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ABSTRACT

The events of September 11, 2001 have caused a re-evaluation of positioning systems.  It is now realized that GPS really does need a back-up system that is fundamentally different.  Loran-C answers the call.

In answering that call, Loran-C’s capability of providing position determination needs to be improved so that it would be able to step in at a moment’s notice as GPS’s replacement.

This paper investigates the positioning accuracy of some alternate ways of using Loran-C and discusses some of the computational problems encountered.

INTRODUCTION

The Loran-C system came into being about 1958, and until about 1980 the only way of determining one’s position was with the use of hyperbolic lattices on nautical (or aeronautical) charts.  The author saw and tested three early model coordinate converters during a Loran-C Additional Secondary Factor (ASF) shipboard determination survey of the Canadian West Coast Chain (5990) in December 1980.  The results
 indicated serious position errors without any ASF inclusion, or even proper ASF values.  Shortly after that, the Radio Technical Commission for Marine Services (RTCM) set up Special Committee 75 to look into the minimum performance standards of Loran-C coordinate converters.
  Although a Canadian and thus, officially, an outsider to the process, the author participated in many of the meetings and promoted the adoption of ASF inclusion in the requirements of such equipment.

Users appreciated coordinate converters so much that manufacturers dropped the TD-only type receivers and the lattices became so much “clutter” on the face of the chart.  This “clutter” image was exacerbated by the advent of Global Positioning System availability.  In May 1997, the Canadian Hydrographic Service posted a Notice to Mariners
 asking mariners for their reaction if CHS decided to remove lattices from charts.  The commercial marine user community via the Canadian Marine Advisory Council endorsed the lattice removal.  Starting in 1999, lattices started to be removed from charts as they came up for New Editions and Reprints. 
  Latticing software was put to rest at the end of 1999 as the platform it ran on was not Y2k compatible.

The Canadian government’s committee looking into national security after the September 11, 2001 terrorist attacks decided that GPS needed a back-up positioning system and instructed the CHS to re-acquire the capability of drawing lattices and to have latticed charts available for emergency situations.  The work of getting the lattice drawing computer program working again has been done and a very knowledgeable and respected ship’s captain has been hired as a consultant to find out what is needed in such emergencies and how it can be provided.  The author considers that radar is the back-up navigation system to GPS on large-scale nautical charts, and Loran-C geographic output on small-scale charts.  Lattices are needed in the area just beyond radar range of shore targets and where Loran-C geographic output (when no ASF is considered) has positional errors larger than 0.25 nautical miles.  If the user community accepts this scenario, then CHS needs to lattice about 50 of its originally 150 latticed nautical charts.

As much as the author was a strong proponent of keeping lattices, he now sees advantages to the coordinate converter approach when it comes to meeting unexpected situations.

Ground vehicles would turn to Loran-C coordinate converter output as the back-up system as dead reckoning and inertial systems would be more expensive and latticed road maps would be too cumbersome.  Similarly, aircraft would also turn to Loran-C coordinate converter output as inertial systems would be too expensive, latticed aeronautical charts too cumbersome, and too many DME’s would be required for low level area navigation.  Present-day instrument landing systems would be required as the back-up for GPS-assisted landings.

Thus, there is a need to re-examine Loran-C capabilities and re-engineer receivers, coordinate converters and the Loran-C chains themselves to make the system more robust.  Given the fact that Loran-C will be with us for another decade before any alternative positioning system (e.g., Galileo) can replace Loran-C, now is the time to act.

NATIONAL SECURITY

There are few of us that remember the national security concerns of the First or Second World War.  Yes, there has been the Korean conflict, the Vietnam War, the Falkland Island War and continual unrest in Asia Minor, but none of them have caused national security concerns in North America and Europe.  The events of September 11, 2001 have caused a re-examination.  There were many who had considered that GPS could be the only necessary positioning system.  The author doubts that there are many that continue to hold that opinion.  GPS could become intentionally unavailable through:

1) the turning off of signals under the authorization of the US government,

2) destruction of the satellites,

3) jamming of the radio signals (by other, stronger, radio signals in the same frequency bands).

In those situations, users would know that they have to change to the back-up navigation system.  But will users know that GPS is not performing correctly, if:

1) ground control stations or differential monitors are destroyed,

2) there are bogus satellite signals that permit the receiver to compute a wrong position,

3) or more insidiously, someone gains access to the GPS control system such that the GPS satellites broadcast incorrect ephemerides?

Loran-C is a good back-up system because it is so different from GPS.  It operates in a different part of the radio spectrum; it has reasonably strong, pulsed, signals; it is terrestrial and stationary.  Loran-C has gained international status such that it is found in most northern waters of the world, and on land in much of North America and Europe.  It is a well-known, fully de-bugged, rugged and robust to atmospheric and magnetic disturbances.

There are two levels of positioning security: 1) the provision of a back-up navigation system, and 2) the provision of a navigation system to friendly forces yet denying it to the opponent.  If the primary navigation system goes down unexpectedly (which could happen due to weather, electronic or physical deterioration, or by intentional destruction, jamming or denial), there will be some users who are attempting to use the primary navigation system to its maximum extent; i.e., ships in narrow channels and aircraft about to land.  In such situations, any back-up system will not be adequate. It is a risk management decision to what extent we, collectively, narrow that gap in obtainable accuracies.  If Loran-C is that back-up system, then we should narrow the gap as best as possible given the same operating expenditures.

In a moment of national security, authorities could deny geographic capabilities to users simply by changing all the Group Repetition Intervals (GRIs).  If 9960 were changed to 9961, receivers could provide the TDs, but not one of the present coordinate converters could provide the geographic positions.  Yet, users with latticed charts could still use the lattices if all the other chain parameters remained constant.

Security can be thought of, as in the Sept. 11 sense given above, or in the “prudent mariner” sense.  It is always wise to have an independent positioning system operating in conjunction with the primary system.

MORE FLEXIBLE RECEIVER

Weather has been known to bring down Loran-C antennae: Cape Race and Jan Mayen are cases in point.  If weather, scheduled maintenance or intentional man-made actions closed down Loran-C station Seneca, New York, then Loran-C coverage would cease for all of the Great Lakes, the Atlantic seaboard from the Canadian border to the Carolinas and the land areas of about 20 states and 2 provinces representing the most populated area of North America.  The present Loran-C chain configuration is shown in Figure 1.  With receivers designed only for 11 pre-determined Loran-C chains in North America, there is no flexibility to reconfigure the chains.  Using the example of Seneca not being available, a new chain of Carolina Beach, Jupiter, Nantucket and Dana could be added that would cover most of the lost area on land and on the Atlantic seaboard.  Most of the Great Lakes would be covered, but some of the area of Canada would be lost.  Does this chain sound like the old 9930 Chain?  Apart from the fact that Jupiter might not have enough equipment to make it instantly double-rated; the signal transmission aspect of this scenario is possible.  However, not one Loran-C coordinate converter on the market could cope with this chain.  Essentially all receivers could provide the Time Differences (TDs), but could not convert them into geographics.  And with no lattices on the charts for this mythical chain, the TDs would be useless. 

Menu Drop-downs

But manufacturers could build a more robust coordinate converter to the Loran-C receiver.  The author suggests a receiver that has these operating controls:

1) select the GRI by typing in the four-digits,

2) select the master station from a list of all the known Loran-C stations,

3) select the first secondary station from the list of all known Loran-C stations,

4) type in the coding delay for that master-secondary pair,

5) repeat steps 3 and 4 for as many other secondaries that are in the chain or as desired by the user.

Some manufacturers might wish to simplify things for the user.  For example, once you have typed in 9-9-6-0 for the GRI, the receiver might ask if you wanted the default configuration of the Northeast USA Loran-C Chain.  But if Coast Guard decided to reconfigure the stations in northeastern United States, such as the scenario above, this modern coordinate converter could provide the geographic coordinate output and not just the Time Differences.  The decision to reconfigure the Loran-C chains can be made without a horrific impact on the chart agencies in preparing latticed charts before the switch-over.

Given that Galileo’s installation, proven abilities, and usage are at least 10 years away, the manufacturers can recover re-engineering costs of such receivers during that time.

Multiple TD Solutions

It was the Wild Goose Assoc. Convention at Hyannis in 1989 where the author presented a paper
 on the generalized least squares approach to position determination.  In that method, as long as two or more TDs intersect, the least squares method would determine the most probable result, compute the individual errors, and the error ellipse for the solution.  The quality of the position determination can be improved by the inclusion of more than two Time Differences.  Where in North America are there not more than two Time Differences receivable?  In fact, there are places in North America where it is reasonable to expect that nine Time Differences are available.  The least squares approach does not even need the same GRI; in fact, it does not need any common stations to form a solution.  That opens up a whole realm of possibilities that do not exist presently.  Compare Table 1 with Table 2.

Table 1: Repeatable accuracy obtainable with present Loran-C two TD coverage of North America


170°W
160°W
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Table 2: Repeatable accuracy obtainable with Loran-C two TD (not necessarily the same chain) coverage of North America 


170°W
160°W
150°W
140°W
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120°W
110°W
100°W
90°W
80°W
70°W
60°W
50°W
40°W

66°N

82
84
96











60°N
64
44
51
47
90
108









54°N
66

158
92
83
54
70
219


468
200
581
1279

48°N




91
65
60
67
69
81
53
60
235
1243

42°N




226
69
63
44
52
59
43
94
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36°N





91
64
55
37
47
120




30°N





568
75
69
63
41





24°N








105
1143





18°N















The cross-chain fix offers position determination when the only two Time Differences come from different chains, such as: northeast of Winnipeg and northeast British Columbia.  Secondly, it offers better position determination using more than two Time Differences from the same chain. How many times have users complained that they get different positions for a known point resulting from the choice of secondaries used? The multiple TD solution resolves the cocked-hat-positioning problem caused by Lines of Position that do not exactly intersect.  Also, the error ellipse becomes smaller as the number of Time Differences increase.  The least squares solution will assign the most probable error to each observed Time Difference based on the assumption that only random errors remain in the observations.  However, the least squares method may not properly identify a cycle slip (10 microsecond error) or the ASF for each observation.

Within North America, the improvement of multiple TD solution versus the traditional two-Time Difference solution can be shown by comparing Table 1 and Table 3.

Table 3: Repeatable accuracy obtainable with Multiple Loran-C TD coverage of North America


170°W
160°W
150°W
140°W
130°W
120°W
110°W
100°W
90°W
80°W
70°W
60°W
50°W
40°W

66°N

63
84
86











60°N
64
37
36
47
88
107









54°N
62

158
70
82
51
59
219


468
158
581
1279

48°N




68
55
45
63
52
40
45
39
235
1243

42°N




135
43
37
32
31
45
42
79
63642


36°N





89
37
34
27
26
113




30°N





568
70
48
44
38





24°N








82
1143





18°N















Pseudo-ranging

Global Positioning System technology has introduced the concept of pseudo-ranging.  GPS uses four satellites in constant motion to solve for four unknowns: the latitude, longitude and ellipsoid height (or X, Y and Z Cartesian coordinates) and the correction to the internal clock within the receiver.  The same technology could be used with the signals from a minimum of three Loran-C transmitters to solve for latitude, longitude and timing correction.  Loran-C has no capability to solve for height.  North America is fortunate to have 29 stations whose signals have considerable amount of overlap.  The author estimates that there are areas of North America where signals from up to nine stations are receivable simultaneously.

What it means is that all Loran-C transmitters would have to be synchronized with a master clock - perhaps UTC.  In a very simplistic form, think of it as all stations transmitting at 00:00 hours, on January 1, 2002 and then repeat their transmissions at their individual repetition intervals.  Actually, the number of individual repetition intervals could be cut in half by having one station transmit the master signal pattern and another station the secondary signal pattern.  During normal times, the Loran-C stations could keep their transmissions synchronized by timing from the GPS satellites, and during times of GPS unavailability through time transmissions sent through geo-stationary satellites, long term clock-rate knowledge, terrestrial monitor stations, and in extremely long periods of unavailability through flying a “hot clock” to the transmitter locations.

The coverage for pseudo-ranging over North America, and the accuracy that might be obtainable are illustrated in Figure 2 and tabulated in Table 4 for only the four best stations and in Table 5 for all receivable stations.

Table 4: Repeatable accuracy obtainable with pseudo-ranging Loran-C coverage of North America (3 or 4 best stations)


170°W
160°W
150°W
140°W
130°W
120°W
110°W
100°W
90°W
80°W
70°W
60°W
50°W
40°W

66°N

64
66
80











60°N
47
37
32
47
90
108









54°N
59

138
64
82
54
61
173

108
383
185
514
1110

48°N




62
36
34
44
69
47
53
50
210
1077

42°N




118
33
31
32
31
45
43
86
59188


36°N





79
34
33
33
32
106




30°N





154
65
44
35
41
108




24°N







466
68
869





18°N















Table 5: Repeatable accuracy obtainable with pseudo-ranging Loran-C coverage of North America (all possible stations)


170°W
160°W
150°W
140°W
130°W
120°W
110°W
100°W
90°W
80°W
70°W
60°W
50°W
40°W

66°N

51
61
61











60°N
47
30
24
40
75
100









54°N
41

157
45
53
37
43
172

97
344
120
499
1107

48°N




41
18
19
35
55
31
35
28
202
1077

42°N




94
19
14
21
20
32
29
58
53664


36°N





55
20
22
19
15
89




30°N





141
54
35
21
21
124




24°N







451
51
818





18°N















This pseudo-ranging is not a new concept.  The Canadian Hydrographic Service used it years ago to survey the Grand Banks and Labrador Sea by having a cesium beam frequency counter, an Austrom Loran-C receiver, a Doppler satellite receiver and PDP-8 computer.  The cesium clock allowed the prediction of the instant of transmission of the Loran-C signal, the position was computed using the two Loran-C ranges, the Loran-C positions provided the ship’s trajectory during the Doppler satellite pass, and the satellite position provided an update on the clock rate of the cesium frequency counter.  Mike Eaton, Dave Wells and Steve Grant have explained all this in papers to Wild Goose Assoc. and other forums.
  The method is not unique to Canada, the French stations of Lessay and Soustons operated for the French Navy in much the same way.

