ratio is exceeded the number of luminaires
required to maintain mimimum illumination will increase rapidly and

uniformity of illumination (on horizontal FC basis) will become
proportionately worse. When considered from a vertical FC basis,
it is desirable to keep mounting height low relative to spacing.
Uniformity, on a vertical FC basis, will be relatively good if
the area immediately under the pole is discounted. Since the
eye sees a combination of vertical and horizontal FC's, it is

desirable to avoid extreme ratios with vertical FC formats also.
A 10:1 ratio was the maximum obtaineo with the area lighting
configuration used in this series of projects; 6:1 or 7:1 the more
typical value.

9-2 Area Lighting - Site Format.

9-2.1. General. All area lighting formats were developed
using a 1500W quartz iodine floodlight with a 1EMA 6x5 beaa spread.
If other beam spreads were substituted the formats described in this
section would not, in most cases, remain valid without some modifications.
The performance of the quartz lamp is extremely sensitive to fluctuations

in line voltage. A lamp operating 5% below its design voltage will
deliver only 85% of its rated lumen output. A configuration that would
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yield 0.47 footcandles minimum under rated conditions would deliver 0.4
FC if there were 5% voitage drop in the supply line. The formats shown
on the definitive drawings will provide the minimum illumination required
by criteria while allowing a 5% maximum voltage drop :n the circuits
supplying the luminaires. Vertical aiming is 60" for all formats.
The definitive site layouts and application curves assume use of a
lamp having a 34400 lumen rating. Use of a lamp having a different
rating would require that the curves be adjusted (per inverse square
law of distance).

9-2.2. Single Row Configurations. Three distinct single
row configurations have been detailed on sheets C8-CIOA of the
definitives for the convenience of the designer. See Figure 36 for a
description of each type. The relatively wide spacing of the eight
luminaire per pole configuration will illuminate a span 450 ft wide.
The median 250 ft spacing of the six luminaire configuration
will lighten a 420 ft. span, the narrow 200 ft. spacing of the four
floodlight configuration will cover a 350 ft span. Mounting height
is 40 ft in each case. A 6-pole module served as the basic format
for computer analysis. It can be employed, in building block style,
to form a row of any specific length necessary. The 50% spacing
shown at each end of the module applies only if there will be another
pole opposite to contribute half of the total illumination on the
midpoint (S/2 from pole). At the ends of rows (3r sectors if tht.re
is not another sector adjacent), therefore, supplementa' luminaires
must be installed to maintain the light level at criteria values.
Figure 36 delineates the compensation required for sectors having
2,4, or 6 poles, If an adjacent sector could supply an "end" pole
at the same spacing increment, the supplemental units could be omitted.
Application curves (see Figures 39 and 40) have been prepared to assist
in the selection of a lighting scheme for areas in which the above
approaches might not be most efficient. Curves "BI, DI, B2," and D2"
would be particularly well suited for applications where perimeter
lighting and area lighting share common poles, Since illumination
would be in one direction only, the lower set (180*-360*) of
luminaires could be omitted - i.e. for Curve Dl, delete units at 2250
and 315', retain those at 45* and 135'. All curves include an
allowance for voltage drop not to exceed 5%.
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9-2.3. Hultirow Configurations. The eight luminaire
format is the most suitable horizontal aiming arrangement for larger
areas and was therefore used almost exclusively in computer analysis.
A square spacing format (S=D) is most efficient economically for the
wide beam, large area application. A 12 pole module was used in

analysis of lightin& configurations. Figure 37 contains the specifics
of the various schemes used on Definitive Series AD 71-03-02, sheets
CI-C3A. The maximum allowable pole spacing ranges from 340 ft for a
4 pole sector to 400 ft. for a 12-pole sector. Illumination at the

corners of any sector standing alone will drop below criteria minimums
and will require the addition of supplemental luminaires as indicated.

This will not be necessary if there is an adjacent sector with a pole,
positioned at the same spacing increment, that could contribute the

required illumination. A standard spacing of 400 ft for sectors of
4-pole through 9-pole size can be maintained if a greater quantity of
luminairEs are installed per section "C" of Figure 37 to augment weak
areas in the interior of the sectors. Mounting height is 40 ft in all
cases. The application curves of Figure 41 can be used, at the designer's
option, to select alternate spacing schemes than those depicted on the

definitive drawings. These curves will maintain criteria illumination
when the lamp is operated at 95% of rated voltage.
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9-2.4. Double Row Configurations. The double row area
lighting configurations delineated on sheets 04-C7 of Definitive Series
AD71-03..02 are intended to be applied to the center sector lighting
of SAC "Christmes Tree" dlert areas and to mass ramp alert areas.
The medium span version (see Figure 38) is applicdble to Cri'stmas
Tree ramps. Due to the ramp configuration poles have to spaced
420 ft apart laterally. Wheu 6 luminaires are mounted at 60 ft. up,
a 500 ft. wide span can be illuminated. No pole setback is necessary;
the sector limit can he extended to the pole line. The wide span
format appli:able to the mass ramp has 9 floodlights mounted 100 ft
up on structures spaced 450 fr apart laterally. The two rows are
placed 900 ft. apart and require a 65 ft. pole setback (or 770 ft.
maximum sector width) Supplemental units are required on the end
poles of sectors having a large D:S ratio. Where this ratio is less
than 1.2 to 1, as the Christmas tree application, supplemental floodlights
can be omitted. The application curves of Figure 42 should provide a
sufficient range of formats such that any alert configuration likely
to be encountered should be covered. Eight horizontal aiming formats
are available. The most efficient aiming angles in terms of the
projection that can be achieved is 8G0 and 100' (260 and 280* for
opposite row). If all u.its are grouped at these two angles however,
there will be extensive criteria violations ("dark spots") near the
pole lines, at the midpoint between poles. To keep these within acceptable
limits at least one set ,f floodlights must be aimed at 45* and 139*, The
number of pairs at these angles determines the extent to thich the sector
edges must be placed in front of the pole lines (pole setback). A
family of curves has been preparcd for 40,60, 80 and 100 ft. mounting
heights. For a given spacing, the upper portion of a curve identifies
corresponding maximum projection that the particular format will allow.
The distance between the two rows can not exceed 2 x projection "P".
The lower portion of the curve (A', Bl', Cl', etc) determines the pole
setback required. The area enclosed by a set of curves exceeds criteria;
a point lying outside fails to meet criteria, the extent of the violation
being proportional to the distance from the curve(s). The above schemes
all utilize the 1500 W quartz iodine lamp and permit 5% voltage drop to
the lamp. A brief examination was made using a 20,000 watt long arc
xenon source. It had equal or superior characteristics from a photo-
metric basis, particularly color. Its high initial and replacement lamp
cost however negated its photometric advantages to the extent that there
was no real economic gain from its use. Applicable computer runs were
"TEST335" and "TEST336."

Q-2.5. Supplementation - Individual Luminaire. In designing
area lighting there will be many instances requiring suppiemental flood-
lights to adjust weak spots at ends or corners of scctoci or around build
ings or other obstructions. Sheet C13 of Definitive Series AD 71-03-02
contains isofootcaadle curves of a single 1500W floodlight at 90* and 45*
orientation for 180*, 225', and 2700 footcandle readings. These curves
should be of assistance in determining location, number and orientation of
supplemental units. The conversion graphs of Figures 43 and 44 can be uti-
lized to adapt the iaofootcandle curves to other mounting heights. The multi-
plier from Figure 43 should be applied to the footcandle ,alues, the multiplier
from Figure 46 to the longitudinal and transverse distance coordinates.
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9-3 Perimeter Lighting-Optumization.

9-3.1. Mounting Height. With fixed position luminaires
such as the roadway fixtures and illumination criteria based on
horizontal footcandle (FC) measurement, it is to the designer's advantage
to mount lighting units as high as feasible. Raising mounting height
improves uniformity of lighting; it also allows greater spacing between
poles and/or a greater distance that can be illuminated in front of the
pole line. Current Air Force policy limits the height of perimeter poles
in WSA's and AAA's to 35 ft maximum above ground. Sensor cable is located
along the perimeter of these areas. Security police feel that longer poles,
being in close proximity to the buried sensor system. will transit much
higher intensity wind generated vibrations to the sensors and lead to
an unacceptable level of nuisance alarms. The most efficient mounting
height under the vertical FC constraints of the 1975 criteria (see par.
3-1.1) was approximately four ft. The requirement that equipment below
15 ft. be hardened effectively set the mounting height at 15 ft. above
ground, which was also the maximum permitted at that time. The maximum
span that could be illuminated per criteria at the 25 ft. mounting
height would be approximately 35 ft. using a type III luminaire and
45 ft. with an IES type IV distribution. To project far enough in
front of the pole line to illuminate a 55-60 ft. deep span, such as
was required for the double fence configuration, requires a type IV

luminaire mounted at 35 ft. minimum.

9-3.2. Luminaire Aiming. The beam distribution
characteristics of the roadway luminaires are such that optimum
performance for most applications will be obtained when the luminaire
is oriented perpendicular to the pole line ("X" axis). This orientation
corresponds to 900 horizontal in Corps of Engineers aiming format.
The roadway luminaire is intended to be used in a single position verti-
cally (0* vertically in C of E aiming format). There are no built-in pro-
visions for vertical aiming other than minor adjustments (+ 5*) to
correct for pole misalignments. For the floodlight configuration that
formed the basis of the 1975 design the optimum vertical aiming angle was
determined to be 70*. Horizontal aiming angles were extended as low as
40* for the first 250 W floodlight and as high as 140* for the second
to achieve a 100 ft. minimum pole spacing. Under a vertical FC constraint
these angles are practical limits to horizontal adjustment. Increasing the
angle between the two floodlights would yield only a negligible increase in
pole spacing whereas the span illuminated in front of the pole line would
decrease significantly. A mathematical analysis of effects of varying
floodlight parameters has been prepared by the Office of Science and
Research, Headquarters, SAC (Attachment 21). The effect of relaxing the
mounting height constraint from 15 ft. maximum to 35 ft. maximum and
changing to a horizontal FC criteria basis (ie. WSA at Malmstrom AFB)
is that pole spacing can be increased from 100 ft to 160 ft. while
maintaining uniformity under 3:1.

9-3.3. Beam Pattern. Roadway luminaires utilize both specially
designed reflectors and prismatic lenses to achieve precise beam control.
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All of the IES beam distribution patterns, except the type V, projec
most of their light laterally rather than tranversely, making them
ideal for street lighting applications. The IES type III medium,
semicutoff distribution proved to be most suitable for the 30 ft. depth
associated with single fence perimeter lighting. This pattern is also
the most common type used in commercial applications. IES type IV
medium distribution pattern projects a larger proportion of
its light energy in front of the pole than a type III unit
would. The type IV unit was found to be more suitable for
lighting the 55-60 ft. security zones characteristic of double
fence configurations. Floodlights such as useu in the 197' design
project their light energy in one general direction. llL.ninating
a narrow band parallel to the pole presents more of a problem
particularly if low mounting heights are required.

9-3.4. Fence Shadow, Glare, Spill L.iht. When the pole
line is set back from the perimeter fence, a portioa o. the light energy
transmitted is blocked by the fence fabric, posts, barbed tape, etc,
creating shadows or at lAast a muasurable loss of light. Some of the
light is reflected back into the protected area. If luminaires are
mounted close to the fence (15 ft or less) at low mounting heights,
the reflected light from the fence segments nearest the pole can be
bright enough that guard personnel will have difficulty in discerning
objects outside thq fence. Providing a dark coating on the fence
fabric will overcume this problem. The fence shadow effect will
result in a somewhat poorer uniformity ratio although not apparently
of a uagnitude as to seciou.sly diminish the effectiveness of TV surveillance.
Increasing pole setback will reduce the glare and contrast problems
but increase the range oL fence shadow. Raising the mounting height
however decreaseg glare, poor contrast, and extent of fence shadow.
Uniformity ratio improves also. The best location for the luminaire is
with the lense mounteu directly ovcr the fence. Shadows due to
the fence are virtually nonexistent dhile visocn through the fence is
unimpaired. The only glaze is from the concertina (barbed tape spiralled
on top of the fence). There will be some spill light into the protected
area whether roadway luminaires or floodligi-ts are installea. Floodlights
would rehuire corner shields to control oacklight. Backlight from
roadway luminaires can be controlled with shields installed behind the
refractor or more simply, with tape placed on the inside of the refractor.
It should be noted that footcandie meaGurements, taken on a vertical FC
basis, will always be zero directly under a roadway luminaire whereas
the illumin.ation level will be quite high as measured on a horizontal
FC basis (or as seen by the eye).

9-3.5. Miscellaneous. The prime factors governing
selection of lumiaaire wattage and beam type are the depth of the
security zone in conjunction with maxmimum uniformity ratio requirement
of 3:1. The maximum pole spacing possille is dependant on the size and
beaLi type of a particular luminaire. The 400 watt type IV uni' performed
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best for a double fence format wich a security zone exceeding 50 ft. deptn.
The 250 watt, type III unit was more than adequate fcr tr1 e narrower 30 ft.
zone of the single fence format, n•arcicularly at the somewhat conservative
100 ft. pole spacing.

9-4 Perimeter Lighting - Site Format.

9-4.1. Original Format. The 1975 design utilized
two 250W high pressure sodium NEMA / x 5 floodlights mounted 15 ft.
up on poles spaced 100 ft. apart for single fence lighting. Vertical
aiming was 70', horizontal 40* and 140*. The pole line was set back
2C ft. inside the perimeter fence. The double fence format was based
on a single 400W, NEMA 7 x 6 aimed 90* horizontally, 65* vertically.
Maximiza pole spacing was 80 ft., pole setback 25 ft. Applicable
definitives are series AD 71-03-01, sheets Cl-C4.

9-4.2. Current Format - General. The present format
represents a change in protective philisophy from glare projection
toward the intruder to maximum visibility for closed circuit TV
surveillance. Pole setback is influenced by the presence of the
buried sensor system and the bases of TV cameras to be installed at a
later date. Foles in WSA's should be approximately 3 ft. behind the
perimeter fence and 6 ft. in AAA's. The luminaire must be centered over
the (inner) fence and arm length adjusted as required. Computer tests
were based on a 6 pole module which can be considerable repeatable
for whatever length of perimeter fence may be involved. This procedure
will give accurate results except at the ends of the fence and at
corners. The format should be adjusted at corners per Figure 45. The
illumination at the end o! the pole line (at S/2) will be 1/2 of that
between any two poles elsewhere, since at the end only one pole
contributes to the total illumination. If it is desired to maintain the
full spacing (S/2), a second luminaire, or a higher wattage luminaire,
must be installed on the end pole.

9-4.3. Current Format - Single Fence. The zone to be
illuminated under the single fence configuration is 30 ft. deep. A
series of computer tests were made of various single fence configurations.
The approved design utilizes i 250W high pressure sodium roadway luminaire
having an IES type I11, medium, semicutoff distribution and mounted 25 ft.
above grade. Pole spacing is 100 feet. Luminaire aiming is 900 horizontal
and 00 vertical. This format will yield an average horizontal footcandle
level of 2.59 maintained at a uniforu~ity of 2.92. This corresponds to
3.81 FC initial (maintenance factor - 0.68) vs the 2.0 FC required by
criteria. Applicable definitives are series AD71-03-01, sheets C6 and
C7. Applicable computer test is #T235B.
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CORNER APPLICATIONS - Single Luminaire Con!igu rations

a. Inside Corner - inst3ll one floodlight bisecting the angle

of the fences.

b. Outside Corner - install two floodlights, normal to the fence
segment to the left and to the righc of the
pcle, respectively.

e. Inside corner - instaHl one luminaire normal to each fence segment at
1/2 the standa rd spacing.

f. Outside corner - install one luminaire normal to each fence segment at

1/4 of the standard spacing for square corners; for octuse
angles between 900 and 1800 determine the spacing between

25-76 and 10,13 of the standard spacing that corresponds to the

palticular angle and install one luminaire bisec-:ng the ancie
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CORNER APPLICATIONS Double Luminaire Con i0urationsW •-

a. Inside corner, right angle - install one floodlight bisecting the angle
of the fences (also use for angles less than 900).

b. Outside corner, right angle - install floodlights "A' & "B" at 450 angles
with the fence and "C" bisecting the fence angle.

c. Inside corners, obtuse angle - install 2 floodlights at 450 angles to the
fence (Note: arrangement 'a' may be used for angles up to
1100).

d. Outside corner, obtuse angle - install 2 floodlights at 450 angles iith the
fence and a 3rd,"C") bisecting the angle between these two
floodlights ("A'' & "8').

NOTE: The above or similar arrangements should be used at cor-ers to insure
minimum illumination levels will be provided. Spacing should not be
less than indicated. Exampies :"a", "b, ,"c", and "d" are intended for
floodlights or other luminaire type having a directed beam pattern that
can be aimed as desired. Examples "'c,.d,e, and 'f" are intended for
roadway luminaires and similar units which distribute most of their
illumination parallel to the pole line in both directions, and for which
little or no adjustment in vertical aiming can be made. Roadway
luminaires could be installed per examples "a" and "t"; however, there
would be either more illumination than necessary in the clcar zone
"("b") or greater penetration of bacXlight inside the secure area Q ,.
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9-4.4. Current Format - Double Fence. The security zone

for the double fence configuration is typically 55 - 65 ft wide. It

consists of a clear zone extending 30 ft. beyond the outer fence plus
a 25 - 35 ft. separation between the inner and outer fences. The

luminaire must be centered over the inner fence. The format shown on
Definitive Series tD71-03-01, sheets C7 and C8 utilizes a 400W high
pressure sodium luminaire having an IES type !V, medium, noncutoff

distribution. The luminaire is mountcd 35 ft. above grade (measured from
ground level at inner fence) and aimed 900 horizontally, 0* vertically.

Maximum allowable pole spacing is 120 ft. This format yields 2.63 average
horizontal footcandles and a uniformity ratio of 2.72 over a 60 ft. deep

security zone. The corresponding average FC level when initially installed
would be 3.87 FC. The applicable computer run is #T74A.

9-5 ENTRY CONTROL FACILITY (ECF) LIGHTING.

9-5.1. General Consideration. Entry facilities at WSA's

and AAA's because of their special function and layout present unique
design problems. Facilities at most WSA's are existing but show minimal

standardization of layout. ECF's at some AAA's are existing, at others,
the facilities are being built. As a result design essentially has to
be implemented on a case by case basis. Areas of design to which a
general optimized approach can be applied are limited. Since illumination

criteria is on a horizontal footcandle basis, it is to the designers
advantage to use the higher mounting heights of 35 or 40 ft. wherever

feasible.

9-5.2. Site Format. A standardized entry control building
design (Definitive Series AD27-05-02) has been developed for use of
locations where no entry facility has previously been required or where
an existing building is to be replaced. Two entry way configurations
have been approved for use with the new building design - one having

a 75 ft. deep vehicle entrapment area, the other with a 50 ft. deep
area (see Figure 46). The first type of facility will be installed at
weapons storage areas, the latter at alert areas. Sheets E2-E8 of
Definitive Series AD 27-05-02 contain photometric data, application

information, and lighting layouts pertaining to the above two types of
areas. They also include as examples layouts for three different

configurations of existing entry control facilities. Two acceptable
lighting arrangements have been developed for each site layout - one

based on high pressure sodium roadway luminaires having IES type III beam
distributions, the other based on IES Type IV beam distributions. The

lighting system is designed to be switched in three segments: entrapment
lighting, background lighting (behind the building and outside the
entrapment area), and building lighting.

9-5.3. Individual Luminaires. The footcandle distribution
patterns characteristic of particular luminaires are shown on sheet E4 as an
aid in selecting and locating luminaires at entry control facilities having

configuratious different than the examples shown. Isofootcandle curves are
provided for 150 W, 250 W, and 400 W roadway luminaires having type III
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beam distribution and for 250 W and 400 W luminaires having type IV
distribution. Given mounting height is 40 ft. Multipliers to apply to
FC values are included if lower mounting heights should be desired. The
type IV luminaires should be easier to manipulate in most cases.

9-6 TAXIWAY GAP LIGHTING

9-6.1. General Considerations. The gap in the perimeter
fence across the taxiway of Aircraft Alert Areas presents a long narrow
area to be illuminated. See Figure 47. Minimum criteria illumination
levels have been established in terms of vertical footcandles. Under
these constraints, narrow beam floodlights and relatively high aiming
angles are appropriate.

9-6.2. Site Format. The minimum length of the gap across
the taxiway gap is determined by the clearance criteria of AFM 86-8.
No above grade structures are permissable in a 250 ft. wide band,
measured from the far side of the taxiway. With a taxiway width of 75
ft this establishes a 425 ft. minimum taxiway gap. The depth of the
area has been set at 75 ft. on the taxiway itself and 60 ft. for the
remainder of the gap. The format illustrated on Sheet C5 of Definitive
Series AD 71-03-01 will provide the criteria minimum illumination for gaps
of up to 500 ft. This format utilizes two 400 W high pressure sodium flood-
lights having NEMA 4 x 4 beam spreads. They are mounted 20 ft. up on
poles set back 25 ft. from the taxiway gap lighting zone. A relatively
high vertical aiming angle of 850 is used. The two units on the right side
(when looking out of the alert area) are aimed at 800 and 94* horizontally.
The units on the opposite end of the gap are positioned at 2660 and 280°.
Provision for manual switching of taxiway lighting is included. Applicable
computer trial numbers are TW18F and TWl9D.

W. P. Shea, MROED-DC

D. L. Vollmer, MROED-DC

February 1978
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LIST OF ATTACR4ENTS

Item No. SUBJECT

1. Catalog Literature - Low Pressure Sodium Lamp

Quality Outdoor Lighting.
2. Catalog Literature - L.P.S. Lamp, North American

Phillips Lighting Corp. (Norelco).

3. Letter from Norelco Representative Concerning
L.P.S. Lamp Restrike.

4. Letter from SEPCO Lighting Representative
Concerning L.P.S. Restrike and Lamp Mortality.

5. Letter from Norelco Representative Concerning
Chemicals Used in L.P.S. Lamp.

Survey of Public Reaction to L.P.S. Lighting,
City of Long Beach, California.

7. Sources of L.P.S. Lighting Equipment
8. Sample List of L.P.S. Installations and Studies.
9. Article from Electrical Construction and Maintenance,

January 1975: "Low Pressure Sodium Lamps: A Way to
Conserve Energy"

10. iArticle from Lighting Design and Application, April
1972: "A Second Look at Low Pressure Sodium".

11. Article from Lighting Design and Application, December 1974:
"Energy Conservation and Luminire Dirt Depreciation".

1.. Article from Lighting Deoign and Application, April
1974: "Exterior Security Fence Ligh:ing".

13. Printout of Computer Program Used for Lighting

Calculations
14. Computer Program Abstract - Point to Point Lighting

15. Printout of Computer Program Used for Economic
Comparisons.

16. Data on Night Lighting: Mean Daily and Annual
Hours Required

17. Disposal Instructions for Low Pressure Sodium Lamps

18. Manufacturers Literature on Long Arc Xenon Lighting

19. Printout of Computer Trial for a Selected Perimeter

Lighting Configuration
20. Printout of Computer Trial for a Selected Area

Lighting Configuration
21. Air Force Study of Optimization Techniques Applicable

to Perimeter Li3hting Using Floodlights
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Advantages of Low Pressure Sodium The Facts... How It Works

Developments and Improvements HIGH REACTANCE
The first practical LPS lamps, introduced corn- AUTO TRANSFORMER
mercially in 1932. produced about 50 lumens per
watt. The development of glasses resistant to BLACK CAP
attack and discoloration by the sodium vapor, the POWER
re-design of the arc tubes, the development of SOURCE MFD
new techniques and materials in reflecting the COM- 35SV. MP
heat of the arc back into the arc: all have greatly WHITE A
improved the lamps. At present, the 180 watt lamp
delivers approximately 183 lumens per watt and
there is ample evidence that this will go higher. Ballast Performance and Starting
Lamps of earlier design wore limited in life The ignition in a Super-SOX low pressure sodium
because of sodium attack on glass and metal lamp is accomplished by means of gas discharge
seals, glass absorbtion of the argon starting gas through a neon-argon gas mixture, in the inner
and the drift of the sodium to the cooler parts of arc tube, which also contains a quantity of free
the discharge tube. Modern lamps utilize a borate sodium. Because there is nothing to vaporize for
glass of special composition as a very thin, inner ignition of the arc, these lamps are very reliable
surface backed by lime glass to form the arc dis- starters. The heat from the neon-argon discharge
charge tube. The borate glass withstands the begins vaporizing the sodium, which continues to
attack by the sodium but would absorb moisture, increase the light output, and after about 12 to 15
hence the backing of lime glass. The borate glass minutes the maximum output of the lamp is re-
does not discolor nor rapidly take up the argon ached. Following start up from cold start. the
gas. The present lamp life rating is 18,000 hours. lamp's light changes from red of the neon to
Older, U-shaped LPS lamps had the problem of yellow of the sodium discharge. Most importantly,
sodium in the arc drifting away from the elec- if normal voltage is interrupted, there is very rapid
trodes because the electrodes were much hotter restarting of the lamp when the line voltage is
than the remote end of the U-tube. The modern, restored, because the temperature and pressure
smooth lamps have a tapered film of indium oxide of the gas and sodium vapor needs little reduction
or. the inner surface of the outer glass tube. This to that required for re-start.
film effectively equalizes the temperature, Thermal insulation is provided by the tube-within-
minimizes sodium drift and requires a smaller a-tube construction of the LPS lamp and the
amount of sodium for lamp operation. evacuation of the air from the space between the
In this country, the earlier acceptance of the LPS tubes. This and the aid of the gas for the initiation
lamps may have been slowed, in part due to the of the arc, means that the ambient temperature
lack of American-made lamps. The earlier lamps, has no practical effect on lamp starting. Also, this
offered in commercial quantities, were made in thermal insulation serves to make the operating
England and Holland. They are now readily avail- lamp largely independent of the ambient tem-
able here from stock through Quality Outdoor perature: the light output is essentially constant
Lighting. between -10*C (-t-14*F) and +40'C (-t 104 F).
Technical development is increasing rapidly, The 260°C operating temperature of the surface of
especially in the field of illumination. Science has the arc tube is such that, if an interruption of the
introduced a number of new light sources and, input voltage occurs. the arc temperature and ore-
with computer aid. we have designed optical ssure must reduce very little for the arc re-strike to
systems and luminaires for these new sources, take place. This minimal time for re-strike is a ma-
prcviding our customers with new avenues of jor safety feature in the use of the LPS lamps.
solving illumination problems on the streets and avoiding an extended period without light.
roads never before thought possible. The operating temperature of the surface of the
One of these new light sources is Super-SOX low arc tube is important for such tube whether it is a
pressure sodium lamp which is the most efficient LPS lamp or a fluorescent, mercury, metal halide
light source known to man. It is presently playing or high pressure sodium lamp. For any arc dis-
an important role in increasing road safety, pro- charge lamp, the temperature of the coolest point
viding better area lighting and conserving energy. on the arc tube controls the pressure of the vapor

of the arc and that pressure, in turn, controls the
amount of light which is developed by the arc. The
tube of the LPS lamp operates at approximately
260'C (5007F) for maximum efficacy. Normally, this
temperature is nearly uniform over the entire outer
surface of the inner tube. This temperature is
much lower than that for the mercury, metal
halide and high pressure sodium lamps. The more
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moderate temperature of the LPS arc tube means throughout life. No significant watts rise through
that less infra-red energy is being released from life and a more reliable life through eliminating
the lamp and this limits any adverse heating effect the possibility of glass cracks at dimple stress
on lamp sockets, wiring and other parts of the points. A 180 watt Super SOX lamp at 20,000 hours
luminaire. Also. the result is a cleaner luminaire. consumes 187 watts.
(See report ERL-1 102). High Luminous Efficacy and Lumen Maintenance
Ballasting requirements are similar to those for The Super-SOX, low pressure sodium lamp, pro-
mercury or metal halide lamps. but the highvoltage pulse or the helical heater coil required duces up to 183 lumens per watt, which ,s con-
vorlhigh prlsessurthe hodiuml leamps is notneeed f siderably higher than either the clear mercury (57for high pressure sodium lamps is not neesed for Ipw). metal halide(100 lpw) or the high pressurethe LIPS lamps. Therefore. the ballast design is sodium (140 Ipw) light sources of large size. Thesimpler. with fewer maintenance problems and LPS life rating of 18.000 hours compares favorably
eliminates a possible source of radio interference, with other sources, exceeding that for metal
If there is under or over voltage on a L.PS system, halide end for most sizes of the high pressure
there will be a relatively flat response of light out- sodium lamps.
put of the lamps. This is due to the interaction of Super-SOX low pressure sodium lamp light output
lamp current, voltage, power factor and efficacy. remains remarkably close to published ratings.
which results in only a modest decrease of light Any decrease is modest and gradual over the life
output with either a decrease or an increase in the of the lamp. Lumen maintenance is 95% approx.
system voltage.

Color and Light
Construction-Smooth vs. Dimpled Lamps Within the very wide limits of the radiant energy

ENVELOPER ----- ARC spectrum, there is the comparatively narrow band
ETUBE of frequencies (380 to 760 nanometers) represent-

_._..__.-____ing light energy. Any reference made to "color" or
_______to a specific color is an indication of a specific
NEON/ARGON GAS DIMPLE wavelength, or a combination of wavelengths,

SODIUM "- RESERVOIRS within the range of light energy. Such
wavelengths of light then enable us to see the

The dimpled lamps utilize indentations, spaced color and brightness of an object or surface.
regularly along the outside of the inner, arc tube. Materials within the surface of an object or its
as reservoirs for sodium. These serve to maintain finish, such as the pigments in a paint, reflect the
the necessary level of sodium along the arc but re- selected wavelengths out of the light reaching the
quire perhaps 10 to 20 times the amount used for object. The limitation is that the wavelength
the same size smooth lamp with film. desired must be in the light reaching the object
In the dimpled lamp reservoirs of sodium if we are to have good color rendition.
replenish the arc tube as the sodium vapor mi- The LPS lamp. with all of its light output energy in
grates. The reservoirs gradually empty during life, very narrow wavelength bands near the center of
Although sodium migration is delayed it still the visible range, does not provide light for good
occurs during the useful life of the lamp with a color discrimination and there will be distc'rtion of
consequent fall in efficacy and. because arc coiors other than yellow.
voltage is higher in neon than in sodium, a pro- The facts are that the spectral response charac-
gressive rise in lamp watts. A 180 watt lamp at teristic of the human eye is such that maximum
20,000 hours consumes 247 watts. response is for light of approximately 555

nanometers in wavelength and the LPS light is
largely in very narrow wavelength bands at 589
and 589.6 nanometers. The difficulty has been to

'HEAT REFLECTING ýFILM , attempt to link and interpret these facts.
Electrically. the benefits of the narrow band
widths means that the energy is utilized where it
will do the most good: in a narrow energy band to

In Super SOX lamps the heat reflecting film on the which the eye is extremely sensitive. The
jacket. although only light wavelengths thick, has monochromatic yellow light and the h-gh level of
a carefully designed and critically controlled luminance prove most compatible, for example.
change in thickness along the length of the lamp. with a television surveillance system. It does not
This exactly balances the thermal and electrical provide for distinguishing colors or facial feature-
gradients in the arc tube and maintains full but it does offer good clarity and picture detail.
sodium vapor light output a;ong the tube
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The sensation that we call color and light is our psycholOgical for the LPS and permits maximum visual
Interpretation of certain portions of the electro-magnetic capabilities.
spectrum. Light control of present luminaires for LPS lamps

- VISIBLE ELECTROMAGNETIC SPECTRUM is such that there is considerable light delivered to

00 -the roadway shoulders and median strips.
so - - Motorists have been very much aware of this and

-- a majority, in a Chicago survey, have expressed
0- - \ -- approval. A majority of the motorists were re-

- E sENsiiVi - -ported to like the amount of light, the lower glare.

- - -and the visibility of the signs and lane-separating
-. suPEPR stripes, Many motorists express pleasure in the

sox LIGHT sodei low" of the LPS light and many feel that
Sta ithe signs located along the roadway are more

t ic-Sr attention-getting than when lighted wpth mercury
ontegar.n.rihns.ipeslamps.

Prncial BLine tn -te rrL Git is reported that mercury lighting installa rions
Merun BL.2 365-366I3. 3 404.7-47.39 must have 90% higher levels of illumination than

sodium light for the same visibility distance.
Spectral Emission Characteristics of Results of investigations comparing the apparent
High intensity Dmscharge Sources brightness of light color on the perceptibility and
(Infra-red not included) on the glare and brightness impressions of the
Principal Lines T yanometers) road user can be Summarized by the comparison
Mercury: 334.2, 365-3663 390.6 404.7-407.8 433.9, 434.7 of high pressure mercury, phoyphor-coated lamps

435.8e 491y6. 546.1.o577-579. with that of sodium lamps: a) Both from utisibilnty
Scandium: 390,a 436, 474,508. 672 test on existing lighting gistallations and in anSSodium: 466. 498, 570,.584,598, 614, 630-650 open-air laboratory, as from threshold value1

measurements indoorso it has been found that in

The visible radiation from the sodium lamp is order, t o he same visibility, the luminancewto

yellow and largely monochromatic, consisting of the background with improved color mercury t

almost entirely of two special lines at 589.0 and lhighthn frs m lit.er than with

589.6 Nanometers. This closely corresponds to sodiumlhru luminaeTresultninloe cotuminaire in

the peak resporise of the human eye (560,0 NM). the direction os the eye of the road user may be

Therefore, all light is produced in the most effi- almost 1.5 times higher with sodium light than

cient area of eye response--whe color amplifies with improved color mercury lighting without in-

crease in discomfort glare; and c) For the samend
Aahimpression of roag surface brightness for the roadThere Taebe claims and counter-claims but - user, the road surface luminance with color

cos ertataively it appears that the very narrow improved mercury lighting must be 3 to 4 times
bano of LPS color has its advantages for roadway higher than for sodium light.
and Area lighting. it may be argued thata in the Super-SOX luminaires result in lower cost for
case rf relatively low level illumination. seeing many street and area installations because oa the
deals largely with luminances and contrastT higher efficacy of the LPS lamps i fewer luminaires
not with color. and poles and reduced installation. owning and
A factor in the maintenance of lighting equipment operating costs. The combination of the Super-
is that a yellow light will attract a smaller number SOX lamp and luminaire provides better illumina-
of inserts than a white light of equal candlepower 4 ion uniformity on both wet and dry road surfaces.
and a lower candlepower will aitract fewer insects. suc asy s arteri ty
Therefore, the LPS lamp, with low luminance and sTalovr distnce in seasuytyyellow color., is to be preforred, The additional light which LPS luminaires dis- -

• ~tribute to roadway shoulders makes it easier fori
Luminance the motorist to distinguish the location of
The arc tube luminance (photometric brightness) entrances and exits. The distinctive color of the
of the Super-SOX low pressure sodium lamp is 10 LPS is being used successfully to distinguish
cd/cm2, an extremely low value compared with 450 major intersections or entire sections of roadway.
cd/cm2 for the clear, high intensity mercury lamps such as by-pass arteries around a city. The color
and 1.000 cd/cM2 for the clear. high pressure is also very distinctive in use as security lighting.

sodium lamps. This results in a low-glare source delineating an outline or area and discouraging
intrusion and vandalism.
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Super SOX lamps made differently
\.0 Pre, for longer life, higher lumen output

and trouble free operation.

Pre-focus rugged B.C., /cap
'• YeIlowI

SJacket • Control gear protec-
OUIDOe tion fuse embodied

Ir. lamp

Triple coil cathodes
SUPER SOX PERFORMANCE -/for long life

a OuTER ARC
S~~ENVELOPE .TB

Production of light EUBE

The passage of an electric current 5;' ,
through the vapur of sodium metal
causes the sodium atoms to emit the I '
well-known yellow light characteristic of NEON/ARGONGAS
sodium discharge. I

SSODIUM DIMPLE
Starting and operation RESERVOIRS

When a sodium lamp is first switched on DIMPLE CONSTRUCTION
the normal mains voltage is not suffi- '; I In the dimpled lamp reservoirs of
clent to cause a discharge between the sodium replenish the arc tube as the
electrodes, and the control gear is sodium vapor migrates.
designed so that a sufficiently high The reservoirs gradually empty
voltage, up to 550 volts, is available. As during life. Although sodium migra-

lpu u.h rvr ton Is delayed it still occurs duringthe lamp runs up, the arc voltage after !!the useful life of the lamp with a
rising slightly is reduced to a value iwhere the nominal lamp wattage is consequent fall in efficacy and, be-

cause are voltage is higher In no
achieved. At the instant of starting, the,. I than In sodium, a progressive ri"
discharge takes place in the argon gas - lamp watts. A 180 watt lamp at
which in turn initiates a discharge in the 20,000 hours consumes 247 watts. I
neon gas with which the arc tube is also ,
filled. The heat developed by the dis- I
charge in the neon gas gradually I

vaporizes the sodium metal. I
I HEAT REFLECTING FILM

Fast restarts I

SuperSOX lamps restart faster than any I
other type lamp. Start immediatel,, on I I TAPERED FILM CONSTRUCTION
switching and runs up quickly to full In Super SOX lamps the heat reflect-
brightness. Starts and runs at any ter- ing film on the jacket, although only I
perature as low as -581F. Restarts I light wavelengths thick, has a care-aII
immediately at restoration of power, I fully designed and critically con-
even if only momentary break. Super trailed change in thickness along theI
SOX lamps are relatively insensitive to ,I length of the lamp. This exactJy
marked variations in power supply. I balances the thermal and electrical

gradients In the arc tube and main.
O n tI Wtins full sodium vapor light output

Operating position along the tube throughout life. No
The shaded portion of the diagram !t significant watts rise through life
shows the position in which the lamp and a more reliable life through
must not be mounted. eliminating the possibility of glass

/I cracks at dimple stress points.
KA 18 I ASwatt Super SOXlamp at

20,000 hours consumes 187 watts,

2e0'I2\ Outer glass envelope
with internal heat
reflecting layer

-"2 ' Nickel plater
arc tube support
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%;UVLUM AN" L;GHI
The sensation that we call color and light Is our psychological
interpretation of certain portions of the electro-magnetic
spectrum.

VISIBLE ELECTROMAGNETIC SPECTRUM LIFE
"-,-- --' -A satisfactory life and the absence of

, early failures is a primary characteristi,
of Super SOX sodium lamps. Ultimate

o0 /f Z failure general', results from exhaustion
o -of the enissive materials and to aEYE S;ENSITIVITY6oE E secondary degree from absorption by

11 -SUPER I the glass of the argon gas. The rated
SUPER average life of all types of sodium lamps

- SOX LIGHT is 18,000 hours. Lumen maintenance is
- g- 95%approx.

10-

12 ,40 46 .0 2 ,5 5715 - 600 625-,, 650 675,., 7VVT ".s0.• s=50 5-.s . -.. 6 "'..75. The lamp watts through life for a Super

O T BUJI OLUE/GREEN I G YEELN I Y.LOW"-ORANGE1 REC SOX tapered film lamp produces a

constant wattage operation whereas
Spectral Emission Characteristics of other types of lamps exhibit a marked
High Intensity Discharge Sources rise in watts during Ife.
(Infra-red not included)

Principal Lines (Nanometers)

Mercury: 334.2, 365-366.3, 390.6, 404.7-407.8, 433.9, 434.7, CONSTRUCTION
435.8, 491.6, 546.1,577-579. 1 Not all Sox lamps are of similar con-

Scandium: 390, 436, 474, 508, 672 struction. The new Super SOX low

Sodium: 466. 498, 570, 584, 598. 614, 630-650 pressuro sodium lamp is an entirely
new concept in which the ..onventional

a visible radiation from the sodium lamp is yellow and largely dimple typa construction has been
,..,nochromatic, consisting almost entirely of two special lines at eliminated. The new lamp utilizes a
589.0 and 589.5 Nanometers. This closely corresponds to the coating on the outer glass envelope with
peak response of the hur.'an eye (560.0 NM). Therefore, all lIglit a heat reflecting film reiatively thick at
is produced in the most efficient area of eye response-the color the U bend end and tapering off to
amplifies contrast and is rcstful to rtie aye. almost one third as thick at the elec-

trode end. The filn has the property of
absorbing almost no visible light, so

HIGHEST LUMENS 122=1H WATT there Is no reduction in light output.

No matter what enyne else tells you, the low pressure sodium Also with all the sodium initially at the
lamp is the most efet lght source known to U bend end, much closer control ofSuper SOX lm stems efficieti ghsorekwnt lamp is possible. This produces a

man. None of ihe rec~nt advantages in the field of high pressure maintis osibleTs over t
discharge lamp h3s reduced the importance of the low pressure maintinged l rightess over the wholr
sodium lamp as the supreme source in applications where the lighting length of the lamp life.
highest possible luminous effic Acy is the decisive factor influ-
encing choice. The Super SOX low pressure sodium lamps are
up to eight times more efficient than incandescent. They are BALLAST DESIGN
four times more efficient than mercury vapor !amps. Up to two Trouble free operation, long lamp ;iie,
and one half times more efficient than metal halida lamps and simple ballast design. When you vary
ever 46% more efficient then high pressure sodium lamps, the 'he line voltage =10% your wattage
second most efficient light source made by man. output will vary only =4%.

LAMP TYPE MEAN LUMENS PER WATT HIGH REACTANCE
______AUTO TRANSFORMERINCANDESCENT Eý 23

MECR VPR4 80 B LACK POPEMMETAL HALIDE I 8 POWER I f [ 14.
SOURCE ,F

IGH PRESSURE - 127 co3 - LAMP
SODIUM WHITE I CAP

LOW PFRaSSURE 10-3,- 1
SODIUM - - 1 Dual wottage ballast design.

0 25 50 75 100 125 150 175 55 watt ballast will also operate a 35 will ifip.
WArTS 160 walt ballast will also operate a 135 wait ir, iP

Section 600-.



SUPER SOX COST SAVINGS - KW IAnnual7

Heres hw thee iffrentlams copar inNumber Efficiency Con. ILamp
Her's ow hre difeentlams cmpae i Iof Lumens/ Intmed/ Opornting

efficiency, power consumption and lightirg cost. Lamip Type 'Fixturesl Watt Mile Costs'
(Base~d on the industry average of 54 lighting fix-II
tures per mile of interstate highway.) low pressure sodium

(SOX 1BOW)I 54 _I183 9.72 S 850.00
When comparing three different light sources In high' pressure sodiumr
efficiency, power consumption, and lumen output, (400W) 154 1 117 21.5 $1,890.00
based on the industry average of 54 luminaires ~-
per mile of interstate highway, converting to low mercury vapor
pressure sodiu-.n would save over $1,000.00 per (400W) 154 1 54 21.5 $1,890.00
mile per year rIn operating lamp c~ost and over *in dolla~s per mile.
50,000 Kilowatts per mile per year.

Ordering Information
Super SOX L.P.S. Lamp Information Dimensions

F I Rated Approimae A 1
Base IAver. lxml:Description Light Mcx. Sid.

Lamp I Design IOrdering Life. Lumens See Bulb, Center Over- If Pkg.
WNatt:.Sulb' Bayonct Abbreviation Hirs. Initial Mean belowDi.Lnt Leth t.

35 T-16 B.C. SOX 35 18000-. 4600 4508 2I 2Ve 611 1V,,, 12
lo12.3

55 T-16 B.C. SOX 55 18000- 7650 7497 5I 2 1,1 9 163/ 12
90 T-21 B.C. SOX 90 18000- 12750 12495 7,8., 9211/ 6  11 20;1 6

135 T-21 B.C. SOX 135 18000- 22000 2156U and810 2Y/,4 16 301/2 6
180 IT-211 B. C. ISOX 180 118000+± 33000 32340 an 02",Vi 224t 441A 3

1. Rated a-erage life is the life obtained 7. Color:
on the average. from large represent- not on Black Body Locus but
ative groups of lamps in laboratory monochromatic at 3.896 nrn.B
tests under controlled conditions at 5
or more burning hours per start. it is 8. C.IE. chromaticity: -. 2 ibbased on survival of at least 50% of x-.7 45 4the~~~ ~ ~ ~ lap .57d y~ow .o4nivda
telamps, and agroups oforamp.ndividaly A.Wr-pie
laopsidoral group ofe lamp, ovay ,Wam-ptie

2onsierfrablmy from the saverac. 50% full 7 minutes
2.lPerfoprmanced mayhinb specisfiediry 100% 15 minutes. _______________

unlepssto3 e operatedwting sos.tidbun-
piage e. 10. ELECTRiCAL CHARACTERISTICS:

3. Starting supply voltage must be held Nominal lamp watts: 35W. S5W. 90W. 135W. 180W.
to 10 volts of ratod lire voltage.Noialmpvts70 19 12 W 24

4. Lamps will start down to - 58*F. Nominal latmp currlts: 7 o 1 6 4
S. Suggested maximum capacity temper- (amps): 0.6 0.6 0.95 0.95 0.91

stu re: 210 0'C.Strigincuet
6. Requires a ballast specified or ap- lSsthartng linecurn

proved for Sox lamps. 3b watt ballast ls hnln
wul' also operate 55 watt lamp. 135 operating current:
wjatt ballast will also cper&ate '.80 watt Nominal lamp starting
lamp. volts R.M.S. 39~0 I413 420 520 600

I g ... there's no substituate for Quality
Quality Outdoor Lighting *Northbrook, Illinois 60062 - (312) 498-6540 Prmrrd -nl U S
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LOW PRESSURE SODIUM LAMPS FROM NORTH AMERICAN PHILIPS.

The modern generation of low pressure sodium lamps (SOX) incorporates more than forty years of re-
search and development in lamp technology.

With efficiencies up to 183 lumens per watt; SOX are the most economic lamps available in the world
for public and industrial applications. Coupled with this technological breakthrough in efficiency, SOX
lamps maintain their initial lumen output throughout a rated life of 18,000 hours.

All SOX lamps are of similar construction. A borate coated, sodium resistant "U-Bend" discharge tube
is enclosed in an integral vacuum jacket. This vacuum jacket is internally coated with indium oxide to
maintain optimum operating temperatures. (See figure No. 1)

The spectral light output of a SOX lamp (589.0 nm.) closely corresponds to the peak response of the
human eye (560.0 nm.). This feature of low pressure sodium lamps economically creates improved night-
time visibility. (See figure No. 2)

Whereas some lamps are limited in their applications due to weather conditions, SOX lamps ignite and
operate normally irregardiess of ambient temperatures. No rise in ignition voltage or loss in light output
is ever experienced by the influence of temperature variations.

"i Highest Efficiency of Any • Highway Lighting
Commercially Available Lamp
(Max. of 183 Lumens Per Watt) U Traffic Intersections

"* Optimum Lumen Maintenance
(100%) U Railway Yards, Harbors,

"* Long, Reliable Ufe and Docks

(90% Survival at 1OM Hours) * Railway Crossings
"* Low Curkent Operation * Pedestrian Crossings

"* Low Surface Brightness
"* Low Operating Temperature U Flood Lighting

* No UV Output N Industrial Lighting

* Non-Insect Attracting * Quarries and Mines
* High Performance in Fog/Mist

Conditions Specialized Quality

* Sodium is a Non-Polluting Control Applications

Element Shipyards
• Suitable for Operation with Photo Sp

Control E Tunnels and Underpasses
* Overall Reduction in Maintenance

Costs 0 Security Lighting



OISCHARGE TUBE $57IeO6T ASSEMBLY U 5177O NON-SAAINI NO GLASS ?A1It.s COIL EMITTEIM R IwmbQFAls CAt)l001
DISCHARGE TUBES- ---- --- --

OUTE 0 GLASS VACCUM ENVE•LOPE

WITH INTERNAL HEAT REFLECTING .AYER SOIUM RITAINING AESEVOIRS DISCHARGE TUBE SUIPPORTS

FIGIUWE I

FIGURE SOX SPECTRAL LIGHT DISTRI9UTION/EYE SENSITIVITY LAMP PERFORMANCE DURING

STARTING PERIOD

so -•I --P VOLTAG I

S .' % L4UPWATAGE
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I I I -
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1 

14 .431 S W 1S1- .0 . 20

SOxS w 35w75 s 300 70 0 S 4450 )+ 70 / ?? O ,0e SOX I• S3 7 i1
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77 All., 0 WDD 7 [•e 1 17 7

2 . t 10 7W� ..O. 17 0 S 44 d 80%. .t6 1 r16 w 74 60 S5 700 /05 17 2 0 25 2'10

ORDERING AND PACKAGE DATA SOX LAMP LIFE WATT CONSUMPTIONS

L47P ZR 0.0-,4 077 vftl777 -11.0.,9, Vl."- AM HOURS
.. 3 '-~'"~ S" 100 2000 5004 10.00 18,7)00

5SOX 357W5 572; SOX 35 771 1727 37 7374 70174 .73 SOX 35 W 36 W 37W 36 V0 41 W 44 W
S075 A77 422 SO '7 31 :5 727 7314 22 2.06 SOX 55W 53W0 57W 5a w 65 W 629IN
SOX"o W07 4730.9 W 22 4 7 26 3;:52.90 SOX 090 w 9090 93W 100WV 116W 122 V
SOX177357 W47574 50OXS 35 9 10 4 T4 393 i4A SOX 135 W 1309W 140 V 149 W 173 W 17a W
SO0 go60AV 672S SOX I00 9 44 79/79 76.S"7533/4 $1: SOX leaW 1 760 16 aW 2 11 90 220 W 241 W0

/41,ý'ýI/ýJ)*NORTH AMERICAN PHILIPS



August 15, 1975

Mr. R. S. Bruns
P.O. Box 05456
Greenville, South Carolina 29606

Dear Mr. Bruns*

Rea Security Lighting/Charleston, S.C. Naval Facility

I have contacted our Laboratories with a view to obtaining
more specific data regarding the hot re-ignition characteristics
of low pressure sodium lamps but as mentioned, this will take
some time to obtain. Based on experience, I would advise the
following in the interimt

1. 35 and .55 watt lamps will re-ignite immediately follow-
ing a power drop-out with a reliability factor of plus
95%.

2. 90, 135 and 180 watt lamps will re-ignite immediately
following a power drop-out with a reliability factor
of plus 75%.

3. Lamps that do not re-ignite immediately will strike
within a maximum of 2 minutes.

4. The amount of light produced when lamps re-ignite will
be dependent upon the duration of outage. In goneral
if power is restored within 30 seconds, those lamps
which re-ignite immediately will produce 90% plus of
their maximum light output.

5. Normal "run-up" time for a cold lamp to full output
will be a maximum of 10 minutes.

Recently I had the occasion to visit a 224 floodlight in-
stallation (SOX 180W lamps in SNP027 fixtures) at Port Elizabeth,
N.J. In the course of our inspection power was cut and restored
in approximately five minutes. All lamps visible from our point
of viewing re-struck immediately and with sufficient output to

r... ...... ... ... .e_...If e O f .. .
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make work in the area possible.

The enclosed literature covers the range of Worelco low
pressure sodium lamps and fixtures; but, should you have
specific questions please don't hesitate before contacting
af. Because of the nature of the project you are working on,
and in order to uinimi•e delays in communication, it is felt
that we can beat serve you directly from Rlifhtstow.n, rather
than via our Atlanta Office.

I would call your particular atteutiou to the enclosed
documentation on the catensry system of lighting, Based on
your advise I vould suggest this would be the most economic
and light technically correct approach to adopt.

When and If you fool a meeting with yourself and/or the
Naval engineers is required, arrangements can be made to suit
your conVenionce.

Personally I look forward to hearing from you and workInS
with you to resolve this highly interesting lighting project.

Tours sincaraly,

Robert A. Lewis
Corporate Commercial Engineer

ILedu
Enclosures

act A. L. Merken
J. A. Donnoyer
R. licchiuti (?or Information Only)



July 31, 1975

Department of the Navy
Southern Division
Naval Facilities Engineering Command
2144 Melbourne St.
P.O. Box 10068
Charleston, S.C. 29411
Code 404

(C.T. Paysinger)

Subject: Series 4000 Luminaire for Low Pressure Sodium

Gentlemen:

Enclcsod is the information which you requested on our
Serie3 4000 Low Pressure Sodium Luminaire. Our catalog
sheet describes the fixture size, material, beam spreads
anU other construction features. The candlepower distribu-
tion curves provide the information on maximum candlepower,
lumen efficiency and other photometric data.

The lamp information is provided on the North American
Phillips (lamp manufacturer) Lamp Data Sheet. This sheet
provides lamp sizes, dimensions, limen output, power con-
sumption thru lamp life. The lamp has a rated life of
18,000 hours with 90% surviva) at 10,000 hours. The lamp
lumen maintenance is 100% over life of the lamp. This burn-
ing position for the 90 watt, 135 watt, and 180 watt lamps
is horizontal plus or minus 20% of horizontal.

The latest information from the lamp manufacturer is that
90% of the lamps will restrike immediately with interruptions
up to 5 minutes. The other 10% will take up to 58 seconds to
restrike. If the line voltage is 10, less than ballast rating
the restrike times will be the same but the lumen output will
be less than full intensity and ,,ill take time to come back
to normal full intensity.



Department of the Navy July 31, 1975 Page 2

I hope that we have provided all of the answers to your
questions. If not, or if you have further questions
please let me know. At this time I would also like to
offer any assistance that we can provide in helping to
layout any project that you have or review your designs.

Very truly yours,

SEPCO LIGHTING DIVISION
Connecticut International Corp.

Frank Locke
Sales Engineer

FL/bak



NORTH AMERICAN PHILIPS
LIGHTING CORPORATION

HIGHTSTOWN. NEW JERSEY U8520 1ELEPHONE: (60g9 448-4000

Fobrua ry"4, 1975

Mr. Richard Andersoni
NAPIZ
255 W. Carob Street
Compton, Califor.ia 90220

Dear Mr. Anderson

With reference to q uestions raised by the Bechtal Corporation I

would confirm the follo'Aing points relating to sodium lamps.

Low pressu-re sodi= vapor lamps (SOX) supplied by the North American
Philips Lighting Corporation do not contain mercury in any form. The
only elements present in tl:•e lamp discharge tube are sodium and a small
quantity cf neon-argon mixture (99%-1%), the function of which is to
initiate the discharge. T'he tungsten electrodes are impregnated with a
rare earth oxide to assist in ignition.

Conversely, high pressure sodium lamps contain sodium in the form
of a sodium - mercumy amalgam. in this case, xenon is normally used as
a "starter gas."

SOX lamps can be safely employed in lighting installations where
there are severe restrictions on the presence of mercury such as in
proximity to nuclear reactors.

With kind regards, /
Your 1ic 'i:

ert A. Lewis
zporate Commercial Engineer
scharge Lamps & Fixtures

RLL/sv
cc: G. Gedney

L. Pinta.k
B. Yates

A 7-7,4 <.'Me?& ý'



Survey
results

SURVEY OF PUBLIC REACTION TO LOW PRESSURE
SODIUM LIGHTING. CITY OF LONG BEACH, CALIFORNIA

Residential Test Installation

Replacement of 175W mercury vapor with 55W LPS

Public response:

1. Do you approve of the new light
fixtures in appearance? 85% Yes

2. Do you find the new light color
objectionable? 74% No

3. Do you prefer the previous mercury
vapor lights? 72% No

4. Is visibility as good with the new
lights? 76% Yes

5. Even if there were some objection to the
new type lights, do you feel the energy
saving justifies the installations? 89% Yes

Power consumption reduced by 70%

Business Street/Shopping Center Installation

Replacement of 700W mercury vapor with 180W LPS

Public response:

1. Do you approve of the new lights in
appearance? 96% Yes

2. Do you find the new light color
objectionable? 88% No

3. Do you rer ?revious mercury vapors 80% No

4. If your customers have made comments on
the new lights, have they been generally 81% Yes
favorable?

5. Even if there wp* ;;ome objection to the
new type lights, do you feel the energy 92% Yes
saving justifies the installations?

6. Do you feel the new type lights have
affected business in the shopping 92%.No change
center? or.favorably

Lighting levels up approximately 10% and power consump-
tion has been reduced by 74%.



SOURCES OF LOW PRESSURE SODIUM LIGHTING EQUIPMENT

A. Luminaires

1. Architectural Area Lighting Co. 10. Omega-Lite
Subsidiary of LCA Corp. 3715 Woodmont

113901-q3 South Carmenita Rd. Toledo, OH 43613
Sante Fe Springs, CA 90670

2. American Elecrric ITT 11. Quality Outdoor Lighting
Southhaven, MS 38671 3535 Commercial

Northbrook, IL 60062

3. Benjamin Electric Mfg. Co. 12. Red Dot Lighting
P. O. Box 180 L E Mason Co.
Spartan, TN 38583 98 Business Street

Boston, MA 02136

4. Devine Lighting 13. Sepco Lighting Division
Division of LCA Connecticut International Corp.
4546 East llth St. 9 Britton Road
Kansas City, MO 64127 Bloomfield, CT 06002

5. Guth Lighting 14. Streetlighting Equipment Company
Division of Sola Basic 3123 61st Street
P. 0. Box 7079 Woodside, NY 11377
St. Louis, MO 63177

6. J.H. Spaulding Co. 15. Stonco Lighting Division
Division of LCA/Whiteway Keene Corporation
3731 Dirr Street 2345 Vauxhall Road
Cincinnati, OH 34223 Union, NJ 07083

7. Lustra Lighting Corp. 16. Trimblehouse Corp.
180 Manor Road P. 0. Box 726
East Rutherford, NJ 07073 Norcross, CA 30071

8. Natale Machine & Tool Co. 17. Verd-A-Ray Corp.
Broad St. & 13th St. 615 Front Street
Caristadt, NJ 07072 Toledo, OH 43605
(35W Floodlight only at present) (Services as marketing arm

of Norelco)

9. North American Philips (Norelco) 18. Voight Lighting Industries, Inc.
Lighting Corporation 135 Fort Lee Rd.
Hightstown, NJ 08520 Leonia, NJ 07605

Attachment 7
Sheet 1 of 2
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B. Ballasts*

Advance Transformer Co. Jefferson Electric Co.
2950 Western Ave. Division of Litton Systems, Inc.
Chicago, IL 60618 Bellvood, IL 60104
(Norelco lamps) (GEC lamps)

C. Lamps*

General Electric Co. Ltd. of England
(Available from Quality Outdoor Ltg.)

Phillips Corporation of Holland
(Available from other companies listed under "A".)

*NOTE: Lamps are readily interchangeable. There is no adverse effect

on either ballasts or luminaires.

Attachment 7
Sheet 2 of 2

S .. ... ,I - I •



SAMPLE LIST OF LOW PRESSURE SODIUM INSTALLATIONS
AND STUDIES

A. Installations of L.P.S. Lighting.

Elizabeth Port Authority Marine Terminal
Ne'; Jersey - 224 Norelco 180W units

State of Illinois, Division of Highways
Expressway Lighting on Interstate 55
1971, 180W units replaced 400W mercury vapor

Hawthorne, California
Roadway Lighting, November 1974
135W Norelco

Parking Lot, Penn Harris Motor Inn

Camp Hill, Pennsylvania

New York City,
Highway Lighting, 1971

Energy Research & Development Administration

(ERDA), Germantown, Maryland
Roadway & Parking Lot Lighting
135W Units, June 1975

B. Organizations that have Studied L.P.S. Lighting.

Navy Public Works Center
Code 423
F. 0. Box 113
San Diego, Calif, 92136

Southern Division LPS being considered for Naval
Naval Facilities Engineering Command Air Stations at Charleston,
P. o. Box ioo68 S.C. and Jacksonville, Florida)

Charleston, S. Carolina 29411

C. Miscellaneous - Other Reported Installations or Studies.

Robbins AFB
A.F. Logistics Command
Chicago Naval Air Station
Bronx Whitestone Bridge, New York City - 1974

Port Elizabeth, New Jersey

Attachment #8
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CONSTRUCTION FEATURES of typlcal U- Prefocus bose Triple-coil cathodes /Outer envelope with internal
st.OKd LPS tamp Overall .Žgth of a ISO-wat / t heal -reflecting layer
iamp s 44 in., Oa ItS diameter is almost 3 In. /

By WILLIAM A. WEIBEL ______________

Lighti;g Consultant. P.1. F.I ..S. / /

Inernal using U -shaped arc tube Ntckel-ploled arc-lube support assembly

T HE SPOTLIGHT has centered on the
development of the high-pres-

sure-sodium lamp during the past
decade; however, steady progress was Low-pressure
also being made in improving the ef-
ficiency and usefulness of the low-fis perddrn h al 9.sodi ur lamps: away
pressure-sodium (LPS) lamp, which s1 afirst appeared during the early 1930s.

The importance today of cutting
energy wherever possible has to conserve energy
lated new interest in the LPS lamp.

This article is intended to review its
characteristics, principle of operation,
construction, and possible uses. Improvements in lamp design and concern over
Characteristics rising fuel costs have stimulated a renewed
and operation

Light is produced in the LPS lamp Vnterest in this source f
by the passage of an electric current
through sodium vapor. The principle
is v'ery similar to that of other high-
intensity discharge sources (mercury- temperatures have an insignificant gion). Since other % relengths in ti
vapor. metal-halide, high-pressure-so- effect on operating characteristics be- visible region of the &'cctromagnetic
dium); however, the LPS lamp differs cause of the insulation provided by spectrum essential for good color ren-
in essential details of operation and the vacuum within the space between dition are lacking, colors other than
light-output characteristics that the discharge tube and the outer bulb. yellow that are present in an object
make it unique. A relatively low temperature of will appear distorted under the LPS

As with other are-discharge lamps, 270C is maintained in the discharge lamp. However, this monochromatic
light output of the LPS lamp is criti- tube while the lamp is operating. Be- light emission occur- very near to the
cally dependent upon the arc-tem- cause of this, the restart period of the most-sensitive point of response (555
perature and vapor pressure. Ini- LPS lamp after a power interruption nanometers) of the human eye. This
tially, the lamp utilizes one or more is only about one minute-the time means a very high utilization of mus-
starting gases (neon, argon, xenon for temperature and pressure to de- cular and nervous energy involved in
and helium) within the discharge tube crease to starting conditions. (Other a seeing task is achieved, and electri-
to initiate an ionization path for the discharge lamp types, such as mer- cal energy usage for a given level of
current flow, since sodium is in solid cury, with much higher operating illumination is maximized.
form below 98C and has a very low temperature and pressure, have a re- The effcacy* of the LPS lamp
vapor pressure. As ionization and start time of three to seven minutes.) varies from 131 to 183 lumens per
temperature increase, the sodium va- Most higher-wattage LPS lamps watt (Ipw), depending upon the wat-
porizes. Initially, the light has the should be operated with the major, tage (see Table 1). Efficacies of other
characteristic red color of neon; but as longitudinal axis of the lamp at or familiar light sources are compared in
temperature and pressure increase within 20 deg of the horizontal. This Table 2. (The 1000-watt size was cho-
and the sodium vaporizes fully, the positioning assures a more uniform sen for these other sources because
color changes to yellow, temperature in the discharge tube the elficacies of these lamps is highest

Starting time of the LPS lamp is 10 and distribution of the sodium for op- at this wattage.)
to 15 minutes, depending upon lamp timum light output anu lamp life. The early LPS lamps had a low 50
type, size, and application. It is not The output of the LPS lamp is con- lpw efficacy. Present values indicate
sffected by ambient temperatures be- centrated almost completely in two that considerable progress has been
tween -50C and +40C, and when the narrow bands of wavelength, at 589.0 made in design and cnnstructio-
lamp reaches full output, ambient and 589.6 nanometers' (yellow re-

"*The efficacy ofan electric lamp is the ru-

Copyriqht bi William A. Weibel. *A nawometer is a unit of waumlegth tio of emitted lurituiu flux to pomer in-

19 M. Ali nghts reserved. equal to one-millionith of a millimeter put, expressed in lumew-, per watil

JANUARY. 1975 7 74//IW q ii



Further imjirovemen,_4 (an he ex.
Table 1. Low-pressure-sodlum lamp characteristics" pected with refined heat conservation

procedurtiq, and etlicacies of 200 lpwLamp Bulb Bulb initial Luminous and higher could soon fie a reahity.rating length diameltefr output efficacy
(watts) 'in.) (in.) - (lumensi) (lpw) Construction

35 12 I 21/o 4,800 131 The accompanying drawing shows
50 IVA 21/s1 72.700 142 the construction of lo~v- pressure- so-130 20% 2 11/16 122.000 142 dium lamps available in this country.

Igo 44 211/16 33.000 183 (The LPS lamp is not manufactured
in the United States; it is imported

'Composite of present:y available U-tube lamps with a life rating of 18.000 hours. from Europe.', The lamp is character-"
_____________________________________________________ ized by a relatively long arc! tube 'that

is doubled back on itself to achieve
convenient dimensions for a lumni-
naire enclosure. (A linear. non-U-
shaped lamp is also produced anrlTable 2. Selected lamp type efficacies used in Europe.)

Lamp Rating Output - Efficacy The LPS lamp shown has a large-
type (watts)" (lumens) (1pm) Uiameter arc tube and a two-pin,

incandescent. PS-52 1.000 23,000 23 s ingle- bayonet- type base at one end.
Mercury. clear, BT-56 1.000 57.000 57 In some types of lamps the sodium
Fluorescent. 1500 ma 215 16.000 74 metal is distributed through the dis-
Metal halide. BT-56 1.000 100.OOU 100 charge tube using dimples or reser-
High-pressure sodium. T- 18 1.000 140.000 140 vojirs spaced along the length of the
Low-pressure sodium. T-21 180 33.000 183 tube. These reservoirs, which act as

cold spots, keep the sodium in the"Wattages were chosen to Show highest efficacies of each lamp type. proper location for a continuous dis-
charge. Another type of lamp accom-
plishes the distribution of sodium bly
use of a tapered, invisible, hneat-re-fleeting film deposit of ind ium o'ide

,~-vi ~ i--- -.. q..,........... .-- ~- .i.-*~- .on the inside surface of the outer
-, ~ ,~. *... ~ <'-'--.jacket which acts as a reflector to the

infrared heat radiation emitted by
Z the arc. This helps maintain the re-
Y quired 270C surface temperature of~CLEA RANCE . . tile are tube by turning back the heat

- energy that otherwise would be dissi-
pated by the lamp.glsespcal

-. Sodium vapor is exceedingly reac-
tieat high temperatures and chem-

toewhich contain silica. Resulting

TUJNNEL ILLUMINATION used to provide visual iransition or adaptation from :4lalvigi
istpclapplicationl of low-piressaure-sodiumn lamps. Trie criterion for titetnstlaion

in Philadelphia. Pa.. was t000 Ic at the entrance, accomplished ay using 51 -by-26-if ,-- . ,

luminaires ceiling-mounied in live rows for 5WO it inside the tunnhl. Temporary wall at ply-
wow od ines at let separsatie traffic lanes to in%,ure accurbie ligh~t measubements
Ci0oeup (rightl showsl mirror-Ilntshed reflectors each carriny eirier two sisc-wart amron
or one 1180- and one 90-walt leamp. A glass lens seais ies lamp oiciosure. - , . -
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side surfaces. The Iens is ,)f vlas.% or

* Table 3. LPS lamp ballast characteristics" Mastic (which is pn,,.,r,, he.aiti'e of
p u I the relatively low o)curating tempera-

L met Ivolta e ws utt Stor lng wright ture of the lam pl, wi th vithur a idat or
ratlivg voltage wattage vofllove weight dephw nfurm.Giktr(watts) (volts (waits) (volta) (Ibe) deep howl confi~uratl'n. Uketir

for the enclture is oz.n,-resi,ktin,

24C/120 60 390 7 neoprene. pure w,, L,,tvl to resist
480 60 390 6 moisture and heat) or an equivalent

2401120 80 410 7 material.
480 s0 410 6 The luminaire optical system, de-

240/120 125 420 10 pending on the light distribution de-

g0 277 125 420 10 sired, may have a reflector and re-

480 123 420 10 fractor comhination or just a reflector
135 2401120 t7 575 with a clear, dat. enclosure cover.

135 277 178 575 16 Units are available with either a cut-

480 178 575 16 off'. semicutoltr or nuncututf light dis-
tribution, dtpWnding on optical sys-

S240/120 220 600 16 tern and lamp position within the
180 277 220 600 t6 housing. One luminaire. for example.

has a lampholn,; mounting which is

ITypica, of presently avaitable ballasts for singla U-tube lamps. bult-n for power-factor adjustable in three vertical positions

correction to 90% or above. for a choice of candlepower distribi'-
tions.

Applications
The decidedly yellow color of the

reduction of light output and actual are the high-reactance transformer LPS lamp limits its application. How-
disintegration of the arc tube caused type. but lamps using reactor ballasts ever, based on extensive studies of its
a great deal of trouble in the past. are satisfactory for a 484-volt supply use for roadway lighting, light from
However. zpecial types of glass with circuit, since they receive the required the lamp gives the impression of
siiica largely replaced by boric oxide voltage level in the starting pulse. greater brightness (for a given road
(to resist the sodium vapor) and lami- The high-re,,ctance ballast has better surface luminanc., for example) and
nated with lime-soda glass (to resist voltage regulation and a higher provides greater visual acuit
m moisture) are now used to provide power factur than the reactor type, greater speed of perception, and lee.

I better stability of are-tube materials. and in a case where a chuice is avail- discomfort glare than other popular
Another early problem, the ten- able, it is genera!ly preferred. Some roadway lighting systems.

dency of the glass to absorb argon lamp types using reactor ballasts in- At roadway intersections or pedes-
during operation of the lamp, has crease their wattage requirements as trian crossings, the lamp color can
been overcome with advancements in they age, so that the electrical distri- serve as a sign of caution to the mo-
glass technology. bution system must be sized for the torist. In Europe. the LPS source is

lamp's end-of-life requirements used far bypass roadways around
SLIlasts which can be 40 per cent higher than large metropolitan areas, while mer-

The LPS lamp, as other electric dis- the initial lamp wattage rating. cury lamps light ramps and feeder
charge lamps, requires the use of aux- Ballast total inptt wattage ranges roads. This provides an effective
iliary electrical controls (ballasts) to from 66 to M20 watts, depending on "color-coding" of such bypass roads,
supply necessary starting voltage and lamp size. As lamp and ballast wat- making their location and conligura-
to limit operating current. This cor,- tage increases, there is a significant tion readily discernible at a consider-
trol of current is necessary because improvement in ballast efficiency, able distance.
the electrical impedance of an arc dis- with a• greater percentage of the bal- Other applicetions where color dis-
charge decreases witb. an incresise of lest input watts appearing as lamp crirnination is not an essential factor
are temperature, and the lamp couid watts. See Table 3. but where high efficacy, low wattage
rapidly draw more current until it de- and other factors influencing systemi " stroyed itself. Luminalts cost, installation, and maintenance

Electrically, LPS ballasts are simi- Several manufacturers hove com- can be of real and continued value in-
lar to those used with mercury and plete lines of luminaires for outdoor elude pedestrian crossings. bridges,
metal-halide lamps and do not require application of LPS lamps, and other railway cri)ssings. tunnels and under-
the special high-voltage pulse re- firms are developing models or con- passes, shipyards, docks, industrial
quired to start most of the high-pres- templating entering the market. The yards, quarries, mines, railroad yards,
surc-sodium lamps. This simplifies the luminaire housing used today is nor- and large :onstruction sites. Contin-

ballast ,lciitn and improves the possi- mally an aluminum, onE-piece casting uing concern for the optimization of
bilitius for trouble-free operation. or an extrusion ,-ut to length with end electrical energy requires careful ý(

The minimum stArting voltage castiings secured by continuous weld- sideration to the possible use of the
ranges from 4S0 to W50 volts, depend- ing. Housings may have a baked low-pressure-sodium lamp for appli-
ing on lamp size. Most ballasts used enamel finish on the inside and out- cations such as these.
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A

Look -

At 7

Low-Pressure Sodium
R. Stark and H. Cossyphas

An indirect roadblock to improved night visibility an search program sponsored by the

expressways and at major intersections is State of Illinois Division of H-igh-
the general assumption tMW~ advancements in this ways.

area would logically result in rising electrical energy Stevenson Expressway, C. S. In-
costs. This impediment, and m.ore practical de- terstate 55, was chosen as the sitaý

mands for improved night visibility, prompted the State of the experiment since it. lends it-
of Illinois Division of Highways to experiment self easily to the evaluation- of a

with low-pressure sodium lighting along a one- lighting system under foggy or
mile stretch of heavily tra~ffiked interstate highway. smoggy conditions. Prior to the ex-

To the authors' best knowledge, this is the first perimental installation, mercury Itu-
major expressway installation of high-efficacy low- minaires were used on the entire

pressure sodium lamps in the United Stiattes, length of the road.
Because of cost consi derat ions,

the experiment was restricted to ex-
isting light standards and their lo-
cations. The 400-watt mercury lu-

Stevenson Expressway. a six-lane minaires simply were replaced with
divided highway and a major Chi- 180-watt tubular U-shaped low-
cago artery, was undistinguishable pressure sodium units. The stand-
with regard to lighting from other ards are set 14 feet. back from the
major interstates feeding metro- edge of the pavement, and are
politan areas-until one year ago. spaced at 150 feet. They are
At that time, an experimental one- equipped with 12-foot mast arms
mile long lighting installation of which provide a 34-foot mounting
low-pressure sodium lamps became height (Figure 1.
operable as the initial phase of a re- Both luminaires, mercury and

low-pressure sodi um. (Figure 2)
- -. ----- et the IES catt-rorizatiort for me-

The Authors Mr. Stark Is a Registered dimvrtalisibin.Tp11
Professiunal Engineer working is regionuldtivetcldsrbiu.TpII
electrical enginver weith the State ti Ilii- lateral distribution, and semi-cutoff
nois Dept. of Transp."tatlon. and a pas vertical control.
chairman of the IUS Roadway Lightingc
Conmmittee. Mr cossN plias is a Reg~istered Performance data froin the ex-
Professional Engineer wurking as spe'iaLL perimprnt were gathered 1,o compare
studies engineer with tieu stai te ticifiiins
Dept of Trunspcrtatiun. and~evaluate the low-pressure sodi-
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S . . Photometric measurements from
g . both sources were obtained by an

" illumination recorder. Instrumenta-
"tion and operation of the recorder
have been documented in previoas

A studies.'. 2

* .,-"- .i- .. 4...÷.Horizontal illumination readings
were taken with the sensing photo-
cell mounted on the roof of a pas-
senger vehicle, approximately five
feet above the pavement. The sens-al'." " "•ing photocell was also mounted on
the back side of the rear bumper,

about one and one-half feet above
the pavement, fer vertical illumina-
tion readings. The test vehicle was
driven at an approximate speed of

":. 45 mph.

