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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, (25L/07R), 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 25L, 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 24L, 24R, 251 and 25R were also investigated. This investigation
which involved both theoretical and experimental portions indicates that the OCS
is not a problem.



.

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, TACAN, 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.







L INTRODUCTION AND BACKGROUND

By May 1991, The Los Angeles County Transportation Commission had
completed many of the preliminary steps necessary for running the North Coast
Extension of the Metro Green Line along the east boundary of the Los Angeles
International Airport (LAX). The plan calls for the rail alignment to be along the
east boundary of the south complex of the airfield, and from there proceeding
northward eventually passing through Parking Lot C which is east of the north
complex. A possible extension from there northwestward is being considered.
This layout, which is foundational to this study, is shown in Figure 1-1. An
alternate plan shown in Section IV defines an alignment which consists of a station
in the Lot ’C’ area (relocated Gateway Station) with the line continuing northerly
through Lot 'C’ as either a continuation to the next station or as a tail track. This
alignment was considered in modeling of the effects that could be expected
concerning the performance of the glide slopes that serve Runways 24L and 24R.

In late spring of 1991 the Federal Aviation Administration expressed in writing a
concern that all factors which relate to the potential impacts of the Metro Green
Line running along the east boundary of the Los Angeles Airport had not been
identified. They were especially concerned that electronic aids for aircraft
operations would be impacted adversely. They expressed interest that a report
accompany a formal new Notice of Proposed Construction or Alteration Form
7460-1, to replace the one submitted earlier in July 1990. In response to that
interest TransCal commissioned this study to be conducted by Ohio University
that would investigate all possible negative impacts on LAX flight operations. The
purpose of this technical report is to document the findings of the investigation.
The findings hopefully will meet the need of providing detailed technical
information to the Federal Aviation Administration as they perform their work of
evaluating the request for rail construction.

There are well over 50 radio aids involved in handling the operation of aircraft in
and out of LAX. There are navigation aids, communications stations, radar
surveillance facilities, radar beacon sites and wind shear alerting devices all using
the radio spectrum in one way or another. The very dependence of LAX
operations on radio waves in space offers the potential for creating problems with
airport operations. For example, an unwanted separate source of radio frequency
energy might appear effectively to jam the desired radio operation; surfaces such
as provided by railcars might cause reflection of the desired signals to produce
signal distortion, or the relatively large surfaces of the combined railcars might
simply block microwave radio signals that propagate essentially line-of-sight.
Further, there are concerns that visual cues provided for the pilot might be
rendered less effective and confusion created by the sources of direct or reflected
illumination from the railcars.

The intent of this study is to address all radio aid issues and to identify possible
derogative effects that can be expected from the Metro Rail Green Line running
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Figure 1-1. Planned Layout and Alignment of Metro Green Line as the
Reference used in this Report.



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 LAX 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 I, 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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IL 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. Design 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.



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-1]" 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. Clearly 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 ILS 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 section.




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
251, 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 121 [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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Figure 2-1. Inner Marker Installation for Runway 25L Looking
North.
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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. Investigation of Techniques to Solve the Runway 07 Left Localizer Siting
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 serve 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 O7L. 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

Serves Runway 07L.
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theoretical and experimental evidence that ILS 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 O7L 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 AeroVironment 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.

14



ST

FEET ACTUAL DISTANCE FROM CENTER LINE

FEET ACTUAL HEIGHT

PLAN VIEW

OUTER JET BLAST WALL

y

--ewwb - - -

- -
BOUNDARY OF SCALE IMODEL - 8' x 2q

80 U RN OISO VY

sl
A A 2r v vl N

JET BLAST WALL

AUNWAY 25A CENTER LINE
E— TS o s bl S | R
iREF. DATA PT.

S
\
N X100, YoT, Za3r
I L)
-40 \

A R R A N A A S e N A N N R A S NLNE RN
\ OUTER JET BLAST WALL

SECTION AT RUNWAY CENTERLINE CENTERUINES

: GREEN LINE ;

Blip;

—

Via7

A
—

14

o l"‘h,'l{_rla,,’lpooooo

~
T
—_—

| . ’ i TRACKS i i
B ﬂ EXISTNG JET |  CENTERLINE i| cenmemume  centerune
40 Y BLASTWALL — PATROL ROAD 1y~ ATBSF TRACKS — AVIATION BLVD. ~—
: — e o ] I

] REF. DATA PT. |

X100, Yol', Za3§' ! 3 !
( - q&_%d‘ EA ] _ — i
0 1T I 1 T T T I 71 T 1 rFr T T T T 11T L2 L O O T 1
-80 -40 EMC,OOF 40 80 120 160 - 200 240 280 320 360 400
AUNWAY FEET ACTUAL DISTANCE FROM END OF RUNWAY

General site layout showing scale model boundary and
the reference velocity data point location.

Figure 2-5. Profile Along Runway 25L Centerline Extended (Approach Region). Taken from
AeroVironment, Inc., Report, Title, "Scale Model", Dated July 26, 1991.




91

30 FT ——

25 FT —— 50:1
— 10 '~ 5 ‘-
20 FT L———ﬁ*— LPD ANTENNA
3
15 FT — o ~—
F COUNTERPO | SE
10 FT —— EXISTING .
BLAST 16 i
L !
> FT —— FENCE i
PATROL ROAD

o

160 170 180 190 200 210 220 230 240 230

FEET FROM RUNWAY

260 270

.
i
;
i
;
i
;

i

2520624

Figure 2-6. Optimum Placement of Runway 07L Localizer with Minimum Size Counterpoise Dimension
Perpendicular to Face is 150 Feet.



PLAN VI EW
OF
COUNTERPO | SE -

1350 -

| FFFFFFFFFFFFFFE
-

| f SCREEN OR
GRID OF #12
COPPER WIRES

2520622A

Figure 2-7. Proposed Counterpoise for the Runway 07L Localizer. The
Acceptable Range for the Parameter L is Found to be from
10 to 40 Feet.

17



600L/16 89 A

81

Y

Height - (feet

Height - (feet)

180 + 40 mph

180 200 220 240 260 280 300
Distance from End of Runway - {feet)

20+ 20 mph—-—\

%

i T T T o I T T T
180 200 220 240 260 280 300

100 120 140 160
Distance from End of Runway - (feet)

Figure 2-8. Velocity Contour (in mph) along Centerline with and without Blast Wall, no Ambient Wind.



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 ILS
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 nmi 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. If
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 distributions 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 AeroVironment (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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Figure 2-11E. Comparison of Calculated Signal Levels for the Antennas 6 Feet Above the Counterpoise and for those 6
Feet Above the Ground as is Typical for Localizers. LAX - Top Extended Service Volume.
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Figure 2-12A. Comparison of Calculated Signal Levels for the Antennas 3 Feet Above the Counterpoise and for those 6
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Figure 2-12B. Comparison of Calculated Signal Levels for the Antennas 3 Feet Above the Counterpoise and for those 6
Feet Above the Ground as is Typical for Localizers. LAX - Bottom Service Volume.
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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, California, is further evidence that the LPD
antenna is capable of withstanding considerable jet blast, perhaps as much as 150
knots according to AeroVironment 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 AeroVironment 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:

F = CdApg

where F is the drag force in pounds, C; 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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Figure 2-14. Specimen Cross-section.
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The Reynolds number for the circular cylinders is defined as:

VD

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 C, 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 C, 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 C, 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/D =
®). 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.
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Figure 2-15. The Drag Coefficient for Cylinders and Spheres.
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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 @ -20°F yields 2.82E-3 slugs/ft’ - 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 Ibf for pipes one and two respectively. Thus, the total
drag force will be 280.7 Ibf. 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 1bf.

The basic design criteria are as follows:

Upper Limit 6750 Ibf

. - Leeway
Projected 449 1bf - Designed to break-away
Lower Limit 281 Ibf - 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 approval,
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.
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III. DESIGN FOR LOCATING MIDDLE MARKERS FOR RUNWAYS
24R & L AND FAR-FIELD 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 LAX 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 251
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.

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

ii. 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.

C. Discussion and Data Supporting 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 3-1a 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 Line. The rail system is located at
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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 25L 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 241
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 ILS 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 24L., 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 III instrument approach services are offered on LAX 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 ILS, 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 LLAX 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 251 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 O7L 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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Figure 3-9. Profile Through Runway 25L Centerline Showing Far-Field Monitor Line-of-sight to Localizer.
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A photograph of the three Runway 24R monitor antennas on tall poles is included
as Figure 3-1a. 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 3-1b, 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 241 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 LAX 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 described 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:

J . 2E, 1
= g
“maok BP(pa)

s

The total current on the surface of the wire is then given by:
T = 2mral,

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]:
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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]:
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Fighre 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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Figure 4-1. Comparison of Results of Two Modeling Techniques, viz., Modal
Techniques and the Method of Moments.
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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
(ra) 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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LAX OCS Modeling
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Figure 4-3. Prediction of Course Roughness Produced with 2-wire OCS
100 Feet Long, 1000 Feet in Front of Null-reference Glide
Slope Mast.
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LAX OCS Modeiing
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LAX Rail Modeling

Runway 24R
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Figure 4-7. Prediction of Course Roughness Produced with 2-wire
OCS, 2000 Feet Long, Set in Planned Location in Front
of the Runway 24R Capture-effect Glide Slope.
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LAX Rail Modeling
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LAX Rail Modeling
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Figure 4-9. Prediction of Course Roughness Produced with 2-wire
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LAX Rail Modeling
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Figure 4-10. Prediction of Course Roughness Produced with 2-wire
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LAX Rail Modeling "
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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 LAX 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)

< / m B = \ ) 1, \1
@

‘—’Q ‘ nd BN ) J’_QJ 1—1

BLUE LINE/GREEN LINE

Length (ft) 90 Articulated Car Length
Width (ft) 8.8

Height (ft) 11.5

Passengers/Car ~160 people

Cars/Train (Max) 3

Passengers/Train ~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 241 and 24R (North Complex).
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Figure 4-13. Prediction of Course Roughness Produced with 6
Metro Green Line Railcars and the Station in Front
of Runway 24R Capture-effect Glide Slope. .
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Figure 4-14A. Prediction of Course Roughness Produced with 6 Metro
Green Line Railcars and the Station in Front of Runway

24 Null-reference Glide Slope.

91




150 Hz

(uA)

CDI

90 Hz

Blue Line/Green Line Rail Cars

50
3 Category | Tolerances
40 - 9 y&
30 3
E Zone 3 Zone 2 Zone 1
20 ]
: 5.3%
10 1.6 pa
D—: ————V—\M
103
20 &
309
40—: Path Angle: 3.00 degrees
3 |c 8 A
50 LI N L B A B O 1 L L 0 O A M L B B B BN B T T 17
.0 1.0 2.0 3.0 4.0
Distance From Threshold (nm)
FAC: LAX RWY : 24L DATE : 92-01-18
ARRAY: CE ELEM: 3-Bay FREQ: 329.8 MHz

REMARKS: Station and 6 cars 8° from end of rail

Figure 4-14B. Prediction of Course Roughness Produced with 6 Metro
Green Line Railcars and the Station in Front of Runway
24L Capture-effect Glide Slope.
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Serving Runways 25L and 25R (South Complex).
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Figure 4-16. Prediction of Course Roughness Produced with 6 Metro
Green Line Railcars and the Station in Front of Runway

25R Capture-effect Glide Slope.
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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

25L Capture-effect Glide Slope.
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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 241 Null-reference
Glide Slope.
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Figure 4-19. Predicted Course Roughness Produced by a Section of 3 Metro
Green Line Railcars in Front of the Runway 24L Null-reference
Glide Slope.
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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
24L Null-reference Glide Slope.
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Figﬁre 4-21. Predicted Course Roughness on the Runway 241 Null-reference

Glide Slope Produced by the Metro Green Line Station in

Parking Lot C.
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Figure 4-22. Prediéted Course Roughness Produced by a Section of 2 Metro
Green Line Railcars in Front of a Capture-effect Glide Slope
that Would Serve Runway 24L..
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Figure 4-23. Predicted Course Roughness Produced by a Section of 3 Metro
Green Line Railcars in Front of a Capture-effect Glide Slope
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

located 0° from end of rail

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 241
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..

