
  

 
 
 
 
 
  

TECHNICAL MEMORANDUM 
 

Date: April 21, 2022 
To: Brian Lockwood, PV Water 
From: Gavin Downs; Chris Hammersmark 
Project: 17-1003-5 – College Lake Hydrologic Monitoring for Water Year 2021 
Subject: 2021 Water Year Hydrologic Monitoring Technical Memorandum 

 
 
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 2021 
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 six 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. Pinto Creek was not monitored 
this year as it was determined previously to not contribute significant flows to College Lake (cbec, 2021).  
 
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 
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 (Gage 
#1). 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 
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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, and Paulsen Creek gaging locations. Low 
and medium velocity measurements (where in-stream wading was possible) were collected using a Sontek 
FlowTracker Acoustic Doppler Velocimeter (ADV). 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. When flows became too high to safely wade, an Acoustic Doppler 
Current Profiler (ADCP) was attached to a trimaran and pulled across the channel to conduct the 
measurements. The ADCP measurements were collected using the WinRiver II software and post 
processed using Qrev 4 as recommend by the United States Geological Survey (USGS). 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 
Number Location Name Northing* Easting* Staff Plate Datum 

Elevation, ft** 

0 Barometric Logger 1,803,304.64 6,198,178.38 NA 
1 Pump House 1,803,304.64 6,198,178.38 43.17 
3 Salsipuedes Creek 1,802,144.98 6,198,267.85 58.01 
4 Fairgrounds Creek 1,807,671.81 6,200,153.80 84.54 
6 Paulsen Creek 1,808,632.59 6,193,798.87 63.53 
8 Casserly Creek Upstream (Reset)*** 1,810,553.02 6,197,852.98 68.63 

Notes: Gages 2, 5, and 7 were the formerly monitored Casserly Creek Downstream gage, Pinto Creek gage, and 
Stranded Casserly Creek gage, respectively, which have been discontinued or relocated. 
* 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 8 is a reinstall of Gage 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. 
 
Lake storage volume was calculated using water levels measured at the Pump House gage in combination 
with a hypsometric curve (cbec, 2014) developed 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 
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from ungaged catchments, groundwater inflow, agricultural runoff (both surface and subsurface), and 
contributions from Corralitos and Pinto Creeks 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 has deposited around, and 
accumulated within, the stilling wells where the instruments are deployed. Sedimentation can cause 
surface water to be diverted away from the gage, alter stage discharge relationships, or raise the gage out 
of the low flow channel. In WY 2021, Fairgrounds Creek experienced the most pronounced changes due 
to geomorphic evolution. A large tree trunk and exposed roots downstream of the Fairgrounds gage 
accumulated debris during the first major storm of the water year, January 27, 2021, which increased the 
backwater effect at the staff plate and stilling well (Figure 2). Therefore, similar stage readings this year 
will produce lower discharges than occurred at the same stage in previous years.  
 
Following the February 18, 2021 data download at the Casserly Creek site, the gage was redeployed 
improperly and left out of the creek at the stilling well. This issue was rectified on March 9, 2021, during 
a low flow measurement. While the creek conditions were not captured for this period, no precipitation 
events occurred, and Casserly Creek ran at baseflow levels.  
 
With the monitoring infrastructure entering its fifth year in use, some of the equipment and stilling wells 
have worn significantly. During a download on February 18, 2021, the PVC stilling well at the Salsipuedes 
gage was found to have buckled due to the increasing pressure of the anchoring tree (Figure 3). This left 
the gage stuck in the well until it could be safely accessed and cut out during the dry season. When it was 
recovered, the gage was found to have failed due to reaching its capable age (typically 5-7 years). 
Unfortunately, the data from this site were unrecoverable. Because all the surface water gages were 
deployed at a similar time, they were all proactively replaced to minimize the risk of future data loss. 
 
