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PROJECTS & FACILITY OPERATIONS
COMMITTEE MEETING
Teleconference Meeting
Wednesday, April 28, 2021, 3:00 p.m.
Due to COVID-19, Public access is limited to teleconference. Please see details on page 2.
Purpose: The purpose of the Projects and Facility Operations Committee (“Committee”) is to advise the Board of Directors
(“Board”) and staff of the Pajaro Valley Water Management Agency (“PV Water”) on capital projects and programs related to
water supply, quality and operations of facilities identified in PV Water’s Basin Management Plan, including any new technologies
that might become available. The Committee also serves to communicate issues and concerns regarding water quality and project
operations between the Agency, landowners and growers within PV Water’s service area.

AGENDA
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2. Public and Member Comments
3. Consider Approval of March 31, 2021 Projects & Facility Operations Committee Meeting
Minutes
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a. College Lake Integrated Resources Management Project
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c. Recycled Water Facility Improvements Project
d. Pajaro Valley Sustainable Groundwater Planning Project (SGMA 5-Yr Update)
6. Receive Facility Operations Report
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8. Discuss Future Agenda Items
9. Next Regular Meeting: May 26, 2021
Adjournment

PV Water is a state-chartered local agency formed “to efficiently and economically manage existing and supplemental water supplies in order to prevent further increase in, and to accomplish continuing
reduction of, long-term overdraft and to provide and insure sufficient water supplies for present and anticipated needs within the boundaries of PV Water. It is anticipated that long-term overdraft problems
may not be solved unless supplemental water supplies are provided. PV Water should, in an efficient and economically feasible manner, utilize supplemental water and available underground storage and
should manage the groundwater supplies to meet the future needs of the basin.” This agenda is subject to revision and may be amended prior to the scheduled meeting. If amended, a Final Agenda will be
posted at the PV Water office at 36 Brennan Street, Watsonville, 72 hours prior to the meeting. Copies of the Final Agenda will be available at the meeting. This Agenda shall be made available upon
request in alternative formats to persons with a disability, as required by the Americans with Disabilities Act of 1990 (42 U.S.C. Sec. 12132) and the Ralph M. Brown Act (Cal. Govt. Code Sec. 54954.2).
Persons requesting a disability-related modification or accommodation should contact PV Water’s Financial & Administrative Services Manager at (831) 722-9292 during regular business hours, at least
24 hours prior to the time of the meeting.
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PROJECTS & FACILITY OPERATIONS COMMITTEE
MEETING MINUTES DRAFT
Teleconference Meeting

Wednesday, March 31, 2021, 3:00 p.m.
Committee Members
Present
Not Present
Mary Bannister, Director, Chair
Javier Zamora, Director
Sam Cooley, Vice Chair
Stephen Rider, Director
Rosemarie Imazio
Jonathan Pilch
Frank Capurro
Staff & Other Attendees
Brian Lockwood, General Manager
Shinehah Bigham, Water System
(GM)
Operator (WSO)
Casey Meusel, Associate Hydrologist
Chuy Martinez, Water Systems
(AH)
Operations Supervisor (WSOS)
Marcus Mendiola, Water Conservation
Amy Newell, Director
and Outreach Specialist (WCOS)
Paul Friedlander, Carollo Engineers
Ricky Gutierrez, Carollo Engineers
1. Welcome and Introductions. Vice Chair Cooley called the meeting to order at 3:01 p.m.
2. Public and Member comments. None.
3. Consider Approval of February 24, 2021 Projects and Facility Operations Committee Meeting
Minutes. Committee member Capurro moved to approve the February 24, 2021 minutes as
amended (correcting a typo concerning the next meeting date); Committee member Imazio
seconded. The motion carried by the following voice vote:
Ayes:
Noes:
Abstain:
Absent:

Bannister, Cooley, Rider, Imazio, Capurro, Pilch
None
None
Zamora

4. Receive Projects and Programs Update.
a. College Lake Integrated Resources Management Project. GM Lockwood introduced Mr.
Paul Friedlander and Mr. Ricky Gutierrez of Carollo Engineers who presented a summary of the
30% preliminary design of the water treatment plant and intake facility. The presentation, which
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March 31, 2021

was included in the agenda packet, included an overview of the project, highlights of the
facilities, and a summary of the current cost and schedule. Roundtable discussion ensued.
b. Watsonville Slough System Managed Aquifer Recharge & Recovery Projects. GM
Lockwood reported that work on supplemental information requested by the State Water
Resources Control Board for the water-right permit has been completed and submitted.
c. Recycled Water Facility Improvements Project. GM Lockwood reported on the results of a
technical memorandum prepared by Carollo Engineers that evaluated UV treatment capacity and
potential upgrades of UV components at the Recycled Water Facility with funding provided by
the State Water Resources Control Board, State Revolving Fund and a Proposition 1 Recycled
Water Grant. The Disinfection Upgrade Project would reduce the frequency and duration of
reductions in recycled water treatment due to issues with UV transmittance by adding additional
banks of UV lights. WSOS Martinez noted that the City of Watsonville is testing different
coagulant chemicals to improve the coagulation, flocculation, and sedimentation treatment
process.
d. Pajaro Valley Sustainable Groundwater Planning Project (SGMA 5-Yr Update) GM
Lockwood reported that the Ad Hoc Sustainable Groundwater Planning Advisory Committee
held its sixth meeting on March 11, 2021. The meeting consisted primarily of a presentation and
discussion on sustainable management criteria for seawater intrusion. The Committee, which
meets the second Thursday of each month, will next meet on April 8, 2021 with the focus on
seawater intrusion and chronic lowering of groundwater sustainable management criteria.
5. Receive Facility Operations Report. WSOS Martinez reported that the March quarterly meter
reads are complete, and that staff are meeting individually with irrigators in the Delivered Water
Zone, in lieu of the annual meeting, to conduct irrigator training. He informed the Committee that
staff are monitoring water quality conditions in Harkins Slough and that salinity concentrations
improved enough to begin diversions earlier today. WSO Bigham reported that the grant funded
Telemetry project is nearing completion and that staff recently submitted another proposal to fund
equipping telemetry units on six turnouts recently activated and 59 high production wells in the
basin.
6. Receive Report on Proposed Cost of Service Increase. GM Lockwood reported that the PV Water
Board of Directors adopted the 2021 Cost of Service Rate Study on February 17, 2021. The Board
directed staff to conduct an outreach campaign that will include no less than three public meetings.
The Board will hold public hearings and consider adoption of the proposed rate increase at the April
21, 2021 meeting.
7. Discuss Future Agenda Items. Staff intend to invite Jacobs to present an overview of the 30%
design of the College Lake Pipeline when complete.
8. Next Meeting: Wednesday, April 28, 2021, at 3:00 p.m.
9. Meeting Adjourned at 3:55 p.m.
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MEMORANDUM
DATE:
MEETING OF:
TO:
FROM:
RE:

April 23, 2021
April 28, 2021
Projects & Facility Operations Committee
General Manager
ITEM 4: Discuss Recharge Net Metering Pilot Program Update

INTRODUCTION
Staff, along with Recharge Net Metering (ReNeM) Pilot Program partners Dr. Andy Fisher,
Professor of Hydrogeology at U.C. Santa Cruz (UCSC) and Resource Conservation District of
Santa Cruz County(RCD) staff, will provide a brief overview of program successes and
challenges to-date as well as discuss with the Committee options for future of the program. In
particular, staff are planning to discuss two aspects of the program with the Board of Directors
on May 19: 1) consideration to continue the program, and 2) direction pertaining to a specific
project regarding water-right permitting and CEQA.
BACKGROUND
The Board of Directors approved the ReNeM pilot program in March 2016. The ReNeM pilot
program is intended to augment and support the Basin Management Plan (BMP) by helping to
collect, infiltrate, and ideally recharge stormwater runoff in strategic locations within the Pajaro
Valley Groundwater Basin, bringing additional diversification to existing groundwater recharge
efforts. The ReNeM pilot program is consistent with stated BMP goals focused on eliminating
groundwater overdraft and halting seawater intrusion.
The ReNeM pilot program includes these six key elements:
1. The ReNeM pilot program will initially operate for five years, starting 10/1/16. There is
an option to continue the program, based on results from the initial operating period, but
only if there is a positive recommendation based on experience gained.
2. The overall goal is to achieve ~1000 acre-feet per year (AFY) of additional infiltration
into the ground, where this additional water can recharge underlying aquifers. The
infiltration/recharge benefit is to be achieved at ~8-10 field projects, each contributing
≥100 AFY. Ideally, there will be 1-2 new sites added each year, achieving the total
program goal by the end of the 5th year. Actual project implementation is dependent
upon securing sufficient outside funds.
3. UCSC and RCD personnel serve as a team for "third-party certification" (TPC) for the
ReNeM pilot program, helping to identify and screen potential project sites, raise funds
for installation, participate in system designs, obtain permits, develop monitoring plans,
collect data and samples, and prepare annual reports on ReNeM pilot program operations.
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4. TPC personnel report to PV Water annually, including a calculation of net infiltration
benefit for each project.
5. PV Water applies a formula (described below) to the ReNeM benefit for each project,
and calculates a rebate for the landowner/tenant responsible for the project (as noted in
writing), to be issued the subsequent year.
The pilot program will help to increase the amount of available water in the Pajaro Valley
aquifer system (contributing to revenue), and accelerate the pace of bringing the basin into
hydrologic balance. Funding to support capital costs and costs for the TPC during the pilot
ReNeM program is to be raised from external sources.
Projects may use a mixture of technologies (infiltration basins, dry wells, reactive barriers to
improve water quality, etc.), with each system being designed individually based on local needs
and limitations. Projects will be selected and designed to minimize flooding, clogging, or other
problems. All projects will be fully permitted, with the RCD providing leadership in this area.
The project rebate is intended to offset costs for loss of land use and for annual maintenance to
keep successful projects running. The Rebate formula is described below:
Rebate = W50 x (Inftot - Infinc)
where,
Rebate = Rebate issued to landowner/tenant ($)
W50 = 50% of unit water cost at project location (augmentation fee) ($/ac-ft)
Inftot = total infiltration documented at the project site (ac-ft)
Infinc = incidental infiltration that would have occurred without the project (ac-ft)
This formula ties the rebate directly to project success, providing an incentive to keep the project
functional and operating efficiently. Staff recommended 50% of unit water cost for rebate
calculation because not all water that infiltrates becomes recharge, and not all recharge is
recoverable. For a project generating 100 acre-feet of infiltration benefit, the Rebate would be
~$12,300 to $16,900 (based on FY 2020/21 rates) depending on whether the site is located
outside or inside the delivered water service area.
DISCUSSION
Two infiltration systems have become part of the program since the Board approved it in 2016,
and paperwork for a third system is in process. The infiltration systems are located on the
Bokariza-Drobac Ranch, the Kelly Thompson Ranch, and Storrs Vineyard.
The infiltration system at the Bokariza-Drobac Ranch has been in the program since water year
2017. The results of that basin through time are summarized in Table 1, below.
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Water Year
2017
2018
2019
*2020
Total

Table 1. Bokariza-Drobac Infiltration Basin Results
Precipitation
Net Infiltration
Rebate ($)
(in)
Benefit (AF)
35.0
140
$14,210
13.6
73
$7,920.50
22.0
107
$12,358.50
*20.5
*52
*$6,396
91.1
372
$40,885

PV Water
Cost Per AF
$101
$109
$116
$123
$110 Avg/AF

* Projected, rebate will be issued once the annual report is finalized.

The Kelly Thompson Ranch infiltration system’s first year in the program was water year 2020.
In its first year, a dry year, the system achieved 99 acre-feet of infiltration as noted in Table 2,
below. The capacity of the system, however, is anticipated to be able to infiltrate 300 to 350 AF
in a wet year.
Table 2. Kelly Thompson Infiltration Basin Results
Water Year
Precipitation
Net Infiltration
Rebate ($)
(in)
Benefit (AF)
*2020
*17.4
*99
*$12,177
* Projected, rebate will be issued once the annual report is finalized.