Portions of the strip chart out-
pets of the illumination recorder
are illustrated in Figures 3 through

S" ' 10. representing horizontal and ver-
tical illumination levels for two

Figure 1. eastbound lanes and two westbound
lanes. These charts show readings

for the same 1200-foot long ex-
um and mercury installations in Color Rendering pressway stretch. Results of the
terms of: Sign and Delineation Visibility strip chart recorder outputs made

Efficacy and Efficiency possible the necessary calculations
Average Horizontal Illumination Maintenance for average illumination, mean de-
Average Vertical Illumination Economics viation, uniformity ratio, and uni-
Uniformity of Illumination Safety formity of illumination.3

Glare Public Reaction and Prcference These results are represented in

Table I-Photometric Results

COMPONENT Horizontal Vertical

DIRECTION Eastbound Westbound Eastbound Westbound

LANE NO. 1 2 3 1 2 3 1 2 3 1 2 3

E. .66 1.12 1.07 .69 1.1 1.07 0.58 0.65 0.60 0.56 0.61 0.58
M.D. 0.e48 0.485 0.446 0.21 0.474 0.445 0.175 0.218 0.215 0.174 0.214 0.21221.6
U.R. 1.? 2.38 2.85 1.68 2.40 2.81 1.45 1.62 2. 1.47 1.6 2.1

U.1. 62.4 56.8 58.5 69.5 57.0 58.4 69.9 66.5 64.1 69. 65. 63.5

SE. 1.02 1.58 2-32 1.04 1.61 2.34 0.75 0.95 1.06 .74 .93 1.02
E

'A M.D. 0.175 0.617 1.137 0.171 0.645 1.198 0.098 0 225 0.315 0.092 0.222 0.313

a- ] U.R. 1.22 1.7 2.5 1.2 1.7 2.5 1.87 1.9 1.77 1.89 2.05 1.8

. U.1. 82.6 62.3 51.1 83.6 59.9 48.9 87. 76.4 70.3 87.6 76.2 69.4
/I-



Table II-Glare.Contributions
i'able I for convenient comparison
of the two systems. It should be Mercury Low-Pressure Sodium
noted, however, that mercury light- Lane 1 2 3 1 2 3
ing measurements were taken after Disability
the luminaires had been operating (DVB in fl.) .0397 .0854 .102 .0645 .117 .161
for 9000 hours without any wash- Discomfort
ing maintenance for nine months (Avg. number) 7.112 7.058
preceding the experiment. Under __________________________________

this condition, one would expect the
light flux output of the luminaires
to depreciate by at least 20 per cent. served on the shoulder and house Disability glare for the low-pres-
i increases in horizontal illumination side of the expressway, eliminating sure sodium installation is consider-
levels were much more significanit transverse transitional adaptation ably higher than that of the mer-
for lane No. 3 than for any of the difficulties. This increase in the cury system. (See Table II.) How-
other lanes. Increases in illumina- width of the motorists' field of view ever, the resultant difference of loss
tion levels for all lanes would have is believed to enhance a feeling of in contrast between the two sys-
been more consistent if the low- security by alleviating the fear of tems would not exceed five per cent
pressure sodium luminaires were seclusion, usually suggested by in favor of the mercury system for
uptilted by approximately five de- lighting systems that do not illu- any lane, even assuming equal illu-
grees from the horizontal plane. minmate areas adjacetit to the road- mination levels for both systems. It
This adjustment could not be pro- way, or which over-emphasize opti- also is noted that the two systems
vided, however, because of design cal iruidance. Results of disability4  offered numerically equivalent dis-
characteristics of the luminaire and discomfort" glares calculated comfort glare values. Of the two lu-
model used in the experiment for both systems are shown in Ta- minaires used in this experiment.

High light flux densities were ob- ble II. the low-pressure sodiumr unit exhib-
its better discomfort glare control
than mercury at comparable illumi-

Snation levels.
A reduction in headlight glare

from opposing traffic also was
achieved by this installation. The
increase in ambient illumination
levels resulted in glare re~duction

C 71.from the headlights.
For multiple input information

driving tasks, previous studies have
shown that the effectiveness of
highway signs depends on the tar-
get value technique employed.6 A
sign may fulfill the legibility cri-
teria. but it remains ineffective un-
less it is actually read. It was ob-

- served that the yellow environment
~ / provided by the low-pressure sodi-

um installation enhanced the notice-
ability of overhead directional signs

k lighted with fluorescent sources.
The color contrast between the sign
and the environment served as an
attention gaining technique. The
photometric characteristics of the il-

Figure 2. Low-pressure sodium lummnmure. luminated signs were not otherwise

~0-i



Motorists' Questionnaire

The State of Illinois, Department of Public Works and Buildings, is interested in your
opinion concerning the low-pressure sodium lighting installation (yellowish lights), ex-
tending for one mile east of Harlem Avenue on the Stevenson Expressway.

Please answer only those questions which are clear to you; do not answer any questions
on which you have no definite opinions.

1. How would you rank this lighting system in comparison to the lighting on the rest
of the expressway, i.e., conventional lighting?

Bettor-73% As Good-21% Worse--6%

2. Do you feel that this system provides more light on the road than the conventional
system? Same as the Conveiitional

Yes-81% N,--5% -14%

3. Do you feel that this system offers more even light, i.e., less dark and bright spots on
the pavement than the conventional lighting? Same as the Conventional

Yes--89% No--5% -6%
4. Are the overhead signs more visible under this system than under conventional

lighting? Same as the Conventional
Yes-55% No--20% -25%

5. Are the signs located on the side of the road more visible under this system than
under conventional lighting? Same as the Conventional

Yes-54% No-20% -26%

6. Are the lane separating stripes more visible than under conventional lighting?
Same as the Conventional

Yes-66% No-16% -18%

7. Do these lights cause more glare than the other lights on the expressway?
Same as the Conventional

Yes-10% No-86% -4%

8. Is the true color of other vehicles on the road seen better under this system than
under the conventional system? Same as tCie Conventional

Yes-38% No-41% -21%

9. Can you see more of the ground adjacent to the road with this system than with the
conventional system? Same as the Conventional

Yes-78% No--8% -14%

10. Do you like this system?
Yes-84% No-8% No Preference-8%

11. What do you like most about this system?
Color--8% Amount of Light-26% Glare-9%

Evenness of Light-30% General Visibility-27%

12. What do you dislike about this system?
Color-55% Amount of Light-.8% Glant.16%

Evenness of Light-2% General Visibility-19%

13. If your answers above do not favor this lighting system. do you feel that your atti-
tude might change by knowing that it costs less than conventional lighting?

Yes-30% No-70%

14. Use this space for special comments, if any.

Please place this questionnaire in the attached self-addressed and post stamped envelope
and mail it at your earliest convenience.
Your cooperation is highly appreciated by the division of highways.

10 .',i
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affected. The visibility of the un- - - - - -

lighted roadway signs -appeared to- - - -

be somewhat improved by the low- V Z_-t
pressure sodium light due to the *.J
increase of light flux in the house -

side of the road. The lane separat- Figure 3. Eastbound lane No. 3. mercury installation.
ir. delineation stripes were en-
hanced under this system because of
the improved color rendering of the 4L -... Z:~ i~
pavement and stripes themselves. .
In the area of true [daylgt

color rendering, the low-pressure 7..
sodium installation appeared in- -

ferior to the mercury system, as an- 4 -' 4."
ticipated. Low-pressure soim0.,
emits monochromatic luminous flux :J-. -~p'
at a wavelength of 585 nm. No oth -
er appreciable radiation is emitted .

in the visible spectrum. Consequent-
ly, all colors--except yellow-appear . .\ . . -. . ~.. . . ~
distorted. V_ __. _ _ 73

Tte high efficacy of the low-pres- -

sure sodium lamp, 175 lumens per
watt, results in considerable say- Figure 4. Eastbound lane No. 3. low-pressure sodium installation.

- *- ~ ~ings in power and materials. In this
- . ~ p-i-!~ -t-- ~experimental installation, the illu-

-. _ mination levels were increased while
the power consumption was de-

A, creased to half of its previous level.
7-t A dollar per footcandle economic

analysis obviously favors low-pres-
t. sure sodium systems due to lower

.1 power consumption, smaller wiring,
A- I and, possibly, larger spacingp. Such

- -a method, however, may not be en-
tirely meaningful.

The low-pressure sodium units on
-. ~ -~- ~Stevenson Expressway have been in
Figue 5 Wetbond aneNo. , mrcuy istalaton.operation for approximately one
Figue 5Wesboud lne o I ercry nstllaionyear. Consequently, no conclusions

can be drawn regarding their main-
tenance. The manufacturer claims

50 pr cet mrta~ity' at 18,000
- . hours under normal operation cy-

- dles. and no light flux depreciation
... .... during the lamp life.

t ~ L To determine the acceptance of
-. the system by the general public.

. 3c.. quiestionnaires were distributed to
2 A .3 motorists of diverse driving back-

- - grounds, including police officers,
- truck drivers, and lighting special-

naires were based on a population
-~~sample of 165.

*96 per cent survival at 10.000 hours underFigure 6. Westbound lane No. 1, low-pressure sodium installation. laboratory conditions.
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Horizontal Illumination vs Distance (Approx. 27 ft/Division)

_ _vf

While the results of the sampling
were not, statistically analyzed with ___
regard to the representativeness of . -

the population and possible reactive - ~-
influences affecting replies, it can Figure 7. Eastbound lane No. 2, mercury installation.
be safely stated that the opinions
receivpd were decidedly favorable to
low-pressure sodium over mercury,------ -
with the obvious exception of color-
rendering. Interestingly, of those
individuals who generally did not ------
favor the low-pressure sodium in-
stallation, some 70 per cent refused------- +
to be swayed in their convictions-- .
even if the system would coat con-
siderably less than conventional ~
lighting.

Further experimentation with t: i-
low-pressure sodium lighting by the--
Illinois Division of Highways is*'--
likely, so that the effects of these -.-

installations on accident rates may
be studied and verified statistically. Figure 8. Eastbound lane No. 2. low-pressure sodium installation.
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MAINTENANCE

Energy conservation and
luminaire dirt depreciation
A comparison of a mercury and a low-pressure
sodium luminaire in terms of the effect of dust
collection on luminous intensity

Perry Romano

In these days of energy conservation, it been operated in a dust chamber. The
is important to reexamine the light loss tests were made independently at a na-
factors that rob us of the full amount of tionally recognized test laboratory in ac-
light required for seeing tasks. One of cordance with JES recommended proce-
the mcst important factors is luminaire dures. Tests were based on 60-plane
dirt depreciation (LDD), the result of photometry, with .ertical increments of
dust and dirt collecting on lamp and lu- 2.5 degrees from 50 degrees to 90 de-
minaire surfaces. This collection will grees_ Test distance exceeded 25 feet.
progressively absorb the vital energy A 180-watt low-pressure sodium lamp
that is then lost as useful light on the (LPS) II], rated 33.000 lumens, was
work surfaces, tested in a roadway luminaire with a

To combat this factor. it is necessary clear acrylic molded cover. A 400-watt.
to determine how the lamp type. size, H400A33-1. clear mercury lamp (H).
and the luminaire design affect the col- rated 19.667 lumens, was tested in a
lection of dust and dirt and to what de- roadway luminaire (cobra-head) with an
gree the luminaire is limited in its oper- aluminum reflector and a glass refrac-
ation. This information will be valuable tor. Thermocouples were attached to the
in luminaire design and application, two luminaires in selected places. and

To gain new data on LDD, two dif- one was suspended in the ambient air
feretit types of sources were tested in within each luminaire.
roadway luminaires. Each luminaire was The accelerated tests in the dust
given a complete photometric test when chamber 121 cycled the luminaires in in-
clean and was tested again after having crements of two hours on and two hours

off. It was found that the luminaires
The author nati~onal sales manager. Q reached close to their maximum temper-

Outdoor Ughtinlg, Northbrook. III Dr. laot atures in two hours and cooled again to
La•run of Envronmenhtl Reseauch Laborvtones approximately ambient temperature in
conducted the testing described in this article. -hour period- This cycling
and Wilgia We"bd served as a consultant the next two-
Both arev nontrbutng editors to L& caused the luminaires to "breathe" as if

If]
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the% had been in normal operation for a
period f ipproxtmatebN 2 10 du% %.

The dust chamber was an $-foot b) 8-
foot h% 8.fout room with a closed loop
circulition senaitlation %stnn siovith the
one suppik register Iocttai !,i the center os I LW
of the I'loor Dust -'us fd jutomaticall% a OLED
tnt,, the return sade of the fan. Aitthin the ra
clused loop. and circulated The du,,t
used "as the standard of air condition-
Ing air filer manufacturers and conifsbt. ArU ~RN GRIL4S
ed 4t a rmito of' 90 10 of extremes fine / rLN
desert silt :and lamphlick.

The phoameirtne tc'ts. after the aceel-
crated du,1 collectioin. shicd onls% a
stieith reduction iq effiocinc% for the
LPN1 Iuirinaire. hut there s'a, a signifi- k-
sant decrc~ise for the It luntinairc I'lablile

The spacing vf luminaires alontg a
road'sa% and their niountiniu height arc
essential elements in %,stcm design.
Such spacing and mounting arc -depen-
dcnt on luminairc luminous-iniensit frAN

distribution. The dust test' sho%%cd the A#OTOA.. .
estenito I, hich luntintirc luminous-in.
tensit% distinhution v a, affected ad-

hesl h % du~t collecutio rrable 21-
Agian. the data shou the hetter rvrfor- /LMNI(
manice Oi the UPS lumoiiijire 4nd em- cmio(R rrsr
phastie the importanCC Of I-DD in lumi-
natre and %s-;ten design. CLOCK$

A' reduction in candlepo%%er is to be 2
c-pccied for both lunitnaircs. hecause
the dust colleetioti on liamp and light
control surfaces not onl% ahsorhs light.
hut iCts a, an added diffuser. scattering - . . --.. ________-_____

it in a less effectise pattern It is Inter- Table 1. Lumlnaire efficiency (par ceOn Q
esting. too, that the lateral plane of Lumineire Clean Dirty Decrease
maximum ea;ndlcpu~er t~a s hifted 2.5 --- -- - -

dcgrees% h% the ciillectitin of dust. c:hang- LPS 79.7 78.4 1.63
Ing the IFS elassifivaiion foir the H lu-H7896.142
minaire from ispe Ill, medium, to i~pe

If. short The classification of the IPS
luminaire Aah~ unchange~d front t~r< Ill. -- . -_________

short Table 2. Maximum luminous intensity In candelas
In the design of a lighting 5s.5tctt. Luminalve Clean Dirty Decrease (per cent)

there is the 4uusti.on of the amount of-- -

light that sIl he delivered lo the LPIS 944S 8550 9.50
-Aorkplaine. hNah initiollk and alter96070185
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depreciation. A useful factor in estimat-
ing the design quantity of light is the
coefficient of utilization, the ratio of the
lumens reaching the workplane to that
of the total lumens leaving the lamp or
lamps of the luminaire. Table 3 illus-
trates the affect of LDD on the coeffi-
cients of the two luminaires tested, It is
apparent that the LPS luminaire was lit-
tle affected by dust collectuon. but the H-
luminaire had considerable reduction in

'-* Iits ability to deliver quantities of light to
I ~ the roadway.

- A The LIPS luminaire has the additional
advantage of a light sourcs! of much
higher efficacy (lumens of light output
per watt of lamp electrical input). higher

' tota; lumens, and lower wattage than
-the H luminaire. Lamp efficacy for the

LPS is 183 ipw and for the H is 49.2
lpw. a ratio of 3.73 to 1. The higher ef-
ficacy of the LPS lamp and the lower
LDD of its luminaire Tmean that much
greater amounts of light can be dceliv-
ered to the roadway from each LPS lu-
minaire.

The higher operating temperature Hf

the higher wattage H luminaire causes it
to "breathe more deeply" and thus draw

[31 more dual into its optical system. Both
luminaires were gasketed and the LPS

luminaire had a larger volume of air en-
losed in its optical system, but its much

otlower operating temperature enabled its

Tal 3.w Coficet roti of 3.7at I. The hgherside

. __gasketing to limit effectively the LDD.

LPS luminalre 14 luminalre Also, the lower operating temperature
Per cent Per cent cf the LPS luminaire can be expect.d to

Ratio, Clean Dirty decrease clean Dirty, decrease act favorably on the life of luminaire

0.5 0.169 0.167 1.2 0.170 0.146 14.1 components.
1.0 0.274 0.271 1.1 0.377 0.309 18.0 To summarize, the r LPS luminaire
1.5 0.329 0.325 1.2 0.477 0.391 18.0 outperformed the H lumninaire in these
"2.0 D.358 0.353 1.4 0.523 0.431 17.6 tests and is the superior luminaire with
2.5 0.374 0.369 1.3 0.549 0.453 17.5 regard to maintenance of luminous in-
3.0 0.384 n. 378 1.6 0.563 0.465 17.4 tensity.. efficiency, and coefficients of
3.5 0.391 0.385 1.5 0.573 0.474 17.3 utlzio.Teeavngs.swlls
4.0 0.394 0.389 1.3 0.578 0.478 17.3 uhilwaton.r thee and thuges s wllra
5.0 0.398 0.393 1.3 0.585 0.485 17-1 h oe atg adtehge ih(iTotal 0.404 0.401 0.7 0.605 0.504 16.7 output and efficacy of the LPS lamp.

are valuable in these continuing days mc
Ratio: transverse width of street to luninaire mounting oesight.rperatingtempeenegycenarvadon

Par cent Per c~ ~ ~en erg c onshe rvSluiatioecn. b xetd
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SECURITY

Exterior security
fence lighting
Low-pressure sodium sources for the
exterior lighting of maximum security
institutions have the advantages of high
luminous efficacy, low arc-tube luminance,
monochromatic tight that offers a psychological
and visual deterrent to Inmates, and rellable
starting characteristics
Ri. E. Jennings, P.E.

Social unrest at many penal inistitutions new security and detection systemns. It
in both the United States and Canada has also created a need for improvement
over the past few years has resulted in in existing security lighting systems.
tremendous interest in the application of This challenge can be met today because

research and development in the field of
The authot head. Illumination Engineering. illumination have provided new design
Dept. of Publict Weeksa. Ottawa. Canada criteria as well as new products.
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Training, motivation, and fatigue are New lighting system

other factors that affect the visual per- Our first concern in considering crite-

high.intensity light sources and lumi- formance of a security officer in the per ria for the design of this new exterior

naires enable us to design lighting sys- formance of his duties. It is not within security fence lighting system was the

tems to improvw the visual performance the scope of this article to include a de- selection of the light source. After a

of the security staff, tailed description of all such factors, nor thorough investigation, we chose a low-

This article analyzes and describes the is it intended to detail methods and pressure sodium lamp (LPS).

effects of the more important factors measurements required to establish such

thai must be considered in designing an values. Studying and evaluating such High luminous efficacy

,exterior security fence lighting system. factors as relative contrast sensitivity The SOX 135-watt low-pressure sodi.

We compare a prev.ously installed sys- (RCS), contrast ,endering factor (CRF), um lamp chosen produces 159 lumens!

tern at a maximum security institution disability glare factor (DGF), and the watt, which is considerably higher than

with a new system that has been de- transient adaptation factor (TAF) will either clear mercury. metal halides, or

signed with these several factors in ensure achieving maximum visual per- high-pressure sodium light sources of

mind. formance. The evaluation of the four as- the same rating. Its life rating of 15,000

Historically, early research concerned peess of illuminance environment as ex-, hours compares favorably with other

itself with the performance characteris- pressed by RCS. CRF, DGF, and TAF sources.

tics of humtn vision and established the represents a considerable advancement This meets our first design criterion:

fact that visual performance was not over older methods that evaluated visual namely, to use minimum electrical input

only dependent on the level of illumina- performance solely in terms of the wattage to produce optimal illumination

tion of the visual task but also involved quantity of illuminance. levels over a defined area. This was a

the four fundamental factors in vision: very important consideration in our ef-

luminance, size, contras
t and exposure Existing perimeter lighting fort to conserve electrical energy. It was

duration. More recent research has Double chain-link fences located 20 also an important consideration when

shown that visual performance also de- feet apart are usually installed around the perimeter fence lighting system is

pcnds on other physical properties of the the perimeter of a maximum security in- supplied by standby power.

luminous environment created by the stitution. Strands of barbed wire are in-

lighting installation, stalled at the top of the 14-foot fence. Lamp brightness

Level of illumination, vision factors, During exercise periods, inmates are not The arc tube luminance of the LPS

layout 3nd the intensity of distribution permitted to approach to within 15 feet lamp is 10 cd/cm'--an extremely low

of a light source, differences in task and of the inner fence, value compared to values of 450 cd/cm 
4

background chromaticit•.s, and psycho- Exterior fence lighting systems in- for clear high-intensity mercury lamps

logical variables-all arc interrelated stalled in recently constructed instita- and 1000 cd/cm- for clear high-pressure

and must be carefuly considered in our tions consist or 20-foot aluminum stan- sodium lamps.

effort to maximize visual peefuorances dards spaced 100 feet apart, and located This also met another design criteri-

in a normal environment, approximately 5 feet outside an exterior on: to avoid direct glare in the field of

A penal institution, however, cannot fence on which is mounted a post-top in- view of guards located in watchtowers,

be considered a normal envirnmer.t. candescent luminaire rated at 370 watts, as wel! as those on foot patrol. It should

Additional factors related to patterns of providing an IES Type I light distribu- permit scanning the area besteen fences

ocular search and scanning, as well as tion. This is a poar choice of luminaire, with maximum visual capability.

visual information processing, must be because it does not provide either the

considered in designing exterior security level of illumination or the quality of Monochromatic yellow light

fence lighting systems to assist in lifhiing required for this application. It The output of a low-pressure sodium

achieving maximum visual performance also requires considerable maintenance, lamp is a virtually monochromatic yel-

by the security staff under condi~ions of The proposed lighting system, in addi ._w light (a doublet of 589 and 589.6

actual visual work. tion to praviding good uniformity and nm), which is very close to the eye's

The pattern of ocular search and quality of lighting, offers adequate iliu- 555-nm peak sensitivity. Electrically, the

scannihg, as in the case of a security minatice in four major areas: benefits of the narrow bandwidth mean

guard, may involve steadily fixating a a Between secuiity fences. that energy is utilized where it will do

suspicious area for seve.ral seconds or a On the face of the inner security the most good-in a narrow energy

minutes or scanning a larger ares He fence to a height of 5 feet from ground band to which the eye is extremely sen-

may glance away from a suspicious level. sitive.

point momentarily or he may institute a Fifteen-foot "no man's land" on The monochromatic yellow light and

an ocular scan of some other at:a. If compound side of inner fence. the high level of illuminance prove most

the task surround has aleas of lumi- a Leading away from the exterior fence. compatible when a television surveil-

nance different from that of the task lu- The system should provide a main- lance sy-tem is installed. It does not

minance, movements of the line of sight tained level of illuminance of 4.5 foot- permit distinguishing colors or faciii.-

about the environment will produce loss- candles over the prescribed area, with a features, but it dots offer good clarity

es in visual sensitivity due to transient uniformity of no less than 1.25 to 1.0 and picture detail. And it results in in-

adaptive effects. over the area. creased visual acuity.

I lGlItING ', .... APPLICATION / APRIL 1974
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Historically, we have grown accus- with transformer type bases. Luminaires
( ., tamed to interpret the color yellow as are mounted at 26 feet on 33.foot cen.

an indication of cauiion or danger: for ters, with each span of the main suspen.
exanmple, yellow traffic lights and flash. sion cable being terminated at each con.
ing roadway construction signs. I believe Secutive pole. Ballast, and fuses for
that it is quite possible that this yellnw three luminaires are located in these
band of light around the perimeter of a bases. Each span is individually wired.
naximunt security satellite will prove to To avoid increasing costs, we ex.
be a psychological as well as a visual de- plored the possibility of using tne exist-
terrent to inmates contemplating escape, ing underground duct and cable system,

Because each 135-watt luminaire draws
Reliable starting only 0.95 ampere and there are three lu-

The ignition in an LPS lamp is by minaires per section for a total of 405
means of a gas discharge through a watts (as compared to the existing 370
neon-argon gas mixture. Because there watt lum~naires), it was possible to em-
is nothing to vaporize to initiate the arc, ploy the existing wiring system.
these lamps are very reliable starters. The existing concrete bases were not
The heat from the neon-argon discharge strong enough to accept the new steel
begins vaporizing the sodium, -hich in- poles; however, rather than replace
creasingly contributes to the light output these, we cut the tops off, diamond
until, after about 12 to 15 minutes fol- drilled new holes for the new anchor
loving start-up from cold start, the bolts, and in.talled a concrete "collar"
lamp's light is sodium yellow. to provide the required strength. This

Most important, when normal power avoided breaking into the existing un.
fails, the lamp provides instant re. derground duct system and exposing it
starting when the diesel generator comes to moisture and other possible injury.
on line, because the gas and sodium Field tests have proven that .he new
mixture is still hot. security fence lighting system has ex-

Other advantages ceeded the design calculations and has
provided a visual environment in accor-a The lumen output of the LPS lamp dance with all the factors previously

remains unchanged throughout its life, stated. The system has been installed at
which is rated 15.000 hours on 5-hour three maximum security institutions tc
starl5. date and the security staff has reported
* Luminous output is within 5 per cent a definite improvement in visual perfor.
a- 40"C. mance, particularly during periods of in-
n With reactor balltst. the larhp ma~n- tense fog. Uniformity is excellent and
tains luminous output within 6 per cent has permitted removal of the coils of
and lamp wattage within Ig per cent of barbed wire placed at ground level be.
nominal-with 20 per cent fluctuation in tween the fences. 0
line voltage.

The luminaire selected for this appli-
cation uses one 135-watt LPS lamp and
produces a symmetrical twin-beam can.
dlepower distribution for maximum re.
duction of contrast losses and discom-
fort glare. It has a maximum luminous
intensity of 318.5 cd/100 Im, at an angle
of 50" from nadir. The geometric con-
figuration of the fence in relation to
poles and mounting height of these lu-
minaires is such that this beam of maxi-
mum intensity strikes the face of the
inner fence 3 to 5 feet above ground . , .
level. This is the critical cutting zone for
inmates attempting to escape.

The system chosen for lighting the ex-
terior fence is an axially suspended ca.
tenary system. The design is based on
the use of 30-foot octagonal steel poles 1- 3
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A* k* w

I. IDENl I rCATI1N.
Program na:,ie: Point Lo eoint Lighting
Program nunher: 712X6,2120
Original: 53eptember I•70
Nevision: I - March I977. Inis revision changed nme
metnou of specifying the test gric. it also
incorporates other chanjes aoJ •mproverr-ents nece ss5ry
-ro t;,e program to operate in a c3n:ination tireshartn•
and remote datch system.

2. rUl, U a e program analyzes tne uesi;n of a lr'[;Ing
installation to determine tne amriunc or lllui-ination i"
gLves. The design is uescribeu to tre prugrai, ry
giving the coordinates of eacn luririaire. ine origin
of tne cooruinate system iý complpteiy aruitrari. It
may oe chosen wherever convenient. Ine output oý tne

program is a printout of a -3riu or i i lum .1na tLon
(fooccandle) values. i: e grid is specifleu o/ giving
the coordinates of two corners.

3. ENTEkING CANDLýPOWEM' DATA. Reter to rigure 3, zari
type 50. In order to test a given luminaire with this
program the candlepower data for the luminaire must he
obtained and entered into the computer. ror use witn
this program candlepower data must oe in the form of I
two-aimensionA1 table; one dimension bein) tne numoer
of horizontal angles, the other dimension being -he
nu'noer of vertical angles.

3.1. 1he candleo-wer data is first enterea into a
sequential tile whicn nas a :or- at of one record
(card) per point. Tne procjram will lrter transfer
tne data to a random access file. me first ,,
cnaracters of a recorJ are ignoreo by Lne program,
anoj may oe used for seqjenc÷ nuinrerS or ot:ler
information at tne ciscretion of tne us^r.
Cnaracter 10 must contain eitner an H or v. inis
indicates to tne projroin no thne pnoto,.etry or tine
fixture was pertorrneu, i.e. was the polar axis
horizontai or vertical (polar axes will oe discuu.ed
late-). Columns 11-20 contain the LU01i4. C(AIuns
21-3U contain the noriziunal angle. Culur.ns 11-4j
contain the vertical angie. Columns 'l-bJ conttJ in
tne candlepower value.

3.2. line carus must be arrangeu so tne the angles ace in

- I- -
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ascending oruer aitn tne vertical angles cnanging
the fastest. Tne resulting rile nas a Vroup ;f

cerJs with the same horizontal angle, anu Nitr, ýne
vertical angles increasing from tne smallest to tne
largest. Inis group is then followed oy anotner
group with the next larger norizontal angie, ana a
repetition of the vertical angles. iTne pattern is
followeu until all data for tne luminaire nas oeen
entered.

3.3. 6ince pnotometric data i.4 4iven in cerýrEs of
horizontal and vertical angles a polar coorainate
system is implied. It is very important to
determine if tne pnotom,2try -as performeu 'i rC a
horizontal or a vertical polar axis. Consiaer ror a
minute tne stanaard rignt-nancjeu XýZ coordinac t
system. Polar coordinates in s:jch a system are
given by r, theta, ardj pni. It is not necessary to
specify the coordinate r for a canailpower taoLý.
fneta is the angle with tne positive a-axis. Pni is
the angle with the positive X-axis. Let r = I unit
so that we are consideriing a unit vector witri some
direction designated by tneta and phi. If pni is
held constant at some value, and it neta is varied
from 0.0 to 360.0 degrees tnen the tip of the unit
vector will trace a great circle on a sphere of
radius I. Ihis corresponus to a line of longitude
of the surface of the earth. Ik theta insteao of
phi is held constant, and pni is varieo from 0.d to
360.0 degrees then the tip of tne unit vector will
trace a circle smaller tnan a great circle unless
theta is exactly Yu.3 degrees. These circles
correspond to lines of latitude on tne eartn.

3.4. Tne program uetines tne Z-axis as trne polar axis of
an X(Z-coordinate system. ahen preparing to enoer
candlepower data it is necessary to ueter:Bine
wnetner tne polar axis was horizontal or vertical
when the photometric tests were maue. i:,ts
determines whether the norizontal angles in trhe
candlepower taole are measuring lattitude or
longituue. If that question is answered ior
horizontal angles then it is automatically ansaered
for vertical angles.

3.t). In general for f oodlignt type luminaires i.t Jill oe
fOuLnd that zne photometric data -was taken with tnt-
polar axis horizontal. inis means that the

i . , i I " I
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canuleoower dlata snoulo I e coIeI l itin an riN

J.o. In general for roadway type luminaires it wAi. ne
found that tne pnotometric iJata was taken wlt:j tr:e
polar axis vertical. fnis mreans tnat the
candlepower data snould oe cooed wicn a V.

3.7. For entering candlepower uata certain conventions
have been adopted ,,nicn 0o not necessarily con )rn
to stanuard mathematical usaye.

3.6. For a luminaire coced as it, generally a floodi/jht
juminaire, tne following convention has neen
aaopted: For horizontal angles the zero reference
is taken 90 degrees to the left of the central peIrt
of the beam when looking at tne face of the
luminaire. Most floodlights nave a bracket wnicn
permits tilting in the vertical airection. A riy
witn a horizontal angle of 0.0 degrees would c--eie
out the right hand snaft of the vertical tilt
mecnanism when looking at tne luminaire from cenin;J.
For vertical angles the zero reference is taKen at:
the central part of the b-?arm. Angles oeicw -na
center of the beam are positive, anu becone
increasingly more positive as the rotation cown ,ron
tne center of Dean increases. Angles above tne
center of the oeam are negative, anu Oe Jme
increasingly more negative as tne rotation up from
the center of the bean increases.

J... F-or a luminaire coJeu a v, generally a road4ay
luminaire, the following convention rhas ueen
adopted: Draw a line froai the mounting oracket out
tnrougn tne center of tre luiinaire. [Te zero
reference for norizontal injles is on a line throJgn
tne center of the luminaire, perpenoicuiar to Lne
bracKet-luminaire line, aro t o tne right •nen
loocincj at the luminaire from benina. A point on
tne bracket-luminaire line on the opposite siQP rrom
the bracket would have a horizontal angle of %w.j
degrees. [ne zero reference for vertical angles is
a horizontal plane throuyn tne center of tLe
luminaire. A point in this plane has a vertic-i
angle of 0.0 degrees. A point directly oeneatn tne
lIminaire nas vertical an gle of positive Yu.J
degrees. 1he point directly oeneatn a roa.,-ay
luminaire is ambiguous as far as the norizjntýi
angle is concerned. Tnis point has been arbitrarily

-3- -
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put ouT. wnen i• ti nem an.] cied,1 is• jredzer ýraý, -Iwi Ii De after sotee tim .a5 pa-sea, r )r e.3 ,
purposes it is usual!/ zeiirer to tare-icl u:L
,performance of rte 11gn tia s -/s et - nsetr~ e Ac:'s"
tpossiole conGi4ions. In :nist cas1es ne worst pes iole

conuitions would be Just before la-np replacement arx
just before cleaning. .he program predicts a aecrease
in li:)nt oy applying multipliers to tne carolepower or
the luminaire. The multipliers are uecimal fractions
in tne range O.O<FACIUR-=i .U.

4.i. mne program allows for tnree ractjrs. 'ne is for
lamp agin,* dOne is for airt accumulation. Lnp ±ust
factor is for anything elŽ3e that ne2us to ne
considered sucr as a lamp ,vitn a different luien
ratIng than the lamp used in the photometric tests.

Data definitions'

CPL = The candlepower of t-e lulmineire witrn no
aepreciaLion factors applied. CrL is interpo~ateu
from tne nearest valueu in tne previously entered
candlepower table.

LUJ I = F hne depreciation factor due to Lhe

-4-
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accumulation of uirt o.n tne luminaire.1

DLA.r' =Tne depreciation factor uue to an orz*'•.

larno.

OF[Hi:= Any other factor which must consiuered, anu

will charng light output.

Computation: CFL * DLA'AI -x LDIki * )THF-C

i. , .' ; LUA I;NAIRE P,)SIT[,I N AND AIi.:ING. heter to
r-i;ure 2, card type 6J. The exact position of eacn
ii.,inaire as well 1ts aiming angles must oe entereJ.
ine ;ýsitions tnat are entered are trie pOsiLions of c-te
center of eacn luminaire. In acjition to the A anm Y
c:orainates, Cne Z-cooro2.nate or nei~nt of tne
l'nriaire must oe given. fhe Z-coordinate vo.4!:
normali/ oe tne pole neight. A situation ,,:ýore cthe
Z-cou7,inate would not ue :ne pole nei';nt woulo te in
L:,e ca-se or a roadway luminaire mounteu on an 3rm 4itr,
upsaru slant. Tne increase height due to slant mus;
oe inciuojej. rhe actual lieignt aoove ground or The
luminaire ,s the correct figure in all cases.

u.i. ine location of the origin of the coordinate system
is compietely relative. The user simply nas to :ra.e
sure that all coordinates that ne enters are
consistent with tnh system that ne is using. ;,'hen
te program computes tne anount or light falling on
a certain point the coordinates involveo are
suotracteu, and the program operates with "The
differences.

Data Definitions:

XL, YL, ZL = The coordinates of the juminaira.

Xj, YG, ZG = The coordinates of tine ooiint on --e
test grid.

Computations
X = XG - XL
Y = fG- YL
Z = ZG -ZL

-. 2. AiLning an jles must also oe entered. Tne system of
c)ordinates used oy tne program is a s~niiaeau
righbt-nanu XYZ-coor,'inate system. ihe Z-axis is
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defined as oeing vertical. ! .e nsrizontal a-'n;
angle is measurea from tne positive X-axis. I: cqan
go all cne way aruunu from 3.0 to 361.u oegrees.
Negative values are not allo4eu. .he vertical
aiming angle is measured from tne negative Z-ax'is.
This is contrary to the standard system on ci
measures from the positive L-axis. The result is
thaý a vertical ang!-e ol j.a degrees i ncatas a
li4nt aimed straignt oo.on.

o.3. Before vertical an(±es are used in f ur L,,er
calculations they are cnanmeu to otner vaiues. ne
translation depenos upon wnetner t-re luminaire nas
ceen coueu as h or V. ror a luJinaire coded as :i
(floodlignt) vertical angles in tne range J.v to t

IoO. are cnanged to :8.j to O.0. "nis eftectiieiy
saitches the zero reference to tne positive Z-ax.
Ior a luminaire coded as V (roaaway) vertical arj;es
in tne range 0.0 'o YO.j is cnaneu r-o Yd.0 (c t .3,
and tne range 90.0 tnrauon Ibo.& is changed to joO.J
to 270.0.

6. ENfE.IlŽ& THE iLEST GtiiJ. tefer ro Figure 2, card types
70 and 80. A test grid is defined as the networK of
poinz.s for wn'ch the amount of linht is to be computed.
"lhe program is capqble of Proce-sinj as mnany test grids
in one run as requirqd. ihe specification of a test
grid consists of a sequence of two carns defining a

rectangular area. 1he sequer,:e is repeateG as often as
necessary. It is sometimes useful to make a test gric
coverirg a large area, and then to ,aake another test
grid covering a smaller area within tne larger area.

6.1. A test ,rid is defined oy giving the XYZ-cuordlat3es
or two points. fne poi.its are aC. opposite corners
of a rectangular area. fne area is the space ;Tor

wnich tne amount of igr, t is to oc co-nmpteu. A
geometric fact is tnat tnree points :-e requireu to
define a plane. In the case of a horizontal -;ine
(and tilted planes wnere tne line r-rom point I to j
is paraliel to the X-axis) ctne program will picK tne
third point automatically. Otnerwise it is

necessary to give the cocrdinates or tne Ln~ro)
point.

o.z. Tre rules the progran uses to pick point 3 are as
follows:

'1-7-



POINT TO POINf' LIGHTING /I2Cý12(j

XGý?1L)3 = XGHId2
YORI03 = YGrdL2I
ZGI1D3 = ZGdUID

v~ith the above information the program calculates
the coordinates of the fourtn corner and all the
remaining points of the test jrid. The coordinates
o1 the four corners are printed to help i,-,
intarpreting the results.

6.3. Anhen the test grid is printed out the positions, of
the corners on the paper are as follows. Corner I
is lower left. Corner 2 is upper right. Corner 3
is lower right. Corner 4 is upper left.

6-.4. The first card specifying the test grid is for --he
XY'Z-coordlnates of corner I and corner 2. Th. e
second card is for the numoer of X-points, the
number of YZ-points, the selection of horizontal or
vertical components or direct, the angjle or t~he
light meter for vertical components, anu r
XYZ-coordinates of corner 3.

7. MEFHkUDS9 The following parag~raphs discuss in detail
the mathematical procedures tne prog~rams uses. only
enough d1etail was included to maKe the major points
understandable. For more detail refer to tne program
listing Itself.

8. After the input data discussed above is complete the
program proceeds to calculate Illumination at points on
the test grid by the point to point method. Iht-is means
that the distance and angles to a point on the test
grid are determined, the candlepower looked up in Týhe
taoie, and the calculation made. Ine procedure is
repeated once for eacn point on tne test gjrid for each
lurninaire. The followi~ig formula will determine tne
exact numoer of times the procedJure is carried out.
Data definition:

.i i

NUNII~~ ~~~ = thIubroflmnie

NUMX the umor ofX-pint~ on iletestjri
NUMYZ~~~~~ ~ ~ ~ ~ ~ = th Ioro Zpinsi etgi

IGRI - he ttalnumor o tes grds t oeprocsse
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I11P = tne numoer of time tne procedure is performre

Computationt LOOPS = NJI:"f i NUMX * jh4YjZ A I-X

9. At tne oeginning of tne point to point calculation loop
the program selects a particular iumninaire. Ine aining
angles are adjusted as discussed aoove. r"en it
selects a particular point on the test grid. ihe
luminaire and point selected depeno on the numOer of
times tne program has been around tne loop.

10. After the aiming angles nave oeen adjusted thp next
item of business is calculation of tne X. Y, a•ik Z
distances to the point. This is done by subtracting
the coordinates of the test arid point and t.he
luminaire. fhe XYZ-distances are usea to calculste
some otner basic values. Data definition:

S= the straight line Jistance from tne luminaire to
the point

HH = tne component of H in the horizontal plane

HXY = the horizontal angle from the luminaire to The
point in the main system

C)SZP = the cosine of the angle of tne luminaire's ray
with a vertical line

Computation:
R = SQHf(XwX + Y*Y + Z*Z)
kH = SjRf(X*X + Y*Y)
HXY =AfAN6P(X,Y)

CCJSZP = Z/H

II. After computation of R ano the other basic items the
progre-n branches depending on wnetner tne luminaire nas
a horizontal or vertical polar axis. 'he next step in
either orarich is calculation of direction cosines.

11.1. For a floodlight luminaire codeo as HI: A coordinate
system is established about the luminaire. Lhe
polar axis (Z-axis) of the system is fixed in a
horizontal position. Note oelow that CJbZZ = 0.
This fixes the Z-axis as parallel to the XY-plane
but still allovts it to rotate. fhe central part of
tne beam Is aimed along the Y-axis. The direction
cosines of the angles of the axes of the luminaire's

/d-,
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system witn the axes of tne main system are
computed. LOata aefinition:

H = horizontal aiming angle

V = vertical aiming angle

PIU2 = pi/2 or 90.0 degrees

C0SXX, COSXY, COSXZ = the cosines of the luminaire's
X-axis with the main system's axes

C,)SYX, COSYY, COSYZ = the cosines of the luminaire's
Y-axis with the main system-s axes

C,)SZX, COUSZt, COSZZ = thie cosines of the luminaire's
Z-axis with the main system's axes

Computation:
C-DIkbCifI10 COSINES FOR X-AXIS
C',)SXX = SIN(V) * C0S(n)
CJXi" = SIN(V) * SIN(M)
C~)SXZ = CUS5(IJ
C-I)IRFCfION COSINES FoR f-AXIS
C,)6YX = bIN( P ID2 + V) * Co6S(-i)
C,)) eY= DI[N(PID2 + %t) b IN(nr)-
C,)SYZ = CJS(PID2 + €)
C-IJI kL:CIIJN COSINES FOR Z-AXIS
C,6 = -ZIA(H)
CZSZY = CUS(IH)
CSZZ a= 0.

11.2. For a roadway luminaire coded as V: A coordinate
system is established aoout tne luminaire. fhe
polar axis (Z-axis) of tthe system is vertical. fhe
central beam of the luminaire is aimed along the
negative Z-axis. Computation of direction cosines:

C-DIRECI oN COSINES FUR X-AXI i
CJ5XX 51N(V) * C03(h)
CJSXY = 6IN(V) * bIN(H)
CjSXZ = COS(V),
C-0IHECTION COSINES FOR Y-AXIS
C%)i'X = -SIN(H)
C-S f (= COS(rH)
C,)SfZ = U.
C-DI•hECfIoN COSINES tUR Z-AXIS
C,)SZX = iIN(V-PID2) * CoS(H)

-9-- •
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CJSZY = SIN(/-PID2) * 5IN(m)
CJ,)ZZ -= COS(V-PI02)

12. After calculation of the appropriate set oi' direction
cosines the coordinates of the test grid point in the
luminaire's system are computed. Ihe formula useu is
the standard one for rotation of coordinates in tnree
dimensions. Data definition:

XC, YC, ZC = the coordinates of the test griu point in
the lignts system

Computation:
XC = C,)SXXwX + COSXY*Y + CUSXZ*Z'
YC = C,)SYXtX + COSYY*Y + C,)SYZ*Z
ZC = CsZXwX + COSZY*i + CJ3ZZ*Z

13. unce the coordinates in the luminaire's system nave
oeen computed tney can oe usea to ootain tne horizontal
and vertical angles in the luminaire's system. Data
aefinition'

VC = the vertical angle in the luminaire's system

HC = the horizontal angle in tne luminaire's system

Computation:
VC = AC,)S(ZC/R)
COSl = I.
6INVC = SIN(.VC)
IF(SINVC .NE. 0.) COSH = XC/(t,*SINVC)
IF(CJSH .Gf. i.) COSH = I.
IF(COSH .Li. -I.) COSrH = -I.

HC = ACOS(Cobii)
IF(YC .LT. 0.) HiC = PIX2 - HC

Ihe purpose of the last Ir statement is to allow che

horizontal angle to cover the full range trom U.u to
360.u degrees. [his is necessary since ACo6 repeats on
the range from 0.0 to Idu.J uegrees.

14. After the angles have oeen computed in the luminair?'s
system further manipulation is still required oerore we
have the angles necessary to reference the candlepower
taole. Different manipulations are performed uepenoing
on whetner the luminaire is code(j as H or V.

14.1. 1-ur a floodlight luminaire coded as H: The vertical

- lu -
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angle VC is turnedi Into tne norizontp! angle n. H
is used for tnp candlepower calue OOK Up. miS I S

change is necessary since the polar axis (Z-axis) of
tile luminaire's coorlinate is horizontal. fhe
horizontal angle HC is turneo into t ne vertical
anjle V. Data definltion,

PI = p1 a 3.1416DY2

Comnputat ion
H = PI - €C
Ir((XC .Lt. u.) .A,.4L. (ZC .,;T. U. ) I i + v
Ir((XC .Li. 0.) .AN). (ZC *LE. 0.)) ii 1I + vJ
V = -tiC
Ir(YC .LT. J. ) V = tl X2 - HC
V = -V

14.2. f-or a roadway luminaire coued as V: ine vertical
angle VC is turned into the vertical angle V, out
the zero reference is switchied rrom tne positive
Z-axis tu the XY-plane. mne horizontal angle ho is
turned into the horizontal angle H. ihe UO.J
degrees added has the erfect of making the line
directly In front of the luminaire YO.O degrees.

Computat ions
H = HCO + IU2
Ik(- .Gi. 1-IX2) H = ri - HIX2
V Z VC - PIIU2

15. After the necessary angles have oeen computed tne next
step is the same for both types of luminaires. .he
step is to perform a table look up in the candlepower
taole using the horizontal and vertical angles H and V.
Since there will not usually oe an entry in the table
at tne exact angles needed it is necessary to perform a
two-dimensional interpolation. In the program the
whole oulsuess is accomplisneu by a suoroutine calleu
INf2V.•

16. The interpolation proceeJs in three steps. rirsc a
candlepower value is Interpolated using the norizoIlLal
an.jles bracketing the point and tne canulepuwer vdlues
at tue nearest vertical angle below the point. Inert
another interpolation ii performed using the
candlepower values at the nearest vertical angle above
the point. Then using the two candlepower values Just
ootalned a value is interpolateu using the vertical

-- ---
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angles oracketing the point. Ine result or the ast
interpolation is the final value oz candlep;4er. It is
useu to calculate footcandles.

17. Computation of illuminations

rC =COij. * ULAAP * DUIRT * oiHrUC/(triR)

It is standard practice to resolve t-C (footcanuies)
into either a norizontal or vertical component. fnls
is necessary so that ligný from a number of aifferent
sources can oe added.

11.1. -or horizontal components. Data uefinition$

CSZP = the cosine of the angle or the luminaire's
ray witn a vertical line

Computations FC = FC * AbS(C')SZP)

11.2. For vertical components. Data definition:

iiXY1dO = the reverse of the horizontal angle from
the luminaire to the point in tne main system

HMEfER = the angle tne light meter is aimed

Computat ions
iFC = I-C * •t/R

iXYIOd= HXY + PI
It-;(HXYIdU .(f. PIX2) Ht(IdO = IIXYIdU - PIX2

HV = HXfldO - HM1'dER
COSHV = COS(HV)
rC = FC * COSiiV
[r(CkSHV .Li. U.) FC = J.

1d. 1he final value for the illumination (-C) obtaineo is
adaed to the test griij point. Die program then goes on
to tne next point. Ine program continues to yo througn
the loop until it has dune all tne points and all the
luminaires. Then the test grid is printed.

I1. UEhCiaI P IItlJO 01- INPUf It he illustratiunb on Lne
following pages show how input should oe prepared.
the term 1car'd" is used loosely since the program can
run either wltn card input or with input frum a
timesnarinj terminal. one line of typing on a terminal
is equivalent to one card.

- 12 -
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IY.I. rormats are shown in tne illustrations. The proper
type of data must oe typed in Pacn rielc accorJý n
to tne field's format. It a mistake is inaue in .ne
type of data in the fieiu t:ie program will aoort.
I format is for integer -iata. The aata for an I
field snould be typed rignt Justified witnout a
decimal point. ý- format Is for decimal numoers.
ine data for F fields shouiJ oe typeu righc
Justified with a decimal point. A format is ror
alpnabetic data. Trhe data for A rields should be

left justified. Tre particular columns allotteo -or
tne various data fields are shown by the

.illustra tions.

I1.2. Tnree types of cards require special attention.
After the requirea numner of these cards are encerea
tnere must be a kissoff. A kissoff card ihas a!). Y's
from column II to column 20. fhe card types tnac
require a kissoff are: luminaire depreciation
factors. luminaire positions, test 4rij
specif ications.

19.3. An actual data set is reproduced in 1-igure I wltn
comments.
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C

L LSL-.
C 00310J C-U.S. ARMY CORPS OIF ENGINEER3

00020 C-oMAriA DISThicr
o06J C

C FC)IAI. Cje2ISN 712MIC2 13.
00'250 C-AUTHORR .ý. E. FLETCHER
0Z5C0 L zO0ATXL fIZLJMJLW 19-

C 00070 CI-
0O0d 8gLUGRAM ECCIN ICTAeE 1, OUTPU , TAPE2-0UTPUT)

o0009 4Ao 1E
C 001QQ. I.E12(6Lilj4() F46)F4(6, 14C(6) 1:15(6).

00110 2F16(6),Fd6c6¾I1C6),4(6) IiO(6f;TT1Ttr

00120 C0216MC%)N /4AB/ 1ld(6),H:9(6),F20(6,F21(6),P21A(6),1218(6),I22(6),
C00130 CuM23(6/LIF5) 2C6 2()Fd6.2~C)F90,2A4
00150 COMMQN /ILL/ F2()F6632() ~()Fd()r2( 2A6

C06150 IP3C6)±NNA 6(6)/ 30(6), 30AC 0 F~t3 1(0) 1 e3ýA(0) , I3JJ ( )-- 96),3! (
C00170 COM6(oN F36(6) F37T6),F30() 386 F;dA(66T ~ t!86 )T5 ,dcd1T5(ta ,F
0017cohu 7~.....1.J i) LI, -ALL ri3AJ N5ALM ri54A T ( 461 6F4) 6F4 -T,
C090 COAO AN/F4o,5(6_),17( 4 5A(6) ,F86
c00290 CC)lOAA /TOT IANI 5(30),F56(30) 14T-(.301 F7T(3),F9T(30),l - t(0

002 0J COMMON /TOT/ I4IT(30)%!3,i114(0,7(3)FT3)IlT3)
06ý$ Z5Q I F14T(30),Fl4A[C30),1F3Iý(3Q), 2T (30 ),F1 3DT (30 J, rOUT n07,77 1 1('30)o
00230 2 3T(O,3T3)F1(0 F3T3)i3D(0,4f3)F4(,)

00230~F 3T C ,-(3-.P6T-3
Q 02.40 5 r59C(Z~ 3P),5F(30),Fo0(20),r54T(30).F5eT(30)
00260 5O;o uE/HA( )SSO(10 OSR(,10,IY
00270 CO-fIlo4 rjD HAU5,)OYCOVT0TDECI(V101-IY

C000~0 co ),T 7DrV-s g

00290 10EV I a I.

(00310 ISYS - 0
00320 St"ACE S - 10JH
00330- NEAD( 1) a SPACES

C09jA42.,.. PEAQQIL2) - SPACES
00350 HEA0(I,3) -IOH TOTAL FOR
00360 .d UL .4i Q-i&..

(00370 C-READ HEADING O IR SIDE BY SIDE COMiOANSION
C03 0 100 ISYS a ISYS + I
00.390 CALL ZERO
OC)0400-- -- 5 - 1) * 4
00410 Do 120 K -1,4
004ZQ____*_ _ +

C C0430 REAO(ZOEVI,110) SYSCOL(J),(DESCRI(I,J),I=1,5)
00440 110 FORNAMAT(IA,6I)

0 60 Il(E()eCIOEV)J) 4UU0,IZO
0 00460 120 CI)NTINU"

n0470 -C-RkiAD DffAi MIR CO)LUMN MhADER5
00)480 Do 140 ILuI,4

C, 00490 R~E ID(EV1,130) (IIEAD(IG,IL),1G02,-5-)
00500 k30-FORMAT( IOX,6A10) ____



00510 liH(OI:oFI0EVI)) 9999,140

OU520 C-READ ri~E Nu?18EiR ot COMPRONENT GROUPS 1ý0 This SYSTEM

00550ss 150 FORMATtIOX,110)

000579 C-l. INITI AL EQUIPMENT INVESTMENT
*00)5dn0 _________________

00590 CALL PAGEdl)
00600 PRI NT-190 ____________

*00610 190 iýORAAV(I0OX,'I. INITIAL EOUPMI~EUT INVESTIAENT-S')
0062 L...IMN~LO~LuM IN6IRES

00,530 200 HEAD(IDEvi,2I 0) 11

00,560 CALL Iro7ERCIlIHT(ISYS))
0066 ...... R IV240 ilL. -$.jjjLD~Cm.U

*00670 240 FORMkAlC lOX.,' 1. QUANTITY OF LUMINAIRES -*,5114)
0Qod0S,-2.x1 j.JA INM R cOST EACH
00690 READ(IDEVI,250) e-2

00710 PRINT 260, (F2(IG),IG-lJUMG)
002 6-ERAtO~e-Z-"' TE C051 PACH 0.14X.4F14.2)

*C0730 t-3. LUA1INAIRE COST TOTAL
OQ749 QS)270 I~mlNUMG
00750 Fl, a 11(IG)
006*.(0 -OO AE-cLG ILL I iLLQL.. n
00770 270 CONTINUE

O00790 PRINT 2o0, F3rUIsys),(F3(1G),IG-I,NUMG)
0009QQ..2siQ For? JH0IX.' J.- LUMINAIRE COST TOTAL ,F42
00d10 C-4. QUAI4TITY OF POLES

00830 CALL Ir(ý,rEHCRI4aI4T(rYS))
00d40.R PRIT..294,,JALU$I15 .ý 4J.L. 10.1NUMG)

C 00650 290 FORMAT(OW, 4. QUANTITY OF POLES'.14
Q0Q&6Q-j,ýQUj rWL-IBE I QNT

00870 READ(IDEVI,250) F5
coodoQ.. P.RIRTN300. (F5(IG).10I.jlNU9G)

00890 .300 PORMAT( lOX.' 5. MOUNTING HEIGHT '0,14X,4FI4.2)
00900 C--6-kL t~DL... RACKE"U0SL...

C 00910 READ(IDEVI,250) F6
0Q92Q.2jP IT-3.1g. (fd( 10),IG1,= NUMG)
00930 .310 FOdjAT(I0Xo,' 6. POLE + ~3RACKET COST EACH1 ',14R,4FI4.2)

'0094ý-C7-7.P-ULE.. COST T..lIAl

00950 Do .320 1GmI,NUMG

S00970 F7(10) a F14*F6(IG)

00990 CALL FI'OTER(S7,F7T(ISYS))

01010 330 &ORmAT( lOX,- 7. POLE COST TOTAL -14X94F 14.2)
* 01i020L-:8. ;QOUDA~l1.tLCL2;T F:Ari

C01030 READ(IDEVI,25O) F8
0104Q~ BRtflL49&UJ9±10). 2L01050 340 FORMAT( lOX,.' d. FOUNDATION COST EACH .,14X,4FI4.2)

o0 1.0d0.aCz9....ILELL± ;: EoUarDA-tWN COST TOTAL
01070 DO) 350 10=I,NUMG
0I .0&0I----IA.AI±14.10

*01090 F9(10) - F14*(F6(10)+Fd(10))
01100 350 CONToNU
01110 CALL PTFgciER(kzV,F9TCItYS))

4P CLI12Q P R INT _4PJ_fyTC I ýS j -Af2LIGj~al NUMc3) _______

01130 360 FORMAr( lOX,' 9. PO-LE o FO"NUxTf3N COJST lTOTAL ,5F)4.2)
0.LA4QszJQ.guANr1,-LyAMP~_ EU LUMINAIRE

*01150 READCIDEVI,210) 110
01160 PRINT .J70. (1I0(I0).IG-1,NUMG)-



01170 370 FORMAT(IOX,-' 10. 'OTY LAMPS PER LUMINAIRE 1,4X,4L1I4)-
0.1.8 0!Qm~t._OUANT.IILLAMPS
01190 DO 3dO 1G=1,NUMG
01200 111(10) = II(IG)*1lO(IG)

lb 012T I -3d 0 CO(-NTYI NUE-
01220 PRINT 390, (1Il(IG),I0-l,NUMG)
o12jO 390 -Yi kATcl0X,:- 11. QUANTITY LAMPS ý',14X,4114)

Im 0 12A.QaA-l-LAMPSOSLarEkCh
01 50 READ(IDEV1,250) F12

It 01270 400 FORZIAT7( I OW 12. LAMP COST EACH- ',14X,4I-I4.2T)
01280 C-13. LAMP COST TOTAL
01290 - Do 410T ZI.Rumc

IM UI-3D0 -1J 11 ~LLL)
01310 P13(IG) - FIII*F12(I0)
01320 410 CONTINUE

10 01330 CALL FTOTER(F13,Fl3T(ISYS))
01340 PRINtT 420, F13TýIgYS,) (F13(10).10-1,NUMC)
01350 420 FORMAT(IOXt' 13 A;A CST TOA AF42

10 0116 C-14- 1 PCUiLCAL DISTfiTBUTIION
01370 HEADUIDEVI,250) F30
0L-3a..2 EAD(IDFVI.2501 F1AA

it 01390 Do 430 IG-l,NUMG
01400 Fl - 11(Irp)
Ol4ia F31(71) = -*30I+1iAL)-0(J)

-Z01420 F14(10) = 200.*F31(I0)
01430 430 CONTINUE
01440 CALL FTOTER(F14.FI4T(ISYS))_____

C 01450 P~RINT 435, F4T ISYS),(FI4 IGW,IG=I.AUMG)
01460 435 FORtAAT( lOX,- 14. ELECTRICAL DISTRIBUTIO)N -*,5F]4.2)
01470 C-14A. STANrb YGENERATOR COST

-~01480 DO 440 IG=I#NUMG _________________

04or~T ~~ = I 0.*F31TILT)
01600 440 CONTINUE
o 01510 CALL FTOTER(FI4A,F14AT(ISYS))
01520 PR.INT 445, F14AT(ISYS) (kZ14.A.iG).1GIlNUN03T)
oT5sao 445 FORMATf(IOX,- 14A. STA'N~dY GENERATORCS ,F42
0L540 C-14C. UPS COST
01550 DO 450 IG-1,NUMG
01560 Fi1 0 11(10)
01570 FI4C(IL) a 0.
01580 IF(F3OACIG).GT.0.) FI4C(IG) -750.*FII*P30(1G)
01590 450 CONTINUE
016A) CAU FlOTTERIE&4CJiL4 T(IYS))
01610 PRINT 460, Fi4CTt.ISYS),(FI4C(IG),1IGINUMG)
0]J620 -60EIIDkiAilPXL, JACA...VP5 COST-,F42

-01630 C-I5. iTorAL INITIAL EQUIPMENTr LESS LAMPS
01640 Do 470 101NUM
01650 FP13(10) - F3( I0)+F9(1G).F-47IG)+Fi4A(IG)+FI4CCI0J
01660: 470 COL(NTINUF.
01670 CALL FTOTERCPI5,F15T(lSYS))
014anŽiL.~J.L~ R. INmI .NUIMG)

r, 01690 4t0 FORMAT( lOX,-' 15. TOTAL INIT EQUIP LESS LA14PS 114X,4F14.2Fr
01700 C-16. TOTAL INITIAL EQUIPMENT INCLUUING LAMPS
01710 00490Vr r0=,NUWt3

r( 01720 Ei6I)aF3C0+1(0
01730 490 CONTINUE
01740 CALL F roTER.(F I.6,-Fl6T.( ISYS)) ___________________

a 01750 PRINT 500, F16T(ISYS),(FI6(IG),IG-1,NlMG)
01760 500 FORMAT(I0X,e 16. TOTAL INIf EQUIP INCL LAMPS -*,5F14.2)
0 T770=

0 01780 C-LI. INITIAL LABOR ESTIMATES

01800 PRINT 1190
-F1d 1-190 FOPMAT(//10Y,'Il. INITIAL LABOR ESTlMATF5'/)

9l0d20-C-id. POLE ERECTION + PAINTING ___



01830 READCIDEVI,250) FI8

01a5 120 FORMATLQ,4$4 LId.i POLEJERECTIO + PAINTING '*,14X,4Fi4.2)

01.d60-C--1V.LUlLNAIR;:
*-0l100 READ(IDEV1,250) F19
01_40. PHR jjp~~ 0)pf=TNUG
01d90 1210 FORMAT( lOX, 19. LUMINAIRE LABOR -,l4X,4Fl4.2)
0Z 01.9OO -0r-2 NElI AdQR.-P"uL -q LIMI1I&LRES
01910 Do) 1220 IG-I,NUMG
0L920 .. E-C-0-4 ( I Q)

e0 193 0  Fl aL 1(10)
0j25Q_ _ZýG - F4*F18(IG) + FI*P19(IG)
01950 1220 CONTINUE

C0 1960 ~--~ CALL- F-TOIEI P2 0., E20T-( I-SYSiL_______________________
01970 PRINT 1230, F20T(ISYS),(F20(IG),1G=I,NUMG)
0 1980--J230- EORMAT.hLOXZ±• 2QJKAOR OE 4LMNARS-.142

C 01990 C-21. ELECTRICAL DISTRIBUTION
0 2 0-90 0D-j12 4-0- ~-ý IGINMQ _______________________

02010 F2ICIG) - 150.*F3I(IG)
02020 1.40-CUNUM"II
02030 CALL FYOTER(F21,F21T(ISYS))
021040 ?LL2Q~L1YSfLLi. 2U.MG)
02050- 1250 FORMATCIOX,'* 21. LA8OR ELECTRICAL DISTRIBUTION '*,SF]4.2)
O2QO4z2.LA.±L&8PR STANDBY GENERATOR
02070 Do) 1260 IG-INUMG
C02080.. 2.1ZA ( I GL--2p G~I1)

02090 1260 CONTINUE
02100 - CALL-.T;EXTE R.(F2? 1Al-E2 I AT( I SYS))
02110 PRINT 1270, F21AT'.ISYS),(F2IACIG),1G-I,NUMG)
0212Q-j-2L0.FI)IkiA1Cl0Y...21A.& LABOR STANDBY GENERATOR -,5F]4.2)

0230 C-218S. LABOR UPS
0214 lA Q2Q..dUMG
02150 Phl - 11(10)
02 [60 .F21 B (0L. -a
02170 IF(F3OA(10).GT.0.) F215(10) - .l00.*FII*F30C10)

02190 CALL FTOTER(F2lB,F2IBT(ISYS))

02210 1290 FORMAT(IOX,' 215. LABOR UPS ,F42
02220 C-2Z. TDT.4.NLJIiAL tARflP
02230 Do 1300 IG=I,NU1AG
022±0---f22.dI§) =F201G) + F21( 10) +F2IA(IG) + F218(10)
02250 1300 CONTINuJE
S02260-. CALL-F-fI0159 E212.E-22T~lSYSIL..
02270 PRINT 1310, F22T(ISYS),(F22(IG),IG-I,NUMG)
0228-J 3-10i-ORMAI1JDX,- 22.TQOAL-J1&LllALL.A5R .,5F 14.2)

~-02290 C-23. TOTAL INITIAL INVESTMENT
02390Q_ QL tj.Z IG ,N UMG
02310 F23(10) - F16(1G)+F22(IG)

02330 CALL FrOTER(F23,$23T(ISYS))
023-40- PIX ILJ-3Qji2 31( UY~l.ji2ULIQ) -I~mlU,-MG)

C-02350 1330 FoRMAT(IOX,' 23. TOTAL INIfIAL INVESTMENT -,5F14.2)
02-360C
02370 C-Ill. ILLUMINATION CALCUIALTIONS

C 023ao r-
02390 PRINT 1790
02-400..1720E F AT/JX 1[JL, NAT ION CALCULATION$-/)

C 02410 C-25. SPACING OR AREA
0 420 READ(IDEV1,250) F25
02430 PRINT 1800, (F25(IG),IG=I,NUMG)

O' 02-40Q-IlOQ-Eo MA-i(jUX/-2f,.- SPACING OR AREA -,14X,4F14.2)
02450 C-26. UTILIZATION FACTOR

*02.ý4610 J--EAD( IO.EY2I.ZQ) 20
02470 PRINT W1I0, (F26(IG),10=I,NUMG)
02480 WdlO FORMAT(IOX, 26. UTILIZATION FACTOR--~~ -. 14X,4F14.2.)-----



02490 C-27. MAINTENANCE FACTOR
4ý- 0Z5.0O.....JBEAD0• LDEY.L.-Z59) 1E2 7_____________________

02510 PRiNT lu20, (F27(IG3,101l,NUMG)
02.520 1820 FORMATL( LOX.- 2?. MAINTENANCE FACTOR -,14X,4Fl4.2)

C 02530 -d-2t%. DESIGN FOOTCANDLES
02540 READ(IDEVI,250) F~28
02550 PRINT 1635, (F2d( 1W 10IG ,NUMG)

V 026~ L~EQ~MAILLQX!2 PEltON-FOLOTCANDLES -.1 4X, 4F I4.2)
02570 C-29. COST PER LINEAL FOOT OR ACRE
02.58.Q..--P( l&40 IC-I .NUMG

10 02590 F4 a 14(10)
02600 IF(F4 .EQ. 0.) F4 - 14(I)
02610 MIlU) = iFZ(IG/(25I)*I4J

f- 02620 QLLE UiaER F29.I291iiSYS))
02630 1840 CONTINUE
J2640 PRINT 1850,_f29T(ISYS),(F29(1D),IGwl,NUMG)

r; 02650 lW50 FORMATC OX, 29. NT CO(SfTPER LINEAL FT[ OR ACRE 1,41-4.2)
02 F660 C __________________________

0267-0 C-IV. A NN U A L COST
c 0 a6.d c

02690 CALL PAGECI)
02700---- PR"2320

C02710.ý239O FORMAT(/lOX,-'IV. ANNUAL COSTS-,/1)
02720 C-30. Kri PER LUMINAIRE _________________________

02730 pRN 2400; (F30lTGT710=INUMG)
C- 0274Q..2A00 FORMAT(IO0.k.30. KW PER LUM4INAIRE ',14X,4F14.2)-

0275U C-30A. Kri UPS PoaER LOSS
02760 DO2410 IG-1,NUMG
02770 Fl = 11(10)
02780 F3OA(IG) FI*F30(tG)*F3OA(IG)
02790 24r0 CONTINUE

* 02800 PRINT 2420, (F30A( -1~NU0
02810 2420 FORMAAT(O10W 30A. Kii UP S P-TdEO LOSS 3',l4X,4FH4.2j
0ZZQ22C-31,LTA1L-q5iME KW
02.830 CALL FTOTER(F3l,F.31T(ISY`S))
02840 PRINT 2430, F3IT(!ISYS) i1;(F3I(GýAC,II,NUMG)
02650 2430 FORMAT(IOX,- 31. T-f5HSSTEU)C
024 32L-UANiIUAL OPERATI ON
02870 READ(IDEVI,250) F32
02SL - ?Rg -A,_Fj(_) G NUMO)

-02890 2440 F~oRMAT(IOX,-' 32. ANNUAL OPERATION (HOURS) -,10X,014.0)
02900 C-33. TOTAL ENERGY KWWiYEAR
02910 DO 2450 r6C;T7.-UWG
0;2920 .33-C.1) = F31lCIG)*F32CIG)
02930 2450 CONTINUE
029249--LIQjLQ-ET-.R-(F-33.F33T(ISYS))
02950 P1'INT 2460, F33T(ISYS),(F33(IG),IG01,NUMG)
02960 2460 FoRMAT(IOX,'f 33. TOTAL ENERGY KWHVYFAR -,5F14.0)
029S70 C-34. ENERdY COST PER K'HH

C'02980 READ(IDEVI 250) F34____________ ____________

02990 ?R-INT 2-47-0, (F34(IGT,IG-..lNUMG)
03024I0 Re AAT(lOX.'ý 34, ENERGY COST PER KWH '14X, 4F 14. 4)

-Z 03010 C-35. DEMAND CHARGE/kM/gONTH
03020 READ(IDEVI,250) F35 ______________________

03030 RPRIT 2480, (F3J5U0G),TIG,NUMQ)
o 0304 -2Adfl-iS)RlAAllIQX-LJ5., DEMAND CHARGE/KMJ'MONTH -,14X,4FI 4.4)
03050 C-36. DEMAND CHARGE PER YEAR
03060 DO 2490 IGUI,NUMG

@ 03070 F3oCIG) = F31(IG)*F35(0G)*12.
03080 2490 CONTINUE
03090 CALL FTTEH(l-36,1-J6I(IbrSJ)

@ 03100 PRINT 2500,_F36TCISYS),(i36(IG),IGwI,NUMG)______________
03110 2500 k:ORj MA4T(I0fXd.7-36 7- EM9 AAD-~ R E-TEY-VW -,5F14.2)
03120 C-37. ANNUAL K.AH COST

0 03130 Do 2510 LG=I,NUMG
-03140 F37CIG) F33(IG)*F34C1'__________ ___



03150 2510 CONTINUE
0-3[1 A CA~l Ft~l2IE3t.r=7j,3L.LlS
03170 PRINT 2520, F37T(ISYS),(F37(IG).IGwlNUMG)
03J So- 252.O-.EORMAAILUX 4- 37- ANNUAL k OT-.F42

'103 190 C-37D. DIESEL FUEL COST
0329Q0.D9Q~o_2 5301G-1 .0UMQ
03210 F370(10) = F31(IG)*.40*.08*50.

