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1.0 Introduction and Background

1.1 General

This report presents the results of the dam safety monitoring and surveillance program for San
Joaquin Dam (labeled as San Joaquin Reservoir Dam in the Division of Safety of Dams [DSOD]
jurisdiction list) conducted by the Irvine Ranch Water District (District) and GEI Consultants,
Inc. (GEI) for the period between January 2023 through December 2023. It includes a review of
previous surveillance reports, a compilation of the field measurements, maintenance reports,
observations, and conclusions related to the general condition and safety of the dam. In addition,
recommendations are provided for continued operation, surveillance and monitoring of the dam.
This report is submitted as part of the jurisdictional requirements of DSOD.

This report includes graphical summaries of the field measurements of water levels in the
piezometers and monitoring wells, seepage flows, and dam movement measurements. It also
contains tabulated data of the field measurements of water levels in the piezometers and
monitoring wells, seepage flow rates, silt and field survey measurements.

Figure 1 is a plan view of the dam and reservoir with a representative cross section of San
Joaquin Dam. Figure 2 is a site plan of the dam and reservoir. Figures 3 through 6 are plans
showing locations of piezometers, monitoring wells, and survey monuments. As used in this
report, the left and right designations are as viewed looking downstream.

The vertical datum indicated on the as-built plans and project documents for San Joaquin Dam
and Reservoir is the National Geodetic Vertical Datum of 1929 (NGVD 29). The reservoir water
surface elevation and instrumentation data are currently being read based on the vertical datum
of North American Vertical Datum of 1988 (NAVD 88). The height difference between datums
is 2.375 ft and this same amount is to be added to elevations in NGVD 29 to obtain elevations in
NAVD 88 for the San Joaquin Dam and Reservoir.

1.2 Dam and Reservoir

San Joaquin Dam and Reservoir were constructed in 1966 by the Irvine Ranch Water District
(District) as a potable water storage facility. The facility was owned by a consortium of nine
local water agencies including the District and the Metropolitan Water District of Southern
California (MWD). The District subsequently acquired complete ownership of the dam and
reservoir and converted it in 2004 from a potable facility to a reclaimed water facility. The
conversion project components are detailed in as-built drawings approved by DSOD.

San Joaquin Dam is a zoned earthfill embankment located in Orange County, California. As-
built plans show the dam crest is at Elevation of 476.0 ft (NGVD 29), with a crest length of 873
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ft and a crest width of 30 ft. The height of the dam is 224 ft excluding 3 ft of camber at the center
of the dam. The dam crest and upstream face are lined with asphalt concrete (AC). The reservoir
is lined with compacted impervious earthen material which is overlaid by the AC. The upstream
face of the dam has a slope gradient of 3H:1V with a bench at Elevation 420.0 ft (NGVD 29).
The downstream face has a slope gradient of 2.25H:1V with three benches at Elevations 420.0 ft,
360.0 ft, and 300.0 ft (NGVD 29).

The watershed contributing to the reservoir has a drainage area of only 0.3 square miles,
with water mostly diverted into the reservoir. The reservoir area is 50 acres, and the
reservoir storage capacity is 3,036 acre-feet.

1.3 Spillway

The spillway consists of two rectangular overpour drop inlets located near each abutment. The
inlets are comprised of reinforced concrete structures with the control at Elevation 470.5 ft
(NGVD 29), providing 5.5 ft of total freeboard. Each drop inlet is connected to a 48-inch
reinforced concrete pipe. The reinforced concrete pipe transports the spillway flow of water
which converge into a combined energy dissipation reinforced concrete box located in the stream
channel downstream of the toe of the dam.

1.4 Outlet Works

The outlet works intake structure consists of an inclined 60-inch-diameter mortar-lined and
coated, welded steel pipe located beneath the reservoir slope (northeast) near the right end of
the dam. There are four multi-level screened intake valves: a 24-inch butterfly valve at
Elevation 360 ft (Outlet Valve #4), and three 48-inch-diameter valves at Elevations 380,
415, and 450 ft (Outlet Valves #3, 2, and 1, respectively) (NGVD 29). A 60-inch butterfly
valve (Outlet Valve #5) is also located at the transition from the 60-inch-diameter steel
intake pipe to the 60-inch-diameter outlet conduit near the right upstream groin toe area of
the dam. The outlet conduit is a mortar-lined and coated, welded steel pipe that is concrete-
encased and extends under the dam to a concrete blowoff structure near the downstream toe
of the dam. The blowoft structure contains two 12-inch-diameter emergency blowoff valves
located in series to minimize water waste when exercised. Water released from the blowoff
valves drains into the east storm drain.

All five outlet valves and the two downstream blowoff valves were exercised twice during
the 2023 review period. The District provided a Reservoir Dam Valve Exercising summary
table which states that the valves were exercised during the DSOD inspection on 4/18/2023
and 10/26/2023.
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2.0 Instrumentation Measurements

2.1 General

The District normally operates the reservoir below Elevation 470.0 ft (NGVD 29) which is 0.5 foot
below the spillways’ crest. The reservoir is considered full by the District at this elevation.
The crest of the dam is at Elevation 476.0 ft (NGVD 29) or 478.38 ft (NAVD 88), and the
crest elevation of each of the two spillway inlets is at 470.5 ft (NGVD 29) or 472.88 ft
(NAVD 88). An annual cycle of seasonal lowering of the reservoir during the spring and
summer, and then refilling during the winter is the typical pattern of the District’s operation
at this reservoir.

Throughout this report, instrumentation measurements and readings that remained within
historical limits and followed historical trends will be classified as normal. Historical limit is
classified as the range between maximum and minimum water levels within the past ten
years.

The elevation of the water surface in the reservoir is recorded each time a field visit is made
to collect instrumentation data. Based on the ten-year historical data from January 2013 through
December 2023, the reservoir water surface elevation varied from a minimum Elevation of 395 ft
to a maximum Elevation of 472.0 ft. The exception was on July 5, 2019, where the reservoir
level was recorded as 39.40 ft. This reading was an error and most likely should have been 394
ft. During this review period (2023), the reservoir water surface elevation varied from a
minimum Elevation of 421.0 ft to a maximum Elevation of 471.2 ft. The reservoir elevations that
were recorded on the same dates as instrumentation data was taken are shown in Tables 6
through 11 (NAVD 88). The reservoir water surface elevations during the 2023 review
period remained within historical limits.

Starting in December 2022, there was a significant increase in rainfall compared to previous
years. The largest rainfall occurred between January and March with readings ranging from 3.3
to 5.7 inches per month. A large rainfall event also occurred in August 2023, which recorded 2.3
inches of rain during the month. Based on historical data, August is typically a dry month with
little to no rain. Rainfall data is included in Tables 6 through 9 and Figures 7 through 34.

2.2 Instrumentation

Several types of instrumentation are being monitored at the dam and reservoir, including
vibrating wire piezometers (VWP), pneumatic piezometers, open-well piezometers/monitoring
wells, seepage monitoring flow points, and survey monuments. Instrumentation measurements
and readings are typically made by District personnel on a monthly basis except for surveys

GEI Consultants, Inc. 2-1 July 3, 2024



Annual Surveillance Report
January 2023 to December 2023
San Joaquin Dam, DSOD Dam No. 1029-000

which have been performed annually in past years. The District has been having problems with
the data collection system associated with the VWP (VB-1 through VB-8) located on the
upstream side of the dam starting in 2019. In addition, during several months in 2021 (Table 7)
error digital readings of -9999.00 were recorded. During the 2022 review period the readings
provided by the District were not resulting in reliable piezometers levels when applying the
conversion formulas to estimate pressure head. The values provided were considered
erroneous based on comparison to historical readings. During this review period, IRWD
contracted GeoPentech to perform an inspection and maintenance of their VWP system to
help address the data collection problem. Further details of the maintenance work are
described below in section 2.3.5. Based on review of 2023 data, piezometers VB-1 through
VB-4 appear to be functioning correctly since November 2022, except for VB-1 which
started producing error readings after July 2023. Piezometers VB-5 through VB-8 appear to be
functioning correctly since May 2023. Further evaluation details are provided in section 2.3.3.

