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INTRODUCTION

Loran-C and D are pulsed, low-frequency (LF), hyperbolic radio aids-to-navigation. They
derive their high accuracy from time difference measurements of the pulsed carrier and the
inherent stability of LF propagation. The wide coverage areas are made possible by the low
propagation losses of LF groundwaves and the resultant long bascline lengths (station-to-station
separation). The Coast Guard now operates 8 Loran-C chains (including one on the east coast of
the United States) using 31 transmitting stations to provide coverage over 12,000,000 square
miles (see Figure 1).

Loran-D is a tactical extension of Loran-C. The theory of operation is the same, but the
physical size of the ground stations is reduced for mobility, sacrificing radiated power and
coverage area.

THEORY

Hyperbolic radio aids-to-navigation operate on the principle that the difference of time of
arrival of signals from two stations, observed at a point in the coverage area, is a measure of the
difference in distance from the point of observation to each of the stations (see Figure 2). The
locus of all points having the same observed difference in distance to a pair of stations is a
hyperbola and is a line of position (LOP). The intersection of two or more LOP’s defines the
position of the observer. The accuracy of hyperbolic radio aids-to-navigation depends on the
observer’s ability to measure the difference between the times of arrival of two signals (time
difference or TD) and his knowledge of the propagation conditions so that the time differences
can be converted to LOP’s.

In identifying the proper frequency for a radio navigation system which will give wide
coverage and high accuracy, various physical factors must be considered. The basic limitation on
accuracy is the velocity of propagation of radio energy, approximately one foot per nanosecond
(1 ft/ns). Thus for accuracies on the order of tens or hundreds of feet, measurements must be
made to tens or hundreds of nanoseconds. Also the propagation conditions must be reliably
predictable (mathematically or from survey) to tens or hundreds of nanoseconds.

Very Low Frequency (VLF) signals propagate primarily by skywave or the waveguide mode
and predictability of this propagation suffers from the lack of real-time knowledge of iono-
spheric conditions. Low Frequency (LF) signals meet the requirements for time measurement
accuracy and the ability to predict groundwave propagation conditions although they are subject
to skywave interference at long ranges. Medium and High Frequency (MF and HF) signals meet
the time measurement capabilities but suffer high propagation losses over land reducing their
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range. They also suffer loss of propagation predictability due to natural and man-made physical
features whose size is a significant fraction of a wavelength. Higher frequency signals (VHF and
above) are range limited to line-of-sight. Thus 100 kHz was chosen for Loran-C and D to take
advantage of the stable propagation characteristics and long range of the LF band. Pulsed and
coded signals are used to minimize the effects of skywave interference.

Skywaves arc echoes of the transmitted pulses which are reflected from the ionosphere.
Skywave conditions vary from day to night and in different parts of the world. A skywave may
arrive at a receiver as little as 35 microseconds (us) or as much as 1000 us after the ground
wave. In the first case, the skywave will overlap its own groundwave while in the second case
the skywave will overlap the groundwave of the succeeding pulse. Either case will cause
distortion of the received signal in the form of fading and pulse shape changes. Large positional
errors would result if these conditions were not accounted for in the selection of the Loran-C/D
signal format, and the design of the receivers.

The early arriving skywave can be overcome by making time of arrival measurements on the
first part of the pulse. This ability is enhanced by the fast rising pulse, achieving high power
prior to the arrival of skywaves (see Figure 3). The shape of the pulse also allows the receiver
to identify one particular cycle of the 100 kHz carrier. This is essential to prevent whole cycle
ambiguities in the time difference measurement and allows the high accuracy of the phase
measurement system to be achieved.

To prevent the long delay skywaves from affecting the time difference measurement, the
phase of the 100 kHz carrier is changed in each pulse of a group in accordance with a
predetermined pattern. The phase codes for Loran-C and D are shown in Table II. Additionally,
the phase code is different for the master and secondary signals so that automatic receivers may
use the code for master and secondary station identification.

Ranges of 800 to 1200 nautical miles (nm) are typical (250 to 400 nm for Loran-D)
depending on transmitter power, receiver sensitivity and losses over the signal path. Variations in
propagation losses and velocity increase with distance from the transmitters. These errors and
those introduced by receivers will normally result in position variations of 50 to 200 feet at 200
to 500 nm. increasing to 500 feet at 1000 nm.