Table 3 provides a summary of the program results since water year 2017. The program has
resulted in a total 471 AF of water infiltrating into the groundwater basin, and PV Water has
issued $53,062 in rebates, which results in an average cost of $113 per AF. Significant costs for
the individual projects were not borne by PV Water. For instance, the cost to design, prepare
environmental (CEQA) documents, and construct the infiltration basins were paid for largely by
grants awarded to the TPC. In addition, property owners voluntarily allowed a portion of their
land to become an infiltration basin, and in some cases funded a portion of the design costs.
Table 3. Pilot-Program To-Date (both Bokariza & Kelly-Thompson)
Water Year
Net Infiltration
Rebate ($)
PV Water
Benefit (AF)
Cost Per AF
2017
140
$14,210
$101
2018
73
$7,921
$109
2019
107
$12,359
$116
2020
151
$18,573
$123
Total
471
$53,062
$113 Avg/AF

FISCAL IMPACT
There is no fiscal impact associated with the update being delivered this evening. Costs
associated with specific items such as preparing water-right permits and CEQA documents will
need to be determined on a case-by-case basis. With respect to the rebate alone, over the longterm, the pilot ReNeM program should be revenue neutral or somewhat positive for PV Water
because it will result in more water recharging the groundwater basin for use later, offsetting
rebate costs. The cost for recharged water is lower than other alternative supply project costs.
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STAFF RECOMMENDATION
That the Committee receive the presentation and consider making a recommendation to the
Board.
ATTACHMENTS
 Water Year 2020 Report on Performance of the Infiltration System at Bokariza-Drobac
Ranch, as part of the Recharge Net Metering Program
 Water Year 2020 Report on Performance of the Infiltration System at Kelly Thompson
Ranch, as part of the Recharge Net Metering Program
Attachments provided previously are available in the July 18, 2018 agenda packet, which
is available here and at www.pvwater.org:
o Item 9A, Attachment A. Recharge Net Metering Program Proposal approved by
the Board on March 10, 2016
o Item 9A, Attachment B. Issue Brief: Recharge Net Metering to Enhance
Groundwater Sustainability, April 2018, Kiparsky et al.
o Item 9A, Attachment C. Research Article: Coupling distributed stormwater
collection and managed aquifer recharge – field application and implications,
May 2017, Beganskas and Fisher
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Water Year 2020 Report on Performance of the Infiltration System at Bokariza-Drobac Ranch,
as part of the Recharge Net Metering Program

A. T. Fisher1, K. Camara2, E. McCarthy2, L. Lurie2
1

Earth and Planetary Sciences Department, University of California, Santa Cruz, CA 95060

2

Resource Conservation District, Santa Cruz County, Capitola, CA 95010

Draft report: 10 September 2020
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Summary of key results:
The stormwater-managed recharge system operated at the Bokariza-Drobac Ranch achieved
52 ac-ft of net infiltration benefit in Water Year 2020. Water infiltrated as part of this project had
lower [NO3-N] than did ambient groundwater, based on comparison between groundwater and
flowing into and temporarily stored in the infiltration basin.

I. Introduction
This report presents an overview of operations and performance of a stormwater collection
and infiltration system on the Bokariza-Drobac Ranch during the fourth year of the Pajaro
Valley's Recharge Net Metering (ReNeM) pilot program. Project motivation and methods are
summarized in Beganskas and Fisher (2017), Kiparsky et al. (2018), and at the website for the
Resource Conservation District, Santa Cruz County (https://www.rcdsantacruz.org/renem). The
latter contains information on the ReNeM pilot program, including broader project goals. The
ReNeM program is intended to enhance infiltration benefits that have been lost over time due to
shifts in land use and a changing climate, in an effort to assist in bringing the Pajaro Valley
Groundwater Basin towards hydrologic balance. ReNeM projects are designed and operated to
collect and infiltrate stormwater runoff from drainage areas that are large enough to generate
≥100 ac-ft/yr of infiltration benefit during a typical water year. The methods applied at each
ReNeM project site vary depending on local conditions and processes.
The ReNeM program is being operated by representatives from the Resource Conservation
District, Santa Cruz County (RCD) and the University of California, Santa Cruz (UCSC), in
collaboration with the Pajaro Valley Water Management Agency (PVWMA). The UCSC-RCD
team is serving as the Third Party Certifier (TPC) for the program, helping to identify and select
sites, permit and implement projects, and validate performance. The PVWMA Board of
Directors approved creation of the ReNeM pilot program in Spring 2016, with launch in Fall
2016. Financial incentives provided by PVWMA to ReNeM program participants are intended to
offset costs to landowners and tenants for loss of land use, and for operating/maintenance costs
needed to keep the systems functioning (clearing sediment, removing debris, etc.). The TPC
partners have secured external funding to assist in offsetting costs for exploration, site
development, permitting and capital design/construction, and validation. The latter includes
measurements and sampling as needed to quantify the benefits of each operating project.
ReNeM WY20 - Bokariza-Drobac
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In the rest of this report, we focus on data and sample collection, processing, and
interpretation associated with water year 2020 (WY20: 10/1/19-9/30/20). Future reports will
present and interpret results from later years.
II. Field Site
The project site is located on an active ranch on the eastern side of the PVWMA service area,
where runoff from a drainage area of ~70 ha (172 ac) is diverted into a 1.7-ha (4.3-ac) infiltration
basin. Runoff from this drainage area would otherwise flow southwest to the Pajaro River and
into Monterey Bay. Runoff from the upper drainage area flows into a sediment detention basin
before being routed through a culvert to the infiltration basin. The infiltration basin was created
some years ago by modifying a natural topographic depression, originally intended to limit
runoff to adjacent properties. The southern third of the infiltration basin is underlain by Conejo
clay loam, whereas the northern two-thirds are underlain by Baywood loamy sand [Soil Survey
Staff, U.S. Department of Agriculture, 2014], which appears to be part of the paleochannel
[Beganskas and Fisher, 2017]. Additional soil units in the drainage area include Conejo loam,
Elkhorn sandy loam, and Pfeiffer gravelly sandy loam. The surrounding ranch grows a variety of
crops, including strawberries, cane berries, and salad vegetables. The orientation and treatment
of these fields vary between crop rotation and planting cycles; fields are often tilled during the
dry season, and may be planted or fallow during the wet season.
III. Methods
A. Precipitation and runoff
We measured precipitation with a tipping-bucket rain gauge (0.1 mm/tip) and converted tip
dates/times into hourly and daily rainfall rates. For discussion purposes, we defined a rainfall
“event” as ≥0.5 cm rain, below which field data suggests little runoff is generated. As winter
precipitation in this region is characterized by multi-day storms separated by dry periods of days
to weeks, we chose 24 h as the minimum inter-event time. We measured water depth at the
culvert inlet (LDPE with a smooth profile, 30 inches = 76.2 cm in diameter) that directs flows
into the infiltration basin, using an absolute pressure gauge in a stilling well (20-minute
recording in WY20) positioned next to a staff plate. We corrected this data with simultaneous
measurements from a separate barometric gauge, then calculated the volumetric flow rate by
ReNeM WY20 - Bokariza-Drobac
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relating water depth to discharge using the Manning equation. Although this is the only gauged
inlet into the infiltration basin, other inflow sources were observed during rain events, including
drains from nearby fields. Uncertainties in these and other calculations are discussed later.
B. Mass balance and infiltration
The daily volume of infiltration, IV, was calculated by mass balance:
IV = Qinflow + P − Evap − ΔS

