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SUMMARY 

The intent of this GPS Control Survey was to provide a photogrammetric horizontal cdntrol 
network for a 400 scale 4-foot contour aerial topographic map of the Salt-Gila Rivers in 
the general vicinity of Phoenix Arizona. Approximately 150 record monuments were 
targeted and occupied using Trimble 4000 ST single frequency receivers in accordance with 
the FGCC "Geometric Accuracy Standards and Sgecifications for us* GPS Relative 
Positioning Techniques" in order to develop the photogrammetric horizontal control for this 
aerial mapping project. The photogrammetric vertical control for this aerial mapping 
project was developed by a Least Squares Adjustment of conventional leveling and is not 
a part of this report. 

In accordance with the contract specifications, this GPS horizontal control network was 
tied into the Arizona State Plane Coordinate System by direct measurements to 3 NGS first 
order triangulation stations within the immediate vicinity of this mapping project. These 
first order NGS triangulation stations are: Broadway, Etta and Val Vista. Additionally, in 
consideration of the fact that the East-West scope of this aerial mapping project extended 
approximately 80 miles, several other NGS first order triangulation stations were occupied 
around the project perimeter. These additional first order triangulation stations were 
occupied in order to venfy the existence of a uniform State Plane Coordinate Network 
and to identify any "Local Control" coordinate discrepancies which may exist and thereby 
have an impact on this project or future projects within the same general area. Although 
verification of the existing NGS triangulation network is beyond the scb-pe of this 400 $kale 
4sfoot contour aerial topographic mapping project, all baselines between the NGS 
triangulation stations listed below were measured at least twice ia order to provide 
redundant measurements as defined in the FGCC specifications. Due to its historical 
significance, as the initial point of the Arizona public lands survey system, one NGS second 
order triangulation station "Initial Point" was occupied instead of the NGS first order 
triangulation station "Initial Monument" only a few feet away. The published NAD83 
record coordinates of triangulation stations Etta, Broadway, Squaw Peak, Litchfield, and 
Initial Point (not Initial Monument) appear to be in general agreement due to the lack of ,J 
significant differences between the record coordinate values and the (measured) coordinate 
values generated by the unconstrained GPS project adjustment: However, triangulation 
stations Val Vista, Powers Butte, and Wintersburg exhibit larger positional differences 
between the published record coordinate values and the (measured) coordinate values 
generated by the unconstrained GPS project adjustment. This positional discrepancy would 
appear to cast some doubt on the accuracy of the published record coordinates of these 
three triangulation stations in relation to the overall area network. Please see the attached 
table entitled "NAD83 Grid Coordinate Value Comparisons (International Foot)". 
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Once again, it should be emphasized that the intent of this particular GPS control survey 
was to provide photogrammetric horizontal control for a 4-foot contour 400 scale aerial 
topographic map of the Salt-Gila Rivers, and an examination of the precision of the 
unconstrained adjustment proved to be well within the PPM requirements specified in the 
contract for this GPS control network. Under no circumstances should the resultant 
coordinate values of this GPS control survey be used for boundary analysis or land net 
control of a GI§ digital mapping database. 

I THE FOLLOWING APPENDICES ARE INCLUDED AS PART OF THIS PROJECT 
REPORT: 

An Appendix entitled GPS PROJECT COORDINATES which contains the following 
sections: NAD83 Arizona State Plane Ground Coordinates in International Feet, NAD83 
Arizona State Plane Grid Coordinates in International Feet, NAD83 State Plane Grid 
Coordinates in Meters, and NAD27 Arizona State Plane Grid Coordinates in U.S. Survey 
Feet. Once again, it should be noted that the intent of this GPS control survey was to 
develop horizontal photogrammetric control for a 400 scale, 4-foot contour aerial 
topographic map of the Salt-Gila Rivers and under no circumstances should the resultant 
coordinate values be used for boundary analysis or land net control of a GIs digital 
mapping database. 

An Appendix entitled GPS PROJECT ADJUSTMENTS which contains a GEOLAB least 
I squares statistical adjustment with the title "Unsealed, #8 Constrained NAD83 Adjustment - 

Salt River GPS - 1991". This project adjustment was developed by the constrained NAD83 
, values of the following 8 NGS triangulation stations: Initial Point (not Initial Monument), 

Powers Butte, Wintersburg, Litchfield, Etta, Squaw Peak, Val Vista, and Broadway. It 
should be noted that due to the relatively large distance away from the immediate project, 
; th6 record coordinate v a b s  ~ f ~ t h e s e  8 NGS control points were held "fixed in the Geolab 
least, squares adjustrnentdbut- were not heavily weighted. Therefore, minor differences in 

