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Introduction
The Pajaro Valley Water Management Agency (PVWMA) completed a water diversion project in
2001 to facilitate groundwater recharge and supplement agricultural irrigation water supply in the
Watsonville Sloughs Watershed. Water is withdrawn at the Harkins Slough Flood Control Pump
Station (HS Pump), located at the confluence of Harkins at Watsonville Sloughs (Figure 1). As part
of the water rights agreement for the project, PVWMA must satisfy Water Right Conditions imposed
by the California Coastal Commission (November 3, 1999), in addition to conducting water quality
and hydrologic monitoring of the nearby waters as mandated by the Regional Water Quality Control
Board (RWQCB) Monitoring and Reporting Program Order No. 00-78 (May 25, 2000).

Swanson Hydrology & Geomorphology (SH&G) was retained by PVWMA to design and oversee a
one-year monitoring study to address the following aspects of the water rights agreements:


Monitor water levels in Harkins Slough as a result of water withdrawal (Coastal Commission
Condition No. 4).



Monitor and assess the effects of water withdrawal on downstream flushing, circulation, and
water quality (Coastal Commission Condition No. 5, RWQCB section III).



Utilize hydrologic, water quality, and habitat data to determine optimal conditions in
Watsonville Slough, downstream of Harkins Slough Pump, for both current conditions and
conditions following any future channel restoration (Coastal Commission Condition No. 5).

One of the goals of this project was to incorporate high-resolution data collection into the water
monitoring requirements imposed by the Coastal Commission and RWQCB. Typical water quality
monitoring has been conducted by daily, weekly or monthly spot samples. The data is then produced
in a table and values are compared to Maximum Contaminant Limits (MCL) or other value criteria.
Little knowledge is gained about the overall water chemistry and biological function. This project
was initiated to illustrate the application and cost effectiveness of continuous collection of ancillary
parameters (i.e. water temperature, dissolved oxygen (DO), salinity, pH and water depth). Dissolved
oxygen variations in aquatic systems are driven by biological metabolism, i.e. photosynthesis and
respiration. Extreme diel variability is inherent in eutrophic systems (nutrient-enriched), driven by
the cyclic nature of photosynthesis and respiration. Therefore, continuous data collection provides a
unique advantage over spot sample collection in eutrophic systems such as Watsonville Sloughs. The
daily variability in these types of systems is so extreme that spot sampling can provide misleading
observations, depending upon the time of day the sample is collected (Beck and Bruland 2000). This
report not only interprets the data collected over the 2002 water year in response to the above three
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issues, but also provides examples to PVWMA for future organization and reporting of water quality
data to improve the interpretation of the data relative to the characteristics of the system in question.
We also provide recommendations on how the future location, techniques and timing of the water
quality and water level data collection efforts can be improved for this specific monitoring effort.

This document is based on data collected within Watsonville Slough from June 2001 through August
14, 2002 as part of this project, as well as data that were collected for the Watsonville Slough
Conservation and Enhancement Plan (WSCEP). The County of Santa Cruz is currently completing
the WSCEP, a project focused on developing long-term protection and enhancement of the
Watsonville Slough system’s ecological values and a cooperative effort between resource agencies,
environmental groups and the agricultural community. SH&G is the primary consultant conducting
the WSCEP and its data collection efforts, including the establishment of numerous hydrologic and
water quality monitoring sites. The monitoring techniques used by SH&G and the location of some
sites were useful for PVWMA needs.

Site Background
The Watsonville Sloughs drain a 12,500-acre (19.5 square miles) watershed from the coastal plain
and foothills of southern Santa Cruz County into Monterey Bay (Figure 1). The entire watershed is
composed of complex network of many different subwatersheds with the main tributaries being
Watsonville Slough, Struve Slough, Hansons Slough, Gallighan Slough, and Harkins Slough. The
HS Pump is located at the confluence of Harkins and Watsonville Sloughs, in the lower lying area of
Watsonville Slough at an elevation of approximately 4 feet. The surface topography of the nearby
lands is extremely flat, ideal for the extensive agricultural cultivation occupying over 2250 acres of
the Harkins and Watsonville Sloughs Watersheds (Swanson Hydrology 2002). The extent of this
study was limited to Harkins Slough and the lower reaches of Watsonville Slough, from the Union
Pacific Railroad Trestle downstream to the Shell Road Pump Station (Figure 1).