The following is a summary of the instrumentation at San Joaquin Dam and Reservoir:

1. Eight VWP, identified as VB-1 through VB-8, were installed in 2004. The
locations of these piezometers are on the upstream side of the dam and
are shown in Figure 3. These VWPs were placed in the dam, drilled to
depth, grouted to the surface, and covered with asphalt and are considered
permanent installations. The cabling from the sensors extends in conduit
up to the dam crest where it is gathered into two junction boxes and then
directed to a single main collection box near the center of the dam.

2. Twenty pneumatic piezometers were installed in 1965. These pneumatic
piezometers are located in the dam embankment and abutments. They are
grouped into sets of piezometers, identified as the C, LA, LR, RA, and RR
series. Their locations are also shown in Figure 3.

3. Six open-well piezometers, identified as CP-1A and-1B, CP-2A and-2B,
and CP-3A and- 3B, were installed in 1977 on the upstream perimeter end
of the reservoir. The locations of the piezometers are shown in Figure 4.

4. Eight monitoring wells, identified as MW-1 through MW-8, were
installed also around the perimeter of the reservoir in 2004. The locations
of these wells are shown in Figures 4 and 5.

5. Flow rates are obtained at eight seepage monitoring stations. The flow
points, which consist of V-notch weirs, are located as shown in Figure 2.
They are identified as the East Drain, West Drain, Filter Drain, Upstream
(U/S) Collector Drain No. 1, U/S Collector Drain No. 2, Downstream Toe
Drain, and Floor Drain. An eighth seepage monitoring location is noted as
the right groin drain (6/16/08 drain).

6. There were originally 36 survey monuments installed at the dam in 2004 as
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part of the reservoir conversion project. The original survey monuments are
grouped into sets, identified as the SA, SB, SC, SD, SE, and SF sets. The SF
series monuments (SF-1, SF-2 and SF-3) are located along the upstream toe
of the dam and there is no data available for this series because they are
submerged under the water. The SE series monuments (SE-1, SE-2, SE-3,
SE-4, SE-5, SE-6 and SE-7) are located inside the reservoir and cannot be
surveyed while the water surface elevation is above 423.0 ft (NAVD 88).
SA-4, SE-1, and SE-4 are no longer being surveyed because they were
destroyed. SA-4R was established on 11/25/2020 to replace SA-4. Because
eight of the 33 active monuments are usually under water, there are currently
26 survey monuments being surveyed by the District typically on an annual
basis. The locations of the survey monuments are shown in Figure 6.

2.3 Piezometers and Monitoring wells

Tabulated data since 2007 for piezometer and monitoring well measurements are presented in
Table 6. Table 7 presents the VWP measurements since 2007. Table 8 contains the pneumatic
piezometer measurements since 2007 as well.

Figures 7 through 11 present graphs of measured water levels in the reservoir, piezometers,
monitoring wells, and rainfall during the 2-year period from January 2022 through December
2023. Figures 12 through 16 present graphs of historical measured water levels in the reservoir,
piezometers, monitoring wells, and rainfall since 2013.

Based on review of 2023 data, piezometers VB-1 through VB-4 appear to be functioning
correctly since November 2022, with the exception of VB-1 after July 2023. Piezometers
VB-5 through VB-8 appear to be functioning correctly since May 2023. Since most of the VWPs
appear to be functioning, we have included Figures 17 and 18, which present graphs of measured
water levels in the reservoir, VWPs, and rainfall during the 2-year period from January 2022
through December 2023. Figures 19 and 20 are graphs of historical piezometer levels based on
the readings obtained from the VWPs since 2013.

Figures 21 through 25 present graphs of piezometer levels based on the readings obtained from
the pneumatic piezometers during the 2-year period from January 2022 through December 2023.
Figures 26 through 30 present the historical levels based on readings obtained from the
pneumatic piezometers since 2013.

2.3.1 Open-Well Piezometers (CP-1A & CP-1B Through CP-3A & CP-3B)

Data from the open-well piezometers (CP-1A, CP-1B, CP-2A, CP-2B, CP-3A and CP-3B) are
collected monthly by the District. Table 6 presents the piezometer level data collected from these
piezometers since 2007. Figures 7 and 12 are presentations of the piezometer levels in
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Piezometers CP-1A, CP-1B, CP-3A, and CP-3B, while Figures 8 and 13 are presentations of the
piezometer levels in Piezometers CP-2A and CP-2B.

Table 1 provides the maximum and minimum water levels recorded during the current review
period, as well as the historical range for each piezometer (CP-1A, CP-1B, CP-2A, CP-2B, CP-
3A and CP-3B). Readings with isolated spikes or drops were omitted and were not included in
the maximum and minimum water level range.

Table 1. Open-Well Piezometers — Maximum and Minimum Water Level Ranges

. Tip Elevation 2012-2022 2023 Range
Piezometer 10-Year Range Comment
(Ft) ") (f)

CP-1A 363.2 441.0 - 447 1 444.0 - 446.7
Water levels have been reported below the record

CP-1B 447 1 4471 - 447.7 4471 -447.5 bottom of well elevation. The well is considered
dry.

CP-2A 363.2 456.4 - 464.7 461.3 - 466.0 I}Q?n:::l(dmg on 1/26/2023 was 1.3 ft above historical

CP-2B 4231 450.6 - 453.8 4521 - 4545 :Zidlng on 3/28/2023 was 0.7 ft above historical

CP-3A 363.2 470.5 - 4775 477.2 - 479.6 EZidlng on 8/29/2023 was 2.1 ft above historical

CP-3B 4526 464.0 - 469.1 467.9 - 470.4 Ezidmg on 12/21/2023 was 1.3 ft above historical

Piezometer levels in all six open-well piezometers continue to follow past historic trends
throughout the 2023 review period with changes due to reservoir level changes. Piezometers CP-
2A, CP-2B, CP3-A, and CP-3B responded to the reservoir changes due to the increase in rainfall
which produced readings that went above the historical maximum reading. Piezometer levels in
CP-3A and CP-3B continue to follow a gradual upward trend. All levels in the open-well
piezometers remained within historical limits except for the ones identified in Table 1.

2.3.2 Monitoring Wells (MW-1 Through MW-8)

The water levels in the eight Monitoring Wells MW-1 through MW-8 were measured once per
month throughout the 2023 review period. Table 6 presents the historical water-level data
obtained for these monitoring wells since 2007. Graphs of the water levels for the 2-year period
from January 2022 through December 2023 are shown in Figures 9, 10 and 11. The historical
water levels since 2013 are presented in Figures 14, 15, and 16.

Table 2 provides the maximum and minimum water levels recorded during the current review
period, as well as the historical range for each monitoring well (MW-1 through MW-8).
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Readings with isolated spikes or drops were not included in the maximum and minimum
monitoring well water level range.

Table 2. Monitoring Wells — Maximum and Minimum Water Level Ranges

Monitoring Tip Elevation 2012-2022 2023 Range
10-Year Range Comment
Well (ft) (ft)
(ft)
MW-1 363.2 403.1 - 406.7 404.1 - 405.3
MW-2 409.9 420.5-424.7 421.7 -422.9

Water levels have been reported below the record
bottom of well elevation. The well is considered dry.
MW-3 423.0 423.0-424.8 423.0 Reading on 2/23/2023 was omitted due to isolated
spike. The following reading continued to follow
historical trend.

Water levels have been reported below the record

MW-4 444.5 444.5-4455 444.5-444.9 bottom of well elevation. The well is considered dry.

MW-5 406.5 413.9-4325 422.3-432.2

MW-6 404.9 404.9 - 405.4 404.9 - 405.1 Water levels have bgen reported pelow the record
bottom of well elevation. The well is considered dry.

MW-7 397.3 437.5-4458 441.2 - 4451

MW-8 419.8 483.9 - 494.6 489.6 - 492.9

During this 2023 review period the water levels in all monitoring wells followed historic trends.
It was observed that water levels reported at MW-3, MW-4 and MW-6 were either below the
bottom of well elevation or near it. GEI considers the wells to be dry based on review of the data,
conversations with IRWD staff, and measurements performed during previous annual
inspections. Monitoring Well MW-5 was the most responsive to reservoir water level changes.
Monitoring Well MW-8 levels continued to be above the reservoir water surface elevation
because it is located in the subdivision above the reservoir and could be influenced by landscape
runoff.