, the final coordinates of these points will be evident in the least squares adjustment report 
and, the resultant coofdirrqte ,listings due to a lack of agreement between the record 
coordinate values and thg redwtdant GPS baseline vector measurements. The average ppm 

- of the constrained prajeet ad . tmen t  was 6 ppm, with a low value of 1 ppm and a high 
. .value of 35 ppm in a vectara.drs@nce of 685 meters. This constrained adjustment was used 
. - .to develop th&, Nm83 - Cdordinate values for this 400 scale 4-foot contour aerial 

,topographic mapping project, ,? 
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An Appendix entitled GPS PROJECT ADJUSTMEm which contains a GEOLAB least 
squares statistical adjustment with the title: "Unsealed, #8 Constrained NAD27 Adjustment 
- Salt River GPS - 1991". This project adjustment was developed from the constrained 
NAD27 values of the following 8 NGS triangulation stations: Initial Point (not Initial 
Monument), Powers Butte, Wintersburg, Litchfield, Etta, Squaw Peak, Val Vista, and 
Broadway. It should be noted that due to the relatively large distance away from the 
immediate project, the record coordinate values of these 8 NGS control points were held 
"fixed" in the Geolab least squares adjustment but were not heavily weighted. Therefore, 
minor differences in the final coordinates of these points will be evident in the least squares 
adjustment report and the resultant coordinate listings due to a lack of.agreement between 
the record coordinate values and the redundant GPS baseline vector measurements. The 
average pprn of this constrained project adjustment was 6 pprn with a low value of 1 pprn 
and a high value of 31 pprn in a vector distance of 685 meters. This constrained adjustment 
was used to develop the NAD27 coordinate values for this 400 scale 4-foot contour aerial 
topographic mapping project. 

An Appendix entitled GPS PROJECT ADJUSTMENTS which contains a GEOLAB least 
squares statistical adjustment with the title: "Scaled Unconstrained Project Adjustment - 
Salt River GPS - 1991". This project adjustment was developed by constraining the NAD83 

value of a single NGS triangulation station (Etta), in order to provide a quality check of 
the internal consistency of the GPS measurements. This adjustment was scaled to better 
fit a bell curve graph and to pass the Chi-squared test. The average pprn of this scaled 
unconstrained project network was 3 pprn with a low value of 1 ppm, and a high value of 
13 ppm, in a vector distance of 685 meters. This scaled unconstrained adjustment is well 
within contract specifications and was produced in order to examine the actual precision of 
the GPS measurements used for this 400 scale 4-foot contour aerial topographic mapping 
project. 

An Appendix entitled GPS PROJECT PROCESSING wkk;contains the Trimble (Rev 
E) automatic baseline processing software parameters *fsr:&e GES observations of the 
NGS triangulation station network verification along with the tesulting baseline summary 
reports and a Trimble 'TMAP" plot of the baselines observed. In consideration of the 
relatively long baselines measured in the NGS triangdatfon station verification, the CPS 
observation data was first processed using the TzimbBB-'prese't 4"autornatic" pocessing 
parameters and then reprocessed using "manually" moQ3fied piozesshg parameters in order 
to provide a comparison of the resultant vector differences. For .dl idtents and purposes, 
the resultant raw GPS baseline vectors developed from the program preset "automatic" 
processing parameters were nearly identical to the resultant raw GPS baseline vectors 
developed from the "manually" modified processing. Therefore, the "automatic" GPS 
vectors were considered to be adequate for the NGS triangulation station verification of this 
400 scale, 4 foot contour aerial mapping project. Please see the attached comparison tables 
entitled 'Trimble 4000 ST Single Frequency Field Calibration and Comparisons", 
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An Appendix entitled GPS PROJECT PROCESSING which contains the Trimble (Rev E) 
manually modified baseline processing software parameters for the GPS observations of the 
NGS triangulation station verification along with the resulting baseline summary reports and 
a Trimble 'TMAP" plot of the baselines observed. In consideration of the relatively long 
baseline measurements included in the NGS triangulation station verification, the Tninble 
processing parameters were manually modified in order to provide a comparison to the 
preset automatic processing sequence. Although the positional dilution of precision 
(PDOP) improved noticeably, the resultant raw GPS "Manual" baseline vectors were only 
slightly different than the processed preset "Automatic" baselines. Therefore, the program 
processed and adjusted "Automaticn baselines were considered to be adequate for the NGS 
triangulation station verification of this 400 scale, 4 foot contour aerial mapping project. 
Please see the attached comparison tables entitled 'Trimble 4000 ST Single Frequency Field 
Calibration and Comparisons". 

