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U.S. Bureau of Reclamation :

2800 Cottage Way

Sacramento, CA 95821 YOLO COUNTY COUNSEL
Subject: Conaway Preservation Group 2014 Water Transfer

Second Land Subsidence Report
Dear Mr. Woodley:

On behalf of Conaway Preservation Group (CPG), the purpose of this letter is to provide
the enclosed Survey Control Project Report (Report) requested pursuant to Paragraph 16 of the
Agreement Among the United States, CPG, and the Tehama-Colusa Canal Authority to Provide
for Additional Water from the Central Valley Project for 2014, dated May 19, 2014
(Agreement). The Report details the results of a land subsidence monitoring survey conducted at
the end of the 2014 irrigation season for CPG by Frame Surveying & Mapping in accordance
with the approach identified in Exhibit E to the Agreement. The Report includes a comparison
of the survey results with the initial land subsidence survey results transmitted to your office by
letter dated August 28, 2014. A third land subsidence monitoring survey will be conducted prior
to the start of the 2015 irrigation season; and following that survey, the results will be
documented in a report to be provided in a future update pursuant to Exhibit E.

Please call if you have any questions or require additional information.

Sincerely,
MBK ENGINEERS

Darren Cordova

Enclosures

cc: Robert Thomas, Conaway Preservation Group
Regina Cherovsky, Conaway Preservation Group
Mike Hall, Conaway Preservation Group
Andrew Hitchings, Somach, Simmons & Dunn
Tim Durbin, Tim J. Durbin, Inc.
Jim Frame, Frame Surveying & Mapping
Jeff Sutton, Tehama-Colusa Canal Authority
Sheri Looper, U.S. Bureau of Reclamation
Stanley Parrott, U.S. Bureau of Reclamation
Trevor Joseph, Department of Water Resources
Chris Bonds, Department of Water Resources
Philip Pogledich, Yolo County Counsel

Tim O’Halloran, Yolo County FC&WCD
455 University Avenue, Suite 100 * Sacramento, California 95825 + Phone: (916) 456-4400 + Fax (916) 456-0253 ¢ Website: www.mbkengineers.com



FRAME SURVEYING & MAPPING
.~ 609 A Street Davis, CA 95616
v, 530.756.8584 jhframe@dcn.org

SURVEY CONTROL PROJECT REPORT

CONAWAY RANCH LAND SUBSIDENCE MONITORING
SEPTEMBER, 2014 MONITORING EVENT

PURPOSE

This report describes the results of the second monitoring event of the Conaway Ranch
subsidence monitoring project. The initial (baseline) measurements were described in a June,
2014 report, which is a companion document to this report.

EXECUTIVE SUMMARY

Of the 10 monitoring stations within the immediate project area, measurable subsidence was
detected at 6 of the stations. The measured subsidence ranged from 5 om to 17 em, with the
largest value found at station SM10, which is located near the ranch headquarters and also near
the DWR extensometer. Estimated measurement accuracy is 2 em. See Appendix A for a
graphical approximation of subsidence distribution.

MONITORING EVENT DESIGN

As with the June measurements, the September monitoring event consisted of 30-minute
minimum GPS observation sessions at all monitored stations. OPUS Projeets was used to
establish current ellipsoid heights at 8 stations in and near the project area.

The only terrestrial measurement in the September event was a trig leveling check between
SM10 and the nearby EX11, which was performed in response to the relatively large movement
detected at SM10. It was determmed that EX11 had subsided 0.016 m less than SM10. The
June measurements to FERR and CONA were made to tie the project to the Yolo Subsidence
Network, but aren’t considered necessary to the ongoing monitoring effort.

DATA PROCESSING AND ADJUSTMENT

Substantially duplicating the process followed in June, GPS data files greater than 2 hours in
length were processed in OPUS Projects, and the resulting adjustment again constrained stations
LNC2, P267, P268 and SACR. The ellipsoid heights of the constraining stations showed very
little change between the June and September events — 5 mm or less — validating the selection of
these stations as stable vertical constraints.



TABLE E
STATION POSITIONS - CCS83 US SURVEY FEET
STATION NORTHING EASTING ELEVATION
1031 2008599.383 6644606.877 33.236
CAST 1967456.543 6663504.495 17.005
CoD1 1977287.674 6659463.132 21.206
COY1 1977246.445 6649648.950 27.478
CR27 1987259.421 6648517.853 29.651
EX11 1997336.718 6656626.527 24.513
P268 1934465.509 6662900.456 25.804
P271 2001341.660 6643182.771 42.554
RIVE 1997860.863 6683832.685 39.235
S16A 2008423.129 6663149.765 27.723
SM08 1987046.351 6662905.689 21.206
SMO09 1988144.768 6673466.416 18.500
SM10 1997409.582 6656970.177 30.939
SM11 2006681.702 6655241.391 23.129
ucbD1 1957204.975 6632828.912 102.613

HEIGHT COMPARISONS, SEPTEMBER 2014 - JUNE 2014

Table F below shows the difference in station height between the September and June 2014
monitoring events. A negative delta value indicates that a station has subsided.