2.3 Results 
 
The monitoring period for this technical memorandum started on October 1, 2020 and continued through 
September 30, 2021. Water Year 2021 gage downloads occurred on February 18, April 20, and October 
12, 2021. The Watsonville Waterworks monitoring station, located on Freedom Blvd, near Blanca Lane, 
recorded only 12.73 inches of precipitation during the 2021 water year; a “Dry” year by Pajaro Valley 
Water Management Agency’s classification system. The precipitation was an estimated 54% of normal 
rainfall (NOAA, 2021). Table 2 lists 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 2021 
began on January 22, 2021 and lasted for 8 days. During this period, 5.68 inches of rain occurred, which 
accounted for 45% of the water year’s total precipitation.  The College Lake Reclamation District (2049) 
started draining the lake on April 10, 2021 via pumping to support seasonal agriculture on the lake bottom. 
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Table 2 – Precipitation Events, Casserly Creek Inflow Volume and Resulting Maximum Lake Storage 

Start Date 
Duration 

(days) 
Precipitation 

(in) 

Casserly Creek 
Discharge Volume for 
Duration Shown (AF*) 

Maximum 
College Lake 
Storage (AF) 

11/14/2020 1 0.17 3 8 
11/18/2020 2 0.93 11 23 
12/12/2020 7 1.66 37 170 
12/26/2020 1 0.16 4 186 
12/28/2020 1 0.15 4 194 
12/31/2020 1 0.13 3 203 

1/3/2021 1 0.18 3 213 
1/5/2021 1 0.29 4 230 

1/22/2021 8 5.68 609 1,227 
2/2/2021 2 0.38 33 1,470 

2/12/2021 5 0.44 35 1,467 
3/10/2021 2 1.08 17 1,374 
3/14/2021 2 0.68 22 1,407 
3/19/2021 1 0.59 17 1,434 
4/25/2021 2 0.27 10 678 

Notes:  
* AF = Acre-Foot, which is equal to 325,851 gallons. 
 
During the dry season, most tributary creeks (i.e., Paulsen, Fairgrounds, and 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 minor 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. 
 
Discharge measurements were taken at Casserly Creek Upstream, Fairgrounds Creek, and Paulsen Creek 
(formerly known as Casserly Creek West) sites. Discharge monitoring efforts attempt to capture as many 
flow measurements as possible at each gaging site; 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; cbec 2021), continues to have the highest priority in this effort. Discharge 
magnitude was measured on nine different dates at the Casserly Creek Upstream site with conditions 
ranging from low to high flow rates (i.e., 1.2 cfs to 147.3 cfs). This includes January 28, 2021, where a staff 
plate measurement was recorded but no flow measurement was taken because conditions were 
determined to be unsafe for equipment deployment due to high flows. Discharges were measured on five 
different dates at the Fairgrounds Creek site (0 cfs to 8.8 cfs) and at the Paulsen Creek site (0.04 cfs to 7.7 
cfs). A list of all measurements collected during the 2021 WY is provided in Table 3. 
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Table 3 – Discharge Measurements 

Location Date/Time 
Stage 

(ft, NAVD88) 
Flow 
(cfs) 

Method* Notes 

Casserly Creek 1/4/2021 16:19 69.77 6.0 ADV  
Casserly Creek 1/8/2021 9:54 69.34 1.3 ADV  
Casserly Creek 1/27/2021 4:13 72.96 147.3 ADCP  
Casserly Creek 1/27/2021 5:05 72.52 129.9 ADCP  
Casserly Creek 1/27/2021 5:57 72.01 100.5 ADCP  
Casserly Creek 1/27/2021 6:38 71.57 76.1 ADCP  
Casserly Creek 1/27/2021 7:28 71.08 51.4 ADCP  

Casserly Creek 1/28/2021 12:43 72.97   
Stage too high for 

ADV 
Casserly Creek 2/2/2021 11:25 70.31 19.4 ADV  
Casserly Creek 3/9/2021 11:41 69.52 1.7 ADV  
Casserly Creek 3/18/2021 18:31 70.49 21.2 ADV  
Casserly Creek 3/19/2021 8:55 70.00 7.9 ADV  
Casserly Creek 4/26/2021 11:15 69.47 1.2 ADV  

