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EXECUTIVE SUMMARY 

An investigation has been performed for the purpose of identifying all potential 
negative factors on flight operations that could be associated with the Metro 
Green Line running along the east boundary of the Los Angeles International 
Airport (LAX). The plan to run the line near the eastern boundary of the airport 
has legitimately raised concern with those responsible for maintaining safe flight 
operations, especially instrument approaches to landing at the airport. 

The emphasis of the investigation has been on radio aids to navigation and 
possible derogative effects that could or might be produced by the existence of the 
Metro Green Line operating in close proximity to the airport. More than 50 radio 
facility operations have been considered. In addition, potential problems related 
to possible confusion for the pilot arising from direct or reflected light coming 
from the train to the cockpit and effects on the magnetic compasses of aircraft 
due to the electric currents in the overhead catenary systems (OCS) have been 
addressed. 

The fundamental assumption for this study is that the Metro Green Line 
alignment is as given in the specification used for the Environmental Impact 
Report and first presented to the FAA It is known that there have been recent 
task force alternative studies, however, the program direction for this investigation 
has been specific, viz., to investigate effects that would be produced with an 
alignment immediately adjacent and along the east boundary of the south complex 
of LAX and from there northward to Century Boulevard, west and then north 
through the central portion of Parking Lot C which is east of the north complex. 
A station is scheduled to be built on the Caruso property northeast of the airport 
according to the plan. More recent plans indicate that the station could exist in 
Parking Lot C, east of the North Complex, i.e., Runways 24L and 24R. 

The basic criterion that is applied to determine acceptability of Green Line 
Alignment is that the alignment must not be allowed to degrade safety, derogate 
performance of any radio aid, nor reduce operational capability at LAX. 

This study shows that fortunately there are only a few instances where there is a 
negative impact and that there are engineering solutions for overcoming the 
problems that would be created by the presence of the Metro Green Line. 

The most serious problems arise because of the rail alignment immediately along 
the east boundary of the south complex which is that portion of the airport 
containing the two parallel Runways 25L and 25R. The localizers for Runways 
07L and 07R (the designations of the runways for opposite direction landings) 
provide guidance signals that allow the pilot to align his aircraft with the runway 
centerline as far out as 18 miles over the ocean. These signals must not be 
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disturbed by vehicles passing in front of the antennas; accordingly, the FAA has 
published standards that prohibit placement of conducting objects in what are 
called critical areas. The Metro Green Line, as planned, would penetrate the 
critical areas of both of the present localizer transmitting antenna systems each of 
which is located approximately 700 feet east of the airport boundary. 

The recommendation is made to relocate both of these antenna systems onto the 
airport nearer the runways. The complication is that with the 07L localizer, in 
particular, the separation distance between jet engines spooling up for takeoff on 
Runway 25R and the antennas would be less than 250 feet. Two solutions are 
proposed. One is to locate specially ruggedized, directive antennas in front of the 
existing blast fence. This places the Metro Green Line behind the antennas where 
there is very little radiation which could reflect and corrupt course guidance 
information. Another is to move the antennas east of the blast fence and elevate 
them over a counterpoise. The proposed position allows the antennas and 
counterpoise to remain west of the airport boundary and importantly, also west of 
the Metro Green Line. This solution requires a counterpoise to protect signals 
from being incident on and reflecting from traffic that operates on the airport 
perimeter road. This road presently exists immediately to the west of the airport 
boundary fence. 

The solution for the other parallel runway is easier. Because the threshold of this 
runway, (25U07R), is relocated over 1000 feet west of the airport boundary, there 
is room for installing a localizer array for Runway 07R in this overrun area. This 
again places the Metro Green Line to the east and behind the localizer array, thus 
preventing radiation from becoming incident on the railcars, scattering and causing 
course derogation. The issue of collocating the localizer for Runway 07R and the 
inner marker for Runway 251., which now becomes necessary with the localizer 
antennas being moved onto the airport, is dealt with in a straightforward manner 
and an engineering solution is presented. 

The glide slope serving Runway 24L is a null-reference glide slope and is impacted 
significantly. The combination of the present environment with railcars and a 
station added is predicted to produce an out-of-tolerance condition. A design for 
converting to a capture-effect system is presented which will correct this problem. 
None of the other runways was affected significantly by the presence of the 
railcars, principally because all others are of the capture-effect type. 

The effects of the overhead catenary system running in front of the glide slopes 
for Runways 241., 24R, 25L and 25R were also investigated. This investigation 
which involved both theoretical and experimental portions indicates that the OCS 
is not a problem. 
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The other significant issues are those of accommodating the Metro Green Line 
alignment through Parking Lot C in an area where the middle markers for 
Runways 24R and 24L are located, and the far-field course monitors for Runway 
24R are existing. The problems are created because the Metro Green Line cars 
will prevent the FAA required line-of-sight between the three probe antennas for 
far-field monitors and the localizer transmitting antennas. The relatively simple 
and obvious solution to each of these three discrete but identical problems is to 
elevate each of the three monitor probe antennas so they will have line-of-sight to 
the transmitter and receive more direct localizer signals. This minimizes the 
effects of the reflected signals coming from the rail line components, e.g., the 
overhead catenary system. Fortunately these far-field monitor antennas can be 
elevated and still remain below the 50: 1 surface. 

An investigation of potential negative impacts on performance of ASDE radars, 
airport surveillance radars, communications facilities, radio data links, the VHF 
Omni Range, T ACAN, non-directional. beacons, and distance measuring 
equipment (DME) reveals that no significant derogative effects will result from 
the Metro Green Line. 

The results of this study show that, of the more than 50 facilities present at LAX, 
in only 6 of these cases (3 of these being components of the same monitor system) 
will performance be affected significantly by the Metro Green Line. The findings 
are that in each of these 6 cases at least one engineering solution exists. 
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P252054 

Figure 1-1. Planned Layout and Alignment of Metro Green Line as the 
Reference used in this Report. 
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in the planned location. Special study is given to identify solutions to the 
problems in the cases where these effects are significant. Typically the steps 
takenin approaching the problems and obtaining solutions are examining results of 
previous work and research of data produced elsewhere for similar type problems, 
performing special theoretical developments, executing computer-based modeling 
of the physical situation, analyzing of data derived from specially conducted field 
tests and applying experience obtained from over 30 years of work in the field 
and in flight, particularly as pilots. 

The period of this investigation has not been long but it has been intense. 
Considerable time has been spent at the Los Angeles International Airport, with 
the FAA, with airport personnel, and in interviews and discussions with 
knowledgeable people involved in managing, operating, and maintaining the radio 
facilities. 

Interviews revealed a spirit of cooperation in trying to help solve any problems 
that the Metro Green Line might create. The general agreement is that the Los 
Angeles population and visitors to Los Angeles need and deserve efficient means 
of ground transportation, and everyone needs to cooperate to bring this about. 
The positive attitude from all concerned has certainly been helpful in refining 
ideas and approaches that have been generated during this study. 

The study has been broad. The intent has been to address every possible radio 
facility existing to support l.AX operations. The basic rule that was adopted for 
this study is that any circumstance of interference is considered totally 
unacceptable if it causes aircraft and airport operations to be less effective. In 
other words, runways cannot be shortened, navigation aid service cannot be 
derogated noticeably, communications cannot be degraded, radar range and 
resolution capability cannot be reduced, and published safety factors cannot be 
diminished. 

Fortunately the majority of the aids have assigned frequencies for their radio 
operation or are located in such places that there is no conceivable way they 
would be adversely affected by the Metro Green Line, as it is planned. There are, 
however, several radio aids that will be affected by the Metro Green Line and 
these are discussed in Sections II, III, and IV. In these sections the problems are 
delineated, solutions proposed, and data given supporting the proposed solution or 
solutions. 

From the perspective of providing transportation service to society, it is good to 
report that with appropriate, careful engineering, and sufficient financial resources, 
all problems that will be created by the Metro Green Line can be solved with 
existing technology. Only in one case will an alternative solution require the 
development of a new product, viz., a ruggedized localizer antenna. 
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II. LOCALIZER CONCERNS 

There are two localizers that will be impacted by the Metro Green Line in its 
planned location. The localizers serve approaches to Runways 07L and 07R. 
These two cases are treated individually in the two major portions of this section 
of the report. Because the inner marker for Runway 25L is involved with 
placement of the localizer for Runway 07R, it will be discussed along with this 
localizer. 

A Desiw for Localizer Array to Serve Runway 07R and Inner Marker to 
Serve Runway 25L 

1. Statement of the Problem. 

The localizer is an aircraft navigational aid which provides the pilot with an 
electronic signal that is, in effect, an extension of the runway centerline. By using 
this signal the pilot, or auto pilot, can align the aircraft within a few feet of the 
runway centerline as it approaches the runway threshold. It is important that this 
signal not be corrupted or noisy if the aircraft is to be aligned precisely. 

The inner marker is also a radio air navigation facility which provides the aircraft 
with a signal when it passes directly over the transmitter site. This allows the pilot 
to know that he is at a precise point on the approach to landing. The inner 
marker is similar to the outer and middle markers in that it transmits on a 75 
MHz carrier frequency but is distinct by having a 3000-Hz tone modulation 
producing short, morse-code-type dots. Its location must be at a point over which 
the aircraft passes on the approach 100 feet above touchdown. 

It turns out that the inner marker for one runway may be essentially collocated 
with the localizer which serves the opposite runway. If this collocation is required, 
then precautions must be taken to insure they operate on a non-interfering basis. 

The present localizer antenna array which radiates the signal the aircraft uses for 
approaching Runway 07 is to the east, well beyond the stop end of the runway. 
Unfortunately, at Los Angeles International Airport, this means that Aviation 
Boulevard and the Santa Fe Railroad which pass north-south along the east 
boundary of the airfield also pass in front of the two localizer antenna arrays for 
Runways 07R and 07L. The problems associated with the localizer for Runway 
07L are discussed in the subsequent section. Corruption of the localizer signals 
typically takes place when conducting objects, i.e., objects made of a conducting 
material such as steel or aluminum, pass between the antennas and the 
approaching aircraft. In general, the closer the conducting object is to the 
transmitting antennas, the greater the corruption. 
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Knowing the possibility of such signal disturbances, the FAA has designated (in 
two dimensions), an area near the antennas as a "critical area" and restricts 
objects from being placed therein. In 1974, serious study began to identify 
boundaries of critical areas. For nearly two decades, Ohio University has 
performed the calculations to define the boundaries of the critical areas and the 
experimental work for validating the mathematical models. These areas, if 
occupied by large objects such as aircraft or other vehicles, can be expected to 
produce unacceptable magnitudes of course disturbance. The FAA order which 
contains the specifications for critical areas is 6750.16B [2A-lf and its 
amendments, the latest being in 1989. 

Aviation Boulevard and the Santa Fe Railroad, while violating the specification, 
are considered by some to have grandfather rights. This is now being reviewed by 
the FAA. Both localizer arrays serving Runways 07R and 07L are mounted on 
18-foot high platforms which some believed would eliminate corruption caused by 
vehicular traffic. In the case of the Metro Green Line there is no grandfather 
possibility to allow for mitigation. Oearly the Metro Green Line's planned 
alignment will pass through the presently specified critical areas for the localizers 
serving Runways 07R and 07L. 

Experience shows that objects which are: 

a) less than 15 feet tall, 
b) fixed in place, 
c) more than 100 feet from the antennas, 
d) symmetrical in shape, and 
e) located symmetrically with respect to the runway centerline 

can be accommodated by reasonably simple adjustments to the localizer system. 
Unfortunately, vehicular traffic on Aviation Boulevard, rail traffic on the Santa Fe 
Line and the Metro Green Line cannot meet all of these requirements [2A-2]. 
Note should be made that modest-size vehicles use the airport perimeter (patrol) 
road, and these vehicles should not move in front of the localizer either. 

In summary, this task addresses finding acceptable solutions to the problems of 
having rather large, moving, conducting objects such as the railcars passing 
between the localizer transmitting array and the receiving antennas on the aircraft 
and having to collocate an II..S inner marker with a localizer transmitting array. 

2. Proposed Solution to the Problem. 

To eliminate the problem of signal corruption due to railcars in front of the 
antenna, the relative positions of the cars and the antennas need to be changed. 

•See references at end of each scctioo. 
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Given that, there are not only proposed Green Line cars penetrating the critical 
areas, but Santa Fe railcars and traffic on Aviation Boulevard as well. The 
proposed solution to the problem is that of relocating the localizer antenna array 
so the moving traffic passes behind the localizer array of directional, log-periodic, 
dipole antennas. 

The only practical acceptable location for this localizer antenna system is in the 
Runway 07 overrun area which has a concrete surface. At one time this was 
probably part of the runway. Fortunately, for the purposes of locating a localizer 
array, the approach threshold for Runway 25L which is the runway for the 
opposite flow of traffic, is displaced. This means there is 965 feet of concrete 
between the operating threshold and the east boundary of the concrete. The 
recommended solution to this critical area issue is to locate the 07R localizer 922 
feet from the displaced threshold on this concrete surface that appears as 
abandoned runway area. This old runway surface is unused, undoubtedly, because 
of the need to meet required obstruction clearances for Runway 25L approaches 
through the use of a displaced threshold. 

An inner marker site, which serves the Category II flight operations on Runway 
25L, presently exists on this concrete overrun area. Figures 2-1 and 2-2 show the 
existing inner marker facility. The components are two dipole antennas mounted 
above a screen counterpoise ( artificial ground plane) and a small shelter 
containing the electronic transmitting and monitoring components. There is a 
small blast shield located immediately adjacent to the facility in the direction 
toward the runway (west). This facility is 972 feet (0.16 nmi) from the displaced 
threshold. The recommendation is that this inner marker not be moved laterally 
nor longitudinally. This will place it approximately 50 feet to the rear of the 
planned localizer array. This will meet the critical area requirements, and allow 
for minimum equipment modification and relocation. The only recommended 
action is that the counterpoise and antennas be refurbished and elevated 
approximately 3 feet from its present location to increase its independence from 
the light lane and localizer antenna structures. 

A sketch is provided that illustrates the recommended placement of the localizer 
and inner marker antenna arrays that will provide a solution to the critical area 
problem for Runway 07R. See Figure 2-3. 

3. Discussion and Data Supporting Recommendation. 

The issue of critical area penetration is not peculiar to Los Angeles. In 1988, St. 
Louis Lambert Airport was found to have a critical area penetration with a 
two-lane road passing in front of a log-periodic dipole array radiating localizer 
signal to serve Runway 12L [2A-3 & 4]. This array was also on a platform, this 
one being approximately 10 feet high. While some thought there would be no 
problem because the localizer antennas were on a platform "overlooking" the 
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traffic, FAA flight measurements showed that the elevated platform did not make 
the signal immune to the traffic. This problem was solved by relocating the array 
closer to the runway, specifically 480 feet from the threshold and inside the airport 
boundary fence. This is a very similar, but somewhat milder circumstance than at 
Los Angeles. Fortunately the FAA has collected the necessary flight inspection 
data to show that the move at St. Louis did indeed provide a solution to the 
critical area problem. 

Another case is the relocation of a localizer at Cheyenne, Wyoming. A four-lane 
road crosses in front of the localizer serving Runway 26 [2A-5]. The FAA is 
presently in the process of relocating this localizer so it will be within the airfield 
boundaries. 

Because of these and other cases, there is sufficient background and experience to 
state that there is little technical risk in obtaining good localizer performance with 
an antenna array location on the airdrome proper and embedded in an 
approach-light lane. 

There are more than 6 collocated marker-localizer facilities throughout the United 
States and there have been no special problems reported because of the 
collocation aspect. Marker beacon energy is radiated nearly vertical which gives a 
high tolerance level to conducting structures that are adjacent to the facility. 
Because of the good experience and the theoretical considerations which support 
compatible collocation, the conclusion is that there is very low technical risk to 
planning collocation of facilities. 

4. Recommended Further Action. 

There is no testing needed prior to a relocation. Sufficient evidence exists that 
collocated localizer and marker beacon facilities that are installed as depicted in 
Figure 2-3 will perform satisfactorily. Present localizer performance recorded by 
the FAA indicates that about 55% of allowable Category I tolerance limits exist; 
this is comfortable. If minimum down time is a major issue, the recommendation 
is for acquisition of a second localizer array system which can be installed 
approximately 800 feet from the displaced threshold while the present array 
remains operational. The changeover from one system to another would then 
amount to a cut-over of wiring with a minimum of down time, conceivably a 
matter of hours. 

At the recommended new location for the localizer there will be a 5-foot 
separation between the standard-mounted antennas and the desired 50:1 protected 
slope. The separation distance from the displaced threshold is 800 feet which is 
great enough that no special treatment of the antennas is warranted. 
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B. Investi.:ation of Techniques to Solve the Runway 07 Left Localizer Sitin.: 
Problem 

1. Statement of the Problem. 

The localizer serving Runway 07L at the Los Angeles International Airport has 
many similar issues as listed in the preceding Section IIA of this report which 
discusses the Runway 07R localizer. However, the Runway 07L localizer 
transmitting array presently consists of 15 V-Ring antennas which provide a 
more-omnidirectional signal pattern than the LPD antennas located to serve 
Runway 07R. These antennas are mounted on a 19-foot high platform 
approximately 1100 feet beyond the stop end of the runway. Figure 2-4 shows a 
photograph of the array presently in place. The Metro Green Line guideway, as it 
is planned, proceeds north-south along the east boundary of the airport, cutting 
through the critical areas 810 feet in front of the localizer antennas. This violates 
FAA order 6750.16B, Change 2, dated May 1989, as does the current condition 
which was described in Section IIA The addition of the Metro Green Line at 
grade level between the antennas and the runway would setve only to provide 
further degradation of signals. The Metro Green Line would have to be 2000 feet 
from the array not to be in the critical area. 

The most important distinction between the Runway 07R and Runway 07L cases 
is that the runway threshold for Runway 25L (the stop end of Runway 07R) is 
relocated, thus making a concrete area available that is never used by aircraft. On 
the other hand, the threshold of Runway 25R is displaced for landings; however, 
there is 1100 feet of concrete on the east end for use with takeoffs on Runway 
25R and for rollouts on Runway 07L. This means that the nearest guideway is 
only 290 feet from the end of the concrete which is tantamount to saying the tails 
of the aircraft and jet engines spooled up for takeoff may only be that far away 
from the cars. The 16-foot high blast fence presently in place would substantially 
minimize the effects of the jet blast on the cars, however. 

As mentioned in an earlier section of this report, the principal means for 
eliminating the effects of multipath from the Metro Green Line is to prevent the 
radiated localizer signal from becoming incident on the cars and OCS. This may 
be accomplished in either one of two ways. First, the Metro Green Line location 
could be located behind the antennas if they are of the directional type ( e.g., log 
periodic dipoles versus the V-Ring type), or second, the railcars and the OCS 
could be shielded from the direct radiation of the antennas. Both means are 
practical for this application; both will be discussed in this section of the report. 

In summary, the problem is that of the Metro Green Line passing in front of the 
present localizer antenna system with the FAA-defined critical area violated. This 
is an unacceptable condition. Critical area definitions were developed based on 
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Figure 2-4. The 15-element V-ring Localizer Array that Presently 
Setves Runway 07L 
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theoretical and experimental evidence that 11..S signals are disturbed when large 
objects are in these areas. A solution is needed. 

2. Proposed Solutions to the Problem. 

There are at least two possible solutions to the problem of the Metro Green Line 
violating the Runway 07L critical area. The first is the elevated counterpoise 
which has minimal technical risk. This solution presents some requirements for 
antenna protection from jet blast and is an additional, undesirable physical 
structure near the runway. This is mitigated by the already existing jet blast fence. 
Another solution is that of mounting the localizer antennas low to the ground and 
immediately in front of the blast fence. Special modifications to the antennas will 
almost certainly be required so that they will survive the adverse environment of 
the jet blasts. Both of these proposed solutions place the Metro Green Line 
behind the antennas where the cars and OCS will have no effect on the localizer 
performance. 

a. The Elevated Counterpoise. 

Figure 2-5 shows the planned profile along the Runway 25R centerline extended. 
Proceeding from the displaced threshold eastward, one encounters the physical 
( takeoff) threshold, the blast fence, the airport perimeter road, the proposed 
Metro Green Line, the Santa Fe Rail, Aviation Boulevard (6 lanes), a grass field, 
and the localizer, in that order. The proposed solution is essentially to construct 
an elevated counterpoise screen and mount the localizer antenna array on top of 
this screen. This places the patrol road and the Metro Green Line behind the 
antennas. This screen, commonly called a counterpoise when it is used in this 
fashion, forms the imaging ground for the antenna array, and of course, insures 
that it is a nearly ideal ground, viz, it is smooth, flat, and highly conducting. In 
this location not only is the Metro Green Line protected from incident radiation, 
but the similar problem involving the Santa Fe and the Aviation Boulevard traffic 
is also resolved. Figures 2-6 and 2-7 show sketches of a proposed counterpoise. 
The screen and antennas could be physically extended to join the blast fence if 
necessary to add capability for the counterpoise to withstand the environment. 
The blast fence provides for a turbulent volume of space to exist and should 
remove physical stress on the antennas. The Aero Vironment data shown in 
Figure 2-8 support the statement. Finally, there should not be a problem 
electromagnetically either because the blast fence is fixed and symmetrical. 

While the counterpoise is a large structure rising 16 feet vertically, it can be made 
of aluminum to provide low mass and frangibility. Aluminum also provides good 
electrical characteristics and resistance to corrosion. It can also be made to have 
some space-frame features to allow it to be more aesthetically pleasing. If the 
structure is not regarded as a physical problem, these elevated antennas will 
provide a good solution to this localizer critical area problem. 
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b. Localizer Array Located in Front of Blast Fence. 

With all things considered, location of the antenna array in front of the blast fence 
serving Runway 25R is also a solution to this problem. Several different locations 
of the localizer antenna array have been considered. Among these were; on top 
of the blast fence, behind an electromagnetically transparent blast fence which 
would replace the present steel fence, below a diffraction edge on the blast fence, 
and simply in front of the present blast fence. While all of these locations present 
significant problems, the one with the least impact on increasing the significance of 
physical obstructions in the approach zones is to mounting the antennas low and 
immediately in front of the present blast fence. This fence would clearly be the 
controlling obstruction. 

The proposal is to mount the localizer antenna array approximately 3 feet from, 
and directly in front of, the blast fence; ruggedize the antennas and mount them 
27 inches above the earth's surface. This surface should have a conducting screen 
over it to stabilize the effective electrical ground level especially when varying 
amounts of moisture are present. The antennas should be mounted on frangible 
supports even though the large, massive, blast fence nearby is not frangible. No 
modifications or changes to the blast fence are needed. The significance of the 
antennas as a physical obstruction is overshadowed by the fence which is a 
massive steel structure that extends to a height of nearly 16 feet. Mounting the 
antenna elements low to the ground with a paved area in front provides greater 
frictional surface effects that reduce the velocity of jet blast compared to that 
experienced at a 6-foot standard height. This location of the transmitting system 
provides for an unobstructed clear area in front of the antennas, except for 
aircraft as they move through the critical area on roll-out. 

c. Additional Approaches. 

The plan to diffract localizer signal over the fence which would act as a knife 
edge, was ruled out because the localizer signal levels would be significantly 
reduced in space, possibly requiring that the localizer transmitter signals be 
amplified. Such amplifiers are not readily available. Further, there is no available 
data and experience to indicate how well this scheme would work in practice. 
This, in effect, would make the blast fence an integral part of the localizer 
transmitting system. 

The plan to place the array behind an electromagnetically transparent blast shield 
raises the issues again of the fence becoming an integral part of the localizer 
transmitting system. Because the surfaces are large and the forces great, a careful 
design for the structural support system would have to be prepared. This is 
important since some of this support framework would probably be metallic, 
therefore conducting. Nevertheless, this is believed feasible, but the details on 
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how to do this precisely are not known. Considerable engineering and some 
research and development would have to be accomplished that would involve 
maintaining stability both in terms of electrical and physical characteristics. This is 
believed to be a good approach but undoubtedly one which is more expensive to 
develop than the ones recommended in this section. Finally, maintenance of the 
surface would have to be considered because deposits from the jet blast would 
adhere, possibly providing some hygroscopic properties to offer the potential for 
disturbing the transmission of the localizer radio frequency energy. These are not 
believed to be high risks, but because of the lack of experience, answers must be 
obtained prior to any recommendations for use in commissioned service, especially 
at a major airport where outage time is of great concern. One must note also, 
that localizer signal performance in space resulting from such a scheme is 
effectively unmonitored by ground-based equipment. Aircraft would be the first to 
observe problems with signals. All things considered, this scheme should be 
regarded as a fall-back possibility. 

3. Discussion and Data Supporting Recommendation. 

When locating electrical hardware in a zone where there are strong forces 
encountered, the question of both electrical and mechanical stability arises. The 
strong forces in this case of the Runway 07L localizer, clearly come from the 
engines of heavy jet aircraft. Examples of aircraft which have engines of great 
concern are the Boeing 747, the Douglas DC-10, and the McDonnell Douglas 
MD-11. Because the separation between the Metro Green Line and the tails of 
the aircraft using the full length of the available runway for departing Runway 
25R, is only 230 feet, any antenna placement must take into account the jet blast 
effects. 

In August 1991, TransCal commissioned a study with AeroVironment, Inc. of 
Monrovia, California, to use scale models to determine the magnitudes of winds 
due to jet engines in typical locations. Their data indicate that the existing blast 
fence is a powerful influence on the wind flow from the engines and that directly 
in front of the fence and low to the ground there exists a minimum in wind speed. 
The indication is that antennas in such a location would have a good chance of 
enduring the jet-blast environment and providing good service, albeit probably 
with increased maintenance. Certainly field tests are needed before a final 
conclusion can be reached. Transverse flow to the fence could also be a problem 
which would be identified in testing. 