An Appendix entitled GPS PROJECT CLOSURES which contains the Trimble (Rev E) 
'Tclose' traverse closure reports for the NGS triangulation station verification and the 20 
project loops. In accordance with the FGCC standards and specifications, all 20 project 
network loops were 10 sides or less. The average pprn closure for the loops in the project 
network was 2 pprn with a low value of 1 pprn and a high value of 5 ppm. The average 
value of 2 pprn for all the loops in this project network was considerably less than the 
specified allowable average of 16 pprn, and the maximum project loop closure of 4.53 pprn 
for Loop #8 was also considerably less than the allowable maximum of 25 pprn as specified 
in the FGCC standards. 

An Appendix entitled GPS OBSERVATION REPORTS which contains the daily work 
reports recorded by the GPS field crew-for each GPS observation day. These daily work 
reports are a general summary of the hours worked and points observed by each member 
of the GPS field crew. In order to satisfy contract requirements, daily work reports were 
recorded in addition to the GPS observation sheets which provide a detailed summary of 
each observation session. 

An Appendix entitled GPS OBSERVATION SHEETS which contains the GPS observation 
sheets for all the points of this project as recorded by each member of the GPS field crew. 
These observation sheets show relevant information concerning each GPS occupation 
including: the name of the field operator, the model and serial number of the GPS 
receiver, the location and description of the point occupied, information regarding the 
satellite constellation for each individual observation session, and the antenna height 
entered into the receiver along with the three independent measurement checks required 
by the FGCC specifications. 
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1 An Appendix entitled GPS OBSERVATION WINDOWS which contains the satellite 
windows available for this project as well as the Trimble satellite "SKYPLOT' 
configurations for the individual observation sessions. All observations sessions were 
designed according to the "FGCC Geometric Accuracy Standards and Specifications for 
using GPS Relative Positioning Techniques". - - - 

An Appendix entitled GPS OBSERVATION POINTS which contains the recon sheet 
Visibility", 'To Reach, and "Point Identificationw descriptions for a l l  the GPS observation 
points of this project. This binder also includes the published record coordinates and T o  
Reach" descriptions for the occupied NGS triangulation stations surrounding the general 
vicinity of this 400 scale 4-foot contour aerial topo$aphic mapping project. 

I s  Project Surveyor, G.P.S. 

Project Manager 
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NAD 83 GRID COORDINATE VALUE COMPARISONS (INTERNATIONAL FOOT) 

NAME 

INITIAL POINT 

POWERS BUTTE 

WINTERSBURG 

LITCHFIELD 

ETTA 

SQUAW PEAK 

VAL VISTA 

BROADWAY 

NUMBER CONSTRAINED .c DIF 2 DIF 

HELD 
HELD 

HELD 
HELD 

* NOTE: Although verification of the local existing NGS triangulation network is beyond the scope of this 400 scale, 4-foot contour aerial 
mapping project, the published NAD83 Record Coordinates of Triangulation Stations Etta, Broadway, Squaw Peak, Litchfield, 
and Initial Point (not Initial Monument) appear to be in general agreement according the lack of major differences between the 
record coordinate values and the (measured) coordinate values generated by the unconstrained adjustment. Triangulation stations 
VaI Vista, Powers Butte and Wintersburg exhibit larger positional differences between the (measured) unconstrained coordinates 
and the ~ublished record values. This discre~ancv would amear to cast some doubt on the accuracv of the ~ublished record 

of these three triangulation statichs relative 
4 a 

e overall area network. 

- m u m m m  
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RAW GPS "AUTOMATICn BASELINE MEASUREMENT COMPARISONS (DIRECTORY VCTR1) . 
& 

TRIMBLE 4000 ST SINGLE FREQUENCY RECEIVER FIELD CALIBRATION AND COMPARISONS , 

STATION RECEIVER STATION RECEIVER 
FROM ,, FROM TO 332 GPS DAY VECTOR DISTANCE (rn) 

0001 WHITE 0013 BLUE 330-1 22,356.121 * % 

0001 WHITE 00 13 BLUE 330-2 22,356.297 

0001 - RED 0013 WHITE 337-1 22,356.248 

0001 RED 0013 WHITE 337-2 22,356.214 

0001 GREEN 0013 RED 339-1 22,356.396 

0001 GREEN 0013 RED 339-4 22,356.352 

#2934A00381 = RED #2934A00379 = WHITE #2934A00382 = BLUE #2934A00373 = GREEN 

* NOTE: As noted per the attached letter, Trimble GPS receivers are calibrated before they leave the factory, and also 
undergo a self calibration routine each time they are turned on. However, in an effort to provide an actual project 
field comparison, a common network baseline was measured repeatedly using three different receiver combinations 
with the resultant raw GPS vector distances shown above. Except for the first raw GPS vector distance which 
would appear to contain operator error, the maximum difference between any pair of measured "automatic" vectors 
is 182mm in 22,356m, or 8ppm. Of further note is the fact that the maximum difference realized between any raw 
GPS vector developed from preset "Automatic" processing and the corresponding raw GPS vector developed from 
"Manual" processing (set to process each measurement observation) was only 91mm in 22,356 meters, or 4ppm 
(please refer to the following page). 
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RAW GPS "MANUAL" BASEKINE MEASUREMENT COMPARISONS (DIRECTORY VCTRlM) 