WORKED ANALYSIS

Five scenarios were addressed by the author.  Analysis was done at 2° intervals of latitude and longitude from 10°N to 70°N and from 40°W to 170°W, more than enough to determine positioning repeatability within the North American coverage area.  The five scenarios were:

1) traditional 2 Time Difference single chain fix,

2) 2 TD’s from any existing chain (cross-chain fix),

3) multiple TD’s from any existing chain,

4) 2 Time Differences from any 3 or 4 receivable Loran-C stations,

5) multiple Time Differences from all receivable Loran-C stations (pseudo ranging).

Rather than estimating the maximum range signals from of each of the 29 Loran-C stations – in something like the “spaghetti” diagrams
 associated with Omega, the author chose a constant 700 n.m. (1300 km.) from any station.  That limit would typically underestimate the seawater situation and overestimate the coverage in mountainous areas.

A threshold of 500 metre (a little more than ¼ nautical mile) was used as the upper limit of acceptable accuracy – as given by the semi-major axis of the error ellipse.  Table 6 lists the number of 2°grid intersections where the accuracy was better than 500 metres.  Tables 1 through 5 listed a sampling of the accuracies obtainable under each of the scenarios.

TABLE 6

Scenario #
Number of 2° grid intersections where the accuracy was better than 500 m.
As a percentage of 2 TD single chain acceptable fixes

2 TD’s, single chain
667
100%

2 TD’s, cross chain
695
104%

Mulitple TD’s, existing chains
696
104%

Best 2 Time Differences, any stations
734
110%

Pseudo-Ranging
740
111%

Strictly speaking, pseudo-ranging analysis was not done.  The difference between the receiver’s clock and the master Loran-C clock was not considered an unknown, but assumed as a known, determined from one Loran-C signal and all other stations’ signals were considered as Time Differences from that station.  Had the clock difference been an unknown then the error ellipse would be marginally larger; but should have the same orientation and ratio of axes.

Figure 3 illustrates the repeatable accuracy (for those fixes better than 500 metres) for each scenario arranged in ascending order.  When looking at the graphs, it is important to realize that the nth fix accuracy for each scenario is not necessarily at the same physical location.
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Figure 3: Loran-C Repeatable Accuracy (in ascending order) for the 5 scenarios

Scenarios (“Series” in the title block of Figure 3) 2 through 5 all improve the positioning capability of Loran-C.  Scenarios 2 and 3 do it without any change to the present broadcast signal, whereas scenarios 4 and 5 require coordination with a unified master clock.  Because one needs to know which of the present secondary station signals is, or are, being received, a master can only have one secondary to be able to identify each and every station uniquely.

Scenarios 2 and 3 show that the repeatable accuracy can be improved to about 85% and 67% of the traditional 2-TD, single-chain fix accuracy.  Scenario 2 does it at the higher end and Scenario 3 does it at the lower end (when compared with Scenario 2) and overall when compared with Scenario 1.

The comparison between scenarios 4 and 5 indicates that the extra stations do not significantly improve the positioning accuracy at the higher ranges because the extra stations are not available, but do so at the lower levels; i.e., when scenario 4 is good, scenario 5 only makes it better.  Scenario 4 produces accuracy values 62% of those of the traditional 2-TD, single chain method and scenario 5 produces values 53% of those of scenario 1.  But what are the four most important stations to listen to at any particular location?  It may not be the strongest signals but rather those stations that are diametrically opposite each other so that the lane expansion is minimal and the lines of position formed by both pairs of stations are orthogonal to each other.

To simplify reception and position determination, the author analyzed which station pairings were used most frequently and the results are shown in Figure 2.  Most stations are double rated.

PROBLEMS

The author is no expert in radio electronics and does not wish to dwell too long on those sorts of problems.  Pseudo-ranging operation will, no doubt, present challenges to the timing control people.

Problems with Loran-C position calculations break into two categories: systematic errors, and random errors in the observations.  The momentary fluctuation in a Time Difference is one example of a random error.  The effect of random errors on the position determination can be computed as a position error ellipse.  Often as not the error ellipse looks like a slice through a North American football, or English Rugger ball, but sometimes elongated like a slice through a sausage.  The error ellipse is a function of which stations are being used and in what combination.  Because of the correlation between master and secondary, a three-station triad will produce different ellipses depending on which station is master.  The situation gets more complicated when more stations, other chains, or even independent transmitting occurs.  Since Loran-C stations are stationary, the error ellipse for sets of Loran-C stations used in a particular configuration is constant.  Whereas, GPS satellites are constantly moving, so the error ellipse (actually 3-dimensional ellipsoid) is constantly changing.

Systematic errors are constant, or at least slowly varying.  ASF signal delays are a systematic error.  The least squares solution will not solve for them, since that method assumes that only random errors remain.  In a three-station triad, if the signals from each station have the same amount of ASF delay, then the Time Differences are unaffected and the position determination will be the same as if each station had no ASF delay.  But in a pseudo-ranging approach, the ASF would remain as an additive systematic error to each range.  It will be important to include an accurate estimate of the ASF – which means proper propagation velocity over seawater as well as over land. 

Secondary factor is a complex mathematical function of frequency, conductivity, permittivity and resistivity of the medium over which the signals are transitting, and most importantly is a non-linear function of distance.
  Terrestrial topography is also known as a retarding function.

But in a pseudo-ranging approach, the ASF would be non-compensating or, as stated earlier, systematic error.  Thus, studies into mathematically modelling ASF will have to be revisited.  True velocity over actual seawater, not just a theoretical sea water, has been modelled by Johler and simplified by Brunavs.
  Brunavs also worked out mathematical co-efficients for flat land terrain of various electrical properties.  The formulae could be extended to fresh water and sea-ice.  The effective electrical properties of land or sea on a macroscopic scale are not necessarily those on a microscopic scale.  Modelling high relief terrain effects is very complex and more research could be done on this aspect.  Just as tropospheric and ionospheric corrections are necessary for satellite positioning absolute accuracy, varieties of velocity factors – primary (index of refraction), secondary (sea water and land) and the mix of land and water (presently modelled by Modified Millington’s Method)) and high relief terrain all require accurate modelling.

Only with the mathematical understanding of these effects can Loran-C absolute accuracy start approaching the repeatable accuracies estimated in the foregoing scenarios.

With scenarios 1, 2 and 3 the solution is to map the effective ASF (Primary and secondary factors greater than those based on idealized conditions).  Defense Mapping Agency (now National Imagery and Mapping Agency) did this in the 1980s as a series of gridded tables of computed values; CHS / Canadian Coast Guard published contoured maps of ASF based on a mix of observed and modified computed values.

CONCLUSIONS

The conclusions that can be drawn from this small paper can be summarized by:

1) Loran-C does not have to be the carved-in-stone configuration of master and secondaries presently used in North America.  If manufacturers allowed users to input the chain’s GRI, master and secondary stations and coding delays, broadcasting new chain configurations could minimize the effect caused by station outages.

2) Loran-C could be made available to friendly forces yet denied to the enemy through constant revision of chain parameters on a continental scale, according to a secret, pre-arranged schedule.

3) Manufacturers could design receivers that track two Loran-C chains simultaneously and calculate a cross-chain fix.  The Loran-C coverage area (¼ n.m. or better repeatable accuracy) would increase in size.

4) As an extension of 3), Loran-C positioning can be improved by multiple TD fix determinations.

5) Conclusion 3) and 4) do not require any change to the broadcast format of Loran-C in any way.

6) With adequate ASF knowledge stored in receivers, absolute positioning accuracy of Loran-C conversion can approach the repeatable accuracy and the need of charts with ASF compensated Loran-C lattices would not be required.

7) Loran-C position determination can be processed in a pseudo-ranging scenario, much like GPS, except that Loran-C cannot resolve for height.

8) In pseudo-ranging, additional coverage is possible, even greater than that obtainable with the cross-rate scenario in conclusion 3).

9) With pseudo-ranging, Loran-C can get improved positioning accuracy by using signals from extra Loran-C stations.

10) For pseudo ranging, there will be the requirement for improved mathematical modelling of propagation delays caused by index of refraction, sea water and land electrical properties of conductivity and permittivity, land – sea water interfaces, and high relief terrain effects.

11) If these are done, then Loran-C could possibly match GPS, single frequency, Selective Availability off, stand-alone (not Differential) positioning accuracy.

In summary, this is an ideal opportunity to take stock of Loran-C’s capability and realize that manufacturers can provide better repeatable and absolute accuracy without any chain modification, and with modification of transmissions of Loran-C signals can obtain even greater accuracy.

REFERENCES

• Minimum Performance Standards (MPS) Automatic Coordinate Conversion Systems (Report of RTCM Special Committee No. 75), Radio Technical Commission for Marine Services, Washington, DC, 1981.  (RTCM Paper 378-81/DO-10)

• Brunavs, P., Phase Lags of 100 kHz Radiofrequency Ground Wave and Approximate Formulas for Computation, Contract Report, Canadian Hydrographic Service, March 1977.

• Brunavs, P., Report on Investigation of Effects of Inhomogeneous and Irregular Terrain on the Groundwave Propagation at 100 kHz, Contract Report, Canadian Hydrographic Service, 1976.

• Eaton, R.M., D.E. Wells & N. Stuifbergen. 1976. Satellite Navigation in Hydrography. International Hydrographic Review, 53, 1, 99-116.

• Eaton, R.M. & S.T. Grant. 1972. Rho-Rho Loran-C for Offshore Surveys. The Canadian Surveyor, 26, 2, 125-135.

• Grant, S.T. 1973. Rho-Rho Loran-C Combined with Satellite Navigation for Offshore Surveys. International Hydrographic Review, 50, 2, 35-54.

• Gray, David H. & Tony Mortimer, Loran-C Coordinate Converters - Plague or Panacea, International Hydrographic Review, Vol. 59, No. 1, Jan. 1982.

• Gray, David H., A Least Squares Approach to Position Determination and Accuracy Analysis, Wild Goose Association Convention, Hyannis, MA, Nov. 1989. (Published in Proceedings.)

• Gray, D.H. & R.M. Eaton, ASF Chartlets: A Picture is Worth a Thousand Numbers, Lighthouse, Edition 39, Spring 1989.

• Johler, J.R., W.J. Kellar and L.C. Walters, Phase of the Low Radiofrequency Ground Wave, National Bureau of Standards, Circular 573, Washington, DC, 1956.

• Johler, J.Ralph and Samuel Horowitz, Propagation of a Loran Pulse over Irregular, Inhomogeneous Ground, NATO AGARD paper No. 28, Netherlands, March 1974.

• Wells, D.E. 1980. A New Integrated Navigation System: BIONAV. Proceedings of the Symposium of Position Fixing at Sea, Paper #18, 1-26.

� EMBED Excel.Sheet.8  ���








� Gray, David H.& Tony Mortimer, Loran-C Coordinate Converters: Plague or Panacea, International Hydrographic Review, Vol. 59, No. 1, Jan. 1982.


� Minimum Performance Standards (MPS) Automatic Coordinate Conversion Systems (Report of RTCM Special Committee No. 75), Radio Technical Commission for Marine Services, Washington, DC, 1981.  (RTCM Paper 378-81/DO-10)


� Canadian Notice to Mariners, No. 342(P), 1997, Canadian Coast Guard, May 1997.


� Canadian Notice to Mariners, No. 1519, 1999, Canadian Coast Guard, August 1999.


� Gray, David H., A Least Squares Approach to Position Determination and Accuracy Analysis, Wild Goose Association Convention, Hyannis, MA, Nov. 1989. (Published in Proceedings.)


� Wells, D.E. 1980. A New Integrated Navigation System: BIONAV. Proceedings of the Symposium of Position Fixing at Sea, Paper #18, 1-26. Also, Eaton, R.M. & S.T. Grant. 1972. Rho-Rho Loran-C for Offshore Surveys. The Canadian Surveyor, 26, 2, 125-135.


� “Spaghetti” diagrams were the unofficial name to a world map with the limits of each Omega station’s signal looping around the map.  These eight meandering curves looked like someone had dropped several pieces of spaghetti on the map – hence the name.


� Johler, J.R., W.J. Kellar and L.C. Walters, Phase of the Low Radiofrequency Ground Wave, National Bureau of Standards, Circular 573, Washington, DC, 1956.