These values constitute the data from which the subsidence contours shown in Appendix A were
developed. Reiterating the cautionary note from Appendix A, these contours are based on
interpolating between the very sparse data points available from the survey. While they are
useful for showing in broad strokes the distribution of subsidence, they are not to be regarded as
accurate except in the immediate vicinity of the individual monitoring stations.



TABLEC

GEOGRAPHIC STATION POSITIONS

STATION LATITUDE LONGITUDE ELLIP HT (M)
1031 38-40-38.146911 121-42-34.079974 -20.568
CAST 38-33-50.779180 121-38-37.806580 -25.807
cop1 38-35-28.114860 121-39-28.223014 -24.459
coy1 38-35-28.054244 121-41-31.836450 -22.597
CR27 38-37-07.071749 121-41-45.661002 -21.847
EX11 38-38-46.406630 121-40-03.026719 -23.288
P268 38-28-24.681149 121-38-47.027881 -23.431
P271 38-39-26.447882 121-42-52.326075 -17.804
RIVE 38-38-50.462947 121-34-20.065279 -18.774
S16A 38-40-35.753116 121-38-40.255181 22.202
SMO8 38-37-04.450378 121-38-44.384113 -24.364
SM09 38-37-14.880094 121-36-31.260494 -25.163
SM10 38-38-47.114446 121-39-58.691662 -21.328
Sm11 38-40-18.832764 121-40-20.061430 -23.630
ucp1 38-32-10.449924 121-45-04.379784 0.014
TABLE D
STATION POSITIONS - CCS83 Meters
STATION | NORTHING EASTING ELEVATION

1031 612222.316 |  2025280.227 10.131

CAST 599681.954 |  2031040.232 5.183

coD1 602678.488 |  2029808.422 6.464

cov1 602665.922 |  2026817.054 8.375

CR27 605717.883 | 2026472.295 9.038

EX11 608789.449 |  2028943.823 7.472

P268 589626.267 |  2030856.121 7.865

P271 610010.158 |  2024846.158 12.971

RIVE 608949.209 |  2037236.277 11.959

S16A 612168.594 |  2030932.110 8.450

SM08 605652.939 2030857.716 6.464

SM09 605987.737 | 2034076.632 5.639

SM10 608811.658 |  2029048.568 9.430

SM11 611637.806 2028521.633 7.050

ucD1 596557.269 2021690.296 31.277




accurate depiction of the distribution of that subsidence. If a more precise model of subsidence
distribution is desired, the network of monitoring points will need to be densified. This can be
accomplished by supplementing the rigorous static GPS network with infill measurements
captured by means of more rapid — though slightly less accurate — GPS techniques.



TABLE F

ORTHOMETRIC HEIGHT COMPARISONS

SEPTEMBER 2014 - JUNE 2014 (METERS)
STATION 09/2014 | 06/2014 A ELEVATION
1031 10.131 10.183 -0.053
CAST 5.183 5.170 0.013
COD1 6.464 6.475 -0.012
Coy1 8.375 8.414 -0.039
CR27 9.038 9.125 -0.087
EX11 7.472 7.628 -0.156
P268 7.865 7.867 -0.002
P271 12.971 13.023 -0.053
RIVE 11.959 11.983 -0.024
S16A 8.450 8.445 0.004
SMO08 6.464 6.471 -0.007
SMO09 5.639 5.628 0.011
SM10 9.430 9.602 -0.172
SM11 7.050 7.121 -0.071
UcD1 31.276 31.295 -0.019

DWR EXTENSOMETER DATA, SEPTEMBER — JUNE 2014
Data from the Conaway Extensometer is available at

http://www.water.ca.gov/waterdatalibrary/docs/Hydstra/docs/09N03EQ8C004M/POR/GROUND
SURFACE DISPLACEMENT POINT DATA.CSV

This data indicates that between June 10, 2014 and September 4, 2014 the ground surface was
displaced downward 0.12 m (0.42 foot) at the extensometer site. This substantially corroborates
the change in elevation shown in Table F above.

SUMMARY

The orthometric height values determined by this survey have an estimated accuracy of +/- 2 cm
at the 95% confidence level. Although many of the 95% error estimates for heights shown in the
Star*Net adjustment report (see Appendix D) are smaller by a magnitude, empirical evidence has
demonstrated that GPS height transfer is not reliably accurate at that level.

The results of this survey document land subsidence on the Conaway Ranch that occurred during
the Summer 2014 season. However, the nature of the monitoring network does not permit



APPENDIX B — OPUS PROJECTS NETWORK ADJUSTMENT REPORT

NGS OPUS-PROJECTS NETWORK ADJUSTMENT REPORT

All coordinate accuracies reported here are 1 times the formal
uncertainties from the solution. For additional information:
geodesy.noaa.gov/0OPUS/Using OPUS-Projects.html#accuracy

These positions were computed without any knowledge by the National
Geodetic Survey regarding the equipment or field operating procedures used.