OPERATION

Loran-C and D chains are comprised of a master transmitting station, two or more
secondary transmitting stations and, if necessary, system area monitor (SAM) stations. The
transmitting stations are located such that the signals from the master and at least two
secondary stations can be received throughout the desired coverage area. For convenience, the
master station is designated by the letter “M” and the secondary stations are designated X, Y,
Z, W, based on the order in which they transmit. Thus a particular master-secondary pair and
the TD which it produces can be referred to by the letter designations of both stations or just
that of the secondary (e.g. MX time difference or TDX).

2



3

E R

3

5"“: ‘

k)

4

All transmitting stations are equipped with Cesium Beam frequency standards. The high
stability and accuracy of these standards permit each station to derive its own time of
transmission (ToT) without reference to another station. This is called the *“free-running” mode
of operation, '

The current objective for control of a Loran-C or D chain is to maintain constant the
observed TD of each master-secondary pair at a particular point in the coverage area. Frequency
offsets in the Cesium standards and changes in propagation conditions can cause the observed
TD to vary. Therefore, one or more SAM stations with precision receiving equipment are
established in the coverage area to continuously monitor the TD’s of the master-secondary pairs.
In some cases a transmitting station is suitably located and performs the SAM function. A
control TD is established through calibration (see System Calibration). When the observed TD
varies from the control TD by onc-half of the prescribed control tolerance, the SAM directs a
change in the timing of the secondary station to eliminate the error. The control tolerance is
plus or minus 200 ns or less for precision chains. If the observed TD differs from the control
TD by more than the control tolerance, “blink” is ordered to advise users that the TD is
unusable. Blink is described in the next section.

New equipment is being developed which is expected to permit reduction of the control
tolerance to plus or minus 40 ns. Consideration is being given to control by maintaining the
ToT of the secondary station constant with respect to the ToT of the master station and
performing all monitoring from transmitting station sites.

The Loran-C system as it operates today has maintained a record of 99.7% availability, not
including scheduled off-air maintenance which reduces that figure to 99%. New equipment is
presently being developed which will permit on-air maintenance, and also improve the system
availability, with a goal of better than 99.7%, including all interruptions to service.

SIGNAL FORMAT

The transmitting stations of a Loran-C or D chain transmit groups of pulses at a specified
group repetition ‘interval (GRI) (see Figure 3a). For each chain a minimum GRI is selected of
sufficient length so that it contains time for transmission of the pulse group from each station
(10 milliseconds for the master and 8 milliseconds for each secondary) plus time between each
pulse group so that signals from 2 or more stations cannot overlap in time anywhere in the
coverage area. The minimum GRI is therefore a direct function of the number of stations and
the distance between them. A GRI for the chain is then selected so that adjacent chains do not
cause mutual (cross-rate) interference. Possible values for GRI are listed in Table 1. The GRI is
defined to begin coincident with the start of the first pulse of the master group.

Loran-C pulses and pulse groups: Each station transmits one pulse group per GRI. The
master pulse group consists of eight pulses spaced 1000 microseconds apart, and a ninth pulse
2000 microseconds after the eighth. Secondary pulse groups contain eight pulses spaced 1000
microseconds apart. Eight pulses, rather than one, are used so that more signal energy is

3



.g‘“

T

-

3

i

available at the receiver, improving signficantly thc signal to noise ratio without having to
increase the peak transmitted power capability of the transmitters. The master’s ninth pulse is
used for visual identification of the master and for blink. Blink is accomplished by turning the
ninth pulse on and off in a specified code as shown in Table Ill. The secondary station of the
unusable pair also blinks by turning its first two pulses on and off.

Loran-D pulses and pulse groups: During a GRI cach station transmits a pulse group
comprised of 16 pulses spaced 500 microseconds apart. When the TD of a master-secondary pair
is unusable, only the secondary blinks by turning its first four pulses on and off.