APPLICABLE PEAK CDI % CAT % CAT
REFLECTORS FIGURE I I/ I
N-R | CEGS | N-R | CEGS | N-R | CEGS CEGS

2 Cars 4-18 422 | 174 12 58.1 4.1 5.7

3 Cars 4-19 423 | 158 14 59.5 46 63

6 Cars 4-20 424 | 189 15 63.1 5.0 6.7

Station 421 425 24 0.4 79 14 18

6 Cars + Station || 4-14A | 4-14B | 183 16 61.0 53 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 ZONE 2 ZONE 3
ua / % tol va / % tol ua / % tol
25L Cat II 2/13 6/29 4/20
25R Cat I 2/13 5/17 6/20
24L Cat I 15/50 23/77 10 /33
24R Cat II/III 8/27 6 /30 6/30

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 4A | % TOL FIGURE uA / % TOL
25L 4-11 0.8/39 4-17 49 /240 279
CAT II (ZONE 3)
25R 4-10 0.1/02 4-16 43 /144 14.6
CAT1
24L NULL 49 0.7/24 4-14A 183 /610 63.4
CAT1 | -REF
CEGS 48 05/18 4-14B 16/53 7.1
24R 4.7 05/26 4-13 1.1/38 6.4
CAT IIAIL
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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%
4L CATI CEGS 37.1%"
24R CAT II/III 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 Line 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 251, 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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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 11 56.9%
2SR CAT 1 31.6%
NULL-REF 140.4%
4L CATI CEGS 37.1%°
24R CAT II/III 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 1
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 Line 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 251 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 null-reference 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 for 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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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 FA-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 FA-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. 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.

Case 2. Lower antenna displaced 26 inches downward;
See Figure 4-26.
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Figure 4-26. Plan View of Proposed Modification to the Standard Glide Slope Tower.
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Figure 4-27. Sketch of Vertical Profile Looking Toward the Runway.
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DETAIL OF SUPPORT TRUSS ELEMENTS

LEFT
VIEW

FRONT
VIEW

RIGHT
VIEW

2520715A

CONNECT ING RODS

SUPPORT TRUSS ELEMENT GEOMETRY
ELEMENT ELEMENT ELEMENT
NUMBER LENGTH GEOMETRY

1 48,13 - 18" EQUILATERAL

TRIANGLE
2 19.78 " 18" EQUILATERAL
TRIANGLE
3 24.24 " 18" EGQUILATERAL
' TRIANGLE
a 24 49 ° 18" EQUILATERAL
TRIANGLE

s 8.16 " 24" EQUILATERAL
TRIANGLE

s 39.31" 18" EQUILATERAL
TRIANGLE

9 8.95 " 18" EQUILATERAL
TRIANGLE

Figure 4-27a. Details of Support Truss Elements.
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Figure 4-28. Sketch of Vertical View of Dual System Mast.
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Figure 4-30. Vertical Glide Slope Structure for a Capture-Effect System with Lower Antenna
Displaced 26" Upward.
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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.

CONDITION ANGLE/WIDTH SYMMETRY % CAT I
Normal 2.99/0.72 51:49 0
Case 1; Up 26" 3.00/0.76 48:52 12
Case %,6 “Down 3.00 / 0.66 53:47 18

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. References.

[4B-6] 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 (LAX) 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 MALSR 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 241 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
O6R, 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.

Rail 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 low cloud layer, which
prompted the "visual distraction" item in the ATA letter to FAA [5-1, Item 4].

Again, several solutions 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 should 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.

ili. 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 retrofit 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.

ii. 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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ili. 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 turn 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 corner
and a red marker light at the rear top corner.

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 described 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 from 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 ILS 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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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.

E.
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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.

The Los Angeles Very High Frequency Omni Range (VOR).

The Los Angeles TACAN. (This includes distance measuring
equipment (DME).

Non-directional Beacons (NDB’s).

Localizers on Runways 25L, 25R, 24L, 24R, 06L and O6R.

Glide Slopes on Runways 06L, 06R, 07L and 07R.

The 4 DME’s associated with the ILS Localizers serving Runways 071
and 07R; serving Runways 06R and 06L; serving Runways 25L and
25R; and Runways 24L and 24R.

Voice Communications.

Data links from the Radar sites to the Tower and Tracons.
Magnetic field indicators such as aircraft compasses.

Low Level Wind Advisory System data links (LLWAS).

Monitor Remote Status Indicators.

=

ANl o

n S0 0=

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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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), LLWAS 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 750 FT. AMTRAK CATENARY 25KV e
CLEVELAND HOPKINS GRADE 1750 FT. HEAVY CATENARY 600 VDC CAM 1970
NEW YORK JFK GRADE 3500 FT. HEAVY 3RD RAIL 600 VDC CAM -
NEWARK NEWARK GRADE 5000 FT. HEAVY 3RD RAIL 600 VDC CAM -
ST. LOUIS LAMBERT GRADE 1650 FT. LIGHT CATENARY 800 VDC 1993
BALTIMORE BWI GRADE 2000 FT. AMTRAK CATENARY 25 KV —ee

BOSTON LOGAN GRADE 2375 FT. HEAVY CATENARY 600 VDC CAM 1952
CHICAGO MEIGS GRADE 8500 FT. COMMUTER e .- ---
CHICAGO O’HARE GRADE 32R 1700 FT. HEAVY 3RD RAIL 600 VDC CAM -

ATLANTA HARTSFIELD 40 FT. 2800 FT. HEAVY 3RD RAIL 600 VDC CAM 1988

AERIAL
WASHINGTON NATIONAL AERIAL 1375 FT. HEAVY 3RD RAIL 750 VDC 1981
CHOPPER
LOS ANGELES LAX AERIAL 1250 FT. LIGHT CATENARY 750 VDC 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 25L, 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. | DME FREQ LOM/
MHz MHz MHz ' OM
LOC 6L I-UWU 111.7 333.50 1075 -
LOC 6R I-GPE 111.7 333.50 1075 -
LOC 7L I-IAS 1111 331.70 1072 -
LOC TR I-MKZ 111.1 331.70 1072 -
LOC 24L I-HOB 108.5 329.90 1046 ROMEN
278KHz
LOC 24R I-OSs 108.5 329.90 1046 ROMEN
278KHz
LOC 25L I-LAX 109.9 333.80 1060 LIMMA
LOC 25R I-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 IV. All glide slopes including those serving Runways 06L, 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 deliberate. 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 prohibit
reflecting structures from being located in the vertical beam. In Section IIJ,
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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. Middle Marker OLR 07L Sante Fe Runway 25R
@ 25L, 25R LOC LOC Railcars Threshold

Figure 7-3. Area to Just East of the Thresholds for Runways
25L and 25R and the Middle Markers for These

® Runways. Also, Indicated are the Localizers for

Runways 07L and 07R and Their Common DME.

143






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 06L/R and
07L/R 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
ILS’s on the air at any given time. This would mean that 4 of the ILS’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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Figure 7-4. Looking East of the RT-2 Communications Site Located
on the South Border of the Airport.
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As stated before, magnetic compasses derive their orientation from the Earth’s
magnetic field. The magnitude of the Earth’s magnetic field B, is 5.7 x

107 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 ¥ 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. The magnetic field from an infinitely long wire is

g - B L, T
2n R, R,

where I is a steady electric current, R, is the distance from the wire to the aircraft,
R, is the distance from the image current in the ground plane to the aircraft, and
[ is the reflection coefficient of the ground plane. For the cases of interest, I' is a
complex number whose magnitude is between 0 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.

Assuniing 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. The 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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Figure 7-6. Plots of the Magnetic Field From the Catenary Along with the
Value Produced by the Earth.
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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_00§‘{_]
1+k siny

where k = B/B, and ¥ is defined in Figure 7-5. For k=0.1, the compass error is less
than 6 degrees. This 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.

Compass Error in degrees

50 160 150 200 250 300 350 400
Angle gomma betwesn LAX Ral and North

Figure 7-7. Compass Error Versus Magnetic Field from Wire.

11) LLWAS 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 sufficiently great enough to be detected and measured.

12) Monitor Remote Status Indicators - All ILS’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 ILS
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 Rail Transportation Systems
Frank Doscher, Donn Allen, Charles Edelson, Les Durant,
Deepak Shah, Lynn Struthers
May 30, 1991 FAA Regional Office and LAX Sector Office
May 30, 1991 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 Cashm, 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 L.A. County Transportation Commission
Carl Shellenberg and Neil Peterson plus 20 staff personnel

August 2 & §, 1991 FAA Regional Office
August 6, 1991 FAA LAX Sector Office

August 7, 1991 FAA Regional Office

August 9, 1991 Wilcox Electric Corp; in Kansas City, Missouri
Robert Zimmerman, Executive Vice President;
Ed Key, Director of Engineering and staff personnel

September 24, 1991 L. A. 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 L.A. County Transportation Commission
Briefing for Airline Transport Association and Airline
Pilots Association at the Rail Construction Corporation
Offices. Judy Weiss, A. L. 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 IIB and IVB
David Quinet, Sections IVA and IVB

Gary Sims, Section 1B

Frank Marcum, Section VII

Jamie Edwards, Section IVA

John Johnson, Section IVA

Tom Brooks, Section IVA

Simbo Odunaiya, Section IVA

Robert Redlich, Section IVA

Martin Prazsky, Section IVA

Benjamin Bennett, Section IVA
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Dr Richard H. McFarland

Russ Professor Emeritus of
Electrical Engineering

Dr Robert W. Lilley

Director of the Avionics
Engineering Center

' T Lo
T 2 IV Sy B

Mohammad M. Dehghani, PE.
Assistant Professor ol Mechanical
Engineering

Ph.D.. Louisiana State University

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 organizations, and numerous airport commissions and
design groups. He holds 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 muiti-engine aircraft and for
instrument flight. He is a member of Phi Beta Kappa, Tau Beta
Pi, Eta Kappa Nu, and Sigma Xi professional and honor societies.
In 1989 he was awarded the FAA's Distinguished Service Medal for
his career-long work on Instrument Landing Systems.

Robert W. Lilley, director, project engineer, and professor,
performs both management and technical functions for the Avionics
Engineering Center. Currently, he heads the Loran-C Performance
Assurance Program, sponsored by the FAA, and works as a
research engineer on projects involving the Microwave Landing
Systems (MLS) and the Loran-C Navigation Systems. He led the
design and implementation effort which resulted in the center’s 3-D
aircraft tracking and data collection system.

He earned his Ph.D. from Ohio University. He is an instrument-
rated commercial pilot, current president of the WGA International
Loran-C Association, a member of both the Aircraft Owners and
Pilots Association and the Institute of Navigation, and a member
of Tau Beta Pi, Eta Kappa Nu, and Sigma Xi professional societies.
He has been with Ohio University since 1963.

Dr. Dehghani, who served as a graduate teaching associate at
Louisiana State University, joined the Ohio University faculty in
1987. His principal research interests are computer-aided design,
metal forming processes, finite element analysis, and theoretical and
experimental stress analysis.