In 1987, Ohio University performed an investigation for the Federal Aviation 
Administration for the purpose of determining how significant the height of the 
localizer antenna above the immediate ground was, when operating the II.S 
localizer [2B-6]. The results of that study showed that the height of the LPD 
antenna above ground was not critical. Heights as low as the elevation of the 
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ground in front of the antennas could be tolerated, albeit at the sacrifice of signal 
strength. A localizer was operated successfully with antennas 27 inches above 
ground with no measurable effects on input impedances or monitoring capability. 
The signal strength is calculated at the required usable distance of 18 runi to be 
reduced by 10 dB when the antenna is lowered from its normal 72-inch position to 
that of 27 inches. 

Studies done by Ohio University for the FAA, also in 1987, indicated that large 
conducting structures could be placed symmetrically behind the localizer antennas 
without seriously disturbing the localizer (2B-7]. The front-to-back ratio of the 
LPD antenna is typically 28 dB so there is little coupling of energy into conductors 
to the rear of the antennas. The findings of relative immunity from height above 
ground and from any conducting members immediately to the rear of the antennas 
allows for mounting antennas immediately in front of the blast fence. See ICAO 
Standards [2B-8] for additional support for mounting within 10 feet (3 meters). 

The technical risk in using the counterpoise approach is minimal. This is in part 
due to the experience at Fort Worth Alliance where a large counterpoise was built 
to cover 4 lanes of traffic that would have otherwise affected the localizer array 
performance. [2B-9] Because it is important to minimize the longitudinal extent 
(in the direction of the runway centerline) of a counterpoise, calculations were 
performed to ascertain what could be expected when the counterpoise is 
shortened [2B-9]. 

The two functions of the counterpoise are to provide shielding of the vehicular 
traffic from the localizer signals and to provide a fixed, stable ground plane. H 
the counterpoise is extended and the antennas moved east to reduce jet blast, it 
eventually would cover the Metro Green Line, then the Santa Fe and ultimately 
Aviation Boulevard. There are many undesirable aspects to doing this, not the 
least of which is expense. Consequently, there is considerable motive to find an 
optimum considering three tradeoff factors. These are: 1) staying west 
sufficiently to avoid covering the rail lines, 2) remaining far enough east to 
minimize structural requirements to resist jet blast, and 3) providing enough 
horizontal, longitudinal conducting surface so that the antennas will perform 
properly. 

Mathematical modeling was performed to determine what would be the length (L) 
of the counterpoise that would allow the antennas to perform properly, and what 
would the effect be of lowering the antennas to a 3-foot height above the 
counterpoise. The references taken were antennas mounted 25 feet above the 
ground, such as the case presently with Runway 07L localizer, and antennas that 
were located at a standard height of 6 feet above the ground used commonly by 
the FAA The first modeling was performed with an L equal to 50 feet to give 
indications of the respective distnbutions of radio frequency energy in the vertical 
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plane, at the upper and lower edges of the mandated service volume, and finally 
on the 3-degree glide slope where the user is expected to fly. The height of the 
counterpoise was made to be 16 feet to allow the antenna on top to be below the 
50: 1 clear zone. 

The baseline for comparison used an infinite ground with a conductivity of 0.008 
Mho/meter and a relative dielectric constant of 8. These are believed to be 
reasonably representative of the ground at Los Angeles; however, it is not critical 
for the localizer. 

The finding is that the performance of the antenna with the counterpoise is no 
less than 3 dB below the signal from the reference antenna ( 6 feet above ground), 
which the FAA consistently finds, at numerous sites in the United States, to have 
considerable margin of signal strength. The conclusion reached is that the 
antennas 3 feet above a counterpoise which is 16 feet above the ground will 
operate satisfactorily in all respects. Figures 2-9 through 2-12 show the results of 
these calculations. 

Calculations, with antennas 3 feet above a counterpoise of lengths ranging from 50 
to 15 feet in the direction parallel to the runway centerline, were made and 
compared with a baseline antenna height of 6 feet above the specified earth, to 
show that the performance of the antenna with the counterpoise falls no less than 
2.5 dB below the baseline configuration for the top of the service volume. The 
calculations for the on-glide slope location and the bottom of the service volume 
show superior performance for all of the counterpoise lengths. In general, at any 
elevation angle below 5 degrees counterpoise with lengths less than 50 feet give 
better performance than the antennas over the earth. Calculations show that the 
shorter the counterpoise the better the performance obtained. In some respects 
this seems counter-intuitive; however, proper consideration must be given to the 
concept that with the vanishingly short counterpoise, an elevated VHF antenna is 
produced. These typically radiate greater amounts of energy at low elevation 
angles as their height is increased. From all indications, the performance of the 
localizer even with a short (10-foot) counterpoise would be satisfactory. 

Given these data and the data generated by Aero Vironment ( see again Figure 2-
6), the localizer antennas could be mounted on a counterpoise east of the blast 
fence and extend approximately 10 feet to the east with the antennas mounted 3 
feet above the counterpoise. This places the antennas approximately 200 feet 
from the MD-11 type tail mounted engine and in a turbulent wake region where 
the velocities appear to be reasonable. 
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Some experiential data have been obtained from observing effects of LPD arrays 
that are located close to the end of runways that accommodate jet traffic. Two 
particular examples are cited. In July 1991, a Boeing 727 ran up to its full takeoff 
power and held in position on Runway 12 at the Long Beach Airport. The result 
was that the system went into alarm and there was difficulty restoring the system. 

The antennas were sprung out of their ordinary vertical position and the 
runway-facing surfaces of all portions of the antenna and distribution system were 
effectively sandblasted clean of paint due to the loose gravel area between the 
array and the threshold 300 feet away. The problem that was eventually identified 
was that of a latent defect in one of the cables that emerged when the strong 
winds were incident on the distribution unit housing. 

The case of Runway 30L at San Jose, Californi~ is further evidence that the LPD 
antenna is capable of withstanding considerable jet blast, perhaps as much as 150 
knots according to Aero Vironment data. Here, also, a gravel area exists in the 
315 feet of real estate separating the runway threshold from the LPD antennas. 
The antenna surfaces after several years of operation are well scoured of paint. 
There appears to be no significant or substantial damage. This is quite 
remarkable because the speed contours presented by Aero Vironment indicates 
that 160 knots exists at the antenna height of 6 feet. 

Calculations have been made that indicate there is a factor of 15 separating the 
velocity value that will cause the LPD antenna to break, due to its design for 
frangibility, and a goal to withstand 200 knots of wind. This conclusion is based 
on a specimen cross-section shown in Figure 2-13 that an antenna can be designed 
to meet the requirements. The following gives the basis of this conclusion. 

The T-section radar unit in Figure 2-14 is to withstand an air-blast of 200 knots 
yet break-away or fail in the event of a plane collision - approximately 6750 
pounds. The force components exerted on the unit by the moving fluid ( air @ 
200 knots) are calculated, given the general equation: 

where F is the drag force in pounds, Cd is the coefficient of drag, A is the 
projection of the cross-sectional area in square feet normal to the direction of the 
fluid velocity, p is the density of the fluid in slugs per cubic foot, while V is the 
velocity of the fluid relative to the body in feet per second. 

The coefficients of drag for the pipes comprising the T-section (cylinders) can be 
determined upon the calculations of their separate Reynolds numbers [2B-10]. 
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The Reynolds number for the circular cylinders is defined as: 

YD R=-
v 

where V is the velocity of the fluid relative to the body in feet per second, D is 
the outside diameter of the pipe in feet, and v is the kinematic viscosity of the 
fluid in square feet per second. The magnitude of the critical Reynolds number, 
which occurs at about 200,000 and 500,000 and at which the value of Cd drops, is 
dependant upon the turbulence in the fluid stream which approaches the radar 
unit. 

Since the Reynolds number is used to define the turbulence of the stream and is 
highly dependent upon the temperature and velocity of the approaching stream, it 
may be noted that the values of Cd as well as p in the equation will fluctuate. For 
our purposes, the largest value of an expected, or assumed, variable's working 
range (worst possible scenario) will be incorporated within all calculations. For 
example, a Cd value of 1.2 will be used - the chosen value changes little for a large 
range of possible Reynolds numbers, see Figure 2-15. In addition, for the 
representation shown below [2B-11 ], the length-diameter ratio is infinity (l.JD = 
oo ). According to Glen Cox and F. Germano, the drag is reduced about 50 
percent for a length-diameter ratio of unity, about 30 percent for a ratio of 10 and 
about 17 percent for a ratio of 40 [2B-11 ]. Both T-section pipes have length­
diameter ratios of 12; actual drag used for calculations will be 0.84. For an 
example see sample calculations in the appendix. 

100 

60 

20 

10 

6.0 
Cd 

2.0 

1.0 

0.5 o., 
0.3 
0.2 

0.1 

·I 
~ 

~.~ 
~ ...__ 

~ I '-
'-r;, -...... I toi ~ ,.___ Cylinder 

""· <.~, ......... i"--..... Spher• ....... I\. 
I ' ' · 

' \ ·-
I 

1 2 5 10 . 101 101 

Figure 2-15. The Drag Coefficient for Cylinders and Spheres. 

46 



The projection of the cross-sectional area of the unit normal to the direction of 
the velocity, Figure 2-16, yields areas of 1.33 and 0.75 square feet for Sections 1 
and 2, respectively. 

Next, interpolation for the density of air @ -2D°F yields 2.82E-3 slugs/ft3 
- as the 

temperature of the air blast decreases, p increases. 

Finally, the velocity of the approaching fluid reaches a maximum of 200 knots or 
230 mi/hr (337.56 ft/s). 

Calculations of the antenna drag forces for each of the T-section members yield 
values of 179.5 and 101.1 lbf for pipes one and two respectively. Thus, the total 
drag force will be 280.7 lbf. However, to account for any uncertainties regarding 
the actual strength of the unit, a design factor of 1.6 (typical value for steel 
structures) will be used for basic design criteria. So, the lower limit of the design 
criteria will be based upon 449.12 lbf. 

The basic design criteria are as follows: 

Upper Limit 6750 lbf 

- Leeway 
Projected 449 lbf - Designed to break-away 

Lower Limit 281 lbf - Drag force of 200 knots. 

4. Recommended Further Action. 

Both of the good possibilities, for solving the problem to relocate the Runway 07L 
localizer so that the Metro Green Line will not adversely affect its operation, 
require consideration be given to enhancing the present LPD antenna design to 
allow it to better withstand the hostile environment of nearby jet engines and their 
blast effects. There is no experience presently available that allows one to predict 
with confidence what problems will be presented with locations of LPD antennas 
as close as 150 feet to the runway threshold. Accordingly, the recommendation is 
made that two stock, specimen LPD antennas be located 160 feet from the 
threshold of Runway 25R at Los Angeles Airport. See Figures 2-17 and 2-18. 
This places the rear of antennas approximately 3 feet in front of the steel blast 
wall. This is an ideal test environment because this runway handles the most 
heavy commercial aircraft takeoffs in the world. The blast fence protection and 
the steep speed gradient immediately above the earth will offer protection. These 
tests will, in part, answer the question of how much protection is available. 
Recommended, also, is that the antennas be inspected weekly, and electrical 
measurements be made biweekly or at the very least, once per month. Included 
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Figure 2-16. Cross-sectional Area of Antenna Unit. 
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Figure 2-17. The Proposed Test Location of a Log-Periodic Dipole 
Localizer Antenna. 
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Figure 2-18. A Second, Closer View Looking North at the Area 
Proposed for Installing Test Localizer Antenna. 
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should be vector voltmeter measurements of SWR, complex impedance, reflection 
coefficient, and complex throughput to the monitor port. 

The recommendation is made that obvious safeguards be taken for the tests of the 
antennas that will be provided by the manufacturer, Wilcox Electric. Specifically, 
the spline bolts should be replaced with metallic elements and the end caps of the 
tubular elements be spot welded in place. 

FAA and Airport approval is needed. To begin the process of obtaining approvai 
an FAA Form 7460-1 Notice of Proposed Construction or Alteration should be 
submitted to the FAA. A sample FAA Form 7460-1 is shown in the appendix. 
The following are recommended for consideration for future designs that would 
make LPD antennas better able to withstand hostile environments near runway 
thresholds: 

a) reduce the diameter of the tubular LPD elements by a factor of 2 
to reduce wind resistance, 

b) double the present wall thickness, 
c) shape the tube with add-ons to reduce aerodynamic loading, 
d) make the plastic nose section more rugged by use of Kevlar plastic, 
e) insert gussets at the base of each dipole arm, 
f) make tubular end plates flush and seal, and 
g) eliminate the use of nylon bolts. 

The V-Ring antennas presently in place for Runway 07L should not be considered 
for these tests because of their rather omnidirectional radiation patterns and 
general unsuitability for future applications with localizer systems. 

5. 
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III. DESIGN FOR LOCATING MIDDLE MARKERS FOR RUNWAYS 
24R & LAND F AR-FIEID MONITORS FOR 24R 

A Statement of the Problem. 

1. Metro Green Line Alignment Near the 24L and 24R Middle Markers. 

The proposed alignment for the Metro Green Line (Figure 1-1) passes near the 
ILS middle marker installations serving l.AX Runways 24R and 24L It is 
necessary to verify that FAA siting criteria for these markers are not violated. 

2. Metro Green Line Effects on Localizer Far-field Monitors, Runways 
24R and 25L 

Localizer far-field monitors are installed near the middle markers serving Runways 
24R and 25L, to insure correct approach guidance during Category II and III 
instrument approaches. Concern for Metro Green Line effects on Category III 
operations was expressed by the Air Transport Association [3-1, Item 3]. 

The Metro Green Line structures must not interrupt the optical line-of-sight 
between the far-field monitor antennas and their associated localizer antenna 
array. 

B. Proposed Solution to the Problem. 

1. Middle Markers Serving Runways 24L and 24R. 

This investigation verified that FAA siting criteria for the middle markers are not 
violated, and that correct operation of the existing middle marker facilities may be 
expected with the Metro Green Line structures in place. 

2. Localizer Far-field Monitors Serving Runways 25L and 24R. 

a. Runway 25L 

Metro Green Line structures do not intersect the optical line-of-sight for the 
Runway 25L far-field monitor antenna. Future installation of a Category III 
far-field monitor to serve this runway will similarly not be affected by the rail 
system. 

b. Runway 24R 

The Metro Green Line operates on an elevated guideway with an overhead 
catenary line as it passes the Runway 24R centerline extended, between the 
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approach lighting system and the middle marker installation. The line-of-sight for 
all three far-field monitor antennas is intersected by rail system structures or 
vehicles. To maintain correct operation of the monitor system, it is recommended 
that the three antennas be raised. The minimum height changes for the monitor 
antennas are given below, based on the survey documents cited in the following 
section. 

C. 

i. Forward antenna (nearest to Runway 24R threshold) must be 
raised at least 8.52 feet. 

u. Center antenna (near the middle marker installation) must be 
raised at least 8.85 feet. 

iii. Rear antenna (furthest from Runway 24R threshold) must be raised at 
least 8.88 feet. 

Discussion and Data Su1morting Recommendations. 

1. Middle Markers. 

Marker beacon transmitters, operating at a frequency of 75 MHz and providing an 
essentially elliptical pattern radiated vertically, are provided for distance 
references during an ILS instrument approach. The middle marker is located at a 
point over which the aircraft on a Category I approach arrives at the "decision 
height," from which either a visual completion of the landing or a missed-approach 
procedure must be initiated. 

A middle marker is installed to serve each of the four west-facing runways at 
LAX. Figures 3-la through 3-5 provide documentation of these installations. 
These figures will be referenced in later paragraphs of this section. 

FAA siting criteria for marker beacon transmitters are published in the ILS Siting 
Criteria Order [3-2]. Figure 3-6 illustrates the siting geometry and clear-zone 
sectors appropriate for the middle markers serving Runway pairs 24 and 25 at 
LAX. The Order states: 

''Sectors I and III are critical pattern-forming areas for major axis [marker 
beacon] coverage. Interference sources in these sectors within 100 feet of 
the [marker] antenna and protruding above a 20-degree angle with respect 
to the counterpoise level should be removed. With no counterpoise, the 20 
degrees is measured with respect to the lower antenna element." 

At the outset, the determination is that the middle markers serving Runways 25L 
and 25R are not impacted by the Metro Green Llne. The rail system is located at 
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Figure 3-la. Runway 24R 
Localizer Far-field Monitor 
Antennas and Middle Marker. 

Figure 3-lb. Runway 24R 
Middle Marker Installation with 
Center Far-field Monitor 
Antenna. 



Figure 3-2. Runway 24L Middle Marker Installation. 
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Figure 3-3. Runway 25L Middle Marker Installation with Localizer 
Far-field Monitor Antenna. 
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Figure 3-4. Runway 25R Middle Marker Installation. 
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Figure 3-5. Runway 2SL Middle Marker Antenna Showing Counterpoise. 
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grade level, over 1/2 mile to the west of the marker installations, and clearly does 
not violate the 20-degree cone in Sectors I and III for either middle marker. 

The rail system is considerably closer to the middle markers serving Runways 24L 
and 24R, and examination of the survey cross-section drawings is necessary to 
determine whether problems exist for marker operation with the Metro Green 
Line in place. [It should be noted that the survey cross-section drawings show the 
20-degree marker protection cone as measured from the vertical. This is the 
result of a mis-communication earlier in this study. Analyses for this study applied 
the 20-degree criterion from the horizontal, as specified by the 11.S Siting Manual 
6750.16B.] 

Figure 3-7 is a portion of the cross-section drawing on runway centerline extended, 
showing the relative positions of the rail structure and the Runway 24L middle 
marker. The 20-degree marker protection line has been added, as have elevations 
for the marker antenna and its supporting pole, using survey elevations [3-3]. This 
figure illustrates that the proposed Metro Green Line alignment easily meets the 
marker protection requirement for Runway 241.., even without application of the 
30-degree Zone 1 criterion from Figure 3-6. 

Figure 3-8 shows the rail structure relative to the middle marker installation for 
Runway 24R. The pole height for this marker is 121.00 feet (MSL) and the top of 
the marker antenna is 126.99. Using the pole height as the origin for convenience, 
the lower edge of the cone of protection reaches a height of 211.32 feet at the 
position of the nearest highest point on the rail structure. This represents a 
worst-case application of the marker siting criteria, since the Zone 1 exclusion 
shown in Figure 3-6 was not used. Since the rail structure does not penetrate the 
cone of protection and is further than 100 feet from the marker installation, 
normal marker operation may be expected. 

2. Localizer Far-field Monitors. 

Categories I, II, and Ill instrument approach services are offered on l.AX Runway 
24R and Categories I and II approaches using 25L Since Categories II and III 
approach procedures permit aircrews to descend to very low altitudes (100 feet or 
less) using only radio guidance from the Il..S, additional monitoring equipment is 
provided to insure safety. These monitors sample the localizer signal at points 
near the middle marker, and alert air traffic controllers to any significant 
derogation of the lateral guidance transmitted to the aircraft. 

The basic criterion for proper siting of these monitoring systems is that an optical 
line-of-sight exists between the monitor antennas and the localizer being 
monitored [3-4]. There are additional criteria for antenna placement relative to 
localizer centerline, and for minimum spacing between the monitor antenna and 
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the surrounding fence, but neither of these requirements is significant for the 
existing LAX installations. 

a. Runway 25L 

The localizer far-field monitor for Runway 25L serves only Category I and II 
instrument approaches, and is a simpler installation compared to the Runway 24R 
monitor. One monitor antenna is located at the middle marker site, on runway 
centerline extended. See Figure 3-3. This figure shows the middle marker 
installation and the single far-field monitor antenna, looking toward Runway 25L 
It should be noted that while the proposed Metro Green Line rails are at grade 
level as they pass the Runway 25L centerline, this monitor antenna is also low, 
compared to the Runway 24R installation. 

Investigation is therefore required, to insure that Metro Green Line structures do 
not penetrate the line-of-sight for the Runway 25L monitor. 

Figure 3-9 shows a profile view from the localizer serving Runway 25L to the 
middle marker, where the localizer far-field monitor is installed. This profile is a 
composite of runway profile data [3-5] and survey data [3-3, 3-6]. The present 
monitor installation results in a "line-of-sight" from the localizer antenna at 
elevation 123 feet to the monitor antenna at 108.9 feet which grazes the top of the 
localizer installation for Runway 07L at elevation 111 feet and grazes (at best) the 
runway hump at 125 feet. 

The center of the Metro Green Line passes the centerline of Runway 25L at a 
point 300. 72 feet to the east of the pavement end. The middle marker is further 
to the east a distance of 1632.86 feet. The localizer antenna array is located 1,000 
feet to the west of the 11,096-foot-long runway pavement. The resulting line-of­
sight from monitor to localizer passes over the Metro Green Line at an elevation 
of 110.5 feet. The top of the rail system catenary passes the runway centerline at 
106 feet, and therefore does not interfere with the far-field monitor. 

b. Runway 24R 

The Category III far-field monitor consists of three identical monitoring systems 
[3-7], which sense the localizer course signal in the far field and convey the 
detected signal to the monitoring system at the localizer transmitter site. Figure 
3-10 shows a typical installation, with the three separate antennas located at 
approximately 100-foot intervals along runway centerline extended. Antenna 
elements used for the monitor system are the same log-periodic dipole (LPD) 
antennas used for the localizer transmitting array at the stop end of the runway. 
The center monitor antenna and the monitor electronics are located at the middle 
marker site. 
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A photograph of the three Runway 24R monitor antennas on tall poles is included 
as Figure 3-la. This photograph looks towards the west. The middle marker 
installation may be seen near the center pole, and the end of the ALSF-2 
approach lighting system is apparent at the left side of the photograph. The 
proposed Metro Green Line will pass between the end of the ALSF-2 and the 
leftmost monitor antenna poles. Further detail for the middle marker installation 
may be seen in Figure 3-lb, looking to the north, approximately perpendicular to 
the Runway 24R centerline extended. The Runway 24R threshold is 
approximately 3,000 feet to the left. 

Figure 3-11 gives a profile view through the runway centerline, with elevations 
taken from FAA [3-8] and survey [3-3, 3-9] drawings. The proposed position of 
the Metro Green Line relative to the localizer for Runway 24R results in a line-of­
sight which exceeds the height of the three existing far-field monitor antennas by 
8.52 feet at the front antenna, 8.85 feet for the center, and 8.88 for the rear 
monitor antenna. It is therefore recommended that these monitor antennas be 
raised by at least the previously stated amounts, to re-establish the required 
optical line-of-sight. 

D. Recommended Further Action. 

Since the proposed Metro Green Line alignment will impact the far-field monitor 
for Runway 24R, requiring the movement of the three antennas serving this 
monitor, this fact should be included in the Form 7460-1 to be submitted to FAA. 

The fact that all Metro Green Line structures fall outside the 20-degree cone of 
protection for the Runways 24L and 24R middle markers should be noted on the 
Form 7460-1. 

At such time as FAA and LAX move toward Category III instrument approach 
capability for Runway 25L, the localizer far-field monitor will likely be upgraded. 
Since the Category III far-field monitor antennas will, in all probability, be higher 
than the present antenna, the line-of-sight to the localizer will be even higher 
above the Metro Green Line structures, and no future effects of Metro Green 
Line structures are expected. 
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IV. GLIDE SLOPE CONCERNS 

The four glide slopes that provide guidance at the Los Angeles International 
Airport, for landings to the west, present possibilities for having course derogation 
produced by the presence of railcars, the overhead catenary system (OCS), and a 
station located in front of the transmitter sites. Accordingly, these type of effects 
have been investigated both theoretically and experimentally. The subsections 
which immediately follow address these issues and provide the results of the 
investigation. 

A Investigation of Effects of Glide Slope Derogation Due to Overhead 
Catenary System and the Railcars. 

The effects of the OCS and the railcars are investigated using different modeling 
techniques. These will be described individually in the following pages. Because 
of the lack of validation data for the OCS mathematical model, special 
experiments were conducted to obtain these kinds of data and the results are 
presented. 

1. Discussion of Overhead Catenary System (OCS) Effects. 

a. Statement of the OCS Problem. 

The electric field of the glide slope is horizontally polarized. Because of this fact, 
it is particularly important to minimize the number, horizontal extent, and height 
of horizontal conducting elements be they surfaces, or wire elements. These are 
potential scatterers of the localizer energy. Some of the scattered energy will 
reach the aircraft in flight on the approach. As mentioned earlier in this report, 
localizer radio frequency energy that arrives at the aircraft via any other route 
than direct, is a contaminant that causes path roughness. This is also quite true 
with the glide slope. Tolerances are placed on the magnitude of this roughness. 
When roughness becomes large enough, it can mislead or disturb the pilot, can 
cause the autopilot to produce erratic motion in the control system of the aircraft 
or, in certain cases, can cause the auto pilot to disengage (uncouple). 

The overhead catenary system, frequently called the OCS, which is planned for the 
Green Line has the potential for being troublesome. The OCS typically consists 
of a large copper conductor and a supporting steel cable, called a messenger. The 
problem arises because these are good conductors of electrical energy. They are 
relatively high above the ground, and extend horizontally for a considerable 
distance. Further, they are present at all times. These factors motivated a study 
to investigate the effects of an OCS both theoretically and experimentally. The 
second concern, that of the effects of the railcars, per se, were examined by using 
physical optics mathematical models. 
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The greater the quantity of glide slope radio frequency energy incident on the 
OCS, the greater potential for problems. While there are techniques that 
theoretically will reduce the effectiveness of the OCS to re-radiate, i.e. scatter 
(reflect or diffract) the signals, to date they have not been applied practically. For 
example, one could place radio frequency chokes along the OCS to prevent the 
radio frequency energy from propagating; however, these would present a problem 
to having a simple, effective trolley operation. Techniques that are practical for 
small circuit domains, such as found in radios, are not practical to reproduce 20 
feet in the air with 1/2-inch diameter conductors. 

b. Proposed Solution to the OCS Problem. 