SYSTEM CALIBRATION

When a Loran-C or D chain is established (or when a sccondary is added) and periodically
thereafter, a chain calibration is conducted. The purpose of the calibration is to record the
Loran time differences at a number of known geographical points in the coverage area. This
information is then used to:

a. verify the initial chain synchronization to ensure that the chain performs as advertised.

b. establish the control time differences, which are then used as the reference for
measuring chain performance.

c. ensure the accuracy of the control time differences.

d. provide survey data for accurate charting and for use in determining surface con-
ductivities, which are utilized by users requiring the best possible geodetic positioning accuracies.

In performing a calibration, an effort is made to distribute the monitor sites uniformly over
the coverage area. Each site is visited for a minimum period of four hours, during which time
the Loran signals are monitored precisely and the average value for the period is determined.
The transmitting stations and the station for which the control time difference(s) are to be
established are also required to monitor precisely. The geographic location of the monitor site (if
not already known) is determined at the same time by usc of satellite positioning, or at a later
time by first-order survey. The calibration data is then reduced to establish or check the control
time differences, and to estimate surface conductivities throughout the coverage area. The results
are reported in “Chain Calibration Reports”.

USER EQUIPMENTS

Loran-C and D user equipments can be classed in two general categories: receivers and
information displays. Although the information processing is separated for discussion, it may be
performed along with the signal processing in a single unit.
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Receivers must perform two functions, signal acquisition and time difference or time-of-
arrival mecasurement. Signal acquisition may be manual, partially automated or automatic. The
time measurement may be manual or automatic, tracking the pulse envelope or the carrier phase
of the received signal. Coast Guard published information on the Loran-C and D system is based
on the performance of automatic phase-tracking receivers. This type of receiver is capable of
signficantly greater accuracy and range of operation (factors of 10 and 2 respectively) than those
receivers which are limited to pulse cnvelope measurcment or manual phase-tracking. Automatic
receivers may track the master and one, two or more sccondary stations, presenting the output
in either time-of-arrival (rho-rho) form or time difference form. Rho-rho in combination with a
stable frequency source permits use of the Loran-C and D system in areas where hyperbolic
information is not available. Rho-tho operation from Loran-C also makes it possible to accu-
rately determine universal time (UTC) with very high precision (x5 usec, 2 sigma).

Time difference information can be plotted directly on a Loran chart. Over small areas a
plotting sheet with straight line approximations of the grid can be used for maneuvering to
return to a previously recorded position. This concept can be used with automatic computation
and real time display to show vessel movement in restricted waters or for aircraft terminal-area

navigation.

Some receiver-computer combinations can compute the coordinate transformation to latitude
and longitude, UTM, and/or along-track and cross-track coordinate systems, from the measured
data. In one system for aircraft a three-dimensional computation of real-time position is made
by providing digital pressure altitude to the computer. '

Many of the Loran-C receivers available today were built for military use, are quite
sophisticated and hence expensive ($15,000 and up). Recently, however, the Coast Guard
contracted for the development of two low-cost ($1000 - $3000) Loran-C receivers which meet
Coast Guard specifications. Contracts have been awarded to Teledyne Systems Co. and Litcom
Division of Litton Industries and are expected to be successfully completed by 1 July 1972.
There are several other receivers on the market which have been developed for civil use. At least
one of them was based on the Coast Guard specification and costs approximately $3000.
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TIME

- TDX — o Joe
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TYPICAL FOR A RECEIVER
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CYCLE ZERO/
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IDENTIFIED AND
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J J
I
3b-LORAN-C PULSE

FIGURE 3 LORAR-C SIGHAL FORMAT
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ETITION INTERVALS
MICROSECOHDS)

SPECIFIC] BASIC GRI
s | SL[sH S [1
m=

100,000} 80,000 | 60,000 | 50,000 40,000
1 99,900 | 79,900 | 59,900 | 49,900 | 39,900
2 99,800 | 79,800 | 59,800 | 49,800 | 39,800
3 99,700 | 79,700 | 59,700 | 49,700 | 39,700
4 99,600 | 79,600 | 59,600 | 49,600 ] 39,600
5 99,500 | 79,500 | 59,500 | 49,500 | 39,500
6 99,400 ]| 79,400 | 59,400 ]| 49,400 | 39,400
7 99,300 | 79,300 59,300 | 49,300 | 39.300

gy T3 I 3 T3

NOTE: THE DESIGNATION OF A CHAIN GRI IS A COMBINATION
OF THE IDENTIFICATION OF THE BASIC AND SPECIFIC GRI.
FOR EXAMPLE, SL-7 DESIGNATES A CHAIN HAVING A GRI
OF 79,300 ‘JSEC
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LORAN-C
A GRI
B GRI