(1)

where Qinflow = volume of runoff flowing into the basin [L3]
P = volume of precipitation directly on the infiltration basin [L3]
Evap = volume of evaporation/evapotranspiration [L3]
ΔS = net change in volume stored in the basin [L3]
Qinflow was calculated by tabulating the time-series of calculated flow rates based on water
depth in the inflow culvert, as described earlier. P was calculated by multiplying the infiltration
basin area by precipitation depth recorded with a gauge deployed adjacent to the infiltration
basin. Evap was calculated for days when there was water in the infiltration basin as the potential
evapotranspiration reported from a nearby CIMIS station (#129, Pajaro;
http://www.cimis.water.ca.gov/) using the Penman–Monteith method, multiplied by the basin
area.
ΔS in the infiltration basin was calculated using a digital elevation model (DEM) generated
from survey data collected with a total station theodolite. The DEM was used to derive
polynomial equations relating water stage to storage volume, surface area, and wetted area.
Absolute pressure gauges measured water stage in the basin (20 minute recording), with local
correction for barometric pressure. ΔS was calculated by comparing values at the start and end of
each day (midnight to midnight). We calculated the daily basin-average infiltration rate by
dividing IV by the mean daily wetted area.
To determine the net infiltration benefit generated by this project, we corrected IV to subtract
incidental infiltration (IV-INC) that would have occurred were the project not operating: IV-NET = IV
- IV-INC. IV-INC was calculated as the P-Evap (expressed as [L/T]), multiplied by the infiltration
basin area. This is water that would have infiltrated across the wetted area of the infiltration
basin, even if there had been no runoff generated from upland areas.

