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This figure is a time-series chart that illustrates the history of land subsidence in the MZ-1 Managed Area
(Managed Area). The chart also displays the stresses that cause land subsidence. Groundwater production is
the primary stress that causes changes in groundwater levels in the Managed Area. Groundwater levels are
shown on this chart for a set of key wells that depict a representative time-history of groundwater-level
changes for the area. The changes in groundwater levels are the stresses that cause deformation of the
aquifer-system sediments, which in turn, cause ground motion atthe land surface. Also shown is the direct use
of recycled water in the Managed Area, which is a recently available alternative water supply that can resultin
decreased groundwater production from the area. The direct use of recycled water in the area began during
fiscal year 1999 and has generally increased ever since. The recent increases in groundwater levels in the
area may be related in part to the increase in the direct use of recycled water.

The chart shows the time-history of vertical ground motion as measured at the Deep Extensometer at Ayala
Park, at a benchmark monument at the comer of Schaefer Avenue and Central Avenue, and by InSAR within
the Managed Area (see Figure 3-5 for locations). About 2.5 feet of subsidence occurred in pottions of the
Managed Area from 1987 to 2000, and ground fissuring occurred in the early- to mid-1990s. Very little perma-
nent subsidence has oceurred since 2000, and no additional ground fissuring has been observed. Gaps in
INSAR data in 1995, between 2000 and 2005, and between 2010 and 2011 are due to incongruent data sets
collected from different radar satellites. Vertical ground metion during the gap from 2000 to 2005 was
estimated based on the average rate of vertical ground motion recorded by benchmark BM 137/53 for the
same period. Vertical ground motion during cther data gaps were estimated based on the average rate of
vertical ground motion recorded by InSAR before and after the gap.

fiscalvearin acre-/

The observations and conclusions described below were largely derived during the testing and monitoring that
was performed by Watermaster during the development of the MZ-1 Plan during 2000 to 2006. Pumping of the
deep aquifer system is the main cause of groundwater-level changes and ground motion in the Managed Area.
Wells CH-1B and PA-7 are perforated within the deep aquifer system. Wells C-04, XRef 8590, and XRef 8592
are perforated in the shallow aquifer system. Pumping ofthe deep, confined, aquifer system causes piezomet-
ric drawdowns that are much greater in magnitude and lateral extent than drawdowns caused by pumping of
the shallow aquifer system. Piezometric drawdowns due to pumping of the deep aquifer system can cause
inefastic (permanent) compaction of the aquifer-system sediments, which results in permanent land subsid-
ence. During controlled pumping tests that were performed in 2004 and 2005, the initiation of inelastic
compaction within the aquifer system happened when piezometric-levels declined below 250 feet below the
reference point (ft-brp) in the PA-7 piezometer at Ayala Park. In order to avoid inelastic compaction in the
future, a “Guidance Level” of 245 ft-brp in the PA-7 piezometer was established and is the primary criteria for
the management of subsidence in the MZ-1 Plan. From 2005 through 2013, piezometric levels at PA-7 did not
decline below the Guidance Level, and very little inelastic compaction was recorded in the Managed Area.
These observations are demonstrating the effectiveness ofthe MZ-1 Plan in the management of subsidence.
The causes of the small amount of recent subsidence are not currently known, and are being investigated by
the LSC.
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/ his figure is a time-series chart that illustrates the history of land subsidence in the Pomona Area. The chart also

displays the stresses that cause land subsidence, Groundwate duction and suppl l-water recharge that has
occurred in M2-1 are the primary stresses that cause changes in urcundmtsrlevels in the Pomana Area. Groundwater
levels are shown on this chart for a set of key wells that depict a representative time-history of groundwater-level
changes for the area. The changes in groundwater levels are the stresses that cause deformation of the aquifer-system
sediments, which in tum, cause ground motion at the land surface.

The chart shows the history of vertical ground metion as rneasured by InSAR within the Pomona Area (see Figure 3-5
for location). These data indicate that about 1.4 feet of i id has 1 in this area from 1992
through 2013, Of particular is that this subsid has d differentially across the San Jose Fault—the
same pattern of differential subsidence that occurred in the Managed Area during the time of ground fissuring. Gapsin
INSAR data in 1995, between 2000 and 2005, and between 2010 and 2011 are due to incong data sets

from different radar satellites. Vertical ground motion during the gap in 1995 was estimated based on the rate of vertical
ground motion from 1992 to 1985, Vertical ground motion during other data gaps were esti d based on the

rate of vertical ground motion recorded for the entire InSAR record.

