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Pine Valley Water Project 
 

for 
Pine/Strawberry Water Improvement District 

 
 

by 
Zonge Engineering & Research Organization, Inc.  

 
 
 

Executive Summary 
 
 
From November 10 through November 15, 2007, Zonge Engineering and Research 

Organization, Inc. acquired Controlled Source Audio-frequency Magnetotellurics (CSAMT) 

geophysical data on the Pine Valley Water Project near Pine, Arizona, at the request of Wes 

Suhr of the Pine/Strawberry Water Improvement District. Mark Reed of Zonge Engineering was 

the field crew chief.  The survey included 18,000 line feet of coverage on six lines at station 

intervals of 200 feet, and was intended to aid in understanding the subsurface in Pine Valley 

with respect to groundwater production, and in particular to what is referred to as the “deep 

aquifer” including the Redwall and Martin formations, and the underlying Mazatzal quartzite. The 

survey speed was good, and no significant problems were encountered due to weather or 

equipment interruptions. Data quality was good with a few slightly noisy stations. 

 
The general project map is shown in Figure 1, including the PSWID boundary, line locations, 

mapped faults, and key drillholes or drill sites on a topographic relief map. Figure 2 shows the 

station locations, and Figure 3 shows the location of the transmitters used for this survey.  

  

Interpretation of this data set includes the use of 1) a preliminary fault map provided by PSWID 

generated by Clay Conway, 2) drilling reports filed with the ADWR for the Strawberry Hollow 

and Milk Ranch wells which are reportedly deep-aquifer, good production wells, and 3) the 

report “Investigation of Groundwater Availability for the Pine/Strawberry Water Improvement 

District” by Michael Kaczmarek.  
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The geophysical survey was designed to map subsurface changes in electrical resistivity, which 

can be related to changes in pore space and pore fluids.  Bedrock is often high resistivity 

relative to overlying material, and fractured, saturated bedrock is often lower resistivity than 

unfractured bedrock.  Areas of high TDS in the groundwater should appear more conductive 

than equivalent areas of low TDS. Variations in depth to bedrock, faulting, and other structural 

changes are often also evident as changes in resistivity. The geophysical method used was 

controlled source audio-frequency magnetotellurics (CSAMT). CSAMT is a resistivity sounding 

method used commonly in the minerals, geothermal, and groundwater exploration industries. 

This method typically has higher lateral resolution than other resistivity methods, and is usually 

logistically more efficient.  

 

On Lines 1, 3, 5, 9, and 13, very little change is seen laterally or vertically in the depth range of 

interest (the deep aquifer, below the expected water level). Resistivity and impedance phase 

data are smooth and realistic, showing a strong increase in resistivity relatively well-correlated 

with the Lower Supai (confining layer), Naco formation and the underlying limestones. On these 

lines, the data suggest that no specific station location would be considered either better or 

worse than other stations from a geophysical viewpoint as a deep drill site.  

 

Three possible areas of interest are evident on Line 19, however, which is a north-south line on 

the east side of Pine Valley. The southern part of the line, from approximately station -700 to the 

south end of the line is of interest because anomalously low resistivities are evident at the 

expected depths of the Redwall, Martin, and Mazatzal formations relative to the other lines. One 

of the faults mapped by Conway intersects Line 19 in this area, at approximately station -1300; 

the combination of a mapped fault and anomalously low resistivities suggests the strong 

possibility that the deep aquifer formations are more fractured in this area between stations -700 

and -2000. In addition, the section of the line from station -700 to station 900 shows very 

irregular resistivities relative to the northern part of this line, as well as relative to all the other 

survey lines. This irregular section crosses a drainage associated with Dripping Springs.  

