VLFACM Program Description and
Operational Manual

J. P. HAUSER AND F. J. RHOADS
Transmission Technology Branch
Information Technology Division

Francis J. KELLY

lTonospheric Effects Branch
Space Science Division

November 24, 1981

NAVAL RESEARCH LABORATORY
Washington, D.C.

Approved for public release; distribution unlimited.

NRL Report 8530

GITITSCYIOND



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
NRL Report 8530
4. TITLE (ano Subtitle) i S. TYPE OF REPORT & PERIOD COVERED
VLFACM PROGRAM DESCRIPTION AND Final report on phase 1
OPERATIONAL MANUAL 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(a)
J.P. Hauser, F.J. Rhoads, and F.J. Kelly
S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS
Naval Research Laboratory 41-0991-0-1
Washington, DC 20375
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
November 24, 1981
13. NUMBER OF PAGES
. 58
14. MONITORING AGENCY NAME & ADDRESS(I( ditferent from Controlling Oftice) 15. SECURITY CL ASS. (of thie report)
UNCLASSIFIED
15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE
16. DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited.
7. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)
18. SUPPLEMENTARY NOTES
19. KEY WORDS (Continue on reverse aide if necesasary and identify by block number)
VLF Earth-ionosphere waveguides
Propagation Atmospheric noise
Ionosphere
20. ABSTRACT (Continue on reverse side if necesaary and identify by block number)

VLFACM is a FORTRAN computer program which can compute signal or noise-field strengths
and signal-to-noise, signal-tojam, or signal-to-jam-plus-noise ratios in the 14- to 30-kHz frequency
range. Additional postprocessing programs exist which can plot VLFACM results in the form of
rectangular or polar contour maps, field strength versus distance plots, or diurnal plots.

DD , 55" 1473  EoiTioN oF 1 NOV 65 1S OBSOLETE

S/N 0102-014-6601

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)



CONTENTS
INTRODUCTION .....oooiiiiiiiieeieeeeeeeeeee et ee et ena st s st ens et ss s s senns 1
HISTORY oottt n st n s iennnn s 1
PROPAGATION MODEL ......coooiiiiiiiieieieecieeee e e teseteses evseeeiessessssaesssssssssesessnsssesessesseessenns 2
NOISE MODELS ..ottt ettt ses et s aes s ss e enes s s ssenneaans 2
STATISTICAL METHODS ....coooimiieieeeceeeeieee e e tees st ss e sa s esanenans 2
VLFACM OPERATIONAL OVERVIEW .......cooiiiiuiiieetiinieeeiieeeeesiesess s eennie s, 3
VLFACM NOMENCLATURE ......cooviioiitetectiteeceeceetete ettt s es s ss s esn e .3
VLFACM INPUT SPECIFICATIONS ....coovmiiieeeireseieeseeeeeeseeesee st esss st sasse s 5
VLEACM SAMPLE JOBS ....oooviiioiiieoeeeeeeeeieees et ss s s s sasnss s 12
PLOTTING PROGRAMS ....ooviiiieieeeeeee et ess sttt st be s 15
REFERENCES ..ot eeee e eee et eee ettt ess sttt n st a et ss bbbt esesas s b s 16
APPENDIX A — VLFACM Printed OULPULS ......ovuveveirreeieeiieessesseessesessessessaessesssssssesessesssesssenes 17
APPENDIX B — VLFACM GraphiC OUIPULS ....cocciviiiiiiiiiriiiteiiticeenett e eee e 51

iii

SLYIINN

HERE



VLFACM PROGRAM DESCRIPTION AND OPERATIONAL MANUAL

INTRODUCTION

The Very Low Frequency Automatic Computation Method (VLFACM) is a computer program
designed to evaluate the effectiveness of VLF communication circuits. The propagation and atmos-
pheric noise models cover the 10- to 30-kHz-frequency range. Signal and noise thresholds, signal-to-
noise, and signal-to-jam ratios can be computed for specified time availabilities, or conversely, time
availabilities may be computed for specified ratios and thresholds. VLFACM is written in FORTRAN
and is presently being run on the (NRL’s) Texas Instruments Advanced Scientific Computer (TI/ASC),
which is a large batch processing machine.

The purpose of this report is to enable someone unfamiliar with VLFACM to operate the com-
puter program effectively. Effective program operation entails the ability to properly select program
options and interpret the results as well as the expertise to execute the program on a computer. There-
fore, brief but adequate descriptions of VLFACM models and methodologies are given, along with a
detailed description of operational procedures.

HISTORY

The VLFACM propagation model, as originally developed by RCA [1], has undergone two suc-
cessive modifications. The first modification, designated "NRL 1 and W.P. 18," consisted of adjust-
ments in attenuation rates for "poor land," "arctic land," and "ice cap" [2]. The first revision was
prompted by gross disagreement between the VLFACM propagation model and data collected over pro-
pagation paths having low-ground conductivity. A second revision, designated "NCPP 70" and based on
a much larger amount of data, further refined the attenuation rates and excitation factors used in the
VLFACM propagation model. The result was very good agreement between the model and data above
14 kHz. However, since no data below 14 kHz were used in the analysis, the model’s validity below 14
kHz is questionable. In fact, comparison with data at 10.2 kHz has shown gross inaccuracies in the
NCPP 70 propagation model at this frequency. Therefore, it is inadvisable to use the VLFACM pro-
gram below 14 kHz.

The present model designation for the VLFACM program is NCPP 74. The designation results
from a change in the atmospheric noise model used by VLFACM rather than the propagation model,
which is the same as the NCPP 70 version. In the NCPP 74 version of VLFACM, the CCIR noise
model [3] is replaced by the WGL noise model [4]. The WGL model, as refined by NRL, is more
accurate than the CCIR model [5].

The majority of VLFACM communication coverage predictions existent in the user community
have been generated with the NCPP 74 model. However, some users still may have predictions com-
puted by the older NRL 1 and WP 18 or NCPP 70 models. Care should be taken when determining
consistency of new results with older work to assure that the models are identical.

Manuscript submitted on August 8, 1981.
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PROPAGATION MODEL

VLFACM computes the first two moments of a signal distribution, i.e., mean and standard devia-
tion, at a receiver location given the location and power of the transmitter, the universal time, month,
and frequency. The mean signal is calculated using a semi-empirical dominant mode propagation
model. The mathematical formulation is similar to J. R. Wait’s [6] for a single waveguide mode. How-
ever, the modal attenuation rates and excitation factors are empirically derived. The following parame-
ters are accounted for in the computation of the mean signal strength: 1. changes in ground conduc-
tivity along the propagation path, 2. changes in ionospheric reflection height (day or night), 3. solar
zenith angle (for daytime propagation), 4. direction of propagation with respect to the earth’s magnetic
field (for nighttime propagation), 5. total path length, and 6. frequency. Reference 2 gives a more
detailed explanation of how mean signal strength is computed. Also, it is important to note that only
the vertical electric (TM) field component at the ground is computed by VLFACM. This limits the
program’s applicability to TM fields generated and received at or near the ground.

The standard deviation of the signal strength is empirically derived and is based on the following
parameters: 1. path length, 2. frequency, 3. season, 4. geomagnetic latitude, and 5. ionospheric
condition, i.e., day, night or transition. Further explanation may be found in Ref. 7.

NOISE MODELS

Both the CCIR and the WGL atmospheric noise models are included in the current revision of
the VLFACM program. Both models compute the mean and standard deviation of the vertical electric
atmospheric radio noise at a receiver located at or near the ground. The WGL model is the one nor-
mally used for computing noise in VLFACM. However, an option to select the CCIR noise model is
also available to facilitate computing noise at frequencies above 30 kHz. This option is provided to
satisfy the requirements of some users who have needed signal-to-jam plus noise ($/J+N) predictions
in the 30- to 44-kHz-frequency range. The technique used is to run the propagation model at 30 kHz
and degrade the resultant signal and jam fields by a constant number of decibels to simulate the higher
frequency, while at the same time using the CCIR noise at the higher frequency. The method is admit-
tedly crude and is viewed as a stop gap measure until an LF program is produced that has the same
signal-to-jam capabilities as VLFACM.

STATISTICAL METHODS

Both the propagation and the noise models compute the first and second moments of their respec-
tive distributions for each hour of a 24-hour day. Both signal and noise distributions are considered to
be log-normally distributed over the span of one hour for any given month. In other words, if the sig-
nal or noise were measured each day during the same hour over a one-month period, the 30 measure-
ments obtained would be log-normally distributed. From these moments, i.e., S, og, N, oy, and, in
the case of jam signals, J and o j, the first and second moments of the ratio distributions are derived in
the following manner:

N =5-
o= @8+ V!
@ =5-1

U's/_, = (0'52 + 0'_]2)1/2.

These equations are valid only if S, N, and J are uncorrelated; and, this is assumed to be the case in
VLFACM. Therefore, the S/N and S/J distributions are likewise log-normally distributed.
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VLFACM also computes S/J+N and S/J+1J ratios. The estimates of the first and second
moments of these distributions are complicated by the linear addition of J+N and J+J. A technique
for estimating the first and second moments of a linearly combined distribution, given the first and
second moments of its addends, may be found in Ref. 8.

With the first and second moments of a log-normal distribution, one may calculate the threshold
given the time availability or the time availability given the threshold. A threshold is a value of S, N,
S/N, S/J, S/J+N, or S/J+J, whereas time availability is the percentage of time that a threshold is
either equaled or exceeded at a specified location for a given span of time. VLFACM can compute
thresholds or time availabilities on either an hour-by-hour basis or on a 24-hour basis. In the event
that a 24-hour basis is chosen, VLFACM performs an iterative technique to find the threshold of the
combined 24-hour distribution for a given time availability [9]. If the time availability is being
computed for a combined 24-hour distribution for a given threshold, it is computed by averaging the
hourly time availabilities.

VLFACM OPERATIONAL OVERVIEW

VLFACM requires two files of data for proper execution. The first file is normally read in via a
card reader or entered through a teletype terminal and contains the input specifications for essential
parameters such as transmitter, receiver, and jammer coordinates, frequency, radiated power, required
time availabilities or thresholds, month, and option flags. The second file contains either the WGL- or
the CCIR-noise data, depending on which VLFACM noise option has been selected. It is the user’s
responsibility to see that the correct noise data file is assigned to the job.

The execution of the VLFACM load module generates two additional files of data. The first is a
print file containing the input specification data and either the threshold levels or time availabilities, and
the second is a tape or disc file containing the same information, but in a format compatible for input
to plotting routines. The plotting routines are run as separate programs and provide a variety of options
for graphic presentation of VLFACM data. Figure 1 depicts the processing involved in producing
graphic output with the VLFACM computer program.

VLFACM NOMENCLATURE

Several points about VLFACM nomenclature are worth emphasizing. The first is the distinction
drawn between "A" and "B" options. "A" options compute thresholds or time availabilities for many
points, whereas "B" options compute for only a single point. Therefore, one must specify an "A" option
if the final graphic output is to be a contour map or a threshold/time availability versus distance plot.
For a diurnal plot, one must begin with a "B" option.

"Time availability" (TA) and "probability" are often used interchangeably. VLFACM can give the
time availability as a number in the range 0 to 1 for a single hour of a month or for all hours of a
month. For example, a 90-percent (.9) time availability for all hours of the month means that for a
given month at a specified location the threshold level is equaled or exceeded 90% of the total time
during that month.

The preceding example also illustrates what is meant by the "all hours" option. The other options
are "specific hour" or "worst hour." Specific hour means that time availability or threshold is computed
for each specified hour rather than for a combined 24-hour distribution. For example, if 1200 GMT
were chosen, a 90-percent time availability would mean that the threshold is equaled or exceeded 90%
of the time during the 1200 GMT hour over the span of a month. The worst hour option is similar to
the specific hour option with the difference that VLFACM determines which GMT hour has the lowest
threshold or time availability, and results are given for that hour.
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Fig. 1 — Flowchart showing the process required to produce graphic output from VLFACM.
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The term “threshold" denotes either a field stre‘ngth level or a ratio. Signal (S) and noise (N) field
strengths are given in dB > 1 uv/m. Signal-to-noise (S/N), signal-to-jam (S/J) and signal-to-jam plus
noise (S/J+N) ratios are given in decibels.

VLFACM INPUT SPECIFICATIONS

The following tables give a card-by-card description of the input specifications required to properly
execute VLFACM. Underlined data in the tables are punched on the cards exactly as shown. The
"Explanation” portion of each table gives a very detailed explanation of the contents, purpose, interplay,
and pitfalls of each data field. A careful reading should give one a good understanding of how to exer-
cise the variety of options VLFACM offers. However, initially understanding a few concepts about set-
ting up a VLFACM-input specification file should prove helpful:

1. A General card is always the first card and a Blank card is always the last card.

2. A General card is always followed by an Options card unless an "Ignore Options" flag is specified
on the General card.

3. All cards may be used more than once except the Blank card.

4. The RLOC card initiates VLFACM execution for the B options, the Radial or Sector cards initiate
execution for the A options. All options and data must be specified prior to insertion of these
cards.

5. VLFACM "remembers" all data and options until a new Options card is encountered. Only the
data which needs changing has to be respecified before inserting another Radial or Sector card (A
options) or RLOC card (B options) to re-execute VLFACM. However, if a new Options card is
encountered, all data, i.e., Station or TLOC, MONTH, SPROB and SNPROB or THRESH, and
Radial or Sector or RLOC cards must be respecified even if they have not changed. Data from
the General card need not be respecified.
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Table 1 ~ General Card

Columns

Data Description

Explanation

1.7
9-14

15-16

18

41-43

41-45

41-46

41-45

41-48

49-56

57-64

65-70
71-72

73-76

77-80

GENERAL
Run ID (A6)

File Device (12)

Ignore Options (11)

>
ES

|

JAM+N

S/SCON

S/S+N

blank

Jammer Latitude (F8.2)

Jammer Longitude (F8.2)

Jammer Power (F6.0)

Distance Increment (12)

Jammer Name (A4)

Noise Bandwidth (F4.0)

These columns must be coded as shown. The General card must be the first card.

The "Run ID" is provided to enable easy identification of VLFACM output. The "Run ID"
appears on all printouts and plots. It may be left blank. If the "Run ID" is set to
INPUT = then Cols. 16-17 give the file device number. This can only be done on the first
General card.

This is a file device or logical unit number of a file containing the remaining VLFACM
data cards if they are not on the standard input device. Normally these columns would be
left blank. However, this makes it possible to create a long file of VLFACM input cards
on another device and automatically read it with VLFACM.

A 1 in this field sets up a condition whereby the option information on succeeding General
cards will be ignored. This facilitates usage of the succeeding General cards to change
jammer, distance increment, or noise bandwidth data without necessitating the use of addi-
tional Options cards, and hence, respecification of all the other data as well. Once the
"Ignore Options" flag is set it remains in force and cannot be changed on a succeeding
General card.

This is a flag for an S/J option with a fixed receiver, a fixed jammer, and a mobile
transmitter. Option Bl must first be run to compute the jammer field strength at the
receiver location. Then an A2 option may be run to compute thresholds, or an A4 option
may be run to compute time availabilities. Also, B1, B2 or B3 options may be run, in
which case the transmitter would be fixed rather than mobile. Selection of the JAM
option causes S/J values to be computed in place of S values. Therefore, S/J and S/N
values are computed.

This flag does the same thing as the JAM flag, except S/J+N values are computed rather
than S/J values.

This is a flag for an S/J option with a fixed transmitter, a fixed jammer, and a mobile
receiver. Either an Al option for thresholds or an A3 option for time availabilities may be
selected.

This flag does the same thing as the S/SCON flag, except that S/J+N values are computed
rather than S/J values.

A blank field indicates that no S/J computation will be made. Rather, S and $/N values
will be computed.

If an S/SCON or an S/S+N option has been selected, this field contains the jammer lati-
tude in degrees. Use positive values for north latitudes, negative values for south lati-
tudes. If this field is set to 99., then VLFACM will attempt to read Jammer Info cards
containing data for multiple jammers. Multiple jammers may be used with JAM,
JAM+N, S/SCON, or S/S+N options. If multiple jammers are used with the JAM or
JAM+N options, the Jammer Info cards provide jammer information for the plotting rou-
tines. However, the jammer signals are still computed by running Bl options, as stated
above in the JAM option flag explanation. One Bl option must be run for each jammer to
compute jammer field strengths at the receiver location.

If an S/SCON or an S/S+ N option has been selected, this field contains the jammer longi-
tude in degrees. Use positive value for east longitudes, negative values for west longitude.
If multiple jammers are used, this field specifies the number of jammers (maximum of
four) to be used. For example, if the field contains a 3., three Jammer Info cards would
immediately follow the General card giving the information for each of the three jammers.

This field specifies the jammer power in kw if a single jammer is used.

The distance increment gives the spacing in degrees between receiver locations (Al and
A3 options) or transmitter locations (A2 and A4 options) along radials from the
transmitter (A1 and A3 options) or the receiver (A2 or A4 options). If left blank, the dis-
tance increment will be set to 1°. For S/SCON or S/S+N options increasing the distance
increment greatly reduces VLFACM execution time.

This four character field contains a jammer name. It may be left blank. The name appears
on all printouts and plots.

The noise bandwidth in VLFACM is nominally 1 kHz. However, it may be changed by
coding this field. The noise bandwidth is given in hertz (Hz).
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Table 2 — Jammer Information Card

Columns Data Description Explanation
Jammer Info cards are used to specify jammer data for multiple jammer options. The Jam-
mer Info cards must immediately follow the General card on which the multiple jammer
option was specified. The number of cards should agree with the number coded in
columns 57-64 of the General card.
1-8 Jammer Latitude (F8.3) This field gives the jammer latitude in degrees. North latitudes are positive, south lati-
tudes are negative.
9-16 Jammer Longitude (F8.3) | This field gives the jammer longitude in degrees. East longitudes are positive, west longi-
tudes are negative.
17-24 Jammer Power (F8.3) This field gives the jammer radiated power in kW.
25-28 Jammer Name This four character field contains the jammer name. It may be left blank. The name
appears on all printouts and plots.
Table 3 — Options Card
Columns Data Description Explanation
1-7 OPTIONS The Options card must immediately follow the General card, or if multiple jammers are
being run, the Jammer Info cards.
10 Noise Option Flags (I1) Normally this column is left blank. In that case, WGL noise data is read in on file device
#49. However, special noise options may be executed in the following manner.