Fairgrounds Creek 10/28/2020 9:36 85.14 0.0 ADV  

Fairgrounds Creek 1/28/2021 10:09 86.35 7.2 ADV 
Rootwad 

downstream 
affecting stage 

Fairgrounds Creek 1/28/2021 13:36 86.14 4.4 ADV  
Fairgrounds Creek 1/28/2021 15:51 86.50 8.8 ADV  
Fairgrounds Creek 2/2/2021 10:36 85.60 0.5 ADV  
Fairgrounds Creek 3/9/2021 10:36 85.47 0.0 ADV Trickle flow 
Fairgrounds Creek 3/19/2021 10:25 85.58 0.5 ADV  
Fairgrounds Creek 4/26/2021 10:37 85.42 0.0 ADV  

Paulsen Creek 1/8/2021 10:39 1.00 0.1 ADV  
Paulsen Creek 1/28/2021 12:10 2.06 7.7 ADV  
Paulsen Creek 2/2/2021 12:07 1.49 1.14 ADV  
Paulsen Creek 3/19/2021 9:48 1.32 0.4 ADV  
Paulsen Creek 4/26/2021 11:52 1.19 0.04 ADV  

Notes:  
* ADV = Acoustic Doppler Velocimeter, the device used for wading-based flow measurements.  ADCP = Acoustic 
Doppler Current Profiler, the device used at higher flow rates when wading is not possible. 
 
Water surface elevation measurements at the Pump House showed a maximum lake level of 61.31 ft 
(NAVD88) on February 7, 2021 at 4:45. Using this elevation, the maximum inundation extents of College 
Lake were estimated (Figure 4). Based on the hypsometric relationships, the maximum storage and 
inundation area of the lake were approximately 1,505 acre-feet (AF) and 234 acres, respectively. 
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2.4 Stage-Discharge Relationships, Measured Stage and Estimated Discharge 
 
New stage-discharge relationships were developed using measurements collected in WY 2021 for all sites. 
Casserly Creek’s maximum discharge measurement was 147.3 cfs. While this was a high flow 
measurement, the rating curve was supplemented with high flow measurements from WY 2017 to 
estimate this year’s annual peak, similar to WY 2020’s report (cbec, 2021). Additionally, Paulsen Creek’s 
largest measurement of 7.7 cfs this year was supplemented with the high flow recorded in WY 2020 to 
better estimate the peak flow in WY 2021. Fairground Creek’s maximum discharge measurement in WY 
2021 was 9.2 cfs, which was close to the maximum flow. Power law relationship curves, which take the 
form y = axb, where “a” and “b” are constants, were fitted to the data collected. The curves were adjusted 
to minimize the root mean squared error between the measured and estimated flows (Table 4). All 
previous measurements from water years 2016-2020 are also presented in the rating curve plots (Figures 
5, 8, and 11) to demonstrate the shifting nature of the gaged creeks. 
 
Table 4 – Stage Discharge Equations Summary 

Location Stage - Discharge Equation* R2 Value 
Casserly Creek Upstream Q = 3.97(H - 68.95)2.49 0.9929 

Fairgrounds Creek Q = 8.04(H - 85.39)2.08 0.9952 
Paulsen Creek Q = 3.05(H - 64.33)3.01 0.9999 

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 rating curve this year (Figure 5). 
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 significantly higher flows, 
which allows these measurements to remain reasonable estimates for elevated stages in the absence of 
recent high flow measurements. Casserly has continued to aggrade (i.e., the bed elevation has raised 
resulting in higher stages for lower flows) similar to WY 2020 (cbec, 2021). However, the change is more 
subtle this year, likely due to less geomorphologically active flows.  
 
Figures 6 shows the measured water surface elevation at the Casserly Creek Upstream site and daily 
average precipitation recorded at Watsonville Waterworks. Figure 7 shows the resulting estimated 
discharge at the Casserly Creek site, along with the daily precipitation recorded at Watsonville 
Waterworks. Both figures show the period of missing data noted in Section 2.2 as estimated through 
interpolation. There was a pair of stand-out peaks on January 27 and 28, but the majority of the year saw 
only modest water levels due to the dry conditions. The peak flow for WY 2021 was estimated to be 630 
cfs. 
 