 

The data at stations 4300 and 5900 on Line 19 also may be of interest with respect to 

groundwater production. Both locations are coincident with drainages, both show anomalously 

high resistivities particularly above the Redwall limestone, and both are anomalous in the 

impedance phase data, indicating that the resistivity changes are not simply the result of 

shallow, near-surface changes.  Although these locations are high resistivity relative to 
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surrounding stations, if similar resistivity features can be associated with the Strawberry Hollow 

or Milk Ranch wells, this may be an indication of a fault/fracture zone with relatively little clay or 

fault gouge (which often tend to be low resistivity).  

 

If additional geophysical work is considered in this area, it would be useful to concentrate on the 

southern 3000 feet of Line 19, and the drainages at stations 4300 and 5900. Ideally, additional 

geophysics would be very useful crossing the Milk Ranch Well location to determine whether or 

not the deep aquifer appears fractured at that location, and whether the overlying formations 

appear locally resistive. A “template” survey such as this may not be possible given land 

ownership and access situations.  

 

If no additional geophysics is possible, the preferred drilling locations given this data set would 

be at stations -1100 on Line 19 (primary) and at station 4300 of Line 19 (secondary).  
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Figure 2:  CSAMT station locations (black “+” signs) with mapped faults (blue) and nearby deep 
wells (the Strawberry Hollow Well and the Milk Ranch Well). 
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Figure 3:  Location map of the two transmitters (blue lines north and west of the survey site) 
relative to the receiver lines (shown in red). 
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PROJECT LOGISTICS 

 

Survey Summary: The CSAMT data were acquired on six days starting November 10, 2007. 

The survey proceeded faster than expected, and slightly more data were collected in the allotted 

time and budget than originally planned. Line locations were determined in advance by Norman 

Carlson of Zonge Engineering in coordination Wes Suhr PSWID, who also assisted the crew 

with locations and access, saving considerable crew time given the complicated ownership 

issues in a populated area. John Breninger arranged for access permits on National Forest 

Service Property for the transmitter sites. The CSAMT lines were acquired using an electric-field 

receiver dipole size of 200 feet, and the transmitted frequencies were in binary increments from 

4 Hz up to 8192 Hz (i.e., 4Hz, 8 Hz, 16 Hz, etc.). For each set-up of electric-field 

measurements, a magnetic field measurement was made simultaneously at the center of the 

set-up.   

 

Date  Notes 

11/10 Installed Tx1.   

11/11  Collected data on Line 1 and Line 9. 

11/12  Collected data on Line 3 and Line 5. 

11/13  Collected data on Line 13. Pickup Tx1.  Installed Tx2. 

11/14  Collected data on Line 19. 

11/15 Collected data on Line 19.  

 

Field Instrumentation:  The receiver used for both the CSAMT survey was a Zonge GDP-32 

multi-purpose receiver.  This receiver is a backpack-portable, 16-bit, microprocessor-controlled 

receiver capable of gathering data on as many as 16 channels simultaneously.  The electric-

field signals were sensed using non-polarizable porous pot electrodes, connected to the 

receiver with 16-gauge insulated wire. The CSAMT magnetic-field signal was sensed with a 

Zonge Ant/1B magnetic field antenna.  

 
The signal source for the survey was a Zonge GGT-30 transmitter, which is a current-controlled 

transmitter capable of 30 kW output.  The transmitter was controlled with an XMT-32 transmitter 

controller, which contains a quartz oscillator identical to the one in the receiver.  Each morning 
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prior to data acquisition, the two oscillators were trimmed and synchronized in order to allow the 

crew to acquire accurate phase data.   

 

For each CSAMT receiver setup, the transmitter generates a square-wave signal at discrete 

frequencies from 4 hertz to 8192 hertz in binary increments (i.e.,4 Hz, 8 Hz, 16 Hz, etc.).  

Electric and magnetic field values were recorded at each of these primary frequencies, as well 

as the odd harmonics for all frequencies up to 1024 Hz.  Results from the electric and magnetic 

field measurements are then used to calculate resistivity and impedance phase values at each 

measured frequency, from which depth vs. resistivity sections can be generated. At all 

frequencies, the receiver recorded the received electric field and magnetic field magnitude and 

phase components, as well as the data at the odd harmonics (3rd, 5th, 7th, and 9th) of the 

transmitted frequencies, providing a very large data set for modeling purposes. The 1st, and 3rd 

harmonics were used for modeling purposes.  