TRIMBLE 4000 ST SINGLE FREQUENCY RECEIVER FIELD CALIBRATION AND COMPARISONS 

STATION 
FROM 

0001 

0001 

0001 

0001 

0001 

0001 

RECEIVER 
FROM 

WHITE 

WHm 

RED 

RED 

GREEN 

GREEN 

STATION 
TO 

0013 

0013 

0013 

0013 

0013 

0013 

RECEIVER 
TO 

BLUE 

BLUE 

WHITE 

WHITE 

RED 

RED 

GPS DAY VECTOR DISTANCE (N 

330-1 22,356.139 * 

330-2 22,356.273 

337-1 22,356.29 1 

337-2 22,356.28 1 

339-1 22,356.305 

339-4 22,356.288 

#2934A00381 = RED #2934A00379 = WHITE #2934A00382 = BLUE #2934A00373 = GREEN 

* NOTE: As noted per the attached letter, Trimble GPS receivers are calibrated before they leave the factory, and also 
undergo a self calibration routine each time they are turned on. However, in an effort to provide an actual project 
field comparison, a common network baseline was measured repeatedly using three different receiver combinations 
with the resultant raw GPS vector distances shown above. Except for the first raw GPS vector distance which 
would appear to contain operator error, the maximum difference between any pair of measured "manual" vectors 
is 32mm in 22,356111, or lppm. Of further note is the fact that the maximum difference realized between any raw 
GPS vector developed from preset "Automatic" processing and the corresponding raw GPS vector developed from 
"Manual" processing (set to process each measurement observation) was only 91mm in 22,356 meters, or 4ppm 
(please refer to the previous page). 
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1 November 

0 lriimle Navigation 

Dave Johnson 
GREINER, INC. 
126 1 East Dyer Road 
Santa Ana, CA 92705-5605 

Dear Mr. Johnson: , 

As per your request for information regarding the ca l ihm of GPS Canier P b e  
Tracking receivers. All receivers are calibrated before leaving Trimble Navigation Ltd by 
om Q.A. group. This calibration includes measuring a baseline of known coordinates to 
determine any a b n o d t i e s  in the antenna phase center or the receivers tracking loop. 'Ibe 
receivers also do a self calibration between all the channels every time a s m y  is started. 
The results of this calibration are available for the user to mslyze, and are located in the 
double difference output file. 

Should you have any further questions or if I can be of h e  to you, please call me at 
1-800-874-6253 extension 2019. 

Regards, 

TRIMBLE NAVIGATION LTD. 

Ken Mooyman u 
Survey sides 
Western Region 

645 Nonh Mary Avenuz 14061 730.2900 
Posr Otf~ce Bcx 3642 FAX (403l730-299: 
Sunnyvale. CA 94068.3642 Telex 6713973 
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00" 3 0326 0.010:l. 0.0073 144.27 0.0158 34254.50:1.8 0 . 7 I. 11. 

I 
d j 0:LY2 0.0111 0.6083 148,,59 0.0177 38183.3093 0 , 4 :I. 2 
0 0 :I. 25 002 I 0.0103 0.007t3 133,78 0.0173. 12977.3279 0.7(?6 PPM 
001.5 0709 0.0252 0.0:l.t32 A./.05 0.0313 2083 1,5262 ,..,... @B 

1 -2 :I. :I. FF'M 
00 :I. 5 030 :I. 0.0252 0.0:1.E36 27..93 OU0321 1. 'i ... ... ‘-L." 9722 1.626 PF'IYI 
001.5 0513 0.0254 6,0:1.90 21i1.19 0.0326 19567. '1.631 1 .3:1.4 PPPl 
0015 001.9 0.0257 0.01(?8 26.J:l. 0.0338 2627~5.9501. 0,,77P F'i"'171 
0019 002:L 0.0249 0.0:1.74 28.25 0.0303 16373,931 1 1 , 32:L PF'IvI 

I 
00(>7 cr 0 13 9 0.110:i. Ox,06t3Q 1.:1.3,,07 Q,OSP2 4(7:1. C) 3 ., 4'948 2.,243 FPI'I 
0007 0141 0.0594 0.041.0 3.05.20 0,0680 19708 ,. 9541 3 .. 0:L 2 PPM 
0007 0172 0.0599 0.0420 104,50 0.05&b 38&.34,9525 1 ,. 5 50 PF'I'I 