The hydrologic and water quality conditions within the subject area have been significantly impacted
from human activities for many decades, well before the installation of the Harkins Slough Water
Supply program. The natural system of the lower Watsonville Sloughs was characterized by many
acres of inundated salt marsh wetlands that also served as the Pajaro River floodplain. The first
available aerial photograph of the area in 1931 illustrates the widespread agricultural reclamation and
draining of the marsh and slough lands of the lower watershed. The current slough channels have
been straightened and deepened to enhance rapid and sustained draining of the nearby cultivated
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lands. Shell Road Pump Station was constructed in the 1940’s to isolate the agricultural lands inland
of Shell Road from saltwater migration during high tidal events. The tidal gates at Shell Road act a
physical barrier, disconnecting the lower estuary from the upland freshwater slough. Therefore, the
impacts of the Harkins Slough water supply project will be limited in extent downstream to Shell
Road.

Large-scale groundwater overdraft for domestic and agricultural uses occurred in the 1930’s and
1940’s and led to the depletion of the shallowest aquifers and the eventual saltwater intrusion that
currently extends inland as far as Harkins Slough. The lack of a sustainable groundwater supply for
irrigation created the need for recharge efforts and supplemental water supply alternatives to maintain
the agricultural viability of these lands.

Winter flooding conditions within the upland areas of Harkins, Watsonville and Struve Sloughs have
gradually worsened over the last number of years. Figure 2 illustrates the extent of sustained
inundation observed during the 2001 winter by SH&G (Swanson Hydrology 2001). The formation of
seasonal open water marshes and the sluggish to stagnant water circulation have attributed to the
deterioration of downstream channel capacity, the extremely shallow hydraulic gradient (<0.05% in
some reaches), and the potential for land subsidence in response to overdraft and collapse of the
shallow groundwater aquifer (Swanson Hydrology 2001).

Hand in hand with the hydrologic alterations of the slough system, agricultural and urban land uses
contribute significant amounts of pollutants to the waterways. The greatest impact on the water
quality is the excessive nutrient and sediment enrichment of the system. The chronic application of
fertilizers and pesticides to the row crops are dissolved in the irrigation waters and transported
directly to the slough via agricultural drainage. Extreme eutrophic conditions exist within the subject
reach, indicated by dense algal and vegetative mats observed within Watsonville and Harkins Sloughs
(Figure 3). Sediment samples collected in the 1990’s indicated elevated levels of trace metals such as
Cu, Ni, Pb and Zn (Questa Report 1995).
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Figure 2: Area of inundation during Winter 2001
based on SH&G staff observations.
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Figure 3: These two photos taken in Spring 2001 illustrate the eutrophic conditions
Swanson Hydrology & Geomorphology (excessive algal production) present in the Watsonville Slough Watershed in response
115 Limekiln Street Santa Cruz, CA 95060 to poor water circulation and high nutrient enrichment from surrounding land uses. Top
photo shows the vegetation on water surface, while the bottom photo is of the
tel: 831.427.0288 fax: 831.427.0472
vegetation growing in the water column.
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Methods
All of the continuous data collection instrumentation was purchased, downloaded and maintained by
the PVWMA, with consultation by SH&G. High-resolution (30-minute intervals) water depth data
was used to determine the season hydraulic behavior in response to storm runoff, water transport and
HS Pump operation. Two monitoring sites were established in Harkins Slough. The upper Harkins
Slough site (UHS) is located within the open fresh marsh, adjacent to the crossing of Harkins Slough
Road with Harkins Slough. The second water level recorder was installed beneath the Union Pacific
Railroad crossing at Harkins Slough (monitoring site HSRR) approximately 0.9 miles downstream
from UHS and 0.6 miles upstream of the HS Pump. The HSRR unit is installed in a confined
channel, approximately 30 feet wide. Another depth monitoring site was established within the
Watsonville Slough channel (approximately 20 feet wide), 0.36 miles above its confluence with
Harkins Slough at the railroad crossing (site WSRR). The water depth monitoring was conducted by
either a Global Water WL-14 pressure transducer or miniTROLL submersible data logging water
level recorder, both of which were chosen for their low cost, ease of maintenance, and high resolution
data collection.

