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•ROADWAY lighting has long been used on city streets where it serves a number of 
functions in addition to providing for safety and efficiency of traffic operation. Only 
in recent years have highway departments and municipalities realized the benefits that 
could be had by lighting heavily traveled high-speed arterials such as freeways and 
major streets in outlying areas. This new concept in roadway lighting embraces a 
single-purpose function, namely, to light the roadway for the express purpose of im
proving the safety and efficiency of traffic operation. 

There is no doubt that illumination of principal roadways can be justified on the basis 
of safety. This is well documented in the Congressional Record (1), where the Honor
able Charles Farnsley, Representative from Kentucky, reported on the benefits of 
roadway lighting and presented documentary evidence. 

As substantial mileage of the Interstate System was completed in Texas, the state 
highway department recognized the need for lighting these facilities, especially in the 
urban areas. However, officials were greatly concerned that the design criteria for 
roadway lighting had not changed to meet the challenge of the new generation of modern 
highways. Because of this concern, a research project in roadway lighting was ini
tiated in 1964 by the Texas Transportation Institute and the Texas Highway Department 
in cooperation with the U. S, Bureau of Public Roads. The objective of the first phase 
of this research was to determine the optimum geometric configuration of lighting sys
tems that would provide functional and economical roadway lighting for freeway-type 
facilities. Prior to this research, the Texas Highway Department specifications for 
roadway lighting called for luminaires to be mounted at a maximum height of 30 feet 
and a spacing generally not to exceed 160 feet. These specifications were typical of 
many throughout the country. 

Lighting systems designed on the basis of these early specifications left much to be 
desired for traffic operations on high-speed roadways, A "puddle of light" was spilled 
onto the roadway immediately under the luminaire. This bright puddle of light com
pletely overshadowed the effectiveness of a lower intensity of illumination that could 
be directed to the fringe of the lighted area. The environment resulting from this sys
tem of illumination was that of extreme variations. The driver, passing from the 
puddle of light into the area of relative darkness was continually experiencing changes 
in his environment and rapidly becoming a victim of fatigue without realizing it. The 
human eye adapts from light to dark a.rid dark to light conditions quite rapidly and thus, 
with this system, the driver's eyes are in a continuous state of adaptation, causing 
fatigue during prolonged exposures. Therefore, one of the major objectives of the re
search was to improve the uniformity of illumination systems. 

THE STUDY 

The purpose of this study was to determine the optimum height and spacing of lumi
naries in lighting systems for access-controlled facilities. Considerations in deter
mining the optimum geometric configuration were (a) obtaining a more functional sys
tem; (b) reducing glare; (c) reducing the overall cost of installation, operation, and 
maintenance; and (d) reducing the number of poles to reduce fixed-object hazards. 
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Figure l. Fu 11-sco le i I luminotion foci Ii ties. 

A full-scale laboratory approach was taken in this study to facilitate subjective as 
well as objective evaluation of lighting systems. Engineers and researchers felt that 
there would be considerable merit in being able to observe the illumination produced 
by various geometric configurations and make collective or team decisions based on 
these observations. Further, objective evaluations were necessary to be able to de
scribe these systems analytically, to make objective comparisons, and to substantiate 
the subjective evaluations. 

Facilities 

Full-scale illumination laboratory facilities were developed at the Texas A & M Re
search Annex. Ten trailer-mounted portable lighting towers were constructed to pro
vide luminaire mounting heights up to 60 ft. Since the towers were trailer-mounted, 
the selection of longitudinal spacings between luminaires was unlimited. 

A large concrete paved area, approximately 500 by 3500 ft, was striped for 12. 5-ft 
traffic lanes and marked in a 10 by 12. 5-ft grid pattern for photometric studies. Fig
ure 1 is an overall view of the test facilities. 

A GE SL 480-A Street Lighting Meter was used to measure light intensity in hori
zontal footcandles. This meter was later modified to facilitate measurement of verti
cal footcandles. Also, a Pritchard Spectra Photometer, with a glare lens, was obtained 
later for studies of brightness and glare. 

Experimental Procedure 

The study of photometrics phase of the research included studies of 400-watt and 
1000-watt Type ill mercury-vapor luminaires. Three 400-watt luminaires from each 
of four manufacturers and three 1000-watt luminaires from each of three manufacturers 
were obtained for the tests. To reduce the influence of the lamps on the test results, 
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only one make of clear mercury-vapor lamps was used, with rated outputs of 21,500 
and 57,000 lumens, respectively. 

