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Appendix F
Application: Static GPS Control Survey--Coyote Dam, Russian River, CA
(Sacramento District)

This appendix provides an example of a static GPS surveys performed on a Corps civil works project
performed during 1989. This survey was performed prior to full operational capability of the GPS satellite
congtellation; thus, observation windows had to be observed in order to obtain four or more satdlites. The
procedures and standards that were used for performing, reducing, and adjusting these early GPS surveys
have not significantly changed, other than the more user-friendly field data collection devices and
significantly updated Windows-based basdline reduction and adjustment software. Basdline reduction and
adjustment software techniques shown on these 1989 surveys are still representative of the current
reductions and analyses performed today--only the output formats have changes.

F-1. Planning Phase

The GPS survey was planned for 25 April 1989 in the vicinity of Coyote Dam on the East Fork of the
Russian River, near Ukiah, Cdifornia

a. A diagram of the project areais shown in Figure F-1. Three fixed control points were
connected--Capella 1949, Perry 1949, and Ukiah Airport 1949.

b. Four Trimble 4000 SL GPS carrier phase tracking receivers were used for the survey--with one
person per receiver. In actuality, because the personnel were inexperienced in conducting a GPS survey, a
fifth person was adlso used. Thefifth person was used as a "runner” who can be called upon during the
survey to aid in smoothing out any complications (e.g., ading in overall communication and coordination,
parts retrieval in case of breakdown, bad power source, blown fuse, misplaced equipment, forgotten
measurement device or power cord, as well as any other possible complication). Communication between
personnel was by two-way radio. Care was taken in choosing and operating the two-way radio near the
GPS survey so that the radio transmitter and receiver chosen, when in operation, would not interfere with
the GPS receiver.

c. Prior to data collection, the stations were ingpected and found to be acceptable (easy
access hility, no obstruction or possible multipath sources, and at least 20 degree satellite visibility above the
horizon).

d. April 25, 1989 corresponds to Julian calendar day 115. Calpella, Perry, and Ukiah Airport were
stations with established horizontal control. Pier 1 and Pier 2 were stations requiring horizonta coordinates
accurate to 1:10,000 (refer to Figure F-2). Therefore, the following station conventions for Session 1 of the
survey were:

Pier 1 - Station 20011151

Pier 2 - Station 20021151
Cdpdla- Station 20131151
Ukiah Airport - Station 20141151

It isimportant to note that this station convention was used for this survey because the Trimble receiver only

alowed numeric input of station names. Newer receivers alow aphanumeric inputs for station names,
which provides more flexibility in station naming.
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Figure F-1. Ukiah Project Area Figure F-2. GPS Project Diagram (Ukiah)

e. A sadlitevighility plan (a software package that produces a hard copy listing of satdllite
constellations and time availability based on ephemerides) was run for the project location. The satellite
vishility was run with the most up-to-date ephemeris for the period of observation, using four-satellite
visihility, and with a cut-off elevation angle of 20 deg. An up-to-date ephemeris was used to ensure the
satdllite vighility formulated was the most accurate. A minimum of 4 visible satellites was specified in
order to formulate accurate three-dimensiona solutions. A cut-off elevation of 20 deg was chosen in order
to minimize any diffusion or dispersion of the signal by the atmosphere which in turn may cause errorsin
the solution as the satdllites pass near the horizon. The satdllite visibility plan produced for the Ukiah
project is shown below.

All-In-View PDOP for UKIAH

Date: 25 Feb 1990 Time : 4:00 -> 4:00
Latitude : 39°12'30" N Longitude : 123° 10' 30" W

Cut-off Elevation : 20 Zone : - 7:00
Time Time PDOP

Satellite Constellation Rise Set dT Rise Set
6 91113 21:55 22:.03 0:08 49 5.0
6 9111213 22:02 22:33 0:30 3.8 3.6
6 911121319 22:32 23:18 0:45 3.2 3.3
36911121319 23:17 23:48 0:30 2.9 3.0
3911121319 23:47 1.08 1:20 4.2 4.2
311121319 1:07 1:22 0:15 49 5.0
3121319 1:22 2:20 0:58 22.7 31.6
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The portion of the satdllite visibility where the PDOP is near 5.0 m/m or below are times when the satdllite
geometry is conducive for conduct of asurvey. A PDOP near or below 5.0 m/m does not guarantee a
successful survey but it does indicate good satellite geometry during that moment of the survey--see Chapter
5 for further information on PDOP.

f. From the satdllite visibility plan, it was decided to conduct three sessions during the survey.
Travel between survey sites, time to set up and take down the equipment before and after the survey,
receiver warm up time, time of survey (at least an hour alotment for survey data collection, but more than
an hour if at dl possible), and possible time loss due to unforeseeable problems or complications were taken
into account before deciding on a specific sesson schedule. The find survey session scheduleis shown in
the chart below:

Final Survey Session Schedule

Session Start Time Stop Time
1 21:55 22:55
2 23:38 00:38
3 01:23 02:20

It was further decided which stations would be occupied during each session. Station occupation was
designed to minimize travel time and to add to the overdl efficiency of the survey. The station occupation
schedule was planned as shown in the following chart:

Station Occupation Schedule

Session Station Station Station Station
1 Calpella Ukiah Airport Pier 1 Pier 2
2 Calpella Perry Pier 1 Pier 2
3 Ukiah Airport Perry Pier 1 Pier 2

g. A GPS Station Observation Log is generaly filled out prior to conduct of the survey. An
example of a GPS Station Observation Log is shown in Figure F-3. The GPS Station Observation Log must
be filled out for each of the station occupied in order to have a written record of the actual survey and as an
ad for the personnel occupying each of the station.

h. Portions of the GPS Station Observation Log were filled out prior to data collection. These
portions included the station name, start date, GPS 8 character 1D for each session, project name, project
location, observer name, gpproximate receiver position (latitude, longitude, and eevation), session
scheduled start and stop times, and requisite tracking equipment information. In this case, sx GPS Station
Observation Logs were filled out, one each for: Capella(Sessons 1 & 2), Ukiah Airport (Session 3), Ukiah
Airport (Session 1), Perry (Sessons1 & 2), Pier 1 (Sessons 1, 2, and 3), and Pier 2 (Sessions 1, 2, and 3).
An example of a GPS Station Observation Log for Station "Pier 2" is shown in Figure F-4.
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U.5. ARMY CORPS OF ENGINEERS

GPS DATA LOGGING SHEET
R L L o B e e g gy

PROJECT NAME LOCALITY
OBSERVER AGENCY /FIRM
RECEIVER S/N
ANTENNA = S/N
DATA RECORDING UNIT S/N =S
TRIBRACH S/N LAST CALIBRATED:
L T Ittt T e ettt st Il
SESSION 1 SESSION 2 SESSION 3

STATION: NAME :

NUMBER
DAY OF YEAR

DATE MM DD YY

UTC TIME OF START  STOP START STOP START STOP
OBSERVATION
drddhdd kAR AR AR A A h Ak h R AR AR A AR AR AR R A AR AR R AR R R R AR R AR KR AR KRR A

ANTENNA HEIGHT MEASUREMENTS

SESSION 1 SESSION 2 SESSION 3

SLOPE @
BEGINNING IN= M IN= M IN= M
MN = M MN = M MN = M

SLOPE @
END IN= M IN= M IN= M
MN = M MY = M MN = M
MN ADJ TO VERT: M M M

L Ty T e T T T T T T L L L)
PROGRAMMED FIELD PROGRAMMED FIELD PROGRAMMED FIELD
REFPOS POSITION REFPOS POSITION REFPOS POSITION
LAT

LONG

HT

FDOP

sSVSs TO

TRACK

LOCAL

TIME: GSCHEDULED ACTUAL  SCHEDULED ACTUAL SCHEDULED ACTUAL
ETART

STOP

T T T T T T T T T R T i b R I3 i T T I T IITIIT]
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Figure F-3 a. Example GPS Station Observation Log (Front)



EM 1110-1-1003
1Jul 03

U.S. ARMY CORPS OF ENGINEERS

GPS DATA LOGGING SHEET
g e e T TS TTTETTT LTI S AR AR S R A E AL A A A AL L A

SESSION 1 SESSION 2 SESSION 3

ANT CABLE LENGTH

POWER SUPPLY

WEATHER
CONDITIONS

MONUMENT TYPE

l
|

EXACT STAMPING S

AGENCY CAST
IN DISK
P e e e e e T T R A R L L L L LA R L

SKETCH OF SITE
SESSION 1 SESSSION 2 SESSION 3

!
1
1
1
1
]
1
1
1
1
1
1
1
I
|
[
|
I
|
I
!
I
I
]
]
]
i
1
]
]
]

1 |
e T T T T T TR I T TR S e L hhkhhkkk

Describe any abnormalities and/or problems encountered during
the survey, include session number, time of occurence and
duration.

s eaeer e T e e e e L LTRSS R R R R L AR LR A A L L
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b. Back

Figure F-3 b. Example GPS Station Observation Log (Back)
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U.S. ARMY CORPS OF ENGINEERS

GPS DATA LOGGING SHEET
T e e T PP T T T T T LTI L R L AR A A L AR R A

PROJECT NAME [] D LOCALITY Uk f
OBSERVER _LARRy LAMB AGENCY/FIRM cT

RECEIVER 7R/MALE #000 SL S/N 2gz0A00223
ANTENNA S/N 2p/6Ac0022Y

DATA R.Emfgl’fﬂs UNIT g/N 202

TRIBRACH witD GDF 22 S/N LAST CALIBRATED:
hkkhkhkhhkhhkhkhhkhhhhhhkkkdkkdddddddkkk kkkkhkhhhkhkkrrtt bk kkn® *

SESSION 1 SESSION 2 SESSION 3
STATION: NAME PIER 2 PreER 2 Plep 2
NUMBER _Zooz _Zoog. -7~ 11 N

DAY OF YEAR S 215 IS
DATE MM DD YY _EZEZEL
UTC TIME OF START STOP  START STOP  START  STOP

OBSERVATION o04:56 p5:sS o6ilo Ofi3p p:55 pF:20
*****i*****ltt*******t********tt************i*t***********t**t

ANTENNA HEIGHT MEASUREMENTS

SESSION 1 SESSION 2 SESSION 3
SLOPE @
BEGINNING IN= M IN= M IN= M
W = M M= M W= M
SLOPE @ .
END IN= N IN= W IN= M
MN = M N = M W = M
MN ADJ TO VERT: M M M

i******i*****ii*******i***i******#***********i*ti*******tt**it

PROGRAMMED FIELD FPROGRAMMED FIELD PROGRAMMED FIELD
REFPOS FPOSITION REFPOS POSITION ' REFPOS FPOSITION

LAT 39-/2-3e __ 3f-1230 _____ 39-2-30
LONG /23-/0~30 J23-10-30 /23-1e-30
HT 244.0 ___ = z¥.o0 2440
PDOP _ 3.6 $4.8 4.0
5Vs TO ag n! 06 dﬂ ol & o3 n&,ﬂg 7
TRACK  Jl, 42 13 24 3 WL A
LOCAL
TIME: SCHEDULED ACTUAL  SCHEDULED ACTUAL  SCHEDULED ACTUAL
START Z[:§¥% 23:37 of:zo
sToOP 22:55 ITIEY 82 20
ttti*****it*#**t**ttt**t***ti****t*t**i****i***********it*i**t
PAGE 1
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Figure F-4. GPS Station Observation Log (Pre-Survey)
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F-2. Actual Survey Operation

