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1 INTRODUCTION
cbec, inc. eco engineering (cbec) was hired by Pajaro Valley Water Management Agency (PV Water) to
perform hydrologic monitoring of the College Lake system in Watsonville, California, during the 2020
water year (WY). This monitoring effort builds upon monitoring efforts that were initiated by PV Water
and cbec previously (as documented in cbec, 2014), and supports the development of the College Lake
Integrated Resources Management Project. The monitoring program included: 1) maintenance of several
water level gages within creek channels in the College Lake area, 2) flow measurements at select
monitoring sites to develop and/or validate stage‐discharge rating curves to estimate hydrographs, and
3) continued monitoring of a network of piezometers in the vicinity of College Lake.

2 SURFACE WATER MONITORING
2.1 Methods
Gaging was performed at seven different locations representing the main inputs and outputs to and from
College Lake. Gage locations are listed in Table 1 and shown in Figure 1. An eighth location is listed in
Table 1, which is the reset of the Casserly Creek Upstream location that occurred on 5/20/2020. This does
not represent a new gaging effort, rather it provides an update to the gage’s location which was moved
due to sediment deposition that buried the prior gage housing, preventing water level measurements
during low flow conditions. The new “reset” location is very close to the old location (i.e., within 100 feet),
and is positioned in a scoured area in order to allow for water level measurements through very low flow
conditions
Each gaging location contains a pressure transducer that continuously measures pressure, which is a
combination of atmospheric and water pressure, occurring at the elevation of the gage. Pressure readings
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at each submerged gage were converted to water depth by subtracting the atmospheric pressure
measured by a non‐submerged barometric gage (Gage #0) located at the College Lake Pump House. Water
surface elevations were surveyed at each gage location to tie each gage elevation into the North American
Vertical Datum of 1988 (NAVD88). Staff plates were also surveyed to allow for the conversion of the staff
plate readings to NAVD88. Surveyed elevations were corrected based on the National Geodetic Survey
(NGS) benchmark GU4185 on the North‐West sidewalk of the Highway 152 Bridge over Corralitos Creek.
The water depth recorded by the gage at the time of the water surface elevation survey was subtracted
from the surveyed water surface elevation in order to establish the elevation of the gage (i.e., pressure
transducer). With the instrument elevation known, the depth time series for each location can be added
to the height of instrument to provide a time series of water surface elevation at each location. Staff
plates located at each submerged gaging location were read at the time of each download, to check for
any potential fouling of the pressure transducers. These staff plates are also referenced to NAVD88
allowing for the conversion of stage readings to a water surface elevation.
Discharge measurements were taken at various levels of stage to construct and/or update stage‐discharge
rating curves at the Casserly Creek Upstream, Fairgrounds Creek, Paulsen Creek, and Pinto Creek gaging
locations. Low and medium velocity measurements (where in‐stream wading was possible) were collected
using a Sontek FlowTracker acoustic Doppler velocimeter. Channels were discretized into 10 to 20
horizontal bins (depending on the channel width). Discharge was measured for each bin based on water
depth and water velocities measured at 0.6 times the water depth. Discharge for each bin was then
summed to produce the total discharge for the channel. Discharge measurements were not taken at the
Pump House or Salsipuedes Creek gages due to bidirectional flow that occurs at these locations,
precluding the development of a deterministic stage‐discharge relationship.
Table 1 – Gaging locations and staff plate elevations
Gage
Location Name
Northing*
Number
0
1
3
4
5
6
7
8

Barometric Logger
Pump House
Salsipuedes Creek
Fairgrounds Creek
Pinto Creek
Paulsen Creek
Casserly Creek Upstream
Casserly Creek Upstream (Reset)***

1,803,304.64
1,803,304.64
1,802,144.98
1,807,671.81
1,802,714.37
1,808,632.59
1,810,648.60
1,810,553.02

Easting*

Staff Plate Datum
Elevation, ft**

6,198,178.38
6,198,178.38
6,198,267.85
6,200,153.80
6,196,411.50
6,193,798.87
6,197,924.09
6,197,852.98

NA
43.17
58.01
84.54
70.55
63.53
67.95
68.63

Notes: Gage 2 was the formerly monitored Casserly Creek Downstream gage, which has been discontinued
* Coordinates are in California State Plane Zone 3 feet.
** Elevation is referenced to 0' reading on associated staff plates. Elevations are in NAVD88 feet.
*** Gage number 8 is a reinstall of Gage Number 7 at a location within 100 feet of the prior location. The gage
location was moved due to sedimentation that buried the gage housing and prevented the gage from recording
accurate water levels during lower flow conditions.
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Lake storage volume was estimated using water levels measured at the Pump House gage and a
hypsometric curve (cbec, 2014) for the lake. The lake storage and gaged upstream inflows were
differenced to produce an estimate for unaccounted discharge/input to College Lake using a mass balance
approach. The unaccounted discharge includes local surface water inflow to College Lake from ungagged
catchments, groundwater inflow, agricultural runoff (both surface and subsurface), and contributions for
Corralitos Creek flowing upstream (north) through Salsipuedes Creek. The total volume of each source
was then compared as a percentage of the total water volume stored in College Lake throughout the
water year.