Col. 10 = 1 : Noise values punched on two cards by the NOISLAN program may be
read in. The first card contains 24 values of median noise field strengths and the second
contains 24 values of standard deviation of the noise. This noise option is only appropriate
when the receiver is fixed, i.e. (A2, A4, Bl, B2 and B3 options).

Col. 10 = 2 : The CCIR noise model will be used rather than the WGL noise model.
The CCIR noise data is read in on file device #4. Also, a CCIR noise card must immedi-
ately follow the Options card specifying noise frequency (kHz) and a delta value (dB) to
be added to signal and jammer field strengths.

Col. 10 = 3 : This specifies a noise only option. Instead of computing S/N, values of
N will be computed.

11-16 A and B Option Flags The A and B options are selected by putting T punches in this field as follows:

Al (fixed transmitter, specify T.A., calculate thresholds): Col. 11

A2 (fixed receiver, specify T.A., calculate thresholds): Col. 11 and 13

A3 (fixed transmitter, specify thresholds, calculate T.A.): Col. 12

A4 (fixed receiver, specify thresholds, calcualte T.A.): Cols. 12 and 13

B1 (point to point, calculate mean and sigma): Col. 14

B2 (point to point, specify T.A., calculate thresholds): Col. 15

B3 (point to point, specify thresholds, calculate T.A.): Col. 16
The following additional cards are required to run A and B options.

Al: STATION MONTH SPROB SNPROB RADIAL

A2: STATION MONTH SPROB SNPROB RADIAL

A3: STATION MONTH THRESH RADIAL

A4: STATION MONTH THRESH RADIAL

Bl: TLOC MONTH RLOC

B2: TLOC MONTH SPROB SNPROB RLOC

B3: TLOC MONTH THRESH RLOC

19 TRW Flag A T in this column punches cards in a special format which was used solely for a project

. done for TRW. Otherwise, leave blank.

21 B1 Qutput Flag A T in this column creates an output file for Bl options on device #10 which contains the
data required to run the B3PLOT program.

22 B2 Qutput Flag A T in this column creates an output file for B2 options on device #10, which contains the
data required to run the B3PLOT program.

24 B3 Output Flag A T in this column creates an output file for B3 options on device #10, which contains the
date required to run the B3 PLOT program.
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Table 3 — Options Card (Continued)

25-26 | Specific
(12)

Hour/Worst Hour

27-28 | Path Increment (I2) for Bl

Qutputs

29.30 | Printout

Skip Increment (12)

31 No A Option Output Flag

This field is used to select either "specific hour" or "worst hour" options. Such a selection
is only appropriate if one has selected one of the A options. If this field is left blank, an
all hours option is assumed.

Cols. 25-26 = +1 : "Worst hour" calculations will be made for S, S/J, or S/J+N in
addition to the "all hour" calculations. No computations of S/N are performed. The
SNPROB card specifies time availabilities for the "worst hour" (A1l and A2 options) or the
S/N thresholds on the THRESH card specify "worst hour" thresholds (A3 and A4
options).

Cols. 25-26 = —1 : "Worst hour" calculations will be made for S/N along with "all
hour” calculations for S/N. No calculations of S, S/J or S/J+N will be performed. The
SPROB card specifies time availabilities for the "worst hour" (A1 and A2 options) or the S
thresholds on the THRESH card specify "worst hour" thresholds for S/N (A3 and A4
options).

Col. 25-26 = +2 : "Specific hour" calculations will be made along with "all hour" calcu-
lations for S, S/J or S/J+N. No calculations of S/N will be made. The SNPROB card
specifies time availabilities for each "specific hour" (A1 and A2 options) or the S/N thres-
holds on the THRESH card specify "specific hour" thresholds (A3 and A4 options).

Cols. 25-26 = =2 : "Specific hour" calculations will be made along with "all hour" calcula-
tions for S/N. No calculations of S, S/J, or S/J+N will be performed. The SPROB card
specifies time availabilities for the "specific hour" (Al and A2 options) or the S thresholds
on the THRESH card specify "specific hour" thresholds for S/N (A3 and A4 options).

If a "specific hour" option has been selected (42 or —2 in Cols. 25-26), specific hour data
must be given on the SPECIFIC HOUR card immediately following the Options card. In
the event that CCIR noise in being used (2 in Col. 10}, the SPECIFIC HOUR card follows
immediately after the CCIR NOISE card.

This field specifies a great circle path increment in degrees along which B1 outputs will be
generated by running an Al option. If the B1 output flag (T in Col. 21) is set, the Bl data
will be written on device #10 and the no A option output flag (T in Col. 31) must be set.
Also, the range increment (Cols. 71-72 on the General card) must be left blank. Other-
wise, flags and data are specified just as for an A1 option.

Specifying a number in this field will reduce the volume of printout for A options. For
example, if Col. 30 = 4 only every fourth bearing which is calculated will actually be
printed. The output file on device #10 is unaffected.

A T in Col. 31 will flag VLFACM to not write A option output on device #10. The A
option printed data is unaffected.

Table 4 — CCIR Noise Card

Columns

Data Description

Explanation

1-10 Noise Frequency (F10.2)

11-20 Delta (F10.2)

This card is needed only if the CCIR noise is being used (2 in Col. 10 of Options card).

This field specifies the frequency in kHz at which CCIR noise will be computed. It does
not affect the frequency at which signal or jam fields are computed.

This field specifies a delta in dB to add to both signal and jam field strengths to account for
a shift in frequency from 30 kHz (VLFACM maximum frequency) to a higher frequency.
Merely adding a constant to all signals is extremely crude and is meant to serve as an
interim measure until an LF program is produced which has the same capabilities as
VLFACM,

Table 5 — Specific Hour Card

Columns

Data Description

Explanation

1-2 Number of Hours (I2)

3-20 Specific Hours (613)

This card is needed only if a "specific hour" option has been specified (+2 or —2 in Cols.
25-26 of Options card).

This field gives the number of different "specific hours" to be calculated (# <6).

This field specifies the hours in GMT.
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Table 6 — Station Card

Columns Data Description Explanation

1-7 STATION The Station card is required for all the A options.

9-12 Station Name (A4) This four character field contains the station name. It may be left blank. For Al and A3
options it names the transmitter, and for A2 and A4 options it names the receiver. The
name appears on all printouts and plots.

14-20 Station Latitude (F7.3) This field gives the station latitude in degrees. North latitudes are positive and south lati-
tudes are negative. For Al and A3 options this is the transmitter latitude and for A2 and
A4 options this is the receiver latitude.

22-29 Station Longitude (F8.3) | This field gives the station longitude in degrees. East longitudes are positive and west
longitudes are negative. For Al and A3 options this is the transmitter longitude and for
A2 and A4 options this is the receiver longitude.

31-35 Frequency (F5.1) The frequency is given in kHz. This is the frequency at which all signals and noise are
computed unless otherwise specified, i.e., the CCIR NOISE card. Care should be taken,
however, when running a JAM or JAM+N options to make sure that the jammer fre-
quency on the TLOC card and the transmitter frequency on the Station card agree.

36-45 Power (F10.1) This field gives the radiated power of the transmitter in kw.

Table 7 — TLOC Card

Columns Data Description Explanation

1-4 TLOC The TLOC card is required for all the B options.

9-12 Transmitter Name (A4) This four character field contains the transmitter name. It may be left blank.

14-20 Transmitter Latitude (F7.3) This field gives the transmitter latitude in degrees. North latitudes are positive and

south latitudes are negative.

22-29 Transmitter Longitude (F8.3) { This field gives the transmitter longitude in degrees. East longitudes are positive and

west longitudes are negative.

31-35 Frequency (F5.1) The frequency is given in kHz.

36-45 Power (F10.1) This field gives the radiated power of the transmitter in kw.

Table 8 — Month Card

Columns Data Description Explanation

1-5 MONTH The Month card is required for all A and B options.

9-11 Month Abbrev. (A3) | This field contains the first three letters of the month, i.e., JAN, FEB, MAR, etc.

Table 9 — SPROB Card

Columns Data Description Explanation

1-5 SPROB The SPROB card is required for Al, A2, and B2 options.

9 Number of T.A.’s (I1) | Up to three time availabilities may be specified (Col. 9 = 1, 2, or 3). VLFACM can com-
pute three time availabilities almost as rapidly as it can compute one. Therefore, the prac-
tice has been to always specify the maximum number of time availabilities.

10-14 1st T.A. (F5.3) This field gives the first time availabitity for S, $/J, or S/J+N "all hour” predictions or
S/N "worst hour” or "specific hour" predictions. It is a number between 0 and 1.

15-19 2nd T.A. (F5.3) This is second time availability (0 < T.A. € 1).

20-24 3rd T.A (F5.3) This is the third time avaitability (0 < T.A. < 1).
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HAUSER, RHOADS, AND KELLY

Table 10 — SNPROB Card

Columns Data Description Explanation

1-5 SNPROB The SNPROB card is required for A1, A2, and B2 options.

9 Number of T.A.>s (A3) [ Up to three time availabilities may be specified (Col. 9 = 1, 2, or 3). Practice has been to
specify the maximum of three time availabilities.

10-14 1st T.A. (F5.3) This field gives the first time availability for S/N "all hour" predictions or S, S/J, or
S$/J+N "worst hour” or "specific hour" predictions. It is a-number between 0 and 1.

15-19 2nd T.A. (F5.3) This is the second time availability (0 < T.A. < 1).

20-24 3rd T.A. (F5.3) This is the third time availability (0 < T.A. < 1).

Table 11 — THRESH Card

Columns Data Description Explanation

1-6 THRESH The THRESH card is required for A3, A4, and B3 options.

9 Number of Thresholds (I1) | Up to three thresholds may be specified (Col. 9 = 1, 2, or 3).

10-15 Ist Threshold (F6.3) This field gives the first threshold for S, S$/J, or $/J+N "all hour" predictions or S/N
"worst hour” or "specific hour" predictions. Signal is given in dB > 1 pv/m and all ratios
are given in dB.

16-21 2nd Threshold (F6.3) Same as Cols. 10-15.

22-27 3rd Threshold (F6.3) Same as Cols. 10-15.

29 Number of Thresholds (I1) | Up to three thresholds may be specified (Col. 29 = 1, 2, or 3).

30-35 1st Threshold (F6.3) This field gives the first threshold for S/N "all hour” predictions or S, S/J, or S/J+N
"worst hour” or "specific hour” predictions. Signal is given in dB > 1 uv/m and all ratios
are given in dB.

36-41 2nd Threshold (F6.3) Same as Cols. 30-35.

42-47 3rd Threshold (F6.3) Same as Cols. 30-35.

Table 12 — RLOC Card

Columns Data Description Explanation

1-4 RLOC The RLOC card is required for the B options. It is the card which initiates execution of
the VLFACM program and should only be inserted after all other B option data has been
specified.

9-12 Receiver Name (A4) This four character field contains the receiver name. It may be left blank. The receiver
name appears on all printouts and plots.

14-20 Receiver Latitude (F7.3) The receiver latitude is given in degrees. North latitudes are positive and south latitudes
are negative.

22-29 Receiver Longitude (F8.3) | The receiver longitude is given in degrees. East longitudes are positive and west longi-

tudes are negative. :
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Table 13 — Radial Card

Data Description

Explanation

Columns

1-6

13-15

17-19

21-23

25-27

RADIAL

First Bearing (I3)

Last Bearing (I13)

First Distance (I3)

Last Distance (I3)

Bearing Increment (I3)

The Radial card is required for the A options. It is the card which initiates execution of
the VLFACM program and should only be inserted after all the other A option data has
been specified.

This is the initial geographic bearing in degrees east-of-north (0°-360°) of a radial starting
at the focation on the Station card. For Al and A3 options, receivers will be placed along
the radials. For A2 and A4 options, transmitters will be placed along the radials.

This is the final bearing. It is also given in degrees east-of-north. However, it must
always be larger in magnitude than the first bearing. For example, if one wished to com-
pute the northly radials from a first bearing of 270° around through the 0° bearing to a last
bearing of 90°, one would specify the last bearing as 450, i.e., (90° + 360°).

This is the initial starting distance in degrees. The distance increment is given in Cols.
71-72 of the General card.

This is the final distance in degrees. VLFACM will compute thresholds or time availabili-
ties along each radial at the end point of each successive distance increment until the last
distance is exceeded. There is a limit to the number of points along a radial at which com-
putations can be made (# pts. = (first dist.—last dist.)/dist. inc.+1). The normal limit is
133 points. However, if multiple jammers are used, the limit is 30 points.

The bearing increment gives the spacing in degrees between each successive radial. Since
bearings are specified in degrees east-of-north, incrementing the bearing computes succes-
sive radials in a clockwise direction until the last bearing is exceeded.

Table 14 — Sector Card

Columns

Data Description

Explanation

1-6

11-20

21-30

31-40

41-50

SECTOR

North Boundary (F10.2)
East Boundary (F10.2)
South Boundary (F10.2)

West Boundary (F10.2)

The Sector card provides an alternative to the Radial card. It behaves the same way as the
Radial card in that it initiates execution of the VLFACM program for A options. The Sec-
tor card defines an area to be entirely covered by radials. It computes the parameters
specified on the Radial card and is particularly useful when the area does not contain and
is far away from the Station location.

This field contains the latitude in degrees of the northern boundary of the area.
This field contains the longitude in degrees of the eastern boundary of the area.

This field contains the latitude in degrees of the southern boundary of the area.

This field contains the longitude in degrees of the western boundary of the area. J

Table 15 — Blank Card

Columns | Data Description

Explanation

1-80

Blank The Blank card terminates all VLFACM input. If it is left out, VLFACM will terminate
abnormally. It should always be the last card.
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HAUSER, RHOADS, AND KELLY

VLFACM SAMPLE JOBS

sample job. Printed outputs from these jobs are in Appendix A.

/ JOB HAUSERSVLFACM;410991C14HAUSJILCAT=2.,L3C=RTES
7 LIMIT BAND=100MTN=3C
7 JSLOPTS 0PT=(L)
/7 ASG SYS.LMODSUSERCAT/O54/B86(/HAUSJIL/VLFACM/LMODUSE=SHR
/ 8SG FT49FG019USERCAT/DS54/BAL/HAUSILI/VLFNEI USE=SHR
/ FD FT10F0Q1,8AND=2/20/2,FORG=DS
C) J FD FT10F002,B8BAND=2/20/2,4FO9RG=DS
/7 FD FT10F073,8BAND=2/20/24FORG=DS
/7 FD FT10f0C43BAND=2/20/724FCRG=DS
(} / FU VLFPRT ZPAND=2/10/2sRCFM=FBASLREC=]133,8KSZ=399¢C
(5) 7 FXQT CPTIME=1860000s0PT=(AsCsKyI)sADDMEM=3UK,LIST=VLFPRT
GENERAL SEROC1
® epTIONS T 9
(7) STATION NAA 44,7 ~6743 178 1G{0e.
MONTH JuL
8 SPROB 3 5C0 #4900 990
9) SNPROB 3 ,500 900 990
10) RADIAL 000 350 C10 150 GiC
11) GENEZRAL SERQT2 S/SZONK 6% 41,
12) OPTIONS T 9
MONTH JuL
@ spro8 3 .5060 .900 .99¢
SNPROB 3 .,500 900 .999
RADTAL 0CO 350 010 100 01
GENERAL SERyYT3 JAM
OPTIONS T
TLOC MIN 54, 28 26.1 5035,
MONTH JUL
18) RLOC SSBN 60 ~10Ls
19) OPTIONS TT 9
21) MONTH Jui
22 SPROB 3 500 900 .99¢C
SNPROE 3 +SCC o900 «99%
RADTAL 130 270 001 09D (10
GENERAL SEROC4
9P TIONS T 9
26) STATION NAA 44,7 -57.3 17.8 10C90.
MONTH JuL
THRESH 3 60; 48. 30. 3 12. —6| ‘2@0
RADIAL 330 48C¢ €10 120 01C
/7 CAT USFRCAT/ZD54/860/HAUSJL/VLFACM/RUNS/SERDTLIZACKM=FT10%50C1
@) /7 CAT USERCAT/054/8B60/HAUSJL/VLFACM/RUNS/SERD 2,ACNM=FTL0F0(2
/ CAT USFRCAT/DS64/B5C/HAUSIL/YLFACM/RUNS/SERCL34ACKM=FTI0FNO3
7 CAT USERCAT/D54/360/HAUSJ1/VLFACM/RUNS/SERQG44ACNM=FT10F004
() 7 CAT USERCAT/D54/B60O/HAUSJIL/VLFACM/RUNS/VLFPET , ACNM=VLFPRT
/ FOSYS VLFPRT
/7 EQJ

Fig. 2 — Sample A Option Job

12

100G.

The VLFACM sample jobs presented in this section illustrate the card deck structure for running
a few of the most commonly used VLFACM options. The JSL (Job Specification Language) state-
ments are peculiar to the TI/ASC. However, their counterparts would be required to run a job on
another machine. The VLFACM input shown here is, of course, valid for any machine assuming the
program has been properly converted. A sample job illustrating some of the A options is presented
first, followed by notes, and then notes for a sample job illustrating B options are given, followed by the

10ARC
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Sample A Option Job (see Fig. 2)
Notes

Assign the VLFACM load module file.
Assign the WGL noise data file.

Define the FORTRAN unit #10 files. Four files are written on unit #10, one file for each of the
four Radial cards.

Define a file for the VLFACM printed output.

Execute the VLFACM program. All the cards that follow, until the next JSL card (/" in Col. 1)
is encountered, are defaulted to the standard FORTRAN input unit and are read by the Read
statements in VLFACM.

The T in Col. 11 selects an Al option (fixed transmitter, mobile receiver). The 9 in Col. 30 lim-
its the printed output to the data from every 9tk bearing which is computed.

Since this is an Al option, the Station card specifies the transmitter location as 44.7° North, 67.3°
West. The frequency is 17.8 kHz and the radiated power is 1000 kw.