High resolution ancillary water quality monitoring was conducted by the installation and maintenance
of an YSI 6000XML data logger that recorded water temperature, salinity, pH, conductivity, water
depth and dissolved oxygen (DO) on 30-minute intervals. The YSI was installed at Shell Road from
October 24, 2001 through March 27, 2002 (site Shell YSI) and then relocated to beneath San Andreas
Road on April 5, 2002 (site SAYSI). Both of these YSI stations are located within a confined
channel, approximately 20-30 feet in width. Figure 1 illustrates the location of the sampling sites
included in this study. Table 1 indicates the data collected at each sampling station, the dates of
collection, and any notes relevant to instrument maintenance.

Grab samples and spot testing of ancillary parameters were conducted solely by PVWMA. Some of
the data from these efforts have been included to address the three main issues stated above.

HS Pump operation records for 2002 were provided by the PVWMA; pumping records prior to
PVWMA’s management of the pump are unavailable from the County of Santa Cruz. Additionally
no pump operation data is available at Shell Road Pump Station for any time period. Weather data
for Watsonville (station #177) was obtained from CIMIS website http://www.cimis.water.ca.gov/.
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Table 1: Status of instruments installed for Watsonville Sloughs Monitoring Project. PVWMA field personnel were responsible for routine collection, instrument download and maintenance.
Monitoring Site

Type of Data

UHS

depth

Influent to HS
Pump

Location
Harkins Slough, 20 yds downstream of Harkins Slough Road,
upstream of Harkins Slough Pump Station
Harkins Slough, at Union Pacific Railroad Trestle, upstream of
depth
Harkins Slough Pump Station
Watsonville Slough, at Union Pacific Railroad Trestle, upstream
depth
of confluence with Harkins
water quality Watsonville Slough, at Shell Road Pump Station, downstream
(WQ)
of confluence with Harkins
Watsonville Slough, at San Andreas Road, downstream of
WQ
confluence with Harkins
WQ weekly
Harkins Slough, directly upstream of HS Pump
and monthly

Effluent to HS
Pump

WQ daily and
Harkins Slough, within HS Pump
weekly

1/8/2002 to 5/23/2002

WQ weekly
Watsonville Slough, 100 yds downstream of HS Pump
and monthly

1/8/2002 to 5/1/2002

HSRR
WSRR
Shell YSI
SA YSI

Receiving Waters

Dates of Operation
4/20/2002 to 8/14/2002, 10/1/2001 to
8/7/2002
4/20/2001 to 8/7/2002
4/20/2001 to 6/13/2001, 10/24/2001 to
11/27/2001, 12/11/2001 to ?
10/24/2002 to 3/27/2002

Notes
instrument was buried in sediment 8/14/2001 to 10/24/2001; battery
died 10/27/2001 to 11/11/2001
data logger vandalized 4/3/2002, mini troll installed 4/20/2002,
relationship with UHS covers missing data
data logger destroyed, mini troll installed 12/11/2001, relationship is
derived from Shell depth during time of missing data
12/30/2001 to 1/10/2002 unit removed for service; salinity probe
malfunctioned until 1/10/2002

4/5/2002 to 8/7/2002
1/9/2002 to 5/22/02

weekly parameters: turbidity, conductivity, DO, pH, temperature, solids.
monthly: B.O.D., boron, nitrate (as N), total dissolved solids.
daily parameters: turbidity, conductivity, DO, pH, temperature.
monthly: ammonia, BOD, boron, Kjedahl nitrogen, nitrate, nitrite,
oil/grease, coliform, total dissolve solids.
weekly parameters: turbidiy, conductivity, DO, pH, temperature.
monthly: ammonia, Kjedahl nitrogen, nitrate, nitrite, coliform.
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Results and Discussion