2.2 Monitoring Challenges
Sediment deposition in the creek channels in the vicinity of the gages has continued to cause issues with
portions of the monitoring data at most monitoring sites. Sediment was deposited around and
accumulated within the stilling wells where the instruments are deployed. This sedimentation can cause
surface water to be diverted away from the gage or raise the gage out of the low flow channel. These
issues were most pronounced at the Casserly Creek Upstream site, which has experienced a variety of
channel movements in the past (cbec, 2020). This year the gage was found to be isolated from the low
flow channel following the wet season by a sand bar that had aggraded by approximately 2 ft. Additionally,
the stilling well was filled in with sand, as noted on the May 5, 2020 download (Figure 2). The gage was
relocated on May 20, 2020 to its “reset” position (reported in Table 1 as Gage Number 8). Additionally,
Casserly Creek’s levee breach was repaired along with debris removed from the channel on an unknown
date likely in July of 2020, which will likely continue to result in adjustments to the channel’s bed level
and vegetation presence during future high flow events.
Following the May 5, 2020 download at the Paulsen Creek site, the gage was placed approximately half of
a foot higher after downloading. Presumably, it was resting on top of sediment deposited in the stilling
well, rather than hanging at the prior deployment elevation. Pinto Creek has also seen significant
deposition and vegetation establishment on the order of a quarter of a foot near the stilling well (Figure
3).
Finally, this year’s discharge measurements at Paulsen Creek revealed that College Lake has the potential
to create backwater effects at the gaging site under current conditions. The current zero flow elevation at
the Paulsen Creek gage is 63.53 ft. When the lake level exceeds this elevation, it generates backwater
conditions at the Paulsen Creek gage, which will shift the stage‐discharge curve to the left such that an
identical water surface elevation at the gaging location will reflect a lower estimated discharge (Figure
11). While measurements taken this year were completed before College Lake had filled to a level that
would backwater the gaging location, previous years’ measurements were taken when College Lake levels
created a backwater condition at the gaging location. In general, this will cause the rating curve developed
by this year’s data to overestimate elevated stage inflow after College Lake has filled to levels higher than
63.5 ft. Conversely, the rating curved developed by previous years’ data will underestimate elevated stage
inflows before College Lake is filled. If precisely quantifying Paulsen Creek inflows is deemed important,
resetting the gaging location to a higher elevation, upstream of (north) of Paulsen Road is recommended.
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2.3 Results
The monitoring period for this technical memorandum started on October 1, 2019 and continued through
September 17, 2020. College Lake started being drained on May 1, 2020 via pumping to support seasonal
agriculture on the lake bottom. The lake area received an estimated 20.18 inches of precipitation during
the 2020 water year (as recorded at the Watsonville Waterworks gage; located on Freedom Blvd, near
Blanca Lane). The precipitation was an estimated 86% of normal rainfall (NOAA, 2020). Table provides
the significant storms (>0.10 in) that occurred, with the associated lake storage and estimated Casserly
Creek discharge volumes. The largest series of storm events of WY 2020, began on November 30, 2019,
and 8.11 inches of rain occurred over the following 9‐day period. This accounted for 39% of the water
year’s total precipitation.
Table 2 – Precipitation Events, Casserly Creek Inflow Volume and Resulting Maximum Lake Storage
Start Date
Duration
Precipitation Casserly Creek Discharge Volume
Maximum College
(days)
(in)
for Duration Shown (AF)
Lake Storage (AF)
11/28/2019
1
0.48
6.85
150.08
11/30/2019
9
8.11
74.73
901.05
12/18/2019
2
0.47
25.70
1021.97
12/22/2019
2
0.83
36.88
1154.24
12/25/2019
2
0.33
28.64
1242.34
12/30/2019
1
0.30
14.70
1333.68
1/9/2020
2
0.25
35.26
1416.35
1/17/2020
1
1.29
26.78
1597.84
1/22/2020
1
0.18
29.49
1604.29
1/26/2020
1
0.10
30.25
1579.97
3/7/2020
2
0.21
64.87
1479.33
3/15/2020
3
3.56
325.97
2061.57
3/25/2020
1
0.54
28.99
1720.55
4/5/2020
3
2.88
521.79
2257.03
4/10/2020
1
0.11
23.52
2011.71
5/12/2020
2
0.29
15.25
932.59
5/18/2020
2
0.36
15.30
738.40
During the dry season, most tributary creeks (Paulsen, Fairgrounds, Pinto, Corralitos Creeks) are dry
and/or are not contributing significant amounts of inflow to College Lake. Any flow that occurs in these
creeks is below a threshold that can be quantified. However, Casserly Creek conveys small amounts of
flow through the dry season. The source of this dry season flow is likely agricultural return flow or
baseflow discharge. Portions of Salsipuedes Creek between the College Lake weir and the confluence
with Corralitos Creek remain wet throughout the year, and the water surface elevation varies with the
Reclamation District 2049 pumping activities that allow for farming in College Lake through the summer.
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Discharge measurements were taken at Casserly Creek Upstream, Paulsen Creek (formerly known as
Casserly Creek West), Pinto Creek, and Fairgrounds Creek sites. Discharge magnitude was measured on
six different dates at the Casserly Creek Upstream site with conditions ranging from low to moderate flow
rates (i.e., 0.4 cfs to 25.1 cfs). Discharges were measured on five different dates at the Fairgrounds Creek
(0 cfs to 9.2 cfs) and Pinto Creek sites (0 cfs to 17.7 cfs). Discharges were measured on seven different
dates at the Paulsen Creek site (0 cfs to 21.7 cfs). A list of all measurements collected during the 2020 WY
is provided in Table 3.
Discharge monitoring efforts were spread more evenly across the various gaging sites this year to add
power to all sites’ rating curves. However, the Upstream Casserly Creek site, which has been shown in
previous monitoring years to be the major source of inflow to College Lake (cbec, 2019a; cbec, 2019b;
cbec 2020), continues to have the highest priority in this effort.
Table 3 – Discharge Measurements
Location
Date/Time
Casserly Creek Upstream 10/28/2019 10:22
Casserly Creek Upstream
12/12/2019 9:57
Casserly Creek Upstream 12/27/2019 12:01
Casserly Creek Upstream
1/17/2020 9:36
Casserly Creek Upstream
3/16/2020 9:34
Casserly Creek Upstream
7/16/2020 12:44
Fairgrounds Creek
10/28/2019 9:36
Fairgrounds Creek
12/27/2019 12:51
Fairgrounds Creek
1/16/2020 12:23
Fairgrounds Creek
3/16/2020 11:13
Fairgrounds Creek
5/17/2020 13:11
Paulsen Creek
10/28/2019 9:12
Paulsen Creek
1/16/2020 14:56
Paulsen Creek
3/16/2020 12:26
Paulsen Creek
3/17/2020 10:26
Paulsen Creek
5/17/2020 13:45
Paulsen Creek
5/18/2020 12:21
Paulsen Creek
7/24/2020 13:46
Pinto Creek
10/28/2019 9:42
Pinto Creek
12/27/2019 13:32
Pinto Creek
1/16/2020 13:21
Pinto Creek
3/16/2020 12:55
Pinto Creek
3/17/2020 12:55