The SPROB card specifies three time availabilities—50%, 90%, and 99%. These are signal time
availabilities for "all hours" since no jam, specific hour or worst hour options have been selected.

The SNPROB card gives the signal-to-noise ratio time availabilities.

The Radial card initiates execution of VLFACM. The signal and signal-to-noise ratio thresholds
are computed and written to file FT10F001.

The new General card specifies an S/SCON option and gives the jammer location as 64° North,
41° East, with a radiated power of 1000 kW. The 10 in Cols. 71-72 specifies the distance incre-
ment to be 10° This decreases the VLFACM computation time for this option by a factor of 10.

An Al option is again specified. This Options card is required to follow the General card. It
interacts with the S/SCON option on the General card to generate a VLFACM run with a fixed

transmitter, a fixed jammer, and a mobile receiver.

This SPROB card gives the time availabilities for signal-to-jam ratios since this is an S/SCON
option run.

This Radial card initiates execution of VLFACM. Signal-to-jam and signal-to-noise ratio thres-
holds are now written to file FT10F002.

This General card selects a JAM option, i.e., a fixed receiver, a fixed jammer, and a mobile
transmitter.

The T in Col. 14 selects a B1 option which must be run to compute the jam signal at the receiver
location.

The TLOC card specifies the jammer location, frequency, and power.

13
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The RLOC card gives the receiver location and executes the B1 option.

The T’s in Cols. 11 and 13 specify an A2 option which must immediately follow the B1 option for
a JAM run.

The Station card gives the receiver location, since this is an A2 option, and the transmitter fre-
quency and power. Note that the transmitter frequency specified here agrees with the jammer fre-
quency specified on the TLOC card.

Note that the month specified for the A2 option agrees with the month specified for the Bl
option.

The SPROB card gives signal-to-jam ratio time availabilities.

This Radial card executes the A2 option. Since this is part of a JAM run, signal-to-jam and
signal-to-noise ratio thresholds are computed at the fixed receiver location as the location of the
transmitter is moved along radials from the receiver. The computed data are written to file
FT10F003.

No jam-type options are called for. All previous options are reset.

The T in Col. 12 selects an A3 option, which computes time availabilities for specified signal and
signal-to-noise ratio thresholds.

The Station card gives the transmitter location, frequency, and radiated power.

The THRESH card specifies signal thresholds of 60, 48, and 30 dB > 1 uv/m, and signal-to-noise
ratio thresholds of 12, —6, and —24 dB.

The Radial card executes the A3 option and writes time availability data to file FT10F004.
A blank card terminates VLFACM input.
The four files written on FORTRAN unit #10 are saved for later processing by plotting programs.

The printed output is both saved and printed out.

Sample B Option Job (see Fig. 3)
Notes

Define a file for FORTRAN unit #10. The B option unformatted data is written to this file.
Later it may be plotted using the B3PLOT program.

The T’s in Cols. 14 and 21 specify a Bl option with unformatted output written on FORTRAN
unit #10.

The RLOC card executes the B1 option and writes one record of data to file FT10F001.

The T’s in Cols. 15 and 22 specify a B2 option with unformatted output written on FORTRAN
unit #10. Note that a new General card is unnecessary since no jam options are being respecified.

14
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The RLOC card executes the B2 option and writes a second record to file FT10F001.

The T’s in Cols. 16 and 24 specify a B3 option with unformatted output written on FORTRAN
unit #10.

The RLOC card executes the B3 option and writes a third record to file FT10F001.
A blank card terminates VLFACM input.

The three records of data written to file FT10F001 are saved for later plotting by the B3PLOT
program.

/ JOB HAUSCREVLFACM,410991Nn1,HAUS;1,CAT=5,L0C=RTES§

/ LIMIT BAND=50,MIN=10

7 JSLOUPTS JPT=(L)

/ ASG FT49FCGO1sUSERCAT/D54/2A0 7HAUSJL/VLFNTL SUSE =SER
/ ASG SYS.LMOD,USERCAT/054/5%60/HAUSIL/VLFACH/LMED,UST=SHR
/ FD VLFPRT,,BAND=2/10/2,RCFM=FBA4LREC=133,BKS7=1399%
/ FD FTINFCC14BAND=2/10/2

/ FXQT OPT=CAsCsKyI))ADOMEM=3IK,LIST=VLFPAT

GENERAL SERQOQS :

OPTIAGNS T T

TLOC NSS 309.0 -7645 23.4 50,

MONTH JuL

RLCC GBAY 53.4 -60e5

CPTIONS T T

TLOC NSS  39.0 -716,5 234 5Cy.

MONTH JuL
SPROB 3 560 900 .999
SNPROB 3 .500 «920 990

RLGC GBAY 53-4 ’6005

OPTIONS T T

TLOC NSS  39.0 =764 % 23¢4 50(.
MONTH JuL

THRESH 3 60. 66, 72. 3 18. ¢4, 30.
RLOC GBAY 53,4 ~60e5

/ CATY USCRCAT/054/B60/HAUSJLI/VLFACM/RUNS/SERODS5,ACNM=FT10F001

/ CATY USERCAT/DS54/B60/HAUSJLI/VLFACM/RUNS/SEROOS/VLFPRT 9 ACNM=VLFPRT
/ FOSYS VLFPRT

/ EOJ

Fig. 3 —~ Sample B Option Job

PLOTTING PROGRAMS

Four computer programs have been written to produce plots of VLFACM data (see Fig. 1). SEG-
CON draws a rectangular contour map of A option data computed by VLFACM. The map scale, size,
and boundaries may be varied, and land masses are automatically drawn. POLCON draws a polar con-
tour map of A option data computed by VLFACM. The map pole and orientation may be varied.
Also, the map scale and size may be changed. Land masses are drawn automatically. B3PLOT gen-
erates diurnal plots from any of the B option unformatted output data. Scale and size may be varied.
RADPLT draws plots using the A option data along a single radial, the A option data being the ordinate

and distance along the radial being the abscissa. Sample maps and plots are in Appendix B.
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EPTIONS T S geeezeee
guTeuUT AL VLF PeGPAGATICN STUDIES MCPP  T4IVLFACM)SER0NY

DE LEVel IXCEZDON FE0 FIXED PROSABILITIES

TRANSMITTER NAA MONTH  JUL
POWER =1000.0KW NJISE 3w = 1 KAZ
FREQUENCY=17.8 KHZ TRANSHMITTL? LACATION 44,7N 67.3u BEARING = %. DG

RECEIVER LOCATIGNS DISTALNLE 3(D8) S/NCDB)

LAT(OEG) LON(CDEGR) (€ 1D ] P={e500 P=0.900 P=9.99¢C 0="45(¢ P=g.90 P=0.990
S4. TN 67e3W 10.( 79.0 T6el 73.8 0.4 2407 20.1
55.TN 67.3W 11,9 72.90 75.1 72.8 30.2 2445 208
56e TN 67.24 1249 The3 T34 71.1 2942 23.5 19.1
5770 673 13.9 T4e5 7146 69.3 28.2 22.6 18.2
€8.7N 67.3¥W 14,0 73.5 7C.6 63¢ 3 279 22,1 1840
59, 7N 67.3W i5.C 73.2 732 58,9 283 2247 184
hleTN 673N 15,9 7249 69.9 6T 6 2844 22.R 18.5
61.7N 67.3W 17.0 72.6 69.6 67.4 2843 22.7 18.4
624 TN 67430 18.¢C : 776 67.6 65,0 2642 20.4 1641
63.7N 6Te3N 19.C 69,3 564 6348 25.1 19.3 15.1
64 TN 67.3W 20.0 67.5 64 6 61.9 23.5 17.6 1345
65. 7N 67.3% 21e0 66,4 63.4 60.8 225 1647 1245
654 TN 67«3W 2240 6542 6243 59.7 216 1547 11.6
6T«7TN 57«30 23.9 63.4 6045 57.9 20.0 14.1 10.0
68.7TN 6Te3W 2440 62.3 59, 4 5648 19.1 13.1 9.0
69.7N 6T«3W 25.C EN.6 5746 95,0 17.5 11.5 Teb
707N 67430 26.0 6N.1 §7.2 5446 17.4 11.5 T.5
T1.7N 6743W 2740 59.7 5648 S4e2 17.4 11.7 T.7
727N 6734 2840 59.3 5544 53.8 17.3 11.9 Be0
T3.7N 67¢3W 29.0 8.9 56.0 53.3 17.3 12.1 8.2
T4.TN 6743MW 30.0 5945 55¢6 53.0 17.2 12.2 Be 4
754 TN 67.3W 31.0 5R.2 55.2 5246 164 1le¢ 7.8
767N 6T+34 32.0 5645 53.5 50.9 15.1. 10.4 6.7
TT.7N 6T7.3W 33490 54,8 51.9 49.2 13.8 9.2 55
78. 7N 67.3W 34.0 53.2 532 4T3 12.5 7.9 4.3
79.7N 6Te3W 3540 5248 49.8 4742 12.4 8.9 Get
807N 67.3W 36.0 51.8 48.8 4642 11.3 648 3.2
81.7N 6743 37.0 50.1 47.1 G444 ol 447 1.1
82.7N 6Te3MW 38.C 48,4 4544 4247 Ta1 2.5 ~1lel
83.7N 67 .30 39.0 48,0 45.0 42,4 643 1.2 -1,9
B4. 7N 67430 40eC 47+ 6 44.7 4240 5.6 1.2 =207
B5.7N 6730 4146 47,3 4443 41.7 4.8 0.2 =345
86.7N 67.3u 4240 46,9 44,0 41e 3 4.1 0.7 ~4e4
87.7N 67 3% 43.0 4646 43. 6 41eC 3.4 ~1.5 =52
88.7N 6Te3W 4440 4643 43.3 4245 2eb -2e4 —6el
89.7N 6734 45,0 45,9 43.0 4043 1.9 -3.2 -T.0
893N 112.7¢ 4600 45,6 4246 40e 0 1.5 =3.4 ~Te2
88. 3N 112.7E 47,0 4543 42.3 39.5 1.3 -3.4 ~7.1
87.3N 112. 7€ 4840 44.9 4249 39.3 1.0 ~3.4 =Te2
86.3N 112.7E 49.0 44,6 41.6 3%¢0 0.8 -3.6 =7.3
85+ 3N 112. 7€ 50.C 44.3 41e3 38,7 0e6 -3.8 -Te5
Ré4e3N 112.7E 51.0G 43.9 41.0 38.3 0.5 -4.0 -7.9
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GPTIAONS T
guTePUT AL

TRANSMITTER NAA
POWER =1CC 0.0KW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIGNS

LATC(DEG) LONCDEG)
83.3N 112,.7¢
82.3N 112.7E
R1e3N 112.7E€
BJ)«3N 112.7E
79.3N 112.7E
7843N 112.7F
T7. 30 112. 7€
763N 11247
75.3N 112.7¢
T4e 3N 112. 7€
7343N 112.7¢
72.3N 112.7€
71.3N 112.7¢
733N 112.7€
€9.3N 112.7E
684 3N 112.7E
673N 112,7¢
663N 112.7€
6543N 112,7¢
64e3N 112.7¢
63.3N 112.7%
623N 112.7¢
61«3N 1i26.7E
€3, 2N 112.7¢
593N 112.7€
5843N 112.7E
573N 1.2.7€
563N 112.7E
554 3N 1:2.7€
S5443N 112.7%
533N 112.7%
243N 112.7%
51e3N 112.7¢
503N 112,7¢
494 3N 1127
4843N 1i2.7F
47.3N 112.7E
464 3N 112.7¢
4543N 1i2.7%
44430 112.7€
43, 3N 11Z2.7¢
42e3N 112.7E

Db LEVEL

DISTANCE

(IEG)D

5240
53.9
S4e 0
5540
5645
57490
58.0
59.0
6040
61la0
52490
63.0
6440
6540
66.,0
6TaC
58,0
59,0
70.C
1.0
72,.¢C
73.7
Tael
75,0
T6¢0
770
78.0
79.C
30,0
81ls 0
5240
B3. 2
2449
38,0
LEY
yTel
8840
39,9
gr 0
91.0
9241
53,0

VLF PROUPAGATION STUDIFS

TRANSMITTER LGCATION 44,7N

P=0,500

43.6
43,3
43,0
42.6
42,3
42,0
41.7
41,4
39.7
38%.7
37.3
3641
34,5
32,8
31,2
37%.2
2943
2845
27.8
7.1
2644
25.7
2540
24.3
236
c2.9
27,

2145
2"e8
20,1
19, 4
19.7
17.9
17,2
1649
i6e5
1501
157
15.4
15,9
l4.6
14.3

s(orR)

P=0.9060

43.7
40.3
4GeQ
33.7
39.4
39.1
38.8
38.4
36.8
35.8
34.8
33.2
31.5
29.9
2842
2140
2643
2545
24,9
2442
23.5
2247
219
21.2
2945
19.8
19.90
18.3
17.6
16.9
16.2
1545
14,7
14,0
13.5
13.2
12.8
12.4
1240
11.5
1le¢
139

ceteeeey

6T, 3W

P=0.990

EXCTEDEN FOR FIXED PRUBABILITIES

38.0
37.7
37. 4
37.1
36.8
3645
3642
35.9
34,42
33.2
32.3
30.6
29,0
27.3
2547
2445
23.8
23.1
224 4
21.8%
25.9
20.1
1942
18.5
17.9
17,2
1643
156
1449
14.2
13.5
12.8
12.1
11. 4
10.7
10. 3
9.

b e A 4
S e N O

NCPP  T4(VLFACM)SFROC1
MANTH  JUL
NOISE BW = 1 KHZ
BEARING = 0. DEG
S/NCDB)

P=0.500 P=0.900 P=0,990
Ge3 —4.3 ~8.3
0.1 -4.7 ~8.8

~0el =542 -9.3
-0e3 =56 ~9.9
-0.8 =643 -10.6
=1.6 ~7e1 -11.4
-2.3 -7.9 -12.2
-3.0 ~8.7 -13.1
=5¢1 -10.8 -15.2
-5.3 -10.9 -15.3
-6.7 -12.4 ~16.8
-8.8 ~-14.5 =-19.90
-10.9 -16.7 =21e2
-13.0 -18.8 -23.3
-1543 =21le4 ~2640
=174 ~23.6 -28e5
-19.0 -25.4 ~30.4
-20.5 -27.2 -32.4
-22.1 =29.% ~34.4
=?3.7 -30.9 -36e%
=25.3 -32.7 -38.5
-26.9 =34.5 =405
~28.4 -3644 -42.6
-30.0 ~38.3 —44,6
=31.: -39.4 ~45.8
~3240 -40.4 -46.8
-32.% -41.3 ~47.8
-133,7 =4243 =48,7
=14,4,6 -43,2 -49,7
-35.5 ~44,1 =5%.6
-36.5 ~45,.1 ~51.6
=37.4 -46.0 =525
-38.3 ~4649 ~53e5
~-39.2 -47.9 =5445
-319.6 -48.2 -5448
-39.9 ~48.4 =54.9
-40.2 -4Be6 =550
~4Ue5 ~48.8 -5541
~40+8 ~49.0 ~5542
-40.9 ~49,40 -5%.3
~41.2 =49.2 -55.4
~41.5 =49+4 -55.5
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EPTIONS T 9 ' grezevte
SUTPUT &2 YLF POGPAGATION STUDTES NCPP  T4CVLFACY)ISEROPY

DE LTVEL EXCEENED FHR FIXED PROUBARILITICS

TRANSMITTER NAA HONTH  JUL
POHWER =i00CeCKW NOISE 8W = L KHZ
FREQUENCY=17,8 KHIZ TRANSMITTER LICATIAN 464 TN 47,3W BEARING = d. DEG

RECEIVER LBCATIANS DISTANCE SCDB) S/NCD3)

LATCDEG) LGNCDFS) s P=0s 500 P=0s900 P=0.990 P=0,500 P=0.900 P=0,990
41.3N 1i2.7€ 94,1 13.9 1045 Te b -41.8 =49,6 -55.7
4)#3N 112.7¢E 35.¢ 13.5 10.1 Tel ~42.1 —49.8 -55.8
39.3N 112.7E 96.0 13.2 9.7 6.8 -42.4% -50.0 -55.9
384 3N 112.7€ 97.0 i2.8 9.3 6.4 ~42.7 =50.2 -5640
37.3N 112.7E 98.0 1244 8.9 560 -43.0 =50.4 -56.1
36.3N 112.7E 99.9 12.1 8.5 Se b -43.3 -50.56 ~5642
35.3N 112.7E 1¢¢. 0 117 2.1 5.2 ~43,6 =50.8 -5643

ATTEN ANV ‘SAVOHY “WdSNVH
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OPTIONS T 9 geeeeece
OUTPUT A1 VLF PROPAGATION STUDIES NCPP  T4CVLFACM)SEROOL