C 032=0 2510-SONT76IIF
03230 CALL FTOTER(F370,F37DT( ISYS))
03240 P.R INL.4j. iILYhflIG.iidUmG)

e 03 2 50 2540 FORMAT( IOX,' 370. DIESEL FUEL COST ',5FI4.2)
0 .60 C-3d, GROUP RELAMPING PERIOD
03270 READ(IDEVI,250) 3

C 032aQ.. PRINT25.L3U~I~4Ur
03290 2550 FORMAT( lOX,' 3a. GROUP RELAMPING PERIOD (HOURS) '*,14X,4F14.0)
03.0f-IA-APLE--LýTRPCMN ONLY)
C03310 REAO(IDEVi,250) P38A

03330 2560 FORMAT(IUX,- 38A. RATED LAMP LIFE (HOURS) -,14X,4F14.0)
C 0.334O0C=-3oBPo0(~ __ RS SPOT). DfRRFDACEfl
03350 READ(IDEVI,250) F3dB
03-360 -PR INT 2~0, ~dL04~L [J

C 03370 2570 FOQMAT(IOX,' 3883. PORTION OF LAMPS SPoT REPLACED- -,14X,4FI4.2)
0.Uioozt-39. QuUANITY OF gREPLACEMENT LAMPS
03390 Do 25d0 IG~I,NUMG

C 0140Q Fit 111(f10)

03.42_0_25(jQQoTIN~UE
S03430 PRINT 2590, (F39(IG),1G1l,NUMG)
03440 -590 FijA1AT~l_0X.f 39. QUANTITY OF REPLACEMENT LAMPS - ,14X.4F14.0)

T 03450 C-40. REPLACEMENT LAMP COST
Q 03460 Dý_)Zo~oG Umq~!P_____________________________

034170 P40(10) = F39( 10) * F12(10)
0348GQ_26Q0_CONN.~U.E.

C03490 CALL FTOTER(F40,F4OT(ISYS))
0 5o.....RLNtr 2610. F40T(ISYS).(F40(IQ0).1,NUMO)
03510 2610 FORMAT(10X,- 40. REPLACEMENT LAMP COST -1,5F14.2)

C03.Z
03530 C-V. ANJNUAL MAI1NTENANCE, LABOR + MATERIALS
03-540 C

r--03550 PRINT 2615
03560 2A615 _LFO(RfAT(//l0X,'V. ANNUAL MAINTENANCE, LABOR + MATERIALS-*/)
03570 C-43.* GROUP RELAjtPINGS/YEAR/LUM INAI HE

~*03580 (L2620- l~ll~am 0.
03590 F43(10) = F32(IG)/F38(IG)
036Q0oZd2n.CLIT~lhU;

'03610 PRINT 2630, (F431I0),101I,NUMG)
0162 26~30 FOR.UAL( IU,/ 43. GROUP RELAMPINGS/YEAR/LUMINAIRE -,14X,4F 14.2)
03630 C-43A. SPOT dELAMPINGS/YEAH/LU?.UNAIRE

(01640 Do_2.49 1,JjLAUG
03650 F43A(IG) - F3dB(IG)*F43(10)
0.3660 2640 .C~raNT IN _i

~-03670 PRINT 2650, (F43AC10),IG-1,NUMG)
036ý0 2650 FORMAT(IOX.'* 43A. SPOT RELAMPINGS/YEAR/LUMINAIRE -,14X,4F14.4)
03690 C-44. RELAMPINO COST-LABOR

IL ('7M no 2 60 Q T~I NUgG
03710 Fl - 11(10)
031;,() 44rOa = FI*ln.*(.3*F43&i0).5*E4f3A.U0Q))-

S03730 2660 CONTINUE
03740 CALL FT()TER(F44.F44T(ISYS))
03750 PRINT 2670, F44F(ISYS),(F44(IG),I~sI,NUMG)

~ 01~Q~lES)MA~).~! 4.RELAMPING COST -LABOR -,5F14.2)
03770 C-46. CLEAIJINGS/YEAR/LUhiltAIRE
031 ....PQi2660 I(.-I.NUMG

'903790 F46(I0) = I.-F32(I0)/F38(IG)
03800--. IF(F46(10).LT.0.) F46(IG).-0_. -



03810 2680 CONTINUE
': 02.20 .PFINI_.9.90, (F46(G10). 10,1 ,NUMG)

03o30 2690 FORMAT iOX, ' 46. CLEAN1INGS/YEAR/LUMINAIRE ',14X,4FI4.2)-
03o40 C-47. CLEANING COST LABOR

a 03850 DO2700 IGI NUMG
03d60 Fl m IHIG)
Od-70 - F4CIG3 - Fl*l'.*.2*1-46t(G)

* 038p 27o0 CoNTLNUI
03d90 CALL Fl(}TER(F47,F47T( ISYS))
0 PRINT2 710.. .47T( IUSYS),(F47___( IG nI_,NUNG )

6 03910 2710 FORMAT(IOX," 47. CLEANING COST - LABOR -,5F]4.2)
03920 C-46. PAINTING TIME PER POLE
03930 READ(IDEVI,25) k-48

'0 039A40 P RL/•-2/29.. A41iQ( IGwl, • MG)
03950 2720 FORMAT(IOX,' 48. PAINTING TIME PER POLE ',14X,4F]4.2)
03960 C-60. PAINTING COST - LA80R

,c 03970 DO 2730 IG=I,NUMG
03980 F4 = 14(IG)
03990 F50(10) = F4*I0.*F48b(G)*.2

C 040( 27-1 noNTILNUF
04010 CALL FTOTER(F50,F50T(ISYS))
04.20 PRINT 274Q. E5Q.T.(LSYSi•(FO1) • 10=1 ,NU MG)

C 04030 32740 FORMAT( IOX," 50. PAINTING COST - LABOR -,5F14.2)
04040 C-51. REPLACEMENT PARTS, PAINT, ETC.
04050 Do 2750 IG'I,NUMG

c 04Q60 FSI (1G) = .01*FI5(IG)
- 04070 2750 CONTINUE

040dO CALL FTOTER(F51,F5ITCISYS))
'C 04090 PRINT 2760, F5IT'I SYS),(F51(1G),IG-INUMG)

04100 2760 FORMAAT( fOX " 51. REPLACEMENT PARTS, PAINT, ETC. 1,5F14.2)
04110 C-52. N

- C 04120 D(o 2770 IG=I.NUMG
04I-30 F52---G) = F44(10 I0-47() ÷F-5('MG÷F'IW(G)
04140 2770 CONTINUE

-C 04150 CALL F'rOTER(F52,F52T(ISYS))
04160 PRINT 2780, F52T(ISYS),(F52(IG),IG=I,NUMG)
04170 27o0 FORMAT(IOX,' 52. TOTAL ANNUAL MALNTENANCE CoGi -,W-14.-)

C 04180 C-53. TOTAL ANNUAL MAINTENANCE
04190 Do) 2790 IG-I,NUMG
O•2. 53.-I._G) a, F36(IG)4F37(1G)+F37D(IG)+F40CIG)+F52(IG)

C 04210 2790 CONTINUE
04220 CALL FTOTER(F53,F53T(ISYS))
04230 PRI-NT 2000, F53T(ISYS),(l-53(IG),IGI-'NUMU)

C 042-40 2 00-E.dt4AA-I.-I 5l-AH"L-L)?-RATING C- 5--•• '.SF 14.2)
04250 C-54. ANNUAL O)P'NG COST PER FT OR ACRE
0426D0 DO .fl 2d 0IIG - l.NUMG

C 04270 F4 - 14(IG)
04280 IF(F4 .EQ. 0) F4 = 14(I)
04290 F54(10) a F53(IO)/ZF25(IG)*F4)

C 04300 2810 CONTINUE_
04310 CALL FTOTER(F54,F54i" ISYS))
04•30 PRINI 2820. F54TI(SYS).(F54(IO),IG=I.NUMG)

', 04330 2820 FORMAT(IOX,40H 54. ANNUAL C)P'NG COST PER FT OR ACRE,SFI4.2)
04340 C
0430 C-VI. ANNUAL OW•NERSHIP

*0 04360_ c
04370 PRINT 3500
04JQ380.OjR._&MATAI/jX/IOXVI. ANNUAL OWNERSHIP + OPERATING COST 'I)

• 04390 C-55. FIXED O4NERSHIP COST
04400 DO 3510 10-I,NUMG
04410 PM11O) = I~C-~4J1~iJ

i 04420 3510 CONTINUE
04430 WL---FFTOTE(F55,55T( IY5)
04440 PRINT 3520, F55T(ISYS),(F55(IG),IG"I,NUMG)

* 04450 3520 FPOFMAT( IOX," 55. FIXED M IONERNTSh COST ",5FI4.2)
04460 C-56. ANNUAL OnNERSHIP + OPERATING COST

I 4- -,



04470 DO 3530 IG=INUMO
04,48f) F 6eral a t.~r.
04490 3530 CONTINUE,-04500} CA -L- F ()T;:R(,F_56,.ka;_j.U.T_ YS ))

ýý-:04510 PRINT 3540, FT(ISYS),(056(IG),IG=I,NUMG)
0452_ • O.RhiATlX "4d__..56. - ANNUAL OYNERSHIP + OP-ING COST .5F14.2)
04530 C-Sd. TOTAL PER LINEAL FOOT OR ACRE

C 045,.0-_D(1 .3ro fr. = I mH•UaA
04550 F4 - 14(10)
045 0 TECE.4 0 . F4 a 14UI

e 0 4 5 7 0  FS(I0G) - F56(IG)/(F25(IG)*F4)
04_,_.._0 3550 C__NINUE
04590 CALL FToTER(F5,F58T(ISYS))

C 04O.00- ---.- P-RINT.35O-,-.E.5d.( I YSJ4 IE•.(LT..Ia=I.LW UG)

04610 3560 FOCiMAT(IOX,' Sd. TOTAL PER LINEAL FOOT OR ACRE ',5F14.2)
04620 GO To IOO

C 04630 C
04L640 C-COPAR ISION OF SYSTEMS
04650 C

C 04660 4 1 =O A * I . SY- lm.
04670 DO 4005 IS =
04680.--4005-S Y.S.C(L.L,.)-=--SPACES

" 04690 ISYS = ISYS - I
047.00. Ii == -4
04710 K = 0

S04-720-C-START.F MAIN COMPARISION LOOP
04730 4010 ISI = 151 + 5
04.740 1.2 J I + 4
04750 IF(ISI.GT.ISYS) 00 To 9999
04760 IF(IS2.GT.ISYS) IS2 a ISYS
"04770 DO 4020 1 = 1,5

C. 047•0 DO 4020 J - 1,4
04790 K = K + I
04800- H EAD., J) = SYSCOL(K)

" 04810 4020 CONTINUE
04d_0 CALL PAGEC2)
04d30 C

( 04d40 C-I. INI'IAL EQUIPMENT INVESTMENT
04850 C
00,460 PRINT IOn

- 04d70 C-I. QUANTITY OF LUMINAIRES
04__..?.PR1N. 240, (IIT(IS).IS=ISI.•S2)
04d90 C-3. LUMINAIRE COST TOTAL
0490.-- P-RNT - ri -(FIIT r )
04910 C-4. OUANTITY-OF POLES
0_9492 P I rj._2.90-..CLL4-T"I S).S=TSI.IS2)

( 04930 C-9. POLE + FOCUNDATION COST TOTAL
04.k4Q0 PR2._ 360, (FqT(IS).ISISI.IS2)
04950 C-14. ELECIRICAL DISTRIBUTION

. 0496 P R ... .20 RIL ,_ JF LLI S ) S I .152)
04970 C-14A. SrANDBY GENERATOR COST
04980 PpriT 44S, (F 4AT(rS).ISzISI.IS2)
04990 C-14C. UPS COST
000 pRINT 460. (FI4CT(IS)t.IS ISIS2)

•05010 C-16. TOMAL INIT EQUIP INCL LAM4PS
C 05.020 PRIN 1 ElJ 0 (6T-_LS1I SI [5S2)

05030 C-17. RELATIVE INIT EQUIP INVESTMENT
05 40 Q C N = 929999999, .

• 05050 Do 4030 15 = I,ISYS

05060 IF(CMIN .GT. FI6TCIS)) CMIN a FI6T(IS)
05070 4030 CONTINUE

S050.0 O0 4040 IS a 1 ISYS
05090 Fk7(IS) = FI6TCIS)/CMIN
0IQ0 4040 CONTINUE
"05110 PRINT 4050, (F17(IS),IS=ISI,IS2)
05120 4050 FORMAT(IOX," .17. RELATIVE INIT EQU.PL INVESTMENTV' .',SF14.2)

em



05130 C
05JA C-11,INITIJALLABORP ESTIMATES
05150 C

0~jA0 ¾~INT1190
C 05170 C-20. NET LA8OR, POLES + LUMINAIRE3

05180 PRINT 1230, (F20T(IS) IIS1,SIIS2)
05190 C-21. LAUOR ELEdfRICAL DI15lH~Ul1WN

C 50 ---- ( TI) IS-ISlIS2)
05210 C-22. TOTAL 1141TIAL LWBOR

C 05230 C-23. TOrAL INITIAL INVESTMENT
05240 PRINT 1330, (F23T(IS),ISmISI,1S2)
03255 C-Z4. RELA4IVP -IRITIAL LNVE51MEM'4

05270 DO 4060 15-IIsys
05280 IF(CMIN.Or.F23TCIS)) CMIN a F23T(IS)

* 05j90 4060 CONTINOE
05300 0O 4070 IS-I9,ISYS
0D5310 F24C IS) - F23T(15)/CMIN

c 05~32 A_70SflhisTJNuF:
05330 PRINT 4080, (F24(IS),IS-ISI,1S2)
053-40 4980 F0PMT(IOX,- 24, RELATIVE INITIAL INVESTMENT -*,SF14.2)

C 05350 C,
05360 C`-IV. ANNUAL COSTS

c 0!53tk0 PRINT 2390
05390 C-31. TO CAL SYSTEM KW

* 05400 PRINT 2430, (F3IT(IS),ISuIS1,lS2J
6 0410 C-33. TOTAL ENERGY KW/YEAR
05420 PRINT 2460, (F33TC IS)I 15151,1S2)
05430 C-36.. OE.4AND CHARGE PER YEA

-CC 05440 PRINT 2500, (F6TjS),IS-ISISa2)
0.;;450 CZ-3_7. ANNUAL KW~H CC)ST
j469...PRRILNL25_ý0, (F37TC IS) * IS=ISI .IS29)

C 05470 C-37D. DIESEL FUEL COST
05480 -PRINT 2540 (F37DT(IS).1S-IS,,1S2)
05490 C-40. REPLACEMENt C'OST

c 05Soo PRINT 2610, (F40T(IS),IS=ISI,I52)
05510 C
0552Q.C-V. NN- AITENANCE. LABOR & MATERIALS_________

C 05530 C
05540 PRINT 2615
05550 C-44. RELAMPING COST - LABOR

.05:W)IIJ .20,1A4L~Ji~ 2
05570 C-47. CLEANING COST - LA13OR
0558?0 .RRI L27iO. (F47TC IS),I* I S'~~lIL...
05590 C-5O. PAINTING COST - LABOR
05600 PRIN 2740, 1F5T(ISV,IS-ISI,52)
0I C-51. REPLACMEN PAT5, PALIT, ETC.

c056(20 PRINT 2760.L (F51-f(IS) IS-1I.SIS2)
05630 C-'2_.- COUAL ANNUAL MAi4TENANCE -COST
05440 PRIL9 2740. (F52T(IS),.IS-ISI.IS2)

C 05650 C-53. ANAUAL OPERATING COST
05660 PRINT 2800, (F53TCIS),IS-ISI,1S2)______________
05670 C

0 056.8Q C-Vl. ANNUAL OWdNERSHIP t OPERATING COST
05690 C
05700 PRINT 3500

*0 D710 C-55. FfIXED O."NERSHIP COST
05720 PRINT 3520, (v55T(IS),IS-ISl,IS2)
05730 C-56. ANNUAL OfdNERM.. * _1P'ING Com.

@ 05740 PRINT 3540, (1F56T(IS),ISuISI,IS2) ________________

05750 C
O70 C~-VI RELRATIVECOSTS O!FLIGH~T

0 05770 C
PoW 0,**_____ ________

A-9P



05 .790 .4100 .FORMATC//IO,i';V7II. -RELA'TIVE* COSTS OF LIGHT I
t- 05400-C~-9 A-trdi Ccn SIR =XIiit imi r y;n

05d10 CAIN - 999999999.

,k..05d30 F59C(IS) a F56T(IS) - FS5T( IS)
o5.aAQ__.....JF5i9C(IS) .LT. CMIN) CMIN a F59C(IS)
05d50 4110 CONTINUE
(s~ ---- 5~ 12nl Tq a I 'tsys
05a70 F59(IS) a F59C(IS)/CMIN
05ý880 AI20--CONTINIUE

( '05a90 PRINT 4130, CFS9(IS),ISuISI,1S2)
o U.9 1 41 2130 u M TCOTAL CO. RELATIVE COST EXCLUDING FIXED ,F4)
05910 C-60. RE LA-TIV TOTAL COST

C. 05920 - -.-CMILb.--99 9Q29i~Q -
05930 Do 4140 IS a 1. ISYS
059~0 Q ~ E5T -S ILT p I CM IN a F56T (I S)
C05950 4140 CONTINUJE
05960 00-Pj 4150 1S a I.ISYS
05970 F60(15) a F56TCIS)/CNIN

C 05980 41.0--C.NTI-I4IE:
05990 PRINT 4160, (F60(IS),ISnISI,152)
06000---4J.60-.EURMALUnX,- 6n-~ RIATTVE TOTALCOS -.514.2

C 06010, 00 To 4010
00-0Z 9992 CONTINUE

060.30 ITOP a 7656B

06050 PRINT 9996, IO

* .06070 REOIND IDEVI

06090 END________________________
(061 00S.•kUS. SUB.RqQT.jU; IN S jTD TOTAL OF AN INTEGER ARRAY OF 6 ELEMENTS
06110 SUSRC)UTINE IrOTE.RcIIToTAL)
061-2.0..... I]'4ENS L0NJ.6)

Oj40 RERTURN
06150 ENU
06-j6QJl--I.S-U8ROUT.L"E-INDS THE TOTAL OE A REAL ARRAY OF 6 ELEMENTS
06170 SUBROUTINE FrOTER(F,TOTAL)
061.8c) ~IhAO= F(6)

S06190 TorAL - F(l)+FC2).F(3)+F(4)+F(5)+F(6)

00210 END

06230 SUBROUTINE PAGE(IFLAG)
062-40....C~t4MQNfL/LHE.0ZHE.ADf5.4). SY5COL( 130QIEXI (5. 120). 1SYS
06250 COMMON /DEV/ 10EV I
0 6 Aý IPAGE/0/
06270 IPAGE -IPAGE + I
0C. l' I~o 76568
06290 NULL w76008
06A nn P1INT~Q 9OI TA)P

C- 06310 90 FORIAAT(10R2)
002 liITJ.IAGE
06330 100 FORMAT(iHI,40X,'U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRIZT ,

C 06_Ua _ I 27x,e#An.ELr4)
06350 PRINT 110
06360JJ0JLQC)RMAIA15.3IX4!EQA)NOMIC COMPAR1SION-)

C 06370 C-PRINT COLUMN HEADING FOR SIDE BY SIDE, AND DESCRIPTION
06380.....j(IFLA0 .GT.- 1) so To 240
06390 PRINT 210
060 2d )2.Q.fRMT( IN
06410 J = CISYS- 1) *4
06420 -C) 230 K a1.4
14'6 4 30  jJ I
0644o PRINT..220, SYSCOL(J),(DESCRI(I.,J).Iui,5)_



06450 220 FORMAT( IOX,AIO, 10X,5Al0)
IC Oý40 Q 2.QC1 NTLjUE

06470 240 CONTINUE
06480 C-PRINT COLUMN HEADINGS FOR COMPONENT GROUPS

C' 06490 RN 2,(iED 0 TI5
06500 120 FoRMAr(/b0X,5(4X.Alo))
067 HIRNT I30, Ck1EAU(IG,9i,HLU-,5)

0 06Z-- C-f~l&M -~ 4X, &10 1)
06530 PRINT 140, CriEAD(1G,3),1GmI,5)

c 06550 PR .INT 150, (KEADC IG,4),IG-1,T)-
06360 150 FORMAT(50X,5(4X,AIO)) ____

C 065-Q .... tin
0o590 C-SIJBROurINE FOR ZEROING ARRAYS
06600 SUSRC)UTINE ZERO)

<- 06610 CO~A-MCO /EQP/ FEOIP(84),IEGP(24)
06620 COMMON /LAU3/ FLAB(42)
06630 COMMON /LLL/ FILL(42)

C 064 ~ 9N/s/FS(0
06650 COMMON /MNT/ FMNT(72)

C 06670 DO 110 Iu!,84
06680 110 FEOP(I) - 0. _______________ __________

066"0 DO 1 20 1-1,2
C 06TO 79Q..J.ZQJ -

06710 DO 130 1-.142

c 067g 30 014 1-1.42
06740 140 6ILLCI) - 0.
070 DO 150 1-.190

iC 06760 150 FCST(I) - 0.
067-70 - -Do -160 1-1,72
06780 160-FAN C I) a 0.

v06790 DO 170 I=1,40
06800 170 &ANN( I Otf- 3 r

C 06820 END

Lo



DEPARTMENT OF THE AIR FORCE
HEADQUARTERS STRAT&GIC AIR COMMANO

OPPUTT AIR FORCI iASL. 9NESRA5XA, 68113

, DOWA (Maj Newcomb, 2681) 26 August 197S

susaicTi Illumination Data for Giant Lock

TO, DEEA

1. Reference: Conference between Major Newcomb-DOWA and
Mr. Gano-DEEA on 8 August 1975.

2. The mean daily and annual required lighting times for
28 bases is contained in attachment 1.

3. The lighting time was computed for a threshold
illumination value of 2 footcandles (fc). The illumina-
tion on a flat surface is 42 fc when the upper limb of the
sun appears (or disappears) at the horizon. The morning
and evening civil twilight periods (sun below horizon

.8-60) were considered in order to obtain the required
lighting time for an illumination threshold value of 2 fc.

4. Little is known about the relationship between cloud
conditions and illumination during the twilight period.
The daylight assumption that the average illumination on
a flat surface is reduced 50% by "average" cloud conditions
was used. This assumption required a sun depression angle
of 3.5* below the horizon in order to reduce the illumina-
tion on a flat surface to 2 fc. (A "clear sky" assumption
would have required a depression angle of 4* which decreases
the required lighting time by 4 minutes.)

5. The approximate required lighting time for the thresh-
old illumination values of 1 and S fc can be obtained
from the values in attachment 1 as follows:

a. For 1 fc; subtract 4 minutes from the mean daily
required lighting time.

I ..

Peace. .... ia our ProIesaion

, rrAII i I i I



Lm

b. For 5 fc; add 10 minutes to the mean daily requir-
ed lighting time.

DEAN D. BARTLETT, Lt Col, USAF I Atch
Chief, Plans Division Required Lighting
Directorate of Weather Times for 28 Bases
Deputy Chief of Staff, Operations

2
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SOOIUM LAMPS
To avoid local accumulation of sodium, which is closed In It% Original Packing,
found partly in a liquid cirndition when these
lamps are in operation. and which may cause bs. Care should be taken to dispose of discarded
damage t~o the lamp. it must be mottnted within lamps. in such a manner as to obviate the risk
the limits of the operating positizin as indicated of fire. One such war is as follows: the lamps
in the figure. (not more than twenty at one time). should

Warning: Sodium lamps are perfectly safe when frsnt be broken into small pieces in a dry
atmosphere. and plated Ina a dry bucket of

handed ithcar. ont Acontanly snallrquantwith ml aaiy h controaercmlingrsol hnb
of s~~odium. lusampe arc perfeclyp heafe wh e itteoen hiand hl iled withreonbece
when ~ wic ieiosha n contact with moisture, wae ymand thrfoaruberht the oea
Therforithefollowing precautions mhust be t oaken.ga asledstne

Paaking Shippin an Stfnewoim ap miustbes pacesdiu ilb

a. heampmut bey mstoredtabe shpent by -Pedeedhat.ss

DipoalofbuntouLm S.oWh iulms laredspredsr

Theo operao soldm stan cal aefale rlnemo uring. tepoes

Alte atfew motinue th smtallqunityoealc sodium. cotie Inuthetampcwil

beireedered htartesd endplthelmy tenbldsosed o In the wra dingaroidd
whey.ms o esn yPs

CAUTIONal NoTIC bun-u aps. WhTen G.E.C. are isaMPS ar

DIPShudbtake oovit h ri~~/ Osk of fir. The Lamp ofwicSo

mom ~ ~ ~ ~ ~ ~ ~ ~ ~ A7'C'~6/ thn2/hudb7eltviha n ie sol is eboe



AMERI-CAN DAYLIGHT C040 Long-mArc Xenon
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Long -Arc Xenon
ENGINEERED WIDE-AREA LIGHTING

As with any engineerinig problem. wide-area lighting is best
achieved by providing the fewest fixtures and the lowest
installation and maintenance costs necessary to dIO the job well.
American Daylight's long-arc xenon meets these design criteria:

Fewer Units ano Poles High Maintained Lamp and Fixture Efficiency.
Long-arc xenon luminaires have a ,isual horizontal *eam The jif of long linear lamps positioned correctly within a

z.pread of 1W0 Tlhis very broad beom soreact. matched with parabola refloctor provides very high fixture efficiency-over
20.000 watts of ligninmg power. provides an even coverage ot an 70% many conventional luminaires Mv ofa. tiCiencies 01 less than
area w'ith fit rewer Poles than any conventional lighting system 501a Tne xenon lamp maintains light output at 90% or better
, his .03ul s In savings in installation, equipment arid thoughout the entire lite of the anm many discharge lamps will
maintenance costs. Architi~tetai design as also enhanced lose their output by a. much a$ 60% at near end or liife.
Nastural Daylight Quality

Xenon discharge lamps are the only5 available Source that Can Reliable Quality
be used for large area lighting that will taithfully reproduce thei The American Oayiight Company has over 12 years of
Soectrai digttibwtiofl ot natural daylighti This color Qualit" expqerenCe and expertse inI the manufacture of their lighting
pcov.aes excellent visual acuity. especilaly Importanlt whereil roducta Their Continued efforts in quality control.manufacture,
movement Ino distance mubi be judged. as in aons and and equipment performance has gained themn confidence and
activilsm nvOlviig machinery lien ObieCtor areais diatofle by respect
predominantiy yellow blue or green fight Sources. then usuafly
more light is r*Quifed 'or identification Time ua of xenon The American Daylight long-arc xenon lighting equipment is
equipmlent reflect$ the colors to whicfk the eye is most the only Saltpptent that Can meet the total design requirements
accustomedl-ft daylight. above.

In a demonstration of portable trouipmient. the Aritone, State Capitol was býrilliaintly lighted by one Daylight unit.

;Fff77 N�



provides daylight
GENERAL INFORMATION

The long-arc lampa are filled *itI' xenon. an Inert gas. In a insatant re4-strikte (Optional) C60abilitY W01coiitfe ,important in lthoee
special ultra-violet absorbing QuorlZ envelops and at a pressure aeplicalionas wnere a momentary powerfInterruotion could Cause
of less than one &1raieapher*, (An Important Saafety factor when palic. collision$ Of moving equipment, or delay of sporting
handling thOrnti events cue to [ne time required bty Conventional diacharge lamps

Lamps are ignited inatantly by a starter Circuit which thent drops to restike
Oif the li no and th& lamp continues to operate without sic of Xtrnon lamps. With tino Spectral distribution very Similar te
ballast anld at urity power factor Because there is no ballast. the natural daylight (6 50M Kelvin). is ideal lot pick-up by the
:nam Witl ignIte and operate in Cub-freezing or tropical Pluinbicon TV tube, and therefore otters the moat desirable
temperatures without addition~al starting or operating aids artficial lighting source for color film and TV Camera pickup.

LONG-ARC XENON4 SPECTRAL DISTRIBUTION

Ultraviolet Violet Blue- IGeen 0e. Oanige Re

1 0 0 
X n n

Sunlight TV Tube ________

Relative Energy (or Spectral Sensitivity) vs Wavelength (Microrne)

Lumimniare (with mounting bracket
Brtacket mount-.i in raised peavtiin. Swings 3$00)

ing detail.
MOUNTIN BRACKE S -" 1i (4 00 metal eDll, Clamp type)
MOUNTIG MACKeS gy (11- to 12" 00 weed pole. Clamin type witri tvrough'ifte.Pele Doelt)

LUMINAIRE SPECIFICATIONS

Voi5 26 220 I 240 265 277
Powe - -r- t1ti6 11 00 200 2000 - Wm

iv.,81a Lain Lui~i 400 000 500.3w- 52-01 ~ Maw-
Medium N/A iso--0' 150" t a 30 MO. 110. 150" x 300

Woidh 190 lam 200 ia Loll i~a 00Its 20Ite
Weiqiti With biac014t 'a 25 l bS 265 ilts M 265 Ibs 26Ibis
Overall length 941 ______ Sdi a-- d

Overall height 1 3,t½ j t. 3'4"3W

r 4Cd/1



quality light..1!
LAMP SPECIFICATIONS

______________Lame Mde"e Numb,,,
____________ L1/U L-20/ - 0 L-28/2441 1.21112111 L.2;7?

Power (Wattil) 16.000 20 0V0 20.000 20.00 20.000
Vallss ao 20220 1 -24C0 265 2??_

Current (Amos) ______ 3 .....J3L.. 7
ni'.Lama L.u"n'a 400,000 50 000, Soo000 0 000 500.00

LhI, Cola, Tomp (Kiplyni) 6.500, .500, 8.0' 630'w50

Lem I~,f m:an n1tnt iniet Instant Instant
Raitrie IgfitmiS istantInsttatt iInstant

Overall Length.5 4 ~ 4 74-
D-ianet. of Lampi Envolono 1-3/0' 1-/0 1. ****!/F.*,* 1-31- 1
* Optional

Lamp is warmanted for 12 maihs. prorated monthly. Eapectood Is" life in ocese of 10.000 hours.

COMPARATIVE CHARACTERSTICS OF FLOODLIGHTING EQUIPMENT

Flood ight 1~ I Iiature I ataia 1
Tye Mir's Model I 111f'd Time, Tins, tMVE). Wart (MLOW) Leegi-tart X~e Otaiosty

gvo s - Iw attsfirp icuse 50 W In an instan 200 - 6 0

C3hv hos. W-40.Lt. I 100 w ?M~n 6.12 m.n 17311 159 170 F*i to Go
-Wmtl Epvne 1 0w 3.5 mui 1-5ni 2.272 230 1 2.0 spaiesHIulde Sootl 1100W 4 L____ mansil _____ ____ U611Y
2600W.o.~l aygni '600 Istnt Iinstant 240.31? ISO 1 25 Excellent

AC kenan ~ ______L(Opt-onal) Lumelins _____

20 000A Long-' Dayho 20.000 lflatbiit instant IaOo.A0 ? so I callonw
IAic Xenon, AOC.-f _____ J______ (Otolneip J Lvmwsihel _____

' PR -Pov -nout (to llailest -f eappicable)
*ME (Lampn Winer Output ot 60% rated life) % (fintute efficietiCy) a fmaintenace factor)

IMLPW - MAFE
FIR Outle~aw features: Bullet proof units - Front pleas cover * £upiosion-proolt unito

Sprsficiiieone subject to change Without notice

One Amenican Dayight unit of
..C' Dump. 0uval Mine. Sahtsjardta.
Arizona. eliminated need for eight
previous lights and two flagman. i

AII.

.47 fA C X/



SPORTS LIGHTING
Baseball. football, tennis and other sports are

excellent applications for Daylight Xenon
equipment The strong vertical beam spread..
allows the players and spectators to "follow"
the ball at all times instead of its disappearing
and reappearing. as with most conventional
lighting systems. In Plant City. Florida. 30
footcandles on the inf ivd and I5 footcandles on
the outfield were achieved by using only five
poles instead of the conventional eight poles..
This representpd a great saving in installation.
and maintenance cost The superior color I .. .

quality of the xenon source causes players and
uniforms to appear more natural, and enhances
judgmer~t of distances, speed. etc. Light quality
and uninterrupted service are special
advantageis for television coverage of sporting
events. and often may be an inducement to such

* coverage.

Japanese cities are noted
r for their exciting might

.4111; life. L9nil-arc xenon,
Wwidly usad there. gfiveis

~ ~ ~ * '7night shoppers and
inotorlsts the confidence

4. and safety of brillient.

daylight quality light.

417ii'
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PREFACE

Perimeter lighting of a guarded area is used as a nighttime
aid in the detection and prevention of unauthorized entry. Because
of increased energy costs, it is important to design these lighting
systems to meet specified illumination levels at near minimum oper-
ating costs as well as at low acquisition costs.

The analysis was conducted in response to a request from the
Design and Construction Management Division under the Deputy Chief
of Staff, Engineering and Services (CINCSAC/DE), of Headquarters,
Strategic Air Command, U. S. Air Force.

The objective of the analysis was to explore methodology for
determining luminaire location, height, and aiming direction parame-
ters for use in cost comparisons. This analysis was directed at a
practical solution to the perimeter lighting problem and does not
employ sophisticated mathematical methods such as nonlinear optimi-
zation techniques. Basic assumptions required for simplified compu-
tations are analyzed in the report, and mathematical formulations
of the perimeter lighting problem are given in the report annexes.
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PERIMETER LIGHTING PROBLEM -- METHODOLOGY

1. BACKGROUND

a. The electrical lighting systems which provide perimeter
lighting for security purposes at numerous DoD installations are to be
redesigned. A detailed study is underway to derive "lighting arrange-
ments that would best meet the prescribed illumination requirements,
both photometrically and economically." The U.S. Army Engineer District,
Omaha, Corps of Engineers, has produced a draft study1 fully describing
the parameters of the problem an-d preliminary results from which the
above quoted objective is abstracted.

b. CINCSAC/DE has requested NP to explore methodology to address
perimeter lighting within the following ground rules:

(1) The constraint of minimum light inside the fence would be
dealt with by shielding and thus need not be addressed.

(2) The lighting solution can be examined with respect to a

straight fence (effect of corners negligible.)

(3) Target for solution should be within one to two percent.

(4) Solutions for a pole height of 15 feet and below should
be addressed first.

(5) Adaptation to a fixed pole height of 15 feet should be
examined later.

(6) Only the case of the single fence should be addressed.

(7) The purpose of assistance is to examine methodology only.

(8) The problem of area lighting, also treated in the draft
study, was not at this time included in the NR task.

c. Two complementary approaches to the problem were taken. The
first approach examined the problem analyticaliy to uncover any general
considerations of importance and to reduce, if possible, the number of
variables that had to be examined. The second approach developed
computational methods, short of complex nonlinear optimization techniques,
to calculate the near-best solution over at least some of the critical

1 Draft Lighting Study Security Systems Modifications, U.S. Army Engineer
District, Omaha, Corps of Engineers, Omaha, Nebraska, December 1975

S. .. ...... . ......... .. .



incident light performance facto's. ANNEX A provides formulas for
calculating incident light, and ANNEX ' provides an interpolation
method for deriving precise angular luminaire output.

2. SIMPLIFIED GEOMETRY

a. In order to simplify the analysis, all anqles are defined in
terms of their horizontal and vertical component angles. There are
three types of angles considered: offset angles, luminaire aiming
angles, and luminaire candle power angles. These are defined for a
luminaire, a luminaire pole line, and a constraint line parallel to
the pole line along which lighting require,,ents must be satisfied.
(See Figure 1.)

(1) Horizontal Offset Angle a

The angle formed by a line from the luminaire and perpen-
dicular to a constraint line and a line from the luminaire to a point
of interest on the constraint line, as projected on a plane parallel
to the ground.

(2) Horizontal Aiming Angle 8A

The angle formed by a line from the luminaire and perpen-
dicular to a constraint line and a line from the luminaire in the
direction that the luminaire aiming vector is pointed, as projected
on a plane parallel to the ground.

(3) Horizontal Beam Angle eL

The angle formed by the luminaire aiming vector and a line
from the luminaire to a point of interest on the constraint line, as
projected on a plane parallel to the ground. The luminaire aiming
vector is normally in the direction of greatest luminaire candle power
intensity.

b. From the above definition, it follows that

eL= e - AA ---------------------------- (1)

c. Luminaire candle power is defined in terms of luminaire beam
angles. Let F (eL,YL) denote the luminaire candle power for a
luminaire horizontal beam angle of OL and a luminaire vertical beam
angle of YL" Using Equation (1) above, we can derive luminaire
candle power in the offset direction of interest

f(e, y) = F (e -eA, Y- YA) ---------------- (2)

2"
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d. When we consider only the effects of candle power in the
horizontal plane for a luminaire with horizcntal aiming angle
equal to zero, Equation (2) is simplified

f (e) = F (e) ------------------------ (3)

so that the luminaire candle power in the horizontal offset direction
of interest can be expressed directly in terms of the luminaire
candle power.

e. We can now write a simplified equation of foot candles
incident to the vertical surface through the constraint line as a
function of horizontal offset angle. Let I (9) denote the com-
ponent of luminaire candle power incident to the vertical constraint
surface and g (e) denote foot candles. Then,

g () f (e) 21 (e)- -------------------- (4)

d2

where

d = y sec e ------------------------ (5)

and

I(e) cos e- .------------------------- (6)

so that

g ( f () cos 3 e- ------------------------ (7)
2

y

f. The constraint lines run parallel to the fence and line of
lighting poles. The constraint lines, lighting pole line and
distance constraints are shown in Figure 2.

g. Analogous definitions can be made for vertical offset angle Y,
vertical aiming angle YA and vertical beam angle YL. Most of the
following discussions are in terms of hoý-izontal ang es. Hence,
detailed definitions of vertical angles are omitted here.

3. MAXIMUM POLE SPACING

a. There are certain discrete combinations of lighting equipments
that can be compared in the lighting problem. These consist of
luminaire type/luminaire wattage and number of luminaires on a lighting

4
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pole. Let us define these combinations as luminaire configurations.
There are also luminaire arrangements describing where the luminaires
are located and pointed. These variables are continuous and include
distance the lighting poles are behind the fence and are apart, the
height of the luminaires on the pole, and the angle the luminaires
are aimed. Let us define these as arrangement variables.

b. Pole spacing is defined as the distance between poles such
that lighting requirements are met everywhere along the constraint
lines. For instance, if the lighting requirement was satisfied at
horizontal offset distances out to a hundred feet except for an
interval between 40 and 50 feet, the pole spacing would be 40 feet.
In order to insure that this definition was met, a procedure was adopted
to test the lighting requirements by incrementing offset distance
successively from zero offset to larger offsets.

c. A luminaire configuration can have a multitude of arrangements.
For any two arrangements that meet the lighting requirements, the
lower cost arrangement is the one that has the larger pole spacing.
It should be noted that this principle is independent of the cost
of pole installation. From this principle our efforts were directed
in finding a method for deriving a maximum pole spacing arrangement
for a luminaire configuration. Once this methodology is obtained,
o best arrangement solution can be obtained for each luminaire con-
figuration. The installation and 10-year operating cost of each
luminaire configuration can then be computed directly and compared.

d. By this procedure, cost factors can be applied after the
search for the best lighting arrangement, greatly simplifying the
problem.

4. MEASURE OF LIGHTING EFFICIENCY

a. The luminaire candle power required to satisfy the lighting
constraints depends on luminaire distance and direction to the
vertical surface along the constraint. Writing the equation for
incident foot candles defined in paragraph 2e, we have

g(e) f(e) cos 3 e (8)
Y2yZ

Setting g (e) = C, a particular constraint requirement, and solving
for f (a), we have

f (e) Y2 (9)
COS

3 e

6
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b. The candle power required to satisfy a constraint in constant
foot candles increases with offset angle a as shown below

R (e) 3 --------------------------- (10)
Cos 3 e

The pole spacing achieved for a given pole distance and offset angle
is proportional to tan e:

P (e) - tan 0 --------------------------- (11)

A measure of lighting efficiency is the pole spacing achieved per
required candle power:

M (e) - P (8)/R (e) --------------------------- (12)

Substituting Equations (10) and (11) in Equation (12), we get

M (e) - tan e cos 3 - --------------------------- (13)

c. The graph of Equation (13) 'q given in Figure 3. Lighting
efficiency peaks at a horizontal oft~et angle of about 350. This
suggests that adding light intensity until the constraint is met at
approximately 350 is efficient. Adding light intensity to meet the
constraint beyond 350 is inefficient. (See Figure 3.) Since lumi-
naire wattages are discrete values, it is not always possible to
satisfy the constraint near 350. The most efficient use of lighting
would then be the discrete value of lighting available that yields
the highest value or is closest to the peak.

d. Equation (13) should not be used for calculating pole spacing.
Its use is restricted, being affected by beam pattern, wattage cost,
discrete wattages, aiming angle, etc. However, it is given to provide
some objective guidance to what is intuitively apparent, i.e., it is
wasteful to over-illuminate in the center in an effort to extend the
offset.

Note: The most efficient polp spacing in terms of our re-
strictive measure can be derived by setting MWe = 0,
solving for e, and then converting from offset angle
e to pole distance 2 Y tan e.

M (e) - cos 3 a tan e

M'(e) = cos 3 6 - 2 sin 2 cos e = 0

7
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Substituting 1 - sin 2 e for cos 2 a we have,

sin 2 e = 1/3

e = 350 16'

2 Y tan 6 = 1.155 y.

Hence, maximum lighting efficiency is achieved when
pole spacing is slightly greater thar pole distance
to the lighting constraint.

5. WHEN TO ADD LUMINAIRES

The last section suggests that it sometimes might be more efficient
to add luminaires than to increase pole spacing. As indicated, this
would be when the incident light from a single luminaire yielded a
very small pole spacing. A guide for adding luminaires can be ob-
tained directly by comparing the incident light from one ILtiinaire
at an offset X, to that of two luminaires at an offset 2X, and to
that of three luminaires at an offset 3X, etc. There is a range of
offset X for which the greatest incident light is provided by I
luminaire, 2 luminaires, 3 luminaires, etc. The smaller the offset
X achieved by one luminaire, the greater the number of luminaires
are required to provide the maximum pole spacing. Figure 4 illustrates
this fact for 1 through 4 luminaires. The solid portion of each curve
depicts when and how many luminaires would yield the greatest pole
spacing per luminaire. For very narrow angle luminaires, it might
be impractical to add luminaires. However, for any luminaire we can
at least deduce the general rule that luminaires should not be added
if the pole space achieved by a single luminaire is greater than the
pole distance Y.

6. LIGHTING PARAMETERS

a. So far we have examined pole spacing as a measure of lighting
performance. We have considered its relation to efficiency and
luminaire power in a general way taking into consideradion the effect
of distance and incident angle. We shall next examine the lighting
parameters. These are summarized in Table I.

9
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TABLE I

MAXIMUM POLE SPACING PARAMETERS

Configuration Parameters Arrangement Parameters Requirement Parameters

Luminaire Type/Wattage Independent Outer Constraint

Number of Luminaires Pole Height Z Upper Inner Constraint
Pole Distance Y
Vertical Aim Lower Inner Constraint
Horizontal Aim

(Multi-Luminaires)

Dependent

Vertical Beam Angle
Horizontal Beam Angle

b. Configuration Parameters

There are 25 luminaires to examine. Several luminaires of the
same type can be used at the same time. If combinations of one, two, and
three luminaires are considered, there would be 75 configurations to
examine. The configurations must be examined separately. They are
discrete parameters in the search process.

c. Arrangement Parameters

These are continuous parameters and when considered simultaneously,
offer efficiencies in the search process. It is desirable to simplify
the manner in which the lighting arrangements are evaluated. There are
four independent lighting arrangement parameters; namely, pole height,
pole distance Y, vertical aim, and horizontal aim for multi-luminaire
configurations. Given any lighting arrangement and measurement point
along a constraint, the vertical and horizontal beam angles can be
determined, and thus these are defined as dependent variables necessary
for the computation of incident light.

d. Requirement Parameters

Lighting requirements must be met along each of the constraint lines.
The requirements are considered as parameters in the computer program. First,
they are subject to changes in criteria. Second, they might be adjusted to
account for additional factors. For instance, if one introduced dirt ac-
cumulation as a factor, it could be treated as a degrade factor in calculating
illumination, but it could also be treated as an increased illbiination
requ~ rement.

11



7. FIXING POLE HEIGHT

a. A pole height of three feet would yield the maximum foot
candles at the outer constraint as a function of pole height.
However, this pole height is not good for satisfying the inner
constraints. The vertical offset angle to the upper inner ccnstraint
would be much greater than to the lower inner constraint. The inner
constraints could be more equally satisfied by raising the pole height.
A good solution would be obtained by fixing pole height so that the
luminaire could be aimed midway between the two inner constraint
heights.

b. A measure of the fractional loss of illumination as a function
of pole height is given in Equation (14):

L (Z-H) = 1 - cos 3 (arctan ((Z-H)XVX2TT2)) ----------- (14)

where

X is offset distan,'e

Y is pole distance

Z is pole height

H is constraint height

and

Z-H is height of lighting pole above or below the
constraint.

By definition, when Z-H equals zero, we have no fractional loss in
illumination at the constraint.

The relative effect of pole height on the fractional loss of
illumination on the inner constraints versus the outer constraint was
examined using Equation (14). Figures 5, 6, and 7 display results
for minimum pole distance, zero offset; increased pole distance, zero
offset; and minimum pole distance, increased offset. In each case
the effect of pole height on the inner constraints were proportion-
ately much greater than on the outer constraint. It is concluded
that in general more is gained by adjusting pole height to 4.5 feet
which is optimum for the inner constraints than lost by adjusting
pole height higher than 3.0 feet which is optimum for the outer
constraint. In a specific case where the inner constraints are
easily satisfied whereas the outer constraint is not, there still

12
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would be less than a one percent loss of illumination. The effect
of this loss of illumination would have even a smaller effect on
pole spacing.

c. By fixing pole height to 4.5 feet, we have effectively
eliminated one of the independent arrangement parameters that have
to be searched. This leaves only arrangements of pole distance,
vertical aim and horizontal aim to be searched. Assuming we were
going to search each arrangement parameter n t mes, the deletion
oj one parameter would reduce the search from n4 combinations to
n combinations, a substantial reduction.

8. INNER CONSTRAINTS

a. The inner constraints are far more sensitive to the horizontal
offset arigle because they require a far greater offset angle than for

.the outer constraint to achieve the same offset distance. Figure 8
illustrates the worst case when the lighting pole is the minimum
distance (15 ft) behind the fence. This difference becomes less
crucial the further the lighting pole is moved back. It was soon
discovered after some comouter searches that the inner constraint
was overriding for maiiy luminaire types, especially those with
narrow beam patterns. The searches consisted of moving the lighting
pole back reducing the pole spacing achieved for the outer constraint,
at the same time increasing the pole spacing achieved for the inner
onstraint until they became the same. It became evident that the

use of multiple beams at plus and minus horizontal aiming angles
could greatly improve results for narrow beams against the inner
cc straints.

b. An algorithm was devised for determining the maximum pole
. 1 •cing over the constraiits. Let us denote the maximum pole
spacing for a given constraint as "P.S.". Then the maximum pole
spacing for all constraints will be the least valued P.S. Let us
denote this as "Min. P.S.". The Min. P.S. should be computed for
the lighting pole 15 feet behind the fence. Then the distance
should be increased a small amount and the Min. P.S. should be re-
computed. If it does not increase, there is no need to test for
greater distances behind the fence and the desired Min. P.S. is
obtained. After repeating this process for vertical and horizontal
aiming angles, the greatest Min. P.S. is obtained. (See Pardgraph
12 for flow chart.)

9. MULTIPLE LUMINAIRE CONFIGURATIONS

a. An additional dimension of search, as compared to the single
luminaire configuration, is required when evaluating two and three

16
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luminaire configurations. In the two-luminaire configurations, a
search of greater and greater plus and minus horizontal aiming
angles would be needed until the maximum pole spacing was reached.
The three-luminaire configurations would involve the same search
procedures as in the two-luminaire case, except that a third
luminaire with zero horizontal aiming angles would be added.

b. Multiple luminaire configurations can be examined as a
single luminaire by rotating their beam patterns the amount of
their horizontal aiming angle and adding.

10. ADDING LIGHT FROM ADJACENT POLES

a. So far we have introduced the concept of pole spacing as
a measure of lighting performance (paragraphs 1-5) and have
considered the lighting parameters and possible simplifications in
their use (paragraphs 6-9). We now wish to return to pole spacing
and two crucial issues involved in adding light from adjacent poles.

b. Criteria of One-half the Required Incident Light

(1) We have derived the maximum horizontal offset from
a lighting pole for which the required incident light is obtained,
and called this distance one-half pole spacing. Assume this is the
left hand pole of adjacent poles. Then, incident light from the
right hand pole would add to that of the left. This means that less
than the required amount of incident light would have to be supplied
by the left hand light and "pole spacing" could be increased ac-
cordingly. It is logical to assume that the adjacent poles can be
moved apart until exactly one-half of the required light is supplied
by each pole. The new pole space distance, based on adjacent poles,
would be equivalent to the one-pole case derived for one-half the
required incident light. This yields a very neat solution for the
two-pole case and can easily be generalized to additional poles
to the left and right. However, implicit in this simplified solu-
tion, is the assumption that if lighting requirements are satisfied
exactly in the middle of two poles, it is satisfied everywhere else
between the poles. This is only true If the incident lighting
function is decreasing in a linear or concave-up fashion. Figure 9
illustrates this relation. The absolute value of the increase in
illumination from the nearer light as one approaches it (here shown
as WR) is always greater than the decrease in illumination from the
farther light (here shown as AL), from which one is receding. The
sum of the two lights (here shown as IL + IR) is always greater
than or equal to the required incident light C.

(2) Foot candle functions, f (e), are generally the opposite,
concave-down. For example, if f (a) = cos e along the horizontal

18
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beam, it would never be concave-up. However, we should not rely
on intuition. Since the foot candle function, f (e), is
multiplied by cos 3 9 in the incident light equation, it is more
likely to be transformed into a concave-up function. Let us see
when this is true using the incident light equation:

g (6) Cos 3 8 ------------------------- (15)(6) = y2

Assume f (e) = K, and compute the rate of cnange of the slope of
g (e), equivalent to its second derivative

g'(e) -3K cos 2 6 sin 0 ----------------------- (16)y2

and

g"(e) = ya- cos 3 8 - 2 cos 8 sin 2 6 (17)

Solving for g''(e) = 0, we get tan2 e = 0.5 and 0 = 350 26'.

(3) A plot of g''(e) is given in Figure 10. The rate of
change of the incident light function cos 3 8 changes from positive
to negative at 350 26' and is a maximum negative rate at about 600.
The greater the negative rate of change of a function, the greater
is the extent that it is concave-up.

(4) When f (e) is moderately concave-down, the situation
is even improved. For example, when, as we stated before, f (e)
cos e the inflection point is equal to 300.

(5) The only case of concern appears to be when f (e) drops
off very rapidly to zero. The pole spacing would have to be reduced
until the one-pole case provided the full lighting requirement. The
lighting input tables could be adjusted to denote exactly where a
drop-off occurred. However, it might be simpler to compute the sum
of the left and right light sources when the one-pole source provides
less than 1.0 of the incident light requirement.

c. Additional Light from Distant Poles

(1) Previous discussion has been based on measuring incident
light from the immediate pole (left or right) to the mid-pole

20
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%t

position along the constraint. An offset distance x was used to
denote this distance to the first pole. Additional incident lignt
is supplied to the mid-pole distance from more distant poles. The
offset distance to the mid-pole position as a function of the kth
distant pole is given by

xk - (2k-i) x ------------------------- (18)

The general equation of incident light is given by

I - F(e,y) • . - ----------------------- (19)
d d2

where F(e,y) is luminaire foot candles

I is component of incident light on the
d vertical surface of the constraint

d is distance

Substituting x, y, and z into the distance equation and using
Equation (19), the incident light obtained from the kth pole is
given by

SF(e y) y ((2k-l) x) 2  + y2  + Z2] (20)

By substituting a constant for F(G,y) in Equation (20), we can
determine the proportion of incident light provided by the kth
pole independent of the luminaire foot candle pattern. This allows
the summation of Ik terms.

n
Let An - k•i Ik for all significant terms of Ik

such that Ik>n < .001.

Then, the error for using only m pairs of poles is given by

Sik)/An ------------------------ (21)
k=

22
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(2) Figures 11 through 14 show the upper bound of the error
when using, respectively, one, two, three, and four pairs of poles
in computing incident light. The errors are given for both outer
and inner constraints. The errors for the outer constraints are
relatively greater than those for the inner constraints. In general,
the error for the inner constraints using k poles approximates
the error for outer constraints using k plus one pole. In every
case the error rises sharply for small offset distances. However,
as we have shown before, when the measure of pole spacing is small,
it is better to add luminaires on each pole. In practice we are
onlysinterested in solutions that yield large pole spacings. The
offsets for these cases are in fact much greater than 30 feet.
Further, the error in pole spacing is proportionately less than
the error in incident light. As was shown in paragraph 4, the
greater the pole spacing the less efficient it is to add light
(similarly to account for more light.)

(3) On the basis of the error analysis, it seems that using
three pairs of poles for the outer constraint and two pairs of poles
for the inner constraint would yield satisfactory results. The final
decision should be based on the required accuracy, uncertainty in
other factors, and computer parameters.

11. FIFTEEN-FOOT POLE HEIGHT CONSTRAINT

a. Luminaires do not require expensive hardening if they are
mounted at a height of fifteen feet or above. The money saved in
not hardening must be compared to the money lost due to a more
expensive lighting arrangement. This can be done by comparing
minimum-cost lighting arrangements between pole height mounting
below fifteen feet and at fifteen feet. The fifteen-foot pole
height constraint does, indeed, cause a large decrease in pole
spacing compared to the unconstrained pole height case. This is
due to the increased angles of incidence at the outer constraint
and lower inner constraint. (See Figure 15 for incident angles Yj
and yZ.) Secondly, a greater spread in the luminaire's vertical
beam is required to illuminate the constraints. (See Figure 15
for the angle difference Y3.) This does not explain the entire
problem because now the outer constraint is not between the two
inner constraints, and if the highest intensity part of the
luminaire beam is pointed at it, a relatively less intense beam
will be directed at the lower inner constraint.

b. The methodological problems fortunately are not so much
aggravated. Just as before, a search over the vertical aiming angle
arrangement parameter is required. In this case, more search steps
will be required and better interpolation of the vertical beam may

27
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be required because the solution will be more sensitive to the
vertical angle parameter. On the other hand, the search should be
simpler because the upper inner constraint can be ignored.

c. Another possible solution would be to use more than one
luminaire aimed at different vertical angles. For instance, one
luminaire could be aimed towards the lower inner constraint and
another towards the outer constraint. Similar procedures for
varying luminaire vertical aiming angles could be adopted as derived
for varying luminaire horizontal aiming angles.

d. A natural extension of the above solution would be to use
luminaires with a combination of horizontal and vertical aiming
angles. This solution is so complicated that it should be considered
only after practical experience is obtained on the simpler luminaire
configurations.

e. The solution for the fifteen-foot pole height is more com-
plicated than for the fixed 4.5 foot pole height. Additional
procedures for the fifteen-foot pole height should be attempted only
after those for the simpler case ha'W been checked out.

12. SUMMARY OF BASIC PROCEDURES

a. Analytic considerations have been described in this report
for basing the design of a computer search routine for determining
near low cost lighting arrangements that satisfy perimeter lighting
requirements. Maximum lighting pole spacing has been suggested as
the measure for comparing lighting arrangements between luminaire
configurations. This greatly simplifies the problem because lighting
performance measures and installation and operating cost factors are
derived sequentially.

b. Our analysis was restricted to investigating procedures for
deriving maximum pole spacing. The following assumptions for
reducing the magnitude of computations were analyzed. An asterisk
denotes when a computer test for reduced computation is suggested.

(1) Multi-Luminaire Configurations

Multi-luminaire configurations are most likely needed
to improve the pole spacing for the inner constraints. These con-
figurations are not likely to improve the solution for the outer
constraint unless the maximum pole spacing for one luminaire is less
than about the pole distance.

29



(2) Fixing Pole Height

One arrangement parameter can be eliminated by fixing
pole height to the mid-height of the inner constraints.

(3) Inner Versus Outer Constraint*

Further increases in pole distance to achieve greater
maximum pole spacing does not have to be considered when the maximum
pole spacing achieved for all constraints decreases with an increase
in pole spacing.

(4) One-Half Requirement*

In general, the maximum pole spacing is achieved when
either the left hand or right hand lighting sources provide 0.5 of
the lighting requirement (incident lighting function concave-up).
For an exact solution, the sum of the left and right hand lighting
sources needs to satisfy 1.0 of the lighting requirement. This sum
should first be checked for a pole spacing Lased on either left
hand or right hand poles providing 0.5 of lighting requirement. If
this fails, the sum should successively be checked for smaller pole
spacings. A solution must occur when either left hand or right
hand lighting sources provide 1.0 of the lighting requirement.

t'" Lighting from Beyond Adjacent Poles

A good approximation of the total incident light from
luminaires along the pole line can be derived by using three poles
for the outer constraint and two poles for the inner constraints.
The sums for these poles can easily be computed by changing only
the x term in the incident light equations. When the offset
distance is x feet for the first pole, it will be 3x feet for
the second pole, and 5x feet for the third pole.

c. A flow dipram (Flow Charts la, 1b, and 1c) is given below
incoronr; ig tV sic assumptions developed in this report, but
omittie,- compuLational details.
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ANNEX A

MATHEMATICAL FORMULATION OF THE PERIMETER LIGHTING PROBLEM

For detailed numerkcal analysis, the perimeter lighting problem
has been reformulated in vector notation. This simplifies the
mathematics used in the compu t er program to investigate the changing
of parameters. Points have bee,. locatediin an x, y, z coordinate
system with origin at the base of the pole. The x-axis is parallel
to the fence. The y-axis is normal to the plane containing the fence.
The z-axis-is normal to the ground plar:e. What this simply means is
that pole spacing is measured along the x-axis, distance constraints
among the pole, fence and boundary are meas-,red on the y-axis, and
height is measured on the z-axis. Tne following figure will help
explain the three axes and the geometric or vector relationships
below:

x = 1/2 pole spacing (ft)

Y, = distance from pole to fence (ft)

Y2 = distance from pole to boundary (ft)

zo M height of luminaire on pole (ft)

Z, = height of fence (ft)

z2 = height of boundary measurement (ft)
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Figure 1. Geometry of the Perimeter Lighting Problem
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The following vector;ý are defined from the luminaire to

POINT 0: Bottom of fence (x ft down fence)

ao,(xly 1,o) - (020,z.) =(x,yj,-z0))

- 2b wh'ere b~ z= ,+

POINT 1: Middle of fence (x ft down fence)

a, (x~y,,z,/2)- (ooz) (x,yl~z1/2-z,)

\fx~b1  where b1  I+Z1r-~

POINT 2: Top of fence (x ft down fence)

2=(XIY1,Z.-) - Co,zo) = (x,Y",Z,-zo)

d2. Ia2I V -Y'(Z-!

- +b J4~ here b- y2(

POINT 3: Boundary (x ft down fence)

63 (X,Y2,Z:) - (o,o,Z0,) =(XJ,YzZ-z,)

d3 =81

- VT~b7 where 03 =YZ')4(Zý-Zo
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The vertical angles cI and o2 can be calculated as follows:

OLI = COS-I al=9 COS--I X +b

~~-' 2:~ = (d1d2Jlad 12i d~2

where b4 = y, 2+(Zl-z,)(z,/2-zO)

a 2  = COs-- a Cos- dod)

where b 5 = y1
2 -zo(zl/2-zo).

The horizontal angles -; and 8z can be calculated as follows:

/Y1 2+/ b0
Cs = Cos-'- = cos

do-V bo/ do _ 0 V do

2=cos-1 /y 2
2 +(z2-z•)2  cos-:__•• cos-1 I .od2 2.b--, b, b.3 'Cos CO 1-
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Let V be the vertical aiming dngle of the luminaire and let
n (h,v) be the interpolated output of the luminaire for a horizontalangle (h) and a vertical angle (v). The incident light at Points 0

through 3 may now be calculated as follows:

yý 7b'I Vo y, F (90-ý,, V-OL2)

LO F (90-ak, V-c, 2 ) d _ _.I I _

"k b o 0

d 
\ I

L, = F (90- 1l, V) I YI b . y1 F (90-sI, V)

\d12j b d, d1

L2 = F (90-Bl, V+uý) 1' Yi _, b = y, F (90-ý,, V+ýý,)

d2' dd3

L3  F (90-52, V) 1 Y2 3 2 F (90-h,, V)

~d2j k~ d3  d d3

Horiznntal Correction

*... Vertical Correction

Distance Correction

A-5
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ANNEX B

BIVARIATE INTERPOLATION FORMULA

TO OBTAIN F(hv) FROM TABLE TCH,V)

Let T(H,V) be a bivariate table of luminaire output with

H and V being tabulated over the values:

H: 90 to 270 degrees

V: -90 to +90 degrees.

Let r = h-Ho where Hi c h < HO

Hi-Ho

S = v-Vo where Vo < v < Vi

V -Vo

F(h,v) = (1-r)(1-s)T(Ho,Vo) + r(1-s)T(H,,V,) + (1-r)sT(H,,V,) + rsT(H.,V,).

This formula would yield exact results if F(h,v) were of the form
A + Bh + Cv + Dhv.
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LUMINAIRE INDEX
January 19.78

C.P. Fix- Actual PHOTOMETRIC SOURCE DATA
Computer File ture Lamp Test Test
Code No.* No.** Lumens I.D. No. Type*** Date Lumens

i. H90LS65NOI 13 1 12500 - Isocandela Approx. 12500
_ 1 1Diagram 1974

2. H90LS75SEI 51 2 12500 - Isocandela Approx. 12500
Curves 1976

3. H135L75SE1 50 20 21500 - Isocandela Approx. 21500
Curves 1976

4.1H0SO75SEI 52 3 33000 - Isocandela Approx. -33-0M
LCurves 1976

5.1H1SOL76NO1 14 4 33000 - Isocandela Approx. 33000
6_ Diagram 1974

6.H250S65WE1 53 21 50000 630743 Lumen Chart 10-13-72 47000

7.tH250S66HU1 58 22 25500 HP-00444 Isocandela/ 11-21-75 25500
I _Lumen Chart

8. H250S75WEI 27 23 25500 ERL 1832 C.P. Table 5-17-76 27700

9. H250S76GEI 29 24 25500 35-175448 Isocandela/ 3-29-72 1000
Lumen Chart

10. H250S76WEI 22 25 25500 630386 Isocandela/ 5-22-69 44000
Lumen Chart

11. H300P56WGE 25 302 3840 - C.P. Curves Approx. 38-4
1966

12. H300Q65GEI 20 80 5950 35-174254 Prorate of 3-17-64 10500
__________ ______ __________500w (See#27) __________

13.1H400S22HUl 28 26 50000 TRH-11162 Isocandela/ 9-16-71 47000
14. -29-P Lumen Chart
14. H400S44WEl 46 27 50000 672246 Lumen Chart 6-10-75 47000

15. H400S55HUl 26 28 50000 TRH-11162 Isocandela/ 9-21-71 47000
-33-P Lumen Chart

16. H400S55WEI 47 29 50000 672247 Lumen Chart 6-10-75 47000 l
17. H400S62SEI 48 30 50000 - Isocandela Approx. 50000

Curves 1976

18. H400S64CH1 17 305 50000 4577-A Isocandela/ 8-14-74 50000
Lumen Chart

19. H400S65SEI 49 31 50000 - Isocandela Approx. -50000
Curves 1976 _

20. H400S65WEI 61 32 50000 630743 Lumen Chart 10-13-72 47000

ii!
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LUMINAIRE INDEX
January 1978

C.P. Fix- Actual PHOTOMETRIC SOURCE DATA
Computer File ture Lamp Test Test
Code No.* No."* Lumens I.D. No. Type*** Date Lumens

21. H400S67CH1 57 33 50000 45611 C.P. Table Approx. 50000
1 _ .(Comp. P.O.) 1973

22. H400S76CH 44 34 50000 45543 C.P. Table Approx. -
(Comp. P.O.) 1973

23. H400S76GE1 45 35 50000 35-176201 Isocandela/ 12-15-76 1000
Lumen Ch art 6 72_ 76___

24. H400S76SYI 21 36 50000 4440 C.P./Lumen 6-22-76 5000
___Table

25. H400S76WEI 24 37 50000 630386 Isocandela/ 5-22-69 44000
Lumen Chart

26. H500Q55LA1 66 81 10500 - Isocandela/ Approx. 10500
Lumen Chart 1967

27. H50OQ65GE2 2 82 10500 35-174254 Isocandela/ 3-17-64 10500
Lumen Chart

28. HlOCS65HOI 32 38 140000 27189-P Isocandela Approx. 140000
Curves 1975

29. H1OCS76CH1 10 39 140000 45803 C.P. Table Approx. 130000
(Comp. P.O.) 1970

30. HIOCS76CH2 16 307 130000 4531-A Isocandela/ 11-19-73 130000
_ 1 Lumen Chart

31. HIOCS76HUI 15 40 140000 HP-00429 Isocandela/ Approx. 140000
Lumen Chart 1976

32. H10CS76WIl 54 41 130000 - Isocandela/ - 730000
Lumen Chart

33 HI5CQ62GEI 40 83 33000 35-174257 Isocandela/ 4-16-64 33000
Lumen Chart _

34. H15CQ62GE2 43 84 33000 35-175783 Isocandela/ 11-13-74 1000
I_ Lumen Chart

35. HI5CQ64LAI 39 85 33000 - Isocandela/ Approx. 33000
I Lumen Chart 1966

36. H15CQ64GE1 41 86 33000 35-175784 Isocandela/ 11-13-74 1000
I_______I_ Lumen Chart M u_

37. H15CQ65GE1 42 88 33000 35-175785 Isocandela! 11-13-74 "
Lumen Chart

38. HI5CQ65CE2 12 89 34400 35-175785 Isocandela/ 11-13-74 1000
I _Lumen Chart

39. H15CQ65GE3 1 90 34400 5785 C.P. Table 11-13-74 1000
(Comp. P.O.)

40. H15CQ65GE4 62 91 34400 35-175785 Isocandela/ 11-13-74 1000
Lumen Chart

41. HIDCQ65HU1 7 92 34400 HP-00392 Isocandela/ Approx. 35800
Lamen Chart 1975

42. H15CQ65LAI 6 87 34400 - Isocandela/ Approx. 33000
Lumen Chart 1968
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LUMINAIRE INDEX

January 1978

C.P. Fix- Actual PHOTOMETRIC SOURCE DATA
Computer File ture Lamp Test Test
Code No.* No.** Lumens I.D. No. Type*** Date Lumens

43. HI15CQ66GEI 23 93 33000 35-174259 Isocandela/ 3-17-64 33000
_ 1_ Lumen Chart

44. H20MX76ADI 19 308 500000 ERL 1563 C.P./Lumen 11-6-75 500000
_Table

45. V35WL4MNOI 8 300 4800 ERL 2080 C.P. Table 1-18-77 4800

46. V55WL4SNO1 9 301 8000 ERL2081A C P. Tabie 1-17-77 8000

47. V150S3MGEI 38 120 16000 5693 C.P. Table 3-21-77 100000

(Comp. P.O.)
48. V15OS4LLAI 11 303 16000 JB-6 C.P. Table 9-16-77 16000

49. VI80L4SAEI 4 103 33000 ERL 1924 C.P. Table 9-16-76 33000

50. V18OL4MAEI 67 100 33000 ERL 1933 C.P. Table 9-14-76 33000

-15. V18oL4MAE2 5 101 33000 ERL 1934 C.P. Table 9-17-76 33000

52.J VI80L4MLUI 65 102 33000 2634 Isocandela Approx. 33000
Diagram 1975

53. V180L4SQUI 64 104 32000 17218 C.P. Table 1-24-74 32000

(Comp. P.O.)
54. Vl80L4SQU2 68 105 33000 17218 C.P. Table 1-24-74 32000

1_ (Comp. P.O.)
55. V18OLGWVLI 55 304 33000 429986 Lumen Chart 11-14-74 7700(55W)

56. V25OS3MAEI 3 121 25500 25-37 Isocandela 10-14-75 25500
Diagram

57. V25OS3MGEI 63 122 25500 5819 C.P. Table 3-21-77 100000
(Comp. P.O.)

58. V250S3MGE2 33 123 25500 35-175135 Isocandela 4-28-70 25000
Diagram

59. V250S3HWEI 35 124 25500 672303 Isocandela 12-6-74 1000
Diagram

6T0 V250S4MWE1 34 126 25500 672316 Isocandela 12-23-74 1000
I Diagram

61. V25OS4LAEI 60 125 25500 1-2351 C.P. Table Approx. 25500
_ _(Comp. P.O.) 10-1-75

62. V400S2SGEI 30 127 (Test Luminaire-C.P. Table obtained from
Alabama Highway Department)

63. V400S3MGE1 37 128 500001 5819 C.P. Table 3-21-77 1100000

3(Com O
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LUMINAIRE INDEX

C.P. Fix- Actual PHOTOMETRIC SOURCE DATA

Computer File ture Lamp Test Test

Code No.* No.** Lumens I.D. No. Type*** Date Lumens

64. V400S4LAEI 56 129 50000 1-2350 C.P. Table Approx. 50000

S1_ (Comp. P.O.) 10-1-75

65. V400S4MWEl 36 130 50000 672241 Isocandela 1-4-74 1000

Diagram _

66. VIOCSSMGEl 31 306 130000 35-175227 C.P. Graph 3-16-73 130000

67. VIOCS65HOI 59 42 140000 27189-P C.P. Table Approx. 140000

(Comp. P.O.) 1975 _

68. VOCS76CHI 18 43 140000 45803 C.P. Table Approx. 130000

(Comp. P.O.) 1970

The Candlepower File Number identifies the Corps of Engineers data file

(computer printout) associated with a specific luminaire. (See p. B14)

** See "LUMINAIRE IDENTIFICATION GUIDE".

* C.P. = Candlepower
P.O. = Printout

Comp. = Computer

NOTES:

I. The computer codes are in general alphanumeric order; wattage symbols
appear in the order of the wattage represented rather than strict numeral
order (i.e. "W55W..." before 'V150..." and "HiOC..." after HSOO...").

2. All manipulations involving these luminaires must be referenced from
the photometric test position. Floodlights are normally positioned with
the lens face 90* from the aiming vector (i.e. normal to it) per sheet 1
of Figure 23. A floodlight tested by the VPA format (no. 67) will have
the plane of the lens positioned at 0". In this position the plane of
the lens is normal to the vertical aiming reference vector. See Sheet 3
of Figure 23. The beam axis of the General Electric Versaflood I (#9)
is positioned 25' above the candlepower test axis (lens 115* from test
axis). The longitudinal axis of the Interstate luminaires (Nos. 61 and 64)
is tilted 30* from the horizontal aiming reference vector (sheet 3 of
Figure 23).
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KEY TO LUMINAIRE COMPUTER CODES

Sample J H 15C Q 75 GE 2
Codes1 V 180 L 4M AE 1

Position-- A B C D E F

Position A: Photometric Test Format. Use "H" for horizontal polar
axis, "V" for vertical polar axis.

Position B: Nominal wattage. "C" is equivalent to "00", "H" to "000".
The '"W" (used in a few codes) represents watts.

Position C: Type of Source. "Q" indicates quartz iodine, "I"
incandescent "F" fluorescent, "H" mercury vapor, "H" metal halide, "S"
high pressure sodium, "L" low pressure sodium and 'X" long arc xenon.
An exception is "90LS" (poas. A and B combined) which denotes 90 watt
low pressure sodium.

Position D: Beam distribution type: A numeral pair such as "65"
refers to a N84A Type 6x5 floodlight beam. A numeral-letter combina-
tion signifies an IES type of distribution pattern - i.e. "3M" is used
for a unit having an IES Type III, medium, semicutoff distribution.

Position E: Manufacturer. "AE" is shorthand for American Electric
Div. of ITT, "HO" for Holophane Lighting, "AD" for American Daylight
Co, etc.

Position F: Differentiation Symbol. The numeral "1" signifies the
particular luminaire was the first of that type to have photometric
data entered into the computer data storage file. If data for an
upgraded model, or different test data for the same unit is entered,
the next consecutive numeral (or letter) is used.

85
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LUMINAIRE IDENTIFICATION GUIDE
January 1978

Manufacturer F Fixture Type*/Model No.
Computer Catalog No. Wattage and Lamp Type/Lamp No.

No. Code Socket Position Lighc Distribution Category

A. PLOODLIGHTS (1-99)

Low Pressure Sodium (1-19)

1. H90LS65N0O Norelco Rectangular Flood/SNF-026
(H90LS65NO) 09302 90W. L.P.S./SOX9O
(H90HS65NO) - NEMA 6x5 (12 0 *Hx100 0 V)

2. H90LS75SE1 Sepco Floodlighting Rectang. Flood/Series 4000
(H90LS75SE) 4000-90 90W. L.P.S./SOX90

NA NEMA 7x5 (140*Hx90 0 V)
3. Hl8OL75SEl Sepco Floodlighting Rectang. Flood/Series 4000

(Hl80LS75SE) 4000-180 180W. L.P.S./SCX180
NA NEMA 7x5 (150*Hx90 0 V)

4. H18OL76NOI Norelco Rectang. Flood/SNF-027
(HISOLS76NO) 09304 180 W. L.P.S./SOXl80
(Hl8OHS76NO) - NEMA 7x6 (140*HxlI0 0 V)
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LUMINAIRE IDENTIFICATION GUIDE
January 1978

Manufacturer Fixture Type*/MTodel No.
Computer Catalog No. Wattage and Lam? Type/Lamp No.

