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INTRODUCTION 

Purpose 

The purpose of the project is to determine from 
analytical studies and verification flights the adequacy of 
very high frequency omnirange/distance measuring equipment 
(VOR/DME) and DME/DME signals for vertical and short takeoff 
and landing (V/STOL) aircraft instrument flight rule (IFR) 
area navigation in certain metropolitan areas and high­
density corridors. 

Presented herewith are the results of the analytical 
studies to determine the adequacy of VOR/DME and DME/Dt1E 
signals for area navigation over approved IFR VTOL and hypo­
thetical direct V/STOL routes in the Los Angeles (LAX) area. 
The results of LAX verification flights and analytical studies 
of other high-density metropolitan areas will be reported at 
a later date . . 

Background 

Area navigation (RNAV) is compatible with present VOR/DME 
facilities and the National Airspace System (NAS). The RNAV 
concept based on VOR/DME is presently being implemented in 
NAS. Federal Aviation Administration (FAA) Advisory Circular 
AC 90-45 entitled, "Approval of Area Navigation Systems for 
Use in the .National Airspace," and FAA Handbook 7110 .18 
entitled "Air Traffic Control Service for Area Navigation 
Equipped Aircraft Operating in the United States National 
Airspace System," establish procedures for approval of RNAV 
equipment installations and area nav~gation routes. 

V/STOL-type aircraft have generally operated at 
relatively low altitudes and usually in congested metropolitan 
areas. Navigation accuracy and signal coverage requirements 
for V/STOL aircraft appear to be different than those for 
conventional takeoff and landing aircraft. Methods of pro­
viding increased navigation accuracy and signal coverage 
for V/STOL aircraft are being investigated~ and equipment 
which implement the various methods are being evaluated. Of 
particular interest are techniques that provide increased 
area navigation accuracies for V/STOL operations by 
optimizing the capabilities of existing and planned VOR/DME 
installations in the common navigation system. This report 
analytically considers several of these techniques, i.e., the 
simultaneous utilization of two DME signals from dual VOR/DME 
guidance stations to take advantage o f the increased position 
accuracies inherent in the DME component of the combined 
VOR/DME signal, and the conversion of certain existing VOR's 
to VOR/DME facilities for increased VOR/DME and DME/DME 
signal coverage. 

1 



DISCUSSION 

Route Structure 

Analytical studies were performed on the LAX area 
approved IFR VTOL routes as published in IFR Off-Airway 
Routes (Non Part 95), dated November 1969, and on hypothetical 
direct routes connecting the terminal areas serviced by the 
approved VTOL routes. The approved IFR VTOL routes, here­
after referred to as approved routes, are shown in Figure 1. 
These routes include two routes, LAX to Van Nuys (VHY) and 
VNY to LAX; two routes, LAX to Orange County Airport (JOR) and 
JOR to LAX; one route, LAX to San Bernardino (SBD); one route, 
LAX to Anaheim (ANA); and one route, JOR/ANA to LAX. The 
hypothetical direct routes, hereafter referred to as direct 
routes, are shown in Figure 2. These routes include one route 
from LAX to VNY, one route from LAX to JOR, one route from 
LAX to SBD, and one route from LAX to ANA. 

General Description of Analytical Methodolog~ 

The analysis initially determined the theoretically 
optimum VOR/DME (or VORTAC) facilities for VOR/DHE and 
D:HE/DME RNAV. The term "theoretically optimum" only relates 
to the computer-derived analytical outputs and defines those 
facilities that, according to the geometric relationship 
between the aircraft, route, and facility, provided the most 
accurate navigation signals for RNAV. The VOR/DME case 
required simultaneous bearing and distance inputs from a 
single VORTAC guidance station. The DHE/DHE case required 
simultaneous distance inputs from two VORTAC guidance stations. 
The expressions "VOR/D:HE" and "VORTAC," an acronym for very 
high frequency omnirange and tactical air-navigation facility, 
are interchangeable throughout the report. 

The VORTAC facilities comprising the theoretically 
optimum VOR/Dl'1E stations and DME/DME station pairs, hereafter 
referred to as station(s) when relating to both the VOR/DME 
and DME/DME cases, were further screened to determine the 
effects of natural terrain obstructions and the restrictions 
published in the Airman's Information Manual (AIM restrictions) 
on guidance signal availability and usability. When obstruc­
tions or AIM restrictions precluded signal reception from the 
theoretically optimum guidance stations, th e stations so 
affected were replaced by other less accurate VORTAC facilities. 
Guidance stations not affected by obstructions cr restrictions 
aPe hereafter referred to as 11 optimum" stations. When sele cting 
the optimum station(s), it was assumed that the V/STOL aircraft 
was operating at the minimum en route altitudes s hown in 
Figures 1 and 2. 
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Finally, for those routes or route segments not 
covered by off-route VORTAC station(s) due to obstructions 
or restrictions, further ' analytical work was undertaken to 
study the signal coverage improvements that could be expected 
from the conversion of existing VOR stations to VORTAC 
facilities ("converted" VOR 's) . The location and identifica­
tion of the VORTAC and VOR stations servicing the LAX area 
that were considered in this study are shown in Figure 3 and 
are listed below. 

VORTAC 

FIM - Fillmore 
LAX - Los Angeles 
OCN - Oceanside 
ONT - Ontario 
POM - Pomona 
SLI - Seal Beach 
VNY - Van Nuys 
VTU - Ventura 

VOR 

NZJ - El Toro 
RAL - Riverside 
RIV - March 
SBD - Norton 
SMO - Santa Monica 
SNA - Santa Ana 
SXC - Santa Catalina 

Computer programs were modified and developed to perform 
the computations required for the analysis. Of particular 
interest were the cross-course navigational errors attribu­
table to the VORTAC facilities and the airborne VOR and DME 
receivers. The basic equations for determining cross-course 
and along-course errors for navigation over the approved 
and direct routes were identical to those contained in FAA 
Final Report RD-66-46, "VORTAC Error Analysis for Helicopter 
Navigation," dated September 1966. In RD-66-46, the analyt-_ 
ical model assumed a two-dimensional horizontal plane with no 
slant range correction. For these computations, the system 
DME error (DME ground station and airborne receiver errors 
combined in a root-sum-squared manner) for a standard 
deviation (SD) tolerance limit was +0.1 nmi, and the system 
b_earing error for an SD tolerance 11mi t was + 1. 0°. These 
errors are considered representative of the values attain­
able with present-day ground station and high quality 
commercial air carrier navigation equipment. 

Common to both the DME/DME station pair and the VOR/DME 
station cases were printouts of the SD, 2SD, and 3SD cross­
course and along-course errors. In addition, separate "flags" 
were pre~ented when (1) the 2SD cross-course error exceeded 
+0.333 nmi (6SD=+l.OOO nmi), or the 2SD along-course error 
exceeded +0.6£6 nmi (6SD=+2.000 nmi); (2) the computed dis­
tance from the guidance station to the aircraft exceeded the 
theoretical station-to-aircraft line-of-sight distance; and 
(3) the computed station-to-aircraft . distance exceeded 40 nmi. 
The SD sum and the variance (SD)2 sum, the 2SD sum and 2(SD)2 
sum , and the average 2SD and 2(SD)2 values for both the cross­
course and along-course error computations were included at 
the end of each route segment-station(s) computation. The 
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average 2(SD)2 cross-course value for each route segment­
station(s) combination was used to rate the quality of the 
station(s) for navigation; the smaller the average 2(SD)2 
cross-course value, the better the theoretical accuracy of 
the station(s) for navigational guidance. For eacn route 
segment and route, the station(s) were ranked according to 
the theoretical navigation accuracy. 

For the DHE/DME station pair analysis, the included 
angle formed by lines of position from the ground stations to 
the aircraft is a major influencing factor on the cross-course 
and along-course errors. Angles close to 90° provide the best 
geometry; angles approaching 0° and 180°, the worst geometry. 
The computer program outputted this angle and flags that 
indicat~d the geometry segment bracketing t h e computed angle. 
The included angle was arbitrarily segmented into five cate­
gories, i.e., excellent, good, fair, poor, and unusable, and 
was flagged accordingly. Included angles between 75° and 
105° represented an excellent segment. Angles extending from 
the excellent segment limits to 60° and 120° represented a 
good segment. Similarly, angles extending to 45° and 135° 
were the fair geometry segment; to 30° and 150°, a poor geom­
etry segment; and to 0° and 180°, an unusable geometry segment. 
Since the 0° and 180° included angles were in the unusable 
geometry segment, guidance station pair and aircraft geometric 
relationships that formed included angles at or near these 
angular limits were not considered in the analysis. 

Other programs were developed to meet particular project 
requirements not covered in RD-66-46. One of these programs 
simplified the input requirements by performing geometric 
computations to obtain input values previously measured from 
sectio.nal charts. Another program automatically analyzed the 
output data and provided analytical summaries suitable for 
the selection of theoretically optimum guidance stations. 
The results of the computerized analysis were responsive to 
theoretical line-of-sight limitations and the geometric 
relationships between station(s) and aircraft. The effects 
of man-made and natural obstructions on the computerized 
results were ascertained by manually reviewing AIM r e stric­
tions, sectional charts, and VORTAC horizon profile drawings. 
As·a min~mum, it is expected that the best two station(s) per 
route segme nt from this final s creening will b e flight tested 
to verify signal coverage. A more detailed description of 
the computer program and sample data printouts are contained 
in Appendix A. 

Analytical Study Results 

As previously stated, the ana lysis was pe rformed for 
VOR/DME and DME/DME area navigation over the approved and 
direct routes in the LAX basin. The routes were s egrnentized 
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by heading or altitude changes. The ultimate study result 
would have been the identifying of a single VORTAC (for VOR/DME 
RNAV) or single VORTAC pair (for DME/DME RNAV) capable of 
servicing the total route structure. A less optimum, but 
satisfactory, alternative would have been the identifying 
of a single VORTAC or VORTAC pair, as appropriate, to adequately 
service a particular route consisting of several segments. 
Early in the project, it became apparent that due to the topo­
graphical characteristics of the LAX area and the location 
of the existing VORTAC facilities with respect to the approved 
and direct routes, compromises would be necessary. It was 
found that no single VORTAC or VORTAC pair could service the 
entire route structure. In fact, in many cases, no single 
VORTAC or VORTAC pair could service all the segments of a 
particular route. To perform area navigation over the entire 
route structure identified in this study, en route VORTAC 
changeovers would be required. Unless the RNAV system incor­
porated automatic VORTAC selection from preprogrammed inputs, 
VORTAC changeovers would increase pilot workload by requiring 
manual selection of the desired guidance station. The problem 
is shown in Figure 4 where the mountain ranges, VORTAC's and 
VOR's, and approved and direct routes are depicted in relation~ 
ship to each other. Over many portions of the route structure, 
guidance signals from a particular facility are blocked by ter­
rain obstructions between the relatively low-altitude V/STOL 
aircraft and the VORTAC or VOR. 

With signal coverage of prime importance, less accurate 
guidance station(s) were selected when obstructions or restric­
tions precluded the use of the theoretically optimum station(s). 
The guidance station(s) remaining after the AIM restriction and 
natural terrain obstruction screening (optimum stations) are 
tabularly and graphically shown as 2SD cross-course error 
values in the main body of this report. The 2SD cross-course 
error plots should be considered as continuous. The "break" 
in the 2SD envelope at the beginning and/or end of each segment 
results from the computerized printout being furnished in 
1-nautical mile increments starting at 1 nmi and ending at the 
nearest whole-mile increment before reaching the end of the 
segment. The optimum gudance station(s) represented in these 
figures and tables are limited by the theoretical line-of- sight 
flag, AIM restrictions, and terrain obstructions. The effect s 
of the remaining flag criteria, i.e., 2SD cros s-course or 
along-course errors greater than 0.333 nmi and 0.666 nmi, 
respectively, and station-to-aircraft distances greater than 
40 nmi are not reflected in these figures and table s. Howe ver, 
the remaining flags are considered in the analysis and presented 
as computer-derived data summaries. The information contained 
in Appendix A is typical of these summary pres entations. 
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The computerized outputs indicating the ranking order 
of the theoretical guidance station(s) per route and route 
segment prior to obstruction screening are tabularly 
presented in Appendix B. 

VOR/Dl1E Analysis: For the VOR/DME analysis, each 
of the eight VORTAC facilities in the LAX area was considered 
as a guidance station for all the route segments comprising 
the approved and direct routes. After the theoretically 
optimum stations were screened to eliminate those stations 
from which the guidance signals were blocked by natural ter­
rain obstructions, the remaining stations capable of servicing 
a particular route segment were placed in ranking order 
according to the average 2(SD)2 cross-course value. The 
station with the smallest average 2(SD)2 cross-course value 
per route segment was considered to be the optimum facility 
for that portion of the route structure. For each route, the 
2SD cross-course tolerance limit envelopes of the optimum 
facilities were plotted. 

The results of the VOR/DME analysis on the 
LAX approved route structure are presented in Figures 5 to 11 
inclusively and Table 1. Figures 5 (LAX to VNY), 6 ( VNY to LAX), 
7 (LAX to JOR), 8 (JOR to LAX), 9 (LAX to ANA), 10 (JOR/ANA 
to LAX), and 11 (LAX to SBD) show the 2SD cross-course tol­
erance limits for area navigation over the approved routes 
using the indicated VORTAC guidance stations. Table 1 lists 
the optimum station per route segment as well as the average 
and maximum 2SD cross-course errors for each route segment 

· in the approved route structure. The largest average 2SD · 
cross-course value was +.990 nmi. It is noted that for the 
VNY to LAX, LAX to JOR,-LAX to ANA, and JOR/ANA to LAX routes 
(Figures 6, 7, 9, and 10, respectively), the indicated opti­
mum guidance stations are identical to the theoretically 
optimum guidance stations prior to the natural terrain 
obstruction screening. For these four of seven routes, it is 
anticipated that natural terrain effects on the signal recep­
tion from the theoretically optimum VORTAC's will be minimal. 
In addition, as shown in Figures 7 ((LAX to JOR), 9 (LAX to ANA), 
and 10 (JOR/ANA to LAX), a single VORTAC was capable of 
servicing each route. For these routes, no en route guidance 
s~ation changeovers were necessary after the selection of the 
initial · VORTAC. Each of the remaining four routes, i.e., 
LAX to VNY, VNY to LAX, JOR to LAX, and LAX to SBD (Figures 5, 
6, 8, and 11, respectively), required one en route station 
changeover. 
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TABLE 1 - OPTIMUM VORTAC FACILITIES FOR VOR/DME 
RNAV OVER APPROVED ROUTES IN LAX AREA 

2SD 
Route Optimum Cross-Course Reference 

Route Segment VORTAC Error (%nmi) Figure No . 
Average Max 

LAX-VNY 1-2 POM . 444 . 649 5 
2-3 FIM . 218 .242 

VNY-LAX 3-4 LAX .371 . 507 6 
4-5 LAX .210 .225 
5-1 SLI . 3 34 .430 

LAX-JOR 1-32 SLI .423 .656 7 
32-27 SLI .232 .375 

JOR-LAX 28-31 LAX . 9 9 0 1.084 8 
31-30 LAX .778 .830 
30-7 . LAX .343 .552 

7-1 SLI .294 .455 

LAX-ANA l-25 SLI . 35 5 . 671 9 
25-26 SLI .201 . 20 2 

JOR/ANA-
LAX · 27-25 SLI .236 .315 10 

25-17 SLI .270 .349 
17-l SLI . 3 39 . 60 2 

LAX-SBD l-7 SLI .290 .424 11 
7-9 SLI .220 .256 
9-10 ONT . 6 24 . 79 3 

10-11 ONT . 260 .380 
11-13 ONT . 29 3 . 39 8 

NOTE: Optimum VORTAC facilities are those remaining after 
screening for obstructions and restrictions . 
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Similarly, the results of the VOR/DME analysis 
for the direct routes are shown in Figures 12 (LAX to VNY), 
13 (LAX to JOR), 14 (LAX to ANA), and 15 (LAX to SBD). Table 2 
lists the optimum station per route segment as well as the 
average and maximum 2SD cross-course errors for each route • 
segment in the direct route structure. The largest average 
2SD cross-course value was +.532 nmi. None of the eight 
existing VORTAC stations was capable of servicing the last 
segment of the LAX to VNY direct route (Figure 12) because of 
natural terrain obstructions in the vicinity of VNY. For 
three of the four direct routes, i.e., LAX to JOR, LAX to ANA, 
and LAX to SBD (Figures 13, 14, and 15 respectively), the optimum 
VORTAC facilities per route were the same before and after the 

. natural terrain obstruction screening. In addition, as noted 
in Figures 13 (LAX to JOR) and 14 (LAX to ANA), only an 
initial VORTAC selection for each route was required. The LAX 
to SBD route (Figure 15) necessitated one en route station 
changeover. 

DME/DME Analysis: For the Dt1E/DME analysis, the 
eight VORTAC facilities presently servicing the LAX area were 
paired for all possible combinations (28 pairs), and each 
station pair considered as the DME/DME signal source for area 
navigation over the route segments comprising the approved 
and direct routes. The same procedures used in the VOR/DME 
analysis for natural terrain obstruction screening and 
reporting were applied to the theoretical DME/DME data 
outputted from the computerized program. 

The results of the analytical study on DME/DME 
area navigation over the approved routes are graphically 
shown in Figures 16 (LAX to VNY), 17 (VNY to LAX), 18 (LAX 
to JOR), 19 (JOR to LAX), 20 (LAX to ANA), 21 (JOR/ANA to LAX), 
and 22 (LAX to SBD), and summarized in Table 3. The largest 
average 2SD cross-course error was +1.170 nmi. For the LAX 
to VNY route (Figure 16), the indicated optimum guidance sta­
tion pair is identical to the theoretically optimum guidance 
station pair prior to the obstruction screening. In addition, 
as shown in Figures 16 (LAX to VNY), 19 (JOR to LAX), and 
20. (LAX to ANA), a single VORTAC pair was capable of servicing 
each route. In considering the remaining four, the VNY to LAX 
route (Figure 17) required one en route VORTAC changeover; the • 
LAX to SBD route (Figure 22), two changeovers; and no signal 
coverage was available from any of the 28 station-pair com-
binations for the last segment of the LAX to JOR route (Figure 
18) and the first segment of the JOR/ANA to LAX route (Figure 21). 
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TABLE 2 - OPTIMUM VORTAC FACILITIES FOR VOR/DME 
RNAV OVER DIRECT ROUTES IN LAX AREA 

2SD 
Route Optimum Cross-Course Reference 

Route Segment VORTAC Error (±nmi) Figure No. 
Average JVJax 

LAX-VNY 70-71 POM .217 .258 12 
71-72 POM .330 . 394 
72-73 none 

LAX-JOR 70-78 SLI . 322 .694 13 

LAX-ANA 70-77 SLI .345 .686 14 

LAX-SBD 70-74 SLI . 3 30 .577 15 
74-75 POM .240 .377 
75-76 POM .532 . 92 3 . 

NOTE: Optimum VORTAC facilities are those rema1n1ng after 
screen1~g for obstructions and restric~ions . 
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TABLE 3 - OPTIMUM VORTAC FACILITIES FOR Dl1E/DME 
RNAV OVER APPROVED ROUTES IN LAX AREA 

2SD 
Route Optimum Cross-Course Reference 

Route Segment VORTAC Error (±nmi) Figure No.· 
Pair ·AveragE Max 

LAX-VNY 1-2 LAX-POM . 225 . 252 16 
2-3 LAX-POM .169 . 173 

VNY-LAX 3-4 LAX-POM . 211 . 249 17 
4-5 LAX-POM .187 . 213 
5-l LAX-SLI .242 .275 

ILAX-JOR 1-32 LAX-SLI . 501 .779 18 
32-27 none 

~OR-LAX 2.8-31 LAX-SLI 1 . 170 1 . 279 19 
31-30 LAX-SLI . 9 39 . 9 86 
30-7 LAX-SLI . 276 . 390 
7-1 LAX-SLI .229 .286 

LAX-ANA 1-25 LAX-SLI .497 . 99 7 20 
25-26 LAX-SLI .186 .229 

~ORIANA~ 
LAX 27-25 none 21 

25-17 LAX-SLI .171 .183 
17-1 LAX-SLI . 294 . 4 7 3 

LAX-SBD 1-7 LAX-SLI .226 . 27 3 22 
7 - 9 LAX-SLI . 200 . 211 
9-10 . POM-ONT .493 . 611 

10-11 POM-ONT .236 . 314 
. 11-13 POM-ONT . 29 6 .390 

NOTE: Optimum VORTAC facili t ies are those remaining after 
screening for obstructions and restrictions. 
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Figures 23 (LAX to VNY), 24 (LAX to ANA), and 
25 (LAX to SBD) show the optimum station pairs for DME/DME 
RNAV over the direct routes. These results are summarized in 
Table 4. The largest average 2SD cross-course error was 
+.754 nmi. The LAX to ANA route (Figure 24) was serviced by 
the single LAX-SLI VORTAC pair. However, as indicated, no 
signal coverage from the pairi~g of the existing VORTAC facil­
ities was available for the last segments of the LAX to VNY 
route (Figure 23) and the LAX to SBD route (Figure 25). In 
addition, no station pair was capable of furnishing guidance 
signals for RNAV on the LAX to JOR route. 

Effects of VOR Conversion on DME/DME RNAV: Carrying 
the study one step further in an attempt to eliminate the 
signal coverage voids on the approved and direct routes, the 
local VOR's were analyzed as VORTAC facilities, thus generat­
ing new guidance station pairs and new geometry situations 
from which t .o select the optimum guidance station pairs for 
DME/DME RNAV over the previous problem route segments of . the 
approved and direct route structures. 

The results of the additional analysis to 
determine optimum station pair for the LAX to JOR and JOR/ANA 
to LAX approved routes are shown in Figures 26 and 27 respec­
tively, and are summarized in Table 5 ·. The largest average 
2SD cross-course error was +.296 nmi. As indicated, the 
LAX to JOR route (Figure 26) which previously was void of 
signal coverage in the last segment, was now capable of being 
flown without en route station changeovers after initially · 
selecting for guidance the converted SMO VOR and NZJ VOR 
station pair. Similarly, all segments of the JOR/ANA to 
LAX route (Figure 27) were adequately serviced by utilizing 
the guidance · station pair consisting of the LAX VORTAC and 
the converted SXC VOR. 

The voids in the signal coverage along the 
LAX to JOR direct route and the last segment of the LAX to SBD 
direct route previously encountered when considering guidance 
station pairs from existing VORTAC's were eliminated by utiliz­
ing converted VOR's SMO arid NZJ for the LAX to JOR route, 
and converted SBD VOR in combination with POM for the final 
portion .of the LAX to SBD route. Figures 28 and 29 show the 
2SD cross-course tolerance limits for DME/DME RNAV along the 
LAX to JOR and LAX to SBD direct routes , respectively, when 
receiving guidance signals f rom the indicated optimum station 
pairs . . Table 5 summarizes these analytical results. The 
average 2SD cross-course error for the LAX to JOR route 
(F~gure 28) was ~.358 nmi. RNAV along this route required no 
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TABLE 4 - OPTIMUM VORTAC FACILITIES FOR DME/DME 
RNAV OVER DIRECT ROUTES IN LAX AREA 

2SD 
Route Optimum Cross-Course Reference 

~oute Segment VORTAC Error C.±nmi) Figure No . 
Pair Ave rage Na x 

fWAX-VNY 70-71 LAX-POM . 201 . 204 23 
71-72 LAX-POM . 210 .217 
72-73 none 

fW AX-JOR 70-78 none 

!WAX-ANA 70-77 LAX-SLI .754 1 .645 24 

~UAX-SBD 70-74 LAX-SLI .277 . 433 25 
74-75 SLI-ONT .229 . 241 
75-76 none 

NOTE: Optimum VORTAC facilities are those remaining after 
screening for ' obstructions and restrictions. 
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TABLE 5 - OPTIMUM GUIDANCE STATIONS FOR DME/DHE RNAV OVER 
APPROVED AND DIRECT ROUTES IN LAX AREA 
CONSIDERING EXISTING AND CONVERTED FACILITIES 

APPROVED ROUTES 
I 

Optimum 2SD 
Route RNAV Cross-Course Reference 

Route Segment Pair Error ( ;l;nmi) Figure No. 
Average Max 

LAX-JOR 1-32 SMO-NZJ . 29 6 .314 26 
32-27 SMO-NZJ . 262 .281 

· JOR/ANA-
LAX 27-25 LAX-SXC .170 . 176 27 

25-17 LAX-SXC . 165 .168 
17-1 LAX-SXC .239 . 289 

DIRECT ROUTES 

Optimum 2SD 
Route RNAV Cross Country Reference 

Route Segment Pair Error ( ;tnmi) Figure No. 
Average Max 

LAX-JOR 70-78 SMO-NZJ .358 .447 28 

LAX-SBD 70-74 LAX-SLI .277 . 443 29 
74-i5 SLI-ONT . 2 29 .241 
75-76 POM-SBD l. 2 39 2. 0 84 . 