Those portions of the GPS Station Observation Log, which were not filled out during the planning phase of
the survey, were filled out during data collection. An example of the GPS Station Observation Log for
Station "Pier 2", filled out after data collection, is shown in Figure F-5.

a. Key to proper data collection is correct set up of the equipment (tripod, receiver, and power
source) and correct antenna height measurements (height of the antenna above the mark).

b. Figure F-6 shows personnd correctly taking an antenna height measurement over atemporary
monument. Figure F-7 illustrates atypical antenna setup with the following equation detailing the antenna
height correction.

v=gart[s®-r?]

where
v = corrected vertical height distance of the antenna center above the mark,

s = dope distance measurement derived from the average of several antenna height measurements
r = antennaradius

¢. When measuring the antenna height during this survey, the following procedure was followed in
order to ensure an accurate reading:

(1) The dope distance from the North point of the antenna to the center of the monument was
measured to the nearest millimeter (0.001 m). Measurement was also done in English units (inches) to the
nearest 1/32th of aninch. This vaue then was compared to the metric value measured earlier. This
comparison is done to detect blunders.

(2) Similar measurements are also taken from the South point of the antennato the center of the
monument.

(3) Theresultant North and South dope distances were averaged.
(4) Example: (Refer to Figure F-5)

- Tripod set up flat on adock.

- The North side measure up for sesson 1 =.120m

- The South side measure up for sesson 1 =.120m

- An extra"Check Measurement” was a so taken for the measure up for Session 1 and was
found to = 0.3%4 ft.

- Asacheck: (0.394 ft.) x (Im/ 3.281 ft.) =.120m

- Thisvaue was recorded in the GPS Station Observation Log.

d. Each GPS receiver was operated in direct accordance with the manufacturer instructions,
procedures, and/or guidance.

e. No problems were encountered during the survey sessions.

F-7



EM 1110-1-1003
1Jul 03

U.5. ARMY CORPS OF ENGINEERS
GPS DATA LOGGING SHEET

e e e o ok s e o o o o e e ol ok ok ok ok ok ok ok g o o ok ok ol ok ok o ok ok o o ok ol ol o o e ol o ok o ok ok ok ok e ok ok ok ol ol ol o o ok e e o ok

PROJECT NAME [oVoTE DAM LOCALITY UK A
OBSERVER AGENCY /FIRM er
RECEIVER S/N

ANTENNA S/NZ2glep o022

DATA RECORDING UNIT

S/N on
TRIBRACH WiLp eDF 22 i LAST IBRATED:
dkkkkEbkkke kTR kbR e bk d ek kb kb ke kb kk kR k kR k kN

SESSION 1 SESSION 2 SESSION 3
STATION: NAME Z.‘.’ﬁ% 2 FIER Z PlER 2
NUMBER _ 2002 _2002 =  _Zpo2
DAY OF YEAR /ca /15 lIs
DATE MM DD YY ffzﬂg’j ﬂz.szzg ££Z£g£‘g
UTC TIME OF STOP START  STOP START STOP

OBSERVATION Qf{_‘ o8 sF ogye of:3r o0f:55 09:20
khkkkkkkht bkt kbt ket Ak kA a bk hk kA kA AR Ak AR A A A A Ak k&

ANTENNA HEIGHT MEASUREMENTS

SESSION 1 SESSION 2 SESSION 3
SLOPE @ 0./2p 0420 0.420 QUC 0.6 Q.16 Q2% 6424
BEGINNING IN=p, /2l M ¥ % IN=2.K u @m-_@n
= 0,20 M M = p. /g

SLOPE @ ¥ 1'% 4% M_I%%tix‘ u F—%%%

END 8,420 IN=§ '3 M
MW = o420 M Mi=gpze M rlmﬂ

MN ADJ TO VERT: O./20 M o.1/6 M 023¥ M
T Ittt it 2222t t12 ettt s T 3R R 2222222222222 2 2222 g

PROGRAMMED FIELD PROGRAMMED FIELD PROGRAMMED FIELD
REFPOS POSITION REFPOS POSITION REFPOS POSITION

LAT 39-/t-30 39-/2-22.6Y 39-/2-30 37-[0-24% 39-j2-30 33-[2-22.%/
LONG [23-/0-30 [23+/0-33.92 [23-/0-30 /23~0-33.20 (23~{0-30 [23-/0~33.42
HT 24%.0 zl0.6  1Y4.0 /99.8 294-4 222.8

PDOP =1, 6 —_ . ¥ — . 0 -
SVs TO ag,a!,ai c9q eZ. e il,_ﬂ_i,.a_'l_ QZ_E.-.Q!,.J.I'_

TRACK ,:g, [&, 13 /% L, fZ,.JE,.L‘&’_ Ll,lﬂ,_f_‘i;.l&_

TI_HIE SCHEDULED ACTUAL  SCHEDULED ACTUAL  SCHEDULED ACTUAL

START 2y:§5  2f: 3:3¢% 23:/)0 ol:izo p0:ss
STOP 22:§3 Boiaf ©0°:3p O2:zp Ozizo
**********i*iiiiiii*iiii**i******************i****************
PAGE 1
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Figure F-5a. GPS Observation Log (Post-Survey)
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U.S. ARMY CORPS OF ENGINEERS

GPS DATA LOGGING SHEET
Ak ERE AR ER R RRERRRAARRRR AR bk bk kdhdddhdddhddddkkhhhdddd

SESSION 1 SESSION 2 SESSION 3
ANT CABLE LENGTH _/ob £+ 100 £+ 3<F+
POWER SUPPLY 2 Dc (ZV PE 12y pe
WEATHER CLEAR CooL  CLEAR Cooe —  CLEAR, €ooL
[T Hp*

CONDITIONS i e
MONUMENT TYPE  'C(SET 10 PiER) #— shMe o~ SAHE
EXACT STAMPING P/eR 2 (953 ¥ i apen 24
AGENCY CAST LOE o o ¥

IN DISK

*!t****n*i*iiiti*t**!*i!tti***i*iii***i********iiiii*****iiiti

SKETCH OF SITE
SESSION 1 SESSION 2 SESSION 3

SAMeE SAME

|
2 l
|
|

I

I |
*****i*i*t***tii*ﬁi*****ii*i*****ii*!*******tii!t******iiii**t
Describe any abnormalities and/or problems encountered during
the survey, include session number, time of occurance and

duration.
THE ANTENNA WAS MOUNTED DIRECTLY OVER PieRk Z

WITH No TRiPad USED,

ANTENNA HEIGHT WAS HEASLRED VERTICAUY FREM -

GRouND PLANE To BRASs Disg,
**iilﬂ*****!tﬂi*ﬂ**i*i*ti*t***ittii*****iii*iﬂ**i*iiiilt******

PAGE 2

b. Back

Figure F-5b. GPS Observation Log (Post-Survey)
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Figure F-6. Antenna Height Measurement Figure F-7. Diagram of Antenna Setup

F-3. Post-Processing Observation Data

All recorded observation data were downloaded from the receiversto 5.25" floppy discs. The downloading
procedures detailed in the manufacturer's operating manuals were strictly adhered to.

a. Once the observation data was downloaded, preprocessing of data was performed.
Preprocessing of data included checking the station names, antenna heights, latitude and longitude of the
points, elevation of the points, as well as applying any required corrections. In general, most GPS
processing software requires the antenna dope height be corrected to vertica at some point in the survey,
usually during the preprocessing phase (consult receiver/software manufacturer guidelines for specifics).

b. The datafor the Ukiah project was post-processed using Trimble software TRIMVEC Version
88.028--GPS Relative Positioning Solution), but in generd, al post-processing software produces smilar
results. The observation data was processed in accordance with manufacturer guidelines (see Chapter 10 for
further discussion on GPS basdline post-processing).

(1) An examination of the results reved s the following, which are produced in one form or another
in other manufacturer's solution file formats:
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a-Ligting of the filename

b--Types of solutions (single, double, or triple difference)

c--Satdllite availability during the survey for each station occupied

d--Ephemeris file used for solution formulation

e--Type of satellite selection (manua or automeatic)

f--Elevation mask

g--Minimum number of satellites used

h--Meteorological data (pressure, temperature, humidity)

i--Session time (date, time)

j--Datalogging time (dart, stop)

k--Station information: Location (latitude, longitude); Receiver seria number used; Antenna
seria number used; 1D number; Antenna height

[--RMS

m--Solution files: dx, dy, dz between station; Sope distance between station; dlatitude,
dlongitude between station; Distance between station; dheight

n--Epoch intervals

o--Number of epochs

(2) Thetriple difference, double difference float, and double difference fix Trimble solutions of the
basdline reductions for basdline 2014--2002 were computed. The fixed solution is shown in Figures F-8a
through F-8d--annotated with the above conventions (a through o) provided as an explanation. A summary
of dl solutionsis shown in Figure F-8e. The basdine formulations are reproduced from the Trimble
Navigation TRIMVEC solution file.

c. Ingenerd, al GPS manufacturer data reduction software programs produce a summary of results
once data has been reduced and a basdline formulated.

d. Although the Trimble summary solution file does specify that the integers were found, the RMS
is OK, and FIXED solution is recommended, an analysis of the output prior to this conclusion in accordance
with Chapter 10 would have reveded the following:

(1) With a basdline distance of 7000 m for the formulated basdline (basdline 1402) and from Table
10-2 (Fixed Solution Acceptance Criteria), the RMS must be less than (0.02+(0.004*d)). Using the formula
(0.02+(0.004/d)) from Table 10-2 with a distance (d) equal to 7 km, the equation is (0.02 + (0.004* 7)) and
the RMSis approximately equal to 0.048. Therefore, the RMS s acceptable.

(2) With a basdline distance of 7000 m for the formulated basdline (basdine 1402) and from Table
10-3, the variance ratio must be more than 1.5. The fixed solution factor from the summary solution file is
18.9. Therefore, the fixed solution quality factor is acceptable.

(3) From Table 10-3, with abasdine length of 7 km for baseline 1402 (between O - 20 km), an
acceptable RM S (small), an acceptable variance ratio (large), and an integer solution, the fixed solution
should be acceptable.

e. All other formulated basglines for this survey were found to be acceptable.
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TRIMBLE NAVIGATION, LTD.
SHS NORTH MARY AVENUE
SUNNYVALE, CALIFORNIA 940886
U.5.A.