He has received professional recognition with the Russ
Outstanding Undergraduate Teaching Award, in 1989.
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David Quinet
Research Engineer

Gary Sims
Research Engineer

Frank Marcum

Research Engineer

David Quinet is presently working on Instrument Landing System
(ILS) improvements and participating in the development of
Differential Global Positioning System (DGPS) air and ground
subsystems. His past work includes the development of key
elements of a collision warning system, an ILS data collection
package, and snow depth monitoring units. He currently is
pursuing an M.S.E.E., having earned his B.S.E.E. with honors from
Ohio University. As a student intern, David helped with the
development of the Digital Radio-Telemetered Theodolite. He is
a member of Eta Kappa Nu and Tau Beta Pi professional societies.

Gary Sims develops mathematical models of electromagnetic
scattering used to predict Radio Frequency Interference (RFT) and
the aid in the siting of VHF Omni-range (VOR) and Tactical Air
Navigation (TACAN) facilities. He joined the center after serving
in the U.S. Air Force as a pilot and as a research engineer in the
area of sensory physiology. He has accumulated over 3,000 flying
hours in both transport class and high-performance jet aircraft and
remains an active member of the Air National Guard. Gary holds
an M.S.E.E. from Ohio University. He is a registered professional
engineer in Ohio and a member of the Institute of Electrical and
Electronic Engineers, the Order of Daedalians, and Eta Kappa Nu
professional society.

Frank Marcum provides engineering support to a variety of
projects on antenna modeling and scattering problems and on other
electromagnetic issues. He currently is working on Instrument
Landing System (ILS) and VHF Omni-range (VOR) projects and
is responsible for the development of the FAA Radio Site Analysis
communications model. Now completing course work toward a
Ph.D. in electrical engineering, Frank earned his B.S.E.E. from the
University of Michigan in 1984 and his M.S.E.E. from Ohio
University in 1988. He was employed at Raytheon’s Equipment
Division for two years, where he was involved in the design,
analysis, and testing of system immunity to the Nuclear
Electromagnetic Pulse and lightning. He is a member of Eta
Kappa Nu professional society.
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Jamie Edwards
Research Engineer

John Johnson
Research Technician

Tom Brooks

Research Technician

Jamie Edwards uses computer modeling in his work with
Instrument Landing Systems (ILS) and helps with flight
measurements and data collection as an aircraft panel operator on
ILS missions. He earned a B.S.E.E. from Ohio University in 1986
and currently is pursuing his M.S.E.E. As a student intern at the
center, he aided in the design and implementation of a Loran-C
ground-based monitoring system. He also holds a commercial pilot
certificate with instrument rating.

John Johnson works with all types of aviation landing and
guidance systems, including fabrication of special aviation data
collection equipment. A member of the center’s staff since 1986,
He received his electronics training in the U.S. Army and gained
additional experience while self-employed in trouble-shooting and
repair work on satellite systems and computers. John holds an
FCC General Radiotelephone Operator’s License, an FAA
Repairman Certificate, and a Technician’s License for Shortwave
Communications.

Tom Brooks, who joined the center in July 1991, works with
aviation landing and navigation electronic systems and is responsible
for the repair and calibration of all types of flight instruments on
board the airborne laboratories. He is in charge of the center’s
FAA-approved Repair Stations. '

He has earned A.A.S. degrees in electronic engineering
technology and broadcast engineering technology from Hocking
Technical College. He holds a General Radiotelephone Operator
License with Ship Radar Endorsement and has experience in
broadcast radio-television and terrestrial microwave systems. He is
a member of the advisory council for the Electronics Technology
Program at Tri-County Joint Vocational School.
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Contributors not pictured:

Simbo Odunaiya is a graduate student who is currently working toward a
Ph.D. He specializes in mathematical modeling and holds a MS.E.E. .
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B

A311,085;p DATE= 09/06/9)1 BOUR= 13:19
&2 ¢ J1S  INQUIRY ¢ v ¢ LAST UPDATE 77 2/91
LIRPORT [0S ANGELES INTL ARPT-ID KLAX  RWY 24R LCTH LOS ANGELES ST CA REG WP FIPO SAC OWN P
P ORARISDATA ® v & % ¢ ¢ ATRPORT DATA # ¢ ¢
ILS-PAGE-1 “[LS-PAGE-2 ILS-PAGE-3 [LS-PAGR-4 MRP-LAT N13-96-33.10
IDENT 0S8 GLA ¥33-51-02.35  GS-OFP L400  LC-DIS 10859 ARP-LOM W118-24-25.480
RW-BRG 263.00 GLO  W118-2¢-15.22  ON-DPIS 38910  [C-OFP PIELD-ELEV 126.0
FREQ  108.50 GS-ALN 3.00 . TH-DIS 1026  LC-FCB 263.00 TR-LAT N33-57-07.51
VAR B¢ GS-WID 70 YH-HGY 117 IC-BCB 82,98 TH-LOK W118-24-03.72
Cat¥ 3 GS-BG? 119 RE-BGT 112 1C-WID 3.3 TH-ELBV . 117.2
. RWY-LDG-LENGTH 8925 RE-LAT H33-56-56.74
# & & LOCALIZER & + ¢ RB-LOR W118-25-48.87
LaT N33-56-53.17  XMITTERS DUAL  LOC-RE 2960/ .487 LCW-TAIL YES RE~BLEV 111.6
LON W118-26-23.74  EQUIP-TYPR ¥l LOC-TH 11885/ 1.956 LOW-FI-TR 0699 RWY-LENCTR/WIDTE $925/150
ELEV 123.0 STBY-POWER CONX  LOC-IN 12820/ 2.109  DATE-COMN 06/17/81 DSPLCD-TR-DIST
ANT-TYPR 10G-PER RSV YES  LOC-MK 14773/ 2.431  SCRVBY-ACCY 6 DSPLCD-TB-1AT  §00-00-00.00
DUML-PREQ YES  RESTRICYED O LOC-OM/FAF 49769/ 8.10  AGREE-WO DSPLCD-TH-LGH  £000-00-00.00
US-DIST: FC 25000/85.0 BC 0/ .0 BC-CXPY COND~CODE A DSPLCD-TH-ELEY .0
CLRNC-CUG: FC 90735 150/35 BC 90/ 0 150/ 0 KON-WIDTH w03.9¢ F02.79 VOICE NOKE RWY-1DG-LENGTE 8925
CXPI-DESC: FC AP 8.1 DE BC TDI-ELEV 120.4
¢ 4 & GLIDE SLOPE ¢ ¢ ¢ GS-ANT-OF} 1400 DECISION-BEIGBTS:
ELEV 114¢.9  XNITTERS DUAL  DIS-TE-PT-C 855.47 .140 MON-MGLE H3.30/12.77 DH DIST/RALT
ANT-TYPE CAP-EFF  EQUIP-TYPR WL GS-TH 1026/ .168 DATE-COMX  09/16/81 {100) 612 115
Cl-BLRV-ARN 118.6 TREQ 329.90 GS-IK 1961/ 322  SURVEY-ACCY 6 (150} 1867 164
(B 56,2 BSV ¥ GS-MK 3914/ .640 AGREE-MO (200)
ELEV-USED-TCE  CROWN  RESTRICTED NO GS-ON/FAP 38910/ 6.403  COND~CODE A PERFORKANCE~CLASS
APIS-CORDS  ANTENHA  GPY-TH 1052.7 RPI-TH 1026.0  STBY-POWER BETT  GRNERAL DA
INT: LAY ¥33-57-02.35 LOM  W113-24-15.22 AIN-PT: LAY ¥33-67-06.28  LON W113-24-15.80 YR/MVAR 1930/E14
1CAO K
¢ JLS-DNE/OTBER-DKE ¢ £ OUTER-KKR s * NIDDLE-NARKER ¢ *  INNER-NARKER # QOX-SYS {ES
CHAN 022  LAT N33-57-53.60 §33-57-11.00 ¥33-57-08.60 AFCC
(AT §33-56-50.26 1M ¥118-16-37.40 W118-23-29.70 Wi118-23-52.70 BC-STATUS NONE
LON W118-26-19.23  ELEY 136.0 104.0 105.0 HON-CAT 1
ELEV 133.0  DIST-TH 37884/ 6.3 2888/ 47 935/ .15 HOK-10C ATCT
RESTRICTED ¥0  DISI-DIR-CL 252 PIPO-PKOCEDURES SiC
MITTERS SINGLE  DATE-COMX 06/17/81 01/07/75 01/07/75 ASSOC-FACS: SIAP
DATE-COMX 00/00/00  NANB/USE RONEN LOK 055 /278.00 YRS
SORVEY-ACCY 6 COND-QODE 3 3 A
AGREE-XO SURVEY-ACCY 6 6 6 LIX
COKD-CODE A TAPELINE 2039.2 205.1 102.8 NDB
DHE-FAR/CKIT 8.1 BARTE-CURVE 36.2 4 .0 LSSOC-MKR
OTHER-DNE NSL-ALTITUDR 2194.0 3.1 221.4 APL ClaA
$ ¢ & SIAPS ¢ 2t 2 APL APL APL
DESCRIPTTON ANDT PUBL RNT DESCRIPTION MDT PUBL RMT DESCRIPTION ANDT PUBL RNT
IL3RWY 248 20 YES X0 ILS RWY 24k CAT 2 20 YES ¥O ILS BWY 24R AT 3 20 B W
RESTRICTION:
REMARKS: -

1 DHB LOCATED 2618/ OUT SER AND 338! LEFT. DNE TO AER 115347/1.90 NM, DMS TO ON 49427//8.13 WM.
2 [CW/CLR CHECKED AT 46007 MSL. RNAJ4AP CHECKED SATISFACTORY.
3 NOS SURVEY 11/30/88.

# 4 & END OF REPORT # * ¢
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A311,8QB;P

DATE= 08/06/91 HOUR= 13:20

ATRPORT LOS ANGELES INTL

ILS-PAGE-1
IDENT BOB
RW-BRG 263.00
FREQ  108.50

VAR Bl
CAT 1

b4 4 LOCALIZER o & 4

(a7 §33-5€-16.68
LOK W118-26-18.%0

ELEV
ANT-TYPE
DUAL-FREQ

US-DIST: FC 25000/85.0 BC 0/ .0
CLRAC-CVG: ¥C 90/35

CKPT-DESC: ¥C FAY 8.1 DHE

¥ & & GLIDE SLOPE # 4

BC

ELEV 1149 XMITTERS

ANT-TYPE NULL-REP  EQUIP-TYPR WL cs-T8
CL-ELEV-ABH 116.3  FryQ 325,90 GS-IN
7CH 59.0 ESV X0 G5-¥M
ELEV-CSED-TCE  CROWN  RESTRICTED ¥O GS-OK/RAF

APYS-CORDS  ANTEMNA  GPI-TH
ANT: LAT ¥33-57-02.25 LON

+ [LS-DNE/OTHER-DHE ¢ '

CHAN

LT N33-56-50.26  LOW

022 LAT

Lo W118-26-19.23  RLEV

1 DE ALSO SERVES RUMWAY 24R. LOCATED 1259 OUT C/L PORM SER AND 361/ RVGET OF C/L. DNR TO AER = 11544°/1.9 NN; DHE TO OK = 43436'/8

14 N

BLEV 133.0  DIs?-TH
RESTRICTED ¥ DIST-DIR-CL
KUITTERS DUAL  DATE-COMX
DATE-COXX 08/25/67  NAMB/USE
SORVEY-ACCY §  COND-CODE
AGREE-¥0 SURVEY-ACCY
" COND-QODE A TAPELINE
DHE-PAR/CKP? £.1  PARTH-CURVE
OTHER-DKR NSL-ALTITUDE
[ 3K SIAPS t 40 APL
DESCRIPTION NOT PCRL RNT
IS RHY 241 19 YES WO
RESTRICTION:
REMARKS:

OUTER-KKR

1126.2 XPI-TH
W118-20-15.21 AIN-PT: LAT N33-56-59.40  LOW

¥ & NIDDLE-MARKER ¢
N33-57-53.60
W118-16-37.40

136.0

17892/ 6.3

08/25/67
ROMEW

A

6

2039.6
16.2
292.1

DESCRIPTION

£330 I1S  INQUIRY # & *
ARPT-ID KLAX  RWY 24L LCTN LOS ANGELES
¢4 4 ARISDATA ¢ ¢ ¢ '
-ILS-PAGE-2 ILS-PAGE-) [LS-PAGE-{
GLA §33-57-02.25  GS-OFF R2%  IC-DIS 1054
GO Wig-u-15.21  OK-DIS  3891¢  LL-OFF
GS-ALNM 1.00  TH-DIS 1626 LC-FCB 263.00
GS-WID 0 TH-ECP . -3 82.98
GS-8G? 116 RE-HG? 108 LC-WID 3.47
RWY-LDG-LENGTE 10285
IKITTERS ~ SINGLE  LOC-BE 1275/ 209 LAW-TAIL YES
BQGIP-TYPE WL LOC-TH 11560/ 1,902  LCW-FI-TH 0700
122.0 STBY-POWER  COMH  LOC-IN DATE-COMX 08/25/67
V-RING ESV N0 LOC-MN 14498/ 2.386  SURVEY-ACCY 6
H0  RESTRICTED §0  LOC-ON/FAF {9452/ 8.138  AGRER-HO
BC-CKPT COND-CODE A

150/35 BC 90/ 0 150/ 0 MON-WIDTE 04.05 N02.88 VOICE HOKE

GS=ANT-OFF R290

SINGLE  DIS-TB-PT-C 782.9/ .128 MOM-ANGLE E3.30/L2.77

1026/ 168 DATE-CONK  04/30789
SURVEY-ACCY 6

3964/ .652 AGREE-MO

38918/ 6.405  COND~CODE A

1026.0  STBY-POMER COXN
N118-24-14.79

+ IMNER-HARKER
§33-57-04.20
W118-23-24.10
103.0
238/ 48

08/25/67
A

6
207.7
A

.4

APL

AMDE PUBL BNT DESCRIPTION

LAST UPDATE 7/15/91
ST CA REG WP FIFO SAC QWi ¥
* & & LTRPORT DATA * * &

ARP-LAT 133-56-33.10
JRP-LON W118-24-25.80
FLELD-RLEV 126.0
TB-LAT 33-57-00. 64
TE-L0¥ Wilg-24-02.11
TH-ELEV Coma
RE-LAT H33-56-48,2
RE-LON W118-26-03.47
RE-ELEY 108.1
RRY-LENGTE/WIDIE  10285,150
DSPLCD-TH-DIST
DSPLCD-TE-LAT  500-00-00.00
DSPLCD-TE-LOH  8000-00-00. 00
DSPLCD-TR-2LEV R
RVY-LDG-LENGTE 10285
DI-ELEV 121.0
DECISION-BEIGHTS:
D DIST/RALT
{100)
{150}
(200)
PERFORMANCE-CLASS
GEHERAL DATA:
YR/MVAR 1980 /814
1600 K
CON-5Y5 YES
AFCC
BC-STATCS HOHE
HON-CAT 0
MOB-10C AicT
PIFO-PROCEDCRES 53¢
ASSOC-FACS: SIAP
LOX
L
LN
¥DB
ASSOC-KKR
M A
APL
A PURL RNT

2 LOCALIZER COURSE WIDTH AND CLEARANCE COMNPARIBILITY ARE SATISPACTORY UP T0 10,000' MSL. RHA34AF IS SAT.
3 ASS0C-PACS; LOX 0SS 278 SIAP YES.




8
A311,CRN:P

DATE= 09/

LIRPORT LOS MNGELES INTL

ILS-PAGE-1

06/91 HOUR= 13:20

% % & ILS  INQUIRY ¢ # ¢

ARPT-ID KLAX  RWY 25R LCTW LOS ANGELES

44 AFISDATA # & ¥

ILS-PAGE-2

TLS-PAGE-3 {L5-PAGE-4
IDENT  CEN  GLA  N33-56-17.81  GS-OPF 1334 .- LC-DIS 10806
Ri-BRG 263,02 GO W1I$-23-06.93 OK-DIS 33714 LC-OFF
FREQ  109.50  GS-ALM 3.00  TE-DIS 1039  LC-FCB  263.02
KR B4 GSUID 70 TE-RGT W IC-BB 83,00
CAT 1 GS-EGT 9% KE-EGE 119 LC-KID 3.3
- WY-LDG-LENGTE 11134
¢ 4 4 LOCALIZER # ¢ ¢
AT N33-56-08.07 INITTERS  SINGLE  LOC-RE N1/ 117 LCK-TAIL ¥es
LN Wi13-25-14.70 RQUIP-TYPE WL LOC-TH 11845/ 1.949 LCK-PI-TH 0701
ELEV 119.0  STBV-POWER  COKH  LOC-IN DATE-CORX  07/25/87
INT-TiPE LOG-PER RSV VES  LOC-KE 14737/ 2.425  SURVRY-ACCY 6
DUAL-FREQ YES RESIRICTED MO  LOC-OK/FAP 44520/ 7.327  ACREE-NO
US-DIST: BC  4620/85.0 BC O/ .0  BC~CKPT COND-CODE A
CLRIC-CYG: FC 90735 150,35 BC 90/ 0 150/ 0 KOM-WIDTH #03.96 N02.81 YOICE  HONE
CKPP-DESC: FC DNE 10 FAF 7.4 &
+ % + GLIDE SLOPE & ¢ # GS-ANT-OFF  L3%4
ELEY 95.5 YMITTERS  SINGLE DIS-TE-PT-C 798.5/ 131  NOW-MNGLE H3.30/12.77
AWT-TYPE  CAP-EFP  EUIP-TYPE WL 6s-TA 1039/ 170 DATE-CORN  03/29/87
CL-BLEV-MBH  97.7 FREQ 113,80 GS-IN / SURVEY-)CCY 6
1cE 582 BSV Ko CS-H 3931/ .66  AGREE-HO
ELEV-USED-TCH  CROWN  RESTRICTED HO GS-OK/FAP 33714/ 5.548  COND-CODE A
APIS-CORDS  ANTENWA  GPI-TR 1109.6 RPI-TH 1039.0  STBY-POWER COMK
ANT: LMF N33-56-17.81 LON  KL18-23-06.93 AIN-DE: LAY M33-56-21.09 LON  WM18-23-07.41
* [LS-DKEAOTHER-DKE ¢ ¢  OCTER-MKR ¢ & NIDDLE-MARKER ¢  + INNER-MARKER +
CEAN 0365 LT H33-56-53,40 N33-56-25.80
LAT N33-56-04.27  LON K118-16-29,00 ¥118-22-21,10
WO K18-25-16.50  BLEY 12,0 8.7
ELEV 126.0 - DISI-TH 12675/ 5.37 w9 A7
RESTRICTED B DIST-DIR-CL 1832
YMLTTERS DATE-CORN 01/31/69 01/31/69
DATE-COMK  02/03/81  NAMB/CSE LINNA
SURVEY-ACCY §  COND-CODR A A
AGREE-KO STRVEY-ACCY 6 6
COND~CODE A TAPELINE 1766.9 206.0
DNE-FAF/CKPT 7.4 EARTE-CURVE 2.2 a
OTHER-DAE NSL-ALTETUDE 18918 304.1
EASIAPS & k4 APL APL

DESCRIPTION MOT PUBL RXT DBSCRIPTION NDT PUBL RHT DESCRIPTION

IS RY 258 5 YIS X0

RESTRICTION: HONE

REMARKS:

| THE DME USED WITH THIS ILS 3LSQ USED WITH RWY 25L.

2 K0S SURVEY 11/30/¢8.

k& ¢ END OF REPORT # ¢ &

LAST OPDATE /23,91
STCA REG WP FIFQ SXC OWH F
* & & AJRPOKT DATA * ¢

ARP-LAT N33-56-33.10
ARP-LON W118-24+25, 80
PLELD-ELRV 126.0
TE-LAT N33-56-23.49
T8-LON RL18-22-43.89
TH-ELBV .90
RE-LAT 433-56-08.93
RE-LON ¥118-25-06.33
RE-ELEV 118.5
PRY-LENGTE/MIDIE  12091/150
DSPLCD-TH-DIST 357
DSPLCD-TR-LAT  W33-56-22.34

DSPLCD-TH-LON  W113-22-55.17
DSPLCD-TH-ELEV 94.0
RWY-LG-LENGTR IORRT)
TDZ-ELEV 102.0

DECISION-HEICRTS:

v |

{200)
(150
{200}

DIST/RALY

PERFORKANCE-CLASS
CENERAL DATA:

YR/NVAR 1980/ €14
1C0 K
N-s¥s YES
LECC

BC-STATUS NONE

HON-CAT 1

NOM-LOC  LAX TWR TRACOH
FIFO-PROCEDURES SAC
ASSOC-PACS: SIAP

LOX

1XH

LIX

XDB

ASSOC-MKR

APL A

APL
MDY PUBL RAT




B

A31),L040P DATE= 09/06/91 HOUR= 13:22
) t e ¢ J1S  INQUIRY # * #
AIRPORT LOS ANGELES INTL ARPT-ID KLAX  RWY 250 ICTN LOS ANGELES
€ ¢ ¢ JAPIS DATA # & ¢
ILS-PAGE-1 ILS-PACE-2 ILS-PAGE-] ILS-PAGE-4

IDENT LAY GLA ¥33-56-17.71  GS-OFF Ri00 ~ 1C-DIS 11030
RW-BRG 263.01 GO W118-23-06.92  OK-DIS 33716  LC-OFF

FREQ  109.50 GS-ALN 3.00 TE-DIS 1000 LC-PCB  263.01

HVAR El4 GS-WID J0 TH-HGY 95 IC-BCB 82.99

A 2 6s-36t 97 1E-EGT 118 LC-WID 1.3

- RWY-LDG-LEXGTE 11096

t ¢4 [OCALIZER ¢ ¢

LaT N33-56-00.48  YMITTERS DUAL  LOC-RE 935/ 153 LCW-TAIL YES
oM W118-25-16.26  EQUIP-TYPE T 10C-TB 12031/ 1.980 LCH-FI-TR 0699
FLEV 117.0  STBY-POWER  8ATT  LOC-IK 13020/ 2.142  DATE-COMM 02/21/76
ANT-TYPE  TRAV-WAVE  ESV YES  LOC-KX 14905/ 2.453  SURVBY-ACCY 6
DUAL-PREQ YES  RESTRICT®D O LOC-ON/BAF 44746/ 7.364  AGREE-NO

0S-DIST: FC 25000/50.0 BC 14500/85.0 BC-CKP? COND-CODR A
CLRNC-CVG: £C 90/35  150/35 BC 90/ 0 150/ 0 NOW-WIDTB %03.89 X02.76 VOICR HONE
CKPT-DESC: PC OUTER MARKER 7.36 DNR B

& & % GLIDE SLOPE ¢ ¢ 4 GS-AKT-OFF R400
BLEV 95.5  INITTERS DUAL  DIS-TH-PT-C 859.4/ .141 MOH-ANGLE H3.30/L2.77
ANT-TYPR CAP-EFP  BQUIP-TYPE M GS-TH 1001/ .164 DATB-OOMK  03/19/76
CL~ELEV-ABX 974 FRRQ 333.80 Gs-TM 1990/ .327  SURVEY-MCCY 6
TC8 55.0 RSV ¥0 GS-NM 3875/ .637  AGREE-WO
ELEV-USED-TCH  CROWN  RESTRICTED §O GS-ON/EAF 33716/ 5.548  COND-CODE A
IFIS-CORDS  ANTEWMA  GPI-TR 1048.7 RPI-TE 1001.0  STBY-POWER BATT