NOTE: Optimum guidance stations are those rema1n1ng afte r 
screening f or obstructions and restrictions . 
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en route station changeovers after the initial selection. The 
largest average 2SD cross-course error for the LAX to SBD route 
(Figure 29) was 1.239 nmi. In navigating along this direct 
route, three en route station changeovers were required after 
the initial selection. · 

Guidance signals for DME/DME RNAV along the 
last segment of the LAX to VNY direct route were not available 
from any station-pair combinations of local VORTAC and converted 
VOR facilities. The signal coverage problem due to surround­
~ng terrain obstructions is similar to that encountered for 
the VOR/DME RNAV case. 

En Route Guidance Station Changeovers: When 
considerlng the optlmum guldance statlons for VOR/DME and 
DME/DME RNAV over the approved and direct routes, the best 
stations based upon the average 2(SD)2 cross-course values 
were not always selected. To do this in every instance would 
have required pilot-actuated guidance station changeovers on 
every segment of every route; a situation considered unreal­
istic from a pilot's viewpoint. In those instances where the 
cross-course errors from particular station(s) were not 
appreciably larger than the best station(s) for a particular 
segment, the less optimum station(s) were selected if the use 
of the selected station(s) permitted RNAV over the entire 
route or more than one route segment. The optimum stations 
selected and listed in Tables 1 ~o 5 inclusively were based 
upon tradeoffs between the 2(SD) cross-course values and 
the number of en route station changeovers. Table 6 
indicates the number of en route station changeovers per route. 

Comparison of VOR/DME and DME/DME Results: The use of 
DME/DME guidance signals from two VORTAC 1 s rather than VOR/DME 
from a single VORTAC is intended to provide increased naviga­
tion accuracy for V/STOL operations. When comparing the 
error values associated with the VOR/DME signai from a single 
VORTAC, the DME linear component of the combined signal pro­
vides a smaller error than the VOR angular component. There­
fore, space position determined from a DME/DME will be more 
accurate than that obtainable from VOR/DME. The degree of 
navigation accuracy improvement is dependent upon the geometric 
relationships between the aircraft, guidance station(s), and 
route segment, per the cross-course · and along-course error 
equations previously described. As stated in the analysis, the 
DME SD error value was +0.1 nmi; the VOR SD error value +1.0°. 
These values are considered representative of presently 
available high quality navigation equipment. 
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TABLE 6 - NUMBER OF CONVERTED VOR AND/OR VORTAC CHANGEOVERS 
FOR RNAV IN LAX AREA USING OPTIMUM GUIDANCE STATIONS 
SCREENED FOR NATURAL TERRAIN OBSTRUCTIONS 

*Number of Guidance Station Changeovers 

Approved Routes Direct Routes 

Route VOR/DME DME/DME VOR/DME DME/DME 

LAX-VNY 1 0 (1 of 2) (1 of 2) 

VNY-LAX 1 1 

LAX-JOR 0 0 0 0 

JOR-LAX 1 0 

LAX-ANA 0 0 0 0 

JOR/ANA-LAX 0 0 

LAX-SBD 1 2 1 3 

*Number of guidance station changes after initial selection. 
For DME/DME RNAV, selecting one guidance station to form a 
new station pair is considered as one station changeover. 

( ) Number of segments with no signal coverage. 
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Examples of the increased navigation accuracies 
inherent in the DME/DME technique are shown in Table 7. 
Table 7 compares VOR/DME and DME/DME cross-cou::-~:; •. :. errors for 
RNAV over the approved routes. Since the intent of this comparison 
is to demonstrate improved navigation accuracy based upon 
geometric considerations, only the theoretically optimum guid­
ance stations are considered. Restriction and obstruction 
effects are not reflected in this comparison. The average 2SD 
cross-course errors for DME/DME RNAV over 20 of 21 segments of 
the seven approved routes were less than the cross-course errors 
for VOR/DME RNAV. Although Table 7 refers to the approved route 
structure, the same comparative improvements were noted for 
RNAV O\Ter the direct routes. 

The accuracy improvements of DME/DME RNAV over 
VOR/DME RNAV are also shown in Tables l to 4, inclusively. 
These tables, which more realistically relate to the opera­
tional environment, indicate the optimum guidance stations for 
RNAV following screening for obstructions and restrictions. 
Over the approved routes shown in Tables l and 3, there are 
19 route segments where both VOR/DME and DME/DME signal cover­
age is available for RNAV. For 14 of the 19 route segments, 
the average 2SD cross-course errors for DME/DME RNAV were less 
than the VOR/DME errors. Similarly, over the direct routes 
of Tables 2 and 4, the average 2SD cross-course errors for 
DME/DME RNAV were less than the VOR/DME errors for four of 
the five route segments common to both area navigation mode.s. 

Suggested Guidance Stations for Verification Flights: 
The results of the analytical study must be verified by 
flight inspection of the selected guidance facilities overr 
the indicated routes and at the minimum en route altitudes. 
The information in Tables 8 and 9 can be used as a guide 
in determining the guidance stations to be flight checked. 
Table 8 identifies in ranking order the facilities to be 
checked per approved route segment; Table 9, the facilities 
to be inspected per direct route segment. All the VORTAC and 
VOR facilities presently servicing the LAX area are listed in 
Tables 8 and 9. However, as indicated, some of these guidance 
stations were not selected for flight inspection due to 
natural terrain obstructions or poor geometry situations. 

16 



• 

TABLE 7 - COMPARISON OF VOR/DME AND DME/DME ANALYTICAL 
RESULTS FOR RNAV OVER THE APPROVED ROUTES 
WITH GUIDANCE SIGNALS DERIVED FROM THE 
THEORETICALLY OPTIMUM VORTAC FACILITIES 

VOR/DME DME/DME 
. 

2SD Cross- 2SD Cross-
Course Guidance Course 

Route GuidancE Error (;i;nmi) Station Error (inmi ) 
!Route Segment Station AveragE Max Pair Average Max 

~AX-VNY 1-2 VNY .361 .568 LAX-POM .225 .252 
2-3 FIM . 218 .242 LAX-POM .169 .173 

~NY-LAX 3-4 LAX .371 .507 LAX-VTU .188 .195 
4-5 LAX .210 .225 LAX-VTU .187 .239 
5-l SLI .334 .430 VNY-VTU .193 .226 

~AX-JOR 1-32 SLI . 4 2 3 .656 VNY-POM .194 .199 
32-27 SLI . 232 .375 VNY-POM .181 .207 

P"OR-LAX 28-31 POM .445 .529 PO M-ONT .166 .185 
31-30 POM .227 .312 POM-ONT .154 .159 
30-7 POM .258 .365 VNY-POM .213 .273 

7-1 VNY .234 .285 VNY-POM . 217 . 266 

LAX-ANA 1-25 SLI . 355 .671 VNY-POM .208 .216 
25-26 SLI .201 .202 VNY-POM .227 .238 

~ORIANA-
LAX 27-25 SLI .236 .315 LAX-POM . 210 .237 

25-17 SLI .270 .349 VNY-POM .19 2 .206 
17-1 SLI . 339 .602 VNY-POM .240 . 278 

ILAX-SBD 1-7 SLI .290 .424 LAX-SLI .226 .273 
7-9 SLI .220 .256 LAX-SLI .200 .211 . 9-10 SLI .378 .525 POM-OCN .224 .237 

10-11 ONT . 260 .380 POM- OCN .202 .205 
11-13 ONT . 29 3 .398 POM-OCN .194 . 196 

NOTE: Theoreti c ally optimum VORTAC f acilities are those 
selected as most accurate from the computer- derived 
analytical outputs prio r to screening for obstructi ons 
and restrictions . 
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TABLE 8 - RANKING ORDER OF GUIDANCE STATIONS REQUIRING FLIGHT 
INSPECTION PRIOR TO RNAV ALONG APPROVED ROUTES 

Route Exis tin~ VORTAC Fac i lities Converted VOR Facilities 
Route Segment FIM LAX OCN ONT POM SLI VNY VTU NZJ RAL RIV SBD SMO SNA sxc 

LAX-VNY 1-2 4 ~·: 2 5 1 3 
2-3 1 2 3 5 )'c4 

VNY-LAX 3-4 3 1 2 ;':4 

4-5 5 1 2 4 ~'; 3 

5-l ';': 2 3 1 

LAX-JOR 1-32 4 1 3 2 5 
32-27 4 1 3 2 5 

~OR-LAX 28-31 1 ~·: 2 

31-30 1 ~': 2 

30-7 1 -;': 2 

7-1 ;•, 2 3 1 

LAX-ANA 1-25 ";~ 2 1 
25-26 2 1 

~OR/ ANA-LA/ 27-25 2 1 5 4 6 3 
25-17 2 1 5 6 4 3 
17-1 -;': 2 1 5 6 4 3 

~AX-SBD 1 - 7 -;':2 3 1 
7-9 2 4 ~·: 3 1 -
9-10 3 2 ;'rl 

10-11 3 1 -;';2 

11-13 1 2 

*Radial of indicated guidance station .· 
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TABLE 9 - RANKING ORDER OF GUIDANCE STATIONS REQUIRING FLIGHT 
INSPECTION PRIOR TO RNAV ALONG DIRECT ROUTES 

.. 

Route Exis ting VORTAC Fa~i litiPs Converted VOR Fa~ilities 
B_oute Segment FIM LAX OCN ONT POM SLI VNY VTU NZJ RAL RIV SBD SMO SNA SXC 

LAX-VNY 70-71 ~·:2 1 3 
71-72 4 2 1 5 *3 
72-73 ,'; 1 

:wAX-JOR 70-78 ,., 4 1 3 2 5 

LAX-ANA 70-77 4': 2 1 

LAX- SBD 70-74 ,'; 2 1 
74-75 *4 3 1 2 
75-76 1 2 

~~- - ---

*Radial of indicated guidance station. 



SUMMARY OF RESULTS 

1. The FIM, LAX, ONT, POM or SLI VORTAC, as appropriate, 
provided guidance signals for VOR/DME RNAV over all segments (21) 
of the seven approved routes. 

The guidance signals from the theoretically optimum 
VORTAC stations servicing the VNY to LAX, LAX to JOR, LAX to 
ANA, and JOR/ANA to LAX routes were not affected by natural 
terrain obstructions. 

VOR/DME RNAV along each of the LAX to JOR, LAX to 
ANA, and JOR/ANA to LAX routes required no en route station 
changeovers after selection of the initial VORTAC. Each of 
the remaining routes, i.e., LAX to VNY, VNY to LAX, JOR to 
LAX, and LAX to SBD, required one en route station changeover. 

2. With the exception of the last segment of the LAX 
to VNY route, guidance signals from the POM or SLI VORTAC, 
as appropriate, permitted VOR/DME RNAV over the four direct 
routes. 

The guidance signals from the theoretically optimum 
VORTAC stations servicing the LAX to JOR, LAX to ANA, and 
LAX to SBD routes were not affected by natural terrain 
obstructions. 

VOR/DME RNAV along each of the LAX to JOR and LAX to 
ANA routes required no en route station changeovers after · 
selection of the initial VORTAC. In regard to the remaining 
two routes, the LAX to SBD route required one en route change­
over; · the LAX to VNY route, no en route station changeovers in 
the first two segments. None of the eight VORTAC facilities 
or seven converted VOR's was capable of providing guidance 
·signals for . the last segment of the LAX to VNY direct route. 

3. By selecting, as needed, various station-pair com­
binations from the LAX, ONT, POM, and SLI VORTAC facilities, 
and the NZJ, SMO, and SXC converted VOR's, guidance signals 
for DME/DME RNAV were available over all segments (21) of the 
seven approved routes. 

. The guidance signals from the theoretically optimum 
VORTAC pair servicing the LAX to VNY route were not affected 
by natural terrain obstruction. 

DME/DME RNAV along each of the LAX to VNY, JOR to LAX, 
and LAX to ANA routes required no en r oute station changeovers 
after selection of the initial VO RTAC pair. The VNY to LAX 
route required one en route station changeover; the LAX to SBD 
route, two changeovers. 
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No VORTAC pair was capable of providing DME/DME 
guidance signals -for the first s~gment of the JOR/ANA to LAX 
route and the last segment of the LAX to JOR route. However, 
these voids were eliminated by considering the NZJ, SMO, and 
SXC VOR facilfties as VORTAC stations. No en route station 
changeovers were required after initially selecting the 
optimum guidance station pair for each of these routes. 

4. With the exception of the last segment of the LAX 
to VNY route, selection ·of various station-pair combinations 
from the· LAX, ONT, POM, and SLI VORTAC facilities, and the 
NZJ, SBD, and SMO converted VOR's provided guidance signals 
for DME/DME RNAV over the four direct routes. 

The guidance signals from the theoretically optimum 
VORTAC pair servicing the LAX to ANA route were not affected 
by natural terrain obstructions. 

DME/pME RNAV along the LAX to ANA route required 
no en route station changeovers after selection of the 

· initial VORTAC pair. 

No VORTAC pair was capable of providing DME/DME 
guioance signals for the last segments of the LAX to VNY and 
LAX to SBD ' routes, and the LAX to JOR route. The signal voids 
along the LAX to SBD and LAX to JOR routes were eliminated 
by considering the NZJ, SBD, and SMO VOR facilities as VORTAC 
stations. No en route station changeovers were required for 
the LAX to JOR route. Three en route changeovers were needed 
for the LAX to SBD route. No combination of VORTAC and con­
verted VOR station pairs was capable of s ervicing the last 
segment of the LAX to VNY direct route. 

. 5. Considering the theoretically optimum guidance 
station(s), the average 2SD cross-course errors for 
DME/DME RNAV over 20 of 21 segments of the seven approved 
routes were less than the cross-course errors · for VOR/DME RNAV. 
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CONCLUSIONS 

The following conclusions are based upon an assessment 
of the analytical study results as affected by the constraints 
of the assumed system errors: 

1 . VOR/DME area navigation over the approved IFR 
VTOL routes in the LAX basin is feasible when using the exist­
ing VORTAC facilities . 

2 . DME/DME area nav{gation over the approved IFR 
VTOL routes in the LAX basin is feasible when using station­
pair combinations of the existing VORTAC facilities and certain 
converted VOR stations. 

3. With the exception of the last segment of the 
LAX to VNY route, VOR/DME area navigation over the hypo­
thetical direct V/STOL routes in the LAX basin is feasible when 
using the existing VORTAC facilities. 

4. With the exception of the last segment of the 
LAX to VNY route, DME/DME area navigation over the hypo­
thetical direct V/STOL routes is feasible when using station­
pair combinations from existing VORTAC facilities and certain 
converted VOR stations . 

5. DME/DME RNAV using guidance signals from two 
VORTAC facilities can potentially provide more accurate 
navigation than that obtainable from VOR/DME RNAV with a 
single guidance station. The degree of navigation improvement 
is de.pemdent upon the geometric relationships between the 
aircraft, guidance station(s), and route segment. 

6. The number of en route station changeovers for 
VOR/DME and DME/DME area navigation over the approved IFR VTOL 
routes and the hypothetical direct V/STOL routes is considered 
acceptable when the guidance station or station-pair selection 
is based upon the utilization of existing VORTAC facilities 
and certain converted VOR stations . 
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APPENDIX A 

DETAILED DESCRIPTION OF ANALYTICAL STUDY 
COMPUTER PROGRAM 

Existing computer programs were modified and two new 
programs developed in support of the analytical study to 
determine the adequacy of VOR/DME and DME/DME guidance 
signals for V/STOL RNAV in the Los Angeles area. One 
new program simplified the input requirements by performing 
geometric computations to obtain input values previously 
measured from sectional charts. The other new program 
automatically analyzed the output data and provided analyt­
ical summaries suitable for the selection of theoretical 
optimum guidance stations. The results of the computerized 
analysis were responsive to theoretical line-of-sight limita­
tions and the geometric relationships between guidance station 
or station pair , aircraft, and route segment . The effects 
of man-made and natural terrain obstructions on the comput­
erized results were ascertained by manually reviewing AIM 
restrictions , sectional charts, and VORTAC horizon profile 
drawings. This appendix describes in detail the computer 
program methodology. 

Cross-Course and Along-Course Error Equations 

The basic equations for determining cross-course and 
along-course errors for area navigation over approved and 
hypothetical direct routes in the LAX basin are identical 
to those contained in FAA Final Report RD-66-46, "VORTAC 
Error Analysis for Helicopter Navigation," dated September 1966. 
In RD-66-46, the analytical model assumed a two-dimensional 
horizontal plane with no slant range correction. For these 
computations, the root-sum-square-combined DME ground station 
and DME airborne receiver error for a standard deviation (SD) 
tolerance limit was 0.1 nmi; the combined VOR guidance 
station and airborne receiver SD beari~g error, 1 . 0° . 

VOR/DME SD Error Equations: The equations to determine 
the VOR/DME cross-course and along-course SD errors are as 

follows : [ 2.. ~ · 2. 2. 2. J Ya. 
1. Qcc = cr SIN t:J.. + /) oe COS c:A 

2. 2. 2.. 2- '2.. J 12.. 
2. Oac = [r COScJ.. + [) oe SJN~ 
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where: 

a-ce is cross-course SD in nmi. 

~c is along~course SD 1n nm1 . 

Q 1s DME distance determination SD error 1n nnu. 

re 1s VOR bearing SD error in radians. 

[) is the distance from station to aircraft 1n nmi. 

~ is the angle formed by the intersection of the 
course and a line drawn from the VORTAC to the 
aircraft. 

In order to determine the cross-course and along­
course SD values for a route segment, it is necessary to com­
pute the following geometric constants: 

1. Dl - the distance in nmi from start point 
to VORTAC station. 

2 . A - the angle in degrees formed by the 
intersection of the course and a radial 
from the station to the start point. 

3. XL - the route segment length in nmi. 

Once these values are determined from the 
and longitudes of the start point, stop point, 

known latitudes 
and VORTAC , the 

error calculations become generalized. 

~---------XL----------------~--~ 
ST/I,fi d -----~ 
POIAI'T 

VOR/DME 
GEOMETRY 

/1 /~t'~,f/7 
,PIJ.f/T/IJ/y' 

DME/DME SD Error Equations: The equations to 
determine the DME/DME cross-course ana along-course SD errors 
are as follows : 
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where: 

and: 

1 . Qcc = 

2; rae = 
SIN 9 

(fTc is the cross-course SD 1n nmi. 

~ is the along-course SD in nm1. 

the DME distance determination SD error in nm1. Q is 

o(l is the angle in degrees formed by the intersection of 
the course and a · radial drawn from Station 1 to 
the aircraft position. 

o(1 is the angle in degrees formed by the intersection 
of the course and a radial drawn from Station 2 
to . the aircraft position. 

e is the included angle in degrees formed by the inter­
section of a line drawn from Station 1 to the air­
craft position and a line drawn from Station 2 to 
the aircraft position (theta value). 

Rl is the distance in nmi from Station 1 to aircraft 
position. 

R2 

sin 

is the distance in nm1 
position. 

01 SINA 
. I(J.. C(.l = 

02 SINB 
R2 sin o(l = 

from Station 2 to aircraft 

In order to determine the cross-course and along­
course SD values for a route segment, it is necessary to 
compute the following . geometric constants: 

1. Dl-the distance in nmi from the start 
point to Station 1. 

2. D2-the distance in nmi from the stop 
point to Station 2 . 

3. A-the angle in degrees formed by the inter­
section of the course and a radial drawn 
from Station 1 to the start point . 

4. B-the angle in degrees formed by the inter­
section of the course and a radial drawn 
from Station 2 to the stop point. 

5. XL-the route segment length in nmi. 
6. BASE-the distance in nmi between the stations 
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Internal Program Computations 

S'T,I/i/ON 2. 

Input data for the computer program include the aircraft 
altitude (MSL) per route segment, the assumed VOR and/or DME 
SD tolerance limits for the computation of the cross-course 
and along-course errors, a cross-course SD error constant of 
0 , 333 nmi (6SD=l.OOO nmi) and an along-course SD error constant 
of 0.666 nmi (6SD=2.000 nmi) for comparison with computed 
cross-course and along-course SD values, the computation 
interval by which the aircraft distance in nmi from start 
point (d) is varying, and for the VOR/DME case, the class 
accuracy of the VOR receiver. The latitude, longitude, ele­
vation, and magnetic declination of each VORTAC considered · 
in the analysis are also provided as inputs . The program can 
accept 36 VORTAC stations for VOR/DME computations, and 
10 VORTAC stations (45 station-pairs combinations) for the 
DME/DME analysis. 

Each start and stop point per route segment is identified 
by a waypoint. The waypoint location is computed by reference 
to a VORTAC or a point previously defined in latitude, longi ­
tude, and elevation. A waypoint position is determined by 
one of three methods, depending upon the input information 
available. These methods are (1) magnetic bearing and dis­
tance from a known VORTAC, (2) intersection of two radials 
from two known VORTACs, and (3) the true bearing and dis­
tance from a previously defined point . The latitude and 
longitude of each located waypoint is computed and stored for 
later use in defining the route. Each route over which 
error calculations are to be made is defined by a series of 
segments to a limit of 18 segments. Each segment has an 
altitude (MSL) associated with it for determining line-of­
sight limitations. 
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Computations are made at 0.2 nmi intervals as the 
aircraft progresses along the particular route segment under 
consideration. In addition to the previous calculations, the 
following computations are made at each interval for both the 
VOR/DME and DME/DME cases: 

1. Cross-course SD, 2SD, and 3SD errors. 
2. Along-course SD, 2SD, and 3SD errors. 
3. Guidance station-to-aircraft line-of-sight 

distance. 
4. Comparisons of computed cross-course and along­

course SD errors with inputted cross-course 
and along-course SD error constants, guidance 
station-to aircraft distance with theoretical 
line-of-sight distance, and guidance station­
to-aircraft distance with 40 nmi maximum limit. 
These comparisons are stored for later flag 
presentations in the output data sheets and 
output summaries. 

After calculations are completed per guidance station 
or guidance station pair, average 2SD and 2(SD)2 cross-course 
and along course values are calculated. These values are 
stored for later use in preparing the summary data. The 
ranking of the guidance stations or guidance station pairs 
per route segment in the data summaries is based upon the 
avera~e cross-course 2(SD)2 value, with the smallest average 
2(SD) value denoting the theoretically optimum station or 
station pair. 

For the VOR/Dl'1E case, additional computations are made 
of the following: 

1. SD and 2SD cross-course error values for the 
DME component of the total cross-course error . 

2. SD and 2SD cross-course error values for the 
VOR component of the total cross-course error. 

3. SD and 2SD along-course error values for the 
·nME component of the total along-course error. 

4. SD and 2SD along-course error values for the 
VOR component of the total along-course error . 

For the DME/DME case, an additional computation is made 
to indicate the geometry segment of the theta value. The 
theta values are arbitrarily divided into five geometric seg­
ments to denote the theoretical accuracy of guidance signals 
for RNAV, i.e.; excellent, good, fair, poor, and unusable. 
Theta values near 9 0° represent; an excellent geometry 
situation, values near 0° and 180°, an unusable geometry 
condition . 

1-5 



Output Data Format 

Typical examples of the output data are presented in 
Figures 1-1 to 1-14, inclusively. The notes associated with 
each figure are self-explanatory and will not be repeated 
in this narrative. Only "lead-in" information will be pre­
sented to provide continuity through the output printouts. 
The presented figures, although specifically identified as 
the DME/DME case for the LAX to SBD approved IFR VTOL route, 
are applicable to VOR/DME RNAV over the approved routes, and 
VOR/DME and DME/DME RNAV over the direct routes. 

Figure 1-1 is a printout of the VORTAC guidance stations 
and other input data relative to these stations. The output 
is provided to verify the input data. For the DME/DME 
analysis pairing of the guidance stations is automatically 
performed in the program. Figure 1-2 indicates the computed 
latitudes and longitudes of the waypoints that identify the 
start and stop points of each route segment in the approved 
and direct route structures. A typical DME/DME data sheet 
denoting the computed input variables and constants, theore­
tical cross-course and along-course errors, flag criteria, 
geometry segment, guidance station-to-aircraft distance, and 
theta value at each 1 nmi increment along the route segment 
is shown in Figure 1-3. For comparison purposes, the output 
data sheet for the VOR/DME computations is presented in 
Figure 1-4. 

Figure 1-5 is the first summary sheet. In Figure 1-5 are 
shown the guidance station pairs in ranking order, per route, 
the maximum guidance statinn-to-aircraft distance per route 
segment, the average 2(SD)2 cross-course value per route 
segment per station pair, the ranking of the station pair per 
route segment, and the flag indications when computed flag 
criteria exceed selected input limits. The average 2SD cross­
course vale per route segment per station pair is shown in 
Figure 1-6. Figures 1-7 and 1-8 indicate the average 2(SD) 2 
and 2SD along-course values, respectively, per route segment 
per station pair. 