PROGRARM TRIMVEC
GPS5 RELATIVE POSITIONING SOLUTIOHN
VERSION B8.028

—{ a8 - listing of the fi;m|
File name: 1402205%9.fixe—
Coordinate system - WGS5-84 ,..[h = type of -::luti.on|
Type solution: Double difference |i - sessionti
Start date/time: 1988/ 2/29 7:26:30 day of year 60 tow 113180
Stop date/time: 1988/ 2/29 9:32:30 day of year 60 tow 120750.

Data available ¢ = gatellite availabilit

station: 1 B
BREI B lucwsnsssieieesernses

gat: B ....

Bat: 9 t..c.aa e A e o S e i e R S R i - e cessan
Eatill f.iviiaas T L I A

BREIL2 [ owvonamobasdsdss FE B BB EE S H BB E I EEEEEEE R E RN
BAEE)3 lisassasresrisssanssdana P R G- A P sssssanan

gat: 3 : e R T

E I T T T i =

station: 2

‘lt:ﬁ:.;;--tll
pat: B :.... i
llt: 9 il L BRI I R R E AR L =
BAL:1] 2.iccansrrsresssssssannanassannrsnssannanntns :
Bat:12 f.vecvecrrerannanrsasraessatran it raana s sassnsasnal
BAL:13 fiscsanannsrmnnsnananiniansena I EEEEE] ssss s aeasasssaanal
sat: 3 ; sanaEssss ke RS raa e R R R nsa st
-

Ephemeris file used: 20140592.eph {1d - ephemeris file used)
SATELLITE RODE(hr.} HERLTH WEEEK NO. TOW | SEC) URA (M) E

] 3.41 0 425 113040.00 5.7

B 4,585 0 425 113040.00 889.0

g T.96 0 425 112770.00 4.0

11 3.98 0 425 112770.00 2.B

12 B.26 o 425 112770.00 5.7

13 4.55 o 425 112770.00 16.0

3 T.40 1] 425 114570.00 2.0 J
Broadcast satellite clock correction values [c - gatellite availabilit
pro afo afl afl toc

§ =, B698371239D-03 -.1784883352D-10 -.27755575620-16 .11B8D+06
B .4412536509D-03 -.7458783B16D-05 -.2775557562D-16 .1188D+06
9 .2129529630D-03 .1354242053D-11 -.2775557562D-16 .1188D+06
11 -.99658500400-04 -.4B888534022p-11 .0000000000D+00 .1188D+06
12 .6357054226D-03 .5343281373p-11 .0000000000D+00 .11B8BD+06
13 .3238730133p-03 .2273736754D-11 .0000000000D+00 .1188D+06
3 .4011737183D0-03 -.6821210263D-12 .0000000000D+00 .1188D+06

Figure F-8a. TRIMBLE Baseline Solution File (Ukiah Baseline 2014--2002)

F-12



EM 1110-1-1003

1Jul 03

Message file for station 1

Station ID 2n14 Sesgion #: 059-2 Feb. 29, 1988 07:24
Refarence Position - HIGH ACCURACY:

Lat.= 39:07'57.401"F Llong.=123:12'14.788"W Height=190.2 [meters]
Antenna height = 1,4387 [meters] (entered in the field of feet)
Receiver serial # = 4604

Antenna serial # = 110 (entered in the office)

Survey echedule mode = AUTOHATIC ik - station information|

Data-logging start time = 07:26

Data-logging stop time = 09:33 [j - data logging time

ch®t chl ch2 Chd <Cch4 Ch5 ChE Ch? ChB

c - satellite

5Va 3 & 8 9 11 12 13 0
# meas 379 170 28 506 445 506 506 0 0 +]
# cont 379 170 28 506 445 506 506 0 o o

SV Selection mode = MANUAL mzcrxm———[;-_nm
Elevation magk = EEI' d Minimum # of SVs = 4

4 SV Position

Latitude: 39:07'57.17388" N 39:07'57.14899" N
Longitude: 123:12'14.47260"W 123:12°14.64029" W
Height [m]: 169.0 170.3

3 gV Position Bast PDOP Position [ 2.5) Mean Position [9)
Latitude: 39:07'57.62620" N 39:07'57.51783" K
Longitude: 123:12°14.95426" N 123"12'14.88427" K

T T R N R

Origin of station 1 coordinates: Bgst C/A code tracking sclution
STATION (mark) 1

= gtation informat
input data file 1 : 20140592.dat
antenna height (m) 1.378

met values used: pressure(mb) 1010.0
temperature(deg C) 20.0 Y h - meteorological datal
relative humidity (%) 50.0
x (m) -2713023.277 lat (dms) W 39 7  57.13720
¥ (m) -4145293.358 elon (dms) E 236 47  45.39187
z (m) 4003847.775 wlon (dms) W 123 12 14.60813
ht (m) 168.8847

Message file for statiom 2
Station ID: 2002 Session #: 059-2 Feb 29, 1988 07:21
Reference Position - LOW ACCURACY:

Lat.= 39:12'30.000"F Long.=123:10'30.000"W Height=244.0 [meters]
Antenna height = 0.1201 [meters] (entered in the field in feet
Receiver serial # = 4806 'k - ptation information]
Antenna serial # = 108 (entered in the office)

Survey schedule mode = AUTOMATIC
pata-logging start time = ””237* j - data logging time]
Data=logging stop time = 0%:3 o

Figure F-8b. TRIMBLE Baseline Solution File (Ukiah Baseline 2014--2002)
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Ch0 Chl c¢h2 <Ch3 ch4 ¢C€hs Ché Ch7?7 ChB Cho
SVs 3 [ ] g 11 12 13 o 0 o
# meas 356 78 41 392 457 515 515 0 0 o
# cont 356 65 41 381 457 515 51% 0 1] o

Elevation mask

4 5V Position
Latitude:
Longitude:
Height [m]:

3 8V Position
Latitude:
Longitude:

5V Selection mode = MANUAL SELECTION

Best PDOF Position [ 3.5
39:11'36.62852" N
123:11'00.34360" W
251.8
k - station information
Best PDOP Position [ 2.5)
39:111'36.93995" N
123:11°00.75300" W

i sat
Mean Position [358)
39:11'36.67782" N
123:11'00.44655" W
247.9

Mean Position [157]
39:11'36.76322" N
123"11'00.69634" W

Llite

used

--------- TE R OE B W W E R E R R SRS R R R R R R R EEEEEEEEEEEEE R EEE

STATION (mark) 2 —

input data file 1 : 20020592. d.t__———:a-[m?ﬂm

dx .785657836034D-04
dy .673839449077D-04 .723510872927D-02
dr =-.B43065752912D=04 -,S5045461569000-03 .464958813305D-03
correlations:
dx dy dz trop biasl bias? bias3 biasé bias5 biasé
bias7
dx 1.000
dy .283 1.000
dz -.680 -.870 1.000
trop .000 .000 .000 1.000
biagl .000 .000 .000 .0O0O0 1.000
bias2 .000 .000 .0Q00 .000 .OOO 1.000
biagd .000 .000 .000 .0OO .0OOO .0OO 1.000
biasd .000 .000 .0OO0 .000 .00C .0OO .0OO0 1.000
biss5 .000 .000 .000 .0O0 .0OO .0OO .OOO .OOO 1.000
biasé .000 .000 .0O0 .0OO .0OD .DOO .0DO .0OO 000 1.000
bias? .000 .000 .0QO0O .000 .000O .0QOO .0QO .OOO .000 .OOO
1.000

antenna height (m) =120
met values used: pressura{mb) 1010.0
temperature(deg C) 20.0
relative humidity(%) 50.0
x (m) =2709224.271 lat (dms) W 39 11 36.66495
y (m) =-4142739.345 elon (dms) E 236 48 59.56810
z (m) 4009144.592 wlon (dms) W 123 11 -43190
ht (m) 244.2339
slope distance (m) 7000.8355 sigma (m) .015 i
normal section azimuth (dms) 14 43 51.68
vertical angle (dms) 0 35 6.58
east{m}) onorth{m) up(m) 1780.090 6770.367 T1.498)m - ion fil
Delta lat(dms) 0 3 39.5277s
Delta lon(dms) 0 1 14.17622
Delta ht{m) T75.3491
-
Vector covariance matrix (m**2) ;
dy

Figure F-8c. TRIMBLE Baseline Solution File (Ukiah Baseline 2014--2002)
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Solutieon Sigma Sensitivity to 10 meter error

in station 1 coordinates

dx (m) 3799.006 . 009 5.958% .000 -, 002

dy (m) 2E854.013 027 =.001 10.000 -.001

dz (m) . 000 . 000 000 000 10.000

trop (%) . 000 . 000 000 000 .000
bias {cycle) . 000 .000 . 000 .000 .000
bias 2 (cycle) . 000 . 000 . 000 000 . 000
bias 3 {eycle) . 000 . 000 . 000 . 000 000
bias 4 (cycle) . 000 . 000 .000 .000 .000
bias 5 {(cycle) 000 +000 .000 .000 .000
bias & (cycle) 000 . 000 . 000 . 000 .000
bias 7 (cycle) .000 000 . 000 000 .000

Results of integer bias search:
.0549 1.06578 1.38295
o 1 0
o 0 0
0 0 1]
0 (1] 1]
0 0 1]
0 0 1]
Ratic sum-of-sgquares(l) to sum-of-sgquares(l) 18.87
Interval between epochs (sec) 120
Epoch increment
Number of measurements used in solution 13%

Number of nnnlurlmentaigejected

RME (cycles)
Elevation mask (deg)
Edit multiplier
Modified Hopfield tropo
Best tracking C/A code po
Station 1

Pdop . T
x (m) -2713023.862
¥y (m) -4145294.253
z (m) 4003848.645

(= Ri]

15.0
3.5

shpere model used

gitions

|m - solution Il

lat (dme) N 39 7 57.13720
elon (dms) E 236 47 45.39187
wlon (dme) W 123 12 14.60813

ht (m 170.2629
25685H}-G3

clock offset(s) .43
freg offset (s/8) =-.1104234BD-08

c:g. calibration(m) Carrier calibration(m)
1 - 2 L2520 .0012
1- 3 L0552 -.0006
1 - 4 =.0249 =-.0007 -
1- 5 .9282 -.0008
1= & -.2124 -.0010

1 - 7 -.0181 .0005

l1- B8 =, 1875 =.000%

1- 9 -.1875 -.0012

1 - 10 1.0630 -.0014
Station 2 |m - solution file
Pdop 2.5 =
X (m) =2709227.033 lat (dms) N 35 11  37.11338
¥ (m) -4142726.880 elon (dms) E 236 48 £9.18749
z (m) 4009155. 162 wlon (dms) W 123 11 .B1251

ht (m) 244.0000

elock offset(s) .BB5B4966D=-03

freg offset(s/s) .58827784D-09

calibration{m) Carrier calibration(m)