In order to give adequate consideration to the various geometric configurations of 
freeway lighting systems, the following systems were selected for the investigation: 

A. System Type 

(1) One-side or house side lighting. 
(2) Median lighting, transverse spacing of 10, 20, and 30 ft. 

B. System Configuration 

(1) 400-watt units 

(a) Mounting heights of 30, 40, 45, and 50 ft. 
(b) Longitudinal spacings of 100, 120, 140, 160, 180, 200, 220, 230, 240, 

and 250 ft. 

(2) 1000-watt units 

(a) Mounting heights of 50 and 60 ft. 
(b) Longitudinal spacings of 240, 260, 280, 300, 320, 340, and 360 ft. 

These systems represent a large number of possible combinations for both 400-watt 
and 1000-watt luminaires. This number is increased when different manufacturers 
and the variability among individual units are considered. Each combination would 
constitute a field study and woul_d require several hours to obtain photometric data, so 
it was apparent that some means to expedite data collection was needed. Various sam
pling techniques were considered but finally a means of generating synthetic systems 
from basic illumination measurements was selected because it could be performed 
rapidly and economically by electronic computer. 

The synthetic approach involved taking photometric data for each luminaire at each 
mounting height. Then, for each mounting height the data from the three luminaires 
of the same manufacturer were averaged at each grid point. Further, the data at 
"mirror" points on opposite sides of the transverse axis of the luminaire were aver
ag~U. i..u ~ive c:t. :=;yuu.uei...1 i\jd.1. l:'a.t~Crii . The: o;-i-,ttcti.: o;-ot~ui.;; ;·y·c;:c t.~~~ gc~~~~t~d by 
arranging the resultant light distribution patterns in the desired geometric configura
tion and summing the overlapping illumination values at each grid point of the system. 

Assu1ning the lun1inaire to be mounted aver the edge of the road"wvay, the computer 
was employed further to determine the following photometric variables for each lane 
of each of the lighting systems: 

1. Average illumination on each lane; 
2. Maximum illumination on each lane; 
3. Minimum: illumination on each lane; 
4. Ratio of maximum to minimum illumination on each lane; and 
5. Ratio of average to minimum illumination on each lane. 

In addition, values of the following variables were obtained for roadways of two-
lane, three-lane, four-lane, and five-lane widths: 

1. Average illumination; 
2. Maximum illumination; 
3. Minimum illumination; 
4. Largest of the ratios of maximum to minimum illumination on each lane; and 
5. Ratio of average to minimum illumination. 

The final step in the analysis performed by the computer was to produce iso-foot
candle charts for the single luminaire and for each of the systems. In the first attempts 
to produce machine plots of these charts a Calcomp X-Y plotter was used, but due to 
excessive time requirements, an alternate technique known as the U-M Plot routine 
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Figure 2. lso-footcandle chart prepared by U-M Plot method. 
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was substituted. This technique utilized a standard IBM printing machine to provide 
graphical representation oi data. i ne cost 01 pwurng the iso-.fuULcauwti chaJ:l:s i.,y lhti 
U-M Plot technique was only a fraction of the cost of plotting by the X-Y plotter. Fig
ure 2 shows an actual plot using the U-M Plot technique. 

The entire computer analysis procedure of building the synthetic systems, deter
mining the photometric variables, and plotting the iso-footcandle chart was repeated 
for both 400-watt and 1000-watt units from each manufacturer at each of the mounting 
heights tested. Then a series of field studies were conducted on a random sample of 
the possible systems in order to ascertain the reliability of this technique. The data 
from the field tests were compared with those of the corresponding synthetic systems 
and it was found that the differences were not appreciable. 

The photometric characteristics of the various lighting systems determined in the 
computer analysis were compared and the photometric variables were related by 
graphic interpretation to roadway lighting system parameters to illustrate the relation
ships between luminaire mounting height and spacing and the resultant system photo
metrics. 

DISCUSSION OF RESULTS 

As stated previously, the purpose of this study was to determine the optimum height 
and spacing of luminaires in lighting systems for access-controlled facilities. Con
siderations in determining the optimum geometric configurations were 

1. Obtaining a more functional system; 
2. Reducing glare; 
3. Reducing the overall cost of installation, operation, and maintenance; and 
4. Reducing the numbers of poles to reduce fixed object hazards. 