ANT: LAT ¥33-56-17.7) LON  W118-23-06.92 AIN-PT: LAT K33-56-13.78 LW N118-23-06.34

¢ 1LS-DNE/OTHER-DHE ¢ t QCTER-KKR ¢ + NIDDLE-NARKER ¢ t  [NNER-MARKER ¢

CHAN 036 LAl N33-56-53.40 N33-56-18.50 ¥33-56-16.20
LAT §33-56-04.27  LOW ¥118-16-29.00 W118-22-20.70 N118-22-42.90
Loy ¥W118-25-16.50  ELEV 127.0 84.0 90.7
ELEV 126.0  DISI-TE 32715/ 5.38 B 47 989/ .16
RESTRICTED %0 DISI-DIR-CL
XNLTTERS DGAL DATE-COMN 02/21/16 02/21/16 02/21/76
DATE~COMX 04/04/81  NAMR/USE LIKKA
SURVEY-XCCY 6  COND~CODE A A A
AGREE-NO SURVEY-ACCY 6 1 6
COND~CODE A TRPELINE 1767.0 203.1 104.3
DHE-PAE /CKPT 7.4 EARTE-CURVE 27.2 R .0
OTHER-DMR MSL-ALTITUDR 1891.6 300.8 017
£t 4 SIAPS & ¢t APL APL

DESCRIPTION ADT POBL RNT DESCRIPTION NDT PCBL RMT DESCRIPTION

ILS Ry 251 2 YES O

RESTRICTION: HONE

REWARKS:

LAST GPDATE 7/ 2/91
ST CA REG WP FIFO S:C OWH F
* ¢ & JIRPORT DATA ¢ #

ARP-LAT ¥33-56-33.10
ARP-LOK W118-24-25.80
PLELD~BLEV 126.0

TH-LAT ¥23-56-14,99
TH-LoN W118-22-54.56
TH-ELEV ‘ 94.9
BE-LAT ¥33-56-01.61
RE-LON W118-25-05.25
RE-ELEV 117.9

EWY-LENGTH/WIDTE  11096/200

DSPLCD-TR-DIST
DSPLCD-TB-LAT  $00-00~00.00
DSPLCO-TE-LOH  £000-00-00.00

DSPLCD-TH-BLEV .0
K@Y -LDG-LENGTE 1109
TDZ-ELEV 101.0

DECISTOK-BEIGETS:

| DIST/RALT
(100) 976 111
(150) 1930 163
{200)

PERFORKANCE-CLASS
GENERAL DATA:

YR/NVAR 1580 /814
1C20 K
CON-8YS YEs
kRCC
BC-5TATCS NONE

HON-CA? 1

HO§-L0C AICT
FI180-PROCEDURES SAC
ASSOC-FACS: SIAP

LOX

[h.L

LM

NOB

ASSOC-NKR

APL R

AL
AOT  PCBL  RMT

1 DHE 44,719¢/7.36 NN 7O FAP, DME LOCATED 908/ OUT RWY C/L EXTENDED FRON SER AND 382 RIGET OF RWY C/L EXTENDED.

2 LOC COURSE WIDTH AND CLEARANCE CONPARIBILITY SAT UP 10 6000 KSL.
3 NOS SURVEY 11/30/88.
4 LOC UNUSABLR INSIDB RUNWAY TERRSEOLD. (5/3/91)
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Amdt 7 90235

'S RWY 6L

110

LOS ANGELES INTL (LAX)

AL-237 (FAA)

LOS ANGELES, CALIFORNIA

v

Z

FILLMORE
1M2.5 FAIM 322
Chon 72

o/

SANTA MONICA

1108 SMO ==

10S-.ANG
33 4AXS

LOS ANGELES APP CON

LOS ANGELES TOWER

CLNC DEL
N\ 121.4 327.0
A(a-%ﬁ-o
POMONA
110.4 POM
Chan 41

ATIS ARR 133.8 |
DEP 135.65

124.5 381.6

N 133.9 239.3

$120.95 379.1
GND CON

N 121.65 327.0
$121.75 327.0

l

LOCALIZER l_l_L.zJ

-Uwu )

o -
4

Chan

i
5
e

Procedure Turn |

l-Uwu

NA I -
GS 3.00° 1800 . -
TCH 54 *2000 when outhorized |by ATC et I
5.5 Nm 4.5 NM 05 [
CATEGORY A | B | C | D
S-ILS 6L 317/24 200 (200-%)
440/40

$-1OC 6L 440/24 323 (400-%) 323 (400-%)
SIDESTEP** 440-1%
o o 440/60 327 (400-1%) 327 (400-1%)

* *Inoperative toble does not app
MALSR Rwy 6R. °

—

Cat. D S-LOC visibility increased 1o RVR 5000 for inoperative MALSR. .

Simultaneous approaches authorized with Runway 7L/R.

ly 1o Categories A and B for inoperative

| S~ : v U_“"/‘"‘C\
- TANDY RO )

OTTES INT_ " MISSED APPROACH : | ELEV: 126 - ::’; gi“,d'dg?;;l?a
uwu 2D * GUPPI INT Climb 1o 520 then climbing left turn [ - ., L

. | . |-U via heading 020° to cross SMO :

- R-095 2000 or below, continue
' : : | climb to 5000 via SMO R-068 or | 069° 5 NM
*3500 1777 POM R-248 to POM VORTAC. from FAF

TDZ/CL Rwys 6R, 24R and 25L
HIRL all rwys

FAF 1o MAP 5 NM

Knots

60

90 {120 1150 {180

Min:Sec

5:00

3:20( 2:3012:00]1:40

IS RWY Al

33°57'N - 118°24'W

C = 2

LOS ANGELES, CALIFORNIA

o vran bR

Fre o one B




I e ) e B BB WA

“.S RWY 6R AL-237 (FAA) " LOS ANGELES, CALIFORNIA

_— T ~ ATIS ARR 133.8
DEP 135.65
= SANTA HORICA LOS ANGELES APP CON
P — — |Nossmo==_1" 124.5 381.6
o —— LOS ANGELES TOWER
— Chan 45 '
\ = N 133.9 239.3
FILLMORE, _ _ $ 120.95 379.1
112.5 FIM 327 ' GND CON

N 121.65 327.0
$121.75 327.0
\  CLNC DEL
121.4 327.0

Chan 72

LOCALIZER 111,
Ve

Chan 54

E
s
H
»
t
3
t
H
H
i
i

S OAR NGRS

3500 1o 7 MERMA’
Ottes tm\’ SN
)

O\é9‘ (8.8 \ '

—
S— .

EEE

£y s o o

g
~—
~_ \TANDY

MISSED APPROACH 126 | Rwy 23R ldg 11133°
Pg{:i% GUPPI INT Climb to 520 then dimbing left turn ELEV 26 Rwy 6R Idgg996 4
I EGPE i heading 020° to cross SMO

l R-095 2000 or below, continue
! climb to 5000 via SMO R-068 or

oo Jo7  POM R-248 to POM VORTAC
*3500 G 1707 - g
_._350 I.\O 69 I I-GPE
Procedure | 1.8) ¢
TurnNA. | **Djspl Thid MM

{60 ot Rwy End 1800

b
W
e ]
'

,%S% | *2000 when authorized by ATC ™.
5.5 NM ! 4.4 NM Y ———

CATEGORY A | B [ c T o oy :
S-ILS &R ’ 313/18 200 (200-%) T S
$-10C 6R 400/24 287 (300-%) 400/40 & 2@9®

_ 287 (300-%) | 069" 4.8 NM
SIDESTEPT 440-1%2 from FAF
RWY 6L 440/50 323 (400-1) 323 (400-1%)
Cat. D 5-LOC visibility increased to RVR 5000 for inoperative MALSR.
tinoperative table does not apply to Categories A and B for inoperative TDZ/CL Rwys 6R, 24R and 25L
MALSR Rwy 6L, HIRL all rwys

Simultaneous opprooches authorized with Runways 7L/R.

" FAF to MAP 4.8 NM
Knots | 60 ; 90 [120 [ 150 | 180
Min:Sec| 4:48 | 3:12 | 2:24 | 1:55 | 1:36

¢ : 33°57'N - 118°24'W LOS ANGELES, CALIFORNIA
ILS RWY 6R LOS ANGELES INTL(LAX)




TR
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Amdt 3 90235 LOS ANGELES INTL (LAX)
ILS RWY 7L AL-237 (FAA) LOS ANGELES, CALIFORNIA
ATIS ARR 133.8 —

DEP 135 65 — T e
LOS ANGELES APP CON - ~
124.5 381.6

IAF

LOS ANGELES TOWER — —| SANTA NICA
N 133.9 239.3 / — 10.8 SMOL e e
$12095379.1 O, = e Chan 45—
GND CON / -
N 121.65 327.0
$121.75327.0 /

CLNC DEL 121.4 327.0
/

LOCALIZER 111.1
LIAS 33

___Chon 48

DOWNE |

4
SO
3.3\68 S 1

/_0 prooes
~N
o~

SEAL BEACH

™
7/

115.7 sul

Chan 104

STEMS INT - TURKA INT MISSED APPROACH ELEV 126 l Rwy 25R Idg 11133’
MAS@D . 7 LIAS - Cimb vie LAX VORTAC R-068, - Rwy 6R Idg 9964
, . T I cross LAX 4 DME or SMO R-115 :
P Turn NA- 75 at or below 2000, then climb to
| Procedure Turm KA 0 “17es 3500 to Downe InVLAX 15.4 DME .
A LA | and hold.
QOOOI—— 0692, ) mm  HIAS
l g 1800/7 \'.06 _ | «
| s 3.00° =2 9\ e
TCH 59 | ol
e 149 NM - 4.5 NM 040t
CATEGORY T A | B | C )
S-ILS 7L 326/24 200 (200-%) 3 @\@
s10¢ 7L 460/24 334 (400-%) 3:4635402‘] TozE e
SIDESTEP* ] 460-1'% 069° 5 NM
Firmrls 460/ 50 335 (400-1) 335 (400-114) from FAF

Simultaneous opproaches authorized with Runways 6L/6R.
Cat. D S-LOC 7L visibility increased to RVR 5000 for inoperative MALSR.
#Sidestep 7R inoperative table does not opply to Categories A and B.