There are three different approaches that can be considered to minimize effects 
of horizontal conductors. One is to attenuate the radio frequency energy as it 
would flow in the OCS; one is to set up canceling fields; and the last is to prevent 
the signal from becoming incident on the OCS that will serve as a scatterer. As 
stated earlier, because of the practical considerations associated with use of 
chokes and cancellation wires, it is usually best to attempt to minimize the amount 
of incident energy on the scatterer, in this case the OCS. This is done usually by 
providing directivity, i.e., using an antenna system that confines the radio 
frequency energy precisely to those regions where it is to be used by the aircraft. 
This means, in the case of the glide slope, the energy should be confined to be 
near the three-degree path angle. Unfortunately, life is not that simple. If this is 
done precisely, there is no energy below the path to inform the pilot to fly up 
when the aircraft is below the desired safe angle for the landing approach. This is 
overcome with the capture-effect glide slope system that makes use of a special 
auxiliary signal and an observed phenomenon, called the capture principle. This 
principle relates to the operation of an AM-type (amplitude modulation) radio 
receiver. 

With the proper arrangement of antennas, it is possible to produce carefully 
designed vertical radiation patterns to confine the principal guidance signal to the 
region near the path angle. While doing this, a second auxiliary signal with a 
slightly different radio frequency, containing only fly-up command information, is 
radiated into the region below path. The capture principle, in simplest terms, says 
that the information presented at the output of the receiver will be that associated 
with the radio frequency signal that has the greater magnitude. Scattered signal 
from the OCS will be from the auxiliary transmitter. Because it is a scattered 
signal, it is weaker than the signal coming directly from the main transmitter 
directed to the 3-degree region. Consequently, the path roughness is minimal 
because the reflected signal from the OCS on another frequency ( still coming 
through the pass band of the receiver) is essentially ignored on path at 3 degrees, 
due to the capture principle. Importantly, the auxiliary signal captures the 
receiver operating below path and the main signal captures the receiver near 3 
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degrees. This is the reason that the two-frequency capture-effect glide slope 
system performs so commendably when there is a reflecting surface or objects 
such as an OCS or railcar below path. In all cases it will give a superior signal to 
that produced by the single-frequency null-reference system. 

The proposed action for providing the highest possible quality glide slope signals 
for aircraft approaching l.AX is to use a capture-effect system on every runway in 
both the north and south complexes at the Airport. Accomplishing this is also the 
objective of the work descnbed in the following section on railcars. One 
remaining question is, will the capture-effect system be adequate to provide a 
quality path in the presence of the Metro Green Line hardware? Obtaining the 
answer to that question involves two steps. The first step is to assess the amount 
of the derogation that can be expected with both the null-reference and the 
capture-effect glide slope systems. A part of this is to determine the optimum 
performance from the capture-effect system. 

The second step, if it is needed, is that should insufficient path quality be available 
from use of the capture-effect system, then recommendations for canceling signals 
with special cancellation wire schemes will have to be developed. 

c. Discussion and Data Supporting the Recommendation 
Concerning the OCS. 

While the environment is replete with reflecting objects including wires, no specific 
glide-slope model has been developed for predicting the effects of wires on glide­
path performance. With the extensive modeling resource and experience available 
at Ohio University, a mathematical model was developed specifically for 
application to this Metro Green Line problem. 

Several methods can be used to model the field scattered by a long thin wire when 
it is illuminated with plane or cylindrical radio frequency waves. Some of the most 
commonly known techniques include Physical Optics, Modal Techniques, Integral 
Equations and Geometrical Optics. The Electric Field Integral Equation using the 
Method of Moments is known to provide accurate results for thin wire scatterers 
[ 4A-1 ]. Because this method requires the solution of very large matrices, the 
length of the wire must be electrically short. In the case of the Metro Green Line, 
this method would not be practical but could be used to check the accuracy of 
other models using an appropriate length of wire. 

The modal technique was used to solve for the induced current in the wire caused 
by the glide slope signals. Once the induced current is known, this current can be 
used to compute the field re-radiated by the wire. This involves solving the 
boundary value problem for the particular mode of propagation. It is easier to 
obtain the scattered field caused by an infinite length wire and use appropriate 
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transformations to determine the field from a finite length wire. The induced 
current density in an infinite thin wire of radius a is given by Balanis [4A-1] as: 

The total current on the surface of the wire is then given by: 

T = 2mi11 

By using the appropriate modification which takes into account the boundary 
conditions at the end of the wire, the current induced by a finite wire can be 
computed by [4A-2]: 

l(y) 4 

Po11c#cf>cpo0) 
X 

{ E(y)+ ~Pol [(E(-L/2)e'PaLfl _E(L/2)e -JP~ -JPo, + 

(E(L/2)eJP,1,12 _E(-L/2)e -JP~e1P°'] } 

Once the current induced in the wire is known, the scattered field can be found by 
integrating over the length of the wire. This is similar to dividing the wire into 
segments or infinitesimal elements and calculating the field by summing the fields 
caused by each infinitesimal element. Then the field as seen in the far-field is 
given by [4A-3]: 

i11 Pclisin(8)e -Jkr 
Ee=------

41tr 

Figure 4-1 shows a comparison of the scattered fields caused by a 23-foot wire 
using the Modal technique and the Method of Moments. As seen by this figure, 
both models show comparable results. 

The scattered field caused by the wire is then added to unperturbed glide slope 
signals. These signals are then processed through a receiver algorithm which 
calculates the amount of glide path roughness caused by the wire. This algorithm 
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has been used by Ohio University in other ILS mathematical models [4A-4 & 4A-
5]. The ILS thin wire model was written in Fortran 77 and compiled using 
Microsoft Fortran Version 5.0. The model runs on any IBM PC compatible 
computers with at least 640K of memory. The model takes approximately 10 
minutes on a 33 MHz 486 PC to perform the calculations for a 2000-foot wire. 

Because this model had not been validated, an experimental task was performed 
to determine the accuracy of the model, in terms of how well it predicted glide 
slope performance. Both null-reference and capture-effect systems were set up 
sequentially during the period from September 5 through 17, 1991, at the Ohio 
University ILS test site in Miami, Florida. The electronic transmitting equipment 
was made available through the courtesy of the Federal Aviation Administration. 
Base line data were obtained. These data were extremely important because a 
high stand of grass, produced during a very wet growing season, was cut and 
remained on the ground plane. The grass beyond the 1100 foot range was not 
cut. 

A set of 1/2 inch copper pipes was suspended above ground at a height of 16 and 
20 feet for each of the two systems. Each of these was 100 feet long, the amount 
used in the mathematical model. The supports were 5 wooden tripods .. 

Figure 4-2 shows the tripods but the copper pipe is not evident because of its size. 
The flight measurements were made for all of the combinations, i.e., baselines, 
tripods alone, and two conductors at 20 and 16 foot elevations. As mentioned 
earlier, this was first done with the null-reference and then followed by the 
capture effect. Plans were to begin at the 1000-foot range and move further away 
but with the magnitude of the perturbation found at the 1000-foot range the 
decision was made that it would be futile to attempt to identify perturbations in 
the path because of their low magnitude. 

The flight data were collected using two different aircraft. One was a Beechcraft 
Model 35 and the other a Model 36. Each carried the Ohio University Mark IV 
Minilab. Tracking for reference purposes was accomplished through the use of a 
Warren-Knight WK-83 Radio Telemetering Theodolite and a Communitronics 
telemetry transmitter operating on 329.0 MHz. The glide slope station operated 
on 333.2 MHz. 

The reader should clearly note that this was a model validation exercise and not a 
proofing for placement of specific elements of the Green Line. Experience has 
shown that when the model is validated satisfactorily, then predictions for various 
configurations can be accurately made. It is important to work with perturbations 
that are large enough to allow one to discriminate multipath effects of the wires 
from ambient noise in the real world and measure the magnitudes of the specific 
perturbations. 
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The results of the modeling and the experimental validation are presented in the 
following figures. The units used are microamperes which are related to the 
amount of course needle displacement observed by the pilot. The zero-centered 
instrument is calibrated such that it reaches the edge of the scale when 150 
microamperes of displacement are present. Systems are adjusted and calibrated 
such that 75 microamperes is equal to 0.35-degree elevation or 1 microampere 
(µa) is equal to 0.0047-degree elevation angle. 

The strategy used in making a determination as to how much effect the Metro 
Green Line will have on the performance of the glide slopes is to model a 100-
foot length of a one and then two-wire catenary at a distance in front of a glide 
slope that would allow a path perturbation to be produced that was at least 5 to 
10 microamperes in magnitude. Such a magnitude is needed to get values that 
would be measurable with confidence. This turned out to require a location of 
the OCS only 1000 feet in front of the glide slope. The height was taken as 16 
and 20 feet which are representative of the expected situation with the two-cable 
(wire) OCS of the Metro Green Line. The 1000-foot distance is, however, hardly 
representative of an operational airport since this would have the cars penetrating 
obstruction zones and is certainly not planned. A 100-foot length of OCS was 
used because this was an amount that would be physically manageable when it 
came time to perform the validation measurements. Figures 4-3 and 4-4 show the 
predicted values for the null-reference system and the capture-effect system, 
respectively. In Figures 4-5 and 4-6 the results of the field measurements made 
with these systems at the Ohio University ILS test site in Miami, Florida, are 
shown. 

The validation of the model which predicts the effects of the 100-foot length of 
OCS having been completed, the next step is to use the model to predict the 
effects of a 2000-foot length of OCS separated from the respective runway 
thresholds at the specific distances given in the Green Line planning documents. 
These results are shown in Figures 4-7 through 4-11. 

2. Discussion of Railcar Effects. 

a. Statement of the Railcar Problem. 

The railcars are similar to the OCS in the sense that they present conducting 
material that exists in front of the glide slope antennas. The important distinction 
is that they present a large surface whereas the OCS are essentially thin linear 
conductors. As a consequence, a different mathematical modeling technique is 
necessary. The objective is identical to the work with the OCS, viz, determine the 
magnitude of the path perturbations caused by the railcars at worst case locations 
along the proposed guideways in front of the four glide slope transmitting facilities 
serving Runways 25L, 25R, 24L and 24R. Finally, the comparison must be made 
with allowable tolerance limits. 
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b. Proposed Solution to the Railcar Problem. 

The Metro Green Line railcars are large conducting objects which can disturb the 
guidance signals produced by the glide slope. The disturbance is caused by 
scattering of the radio frequency energy from the railcar surfaces which are 
reasonably good electrical conductors. The OCS is also a scatterer but with a 
different geometry, obviously. 

The solution to minimizing the effects of the railcars on the performance of the 
glide slopes is to have all of the glide slopes of the capture-effect configuration. 
As mentioned previously, this proposed solution needs effect a change only to the 
Runway 24L null-reference system. All other glide slopes at l.AX are already of 
the capture-effect type. 

c. Discussion and Data Supporting the Recommendations 
Concerning the Railcars. 

The Metro Green Line railcars are modeled using the dimensional data given in 
Table 4-1 and their effects on the performance of each glide slope are determined 
using calculational methods. The results of the modeling and location of the 
railcars modeled are shown in Figures 4-12 through 4-25. The model used for this 
work is the Physical Optics model, the first version of which was developed at 
Ohio University in 1965 by David Hill. Good confidence has been gained through 
testing over the past two decades; therefore, it has not been necessary to perform 
validation measurements as a part of this project as was done in the OCS use. 
This physical optics model is the one used by Ohio University for performing the 
calculations that are the foundation for the critical areas standards published by 
the FAA that are currently in use. 

Initial considerations were first given to a three-car train on the alignment shown 
in Section I. Subsequently, a different scenario was developed because of the 
evolution in the thinking of those responsible for the final layout of the guideway 
and the placement of the station. The attempt for this modeling study with the 
railcars is to include effects due to the maximum possible number of cars and the 
inclusion of a station. The latest information, obtained in November 1991, 
motivated the scene of having 6 railcars (2 trains of three cars each) which would 
be positioned, as with a snapshot, end to end. The practical case would be that 
one train would be sitting on a tail track which was hypothesized and the other 
moving towards it. The effective length of the train therefore becomes 540 feet. 
In addition, a station is assumed to exist as shown in Figure 4-12 which is based 
on the drawing RA-C-109 produced by Bechtel. The aforementioned station 
necessarily relates only to the course structures with the glide slopes serving the 
north complex. Modeling was also performed to predict performance for the 
systems on the south complex, viz., those serving Runways 25L and 25R. The 
results of these predictions are shown specifically in Figures 4-16 and 4-17. 
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Table 4-1. Characteristics of Vehicle used for the Mathematical Modeling. 
(Provided by Los Angeles County Transportation Commission) 

< , ) 

o n 

BLUE LINE/GREEN LINE 

Length (ft) 90 Articulated Car Length 

Width (ft) 8.8 

Height (ft) 11.5 

Passengers/Car -160 people 

Cars{f rain (Max) 3 

Passengers{f rain -480 people (max) 

Control Manual / Automatic 

Speed 55 / 65 mph 
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Figure 4-12. General Layout of Six Railcars and Station in Front of the 
Glide Slopes Serving Runways 24L and 24R (North Complex). 
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Figure 4-15. General Layout of Six Railcars in Front of the Glide Slopes 
Serving Runways 25L and 25R (South Complex). 
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Figure 4-17. Prediction of Course Roughness Produced with 6 Metro 
Green Line Railcars and the Station in Front of Runway 
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Figure 4-18. Predicted Course Roughness Produced by a Section of 2 Metro 
Green Line Railcars in Front of the Runway 24L Null-reference 
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Figure 4-20. Predicted Course Roughness Produced by a Section 
of 6 Metro Green Line Railcars in Front of the Runway 
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Figure 4-21. Predicted Course Roughness on the Runway 24L Null-reference 
Glide Slope Produced by the Metro Green Line Station in 
Parking Lot C. 

99 



Blue Line/ Green Line Rail Cars 

50 

◄ O 

.. 
30 J: 

Cotegory ~ Tole rances -

- z..e 
0 

~ 20 
3 Z..C2 ZoHl -

4.1" 
10 - 1.2 tu .. 

:, 

0 - - -
0 
u 

10 -
N 20 
J: 

0 
30 C7> 

- \ -
◄O - Poth Angle · 3 . 00 deg rees 

C B A 
~o I I I 

0 . 0 1 . 0 2. 0 3 . 0 ◄ . 0 

Dis ta nce From Threshold ( nm) 
FAC : LAX RWY · 2 ◄L DATE : 92 - 01 - 10 

ARRAY· CE ELBA: 3 - Boy FREQ : 329 . 9 IIAHZ 

REMARKS : 2 cars loc a ted 100 · from end o f r e i I 

Figure 4-22. Predicted Course Roughness Produced by a Section of 2 Metro 
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Figure 4-23. Predicted Course Roughness Produced by a Section of 3 Metro 
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that Would Serve Runway 24L 
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Figure 4-24. Predicted Course Roughness Produced by a Section of 
6 Metro Green Line Railcars in Front of a Capture-effect 
Glide Slope that Would Serve Runway 24L 
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Figure 4-25. Predicted Course Roughness Produced by the Metro Green 
Line Station in Parking Lot C in Front of the Capture-effect 
Glide Slope that Would Serve Runway 24L 
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For execution of the calculations performed as a part of the modeling programs, 
the dimensions and locations of the railcars and the station, together with other 
specific physical details, several parameters were taken into account. These were: 

Height of the tracks above the airport, 
Angle the tracks make with the centerline of the runway, 
Specific offsets of the glide slope masts from the runway centerline, 

including the proposed collocation of the antennas for 24L and 24R, 
Specific antenna offsets on the respective antenna masts. 

With respect to the north complex, the Runway 24R glide slope already has a 
capture-effect system. Accordingly, principal attention is given to the Runway 24L 
system because it is the far more vulnerable system. It is most vulnerable to 
disturbance because it is presently operating as a null-reference type system and 
the station and masses of railcars are located closer to this facility. 

Figures 4-14A and 4-14B show the predicted course roughness due to the effects 
of the 6 cars and the station. The figures present the worst-case locations of the 
cars. The path perturbations are found to be 61.0% of Category I tolerance limits 
with the null-reference system and 5.3% for a capture-effect system at the same 
location. 

Every attempt was made to determine what would be the most devastating effect 
that would be produced by the railcars and the station. Over 60 scenarios were 
run to develop the most conservative case to present, i.e., what is the physical 
scene that would produce the most adverse affect on the navigation system 
performance. For comparison purposes some other scenarios were modeled and 
effects on the glide slope system performance predicted. Further, to check the 
validity of the model, another type model was used. The more recently developed 
Geometrical Theory of Diffraction (GTD) was applied and results noted. 

For the purpose of analyzing the effects of different combinations of cars, 
additional calculations were made. Figures 4-18, 4-19 and 4-20 show the 
predictions for the existing null-reference system for two, three and six car cases, 
all with no station. The worst locations determined by numerous calculations, 
again have been sought. The exact positioning of the cars is found to be very 
important in determining the magnitude of the path perturbation. The findings 
are that the railcar position can be critical to within about 10 feet. The time 
needed to identify the precise worst case has been extensive. For example, the 
worst-case position for the six-car section gives path roughness of 63.1 % of 
Category I tolerances. Interestingly, the calculation for the six cars plus the station 
give roughness of 61.0% which is slightly less, probably due to some signals from 
the station providing cancellation. The effects of the station alone have also been 
calculated to be 7.9% with the null-reference system. This plot is shown in Figure 
4-21. 
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Calculations with these scenarios have all been repeated for the capture-effect 
system and the results are shown in Figures 4-22, 4-23, 4-24 and 25. 

A summary of all of the quantitative results from the preceding calculations is 
shown in Table 4-2. The maximum effect of the railcars alone is predicted to be 
with the null-reference system operating on Runway 24L with the worst calculated 
case consuming 63.1% to which must be added 2.4% for the OCS giving a total of 
65.5% of Category I tolerances. If a change to a capture-effect system is made, 
the prediction for the roughness is that it will be reduced to only 6.8% of the 
tolerance. 

TABLE 4-2. Peak Path Roughness in Microamperes of CDI Variation and 
Per Cent of the Category I and III Tolerance Limits are Shown 
for Runway 24L 

APPIJCABLE PEAKCDI %CAT %CAT 
REFLECTORS FlGURE I II / ill 

N-R CEGS N-R CEGS N-R CEGS CEGS 

2 Cars 4-18 4-22 17.4 1.2 58.1 4.1 5.7 

3 Cars 4-19 4-23 15.8 1.4 59.5 4.6 6.3 

6 Cars 4-20 4-24 18.9 1.5 63.1 5.0 6.7 

Station 4-21 4-25 2.4 0.4 7.9 1.4 1.8 

6 Cars + Station 4-14A 4-14B 18.3 1.6 61.0 5.3 7.0 

Based on these data the proposed solution, viz., converting to the capture-effect 
system, is deemed correct. 

For drawing the final conclusions, one must add the effects of the OCS, the 
railcars, and the station to the present environment. Conveniently, the effects 
occur in the same ILS zone and this allows for simple addition. Table 4-3 gives 
the effects of the environment and Table 4-4 combines the effects of the OCS and 
the Railcars and Station. The final results are shown in Table 4-5 where the total 
effects are presented. 
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Table 4-3. Present Environment Given by FAA Flight Check Records. 

RUNWAY ZONE 1 ZONE2 ZONE3 
ua I% tol ua I% tol ua / % tol 

25L Cat II 2 / 13 6 I 29 4 / 20 

25R Cat I 2 / 13 5 I 11 6 I 20 

24L Cat I 15 I 50 23 / 77 10 I 33 

24R Cat II/III 8 / 27 6 I 30 6 I 30 

Note: Zone 1 is from 10 to 4 miles from the runway; Zone 2 is from 4 miles to 
3500 feet and Zone 3 is closer to the runway than 3500 feet. 

Table 4-4. Summary of Calculated Path Roughness in Zone 2 due to the 
Environment, the Presence of the OCS, and 6 Railcars plus 
the Station. 

ocs 6 RAILCARS + STATION 
TOTAL 

RUNWAY APPLICABLE VALUES APPLICABLE VALUES % 
FIGURE i'AI % TOL FIGURE i'A/ % TOL 

25L 4-11 0.8 / 3.9 4-17 4.9 I 24.0 27.9 
CATil (ZONE 3) 

25R 4-10 0.1 / 0.2 4-16 4.3 I 14.4 14.6 
CATI 

24L NUll 4-9 0.7 / 2.4 4-14A 18.3 / 61.0 63.4 
CATI -REF 

CEGS 4-8 0.5 I 1.8 4-14B 1.6 / 5.3 7.1 

24R 4-7 0.5 I 2.6 4-13 1.1 / 3.8 6.4 
CATII/III 
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Table 4-5. Total Path Roughness in Zone 2 due to the Environment, 
the OCS, and 6 Railcars and a Station. 

RUNWAY TOTAL 

25L CAT II 56.9% 

25R CAT I 31.6% 

NULL-REF 140.4% 
24L CAT I 

CEGS 37.1%. 

24R CAT 11/111 36.4% 

*Based on measured CEGS performance on Runway 24R. 

Note should be made that the overall performance figure for the Runway 24L 
null-reference system in Zone 2 is predicted to be 140.4% of Category I 
tolerances. The estimate for performance with a capture-effect system is 37.1 % or 
a factor of 3.8 improvement. 

In summary, the conclusion is reached that the multipath effect of the railcars will 
have a minimal impact on the operational capability, provided that capture-effect 
type systems are used on every runway. This is true even with the maximum 
number of railcars. The predicted effects of the Metro Green Linc itself are, in 
general, much less than 30% of allowable tolerances. Runway 25L will be most 
affected, assuming that the Runway 24L system has been converted from its 
present null-reference configuration to a capture-effect system. This is principally 
due to the railcars being physically closer to the Runway 25L glide slope 
transmitting system and Category II tolerances being applied. The total roughness 
due to railcars, the OCS, the station and the present environment is expected to 
be 56.9% for Runway 25L, whereas the changeover to a capture effect on Runway 
24L is expected to give 37.1 % of Category I tolerances. Both of these are 
acceptable operational values. 

3. Recommended Further Action. 

The recommended action is that the 24L glide slope be converted to a capture­
effect type. This is essential to keep the course perturbations caused by the 
railcars small enough to allow Category I tolerance to be met. 
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B. Design for Improving the Quality of Runway 24L Glide Slope Performance. 

1. Statement of the Problem. 

As indicated earlier, planned alignment of the Metro Green Line results in the rail 
right-of-way cutting perpendicularly across in front of all glide slopes serving 
landings to the west at Los Angeles International Airport. These would be 
Runways 24R & L referred to as the north complex and 25R & L constituting the 
south complex. From proximity considerations the glide slopes serving Runways 
25L and 25R are the most vulnerable to derogation because of multipath effects 
created by the two conductors, specifically the Overhead Conductor System (OCS) 
and the messenger that will be permanently located approximately 20 feet above 
the runway elevation under the approach path. [ 4B-6] Fortunately the 25R & L 
Runways already have the most capable glide slope system, viz., the capture effect 
type, presently in place, to minimize the effects of potential multipath from 
conductors located below the approach path. 

Runway 24L in the north complex, has the only null-reference system providing 
glide slope information to pilots approaching from the east. The null-reference 
system is a much less capable system for protecting the path guidance information 
from corruption that is produced when signals arrive at the aircraft from other 
than a direct route. The present Runway 24L path is presently operating at 77% 
of Category I tolerance limits. This is in contrast to 20% of Category I limits 
which is experienced with the 24R capture effect located at essentially the same 
location. A conversion to a capture-effect system for 24L can realistically be 
expected to provide at least the same quality signal which is better than a 2 to 1 
improvement. 

An obvious question is, why has there not been a capture-effect system installed 
before this time. The answer that was obtained during this investigation was that 
many years ago, one had been installed but was removed probably when Runway 
24R was upgraded to Category III status. The FAA insists on a 400-foot 
separation between the mast and centerline for the Category III operations. 

The reason for the removal was that the 50% greater tower height required for 
the capture-effect system was not acceptable when the mast could only be located 
approximately 290 feet from the centerline of Runway 24L and maintain 400 feet 
from the centerline of Runway 24R. It is useful to note that the centerline-to­
centerline spacing of Runways 25L and 25R is approximately 740 feet. 

Some background data may be helpful for this to make sense to the reader. 
Figure 4-20 shows a photograph of the two glide slope transmitting antenna 
systems located on adjacent masts. The mast on the left, in the photo, supports 
two antennas for the uul1-rc::fonmce system that serves Runway 24L The mast on 
the right, in the photo, supports the three antennas of the capture-effect system 
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which is set to provide service for the Category III system on Runway 24R. With 
almost identical environments the capture-effect system provides a factor of at 
least 2 and more generally a factor of 4 improvement over the null-reference in 
course quality. This is a typical and certainly realistic improvement factor to 
expect from the capture-effect system based on both theoretical results and results 
obtained in 30 years of experience with the capture-effect type system. 