No. Code Socket Position Light Distribution Category

High Pressure Sodium (20-49)

20. H135L75SEI Sepco Floodlighting Rectangular Flood/Series 4000

(H135LS75SE) 4000-135 135W. H.P.S./SOX135
NA NEMA 7x5 (144*Hx90*V)

21. H250S65WEl Westinghouse Rectangular Flood/MRF-250
(H250HS65WE) R4G-SNGE-65A 250W. H.P.S./C250

NA NEMA 6x5 (129.6 0 Hx99.0*V)
22. H25OS66HU1 Hubbell Circular Flood/Magnuliter II

(H250HS66HU) MGS-0250S-624 250W. H.P.S./LU250/BD
NA NEMA 6x6 (127.9*Hxll2.0 0 V)

23. H250S75WEI Westinghouse Rectangular FIood/MRF 250
(H250HS75WE) R4G-SNGE-75A-277 250W. H.P.S./C250

NA NEMA 7x5 (130.8 0 Hx9O.6*V)
24. H250S71GET General Electric Asymmetric Flood/Versaflood I Luminaire

(H250HS76GE) C875G504 250 W. H.P.S./LU250/BD
3 NEMA 7x6 (139*HI20*V)

25. H250S76WEl Westinghouse Rectangular Flood/MRF 250
(H250HS76WE) R4G-SNGE-76A-277 250W. H.P.S./C250

NA NEMA 7 x6 (144 0HxlOg9V)
26. H400S22HUI Hubbell Circular Flood/Marinelite Series 3000

(H400HS22HU) 3245-277HS 400W. H.P.S./LU400/BD
NA NEMA 2x2 (24.5Hx23.5*V)

27. H400S44WEI Westinghouse Circular Flood/DL-400
(H400HS44WE) DHG-SPGE-44A-277 400W. H.P.S./C400

I _NA Nt7'1 4x4 (54.20Hx54 0 V)
28. H400S55HUI Hubbell -iicular Flood/Marinelite Series 3000

(H400HS55HU) 3545-277HS 400W. H.P.S./LU400/BD
NA NEMA 5x5 (90*Hx86.5 0 V)

29. H400S55WE1 Westinghouse Circular Flood/DL-400
(H400HS55WE) DHG-SPGE-55A-277 400 W. H.P.S./C400

NA NEMA 5x5 (86.1 8 Hx86.2*V)
30. H400S62SEI Sepco Floodlighting Rectangular Flood/Series 7000

(H400HS62SE) 7000-990-400HPS 400W. H.P.S./LU400/BU
NA NEMA 6 x2 (105 0 Hx23 0 V)

31. H40OS65SE1 Sepco Floodlighting Rect. Flood/Series 7000
(H400HS65SE) 7000-90120-400HPS 400W. H.P.S./LU400/BD

NA NEMA 6x5 (120 0 Hx90 0 V)
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LUMINAIRE IDENTIFICATION GUIDE

January 1978

Manufacturer Fixture Type*/Modal No.
Computer Catalog No. Wattage and Lame Type/Lamp No.

No. Code Socket Position Light Distribution Category

32. i400S65WEI Westinghouse Rectangular Flood/MRF 400
(H400HS65WE) R4G-SPGE-65A-277 400W. H.P.S./C400
(H400HS76WE) NA NEMA 6x5 (129.6oHx99.0 0 V)

33. H400S67CHI Grouse-Hinds Rectangular Flood/MV/A Series
(H400HS67CH) 48334 400W. H-P.S./C400

NA NEMA 6x7 (125 9 Hxl420 V)
34. H400S76CHI Grouse-Hinds Asymmetric Flood/GAL Series

(H400SGRCHI) GALR-4LEC7 400W. H.P.S./LU400/BU
NA NEMA 7x6

35. H400S76GE1 General Electric Rectangular Flood/P400C

C539G507 400W. ILP.S./LU400/BD
B-2 NEMA 7x6 (144°Hxll2*V)

36. H400S76SYl Sylvania Rectangular Flood/Batwing Series
(H400HS76SY) HDF400-561 400W. H.P.S./LU-400

NA NEMA 7x6 (137.3"x.101.4oV)
37. H400S76WEl Westinghouse Rectangular Flood/MRF 400

(H400HS76WE) R4G-SPGE-76A-277 400W. H.P.S./C400
NA NEMA 7x 6 (144*Hx1O9*V)

38. H1OCS65HOI Holophane Same as No. 42 but with C.P.
(HIOCHS65HO) 855-277 data in Horizontal Polar Axis
(HSIOOOWMO) 14A (HPA) format.

39. HI02S76CHI Crouse Hinds Asymmetric Flood7 GLS i iTs

(HPSIOOORCH) GALR-10LEC7 1000W. H.P.S./LU1000
NA NEMA 7x6

40. HIOCS76HUI Hubbell Rectangular Flood/Magnuliter II
(HIOCHS76HU) MGL-100OS-614 1000W. H.P.S./LU10OO/Bo

(HS1000WHHU) I NEMA 7x6 (137.1Hxl23.9*V)
41. HIOCS76WIl Wide-Lite Rectangular Flood/F Series

(HIOCHS76WI) F-1001-DWRB-EX 1000 W. H.P.S./LUOOO/RD
NA NEMA 7x6 (14 0 *Hx127*V)

42. VIOCS65HOl Holophane Cylindrical Flood/Vectorflood
(VlOCHS65HO) 855-277 1000W. H.P.S./LU1000

NA NEMA 6x5 (113*Hx76*V)
43.1 VIOCS76CHl Grouse Hinds Same as No. 39 but with C.P.

(VIOCHSGRCH) GALR-lOLEC7 data in Vertical Polar
NA Axis (VPA) format.
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LUMINAIRE IDENTIFICATION GUIDE
January 1978

1 Manufacturer Fixture Type*/Model No.

Computer Catalog No. Wattage and Lamp Type/Lamp No.
No.. Code Socket Position Light Distribution Category

Quartz (80-99)

80. H300Q65GEI General Electric Rectangular Flood/OF-500A
(H300Q65GE) C524G006 300W. Quartz/Q30OT3/CL

NA NEXA 605 (100°1{x93°V)

81.. H50OQ55LAI Landmark Lighting Rectangular Flood/TA 500 Watt Series
(H500Q65LAI) TA063 500W. Quartz/Q50T3/CL
(H50OQ65LA) NA NEMA 6x5 (98'Hx86*V)

82. H500065GE2 General ELectric Rectangular Flood/QF-500A
(H50OQ65GE[) C524G006 500W. Quartz/Q50OT3/CL
(HO50q65GE) NA NEMA 6x5 (100*Hx93 0 V)

83. HI5CQ62GEI General Electric Rectangular Flood/QF-1500A6-
(HI50OQ62GE) C525G005 1500W. Quartz/Q1SOOT3/CL

NA NEMA 6x 2 (120*Hx27OV)

84. HI5CQ62GE2 General Electric Rectangular Flood/QF-1500A
C525G004 1500W. Quartz/Q1500T3/CL

NA NEMA 6x 2 (109*Hx23 0 V)

85. Hl5CQ64LA1 Landmark Lighting Rectangular Flood/TE 1500 Watt Series
(HI50OQ64L) TEO4 1500W. Quartz/Q1SOOT3/CL

NA NEMA 6x
4 

(118OHx54OV)

86. HI5CQ64CEl General Electric Rectangular Flood/QF-1500A
C525G005 1500W. Quartz/Q1SOOT3/CL

NA NEMA 6x 4 (118'Hx48OV)

87. H15CQ65LAI Landmark Lighting Rectangular Flood/TE500 Watt-Ser--ies
(H1500Q65L) TE061 1500W. Quartz/Q1500T3/CL

NA NEMA 6x5 (119OHx99 0 V)
88. l5cQ65GEl General Electric Rectangular Flood/QF-1500A

C525G006 1500W. Quartz/Q1500T3/CL
NA NEMA 605 (121 0 Hx96OV)

8. H15CQ55GE2 General Electric Same as Fixture No'. 88
C525G006 see Luminaire Index

NA
90. HI5CQ65GE3 General ELectric Save as Fixt-ur-eNo. 88

C525G006 see Luminaire Index

NA
91. H15C065GE4 General Electric Same as Fixture No. 88

C525G006 see Lumincire Index
NA

92. H1SCQ65HUI Hubbell Rectangular Flood/Quartzliter Series
5505-G 6000 1500W. Quartz/Q150OT3/CL

NA NEMA 6x5 "120.9QHxO 0*V)
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LUMINAIRE IDENTIFICATION GUIDE
January 1978

""Manufacturer Fixture Iye*Model No.
Computer Catalog No. Wattage rnd Lang Typc/LmL1.0o.

No. Cod, Socket Position Light DistribuL ion Cate& jrX

)3. HI5CQ66GEI General Eltctric Rectangulir Flood/QF-1500A
(H1SOOQ66GE) C525G006 1500W. Quartz'Q15OOT3/CL

NA NEHA 6x6 (122*HxlO 0 OV)

For rectangular floodlights, the lamp axis is parallel to the lense, in

either a vertical or horizontal position. (For quartz-iodine floodlights

the horizontal position is standard.) Circular or oval floodlights have
the lamp axis oriented perpendicular to the lense. For roadway luminaires,
the lamp axis lies in the vertical plane that would bisect the unit
longitudinally; its position is horizontal or nearly horizontal.
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LUMINAIRE IDENTIFICATION GUIDE
January 1978

Computer Catalog No. Wattage and Lamg Type/Lamp No.

No. Code I-Socket Position Light Distribution Category

B. ROADWAY (100-199)

Low Pressure Sodium (100-119)

100. VI8OL4MAE1 American Electric Roadway/Series 66
66-88H4-6 180W. L.P.S./SOX180

Center IES Type IV, Medium, Noncutoff
li1. V18OL4MAE2 American Electric Roadway/Series 66

66-88H4-6 180W. L.P.S./SOX180
Lower IES Type IV, Medium, Noncutoff

102. VI8OL4MLU1 Lustra Lighting Roadway/SRP 252
SRP-252-277 180W. L.P.S./SOXI8O

I IES Type IV, Medium, Cutoff
103. V18OL4SAEi American Electric Roadway/Series 66

66-884-6 180W. L.P.S./SOX180
Upper IES Type IV, Short, Noncutoff

104. V18OL4SQUI Quality Outdoor Ltg. Roadway/Series 9752-9754
9754-27 180W. L.P.S./sOX180

- IES Type IV, Short, Cutoff
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LUMINAIRE IDENTIFICATION GUIDE
January 1978

Manufacturer 3 Fixture Type*/Model No.
Computer CaWaloeNo. and Lamp Type/Lamp No.No. Code .. Socket Posit~ion Light Dist'ribution Category,

High Pressure Sodium (120-149)

120. V15OS3MGEl General Electric Std. Roadway/M-250A POWR/DOOR
C728G550-OP4 150W. H.P.S./LU15O

1 IES Type III, Medium,_Cutoff __

121. V250S3HAFi American Electric(ITT) Std. Roadway/American "400"
26-6533 250W. H.P.S./U15O
3W/SP.A IES Type 111, Medium. Semicutoff

122. V250S3MGEl General Electric Std. Roadway/M-400A POWR/DOOR
(V250S3MGE) C724-G-797-OP3(277) 250W. H.P.S./LU250

6 IES Type III, Medium, Semicutoff
123. V250S3MGE2 General ELectric Std. Roadway/M400A

(V250HS3SGE) C724G574-277 250W. H.P.S./LU250
2 IES Type III, Medium, Noncutoft

124. V25OS3MWEl Westinghouse Std. Roadway/Tudor, OVi5
TIG-SNGD-3EA 250W. H.P.S/C250

M-A IES Type ILI, Medium, Semicuitoff
125. V25OS4LAEl American Electric(ITT) Deep Setback Roadway/Interstate

(V250HSRLAE) 186-6536 250W. H.P.S./U250
-- _-_ IES Type IV, Wide distribution

126. V250S4MWEI "estinghouse Std. Roadway/Tudor, OV-25
T2G-SNGD-4EA 250W. H.P.S./C250

#7-M-A IES Type IV, Medium, Semicutoff
127. V40OS2SGEI General Electric Standard Roadway

(V400HS2SGE) (Test Luminaire) 400W. H.P.S./LU400
IES Type II

128. V400S3MGEI General Electric Std. Roadway/M-400A POWR/D0OR-
C724G564-OP3(277) 400W. H.P.S./LU400

6 IES Type III, Medium, Semicutoff
1.29. V40OS4LAEi ý •riczn Electric(ITT) Deep Set-Back Roadway/Interstate

(V400hSGLAE) 186-6546 400W. H.P.S./LU400
-_ __ __ IES Type IV, Wide distribution

130. V40OS4MWE1 Westinghouse Std. Roadway/OV-25
V2G-SPGD-4EA 400W. H.P.S./C400

#M-A IES Type IV, Medium, Noncutoff

81I2



LUMINAIRE IDENTIFICATION GUIDE
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Manufacturer Fixture No.
Computer Catalog No. Wattage and Lap Type/Lamp No.

No. Code I Socket Position I Light Distribution Category

C. MISCELLANEOUS (300-399)

300. V35WL4MNOI Norelco Wall Mounted Unit/SWP-465
33825 35W. Low Pressure Sodium/SOX35

- IES Type IV
301. V55WL4SNOl Norelco Wall Mounted Unit/SWP-465

33826 55W. Low Pressure Sodium/SoX55
- IES Type IV

302. H300P56WGE GE#300PAR56-WFL PAR Lampholder
(Hubbell Lampholder 300W. PAR/300 PAR56-WFL

#S-400) NA Wide Beam (60'Hx300 V)
303. VI5OS4LLA1. Landmark Lighting Wall Mounted Unit/Series 82

JB-57061 150W. H.P.S./LU15O/BU
Center IES Type IV

304. VI8OLGWVLI Voight Lighting Ind. Architectural Roadway/General
0-18 180W. Low Pressure Sodium/soX180

_Center General Roadway
305. H400S64CHl Crouse-Hinds Oval Floodlight/Series 1100

(H400HS75CH) 1123-400 400W. H.P.S./LU400/BU
NA NEMA 6x4 (128.5 0 Hx48.9 0 V)

306. VIOCS5MGEl General Electric High Mast/HM-1000 Symmetrical Luminaire
(VIOCHS6GE) C741G044 1000 W. H.P.S./LU10OO/BU

I IES Type IV
307. HIOCS76CH2 Crouie Hinds - .P.S. Floodlight/Series 1100

(HIOCHS76CH) 1123-1000 1000W. f[.P.S./LU1000/BU
(HSIOOOWHCH) NA NEMA 7x6 (157.6'Hxl22.2*V)

308. H20MX76ADI American Daylight Co. High Intensity Floodlight
(H20MXE76AD) ADC-20 20,000W. Xenon Lamp very wide beam

NA NEMA 7x6 (176.2*Hx]21.2*V)
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APPENDIX C

COMPUTER PRINTOUTS OF ILLUMINATION GRIDS FOR SELECTED
PERIMETER LIGHTING ARNGEMENTS
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APPENDIX C

COMPUTER PRINTOUTS OF ILLUMINATION GRID FOR SELECTED
PIRMZETER LIGHTING ARRANGLEMENTS

(See Par. 7-1 of Report)

INDEX

APPLICABLE P0OLE
COMPUTER PL SCHEME LUMINAIRS SPACING
TRIAL NO. NUMBERS CONFIGURATION (FEET) SHEET

DES6 2 lx500Q-F 50 1

DES42 5 3x500Q-F 70 8

DESSO 1 2x500Q-F 60 12

DES53 15 3xl8OLPS-R 120 19

DES55 4 lzl5OOQ-F 45 23

DES5SA 26 1xlO0Q-F 50 27

DES59 31 19 2xl500Q-F 120 31

DES76F 12 Ixl8OLPS-F 60 122

DESSOK 28 lxl8OLPS-R 60 126

DESSOF 16 lxl8OLPS-R 70 133

DES81 17 2x1BOLPS-R 100 140

DES91E 6 Ix25OHPS-R 40 180

DES93 11 2x9OLPS-F 100 199

DES94 14 2xl8OLPS-F 120 206

DES93 13 2xl8OLPS-F 120 213

DES96A 19 Ix40OHPS-F 80 220

DES96B 27 lx4OOHPS-F 80 224

DES97 7 Ix25OHPS-F 60 228

DES98 8, 18 2x250HPS-F 120 232

C-1



NOTE: Pages 38-114, 147-149 and 184-198 are missing due to deletion of
area lighting printouts

ABBREVIATIONS

2x500 two 500 watt luminaires
Q a quartz iodine

LPS - low pressure sodium
lPS - high pressure sodium

F - floodlight unit
R - roadway type of luminaire

PL - perimeter lighting

C-2
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30 TEST 6 1X500W I 1X1iOOW Q 50 FT SPACING 30 FT MOUNTING
40 Qf 5 i~dwL2~7 9 5 T
40 Q5OOMLGE 0.95 0.85 1.00
40 999999999

c 60 O1500WL2GE 0.00 0.00 30.00 135.00 50.00
60 '"•o-WL-• 50700 e00-,0 135.-0 50 00
60 (j1500WL2GE 100,00 0.00 30.00 135.00 50.00
60 0560 MLE 0.0-0 b71O 0 3000 90.0T0 3"0,00
60 Q500mLfE 50.00 0.00 30.00 90.00 30.00

0 J500MLGE 100.00 0.00 30.00 900 30.00
60 9999999999 __

70 5000-' 22.50 -,06 o 0,00 0.00
80 10,00 5.00 13 11 v 270.00
70 go.0 of".50 3,"10 0.00 "0.00
80 10.00 5.00 13 11 V 270.00
70 50,00 22,50 9.00 0,00 0.00
80 10.00 5.0S 13 11 V 270.00
80 99999--999

I -

I

b

____________________



TEST 6 IXSCoW * xISo00w 0 S0 oT SPACING 30 FT MOUNtING PAGE 10

TEST RID I COO |OINATFS OF CENTER X 50.00. Y 2Z150.S Z 0.00 .. :
ANGLES OF O0ITNT&T N.. 0;LVEF0VET .... 0.0"0

x x A A x x x A x
9S.00 105SO0 115.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

v ~ ~ ~ - -oo ---- ------ ---- ie --o - ------- -----b -- -o-o o0--o-;' ---- -o--o--o---- --, o )--o----0- o-f
%0.00 1.91 *-YiST.6di00 000

7 0.00 0.00 Z

V 45.00 3.0651 1.3339 .1693 0.00oo0T .o000 0O0OOo 0.0009 0.0000 O.0000 0.0000 0.00 v
2 0.00 0.00 z

600.7'--e-45 E$I.. 3-. o f~t---o;Oo o o- -- ~o 2•o+-oo 0o ;o----r.'oo•o---o.-0r0o--. o0oo00Eo o ----- 0~T7000'--- 0 o•-
7 0.00 0.00 1

V 35'0-0--•.•2S9--.2458+-0. 0000 ---. o000- o;-000 "--o;O00-- ;00-000000---O;--000 00-"-4;@r•-- "0";0"i-
0-. 0o7 0.0 ,_ 0.00 1

v 30.0 I10.0961 2.9062 .,.01 0. 0000-4-0--b f--f-,76.M5 o T-[o 0.0FT '06 " .OOO0 0.0000 0.00 Y
S 0.00 _0.,00 z

" h--7Ns1.;-1T- ;, o .0.00 0 o-o;o.o- -- ;oo --. u- 1oo--7oZ0r05•- -'0r ¶-

7 0.00 0.00 z

S 20 * 00 -- + 3* 3•-3--- £qjt- • •?- - b 0 00 -0Oi 0 -0bf -0.oo0+0" U- 1 •0I00-- -iff0• C-0"b000 -- 0rT -

7 0.00 ________-_____-____________ 0.00 2

6.0.00 P,96"' 845 .2242 0.0000 d.OYU--T.-T o.oooo o0.0000 - ooooo o.oo-M--
7 0.00 0.JO z

S5.,oo .+oos " ,*-ib6--.oooo- DO80b0--o',i0O 0 01b605o0-C••--T;6oo---0T,0rOO--0.OO----l0•---7 0.00 0.00 Z

S .0oo 0o0 0.0000 o .oi bo.o -•-ooooo o.oooo 0.0000 o.oo0u o.ooou o.oooo o.ooy
Z 0.00 0.00 z

2.



TEST 6 lXS00W * S0100W W4 g0 rT SPAC114G 30 FT MOUNT!N ______________ PAGE 9

TEST GR~ID I COOPOINATFS OF CENTER X 50.00. y 22.50. Z 0.00

x x x x x x x x Ix
-S.00 S.r o- 90 2S.00 35.00 45.00 5.00~ iT 75.00 05.00

900bv -.afl 71 sn4 t Tr.106--[-231T-T.'ý A OF IS . o r549r T.32 Tg6Ta u w-
2 0.00 0.00 Z

&.;.600 3.6672 2.251Z7 1.4244 1.8345 1.6741 3.667Z 2.21V~ 1.4240 1.8345 2.4941 45.00 v
7 0.0 __________- -_____________________0.00 Z

7 0.00 0.00 2

7 0.00 _______________ ___ __ 0.0 '

300 0y 0 I~ T 7~0 i36 0~J 3.Sf136 3.00 2603 .0543 30.0 TrT
* 2 0.00 _________ ________________ 0.0 0 Z

7 4.00 0.00 Z

7 0.00 _________ 0.007

7 M' P500 9.20 v.799 I .8 1 .63i -9 696 Z.&.066 V.2200 9.lvb9 7.ts31 b.39:!, g.jaeq 15.0
Z 0.00 o____~____________________ 0.0 2o u-

7 0.00 0.00 Z

2 0.00 ______ ________________0.00-Z

y -.00 .0000 .0000 .0000 .0065 .0000 .0000 .0000 .4000 .0000 0.0000 -Iwv-
Z .0 u_______ - -- -__________________ 0.00 Z

,3
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TEST 6 lXS00w ' 11XIS00W a 50 FT SPACING 30 FT MOUNTING PAGE 12

TMST GRID 2 COO0INAtFS OF CENTEO X 50.009 Y 22.50. Z 3.00SANUS OF 0. .TENT 0.'600

-5.00 .. 00 15.00 2S.00" 35,0o 45.00 S.O-- .06 7S.04 '85.00

y 5.00o 5 461--l-.17f2TS0.00 Y
7 3.00 3.00 Z

Y 45.00 2.1911 1.6596 1.3377 1.4522 1.6537 2.1911 1.6594 1.3377 1. 4622 1.6537 45.00 Y
Z 3.00 _ __ 3.0 Z

S -0 - 90 9 ' S 7 4 f 7 -- ;5-'y- -T -T 5 - 4 7 -- 2-. 9 7 Q 17 " 2 ,0-i 55 to801 b-G 00 W-
2 3.00 3.00 Z

Y 3-.00 133-'??22 -- 1".5877 3.'007-10.02,13 - -13.763-7-s-'&-. 72 1Jr3• -" b;0"9y- 3' -
. . .. .,. .. 3.0.0 .. .. .. . ... . ..... ..... 3.00 Z

V'--'-0.00216 6.14 1.9852 +.'41 ."" '"+4"- i"9*••.J .M 2" 6 .00 Y
7 3.00 3.00 Z

¥ "•.-l-F--A.;?17?t'--. ?e&---"TrU?90- TI'.;0549 -24"5571 7-1.73"1-'--.F7•6- -- 'N7.81•S71 -'4";76321b'6-257-00-"-

Z 3.00 3.00 z

7 3.00 3.00 Z

y F~.00 1105717 1IAA .4727TdT~T,1I.8mil1 4.5,17 14.3z?! 3.5136 1i5:00
z 3.00 3.00 Z

7 3.00 3.00 Z

y -.00 .o000 . 0 o----.oooo "o09o0" 00"-. 0" -0' -- '. " -' . oooo 0 .'oooo0000 .oo r
7 3.00 3.00 Z

- . --,, .- .. .



TEST 6 IX.S100W * X500.. _ f 0 FT SPACING 30 FT MOUNTING "AGE 13

TEST GRI0 2 COOflOINATFS Or CENTER X $0.001 Y 22.5n. Z 3.00
ANGLES 'OF oI~~~NN~00;vR00

S x x x x x x "x

9. +. oo--Ti-.'".0oo 115.00 0. 00 0.00 0.00 0.00 00.00 0.00 0.00

? 3.00 0.00 2

Y 45.00 1.6236 .8000o .1614 0.0000 0.0000l 0.0000 0.0009 0.0000 0.0000 0 .0000 0 ~ o
7, 3.00 __0.00 z

, .W•;-•h1 ,b1"3""-3"'£a27 •-.•108 .0003 -. 0000•- .•-- • .o. rT.00ill-o .-b +-0-b00r 1;-ov-7 3.00 0.00 7

-- Y3S.OF~ 3.115 363 T0I -0 .60000-6. 000T.000 000000 -0-.06r-000000000 66 Do

7 3.00 ______________0.

7 3.00 ___ ____ _____ __ 0.00 2

7 3.00 0.00 Z

i .•' •o30 -- +1 .''o"0 - d0 .0000-- Or 0 9.000. 0000 0.000• 0-.000 .0000 0.0006 ------ -0-Y--
7 3.00 0.00 Z

V I ~ * (O0Ii00' - T "/1i -'-- 7blflUolU1•• -- - .;o -- o" oo 0 -"- .000 o ---- "o000 0ooo0 -

7 3.00 ______ ___ __ 0.00 2

aol•0ib'V33r79 l.0O"00J--"ZJ or---o'•0"-0"0"o0-0"o'.0o000 .0QoU .000.T0000 0.0o70o " O0.10

7 3.00 0.00 z

v " '- -- . 00 - o.oo'O--0-;00o--- 00 - 0 .'- 0-o0"0- -0.o -o---0/000 . ... "
, 3.00 0.00 Z_

y .00 0.0000 0.0000 0.00 O.ooo 6.80 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 V
- 3.00 0.00 1

__________

S. . .. m -ll - + +I IIII+.. . • " " "U



J .,

TEST 6 11S00w IX_*_| 00tW 4 SO FT SPACING 30 FT MOUNTING PAGE is

TEST ARTO 3 COOQOrNATFi OF CENTEI X 50.00. 2.s5. Z 9.00
ANGLES OF ([tET AT'O-U. . .00E -bO.•

x x x A x x x x x _[

-5.00 '.00 19.00 2. 00 35.00 45.00 5M.0n' 65.00 F 75.00 as.00
• -0 -* 0-0- - ---- 3i ref--- ------- ------- -------. 0 ---- o--- F...

z 9.00 9.00 Z

y *SO0 1.0961 M6"-. .1712 1.27.7 .o3 " 5 0)1 .6a34 .17T. lA1'74 13M0 I 41.00 V
7 Q.00 9.00 2

0.,00 9.00 Z

7 0.00 . a.oo z

.0. M14 153O1 Z.12 ,TtTJZ2 W I*3lI 34 5.Z"Tr T
A 0.00 ____ ______ _________ 9.00 Z

9 0.00 4.00 Z

7 9.00 Z

y 1A.00 6.1601 2.8i12 .I•rgI 12.3.30 22.160* A.1'.01 2.8112 1.o.r'i oi.j1o 3012.0" ,oT '
Z 0.00 9.00 Z

7 4.00 9.00 2

S- 'o -"";3ar"r-- ;0--Jo-- "739$,0 -I.4160-174.•0•6---'3I1V" ... -43110--'--:3qA0-'6;.-l1ga-- 1 ;-',69 -0r.O--"-

2 q.00 9.00 2

y -. 60' .0000 .6600 .0000 .00Co .0000 .06'0 .000' .0050 .ooo00 .4'00 .99 v
z .o0o 9.00 2

4I



TEST ~.1XS00i *IX:500i 0j S0 rT SO-ACING 30 rT mOUP4TZ'0 ___________________ PAGE 16

TEST -c.AID COOCOINATFS OF CENiTER K 50.00. v 21.sa. 7 9.00 _ ____

_ ANGLES OF ORIENT4TION4 .- L04 .00 VERT ---- 0.-0

__ __ __ _ _ _ x A A JN x I x

95.00 -050 0 - - 00 00 0.00 a.do 0.00

f s0.00' a'is *5118 .0 - .boso-o-.0 ao0 0ob600oo- oob000 o .0600-076 o0-656
2 4.00 _____________________ __ 0.00 z

' 5.00 1.0961 .6?34 ,1-72? 0.0000 - .oo 0.5009 0.0600 0.0000 0.0000 Q .00d 0.00
7 .0 ______ 0.00

a -a- 6 -i@oboo -0;0000 I--60 00 1 01
7 0.09 0.00 z

y 3%.f*75 1.I;Il!8- '*00000 0.6000 *0.0000 - 0.0000 b0 O 6 0 0. I6 O 0C b Y
79.Ofl-- 0.00 z

-- To-0 0.*0 000 oboT Cf~~T7boo
y 3.0 ___0_ 0._000 0.0000

7 -. 00 0.0

400 9O0Jh~ .00 a~~o O Gor.O T00000 ~ b 0f.00rr

7 0.00 _________ __________0.00 z

15.00 K. 160 -l.31116 .44 9 .00 0.0000 0 .0000 57 OT6U -. 0000 o.ooon 0.00 v
7 9.00 _________ ___________ __ 0.00 Z

fy ~ 7~~ ." To -40 of 0.0000 damo0~ofo FbOT W1 00b 70
7 q.00 0.00 Z

~ 09__________________ 0.00 2

V *00 0.000 Th0 0* a obC 11UUi ~ lT T ~~TTI ~ 0 0 0.3 os

7 9.00 _________________________________ 0.00 z



-64b0000- -000
00110 TEST42 3X500 W Q 70 FT SPACING 15 FT MTG H100 V93
00120 O50OWMGE 0.95 0o8 .1O0
00130 9999999999
00140 0500WMGE 0.00 0.00 15.00 135.00 65.00
00150 RSOOWMGF. 70.00 0.00 15.00 135.00 65O00
0-01-60 Q5OOWMGE 140.00 " 000 i5.0 135.00 65.00
. ~. . 05000GE 210.00 0.00 15.00 135.00 65.00

00180 SOOWMGE 0.00 0.00 IS.00 90.00 65.00
0_0190 GSOOWMGE 70.00 0.00 15.00 90.00 65.00
00200 SOOWMGE 140.Q0 0.00 15.00 90.00 65.00
002j90 500WMGE 210,00 0.00 15.00 90.00 6r,00
c 00220 QSOOWbGE 0.00 .0.00 15.00 45.00 65.00
023•0 Q5OOWMG - 70.00 0.00 15.00 45.00 65.00

00240 GSOOWMGE 140.00 0.00 1'5.00 o 4500 65.00
00250 QSOOWMGE 210,00 0.00 15.00 45.00 65.00
00260 9999999999

S0_0270 105.00 22.50 0.00 0.00 0.00
00280 10.00 5.00 10 11 V 270000
00290 105.00 2 2 .SO 3.00 0.00 0.00
00300 10.00 5.00 10 11 V 270.00
00U310 105.00 22050 9.00 0.00 0.00
00320 10.00 5.00 10 11 V 270.00
00330 9999999999

If

S-- . *n.----.-J~--------.- -- -- --



iCVLA'4.;u COOPOtNAYPI CF CENTER X _ 105.00. y 21.3o. 3 0.00
AV4OLES OF O141ENrAT ION MOktj _ 0.00, _VINV __0.00

61.0 '*0 10.00 00 10.0 11.0 .2.0 131.0 35os.00
V ~ 6 ...... 2...... .....06 .....6 .....0 .... . ....... 3...... ..... @ o....... ~

y '3.00 - 3.6351 3.4210 3.36T -3.M! 2.4629 3.019S 3.3ia*O 3.6419 3.614Z 3.34?9 49.06 v

-iV 40.00i_ lir 74ý.3 -9V 1.974g- .0? 3o~ 3~? ~7'~J, .~h'g or

1 0.000.00 Z_

v 3:00;G*o 1.329 6.g3P9 S.5)033.03-94 3. 1?q4.6q0 6.70 S.323 9 .l3.S4~10

- 0.00 2

Is J 0.0 O.32 64-oi-r-smsr.vO 2

*j. 000.000 2

- .00 40004___ 0.00 .20 00 46 4-r 60

_______ ~os~ .0?-0;C7



?rspriolC~ROZe OfSQ CENTER x 105.00. y I25, .

ANSLES OF OR1f4Th?1O'4Ni0Il-- 6.004e VER? 0.

I x x K I_ _ _ _

6305 I't. 00 a@i ab 9 7W46-TS -.6 115.00 129.00 135.00 145.00 115.0

i'o- 100 -.72279 .160 i. 14 ?l~b24- 1 9 1 i.-110i i .760Ii3 V7IO-

V 4s.0 .3.365S 3.3672 3.1' 271 1.6476 2. 616 3.1109 3.3744 3.3609 3.094% --i.00o T

fr~i I. I -.1 Iusod !-I1o- . t

3 .00 3.00 z

2r -.oi0 i.9334 5L.314a ?.6309 3.hbi47 1#3941 3.G4147 4.1369o -i.339.4 534 .21 50

--. 0 1?.0250 1st 7.2304o.4 5..61j1? 2.9#.5 372 Sol61 7.3'720 .1166 30.00 '

7 3.003.00 z

' 1.00 .102 . 0502 .0rd..00 .040 .44 7.2213 .0.2040 15.00



~2giLQ!.OA.ANGL S OF ORKE6TiTZUN NOall 0.00 vI? 0

65.00 ?,.00 05s.00 9S.0150 ~.0125.00 0.31.00-0 #I5.00 0159.00

L r *.000 y...

v '5.00 205106 2.0390 1.51*4 1.2971 I.0.10 .1958 I.1'36 1.7641 20341 2.1344 4S660 Y

2731 1.9019 l IAU&
1 90j 9.00

)i 63 -",. ?5 6 .37 23 Z.-752~t3 4.'9 3 33 -35.00 4

v .oi~s*.S.6360 W& U00T6a.iI141s~ 5.8360 1.8.024 4.12.09 3-0.

? 9.009.00 2

R-75.00 21.2640 ag.PM453 46 .II17!I~r -T.'kia 2.39444 3lM8F1I3~4E

S .00 ________ 9.0

Y -.00 .0000 .0000 .0000 o0n00 .0000 .0i0l .0000 .0000 .00 oo7F
- .~ L......tu t~ ________ . ~ ~ ____ ___ -A1O



10
-3Q TEST 50 2XM00 QUARTZ H100 V93 60 FT SPACING 15 FT MOUNTING

"40 0500wE 0.95 0.8d .00
40 4994999999
60 QSOOWMGE 0.00 0.00 is.O0 135•00 70.00
60._ SOOWMGE 60.00 0.00 15.00 135.00 70o00
60 O0WG 120.00 0.00 15.00 13S0 70.0

otoo 1500 1.000 60.00 70.00
"60 QSOoWMGE 60.00 0.00 15.00 6 o .
60 GSOWMGE 120.00 0.00 15.000 60.00 70.00
60 9999999999
70 60.00 226 000 0.00._ ,l__ .l

A0 10.00 5o00 13 11 V 270.00
1 79 AQ-6,Q. q 22 .50 3.00 0.00 0.00

"s80 0.00 5.00 13 IL V 270.00
70 60.O0 22,50 9.00 0.00 0.00
80 10.00 5.00 13 11 V ;70.0g
80 9999999999