 
Cultural Contamination: There were several sources of cultural contamination (i.e., power 

lines, metallic pipelines, radio transmitters, metallic fences, or other man-made conductive 

objects) within the survey area.  Specific culture noted by the field crew included a fence that is 

located east of station 1400 on line 5, a powerline located 150 ft. west of station 0 on Line 1, as 

well as a powerline near the southern electrode on transmitter 2. In addition, residential utilities 

such as powerlines, fences, and pipelines are located south and east of Lines 1, 3, and 5, and 

west of Line 19. Line 9 does not cross any known culture, but is surrounded by residential 

culture.   

 

Data Quality: Data quality ranged from relatively good to slightly noisy on this project. Standard 

Zonge field procedure requires that the receiver operator make multiple measurements of each 

data point while monitoring real-time standard-error values displayed on the screen of the 

receiver.  For CSAMT, multiple blocks of the data are also displayed graphically as resistivity-

versus-frequency curves (plotted on a log-log scale), with error bars denoting data scatter for 

the operator in the field.  

 
Data Presentation: The results of processing and modeling the data are shown as color cross 

sections for each line. In these plots, stations are shown across the top of the plot, and 

decreasing elevation is shown down the side of the plot. Resistivity results are shown in ohm-

meters, with “warm” colors (orange, red) indicating low resistivity and “cool” colors (green, blue) 

indicating high resistivity. The color shading and contouring is on a logarithmic scale.  
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Smooth-Model Inversion: Briefly, smooth-model inversion mathematically “back-calculates” (or 

“inverts”) from the measured data to determine a likely location, size and depth of the source or 

sources of resistivity changes. The results of the smooth-model inversion are intentionally 

gradational, rather than showing abrupt, “blocky” changes in the subsurface.  

 

For the CSAMT data, a 1D smooth-model inversion program was used for modeling this data 

due to the relatively short line lengths of many of the CSAMT lines. This program is a robust 

method for converting CSAMT measurements to profiles of resistivity versus depth.  Cagniard 

apparent resistivities and impedance-phase data for each station are used to determine the 

parameters of a layered earth model.  Layer thicknesses are fixed by calculating source-field 

penetration depths for each frequency.  Layer resistivities are then adjusted iteratively until the 

model CSAMT response is as close as possible to the observed data.  The algorithm for 

calculating the CSAMT response of a layered model includes the effects of finite transmitter-

receiver separation and a three-dimensional source field.  Accurate impedance magnitude and 

phase values are calculated for all frequencies and transmitter-receiver separations for the 1-D 

models.  The result of the smooth-model inversion is a set of estimated resistivities which vary 

smoothly with depth, giving the gradational result seen in the color data plots in this report.  The 

smooth-model inversion does not require any a priori estimates of model parameters, thus the 

results are unaffected by any data processor's bias.  
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DISCUSSION OF THE DATA 

 
 

The target of the CSAMT survey is known as the “deep” aquifer or the “R” aquifer, made up of 

the Redwall Limestone, Martin Limestone, and the underlying Mazatzal Quartzite. Particularly in 

the case of the Mazatzal, fracture zones are likely to be more productive than un-fractured 

areas. As a result, one possible goal of the geophysics is to locate anomalously low resistivity 

zones (due to fluids) at the expected depths of the Redwall Limestone and below. Figure 4 

shows the line location map with contours of the expected elevation of the top of the Redwall in 

this area, based on the report by Kaczmarek. Based on this figure, the top of the Redwall dips 

gently to the north-northwest, and should be approximately 600 feet deep (elevation of 5100 

feet) on the south end of Line 19 and approximately more than 1300 feet deep (elevation of 

4725 feet) on the west end of Line 5.  