In this discussion, primary attention will be devoted to results pertaining to a more 
functional system. 

Functional Systems 

A freeway lighting system should adequately illuminate the roadway so that safety 
and efficiency of traffic operation will be achieved. Therefore, it is necessary to re

late this function to illumination vari
ables. However, the main difficulty 
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that has been experienced for many 
years in illumination research is our · 
inability to relate visibility and the road
way environment to illumination vari
ables. Consequently, one of the oldest 
problem-solving techniques was used 
to produce results in this study, that is, 
observation and subjective evaluation. 
However, lighting systems cannot be de
signed using subjective evaluation as 
criteria, and therefore it was necessary 
to compliment this research approach 
with objective or analytical studies. 

400-Watt Luminaires-Many nights 
were spent by the research staff and 
the study team observing various sys
tem configurations of 400-watt lumi
naires. It was the consensus of the 
study team that higher mounting heights 
provided a more acceptable illumina
tion system. This was based on two 
observed phenomena: (a) the discom
fort from glare was reduced, and (b) 
the "puddles of light" were spread, re-



40.0 

ONE - SIDE LIGHTING SYSTEM 
MANUFACTURER CODE • 4 

u, 350 LUMINAIRE • 400 WATT, TYPE m 
~ LAMP , CLEAR MERCURY VAPOR , 
J 21,500 LUMENS ! 30.0 ROADWAY WIDTH• 2 LANES ; ·:,o• MH ./. 40, MH 

~ 25.0 

"' z 
0 
..J 

"': 20.0 ; · / ~Q ... 
: : 15.0 .1;•- 45' MH 

~Q 
<Ot- / '!; "'z 10.0 
J~ / . ~ .,:;:;,./ •-50'MH 

;! / " ~ .-~ 
5.0 ~ ./ ------=.--=-=· 

40MH __.-c:::;; ·~ -~ 

45 M~=---\: 50' MH 
0'----~----~-~----~- --~ 
100 120 140 160 180 200 

LONGITUDINAL SPACING IN 
220 

FEET 
240 

Figure 4. Ratio of maximum to minimum illumination 
vs horizontal spacing for different mounting heights. 

260 

39 

ducing the maximum intensity 
and improving the uniformity of 
illumination. By observing il
lumination systems at mounting 
heights of 30 to 50 ft and at vari
ous longitudinal spacings, itwas 
found that the ,40-ft mounting 
height and 200-ft spacing pro
duced the most desirable results. 
The visual discomfort was elim
inated and the glare levels were 
no longer objectionable. The 
team did not feel that any addi
tional benefits were derived by ex
tending the 400-watt luminaires to 
the 4 5- and 50-ft mounting heights. 

There are objective or analyt
ical reasons for the apparent im
provement produced by the higher 
mounting height, and for the de
cision reached by the team. There 
was a measurable variation in 
uniformity as the mounting heights 
and spacings were varied. Fig-
ure 3 illustrates this variation. 

It may be noted that the most significant variation occurs between 200 and 220 ft for the 
40-ft mounting height. This is the 11 optimum" configuration arrived at by the observa
tion team. Note also that for the 30-ft mounting height the variation in uniformity as re
lated to spacing is much more severe and spacing must be limited to 160 ft.to achieve reason
able average to minimum uniformity. Figure 3 also substantiates the team observation that 
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there is very little added benefit of extending the heights to 45 and 90 ft. Even more 
significant in the control of uniformity is the relationship shown in Figure 4. This 
represents the ratio between maximum and minimum illumination as related to height 
and spacing and it is this relationship that gives the true measure of uniformity. It is 
not the average to minimum ratio that the driver evaluates, but the bright and dark 
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Figure 7. Initial average illumination vs longitudinal spacing for different roadway widths. 



spots, or maximum and minimum areas of illumination. Note that the "optimum" 
ratio again occurs at the 200- to 220-ft spacing. 

Further objective substantiation of the team's observation is shown in Figure 5. 
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This illustration of minimum illumination as related to height and spacing shows a 
substantial increase in minimum illumination between the 30- and 40-ft heights. It is 
this minimum illumination that eliminates the apparent dark spots experienced with the 
lower mounting heights. 