A. Impacts of HS Pump on Harkins Slough water levels.
The balance of water inputs and water outputs influences the water levels observed in Harkins
Slough. Inputs include inflow from the surrounding watershed, influenced by precipitation and
contribution from groundwater during the wet winter months when the groundwater table is elevated
and land is saturated. Outputs include outflow of water toward the ocean, pumping removal, seepage
to groundwater, and evapotranspiration. For the simplicity of this project, we utilize the precipitation
records to determine the timing and infer the relative water inputs. The pumping records from HS
Pump and water depth changes at various locations are used to assess water losses. Water circulation
and flow rates within the subject area of Watsonville Sloughs are extremely slow, due to the shallow
gradient (less than 0.05%) and flat topography. Interactions with groundwater are difficult and time
consuming to quantify and outside the needs of this project. Evapotranspiration rates of water loss
are relatively low during the cold winter months and gradually increase in spring and summer as air
temperatures and vegetation growth increases. Therefore, evapotranspiration has a relatively
insignificant role on the water balance of the system during the cool wet winter months (when the HS
Pump is operating), but may account for a significant fraction of the daily water loss from Harkins
Slough during the warmer months.

From a qualitative perspective, the removal of water at the HS Pump should stimulate upstream
circulation and increase the outflow rate of the flooded areas in Harkins Slough. Figure 4 compares
the timing of the primary water inputs to and outputs from Harkins Slough (precipitation and water
removal via HS Pump) to the water level data collected within the Slough itself for the 2002 water
year (sites UHS and HSRR). The lack of 2001 pumping records makes any inferences of pumping
effects during that time impossible. However, for the time periods pumping records are available,
three distinct pumping regimes are observed. Table 2 summarizes the rate of water removal,
precipitation input and water depth changes for each of the three periods. Water depth changes within
Harkins Slough can be the result of a number of various inputs and outputs superimposed on one
another, making the determination of the pumping effects on water depth difficult. However, the high
pumping regime that occurred for a 10-day period in January 2002 corresponded with very little
rainfall (i.e. water input). In addition, January is a cold month, making the water loss due to
evapotranspiration minimal. Rough estimates of the water volume storage within Harkins Slough,
between HSRR and Ranport Road suggest maximum winter storage on the order of 5 x 105 acre-feet.
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Impact of the HS Pump operation on Harkins Slough water levels. Precipitation data is from
CIMIS gage #177. Depth data is collected by two Global Logger WL-14 located at Harkins
Slough Railroad and in Upper Harkins Slough. Pump data provided by PVWMA.

Figure
4

Water Depth (ft)

80

Table 2: Comparison of water depth in Upper Harkins Slough over time, as a function of the Harkins Slough Pump water removal rates and precipitation. Pump data provided by PVWMA, precipitation data from CIMIS,
and depth data from water level loggers (WL-14) located in Harkins Slough at Harkins Slough Road (Figure 1).
PUMPING DATES OF
REGIME OPER. (2002)
HIGH
1/16-1/25
MEDIUM
1/29-2/23
LOW 1
2/24 - 4/13
LOW 2
4/13 - 5/28

TOTAL #
TOTAL
DAYS
PUMPED (ac-ft)
10
298.38
26
225.50
49
230.02
46
106.31

AVG PUMPED (acft/day)
29.84
8.67
4.69
2.31

TOTAL PRECIP
(in)
0.04
1.52
2.97
1.18

DAILY AVG
PRECIP
0.004
0.058
0.061
0.026

TOTAL DEPTH
CHANGE (ft)
0.51
-0.15
3.26
1.60

INITIAL DEPTH (ft)
(ENDING DEPTH)
6.17 (5.66)
5.26 (5.41)
5.32 (2.06)
2.06 (0.46)

AVG DAILY DEPTH
CHANGE (ft/day)
0.05
-0.01
0.07
0.03

EST. VOLUME OF
HARKINS SLOUGH (ac-ft)
5
4
10 to 10
4
3
10 to 10
3
2
10 to 10
2
up to 10
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The total volume of water removed during the high pumping regime was 3 x 10 acre-ft, or 0.1% of
the total volume (Table 2). While the pumping regime LOW1 displayed a slightly higher average
daily depth change of 0.07 feet, the water volume associated with the absolute depth changes are very
different. Because Harkins Slough is a wide area with gently sloping borders, the relationship of
water depth to water volume is exponential. Therefore, the observed water volume change is highly
dependent upon the initial volume of water in Harkins Slough during the water removal actions.
During January and February, typically wet months and when maximum water levels are recorded at
UHS, the operation of the HS Pump has a minimal impact on the water levels in Harkins Slough.
However, when the water volume in Harkins Slough is on the order of 103 acre-feet (water depths < 4
ft), the removal of 102 acre-feet over a 10-day period could have a significant impact on the water
levels in Harkins Slough.