2.4.2 Fairgrounds Creek 
A new rating curve was developed for Fairgrounds Creek, using the eight measurements collected in WY 
2021 (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 
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discharge at the Fairgrounds Creek site, along with daily precipitation recorded at Watsonville 
Waterworks. The peak flow for WY 2021 was estimated to be 13 cfs. 
 
2.4.3 Paulsen Creek 
A new rating curve was developed for Paulsen Creek using the five measurements collected in WY 2021 
and the high flow measurement that was collected in 2020 (Figure 11). Because College Lake did not reach 
a stage of the zero elevation at the Paulsen Creek staff plate (63.53’ in Table 1), there was no backwater 
impact to the stage-discharge relationship this year as seen in previous years (cbec, 2021). 
 
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. The peak flow for WY 2021 
was estimated to be 57 cfs. 
 
2.4.4 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.  Also, due to the 
monitoring challenges described in Section 2.2, there are no data to show for this site this year. A new 
gage was deployed on October 12, 2021.   
 
2.4.5 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 14 
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 
2021 water year, approximately 1,505 AF, occurred on February 7, 2021.  
 
The breakdown of estimated inflow to College Lake (Figure 15) showed similar trends to the previous 
years (cbec, 2017; cbec, 2019a; cbec, 2019b; cbec, 2020; cbec, 2021). The majority of the water coming 
into College Lake was from Casserly Creek (67%). Other sources (i.e., upstream flow from Corralitos Creek 
and Pinto Creek, local runoff, groundwater and direct rainfall) accounted for the second largest amount 
(26%). Fairgrounds Creek accounted for 1% of the inflow, and Paulsen Creek accounted for 6% of inflow.  
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3 GROUNDWATER MONITORING 
 
The groundwater monitoring network consists of 21 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 
was typically located from 5 to 8 ft below the ground surface and extends for three feet above each 
piezometer’s bottom elevation. Table 5 provides the location and top of well elevations for all the 
deployed piezometers, and Figure 16 displays their locations graphically.  
 
Table 5 – Piezometer Locations and Top and Bottom of Well Elevations 

Piezometer 
Number Northing* Easting* Ground 

Elevation, ft 
Top of Well 
Elevation, ft 

Bottom 
Elevation***, ft 

1 1808066.41 6197160.71 64.11 65.89 58.69 
2 1808266.59 6198456.12 62.95 64.56 59.26 
3 1806707.26 6198443.82 60.04 61.64 54.74 

4** 1808693.99 6197386.80 64.73 67.54 54.60 
5** 1809035.46 6197270.23 66.85 67.06 59.12 

6 1808488.22 6197243.09 64.08 65.33 57.16 
7 1806861.50 6198524.56 65.26 66.43 58.26 
8 1807115.98 6198712.02 69.85 70.95 62.79 
9 1803568.76 6196929.51 67.06 68.06 59.90 

10 1804085.50 6196892.67 61.55 62.55 54.38 
11 1803892.97 6196900.18 63.05 64.00 55.83 
12 1808947.04 6198521.39 63.64 64.74 56.58 
13 1808528.94 6196581.77 63.50 66.10 53.10 
14 1806710.62 6196344.74 63.35 65.37 57.17 
15 1807680.48 6195543.15 62.87 65.37 52.32 
16 1804752.73 6199518.08 62.71 67.35 56.65 
17 1805440.67 6199732.44 61.76 66.74 53.99 
18 1805960.09 6199891.82 61.54 68.22 55.46 
19 1804862.44 6198234.65 64.22 68.54 55.82 
20 1805254.42 6198862.22 61.15 65.48 52.76 
21 1805981.85 6198590.00 69.01 73.84 61.21 

Notes:  
*  Coordinates are in California State Plane Zone 3 feet. Elevations are in NAVD88 feet. 
** Locations 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. 
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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 (see Table 1). 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. 
 
3.2 Monitoring Challenges 
 
The groundwater monitoring network experienced challenges at several locations, making it difficult to 
produce comparable datasets. Shifting transducer elevation, presumably due to sedimentation or excess 
tether line, was a common issue throughout the dataset. These corrections were easily controlled with 
depth to water measurements. This year, Piezometer 18 was completely enveloped in mud before causing 
the gage to become unvented during the dry season (Figure 17). Because the gage was completely 
submerged in mud, readings became noisy and eventually went negative when the soil profile began to 
dry. No corrections can be made for the latter issue, but the gage was cleaned and reset during the July 
1, 2021 download visit.  
 