� Johler, J.Ralph and Samuel Horowitz, Propagation of a Loran Pulse over Irregular, Inhomogeneous Ground, NATO AGARD paper No. 28, Netherlands, March 1974., also


Brunavs, P., Report on Investigation of Effects of Inhomegeous and Irregular Terrain on the Groundwave Propagation at 100 kHz, Contract Report, Canadian Hydrographic Service, 1976.


� Brunavs, P., Phase Lags of 100 kHz Radiofrequency Ground Wave and Approximate Formulas for Computation, Contract Report, Canadian Hydrographic Service, March 1977.


� Gray, D.H. & R.M. Eaton, ASF Chartlets: A Picture is Worth a Thousand Numbers, Lighthouse, Edition 39, Spring 1989.





[image: image2.wmf]Loran-C Repeatable Accuracy

0

100

200

300

400

500

600

1

58

115

172

229

286

343

400

457

514

571

628

685

Ordered Rank

Repeatable Accuracy 

(metres)

Series1

Series2

Series3

Series4

Series5

_1090235291.xls
Chart1

		37.339		37.339		25.484		30.409		12.55

		38.1		38.1		25.565		30.452		12.648

		38.173		38.173		25.867		30.478		12.79

		38.776		38.776		26.183		30.529		13.418

		38.939		38.939		26.222		30.59		13.483

		39.508		39.508		26.314		30.733		13.562

		39.603		39.603		26.402		30.773		13.663

		39.702		39.702		26.676		30.777		13.665

		39.775		39.775		26.685		30.788		13.68

		39.827		39.827		26.896		30.814		13.696

		39.9		39.9		27.599		30.833		13.724

		39.906		39.906		27.722		30.864		13.781

		39.976		39.976		27.745		30.866		13.788

		40.091		40.091		27.815		30.922		13.998

		40.096		40.096		27.999		30.944		14.017

		40.121		40.121		28.083		30.959		14.059

		40.254		40.254		28.726		30.979		14.195

		40.279		40.279		28.985		31.015		14.234

		40.378		40.378		29.029		31.028		14.319

		40.395		40.395		29.082		31.056		14.385

		40.473		40.473		29.248		31.057		14.468

		40.48		40.48		29.355		31.062		14.571

		40.537		40.537		29.449		31.106		14.631

		40.644		40.644		29.607		31.149		14.753

		40.725		40.725		29.706		31.161		14.843

		41.192		41.192		29.723		31.168		14.881

		41.274		41.274		29.738		31.19		14.976

		41.402		41.402		29.81		31.254		15.078

		41.435		41.435		29.838		31.27		15.164

		41.64		41.64		29.868		31.333		15.308

		41.781		41.781		29.911		31.337		15.318

		41.889		41.889		29.931		31.357		15.358

		42.202		42.202		30.056		31.364		15.53

		42.285		42.285		30.156		31.38		15.615

		42.378		42.378		30.422		31.41		15.681

		42.427		42.427		30.502		31.451		15.691

		42.487		42.487		30.527		31.478		15.79

		42.494		42.494		30.712		31.497		15.842

		42.556		42.556		30.896		31.516		15.943

		42.904		42.643		31.082		31.537		15.947

		42.985		42.646		31.185		31.542		16.063

		43.056		42.904		31.221		31.65		16.241

		43.163		42.958		31.321		31.664		16.344

		43.169		42.985		31.327		31.673		16.428

		43.276		43.056		31.412		31.766		16.437

		43.312		43.068		31.501		31.772		16.584

		43.335		43.163		31.645		31.869		16.622

		43.372		43.169		31.653		31.88		16.872

		43.403		43.312		31.684		31.902		16.944

		43.537		43.335		31.765		31.92		17.083

		43.705		43.372		31.805		31.924		17.214

		43.928		43.403		32.045		31.926		17.224

		43.986		43.445		32.065		31.933		17.25

		44.015		43.489		32.134		31.933		17.314

		44.089		43.537		32.244		31.943		17.518

		44.234		43.705		32.295		31.972		17.526

		44.268		43.764		32.475		31.977		17.607

		44.415		43.841		32.573		32.085		17.691

		44.427		43.928		32.595		32.108		17.766

		44.468		43.978		32.64		32.128		17.887

		44.551		43.986		32.743		32.135		18.012

		44.679		44.015		32.784		32.171		18.131

		44.94		44.089		32.834		32.172		18.149

		45.138		44.215		32.885		32.185		18.161

		45.198		44.234		32.895		32.219		18.172

		45.457		44.268		32.908		32.266		18.172

		45.613		44.415		33.06		32.356		18.225

		45.691		44.427		33.066		32.404		18.254

		45.76		44.468		33.078		32.41		18.257

		45.848		44.549		33.089		32.491		18.268

		45.968		44.551		33.116		32.492		18.39

		46.066		44.555		33.153		32.495		18.402

		46.084		44.604		33.156		32.561		18.436

		46.444		44.679		33.234		32.661		18.475

		46.676		44.901		33.35		32.708		18.486

		46.713		44.912		33.371		32.712		18.588

		47.224		44.94		33.404		32.731		18.649

		47.257		45.009		33.458		32.735		18.705

		47.282		45.138		33.502		32.741		18.706

		47.285		45.198		33.554		32.756		18.892

		47.368		45.275		33.555		32.783		18.953

		47.547		45.428		33.661		32.811		19.101

		47.612		45.457		33.888		32.817		19.145

		47.82		45.479		33.913		32.83		19.211

		47.88		45.613		33.923		32.865		19.221

		47.934		45.691		33.95		32.867		19.297

		48.109		45.756		33.989		32.881		19.301

		48.142		45.76		34.009		32.888		19.42

		48.145		45.848		34.038		32.901		19.457

		48.199		45.968		34.061		32.904		19.511

		48.234		46.063		34.067		32.933		19.559

		48.242		46.066		34.192		32.944		19.629

		48.463		46.084		34.274		32.967		19.685

		48.564		46.117		34.354		33.047		19.698

		48.575		46.198		34.415		33.049		19.741

		48.584		46.444		34.418		33.05		19.759

		48.759		46.523		34.438		33.075		19.76

		48.813		46.713		34.485		33.099		19.769

		48.889		46.8		34.497		33.103		19.788

		48.908		46.816		34.514		33.112		19.825

		48.926		46.867		34.528		33.113		19.867

		48.951		47.005		34.546		33.136		19.891

		49.054		47.257		34.562		33.232		19.925

		49.183		47.282		34.835		33.292		19.973

		49.278		47.285		34.872		33.307		20

		49.281		47.368		34.909		33.311		20.061

		49.352		47.521		34.916		33.347		20.132

		49.473		47.547		34.923		33.382		20.172

		49.804		47.584		34.924		33.384		20.245

		49.829		47.612		34.991		33.407		20.268

		49.845		47.818		35.141		33.43		20.381

		49.892		47.88		35.192		33.573		20.393

		49.975		47.934		35.245		33.6		20.468

		49.995		48.097		35.289		33.621		20.488

		50.105		48.109		35.29		33.665		20.488

		50.158		48.145		35.517		33.784		20.522

		50.212		48.199		35.597		33.798		20.571

		50.255		48.39		35.65		33.799		20.583

		50.343		48.463		35.783		33.806		20.689

		50.495		48.564		35.851		33.807		20.759

		50.543		48.575		35.932		33.813		20.807

		50.579		48.584		35.937		33.851		20.86

		50.716		48.759		35.945		33.982		20.954

		50.796		48.813		35.955		33.998		20.97

		50.8		48.817		35.961		34.063		20.997

		50.837		48.855		35.993		34.141		20.998

		50.88		48.889		36.13		34.147		21.037

		51.029		48.926		36.178		34.167		21.078

		51.057		48.951		36.231		34.189		21.13

		51.095		49.006		36.296		34.244		21.233

		51.172		49.054		36.474		34.382		21.342

		51.672		49.129		36.502		34.401		21.427

		51.725		49.183		36.553		34.68		21.493

		51.807		49.278		36.605		34.765		21.517

		51.826		49.281		36.655		34.788		21.542

		51.86		49.352		36.657		34.789		21.569

		51.924		49.661		36.684		34.805		21.598

		51.976		49.67		36.69		34.829		21.727

		52.024		49.695		36.738		34.845		21.786

		52.116		49.804		36.788		35.007		21.814

		52.179		49.845		36.843		35.016		21.994

		52.201		49.892		36.869		35.031		22.024

		52.276		49.975		36.872		35.078		22.081

		52.35		49.995		36.894		35.084		22.166

		52.425		50.066		36.944		35.1		22.179

		52.432		50.105		36.954		35.149		22.245

		52.488		50.158		36.976		35.227		22.293

		52.684		50.212		37.028		35.231		22.33

		52.931		50.255		37.04		35.291		22.426

		53.063		50.358		37.04		35.322		22.426

		53.102		50.495		37.123		35.323		22.567

		53.249		50.543		37.265		35.412		22.642

		53.369		50.59		37.357		35.414		22.659

		53.516		50.716		37.414		35.432		22.777

		53.579		50.8		37.504		35.439		22.805

		53.637		50.821		37.656		35.483		22.83

		53.677		50.837		37.662		35.507		22.922

		53.841		50.874		37.675		35.526		23.134

		53.934		50.88		37.763		35.557		23.148

		54.013		51.085		37.786		35.685		23.244

		54.102		51.095		37.856		35.78		23.307

		54.16		51.172		37.904		35.889		23.369

		54.528		51.3		37.981		35.959		23.605

		54.681		51.488		38.109		35.998		23.722

		54.686		51.628		38.159		36.021		23.789

		54.982		51.658		38.319		36.142		23.847

		55.024		51.725		38.363		36.184		23.875

		55.074		51.727		38.385		36.238		23.877

		55.211		51.807		38.445		36.239		23.946

		55.275		51.86		38.45		36.27		24.026

		55.562		51.901		38.554		36.304		24.038

		55.607		51.976		38.626		36.453		24.228

		55.761		52.024		38.685		36.512		24.246

		55.776		52.073		38.693		36.526		24.324

		55.824		52.179		38.875		36.548		24.403

		55.841		52.201		38.883		36.553		24.478

		56.058		52.276		38.904		36.592		24.48

		56.079		52.35		39.184		36.749		24.807

		56.085		52.425		39.342		36.781		24.841

		56.149		52.432		39.355		36.807		24.89

		56.284		52.684		39.445		36.928		25.118

		56.51		52.931		39.608		36.967		25.128

		56.553		53.057		39.625		37.127		25.255

		56.604		53.063		39.775		37.247		25.476

		56.76		53.094		40.01		37.279		25.499

		56.93		53.249		40.048		37.292		25.519

		57.217		53.392		40.09		37.341		25.679

		57.506		53.516		40.162		37.638		25.796

		57.518		53.579		40.204		37.822		25.849

		57.759		53.637		40.271		38.113		25.879

		57.823		53.648		40.321		38.315		26.058

		57.998		53.666		40.451		38.338		26.284

		58.051		53.677		40.537		38.385		26.329

		58.278		53.934		40.605		38.653		26.382

		58.289		54.013		40.644		38.676		26.435

		58.308		54.074		40.669		38.804		26.456

		58.431		54.102		40.681		38.827		26.46

		58.458		54.41		40.767		38.933		26.607

		58.499		54.446		40.78		39.078		26.62

		58.75		54.681		40.825		39.225		26.667

		58.983		54.719		41.328		39.407		26.84

		59.141		54.815		41.526		39.596		26.843

		59.184		54.864		41.619		39.643		26.851

		59.247		54.936		41.662		39.902		26.863

		59.55		54.97		41.71		39.967		26.919

		59.598		54.982		41.786		39.971		27.01

		59.84		55.024		41.802		40.01		27.186

		59.897		55.074		41.892		40.087		27.286

		60.069		55.211		42.127		40.204		27.369

		60.096		55.255		42.223		40.243		27.427

		60.145		55.433		42.251		40.345		27.44

		60.151		55.549		42.281		40.502		27.529

		60.288		55.562		42.283		40.719		27.531

		60.323		55.702		42.284		40.742		27.533

		60.589		55.734		42.285		40.819		27.585

		60.697		55.776		42.411		41.227		27.639

		60.702		55.824		42.489		41.347		27.677

		60.805		55.841		42.5		41.364		27.685

		60.955		55.924		42.558		41.478		27.713

		61.473		56.058		42.697		41.603		27.751

		61.719		56.079		42.789		41.727		27.985

		61.776		56.085		42.807		41.937		27.996

		61.96		56.149		42.857		41.995		28.032

		62.083		56.51		42.877		42.024		28.08

		62.143		56.553		42.912		42.2		28.09

		62.203		56.604		42.963		42.414		28.099

		62.356		56.62		42.975		42.45		28.229

		62.402		56.815		42.985		42.452		28.412

		62.507		56.93		43.066		42.551		28.577

		62.55		57.123		43.142		42.569		28.624

		62.643		57.217		43.168		42.599		28.703

		62.917		57.394		43.214		42.635		28.713