LORAR-D
A GRI
B GRI
C GRI
D GRI

MASTER

+d——t=t= +

d——t ettt —

th+t—t——tt—tt——st
N Sl & s e T

T S S SO

+———— +44++++—++

EACH SECONDARY

+++++-—+

+—t—tt——

D o o o ST
R o
5 o Tt SO T W S

bttt

NOTE: (+) INDICATES ZERO DEGREE CARRIER PHASE

{~) INDICATES 180° CARRIER PHASE

LORAN-C INTERVALS A & B ALTERNATE IN TIME

LORAN-D INTERVALS OCCUR SEQUENTIALLY A,B,C,D,

REPEATING [N THAT ORDER
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WASTER STATION RINTH PULSE :

UHUSABLE ON-OFF PATTERN
TB($)
NONE
X oD em oo
Y oD E=a @ o em
4 o= Erm e m cE CS
w @3 m=o = = o e
XY e
Xz = oE o3 o e o
XW e wm cm o=
Yz &n =@ = mm ot e
Yw R W @ = @ o @
zw ea o o o e o )
XYz - cmm @
XYw o0 ez an = =3 oo @ @@ e
XZw o ogmo @B e @ 2 Ep oo @ @ o
Yzw o cEn o €0 Gh Gl G = R Gm O
XYZW B oD m e B O3 ED oo B

SECONDARY STATIOR FIRST TWO PULSES :

TURNED ON (BLINKED} FOR APPROXIMATELY 0.25 SECONDS EVERY

4.0 SECONDS.

ALL SECONDARIES USE SAME CODE.

11
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GENERAL SPECIFICATIONS FOR DATA SHEETS

1. The latitude, Tongitude and baseline lengths listed herain were
furnished by the U.S. Naval Oceanographic Office and are based upon
Mercury Datum, Fischer Spheroid using the following parameters:

a. Signal propagation gonstant: Use the velocity of light in
free space as 2.997942 x 10° meters/sec and an index of refraction
of 1.000338 at the surface for standard atmosphere.

b. Phase of the ground wave: As described by Johler, Kellar and
Walters in NBS Circular 573.

c. Conductivity, Sigma = 5.0 mhos/meter (seawater). Baseline
electrical distance computations are made assuming a smooth all sea-
water transmission path between stations.

d. Permittivity of the earth, esu:

ep = 80 for seawater
e. Altitude in meters:
h, = 0

f. Parameter associated with the vertical lapse of the permit-
tivity of the atmosphere:

a =0.75
g. Frequency:
100 kHz.
h. Fischer Spheroid:

equatorial radius (a)..........c.u. 6,378,166.000 meters
polar radius (b).........vv... ve...6,356,784.283 meters
Flattening, F = (a-b)/a............ 1/298.3

2. Inquiries pertaining to the Loran-C system should be addressed to:

Commandant (WAN-3)

U. S. Coast Guard

400 Seventh St., SW
Washington, D.C. 20590

A-2
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LORAN-C DATA SHEET

U.S. EAST COAST CHAIN - RATE SS7 (99,300 usec.)