DB LFVEL EXCEEDEN FOR FIXED PROBABILITIES

TRANSMITTER NAA MONTH JUL
POWER =1000.0KW NOISE BW = 1 KHZ
FREQUENCY=17.8 KHZ TRANSMITTER LOCATION 44.7N  67.3W BEARING = 90. DEG
RECEIVER LOCATIONS DISTANCE S(08) S/NCDB)
LATCDEG) LONCDEG) C(DEG)D P=04502 P=0.900 P=0.990 P=0,500 P=0,900 P=0.990
434 8N 53,44 10.¢C 81.2 78.3 75.8 30.8 2546 21i.4
43.7N 52.0uW 11.0 80.6 T7.7 7543 30.5 2544 21.1
43.5N 50.7W 12.0 80.1 77.2 T4.8 30.3 2541 20.9
4343N 49.3W 13.0 79.7 76.8 T4 4 30.1 25,0 2C.7
43.0N 4BONW 1440 79.4% T6.4 T4a1 29.9 24.8 206
42.8N 466K 15.9 79.0 76,1 3.7 29.7 24.7 20.5
4245N 45434 16.0 78.8 75.8 73.3 29.7 2445 203
4243N 46.0M i7.¢ 78.5 7546 73.1 2946 2445 2Ce3
42.0N 42.7W 18.0 78.0 75.0 72.2 29.3 2440 19.4 7
41.7N 41.5W 19.0 T7e6 4.5 7.7 29.0 23.7 19.1 =
41e4N 40.2¢ 20l 77.1 T4el 71.2 2847 2344 18.8 »
41.CN 38.9¢ 21.90 T6.7 73.6 70. 8 2844 23.1 18.6 ~
407N 37.7% 22.0 7502 73.1 70.3 28.2 23.0 18.5 z
406 4N 36454 23.0 75.8 T2e7 6949 2745 2243 17.8 O
40.0N 35420 2440 75.3 72.3 69. 4 27.3 22.2 17.7 3
39.6N 34.0M 250 T4.9 71.8 69. 0 271 22,1 17.7 00
39. 2N 32. 8 2640 T4e5 T1e3 6844 27.0 21.9 17.5 boé
38.8N 31e7H 2740 Téa1 709 6840 26.8 21.8 17.5 =
38.4N 30.5W 2840 73.6 705 67.6 2646 21.7 17.4
38.0N 29 4W 2940 73.2 701 6742 26e4 21.5 17.2
37.5N 2Be2H 30.0 72.8 69.7 6648 2661 212 17.0
37.1N 27.1¥ 31.0 T72. 4 69.3 664 4 25.8 21.0 1648
3646N 260U 32,0 72.9 6849 65.9 255 20.7 1645
36.2N 26 9N 33.0 T1.6 6845 6545 2542 2064 1643
35.7N 23.84 34.0 71,2 68.1 6541 24.9 2042 16.0
35.2N 22.7W ' 35.¢ 0.8 67.6 6407 24,6 19.9 157
347N 21e7TH 364G M5 67.2 641 24.3 19,5 1543
34.2N 20.6W 37.0 70,1 66.8 63.7 24.0 19,2 15,1
33,7N 19.6W 38.0 69.38 6644 63,3 23,7 18.9 1447
33.1N 18.6W 39.¢ 69.4 65641 63.7 2342 1845 1443
32.6N 17.6W 40.0 69.1 6547 $2.6 22.8 18.0 13.9
32.1N 16.6HW 41.0 68.7 65. 4 62,3 22.3 17.6 13.5
31.5N 15.64 42.0 684 6549 6149 21.9 17,2 13.1
31.0N 14,60 : 4340 68.0 6446 61.5 21.4 16.7 12.7
30.4N 13.7¢ 44,9 67,7 6443 61.1 21e 0 16.2 12.2
29. 8N 12 W 4.9 67e4 63.9 6047 2045 15.7 11.7
292N 11.8%W 4640 67,1 63.6 60.3 19.8 14,9 10.9
28.7N 10.8W 47.0 6607 63,1 59,7 19.1 1449 9.7
2B.1N 9. 9% 4840 6643 62.7 59.3 18.3 13.0 Be7
275N 9eu 499 6549 62.3 5849 17.5 12.1 T.7
25.9N 8e1H 50.0 65,6 61.9 584 4 16.9 11.3 6e7
264 3N Te24 51.0 65,2 61.5 5840 16.2 10,4 S5¢7
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OPTIONS T 9 ereeeese
guTPUT Al VLF PRO2AGATTION STUDIES NCPP  T4(VLFACM)ISEROOL

DR LFVEL {XCEENED FOR FIXED PROBABTLITIC

TRANSMITTER NAA MONTH JUL
POWER =100040KW NOISE B8W = 1 KHZ
FREQUENCY=17.8 KHZ TRANSMITTER LOCATION 44.TN 67.3W BEARING = 30, DEG

RECEIVER LOCATIONS DISTANCE 5¢08) S/N(DB)

LATC(DEG) LONCDEG) (DEH) P=0e50y P=0.900 P=0.990 P=N,500 P=U.900 P=0,990
25.TN 6.3W 52.0 66449 61.1 57+ 6 15.5 9.5 448
25.0N Se 5W 53.¢C 6444 ALeT 57.1 14.8 Be7 3.8
244N ERLL} 54.0 6401 6003 567 14,1 T8 29
23.8N 3.8 55.0 63.7 59.9 5663 13.4 Te0 2.0
23.2N 2.9% 560 63.3 5945 55.9 12.7 662 i1
22.5N 2e1W 5740 63.0 59.1 555 12.1 5.4 C.2
21.9N 1.2W 5849 62.6 5847 5540 11.4 4.6 ~0.7
21.2N 0o4W 59.0 6242 5843 54.6 107 3.3 =1s6
23.6N Deb&E 60,0 61.9 57.9 5440 10.1 249 ~2e6
19.9N 1.2€ 61.0 61. 5% 5745 53.6 9.4 242 -3.4
19.3N 2+0E 62.0 61.2 57.1 53,2 8.9 1.6 =40
186N 2+8E 6340 6%.8 5540 5le5 6.3 Neb ~5e4
1B.0N 3.6E 6440 50.4 55.6 51l.1 7.7 0.0 ~6.0
173N 4.4E 650 69.1 55.3 50e 7 T.2 =046 -6e7
164 6N SelE 65.0 59.7 5449 5043 645 -1.2 ~T.3
16+ 0N 5e9E 570 59.4 564.5 59.0 640 ~1.9 -8.0
15.3N 6.7E 6840 59.0 54,1 49.6 5.3 -2.6 -8.8
146N Te 4E 6940 5847 5348 49.2 48 ~3.3 -9.5
13.9N 8.2E 70.9 58.3 53.4 48.8 4.5 =3.5 -9.8
13.2N 8.9E 71.0 5860 53.0 484 4 3.8 -4.3 =1Ce6
12.6N 9. 7E 72.¢ 57.6 52.6 4847 3.1 -5.1 -lie5
119N 1048 73.0 57.3 5242 4745 24 -549 =12.5
11.2N 11.2€ T4.90 5649 51.8 47.1 1.8 ~6e6 -13.3
105N 11.9E 7540 5646 515 46 7 l.1 ~73 ~14.¢

9.8N 12.7E 7541 56e3 511 4604 0e 6 ~T.9 -1l4.6
91N 13.4€E 77.0 55.9 0.7 4540 0.6 -840 -14.6
84 4N 14.1E 78.C 55456 504 4545 0.3 -8.1 -14.6
TeIN 1448E 79.( 5543 500 4542 0.0 ~8¢2 ~14.7
T«GN 15.46% 0.0 54.9 49.7 44,38 -0.2 -8e4 -14,8
63N 1643E 8l.0 5446 49.3 bGhe 4 =0.4 ~846 ~15.0
56N 17.0E 52T 54,3 48.9 4440 -C.7 ~8+8 ~15.2
4.9N 17.7€ 83.90 53.9 4846 4347 -0.9 -9.1 ~15.5
442N 1844E 8440 53.6 4842 433 -1.2 =9.4 -15.8
3.5K 19.1E 85.0 53.3 47.9 42.9 -1.5 =943 -16.2
2+8N 19.9z= 8640 53.90 47.5 4245 -1.8 -10.1 =16.5
2.1N 20465 87.0 5246 4741 4242 =2e% ~10.4 -16.38
14N 21.3E 36.¢ 5243 4647 417 =22 -1045 =17.1
0« 7N 2240t 39.0 52,9 46.4 41l.4 =24 ~-10.8 -17.3
0.0N 22472 90,0 517 4640 41.9 -2.6 =11.1 =176
Ge 7S 2364 91.0 5144 43.7 4045 -245 -1C.9 -17.3
144S 26618 92.0 51.1 4543 43,3 ~2.4 =10.7 -17.0

2.18 24.8E 339 508 4540 39.9 -2.3 -10.5 ~16.7

ATIEM ANV ‘SAVOHY “¥aSNVH
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GPTIMNNS T geegeecee
GuTPUT Al VLF PRAPAGATION STUDIES NCPP  T4(YLFACMISEROO1

'8

08 LFVEL ZXCEEDED FUR FIXED PRORABILITIES

TRANSMITTER NAA MONTH  JuL
POWER =1000.0KW NJISE 8W = 1 XHZ
FREQUENCY=17.3 KHZ TRANSMITTER LICATION 44.7N 67, 3W BEARING = -90. DEG

RECEIVER LOUCATIONS DISTANCE sSCoR) S/NCDB)

LAT(DESGY LONCDES) (DEG) P=0e500 P=0.900 P=0.990 P=9, 500 P=3.900 P=0,990
2485 2545¢ 94,90 50,5 4445 39.56 =22 ~10.3 ~16.4
3.58 2643 95.0 50,1 44,3 33.2 ~241 -10.1 ~1642
4e25 27.0E 9660 49,8 4400 38.8 -2e0 -9.,9 -15.9
495 27 7€ 97. 3 49.5 43.6 38.5 -1.9 -9.7 ~15.6
5.65 28.4E 96+ 0 49,2 4343 38.1 -1l.8 -945 -1543
6038 29.1E 99470 49,9 4249 37.8 -1.7 -9.3 -15.0
TetS 29.8E 100.9 4845 4246 37.4 -1.6 -9.1 ~14.8
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OPTIONS T
JuTePuUT Al

TRANSMITTER NAA
POWER =1000.0KW
FREQUENCY=17.8 KHZ

RECFIVER LOCATIGNS

LAT(DEG) LON(DESG)

34.7N 67434
33.7N 67.3W
32. TN 67e 24
31. 7N 67430
30.7N 67,3W
29. TN 67+34
234 7N 67«30
27.7N 67.2W
26+ TN 67 3W
25. TN 673d
247N 67.3W
23.7N 67«3¥W
22.TN 6724
217N 673%
20+ 7N 6T 3W
19.7N 673W
18.7N 67.3W
17.7N 67+ 34
157N 6730
15.7N 5T7.3¥
144 7N 67639
13.7N 67430
12.7N 6T7.3M
11.7N 67.34W
1).7N 6730
947N 67.3%
Be TN 67434
TN 67.3uW
GeTN 673W
S« TN 67,2V
4 TN 6734
3.7N 67.3HW
27N 67,24
1.7N 6730
O«7N 67.3W
0035 67,434
1.3S 6730
2035 67340
3.3S 6734
%435 673N
5438 6734
6435 674 3N

VLF PRGPAGATION STUODIES

eeeceeey

DB LEVEL EXCEEDED FOR FIXED PROBABILITIES

DISTANCE

(DEG)

10.0
11.0
i2e0
13.0
1440
15.0
16.0
17.0
i8.0
19. 0
20eG
21.0
2240
23,0
4ol
2540
2640
276G
280
29.0
30.0
31'0
32,0
33.¢
3440
35.0
364 ¢
37.0
38,0
39.¢
40,0
41,0
424 ¢
4340
44,0
45490
4540
47,0
48,0
49.0C
50,2
S5lef

TRANSMITTER LOCATION 44,7N

P=0+500

81.0
80,4
79.9
79.5
79%1
T8e7
78e4
78.1
17.7
77.2
76466
761
7556
750
T4.5
T4,0
73.5
73.0
72.6
72.1
1.5
T1l.1
.6
0.2
69.7
6%.2
68,6
68.1
67.7
6742
658
6603
65,8
653
649
64‘4
63.9
63.5
62,9
62.56
52.1
61.6

SCD®)

P=0,900

78.1
77.4
7549
164
7640
757
75.3
75.0
T4e5
T74.0
73.4
728
72.2
T1.6
T1.9
70.5
69.9
6943
68.7
6842
575
67.0
6604
6509
6543
64,0
63.4
629
6244
61.8
61.2
60.7
6Ge2
59.6
59.1
58.6
58.1
57.6
57.1
56456
56.1
55.6

674 3W

P=0. 990

75.4
T4e 6
T4e1
73.56
7343
729
72.6
72.3
71.5
70.9
70.3
69.7
69.0
584 4
67.3
6702
6606
6642
65.4
6448
64,2
63.6
6340
6244
61.8
59. 8
59.2
5846
58.1
57.5
56¢9
560 4
55.9
55. 4
5449
54 4
£3.8
533
52.8
5243
51. 83
513

NCPP  T4(VLFACM)SERQO1
MONTH JUL
NJIISE BW = 1 KHZ
BEARING = 180. DEG
S/NCDB)

P=04500 P=0e900 P=0.+990
2543 19,3 14.5
24.6 1845 13.6
?3.9 17.9 13.0
23.3 17.3 12.4
22.8 168 11.9
2243 16.3 1le4
22.0 16.9 11.1
21.7 15.7 10.8
21.2 15.1 1C.C
20.7 14,5 9.5
2Ce2 13,9 8.9
19.6 13.4 843
19.0 12.8 T.7
18.5 1242 7.1
16840 11.7 645
17.4 11.1 59
16.9 10.5 5.2
1644 9.2 4e6
15.9 9.2 3.9
15.4 Be6 3.2
1446 Te7 2el
14,1 7.1 l.4
13.6 6e5 Co8
13.2 5.9 0.1
12.7 5.3 =06
12.2 43 -2.0
11.¢ 440 -243
11.5 3.7 -2e5
11.2 3.4 =247
10.9 3.2 =3.0
10.6 2.8 ~3.3
10.3 2.6 =3.5
1Ce 263 -3e7

9.7 2.1 ~3.9
9.4 1.8 ~4a1
9.1 1.6 -4.3
9.0 1.5 -4.3
9.0 1.5 ~4,3
8.9 1.4 -4 4
8.8 1.4 ~4e4
8.7 1.3 ~4.5
Ba7 1.2 -4.5

AT19Y ANV ‘SAVOHY “YISNVH
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*PTIOUNS T 9 cueeeeey
auTePuT AL VLF PROPAGATION STUDIES NCPP  T4(YLFACMISER(GCL

Db LEVEL EXCEDOLN FOR FIXED PROSABRILITILS

TRANSMITYTER NAA MONTH  JuL
POWER =10G0.0KW NOISE BW = 1 KHZ
FREQUENCY=17.,8 KHZ TRAMSMITTER LOCATICN 44.7N 67.3W BEARTNG = 140. DEG

RECEIVER LOCATIONS NISTANCE 5¢08) S/NCOR)

LAT(DEG)  LONCDER) (DEG) P={ 500 P=9,.90C P=5.93L P=14500 P=0.900 P=0,.,990
Te35S 67.3¥ 52.0 61s2 55.1 50,8 Be 6 1.2 —4.5
8.3S €T30 53.0 607 5146 5043 BeS 1.1 ~4e46
9435 6730 54.0 603 54,1 49.8 8.5 1.0 -4.6

10.3S$ 67.3W 550 59,8 53.6 49. 4 Be4 1.0 —4.7
11.35 673 56.0 59.4 5341 48.9 8.4 0.9 ~4.7
12.3$ 67.3W 570 58,9 52.7 484 4 8.4 0.9 —4,7
13.3$ 67,3% 584 ¢ 5845 2,2 47.9 8.4 08 —4.8
1433 67.34 59." 58,0 51.7 4T % 8ot Ce8 ~4.8
15.3$ 6734 50.0 57.6 51.2 4649 8.3 0.3 ~4.6
16435 67.3W 61.$ 57.1 50,7 4645 8.3 0.7 ~4a7
17.3S 6743 62.0 56e7 5).3 4640 8.3 0.7 ~4a7
18.3S 67.3% 53.0 5642 49.8 45,5 8.3 0.6 —4e8
19.3S 67434 6460 5.8 49.3 4540 8.3 05 -4,8
2038 673 651 5543 4849 4445 8.3 Oe4 —4¢9
21.3S 6T3W 6640 54,9 48.4 4401 8.0 0.1 =542
22.3S 67.3% 67.0 S54e 4 47.9 43,6 7.8 -0.2 =545
23.3S 6Te3W 58.¢C 5440 4745 43.1 7.6 ~0.4 -5.7
24.3S 6734 59.C 53.6 4749 42.7 7.3 -0.7 =6e0
2543S 67«30 700 53.1 46.6 4242 Te1 =C.9 =63

25435 67.3W 71,0 52.7 46.1 41.8 6.9 -1.2 —6s5

2735 67.3W 7240 52.2 4547 41.3 6.7 -1.5 -6.8

28435 67.34W 73.0 51.8 4542 40 9 6e5 =17 “Te0
293438 6T e3W T4.0 51.3 44.8 4%e 4 6.2 =247 -T.3
30.35 67 2% 75.0 50,9 4443 4040 6.0 =242 =75
31.3S 67.34W T6a.0 5745 43,8 39.5 5.8 -2.4 ~Te8

32.38 6734 T77.0 5061 43.3 3944 5.6 =247 ~8.0

33.38 6734 7840 49,6 42.9 33.6 5.4 —2.9 -Be2
34.3S 67434 79.0 49,2 42.4 38.1 Se2 ~3.1 ~8e4

35.35 6T3W Lot 48,7 4240 37.7 5.1 ~3.3 -8e 5K

36435 6734 510 49,3 41.5 37.3 4.9 -3.5 -8.8
37.35 67.24 8240 47.9 4l.1 36438 4.7 -3.7 =9.0
38.3S 6734 8340 “Tol 4).7 3604 4.5 =440 =93
39.3S 6730 844G 47,0 40,2 35.9 4,3 =4,2 =9.5

40435 67.3W 35.0 46,5 - 39.38 35.5 401 ~bo% =97

41e3S 67e3W B6ef 4hel 39.4 3541 3.9 -4 46 -9.9

42435 6730 87.0 45.7 38.9 34.6 3.6 —4.8 ~10.1

43,35 6734 88e0 45,2 38.5 34.2 3.4 =54 -1Ce3
4%43S 67434 5940 44,8 38.1 33.8 ERY4 =-5,2 =10e5

454,39 &T434 90.0 44,4 37.6 33.3 2.5 -6.0 -11.3

46435 6734 91.0 46,0 37.3 33.3 2.3 ~6.1 -11e4

47.3S 6734 32,10 43,6 35.8 3245 2ol -643 -11.6

4Be3S 6734 93.¢ 43.1 3644 32.1 1.9 -6e -11.8
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SPYIGNS T geveieee
AYTPUT i VLF POUOAGATION STUDIES

DR LEVZL EXCLEDEN FOR FIXZIO PROJABILITIES

TRANSMITTER NAA

POWER =1000,.24w
FREQUFNCY=17.8 KHZ TRANSMITTLR LICATION 44, 7N  67.3W

RECFIVER LOCATIONS DISTANLE 5(08)