0.0667 178 5 5 ,. (>:I. 98 3,.305 F'F'IYI 

I 
0007 000 9 0.0590 0.04:1.6 10"." %.> . 63 
0007 0 I 6 :I. 0.0533 0 ,, 0417 :I. 03, h4 0,0666 27093 ,, 53:l. :I. 2 ., :I. 90 PE'lvi 
0007 0125) 0.0592 1) .. 04:l.b 103.20 0 ,, 08&6 16989 ., 033:l. --, s.483 F'F'pI 
00 :I. T3 0532 0.0099 0.0042 129,. 53 0.0137 7082 ,, 4448 1,9P~3 PF'IvI 

I 
001 9 0 526 1)- OOPO 0 ,. 0063 17'9 ,. El7 0.01 58 3438 ,, 976ES 2 ,, 624 PF'I*I 
0 0 11. (9 0529 0.00A3 ? > ~  1.42.,92 13 , 0 1 1 2 '7 .> ,, 62E31i3 2 ., .:>..::us:> F'PI'I "' .." ..".." 

OO:l.9 0350 0.0078 O.,G039 I3:1..70 0.,0116 3:LcS%.. 7099 2 , 4 xi3 PF'IvI 

I 
00 :I. (3 0705 0.0125 OdQO87 1411. .,88 Q.,0lPb 2qo9&, 7933 0 ,. 5 :1.9 PF'IYI 
00 1. Y I' 1- ''3 >a&, 0.G0';;lk8 O.,iil:j40 :LSJ,.02 0.0115 "7 4 1 7 ,, ,.:i 2 pj 13 1. ,, (j x:s: FPpl 
00 :I. '? 030:l. 0.0087 0 :  I~4;2181i1 0,,0149 :I. 3 11 44 ,, 9 :L i?(:s 0 ,, <$, 4) 2 PPPI 
001.9 0513 0.008:l. 0.0057 144.30 0.0133 6913 ,, 4694 1 ,, :I. 6 ?.i PF:'Iil 

I 
00 :L 9 002 3. 0.01:1.9 0,0013';;' 13Y..49 0,0191) 2 11.4 0 6 ,, 5' 3. 0 (3 0.996 F'F'I'I 
002 :I. 07 I. :I. Q . #08(5 ,, Ql:j y.i ;: :I. 50 ,, 3 i j  <>,,(j143 :I. :I. 2 36 ,, 6 4i;.'7 0 ,, 7 :I. 5 F'FI'I 
'J O 2 :I. 070 5 (j.008() 13,()1:)t,iG :j,44,,{3';7 ().c*114 4t33() ,, 9632 1 ,, A$(? F'F'PI 

I 
002 :I. 030:L 0.0094 0 ,. 0 3  132.72 0,0152 9064 ,, 620E3 1,934, FF'lyl .. 0805 0.0064 0,003Y 135.56 0 ,, 0084 2754 & L  """' . ,, .l I ) /  *-, 

9, L. 3 11. 
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9 :I. 2 5) 0150 (),,Q03t3 <)..()032 :1.3:1..58 (j,O(SIil4 .I .I. ..>,..s ,a d>? 2.5 (1 ,, . . ~ - ~ p  ..., :>:I ~ ; ~ b p i  . c .  7 L  

I 
0:l. 29 0148 0,,0038 0,,0034 I .  0,0085 7773 ,. 8775 0 ,. 43 :I. F"PM 
0 I4 :I. 0140 0.0039 (>.GO27 :1.60,9:1. 0,0079 1830 ,.4519 3 ., 11. (76 FF'M 
0 :I. 4 11. 0142 0,,0065 O,.003:1. I . I . I .  0-06til3 1836) ,, 2653 3,,548 pprq 
(> 1 4 :I. 0137 (1 ,, 0059 2 3  I.  I I .  0 -3 ,IT . ,..'I I.. 4x68 ,, 588C3 :I. ,, d4 11. 2: pPp-1 

I 
0 :I.h :I. 0 1.62 0,.0063 0.0049 1.13,.47 0.OI:I.O 1213 .. 3454 5 ,, 2013 PPM 
0 3.6 :I. 0160 0 u {j05(i 0 ,, (j0q.y 53 ,, 77 011. :I. .q 2248, G&LI,G 2 ,, 2 :I. 0 PF'M 
o :I. a I. 0163 ~, ,004)2 0.0045 : I . ~ . Y I  ~~a :~ .o t i ?  clr)nc 