2. Proposed Solution to the Problem. 

All experience indicates that the quality of the existing Runway 24L glide path can 
be improved significantly by going to a capture-effect type. The objection of a 
mast height great enough to accommodate the capture-effect system antennas can 
be negated by eliminating the dedicated mast for Runway 24L and utilizing the 
mast that is now in place for the 24R capture-effect glide slope to support the 
Runway 24L system antennas. Simply stated, the recommended solution is to use 
the present capture-effect mast for two systems. This eliminates the need for one 
of the present masts and eliminates an obstruction. 

The mounting of two sets (3 each) of Model FA 8976 glide slope antennas on the 
same mast requires some special engineering. Both systems require the same path 
angle; hence, the height of the antennas normally would be expected to be 
identical. This obviously presents some problems when only a single vertical mast 
is considered. 

The proposed solution to this problem is to stiffen the mast and mount two of the 
three pairs of capture-effect antennas adjacent to each other horizontally. This 
apparently simple geometry is complicated by the fact that an image glide slope, 
such as the capture-effect type, must have what is called antenna offset. This 
term is used to indicate that the set of three capture-effect antennas are not 
mounted vertically, one above the other. The radiated glide slope radio frequency 
energy must, in effect, be focused, not in front of the antennas, but on the flight 
track of the aircraft, along the localizer centerline. This requires that the antennas 
be offset, i.e., the antennas are located on the arc of a circle whose center is on 
the runway at a point opposite the mast. This means when there are two runways 
on opposite sides of the mast involved, the lower antennas must be close together 
and the top antennas are farther apart. In a practical sense an overlap in the 
lower antennas should be present in order to avoid excessive spacing of the upper 
antennas that would require great structural reinforcement to accommodate forces 
coming from wind loading. With a 400-foot spacing from the runway, the offset 
results in the upper antenna and middle antennas being 14.9 and 9 inches 
respectively closer to the runway than the lower antenna. With the present 290-
foot spacing of the mast from the runway, the offsets are 20.6 and 12.4 inches for 
upper and middle antennas respectively. These would become 19.8 and 11.9 
inches respectively tor location on the common tower 300 feet from the Runway 
24L centerline. 
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Figure 4-20. Glide Slope Antenna Masts for the Systems Serving Runways 
24L and 24R. 
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Fortunately, as will be shown, the system operation is not critically dependent on 
the precise location of the lower antenna. The recommendation is to raise the 
bottom antenna of the Runway 24L system by 26 inches. This is the vertical 
height of the F A-8976 antenna being used by the FAA This proposed solution of 
the problem of desiring overlap of the lower antennas sacrifices slightly the 
symmetry of the Runway 24L Category I system. This symmetry change will be so 
slight that the pilot will not be able to detect the change. The middle antennas 
should abut one another. The upper antennas can be mounted at the same 
elevation because they are separated by the sum of the offset amounts. 
Calculations showing the penalty produced by the non-ideal locations of the lower 
antennas are given in the next section. 

The assumption is that the FAA desires to have no compromises in the Category 
III system serving Runway 24R thus eliminating the requirement for an NCP on a 
Category III system. Another alternative to the overlap would be to modify the 
lower antennas to decrease the horizontal extent of their respective reflectors to 
allow closer spacing of the driven elements of the antennas. This would allow the 
phase centers of the respective antennas to be properly spaced without overlap 
when they are located at the same height. An NCP would be required for both 
antenna systems, however. 

Note should be made that the Runway 24L ILS, identified as I-HQB, operates on 
the same carrier frequencies as does the ILS for Runway 24R which is identified 
as 1-0SS. This means there is no possibility that these two systems can be 
operated simultaneously. The mechanization provided by the FAA is that of an 
electrical interlock which allows only one of the two to be energized at any given 
time. 

Note should also be made that there has been consideration given, because of air 
traffic interests, to arrange the frequency assignments on the airport so that four 
different II.S frequencies are given to the localizers on one end of the airport with 
these repeated on the opposite end. This means that 4 ILS's could be operated 
simultaneously for landings in the same direction. There is no timetable to make 
this change which is a rather major undertaking; however, the plan for operating 
the two glide slopes on the same mast must not be such as to preclude 
simultaneous operation of the two systems, understanding of course, one would 
have to be tuned to operate on a different frequency. 

Because the glide slope antennas are directional and have the property of low 
end-to-end coupling, the coupling which otherwise might affect performance when 
they are mounted on the same tower, is low and insignificant. Coupling to the 
non-energized neighbor should not be a problem for transmitting. Special filters 
may be required for the integral monitoring. 
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3. Discussion and Data Supporting Recommendation. 

There are two principal issues, one mechanical and one electrical. The first, can 
appropriate mechanical strength be provided to allow antennas to be mounted on 
the standard contemporary glide slope mast and withstand 100 mph winds? The 
second is, will needed non-standard physical placements of the F A-8976 glide 
slope antenna compromise significantly the electrical performance of the glide 
slope systems? 

A structural analysis has been performed which shows that reinforcement of the 
Antenna Products Mast (Antenna Products Corp., Mineral Wells, Texas Tower Kit 
1000-0563-202) is necessary to prevent rotational motion of the whole structural 
unit containing the F A-8976 antennas. This can be accomplished by modifications 
shown in a plan view depicted in Figures 4-21 and 4-22. Additional members to 
prevent rotation exist from the ends of the antenna bays to an anchor point at 
least 9 feet to the rear of the antenna mast. Each bay would be effectively 
reinforced by the addition of two horizontal members of aluminum channel to 
carry loads not only of the antenna weight but of torsional moments. These 
members would be tied to the aft portion with added central members. This, in 
effect, creates a tower with an effective increase in cross-sectional area compared 
to the original tower. This alteration could be a field modification made without 
removal of the tower from its base. 

The second issue to be addressed is whether the displacement of the lower 
antenna from its ideal location offers significant changes to the vertical path 
structure in space. The vertical arrangement of the three capture-effect antennas 
is depicted with the side view shown in Figure 4-22a. Two cases as depicted in an 
arrangement shown in Figure 4-23 plus a normal case were calculated and the 
results are shown in Figures 4-24, 4-25 and 4-26. These two cases relate only to 
non-standard placement of the lower antennas with the middle and upper 
antennas in the normal locations for a capture-effect system with a flat, infinite 
ground plane. 

Case 1. 

Case 2. 

Lower antenna displaced 26 inches upward; 
The character of the normal system is 
shown in Figure 4-24 and the response 
for this case is given in Figure 4-25. 

Lower antenna displaced 26 inches downward; 
See Figure 4-26. 
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Table 4-5 summarizes the results. Symmetry, at worst is disturbed to within 12% 
of the tolerance limit for Category I. Width values can be adjusted electronically 
back to normal values. 

TABLE 4-5. Summary of Calculational Results with Physical 
Optics Mathematical Model. 

CONDmON II ANGLE/WIDTI-I SYMME1RY %CATI 

Normal 2.9'J I 0.72 51:49 0 

Case l; Up 26• 3.00 / 0. 76 48:52 12 

Case 2; Down 3.00 / 0.66 53:47 18 
26. 

Again the strategy is to perturb only the Category I system antennas so that there 
will be no requirement for NCPs for the Category II system. 

4. Recommended Further Action. 

There are two important action items to be accomplished. First, the FAA needs 
to process an NCP to allow for non-standard placement above ground of the 
capture-effect glide slope antennas for Runway 24L The calculations performed 
and given in this report should be used to justify the issuance of an NCP. Second, 
detailed structural drawings need to be prepared to allow for construction of the 
modified tower. 

5. 

[4B-6] 

References. 

Bechtel Corporation Drawing 25, Structure Plan No. 6 of 15, dated 
03-07-91. 
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V. ALLEVIATION OF CONFLICTING VISUAL CUES 

A Statement of the Problem. 

1. Visual Distractions. 

The proposed Metro Green Line alignment (See Figure 1-1) results in the 
presence of light-rail passenger vehicles to the east of Los Angeles International 
Airport (IAX) Runway pairs 24 and 25. Concerns have been raised by the Air 
Transport Association (ATA) [5-1] over the potential for confusion or distraction 
of flight crews by the light from rail vehicle windows, running lights and reflection 
of sunlight from the rail vehicle tops. Los Angeles press reports have also cited 
similar concerns, that the rail system may " ... distract pilots with its lights ... " and 
terming the trains and lights " ... confusing and hazardous ... " (5-2, 5-3). 

2. Potential Blockage of Approach Lighting Systems. 

The elevated Metro Green Line passes to the east of the approach lighting 
systems (AlS) for Runways 24R and 24L The MAI.SR ALS for Runway 24L is 
a short system, which even a brief inspection shows will not be optically blocked 
by the rail system. The ALSF-2 ALS serving Runway 24R extends to within 300 
feet of the Metro Green Line, and the potential for blockage of any approach 
lights must be checked. 

All Metro Green Line components pass well below AlS lines-of-sight for Runways 
25L and 25R. 

B. Proposed Solution to the Problem. 

Options are given for each of the visual-cues issues which have been raised. None 
of these options should require major redesign of rail vehicles or the guideway, 
and should be implemented only if aircrews report significant problems after 
Metro Green Line operations begin. For each section, one or more of the options 
may be chosen. 

1. Interior Rail Vehicle Lights: 

a. Construct a fence with light baffles east of the tracks crossing 
Runway 25L and 25R centerlines. 

b. Tint the rail vehicle windows. 

c. Provide for dimming interior lights during operations passing 
Runways 25L and 25R centerlines. 
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2. Sunlight: 

a. Paint the car tops a dark color. 

b. Cover the smooth areas on the car tops with corrugated metal 
material, on stand-offs. This method should minimize added load on 
car air-conditioning while scattering the sunlight reflection and 
reducing glare. 

c. Use a brushed-metal finish on car tops to reduce glare. 

3. Rail Vehicle Exterior Lights: 

a. Provide small metal shields above the side-lights, to limit visibility 
above the horizontal plane. 

This investigation revealed that no approach lights for any of the four runways are 
blocked by the Metro Green Line structure or vehicles. 

C. Discussion and Data Supporting Recommendations. 

1. General. 

In the case of Runways 25L and 25R, the Metro Green Line vehicles pass within 
1300 feet of the runway thresholds. For Runways 24L and 24R, the rail alignment 
is removed to a point near the middle marker facilities, over 2,600 feet from the 
thresholds. Speeds are projected to be 45 to 55 mph as the rail vehicles pass 
through the centerlines of Runways 25L and 25R, and 55 mph crossing the 
centerlines of Runways 24L and 24R. Potential effects of changes in the visual 
scene were considered for approaches to both ends of the four east-west runways 
at LAX. Trains of from one to three vehicle units are planned. 

Aircrews approaching from the west will see the rail vehicles side-on, more than 
two miles distant, against the backdrop of the existing city environment to the east 
of the airport. For Runways 07L and 07R, the rail vehicle lights will be merged 
with lights from traffic on the existing Aviation Boulevard. For Runways 06L and 
06R, rail vehicle lights will be merged with lights from traffic on Sepulveda 
Boulevard, Parking Lot C and other streets to the east. 

Rail vehicle window and running lights are not likely to be confused with the 
airport environment at the distances and positions encountered. Sunlight 
reflections during approach are unlikely to be a factor. 

Kail vehicle lights or reflections are no factor during missed approaches or 
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takeoffs toward the east due to the distances and deck angles typical for such 
operations. As before, the rail lights will be merged with existing lights from the 
city and from traffic on streets east of the airport. Rail system lights are similarly 
no factor during takeoffs or missed-approaches toward the west. 

For aircraft approaching from the east to Runways 24R and 24L, the Metro 
Green Line railcars are on an elevated guideway in the vicinity of the middle 
markers and near the ends of the approach lighting systems for these runways. 
There is a large "dark" area between the rail system location and the runway 
threshold, and it is unlikely that any confusion between rail and airport lights 
occur in clear conditions. For low-ceiling approaches to these runways, by the 
time the aircraft breaks out of the clouds, the rail system is below the line-of-sight 
of the aircrew. In any case, the approach lighting system will clearly dominate the 
visual scene in the nearly 1/2-mile distance between the rail system and the 
runways. 

The significant remaining potential for conflicting visual cues or distractions 
therefore comes from railcar windows or rooftop reflection of sunlight. These 
conditions are present only on approaches from the east to Runways 25R and 25L 
during the visual-flight portion of an approach at night or during the late 
afternoon. 

2. Rail Vehicle Interior Lights. 

The most intense light source emanating from the sides of Metro Green Line 
vehicles is the interior lighting system showing through the vehicle's windows. 
These windows are scheduled to be tinted to reduce heat loads. The effect at 
night is the familiar line of lighted rectangles, in this case traveling perpendicular 
to the aircraft approach path at some 45 to 55 mph. It is this light source, 
suddenly apparent when the aircraft "breaks out" of a ]ow cloud layer, which 
prompted the "visual distraction" item in the ATA letter to FAA [5-1, Item 4]. 

Again, several so]utions are possible, some of which are not costly and which may 
be implemented as retrofits after the Metro Green Line begins operations: 

i. Construct a fence to the east of the Metro Green Line tracks, as the 
tracks cross the Runways 25L and 25R approach zone, with 
appropriate opaque baffles to shield the approaching aircraft from 
the lighted windows. The baffles shou]d be continuous, since 
flashing the light from the windows through a "picket fence" as the 
train moves could be worse than continuous visibility. 

The fence and baffles must be able to withstand the jet blast from 
aircraft taking off on these two runways. 
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Note that this option would also remove any concern about rail 
vehicle exterior running lights presenting distractions to approaching 
aircrews. 

ii. Further, tint the rail vehicle windows to limit the light which escapes. 

This option is judgmental in nature; testing would likely be required 
to determine the degree of tint required to reduce aircrew 
distraction, if any, while retaining a desirable level of outside 
visibility for the rail system passengers. 

m. Arrange for interior light dimming as the railcars pass Runways 25L 
and 25R. 

This option requires additional system design and installation on the 
railcars and guideways, and is likely to be the most expensive. It is 
also possible that rail passengers might be concerned or alarmed 
about sudden lighting level changes on a fully-automated system. 

3. Sunlight Reflections from Railcar Tops. 

It has been mentioned in various discussions concerning the Metro Green Line 
that late-afternoon sunlight might reflect from the smooth portions of the car tops, 
causing a distracting flash of light toward the aircraft. Considering the nature of 
light reflections, for such a flash to reach the aircrew, the sun's position would be 
approximately three to four degrees above the horizon, with the sun setting nearly 
on runway centerline. These conditions are met for a few days twice each year, as 
the sun's apparent seasonal motion carries it to the north and south, and for a few 
minutes during each of these days, at a time approximately 15 minutes prior to 
sunset. It is likely that the sun's intensity at this time of day will be such that the 
reflection from the car tops is not operationally significant to the aircrew. 

If, subsequent to initiation of Metro Green Line operations, aircrews report 
car-top reflections as a problem, several re.trofit solutions are possible: 

i. Any smooth areas of the car tops could be painted a dark, flat color. 
While this would reduce the reflection at low initial cost, it would 
likely add to the heat load on the car's air conditioning system. 

11. The car tops could be ''brushed" to dull the finish. This would be 
somewhat more expensive, cause less heat load, but might expose 
the car skin to more rapid corrosion. 
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iii. A corrugated plate could be affixed to the car with standoffs. This 
plate would scatter the sunlight, while permitting free air flow under 
the plate to retain a relatively low heat load. This option would 
obviously be more expensive initially. 

4. Rail Vehicle Exterior Lights. 

Figure 5-1 shows an outline drawing of a light-rail vehicle typical of those planned 
for the Metro Green Line [5-4]. There are no unusually bright lights on the sides 
of the cars. The principal light sources which may cast light in the direction of an 
approaching aircraft are the railcar windows and the possibility of reflected 
sunlight from any smooth surfaces on top of the car. 

The rail vehicles have a variety of lighting systems [5-5). Note that Figure 5-1 
does not show all lights which are specified for the Metro Green Line railcars. 
The tum signals shown in Figure 5-1 are not specified for Metro Green Line 
railcars. All lights are described in the following paragraphs. 

A "platform light" is located on the side of the car, near each door. The light is 
illuminated only when the door is open. 

Viewed from the side, there is a small amber marker light at the top front comer 
and a red marker light at the rear top comer. 

The red "door open" light over each door will not be illuminated while the car is 
in motion. 

The blue ''bypass" light is illuminated when the door interlock is bypassed, and 
may be on while the car is moving. 

An amber "passenger alarm" light mounted on the car roof flashes when a 
passenger alarm switch has been operated. 

The lights descnbed above should not be a problem for approaching aircrews, 
even if they are illuminated. Their small size and relatively dim illumination 
compared to airport approach or obstruction lights should not cause distractions 
or confusion with airport lighting. 

Destination signs, lighted by fluorescent bulbs, are mounted on the front and rear 
of each car, and on the sides at the top of a side window. The shape of this sign 
and its small size should render it easily separable fro~ airport lighting. 

The remaining exterior lighting consists of head and tail lights, which are similar to 
lights of existing traffic on Aviation and Sepulveda Boulevards. These lights are 
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Figure 5-1. Outline Drawing of a Typical Light Rail Vehicle, for Reference. 



aimed nearly at right angles to the approach path and thus should not represent 
new distractions. 

While a variety of lights appear on the exterior of the rail vehicle, these lights are 
generally of small size and low brightness compared to airport lighting. Should 
their presence be reported as a distraction by approaching aircrews, it is 
recommended that small metal "eyebrow" shields be attached, to limit the 
projection of light above the horizontal plane. These shields would minimize light 
reaching the aircraft while not restricting the visibility of the lights for their 
intended use by the rail system and its passengers. 

5. Potential Blockage of Runway 24R Approach Lighting System. 

A study of the cross-section drawings (5-5], for the Metro Green Line as it passes 
the Runway 24R centerline extended, revealed that the line-of-sight passing 
through the last approach light and the top of the Metro Green Line structure 
rises at an angle of 1.3 degrees. See Figure 5-2. This line-of-sight intersects the 
runway elevation at 1264. 7 feet toward the runway from the last approach light. 
Therefore, this line never crosses the 3-degree approach path (in fact, it never 
crosses the 50: 1 approach slope). 

The aiming point for this last approach light is specified as a point on the 
(3-degree) approach path 1,600 feet in front of the light [5-7]. This requirement 
results in an upward tilt of the light of 4.1 degrees, well above the Metro Green 
Line structure. 

For all categories of 11..S approaches to Runway 24R, the angle to all navigation 
fixes is at 3.0 degrees or above. For the published visual approach, the suggested 
glide angle is 3 degrees. Therefore, blockage of the approach lights by the Metro 
Green Line does not occur during an approach to Runway 24R. 

D. Recommended Further Action. 

If visual-cues concerns persist, it is recommended that a visual simulation be 
carried out, at a facility such as NASA Ames Research Center, where realistic 
cockpit and out-the-window views may be created and evaluated by aircrews. 
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VI. INVFSTIGATION OF POTENTIAL RADAR PROBLEMS 

A Statement of the Problem. 

Concern has been expressed by FAA and other parties [6-1, Item 5] that Metro 
Green Line structures may have negative effects on surveillance radar services at 
Los Angeles International Airport (LAX). Both airborne target and surface traffic 
detection are considered. 

B. Proposed Solution to the Problem. 

If the Metro Green Line is built in general accordance with the alignments given 
in Figure 1-1, or the one indicated by Bechtel in their August 6, 1991, study, [6-3] 
the radar clear zones will not be violated, and radar performance should not be 
impacted. 

The proposed alignment meets radar clear zone requirements for the existing 
north-side Airport Surveillance Radar (ASR) and the planned north-side Airport 
Surface Detection Equipment (ASDE) radar. Therefore, the Metro Green Line 
development is separated from plans for the I.AX North-Side Development and 
its schedule, at least in so far as any relocation of the radar is concerned. 

C. Discussion and Data Supportin~ Recommendations. 

1. General. 

Figures 6-1 and 6-2 show the north-side and south-side ASR installations at LAX. 
The south-side radar and ASDE will not be significantly impacted by the Metro 
Green Line. The radars shown in the photographs are examples of typical 
raised-antenna radar structures. 

2. Present ASR Site. 

The north-side radar tower height is only 17 feet [6-2], resulting in an antenna 
height 25 feet above local ground. Local ground elevation is 116 feet MSL, 
resulting in a tower-top elevation of 133 feet and antenna height of 141 feet. 

3. North-side Development. 

The north-side radar antenna height is limited at the present site by FAR Part 77 
surfaces. The radar could be raised only 10 feet from its present height. This 
increased elevation still places the radar below the tree line, and may result in 
blockage by North-Side Development structures. Alleviation of this problem will 
certainly be addressed by the FAA in the future. 
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Figure 6-1. North Side Airport Surveillance Radar, LAX. 

Figure 6-2. South Side Airport Surveillance Radar, LAX. 
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4. Proposed Metro Green Line Structure Beyond Westchester Station. 

Bechtel Corporation prepared several proposed alignments for the Metro Green 
Line beyond Westchester Station [6-3, 6-4, 6-5], three of which appear to meet all 
radar siting criteria. It should be noted that Bechtel cited the 141-foot MSL 
antenna elevation as the height limit for the rail structures, when the tower-top 
elevation of 133 feet MSL should have been used [6-6, 6-7]. As drawn, the 
proposed Metro Green Line structures do not penetrate the 133-foot MSL floor 
of the ASR clear zone. 

Similarly, this proposed rail alignment does not penetrate the required clear zone 
for the proposed ASDE to be installed on the north side of the airport. This clear 
zone is defined by the plane containing the ASDE base plate and the near corners 
of Runway 24R [ 6-8, 6-9]. The Bechtel drawings show this clear zone. 

5. Recommendation. 

The Bechtel-proposed alignments offer rail locations which meet siting 
requirements for both the ASR and ASDE radar systems, as currently installed or 
planned. If it is necessary to make a choice in the immediate future, it is 
recommended that one of these alignments be chosen. 

Acceptance of one of the proposed alignments separates the Metro Green Line 
project from the North-Side Development, at least so far as the radar systems are 
concerned. It avoids delays relating to relocation of the ASR, which would likely 
be required if the Metro Green Line were on the surface or were elevated. 

If the North-Side Development results in a decision to move the north-side ASR 
independent of Metro Green Line considerations, then the scheduling of such a 
move might become significant, if the rail system were not already committed to 
the (expensive) subway option. 

If it is possible to implement the storage-track area for the short-term, without 
forcing a commitment to the subway option, this would be desirable. Such a 
storage area could extend nearly to La Tiera Boulevard, if necessary. 

D. Recommended Further Action. 

The proposed alignments used for this task are apparently based on a 
previously-proposed location for Westchester Station. This station violates the 
34:1 approach slope as drawn, and should be moved or redesigned. If the station 
is relocated, these proposed alignments beyond Westchester must be altered with 
due consideration of the radar clear-zones. 
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Similarly, the temporary use of track and guideway west of Westchester Station for 
storage of rail vehicles must conform to the radar clear-zone requirements, if the 
recommended solution given above is taken. 
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VII. INVESTIGATION OF RAIL LINE ON All OTHER FAA FACILITIES 
INCLUDING COMMUNICATIONS 

A Statement of the Problem. 

There are at least 52 aids to navigation and flight operations with discrete 
equipment units based at the Los Angeles International Airport. It is rather clear 
that the proposed Metro Green Line alignment has a high probability of affecting 
the operation of some of these, either directly or indirectly, through their 
communication links to the control facility. For those cases where it is clear, 
special sections in this report have been dedicated to a discussion of the problems, 
their proposed solutions, and recommended actions. In this section, discussions 
are presented that relate to the items that are not as clear and perhaps not even 
considered with airport operations. The intent is to provide some omnivision on 
any prospective problem areas. 

The following are considered as important systems associated with operations at 
the Los Angeles International Airport. The problem, or perhaps best stated here 
as a question, is there a probability or even a possibility that the Metro Green 
Line with its planned alignment will cause a negative impact on the performance 
of any system serving the pilots landing at Los Angeles, and if so, which of the 
systems? 

The following systems are considered in this section. Reference is made to 
Figures 7-1 and 7-2 which show relative positions of many of these facilities by 
placement of the dots shown. 

1. The Los Angeles Very High Frequency Omni Range (VOR). 
2. The Los Angeles T ACAN. (This includes distance measuring 

equipment (DME). 
3. Non-directional Beacons (NDB's). 
4. Localizers on Runways 25L, 25R, 24L, 24R, 06L and 06R. 
5. Glide Slopes on Runways 06L, 06R, 07L and 07R. 
6. The 4 DME's associated with the ILS Localizers serving Runways 07L 

and 07R; serving Runways 06R and 06L; serving Runways 25L and 
25R; and Runways 24L and 24R. 

7. Voice Communications. 
8. Data links from the Radar sites to the Tower and Tracons. 
9. Magnetic field indicators such as aircraft compasses. 

10. Low Level Wind Advisory System data links (LL WAS). 
11. Monitor Remote Status Indicators. 

There are basically two types of interference. One is commonly called RFI or 
EMI for Radio Frequency Interference or Electromagnetic Interference. This 
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Figure 7-1. Relative Locations of the Many Radio Facilities on the Los Angeles International Airport. 
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interference takes place when the energy source is other than the source of the 
desired signal. For example RFI commonly takes place when one radio 
transmitting station provides a signal that interferes with the desired signal from 
the station tuned. The concern with the Metro Green Line is that because it is a 
heavy user of direct-current (DC) type electrical energy, some of that DC energy 
may be converted to radio frequency energy that can affect performance of 
aircraft systems. The negative aspect is that aircraft receivers are sensitive devices 
that can detect small amounts of energy, but offsetting this is that the noise 
generated would probably be relatively broad band, in a frequency sense, and the 
receivers are very narrow band, thus rejecting most of the noisy energy. 