In addition to the monitoring challenges related to piezometer conditions, Piezometers 5, 10, 11, and 14 
were altered by farm activities. Piezometers 10 and 14 were struck by farm equipment last year (cbec, 
2021). Piezometer 10 was not replaced because it was determined to be unavoidable with farming 
activities, while Piezometer 14 was left in the ground to see if it was still functional. After reviewing the 
data this year, Piezometer 14 was suspected to be misreading due to damage from being struck and was 
replaced on August 5, 2021 at 17:00. During the download on March 23, 2021, Piezometer 11 appeared 
to have been tampered with and the data was found to be corrupted (Figure 18). A replacement gage was 
deployed on March 24, 2021, at 16:00. Finally, Piezometer 5 was found to have been struck again during 
a July 27, 2021, field visit resulting in a loss of data (Figure 19). To reduce the number of farm equipment 
related incidents, 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 to accommodate expansion to areas of interest. Gage downloads this year 
occurred on March 23, July 1, and November 11, 2021. In the subsections below the discussion is 
organized by piezometer transect or grouping. Throughout WY 2021 monitoring, there were periods 
where the groundwater levels dropped below the lowest elevation detectable at Piezometers 2, 3, 7, 8, 
9, 11, 14, 16, 18, 19, and 21. These periods were removed from the results graphics along with periods 
where a gage was taken out of service by farming equipment. 
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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 20 
along with the College Lake water level as recorded at the Pump House. The datasets continue to illustrate 
a down valley (north to south) water table gradient towards College Lake occurs under most conditions.  
As stated in last year’s report (cbec, 2021), the gradient is shallower during periods where lake levels are 
elevated and steeper during periods where the lake has been drawn down. Additionally, effects of the 
repair to the berm along Casserly Creek’s left bank1 continue to be seen in this transect’s data record. 
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 
last year (cbec, 2021). This year, all the piezometers of this transect remained wet throughout the year; 
this did not occur in previous years studied and confirms a strong hydrologic connectivity between 
Casserly Creek and the farm fields to the west of the Casserly Creek channel 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 21. Data 
from Piezometer 2 closely match the lake level when the lake fills. This is because the piezometer is 
located near the northern most extent of inundation of College Lake. Comparison of the two piezometers 
shows the groundwater gradient has flipped in comparison to last year’s assessment (cbec, 2021). In WY 
2021 year the gradient increases as the lake fills in response to precipitation events as opposed to when 
the lake is draining. This is because the water level at Piezometer 12 is no longer sustained by Casserly 
Creek surface flows in the dry season due to the repair of the left bank berm. Previously, the berm failure 
diverted water into the field where Piezometer 12 is located. The Casserly Creek berm repair has allowed 
for Piezometer 12 to drain more fully, similar to the first year of deployment, and now appears to be more 
closely hydrologically connected to College Lake levels.  
 
3.3.3 Piezometer Transect 3-7-8  
Results from the piezometer transect that includes Piezometers 3, 7, and 8 are presented in Figure 22. 
Data from the nearest piezometer to the lake, Piezometer 3, closely match the lake levels recorded at the 
Pump House when the lake is full. This is because Piezometer 3 is located near or in the northern most 
extent of the flood inundation footprint. Comparison of the datasets shows a groundwater gradient that 
is generally sloping toward the lake. However, during the extended dry period leading into the first major 
storm in January 2021, the groundwater gradient sloped away from the lake at Piezometer 7 due to the 
exceptionally dry conditions drawing down the water table. As hypothesized in last year’s report (cbec, 
2021), the timing of Piezometer 7’s draw down gradient inversion was likely different due to local soil 
properties. Similar to previous years, the groundwater gradient between Piezometers 3 and 7 was more 
consistent compared to the gradient between 7 and 8. This is likely driven by the steeper ground surface 
slope between Piezometers 7 and 8. Again, the differences in response to the lake levels were most 

 
1As discussed in previous years’ reports (cbec, 2020; cbec, 2021), Casserly Creek’s left bank was breached during a 
high flow event in water year 2019, which caused the creek to exit it’s typical channel and flow over the floodplain 
through the adjacent property to the east.  The berm breach was then fixed on or about July 17, 2020. 
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pronounced during the first wetting of the year. Additionally, the heavy silt and clay presence in this area 
likely dampens the hydrologic connectivity to College Lake.  
 