 

Also important, of course, is the expected groundwater level; if the targeted formations are 

intersected above the groundwater level, any production would likely be from locally perched 

water and may therefore be limited. Two successful deep wells near the survey site are the 

Strawberry Hollow Well and the Milk Ranch Well, where static water levels are reported at a 

depth of approximately 900 feet (at an elevation of around 4700 feet) and at less than 400 feet 

(at an elevation of about 4900 feet) respectively. Note that these levels are static water levels in 

the well as reported to the ADWR, and that production is assumed to be from deeper levels. 

Figure 5 shows a diagram of the two wells, with indications of the expected and actual depths of 

the top of the Redwall, reported static water levels, and formations where available. The Milk 

Ranch Well is located approximately 4600 feet from the south end of Line 19, and the 

Strawberry Hollow Well is located approximately 3400 feet from the west end of Line 1. In both 

cases, the CSAMT survey lines are at a higher elevation than the nearby wells.  
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Figure 4:  Elevation contours (salmon colored) of the top of the Redwall Formation overlaid on 

the CSAMT stations and mapped faults (blue) and nearby deep wells. 
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Figure 5:  Well comparison diagram showing information from the two nearby deep wells, 
based on information filed with the ADWR. The wells are approximately 5000 feet apart. The 

vertical and horizontal scales are equal in this diagram.  
 
 

Line 1- Line 1 was located on the west side of the valley, in the “portals” area, and is 

approximately 3400 feet north of the Strawberry Hollow Well. Figure 6 shows the resistivity 

cross section for this line, with the estimated tops of the Redwall, Martin, and Mazatzal 

formations (based on Kaczmarek). On this line, the top of the Redwall is estimated to be about 

900 to 1000 feet deep. On the west end of the line, the upper 400-600 feet are relatively low 

resistivity, and on the east end of the line, this low resistivity zone thins to less than 200-300 feet 

deep. These low resistivities are probably the Lower Schnebly Hill formation; the geologic map 

(Kaczmarek) suggests the contact between the Schnebly Hill (on the west) and the Upper Supai 

(on the east) is in the vicinity of station 2500 on this line. The strongest low resistivity zones in 

this shallow conductor are at stations 300, 900, and 1500, and may represent either perched 

water or increased amounts of clay. A mapped fault (Conway) intersects this line at 

approximately station 2600, but no significant change in resistivity is evident near the location.  

 

Line 3- Line 3 was also located on the west side of the valley, in the “portals” area, and is 

approximately 1950 feet north of Line 1. Figure 6 also shows the resistivity cross section for this 
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line, with the estimated tops of the Redwall, Martin, and Mazatzal formations (based on 

Kaczmarek). On this line, the top of the Redwall is estimated to be about 1000 feet deep, at an 

elevation of approximately 4800 feet. A surface low resistivity layer very similar to the west end 

of Line 1 is seen on the line; the geologic map suggests this line is entirely on the Schnebly Hill 

formation, consistent with the Line 1 data. The same fault that intersects Line 1 also intersects 

Line 3, and like Line 1, no significant change in resistivity is associated with this fault. No 

anomalously low resistivity zones are evident at the depth of interest.   
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Line 5- Line 5 was also located on the west side of the valley, in the northern part of the 

“portals” area, and is approximately 2550 feet north of Line 3. Figure 7 shows the resistivity 

cross section for this line, with the estimated tops of the Redwall, Martin, and Mazatzal 

formations (based on Kaczmarek). On this line, the top of the Redwall is estimated to be more 

1300 feet deep, at an elevation of approximately 4700 feet. The surface low resistivity layer 

seen on Lines 1 and 3 is also present, but it appears to be thicker, and not quite as low in 

resistivity as Lines 1 and 3. The geologic map suggests this line is entirely on the Schnebly Hill 

formation, consistent with Lines 1 and 3 data, and since Line 5 is at a higher elevation, the 

thicker low resistivity layer is reasonable. The same fault that intersects Lines 1 and 3 also 

intersects this line, and like the other two lines, no significant change in resistivity is associated 

with this fault. No anomalously low resistivity zones are evident at the depth of interest.   

