
 

GROUND SUBSIDENCE STUDY REPORT 
CONCORAN SUBSIDENCE BOWL 
San Joaquin Valley, California 

Prepared for: 

California High Speed Rail Authority 

Prepared by: 

Amec Foster Wheeler Environment & Infrastructure, Inc. 
180 Grand Avenue, Suite 1100 
Oakland, California  94612 

December 2017 

Project No. 8715180680 
 

 





















































































































































































































































































































































































































































 

PLATES 





























































0 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

1800 

2000 

0 1 2 3 4 5 6 7 8 9 10 11 12 

598 
(API 03100598) 599 

(API 03100599) 

845 
(API 03100845) 

271 
(API 03120271) 

600 
(API 03100600) 601 

(API 03100601) 

HSR alignment 

0                2                4                6                8 
 Profile E-E' Distance, miles 

~100 ft 
offset? 

Profile E-E' Distance, miles 
D

e
p

th
, 
fe

e
t 

HSR Ground Subsidence Study 
California 

BASIN ALLUVIUM PROFILE & POSSIBLE 
 PROFILE CHANGES IN VICINITY OF  
HSR ALIGNMENT NEAR HANFORD 
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212 
(API 03100212) 

210 
(API 03100210) 
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(API03100592) 

Resistivity 
0   ohm-m   30 

Resistivity 
0   ohm-m   30 

Resistivity 
0   ohm-m   30 Resistivity 

0   ohm-m   30 

Resistivity 
0   ohm-m   30 

compaction 
 fault? 

 384  API well identification number; 
       last 3 digits 
       37% of depth to 7 Ma McClure or Santa 
       Margarita Formations.  Start of Ice Age 
       glaciation was ~2.6 Ma; 2.6 / 7 = 0.371 
       or 37%. 
       10% of depth to 7 Ma; 0.7 Ma Corcoran 
       Clay 
Notes: 
       See Plate 8-16 for further discussion 
       of e-log colors 
       Ma - million years ago 

                Well 600 
4545' top of McClure  (7Ma) 
4755' top of Temblor (16Ma) 

             Wells 599, 845                          Well 598 
3925'  - 3872' top of McClure  (7Ma)  
4064'  - 4020' top of Temblor (16Ma)    - 3910' 

               Well 601 
4225' top of McClure  (7Ma) 
4395' top of Temblor (16Ma) 

Wells 212, 210                           Well 592   
top of Santa Margarita  (7Ma) - 2972' 

4600'  -  4560' top of Zilch (16Ma) - 4528' 

Resistivity 
0   ohm-m   30 

Spontaneous   Resistivity  
    Potential    0   ohm-m   30 

Fine-grained alluvium: very compressible   
silts and clays, but compaction is inhibited   
or delayed by very low permeabilities. 
       <~10 ohm-m resistivity 
 
Heterogeneous alluvium: pathways of  
high permeability coarse-grained alluvium  
fraction provide drainage for the lenticular/ 
interlayered highly compressible  
fine-grained alluvium fraction. 
       ~10 to ~25-30 ohm-m resistivity 
 
Coarse-grained alluvium: sands and  
gravels with minor compaction  which,  
due to high permeabilities is rapid. 
        >~25-30 ohm-m resistivity 
 

Spontaneous     Resistivity  
    Potential      0   ohm-m   30 

Resistivity 
0   ohm-m   30 

Possible region of 
inhibited connectivity 
in aquifer system, 
where thick fine- 
grained strata (e.g. 
more than ~40 ft*) 
are interspersed  
with  heterogeneous 
strata 
 

Well 271 
4053' top of McClure  (7Ma) 
4209' top of Zilch (16Ma) 

Horizon of very low 
resistivity;  broad  
coverage of marine 
or lacustrine fines? 
 