Fo~lowing the theoretical 2(SD)2 and 2SD cross-course 
and along-course values of Figures 1-5 to 1-8 inclusively, the 
output program provides summary printouts of the guidance 
station pairs that meet certain flag criteria. In presented 
order, the flag conditions tested are station pairs with no 
flags; station pairs with no cross-course, along-course or 
line-of-sight flags; and station pairs with no station-to­
aircraft distances greater than 40 nmi. 
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After each tested flag condition, calculations are 
made and outputs provided that indicate the magnetic bearing 
sector and distances of each guidance station to the start and 
stop points of each route segment, the aircraft altitude per 
route segment, the height of any natural terrain obstruction 
in the bearing sector of interest, and the distance of the 
obstruction from the particular guidance station. The mag­
netic bearing and distance information facilitates manual· 
screening of the theoretical output data for unusable signal 
coverage sectors published in the AIM restrictions. The 
aircraft altitude, obstruction height, and obstruction distance 
information facilitates manually calculating the critical 
height for guidance signal reception. An aircraft traversing 
a route segment influenced by an obstruction must be at a 
higher altitude than the critical height. As a result of 
these screenings, certain guidance stations initially listed 
in the various flag condition printouts as servicing a 
particular route segment were eliminated from final considera­
tion. Figure l-9 indicates the guidance station pairs and 
stations per route segment with no flags. Figure l-10 is 
typical of the information provided to facilitate the manual 
restriction and obstruction screening of the guidance stations 
comprising the no-flag station pairs. Similarly, Figure 1-ll 
shows the guidance station pairs and stations per route segment 
with no cross-course, along-course, or line-of-sight flags. 
Figure l-12, in part, is typical of the information furnished 
to manually screen the stations meeting the same flag' 
criteria. The guidance station pairs and stations per route 
segment with no station-to-aircraft distance greater than 
40 nmi are presented in Figure l-13. Figure l-14 shows, in 
part, the associated manual screening printout. 
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PRCJECT 330-01~-0~X 
~/STOL AREA NAVIGAT!CN-DME/D~E CCVERAGE 

••••••••••••••••••••••••••••••••••••••••• 

STATION LATI flOE LC~GITUDE MAGNETIC DECLINATION ELEVATJO>j 

LAX 33 56 0.5 118 25 53.~ 15.00 180.0 
SNA 33 40 H.2 117 51 45.0 15.00 ~o.o 
ONT 33 55 6.0 117 31 ltlt.O 15.00 1~30.0 
VNY 34 13 2~.4 118 2'1 26.7 15.00 eto.o 
POM H ~ 42.1 117 ~7 10.2 15.00 1270.0 
SliD 34 5 22.0 117 ~~ 53.7 15.00 lC80. 0 
Sll 33 46 59.R 118 3 13.8 15.00 20. C 
VTU 34 6 54.2 11'1 2 54 . 8 15.00 ~~~o. c 
OCN 33 14 26.2 117 25 0.7 15.00 9C.O 
l.ll!!.J 134 ~~ ~ ..... 118 5~ 4!sJI Lli&QJ L..li.tQ. a I 

(I) (2) (3) (4) 

NOTES: I . COMPUTER PROGRAM INPUTS OF VORTAC GUIDANCE STATIONS SERVICING LAX BASIN 
2. COMPUTER PROGRAM INPUTS OF VORTAC GUIDANCE STATION POSITIONS IN LATITUDE AND LONGITUDE 
3. COMPUTER PROGRAM INPUTS OF VORTAC GUIDANCE STATION MAGNETIC DECLINATIONS 
4. COMPUTER PROGRAM INPUTS OF VORTAC GUIDANCE STATION ELEVATIONS ABOVE MSL 

FIGURE 1-1 - TYPICAL COMPUTER PRINTOUT OF VORTAC INPUT LISTINGS 
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PRCJEtT 330-01~-0~X 
V/STCL AREA NAVIGATION-D~E/C~E COVERAGE 

················4························ 
PC It-IT LATI TI.OE LCHITUDE 

1 31 56 0.5 118 25 5).~ 
2 34 9 ~3.0 118 )2 33.2 
3 34 13 2~.4 • 118 29 26.7 
4 34 5 ~.1 118 21 2.5 
5 34 -o l6.o 118 16 31.5 
1 34 2 18.7 na 12 12.1 
9 34 3 13.~ 118 1 30.3 

10 H 4 to2.l 11? ~7 10.2 
11 H 7 H.9 117 25 50.6 
13 34 5 22.0 117 1~ 53.7 
11 33 58 36.7 117 59 59.7 
25 33 51 lt0.2 117 56 H.3 
26 33 48 31.5 117 55 23.1 
21 H 40 ~1.2 117 51 45.0 
28 31 38 l6.b 117 52 48.8 
30 33 46 59.11 118 3 13.8 
H 33 43 27.2 117 ~8 59.5 
32 33 H 15.7 118 11 50.8 
10 33"56 o.s 118 25 5).4 
7l H ~ 0.3 118 27 )1.8 
72 34 9 19.1 118 28 31.~ 
13 34 11 H.4 118 29 26.7 
14 ~3 59 27.7 118 -o 21.1 
75 34 1 48.6 117 42 26.~ 
76 34 5 22.0 117 lit 53.7 
11 33 48 37.5 117 55 23.1 
Llli 133 ~0 H.l 117 51 ~5.0 I 
(I) (2) 

NOTES: I, COMPUTER PROGRAM INPUTS OF POINTS DEFINING ROUTE SEGMENTS OF APPROVED IFR AND DIRECT VTOL ROUTES IN THE 
LAX BASIN 

2. COMPUTED POSITIONS IN LATITUDE AND LONGITUDE OF ROUTE-SEGMENT POINTS 

FIGURE 1..:..2 TYPICAL PRINTOUT OF COMPUTER-DERIVED WAYPOINT 
IDENTIFICATION LOCATION 
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APPROVED IFR VTOL ROUTE LAX-SBO ROUTE SEG. 10- 11 
(I) (Z) 

VORUCS~ 

!H1•1210.FToH2•1~30,FTrH3•3500.FTrA• -0. OEGrB• 59.C50EGr01• O. NM,OZ• 13.59NM,8ASE• 16.02NMrXL• 11.98NHrSIG•.10NMr0• 0.20NM 1(3) 

0 IU!i!;!; 
--------- -

1.0 0.151 
z.o 0.1"8 
3.0 0.139 
~.o 0.131 
5.0 0.12" 
6.0 0.111 
7.0 Ooll1 
8.0 0.106 
9.0 0.103 

10.0 0.101 
u.o 0.100 
12.0 0.101 
13.0 0.103 
1~.0 0.106 
15.0 0.11l 
16.0 o.u7 
17.0 0.124 

NOTES: I, 
2. 
3. 

4, 
5, 
6, 
7, 
8, 
9. 

10, 

II, 
12, 

13, 
14. 

Slli*Z SIG•3t !SIGAl; :il!i•z stG•3! lfllg lf.I..W !THEX TH!jQ THFR THPR! !FLV1 FLOU !FLYZ FbOi:l l!.lJ 1!1.1 IU!1!!f 
-(4)------ --------·( 5)·-----------(7)----(8)------------·(1 0)----------- -·(1 Z)·--------·(14)------·,IJ)·---·( 13)---·(9)---

0.314 o.~n 0.100 o.zoo 0.300 5555. 
0.296 o.~~t~t 0.100 0.200 0.300 5555 
0.219 0.418 0.100 0.200 0.300 5555 
0.262 0.393 0.100 0,200 0.300 5555 
0.2"1 0.371 0.100 0.200 0.300 6666 
0.23~ 0.351 0.100 0.200 0.300 6666 
0.222 0.333 0.100 0.200 0.300 6666 
0.213 0.319 0.100 0.200 0,300 7777 
0.206 0.309 0.100 0.200 0.300 7111 
0.201 0.302 0.100 0.200 0.300 7111 
0.200 0.300 0.100 0.200 0.300 7177 
0.201 0.302 0.100 0.200 0.300 7111 
0.206 0.309 0.100 0.200 0.300 7777 
0.213 0,319 0.100 0.200 0.300 7717 
0.222 0.33~ 0.100 0.200 0.300 6666 
0.23" 0.351 0.100 0.200 0.300 6666 
O.H8 0.371 0.100 0.200 0.300 6666 

GUIDANCE STATION NO, i 'COMPRISING GUIDANCE STATION PAIR 
GUIDANCE STATION NO, Z COMPRISING GUIDANCE·STATION PAIR 
INPUT PARAMETERS FOR DME/DME GEOMETRIC COMPUTATIONS-

HI =GUIDANCE STATION NO, I ELEVATION 
H2 =GUIDANCE STATION NO, Z ELEVATION 
H3 =AIRCRAFT ALTITUDE FOR ROUTE SEGMENT 
A =INCLUDED ANGLE FORMED BY GUIDANCE STATION NO, I-TO-ROUTE SEGMENT START POINT 

PROJECTION AND ROUTE SEGMENT 
B =INCLUDED ANGLE FORMED BY GUIDANCE STATION NO. Z-TO-ROUTE SEGMENT STOP POINT 

PROJECTION AND ROUTE SEGMENT. 
Dl =DISTANCE BETWEEN GUIDANCE STATION NO, I AND ROUTE SEGMENT START POINT 
D2 =DISTANCE BETWEEN GUIDANCE STATION NO, Z AND ROUTE SEGMENT STOP POINT 

BASE= DISTANCE BETWEEN GUIDANCE STATIONS 
XL= ROUTE SEGMENT DISTANCE 
SIG = DME SD TOLERANCE LIMIT 

D =DISTANCE INTERVAL ALONG ROUTE SEGMENT FOR GEOMETRIC COMPUTATIONS 
SD, ZSD, AND 3SD CROSS-COURSE ERROR TOLERANCES 
SD, ZSD, AND 3SD AL':>NG-COURSE ERROR TOLERANCES 
ROUTE SEGMENT PER GUIDANCE STATION PAIR STATISTICAL SUMMARY 
FLAG WHEN 2SD CROSS-COURSE ERROR TOLERANCE EXCEEDS 0, 333 NMI 
FLAG WHEN ZSD ALONG-COURSE ERROR TOLERANCE EXCEEDS 0, 666 NMI 
INCLUDED ANGLE FORMED BY GUIDANCE STATION NO, I-TO-AIRCRAFT PROJECTION AND GUIDANCE 
STATION N0.2-TO-AIRCRAFT PROJECTION 

1.oo 15.35 130.600 
2.00 1~.12 121.6"5 
3.00 H.13 12At.~H 
~.oo 13.59 120.95~ 
5.00 13.10 117.202 
6.00 12.68 113.179 
7.00 12.32 108.899 
8.oo 12.03 10~.389 
9.00 11.82 99.690 

10.00 u. 10 9".855 
u.oo ll.65 89.950 
12.00 11.70 85.0"6 
13.00 ll-83 80.213 
1"-00 12.0" 75.517 
15.00 12.32 11.011 
16.00 12.68 66.736 
11.oo 13.11 62.718 

(6) 

THEORETICAL NAVIGATION QUALITY INDICATORS BASED UPON DME/DME GEOMETRY AND RESULTANT THETA VAl..UE: 
EXCELLENT (THEX)-THETA BETWEEN 75' AND 105' 
GOOD (THGD)-THETA BETWEEN 60° AND .75'; 105' AND IZO' 
FAIR (THFR)-THETA BETWEEN 45' AND 60'; 120' AND I 35' 
POOR (THPR)-THETA BETWEEN 30' AND 45'; 135' AND 150' 
UNUSEABLE (NO INDICATOR)- THETA BETWEEN 0' ANI) 30'; 150' AND 180' 

DISTANCE BETWEEN GUIDANCE STATION NO, I AND AIRCRAFT (RI) 
FLAG WHEN Rl EXCEEDS LINE-OF-SIGHT DISTANCE BETWEEN GUIDANCE STATION NO, I VOR (VI) OR DME (DI) 
ANTENNA AND AIRCRAFT 
DISTANCE BETWEEN GUIDANCE STATION NO.2 AND AIRCRAFT (RZ) 
FLAG WHEN R2 EXCEEDS LINE-OF-SIGHT DISTANCE BETWEEN GUIDANCE STATION NO, 2 VOR (VZ) OR DME (D2) 
ANTENNA AND AIRCRAFT 

F-IGURE -1-3· - TYPICAL COMPUTER PRINTOUT OF DHE/DME ·· DATA SHEET 

.. 
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APPROVED IFR VTOL ROUTE LAX-SBD ROUTE SEG. 10- 11 VORTAC Sll 

!Hl• 2Q.Fl,H2• 35QQ.fT,A•l37.20EGa0• 22,2N~aXL• 1I,ONMoSIGD•0.1NMoSIGV•1,0DEGoDEL0•0,2NMaCLASS EQyiP.•3!(1) 

PAGE 19 

D !SIGCC Sl~•2 Sli!3! !SIGAC SIG•2 SIG•JI lf.W USiJ§iDCC Sli•2!1SGyCC SIG•2!JSGDAC SUi•211SGVAC Sli•211FLY FLQI IA.L.fi:W W -- -----Zl------ ------ (6}------ ---(3)·--(1)· (5)·- - (4)- -- --(9)-- -·(8)·---- -(13)-----(11 )----(! Z)---
laO 0.308 0.616 0.924 0.273 0.547 0.820 999 0.066 0.132 Oa301 0.602 0.075 C.151 0,263 0.526 41.13 22.90 
2.0 0.325 0.650 0.974 0.274 0.548 0.822 999 0.064 0.127 0.319 0.637 o.ozz 0.154 0.263 0.526 39.54 23.66 
3.0 0.342 0,683 1.025 0.274 0.549 0.823 999 0.062 Oe123 0.336 0,672 0.079 C.158 0.263 0.526 38.04 24.44 
4,0 o.358 o.111 1.015 o.275 o.550 o.825 999 o.o6o o.119 0,353 o.zoz o.o8o c.160 0.263 o.526 36.64 25.24 
5.o 0.375 0.151 1.126 o.275 o.551 o.826 999 o.o5e 0.116 o.371 o.Z42 0•082 o.163 0.263 0.526 35,33 26.05 
6,0 0,392 0,185 1e177 Oe276 0,551 Oe827 999 0,056 Oe112 0,388 Q,JJJ 0,083 Oe166 Oe263 0,526 34e10 26e87 
1.0 0.409 0.819 1.228 0.276 0.552 0.828 999 0,054 0.109 0.406 0.812 0.084 C.168 0.263 0.526 32.94 27.70 
8.o o.426 o.853 1.219 o.276 o.553 0.829 999 o.o53 0.106 o.423 o.846 o.085 c.110 0.263 o.526 31.85 28.55 
9.0 0,444 0,887 1.331 0.277 0.553 0.830 999 0.051 0.102 0.441 0,881 0.086 0.112 0,263 0.526 30.82 29.40 

10.0 0.461 0.922 1.382 0.277 0.554 0.830 999 0.050 0.100 0.458 0.916 0.087 0.173 0.263 0.526 29.85 30.26 
11.0 o.478 0.956 1.434 0.211 0.554 o.s31 999 o.048 0.097 Oe476 0.951 o.C88 0.175 0.263 o.526 28,93 31,13 
12.0 0.495 0.991 1.486 0.211 0.555 0.832 999 Oe047 0.094 0.493 0.986 0,088 C.176 0,263 0.526 28.07 32.01 
13,0 0.513 1,025 1e538 Oe278 Q,5S5 0,833 999 0,046 0,092 Oe510 1.021 0,089 0,178 Oe263 Oe526 27,25 32.90 
14.0 0,530 1.060 1.589 0.278 0.555 0.833 999 0.045 0.089 0.528 1.056 0.090 0.179 0.263 0.526 26.47 33.79 
15.0 0.547 1.094 1.641 0.278 0.556 0.834 999 0.043 0.087 0.545 1.091 0.090 C.180 0.263 0.526 25.73 34.69 
16.0 0.564 1.129 1.693 0.278 0.556 0.834 999 0.042 0.085 0.563 1.126 0,091 C.181 0,263 0.526 25.04 35.59 
17.0 0.582 1.164 1.745 0.278 0.556 0.835 999 0 . 041 0.083 0.580 1.161 0.091 c.182 0.263 0.526 24.37 36.50 

NOTES: I, INPUT PARAMETERS FOR VOR/DME GEOMETRIC COMPUTATIONS · 
HI =GUIDANCE STATION ELEVATION 
HZ =AIRCRAFT ALTITUDE FOR ROUTE SEGMENT 

ICIO) 

A = INCLUDED ANGLE FORMED BY GUIDANCE STATION-TO- ROUTE SEGMENT START POINT 
PROJECTION AND ROUTE SEGMENT 

0 = DISTANCE BETWEEN GUIDANCE STATION AND ROUTE SEGMENT START POINT 
XL= ROUTE SEGMENT DISTANCE 

SIGD = DME SO TOLERANCE LIMIT 
SIGV = VOR SO TOLERANCE LIMIT 

DELDD = DISTANCE INTERVAL ALONG ROUTE SEGMENT FOR GEOMETRIC COMPUTATIONS 
CLASS EQUIP= AIRBORNE VOR EQUIPMENT ERROR CLASS COMBINED RSS WITH GROUND VOR ERROR FOR 

SIGV SO TOLERANCE LIMIT, CLASS I =I.I"; CLASS Z=I, 0" ; CLASS 3=0, 25" 
Z, . SO, ZSD, AND 3SD CROSS- COURSE ERROR TOLERANCES 
3, FLAG WHEN ZSD CROSS-COURSE ERROR TOLERANCE EXCEEDS 0, 333 NMI 
•• VOR COMPONENT OF SO AND ZSD CROSS-COURSE ERROR TOLERANCES 
5, DME COMPONENT OF SO AND ZSD CROSS - COURSE ERROR TOLERANCES 
6, SO, ZSD, AND 3SD ALONG - COURSE ERROR TOLERANCES 
7, FLAG WHEN ZSD ALONG-COURSE ERROR TOLERANCE EXCEEDS 0. 666 NMI 
8, VOR COMPONENT OF SO AND ZSD ALONG-COURSE ERROR TOLERANCES 
9, DME COMPONENT OF SO AND ZSD ALONG-COURSE ERROR TOLERANCES 

IO, ROUTE SEGMENT PER GUIDANCE STATION STATISTICAL SUMMARY 
II, INCLUDED ANGLE FORMED B Y GUIDANCE STATION-TO-AIRCRAFT PROJECTION AND ROUTE SEGMENT 
IZ, DISTANCE BETWEEN GUIDANCE STATION AND AIRCRAFT 
13, FLAG WHEN R EXCEEDS LINE-OF-SIGHT DISTANCE BETWEEN GUIDANCE STATION VOR OR DME ANTENNA AND 

AIRCRAFT 

FIGURE 1-4 TYPICAL COMPUTER PRINTOUT OF VOR/DME DATA SHEET 
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. . ······~~································· APPROVED IFR VTOL ROUTE LAX-SBO CROSS CCURSE 2 ISOI••2 PAGE 1 OF · 1 

[ 

" AC OR CC FLAG 

• R Ml\X • 2 1501 .. 2 

(8) • R GREATER THAN LINE OF SIGHT 
• R GREATER THAN 40 N.M. 

• TOTAL • RANK 
• • • • • • • • • • • • • • 
• 1• 7• • 9• 10• 11• • • • • • • • • 
• 1• 9• 10• 11• 13• • • • • • • • • 
• • • • • • • • • (Z) · • • • • • 
• • • • • • • I 1- 7 • 7- 9 • . 9- -,o • . 10- 11 • u- nl • - • • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
LAX-OCN • 65• 62• 57• 53• 60• • 0.05 2 23• · a.05 5 23• 0.04 4 3• 0.04 2 3• 0.0~ 3 3• • 0.22 • 1 
POM-OCN • 66• 62• 57• 53• 53• • 0.06 7 23• 0.07 e 23• 0.05 6 3• 0.04 3 3• 0.04 4 3• • 0.25 • 2 
vru-ocN • 66• 62• 63• eo• qo• • o.to 12 123• o.o9 10 23• o.o6 7 3• o.o~ ~ 3• o.o~ 5 3• • 0.33 • 3 
ONT-OCN • 66• 62• 57• 53• 53• • o.oe 11 23• 0.11 12 123• o.o9 12 3• o.oa 11 1 3• o.o3 1 1 3• • o.39 • 4 
Sli-ONT • 45• 3~• 26• 37• 44• • 0.10 13 1 3• ~.05 4 • 0.04 2 • 0.05 7 .1 • 0.30 16 1 1• • 0.54 • 5 
LAX-ONT • 45• 34• 33• 51• 60• • 0.21 lS 1 3• 0.19 1~ 1 • 0.15 14 1 • 0.06 e 3• 0.11 12 1 1• • 0.71 • 6 
SLI-POM • 11• 21• 22• 11• 44* • o.o1 9 1 • o.o~ 2 • o.o1 9 • o.27 11 1 • o.35 11 1 1• • o.eo • 7 
SLI-VTU • 42• 51• 63• 80• 90• • O.JC 19 1 3• 0.04 3 3• 0.06 e 1• 0.16 16 1 3. Oo25 15 1 3• • 0.81 • 8 
VNY-SLI • 21• 25• 36• 53• 62• • o.~J 2~ 1 • o.o6 7 r • · o.o5 5 • 0.11 15 1 3• o.te 1~ 1 3• • 0.82 • 9 
LAX-Sll • 21• 21• 33• 51• 60• • 0.05 4 • 0.04 1 • 0.09 13 1 • 0.35 19 1 3• 0.58 19 1 3• • 1.11 • 10 
LAX-FIM • 39* 46• 57• 73• S3• • 0.06 6 • 0.11 13 1 l• Oo20 15 1 3• 0.35 te 1 3• 0.52 18 1 3• • 1.23 • 11 
vNv-ocN • 66• 62• 57• 53• 62• • 1.1~ 2~ 123• o.27 1e 123• o.oe 10 1 3• o.o~ 5 3• o.o~ 6 3• • 1.53 • 12 
LAX-VNY • 18• 25• 36• 53* 62* • 0.04 1 • 0.10 11 1 • 0.22 16 1 • 0.~9 21 1 3• 0.7S 20 1 3• • 1.64 • 13 
POM-ONT • 45• 34* 26• te• 27• • 0.10 22 1 3• 0.57 22 1 • 0.25 17 1 • Oo06 9 • 0.09 11 1 • • 1.67 • 14 
FIM-POM • 39• 46* 56• 73• e3• • 0.08 10 1 • 6.23 17 1 3• 0.3~ lS 1 3• 0~~6 20 1 3• 1.02 21· 1 3• • 2.13 • 15 
FIM-SLI • 39• 46• 57• 73• e3• • 2.~3 25 1 • 0.05 6 3• 0.04 3 3• OolO 13 1 3• Ool5 13 1 1• • 2.77 • 16 
SLI-OCN • 66• 62• 57• 53• 53• • 2.74 26 123• 0.09 9 123• 0.03 1 3• Oo04 1 3• 0.03 2 1• • 2.92 • 17 
VNY-POM • 33• 25• 35• 53• 62• • 0.05 3 • 0.19 16 1 • 0o40 19 1 • 0.70 22 1 3• l.S9 23 1 1• • 3.22 • 1e 
FIM-OtN • 66• 62• 57• 73• e1• • 3.57 21 123• o.t9 15 123• o.oa 11 1 3• o.o~ 6 3• o.o~ 1 1• • 3.92 • 19 
LAX-VTU • 42• 51• 63• BO• 90• • Ool5 15 1 3• 0.34 19 1 3• 0.67 21 1 3• 1.23 23 1 3• 1.83 22 1 3• • ~.22 • 20 
FIM-VTU • 42• 51• 63• eo• qo• • 0.15 17 1 3* 0.53 21 1 3• Oo85 22 1 3• 1.~7 2~ 1 3• 2.21 2~ 1 3• • 5.27 • 21 
VNY-VTU • 42• 51• 63• eo• 90* • 0.05 5 1 3• 0.~0 20 1 3• 1.13 23 1 3• 3.50 26 1 3• 6.21 25 1 3• • 11.29 • 22 
POM-VTU • 42• 51• 63• so• qo• • 0.45 21 1 3* 1.77 25 1 3• 2.~5 2~ 1 3• 2.29 25 1 3• 11.1e 27 1 3• • 18.75 • 23 
LAX-POM • 33• 21• 33• 51* 60* • O.e9 23 1 • 1.03 23 1 • 2.e1 25 1 • 17.e~ 28 1 3• 7.72 26 1 3• • 30.29 • 24 
ONT-VTU • 45• 51• 63* SO• qo• • 2e.3C 2e 1 3• 3.~5 27 1 3• 0.56 20 1 3• 0.01 10 1 3• O.Oe 10 1 1• • 32.~6 • 25 
VNY-ONT • 45• 34* 36* 53• 62• • 0.06 S 1 3• 1.~7 2~ 1 • 32tl5 26 1 • 0.09 12 1 3• 0.01 9 1 3• • 33.e4 • 26 
FIM-ONT • 45• 46• 57• 73* S3• • 0.1~ 14 1 3• 2.20 26 1 3• 39.89 27 1 3• 0.10 1~ 1 3• 0.06 8 3• • ~2.~0 • 27 
IVNy...;FIMI•!39• 46• 57• 13• 83•1 ·~t!!JILJ• 48.98 2e 1 3• 95.19 2e 1 3• 13.22 27 1 1• H.5~ 281 3• . •WW!J•111J 

(I) (3) (4) (6) (9) (5) (7) 

NOTES: I. 
.z. 
3. 
4. 
s. 
6. 

. 7. 

s. 

9. 