LAT(DES) LON(DER) (Dceh) P=Le505 P=0.900 P=Ce 999
49.3S5 67.3M 944 42,7 36.0 31.7
50.33 67.3M 95.6G 42.3 3546 31.3
51.3S 6T 3% 9640 4240 35.2 30.9
5243S 67434 97.9 41.6 34.9 30.6
53.3S 6T3W 9840 4162 3445 30.2
S4e 35 6734 99.C 4.7 34.1 29.3

5543$ 6T 3W 10049 4n.3 33.7 29.4

NIISE bW
BEARTING

NCPP  T74(VLFACMISERPOQOL

MINTA  JUL

= 1 KHZ

= 139. DESG

S/NCDH)
p=0, 500 P=0490C p=0,990C

1.7 ~6.7 -12.¢C
1.5 ~6e? =12.1
1e3 -7.1 -1Z.3
1.1 -7.3 -12.5
a9 =75 ~12.3
Le5 -7.8 -13.2
0.2 -8.1 -13.3

ATTI3 ANV ‘SAVOHY “4aSNVH
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CPTIANS T gezedeee
DUTPOT AL VLE PRYPAGATION STULBTES NCPP  T4(VLEACM)SFROCTL

O LEVEL IXCEEADN S0R FIYET PRUBAITLITIES

TRANSWITYER NAY YYNTH JUL
prure T10G0.TKkW NIISE 8BW = 1 KHZ
FREQUENCY=_7,8 ¥4l TRANSMITTER LICATICM 44,78 H7.30 REARING = 274 )EG

RECEIVER LICATI 3N DISTANCE ML S/NCDR)

LAT(DEGY  LAaN(n=n) DIn) P=5e50, ©= 7. 930 P=ye99C PNy 500 P=Cs9"y p=n_.290
43, 8N 812V 10,2 87.5 17.6 75.1 ?23.9 1645 1%.6
43.7N B82.6¥ 11.9 73.9 77.0 T4. 5 23.1 1641 1L.2
43, 5N 33694 1247 71%,.4 7644 4.2 2.3 15,1 9.3
4343N 85. 3 i3.7 7%.9 75.9 73.5 21.06 14,3 244
43.CN BEoAH 14,90 7% 4 7.5 73.1 20.9 13.6 T.7
424 8N BE.0W 5.0 78,9 751 7247 20.3 1249 6e9
424 5N 89,34 6.0 17.7 T447 7242 19.7 12.32 6e2
42, 3N IC e 6W 17.0 T7.4 Tée & Tiev 19.2 11.7 S5e6
424 (N Ile W 18.0 768 73.7 7.8 18+4 1n.8 4.8
41leTH 93. 1 19. 0 7663 73.2 77.3 17.7 10.1 4.0
414N 94,44 2060 T5.7 1246 69.7 17.7 3.4 3.3
41.CN 9 THW 21.0 75.2 TZe1 58.1 1643 346 2e5
4Q0.TN 9690 22,0 T4.6 Tie5 5846 15.6 7.9 1.7
404 4N 38.14 23.0 Téol 71.0 684 G 149 Ta2 lel
400N Y9. 4HW Z4eT 7346 7345 6T¢5 14ec 65 Lel
39.6N 1004 6W 2540 73.0 59.9 5T. ¢ 13.8 6e0 -6.2
39.2N 101.8W 2€.9 7245 693 66. 3 13.5 5.7 ~Ceb
28, BN 10299 éTe€ 72.6 6348 6548 1342 5.2 -(e9
38.4N 1046 1N 2840 71.5 5843 6543 12.9 Sef) -1l.3
38,00 105.24 29.9 71.0 67.8 64,8 12.7 4.7 =ile6
37.5N 1ube 6 3040 ) The6 5743 64.2 124 4,4 —Cel
37.1N 107.5W 31,0 7.1 66.8 63.7 12.1 4.9 -243
36.6N 108.6W 32.0 696 66¢ 3 63,2 11.9 3.7 -2e6
36« 2N 109 7TH 33.¢C 69%.1 6548 6247 11.7 3.4 ~ce9
35.7N 11C.8W 3440 6% 6 43 6241 11.7 3.5 ~Z.8
35.2N 111.9¥% 35.0 6Re1 64.8 61. 6 11.68 3.8 -2+ 4%
24. TN 11294 3541 6747 6442 61e0 115 4o ~Zel
34.2N 1i4.0W 37.0 67,2 63.7 49045 12.0 4.2 -1.7
33.7N 115.0W 3840 66,8 63,2 60, 0 12.2 445 ~le
23. 1N 11674 39,1 6he3 62.8 5945 1242 4e7 -Ce9
32.6N 117.0¥ 40,0 6549 62.3 59.0 12.4 5.0 -0.5
22.1M 118.0W 41.0 6545 61.9 584 6 1246 5«3 -0l
31. 5N 119.TW 42,0 6542 Hle5 58,2 12.7 S5e6 Ge3
31.0N 120.0W 43,0 54,8 6lei 57.8 12.9 5.9 0.8
30.4N 120.9M 444 ( 64,4 607 57. 4 13.9 6.2 le1
29. 8N 1214 9% 45.¢C 64.1 6).3 57.2 13.2 6ed 1.5
292N 122 .8¥ 46.0 63.7 59.9 5646 13.3 6.5 1.8
28.7N 123.8% 47.C 673 59.5 5642 13.4 6.9 261
28.1N 124« 7TH 4840 63.0 59.1 557 13.4 Tel 243
275N 125.6W 49.0 52,7 58,7 554 3 13.5 T3 246
26.9N 126459 50e0C 62,3 538.3 54,9 13.6 7.5 2.9
263N 1274w 51.C 6240 57.9 2445 13.7 Te6 3.1

-
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GPTIGNS T 9 ceegeede
ouUTPUT Al YLF PROPAGATION STUDIES NCPP T4 (VLFACM)ISERQOL

DB LFVEL ECXCEEDEN YR FIXED PROBABILITIES

TRANSMITTER NAA MONTH  JUL
POWER =10G0. KW NOISE 84 = 1 XHZ
FREQUENCY=17.8 KHZ TRAMSKITTER LOCATION 44.7N  67.3W BEAR[NG = 270. DEG

RECEIVER LOCATIINS s NISTANCE $(0B) S/NCNR)

LATCDEG) LONCDEG) (DEG) P=0.500 P=0,900 P=0.999 P=n,500 P=0.909 P=0,99¢0
25.7N 1284 3W 52.0 61.6 576 5441 13,0 Tt Zek
250N 129,.1W 53,0 51.3 572 53,7 13.1 7.2 2.6
244N 130.0W 54,0 50.9 56. 8 53.3 13.2 763 Z2e1
23,8N 130,849 56,0 6N, 6 56¢ 4 52,9 136¢ Tet Ce9
2342ZN 131.7W 5640 6% 2 561 52+ 6 13.2 7.5 3.0
225N 132.54 57.0 59,9 5%.7 5242 13,2 7.6 3.2
219N 133,4% €84 ¢ 59.6 5543 5ie 8 133 T.7 3.3
2142N 134,24 590 59,2 5449 S1.4 13.3 7.7 3.4
20.6N 135,0W 6C.0 58.9 5445 51,9 13.3 7.9 3.5
1Y¢ 9N 135.8% 61,0 58,6 541 50,5 13.3 7.9 3.6
13.3N 1364564 52,0 58,2 53.7 50,2 13.3 7.9 3.7
18.6N 137,4¥ 6340 579 53.4 49.8 13.4 8o 2,7
18.CN 138,24 b4, (1 5745 5243 43,0 13,4 Tet Ze5
17.3N 139,04 5540 57,2 1.9 47.6 13.4 T.4 2e5
1646N 139,7v 6640 56,8 Sle6 47,3 13.4 T4 2.5
16+ (N 140454 57.0 56e¢5 S5ie2 46.9 133 7.3 2ot
15.3N 141,34 58,2 5642 53.8 4645 1342 7.1 242
1446N 142,04 9.0 5%.8 3¢5 46,1 13.0 6.9 24¢C
13.9N 142,84 70.C 5545 5Jel 45,8 1248 6.7 17
13.2N 143,54 71,0 5.2 49,7 45,4 1247 6.5 1.5
12.6N 144,43V 72,0 5448 49,3 454 0 12.5 6.3 1.3
11+ 9N 145.0M 73.0 54,5 4G40 44,7 1244 6ol lel
11.28 145,84 Tée G 54,2 45,5 44,2 122 5.9 L.
10.5N 146,5W 7540 53.8 [ 43,9 1244 Se7 Leb

94 8N 147.34 76.0C 5345 47.8 43,5 11.8 5.4 Ge3
9. 1N 1484 CW 770 52,2 47.5 43,1 11.6 5.1 9.0
BesN 148,74 78.0 £2.9 4741 42.8 11.4 448 -Ue3
T« 7N 149,44 79.L 5245 4647 42,4 11.2 445 “leb
TeON 155,24 %99 52,2 464 42,1 11.0 4,2 ~Ce 9
63N 150,94 1.0 1.9 4640 41.7 167 3.3 -1.3
Se 6M 151,64 22,1 51.6 4547 41,3 1.4 3.4 -1.8
449N 152424 33,0 51.2 45.3 41,9 10.1 3.9 -2.2
4o2N 153.0W 6,0 5n.9 4€. 40,6 9.5 2.5 -26
3. 5N 153,74 85,0 50,6 44.5 10,3 9.4 2.1 -34i1
248N 154454 8&. 0 50,3 44,3 39.9 9.1 1.7 -3.5
241N 155,24 87.0 49,9 43.9 39. 6 Be3 1.3 -4,
1o 4N 155494 58,0 49,4 43.5 39,2 Beb .2 —hgk
Se 7N 156 AW 89.0 49,3 43,2 38.9 2.1 0,3 -4.9
0.0S 157,34 0.¢ 49,1 42+ 38,5 7.8 -0.: -5e4
je?S i58.MW 21,0 49,4 4245 38,2 7.4 -0,5 -5.9
1.48 156.7W 42,6 4P, 3 42,2 37.8 7.0 -1,1 ~6.4
2418 156,44 a3, 43,0 4148 37.5 6.6 ~1.6 -6

ATTEY ANV ‘SAVOHY “YASNVH
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OPTIONS T 9 geecgceg
guTPUT Al VLF PROPAGATIGN STUDIES NCPP 74(VYLFACM)SEROC!

DB LEVEL EXCEENLD FOR FIXYED PRUBABILITIES

TRANSMITTER NAA MONTH  JuL

POWER =10GQ.0KW NOUISE BW = 1 KHZ >

FREQUENCY=i7.8 KH? TRANSMITTER LOUCATION 44,TN 67.3W BEARING = 270. ODEG =

=~

=

S

RECEIVER LOCATIONS DISTANCE S(DB) S/N(DR) %

LATCDEG) LOGNCDEG) C(HEG) P=(e50( P=0.,900 P=3.950 P=9,500 P=0..9CQ P=0,99C :

&

(=1
248S 160414 94,90 47,7 41,5 37.1 6e2 =241 ~Te4
3458 1604 9% 95,0 4744 41.2 36.8 5.8 =26 -7+9
4425 161.AKW 9640 47,9 49.8 3645 5.3 -3.1 -8.5
4.9 162.3W 97.0 4he7 4045 36,1 4.8 -3.6 =-9.(
5465 163. 50U 98, C Ghett 4041 35.8 402 =441 -9.5
6e38 163, 7W 99,9 45,1 39.8 3545 3.8 ~4.6 =-10.1
T.08 164 ,4W¥ 100.0 45,8 39.5 35,1 3.3 -5.1 -1C.6

A3TATSSYTINN




OPTIONS T
ouTPUT AL

TRANSMITTER NAA
POYER =10G0.NKW
FREQUENCY=17,8 KHZ

RECEIVER LOCATIONS

LAT(DEG) LONCDEG)

w

o
S4e TN 67+ 3%
647N 673H
T4« 7N 67,34
844, 7N 67,34
854 3N 112.7€
753N 112.,7E
6543N 112.7E
55.3N 112.7E
4543N 112,78
35.3N 112.7E

DB

DISTANCE
(DEG)

10.¢
2040
30.0
4060
50.0
6060
700
80.C
90,
100.¢

$=S/J
VLF PROPAGATION STUDIES

LEVEL CXCEEDED FOR FIXED PROUBABILITIES

TRANSMITTER LJICATION 44.7TN  67,3W

S(08)

P=0,500 P=0.900 P=0.,992

35.2 31.1 27.8

17.4 13.5 10.3

-0.2 -4, 1 =Te &
=23.5 ~27e5 -30.8
~28.8 -32.38 -36.1
-25.9 ~-29.9 -33.3
-34,.0 -38.0 -41.%
~36.2 ~-40.5 —44. 4
-41.3 =46.1 -50.6
-44,3 -43,.5 ~54.%

NCPP  T4(VLFACM)SERG02

S/SCON 64,
MONTH  JUL
NOISE BW = 1 KHZ
BEARING = 0. DE6
S/NCDB)
P=0,500 P=0.900
30.4 che7
2345 17.6
17.2 1242
545 1.0
0.6 -3.92
~5.1 =10.8
-22.1 -29.0
-34,6 -43,2
-40.8 =49.9
-43.5 -5048

41. 1000.

P=0,990

2C.12
13.5
8.4
=247
~TeS
-15.2
~34.4
-49.7
=55.2
=563

10
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SPYIONS T 9 $=S/3

SUTPUT 21 VLF POOPAGATION STUDTIES NCPP  74CVLFACM)SERQODZ
Dv LEVEL EXCEEDEN FOR FIXED PROUBABILITIES S/SCON 64, 41, 1000. 15
TRANSMITTER NAA MONTH  JUL
PCWE®R =1000.0KW NIISE BW = 1 KHZ
FREQUENCY=17,.,8 KHZ TRANSMITTER LICATION 44.7TN 674 3W BEARING = 90. DEG

RECEIVER LOCATIONS DISTAMCE s(o08) S/NCDR)

LAT(DEG) LOUN(DESG) (0E6) P=0e 502 F=0.900 P=ye 999 P=f, 500 P=0.900 P=0.990
43.8N 534M 10.9 17.8 13.6 10.2 30.8 2546 2l.4
41.4N 40,2u 20e0 12.56 8+ 3 4e 8 28.7 23.4 18.8
37+ 5N 284 2¥W 30.C 4 b1 Net 26.1 21.2 17.0C
32.6N 17.5W . 4060 4ot 0.0 ~3.7 ?2.8 18.% 13.9
26.9N E.1W 5060 3.1 ~1.5 =54 16.9 113 6.7
20+ 6N Ne4E 500 "a7 ~4et -8e5 10.1 249 ~leb
13.,9N 8,25 70.0 -1.2 +7.7 -13.2 45 ~3.5 -9.8

7.CN Se6F 0.0 =22 ~9.3 -15.2 =Cs2 -Be 4 ~14.8
0«CN 22.7E 9C.C ~3.1 =11.0 -17.2 —2e6 -11.1 -17.6
7.08 2948E 1006 0 =2.8 ~11.6 -18.2 =1.56 =9.1 ~14.8

0£58 LIO0d3d TIAN



43

GPTIONS T 3 $=5/4

OUTPUT Al VLF PROPAGATION STUOIES NCPP  T4CVLFACM)SERQOZ
De LEVEL EXCEEDED FOR FIXED PROBABILITIES S/SCON 64, 4l 1C0C. 10
TRANSMITTER NAA MONTH  JUL
PONWER =1000,0KW N3ISE BW = 1 KHZ
FREQUENCY=17.,8 KAl TRANSMITTER LOCATION 44,7N 67.3W BEARING = 18C. JEG

RECEIVER LOCATIONS DISTANCE $(08) S/NCDB)

LAT(DEG) LONCDER) (DEG) P=(e 500 P=9.900 P=04990 P=2,509 P=0.9C5 P=0.99C
34.7N 673W 10.C 22.7 18.5 15.90 25.3 19.3 1445
267N 57.3W 2040 21.4 17.0 13.4 20.2 13.9 8,9
147N 6734 0.0 12,3 13.8 10,1 14+ 6 7.7 201
4eTN 6743 40.0 16.6 10.7 5.6 10.6 208 =343

535 674340 5040 15,3 9.3 4e1 8.7 1.3 —4e5
1538 67+3W 604G 1442 Sel 243 8.3 0.8 ~446
25.3S 67434 70.0 12,5 7.1 1.3 Tel -0.9 ~643
35.3S 67434 80.0 12.1 5¢ % =0.3 Sel -3.3 =8+6

45438 673N 90.¢ 1r.4 362 -2.8 2.5 =6.+0 ~11.3
55438 67.3MW 100.0 7.1 -0.7 -7.3 0.2 ~8.1 =133

ATIEY ANV ‘SAQVOHY “YdSNVvH
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SPTIONS

T

guyTPUT 4l

RECEIVER LACATIONS

LATCODEG)

43.8N
414N
37.5N
32.€N
26.9N
20«6N
13.9N

T.0N

0408

ToCS

TRANSMITTER
POWE"
FREQUENCY=17.3 K47

LONCDEG)

Bl.2W
F4e4id
164w
117.0W
126454
135.W
142 .8W
150024
157.34d
164.4HW

VLE PPUOAGATION STUDTES

5=5/J

Dee LEVEL TXCEENEN FUp FIXED PROBABILITIES

TRANSMITTER LICATIUN 44.7N

JISTANCE

CDEG) 0=0,50(
10.0 4545
2040 41.6
30.0 4249
40.0 4%5.6
500 29,2
50.0 1643
70.0 14.0
8C.0 ileS
30.¢ 10,0
130.0 12.4

5¢b8)