L.I.L. .Z ,. 29 58 2,,80h PF'M 
I 

... 0 1. b :I. Olh4 0 0 . 1  O, ,O050  9:l 39 0-0:1.:l.5 321 3 ,, 38.59 :I. ,, 9 9 0  FPM 
0172 0168 0,0124 0.0047 1.27.,47 0,10199 4895,3249 2., 541 FPM 
01.72 0163 0 0 1 . 5  0.0060 130.3'9 0-03.60 :L3.313,. 5319 :I. ,. f?171 
0172 0173 0,0005 0.O03:I. :l.27,, 32 0,0106 803,3812 :10..552 F6H 

I 
0148 0147 O.OQ86 0.0070 :LO.5'8 0,0164 29 1 5 ,. 7882 2,,997 PF'H 
0:l. 40 0153 0,0037 O..0033 131 .,25 OY0080 5673.7854 0.,644 PF'M 
0:L48 0 1  50 0.0058 0.0033 :1.2t3 ,. 46 (!. 0084 2666 ,, 4972 :I. ,,437 PPfl 

I 
0 :I. 4 t3 014-5 0 ,, OOI:36 0 ,, 0069 :1.67.OC7 0 -01.53 5090,7048 11. ,, 696 FPM 
03.48 0157 0,0079 O,,Q061. 3.66..44 0-013:l. 9935.3954 1,,33:l. PF'N 
0 '1 '9 0 0151 0,00130 0 ,, 0029 1.213,25 0,01.:12 1794,3280 4 ,, 44(? 

I 
6 3 0152 0,0071 0,0032 12c?,,4x5 0,O:iQh 3395' ,4369 2.080 
0j. 30 01 53 0 ,, 0095 0.0030 129 ,, 67 0 - 0078 3017,7590 1 ,, :I. 4'3 PF'PI 
QI SS 0126 0.OOCu)O O.OO61 1.2,,7& 0,O:I.hZ 48 33 ,, 9076 

9 1  
:I. ,ti396 PF'M 

O:1. 55 G 1 6.4 O,.00B7 ii,,OOb:l. I .  4 , 0 I. 0 , 0 :1 b :I. 990:L. 5893 0 ,, 13632 PPM 
0136 0134 0.0074 0,,0032 3:1.,,44 0,008:l. 1746.2496 4 . 20'2 PPPl 
013b 0133 0 ,, 00Q8 0,0034 2'9 ,, 11.2 0,0084 2673,3202 2,, 943 FF'M 
0136 0137 0 ,. 00 51 O ,, 0046 :I. 49 ,, 24 0 -0  :L 06 2539,3756 :1 ,,(?'?'J. PF'M 

I 
0 :I. 3 7 0 :i 40 0,,0092 O, ,O925  :l.:l.,,:l..i 0,0066 2584. E540 2 ,, 0 0 :I. FFrf 
0157 0147 0 ,. 001I3A 0 ,, 0071 0-49 0,0:1.63 5066 ,, 2496 :I. ,.704 PPM 
03.37 0146 0,,0074 0,,0041 151,4Y 0,0123 6787,9418 1. ,, OBS FF'Pl 

I 
0137 0142 0.0056 {I,, 0030 158 ,, 9:i. 0.0074 4Y8Y.2343 :I. ,, :I. 94) PF'PI 
0140 0142 O,,0060 !3,,0029 l.b0,,3:1. 8,007h 2435,3327 2,,497 PF'M 
0x32 0133 O,,0Oc28 (i.O(:*;55 :1.55..67 0-00'93 1613 ,,8879 6 ,, (> 58 F=f'vi 
0132 0127 O ,, 0078 0,0035 :1.30.26 0 -0OPh 5730,5265 

m 
0 ,,,,,,I PF'M ( 

01.32 0130 0,,0073 C).,i3033 :1.5O4.:19 6,QI:~P:I. ZY'i87 ., 7499 2,,447 p p ~  
(, /, .7 .;? 

0:1.52 03.24 0.0071 i!,,0033 I . I .  O,O08(i)  I.09O:l. ,,4305 >,,..., F'F'PI 
0133 0134 0 ,, 0078 O ., 0039 3:l. ,, 63 0- 008'7 1330 ,, 8226 5,, ti128 F'F'M 
0 1.23 0 3.24 0.0092 0.,0046 :1.32,,54 0,0:1.52 183;'3.,?415 '1 .. 9913 PF.trt ) -.,.. -" .. 
0123 0117 0,0124 O,,O:l . : l .  :1.6Y.04 0,022:l. ./ 3 ,, 4203 :I. 6 (2 F:FI~I 