3.3.4 Piezometer Transect 10-11-9 
Results from the piezometer transect that includes Piezometers 10, 11, and 9 are presented in Figure 23. 
As noted in Section 3.2, Piezometer 10 was destroyed this year and was not replaced, while the 
Piezometer 11 instrument was replaced due to suspected tampering. This year’s data showed similar 
trends in the groundwater record as last year’s report (cbec, 2021). The groundwater gradient sloped 
toward the lake (south to north) the entire year with the gradient being steeper during the wet season. 
This differs from the other transects likely because of the draining practices in this area drawing down the 
water table to a more uniform depth in the early growing season. 
 
3.3.5 Piezometer Group 13-14-15 
Results from Piezometers 13, 14, and 15, which were not installed in a transect, are presented in Figure 
24. Piezometer 14 was struck by farm equipment last year (cbec, 2021) and reset. However, data have 
since appeared to be erratic or even dip into negative values when water is present. Data that appears 
valid is presented but should be evaluated with caution. The instrument was replaced on August 5, 2021. 
Piezometer 13 continues to behave differently than the other two piezometers on this property. The 
groundwater elevations at this site suggest that it trends similarly to the transect containing Piezometers 
1, 6, 4, and 5 during the wet season with a more drawn out recession in the dry season similar to 
Piezometer 15. The combination demonstrates a hydraulic connectivity to both the lake and groundwater 
of the property just across Paulsen Rd to the north. Both Piezometers 13 and 15 have dampened 
responses to the lake levels despite being immediately adjacent to typical College Lake inundation extents, 
suggesting low hydraulic conductivity of the soil in this area.  
 
3.3.6 Piezometer Group 16-17-18-20 
Results from Piezometers 16, 17, 18, and 20, which were not installed in a transect, are presented in Figure 
25. These piezometers were installed on January 14, 2021. This grouping was created because they share 
a similar ground elevation at installation and encompass the narrow “bay” formed by the high grounds on 
the Maragoni property. All four gages are immediately adjacent to typical lake inundation extents, 
therefore, they responded similar to College Lake levels after the initial wetting following installation. 
However, only Piezometer 17 had a drawdown as dramatic as the lake levels in response to the beginning 
of pumping in April. A comparison of the gages suggests that there is a groundwater gradient sloping 
toward the northern point of the bay (south to north). The gage deepest into the bay, Piezometer 18, 
consistently recorded the lowest groundwater elevation, while the gage at the mouth of the bay, 
Piezometer 16, consistently recorded the highest groundwater elevations when the lake was full. Also, 
Piezometers 17 and 20, which are an intermediary distance into the bay, recorded groundwater elevations 
between the other two locations. Finally, Piezometer 20, being closest to an actively farmed field, showed 
signs of groundwater response to irrigation practices on the property, while the others did not. 
 
3.3.7 Piezometer Group 19-21 
Results from Piezometers 19, and 21, which were not installed in a transect, are presented in Figure 26. 
These piezometers were installed on January 14, 2021. This grouping was created because they are both 
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exposed to the main lake front. While Piezometer 19 is the most exposed to the main lake front, it has a 
dampened response to the lake water level. This is likely due to extremely dense (i.e., clayey) soils that 
were noted during the installation of the piezometer. Alternatively, Piezometer 21 trended loosely with 
the lake water levels despite being the highest set piezometer on the property (Table 5). Piezometer 21 
trended with the lake elevation until May 20, 2021, when irrigation practices on the property are believed 
to have artificially elevated the groundwater elevations at this site. It was noted in multiple field visits that 
drainage ditches were dug in the general direction of this piezometer.  
 