TDZ/CL Rwys 6R, 24R and 251
HIRL all Rwys

v FAF 1o MAP 4.9 NM
Knots | 60 | 90 (120|150 (180
Min:Sec| 4:54 | 3:16 | 2:27 | 1:58 | 1. 38
ILS RWY 7L 33°57'N - 118°24'W LOS ANGELES ,CALIFORNIA

C - 4

PAC ARIASACIEC KT LT AV

e e L




Amdl | 9003 LOS ANGELES INTL (LAX)
. “.S RWY 7R AL-237 (FAA) LOS ANGELLS, CALIFORNIA

ATIS ARR 133.8

DEP 135 65 —— — o
LOS ANGELES APP CON o e
124.5 381 6 v ,
LOS ANGELES TOWER ~_
N 133.9 239.3
$ 120.95 379.1 y __ — — [ sanma monica
N 12165 327.0 o nossmo Ez=a | N\
S 121. slazro F i Chon 45

ol

=Z

[ Vg
O\l
Nm

I.OCALIZER 1111
-MKZ =
Chan

g

' FILMORE_.
n2s fim ST
o an 72

a‘ﬁ%

SEAL BEACH
nszsu Q

W o T A R DO SR

R
W ¢y

A B

\ N

2500
328° (9.2)— h ,
" TANDY H
TURKA INT R Idg 9964’ k
e, .MKZ MISSED APPROACH - | B 126 | R 258 109 11133 ;
roceNa;re o 7.1 Climb via LAX VORTAC R-068, cross
| LAX 4 DME or SMO R-115 at or below ‘:
STEMS INT 1782 2000, continue climb to 3500 to +
I-MKZ 22 I DOWNE Int and hold. N
I by LT ’
3000 Hég R MM _mkz ,
| 18 i\ 0600 & GS3.00°
s .-"" T
| I '\u""l' N LI
o 14.9 NMm [——— 44 nm 0.3 T T e '
CATEGORY A [ B | | D
S-S 7R 325/ 24 200 (200-%4) & NoES
460/ 40 TOZE i £
$-LOC 7R 460/24 335 (400-4) oy e A\,
069° 4.9 NM i
SIDESTEP* 460/ 50 334 (4001 460-1% - .
RWY 7L f ( ) 334 (400-1 %) from FAF -
Simultaneous approoches authorized with Runway 6L/R. :
Cot. D 5:LOC visibility increased to RVR 5000 for inoperative MALSR. TDZ/CL Rwys 6R, 24R and 25L =
*Inoperative table does not opply to Cat. Aond B; Cat. C and Dincrease visibility % | HIRL all rwys
gle for IﬂOpr?‘lv. MALSR Rwy 7L. FAF to MAP 4.9 NM i
Knots [ 60 | 90 [120 | 150 (180 v
Min:Sec| 4.54 [ 3.16 [ 2:27 | 1.58 [ 1:38 ry
-
ok

33°57'N - 118°24'W LOS ANGELES, CALIFORNIA
ILS RWY 7R LOS ANGELES INTL (LAX)
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Amdt 19 90235

ILS RWY 24L

AL-237 (FAA)

LOS ANGELES INTL (LAX)
LCS ANGELES, CALIFORNIA

e FACILITIES  (IAF)

IAF FONM
SANTA MONICA
110.8 SMO == __
Chan 45

ROU DEP 135.65

-~ il T S LOS ANGELES APP CON

L > ' 124.5 381.6

-~ . B33 O\ 10S ANGELES TOWER

yd 2% N\ Qe

ATIS ARR 133.8

$120.95 379.1
GND CON

\N 121.65 327.0
$121.75327.0

ey

» - CLNC DEL
%\ SAPPI INT e
/ 863 B S0 21.4 32
FILLMORE A 1173
112.5 FIM 5000 _ A A :
Chan 72 068° (16) R-068 \
Lo / ’ 4000 W f
J . 659 150° (3.9) OO +f
RAFFS o LOéAI,I;ERIOas 764 IHAQRBBIEE n u " Y pegee
IiADX 3 Chon 22" 7% & f Azas {“A s 249 ; ‘— 8.8 N
i - . - A
l@ﬁ MERCE INT DENAY INT

A R D L

Simultaneous approach
outhorized with Rwy 25UR. -

I-HQB

SEAL BEACH i
115.7 SLI gm=ee
Chan 104

MISSED APPROACH
Climb to 2000 via heading 249°

and LAX R-260 o RAFFS INTLAX . MERCE INT

Procedure Turn NA

DENAY INT
. 1HQB

15.1 DME ond hold.  ROMEN LOM INT 1.HQB I
oo AmEt.yQIs.- _ 8000
-HQB : o
' 1.HQB 2192 S
I e
N, MM | |
‘ N2200

I tLOC only

: ELEV 126 -|Rwyzsuwgmaa'
Rwy 6R ldg 9964’

249° 6.2 NM
from: FAF

Fron
—11 0.5 |09 [=4.8 NMto—8.1 NM——=——— 6.6 NM —
CATEGORY A | 8 C |
S-ILS 24L 321/24 200 (200-%) g
5.10C 241 660/24 539 (600-¥) 660/50 660/60 ~ w9
539 (600-1) | 539 (600-1%)
SIDESTEP 660/50 540 (600-1 660-1%2
RWY 24R* o 540 (600-1%)
ARBIE DM ‘
MIE GME MibanAINS TDZ/CL Rwys 6R, 24R and 251
$-LOC 24L° * 460/24 339 (400-%) 460/40 | HIRL all Rwys
1 five table does not apply to Categories A and B S PAE o MAR G 2T
noperotive table does not apply to Categories A and B. Knots | 60 | 90 [120 [150 | 180
Sr e D vkl ; :
vCal D visibility increased to RVR 5000 for inoperative MALSR. MinSec| 5121 4-0813.06(2:29 | 2:04

e~ [ A UVOETel VL ON atad

cC -6

~ i

1O LHIAFIFS CATIEMARWIA




Amdt 20 90235
Y LOS ANGELES INTL (LAX)

ILS RWY 24R . AL237(FAA) LOS ANGELES, CALIFORNIA

d-'-_-" 8

TIEs ATIS ARR 133.
~zoutE FaCIH (IAF) DEP 135.65
B PURMS ™ LOS ANGELES APP CON

L 124.5 381.6 ;
/ 83 "\\ LOS ANGELES TOWER L
"

: N 133.9 239.3
1A
SANTA MONICA
110.8 SMO == __
Chan 45
7 v

\ $ 120.95 379.1 ]

GND CON

N 121.65 327.0 :

$121.75 327.0 ;

» SAPPI INT CLNC DEL ]
e SMO \nu 327.0

10 NM

FILLMORE AB63 '
112.5 FIM 5000 1735
Chan 72 - 068° (16) ) \
RO 000 __ . %
; i WA
RAFFS o 659A  ARBIE 130* B9 \“‘°°°/ .\ e
INT . . 00 Y inel
l-oss [33) s 069~
¥ >3 M 1
2355 a8 /)
— 4 e
54, DENAY INT
1-08$§

27805 TR ==

IAF
SEAL BEACH
Simultaneous approach authorized / 1157 SLise=es
{th Rwys 25UR. - Chan 104
- ~— — —
_ MISSED APPROACH  pomgn  Procedure Tum NA DETS;;NT | eV 126 | ::; §iﬁ"%$ll«”'
Climb to 2000 via heading  LOM/INT MERCE INT 9
ﬁi@‘ and LAX R-260 to 1-0SS 1.0SS
FFS INT/LAX 15.1 DM .
and hold. : . 22 245° 6.2 NM
1 fgsle ! | e Sk from FAF
‘ 1 2194 R DR IROLE iy A
" f = A ')_qu—"—} 8000 TDIE o 192
V| MM %= 4000 B

ocwy Tt ool

J "o e Tz )
W 10.3{0 9= 4.8 NM = |— 8.1 NM ——] 8 8 NM (3 ’._ 2‘7‘#@1?110.\ X150 Pl
CATEGORY A [ s | ¢ | D s ,% 2
S-ILS 24R 320/18 200 (200-%) A Q.; @ "TA@* "
: 299
' 24R 80/24 sl 00.} . 5800‘40 580’50 ,
iy 280024 440 pos) 460 (500-%) | 460 (500.1) :
SIDESTEP ’ R 660-1%,
RWY 24L.. 650i50 s3% {s00.1) 539 (600-1%)
SRSE bC MINIMLAG ! TDZ/CL Rwys 6R, 24R and 25L
5-LOC 24RH 460/24 340 (400.%) LS040, | HIRL o Ry
i T PP B aey—- {400-%) FAF to MAP 4.2 NM
noperative table does not apply to Co ond B.
tCat. D visibility increased to RYR 5090 for inoperative ALSF2. Mf:?;‘ 6:6102 4?33 ;2006 ;5209 ‘2834

33°57'N - 118°24'W LOS ANGELES, CALIFORNIA
ILS RWY 24R LOS ANGELES INTL (LAX)



PR TS

Amdt 2 90235

ILS RWY 25L

116

AL-237 (FAA)

- LOS ANGELES INTL (LAX)
LOS ANGELES, CALIFORNIA

L]
2126

1756 1862

|AF
SANTA MONICA
1108 SMO == _
Chan 45

1729 .
50Q0
067'(15J]

LIMMA OM/INT

A
2035

2043
A

1173
A

R-068

I-LQX

FANGY INT
;MO

ATIS ARR 133.8

DEP 135.65

LOS ANGELES APP CON
124.5 381.6

LOS ANGELES TOWER
N 133.9 239.3
$120.95 379.1

GND CON

N 121.65 327.0
$121.75 327.0

CLNC DEL

121.4 327.0

1549 A

(1AF)
FUELR INT
I-LAX

> < -
I AR SN e 2 S S

MISSED APPROACH
Climb to 520 then climbing left
turn to 2000 vic heading 220°
and LAX R-192 then climb to
3000 to INISH INT/LAX 12

DME. LIMMA OM/INT
*LOC only- "t;)" LADLEHLAX

LAX 1892

1-LAX

Procedure

" FUELR INT | Rwy 25R Idg 11133
:.wl(@ RiEY 125 Rwy 6R Idg 9964 |

249° 5.4 NM

285 . . from FAF
A 192
: Oye*

|
os 300 : MM %3200 l 8 3 oz
207 ", | v2200° ey & A 102
TCH 35 """"/ﬁ) 4= 1 i o Vo m}iﬁ -2?9,‘-305 @‘3‘»
! 0.5 [=—4.9 NM——1=—¢.8 NM~= 2.8 NM 10 NM — A) P 5 ,‘7;.: G R P e
CATEGORY A | 8 | ) R — -
i L L ' o
S-ILS 25L 301/18 200 (200-%) '-,'g & e i @TD@E o~
$-L0C 251 660/24 559 (600-%) 660/50 660/60 2%~ o1
559 (600-1) | 559 (600-1%)
SIDESTER®* 660150 558 (600-1) 660-1%2
RWY 25R 558 (600-1%)
LADLE DME MINIMA - TDZ/CL Rwys 6R, 24R and 250 .
$-LOC 25L% 400/24 299 (300-%) 400/40 _ | HIRL all Rwys
| T T et FAF 1o MAP 5.4 NM
-'- nopuojiu toble does not cpP y to ( at. A an . Knots 0 90 1120 1150 180
Simultoneous opproaches outhorized with Rwy 24UR. W e T ER TS LT R B

ILS RWY 25L

33°57'N-118°24'W .

cC - 8

LOS ANGELES, CALIFORNIA
LOS ANGELES INTL (LAX)

e

> m EAATHEE ke




Amdt 5 90235

| -LOS ANGELES INTL (LAX
ILS RWY 25R AL237 (FAA) | ottt il )

ATIS ARR 133.8

. _ DEP 135.65
A LOS ANGELES APP CON
2043 2035 124.5 381.6
— A LOS ANGELES TOWER
1756 N 133.9 239.3
IAF S 120.95 379.1 F
o SANTA MONICA GND CON
2126 |110.8 SMO==__ N 121.65 327.0
FANGY INT $121.75 327.0
. smo [i15.) CLNC DEL
1729 \ 121.4 327.0
4000
LIMMA OM/INT r47° 14.8)
659 A :
; I-CFN L:Pg‘bﬁ 4000
376 . ' :
AT 388 — 4950 A
175 1M : &\ TG (10) \
b B & SRR ¥ 7
5o W HUNDA INT DOWNE FUELR INT
AA I-CFN o ICFN 1) I-CEN
461 LADLE i22 =