P=0.90C

4l. 4
37.4
43.8
41.3
23.8
11.6
7.6

S e
WROIN

67.3W

P=Ge 99

3747
33.9
40,1
37.6
20.7

Te%

2.2
=1
-3.3
-1.6

NCPP  T4(VLFACM)SEP (02
S/SCON b4, 41.
MINTH  JUL
NITSE BW = 1 x4z
BEARING = 27f. D26
S/NCND)
P=1,500 P=0e9N( P=0.990
23.9 1646 1C.6
17.¢ 9.4 3.3
12.4 4o =249
12. 4 560 -0.%
13.6 Te5 29
13.3 Te8 3.5
12.3 6.7 1.7
11.¢C 4.2 =Ce9
7.8 ~0.1 ~5e4
3.3 ~5e1 ~1CG.6
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OPTIGNS T $=S/J
ATPUT B1 VLF PROPAGATION STUDIES NCPP T4&C(VLFACM)SEROO3

TRANSMITTER MIN 544 0N 28.0F
RECEIVER SSBN 60G40N 10.0wW
SEARING = 301.70EG DISTANCE = 21. 2DEG

FREQUENCY = 26.1 KHZ
NOISE BW = 1 KHZ
PAOWER = 500.0KW

MONTH  guL
GNT N Q)] NCDB) S/N(D8) SIGMA(S) STGMACNU SIGMACSN-L) NDT
00 767 4045 36.1 3.6 2.4 4.3 N
01 7667 4043 364 3.6 2¢ % 4¢3 N
Q2 6604 39.7 2646 3e6 ek 4.3 T
03 6403 39.1 25.2 2.0 2.4 3.1 D
04 66,5 38.7 2567 2.6 25 3.2 D
Q5 6%e7 3743 274 2.0 245 3.2 D
05 64.9 36.9 2847 240 2.6 3.3 0
07 6541 3649 28.2 240 245 3.2 0
03 63el 37.4 CTe8 240 2e5 3.2 M
09 65.3 28.1 27.3 2.0 245 3.2 D
19 6504 3849 2645 240 2e6 3.3 0
11 65.4 39.9 2545 240 2.7 34 D
12 6544 40s2 25.3 200 2.6 3.3 D
13 65.4 4043 2541 Zel 2e7 3.4 D
14 6543 40,2 2541 249 2.6 3.3 o
15 6542 39.9 253 2.0 2.7 3.4 D
16 6543 39.3 2567 2V 27 3.4 D
17 648 38.8 26¢9 2.0 247 343 D
18 6446 38.3 2604 240 246 3.3 D
19 64 4 37.7 26e7 240 Ced 3.2 D
239 6643 36.5 27.8 3.5 2.5 4.4 T
21 68.1 4042 2T7.9 3.6 204 4.4 T
22 TCe 4 38.5 3149 3.6 25 o4 T
23 767 39.1 37.5 3.6 2e4 4.3 N

AT13) ANV ‘SAVOHY “44SNVH
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EPTIGNS T7T
gutTPuUT 22
PCWER

"RANSMITTER LUCATIGNS

LATCDEG)

590N
58.0N
57.0N
560N
55.0N
54.0N
53.0N
52.0N
510N
500N
49.0N
48.0N
&7.0N
460N
45.0N
44.0N
43,0N
42.0N
410N
40eCN
39.0N
38.0N
37.0N
36.0N
35.0N
34.0N
33.0N
32.0N
31.0N
30.0N
29. 0N
23 40N
270N
2640N
25.0N
24,0N
23.0N
22.0N
21.0N
20.GN
19.0N
18.0N

FREQUENCY=26,1 KHZ

LONCDEG)

1Ce2W
1C.0W
10.0W
1C«0W
1C.0W
10.0u¢
iC.NW
10.0M
10.0W
10.04
10.0W
10.0¥
10NN
10.0W
10.0M
10eNV
1C. 04
10.0W
10.0W
10.0W
10.0W
10.0W
10.0%
10.0W
10.94W
" 10.0W
10.0H
109W
10.0%
10,0W
10.0W
10.0W
10.0W
10'0”
10.00
10.0W
10.0W
10.0W
10.0%
10.9%
10.0HW
10.0W

D& LEVEL

NYSTANCE

(DEG)

@ NS Wi
e & 9 & ® @ o o
CODMHAODITO D

0
.

10.0
12.0
13.€C
14.0
15.¢
1640
17.0
18.0
1940
20.0
210
2246
23.0
2640
2540
2640
27.0
28,0
29,0
30.0
31.0
32.0
33.0
34,0
35.0
3640
3746
38.0
39.0
4040
41.0
42, C

—
[
o

VLF PRESAGATION STUDIES

ReCeIVER LNCATION

P=0.500

~4,.8
~5.3
—5.8
=644
-he8
~-7.3
~7.8
~9.2
~Be7
-9,.2
-9.8
-10.2
-1n.8
-11,.3
-11.8
-12.3
-12.8
~13.2
-12.7
-16,2
=146
-15.1
-15.5
-16.90

504 CN

$(22)

P=0.900

19.6
3.5
5¢5
3.2
1.4

=%.0

=12

-2.4

~3. 4

-443

=50

=57
~6e4
=T.1
~7.6

-Be2

=8.7

-8.9

=34

-9.9

=10.4
~11.0
~11.5
=12.9
-12.5
-13.0
-13.5
~14.0
-14.6
~15.2
-15.7
-16.2
=16.7
-17.2
-17.8
~18.3
~18.8
~-19.2
=197
-20.1
~20.6
=21.0G

$=S/)

EXCLeNE0 FIR FEXED PRORASILITIES

10.0W

P=0.9990

542
-0.3
=3, 3
~545
-7.0
~fa 2
-9.1
-9.9

~10. ¢
-11.1
~11.¢
-12.1
-12.8
=-13.2
-13.6
-14.0
-14.4
~13.8
-16.2
-14.8
~15. 3
-15.8
=16.5
~17.0
-17.5%
-18.1
-18.7
-19.3
~20.0
=20, 9
-21e4
-21.9
-22.5
-23.9
~23.6
~24.2
-2445
~-24.9
~25.2
=2546
-26.0
~2643

NJISE R
BEARING

p=

NLPP  T4(VLFPCYISERCH3

JAM 54, 29,

MANTH  JJL
W = 1 KHZ

= 139. D0EG

SINCDR)

0,560 P=0.900 9=0.990
49,6 45,0 4140
43,5 38,9 35,0
39,9 35,3 31.5
3744 32.7 28.8
35.4 30.7 2648
23,6 28,9 2541
3242 27.4 23,7
30.9 2641 22.3
29.8 24,9 21.0
28.7 23,9 19.9
27.8 22,9 19.0
2745 22,0 18.1
7642 21.1 17.0
25.4 20.3 1642
24.7 19.6 15.5
2440 18,9 14.8
23.4 18,2 14,2
23,1 17.9 1440
2247 17.4 1345
22.2 16.9 13.1
21.7 1644 12.6
21.2 1549 1241
20.8 15.4 11.5
2043 15.0 11.1
19.8 14.5 10e6
19.4 1440 10.2
18.9 13.6 9.8
18.4 13.1 9,2
17.9 12.5 8.7
17.4 12.0 7.9
17.¢ 11.5 7e5
16.5 11.0 7.0
1640 10,5 65
15,5 10.1 6ol
15.0 9.6 5.6
1445 9.1 52
14.1 8+ 6 4.7
13.6 8.1 4.2
13.2 7.7 3.7
12,7 7.2 3.3
12.3 6a7 2.8
11.8 6.2 23

i
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OPTIONS 1T 9 $=571J

GUTPUT AZ YLF P?0PAGATIUN STUOIES NCPP  T4(VLFACM)SERDOO3
D8 LEVEL EXCEEDED FOR FLXED PROBABILITIES JAM S4e 28.

MONTH  JuL

POMWER = 100.0KW NIYSE BW = 1 KHZ

FREQUENCY=2641 KHZ RECLIVER LACATION 60.0N 10.0W BEARING = 130, DEG

FTRANSMITTER LOCATIONS DISTANCE $(D8) S/NCOB)

LATCDEG) LONCDEG) (DEGD P=0.500 P=0.300 P=0.930 P=1,5C0 P=0e900 P=0.990
17.0N 10.0W 43.0 ~16.4 =-21.5 -26. 7 11.4 5.7 1.8
16.0N 10.0W 4440 -16.7 -23.2 =29.1 11.1 442 ~Ce?
15.0N 10.0W 4540 =17.2 -23.6 ~29. 5 10.7 3.8 ~1.2
14.0N 10.0W 46,0 -17.6 -24.1 ~29.9 1062 3.3 =1le7
13.0N 10.0W 47.0 -18,.0 -26445 ~30.3 9.8 2.8 -2.1
12.0N 10.0W 4849 -1%, 4 -25.0 -30.7 %.4 244 =2+6
11.0N 10.0M 49,C -18,8 =25.4 =31.6 9.C 1.9 -3.5
10.0N 10.0u 50,0 -19,2 =25.9 =-31.9 Bed 1.4 -3.9
9.0N 10,0W 1.0 =19.6 -26.3 -32.3 B.2 1.0 —4e3
8+ ON 10.04 52.0 =21 ~26e7 =3246 7.8 0.5 ~4,7
T«0N 1C.0HW 53.0 -2, 5 -27.1 =33.1 Tet 0.1 ~5.2
640N 10.04 54.0 ~2049 -27.5 -33. 4 Tel -0.3 =56
S5eGN 10.0W 5540 -2le2 =27.9 -33.7 6eT -De7 =60
440N 10.0W 5640 -21.5 =2842 ~34,0 6e3 -1.1 =6e3
3.0N 10.0W 57«0 -21.8 ~2R.6 =34.3 6ol ~le4 ~6.7
2.0N 10.0W 5840 =22.2 -28.9 -34.6 547 -1.8 =7.0
1. 0N 10.0W 59.0 =22.5 -29.3 -34.9 Set -2.1 ~Te4
0.0N 10.0W 60.0 -22.8 -29.6 =35.,2 S5e1 =2.5 -7.8
105 10eNW 61.0C -23.1 -30.0 -35.0 4.8 -2.9 ~Beb
2408 10.0W 6240 =23, 4 -30.3 =35.3 4e5 -3.2 -8.9
3405 10.0% 63.0 -23.7 ~30.6 =364 6 442 =3.5 =9.2
4e0S 10.0H 64,0 =240 =33.9 =363 349 ~3.2 =96
508 10.0H 5540 ~24.3 -31,2 -37.1 3.6 -4.2 -9.9
6408 10.04 66405 -24.6 =31.5 -37. % 3.3 -4.5 -1¢.2
T«2S 10e0W 57.0 . -24.9 =31.9 -37.7 a0 =448 =10.5
840S 10.0% 5840 =252 =-32.2 ~38.0 27 =542 -10.8
9.0S 10.0W 69.G =25,5 -32.5 =38, 3 2.4 =5.5 ~11.1
13405 10404 7060 -25.8 -32.3 -38e5 2eid -5.2 -11.4
11.0S 10.04 71.0 -26.1 -33.1 ~38.9 1.8 —6e2 ~11.7
12.(S 10.04W 72.¢ ~25. 4 -33.5 -39, 2 1.5 =645 -12.0
1343S 10.00 73.C -¢heb -33.8 -39.5 1.2 -6438 -12.4
14.05 10.0W T4.0 -che9 -34.1 -39.8 0.9 -T2 ~12.7
15408 10.0W - 75.0 =27.2 ~34,4 -40.1 Ceb =75 -13.1
16408 10.0W 7640 =27,5 -34.8 =40, 4 0.3 ~Te8 =134 4
17.0S 10.0W 77.0 ~27.8 -35.1 -40.7 0.0 -8.2 -13.7
1805 10.0% 7840 -28,1 =35.4 ~4le 0 -0.3 -85 =l4.1
19.0S 1Ce.O% 719.C -2%.4 -35.7 ~41le4 =05 ~8.8 ~14.4
20.08 10.0W 80.0 -28.7 -36.1 -41.7 -0.8 =9.2 -14.8
21.0S 10.2¥ Bl.0 =29.0 -3644 ~42.1 -1l.1 =9.5 -15.1
22405 10,00 B2.C =29%.2 -36.7 ~42.4 ~le4 =9%.9 -15.5
23405 10.0W 83.90 =295 -37.0 —42.8 -1e7 =10.2 -1%.8

244,(S 1Ce2W B4.0 -29.8 -37.4 =~43.1 -2ed -10.5 =16.2

ATTEY ANV ‘SAVOHY “4dSNVH
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GPTIGNS T7
guUTPUT A2
POUWER

TRANSMITTER LOCATIONS

LAT(DEG)

25408
26408
27.08
284CS
29408
30.0S

FREQUENCY=26.1 KHZ

LONCDEG)

10.0M
1040
1C.0HW
10.0W
10.0W
10.04

) $=5/1J
VLF PPUCAGATION STUDTES

(<]
e

LEVIL FEXCEEDED FoR FIXED PRIBASILITILS

RECCIVER L7CATION 60.0N 10.0W

DISTANCE So8)

€DEG) P=0.500 P=0.900 P=0.990
85,0 -30.1 =37.7 =43.5
864€ -3%.3 -38.0 ~44.4
87.0 -3C.6 ~38.3 -44.7
8840 -30.9 -38.6 =45,
89.¢ -31.2 -38.9 =452
90.0 -31. 4 -39.2 —45.5

NCPP  T4CVLFACHISEROD3
JaM 54, 28,
MONTH  JUL
NOISE BH = L KHZ
BEARING = 180, DEG
S/NCO%)
P=N.509  P=0.900  P=0.990
~2.3 -16.9 -1646
-2.5% -11.2 -17.4
-2.8 -11.6 -17.7
-3.1 ~11.9 -18Be0
-3.3 -12.2 -18.3
-3.6 -12.5 -18.7

e

wwnd
wibet
wiag
Lt
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i
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8PTIONS T T 9 $=5/4
k2

auTPUT VLF POAPAGATION STUDRTFS NCPP  T4C(VLFACM)SER(EN3
Ca LFVOL “XCEDNLY FOR FIXEH PRORABYLITICS Jru 54, 28.
MONTH  JUL
PCUER = 150.0KW NSISE BUY = 1 KHZ
FREQUENCY=2541 KHL RECLIVER LOCATION 6C.CN  10.0W BEARING = 279, DNEG

TRANSMITTER LOCATINANS DISTANCE SO SINC )

LATCOEG) LCEN(DES) (0EGD P=L 503 p=04300 P=0e93%0 P=t.5¢0 P=04920 ?=0,990
600N 12.CW 1.0 2245 1446 5.3 49.6 45,0 41e 0
59.9N 1470 2.0 1644 8.9 -G53 3.5 38.9 35.1
594 9N 16.0W 3.0 12.7 505 -3.3 39.9 35.3 31.4
59.8N 18,0W 4.C 10,1 3.2 =543 7.3 32.7 28.9
59.6N 19.94 5¢C RoN 1.5 -5.8 35.3 30.7 2649
59.5N 21.9% £.0 6.3 0.0 -7.9 33.7 29.0 25.2
59.3N 23.8% 7.0 4.8 -1.2 =8¢ 9 312.2 275 23.8
594N 2547W 2.0 3.5 =23 -%.5 31.C 2663 225
58.8N 2T.6M 9.0 2.4 -3.4 ~10.3 29.9 2540 21.2
5845N 29.4M 10.C 1.3 ~4,3 ~13.9 288 24.0 201
582N 31e2M 11.0 Net =5.0 -11.5 27.9 2342 19.2
57.9N 32.0% 12.0 =0.5 =548 -12.90 27,9 22.1 18.3
575N 34,.8W i3.0 -1.3 ~6e & -12.6 26.2 21.3 17.4
57«2N 36.5W 14,0 -2.0 =71 -13.1 254 2045 1667
56.8N 38.2W 15.0 =2.7 -T.7 -13.6 2447 19.7 15.8
564 4N 39.8v i6.0 -4 ~Be 4 =1l4.2 244G 19.0 15.1
55.9N 41444 17.0C <4.0 -9.0 ~14.7 23.3 18.3 145 -
55.5N 43.0W 18.0 -64,9 -1C.9 -20.2 2246 17.6 13.7
55.0N 440 6M i9.¢C =52 ~1lle4 -20.3 2241 17.1 13.3
545N 4641 : 20.0 =57 -12.1 =21, 4 ?1.56 1645 12.7
S4.0N 47.5W 21.0 ~642 -12.6 -22.0 21.2 1601 12.2
53.4N 48.9W 2240 —6a7 =13.1 =225 2367 15.6 11.8
52490 503 23.0 =71 ~13.7 -23.2 20.2 15.2 11.3
5243N S51e7HW . 24e 0 =7.6 -14.2 -23.7 19.8 14.7 1¢.8
517N 53400 2S¢ . =R.D -14.7 -2443 19.3 14.2 10.3
51.1N 54430 26.0 -%.5 -15.2 -24. 8 18.9 13.8 9.9
50+ 5N 554 5% 27.¢ -8.9 -15.§ =253 18.4 13.3 et
§9.9N 56.8W 28090 =94 =16.3 -25.9 17.9 12.8 8.8
49.2N 57.9v 29.0 -9%.9 -16.9 ~2645 17.4 12.3 8.3
48.6N 59 14 30.¢C -1l 4 -17.5 -27.1 1649 11.3 7.8
47.9N 6Ce 2 31.0 -17.8 -17.9 =275 . 16.5 11.3 Te4
47.3N 6143W 32.0 -11.2 -18.4 =281 1641 10.9 7.0
460 6N 62 ¢ 4W 33.9 -11.6 -18.9 -2845 15.7 10,5 6.6
45.9N 63,54 34.0 -12.1 -19.5 -29.1 15.2 10.0 5«9
45.2N 64454 3560 -12.5 =200 ~29.6 14.8 9.5 545
445N 65.5W 36.0 -13.n =2)e6 -30.2 14.3 9.0 5«0
43.8N 66444 37.0 -13.4 -21.0 -30.8 13.8 8.5 4.5
43.0N 67044 38.0 -13.8 =214 4 -31.2 13.5 8.1 Gol
423N 68.3W 39.C -l4.1 -21.8 -31.7 13.1 7.8 3.7
41.6N 6924 40.0 -14.,5 -22.2 -32.1 12.8 Tet 3.3
408N 7001W 41eC ~14.9 ~22.6 -32.5 12.4 7.0 249

4J«1N 7174 42.C -15.2 -23.0 -33.9 12.0 66 246
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OPTIONS TT k] $=S/J
oUTPUT 8. VLF PRGPAGATION STUDIES