		62.971		57.506		43.289		42.685		28.723

		62.977		57.759		43.518		42.689		28.746

		63.138		57.823		43.61		42.721		28.798

		63.175		57.875		43.62		42.968		28.864

		63.59		57.998		43.674		42.973		28.903

		63.664		58.253		43.705		43.028		28.926

		63.824		58.278		43.711		43.05		29.154

		63.889		58.308		43.744		43.08		29.18

		63.891		58.424		43.745		43.098		29.264

		63.963		58.458		43.759		43.198		29.305

		64.086		58.644		43.78		43.353		29.359

		64.249		58.75		43.871		43.366		29.462

		64.749		58.983		43.986		43.426		29.588

		64.787		59.141		44.005		43.567		29.619

		65.021		59.184		44.105		43.59		29.744

		65.179		59.227		44.18		43.627		29.96

		65.705		59.247		44.293		43.628		29.961

		65.711		59.276		44.518		43.744		29.998

		65.787		59.421		44.52		43.777		30.055

		65.822		59.55		44.578		43.779		30.153

		65.912		59.598		44.677		43.844		30.239

		66.315		59.84		44.679		43.865		30.247

		66.945		59.897		44.683		43.896		30.302

		66.986		60.069		44.842		43.898		30.425

		67.111		60.145		45.248		43.939		30.472

		67.174		60.151		45.289		43.943		30.476

		67.183		60.225		45.306		43.999		30.505

		67.423		60.323		45.406		44.02		30.599

		67.896		60.589		45.549		44.114		30.65

		67.916		60.805		45.857		44.284		30.997

		68.157		60.821		46.006		44.678		31.016

		68.349		60.922		46.287		44.682		31.045

		68.4		60.955		46.718		44.691		31.153

		68.637		61.146		46.76		44.765		31.203

		68.702		61.279		46.825		44.983		31.351

		68.868		61.719		46.831		45.181		31.423

		68.871		61.813		46.904		45.188		31.442

		69.171		61.954		46.917		45.2		31.707

		69.185		61.96		46.973		45.286		31.83

		69.237		62.083		47.009		45.341		31.974

		69.461		62.143		47.041		45.424		32.167

		69.75		62.203		47.072		45.461		32.39

		69.859		62.356		47.081		45.487		32.428

		70.103		62.402		47.111		45.788		32.469

		70.313		62.507		47.285		45.802		32.485

		70.468		62.571		47.292		45.853		32.67

		70.525		62.643		47.477		46.16		32.797

		70.669		62.917		47.607		46.169		32.811

		70.677		62.929		47.639		46.211		32.966

		70.69		62.971		47.931		46.335		33.15

		70.709		62.977		47.97		46.384		33.248

		70.781		63.138		48.006		46.402		33.402

		70.865		63.175		48.043		46.608		33.534

		70.991		63.576		48.184		46.623		33.634

		71.192		63.59		48.584		46.792		33.815

		71.237		63.664		48.841		47.007		33.86

		71.284		63.864		48.87		47.049		33.973

		71.352		63.889		48.924		47.113		34.206

		71.514		63.891		48.976		47.162		34.211

		71.571		63.963		49.006		47.282		34.296

		71.66		64.029		49.066		47.361		34.326

		72.003		64.032		49.158		47.445		34.418

		72.105		64.086		49.203		47.466		34.626

		72.231		64.133		49.51		47.858		34.734

		72.263		64.249		49.559		47.921		34.863

		72.433		64.717		49.581		47.933		34.888

		73.807		64.749		49.669		47.962		34.907

		73.815		65.021		49.704		47.967		35.059

		74.338		65.241		49.747		48.092		35.124

		74.53		65.281		49.848		48.1		35.126

		74.545		65.661		50.061		48.175		35.133

		74.546		65.705		50.385		48.217		35.154

		74.838		65.711		50.543		48.314		35.229

		74.906		65.741		50.714		48.364		35.436

		74.989		65.787		50.814		48.404		35.543

		75.01		65.822		50.825		48.523		35.642

		75.015		65.873		50.941		48.535		35.675

		75.513		65.912		51.081		48.539		36.09

		75.774		66.485		51.103		48.555		36.139

		75.907		66.584		51.136		48.636		36.351

		75.95		66.904		51.167		48.795		36.441

		76.292		66.986		51.313		48.954		36.54

		76.41		67.111		51.337		49.055		36.624

		76.835		67.183		51.359		49.541		36.694

		77.32		67.423		51.512		49.642		36.759

		77.39		67.461		51.52		49.655		36.813

		77.533		67.896		51.685		49.678		36.979

		77.707		68.042		51.725		50.032		37.249

		77.852		68.057		51.852		50.105		37.287

		77.922		68.157		51.909		50.106		37.369

		78.561		68.248		52.015		50.23		37.404

		78.644		68.637		52.046		50.251		37.507

		78.705		68.702		52.411		50.459		37.58

		78.956		68.834		52.432		50.462		37.724

		79.012		68.871		52.503		50.533		37.982

		79.231		69.171		52.884		50.554		38.145

		79.306		69.185		53.278		50.585		38.29

		79.51		69.237		53.289		50.969		38.352

		79.671		69.268		53.319		51.34		38.474

		79.784		69.37		53.568		51.506		38.533

		79.973		69.461		53.579		51.828		38.561

		80.2		69.48		53.601		51.956		38.618

		80.58		69.605		53.681		52.212		38.669

		80.633		69.75		53.778		52.454		38.681

		80.713		69.945		54.208		52.478		38.708

		81.383		70.005		54.217		52.602		38.821

		81.39		70.103		55.17		52.71		38.916

		81.439		70.313		55.27		53.059		38.965

		82.256		70.468		55.302		53.215		39.056

		82.473		70.677		55.647		53.216		39.171

		82.551		70.69		55.79		53.304		39.333

		82.607		70.7		55.794		53.358		39.342

		82.655		70.709		55.828		53.418		39.343

		82.714		70.781		55.872		53.591		39.353

		83.27		71.192		55.887		53.651		39.377

		83.49		71.221		56.213		53.665		39.39

		84.003		71.352		56.516		53.723		39.405

		84.03		71.421		56.93		54.079		39.452

		84.149		71.514		57.06		54.229		39.524

		84.167		71.571		57.125		54.257		39.603

		84.44		71.66		57.165		54.272		39.706

		84.442		72.192		57.216		54.349		39.994

		84.448		72.231		57.223		54.447		40.35

		84.617		72.584		57.331		54.571		40.413

		85.245		72.855		57.367		54.688		40.435

		85.465		72.924		57.427		54.717		40.45

		85.647		73.737		57.505		55.21		40.755

		86.491		73.769		57.812		55.308		40.856

		86.522		74.513		57.868		55.329		40.947

		87.068		74.53		57.975		55.351		40.977

		87.433		74.545		58.251		55.504		41.112

		87.454		74.838		58.272		55.637		41.294

		87.503		74.906		58.506		55.65		41.504

		87.664		74.989		58.87		55.705		41.613

		87.733		75.16		59.001		55.977		41.657

		88.773		75.774		59.031		56.021		41.791

		89.255		75.907		59.087		56.509		41.9

		89.724		75.95		59.282		56.546		41.944

		90.221		76.2		59.332		57.162		41.979

		91.275		76.292		59.362		57.29		42.06

		91.358		76.41		59.53		57.329		42.074

		91.421		76.457		59.79		57.399		42.084

		91.551		77.279		60.069		57.548		42.101

		91.694		77.315		60.076		57.594		42.179

		91.695		77.32		60.373		57.752		42.23

		91.841		77.39		60.441		57.878		42.285

		91.874		77.707		60.589		58.363		42.319

		91.901		77.852		60.696		58.408		42.508

		91.943		77.922		60.768		58.606		42.812

		92.05		78.644		60.862		58.66		42.99

		92.096		78.705		60.955		59.155		43.013

		92.211		78.933		61.269		59.2		43.033

		92.339		78.956		61.319		59.545		43.076

		92.526		79.51		61.398		59.55		43.092

		92.599		79.671		61.471		59.802		43.254

		92.944		79.784		61.765		59.993		43.298

		93.077		79.905		61.816		60.378		43.469

		93.332		80.092		61.986		60.732		43.564

		93.573		80.102		62.342		60.748		43.623

		93.755		80.151		62.363		60.967		43.635

		93.787		80.158		62.56		61.045		43.95

		93.813		80.58		62.609		61.131		44.18

		93.88		80.713		62.611		61.282		44.227

		94.053		81.059		62.634		61.336		44.478

		94.116		81.121		62.713		61.354		44.544

		94.193		81.388		63.127		61.366		44.546

		94.363		81.39		63.797		61.409		44.555

		94.483		81.439		63.821		61.427		44.88

		94.504		81.624		63.963		61.731		45.062

		95.582		81.993		63.995		61.92		45.086

		95.847		82.212		64.051		61.932		45.162

		95.866		82.256		64.086		62.296		45.245

		95.93		82.473		64.169		62.524		45.65

		96.1		82.505		64.399		62.561		45.775

		96.265		82.655		64.484		62.58		46.419

		96.766		82.714		64.708		62.642		46.508

		97.168		82.748		64.71		62.765		46.559

		97.281		83.206		65.072		62.882		46.627

		97.482		83.27		65.1		63.1		46.811

		97.665		83.49		65.388		63.3		46.911

		97.831		84.003		65.469		63.577		46.917

		98.005		84.149		66.646		63.751		47.07

		98.243		84.149		66.733		63.867		47.134

		98.256		84.44		66.78		64.004		47.228

		98.343		84.442		67.433		64.051		47.271

		99.273		84.448		67.442		64.279		47.292

		99.48		84.631		67.447		64.669		47.58

		99.484		85.044		67.456		64.797		48

		101.078		85.245		67.467		65.077		48.774

		101.091		85.465		68.32		65.144		49.218

		101.209		85.647		68.773		65.245		49.481

		101.389		85.77		68.87		65.368		49.521

		102.026		86.264		68.945		65.442		49.655

		102.428		86.482		69.316		65.51		49.72

		102.78		86.491		69.75		65.632		49.758

		103.062		86.522		69.76		65.665		49.816

		103.213		87.068		69.778		65.85		50.003

		103.565		87.223		69.89		65.92		50.122

		103.72		87.407		70.057		66.33		50.156

		104.069		87.433		70.286		66.358		50.332

		104.423		87.454		70.393		66.546		50.563

		104.523		87.503		70.964		66.572		50.722

		104.809		87.664		70.973		67.539		50.793

		105.198		87.733		70.977		67.553		50.912

		105.617		88.573		71.283		67.556		51.072

		107.382		89.255		71.352		67.582		51.115

		107.981		89.477		71.463		67.99		51.189

		108.469		89.633		71.795		68.06		51.266

		108.529		89.724		73.29		68.258		51.756

		108.716		89.77		73.419		68.336		51.893

		109.479		90.176		74.462		68.581		52.038

		109.611		90.221		74.525		69.272		52.058

		109.723		90.513		74.672		69.275		52.603

		110.368		91.275		74.864		69.306		52.625

		110.422		91.358		74.906		69.321		52.808

		111.56		91.387		75.126		69.418		52.955

		111.691		91.388		75.233		69.476		53.199

		111.953		91.421		75.371		69.595		53.36

		111.957		91.695		75.462		69.766		53.366

		112.084		91.786		75.898		69.847		53.43

		114.194		91.858		76.402		69.976		53.452

		114.899		91.874		76.511		70.009		54.345

		115.391		91.901		76.769		70.15		54.378

		115.422		91.943		77.157		70.366		54.531

		118.075		92.142		77.239		70.688		54.547

		119.581		92.239		77.39		70.798		54.567

		119.676		92.242		77.852		71.465		54.679

		120.08		92.339		78.219		71.64		54.783

		121.815		92.526		78.571		71.706		54.8

		121.91		92.944		78.607		71.987		54.847

		122.141		93.023		78.644		72.19		55.074

		122.594		93.077		78.682		72.312		55.71

		122.637		93.091		78.725		72.824		55.846

		122.933		93.383		79.117		73.173		56.04

		123.24		93.787		79.13		73.251		56.297

		123.31		93.813		79.139		73.251		57.208

		124.012		93.88		79.51		73.329		57.566

		124.282		94.053		79.793		73.494		57.816

		124.367		94.167		80.038		74.117		57.871

		124.815		94.235		80.14		74.143		58.093

		125.37		94.483		80.554		74.261		58.28

		125.503		94.504		81.513		74.526		58.288

		125.9		95.346		81.58		74.762		58.463

		126.188		95.866		81.832		76.095		58.916

		126.352		96.1		81.891		76.212		58.926

		126.857		96.477		82.115		77.046		59.571

		127.494		96.698		82.41		77.152		59.623

		127.573		96.766		82.418		77.319		60.447

		129.113		97.105		82.597		77.703		60.478

		133.003		97.196		82.902		77.906		60.642

		133.021		97.281		83.029		77.954		60.913

		133.439		97.623		83.151		78.604		61.085

		133.631		98.055		83.49		78.618		61.153