SUBMITTED BY:
SOLUTION FILE NAME:
SOLUTION SOFTWARE:
SOLUTION DATE:

STANDARD ERROR OF UNIT WEIGHT:

TOTAL NUMBER OF OBSERVATIONS:
TOTAL NUMBER OF MARKS:
NUMBER OF CONSTRAINED MARKS:

START TIME:

STOP TIME:

FREQUENCY :
OBSERVATION INTERVAL:
ELEVATION CUTOFF:
TROPO INTERVAL:

DD CORRELATIONS:

INCLUDED SOLUTION

Jhframe
network-network-20140907-1LNC2-P267-P2.sum
GPSCOM (1210.24)

2014-09-07T20:06:48 UTC

0.500

829229

16

4

2014-09-03T00:00:00 GPS
2014-09-04T23:59:30 GPS

L1-ONLY TO ION-FREE [BY BASELINE LENGTH]
30 s

15 deg

1800 s [STEP-OFFSET PARAMETERIZATION]

ON

1) 2014-246 A

2) 2014-246 B

3) 2014-247 A

4) 2014-247 B

BASELINE LENGTH

1031-p271 2.254 km
coyl-codl 2.992 km
sm08-codl 3.154 km
sm10-sm08 3.640 km
sl6a-sml0 3.849 km
p271-sml0 4.370 km
sm08-coyl 5.025 km
sm10-1031 5.083 km
s16a-1031 5.652 km
slea-p271 6.458 km
sm08-sl6a 6.516 km
coyl-sml0 6.539 km
sm08-p271 7.425 km
coyl-p271 7.604 km
ucdl-coyl 7.975 km
ucdl-codl 10.168 km
ucdl-p268 11.492 km
ucdl-sm08 12.915 km
p268-codl 13.095 km
coyl-p268 13.651 km
p271-ucdl 13.819 km

OO OHFHHOODODOODOOOODOOODOOO

RMS SOFTWARE RUN DATE
1.1 cm GPSCOM(1210.24) 2014-09-07T19:41 UTC
1.3 cm pageb(1404.11) 2014-09-07T18:54 UTC
0.9 cm GPSCOM(1210.24) 2014-09-07T19:30 UTC
0.9 cm GPSCOM(1210.24) 2014-09-07T19:35 UTC
RMS OBS OMITTED FIXED IN SOLUTION(S)
4 cm 1566 0.4% 100.0% 1
5 cm 6924 2.5% 100.0% 2, 3, 4
6 cm 6951 4.4% 100.0% 2, 3, 4
6 cm 14526 3.6% 96.9% 1, 2, 3, 4
5 cm 3397 0.8% 100.0% 1, 4
8 cm 17341 2.2% 100.0% 1, 2, 3, 4
6 cm 6216 1.4% 100.0% 3, 4
6 cm 1565 0.5% 100.0% 1
5 cm 957 2.6% 100.0% 1
5 cm 1915 0.9% 100.0% 4
7 cm 3741 2.1% 100.0% 1, 4
6 cm 6300 0.5% 100.0% 3, 4
9 cm 6409 2.5% 100.0% 1
7 cm 6274 1.0% 100.0% 3, 4
9 cm 6270 0.3% 100.0% 3, 4
7 cm 2157 3.8% 100.0% 2
0 cm 57113 0.3% 100.0% 1, 3, 4
0 cm 6361 2.5% 100.0% 1
9 cm 7111 2.2% 100.0% 2, 3, 4
9 cm 6310 0.3% 100.0% 3, 4
9 cm 56921 0.7% 98.8% i, 3, 4



_APPENDIX A

1. SUBSIDENCE VALUES REPRESENT MOVEMENT DETECTED BETWEEN
JUNE 10, 2014 AND SEPTEMBER 4, 2014,

. CONTOUR LINES SHOWN WERE DERIVED FROM SPARSE DATA AND
ARE INTENDED TG DEPICT APPROXIMATE SUBSIDENCE DISTRI-
BUTION ONLY EXCEPT IN THE IMMEDIATE VICINITY OF MONI-
TORING STATIONS,

ABSOLUTE VALUES SMALLER THAN 0.02 METER ARE NOT CON-
SIDERED SIGNIFICANT DUE TO THE LIMITS OF THE MEASUR-~
SUREMENT TECHNOLOGY.

FRAME SURVEYING &W\W\g@, SUBSIDENCE CONTOURS

Ny 600 A STREET DAVIS, CA 95616 CONAWAY RANCH SUBSIDENCE MONTORING EVENT
ﬁ) M 6530.756.8584 (v&f) jhirame®den.org SEPTEMBER, 2014 SCALE: 1'= 2000
- TTTTTTTTTTTTRE001 SUBSIDENCE VALUES SHOWN IN METERS