GUIDANCE STATION PAIRS FOR DME/DM:L AREA NAVIGATION OVER LAX TO SBD APPROVED IFR VTOL ROUTE 
SEGMENTS OF LAX TO SBD APPROVED IFR VTOL ROUTE 
AIRCRAFT-TO-GUIDANCE STATION MAXIMUM DISTANCE PER ROUTE SEGMENT 
AVERAGE CROSS-COURSE Z(SD)2 VALUE PER ROUTE SEGMENT 
SUM OF AVERAGE CROSS-COURSE Z(SD)2 VALUES PER ROUTE SEGMENTS FOR LAX TO SliD APPROVED IFR VTOL ROUTE 
RANKING OF GUIDANCE STATION PAIRS PER ROUTE SEGMENT BASED UPON AVERAGE CROSS-COURSE Z(SD)Z VALUES 
RANKING OF GUIDANCE S~ATION PAIRS PER ROUTE BASED UPON SUM OF AVERAGE CROSS-COURSE Z(SD)Z VALUES 
FLAG LEGEND: 

(I) WHEN Z S-D CROSS-COURSE AND ALONG-COURSE ERROR TOLERANCES EXCEED O. 333 NMl AND O. 666 NMI 
RESPECTIVELY 

(Z) WHEN COMPUTED AIRCRAFT-TO-GUIDANCE STATION DISTANCE EXCEEDS LINE-OF-SIGHT DISTANCE 
(3) WHEN COMPUTED AIRCRAFT-TO-GUIDANCE STATION DISTANCE EXCEEDS 40 NMI 

FLAGS PER ROUTE SEGMENT . 

FIGURE 1-5 TYPICAL COMPUTER 
Sl)MMJ\:(<X Sij~ET 

PAIR RANKINGS 

PRINTOUT OF CROSS-COURSE 2(SD)2 
INDICATING GUIDANCE STATION 

PER ROUTE SEGMENT AND ROUTE 

~ ~ 
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••••••••••••••••••••••••••••••••••••••••• 
APPROVED IFR VTOL ROUTE lAX-SliD CROSS COVRSE 2 ISDI PAGE 1 OF 

• • (Z) Z ISDJ 
• • • • • • • I • • • • u- nl • • • • • • • • • • 1- 1 • 1- • • 9- 10 • 1D- 11 • • - • • ................................................................................................................................... 

LAX-OCN • • 0.22 • 0.22 • 0.21 • 0.20 • 0.19 • • 
POM-OCN • • 0.24 • 0.26 • c.22 • 0.20 • 0.19 • • 
YTU-OCN • • o. 32 • 0.29 • 0.24 • 0.20 • 0.20 • • 
ONT-OCN • • 0.28 • 0.)4 • 0.29 • 0.28 • 0.16 • • 
Sli-ONT • • 0.31 • 0.21 • 0.20 • 0.22 • 0.51 • • 
LAX-ONT • • 0.45 • 0.43 • 0.39 • 0.23 • 0.33 • • 
Sli-POH • • 0.25 • 0.21 • 0.26 • 0.52 • 0.59 • • 
SLJ-YTU • • 0.45 • 0.21 • 0.24 • 0.19 • 0.50 • • 
YNY-Sll • • 0.38 • 0.23 • 0.21 • 0.33 • 0.42 • • 
LAX-Sll • • c.21 • 0.20 • o.1o • o.58 • o. 76 • • - LAX-FIN • • 0.23 • 0.34 • 0.44 • 0.59 • 0.72 • • 

I VNY-OCN • • 0.61 • 0.50 • 0.28 • 0.20 • 0.20 • • - lAX-YNY * • 0.21 • 0.32 • 0.47 • o. 70 • 0.88 • • 
VJ POH-ONT o • 0.84 • 0.75 • 0.49 • 0.24 • 0.30 • • 

FIH-POH • • 0.28 • o.toa • 0.59 • 0.68 • 1.oo • ·• 
FIH-Sll • • 0.90 • 0.22 • 0.21 • o.:n • 0.)9 • • 
Sli-OCN • • 1.18 • 0.27 • 0.16 • 0.20 • o.u • • 
YNY-POH • • 0.22 • 0.41 • 0.63 • 0.83 • 1.35 • • 
FIH-OCN o • 1.28 • 0.43 • 0.28 • 0.20 • 0.20 • • 
LAX-VTU • • 0.38 • 0.58 • 0.82 • 1.10 • 1.35 • • 
F IH-VTU • • 0.38 • o.n • 0.92 • 1.21 • 1.51 • • 
YNY-YTU • • 0.23 • 0.62 • 1.05 • 1.85 • 2.49 • • 
POH-VTU 0 • 0.65 • 1.33 • 1.56 • 1.51 • ).21 • • 
LAX-PDH o • 0.94 • 1.oo • 1.66 • 4.19 • 2. 71 • • 
ONT-VTU • • 1.70 • 1. 79 • 0.73 • 0.25 • 0.28 • • 
VNY-DNT • • 0.23 • 1.ll • 3.86 • 0.28 • 0.26 • • 
FIII-ONT • • C.36 • 1.40 • 4.51 • 0.29 • 0.25 • • 

IYNY..=f.l!!J • • ~ • 5.67 • 9.02 • 3.62 • 3.81 • • 
(I) 

NOTES: I, GUIDANCE STATION PAIRS FOR DME/DME AREA NAVIGATION OVER LAX TO SBD APPROVED IFR VTOL ROUTE 
2. SEGMENTS OF LAX TO SBD APPROVED IFR VTOL ROUTE 
3. AVERAGE CROSS-COURSE 2 SD VALUE PER ROUTE SEGMENT 

FIGURE l-6 - TYPICAL COMPUTER PRINTOUT OF CROSS-COURSE 
2 SD SUMMARY SHEET 



PRCJECT 330-014-04X 
V/STOL AREA NAVIGATION C~E/CME COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
APPROVED IFR VTOL ROUTE LA X- SBO ALONG CCL RSE 2 (501 .. 2 PAGE 1 OF 

• • (2) 2 ISCI•*2 
• • • • • • • • • • • • • • • • • • • • • 1- 1 • 1- 9 • 9- 10 • 10- 11 • 11- n • - • • 

·························································~········································· ............................... LAX-OC"' * • c. 04 • 0.04 • 0.04 • 0.04 • 0.05 • • 
POM-OCN * • c.c6 • O.C4 • 0.04 • 0.04 • 0.04 • • 
VTU-OCN • • c.22 • 0.06 • 0.05 • 0.04 • 0.04 • • 
ONT-OCN • • 0.13 • 0.09 • 0.13 • 15.14 • 0.25 • • 
SLI-OIH * • C.14 • 0.05 • 0.04 • 0.06 • 0.44 • • 
LAX-ONT * • c.c4 • 0.02 • 0.03 • 0.04 • 0.10 • • 
SLI-PO" • • c.o6 • 0.04 • C.04 • 0.04 • 0.15 • • 
SLI-VTU • • C.52 • 0.05 • 0.04 • 0.03 • 0.09 • • 
VNY-SLI • • ll.44 • o.u • 0.04 • 0.03 • 0.06 • • 
LAX-SL I • • C.C4 • 0.05 • 0.05 • 0.05 • 0.28 • • 
LAX-FIM • • C.04 • 0.03 • 0.03 • 0.03 • 0.05 • • 
VNY-OC"' • • 18.41 • o.n • 0.09 • 0.05 • o.o.r, • • 
LAX-VNY • • 0.04 • O.C3 • 0.03 • 0.03 • 0.09 • • 
POM-ONT * • C.18 • O.C4 • o.olt • 0.04 • 0.01 • • ...... FIM-POM * • c.n • 0.04 • 0.04 • 0.04 • 0.06 • • 

I F IM-SLI • • 16.11 • 0.09 • 0.04 • 0.03 • 0.05 • • ...... SLI-OCN • • 32.26 • 0.46 • J.12 • 0.07 • o.ca • • 
~ VNY-POM • • C.IJ5 • o.c4 • 0 .04 • 0.04 • o.n • • 

FIM-OCN • • 3C.72 • 0.20 • J.10 • 0.06 • 0.04 • • 
LAX-VTU • • C.04 • 0.02 • 0.02 • 0.02 • 0.26 • • 
FIM-VTU • • G.26 • 0.10 • 0.12 • 0.16 • o.oe • • 
VNY-VTU • • c.u • 0.09 • (,.13 • 0.26 • 0.26 • • 
POM-VTU • • C.15 • 0.03 • 0.04 • 0.04 • 1. a 1 • • 
LAX-POM • • O.G4 • 0.05 • 0.04 • 0.04 • 1.50 • • 
ONT-VTU • • 17. J 1 • 0.29 • C.10 • a.o5 • 0.06 • • 
VNY-ONT • • c.1r • 0.41 • 9.14 • 0.07 • 0.05 • • 
FIM-ONT • • C.20 • 0.55 • u.aa • 0.09 • 0.04 • • 

I V N :l:::f.l!1J • • L£.ill.J • l7.1l • 26.98 • 2.23 • 0.16 • • 
(I) (3) 

NOTES: I. GUIDANCE STATION PAIRS FOR DME/DME AREA NAVIGATION OVER LAX TO SBD APPROVED IFR VTOL ROUTE 
z. SEGMENTS OF LAX TO SBD APPROVED IFR VTOL ROUTE 
3. AVERAGE ALONG-COURSE Z(SD)z VALUE PER ROUTE SEGMENT 

FIGURE l-7 - TYPICAL COMPUTER PRINTOUT OF ALONG-COURSE 
2(SD)2 SUMMARY SHEET 



PRCJECT 330-014-04X 
V/STCL AREA NAVIGATION OME/DME COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
APPRUVEO IFR VTOL ROUTE LAX-S8C ALCNC CCLRSE 2 ISCI PACE 1 OF 

• • (2.)2 ISCI 

., 

• • • • • • • I ' ' ' ' I • • • 
• • • • • • • 1- 7 • 1- 9 • ,_ 10 • 10- 11 • 11- 15 • - • • ................................................................................................................................... 

LAX-OCN • • C.20 • 0.19 • Ool9 • 0.20 • C.22 • * 
PO~-OCN • • 0.24 • 0.20 • 0.20 • 0.20 • 0.21 • • 
VTU-OCN • • C.46 • 0.24 • 0.22 • 0.21 * 0.20 * * 
ONT-OCN • • C.36 • 0.29 • 0.36 • 2.11 • 0.49 • • 
Sli-O~T • * 0.37 • 0.23 • ~.20 • 0.25 • 0.65 * • 
lAX-ONT • • C.20 * 0.15 • 0.17 • 0.20 • 0.12 * • 
Sli-POH * • C.24 • 0.20 • 0.20 • 0.20 • 0.18 • • 
SLI-VTU * • C.61 • 0.21 • 0.19 • 0.16 • 0.10 • • 
VNY-Sll • • 1.75 • 0.12 • 0.20 • 0.16 • 0.24 • • 

- lAX-Sll * • C.20 • 0.21 * 0 .21 • 0.21 • 0.51 • • 
I LAX-FIH * • C.20 • 0.16 • 0.16 • 0.18 • 0.21 • • 

- VNY-OCN * * 2.45 • 0.55 • 0.10 • 0.21 • C.20 • • 
Ul LAX-VNY * • C.2t' • 0.16 • 0.16 • 0.11 • 0.10 • • 

PO~-ONT * • C.43 • 0.19 • 0.20 • 0.20 • 0.27 • • 
FIH-POM • • C.2b * 0.19 • C.20 • 0.20 • 0.25 • • 
FIH-Sll * • 2.11 • 0.29 * vo20 • 0.16 • 0.22 • • 
Sli-OCN * • 3.95 • 0.66 • Ool4 • 0.26 • 0.29 • • 
VNY-POH * * C.21 * 0.20 • v.20 • 0.20 • Oo16 • • 
FIH•OCN * • 3.70 * 0.45 • ~.11 • 0.24 • 0.20 • * 
LAX-VTU * • C.2J * 0.15 • 0.14 * 0.16 • 0.51 * * 
FIH-VTU * • C.51 * 0.32 • 0.14 * 0.40 * 0.27 * * 
VNY-VTU * • C.14 * 0.10 • 0.16 • 0.51 * 0.51 * * 
POH-VTU * * C.lB * 0.18 • 0.20 • 0.20 • 0.96 * * 
LAX-POH • • C.20 • 0.21 • 0.20 • 0.20 • loll * * 
o~r-vru • • 2.BR • 0.52 • 0.11 • 0.22 • 0.24 • • 
VNY-ONI • • C.1l • 0.60 • 2.09 • 0.26 * 0.22 * • 
FIH-ONI • • C.43 • 0.10 • 2.50 • 0.28 • 0.21 * • 
lvNv~• • ~ • 1.57 • 4.65 • 1.46 • 0.41 • • 

(I) (3) 

NOTES: I. GUIDANCE STATION PAIRS FOR DME/DME AREA NAVIGATION OVER LAX TO SBD APPROVED IFR VTOL ROUTE 
Z. SEGMENTS OF LAX TO SBD APPROVED IFR VTOL ROUTE 
3. AVERAGE ALONG-COURSE Z SD VALUE PER ROUTE SEGMENT 

FIGURE 1-8 - TYPICAL COMPUTER PRINTOUT OF ALONG-COURSE 
2 SD SUMMARY SHEET 
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PRCJECT 330-01~-0~X 
V/STOL AREA NAVIGATION D~E/D~E CCVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
STATION PAIRS PE~ ROUTE WITH NO FLir.~ 

APPROVEC IFR VTOL ROUTE LAX-SBO 

STATION PAIRS (l) POUTE SEGI'EIHS 

• • 
1 • 
1 • 

1 • • • 10 • 1)J• 
9. 10 • 11 • 131• •..••..............•.............................•...........................•..................•. 

SLI-ONT • • X ~· X z• • • 
SLI-PO" • * X z• x •• • • 
VNY-SLI • • • X 5• • • 
LAX-Sll • X 4* X 1* • • • 
LAX-Fill * X 6• • • • • 
LAX-VNY • X 1• • • • • 
POM-ONT • • • • X 9• • 
VNY-PO" • w I.JII' • • • • 

(2) (3) 

STATICNS 

LAX • X • X • • • • 
ONT • • X • X • x • • 
VNY • X • • X • • • 
PCM • X • X • X • X • • 
Sll • X • X • X • • • 

IE.llll • I.!J • • • • • 
(4) (5) 

NOTES: 1, SEGMENTS OF LAX TO SBD APPROVED IFR VTOL ROUTE 
2, 
3, 
4, 

ROUTE SEGMENTS FOR WHICH GUIDANCE STATION PAIRS PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO FLAGS 
RANKING OF GUIDANCE STATION PAIRS PER ROUTE SEGMENT BASED UPON AVERAGE CROSS-COURSE 2(SD)2 VALUES 
GUIDANCE STATIONS COMPRISING GUIDANCE STATION PAIRS THAT PROVIDE THEORETICAL SIGNAL COVERAGE WITH 
NO FLAGS 

5, ROUTE SEGMENTS FOR WHICH GUIDANCE STATIONS PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO FLAGS 

FIGURE l-9 TYPICAL COMPUTER PRINTOUT OF SUMMARY SHEET 
INDICATING GUIDANCE STATION PAIRS WITH 

NO FLAGS 

~ 
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PRCJECT 330-01~-0~X 
V/STOL AREA NAVIGATICN D~E/C~E COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 

• 

STATIONS AND OBSTRUCTION SECTORS FOR STATION PAIRS WITH NO FLAGS HC•HEIGHT OF OBSTRUCTION 
D•OISTANCE TO OBSTRUCTION 
H1•VORTAC ELEVATION + 33FT 
H2•CRITICAL HEIGHT APPROVED IFR VTOL ROUTE LAX-SBD 

*START/STOP• KAG~ETIC • 
• ROUTE • DIST FROK• BEARING • AIRCRAFT • 

* STATION * SEGKENT * STATION * SECTOR • ALTITUCE * HC I C I H1 I HZ • RESTRICTIONS - HORIZON PROFILES 
••••aaa•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* LAX • 1- 7 • OJ 13 • I 45 • 1500 • I I 213/ • 
• VNY • 1- 7 • 17/ 18 • 155/112 • 1500 •1 550/ 7 I 8~3/ z673/Z79Z • BELOW LOS 

• POK • 1- 7 • 33/ 20 • 240/2lt8 • 1500 • I /1303/ • 
• SLI • 1- 7 • 20/ 17 • 280/319 • 1500 • I I 53/ • 
• FIK • 1- 7 • 33/ 38 • 123/10~ • 1500 • I /2233/ • 
* LAX • 7- 9 • 13/ 21 • 45/ 55 • 1500 • I I 213/ • 
* ONT • 7- 9 • 34/ 26 • 267/273 • 1500 • I /1463/ • 
* POM • 7- 9 • 20/ 11 • 248/248 • 1500 • I /1303/ • 
• SL I • 7- 9 • 17/ 16 • 319/351 • 1500 • I I 53/ • 
* ONT • 9- 10 • 26/ 16 • 273/291 • 2000 • I /l't63/ • 
----------------------~----------------------------------------------------------------------------------------------------------* VNY • 9- 10 • 25/ 36 • 98/ 88 • 2000 • 2500/ 12 I 8~3/ 4510/6387 • BELOW LOS --~------------------------~--_.___ ____________________________________________________________________________________________ _ 
• POM • 9- 10 • 11/ 0 • 248/ • 2000 • I /1303/ • 
----------------~------------------------------------------------------------------------------------------------------------------
:---~~~----:---~-~--:--~~:: __ :_~~~~:: __ : ___ :~~--::~~~::_~--~~'~"'f''-____ t__:_t ________ ":'-~"--!~':~_, ______________ 1__ 

;---~---;--~~=-~~--;-,~~~-~;~-;~~~~~-~~~-;--;;;~~i--;----;---;~~~;;------ ------~---;-------------------l-----------------------
----·(l)·--------------------(2)--------·(3)·---------(4)------------------------(5)·------------------- - -------- ·(6)·-------- --------------

NOTES: I. GUIDANCE STATIONS COMPRISING GUIDANCE STATION PAIRS THAT PROVIDE THEORETICAL SIGNAL COVERAGE WITH 
NO FLAGS 

z. ROUTE SEGMENT START/STOP DISTANCES FROM GUIDANCE STATION 
3. GUIDANCE STATION MAGNETIC BEARING SECTOR TRAVERSED BY ROUTE SEGMENT 
4. ASSIGNED AIRCRAFT ALTITUDE PER ROUTE SEGMENT 
5, THEORETICAL MINIMUM AIRCRAFT ALTITUDE PER ROUTE SEGMENT TO CLEAR NATURAL TERRAIN OBSTRUCTIONS. 

ASSIGNED ALTITUDE MUST BE GREATER THAN HZ FOR SIGNAL RECEPTION. 
6. SECTORS OF NATURAL TERRAIN OBSTRUCTIONS FROM SURVEY OF PUBLISHED RESTRICTIONS, GUIDANCE STATION 

HORIZON PROFILES, AND SECTIONAL CHARTS 

FIGURE l-10 TYPICAL COMPUTER PRINTOUT OF RESTRICTION 
AND OBSTRUCTION SCREENING SUMMARY SHEET 
FOR GUIDANCE STATION PAIRS WITH NO FLAGS 
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PRi:.i ECT 330-0 l't-OitX - . 
V/STOL AREA ~AVIGATION O'EIOIIE COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
SlATICN PAIRS PEP ROUTE WITH ~0 CC-AC OR LOS FLAGS 

4PPROVEC lFR VTOL 

STAT ION PAIRS 

ROUTE LAX-SBD 

• • 

RCUl'E SEGIIENTS 

---------------~---------~---·-----------------

aaaaas••••a••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
l4X-OCN • • • X 4* X z• x 3• 
PO~-OCN • • • X 6* X 3* X "* 
VTU-OCN • • • X 1* X 4* X 5• 
CNT-OCN • • • X 12* • • 
Sll-ONT • • X 4* X 2• • • 
LAX-CNT • • • * X 8* • 
SLI-POII • • X z• x 9• • • 
SLI-VTU • * X 3* X B• • • 
VNY-Sll • • • X 5• • • 
L4X-Sll • X 4* X 1* • • • 
LAX-FII' • X 6* • • • • 
VNY-OCN • • • • X 5* X 6* 
LU-VfiiY * X 1• • • • • 
PO M-ONT • • • • X 9* • 
F IM-SLI • • X 6* X 3• • • 
Sli-OCN • • * X l* X 1* X z• 
VNY-POII •w Ill" • • • • 
FIM-DCN * (Z) (3)• • • X 6* X 1• 
FIM-ONT • • • • • X s• 

STATIONS 

LAX • X • X • X • X • X • 
C~T • • X • X • X • X • 
VNY • X • • X • X • X • 
PCM • X • X • X • X • X • 
Sll • X • X • X • X • X • 
VTU • • X • X • X • X • 
OCN • • • X • X • X • 

lf.l.!1l • uu. X • X • X • X • 
(4) (5) 

NOTES: I. SEGMENTS OF LAX TO SBD APPROVED IFR VTOL ROUTE 
Z. ROUTE SEGMENTS FOR WHICH GUIDANCE STATION PAIRS PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO CROSS-COURSE, 

ALONG-COURSE, OR LINE-OF-SIGHT FLAGS 
3. RANKING OF GUIDANCE STATION PAIRS PER ROUTE SEGMENT BASED UPON AVERAGE CROSS-COURSE Z(SD)Z VALUES 
4. GUIDANCE STATIONS COMPRISING GUIDANCE STATION PAIRS THAT PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO CROSS­

COURSE, ALONG-COURSE, OR LINE-OF-SIGHT FLAGS 
5. ROUTE SEGMENTS FOR WHICH GUIDANCE STATIONS PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO CROSS-COURSE, ALONG­

COURSE, OR LINE-OF-SIGHT FLAGS 

FIGURE 1-11 TYPICAL COMPUTER PRINTOUT 
INDICATING GUIDANCE 

OF SUMMARY SHEET 
STATIONS PAIRS 

CROSS-COURSE, ALONG-COURSE, WITH NO 
OR LINE-OF-SIGHT FLAGS 
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P~CJECT 330-01~-0~X 
V/STCL AREA NAVIGATION OME/OME CCVEAAGE 

··············••t••······················ 
STATIONS AND OBSTRUC TION SECTORS FOR STATION PAIRS WITH NO CC- AC OR LOS FLAGS 

APPROVED IFR VTOL ROUTE LAX-SBO 

•START/STOP• MAG~ETIC • 
• ROUTE • DI ST FRO~• BEARING • AIRCRAFT • 

• • 

HCz HE IGHT OF OBS TRUC TION 
D•DISTANCE TO OBSTRUCTION 
H1zVORTAC ELEVATION + 33FT 
H2•CRI TICAL HEIGHT 

• STATION • SEGMENT • STATION • SECTOR • ALTITUCE • HC I C I H1 I HZ • RESTRICTIONS - HORIZO~ PROFILES .......................•........•........................•......................................................................... 
• LAX • 1- 7 • 0/ 13 • I ~5 • 1500 • I I 2131 • 
• VNY • 1- 7 • 111 18 • 155/112 • 1500 •1550/ 7 I 843/ 2673/2792 • BELOW LOS 

----------------------------------------~--------.----------------------------------------------------------------------------------• POM • 1- 7 • 33/ zc • 240 /2~8 • 1500 • I /1303/ • 
• Sll • 1- 7 • 20 / 17 • 280/319 • 15 00 • I I 53/ • 
• FIM • 1- 7 • 33/ 38 • 123/104 • 1500 •2126/ 22 /2233/ 2313/2451 • BELOW LOS 

• LAX • 7- 9 • 13/ 21 • ~5/ 55 • 1500 • I I 213/ • 
• ONT • 7- 9 • 34/ 26 • 267/273 • 1500 • I /1463/ • 
• POM • 7- 9 • 20/ 11 • 248/2~8 • 1500 • I /1303/ • 
• Sll • 7- 9 • 17/ 16 • 319/35 1 • 150 0 • I I 5 3 / • 
• VTU • 7- 9 • 42/ 51 • 80/ 78 • 1500 • I /1593/ • OBS. 080" /078" 

-----------------------~-----------------------·-----------------------------------------------------------------------------------• FIM • 7- 9 • 38/ 46 • 104/ 97 • 1500 • 2 5oo/ 12 /2233/ 3734/4295 • BELOW LOS 

• LAX • 9- 10 • 21 / 33 • 55/ 59 • 2000 • I I 2131 • 
• ONT • 9- 10 • l 61 16 * 273/291 • 2000 • I /1463/ • 
• VNY • 9- 10 • 251 36 • 98/ 8 8 • 2000 • 2500/ I 2 I 8~31 4510/638 7 • BELOW LOS 

----------~---------------------------.--------------------------------------------------------------------------------------------• POM • 9- 10 • 11/ 0 • 248/ • 2000 • I /1303/ • 
---------·-----------------------------------.-·-----------------------------------------------------------------------------------• Sll • 9- 10 • 16/ 22 • 351/ 22 • 2000 •1 416/ 13 / 53/ 1762/2491 • LOS OBS. (NOTE 5) 

• VTU • 9- 10 • 51 / 62 • 78/ 7 6 • 2000 • I /15 93/ • OBS. 078" /076• 

--------------------------------------·~-------------------------------------------------------------------------------------------• OCN • 9- 10 • 57/ 53 • 313/32~ • 2000 • I I 123/ • OBS. 313°/324" 

• FIM • 9- 10 • '<6 / 56 • 971 91 • 2000 • 2500/12 /2233/ 4295/5115 • BELOW LOS 

• LAX • 10- 11 • 33/ 51 • 59/ 61 • 3500 • I I 213/ • 
-----------------------------------------·---~-------------------------------------------------------------------------------------