I.CFN

1
i
4
t
i
. : ; YA T : : :
MISSED APPROACH FUELRINT | Eiev 126 | Rwy 25R Idg 11133 {
Climb to 520 then dimbing left I-CFN -CFN 29 Rwy 6R Idg 9964’ :
turn to 2000 via 220° heading HUNDA INT | [ i
and LAX R-192, then climb to I.CEN | Procedure :
3000 to INISH INT/LAX 12~ | Turn :
DME. - LIMMA QM/INT | NA |
1.CFN (7.3 | ; i
N o ECPNTD » i
I-CFN 18|92 e :
\ 39 4 —TC 40 :
GS$ 3.00°".,, | Mm% 5 .
TcH o8 | 1660%] | |_*LOC only :
0.5 |o— 4.9 NM —atomd .9 NM —=] 2.8 N |=— ;
CATEGORY A [ s [ -
S-ILS 25R 302/24 200 (200-%) 5
Loc25R | 660/24 558 (600-% 660/50 660/60 i
stoc l ] 558 (600-1) | 558 (600-1%) . %
SIDESTEP** 660-1% 3
RWY 251 RO 5 (300 559 (600-1%) el 7
FADLE DME MINIMUMS TDZ/CL Rwys 6R, 24R and :SL ¢
wys 6R, an .
5.LOC 25R 560124 458 (500-%) 560/40 560/50 | HIRL all Rwys !
A58 Povny |03 00 FAF to MAP 5.4 NM :
* *Inoperative table does not apply to Categories A and B. -
Simultaneous approaches authorized with Rwy 24L/R. Knohs | 60 | 90 112011501180
v Min:Sec| 5:24 | 5:36 | 2:42[2:10 | 1:48
I Ls RWY 25 R A3°57'N-118°24"W LOS ANGELES, CALIFORNIA

c 5 LOS ANGELES INTL (LAX) :



By L e R L g

amdt 20 90235(CAT II) e
ILS RWY 24R

AL-237 (FAA)

LCS ANGELES INTL (LAX)
LOS ANGELES, CALIFORNIA

| LOS ANGELES
1136 LAX 1551
Chan 83

~— ’ g
— —

P

—TES ATIS ARR 133.8
<qout® FACILTIE (1AF) DEP 135.65
e e PURMS e LOS ANGELES APP CON
=L 124.5 381.6
/ 2838 "N\ LOS ANGELES TOWER
= N 133.9 239.3
|AF \ $ 120.95 379.1
SANTA MONICA 10 NM GND CON
110.8 SMO == _ N 121.65 327.0
Chon 45 N SAPPI INT $121.75 327.0
7 ; » CLNC DEL
863 S SMO \121.4 327.0
FILLMORE :
112.5 FIM 06%?,03 9 ViZan
Chan 72
an R-068 4000 - \ /
(=) L]
RAFFS [ .. 659 A 150* [2#) \R- 0{50
INT ! —IG00 oy
LAX 069
15.1
i\"}“
L Dsnfmr INT
1-0SS
/

|AF
SEAL BEACH
/ N57 SLUSE.. \
. Chan 104

Procedure Turn NA

ELEV 126 | Rwy 25R Idg 11133
" Rwy 6R Idg 9964’

Azasrng o 192

AA
a2l AN -
*Q@w:s“”‘ 20 =3

MISSED APPROACH DENAY INT
Climb 1o 2000 vio heading ROMEN LOMI/INT 1.08s
249° ond LAX R-260 to', 1-OSS N !

- RAFFS INT/LAX 15.1 DME MERCEINT . - - [,
and hold. . |-0§5 . "
s i 21'94. S
120mst %, DH | "(-—/ N\ !
e (RA 2200 | Gs_3.00°
: Al 151 7164) == TCH[ 55
1026 e 12—l P55 o 99Y el Tt §.1 NM—— 58 NM——]
CATEGORY A 8 | c | )
S-ILS 24R 270/16 150(RA 164)
S-ILS 24R 220/12 100 (RA 115)

Simultoneous opproach authorized with Rwys 25L/R.
v

CATEGORY |l ILS - SPECIAL AIRCREW
& AIRCRAFT CERTIFICATION REQUIRED

TDZICL Rwys 6R, 24R and 251
HIRL oll Rwys

33°57'N - 118°24'W
c — 10O

ILS RWY 24R

LOS ANGELES, CALIFORNIA

sassremnan

|



Amdt 2 90347 (LAL LL)

ILS RWY 25L

AL-237 (FAA)

LOS ANGELES INTL &LAX)
LOS ANGELES, CALIFORNIA

1756 1842

IAF _
. SANTA MONICA
2126 |110.8 SMO == _

Chan 45
1729 ‘
5000
068/' (15.1)
() 659A

CAOSANGELES | 376t
LT3 TAX £ 02 A
FEEChR 83wy 175

. o

A
2035
2043
A

1173
A
R-068

LIMMA OM/INT
HAX[7.9) v

HUNDA IN
1-LAX
12.2)

‘P-,-.& 327° (11.2)

_ ATIS ARR 133.8
DEP 135.65
LOS ANGELES APP CON
124.5 381.6
LOS ANGELES TOWER
N 133.9 239.3
$ 120.95 379.1
GND CON
N 121.65 327.0
$121.75 327.
ANGY_INT e

CLN
;MO 751) C DEL

121.4 327.0
N\

N\

4000
—147°, (4.9)

1549 A —
_(IAF)
FUELR INT

, DOWNE "5“
W LAX

4000

Climb to 520 then climbing
left turn to 2000 vio
heading 220° and LAX
R-192 then climb to 3000 to
INISH INT/LAX 12 DME.

GS 3.00°  DH OH
FCH 55 © RAIN)

101w, \m
MSL .“"'u.. /

(RA163) pmm

N A S R
Procedure DOWNE FU
Turn NA I-LAX @
HUNDA INT |
LIMMA |-LAX I

ELR INT ELEV 1 ;
WAX D) 26 IRwy 25R Idg 11134

Rwy 6R ldg 9964’

| 97 b6~ 9840 50— 4.9 .~

CATEGORY A [ B & _

S-ILS 25L 251/16 150 (RA 163) = P

S-ILS 250 201/12 100 (RA 111) ® Ay 299  TDZE

v

Simultaneous opproaches outhorized with Runway 24L/R.

CATEGORY Il ILS-SPECIAL AIRCREW
& AIRCRAFT CERTIFICATION REQUIRED

TDZ/CL Rwys 6R, 24R and 25L
HIRL all rwys

ILS RWY 25L
(CATII)

33°57'N - 118°24'W

LOS ANGELES, CALIFORNIA
LOS ANGELES INTL (LAX)




i

L e

s
“
']
L
e
4
A
-

Amdi 20 90235 (CAT III)

120

LOS ANGELES INTL (LAX)

”.S RWY 24R AL-237 {(FAA) LOS ANGELES, CALIFORNIA
a—— i ! 1238
LITIES ATIS ARR 123
~outt pac (1AF) DEP 135.65
e PURMS TN LOS ANGELES APP CON
L= 124.5 381.6
y B33\ LOS ANGELES TOWER
e N 123.9.239.3
|AF m \ $ 120.95 379.1
SANTA MONICA 10N GND CON
110.8 SMO == _ N 121.65 327.0
Chan 45 $121.75 327.0
» SAPPI INT CLNC DEL
- 2 SMO \121.4 327.0
A86 Q
FILLMORE A
112.5 FIM | 5000 11735
Chan 72 068° (16) )
/ RO 000 __ NS \\
RAFFS S 150° (3.9) LR_QbO
pd 659 A .
INT —Z000 0695~
LAX o9 A9 7
1 " & o
5.1 A355 XA 249 T (®8
1) ek 4 e
SN2 — (N I DENAY INT
ey LOM o858 1-08$
6.2 -
278 OS s o=
1.0ss [8.1) ” -
<5, S
585 @
A A
LOS ANGELES A=)
13.6 LAX 2SS0 2
Chan 83
.
/ IAF
SEAL BEACH
~ 157 SIS,
NS- - —— ) . Chen 104
i~ = a—"
Procedure Turn NA 126 Rwy 25R Idg 11133’
MISSED APPROACH ELEV | :
Climb to 2000 via heading DENAY INT Rwy 6R ldg 9964
249° and LAX R-260 to ROMEN LOMI/INT 1-08S [23) N

RAFFS INT/LAX 15.1'DME

1.0SS MERCE_INT |

and hold. MM 1-OSS . ‘
. = 2 .. N —
" 3 L : - : _ 000 © - \285
| 324 "l g : ~'m,TDZE'E\.;\9£
221 o ?—-,55\@ X 150 \"/'\‘J‘
120 msL 1 3.00°| = g :
\ H 55
1 026b— 3§ o= 1925 ——= 8.8 NM {
CATEGORY A € | D
SILS 24R CAT llla RVR 07
SILS 24R CAT lilb NA
SILS 24R CAT llic NA
v

CATEGORY Il ILS-SPECIAL AIRCREW
& AIRCRAFT CERTIFICATION REQUIRED

TDZ/CL Rwys 68, 24R and 25L
HIRL all Rwys

ILS RWY 24R 33°57'N - 118°24'W

(CATIID
€ = 12

LOS ANGELES CALIFORNIA
LOS ANGELES INTL (LAX)

-3

.



1

L

diree o it Ak

b |
4
|
3

120
Amdt 20 90235 (CATIID -
ILS RWY 24R

AL-237 {FAA)

LOS ANGELES INTL (LAX)
LCS ANGELES, CALIFORNIA

5V (CTAQUITIES.

LOM

2780 ==

>[ . LOS ANGELES
1136 LAX 3557

Chan 83 o

IAF DEP 135.65
P ek nhn.v{s ™~ LOS ANGELES APP CON
: L. 124.5 381.6
y 283 LOS ANGELES TOWER
3% N 133.9 239.3
IAF \ $120.95 379.1
l SANTA MONICA ] 70 NM GND CON
110.8 SMO == N 121.65 327.0
Chon 45 \sm.?s 327.0 |
7 » SAPPI INT CLNC DEL
e SMO \121.4 327.0
FILLMORE A \
112.5 FIM / 500016} 1173)
Chan 72 068° .
[ RO 000 __.) N \\ f .
RAFFS 659 A 150° (3.9) \R-060
INT . 55e
LAX

MERCE INT %
s

ATIS ARR 133.8

(1AF)
DENAY INT
1088

0SS

249° and LAX R-260 to

RAFFS INT/LAX 15.1 DME
and hold.