One other objective variable that must be considered is average illumination. Fig
ure 6 shows the initial average illumination and height-spacing relationships. Upon 
first observation, it would appear that too much is sacrificed in average illumination 
by going to the higher heights. Remember, however, this average covers a much 
larger area and serves to eliminate the extreme bright spots that occur at the lower 
heights. 

The illustrations that have been given are based on roadway widths of two to three 
lanes for a one-side system and four to six lanes for a median or two-side system. 
During the subjective tests, the study team observed that the 400-watt units mounted 
in a one-side geometric configuration would not adequately illuminate more than three 
lanes. It is appropriate then to discuss limitations of the 400-watt systems. 

Figure 7 shows the significant reduction in average illumination that occurs between 
three, four, and five lanes. In addition, similar reductions were measured for mini
mum illumination. As a result, the uniformity ratio (average to minimum) did not 
show a substantial change for the wider roadway widths. However, the maximum to 
minimum illumination ratios, the most critical measures of uniformity, were found to 
increase very rapidly between.three, four, and five lanes. These relationships serve 
well in substantiating the team's observation that the 400-watt units cannot adequately 
illuminate more than three lanes (six lanes with a median or two-side configuration). 

Other factors that were found to influence the photometric variables are illustrated 
in Figures 8 and 9. These figures are specific illustrations of variations for various 
manufacturers and for transverse spacing in median systems and represent only two 
of the photometric variables, average illumination and uniformity. Complete tabular 
values and diagrams for all possible geometric combinations and photometric variables 
have been published and are available upon request from the authors. 
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1000-Watt Luminaires-Most 
nf thP nnrlinr frP1>wnv li<Thtin<T -- --- - --- ---- -- - - -- -.., --c,------o 
systems utilized 400-watt mer
cury vapor luminaires. How
ever, recent years have seen 
the development of 1000-watt 
mercury vapor luminaires, which 
are being used more and more 
in freeway lighting design. This 
development comes at a very 
opportune time, because most 
of the newer freeways are more 
than six lanes, which was stated 
previously as the maximum ef
fective width for 400-watt lumi
naires. It will be illustrated 
subjectively and objectively that 
the 1000-watt units pick up nicely 
where the 400-watt units stop. 

At the test facility, 1000-watt 
units were observed at heights 
of 40, 50, and 60 ft. It was im
mediately concluded that 40 ft 
was too low because of glare 
and extreme intensity; thus, no 
further consideration was given 
to that height. However, many 
combinations of the 50- and 60-
ft heights were observed and the 

study team concluded that the most desirable system consisted of 50-ft mounting heights 
and 300-ft spacings. This combination led the team to observe that the system was 
"comfortable" and that "visibility" was superior to any other configurations observed 
Again, there are objective or analytical reasons to substantiate these observations. 
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As with 40-ft mounted 400-watt units, the 50-ft mounted 1000-watt units produced 
excellent uniformity for up to six lanes, as illustrated in Figure 10. Note the "opti:.. 
mum" uniformity that occurs at or near a longitudinal spacing of 300 ft. The "opti
mum" maximum to minimum ratio also occurs at the 300-ft spacing and is low when 
compared with the other configurations. 

Also, in terms of initial average illumination, the 50-ft mounting height was shown 
to be effective for six lanes, as illustrated in Figure 11. With 300-ft spacings the 
average illumination over six lanes is a little over 1. 0 footcandle. 

The other variables associated with 1000-watt systems, both photometric and geo
metric, that were discussed for the 400-watt units, were shown to have approximately 
the same relationship as those for 400 .. watt systems. 

Reduced Glare 

The ideal seeing conditions exist when the whole field of view is as uniform in bright
ness as possible. When viewing a bright field, some of the light entering the eye is 
reflected, causing stray light within the eye. The effect of stray light in the eye is to 
superimpose a veiling brightness upon the visual field of view and decrease the bright
ness contrast needed for discernment. For nonuniform light in the field of view, the 
stray light in the eye increases and the veiling brightness is directly proportional to 
the intensity of the glare source. The effects of two or more sources are additive. For 
nonuniform fields of view as found in r oadway lighting with large glare sources present, 
the stray light produces disability veiling brightness (glare) which can adversely in
fluence visibility and comfort. 