FIGURE l - 12 TYP ICAL COM PUTER 
OBSTRUCTION 
GUIDANCE STATION 
ALONG-COU RS E , OR 

PRINTOUT OF RESTRICTI ON AND 
SCREENING SUMMARY SHEET FOR 

PAI RS WI TH NO CROSS -COU RSE, 
LINE- OF-SIGHT FLAGS 
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PRCJECT 33a-Ol4-04X 
V/STOL AREA NAVIGATICN D~E/CME COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 

APPROVED IFR VTOL 

STATION P~IRS PE~ . RCUTE WIT~ NO LOS ~LAGS 

ROUH LAX-SBO 

STATION PAIRS (1) 

--------------------~~--------------~----------

LAX-OCN 
POM-OCN 
VTU-OCN 
ONT-OCN 
Sli-CNT 
LAX-ONT 
SLI-POM 
SLI-VTU 
VNY-SLI 
LAX-SLI 
LAX-FIM 
VNY-OCN 
LAX-VNY 
POM-OIIIT 
FIM-POM 
F IM-SL I 
SLI-OCN 
VNY-POI' 
FIM-OCN 
LAX-VTIJ 
FIM-VTU 
VNY-VlU 
POM-VTU 
LAX-POM 
CNT-VTU 
VNY-OIIIT 
FIM-CNT 
VNY-FIM 

STATIONS 

• • 
i • 
1 • 

1 • 9 • ~11) •. 111*' 
9 • 10 • 11 • 1J • 

• • • 
• • • • • 

* X 13* X 
* X la• X 
* X 9* X 
* X 19* X 
* X 20* X 

• X 
• X 
• X 
• X 

4* X 

4* 
6* 
7• 

12• 
2* 

14• 
9* 
a• 
5* 

* X 
• X 
• 
• X 
• X 
• X 
• X 
• 

4* 
6• 
• 

l* X 
22* X 
10* X 
25* X 

14* X 
2* X 
3* X 
1* X 
1* X 13* 

IS• 
X 10* 
X 16* 
X 17* 
X ta• 

n• x 
• 

11• 
22* 
17* 
6* X 3* 

• • X 
• X 3* X 16* X 
• • • X 
• X 15* X 19* 
* X 17* X 21* 
• X 5* X 20* X 
* X 21* X 25* X 
* X 23* X 23* X 
• X 2a• X 27* X 
* X a• X 24* X 
* X 14* X 26* X 
• l!Jl!!f' X 2a• 

(Z) (3) 

1• 
lCJ• 
11• 
21• 
22• 
23• 
24• 
25• 
20• 
26• 
27• 
2a• 

X 2* X 3* 
X 3* X 4* 
X 4* X 5* 
X 11* X 1* 
X 7* X 16* 
X a• X 12* 
X 17* X 17• 
X 16* X 15* 
Xl5*Xl4* 
X 1 CJ* X 1 'I* 
X ta• X ta• 
X 5* X 6* 
X 21* X 20* 
X 9* X 11* 
X 2G* X 21* 
Xl3*Xl3* 
X l* X 2* 
X 22* X 23* 
X 6* X 7* 
X 23* X 22* 
X 24* X 24* 
X 26* X 25* 
X 25* X 27* 
X 2a• X 26* 
X 10* X 10* 
X 12* X CJ* 
X 14* X a• 
X 27* X 2a• 

-~~~~~~-~!:~~~~!-·-----~;.-.:---------"-··-· ·--

a:2•================•====:zaaz:2a:zaaz::::::a::a::aaaa:a:acaaa:aac:aa:aaaa::a::aaaaaaaaaaaaaaaaaaa 

LAX • X • X • X • X • X • 
o,~T • X • X • X • X • X • 
VNY • X • X • X • X • X • 
PCM • X • X • X • X • X • 
Sll • X • X • X • X • X • 
vru • X • X • X • X • X • 
OCIII • • • X • X • X • 
1f..!.!!J • I.!.J • X • X • X • X • 

(4) (5) 

NOTES: I, SEGMENTS OF LAX TO SBD APPROVED IFR VTOL ROUTE 
z. ROUTE SEGMENTS FOR WHICH GUIDANCE STATION PAIRS PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO LINE-OF-SIGHT FLAGS 
3, RANKING OF GUIDANCE STATION PAIRS PER ROUTE SEGMENT BASED UPON AVERAGE CROSS-COURSE Z(SD)z VALUES 
4, GUIDANCE STATIONS COMPRISING GUIDANCE STATION PAIRS THAT PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO LINE-OF­

SIGHT FLAGS 
5, ROUTE SEGMENTS FOR WHICH GUIDANCE STATIONS PROVIDE THEORETICAL SIGNAL COVERAGE WITH NO LINE-OF-SIGHT FLAGS 

FIGURE l-13 TYPICAL COMPUTER 
INDICATING 

PRINTOUT OF SUMMARY SHEET 
GUIDANCE STATION PAIRS WITH 

LINE-OF-SIGHT FLAGS NO 
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PRCJECT 330-01~-0~X 
~/STOL AREA NAVIGATICN D~E/D~E COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
STATIONS ANC OBSTRUCTION SECTORS FOR STATICN PAIRS WITH NO LOS FLAGS 

APPROVEC IFR VTOL ROUTE LAX-SBO 

• ROUTE 
* STATION • SEGMENT 

•START/STOP• ~AG~ETIC • 
• DIST FRO~• BEARING • AIRCRAFI • 
• STATION • SECTOR • ALTITUCE • HC I C I HI I H2 

• 

HC•HEIGHT OF OBSTRUCTION 
D•OISTANCE TO OBSTR~CTION 
Hl•VORTAC ELEVATION + 33FT 
H2•CRITICAL HEIGHT 

• RESTRICTIONS - HORIZON PROFILES 

·····~····~································································································•••:•••················· • loU • 
• OkT • 
• VNY • 
• POM • 
• Sll • 
• VTU • 
• FlH • 
• LAX • 
• ONT • 
• Vfi<Y • 
• PC~ • 
• Sll • 
• VJU • 
• FlH • 
• "LAX • 
• ONT • 
• VNY • 
• POH • 
• Sll • 
• VTU • 

1- • 01 13 • I 4~ • 1500 • I I 213/ • 
1- • 45/ 34 • 2~6/267 • 1500 •1800/ 12 /1463/ 3712/2914 • LOS OBS. (NOTE 5) 

1- 7 • 17/ 18 • 155/112 • 1500 *1550/ 7 I 843/ 2673 /2792 • BELOW LOS 

1- 1 • 33/ 2c • 2~YIZ48 • 1500 • I /1103/ • 
1- 7 • 201 17 • 280/31q • 1500 • I 53/ • 
1- 7 • 32/ 42 • 94/ 80 • 1500 • 11593/ • OBS. 094"/ 080" 

1- • 33/ 38 • 123/104 • 1500 •21 26/ 22/2233/ 2313/2451 • BELOW LOS 

7- 9 • 13/ 21 • 45/ 55 • 1500 • I I 2131 • 
7- 9 • 34/ 26 • 267/273 • 1500 • I /1463/ • 
7- 9 • 18/ 25 • 112/ 98 • 1500 • 1665/ 10 I 843/ 2418/3147 • BELOW LOS 

7- 9 • ZOI 11 • 248/248 • 1500 • /1303/ • 
7- 9 • 17/ 16 • 319/351 • 1500 • I I 53/ • 
7- 9 • 42/ 51 • 80/ 78 • 1500 • I /1593/ • OBS. 080"/078" 

7- 9 • 38/ 46 • 104/ 97 • 1500 •2500/1 2 /2233 / 3734/4295 • - BELOW LOS 

9- 10 • 211 33 • 55/ 5q • 2000 • I I 2 131 • 
9- 10 • 26/ 16 • 273/291 • 2000 • I /1463/ • 
9- 10 • 25/ 36 • 98/ 88 • 2000 •2500/ 12 I 8431 4510/6387 • B ELOW LOS 

9- 10 • 11/ 0 • 2~8/ • 2000 • I /1303/ • 
9- 10 • 16/ 22 • 351/ 22 • 2000 •1416/ 13 I 53/ 1762/2491 • LOS OBS. (NOTE 5) 

9- 10 • 51/ 62 • 78/ 76 • 2000 • I /1593/ • OBS. 0 78" /076• 

FIGURE 1-14 PRINTOUT OF RESTRICTION AND 
SCREENING SUMMARY SHEET FOR 

STATION PAIRS WITI1 NO LINE-OF -

TYPICAL COMPUTER 
OBSTRUCTION 

GUIDANCE 
SIGHT FLAGS. 
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APPENDIX B 

THEORETICAL RANKINGS OF GUIDANCE STATIONS FOR 
VOR/DME AND DME/DME RNAV OVER APPROVED IFR VTOL 

AND HYPOTHETICAL DIRECT V/STOL ROUTES IN LAX AREA 

The theoretical rankings of guidance stations for VOR/DME 
and DME/DME RNAV over the approved IFR VTOL and the hypothetical 
direct V/STOL routes in the LAX area are presented in F±gures 
2-1 to 2-17 , inclusively . The maximum guidance station-to­
aircraft distance and the statuses of the flag criteria per 
route segment are also shown . Figures 2-1 to 2-4 , inclusively , 
indicate the guidance station rankings for VOR/DME RNAV over 
the approved routes . Figures 2-5 and 2-6 indicate the guidance 
station rankings for VOR/DME RNAV over the direct routes . The 
ranking order of the guidance station pairs for DME/DME ffiJAV 
over the approved routes are shown in Figures 2-7 to 2-13, 
inclusively; the guidance station pair rankings for DME/DME 
RNAV over the direct routes , in Figures 2-14 to 2-17, 
inclusively . Rankings based upon the average 2(SD)2 cross­
course values are presented for each route segment and route . 

It is emphasized that the information provided in these 
figures are the theoretical outputs of the computerized 
analysis . Before consideration is given to the utilization 
of a particular VORTAC or VORTAC pair for a particular route 
segment, the final analysis must weigh the effects of AIM 
restriction~ and natural terrain obstructions on guidance · 
signal availability. As previously noted , this additional 
analysis was conducted on the theoretical printout data 
contained in Figures 2-1 to 2-17, inclusively, and the results 
presented in the main body of the report. However , by 
comparing the guidance station and station pair rankings 
shown in this appendix with the optimum VORTAC selections 
after the restriction and obstruction screenings (Tables 1, 
2, 3 , and 4 in the main body of report) , an assessment can 
be made of the extent to which the cross-course accuracies 
reflected in the theoretically optimum guidance stations 
or station pairs per route segment were compromised in the 
inter~st of route segment signal coverage. 

2-1 



N 
I 

N 

APPRUVEO JFR VTOL 

PROJFCT 330-DI4-04X 
V/STOL AREA ~AVIGATION VUR/OME COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
ROUTE LAX-VNY C~OSS COLPSE 2 ISOI**2 . PAGE, 1 OF I = AC OR CC FLA~ 

2 = R · G~EAT~R THAN LIN~ OF SIGHT 
3 = R GREAT ER THAN 4~ N.M. 

• R MAX • 2 IS01**2 • TOTAL • RANK 
• • • • • • • • • • • • • • 
• 1• 2• • • • • • • • • • • • 
• 2• 3* • • • • • • • • • • • 

• • • • • • • • • • • • • • 
• • • • • • • 1- 2 • 2- 3 • - • - • - • - • • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
VNY 
LAX 
POM 
VTU 
SLI 
FIM 
ONT 
OCN 

• 17• .... 
• 15• 111• 
• 38• ... 36• • n• 26• 
• n• H• 
• H* 21* 
• ~3· 53• 
• 79• 80• 

• • • • • • • • 

• • • • • • • • 

APPRUVEO IFR VTOL 

• • • • 
• 3• 4* 

• "* s• • • • • • • 

R MAX 
• • 

5• • 
1• • 
• • • • 

• • • • • • • 
• 

• 0.15 2 
• 0.09 1 
• 0.21 3 
• O. 3C 4 
• 0.67 5 
• o. 76 6 
• 0.81 7 
• 5.14 8 

ROUTE VNY-LAX 

• • • • • 

• • • • • • 3- 4 

• o.::-1 
• 0.16 
• 0.32 

0.46 
• 0.1() 
• 0.05 

3• o. 31 
3• o. 31 

1 • 
4 1 • 
7 I • 
6 1 • 
3 1 • 
2 1 • 
6 I 3* 
5 123• 

• 
• • • 
• • • 
• 

(a) LOS ANGELES TO VAN NUYS 

C~OSS COURSE 2 ISOI**2 PAGE, I OF 

• • • • • 4- 5 

• • • • • 

2 ISDI**2 
• • • • 

5- I * 

• • • • • • • • 

• • • • • 

I 
2 
3 

• • • 
• 
• • • • 

AC OR CC FLAG 

• • • 
• • • 
• • 

0.15 • 1 
:>.24 • 2 
0.53 • 3 
0.76 • 4 
o. 76 • 5 
0. R 1 * 6 
1.12 • 7 
5.45 • 8 

R GREAn-R THAN LINE OF Sl t;HT 
R GREAT~R THAN 4C N.M. 

• • • • • 

• TOTAL 
• • • • • 

* RAf-4K 
• • • • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

LAX * 17* 10* 9* * • • 0.15 2 1 * 0.04 1 * 0.03 1 * * • * 0.22 * 1 
VNY * 11• 17* 16* * • * 0.05 1 1 * 0.24 2 1 * 0.0~ 2 • * • • 0.34 * 2 
SLI • 31o* 23* 21• • • • 1.02 6 1 • 0.50 4 1 • 0.12 3 1 * • • • 1.63 * 3 
POM • 36* 28* 33* • • • 0.71 4 1 • 0.26 3 1 • 0.97 7 1 • • • • 1.96 • 4 
VTU • 35* 39* 39* • • • 0.45 3 1 • 0.81o 5 1 • 0.64 b 1 • * • • 2.13 • 5 
FIM • 11• 37• 37• • • • o.12 5 1 • 1.26 1 1 • o.2c 4 1 • • • • 2.19 • & 
ONT • 51* 42* 45* * • • 1.90 7 1 3* 1.09 6 1 3* 1.49 8 1 3* * * * 4.48 * 7 
OCN • 80• 69* 66* • • • 6.70 K 123• 5.22 8 123* 0.55 5 123* • • • 12.46 • 8 

FIGURE 2-l 

,. 

(b) VAN NUYS TO LOS ANGELES 

RANKING ORpER OF VORTAC G~IDANCE STATIONS FOR 
VOR/DME AREA NAVIGATION OVER LOS ANGELES 
TO VAN NUYS AND VAN NUYS TO LOS ANGELES 

APPROVED ROUTES 

,. 



N 
I 

VJ 

APPROVED IFR VTDL 

• R .. AX 
• • • • • • 1• 32• • • • 32• 27• • • • • • • • • • • • • 

PRCJFCT 330-v1~-~~X 
V/STOL AREA ~AVIGATION VOR/DhE COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
ROUTE LAX-JOR CMOSS COLRSE 2 ISDI••2 PAGE, 1 Of 

• 2 ISOI .. 2 
• • • • • • • • • • • • • • • • • .. • • • • 1- 32 • 32- 21 • - • 

• • • • - • -

• • 

1 • At UR tC FLAG 
2 * R GREATtR THAN LINE OF SIGHT 
3 • R GREATER THAN ~0 H.M. 

• TOTAL • RANK 
• • • 
• • • 
• • • 
• • • 
• - • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Sll 
POM 
LAX 
ONT 
VNY 
F IM 
VTU 
OCN 

• 21• 11• • • • • ~.20 3 1 • o.ot> 1 1 • • • • • 0.21> • 1 
• :n• 29• • • • • 0.1~ 2 1 • 0.13 2 I • • • • .. 0.28 • 2 
• II>• 32• • • • • •,). 11 1 1 • 0.1>5 ~ I • • • • • o. 71> • 3 
• ... 5. 35• • • • • (j.1b 5 I 3• 0.63 3 1 • • • • • 1.39 • ~ 

• 32• 45• • • • • O.bb ~ I • 1.01> 5 · 1 3• • • • • 1.72 • 5 
• so• ~>5• • • • • 2.18 1 1 3• 3.02 7 1 3• • • • • 5.20 • b 
• ~8• 1>5• • • • • 1. 77 b 1 J• ).1>9 8 I 3• • • • • 5.41> • 7 
• o5• 49• • • • • ).98 8 IB• 1.1>1 b I 3• • • • • 5.59 • 8 

(a) LOS ANGELES TO ORANGE COUNTY 

APPROVED IFR VTOL ROUTE JJR-LAX CKOSS COURSE 2 ISOI••t PAGE, I Of I 2 AC OR CC FLAG 

• R MAX 
• • • 

30• 7• • 
7• I• • • • • 

FIGURE 2-2 

• • • • • 

2 • R GREATER THAN LINE OF SIGHT 
3 • R G~EAT[R THAN 40 N.M. 

2 I so1••2 

(b) ORANGE COUNTY TO LOS ANGELES 

RANKING ORDER OF VORTAC GUIDANCE STATIONS FOR 
VOR/DME AREA NAVIGATION OVER LOS ANGELES 
TO ORANGE COUNTY AND ORANGE COUNTY TO 

LOS ANGELES APPROVED ROUTES 

• TOTAL • RANK 



N 
I 
~ 

PROJECT 330-~14-04X 
V/STOL AREA NAVIGATION VOR/DME COVER4GE 

••••••••••••••••••••••••••••••••••••••••• 
APPROVED IFR VTOL ROUTE LAX-ANA CROSS CO~RSE 2 ISDIOo2 · PAGE. 1 Of 1 = AC OR CC FLAG 

• • • • 
• 1* 250 
• 250 260 
• • • • • • 

R MAX 
• • • • • • 
• • • • 

• • • • • 

• • • • • • 1- 2> 

• 
• • • • 25- 26 

• • • • • 

2 ISCI**2 
• 
• • • • 

• • • • • 

2 = R GREATER THAN LINE OF SIGHT 
3 = R GREATER THAN 40 N.H. 

• • • • • 

o TOTAL 
• • • • • 

0 RANK 
• 
• • • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SLI 0 210 10 o o 0 o 0.15 1 1 • 0.04 1 o o o o o 0.19 o 1 
LAX 0 250 260 0 o o o 0.25 2 1 o 0.28 4 1 o o o 0 o 0.53 o 2 
POM o 330 170 o o o o 0.46 3 1 o 0.11 3 1 o o 0 o 0 0.63 o 3 
ONT o 450 210 o o o o 1.32 5 1 3* 0.05 2 1 o o o o o 1.37 o 4 
VNY o 350 380 o o o 0 0.49 4 1 o 1.24 5 1 o 0 0 o o 1.73 0 5 
VTU o ~70 590 o o o o 2.48 1 1 30 1.59 6 1 30 o 0 o 0 4.08 o 6 
FIM o 550 580 o o o o 1.90 6 1 30 2.62 8 1 30 o o o o 4.~2 o 1 
OCN o 650 450 o o o o 2.55 8 123* 2.20 1 1 30 o o o o 4.75 o 8 

(a) LOS ANGELES TO ANAHEIM 

APPROVED IFR VTOL 1\0UTE JOR-L4X CROSS COLRSE 2 ISDI002 P4GE• 1 Of 1 = AC OR CC FLAG 
2 = R GREATER THAN LINE OF SIGHT 
3 = R GREATeR THAN 40 N.H. 

o R MAX o 2 I SOI002 o TOTAL o RANK 
• • • • • • • • • • • • • • 
• l10 250 170 • • • • • • • • • • 
• 250 110 1• • • • • • • • • • • 

• • • • • • • • • • • • • • 
• • • • • • • 27- 25 • 25- 17 • 17- 1 • - • - • - • • 

·······························································*··································································· SLI o 11* 120 21* • o o O.J6 2 1 • 0.08 2 1 • 0.13 1 1 • o o o 0.26 o 1 
LAX o 120 250 210 o o o 0.46 4 1 o 0.14 4 1 0 0.19 Z 1 • o o o 0.79 o 2 
POM • 24* rso 330 • • • o.31 3 1 o o.o8 1 1 • o.6, 4 1 o • o • 1.o3 o 3 
ONT o 220 240 450 o o o 0.06 1 1 o ~.12 3 1 o 1.44 6 1 30 o o o 1.62 o 4 
VNY 0 450 350 280 o o o 1.59 5 1 30 0.86 5 1 o 0.24 3 1 o o o 0 2.68 o 5 
VTU o &50 570 530 o o 0 1.9~ 1 1 30 1.16 6 1 30 2.0c 8 1 30 o o o 5.14 o 6 
OCN o 460 530 660 o o o 1.81 6 1 30 2.81 8 1 30 1.5, 1 1230 o o o 6.18 o 1 
FIM o 650 ,50 490 o o o 3.12 8 1 3• 2.05 1 1 30 1.15 5 1 30 o o o 6.31 o 8 

FIGURE 2-3 

.. 

(b) ORANGE COUNTY/ANAHEIM TO LOS ANGELES 

RANKING ORDER OF VORTAC GUIDANCE STATIONS FOR 
VOR/DME AREA NAVIGATION OVER LOS ANGELES 
TO ANAHEIM AND ANAHED1 TO LOS ANGELES 

APPROVED ROUTES 

~ 



N 
I 

V1 

PROJECT 330-01~-0~K 
V/STOL AREA NAVIGATION VOR/OME COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
APPROVED IFR VTOL ~OUTE LAX-S80 CROSS CCURSE 2 CSDI••z PAGE 1 OF 

• R MAK • 2 CSDI .. 2 
• • • • • • • • • • • 1• 7• 9• 10• 11• • • • • • r• 9• to• 11• 13• • • • • • • • • • • • • • • • • • • • • • 1- 7 • T- 9 • 9- 10 • 

• • • • 
10- 11 • 11- 13 

• • 

1 • At OR tt FLAG 
2 • R ~REAlER THAN LINE OF SIGHT 
3 • R GREATER THAN •o N.M. 

• TOTAL • RANK 
• • • • • • • • • • • • • - • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

POM • 33* 21• 12• 18• 21• • 0.83 
Sll • 21* 17• 22• 1r• , •• • 0.09 
OCN • 6t.• 112• 5T• 53• 53• • 0.~5 
ONT • 45• 3•• 211• 111• 1 r• • 1.32 
LAK • 13• 21• 33• s1• t.o• • 0.07 
VNY • 18• z5• 36• 53• 62• • o.ob 
FIM • 39• 41!>• sr• 73• 83• • 0.28 
VTU • 42• 51• t.3• ijQ• 90• • 1. oc 

FIGURE 2-4 

b 1 • 0.34 2 1 • o.Ob 1 1 • 0.13 3 1 • 0.511 3 1 • • 
3 1 • J.05 1 • 0.1~ 2 1 • o.82 • 1 • 1.1J • 1 l• • 
s 123• 1.13 b 123• o •• ., "' 1 3• o.or 2 1 3• 0.11> 2 1 l• • 
8 1 3• 0.99 5 1 • o.•: 3 1 • o.or 1 1 • 0.09 1 1 • • 
2 1 • 0.3it 3 1 • 0.91 5 1 • 2.20 b 1 l• 3. 08 5 1 3• • 
1 • o.~o • 1 • 0.96 b 1 • 2.19 5 1 3* •• 01 b 1 l• • 
" 1 • 1.60 T 1 3• 2.59 T 1 l• 4.31!> T 1 3• 7.42 T 1 3• • 
7 1 l• 2.58 8 1 3• 3.85 8 1 3• 6.09 8 1 3• 8.3J 8 1 l• • 

RANKING ORDER OF VORTAC GUIDANCE STATIONS FOR 
VOR/DME AREA NAVIGATION OVER LOS ANGELES 

TO SAN BERNARDINO APPROVED ROUTE 

1.91 • 1 
2.21 • 2 
2.28 • 3 
2.111 • • t..bO • 5 
T.i!>O • b 

11!>.21!> • T 
21.8• • 8 



N 
I 
0' 

DIRECT VTDl 

• R "AX 
• • • • 
• 70* 11• 72• 
• 11• 72• 13• 

• • 
• 

PROJECT 330-Ql~-~~X 
V/STOl AREA NAVIGATION VOR/D"E COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
ROUTE lAX-VNY CROSS COURSE 2 ISDI**2 PAGE, 1 OF 

• • 
• 

• • 
• • • 

• 
• • 
• 

2 1Sill**2 
• • • 

• 
• • 

1 = AC OR CC flAG 
2 = R GREATFR THAN LINE OF SIGHT 
3 • R GREATF.R THAN 40 N•"• 

• • • 

* TOTAL * RANK 
• • • 

• 
• • • • • • • • • • • • • • • • 

• • • • • • • 7Q- 71 0 71- 72 0 72- 73 • - • - • - • • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VNY * 17* 9* ~· • * * 0.23 4 1 • 0.06 1 • 0.01 1 • * * * 0.30 • I 
VTU * 33* 29* 29* • * • 0.21 3 1 o 0. 07 2 1 * 0.04 2 1 * * • • 0.33 • 2 
PO" * 34* 35* 36* * * * O.CS 2 1 • 0.11 3 1 * 0.22 3 1 * * * * 0.38 * 3 
LAX * 8* 13* 17* * * * 0.03 1 • 0.14 ~ I • 0.3~ 5 1 • * * * 0.47 • 4 
fl" • 3~o 27• 23• • • • 0.76 1 1 • 0 .42 5 I • 0.24 4 1 • * o • 1.42 • 5 
ONT • 47* 49* 51* • • * 0.23 5 1 3* 0 .48 6 I 3* 0.72 6 I 3• • • • 1.43 • 6 
SLl • 26* 31* 3~* • • • 0.34 6 1 • 0.65 1 1 • 0.94 1 1 • • • • 1. 93 • 1 
OCN • 12* 76* 80* • • • 3.49 8 123* 4.41 8 123o 5.11 8 123* • 0 • 13. 01 • 8 

0 lRECT VTOL 

• R "AX 
• • • • 
• 100 74• 75• 
• 74• 75• 76• 
• • • • • 0 • • 

• • • • • 

~OUTE LAX-SBO 

• • • • • 

• • • • 
0 

• 10- 74 

(a) LOS ANGELES TO VAN NUYS 

C~OSS COURSE 2 ISDI**2 PAGE, I OF 

• 
• • • 
• 74- 75 

• • • 
• • 

2 ISDI**2 
• • 
• • 

75- 76 • 

• • 
• • • 

I = AC OR CC FLAG 
2 • R ; REAT ER IHA~ LINE Of SIGHT 
3 • R r.REAT~R THAN 40 N.H. 