1 - 2 L2021 L0007

l1- 3 -.3682 -.0011

1- 4 -.4199 -, 0010 -
1 - 5 -|53¢2 -.DDIJ-
1- 6 -.5234 =-.0011

1 - 7 -,2754 =.0002

1= B =-. 6040 =.0014

1- 9 -, 8003 -.0020

1 =10 -.6953 =.0017

Figure F-8d. TRIMBLE Baseline Solution File (Ukiah Baseline 2014--2002)
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———— S . . - S

TRIMVEC GPS RELATIVE POSITIONING SOLUTION SUMMARY: VERSION BB8.028

SOLUTION OUTEUT FILE: a:14022059.fix

STATION 1: sStation ID: 2014 Session No.: 059-2 Feb 29,1988
07:24

Data-logging start time = 07:26 Data-logging stop time = 09:33

STATION 2: Station ID: 2002 Session #: 059-2 Feb 29,1988 07:21
Data-logging start time = 07:23 Data-logging stop time = 09:32

STATION COORDINATES:

Sta Ant (m) Latitude Longitude Hgt (m)
1 1.378 39:07'57.13720" N 123:12'14.60813" W 16B8.885
2 [TRP] 0.120 39:11"'36.66538" N 123:11'00.43314" W 244.226
2 [FLT] 0.120 39:11'36.66472" N 123:11'00.43068" W 244.249
2 [FIX] 0.120 39:11"'36.66495" N 123:11'00.43190" W 244.234

Origin of station 1 coordinates : Best C/A code tracking solution

SOLUTION SUMMARY:

Solution dx (m) dy (m) dz(m) dh (m) RDOP
TRIPLE 3798.5989 2554.042 5296.822 75.341 nfa
FLOAT 3799.022 2553.984 5296.821 75.365 nja
FIXED 3799.006 2554.013 5296.817 75.349 nfa
FLT=-FIX 0.016 -0.02%9 0.004 0.016
Solution Slope (m) sig Epochs/Rejected Epoch int Epoch inc
TRIPLE 7000.8406 [0.032] 168/ 1 150 (secs) 5 (epochs)
FLOAT 7000.8363 [0.036] 167/ 50 120 (secs) 4 (epochs)
FIXED 7000.8355 [0.015] 161/ 56 120 (secs) 4 (epochs)
Fixed solution quality factor: 18.9

Fixed solution rms: 0.020 (cycles)

Maximum float - fixed delta: 2.0 (cm)

Integers found, RMS is OK, FIXED solution recommended.

Figure F-8e. TRIMBLE Baseline Solution Summary File (Ukiah Baseline 2014--2002)
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F-4. Loop Closure

EM 1110-1-1003

An approximate loop closure was done by following the procedures detailed in Chapter 10.

START

2013 1006 loop on beginning point

The resulting cal culations would proceed as shown in the following computation:

Figure F-9. Loop Closure (Ukiah)

a. Follow Figure F-9, holding 2013 as the starting point.

1 Jul 03

b. Formulate atable similar to that shown in Chapter 10, where dl values are taken from the GPS
post-processed basdine formulations:

Basdine D x (m) Dy (m) Dz (m) Distance(m)
13142059.FIX
2013 -> 2014 -3367.429 -7891.019 -10410.673 13490.362
14021059.FIX
2014 -> 2002 3799.005 2554.018 5296.798 7000.823
02053056.FI X
2002 -> 2006 953.294 -748.319 -16.709 1212.035
06013056.FIX
2006 -> 2001 -666.617 1441548 908.280 1829.593
01132059.FIX
2001 -> 2013 -718.244 4683.775 4222.288 6317.297

c. Sum up the Dx, Dy, Dz, and distance components:

SDx components = Dx(2013->2014) + Dx(2014->2002) + Dx(2002->2006) + Dx(2006->2001)

+ Dx(2001->2013) = -3367.429 + 3799.005 + 953.204 + (-666.617) + (-718.244)

SDy components = Dy(2013->2014) + Dy(2014->2002) + Dy(2002->2006) + Dy(2006->2001)

+ Dy(2001->2013) =-7891.019 + 2554.018 + (-748.319) + 1441.548 + 4643.775

SDz components = Dz(2013->2014) + Dz(2014->2002) + Dz(2002->2006) + Dz(2006->2001)

F-17

+ Dz(2001->2013) = -10410.673 + 5296.798+ (-16.709) + 908.280 + 4222.288

= 0.003

= -0.016
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SDistances = (2013->2014) + (2014->2002) + (2002-2006) + (2006->2001) + (2001->2013)
= 13490.362 + 7000.823 + 1212.035 + 1829.593 + 6317.297 = 20850.110

d. From Equation (10-1):

m=sqrt[ 0.009° + 0.003° + (-0.016) > ] = 0.018601075 or 0.0186
Therefore, misclosure is approximately 0.0186 in 29850.110 m, or 1 part in 1,600,000.
F-5. Final Adjustment

The program used for find adjustment of the Ukiah survey was the GEOLAB program (Version 1.82--
1987). For an in depth technica discussion on GEOLAB, refer to the literature accompanying the
GEOLAB software package. The following discussion on the GEOLAB adjustment of the Ukiah survey
highlights some of the criteria used in the adjustment of a horizontal survey.

a. Theinput datafile for a GEOLAB adjustment iscdled an "IOB" file. An OB file can be
created using atext editor program or with a GEOLAB option cdled "GPS Environment." An IOB fileis
specific to the GEOLAB adjustment software and may or may not be required by other least-square
adjustment software (refer to Chapter 11 or the owner's manua). The GEOLAB Environment option takes
GPS basdline solution files devel oped by most GPS manufacturers and automaticaly sets up an OB file for
adjustment.

b. The OB input file generally consists of the following information:
(1) Top Line. Title Record - usudly a project name and an adjustment number.

(2) Second Line. Options Record - this record specifies which GEOLAB options are to be activated
for processing.

(3) Third Line. Ellipsoid Specification Record - Prints ellipsoid parameters chosen in the Options
Record or as chosen by the user.

(4) Station Information Section. All stations must have their coordinates defined here. The
coordinates must be given as elipsoida latitude, longitude, and orthometric height, or as Cartesian
coordinates. In this section, stations are either held fixed or are to be adjusted. If stations are not held fixed,
estimated coordinates are input.

(5) Auxiliary Parameter Definition Record The auxiliary parameter group definition record is
optiona, but can be used if GEOLAB isto solve for various scae, orientation, trandation, or constant
parameters. In the sample GEOLAB input, enough vertical and horizontal control is held fixed to solve for
SCALE and ROTATION. Rotation isabout the Cartesian X-axis, Y-axis, and Z-axis.

(6) Observation Records Section. In the example GEOLAB input file, only GPS observations are
entered. Each basdine is entered separately with the station name and Cartesian coordinate differences
between the stations, which is the computed baseline. These can aso be entered as Dx=0, Dy=0, Dz=0, for
gation 1 and the 3 D basdline for station 2. For example, basdine 1 would be entered as.
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STATION Dx Dy Dz
92 2001 0.000 0.000 0.000
92 2006 -666.617 1441.548 908.280

The correlation matrix € ements from the basdline solution are dso entered and the last line of the
observation record is the standard deviation for Dx, Dy, and Dz.

c. Figure F-10 depicts GEOLAB input with annotations using the above convention.

d. Once an |OB file containing parameters necessary to perform an adjustment has been compl eted,
the adjustment can begin. Thefirst step isto select the baselines needed for the adjustment. The baselines
chosen must have been processed adequately, as detailed in Chapter 10, or as recommended by the GPS
manufacturer.

e. The example 10B file shown in Figure F-10 was adjusted as shown in Figure F-11.

f. For the firgt adjustment (Figure F-11), one point was held fixed in 3D, producing a free
adjustment). A free adjustment checks the internal consistency of a GPS survey--refer to Chapter 11 for
further details.

g. A second adjustment (not shown) can be done to check the existing network if these control
points are directly tied together with GPS basdines. To do this with GEOLAB, the user must set up an |0OB
file with only the fixed control and the respective basdlines connecting them. Hold fixed al control except
one point, then perform the adjustment. Next, fix that control point and free one of the others, and keep
repeating this procedure until al control points have been alowed to be checked againgt it's true position. If
the position of one control point is "bad”, that point can generdly be omitted from the subsequent
congtrained adjustment or alowed to adjust with the other points.

h. A final constrained adjustment (Figure F-12) should hold fixed al good horizontal and vertica
control. Adjust and check the output as detailed in Chapter 11.

F-6. Check of the Final Adjustment

After each adjustment was run, the 2-D and 1-D station (absolute) error elipse for each adjusted point was
reviewed (for further discussion on error dlipses and adjustments, refer to Chapter 11). These arelisted as
major semi-axis, minor semi-axis, mgjor azimuth, and vertical. The sizes of the error dlipseslisted in this
portion of the GEOLAB adjustment are an indication of the internal consistency of the GPS survey. The
smaller the sSize of the dlipse, the better the survey. The size of the élipse will aso generally become larger
asthe project sizeincreases. In the constrained adjustment shown, the major semi-axis and minor semi-axis
are of the mm level (0.0066 and 0.0048 mm for 2001 and 0.0062 and 0.0044 mm, respectively) - which is
acceptable.

a. The 2-D and 1-D reative error elipses and line accuracies (i.e. precision) between survey points
were checked. These are listed as mgjor semi-axis, minor semi-axis, major azimuth, vertical, spatia
distance, and precision (as shown on labeled page 16 of the free adjustment and page 17 of the constrained
adjustment). When checking these values, one should remember they are relative values. The relativity of
points used in the adjustment can sometimes produce deceptive values, higher mgor semi-axis and minor
semi-axis values: this may occur between points that are close together, but have not been tied together by a
baseline. Because of the possibility of the production of deceptive results, the user must take specia care
when reviewing these values. In the constrained adjustment shown, the mgjor semi-axis and minor semi-
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axis are of the mm level (0.0045 and 0.0036 for the baseline 2001->2002). The project precison in parts
per million (ppm) is aso listed in this portion of the adjustment and should be checked.

b. The histogramsin the GEOLAB adjustments were reviewed. The histogram isavisua
representation of the standardized (normalized) residuas. The histogram shows whether the resduals are
symmetrica about the mean residual, the total spread of values of the residualss, the frequencies of the
different values, and how peaked or how flat the ditribution of the residuas may be. A generally good
looking histogram has data that, when graphed, is in the shape of abell curve.

c. Thefree adjustment line accuracy precessions shown on Figure F-11 are the primary criteria
used to evaluate the survey adequacy. The wordt precision (4.182 ppm between 2001 and 2013) equates to
1:239,000. Thisfar exceeds the required project accuracy (1:10,000). The relative line accuracy between
2001 and 2002 on the constrained adjustment was 3.846 ppm, or 1:260,000. This indicates excellent
connections with existing control.