iI. ____ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

Is

I. -__



~~~~ ~~141011 .03 e ?I CINS isF ~lrrS_______ i

ANGLEI or km ro mIIN V o ot- 14031 .0 w vc! r

I~ x A A AAA_
0.00 141.00 133.5d 1 -. r5a.0055

"S0.00 2.6.11 l.A0 l?'l .'14- 1.5216 .443S 1.6412 J. 13413.140111.414 0 4 1~
- - -- 7 - 0900-~

60.00Q 1. 4 1' -S 306I 3.418 .e0 .7 11.03 3.0.0 3.na 1" 40 l-Sp~ .F
0.0 0.0

- -~0 3.13 .. ?.3I A 4SIS 3.001Q0__3.Q13j' *0 11' 3:4% 3.1143V 1.0

30.0.00

?0.00 ~ ~ ~ ~ ~ ~ ~ ~ ~ 00 4031 Z3a 3"i .64 344i O0

10.00 4.47311 ,.3 3.3-3.0S a '.9S = 2A.00104% 3.3q0 4,3011) 2.1641 .1-44- 10.00 v

V 14.00 a.873 3'0 1.00,7a I.) 3. e.SQTL 2.2S'A 4.0z 7.YQl1&T .84 I
1 0.00- 9_____.00

S6100 .0? 443 .71 .31 64 .0ý31 -.9147 -. .450i

* .00 . 60 .0 000_



__TET 5t 2X50.0-GUAPZ 11100 V93 60 VirlSPAC-ING4 15 FT MOUN4t NG PAGE __

---- TESTGftIO- 1- _C0OPOINATFS OF CEN4TER x -- 60.00. y _ 22.50. Z- 0-.0.0 _____
ANGLES OF ORIIENTATION HOkj 0.00. VERT 0.00

105.00 11-5.00 125.00 0.00 0.00v - 0.006 0.00 0.00 0.00 0.00

y 00 .5Y1A3 .7656, 06.0000-- 0.0000 0-'.ooOU 0-o.0000 0.0000 0'.00000-6.0du a 0.00 Y
_____________________________ ___________________ .00Z

6" '.00 2.2969 2.02*? 2.0sus 0.0000 O.0C0w 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 Y

V 40.00 2.59S3 2.3154 2.29530.00000.00000.00060 o -oo -0.0ooo 0.00600 ".Doo -o-.00 Y-

7 0.00 0..00 2 _

v 30.00 3.4761 3.0-104 3.34*0.00 004O 000 .~0 0.0000 0.0 000 0.0roT 0700 0.00 FYf

-25.00 3. 653.2ok013i.7256'ooa -0.00 6o.0000 b.046o-oooooo0- of;oooo -b.o~o'-o.-00'06-o*.-o-Y-
7 0.00 0.00 z

V 0.0 .08 337.6 4.3000010000- o.0ooo -.-oooo o 660ob1 *0oooW0'0--Oooo -o.oo v-

V 15.00 3.6321 3.13"4 3.$774 o .do 0.0000 0 - '6000.0000 o0.or106Too a

I 00 .77 ?2' 2.7r260 0. 4-0oo -oo.000 V. o00, .0. 000 0 0.oa'. o000 a00 0 s oodI -~0 o 00 f
z 0.00 0.00 1

6-o 5.0 .83431-7.06412- .046 o.doob o.iiooO 0.16060 0*'.boooo 0cd--7f6100'b-~ir-

y .0 .0000 .0000 0.0000 0.000 0o000.0000 0.06000 .00 000 ~6o~T
a ______ '0 00-______00



TEST SO 2X500 QUARTZ H100 V93 60 FT SPACING lb FT MOUNTING __ ____ ________ PAGE ?

-R 1__ TE3 40 2 .- COOPDINATF- OF CENTER 60.00. y 22.50t I - 3.00 -
ANGLES OF ORIENTATION HOAZr- 0.00. Vk~tT-- 0.00

5.00 115.00 25.00 36.00 45.00 55.00 65.('o 75.00 55.00 9S.00

V 5.00 2.0237 2.4531 2.5584 2.3278 2.145? 2.079a 2.22*21 2.5309 2.640? 2.21aO 50.00 V
7 3..........i4.. J-0_ ______- 3.00 2-

V A5.00 2.4100 2.9A5S 2.976' 2.7093 2.4374 2.3796 ?.Ssp0b 3.0345 2.9S58 2.6034 45.00 Y

yV '0.00 2.72 361 .60 31O~I4Z~5 .45 3;8'576A7.445ý -3.041'f 40b.0 66
7 00 3.00 Z

V 35 .00 3.40 28 4.2404- 9574.6"i" -3.'1321 3.-1773 -3.S396 4.2419 --3.9048R3'.S34-IS O00I-

STS S _S0 UAT |0 _36 T R___| F O~TN 3.00 2 '-

v 30.00 4.3079_4.9491 4.2393T_97IO3 .3..62. 4.O122 5.0b T..2119 3.8909 30. Y. .
_____7 3.00 a 2

SPN.00 S.4946 5.6433 4.1658 4.076574.T$S3O S6i 366TO YO......O T.... 0
__________________________________________ 3__00 3.00 1

v 20.00 6.3289 S.9011 3.5742 3.046A s.bOso 4.980S 6.366Z S.8934 3.SSi7 3.7972 90-.00 Y
--3 -0 -0-- - _ 3..00 Z

' 1.00 6.4602 4.8904 2.S328 3.0149 4..80W!.,00 65,&0 _

7 3.00 3.00 Z

y 5.00 2.217i7 .6813 .. 06ig Zhk3?E 2.476 2.61k? ..37' * J1 .57603a 0SO -

-- -- 3.00oo- 3.00 Oz

v -. 00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0 -. db o o .009 -. O '-0
0 ..... . . .... . .. . .. . . .. - 3.00 zS... . .- ___.o . . ........-*---- - . .- - - . - - - - .... . . . . . . . ._



jESX_.SO. 21500 _ UAPTZ. N100_V93_40 FT. SPACINYG_15 _FT J4OU~ilpN ____ AG

TESTGRI.O _2_._COOPOINArVs OF CENTEQ x 60.00. y 22.50. Z 3.00 ____ ___

ANGLES OF ORIENTATION HORZ' 0.00. -VERY -0.00-

x x x x x X- x x A x
105.00 115.00 120.00 0.00 o.00 0.00 0.00 0.00 iI0 0.00

y 0.00 1.9304 l.37 362 ooooho 000 ofo-oo~0o 0.00 00
-- -- Al 1 -________________________ 0.00 Z

V '5.00 Z.2306 2.0334 2.0478 D.0000 0.0000 0.0000 0.0000 0.0000 0 .0-000 0.0000 0.00 y

V 00 .36 2432.19g5 0.60000 0.00 6-.0000- -d.0'006-- .6~666uo0.600' '0.0000---Q 0.0Y
7 34.00 0.00 z

2954' Di.'--Z 3.i13 I ; -. ooo -0.0066-o.,0060 -0.3006-0.0060'o-do 0u.W -0.00v-

v 30.00 3.6952 3.5030 3.Q043 0.0000 0o.000 .03 0-61b o.66oboio0.
Z- 3.00 - _ 0.0 - _ _

7 3.00 0.00 2

v 0.005.5056bf 4.P1 Ylf-56.0693 .0000 0F.0000 0-o.000,0 0-.00000-*o.oo0000-.,0000 0.006.0

V 15.00 S.3306 5.1%4S 6.6749 0.0000 0.0000 0.0000 0.0000 0.0004) 0.0000 0.0000 0.00 V

Z7 3.00 ____ .00. 2

V 1.0 3964 4'1 * .1763 0.d00O 6.00 -aQ 0 6of0o
0.00 2-

V .00 .0000 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 3.0000 0.0000 0.00 y
......... j....3dL..0.00 ._________oOZ--



A .

TLEST .o . XSOO. (UATZ..,14.0 V9• 60 FT SPACING I FT O.uNTING __________ PAGE 10

. . ...____ TESTr 0..3 COOQOINATFS OF CENTER X 60.00, Y 22.50. Z 9.00
ANGLES OF Ow•eNTATION-HOZ ---. 0 - 0- V.T . .*00

X x ____ _ X A x x I
5.00 IS.00 25.00 3S.00 5.0 5•.00 6*50 r 75.00 05.00 9S.00

----.-0 1 ---.0- 2.-- 16 -.-- -- ---- .- 2 -.... - -...... - - -e I ----- .......y , .oo o 6 .- zu Y .i I a -1,' -O -i '•l ?s "'2, + )- -~ ; ,,--". 7-- + -• e9• • ••

. . 09 9.00 Z

y 4S.00 2.0215 2.3993 2.4372 2.2184 2.0609 2.0322 2.1621 2.4611 2.4212 2.1281 45.00 V

7 90.00 2.9.60003 2.2?z5.2 232

z' 9.00 9.00 Z

v 30.00 4.1106 6.95097 .. 731 3.56 .'526 3.a737s9- ,.22u 1Ii• 3.44.91 3,2250-30-00

04--00 ____ ____ ___ 9.002

v 25.00 17.19267 .SA 2.4196 3.0i!3741 777 5-12.82 17.41~ 2It.9~L .09J14 T.0 Y

S9 . 0 0 9 . 0 0 Z

__ _ _____. -O0 .. ..... - - --.-- __ _ _ _ 9,00 2

v 1•.00 17.7986 7.5.9 2.127 3.0930 0.7'75 12." 2---7-.ib37 g.8T'".3963 2.9914 1,.00 V
1 9.00 9.00 Z

- _________________0________9.00 2

v 4.00 17.904? 1.3708 .3Z01 -. 6607 3.6669 21.2161--.UO.&? .1~ 6.3 50
_______. _9.00 2_.

y -. 00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000 .0000 .00 v

00 __ oo +9.00 z

S . .. . . . . . .. _ . . .. ... .. 7

' . l l d iU



TEST_50_215S00 CUARTZ H4100 V93 60OFT SPACI146 IS FT MOUNTITNG _____PAGE I

TES oRC 3 COMPItATES 0' CEOTER 00o.00. ! Y5.Z90
ANGLES OF ORIENTATION HQ4CN - 0.00. Vtqr 0.00

x x _x x x x x x x
10S.00 11S.00 125.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

y T.0.00 1.6405 1.4al0 1.4350 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.0000 0.00 y

7 9 t0JA 0.00 z

4S'.00 I.avao 1.7371 1.7221 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 v
7 9.00 _____ _____ ____ _____ 0.0Z

Y '0.006 2Y.i767 2.O'9.00-4g-a-O4 05.00007 -0.-0000 0.00007'*0G.000*0 O- 0;00b -Db.oOo6*-oO.0000b---.dO-y-
2 9.00 0.00 2

y 3S.00 2.S144 2.6434 2.674Y - 0.0000 0.0000 - .o000 o. oo o o 0 .oo06d 'o.-oboo 0-o.00 Vo

---- 9.000.00 z

Y 30.00 3.32.3S 35 60 3.81b2 0.0000 e.00 0.00 0.0000 0 f -6.0o000f -.060 .6600

7 9.00 _____0.00 2

V 0.0 6.98??21 10267 0.00 .00 0-.Oaoo 6;oo -0-Q )'d' .6.-oojý0o -0o-56- 0.0

~~P9.00 ------ * f --. . ___00

7 0.000.00 z

y 10.00 4.6350 12.7AAZ9'IT.4421 o.0Ho0 -r-T 0-b0-- 0. o o0 0.o000 O.oooo *~00 0.0000 0.01 -
.... .00 0.00d Z.

- Q.00 - --. 0.00 Z

y .00 .0000 .o000 0.0000 MOBso 0.0o00 --.o00o 0.0000 0~io~o~bi71



00100 0000
00110 TEST 53 3X180 W LPS 120 FT SPACING 30 FT MTO
0 00120 LP18OiGQV 0.75 1.00 1.00
00130 9999999999
00140 LP18OWGQV 0.00 -1.00 30.00 90.00 20.00

S00150 LF'O94P9.V.0,00 -1,00 AAO I 9060 0 0 000
00160 LP18OWGQV 0.00 -1.00 30,00 90.00 20.00

~00_70 LpJ.OAGQV JIO ? OQ 00 I, a 0 0... 90 _.0.0 2.0 . .
%6 00180 LPIPOWGQV 120,00 -1.00 30.00 90.00 20.00

. _MP__.4oQy_ 120000 -1.o1 3000 y 0.0o
00200 LP18OWGQV 240.00 -1.00 -30000 90.00 20.00

A 0•O?..__ L0WGGV 240,00 -1_O_ 30.OjO 90 00 20.00
00220 LP18OWGQV 240000 -1.00 30.00 90.00 20,00
0M LPLS-Q~ "3k. 0 0 -1_00 30.00 9, 0 .Z._0

* 00240 LPIBOWGQV 360.00 -1.00 30.00 90.00 20.00
.Q_5-? __.L._J. OY__.V-36D.9._o0 -1.00 30_6 .J0 90.20 g. ,00
00260 9999099999

% 0.0270 210.0-0 3.0.00 0.00 0.00 0.00
00280 10.00 5.00 10; 17, V 270.00

220 210.00 38.00 3.00 0,00 0,00
% 00300 10.00 5.00 10 17 V 270.00

00 10 210.00 38,00 9.00 0 Ot0600
00320 10.00 5,00 10 17 V 270.00

.L 0_0_0 9999999999

e

I.!

|I



-rT!S-L93L 30100 V -L-PS 120 7?-S*ACINGL30 FT MT6 PAGE_____ ____

-.-3LS AtQ1O I CO001NATFS 0C TE..2O0jY .n 0.00 ________

ANGLES 0r ORIENTATION flORZ 0.00. VERT 0.00i

__ __ __ _ x I x x - - -1 1 x

170.00 180.00 190.600 200.0 210 .00 220.0 i-230.00 240.00i 250.00 260.00

y s0.80 1.S260 1.0013 1.8211 1.896,4 1.9990 2.i010 2.37as 2.1989 2.t740 2.1013 60.80 y
7 fl.00 0.00 2

v 78.80 1.8782 i.a'11 1.6702 1.981.? 2.1028 2.2320 2.3233 2.3591 a.3290 2.2376 78.80 y

7 0*01. - OSL_____________________

V 70.80 3.0268 1.9771 1.9160 2.0432 2.213i2.742 2.49a22 .42 253 .6208

y 6S.50 1.9703 1.9076 1.9631 2.1147 2.329S 2.52a6 2.6861 2.74S2 2.6"63 2.5.6 -- 68.80 Y

1o.0.8 2.02*2 1.9306 2.0r63 Y 2 .1-)80i 2.4472 21.X97 2.9 Z 4119 3 . 0035 2.9324 2.726 60.%0 y
2 -0.00 - ______ ____________________ .0 ZO -

V 8.8 2068 .9601 2.0403 26728i 2.17 302 3.3264 3.2304 2.9s6,% 88.80 y
2 0.0a____.__________________ 0.00 z

V i' 0.s80 .o0929 -1.9J799 2.06 17r -2-3 27 -2 111 f 3.3891i -.3 9a31 0 7 3.7 ifi -13, 8.79V Y-
2 J.00 _____ _____________________ 0.00 2

V 45.50 2.i043 1.9742 -2.0-682 2.37111 2.64 16IT 3.i99 .32 39 3.4909 45.10?y

______30__3S 40.00 y

y p0.80 2.40633 1.29332 2.41046 2.38. 2.966 4.2641 S.3626 4.2493 b.410%9 3b.73?4 40.80?y
0.00 2

V ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~; 388 .34 164 .76 238 .29 3..6 460 .57 498 .41 58



-- YfT-Sl_3_3kEOSOW LPS-JRP- F? SPAClg 30 Fr MY ______ PGE

.t~LA~tQ.L COONOINATES Of. CENTEk42 200.0 ________
ANGLES OF 041EN74710P4 Mon? 0.00:. yEA 0.00

07.0 10.0 9.0 20.0 )00 220o.00 -130.05 240.00 110.00 100.00
V dO.SO 1?.009 18.002 10.00~ 20.v'1 21.-O~320b .4S 213 .~9 217 O1

v 71.10 1.90*3 1.*171 0.0904 R.0122 2.16S6 1.3096 2.4106 2.4499 2.4111 2.3160 7M.1 T

3.00

1 91 .92 191 .9364 2.060*7 2.2660 2.0400 Z.0141 2.0014 2.6080 2.6099 Tr .107
.. i 3.00_________ 3.00 z

7 3.jfl.3.00 2

.5.50 Z .0808 1.98314 2.0519 2.3710 2.6740 3.304S 3.3423 3.4781 3.7074 3.304 1010

____.__________ 3.00 Z

ýn~s 2.1014 1.9440 Z.0797 2.4304-0 7.919 3.933T1 4.194 .34 .73 4.02033688 '0.10 -

y 31.50 2.0443 1.86S3 9.0063 2.4483 3.2091 6.is123 1.T836 S.7692 1.3701 4.37?1A 31.5010

y 30.10 1.9314 1.7400 1.89ii6 2.309 .49 .40 9940 *60 401 40 30.S@

v 2s.30 1.7404 1.5560 1.707 2.2040 4 1 .70 000 ~g1.2~493 11

-- 3.003.0



Tl 3160 W. LP 112 FrT $PA.INS 30 FT WTI PAGE 10

ANGLES of ORIEZNtAt1om NOOZ *.a*, ice? 0.Do

170.00 160.00 190.00 p0000.00 2 0.50, - -50.0 300 20.0 2.0 200.6

60.s0 ROM~1 1.o43 1.944a 2.06s i1e i 2.309- 1 3s 27.&3 a36 do 00

y 70.90 2.0391 1.9961 a.0201 2.1262 2.2963 2.4594 2.1773 2.6236 a.1a13 2.4482 79.50 Y

7 7. q0C -K.016~ -1. 9's4-4 2.0311 2.1926 2.4917 86s 2. 4060 2.000 .700 2.4111 2.6100 70.00 -Y

' 6 0.10 1.0?73 1.9719 a.07 2o14 2.741 3.61off-.0753ieqW .S9 65.55 v

2.0

79 50 .09430 1.291I1'.@089 2.4 0 1.0-337 .72 .22 3747 342 10

40.10 .10612 1.5a64 1.7146 2.9366 3.63603 4.149 1.4919 9.4972 1.6407 6.03!7 40.00 Y
.. . .. 00.0

V 35.00 .0109 16520 2.025 2.119 3.133 4.6I~0.l7S3 .133610.3~S0 11



00100 0000
00110 TEST SS IXISOOW 0 45 FT SPACING 15 FT OUUNTING HI120 V63
00120 0 OI5oWmL 0.95 0.o5 1.00
00130 9949999999
00140 nI500WML 0.00 0.00 is.O0 V0.00 •0,

-- 00150 QlSOOWmL 10,00 0.00 15.01 90.00 60.00
00160 "ql00WML 100.00 0.00 15.00 90.00 R0.00

I 00170 nlSOOWMl. 1500,0 0.00 15.00 90.00 60.00
S00180 9999999999

01000 90o00 22.r0 0.00 0.00 0.00
01010 S,00 5.00 10 11 V 270.00. 01020 o0o.0 22,SO 3.00 0.00 o0oo
01030 5.00 5.00 10 11 V 270.00
01040 90.00 22.,0 9,00 -0.00 OO0

• 01050 5.00 5.00. 10 11 v 270.00
01060 9999999999

C

jc

C.

C.

S.. .. .. 2.3

-------.- w ,-0---. - .- - -



55TisIlso 1S00 Qi rFT SPACING IS Fr MOUNTING MugQ V63 P&G[

ffST 6410 1 COFIAFS1 E.TEQ 1 41 oos y 22%O Z 0.__________0__

70.00 713.00 .000 al.00 940.00 16%.00i 100.00 1CS.00 11U.00 11A.00

, 50.00 2.716? 20i168 Is?1 2.7631 2.0265 2.4634 2.3des 2.40.36 2.062h 2.7637 s ff-."

2 o.0a 0.00 z

* 64.00 3.1967 3.1435 3.1967 3.19ofl 3.2944 3.2389 3.2426 3.231k' 3.2964 .o90 43.0 y

6 0.00 3.9557? MA060 3.96 4.3944 4.4590 '11 .93 .06 4.6596 .30 40.00 -Y

~ 0.000.00 Z

3.00 9.0236 4.7116 S.u?36 6.0914 7.2540 A8.607 9.4V76 6.46007 7.2s6 ~ T30

7 0.00 0.00 z

30.00 6.29%7- 5.p?04 6.204Y 10.6796 17879 23 75 25.4,10 ar.07 1767w& lI-TF

7 0.00 0.00 z

S2S.00 8.35?i 5.2T7 63Y i YT.S840 21.8313 37.7439 39.54213 3.939 26.#AnflT1.WaZ YC.00
7 0.60 0.00 1

P 0.00 *I.2681 3.6499 ?.Sn35 11.6034213.14?1 ?5.14B 20.03T1 2.1612.41?T 7T Y 463? 20.00 F-
7 0.00 0.00 z

1.0 2.3390 .6407 2.5346 ?.66T- -4.069t 9.3766 8.9.971 9,3786 9.0601 7.s505 15-.00 y

7 q.00 e.00 Z

10.00 .1215 O.Onfl0 .T21S 3b~a 20M!TW .65b 3.697 S.30& 02AL-3 .363A 10o.00 7

7 0.00 00

V .00 0.0000 904 0.0000 o 00.00i00 0.ooo00 oir6io 0.0000 0.0000 0.0000 MO5.04 .0a

1 0.00 0.00

y -. 00 0.1000 0.0000 -0.0030 0.0000 4.0020 4.0404 0.0600 0.oo .0000 0.0000 0.00 .5!
7 0.000.00 z



TEST SS OxISoOI a &S- FT SPACING IS Pt MOUNTING 0420 V63 ,PASI

TEST onto 2 a O0.0INATPS Ar CIPE' X 00.0n. V 22.5,0 Z 3.40
ANGWES OF OIR~k-JuAIU' MO 1 0.09. ROT4 boor

TO.CO1 ? 0.00 F A. 00 40.50 95.01 100.00 10-.00 116.00 1•4.00

v so.00 2.411A Z.400? 2.4l3| P.4741 1.3147 2.1%00 2.0532 2.1660 1.319? I-Til 56.46 Y-
7 3-06- 3.00 Z

v ft.00 2.8206 1.7066 2.8206 1.7961 2.7317 2.5436 Z.sd43 I.S636 2.73S7 2.79341 .00O v
7 1.60

v Z0.00 3.2175 3.2'123 3.217S '.12354 3.3364 3.333- 3.3450 3.333 M 3.33356' -T0, -Y I
7 o..0 3.00_.

0 35.00 3.566 3.1•6 3.5686 3.6692 4.7305 5.1565 S.2593 '.156S 4.73069 3.869P f
7 1.00 3.00 z

V 30.00 4.2147 3.A..2 4.2147 5.7012 7.8302 9.1663 9.4148 4.1603 '.•362 .7T412 "3, *
3 .00 Z .

'0 21.00 4.6129 3*7o17? 4.62Z9 7.4231 17.6106 2T6.839 32.124S 201.8634 17.6104 7.9Z33 21.00 V
' 3.00 3.00 z

S20.00 9.ISS9 2.11S 4.1762 14.7304 36.19S6 s?7.?so bi.71?' sT.sTOR 36.1954 -T' "3 20.00 V
7 3:00 p "3.00 z

v 15.00 2.0643 .5403 2.0043 12.6701 39.3570 26.9944 22.9'03 26.4944 32.3578 12.6701 15.00 Y'
7 3.00 3.00 z

'0 1".00 .1627 0.000 .O 2 1.3240 6. -$1.alliroo 12.66 11.2100 6.852S 1.326o Th; 0-Y
7 ).Ofl 3.00 Z

S .400 0.0000 O.000 0.0400 0.0000 .0014 .0000 0.0000 .0000 .0015 0.000 S.00 --

Y -. 00 0.0000 0.0000 0.0000 5.0000 M0.0000 0.0009 0.0490 0.0000 0.0000 00000 .00 P
2 3.00 3.00 z

Ii



TFS S IISOW0 6 T OAN4ISFT04UNIN 420V4 RW

TrSTORID3 05r~li X 11..
.j~dU Tt T0i; PAI .9

ANF4!" P

0.0 711.0( 80.00 8..0 Assoc 0 R1.06 00.0.- 105.00 -110.013 119.00

50.00 ..40 .1v S~i~E 3# W2734 1.5409 3.44ad 1.itos 1.7234 1.6539 10.00 v-
q 8.00 lL

4 5.00 2.0439 1.0344 P.0839 2.0979 P.060 -169899 2 .0a1#6 1.9994 -k5RTrg 2.0979 45.00 1
9.*00 9.00 z

y 80.0 Do V3534 2.3!2. 773 2.519V 2.5179 1IOV41 1.5714 a.5191 . 3 7 7 Y-M.p(1
1 .00 4.00 1-

V 3S.00 2.4021 a.1101 F.-4 Mi 2.65OF 3.2621 3.4342 3.488 3.832 3.2621 ZoNSI Y Nr.TvF
4 800 ___________________ .00 2

30.0, R.M09 1.0406 Z.P@96 3.2203 4.Z612 4.41112 4.08b7 8.11 .07 atT TF
q .00 -0.00 1

yV 21.00 1.9499 .-416 1.48084 3.8847 5.1800 01 i~* t.41bag 1.19 si @3.447 I 21.FO -V
7 8.0 ______________

y 20.00 1.049Y .3108 R.Nii0 083i 3631TT~ 12.3631 1.4839 .340 0 01
? 0.00 9,90_____________ 1_______________ __

y 31.00 .3415 0.0000 .3015 3.7254 13.1335 31.0433 37.6594 31.0433 11.1331 3.72S4 15.00 v
7 9.00 1,0RL

v 30.00 .0101 0.0000 .0101 .46-74 3.J052 18.17?18 26,6.N694, 144.7 16.30S2 o807 4- T .07 -7

v %.00 0.0000 0.0000 3.0000 0.0000 .6506 27.6100 4,1.209Z ? 2.400 .4504 0.0000, 4.00 y
1 9.00

v -.60 3.0446 T.OM0 0.0000 0.6000 0.0009 O.Geoll0.0 0~l~ ,0400 0.4000 0 .00 0



-OO-0" 07 0 0 0 0"

00110 TEST SSA 1XS00W 0 50 FT SPACING 15 FT MOUNTING 4120 V63
1 b . IS 0 0-,m . .

00130 9999999999
0o140 " 3 li0oWI L 0.00 0.00 15,55 v.-h"4

o 00150 01500WML 50.O, 0.00 15,00 90.00 65.600

00170 OIS00WML 150.00 0.00 15.00 90400 05400

01000 90.00 40.00 0,00 0.00 0,00TTTlh • ... ,go ,,.o o a o £.. . v •ro~oo ,
9 01020 90,00 40.00 3,00 0.00 0.00

01040 90,00 40.00 9.00 0.00 0.00
-~~v~~---1 vsos i pyo 17 V a~7~;~

01060 9999999999

4&
a

4L

I _________________________ __________________

r
__ _ _ _ __ _ _ _ __ _ _2



TEST 554 IXISOOW 0 S0 FT SPACING 15 FT -OUNTIN4G 11120 V6j. PAGE 4-

___________ANGLESOF OIAIENrATION M1002 0.00, WERT? 0.00 ________

7b.06-iý 07 Co is .oo l 10 0o0 To oirs o
Y ap.50 1.6400 -7.6443 1.6400 1.69ad I.Gedl 1.6150 p.6u~i 1.!)ylg £.JT1=rA oc,

_______ 7 0.00 ___________ 002

____ y 77.50 1.8014 1.7948 1.8014 1.7907 1.770?3 1.7609 1.7759 1.1660 __1.7476 107449 77.S0 Y

_V 72.5!0 1 1.99f2 1.9839 1.9972 1.9821 1.9596 1.9550 1791,64 1.V433 1.V366 1.,145Z 12.l60

_____ 7.ro R.2297 2.2210 2.229? 2.2070 2. 175ti 2.i644 2.1787 2.16242.1644 Z. 1114 67.50o y
0 .oo 0- * 0.00r

-9 6P.50 2.s710 2.9208 2.Sb_710 .8020 257. 742 5.591 2.90 2q9OlfTGa;5Oy,_
2 .00 0,00 2

y 57.50 3.1471 3.1495 3.1471__3.196? __3.2019 __ 3.1869_ 3..1671 _3.156? 3.2014 '3.19SS S? 7.30 Y

- & 76 .73 .1r91 .0496 -.i0 191 3 1 .23 4.0485 SA.5 SoYr
z (1.00____ b.00 z

3 V 47.60 4.9301_ 4.8601 _4.9308 -5.1066 S.1895-5.1058 S.1614 S.1057 5.1891 5.1057 47.50 y
2 0.00 0.00 2

Y 02.6 .81 .9350 e.58I1T-107b 9.351-7~i lo5gT612 9.3590 '7-7043 -42.S60T-
~ 2 0.-00 0.00 2

y 37.50 9.3234 8.3010 9.3234 12.0041 16.7872 18.7.612 19.5228 18.7611 16.7872 12.5041 37.50 y
7 0.00 .0.00 z

___ 7 0.00.......................... 0.00 z

y 27.sn 13.8495 1_1.6_413 13.849S 19.9044 2a.S.d58 21. i66 .2526 31.216S 24.S585 19.9044 27.60 Y

z 0.00 0.00 Z

y v S .t8 22.380 10.4fia0 I,.821000T T1h.4124 4.390I6 .11 .V39688 6.41214 6.42056 17.5 y
2 0.00 0.00 2

-- 125 3--.93 .361715 -3-T334-1 ._465T T2. 5
1

TT-

Z 0_.00O 0.00. .

y ? .80o 0.8.000 _ 0.0000.. 0.0000, .08__ 02 0.0000 0.0000 0.CCOD .0229 .001s 7.50 V
0.00 0.00 z



TEST SSA 1815008 0 50 FT SPACING 15 FT MOUNTING M120 V63 _____PAGE 7

* -. ~~~~ANGLES OF OkIIKNTATIO'4 MOP 0.0 VZ 00

x A x x x x x x x x _

70.00' 7-O 000.0 90.60--95.00 -1n.OO '105O00 -110.00 *115;00 -

______ 3.0 ______________3..0.0 Z

____ Y 77.50 1.6304 1.6210 1.6304 1.6213 1.6154 1.6276 1.696,. 1.6162 1.5910 1.S660 77.50 Y
7 - 3.00- -- 3 .0 o2

y 72.50 9I.V~ 1.7A16 1.797r- 1.784 1.7705 1.1778 1.8103 1 .W7!IT.7535-=.i 75r V.5wy

7 3.00____ ____ _______ 3.00 Z

v 67.50 2.0002 1.qq44 Z.0002 1.9794 1.9569 1.9073 1.9715 1.95s7 1.9463 1.9610 0,7.50 v

V 62.s 7¶ 32 2.N499 2.253. 1.2298 2.1906 Z.i a .i7 T 15'1 1bf072~ E V
7 -3.00. ____ 3.00 £

- -07.50 2.5408 .2.5642 2.5488 ?.5679 2.S065 2.*114 2.3993 2.411'4 2.9065 2.5570 57.S0 Y
? 3.00 .. . . . . . . . 3.00 Z

97 A 3.00 0 d.d326b ;EZSSZI -232'6 9057 2.9&7,V- 5 -r-

____ 4 7.50 3.5220 3.3983 3.5220 3.7018 3.7796 3.7220 3.7181 3.7220 3.7796 3.7014 47.00 y
t -3.00 .~--... - 3.00-2

Y '".50 .05 .17O 4.78U2 5.1154 .00 ooa ~ ~ d.l~70~0
7 3.0 _______3.00 Z

V - 37.50 -. 58537 9.3535 5.5437 6.3326 7.2341 7.9129 7.9066 7.5124 7.2341 6.3324 37.50 v
Z -3.00 -. 3.00 Z

y XF.56 * -6.3S15 .041i .675 ~ 10. 1 TT-5ý2~ 8oCT 9259-20.77 Iii.V59 -15.2064 10.* 11 410,-n.5 y
7_ 3.00 3.00 2

Y 27.00 9.2678 6.4313 9.2678 16.6746_ 20.9662 37.1326 30.69*3 37.1326 28.9662 16.E.746f 27.50 y

z~ 3.00 _ __ _ _ _3.00 Z

v YGS3T.a .84 .79 9I62I7 3 5U r1r~ 5.0 9 6 20 0AT2.0
_____ 7 3.00 ?___ .10 Z

v V 1.50 6.0091 1.5'72 __6.0091 la.0130 Z3.1639 19.8299 14.2318 19.8249 ?3.1439 18.0130 1?.5o V
z 3.00 -- 3.00 Z

y 11.50 .8216 . 239-2 .31 3.l91ifF I7fT 7 T T 171TT931W8175
_._3..00 - - - 3.002Z

____ 75 .00 .00_0.0000 __.05*8 .3012 _.7300 0.00000 .7300..a012 .0548 7.50 y
7 3.00 3.00£



TEST SSA 10150OW0w SO FT SPACIV40 15 FT -OUNtING M120 Vo3 PAGE___ IA0

* ANGLtjS OF OPIENTATION HOD2 0.00. VAtT 0.00 ____

v-A h2,.S2 4 1.?813 1 .23 1 -e1 Fi1T94 I.-2 27--T;-2S 91-17 S-17 T- ~~- 2-1-.- -N-13-
_______ ~9!.00 z

- 77.50 1.3841 1.3697 1.3841 1.3068 1.3861 1.6006 1.4021 1.3963 1.3177Z 1.3733 77.50 Y
-C ~ .01 ~9.00 z

yp'.so 1.5051 1.4660 1.50b1 I .5-04 1.91149 1.5334 a. 4"3--74 h946T.T7-72-50Y
* 7 .00_________________9.00 z

h7.S60 1.6555 I.&S1O 1.6SS _1636 _1614 1644 165 1.6139 1.6111 1.6274 67.50 Y
7 0.00 9.00Z1

Y .5 S .46101 1841.85 3 .611,~ T(7 1.7638 Y.1225
? _ .00~ 9.00 z

ST 6.50 2.0565 2.~72.056S 2.0605 1.9800 1.84&21 1.620O 1.8427 1.9800 2.060S 57.59 v

*400 -~o- 9.00 z

-T9--- 37 (YP- Z.' 91 Z.344o 4. -0 7 ~ T E 9 2 ;202-3 2.3421 -- s2750ry

7 .00 91.00 2

-Y_ 47 5o .07 .0 2.6070_ 2.611 IS .4819. R.3011 2.2096 2.3011 2.4819 2.611S 47.50 V
*7 9.00 --- -.. 9.002z

Y tT5b 7-.0Th 2.94 16 ;?.6i138 .83ii~27077~281283&~0
* 2 Q.00_ __ 9.00 Z

_____v31.91 3.1364 3.2c08 3.136' 3.2490 3.6011 3.6Z23 3.6294 3.6223 ~3.6011 3.2494 37.50 V
*9.0 - - . - - - - - - _ 9.00-z

V32.O 3.92-7ý1WJ3 3.*21923 3. F- -'9 '.6Tr77S573I I-TC 494 J4.59 T
-z __._ 2_ .00 9.00, Z

____ ?f.50 3.37S3 2.7040 3.37S3 _4.63S3 6.253& 7.3274 _.7.4977 Y .3276 6.2534 4.6353 27.50 Y

* Z 000 .----..- .00 2

* 2 ~~~9.00 _____ _____ _____.0 2

Y 11.50 1.9369 .1333 1.93h9 6.848S 11.6561R 39.4762 51.8606 39.4762 07.6501 6.896S 17.50 Y
- - - 9---.00 - - . - - .-.-- -.-- __. ___ ý. - - . 0

y 12.50 .5905 .0265 .26,00 4.3605 33Z3 3.7T-' f~~-W4-3-Z" 4J -r-S-r
z 9.00 9-0 - - - -_ _ _ _ _ __ _ _ _ _ -

_____ 7.50 0.0000 0.0000 0.0000 .2771_ 10.5436_51.5369_.51.3267 51.59349 .10.5436 .. 2
7
7z 7.50 y

2 9.00.00 -z-



00100o 0000
00110 TEST 59 2XI500 Q 120 FT SPACING 15 FT MTG HT M119 V99
06-120 01500WM2L 0.95 0.85 1.000
00130 9999999999
00140 0150oo M2L 0.00 0.00 150 00 70.00
00150 TET 59 WM2L 0.010 0.00 15.00 45.00 70.00
00160 O1SOOWM2L 120.00 0.00 15.00 135.00 70*0)
00170 01500WM2L 120.00 0.00 15.00 45.00 70.00
00180 QISOOWM2L 240.00 0.00 15.00 135.00 70.00
00150 Q1500WM2L 240.00 0.00 15.00 45.00 70.00
00200 ,lS00WM2L 360.00 0.00 15.00 135.00 70.00
00210 '1500WM2L 360.00 0.00 15.00 45.00 70.00
00220 QIS00WM2L 480.00 0.00 15.00 135.00 70.00
00230 QO100W42L 480.00 0.00 15.00 45.00 70.00
00240 9999999999
00200 210.00 22. 0 0.00 0.00 0.00
00260 5.00 5.000 13 13 2 70.00
00270 210.00 22.50 3.00 0.00 0.00
00280 5.00 5.00 13 13 V 270.00
00290 210.00 22.S0 9.00 0.00 0.00
00300 5.00 5.00 13 13 V 270.00
00310 9999999999

II

3.

)6

!3



TEST S9 2XIS00 0 120 FT rPACING 15 FT MTG PT H119 V99 PAGE 4

TEST ARM1 1 CO0!INATFS OF CENTE; 0 210.00. Y 22.;gt Z 0.00
A.ZLS OF ORMIETArIN UOW9 0.00, VtAT 0.0

x x x x x x x x
152.50 l87.50 19P2.0 197.so 20?.,.0 207.50 21i.2.5 217.in0 222.50 227To58

Y 5S.00 3.1935 3.2*62 3.4713 3.7272 4.0607 4.4324 4.6933 4.8640 %.818s 4.4891 5-.00 y
7 0.00 0.00 z

Y S0.00 3.374• 3.4409 3.736S 4.1123 4.5604 5.1091 S.6445 5.8593 5.8167 5.3419 50.00 v
7 0.00 0.00 2

Y 4S.00 3.4990 3.66*5 3.9gSS 4,47q3 5.1397 b.83'3 6.4413 b4.S84 . 67616.4332 45.00 V
7 0.00 0.00 2

v 40.00 3.SSS2 3.7139 4.1832 4.1041 5.78 6.3548 7.1500 7.9311 8.182• 7,8991 40.00 .
7 0.00 0.00 Z

v 3S.00 3.5140 3.737S 4.e37g 4.9947 S.766d 6.7S3S 7..01s 9.0641 .86503 9.8910 35.00 y
7 0,00 0.00 Z

30.00 3.2729 3.SR07 4.1653 4.1331 5.TW16 7,0046 HS308 10.2383 11.9231 12.349A 3C.0-1 -
7 0.00 0.00 Z

7 2S.00 2.8796 3.1829 3.7222 '.410 5.5023 6.9572 6.Sd29 11o266S 12.8249 1.? S630 2.00 Y
7 0.00 0.00 z

7 20.00 2.3380 2.'181 3.031a 3.7364 4.6444 6.4476 A.4420 10.62R3 11.2001 10.3713 -0.00 y
7 0.00 0.00 1

Y 1.o00 1.6655 1.854 2.19b7 7.7940" 3.7097 .1S,07 7.2075 8.1760 ??.419 7.1093 '1500 V
7 0.00. 0.00 2

y 10.00 .es5 1.1n09 1.3040 1.6664 2.272? 3.2841 4.4041 6.8545 '4.4770 4*7b91 10.00 y
7 0.00

7 5.00 .3998 .4379 .SI74 .6610 .9043 1.3185 1.6072 1.8l67 2.0350 2.3422 9.00 V
7 00o .00 z

V .000 .00O0 .0oo0 .0000 .0000 .0000 .0000 .000 .0000 00000 0 .00

7 .0 0 .002

y -r.0¢ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0o0000 0.0000 0.0000 -S.00 y
7 0.0a 0.00 2

732-



TEST 59 ?X1500 0 I70 Pt CPACING is FT PTA PT "119 V99 PasE s

TEST •RID I ¢00•O1NatF• r CE' • a10t0o. v I2.50. L 0.00AAIGLFS 07 aPEIrTZ!YP4 '4007 o.o0. v[Pr 0O00

x X A N % A A A A I

232.5n 2J7.0 2a2.b0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Y 55.00 r 4976 4.6298 4.S306 0.0000 0.0000 0-0000 0.0000 0.0000 0.0000 0.0000 0.00 1
o" 0.00 0.01

y 50.00 5.SS78 5.34?4 S.,eb0 0.0000 0.0000 0.0004 0.0000 0.0000 0,0000 0.0000 0.00 Y
6 0.O0 . 0.00 2

" ' 45.00 6.5366 6.1402 6.103? 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 V
Go.0 0.00Z

4 r0.00 6.613OW '.402 7.3686 0.0000 0.0000 0.0200 0.0000 0.0000 0.0000 0.000 0.00 y
7 0.00 0.______________________________________

318o1 Of .5903 9.4412 14.0944 0.0)-10 O.u000 0.000" 0.0000 4.0000 0.0000 0.0000 O.v. -Y
: O•00 0.00 1

30.00 10.563 10.3141 10.4106 0.0000 0.0000 0.0000 0.0000 a.0000 0.0000 0.0000 0.00 7
7 0 0 0*§

v 95.00 10. 001 9f.A?4 10.1616 0.0000 0.0000 0.6000 0.6000 0.0000 0.0000 0.0000 0.00 7
L o.o0 0.00 Z

7 20.06 ?.;959 ?.4699 4.6149 0.6000 4.0006 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 r
. 0.00

Y 1.0Fo •66•7 5.7415 6,?'6 - '.0"+0 0.0000 0.0000 0'00.0000 6.0000 -6000 0.0 "
_ 0.00 0.00 Z

V 10.00 501379 M.086' ,.poe&e-- u--,-o-6- • -u"o.oo o.000o 0.0000 0 .ooo0 0.00 v
S0.00 0.00 2

% 5.00 3.0110 .07P99 '".5543 3..000 5 0M0000- 030000 000000 0.00000 O9O0 0 .0000 0.00 7
Z 0:00 0_00

y .00 .O000 .0000 .0000 0.0400 0.0000 0.0000 0.0000 0.-0000 0.0000 0.0000 0.00 y
7 6.00 0.00 z

v -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.00 r
. . ... .0 ..00 0.00 2

"33



TEST S9 2X1500 0 120 FT CPACING 1% FT '4TG mrmto HGv99 AG

TEST GRIfl a COC'.OINATPS OF (ENTEQ X 210.00. Y 2?.0 3.00
APIGLFS OF 0.lIMNATXON MOj 0*.00. V&PT 00

182.50 187.50 192.70 147.'0 202.50 20I.50 ?12.50o 217.S0 222Z.60 227.50

f 15.00 2.6650 2.?7441 2.90412 3.1230 3.4024 3.0333 3.9700 '.1349 4.1193 3.A633 53.00
7 3.00 3.00 1

v S90.0 2.0160 2.9079 3.Alkf 3.~44t9 3.8428 4.313* &.78,43 9S.0035 5.2249 4.9343 50.00 r
7 1003.00 z

441.400 2.916-2 3.0405S 3.3411' 3.7642 4-.3337 4*94?4 S.7700 q..3?56 6.7364 b.5l1-; 45.00 y
1 .00 3.00 Z

v 40.00 Z.9794 3.1971 J.0iss 4,1509 4.81a4 S.8019 6.9342 11.1~ 8.4*E7114 .70.00 1

v 39.00 2.959a 3.1449 3.5711 4.9*43 S.2794 6.637T 6.31R2 9.6.49? 10.1930 076 3.07
7 3.00 -3.00 2

v 30.00 1.7606 3.0739 3.52fo? 4.3632 S.6428 7.3611 9.01156 11.0579 13.06?7 13.7191 30.00 y
7 3.00 3.00 2

v 25.00 2.4403 2.7M17 3.Zi09 4.2563 5.7247 7.3939 9.994Z 1?.384S 151.4320 17. 793?. -s. or
7- 3.041 3.00 Z

v 0.00 1.9421 2.2351 2.1605) 3.7209 S.1179 6.9349 9.4nob 13.1312 1'T.gb1Q aG.0474 0.0
? 3.00 3.00 Z

v 14%.00 1.4296 1.6232 2.0bl 2..9972 3.16539 7.oa 03-141~ 8 ~.3i~~o
7 3.00 3.00 Z

7Tio.o@ .0kh3s .9427 1.-250-1 1.741S4 2.35 3.10 9.U1 0723 -10.31849 .9b491 10.0 'r-
7 3.00 30

, 5.00 .3481 .3461 .5071 .6942 .9729 1..573 2.3353 3.1-271 MOP00 4.1333 5.00 v
2 1.00 3o0 z

V .0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00 v
7 1.0 3.00 z

v -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0-.0000 0.0000 -5.00 y
P 1.00 .0

34



TEST 59 2XIS00 0 120 FT CPACING IS FT MTG HT M119 V99 PAgO 8

TFST 41O0? 2 ¢OO|NAF5 O. CEMTE• K 2I0.00. Y 22.Sq. 1 3.00
ANGLES OF OIfNTKTIUfd MOwo 0.00s VERT 0.. 0

232.SO 23?,.0 U2.20' ".00 0. 00 0.0 00 0.00 0.00 0.00

5 5S.00 &.191$ .64196 4.0096 0.0000 0.0000 o.O000 0. mo0 e.03jo 0.0000 0.0000 0.00 '
1 30.0 000 1

so.00 S.2493 5.16 S.0.0000 0.0000 0.0000 0. 0 00. 00000 0.0000 0.0000 0.00 v
3.00 0.00 2

V '.00 b.?707 65 9 1 -'. T2-0- 0.000 0.00 .00 0.6000 0.0000 0.60000 0.0000 0.00 'V

y '0.00 7.2963 8.0729 7.8270' 0.000 0.6000 0.0000 0.0000 0.0000 V,.000 r 0.0000 0.00 1 V
' 3.00 - 0,00 z__________

7 3.00 0.00 Z

2 3S00 17.4606 15.9494 16.0712 0.0000 0.0000 0.0000 O.OOO 0.0'00 0.0000 0.0000 O0.0 'V

v 10.00 17.9461 V3.0416 16.0130 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0 0.30 0
7 3.00 0.00 z

SS.00 1?.4675 11. 13 13.362 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 y

v 10.00 8.730? S0.A65 6 .1665 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0O00 0.00 T
7 3.60 0.00 1

v .•.0 1.2272 .0260 .0260 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 T
I at .. 0.00 .

l oo0 .6060 -.'a|0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 T
7 300 0.00 z

V -q.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 Y
7 1.o03

S... . ... + . . . . . . .. .. . . . . . . . . . .



4i

*!

TCST 49 211500 0 110 FT %PACOPM 15 FT "Ta "T H114 V99 1*GE |0

TEST $010 3 COO12 1N2T'S (F CE4TEA I 21l.l0. h 22.10. 2 9.00
AN(ILE• OF CIONTTATIUN NOWZ 0.00. v''r 0.00

Sx x x x x x x l

182.50 187.10 O 1~t.'O 202.50 207.5I 212.SO 217.s0 222.10 227.SO

S5.00 1.6604 1.7iss 10.010 1.8634 2.u374 2.23*6 2.39S1 d.$257 2.161? 2.467S MS.0O y
7 9.00 4.00 z

v 0.00 1.7269 I.7?os 1.8604 2.0382 2.2689 2.S178 2.0379 3.oult 3.19*2 3.0967 10.00 Y
S .00 %9.00

y *1.00 1.1493 1.5MS3 1.9631 2.2o46 2.5283 2.9203 3.3037 3.7826 4.0699 4.0 35 4S.00 V
7 q.00 9.00 z

v '0.00 1.7423 1.8427 2.04a9 2.3546 2.1923 3.36S0 4.0460 4.•60• 51.324 S.4920 40.00 a
' .009.00

T 35.00 1.7049 1.8'311 2.0814b 2.4,e3S 3.05~65 3.13477 4..*7.3 '..09Q1 7.2064 1.646A 3%.00 Y
7 ,.00 0 9.00 1

30.0n 1.5972 1.7T22 2.OS 2.5377 3.2741 4.3328 S.8194 7.759A 10.0634 11.561P 30.00 Y
7 .00 v 00 Z '

M2.00 1.4268 1.S942 1.9216 2.4A44 3.3S13 4.7066 6.7752 9.8094 13.8485 17.9108 25.00 Y
7 9.00 9.00 z

v 20.00 1.|07S 1.3129 1.64d4 2.21103 3.1747 4.1rqiz I.t3bv 11.892h 16.9740 28.e304 •0.00 Y
7 0.00 1.00 z

v 1K.1)" .8723 .0481 1 .2SiY T1 f; 2 2.6266 0i 7.5Yi 12.o9993 i14.1') .13S0 15.4"0 -
0.00 10.40 2

v 10.00 .143* .61sh .767P 7.1114 1.0295 2.91-Q S.4bOl 11.0104 22.0260 43.9120 10.00 y

v .OEI .2246 aS549 .3k*6 *41%32 .?23u 1.2453 2.3V23 S.20,6 11.3440 28.4105 5.00 y
v 9.0090 1

v -.00 .0000 .0000o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00 T
7- 9.00 4.00 2

y -S.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -1.00 V
7 9.00 .4.00

SqtO0 •.30,



i

, rSt~q •0 A00 0 120 77 11680p.q IS FT ut Y6 hNll •|9vo PAGE 1I

?32.56 23?.S0 aaz.s0a 0.00 0I0 i.000 0012 0..u 0 0 .0 0

55.00 2.7S61 •,0V79 2.7003 O.0U00 Q.0000 0.O000 0.000 0.0000 0.0000 0.0000 0.06 y
P .00

50.00 3.4071 3.43f6 3.3160 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000' 0.00 y

v 4S.00 4.3533 4.3064 4.2370 0.0000 0.0040 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 V

6 '0.00 -,04008 5.4313 S.6106 0.0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.06Y-
'Z, 00 0.00

V 30.00 7.26'4 '.1403 7.010' 0.0000 0.0000 0.0000 0.0000 0.000 0.0000 0.0000 0.00 0
0.00 0.00 2

v 30.00 11.5606 I1.1048 11.I66 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0060 -F.-0-0 -7
_ 0.00 0.00 z

P 2S.00 I1.9P14 19.463? 10.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 V

- 0.00 0.00 2

V 2o0.0o 33.S222 31.7771 30.2237 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 v

Ss.05.a i .2 93o.oi 0.0000 0 .00900 0.00flo- 0.0000 (1.0000 200 .0 0.00 v

7- 9.00 0.00 2

v 10.00 77.6210 P0.0039 -60.00% 6.000d 0.0000 0.0000 0.6000 0.0000 0.0000 0.0000 0.00 Y
7 _.O• 0.00 I

V %.00 37.73S 0 3A.0751P.0?Fi 0.0000 0.000 0.00M0 0.0000 0.0000 0.0000 0.04Oo 0.00 1

v .00 .0000 .4100 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 y
L a .00 0.00 z

v -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000" 0.00 Y
7 - 000 0.00 2
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00100 0000
______o T PXP0MF. A-llýCAV T A17 6 14 9

010 LP90WMSE I.0 0.85 1.000
...00130.-- _gg 9999999ý99 ___ . ~ .~ .

00140 LP90WP4SE 0.00 0.00 15.00 45*00 70.000

00160 LP90WMSE 100.00 0.00 15.000 1zs000 70.00

00180 LP9OwMSF 200.00 0.00 15.00 135.00 70.00
a.0.0 L9.CL ... LP9 0 wM.SL. 30.DQ.a.0LA 0.tkO......J35.. -0-0 4 5AGQ..--.9.2.O.O
00200 LP90WMSE 300.00 0.00 15.010 135.00 70.000
-A02-LAL.L-.90.WtS L 2.0000 0 -ca.0 1-5 -LO0D 15ALJQ,
00220 9999999999

-020 140 -. QO 221 -Q5_________0
00240 5.00 5.00 20 13 V 270600

002050 .00 5.000 20 13 V 270.00

* 00280 5.00 5.000 20 13 V 270.000



TETMI TOONTSn CENTE.b X 'O.O 22.50. 2 0.0

14.4 150.00 1513.00 160.00 165.00 170.00 375.00 160.00 105.00 190.00

ss5.0o 1.??91 1 .8.4 1.9770 ?.I13i4 i..5 f.OO2?29 1.9431 q 3.1 72O 3 . - S 00 W1

2 0.00 0.00 2

y ft5.jT 2.02686 2.1IF224 2.3098 2.5701 2.9172 3.3003 3.5773 4.0300 4.5302 4.9744 45.600Y

.-L -40.0.0 .-Z..IJ... 2.1ZO& .462 5 #... 5 1 ?L6-.-6..5 2 6 9.2)A.. 0.0-t-
2 0.00 0.00 z

v 35S.0FO -9.14 2 2.27 2 ;T .4 f06- 2.97 3 3.5349 4.32d9 5. 3 2 l6 -S. 1123 - .440 40 7. 257 35.00 Y

7 0.00 0.00 2-

7 2%.00 1.934-3 Z.OnA 220 .93 3000 '77 .01 7067 709 .50 2

7 0.00 0.00 2-

19.500 1.3i~1 1.3441 1.5922 2.036a Z.6525 3.5022 4.6415 5.9964 6.41646 5.9662 iso@

7 0.00 0.00 2

y S.00 .42a1 .44&8 .5Z69 .6701 .80006 1 .01 1.685k f 1.979'. 2.0189 2.0604 5.00 y

v --. Q.q.-Pok..QQQ .000.0 -......0000......,OO 0.00 y
7 0.00) 0.00

_C-1.00 0.0000 o.rd5ib0 0a.0000 o.4ooooi 0.000 i-aooo0 -i.oooo 0.0000 0.0-000o.0004 -S.oo9



TEST nARM I c ao000tNrA?-1 C-EEwTir i 190.COV TI0.10 I 0.0

191.00 200.00 l01.00 ?10.00 211.00 110.00 211S.00 230.0o k3s, fjo 240.06

7 0.00 0.00 1

v 1.00 1.2440 301711 40.711 3.9oof 3.1791 2.390* 1.9103 1.0634 l.l3 1.10 010
______________ 0.06 2

y.k .oj0-a9L--.6. A.U ..h)J. -"-0L.~ & J73LljLo k
r 0.00 0.00 z

S 3%.00 707322 ?.5A60 6.7)41 S.3323 3.8670 3.9190 11.681? 2.2711 1.969 1.7)17 31.00 -o

~ 30.00
7 0.00 0.00 z

a 3.00 a 10.0009 10.10 A.4197 6.1410 3.14697 3.59043 3.0 .10 1l .0' 310

? 0.00 0.00 a,

y 11.00 6.'3a1 8.0711 4.2603 3.034.3 1.2069 3.§GIi i7o 100 1.9) .06 iT-

7 0.00 0.00

v 15.00 2.0093 .02921 .0194, 1.0632 1.03063 1.0236 .467A .6272 .473Z .301.1 1.00 y

7 0.03 0.00 2

y -S.00 0.0000 0.0000 0.0000 0.0000 60.0000 0.0000 0.o000 0.0000 0.40000 0.0000 -S.00 Y

"17



ifS?.00f Uq.4 NO.a~f or 1ga, ri o.oi Q i Yi.ia ~.
...... . .&SC..... .....ttUL! .O...... ...J .O...L........A t....... .... ....-...

-.- 1111.L.74 L -6.90. -2- 04 .. f- .- A... 1 -..... K3 ~ _ _____

2 3.00 3.05

4S'.00 1,30 10, .0694 1.b060 866&12 1.9464 3.3113 3.8034* oGi1 -48 6Ss.44 T

'v '00o 1.9bis 2.040A &.R631 1.64%6 3.ii90? 3.9464 '.45S1 1.961' 6*,117' 1.61Sf 3100?v

? aq~on I.S0.~ 112 ?.1Y1A j..um 3.0310?- '.0ais? _W0154 *753 1 .03f 1.930 2

7 3.00 3.00 z

y 1%.00 1.4316 l.Psk?0 1.S0,9 1.94as 4.5is8 4.01080Sam 1 *54 16 10.0666 l.ie9iii 1.00 v.

1 .0 3.00 2

v S.00 *.607 .640 *s0oa .6611 .9111 C1.203 E.1279 3.3373 3.921S 4.1 .0

1 3.00 30

v -,%.00 0.0.000-0004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.04005 -. 00 v



... q4Z TSk Lfo 15 TQ M7 914 Q..19 __________ ___PAGE a

TEST GRID 2 COwOWlNATFS OF CENTR~ X ,IV0.O0. Y 22.50# Z 3.00
_____--A____ NO .FiQ- . -WaI -OL 0 0..- 0 L .. __ .. ________

- - - .- -&. -- .- -. - ____-__--__-A-- -X - -

-19S.00 200.00 205.00 210.00 ?)5.00 220.00 22S.00 230.00 23$.00 240.00

y %5104 3.2848 3.1558 2.9417 2.5739 2.196' 1.8350 1.5214 1.293P 1.2268A 1.1711 55.00 V

7 3.00 3.00 Z

' 5.00 4.9878 4.8%34. 4.4133 3.6709 -i.9147 2.i2385 1.7832 1.6283 1.4865 1.3731 4S.00 Y

7 3.00 3.00 Z

V 3S.00 8.4304. 8.3791 7.2909 S.546?7 3.8S34 Z.6136 P.4405 2.0019 1.?i5.3 Y.Si41 35.00 y
.. Z3 -300-_____3__&__.0_____L__

-* V3.00.j0,0272 10.7514t - .9.1450 - 6.6646. .4.0612 -3.4909 -. Z2.8840. -2.3484 ... .69?7_-- 1.5973- 30.00_--_
7 3.00 3.00 Z

25.00 13.3256 13.2300 10.8631 7.2765 4.8529 4.2604 3.4063 2.5313 1.9452 1.5389 25.00 y

_____ ! O.0.6 0J.1.kL.2 7l .89 .. .5.4851 -4..3730. .. 3.613S -R.55IO I7.7..13752.9
7 3.00 3.00 Z

V 50 1.0 4 a a493 8.662 6.1803 S.4828 4.2748' 3.07i 2.122 149 1.0934 15.00 Y

I J.00 3.00 2

5.0 4.2i126 1.3188 2.1197 -2.0761 1 .9705 1.6866 1.08413 ii35i 1094; .3703 5.00 y
Z - 3_ -G - - -.- .q.. 1---.J. Q

Z 3.00 3.00 Z

y -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00 y



'a •

TILST 7 _. Fr •___ 143 V9 PAGE 10

TEST I~8 -A 3 CLO.OINATFS OF CEIITER k 9.00. Y 22.R02 Z *.00

__,.____.O_.__________- Q__20 ;L __ _0 X,_O-_VF, e[ _ _.+.*_____- II,x _ - -, - ---..- -- . - k-_ -x X _ 4 -. , ll
14S.00 1iO0O0 is.00 160.00 165.00 170.00 17c.E00 180.00 105.00 190.00

I '.s00 1.2608 1.3117 1.3894 1.4926 1.5045 1.244 1.3 ;.943 .1201 1.3026 2-.4278 5S.00 y

y 00 _._1321 10."_9__1___________ _.8 1,62491 J,.? 1,9b9 2,1530 __ a. __ _

2 9.00 J.002

y 45.00 1.4101 1.4742 1.5916 1 .?boo 1.9838 2.21684 2.9261 2.9700 3.34S8 3.669A 45.00 y

__40 . ,.i32L .,.A72A, .LJ1bL.oo 2 ..... , 1?. 1.., . L6.L. . 5..0- ,
7 Q.00 9.00 I

y 3S.00 1.4855 1.$424 I .?1208 1.90"4 2.360S 2.8824 345409 4.2703 S.3219 6.182? 35.00 y
L.A 7 ____ _ 9.wOOL

Y_. 3-O0.2_L- WAZI .. Z.a.__ Ti .. 2..0•_... .523_J.. .2 12__._4.1_4_6S -- 5.3378 .,9 _. "_3L0:00Y..-
7 9.00 Q.00 z

Y 2s .00 ,.375S 1.4420 1.6437 2.0126 2.6050 3.4673 4.78649 6.669 b.9650 11.797n 2' "1 Y

v v,.00._,207 .. _J.,.0 T L Q... -. I. . So 91 S _ 2.52.Y___.,6055...j5312_5 y .157L__2.4000__6.597_ 20.00 "
7 9.00 9.0i0 Z

y Is.03 .9599 1.0015 F.1a19 1.5470 2.2143 3.3767 S.3375 9.0707 16.492R 28.1436 IS.00 Y

V •,10.0 .... (TT .. OO__.O9Y --. .,5689.. 5.30_0 .*.3,bS..(___ ],.2326__7._499 3.13_ 10.00 y

7 '.00 9.00 Z

v S.00 .31b7 .3297 .3951 .5335 .7990 1.2949 2.3179 4.74,5 11.1635 2S.0834 5.00 y

9.00--Z.

_y____ -O..O.O J0 ....... .o o,.D0.0 .00000 0Q0.0Q.Q .00.0.0. -. OQQ9 _O.pLO__. .00 o.V-
z 9.00 9.00 Z

€1 -. 00 0.0000 i.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -.3.00 y

t ___+-..

V _______________ _____________________________ _____________ _____________________ ____.__



k

_________TE$T_78* * LP9OWMSE *.J00 FT SPACIN9 1..j FT NTG H140 V9 PAGE 11

TEST (•DR 3 CoOItOrNATE% OF CENTER X 190.000 y 22.50o Z 9.00
______.A4L[S _EQrJ.EZ[.T*! T .. __•Z ..... ,.00 ... YE.[._. __._0.,_0.9.. . .- _______________-

__ __x _x _ . _..--_ x x

195.00 200.00 ZOS.00 210.00 215.00 220.00 2?5.00 230.00 235.00 240.00

v 5.00' -.05 2.4046 2.2373 1.983S .15 1403 I11 92 .9649 .9067 55.00 vS . . Z__x -- ____________________.____ _______

7 a.00 9.00 Z

V 45.00 3.8431 3.7501 3.3783 2.8367 2.25?4 1.7117 1.3767 1.2474 1.1356 1.0S05 45.00 y
7 _____•-_,,. 0.0-4_..00 Z

Z 9.00 .00 Z

3S.00 6.8833 6.7329 5.72U2 4.36%9 3.0752 2.2258 1.668 1.5585 1.3254 1.1634 35.00 Y
..Z1 8, _ + 9.00 Z

-- __v .30.0_Q .9..j64t9j_ -9.5"4 P*.9, 5._ 548 .. . , .._. .0p. ,16SA,_ .. [ k.3.96 1.1.54.3.00 y
7 8.00 0.00 z

v 25.0 14.2732 14.SA42 11.2867 7.0849 4.49Z4 3.3833 2.#4742 1.8619 1.4Z35 1.1S41 25.00 y
__/"..7.-_...o.,0Q....__.___ -___o______,_-______

_ +00-0_2Z. 759999 :..3 417.15Z--. .2716 -6,0930 1..369 -2.7461..-. .8637...__1.3e. 10' 20.00 Y
7 9.00 9.00 Z

I5.00 38.3Sý,4ZF.-ZW3R 26.0050 13.1566 a.2649 '.7277 2.751S 1.748S 1.1807 .S067 -?IS.00 Y

1 0.00 4 .00 z_ __._ ._n___ -________ _____ 9.00_ o_.2_

________V___L_- 00 S• 3.'0000.I •..2.•. () 0A0...0r....)0bJ ,+B q q .j0A.. _1O..,O00 •._j +I O0 +eQ.|,P0Q....,Q008 .0.Q0 !.
0 0

... V_0 J,0 fO0- 9sg2 7 38.S131 lS.30e,8 12.593g3 4.5935 2.3855 1.1744 ,6660 ,4226 .296rp 5.00 y

7 0.00 9.00 _

-.. 00 0.0000 0.0000 0.0000 0.0000 0.•000 0.J000 0.00GO 0.0000 0.000 0.0000 -5.00 V

L_ Q . ___+__,._o _..

-- ----- - , .................- - ~ .~

"1 I II I '"I



lip_
00100 0000
00110 TEf*T 76F IX 180 LP WP4SF 60 FT SPACING 3AFT MTG HISO V90

* 00120 LPIR0wmSE 1.00 0.85 1.900
.. QQUI! 99ý99999999~
00140 LPlS0Wt4SE 0.00 0.00 15.00 90.00 60.00

* 0oirnn _Ifel F10 ' SE 60.00- 0.00 ....J.5.jj1g. 90,00 600
00160 LP18nW'45E 120.100 0.00 15.00 90.00 60.000
no -..0I1 LPIAO.MSF 1.8 -n 0-00 15,00 99. 0-0b9.J60-0

Lp010 IP1POwMSFE 240.00 0.00 15.00 90.00 601.00

00200 105.00 22.50o 0.00 0.00 0.00
* 00,10 C; - a.u 10 13 -V 20
-00220 105.00 22.50 3.00 0.00 0.00

C_____ 5-O0D5. 5 ,f0 10 13 v 270.&00
' 024010.00 22.50 9.00 0.00 0.000

-012-50 105-0 13 V a z 0 it
00260 -9999999999

go

(OF _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _



x X s__ X __ A x _______•

05.00 90.00 9,.00 100.00 1OS.00 130.00 115.00 120.00 12S.00 130.00

Y 5550A 1.6729 1."199 1.6794 1.7243 1.|,72 1.800O 1.8313 S.5919 1.832. 1.7jeq 55.00 Y
_____ __0... .... ___ 0.00 z

9,~L9.J LL12 LIJA.3-.9.L, ,969 ? .03S7 2 ,U?_L zl9 22JiL~?~ii~Lf3~ Q 0..27 LjbL.....Y
7 0.00 0.00 z

v 45.'5lf 2.2836 2.?452 2.2936 2.4112 2.5641 2.6933 2.7949 3.0442 2.7940 2.691A 4S.00 y
7 0.a0 0.002

7 0.00 0.00 z

Y 3-ý.00 3.0511 2.9•5• 3.0543 3.47?5 4.33u?7 S.2443 5.8966 10.1??Z S.84e6 5. 244'1 3S.00 Y

..0.Do-. -. L3i 3.LU2... -- t 6A~ ~ 2115.-. 15 y !a....971 816
7 A.00 0.00 Z

"v- 5.00 3.2-b? 3.4193 4.04S7 S.92u1 8.b997 12.50'5 IS.0,30 6.4627 IS.0,t34 i2.504l 30.5.00 y
S_ o. 3. -__ _. -- AOL I. --, .

7 0.00 0.00 z

y 11.00 3.2666 2.5278 3.2666 %.72W2 9.4108 14.455S 16.5219 12,1OS0 16.5271 14.347? 15.00 Y

_______ 1 0 .1 .o.._...DjL 47 .oA8.09 o_....j+__......&L~.S.1? 100

Y 0.00 0.00 z

V 5.00 .2246 0.000 .31311 b604 .2i810 2'.1713 2.8559 e.7966 2.9003 Z.1713 S.00 y
I _+OJo_.O. . . . . . . 0 .. ... _0_ _ _

v- _ .. p.k- G_ o wo_,0._o+k.._o, <_OA 0 __.r__- OQ 9 .0_0 0 0.0 0__ __o 0.0_ qc• __L ... gp qgQ+ 0. o __ •,+_0.0 • __g 9• o0 •__• m•O q.__ _ O
"7 0.00 0.00 Z

v 5�.00 0.0000 O.noo0 0.0000 6556 0.0000 00.5000 00000 0.000 '1"o 00 -s.00 ,
-.. .. _,, __ o,_____ 0.00 z

______________



TESýT TtF J.fLAýeQ 5 WIS T~ !jRXN A .J Tr I4G M350 V90 _________PAGE 6

TESTf e~l OQIAF OF CFN~TEi0 X 10S.009 y 22.s* 2 3.00

__ _ __ _ _ ......A I St x
ss.00 90.00 qcw,00 100.00 105.00 110.00 11',.0@ 120.(R0 12S.00 130.00

v SS.Oft 1.3520 1.3411 1.3S91 1.3978 1.4s6a 1.50R2 1.55 2339 1s30 1505.00 Y

7 3.00 3.00 Z

Yr 45.00 3.8&53 1.415S 1.0793 1.V930 2.1202 2.2462 .1.3590 3.1202 2.3S94 2.24391 45.00 Y'

7 3.00 3.00 Z

v 3%.00 2.564S 2.4*11 2.6645 2.0628 3.3249 3.8133 4.1584 *4.S34Z 4.1544 3.41313 3ý. 00 V-
Z-3.90 . .- ILI_- 0
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V -;.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00 Y
7 1 .flof _.+o,•o •._
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TST ;ro 2 CO00DINATES OFCENTER 1 120.00. y 22.50. Z 3.00

- --- -A A.- - . -X -
1, S.00 150.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

55.00 2.3125 2.v794 0.0000 0.0000 0.0000 O.46ca0000.000 0-.-6000 4.0000 0.0000 0.00 Y

7 3.00 0.00 2

v 5.00 2.8964 2.8101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 T

.Y.0.00 D .0 0 - -a .a 1-3.21 4- .00 U-0-0 H 0 0.0.00 Q-.-0.0000 0. 0 0 0 a0 0.0 0ý. 00.0 0 a a 00i0-. 0L.0...
7 3.00 0.00 Z

W 3.00 3.9918 3.740S 0.0000 0.0000 0.0000 0.000 0.0000 0.000l 0 .0000 0.0000 3.00 y

7 3.00 0.00 z

y ?53.00 h.0127 S.2A7 0o.-d00000.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 y

-Y.20 00 2916.'9 0.0009-..0.0000 ,0.0000....0000. 0. 0000 0.0000 . 0.00.00- 3.000f)A00*
2 3.00 0.00 Z

v is. ,0 10.4fW4 7.773S 0.0000 C.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 y

v~j0 0...j_.._3i t.3AS5?-.9.o 00 Q -..00.O04~.0 .0.0009...QQ09..... -0000 -Ooo .p..oo.Qo o .. y
z 3.00 0.00 z

y 5.00 9.3954 5.A046 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 y

y -90 -. 0. 000 3 __...0 . .OQ4 t .009 .....0..0.0.9.0-.... .0.0000.0.. 0000 -.- Q. 0 000 -....0 0000-. -...Q0000...A&4.000OO...0 010 V-X
2 3.00 0.00 1

y -5.00 0.07000 0.0030 0.0000 0.0000 0.0000 0.00700 0.0000 0.0000 0.0c00 0.0000 0.00 v
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9Z.060 100-.00 -1.0O Qo, 11 0.00 -118.00 120.00 1?5.00 130.00 135.00 140.00

is 55.0 2.4'4'62 2.4460 2.4311 2.4261 P.4049 .07 2.469 :'.5Iea 2.570, 2.5977 55.00 'v

7 9.00 9.00 2

y 'S.00 2.7092 2.6097 2.5372 2.S551 2.6223 2.842S 3.0404 3.2417 3.3767 3.4304 45.00 Y

'- F 5_ 0L.._.Q.-..._Jx . 0..... wG ......._.____• _....._• _.________________________V__ PGF

L......4 .0L.....61....2.sL. x..... t. x .s..... .... 2.... x ..... x 0..I.A.5.L...... x 77.3. .... x__ .. 0L...-.-! D0 , A O0788 100.00 102,00 ? 10o3 7-.2.O 52,0 0.55O 13_y13_000

6 0.00 9.00 z

V 31.0 3.0111 2.4A49 2.215' 2.4358 2.9006 3.389 .92 4.477? 4..864 5.0099 35.007Y

7 9.00 9.00 1

S2.00 i294 2.2078 2.03 2. 2.5821 .05.126 0.6737 7.928 8.40.3 25.00 Y

7 9 .. _ ..___9.__. .- _Z __.!9

v -.---- O o, 2.5 .- 2•.O.L -1.811'. ... !,, 2.454? .--.3.4311 .._S.524 _8.201. 10.7•63 11_9099-0-0 _._
? 9.00 9.00 Z
S 1r.00 3.2937 1.b4h3 1.4;594 1.6043 2.1501 3.3295 5.5270• 10,18737 ,15739 8.5° 9 15.00

- - 2 - -,---- . --. _9... __-- - -

y 1.. 0.00 J18.A2 .,. 989%--. 1.0940-- 1.571.6 -2.782 - -55196 1196.2..1 32.a33-;--. 10.00..!
7 9.00 9.00 z

y 5.00 f.766 ?.a03 .4321 .5053 .7720 1.46i2 3.414 10.0426 31.3303 58.0244 soom

-. Q1.0 09 
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TEST 000 3 COcOODNAyrS OF CENTEP 120.009 Y 22.50. Z 9.00

___________ _____ANGLES-of-DR1NT ATLO"OR. -eLCr.00 V0a .9P Q.._ _ _ _ _ ________

____________ X_- -- x 9 X______

145.00 150.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

V 5S.00 2.S954 2.5405s 0.0000 0.0000 0.0000 0.0000 0.0000oi 0-.0000o 0.0000 0.00008 0.00 Y

z 0.00 0.00 2
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7 4.00 0.00 z

15.00 IS1a.l2 10l.6A48 0.0000 0.0000 0.0000 0.0000- 0.0000 0.0000-0.-000e 0.0000 0. 00i Y

7 4.00 0.00 z

%.00 3Z.8773 10.a006 0.0000 0.0000 0.0000 0.000 0.0o40 0.0000 0.0000 0.0000 0.00 y

_______1.9.0Io _____ _____ - -- - -.__________

7 9.00 0.00 z

v -%.0O 0.0000 0.0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
_______ _______________________ _____- -0 ______O QLL



00100 00000000 E 2X18, wGQV 100 FT SPA CING _15 FT MTG

. 00120 LPI8OWGOV 1.00 0.85 1.00
.00a• 3 99 0 9.99M.9-999
00140 LPlSOWGQV 0.00 0.00 15.00 90.00 20.00
A 0.15.. L-P1 0-0.09 V .00 YL -LjQ O_09 50. IQO.. 00.Q
00160 LP18OWGOV 100.00 0.00 15.00 90.00 20.00

...0 0.17_10 .L .98_W.G9 10 Q,.o 0.0 2o. 10.0
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00220 LP18OWGQV 400.,00 0.00 15.00 90.00 20.00
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S00240 9999999q99

_0oA.2.10 175.00 020.i..0.o . o.,oo ............ ,0. 0. 0
00260 5.00 5.00 12 12 V 270.00

-f A07. . 1.75r00l 22.o0 0 0.0.L_ 9_O
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S00300 5.00 5.00 12 12 v 270.00

_00310 99999999,

e

S. . . . . . . . . . .. . . . . . .. . . . .0 :. . . . .



[57 *1l_ 2X10.0WVOO ULQFT SPCP I i ! .AGE 4

tFST QAZO I COOROINATES or CENTER x 115.00, f 22.50. Z oo
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2 0.00 0.00 z
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-. '. 37.50 0.18.. 3 0 2

7 0.00 0.00 z
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7 0.00 0.00 Z
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2 0.00 0.00 z
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7 0.00 0.00 2
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7 0.00 0.00
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2 0.00 0.00 2
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3,0 3.007
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- ~tU .s....a~f919...Z.350 .. a2,i.2.6 33---3A1Sl-3S&L..3.60LA.&10.95.4363 .139B1.J.6U.L3...J.0I__
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? 3.00 3.00 z
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7 3.00 3.00 2

1' 2.50 0.0000 0.00008 00 .00 0.0000 .7674 1.4009o 25a16S 5.9114 0.0000 2.50 y
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7 3.00 0.00 2
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7 3.00 0.00 2
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- .... Y.0.J002l..J..4A-..0.OO. 0 *0010 -.O..000...000. Q.O040. 9..0000 0.0000 0.00_1 _

7 3.03 0.00 z
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7 3.00 0.00 1
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2 0.00 0.00 z
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2 0.00 '0.00 z
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7 Q.00 9.00 2
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-x 1

240.00 W0.00 c.00 0.00 0.00 0.00 0.00 0.00 0.00 0.011

S i-.0- N~364 .6.816S 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 060000 9.0004 0.00

1 9.00 0.00 2
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4 .00 4~.00 z
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RI.So 1039 Is 1 000 .J0 .00 .0. .00 0.040 0 
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..7.50 .31-YPO ..&Q..9J95 .. 0414CL0 j.004A.-..0.000. - .0000..J..O-jO.0000 Op0QOOO _ 9tcoa- _.0 pV Y
4 .00 0.00"-2-
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00110 TEST 9IF IX HP250 ,4 SPACING 30 FT M4T_
a 00120 HS2* GrTT 0.85 O.5 1.00:; •. -..o01z3o ,-99g9 99 "999 ......

00140 HS25OGITT 0.00 0.00 30.00 90.00 10.0
0 H._15.2 I-S2S OL TT 4o0&Q 0 0.00 30QiOo -.0o 1 o.0
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00170 tlS_ :,G LLT..T _2 Q. . ._0 3 0_09

... 0010 HS290GITT 160.00 0.00 30.00 90.00 10.0
.Q.OOJQO 99.9.99.9_9999 ____________________
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C k.-210 .O__.- _10 ,Oj 3 V 270 .0
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TFST *10. -IX 80250- 61) -- OAACItJG 301 _LT 410g _____ __ Ar)E

TEST MRED I COO0?',AIF4 AF Cio;.Ao0o.0, 22.0 P 0.0
4G.! 0-F0 if N1..! %LONQ1- -,OW. 0 .00.t v~IT 0.0 _____________ _____

1.0 9~.0 0l.00 002.00 10$ .. L80 11.00 1 14.00 11 ?.00 120.00

s .04O 1.7283 2.11".) 7.5994 3.05eO s.20 2.92 ?. 3e?;! 1 .934 4 1.70j'99 -45 s'9..o

______ ~ Oi 58A1 .~I S5 2. 2,90~ 60oJ..r24 j.509 el.7504 ts A. Su *00 y
7 .0(1 0.6T -Z
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..4a .00 2.UL.1t6 .ifa..Z 3.25189- .49.2.3.3 a23?.... .

7 A.00 1.00 1
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TET 1L_ 1A HP250_ 60 SPACIZ'40_ 30FT -TG2 PAGE_______ 6

TEST GRID0 2 C00010ONA1'S OF CETE x 10S.00. Y 22.Sf0, Z 3.00

00 2 Xx __ x -x -
W'.0 A,0 Q9-00 10?.00 'OS.0 10P3.00 111.0- (0 1]-.00 117.00 20.0

-,-K01.29 .4 721 i3.a f04 3 3. 0 37 i:9 i.1603 P.4613 7.021i 1.6*67 1.ia 5.0
'.Oo_____________________ _____________________________00

______ 5. a0 .04-2-1.39 6.....? Z.3 aL 1J. $7S 9 ,9Q1 1.6434i.J.flJ IJ-h967 L.1J 0 V
7 .3.00 3.00 z

V 4S.00 2.4681 2.R057 3.2386 3.13360 3.1069 2.6117 Z2.!649 1.9947 1.do~l 1.6222 45.00 y
_______ __________________- 0.0L..

_______ 00~.Z8 23tk aiL...2 ia0 2 *8 1.6 2.5.959-- 0 kt Z8t~.Z99. 01.. .09 Y
7 3.00 3.00 2

v 0.0 1.32 .?11e a.01 2.9A17 3.0253 .78 2.7076 2.4334; 2.0;02 1.789A 35.Qfl y

7 3.00 3.00 1

y "S.00 2.3149 a.8"26 3.1923 -3. 4.4AI I.5~i? 3.1579 i.T 67 2.421A 2.2131 2.0242 25.00 T

~2~0....2.I02..2.7371 3.L563-3-309,. -3.2S!2i *.3.OOA-4 .2.53tl-2572 1.9S66,14'~00
7 3.00 3.00 1

V 600 1.8S?3 2.4R0 .~0 3023023 278 .32 0004 1.5513 1.226? ISM0 y

R-.633 .8S4Q_ 3.00 Z

7 1.00 3.00

V 5.00 .4712 .6411 .9397 1.1431? i.1822 .30 .75 o3 .2 .4631 5.00

2--.- - qz

-_______ z.f.....i- ()I -OA 1iu . 9Q- fPp00 000 -0090 0 0 00 0 q 00.. .. p 00.0 . 00 Y

2 3.00 3.00 Z

y -5.0 0 0.0000 0 .00F00 0.0000 0.0000 0.0000 0.0000 0 .0o000 0 .00 -W0-. i06C o 0.000C -5.00 y

------------ ~~~~~rrr.~~3.0 2- - ~ - - -'----- - - -



TEST •1 . LA MP 2 .,0 60 SPACING 30 FT .TG PAAE A

TEST ARID0 3 CO.~r:NotFS OF CENTER x IQS.00. y 22.50. 1 ').00
_ ,,�0 ._ .. -- ., --. ____0.-

x -- it -. X. .. k- _ - _ x -_ .
OZ:.O0 96.00 99.00 102.00 105.00 10o.00 111.00 114.00 117.00 120.00

v S9.Oo 2. P524 4.0018 4.,94d7 4.7130 3.8330 2.980o P.214s 1.7b99 1.'656 i.342,- SS.00 '

_s_0 .•kL g .'ul3 ,00. Y

z 9.00 o.00 z

y 5.00 3.6438 S.276Z 5.8374 4.8749 3.5420 2.6253 1.9'997 1.7738 1.6%33 1.6024 45.00 y
• Q0-___-- ______________________ 9.00 Z---

7 9.00 Q.00 2

3 S.00 '.39€09 5.30C7 4.3340 3.7132 2.9753 .578A7 2.2W6, i2.084 1.9320 1.7703 35.00 Y
- o,,00•...........- --. 9.00.~Z

-... . y-. _..30,00 3_., S . .9 0• . _.4 ; •q .3 7t16._ .3.39.74--,._ ,9347_ .. 56 _ _;.l . . .1, g __ .• S _ ." ... _

7 -. 00 " z

ST..0 0 j.ii96 m .3406 4._.513 4.4142 ..IYS8 .3i04 2.068 Z.2224 2.0094 1.8889 05.00 o

Y' _ 20 L.0 -. 4._ ,.I.So3 0% . a...5 ,a1 - 4. 587 L__.-3 ,89 10 ) ,1o75 __,2.OG,1 .. b,•2 e,9 0 ,2 _87. _..2.35 ...... . .0 0 .Y.
7 0.00 '.00 Z

O 19.00 3J.5206-- 4. '.6282k 4.256 3•.831 2.715 32.3103 2.071-1.59336 1.6.7! 15.00 y

7 Q.00 9.90 2

0 5.00 1.6477 2.0164 2.20'6 1.833' 1,3.4. 1.7326 .8368 5.080 08281 .7857 y.00 V
___ -.-. 3,0o .. .... .... ........ ~ - . .. ....... . _... _o__

.?. .....-. Q0. _._,,_0......0.,,f00.... ... 0__000 00.... .0 -09 ,0000......,00O.. .0000 .... ,0000 .... ,000.0
7 9.00 9.00 z

y -9.00 0.0003 0.0,000 0 .0000 00,0O0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -53.00 V

0- ML ,"



00100 0000
.iQ 1I0.T-J- S T-1 2L90 ~ 3OEL PA MI Imj 14U 09"
00120 LS90WWNO 1.00 0.85 1.00
00130 99299999999

* 00140 L590WWNO 0.00 0.00 15.00 45.00 70.000
p~ q ... j.S.LS9ojtwNn loo 0~4... .fio~

* 010 LS90WvWNO 100.00 0.00 15.00 135.00 70.00
....flIf IS94oxk~f 10fl;,f nnlf AS*-GO -Sflfl0 -Q

p 00180 LS90WWNO 200.00 0.00 15.00 135.00 70.000
naignf I SQ~WWNO ..3Aft0 il.00 A li0O 45.00 70.00
00200 LS90WWNO 300.00 0.00 15000 135.00 70.000

0 .fUO-tLD----AS90LwANO - 2Qfl~fif AA00f 1..nf 135,nn 70.0
00220 9999999999

o 00240 5.00 5.00 20 13- V 270.00
00250 100.00 2:,R -14-n 0'anf 0.OO

00260 5.00 5.00 20 13 V 270.00

0 -0-0270-- u.94300 "?-00 -- 9-.D.0.. 11.anf 00~
00280 5.00 5.00o 20 13 V 270.00
a"zoa- 0qqq99999999

c



____=TEST-9 2 ILS90WM9-&..1iQ-EiLSPA~f 0 5-f7_MAfl-A40 9.y9 ____-

TEST 0'910 1 COORDIONATES OF CENTER X 190.00, V 22.50. Z 0.00
ANGI ES QL.0R IC IAUlQ-hflEL. "0,A .VE hI. plan____

145.00 150.00 155.00 160.00 16S.00 170.00 17.5.00 160.00 l65.00 190.00

V 55.00 Z.546Z 2.6252 2.7243 2.7919 2.8866 ?.9663 3.0751 3.@6ba 3.0211 3.1191 56.00 r

~50..a~..2.1AL~k.t~kZ.&4LJ90i.2& A '- &Ib2% 2-7& .. A 203.~L 50,0 %'
r 0,00 0.00 2

y 4F~.00 it.7361 2.9273 3.2016 3.4042 3.675s 3.9993 4.3399 4.62961 4.h854 4.7903 45.00 Y

5.1256--S.1|

r 0.00 1.00 z

,3S.00 O.7014 2.8415 3.1845 3.751 4.5720 5.3154 6.2145 6.99%7 7.1841 60577 35.00 Y
- -7 - 0.46----_ .. _- . ._ . . - . . 0.00 L.

30.00 2.555Z- 2.688 3.0S52 -3.6913 f.6469 5.9956 -6. Q1 -. 8.732 6.0134 7.5663 30.00 Y-
2 0.00 0.00 z

v 25.00 2.3143 2.4362 Z.8093 3.60a1 '.5690 5.8606 T.3943 8.3060 8.0 . 8.41 2
Z ------ -.00. 0-4 __Z.___,--- -- ,-,- -- +--- ---. ,..._5 2.

6 ___ -_ 20.00 1 .9493--.0419- -2.6LOR .1033--4.1292 - 5.1a6--6.6733-. 8.84,03 9.0076 7.5'471 20.00-Y
z 0.00 0,00 z

y 15.00 1.4703 1.5371 1.8383 2.4390 3.1656 4.0683 S.2554 6.7677 7.30;7 6.2974 15.00 y
z 0.00.........-0.00 z

y 10.00 . ,.952 .9,95. _.05SL 2.591 9.99. 5633.63.2860-3.8763 2.8688 3.4602 10.00 v
7 0.00 0.00 Z

Y 5.00 .3068 .4011 .4760 .6308 .8131 1.0713 7.3?04 1.4215 1.3030 1.7722 5.00 y
? 0.00 .- __ ______ - - 0.00 z

y--.00 -- .0000....fl000.--..0000.. .0000 .0000 .. 000 .0000 .0000 .0000 0.00 y
z 0.00 0.00 z

-S.00 00 0 .0000 0.0000 0.0000 0.0000 00. 000 0 0.000 0,o o".-0000 -S.00 y

2- O, .+ ..-... 0,.

7 ,00.00

S.011 . - C -

S. .. . Z ,00 . .... .. . . .. . . 0 00



TEST GRIU I CoOwDI~NATES Of CENTER X 190.o00 y a2.50. Z 0.00

.O~t. . .. ..* 01v~ -A

19Z.00 200.00 M0OO 210.00 21S.0 220.00 225.00 230.00 23S.00 240.00

Y SS.00 2 .9540 3.?7"/3 3.4166 2.5956 1.o6867 1. 3'43 | OS28 10o397 1.7307 10?3001 SS.0 0 Y

Z 0.00 0.00 Z

y 3°.00 6.380 6.6606 6.44.90 3.38946 3.,7|3 3.6398 3.2719 2.6232 2.5233 2.1690 35.00 Y

-Y----0___--__ q. .7• &---* 2 .*M-9 69- 2. 529 -. 2.361._ 2.122h_ 430.00_.-Y_.
z 0.00 0.00 Z

y 25.00 6.3798 0.2013 6.4167 4.1937 4.4.26 43211? 3.3096 3.0"750 2.46.3 1..52 25.00 7

__-_,--._.-__--0__.____ - .. . . 0.030 Z.-

- Y -2 0 O__.. 0 _66 8 82 3,• . 3 .L- 3._994- 3.306 .EA 2.7060 2.2036 217379 20.000 -
z 0.00 0.00 z

15-.00 3.3010 4.73 1.999 2.1954 3.7046 3.4991 -3 2.69-9 2.672 2.06974 1.3519 50.00 Y

__ . _0.0 _•.5V2 _.___, 94 __ ____gg - __1._?_9 _ _____•- Ig.3 •I.33S--J33 _. 1.645 *02 10,0 _...

2 0.00 0.00 z

S.00 23.0567 *0260 1.04197 .099 .666' .7273 .70463 .55615 .49300 .3521 5.00 Y

_ Z .. . 6 . . . . . . .. . . . . . .0 .0 .3 Z _

- Y .00. ---. 0000 --. 0000.--.0 --- . -..- .. OOO.•9 .000 -. 0000 .0000 .00 T-."z 0.00 0.00 z

7 -1.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00 Y
0.00 . . .. 0.00 I..



TiST 91.*LJS90w OwWnO. 110 FT SPACQLkISIt _-mTL.IL4L.V9_____,_ _.__ 7AL._

TEST GRZD 2 COOGOINATES OF CENTER X 190.00. y Z2.50. Z 3.00
- AI1GLE&0.L R Z E• A.t.4 1 tIN.._ 04,R0+ARL..0_.0V___________________0____

145.00 SO.00 IS.00 140.00 16S.00 1?0.00 7?5.00 100,00 18S.00 90.00

y S5.00 2;330; 2.4143 2.133 2.57?0 2.6420 2.7143 2.7714 i.7740 k.?06i 2.893S 5S.00 Y

7 _hO.0L2.._..?.22.l~.]_+?IL.1.hh~a i..U$.da. 3hI~ 1.L3? ,3u3L_._33lt_•.,Z?._OO-.3 *3....523_

2 3.00 3.00 Z

y 4S.O0 2.6251 2.7602 3.0437 3.2065 3.4340 3.7013 3.9010 4.2076 4.2504 4.4270 4S.00 Y

-- .4.. - -2.60L02a.1.3.oSa-... -`8 . `L -A339L--... ?+---5S2gao. 53S.5336 5.0759 -4.A0...44-y-
1 3.00 3.00 2

y 35.00 2.SIS 2.4461 2.9646 3.5500 4.3819 S.0609 S.6626 6.7146 7.4035 ?7.6?m 35.00 v
-_ _Z _ _.•.4 ýa el. . .. 3. - --.. L

- - V __ 3LQ..'--A.3•66-f-2.42&1 . 8•-222 ••B-14ý460L 4,42.3t--5.8122-1.069- -8.5400 100,040_ B O•_.OO••

z 3.00 2

v 2S.00 Z.1116 2.2203 2.5771 3.2386 4.3085 5.934S 4.3079 14.4061 11.6712 11.804A as.a_ • n . .... ... . . , - 3 .4.

------- ---V 20.00-..766A.-.-4I .84 . I9- ..21z. 6--.-S L4 1- 52.3-..S.7564-.a*...1a--1.2*d9 13.0493 13.2563 20.00 1-.
Z 3.00 3.00 2

y 1S.00 1.3284 1.3874 1.6680 2.2332 3.2714 5.015 ?.0323 9..902 14.2129 12.3864 1s.00 v
________________ _____ --- 3.00 L..

-1.0 .3_LO9L0.&72.3--- 1 .OSSL-.1.45002.97_?9-3 .3930--4.?t43 6.6388 6.2613 6.1142 10.00. Y-
2 3.00 3.00 1

y S.00 .368Z .3629 AS7?2 .615, .9218 1.3946 2.0071 2.7611 2.820? 2.9339 S.00 v
Z---_,_ -... . .. .... --. .--- .. - 3.00 1..

-- -. .. .-.. ,0 .. 0000 -,O00.-.,OOOL ..--, .-----....00--.00--682 0000-.coca----.0000 .0000 .0000 0.00 T.-
7 3.00 3.00 Z

-. 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.060 W 0.0000 0.0000 -5.00 v

- Z_- - 3.20 .. 3.00-Z-



TEST .93__J."S900wUNO- I. Fl SPACING-LrL-lT..Mtr KL.40.V9 .... . EAGO--

TEST GRID 2 CO0OPNATfS OF CENTER X 190.00% T 22.50. Z 3.00
- -ANGL.AA6LE .a rAT10?LJ'tiR..... R.-ESO OF...-.-. -

19S.00 200.00 205.00 210.00 215.00 iZ0.00 22. 00 230.00 235.30 240.00

y 15.00 2.8379 3.0869 3.2461 2.3606 1.5100 1.S56? 1.b756 1.5?62 1.S733 1.5467 SS.00 Y
-- . _ _3 ____.___--. -.-- , 0 Z .

y-...O-10 It 1. 1..0'..ML -4--8--4" L.1.792-8 .2--o-- .54'.-- 4 -- 1.-2412_S0.81
7 3.00 3.00 2

y 'S.00 4.2238 4.5737 4.5664 3.03?7 2.2630 2.2•65 1.1644 2.0534 1.959S 1.9001 45.00 V

---- 40 .�03.. 5aga00- .Y
z 3.00 3.00 z

y 35.00 7.2300 7.5656 7.0196 3.9343 3.8135 3.4829 3.0771 2.70'? 2.4040 l.0436 35.00 T
-- 2.... 3,__ _ __ _ __ _ __ ___. ._ __.. ..... .. ... 3,00_2..

+-..-9...30.O.-3-91-..9.0993-1--".3376--.- -5.J. MLS.120---.4..3708.-- 3.008a - 3.0597 2.4027 1.971. 20.00 v
Z 3.00 3.00 2

v 2S.00 11.1002 11.3082 0.0534 9.9751 5.91S2 S.935 4.2603 3.0906 '.3|6' 1. 17• a5.00 •
__________________ --. 3.00 Z....

~-..- -. 00. 04 5.Z154.t.2584.2.905 2.1079 1.593. 20.00-9-
2 3.00 3.00 z

y 1S.00 414549 d.$373 4.2671 6.2351 ?.1S21 '.9511 3.5776 2.6150 17303 1.2394 IS.00 y
_______ _______________________ _______-, ". . 3.00 L._

V -. OO0L_-S59G6S5+__Z.6(•g9---2.9546-_3.O83L__tlS99 -- 3.3521--24114-__|7?o 5. 1,93 .0028 10.40 .Y-

z 3.00 3.00 Z

y S.00 4.3221 1.3924 2.1730 1.4793 1.4,237 1.39S6 1.0212 ,?iaq .4881 .3430 S.00 Y
_. - -_ _._ _ _ _ . 0 0 Z --

-- . -.00-- 0000- 0000-- -0000-0000.. 000 ---. 0000 . -,OCOO .0000 .0000 .0000 - .00 v.
2 3.00 3.00 2

y -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0 0.0000 0.0000 0.0000 -S.00 y~ ., .3 0..... . . 3.00 Z -_

Z-.......3.0 ... . . . ....____......- - .. . .. . ......

• . . .. ., - .. . . . . .. . . .



FT 14T 10 1(

TEST 6910 3 COOPOINATES OF CENTER x 190.000 f 2.0 2 90
AMGQjES-0F-OIENtA=ZN..MQR7 A ..00 .. VU.L.... a0o

141.00 110.00 115.00 160.00 165.00 170.00 171.00 180.00 185.00 190.00

'~ 5.1 1.679 1.64-39 1.1109 1.7573 1.813 109 1.9a42 1.938 ~ u2 213 10
_______ -.2 ----0-. ;a .t35.00Zv

t -V-So * 62~-1.04L1-L 2.08 Q9 -. 6S .3532L -- I * 170&A .00.t-
a 9.00 9.00 2

y 45.00 10?94S 1.843S 2.0061 2.23&4 2.~4229 2.6261 e.8111 2.9169 2.9910 3.2303 4s.00 y
-Z--9.0, - .00oZ-

2 9.00 9.00

yV 3ý.oo 1.713? 1.83a6 2.0901 2.5109 3.2766 3.5326 4.4299 5.003? 5.3646 1.3845 35.00 y
-.-- ~..----J.-...- .00__________________- ______ ___ - . - 9.00 V

________-1 2-A8 -.. 4t-462 S.?5 6? I..7.6434 .. 7.9163. .10.00. 'V-
2 9.00 9.00 Z

v 21.00 1.4793 1.1485 1.a613 2.3441 3.2k69 4.762% 7.210. 9.1142 10o.9696 12.2769q a 2 v

200 ..I1.0SA37 - 925 4540 730 -lA66 15.6403 20.1016 20.00, v
a 9.00 9.00 1

v 11.00 .933? .9726 1.170? 1.166l? 2.3766 3.5619 6.6026 11.8061 22.0257 33.3127 11.00 T
--Z-9.00-.- 9.00Z

..... 4. 10.00 - 1161 -6296 -7602 L.0396I54 1......2.667L... .9265Lo...o.s03 22.2109 44.6017 10.00 V -
2 9.00 9.00 Z

y 1.00 .281? .2926 .3537 .4010 .1419 1.2365 2.32'2 S.1760 13.1913 26.2973 5.00 y

v.1.-00.00.....00 0...........00 000..-. -. 0U02..-.0 - Goo .0400L-... 000........0000 - .00 00 .... 0000 .0.00-y--

7 9.40 9.00 Z

-S.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -1.00
_____________________________________________-..0.



TEST GANO 3 COORDINATES Or CENTER X 190.009 T 22.S09 1 9.oo

195.00 ZOO.oo 205.0 210.00 215.00 220.00 225.00 0.10.00 !35.01 240.40

y 55.00 2.63 036 .24 1.6949 1.06,65 1.0906 .96 132 .86 10. 10

9 .00 9.00 z

v 4S.00 3.37S2 3.6800 3.5649 f.1165 1.1969 1.5066 1.1337? 1.4151 1.3799 1.3217 45.00 V

-~~~ 1.8460.-.10713a .. 0 1.4556. ..44.00-V-..
7 9.00 9.00 2

y 3S.00 &.0672 6.7090 1.7006 2.76?4 i.7U33 ?#S920 Z.314' 2.0366 1.7606? 1.4,639 31.09 y
-- z- 9.0L...~____ ~ -9.0Oz.

_____ - Y 3.00.&604....948L-..i.326....A.029~-3.8917.-. -.3.4134 Z2.9279...- 2.4291 .1.80*i1.4L~ 30.QG_.. 7.
q .00 9.00 z

?S.00 13.0965 13.802? 9.6344 6.1921 S.5432 4.6226 3.7016 1.4727 2.6 1.3166 2S.00 y

~- 0.0 a.2032.396~L.5121o393..~7.e0.~..S960-.3.7147.-2.3450 1.1623 1.1366 20.00 y
9 .00 9.00 1

IS1.00 3*4.5666 37.3890 19.8140 16.6673 11.046S 5.9620 3.3457 1.96'? 1.2155 Abl1e 16.00 Y

______A .10.00 .i2.1931 5Q.709S...Z&.3LS7_..ZZ.3ZQL= L17..15- Z41.A31 .8*357 -.$6?SO 10.00 Y._.-
z 9.00 9.00 Z

S .00 2%.2560 3C.S766 12.1370 13.2679 6.6017 2.1992 1.1751 .6340 *3907 .2645 5.00 7

Y_ Q__- . 400-... - .0000- -..oO.....0400 ..-.0000 -. .000 0 a 4__ -a.0 0 00 .0400 - -. 0000 .- .000 .0000 .00 V_...
2 4.00 9.00 2

y -1.00 0.00a0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 -1.00 y
_____ ---- ____ ---- -U. -- -- ... . 9.002-Z..



-00110 TEST. FT...AL1 ~U 4kLSPtILL A _JlA.. 111.V
401oa0 LPIGONSIE lo60 toe 104

46140 Lo10is*~. '. Is... *sets 10.00
-.. J150 -. LP - __

44160 LpIO0SW 14200. *e" IS.M 1)1%000 760.0

0 00100 LP 1600069 41*.04 to** 15.00 1)5.00 70.00*
Gales aeigefiMt &aa mB1
00200 flP160NI( 360600 .0*0 MOO0 1)1.00 70.00

-00220 999,99999"
-10 2L 3 0- t 4 1 LA t-

004 S.0$ see# to 13 v 276000

50000 5.00Sos 20 13 270.00
MA Soo* 500 V.0 103 v 2000

OF 8 .0 50 a 3V 100



Test sal I CO0014V5tES or 9411?0 A 110,080 V to.10. Z .0

______________ A - I. ALL . L ...... 2 -.-.. - X-

161.00 110.00 MOO.0 101.0O 151.00 190.00 195.00 Z00.00 201.00 110.40

SV 1.5 LAW11 1.511* 1.3RV0 1.3013 1.3305 1.4-834 1.1197 1.7394 l.2170 R.&111 $5.0o T

* 0.000.00 Z

1 1.0 .8070 1.4655 I.S432 1.1020 1.S438 1.4017 1.0096 8.2041 2.4214 3.1072 45.00 v

S 3.0110 3.7212 40.00.--Y-
7 0.00 0400 2

y 3S.00 8.1079 1.0S49 1-66S$ 1.0500 1.6663 1.6110 2.1493 A.7046 3.4260 4.3954 3S.00 V

y 30.00- . 1.255 .1.8700-1.651....1.5866-. 1.6511 1.071* 2 .266X--2.4871 3.4094 5.1075 30.00 X--
2 0.00 0.00 2

a 2.00 2.8400 1.8041 1.5404 1.4791 1.6407 1.0040 141490 a.9689 4.0019 1.25S4 ?$.G0 y

-Y -..o.l0.0 1~.03..10~L30--~.09- .3607.- 1.510S.. 2.0077 -.2.0414 4.0092 5.2012 10.00 y
z 0.00 0.00 a

y 19.00 1.67162 1.1990 1.0044 .9913 1.0159 1.1719 1.?0PQ 2.144.7 3.3694 411. 1.0
Z....00 . 0.00 2..

7 10.00 1.0081-02130~-.5084- '6013 2.0S.~0l..8l17s .3541 3.2140 10.00 7..
2 0.00 0.0) 4

S.00 .229? .209Z .2119 .2910 .3217 .4211 .596. aa0a0 -I. 1490- 1.639* 5.00 Y
.2 0.00 ------- ---------- ______--.- - . 0.00 2-.

- . . .-. 00 -- ..0000 ---.0000-.. .00046- - .00110...-44000. -..004S .0000 .~.0000 .0000 .0000 J.00 Y-.
2 0.00 00

V -1.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.00100 .00 000 .00 000 5C



TOYt OALO I COOR01N041E OP CINytI A 110.000 7 3.0 2 0.00

811.00 220.00 321.00 130.00 135.00 2440.Q 44S.40 a10.00 311.00 260.00

~~~~~~~~~~~~~~~if T*..~ ....~f .......S.L1..sa9....a.~JJa ......... ~~ ~0.i......-. .. I......O.0-..

7 0.00 0.002

41.00 4.~0.0 S.1243 G.S300 6.0060 S.1468 6 .016 8.4174 7.7049 6.0300 S.5863 '1.00 y

3 0.00 0.00 i

'35.00 S.&314 6.1$22 ý0.02ll 11.6710 10.0610 11.6251 13.0754 11.0710 10.0222 7.9214 31.00 T
~z - .90- . ___ ___ __ __ -. .- - - ---- - -- .0900 Z..

Y -30.00. .. Fj*2725-...,~101.?1121.J.01 16.0773.. '3.71113 11.0156 9.'111. 30. --

£ 0.00 0.

;--&S.00 1.7161 7.0166 11.7620 11.3063 16.46*1S 19.9SI2 14.a016 11.3064. 11.9121 7.0109 31.00 y
2 .0 - - - - - - - . ----- . 0.00 1

yI 20.00 . 6. ,1434 - .0140. I.4060-01*..739., 17.4430 .1916A.6 .14.8640 10.4000 1.0140 R0.0 y
z 1.00 0.00oz

7 1.00 4.1900 7.13 .0140 .111.07 361 12.6471 10.1110 6.0144 ISM13 110

z 0.00- 0.00 2

y 10.00 -A.65*05-73 * 265.7561-645 3846 8005 366 5.01?) S.3.12 50.800
Z 0.00 . ____ - - .0.00 z

7-S6 .00.26 ... 00......00-.....00-... W9060.. 1....050. 3.20@8 1. 4000ý .0000 i 2.000 2.75000 .00 T
Z 0.00 0.00 2

y 1.C 0000 .00 0000 0000 0.0000- 0.0000 0.0000 0.0000 0.0000 0.0000 h.04 y
z .. 0.00.....~.. 0.____ z . - --

-S.C 0.00041440 0004 0.000 .000 0.0000.000 0004 a.Go .0049-1,5



TfEt_94_.t 2XP SOWNSC21 TA misV __

TEST GRID 2 COOflOINATES OF CNTER~ X 210.00. y 22.50. Z 3.00
DREUILM 00.2 --- _____________-_____

165.00 170.00 17S.00 180.00 185.00 190.00 195.00 200.00 20500O 210.00

7 5.00 1.60 1.1930 1.1530 1.139S5 1.1536 1.19**3 1.2626 1.3V80 1.7310 2.0838 55.00 T
_ _ L.-3.0"' I....

2 3.00 3.00 z

7 45.00 1.4093 1.31S7 1.2304 1.2163 1.2389 1.3168 1.4909 1.7384 2.065S 2.7770 4S.00 Y

- 40 * 0.a L.A2.00 J.39go 1.25%a? 1_209.j.._"S2.9136I I&21L.948S -2-3949 .L.93_1 40O.. 0LX.-
2 3.00 3.00 2

y 31.00 1.7316 1.4518 1.283S 1.2200 1.2840 1.4526 1.7329 2.1511 2.7459 3.5556 3S.00 V
*3.0 0 ..-.. _______- --. 3.00-L.

..-Y-L 0.00-..J..790-1 43....28.1L..i.?2....A..168. 1_7975 ...2.3165 - 3.0858 -4.1908. -30.00 _Y_.
2 3.00 3.00 Z

y 25.00 1.7902 1.4129 1.1950 1.1203 1.1953 1.4134 1.7911 2.3993 3.3474 1#0918 25.00 7
- 7__ -300.- _____ __ _ _- - _ -- .-.....- 3.00 .. __

______ -- CI -?.0ih1 .. .266, 1-0443..-..S09--.0445--.2a668A.6719.-2.3398 3.4170 5.1803 20.00y
Z 3.00 3.00 Z

v ISM0 1.3849 1.0272 .8399 .7790 .8379 1.0?76 1.3858 2.0154 3.125a Sa0m0 15.00 y
Z____ .. 3.0 . .. . 3.00 Z

y 7 10.00. .8616 .. 6226- .5277-5131 -5756 T.4....985...1*7 .2.3234 3.1662 10.00 .7
2 3.00 3.00 Z

y 5.00 .2655 .2303 .2240 .2432 .2065 .3631 .000 .74 1.2-105 1.9008s 5.0
_......z 3.00 ~ -~___ ~3.00 Z

y -. 00-..0000--..0000L ........ 000.. -0006..OOL...-.0000----....0@000 -.0000 .0000 .0000 .0000 0.00 7 -

2 3.00 3.00 Z

y -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00 v
L...3.0 0. __ 6- ____ ________ ~ .

. ---- - -~~- __ _ ------.- - - ~.. .. ~ ...- . .-.. . - -



...T5 T9-Z LPI alowmSlZ lL TY-. S7IACIN0•15_FJ TKT_ LY ___..______._.______

TEST GRID 2 COORDINATES OF CENTER X 210.00. y 22.50. Z 3.00
A----NLEI _ OF- ORM TATION ._RZ.__0.•QB-L-WE U .- 00 .

___ _ it I - - X__ -_. X_ - I -
215.00 220.00 Z25.00 230.00 235.00 240.00 245.00 250.00 255.00 260.00

y 55.00 2.4987 0.92S8 3.3668 3.41S3 3.2914 3.7264 4.0659 3.750? 3.3e"a 2.9254 SS.00 V

. vS s.0A-2ý2 .159 4-23997A0 *t
z 3.00 3.00 Z

Y '5.00 3M5588 4.4026 S.4310 S.8105 5.0093 6.09s0 7.1172 6.3526 5.4310 4.48e2 4S.00 v

_. . .._- .__40..0.-- -.2552 -- S.6063--4.6140..-. .13-.-9,40I4__.5SG .-- 7.0804 5.5526_ --
Z 3.00 3.00 Z

y 35.00 4.6067 7.0107 9.3707 11.7840 9.3151 11.2899 13.962S 11.7840 9.3?07 6.8091 35.01 Y
7 3.0h0- - ..-..-- -- . . --.. 3.00L._

...... yL 30,._.04S0.86. 8.ML92. _S2a939I --i15.8214_0OSO3l4S, A8.,6637_J5.8211_ 12.3866 8.259L .30.00. .
z 3.00 3.0f,

25.00 6.9468 9.5797 14.0371 10.6128 20.9220 22.3481 23.1906 18.6128 13.7629 .5798 25.0.
____1___-.O00___ 3.00 Z

...... 20.00 .67w66-8. 128.28._2.S9 7 , 6.31.0e42 -20.557O - 20.9903 13.1120 8.7772 20.00 V
z 3.00 3.00 z

•5.00 7.25•4 9.8425 6.9030 18.8462 23.9730 26.0030 23.9729 19.7380 6.0037 9.24 1.00 V
Z 3.00 ...------- 3.00 Z

Y--__ -Y_10.00 -5.60S6 - 8.5409110864.-.11.8629-. 14.866L-I?.0834- 15.0168-- 11.80825 11.5863 8.S408 10.00 y-
z 3.00 3.00 Z

T 5.00 2.9096 4.6825 5.5054 5.8400 5.5165 T.3019 5.S165 5.840 5.50S5 4.6824 5.00 ¥
z 3.00 ....----- -- - . ... ......... 3.00 z

Y .00 - .0000 - .0000-- .0000.--.000• -, OC 10..--.0000. .0000 - - .0000 .0000 ,c000 .00 . -

2 3.00 3.00 Z

-0.00O 0.0000 010000 0.0000 0.0000 0.0000 0.000 0.0040 0.0000 0.000 0.0000 -S.00 V__ _+3.W0 .. .. .0 Z'°+-i



*TEST 94_t P8W5 __________________-~tql~ V~J

TEST GRID 3 COOROXTATES OF CENTER X 210.00 y 22.50t Z 9.00
_ __ANGLES .OLORMITATIONORY .J •._ _OQ._.9F.0L..- - .04.-

- A -- - - A - x - .1 ---------- L

16S.00 170.00 IT.00 100.00 3$5.00 190.00 195.00 200.00 ?05.00 210.00

v 55.00 .9681 .9230 .6974 .6868 .8099 ,g241 *969e 1.0340 1.2546 1.4687 55.00 Y
___ __7 1000 3 0.0&y

_ .'L50.__ LLn .fl~fl2.a6h.38.&?123 .q .04 d 0292__.117L1-.-31iL6._ .,6003--...50,O 00. L

Z 9.00 9.00 z

v 4S.00 1.0649 .99T0 .9449 .920 .9454 .990 1.0864 1.2023 1.3539 1.7110 45.00 v

_________-40 .--- 1235-.- ----.. 951L2-.93.0h.-936-_0155 -. 24 .1,2843 1.4872 -. 744L_0.40.00.1._....
Z 9.00 9.00 Z

y 3S.00 1.144S 1.0132 .9395 .917S .9399 1.0140 1.1456 1.3423 1.6179 1.91?3 35.00 vL •i .0... . .. . . __,____

y A0.. 0L•J•- •36.L• .---. 91 - .9 0,2.T- -- 7Z - -&0 _-390.-3--13L93 -729. 62 -171"3 2.2024 -___30.00 _Y_
Z 9.00 9.00 2

y 2S.00 1.0896 .9219 .8293 .7987 .8296 .9223 1.0904 1.3599 1.7722 2.3099 25.00 y
-7 G -- __9.... 9.00 Z --

_..-y ._20 .0 0- ,9862 -_ _806 L1 .-L3& _.684_4 . --. -*8085 -__ _ 9868 -- 1.2786 .1. 7406. 2.4798 20.00 Y--
Z 9.00 9.00 1

y Is.00 .8055 .6475 .5654 .5402 .5659 .6482 .0064 1.0813 1.S336 2.3963 15.00 Y
Z _ __. 9 . 0 0 . ._ "_ _ . . . . . . . .9 . 0 0 7 . .