ReNeM WY20 - Bokariza-Drobac
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C. Water quality assessment
ReNeM projects are developed and operated so as to avoid degrading groundwater in
underlying aquifers. Indeed, ReNeM projects can help to improve water quality, both by diluting
existing contaminants and by improving the quality of surface water during infiltration. Nitrate
(NO3) is a common contaminant in both groundwater and surface water in California, especially
in basins that have experienced significant residential, urban, and/or agricultural development.
We focus in this report on NO3 concentrations, expressed as nitrate-nitrogen [NO3-N], which
commonly vary along with other solutes.
To assess regional groundwater conditions and for comparison with surface water data, we
compiled groundwater quality data from the Geotracker online inventory of chemical analyses
from wells near the Bokariza-Drobac project site. In addition, the UCSC group sampled a
shallow groundwater well at a ranch ~1.5 mi from the Bokariza-Drobac project site during
WY20. Samples of runoff flowing into the infiltration basin were collected at the BokarizaDrobac project site during system operation in WY20. Data from these samples, and samples
collected in WY19, are compared to ambient groundwater.
Before the start of the WY19 rainy season, the grower removed a dense thicket of vegetation
(mainly willows) from the southern end of the infiltration basin. This vegetation was chipped,
supplemented with redwood chips, and used to create a "permeable reactive barrier" (PRB)
covering ~3,000 ft2 along the western side of the infiltration basin. Wood chips were distributed
with a thickness of ~12 inches, then disked into the upper 2 ft of soil. Recent studies have shown
that the addition of a bioreactive carbon source to the soil can aid in cycling of nitrate by
stimulating microbes to denitrify this contaminant [Beganskas et al., 2018; Gorski et al., 2019].
Results from the analysis of surface and subsurface samples collected in WY19 were consistent
with water quality improvement associated with the carbon-rich layer. However, as discussed
later, the base of the Bokariza-Drobac infiltration basin accumulated a lot of sediment in WY19,
and this material was not removed before the start of WY20. As a consequence, the basin was
still holding water as of the start of WY20 and the TPC team did not instrument to sample
subsurface fluids.
Water samples were collected in acid-washed LDPE bottles, filtered with 0.45 nylon filters,
and placed on ice during transport to the laboratory for analysis. A subset of surface water
samples were tested within 24 hours at a commercial, EPA-certified laboratory. Samples
ReNeM WY20 - Bokariza-Drobac
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returned to UCSC for analysis were stored at -4°C and analyzed as soon as possible after
collection, but loss of access to laboratory facilities because of the Covid-19 emergency delayed
some analyses. Nutrient samples were analyzed for NO3-N using a Lachat QuickChem flowinjection system, with typical errors of ±4% (standard deviation/average values for check
standards). Only results from the commercial laboratory are presented in this report.
In addition, as in WY19, we deployed an electrical conductivity (EC) sensor/logger in the
Bokariza-Drobac infiltration basin in WY20 to record EC values when water levels in the basin
were high enough to submerge the sensor. Measured EC values were converted to equivalent
total dissolved solids (TDS) concentrations based on calibration with laboratory standards (using
pure table salt and a sample collected from Harkins Slough, both extending from 0 to ~1,000
mg/L TDS). Calculated values of TDS were converted to equivalent values of [NO3-N], based on
data from samples collected in WY20, as shown later in this report.
D. Uncertainties
There are always errors associated with hydrologic measurements and calculations. We have
tried to be conservative in applying the methods described in this report, to avoid overstating the
benefits achieved with this project. Rainfall records from the project site are likely to be
relatively reliable, although they may underestimate actual precipitation during particularly
intense events, especially when rainfall is not vertical (e.g., under windy conditions). Basing
evaporation calculations on potential evapotranspiration likely over-estimates evaporation,
reducing the calculated infiltration benefit. Stage readings using pressure data should be accurate
to a few millimeters, after barometric correction, but conversion of water level to inflow rate
using the Manning equation is likely to introduce errors on the order of 5-15%. For example,
there can be flow separation in a culvert during high stage periods when the culvert opening is
completely submerged, making it behave as an orifice rather than an open channel; this could
lead to an overestimate of inflow. However, this is likely to be offset during major events by the
lack of gauging of water flowing into the infiltration basin independent of the main culvert, from
drains, down the slopes of the basin, and from the access road to the north. Mass balance
calculations depend on the accuracy of the digital elevation model, and the shape of the basin
may vary from year to year. In aggregate, we estimate that physical hydrologic values calculated
and shown in this report are accurate to ±10-15%. Reducing this uncertainty will be challenging,
ReNeM WY20 - Bokariza-Drobac
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particularly as the TPC team adds more sites to be validated as part of the ReNeM program, but
experience and improvement to methods applied year by year should help to gain confidence in
calculated results. Analytical uncertainties in [NO3-N] concentrations are typically on the order
of 3-5%, based on standard laboratory techniques. A larger challenge is getting into the field
when water is actively flowing into the infiltration basin, to collect representative samples. The
collection of high-frequency EC data is helpful in this regard, as it provides a check on the
variability in water chemistry during individual flow events.
IV. Results
A. System configuration and operation
Instrumentation was set up at the field site during a series of field campaigns in Fall 2019
(Figure 1). An autonomous rain gauge was placed adjacent to the inflow culvert, and two stilling
wells with absolute pressure gauges were deployed along with a staff plate that was the primary
reference for water depth (Fig 1C). An additional pressure gauge was installed inside the inflow
culvert as a backup, and a barometric gauge was strapped to a nearby post. Pressure and
electrical conductivity gauges were deployed stilling wells in the base of the infiltration basin
(Fig. 1E).
When instrumentation was deployed at the site, the basin was still holding water from WY19.
This occurred because (a) additional runoff from irrigation in surrounding fields was routed to
the basin, and (b) sediment flowing in to the basin along with stormwater clogged the base of the
basin. This sediment was apparent during several field visits (Fig. 1B), and conditions in the
basin remained too to allow scraping and removal of this material.
Most of the primary instrumentation was recovered in May 2020, seven weeks after the last
major inflow event of the season. All loggers were returned to UCSC for data download and
processing.
B. Precipitation, runoff, and infiltration
Precipitation at the field site totaled ~52 cm (~20.5 in) in WY20, somewhat below the
regional mean for this area [Beganskas and Fisher, 2017], with 11 major rainfall "events"
(Figure 2). This was fewer rainfall events than in WY19, and rainfall intensity was also lower in
WY20. As we have seen in the past, there was a significant difference between precipitation
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measured at the project site and that measured at nearby CIMIS station #129. The nearby CIMIS
gauge typically generally showed less rain overall, although the differences vary year by year
and event by event. In WY17, the CIMIS record omitted several early-year events, in WY18, the
difference became apparent late in the water year, and in WY19, the main difference was in the
middle of the water year. In WY20, the CIMIS station recorded significantly less rain during the
first and last events of the season (Fig. 2). It appears that there are significant local differences in
precipitation in this region, emphasizing the importance of collecting data locally with projects
such as this one.
Rainfall intensity was relatively low in WY20, with only four events generating >3 cm/day
of rain. Significant inflow to the infiltration basin occurred mainly during these four events, one
each in December, January, March and April (Figure 3). Peak stage at the inflow culvert never
exceeded 40 cm, approached 70 cm during two events in February 2019, nearly covering the
inlet. Total runoff into the basin was ~55 ac-ft in WY20, about half that in WY19.
Calculated evaporation during times when water was infiltrating in the basin was ~2.0
ac-ft (Figure 4A), greater than in WY19, because temperatures were warm and the basin held
water throughout and after the rainy season. Calculated evaporation was ~4% of runoff, a higher
percentage compared to previous years and more than determined from a detailed study of the
Harkins Slough infiltration system, operated by the PVWMA [Racz et al., 2011]. Incidental
infiltration was calculated to be ~2.2 ac-ft (Figure 4B), based on rates of precipitation and the
size of the infiltration basin.
Soils in the infiltration basin have a very high infiltration capacity, allowing for peak
infiltration rates ≥1 m/day during three days. Although these seem like relatively high rates, the
highest infiltration rates in WY20 were considerably slower than seen in WY19 and previous
years, most likely because of the collection of fine sediment in the basin. After completing a
mass balance calculation for each day of the water year, to determine total infiltration (already
corrected for evaporation), we subtracted the incidental infiltration, resulting in a calculated net
infiltration benefit of ~52 ac-ft (Figure 4B). This benefit is ~50% of the targeted ReNeM goal of
100 ac-ft, but is not surprising given the measured runoff.
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C. Water quality
The PVWMA's Salt and Nutrient Management Plan (PVWMA, 2016) shows that nitrate
concentrations in groundwater are variably elevated at sites throughout the PVWMA service area
(Figure 5A). The MAR project assessed in this report is located over an area where nitrate