Stage (ft, NAVD88)
69.24
69.67
69.75
70.21
70.44
69.35
85.14
85.54
86.03
85.84
85.51
64.61
66.11
65.00
64.67
64.66
64.57
64.45
70.55
71.09
71.65
71.16
70.80

Flow (cfs)
0.4
4.0
7.5
18.9
25.1
2.0
0.0
0.3
9.2
3.6
0.2
0.0
21.7
2.1
0.5
0.4
0.1
0.0
0.0
2.8
17.7
11.0
0.7

Notes

New gaging site
Dry

Obstruction observed

Near stagnant
Dry

Water surface elevation measurements at the Pump House showed a maximum lake level of 64.25 ft
(NAVD88) on April 7, 2020 at 2:30 AM. Using this elevation, the maximum inundation extents of College
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Lake were estimated (Figure 4). Based on the hypsometric relationships, the maximum storage and
inundation area of the lake were approximately 2,290 acre‐feet (AF) and 312 acres, respectively.

2.4 Stage‐Discharge Relationships, Measured Stage and Estimated Discharge
New stage‐discharge relationships were developed using measurements collected in WY 2020 for all sites.
Casserly Creek’s maximum measurement this year was only 25.1 cfs, therefore, the rating curve was
supplemented with high flow measurements from WY 2017 and 2019. Similarly, Fairground Creek’s
maximum measurement this year was 9.2 cfs, therefore, it was supplemented with the largest
measurement taken at the site in WY 2019. Power curves were fitted to the data collected, and the curves
were adjusted to minimize the root mean squared error between the measured and estimated flows
(Table 4). All measurements are presented in rating curve plots to demonstrate the shifting nature of the
gaged creeks.
Table 4 – Stage Discharge Equations Summary
Location
Stage ‐ Discharge Equation*
Casserly Creek Upstream
Q = 10.58(H ‐ 68.95)2.06
Fairgrounds Creek
Q = 9.21(H ‐ 85.14)3.65
Paulsen Creek
Q = 5.63(H ‐ 64.33)2.47
Pinto Creek
Q = 17.20(H ‐ 70.55)2.27