DB LEVE!L CXCEEDED FOR FIXED PRUBARILITIES

POWER = 1L0.0KW

FREQUENCY=2641 KHZ RECEIVER LOCATION 60.0N 10.0W

TRANSMITTER LOCATIONS DISTANCE SCDR)

LATCDEG) LONCDEG) (DEG) P=0.500 P=0,900 P=0.990
39. 3N T1.8% 4340 -15.5 -23e5 -33.%
38.5N T2.6M 44,0 -15.8 =23.9 -33.8
37.8N 73.4% 45,0 =16.2 -24.2 -34.2
37.0N 74024 46.C -1645 -24.6 =34.6
3642N 75.0d 47.0 ~15.8 ~24.9 ~35.1
35.4N 75.8¥ 48.0 =17.,2 -25.3 -35.5
34.6N 76454 49,5 =175 =237 -35.9
33.8N T7.24 50.0 -17.8 -26.0 ~34.3
33.0N 78.0¥ 1.0 -1%.1 =26, 4 =36.7
322N T8.7HW 52,0 -1R.5 -25.8 =-37.2
31.4N T9.4W 53.0 -1R.8 -27.2 -37.6
30.6N 80.NY 54.C -19.1 =27.7 -38.1
29.5N 80.7HW 559 =19.4 ~28.0 =385
29.0N 8le64W 5640 -19,3 -28.5 -39 1
28, 1N 82.0W 57.¢ -2n,2 -28.9 -39 6
273N 82 .4W 58.0 ~2Me5 ~29.4 =40.1
26.5N 83.3%W 59.0 -2N. 8 -29.7 -4046
25.7N 83,94 6Ce0 -21.1 ~30.1 =41e9
24.8N 84 .5W 6140 -21.5 -30.4 ~41.4
2640N BS.1¥W 62.0 -21.8 -30.8 -41.8
234 2N 85.7H 636 ¢ -22.1 -31.1 -42.3
22.3N 863U E4e0 =22.4 =31.5 ~42,7
21.5N 86,9V 65.0 -22.6 -31.8 -43.1
20+ 6N 87. 44 5640 -<3.0 ~3242 -43.4
19.8N 884 0W 57.0 =22, 4 -32.7 ~44,1
18.9N 8B.6W 5840 -2%.7 -33.3 ~44.6
18.1N 8Q,1W [ =24.1 -33.7 -45.1
17.cN E9.7W 70,0 -2444 =34.1 =454 %
16.4N 90 .24 71.0 -24,8 -34.5 -46.1
155N 90, 8Y 72.0¢ -25.2 ~34,9 =465
14,7H 91.3H [EF] =255 -35.3 -47.1
13.8N 91.84 74,9 =254 8 -3%.6 ~47.5
13.0N 92,44 75¢% ~26,1 -35.9 ~47.9
12.1N 92 .94 7540 =2k -36.2 ~48.2
11.2n 93,44 7.0 =2he6 -37.3 -49.9
100 4N 92,94 78.0 -26.8 =-37.6 ~50.3

Je 5N 94.4M 19.0 =271 -37.9 =505
Be6N 95 LT 30,0 -27.4 -38.2 =51. 9
T«8N 95,5y Blef ~27.6 ~38.5 -51.4
59N 9t "W 8240 -27.9 =-38.9 =318
51N 6. 5W 83.0 -29,2 -39.2 -52.2
SeZN 3T 0w 844G -2R. 4 =39.5 =52.5

NCPP T74(VLFACMISEROO3
JAM S4e 28,
HONTH JUL
NOISE BW = 1 XHZ
BEARING = 270. OEG
S/NCD8B)

P=0.500 P=0.900 P=0,990
11.7 642 240
11.4 58 1.7
11.¢ 543 1.3
10.7 Sel 1.C
10.4 4.7 0.6
1048 4e4 Ge2

9.7 4.0 =Ge2
9.4 3.7 -0.5
9.0 3.3 =(«9
8.7 249 -1.3
Be4 2.% =le7
Be1 2.1 =243
T.7 1.8 =247
Te3 1.3 -3.1
649 0.9 -3.6
6e5 0.4 ~4.0
6e2 0.1 ~4e4
59 =0.3 -4.8
544 =0.6 -5e2
5.3 =1.G =546
5-[-' -1.3 "5.9
4.7 -1.7 ~6.3
be b ~2.1 ~6.7
4o ( =243 -T2
3.6 =3.0 =77
3.3 =344 -6e5
29 -3.8 -8.9
2.5 ~4.2 -9.3
2¢2 —4eh =97
1.8 =5.1 =1i.2
1.4 =5.5 -1Ce5
1.2 =5.% ~10.9
teQ =6.1 “1ie3
0«6 =6,5 -11.6
0.6 =TT -14,0
0e3 =81 -14.3
0.0 -8a.4 -14.7
-0.3 -B.7 -15.0
~Ge5 =9.6 -15.4
~0.8 =9,2 =15.7
=1.1 -9.7 ~16.1
~1l.3 -10." -16.4
1
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GPTIONS 17
SGUTPUT A2
POWER

TRANSMITTER LOCATIONS

LATCDEG)

4. 3N
3. 5N
ZQEN
l.7N
0e 9N
De0S

FREQUENCY=26.,1 KHZ

LONCDEG)

97.5W
98.0W
98450
99,.0u
99. 5W
1UP.0W

DE

DISTANCE

(0EG)

8540
8640
87.9
8.0
89.¢
99.90

$=57J
VLF PROPAGATIIN STUDIFS

LEVEL £XCEEDNED FCR FIXED PRORABTLITIES

RECEIVER LTCATION 6C.CN 10.uW

N1

P=p.50, P=0.900 P=0.990
-2%.6 -40.0 ~5249

~¢8.9 -40.3 -53,3

=-29%.1 =43.6 =33.6

-2%. 4 ~40.9 -54.0

-29.7 -41.2 ~34.%

=30.0 ~41.5 -54.7

NCPP  T4(VLFACM)SERGC3
JAM S54. 28,
MINTH  JUL
NTISE 8¥ = 1 KHI
BEARING = 270. DEG
S/NCDR)
P=1,500 P=04900 P=0,990
~1le6 =10.3 -17.2
-1.8 =10 46 -1745
=241 -10.9 -17.8
-244 ~11.2 -18.1
=246 -11.5 -18+4
~2.9 -11.8 ~18.7

AT ANV ‘SAVOHY “Y4SAVH
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OPTIONS T
ouUTPUT A3

TRANSMITTER NAA
POWER =1000.0KW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIONS
LATC(DEG) LONCDEG)

S3.1N TS5.6W
53.9N T6e6W
544 TN TT.74
5545N T8e7W
56e2N 79.9H
57.0N 8l.0M
57.8N B2.3M
5B845N 835N
59.2N 84 .94
59.9N 86.3W
6).6N 87e7W
61.3N 89.2W
62.0N 90.8W
62+6N 92.44
63.2N 94 .24
63.8N 96.0U
64« 4N 97.8W
65.0N 99.8W
65.5N 1¢1.84W
664 0N 103.9%W
6645N 10641W
664 9N 108.44
67+ 3N 110.7W
677N 113.2¥
684N 115.7W
683N 118.2%
684.6N 120,94
68+8N 123.54
68.9N 126434
69+1N 129.1¥%
69¢1N 131.9W
69.2N 134,74
69.2N 137.5w
69.1N 140,30
69.0N 143.14
6849N 145.8W
68+7N 148.5KW
68.4N 151.2W
6841N 153.8W
678N 156434
67.5N 158.84
671N 161414

VLF PROPAGATION STUDIES

ceegeeae

AVEKAGE PROUBABYLYTIES FOR FIXED THRESHOLDS

DISTANCE

(DEGD

10.0
11.G
12.0
13.¢
14.0
15.0
1660
17.0
18,0
19.0
20,0
21.9
22.0
23,0
24.0
2540
26,0
27.0
ZB. c
2940
30.0
31,0
32,0
33,0
364,C
35.0
3660
37.¢
38.0
39.¢
40,0
41,0
42.0
4340
44,0
4540
4640
47.0
48,0
49.C
50.0
51.0

TRANSMITTER LOCATION 44.TN 67.3W

T= K00

1. 000
1.00¢
1. 000
1009
1.000
1,000
1.000
leU0C
1. 000
1.0N0)
1.0
1.009
1.000
1.000
1.0M0
Ce 993
(«989
De 945
0.876
0e54)
06257
0.C85
0.021
0.009
0.072
04000
0. 000
Va0
0. 010
0.000
0e000
0. 009
Js 000
c.0Ny
0. 000
C. 000
0. 0090
0. 000
0. G0Q
GeONJ
0. 000
CeGOu

S PROBABILITY
T= 48,0

1. 000
1.000
1.000
1. 000
1.G600
1.000
1.000
1.000
1. 000
1. G090
1.000
1. 000
1.000
1.020
1.000
1. 000
1.000
1. 000
1.000
1.000
1.000
1.000
00997
£.993
0964
0.862
0. 638
0.35¢C
0,135
0.0G38
".099
0.002
0,001
0. 000
0. 000
0.000
0,000
0. 000
n, 00¢C
0.032
0. 000
0. 000

14 0CC
1.000
1. 000
1. 00¢C
1.000
1. 000
1. 60C
14000
1. 000
1.00¢
1.000
1. 000
1. 000
1.000
1. 000
1. 000
1. 000
1. 000
14000
1. 000
1. 090
1000
1. 000
14900
1.000
1. 000
1. 000
1000
1. 000
1. 0G0
1.000
1. 000
1.00¢
0999
0.996
0.978
0.910
0.738
Oe47C
0e217
0.072
0s018

NCPP T4(VLFACM)SEROOQ4
MONTH  JuL
NGISE 8W = 1 KHZ
BEARING = 330. DEG
S/N PROBASILITY
T= 12.0 T= =640 I==24.0
0.999 1.000 1.000
£.999 1.000 1.0Cc0
0.996 1.000 1.000
0995 1.000 1.000
Ne994 1.000 1.000
0.994 1.000 1.000
0.994 1.000 1.000
0,995 1.000 1.000
0.992 1.000 1.000
0,991 1.000 1.000
0991 1000 1. 000
0.992 1.000 1.000
0.993 1.00¢ 1.000
N.991 1.000 1.000
0.982 1.000 1.000
0967 1.000 1.000
De 944 1.000 1.000
0,911 1.000 1.0C0
G852 1.000 1.000
0.772 1.000 1.000
04683 1.000 1.000
De571 1.000 1.000
V4457 1.000 1.000
N.405 1.000 1.000
0.297 1. 000 1.C0¢C
0.199 0999 1.000
0.1G9 0.997 1.000
0.040 0.988 1. 000
0,011 0.956 1.000
0.002 0875 1.0C0
0.001 0.764 1.000
0.00n 0s641 1.000
0,969 06190 1.000
0.000 0e468 1. 000
3.000 0.343 1.000
0,000 3.230 0.999
0.000 04140 0.997
0,000 0.080 04994
9.700 06543 0.990
0.209 00020 0.982
0.000 0.008 0.969
De.000 0.003 24943
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OPTIONS T 9 ¢reeveee
guUTPUT A3 VLF PROPAGATION STUDIES NLPP  T4(VLFACM)SERGO4

AYERAGE PROBABYLITIZES FOR FIXED THRESHILDS

TRANSMITTER NAA “INTH JUL
POWER =1006C0.0KW NJISE BW = ‘1 KHZ
FREQUENCY=17.8 KHI TRANSMITTER LOCATION 44.7N  67.3W BEARING = 330, NEG
RECEIVER LOCATIONS DISTANCE S PRUBABILITY S/N PRABALTLITY
LATCDEGY LONCDEG) C0EG) T= £j09 T= 48,0 = 300 T= 12.0 T= -6.G T==c440
664TN 163,44 52.0 Ve UMY N.000C 0eGl4 G.000 0.002 0.944
66¢ 2N 165. W 5340 Ge0ON( t.000 Ge0N7 0.nQnN J.001 0.930
65+ TN 167.84 5440 C. 079 0.000 0.004 J.000 0.000 0.913
6542N 169.9% 5540 0000 0.000 0.003 04709 0.000 24909
646N 171.8W 5640 OeL0E 0.000 U002 0.n00 J.000 0.887
641N 173.7W 570 0.000 N.000 0.001 0.000 0,000 0.858
635N 175,64 580 Ce 00 . 000 U001 0,007 G000 0.822
629N 177.3W 594C GeGOL 0.000 Je001 G007 3.000 0.777
62.2N 179.0W 60.0 0.000 0. 000 0.001 0.9%00 0.000 0.726
61+6N 179.4E 61.0 0.0090 0.000 0000 J.000 0.000 N.665
6)+9¥ 177.9€ 62.0 0eGOY 0,000 G000 000N 3.000 04590
60621 176.4€ 63.0 0. 009 0,000 0.000 0,000 0.000 0.513
59.45¢ 175.0E 640 0e G 6,000 0.000 0.000 0000 N.454
58e8A 173.7E 65.0 te00C 0,000 V.000 0.000 0.000 Da4(5
58.0N 172.4E 6640 0. 000 0,000 0.000 0.000 0.000 0.360
ST«3N 171.1E 67+0 0.00¢ 3. 000 0.00¢ 0.000 0.000 0.321
56+ 5N 169.9€ 58.0 Cotul0 f,000 3.300 G.000 3.000 G.284
554 8N 168.8E 69.0 0.000 0.000 0.000 0.000 0.000 0.246
55+0N 167.7E 70.0 0e 009 0.000 0. 000 0.00" 0.000 0.211
5442N 16646E 71.0 0.000 J.000 04000 0.700 0.000 0.181
53.4N 165.6E T2.0 0.000 0. 000 0.009 0.000 0.000 0.156
52.6N 16446E 73.0 Oe i 0.000 2.000 0.000 0.000 0.148
S1e8N 163.7E 7440 GelNG C.000 04000 0.060 0.000 0e126
51.0N 162.8€ 75.0 0.003 0.000 0. 000 0.000 0.000 0.108
501N 161.9E 76.G 0000 0.000 0000 0.200 0000 0.093
49.3N 161.0E 77.0 Ge0NQ 3.000 Ge900 0.%00 0.000 0.078
48.4N 160.2€ 78.0 0.099 0. 000 0.000 0.000 0.000 0.065
47.6N 159, 4E 79.0 Ge 000 0.000 04000 n.0ce 0.000 0.053
467N 158.6E 800 Lel0Q 0.000 04000 3.0G60 0.000 0.043
45.9N 157.9€E 81.0 0,000 0. 000 0.000 0,000 0.000 0.034
45.0N 157.2€ 82.0 0.000 0.000 0.00C 0.000 0.000 0.027
§4.2N 15645E 83.0 0. 009 0. 000 0.000 0.000 0.000 0.017
43.3N 155.8E 8440 0.000 0,000 0. 000 0,000 0.000 0e014
42. 4N 155.1E 85.0 G0N0 te 0060 e 000 Na.0QN 0.000 0.011
41.5N 1544 5E 86.0 G« 0090 0.000 0.000 0.000 0.000 0.009
40.7N 153,9¢€ 87.0 0. 000 0.600 0.000 0.9%00 04000 04007
39.8N 1534 3E 88.0 GeNO n.00"0 3000 0.00" 0.000 0.0065
38.9N 152.7E 89.0 0. 000 0. 000 0.007 0.000 0.000 0.005
38.0N 152.1F 90.0 0,009 0,000 0000 0,300 0.000 0e004
37.1N 151e5E 51.0 ve0NQ 0,000 0.000 0.000 0.000 0.0C3
362N 151.0€ 92.0 0.000 0.000 0.000 0.000 0.000 0.003

35.3N 150+ 4E 93.C 0= 0% 0.000 0.000 0.n09 0.000 0.002

ATIEN ANV ‘SAVOHY “44SNVH
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OPTIANS T
ouTPUT A3

TRANSMITTER NAA
PCWER =106 0« 0KW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LATCDEG) LONCDEG)

444N 149.9¢
33.5N 149 4F
32.6N 148.9€
31.7N 14844E
304 8N 147.9E
29.9N 147 44E
29.0N 14649E
280N 14645E
27.1N 146.0E
2642N 145,6F
2543N 145,1E
24.4N 1444 7E
23. 4N 1444 3E
2245N 143, 9€
21.6N 143.5E
20. 7N 143.1F
19.7N 142.6€
18.8N 142.2F
17.9N 141.9E
17.0N 141.5¢
16.0N 141.1E
15.1N 14C. 7€
14.2N 140, 3¢
13.2N 139,98
123N 139.6E
114N 139.2€
10.5N 138.8€

VLF PPOPAGATION STUDIES

eeeeecee

AVERAGE PROJARYLTTILS FOR FIXED THRESHILODS

DISTANCE

(DEG)

94,C

95.0C

96' o

97.0

98.0

99,0
1¢0.0
1yl.0
102.0
103,.0
10440
10540
106,10
107.0
10840
1u9.¢
110.0
111.0
112.0
113,92
114.0
115.0
11640
117.9
113.0
119.0
12060

TRENSMITTER LUCATION 44.7N

Tz Ay

G.0M9
Gauny
0.602
Ce (09
o.009
0. 0090
v 0NY
GeUf
0.009
Ge (NG
Ve 0D
0.009
Geuno
3. 00)
0. 000
Ue0Q
0. 0023
0.009
0.G00
0.00n9
0.000
00l
0. 009
0.003
C.Gl0
0.000
0.0990

S PRUSBABILITY

T= 4840

9,000
N.000
0.000
0.000
0.000
0.000
N.900
Ne 000
0. 000
" 000
N.000
0,000
f.000
0.000
0.000
0.090
0. 000
0. 000
0e.600
0. 006G
0.000
0.000
0. 000
1,000
0.000
0.9000
Ne 000

67.