 

Line 13- Line 13 was located in the northern part of the survey area, very close to the axis of the 

valley, and was approximately 2050 feet east-northeast of Line 5, and just 300 feet from the 

north end of Line 19. The resistivity cross section for Line 13 is included in Figure 7 with nearby 

Line 5. On this line, the top of the Redwall is estimated to be 1000 to 1100 feet deep, at an 

elevation of approximately 4750 feet. This line is also located entirely on Schnebly Hill 

formation, though this low resistivity layer is not as thick or strong as on Line 5; this is probably 

at least partially the result of the lower topographic elevation of this line relative to Line 5. A 

mapped fault intersects this line (although not the same fault as on Lines 1, 3, and 5), but no 

significant change in resistivity is associated with this fault. No anomalously low resistivity zones 

are evident at the depth of interest.   
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Line 9- Line 9 was located in the central part of the valley, between Lines 1 and 19. It is 

approximately 2800 feet west of Line 19. This line is located topographically lower than any of 

the other lines, and the depth to the top of the Redwall is only 500-600 feet, at an elevation of 

approximately 4950 feet. The western half of the line is shown as Quaternary alluvium probably 

covering Upper Supai material, and the eastern half is mapped as Upper Supai; the surface 

layer is moderately low in resistivity. The same fault that intersects Line 13 also intersects this 

line near the eastern end of the line, and like Line 13, no significant change in resistivity is 

associated with this fault. Similarly, no anomalously low resistivity zones are evident at the 

depth of interest. 
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Line 19- Line 19 was located on the east side of the valley, running from south to north and is 

approximately 4600 feet northeast of the Milk Ranch Well. Figure 9 shows the resistivity cross 

section for this line, with the estimated tops of the Redwall, Martin, and Mazatzal formations 

(based on Kaczmarek), as well as the static water levels from both the Milk Ranch and 

Strawberry Hollow wells. On this line, the top of the Redwall is estimated to be about 600 feet 

deep on the southern end of the line to about 1100 feet on the northern end of the line. From 

approximately station 2100 to the south end of the line, the geologic map indicates the surface 

material is the Upper Supai; north of station 2100, the line is on Schnebly Hill material. On the 

resistivity cross section, a thick low resistivity zone is seen at the surface north of station 2500; 

this zone is consistent with the other lines that are on Schnebly Hill material.   

 

The only mapped fault (Conway) that intersects this line crosses at approximately station -1300, 

near the south end of the line. No other CSAMT lines cross this fault, but this fault does extend 

to the southwest to the vicinity of the Milk Ranch Well. To the northeast, this fault would extend 

to Dripping Springs, which is located approximately 1700 feet west of Line 19. The deep data on 

this line in the vicinity of this fault is anomalously low resistivity relative to the rest of the line and 

relative to all the other survey lines at that depth. This may be an indication that the area around 

the fault is fractured and possibly saturated. The anomalously low resistivities in this part of the 

line extend below the expected top of the Redwall, and below the static water level in the nearby 

Milk Ranch well.  

 

Also of interest on this line are two anomalously resistive zones, both associated with drainages 

that intersect the CSAMT line. Narrow high resistivity zones are seen at station 4300 and station 

5900. In some geologic scenarios, electrically resistive areas represent good groundwater 

targets relative to surrounding areas when the high resistivities indicate low TDS fluids and/or 

lower than normal amounts of clay (which can affect production). The high resistivity zones on 

Line 19 may represent attractive drilling targets if it can be established that known productive 

zones (such as the Milk Ranch Well) are locally resistive relative to the surrounding area.  
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RECOMMENDATIONS FOR FUTURE WORK 
 

 
 
The CSAMT survey has provided relatively clean, realistic results in the Pine Valley area. Good 

correlation is seen between lines, and good correlation is seen between shallow changes in 

resistivity results and mapped geologic changes. The most significant changes in the resistivity 

data (which are on Line 19) are seen in the vicinity of a fault mapped by Conway that may be 

associated with good groundwater production in the nearby Milk Ranch Well and with springs 

that are located uphill and off-line from Line 19.  