d. The variance factor shown on each adjustment is within acceptable limits (0.5 to 1.5). Assuch,
it could be used to determine outlier limits for rejection of data, as explained in Chapter 11.

e. Theresidud corrections to each baseline component are shown on each adjustment. Special
review is made of the Standardized Residuals, which one will find is approximately comparable to
Normalized Residuadsin GEOLAB software. None of the residuals were flagged (based on Tau Max
testing) for exceeding tolerance.

f. The 3-D positiona and relative confidence regions (ellipsoid) and 3-D line accuracy precessons
are shown at the end of each adjustment. These statistics are not gpplicable for most USACE work.

g. Of dl the output statistics, only the resduas, standardized residuds, relative 2-D/1-D line
precessions, and variance factor have useful application for USACE work. The histograms, Chi-square
tests, 3-D dlipsoid, etc. are useful only if one understands their derivation and application.

h. The results of the free and constrained adjustments in this example were not significantly

different. Thisisusualy not the case--typically, station/line accuracies degrade on the constrained
adjustment.
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COYOTE DAM CONTROL
0 021 001
BO 6378137.000

2001

2006

2002

2014

2015

94 3DDWGSXX |
baseline# 1

913DD

92 2001
2006

943DDWGSXK

EEPDCUPEER

S8 1

98 ?.DGEDDU
baseline# 2

913DD

52 2002

92 2006

954 3DDWGSXX

S7PDCUPPER

58

og

o8

a8

1

1

1

0.003000
seline#

30D

g2 2001

92 2002
943DDWGSXX
S7PDCUPPER

og 1 8

98 1

98 1

9B 0.003000

aseline#

0.004000
aseline#

1 Jul 03
010 00 010100 0.001 95.1‘3&0@
29B8.2572221011 0.000 0.000 0.000
=2708942,23500 -4142043.83100 4010047.0300
N39 11 34,.37462W123 10 10.28988 366.0850
09230, T#Dﬂﬂ -4142726.83300 4009152.53400
N39 7 57.41258W123 12 14.77684 190.1700
N39 15 12.11624W123 13 17.48887 222.8350
SCAL ROTX ROTY ROTZ
day 57 01063056.FIX ype 10
=2708942.2135 -4142043.831 010047.030
-2708275.618 -4143485.379 %Dﬂ?l&ﬂ.?ED
0.5690 -0.6230
-0.6310
0.006000 0.004000
day 57 02063056.FIX ~type 10
—ﬂ._.
-2709230.740 -4142726.833 4009152.534
=2709227.764 =-4143475.151 4002135.824
0.3900 -0.6720
=0.4460
0.005000 0.004000
3 day 59 01022058.FIX Gl‘“type 10
;:5'—-@-.
=27085941.095 =-4142050.632 4010039.950
-2709227.764 -4142743.851  40091495.248
0.5190 =0.5760
-0.7560
0.004000 0.004000
4 day 59 01023058.FIX ~type 10
-2708946.108 —dl42ﬂ4§.213 4001039.950
-2709232.787 -4142741.441 4009148.372
.6130 -0.7240
-ﬂ 6180
0.004000 0.004000 I
5 day 60 14021059.FIX type 10

Figure F-10a. GEOLAB Input (Ukiah)
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92 2014 -2713050.517 -4145286.831 u;ahssﬁ?.sas
92 2002 -2709251.512 -4142732.813  4009164.383
943DDWGSXX
97PDCUPPER
98 1 0.5930 -0,2650
98 1
98 0.018000 0.016000 0.020000 @\.t
bageline# 6 day 60 13142059.FIX ype 10
913DD ..==-@~...
92 2013 =2709663.600 =41374217450 4014263.662
92 2014 -2713031.029 -4145312.470 4003B852.989
943DDWGSXX
97PDCUPPER
gg % -0.8850
98 0.015000 0.046000 0.023000
i O
baseline# 7 day 60 13012059.FIX type 10
913DD ._--——-““::::=='ql‘u
92 2013 -2709663.600 -4137421.450 4014263.662
92 2001 -2708545.356 -4142065.225 4010041.375
94 3DDWGSXX
97PDCUPPER
98 1 0.4380 -0.5290
98 1 -0,9090
o8 1
98 0.007000 0.020000 0.015000
99 }

Figure F-10b. GEOLAB Input (Ukiah)
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PREPARE: ASCID input file: <wcoyote Z.iobe.

PREPARE successfully completed,

Geolab - V1.825, (C) 1985/85/ET BitWise Ideas Inc. [103207596) Fage 0

GETUP:

PARAMETERS | ORSERVATIONS
Description | Number | Bescription l Number
ALl stations ] Directions | 1
Fixed Stations 1 Distances 0
Free 3-D Stations & Azimuths 1]
Free 2-D0 Stations 0 Vertical Angles 0
Free 1-0 Stations 0 Zenithal Angles i
Coord. Parameters 12 Angles 0
Astro. Latitudes 0 Heights 0
Astro. Longitudes ] Height Differences 0
Geoid Records 0 Mxiliary Params. 0
ALl e, Pars, [} 2-0 Coords. 0
Direction Pars. o 2-0 Coord. Diffs. 0
Scale Parsmeters L] 1-D Coords. ]
Constant Pers. L] 3<D Coord. Diffs. 21
Rotation Pars. L]
Translation Pars. [}
Total Parameters 12 Total Observations 21 !
Degreses of Freedon = 9

-------------------------------------------------------------------------------

Geolab - V1,825, (C) 1985/B5/87 BitWise ldeas [nc. [10320T686)

SIMMART OF SELECTED OPTIONS

OPTION
Computation Mode

Linear Unit

Maximum [terations
Confidence Regions Selected
Confidence Region Dimensions
Print Input Station Data
Variance Factor Kmowledge

Confidence Level for Statistics

Dual-Height Mode
PFrint Solution Vector

Printed Ellipsoidal Coordinates

Print Adjusted X, Y, 2
Print Histograms

Print Misclosures

Print Residuals

Variance Facter Usage
Residual Rejection Criterion

Angular Misclosure Limit Factor
Linear Misclosure Limit Factor

Convergence Criterion

Page 1

SELECTION

Adjustment

Metre

2

ALL

1-0, 2D, and 3-D
on

Known

95000

off

} on ALl lterations
5 Decimal Places
on

| On

On ALL Iterations
AlL

Scale Confidence Regions
Tau Max

10

Geolab - V1.825, (C) 1985/86/87 BitWise ldeas Inc. [103207496)

Figure F-11a. GEOLAB Adjustment Output (Free)
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U.5. ARNY ENGINEER TOPOGRAPHIC LABORATORIES
COYOTE DAM FREE ADJUSTMENT

A= B3TE137.000 B= 6356752.314 X0= 0.000 vi= 0.000 Z0= 0.00D
CODE IDENT DESCRIPTOR INITIAL VALUES
14 2006
ELLIPSOIDAL : 3% 11 3437662 -123 10 10.28R88 336.0850
ASTRONOMIC : 39 11 3437682 -123 10 10.2B988 3346.0B50
GEOIDAL : 0 0.00000 0 0 0.00000 0.0000
CARTESIAM -2T08280.4788 -L143406 . TT21 40091476933
24 2001
ELLIPSOIDAL : 3% 12 16.43422 -123 11 6.45%41 243 8558
ASTROMOMIC : 39 12 1643422 -123 11 6.45947 2038558
GEDIDAL . 0 0 0.00000 0 0 0.00000 0.0000
CARTESIAN - 2708942, 2350 -514204% . 8310 L01004T .. 0300
26 2002
ELLIPSOIDAL : 37 11 37.00656 -123 11 0.94288 243.8815
ASTRONOMIC : 39 11 I7.00656 =123 11 0.94288 243 8815
GEOIDAL : 0 0 0.00000 0 0 0,00000 0.0000
CARTESIAN @ 27059230, 7400 414627268530 4005152 . 5340
26 204
ELLIPSOIDAL : 3§ 7 S5T.44186 -123 12 15.7058% 188.7219
ASTROMOMIC @ 39 7 57.84196 -123 12 15.7058% 188. 7219
GEOIDAL ; 0 0 D.0DODO 0 O 0.00000 0.0000
CARTESIAN @ -2T13050.5170 ~4145286.8310 40038575850
24 2013
ELLIPSDIDAL : 39 15 11.55819 -123 13 17.1535& 220.5009
ASTROMOMIC : 39 15 11.5581% -123 13 17.155%6 220.500%
GEDIDAL ! 0 0 0.00000 0 0 0.00000 0.0000
CARTESIAN @ = 2709643 . 6000 - 137421 .4500 40142636620
GETUP successfully completed.
GeolLab - V1.B28, (C) 1985/B4/87 DitWize Idess Inc. [1032076961 Page I
FORMEQ: NOTE &: Reordering was done.
AT TO DBS TYPE DESERVATION APPROX.S1G.  MISCLOSURE
2001 2006 3-D X-Coord Diff 55,8170 0.0037 =4 BS0E
2001 200& 3-D Y-Coord Diff =1441.5480 0. 0045 -8.3531
2001 200& I-0 Z-Coord Diff =008, 2800 0.0028 9.1633
2002 2006 3-D X-Coord Diff £53.2950 0.0022 -3.0338
2002 20058 3-D Y-Coord Diff -T48.5180 0. D044 =19.6211
2002 2006 3-D Z-Coord Diff -16,.7100 0.0029 12.0653
2001 2002 3-D X-Coord Diff = 285.66%0 0.0024 =1.8360
2001 2002 3-D Y-Coord Diff -49%5 . 2180 0.0024 10.2170
2001 2002 3-0 2-Coord Diff -891.58%0 0.0025 =2.9070
2001 2002 3-D X-Coord Diff =285 .4T90 0.0026 =1.8240
2001 2002 3-0 Y-Coord Diff =693.2230 0.0030 10.2210
2001 2002 3-0 2-Coord Diff -B91.5780 0.0024 -2.9180
2014 2002 3-0 X-Coord Diff ITe9.0050 0.0129 20,7720
2074 2002 3-D Y-Coord Diff 2554,0180 0.0101 5.5800
2014 2002 3-0 2-Coord Diff 5296. 7980 0.0113 =11.84%0
2013 2014 3-0 X-Coord Diff =135T.6290 0.0%142 -19., 6880
2013 2014 3-D Y-Coord Diff =TE&91.0200 0.0210 25 .6390
2013 2014 3-0 I-Coord Diff =104 10,8730 0.0%4T 16 5960
2013 2001 3-0 X-Coord Diff T18.2440 0.0059 31,1210
2013 2001 3-b Y-Coord Diff =464% . TS0 0.0083 21.3940
2013 2001 3-0 2-Coord Diff -4222. 2870 0.0059 5 .5550
FORMED successfully completed.
GeolLab - V1.B25, (C) 1985/B&4/87 BitWise [deas Inc. [103207575) Page &