The second type of interference is called multipath and occurs when the 
interfering radio frequency energy is generated by the same source that produces 
the desired, useful navigation information, and arrives at the user aircraft via 
different routes or paths. Many of the airborne receivers obtain the navigation 
information by processing the signals that are vulnerable to multipath. This is 
because they are amplitude-sensitive, i.e., the multipath signal is alternately 
constructive and destructive to the desired signal. The result is often a significant 
effect in the course information provided, for example, by the localizer and glide 
slope receivers. The Metro Green Line, with relatively large conducting car 
surfaces and overhead catenary wires, must be considered as a potential source of 
multipath. 

There are several clearly identifiable bands or portions of the radio spectrum 
which are of interest here. They are: 

Low Frequency - The Romen NDB operating on 278 KHz serving as an 
outer compass locator for Runway 24R. It is the only low-frequency beacon 
associated with LAX operations. 

Very High Frequency - VOR 113.6 MHz, Localizers (108-112 MHz), 
Markers (75 MHz), LL WAS data Links 164.250 MHz and 169.375 MHz. 

Ultra High Frequency - Glide slopes (329 MHz to 335 MHz); Receiver Site 
on the sand dunes (northwest) link to the Control Tower, DME, Radar Beacon 
Transponders, Tacan. 

Microwave Frequencies - Surveillance Radars and the radar-type airport 
surface detection equipment (ASDE), and some microwave communications relay 
links. 

With respect to RFI/EMI it is important to note that there are no planned power 
line carrier-type frequencies superimposed on the Metro Green Line overhead 
catenary system, which is, of course, the power feed to the railcar operation. One 
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must consider, however, that because the bounce of the contactors in the power 
feed to the cars, arcs will be produced. These must be considered as possibilities 
for interference because arcs ( such as lightning, for example) are well known to be 
radio frequency noise sources. 

The best justifications for determining the extent of the Metro Green Line as a 
source of noise which would interfere with airport operations is to look at the; 

1) basic theory, 
2) experience with other systems, 
3) specifications for the railcar manufacture. 

Theory and the basic knowledge of arcing indicates that the portion of the 
spectrum most affected is the low frequency portion. This is consistent with 
intuition since most people have experienced lightning effects on their standard 
broadcast receivers. Fortunately, for the Los Angeles Airport/Metro Green Line 
considerations, the only station operating in the low frequency band is the Romen 
outer compass location approximately 5 miles east of the airport. 

Experience is an important basis for determining possible effects. There are 12 
examples of rail systems operating in the United States near airports that may be 
used for establishing an experience base. TransCal surveyed these cases shown in 
Table 7-1. Importantly, in none of these cases of specific sites has there been a 
known report of RFI/EMI produced by the system or trains. Reports also from 
examples in Europe indicate no interference is produced by rail lines. 

Specifications for the manufacture of the railcar components are strict with 
respect to electromagnetic radiation. Los Angeles will insist on rigid adherence to 
the specifications given in Specification No. 2168.01, Section 2.1.8.3.4, dated 
November 1990. Specimen vehicles tested at the American Association of 
Railroads test site in Pueblo, Colorado, indicate that measurement values specified 
at 100 feet are so small that the range must be reduced to 50 feet in order to 
obtain measurable values for examination with respect to the specifications. In 
sum, the radiation emitted by the railcars is expected to be embedded in the 
ambient noise and not even detectable with specialized test equipment at a 
100-foot range. This being the case, there should be absolutely no effect on 
airborne equipment passing overhead. The airborne receivers are narrow band 
and the antennas are also band limiting. 

There is a question as to what effects might be observed if the 12-phase AC 
system develops a fault. A conceivable fault is the Metro Rail harmonic content 
of the signals that result from a failure in the rectifiers. When operating normally, 
the 720 Hz harmonic cannot be measured in terms of radiated signal. There is no 
experience recorded where there is interference even with high direct currents 
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Table 7-1. Summary of Survey run by TransCal Concerning Other Airports with Nearby Rail Lines. 

DISTANCE RAIL COLLECTOR TRACTION DATE 
CITY AIRPORT ELEVATION TO RUNWAY SYSTEM SYSTEM POWER INSTALLED 

BALTIMORE MARTIN STATE GRADE 7SO FT. AMTRAK CATENARY 25 KV ·--· 

CLEVELAND HOPKINS GRADE 17SO PT. HEAVY CATENARY 600VDCCAM 1970 

NEW YORK JPK GRADE 3SOO FT. HEAVY 3RD RAIL 600VDCCAM ----
NEWARK NEWARK GRADE SOOO PT. HEAVY 3RD RAIL 600VDCCAM ----
ST. LOUIS LAMBERT GRADE 16SO FT. LIGHT CATENARY soo voe 1993 

BALTIMORE BWI GRADE 2000 FT. AMTRAK CATENARY 25 KV ··-· 

BOSTON LOOAN GRADE 237S FT. HEAVY CATENARY 600VDCCAM 1952 

CHICAGO MEIGS GRADE BSOO FT. COMMUTER • • ·•· ·-· --·· 
CHICAGO O'HARE GRADE 32R 1700FT. HEAVY 3RD RAIL 600VDCCAM ----

~ 

~ ATI.ANTA HARTSPIELD 40 PT. 2800 PT. HEAVY 3RD RAIL 600VDCCAM 1988 
AERIAL 

WASHINGTON NATIONAL AERIAL 137S PT. HEAVY 3RD RAIL 7SO VDC 1981 
CHOPPER 

l.OSANGELFS LAX AERIAL 12SO PT. LIGHT CATENARY 7SOVDC 1994 
AC DRIVE 



of 9000 amperes. There is considerable selectivity in the airborne receivers that 
would allow the receiver to reject the fundamental and higher harmonics that are 
present, should signals be radiated. There is no experience or theory that suggests 
these types of signals to be of practical concern for aircraft operators. 

There is a plan in place to take measurements of the ambient noise levels at 
different points around the airport. Should any question of noise develop, this 
base line will allow a comparison and an assessment. There is high confidence 
from the experiences and calculations cited previously, that there should be no 
measurable change with the addition of the Metro Green Line. 

A discussion of each of the facilities follows: 

1) Los Angeles VOR - This is an enroute navigation aid operating on a 
carrier frequency of 113.6 MHz which is received by narrow band receivers (6 dB 
at ±34 KHz) on board the aircraft. The justification for discounting RFI is 
experience, and for discounting multipath is the 2-mile range separation of the rail 
from the VOR station. With a 20-foot height of the rail system this results in a 
very low elevation angle, on the order of 0.1 degree. This means that very little 
incident energy from the VOR reaches the potential reflector, viz., the side or roof 
of the railcar or the OCS. 

2) Los Angeles Tacan - This also is an enroute navigation aid but with a 
higher frequency of operation, 1107 MHz. The Metro Green Line is not expected 
to have any effect on aircraft using this navigation aid because it operates on an 
ultra high frequency carrier with a narrow band receiver. Multipath effects will 
not be significant for the same reason as that for the VOR. 

3) NDB - This low-frequency beacon might be one of the most potentially 
vulnerable navigation aids except for there being only one for lAX, and it being 
located 5 miles from the Metro Green Line. Engineering judgement based on 
known performance of other beacons in the presence of rail lines leads to the 
conclusion that there is no risk in expecting the Green Line to operate on a 
non-interfering basis with this outer compass locator for the ILS's on Runways 
24R and 24L called Romen. 

4) Localizers - There are 8 of these VHF navigation aids at lAX. See 
Table 7-2. Two of these are discussed in Sections II and IX of this report. The 
signals produced by four of these, viz., those serving Runways 251.., 25R, 24L and 
24R will not be affected for the same reasons as given for the VOR. Localizer 
signals for guidance to Runways 06L and 06R will not be affected because the 
Metro Green Line will run approximately 2000 feet behind the antennas where 
the signal level is lower in magnitude by a factor of approximately 1000. A view 
of two of the most central localizer sites is shown in Figure 7-3. 
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Table 7-2. Summary of Navigation Aids Serving Los Angeles 
International Airport. 

FACILITY IDENT. LOC. FREQ. G-S FREQ. DMEFREQ LOM/ 
MHz MHz .MHz OM 

LOC6L 1-UWU 111.7 333.50 1075 -
LOC6R 1-GPE 111.7 333.50 1075 -
LOC7L 1-IAS 111.1 331.70 1072 -
LOC7R 1-MKZ 111.1 331.70 1072 -
LOC24L 1-HQB 108.5 329.90 1046 ROMEN 

278KHz 

LOC24R 1-OSS 108.5 329.90 1046 ROMEN 
278KHz 

LOC25L I-LAX 109.9 333.80 1060 LIMMA 

LOC25R 1-CFN 109.9 333.80 1060 LIMMA 

VOR LAX 113.6 - 1107 -

5) Glide Slopes - The glide slope serving Runway 24L is discussed in 
Section N. All glide slopes including those serving Runways 061.., 06R, 07L and 
07R are UHF and provide excellent immunity from RFI/EMI. UHF is relatively 
free from noise from spurious sources and further protection comes because the 
receivers are narrow band (6 dB at ± 21 KHz). 

6) Marker Beacons - These operate universally on a single carrier of 75 
MHz. This includes, inner, middle and outer marker facilities. Because the 
radiated narrow beam of energy is directed vertically over the beacon location, 
there is low probability that an interference source will produce a level that would 
interfere unless it were dehberate. There is no case known where RFI/EMI has 
been a problem. The immunity is enhanced by the bandwidth of the receivers 
being typically 6 dB at ± 10 KHz. Multipath is not a problem because the 
specifications for marker beacon facilities can be and are such as to prolnbit 
reflecting structures from being located in the vertical beam. In Section III, 
Figure 3-5 of this report is a photograph of a typical marker beacon which has the 
antenna system arranged for typical vertical radiation pattern. 

7) DME - This is distance measuring equipment operating 983 - 1170 
MHz. The operation is immune to RFI/EMI because of its high carrier 
frequency and the user is further protected because it is a precisely controlled 
pulse-type system; plus it has a signal format that is extremely different from 
broad-band noise. Multipath could be a problem if the reflecting surfaces were 
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close and large. Three of the DME stations are over 2 miles from the Metro 
Green Line and the other 2 are sufficiently far to avoid blockage of signals and 
significant multipath. The railcar surfaces would have to be at least an order of 
magnitude larger and located closer to the antennas serving Runways 06IJR and 
07UR to have a detectable effect. The reader is reminded that one DME station 
serves the left and right runways in each complex and in each direction. This is 
accomplished by switching identifications as the other nearby parallel runway 
operation is activated. 

There is a long range plan to change this operation of having only one of the two 
II.S's on the air at any given time. This would mean that 4 of the II.S's would 
have to be assigned different frequencies from what they are now to allow 
simultaneous operation. This would be a major undertaking and if it should come 
to pass, would not alter the conclusions reached under the assumption of the 
present scheme. 

8) Voice Communications - The voice ground-to-air and air-to-ground 
communications at LAX operate with sensitive, narrow-band Very High 
Frequency carrier signals giving them great immunity from RFI/EMI noise 
sources, such as arcs from breaking contacts. Further, calculations show that any 
radio frequency energy generated by the Metro Green Line would be far below 
receiver threshold values. The reader should note by referring to Figure 7-1 that 
the LAX receiver sites are at least a minimum of one mile from the nearest point 
of the Metro Green Line. With respect to multipath these communication systems 
are not particularly phase sensitive. There would still be no major problems due 
to multipath even if the Metro Green Line were much closer to the receiver sites. 
See Figure 7-4. 

9) Data Links from Radar Sites to the Tower and Tracon - Fortunately, all 
links have been put on cable and run underground for consideration of possible 
adverse effects of the Metro Green Line on linking information from remote radar 
facilities to the users in the tower and Tracon. There are no above-ground air 
links to consider. 

10) Magnetic Field Indicators - The basic reference for aircraft headings is 
the magnetic compass operating with the earth's magnetic field. The 
above-ground catenary conductor system associated with the Metro Green Line, 
will produce some strong magnetic fields because it contains large currents on the 
order of thousands of amperes. The concern then becomes one of whether the 
aircraft magnetic-field sensing compass will be significantly affected as it passes 
over the catenary. 
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B = ;1! cmy( ~ - ~l 
R1 •R-hcos8 
R.i • R + h cos8 

As stated before, magnetic compasses derive their orientation from the Earth's 
magnetic field. Toe magnitude of the Earth's magnetic field Be is 5.7 x 
10-s tesla. In order for a compass to be affected, an external field of at least the 
same order of magnitude as the Earth's must be present. Also, the field must not 
be aligned with the Earth. Alignment losses are written as cos y, where y is the 
angle the current in the wire makes from magnetic north. See Figure 7-5. 

The longest straight section of wire is at least 5000 feet long. Assuming that the 
aircraft is not near either end of the wire, the wire can be approximated as being 
infinitely long. Toe magnetic field from an infinitely long wire is 

B = µI [J_+_!:_] 
21t R1 lli 

where I is a steady electric current, R 1 is the distance from the wire to the aircraft, 
R2 is the distance from the image current in the ground plane to the aircraft, and 
r is the reflection coefficient of the ground plane. For the cases of interest, r is a 
complex number whose magnitude is between O and 1 and whose real part is 
negative. Ground images tend to reduce the magnetic field of the wire. In Figure 
7-5, the circle with the dot represents a wire carrying current in the direction out 
of the paper. It is a height h above the ground plane. Its image lies a distance h 
below the ground and flows into the paper. A plot of the magnetic field intensity 
versus distance from the wire is given in Figure 7-6 along with the value of the 
earth's magnetic field. 

Assuming worst case alignment and neglecting ground images, the magnetic field 
from the wire is B = 2 x 10°"/R tesla. This is less than the earth's magnetic field 
for distances greater than 12 feet. 

Image currents in the soil tend to reduce the magnetic field depending on aircraft 
angle of incidence. [7-1] 

Other considerations are time derivative effects. These cause momentary 
inductive transient fields which can be even greater in magnitude but are short 
lived. One inductive transient is the starting and stopping of the train. Toe time 
derivative currents set up an additional short-lived magnetic field. Also, the 
movement of the aircraft in the vicinity of the wire produces small transient fields. 
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These are considered negligible because of the distance between wire and aircraft, 
and aircraft speed. 

The compass error can be calculated as 

CE = tan-1[ k; cosy ] 
1 +k siny 

where k = BIBe and y is defined in Figure 7-5. For k=O.l, the compass error is less 
than 6 degrees. Th.is means that the aircraft cannot fly within 120 feet of the Metro 
Green Line. Including the effect of damping will reduce this distance as a function of 
aircraft speed. See Figure 7-7 for graph of compass error versus wire magnetic field. 
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Figure 7-7. Compass Error Versus Magnetic Field from Wire. 

11) ll WAS Data Links - Wind shear advisory information is collected at 12 
sensors and fed to the control tower over VHF data links with a polling scheme. It is 
important that these links not be interrupted and be undisturbed. The VHF links 
currently operate in a satisfactory manner and are not absolutely line-of-sight. 
Vehicular traffic that presently exists on Aviation Boulevard and the large freight cars 
that pass on the Santa Fe tracks have had no noticeable effect on the performance of 
these links. Based on this experience there is no predictable adverse effects due to 
Metro Green Line cars or the OCS. It is not a phase-sensitive system. The operation 
at 160 MHz in the VHF band provides for good immunity from the general noise in 
the spectrum including that which might be generated by the Metro Green Line but 
not sufficient]y great enough to be detected and measured. 

12) Monitor Remote Status Indicators - All Il.S's have executive monitors. In 
most all cases, it is important for the air traffic controllers, in particular, to have an 
indication of what the status is of each of the facilities. Should a fault in a system 
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develop, the monitor senses this and the executive function provides for the system to 
shut down, i.e., the transmitter is shut off. At some airports the status, viz., the 
transmitter is on or off, is provided via a radio link. In the case of all Il.S 
components serving Los Angeles this is not an issue because all status indications are 
sent to Air Traffic Control via telephone land lines; therefore, the issue of Metro 
Green Line interference does not exist. 

The preceding discussion results from information obtained principally from FAA 
personnel who have the responsibility of maintaining the specific systems discussed. 
These people are the first ones to know of problems and certainly are motivated to 
prevent them. In summary, the conclusion is that the great majority of electronics 
systems at LAX which exist to serve the aviation user will not be impacted by the 
Metro Green Line. This section has discussed that majority. 

B. References. 

[7-1] Halliday, D., and R. Resnick, "Fundamentals of Physics", John Wiley & Sons, 
Inc., New York, 1970. Appendix B, p. 797. 
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VIII. MEETINGS AND LIAISON 

A major part of this work effort has been to collect data, opinions and concerns, 
perform appropriate study, and use considered judgement to develop 
recommendations. The preceding sections of this report have identified specific 
concerns expressed by a number of individuals and concerned organizations such 
as the Los Angeles Department of Airports, the Federal Aviation Administration, 
the Air Transport Association and the Airline Pilot's Association. Those concerns 
which represented valid technical issues are addressed in specially dedicated 
sections in this report. In these sections the problem is presented in detail, the 
recommended solution or solutions are given and data where appropriate are 
given to support the recommendations. 

One of the challenges has been in attempting to become omniscient with respect 
to potential problems that could affect Los Angeles Airport operations by the 
Metro Green Line being built. In this attempt many interviews were conducted 
with people close to the problem and ones who had been identified as having 
concerns. A number of individual and group meetings were held with people, the 
majority of these people being FAA personnel. 

Another part of the work has been to communicate and educate personnel 
associated with the Metro Green Line development. Since considerable time and 
funding were expended in this process, this section will be used to provide in 
summary form, some documentation of this process. 

R. H. McFarland, Ohio University; Meetings in Los Angeles 

May 29, 1991 

May 30, 1991 

May 30, 1991 

Rail Transportation Systems 
Frank Doscher, Donn Allen, Charles Edelson, Les Durant, 
Deepak Shah, Lynn Struthers 

FAA Regional Office and LAX Sector Office 

Los Angeles Department of Airports 
Mal Packer, William Schoenfeld, Robert Millard (with 
Edelson and Doscher) 

R. H. McFarland, R. W Lilley, Ohio University; Meetings in Los Angeles 

July 10, 1991 TransCal 
Joe Sheard, Kirk Rummel, David Sievers 
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July 10, 1991 Rail Construction Corporation 
Dave Sievers, Tom Tanke, Ed Cashin, Jerry Chavkin, Kirk 
Rummel, Charles Edelson 

July 11 & 12, 1991 FAA Regional Office, 2 formal meetings 
Howard Yoshioka plus 9 staff 

July 12, 1991 L A Department of Airports 
Mal Packer, William Schoenfeld, Bob Millard, Jack 
Graham (Dave Sievers, Joe Sheard, Kirk Rummel) 

R.H. McFarland, Ohio University; Meetings in Los Angeles 

July 31, 1991 FAA and LA County Transportation Commission 
Carl Shellenberg and Neil Peterson plus 20 staff personnel 

August 2 & 5, 1991 FAA Regional Office 

August 6, 1991 

August 7, 1991 

August 9, 1991 

FAA LAX Sector Office 

FAA Regional Office 

Wilcox Electric Corp; in Kansas City, Missouri 
Robert Zimmerman, Executive Vice President; 
Ed Key, Director of Engineering and staff personnel 

September 24, 1991 LA County Task Force Meeting in Los Angeles 
Judy Weiss, Joe Sheard, Al Thiede, plus 20 staff of Dept of 
Airports, FAA, Gruen Associates, TransCal 

September 26, 1991 LA County Transportation Commission 
Briefing for Airline Transport Association and Airline 
Pilots Association at the Rail Construction Corporation 
Offices. Judy Weiss, AL Pregler, George Carver 
(Doscher) plus 18 staff personnel 

September 27, 1991 FAA Regional Office 

September 30, 1991 FAA Regional Office 

October 1, 1991 FAA Regional Office and LAX Sector Office 
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IX. INVESTIGATORS 

The following persons have performed tasks and generated technical 
product related to the sections identified with their names below. 

Richard H. McFarland, General, Sections II, IV, and VII 

Robert W. Lilley, Sections III, V, and VI 

Mohammad Dehghani, Sections JIB and IVB 

David Quinet, Sections IV A and IVB 

Gary Sims, Section JIB 

Frank Marcum, Section VII 

Jamie Edwards, Section IV A 

John Johnson, Section IV A 

Tom Brooks, Section IV A 

Simbo Odunaiya, Section IV A 

Robert Redlich, Section IV A 

Martin Praz5ky, Section IV A 

Benjamin Bennett, Section IV A 
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Di: Richard H. McFarland 
Russ Professor Emeritus of 
Electrical Engineering 

Di: Robert W. Lilley 
Director of the Avionics 
Engineering Center 

Mohammad M. Dehghani. P.E. 
Assistant Profe!>sor of M r t:han1c•af 
Enj_(ineenng 

PII .D .. L o u U;iana S ta le U 11wersill/ 

Richard H. McFarland founded the Avionics Engineering Center 
in 1963. Since that time he has been successful in initiating projects 
for such sponsors as the FAA, NASA, U.S. Army, U.S. Air Force, 
industrial organil.ations, and numerous airport commissions and 
design groups. He bolds a B.E. from Ohio University and M.S. and 
Ph.D. degrees in electrical engineering from Ohio State University. 

An active pilot, he holds airline transport pilot and flight 
instructor certificates with a DC-3 type rating; is qualified for 
Category II landing operations in a Beechcraft 36; and is rated as 
a flight instructor for single and multi-engine aircraft and for 
instrument flight. He is a member of Phi Beta Kappa, Tau Beta 
Pi, Eta Kappa Nu, and Sigma Xi proft:Mional and honor societies. 
In 1989 he was awarded the FM's Distinguished Service Medal for 
his career-long work on Instrument Landing Systems. 

Robert W. Lilley, director, project engineer, and profes.sor, 
performs both management and technical functions for the Avionics 
Engineering Center. Currently, he heads the l.oran-C Performance 
Assurance Program, sponsored by the FAA, and works as a 
research engineer on projects involving the Microwave Landing 
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WIO™ LIQl4TINCI lnlTEMS >< 
' CU\.AIIANCf IIELOW ,ATM ,a, FACILITY n•~s 

/'I I,\ STIIIJCTURI IELOW '"™ ,,c o, s 1/C 

\r \ \ 1.,•A-;o,/ ,1oTH STRUCTVIIE • Z I UNIIESTIIIClEO '5<"' 'S< . , ~ 

c-.. I ·\ I '..- f._--,/ .. _ PATH STIIUCTUAE • 2 Z IIUTAICTEO 
\ j I -· , ;Jo-/ PA'T)4 ITIIUCTUlll • U UNUIAll£ 

'J - US.Olll OIITAHCl '"1TAlol'I: --IY ... [TIIY 
0£1': ,,,~-"~ m 04TE: M0NIT011 

1>. "tMAfl'-S: 
-n/4' h/F,'/l.Y.r<"..e CO-/L~nr ./'h!10i>1&, ,,:::;.· " ~,.J ~P/-

--
_/,')-" 

11£010H A..,,,, : n,7 A VA;;;;;;;~: TECHNICIAN'S SIQltA'TUllt: .tJACIIAFT NO : 

,ii:o ~LJ.-. ,,,. L~ ... ✓./d .7~-

A 9 

.:.. 

' . _;. 