1 October 1971

; CODING MAJOR EQUIPMENT
STATION COORDINATES STATION | DELAY & JOR EQ RADIATED
LATIIUQE & FUNCTION | BASELINE FREQUENCY LORAN-C XMTING PEAK REMARKS
LOHGITUDE LENGTH STANDARDS EQUIPMENT ANTENNA POWER
Transmissions synchro-
CAROLINA BEACH!, 34-03-46.36N Master Cesium/ FPN-41 (Tmr) TIP 1.0 MW ! nized to UTC.
. CAROLIHA 77-54-46 194 URQ-1 FPN-42 (Xmtr) Exercises operational
control of chain.
JUPITER, 27-01-59.09xN W 11,000 us] Cesium/ FPN-41 (Tmr) 625 ft | 400 KW
FLORIDA 80-06-52.924 Secondary URQ-11 FPN-42 (Xmtr) Tower
2695.48 us
CAPE RACE, 46-46-31_ 9GH X 28,000 us| Cesium/ FPH-46 (Tmr) 1350 ft] 2.0 MW |Host nation manned.
NEWFOUWDLAND | 53-10-28.51W Secondary URQ-14 FPN-45 (Xmtr) Tower Double-rated to
8383.56 ys NORLANT chain (SL7Z).
NANTUCKET , 41-15-11.93N Y 49,000 ps| Cesium/ FPN-41 (Tmr) 625 ft | 400 KW
HASSACHUSETTS] 69-58-38.76W Secondary URQ-11 FeN-42 (Xmtr) Tower
3541.27 us
DANA , 39-51-07.70N Z 65,000 ps| Cesium/ FPN-45 (Tmr) 625 ft | 400 KW
INDIANA 87-29-11.19W  [Secondary URQ-14 FPN-44 (Xmtr) Tower
3560.68 us
Electronic FPN-38, FPN-41
Engineering 38-56-58.34: T 82,000 us] Cesium & FPN-46 (Tmrs)] 625 ft } 200 KW [Experimental station.
Center, 74-52-01.10W Secondary URQ-11/14] FPN-33, FPN-42 | Tower to Not normally on air.
kildwood, N.J. 2026.19 us & FPN-44 (Xmtrsd 400 KW
BERMUDA ISLAND} 32-15-53.53N System URQ-14 FPN-43 (Tmr) Control for X & VY.
U.K. 64-52-34.54% Honitor
WARNER ROBINS,] 32-37-28.88M System 5C/5P SPN-30 (Rcvr) Control for W & Z.
GEORGIA 83-36-15.414 Monitor
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LORAN-C DATA SHEET

15 February 1972
MEDITERRANEAN SEA CHAIN - RATE St1 (79,900 ,sec)
CODING
RDI MAJOR PMENT
STATION CQORDINATES STATION DELAY & JOR EQUIPMEN RADIATED
LATITUDE & FUNCTION BASELINE |FREQUENCY LORAN-C XMTING PEAK REMARKS
LONGITUDE LENGTH STANDARDS EQUIPMENT ANTENNA POWER
SIMERI CRICHI,| 38-52-19.89N Master Cesium/ FPN-38 (Tmr) 625 ft | 250 KW |Temporarily synchro-
ITALY 16-43-09.28E URQ-14 FPN-39 {Xmtr) | Tower nized to UTC.
LAMPEDUSA, 35-31-12 N X " 11,000 us{ Cesium/ FPN-46 (Tmr) 625 ft | 400 KW |Proposed station, not
ITALY 12-31-24 E Secondary URQ-14 FPN-44 (Xmtr) | Tower on air. See Note 1.
Approx. 1757.12 us
TARGABARUN, 40-58-19.88N Y 29,000 us} Cesium/ FPN-38 (Tmr) 625 ft | 250 KW
TURKEY 27-52-04 .56E Secondary URQ-14 FPN-39 (Xmtr) | Tower
3273.28 us
ESTARTIT, 42-03-36.13N z 47,000 us| Cesium/ FPN-38 (Tmr) 625 ft | 250 KW
SPAIN 03-12-19.68E Secondary URQ-14 FPN-39 (Xmtr) | Tower
3999.68 us FPN-54 (Tmr)
Control for X & Y.
RHODES, 36-25-20.66N System W-542 SPN-30 (Rcvr) Commercial power:
GREECE 28-09-31.92E Monitor Com. Osc. 380/220v, 3@, 50 Hz.
SARDINIA, 39-10-51.26N System SPN-29 (Revr) Control for Z.
ITALY 09-09-35.02¢E Moni tor
Note 1: Lampedhsa is the groposed reglacement fgr the Matratin, lLibya station which|was disestablished
in May} 1970. Lamaedusa may §e on air for testing in the} suymmer of 1?72 using the
system constants ghown abovel,

-
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LORAN-C DATA SHEET

NORWEGIAN SEA CHAIN - SL3 (79,700 usec.)