From about 1945 to 1878, groundwater levels in the Pomona Area declined by about 175 feet. Groundwater levels
increased by about 50 to 100 feet during the 1880s. From about 1990 to 2004, groundwater levels declined again by
about 25 to 50 feet. From 2004 to 2008, groundwater levels increased by about 50 to over 100 feet From 2008 to
2013, grc levels ined g lly stable, but still well below the levels of 1935. The observed, continuous
land suhs:denoe that wcurred dunng 1993 mrough 2013 cannot be explained entirely by the oonmrrant chang&s in
are levels. A T tion for the subsid is that thick, slowly-drail d:

in response to the historical drawdowns that occurred from 1935 to 1878, Itis iuglwltoassume that submm began
when the rate of groundwater level drawdown i d around 1943. If subsidence has been occurring at a constant
rate of -0.06 feet p per year since 1943, then the Pomona Area has experienced about 4.2 feet of parmanent subsidence
since the onset of increased drawdown.
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This figure is a time-series chart that lllustrates the history of land subsidence in the Ontario Area. The chart also
displays the stresses that cause land subsidence. Groundwater production and supplemental-water recharge that has
occurred in MZ-2 are the primary stresses that cause changes in groundwater levels in the Ontario Area. Groundwater
levels are shown on this chart for a set of key wells that depict a representative time-history of groundwater-level
changes for the area. The changes in groundwater levels are the stresses that cause deformation of the aquifer-system
sediments, which in turn, cause ground motion at the land surface.

The chart shows the history of vertical ground metion as l'neasured hy InSAR within the Omaﬁo Area (see Figure 3-5
for location). These data indicate that about one-foot of inel has d in this area from 1893
through 2013. The subsidence in the Ontario Area has occurred gradually and over a broad area. There are no areas
of sharp, differential subsidence that would indicate a threat of ground fissures. Gaps in InSAR data in 1895, between
2000 and 2005, and between 2010 and 2011 are due to incong data sets collected from different radar satellites,
Vertical ground motion during the gap in 1985 was estimated based on the rate of vertical ground mation from 1892 to
1895. Vertical ground motion during other data gaps were estimated based on the average rate of vertical ground
motion recorded by InSAR for the entire InSAR record.

From about 1935 to 1978, groundwater levels in the Ontario Area declined by about 125 feet Groundwater levels
increased by about 10 to 20 feet during the early 1980s and have remained relatively stable since then. The observed,
continuous land subsidence that occurred during 1993-2013 cannot be explained entirely by the concurrent nhangas in

dh levels. A plausibl lanation for the subsid is that thick, slowly-draining aquitards are comg ]
in response to the historical drawdowns that occurred from 1935 to 1978,
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This figure is a time-series chart that illustrates the history of land subsidence in the Southeast Area. The chart L 200 ,E
also displays the stresses that cause land subsidence. Groundwater production is the primary stress that causes =,
changes in groundwater levels in the Southeast Area. Groundwater levels are shown on this chart for a set ofkey B ez
wells that depict a representative time-history of groundwater-level changes for the area. The changes in ground- - 250 £%
water levels are the stresses that cause deformation of the aquifer-system sediments, which in tum, cause ground é".
moticn at the land surface. Also shown is the direct use of recycled water in the Southeast Area, which is a recently —
available alternative water supply that can result in decreased groundwater production from the area. The direct 300
use of recycled water in the area began during fiscal year 2004 and has generally increased ever since. The recent
increases in groundwater levels in the area may be related in part to the increase in the direct use of recycled -
water.
— 350
The chart shows the history of vertical ground motion as measured by leveling surveys at benchmark monuments 30,000 .-
within the Southeast Area (see Figure 3-5 for benchmark locations). The first ground fissures documented in the 5
Chino Basin occurred in the Southeast Area in the early 1970s, and ground fissuring has not been observed in the - T — 400
area since. = L
% @ 20,000 4
The history of vertical ground motion in the Southeast Area is based solely on ground-level surveys performed 2 = = 450

from 1987 to 2013. InSAR data is typically incoherent (not measurable) in the Southeast Area because the
agricultural land uses in the area are not good reflectors of radar waves. In the northem portion of the Southeast
Area, the ground-level survey data indicate that about 0.5 fest of inelastic subsidence has occurrad in this area
from 1987 to 2013. Groundwater-level data indicate that groundwater levels declined across the Southeast Area
by as much as 100 feet since the 14305, and have been relatively stable from the 1880s to the present. The
observed slow but continuous land subsidence from 1887 to 2013 is not explained by the concurrent relatively
stable groundwater levels. A plausible explanation for the subsidence in this area is that thick, slowly-draining
aquitards are compacting in response to the historical drawdowns that occurred prior to 1890
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In the area near the intersection of Euclid Avenue and Kimball Avenue, where the Chino-1 Desalter wells pump
groundwater from the deep confined aquifer system, the ground-level survey data indicate land subsidence of
about 0.25 feet in this area from 2003 to 2013. The desalter wells have been pumping since 2000, and have
caused localized drawdown within the deep aquifer system that may be the cause of this localized land subsid-
ence. Another plausible explanation for the subsidence is that thick, slowly-draining aguitards are compacting in
response to the historical drawdowns that occurred prior to 1890, Watermaster installed an extensometer facility
in this region in 2012 to (i) characterize the accurrence and mechanisms of the subsidence in the vicinity of the
Ching-| Desalter well field and (i) to record the effects of pumping at the Chino Creek Well Field (CCWF) on
groundwater levels and land subsid . The ext ter began collecting data in July 2012, and has
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*Positive compression values represent compression of soils, negative compression values represent expansion of soils
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ﬂhis figure is a time-series chart that illustrates the history of land subsidence in Central MZ-1. The chart also displays 20,000 1+
fi