0164 398C1 ,. 7405) ... ,.., ,?..." 
0 :I. 23 0 . O :I. 0 1 0 . 0084 I .  3 ,, 4 I G , O 11.1.36 d. .  ,, ,> :4 l='PPl 
03.24 012'7 0 ,, 004A 0 ,. 0027 1.27.4P 0. 00713 1774,8251 9,' 980 FF'M 
01 24 0130 0,.0065 0,0028 :1.2'7,,52 Oa001i3:I. 76:1.4> !,, 0425 0 ,, Ii360 F'F'PI 
0 '3.42 011 44 9 ,, 0 o..:;'.,;? (:I ,. (>(> J(.? 1 .  3 , 2 I .  (3 , 0 :I. 5 !jj 23?& ,, 2048 3 ,, 226 PF'p-1 

(1 :I. 42 0145 (j,,i)()E34 (3,,(:1(jL+;: :1,33#,37 ()m,():[..7(;t .L. 2 ,, ty(il(] PpI'q '7433 5 ,, 0376 
I 

Ol.42 0146 O,,(>0&0 0,0037 :1.35.137 O,,<l:l.2?:l. 2 5 3. 1. .PEP6 2,,3ESd> F'F'T.1 
7 ;  : * c ?  013.7 O,,00'i;'3 0,,002P :1.29.Sli) O,O:I.Qb 2540 ., 7643 2 ,, ti366 
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:L 2 <,:> ,, 7 
1 ".V 15 4 2 

4 %  ,. 
158.50 
:L 60 ,, 83 

3 <;> ,[ -.: . n.. I .  . L.' 
150,,76 

5 ,, 87 
4 ,, 53 

168 ,, 0 5 
141. .66 
13I3.00 
147,77 
133,.67 
178 ,, 90 
137,28 

2 :I. ., 1.0 
3.6-24 

160.95 
128.,26 
21. .09 

133,32 
133,, 17 

:1.9. 48 
128.35 

133.39 
1 4 5 ,, :I. 4 
180.5t3 
149.97 
1&2,45 
110..42 
3. y.i y " cj (.;) 

159 ., 89 
194 ,, 06 
:I. 5 6 ,, 275' 
147 ., 54 
157 ., 73 
:I. 6 i) ,, Q h 
1.4 'i-' .. :I. 2 

9.85 
:L 47 ,, 23 
1. I:$ q ,* (3 () 
:i. 5 8 .. !.? 3 
149 ,, 7f> 
:L 29 ,, 11.6 

1.223 FFN 
7.498 PP14 
1.854 PPM 
1 ,,446 PFFI 
1.256 PPM 
1.083 FPlrl 
0.336 FFil 
2.087 PPM 
0,624 PPPI 
1.101 FPM 
1,474 PFPl 
0.569 F'PM 
2.476 PPM 
1.050 PPM 
i . 068 FFN 
3.370 PFM 
1.449 PPM 
4.050 PPM 
5.429 PPM 
3.407 PPM 
9.161 PF'M 
3.790 PPII 
5,634 P7M 
1.924 TPM 
5.303 PF'M 
0.9:i.R PPM 
2.651 PPPI 
0,835 PFM 
2.502 FPPI 
1.231 PPPl 
1.188 FPBl 
0.581 PF'IrI 
0-815 FPM 
0 .. 905 PF'M 
1 . 703 Ff'M 
1-441 PPM 
0 3 t,,-;/ y- ?lV[ 

-., ,- ,. 5 1. ; Fpp: - y*->-7 3 . d x . . , ~  F"F171 
4 ., 4 913 Ek f l  
.a >..,"" .. 

' I  . .  7 r l r i  

<- ;** 2 7 y t ! V .  
:...a .... - 
2,244 f F'i'l 

2,.00';.* FF'l'i 



VER'I'I CAL 

( C )  :l.(?IijJ/f36/87/88/89 Bi.tW:ise Ideas :I:nr:,. I:::1.092097793 

3.61 6 =?131Yi 
1.761 3F:'fl 
2,. 202 PF'M 
3,783 PPlvl 
2,122 PF'Pl 

I 
0.977 PPA 
4.062 PF'I'I 
1 . 200 FF'I'I 
1.928 P13t'l 
0,999 PF't'l 1 

0.778 Wlvi 
4.996 PF.lyI 1 
1 ,623 PPIYI 
1.425 %F'lvI 
1.436 PF'I'I 
0,734 BF'IvI 
2,432 PF'FI 
1,522 PF'M 

I 
0.875 PPll I 
11,915 iPF'lvI 
1. 887 PPlvl , 
1 ,852 BF'IvI 
&, :17z PF'M 
1.982 PF'IvI 
2.079 PPM 
2 ,  482 p\:::i'1 
3 , 6 :J,3 'F'i'1 
1.504 PPM I 
1.,351 PF'M 
I. ,098 :r'r:'IYI 

,, 966. ?I:'pl 
4,940 ?F:'IyI 

.. ...--........- -- ...... 