- -, 

a 
c:: -



APPENDIX B 

Facility Data Sheets for ILSs on Runways 

24R, 24L, 25R and 25L 

B -1 



B 
A3ll ,OSS;P DU£• 09/06/ 91 aoa~ 13:19 

• • • Il.S IWQUl!IY • • • 
AIRPOU I.OS >JIC!l!S IIITL AIP'MO lLAl lii"! m I.Cnl LOS lllGELES 

• I • !PIS DAU • • • 
11.S·PAGM ILS·PAGM It.S·PAG!-3 ILS·PAGM 

10m oss Cl.\ m-s1-02.3s cs-or, L400 LC·DIS 10159 
Rw-BRC 263 . 00 CLO 11118-24-15.22 Oll·DIS 38910 LC-OPP 
mo lOUO CHIJI 3.00 'l'll·llIS 1026 Le-PCB 263.00 
11'.'AJ !14 CS·lllD ,70 tll-lGT 117 LC·BCS '2.91 
CA? ) CS·B<ii 119 lz-B~ 112 LMID 3.37 

IWY ·UX:·L!IIGTII 1925 
• * • lOC>.LUEll • • * 
UT m-56·53.17 UITTEIS Cl.:AL 
l,OM illl&-26·23.74 fQUIMYP! llL 
tLEV m .o STBY·POWU CaDI 
OO·TYPt 1.0C·PEI ISV Y!S 
DCAL·rtf.Q YPS RESTllCl'ID II) 

US-DIST: PC 25000/15.0 Be 0/ .0 

LOC-1~ 2960/ .m 
LOC·fl 11815/ 1.9~ 
l.OC·IJI 12120/ 2 . 109 
l.OC·IIM 14773/ 2.431 
l.OC-fM/1>.Y 4976~/ I . HO 
BC·OCPl 

LOMAIL 
LOl•n•TB 
DU'l-(alll 
scrm-Accr 
1CH!·II> 
call)-COl)J 

YES 
0699 

06/17/U 
6 

CLlllC-<:'IG: fC 90j)5 150/15 llC 9-0/ 0 150/ 0 MIHIIDTII WJ.9( 802. 79 VOICI 
0:1"?-DtSC: JC 1A1 &. l OIi! BC 

• I • GLID! SlOPI I •• 

ELEV 11',9 XKITTW OOAL DIS·Tl!·PT-<: 155.(/ .HO 
un'·TYPE C>.P-EFP !QCIMYPI VL CS·TB 1026/ .161 
Cl,· tU!V·.W 111.6 Flf:0 329.90 CS·Ill 1961/ , 322 
Ta 55,2 ISV llO CS-IDI )914/ .6H 
EL!V·CS!l>-TC! CIOWII JF.STIICl'ED IIO CS-QII/FlP ll910/ 6,103 
lPIS·CORD5 >.llTUll CPMI 1052.7 IPM'II 102'-0 
An: L\T 133·57-02.35 Ulll Wlll-24-15.22 A[l•PT: LAT 113M7-o6.21 

• II.S·DIII/Cl1'BEJ·a!E • 
C11A11 0221 
UT Nll-56•50,26 
WI Wlll·26·19.2J 
!L!V m.o 
usmcrm ao 
Xllln'DS SIIIGLI 
lli',T!-COIOI 00/00/00 
SUIVEY· 1CCY 6 
ACUE·IIO 
<X>n>-COOE l 
Dll! • W / CXP'? 1.1 
on! El· DIii 

LAT 
LOI 
!L!Y 

OOTEI-IIKR 
13MH3.60 

lilll-16·37. ,o 
m.o 

OIST•ft 
DIS1·DIHL 
0.\TE-<alll 
llU/llSI 
COIIO-COllE 
SUIVEY-Accr 
TAPtLIIE 
BAJTB-Clm'E 
IISL· ALTITl.'OB 

37"4/ 6,23 
1S2 

06/17 /11 
IOIWI 

l 
6 

20)9 ,2 
36,2 

219C.O 

• • • SIi.PS • • • 1PL 

• lIOOLE·llilK!l t 
1133-57-11.00 

11111-23·29, 70 
104.0 

2HI/ ,47 

01/07/75 

l 
6 

205 .1 ., 
32U 

CS·AIT-OPP llOO 
IQMIICll 13. 30/L2. 77 
llA'?l-<X»II 09/ 16/11 
Sl.'JV!Y·lCCY 6 
ACHl·IIO 
~ A 
S'mMOIIEI BATT 
Ult llllMHUO 

t llllD-nJllD • 
1133-57·01.60 

Wll&-23-52.70 
105,0 

93f>/ , 15 

APL 

01/07/75 

l 
6 

102.1 
.o 

221.4 

LAS1 OPD!TE 7,' 2.'91 
Sl' CA l!G 11P mo SAC OWII p 
• • • AIIPOl'f' D!U • I • 

>JP-LAT llJl-56-ll.10 
UP-lnll WllMHS.80 
rt~EI.EV 126.0 
Tll·ln 1133-57-07 .51 
Tll-1.011 illlll·21-0J.72 
TB· !LI\' ll7 . 2 
l!· LAT ftll · So·So . 74 
H·LOI lllll· 2'H8.87 
lE-EllV 111.6 

R\i't-L!HGTII/WlOTB amw,0 
DSPt.a>-rB·DlST 
llSP!ll>-fl· LAT 
DSP~-Lal 
DSPLC!r ?B • ELEV 
iW'HJlG· LDICTII 
TDMLEV 

SOO·OO· OO. 00 
0000-00·00 . 00 

.o 
8925 

120. ~ 

l)lCJSIOl·ll:ICBTS: 
DB DlST/1>.LT 
11001 mm 
(150) 1867 16( 
(200) 

PDPOUIAXC!-CIJ.SS 
CtllllAL om.: 

n /lVAJ 
!CAO 
<Xlll·SYS 
A1CC 

1910i El 4 
K 

Yl.S 

sc-smw or 
IIOII-CAT l 

lllll·UX: ATC'f 
rIPl>-PlOC!DCI~ SAC 

ASS>C·FlCS: SLAP 
Ulll OSS /2il .OO ns 
Ulll 
LIi 
IDB 
J.SSOC ·IIXR 
1PL C Zl 

.IJ>L 
Dtsel!PTIOII .ulD! PUN, IJtT Dtsall'tIOII 1IIDT PllBL IJIT D!SCllPTIOII UM Plll!L !'.111' 

!LS M 211 20 YES IIO ILS Jlil 241 C>.T 2 20 YES IO ILS IWY 241 CAT 3 20 YES NO 

&F.StlICTlOII: 

IWJl(S: 

1 IU Loe.mo 2611' OI.'? S!J IJII) 331' Lin. 00 TO AD mw /1.90 JIN, 00 'l'O 01 "427' j l.13 RII. 
2 UJi/CU C!ICK!D AT 4600' IISL. Ul.l&Af aEa1iD s.msrACroRY. 
3 ~ SDIVEY 11/30/11 , 

• • • BID or IIPOJT • • • 
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B 
AJU ,BQ!l;P llATt• 09/06/91 IIOOl• 13:20 

t I t ILS ?IIQUIRY * t * 
Al lPOIT LOS AIIGBI.ES [ITL AIPMD Kill IWY HL Leff LOS MIG!L!S 

• • • APIS DUA • • t 
ILS· PAGE-1 

It>m BQB 
111-811. 2tiJ.OO 
mo lOUO 

iLS·PAGM ILS·PAG!-3 ILS·PACM 
GLA IIJM7·02 .25 GS-OFP 12'° LC·DIS 10531 
GU> lllMHS.21 Oll·DlS mu l.C--OPP 
CS·AI.II J. 00 fB·DIS 1026 LC·PCB 263.00 

IIVAR !14 CS·WID . 70 rB·IIC! lll l.C-BCB &2.91 
c.\T l Gs-KG? 116 H·BGT 101 LC•WID 3.47 

IWY•[1X;•LEIIGTll 10215 
* * * LOCALHER I • t 

LAT XJMH6.61 IKITTtiS SiiCLB 
I.OM lilll-26•11 ,90 IQCIMYPE IIL 
!UV 122 .0 ST!lMUIEl Olll 
I..NMYP[ MIVC !SV IIO 
IX:AL·FREQ HO HSTRICTm I«) 
CS·0IST: re 2!'flXJ,'S5.0 BC 0/ .0 

LOC·iE 1275/ . 20! 
LOMB 11S60/ 1. 902 

l..OC· IJI 
UX:·Nll 14491/ 2.316 
UX:~/P!P 49452/ 1.131 
BC•CKP7 

Lal·TUL 
LCW·FT· TB 

D.lTl-o:llOI 
SOl'/!HCCY 
lCll!-10 
t'011H'OOB 

YFS 
0700 

01/25/67 

' 
CLPJIC-<."JG: PC 90/15 lSO/ lS (IC 90/ 0 151)/ 0 laHIIDl'B .04.05 N0UI VOICI DE 
CXP?•Dtse: re PAY 1.1 Oil! BC 

• • • GUDE SLOPI t * t 
tLEV 114.9 ll!If'TllS SIIGLI DIS-Ta-PT-< 712,9/ . 121 
>JMYP! lf1JU.·ltf lQOIMYPI i1L GS·TB 1026/ .lU 
CL·ELE'i·.1.811 116.l mo )29.90 Cs-Ill / 
TCll 59.0 BSV llO G-111 3964/ .652 
EL!V·CSEO-ra! CIOill Rr.m:ICTED llO GS-<lft/PAI 3"11/ 6.405 
ms-COlllS OO!KIIA CPI•iB 1m.2 lPMB 1026.0 
All'f : UT NlM?-01.25 Lal Wlll-24-15.21 llll·Pl': W 133-56·59.40 

* ILS·l»IE/Offll·l»IE * 
cw om 
w m-56-so.2, 
I.Oll m1-2,-i,.21 
tLEV m .o 
llS1RlCT!D lk> 
OOTUJS 001L 
om-rou 01/ 2'.>/61 
SOIVEMCCY 6 
AGIBE-110 
CDIIIKODt A 
DIIM Ar /00'? 1.1 
O'l'IEl·DIIB 

OUT!l-11(1 t 
w 
LOIi 
!LIV 

IOMMJ,60 
Wlll-16-37. 40 

136.0 
37192/ 6.23 DlSM'B 

DIS?·Dil-<L 
DATE-<Xlllll 
JAIII/CSI 
a)Rl)-(X)DB 
sarm•ACCY 
TAPELIKE 
Wff·CUIVI 
IISL • ALTI TIJDI 

08/25/67 
IOl!I 

A 
6 

2039.6 
)6.2 

2l9U 

t IUillU·lllKEI * 
133-57-04.20 

VllMJ-21 .10 
10),0 

2931/ , II 

0l/?S/67 

l 
6 

207. 7 
. I 

324.4 

C.HJr?-OPF 12'0 
lllll-ANCLI Bl .JO/U. 77 
DU!-allll 04,'30jl9 
SOIVEHCCY 6 
ACllt-110 
CXllll>-<X)J)E .l 
STBY·POWD C:0111( 

LOIi llllMHU9 

• l.OU·IIAUEI I 

UST CPl>HI 7 /15/91 
ST CA IEG WP mo SAC OWN r 
• • * Ull'Orr DI.Tl • * • 

UP·LAT NlM6·Jl . 10 
>JP-LOIi 11111·2H5.IO 
rIEIJ>-!l.!V 126 .0 
Tl·LAT N3MHJ0 .64 
f8·Ulll illl1 ·21-<l2 ,7l 
TB· IUV lll . 1 
ll-LAT IJJ-56·41 . 21 
JM.oll 11111-26-0J.a, 
ls-ELEV JOI . I 

IWY·LtllG'fBfiilDTB 10215,' 150 
osPLCD-ra-om 
DSPJ..a>-TB· UT S00·00-00. 00 
DSPLCO-Tl ·l.011 8000-00·00 . 00 
DSPL<l>-TR·!L!V .o 
RWY•IJ)C•LDICTa 102&S 
TDMLBV m.o 

D!CISI0!I-BEIG!l'S: 
al DIST / RI.LT 
(100) 
(150) 
(200) 

PQl'OU.l.JICE<US.5 
GD!IAL ~TA: 

YI/IIVU 
10.0 
COi-SYS 
!PCC 
l!C·STATCS 

11011-0.T 
11)11-l.OC 
PIPO-PlOC!DCUS 

!SSOC·FACS: 
l.Ol 
LIQ( 

Lill 
m 
ASSOC· lru 
APL l 

APL 

lklllE 
0 
ATt'T 
S.\C 

SIAP 

• • • SI.IJ>S • • • 
Dl!SCllPTial 

APL 
1IID'I' l'llBL 111T 
1' YES IIO 

Dl'.SCJIPl'[OII 
APL 

AIIDf PUBL 111T DISCIIPTIOII AIIDT PC8L Rl!1' 
IIJ Wt 24L 

l!STiIC'U0M: 

HlllllCS: 

l Diil lLSO suvzs IUIIWAY 241. LOCAT!D 1259 out C/L ,OU SEI 111D 361' Jrcn or C/L. ml fO 111 • mu-;1., Ill; DI!! TO 011 • 19436' :'& 
,14 Ill . 

2 LOC.lLUU COOJSI iilml AND a.W111C1 OlllPllIBILffl W SATISPAC!Oll 1lP 1'0 10,000' IISL. Jllll4AP IS SAT. 
l ~-FACS; LOK OS., 271 SUP YES, 
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8 
rn1 ,CFM:P Dm• 09/06/91 JICX!i, 13:20 

• • • 11.S UQIJIRY • • • 
ml'lm LOS ),HCEL&S UITL ARPMD KLAX Ji'Y 251 lffl UlS AIIGEI.ES 

• • • Ans DATl • • • 
ILS·P!CM U:S·PAG!-2 ILS-PACM ILS·PlGE-4 

!Dtn Cl'N cu V33·56· l 7. 11 cs-orr IJ34 LC-DIS 10,°' 
lii•BlC 263 .02 CLO t:111-21-06.93 Oll·D[S mu LC-OFF 
mo 109. 90 Gs-AUi 3.00 n-DIS 1039 LC-Pel 261.02 
mt Ell GS-WlD . 70 TII-ICT g4 LC·l!ICII ,1.00 
CJ.1 I Cs-&GT ,a U·ICT 119 LC-111D J. 39 

it,"Hl>C·L!IICTB urn 
' I • LOCALIZER ••• 
L.\T N)J-56-0&. 07 1"l'ITW SIIIGLI LOME 711 / .117 Lai·TA[L 
LOJ Wlll-25·!1 . 70 EQOIP·TYPE Iii. LOMB 11845/ 1.949 LCIMT·TB 
ELeV 119.0 S?BY-~£1 COIOI LOC·IN DAT!-<'Xlllll 
l.llMYPE LOC-P!I !SV YES LOC-U 11737/ 2.125 SlllVIY·ACCY 
001.L·FRtQ YES ttsll\lt'fED NO LOC-OX/FAP 11520/ 7.327 ACiEE-110 
CS·DfST: FC 4620! 15. 0 BC 0/ .o 8C-<lCl'l' COO-CODE 
CLIIIC-C\'C: fC 90/3S !SO; JS l!C 'iO/ 0 ISO/ 0 ID-1ilID!II ~lJ.96 ll02.11 \IOICE 
CKl"M>tsC: PC OIIE TO PAP 7.4 1!C 

HS 
0701 

07/'ZS/l7 
6 

• • • GLIDE SLOPI • • • GS·AIIT-Orr L3)4 
Elf:'/ 95.5 mnw SIIIGU DIS·Tl· P?-C 791.S/ .m llll-AIIGU 13.l0/L2,77 
IJIT-TYPt C.\P•ErP !tM;IP-TYP£ VI. CS-Tl 1039/ .170 lll.TE·OlllX 09/29/87 
cL-em-lBII 97 .7 nlrJ m.ao cs-111 / SOIVEHCCY 6 
TC! 51.2 !SY 1IO CS·JIII 3931/ ,646 AGl!E-10 
ELEV-0S!:O-TCB CJO!ll ltstllCfl:D IO CS--OK/FlP l37U/ 5.50 <mD-<XlDZ A 
ms-coaD& OOUIIA CPI-TB 1109.6 IPMB 1039.0 STBY·POOI COIO! 
m: L.\f m-56-17 .11 LOI lilll-23-o&.93 111-Pt: UT lll·S6·21.M LOI 11111-23-0Ul 

• ll.S·MEfOT!El·DllE • ()(,1'£1-111(1 • IIll>Lt·llAIIUl • • IlVEl·IOJK!I • 
CH.UI 0361 UT IJMMJ.40 1133-56-25.10 
LAr N33·56-04.27 Lal t:lll-16·29.00 wm-22-21.10 
LOIi lilll-25· 16, SO EL!'✓ 127 .0 U .7 
tLIV 126.0 DISt·'I'II 12675/ 5.37 2192/ .17 
mmmo IIO DIST·DII-CL Lm 
XIUTTW DATE-OllOI 01/31/69 01/31/69 
!>,\TE-COO 02/03/11 lAJII/CSI LIIIIA 
SOl'iEMCCY 6 (X)rl)-(X)t)g l A 
).CIEE·IIO 51!1\TEY·ACCY 6 6 
-OllllKOI)£ A TAPELIRE 1766.9 206 .0 
llK!i·FAF /OO'l 7.1 1,.m-cum 27 ,2 , I 
OT'ID.-011£ IISL·ALTITUD! 1191.l JOU 

• I • SI.\PS I • • APL 

L>.S1 OPOI.H I 123/91 
ST c., REG WP mo s~c Oi,.1t f 
••• AIRPOJtf DATA • I • 

AiP·L.\T Wll-S6· 33 . l0 
AJP·LOM i111Vi4·2'; ,IO 
Fl!IJ)-tLEV 126.0 
TIHAT N33-5Vi3.19 
TB-lDII illlM2·4l .89 
TB-!LBV 92,0 
l?·U'f N33·S6·0& . 93 
lB-1.0M iilla-25-06 . )) 
IE-ELEV nu 

lliY·UIG1B;ilIDrB 12091,' l~ 
OOPLCD-!B·DIST y<j7 
1)5Pl.c!>-'fl!·Ul »J3·S6·2Ul 
IISPl.a>-TB-1.0N Wlll-22-55.17 
llSPUl>-TB·ILIV 94 . 0 
M·W:·LDIGTII lll34 
Tl>ML!V 10?. 0 

DECISlON-marrs : 
i. OIST1V.lf 
1100) 
(lSO) 
(200) 

PEIFOWJICE·CUSS 
cmv.L mu: 

Yl/lVAI 
tc.,o 
CXlll·SYS 
ucc 

1910/HI 
K 

Yf.S 

BC-STATUS IIOllt 
1101-CAT l 

IP·LOC LU T-l. ti.1.(l)II 
mo•PlOC[DUJ!S SIC 

ASSOC·rACS: SlAP 
L« 
UOI 
Lil 
llll8 
ASSOC·IIICi 
APL A 

DESCllPTIOII ;JIDT POBL lllT 01'.SClIPTIOII 
APL 

1JIOT Pl.'BL 111T DESCIIPTICfl 
APL 

AllDT PUBL Mt 
!LS ili'i 2St 5 YES 110 

RESTRICTIOII: IIOIIE 

1£111,11(S: 

I ?Bl ON! US!D 111111 '?BIS ILS ALSO US!I> ITTII M 25L. 
2 1100 SUl'IEY 11 /30 iU . 

t t t EID or UPOi1' I t • 
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B 
l )ll ,U.I :P 

' • • JU INQUIIY • • • 
UlPOlT LOS AIIGBLES IIITL AlP'f·[D mJ lWY m lffl LOS MIGEW 

• ' • ArIS Ill.TA • • • 
ILS·PACB-1 !LS·P!CE·l ILS·PAGE-3 U.S·PAGE-4 

ID!lt I.Al cu J))-56-11.71 GS·OPr ••oo LC·DIS 11030 
llt-BRC 261.01 CLO llllMl--06 . 92 al-DIS 3371' IN)Pf 
mo 109.90 GS·.l!JI 3.00 '!II-DIS 1001 i.c-r~ 263.01 
KVAI !14 GS-itD .70 \'B·BGT 95 u:-ec:a 12.99 
CA? 2 GS·ICT 97 11·1<:r m LC·lltD 3,3) 

lll'Y ·LDG·LDGtB U096 
• • t l.OCALIUI I I t 

L~T J)l-56-00. 41 llllTTEIS IXJAL 1.0c-tl mt .m Lai·TUL YES 
LOIi Wlll-25·16.26 KlUIP·?YPl Tl WC·TI 12031/ l . 910 LOl-n-TI 0699 
nrv 117.0 STBY.Pown B!ff 1.0C·lll 13020j 2.112 DArt-a>lll 02/27/76 
AMMYP! TIAMllVE 1SV Yts WC·lll most 2.m Sl'JVIHCCY 6 
re.u-nr.o YES lEfflICTeD I() 1.0C-<1A/rAI 44746/ 7.3'4 Acm:-111 
OS·DIS1: PC 25000;50.0 BC 14500/ 15.0 BC·CKP'l' CC.COOi 1 
CLlllC-CVC: FC 90/35 150/35 BC 'KJ/ 0 150/ 0 IIOll-i11171'1 WU9 ll02 . 76 VOICI Jk)I! 

(l(Pl-D!SC: PC oom WlCD 7. 36 IQ BC 

• I • CLID! SLOPI I t I 

BUV 95 .5 DUffllS OOAL 015-T!-P'l'-C as, ,./ .141 
!ll'MYPI CAMPP !QCIMYPI Tl Cs-Tl 1001/ ,164 
Cl·ELE'Hllll 97 ,( R!X) m.ao CS-Ill 1990/ .)27 
TCB 55.0 ISV W CS·IOI 3175/ .'37 
ELE\'-CSEl>-tCII CDII USTllCTll> 110 CS-011/Flf 33716/ 5.SII 
ms-CORDS OO!Dl CPI-JI l0U.7 IPMB 1001.0 
Alff: LAT 133·56•17.71 L0II 11111-23-06.92 All-PT: W 133-56•13,71 

• ILS·Dllt/OUEl·W t 
CUii 0361 
UT ll))•S6-0• .27 
LOI lilU-25·16.50 
tLEV 126.0 
usm crm Ill 
XIIU'fEIS 0011. 
nm-<.'OIOI 0•1o•m 
SOIV!Y-ACCY 6 
ACR!MO 
CDIIKXlOf A 
Dll!· rAr /OCP? ,.. 
0111:l· OO 

LAJ 
LOIi 
!UV 

OOTEI-IICI 
133-56-~J.40 

11111-16-l'J.OO 
12'1 .0 

DISMII 
DISl-l>IHL 
DATB-oJIIJI 
1111/0SI 
aJIIHllO! 
SIIJ'IINCCY 
TlPtl.lJE 
um-ccrn 
ISL· 11.'HTOOI 

J27l!i/ 5.31 

02/27/76 
LIDA 

.l 
6 

1767 .0 
27,2 

1191.6 

I •• Sl.u>S • • • APL 

t XlllllJ·IAJJD t 

lll-56·11.50 
11111-22-20.70 

11 ,0 
2114/ •• 1 

02121n, 

l 

' 201.l 
•• 

300.1 

cs-m-orP ••oo 
D·AICL! ll.30/[.2. 77 
1)1.TJ-<Xlllll 03/19/76 
SCIVIMCCY 6 
1Clll-llO 
COID-<X!D! 1 
S'BY ·Jlal!J Bm 
Lal 11111-23-06.H 

t IDU·IIAIXEI • 
133-56-16.20 

1111MM2,90 
90.7 

9'9/ .16 

Ol/27/76 

l 
6 

lOU 
.o 

201.7 

L.\ST UPDm 7/ 2,'91 
st CA aEG WP mo s~c 0w11 , 
• t • AIIPOIT DAT>. t • • 

UP-LAT Hl3·56· ll .10 
AJP·LOII W!ll· 2M5 .BO 
FIW>-11.EV 126.0 
'l'l·U'l N3l·!l6·H .99 
ff-I.OIi 11111·22•54 . 55 
TI-ILIV "·' U·UT m-56-01 .61 
1£-LOII IUU-~·05. 25 
lMIZV 117.9 

M · UIC?HfliJ111'R l!Oi6/:Wll 
DSPu:D-Tll·DIST 
OOl'LCl>-TB·LAT S00-00· 00. 00 
DSPU:D-Tll·LOII tooO·OO·OO . 00 
DSPLG-1'8-ILIV .o 
IIIY-IJlG·LEHC!I 11096 
TDMLIV j(\j .o 

DtCISIOll· l?IGBTS: 
~ DIST tl>.LT 
l 100) 976 Ill 
0501 mo 163 
l200l 

PEIPOIIWICE-<:LASS 
CWlAL DAU: 

Yl/llV>.I 
ICAO 
CXlll·SYS 
lf CC 
-ec-mres 

Q-O'f 
D·LOC 
rI~Pn!DllltS 

.I.SSOC·F.lCS: 
lDI 
LIii 
LIi 
ID 
ASSOC· llKI 
APL I A 

1980/ EU 
I( 

Y!S 

D! 
l 
Aret 

SAC 
SUP 

DESCJIPTIOII AIU1T POBL 111T D!SCIIPTICI 
APL 

AIDT PUIL m D!SCIIPTI~ 
APL 

1IIDT PUIL UT 
!LS lWY 25L 2 US 10 

IP.STIICT[~: IOI! 

UIWKS: 

I !»IE U,719'/7.36 D 10 m. 1111 I«kJII) 9011 00T lllY C/L IITBIID!I> PD SD .llll> 312' IICB'I OP lllY C/L UTIIIDED. 
2 WC CXlUIS! Will'l'I AID CLtlllllCI <XllPllllILlTY SAT UP TO 6000 ISL. 
J IIOS SUIVEY 11/30/H. 
4 LOC OIIOSlBLI IISIDI IIIINAY TIUSllUI. (S/3/91) 

B - 5 



APPENDIX C 

Standard ILS Instrument Approach Procedure Charts for the 

8 Runways at Los Angeles International Airport 
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J 

I 

110 

Amdt 7 90235 

'.S RWY 6L AL-237 (FAA) 

--- --
-.............. 

- -- ---- --............. 

LOS ANGELES INTL (LAX) 
LOS ANGELES, CALIFORNIA 

ATIS ARR 133.8 l 
DEP 135.65 

LOS ANGELES APP CON 
12,.5 381.6 

""'- LOS ANGELES TOWER 
"- N 133.9 239.3 

FILLMORE 
112.5 FIM ~-=-• 

Chon 72 

/ 
2126 " 

S 120.95 379. t 
'\. GN0CON 

'\. N 121 .65 327.0 
S 121.75 327.0 .1729 

1855 

......_ 
TANDY 

\ 
CLNC DEL 

121., 327.0 

-\-1t-'2"8-Q 
POMONA 

\ 

110.4 POM 
Chan 41 

\ 

I 
I 

LOCALIZER llU 
1-UWU ::.n.. 