W

T= 30.0

0600C
0000
0.000
0,000
3000
0.009
UeUNC
0000
0. 000
Je 0OC
0. 600
04000
V000
0.000
0.000
0e00¢C
0,000
0.009
UG« 00C
G« 000
0,000
G.00U
0.000
0.000
400¢
G. 000
ue 00U

NUPP  T4(VYLFACM)ISERDOS
MONTH  JUL
NJIISE 89 = 1 KHZ
3EARING = 330, DEG
S/N PRIBABILITY
T= i2.0 T= =640 T==264,0
0,70° 0.000 0.002
0.700 0.000 0.002
0.007 0.000 3.001
0000 0.000 0.003
0.ngn 000 0.0¢2
0.000 0.000 3.002
04700 0.000 0.0€C2
0.00n 0.000 0.001
0.0207 0.000 0.001
d.n0n 0.000 J9.001
0.200 0.000 0,001
04900 0,000 0.001
r,nQn 0.000 0.0C1
0.000 0.000 0.001
0.000 04000 9.0C1
0.000 0.000 0.000
0.000 0.000 -0.000
J.000 0.000 0060
f.000 J.000 0.000
0.000 0,000 9.000
0.000 0.000 0.009
0.n0n 74000 2.000
0.000 0.000 0.000
0.000 0.000 0.00¢
0.000 24000 J.009
0.900 0.000 0.000
N.000 0.000 7.0C0
a
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CPTIAGNS T 9 tetvzeed
SYTOUT 43 YLF PRCPAGATIUN STUNIES NCPP  T4CVLFECAISTR(CY

AYERASE PROZALTLITIES FaP FIXSD THRESHILDS

TKANSMITTER N&A MENTA  JUL
PANER =106G0.0KW NJISE BW = 1 KHZ
FREQUENCY=17,3 KHZ TRANSHITTER LICATION 44,7V 67.3W EZARING = 60, DE6
RECEIVER LOCATIANS GISTANCE S PROBAIILITY S/N PROBARILITY
LATC(DEG) LONCDEG) DEC) T= AJ4D T= 48.0 T= 30.9 T= 12,0 T= =540 T==24,0
49.0N S54e1d 100 le00y 1.009 1. 603 1.007 1. 600 1.C00
49.3N 52464 11.9 1. 029 000 1. 200 1.700 1.000 1.C00
49,6N 51.2W 12.4 1.67) 1,000 1e00u 1.n010 14000 1.000
49.9N 49 ,7HW 13.¢0 1eU0) 1. 009 1. 300 1.7092 1. 000 1.000
502N 48424 14,0 l.Cn9) 1. 606G 1. 090 1.1700 1.000 1.000
505N 464 THW 15.0 leQ%y 1.600 1. G0G l1.000 1.000 1.000
S0.7N 451N 15.C 1.0 1. 000 14000 1.0900 1.000 1.000
50.9N 43.6W 170 1. 019 1. 009 1. 000 1,000 1.000 1.000
512N 42,04 18.0 1e 0y 1. 000 1.00, t.non L.0GND 1.000
513N 40454 19.¢C 1.600 1. 0090 1. 000 1.900 1. 000 1,000
515N 38.94 20.90 1. 009 1, 000 i. 000 1,000 1.000 1.000
516N 37.3% 21.C 1879 1,000 l.u02 1.000 1000 1.000
S1.7N 35474 22.0 1. 0™ 1. 0G0 1. 00¢ 1.700 1.000 1.000
51.8N 34,1W 23.0 1.000 1,000 1. 000 1.000 1.005 1.000
51.9N 32454 26,0 le g0y 1.C00 14000 1.500 1.000 1.000
520N 30.9W 2549 1. 009 1. 000 1. 000 1.0C0 1.000 1.000
52.0N 29424 2640 1. 009 1. 000 1. 000 1.70°7 1.000 1.009
524 (UN 27.6H 2749 leuNg 1.000 1e000 1.00" 1.000 1.0(0
52.0N 26404 28.0 1. 009 1. 000 1. 000 1.70°2 1.000 1.000
520N 24444 29.0 le 000 1008 1. 00 1.00° 1.000 1.000
519N 22.TH 30.0 letNy 1.0060 1.00¢ 1.n00 1.000 1.000
518N 21.1W 31.0 1.9090 1. 000 1. 000 1.000 1,000 1.000
517N 19.5M 32.0 leuly 1.002 1s00¢ l.000 1.00¢C 1.000
51.6N 17.9 33.C Le0NC 1,000 1. 009 1.009 1.000 1.00¢C
51.4N 16.34 34.0 1. 000 1. 000 1. 000 1,000 1.000 1.000
513N 14.8W 35.6 1072 1000 1.00¢ 1.000 1.000 1.000
511N 13.2W 3640 1. 092 1. 000 1000 1.700 1,000 1.000
50.9N 11.6W 37.0 1.00) 1. 000 1. 000G 04999 1.000 1.000
S50e 6N 10.1¥ 38.¢ leMQ 140060 Le 000 N.993 14000 l. 0G0
504N 8. 60 29.0 e 999 1,000 1.00% 0.997 1.000 1.000
50.1N TelW 4060 0. 999 1. 000 1. 000 N.994 1.00¢0 1.000
49. 8N Se bW 41.C ve 999 1.000 1+00¢ N.990 1.003 1.0¢0
495N bolW 4240 00993 1. 000 1. 000 7.985 1.000 1.000
49.2N 2e7M 43,0 0.997 1. 000 1. 000 0.978 1.00¢C 1.000
48. 8N 1e2W 44,0 Ve 995 1.009 1e3C0 Ge967 1e 000 1.000
485N Ge2¢ 45490 Ge 996 1. 000 1. 00¢C 04953 1.000 1.000
4B8.1IN 1.6E 4640 0992 1,000 1. 030 0.932 1.000 1.000
47. TN 24 9E 474C 0e989 1.030 1.000 Ne919 1.00?2 1.0¢0
47.3N 4432 4840 0+9°5 1. 000 1. 000 0.%97 1.000 1.000
46.9N 546E 49,0 0.977 1. 000 1. 000 0.871 1.000 1.0C0
464 4N 6498 5090 0.959 1.00nN 1.00C 0844 1.000 1.000

4640N Be2% 51.0 De 942 1. 000 1. 500 0.814 1.000 1.000
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OPTIOGNS T
ouTPUT £3

TRANSMITTER NAA
POWER =100U0 o 0KW
FREQUENCY=17.8 KHIZ

RECEIVER LOCATIONS

LAT(DEG) LONCDEG)

45.5N 9.5E
45.0N i0.7E
445N 11.9€
44.0N 13.1E
43 .,5N 14.3F
42.9N 1545E
42 o4N 16.5E
41.8N 17.7E
41.3N 18.8E
40.7N 19.9€
40.1N 21.90E
39.5N c2e0E
38.9N 23.0E
383N 2440E
37.6N 25.0¢E
37.0N 264 0E
36.4N 27.0E
35. 7N 27.9E
35.1N 2848E
34.4N 29.7¢
33.7N 3Ce 6E
33.1N 31.5¢E
32.4N 32.4E
31.7N 33.2¢
31.0N 34,.1E
20.3N 34,9¢
29+ 6N 35.7¢%
289N 36.6¢L
2842N 37.3¢
275N 38.1E
267N 38,.9E
26.0N 39.7E
254 3N 4(e 4E
24.5N 41,2¢F
23.8N 41.92
231N 42.7F
223N 43.4%
21 46N 44.1F
2)«8N 4443
20«1N 45450
193N 46425
185N 464 9E

YLF PRYPAGATION STUNIES

ceepvere

AVERAGE PRUBABTLITIES FUR FIXED THRESHOLDS

DISTANCE

(DEG)

22.1
53.0
54,0
5540
S6.0
57.0
58.0
59.0
5040
61,0
6240
63.0
54.0
6540
666G
570
5860
690
0.0
71.0
2.7
73.0
T4.0
75.¢C
7640
77.0
7842
79.0
5040
8le0
8249
B3.0
34 C
8§5.0
86490
37.C
88.0
B9.C
90.6G
91.¢C
92.¢
33.0

TRANSHITTER LOICATION 44.7N

Ce968
0.932
Ue 912
G.887
0.8A3
G.832
0.801
LeTH6
0.723
0679
G625
LeST(
Ua513
Ced5h
Ceals
Ne373
o322
el 94
Ne 258
Ge226
Ue 196
Gel7)
Oe 146
Deil5
Je 103
Qe ORS
G059
Ne 056
Ge D66
Ce037
0.05%9
Ge 059
Cet 42
0035
Lel?29
Get?24
0.02)
Je 517
Gelt4
Vel
ekl

CeiDB

S PROBABILITY

T= 48,0

1.000
1. 000
1.00"
1.1900
1. 060
1.000
1. 000
1. NON
1.0030
1. 00C
1. 100
1.000
1.00C
1.C00
1.009
1,009
1. 000G
1,000
1.€00
Ne 999
4999
0999
D¢ 998
Ne938
C.997
Ge 995
70993
0. 990
N. 936
N, 382
e 955
Qe 946
16935
0.924
Ne 910
".835
0. 279
Ce 861
0.239
2.819
Te 797
0.773

67.3W

1= 3040

1. 009
1. 000
1. 000
1.009
1.000
1.900
1.0300
1.60C
1l.000
1. 000
1002
1.00v
1.000
1. 608
leNT
1.900
le d0y
1.06G¢
1.00C
1. 090
1000
160G
1. G0¢C
1e00U
1.009
1e G0
1.400
1.009
1. 300
1.00C
1.009
1. 000y
190G
1.000
1000
1.000
1.000C
1.400
1.90%
1. 000
1.80¢
1.u0l

MG
NOISE BW =
BEARING =

0.782
0.753
N.598
0.470
0.54%
N.h27
0.5C7
D587
0569
0547
0.528%
rL.50"
D.469
H.438
Ge415
0.391
De368
Ne3645
0.323
Q.302
Ne281
3.261
Ve 244
Ne229
D.212
N,197
f.176
0.152
0.131
Nell2
0.115
0.163
He001
d.080
0,072
00066
0.Nn5¢8
A.N52
NN647
0.043
0.139
0.03%

NCPP  74(VLFACM)SER(QO4
NTH  JUL
1 KHZ

60, 0EG

S/N PROBASILITY
T= =6.0 T==244.0
1.000 1. 000
1.000 1.000
1,000 1.0¢0
1.000 1.000
1.000 1.000
L.000 1.000
1.000 1.000
1.000 1.000
1.000 1. 006G
1.000 1.000
1.000 1.000
1.000 1.000

. 1.000 1.000
1.000 1.000
1.000 l1.000
1.600 1.000
1.000 1.0C0
1.000 l.000
1.000 1.000
1.000 1.0060
1.00¢ 1.00C
1.000 1,000
1000 1.000
1.00¢ 1.000¢
1.000 1.000
0999 1.000
0.999 1,000
3.999 1.000
0.998 1.0C0
3.997 1.0900
0.990 1.0G0
Te987 1.000
24982 1.000
0.977 1.000
Ge971 1.000
70964 1.000
0.957 1.000
0.9590 1.000C
G941 1,060
0.934 1.000
0.928 1.000
0.922 1.000
a3t
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OPTIONS T
guTPUT A3

TRANSMITTER NAA
POWER =1000.0KW
FREQUENCY=17.8 KHZ?

RECEIVER LOCATIONS

LAT(DEG) LONCDEG)

17.8N 47,6E
17.0N 48.2€E
1643N 48.9E
15.5N 49.6E
167N 5%.2E
13.9N 50.9€
13.2N 5145E
124N 5242E
11.6N 52.8€E
10.8N 53.5E
101N 56.1E
9.3N 54.7¢€
845N 55.4F
TN 56.0E
6.9N 5646C
641N 57.3E
54N 57.9¢
4.6N S5845E
3.8N 59. 1€
30N 59.7E
242N 60 .4E
1.4N 61.0E
De6N 61le6E
0.28 62.2E
0.9S 62485
178 63e4E
2458 644 0F

YLF PROUPAGATION STUDIES

eezeeeee

AVERAGE PPIBABILTTIES FOR FIXED THRESHOLDS

DISTANCE

(DEG)

94,0

95 .o

96.0

9740

98.0

99,0
130.¢C
101,06
102.0
193.0
164,40
105.0
1u6.0
107.C
108.0
109.0
110,
111.0
112.¢
113,
114.0
115,¢
116.0
1i7.0
118.¢
113.%
120.¢0

TRANSMITTER LOCATION 44.7N

T= A0.0

0. (N6
Ue0N5
0.004
CeG03
G0N
0.002
CeQN2
LeblL
0.001
Ce0ON1
GeUNY
0.0M1
Qe GN1
GeOng
0.000
Ce N
Coliny
0. 099
Geuy
CelN0
0.0M9
Ce (09
GelND
5.000
G.009)
Ge UNC
0.0090

S PROBABILITY

T= 48.0

0.748
Ne 721
0. 693
N.663
0.633
0.608
0.582
De556
04530
Ce 504
D.478
0o 455
N, 430
0e406
N.382
7. 359
2336
N.314
0.293
Ne273
0.254
0. 235
".218
0.202
0.187
0,173
0.159

67.

k1

T= 30.v

1.00¢
1.900
1. 000
1.00C
1. 000
1. 000
1. 300
1. 000
1. 000
19000
1.000
1.000
1. 00¢
1. 0090
1. 000
1000
1.000
1. 000
1.000
1000
1. 000
130090
04999
9.999
e 999
0999
G.999

NCPP  T4CVLFACMISERQO4
MONTH JUL
NGISE BW = 1 KHZ
BEARING = 60. DEG
S/N PROBASILITY
T= 12,9 T= =6.0 T==24.0
t.N31 0.917 1.000
J.02% 0,913 1.060
0.N26 0.910 1.000
0.%22 2.908 1.000
0.n22 0.916 1. 000
0.020 D.912 1.000
0.718 0.907 1.000
0.1716 0.903 1.000
0,013 0.888 1.000
0.712 0.883 1.060
0.n11 04879 1.000
0.710 0.876 1.000
0,009 JeB8T4 1.000
0.709 0.871 1. 000
0.00% 0869 1.000
0.008 3.866 1.0060
N.007 0+862 1.000
%.,007 0.859 1.000
V.06 0.855 1.0C0
0,006 0.851 1.0C0
0.005 0.842 1.000
0.7¢5 0.831 1.0C0
0704 0.819 1. 060
0.004 0.807 1.000
0.704 0.799 1.0¢0C
f."D3 0792 1.000
0.0C3 D784 1.000

ATT13Y ANV ‘SAVOHY “4dSNVH
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OPTIINS T T geceeeee
ouTPyT P12 YLF FOUPAGATION STUDIES NCPP  T&(VLFACU)ISEROCS

TRANSMITTRR NSS 39.0N Tée54
RECEZTYER GBAY 53, 4N 694 5%
BEAPTNG = 3:,47:6 DISTANCE = 18.10€EG

FREQUFNLY = 23.4 KWZ
NOISE bW = 1 KHZ
PYWFR = 50J.yKW

MENTH  SUL
GNT sC08) NCDR) S/NCOB) S16MAC(S) SIGMACNU) SIGMA(SN-L) NDT
00 65.6 46,1 19.5 240 3.0 3.6 D
01 T7.1 “Teb 2943 3e4 3.0 4.5 N
02 77.1 4746 £9.5 3.4 209 4.5 N
03 776t 47,2 3040 3.4 2.9 40 S M
04 1Tl 46,7 3Ues 3.4 2.9 445 N
05 77,1 4646 30.5 3.4 2.7 4e3 N
06 7.2 46,4 30.7 3.4 267 403 N
07 TT.1 46e2 30.9 3.4 2.8 404 N
08 70.4 44,4 2649 3.4 2.8 4.4 T
09 6649 424C 2449 3.4 361 406 T
1) 6538 41,3 Z4e5 2.0 3.1 3.7 D
11 6640 4146 2444 2.0 3.0 3.6 D
12 66,2 41e4 2448 2.6 360 3.6 D
13 6544 41,9 2545 2.0 3.0 3.6 D
14 6646 40,5 2541 2.0 249 3.5 D
i5 66,6 4040 2666 2.0 28 3.5 0
15 656.7 40,0 2607 249 2+9 3.5 D
17 6667 40.7 2640 2.0 3.0 3.6 o]
18 6607 41,9 247 2.0 3.0 3.6 D
19 6545 4344 23.¢ 2e4 3.2 3.7 0
29 6644 44.9 21.5 2.0 3.2 3.7 0
21 6643 45,8 20. 4 2.0 3.1 3.7 D
22 6561 4642 19.8 2.0 3.1 3.7 0
23 65,8 46,2 19.7 2.0 3.1 3.7 ]
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OPTIONS T T

cUToUT B
Ds

TRANSMITTER HSS 39.CN T6e54

RECEIVER GRAY 53,4M  50.5W

MONTH  JUL

GREAT CTRCLE PATH = 18.1 DFG

SCo8)

GMT P=C,5¢0 P=0.930
00 65.6 6340
03 7.2 7448
2 77.1 72.8
03 7.1 7248
04 7741 72.8
05 77.1 743
06 771 72.8
07 77.1 72.8
08 T0.4 6641
09 6649 626
10 65.8 63,2
11 6640 5345
12 6642 6347
13 6644 6345
14 6646 6440
15 6646 6441
16 6647 641
17 6647 64e1
18 6647 64e1
19 6646 6440
29 6644 63.9
21 6643 637
22 66el 6345
23 65.8 63.3

DB LEVEL

EXCEEDED 6746 64e1

cpeeegee

VLF PREPAGATINN STURIFS

LEVELS ¥C° FIXED PROUBABILTTIES

P=0,9990

60e9
693
69.3
A% 3
693
69.3
69.3
69.3
6246
59.1
61'1
6le4
61le6
6le§
61.9
6240
"2'0
62.1
62.0
5le9
61.8
65le 6
6le4
Kiel2

6le7

P=3.5¢C0

19.5
29.8
2945
30.0
3C.4
30.5
30.7
309
2660
24¢9
244 5
24e 4
244 8
2545
2641
2646
267
2540
2447
23.2
21.5
20.4
19.8
19.7

NC

TR POWER =
FREQUENCY
NOTSF 8w

TR BTARING

S/NCDR)

p=1,900

14.9
2640
?3.8
2443
2447
25.0
2542
2543
20.4
19.0
19.7
19.8
20'2
209
21.6
2242
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