2.3.3 Vibrating Wire Piezometers (VB-1 Through VB-8)

There are eight VWPs within the upstream side of the dam embankment. Readings are taken
at a main collection box which contains a datalogger/multiplexerlocated onthe crest of the
dam. Data from the VWPs is normally collected by the District approximately once per month.
Graphs of piezometer level elevations based on readings obtained from VWPs VB-1, VB-2, VB-
5, and VB-6 are shown in Figures 17 and 19 while graphs of piezometer levels in VWPs VB-3,
VB-4, VB-7, and VB-8 are shown in Figures 18 and 20.

As noted in previous reports, all VWPs starting in 2019 were providing unreliable piezometer
levels and not comparing well with previous levels. In addition, during several months in 2021
(Table 7) error digital readings were noted by the District. During the 2022 review period the
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readings provided by the District were not resulting in reliable piezometers levels when
applying the conversion formulas to estimate pressure head. The values provided were
considered erroneous based on comparison to historical readings. During the current review
period, maintenance work was performed at both junction boxes and appears to have temporarily
fixed the data recording issues. Based on review of 2023 data, piezometers VB-1 through VB-
4 appear to be functioning correctly since November 2022, except for VB-1 which started
producing error readings after July 2023. Piezometers VB-5 through VB-8 appear to be
functioning correctly since May 2023. All VWPs, except for VB-1, are responding to the
reservoir water level and are following the historical trends shown in the data before 2019, see
Figures 19 and 20. Table 3 provides the maximum and minimum water levels recorded during
the current review period, as well as the historical range for each VWP (VB-1 through VB-8).
Readings with isolated spikes or drops were not included in the maximum and minimum
piezometer water level range. Figures 19 and 20 are graphs of historical piezometer levels based
on the readings obtained from the VWPs since 2013.

Table 3. Vibrating Wire Piezometers — Maximum and Minimum Water Level Ranges

. Tip Elevation 2008-2018 2023 Range
Piezometer 10-Year Range Comment
() ") (f)

VB-1 357.0 374.7 - 404.5 372.9 - 406.0 Reading on 6/28/2023 was 1.5 ft above historical max.
Error readings after July 2023.

VB-2 392.0 403.7 - 437.3 411.0-434.2

VB-3 3995 397.7 - 405.0 306.7 - 398.4 Water Ievels.have be.en reported below the record
piezometer tip elevation.

VB-4 4410 430.4 - 467.8 436.9 - 464.0 Water Ievels.have be.en reported below the record
piezometer tip elevation.

VB-5 392.8 397.5-465.6 413.5 - 460.3

VB-6 392.0 405.2 - 448.2 417.5-441.4

VB-7 402.0 381.7 - 404.8 401.1 - 401.2 Water Ievels_have be.en reported below the record
piezometer tip elevation.

VB-8 441.0 423.1-457.1 448.6 - 457.2 Reading on 6/28/2023 was 0.1 ft above historical max.

2.3.3.1 Maintenance

GeoPentech inspected the VWPs, the two junction boxes, and the main datalogger/multiplexer
on March 27, 2023. GeoPentech provided the following conclusions:
e All eight VWP sensors were still operational.

e Measured values at the datalogger terminal indicate potential problems with the
connections to sensors VB-5 through VB-8.

e The transient protection modules in the two junction boxes may not be protecting the
datalogger due to lack of grounding.

e There does not appear to be lighting protection or grounding rod for the datalogger box.
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On May 31, 2023, GeoPentech replaced the transient protection modules at each junction box
with Geokon 4999-12L/LE (LAB3) Surge Modules. All eight instruments were reconnected to
the new surge modules and the surge modules were connected to earth ground. GeoPentech took
readings from each sensor and concluded that they were functioning properly.

Details of the inspection and instrumentation system repair work are provided in the
Memorandums in the Appendix.

2.3.4 Pneumatic Piezometers (C, LA, RA, and RR Series)

The pneumatic piezometers within the dam embankment and in the abutments are read at
terminal stations located on the downstream face of the dam. Pneumatic piezometers are read by
the District approximately once per month. The pneumatic piezometer levels are provided in
Table 8 for the historical period since 2007. Plots representing the water-level elevations based
on readings obtained from pneumatic piezometers C-1 through C-4 are shown in Figures 21 and
26, while plots representing the piezometer level elevations for pneumatic piezometers C-5
through C-8 are shown in Figures 22 and 27. Plots representing the piezometer level elevations
based on readings obtained from pneumatic piezometers C-9, RR-2, LR-1, LR-2, LR-3, and LR-
4 are shown in Figures 23 and 28, while plots representing the piezometer level elevations for
pneumatic piezometers LA-1 and LA-2 are shown in Figures 24 and 29. Plots representing the
piezometer level elevations based on readings obtained from pneumatic piezometers RA-1, RA-
2, RA-3, and RA-4 are shown in Figures 25 and 30.

Table 4 provides the maximum and minimum water levels recorded during the current review
period, as well as the historical range for each pneumatic piezometer. Readings with isolated
spikes or drops were not included in the maximum and minimum piezometer level range.
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Table 4. Pneumatic Piezometers — Maximum and Minimum Water Level Ranges

Pneumatic . . 2012-2022 2023 Range
. Tip Elevation (ft) 10-Year Range Comment
Piezometer (ft) (ft)

C-1 3571 3271 - 355.1 338.1 - 342 1 Regdlngs reported werg below the record bottom
of piezometer tip elevation.

c-2 339.8 3415 - 348.5 3475 - 349 5 Readings reported on 7/27/2023 and 8/29/2023
were 1.0 ft above the historical max.

c3 363.3 355.5 - 364.5 3445 - 356.5 Rea_dlngs repor.ted werg below the record bottom
of piezometer tip elevation.

C-4 392.8 394.1 - 468.1 417.1 - 4671

C-5 379.4 378.5- 386.5 384.5-384.5

c6 392.0 309.5- 4215 4075 - 424 5 Readings reported on 5/23/2023 and 6/28/2023
were 3.0 ft above the historical max.

c7 324.9 321.9-325.9 321.9-323.9 Regdlngs reported werg below the record bottom
of piezometer tip elevation.

c-8 440.6 4411 - 4611 446.1 - 461.1 R_eadmg reported on 6/28/2023 was at the
historical max.

c9 357.0 333.9 - 3609 351.9 - 353.9 Regdlngs reported werg below the record bottom
of piezometer tip elevation.

RR-2 393.2 381.3-462.3 413.3 - 456.3

LA-1 391.2 387.9-467.9 414.9 - 465.9
Readings reported between 10/26/2023 and

LA-2 440.3 431.7 - 464.7 436.7 - 464.7 1?/21/2023 \{vere belgw the reqord bottom of
piezometer tip elevation. Reading reported on
3/28/2023 was at the historical max.

RA-1 3645 380.5 - 429.5 3995 - 4335 Readings reported on 5/23/2023 and 6/28/2023
were 4.0 ft above the historical max.

RA-2 354.3 382.3-410.3 393.3 - 410.3 Readings reporteq on 5/23/2023 and 6/28/2023
were at the historical max.

RA-3 390.8 390.9 - 456.9 413.9 - 456.9 Read!ng reported on 3/28/2023 was at the
historical max.

RA-4 441.0 423.0-441.0 - All readings were zero for 2023.

LR-1 356.3 362.7 - 3707 366.7 - 3707 Readings .repo.rted throughout 2023 were at or
near the historical max.
Readings reported on 6/28/2023, 7/27/2023, and

LR-2 340.3 350.7 - 356.7 354.7-357-7 | 912672023 were 1.0 ft above the historical max.

LR-3 390.1 387.3-471.3 417.3 - 470.3
Readings reported between 9/26/2023 and

LR-4 440.0 423.0 - 467.0 433.0 - 467.0 1?/21/2023 \{vere belgw the rec.ord bottom of
piezometer tip elevation. Reading reported on
3/28/2023 was at the historical max.

Multiple pneumatic piezometers were reporting piezometer levels below the bottom of
piezometer tip elevations, and zero readings. During the 2023 inspection, GEI tried to exercise
the control and relief valves at the pneumatic piezometer vault box at the lower bench of the
dam. GEI was unable to exercise the valves because they were not functioning. During the
inspection, IRWD said the gauge readings have not been fluctuating and the pneumatic
piezometers have not been maintained. The IRWD staff also stated that the pneumatic
piezometer pressure readings were being estimated by reading the pressure gauge on the valve
box without connecting a pneumatic indicator to the tubing and sending compressed gas. GEI
recommends that all pneumatic piezometers be maintained per manufacture’s requirements and
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re-calibrated. GEI also recommends the pneumatic piezometers be read correctly per
manufacture’s requirements.