R2 Value
0.973
0.974
0.998
0.894

Notes:

* where Q = flow in cfs, H = water surface elevation, feet (NAVD88). Coefficients were rounded to 2
decimals for table.
2.4.1 Casserly Creek Upstream
The Casserly Creek Upstream site was characterized by a single curve this year (Figure 5). As stated in
Section 3.2 measurements from prior years were used to supplement the rating curve. Local adjustments
in the channel bed elevation are less impactful to the stage‐discharge relationships at higher flows, which
allows these measurements to remain reasonable estimates for elevated stages in the absence of recent
high flow measurements. Additionally, because the berm breach was repaired this year (see Section
3.3.1), the rating curve is shifting back toward the curve established for the “Pre‐Berm Breach” condition
of WY 2019.
Figure 6 shows the measured water surface elevation at the Casserly Creek Upstream site and daily
average precipitation recorded at Watsonville Waterworks. The gage record shows the deposition of sand
impacting water depths near the stilling well in three distinct periods in November, December, and
January. The stair step pattern in the stage data suggest water would pool behind the sand berm shown
in Figure 2. The top of the sand berm was above the ponded water, which indicates the gage could
potentially not record increases in stages that were below the elevation of the top of the berm. The gage
was then completely buried in April following the largest flow stage event on April 5, 2020.
Figure 7 shows the resulting estimated discharge at the Casserly Creek Upstream site, along with daily
precipitation recorded at Watsonville Waterworks. Flows following the gage reset on May 20, 2020 were
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estimated using the same rating curve despite the new location. This is because the rating curve predicted
a similar flow as the single measurement (July 16, 2020 at 2 cfs) for the stage that was recorded on that
day. Additionally, this stage was held steady at baseflow for the remainder of the water year, and
therefore, the rating is a reasonable representation for this period.
2.4.2 Fairgrounds Creek
A new curve was developed for Fairgrounds Creek, using the five measurements collected in WY 2020,
which was combined with the largest measurement taken in WY 2019 (Figure 8). Figure 9 shows the
measured water surface elevation at the Fairgrounds Creek site and daily average precipitation recorded
at Watsonville Waterworks. Figure 10 shows the resulting estimated discharge at the Fairgrounds Creek
site, along with daily precipitation recorded at Watsonville Waterworks.
2.4.3 Paulsen Creek
A new curve was developed for Paulsen Creek using the seven measurements collected in WY 2020 (Figure
11). The highest flow measurement revealed that College Lake can have a backwatering effect on the
stage discharge relationship at this site. Previous high flow measurements were taken late in the season
and produced relatively lower discharges for a similar stage. However, this year a similar stage was
captured early in the season before College Lake had filled and produced a discharged that was roughly
double the older measurements. Reviewing the water surface elevation of previous measurements
compared to the water surface elevation recorded at the Pump House at the same time revealed that the
lake level was at nearly the same elevation.
Figure 12 shows the measured water surface elevation at the Paulsen Creek site and daily precipitation
recorded at Watsonville Waterworks. Figure 13 shows the resulting estimated discharge at the Paulsen
Creek site, along with daily precipitation recorded at Watsonville Waterworks.
2.4.4 Pinto Creek
A new curve was developed for Pinto Creek utilizing only the five discharge measurements collected in
WY 2020. Similar to previous reports (cbec, 2020) and as Figure 3 demonstrates, this was based on
sediment accretion and/or debris accumulation in the channel reducing the conveyance. Figure 14 shows
the rating curve along with all discharge measurements for this site. Comparing the new measurements
to older measurements shows that Pinto Creek is now releasing a lower discharge for similar stages.
Figure 15 shows the measured water surface elevation at the Pinto Creek site and daily precipitation
recorded at Watsonville Waterworks. Figure 16 shows the resulting estimated discharge at the Pinto
Creek site, along with daily precipitation recorded at Watsonville Waterworks.
2.4.5 Salsipuedes Creek
As stated in previous reports (cbec, 2019b; cbec, 2020), no rating curve was developed for the Salsipuedes
Creek site because of bidirectional flow and backwater resulting from Corralitos Creek. Figure 17 shows
the measured water surface elevation at the Salsipuedes Creek site and daily precipitation recorded at
Watsonville Waterworks. The time that pumping was initiated in the spring is also shown.
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2.4.6 Pump House
Similar to the Salsipuedes Creek site, a rating curve was not developed for the Pump House site because
of bidirectional flow and backwater resulting from Corralitos Creek (cbec, 2019b; cbec, 2020). Figure 18
shows the measured water surface elevation at the Pump House site and the estimated volume of water
stored in College Lake. The time and stage that pumping was initiated is also shown.