Figure F-11b. GEOLAB Adjustment Output (Free)

F-24




EM 1110-1-1003
1Jul 03

R L

U.S. ARMY ENWGINEER TOPOGRAPHIC LABORATORIES
COYOTE DAM FREE ADJUSTMENT

A= EBTBI3V.000 B= 6356752.314 X0= 0.000 0= 0.000 20= 0.0og
SOLVE: Solution {Iteration Count = 1):

CODE IDENT. TYPE INITIAL oX UPDATED
24 2001 LATITUDE I O12 N4.A3a22 001613 39 12 1444838
24 2001 LONGITUDE =123 11  B.45941 006676 =125 11 647685
26 2001 REIGHT 263 BASTT 13.5304% 25780548
26 2002 LATITUDE 39 11 37.00855 00672 I 1 3&.93RRT
g 2002 LONGITUDE -123 11 0.94285 034171 -125 11 0.60115
24 2002 HE[GHT 26388154 2183376 265.51530
26 204 LATITUDE I T ST.AL1RG -0.02938 ¥ T 57.41258
26 2004 LOWGITUBE -123 12 15.7058% 0.92005 -123 12 14.T7eB4
26 2014 HEIGHT 188, 72193 1.44519 198016712
26 2013 LATITUDE 3w 15 11,5819 055805 37 15 12.1162%
26 2013 LONGITUDE =123 13 17.153%% -0.33491 123 13 17.48887
2k 2013 HEIGHT 220, 5009 2.334TE 22283570
SI:I.'-'E successfully completed.

Elnhh Vi.B28, (C) 19B5/85/8T BitWise Ideas Inc, [103207694] Page L]
FORMEQ : FORMED successful ly completed.

Geolab - ¥1.825, (C) 1985/B6/BT BitWise ldess Inc, [1032076R5] Page &
SOLVE: Adjusted Values (Iteration Count = 2):

CODE 1DEMT. TYPE INITIAL by ADJUSTED
14 2006 LATITUDE 311 3437462 FIXED

14 2008 LONGITUDE -123 10 10.28988 FIXED

16 2006 HE IGHT 134, 08500 FIXED

26 2001 LATITUDE IPO12 1464836 -0.00000 3% 12 14.44836
26 2001 LOWGITUDE -123 11 &.41445 =0.00000 -123 11 &.4%445
26 2001 HEIGHT 257 . 80546 -0, 00000 257.80546
26 2002 LATITUBE 3911 3593927 0.00000 39 11 3&.9392T
24 2002 LONGITUDE -123 11 0.60115 -0.00000 -123 11 0.6011%
24 2002 HE1GET 265 .51530 0.00001 265.51530
b 2004 LATITUDE 3} OT ST =0.00000 39 7 57.41258
2 2014 LONGITUDE -123 12 14.T7584 -0.00000 -123 12 14.7T6BL
2 2014 HEIGHT 190. 16712 0. DD 190. 16716
26 2013 LATITUDE ¥ O15 12.1162 <0.00000 3% 15 12.11824
26 2013 LONGITUDE -123 13 17.48387 =0.00000 -123 13 17.4888T
246 2013 HEIGHT 22283570 0.00003 222, 855T3
Enl.ah = V1.B25, (C) 1RE5/B5/ET BitWise [deas Inc. [103207é%4) Fage 7

B L T L T L L L L L T T T Tepmppap————

Adjusted Cartesisn Coordinates:

CODE IDEMT. X-CODRDTMATE f-MIH'I'E 2-000RD INATE
24 200 - 2TDERLT . 0578 *mam 284 4010056, 1788
24 2002 2709233, TT4 =4 162746.4510 L00R184 5970
26 2014 -2T13032. 7730 -4 145500, 4675 S003BET , TPa3
24 2013 -ZT09665 . 34621 =& 1374094529 0146278, 4682

SOLVE successfully completed.

Geolab - V1.B25, (C) 1985/B46/B7 BitWise ldeas Inc. [103207694) Page

Figure F-11c. GEOLAB Adjustment Output (Free)
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EM 1110-1-1003
1Jul 03

U.5. ARMY EMGINEER TOPDGRAPHIC LABORATORIES
COYOTE DAM FREE ADJUSTMENT

A= A3TAVIT.000 B= ABSETSZ.IN4 MO= 0.000 Y= 0.000 Z0= 0.000
INVERT: INVERT successfully completed.
Geolsb - v1.825, (C) 1985/B6/87 BitWise ldeas Inc. [103207&26) Page 9
REEID:
STATION 3-D COORD DIFFS STD.DEV. RESIDUAL STD.DEV.  STAM.RES.
2001 -27T0B04 2, 2350
*‘-‘1%31 ﬂm
L010047 , (300
2005 ~ET0ERETS . 618D 0.0050 0.0020 0.0040 04913
-4163485. 3790 0.00s0 0.0043 0.004& 09722
4009138, TSO0 0.0040 =01, 0055 0.00248 2113
End of Observation Set
2002 = 2709230, T400
-4142726, 8330
4009152, 5340
2004 -ZT0B2TT. 4450 0.0030 -0.0024 0.0015 -1.5684

-4143475, 1510 0.0050 -0 0031 0.0037 =1,0050
LO0GVES, B240 0. 0040 0. 0053 0.0025 2.46021
End of Dbservation Set

2001 =2T0894 1. 0950
-4142050.6320
010040 . 8370

2002 =ET09227. Ti0 0.0030 =0, 0045 0.0020 < 2. 2505
-6142743 8510 0.0040 =0 0034 0.0031 -1.1723
G009149 . 2680 0.00&0 0.0072 0.00%2 2.2T90

End of Observation Set

2001 - 270aRE . 1080
4162048, 2180
40100399500

2002 -2T09232. T80 0.0040 D054 0.0033 1.6114

0
-G 1427414410 0.0040 0. 0004 0.0031 0.1290
4009148,3T20 0.0040 -0.0038 0.0032 -1, 1996
End of Dbcervation Set

2014 -2F13050.5170
-4 1452068310
4O03BET . SE50

2002 < 2FOFES1.5120 0.M80 =0.0034 0.013 -0.2586

-&142752.8130 0.0180 =0.0015 0.0077 =0, 1963
LD0F16L ZE30 0.0200 00047 0.M129 . 36861
End of Observation Set =

a3 - 2FOREES . 6000
-4 1574214500
L014263 . 6620

204 - 23031, 0290 0.0150 -0.001% 0.0092 -0.2019

=4145312.4 700 0.0450 00054 0.0407 0.1332
40038529890 0.0330 0.o011 0.0275 0.0389

RESID:
STATION 3-b CooRD DIFFS STD.DEV. RES DAL STO.DEV. STAM.RES.
End of Observation Set iz
2013 - 2T0P643.6000
-4 1576214500
LON4243 . 6420
2001 - 2708945, 3560 0.0070 0.0003 0.0021 0,159

41420652250 0. 0200 -0.0005 0.0076 =0, 0670
4010041.3750 0.0150 =0,0004 0.0055 -0, 0743
==== End of Observetion Set

-------------------------------------------------------------------------------

Figure F-11d. GEOLAB Adjustment Output (Free)
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.................. e

U.5. ARMY ENGIMEER TOPOGRAPHIC LABORATORIES
COYOTE DAM FREE ADJUSTMENT
A= &ITBI37.000 = A356752.314 X0= 0.000 Yo= 0.000 0= 0.000

...............................................................................
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Geolab - V1.B25, (C) 19ES/B&/8T BitWise Ideas Inc. [103207E96] Page 12
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Figure F-11e. GEOLAB Adjustment Output (Free)
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U.5. ARMY EWGIMEER TOPOGRAFHIC LABORATORIES
COYOTE DAM FREE ADJUSTMENT
A= 6G3TEIT.000 B= S354TS2.314 X0= 0.000 Y0= 0. EIDU 20= 0.000

STATISTICS SUMMARY

s EEESAAEAEEEEEEE R eSS

Residual Critical Value Type Taw Max
Residual Critical value 2.5783
Convergence Criterion 0.001000
Final [teration Counter Value 2
Confidence Level Used #5.0000
Number of Flagged Residuals

Estimated Variance Factor 1.3376
Mumber of Degrees of Freedon 9

[ ]
[
| Chi-Square Test on the Variance Factor:
]
[

£.3203e-001 < 1.0000 < &.437Fe000 7

T T P PP R PR PR SR PR LR L L L niaithe it

RESID successfully completed.

----------------------------------------------------------------------------

- W1.825, (C) 1985/BS/ET BitWise ldeas Inc, [103207EP6] Page 13

............................... SEssss s s E

e

NOTE: ALl confidence regions were computed using the following fln:tur-;
Virfnce factor wsed % vemsr
Estimated variance fector = 1.35757
1-0 expansion factor = 1,960
=D expansion factor = 2.bb8

3-p expansion factor = 2.7%%

Wote that, for relative confidence regions, precizions are
od from the retio of the major semi-axis and the spatial
distance between the two stations.

1

i

1

i Error ellipees for which all eovarisnce matrix elements

H were not computed by INVERT, are marked with an ssterisk (*).
1
i

-------------------------------------------------------------------------------

----------------------------------------------------------------------------

ELI.IPEE 20 m 1o ﬂ.l.'l'lﬂ COMFIDENCE REGIONS ( 95.000 l].
IDEI'-T- MAJOR SEMI-AXIE MINOR SEMI-ANIS AZ(MAJ) VERTICAL
2001 0.0073 0.0054 126.77 0.0112
2002 0.0074 0.0047  130.94 0.0106
2014 0.0277 0.0211 84.20 0.0483
2013 0.0273 0.0138 9577 0.0505

geolab - v1.825, (C) 1985/8&/87 BitWise Ideas Inc. [103207696] Page 15

Figure F-11f. GEOLAB Adjustment Output (Free)
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U.5. ARMY ENGIMEER TOPOGRAPHIC LABORATORIES
COYDTE DAM FREE ADJUSTMENT
A= S3TE137.000 B= 6356752314 Ni= 0.000 ¥0= 0.000 20= 0.000

T L LT e L e L LT L L

ELLIPSE: 2-D AMD 1-D RELATIVE STATION COWFIDENCE REGIONS ( 95.000 X):

FROM T0 LSEMI MIN.SEMI AZ{MAJ) VERTICAL SPATIAL DIST PRECISION
2001 2002 0.0045 0.0038 105.27 0.0082 1165,1856  3.881 PP
2001 2014 0.0272 0.0204 B4.0F 0.0475 B095.2706  3.363 pAu
2001 2013 D.0266 00125 9467 0.04%4 63T.2966  4.182 PPH
2002 2014 0.0271 0.0203 83.67 O0.&73 TODO.2237  L.BT1 PPN
2002 2013 0.0267 0.0130 94,73  0.0499 74041516 3.612 PPN
2014 2013 0.035% 0.0216 91.66 0.0607  13490.3582  2.660 PPM