Bottom of 
interpreted 
fresh water 

aquifer system 
 

water  
aquifer 

system not 
interpreted 

 

Top of 
interpreted 
brackish / 

saline water 
 

water  
aquifer 

system not 
interpreted 

 

Deep 
Aquifer 
System 

 

Shallow 
Aquifer 
System 

 

DEEP FORMATION  
CONTACTS: 
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Horizontal Distance, feet 

dist-depth 

Notes: 
Distances of subsidence impact from a deep pumping well are  
significantly greater than distances of settlement impact from an 
embankment loading due to a shallow foundation. 
 
Subsidence due to pumping in shallow aquifers (unconfined or  
confined) will result from compression within the shallow aquifer 
system. 
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SETTLEMENT AND SUBSIDENCE 
IN UNCONSOLIDATED AND 

SEMI-CONSOLIDATED BASIN 
MATERIALS 

HSR Ground Subsidence Study 
California 

1 

confining 
 

clays 

shallow unconfined water level 

deep confined water level 

Pixley core hole 23/25-16N1 
(USGS PP 427-B)  

compaction extensometers at Pixley 

0         100       200 0         100       200 

typical Corcoran Clay 
depth & thickness, 

Alpaugh & Tule River areas 

Measured Subsidence Above and Below 
Corcoran Clay - Pixley Extensometers Site 

% subsidence 
  3% at 355 ft 
25% at 430 ft 
 
 
77% at 760 ft 

100-ft Wide Strip load (Embankment) 
80% and 95% Stress Bulbs  Highlighted 

Boussinesq Stress Distribution under Square and Continuous (Strip) 
Loadings, Isotropic Soil Conditions Assumed 

Corcoran? 

50-ft Wide Strip load 
(embankment) 

80% and 95% Stress 
Bulbs Highlighted 

4,000    3,000    2,000    1,000        0       1,000     2,000    3,000    4,000 
Distance from Subsidence-causing Well, feet 

Modeled Typical Horizontal and Vertical Subsidence Pattern 
around a Single 500-foot Deep Well, Unconfined Aquifer 

95% 
stress 
bulb 

80% 

Notes: 
Data and information from the Pixley Compaction Extensometers Site 
through 1964 is presented in USGS Professional Paper 437-B. 
 
Depth to the bottom of confining clays (presumed to be the Corcoran Clay)  
at the Pixley Site is about 360 feet at the corehole 23/25-16N1 shown.  Pixley  
is located near the inferred edge of Corcoran Clay. Pumped aquifers in the  
Pixley area were below the confining clays; about 97% of the measured 
subsidence from 1960 through 1964 was below the confining clays. 
 
The Pixley area is more throughly discussed in Section 8.5 of this report. 
 

Notes: 
The theoretical distribution of stress shown above assumes that 
the soil mass is uniform and isotropic.  Given that assumption,  
for an embankment width of 100 feet and a depth to bottom of 
the Corcoran Clay (top of productive confined aquifers) at a depth  
about 600 feet, 95% of the embankment settlement stress can be  
anticipated to be distributed above the top of productive aquifers;  
subsidence is anticipated to be concentrated within the productive  
aquifers. 
 
Given these assumptions, 95% of the embankment settlement  
stress can be anticipated to be distributed within a horizontal  
distance of twice the embankment width and centered at the  
embankment centerline. 
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Distance from West to East, miles 

Summary of West to East Elevations at Tule River 
(red dashed line profile shown above) 

elevations interpolated from published (in 2013) 10-ft contours 

(June 2016*) Google elevations per Google Earth 

(checked 5/8/2017) Google elevations per Google Earth 

Benchmark (BM) elevations (1960s-70s?) 

2015 Lidar at Tule River 

BM elevs - (20 years subsidence at L-band InSAR rate) 

BM elevs - (40 years subsidence at L-band InSAR rate) 

GT0468 

GT1998 
GT2000 

GT0491 

GT0496 

future flood flow? 
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EXISTING TULE RIVER AREA 
BENCHMARKS IN NGS DATABASE 
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178.1' elev (1966?) 
CGS set 1963 

last CGS visit  1966 
Q 963 

176.3' elev (1975?) 
reset by NGS 1975 

(was P 963?) 