. .. 1O.13.156.2___.4525__3903_,31A.L --- *4508-561-7787 1.9710 10.00 _Y_
Z 9.00 9.00 Z

Y S.00 .2944 .2205 .1971 .1873 .1969 .2282 .2901 .4010 .60S6 1.0930 5.00 y
__9__ . .gO____ 9.00 Z.__

Y__ __- O. 00 __•O0 a---_o0aG 0O___00 0. -.0 00(oa .0000._-- .000 .0000 _ .0000 -- .0000 .0000 0.00 Y__.
Z 9.00 9.00 Z

Y -1.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00 Y

- ----.--- 0----....----- -- -O- ---..- +-- -



-_. -TEST 94......2A.LPI6OW4SL...J-2I8tLPACIM0.IS-PLfr L__.0-140 V PAGLA1 -

TEST GRIO 3 COORDINATES OF CENTER X 210.00. Y 22.SO Z 9.00

211.00 220.00 22S.00 230.00 23S,00 240.00 241.00 210.00 1Ss.00 260.00
-- - - -- -- - - - - - - - - - - - - . ....... -.X.--

V 5S.00 1.7623 2.0231 2.2966 2.5133 2.6906 207222 2.68oS 2.108S 2.2966 2.0231 S5.00 YZ----g-na -^ 9..0-?._

- -. 1 21 ---- 2 3_:233a2 _--n.l3 3.g923--. 3.31.34 ---- 3.o3 A.-..2..__...329.L -.. O..5 -I -..-.
Z 9.00 9.00 2

Y 4S.00 2.1&76 2.7066 3.2401 3.7458 4.1334 4.2674 4.1246 3.7434 3.2401 200066 4S.00 v

V~ ~ * A -Z393L-3409.......3.i4Z.A40&5.3S4ES.S4A~.5a4L&4oo~ .04~. 36 l oss -~40.00. - --
Z 9.00 9.O0 z

3S.00 2.42•6 3.6329 4.6744 6.1532 7.1934 7.6016 7.1918 6.1532 4.8744 3.4916 3S.00 V
... 9.00. _ ...___ _ _---Z._

-1 Q-0---2.0 •456--1,2BU_--6 a6- --. 694 9--10 .2 543- 1*. 0 11...-6951-- 6.06852. 3.8414 30.00 Y. -
Z 9.00 9.00 Z

V 25.00 3.2914 4.S372 .,5743 13.5148 16..151 10.0479 18.5.57 13.5149 8.1S66 4.8373 21.
7 .9.0a k -.. __ .... . ... _ _,_

--- 2o.0---3.861-l6.,482--.-.L3 380--21.&.L 4 4 32.1 2•2- -3 .9369-.33.516t 21.4327 ... 10. 9379 6.5481 20.00-L..
7 9.00 9.00 Z

Y 11S.00 4.3276 8.2096 IS.9613 34.2469 6Z.7413 62.4525 42.7412 32.4111 IS.9609 8.2091 IS.00 y
- -7 O___ . ..... . 9.00 Z.

-- -.Y....• --0.9376-.•• 972.2-J60563..613S-83.18829123900I.83.57 -...3..6734 -20.16431 8.5969 10.00.-.
z 9.00 9.00 Z

y S.00 2.2763 5.4360 14.7822 33.9425 47.3419 68.1537 47.3418 33.9424 14.7621 1.0880 5.00 y

L -40 .O .000-.000_ .D0ko..- 000.0-._OOo .0000--... 0000_.OOOO .00 .0000 . .00 Y__
2 9.00 9.00 z

Y *SO0 0.0000 0,0000 0.0000 0.0000 O.0OO0 0.0000 0.0000 0.0000 0.0000 0.0000 -S.00 T

2/2.-



001Io 00 0000 -
-0-0-1L0-. .- TEST-9.5 2x .EJah.DWWNQ 120 FT SPACING IS FT MIS M.140 Y,

I # 00120 LPISOWWNO 1.00 0.85 1.000

010 LIOWO0.00 0.00 15.00 "5.00 70.00

00160 LPIS0WWNO 120.00 0.00 15.00 135.00 70.000
-444 IA 0,kWN---A ft 40 0 nj Mbo ;is 4- A A 7fieflo~

* * 00180 LP18OWWNO 240.00 0.00 15.00 135.00 70.00
-nlo pi0sflwwi~n Iaif Ant 0-Oft I r% fl0 &%-n DSO

00200 LP18OWWNO 360.00 0.00 15.00 135.00 70o00
o 00210 h.peL AA-itfl . ~n 500 154,A 20a

00220 9999999999
.0fi2.au 2100 f.0 22,c aA ftsoo

* 00240 5.00 5.000 20 13 V 270.00
0An2cf 21n 00 22 50 Q1 0, An (in -0a
00260 5.00 5.00 20 13 V 270.0

* 00270 211000 2940~ sloo nft-Of 0 f00
00280 5.00 5.00 20 13 V 270.00

.4 9 909999

* 13



TEST-9S.ý A .LP±00WWH -- UB-Fl- .SEACINGA1 It- "70-.MT -0.aL0L.V____________

TEST 0010 1 COOPOTWATPS OF 4CENTCR X 219.00. v MI.Sto Z 0.0@

16S. a0 10.00 171.00 100.0 105.00 190.00 19S.00 200.00 201.00 110.00

5 s.00 306 .07 .93 270 2.7946 2.9039 3.70 313Z 3.0797 4.2126 1.0

2 4.00 0.00 z

y 4-S.00 3.5730 3.2237 3.0209 Z.9637 3.0315 3.12a? 3.5719 0.006* 4.S11 S.3261 4S.00 y

Y. . - -'0* 0. 4-. 17222. .3&LL..-3.060 1.4-.a.00a1..0-69L --- 2 JL...3a.135.-6A0 ...& --. 1317..6. 030T.- 00.00 L...
2 0.00 0.00 z

v 3S.00 3,6199 3.3450 3.0743 1.9077 3.0700 3.3691 3.0310 4.6057 5.740* ?.0056 3%.00 Y

T. 2~.03B02.&0J.f*..-.9056 .j.955L....3.ZUL...j7?L.06I b.07130--.0707 -30.00 V__
2 0.00 0.00 2

25.00 4.0271 3.3436 2.8629 2.5433 2.6119 2.0127 3.527S 0.1501 6.17S3 7.8944 21.
z--- ~ ______ -- 0.00 z

2.12_--2649 -. 41. --. L6 5.6731 0.9131 20.00 7-
7 0.00 0.00 1

y 15.00 2.71061 2.002? 1.6270 1.1279 1.6100 1.0210 2.4466 3.0471 4.4541 5.-4901S 15.00 y
______ _______-.. ______ ______...--- -- 0.00 Z.

_____V.... 10 3207 A.1 0<.fk ...0A660-.1..3SZ..-IA3Z91-lAJ? L52 1-.4229 -2.9439. 3.5549 10.00 1.t.
7 0.00 0.00 1

v 5.00 .8320 esq' S?733 .1070 .1733 *6196 .3322 1.1164 1.3902 1.7271 5.00 T

-no - 80 - 01 .. 0000.00ot...OooL. .0000--.46000 .0ooo .0000 0.00 Y..-
2 0.00 0.00 *

y -S.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -1.00 Y



TEST $RID I COOmOIw&111 or CENTER 9 210.009 y 2.10.S Z 0.0o

ZIS.00 110.00 131.00 230.00 231.00 240.00 245.00 230.00 211.00 200.00

7 ~ ~ ~ ~ T 110 .9' .7? 130 .99 077 .072 .7? 0.909 S.341f $.7) Seca0 v

SS.5 0 Se:; .273o.;; ;27: 0oo .7

--S 0.003.74 30.002

!.*a10 0.1)70 6.4310 a.9964 9.4010 10.0074 10.9171 10.004 9.4050 4.0111 0.7910 41.00 v
_A A a--.- -___

2 0.00 0.00 Z

v 31.00 0.5060 11.00SS 14.411) 13.0223 14.3140 11.011 14.3109 11.6476 11.17?9 902113 35.00 V

2 0.00 0.00

y 2S.00 9.414? 10.4039 11.0392 12.11241 12.63179 15.1743 12.A157? 12.39?4- 10.i04 10.4030 21.00 Y

- .Y- 0.0 __.4__ 10.05120 9.6000 20.00 7.
2 0.00 0.00 z

7 1.00 6.0312 7.1025 7.400) 5.6310 0.067e 7.9041 7.0717 SA031 7.0610 7.S142 15.00 i7

.10.00-~ 4.65 428--7412 47 - 4.0001 3.0917 40.64% 10.00 y
r 0.00 0.00 2

Sec.0 1.9414 I.6121 1.739 2.3594 3.3132 3.60141 3.3132 2.3596 1.7139 1.01S21 1.00 Y
0.________ 0 a-- - .0.

_044-200- .0004. -- -.0000- .0000 14 000~ .00 y
2 0.00 0.00 Z

v -1.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0c.0000 0.0000 0.40000 -5.31 7
- .... naa - --- -- * ---- - - -. 0.00.Z-



TEST 6RtO COORDINATES OF C!%Ttfl X 210.00. y 22.30, 2 .0

-- ~ ~ ~ ~ ~ ~ ~ ~ . ......._ ._________....L.. ........... .... ..... .... J........

y 55.o0 2.6970 ?.SS00 a .4763 2.443S 2.4774. 2.5500 2.7001 2.891s 3.k343 3.4423 50.00 v

2 3.00 3.00 2

y &S.00 3.0942 41.8002 2.0514 2.0010 2.0522 2.4000 3.1006 3.447? 3.9770 4.6144 45.00 y

~ - 4.790 7.30423-- 30.001L-
2 3.00 3.00 2

302.00 3.3911 2.7005 2.027. 2.520?6 2.0190 2.S09? 3.33064 .0915 IS..a11 0.7173 20.00

30.00 -.42 2.1h.- -.ZL23424L. -.52.~2S.4~3 534 .' 30.00 Z~.

1 3.00 3.00 2

5.00 2.3031 1.6?10 1.36331 .2.107 1.1310S 1.0097 3.061 3..2?1 4.52 7.11 2.

7 3.00 30

v 10.00. .71.01 1.120.6142 .S362 9Silo .5 10 L.6.L12~.02-..143 .32 004 .2507 .0070 10.00 y
z -3.00 -- -3.00 2-

1 7 . --. 00 .0000 ..- .0000 .40000 .0000 0.90 1
2 3.00 3.00 2

-q.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.04.00 -.50 7C -



TEST GRID 2 COORDINATES OF CE4110 X 210.00% y a2.50, Z 3.00
- AN0.~5.LA*1a~JON. -NOR&.- .04".EI*L - O... Of,0

21.0 20.00 225.00 230.00 23S.00 240.00 2.5.00 2%0.00 ass.oo 260.00

S 5.00 4.136S 4.3716f9 4.49u? 5.,05S7 000 .775.:21: T-2;0; :;04:0 55.400

2 4 3.00 3.00 2

4So.00o S.5771 7.1072 7.S190 8.1080 q.4321- 9.60?7 q.43244 6.1066 4.903S S.4721 45.00 y

z 3.00 .3.00 2

y 35.00 7.S615 10.4047 14.5502 14.S794 16.860? 17.9S91 16.46ai 14.113Z 11.2%76 9.012is 35.00 v

~ ~20.8?71, -. 16.013S -. 14.0?34 11.0544. -30.00 LT-
2 3.00 3.00 2

V 25.00 11.0600 14.2050 17.9732t 22.3309 21.660? 24.346? 21.0007 16.61472 15.6555s 14.2950 25.00 1
2 3.00. --. -. 3.00 2.

-Y 20.00 -3.49 1140.4 0.05.16'91.77.3S06.627 10.9083 16.3635 14.450? 20.00 Y.
2 3.00 3.00 2

ISM5.0 9.5709 12.2925 14.3596 14.566e 13.5054 14.5895 14.2669 &SiS5 W. 143594 12.2995 15.00 y
-- 2 .00 3.002.

y 10.00 - 6.561.-- 640t62&23.760 L.9 .. 6 L6. 30 9.7612 9.2544 10.00 V.
2 3.00 3.00 2

y 5.00 3.1169 3.5178 3.6417 3.9304 S.7319 7.GO&? 507319 3036]4  3.4417 3.S37A 3.04 y
2 3.00- -______ --.---.- 3.00 2

Y. -V-. 0--.00-.00.00-...00 -C.0000.... .0000 __....000 .0000 .0000 .0000 .00 y
z 3.00 3.00 2

V -5.00 0.0000 0.0000 0.9000 0.0000 0.0000 0.0000 0.0000 0.0600 0.0000 0.0000 -5.00 V

217



TEST 6000 3 COORDINATES OF CENTER 1 810.00, 085.800

00.0 170.00 175.00 100.00 185.00 000-.00 -10S.00 8200.00 205.00 810.00

V 55.00 1.006? 1.8800 3.0334 6.01 .38 1.;;;7 1.08 808 .21 8300 5$.00o

8 900 .00 8-

4 5.00 a.2275 1.0311 1.9196 1.808? 1.9205 8.0385 2.8929 3.4646 2.7400 3.133S 4.5.0 y

l_30__*9M_6___-.06 3& -46..00 v--

8 9.00 9.00 8

y 35.00 8.3850 2.0316 1.6521 1.7944 1.6520 8.0329 0.327S 1.7760 3.39940. .4k.141 33.00 Y

..-. YAOOOL-.84..A90....L.3L.... 1 QA -. 730- 169&14- -.8.VO .8619- 3.600S 4.780 .30.00
7 9.00 4.01

as.00 2.1103 1.7333 I.S470 1.450. 1.527% 1.7363 8.1110 2.7316 3.7004= 5.03 85Wi. 0-0 y

_ _ ...2.800- -1.61660 1.43511 1.226", L.021--1...A.347 --1.4365. 1..147 --2.4474 3.5141 S-2434 80.06 v
7 9.00 9.00 2

y 15.00 1.4971 1.0672 .927? .8660 .9279 1.0477 ..39?8 1953 .90 4.7760 15.60 v
7-. 9.00-4 .--..-.--- 9.00 2

104 ~ 0?~-.904. .?.?066.. .-.9430-.-.30 l.9S31 3.3?60 00.00 v
8 9.00 9.00 2

y 5.00 .5571 .4338 .3707 .3509 .37Q? .4333 .5573 .7790 1.170- -1.9800 5.00 V
z 9.00 . -.------- - ----.------ -- 9.00 Z

'r -.00 - - .0000.----.a0400 00.a-.. --. il000a---.....Goo00 ..000 0000- -..0000. .0000 .0060 .0000 0.00 Y
Z 0.00 9.00 z

V -0.00 0.0000 0.0000 0.0000 0.0000 9.0000 0.0000 0.0004 0.000 0.000 0.0000 -1.00 V



TEST epic 3 COOPOoNorES or CENTER x 210.00. V II.soo a i.90
______- AhI0~. .OF..ORILWrAT ION-ORL -. 0 s *s-EJ 00

115.00 U10.00 225.00 230.00 235.00 240.00 ZS.00 I50.00 I55.00 240.00

2 .00 ,;:: :;:T:: T ;T N :T: ;; ;;: 9.06 v

2 9.00 9.00

, 31.00 5.0936 6.0294 ?.6133 4.3929 11.0605 12.3449 11.0645 4.31,%g ?.0413 4.0194 35.00 y

2 9.00 9.00 1

y a5.00 7.18761 10.0439 14.@103 20.4536 2448617 29.0546 2%.21? 170703 13.4715 10.0439 15.00 v

7 9.00 9.00 Z

7 1.00 6.1106 14.5900 27.41074 47.6124 60.2172 06.3113 71.1604 45.5640 27.2074 14.5900 15.00 Y
9.0 9.00 2..-

.. Y 1.0.00-..6.4820 .13.4524 -30.3634...7.36 - 73.2126-...93.444S -606.9674 57.0300 31.7464 10.3b30 10.00 7.
7 9.00 9.00 Z

y S.00 3.S216 7.0688 19.6835 33.4617 U1.6916 41.2399 32.6914 30.0044 22.2b63 7.060a 5.00 Y
2 9.00..-. - . .---..--.. . . . -. 002.z

y .00 - .0000 4 . 00400..-..04000-6--0040- -. .0000 -. - .0000- .0000 .00004 .0000 .00006 .00 v
Z 9.00 9.00 2

V -S.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0,000 0.0000 0.0000 -5.00 v



-00100 0000 -

00110 'rEST 96A Ix 400W lIPS 80 FT SPACING 15 FT MTO
M 120 - M40MW08 IST-
00030 9999999999
-rW 140 HS4 0wiM-Wt 0000 0.00 ISM0 90.00 #5O000

S00150 H.S400WMWE 80.00 0.00 15.00 90.00 60000
00160 M-'S400wm4tWETfT~.O0 0,00 --- 57. d 90.00 '9.06--
00170 "S400OWMWE 240o00 0.000 1.00 90.00 60.000

Tlf80 - 4S400WP4Wt 12 060 0.00 15 .o o6 -Tr 601 T0 00
00190 9999999999

00200 10.00 .. W 00 0,00 0.55
S00210 ______ 5.005.0 10 15 v 270.00

S62 26- -14 0 0-0 0---2 2.S0 -G6t
00230 5.00 5000 10 is V 270.00
-MO- -o - O-.0- 27 9 7o00
00250 5.00 5.00 10 Is V 270.00O

006 -f 777 -g - -



__ TEST 96A Ix 40IJW _ PS _ 0 FT SPACING 15 FT MTS PAGE 4

ANGLES OF ORIENTATION mORZ 0.00. VERT 0.00 ___

• x ) I 0 ) k x x x
- 10.0' i~.01300b 39.0 10.0-1..00 15.00 ThsS.o0 -- 160.00 16S.00
y~Etj'7I3rI~11 .Th~ .1U1324 2'Tr~l 64~aT0 2.*9687 - 2.9650 6070 F7T

Z-_ 2_ 0.00 _____ 0.00 Z

____ Ss.0o 3.02S2 3.1736 3.4738 3.668? 3.a608 -3.8961 3.6671 3.7564 3.7469 3.7564 59.00 y
S- -0.00 -- . '' ' "- - - - 0.00 Z-

'v~o70T!102~29 3.0603 4.1165 4.4b?15 6.1095 8~~4pr1.6274157T

__. ...... Z . 00.......... ANGLE ___0 ___NT _T ____ H ____0,00, V ___T O,_ _ 0. 00.. ...

y 45.00 3.4220 3.4231 3.6921 _4.91 79 5.2404. _5.3461 _6.1430 _6.33G0 6.4019 6.3291 45.00 y
. 0... -- 0.00 Z.

--- 0--.00- -- -9 3.6366 4.69-4T--- 7.137 .-T2T-r.Tr3-6 -$;3t22-'- 8.1720-46-'rY---
z 0.00 0.00 z

S 35.00 2.9442 3.3104 3.9145 4.3600 6.7396 0.2983 9.9066 I.74 11.2374 10.9023 3S.00 Y

30.00 2.2264 0.00.94 4.8477 6.5-64 10.141 .T
z 0.00 -000 Z

2 2S.00 1.@604 1.9730_. 32.6427 4.7451 6.5913 10.7294 . 1.59746 10.7807 19.0911*0 19.387 25.00 Y
Z 0.00 4,00 ---

v 1jo7f6 . 9850 1.2400 -1.*6691
z 0.00 - 0.00 Z

y 15.00 0.0000 .2106 .8097 1.9684 3.4079 9.0263 14.9339 23.3506 19.9225 23.3906 15.00 y

Z . . . 0 ; b . . . . . . . .. . . . . . • 0 0 " Z - -

z o.oo- ... 0.00

y T0.00 1801.0000 0.0000 0.0000 1.39746 3Og .52 7_1 .7807 9,9139.ITT80
Z 0.00 0.00 Z

Y 5.00 0.0000 0.0000 0.0000 0.0000 0.0000 79 0.0000 1.8250 S.2354-- 2.6596 5.2354 .5.00 y

Z---0.800.... 0.00"2---

z 0.00 0.00 2

v -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00V
-.. . .z -- o.00 ......----.--.-------..-,00". - - - _ --_ .

Y -10o00 o.o-e-O'o 0T01000 oooT'--"0ooro 0.000 0.o0ooo o.ooo---;obO--O;OoGT0--0'Too"'•.-orY'-"
_____ 2 00 _____ ______ ___ ooo . ... .. 0. 00 o 2o~

S . . . .... . . .., ... , I n I I I I - I 2 2 4I



____ TEST 96&._ 12 400W _APS~ 60 FT SPACING IS FT MTG PAGE 6

ANGLES OF ORIENTATION MORZ 0.00o VERT 0.00

12o.oo* -' 2S.0oo7T3b-.o1 -'3T'6-T4.0-4o aso'.Oo----Iss;oo, - 160.00 165.00 -

V60 .0o-0 7- ~59T s - 2.2425 2.*28S6 - 61.OUr-______ 2 3.00 - __- - -. 0 2
___ Y 55.00 2.6930 2.9380 3.1162 3.2517 3.3943 3.3609 3.21S7 2.9115 2.6507 2.9115 S5.00 r2 3.00*~ 3.00 T-

V - 500 30.~ t~ 3274 3-.696--3."433 4.0893

__ y 45.00 3.1593 _3.20.&0 _3.4S3.9'e9 4.66.48 5.ý1257 S.Z 9' 5.1280e S.0749 5.1280 45.00 TZ 3.00-- 
3.00 2Z

V 40.00 3.210T -l.21Z .9 T4 374 -F.-613 r WT- iV1-V4 121 7a& ?7.0902 0 Yorll-ro-O y--_____2 3.00 
3.00 2 _

y___ 35.00 2.6225 3.1326 3.7237 4.4867 5.5152 8.3234 9.4379 _9.9679 10.1559 9.967fj 35.0^ y
y 30.00 7 6 ___42 3.00

______ 25.00 1.9286 2.0312 2.7184._4.9338 6.8537 11.3121 _16.7865 21.068S 22.6097 21.0665 25.00 Y2 3.00 -
3.00-Z

3oo T.n5 IZT 1.67 30145 7 * 1 7'r-T-M 1 03 1.IT-2~1f~ 0 y_____Z__ 3.00- ____ 3.00 Z

I 15.00 0.0000 .2?24 .96667 P.1666 3.9228 11.1141 20.3551 35.6712 37.3834 35.6712 15.00 y7 3.00 ~ 3.00 Z-
Th op 0.00 0 0.0066 0.0600 0.0000 1.6594 5.0249 IS740.00 V

Z---_ 2 3.00 _______ ------ 3.00 Z

5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 2.8768 9.8512 5.3451 9.8512 5.00 V2-J 3.00 -
3.002z

o- .0 650 .0000 0.0090 000
Z 3.00 _ _ - .0

____V -5.00 0.0000 0.0000 9.0000 0.0000 J.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00 y

y -10.4 0.0000 0.000 0.0000- 0  6.0000 a~ou 0 i~u
z___ Z 3-. 00 _____ ______ 3.00 2



41

TEST 96* IX 400w MPS 80 FT SPACING 1S FT MTG PAGE e

TEST GRID 3 COP• I-N TFS OF CLN •LR A iO O." 2 7 51 0 "
ANGLES OF OIIENTAT ON MORZ 0.00. VERT 0.00 .....

-o -,iso.oo.ss.Oo 1o0o.0 165.00

Y i ,i33l 2•7I 75I a•S 2.3010 9.riuw 179Sr61;158a .6104 1.6580 6016- -v

z 9.00 . a.00 z

__ Y SS.O0 2.3912 2.3927 2.4632 2.537S 2.624S 2.5134 ?.2904 1.9114 1.8210 1.911 5so.00 V
2 9.00 - . - . 9.00. .

V 5000 2.4954 2.5373 2.649G 2-.8147 2.9.08 2.9609 e.T 1 2.01 ,.Z733 • 2 .1
Z* _ 9.00 . .. . .. ... 9_ _.00 2_
Y 4S.00 2.S942 __.iS8S , 2.378 3.1346 3.4268 3.6023 3.4171_- 2.7796 2.5053 2.7791 4S.00 y

. .Z 9.00 9.00 2

y't 1r~TI)0327T4 ~.67z(W3.nr ---s r 4o.371• 30.uS4S- - 3.0320 -- 3;• r• u
. . Z 9.00 .... . .... .... 9,0_0 z

Y 35.00 2.5000 2.6727 3.1213 3.8398 &.7944 5.6256 5.8355 4.852' 3.926S 4.8523 35.00 Y
*z b.0 " _909-

_Y 30.00 "'4' 2.4472 3.0975 -. 0485 *.45aL 6 '?3 r 4 "-- 9 0" -- yor -- -r

V ;25.00 1.9370 2.0436 2.S _T_ 47 _ 3.9284• 6.0310 .. _9.3_775 ..13.222 _ 14.2S44 13.0435 14.2544 2S.00 Y
Z 9.00 9.00 Z

, 20.00 1.0231 1.3191 1.8467 3.1091 6.4214 10.9271 o-
____ 2 9.0 __ __ __ 900_2

S1.;00 0.0000 .2236 .922S 2.3942 4.5360 12.7428 25.8121 50.2844 58.9736 S0.2844 15.00 v
z 9.00 9.00-20-

y f.0o 0.040 C-6000 0.0000 0.*0000 9.0376 T.0668821d565T~39u~51.r

______Y 5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 6.6377 61.9192 71.8949 61.4'19)Z S.00 Y
2 9.00 9.00-Z

Y -,ooU0,00 o. .0 Mo 0.0600 o .0006 0----0 0. 0b 0. 0 o-
z 9.00 . . . . . . .9.00 z
YV -5.00 0.0000 0.0000 0.0000 .0000 C.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -S.00 Y

-.--- - - --0 .-.. ... .......--.- _ _ -. ... 9 O0z

V -10.00 O.0705 0.0000 0.0000 0.0000 0.0000 0.0006 5,000 o.@D U " i -.T o 6-0 - 0 -T"6•- 0O -Y
*. .... . z _ 9.00 . . . .. ... . .. _,oo z

3i.. _______ .2 _.P........ ..



t•---o-So o-o
00110 TEST 96B IX 400W HPS 80 FT SPACING 15 FT MTG
00120 MS40OOWMWt 0085 08-- 605 -I00o

00130 9999999999
00140 HS400WMWE 0.00 0.00 15o00 90.00 60.00
00150 HS400WWE 80.00 0.00 15.00 90*00 60.00
00160 HS40OWMWE 160.00 0.00 15.00 90.00 60.00
00170 HS400WMWE 240.00 0.00 15.00 90.00 60.00
00180 HS400WMWE 320.00 0.00 15.00 90.00 60.00
00190 9999999999
00200 140.00 40.00 0.00 0.00 0.00
00210 5.00 5.00 10 17 V 270.00
00220 140. 40.0 --03.00'
00230 5.00 5.00 10 17 V 270.00
00240- 140.00 40.00 9.00 0.00 0o0

00250 5.00 5.00 10 17 - V 270.00
0026fl 9999999999

0
4i

Ii

I,

:0

...



lEST 9f.0 I1 4008 UHPS 80 FT SPACING 15 FT '470 PAGE

TEST GRID. I COOPOINATFS OF CENTER4 X 140.00. -y, 0.00. z .0

-- ~~APIGLESOF ORIENTATION MORI 0.00. VER.A 0.00 _________

r- 120 -Go 1i25.00 1f30.01b 1'35;.O00 i40.0 0 -- 14 oStb. 0 155S'. 00 -- 10.6 165.'00 - -

v 82.50 2,0i685 2-.0834 2.05io2 1.909 1.9046 17r.79-11 I48 1.63" 00A6 ~~~~uI7
e7 __ 0.00 - _____________ _________ ___ 0.00 2

_____V 77.50 2.2930 2.2637 2.247S 2.1971 2.1127 2.0062 1.8442 1.6910 1.6690 _1.6909 77.50 y

V 70.50 -2.5103 -2.4890 2.4726 2.4494 1-.3669 .77 2.0 1.9193 IM~04 1.919Z 12.0

* .2 0.00 _____ _____ _______ ____ _____0.00 2

y 67.50. 2.7050 2.7274 2.7264 2.7501 2.6918 2.61S8 2.438S R.2394 2.2337 _2.2394 67.50 v

* ____ _ .00 __ 0.0

y 7.50 2.9871 .3.0056-3.3300 3.4692-.-3..5935 __3.5623- 3.4867 -. 3.3363 3.3241 3.3363 57.50S V
*7 0.00 0.00 z

* - -7 0.00 C.00 .2

- ' 47.50 3.3000 3,31576._3,6966_ 4,3695 - ..019Z 9,52339 5.4322 5.5*60 5.6005 5.5447 47.50 y
2 0.00 0.00 Z

V-2.O .43 1i368 4.6116 -"-2ob.00 9TT~f7 25 SO
C,7 .0 0.00 2

yV 37.50 3.2642 3.4709 3.7590 4.6879 -6.611IS 7.0069, 8.7568 9.3996 9.6157 9.3981 37.50 'v
z 0.00 0.00 z

- -32i .sb---F.- Dr .0~ .~ 1 6.7o9 tUf .25T.62 325 2.7641732-5Ur

v 27.50 2.0688 2.230a 3.3462 41.9718 6.2776 _10.8197 14.1735 16.7484 17.5650 16.7%84 2T.11i0v

z 0.00 04

76 .5oU1IT 64 ?.31 2.5464 21';0360--22 .SUGv
* 1 .. * 0.00 0_____0.002

y 17.50 _ .4074 .65 .37.53 4.9S47 9.6715 17.6521 23..3301-21.960S ?3.3301 17.50
z 0.00 -- 0.00 2

____0_0___0.00 2

? .50 0.0000 0.0000 0.0000 0.0000 0.0000 __1.7270 S.3418 8_ .3860 4.1162 8.3060 -7.50 Y
*Z 0.00 _ _ 0.00 1



TEST 968 IX 400W MPS A0 FT SPAC14G 15 FT M4TQ PAGE__

TEST GRID 2 COQTAF FCNE 4.0
* __ANLSOFORZIENTAtION HORZ 0.00. VERT 0.00

Y ap.50 1.9316 1.9?mb 1.9123 1.84,20 1. 7svf4 1.65V1 1.50T5 .a9 131 .JM 25
* 7 3.00 -_______ ___ ___3. 0.09

y 77.50 2.1147 2.0937 P.0783 ?.0237 1.9296 1.8096 1.6319 1.46e2 1.4S73 1.4621 77.50 Y

y 72.50 2.3054 2.2m6e. 2.2644 P.M56 Z.IZZa Z.006k 1.79US 1.554 -T.S5o -Ts~
* L 3.00 ______________ .--- 3.00 2

67.50 2.4810 2.4q05 2.4139 Z.4611 ?.3700 2.249' 1.9669 _1.6997 1.6848 1.69fil 67.50 v
* Z 3.00.0.c 1

e. 6.3!rT.'6-4-9 2.6193 206 2.'7I 33TE.31 2.96e.5fr-Y

r 7.0 .81?6 Z_ .9524- 2.9017 3.0719. 3.142?a _3.0621 2.8e29 2.5690 2.5184 2.5694 ir 'a y
*7 3.0 0 a z

'52 .SO 15 A7T~ 3.21 W8?55i93 .i 1T-1228 -32534 3.*3230 - 2 .SVY
* ___ 7 .003.00 z

V47.50 _ 3.0767 _3.1478 _3.402? 3.9121 o.2746 4.64 .6185 '.4111 4.3497 4.4104 41.50 v
*7 3.00 3.00 Z

Y 42P.3.-T9606-7W 6-0053 AZAO0T
.-23.00 3.00 r

y 37.50 3.0516 3.Z489 3.6078. 4.467 6.8 . .?4 _.97 .25 @. l .2t 3.S Y

7 3.00 __3.00 z

y 21.50 2.1143.. 2.2A16 3.3466 5.10 05 6.43.44 11.15S9 14.6069 17.?261 18.1512 17.2261 27.50 y
*7 3.00 3.00 z

22.0Ynr.615 2.1312 -.1 .67-r:5-6-1 ki62.76532614 24.7653 2.0y

2 3.00 3.00 z

Z 3.00 3.002

y .00 04000 .00 00w-7a01 ..Q.0000-~3 2.37~E6157.8918~-~.5t29 33.au19 i71S277 320 Y-
z 3.00 3.00 z



TEST 968 Ix '00w M4PS 80 FT SPACIN IS 1F t MT0 P____ AGE 10

ANGES P R!ENTATjON .IopZ 0:.009VC vENT 0.00 ______________

12o.boo 12.d-1 YO.l06 I is O- - bo1 o -o -14S.060- ISO'.00--155.00 -60.00 164.00 a

y 82.50 1.5654 1.SR7?S 890 1.5337 IMP71 1.37A? 1.61 1.69
7 9.-00 _________________ ________ 9.00 Z

-- V 77.50 1.7318 1.7I.46 1.7182 1.6792 1.5 43 1.4911 1.3586 1.2329 1.229? 1.232A 77.5 v
1 9.00 -- -O-

9 72.50 1.8667 1.864S 1.8621 1.8359 1.7378 1.6331 1.47136 1.3076 1.3051 1.37 .5Y
7 9.00 __________ _________.0 Z

____ V 67.50 2.01 9 2.0211 2.0212 2.0191 1.9255 1.8098 1.6222 1.4136 1.400S 1.4136 67.50 Y
7 - q9.00* 9. 00 2-

T1T219wi 2 97* 2.1760 2.199 z .zoay 2.1623 . 3 rI 5 rr r2 1 u7s- -
- Q.00 -- .-- - -9. 00. 2

____ 7.5f0 2.3117 _20194_203692 2.422S _Z.4570 2.3252 a .1070 _1.?771 1.7070 1.77*) 57.S0 I
7 -9.00 

90-.

- 2.S- -. 3 2.4 Ot66 2.5544 Z .b~ Molr 2.7Ty ---i Tf7 T1. 90 2.-0 3 20
7 _9.00- 9.00~ z _

-____ v *7.50 _ 2.5379 2.6122 2.74*6 2.9790 _ 3.181.7 3.2520 3.06*4 2.5014 2.3007 2.501? 41.90 y
z 9.00 9.80-2*

v 42.50 1839-2 E. 6 2.9303 3.23 W.'I 4021 38. J1213*124
-. -9.00 -9 .0044

____ 37.50 2.5868 2.7201 3.0136 3.6561 4.4333 5.0219 S.0133 *.1044 3.1#190 4.10*3 37.160 Y
7 -9.00 9.00 Z,

- 7-9.00-90

V 27.50 R.1039--2.?A*7 Z.6833 4.0&93 .5.78*S68.4128 10.69ZO 10.5981 9.29811 10.5961 27.50 Y

V 2.W.44 1.7458 937 ~~T
7 __ 9-.00 9.00

y 17.50 .4121 *6752 1.6108 2.7738 5.6450 12.1209 _24.4418 37.0890 40.2114 37.0050 17.50 y
7 9.00 9.00 r-

v--irM7 "6oO 0.6400 ;2094 1.3224 115. .5614 i,27 W-M.TrEIU0 38r076-TT*I01T.IF
-. 2 _90 9.0902

v 7.S0 0.0000 0.0000 0.0000 0.0000 0.0000 3.4668 14.6911 61.42.04 149.533S 6 1.4204 7.50 Y
2 -9.0o ...-. .. -. - 9 .0T



S 00100 0000
ft0410 -T ST 92 1 SOM ML..6Fl...IFTS2ACT Nta IV% FT MIfiI99.V

0 00120 HS2soWMWE 1.00 0.85 1.00
(in 130 QQQQQOQQQQ
00140 HS25OWMWE 0.00 0.00 15.00 90.00 60.0

0 00150 p52m5wMWr •nnn nAnn sln0 ffnt 6njQ.,a.
00160 HS25OWMWE 120.00 0.00 15.00 90.00 60.0
a 007o SP.SMWC 10n no n.nfl0 QA-0n &004

* 00180 HS25OWMWE 240.00 0.00 15.00 90.00 60.0
Anlig QnQQQQQ

00200 105.00 22.50 0.00 0.00 0.00
001 5.10 %,onn inn 13 v ~
00220 105000 22.50 3.00 0000 0.000t230 c ,nn 5-00 10 113 v pTonA

o 00240 105,00 22.50 9.00 0.00 0.00

00260 9999999999

V



TESt GRID 1 COORDINA(ES OF CE~.rER x 10.0.&V2.Sao 0.00

HS.00 90.00 osm0 100.00 I14.Oc 110.00 11S.00 114.00 12S.44 130.40

5S.00 3.0029 3.0723 3.10029 2.90S 2.30 2.0 2.27;1;? 275 .10 2so 50

2 0.000.009 2

~~ . 1~.3410- 3.4403 -.. 0.00 f....

7 0.00 0.00

T 4S.00 3.6033 3.01721 3.661S 3.9179 1.1830 403171 4.1901 4.11021 -.Ilse 0.3100 41.004

________~S*303 5.1__3_ 4___________-0.00

Z 0.00 0.00 1

y 21.00 3.8833 3.872S 3.84S1 ..0901 S.0022 6.121.3S?? 3.04 71.990 61.93?0 6.1642 21.00 T

- ~ 3.000 1.000 0.00. 1.

2 0.00 0.99 z

'V 15.00 3.2610 2.9701 3.3002 2.9050 6.4012 0.9060 11.3636 11.9196 11.0101 6.9000 01.00 yV
*.- o .-...-......-. .- 0.00 L.

'V- 1.0. 3002 .13340 11.0111 10.00. 'V.
, 0.oo 0.002

'V .00 0.000o 0.9000 1.6001 0.0990 0.00 1.0910 3.$4 146105 11*910 3144105 31. .0'
_____________________ ______0.00-z

y.-.--V.-..0. 3.0L-.0g.~-000~.@00.*00-.000 000 .0900 0.0000 0.0000 1.00 V-..
7 0.00 0.00 1

'V -1.06 0.0000, 0.0000 0.0000 0.0000 0.4000 09.0000 0.0000 0.0000 0.0000 0.0000 -S.00 'V



TEST 6310 a COONOINATES Of CENTER X 105.00, Y P2.10, Z 3.00

01.00 90.00 05.00 100.0: 101.00 110.00 110.00 120.00 12S.00 13-0.00

T8S.0 2.60 232 2.06 .61 2.761 2.4327 2.1102 R.151I1 .9101 2.4326 11.00 v

2 3.00 3.00 Z

v 4S.00 3.3673 3.1920 3.3670 3.56S7 3.6909 3.6304 3.4667 3.6050 3.4667 3.6312 4S.00 T

.40.OL0-..3.6172 ..... 3A.....~L..1.L kA8.-462..*61..-4.65S*1 4.6S10 4.6221. - -- 40.00 .-
2 3.00 3.00 2

V 34.06 397121 3.6361 3.7137 &.5444S .4477 0.0302 6.3071 0.5172 6.346* 6.0709 3S.00 V
-- _______..- -.. - -3.00 Z-.

.741.0379L.2.U 3.?gLz - -5LA~1t ...0. -.... .9315 -a.S0 alas 9. 1205 8.0171 7.4331 30.00 V.
2 3.00 3.1^ 2

v 2S.00 3.7144 2.6?03 3.7106 4.0630 7.1193 10.2681 12.7438 13.624S 12.74?1 10.2706 -a. 20..
- Z--.u3f - ___________ .- 3--..00 7.-.

7....2.01..2469.L120.2.6OL....&00...&?14...-1271 -1.7.4111- -18.471M 17.0111 12.7547 20.00-y
2 3.50 3.00 2

' 11.0 1.433S 1..1365 1.4270 2.337? 0.664' 12.2131 21.2428 22.430S 21.2420 12.2131 11.00 y
- -Z__ __________.04____ - 3.00 L-

7 3.00 3.00 Z

0 .00 0.40000 0.0000 0.0000 0.0000 0.0000 1.7262 4.9116 3.2066 S.9114 1.7396 1.00 v

-- ~ .~~.______-- ~ ----. 00 .

2 3003.00 1

7 -S.00 0,0000 0.0000 0.00004 0.0000 0.6000 0.0000 0.0000 0.0000 0.0000 0.0000 1S.00 7
7 %-Ad .... 3.00-L___ -



TEST saln 3 COOPO1NATES Of CENdTER X 105.00. 7 210 9.00
- - ~~~~ANGLL.OE& ORMINX 1tAXJM %fR.L.... .- f -1*A.I-AL......0Af

01.00o 90.00 9S.00 100.00 105.00 110.00 115.00 120.00 121.00 130.00

11.00 2.12 211 .12 214 .0' 1.7096 I.S33? 1.4660 1.1331. 1.7595 15.00 Y

y 10. 00 2.06 0ZSL.G.. 2.6.6IRGIG 2.660..67% 202 1)3... 1.*700.6 2.467 45~.00 y

2 .00 9.00

7 5.00 3.0700 2.593% 3.6071 3.4120 3.0000 3.4070 3.3205 1,0410 3.30201 .4000 41.00 Y

30.4:..-~- -.ta? -50?..-.0? S.072*- 3.96 30.. .00 y.O

2 9.00 9.00 2

v 5.00 3.07001 1.0934 3.0122 3.4190 3.0129 .006.01 4.17 *4S 742.70 3.3011 3.1930 31.00 7

2-7 . 9.00 9.00 Z

4 - Y 2.o~.50.-~.10--.49-.1U 0.000....1263634-.41.423 -16o4410 15.9423 12.3030 20.00 T.

2 9.00 .00 2-
7 11.00 1.5707 1.099s 1.1612 2.7210 7.0452 11.4672 30.1711 31.3831 30iiii 1147 1.0 7

- 000~.3S1.0346- 74.1909 S1.0340 17.21006 10.00 .7
2 9.00 9.00 2

S .00 0.0000 0.0400 0.0000 0.0000 0.0000 3.9027 37.1490 43.1390 V7.1490 3.7940 1.00 v

Y. 4.0000000.00.000 .0004-4.2000.-4.0040-.0.0000 0.0000 0.0001 .00..YJ.
2 9.00 9.00 2

v -1.00 40.000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0040 0.0000 0.0000 -5.00 1
a n ________



00100 0000
D400 ..1..TEST GA 2x hSf'ZAwMWP 120 FT SPACITNG 1% FT HIS v41O

00120 HS250WNWE 1.00 0.85 1.00
nni%0 999QQQQ@Q9Q

004 S250WMWE 0.00 0.00 15.00 45.00 70.000
QA% 08150 W2.wMr 190.00 n.08 I~0 -An %0 70.08
00160 I4s2s0wmwE 120.00 0.00 15.00 135.00 70.000
40120 NS2.1LIWMNW! 2j&.*....090 15-00 £A.fl0 78I.00

S00180 NS25OWMWE 240.00 0.00 15.00 135.00 70.00
00100n h4g9rfWMWP 1AAA-no 0.08 -1 C%.0 &ck-n0 70.0A
00200 NS250WMWE 360.00 0.000 15.00 135.00 70.00
Gofl,10 UHS25O.kiM~W &Afl0 LQu' 150 i-G na

00220 9999999999

S00240 5.00 5.00 20 13 V 270.000

00260 5.000 5.00 20 13 V 270.00
pd'n 220,8; 210n A-60 a7 nf n.8OQ ~

00280 5.00 5.00 20 13 V 270.0
-.0.0..9. 9990009909

M



TEST GAID 1 COQ'JOINAFS or CcNrtp 1 210.00. Y HM.50 2.0

10i5.00 170.00 175.00 180.00 105.00 i90.00 195.00 -- 00.50 245.00 210_.0a0

Y 5s.00 2.03 .42 1943 1.9512 1.9755 2.0474 2.1067 23A .29 272 50

z 0.00 0.00 2

'54.00 P.4107 2.2?25 2.1124 2.0761 2.1133 2.2243 2.413% 2.6014 3.02149 3.4314 45.00 V
-- _______ .tft ....-...... p....

-- __- y - 6.0 3.3003 .3?0694 40.400. V_
2 0.00 0.00 2

y 314.00 2.5549 2.2741 2.1119 P.0540 2.1127 2.2755 2.55?0 1.9754 3.4.20G 4.0520 3S.00 V
____________ ______ - .. . ~. . ... 0.00 L....

- *... ~2.0445-1.9057-- 2.00%1 .-..2.8b2 -. SRA520.....9&25 A.3.320 s,.Z?03 30.40 Y_..
7 0.00 0.00 a

', 24.00 2.3319 1.9931 1.0073 1.7473 1.0070 1 ON942 2.3334 2.3123 3.4592 4.347? 25.00 v
_ 7________-____0- -. -.-- --- ---- .------.- 0.59 z..

1.8% IA-7--171 .2?-l.45-L9?7-.40 3.1615 4.1640 20.00 i1..
2 0.00 0.00 2

y 15.00 I.5313 1.2679 1.09%4 1.4622 1.0959 1.2405 1.5322 I.9S33 2.4242 3.4490 15.007

~ ... 0.0....011.... 7304.4-6119-4....941-... .&0 .0S....914...1.2321 1.1613 2.5002t 10.00 1-..
7 0.0 .00 Z

v~ 5.00 .4090 .3433 .3070 .2952 .3071 .3435 .4093 .519? .7012 .9921 5.00 y

- - - .0f .-. oa *04000. ...0000 .....000..... .00400.- -.0000 -. .0000 .0000 .0000 0.00 y
1 0.00 0.00 2

'V -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 404000 0.40000 0.0000 -5.00 V
40A ..- _____ -a _______ - .- ____ .--- -.-. 0.00 l.-



f[St 0430 I COOROTN&?FS OF Ci~tE.R x 41,0.0. T 212.10. a 0.00

____t± L _azT~~, .iomo.. X _ -A-...________ -

R11.00 215,40 211.00 Moat0 23S.00 240.04 141.00 210.00 MM.0 206.00

~ so~o 1.20N 3.2973 3.&534 3.4.613 3.7044 420 .. 0 .03 303 .93 1.0'

2 0.a le.00 1-
v 1.0 3.7742 4.0361 4.0094 4.9279 4.074? 2.8316 4.272? 4.0960 6.7091 4.036S 01.00 y

___ Z__ _. -. __ _.0-.. - 0.0 . Z .. _ do

-Y. 30.004.77 -. 39 S.18609 7.04 ?.40 040 .10~31 .16111 Go41 31.00f -7

z 0.00 4.00 1

y Mo.0 M.11t 6.7674 7.0166 9.1410 10.4?77 201 1.11 S .7361 7.9166 4, .16 7-. lii.

X-11...........0.00 ......42Z4. 010.201..22)4..1.23234.i1? .06111 0.109) 20.00 v.
1 0.00 0.00 I

T 1I.0 4.7102 6004901 6.47%4 6.1022 I.2229 11.3901 9.2413 0.9102 6.4114 0.0490 1I.0 'V

-T I 0 ..0 .3.iJ4lk-It .% 304S...321... lSU 1...9L..251 -6*3394 4%9401. 10.09Y.1...
2 0.00 0.00 a

Y S.00 1.1239 2.2491 2.107) 1.94,92 1.2?03 2,10?16 1.1703 1.9492 2.1273 1.2491 1.20 T
____ ____ - -- . 0. *L....

z 0.00 00

v -1.00 0.0000 0.0000 0.40000 0.0000 0.0000 0.0000 0.40009 0.4000 09.0000 0.4000 -$.M V



A-.

TFS. 9.... T•TGL_2X._JS2.SO w ...LA2IFL SR•_ACtla&5 FI..Lkl._..._tI 4L _________.__ P AO (

TEST 0110 2 COORDINATES OF CENTEQ X 210.00, 9 22.50. Z 3.00
ANGL.ES-.EOI•ENXA.LlADN.N-HO -----. 0.AOSJIvERL -+ .0

_____-- _____ LL .J l~ .L -- __-- L ..... 1...

165.00 170.00 175.00 180.00 185.00 190.00 19S.00 200.00 205.00 210.00

y 55.00 2.0025 1.8911 1.0286 1.806' 1.8298 1.893S 2.0061 2.16S' 2.3613 2.S777 55.00 '
. . .Z----3.00 7•O..--

--- - y 50.00 Z.4 12.--.4.988a.--.S38----,At--4.•I Sa--.599032-a 6L......2,320-4 - I, 4 .2... O .O
2 3.00 3.00 Z

Y 45.00 2.2404 2.0651 1.9652 1.9338 1.9660 2.0669 2.2431 2.4898 2.197 3.,196 45.00 V
Z-... 3.00- .3,00-Z.--

-.... y . '0.00-.... 3l0----,252--2 - L.9&25----ZAO36---.2.1268---2.3394 -2.6521-+ 3.0714 3.6015.-.40.00 Y--
z 3.00 3.00 2

Y 35.00 2.4003 2.1448 1.9977 1.9494 1.9998 2.1462 2.4024 2.7787 3.3127 4.0217 35.JO y
2..- 3.00 3.00 Z--

- . r- --3 ..... , _ -- 2.3662 - 2.6426-. 3.5097 . 4.4436 _30.00 -X--
z 3.00 3.00 z

y 25.C0 2.25s4 1.9137 1.7613 1.7034 1.7611 1.93'? 2.2556 2.7882 3,5030 4.6059 25.00 Y
-- - - 3.. . 0 0- .. ..-- 3 .0 0 2 -

v -20.O -1 .968S--5 . .1-.65&L1.992---.,452-.... 1.4--.--I.6569..-- .9696--.2.4948 3.3190 4.4761 20.00 -Y -
2 3.00 3.00 z

Y IS.00 1.5383 1.2567 1.0815 1.0280 1.0811 1.2552 1.S392 2.0076 2.7405 3.9004 1S.00 y
Z __--.OO .... . .. - .3.00 .Z_

_._Y- -10.00- g.92?1 .I2J .-. ,Z21. 5 L.. 22 _..722 -... 9290-..1..791L- .1.8744 .2.8444 10.00.y--
7 3.00 3.00 Z

Y S.00 t1I93 .3451 .3063 .2942 .3064 .3453 .4195 S447 .1471 1.1177 5.00 Y
__....__,__..... .. . ..... .... -- 3.00. _7

_0__ ____000 ---. O00O.-- 000---- ".0000.. -0000 .0000 O.0---
z 3.00 3.00 Z

7 -5.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -S.00 y7 a Ao ____________________.__________ _______ __ ___ _.•Z_

S ... • . ... . .. - : .. g.. .. . . . . . . :. . . . . . . . .. . . . .3:2 .

----------------- -l



.T ST 2X8.m S.,-250 WMW 120. F•T. SPAC NG A ._m_______-__PAG L

TEST G6|O 2 COORDINATFS OF CENTER X 210.00. v 22.50. Z 3.00
- 4.A.GLES-Q07. ORXENT N• AL.LLi-HQR.Z 0.. O ,-10 FRT -- ° _

--. v v -it-L I .__.. L __X_. ____x
215.00 220.00 725.00 230.00 235.00 240.00 24S.00 2S..00 255.00 260.00

y 55.00 2.7916 3.2 45 3.609' 3,.370 3.7024 4.2400 3.7024 3.4370 3.609. 3.2218 5S.00 Y
S2.- --3.04- .. ....- ... 3.00_Lo__

v- y. .50.O0.3.2h3LS.2.LA.Z1AA.L408 3 .2U-26-5.*.L'L--14.2826-4.0L093 4.2136 .3.S643..-50.00 1_
2 3.00 3.00 Z

V 4'.00 3.6240 3.9051 4.a425 5.0260 S.0263 6.0426 5.0263 5.0260 4.8413 3.98S1 4S.00 v
z - _ - .3.00 Z

-- --. Y 6.-. -4.204 •4 -6.3042 - 5.5796 4.7383 . 40.00 Y.-
2 3.00 3.00 Z

v 3S.00 4.8937 S.6847 6.2878 7.9332 7.3674 9.1923 7.3523 7.8615 6.2878 5.6847 35.00 Y
Z -- 3.0- .... . ... . 3.00 Z

.. __. Y .. _30.A ..5.49224__6.6698 i.7Mla 4.. -38i9.-9.4199-J1.6893.. 9.33SS 9.6106 7.7578 6.6698 30.00 Y
z 3.00 3.00 P

V 25.00 5.9269 7.603S 9.4?41 11.6998 12.7283 14.9667 12.4923 11.6066 9.4741 7.6035 2S.0

__ Z--,-3.O_ - _ _ ___ - ______ ___ ___ -. .. ... 3.00 Z..-.

.- __ . .. 20.Y 0....O83L-..3&6L..1O.7Zlt4---..3.,-, 9.-1.m..9689-1h.6647--16.83'6 13.5609 10.7784 8.3667 20.00 .Y.
7 3.00 3.00 Z

y 15.00 5.6937 8.0864 10.8616 12.6640 17.73S4 18.6226 17.7576 12.6840 10.8616 8.0868 IS.00 Y
_ Z ..._.3-00. 3.00 Z..

Y ._0.0___ L. _893_-48..6..6.19.8 -85375_46.6061.- A.5375- 6.4619 __ 8.4603 6.7893 . 10.00.L__
z 3.00 3.00 Z

y S.00 1.8716 3.2465 4.9424 4.2699 2.5065 7.7774 2.06S 4.Z699 4.9424 3.2465 5.00 y
_ Z_--3,OO_ -..-. . 3.00-7

.-Y __ .0-..0040...--40&.8-.--0060A 00--- OO0tO---..0. .0000.--_. ..0000- .. 000 .... 0000 - .- .0000 .0000 .00 Y_.
2 3.00 3.00 z

y -S.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0.000000.0000 0.4000 -s.O0 Y
7 't - AA. . .. 3.00 Z__

2I

__________________ ____________________________-_____ __________________



.. .. .. . . . ...

TEST GAID 3 COOROINATES OF CENTEA X 210.00. V 22.0. Z 9.00
ANGLE.-OF_0RZtFZNTAZLON-tZ L.W R-Y.fT.___L--A ..00.

_________.•.____--.- .- L_ . -

18S.00 170.0: 175.00 180.00 18S.00 190.00 19S.00 200.00 205.GO 210.00

Y 5S.00 1.4966 1.3741 1.3174 1.2894 1.313S 1.3803 1.S000 i.6772 1.8920 2.1309 S5.00 Y

- X 50. 0'- '4'. . '-38 4.. .393.0........ '-"'a .-. 24....L,?US......,0343 .3429-_50.00@.__
z 9.00 9.00 Z

y 4S.00 1.6820 1.5474 1.4814 1.4644 1.4823 1.591 1.6846 1.87S5 2.1838 2.5799 45.00 Y

--- 9.00 .--.- ...... ... 90. -

Y -. 4O0.---.7670----.6....--,$65---1..54---.5658---,6354--.1,T693-..2,0125 2.3426 2.8420 40.00 Y.
z 9.00 9.00 z

y 35.00 1.8711 1.70S1 1.6120 1.5808 1.612-7 1.7064 1.&731 2.12,46 215505 3.30 3S.00 Y
-. . .... Z --.---- -0 .+9.00 Z _.

Y-......30.0 --1.9202.-..1AgL.--- 1.6050--1..562.3.-J.6064 --. 1.7161 -1.7219-.. 2.2486 2.7394 3.5075 30.00 Y..
7 ).00 0.00 Z

v 2.o00 1.8985 1.6503 1.S101 1.4592 1.5106 1.6512 1.8999 2.2954 2.9054 3.7889 25.00 V
-- ---Z----9.00 -- 9.00 Z-

_y . 0 •1.310S-_.1 .47 1..7480_- 2.?080 .2.8905 3.9561 20.00 Y-....
2 9.00 9.00 z

v 1S.00 1.4125 1.1371 .9720 .9215 .9722 1.1374 1.4134 1.8728 2.5932 3.7769 15.00 Y
. .. z ... 9.00--.... 9.00 Z-2 .

-. Y 10.00-- .873h -1.8459 2.9057 .10.00-.1_
Z 9.00 9.00 z

v S.00 .4010 .3248 .28S3 .2731 .2854 .3250 .4013 .5318 .7547 1.1848 S.00 V
Z- -.... 9.00- .... . 9.00.+Z-.-.

Y.. .-,O0..---,O00 .OA0..- 0.0.O00-.--u .-- 000.-...000-..-,O00 -- .0000 .0000 . 0.00 .-YV
z 9.00 9.00 2

y -5.00 0.0000 0.0000 0.0000 0.OOO0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -5.00 y
.7. , ..... . . . 9.... 0

S....+rJ~p.2.)7



TEST gm X 2SHqpqn..2L.L120 lSACL4 " F5.LET T94 H3L.....

TEST GRID 3 COORDINATES Of CENTER X Z10.00. v ?,.SO# Z 9.00
A NGLE S--OF-OR.UNSAX .J1027 - nn0&-VER fl• . 0

X. - -1 2 .__hj - ...... ... __. ____I

215.00 220.00 21S.00 - 230.00 235.00 240.00 245.00 2SO.00 2S5.00 260.00

7 55.00 2.31a4 2.0546 3.3003 3.2443 3.5063 3.966a 3.5043 3.2,A3 3.3000 2.8*86 55.00 T

.7 90. 40.Z.

.Y-50* OeO.2.-- 94•2-----3.Lbh.b3.•.L886-I anc 4..122...79L,.-g!. 4..2ZL..T901 .J.. .834--3.1ISA .I- *OO[-----

z 9.00 9.00 2

y 45.00 3.0482 3.S388 4.S061 4.8291 4.9289 5.9380 4.9289 4.8291 4.S003 3.S386 4S.00 V
z - 9-g,00 ......- -a 7

Y_--V3.A*•-4 3ý-.-.2 .- J 6 .--. 4.83--4S204-S.983-6.1664 -S.2366. -4.1931--.40.00 1.-...
z 9.00 9.00 Z

Y 3S.00 3.9628 4.9442 S.9407 7.9488 7.6196 9.6996 7.6196 7.9467 5.940T 4.94'? 35.00 Y
z -. 9.00.. . ......... .. . 9.00 Z.

v ...... 0.00 4.117 .499.10J75 .10.2007? 13.,0823. 10.2001.-0.C679 - 7.4997 S.8837 30.00.Y..
2 9.00 9., 7

y 2S.00 5.1310 ?.0809 9.6519 12.6878 14.9937 1.86520 14.9937 12.6741 9.6510- 7.-80 - 2S5.. V

z 9.00. 2

S. . 20.00 -.5.4742.-- 8.4564,.•1•7.134•..7.5497_-Z3.930. .2.4219-.23.9597 17.5497 12.7134 8.4566 20.00 y
Z 9.00 9.00 Z

y IS.00 5.0033 9.5401 16.4620 2S.5815 30.0226 45.8748 37.5091 2S.5815 16.4020 9.5401 15.00 v
.. . -. -... , 0 -- -- . . .. .. .- . . 9.00 Z -

S. . .. - 10,00...M .S100.781057.3. 32.6213-3,94.-.1355..394...32.8213 17.0573 8.7831 10.00 Y___
7 9.00 9.00 z

V 5.00 2.1723 4.S983 10.9896 26.84S2 25,5750 646.164 2!.5?S0 26.8452 10.9896 *.5983 5.00 Y
Z---- 9 .0 0 _,O ... . . .. 9.00 L .

- -.---- oo o~__0oL ."f -an -00 _ 06 -00 .0080 .0000 .0000 - .00 V...
z 9.00 9.00 z

y -S.00 0.0000 0.0000 0.0000 0.0000 4.0000 8.0000 0.0000 0.0000 0.0000 0.0joo -5.00 V
- ..- 0..--- ... 0 aU-.61 7
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APPENDIX D

ECONOMIC COMPARISONS

INDEX

ITEM NO DESCRIPTION SHEET

1. Comparison of Perimeter Lighting 1 - 5
(Single Fence) Schemes I through
25.

2. Comparison of Perimeter Lighting 6
(Double Fence) Schemes 26 through
28.

3&4 Not Used

5. Cost Breakdown, Perimeter Lighting 9
Scheme 1.

6. Cost Breakdown, Perimeter Lighting 11
Scheme 2

7. Cost Breakdown, Perimeter Lighting 13
Scheme 3.

8. Cosc Breakdown, Perimeter Lighting 15
Scheme 4.

9. Cost Breakdown, Perimeter Lighting 17
Scheme 5.

10. Cost Breakdown, Permieter Lighting 19
Scheme 6.

11. Cost Breakdown, Perimeter Lighting 21
Scheme 7.

12. Cost Breakdown, Perimeter Lighting 23
Scheme 8.

13. Cost Breakdown, Perimeter Lighting 25
Scheme 9.

14. Cost Breakdown, Perimeter Lighting 27
Scheme 10.

15. Cost Breakdown, Perimeter Lighting 29
Scheme 11.
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16. Cost Breakdown, Perimeter Lighting 31
Scheme 12.

17. Cost Breakdown, Perimeter Lighting 33
Scheme 13.

18. Cost Breakdown, Perimeter Lighting 35
Scheme 14.

19. Cost Breakdown, Perimeter Lighting 37
Scheme 15.

20. Cost Breakdown, Perimeter Lighting 39
Scheme 16.

21. Cost Breakdown, Perimeter Lighting 41
Scheme 17.

22. Cost Breakdown, Perimeter Lighting 43
Scheme 18.

23. Cost breakdown, Perimeter Lighting 45
Scheme 19.

24. Cost Breakdown, Perimeter Lighting 47
Scheme 20.

25. Cost Breakdown, Perimeter Lighting 49
Scheme 21.

26. Cost Breakdown, Perimeter Lighting 51
Scheme 22.

27. Cost Breakdown, Perimeter Lighting 53
Scheme 23.

28. Cost Breakdown, Perimeter Lighting 55
Scheme 24.

29. Cost Breakdown, Perimeter Lighting 57
Scheme 25.

30. Cost Breakdown, Perimeter Lighting 59
Scheme 26.

31. Cost Breakdown, Perimeter Lighting 61
Scheme 27.

32. Cost Breakdown, Perimeter Lighting 63
Scheme 28.
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U.S. ARMY CORPS Of ENSINCERS, OMAHA OISTRtCT P~ee--w

ErCONOMt`CdW0A~lON

PERTIMETER PERIMETER PERIMETER PERIMETER PIRIMETER
CLONIN LIONTINO tort4 -. ism ttId -I .4T~i~r~

_________SCHEME____I______________S 4 $SHEME S

1.L. 4IN.ITIAL EQUIPMENT INVESTMENT

_____ __j9. uANTITY OF. ktULN~INARS ______aO160 34S
3. LUNINAIRE COST TOTAL 112S6.00 17120.00 0710.00 1 @wo07 1T4is .a

- # 4,QUANTI*TY OF POLFS __________ %isn 6
9. POLE.* FdUiOtioldW COST TOTAL 93310.00 31200.00 4690.00 l1I?00.00 605.9

14, FLECiPQq t, 015LQI9...±004 ?.k0 4R00:0.00 34s00 go
14A. STANDBY GENERATOR COS 2270.00 14400.00 34170.00 400-a00.0025

T.4a . 7 ..-OSL2t!201:0.0

16. -TOTAL INIT EQUIP INCL LAM4PS 13700.00 111200.00 69760.00 1126000.0 daoa'S.
17, REA AUl.I.NIT EQUIP 14VESTMENT 1.12.66 -.; - .0 -1.-44

II. INITIAL LABW SIAE

2u.ETL~O.OE *ok 4UU4153600 6400.00 2043S.00 36400.00o ~ oa S F. 0
?1. LAAOR ELECTRICAL _OISTRIBUTION 20100.00 &A,04.00 301%0.0O 36000.00 25475.00

2.TTLINITIAL LARO0p - - - -59630-.00 100600.00-o- S460S.007O000b8O1
* 23, .J0TA(11NITIAL INVESTMENT 133330.00 2S2000.00 294711S.00 34'RO. 30309S.00

24.~~~~~~~~~~ REAT0 INTAlNoTWN .010 22 .9iý

TV. ANNUAL COSTS

3-. TO-TAL 5,5?pM KW 124. 320. 201. 240. 173.
_Alt__OTAL jENERrY KWN/YEAR S3bO00. Jl $Osj,............B.Oo 94fro 0o . 690000.
3e.. OEMS-40 ChNqaRGE PERYEAR 0.0 0.00 0.00 .600

-37, ANNUALMUM_ýCOst. 1012049 ____ _______

370. DIESEL FUEL COST 214.40F 512.00 321.60 364.00 F76. 00
40. REPLACEMPENT LAMA ..&OT 10451.00 13440.00 6030.00 7200O.60 134%S.00

V. ANNUAL MfiitENANCE. LAIOR *MATERIALS

46. RELAMPiNO COST Z* LAGaR 2660.00 3200.00 13*0.00 1600-.00 3450.00-
t? g__L.E4ANQ. _COST - LAgO

0  -9900 Q-.q'.............. - p -9- L.-
SO. PA114TItIG COST - LABOR 0.00 0.00 0.00 0.00 0.00

........1. EE3 ACE!OENT 04?T1. PAINtETC *091 1471 477t7j.......I0if. 763.60 -
5.TOTAL ANNUAL MAINENAitC -COST 3362.16 44720177 7O04. 61300

~J.J&NUALOPE*jJ~~jT ~ 5ik~i..AI~.kL..j *9.30 2A14AGROO 3 446

Vt. ANNUAL OWNERII-1vo OWERAT-146COST

5519418.13 SW-tO561B43 TY .1fbT l-oiT . 26696.00 20477.42
16. 50 A39uMftI OPAI*40 COP? 2 .14j j2 j.62j

VII. RELATIVE COSTS W~ LIGHT

Skib-E-L-ATI-VE-CO-i-fFL-UOI44I FIND 5.0 6.61 7.90 0.51
-h __..AAI.AU1 IflJ.0AL CST- . .jib0l 3.17 AS

Is "IT.



U.S. &ANY CORPS Of INGINEERS9 OMAADIS~TRICT1

EC0OF4ONIC COMPAo ilON

---- e1UAJe. p~tR!II 9TfKL! !wmirtj Pgol~tTfr PERIMETER
LIGHTING LIGHTING LIGHTING LIGTINGII LIGHTING

I SCHEME to

J~j..141 JiI!NT IVESTMENT___________________

904IJANT or.L.U1"NAikt" 2800 3 3 0
3. LUM14AIRE COST TOTAL 760000.00 3a140.00 321-600.040 ISGO@.0 43604100
%.,...QU&wT.1!.Y OF91f Rep.~ -J.3 -Le jO
9. POLE * FOUNDATION COST TOTAL 6600*.00 9300.00 4690.oo

14A.. STANORY GENERATOR COS? 232S.00 6215.75 la7. 9 71.00 476.

16. TOTAL INIT EQUIP INCL LAMPS 24392S.00 08*77.71 49054.75 9167S.00 79320.00
J...R~.AYJ.ITCQ 2RIMVISTMENT 4.323 1.63 .5 1.61 1.41

11. INITIAL LABOR ESTIMATES

20o.N CifT. LgOSPOLES * LU414AIRCS 44400.06 26810.09 1442S.00 23000.00 1200
gl...31 .4.AA0R-ELECTRICAL 0 II5iIJUUON 1 A19 2613.. A .S. 4fl,@L* .410402.....
22. TOTAL INITIAL LAROP ba2s2.00 409S3.75 30460.71 37371.00 ?4200.00~ .. JI.!TALJNL-T IAL-I4YUTPFN A-k" Gi..fAJ1ILfA9.'0L.....L00 23....S7? .1L0.
24. RELATIVE INITIAL INVESIMENT 3.46 2.16 1.042.3.9

31. TOTAL SYSTEM4 KW 73. 49. 49. So. 20.

36. DEMAND CHAiRGEPER YEAR go.!00 0.00 0. 00 0.00
.3!t....NNU4L.KWU C;ll? 5000 .. 00 ______________________

370. DIESEL FUEL COST 116.00 777EM772920 44.00
442 AgPLAq;MENT .ANP COST 384.00,. 2I3J.JWARS~ 3  1640.00 021.604

V. ANNUAL MAINTENANCE, LAGO! * 14AtESIALS

44. RELAMPINO COST - LABOR 336.8k 225.60 22%.64 123.69 170.6?r
47 LAIGCfSTý_MkABOR - W-046 W-14- I5%Ik l54t___234__

So. PAINTING COST - LABOR 0.00 0.00 0.00 0.00 0.00
S1, REPLACEMENT PARTS, PAINT* .El'... 2363.25 8~.L. 39-6h 9Y 87?s T. '0
SP. TOTAL ANNUE MAINTENiANCE -CdgT 2931-.-67 f'0.-4 F - 1 R to.111S244

VI. ANNUAL OWNERSHIP * OPIERAT14G COST

IS. FIXED ouHE-4SPIP COlT *2436.10 10404.83 10264.1 is 711.20 14290*li
54.AH6 jjN-J$ * opiING COST Sil4? iioji mol 09 10660.01

VII. RELATIVE COSTS OF LIGHT

19. RELATIVE COST EXtLUDING Ft2EO 3.40 1.9s 2.00 1.9s 1.1
6jJLfllEIfTA3..."T ----- 1.01f 1.0 .



t-atLIoNVN LIGHI4TNG L.,IO#I1'I LIGNTINO 0 LIGNY 1N

3. JluMI'ftIR COST TOTAL 41100.60 462140.0 .642600 s&.0 Sa

9. *LE . f6UNOATWON COST TOTAL "D.00.60 9360!0.00 44,.90 4690.00 9710M0
i6k.L.ECY IZAL Oli 26I0 A 0 fj~

14A. STANOSY 0CNEMA1.OP CO1SIT 4740.00 6636.00 6034.00 11002101.00
IACI CYFS. - -l"A a 12.L...'?±Q M.....AL11L
16. -TOTAL INIl COUIP INCL LAMPS 449#9.94 101036.00 9301040 96346.00 12044.00

.. UlL&~ygout P l.1L IlyIITNE~t 1.11 1,71 I .46 1.7 2l... .90~l

II.INIIALLABOR RSTINMAS

2I,.AQlEC~!J.O!IIL!.L!4______ 206,oo___ 6030.60P 6030.00 6030.00 9450
I?. TOTAL INITIAL. L&MOR 24200.00 40070.00 3044S.400 04.0 145

________~~~~~___~jZk_ 2 3oa 1TI9J4gT4T 650* L I4b±L.... 7~
Z4. DELATIVE INtYr AL 59VOUNTWEM to 2.22 1.09 2.11

IV. ANNUAL CSTS

31. TOTAL. SVSTEM1 KW2 40. 40. 40. G0.
3bTOTAI. ENE00V NW~o5U 14 ... 12st .11s

34 EAN MES~SYIEAO .0 0.00 0.00 .0
37, ANU&LKv-1COST____________

570. DIESEL FUEL COlt 44.9 43 43
40 .g.~kMý_LW COST 921.60 14Jj5.R4 __jj f........ 141.~S.604 .1122.S6

V. ANN4UAL WAINTENANCI, LAB F$i7ERATw4LS

ii. SFELANPING COST -LABOR 170.67 TVTTF ? 161.9
-.!. LEANING COST LAO 23.6 6SOS ________12s0. PAINT INSFCbST -L -0.08~ Gos40 .100

Sjj, .....YLACEMENf 04U79, PAINT$ 111 * 20.40 9A66gJ4..oL2 01 -IF7
52?. TOTAL ANNUAL MAINTENACC I ts 13-- 110.41 1196.4 2125 1 I t 4

5ANUL~~qTNJ..COST jjJ.6jjl 5641.51 sj9L.0? @726.75

Vt. ANNUAL OWNERSHIP 4 OPCMXAK(' COST

-f-.!itEIUNURTHIN COST 15066.00 160011ibU .49 17361.63 2 61F. if

VII. MELATIVE COSTS O~r LI1N1

60. RA~~LyTACOTAL COST 1. 3... L_1J.J .?21



UOS. AAWrNko ~oriU1 90Forelsil-oiiiiFETill C

ECONOMIC C50PARISION

l-ot 19 SCHEME 30_

km.P.JUA4TIrz.Qf~jU!j!pdoIftf2 I 15p 134 &a.20
3. LUNINAIRE COST TOTAL a6710.00 40060.00 33100.00 40070.00, 40407000

9. POLE * FOUNDATION COST TOTAL oS9.,. 5600440 4690.00 4090.00 .60i
lit _LECTPJICkLPLStmji&JtgN_:

IA.STANOSY GENERATOR COT5001.00 £0.0 00.0 4703 301

1 6. TOTAL IMIT COUIP INCL LAMPS 74060.00 97440.00 50330.20 141410.20 114.06.80
I?- oyLI-IMJqJ." IIFTET1117 1.06 P.S1 2.07

20. NWET L4 ON PL S * LUll VA(WU 026100 Go 000 I2tS@0111D 75.00 87.r
.1. 1*400 ELECTPICALý OhSTRIOUTION S17S,00 7200.00 4629.00 3SO79.00 359?9.00
?3. TOTAL INITIAL LAARO 0700 30000S3. o3I 7910
3.-TotAL INITIAL 14YE574 14, 461.?90 94!1 137S.40 2166.6 143 183

.00!Qi~ý_SF I3ST3j 1. 3100.0 73.4

31. TOTA SV~ffWW 3S. A. 39. 0.13
a~..-.TOTAL pe~Npsy p"u714 _999t .5k% S : q430. DEMAND CHAuneiPER We-l00 0.00 0. 0O ~ 000

370. DIESEL FUEL COST S5.240 74.60 02.14 303.16 170.50
IlLtLjUýEjj__kA" 3COS.T 303.5 000.94

V. ANULMITNNC,*&O ATERIALS

44. RELA04PING COST *L&SOM 1,2i. YU116.f 2266 233R.30 132.30
47?t..CLEARING COSY- A.00sP_. _M 11.L-s81 4 u

-*SO. PAINTINiG COST -L&GSOR 0.00 0.00 0.00 0.00 0.00
S1..EPACNNTPaTS E.T.5C. 28-4 -A L 921.40 513.20 1J343.09 1095.10

50. TOTA A NNUAL MAINTEN&.ý17M COT93.98 130i.93 093 .13 14994.27 174.3

Vt. ANNA MESI* 60JERATINO4 COST

ss. PlrOxf5-5INc7lP CRST 146M.ii NAME.5 16628.53 80195.43 23374.0
;,xqýkI P14 COST 47.0 31301.56

VII. RELATIVE COSTS Of LION?

4.RELATtV9 COST ENCL.001W
0
0 C66 13 18 1.71 1.19 Z.07

44'



U.S. Alm-Y UP0i o6EANUI NAA STRICT lw

fco C C PNAm ISION

L ioINTIN L13NTTNG I 1GTING L 'INTIN6 LZITS~E5J.L~C~IL .... M.~rLAI GkEme 3'. SCHEME as

?. I~tlj E~J~(NTINVESTMENT

3. LUMINATAE COST TO~TAL 40602.00 43110.00 140090.00 S401 M95

i. RoE*Fu~ O COST TOTAL '40.0 154,000 S660411 5644.0, Saor
14. '80~A.QLTPST? :. 76?,j 31,4j.j40 0 40_ 1S0 11W460!100

144.: STANDBY 0ENCRATOS, Cafm ITS!01.320 3*.0 Si a.ST @ .