The applicability of the current data set would be greatly improved if:


Accurate Harkins Slough pumping records of the daily water removal are maintained and
available.



The geometry of Harkins Slough is accurately determined by a detailed topographic survey
and a rating curve is developed to link water depth recorded at UHS to Harkins Slough water
volumes. Once basin geometry is accurate, an estimate of the surface area of water contained
in Harkins Slough at any particular time could also be calculated and used in concert with
weather data to approximate water loss as a function of evapotranspiration. A simple
rainfall/runoff model could be generated for the Harkins Slough watershed to correlate daily
rainfall totals to an estimated water volume transported to Harkins Slough. Then an accurate
water balance could be constructed to understand the volume of water removed by the pump
and the subsequent volume change observed in the Harkins Slough.

B. Impacts of HS Pump on downstream circulation
Downstream of HS Pump the reach of Watsonville Slough extends approximately 1.25 miles
westward to Shell Road. As stated earlier, the presence of tidal gates at Shell Road physically
disconnects the estuarine portion of Watsonville Slough from the freshwater upstream. In order to
keep water levels low and improve the drainage of the neighboring agricultural fields, a water pump
is operated at Shell Road to transport water from the freshwater slough to the estuary. The operation
and pumping rates of the Shell Road Pump undoubtedly have an influence on circulation in
Watsonville Slough, downstream of the HS Pump, but its exact influence is difficult to ascertain
given the unknown operation dates, times and flow rates for the Shell Road Pump operated by the
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County of Santa Cruz. This uncertainty makes it difficult to constrain the effects water removal from
the HS Pump may have on circulation downstream. However, the net removal of water from Harkins
Slough decreases the amount of water introduced to Watsonville Slough, and subsequently what must
be pumped beyond Shell Road. The operation of HS Pump will most likely decrease the magnitude
and duration of flooding of agricultural property along Watsonville Slough between Harkins Slough
and Shell Road, thus providing a flood control benefit. An increase in water circulation not only has
physical benefits to decrease flooding, but also can improve water quality by alleviating stagnant
conditions that exacerbate eutrophic conditions, algal growth and low dissolved oxygen conditions.

The YSI was moved from site Shell YSI to SAYSI on April 5, 2002, limiting the downstream water
depth data. Figure 5 presents the time series depth data from SAYSI, WSRR, and HSRR along with
HS Pump records. This figure illustrates a decline in the water levels within Watsonville Slough
(sites WSRR and SAYSI), concurrent with pump operation. The figure also reveals strikingly similar
structures for the depth curves, suggesting a strong hydraulic relationship between the three sites.
Given the evidence presented above for the HS Pump’s impact on water level in Harkins Slough,
especially during the spring months, and the connectivity of Harkins Slough and Watsonville Slough,
it is reasonable to assume that the HS Pump does have some effect on the water levels and will
somewhat increase water circulation within the lower reaches of Watsonville Slough. The daily and
weekly resolution of the data does not, however, reveal any trends in the relationship between the
pumping and the water levels, given that water levels both rise and fall during periods when the pump
is off (Figure 5).

The data set would be greatly improved if the following data were included:


Flow measurements could be conducted at different channel depths for each site (WSRR,
HSRR, SAYSI), in order to develop rating curves to correlate water flow rates with water
depth. Computing flow may be challenging however, given the sluggish circulation of the
sloughs. Cross-sectional channel geometry would also help estimate the water volumes
corresponding to specific depths.