 

The survey parameters used for this survey, such as the dipole size, frequency range, and 

transmitter distances, appear to have been adequate for the goals of the survey, and if 

additional work is done in this area, no changes in those parameters are suggested.  

 

The most useful additional work that could be done on this project would be to obtain data along 

one or more lines crossing the nearby Milk Ranch well. This would help establish the resistivity 

characteristics of a known productive site relative to background.  

 

If data near the Milk Ranch Well is not possible, additional survey data parallel to Line 19, but 

offset from Line 19 to the west and east, would verify the anomalously low resistivities at depth 

on the southern part of the line. An east-west line crossing the anomalous zone would also be 

useful in determining whether or not line orientation is particularly important in detecting similar 

anomalous zones. In all of these cases, it is understood that property access rights may be one 

of the determining factors in the ability to extend the survey.  

 
 
 
 
 
                                                        
Norman R. Carlson      Cris Mayerle 
Chief Geophysicist       Geophysicist 
 
Zonge Engineering & Research Organization, Inc.   
3322 E. Fort Lowell Rd. 
Tucson. Arizona, USA  85716 
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Appendix A  

Equipment Specifications 
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Appendix B  

 
CSAMT is a commonly-used, surface-based geophysical method which provides resistivity 

information of the subsurface, usually at greater depths and better lateral resolution than other 

resistivity methods such as Schlumberger soundings, dipole-dipole, or gradient arrays. CSAMT 

has been used extensively by the minerals, geothermal, hydrocarbon, and groundwater 

exploration industries since 1978 when CSAMT equipment systems first became commercially 

available.   

 

CSAMT Methodology: Controlled source audio-frequency magnetotellurics (CSAMT) is a high-

resolution electromagnetic sounding technique that uses a fixed grounded dipole as a signal 

source.   For complete, published, peer-reviewed discussions of the CSAMT method and its 

common applications, see the Zonge and Hughes (1991) and Zonge (1992) references. Briefly, 

the CSAMT method can be described as follows:  

 

A CSAMT transmitter signal source usually consists of a grounded electric dipole one to two km 

in length, located four to ten km from the area where the measurements are to be made (see 

Figure App-1).  

 
Figure App-1: General field lay-out of a scalar CSAMT survey.  
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At the receiver site, grounded dipoles detect the electric field parallel to the transmitter and 

magnetic coil antennas sense the perpendicular magnetic field. The ratio of orthogonal, 

horizontal electric and magnetic field magnitudes (e.g. Ex and Hy) yields the apparent resistivity: 

 

y

x
a H

E

f5
1

=r  

where f is frequency of the measurement, Ex is the electric field along the observation line, and 

Hy is the magnetic field perpendicular to the line. 

 

The difference between the phase of the electric and magnetic fields yields the impedance 

phase, which we will often just call the phase or phase difference: 

 
( ) ( )yx HE jjj -=  

 
Varying the frequency of the observations controls the depth of investigation using the CSAMT 

method.  A concept used extensively in electromagnetic geophysics is the skin depth, which is 

the depth at which the amplitude of the field decays to 37 percent of the original value.  The skin 

depth, ¶  , is given by the equation: 

 

f
ar503=¶  meters; 

where ar  = apparent (measured) resistivity, and f = signal frequency.   An estimate of the total 

depth of investigation is given by D, which is: 

2
d=D  or 356 f

ar  meters. 