Chon54-

I 

OTTES INT MISSED APPROACH ELEV 1 26 Rwy 25R ldg 11133' 
r;::;"';'\ _____ _, Rwy 6R ldg 996'' 

I-UWU i!l:JI • • GUPPI INT Climb to 520 then dimbing l~ft turn 
I I-UWU •ia heading 020" to crau SMO . 
I Ci]) R-095 2000 CK below, continue 

T dimb ta 5000 via SMO R-061 or 
0

3500 k.::_·:: _. ,.., :\:.:;,._· :·::-:.• .. ~ 17
1
77 POM R-2'8 to POM VOttTAC • 

• ,.· •• · '~0694! 
Procedure Tum I · ·· .....__ I 

NA I ~ 
Gs J.oo• 1800 I 
TCHS4 •2000 when authorized by ATC 

CATEGORY A 8 C 0 
S- ILS 6L 317 2~ 200 (2t» I; 

S-lOC 6l 4.40/24 323 (400-½) 4.40/.40 
323 1,00-¾) 

SIDESTEP•• 4.40/60 327 1,00.11'1 4.40-1 >/4 
RWY 6R 327 ,oo., ¾ 

Cot. 0 S-LOC vi1ibilit_y increa,ed ta RVR 5000 for inoperative MALSR . . 
• ."Inoperative table doe, not apply to Cate9orie1 A and I for inoperative 
MALSR Rwy 6R. • 
Simuhaneov, approoch11 authorized with Runway 7Ufl 
V 

II . RWY Al 
C - 2 

TDZ/Cl RW}'I 6R, 24R and 25l 
HIRL all rwys 

FAf to MA, 5 NM 
Knoll 60 90 120 1 50 I 80 

Min:S.C 5 •00 3:20 2:30 2:00 1: .0 

LOS ANGELES, CALIFORNIA 

I 



I 
i 
! 
I 

J 

ILS R.Vl'Y 6R Al•2J7 (FAA ) LOS ANGELES, CALIFORNIA 

FILLMORE 
112.5 flM : : -• 

Chan 72--

---
--

• 2126 

-- ---SANT A MONICA 
110. 8 SMC : ::: _ ' 

Chon 45 

"--

~~:~.;*:;335 '61 

-~:?--:--·.;,-.:,LOS ANGELES 
, i, • .'·'·•.:~ ... ~~~~·-~: ·J13.6 IAX ~=• • 

~ . "" . :· ·-,it;;~~:~:~ ti~ %-.::::Oio_n i°J". 
Ottes Int~\ • • 010 (1.6) ._::__ '.'.~··:l "1'.~J,..,.· .·:;:;- ·•.;...••.-; . . . • -.,.:..-c.. 

069• 8 8) _:_ . .J • .,....,. (2 a\ .... •J .-::,-#',· ~~>· ~;-.• ..-- --. ... .... ~ - '~ .;;; 
( • anu L~ . • 7 '- •~·'.'..!'~•,l.-.,.i..,:~· · .,u.t,1·• " •• . . ,.,,~- •. ::; 't,'.; .• 

\ 
••• >: .. • .. ~ ... ~ ....... i'~- • • ~ ... J.:~: -~· ---~~ ............. :.,:~~ 

\ 
~ _.:..~.:. •-., .f .-:!.f -fk~ -',.~.;',r.;._-t··.• ~ .:.-..:.:_ ~>::''51;;. 

;,:. -:~:~;~::<1~~.~~~2000 when:~~1 ... ;~~~ -;~~•~ .. 

\ 

!.":• • /·- "·iiutfiort'ncl l,y .ATC,~ '" •.,. .~ . •• ~ 

" · •• ·'$;~: .,::.:;~~~'.f~. ~E.2:?>'::.; {,5:-.: -.. • • • • ,v~ 
- - •·~~~,.~~l""''' ... ~ ~-~ -i 0 

........._ _:_ TANDY - ,_-

I 

I 
I 

I 

I 

I 
I 

OTTES INT 
1-GPEITil) 

MISSED APPROACH ELEV 126 Rwy 25R ldg 11133' 
GUPPI INT Climb to 520 then dimbing lef1 tum r------- Rwy 6R ldg 996"' 

I-GPE via heading 020° lo cross SMO 
~ R-095 2000 or below, continu• 

1 climb 10 5000 vio SMO R-068 or 
• 3500 I 1 io7 POM R-248 to POM VORT AC. 

I 

I 

-- r--__06 I I-~E TOZE ~ 285 
Procedur• I 0~- .8 ,1 117 ,., • 192 

I' ~ I .I. al, 
Turn NA I - Oispl Thld MM ,l ....• •· ~ l,J ~ '925 J. 150 ~ ... :i 

GS 3.00- i 60 at Rwy End 1W I ......... ··1 • i; ~ 305 
.. TCH 43 •2000 when authorized b ATC ·- TC>JE\an,1Ci$J.~ ~ • Cit 

1-1-::::::::::::;::t=====:I~~~====~===~~~~~===t~;;:J~~~~===~~• ~ 1~•-;*ih;.- -.~ •2w ..,. ~~ s.s- u --- O• '-3/ r.e... 1 ,l l!!/ ·,'1091 J.l9D· ~ '. 
CATEGORY A B C O ._.'31 .:-? • ....,.__-~ p .., 

rT ~~. \ u,,. 11 ~ ' .,,. • "' 
S•ILS 6R 313 18 200(200-¾ '-'~ (~ ."=' • A 0 ~ ('O 

400/ 40 ,o, 299 
S-LOC 6R 400/24 287 (300- 'h l 287 (300•¼) 06~ 

4
.
8 

NM 

SIOESTEl't 440-1 ½ from FAF 
RWY 6l 440/50 323 (400- 1) 323 (400-1½) 

Cot. 0 S-LOC visibility incr•osed to RVR 5000 for inopwotiv■ MALSR. 
ttnoperotive toble does not opply lo Categories A and B for inoperative 
MALSR Rwy 6l. 
Sirnullan•ous approoth•s authorized with Runways 7L/R. 
V 

ILS RWY 6R 

C - 3 

TDVCL Rwys 6R, UR and 25l 
HIRL oll rwys 

• FAF to MAP 4.8 NM 

Knots 60 90 1 20 1 .50 180 
Min:Sec 4:48 3: 12 2:24 1 :55 1 :36 

LOS ANGELES, CALIFORNIA 

LOS ANGELES INTL (LAX) 



I 

Amdt 3 Q0235 

ILS RWY 7L 

--/ 

112 

1-l-737 (FAA) - - -....___ 

IAF - - SANT A MONICA 

LOS ANGELES INTL (LAX) 
LCS ANGELES. CA LIFORNIA 

-- 10.8 SMC::::-/ Chon 45 

STEMS INT • TURKA INT MISSED APPROACH 
1-IAS @ I-IAS Oimb vio LAX VORTAC R-068, 

. I . . . ••• ([D crou LAX A DME or SMO R-115 
Proced11/e r11,n NA· ~ , .. _. :· • • ·· I ot or below 2000, then climb to 

I •• ' 1783 3500 to Downe lnlfl.AX 15 . .c DME 

/ 

LOCALIZER ll.Ll 
1-IAS :: ·-hon· ,A 

I 

ELEV 126 Rwy 25R ldg 11133' 
1------- Rwy 6R ldg 9964' 

I ond hold. 

~ 0692+-.. ·- ·-·· . .;.:··;':' ·l MM I-IAS b. 285 : - 192 . 

I 18007f-~o6 !2j2} ~ ~ (' ® ,.,~,. ,so='s~ ~ 
J 

.~ .- ."',I ;;::=~ ~ 305 
I GS 3.oo• -- I ... 7 ~ --~ ~ JO -• ... 1:,. • 
ITCH59 I ----~ • f-bo- ,i~·.? ~ ~ •2.89 /"5,,. 

1-1-:::::t;;;::;~;;;::;~;~;;;;~~~~;::~====~:!~=~~t=;::::=::=1 ~ ,.. 2~ . ~ -~ 's~ ~.;.. ... 
I 

,s_ C D TDZE ~J.!'@~,o,,..,_ ◄~ _. 
i-,.;;~~;;...;.;...+ _____ ......_ _ __,,.,,..,,.....,,,....,.. ....... __ ...;_ __ ....... _____ +-1-,2r.: ... ~ ~ 1Dl)o _ • on 

326/2.4 200 200.v, 'iA~\fi?F ~,~11:.,.._@ "' ... S-ILS 7L 

460/2.4 33.C (A00-Y>I .460/.40 \ T0ZE 
299 

33A ("00-¼) 125 
1--S-10£-ST_E_P_•-+------------------t--4-6..;..0_· 1-,-~-"--1 069'" 5 NM 

S-LOC 7L 

RWY 7R '60/ 50 335 (400-1) 335 r400-1 ½) from FAF 

Simultoneou1 opprooche1 outhorized with Runway, 6l/6R. 
Cat. 0 S-LOC 7l visibility increoaed to RVR 5000 for inoperative MALSR. 
• Side1tep 7R inop«ative toble doe1 not opply to Cote9arie1 A and I . 

V 

ILS RWY 7L 
C - 4 

TOZ/Cl Rwya 61l, 2'1l and 25l 
HIRL aA llwya 

FAF to MAP .C.9 NM 

IC,,c,tl 60 90 1 20 150 180 
Min:Se< A.5A 3:16 2:27 1:58 1 38 

LOS ANGELES ,CALIFORNIA 
,,-... r ,., , ,...r , cc-, .. ,T1 . T ,,., 



Amdt I 90203 

ILS RWY 7R 
ATIS ARR 133.8 

OEP 135.65 
LOS ANGELES APP COi-i 
12'.5 381.6 

AL-237 (FAA) 

--- ---- -........ 

LOS ANGELES INTL tL.-\.h) 
LOS ANGELCS, CALIFORNIA 

LOS ANGELES TOWER 
N 133.9 239.3 

I 
S 120.95 379. 1 
GND CON 
N 121.65 327.0 
S 121.75 327.0 / 

---- SANT A MONICA 
110.8 SMO ::•:­

Chon AS 

I CLNC DEL 
121.A 327.0 I 

STEMS INT 

1-~Z 

SIDESTEP• 
RWY 7L 

\ 

\ 

2500 
328· (9.2) 

..........._ 
TANDY 

URKAINT 
1-MlCZ 

!ID 
I 

1782 

MISSED APPROACH 
Climb via LAX VORTAC R-068. cross 
LAX A OME or SMO R-115 at or below 
2000, continue climb lo 3500 to 
DOWNE Int and hold. 

460/ 50 334 (400• 1) 

Simultoneou1 approaches authorized with Runway 6l/ R. 
Cot. D S-LOC visibility increo,ed to RVR 5000 lor inoperoli"e MALSR. 
0 1noperoti"e table does not apply to Cot. A and 8; Cot. C and O increo1e visibility ','J 
mile lor inoperative MALSR Rwy 7l. 

V 

ILS RWY 7R 
C - S 

LOCALIZER 111.1 
1-MKZ ii,,_::,­

Cha"::' '8 • • 

" I : 
SEAL BEACH I 

115.7 Sll Q 
Chon 10 

I 

ELEV 126 Rwy 6R ldg 996A' 
r-------Rwy 25R ldg 11133' 

TDZ/CL Rwys 6R. 2AR ond 25L 
HIRL all rwys 

Knots 60 9 1 20 I 50 I 80 
Min:S.c A.SA 3: 16 2:27 1 :58 1 :38 

LOS ANGELES, CALIFORNIA 
LOS ANGELES INTL (LAX) .. 

i 



I • 

I , 

I 
I 

Amdt 19 90235 

ILS RWY 24L 

lU 

AL-237 (FAA) 
LOS ANGELES INTL (LAX) 