Accurate pump operation records for the Shell Road Pump Station would be necessary to
determine daily water removal rates and to constrain the effects of each pump (HS and Shell)
on the circulation of Watsonville Slough.
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The effect of pumping operations at HS Pump on water levels at sites HSRR, WSRR
and SAYSI.
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C. Impacts of HS Pump on downstream water quality
Numerous water quality studies (Questa 1995, Hunt et al 1999, Swanson Hydrology 2001) have
shown the poor water quality of lower Watsonville Slough. Excessive nutrient inputs from the
surrounding agricultural fields and poor water circulation have resulted in an extremely eutrophic
system (Figure 3). Eutrophication results in the loss of dissolved oxygen in the water column due to
bacterial respiration of organic matter (algae) that is stimulated by elevated nutrient levels of nitrogen
and phosphorus compounds from fertilizers, septic systems and manure. A system capable of
supporting invertebrate and fish communities has DO levels which fluctuate around atmospheric
saturation (100%) on daily and seasonal time scales, as well as has high water circulation, moderate
pH levels, relatively low water temperatures, and decent water clarity. Those sites with chronically
low levels of dissolved oxygen, like Watsonville Slough (Swanson Hydrology 2001) are most likely
locations that possess compromised water quality, poor ecological health, and decreased biological
diversity and survival. Given the existing compromised water quality of the area in close proximity
to the HS Pump, it is important to ask what impact the operation of HS Pump has on downstream
water quality. In general, increasing circulation will improve basic water quality parameters such as
decreasing water temperature, oxygenating the water from the air and increasing DO levels, and
promoting overall water column mixing. Based on the data collected this year, the HS Pump does
have some impact on circulation, but the magnitude of benefit appears to be limited.

The YSI was located at ShellYSI from October 2001 through March 2002. The water quality data is
attached as Figure 6. This location is strongly influenced by the operation of the tidal gates at the
Shell Road Pump. No correlation can be made between the HS Pump and the water quality at Shell
Road because of this significant relationship, as well as the lack of pumping records from the Shell
Road Pump. Water quality data at SAYSI is more applicable to this study, being only 0.2 miles
downstream from the confluence of Harkins and Watsonville Sloughs. The YSI should remain at
SAYSI for any future monitoring.

Figure 7 shows the water quality data collected from SAYSI site from April 5 to August 7, 2002,
along with the Harkins Slough pumping data and CIMIS weather data. The SAYSI is located in a
constrained channel surrounded by agricultural fields, with large amounts of surface vegetation and
little to no bank vegetation. As the air and water temperatures increase, so do the levels of algal
growth and bacterial respiration, decreasing the dissolved oxygen levels until they reach anoxic
conditions (0% DO). The levels of dissolved oxygen drop despite continuing variations in water
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Water quality data collected in Watsonville Slough at Shell Road. Weather
data from CIMIS gage #177, HS Pump data provided by PVWMA, and water
quality data from YSI instrument installed at Shell Road Pump.
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Water quality data collected in Watsonville Slough at San Andreas
Road crossing. Weather data from CIMIS gage #177. HS Pump data
provided by PVWMA. Water quality data from YSI instrument.
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depth, suggesting that the system is so eutrophic that once the warmer temperatures of summer begin,
little can be done to improve water quality.

Some of the data generated from spot sampling of the influent, effluent and receiving waters
conducted by PVWMA is included as Figures 8 and 9. The localized effect of the HS pump on water
quality is apparent. The pumping records indicate the onset of pumping on January 16, 2002. Prior
to water removal, the influent and effluent water quality measurement are similar, however the HS
pump operation illustrates a decrease in water temperatures and an increase in DO levels of the water
exiting the pumping system (Figure 8). The receiving water station is located approximately 100
yards downstream of the HS Pump in Watsonville Slough. Note the relatively lower DO levels and
higher water temperatures within the Watsonville Slough (receiving waters) compared to Harkins
Slough (influent). Despite the improved water quality of the effluent, the overall eutrophication of
lower Watsonville Slough is too great for the HS Pump to have any lasting regional effect. Water
samples were collected and analyzed on a monthly basis for nitrate and total nitrogen. Figure 9
illustrates that the pump operation has no discernable impact on nitrate levels, and rather the
significant increase in the nitrogen species within the slough waters corresponds with the onset of the
agricultural growing season in the early spring.