ELLIPSE: 3-D STATION CONFIDENCE REGIONS ( '95.000 X):
IDENT . MAJOR SEMI-AXIS MED[UM SEM]-AXIS MIMOR SEMI-AXIS
2001 0.0181 0.0082 0.1005%
A=180.0 V= BD.& A=298.9 V= 4.7 A= 9.6 V= B3
2002 0.0152 0.0082 0.0054
A=161.8 v= T9.% A=307.9 ¥= B.4 A= 38,7 v= 5.6
2014 00490 0.0314 0.0237
A=345.0 v= BS.1 A= B5.T v= 0.7 A=1T5.B v= 3.8
2013 0,074 0.0219 0.0157
A= 9.5 W= 2.1 A=279.0 ¥= 7.7 A=188.6 V= 1.3
Geolsb - V1,825, (C) 1985/86/87 BitWise ldeas Inc. ([103207498) Fage 17

ELLIPSE:z 3-D RELATIWE STATION COMFIDEMCE REGIONS { #5.000 X):

FROM Ta WAJOR-SEM] MED.-SEM] MINOR-SEMI SPATIAL DIST. PRECISION

2001 2002 0.0117 0.0051 0. 0044 1165.1856  10.011 PPH
A= Ov=R0 A=F0 V=0 A= 0 w=10

2001 2014 0.067 0.0311 | 0.0228 B0%5. 2706 8.3%2 PPA
A=34T v=B4 A= B4 W= 1 A=1TE V= &

2001 2013 0.0739 0.0201 0.0%42 &317.2086 11,704 PPH
A= 3 Va7 A=2TF ¥=18 A=188 v= 2

2002 2016 0.0677 0.0309 0.022% 7000, 8237 9685 PPH
A=342 V=85 A= 83 W= 1 A=1T3 V= 4

2002 2013 0.0T45 0.0210 0.0148 T40%. 1518 100084 PP
A= 93 V=72 A=278 V=18 A=188 v= 1

2014 2013 0.08a7 0.0343 0.0245 1340, 3592 &6.5T7 PPH

A= 85 vaTb A=2TS Weld A=185 w= 2
ELLIPSE :mn!ﬂfull]r compl eted.

B P R L T B T T sremmEs s

Geolab - ¥1.825, I‘.E] 1985/86/8T BitWise ldeas Inc. [103207596] Page 18

Figure F-11g. GEOLAB Adjustment Output (Free)
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U.5. ARNY EMGINEER TOPOGRAPHIC Lﬂlg;gi
COYOTE DAM_ CONSTRAIMED ADJUSTMENT WAD-E3

A= LETE137.000 B= &356752.314 X0= 0.000 ¥0= 0.000 Zo= 0.000
PREPARE : ASCIl input file: <coyote 1.iobe.
PREPARE successfully completed.
Geolab - V1. 5'23, {C) 195/ B4/ 87 BitWise Ideas Inc. [103207E56] Page ]
GETUP:
H PARAMETERS | DESERVATIONE
lammemeesa=s o
| Description | Humber i Description ! Humber
N e e e i o A )
1
1 ALL Stations 5 Directions i' 0
| Fixed Stations 3 Distances ! 0
! Free 3-D Stations 2 Azimuths 0
! Free 2-D Stations ] vertical Angles 0
| Free 1-D Stations ] Zenithal Angles 0
| Coord. Parameters & Angles 0
| Mstro. Latitudes 0 Heights o
| Astro. Longitudes 1] Height Differences 0
Ceoid Records ] Auxiliary Params. 0
ALl Mwx, Pars. & 2-b Coords. 0
Direction Pars. 1] 2D Coord. Diffs. 0
| Scale Parameters 1 3-p Coords. 0
| Constant Pars. 0 3-D Coord. Diffs. 21
| Rotation Pars. 3
Translation Pars. 0
Total Parsmeters 10 Totel Dbservations 21
| e s oo s SO S S S S S S frsscssssEsssmEsEmEEEEmEE TS
E Degrees of Freedom = 1
Geclab - V1,828, (C) 1PES/BE/BT BitWise Ideas Inc. [103207656] Fage 1
GETUP: SUMMARY OF SELECTED OPTIONS
OPT LON SELECTION
Computation Mode Adjustment
Linear Unit Metre
Meximm [terations ?
Confidence Regions Selected ALl
Confidence Region Dimensions 1-p, 2-D, and 3-D
Print Input Station Data On
Varjence Factor Knowledge Kniown
Confidence Level for Statistics 5000
Tual-Keight Mode off
Brint Solution Vector on ALl [terations
Printed Ellipsoidal Coordinates 5 Decimal Places
Print Adjusted X, ¥, 2 On
Print Histograms on
Print Misclosures On ALl Iterations
Print Residuals ALL
Verience Factor Usage Eeale Confidence Regions
Resicual Rejection Criterion Tau Max
Angular Misclosure Limit Fector 10
Linear Misclosure Limit” Factor 10
Emrme Criterion 0.001000
GeolLab - V1.825, (C) 1985/B&/87 BitWise Ideas Inc. [103207596] Page z

Figure F-12a. GEOLAB Adjustment Output (Constrained)
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U.5. ARMY ENGINEER TOPOGRAFHIC LABORATORIES

16 2013

16 2014

B WGSEN

GETUP successful ly completed.

FORMED:

2014
2014
2014
2013
2013
2013

SREERARERERE

2002
2002

g

2001
2001
2001

FORMER successfully completed.

COYOTE DAM ADJUSTHMENT WAD-BE3
A= GITB15T7.000 B= &356T32.314 XO=

0.000 YO= 0,000 20= 0.000
DESCRIPTOR INITIAL VALUES
ELLIPSOIDAL : 39 11 34.37642 -123 10 10.259838 334.0850
ASTRONOMIC = 39 11 36.3T662 =123 10 10, 28988 336.0850
GEDIDAL : 0 0 000000 0 0 0.00000 0.0000
CARTESIAN = ~2T08280.4TRE =L163494 . T2 L0094 T. B33
ELLIPSOIDAL : 39 15 12.11626 -123 13 17.48887 222, 8350
ASTROMOMIC = 39 15 12.11825 -123 13 17.48887 222 B350
GEOTDAL ] 0 0 000000 O 0 0.00000 0.0000
CARTESIAN = -2T05645.3418  -£137409.4525  L01427B.46ST
ELLIPSOIDAL : 39 7 ST.41258 -123 12 14.77684 190.1700
ASTRONOMIC = 39 7 57.41258 -123 12 14.77684 180. 1700
GEDIDAL H 0 0 000000 0 O O.00000 0.0000
CARTESIAN -2TI3032. 7742 -4145300.4693  4LDO3BST.TRE0
ELLIPSOIDAL : 3% 12 16.43422 =123 11 &.45%41 243, B558
ASTROWOMIC : 39 12 94.43422 123 11 &.45941 2438558
GEDT DAL 2 0 0 000000 0 O 0.00000 0.0000
CARTESIAN  : -2T08%42 . 2350 -£142043 8310  4010047.0300
ELLIPSOIDAL : 3% 11 37.00854 -123 11 0.54288 243 _A815
ASTRONOMIC : 39 11 37.00856 -123 11 0.54288 243.8815
GEDIDAL . 0 0 000000 0 O O0.00000 00000
CARTESIAR - 2709230, TR0 -R142726 8330  LOD91S2.
300 SCAL 0. 00000
30 ROTY 0. 00000
30 ROTY 0., 00000
300 ROTZ : 0. 00000
Geolab - V1,825, (C) 1985/BS&/87 BitWise Ideas Ime. [103207556) Page 3
HOTE &: Reordering was don.
0BE TYPE OBSERVATION APPROOL.SIG.  MISCLOSUR
3-D X-Coord Diff &6 . 6170 0.0037 -4, 8508
3-D Y=Coord Diff = 1441 . 5480 0.0045 -9.3531
3-D 2-Coard Diff =908, 2800 0.0028 9. 1433
3-D X-Coord Diff 53,2950 0.0022 -3.0538
3-0 Y-Coord Diff - T4, 3180 0, 0044 -19.6211
3-D Z-Coord Diff -16.7100 0.0029 12.0693
3D X-Coord Diff - 284, 5850 0.0026 -1.8560
3-b Y-Coord Diff 553,2190 0.0028 10.2170
3-0 Z-Coord Diff -B¥1.5890 0.002% =2.907T0
3-D X-Coord Diff - 2866790 0.0024 -1.8260
3-D Y-Coord Diff - 695 . 2230 0.0030 10.2210
3=D Z-Coord Diff -B91.57B0 0.002& -2, 9180
3-0 X-Coord Diff 37990050 0.0129 3.0292
3D Y-Coord Diff 25560180 o.01m 19.6163
3-0 2-Coord Diff 506, TRED 0.0113 =12, 0400
3-0 X-Coord Diff TI8. 2640 0.005% &, B528
3-D Y-Coord Diff =4643.TTS0 0.0083 9.3045
3-D I-Coord Diff -4 2222870 0.005% -3, 1487
Geolab - V1.828, (C) 1985/84/87 BitWise Ideas Inc. [103207696] Fage &

Figure F-12b. GEOLAB Adjustment Output (Constrained)
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U.5. ARMY ENGIMEER TOPOGRAPHIC LABORATORIES
COYOTE DAM ADJUSTMEMT NAD-83

A= AITE137.000 B= £356752.314 Xi= 0.000 YQ= 0.000 Z0= 0.000
SOLVE: solution (Iteration Count = 1):

CODE IDENT. TYPE INITIAL ox UPDATED
26 2001 LATITUDE » 12 14.43422 0.01413 39 12 1404838
26 20m LOMGITUDE =123 11 6.45%&1 004476 =123 11 6.41465
26 200 HEIGHT 24384577 13.53068 257.80545
26 2002 LATITUDE 39 11 37.0065 -0.06T29 w11 3693927
24 2002 LONGITUDE -123 11 0.94286 03171 =123 11 0.60115
24 2002 HEIGHT 243 .88154 2163406 26551581
L 300 SCAL 0.00000 =0.00141 -0.00181
96 WGSX 30D ROTX 0..00000 0.03270 0.03270
96 WGEMX 30D ROTY 0. 00000 =0, Dk 065 =0 . 06406
96 WGSMY 300 ROTZ 0, 00000 -0.04338 -0.046338

-----------------------------------------------------------------------------

FORMEQ: FORMER successfully cwltt:d.