0 

• • • • 

• TOTAL 
• • • 
0 

• 

• RANK 
• • • • 
• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PO" o 33* 12* 27* • * • 0.66 4 I • 0.06 1 1 • 0.33 3 1 • • • o 1. "5 • 1 
Sll * 21* 23• 44* • • • 0.13 1 1 • 0.22 2 I • 1.23 4 1 3• • • • 1.57 • 2 
OCN • b6* 54* 51* • • • 1.39 6 12J* 0.32 4 1 3* 0.12 2 1 3* • • • 1.63 • 3 
ONT • 450 24* 17* • • • 1.42 7 1 30 0.32 3 1 • 0.1~ 1 1 • • * • 1.64 • 4 
LAX * 21* 36* 60* * * * 0.19 Z 1 * 1.05 5 1 * 2.66 , 1 3• * 0 * 4.13 * 5 
VNY • 28* 41* 62* * • • 0.22 3 I * 1.07 6 1 3* 2.90 u 1 3* * * • 4.19 • 6 
FIM • 49* 61* B3* • * • 1. 0 7 5 1 3* 2.73 1 1 3• 5.3d . 7 1 3* * o * ~.17 * 
VTU • 52o 67o 900 • • • 1.94 H 1 3o 4.08 6 1 3o 7.23 8 1 J• • • • 13.25 • 

FIGURE 2-5 

(I 

(b) LOS A NGELES TO SAN BERNARDINO 

RANKING ORDER 
VOR/DME AREA 
VAN NUYS AND 

OF VORTAC GUIDANCE 
NAVIGATION OVER 
LOS ANGELES TO 

STATIONS FOR 
LOS ANGELES TO 

SAN BERNARDINO 
ROUTES DIRECT 



N 
I 
-l 

DIRECT VTOL 

PROJECT 330-Q14-~4X 
V/STOL AREA NAVIGATION VDR/DME COVERAGE 

••••••••••••••••••••••••••••••••••••••••• 
ROUTE LAX-ANA CROSS COURSE 2 CSDI**2 PAGE, 1 OF 

• " 

1 • At OR tC FLA~ 
2 • R GREATER THAN LINE OF SIGHI 
3 • R GREATER THAN 40 N.M. 

• R "AX * 2 ISDI•*2 • TOTAL • RANK 
• • • • • • • • • • • • • • 
• 70* • • • • • • • • • • • • 
• 11* • • • • • • • • • • • • 

• • • • • • • • • • • • • • 
• • • • • • • 70- 77 • - • - • - • - • - • • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SLI • 21* • • • • • 0.15 1 1 • • • • • • 0.15 • 1 
LAX • 26• • • • • • 0.29 2 1 • • • • • • 0.29 • 2 
POM • 33• • • • • • 0.38 3 1 • • • • • • 0.38 • 3 
VNY • 38• • • • • • 0.62 4 1 • • • • • • 3.62 • 4 
ONT • 45• • * • • • 1.19 5 1 3• • • • • • 1.19 • 5 
FIM • 58• • • • • • 2.20 b 1 3• • • • • • 2.20 • 6 
VTU * 59* • * • • • 2.64 7 1 3• • • • • * 2.64 • 1 
OtN • 65• • • • • • 2.79 8 123• • • • • • 2.79 • 8 

DIRECT VTOL ROUTE Ul X-JOR 

• R MAX • 

(a) LOS ANGELES TO ANAHEIM 

CP.CSS CO~RSE 2 ISOI••z PAGE, 1 Of 

2 ISOI••2 

1 • At OR CC FLAG 
2 • R GREATER THAN liNt Of SIGHT 
3 • R ~REAT(R THAN 40 N.M. 

* TOTAl • RANK 
• • • • • • • • • • • • • • 
• 70• • • • • • • • • • • • • 
• 78* • • • • • • • • • • • • 
• • • • • • • • • • • • • • 
• • • • • • • 7J- 78 • - • - • - • - • - • • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Sll • 21• • • • • • 0.14 1 1 • • • • • • 0.14 • 1 
p~ • 33* • • • • • 0.22 2 1 • • • • • • o.zz • 2 
LAX * 32• • • • • • 0.~3 3 1 * • • • • • 0.~3 • 3 
ONT • 45• • • • • • o.82 4 1 3• • • • • • o.e2 • ~ 
VNY • 45• • • • • • 1.DC 5 1 3• • • • • • 1.0D • 5 
FIM * b5• * • • • • 2.89 b 1 3• • • • • • 2.89 • b 
OCN • b5• • • • • • 2.95 7 123• • • • • • 2.95 • 7 
VTU • ~5* * • • • • 2.97 8 1 3• • • • • • 2.97 * 8 

FIGURE 2-6 

(b) LOS ANGELES TO ORANGE COUNTY 

RANKING ORDER OF VORTAC GUIDANCE STATIONS 
VOR/DME 
ANAHEIM 

AREA NAVIGATION 
AND LOS ANGELES 

DIRECT 

OVER LOS ANGELES 
TO ORANGE COUNTY 

ROUTES 

FOR 
TO 



N 
I 
00 

PRn~~~T ~~ft~l4-04K 
V/STOL AREA NAVIGATION DME/DME COVERAGE ......................................... 

APPROVED IFR VTOL ROUTE LAX-VNY CROSS CCURSE 2 ISDI**2 PAGE 1 OF 1 • At OR tt FLAG 
Z • 8 GREATER TWAM liNE Of~ 
3 • R GREATER THAN ~0 N.M. 

* R MAX * 2 ISDI .. 2 * TOTAL * RANK . . . . . . . ----~-----------~------~------~------~---__,_ 
• 1• 2* • • • • • • • • • • 
• ,. ... • • • • __L_ _____ -------· • . __ ______.__ _ ---------------··- - - -· • • • • • • • • • • • • • • 
8 • • • • • • __h__ . 2.~__..2_..,...._1._____. ___ ,. __ ~- .. "' ----- ---"-- --"--- ---~----·--------

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• ''='"' • 3M 3'* • • • • a 05 • ---1-..Q..O] a .J! -·-·--· ---*----· t n na t 1 
VNY-ONT .. ,,. 53* * * * * 0.0~ 2 3* 0.05 16 3* * * * * 0.09 * 2 
YNY-POM * 38* 38* * t. * ~- -l ___ .. _.0.06. .1JL .. *- ------ -----~------ * * *-- 0.09 * 3 
LAX-ONT * 53* 53* * * * * 0.07 6 3* 0.03 1 3* * * * * 0.10 * ~ 
PDII-OCN * 19* SO* * * * * 0 08 -l-1 ... 3 .. __Q.D2 ___ 6.._...2).9 ___________ _!,__ ________ 1 ____ :.•----------- _t ____ Q..lQ.!I< . 5 _ 
LAX-VTU * 32* 28* * * * * 0.07 5 * 0.0~ 12 * * * * * 0.11 * 6 

~ s1 I-pnM • 1'* 3'* • • • t o as 9 1 _t_.Q.tl2..__L__L____ __ .'l. .• _ -----· ___ -*--·- ..... -. . ___ !I! . Q.lL* _. l.h··-
YNY-SLI * 33* 3~* * * * * 0.09 10 * 0.0~ 15 * * * * * 0.13 * 8 
YHY-OCN * 19* ant * * * * llAJ.Lll-1- 3 ....... 0.0~__14.. 2.3"' . --··· -- --*-- __ ... * * __ _t. __ .ll..UL * 9 
VNY-YTU * 33* 28* * * * * 0.05 3 * 0.12 2~ 1 * * * * * 0.17 * 10 
ONT-DCN t 19* ant t * * t 0.15 ll L3jo __ _o._oz _l__2]'1o ------~--------·--- .. 4< _ _ ____ * ____ '!'_ ... 0.11 * 11 
VNY-FIM * 3~* 21* * * * * 0.1~ 13 1 * O.O~ 13 * * * * * 0.18 * 12 
fl'tPDM t 38! 38* t t t t 0 QR 8 I t 0 )Q..2.L.l.__t__ _ ______ _ !.__ •. __ _______ _ _._ --·--- •• ---'--~1.9 * l3 
FIM-VTU * 3~* 28* * * * * 0.1~ 12 1 * 0.05 17 * * * * * 0.19 * 1~ 
YT!HlCN * 79* AQt * * * * _D..ll...l.b _L.J...._ ___ 0 • .03 10 _ 23t . ____ ____ _, __ -- .. * * *- . 0.20 * 15 
SLI-DNT * 53* 53* * * * * 0.19 17 1 3* 0.02 2 3* * * * * 0.21 * 16 
ux-s11 • 33! 1u • • • • ....a....2.6.....l..B.....l_~ __ o...oa_z.o . ·--"'------------...!-- ________ ~- __ __ _ •---- ___ _____ • __ ___ o~n • 11 
LAX-OCN * 19* eo• * ! * * 0.37 19 1 3* 0.08 19 23* * * * * 0.~5 * 18 
IAJ-flM! 33* ?)! t ! t ! 0 4]...2l.......l,_! 0.0] ]] • • -· -- --~·'- - ·-· · · ----·--··- .0a!6_ . ~.19 .... 
SLI-VTU * 33* 3~* * * * * 0.~4 22 1 * 0.03 9 * * * * * 0.~1 * 20 

__ £JJtDtH • su 53* • • • • .Jl...l.fL.l.5..J _u _ _o_._~o _ 26 . L3* ---------------'--------- _!. ______________ •--- "' . o .• 57 • 21 
LAX-VNY * 17* 17* * * * * 0.65 23 1 * 0.09 21 1 * * * * * 0.75 * 22 
POM-ONT * 53' 53* * * * * n.!t2...2.!L. l...3L.Q..U __ 2]_L3!. ------------*-·-----....!.___ ··- --"'- --·· __ .* . ..0o99 * 23 
POM-VTU * 38* 38* * * * * 3.71 2~ 1 * 0.2~ 25 1 * * * * * 3.95 * 2~ 
ONT-VIII t 53' 51* ! * t t 7.31 25) 3'L-Clall....Z3~ * ----·'- ·--- · ----~---..I.dll "'Z5. 
SLI-OCN • 79* eo• * * * * 17.93 26 1 3* 5.9~ 28 123* * * * * 23.87 * 26 
1'~~~ • • • • 26~~6....21 .. 1 _!.._ _ 0 •. 02. ~-1 . • . ---------- _ _! _ _____________ _.! ____ ------ .. ·- - !_ __ 26.~8 • 27 
FIM-DCN * 19* eo• ! * * * ~~.59 28 1 3! 0.02 3 123* * * * * ~~.61 * 28 

FIGURE 2-7 

~ 

RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
FOR DME/DME AREA NAVIGATION OVER LOS ANGELES 

TO VAN NUYS APPROVED ROUTE 

.. 



N 
I 

...0 

t '" • " 

- - --- - - ---,..----J'JICI..IKT 3lO-C1t,.,-Lt,X - ~·····- ·--·· ... .•.. ...... .. __ ... ----------
V/STOL AREA NAVIGATION D~E/CME COVERAGE . 

---------------....l•u•u•u•u•u•u•Clll•~•·u.ttU•HottUt.t.ottttU!P.tUUU-*.~- -·- · .. - - --------- _ 
APPROVED IFR VTOL ~OUT[ VNY-LAX CROSS CCURSE 2 IS0Jtt2 PAGE 1 Of 1 1 • AC 0- CC fLAG 

------ ·····-······- .... . ... · ... 2 • R GREATER JI:IAN LINE OF SIGHT 
3 • R GREATER THAN 40 N.M. 

t R MAX t 2 ISDJtt2 t TOTAL t RANK 
* * * * * * t •• ---·· - '--····· ······ ····- --L ----------- -* -------- - .t .... .. .... .. .. _, _____ _ _______ __, ______ _._ __ _ 
t 3t 4t 5t t t t * t * * * t t 

-· ···---- . -~-.5!L. l*--···· .• -·· · -· • • • • • • ·- · • • • • • • • • • • • • • • • 
________ _. __ _,.____._ . _ ..__ _ ._ _ j ___ 3- 4 • 4- 5 . • .5-. 1 . • . - - • .- . • - _..., . . ____ .._ _ _____ . _ ·-·· --
................................................................................................................................... 
I tx-fiM t ]1! Jlt Jl! t ! *--0.~ .. -L . .O.OJt .. _..Jt ·-· --* .-..0.....01-l.__..L ___ ____ .. -·. ~ -- ··· ... - . . - -~----· t 0 16 ! I 
LAX-VTU t 35* 39* 39t t t t 0.04 1 t 0.04 1 t 0.13 18 1 t t t t 0.20 * 2 
Lax...,ocN . t .ao•~•-----•-- - •- - --• . .o.u . a 121• o.o4 5 23* o.os 1> 21• • • -- "'··· ·0.22 • .3 . 
LAX-VNY t 17* 17t 18t t t t 0.15 11 1 t 0,05 b t O.C4 5 t t t t Q,2) t 4 

.VNY,-VW.~- 35t_ 39t .. .3.9t _ t ··--"'· · .. t 0.08 b t 0.12 ll 1 t 0.04 1 t t t • ... 0.25 * 5 -
LAX-SLI t 34* 23t 21* t t t 0.15 12 1 t 0.05 7 t 0,06 8 t t t * 0.25 t b 

_ IINY-POM t JU 2U 33t t t ..t:~U ... 1ll.l .. t . OoOB 1!. .t O.C4 .. ~--·· . .t. _ _ _ . • . t .. _ . .... _ - •-- -- ---. ---*-...ll.ZL..ot .. L -- · 
SLI-POM t 3bt 28* 33t t t t 0.14 9 1 t 0.08 9 t 0.08 12 1 t t t t 0,29 t 8 

-.P~OCN t B0t...6U 66t t .!.. _ i . . ..G..16 . l3 123* . 0,08 10 23t 0.01> 9 23ot . t t - . --· !P . .• ..O.JJI .. *· --'- ---
LAX-ONT t 51* t,2t 45t t t t 0.05 3 3* Q,Ot, 3 3t 0.23 20 1 3* t * t 0.32 t 10 

. YTU-DCN t~O.t. ll!H' . . 66t __ _t __ !P ___ t __ 0.09 7 123* 0.15 14 123* 0.12 l7 123* _t . *- - - --·-·····---!..-.. .O • .J6 ot. ll... 
VNY-ONT t 51* 42* 45t t t t 0.23 16 1 3* C.15 15 1 3* 0,04 2 3* t t t 0.42 t 12 

_.S,.L.J-ONI t 51! +?t 45t ! t t 0.23_15 . .1 . .3t . . .J1..1.5 . ..lb .1 .. 3* _ Jl.l'-.19 .• 1...3! ·----~----· ···· ----'---· -·· t 0.52 t 1l 
ONT-OCN t 80t 69t bbt t t t 0.28 17 123* 0.18 17 123* 0,08 13 23* t t * 0,54 t 1~ 

...FIIt-VTU .! 35~ 39t . .l9t_ t _ .• . • 0.11 14 1 t 0,27 18 1 .t 0.12 16 1 * t * . - - -~ .. 0.57 . * 15 
SLI-VTU • 35t 39* 39* • t t 0,08 5 t 0.13 12 1 t 0,49 22 1 • t * * 0.10 * 16 

.FJM-P.Oil .~.3.6! . ..1ll_3.1.t __ -•--- · -·· • -- 0.1>7 21 1 t 0.13 13 1 t 0.06 ll t t t .. * - 0.86 '!' 1L 
LA~-POM t 36t 28t 33t t t t 0,05 2 t Oo04 2 1 t 1,01> 24 1 t t t t 1.14 t 18 
VMY-EIM t 31! Ut Jlt t t t ..Q...5S .• 20. 1. ._t __ 0..90 21 .1 t O.Q~ .3.. 1. . . ! .. __ __ __ -- - _, .. . . . .... t -- -·--..L.-.1 •. !9 ..• .. 1.9. _ .. 
POM-ONT t 51* 42t 45t t t t 2,04 23 1 3* 0,50 20 1 3* 0.76 23 1 3* t * * 3.30 * 20 

.. ...F~...51.1..t:....ll!. . .3.U....l1~ ._, ___ f ___ ~ 0..53191 t 0,95221 t 3.54251 • ___ t . ! t 5~0Zt21 

Fllt-ONT t 51t 42t 45* t t t 5.05 24 1 3* 0.39 19 1 3t 0,09 14 1 3t t t t 5,54 t 22 
-~llCJLt ao• ~>9* ""!. - -*--"' ---~-- o.n 22 121• 1.53 21 121• 5.13 28 121• . . .... ·- --' ... . . . ! . .... --·--· --•--- 7~.38., Z3 

POK-VTU t 36* 39* 39t t t t 15.19 25 1 t 1,83 24 1 t 0,29 21 1 t t * t 17.31 t 24 
ONr-yru • 511 t?t +5* t • • 0.45 18 1 3~5.9 ... 21 . ....1..3~ . ].7] Z6 1 1! ! ! ! +6·17 t Z5 
SLI-OCN t BOt 69* 61>* t t t 25.03 26 123* 21.41 26 123* 4,01 27 123* t * .• 50 •• 6 • Z6 
VNY-OCN t 19t 69t 116! •• 'Lll.a.69..27 123 .. 18.17 25 123• 0.06 .. 10 .123• .. -- ··-···- --~------ ···-·- ---· ---·- . .... H . ..'I.Z. .. H --
VNY-SLI t 34t 23* 21* t t *21>1.22 28 1 t259,37 28 1 t 0,10 15 1 t t t t 520.69 * 28 

FIGURE 2-8 RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
FOR DME/DME AREA NAVIGATION OVER VAN NUYS TO 

LOS ANGELES APPROVED ROUTE 



N 
I 

...... 
0 

- ---- ____ - - -- PROJECT H0-014-C".X .•. _ . .. 
V/STOL AREA NAVIGATION O~E/OME COVERAGE 

-----------~•uu·U>I!!~•••••u••••••-••••••••~••..t"'!l'**-'• ____ ________ _ 
APPI\UVEO IFR VTOL ROUTE LAX-JOR CROSS CtliRSE 2 IS-01 .. 2- PAGE 1 OF 1 • AC OR CC 'FLAG 

.2 __ •_ ILGREAJ.EIL THAN liNE Qf .5.l.GHI___ 

l = R GREATER THAN 40 MoNo 

• P. '1AX • 2 ISDI**2 
. ... .. ...... -'--·--· --~ ----• ---- ·- - - - - '! . • -- - --- ·--·-- -• ---- -- ----· -· ···-- __ _!_ ______ _z ____ ~ 
• 1• 32• • • • • • • • • • 
• 32• 27• • • • • • • • • • - --
• • • • • • • • • • • • • • 
· - -· . .... ! - -· -- • - • 1- 32 • 32- 27 -· - • - --· -- - -- - -"'-- -- ~--- ___ t ____ _, _____ _ ................................................................................................................................... 

VN~-:-P.D!I..!. J.3•....u.t.... • • • .!... ... .O,.Q.It -~-- .. ..!.. _ Oo.ll3 .... 1.. J• _ t t t , I.Ot , I 
FtM-POM • '>a• 65• • • • • o.c5 2 3* o.o" 2 3* • ~ • • .... • 1 
LAX-POM • 33* 32* • • •-. • 0.05 3 * 0.0" " * • t ... _ • . . _ .. .. __ _ _,t___ __ t.il * _' J 
POM-OCN * 65* 49* • • • * 0.05 5 23* 0.04 3 3* * * * * 0.09 * 4 
VNY-ONT • 45* 45*. * • • * Oo05 4 3* 0.05 6 3* • .. __ • .... -•- - • 0.10 • . I 
POM-VTU • 48* 65* • • • * O.C7 b 1 3* 0.04 5 3* * * * * 0.11 * 6 
FlM~OIIIL.!.. . .5ll!....ll5!--'!'-._-!_!__ __ L __ Q,Q8 8. 3* .DoOb 7 - 3*· ·- -· --···--- * * , ••t•, j 
LAX-ONT • 45* 35* • • * • 0.09 1G 1 3* 0.07 9 * • * * * 0. •• I 
ONT-OCN. 65* 49* .. * • --• • 0.11 11 123* O.Ob 8 3* -• . ..... • ·----- .. ! ____ _ • l:i. ,J 
POM-ONT • 45* 35* • • • * 0.16 13 1 3* 0.10 11 1 • • * * • • 10 
ONT-VTU • 48* .65*---- •- - • -• • 0.21 1" 1 3* 0.10 101 3* • - _________ .,! --·---- • ---- ---- • O.J_l • u___ 
VNY-VTU • 48* 65* • • • • 0.14 12 1 3* 0.29 12 1 3* * • • • 0.43 * 12 
LAX-,VN~ • 12._ •-ItS~---· _!._ __ _, ___ __ • __ __ . _ .. 0.46 l8 1 • __ Q,53 1LJ..~4! --- • • • • O,ft t lJ 
FlM-VTU • -;o• 65* * • -• • 0.4'1 1<) 1 3* 0.81 16 1 3* • • • * 1.)0 'l4 
LAX-SLI * ~0• 32* * * * • 1),28 17 1 • 1.0<) 18 1 • • • • -------------"'--.l.all .. !....l'-
Sll-POM • 33* 29* • • * • 0.07 7 • 1.35 19 1 • • • • • 1.42 • 16 
VN~-F1M • 50* 65 • . ---• - • .. 4! •. * - 0.58 21 1 3* _ 1o70 20 1 3* __ ____ _!_ _ __ _ __ ___ ___ __ ... --- - -- --- -'- --- - - - • Z.}l • l1 
VTU-OC~ • 65* 65* • • • * 1. 58 23 121* 1o09 11 1 3* • • • • J.61 * 11 

.SLl-ONL.* ... A-5.!. }.!$! • _ • • • .. ...2.Jl1....2.LL1!~11....J........!_ • • • * J-+!1 ·, It 
LAX-VTU • 48* 65* • • • • O.M 22 1 3* "· 79 22 1 3* • * • • -'•4J * U 
VNY-Sll • 32* 45*. • .• .... • o.cs 9 * 8.26 23 1 3* _ • - _ _______ 'I! ... • '!' ______ ·--------~- ..I....JL..!....tl _ _ _ 
SLl-OCN • 65* 49* • * • • J,5C 20 123* 8.54 24 1 3* • • • • 9o04 • 22 
FHI-Sll * ~IJ• 65* * * • * 0.23 15 1 3• 11.10 25 1 3* -• . ... • . . •- * _______ '!____..11....Jl.__!_n___ 
VNY-OCN * 65* 49* • • • • 0.27 16 123* 22."6 26 1 3* * * • * 22.n * 24 

~~;:~~~-!-~!- :~:-;----;---;-- - -: 2~:{~ ~~ }z~: 2~::~ ~~ ~--~;- : : : : U:B: U 
LAX-FIM • 50* 65!: .... ! ... .. . ! • • 30.45 281 3* - "~5" 211 3* -- ·---- --- _ _.!.___ _ ________ • -------------~------- • 34.99 *..21__ 
F IM-OC~ • 65* 65* • • • • 2. 63 2~ 123* 38.39 28 1 3* • • • • 41.02 _. 21 

FIGURE 2-9 

ljl 

.. -- ----·--- --- ----- ------·- ·---- ·- - ----------------

RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
FOR DME/DME AREA NAVIGATION OVER LOS ANGELES 

TO ORANGE COUNTY APPROVED ROUTE 



N 

--

, .. 

•tft_IUT ':a'-11-lli~W 

V/STOL AREA NAVIGATION OME/DME COVERAGE 
....................................... ** 

' • 

APPROVED IFR VTOL ROUTE JOR-LAX CROSS CCURSE 2 1501••2 PAGE 1 OF 1 • AC 011 CC FUC 
.... __ - - -- -·------·-- _ 2 w I &lfATfl TM4M t !ME .. $fg« 

3 • R GREATER THAN 40 NoNo 

• R MAX • Z 1501**2 * TOtAL * ·-
* • • • • • • ----------~----------~L------------&--------------------------------------.. ------~ • 28* 31• 30* 1• • • • • • • • 

. - ---- -• n•_JC!. .. JL-lt.. __ ~ .. - • • ____ __.__ __ • • 

• • • • • • • • • • • • • - - ·-- ____ If ___ .. _ ....... _:__to __ • _ _ _ .. __ .. ... 28- 31 ........ __ ;u__, _lQ_ ___ . __ ,.,_ t • 7- J • - • - • • 
................................................................................................................................... 