		133.791		98.256		83.704		78.835		61.408

		135.315		98.343		84.003		79.405		62.04

		135.831		98.759		84.044		79.931		62.114

		136.072		99.484		84.158		80.024		62.116

		136.657		99.535		84.44		80.096		62.181

		136.981		101.064		84.604		80.135		63.157

		137.057		101.644		85.036		80.356		63.896

		137.197		101.931		85.296		80.382		64.085

		137.403		102.026		85.465		81.172		64.421

		137.932		102.628		85.616		81.226		64.477

		138.55		102.78		85.623		81.393		65.782

		139.161		103.062		86.105		81.56		66.655

		139.265		103.548		86.522		81.628		66.937

		139.338		103.565		87.433		82.223		67.079

		140.122		104.36		87.566		82.438		67.244

		140.362		104.423		87.948		83.063		67.386

		141.033		104.809		89.131		83.191		67.417

		141.356		104.985		89.256		83.338		68.281

		142.274		105.049		89.473		83.434		68.319

		144.907		105.184		89.506		84.559		69.049

		145.103		105.198		90.002		84.585		69.537

		145.691		105.211		91.358		84.609		69.578

		146.084		107.382		92.486		84.635		69.626

		147.907		107.539		92.526		85.16		69.917

		148.756		107.981		92.539		85.775		70.236

		149.021		108.109		92.55		86.356		70.504

		149.286		108.359		92.579		86.359		70.614

		149.291		108.716		92.943		86.456		70.868

		149.637		109.479		93.198		87.228		70.925

		150.159		109.611		93.88		87.284		71.308

		150.17		109.773		94.082		88.032		71.363

		150.335		110.327		94.481		88.78		71.459

		150.788		111.116		94.504		89.513		71.508

		150.819		111.313		94.982		89.614		71.799

		152.922		111.691		96.631		89.689		72.204

		155.668		111.953		96.701		89.775		72.331

		157.524		111.957		96.766		90.181		72.579

		158.126		112.084		96.883		90.353		72.93

		158.762		112.33		97.274		90.354		73.023

		159.004		112.747		97.704		91.044		73.088

		159.965		114.432		98.256		91.13		73.239

		160.128		114.478		99.661		92.148		73.747

		160.161		114.882		99.763		93.004		73.908

		160.464		115.119		99.942		93.388		74.2241

		162.862		115.391		101.762		93.505		74.868

		165.617		115.422		102.026		93.695		75.35

		165.886		116.082		102.65		93.704		75.879

		166.944		119.223		102.781		94.172		76.304

		167.128		119.238		103.854		95.097		76.312

		167.476		119.56		104.797		95.107		76.85

		167.811		119.581		105.198		95.624		77.017

		167.883		119.676		107.113		95.869		77.173

		169.249		120.08		107.231		95.913		77.269

		169.861		121.747		107.533		96.103		79.401

		170.448		121.815		107.967		96.174		79.419

		172.04		121.91		108.275		96.674		80.28

		172.424		122.933		108.695		97.201		80.743

		172.554		123.23		109.464		97.345		81.41

		172.777		123.24		110.271		97.514		81.602

		173.254		124.282		110.28		97.526		81.691

		174.295		124.367		110.909		98.118		81.777

		174.676		124.573		111.353		98.277		81.945

		177.054		124.815		111.691		98.633		82.313

		177.124		124.834		111.953		99.006		82.937

		177.346		125.503		112.592		99.707		83.022

		178.44		126.188		112.9		99.723		83.725

		179.752		126.406		114.72		99.971		83.759

		180.688		126.857		115.561		100.374		83.826

		180.78		127.494		116.186		100.525		84.05

		181.119		127.573		118.788		100.706		84.197

		181.47		129.113		119.309		100.877		84.595

		181.835		129.553		120.08		101.387		85.238

		186.017		129.951		120.971		101.65		86.215

		186.933		130.211		121.008		101.72		86.367

		187.25		130.315		121.356		102.485		87.43

		187.333		131.506		121.747		102.525		88.075

		188.521		132.191		121.91		102.657		88.105

		189.007		132.993		122.633		103.155		88.114

		189.196		133.124		123.24		104.749		88.442

		193.409		133.631		123.723		104.8		88.894

		199.325		133.64		124.108		104.991		89.212

		201.823		134.936		124.282		105.189		89.61

		202.906		135.315		124.814		105.218		90.138

		203.656		136.072		126.189		105.306		90.398

		204.379		136.981		126.406		105.817		90.778

		204.712		137.057		126.417		106.016		91.825

		209.967		137.932		126.967		106.467		92.391

		212.152		139.265		127.494		106.879		92.737

		215.919		139.338		127.572		107.35		93.498

		216.937		140.362		129.113		107.736		93.9

		216.987		141.038		129.951		107.815		94.427

		217.051		141.156		132.914		108.017		94.543

		218.834		142.629		132.993		108.041		96.351

		220.058		144.907		133.631		108.114		96.739

		221.636		145.691		135.314		108.216		96.766

		226.529		146.084		135.333		108.398		97.064

		226.63		147.907		136.961		109.659		97.173

		228.684		147.98		136.981		111.022		97.4

		231.546		149.286		137.932		111.319		98.074

		231.914		149.291		139.048		112.754		98.418

		232.702		150.335		139.773		113.173		99.082

		233.696		150.479		139.958		113.776		99.382

		234.292		150.819		140.363		114.438		100.042

		235.032		152.922		141.016		114.627		100.315

		235.076		155.668		141.022		114.889		100.648

		235.157		157.524		144.196		116.368		100.957

		237.779		158.126		144.687		116.819		101.216

		238.637		158.762		146.084		116.903		102.413

		239.647		159.004		147.341		117.797		102.446

		239.763		160.161		147.907		118.151		103.119

		240.814		160.464		147.98		118.246		103.431

		244.405		162.744		148.176		119.059		104.23

		245.553		162.862		149.286		119.244		105.198

		246.373		165.886		149.386		120.292		105.45

		252.151		166.704		152.922		120.301		105.954

		252.203		166.944		157.337		121.753		106.006

		253.059		169.861		157.524		121.79		106.343

		253.154		172.424		158.087		121.868		106.558

		255.175		172.554		158.126		122.587		108.595

		258.605		173.254		159.004		123.42		108.868

		260.223		177.054		159.406		123.597		109.373

		260.415		177.124		159.973		123.639		109.671

		260.456		178.44		160.161		124.579		109.731

		260.889		179.752		160.464		125.946		111.23

		268.333		180.688		162.862		126.414		111.966

		269.117		180.78		163.938		126.484		112.48

		269.128		181.119		166.704		126.584		113.253

		270.872		181.47		169.861		128.389		113.265

		273.414		181.793		170.341		128.84		114.328

		278.876		183.568		177.123		129.397		116.684

		279.996		187.25		178.44		129.456		118.008

		280.763		188.521		179.262		129.958		119.683

		280.823		189.007		179.752		132.999		119.765

		281.174		193.409		180.44		133.068		120.621

		283.515		195.843		180.688		133.131		120.752

		285.414		195.992		180.78		133.714		121.747

		290.849		199.864		181.47		133.908		122.181

		292.1		201.823		183.568		134.151		122.32

		295.239		202.906		187.25		134.6		122.765

		300.737		204.379		188.521		135.732		123.894

		303.495		204.712		190.856		135.896		124.35

		304.458		209.967		195.992		136.894		126.357

		304.554		215.565		197.159		138.158		126.725

		308.21		215.919		204.38		140.395		128.407

		314.505		216.937		204.712		140.438		128.555

		315.329		217.051		206.196		140.466		128.707

		317.453		218.834		209.098		141.051		128.88

		320.485		221.636		209.967		143.159		131.109

		323.505		225.569		213.906		143.79		131.501

		329.288		226.529		215.918		145.116		132.993

		329.411		228.537		217.052		147.987		133.523

		332.038		228.684		218.834		148.294		135.096

		336.441		232.702		221.637		149.114		137.941

		337.781		234.117		226.033		149.434		138.033

		341.757		234.292		231.144		150.222		138.472

		343.862		235.032		234.292		150.486		138.649

		346.994		235.076		235.032		150.486		140.679

		348.552		235.157		235.076		153.528		140.969

		354.494		238.637		235.158		153.851		140.994

		354.595		244.405		237.98		153.945		141.043

		356.078		246.373		238.636		156.44		143.105

		356.252		249.186		244.405		159.914		144.756

		360.248		252.203		246.308		160.901		147.98

		366.408		254.523		246.372		161.791		153.96

		367.593		255.175		247.143		162.752		154.835

		375.721		260.415		252.203		163.326		155.481

		375.799		260.889		252.397		164.63		156.529

		377.687		268.333		255.08		166.279		157.249

		383.138		269.117		255.176		166.713		159.166

		388.627		269.128		258.713		166.777		159.73

		394.51		270.872		260.415		167.92		160.806

		395.195		273.414		266.665		167.967		161.258

		403.242		278.876		268.037		169.886		161.55

		407.008		280.763		269.117		171.316		162.246

		414.046		280.823		269.128		173.02		162.651

		430.583		281.174		270.873		173.29		163.267

		431.257		290.849		278.876		173.539		165.246

		434.35		299.551		280.823		173.576		165.454

		448.615		300.737		281.174		178.505		165.55

		470.961		302.795		289.624		180.127		166.704

		477.433		303.495		295.447		180.293		167.856

		494.366		304.554		300.737		183.578		168.241

				307.578		300.8		184.777		171.534

				308.21		301.329		188.501		171.69

				325.095		303.495		189.602		172.168

				329.411		309.723		191.468		178.016

				332.038		311.326		191.704		180.372

				336.441		318.366		192.101		183.568

				341.757		325.094		193.758		184.46

				346.994		326.501		194.902		185.788

				348.552		336.442		196.005		187.813

				356.078		337.636		196.755		188.84

				356.252		338.946		199.586		189.955

				360.248		341.106		199.695		191.227

				366.408		346.994		204.525		191.237

				371.678		356.079		208.209		192.345

				375.721		356.252		209.171		192.625

				383.078		358.814		209.635		199.015

				388.627		360.248		217.35		199.793

				403.242		361.951		217.462		201.654

				410.827		371.679		218.883		203.472

				414.046		375.721		219.393		205.139

				415.236		383.078		225.451		207.545

				430.583		388.627		228.878		207.587

				430.673		403.243		231.271		210.095

				434.35		408.279		232.723		210.535

				448.615		414.046		233.074		210.641

				468.291		426.801		234.13		214.873

				477.433		448.617		236.46		216.57

				477.991		468.292		239.038		217.721

						477.434		241.615		219.577

								243.254		223.511

								246.146		228.275

								252.416		231.257

								254.522		231.831

								254.538		233.062

								257.132		234

								263.657		234.105

								272.687		236.216

								281.976		242.271

								289.912		246.202

								294.06		252.106

								295.774		254.462

								296.599		259.121

								302.837		259.433

								314.786		273.046

								314.97		280.561

								319.067		282.874

								325.112		299.767

								332.059		306.748

								335.009		311.092

								346.107		317.625

								351.122		326.55

								358.591		344.936

								369.598		346.749

								371.706		348.248

								382.811		348.619

								407.98		358.574

								414.945		381.96

								415.261		403.127

								435.07		413

								452.124		413.329

								455.293		415.018

								456.31		424.295

								465.547		425.487

								466.208		433.68

								468.769		435.925

								479.58		449.487

								487.605		451.147

										454.671

										483.88

										488.208

										498.581

										498.631

										499.349



Ordered Rank

Repeatable Accuracy (metres)