3.3.8 Summary 
These groundwater monitoring data show how shallow groundwater elevations within and adjacent to 
College Lake respond to precipitation events, creek flows, and the water levels within College Lake. The 
responses provide insight into groundwater gradients and the connectedness of each area relative to 
College Lake.  
 
3.3.8.1 Groundwater Gradient Relative to College Lake 
In general, the monitoring data indicate there is a shallow groundwater gradient toward College Lake 
throughout the year. All the transects, as well as Piezometers 13, 15, and 21, demonstrate groundwater 
gradients sloping toward College Lake. These transects and sites cover the majority of the northern, 
western, and southern extents of College Lake and represent 15 of the 21 installed piezometers. 
 
A few notable exceptions where the groundwater gradient slopes away from College Lake exist. Data from 
Piezometers 7 and 15 present a time period with an inverted slope (i.e., sloping away from College Lake) 
following the first significant rain after the dry season. This happens in most years at these sites (cbec, 
2021) and is likely due to the steeper slopes on these properties. Additionally, data from Piezometer 
Group 16-17-18-20 shows a groundwater gradient sloping away from the lake toward the north end of 
the narrow “bay”. There is a ditch and pond feature in this direction on the property, which could be 
hydrologically connected to these sites. This could explain the drawdown away from College Lake. Finally, 
Piezometers 14 and 19 are special cases where the sites show inconsistent gradients with College Lake.  
 
3.3.8.2 Groundwater Hydrologic Connectivity to College Lake 
College Lake water levels have variable influence over the groundwater levels at the piezometer locations. 
Piezometers 1, 2, 3, 9, 11, 16, 17, 18, 20, and 21 are sites that track similarly to the water level in the lake 
when the lake reaches specific elevation thresholds. At these thresholds, the groundwater elevations at 
the piezometers are not necessarily the same as the lake levels but they mirror College Lake’s fluctuations 
and suggests moderate hydrologic connectivity to the lake. The lowest elevation threshold is 
approximately 59 ft for Piezometers 3 and 17. The second group of sites has a base elevation threshold 
between 60 and 61 ft, and includes Piezometers 1, 2, 16, 18, 20, and 21. The highest elevation threshold 
of influence for College Lake occurs above 62 ft, which includes Piezometers 9, 10, and 11. Below these 
thresholds, the monitoring data suggests that the sites’ groundwater levels are not significantly impacted 
by water levels in College Lake. 
 
Piezometers 7, 12, 14, 15, and 19 are sites that display a dampened relationship with the lake level. These 
sites likely have the piezometer’s screened interval located in low conductivity soils, and therefore, the 
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groundwater levels do not rise and fall as rapidly as the lake. However, because there are similarities in 
the elevations throughout the year, College Lake levels still have some influence on groundwater 
elevations at these sites.  
 
Piezometers 4, 5, 6, 8, and 13 are sites that do not react to levels in College Lake unless the lake’s 
inundation extents reach the sites. The soils at these sites could be even less conductive than the soils of 
the dampened sites described above. In fact, four of these piezometers are grouped along the northern 
extent of College Lake and show elevated groundwater levels throughout the year, even when College 
Lake is dry. This suggests that the soils in this area are poorly drained and hydrologically buffered from 
the lake. The modulation of water levels at these sites appears to be mainly driven by Casserly Creek levels 
and precipitation events (cbec, 2021). 
 
 
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 from 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 piezometer location map to the 
landowners as a reminder before typical periods of heavy equipment usage. 
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Finally, cbec recommends the continued monitoring of bank erosion/manipulation, sediment 
aggradation, and levee/berm integrity along 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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Notes:   College Lake Hydrologic Monitoring for Water Year 2021 

Surface Water Gage Locations 
Project No. 17-1003-5 Created By: GD Figure 1 
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Notes: The tree root (center) has captured debris and sediment, which has increased 
the stage upstream at the gaging stilling well (right). Image taken on January 28, 
2021. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Fairgrounds Creek Obstruction  
Project No. 17-1003-5 Created By: GD Figure 2 
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Notes: Tree growth and 
hose clamp buckled PVC. 
Photo taken on February 
18, 2021. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Salsipuedes Creek Monitoring Challenges 
Project No. 17-1003-5 Created By: GD Figure 3 
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Notes: Estimated maximum 
lake inundation occurred on 
February 7, 2021, with a 
level of 61.31 ft (NAVD88) 
recorded at the Pump 
House gage. 