1 October 1971

COORDINATES CODING MAJOR EQUIPMENT
STATION DELAY & RADIATED
STATION LATITUDE & FUNCTION | BASELINE FREQUENCY LORAN-C XMTING PEAK REMARKS
LONGITUDE LENGTH STANDARDS EQUIPMENT AHTENNA | POWER
Host nation manned.
EJDE, 62-17-59.64N Master Cesium/ FPN-46 (Tmr) ]625 ft 400 KW [{Transmissions synchro-
FARQE ISLANDS} 07-04-26.55W URQ-11 FPN-44 (Xmtr) | Tower nized-to UTC. Double-
50 Hz. rated to NORLANT (SL7X).
B9, 68-38-06.551 X 11,000 ys{ Cesium/ FPN-38 (Tmr) |625 ft 250 KW ]Host nation manned.
HORWAY 14-27-48.46¢E Secendary URQ-14 FPN-3S (Xmtr) | Tower Control for Z.
4048.16 us 50 Hz.
SYLT, 54-48-29.24N W 26,000 ys | Cesium/ FPN-41 (Tmr) {625 ft 400 KW
GERMAHY 08-17-36.82E Secondary URQ-11 FPN-42 (Xmtr) | Tower
4065.69 us 50 Hz. ’
SAJUR, 64-54-26.07 Y 46,000 us | Cesium/ FPN-46 (Tmr) 11350 ft | 1.5 Md |JHost nation manned.
[CELAND 23-55-20.414 Secondary URQ-11 FPN-45 (Xmtr) | Tower Double-rated to
2944.47 us NORLANT chain (SL7W).
JAN MAYEN, 70-54-51.63N z 60,000 ys| Cesium/ FPN-38 (Tmr) |625 ft 250 KW |Host nation manned.
NORWAY 08-43-56.574 Secondary URQ-14 FPN-39 (Xmtr) }Tower WContro] for X.
3216.20 us
69-26-25.270
SHETLAIID 1S., 01-18-05.22w(1) System URQ-14 FPN-46 (Tmr) Chain Operational
u.K. 69-26-17.49 Honitor Control Officer.

01-18-19.08u(2)

Control for W & Y.
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LORAN-C DATA SHEET
1 October 1971
NORTH ATLANTIC CHAIN - RATE SL7 (79,300 usec.)

COORDINATES CODING - MAJOR EQUIPMENT
STATION DELAY & RADIATED
STATION LATITUDE & FUNCTION | BASELINE | FREQUENCY LORAN-C XMTING | PEAK REMARKS
LONGITUDE LENGTH STANDARDS EQUIPMENT ANTENNA | POWER
NGISS0Q, 59-59-17.19N Master Cesium/ FPN-46 (Tmr) 625 ft 500 KW |JHost nation manned.
GREENLAND 45-10-27.47u URQ-N FPN-45 (Xmtr) | Tower
50 Hz.
Host nation manned.
SANDUR, 64-54-26.07) W 11,000 us} Cesium/ FPN-46 (Tmr) 1350 ft § 1.5 M4 |JDouble-rated to
ICELAND 23-55-20.414 Secondary URQ-N FPN-45 (Xmtr) | Tower Horwegian Sea Chain
4068.07 us (SL3Y)
Host nation manned.
EJDE, 62-17-59.64N X 21,000 wus} Cesium/ FPN-46 (Tmr) 625 ft 400 KW |Double-rated to
FAROE ISLA!NDS] 07-04-26.55W Secondary URQ-N FPN-44 (Xmtr) | Tower Norwegian Sea Chain
- 6803.77 us (SL3M).
& Host nation manned.
CAPE RACE, 46-46-31.88N Z 43,000 us] Cesium/ FPN-46 (Tmr) 1350 ft | 2.0 K4 |}Double rated to U.S.
NEWFOUNDLAND | 53-10-29.16W | Secondary URQ-14 FeN-45 (Xmtr) | Tower East Coast Chain
5212.24 us {SS57X).
Control for W & X,
KEFLAVIK, See ilote 1. System yR1-14 SPN-30 (Rcvr) Exercises operational
ICELAND Monitor control of NORLANT
chain,
ST. ANTHONY, See Note 1. System ‘ SPH-29 (Rcvr) Host nation manned.
NEWFOUNDLAND Monitor Control for Z.
Jdote 1: iHonitod stations physically rplocated. [Positions given ¢n old dafa sheets ro longer
valid. | System conjtrol establfisned using correlated numbprs. New]geodetic ﬁositions
not determined.
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LORAN-C DATA SHEET

NORTH PACIFIC CHAIN - RATE SH7 (59,300 us.)