179.7' elev (1966?) 
CGS set 1963 

last CGS visit  1966 
N 963 

181.4' elev (1966?) 
CGS set 1963 

last CGS visit  1966 
M 963 

182.8' elev (1966?) 
CGS set 1963 

last CGS visit  1966 
L 963 

189.8' elev (1966?) 
CGS set 1963 

last CGS visit 1966 
last visit  2010 
(geocaching) 

K 963 
elev 164' ?? 

reported in 2010  

191.2' elev (1970?) 
CGS set 1954 

last NGS visit 1970 
last visit  2010 
(geocaching) 

K 458 203.' elev 
NGS set 1975 

last elev 1975/86? 
TURNBULL 2 AZ MK 3 

GT1998 
200.' elev 

NGS set 1975 
last elev  1975/86? 

TURNBULL 2 

199.6' elev (1970?) 
CGS set 1954 

last NGS visit 1970 
last visit  2011 
(geocaching) 

J 458 

1997 - 
markers 
not found 

189.9' elev (1970?) 
CGS set 1942 

last NGS visit  1970 
last visit 2010 
(geocaching) 

M 662 

1982 - 
marker 
not found 

191.5' elev (1970?) 
CGS set 1948 

last NGS visit 1970 
last visit  2010 
(geocaching) 

S 760 
elev 169'?? 

reported in 2010 

NGS Survey Data obtained from website 
http://www.ngs.noaa.gov/NGSDataExplorer/ 
CGS - Coast and Geodetic Survey 
NGS - National Geodetic Survey 
 
Elevations shown are the most recent 
in the NGS database, adjusted to  
current NAVD88 elevation. Some 
locations have been visited recently 
by geocaching to confirm their  
condition; reported informal geocach 
elevations, not measured by survey- 
grade methods, do not appear to be  
credible. Original CGS or NGS 
point names or designations (Q963, 
K458, TURNBULL 2, etc.) are also 
shown. 

LEGEND 

Point GT0491 (K 963) is located on a  
canal headwall that may be several feet  
higher than the local surrounding ground  
surface. This location may explain an  
apparent inconsistency in the elevation  
trend plots below. 

Evidence of subsidence 
between 1966 and 1975? 

   L-band InSAR subsidence rates are derived from   
   ALOS satellite data (6-21-2007 to 12-30-2010)  processed 
   by JPL; see Plates 1-1 and 8-1 for graphical presentations  
   of that subsidence. 
* Google elevations revised when checked May 8, 2017 

Note the reasonable 
match of 2015 LiDAR 
with the estimated  
2015 profile 

Basemap source: http://www.ngs.noaa.gov/NGSDataExplorer/ 



 

APPENDIX A 

Ground Movement Rates at Existing CGPS Sites 





































 

APPENDIX B 

Draft HSR Alignment Conceptual Initial Subsidence Instrumentation and Monitoring Plan 

























































 

APPENDIX C 

RTK Survey Statement 









 

APPENDIX D 

El Nido Subsidence Bowl 













































 

APPENDIX E 

Antelope Valley Subsidence 

















































jim.french
Text Box
Additional land subsidence associated with a spatial and temporal uniform reduction in total groundwater pumpage to 110,000 acre-feet per year (acre-ft/yr) for the Antelope Valley groundwater model, California. Note that the subsidence illustrated in this plot represents additional subsidence incurred from 2006 to 2055. From Siade et al. (2014), SIR 2014-5166, p. 78 (Figure 46).