he stresses that cause land subsidence. Groundwater production and supplemental-water recharge that has occurred
in MZ-1 are the primary stresses that cause changes in groundwater levels in Central MZ-1. Groundwater levels are
shown on this chart for a set of key wells that depict a representative time-history of groundwater-level for the
northern portion of the area. The changes in groundwater levels are the that cause defs ion of the aguifer-
system sediments, which in turn, cause ground motion at the land surface.

10,000

The chart shows the history of vertical ground motion measured by InSAR and leveling surveys at benchmark monu-
ments within Central MZ-1 (see Figure 3-5 for locations). Gaps in InSAR data in 1995, between 2000 and 2005, and
between 2010 and 2011 are due to incongruent data sets collected from different radar satellites. Vertical ground
motion during the gap in 1895 was estimated based on the rate of vertical ground motion from 1992 to 1985, Vertical
ground motion during the gap from 2000 to 2005 was estimated based on the rate of vertical ground motion recorded
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LSC submit final comments electronically to Watermaster:
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Work Breakdown Structure

Table 1

Land Subsidence Monitoring Prog. - FY2014-15
2014-15 Budget
Labor Other Direct Costs Totals Compared to
2013-14 Budget
& Total Total
Task/Subtazk/Description
5 3| rask Ayl Labor Equip ODC | Recommended : oteie Budgot Estimated | Potential | Approved | \ \
Repetition Days Travel and Subs  Repro Misc. Tasks m,m 201415 Future Future Budget ‘with without
Multiplier Expend 2014-15 201314 OEM Tasks 2013-14 Carryover Carryover
Task 1 - Setup/Maintenance of Monitoring Network [ $63,503 50/ $56,214 $7,379] $7,379)
1.1[Equig [ |
Routine maintenance of Ayala Park/CCWF extensometer facilities 12 12 $9.330] $384] 5278 $662| $9.992] $9.992] 59.942 50 S50
Maintenance al horizontal extensometer site 2 4 3,940 364 11,400 £11.464 $15.404 $15.404 . $17,264 -%1,860 -$1,860]
Replac pair of equip at exder ter facililies 1 17 $18.420 $32 $13.435| 33000 $16.467 $34.887 334,887 $10,000 $27.412 37475 37,475
1.2 Annual leass fees for CCWF ter site {1} 1 0 50| $1.596 $1.598 $1.596 $1.596| $1.595 $1.596 50 30
1.3 e of PB facility {3}
Remowve in situ equipment fram the wells 1 2 $1.650] 964 $64 $1.714] $1.714 $57,192 0 $1.714 $1.714]
Task 2 — MZ-1: Aquifer-System Monitaring and Testing $198,761]  $101,608| S$7,153) §16,371|  s19,030]  s$83841]  76,688| 51.11@2@'
level and data and
2.1/ organization (1)
Download data from the Ayala Park facility 4 25 $1.960] %128 48 3176 $2.136] $2.136 $2.136 $2,948 -$813
Download data from the Daniels Herizontal Extensometer facility 3 1.125 $983] 596 21 $117 $1.100] $1,100] $1.100 $2,898 -§1,798
Download data fram the CCWF facility 4 25 $1,960| $128 8 $176) $2,136 52,136 $2,136 52,298 -5163
Process, check, and upload data to database 4 9 $11.000] 50 $11.000| $11,ﬁ] $11.000 $5.320 $5,680
2.2| Conduct Long-Term Pumping Test in the Managed Area (1) 1
Coordinate testing with pumpers 1 1 $1.320] 50 $1.320] $1.320] $1.320 0
Collect fizld dala; process and upload to database 1 2.8 $2,823 30 52,823/ $2.823} $7,290 ~54 468
Prepare, analyze, and di i frai to LSC 4 2.5 $3,500 $200 $200| $3,700 $3,700| 54,760 -%1,060
Adjust Exi ler Hardh 2 1 $1.870 30 $1.870 $1.970 $1.970
2.3 Conduct Injection Test in Managed Area (1)
Well and retrofil 2 1.5 1.310 5141640 $141.640 $142,950| $142.950 341,655 -$41,655 $101,295]