2.4 Subdrain Flow Rates

Subdrain flows are measured by the District at eight seepage monitoring stations. The flows from
the East Drain, West Drain, and Filter Drain are measured at three separate V-notch weirs in the
blow-off structure near the downstream toe of the dam. The flows from the U/S Collector Drain
Nos. 1 and 2 are measured at two V-notch weirs at the downstream toe of the dam. The flows
from the Downstream Toe Drain and the Floor Drain are measured in two separate V-notch
weirs adjacent to the energy dissipator structure. An eighth seepage monitoring location is also
measured near the outlet structure referred to as the right groin drain (6/16/08 drain). The
locations of the seepage monitoring weirs are shown in Figure 2. The flow data from the weirs is
collected monthly by the District.

Tabulated data for the historical period since 2007 is presented in Table 9. Figures 31 and 32 are
graphs representing the seepage flow rates for the 2-year period from January 2022 through
December 2023. Figures 33 and 34 are graphs representing the seepage flow rates for the
historical ten years’ period from 2013 to 2023.

Table 5 provides maximum and minimum flow rates recorded during the current review period,
as well as the historical range for each drain.

Table 5. Subdrain Flow Rates — Maximum and Minimum Flow Rate Ranges

2012-2022
Subdrain 10-Year Range gocSiianos Comment
(gpm)
(gpm)
East Drain 8.2-63.9 15.2-422
West Drain 13.7 -67.7 19.5-44.8
Reading reported on 3/28/2023
Filter Drain 3.0-9.9 6.6 -10.0 was 0.1 gpm above historical
max.
U/S Collector First time recording flow since
Drain #1 Dry Dry -0.02 2011.
U/S Collector First time recording flow since
Drain #2 Dry -0.02 Dryto 1.1 2017.
Downstream No readings were provided in
. 0.7-8.0 22-79 November and December due
Toe Drain - .
to vault overflowing with water.
No readings were provided in
Floor Drain 1.2-10.6 3.7-6.3 November and December due
to vault overflowing with water.
. . Reading reported on 3/28/2023
R'ggiﬁnro'” 0.08-15 0.3-2.4 was 0.9 gpm above historical
max.
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During the 2023 report period, the flows discharged from the East Drain and the West Drain
tracked the reservoir closely. The flows discharged from the Downstream Toe Drain and the
Floor Drain also responded to the reservoir water level changes and rainfall. The Downstream
Toe Drain had a peak flow of 7.9 gpm on 3/28/2023 which could have been in response to the
large rainfall in March. GEI considers this an isolated reading since the flow rates returned to the
historical trend. During November and December, IRWD reported that the vaults containing the
Downstream Toe Drain and Floor drain were overflowing with water and could not take a
seepage reading. During the review period seepage was recorded in the U/S Collector Drain #1
for the first time since 2011 and in the U/S Collector Drain #2 for the first time since 2017. The
seepage in the U/S Collector Drains #1 and #2 could be in response to the higher reservoir level
and increase rainfall during 2023. The seepage in both drains began to decrease as the reservoir
water level lowered towards the end of the year. In addition, the Filter and Right Groin Drains
showed slight responses to the reservoir water level changes.

Based on GEI's review of the seepage flow data, the seepage patterns in the U/S Collector Drains
changed during the 2023 review period. Seepage should continue to be monitored and compared
to fluctuations in reservoir water level and rainfall.

2.4.1 Sediment Collection (East and West Drains)

The East and West Drains are 6-inch mortar lined steel pipes are concrete encased and
underneath the 60-inch outlet pipe. Both pipes are concrete encased through the dam foundation
and connect to 4-inch Vitrified Clay Pipe (VCP) reservoir slope underdrain lines near the sloping
intake structure (Sheet M-4). During the 2023 review period, the District provided sediment
accumulation data for the West Drain for January, February, April, and July. The sediment
weight ranged between 4.1 to 11.2 Ibs. Monthly readings are required to provide a more
thorough review of the impact of sedimentation accumulation at the West drain. During the 2023
inspection, the District reported that samples are typically thrown away or stored in their storage
yard. Table 10 provides the recorded sedimentation measurements. The measurements are not
being taken on a consistent interval and gaps exist. The last set of sedimentation measurements
during 2023 was on July 26, 2023.

Ninyo & Moore performed a hydrometer analysis on the sediment material collected in January
2023. The sediment material is a low plasticity sandy silt and is within the gradation limits of the
compacted impervious earth lining Zone 1 material (Reservoir liner material) shown in the
project as-built plans (Sheet C-17). The original reservoir liner was built using Zone 1
impervious material. Based on review of the as-built plans and hydrometer analysis, it is unlikely
that the sedimentation is coming from the dam embankment since the east and west drain pipes
are encased in concrete across the embankment. The sedimentation could be coming from the
reservoir liner Zone 1 material where the drains are not concrete encased and are 4-inch diameter
perforated VCP underdrains. The results of the hydrometer analysis are shown in the appendix of
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this report. See conclusions and recommendations for further discussion on observed
sedimentation.

2.5 Movement Surveys

The District performed an initial survey of the horizontal and vertical movements at the dam in
2004 using the NGVD 29 vertical datum. Beginning in 2005, all surveys were referenced to the
NAVD 88 vertical datum. Surveys are normally performed annually with the exceptions in 2017
and 2021. No surveys were conducted in calendar year 2017 and 2021. A survey was conducted
during December 2024 that has been included in this report. The survey report is provided in the
Appendix of this report.

Tabulated data for the surveying of horizontal and vertical movement since 2004 are presented in
Table 11. Figures 35 and 39 are graphs representing the horizontal and vertical movements for
survey monuments SA-1 through SA-4R. Figures 36 and 40 are graphs representing the
horizontal and vertical movements for survey monuments SB-1 through SB-7. Figures 37 and 41
are graphs representing the horizontal and vertical movements for survey monuments SC-1
through SC-8. Figures 38 and 42 are graphs representing the horizontal and vertical movements
for survey monuments SD-1 through SD-7. The SE-series and SF-series survey monuments are
not shown in the tables or graphs because these monuments are located on the lower upstream
face of the dam and are normally submerged under the water in the reservoir.

As noted above, a survey was performed in December 2023 that has been included in this
report. The survey monuments at the crest (SD-1 to SD-7) showed downstream horizontal
movement and settlement. The horizontal movement varied from 0.12 to 0.24 inches.
Settlement along the crest was approximately 0.5 inches. The survey monuments at the first
downstream bench (SC-1 to SC-8) showed upstream horizontal movement and settlement.
The horizontal movement varied from 0.06 to 0.12 inches. Settlement varied from 0.16 to
0.32 inches. These small measure amount of movement have been observed in the past and
appear to be within historical changes due to accuracy survey, reservoir water level changes
and temperature changes. Based on GEI’s review of the historical data and the inspection,
there was no significant or unusual movement occurring at the dam.
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3.0 Field Evaluations

3.1 Field Evaluation of July 10, 2023

A field evaluation and inspection were performed by Emerson Revolorio and Kody Vandervort
of GEI, Cristina Rodriguez, Ryan Tran, and Steve Habiger of the District on July 10, 2023. The
reservoir level was reported at Elevation 464.8 ft (NAVD 88). Construction activities for a
recycled water pipeline replacement project were ongoing along the access road in the northeast
and southeast corners of the San Joaquin reservoir. There were also ongoing construction
activities for a new water filter station north of the toe of the dam. Weather conditions were
overcast to sunny, with temperature in the mid-60s. Photos taken by GEI are included in the
Appendix of this report.

3.1.1 Dam

The upstream slope asphalt concrete lining above the reservoir water level was unchanged from
the conditions observed during the December 2023 inspection, see Photos 1-2. The left upstream
slope asphalt concrete lining above the reservoir water level showed signs of minor deterioration
along with localized areas with fatigue cracking and large potholes, see Photo 15. The condition
of the crest appeared to be in similar conditions to what was observed during the December 2022
inspection. The crest of the dam was walked and based on the inspection observations; the
asphalt concrete crest surface, curbs, and guard rail had no unusual signs of movement or
distress, see Photos 3 and 4. The AC pavement did have some areas where there is noticeable
shrinkage-expansion temperature type cracking that was longstanding based on previous
inspections of the dam, see Photos 4 and 5. The curbs on the upstream side of the crest had some
areas with minor cracks and spalling at joints due to expansion/contraction, see Photo 6. These
areas will need to be repaired but not considered a problem to the safety of the dam. No signs of
slope instability were seen on the dam surfaces or abutment areas.