Loran-C Repeatable Accuracy



Sheet1

		1		37.339		37.339		25.484		30.409		12.55

		2		38.1		38.1		25.565		30.452		12.648

		3		38.173		38.173		25.867		30.478		12.79

		4		38.776		38.776		26.183		30.529		13.418

		5		38.939		38.939		26.222		30.59		13.483

		6		39.508		39.508		26.314		30.733		13.562

		7		39.603		39.603		26.402		30.773		13.663

		8		39.702		39.702		26.676		30.777		13.665

		9		39.775		39.775		26.685		30.788		13.68

		10		39.827		39.827		26.896		30.814		13.696

		11		39.9		39.9		27.599		30.833		13.724

		12		39.906		39.906		27.722		30.864		13.781

		13		39.976		39.976		27.745		30.866		13.788

		14		40.091		40.091		27.815		30.922		13.998

		15		40.096		40.096		27.999		30.944		14.017

		16		40.121		40.121		28.083		30.959		14.059

		17		40.254		40.254		28.726		30.979		14.195

		18		40.279		40.279		28.985		31.015		14.234

		19		40.378		40.378		29.029		31.028		14.319

		20		40.395		40.395		29.082		31.056		14.385

		21		40.473		40.473		29.248		31.057		14.468

		22		40.48		40.48		29.355		31.062		14.571

		23		40.537		40.537		29.449		31.106		14.631

		24		40.644		40.644		29.607		31.149		14.753

		25		40.725		40.725		29.706		31.161		14.843

		26		41.192		41.192		29.723		31.168		14.881

		27		41.274		41.274		29.738		31.19		14.976

		28		41.402		41.402		29.81		31.254		15.078

		29		41.435		41.435		29.838		31.27		15.164

		30		41.64		41.64		29.868		31.333		15.308

		31		41.781		41.781		29.911		31.337		15.318

		32		41.889		41.889		29.931		31.357		15.358

		33		42.202		42.202		30.056		31.364		15.53

		34		42.285		42.285		30.156		31.38		15.615

		35		42.378		42.378		30.422		31.41		15.681

		36		42.427		42.427		30.502		31.451		15.691

		37		42.487		42.487		30.527		31.478		15.79

		38		42.494		42.494		30.712		31.497		15.842

		39		42.556		42.556		30.896		31.516		15.943

		40		42.904		42.643		31.082		31.537		15.947

		41		42.985		42.646		31.185		31.542		16.063

		42		43.056		42.904		31.221		31.65		16.241

		43		43.163		42.958		31.321		31.664		16.344

		44		43.169		42.985		31.327		31.673		16.428

		45		43.276		43.056		31.412		31.766		16.437

		46		43.312		43.068		31.501		31.772		16.584

		47		43.335		43.163		31.645		31.869		16.622

		48		43.372		43.169		31.653		31.88		16.872

		49		43.403		43.312		31.684		31.902		16.944

		50		43.537		43.335		31.765		31.92		17.083

		51		43.705		43.372		31.805		31.924		17.214

		52		43.928		43.403		32.045		31.926		17.224

		53		43.986		43.445		32.065		31.933		17.25

		54		44.015		43.489		32.134		31.933		17.314

		55		44.089		43.537		32.244		31.943		17.518

		56		44.234		43.705		32.295		31.972		17.526

		57		44.268		43.764		32.475		31.977		17.607

		58		44.415		43.841		32.573		32.085		17.691

		59		44.427		43.928		32.595		32.108		17.766

		60		44.468		43.978		32.64		32.128		17.887

		61		44.551		43.986		32.743		32.135		18.012

		62		44.679		44.015		32.784		32.171		18.131

		63		44.94		44.089		32.834		32.172		18.149

		64		45.138		44.215		32.885		32.185		18.161

		65		45.198		44.234		32.895		32.219		18.172

		66		45.457		44.268		32.908		32.266		18.172

		67		45.613		44.415		33.06		32.356		18.225

		68		45.691		44.427		33.066		32.404		18.254

		69		45.76		44.468		33.078		32.41		18.257

		70		45.848		44.549		33.089		32.491		18.268

		71		45.968		44.551		33.116		32.492		18.39

		72		46.066		44.555		33.153		32.495		18.402

		73		46.084		44.604		33.156		32.561		18.436

		74		46.444		44.679		33.234		32.661		18.475

		75		46.676		44.901		33.35		32.708		18.486

		76		46.713		44.912		33.371		32.712		18.588

		77		47.224		44.94		33.404		32.731		18.649

		78		47.257		45.009		33.458		32.735		18.705

		79		47.282		45.138		33.502		32.741		18.706

		80		47.285		45.198		33.554		32.756		18.892

		81		47.368		45.275		33.555		32.783		18.953

		82		47.547		45.428		33.661		32.811		19.101

		83		47.612		45.457		33.888		32.817		19.145

		84		47.82		45.479		33.913		32.83		19.211

		85		47.88		45.613		33.923		32.865		19.221

		86		47.934		45.691		33.95		32.867		19.297

		87		48.109		45.756		33.989		32.881		19.301

		88		48.142		45.76		34.009		32.888		19.42

		89		48.145		45.848		34.038		32.901		19.457

		90		48.199		45.968		34.061		32.904		19.511

		91		48.234		46.063		34.067		32.933		19.559

		92		48.242		46.066		34.192		32.944		19.629

		93		48.463		46.084		34.274		32.967		19.685

		94		48.564		46.117		34.354		33.047		19.698

		95		48.575		46.198		34.415		33.049		19.741

		96		48.584		46.444		34.418		33.05		19.759

		97		48.759		46.523		34.438		33.075		19.76

		98		48.813		46.713		34.485		33.099		19.769

		99		48.889		46.8		34.497		33.103		19.788

		100		48.908		46.816		34.514		33.112		19.825

		101		48.926		46.867		34.528		33.113		19.867

		102		48.951		47.005		34.546		33.136		19.891

		103		49.054		47.257		34.562		33.232		19.925

		104		49.183		47.282		34.835		33.292		19.973

		105		49.278		47.285		34.872		33.307		20

		106		49.281		47.368		34.909		33.311		20.061

		107		49.352		47.521		34.916		33.347		20.132

		108		49.473		47.547		34.923		33.382		20.172

		109		49.804		47.584		34.924		33.384		20.245

		110		49.829		47.612		34.991		33.407		20.268

		111		49.845		47.818		35.141		33.43		20.381

		112		49.892		47.88		35.192		33.573		20.393

		113		49.975		47.934		35.245		33.6		20.468

		114		49.995		48.097		35.289		33.621		20.488

		115		50.105		48.109		35.29		33.665		20.488

		116		50.158		48.145		35.517		33.784		20.522

		117		50.212		48.199		35.597		33.798		20.571

		118		50.255		48.39		35.65		33.799		20.583

		119		50.343		48.463		35.783		33.806		20.689

		120		50.495		48.564		35.851		33.807		20.759

		121		50.543		48.575		35.932		33.813		20.807

		122		50.579		48.584		35.937		33.851		20.86

		123		50.716		48.759		35.945		33.982		20.954

		124		50.796		48.813		35.955		33.998		20.97

		125		50.8		48.817		35.961		34.063		20.997

		126		50.837		48.855		35.993		34.141		20.998

		127		50.88		48.889		36.13		34.147		21.037

		128		51.029		48.926		36.178		34.167		21.078

		129		51.057		48.951		36.231		34.189		21.13

		130		51.095		49.006		36.296		34.244		21.233

		131		51.172		49.054		36.474		34.382		21.342

		132		51.672		49.129		36.502		34.401		21.427

		133		51.725		49.183		36.553		34.68		21.493

		134		51.807		49.278		36.605		34.765		21.517

		135		51.826		49.281		36.655		34.788		21.542

		136		51.86		49.352		36.657		34.789		21.569

		137		51.924		49.661		36.684		34.805		21.598

		138		51.976		49.67		36.69		34.829		21.727

		139		52.024		49.695		36.738		34.845		21.786

		140		52.116		49.804		36.788		35.007		21.814

		141		52.179		49.845		36.843		35.016		21.994

		142		52.201		49.892		36.869		35.031		22.024

		143		52.276		49.975		36.872		35.078		22.081

		144		52.35		49.995		36.894		35.084		22.166

		145		52.425		50.066		36.944		35.1		22.179

		146		52.432		50.105		36.954		35.149		22.245

		147		52.488		50.158		36.976		35.227		22.293

		148		52.684		50.212		37.028		35.231		22.33

		149		52.931		50.255		37.04		35.291		22.426

		150		53.063		50.358		37.04		35.322		22.426

		151		53.102		50.495		37.123		35.323		22.567

		152		53.249		50.543		37.265		35.412		22.642

		153		53.369		50.59		37.357		35.414		22.659

		154		53.516		50.716		37.414		35.432		22.777

		155		53.579		50.8		37.504		35.439		22.805

		156		53.637		50.821		37.656		35.483		22.83

		157		53.677		50.837		37.662		35.507		22.922

		158		53.841		50.874		37.675		35.526		23.134

		159		53.934		50.88		37.763		35.557		23.148

		160		54.013		51.085		37.786		35.685		23.244

		161		54.102		51.095		37.856		35.78		23.307

		162		54.16		51.172		37.904		35.889		23.369

		163		54.528		51.3		37.981		35.959		23.605

		164		54.681		51.488		38.109		35.998		23.722

		165		54.686		51.628		38.159		36.021		23.789

		166		54.982		51.658		38.319		36.142		23.847

		167		55.024		51.725		38.363		36.184		23.875

		168		55.074		51.727		38.385		36.238		23.877

		169		55.211		51.807		38.445		36.239		23.946

		170		55.275		51.86		38.45		36.27		24.026

		171		55.562		51.901		38.554		36.304		24.038

		172		55.607		51.976		38.626		36.453		24.228

		173		55.761		52.024		38.685		36.512		24.246

		174		55.776		52.073		38.693		36.526		24.324

		175		55.824		52.179		38.875		36.548		24.403

		176		55.841		52.201		38.883		36.553		24.478

		177		56.058		52.276		38.904		36.592		24.48

		178		56.079		52.35		39.184		36.749		24.807

		179		56.085		52.425		39.342		36.781		24.841

		180		56.149		52.432		39.355		36.807		24.89

		181		56.284		52.684		39.445		36.928		25.118

		182		56.51		52.931		39.608		36.967		25.128

		183		56.553		53.057		39.625		37.127		25.255

		184		56.604		53.063		39.775		37.247		25.476

		185		56.76		53.094		40.01		37.279		25.499

		186		56.93		53.249		40.048		37.292		25.519

		187		57.217		53.392		40.09		37.341		25.679

		188		57.506		53.516		40.162		37.638		25.796

		189		57.518		53.579		40.204		37.822		25.849

		190		57.759		53.637		40.271		38.113		25.879

		191		57.823		53.648		40.321		38.315		26.058

		192		57.998		53.666		40.451		38.338		26.284

		193		58.051		53.677		40.537		38.385		26.329

		194		58.278		53.934		40.605		38.653		26.382

		195		58.289		54.013		40.644		38.676		26.435

		106		58.308		54.074		40.669		38.804		26.456

		197		58.431		54.102		40.681		38.827		26.46

		198		58.458		54.41		40.767		38.933		26.607

		199		58.499		54.446		40.78		39.078		26.62

		200		58.75		54.681		40.825		39.225		26.667

		201		58.983		54.719		41.328		39.407		26.84

		202		59.141		54.815		41.526		39.596		26.843

		203		59.184		54.864		41.619		39.643		26.851

		204		59.247		54.936		41.662		39.902		26.863

		205		59.55		54.97		41.71		39.967		26.919

		206		59.598		54.982		41.786		39.971		27.01

		207		59.84		55.024		41.802		40.01		27.186

		208		59.897		55.074		41.892		40.087		27.286

		209		60.069		55.211		42.127		40.204		27.369

		210		60.096		55.255		42.223		40.243		27.427

		211		60.145		55.433		42.251		40.345		27.44

		212		60.151		55.549		42.281		40.502		27.529

		213		60.288		55.562		42.283		40.719		27.531

		214		60.323		55.702		42.284		40.742		27.533

		215		60.589		55.734		42.285		40.819		27.585

		216		60.697		55.776		42.411		41.227		27.639

		217		60.702		55.824		42.489		41.347		27.677

		218		60.805		55.841		42.5		41.364		27.685

		219		60.955		55.924		42.558		41.478		27.713

		220		61.473		56.058		42.697		41.603		27.751

		221		61.719		56.079		42.789		41.727		27.985

		222		61.776		56.085		42.807		41.937		27.996

		223		61.96		56.149		42.857		41.995		28.032

		224		62.083		56.51		42.877		42.024		28.08

		225		62.143		56.553		42.912		42.2		28.09

		226		62.203		56.604		42.963		42.414		28.099

		227		62.356		56.62		42.975		42.45		28.229

		228		62.402		56.815		42.985		42.452		28.412

		229		62.507		56.93		43.066		42.551		28.577

		230		62.55		57.123		43.142		42.569		28.624

		231		62.643		57.217		43.168		42.599		28.703

		232		62.917		57.394		43.214		42.635		28.713

		233		62.971		57.506		43.289		42.685		28.723

		234		62.977		57.759		43.518		42.689		28.746

		235		63.138		57.823		43.61		42.721		28.798

		236		63.175		57.875		43.62		42.968		28.864

		237		63.59		57.998		43.674		42.973		28.903

		238		63.664		58.253		43.705		43.028		28.926

		239		63.824		58.278		43.711		43.05		29.154

		240		63.889		58.308		43.744		43.08		29.18

		241		63.891		58.424		43.745		43.098		29.264

		242		63.963		58.458		43.759		43.198		29.305

		243		64.086		58.644		43.78		43.353		29.359

		244		64.249		58.75		43.871		43.366		29.462

		245		64.749		58.983		43.986		43.426		29.588

		246		64.787		59.141		44.005		43.567		29.619

		247		65.021		59.184		44.105		43.59		29.744

		248		65.179		59.227		44.18		43.627		29.96

		249		65.705		59.247		44.293		43.628		29.961

		250		65.711		59.276		44.518		43.744		29.998

		251		65.787		59.421		44.52		43.777		30.055

		252		65.822		59.55		44.578		43.779		30.153

		253		65.912		59.598		44.677		43.844		30.239

		254		66.315		59.84		44.679		43.865		30.247

		255		66.945		59.897		44.683		43.896		30.302

		256		66.986		60.069		44.842		43.898		30.425

		257		67.111		60.145		45.248		43.939		30.472

		258		67.174		60.151		45.289		43.943		30.476

		259		67.183		60.225		45.306		43.999		30.505

		260		67.423		60.323		45.406		44.02		30.599

		261		67.896		60.589		45.549		44.114		30.65