Quarterly reports - LGA Grant 3 ] $11.860 | 50 $11.860 $11.880) $10.340 -$10.340 1.540)
Project administration - LGA Grant 1 44 55,668 | 50 55,668 5,668 0 55,868
Frepare final report for LGA Grant 1 8.9 $11.880 50| $11.880 $11,880 0 $11,880
Injection pilat testing - collect and process data from transducer network 1
fime during cycle testing and contribute the analysis of dala. 1 7.9 $8,987| 44 344 $9,021 $9,031 $5,012 -514,043 -$5,012
Analyze data collected during cycle lests and coniribute Interpretation to
LSC Annual Repord 1 78 $9.999] 50 $9.999) $9.999 -$9.999 $0)
Task 3 -- Basin Wide: InNSAR 592,830 50 siil $92,830 50 50,
3.1 InSAR dala collection 1) 1 1 $1.320] $90,000 $90.000 $91.320 $91.320 30 30
3.2 Process and upload data lo dalabase/GIS ) 1 1.25 $1.510 30| $1.510] | $1.510 $0 $0)
Task 4 — Ground-Level Surveys $123,955 s37,260] 586,695 _uTml_sﬁdT—-smT _ $2,075
4.1 Replace desirayed benchmarks {2) 1 0 30| 55,000 $5.000| $5.000; | $5.400 =-3400 =3400
4.2 Conduct Fall 2014 ground-level and EDM survey in Managed Area (1) 1 0.25 5330 34,770 $34,770] $35.100 ‘I $28.560 $6.540 $6.5401
4.3 Conduci Fall 2014 ground-level survey in Central MZ-1 Area (3 ] 0.25 5330 19,859 $19,855 $20.185
4.4 Conducl Fall 2014 ground-level survey in Soulheast Area (CCWF) (3) 1 0.25 5330 26,315 $26,315 $26,645 $27,700 -$1,055
Conduct Fall 2014 ground-level and EDM survey in Pomona Area {Ayala Park
4.5|starly 3 1 0.25 $330 $23.750 $23.750 524,080 $29.480 -$29.480
4.6 Conducl Fall 2014 ground-level and EDM survey af the Pomona Faull Zone (3) 1 0.25 $330) $17 860 £17.860 $18.130 518,19 $18.190
4.7 Conduct Spring 2015 ground-level and EDM survey in Managed Area (1) 1 0.5 $660 $36.600 £36.600 $37.260 $37.260 $26.560 -$268,560
4.8 Process and upload data to (1), 1 15 $1,760] 30 $1,760| $1,760] 52,180 -5420
Task 5 - Data Analysis and Reporting $68,720| $0) $68,7. $68,770 550
5.1 Dala analysis in Managed Area (1)
Production/piezometric/extensometer 1 3 $7.360] $20,000 £20.000 $27.360 527,350! $27.590 -$230
EDM and ground-level survey data 1 5 $5.180] 50 $5.180] $5.180 58,000 -52.820
INSAR data 1 1 $1.160] 30 $1.160] $1ﬂ1 $1.160 0
Teclonic data 1 0.5 $500 ) $500 $500 $500 $0
Recycled water rause data 1 35 $3.660] 30 $2.660] $3.660] $660 $3,000
5.2 Prepare MZ-1 Annual Repori (1)
Prepare draft technical d 1 20 $23.560 $200 3200 $23.760 $23.760 $23,760 $23,760 0
Prepare final lechnical memerandum 1 55 $6,800) $300 $300 $7.100] $7.100 $7.100 $7.100 0
5.3 Update MZ-1 Plan (If necessary) (1) 1 105 $15,640 $200 $200] 515,840 0
Task 6 — Meetings and Administration $28,077) $0) $28,077] $28,077 $0) $27,675 $402 $402
6.1 Prepare for and attend Land Subsidence Committee meelings (1) 2 [ $8.720] 391 391 $8.811 38.811 38,811 $9.630 -$819 -$819
6.2 Ad hoc meetings (1) 1 3 54,354 46 346 34,406/ $4.406) 54 408 $3.186 1,220 $1.220)
6.3 Project A 1 and Financial Rey {1} 12 7.5 $10,500 30 $10,500 $10,500| %10,500] 510,500 30 $0
6.4 Scope and Budgel for FY2015/16 (1) 1 3 Sd,lﬂ' S_Dl S‘Llﬂ' S‘Llﬂ] 34..‘@[ 34,360 30 30
Totals | I sm.ussl 228,368 sw.nwl sm.sul $136,327 s451.z1u| -smmul s1 z-uzsl
Motes:

{1) Required by MZ-1 Plan and/or Peace Agreement
{2) Contingency budget. Spent only if necessary,
(3) Discretionary task. F If rec by the Land & Ci
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*Positive compression values represent compression of soils, negative compression values represent expansion of soils.

Figure 3-7