The downstream embankment slope, abutments, and groin areas were inspected, and no unusual
conditions related to instability, seepage, or movement were found, see Photos 7-10. Minor rill
erosion was observed at the left groin, see Photo 10. The pneumatic piezometers control and
relief valves were in similar conditions that were observed during the December 2022 inspection,
see Photos 11 and 12. According to the District, the gauge readings have not been fluctuating and
need to be re-calibrated. The District also mentioned that the pneumatic piezometers have not
been maintained.

During the inspection, GEI discovered little to no poison in the rodent control feeder boxes
throughout the dam. IRWD reported that they are limited to the amount of poison they can add to
the environment. Currently, IRWD is utilizing carbon monoxide as an effective treatment for
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ground squirrel control. IRWD still has black feeder control stations for rats and mice near the
dam caretake houses and other IRWD facilities. No active rodent activity was seen on the dam.
Minor rill erosion was observed at the downstream toe area of the dam, see Photo 13. Significant
corrosion was observed on the safety handrails and ladders at energy dissipator structure, see
Photo 14. During the inspection, IRWD mentioned that the junction boxes for the VWPs were
recently repaired. More details on the maintenance work performed on the VWP system is
provided in section 2.3.3.1. Overall, the condition of the dam remains largely unchanged from
the conditions observed during the December 13, 2022, inspection. Overall, the dam was well
maintained with no signs of instability or distress.

3.1.2 Reservoir Liner

GEI inspected the reservoir liner cracking and movement at the left south end of the reservoir.
The reservoir liner cracking and movement continues to increase. GEI observed 2 to 4 inches of
transverse separation cracking along the south liner, approximately 1 inch increase from last
year’s inspection. GEI also observed ~2-inches of longitudinal cracking along the liner, see
Photos 16-18. GEI did not observe any cracking in the soil below the AC liner. It is
recommended the cracks be sealed to prevent any rainfall water infiltration that might exacerbate
the cracks. The District should also continue assessing and implementing repairs as needed to the
cracking and liner movement. Since the reservoir liner cracking and movement is at the left south
end of the reservoir, GEI does not consider this to be an immediate dam safety issue but could
impact the reservoir slope and continue maintenance/repair (sealing of cracks) and monitoring of
these cracks is recommended.

3.1.3 Spillway

The District informed GEI the reservoir did not spill into the spillways during the review period.
The two drop box inlet spillways were inspected on each end of the upstream slope of the dam
and were clear of debris and fully functional, see Photo 19 and 21. The concrete surfaces were
examined and found in good condition. The entrances to the two 48-inch reinforced concrete
pipe (RCP) conduits were clear. The right spillway box inlet had a small stream of water flowing
near the bottom of the south-east corner, which was indicative of minor seepage, see Photo 20.
The exit at the dissipator structure was clear, see Photo 14. During the inspection, GEI observed
overgrown vegetation downstream of the dissipator structure at the exit channel. The dissipator
concrete structure had no visual signs of structural deficiencies and was clear for water flow.
Overall, the condition of the spillway and dissipator structure remains largely unchanged from
the conditions observed during the December 13, 2022, inspection.

3.1.4 Outlet Works

The upstream outlet controls a 24-inch, 60-inch, and three 48-inch butterfly valves located on the
slope of the reservoir at various levels, with hydraulic controls that were not exercised during the
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inspection. According to the District, outlet valve #4 is not working, #3 and #2 are leaking but
working, #1 and #5 are blown out and not working, and Outlet valve #5 is always open. The
District stated the outlet valves have not been repaired since the last inspection. The District
stated that a work ticket to contract a dive team to repair the valves was submitted a few years
ago, however work has not yet been cleared to be performed. During the inspection, the electrical
power in the inlet and outlet works control house was not working. The District indicated that
this may be due to nearby construction activities. The power should be restored in the outlet
works control house.

The downstream blowoff valves were not exercised during the inspection but the District
reported they were fully exercised on 4/18/2023.

Overall, the condition of the outlet works remain largely unchanged from the conditions
observed during the 12/13/2022 inspection.

3.1.5 Seepage

There were no signs of abnormal seepage observed on the downstream slope, along the groins, or
along the toe of the dam. The following seepage conditions were observed and noted during the
inspection, see Photos 22-23:

East =33.94 gpm  U/S Collector Drain #1 = Trickling Floor Drain = 4.82 gpm
West =43.50 gpm U/S Collector Drain #2 = 0.59 gpm Right Groin Drain = 0.73 gpm
Filter =8.70 gpm  D/S Toe = 2.79 gpm

Aside from the U/S Collector Drains, the above seepage amounts are considered within historic
levels. The U/S Collector Drains were flowing after not having any recorded seepage since April
2017, see Photo 22. The exposed steel of the U/S Collector Drains was corroded, and the
concrete liner of U/S Collector Drain #2 had recently fractured off the steel pipe. The U/S
Collector Drain #2 had a recently made U-shaped cut on its elbow, see Photo 22. A leak was
observed within the U/S Collector Drain weir box which prevented water from filling up to the
V-notch weirs, see Photo 22.

During the inspection, the West Drain sedimentation samples taken in July were drying. The
samples had an organic odor and were primarily low plasticity silt. The observed sedimentation
samples were similar to the material tested for gradation analysis by Ninyo & Moore (Ninyo &
Moore, 2023).

The seepage water observed at the Floor, Toe, Right Groin (6/16/08 drain), and U/S Collector
Drains was clear.
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4.0

Conclusions and Recommendations

4.1
1)

2)

3)

4)

5)

6)

7)

8)

9)

Conclusions

Based on the review of available instrumentation data and the field inspection, the dam
does not appear to have signs of structural deficiencies, seepage, or instability.

Spillway approaches, control structures and entrances and exit were clear with no
structural deficiencies seen.

Starting in December 2022, there was a significant increase in rainfall compared to
previous years. The largest rainfall occurred between January and March with readings
ranging from 3.3 to 5.7 inches per month. A large rainfall event also occurred in August
2023, which recorded 2.3 inches of rain during the month.

GEI inspected the reservoir liner cracking and movement at the left south end of the
reservoir. The cracking and separation cracking has increased since the December 2022
inspection. GEI observed 2 to 4 inches of transverse separation cracking along the south
liner. GEI also observed ~2-inches of longitudinal wide cracking along the liner. GEI did
not observe any cracking in the soil below the AC liner.

The right spillway box inlet had a small water leak near the bottom of the south-east
corner, which was indicative of seepage.

The maintenance work performed on the VWP system appears to have fixed the
datalogging issue. Piezometers VB-1 through VB-4 appear to be functioning
correctly since November 2022, except for VB-1 which started producing error
readings after July 2023. Piezometers VB-5 through VB-8 appear to be functioning
correctly since May 2023.

There does not appear to be any lightning protection or grounding rod for the datalogger
box.

Multiple pneumatic piezometers were reporting piezometer levels below the bottom of
piezometer tip elevations, and zero readings.

The pneumatic piezometers’ readings could not be checked during the inspection due to
poor maintenance of the piezometer read-out equipment. The control valves and relief
valves could not be turned because they have not been maintained. The gauge readings
have not been fluctuating.
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10) The pneumatic piezometers are not being read correctly.
11) The pneumatic piezometer gauge boxes are heavily corroded.

12) Based on inspection discussions, the outlet valves have not been repaired since the
December 2022 inspection. The conditions of the outlet valves are similar to what was
observed during the December inspection. Outlet valves #1, #4, and #5 continue to not
work, and #2 and #3 still have leaks in their hydraulic lines but are working. Outlet valve
#5 is always open. The District stated that a work ticket to fix the valves and hydraulic
lines was submitted a few years back.

13) During the inspection, electrical power to the inlet and outlet works control house was
not working.

14) The 2023 survey data was reviewed, and the horizontal and vertical survey movement
measurements were found normal within historical values and trends except for a minor
increase in settlement (0.5-inches) along the crest. These small measure amounts of
movement have been observed in the past and appear to be within historical changes
due to accuracy survey, reservoir water level changes and temperature changes.