Geolab - V1. !G.'i {C) 1985/856/87 BitWise [deas Inc. ['lmﬂ?&ﬂé] Page b
SOLVE: Adjusted Walues (Iterstion tnnt =2

CODE IDENT. TYPE INITIAL i} | ADJUSTED
16 2006 LATITUDE 39 11 33T FIXED

14 2006 LOWGITUDE -123 10 10.28%88 FIXED

14 2006 HEIGHT 313408500 FINED

1% 2013 LAT I TUDE 3P 15 1211824 FIXED

14 2013 LONGITUDE =123 13 17.&88387 FIXED

16 2013 HEIGHT 22283500 FIXED

14 2014 LATITUDE ¥ T ST.A1258 FIXED

16 2014 LONGITUDE -123 12 16.77684 FIMED

14 2014 HE [ GHT 190.17000 FINED

24 2001 LATITUDE 39 12 14.464836 0.00000 39 12 14.AE3E
26 2001 LONGITUDE -123 11 E.41485 0.00000 =123 11 A.41885
26 2001 HE 1GHT 257 .B0545 -0.00000 257, BO545
26 2002 LATITUDE 9 11 36,9390 0.00000 39 11 36,9397
24 2002 LOMGITUDE =123 11 0.60115 -0.00000 -123 11 0.50115
26 2002 HEIGHT 265.51561 0.00000 265.51561
24 WEEN 300 SCAL -0.00181 0.00000 -0, 00161
P4 WESN 300 ROTX 0.0327T0 =0 00000 0.03270
94 MGENM 30D ROTY -0, 06404 0.00000 -0, 08408
A4 WGENK 60 ROTZ =0.04338 0.00000 -0, (4338
Geolab - V1.828, (C) 1PE5/B4/B7 BitWise ldess Inc. [1032075R6) Page T

Figure F-12c. GEOLAB Adjustment Output (Constrained)
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U.5. ARMY ENGINEER TOPOGRAPHIC LABORATORIES
COYOTE DAM ADJUSTMENT NAD-83

A=  EITEIET.000 B= A356T52.314 X0= 0.000 YO= 0.000 Z0= 0.00¢
Adjusted Cartesien Coordinates:
CODE IDENT. X-COORDINATE T-COORDIMATE 2-CODRDINATE
26 2001 -2TOESLT. 00TE -6142053.2284 &010056.1788
26 2002 =2T09233.7T15 ~G142T46.6512 LO091646.59T2
SOLVE successfully completed.
Geolab - V1.825, (C) 1985/B&/8T BitWise Idua Inc. [103207494] Page 8
INVERT: INVERT successfully I:_!lllﬂ.
Geolab - ¥1.825, (C) 19E5/85/87 BitWise Ideas Inc. [105207696) Page 9
RESID:
ETATION 3D COORD DIFFS £TD.DEV. RESIDUAL ETD.DEV.  STAN.RES.
2001 - 2708942, 2350
4142043, 8310
010047 . 0300
2006 - 2708275 . 6180 0, 0050 0.0020 0.0041 0.4845
& 1434853790 0.00&0 0.0043 0.0045 0.5530
4009138, TS00 0. 0040 =0.0055 0.0025 =2.10&0
End of Observation Set
2002 - 2709230, TL00
-4 1462 T26. 8330
40091525340
2008 -2TOB2TT 4k50 0.0030 -0.0024 0.0016 -1.5309
4163475, 1510 00050 -0.0031 0.0032 -0, 9850
4009135, 8240 0.0040 0.0043 0.0026 2.3907
End of Observation Set
2001 -2T08%41.0950
-4 162050.6320
4010040, 8370
2002 =2TOSZ2T . Te40 0.0030 =0.004& 0.0020 =2.2625

-4 1427458510 0.0040 -0.0036 0.0031 =1. 1708
AO0914%, 24680 0.0040 0.0072 0.0032 2.2786
End of Observation Set

2001 =2T0894S. 1080
=4 1420482180
40100399500

2002 -2T09232.TaT 0.0040 0.0054 0.0033 1.6090
4162741 6410 0.00£0 0. 0004 0.0031 0.1285
4009148,3720 0.0040 -0.0038 0.0032 =1.1993

=== End of Cbservation Set

2014 -2T13050.51T0
=4145286. 8310
LO03BLT 5850

2002 -2T02S1.5120 0.0180 -0.0035 0.014% =0.2328

-£162T32.8130 0.0160 =-0.0015 0.0090 -0, 1859
L0057 164 . 3830 0.0200 0.00&T 0.0141 0.5373
Erd of Observation Set

2013 -2T0RE6E3 . 6000
~6137421.4500
A016263.6620
204 =2713031.0290 0.0150 -0.0018 0.0105 =0.173%

-4145312.4700 0.0460 0.0055 0.0419 0.1303
40038529690 0.0330 0.00%0 0.0293 0.0344

-------------------------------------------------------------------------------

Geclab - V1.825, (C) Y9OS/B&/ET BitWise Ideas Inc. [103207698] Page 10

Figure F-12d. GEOLAB Adjustment Output (Constrained)
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U.5, ARMY ENGIMEER TOPOGRAPHIC LABCRATORIES
COYOTE DAM ADJUSTHENT MAD-E3

A= G3TB137.000 B= 6356752.314 0= 0.000 ¥O= 0.000 Ii): ------- i-l:lf?
;'i'l;t';;;.“-i:b COORD DIFFS  STD.DEV.  RESIDUAL  STD.DEV.  STAM.RES.
S z==== End of Chservation Jet
2013 - 2T0R643. 6000

=413T421,4500

4014263, 8620
2001 -2TDBO45 . 3560 0.0070 0.0003 0.0026 0.1237

-4142065, 2250 0.0200 - 0. 0004 0.0137 -0.0312
£010041.3750 0.0150 -0, 0005 0.0083 -0.0555

== == End of Observation Set ===mmpmms=ss=s=EE=sssssszE
Geolab - V1.825, (C) 1985/84/87 BitWise Ideas Inc. [10320TERE] Fage 11
RESID: e
It
0.6 -
R
]
L
a
t 0.3 -
i
W
]
F
r
]
q 0.2~
u
e -
n o
[ 44
¥ %8
0.1 - HH
ot
fr
e
Lt 15 15
e oo TELT RS S -4 . oo ST LEES Ch bt S d
-k =3 -2 =1 o 1 2 d 3 : 4
Wistogram of 3-0 Coord Diff (21} Standardized Residuals.

Geolab - V1.825, (C) Y985/B4/BT BitWise ldeas Inc. (1032076941 Page 12

Figure F-12e. GEOLAB Adjustment Output (Constrained)
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EM 1110-1-1003
1Jul 03

U.5. ARMY ENGINEER TOPOGRAPHIC LABORATORIES
COTOTE DAM ADJUSTMENT NAD-83

A= A&3TBI3T.000 B= A356752.314 X0= 0,000 0.000 20= 0.000
RESID:

R R e SRR s R E T b T i i e |

1 ETATISTICS SUMMARY E

]

............................................................................. =

|

i Residual Critical Value Type Tau Wax |

| Residual Critical Value 2.T0a3 |

i Corvargence Criterion 0.001000 |

Final Iteration Counter Value 2 1

Confidence Level Used i ¥5.0000 H

Humber of Flagged Residuals ! [i] H

Estimated Veriance Factor 1.0%44 |

Humber of Degrees of Fresdom 1" |

]

i

I Chi-Square Test on the Variance Fector: }

. i

5.4919e-001 < 1.0000 < 3.154%e+000 7 }

I

THE TEST PASSES. !

I

|

ELLIPSE:
| i
| NOTE: ALL confidence regions were computed using the following factors: i
I sssssas B L L L L LT T T T T T S [
! Variance factor used = 1.089438 '
1
| Estimated variance factor = 1.09438
]

1-D expansion fector = 1.%60
' 2-0 expansion factor = 2,448

I-D expansion factor = 2.795
i Note that, for relative confidence regions, precisions are
! computed from the ratio of the major semi-axis and the spatial
H distance between the two stations.

Error ellipses for which all covarience matrix elements

were not computed by INVERT, are marked with sn asterisk (*).

-----------------------------------------------------------------------------

Geolab - ¥1.825, (C) 1985/B6/8T BitWise ldeas Inc. [103207696) Fage 14

Figure F-12f. GEOLAB Adjustment Output (Constrained)
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EM 1110-1-1003
1Jul 03

U.5. ARMY ENGIMEER TOPOGRAFEIC LABORATORIES
COTOTE DAM ADJUSTMENT MWAD-23

.lrl S3TBI37.000 B= &356752,.314 M0= 0.000 0= 0.000 20= 0.000
EI.LIP'E: ADILIARY PARAMETER COMFIDEMCE INTERVALS ( 95. ﬂ‘l k3 H
IDEIT. TYPE CLASS ADJ VALUE 1.96 SIGMA
it o SCAL -0.0018 1.1261

ROTX oo 003 0O 082

ROTY 00 -0.08 00 127

ROTL 00 -0.06 00 1.3
Geolab - V1.828, (L) 1985/85/87 Bituise ldees Inc. [103207696] Fage 15
ELLIPSE: 2-D AND 1-D STATION COMFIDENCE REGIONS { 95.000 X):
IDENT. MAJOR SEMI-AXIS MINOR SEMI-AMIS AZ(MAJY VERTICAL
2001 0.0055 0.0048 107.22 0.0133
2002 0.0052 0.0044  125.82 0.027
Geolab - V1.825, (C) 1985/85/87 BitWise Ideas I:n:. [10320T656] Page 16
ELLIPSE: 2-D AMD 1-D RELATIVE STATION D.'IFIDEEE REGIONS ( 95.000 X):
FROM T0 MAJ . SEMI MIN.SEMI AZ(MAJ) VERTICAL #‘ATIM DI1sT.  PRECISION
200 2002 0.0045 ©0.0035 108.07 0.0082 1165.1886 3. M FFH

-----------------------------------------------------------------------------

ELLIPSE: 3D I‘I'.I.'I'[H COMFIDENCE REGIONS ( 95.000 X):

IDENT. HAJOR EHI AX1S MEDIUM SEMI-AXI% MINOR SEMI-AXIS

2001 0.1 0.00T0 0.0055
A=105.5 v= 81.9 A=2T0.0 V= T.B A= 03 Vv= 2.3

2002 0.0182 0.0070 0.0051
A= 90.0 v= B7.6 A=306.2 v= 1.9 A=21EZ V= 1.4

ELLIPSE: 3-D RELATIVE STATION COMFIDENMCE lﬂlﬂt { 95.000 %)z
FROM To MAJOR-SEM] MED. SEIIII III-EHI-SEH:I SPATIAL DIST. FPRECISION
2001 2002 0.7 0. m 0.0042 1165.1856  10.02T PPH

A= Ov=f0 A= R0 V=0 A= DO WV= 0
ELLIPSE successfully completed.

EEsEEsE s EEE .

Geolek - V1.828, (C) 19B5/B4/B7 BitWise Ideas Inc. [103207656) Page 19

Figure F-12g. GEOLAB Adjustment Output (Constrained)
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