 
Therefore, depth sections can be generated using the CSAMT method by measuring the electric 

and magnetic fields over a range of frequencies.  The ratio of the measured electric and 

magnetic fields provides information about the resistivity at depth and by making measurements 

at lower frequencies a greater depth of penetration can be attained. 
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Appendix C 
Station Locations 

 
All stations in UTM Nad27 Zone 12 meters. 

 
Line Station Easting Northing    Elevation  Line Station Easting Northing     Elevation 
1 100 457058 3806362 5806  19 -1900 459568 3804947 5682 
1 300 457116 3806360 5819  19 -1700 459569 3804998 5687 
1 500 457174 3806357 5832  19 -1500 459569 3805049 5696 
1 700 457232 3806356 5840  19 -1300 459569 3805106 5703 
1 900 457290 3806356 5845  19 -1100 459569 3805170 5707 
1 1100 457350 3806356 5849  19 -700 459571 3805293 5699 
1 1300 457412 3806354 5854  19 -500 459577 3805348 5671 
1 1500 457474 3806353 5859  19 -300 459581 3805406 5646 
1 1700 457533 3806355 5792  19 -100 459582 3805468 5624 
1 1900 457589 3806359 5649  19 100 459583 3805529 5602 
1 2100 457647 3806360 5526  19 300 459584 3805588 5615 
1 2300 457706 3806356 5421  19 500 459585 3805643 5661 
1 2500 457766 3806353 5306  19 700 459582 3805703 5693 
1 2700 457826 3806350 5188  19 900 459577 3805768 5711 
1 2900 457885 3806346 5066  19 1100 459571 3805833 5729 
3 100 457856 3806946 5871  19 1500 459586 3805947 5763 
3 300 457917 3806948 5875  19 1700 459593 3806004 5771 
3 500 457978 3806950 5880  19 1900 459596 3806066 5771 
3 700 458037 3806948 5868  19 2100 459598 3806127 5771 
3 900 458095 3806941 5838  19 2300 459599 3806190 5783 
3 1100 458153 3806937 5781  19 2500 459598 3806254 5805 
3 1300 458213 3806938 5692  19 2700 459598 3806313 5826 
3 1500 458266 3806942 5633  19 2900 459597 3806369 5844 
3 1700 458312 3806950 5601  19 3100 459597 3806425 5863 
5 100 458334 3807719 6054  19 3300 459597 3806480 5863 
5 300 458388 3807731 5977  19 3500 459598 3806535 5845 
5 500 458458 3807737 5908  19 3700 459599 3806592 5831 
5 700 458528 3807734 5890  19 3900 459600 3806652 5821 
5 900 458585 3807733 5874  19 4100 459602 3806713 5812 
5 1100 458626 3807733 5861  19 4300 459595 3806780 5815 
5 1300 458692 3807731 5881  19 4500 459590 3806835 5833 
9 100 458370 3805814 5486  19 4700 459590 3806878 5853 
9 300 458436 3805814 5461  19 4900 459588 3806929 5874 
9 500 458500 3805816 5457  19 5100 459585 3806979 5895 
9 700 458559 3805819 5472  19 5300 459587 3807051 5936 
9 900 458617 3805821 5486  19 5500 459589 3807116 5945 
9 1100 458673 3805820 5454  19 5700 459593 3807174 5923 
9 1300 458729 3805819 5368  19 5900 459597 3807232 5901 
13 100 459274 3807949 5812  19 6100 459599 3807288 5904 
13 300 459331 3807932 5796  19 6300 459599 3807340 5932 
13 500 459387 3807912 5790  19 6500 459599 3807398 5943 
13 700 459443 3807888 5792  19 6700 459600 3807460 5938 
13 900 459498 3807865 5754  19 6900 459601 3807522 5933 
       19 7100 459600 3807584 5923 
       19 7300 459596 3807645 5907 
       19 7500 459595 3807705 5886 
       19 7700 459597 3807765 5861 
       19 7900 459599 3807824 5835 