concentrations are commonly in excess of the maximum contaminant level (MCL) of 10 mg/L
NO3-N. Data downloaded from Geotracker confirm these conditions for regional groundwater,
with 22 samples collected during 2012-17 from this area having a median [NO3-N] = 5.8 mg/L,
and five values in excess of 10 mg/L. Shallow groundwater from a well at a nearby ranch was
sampled three times in WY20, yielding a median of [NO3-N] = 32.9 mg/L, and Geotracker well
data from near the Bokariza-Drobac project collected in WY17 yielded a median [NO3-N] = 37.7
mg/L. Collectively, these samples and data show that shallow groundwater in this area is
significantly impacted by human activity (Figure 5B).
In comparison, five samples from the Bokariza-Drobac infiltration basin from WY19-20
gave [NO3-N] = 0.8 to 5.8 mg/L, with a median of 2.8 mg/L, and eight runoff samples collected
from a nearby ranch in WY19-20 showed [NO3-N] = 0.3 to 5.2 mg/L, with a median of 2.1 mg/L
(Figure 5B). These concentrations are consistent with results from Bokariza-Drobac runoff and
basin samples collected and analyzed in WY17 and WY18.
We used electrical conductivity (EC) data collected in the infiltration basin to calculate total
dissolved solids (TDS) and estimate [NO3-N]. The EC gauge was deployed with its sensor ~5-6
inches above the base of the infiltration basin, so it was only submerged when basin water levels
were sufficiently high. We calibrated the EC gauge to TDS using a sample of Harkins Slough
water (diluted from full strength near 900 mg/L), generating results that were very similar to
those with pure table salt. This gives confidence that the TDS values from EC data are reliable.
We compared commercial lab measurements of TDS and [NO3-N] using three samples from the
Bokariza-Drobac infiltration basin from WY20 (Figure 6A). A polynomial fit forced through 0,0
allows for estimation of [NO3-N] from TDS. It is somewhat surprising that the relation follows a
polynomial trend, with higher values of TDS corresponding to a larger proportion of nitrate.
Perhaps this indicates some nitrification occurring over time, as evaporation tends to increase
TDS overall, or perhaps this indicates a flush of soil nitrate accumulated during relative dry
conditions between January and March.
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Calculated [NO3-N] values were <2 mg/L into March 2020, then rose more steeply towards 4
mg/L in April (Fig. 6). TDS and [NO3-N] dropped following the final major inflow event in
April 2020, and then values rose again, most likely because evaporation increased TDS in the
basin. The basin continued to hold water until the EC instrument was recovered in May 2020.
Consideration of these measurements and calculations, in comparison to local and regional
groundwater data (Fig. 5), shows that water quality goals of the ReNeM program were achieved
at this site in WY20: infiltrated water did not degrade groundwater quality with respect to
nitrate, and likely helped to improve water quality in the underlying aquifer. Adding additional
groundwater well sampling to annual data collection will help to verify that water quality
benefits are achieved. We will continue to deploy an EC gauge in the infiltration basin, as this
device is helpful in assessing the consistency of water quality between events and sampling
campaigns.
V. Summary, uncertainties, and recommendations
The MAR system supplied by stormwater at the Bokariza-Drobac Ranch achieved ~52 ac-ft
of net infiltration benefit in WY20. Water infiltrated as part of this project had lower [NO3-N]
than did ambient groundwater, based on comparisons between groundwater and infiltrate.
System maintenance of the Bokariza-Drobac infiltration system will help to assure continued
successful operation. Runoff flowing into the infiltration basin often has a high sediment load
[Beganskas and Fisher, 2017]. As noted previously, fine sediment deposited in the infiltration
basin in WY19 likely reduced the infiltration capacity of the soil. In some ways, it was fortunate
that inflow in WY20 was lower than in some earlier years, as the basin might not have been able
to infiltrate significantly larger flows. Discussion is underway concerning maintenance of the
basin before the start of WY21. Scraping and disking the soil in the basin should help to restore
infiltration capacity, helping to assure that benefits to water supply and water quality continue
into the coming year.
The use of woodchips disked into the soil as a permeable reactive barrier at the base of the
Bokariza-Drobac infiltration basin appear to have helped improve water quality in WY19, but
the TPC team was not able to instrument subsurface locations for monitoring in WY20. If the
basin is prepared in time, and TPC personnel are able to assemble and deploy instruments safely
(following guidelines for lab and field work under Covid-19 restrictions), it should be possible to
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assess continued benefits achieved from the addition of this bioavailable carbon source to the
soil.
Also as noted previously, allowing some vegetation to grow across the infiltration basin
during the off season is probably helpful for maintaining an open soil structure, but we recognize
that it is important to not create wildlife habitat on the project site. It also remains important to
clear the area leading to the inflow culvert for the infiltration basin, so that water is not impeded
during relatively short and intense rainfall/runoff events. This will both improve infiltration
benefit and mitigate risks of flooding. It also remains important for TPC and/or ranch personnel
to visit the site periodically during the rainy season, especially after major rainfall events, to
assess conditions at the inlet and make sure that flows are not limited by debris. This can be done
at the same time as water samples are collected for quality assessment.
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Figure 1. Photographs of the Bokariza-Drobac infiltration system during WY20. A. Main infiltration looking north
(main inlet is to left of image). Note standing water in basin. B. Example of fine sediment that collected in the basin
in WY19 that was not removed prior to WY20. C. Configuration of the inflow culvert, at southwest corner of basin,
including rain gauge, stilling wells with pressure gauges, and a staff plate. As of 9/27/19, debris from WY19
remained outside fencing at the entry to the culvert, although UCSC personnel excavated and cleared the entry to the
culvert, and shifted riprap to open access for inflowing water. D. Discharge into the infiltration basin on 3/16/20,
following a brief rainfall event. Primary inflow is 30-inch black pipe; smaller white pipe discharges a lesser amount
of ungauged flow from a field drain. E. Main infiltration basin during site visit to recover instrumentation on
5/21/20. Vegetated area to left is underlain by a mixture of soil and woodchips installed before WY19. Post to right
of this area holds water level gauge and electrical conductivity gauge.
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Figure 2. Rainfall records for WY20. A. Records of daily precipitation from a local, tipping-bucket rain
gauge and the CIMIS #129 gauge, in Pajaro. B. Cumulative precipitation from the two records. It appears
that the CIMIS gauge recorded less rainfall during several storms, particularly an initial event in
November 2019. We see similar differences between these gauge responses in WY17-19, with the local
gauge recording more rain overall. Total precipitation in WY20 was ~20.5 inches, 1.5 inches less than
measured in WY19.
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Figure 3. Stage (water level) and inflow for the first eight months of WY20 A. Stage at the inlet to the
inflow culvert, as determined with a pressure gauge in a stilling well (corrected for barometric pressure),
calibrated with observations on a staff plate. The inlet pressure record suggests that the culvert was never
more than about 1/2 full in WY20. B. Daily and cumulative inflow, as determined from water levels at the
inlet and application of the Manning equation.
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Figure 4. Intermediate and net infiltration calculations. A. Evaporation was calculated for days when
there was water in the infiltration basin as: PET at nearby CIMIS station #129 multiplied by the wetted
area of the infiltration basin. Incidental infiltration is precipitation multiplied by the area of the basin. B.
The infiltration rate was calculated by mass balance, as applied to the wetted area of the basin. Net
infiltration was calculated as total infiltration minus incidental infiltration.
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Figure 5. Regional groundwater quality compared to project runoff. A. Mean nitrate concentrations
during 2002-11 [PVWMA, 2016]. Concentration units have been converted to be consistent with this
ReNeM report. B. Comparison of regional and local data. Regional GW is data acquired from Geotracker
from groundwater wells near the project site. GW-KT is data from a shallow well on a nearby ranch,
where three samples were collected in WY20. GW-BD is well data from WY17 close to the project site.
Basin-RO KT is samples of stormwater runoff in WY19-20 from a ranch 1.5 km to the west, and BasinRO BD is samples from this project in WY19-20. Other analyses were done using electrical conductivity
data (Fig. 6).
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Figure 6. Estimates of nitrate concentrations using electrical conductivity data. A. Comparison of total
dissolved solids (TDS) and nitrate concentrations using samples collected in WY20. Data plotted are from
samples analyzed for both TDS and nitrate at a commercial laboratory. Dashed curve shows fit using a
polynomial forced through 0. B. Calculated [NO3-N] values based on TDS data from when EC gauge was
submerged, along with culvert inflow data shown earlier (Figure 3B). Sample interval for EC values is 20
minutes. Also shown are values determined at a commercial lab from fluid samples collected from the
basin (filled circles). It is not clear why higher TDS values are associated with a higher fraction of nitrate,
but perhaps this indicates a pulse of field runoff entering the basin.
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Summary of key results:
The stormwater-managed recharge system operated at the Kelly Thompson Ranch achieved
99 ac-ft of net infiltration benefit in Water Year 2020. Water infiltrated as part of this project had
lower [NO3-N] than did ambient groundwater, based on comparison between groundwater and
water flowing into and temporarily stored in the infiltration basin.