2.5 Water Budget for College Lake
Total storage in College Lake was estimated based on the water surface elevation recorded at the Pump
House and the hypsometric curve previously developed by cbec (2014). The maximum storage for the
2020 water year, approximately 2,290 AF, occurred on April 7, 2020.
The breakdown of estimated inflow to College Lake (Figure 19) showed similar trends to the previous
years (cbec, 2017; cbec, 2019a; cbec, 2019b; cbec, 2020). The majority of the water coming into College
Lake was from Casserly Creek (71%). Other sources (i.e., upstream flow from Corralitos Creek, local runoff,
and direct rainfall) accounted for the second largest amount (18%). Fairgrounds Creek accounted for 3%
of the inflow, Paulsen Creek accounted for 6% of inflow, while Pinto Creek accounted for 2% of the inflow
to College Lake. Pinto Creek flows were only accounted for when flow was towards College Lake (i.e.,
stage at Salsipuedes creek – Gage #3 – was greater than the weir elevation [60.1 ft] and greater than the
stage at the Pump House – Gage #1).

3 GROUNDWATER MONITORING
The groundwater monitoring network consists of 15 piezometers distributed around the perimeter of
College Lake in order to provide data regarding shallow groundwater elevations relative to the College
Lake water surface elevation.

3.1 Methods
Piezometers (i.e., shallow groundwater elevation monitoring wells) were installed in transects oriented in
a radial direction from College Lake or grouped around a specific property to monitor shallow
groundwater elevations adjacent to College Lake. On average, the screened interval for the piezometers
were typically located from 5 to 8 ft below the ground surface. As with the surface water gages, pressure
transducers were used to monitor absolute pressure at the gage locations. These data were also corrected
to the barometric pressure recorded at Gage #0. In order to relate the depth of water measured in the
piezometer to an elevation, the top of well elevations were surveyed with the same datum and geodetic
correction as the surface water gages. The water surface elevation time series was then determined by
adding the recorded water depth above the gage to the known elevation of the gage (elevation of the top
of well minus the depth of the piezometer). Additionally, depth to water measurements were taken during
downloads to quality check the recorded data and correct for any sedimentation that may have altered
the transducer elevation. Table 5 provides the location and top of well elevations for all the deployed
piezometers, and Figure 20 displays their locations graphically.
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Table 5 – Piezometer Locations and Top and Bottom of Well Elevations
Piezometer
Ground
Top of Well
Northing
Easting
Number
Elevation, ft
Elevation, ft
64.11
1
1808066.41
6197160.71
65.89
62.95
2
1808266.59
6198456.12
64.56
60.04
3
1806707.26
6198443.82
61.64
64.73
4*
1808693.99
6197386.80
67.54
66.85
5*
1809035.46
6197270.23
67.06
64.08
6
1808488.22
6197243.09
65.33
65.26
7
1806861.50
6198524.56
66.43
69.85
8
1807115.98
6198712.02
70.95
67.06
9
1803568.76
6196929.51
68.06
61.55
10
1804085.50
6196892.67
62.55
63.05
11
1803892.97
6196900.18
64.00
63.64
12
1808947.04
6198521.39
64.74
63.50
13
1808528.94
6196581.77
66.10
63.35
14
1806710.62
6196344.74
65.37
62.87
15
1807680.48
6195543.15
65.37

Bottom
Elevation, ft
58.69
59.26
54.74
54.60
59.12
57.16
58.26
62.79
59.90
54.38
55.83
56.58
53.10
57.17
52.32

Note: Coordinates are in California State Plane Zone 3 feet. Elevations are in NAVD88 feet.
*Locations provided for Piezometers 4 and 5 reflect redeployment positions following disturbance due to farming
activities.
** The screened interval for all piezometers occurs for the 3 ft above the reported bottom elevation.

3.2 Monitoring Challenges
The groundwater monitoring network has also had challenges in producing comparable datasets. Shifting
transducer elevation, presumably due to sedimentation or excess tether line, was common throughout
the dataset. These corrections were easily controlled with depth to water measurements. However, a
second issue of piezometers becoming unvented during the dry season, impacted a subset of the gages.
While in most cases this occurred when the piezometer was presumed dry and could be corrected,
Piezometer 14 had further issues. In addition to becoming unvented, Piezometer 14 was struck by farm
equipment on June 16, 2020 (Figure 21) and reset on August 6, 2020. Currently, it is unclear whether the
data is in question because the gage was damaged, the piezometer was unvented, or a combination of
both.
In addition to Piezometer 14 being struck by farm equipment, Piezometers 4, 5, and 10 were also
disturbed by farm equipment. Piezometer 4 was damaged on June 21, 2019 at 8:45 and reset on February
14, 2020 at 11:30. Piezometer 5 was damaged on October 26, 2018 at 12:15 and reset February 20, 2020
at 14:15.
Piezometer 10 was struck prior to the September 2020 download effort and has yet to be reset (Figure
21). Finally, Piezometer 11’s gage cap was missing as noted in the September 23, 2020 download, which
indicates it was potentially tampered with. To reduce the number of farm equipment related incidents,
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special care should be taken to ensure the visibility of the housing pipe. Also, sending a reminder with a
property specific piezometer location map to the landowners could reduce accidental collisions.