In the subjective observations it was noted that the glare was decreasedasthemount
ing height of luminaires increased. This decrease in glare for increased mounting 
heights follows from the expression for glare: 

!Orr E cos 8 

0 (1. 5 + a) 
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where 
D i.,v 

E 

9 

= 
= 

= 

equivalent veiling luminance produced by disability glare, in footla..rnbcrts; 
illumination striking the plane of the pupil of the eye in lumens per ft2, 
measured normal to the incoming ray; and 
the angle between the line of sight and the source of glare. 

When the mounting height is increased the angle 9 is increased for any glare source 
and for any position as long as the line of sight is the same. In subsequent studies of 
glare for various system configurations it was shown that glare does decrease as the 
mounting height i ncreases (2). Further studies (3) showed that glare from 400-watt 
Type III (medium distribution) luminaires mounted at 40 ft approximates that from 
400-watt cutoff luminaires mounted at 40 ft. The same relationship is true for 1000-
watt Type Ill (medium distribution) luminaires and 1000-watt cutoff luminaires when 
mounted at 50 ft. 

Reduced Cost 

Substantial savings can be realized by taking advantage of the higher mounting 
heights. The 40-ft mounting height of 400-watt units, as compared to 30-ft mounting 
heights, allows an increase in longitudinal spacing of approximately 20 to 25 percent. 
This means that the initial installation cost can be reduced accordingly. There is a 
slight increase in per-pole cost because of the added length. However, this is far out
weighed by the reduction in total number of poles and luminaires. This reduction in 
number of poles and luminaires also reflects substantial savings in cost of operation 
since 20 to 25 less power consumption will be required. 

It is also expected that the cost of maintenance will be reduced accordingly. One 
objection that many administrators have voiced against the higher mounting heights is 
the need to purchase service equipment capable of maintaining the greater heights. 
This objection is ill-founded since, on practically any lighting project, the higher 
mounting heights will produce sufficient savings to purchase the necessary service 
equipment. 

As an example of the economy of the higher mounting heights, two of the 42 lighting 
projects in the State of Texas using the higher mounting heights have resulted in sav
ings sufficient to cover all costs of a 5-year lighting research project still under way 
in Texas. The cost of the research project: $250, 000. 

Improved Safety 

Two immediate safety benefits are derived from the higher mounting heights. First, 
the reduction in number of luminaires reduces the total number of glare sources and 
these glare sources contribute much less glare due to their greater height. Second, 
and of great importance, is the significant reduction in fixed-object hazards due to 
fewer luminaire supports. This reduction is very significant where the light sources 
can be mounted in a median configuration. 

Median vs House-Side Lighting 

The subjective and objective studies have indicated that 400-watt and 1000-watt 
luminaires have applications in median and house-side lighting configurations. How
ever, each has limitations that must be recognized. For example, it was observed 
that 400-watt units may be used in a median-mounted configuration for a four-lane 
roadway but not for a six-lane facility. The units do not provide sufficient illumination 
for the auxiliary lanes and ramp connection points that are beyond the three main lanes. 
On the other hand, the 400-watt units mounted on both sides of the facility, rather than 
in the median, provide adequate illumination for all traffic lanes of a six-lane facility 
since the luminaires can be placed in close proximity to the ramp connections. 

The 1000-watt luminaires are generally applicable to facilities of six or more lanes 
and are most economically located in the median for the wider facilities. However, 
it is possible and practical to use these units in a side-mounted arrangement. For 
example, where the median is too narrow to accommodate the supports, the 1000-watt 



45 

units can be used effectively and economically in a staggered side-mounted arrange
ment and illuminate roadway widths up to approximately 100 ft. 

SUMMARY OF RESULTS 

The principal objective of this research was to determine the optimum geometric 
configuration of roadway lighting systems to produce a satisfactory driving environ
ment for freeway-type facilities. To accomplish this, both objective and subjective 
studies were made using full-scale roadway lighting laboratory facilities. 

This research showed that a more economical and functional lighting system can be 
obtained by increasing the mounting height of conventional Type III (medium distribu
tion) mercury vapor luminaires. It was found that 400-watt luminaires mounted at 
40 ft and spaced 200 ft apart produced the most functional system for roadways with 
two and sometimes three lanes in each direction. Type III 1000-watt mercury vapor 
luminaires mounted at 50 ft and spaced 300 ft apart produced the most functional light
ing system for roadways with three to six lanes in each direction. 