I. Introduction
This report presents an overview of operations and performance of a stormwater collection
and infiltration system on the Kelly Thompson Ranch during the first year of system operation,
and the fourth year of the Pajaro Valley's Recharge Net Metering (ReNeM) pilot program.
Project motivation and methods are summarized in Beganskas and Fisher (2017) [which focuses
on a different stormwater project], Kiparsky et al. (2018), and at the website for the Resource
Conservation District, Santa Cruz County (https://www.rcdsantacruz.org/renem). The latter
contains information on the ReNeM pilot program, including broader project goals. The ReNeM
program is intended to enhance infiltration benefits that have been lost over time due to shifts in
land use and a changing climate, in an effort to assist in bringing the Pajaro Valley Groundwater
Basin towards hydrologic balance. ReNeM projects are designed and operated to collect and
infiltrate stormwater runoff from drainage areas that are large enough to generate ≥100 ac-ft/yr
of infiltration benefit during a typical water year. The methods applied at each ReNeM project
site vary depending on local conditions and processes.
The ReNeM program is being operated by representatives from the Resource Conservation
District, Santa Cruz County (RCD) and the University of California, Santa Cruz (UCSC), in
collaboration with the Pajaro Valley Water Management Agency (PVWMA). The UCSC-RCD
team is serving as the Third Party Certifier (TPC) for the program, helping to identify and select
sites, permit and implement projects, and validate performance. The PVWMA Board of
Directors approved creation of the ReNeM pilot program in Spring 2016, with launch in Fall
2016. Financial incentives provided by PVWMA to ReNeM program participants are intended to
offset costs to landowners and tenants for loss of land use, and for operating/maintenance costs
needed to keep the systems functioning (clearing sediment, removing debris, etc.). The TPC
partners have secured external funding to assist in offsetting costs for exploration, site
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development, permitting and capital design/construction, and validation. The latter includes
measurements and sampling as needed to quantify the benefits of each operating project.
In the rest of this report, we focus on data and sample collection, processing, and
interpretation associated with water year 2020 (WY20: 10/1/19-9/30/20). Future reports will
present and interpret results from later years.
II. Field Site
The project site is located on an active ranch on the eastern side of the PVWMA service area,
where runoff from a drainage area of ~520 ha (~1300 ac) is diverted into a 1.8-ha (4.4-ac)
infiltration basin, after passing through a ~0.6 ha (1.6 ac) sediment detention basin. Runoff from
this drainage area would otherwise flood farm fields and flow southwest to the Pajaro River and
into Monterey Bay. This project was built in order to generate stormwater, infiltration, and
aquatic benefits, in an area that was previously used for growing crops. Analysis of topographic
maps and aerial photographs suggested that the site occupied the path of an ancient tributary to
the Pajaro River that had been infilled over decades by flooding and farm activities, resulting in
deposition of fine sediment from the upper watershed that covered channel deposits. A survey
conducted with a direct push rig in 2016 revealed coarse sediments beginning at depths of 15-20
ft-bgs in some locations, and the infiltration system was built to access these strata in an effort to
restore some of the hydrologic function that had been lost when the channel was infilled.
Surrounding fields grow a variety of crops, including strawberries, cane berries, and salad
vegetables. The orientation and treatment of these fields vary between crop rotation and planting
cycles; fields are often tilled during the dry season, and may be planted or fallow during the wet
season.
III. Methods
A. Precipitation and runoff
We measured precipitation with a tipping-bucket rain gauge (0.1 mm/tip) and converted tip
dates/times into hourly and daily rainfall rates. For discussion purposes, we defined a rainfall
“event” as ≥0.5 cm rain, below which regional field data suggests little runoff is generated. As
winter precipitation in this region is characterized by multi-day storms separated by dry periods
of days to weeks, we chose 24 h as the minimum inter-event time. Additional rainfall data were
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provided by the California Irrigation Management Information System (CIMIS, station #129)
and another gauge deployed by the TPC team at another ranch 1.5 km to the east.
We measured water stage at the culvert inlet to the main infiltration basin, inside a Gabion
basket, using a pressure gauge mounted inside a stilling well. The inflow culvert is circular
LDPE with a smooth profile, 36 inches (91.4 cm) in diameter. We corrected stage data with
simultaneous measurements from a separate barometric gauge, and calculated the volumetric
flow rate at 20 minute intervals using standard equations for highway culverts [Schall et al.,
2012]. During times when the culvert was not full at the inlet and there was no submergence and
outlet control, the culvert functioned like a smooth channel. When the water level at the inlet was
above the top of the culvert, the culvert functioned as an orifice, limiting inflow. When stage in
the infiltration basin was above the top of the culvert outlet and the stage in the Gabion basket
was above the top of the inlet, a full-pipe Manning equation was applied. Although this is the
only gauged inlet into the infiltration basin, other inflow from the sides of the basin was
observed during rain events. In addition, we did not gauge incidental infiltration that may have
occurred within the sediment detention basin, although we expect that this was modest,
particularly because of deposition of fine material. Uncertainties in these and other calculations
are discussed later.
B. Mass balance and infiltration
The daily volume of infiltration, IV, was calculated by mass balance:
IV = Qinflow + P − Evap − ΔS