3.3 Results
Installation of the piezometer network began early in the 2018 water year (i.e., October 2017) and has
continued through present day to accommodate expansion to areas of interest. The results of the shallow
groundwater monitoring effort, however, have not yet been formally reported. This section summarizes
and discusses the results for the entire monitoring period, not just the WY 2020 results. In the subsections
below the discussion is organized by transect or grouping. Throughout monitoring, there were periods
where the groundwater levels dropped below the lowest elevation detectable by Piezometers 1, 2, 3, 7,
8, and 9. These periods are represented as flat elevation periods equal to the elevation of the instrument
and do not reflect real groundwater levels at those sites. For example, groundwater levels fell below the
detectable elevation of Piezometer 1 from July 27, 2018 until November 24, 2018 (Figure 22).
3.3.1 Piezometer Transect 1‐6‐4‐5
Results from the piezometer transect that includes Piezometers 1, 6, 4, and 5 are presented in Figure 22
along with the College Lake water level as recorded at the Pump House. The datasets illustrate that a
down valley (north to south) water table gradient towards College Lake occurs under most conditions.
During the periods when College Lake is full, the gradient is much shallower, presumably due to
backwatering from College Lake. During periods when College Lake is drained, the gradient is much
steeper. The repair of the berm along Casserly Creek’s left bank1 can be estimated to have occurred on
July 17, 2020, as shown by the simultaneous increase in groundwater elevations of Piezometers 6, 4, and
5. The increase at Piezometer 1 does not occur at the same date because the water level is below the
bottom of the piezometer, as indicated by the constant elevation shown during the summer months.
Repair of the berm, which subsequently routed water down the Casserly Creek channel rather than across
the floodplain to the east, resulted in groundwater elevations increasing by up to 3 ft in these piezometers
to the west of the channel. This demonstrates the strong hydrologic connectivity between Casserly Creek
and the farm fields to the west of the channel. Elevated shallow groundwater levels occur in this area
even when College Lake is fully drained.
3.3.2 Piezometer Transect 2‐12
Results from the piezometer transect that includes Piezometers 2 and 12 are presented in Figure 23. Data
from Piezometer 2 closely match the lake level once it has filled, which makes sense because this
piezometer is located within the lake’s inundation footprint. Comparison of the two piezometers shows a
groundwater gradient that is sloping toward the lake, with the gradient shallowing when the lake is full.
Piezometer 12 does not appear to be influenced by the lake level, rather it appears to respond to
precipitation events and Casserly Creek flow. Evidence of the repair of Casserly Creek’s left bank berm are
also apparent, with the groundwater level in Piezometer 12 dropping after the repair, and the