Given that the Watsonville Sloughs system is extreme eutrophic, illustrated by the low DO levels,
increased water temperatures, and poor water clarity, the increase in water circulation provided by the
HS Pump appears to be beneficial to the local water quality. During the winter months, when storm
runoff is providing circulation within the Slough, we expect the DO levels at SAYSI to not persist at
deleterious levels (<5%). In the spring, water circulation decreases, water temperatures increase,
nutrient concentrations increase, and the DO levels appear to remain below 5% saturation (Figure 7).
The operation of the HS Pump and the subsequent increase in circulation may postpone this evitable
onset of anoxic conditions within Watsonville Slough at the SAYSI. A complete annual data set of
YSI data at San Andreas Road and Harkins Slough pumping records will allow a more accurate
interpretation of these dynamics.

Under the WSCEP, restoration of lower Watsonville Slough would include separate drainage for
agricultural runoff and the natural slough waterways and revegetation of the channel banks. Separate
drainage would decrease the nutrient loading into the ‘natural’ slough system, thereby limiting
photosynthesis and respiration rates and reducing the daily DO and pH fluctuations. Increasing the
bank vegetation will both decrease sediment erosion due to soil stabilization by root systems and
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Water quality data analyzed from grab samples collected from
influent and effluent of HS Pump, and 100 yards downstream
of the Pump (receiving waters).
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Water quality data analyzed from grab samples collected from
the influent and effluent of HS Pump, and 100 yards downstream of the Pump (receiving waters).
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decrease water temperatures by providing shade in the channel. Because the HS Pump is currently
operating in such a degraded system, the mere increase in circulation improves the local water
quality, but the regional influence appears to be minimal. If the WSCEP is successful in improving
the health and function of the natural slough system, the impact of the HS Pump operation should be
revaluated given the restored conditions.

The data set would be greatly improved if the following data were included:


Complete, accurate pumping records for Harkins Slough Pump would help constrain the
effects pumping has on the water quality of Watsonville Slough.



Another year of data from SAYSI, spanning the entire water year would give a better
understanding of the seasonal changes of ancillary parameters and the relative impact of HS
Pump.

Conclusions and Recommendations
Given the data available, the following conclusions and recommendations can be made. First, the
impact of the HS Pump on water depth in Harkins Slough is contingent upon the volume of water
present in the Slough. The greater the initial water volume in Harkins Slough, the less impact the HS
Pump will have on the observed water levels. Based on rough calculations, it is not until the water
depth at site UHS is less than 3-4 feet that the pump may have a significant impact on the water levels
in Harkins Slough. The highest rate of water removal from Harkins Slough should correspond to
times when Harkins Slough water levels are high, following large storm events. This will provide the
best quality of waters, since the residence time of the water within the Slough will be relatively short,
and the subsequent impact of the HS Pump on Harkins Slough water levels will be the lowest.

Secondly, the HS Pump most likely has some influence on the circulation downstream in Watsonville
Slough but the current data set is not conclusive. The strong hydraulic connection between sites
HSRR, WSRR, and SAYSI implies that the increased circulation in Harkins Slough due to the pump
operation will also influence Watsonville Slough, but a quantitative relationship cannot be derived
without more data. The future maintenance of accurate pumping records from HS Pump will improve
future interpretations of the relative impact of the pump on the local system. Water level monitoring
should continue at UHS, WSRR, HSRR, and SAYSI.

In the degraded state of Watsonville Slough, the operation of HS Pump appears to improve the local
water quality. The influent and effluent water quality data indicates that the increased circulation due
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to pumping mixes the water column locally, oxygenates the water and decrease water temperatures
(Figure 8). Continued collection of YSI data at SAYSI will improve the knowledge of the water
quality impacts of the HS Pump operation downstream. However, until restoration efforts confront
the high nutrient enrichment, lack of bank vegetation, stagnant circulation, the water quality within
the Slough will continue to lack much ecological value.

The time series comparison of climatic data (precipitation and air temperature) with high-resolution
physical data collected in the field (pumping records and water level) provides a unique opportunity
to decipher the various dynamics influencing the water balance of Harkins Slough. The highresolution water quality data is a cost effective and relatively simple technique to observe the
biological (at the base of the food chain) and chemical response to various physical factors. Future
reporting of monitoring data should incorporate some of these techniques to illustrate the applicability
of the data to the system in question. Ultimately, these annual monitoring data will also provide a
comprehensive baseline data set with which to evaluate the effects of any future restoration efforts
under the WSCEP.
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