15) The AC pavement on the dam crest looked similar to what was observed during the
inspection in December 2022.

16) The concrete curbs on the upstream crest looked similar to what was observed during the
inspection in December 2022.

17) The overgrown vegetation downstream and adjacent to the energy dissipator structure
appeared unchanged since the December 2022 inspection.

18) IRWD is continuing with rodent control measures. IRWD is currently utilizing carbon
monoxide as an effective treatment for ground squirrel control. IRWD still has black
feeder control stations for rats and mice near the dam caretake houses and other IRWD
facilities.

19) Sedimentation samples from the West Drain were observed during the inspection. The
samples had an organic odor and were primarily low plasticity silt. Ninyo & Moore
performed a hydrometer analysis on the sediment material collected in January 2023. The
sediment material was a low plasticity sandy silt and is within the gradation limits of the
Zone 1 impervious material based on the project as-built plans. The observed samples
during the inspection were similar to the material tested for gradation analysis by Ninyo
& Moore.
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20) Based on review of the as-built plans and hydrometer analysis, it is unlikely that the
sedimentation is coming from the dam embankment since the west drain pipe is encased
in concrete along the embankment.

21) The handrails and ladders at the energy dissipation structure are heavily corroded and
need to be replaced.

22)Minor rill erosion was observed at the left groin and downstream toe area.

23) Seepage was recorded in the U/S Collector Drain #1 for the first time since 2011 and in
the U/S Collector Drain #2 for the first time since 2017. The concrete liner to the steel
pipes was cracked, and the exposed steel was corroded. The elbow of the U/S Collector
Drain #2 also had a U-shaped cut.

24) A leak was observed within the U/S collector drains weir box which prevented water
from filling up to the V-notch weirs.

25) GEI recorded seepage readings at all seepage drains and the seepage water was clear.
Aside from the U/S Collector Drains, the seepage amounts were within past historical
levels.

26) According to IRWD, during November and December 2023, the vault containing the
Downstream Toe and Floor drain was overflowing with water. Seepage readings were not
taken during this time.

27) According to IRWD, the seepage return line near the access road on the right abutment of
the dam failed and water started coming up out of the ground. IRWD turned off the
seepage return pump station until the seepage return pipeline is replaced. The line break
was not repaired and is pending abandonment of pipeline. IRWD is moving forward with
an improvement project to replace the seepage return pipeline.

4.2 Recommendations

1) The District should start planning in the near future on abandoning the pneumatic
piezometers and consider installing new piezometers to monitor the saturation level in
embankment zones 3 and 4.

2) The District should take a monthly reading of VB-1 at the junction box instead of at the
main control box to determine if the sensor is working correctly.

3) Install a ground rod for the main datalogger for lightning protection.

4) The District should continue monitoring of the liner cracking and movement at the south
left end of the reservoir. AC liner cracks should be filled with flexible joint sealant to
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prevent any rainfall water infiltration that might exacerbate the cracks and impact the
reservoir slope.

5) The District should make a comment in their piezometer data report indicating when a
well or piezometer is dry.

6) The four upstream outlet valves and two blowoff valves need to be repaired.

7) A detailed inspection should be conducted for both spillway box inlets. The District
should monitor the seepage within the south-east corner of the right spillway concrete
box inlet.

8) GEI recommends a camera inspection of both spillway conduits be performed at 10-year
intervals.

9) Repair the minor concrete spalling observed at concrete curb joints.

10) The District should continue to measure and record sedimentation being removed from
the drains monthly. The reservoir liner should be inspected during low reservoir water
levels for signs of settlement and depression along the reservoir underdrains.

11) Perform next annual survey during the summer when reservoir water levels are higher,
and temperatures are greater to compare changes in movements to surveys conducted
during the winter.

12) Continue exercising the outlet control valves and emergency blowoffs annually and keep
a log showing dates of exercising that can be reviewed during inspections.

13) The District should continue collaborating with pest management companies to determine
most effective treatment options in controlling rodent activity. In addition, the District
should continue collapsing, backfilling, and compacting rodent holes with surrounding
material as an ongoing maintenance item throughout the dam.

14) Backfill and compact erosion rills as they appear.

15) Repair corroded metal equipment, for example piezometer gauge boxes, ladders, and
safety handrails near outlet facilities.

16) Repair broken and corroded collector drains and the leakage within the collector drain
weir box.

17) During normal operations at the reservoir, District personnel should continue observing
the condition of the dam and appurtenances, looking for signs of distress or movement,
increased seepage, or other unusual conditions. Any unusual observations should be

GEI Consultants, Inc. 4-4 July 3, 2024



Annual Surveillance Report
January 2023 to December 2023
San Joaquin Dam, DSOD Dam No. 1029-000

reported immediately to the Dam Safety Engineer.

18) GEI recommends continuing following IRWD’s Dam Safety Program Guidelines after a
4.0 earthquake.
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San Joaquin Dam Action Iltem Summary

Item

Location

Maintenance

Measures

Pneumatic Piezometers

Dam upstream face

Unreliable readings

The District should start planning in the near
future on abandoning the pneumatic
piezometers and consider installing new
piezometers to monitor the saturation level
in embankment zones 3 and 4.

Vibrating Wire

Junction Box containing

Erroneous readings

The District should take a monthly reading of
VB-1 at the junction box instead of at the

Piezometer (VWP) VB-1 main control box to determine if the sensor
is working correctly.
VWP Datalogger Dam Crest Does not havg lightning Install grounding rod.
protection
Perform next annual survey during the
Movement Surveys Throughout dam N/A summer when reservoir water levels are

higher, and temperatures are greater.

Reservoir Liner

Left south end of the

Reservoir liner cracking and

The District should continue monitoring the
liner cracking and movement. Liner cracks

Cracking reservoir movement should be filled with flexible joint sealant.
Throughout dam and Make a comment in the piezometer data
Piezometer Data 9 N/A report indicating when a well or piezometer

reservoir

is dry.

Outlet valves

Control house

Outlet valves are not working
and leaking at hydraulic control
lines

Repair valves.

Inlet and outlet-works
control house

Control House

Loss of power

The District should have an emergency plan
to restore power to the inlet and outlet works
control house when power is lost.

AC pavement

Dam crest

Shrinkage-expansion
temperature cracking

Repair AC pavement by filling in cracks and
creating a smooth surface.

Spillway Conduits

Right and Left Spillway
Inlets

General inspection and
seepage in the right inlet

Conduct a detailed inspection of spillway
box inlet structure and conduits and
continue to monitor seepage point in the
right inlet.

Rodent control feeder
boxes

Throughout dam

Lack of poison in rodent
control feeder boxes

The District should continue collaborating
with pest management companies to
determine most effective treatment options
in controlling rodent activity. In addition, the
District should continue collapsing,
backfilling, and compacting rodent holes
with surrounding material as an ongoing
maintenance item throughout the dam.

West Drain

V-notch weirs at blowoff
structure and reservoir
liner

Minor sedimentation has been
measured in the past

Monitor and record amount of sedimentation
monthly and evaluate collected information.
The reservoir liner should be inspected
during low reservoir water level for signs of
settlement and depression along the
reservoir underdrains.

Concrete curbs

Upstream side of crest

Curbs have minor cracks and
spalling at joints

Repair concrete spalling at curbs.

Erosion

Left groin and
downstream toe area

Erosion rill

Backfill and compact erosion rills as they
appear.

Handrails, ladders, and
vault boxes for
pneumatic piezometers

Above the energy
dissipation structure and
along benches

Significant corrosion was
observed along safety
handrails and ladder near the
dissipation structure and at

Repair corroded handrails, ladders, and
equipment boxes.
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Item

Location

Maintenance

Measures

vault boxes for the pneumatic
piezometers

U/S Collector drains

Lower bench at the
downstream toe of the
dam

The drains are heavily
corroded and dry, and the weir
box is leaking

Repair corroded drains and weir box
leakage areas.
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5.0 Limitations

This report presents observations made, conclusions drawn, and opinions formed from (1) a
visual inspection of the San Joaquin Dam and its appurtenant structures, and (2) a review of
instrumentation data, including piezometer levels, survey data and seepage rates, collected by the
District. The purpose of the inspection and review is to assess the safety of the structure for
continuing operation. Reuse of this report for any other purposes, in part or in whole, is at the
sole risk of the user.