1

As discussed in last year’s report (cbec 2020), Casserly Creek’s left bank was breached during a high flow event in
water year 2019, which caused the river to bypass the typical channel and flow through the adjacent property to the
east.
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groundwater level in Piezometer 2 increasing following the repair. Repair of the left bank berm terminated
surface water input to the field/floodplain where Piezometer 12 is located.
3.3.3 Piezometer Transect 3‐7‐8
Results from the piezometer transect that includes Piezometers 3, 7, and 8 are presented in Figure 24.
The nearest piezometer to the lake, Piezometer 3, trends closely to the lake levels recorded by the Pump
House when the lake is fully flooded, including when pumping is initiated. Comparison of the datasets
shows a groundwater gradient that is sloping toward the lake, with the gradient shallowing slightly when
the lake is full. The gradient between Piezometers 3 and 7 is relatively consistent through the year, while
the gradient between Piezometers 7 and 8 is more variable with a higher slope during the dry season.
While there are minor timing differences in the gages (presumably due to differences in the conductivity
of the substrate in the screened portion of the monitoring wells), they generally show similar trends. The
more pronounced differences during the first wetting of a year are likely due to the steeper nature of
landscape, which is exaggerated when the groundwater table is drawn down during the dry season.
3.3.4 Piezometer Transect 10‐11‐9
Results from the piezometer transect that includes Piezometers 10, 11, and 9 are presented in Figure 25.
Groundwater elevation data for these piezometers (particularly Piezometers 10 and 11, located closer to
the lake) closely follow the Pump House elevation data at times when the lake inundates the ground
where these piezometers are located. Piezometer 10, the northern most well in this transect, and located
closest to the lake displays a muted response to precipitation events and lake level changes as compared
to the other piezometers in this transect. Comparison of the datasets shows a groundwater gradient that
slopes continuously toward the lake (south to north), with only minor amounts of variability through the
year. Slightly different to the other transects, the groundwater gradient is highest during the wet season
and shallower once the lake has been emptied. The presence of tile drains in this area is a likely
explanation for the consistency between these datasets.
3.3.5 Piezometers 13, 14, 15
Results from Piezometers 13, 14, and 15, which are not installed in a transect, are presented in Figure 26.
These monitoring locations were initiated in February 2020 and have not yet had a full season of
monitoring. Piezometer 14 was damaged by farm equipment in June 2020 and was subsequently repaired
(Figure 26).
The water table elevation observed at Piezometer 13 differs from the other two piezometers in this group,
and based upon the limited data, it appears that the screen interval is located within a very fine‐grained
low conductivity layer (e.g., silty clay), exhibiting slow response times. After install the water level rose
gradually for approximately two months before leveling off and then slowly starting to decline as the
draining of College Lake began. The rate of decline of the water level at this piezometer is much slower
than the lake and the other two piezometers in this group. Piezometer 14 tracks the lake level very closely
when the lake is full, and then recedes at a slower rate than the lake once pumping was initiated in the
beginning of May. The water level observed at Piezometer 15 also tracks the lake level but is typically
higher. In addition, the water level response is muted compared to the Piezometer 14 data, indicating
that the screen interval may be in a fine‐grained layer with low conductivity and/or water contributions
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from upslope are impacting the water level at that location. Additional analysis and discussion will be
provided in the next annual monitoring memorandum.
3.3.6 Summary
These preliminary groundwater monitoring data show how shallow groundwater elevations within and
adjacent to College Lake respond to precipitation, creek flows and the water levels within College Lake.
Data from Piezometer Transect 1‐6‐4‐5 suggest that the groundwater table at Piezometer 1 is influenced
by the lake level once the lake inundates the piezometer location (i.e., when the lake level is above 64.1
ft), otherwise the water level rises and falls with Casserly Creek flow. The water levels at Piezometers 4,
5 and 6 appear to be more heavily influenced by surface water flow in Casserly Creek, which maintains
higher water levels in these wells even after College Lake has been drained. The influence of Casserly
Creek flows is highlighted in summer 2020, when the left bank of Casserly Creek was repaired, returning
flow to the actual channel, which resulted in an immediate increase in water levels in these piezometers,
while College Lake was still drained. The influence of the bank repair is observed at a later point in time
at Piezometer 1 where the water level rose in the absence of precipitation or increased lake levels.
Data from Piezometer Transect 2‐12 also show the influence of Casserly Creek flows. The water level at
Piezometer 12 is maintained well above the lake level throughout the monitoring period, even when
College Lake is drained. During the summer of 2020 the influence of Casserly Creek flows is apparent as
water levels declined by several feet once the left bank berm of Casserly Creek was repaired, and
streamflow was returned to the Casserly Creek channel rather than flowing across the left bank floodplain.
Data from Piezometer 2 also show the strong influence of Casserly Creek flows, with the water level at
that location increasing by over a foot when the berm was repaired, routing water down the creek
channel. Water levels at Piezometer 2 closely match the lake level when it is above 61 ft. During the
summer of 2019 water levels fell below the bottom of the piezometer when the lake was drained.
Data from Transect 3‐7‐8 show that Piezometer 3 is heavily influenced by the lake level when it is above
60 ft, declining more gradually than the lake level once pumping begins. Piezometers 7 and 8 do not
appear to be heavily influenced by the lake levels with a gradual water level recession occurring in the
spring, with little effect shown in the water level timeseries once pumping is initiated. The rate of decline
at Piezometer 8 actually becomes more gradual in each of the three years when the pumping of the lake
begins (and the rate of decline of the lake level increases significantly).
Data from Transect 10‐11‐9 suggest that the lake level influences the water table during the wet season
when lake levels inundate the piezometer location (e.g., when the lake level is above ~62.5 ft at
Piezometer 10); however, when the lake is drawn down, water levels at these piezometers remains high,
receding at a gradual rate until the next wet season begins with precipitation inputs. An example of the
strong connection between precipitation and the water table in these areas can be seen in May 2019,
when a late season storm provided 1‐2 inches of rain through the course of three days, and the water
level in each of these piezometers rose noticeably, while College Lake levels were much lower.
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Preliminary data from Piezometer Group 13‐14‐15 show that Piezometers 14 and 15 suggest an influence
of College Lake levels on the water table with the water table following the lake level, before receding at
a slower rate than the lake level once pumping of the lake is initiated. Data from Peizometer 13 suggest
that the screened interval of this piezometer is located in very low conductivity unit, with water levels
rising and falling at very gradual rates, at first well below the lake level, and then subsequently much
higher than the lake level or the water levels recorded at the other Piezometers in this group. Data from
future monitoring will allow for better interpretation of the influence of College Lake levels on this area.