		262		67.916		60.805		45.857		44.284		30.997

		263		68.157		60.821		46.006		44.678		31.016

		264		68.349		60.922		46.287		44.682		31.045

		265		68.4		60.955		46.718		44.691		31.153

		266		68.637		61.146		46.76		44.765		31.203

		267		68.702		61.279		46.825		44.983		31.351

		268		68.868		61.719		46.831		45.181		31.423

		269		68.871		61.813		46.904		45.188		31.442

		270		69.171		61.954		46.917		45.2		31.707

		271		69.185		61.96		46.973		45.286		31.83

		272		69.237		62.083		47.009		45.341		31.974

		273		69.461		62.143		47.041		45.424		32.167

		274		69.75		62.203		47.072		45.461		32.39

		275		69.859		62.356		47.081		45.487		32.428

		276		70.103		62.402		47.111		45.788		32.469

		277		70.313		62.507		47.285		45.802		32.485

		278		70.468		62.571		47.292		45.853		32.67

		279		70.525		62.643		47.477		46.16		32.797

		280		70.669		62.917		47.607		46.169		32.811

		281		70.677		62.929		47.639		46.211		32.966

		282		70.69		62.971		47.931		46.335		33.15

		283		70.709		62.977		47.97		46.384		33.248

		284		70.781		63.138		48.006		46.402		33.402

		285		70.865		63.175		48.043		46.608		33.534

		286		70.991		63.576		48.184		46.623		33.634

		287		71.192		63.59		48.584		46.792		33.815

		288		71.237		63.664		48.841		47.007		33.86

		289		71.284		63.864		48.87		47.049		33.973

		290		71.352		63.889		48.924		47.113		34.206

		291		71.514		63.891		48.976		47.162		34.211

		292		71.571		63.963		49.006		47.282		34.296

		293		71.66		64.029		49.066		47.361		34.326

		294		72.003		64.032		49.158		47.445		34.418

		295		72.105		64.086		49.203		47.466		34.626

		296		72.231		64.133		49.51		47.858		34.734

		297		72.263		64.249		49.559		47.921		34.863

		298		72.433		64.717		49.581		47.933		34.888

		299		73.807		64.749		49.669		47.962		34.907

		300		73.815		65.021		49.704		47.967		35.059

		301		74.338		65.241		49.747		48.092		35.124

		302		74.53		65.281		49.848		48.1		35.126

		303		74.545		65.661		50.061		48.175		35.133

		304		74.546		65.705		50.385		48.217		35.154

		305		74.838		65.711		50.543		48.314		35.229

		306		74.906		65.741		50.714		48.364		35.436

		307		74.989		65.787		50.814		48.404		35.543

		308		75.01		65.822		50.825		48.523		35.642

		309		75.015		65.873		50.941		48.535		35.675

		310		75.513		65.912		51.081		48.539		36.09

		311		75.774		66.485		51.103		48.555		36.139

		312		75.907		66.584		51.136		48.636		36.351

		313		75.95		66.904		51.167		48.795		36.441

		314		76.292		66.986		51.313		48.954		36.54

		315		76.41		67.111		51.337		49.055		36.624

		316		76.835		67.183		51.359		49.541		36.694

		317		77.32		67.423		51.512		49.642		36.759

		318		77.39		67.461		51.52		49.655		36.813

		319		77.533		67.896		51.685		49.678		36.979

		320		77.707		68.042		51.725		50.032		37.249

		321		77.852		68.057		51.852		50.105		37.287

		322		77.922		68.157		51.909		50.106		37.369

		323		78.561		68.248		52.015		50.23		37.404

		324		78.644		68.637		52.046		50.251		37.507

		325		78.705		68.702		52.411		50.459		37.58

		326		78.956		68.834		52.432		50.462		37.724

		327		79.012		68.871		52.503		50.533		37.982

		328		79.231		69.171		52.884		50.554		38.145

		329		79.306		69.185		53.278		50.585		38.29

		330		79.51		69.237		53.289		50.969		38.352

		331		79.671		69.268		53.319		51.34		38.474

		332		79.784		69.37		53.568		51.506		38.533

		333		79.973		69.461		53.579		51.828		38.561

		334		80.2		69.48		53.601		51.956		38.618

		335		80.58		69.605		53.681		52.212		38.669

		336		80.633		69.75		53.778		52.454		38.681

		337		80.713		69.945		54.208		52.478		38.708

		338		81.383		70.005		54.217		52.602		38.821

		339		81.39		70.103		55.17		52.71		38.916

		340		81.439		70.313		55.27		53.059		38.965

		341		82.256		70.468		55.302		53.215		39.056

		342		82.473		70.677		55.647		53.216		39.171

		343		82.551		70.69		55.79		53.304		39.333

		344		82.607		70.7		55.794		53.358		39.342

		345		82.655		70.709		55.828		53.418		39.343

		346		82.714		70.781		55.872		53.591		39.353

		347		83.27		71.192		55.887		53.651		39.377

		348		83.49		71.221		56.213		53.665		39.39

		349		84.003		71.352		56.516		53.723		39.405

		350		84.03		71.421		56.93		54.079		39.452

		351		84.149		71.514		57.06		54.229		39.524

		352		84.167		71.571		57.125		54.257		39.603

		353		84.44		71.66		57.165		54.272		39.706

		354		84.442		72.192		57.216		54.349		39.994

		355		84.448		72.231		57.223		54.447		40.35

		356		84.617		72.584		57.331		54.571		40.413

		357		85.245		72.855		57.367		54.688		40.435

		358		85.465		72.924		57.427		54.717		40.45

		359		85.647		73.737		57.505		55.21		40.755

		360		86.491		73.769		57.812		55.308		40.856

		361		86.522		74.513		57.868		55.329		40.947

		362		87.068		74.53		57.975		55.351		40.977

		363		87.433		74.545		58.251		55.504		41.112

		364		87.454		74.838		58.272		55.637		41.294

		365		87.503		74.906		58.506		55.65		41.504

		366		87.664		74.989		58.87		55.705		41.613

		367		87.733		75.16		59.001		55.977		41.657

		368		88.773		75.774		59.031		56.021		41.791

		369		89.255		75.907		59.087		56.509		41.9

		370		89.724		75.95		59.282		56.546		41.944

		371		90.221		76.2		59.332		57.162		41.979

		372		91.275		76.292		59.362		57.29		42.06

		373		91.358		76.41		59.53		57.329		42.074

		374		91.421		76.457		59.79		57.399		42.084

		375		91.551		77.279		60.069		57.548		42.101

		376		91.694		77.315		60.076		57.594		42.179

		377		91.695		77.32		60.373		57.752		42.23

		378		91.841		77.39		60.441		57.878		42.285

		379		91.874		77.707		60.589		58.363		42.319

		380		91.901		77.852		60.696		58.408		42.508

		381		91.943		77.922		60.768		58.606		42.812

		382		92.05		78.644		60.862		58.66		42.99

		383		92.096		78.705		60.955		59.155		43.013

		384		92.211		78.933		61.269		59.2		43.033

		385		92.339		78.956		61.319		59.545		43.076

		386		92.526		79.51		61.398		59.55		43.092

		387		92.599		79.671		61.471		59.802		43.254

		388		92.944		79.784		61.765		59.993		43.298

		389		93.077		79.905		61.816		60.378		43.469

		390		93.332		80.092		61.986		60.732		43.564

		391		93.573		80.102		62.342		60.748		43.623

		392		93.755		80.151		62.363		60.967		43.635

		393		93.787		80.158		62.56		61.045		43.95

		394		93.813		80.58		62.609		61.131		44.18

		395		93.88		80.713		62.611		61.282		44.227

		396		94.053		81.059		62.634		61.336		44.478

		397		94.116		81.121		62.713		61.354		44.544

		398		94.193		81.388		63.127		61.366		44.546

		399		94.363		81.39		63.797		61.409		44.555

		400		94.483		81.439		63.821		61.427		44.88

		401		94.504		81.624		63.963		61.731		45.062

		402		95.582		81.993		63.995		61.92		45.086

		403		95.847		82.212		64.051		61.932		45.162

		404		95.866		82.256		64.086		62.296		45.245

		405		95.93		82.473		64.169		62.524		45.65

		406		96.1		82.505		64.399		62.561		45.775

		407		96.265		82.655		64.484		62.58		46.419

		408		96.766		82.714		64.708		62.642		46.508

		409		97.168		82.748		64.71		62.765		46.559

		410		97.281		83.206		65.072		62.882		46.627

		411		97.482		83.27		65.1		63.1		46.811

		412		97.665		83.49		65.388		63.3		46.911

		413		97.831		84.003		65.469		63.577		46.917

		414		98.005		84.149		66.646		63.751		47.07

		415		98.243		84.149		66.733		63.867		47.134

		416		98.256		84.44		66.78		64.004		47.228

		417		98.343		84.442		67.433		64.051		47.271

		418		99.273		84.448		67.442		64.279		47.292

		419		99.48		84.631		67.447		64.669		47.58

		420		99.484		85.044		67.456		64.797		48

		421		101.078		85.245		67.467		65.077		48.774

		422		101.091		85.465		68.32		65.144		49.218

		423		101.209		85.647		68.773		65.245		49.481

		424		101.389		85.77		68.87		65.368		49.521

		425		102.026		86.264		68.945		65.442		49.655

		426		102.428		86.482		69.316		65.51		49.72

		427		102.78		86.491		69.75		65.632		49.758

		428		103.062		86.522		69.76		65.665		49.816

		429		103.213		87.068		69.778		65.85		50.003

		430		103.565		87.223		69.89		65.92		50.122

		431		103.72		87.407		70.057		66.33		50.156

		432		104.069		87.433		70.286		66.358		50.332

		433		104.423		87.454		70.393		66.546		50.563

		434		104.523		87.503		70.964		66.572		50.722

		435		104.809		87.664		70.973		67.539		50.793

		436		105.198		87.733		70.977		67.553		50.912

		437		105.617		88.573		71.283		67.556		51.072

		438		107.382		89.255		71.352		67.582		51.115

		439		107.981		89.477		71.463		67.99		51.189

		440		108.469		89.633		71.795		68.06		51.266

		441		108.529		89.724		73.29		68.258		51.756

		442		108.716		89.77		73.419		68.336		51.893

		443		109.479		90.176		74.462		68.581		52.038

		444		109.611		90.221		74.525		69.272		52.058

		445		109.723		90.513		74.672		69.275		52.603

		446		110.368		91.275		74.864		69.306		52.625

		447		110.422		91.358		74.906		69.321		52.808

		448		111.56		91.387		75.126		69.418		52.955

		449		111.691		91.388		75.233		69.476		53.199

		450		111.953		91.421		75.371		69.595		53.36

		451		111.957		91.695		75.462		69.766		53.366

		452		112.084		91.786		75.898		69.847		53.43

		453		114.194		91.858		76.402		69.976		53.452

		454		114.899		91.874		76.511		70.009		54.345

		455		115.391		91.901		76.769		70.15		54.378

		456		115.422		91.943		77.157		70.366		54.531

		457		118.075		92.142		77.239		70.688		54.547

		458		119.581		92.239		77.39		70.798		54.567

		459		119.676		92.242		77.852		71.465		54.679

		460		120.08		92.339		78.219		71.64		54.783

		461		121.815		92.526		78.571		71.706		54.8

		462		121.91		92.944		78.607		71.987		54.847

		463		122.141		93.023		78.644		72.19		55.074

		464		122.594		93.077		78.682		72.312		55.71

		465		122.637		93.091		78.725		72.824		55.846

		466		122.933		93.383		79.117		73.173		56.04

		467		123.24		93.787		79.13		73.251		56.297

		468		123.31		93.813		79.139		73.251		57.208

		469		124.012		93.88		79.51		73.329		57.566

		470		124.282		94.053		79.793		73.494		57.816

		471		124.367		94.167		80.038		74.117		57.871

		472		124.815		94.235		80.14		74.143		58.093

		473		125.37		94.483		80.554		74.261		58.28

		474		125.503		94.504		81.513		74.526		58.288

		475		125.9		95.346		81.58		74.762		58.463

		476		126.188		95.866		81.832		76.095		58.916

		477		126.352		96.1		81.891		76.212		58.926

		478		126.857		96.477		82.115		77.046		59.571

		479		127.494		96.698		82.41		77.152		59.623

		480		127.573		96.766		82.418		77.319		60.447

		481		129.113		97.105		82.597		77.703		60.478

		482		133.003		97.196		82.902		77.906		60.642

		483		133.021		97.281		83.029		77.954		60.913

		484		133.439		97.623		83.151		78.604		61.085

		485		133.631		98.055		83.49		78.618		61.153

		486		133.791		98.256		83.704		78.835		61.408

		487		135.315		98.343		84.003		79.405		62.04

		488		135.831		98.759		84.044		79.931		62.114

		489		136.072		99.484		84.158		80.024		62.116

		490		136.657		99.535		84.44		80.096		62.181

		491		136.981		101.064		84.604		80.135		63.157

		492		137.057		101.644		85.036		80.356		63.896

		493		137.197		101.931		85.296		80.382		64.085

		494		137.403		102.026		85.465		81.172		64.421

		495		137.932		102.628		85.616		81.226		64.477

		496		138.55		102.78		85.623		81.393		65.782

		497		139.161		103.062		86.105		81.56		66.655

		498		139.265		103.548		86.522		81.628		66.937

		499		139.338		103.565		87.433		82.223		67.079

		500		140.122		104.36		87.566		82.438		67.244

		501		140.362		104.423		87.948		83.063		67.386

		502		141.033		104.809		89.131		83.191		67.417

		503		141.356		104.985		89.256		83.338		68.281

		504		142.274		105.049		89.473		83.434		68.319

		505		144.907		105.184		89.506		84.559		69.049

		506		145.103		105.198		90.002		84.585		69.537

		507		145.691		105.211		91.358		84.609		69.578

		508		146.084		107.382		92.486		84.635		69.626

		509		147.907		107.539		92.526		85.16		69.917

		510		148.756		107.981		92.539		85.775		70.236

		511		149.021		108.109		92.55		86.356		70.504

		512		149.286		108.359		92.579		86.359		70.614

		513		149.291		108.716		92.943		86.456		70.868

		514		149.637		109.479		93.198		87.228		70.925

		515		150.159		109.611		93.88		87.284		71.308

		516		150.17		109.773		94.082		88.032		71.363

		517		150.335		110.327		94.481		88.78		71.459

		518		150.788		111.116		94.504		89.513		71.508