In the context intended above, the term “safety” is interpreted to be restricted specifically
to major structural and control features of the project in regard to their adequacy against
possible catastrophic failure due to natural or operational events. No consideration is
given herein to those public safety aspects related to voluntary occupancy or use of
project features in such manner as to result in personal mishaps.

The undersigned who performed the inspection and reviewed the instrumentation data and
prepared this report, desire that it be clearly understood that the conclusions regarding the
condition and safety of the dam and related facilities are not guaranteed but do represent our best
judgment. Inevitably, such judgment must be recognized to be affected to an uncertain degree by
the practical limitations that affect all dam evaluations, relative principally to approximate
knowledge of the existing properties of the structures and their foundations, the potential for
storm or seismic damage, and the uncertainties that are known to exist in estimating margins of
this report represents the results of our surveillance program for San Joaquin Dam, covering
safety.

The conclusions and professional opinions presented herein were developed by GEI Consultants,
Inc. for the Irvine Ranch Water District in accordance with generally accepted engineering
principles and practices. We make no other warranty, either expressed or implied.
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TABLE 6

SAN JOAQUIN DAM

PIEZOMETER AND MONITORING WELL WATER LEVEL MEASUREMENTS

JANUARY 2007 THROUGH DECEMBER 2023

Monitoring Well --> MW-1 MW-2
Top of Well Elevation --> 487.80 489.00
Bottom of Well Elevation --> 363.20 409.90
Depth of Well
Reservoir Monthly , ,
i i Reading i Reading ,
Date Elevation Rainfall (ft) Elevation (ft) Comment (ft) Elevation (ft) Comment
(ft) (in.)

1/31/2007 405.80 88.70 399.10 66.20 422.80
2/27/2007 426.80 88.70 399.10 63.00 426.00
3/28/2007 438.80 88.80 399.00 66.80 422.20
4/26/2007 450.90 88.20 399.60 66.60 422.40
5/23/2007 461.40 88.00 399.80 66.90 422.10
6/27/2007 457.20 87.10 400.70 66.10 422.90
7/26/2007 445.50 87.30 400.50 65.80 423.20
8/28/2007 434.60 86.90 400.90 65.50 423.50
9/25/2007 416.80 86.90 400.90 65.40 423.60
10/24/2007 404.50 86.70 401.10 65.00 424.00
11/27/2007 422.20 86.70 401.10 65.60 423.40

1/3/2008 443.20 86.40 401.40 65.40 423.60
1/29/2008 452.20 86.50 401.30 65.04 423.96
2/27/2008 460.80 85.90 401.90 64.70 424.30
3/26/2008 468.00 85.70 402.10 63.90 425.10
4/29/2008 468.60 83.70 404.10 62.90 426.10
5/29/2008 464.70 84.70 403.10 62.60 426.40
6/26/2008 455.70 84.20 403.60 61.90 427.10
7/29/2008 447.30 0.00 84.00 403.80 61.20 427.80
8/28/2008 438.80 0.00 83.50 404.30 58.20 430.80
9/26/2008 430.70 0.00 83.30 404.50 60.90 428.10
10/29/2008 412.50 0.00 83.40 404.40 61.10 427.90
11/25/2008 404.70 2.60 83.30 404.50 60.70 428.30
12/30/2008 440.90 3.42 83.40 404.40 61.00 428.00
1/28/2009 463.70 0.17 83.00 404.80 61.00 428.00
2/25/2009 470.10 3.35 82.60 405.20 60.80 428.20
3/26/2009 469.40 0.19 82.20 405.60 60.60 428.40
4/29/2009 466.90 0.07 82.20 405.60 60.70 428.30

1. Readings in red are classified as erroneous.
2. Piezometer data based on NAVD 88 datum.
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TABLE 6

SAN JOAQUIN DAM

PIEZOMETER AND MONITORING WELL WATER LEVEL MEASUREMENTS

JANUARY 2007 THROUGH DECEMBER 2023

Monitoring Well --> MW-1 MW-2
Top of Well Elevation --> 487.80 489.00
Bottom of Well Elevation --> 363.20 409.90
Depth of Well
Reserv.0|r Mo.nthly Reading . Reading .
Date Elevation Rainfall (ft) Elevation (ft) Comment (ft) Elevation (ft) Comment
(ft) (in.)

5/18/2009 466.70 0.00 81.90 405.90 60.70 428.30
5/29/2009 465.00 0.00 81.80 406.00 60.60 428.40
6/30/2009 460.20 0.00 81.30 406.50 60.60 428.40
7/30/2009 451.10 0.00 81.20 406.60 60.10 428.90
8/25/2009 440.10 0.00 81.00 406.80 59.90 429.10
9/30/2009 432.20 0.00 81.10 406.70 59.85 429.15
10/29/2009 431.40 0.53 81.20 406.60 60.30 428.70
12/1/2009 427.40 0.00 81.10 406.70 60.90 428.10
12/29/2009 448.10 2.06 81.36 406.40 61.30 427.70
1/27/2010 465.60 4.62 80.90 406.90 61.50 427.50
2/25/2010 470.20 2.51 81.40 406.40 61.50 427.50
3/29/2010 465.70 0.99 80.60 407.20 61.40 427.60
4/4/2010 465.00 80.50 407.30 61.40 427.60
4/27/2010 468.40 1.23 80.50 407.30 61.20 427.80
5/27/2010 463.30 0.05 80.70 407.10 61.60 427.40
6/30/2010 454.70 0.00 80.50 407.30 61.60 427.40
7/28/2010 445.60 0.00 80.60 407.20 61.60 427.40
8/31/2010 437.10 0.00 80.80 407.00 62.20 426.80
9/29/2010 422.70 0.00 80.60 407.20 62.30 426.70
10/27/2010 426.40 2.38 81.00 406.80 62.80 426.20
11/29/2010 439.80 0.97 81.50 406.30 63.40 425.60
12/30/2010 456.60 8.62 80.90 406.90 63.10 425.90

2/1/2011 468.90 0.92 80.60 407.20 62.90 426.10
2/23/2011 469.00 0.99 80.60 407.20 62.80 426.20
3/29/2011 470.30 2.93 80.50 407.30 62.50 426.50
4/27/2011 464.80 0.19 80.25 407.60 62.55 426.45
5/26/2011 457.30 0.48 80.10 407.70 62.60 426.40
6/28/2011 443.50 0.05 79.90 407.90 62.70 426.30

1. Readings in red are classified as erroneous.
2. Piezometer data based on NAVD 88 datum.
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TABLE 6

SAN JOAQUIN DAM

PIEZOMETER AND MONITORING WELL WATER LEVEL MEASUREMENTS

JANUARY 2007 THROUGH DECEMBER 2023

Monitoring Well --> MW-1 MW-2
Top of Well Elevation --> 487.80 489.00
Bottom of Well Elevation --> 363.20 409.90
Depth of Well
Reserv.0|r Mo.nthly Reading . Reading .
Date Elevation Rainfall (ft) Elevation (ft) Comment (ft) Elevation (ft) Comment
(ft) (in.)