4 RECOMMENDATIONS
cbec recommends that hydrologic monitoring continue in the College Lake system. The monitoring
infrastructure is already in place, the collection of baseline data is valuable for planning efforts related to
the College Lake Integrated Resources Management Project, the data support the Adaptive Management
Planning effort, and future data will help resource planners to understand the impacts of or to the project,
if any.
The gaging at Casserly Creek should continue, as most of the inflow to College Lake occurs on Casserly
Creek. During wetter water years, such as those occurring in water years 2017 and 2019, special attention
should be given to sedimentation occurring at the gaging site, as well as more frequent downloads to be
sure that useful data are being collected. This is also important as repairs to Casserly Creek’s bank may
induce further channel changes within the reach where the gage is located. If it is determined that the
transducer is no longer submerged, efforts must be made to move the transducer and housing. Additional
staff plates may be necessary in a deeper part of the channel in order to record a valid measurement.
A new location for the Paulsen Creek gage should be considered in order to limit future backwater effects
when estimating a hydrograph at this location.
All stilling wells should be inspected for sedimentation and should be cleaned/flushed after every
download. If the pressure transducers are no longer positioned in the low flow channel, the location of
the stilling well should be moved. Additionally, cbec recommends that piezometers are inspected to
ensure venting after each download. In the case where caps cannot be securely fashioned without cutting
the airway, cbec recommends drilling a hole in the side of the casing or in the well cap. Finally, piezometers
that may encounter farm activity should be ensured to be visible after every download so as to avoid
future disturbance. This could include wrapping fresh surveyor’s tape to the pipe and clearing any
vegetation that may be obstructing visibility. If possible, send a reminder piezometer location map to the
landowners before typical periods of heavy equipment usage.
Finally, cbec recommends the continued monitoring of bank erosion/manipulation and sediment
aggradation in Casserly Creek. The accumulation of material in channel can lead to a loss of conveyance
capacity in the channel and increased likelihood of out of bank flows. This can impact agriculture, fish
passage, and vehicular accessibility via Paulsen Road.
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Surface Water Gage Locations
Created By: GD
Figure 1

Notes: Sediment deposition has completely separated the gage from the low flow
channel and would even prevent detectable flow elevations at moderate flows from
reaching the gage. Image taken on May 5, 2020.
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Casserly Creek Upstream Monitoring Challenges
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Figure 2

Notes: Downstream
obstruction photo taken
in 2021, though, is still a
valid representation of
conditions in WY 2020.
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Pinto Creek Monitoring Challenges
Created By: GD
Figure 3

Notes: Estimated maximum
lake inundation occurred on
April 7, 2020 with a level of
64.25 ft recorded at the
Pump House gage.
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College Lake Maximum Inundation Water Year 2020
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Casserly Creek Upstream Stage Hydrograph
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Casserly Creek Upstream Flow Hydrograph
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Fairgrounds Creek Rating Curve
Project No. 17‐1003‐4

7/29/2021

Created By: GD

Figure 8

College Lake Hydrologic Monitoring for Water Year 2020

Notes:

Fairgrounds Creek Stage Hydrograph
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Fairgrounds Creek Flow Hydrograph
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Paulsen Creek Rating Curve
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Paulsen Creek Stage Hydrograph
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Paulsen Creek Flow Hydrograph
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Pinto Creek Rating Curve
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Pinto Creek Stage Hydrograph
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Pinto Creek Flow Hydrograph
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Salsipuedes Creek Stage Hydrograph
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College Lake Stage and Estimated Storage
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Breakdown of Estimated Inflows to College Lake
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Piezometer Locations
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Examples of Piezometer Monitoring Challenges
Project No. 17‐1003‐4
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Figure 21
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Notes: 1) Piezometers 4 and 5 reflect the original and reset locations, and therefore,
are not directly comparable across the gap in data. 2) Periods when the groundwater
level fell below the elevation of the Piezometer 1 gage are represented as flat
elevations and do not reflect actual groundwater levels for those periods.
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Piezometer Transect 1‐6‐4‐5
Project No. 17‐1003‐4
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Figure 22
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Notes: Periods when the groundwater level fell below the elevation of the
Piezometer 2 gage are represented as flat elevations and do not reflect actual
groundwater levels for those periods.

Piezometer Transect 2‐12
Project No. 17‐1003‐4
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Notes: Periods when the groundwater level fell below the elevation of the
Piezometer 3, 7, and 8 gages are represented as flat elevations and do not reflect
actual groundwater levels for those periods.

Piezometer Transect 3‐7‐8
Project No. 17‐1003‐4
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Notes: Periods when the groundwater level fell below the elevation of the
Piezometer 9 gage are represented as flat elevations and do not reflect actual
groundwater levels for those periods.

Piezometer Transect 10‐11‐9
Project No. 17‐1003‐4
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Piezometer Group 13‐14‐15
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