TO IqIAJ . SEPI:I: IqI:I:I.I . SEMI AZ C lqlAJ 1 ?/ER'I'ICAL SPATIAL UIST  . 
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;77(>4 5, @04Ej O ,0037 1.62 ., 99 <> .. 0079 1,625,5821 
0307 "Y '7 0.0074 0.0033 : : 4  0.0137 216!5', S93& 
0304 0.0860 0.0033. 1d>:L,68 0,0079 4835.6582 
0302 lflt.0095 0.0030 l . 1 .  0,0075 6484.2953 
2302 0.0035 Q.8029 132.58 0.0072 782,2879 
05 1. 6 0.0035 0.0030 124 ,, 55 0,0074 5888.3224 
~yc j r f  0.0051 0,0028 16:L ,,6P 0,0072 1787,7316 
0516 0.8037 0 , 0031 13Q ,. 31 0.0078 5462.7702 
051 5 0.0050 0.,0045 I:l.4,53 0.0079 2282.1824 
053.4 0.0044 0.0039 l:LP,,68 0.0072 360 5.8c564 
0527 0.0034 0.0033 "'"' u 1 0,0072 3607.2451 
0505 0.0055 0.0030 157 ,. 78 0.0090 3597.1622 
0531 0.0048 0.0027 156.58 0.0077 3027,3431 
051.4 0.0030 0.0030 %1,84 0.0063 6498.2408 
0 504 0 .GO44 0 . 0024> 156 ,, 90 0.0074 4022,7297 
0527 0.0036 0.0035 57,,49 0,0075 5310.8918 
05:L 5 0.0047 0.0042 114.85 0.0074 1608.8694 
0505 0. GO53 0.0028 157.51 0.0086 805.9873 
0507 0.0062 0.0054 134,85 0.0134 3318.5920 
0.0026 :L 56 - 90 0 ,, 0074 4022 -7297 1.090 F'PM 
0527 0.0036 0.0035 57,49 0.0079 --. sa10.8918 
051.5 0.0047 0,0042 114,,85 0.0074 1608,8694 
0505 0.0053 0,0028 157,51 0,0086 805.9873 
0507 0.0062 0.0054 134.85 0.0134 9". ss18.5920 
0 5 :I. 1 0.0062 0.0053 135,71 0,0130 7822,8973 
0501 0.D065 0.0032 :I. 58 ,. 01 0,0090 -7- ..,.31.5.7787 
0502 0.0060 0 - 0029 159,75 0.0081 1745.0733 
0533. 0.0047 0,0027 154 ,, 61 0.0077 2421.9054 
0533 0.0056 0,0031 153,,46 0.0084 3277.3224 
0531 0.0056 0 . 0030 156 ,, 63 0,0091 1619.6761 
0530 0.0070 0.0028 :L28.70 0.0087 1604.4981 
0532 0.0100 0.004:l. 128,,78 0,0132 4076,8398 
G533 0.0078 0.003~'> :I.J0,,87 0,,0106 4530.8719 
051.3. 0,0059 0.0052 : l . : l . 4  0.0129 4504.4024 
0502 0.0066 ,, 0.0031. 1.55',,73 0,0090 1.712,1701 
0533 0.006d 0.0032 :L 513 ., 74 0.0093 1616.5158 
,3533 0 .iiOdx5, 0.0033 :1.513.39 0,0094 2376.2765 
05132 0.0093 0,0037 3.28,.42 0.0118 685,3521 

su c: ce:%ii;.f:1.\ :I. :I. y corn 1:) :I. c .ked , 

--,." ............ ....----- 
I 

2,.925' PF'M, 
' . j  

3,434 PPM (., 
1,.244 PPM 

B ,\ 
i),,85:L PF'M .. 
4,415 PF'M, .. 
0.60:L PPM :"I 

Z ,  108 GPM ,,, 
0,,67:L PF'M .,, 
2 ,200 PPM ,: 
1,232 PP1l,l: 
0.954 PF'R . 
1.543 PPP~ ,' 
1.587 YFM 
0.458 PF'M , 2  

1,090 PPPI. ., 
1,088 PF'M., 
2.928 PPM (, 
6,, 532 PPM , 
1.871 PF'M . 

1 ,, 088 PF'M , , 
2,,928 PF'M . 
6.332 PPM ,, 
1.871 PF'M ' 

0,796 PPM , 

1,,974 PPR 
3,410 YPM 
1.932 PPM 
:L,.7:14 F'PU:~ 
3.,471. wtil 
4.335' PPM9, 
2,455 PF'M. 
:L .. 71 5 PF'M 
:I. ,. 320 PF'bl 
3,,845 PPM 
q,oo4 PPM'" 
2,772 F'F'M., 

:I. 3 ,, 98'3 PTM, , 