 College Lake Hydrologic Monitoring for Water Year 2021 

College Lake Maximum Inundation Water Year 2021 
Project No. 17-1003-5 Created By: GD Figure 4 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Casserly Creek Upstream Rating Curve 

Project No. 17-1003-5 Created By: GD Figure 5 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Casserly Creek Upstream Stage Hydrograph 

Project No. 17-1003-5 Created By: GD Figure 6 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Casserly Creek Upstream Flow Hydrograph 

Project No. 17-1003-5 Created By: GD Figure 7 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Fairgrounds Creek Rating Curve 

Project No. 17-1003-5 Created By: GD Figure 8 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Fairgrounds Creek Stage Hydrograph 

Project No. 17-1003-5 Created By: GD Figure 9 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Fairgrounds Creek Flow Hydrograph 

Project No. 17-1003-5 Created By: GD Figure 10 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Paulsen Creek Rating Curve 

Project No. 17-1003-5 Created By: GD Figure 11 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Paulsen Creek Stage Hydrograph 

Project No. 17-1003-5 Created By: GD Figure 12 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

Paulsen Creek Flow Hydrograph 
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Notes:  College Lake Hydrologic Monitoring for Water Year 2021 

College Lake Stage and Estimated Storage 

Project No. 17-1003-5 Created By: GD Figure 14 
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Notes: Examples of “Other Sources” would be reverse flow over the pumphouse 
weir from the Upper Salsipuedes and Pinto Creeks, groundwater contributions, 
ungagged catchments, agricultural surface and subsurface runoff, and direct rainfall.  

 College Lake Hydrologic Monitoring for Water Year 2021 

Breakdown of Estimated Inflows to College Lake 

Project No. 17-1003-5 Created By: GD Figure 15 
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Notes:   College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Locations 
Project No. 17-1003-5 Created By: GD Figure 16 
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Notes: Image taken on 
July 1, 2021. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer 18 Monitoring Challenges 
Project No. 17-1003-5 Created By: GD Figure 17 
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Notes: Images taken on 
March 23, 2021. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer 11 Monitoring Challenges 
Project No. 17-1003-5 Created By: GD Figure 18 
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Notes: Images taken on 
July 27, 2021. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer 5 Monitoring Challenges 
Project No. 17-1003-5 Created By: GD Figure 19 
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Notes: Piezometers 4 and 5 only the reset locations.   College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Transect 1-6-4-5 

Project No. 17-1003-5 Created By: GD Figure 20 
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Notes: Periods when the groundwater level fell below the elevation of the 
Piezometer 2 gage were removed from the graphic. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Transect 2-12  
Project No. 17-1003-5 Created By: GD Figure 21 
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Notes: Periods when the groundwater level fell below the elevation of the 
Piezometer 3, 7, and 8 gages were removed from the graphic. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Transect 3-7-8 

Project No. 17-1003-5 Created By: GD Figure 22 
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Notes: 1) Piezometers 10 and 11 were struct by farm equipment this year, however, 
Piezometer 10 was not replaced. 2) Periods when the groundwater level fell below 
the elevation of the Piezometer 9 gage were removed from the graphic. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Transect 10-11-9 

Project No. 17-1003-5 Created By: GD Figure 23 
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Notes: Periods when the groundwater level fell below the elevation of the 
Piezometer 14 gage were removed from the graphic. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Group 13-14-15 

Project No. 17-1003-5 Created By: GD Figure 24 
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Notes: Periods when the groundwater level fell below the elevation of Piezometers 
16 and 18 gages were removed from the graphic. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Group 16-17-18-20 

Project No. 17-1003-5 Created By: GD Figure 25 
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Notes: Periods when the groundwater level fell below the elevation of Piezometers 
19 and 21 gages were removed from the graphic. 

 College Lake Hydrologic Monitoring for Water Year 2021 

Piezometer Group 19-21 

Project No. 17-1003-5 Created By: GD Figure 26 
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