		519		150.819		111.313		94.982		89.614		71.799

		520		152.922		111.691		96.631		89.689		72.204

		521		155.668		111.953		96.701		89.775		72.331

		522		157.524		111.957		96.766		90.181		72.579

		523		158.126		112.084		96.883		90.353		72.93

		524		158.762		112.33		97.274		90.354		73.023

		525		159.004		112.747		97.704		91.044		73.088

		526		159.965		114.432		98.256		91.13		73.239

		527		160.128		114.478		99.661		92.148		73.747

		528		160.161		114.882		99.763		93.004		73.908

		529		160.464		115.119		99.942		93.388		74.2241

		530		162.862		115.391		101.762		93.505		74.868

		531		165.617		115.422		102.026		93.695		75.35

		532		165.886		116.082		102.65		93.704		75.879

		533		166.944		119.223		102.781		94.172		76.304

		534		167.128		119.238		103.854		95.097		76.312

		535		167.476		119.56		104.797		95.107		76.85

		536		167.811		119.581		105.198		95.624		77.017

		537		167.883		119.676		107.113		95.869		77.173

		538		169.249		120.08		107.231		95.913		77.269

		539		169.861		121.747		107.533		96.103		79.401

		54		170.448		121.815		107.967		96.174		79.419

		541		172.04		121.91		108.275		96.674		80.28

		542		172.424		122.933		108.695		97.201		80.743

		543		172.554		123.23		109.464		97.345		81.41

		544		172.777		123.24		110.271		97.514		81.602

		545		173.254		124.282		110.28		97.526		81.691

		546		174.295		124.367		110.909		98.118		81.777

		547		174.676		124.573		111.353		98.277		81.945

		548		177.054		124.815		111.691		98.633		82.313

		549		177.124		124.834		111.953		99.006		82.937

		550		177.346		125.503		112.592		99.707		83.022

		551		178.44		126.188		112.9		99.723		83.725

		552		179.752		126.406		114.72		99.971		83.759

		553		180.688		126.857		115.561		100.374		83.826

		554		180.78		127.494		116.186		100.525		84.05

		555		181.119		127.573		118.788		100.706		84.197

		556		181.47		129.113		119.309		100.877		84.595

		557		181.835		129.553		120.08		101.387		85.238

		558		186.017		129.951		120.971		101.65		86.215

		559		186.933		130.211		121.008		101.72		86.367

		560		187.25		130.315		121.356		102.485		87.43

		561		187.333		131.506		121.747		102.525		88.075

		562		188.521		132.191		121.91		102.657		88.105

		563		189.007		132.993		122.633		103.155		88.114

		564		189.196		133.124		123.24		104.749		88.442

		565		193.409		133.631		123.723		104.8		88.894

		566		199.325		133.64		124.108		104.991		89.212

		567		201.823		134.936		124.282		105.189		89.61

		568		202.906		135.315		124.814		105.218		90.138

		569		203.656		136.072		126.189		105.306		90.398

		570		204.379		136.981		126.406		105.817		90.778

		571		204.712		137.057		126.417		106.016		91.825

		572		209.967		137.932		126.967		106.467		92.391

		573		212.152		139.265		127.494		106.879		92.737

		574		215.919		139.338		127.572		107.35		93.498

		575		216.937		140.362		129.113		107.736		93.9

		576		216.987		141.038		129.951		107.815		94.427

		577		217.051		141.156		132.914		108.017		94.543

		578		218.834		142.629		132.993		108.041		96.351

		579		220.058		144.907		133.631		108.114		96.739

		580		221.636		145.691		135.314		108.216		96.766

		581		226.529		146.084		135.333		108.398		97.064

		582		226.63		147.907		136.961		109.659		97.173

		583		228.684		147.98		136.981		111.022		97.4

		584		231.546		149.286		137.932		111.319		98.074

		585		231.914		149.291		139.048		112.754		98.418

		586		232.702		150.335		139.773		113.173		99.082

		587		233.696		150.479		139.958		113.776		99.382

		588		234.292		150.819		140.363		114.438		100.042

		589		235.032		152.922		141.016		114.627		100.315

		590		235.076		155.668		141.022		114.889		100.648

		591		235.157		157.524		144.196		116.368		100.957

		592		237.779		158.126		144.687		116.819		101.216

		593		238.637		158.762		146.084		116.903		102.413

		594		239.647		159.004		147.341		117.797		102.446

		595		239.763		160.161		147.907		118.151		103.119

		596		240.814		160.464		147.98		118.246		103.431

		597		244.405		162.744		148.176		119.059		104.23

		598		245.553		162.862		149.286		119.244		105.198

		599		246.373		165.886		149.386		120.292		105.45

		600		252.151		166.704		152.922		120.301		105.954

		601		252.203		166.944		157.337		121.753		106.006

		602		253.059		169.861		157.524		121.79		106.343

		603		253.154		172.424		158.087		121.868		106.558

		604		255.175		172.554		158.126		122.587		108.595

		605		258.605		173.254		159.004		123.42		108.868

		606		260.223		177.054		159.406		123.597		109.373

		607		260.415		177.124		159.973		123.639		109.671

		608		260.456		178.44		160.161		124.579		109.731

		609		260.889		179.752		160.464		125.946		111.23

		610		268.333		180.688		162.862		126.414		111.966

		611		269.117		180.78		163.938		126.484		112.48

		612		269.128		181.119		166.704		126.584		113.253

		613		270.872		181.47		169.861		128.389		113.265

		614		273.414		181.793		170.341		128.84		114.328

		615		278.876		183.568		177.123		129.397		116.684

		616		279.996		187.25		178.44		129.456		118.008

		617		280.763		188.521		179.262		129.958		119.683

		618		280.823		189.007		179.752		132.999		119.765

		619		281.174		193.409		180.44		133.068		120.621

		620		283.515		195.843		180.688		133.131		120.752

		621		285.414		195.992		180.78		133.714		121.747

		622		290.849		199.864		181.47		133.908		122.181

		623		292.1		201.823		183.568		134.151		122.32

		524		295.239		202.906		187.25		134.6		122.765

		625		300.737		204.379		188.521		135.732		123.894

		626		303.495		204.712		190.856		135.896		124.35

		627		304.458		209.967		195.992		136.894		126.357

		628		304.554		215.565		197.159		138.158		126.725

		629		308.21		215.919		204.38		140.395		128.407

		630		314.505		216.937		204.712		140.438		128.555

		631		315.329		217.051		206.196		140.466		128.707

		632		317.453		218.834		209.098		141.051		128.88

		633		320.485		221.636		209.967		143.159		131.109

		634		323.505		225.569		213.906		143.79		131.501

		635		329.288		226.529		215.918		145.116		132.993

		636		329.411		228.537		217.052		147.987		133.523

		637		332.038		228.684		218.834		148.294		135.096

		638		336.441		232.702		221.637		149.114		137.941

		639		337.781		234.117		226.033		149.434		138.033

		640		341.757		234.292		231.144		150.222		138.472

		641		343.862		235.032		234.292		150.486		138.649

		642		346.994		235.076		235.032		150.486		140.679

		643		348.552		235.157		235.076		153.528		140.969

		644		354.494		238.637		235.158		153.851		140.994

		645		354.595		244.405		237.98		153.945		141.043

		646		356.078		246.373		238.636		156.44		143.105

		647		356.252		249.186		244.405		159.914		144.756

		648		360.248		252.203		246.308		160.901		147.98

		649		366.408		254.523		246.372		161.791		153.96

		650		367.593		255.175		247.143		162.752		154.835

		651		375.721		260.415		252.203		163.326		155.481

		652		375.799		260.889		252.397		164.63		156.529

		653		377.687		268.333		255.08		166.279		157.249

		654		383.138		269.117		255.176		166.713		159.166

		655		388.627		269.128		258.713		166.777		159.73

		656		394.51		270.872		260.415		167.92		160.806

		657		395.195		273.414		266.665		167.967		161.258

		658		403.242		278.876		268.037		169.886		161.55

		659		407.008		280.763		269.117		171.316		162.246

		660		414.046		280.823		269.128		173.02		162.651

		661		430.583		281.174		270.873		173.29		163.267

		662		431.257		290.849		278.876		173.539		165.246

		663		434.35		299.551		280.823		173.576		165.454

		664		448.615		300.737		281.174		178.505		165.55

		665		470.961		302.795		289.624		180.127		166.704

		666		477.433		303.495		295.447		180.293		167.856

		667		494.366		304.554		300.737		183.578		168.241

		668				307.578		300.8		184.777		171.534

		669				308.21		301.329		188.501		171.69

		670				325.095		303.495		189.602		172.168

		671				329.411		309.723		191.468		178.016

		672				332.038		311.326		191.704		180.372

		673				336.441		318.366		192.101		183.568

		674				341.757		325.094		193.758		184.46

		675				346.994		326.501		194.902		185.788

		676				348.552		336.442		196.005		187.813

		677				356.078		337.636		196.755		188.84

		678				356.252		338.946		199.586		189.955

		679				360.248		341.106		199.695		191.227

		680				366.408		346.994		204.525		191.237

		681				371.678		356.079		208.209		192.345

		682				375.721		356.252		209.171		192.625

		683				383.078		358.814		209.635		199.015

		684				388.627		360.248		217.35		199.793

		685				403.242		361.951		217.462		201.654

		686				410.827		371.679		218.883		203.472

		687				414.046		375.721		219.393		205.139

		688				415.236		383.078		225.451		207.545

		689				430.583		388.627		228.878		207.587

		690				430.673		403.243		231.271		210.095

		691				434.35		408.279		232.723		210.535

		692				448.615		414.046		233.074		210.641

		693				468.291		426.801		234.13		214.873

		694				477.433		448.617		236.46		216.57

		695				477.991		468.292		239.038		217.721

		696						477.434		241.615		219.577

		697								243.254		223.511

		698								246.146		228.275

		699								252.416		231.257

		700								254.522		231.831

		701								254.538		233.062

		702								257.132		234

		703								263.657		234.105

		704								272.687		236.216

		705								281.976		242.271

		706								289.912		246.202

		707								294.06		252.106

		708								295.774		254.462

		709								296.599		259.121

		710								302.837		259.433

		711								314.786		273.046

		712								314.97		280.561

		713								319.067		282.874

		714								325.112		299.767

		715								332.059		306.748

		716								335.009		311.092

		717								346.107		317.625

		718								351.122		326.55

		719								358.591		344.936

		720								369.598		346.749

		721								371.706		348.248

		722								382.811		348.619

		723								407.98		358.574

		724								414.945		381.96

		725								415.261		403.127

		726								435.07		413

		727								452.124		413.329

		728								455.293		415.018

		729								456.31		424.295

		730								465.547		425.487

		731								466.208		433.68

		732								468.769		435.925

		733								479.58		449.487

		734								487.605		451.147

		735										454.671

		736										483.88

		737										488.208

		738										498.581

		739										498.631

		740										499.349

				2 TD		2 TD		Multi-		Omega2		HypGeo2

				Same Chain		Cross Chain		Chain

		those above 500 metres

				507.012		507.012		507.011		511.887		517.247

				508.175		508.175		508.176		513.669		537.18

				510.597		522.094		522.094		517.298		553.72

				522.094		525.465		525.466		541.019		556.172

				525.465		540.976		530.84		544.528		557.014

				546.878		561.714		540.977		546.09		558.319

				564.02		568.26		568.259		559.806		600.154

				568.26		578.317		578.317		581.293		625.757

				580.694		580.694		580.694		609.64		630.24

				597.274		586.476		586.476		619.307		630.71

				608.927		597.274		597.274		625.491		630.826

				615.255		608.927		608.927		631.336		671.918

				620.576		620.576		609.228		631.797		684.087

				622.814		622.814		620.579		656.329		708.329

				629.683		645.106		622.816		662.492		721.796

				639.156		649.473		645.106		686.689		722.294

				644.705		658.563		649.474		700.887		725.429

				645.106		663.701		658.564		708.462		735.053

				649.473		665.811		663.702		714.93		735.243

				652.262		686.086		686.09		731.968		739.559

				663.701		724.142		724.144		736.568		752.821

				686.086		724.274		724.276		746.999		765.993

				718.597		728.453		728.453		757.291		788.028

				724.142		735.844		735.842		761.369		798.202

				724.274		779.288		779.287		770.859		810.39

				728.453		786.699		786.721		774.85		817.795

				735		788.301		788.306		816.609		826.995

				735.844		817.938		817.94		831.356		838.332

				779.288		834.505		834.502		836.162		867.662

				788.301		836.795		836.794		838.494		913.869

				817.938		841.99		841.989		844.676		930.933

				834.505		849.355		849.357		861.783		943.226

				836.795		860.253		860.251		868.833		989.55

				841.99		865.81		865.806		871.574		994.053

				847.052		870.549		870.55		917.461		1030.073

				849.355		877.207		878.914		928.941		1033.504
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