16. TOTAL INIT EQUIP INCL LAMPS 104900,60 0044.0*0 1620440.0 13214161.0 111641.41
-I? RCLAIIILI 1N9 FVIPIS~tTfN1N 1.8 1,0? P .. 3%

t1. INITIAL LAWO STIMATCS

30. MET LABOR-P. *ýiiLLES AR 30409.05 1i20oo.IT 29ia@@.o 29060.60 3IA400.@0
....jlLSOEgTBJ1.OS!ZtTN 2 0*@. 33640.4! 34360.tt?4.0....13fic.@

22. TOTAL INITIAL LAMOR 54370.2 abO.0 7340060 oao.o Xsbi
.... 1X. TAL-NIiAL INvsWEL S ~f~~ IiUI'J00 3 3 1 4  Do 191490.00 17349;6 _

C4. PELATfV _ ITALI MV ESTEH 1.1 -~ 1..19

31. ThtrL STISNE KW 13q. at. 264, let. 141.
33___ 1ttYA 157490. 09600. 9"400. %lo00. 91000.

-DEOMAND C1ARGE PEP WCAR 0.001.0 M .0 0
212.00-ANU 35R 41.0 291.6 12.

370. OKESEL~"p-C8T 22U.L COST4.4 9.4 27
40. 09PLACEMIqNT LAMP COST 2611.06 9jj.jO 95T.40 955020 960460

V. ANNUAL NANTNNE.LSO MATERIALS

k4. DELANPIMG COST - LAMPR 239.713 100.6? 170.67 176.6? 1412.67
&!aCEAjNCDt-.A90 s~5xt 1.3 aAkt.4LI1---------4j 

7  
M0.0

So. PAINTING COST - LABOR 0.00 0.00 0.00 0.00 0. 0 07
si, F PL&CJIWMIN? AP?ý. 960 7ý .0*1 1 N 104

p.TOTAL ANNUAL MAINTCNAW'dilUOiTT79b. 943.0 .2-iTE T1 111.61
93. ANN mftPip2Ju COST 7763 ---- A 65 9446.

V1. ANNUAL OWNEESHIP 4 OPCRAT144 COST

sq. FRXED, OWNERSHIP COST 14.'th.9 3717 10.9 31835.55-
*o AmkA OWNERStIP * OP"Il cost 390& ;1711.4s 2864;66......

Vlt. RELATIVE COSTS OF LIGHT

* - 1.RLTVE COST EXCLtD140, FIXED 2.07 1.00 1.A9 1.37 1.3S
*~ ~ ~~a 10. *ELIVgFl AL CnT I.,....,0..t........J..319



.=L AUV? t.ilJ• oF A'4I•.I~E~.F.4.&kL•AHADSTRICT

ECONOMIC COMPARISION

PERIMETER PERIMETER FEWIMEITR
.....L :TIN0Q . NG LIGHTIN .
SCHEME 26 SCHEME 27 SCHEME 28

I. INITIAL EQUIPMENT INVESTMENT

1. QUANrITY oF LUMINAIRES 160 Iu 134

3- ._LJ,. i CI. O .ST-IQTA.L. L 10400,00 _ 2500 O* 00 48.40. 00
4. QUA,±iTITY OF POLES 1600 0 13

. 9,,_.PL±.. _...UNP ,IOtL COST TOTAL 11200.00 7000.00 9380.00
14. ELECTRICAL DISTRIBUTION 4d000.00 11500.00 80"0.00

14A. STA14DBY GENERATOR CQST 40800.00 9775.00 6834.00
14C. UPS-.COST 0Z00 34500.00 24120.U0
16 T(].LJN INIT FOUrP INCL LAMPS 112800.00 21675.00 101036 00
17. RELArIVE INIT EQUIP INVESTMENT 1.23 1.00 1.10O

,II INITIAL LABOR ESTIMATES

2Q.kEl. I _ABOR lLEa±J..tLVA I RES 3800. 00 23000. 00 30820.00
21. LABOR ELECTRICAL DISTRIWUTION 36000.00 8625.00 6030.00

_ 22.D,_•I L II, AL.A&•&-2I 77600.00 37375.00 40670.O0
23. TOTAL II'NITIAL INVESTMENT 190400.00 129050.00 141900.00
24, RELA'IVE INITIAL INVESTMENT 1.48 1.00 1.10

yIV ANNUAL CosTS

31. ToAI-...'L TEIt KA 240. 58. 40,
33. TOTAL ENERGY KaIH/YEAR 96,0000. 240000. I160800.

. 1., DEMAND CHARGE PER YEAR 0.00 0.00 0.00
37. ANNUAL K:dH COST 19200.00

__ 37..0.,. UE. .. _',riL . CLS.oT 384.00 92.00 64.32
40. REPLACEMENT LAMP COST 7200.00 1440.00 1415.04

V. ANNUAL MAINTENANCE, LAdOR + MATERIALS

-44-. ELL,.42.NG..C _•STL- tOR 1600.00 123.08 142.93
47. CLEANING COST - LAdOR 0.00 13!.462 196.53
50. PAIkTING COST__- ABOR 0.00 0.00 0.00
51. REPLACEMENT PARTS, PAINT, ETC. 1104.00 877.75 966.14

52. TOTAL ANNUAL MAINTENANCE COST 2704.00 1139.29 1305.61
53. ANNUAL OPERATING COST 29414!0 121 .• ' w O0

VI, ANNULAL OWNFRSHIP + OPERATING COST

55. FIXED ONNERSHIP COST -6696.00 1 7771.30 19522.73
56. ANNUAL OVINERSHIP + OP'-LNO COST 56184.00 25042.2W d=4J~ov

VII. RELATIVE COSTS OF LIGHT

... ' 4. .. )

_ 59. RELATIVECOST EXCLUDING FIXED 4.91 1.21 1.00
)0. RELATIVE TOTAL CO2-2 .4" 1.00,

. /..I



U.*S. OMAH MY MIC

* ~~EC0NM ~~W~ON-

PEE METER _ TSTj.0 2X5.OW QUARTZ M120 V93
LIGSTING 60 DEGREE AIMING
,,CEM ._ _ _MORIZONTAL POSITION 60 135 QE9RECS

2KXOOW QTZ
Q50OWMGE

TOT•. f.FOR 60 FT SP
SYSTEM 15 FT MTG

Il INITIAL EQUIPMENT INVESTMENT,

le U-ANTITY OF LUMINAIRES -166 268
;2. UMINAIRE COST EACH 42,00

3. LUMINAIRE COST TOTAL .11256.00 11256.00
4. qU.ANTTY OF POLES 134 _13
So MOUNTING HEIGHT IS-50
6. PO_.lL.._. BRA_ CK T COST EACH T.0900

o7 POLE COS TOTAL 9380.00
C8., F.UN•fAT.ONCOST ACH 0.00

9. POLE * FOUNDATION COST TOTAL 9380.00 9380.00
11. OTY LAMPS PER LUMINAIRE 1
11. QUANTITY LAMPS 268
12 _ý, ý&!_.ST__ ACH 13.00
13. LAMP COST TOTAL 3484.00 3484.00

14A. STANDBY GENERATOR COST 22780.00 22780.00
JC.,__luPt.ScOT . 0C.0Q 0* 0

IS TOTAL INIT EQUIP LESS LAMPS 70216.00
16. TOTAL-INIT EQUIP INCL LAMPS 73700s00 73700.00

I11 INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 155.0019,_. LUNAIEJA RO 6 01b _.• o.oo
20a NET LA OR, POLES * LU4INAIRES 36850.00 36850.00

_ .]L.ASAeOR_E.LECfTRI__l,_lI .0 !_8_UI IN 0 O,,.O.L0_0 go 100.00
ZIA. LABOR STANDBY GENERATOR 2680s00 2680.00

ZI B, Lq• -UPSR p0.00 0.00
22o TOTAL INITIAL LAROR 59630.00 59630.00

N236 -TOTALI IT NVSTMENT 133330.00 133330,00

III ILI.UMINATION CALCULATIONS

25. SPACING OR AREA 60000
_ 2610 UTILIZATION FAC.TOR 0600

27. MAINTENANCE FACTOR eel
_B._ DESIGN_ FOOTC4_NDL ____ __ 2.& - 0600
29. INIT COST PER LINEAL FT 4 "' 16.s8 16,58

* II II II



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

* ECONOMIC COMPARISION

OERIMETER TEST SO 2X500W QUARTZ H100 V93.
LIGHTING 60 DEGREE AIMING

.__5. L.. HOR_.1OQNTAL._ OSITION 60 135 DEGREES

2XSOOW GTZ
Q500WMGE

TOTAL FOR 60 FT SP
SYSTEM 15 FT MTG

IV* ANNUAL COSTS

30. KW PER LUMINAIRE .so
.__-.A. KW UPS POWER LOSS 0o00

3,. TOTAL.SYSTEM KW 134. 134.

33. TOTAL ENERGY KWH/YEAR 536000. 536000.
34. ENERGY COST PER KWH .0200
35. DEMAND CHARGE/KW/MONTH 0.0000
36. DEMAND CHARGE PER YEAR 0.00 0.00
37. ANNUAL KWH COST 10720.00 10720.00

37D._DIESEL FUEL COST 214s40 214040
38. GROUP RELAMPING PERIOD (HOURS) 1600.

38A. RATED LAMP LIFE (HOURS) 2000o
388. PORTION OF LAMPS SPOT REPLACED .20
39. _QUANTITY OF.EgPLACEM.E •tJ MP 804.

40. REPLACEMENT LAMP COST 10452.00 10452,00

. _ANNUAL MAtNTENANCE. LABOR * MATERIALS

... ..__ ROUP_REL A M ?J NGq$/ A U _______M _NL__ 2_0__-
43A, SPOT RELAMPINGS/YEAR/LU4INAIRE *5000

* 4.. ELAPING._COSjz-LAB O 2680.00 2680.00
46. CLEANINGS/YEAR/LUMINAIRE 0.00
S __CLEAN ING. COST - L.ABOR 0.00 0,000
48. FAINTING TIME PER POLE 0.00
50. -PA INTýING .CO.5j..._ ABOR 0.0 _____0_0

51. REPLACEMENT PARTS# PAINT* ETC. 102.16 702s16
_ S,.TOTAL ANNUAL MAINTENANCE COST 3382t16 3382.L4 _
53. ANNUAL OPERATING COST 24768.56 24768.S6
54o ANNUAL OP"NG COST PER FT R4-A0e& 3.08 3.08

Vl. ANNUAL OWNERSHIP * OPERATING COST

55, FIXED OWNERSHIP COST 18438.13 18438.13
.j 56jANNUAL OWNERSHIP + OP"!NG COST 43206.69 43206.69

58. TOTAL PER LINEAL FOOT6 4-A44& 5.37 5.37



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER TEST 6 IX500 -IX580W QUARTZ
LIGHTING 50 DEGREE AIMING 54 FT SPACING
SCHEME 2 HORIZONTAL POSITION 90 - 135 DEGREES

500W 1500W
TOTAL FOR 90 DEGREE 135 DEGREE
SYSTEM 15 FT MTG 15 FT MTG

I1 INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 320 160 160
2- LV M NA.E .0 _oST ArCH 42.00 65.00
3. LUMINAIRE COST TOTAL 17120.00 6720.00 10400.00
4. QUANJI•Y OF POLES 160 160 0
5, MOUNTING HEIGHT 1S.00 15.00
6• POLE..• RACKCT COST EACH 70.00 0900
7. POLE COST TOTAL 11200.00 0.00

...... __FUN A.ION COST EACH 0.00 0 .0
Q. POLE * FOUNDATION COST TOTAL 11200.00 11200.00 0.00
|0t QTY LAMPS PER LUMINAIRE I I
11. QUANTITY LAMPS 160 160
12. LAMP COST EACH 13.00 15.00
13. LAMP COST TOTAL 4480.00 2080000 2400.00
14. ELECTRICAL OISTRIBUTION 64000.00 16000.00 48000,00

14A. STAN¥d GENERATOR COST 54400000 13600.00 40800.00
14•C. UPS COST 0.00 0.00 0.00
15. TOTAL INIT EQUIP LESS LAMPS 47520.00 99200600
16*. TOTAL INIT EQUIP INCL LAMPS 151200.00 49600.00 101600.00

II. INITIAL LABOR ESTIMATES

IA. POLE ERECTION * PAINTING 155.00 0.00
19a LU_..INAIRE LABOR 60.00 75,00
20. NET LABOR, POLES o LU'4NAIRES 46400.00 34400.00 12000.00

_•2.L.,.LA8OR ELECTRICAL DISTRIBUTION 4O000.O0 12000.00 36000.00
21A. LABOR STANDBY GENERATOR 6400.00 1600.00 480000
S21jLABRA UPS 0.00 0.00 0,00
2?. TOTAL INITIAL LABOR 100800.00 48000.00 52800.00
23. TOTAL INITIAL INVESTMENT 25Z0000O0 97600.00 154400.00

Ilil ILLUMINATION CALCULATIONS

25. SPACING OR AREA 5000 50.00
______._ UTILIZATION FACTOR 0.00 0o00

27. MAINTENANCE FACTOR .81 .81
28. DESIGlrN FOOTCANOLES 2.00 2-Q.
29. INIT COST PER LINEAL FT 4-46" 31@50 12.20 19.30



U.S. ARMY CORPS OF ENGINEEQS, OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER TEST U50 Ix5jLj15A" .. 9J.AlZ
LIGHTING S0 DEGREE A14ING 50 FT SPACING

500W 1500W
__________________________ 9!AL__FDR 95L M[53

SYSTEM 15 FT MYG 15 FT MTO

IV* ANNUAL COSTS

30. 9W PER LUMINAIRE .50 1.50
30A, LOS 0,00 05 0____

31. TOTAL SYSTEM KW 320o 80. 240t
____~AN4~LOP~THOU.(~1RS) 4Q9 0. 4000- - -

33. TOTAL ENERGY KWH/YEAR 1280000. 320000. 9600009
34, . NEfLQS.YCSL2PR KWH- .0200 .0200
35. DEMAND CHAR~GE/KW/MONTH 0.00000 0.0000

_____ _3j, EA'~:D -CHARGE. PER YEAR 0.00 0.00 -0.00
37. ANNUAL KWH COST 25600.00 6400.000 19200.000
3-ý7P..-DIESEL FUEL -COLST 512.00 12sL-04p0
38. GROUP RELAMPING PERIOD (HOURS) 1600. 1600.
38A. l4,_RATED-LAMP LIFE (HOURS) 2000o 2jQA9.L±
388. PORTION O APSSO REPLACED .20 *20

-- -9_,__UANTITY OF R!E PLACEM'4T LýAMPS ___0__

40o REPLACEMENT LAMP COST 13440o00 6240.00 7200.00

V, NNUAL MAINTENANCE# LABOR # MATERIALS

43 GOU ELAMPINGS/YEAR/LUMINAIRE 2!.50 -2.0
43A. SPOT RfELAkPINdS'YECA-R/LIjM INA IRE 6SOOO .sooo

- 44. RELAMPING COST - LABOR 3200.00 1600.000 16009.00CL
46. -CL'EAiNINGSi/YEAR/LUMINAIRE 0.000 0.00

______ ._ILýEANINGCOST - LASOP 0.00 0.0 0.00
48. PAINTING-TIME PER POLE 0.9010 0.00

_____ _1,_PAINTING COS-11 - ABOR 0.00 0.00 0.00-o
51. REPLACEENT PARTS, PAINTt ETC. 1467.2047.0920
S2. TjO-T.jjAL MAINTENAyqE SO ST 4667,?! - 2075.20 2592.00
533, A.4NUAL OPERATING COST 44219.20 14843.20 293-76.00
54s ANNUAL OPONG COST PER FT O-Ct5*53 -- 1.86 3,41...I6?...........

VI. ANNU-A-L OWNERS-HIP * OPERATING COST

55. FIXED OWNERSHIP COST 35147084 13563.84 21S84.00
Mt. NNUAt,,ONE RSHIP o OP'ltNG COST 79367.0 4 28407.04 509 0.00

S.TOTAL PER LINEAL FOOT OQ-*O* 9.92 3@,S5 6m3?



U*S. ARMY CORPS OF ENGINEERS9 OMAHA O..RI

ECONOMIC COMPARISION

,_PFJMETER TEST 59 2XlSOOW QUARTZ H119 V99
LIGHTING 70 DEGREE AIMING 120 FT SPACING
SCHEME 3 HORIZONTAL 135 - 45 DEGREES

TOTAL FOR 2X!5OOW

SYSTEM 15 FT MTG

I* INITIAL EQUIPMENT INVESTMENT

I* QUANTITY OF LUMINAIRES 134 134
2, LUMINAIRE COST EACH 65.00
3. LUMINAIRE COST TOTAL 8710.00 8710.00
4, QUANTITY OF POLES 67 67
5, MOUNTING HEIGHT IS60O
6. POLE + BRACKET COST EACH 70.00
7, POLE COST TOTAL 4690.00
8. FOUNOATION COST EACH 0.00
9. POLE ÷ FOUNDATION COST TOTAL 4690.00 4690.00
10. QTY LAMPS PER LUMINAIRE I __

11. QUANTITY LAMPS 134
12. LAMP COST EACH 15.00
13, LAMP COST TOTAL 2010.00 2010,00
14a -LECTRICAL..DI RIBUTION 40200.0 020.0

14A9 STANDBY GENERATOR COST 34170.00 341T000
14C, UPS COST 0.00 0.00
15o TOTAL INIT EQUIP LESS LAMPS 87770.00
16o TOTAL INIT EQUIP INCL LAMPS 89780.00 89780.00

Its INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 155.00
19. LUMINAIRE LABOR 75.00
20. NET LABOR# POLES * LUMINAIRES 20435.00 20435.00
21. LABOR ELECTRICAL DISTRIBUTION 30150.00 30150.00

"21A. LABOR STANDBY GENERATOR 4020.00 4020.00
21B. LABOR UPS 0.00 0.000

22, TOTAL INITIAL LA9OR 54605.00 54605*00
23. .TOTAL INITIAL INVESTMENT 298785.00 144385.00

III. ILLUMINATION CALCULATIONS

25. SPACING OR AREA 120.00
2A. UTILIZATION FACTOR 0.000
27. MAINTENANCE FACTOR eRI
2R,--.OEIGN _FOOTCANDLE S 2 • __
29. INIT cOST-P-E-R LINEAL FT, • 17*96 17926

KNT O1.%
-IIIII



U.Se ARMY CORPS OF ENGINEERS, OMAHA DISTRI

ECONOMIC COMPARISION

PI__RIMETER TEST 5.9 2X.1SO0W QUART..Z H119 V99

LIGHTING 70 DEGREE AIMING 120 FT SPACING
_0.NTA 3O__-EGREES

_TOTAL FOR 2XISOOW

SYSTEM 15 FT MTG

?; TIV* ANNUAL'COSTS

30a, KW PER LUMINAIRE 1050
3oAL - U•U - P__LQWfR LOSs 0,9O
31* TOTAL SYSTEM KW 201, 201,
3-?.-A-NNUA.L OPERATION fjHOURS) 0

TOTAL ENERGY KWH/YEAR 80400. 804000.
____34. ENERX-COST PER KWH .0200

3,DEMAND CHARGE/KW/MONTH
.__.6. DEMANO CHARGE PER YEAR 0.00 0.00
37e ANNUAL KWH COST 16080.00 16080.00

370D DIESEL FUEL COST 321.60 321.60
3A, GROUP RELAMPING PERIOD (HOURS) 1600.

38A, RATED LAMP LIFE (HOURS) 2000.
388. PORTION OF LAMPS SPOT REPLACED .20

39, QUANTITY OF REPLACEMENT LAMPS 402.
40. REPLACEMENT LAMP COST 6030.00 6030.00

,_ v. ANNUAAJAIINT.ENANCjt LABOR * MATERIALS

43 -o ..___V-.R EL.A P-ING.S YE +ý_LM IN..E.
43Aa SPOT RELAMPINGS/YEAR/LUMINAIRE .5000

_T__LABOR 13240 0•. 340 0.0
46. CLEANINGS/YEAR/LUMINAIRE 0000
Sj-_C.OCSLTEN..G._jLQ•S - LABOR O.00 000
48. PAINTING TIME PER POLE 0.00
s~oj_.--UjNS9 0.(S._S T- 0 0.9_
51. REPLACEMENT PARTS* PAINTo ETC. 877.10 877.70
So TTAL._ANNUAL MAINTENANCE.._E ST 2217.70 2217.70
53. ANNUAL OPERATING COST 24649.30 24649.30
54. ANNUAL OPSNG COST PER FT OR-*G . 3.07 3.07

Vl. ANNUAL OWNERSHIP + OPERAT14G COST

,55 FIXED OWNERSHIP COST 20217,25 20217.25
__lI LI--COST 44846.55 4866*5--

58. TOTAL PER LINEAL FOOT 04-AGR 5os 5o58

I I



U.S. ARMY CORPS OF ENGINEERS9 OMAHA DISTRI(

ECONOMIC COMPARISION

PERIMETER TEST 5L IX]5OOW QUARTZ H120 V63
LIGHTING 60 DEGREE AIMING 50 FT SPACING
SCHEME 4 HORIZONTAL POSITION 90 DEGREE

TOTAL FOR ixISOOW

SYSTEM 15 FT MTG

I* INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 160 160
2JLUINA ___SOT EACH 65.00
3. LUMINAIRE COST TOTAL 10400.00 10400.00
4, _.QUANTITy OF POLES 160 160
5. MOUNTING HEIGHT 15.00
6,. . POL.EE+ BRACKET IZOST EACH 70.00
7. POLE COST TOTAL 11200.00
8, F.OUNOATION COST EACH 0*00
9. POLE * FOUNDATION COST TOTAL 11200900 11200.00

10. OTY LAMPS PER LUMINAIRE 1
lie QUAiN-T!T-Y LAMPS 160
12. LAMP COST EACH 15000
13. LAMP COST TOTAL 2400,00 2400.00

_14. ELECTRICAL DISTRIBUTION 48000.00 48000.00
14A. STANDBY GENERATOR COST 40800.00 4080.00
1.J4. ý ,UPS COST 0000.... 0 000
15. TOTAL INIT EQUIP LESS LAMPS 110400.00
16. TOTAL INIT EQUIP INCL LAMPS 112800.00 112800.000

II' INITIAL LABOR ESTIMATES

18* POLE ERECTION * PAINTING 155.00
19. LUMINAIRý_J•_AOR 75.00
20. NET LABOR. POLES * LUMI4AIRES 36800.00 36800.00

21. ~a~.rR~L~5TsL UTION 3SA00 06Q~
21A* LABOR STANDBY GENERATOR 4800.00 4800.00
2.tL.1 _BAJJQR UPS 0,0_o.o o.o0

22. TOTAL INITIAL LAROR 77600.00 77600.00
23•, TOTAL INITIAL INVESTMENT -34400,_O0 190400000 .

III. ILLUMINATION CALCULATIONS

29. SPACING OR AREA SO0.0
26 UTILIZATION FACTOR 0.00

27. MAINTENANCE FACTOR .81
2_._.ESIGN FOOTCANDL&S 2o00
29. INI1 COST PER LINEAL FT 4A-,E ?3.80 23.80



U.S. ARMY CORPS OF ENGINEERS, OMAHA OISTRIC

ECONOMIC COMPARISION

* PE.--- ET-R TLST 55 •J1OOW QUARLZ HIRO V63
LIGHTING 60 DEGREE AIMING 50 FT SPACING
J~EME 4 ± Q0J7ljT.A POSITION 9 -DEGREE

TOTAL FOR iXiSOOW
SYSTEM 15 FT MTG

IV* ANNUAL COSTS

30. KW PER LUMINAIRE 1.50
30A- KW UV POWER LOSS 0.00

31, TOTAL SYSTEM KW 240. 240.
~32ANNU RV&__QPE PATJ&N_ HOURS) 4 0 q4...........
33. TOTAL ENERGY KWH/YEAR 960000. 960000.

_ 34..__.ENERGY COST PER KWH .0200
35. OEMAND CHAPGE/KW/MONTH 0.0000
36§p-.DEMAN_ CHAR•G PER YEAR 0.00 0.00
37. ANNUAL KWH COST 19200.00 19200.00

S3_70, OIESEkFUELCOST 384.00 384.00.
38o GROUP RELAMPING PERIOD (HOURS) 1600.

... ,jA. fQ-.LAMPLI•FE..Ht.QUSI .2000.
38Bo PORTION OF LAMPS SPOT REPLACED .20

~UATIY F PJA~~-1JJP 48r0.
40. REPLACEMENT LAMP COST 7200.00 7200.00

V. ANNUAL MAINTENANCE. LABOR * MATERIALS

43. GROUP RELAMPINGS/YEAR/LUMINAIRE 2. O
43A. SPOT RELAMPINGS/YEAR/LU4INAIRE .5000

4,4. RELAMPING COST - LABOR 1600.00 1600.00
46. Ct.EANiNGS/YEAR/LUMINAIRE 0.00
4,CfLEANING COST - LABOR 0.00 0.00
48, PAINTING TIME PER POLE 0.00
50,.pAIN.T.NGCOST - LABOR 0.00 0.00
51. REPLACEMENT PARTS. PAINT, ETC. 1104.00 1104.00

5 52o TOTAL ANNUAL MA.INTNANCE COST 2704.00 2704.00
53. ANNUAL OPERATING COST 29408800 29488.00
54. ANNUAL OPO*NG COST PER FT R-ftmffý 3.69 3469

Vie ANNUAL OWNERSHIP 0 OPERATI4G COST

55. FIXED OWNERS1IIP COST 26696.00 26696.00
e56t ANNUAL ANW-RSHIP # OPttING COST 56184.00 56184,00

58. TOTAL PER LINEAL FOOT 64-C*t 7.02 7.02
S, ,

.4



UeS. ARMY CORPS OF ENGINEERS* OMAHA DTSTR

ECONOMIC COMPARISfON

PER-METCR TEST 42 3X50OW QUARTZ H|O0 V93
LIGHTING 65 DEGREE AIMING 70 FT SPACING
SCHEME 5 HORIZONTAL POSITIONS 45 - 90 1 13S DEGREES

TOTAL FOR 3X5OOW

SYSTEM 15 FT MTG

I* INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 34S 345
2. LUJMINA._!1E COST EACH 13.00
3. LUMINAIRE COST TOrAL 4485.00 4485.00
4. QUANTITY OF POLES 115 115
S MOUNTING HEIGHT 15.00
6. POLE + BRACKET COST EACH 70,00
7, POLE COST TOTAL 805000
8. FOUNDATION COST EACH 0.00
9, POLE + FOUNDATION COST TOTAL 8050.00 8050,00

10, OTY LAMPS PER LUMINAIRE I
1. QUANTITY LAMPS 345". 2__-LAMP COST EACH 13,0:
13. LAMP COST TOTAL 4485.00 4485,00
14. ELECTRIC.ALD.ISTRIBjUT.ION 34500.00 34500.00

14•. STANDBY GENERATOR COST 29325.00 29325oOO

15, TOTAL INIT EQUIP LESS LAMPS 76360.00
16, TOTAL INIT EQUIP INCL LAMPS 80845.00 80845.00

IIo INITIAL L.ABOR ESTIMATES

P. . ERECTION * PAINTING 155.00
19.ý.UMINAIRE LABOR 60.00
20. NET LARORt POLES + LUM14AIRES 38S25.00 38525900
2c__..ABOR.ELECTRICALDISTRIBUTION 25875.00 25875,00

21A, LABOR STANDBY GENERATOR 3450900 3450.00
2.. _Rs._.LAROR UPS 0.00 0.00
22e TO.L. INITIAL LABOR 67850.00 67850.00
23. TGTAL INITIAL IiJVESTMENT 303095,00 148695s00

III. ILLUMINATION CALCULATIONS

2, SPACING OR AREA 70.00
26. UTILIZATION FACTOR 0.00
27. MAINTENANCE FACTOR .8)
VAt..DESIGN FOOTCANOL L ~.
29. INIT COST PER LINEAL FT OR-*e06 18.47 18.47

t7



U.S. ARMY CORPS OF ENGINEERS. OMAHA DISTY

ECONOMIC COMPARISION

•J .TE.ST 42_3k!_90U.KARTZ HI00 V93
LIGHTING 65 DEGREE A14ING TO FT SPACING
5EE S HO2N!ý02IIti-5-9 3. DEGREES

iTOLTAL FOR MOON

SYSTEM 15 FT MTO

IV, ANNUAL COSTS

30. KW PER LUMINAIRE *50
W*_j[FA._P UjOWE Kj4$ S 00

31, TOTAL SYSTEM KW 173s 173., .j•---, ANN U A-,-OP. -'A-T-J-OL---IOUQ S ) . _Q_..
___ _40 Q OQJL

33. TOTAL ENERGY KWH/YEAR 690000. 690000.
3_4, ENER.Q OSTPR KWHM ,0200
35. Oi'MANO CHAP)GE/KW/MONTH 0,00000
36. DEMAND CHAPGE PER YEAR 0.00 0.00
37, ANNUAL KWH COST 13800.00 13800.00

.. __ __AUEJ..SO__S T •276m00 276,OL...
38o GROUP RELAMPING PERIOD (HOURS) 1600.

38A. RATED" LAMP LI.FE (HOURS) 2000,.
388. PORTION OF LAMPS SPOT REPLACED .20

_ 12_ 3, _.QUANT !0F _ EP.CEENT LAMPS .. 39.
40. REPLACEMENT LAMP COST 13455.00 13455.00

ANNUAL.MA tTENA.N.CIZ. .AkBOR # MATERIALS

* ~ 2.50
43A. SPOT RELAMPINGS/YEAR/LU4INAIRE 95000
__ _._ -,__.ELAMPI NG_CQSl j.ABOR 3450. 0 3459.o00
46. CLEANINGS/YEAR/LU4INAIRE 0.00
4..•..LEANINGCOST LAkOR Q0 O 0.o00
48. PAINTING TIME PER POLE 0.00
050 .P A INTING COST_ ._LAOOR 00 .... .00 0

51. REPLACEMENT PARTS, PAINT* ETC* 763.60 763,f0
.I..•0IQITAL. _ANNUA.L 1A4kNTE.NANCE COST 42139,.0 421360

53. ANNUAL OPERATING COSI 31744.60 31744.60
54_ ANAUA .. OP"NG COST PER FT 4W meR- 3994 3,94

VI. ANNUAL OWNERSHIP * OPERAT14G COST

S55. FIXEO OWNERSHIP-COST 20477.82 20477,82
S56 ANNUAL OONERSHIP * OPPING COST 52222.42 52?.2,42
58, TOTAL PER LINEAL FOOT OR OWN b649 6.49

I-]



U.S. ARMY CORPS OF ENGINEERS, OMAHA OISTM

SECONOMOC PARIXI•"

PKR?_4ETER TEST 91E IX250W HP SODUYM ROADWAY
LIGHTING 10 DEGREE AIMING 40 FT SPACING
SCHEME 6 HORIZONTAL DO.aTIQN 90 DEGREES

S..... .. I~ sow
TOTAL FOR GITT

SYSTEM 30 FT MTG

I. IN4ITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 200 200
._._.M •.NjkA.• CSt EaCH _9o_

3, LUMINAIRE COST TOTAL 78000.0 78000.00
- 4, qLANTITY OF POLES 200 200

So- MOUNTING HEIGHT 30.00
6.. POLE + BRAK.ET COST EACH 390.00
T. POLE COST TOTAL 78000.00
-! FQ!UNP0 I9OS.LT EACH SO _•O
9. POLE * FOUNDATION COST TOTAL 88000.00 88000.00

]01,QTY LAMPS PER LUMINAIRE 1
11 QUANTITY LAMPS 200
12. _I•AMP.COST EACH ,_ 38O00
13. LAMP COST TOTAL 7600,00 7600.0'

14 LETCALDSJBUT ION -151p0 )ýLAAq
14Ao STANDBY GENERATOR COST 12325.00 12325.00
1.__eUiPS COST 435oo,0o0 435oo.o
15. TOTAL INIT EQUIP LESS LAMPS 236325.00
16. TOTAL INIT EQUIP INCL LAMPS 243925.00 243925.00

II, INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 162.00
19. LUMINAIR LABOR 60.00
20. NET LABOR, POLES + LUMINAIRES 44400.00 44400.00

S21. LA8OR•LE.TR~j.T8 A STI TI.T jON 108750.0 108.? --.q.&

2iA. LABOR STANOBY GENERATOR 1450.00 1450.00
. ._j__LA6OR •PS _L Q 0 .8QQ0L _

22a TOTAL INITIAL LABOR 62525s00 62525.00
23. TOTAL INITIAL INVESTMENT 460350,00 306450.00

III* ILLUMINATION CALCULATIONS

25o SPACING OR AREA 40.00
260- ._.UTLIZATION FACTOR 0.000
279 MAINTENANCE FACTOR ,72
Z• ___.PESIGN FOOTCANDLES 200.0
299 INIT COST PER LINEAL FT4-Gac 38.31 383.-

19



U.S. ARMY CORPS OF ENGINEERS* OMAHA D1Si

ECONOMIC COMPARISION

f.. . ER_ _MF._T.R TEST__g E_. X.P-5 w OH•.•. LiQ M ADO W AY

LIGHTING 10 OEGREE AIMINS 40 FT SPACINGSCHEM_-L_6 HOR IZONT..L.DQ$.I T ]ON go _D•RES-

IA2SOW
TOTAL FQR GITT
SYSTEM 30 FT MTO

IV, ANNUAL COSTS

30. KW PER LUMINAIRE 429
3QAo_.ý_9sPD W.E1 LOSS 145.0.
31. TOTAL SYSTEM KW 73s ?3e

_______ .__~•_ NNUAJ.AF,&_•jgN_._JOURS I4000,
33. TOTAL ENER3Y KWH/YEAR 290000. 290000.
3 _N[G_ __C.OS.T PER KWH - 00
35. DEMAND CHAPGE/KW/MONTH 0.0000

*__.__ _._oE AND.._A.R..PE _Y.AR 0 00 0990
37o ANNUAL KWH COST 5800.00 5800.00
.O...OESK..EL JEL.t-C9ST 1160 110
38a GROUP RELAMP4ING PERIOD IHOURS) 9so00

3¶A,.RTEI).,LA(PLIF .OURS).. 5so000.
388o PORTION OF LAMPS SPOT REPLACED .20
-3!LtQ!AU~jtTl.T 9RF-EMA-S _______ J9J01
40. REPLACEMENT LAMP COST 384000 3840.00

V. ANNUAN LABOR, .MATERIALS

3•_.R.O+Up REL A MINS../Y EAR/LUMINAIRE .42
43A. SPOT PELAM-PINGS/YEAR/LUM INA IRE .0842
4 -.. _ RELAMPING COS.T.-_.__AgOR 336.84 336.84
46. CLEANINGS/YEAR/LUMINAIRE * 58
S7.t-.LEANIN COSTr.- LABOR 231.58 231*5R
48. PAINTING TIME PER POLE 0.00

S .... o_,. LN_. ___O R o00o 0..00 0
Sl. REPLACEMENT PARTS, PAINTP ETC. 2363.25 2363.25
i5. TOTAL ANNUAL MAINTENAICE COST 29.31.67 2931:67
53, ANNUAL OPERATING COST 12687.67 1268767

541 ANNUAL OP"NG COST PER FT 2 1.59 1.59

Vl. ANNUAL OWNERSHIP * OPERAT14G COST

55. FIXED OWNEPS1I1P COST 42436.70 42436.70
J6.AN NU.LA,.-OWNERSHIP - OPI2"1G COST 55L2,4 37 MkJi _l

58o TOTAL PER LINEAL FOOT 0-I* 6,89 6.89

1-



U.Se ARMY CORPS OF ENGINEERS: OMAHA oIsTRT

'' ECONOMIC COMPARHSION

,_ CPRJMYF.•TER TESXT259...LBQ HP SO9 1!UM..
LIGHTING 60 DEGREE AIMING 60 FT SPACING
. CHEME 7 HORIZONTAL POSITION 90 DEGREES

ixasow
TOTAL FOR W14WE
SYSTEM 15 FT MTG

I. INITIAL EQUIPMENT INVESTMENT

1, QUANTITY OF LUMINAIRES 134 134
_,jJM0IAIEco ST EACH 240ooo
3, LUM-INAIRE COST TOTAL 32160.00 32160.00
A __QUANILTY OF POLES 134 134

S MOUNTING HEIGHT isO00
6. POE 0..BRRACET COST EACH 70.00
7. POLE COST TOTAL 9380.00
Be FOUNDATION COST EACH 0o.00_•
9. POLE * FOUNDATION COST TOTAL 9380.00 9380.00
- _t .LT-_LMPS PER LUMINAIQE I
11. QUANTITYf iMS 134
12, L.AMP COSTKAc-i 30.00
13. LAMP COST TOTAL 4020.00 4020,00

,. j~p, 91,E C.T e XCAJ DISTRIBUTIQN 9715s00 9715ýLL
14A* STANDBY GENERATOR COST 8257.75 8257.75

_ _up..so s_._J.. ... •C S 14954*m o .-_
IS TOTAL INIT EQUIP LESS LAMPS 88657.75
16. TOTAL INIT EQUIP INCL LAMPS 92677.75 92677.75

I1. INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 155.00
190. LUMINAIRE LABOR 60.00
20, NET LASOH. POLES.+ LU4INAIRES 28810.00 28810.00
_.j..__.ABORELECTRC.AL DISTRIBUTION 7286,25 7286.25

Z1A. LABOR• STANDBY GENERATOR 971.50 971050
218. LABOR UPS 3886e00 3886,00
22. TOTAL INITIAL LAROR 40953.75 40953.75
23, TOTAL INITIAL INVESTMENT 288031.50 133631.50

IIl. ILLUMINATION CALCULATIONS

2S. SPAC14G OR AREA 60*00
?J.6...t_ ..UTILIZATION FACTOR 0.00
27. MAINTENANCE FACTOR ,72
2 1JBkQ.Q )ýSIG fO0QTCANOjE$ 2.00029. INIT COST PER LINEAL FT OR AGR 16.62 16.62

S. . .. U



U.S. ARMY CORPS OF ENGINEERSo OMAHA DISTR;