. .JUII~OH t 46! 39! 36! )3* ! ! O, 01 1 1 __ ...l.L..Jl..JlL.-L.,__ t 0 Q5 3 I 0 05 ? ! t t Q 21 ! I 

POM-OCN * ~0• 45* 62* 66* • * O. 06 12 3* 0.05 6 3* O.Oit 1 23* Oo06 8 23* • • Oo.Z1 * Z 
Sl.I-POM .'L2U 2l!......22!....llt ___ ~ -- * - O.Qb 1.1 .. '~-- 0.05 5 _ _ _ • _0.05 2 * O.QJ 9 J L____ * * 0.1. t J 
FIM-POM * ~6* 58* 53* 39* • • 0.06 1~ 3* O.Oit 4 3* Oo05 4 3* OoOI 10 1 * * * loll t It 

. VNY,-ONL!I' . 4.6~ . .l'1 • . .3U • . ~5.*_. --"'- · ~- OoO't. . 2 3* . O.OS _ 8 __ __ __ >I<_ _ ..Q,10 10 1 • 0,06 7 1 3* * t o,H 5 
ONT-otN • ~to• 45* 62• 6~>• • • o. ott 3 3• o.os 9 3* o.oa 9 123• o.oe u 21• • • ·· o.z• • 
s.LI.:mfi_• zst 27! 3•• "'' • __ !.._......o.Jli__~ .. --•-Jl...0.5. 10 t o.Q6 6 • o.JJ 11 t )t • • g.zt t 
FIM-ONT * c6* 58* 53* 45* • * 0.04 5 3* Oo06 11 · 3• Ool5 13 1 3• 0.14 lit 1 3* • * Oel9 I 
POM-Yru _• 65* 211• .. 5.3'!. . .!~--- • .... .. o.cs .. .. 6 .. 3* .. o.o.!'I. .. Z. __ 3_, ___ Q.Q6._ t._1 u o,u u L~ • • o,,. t 
POM-ONT * 27* 27* 34* 45* * * 0.03 1 * 0.02 1 • OoOb 51 • Oo71 22 1 3* • * Ooll 10 

.. VNY-,.vru . • 65* 5~. 53~ . .1•2-L ·•--· "'- ·· o.4.5 14 1_ 3,. .. o .. lb_~'t.-L l!.. _ o,u 161 '* o.o5 41 3• • • t.M 11 
LAX-POM • 33* 25* 22* 33* * * O.J5 9 • 0.04 3 • Oo35 19 1 • 0.93 23 1 * * t leJ7 12 

• . . JUtr.OcN • 65* se• 6?• 61.* • • o.61t 1.5 1 1• o,s2 16 1 u o,zp n 12n p,u 12 123• • • J.M " 
LAX-VNY • ~6* 39* 34* 18* • • O.BO 17 1 3* 0.52 15 1 • 0.1~ 12 1 • O.Oit 1 * • * lo50 lit 
su-vru • 65*. 5B4< .5.3'!'._'t.2'!' ..... .. _ >l<. _ .ll.66 . 16 1 3.• ... 0.5.ll7 .. L l.• Jl.l.Q.ll 1 '* o,35 191 '* • • 1.65 • u 
LAX-OCN • ~o• 45* 62* 66* • * 1.30 19 1 3* Oo83 18 1 3* Ool5 lit 123* 0.05 3 23* * * 2oJ4 * 16 
LAX-SU • 33*. 25.!..21* 21*.-·--* _ _ , ___ lo3B Z.;> .l - ~- 0.8.8 .ZO .l. .... • .Q..Oa 8 l • 0,0!5 !5 • • * Z·U * ll 
FIM-VTU • 66* 58* 53* 42* • • 1.05 18 1 3• 0.85 19 1 3* Oo40 20 1 3* 0.15 17 1 3* • • ZeltS • 11 
t.AX-.!l!I.L..Lll~-:Z.U ... lU.....i5* • • o.os .L__L..ILe.Ql 12 • 2 0 41 25 1 • Q0 21 1R 1 3* • • a.p • I! 
LAX-F1M * ~6* 58* 53* J9* * * 2o87 21 1 3* lo60 21 1 3* 0.21> 17 1 3* Oo05 6 * * * 4oll * ZO 
VNY-FlH • 66* .. 58* .. ..53* J9* ·---~ _ ··*- .. .l•.~ILZ2 1 3* .. . Z.69. 22 1 3* . 2.2.0_~1 3* Pel4 15 l • * • 1.51 * Zl 
v.~Y-SLI • '•6* 3'l* 34* 21• • • 13,44 zs 1 3* 10.03 23 1 • o.ett 21 1 • o.tt3 20 1 • • • n.74 • 22 
F 1H-OCN * 66* 58* 62* 61>.* * -* 12.34 24 1 3• 10.~0 . 24 1 .. 3• Z .• l.6 . .l.l. .. l2.l!. .. ~5L2.1.. 123• • * Zl .. tl • . II 
FJM-SLI • ~b* 58* 53* 39* • * 14.55 26 1 3* 11.98 27 1 3* Oo32 18 1 3* 2olt1 Z5 1 • • t Z9·2· • Zit 
ONT-YTIJ ... ... 6.5.L5.4LS.l!....!&S-' __ ._ _ _ !__O.e.CIL .JI _ .J.!... .. 0.08 .. ..1.3. .. .l,._ __ ...ldB 26 1 1* 29,04 21 1 1* • * U-6$ * U 
LAX-VTU * 65* 58* 53* 42* * * !>,85 23 1 3* 11.97 21> 1 3• 21.24 27 1 3* 0.15 16 1 3• • * .Oo2l * 26 
VNY-OCN * 46* ... 4.34< ..1>2.* IH•• ---"'- .. .... • .. .lbo2.3 21 . 1 3• lloJO .25 .1 3* 5.,.J3_.21LU1L....J.M 24 123• • • 11,11 * 21 
SLI-OC~ * 40* 45* 62* 66* • *261.22 28 1 3*261.22 28 1 3* 1.0!> 22 123* 2.10 26 123• • • !5Z6oJO • 21 

FIGURE 2- 10 RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
FOR DME/DME AREA NAVIGATION OVER ORANGE 

APPROVED ROUTE T.O LOS ANGELES 
COUNTY 
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..... 
N 

----------------~V/7s=r=o~L-A=R=E~A~:~:~~t~~~~~~-~~Y~~~,~~~~~:~x-aw __ E_R_A_G_E __________________________ ___ 
---:-::-:--:-::::-:--:-:-:-=:-----:-=--:-=:-"* .. *'"*'"*'"*~U~1U.!l!*! • U.!!.*.!..***-*tt!U.!t.!U .. U.!! -- -------·· __ . ---· 

APPROVED IFR VTOL ROUTE LAX-ANA CROSS CCURSE 2 1501!!2 PAGE 1 OF 1 1 a At OR tt FLAG 

• R "'AX • 

2 ~ A . GRE~T£R .THAN .LIHE OF SIGHT 
3 a R GREATER THAN 40 N.M. 
---~ --. ··-- ·-- -- 400 - •• 

2 ISDI!!2 ! TOTAL ! RANK . . . . . . . - -· ------·---- --.. ---•----· ·-----·---------~---- . . . ·----• 1! 25* • • • • • • • • • • • 
• 25! 26! ...!..__! __ ._~ -- ... -·· ··* .. .. • -- .... ·----- ... - -··· ... -·-- ·- _._ ____ ______ ___ ot_ _ __ ,. 

• • • • • • • • • • • • • • •• * • • • • .. _l -,__ .2_5 __ _ . ..... 25- 26 . • ..--: ...... ·-· ---- .. ""'- --'·· · -·---·· -- -·---· · --- --"'--- ____ .!!_ _ _____ _ • ................................................................................................................................... 
VNY-POM! 35* 38! ! ! * ! 0.04 I __ ..!.. .. . O.Q5. .13. . .... *. ______ ..!_ _________ t, ___ , _______ §.. ________ .. __!_ __ Q..Jl!l..!.. .• 1 
FIM-POM * 55! 58* ! * * * O.Q6 3 3* 0.05 10 3! * * * * 0.11 ! 2 
POM-OCN ! 6s.!_45! ! ...! ........ ~ ..... ! ... 0.16 2 23! . 0o07 16 3! ! ! ! • 0.13 ! 3 
VNY-DNT * 45* 38* ! ! ! ! 0.09 4 1 3! 0.05 11 ! ! ! ! ! 0.14 ! 4 
POII-VIU ! 57* 59! ! ! .. .. !.. ...... '!'... Ool3 . 6 1 3! 0.03 3 3! . __ ! ! ! ... ! 0.16 ! 5 
ONT-OCN * 65! 45! ! ! ! * 0.12 5 123! 0.04 9 3! ! * • ! 0.17 ! 6 

, FIM-QNI! 55! 58! ! ! ! ! _ _il._l.5 _ 7. . .1 3!. 0.!)5 12 3! ........ ! .... ... ! ! • 0.20 ! 7 
LAX-PO"'! 33! 26! ! ! * * J.18 10 1 • 0.03 2 * • • * ! 0.21 * 8 

__ .SU.,..ONL..!....~....ll.L.._! __ ! __ ,. _ _ .* .. Oo17 9 1 3* 0.14 19 1 * .. • ... • • ! 0.31 ! 9 
LAX-OCN * 65* 45! ! • ! ! 0.20 11 123! 0.12 18 1 3* • • • ! 0.32 ! 10 

__ l..AX!:.S.LL.!< 25* z6• • • . • • o._n 13 1 • o.l)4 4 • • • • • o.35 • u 
LAX-VNY ! 35! 38! ! ! ! ! 0.15 8 1 • 0.22 21 1 ! ! ! ! ! 0.37 ! 12 
PO!!=QNI! 45! 2J! ! ! ! ! 0o38 . 16 l. 3* . 0~0..3 .. 1. ...... ...... .. -- ----*-- - ---- -- _! .. ........... .. .. * ... ........... '!': .. . 0.41! 13 
VTu-OtN ! 65! 59! ! • • • 0.33 15 123* 0.15 20 1 3! • • * • 0.47 • 14 
YIO'.,.JI.Il.L!....:i.ll ... ~.'-...-~--~ --- !... 0.21 . 12. 1 3• 0.30 22 1 3! * ... .. • * • 0.51 • 15 
LAX-fl"' * 55! 58* ! • • * 0.32 1• 1 3* 0.33 23 1 3! • • • • 0.65 • 16 

__ PNr.,.lfnl • s 7• s~_. _ __.!._ ....! __ Q.66 18 1 3• o.o6 . 14 3* ___ -• __ .. __ ......... • '!' . • _ _ o. n • n 
SLI-PO"'! 33! 17! • * ! * 0.78 1? 1 • 0.07 17 1 ! • * • ! 0.85 • 18 

_ _ll!I::VIU ! 57! 59! ! * * ! O .• ~.J .l!. 1 .. l* ... Q,51 . ~'! .. L~~ ··------.!.--_.._ __ ! ... --·-·· · - _!_ _____ .... _____ ...!.._ _, 1.04 • 19 
SLI-VTU ! 57! 59! ! ! ! ! 1.05 20 1 3* 0.04 5 3! * ! • • 1.08 • 20 
LA.X-ONT.~ ltlt'!' .. 2.6_'!' ___ _ ! _ ... !.. ._ ! .. *- 1.73 22 1 3! 0.07 15 1 * • ! • • 1.80 • 21 
VNY-SLI ! 35! 38* • * ! ! 4.29 23 1 * 0.04 7 * ! • • • 4.33 • 22 
YNY-:-FI.!L_!_ _55'!' .... ~.8L .... • .. ..!. __ '!' . * 1.61 21 1 3! 4. 74 27 1 3! *.... .. _. * • • 6. 35 ! 23 
FIH-Sll ! 55! 58* • ! ! ! 10.17 25 1 3! 0.04 6 3! • • • ! 10.21 • 24 

_ .. .SU=OCN • 65! 45* * • * ! .. l0o't(! .. 26 123* 0.04. 8 _ . 3* _ . ... .. ~ .. · --- .. ....... _ "" * .• 10.50 • 25 
LAX-VTU! 57! 59! • * ! ! 5.59 2• 1 3* 9.56 28 1 3* • ! ! * 15.15 • 26 
VNY-01;."1 __ ! __ 6.5*. .. ~---*-'!' __ *. ____ ! 13.97 27 123! 1.25 26 1 3! .. *.. . • * • 15.22 • 27 
F 1"'-0CN * 65,- 58! ! ! ! ! 24.43 28 123! 1). 55 25 1 3! ! ! ! ! 24.99 ! 28 

FIGURE 2-ll 

~ 

RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
FOR DME/DME AREA NAVIGATION OVER LOS ANGELES 

TO ANAHEIM APPROVED ROUTE 



N 
I 
1-' 
VJ 

II .. Iii " 

... PRCJ ECT 330-:Hit-v4X 
~/STOL AREA NAVIGATION OME/OHE COVER4GE .a.u•······································ APPROVED IFR VTOL ROUTE JOR-LAX CROSS CCURSE 2 ISDI••2 PAGE 1 OF 1 1 • AC OR CC FLAG 

- - ·-·- ----- ------ ··-- 2 • R GREATER THAN LINE OF SIGHT 
3 • R GREATER THAN ItO N•"• 

• RI<AX • 2 ISDI .. Z • TOTAL • RANK _____ __.__. • • • • -···· • . - • ~ .. - . ,. --- --- - . • • . .. • 
• Z7• 25• 17• • • • • • • • • • • 

.• 25• 1:1'* . 1• • ... • • • • • • • • • • • • • • • • • • • • • • .. . !II!.. •.• . .. • . ... _,._ • 27- 25 • Z5- 11 • 17- 1 • - • - • - • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
--~..D.I!Lt....•5* 35* 33* ! ! •. .. 0~!17..12 .. . J•_ . o.olt .B • o.c6 1. ...• . ·-· ···· ···-· - .. ··- L _ ..... .. ·· -.. o~n ~ ... 1. 

FI"-POH • 65• 55• 49• • • • o. ~6 10 J• 0.03 7 3• o.o 8 4 3• • • • 0.18 • 2 
1!0"-ac:N -• ~69. 5.3._66!. .. • • o. 09 13 1 3• 0.05 11 3• 0.06 z Z3• • • • 0.20 • 3 
ONT-OCN • ~6• 53• 66• • • • 0.\llt z 3• 0.07 1Z 3• o.u 6 1Z3• • • • 0.22 • it 

- SLI-ONT. 9 zz• Zit.• ~5·--. ~ • • 0.')6 11 1 • 0.03 5 • C.l3 9 1 3* • • • 0.22 • 5 
VNY-ONT • 45• 35• 45• • • • 0.•)4 3 3• Cl.ll 16 1 • 0.13 lC 1 3• • • • 0.29 • 6 

· r · ~li.I.U .~· sz• su ....t .. -.!. .. _, 0.04 5 J• 0.03 3 3* o.z~o 11t 1 3• • • • o.3l • 7 
LAX-OCN • 46• 53* 66• • • • o. 22 16 1 3• 0.07 13 3• 0.09 6 123• • • • 0.38 • 8 

.. FJ~QljT ~...6.5• . .55• .H • . --~ • • 0.04 1 J• C.11t 18 1 3• o.z~ 15 1 3• • • • O.it2 • 9 
VTu-OCN • 65• 57• 66• • • • o.zc 15 1 3• o.u 15 1 3• 0.2: 13 123• • • • 0.51 • 10 
LAX-VNY • lt5• 35• 28• . • • • 0.36 19 1 J• 0.12 17 1 • o.o8 5 1 • • • • 0.56 • ll 
POH-ONT • Zit• Zit• 45• • • • o. c 5 8 • 0.('3 2 • 0.55 11 1 3• • • • 0.6Z • 12 

- _JlHY~KIII t 65! 511 53! ! ! 9'.-0...3.3. 18 1 3* 0.27 20 1 3• 0.17 12 1 3• • • ... •.. 0.17 • 13 
LAX-FIH • 65• 55• lt9• • • • o. 72 zz 1 3• 0.15 19 1 3• O.llt 11 1 3• • • • 1.00 • lit 

. FJH-VlU • 65• . 579. 53• _ t 9 · -· 0.61 20 1 3• O.itO 2Z 1 3• 0.39 16 1 3• • • • 1.39 • 15 
LAX-POM • 32• Z5• 33• • • • o. •)4 6 • o.oz 1 1 • 1.8~ 20 1 • • • • 1.96 • 16 

. .. VNY-SL I • lt5• 35• Z8* • • • .o. Z5 17 1 3• 0.05 10 • 2.36 2Z 1 • • • • 2.65 • 11 
SLI-PO" • Zit• 15• 33• • • • o.n~ 9 1 • 4.14 ?6 1 • o.o7 3 1 • • • • it.26 • 18 

.... EIII..,-S.U...L.A5t . . ..SS!I! •. It.9• ... .. !>.. - -•· ..•. • • • 0.6it 21 1 3• o.oit 9 3• 5.81t 25 1 3• • • . .... ! . ... 6 • .5Z. • l'i 
LAX-ONT • 32• Z5• 45• • • 
SLI-OCN .f/ 46• 53• 66• • • 
VNY-OCN • 't6• 53• 66• • • 
SLI-VIU. • 6.5• 57• 53• • • 
FIH-OCN • 65• 55• 66• • • 

_ _.lfNl-EUt ! 6~! 55! !19! • • 
LAX-SLI • 3Z• Z5• 21• • • 
ONl,-VTU.-'~ . 65 • .57.• .5.3.~ .. • -- .... 
LAX-VTU • 65• 57• 53• • • 

FI GURE 2-12 

• 0.04 7 1 • lt.45 27 1 • 2.51 23 1 3• • • • 7.00 • 20 

• 0.17 lit 1 3• o.o6 lit 1 3• 7.17 26 123• • • • 8.01 • 21 
• 't.69 25 1 3• 0.58 ?3 1 3• 5.5!> Zit 1Z3• • • • 10.82 • 22 
• 1C.7C 26 1 J• 0.03 6 3• 0.56 16 1 J• • • • 11.29 • 23 
• 0.95 Z3 1 3• 0.35 Z1 1 3• 11.0't 27 123• • • • 12.35 • Zit 
•_ .L.28.H. 1..3!. . 7~it6 2Jl. l..l~ 1.98. .Z1.J.J..•. --· ·- · - . • . ···- . _ __ ___ i-.. 13.12 .. t 25 .. 
• 16.1tZ Z7 1 • 0.03 it • 0.09 7 1 • • • • 
• _0.04 .. 3• 4.04 25 1 3• 15.36 Z8 1 3• • • • 
• 't2.92 28 1 3• 0.80 Zit 1 3• 0.65 19 1 3• • • • 

RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
FOR DME/DME AREA NAVIGATION OVER ORANGE 
COUNTY/ANAHEIM TO LOS ANGELES APPROVED ROUTE 

16.55 • 26 
19.H • 27 
4it.37 • 28 



N 
I ,_. 

>J:>. 

PRCJlCT 33J-0 1~-C~X . ------- -·- ... 
V/STCL ARE4 NliV IGATION O!'E/O'IE COVERAGE 

- ·~······································· ·- ~ .. .. - - . . -- -. --. ·- . -~-- --
APP~ ;v(O IFR VTOL ~.oun L~X-S!lD CROSS C(URSE 2 1>01 .. 2 PAGE 1 OF 1 1 s AC OR CC FLAIG 

2 s R GREATER THAN LINE OF SlliHT. 
3 z R GREATER THAN ~0 N.M. 

• H '<AX • 2 ISOI**2 * TOTAL * RANK 

• • • • • • • • • • • • • • • 1• 7• 9*l'J*ll* • .. • • • • • • 
• 7• 9* t 'J• u• 13* • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • .. 1- ' • 1- 9 • 9- 1 ~ • lC- 11 • 11- 13 • - • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

LAX-O~i' * o5* 62* :07* 53* 6 0* • f'J. -~5 2 23* o.os 5 23* o. r, ~ " 3* c.o~ 2 3* 0.04 3 3• • o.u • 1 
POM-OC' J * h6* b2* 51* 53* 53* • 1).06 7 23• 0 .07 8 23• (1 . "5 6 3• o .c;o~~ 3 3* o.c~ ~ 3• • 0.25 • 2 
VTU-OCN * 6b* 62* 63* ~0* 'lO* • 0.1 : 12 123* 0.09 10 23• c.c6 7 3• C.'j4 ~ 3• o.c4 5 3• • 0.33 • 3 
ONT-OCN * 1,6* 62* ';7* 53* 53* • o.oa 11 23• ;:;.u 12 123* 1). ~9 12 3* 1'.08 11 1 3* O.C3 1 1 3• • 0.39 • ~ 

SLI-O" T • ~5• 34* 26* 17* 44* • o. 1 c 13 1 3• :;.05 ~ • 0.04 2 • o.o5 7 1 • 0.3C 16 1 3* • 0.54 • 5 
LAX-O~T * 45* 34* 33* 'l* bC* • -J.21 16 1 3* 0. 19 1~ 1 • 0.15 1~ 1 • (' .06 8 3• 0.11 12 1 3• • 0.71 • 6 
Sll-POII * ~3* . 21* 22* H• 44* • 0. ~7 q 1 • t'.C~ 2 • o.c7 9 • C.27 17 1 • 0.3~ 17 1 3• • o.8o • 7 
SLl-VTU * 42* 51* b3* R~* 90* • c . 3 ~ 1 <) 1 3• o.o~ 3 3* c.~6 8 3• " .16 16 1 3* 0.25 15 1 3• • 0.81 • B 
V~Y-SLI * Zl* 25* lb* 53* 62* • 0.43 n 1 • C'./)6 7 1 • o. G5 5 • c . 11 15 1 3* O.le H 1 3* • o.8z • 9 
LAX-SLI * 2 1* 21* 3 3* 51• 60* • c. ~ s 4 • c .o~ 1 • 0.09 13 1 • C.35 lq 1 3* c .se 19 1 3• • loll * 10 

· .. LAX-FIll, • J9* 46* 57* 73• 83* • o. r6 6 • C. .ll 13 1 3• o .2u 15 1 3• ~ -3~ te 1 ~· c.52 18 1 3• • 1.23 • 11 
Vi'4Y-oca • <.6* 62* '> 1• ~3• 62* • 1.1 : 2~ 123* 0.27 le 123• o. ·Js 10 1 3• IJ.Oit 5 ~· o.o~ 6 3* • 1.53 • 12 

· LAX-VHY * lS* Z~* 36* 53*-~2* • 1).')~ 1 • 0.10 11 1 • 0.22 .16 1 • o.~9 21 1 3* 0.78 20 1 3• • 1.64. 13 
POM-O'H • '' 5* _l4* 26* I A* 2 7• • 0.7~ 22 1 3• 0 .57 22 1 • (1 . 25 17 1 • O.Ob q • o.oq 11 1 • • 1.67 • 14 
F 11<-PtJ~; * lq* 46* 56* 13* A 3* * Ci. 18 1 n 1 • 0.23 17 1 H r,·. 3~ 18 1 3* 0 .46 20 1 3• 1.02 21 1 3• • 2.13 • 15 
FU'~SLI * ·~q• 46* 57* 73* 83* • 2.43 25 1 • 0.05 6 3* 0.04 3 3• r. . 10 13 1 3* 0.15 13 1 3• • 2.77 • 16 
SLJ-OOi • /11,* 112* .5 7* 5l* 53* • 2.74 26 123* 0.09 q 123* 0.03 1 3* o.o~ 1 3* C.C3 2 _3* - -- .• - - 2._92 • 11 . 
V:liY-Pe'< • .13* 25* }5* 'i3* 62* • o. r,5 3 • O.l'l 16 1 • o.~~ 19 1 • 0 .70 22 1 ~· 1.aq 23 1 3* • 3.22 • lB 
F 1"-0C'I • o6* . -<>2.~ . 2:1~. 73~ .. e3• _ • . 3. 57 27 123* 1) .19 15. 1n• o. oR u .. l .3! __ o .Q~ _ 6 __ 3• o.o~ 7 • ) * ·-·- ·- ·- - __ ____ !_ __ h..!L!_U ___ 
LAX-VTU * •2* 51* 63* AO* 90* • ~· .15 15 1 H ~.3~ ~~ 1 3* 1) .67 21 1 3• 1.23 23 1 3* 1.83 22 1 3* • '1.22 • 20 
FI~-VTU * 42* ~ ~· 6l* eo• 90* • o. 15 17 1 3* 0.53 21 1 3* o.es 22 1 3• 1.~7 2~ 1 3• _2.27 24 1 3* • 5.27 • 21 
v:·IY-V ru • ~2• 51• 63* R·J• 90* • o. 15 5 1 3• o.~o 20 1 3* 1.13 23 1 3* 3.5(' 26 1 3* 6.21 25 1 3* • 11.2q • 22 
POM-VTU * 42* 51* 63* eo• 'liJ* • ~.45 21 1 3• 1.77 25 1 3• 2.45 2~ 1 3• 2.29 25 1 3• 11.78 27 1 3* • _18.75. 23 
LAX-Pllt-1 * >~• 21* 33* '>!* 60* • C. A9 23 1 • 1.03 23 1 • 2.el 25 1 * 17. B~ 2e 1 3* 7. 72 26 1 3* • 30.29 • 24 
ONT-VTU * <. 5* .:i1*- (>J~ . OC*_'I.OO< - · .26. 3\: 28 1 3* .. 3.45_27 1 3• o.5c. 20 J . .J•_ . .o .• o7J!LL3• _ _ c.ce_ l0_1 3* . . . ··-- _ ·- · -· __ :u....u. • . .Z!L .. _ . . 
VIIIY-OrH * '• 5* 34* }6* .'i3* 62* • 
F 11<-0i-H • 45* 46* 57• n• e 3• • 
V~Y-F!M * J9* 46* 57* 73* 83* • 

FIGURE 2-13 

,. .. 