7/29/2011 425.10 0.00 80.25 407.60 62.80 426.20
8/24/2011 418.00 0.00 80.40 407.40 62.90 426.10
9/27/2011 400.90 0.12 80.60 407.20 63.30 425.70
10/26/2011 402.20 1.25 81.20 406.60 63.90 425.10
11/30/2011 425.10 1.38 81.30 406.50 63.80 425.20
12/21/2011 435.70 0.32 81.50 406.30 64.20 424.80
1/24/2012 441.40 0.53 81.70 406.10 64.70 424.30
2/28/2012 448.40 0.42 82.10 405.70 65.20 423.80
3/26/2012 452.70 1.06 81.80 406.00 64.90 424.10
4/23/2012 463.40 1.32 81.40 406.40 64.80 424.20
5/30/2012 457.30 0.02 81.50 406.30 64.70 424.30
6/13/2012 452.90 0.02 81.30 406.50 64.70 424.30
6/26/2012 450.20 0.00 81.40 406.40 64.90 424.10
7/24/2012 439.80 0.00 81.60 406.20 65.10 423.90
8/8/2012 437.60 0.12 81.50 406.30 64.30 424.70
8/22/2012 433.40 0.00 81.55 406.30 65.20 423.80
8/29/2012 431.30 0.00 81.50 406.30 65.10 423.90
9/25/2012 420.80 0.00 81.75 406.10 65.30 423.70
10/31/2012 412.30 0.26 82.30 405.50 65.50 423.50
11/27/2012 420.80 0.58 82.90 404.90 65.70 423.30
12/18/2012 448.00 1.44 82.30 405.50 65.30 423.70
1/29/2013 468.60 1.18 82.40 405.40 65.50 423.50
2/28/2013 469.20 0.30 81.90 405.90 64.80 424.20
3/27/2013 468.30 0.50 81.35 406.50 64.70 424.30
4/25/2013 462.70 0.00 81.20 406.60 64.60 424.40
5/21/2013 454.20 0.00 81.10 406.70 64.60 424.40
6/25/2013 439.30 0.00 81.20 406.60 64.75 424.25
7/23/2013 431.50 0.00 81.40 406.40 64.80 424.20

1. Readings in red are classified as erroneous.
2. Piezometer data based on NAVD 88 datum.
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TABLE 6

SAN JOAQUIN DAM

PIEZOMETER AND MONITORING WELL WATER LEVEL MEASUREMENTS

JANUARY 2007 THROUGH DECEMBER 2023

Monitoring Well --> MW-1 MW-2
Top of Well Elevation --> 487.80 489.00
Bottom of Well Elevation --> 363.20 409.90
Depth of Well
Reservoir Monthly ) i
i i Reading i Reading )
Date Elevation Rainfall (ft) Elevation (ft) Comment (ft) Elevation (ft) Comment
(ft) (in.)
8/21/2013 418.00 0.00 81.70 406.10 64.90 424.10
9/24/2013 404.00 0.00 82.00 405.80 65.00 424.00
10/29/2013 400.60 0.00 82.50 405.30 65.40 423.60
11/26/2013 407.90 0.44 83.00 404.80 69.70 419.30 Omitted
12/19/2013 425.80 0.54 82.50 405.30 66.40 422.60
1/28/2014 439.70 0.00 83.20 404.60 66.50 422.50
2/25/2014 449.70 0.83 83.20 404.60 66.70 422.30
3/26/2014 465.10 83.00 404.80 66.80 422.20
3/28/2014 465.70 1.15 83.20 404.60 66.90 422.10
4/29/2014 465.30 0.43 82.90 404.90 66.90 422.10
5/28/2014 450.60 0.00 82.90 404.90 66.90 422.10
6/25/2014 440.10 0.00 82.80 405.00 67.90 421.10
7/29/2014 431.20 0.00 83.00 404.80 67.00 422.00
8/26/2014 419.50 0.02 83.20 404.60 67.20 421.80
9/23/2014 405.30 0.00 83.30 404.50 67.00 422.00
10/29/2014 400.90 0.00 83.60 404.20 66.80 422.20
11/25/2014 410.90 0.25 84.20 403.60 67.30 421.70
12/30/2014 430.60 2.94 83.80 404.00 66.90 422.10
1/27/2015 466.70 0.83 83.70 404.10 67.10 421.90
2/25/2015 468.90 0.69 83.40 404.40 67.10 421.90
3/26/2015 465.90 0.61 83.10 404.70 66.80 422.20
4/28/2015 465.70 0.20 82.50 405.30 66.50 422.50
5/28/2015 466.40 1.08 82.50 405.30 66.30 422.70
6/30/2015 454.50 0.00 82.00 405.80 66.10 422.90
7/28/2015 445.60 0.00 82.20 405.60 65.90 423.10
8/28/2015 437.60 0.00 82.20 405.60 66.00 423.00
9/24/2015 426.90 1.51 82.40 405.40 65.80 423.20
10/27/2015 415.40 0.49 82.70 405.10 66.00 423.00

1. Readings in red are classified as erroneous.
2. Piezometer data based on NAVD 88 datum.
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TABLE 6
SAN JOAQUIN DAM

PIEZOMETER AND MONITORING WELL WATER LEVEL MEASUREMENTS

JANUARY 2007 THROUGH DECEMBER 2023

Monitoring Well --> MW-1 MW-2
Top of Well Elevation --> 487.80 489.00
Bottom of Well Elevation --> 363.20 409.90
Depth of Well
Reservoir Monthly , ,
i i Reading i Reading ,
Date Elevation Rainfall (ft) Elevation (ft) Comment (ft) Elevation (ft) Comment
(ft) (in.)

11/19/2015 412.90 0.09 83.00 404.80 66.70 422.30
12/22/2015 425.50 0.69 83.10 404.70 66.90 422.10
1/27/2016 463.60 2.86 83.10 404.70 67.50 421.50
2/25/2016 468.90 0.25 83.50 404.30 67.30 421.70
3/30/2016 468.00 1.44 82.80 405.00 62.20 426.80 Omitted
4/28/2016 461.30 0.30 82.70 405.10 67.20 421.80
5/25/2016 451.30 0.18 82.85 405.00 67.30 421.70
6/28/2016 414.10 0.00 82.80 405.00 67.30 421.70
7/27/2016 434.20 0.00 82.80 405.00 67.40 421.60
8/23/2016 418.60 0.00 83.30 404.50 67.50 421.50
9/27/2016 406.40 0.00 83.40 404.40 67.30 421.70
10/26/2016 404.00 0.48 84.00 403.80 67.40 421.60
11/22/2016 413.60 1.13 84.40 403.40 67.70 421.30
12/20/2016 441.10 3.48 84.60 403.20 67.65 421.35
1/26/2017 471.60 5.67 84.50 403.30 67.70 421.30
2/24/2017 472.05 3.95 84.10 403.70 67.50 421.50
2/25/2017 472.00 84.05 403.80 67.45 421.55
2/26/2017 472.00 84.10 403.70 67.40 421.60
2/27/2017 472.00 83.90 403.90 67.50 421.50
2/28/2017 471.90 83.90 403.90 68.21 420.79
3/1/2017 471.90 84.20 403.60 67.60 421.40
3/2/2017 471.90 84.00 403.80 67.36 421.64
3/29/2017 467.90 0.10 83.70 404.10 67.30 421.70
4/27/2017 457.60 0.04 83.30 404.50 67.10 421.90
5/23/2017 453.50 0.43 83.40 404.40 67.10 421.90
6/21/2017 447.40 0.00 83.20 404.60 66.80 422.20
7/26/2017 435.10 0.00 83.40 404.40 66.80 422.20
8/25/2017 420.10 0.00 83.40 404.40 66.10 422.90

1. Readings in red are classified as erroneous.
2. Piezometer data based on NAVD 88 datum.
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TABLE 6

SAN JOAQUIN DAM

PIEZOMETER AND MONITORING WELL WATER LEVEL MEASUREMENTS

JANUARY 2007 THROUGH DECEMBER 2023

Monitoring Well --> MW-1 MW-2
Top of Well Elevation --> 487.80 489.00
Bottom of Well Elevation --> 363.20 409.90
Depth of Well
Reservoir Monthly , ,
i i Reading i Reading ,
Date Elevation Rainfall (ft) Elevation (ft) Comment (ft) Elevation (ft) Comment
(ft) (in.)

9/27/2017 407.10 0.00 83.60 404.20 65.60 423.40
10/26/2017 395.00 0.00 83.80 404.00 66.30 422.70
11/28/2017 409.00 0.09 84.00 403.80 66.20 422.80
12/20/2017 416.80 0.00 84.50 403.30 66.60 422.40
1/24/2018 434.50 1.31 84.40 403.40 65.90 423.10
2/21/2018 443.10 0.29 84.20 403.60 67.10 421.90
3/29/2018 453.00 1.28 84.10 403.70 67.40 421.60
4/26/2018 449.10 0.05 84.00 403.80 67.30 421.70
5/31/2018 453.10 0.20 83.80 404.00 67.40 421.60
6/28/2018 448.20 0.00 83.70 404.10 67.30 421.70
7/25/2018 440.40 0.00 83.60 404.20 66.00 423.00
8/22/2018 427.10 0.00 83.70 404.10 66.90 422.10
9/27/2018 439.60 0.00 84.30 403.50 67.10 421.90
10/18/2018 405.30 0.90 84.20 403.60 67.30 421.70
11/28/2018 408.60 1.19 84.50 403.30 67.80 421.20
12/19/2018 4