ECONOMIC COMPARISION

PERTE TE R -TE$T97 1625QMHPr S~I U
LIGHTING 60 DEGREE AIMING 60 FT SPACING

~~~ 7 ~~~HORIZONThL PO51TION 90 O[GRECS.. __________

IX25OW
TQTAl, FOR WMWE
SYSTEM 15 FT MTO

TV* ANNUAL COSTS

30. KWV PER LUMINAIRE * 29
---lA.....JI.-tiLQWER J.SI 9.72

31. TOTAL SYSTEM KU 49, 49g.

I4000.33, TOTAL ENERGY KWH/YEAR 194300. 194300.
3-i4t.ENER(,Y COST PER KWHs20
35. DEMAND-C7HARGE/KU/MONTM 000
36. DEMAND CHARGE PER YEAR 0.00 0.000

37.ANNUAO KH OS 3886,00 3886.,00
372D D...IE ISE.L.. FUEL-C9JS 77.72 T77.2
38o GROUP RELAMPING PERIOD (HOURS) 9500.

38_21Ap. ATED LA.MP LIFE (AOURS) 100

_t_ IIool

388. PORTION OF LSAMFPSsON REPLACED T20
39 LAMPS ,,0
40. REPLACEMENT LAMP COST 2031!6 2031,16

V. ANNUAL MAINTENANCET 97ABOR .MATERIALS

43A. GROUP RELAMP INGS/Y.ýAPUM INA IRE .42
43A. SPOT RELAMPI-NGS/ýYEAR/LUMINAIRE .00842
44e RELAMPING COSTL REAOR 225.681 225.F68
46. C EA ING/ YEATN/LUMINAIRE *s5o

kACST- .jSR 155.16 - Ub1
48. PAINTING TIME PER POLE 0.000
SO, EAINT CSTjT -_LAQOR 0400 0.00
51e REPLACEM4ENT PARTSt PAINT* ETC. 886.58 886.58

.....ITOTAL..IN AL N&_MA.N1.NANC Csr IP§7*42 1267.42
53. ANN;UAL OPEPATINR COST T262030 7262.30
54o ANNUAL OP"NG COST PER PT

VI. ANNUAL OWNERSHIP + OPERATING COST

55. FIXED OWNERSHIP COST 18404.83 18404,83
6., ANNUAL SHIP # COST 2566713

58, TOTAL PER LINEAL FOOT OR 3.19 1.3s19



U.S. ARMY CORPS OF ENGINEERS9 OMAHA OISTRI,

ECONOMIC COMPAR'SION

-- .lEp g R TEST 98 IX250 HP SgO0UK
LIGHTING 70 DEGREE AIMING 120 FT SPACING
SCHEME a HORIZONTAL DOSITION 45 - 135 DEGRCES

TOTAL_,,.•R WMWE
SYSTEM IS FT MTG

I* INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUM14AIRES 134 134
LU I R401 DSL. EACH 24g.00

3. LUMINAIRE COST TOTAL 32160.00 32160.00
4.:_VA!NTITY OF POLES a?67
to MOUNTING HEIGHT 1s0• 6.1 __PLE _.R E €OST EACH 70,000

_LLý& + aRTCAET
7. POLE COTTOTAL4600
a.FtOUMMOTI ON SS.__$A.AH 0.00
9. POLE * FOUNDATION COST TOTAL 4690.00 4690000

10 AOT !LAMPS PER LUMINAIRE 1
11. QUANTITY LAMPS 134
12. LAMP COST EACH 38.00
13, LAMP COST TOTAL 5092.00 5092.00
14. ELECTRICAL OISTRYBUTION 9715000 9715.00

14As STANDBY GENERATOR COST 8257.75 82T57S
*.----14 UPeS-COST71 *29145900 29145.000

15. TOTAL INIT EQUIP LESS LAMPS 83967.75
16. TOTAL INIT EQUIP INCL LAMPS 89059.75 89059.75

II INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 155.00
1 181..U •P_ - 60.00

20. NET LABOR, POLES * LU41WAIRES 18425.00 18425.00

21A. LABOR STANDBY GENERATOR 971TSO 971.50
. U -PS 3 $J.00 3886.00.

22. TOTAL INITIAL LABOR * 30568.75 30568075
2.3, TOTAL INITIAL INVESTMENT 27402850 119628.50

III* ILLUMINATION CALCULATIONS

25. SPACI4G OR AREA 120.00
i -2t UTILIZATION FACTOR 0.00
i 27. MAINTENANCE FACTOR .72

.. _.DESIGN FOOTCANOLES 20.00
29. INIT COSf PER L-- INEAL FT ( e 14.88 14.88



U.S. ARMY CORPS OF ENGINEERS. OMAHA DISTRI

--- ECONOMIC COMPARISION

F._ RI ETER TS 98 2x250 HP 5O0IUM
LIGHTING 70 DEGREE AIMING 120 FT SPACING
SCHEME 8 H R17ONTAL POSITION 45 _ 135 DEGREES

2X250W
TOTAL FOR WMWE

SYSTEM 15 FT MTG

IV* ANNUAL COSTS

30, KW PER LUMINAIRE .29
30A. KW# UPS.POWER LOSS 9.72
31. TOTAL SYSTEM KW 49, 49*
3.,-A.!0A LOPERAT I Oj_ HpOURS) 4000.
33. TOTAL ENERGY KWH/YEAR 194300. 194300a
34. ENERGY CO__STPER KWH .0200
35. DEMAND CHARGE/KW/MONTO 0.0000
36kDEMAND CHARGE PER YEAR 0.00 0.00
37. ANNUAL KWH COST 3886*00 3886.00

3•7COSAETEL'FUEL.CosT 77.72 77.72
30. GROUP RELAMPING PERIO0 (HOURS) 9500.

38A. RATED LAMP LIFE (HOURS) 15000,
388. PORTION OF LAMPS SPOT REPLACEO .20

3_. QU.ATITO ....2_#_CF.MT LAMPS 68t
40, REPLACEMENT LAMP COST 2572.80 2572.80

V, ANNUAL MAINTENANCE, LABOR * MATERIALS

43. GROUP RELAMPINGS/YEAR/LUMINAIRE 042
43A, SPOT RELAMPINGS/YEAR/LUMINAIRE s0842
44. RELAMPING COST - LABOR 225.68 225.68
6.6 CLEANINGS/YEAR/LUMINAIRE .58
47 ._•7..CLEANINGCOST - LABOR 155.16 155.16
48, PAINTING TIME PER POLE 0.00
50,OL___P AIN-T.NGCOS__T -. LAR0_. 0.0.0 o0.o0oo
51, REPLACEMENT PARTS, PAINT9 ETC. 839.68 839.68
52, TOTAL ANNUAL MAINTENANSE COST 1220?52 1220.52
53. ANNUAL OPERATING COST 7757.04 7757o04
54. ANNUAL OP'NG COST PER FT a&-AW .96 096

VI. ANNUAL OWNERSHIP + OPERATING COST

55. FIXED OWNERSHIP COS' 16264.18 16264,18
56a ANNUALOWNERSHIP + OP"ING COST 24021.22 24021, .

58, TOTAL PER LINEAL FOCT ON meme 2.99 2.99

' I I I I I I' I l - •' IU



U.Sa ARMY CORPS OF ENGINEERSt OMAHA DISTRI

ECONOMIC COMPARISION

PERIM9TER TEST 96A IX400 W HP SODIUM
LIGHTING 60 DEGREE AIMING 80 FT SPACING
SCHEME 9 HORIZONTAL POSITION 90 DEGREES AIMING

IX40OW
TOTAL FOR WMWE

SYSTEM 15 FT MTG

I. INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 100 100
2. UNLIA•IRE COST EACH 250.00
3. LUMINAIRE COST TOTAL 25000900 25000.00
4, QUANTITY OF POLES 100 100
5, MOUNTING HEIGHT 15.00
6. POLE + BRACKET COST EACH 70.00
7, -POLE COST TOTAL 7000.00
8_ F__ _ OUNDATION COST EACH 0.00
9. POLE - FOUNDATION COST TOTAL 7000.00 7000.00

10. QTY LAHPS PER LUMINAIRE 1
11. QUANTITY LAMPS 100
12. LAMP COST EACH 39,00
13. LAmP COST TOTAL 3900.00 3900.00
_____ JA. E LE T• tCAI O•.TR B UT..ON 1 L150. 900 Bj 5•A,0._

14A. STANDBY GENERATOR COST 9775.00 9775900
14C_,.UPS_._CQT 3450.00 0 . 00

15a TOTAL INIT EQUIP LESS LAMPS 87775T00
18, TOTAL INIT EQUIP INCL LAMPS 91675.,00 91675.00

II, INITIAL LABOR ESTIMATES

18. POLE ERECTION * im4INTING 155o00
19. LUMINAIRE LABOR 75.00
20o NET LABORt POLES # LUMINAIRES 23000900 23000.00
21. LABOR ELECTRICAL DISTRIBUTION 8625900 8625.00

21A, LABOR STANDBY GENERATOR 1150.00 1150.00
218B LABOR. UPS 4600.00 4600.00

22, TOTAL INITIAL LABOR 37375.00 37375.00
* 23. TOTAL INITIAL INVESTMENT 283450.00 129050.00

III. ILLUMINATION CALCULATIONS

25. SPACING OR AREA 80.00-6_ UTILIZATION FACTOR 0.00
27. MAINTENANCE FACTOR .72

L.8_DESIGNFOOTCANLES 2.00
29. INIT COST PER LINEAL FT 04;lWK 16.13 16.13



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRIC

ECONOMIC COMPARISION

PERIMETER T.ST..6A .X400 W HP SODIUM

LIGHTING 60 DEGREE AIMING 80 FT SPACING
SCHEME _9 OAZpNT POSITION 90 DEGkEES AIMING

IX40OW
TOTAL FOR WMWE

SYSTEM 15 FT MTG

IV* ANNUAL COSTS

30. KW PER LUMINAIRE .46
LQA30A,--._._4ffSi.-.PWER LOSS lleso

31, TOTAL SYSTEM KW 58. 58.
3?AL.ANPLU-N9NU__ANE _. H OURS) 40006
33. TOTAL ENERGY KWH/YEAR 230000e 230000.
.34..ENERY COST PER KWH .0200
35. DEMAND CHARGE/KW/MONTH 0.0000
36. _DEMAND CHARGE PER YEAR 0.00 0.00
37. ANNUAL KWH COST 4600.00 0600.00

37D _DIESEL FUEL COST 92,00 92*00
38. GROUP RELAMPING PERIOD (HOURS) 13000.

38A, RATED LAMP LIFE (HOURS) 20000.
388. PORTION OF LAMPS SPOT REPLACED 220
396 QUANTITY OF REPLACEMENT LAMPS 37.
40. REPLACEMENT LAMP COST 1440.00 1440.00

V NNUAL MAINTENANCE9 _BOR * MATERIALS

______4..........GROUPLAMPI-NGS/YEAýR/LUMINAIRE 931
43A. SPOT RELAMPINGS/YEAR/LUMINAIRE .0615

_ __ .4, _!ELAMP.•N COST - .BO1R 123.08 123.08
46. CLEANINGS/YEAR/LU4INAIRE .69

_______.•.j__CLEANING COST -_. OR_ 138946 138 .46
48e PAINTING TIME PER POLE 0.00

_____5i-. AINTING COIL.-.._AQOR 0.00 0
51. REPLACEMENT PARTS9 PAINT, ETC. 877.75 877.75
S2, TOTAL ANNUA. AINTENANCE COST 1139,29 1139.29
53. ANNUAL OPERATING COST 7271.29 7271.29

I. 54. ANNUAL OPtiNG COST PER FT Q--AG4r. ,91 091

VI. ANNUAL OWNERSHIP * OPERATING COST

5S FIXED OWNERSHIP COST 1771.30 17771.30
56, ANNUAL OWNERSHIP + OP*ING COST 25042.59 25042.59
58. TOTAL PER LINEAL FOOT #dUVR!" 3o13 3.13

.. -- - . . .



U.S. ARMY CORPS OF ENGINEERS9 OMAHA DISTRIC

ECONOMIC COMPARISION

PERIMETER TEST 75A 2X90W LP SODIUM
LIGHTING 70 DEGREE AIMING 100 FT SPACING
SCHEME 10 HORIZONTAL POSITIONS 45 _ 135 DEGREES

2X9oW
TOTAL FOR WMSE

SYSTEM 15 FT MTG

Is INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES. 160 160
2 .0_LVtM_•.IN C. T EACH 273O00
3. LUMINAIRE COST TOTAL *3680o00 43680.00
4, QUANTITY OF POLES 80 AO
5, MOUNTING HEIGHT 15.00
6. POLE + BRACKET COST EACH 70.00
7. POLE COST TOTAL 5600.00
8. FOUNDATION COST EACH 0.00
9. POLE * FOUNDATION COST TOTAL 5600.00 5600.00

10. OTY LAMPS PER LUMINAIRE I
11 QUANTITY LAMPS 160
12. LAMP COST EACH 18.00
13, LAMP COST TOTAL 2880.00 2880.00
1!. ELECTRICAL DISTRIBUTION 5600.00 5600.00

14A. STANDBY GENERATOR COST 4760.00 4760.00
14C•.UPS COST 16800.00 16800.00

15, TOTAL INIT EQUIP LESS LAMPS 76440.00
16. TOTAL INIT EQUIP INCL LAMPS 79320.00 79320.00

II. INITIAL LABOR ESTIMATES

18. POLE ERECTION + PAINTING 155,00
19- LUM!NAIRE LABOR 30.00
20. NET LAHOR9 POLES . LU4INAIRES 17200.00 17200.00
21. L A%0fLeTR _DL$.I.~ TRIBUTION 4 00 00 4200,00

21A. LABOR STANDBY GENERATOR 560.00 560.00
21B LABOR-PES 2240.00 . 224000

22, TOTAL INITIAL LABOR 24200.00 24200,00
23, TOTAL INITIAL INVESTMENT 257920.00 103520.00

III ILLUMINATION CALCULATIONS

25. SPACING OR AREA 100.00
__2__ . UTILIZATION FACTOR 0.000

i7. MAINTENANCE FACTOR 2.0
-. ? 8 #-_OESIGN FOOTCANDLES 2e00
29, INIT COST PER LINEAL FT OR AGRe 12.94 12.94

I____,_______--___ _



U.S. ARMY CORPS OF ENGINEERS* OMAHA DISTRICI

ECONOMIC COMPARISION

PERIMETER TEST 754- 2X90W LP SODIUM
LIGHTING 70 DEGREE AIMING 100 FT SPACING

fSELr L HORIZONTAL POSITIONS 45 -135 DEGREES

2X90WI...________________TOTAL FOR WMSE

IV. ANNUAL COSTS

30. KW PER LUMINAIRE o 14
30A KW UPS PWERLOSS 50*60
31. TOTAL SYSTEM KW 28e 2a,

____32* ANNVAJW-PPtEJR-AT19.ýLJHOURS) 4000.
33. TOTAL ENERGY KWH/YEAR 112000a 112000.
_34. ENERGY COST__PERý KWH o 0200
35. DEMAND CHARGE/KW/N4ONTH 0.00000
3___6. _DEMAlND CHARGE PER Y'_!AR 0.fl0 0.00
37o ANNUAL KWH COST 2240.00 2240.00
370._DIEýSEL, FUEL COST 44s80 44eSO
38. GROUP RELAMPING PERIOD (HOURS) 15000o

_--IPA, Tf LM LIFE- (HOURS) -18000.
388. PORTION OF LAMPS SPOT REPLACED * 20

39QA~jTYO P IaCEMENT LAMPS 510
40. REPLACEM4ENT LAMP COST 921060 921.60

Y. ANNUAL MAINTENANCE. LABOR + MATERIALS

43.- GROUP iRELAMP!INGS/YEAR/LUMINAIRE .27
43A. SPOTd RELAMPINGS/YEAR/LUP4INAIRE 05;33
44,_ RELAP4PING COST - LABOR 170.67 170.67
46. CL'EAkN6NG/_YEAR/LUMINAIRE e73
47. CLEANING.COST - LABOR 234o67 234e67
48. PAINI~fNG TiME PE;R POLE 0.000
50 PAkINTING COST --LABOR. 0.00 0.00
51. RLAMETPARTS, PAINT9 ETC. 764.40 764.40

- _52p TOT[AL A.NNAL MAINTENANCE COST 1169o73 1169.73
53. ANNUAL OPERATING COST 4376.13 4376.13
546 ANNUAL OPIING COST PER FT QfiAWt .55 *55

VI. ANNUAL OWNERSHIP + OPERATI4G COST

55. FIXED OWNERSHIP COST 14290.88 14290.88
56. ANNljUAL OWNERSHIP + QP'IIMG COST 18667.01 18667.01
58. TOTAL PER LINEAL FOOT &Rf 2.33 2.33

II



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRIC

ECONOMIC COMPARISION

ýPERIMETER TEST 7SA 2X90W LP SODIUM
LIGHTING 70 DEGREE AIMING 100 FT SPACING
SCHEmE i. HORIZONTAL POSITION 4S - 135 DEGREES

2X9ow
TOTAL FOR WWNO
SYSTEM 15 FT MTG

I. INITIAL EQUIPMENT INVESTMENT

1, QUANTITY OF LUMINAIRES 160 160
. __ ,_____Ll•2 j NA._L.CT._ ¢H 30R.00

3, LUMINAIRE COST TOTAL 49280.00 49280.00
_4, QVý.[NJU.Y OF POLES so 80
5, MOUNTING HEIGHT 15.00
6. POLE * BRACKET COST EACH H0,00
7. POLE COST TOTAL 5600,00

I8 . FOUNOATION COST EACH 0.00
9s POLE + FOUNDATION COST TOTAL 5600.00 5600.00

10 OQTY LAMPS PER LUMINAIRE 1
11. QUiNTITY LAMPS 160
12. LAMP COST EACH 18.00
13. LAMP COST TOTAL 2880.00 2880.00

____1_4___LLLECTR CA OISTTJ T I ON 5600.00 5600.00
14A* STANDBY GENERATOR COST 4760.00 4T60900
14C,___UPSOST 16800ooo00._o
1S, TOTAL INIT EQUIP LESS LAMPS 82040.00

S16. TOTAL INIT EQUIP INCL LAMPS 84920.00 84920.00

II. INITIAL LABOR ESTIMATES

18, POLE ERECTION + PAINTING 155.00
14. LUMINAIRE LABOR 30.00
20. NET LABOR, POLES + LU4INAIRES 17200.00 11200.00
21.- L A@OR ELECTRICAL DISTRIBUTION 4200.00 4200.00

2IA. LABOR STANDBY GENERATOR 560.00 560.00
218., LABOR UPS 2240.00 2240.00
22. TOTAL INITIAL LAROR 24200.00 24200.00
23. TOTAL INITIAL INVESTMENT 263520.00 109120.00

III* ILLUMINATION CALCULATIONS

25. SPACING OR AREA 100.00
. 2A•,_.UJTILIZATION FACTOR 0.00

V 2. MAINTENANCE FACTOR .835
ELL...- 22l__[_.LqqOESGN oLTCkNDL&L __________ 2000 -

I29 INIT COST PER LINEAL FT 4OR-*G 13.64 13.64I-i
.I



U.S. ARMY CORPS OF ENGINEERSt OMAHA DISTRICi

"ECONOMIC COMPARISION

PERIMEfR TEST 75A 2X90w LP SODIUM
" LIGHTING 70 DEGREE AIMING 100 FT SPACING

C5HEME 11 HORIZONTAL OSITI.ON 45 135 DEGREES

2X9OW
TOTAL FOR wwNO
SYSTEM 15 FT MTG

IV* ANNUAL COSTS

30. KW PER LUMINAIRE o14
30A, K UPS POWER LOSS ,6
31. TOTAL SYSTEM KW 28. 28.
3?,-tN " S 4000.,
33. TOTAL ENERGY KWH/YEAR 112000. 1120C0.

__ 34, F.. N__•YCOSTPERKWH .*0200
35. DEMAND CHARGE/KW/MONTH 0.0000
36, DEMAND CHARGE PER YEAR 0.00 0.00
37. ANNUAL KWH COST 2240.00 2240.00

370._DIESEL FUEL COST 44.80 44.RO
38. GROUP RELAMPING PERIOD (HOURS) 15000.

38A,_ATEO LAMP LIFE (HOURS) 18000.
3889 PORTION OF LAMPS SPOT REPLACED .20

39.; QUANTITY OF REPLACEMENT LAMPS 51-
40. REPLACEMENT LAMP COST 921.60 921.60

V., ANNUAL MAINTENANCE, LABOR # MATERIALS

43, GROUP RELAMPINGS/YEAR/LUMINAIRE Z 27
43A, SPOT RELAMPINGS/YEAR/LU4INAIRE .0533

44. RELAMPING COST - LABOR 170.67 170.67
46,0 CLEANINGS/YEAR/LUMINAIRE s.73
4 tT__CLEANING COS_ - LABOR 234.67 2349f7
48. PAINTING TIME PER POLE 0.00
5 Qt- E.Aj I1 NG COST -ABOR 0.Q00.. 0.000
51. REPLACEMENT PARTS, PAINT, ETC. 820.40 820,40
52 TOTAL ANNUAL MAI'.TENANCE COST 1225.73 1225.73
53, ANNUAL OPERATING COST 4432.13 4432.13
54, ANNUAL OPOING COST PER FT 00-Aef .55 .55

VI. ANNUAL OWNERSHIP 4 OPERATING COST

55 FIXED OWNERSHIP COST 15086.08 15086.08
56. ANNUAL OWNERSHIP + OP"ING COST 19518.21 19518.21
58. TOTAl. PER LINEAL FOOT * 2.44 2.44



US, ARMY CORPS OF ENGINEERS* OMAHA DISTRI

ECONOMIC COMPARISION

PERIMET.[R TEST 76 IXIeOw LP SODIUM
LIGHTING 65 DEGREE AIMING 60 FT SPACING
SCE F 12 HORIZONTAL POSITION Sb DEGREES

1x180w
TOTAL FOR WMSE
SYSTEM 75 FT MTG

Is INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 134 134
2 LUMINAARE COST EACH 360,00
3. LUMINAIRE COST TOTAL 48240.00 48240.00
4._ QLANTITY OF POLES 134 134
S MOUNTING HEIGHT 1S.00
6.._ POLE * BRACKET COST EACH 70.00
7o POLE COST TOTAL 9380.00
8. FOUNDATION COST EACH 0.00
*. POLE * FOUNDATION COST TOTAL 9380.00 9380.00

10. QTY LAOPS PER LUMINAIRE 1
11. QUANTITY LAMPS 134

, 12. LAMP COST EACH 33.00
13. LAMP COST TOTAL 4422.00 4422.00
1,,_1 _ELECTRICAL OISTRIBUTION 8040.00 8040.00

14A. STANDBY GENERATOR COST 6834900 6834.00
14C. UPS COST 24120.00 24120.00

15. TOTAL INIT EQUIP LESS LAMPS 96614.00
16_ TOTAL INIT EQUIP INCL LAMPS 101036.00 101036.00

II. INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 155.00
19. LUMINAIRE LABOR. 75.00
20. NET LABOR, POLES * LUMI1AIRES 30820.00 30820.00
2---- .J.• qB0_ELECTRICAL OISTRIBUTION 6030.00 6030.00

21A. LABOR STANDBY GENERATOR 804.00 804.00
.._L__APOR UPS 3216.00 3216.00

22. TOTAL INITIAL LABOR 40870.00 40870.00
23. TOTAL INITIAL INVESTMENT 296306.00 141906.00

III. ILLUMINATION CALCULATIONS

25 SPACING OR AREA 60.00
26. UTILIZATION FACTOR 0.00

S27. MAINTENANCE FACTOR .85
•2Ft. _ DESIGN FOOTCAND 2.00

29.o-NIT C--OST PER LINEAL FT Oi iti T7s65 17,65

t 3/



U.S. ARMY CORPS OF ENGINEERS* OMAHA DISTR.

ECONOMIC COMPARISION

.-.B.IMETER TEST 76 lX!j W LP SOOIUM
LIGHTING 65 DEGREE AIMING 60 FT SPACING
SCHEME 12 HORLZL1AI...POSITION II OEGRE[S

SX18I OW
TOTAL FOR W__4S_ _

SYSTEM 75 FT MTG

IV* ANNUAL COSTS

30, KW PER LUMINAIRE &24
30A.__LW__..•_Q5 WER LOSS 8.04

31, TOTAL SYSTEM KW 40. 40e
3?,AU PRTO (HOURS) 400
33. TOTAL ENERGY KWH/YEAR 160800. 1608009
34.•..,..._ ._ENERGY COST PER KWH 40200
35, DEMAND CHAPGE/KW/MONTH 0*0000

__ _ 36 OEMAND CHARGE PER YEAR 0.00 0.00
37. ANNUAL KWH COST 3216.00 3216o00

37D. DIESEL FUEL COST 64.32 64.32
38. GROUP"RELAMPING PERIOD (HOURS) 15000.

38A, RATED LAMP LIFE (HOURS) 18000,
38B. PORTION" OF LAMPS SPOT REPLACED m20

39_._UA.N.TTY OF REPLACEMENT LAMPS 43.
40. REPLACEMENT LAMP COST 1415o04 1415.04

V, ANNUAL MAINTENANCE, LABOR * MATERIALS

*_ 3. GROUP RELAMPINGS/YEAR/LUMINAIRE .27
43A, SPOT RELAMPINGS/YEAR/LU4INAIRE 90533

44R.ELAMPING COST - LABOR 142993 142.93
46o CLEANINGS/YEAR/LUMINAIRE s73
47_._CLEANING COST - LABOR 196.53 196.53
48, PAINTING TIME PER POLE. 0.00

- 50. PAINTING COST - LABOR 0.00 0.00
51, REPLACEMENT PARTS, PAINT, ETC. 966.14 966.14
52, TOTAL ANNUAL MAINTENANCE_ COST 130561. 1305.61
53. ANNUAL OPERATING COST 6000.97 6000097
4,_ ANNUAL OPONG COST PER FT OA.-*. 075 675

VI. ANNUAL OWNERSHIP * OPERATING COST

55a FIXED OWNERSHIP COST 19522.73 19522.73
5k_..ANUA_ OwLNRSýIP * OP'1I1G COST 25523.69 25523e69
589 TOTAL PER LINEAL FOOT OG"E 3.17 3.17

132I



U.S. ARMY CORPS OF ENGINEERS, OMAHA OISTF

ECONOMIC COMPARISION

pm-RIMF.TEST 95 2XIBOW LP SODIUM
"LIGHTING 70 DEGREE AIMING 120 FT SPACING
SCHEME 13 HORIZONTAL POSITION 45 135 DEGREES

2XSI
•-"-- '2x18ow

TOTAL FOR WWNO
SYSTEM 15 FT MTG

I. INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 134 134
2,•. LUMI.NA.RE COST EACH 339.00
3. LUMINAINE COST TOTAL 45426.00 45426a00
4, QUAN__TY OF POLES 67 67
So MOUNTING HEIGHT 15.000
6t_ * BRA.CET COST EACH 70.00
7. POLE COST TOTAL 4690.00
8. FOUNDATION COST EACH 0.00
9. POLE # FOUNDATION COST TOTAL 4690.00 4690.00
10. OTY LAMPS PER LUMINAIRE 1
11, QUANTITY LAMPS 134
12. LAMP COST EC' H 33.00
13, LAMP COST TOTAL 4422900 4422.0

.14, LECtR.I.._ T_._U.TON A0 4.00 8040.o0

14A, STANDBY GENERATOR COST 6834.00 6834.00
1t___PQS._ST 2412000 - ..202

15. TOTAL INIT EQUIP LESS LAMPS 89110.00
16e TOTAL INIT EQUIP INCL LAMPS 93532,00 93532.00

II. INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 155.00
19. LUMINAI3..LABOR 75.00
20e NET LABOR, POLES + LUMI4AIRES 20435.00 20435.00
21. LABOR .EECRISALISTRIBUTION 6303.00

21A, LABOR STANDBY GENERATOR 804.00 804.00
21B. LABOR LIPS 3216.00 3216.00
22. TOTAL INITIAL LAROR 30485,00 30485.00

.23. TOTAL INITIAL INVESTMENT 278417T00 124017.00

III. ILLUMINATION CALCULATIONS

25. SPACING OR AREA 120.00
26a UTILZATION FACTOR 0.00
27. MAINTENANCE FACTOR .85
2L8.LDESI.!GN _FOOTCANDL.2*o__ _ __0
2Q. INIT COST PER LINEAL FT 0 15,43 15*.4

r3



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRIr~

* ECONOMIC COMPAISION

PERIETE TET 9S 2X3WL SOD IUM
LIGHTING 70 DEGREE AIMING 120 FT SPACING

HORIZONTAL lOSITION 4S 1,35 DEGRCES

2x180W
TOTALFOR- WWNO
SYSTEM I5 FT MTG

TV* ANNUAL COSTS

30C, KW PER LUCINAIRE -"
3QA, KWJPS P9E LOSaj0

*31. TOTpL SYSTEM KW 40a 40.
32..k.U.AL__EPAJ•ON 'HOURS) 40005E
33. TOTAL ENERGY IWH/YEAR 160800. 160800.
-342 !4ERGjYCOST PER KWH .0200
35. EMAND CHARGE/KW/MONTS 0. 0000
-36. DEMAND CHARGE PER YEAR 0.00 0.000

. 3i. ANNUAL KWH COST 3216.00 3216,00
370. DIESEL FUEL COST 64932 64o32
39. GROUP RELAMPING PERIOD (HOURS) 15000.

38A, RkA LAM LM.NLIFE (HOURS) 18000.
388. PORTION OF LAMPS SPOT REPLACED .02

392 QUANTITY OF REPLACEMENT LAMPS- 36.
40. Re-PLA ICE-MENT LAM COSTS 1202.78 1202.78

e 3ANNUAT MAINTENANCE. LABOR MATERIALS

-4*_GROUP RELAM~PINGS/YEAR/LUMINAIRE .27
43A. SPOT RELAMPINGS/YEAR/LUMINAIRE 10053

4 RELA MPING COST - LABOR 110.77 110o0.
46. CLEANINGSOYEAR/LWMINAIRE O73
47. CLEANING COST - LABOR 196.53 196,53
48. PAINTING TINE PER POLE 0.00

*50. PA.INT.ING COST - LABOR 0.00 0.000
51. REPLACEMENT PARTS, PAINT, ETC. 891.10 891.10

A*qA MA__ NTNAC COST 1198.41 1198.41
539 ANNUAL OPERATING COST 5us1600 S681o.5

, 237 ANUAL OP'_NG COST PER FT Qmw K .371 671

VI. ANNUAL OWNERSHIP # OPERAT14G COST

55, FIXED OWNERSHIP COST 169e2,49 16982.49
56. ANNUAL OWNERSHIP # OP'[.4. COST 22664.00 22664.00
58. TOTAL PER LINEAL SOOT 2.ACED82 2.82

I___



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRIi

ECONOMIC C OM' N

PERI ETER, TEST 94 2XISOW LP SODIUM
LIGHTING 70 DEGREE AIMING 120 FT SPACING
S SCHEM[ 14 MORI fRZONTAL POSITION 4S 135 DEGREES-

Mxieow
TOTAL FOR WMSE
SYSTEM 1S FT MTG-

I, INITIAL EQUIPMENT INVESTMENT

1, QUANTITY OF LUMINAIRES 134 134
2. L.Ki-&.RE COST EACH 36000
3. LUMINAIRE COST TOTAL 48240.00 48240.00
*. QAIAN-JTY OF POLES 67 67
S 5. MOUNTING HEIGHT 1500

P6 O .. LE *.BRACKET COST EACH ,_,____
7. POLE COST TOTAL 4690.00
8, FOUNDATION COST EACH 0.00
9. POLE + FOUNDATION COST TOTAL 4690.00 4690.00

10. QTY LAMPS PER LUMINAIRE 1
11. QUANTITY LAMPS 134
12. LAMP COST EACH 33.00
13. LAMP COST TOTAL 4422,00 4422.00
14. ELECTRICAL DISTRIBUTION 8040.00 8040.00

14. STANDBY GENERATOR COST 6834.00 68364.00
14C, UPS COST 24120,00 24120400

15, TOTAL INIT EQUIP LESS LAMPS 91924.00
16. TOTAL INIT EQUIP INCL LAMPS 96346o00 96346.00

II* INITIAL LABOR ESTIMATES

1S* POLE ERECTION * PAINTING 155.00
., 19 LMINAIH LAROR 75.00
20. NET LABGR* POLES + LUM14AIRES 20435.00 2043SO00
21 .. BO_ ELECTRICAL DISTRIBUTION 6030.00 6030.00

2IA, LABOR STANOBY GENERATOR 804.00 804.00
218. LABOR UPS 3216.00 3216.*0_0
2 2, TOTAL INITIAL LABOR 30485.00 30485.00

S23. TOTAL INITIAL INVESTMENT 281231,00 126831.00

I

IIlI ILLUMINATION CALCULATIONS

25. SPACING OR AREA 120.00
_ ± .. UTILIZATION FACTOR 000

27. MAINTENANCE FACTOR ORS
~IEINFOOTCANO~j 2.00

•9. INIT COST PER LINEAL FT E - 15.78 15.78-K- 35-



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRIC

"ECONOMIC COMPARISION

PERI4METER TEST 9 2XIBOW LP SOO IUn.

LIGHTING 70 DEGREE AIMING 120 FT SPACING

scm~m U. ORIZ7ONT AL MOS IfI 4 j.5~ -_1.3.3O REE I

2x18OW
TOTAL FOR WMSE
SYSTEM 15 FT NTO

TV* ANNUAL COSTS

30. KW PER LUMINAIRE .24
- 30A, KW PS POWER LOSS 8:04,

31, TOTAL SYSTEM KW 40. 40,
LAN A. A g "AA._ TW (HQOURS) 4goo.

33. TOTAL ENERGY KWH/YEAR 160800. 160800.
34, 9!jSR._.. QlL ER WH o0200 -

35. DEMAND CHARGE/KW/MONTH 0.0000

I _OEI!dAN C.q4A POE PER~ YEAR 0.000 0.00
37. ANNUAL KWH COST 3216.00 3216.00
_. sEF64._ST32 64.32
38. GROUP RELAMPING PERIOD (HOURS) 15000.

38AJ RATE LA.~IEE.J.Q.~)190009
388. PORTION OF LAMPS SPOT REPLACEO *20

39., 0UFT I T LAMPS 43.
40. REPLACEMENT LAMP COST 1415.04 1415.04

V. ANNUAL MAINTENANCE, LABOR * MATERIALS
43. GROUP RELAMPINGS/VEAR/LUMINAIR• .27

43A, SPOT RELAMPINGS/YEAR/LU41NAIRE .0533
44. RELAMPING COST - LABOR 142.93 142.93
46. CLEA-NiNGS/YEAR/LUMINAIRE ,73
__ 4 CLEANING COST - LABOR 196.53 196.53
48. PAINTING TIME PEP POLE 0.00
50.O. PAINTNG COST - LABOR 0qtoO 0.00
51. REPLACEMENT PARTS* PAINT, ETC. 919.24 919.24
52. TOTALANNUAL MAINTENANCE COST 1258*71 125a
53o ANNUAL OPERATING COST 5954.07 5954.07

SANN.UA=l OPIING COST PER FT * .74* 974

VI. ANNUAL OWNERSHIP * OPERATING COST

55. FIXED OWNERSHIP COST 17382.08 17382.08

56s ANNUqOAWNERSHIP * OPahIG COST 23336.14 23336.14
58. TOTAL PER LINEAL FOOT OG-.Nele 2.90 2.90

"7 mm - .... .. . .i .... ..



U.S. ARMY CORPS OF ENGINEERS9 OMAHA DISI

* EZON MIE CMPARMSFION

,_Rp.• ATTEp JEST 53 3190•S W LP SO UN
LIGHTING 20 DEGREE AIMING 120 FT SPACING
S.CH_•. 15 . HORIZONTAL DOSITION 90 DEGREES

3XI80w
TOTAL FOR WGQV
SYSTEM 30 FT MTG

Is INITIAL EQUIPMENT INVESTMENT

1, QUANTITY OF LUMINAIRES 201 201
2, L _INI_ 0_ T H 25O0 *00-
3. LUMINAIRE COST TOTAL 50250.00 50250.00
-. OUANTJTY jOF POLES . 6? I7
5 MOUNTING HEIGHT 15.00
6, POLE * BRACKfET COST EACH. 130.00
7. POLE COST TO'?AL 8710.00
S8• FOUNOATION COST EACH 0.000
9. POLE # FOUNDATION COST TOTAL 8710'00 8710000

__ IO_ .1._TY LAMPS PER LUMINAIRE 1
11, QUANTITY LAMPS 201
:.,L?ý ,kki F StC_•T A.. .... 33.00
13. LAMP COST TOTAL 6633.00 6633.00

*j~E"ECTQR~ I U~O 1 j..iJ0600
14Ao STANDBY GENERATOR COST 10251.00 10251sou
S _,_u.-36180,00 36jU ..•0

15. TOTAL INIT EQUIP LESS LAMPS 117451.00
16. TOTA& Lt.. EQUIP INCL LAMPS 12408400 1248.00

II INITIAL LABOR ESTIMATES

IS. POLE ERECTION * PAINTING 162.00
J1. .A.MIiNAIHE LABOR 75.00
20. NET LAFOR9 POLES * LUMI4AIRES 25929.00 25929.00
214 LABOR ELECTRICAL DISTQIBUTION 9045.00 9045.00

21A. LABOR STANDBY GENERATOR 1206.00 1206.00
21e. LABOR UPS 4624.00 4824.00
22, TOTAL INITIAL LAHOR 41004.00 41004.00
23o TOTAL INITIAL INVESTMENT 319488.00 165088.00

III ILLUMINATION CALCULATIONS

255. SPACING OR AREA 120.00
26. UTIL!ZATION FACTOR 0.00
27. MAINTENANCE FACTOR eas
20t.Q~jLGN FOOICAN&LES ______ 2.000

1s9. INIT COST PER LINEAL FT O4RAIR 20.53 20.aF



US. ARMY CORPS OF ENGINEERS, OMAHA DISTRI

ECONOMIC COMPARISION

PERIMETER TEST 53 3XIBO W LP SODIUM
LIGHTING 20 DEGREE AIMING 120 FT SPACING
SCHEME 15 HORIZONTAL POSITION 90 DEGREES

3XI80W- I
TOTAL FOR WGoV
SYSTEM 30 FT MTG

IV. ANNUAL COSTS

30. KW PER LUMINAIRE .24
30A. KWUPSPO!WER LOSS 12j06
31. TOTAL SYSTEM KW 60, 60e

i ,._•LN..._NULOAPERA•. 9±AIN -HOURS) 4000o
33. TOTAL ENERGY KWH/YEAR 241200. 241200o
34. ENERGY COST PER KWH .O200
35o DEMAND CHARGE/KW/MONTH 0.0000
36, DEMAND CHARGE PER YEAR 0.00 0.00
37, ANNUAL KWH COST 4824.00 4824.00

37D0 DIESEL FUEL COST 96o48 96.48
3R, GROUP RELAMPING PERIOD (HOURS) 15000,

38A, RATED LAMP LIFE (HOURS) 18000.
388. PORTION OF LAMPS SPOT REPLACED .20
39.._. QUANTY IyOF.__REPLA.CEMENT LAMPS 64.
40. REPLACEMENT LAMP COST 2122,56 2122.56

V. ANNUAA MAINTENANCE LAFAOR + MATERIALS

S•.43. GROUP RELAMPINGS/YEARILUMINAIRE o,27
"43A. SPOT RELAMPINGS/YEAR/LUMINAIRE ,0533

44.RELMPNG_ -iL..eOR 214.40 214.40
46. CLEANINGS/YEAR/LUMINAIRE ,73
47, LEANING COST -. LAQOR 294,80 294,R0
48. PAINTING TIME PER POLE 0.00

-_____ .t5_AI II.NQ._I-__L,8QR 0. 00 0 * 00C
** REPLACEMENT PARTS, PAINT, ETC. 1174.51 1174.51

-, TOTAL ANNUAL MAINTENANCE COST 1683.71 1683,71
53o ANNUAL OPERATING COST 8726.75 8726.75
54. ANNUAL OP"ONG COST PER FT f"WME 1.09 1.09

VIs ANNUAL OWNERSHIP * OPERATING COST

55. FIXED OWNERSHIP COST 22500,61 22500,61
56. ANNUAL OWNERSHIP * OP"ING COST 31227.36 31227.36
58o TOTAL PER LINEAL FOOT O 3.88 3,B8



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRIC

ECONOMIC COMPARISION

PERIMETER TEST 8OF IX180 W LP SODIUM
LIGHTING 20 DEGREE AIMING 70 FT SPACING
SCHEME 16 HORIZONTAL POSITION 90 DEGREES

TOTAL FOR WGQV
SYSTEM 15 FT MTG

I* INITIAL EQUIPMENT INVESTMENT

1. NUANTITY OF LUMINAIRES 115 115
2_L,_WtUMNAIRE COST EACH 250.00
3. LUMINAIRE COST TOTAL 28750.00 28750,00
4. QUANTITY F POLES 115115
5, MOUNTING HEIGHT 15.00
6. POLE * BRACKET COST EACH 70.00
7, POLE COST TOTAL 8050,00
86 FOUNDATION COST EACH 0.00
9. POLE # FOUNDATION COST TOTAL 4050,00 8050.00
10. QTY LAMPS PER LUMINAIRE I
11. QUANTITY LAMPS 115
12. LAMP COST EACH 33.00
13. LAMP COST TOTAL 3795,00 3795s00
14• ELECTRICAL DISTRIBUTION 6900.00 6900s00

14A. STAN6DY GENERATOR COST 5865.00 5865.00
14C9 UPS COST 20700o00 20700.00
15, TOTAL INIT EQUIP LESS LAMPS 70265.00
16. TOTAL INIT EQUIP INCL LAMPS 74060.00 74060.00

II* INITIAL LABOR ESTIMATES

18. POLE ERECTION + PAINTING 155,00
19. LUMINAIRE LAGOR 75.00
20. NET LAHOR, POLES-+ LUMINAIRES 26450.00 26450.00
21.o_-,mBOR ELECTRICAL DISTRIBUTION .. 517500 575.00

ZlA. LABC STANDBY GENERATOR 690s00 690.00
2I* .LABOR UPS 2760,00 2760.00
22o TOTAL INITIAL LABOR 35075.00 35075.00
23, TOTAL INITIAL INVESTMENT 263535.00 109135900

IIIf ILLUMINA7ION CALCULATIONS

25. SPACING OR AREA 70o00
26o UTILIZATION FACTOR 0.00
27, MAINTENANCE FACTOR -85

._28.OES1G•J FOOTCANOLES 2.00
29o INIT COST PER LINEAL FT 0*0"- 13.56 13.56

-... . . . ... . . .. . .. .. . .I



II l

UoS. ARMY CORPS OF ENGINEERS, OMAHA OISTRIC

ECONOMIC COMPIARISION

- -DE-R_ PA E rER - TEST 8OF 1XI.SO W LP SODIUMI
LIGHTING 20 DEGREE AIMING 70 FT SPACING

._.........±LQEZONTAL POSITION 90 DEGREES

IX 180W

TOTAL FOR WGOV
SYSTEM 15 FT MTG

IV* ANNUAL COSTS

30. KW PER LUMINAIRE 024

AIOA, UPK SPQW LOSS- 6p90....
31, TOTAL SYSTEM KW 35. 35.

; 3. NAOPNUAJ A ON (HOURS) 40

33. TOTAL vjNERGY KWH/YEAR 138000. 138000.
- 34._ENERGY COST PER KWH e0200

35. DEMAND CHARGE/KW/MONTH 0.0000
36o DEMAND CHARGE PER YEAR 0.00 0.00

37. ANNUAL KWH COST 2760.00 27b0.00

*- 7D,_..DIESEL FpUELCOST 55.20 55.
38. GROUP RELAMPING PERIOD (HOURS) 15000,

39A. RATED LAMP__LIFE (HOURS) 18 00. -
388. PORTION OF LAAPS SPOT REPLACED .20

39,___UL4QLl_ Ej.RECEMENT LAMPS 37_, _

40, REPLACEMENT LAMP COST 1214.40 1214.40

V. ANNUAL MAINTENANCE, LABOR + MATERIALS __

43o GROUP RELAMPINGS/YEAR/LUMINAIRE .27
43A. SPOT RELAMPINGS/YEAR/LUIJNAIRE *0533

44. RELAMPING'COST - LABOR 122.67 122.67
46. CLEANINGS/YEAR/LUMINAIRE .73
47. CLEANING COST - LABOR 168.67 168s67
48. PAINTING TIME PER POLE 0.00
50. PAINTZNG COST - LABOR 0.00 0.00
51. REDLACEMENT PARTS. PAINTt ETC. 702e65 702,65
52. TOTAL ANNUAL MAINTENANCE COST 993o98 993998
53. ANNUAL OPERATING COST S023.58 5023.58
54. ANNUAL OP"iNG COST PER FT 0GA( .62 .62

Vi. ANNUAL OWNERSHIP + OPERATING COST

55. FIXED OWNERSHIP COST 14958.28 14958.28
56, ANNUAL OWNFRSHIP + OP'ING COST 19981.86 19981,86
58. TOTAL PER LINEAL FOOT 0-*,*&U 2.48 2.48



U.S. ARMY CORPS OF ENGINEERS. OMAHA DISTRI(

ECONOMIC COMPARISION

PERIMETER TEST 81 2XISOW LP SODIUM
LIGHTING 20 DEGREES AIMING 100 FT SPACING
SCHEME 17 HORIZONTAL DOSITION 90 DEGREES

2X18OW
TOTAL FOR WGQV

SYSTEM 15 FT MTG

SIs INITIAL EQUIPMENT INVESTMENT

l 1. QUANTITY OF LUMINAIRES 160 160
S__�. .. �. 0IUNA1. I ST EACH 250.00

3. LUMINAIRE COST TOTAL 40000.00 40000.00
4._ QUANTITY OF POLES 80 80
5 MOUNTING HEIGHT 15.00
6*. POLE + BRACKET COST EACH 70 00
7, POLE COST TOTAL 5600*00
S 8. FOUNDATION COST EACH 0.00
9. POLE + FOUNDATION COST TOTAL 5600.00 5600.00

10. OTY LAMPS PER LUMINAIRE 1
11. QUANTITY LAMPS 160
12. LAMP COST EACH 33.00
13. LAMP COST TOTAL 5280.00 5280.00
14.__ _ELECTRICAL DISTRIBUTION 9600.00 9600.000

14A. STANDBY GENERATOR COST .8160.00 8160,00
14C. _UPS COST 28800.00 28800.00

15. TOTAL INIT EQUIP LESS LAMPS 92160.00
16a TOTAL INIT EQUIP INCL LAMPS 97440,00 97440.00

II, INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING 155.00
19. LUMINAIRE LABOR 75.00
20. NET LABOR, POLES + LU4INAIRES 24400.00 24400.00
21. LABOR ELECTRICAL DISTqIBUTION 7200.00 7200.00

2IA. LABOR STANDBY GENERATOR 960.00 960.00
219. LABOR UPS 3840,00 3840o00
22. TOTAL INITIAL LABOR 36400.00 36400.00
23. TOTAL INITIAL INVESTMENT 288240.00 133840a00

III* ILLUMINATION CALCULATIONS

25, SPACING OR AREA 100.00
26., UTILIZATION FACTOR 0.00
27. MAINTENANCE FACTOR .85
28?.QE__.Q SLGN FOOTCANOLES 2000
29. INIT COST PER .. INEAL FT eN 16.73 16.73



U.S, ARMY CORPS OF ENGINEERS, OMAHA DISTI

ECONOMIC COMPARISION

.ERIME R TEST R 2XI90W__LP SOD IU
LIGHTING 20 DEGREES AIMING 100 FT SPACING

.. CEM 17 HRI.Z•ONTAL 70!jITION 90 DEGREES

i .2xleow

TOTAL FOR WGQV
SYSTEM 15 FT MTG

IV, ANNUAL COSTS

30, KW PER LUMINAIRE *24
W • K 5.F0WR LOSS 9.60

31, TOTAL SYSTEM KW 48. 48.
3ZA._.ANNQAL_-u.PQLjNA__URS) 40S0.
33, TOTAL ENERGY KWH/YEAR 192000. 192000,

3!qFYgLj COST:_E PE. K WH .0200
35s DEMAND CHARGE/KW/MONTH 0.0000
36. DEMAND CHAFGE PER YEAR 0.00 0.00

* 37. ANNUAL KWH COST 3864000 3840.00
. 37DD., DIESEL FUEL COST 76.80 76.80

38. GROUP RELAMPING PERIOD (HOURS) 15000.
38A. RATED.LAMP LIFE (HOURS) 18000,
388. PORTION OF LAMPS SPOT REPLACED .20

- 3__QUAXT TYOF R.E__.A EMENIT LAMPS 51e
40, REPLACEMENT LAMP COST 1689.60 1689.60

V. ANNUAL MAINTENANCE. LABOR + MATERIALS

_Al,_.41 GROUP RELA?$PIN05/YEýABZL 4INAIqE .2
43A, SPOT RELAMPINGS/YEAR/LU4INAIRE .0533

.. __RELANP O.._T-ABOR 170.67 170.67
46o CLEANINGS/YEAR/LUMINAIRE s73
47., EANING COST-. At0R 234.67 2347
486 PAINTING TIME PEP POLE 0.00

50, ~ - 0AINTIN =_J_ J.AOR 0.0 0,Q
Sl. REPLACEMENT PARTS, PAINT, ETC. 921.60 921.60
S2. TOTAL ANNUAL MAINTENANCE COST 1326.93 1326.93
53, ANNUAL OPERATING COST 6933.33 6933.33
54, ANNUAL OPOONG COST PER FT f2!6' 087 s87

, VIa ANNUAL OWNERSHIP + OPERATING COST

* 55a FIXED OWNERSHIP COST 18255.52 18255.52
56, ANNUAL OWNERSHIP # OP"ING COST 25188.85 25188.85
58, TOTAL PER LINEAL FOOT 0.-0E 3.15 3.15

til



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRI,

ECONOMIC COMPARISION

PERIMETER HIGH PRESSURE SODIUM
LIGHTING WITHOUT UPS OR QUARTZ BACKUP

! SCHEME 18

2X250W HPS
TOTAL FOR 120 FT SP
SYSTEM SCHEME 8

I* INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 134 134
2, ____Uj.jLMkNA.JRE COST EACH 240.00
3, LUMINAIRE COST TOTAL 32160.00 32160.00

4. QUANTITY OF POLES 67 67
5, MOUNTING HEIGHT 15.00
6. POLE * BRACKET COST EACH 70.00
7, POLE COST TOTAL 4690.00
8. FOUNDATION COST EACH 0.00
9. POLE * FOUNDATION COST TOTAL 4690.00 4690.00

10, OTY LAMPS PER LUMINAIQE I
Ile QUANTITY LAMPS 134
12s LAMP COST EACH 38.00
13. LAMP COST TOTAL 5092.00 5092.00
14. ELECTRICAL DISTRIBUTION 7772900 7772.00

14A. STANDA Y GENERATOR COST 6606.20 6606,20
14C. UPS COST 0.00 0.00
15o TOTAL INIT EQUIP LESS LAMPS 51228.20
16, TOTAL INIT EQUIP INCL LAMPS 56320o20 56320.20

II. INITIAL LABOR ESTIMATES

18. POLE ERECTION + PAINTING 155.00
19. LUMINAIRE LABOR 60900
20. NET LABOR, POLES'* LUMINAIRES 18425.00 18425o00
21. LABOR ELECTRICAL DISTRIRUTION 5829.00 5829.00

ZiA. LABOR STANDBY GENERATOR 777.20 777.20
218. LABOR UPS 0.00 0.00
22. TOTAL INITIAL LABOR 25031.20 25031.20
23. TOTAL INITIAL INVESTMENT 235751,40 81351.40

III. ILLUMINATION CALCULATIONS

25. SPACING OR AREA 120o00

26. UTILIZATION FACTOR 0.00
F 7. MAINTENANCE FACTOR 972
2 ' . DESIGNFOOTCANDLES -2.00

i29, INIT COST PER LINEAL FT 4v.-A4C, 10.12 10.12



U.S. ARMY CORPS OF ENGINEERS# CMAHA DISTR

ECONOMIC COMPARISION

PF-,IMETER HIGH PRESSURE SODIUM
'LIGHTING WITHOUT UDS OR QUARTZ BACKUP

.SCHEME Ig

2X250W MPS
TOTAL FOR 120 FT SP
SYSTEM SCHEME 8

IV. ANNUAL COSTS

30. KW PER LUMINAIRE .29
30A, KW UPS POWER LOSS 0.00
31. TOTAL SYSTEM KW 39. 39.
3?.._ ANNUAL OPERATION (HOURS) 4000s
33. TOTAL ENERGY KWH/YEAR 155440. 155440.
34. ENf.RGY COST PER KWH .0200
35. DEMAND CHARGE/KW/MONTH 0.0000
36. DEMAND CHARGE PER YEAR 0.00 0.00
37. ANNUAL KWH COST 3108.80 3108.80

370. DIESEL FUEL COST 62.18 62.18
3m. GROUP RELAMPING PERIOD (HOURS) 9500.

3BA, RATED LAMP LIFE (HOURS) 15000.
389. PORTION OF LAMPS SPOT REPLACED .20

__ 39_. OUANTITY OF REPLACEMENT LAMPS 68.
40. REPLACEMENT LAMP COST 2572.80 2572.80

V. ANNUAL MAINTENANCE# LABOR + MATERIALS

43, GROUP RELAMPINGS/YEAR/LUMINAIRE .42
43A, SPOT RELAMPINGS/YEAR/LUMINAIRE o0842

44. RELAMPING COST - LABOR ?25.68 225.68
46. CLEANINGS/YEAR/LUMINAIRE .58
47. ýCLEAN.ING COST - LABOR 155.16 155.16
48. PAINTING TIME PEP POLE 0.00
50. PAINTING COST - LABOR 0.00 0.00
51. REPLACEMENT PARTS, PAINT, ETC. 512.28 512.28
52. TOTAL ANNUAL MATNFENANCE COST 893.12 893.12
53. ANNUAL OPERATING COST 6636.90 6636.90
54. ANNUAL OP'ONG COST PER FT O .83 .83

VI. ANNUAL OWNERSHIP + OPERATI1G COST

55, FIXED OWNERSHIP COST 10828.83 10828.83
-56 ANNUAL OWNERSHIP * OP"I'G COST 17465*73 17465.73
58. TOTAL PER LINEAL FOOT (0.R- 2e17 2917

!--



U.S. ARMY CORPS OF ENGINEERS, OMAHA OZSTRICT

ECO0NO0MIC COMPARISION

y~imETrR NIGH -0 ES RE SODIUM WIO UPS
LIGHTING PLUS 100 PERCENT QUARTZ BACKUP
SCHEME 19 SCHEME 18 PLUS SCEM

TOTAL FOR 2X250W HP QUARTZ
SYSTEM 120 FT SP 120 FT SP

I, INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 268 134 134
_2t..ýMTNIR __§..OST EACH 240.000 65.00
3. LUMINAIRE COST TOTAL 40870,00 32160.00 8710.00
At9UkNrIYO OE 67 6T 0

5a MOUNTING HE:IGHT 15.00 15.00
A,_ PLE + BRACKET COST EAC4 70.00 0.000
7. POLE COST TOTAL 4690.00 07.00
B, ~OUNDATION COST EACH 0.00 0.00
9. POLE *-FOUNDATION COST TOTAL 4690.00 4690.00 0.00

10. OTY LAMPSPER LUMINAIRE 1 1
11. QUANTITY L4MPS 134 134
12. LAMP COST EACH 38.00 15.00
13. LAMP COST TOTAL 7102.00 5092.00 2010.00
_____14 EECTICL IS BIUT 12N 47972.00 7772.00 40200.00
14A, STANO8Y GENERATOR COST 40776.20 6606.20 34170.00
14C. UPS COST 0.00 0. -00 0.00
l~o TOTAL INIT EQUIP LESS LAMPS C12.270 83080.00
16. TOTAL INIT EQUIP INCL L4MPS 141410.20 56320.20 85090.000

Ile INITIAL LABOR ESTIMATES

IR. POLE ERECTION + PAINTING 155.00 0000
19. LUMINAIRE LABOR- 60.00 75.00
20. NET LABOR. POLES 4 LU41~4AIRES 28475.00 18425.00 10050.00
21 LAO ELECTRICAL DISTRI1UTION 35979*00 5829.00 30150400

21A. LABOR STANDBY GENERATOR 4797.20 777.20 4020.00
21. LABOR UPS 0.00 0.00 0.00
22. TOTYAL INITIAL LABOR 69251.20 25031s20 44220.00
23. TOTAL INITIAL INVESTM4ENT 210661.40 81351.40 129310.00

III* ILLUMINATION CALCULATIONS

25. SPACING OR AREA 120.00 120.004
____26.,UTILIZAT1O4 FACTOR 0.00 0.00

27. MAINTENANCE FACTOR .72 *$I

29. INIT COST PER LINEAL FT 40-A4 26.20 10.12 16.08



U.S. ARMY CORPS OF ENGINEERS* OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER HIGH PR.ESSURE SOO!UM W/0 UPS
LIGHTING PLUS 100 PERCENT QUARTZ BACKUP

S SCHEME] I•H...F,.L-,.%_E..US SCHEME 3

2XlSOOW

________________________________ _LQ.IL FOR V9,~H q. qUARTZ
SYSTEM 120 FT SP 120 FT SP

IV* ANNUAL COSTS

30, KW- PER LUMINAIRE .29 1.50
30A• Kw uPS pOWFR LOSs 0.,0 0.00

31. TOTAL SYSTEM KW 240. 39. 201o
3k_,._AýNu_4AL_0PVjAT ION IHOURS) 4000t •0,
33. TOTAL ENERGY KW41YEAR 159460. 155440. 4020.
34. ENERGY COST PER KWH .0200 .0200
35. OE''ANO CHAiGE/KW/MONTH 0.0000 0.0000
36 DE OEMAND CHARGE PER YEAR 0.00 0.00 0.00
37. ANNUAL KWH COST 3189.20 3108680 80.40

370. DIESEL FUEL COST 383.76 62.18 321,60
8., GROUP RELAMciNG PERTO0(HOURS) 9500. 1600.

_3BA,_A RATED LAMP LIFE (HOURS) 15000. 2000.
38R. PORTION 0- LAMPS SPOT REPLACEO .20 .20

40o REPLACEMENT LAMP COST 2602,95 2572.80 30.15

V. ANNUAL MA __A__ EC.# LABOR-* MATERIALS

43j,_.POUP RELAMPINGS./EAR/_UM IN..E ... o o01
43A, SPOT RELAMPINGS/YEAR/LU"INAIRE .0842 9002S5

-- p I.AB!NGR 232.380
46o CLEANINGS/YEAR/LUmINAIRE .58 099
47., -CLýANING COST - L.ABOR 619.6,1 15.16 264.65
48. PAINTING IIME PER POLE 0.00 0.00

____5 A.ING.!. oS._-J.A 0,00 .. 0.oQ ,0_0
51. REPLACEMENT PARTS. PAINT, ETC. 1343.08 512.28 830.80

________ !ALN7 199S.27 893ol .ju____I_
53. ANNUAL OPEPATING COST 8171.20 6636.90 1534.30
54, ANNUAL OP'NG COST PER FT 04 60.0W ,.,2 .83 _ ,19

VI9 ANNUAL OWNERSHIP * OPERATInG COST

SS. FIXED OWNERSHIP COST 28905.43 10828.83 18076.60
S6. AN4+WNERSHXP * OP"ING COST 37076.63 17465.73 19610.90
58. TOTAL PER LINEAL FOOT 6R,*E 4.61 2.17 2.44



U.S. ARMY CORPS OF ENG.!EERS9 OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER HIGH PRESSURE SODIUM W-/O UPS
LIGHTING PLUS 75 PERCENT QUARTZ BACKUP
SCHEME 20

TOTAL FOR 2X2SOw HPS 2XI00OW 0
SYSTEM 120 FT SP 120 FT SR

I. INITIAL EQUIPMENT INVESTMENT

1. OUANTITY OF LUMINAIRES 268 131 134
2-,LLItA.&ELCSMT EACH 2400 6_5,009
3. LUMINAIRE COST TOTAL 40870.00 32160o00 8710.00

-- U___QkANjTjY OF POLES 67 67 0
S. MOUNTING HEIGHT 15.00 15.00
6., PqL•.* BRAICKET OST EAEH 70.00 0.00
7, POLE COST TOTAL 4690.00 0.00
RL FOUNDATION COST FACH. 0.00 0.00
9. POLE * FOUNDATION COST TOTAL 4690.00 4690.00 0.00
10_. QTY LAMPS PER LUMINAIRE I 1
11. 6UANTTTY LAMPS 134 134
12. LAMP COST EACH 38.00 14.00
13. LAMP COST TOTAL 6968.00 5092.00 1876.00
14. ELECTRICAL DISTRIBUTION 34572.00 7772,00 20680.00

14*. STANdBY GENERATOR COST 29386.20 6606.20 22780.00
4C. UP• S COST 0.00 0.00 0.00
15. TOTAL INIT EQUIP LESS LAMPS 51228.20 s5290.00
16. TOTAL INIT EQUIP INCL LAMPS 116486.20 5o320.20 60166.00

II INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTING i15o00 0.00
_%,_j. NLMNA aEA6J Aop. 75.00

20. NET LABOR. POLES + LU4I1AIRES 28475.00 18425.00 10050000
_ 21__.iF1P~9_ELECTRTCA4L 0IST149WTION 2S929,00 ___ ~900.. 20100.00

21A, LABOR STANDBY GENERATOR 3457*20 777.?20 268000
a fi,_LAR uPS 000o o00 0.09_
22. TOTAL INITIAL LABOR 57861.20 25031.20 32830.00
23. TOTAL INITIAL INVESTMENT 174347.40 81351.*0 92996.00

III. ILLUMINATION CALCULATIONS

ES. SPACING OR AREA 120.00 120,00
gtp_2 UTILIZATION FACTOR 0.00 0.00
27, MAINTENANCE FACTOR T72 .81
2 L ,__O-ES.jGNFOOTCANOLES 2.00 2.00
2q. INIT COST PER LINEAL FT *M 21.69 10.12 11.57

iU



U.S. ARMY CORPS OF ENGINEEQSt OMAHA DISTR-ICT

ECONOMIC COMPARISION

PERlIMEER -kH PRL5.2AaiSEL~t olu W/ ~o UPS
LIGHTING PLUS 75 PERCENT QUARTZ BACKUP

TOTAL FOR 2xas qW "PS 2.jg0ow 0
SYSTEM 120 FT SP 120 FT SP

TV. ANNUAL COSTS

30. XW PER LUMINAIRE .29 1.000
0A KUP WF OSS- 0.d0 0.00
31. TOTAL SYSTFM KW 173. 39. 134.
3p. N &UL-PPERA-TION (HOURS) 400. A- .
33, TOTAL ENERGY KWH/YEAR 156120. 155440a 2680.

~J 31t YSQ-MY- t.-252R wWH .j0 no 0. * 9QQ
35o DEMAND CHA.GE,'KW/mONT'4 0.0000 0.00000
-3kAPXMANO -CL4ARGE^ PER YEAR 0.00 90o09 qo0
37. ANNUAL KWH COST 3108.80 3108.80 0.000

38. rARCUP RELAmPING PERIOD (HOURS) 9500. 1600.
_____fA~iE~ PLIf 4jURS) 1500 0..0 -2-0-q q-

38R. PORTION OF LAMPS SPOT REPLACED .20 .20
.- 1A.Q1JAIiLT.1-TO-E.AEP tAC.EMF'NT LAMPS

40. REPLACEMENT LAMP COST 2600.94 2572.80 28.14

V. ANNUALM,&L.LENANl4E. LAB3OR *MATERIALS

Lk~OPRL*PN$#E/AUR/L I v 42 .01
43A* SPOT RFLAMPINGS.'VEAR/LU'41NAIRE .0842 .0025

44. R--BLAMPING COST - ~ABOR 232*38 225.168 6.70
46e CLEANINGS/YEAR/LUW"INAIRE .58 099

4?..LEANJ NG .COjL.=__j..AOR 41.8
48. 9AINTING TIME PEP-POLE 0.00 0.00
!L0. P1N.TjNG _C0T.~j-ABOR- 0.000 0±L-90 0b0
51. REPLACEMENT PARTS. PAINT, ETC. 1095.18 512.28 582.90

SjOT ANUALMkAITEN.ALNCE COST 1747.37 893.1 B~2

S3, ANNUAL OPERATING COST 7733.69 6636.90 1096.79
- 54~.- ANNAOP"N3 COSI PER FT 40* .96 .83 1

VI. ANNUAL OWNERSHIP 0 OPERATI40 COST

55. FIXEO OWNERSHIP COST 23767.87 10282.83 12939.04
56. ANNUtAL WNFRSHIP # OP"I'JG COST 31501.56 17465,73 14035083
58. TOTAL PER LINEAL FOOT *AAJ~- 3.92 2.17 1.75



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

ECONOMIC COMPARISION

. PjmETE8 HIGH PRESARE SODIUM WIO UPS
LIGHTING PLUS 50 PERCENT QUARTZ BACKUP
SCHEME 21

TOTAL FOR zX2sOW MHPS 3XjO0W Q
SYSTEM 120 FT SP 120 FT SP

le INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 335 134 201
2. _JjUM1NAjjI COST EACH 200:00 42?00
3. LUMINAIRE COST TOTAL 602.00 32160.00 8442.00
., QUA-NT.ITY OF POLFS 67 67 0
S. MOUNTING HFIGHT 1S.00 1500
6. POLE * BRACKET COST EAC4 70.00 0.00
T. POLE COST TOTAL 4690.00 0.00
8e FOUNOATION COST EACH 0.00 0•00
9. POLE * FOUNdATION COST TOTAL 4690.00 46900.0 0.00
10• OTY LAMPS PER LUMINAIRE I 1
1I. QUANTITY LAMPS 134 201

_ . _ T 38.00 13.00 0

13. LAMP COST TOTAL 7705.00 S092.00 2613.00

14A. STANOBY GENERATOR COST 23691.20 6606.20 1T085.00
14C. UP5S.QST 0.00 0.00 -9Q0

15. TOTAL INIT EQUIP LESS LAMPS 51228.20 45627.00
16, TOTAL INIT EQUIP INCL LAMPS 104560.20 56320.20 48240.00

It. INITIAL LABOR ESTIMATES

18. POLE ERECTION * PAINTINS 155.00 0.00
1g. LUMINAIRE LABOR 60.00 60.00
20. NET LABOR, POLES * LU414AIRES 3048S.000 1842S.00 12060600
21_.L.AB.O ELECTRICAL OISTQIBUTION 20904.00 5829.00 15075.00

21A. LABOR STANOBY GENERATOR 2787.20 777.20 2010.00
218. LABOR UPS 0.00 0.00 0.00
22. TOTAL INITIAL LABOR 54176s20 25031.20 29145.00
23. TOTAL INITIAL INVESTMENT 156736.40 81351.40 T7385.00

XII. ILLUMINATION CALCULATIONS

25. SPACING OR AREA 120.00 120400
26, UTILIZATION FACTOR 0.00 0.00
27. iAINTENANCE FACTOR .72 .8e

29. INIT COST PER LINEAL FT 0U E 19974 10.12 9,63



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

ECONOMIC COMPR19ISON

LIGHTING PLUS 50 PERCENT QUARTZ HACKUP
SCHEME 21

TOTAL FpQ X-5.W HPS 3S X5 ...Q
SYSTEM 120 FT 5S 120 FT SP

IV. ANNUAL COSTS

30. KW PER LUMINAIRE 029 .50
3GA. K W.p..V.P0R LOSS 0.00 0.00

31. TOTAL SYSTEM KW 139. 39o 101.
32..#NNIAL•.OPf..Tj.ON (HOURS) ..... , .. 20.
33. TOTAL ENERGY KWH/YEAR 157450. 155440. 2010.
34_,__GNY._COSL .R P wH .A K . .0goo
35. DEMAND CMAQ5E/KW/MONTH 0.0000 0.0000
3_..___ . DEMAN D CMA•PGE PEP YEAR 0.00 0.00 0000
37. ANNUAL KWH COST 3149.00 3108,R0 40.20

37D. PIESFL_FUkE, COST . 22298 629-M-....- 60 80
38. GROUP RELAMPING PERIOD (HOURS) Q500, 1600o

3IR. qATEO LAMP LIFE (HOURS) 15000. 2000.
38A, PORTION OF LAMPS SPOT REPLACED .20 0
3q, QUANTITY OF RE PL)CEHME LAMPS 68_. 3.
40. REPLACEMENT LAMP COST 2612600 2572.80 39.20

V. A UAL _ M~NEyi~tLAO + MQ. T !JALS

4ý_Se PRELAMPJLL.U1NA .42
43Aa SPOT PELAMPINGS/YEAR/LUMINAIRE .0842 .0025

46. CLEANINOS/YEAR/LUMINAIRE .58 .99
_7CEAIOCS ýABOR 5524.13 is 5~6 369

4A. PAINTING TIME PEP POLE 0.00 0.00
I0.A...!ALNJING__CgST 7LL.AB0R 0.00 0 Aoo
51, REPLACEMENT PART•s PAINT, ETC. 968,55 512.28 456.27
S2, TQTýALANNUALýMArNTENA4CE COST 1750 2 893.12 86329,
53, ANNUAL OPERATING COST 7740.39 6636,00 1103.49
54. ANNUAL OP"NG COST PER FT -- .... 696 N83 -14

*VI. ANPUAL OWNERSHIP * OPERATING COST

55. FIXED OWNERSHIP COST 21446,46 10828.83 1061?.62
56. ANNUAL.OWNERSHIP o OP"SIN COST 29186.85 17465,73 11721.11
58. TOTAL PER LINEAL FOOT O RC 3.63 2.17 1.46

o - -



U.S. ARMY CORPS OF ENGINEERS, OMAHA OISTRIC

ECONOMIC COMPARISION

__ oEaRIMETER LOW PRESSURS•ODIUM ,

LIGHTING WITHOUT UPS OR QUARTZ BACKUP
, •CHE•22_

TOTAL FOR 2XgOW LPS
SYSTEM 100 FT SP

Is INITIAL EQUIPMENT INVESTMENT

1, QUANTITY OF LUMINAIRES 160 160
_ _ __.Rlt44_IRE_.9T EACH 273,A0
* 3, LUMINAIRE COST TOTAL 43680.00 436R0O00

_ . QUANTITY OF POL[. aO e0
5, MOUNTING HEIGHT 15.00

E COST EAC0
7. POLE COST TOTAL 5600.00
Re FOUNOAT. oN_ _COT EACH 0. 000
9. POLE * FOUNOATION COST TOTAL 5600.00 5600.00

10.. OTY LAMPS PER LUMINAIRE 1
H1e QUANTITY LAMPS 160
12?.. LAMP COST FACH 18.00
13. LAMP COST TOTAL 2880.00 2880.00

- .. __.._EL.ECTRC..AL S.TRIBUTION 4480s00 4480.000
14A, STANDBY GENERATOR COST 380ea00 3808.00
14C,_. PS COST 0.00 0.00

15. TOTAL INIT EQUIP LESS LAMPS 57568.00
16o TOTAL INIT EQUIP INCL LAMPS 60448.00 60448,00

II INITIAL LABOR ESTIMATES

!So POLE ERECTION + PAINTING 15500
1Q. LUM INAp E I ABOR 30.00
20. NET LABOR% POLES.* LU41NAIRES 17200.00 17200.00

A (• _'_IBUTION 3360,090 630Q
21A* LABOR STANDBY GENERATOR 448.00 448.00

-?1, LABOR UPS . 0.00 0 ____
2?. TOTAL INITIAL LABOR 21008,00 21008.00
23s TOTAL INITIAL INVESTMENT 158841,00 81456.00

III ILLUMINATION CALCULATIONS

25a SPACING OR AREA 100.00
S26t UTILIZATION FACTOR 0.00
27. MAINTENNCiE FACTOR .85

;-_ _; 82._.tOSIGN FOOTCANDLES 2*00
2q. INIT COST PER LINEAL FT AG-AGftE 10.18 10,18

i-)



US. ARMY CORPS OF ENGINEERS, OMAHA DISTRI

-, ECONOMIC COMPARISION

JRI..ETE. P pRESSURE SOQIUM
LIGHTING WITHOUT UPS OR QUARTZ BACKUP
SC EME-22-

TOTAL FOR 2X90W LPS
SYSTEM 100 FT SP

IV* ANNUAL COSTS

30. KW *PER LUMINAIRE a14
30A. KW UPS POWER LOSS 0,00
31. TOTAL SYSTEM KW 22o 22o
32._AN _NUALOOPERATION (HOURS) 40000
33, TOTAL ENERGY KWH/YEAR 89600. 89600,
34, ENERGY CO ST PER KWH 0200
35. DEMAND CHARGE/KW/MONTH 0.0000
____ _._._DEMAND CHAPGE PER YEAR 0.00 0.00
37. ANNUAL 4(WH COST 1792.00 1792,00

370•.__pDIESEL. FUEL COST 35.84 35,84
38a GROUP RELAMPING PERIOD (HOURS) 15000.

.. _R_ A..TEP LAMP LIFE (HOUQS) 18000.
388, PORTION OF LAMPS SPOT REPLACED .20

39 UDNIT F E~EETLAMPS -. 514
40. REPLACEMENT LAMP COST 921.60 921.60

V, "ANNUAL MAINTENANCE, LABOR * MATERIALS

43. GROUP RELAmPINGS/YEAR/LUMINAIRE .27
43A, SPOT RELAMPINGS/YEAR/LUMINAIRE 90533
44. RELAMPING COST - LABOR 170.6? 170.67
46o CLEANINIGS/YEAR/LUMINAIRE .73
47s CLEANING COST - .ABOR 234.67 234.67
48. PAINTINGTIME-PEP POLE 0.00

P50 PAINTING COST - LABOR 0.00 0.00
510 REPLACEMENT PARTS, PAINT, ETC. 575.68 575.68
52. TOTAL ANNUAL MAINTENANCE COST 981.01 9A1.01
53a ANNUAL OPERATING COST 3730.45 3730.45
54. ANNUAL OP*'NG COST PER FT G .47 .47

VI. ANNUAL OWNERSHIP * OPERATING COST

1 55o FIXED OWNERSHIP COST 11157,79 11157.79
56, ANNUAL OWNERSHIP + OP'liNG COST 14,88.85 14888.25
58. TOTAL PER LINEAL FOOT AeR 1.86 1.86

IIBM



U.S. ARMY CORPS OF ENGINEERS9 OMAHA DISTRICT

ECONOMIC COMPARISION

.B. __[TER LOW PRESSURE SODIUM

LIGHTING WITH 100 PERCENT QUARTZ BACKUP
SCHEME 23 NO UPS

TOTAL FOR 2X90W LPS 2Xl50Ow 0
SYSTEM 100 FT SP 100 FT SP

I. INITIAL EQUIPMENT INVESTMENT

1, QUANTITY OF LUMINAIRES 320 160 160
2. LUMINAIRE CST E&CH 273.00 65,00
3. LUMINAIRE COST TOTAL 54080.00 43680.00 10400.00
4. OuANTIT.TY OF POLES . 80 80 0
S. MOUNTING HEIGHT 15.00 15.00
A. POLE * BRACKET COST EACH 70.00 0.000
7. POLE COST TOTAL 5600.00 0.00
8. FOUNDATION COST EACH 0.00 0.00
9. POLE * FOUNDATION COST TOTAL 5600.00 5600.00 0.00

i 10. OTY LAMPS PER LUMINAIRE 1 1
--11. QUANTITY LAMPS 160 160

12. LAMP COST EACH 18.00 15.00
S13. LAMP COST TOTAL 5280.00 2880.00 2400.00
1!4. ELECT~rCALDISTR IBUTION 52480.00 4480.00 4eO000.0

14A. RTANOBY GENERATOR COST 44608.00 3808.00 40800.00
______ .. UPS COST o.sj0.00 0.00 0.00

15 TOTAL INIT EQUIP LESS LAMPS 5756A.00 99200.00
16. TOTAL INIT EQUIP INCL LAMPS 162048.00 6044a.00 101600.00

II. INITIAL LABOR ESTIMATES

18. POLE ERECTION + PAINTING 155.00 0.00
10. LUMINAIRE LABOR 30.00 75.00
20. NET LABOR, POLES * LUMI4AIRES -• .00 17200.00 12000.00
21. LABOR ELECTRICAL OISTRIBUTION 39360.00 3360.00 3600000

21A. LABOR STANOBY GEN*ERATOR 5248.00 448.00 4800.00
219. LABOR UPS 0.00 0.00 0.00
2?. TOTAL INITIAL LAROR 73808.00 210 08.00 52800.00

?3. TOTAL INITIAL INVESTMENT 235856.00 81456.00 154400.00

Il. ILLUMINATiON CALCULATIONS

25. SPACING OR AREA 100.00 100.00
26. UTILIZATION FACTOR 0.00 0.00
27. MAINTENANCE FACTOR .85 *81

2~L. _EEGNFOTCANDLF 2 *00 2SO
29. INIT COST PER LINEAL FT Oa 29.48 10.18 19.30

S....5--

I



II

Us.s ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER LOW PRESSURE SODIUM
LIGHTING WITH 100 PERCENT QUARTZ BACKUP

NO UPS

TOTAL FOR 2X90W LPS 2xlsOow a

SYSTEM 100 FT SP 100 FT SR

IV. ANNUAL COSTS

30, KW PER LUMINAIRE s14 1.50
______ ,__0_W;.'UPS POWeR LOSS 0o00 0.00

31. TOTAL SYSTEM KW 262a 22. 240.
... UOIAON(HOURS) 29Q.,

33. TOTAL ENERGY KWH/YEAR 94400. 89600. 4800.
34. _ENERGY.COST PER KWH .0200 .0200
36. OEMAND CHARGEKW/4ONTH 0.0000 0.0000
36. OEMANO CHARGE PER YEAR 0.00 0.00 0.00
37. ANNUAL VWH COST 1888.00 1792.00 96.00

- 3T_70D, OIESELFUE, COST 419.84 35.84 384.00
38o GROUP RELAHPING PERIOD (HOURS) 15000. 1600.

38A.. ATEf• LAMP LIFE (HOURS) 18000. 2000.
38B. 1ORTlONOF LAMPS SPOT REPLACED *20 .20

39. -QUANTITY OF REPLACEMENT LAMPS 512
40. REPLACEMENT LAMP COST 957.60 921.60 36.00

V. ANNUAL MAINTENANCE, LABOR # MATERIALS

43, GROUP RELAMPINGSYEAR/LUMINAIRE .27.0
43A. SPOT RELAMPINGS/YEAR/LU4INAIRE 0533 .0025

4._,RELAMPING COST - LABOq 178.67 170.67 8.00

46. CLEANINGS/YEAR/LUMINAIRE .73 .99
________.~CLEANING COST - LABOR 550.67 234.67 316.00
48. PALNTING TIME PER POLE 0.00 0.00

_ 5___S* .PAINTI.NG -COST_ -. J._BOR 0.00 00.O ___0

51. REPLACEMENT PARTS. PAINT, ETC. 1567.68 575.68 992.00
_____ ____5 OTALA NNU#L_ýAjL!pTNNANCECSOST 2297.01 

9
p•.•l 1316.00

53, ANNUAL OPEPATING COST 5562.45 3730.45 1832.00
54. ANNUAL OP"NG COST PER FT 9 .... ,70 .47 023

VI. ANNUAL OWNERSHIP # OPERATING COST

55, CIXEO OWNERSHIP COST 32741.79 11157.79 2158400

56, ANNUAL O.NFRSHIP + OP"ING COST 38304.25 14888,25 23416.00
58. TOTAL PER LINEAL FOOT w 4.79 1.86 ?.93

I I I I IU



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER LOW PRESSURE SODIUM
LIGHTING WITH 75 PERCENT QUARTZ BACKUP
SCHEME 24 NO UPS

TOTAL FOR 2X90W LPS 2XI000 W 0
SYSTEM 100 FT Sp 100 FT SP

I. INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 320 160 160
2.JLjMI! NAAIRE _COLST EACH 273,00 65.00
3. LUNINAIRE COST TOTAL 54080.00 436B0.00 10400.00
4 .°j QUAN!ITY OF POLES s0 o0 0
5. MOUNTING HEIGHT isO00 15.00
6. POLE * BRACKET COST EAýH 70.00 0.00
7. POLE COST TOTAL 5600.00 0.00
8. FOUNDATION COST EACH 0.00 0.00
9. POLE * FOUNDATION COST TOTAL 5600.00 5600.00 0.00

10. OTY LAMPS PER LUMINAIQE 1 1
11. QUANTITY LAMPS 160 160
12- LAMP COST EACH 18.00 14.00
13. LAMP COST TOTAL 5120000 2880.00 2240.00

14. _ELECTRICAL _DISTRIBUTION 36480.00 4480.00__ 3 3000.00
14A. STANDBY GENERATOR COST 31008.00 3808.00 27200.00
__ 14C. UPS COST 0.00 0.00 . 0_00

15. TOTAL INIT EQUIP LESS LAMPS 57568.00 69600.00
16. TOTAL INIT EQUIP INCL LAMPS 132288.00 60448.00 71840.00

II* INITIAL LABOR ESTIMATES

I. POLE ERECTION 4 PAINTING 155.00 0.00
1q. LUMIN!IRE ABOR 30.00 7S.00
20. NET LAROR9 POLES * LU4I1AIRES 29200.00 17200.00 12000.00

_2?L,_LAROR.ELECTRICAL _ISTRIOUTON 27360.00 3360.00 24000•00
21A. LABOR STANnBY GENERATOR 3648.00 448.00 3200.00

j.A8j,_ 0 j..UP s0.00 0.00 0 00
22. TOTAL INITIAL LAROR 60208.00 21000.00 39200.00

3. TOTAL INITI..AL INVESTMENT 192496.00 t1456,00. 111040.00

III* ILLUMINATION CALCULATIONS

?5. SPACING OR AREA 100.00 100.00
-o jUTILIZATION FACTOR 0.00 0.00
27. 4 AINTENANCF FACTOR .85 Sal

J..cD E51_GN FO0TCA NOLES 2.•O00 2.00

2., INIT COST PER LINEAL FT 440 24.06 10.18 13.88

U.S. ARMY CORPS OF ENGINEERS* OMAHA DISTRICT

I I I I I I I I I ,U
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U.S. ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER . _W PRESSURE SOOIUM
LIGHTING WITH 75 PERCENT QUARTZ BACKUP
SCH._."_4 NO UPS

TOTAL FOR 2XaOW LPS 2X1O00 w 0
SYSTEM 100 FT SP 100 FT SP

IV. ANNUAL COSTS

30. KW PER LUMINAIRE .14 1000
30A,.Kl UPS POWER L0OSS 0,00 0.00

31. TOT.AL SYSTEM KW 182. 22o 160o
_3Z2 ,_AtINUA O!EoATN1Q•T uR ) 4oo0. 20.

33. TOTAL ENERGY KWH/YEAR 92800. 89600. 3200.
34,_&.FNERGY COST__PER KWH .ooo .00200
35. DEMAND CHARGE/KW/MONTH 000000 0.0000
36, OE-ANO CHARGE PEP YEAR 0.00 0.00 0.00
37. ANNUAL KWH COST 18!6.00 1792.00 64.00

. j7L0. _DIESEL FUEL COST 291.84 35oA4 256.00
38. GROUP RELAMPING PERIOO (HOURS) 15000. 1600.

38A.__ RATEn.AMP LIFE __HOURS) 18000. 2000.
38. P6ORTION OF LAMPS SPOT REPLACED .20 .20

_9,__QUANTITY_ O F REPLLACMýE4T L4AMPS- 51. 2
40. REPLACEMENT LAMP COST 955.20 921.60 33.60

V. ... ANNUAL ANTENANCE, LASOR # MATERIALS

-3_. GROUP RELAMPINGS/YEAR/LUMINAIRRE 01
43A. SPOT RELAMPINGS/YEAR/LUINAIRE .0533 0002S

4'.RELAmP.rt(LG9ST - LABOR 178.67 170.67 8.00
46. CLEANINGS/YEAR/LUMINAIRE o73 .99

,_CLEANTING COST - LPABOR 550.67 234.67 316.00
40.* PAINTING TIMZE PE.R POLE 0.00 0.00

__5_,__.__P AI.N T NG T - L A _OR 0.00 0.00 1 0•09
51. REPLACEMENT PARTS, PAINT. ETC* 1271.68 575.68 696.00

• 57., TOTAL. ANNUAL MAI..NkTENANCE COST 2001.01 941601 OOO0I

53. ANNUAL OPFRATING COST 5104.05 3730.45 1373.60

- t4. ANNUAL OPONG COST PER FT QRJ-.A.i .64 .47 .17

Vl ANNUAL OWNERSHIP * OPERATING COST

55. FIXED OWNERSHIP COST 26607.39 11157.79 15449.60
56- OWSUA C~I.. 0TGOST- 31711045A,.J±iqL.
58. TOTAL PER LINEAL FOOT 0WmmWW 3.96 1.86 2.10

IiI
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U.S. ARMY CORPS OF ENGINEERSP O -MAA DISTRICT

ECONOMIC COMPARISION

PERIMETER LOW PRESSURE SODIUM
LIGHTING WITH SO PERCENT QUARTZ BACKUP

_ S._HEaE_.. NO UPS

TOTAL FOR 2X90W LPS 3X5QOw 0
SYSTEM 100 FT SP 100 Fr So

I. INITIAL EQUIPMENT INVESTMENT

1. QUANTITY OF LUMINAIRES 400 160 240
24. LUJ!1ADRE COST EACH 273.00 4P.00
3. LUMINAIRE COST TOTAL 53760.00 43680.00 10080.00
&._ QUANTITY OF PQLES s0 80 0
5& MOUNTING HEIG;T 15.00 15.00
_____ _OLE * BRACKT COST EACH 70.00 0.00

7. POLE COST TOTAL 5600,00 0.00
__ _. FOUNDATION COST EACH 0.00 0.00

9. POLE * FOUNDATION COST TOTAL 5600.00 5600.00 0.00
10. QTY LAMRS PER LUMINAIRE 1 1
11 QUANTITY LAMPS 160 240
1-.-__?.t LAMP COST EACH 18.00 1.3.00
13. LAMP COST TOTAL 6000.00 2880.00 3120,00

___14. ELECTýRICAL OIS-TP RUTION 28480.00 4480. 00 24000.00
14*. STANDRY GENERATOR COST 24205.00 3808.00 20400.00
14C.4 UPS.COST 0000 0.. OLO0 ._,____0
15. TOTAL INIT EQUIP LESS LAMPS 57568.00 544S8000
16. TOTAL INIT EQUIP INCL LAMPS II8o48aoo 60448.000 57600.00

I. INITIAL LABOR ESTIMATES

IA. POLE ERECTION * PAINTING 155000 0.00
19. LUMINAI E_@Ej._AROR 30.00 4000
20. NET LABOR, POLES - LUMINAIRES 31600.00 17200.00 1440o.o0

-?I1,-LA8Oa_.ELECTRICAL OISTQI9UTION al3k0.00 3360.00 1AI000j.00
21A. LAO0R STANOSY GENERATOR 2848.00 448O.0 2400.00
I28J_. LAROR UPS 0.00 0.00 0.00
2?. TOTAL INITIAL LABOR 55808.00 21005.00 34800.00
23. TOTAL INITIAL INVESTMENT 173856.00 81456.00 92400.00

III ILLUMINATION CALCULATIOS

25a SPACING OR AREA 100.00 100.00
*.. .. __Q.UT ILIZATION FACTOR 0.00 0.00

27o MAINTENANCF FACTOR .8S e81
P8..__OES ION FOOTCANDLES 2.00 2.00
?9. INIT COST PER LINEAL FT • 21.73 10.18 11.55

I5.7



UoS. ARMY CORPS OF ENGINEERS* OMAHA DISTRICT

ECONOMIC COMPARISION

PERIMETER LOW PRESSURE SODIUM
LIGHTING wITH 50 PERCENT QUARTZ BACKUP
SCHEME 25 NO UPS

TOTAL FOR 2X90W 4L 3XS0OW G

SYSTEM 100 FT SP 100 FT SP

IV. ANNUAL COSTS

30, KW PER LUMINAIRE .14 500

30A. KW UPS POWER LOSS 0.00 C.00
31. TOTAL SYSTFM KW 142. 22. 120.
3 29__ANNULOQPERARTJION (HOURS) 4000o 20,

33e TOTAL ENERGY KWH/YEAR 92000. 89600. 2400.
34. FNERGY COST PER KWH .0200 .0200
35. DEMAND CHAP-GC/iKW/MONTH 0.0000 000000
36. OEMAND CHARGE PER YEAR 0.00 0.00 0.00
37. ANNUAL KWH COST 1840.00 1792.00 48.00

370. DIESEL FUEL COST 227.84 35.R4 192.00

38. GROUP RELANPINGPERIOD (HOURS) 15000. 1600.
__._ 38* RA.TED _AMP LIFE IHOURSI 18000. 2000L.

380. PORTION OF LAMPS SPOT REPLACED .20 .20
_____ _ QUANT1ITY OF.-REPLACEE4AT .MPS 51. 4.

40, REPLACEMENT LAMP COST 968.40 921.60 46.80

t ANNUAI-MANTENANCEt LABOR -o MATERIALS

43. GROUP RELAMPINGS/YEAR/LUMINAIRE 27 0O1

43A. SPOT RELAMPINGS/YEAR/LUMINAIRE .0533 *0025
4,._RELAMPNG .0ST - LADOR 182.67 170.67 12.00
46. CLEANINGS/YEAR/LUMINAIRE .73 .99

47.. _CLEANjt*!§.-.-LA8OR 708.67 234.67 474.00
48 , PAINTING TIME PEQ POLE 0000 000
____ _5 __A I.ANTING _COST -_.A"R o.j9.. o 0.0o0 qo o
S. REPLACEMENT PARTS, PAINT, ETC. 1120048 575.68 544.80

S2. TOTAL ANNUAL MAiNTENAnCE COST 2011.81 981,01 1030 80

53. ANNUAL OPERATING COST 5048.05 3730.45 1317.60
S4. ANNUAL OP'NG COST PER FT OR ACRE .63 .47 .16

VI. ANNUAL OWNERSHIP * OPERATING COST

55, FIXED OWNERSHIP COST 23835.5S 1115779T 12677.76
S6. ANNUAL OWNERSHIP * OP'4•I4 COST 25883.61 14888•2S 13995.36
8.7 TOTAL PER LINEAL FOOT * S 3.61 1.86 1.7S



U.S. ARMY CORPS OF ENGINEERS, OMAHA DISfN

ECONOMIC COMPARISION

__2ZRI MRETEL DOUjLEE ELQU ZLIUT ING
LIGHTING TEST 55A

___,_SCJH.EM•F- 26

I X 1500-1'-Q
TOTAL FOR 15 FT MTQ
SYSTEM 50 FT SP

I. INITIAL EQUIPMENT INVESTMENT

I. QUANTITY OF LUMINAIRES 160 160
_________U MLiAAIRE COST A.E.C 65.00

3. LU";1INAIRE COST TOTAL 10400.00 -10400.00
4__._UAlJiITY DE P1L FS 160 160
5. MOUNTING HEIGHT 15.00
6. POLE + BRACKET COST EACH 70.00
7. POLE COST TorAL 11200.00
____ __,__ EiU AL_ NN__!, LKEACH 0.00
9. POLE + FOUNDATION COST FOTAL 11200.00 11200.00
10. QTY LAMiPS PER LUMAINAIRE I
II. QUANTITY LAMPS 160
12. LAMP COST EACH 15.00
13. LAAP COST TOTAL 2400.00 2400.00
14. ELECTRICAL DISTRIBUTION 48000.00 48000.C

14A. SATANDBY GENERATOR COST 40800.00 40800.-..
1.4C.UPS_£ST 0.00 0.00

15. TOTAL INIT EQUIP LESS LAMPS 110400.00
16. TOTAL INIT EQUIP INCL LAMPS 112800.00 112800.00

II. INITIAL LABOR ESTIMATES

I8. POLE ERECTION + PAINTING 155.00
19. LUMINAIRE LABOR 75.0020. NET LABOR, POLES + LUMIjiAIRES 36800.00 -- 0.O0O-O-

*I. 1 2±ABOR._LEQ.I. CAL_.DlSIR-I BUTI ON 36*QQQO. O 6 000.00
21A. LABOR STANDBY GENERATOR 4800.00 4800.00
2Jl.Ai3OR UPS 0.00 0.00

22. TOTAL INITIAL LABOR 77600.00 77600.00
23. TOTAL INITIAL INVESTMENT 190400.00 190400.00

III. ILLUMINAr[ON CALCULATIONS

25. SPACING OR AREA 50.00
26. UTILIZATION FACTOR 0.00
27. MAINrENANCE FACTOR .81
. F5 2.00
2Y. INIT COSr PER LINEAL FT O 23.60 2-3.80

J5?mU



U.S. ARMY CORPS OF ENGINEERS, OMAHA DIST:

ECONOM1IC COMPARISION

PERIMETER DOUBLE FENCE QUARTZ "IGHIINU
I.IG.-TJN TEST 55A

SCHEME 26

IX150OW Q SZU10 AL l-OW 15" I• l mi-u

__SYSTEM 50 FT SP

IV. ANNUAL COSTS

30. K61 PER LUMINAIRE 1.50
30A. Ko UPS PiER LOSS o.0u

( 3 i, TL)£X Sy~iLs J 240. 240.
32. ANNUAL OPERATION (HOURS) 4000.

3._yAL ENERPY KWH/YEAR 960000. 960000.
34. ENERGY COST PER KNH .0200

.35. DEMAND CHARGE/Ko/MONTH 0.0000
3 36. DE, AND CHARGE PER YEA• 0.00 o.00

3;. _ANN UAL K'H COST 19200.00 19200.00
37D. DIESEL FUEL COST 3d4.00 3 =.-

* 38. GROUP. RELA.iMPING PERIOD (HOURS) 1600.
* 3dA. RATED LAIAP LIFE (HOURS) 2000.

338. PORTION OF LAMiPS SPOT REPLACED .20
39. UUANTfIlY 0r; kELACEM--NTi S-A;"P-S 40.
40. REPLACEIMENT LA,',IP COST 7200.00 7200.00

V. ANNUAL MAINTENANCE, LABOR + MATERTALS

4.3. GROUP RELAMP INGS/YEAR/LUmINAI RE 2.5u
43A. SPor RELAhYINGS/YEAX/LUh1INAIRE .5000

44. RELAi,¶PING COST - LABOR 1600.00 16500M
* 46.._CJLE.A LN 1 ,jGS/YEAR/LUMINA!RE 0-0.0

47. CLEANING COST - LABOR 0.00 0.00
4d. PAINTING TIME PER POLE 0.00
50.• P'AfNE-LQ CO---ST. -'-z-•-:8"R o.0 o0. 003-

351 .- iEL&AC.E.C _E{X .J NLETC- 1104.00 1104.00
52. tOTAL ANNUAL ;AIuTENANCE COST 2704.00 2704.00
53_ AANNUAL OPERATING COST 29486.00 294a8.00
54. ANNUAL OP-'NG COST PER FT OR-,eRf-. 3.9"

VI. ANNUAL ONNER5HIP + OPERATING COST

. _ ONERSHIP COST 26696.00 26696.00
56. ANNUAL OVINERSHIP + OP-"ING CoSIf 561b4.00 561d4700

_58. rOfAL PER LINEAL FOOT "*A* 7.02 7.02

U.S. ARMY CORPS OF EN-GITNFRS, OMAAA DTIr

ECONOV jI CO=MP RI S•7)N to

i i ii iI



V.S. ARMY CORPS OP ENGINEERS, OMAHA 0ISi•

ECONO, IC M(.,dPARH5LON

PERIMETER DOUBLE FENCE HIGH PRESSURE SODIUM
LIGb-I"ING TEST 9oB NIlEH UPS
SCHEME 27

IX40OM HPS

TOTAL FOR l5 FT MTG
SYSTEM b0 FT SP

I. INITIAL EQUIPAENT IiNVESTMAENT

I. QUANTITY OF LUMINAIRES 100 100
2. _LUAINAUP COS_ EACH 250.00
3. LUMINALRE COST TOTAL 25000.00 25000.00
4. dJAýýrITY OF POLES 100 I00

:5. MUI•f ING HEIGHT 75-.Z-0

A_.- POLE-_BACK CST EACH 70 O
7. POLE COST TOTAL 7000.00
zi_ ___E•UQAUT_(oNQoST hEACt 0.00

. POLE + FOUNDAý,TION COST TOTAL 7000.00 7000.00
-JQ.OQ.__YYI. ERLUM IN L•A IRE I

II. QUAN•ITY LAMPS .100
_L2 ._-IA.AP--CflST EACH __39_._00

13. LAP COST TOTAL 3900.00 3900.00
-_. 1.4._ELEClILALDFaI STRLB.TlIN _ Lt0(.i O50 0__, o

14A. STANDBY GENERATOR COST 9775.00 9775.C
S14C".S .PS COS]L 34500.00 34500.00
15. TOTAL INIT EQUIP LESS LAMPS B7775--(-
16 -& -iQ, A".I1lEQU 16-CL LMPS 91675 .00 91675. 00

II. INITIAL LABOR ESTIMATES

18. POLE ERECTION + PAINTING 155.00
_19. LUAINAIRE LABOR 75.00
20. JET LAdOR, POLES + LUMINAIRES 23000.00 23000.00
2_I__.LABOFRELECT? r.QALPLRIUTI ON 8625.00 8625.00

21A. LA8OR STANiDBY GENERATOR 1150.00 1150.00
2I_•.._._A.OR UPS 4600.00 4600.00

22. roTAL INITIAL LABOR 37375.00 37375.00
23_I,_ ALJL.A _iV ESrSItMENT 129050.00 129050.00

III. ILLUMINATION CALCULATIONS

25. SPACING OR AREA 80.00
,26__UT IIL LZTATN _EACToR 0 .00
27. ,MAINfENANCE FACTOR .72

-__-2 •t.__D ES LU&E OJtCANDLES 2 .00
29. INIT COST PER LINEAL FT 1 16.13 16.13

* ('I



U.4. ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

ECONOMIC COMPARISION

S. RIMETER DOUBLE FENCE HIGH PRESSURE SODIUM
•L~IQH~fUNG . EST" 968 NITH UPS

SCHEME 27

1X40•W HPS

SYSTEM 60 FT SP

IV. ANNUAL COSTS

30. KA PER LUMINAIRE .46
-- O-T-E•0--P WT7ER LObb * u

.-- _3 L.___QTAL SYSTEM 0___ 58. 58.
32. ANNUAL OPERATION (HOURS) 400.
33. TOTAL ENERGY KOH/YEAR 230000. 230000.
34. ENERGY COST PER KNH . 200
35. DEIMAND CHARGE/K/d/MONTH 0. 0000
36. DEMAND CHARGE PER YEAR 0.00
17. A-LA4A A KMH COST 4600.00 4600.00

37D. DIESEL FUEL COST 92.00 92:-00
-.. 38 __ROUP__ELAc%,UjV;QEEtIoQD (HOURS) 13000.

36A. RATED LAMP LIFE (HOURS) 2000c.
3dB. PORTION OF LA.,,IPS SPOT REPLACED .20

3.-.-QUTANIT=Y 5 ;PMPLACMET•-NT LAMPS Ji.
_-40. REPLACEMEif LAM~iP COST 1440.00 1440.00

V. ANNUAL MAINTENANCE, LABOR + MATERIALS

43. GROUP RELAMPI'JGS/YEAR/LUMINAIRE .3o
43A. SPOT RELAAPINOS/YEAR/LUMINAIRE .0615

44. R ELA-PII'G- COS--LT-LA (i 123.08 123 US
46. CLEAN INGS/YEAILUMINAIRE .69
47. CLEANING COS" - LABOR 13b.46 3-8.46
4d. PAINTING TIliE PER POLE 0.00
50. PAINTiING COST - LAUOR 0. co 07 O
51. REPLACEMENT PARTS, PAINT, ETC. 877.75 877.75
52. TOTAL ANNU(AL MA-ANTENANI•-E COST h3]P.29 13921
A., _(.U)AL PRA '' NO COST 7271.29 7271.29

54. ANNUAL OP'NG COST PER FT 6 .91 .91

diAI~WL(1NBH +POPERATING COST

~-_5 _EXEPCOST I17771.30 17771.30
56. ANNUAL OWNERSHIP + O(P'ING COST 25042.59 25042.59
5 5d. TOTAL PER LINEAL FOOT E 3.13 3.13

i--



-- AP,',i'L..CZ P2.SL IEG 1; 4 EZP,_S)t.,A HAJ .Ti3 I -CT

ECONOMIC COMPARISION

PERI:.'ETER DOUBLE FENCE LO(, PRESSURE SODIUM
-LI•ldtT._G_ TFST 6_QOF '-IL H UP__

SCHEME 28

TIXl180vi LPS

TOTAL FOR 15 FT-•;TG
SYSTEM 60 FT SP

_.A ILNIALET UI PMENT INVEST.MENT

1. QUANTITY OF LUMINAIRES 134 i34
2. LUMINAIRE COSf EACH 360.00
3- , -L"ULALR CSIT TOTAL 48240.00 48240.00
4. QUANTITY OF POLES 134 134
5.__ ',MOWUNT I.JNG_-EIGHT 15.00

,. POLE + BRACKET COSI EACH 70.00
7,. POLE COST TOTAL 93`0.00
8. FOUNDATION COST EACH 0.00
$_L_ POLE_+FLQUNDATION COST TOTAL 9380.O0 9380.00

10. QTY LAMPS PER LUMINAIRE I
II. *QUANTITY LAMPS 134
12. LAMiP COST EACH 33.00
13. LAMP COST TOTAL 4422.00 4422.00
14. ELECTRICAL DISTRIBUTION 8040.00 8040.00

14A. STANDBY GENERATOR COST 6834.00 6834.00
14C. UPS COST 24120.00 24120.00
_ 5,_T.OTALi-lNITEQUI L._SS LAMPS 96614.00

16. TOTAL INIT EQUIP INCL LAMPS 101036.00 101036.00

-I•J. __I N•_ ILLAB oR E SI5 !ATE S

]a__.•_P__FCTl(2N + PAINTING 155.00
i9. LU..MINAIRE LABOR 7:).00
20. tElT LABOR,_ POLES + "LU;MINAIRES 30820.00 30820.00
"-21. LA8OR ELECTRICAL DISTRIBUTION 6030.00 6030.C0

-2I k.-LABJUL STA.DBY GENERATOPR -04,._QQ 604. 00
21B. LABOR UPS 3216.00 3216.00
P22-. T _ALJ___I-TlAi.LABEWR 40870.00 40870.00
23. TOTAL INITIAL INVESTMENT 141906.00 141906.00

_El_. __ILLU'1MNATI ON CALCULATIONS

2_5-SPA-G__0 AREA 60.00
26. UTILIZATION FACTOR 0.00
27. .lAINENlA'CE FACTOR .85
26. DESIGN F ())OT CANDLES 2.00

..29_,_ N .I LQ.__.•S TLE._., E_.- I W. 17•65 17.65

____ ____ ___ ____ ____ ___ ____4U1