ROMEN LOM/INT
1.0SS MERCE_INT

IAF
SEAL BEACH
S 7 | nszsuis..
" - __ .. Chan 104
—— e
Climb to 2000 vic heading DENAY INT

IM
, 221 |
1o st _—
= 026be 35 e 1928 e § T =~ 6.1 N 88 Nm
CATEGORY A ] 8 | c | )
SLS 24R CAT llla RVR 07
S-ILS 24R CAT llib NA
S-ILS 24R CAT liic NA
v

CATEGORY Ill ILS-SPECIAL AIRCREW
& AIRCRAFT CERTIFICATION REQUIRED

Rwy 6R Idg 9964

A235

! 5'mzs B 2?3‘

a'?? Lo
120 =i~ }

TDZ/CL Rwys 6R, 24R ond 25L
HIRL all Rwys

ILS RWY 24R

33°57'N - 118°24'W
€ = 13

LOS ANGELES CALIFORNIA




122

Amdt 15 90235 ; LOS ANGELES INTL(LAX)
VOR or TACAN RWY 25 |_/ R at-237 (Faa) LCS ANGELES, CALIFORNIA
[ ‘ ATIS ARR 133.8
2033 A DEP 135 65
LCS ANGELES APP CON
2083 124.5381.6
1862 - LOS ANGELES TOWER
1756 mrA (IAF) N 133.9 239.3
4000 to Fiton Int ~ ELMOO $ 120.95 379.1
*2126 SANTA. JACRIICA 161° (7.8) ond ~_ £ GND CON
110.8 SMO E==_ 248° (3.2) N 121.65 327.0

Chan 45

$121.75 327.0

A CLNC DEL
863 % 5000 AI73 121.4 327.0
068° (19.1) R-068 4000 to Fiton Int
v SMOGY_INT 161° (4.7) ond
SMO 248° (3.2)

FITON_INT

- -\
/ (IAF)
LAHAB

4000 1o Fiton int
256° (9.7) and

¢
{
] 2 e G,
] N TR A o I LU A 100 T A I i
1 * MISSED APPROACH FITON_INT ELEV 126 | Rwy 25R ldg 11133
Climb to 2000 or below diroclsoo , - LAX 1D — Rwy 6R Idg 9964
1 LAX VORTAC, then climb to 2 : 2000
] " FREBY_INT - 4000
vie E.:‘XE R-192 10 INISH INTILAX UX73) 8 | = _
i NOELEINT . | T TR ; .. 248°5NM
s VORTAC | 1 2000 |
A A\ l Procedure Tum NA
e, | |
: 1= |
1 —=10.2[=1.3+] 3.5 NM —] 7.5 NM
CATEGORY A B c D : — AP
| e ry m w
i b 2 ;
5-251 620124 519 (500-%) 620/350 620/60 O‘i 25 © X ®\ 4=
’ ¢ 519 (500-1) | 519 (500-1%) 5 299 Tﬁ;zf
620/50 620/60 !
S-25R 620/24 518 (500-%4) 518 (siao_u 518 (500.1%)
DUAL VOR or DME MINIMUMS
5251 540/24 439 (500-%) 3% | 33933, |1ozcL Ry 68, 24R and 251
HIRL all rwys
5258 540/24 438 (500-%) o 4?34(05{35&0!} FAF 1o MAP 4.8 NM
Knots | 60 | 90 [120[150] 180
v Min:Sec| 4:48 | 3:12] 2:24]1:55] 1:36

b
=

VOR or TACAN RWY 25L/R - e O e o

C - 14

BESLIT L

-




Amdt 12 90263

GND CON
N 121.65 327.0
$121.75 327.0
CLNC DEL

\21.4 327.0

| | _ LOS ANGELES INTL (LAX)
NDB RWY 24R - AL-237 (FAA) . LOS ANGELES, CALIFORNIA

: : : — = ATIS ARR 133.8

" | o R DEP 135.65

.! e LOS ANGELES APP CON

_. | _ 124.5 381.6

) ; LOS ANGELES TOWER

| i "N 133.9 239.3

) | : \ $ 120,95 379.1

i 1’ FILLMORE /

- : 112.5 FIM

. Chan 72 /

—--I
o)

278 05

s 2200 \
ey w|<N'r 256° (7.6)
! 1
% .. ,'ﬁ..... Lil::)a
. 0808 °

3000 to Downe Int
256° (9.3)
and 327° (2.2)

£ LOS ANGELES
F13.6 LAX 1520

- ¢ wu

E_
27
f

- 3ee. Chan 83
" | - i ,
- I & A
] IAF
i « SEAL BEACH
5 115.7 5Ll $5=ee
| . Chan 104
': ELEV 126 | Rwy 6R ldg 9964’
5 ; MISSED APPROACH o Rwy 25R ldg 11133°
e ! Climb to 2000 via heading
? 249° and LAX R-260 to ' 3000
-' RAFFS Int/LAX 15.1 DME ROMEN » |
- : and hold. LOM 256 TDZE  249° 6.2 NM
= :I‘ Proced ]T NA 'A285 120 from FAF
: 2 00 rocedure lum 4 . 192
v N il s | AR/
o, l "
L. |
T — rETT 7.6 NM |
- [ catecory A | 8 c D i =
: 680/50 680-1% N N
| 680-1%
: Sidestep 24L 680/ 50 560 (600-1) 550 (600-1%) , ‘
; Inoperative table does not apply to sidestep catagories A and B.
] v -
! TDZ/CL Rwys 6R, 24R and 251
1 | HIRL all Rwys
FAF to MAP 6.2 NM
; Knots | 60 | 90 [120 [ 150 [180
Min:Sec|6:12 | 4.08 | 3:06 | 2:29 [ 2:04

NDB RWY 24R 33°57'N - 118°24°'W LOS ANGELES, CALIFORNIA

LOS ANGELES INTL (LAX)

C = 15



APPENDIX D

Sample Calculations for Forces on an Antenna-like Structure



Calculation of the Reynolds number

R = VD
Y
Given: 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 1. Properties of 2Air at Atmospheric Pressure

T P v

°K kg/m3 m2/s X 10¢
200 1.7684 7.490
250 1.4128 11.31
300 1.7740 15.69
350 0.9980 20.76

Translation into the equivalent U.S. Customary System
yields

T o) v

oF slugs/ft3 X 103 ft2/s X 105
-99.67 3.43 8.062

- 9.6/ Z.74 12.174
80.33 2.28 16.889
170.33 1.94 22.345

Assume that the temperature range for the fluid varies
from -20°F to 100°F. Through interpolation, v is

-20-(-99.67) _ v-8.062
~9.67-(-99.67) 12.174-8.062




Determination of the cross-sectional area normal to the

direction of the fluid velocity yields:

(a) Section 1 - 4” diameter pipe by 48” in length
A= (4/12)x 4 = 1.33 ft?

(b) Section 1 - 3" diameter pipe by 36” in length
A= (3/12)x 3 = 0.75 £t?

The density calculation for air @ -20°F (the lower the Temp,
the higher the density) is

-20-(-99.67) _  p-3.43
-9.67-(-99.67) 2.74-3.43

P =2.82 X 1073 slugs/ft3
The drag force for the T-section components are
(a) Section 1 - 4” diameter pipe by 48” in length

F = 0.84(1.33) (2.82E-3) (337.56)2/2
F = 179.5 1bf

(b) Section 1 - 3~ diameter pipe by 36* in length

F = 0.84(0.75) (2.82E-3) (337.56)2/2
F = 101.2 1bf



V.5o°F = 11.702 X 1075
V10°F = 18.081 X 10°5

Calculation of the Reymolds number yields

(a) Section 1 - 4”7 diameter pipe

337.56(4/12)
R-20°F = 5 =951,930 Ca= 0.38
11.702 X 10

R100°F

]

616,088 Ca= 0.35

{(b) Section 2 - 3”7 diameter pipe

337.56(3/12)
R-20°F = - =721,159 Ca= 0.35
11.702 X 10

R-20°F =

139
(e
(o}
L]
~1
[9%)
w
c
[}
I
[eb]
[N
(o]

However, the length-diameter ratio is not infinity but
12, so. the Cas can be reduced by about 30 per cemt. For
future calculations, Ca will be

Cd = 1.2-.3(1.2) = 0.84
*+*Note: The Reynolds number is also dependant upon the

velocity of the approaching stream; it will not always

remain at 200 knots.



DO NOT REMOVE CARBONS Form Approved OMB No. 2120-000

e Aeronautical Stugy Number
Koy SR O NOTICE OF PROPOSED CONSTRUCTION OR ALTERATION

Federal Aviation Administration
1. Nature of Proposal

2._50mplete Description of Structure

Type B. Class C. Work Schedule Dates A Include elfective radiated power and assigned frequency of
] New Construction O Permanent Beginning allexisting. proposed or modified AM FM or TV broadcast
statons utihizing this slructure

O Aauteration a Temporary (Qutation maonths End
B Include size and configuration of power lransmission lines
3A. Name and address of individual, company, corporation, etc. proposing the and their supporting lowers in the vicinity of FAA faciliies

2 : and public airports
construction or alteration. (Numver. Street. City. State and Zip Code) R
C Include information showing site orientalion, dimensions
( )

and construction matenals ol the proposed structure
area code Telephone Number

n B

TO

|

B. Name, address and telephone number of proponent’s representative il different than 3 above.

(it more space is required, continue on a8 separale sheet.)

4. Location of Structure 5. Height and Elevation (Complete to the nearest foc
A. Coordinates B. Nearest City, Town and State C Name ol nearest airport. heliport. tightpark, | A. Elevation of sile above mean sea level
( To neares! second) ; or seaplane base p
Los Angeles g LAX 90 90
ol .] "|(1) Distance to 48 (1) Distance trom structure to nearest point of |B. Height of Structure including all
nearest runwa appurienances and lighting (if any) above -
Latitude Miles 4 150 feet ground, or water if so situated 246
0] '_l m |(2) Direction to 4B (2) Direction from structure to airporn C. Overall height above mean sea level (A + 8)
Longitude on airport Q2 4 2F

D. Description of location of site with respect to highways, streets, airports, prominent terrain features, existing structures, etc. Attach a U.S. Geological Survey quadrangle map or
equivalent showing the relationship of construction site to nearest airpori(s). (i more space is required, continue on a separate sheet of paper and attach to this notice.)

I'ne site is for temporary installaticn of 2 log periodic dipole localizer
antennas and is 3 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 is required by Part 77 ol the Federal Aviation Regulations (14 C.F.R. Parl 77) pursuant to Section 1101 of the Federal Aviation Act ol 1958, as amended (49 U.S.C. 1101).
Persons who knowingly and willingly violate the Notice requirements of Part 77 are subject o a line(crinunal penalty ) of not more than $500 for the first offense and not more
than $2,000 for subsequent offenses, pursuant to Section 902(a) ol the Federal Aviation Act of 1958, as amended (49 U.S.C. 1472(a)).

| HEREBY CERTIFY that all of the above statements made by me are true, complete, and correct to the best of my

knowledge. In addition, | agree to obstruction mark and/or light the structure in accordance with established marking &
lighting standards if necessary.

Date Typed Name/Title of Person Filing Nolice Signature

FOR FAA USE ONL'Y AR l*-‘e.:%( Gk meﬂf elmarrplum this form orisste a separate acknowledgement

ulredhny\ﬁ’ lhe pro]act Is ahandoned o
The Proposal o 1 : e &?&%;
; : A ; ' srehi At 3,3‘. g
O 0oes not requlreanoucelo FM~ 2 (% A»El WIthln ﬂvedaysanenheco':;trucuo roachas Itagreatastholqht. R o
O 1s not identlﬂed as an obstruction under e | B S

any standard of FAR, Part 77, Subpant C, _ S
andwou[dmtbeahawdtoairna\dgatlm i

[ 1s identified as an obsrtuction under the
standards of FAR, Part 77, Subpart C, but -
would not be a hazard to air navigation.

Thisdaterrninationqxnh:ason ':f A LY unles

(a) extended, revised orterminated by the Issumg ofﬂce.

_(b) the construction is subject to the licensing authority of the Fedeml COmmunlca!lons Commission an
an application for a conatrucﬂon &gnnlt Is made to the'FCC an or befora the above expiration date. |
such case: ‘the. deletmlnatlon e;plres on the date prescribed by [ 'FCC !or completion of cor

[ shouldbeobstruction ) MARKED, ig, | =y struction, or on the date the FCC denles the application. ~ +  *
[C] lighted per FAA Advisory Circular ; - NOTE: Requesl for extension of the eﬂ’actlve pedod of this d&lermmatlon mwt be postmarked or delivered t
70/7460-1, Chapter(s) ' thelssuing office at least 15 days pdortome expirationdate. . -
D Obstruction marklnn and Hgmmg are not: - : Ifthe structure is sub]act to the llcenalng authority of tha FCG a copy of this determination will be sent t:
necessary. MY that Agency : Sg e
Remarks: '
adTin 48 vy ,_‘ 7 -'.,(:. % oy -3
.ssuedn | signature. ‘Date !
FAA Form 7460-1 gss)
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