£ ians Etons Rl Tostons Thlis AN Inn Bunaus Rinens Rin

1 October 1971

COORDINATES CODING MAJOR EQUIPMENT
STATION STATION | DELAY & RADIATED
LATITUDE & FUNCTION | BASELINE | FREQUENCY|  LORAW-C | XMTING | PEAK REMARKS
LONGITUDE : LENGTH | STANDARDS |  EQUIPMENT | ANTENNA | POMER
ST. PAUL, 57-09-11.11N | Master Cesiun/ | FPN-41 (Tmr) | 625 ft | 400 Kk
PRIBILOFF 1S.] 170-14-56.914 URQ-11 FPN-42 (Xmtr)| Tower Controls X, Y & Z.
ALASKA
ATTU, 52-49-46. 70N X 11,000 1o Cesiun/ | FPN-21 (Tmr) | 625 ft | 400 Ku
ALASKA 173-10-54.58¢ | secondary URQ-11 ePN-42 (Xmtr)| Tower
3875.30 1
PORT CLARENCE,| 65-14-41.128 |- ¥ 28,000 ,d Cesium/ | FPN-a1 (Tmr) | 1350 £t] 1.8
ALASKA 166-53-10.614 | Secondary URQ-11 FPN-42 (Xmtr)| Tower
3069.07 us
SITKINAK, 56-32-21.02N : 42,000 yd Cesium/ | FPN-41 (Tmr) | 625 £t | 400 Ku
ALASKA 154-07-43.134 | Secondary URQ-11 FPN-42 (Xmtr)| Tower

3284.39 us
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LORAN-C DATA SHEET
1 October 1971
CENTRAL PACIFIC CHAIN - RATE S1 (49,900 usec)
R CODING } R M
STATION COORDINATES __lstaTion | DELAY & MAJOR EQUIPHENT RADIATED REMARKS
LATITUDE & FUNCTION BASELINE jFREQUENCY LORAN-C XMTING PEAK
LONGITUDE LENGTH STANDARDS EQUIPMENT ANTENNA POWER
JOHNSTON 1IS. 16-44-43.85N Master Cesium/ FPN-41 (Tmr) 625 ft 400 KW | Transmissions synchro-
169-30-32.36W URQ-11 FPN-42 (Xmtr) | Tower nized to UTC.
UPOLO POINT, 20-14-50.27N X 11,000 us| Cesium/ FPN-41 (Tmr) 625 ft 400 KW
HAWAT I 155-53-08.95W Secondary URQ-14 FPN-42 (Xmtr) | Tower
¥972.44 us
KURE , 28-23-40.66MN Y 29,000 us | Cesium/ FPN-41 (Tmr) 625 ft 400 KW
MIDWAY ISLANDS 178-17-29.94W Secondary URQ-11 FPN-42 (Xmtr) | Tower
5253.02 us
FRENCH FRIGATE}] 23-52-05.23N System 5C/5pP SPN-29 (Rcvr) Controls X & Y.
SHOALS 166-17-19.60K Monitor Com. Osc.

Ll
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LORAN-C DATA SHEET

NORTHWEST PACIFIC CHAIN - RATE SS3 (99,700 us)