•1. J6 e 1 3• 1.~7 24 1 • 32.1~ 26 1 • ('.09 12 1 3* 0.07 '! 1 3• • 33.84 • 26 
. ).1~ 14 1 3* 2.20 26 1 3• 39.89 27 1 3•. o.tc 14 1 3• 0.06 e 3• • ~2.'10 • 27 
0.15 16 1 * 4e.'!8 28 1 3• '!5.1~ 28 1 3* 13.22 27 1 3• 1~.54 28 1 3• • 172.08 • 28 

ORDER OF VORTAC GUIDANCE 
DME/DME AREA NAVIGATION OVER LOS 
TO SAN BERNARDINO APPROVED ROUTE 

RANKING 
FOR 

STATION PAIRS 
ANGELES 

• 



N 
I -U1 

• ,. 

PRCJECT 330-0llt- :,4X 
V/STOl AREA 'lAY lt;ATION D~E/O~E COVERAGE 

~·~······································ Dl~ECT VTOL ROUT( LAX-VNY CROSS !:CURSE 2 ISOI••z PAGE 1 OF 

• .. 

1 • At OA tt FLAG 
Z • R GREATER THAN LINE OF SlGJiT. __ 
3 • R GREATER THAN 40 N·"· 

• R ~AX • 2 I SOI**Z • fOUl • RANK . . . . -~ ~- ·-· . . . . ·- · . - . . .... . .. -- . ··-- --'--·· . . 
• ,,. 71• 72* • • • • • • • • • • 
• 'fl• 72• 73• • • • • • • • • • ---- ~ · 

• • • • • • • • • • • • • • 
• • • • • • • 1-: - 11 • 11- 12 • n.- 73 • - • - • - ---•- -- --~- __ • .. ___ _ ................................................................................................................................... 

v.-.v-Po,... • Jlt* 35• .36* _ . • . • • o . clt z • o.olt . 3 • o •. o5_ ... e. ..! _____________ .. !._ ... ---- - - · • • o.a• • ·• 
LAX-POM • 34• 35* J6• • • • 0,'4 I • 0.~4 it • 0, 05 Q • * • e Oollt e I 
LAX·VTU • 32• 29• 29• * • • Q, ;5 8 • C,Oit 2 • 0. 04 2 • * • • 0.~4 * 3 
VNY-VTU • 33• Z9• 29• • • • J, ~ 5 ~ • 0.04 1 • O, Q4 1 • * * e 0.14 e It 
VNY-O~T • ~1• 4Q* ~ 1• * • • 0. 15 6 3• O.C5 5 3* 0.06 10 3* * * • 0.16 • S 
LAX-ONT • 47• 4?• 51* • • • J. ~5 7 3• ·o.D5 6 3• 0 , 06 11 3• * • • 0.16 • 6 
SLI-POM • H* .. )5.• . ;~6-~- - · *-· · .! . • o. •-4 4 • O,Q7 11 • o ,J'} lit_ . . • ------- ·------ • . _ . • . __ .. . .. . __ _!__llaZIL!_L__ 
Po>~-OOI • 12• 76• oc• • • • ,,r,it 3 23• o • .:n q 23• o. o? 15 23• • • • o.zo • I 
FIM-VTU • H* 29• 29• • • • (1.12 17 1 • 0.07 10 • 1),04 5 * • * _ ~- .Q,Z3 • . 9 __ 
VTU-OC~ • 12• 76* Ro• • • • 0 .15 18 123• 0.(16 7 23• 0 ,04 4 23* • * • 0.25 e 10 
ONT-OCN • 12• 76• BC• • • • o, rp 13 23• 0.12 15 123• C.l7 17 123• * * e 0.37 e 11 
SLI-ONT • 47• 49• ~1• • • • ,.1~ lit 1 3• 0.13 16 1 3• 0.15 16 1 3• • * • 0,38 • 12 
LAX-FIN • 33• Z1• .. ll•.--·- --~- * . 0,19 21 l • 0,12 lit 1. * Q.OII_U ___ j ___ ______ • ___________ .!,._ e t ... f U 
V~Y-FIM • ' it• 27* 23• • • • 0.2 ~ 22 1 • 0 .12 13 1 • O. OM 12 • e • e t.tO e 1~ 
FIH-PO~ • 3it• 35• l6* • • • O. C4 5 • 0.08 12 1 • ~.zq 22 1 • • • * Q,ltZ • 15 
SLI-VTU • ~3• 31• 34* • • • Q, 37 23 1 • O.C6 8 • 0.04 3 • • • * 0,47 • 16 
V'lY-Sll • <6• 31• 34•. • • • n.ll 15 1 • 0,18 17 1 • 0,24 ZC 1 • • • ...... ~--- .0 •. 5.4 e .11 
lAX-SLI • <6* 31• 3it* • * • O.ll 16 1 * 0.18 18 1 * 0,25 21 1 • • * • 0,54 • 11 
vNv-ocN • 12• 76• .eo• . _ • • • <' .16 lQ 123• o.t9 19 . UJ• .c.zz. ls .. 1U~---- ---- - -- _ ----'--------- - • • J·" • " 
LAX-OC"' • 12• 76* 8()• • • • Oolb 2'1 123* 0.19 20 123* 0.22 19 123* • • e ol7 e 10 
POH-O"T • 47* 4q• 5 1• • • • O. C6 13 1 3• 0.2b 23 1 3• 0,74 25 1 3* * • e 1,06 e 21 
PO~-VTU • }4• 35• 36• * • • 0. ~ 7 11 l • 2,32 24 1 • Q,O~ 7 1 * * • * 2,43 • 22 
FI>!-ONT • 47* 4'l• '>l* • * • O. ·~M 12 1 3* C.Zl 21 1 3• 2,48 26 1 3• * * ... • .2.76 __ • U 
ONT-VTU • 47* 4q• ~1• • • • 4. ~b 25 1 3* 0.2it 22 1 3* O,?it 6 1 3• • • • 4.85 e Zit 
FlM-Sll ~-l'I!. . .Jl• 31!• • • .~ . .. 14.~1 26 1 • 15,87. 7.6 .l .. * . ~.J~. l} .l _ ~ - ··-· - - - • • • II·JI e 21 
FIM-QC"l • 12• 76* ~c• • • • 45.17 27 123• 3.19 25 123• (1, 4-:- Zit 123* • e e ltlo 6 • 26 
Sli-OCN • 72• 76* 80• • • • 3. qc 24 123•114.40 27 123• 6b.7'l 27 123* * • e 185.09 e Z1 
LAX-V~Y • 17• 13* 17• • • • l 6lo22 28 1 •261.22 28 1 •Zbl,22 28 1 • * • • 783,67 e 28 

FIGURE 2-14 RANKING ORDER 
FOR DME/DME 

TO 

OF VORTAC GUIDANCE STATION PAIRS 
AREA NAVIGATI ON OVER LOS 
VAN NUYS DIRECT ROUTE 

ANGELES 



N 
I ,_. 

"' 

-----------------------------------¥P'~~~·EC~T .-JJ0~01~~04~X~------
V/STOL AREA NAVIGATION OME/CME COVERAGE 

--------------------------~·~·~·~·~•••~•••~••••..-A••~-.-••••_.., •• ~••••*•*a*a*a*atf .. •a•-----------------------------------------------------
OIREC T VTDL ROUTE LAX-ANA CROSS CCURSE 2 CSDI**2 PAGE 1 OF 1 1 • AC OR CC FLAG 

2. ~---~~THAN l'Mf Of SIGHT 
3 • R GREATER THAN ~0 "·"· 
··---- ··-·--·---· - ---- - -

• R MAX • 2 I SCI**2 * TOTAL * RANK 
··-· . - --- ---*·- .....__. ______ ._ ___ -· . ... ···-····· ._ . ···-· .... -- ___ _ ._ _____ ------ ____ L_____ • • • 

• 70* • • • • • • • • • • • • 
• 11* . • • • • • • • . -· · .. - . • - - ..... .Jo._ - -- • • 
• • • • • • • • • • • • • • 

- • -- • - .. .Jo • • • • n- 11 • - • _.., ··-*· ..... _,._ • ... - _ -•---- - • ., • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
VNY-POI'I .•. 3V---L.-.·-- '!' •.. ·-*--. * Q, u't 1 
POM-OCN * 6$• * * * * * 0. ~ 6 2 
F IM-P OM * 58* . t ... * * * * O. '16 3 
VNY-ONT * ~5* * * * * * O. OR 4 
POM-VTU * 59* * _. a. ..'!' * * O.IC 5 
LAX-POM * 33* * * * * * 0.11 6 
ONT-DCII .. '!' . .tU!..__.!._.~ __ ..,! ____ a_ . • * .. C.l2 7 
FIM-ONT a j 8a * • a a a 0,13 8 
LAX-VNY * 38* * * * * * Q,2C 9 
VNY-VTU * 59* * * * * * 0,23 lfJ 
SLI-POM * 33* a * • * * 0.27 11 
POM-ONT * ~5* * * * * * 0,31 12 
LAX-DCN .*-b5.t ... • __ !___!____!_. __ '!' . . ... Oo 32 13 
VTU-OCN * 65* * * * * * 0.3~ 14 
ONT-VTU * 59* a * * * * 0.46 15 
LAX-FIM * ~ 8* * * * * * 0.4U 16 
FIM-VTU * o9* * * * * * 0,59 17 
LAX-O~JT * 44* * * * * * Q, 5G 18 
LAX-Sll !L2.bt ._ -*----~- .. .!_ ___ ! ..... !.. . Q,Je 19 
Sli-VTU * j 9a * * * * * 1,4q 20 
VNY-Fl~ * ~ b* * * * * * 1.5~ 21 
SLI-ONT * 45* * * * * a 't.12 22 
VIIY-SLI * ~ 8* * * * * * 'to25 23 
SLI-OCN * 65* * * * * * 9,52 24 
fii'I-Sll * ~> 8! ... .J.. ... .-!' ... _. • .. * ... -* .. 10,6C. 25 
VNY-OCN * 65* * * * * * 1A.3 ~ 26 
FIM-OC~ * b5* * * • * • 31.14 ?7 
LAX-VTU * -, 9* * * * * * 44, S7 28 

.. 
23• 

3* 
3* 

1 3• 
1 • 
123• 
1 3* 
1 • 
1 3• 
1 • 
1 3• 
123• . ·-
123• 
1 J• 
1 3• 
1 3• 

a -----------~----~-L-- .. I t Q Ot t I 
• • • • • 0.06 • 2 
• ~ • . • . ----- . _ _!_ _.....ll-06. .• __ ..___ __ 

• • • • • o.oa • ~ 
• • • .. • -- ~-- ______ _! __ 0.10. 5 
• • • • • 0.11 • 6 
• · --·----·--·-··-- ---------- · "----·-·-··-- j ______ .. __ ._ o.u. t 
• • • • • o.u •• 
• • • • .. --- ~ - .....Da2li.. ..... .__"',L...--
• • • • • 0.23 • 10 
• ' • .. . . -~-- ---·· ------. 0~27 ~ • • • • • 0,31 • 12 

---·----------•------·--J·-------·..L. • O,Y • U 
• • • • o.M • •~ 

• • • . . -· -------~-- ·-· . ~-~----
• • • • • o.~e • 16 
• • • . - ! .. . - _______ • _ ___QJt _,.!_.J.l___ 

1 3* • • • • • .. ,. • lil 
- ~--- -~---·----·~------~--- .. • o.a·' L' 1 · -·-. ------- .. 1 3• 

1 3• 
1 3• 
1 • 
123• 
1 3.'!' 
123• 
123• 
1 3* 

• • • • • • • • • 

• • • .. 1.49 ·• 20 
* * * .. - --·---~--- . l .a ~'l... '!. . .ZJ..___ 
• • • • ...12 • 22 
• • .!' - ---- ---·-·-. h~ .. a__ 
• • • • 9.52 • 2~ 

. . ··--·----·---------.....!..--- -----...!... • !0.60 • 15 • • * • 11.30 • Z6· 
• • .. ~ .. -- . - ,__ _ _ 3l..o.1'- -' -..ZI.._ ___ 
• • • • ~~.57 • 28 

FIGURE 2-15 RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
ANGELES 

'9 ~ 

OVER LOS FOR DME/DME AREA NAVIGATION 
TO ANAHEIM DIRECT ROUTE 

... ll 
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-J 

~ ,. 

DIRECT VTOL 

• 

PRCJECT 330-014-t4X - ··· · · ·---- --------
V/STOL AREA NAVIGATICN DHE/OHE COVERAGE 

,.!~.t.•••·-···················••-••tt.•t!O .• ~,t.•• - . - ··-· ··-·. -·- · -----ROUTE LAX-JOR CROSS CCURSE 2 ISDI**2 PAGE 1 OF 1 1 • AC OR CC FLAG 
2 • I . G.REUEll .T.ttAILLUIE. Of SJGHT 
3 • R GREATER THAN 40 N.M. 

-- ------------
• R 141\X * 2 ISCI**2 * TOTAL * RANK 
• • * · • • ·- • • _ • • .. , __ . . . .. , .. f. __ ··- _ _ · -- .. !* .. __ ---·- ·- · I I I 
• 1':'• • • • • • • • • • • • • 
• 18* • • • • • • • • • • . - . . --~ - ----- '---- ---
• • • • • • • • • • • • • • 
• • • • • • • n- 7& • - • - • - • - • -- . ,., . - -' ·-· .. ··- ···- ' • ••. __ ................................................................................................................................... 

VNY-PUH * .45._ .. · ··- . • ···* - ·· !0 . • .• 0.04 1 3• . . . * • ·- .•... • . • .§.·- - ···-·-·····----·*· ·-· -- ·- ..... t _ ! Q.A+ * I 
F IH-POII * bS* * * * * * O. 05 2 3* * * * * * 0.05 * 2 
PoH-oc;~ • 65• •- • • • • o. o~ 3 23• • • • • • . ~- o • .M '- .. 3 
VNY-ONT * 4 5• * * * * * O.Cb 4 3* * * * * * 0.06 t 4 
LAX-POM * H* * * * * * O. ~ b 5 1 * • * * * .. .. .. .. . . ..... ! · --~-'"''---
POM-VTU • ~5* * * * • * O. :.1 6 1 3• * t * * * 0.01 * 6 
SLI-PCI\ . * .. 3..1* . .. ! ..... ! . -- '-· ··*-· •- 0. 0 7 .1.1 . • t ..... ... . .. * ··-···- ····- .. . • .... .. · -·-- -----~-- --- ... . J. O.QJ! 1 
FIM-ONT t b5• • • • • • O. c q 8 1 3* • • • • * 0.09 ! I 
ONT-OC~ • t.5• • ' • • • 0.1 0 -~ 123• • • • . .. * .. . --- ! __ _ _j)._~ .. _t__ 
LAX-ONT * ~5* * * * * * 0.16 1~ 1 3* * t * * * 0.16 ! 10 
POH-O'IT • 45* t __ t • • • 0.19 11 1 3* t t .• .!11 ... _ _ _ --~--Jl..lt. ~.J.l..__ 
ONT-VTU * 6,* * * * t * 0 .24 12 1 3* * * t * * 0.24 * 12 
VNY-VTU * . u5t ___ _ f __ __ _!_ _J __ __ !_ __ • _ _ __o.z6 ll 1.3* ......... - ---·-· - --· ·----- ---__!._.. t ! ! A.:U t ll 
LAX-VNY * 45* * * * * * Oo3S 14 1 3* * . * ! ! ' OoM t 14 
SLI-Oi~T • 45! '!' • • * • 0.49 15 1 3* • • * . t .. - -----·--- ---*---Q,._U __ _,,,_..l..,S'----
VTU-001 • 65! • • t • • 0.63 16 12·3• t t • t * 0.63 t 16 
FIH-VTU • bS* • • • *- t 'J.1l 17 l 3• • • • ... - ~ --- · ___ _ ' 0.11! ll 
LAX-OCN • b5* * • • • • 1.29 18 123• • • • * ! loZ9 ' 11 
Lo\X-F lll..t....C..U..----*--.!- . ....!..._..!..___!._h.l!l .. U. ~ 3.~--- . .... -----· --• - --- * * t t I.M t II 
VNY-FI!1 • 65• * • • • • 1.66 20 1 H • ! * t ' loM ' 10 
VNY-SLI • 45* '!' • • • - • • 4. 32 21 1 3* t * • --~- ·- ·-- ----~-- -h.Jl._~ll_ 
SLI-OCN • 6 5* • • • • • 6 . 03 2l 123* • • t • ! 6.0, ' IZ 
LAX-SLI • 32! * • "' • • 8.66 23 1 * t * t • ....... ----• 1.66 'ZJ 
LAX-VTU • 65* * * • * * 8. 74 24 l 3* * • * ! * lo14 ' 14 
FIM-Sll .* ... i>S* • • • • •. - 'LU .. U. .. lS 1.. 3 .• .•• -·---·-- · -· .! .. * * t t lt.+Z t zt 
VNY-OCN * 65* t * * * •· 28.28 26 123* * * * * ! Z~l t 16 
SLI-VTU • b5• * ... . _! .• • 35.76 27 1 3* • * <0 . _ -· _ .... ___ ~-- '- JS,tt t ill 
FIH-OCN • b5• • • • • • ~4.J6 28 123* • * t t * 54.06 t 21 

FIGURE 2-16 RANKING 
FOR 

ORDER OF VORTAC GUIDANCE STATION PAIRS 
DME/DME AREA NAVIGATION OVER LOS ANGELES 

TO ORANGE COUNTY DIRECT ROUTE 



N 
I 

...... 
CXl 

__ J!llCJECt. 330-Cl't-CU- -
V/STOL AREA 'IAVIGATION OI'E/OME COVERAGE 

·-------------:---'*u*u*u*u*u*u*"'*-*.t.*:*•.~••ot.>l!>t.'l:*:t•-•·*'lU:t.n.§.U~lU*~*'"'*"----
OI~ECT VTOL ROUT~ LAX-S80 CROSS CCURSE 2 ISOI**2 PAGE 1 OF 

--·--·-·-- ----·---
1· • AC OR Ct FLAG 

.... 2 •- R GREATER. .THAN.LINE Of s.IGJiT 
3 • R GREATER THAN •o N.l'. 

* R MAX * 2 I SOI**2 * TOTAL * RANK 
____ __A.___t_ ... _l_ * * -L... .... .. . ... -----~ .. ·--. • ·-·---·--· -·-i. _________ _ !. ........... _______ ~ .. -·-------.i·--·-- -- •. . 

• 70* 74* 75* * • • .. • • * * • • 
....... -- .. - . 7_4 •. 75 .... 76 •.... ··-· • . --· • • · - -·- .. - • * . ·- .• • 

• • • • • • • • • • • • • • 
.... _ ........ * .... -•----"'--·•----"" _ -•·-- >I! 7C- 74 * 71t- 75 * 75- 76 *-- - "' - * . - * * 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
LAX.-ocN • 65* 5u M• • • • .JWlll_4 __ 2.3:!• ... o~o5 . 2- J."' .• IWl!t-.5 ___ 3.!____ • -L----- ___ ___.1. ___ ..0:.17. .. ! .. 1..; ... _ 
ONT-OCN * 66* 54* 51* * * * 0.11 8 123* 0.07 7 3* 0.06 7 1 3* * * * 0.2. * 2 
VTU-OCN.*66.*.b7!. .. .9.0! _____ ! __ ~-- * •. 0.1813123* 0.06 6 3* 0.04 3 3* * * * 0.28·* .3 
POM-OCN * 66* 54* 51* * * * 0.06 2 23* 0.22 15 1 3* O.Oit It 3* * * * 0,32 * • 
SJ..l,...OlliL* .4.5.* .. 2ll.!t.U_ .. _J ... - .. •L .. -~- .0.13 10 1 3* 0.05 3 * 0.31 16 1 3* --· _ * ~- ..... ..... * __ 0,48. * 5 
SLI-VTU * 52* 67* 90* * * * 0.48 17 1 3* 0.08 9 1 3* 0.26 15 1 3* * * * 0.82 * 6 

, , .. IAX-511 * 21* 36! 60* * * * n.oe 6 1 ~ll .. .l.L.L_!. • .Oot..L..l.'LL3.L-------~'!.-- ____ J __ ... -· ·---~---·-··D...a2_. __ 1 .• _. _ 
LAK-FIM * 49* 61* 83* * * * 0.12 9 1 3* 0.26 16 1 3* 0,47 18 1 3* * * * 0,85 * 8 

... LAX-,VM."L2.B•.4•• 62* • • • oL08.__5 __ L ·•--- o.z6.1L.l 3* o.t.5 2Q __ l 1"' ____ _ _ . * • ___ • .I •. o.o_ *· 9 _ 
LAK-DNT * 44* 36* 60* * * * 1 •• 8 20 1 3* 0.35 19 1 * 0.11 11 1 3* * * * 1.95 * 10 

.... VNY-SLL.*-.2~_ . .il.!.....62..* * * _.!__2-LQ.§.l..Ll * · 0.05 . 5 3* 0.17 13 1 3* __ * * * · 2.26 * 11 
POM-ONT * 45* 24* 27* * * * Oo56 19 1 3* 2,06 23 1 * 0.32 17 1 * * * * 2.9. * 12 
£1M-VIII * 52* 67! 9Q! * * ! 0.31 16 I 3*_Jl,88 .. 20 .L3.* .loZ!t. 2.1.~...3.!_ __________ _!_ _ - -· •..• * •...•.. • __ __ !_ ___ .z.JS ·-· .13. 
LAK-VTU ! 52* 67* 90* * * * 0.55 18 1 3* 1.11 22 1 3* 1,94 23 1 3* * * * 3,61 * 1• 

_ _5~!.33.!.. 23* 4•* * * .. !._.0~.01 . •. 3.1 * 3.73 24 1 • 0.25 . lit 1.3* • * -· ... · --· •• 05. 15 
VNY-VTU *52! 67* 90* * * * 0.17 12 1 3* 0.95 21 1 3* 3.64 24 1 3* * * * •• 75 * 16 

__y_NY,..JlCJ!L * 66! 54* 62* * * * ...!t.L87 .2.'t .123*. 0,08 10 1 3* Q,Q't. 2 J* ... -··· ---*-- _* __ ... ____ _!_ ___ ,._9.'.l_ * l7 
FIH-SLI * 49! 61* 83* * * * 5 •• 1 25 1 3* 0.05 4 3! 0.14 12 1 3* * * * 5.60 * 18 
ux-poM * U! 36* 60! * * * 3.64 23 1 * .ll..o2b . ..l8 •. L _! ... L.8.5_ 22 I I* •------'--....!..·--· * 5.JJ ~L._ __ 
SLI-OCN * 66* 54! 51* * * ! 6.87 26 123• 0.03 1 3* O.Oit 6 3* * ! * 6~95 * 20 

-~JlCJ!I__!._.hfl!._b.l.'!...IU'!' .. ~.-..! __ .!...l.D .• Q2 21 123* _o.oa 8 1 3* o.o~o 1 .3* _ _ ... • • . •- 10.1" • 21 
FIM-POM * 49* 61* 83* * * * 0.09 7 3* 0.09 12 1 3* 14,11 25 1 3• * * * 1 •• 29 o 22 

_ YNY=J>DM * 33! 41* 62! * ! _!. __ O,C6 1 * 0.09 11 1 3* 20,81 26 1 3_*_ *--- _ _ * _ .. ·-···-- *-- 20,95 * 23 
VNY-ONT * 45* 41* 62! * ! * 0.15 11 1 3* 20.84 26 1 3* 0.09 9 1 3* * * o 21.~8 * 2• 
FJM=ONT * 49* 61* 83* * * * 0.21 15 1 1* ?.4JU._ll_~..l!. .. .JI.&.ll 10 1 3! ! * * ZteZO !_H_ ____ _ .. 
ONT-VTU * 52! 67* 90* * * * 39.70 28 1 3* 6.23 25 1 3• 0.09 8 1 3* * * ·• ,6,QJ,•'26 

__ fO!tlli..U__* 52* 61* 90* ••• ..O...Zf>.l4.1.3.* .. 0.1213 13* 92,9628 13'! __ ------ "' -----------·"'-- _______ _! ____ 93 • ..3"* 27 . 
VNY-FIM ! 49* 61* 83* * * * 2.26 22 1 3*123.25 28 1 3* 22.83 27 1 3* * * * 148.33 * 28 

FIGURE 2-17 

" t-

RANKING ORDER OF VORTAC GUIDANCE STATION PAIRS 
ANGELES FOR DME/DME 

TO SAN 
AREA NAVIGATION OVER LOS 
BERNARDINO DIRECT ROUTE 
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