The benefits derived from higher mounting heights are 

1. Reduction in discomfort due to glare; 
2. Improved uniformity of illumination; and 
3. Greater safety and lower cost of installation and operation due to fewer lumi

naires per mile. 

RECOMMENDATIONS 

The results of this research suggest that, in order to design the most efficient and 
functional lighting system, consideration must be given to the relationships between 
the geometric parameters of roadway lighting systems and the photometric variables 
to be used as criteria. Careful evaluation of roadway geometrics must be exercised 
to assure the proper application of lighting system design. 

Based on this thought and the results of this study, the following design applications 
are recommended for consideration. 

Design No. 1 

Roadway Description-Controlled-access facility, four lanes excluding auxiliary 
lanes, normal median width. 

Lighting System Description-
Luminaires: Type III, 400-watt mercury vapor 
Mounting Height: 40 ft 
Longitudinal Spacing: 200 ft 
Placement of Supports: Median, dual-mounted luminaires 

Design No. 2 

Roadway Description-Controlled-access facility, six lanes excluding auxiliary 
lanes, normal median width. 

Lighting System Description-

or 

Luminaires: Type ID, 400-watt mercury vapor 
Mounting Height: 40 ft 
Longitudinal Spacing: 200 ft 
Placement of Supports: House-side, both sides 

Luminaires: Type III, 1000-watt mercury vapor 
Mounting Height: 50 ft 
Longitudinal Spacing: 300 ft 
Placement of Supports: House-side, both sides, staggered 

Design No. 3 

Roadway Description-Controlled-access facility, six lanes excluding auxiliary lane, 
one-way, no median. 
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Lige~1nln8J.;~~~ ¥;~~rlfr~Tooc-watt li1ei"CUi"y vapo;:-
Mounting Height: 50 ft 
Longitudinal Spacing: 300 ft 
Placement of Supports: House-side, one-side 

Design No. 4 

Roadway Description-Controlled-access facility, six to eight lanes, restricted 
median width. 

Lighting System Description-
Luminaires: Type III, 1000-watt mercury vapor 
Mounting Height: 50 ft 
Longitudinal Spacing: 300 ft 
Placement of Supports: House-side, both sides, staggered 

Design No. 5 

Roadway Description-Controlled-access facility, more than eight lanes, restricted 
median width. 

Lighting System Description-
Luminaires: Type III, 1000-watt mercury vapor 
Mounting Height: 50 ft 
Longitudinal Spacing: 300 ft 
Placement of Supports: House-side, both sides 

Design No. 6 

Roadway Description-Controlled access facility, six to twelve lanes, normal 
median width. 

Lighting System Description-
Luminaires: Type III, 1000-watt mercury vapor 
Mounting Height: 50 ft 
Longitudinal Spacing: 3 00 ft 
Placement of Supports: Median, dual-mounted luminaires. 

In addition to these recommendations, it should be pointed out that the light source 
may be mounted over the outside edge of the roadway, or as much as 12 to 15 ft from 
the roadway. When using 400-watt units on wider facilities, the light source should be 
mounted as closely as possible to the outside edge of the roadway. However, when 
using 1000-watt units, the light source may be mounted 12 to 15 ft from the roadway 
edge without affecting the efficiency of the luminaires. It appears desirable to tilt the 
luminaire upward toward the roadway as far as the mounting assembly of the luminaire 
will permit (approximately 3 degrees). 

The longitudinal spacing of the recommended designs may also be varied to fit cer
tain geometric features of the roadway. For example, the longitudinal spacing may be 
increased or decreased to balance the lighting system on each side of overpassing 
structures without seriously impairing the efficiency of the system. However, these 
spacing adjustments should be limited to 160 to 240 ft for 400-watt units and 260 to 340 
ft for the 1000-watt units, and should be used only when necessary. 

SIGNIFICANCE OF RESULTS 

These results and recommendations are significant because they are immediately 
applicable in the design of improved roadway lighting systems for access-controlled 
facilities. The Texas Highway Department has developed new specifications for road
way lighting systems based on this research, and more than 40 jobs have been designed 
using these specifications. In addition to the improved illumination, these jobs have 
resulted in immediate savings on the order of one million dollars. Other states have 
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shown considerable interest in this research, and many are revising their specifications 
accordingly. 
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