AU e R A R B E

1 October 1971

CODING MAJOR PMES
COORDINATES STATION OELAY & MAJOR EQUIPMENT RADIATED
STATION LATITUDE & FUNCTION |} BASELINE | FREQUENCY LORAN-C XMTING PEAK REMARKS
LONGITUDE LENGTH STANDARDS EQUIPMENT ANTENNA | POWER
IWO JIMA, 24-48-04.22N Master Cesium/ FPN-46 (Tmr) }1350 ft | 3.0 Md Transmissions synchro-
BOMIN ISLANDS| 141-19-28.71t URQ-11 FPN-45 (Xmtr) | Tower nized to UTC.
MARCUS ISLAND 24-17-07.79N W 11,000 ps| Cesium/ FPN-46 (Tmr) 1350 ft | 3.0 bW
153-58-51.20E | Secondary URQ-11 FPN-45 (Xmtr) | Tower
1283.94 us
HOKKAIDO, 42-44-33.40N X 30,000 us| Cesium/ FPN-46 (Tmr) | 625 ft 400 KW
JAPAN 143-43-04.82E Secondary URQ-1 FPN-44 {Xmtr) ]} Tower
65684.70 us
GESASHI , 26-36-21.45N Y 55,000 s} Cesium/ FPN-46 (Tmr) |625 ft 400 KW
OKIHAWA 128-08-53.76E | Secondary URQ-11 FPN-44 (Xmtr) | Tower
1463.34 us
YAP, 09-32-45.84N Z 75,000 1s} Cesium/ FPN-46 (Tmr) ] 1000 ft | 3.0 MW
CAROLINE IS. | 138-09-54.93f | Secondary URG-14 FPN-45 (Xmtr) | Tower
5746.78 us
SAIPAiL, 15-07-47-07N System SPN-30 (Rcvr) Controls W & Z.
MARIANA IS. 145-41-37.62E Honitor
FUCHU, See iHote 1. System Cesium SPN-30 (Rcvr) Controls X & Y.
JAPAN Honitor Time Service Monitor.
Note 1: System]control esthblished uging correldted numbers. Prpcise geofietic datajunknown.
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LORAN-C DATA SHEET
1 October 1971
SOUTHEAST ASIA CHAIN - RATE SH3 (59,700 usec)
COORDINATES CODING MAJOR EQUIPMENT
DELAY & RADIATED
STATION LATITUDE & STATION BASELINE | FREQUENCY LORAN-C XMTING PEAK REMARKS
LONGITUDE FUNCTION LENGTH STANDARDS EQUIPHMENT ANTENNA POWER
SATTAHIP, 12-37-05.00N Master Cesium/ FPN-46 (Tmr) | 625 ft 400 KW
THAILAND 100-57-38.15E URQ-14 FPil-44 (Xmtr) | Tower
LAMPANG , 18-19-30.98N X 11,000 ws| Cesium/ FPN-46 {Tmr) | 625 ft 400 KW
THAILAHD 99-22-50.15€ | Secondary URQ-14 FPN-44 (Xmtr) | Tower
2182.87 us
COiN SOi, 08-43-17.69N Y 27,000 us| Cesium/ FPN-46 (Tmr) | 625 ft 400 KW
RV 106-37-59.12 | Secondary URQ-14 FPN-44 (¥mtr) | Tower
2522.12 us
TAN MY, 16-32-41.03N Z 41,000 us} Cesium/ FPN-46 (Tmr) | 625 ft 400 KW ATLS Station.
RVN 107-38-37.23E Secondary URQ-14 FPN-44 (Xmtr) | Tower
2807.30 us
UDORH, 17-22-37.08N System URQ-14 FPN-46 (Tmr) Controls X, Y & Z.
THAILAHD 102-47-15.37¢t Honitor
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LORAN-C DATA SHEET
15 February 1372
RUSSIAN CHAIN
COORDINATES CODING MAJOR EQUIPMENT
STATION STATION OELAY & RADIATED
LATITUDE & FUNCTION BASELINE } FREQUENCY LORAN-C XMTING PEAK REMARKS
LONGITUDE LENGTH STANDARDS EQUIPMENT ANTENNA POWER
ORIOL, 36-05- N Master Master function pre-
USSR 52-56- E sumed because of
central location.
PETROZAVODSK, | 61-48- N
USSR 34-19- &
BARAWOVITCHI, } 53-08- N
USSR 26-01- E
SIMFEROPOL , 44-58- N
USSR 34-02- E
KUIBYCHEV, 53-11- N
USSR 49-46- E
flote: The abovd informatioh appeared |n the International Frequercy Registratjon. Boarq's Weekly
Circular|914 dated 3p June 1970} The USSRInotified the ITY/IFRB of ftheir inteption to
implemeny a pulsed (POP9) radiopavigation pystem on 100 kH4. This data sheet {will be
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