LOS ANGELES, CALIFORNIA 

-c5tiit fACILIT~ (IAF)i 

~~~~ PURMS\ ---------

/ ~~\ 

ATIS ARR 133.8 
OEP 135.65 

LOS ANGELES APP CON 
-.....,_ 12,.5 381.6 

/ ~--- !e, 
,----IAF---. ,o t,lM 

SANTA MONICA 
110.8 SMO :::­

Chan AS 

FILLMORE 
112.5 Flf / 
Chan 7B 

1--=-.. 

5000 
068· (16) 

RAFFS co LOCA~IJER 108 .~ 76+ 

659~ 
AR81E 

-.....,_ LOS ANGELES TOWER 
's. N 133.9 239.3 

"' S 120.95 379.1 
GNOCON 

'\ N 121.65 327.0 
'\ S 121.75327.0 

\ 

CLNC DEL 
121.A 327.0 

INT .., 1-HQ8~~ •-f- -A 

~ 1 Chan-,~ 

0 

. , . ,.. i£~~_!~ijj~:=:::!:::!~~t~~I 
4-260P. ., 

······OBO:-./ 

\ 1-HQB(!D 

Simultaneou1 approach 
authorized wi1h Rwy 25L/R. --

I .I NM 

CATEGORY I C D 

S-ILS 2AL 321 /24 200 200-V. 

S-LOC 2AL 660/24 539 (600-¥,) 660/50 660/60 
539 60().1 539 600-11' 

SIDESTEP 660/ 50 SAO (600- 1) 660-1½ 
RWY 2AR• SAO 600-1 ¥, • 

ARSIE OME MINIMUMS 

S-LOC UL•• 460/24 339 (•OO-VJ) 460/40 
339 •OO.~ 

"Inoperative table doe& nOI apply to Categories A and 8. 
• 'Cot. 0 visibility increased to RVR 5000 for inoperative MALSR. 

C - 6 

IAF---. 
SEAL BEACH 

1\5.7 SU::~•• 
Chan 10A 

ELEV 126 Rwy 25R ldg 11133' 
_____ __, Rwy 6R ldg 9964' 

TOZ/CL Rwys 6R, 2AR and 25l 
HIRl all Rwy, 

FAF to MAP 6.2 NM 
Knott 60 90 120 150 1 80 

Min,Sec 6:12 A:08 3:06 2:29 2:0A 

l 
f 

I 
' 



Amdl 20 90235 

ILS RWY 24R AL-237 (FAA) 
LOS ANGELES INTL (LAX) 

LOS ANGELES, CALIFORNIA 

- \ ATIS ARR 133.8 
(IAF) OEP \ 35 .65 

PURMS "'- LOS ANGELES APP CON 
---► ""- 12.&.53816 
!'.i 'S ~ -...... LOS ANGELES TOWER 
_, • N 133.9 239.3 

---'•--­
SANTA MONICA 

110.8 SMO ::­
Chan ,5 

FILLMORE / 
112.5 FIM 
Chan 72 

RAFFS? 
INT . 1,~~---.C:::~ 

5000 
068· (16) 

\-..!/:.___.---- ll-<» 
LAX ., LOCALIZER \2U 

"" 1-0SSf: 
·Chan 

260 -.--.:=::o· 

\.oao~.) f 
\ R-260 

1.oss([D . • 

I.\ 585 

LOS ANGELES 
113.6 LAX:=•• -··-Chan 83 

Simuhan-u1 approach authorized 
~ Rwys 25l/R. --- -- --

MISSED APPROACH ROMEN Procedure Tum NA DENA Y INT 
Climb 10 2000 .,;a heading LOM/INT MERCE INT l-~

5
ss 

249• and LAX R-260 to I!::/ 

"" S 120.95 379.1 
GNO CON 

\. N 121.65 327.0 
\ S 121.75 327.0 

SAPPI INT CLNC DEL 
SMO ~ \21., 327.0 

li1AF) 
DENAYINT 

1-0SS 

I §) 

IAF--­
SEAL BEACH 

115.7 SLI : :-: • • 
Chan 10, 

ELEV 1 26 Rwy 25R ldg 11133' 
1--------' Rwy 6R ldg 996'' 

RAFFS INT/LAX 15. 1 OME I-OSS I-OSS I 
and hold. [[I) [!ID • I 2,9'" 6. 2 NM 

I~ ARBIE I ; .. . . (. . 
285 

from FAF 

~19 IM 1-~ 21r, . ·t --~4.oq.1.s--,,...;f-,l·,.,•e,Q_QQ I:!,. T0ZE • 192 \ 
~ - •~ e 120 _,. A"' ' I I MM v-< I ·oo ~~...,_, ~ .. ,~I ,,., ~ ....... ____ _ 

••• 1~- , ~ 1 Gs3.oo• ~~ ;;., • · 
• Loe only '"r ..... ,L.N•n 5-aQ. ! 22QQ I TCH ss .• 0- , ai TDZ ~ ;9~305 . , "' 

4.INM--1. I HM -IINM (t,.) 1D 2,J*lit\121 'li~,t~•~1 
CATEGORY A I C O '"s) ~ · t-

1-----,-. ...... ~;.;....i.........,..;....;.;;...i.;;;;;;;_:;.:.;.;;;;.;;;;;===;.:..::.:!.::..:;;:::;;;;;;~----l • • = 0 ·1· ,50 --

t----+-------1.--.....:.......,...._.1..-_ __:~-...L.--.=.----1 ,~ t= ,r. ~ . • ~ 
s.1Ls 2,R 32011 e 200 1200-:w ,-., ... ~ e • ~ /• "' '° ~}I 2-99~ 
S-LOC 2d 580/24 .&60 (500-Yil . 580/40 580/50 

460 500. ¾ .&60 500-1 

SIDESTEP 
RWY 2.&L •• 

660/50 539 (b00-1) 660-1 ½ 
539 b00-1 Yi 

ARBIE CME MINIMUMS 1----... ----...;...;;.,;.;:;.;,::....;:;,;..;.;,.;;.~~=,;.;;:.----,-------I TOZICL Rwy, 6R, 2,R and 25l 
460/24 340 j400-''2) 460/40 

1 

HIRL all Rwy1 S-LOC 24R 

• • lnoF)•alive toble does nol apply lo Cot A o"d B. 
tCat. D .,i,ibility incr-sed to RVR 5000 for inoperati"• ALSF-2. 

ILS RWY 24R 
C - 7 

340 400-'/4 
fAf to MAP Ii . 2 NM 

Knot\ 60 90 120 I 50 1 80 
Min:Se, 6 :12 A:08 3:06 2 :29 2:04 

LOS ANGELES. CALIFORNIA 

LOS ANGELES INTL (LAX) 



I ' 

.• 

I 

116 
Amdt 2 90235 

ILS RWY 25L AL-237 (FAA) 

1756 

• 

1862 
~ 

IAF---

2043 
~ 

/!.. 
2035 

2126 
SANTA MONICA 

1729 

5000 
1173 

I:.. 
.... .. 

o:/__06,.,;i!,..•_p-;-5:";.1 )~---R-068 

659t.. 

376± 
I:.. 

LIMMA OM/INT 
I-LAX@ C \OS

0

ANGELES 
J13.6"W ::• • 
·.-=' -~n -•• 

CA.T!GOltY 

S-ILS 25L 

S-LOC 25L 

SIDESTEP•• 
RWY 25R 

585 
I:.. 

I C 
301/18 200 200-1,',) 

660/24 559 (600-YI) 660/50 
559 600-1 

660/50 558 1600-11 

D 

660/60 
559 600-11' 

660-1 Y2 
558 600-1 YJ 

LOS ANGELES INTL (LAX) 
LOS ANGELES, CALIFORNIA 

ATIS ARR 133.8 
DEP 135.65 

LOS ANGELES APP CON 
12,.s 381.6 

LOS ANGELES TOWER 
N 133.9 239.3 

S 120.95 379.1 
GN0CON 

N 121.65 327.0 
S121.75 327.0 

CLNC DEL 
121.A 327.0 

~---,_ _____ LA_D_LE_D_M_E_M_IN_I_MA _____ ...,... ____ --4 TDZ/CL Rwy, 6R. 2AR a~d 25l. 

400/24 299 (300-YJ) 400/40 HIRL aU Rwy1 S-lQC 25Lt 

•" lftoperative table does "°' apply to Cat. A oftd I . 
Simuhafteous approaches a11thorized with Rwy 2AVR. V 

ILS RWY 25L 

299 300-~ FAF to MAP 5 .4 NM . 

C - 8 

ICftott 60 90 120 150 110 
""'"'* 5:24 3:36 2:42 2: 10 1 ,,. 

LOS ANGELES. CALIFORNIA 

LOS ANGELES INTL (LAX) 



Amdt 5 90235 

ILS RWY 25R Al-237 (FAA) 

• 

1756 1862 
A 

,----IAF---. 

2~3 
A 

A 
2035 

2126 
SANTA MONICA 

110.8 SMC::::_ 
Chan AS 

1729 

CATEGORY 
S.ILS 25R 

S..LOC 25R 

SIDESTEP"• 
RWY 25L 

S-LOC 25R 

C 
4 200 (200.YJ 

660/2,4 558 (600-½) 

660/50 559 (600-1) 

660/50 
558 600-1 

LADLE DME MINIMUMS 

560/2,4 4.58 (500.½) 560/40 
"58 500-¼ 

• • lnop.-ative table does nat apply to Categories A and 8. 
Simuhaneous approaches authorized with Rwy 24L/R. 

ILS RWY 25R 
C - 9 

660/60 
558 60().11' 

660-1 ½ 
559 60().1 II! 

560/50 
"58 500-1 

· LOS ANGELES INTL (LAX) 
LOS ANGELES, CALIFORNIA 

ATIS ARR 133.8 
OEP 135 .65 

LOS ANGELES APP CON 
12A.5 381.6 

LOS ANGELES TOWER 
N 133.9 239.3 

S 120.95 379.1 
GNO CON 

N 121.65 327.0 
S 121.75 327.0 

CLNC OEL 

OOW'il_ 
1-CFN ll§.) 

ELEV 126 

121.A 327.0 

Rwy 25R ldg 11133' 
.,_ ____ ~ Rwy 6R ldg 996A' 

2A9• 5 .A NM 
from FAF 

TDZ/CL Rwys 6R, 2AR and 25L 
HIRL all Rwy, 

fAF to MAP 5 .A NM 

Knots 60 90 1 20 150 110 
Min:S.C 5:24 3:36 2:A2 2: 10 1 :AS 

LOS ANGELES, CALIFORNIA 

LOS ANGELES INTL (LAX) 

J 
' I 
i 
t 
! 
• i 
I 
I 

' ! 



Amdt 20 90235(CAT II) 

ILS RWY 24R 

,----1AF--"""' 
SANTA MONICA 

110.8 SMO ::::­
Chon 45 

"--

MISSED APPROACH 
Climb to 2000 via heading -
249 • and LAX R-200 10·. 

RAFFS INT/LAX 15. l DME 
and hold. 

CATEGORY 

S-ILS 24R 
S-ILS 24R 

'---..... --

118 

Al-237 (FAA) 
LOS ANGELES INTL (LAX) 

LOS ANGELES. CALIFORNI .t. 

- \ ATIS ARR 133.8 
(I AF) DEP 135.65 

PURMS '---...._ LOS ANGELES APP CON 
--► -....,_ 124.5381.6 

-- --

CP ~ g "- LOS ANGELES TOWER 
.::;: • o N 133.9 239.3 

"' S 120.95379.1 
GN0CON 

'\N 121.65327.0 
\ 5121.75 327.0 

SAPPI INT CLNC DEL 
SMC@ \ 21.A 327.0 

IAF--"""' 
SEAL BEACH 

115.7 Sll: :.:. • 
Chon 104 

Proced11re T11rn NA ELEV 126 Rwy 25R ldg 11133' 
__ Rwy 6R ldg 996'' 

Simuhoneou1 opprooch 011thorized with Rwy1 25L/R. 
V 

l CATEGORY II ILS - SPECIAL AIRCREW 

I & AIRCRAFT CERTIFICATION REQUIRED TDZ/Cl Rwy, 6R, 2AR and 25l 
HIRL all Rwy, 

J l--... ~S_R_W_V __ ?_.d_R _______ 33-•-5,-,N-- -,-, e-.,-A-·w ___ _._ ____ tos--,.-NG-E_L_Es-.-c-,.-ll-FO_R_N-,A 

C - 10 



Amdt 2 903.47 \ \.. r\ 1 11 J 

ILS RWY 25L 

• 2126 

1729 

1756 1862 
IAF--1.\-... 

SANT A MONICA 

5-ILS 2SL 

20A3 
A 

Al-237 (FAA) 

1173 
A 

A 
2035 

LIMMA OM/INT ,. 

Simultoneou, opprooches authorized with Runwoy 2AL/ R. 

V 

CATEGORY II ILS-SPECIAL AIRCREW 
& AIRCRAFT CERTIFICATION REQUIRED 

ILS RWY 25L 
(CAT II) 

C - 11 

LOS ANGELES INTl fLAX) 
lOS ANGElES. CAUFORNIA 

ATIS ARR 133.8 
0EP 135.65 

LOS ANGELES APP CON 
12,.5 381 .6 

LOS ANGELES TOWER 
N 133.9 239.3 

S 120.95 379.1 
GNO CON 

N 121.65 327.0 
S 121.75 327.0 

CLNC DEL 
121., 327.0 

~'t- LAX 2$ ~ 
~ ~ ~ 

I s1001 1 
/2 

ELEV 126 Rwy 25R ldg 11134' 
Rwy 6R ldg 996'' 

T0ZJCL Rwys 6R, 2AR ond 25L 
HIRL oll rwys 

LOS ANGE l ES. CALIFORNIA 

LOS ANGELES INTL (LAX) 



.,. 

' 

I 
I 

Amdl 20 90235 (C.-\ T III) 
ILS RWY 24R Al-237 (FAA) 

LOS ANGELES INTL (LAX) 
LOS ANGELES. CALIFORNIA 

- \ ATIS Al<R 13:l 8 
(IAF) 0:P 135.c5 

PURMS ~ LOS ANGELES APP CON 
- ► , 12,.5 381.6 

~ 'G g "'- LOS ANGELES. TOWER 
_::: • N 1:!3.9 239.3 ___ ,.. __ _ 

120 MSL 
\ 

CATEGORY 

S-ILS 2.olR 

S-ILS 24R 

S-ILS 2,411 

V 

SANTA MONICA 
110.8 SMC::::­

Chan i5 

5000 
068° (16) 

1173A 

1M 

I 
221 

I 

I 

CATlllb 

659A 

,.._sa5 

LOS ANGELES 
113.6 LAX::•• -··-Chan 83 

-- - -

C 
RVR 07 

NA 

CAT Ilk NA 

CATEGORY Ill I LS-SPECIAL AIRCREW ' 
& AIRCRAFT CERTIFICATION REQUIRED 

ILS RWY 24R 
<f'ATIJH 

C - 12 

"' 5120.95379.1 
GNO CON 

'\ N 121 .65 327.0 
\ 5121.75 327.0 

SAPPI INT CLNC DEL 
SMO (@ \21' 327 .0 

IAF--­
SEAL BEACH 

115.7 SLI :::• • 
Chon 10A 

ELEV 126 Rwy 25R ldg 11133' 
1-----~ Rwy 6R ldg 996'' 

TDZ/CL Rwy, 611, 2AR ond 25L 
HIRL oll Rwy, 

LOS ANGELES CALIFORNIA 
LOS ANGELES INTL (LAX) 



Amdt 20 90235 ( C .-\ T I II) 
ILS RWY 24R 

,----IAF--..., 
SANTA MONICA 

110.8 SMO ::::­
Chon ,s 

t:,.8b3 

5000 
068° (16) 

I 

Al-237 i FAA) 
LOS ANGELES INTL tLAX) 

LCS ~NGE~ES. C.:.LiFORNI.A. 

1173/.\ 

- \ ATIS ARR 133.8 
(I AF) DEP 135.b5 

PURMS "---. LOS ANGELES APP CON 
- ► , 12,.s 381 .6 

~ ~ 8 '-.. LOS ANGELES TOWER 
.:::! 0 N 133.9 239.3 

"" S 120.95 379.1 
GN0 CON 

\. N 121.b5 327.0 
\ S121.75 327.0 

SAPPI INT CLNC OH 
SMO@ \ 2U 327.0 

Chon 83 

MISSED APPROACH 
Climb to 2000 via h•oding 
249° and LAX R-260 to 
RAFFS INT/LAX 1.5.1 DME 
and hold. 

IM 

I 
221 

V 

-- - -
Proc•dur• Turn NA 

MM 

I 
324 
I 

CAT Ilk NA 

CATEGORY Ill !LS-SPECIAL AIRCREW • 
& AIRCRAFT CERTIFICATION REQUIRED 

ILS RWY 24R J3°57'N - 11 a•2,·w 
C - 13 

--
IAF--­

SEAL BEACH 
115.7 SLI: 5'= • • 

Chon 10A 

ELEV 126 Rwy 25R ldg 11133' 
.------' Rwy 6R ldg 996'' 

TDZ/Cl Rwy, 6lt 2d and 25l 
HIRl all Rwya 

10S ANGELES CAIIFORNIA 



I 
I 

122 
Amdt 15 90235 

VOR or TACAN RWY 25L/R Al-237 (FAA) 

2035 1.., 

LOS ANGELES INTL (LAX) 
LOS ANGELES, CALIFORNIA 

.1756 
1862 
h. (IAF) 

ATIS ARR 133.8 
DEP 135 65 

LOS ANGELES APP CON 
124.5 381 6 

LOS ANGELES TOWER 
N 133.9239.3 

--- lit.f 
Sit.NT A MONICA 

4000 to Fiton Int ELMOO s 120.95 379.1 I 
GNDCON 

N 121.65 327.0 110.B SMO :::­
Chon 45 

161• (7.8) and ----.::_' 
2,5• (3.2) 

863 h. 5000 h.1173 
068° (19. 1) ~-068 ,/ 

-:i..--~:..:/~-----\~ SMOGY INT 

L SANGELES 
113.6 LAX:_:;:;._ 

Chan 83 

MISSED APPROACH 
Climb to 2000 or below direct 
LAX VORTAC, then dimb to 2500 
via LAX R-192 to INISH INT/LAX 
.12 DME. 

S-2.SR 

DUAL VOR or OME MINIMUMS 

SMO (I!D 

S 121.75 327.0 
CLNC DEL 

12.1 .4 327.0 
4000 to Fiton Int 
161° (4.7) and 

248 • (3 .2) 

/

4 
(IA~ 

LAHAB 
4000 to Fiton Int 
256° (9.7) and 

325• (2) 

S-2.SL 5.40/24 "39 (500-'h) 540/ 40 540/ 50 
1------t----------+.:'::39:_(:_:.S=OO-::..:"'-.!..l 4-_:,'3~9~(~$00-~1:.!_l_..J TDZ/Cl Rwys 6R, 24R a"d 25l 1 HIRL an rwys 

540/ 40 540/50 
431 (500-"") 431 (500-1) fAf to MAP 4 .8 NM 

Kfton 60 90 1 20 1 SO • 110 
S-2.SR 540/24 "31 (500-'h) 

V 

VOR or TACAN RWY 25L/R 
C - 14 

Min:Sec 4:41 3:12 2,2, 1,55 1,36 

LOS ANGELES, CALIFORNIA 

LOS ANGELES INTL (LAX) 



Amdt 12 90263 

NOB RWY 24R 

/ 
I 

659 
I:.. 

AL-237. (FM) 

----

~1173 

ANGELES 

.AX i..~::_ 
an 83 

--

'-..... 

MISSED APPROACH 
Climb ta 2000 via heading 
U9• and LAX R-260 to 
RAFFS Int/LAX 15.1 OME 
and hold. 

-
DOWNE 

INT 

'Jooo 
ROMEN 

LOM C;Jb0 I 
1~7. I 

0
.......----~ 12@ Proc.dure Tum NA 

\ '1.~ I 
·-.... ... _~ I 

I .,- 7.6-

CATEGORY A a C D 

~2AR 680/-40 560 (600-~) 680/50 680-1 ½ 
560(600-1 ) 560 (600-1 1"1) 

Sidestep 2Al 680/ so 560 (600-1 ) 680-1¼ 
560 (600-P4) 

lnoperati"• table does not apply to sidestep catagories A and B. 

V 

NOB RWY 24R 33•57·,... - , 1e•2,·w 

C - 1 5 

" 

LOS ANGELES lf'.ITL (LAX) 
LOS ANGELES, CALIFORNIA 

ATIS ARR 133.8 
DEP 135.65 

LOS ANGELES APP CON 

" 12A.5 381.6 
LOS ANGELES TOWER 

"-. • N 133.9 239. J 
"-. S 120.95 379. 1 

GND CON 
N 121.65 327.0 
S 121.75 327 .0 

CLNC DEL 
\1.A 327.0 

\ 
\ 
I 

(IAF) 
LAHAB 

\ 
3000 to Downe Int 

256. (9.3) 
and 32,.. (2.2) 

I 
I 

IAF 
• SEAL BEA-CH~---,. 

115.7 SLI : ~ • • 
Chan 10~ 

ElfV 126 Rwy 6R ldg 996'' 
r--------' Rwy 25R ldg 11133' 

TOZ/CL Rwy, 6R, 2d and 25L 
HIRL all Rwy, 

FAF to MAP 6.2 NM 
Knots 60 90 1 20 1 50 1 80 

Min:Sec 6: I 2 4.08 3:06 2:29 2:04 

LOS ANGELES, CALIFORNIA 

LOS ANGELES INTL (LAX) 

•. 

r f . ... 
r 
f 
L 
~ 

r ,, 
' ;. 

~ 
0: 
.. 



calculation of the Reynolds number 

R =YO. 

Given: 

V 

V = 200 knots - through conversion 

V = 337.56 ft/s 

From J. Holman (643), the properties of air at 

atmospheric pressure are as follows: 

Table l. Properties of Air at Atmospheric Pressure 

T p V 

OK kg/m3 m4/B X 106 

200 1. 7684 7.490 
250 1.4128 ll..31 
300 1. 7740 15.69 
350 0.9980 20. 76 

Translation into the equivalent U.S. customary System 

yields 

T 
OF 

p 
slugs/ft3 x 103 

V 

ft2 /s X 105 

-99.67 
- ':J. t,, 
80.33 

170. 33 

3.43 
~. ·,4 
2.28 
1.94 

8.062 
12.174 
l.6.889 
22.345 

Assume that the tenperature range for the fluid varies 

fran - 20°F to lOOOF. Through interpolation, v is 

-20-(-99.67) • __ v~-_,8....,.L..JOIU6 ... 2..__ 
-9.67- (-99.67) l.2 . 17 4 - 8 . 0 6 2 

D - 2 



APPENDIX D 

Sample Calculations for Forces on an Antenna-like Structure 

D -1 



Determination of the cross-sectional area normal to the 

direction of the fluid velocity yields: 

(a) Section l - 4• diameter pipe by 49• in length 

A= (4/12)x 4 = 1.33 ft2 

(b) Section l - 3• diameter pipe by 36• in length 

A= (3/12)x 3 = 0.75 ft2 

The density calculation for air• - 20°F (the lower the Temp, 

the higher the density) is 

-20-(-99.67) 

- 9 . 67 - ( - 9 9 . 67 ) 

p-3.43 

2 . 74-3.43 

P =2.82 X 10-3 slugs/ft3 

The drag force for the T-section canponents are 

(a) Section l - 4• diameter pipe by 49• in length 

F = 0.84(1.33) (2.82E-3) (337.56) 2 /2 

F "'"' 17 9 . 5 lbf 

(b) Section l - 3• diameter pipe by 36• in length 

F = 0.84(0.75) (2.82E-3) (337.56) 2 /2 

F = 101.2 lbf 

D - 3 



V-20°F = 11.702 X 10·5 

V100°F = 18. 081 X 10-5 

calculation of the Reynolds number yields 

(a) Section 1 - 4• diameter pipe 

337.56(4/12) 
R - 20°F = _5 = 95.l, 930 Cd = 0. 38 

11. 702 X 10 

R100°F = 616,088 Cd = 0. 35 

(b) section 2 - 3• diameter pipe 

337.56(3/.12) 

10
· 5 =72.l,.159 

.ll. 702 X 

Cd== 0.40 

Cd• 0. 35 

However, the length-diameter ratio is not infinity but 
12, so the CdS can be reduced by al:>out 30 per cent. For 
future calculations, Cd will be 

Cd• 1.2-.3(1.2) - 0 . 84 

•••sote: The Reynolds number is also depeneia.nt upon the 

velocity of the approaching stream; it will not always 

remain at 200 knots. 

D - 4 



APPENDIX E 

FAA 7460-1 Forms Used to Give Notice of Proposed 

Construction or Alteration Near Airports 

E-1 



NOTICE OF PROPOSED CONSTRUCTION OR ALTERATION 
§TT.13 Conatn,c:Uon or alteraUon requiring notice. 

(a ) Excepl as provided on §77 15. each sponsor who proposes any ol the lollow,ng 
construc~on or alteratoon shall not,ty the Admon,strator on the lorm and manner 
prescribed on §77.17 

( 1 I Any constructoon or alteratoonot more than 200 teet on height above the grour,d 
level at ,ts sote 

121 Any constructoon or alteration ot greater height than an ,mag,nary surface 
extending outward and upward at one ol the tollowong slopes 

(1) 100 10 1 tor a horozontat distance ot 20.000 leet lrom the nearest po1n1 ol the 
nearest runway of e1ich a,rpon sr,ec1t1eo ,n suoparagrapn (5) of this paragraph 
wolh at 1eas1one runway more tnan 3.200 l..e1 ,n ac tual length excluding helopons 
111) 50 lo 1 tor a horozonta l distance ol t0.000 leet lrom lhe nearest po,nt ol the 

nearest runway ol each a,rpon spec,1,ec, ,n subparagraph 151 ol thrs paragraph 
with ,ts longes1 runway no more than 3.200 lee1 on actual length. excluding 
ne1opons 
1111) 25 10 1 tor a horozontal distance ol S.000 leet trom the nearest po1n1 ot tne 
nearest landing and lakeoll area ol each hel,pon spec,t,ed ,n subparagraph 15) ol 
tnos paragrapn. 

t3) Any hognway. railroad. or other trave,se way l or mobile ob1ects. ol a he1gh1 
wn,ch. ,t ad1usted upward 17 tee1 for an Interstate H,gnway that ,s pan ot the Na1,onal 
System or Military and lntersta1e Highways ¥1.·here o-..ercrossmgs are designed tor a 
m,n,mum ot 17 tee1 ven,ca1 d istance. 15 leet lor any o ther public roadway. 10 leel or lhe 
herght ot 1he highest mobile ob1ec1 thal would norm~lly traverse the road whichever ,s 
greater. tor a private road. 23 leet tor a railroad. and tor a wa1erway or any other 
traverse way not prev,ousty mentioned. an amount equal to the height ol the highest 
moo,1e ob1ec1 that would normally traverse ,t. would exceed a standard ot 
subparagn1pn ( 1) or (2) ot this paragraph 

I' ) When requested by the FAA anyconstruct,on or alteratoon lh~t would be ,nan 
,nstrument approach area tdel ,ned ,n tne FAA standard s governing ,ns1rument 
approach procedures) and ava,table ,ntorma1,on ,n0,ca1es ,t moght exceed a standard 
ot Subpan Cot tn,s pan 

(5) Any constructoon or alteration on any ol the tollowong aorpons (,nclud,ng 
hehpons): 

1, 1 An aorpon that ,s avaolable lo, pubhc use and ,s hsted ,n the Airpon Directory ot 
the current A1rman·s lnformatton Manual o• ,neither the Alaska or Pacific A ,rman·s 
Guode ano Cnan Supplement 
111) An airpon underconstructoon. that ,s 1he suD1ect ot a notoceor propo sal on lole 

w 11n rne Federal Av,a11on Adm1n1strat1on and excep1 for m111tary airports. 11 Is 
c1ea,1y ,nci,c~ceo that that a1rpor1 w ,11 be ava11ab~ for public use 

11111 An airpon that ,s operated by an armed lorce ot the United States 

l O) Each sponsor who prop0ses cons1tuc:1on or allerahon that 1s the sub1ec1 of a 
no:,ce Jn0er paragraph (a) ot th,s secuon and ,s aov,sed b y an FAA reg,ona1 ott,ce that 
a supptemental notice os requireo snail subm,1 that notice on a prescnbed torm to bt< 
received Dy the FAA regional ott,ce at least 48 t,ours Detore 1ne stan ol tne construct,on 
o r a1tera11on 

(Cl Eacn sponsor wt,o undertakes construc1,on or a11erat,on that ,s the s.ob1ec1 o l a 
notice under paragraph (a) ot th os section shall w11h ,115 days al1er tna1 construc1,onor 
alterat,on reaches ,ts greatest height. suDm,: a supplemental notice on a prescribed 
lorm to tne FAA regional ott,ce hav,ng 1urosc,c t,on over the a,ea ,nvolved. ol-

( 1) The construchon or alterat,on ,s more than 200 teet above tne sur1ace level ol ,ts 
sue, or 
121 An FAA ,eg,onal ofloce adv,ses hom that submossoon ol the lorm ,s required. 

§77.15 Construction or altereUon not rrquiring notice. 

No person ,s required to not,ty the Admon,strato, tor any of the tollow,ng 
construction or alteration: 

(a) Any ob1ect that would be sn,elded by ex,stong structures ot a permanent and 
substant,al character or by natural terra,n o , topograpnic teatures o t equal or greater 
height. and would be located on the congested area ol a Coty. town . or setllemen t where 
,t ,s evident beyond all reasonable doubt that the structure so sh,t,lded w,11 not 
adversely allact salety on air nav,gat,on 

(bl Any antenna structure of 20 teet or less on height exce;,t one that would ,ncrease 
the height of anotner antenna structure 

(Cl Any a,• nav1ga1oon tac,loty. airpon visual ap-,roach or landing aod . a,rcratt 
arrest,ng device. or meteorological device. ol a type approved by the Adm,n,strator. or 
an appropriate m1t11ary service on m ll,tary airports. the location an..:J height of wn1ch 1s 
l oxed by ots lunctoonal purpose 

10 ) Any construction or alteratoon lor wh,ch notice ,s required by any other FAA 
regulat,on 

§77.17 Form and time ot notice. 

(a) Each person who ,s required to nohly the Admon,strator under §77 13 (a ) shall 
send one executed IOfm set ot FAA Form 7460-1 . Notoce ot Proposed Construction or 
Alteratoon. to the Manager. Air Trall,c D,v,soon. FAA Rey,onal O11,ce na-,ng 1unsd1ctoon 
ovo,r the area wothon whoch the constructoon or alteratoon wolf be located. Cop,es ot FAA 
Form 7460-1 may be obtained trom the headquane,s ot the Federal Av,at,on 
Admonostratoon and the regional offices. 

(b ) Tne notoce required under §77 13 ta) (1) through (4) must be submitted at 1east 30 
days Delore the earher ot the lollow,ng dates-

I t l The date the proposed construc11on or alteratoon ,s to oeg,n 
12) The date an apptocat,on tor a constructoun ~rm,1 ,s 10 oe t,1eo 

H o wever . a no11c~ relating to proposed conslruct,on or aIhHa11on tna1 •s sub1ec1 10 tne 
locens,ng requ1remen1s ol the Federal Commun1ca1,ons Act may be sent to 1he FAA at 
the same 11me the apphcatoon to, constructoon ,stoled woth the Federal Communoca­
t,ons Comm,ss,on. or at any tome Detore that hl,ng. 

(c) A proposed structure or an alteration 10 an exos11ng structure :hat exceeds 2.000 
lee1 ,n height aDove the ground w,11 be presumed to be a hazard 10 air nav,gatoon and 10 
result on an ,nett,c,ent utihzatoon ot airspace and the apptocant has tne Durden o t 
o",e,coming 1hat presumption Each n:u,ce suom,tted unoer the peninent prov1s,ons 
of Part 77 prop osmg a s1ructure In excess of 2.CX)Q feet aoove ground. or an a1tera1,on 
that w,11 make an ex,sting structure e-.ceed that he1gh1 must contain a detaIIeo show ing 
directed to meeting this burden Only on exceptional cases. where the FAA conc luoes 
thal a clear and compet1,n9 showing has been made 1na1 11 w ould no1 result ,n an 
1netf1c,ent ut111za11on ot 1he airspace ano w oulO not result ,n a hazard to a" na.,,gat1on. 
w,11 a determ,nat,on ot no hazard be ,ssued 

(d) In the case ot an emo,rgency ,nvotvong essen11at pubhc serv,ces. pubhc hea11h c,r 
public safety that requires ,mmed,ate construction o r alterat,on. the 30 day re1.1uore­
ment ,n µa,agraph lb) ot thos section does not apply and the notoce may be sent by 
telephone telegraph or other exped,11ous means with an executed FAA Form )460- t 
subm11ter1 woth,n love days thereafter Outside normal business hours. emergo,ncy 
no11cesby telephone or telegrapn may be submitted to tne neart!st FAA Fl,ght Serv,ce 
Station 

(e) Each person who is requored to not,ty the Admonostrator by paragraph (bl or ( C) 01 
§77.13, or bolh. shall send ~.1 executed copy ot FAA Form 7.t.ro-2. Noloce of Actual 
Construction or Alleratoon. to the Manager Aor Trathc D,v,soon. FAA Reg,onal Off,c.e 
having jurosdict1on over the area involved. 

ADDRESSES OF THE REGIONAL OFFICES AND SAN JUAN OFFICE 

Alaskan Aeg,onat on ice 
Aor Traffic D ivision ML-S30 
701 "C" Street 
Anchorage, AK 99513 
Ma,I AOdrNS: 
701 ·c· Streel, Box 1-4 
Anchorage. AK 99513 
TM 907-271-5892 

IHontwt ~n Region 
WA, OR, IIT, ID, WY, UT, CO 

Nonh-t Mountain Regoon.al Ott,ce 
Alf Traffic D ivision ANM-530 
17900 Pacific Hwy. South 
C-M966 
Seante. WA 98168 
Tel. ~1-2530 

GtNI ukea Region 
HD, WI, Ml, SD, IL, OH, MN, IN 

GrNI Lakes Regional Office 
Air T raHic D ivision AGL-530 
2300 Eul Devon Avenue 
Des Plai,-, IL 60018 
Tel. 312~74511 

I Central Region 
NE, IA, MO, KS 

Central Regional O11,ce 
Aor Traffic D1v1sion ACE-530 
601 East 12tn Street 
Kansas City, MO 64106 
Tel. 81&-374-3408 

Ealem Region 
NY, PA, WV, VA, DC, MO, DE, NJ 

Eastern Regional Othce 
Alf Traffic D ivision AEA-530 
JFK tn1e,nationa1 Airpon 
Fitzgerald Federal Building 
Jamaica, NY 11430 
Tel. 71&-917-1228 

I N- England Region 
MA, NH, VT, RI, CT, ME 

New England Regional Ollice 
Air Traffic Divosoon ANE-530 
12 New England Executove !:'ark 
Burtongton. MA 01803 
Tel. 617-27~71'1 

E 2 

I WHlam-Paclllc R911lon 
_ HI, CA, NV, AZ, GU 

Weslern-Pacihc Aeg oonal Ott,ce 
Aor Trathc Dovosoon AWP-530 
15000 Av1a11on Boulevard 
Hawlhorne. CA 90260 
Maol Address. 
AWP-530 
P.O . Box 92007 
Worldway Postal Center 
Los Angeles. CA 90009 
Tel. 213-297- 1182 

ISoulhwNI Region 
NM, TX, OK, AR, LA 

Southwest Regional Oflice 
Air Traffic D ivision ASW-530 
4400 Blue Mound Road 
Fort Worth, TX 76106 
Mail Addreas: 
P.O . Box 1689 
Fort Worth, TX 76101 
Tel. 817-877-2640 

I Southern Region 
KY, TN, NC, SC, GA, AL, MS, FL 

Southern Regional Oft,ce 
Air Traffic Dovisoon A SO-S30 
3.oo Norman Berry Drove 
East Poinl. GA ~ 
Mail Address: 
P.O . Box 20636 
Atlanta, GA 30320 
Tel. 40'-763-7646 

I San Juan Ottlc■ 
. VI, PR 

DOT/ FAA 
San Juan CERAP 
ATTN: ML & SO 
GPO Sectoon 
San Juan. PR 00936 
Tel 009-791- 1615 



DO NOT REMOVE CARBONS Form Approved 0MB No. 2120-0 

Aeronautocal Slu0y Number 0 
us 00parwno,, o "'"'-""""' NOTICE OF PROPOSED CONSTRUCTION OR ALTERATION -·---1. Nature ot Proposal 2. Complete Oeacrlpllon of Structure 

Type 8 . Class C Work Scheou1e Dates A lnclu0e elleclove ,aooaieo power ano assogn~o lreouency < 

.J New Constructoon 0 Permanent Begonnong allexoshng. proposco or mo0of,e0 AM FM or TV broaoca: 

0 Allerat,on 0 Temporary (Durahon ___ months 
sta11ons ullllzIng th,s slruclure 

Eno 
B Include size and conhgurat1on ol power 1ransm,ss1on lint 

JA Name and address of individual, company, corporation, etc. proposing the and 1he1r supporting lowers ,n lhe v1c1n,1y ol FAA lac,111,E 

Construction Or alteration. /Numoer. Sueer. City. Stale and Zip Code/ 
ano publoc a11ports 

C Include intormattc,n showing s11e orien1a11on ci,mens,on 
( ) and construchon materoals of lhe proi,osed slruclure 
-code T eiephone Humt»r 

i 7 
TO 

L I 
8 . Name. llddraa and talephone number ol proponent's rep,-,tahve ii <lillerent than 3 above. 

(ii more 1pac91s ,equ,19d, contonue on• s.pvata sheet./ 

4. Location ol Structure 5. Height and Elevation (CompJeta to the nearest I, 

A Cooroonates B. Nearest Crty, Town and State C Name ol nearest a11por1. neloport. floghtpaik, A Elevahon of sole above mean sea level 
/ To nHrasr secOfld/ 

Los Angeles or seaplane base LAX 90 90 
01 'I " ( 1) Or stance to ~B ( 1) Distance from slluclure 10 nearest po1n1 of 8 . Height of StruC1ure rnciud1ng all 

Moles nearest runway 150 feet appur1enancas and hQhtong ( 11 any/ ab<>Ye 2 . Lalltuoe ground, or water of 10 situated 

01 ·~ " (2) Dorect,on to 48 (2) O11ection from structure 10 aorport C . Overall he1Qhl above mean sea level ( A • BJ 

Long,tude on air~ort 92.2 
0 Oescroptoon ot locat,on of site with respect to highways. streels.arrporls. promonenl terrain features. ex,strng struclures. etc. Allach a US Geotog,cal Survey quadrangle map or 

aqurvalent snowong lhe ralatoonsh,p of construction site to nearest a11por1(s). / ,1 more space ,s requ11ed. continue on a separate sheet ol paper and arrach to 111,s no11ca. J 

rhe site is fo r temporary installati ~n of 2 log periodic dipole locilizer 
antennas and is J feet in front of the existing blast fence at the stpp~end 
of Runway 07L. This places the antennas 160 feet from the R/W 25 threshold. 

Notice•~ requ11ad Oy Part 77 ol the FeOeralAv,at,on Regulations/ 14 C.F.R. Part 77 J purauant 10Sec11on 1101 ol the Federal Avrar,on Act ol 11158. as amendea/49 U .S .C t 101 /. 
Persons who 1onowin9ty and w11/1n91y vtOlate the Notice requ11ements ol Part 77 are suoiecr 10 • ,,,.,. I ,;rin11n•t p,1ni1lly J of nor more lfliln $500 101 the tor st ollanse and not more 
than $2,000 tor suosequant ollema. pursuenl to Section 902/a/ ol the Federal Av,at,on Act ol 1958. •s amenclad 1•9 U.S.C. 1472/al). 

I HEREBY CERTIFY that all of the above statements made by me are true, complete, and correct to the best of my 
knowledge. In addition, I agree to obstruction mark and/or llght the structure in accordance with established marking & 
lighting standards If necessary. 

Del• Typed HMM/TIiie ol Panon Filing HOllce 

' •~~ ,, I • • . , .. 

.,.··--;~:~·•.,· 
. ., -r~.,:;, . 
-~: .. ':.· .... 
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