	GROUND SUBSIDENCE STUDY REPORT CONCORAN SUBSIDENCE BOWL
	CERTIFICATION PAGE
	TABLE OF CONTENTS
	ES.0 EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	2.0 SOURCES OF INFORMATION
	3.0 HISTORY AND MECHANISMS OF GROUND SUBSIDENCE
	4.0 NUMERICAL MODELING OF SUBSIDENCE AND GROUNDWATER DRAWDOWN
	5.0 PAST SUBSIDENCE MAGNITUDES, RATES, AND PATTERNS
	6.0 FORECASTING FUTURE SUBSIDENCE
	7.0 POTENTIAL IMPACTS TO HSR SYSTEM
	8.0 REMAINING UNCERTAINTIES AND POTENTIAL RESPONSES
	9.0 INSTRUMENTATION AND MONITORING OPTIONS
	10.0 EVALUATIONS AND RECOMMENDATIONS
	11.0 CLOSURE
	12.0 REFERENCES
	TABLES
	Table 9-1
	Table 10-1

	PLATES
	Plate ES-1.pdf (p.1)
	Plate ES-2_historic.pdf (p.2)
	Plate ES-3_forecast.pdf (p.3)
	Plate 1-1.pdf (p.4)
	Plate 1-2_historic.pdf (p.5)
	Plate 3-1 CVHM model to basin characterization-rev2 Aug 3 2017.pdf (p.6)
	Plate 3-2 Geophysical-geotechnical relationship-rev1.pdf (p.7)
	Plate 4-1 single well model-rev2.pdf (p.8)
	Plate 8-1 - CHSR - Central Valley Historic and Recent Subsidence_opt Aug 3 2017.pdf (p.9)
	Plate 8-2 was -6 - Noise Figure - N-S Profile Corcoran south - west Hwy 43 rev3.pdf (p.10)
	Plate 8-3 was -4 SJV - E-W Profile Quebec Ave Ave 144 - rev3.pdf (p.11)
	Plate 8-4 was -5 - Hwy 43 subs-slope-slope change 2016RTK-2008Lidar - rev3.pdf (p.12)
	Plate 8-5 was -13 - Revised Pond-Poso Creek Fault - CHSR Alignment Profile-4-13-17 - rev3.pdf (p.13)
	Plate 8-6 was -16 for Alpaugh Deer Creek profile B-B' - rev3.pdf (p.14)
	Plate 8-7 was -17 - Alpaugh HSR profile - rev3.pdf (p.15)
	Plate 8-8 was -19 - 2007-2010 JPL InSAR Seismic Line Profiles - Rev3.pdf (p.16)
	Plate 8-9 was -20 - Hwy 43 Deer Cr Viaduct - rev3.pdf (p.17)
	Plate 8-10 was -21 - Hwy 43 Tule River Viaduct - rev3.pdf (p.18)
	Plate 8-11 was-22 Table 8-1 Point Summary - rev3.pdf (p.19)
	Plate 8-12 was -8 - Pixley fissure pictures - rev3.pdf (p.20)
	Plate 8-13 was -2 Fissure memo background Slope vs strain-rev3.pdf (p.21)
	Plate 8-14 was -9 - Pixley Fissure Area - rev3.pdf (p.22)
	Plate 8-15 was -15 unchanged - Line 133 Overall comparison - rev3.pdf (p.23)
	Plate 8-16 was -3 Well 043 Viaduct near Alpaugh - rev3.pdf (p.24)
	Plate 8-17_forecast.pdf (p.25)
	Plate 8-18 was -10 - Geologic Section A-A rev3.pdf (p.26)
	Plate 8-19 was -11 - Pixley profiles-Rev3.pdf (p.27)
	Plate 8-20 was -12 - Pixley profiles-Rev3.pdf (p.28)
	Plate 8-21 was -14 - South to North Geologic Section D-D - rev3.pdf (p.29)
	Plate 8-22 was -18 rev 3 - Hanford profile.pdf (p.30)
	Plate 9-1 Mon memo settlement-subsidence-rev1.pdf (p.31)
	Plate 9-2 - Tule River Monuments Near Tule River-rev1.pdf (p.32)

	APPENDIX A - Ground Movement Rates at Existing CGPS Sites
	APPENDIX B - Draft HSR Alignment Conceptual Initial Subsidence Instrumentation and Monitoring Plan
	APPENDIX C - RTK Survey Statement
	APPENDIX D - El Nido Subsidence Bowl
	APPENDIX E - Antelope Valley Subsidence