(1)

where Qinflow = volume of runoff flowing into the basin [L3]
P = volume of precipitation directly on the infiltration basin [L3]
Evap = volume of evaporation/evapotranspiration [L3]
ΔS = net change in volume stored in the basin [L3]
Qinflow was calculated by tabulating the time-series of calculated flow rates based on water
depth in the inflow culvert, as described earlier. P was calculated by multiplying the infiltration
basin area by precipitation depth. Evap was calculated for days when there was water in the
infiltration basin as the potential evapotranspiration reported from a nearby CIMIS station (#129,
Pajaro; http://www.cimis.water.ca.gov/) using the Penman–Monteith method, multiplied by the
basin area.
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ΔS in the infiltration basin was calculated using a digital elevation model (DEM) provided by
the engineering team responsible for basin construction. The DEM was used to derive
polynomial equations relating water stage to storage volume, surface area, and wetted area.
Absolute pressure gauges measured water stage in the basin (20 minute recording), with local
correction for barometric pressure. ΔS was calculated by comparing values at the start and end of
each day (midnight to midnight). We calculated the daily basin-average infiltration rate by
dividing IV by the mean daily wetted area.
To determine the net infiltration benefit generated by this project, we corrected IV to subtract
incidental infiltration (IV-INC) that would have occurred were the project not operating: IV-NET = IV
- IV-INC. IV-INC was calculated as the P-Evap (expressed as [L/T]), multiplied by the infiltration
basin area. This is water that (nominally) would have infiltrated across the wetted area of the
infiltration basin, even if there had been no runoff generated from upland areas.
C. Water quality assessment
ReNeM projects are developed and operated so as to avoid degrading groundwater in
underlying aquifers. Indeed, ReNeM projects can help to improve water quality, both by diluting
existing contaminants and by improving the quality of surface water during infiltration. Nitrate
(NO3) is a common contaminant in both groundwater and surface water in California, especially
in basins that have experienced significant residential, urban, and/or agricultural development.
We focus in this report on NO3 concentrations, expressed as nitrate-nitrogen [NO3-N], which
commonly vary along with other solutes.
To assess regional groundwater conditions and for comparison with surface water data, we
compiled groundwater quality data from the Geotracker online inventory of chemical analyses
from wells near the Kelly Thompson project site. In addition, the UCSC group collected water
samples from a shallow groundwater well located southwest of the infiltration basin. Samples of
runoff flowing into the infiltration system were collected at the Kelly Thompson project site
during system operation in WY20. Data from these samples, and samples collected in WY19, are
compared to ambient groundwater, as are runoff samples collected at a nearby ranch where there
is another ReNeM project.
Before the start of the WY20 rainy season, the base of the Kelly Thompson infiltration basin
was modified so that ~1 ac (of a basin base area of ~1.8 ac) was augmented with a variety of
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carbon sources: biochar, aged wood mulch, alfalfa, and almond shells. These materials were
distributed in defined patches to a depth of ~12 inches, then tilled into the soil to a mixed depth
of ~24 inches. Recent studies have shown that the addition of a bioreactive carbon source to the
soil can aid in cycling of nitrate by stimulating microbes to denitrify this contaminant [e.g.,
Beganskas et al., 2018; Grau-Martínez et al., 2018; Gorski et al., 2019; Gorski et al., 2020].
Shallow piezometers were installed at multiple locations and depths in these augmented soils,
with tubes run up the sides of the basin to allow sampling. Samples were collected from the
subsurface during periodic site visits when surface waters were collected. Analysis of subsurface
soil water samples remains in progress, and in this report, we focus on the chemistry of surface
water and groundwater.
Water samples were collected in acid-washed LDPE bottles, filtered with 0.45 nylon filters,
and placed on ice during transport to the laboratory for analysis. A subset of surface water
samples were tested within 24 hours at a commercial, EPA-certified laboratory. Samples
returned to UCSC for analysis were stored at -4°C and analyzed as soon as possible after
collection, but loss of access to laboratory facilities because of the Covid-19 emergency delayed
some analyses. Nutrient samples were analyzed for NO3-N using a Lachat QuickChem flowinjection system, with typical errors of ±4% (standard deviation/average values for check
standards). Only results from the commercial laboratory are presented in this report.
In addition, we deployed an electrical conductivity (EC) sensor/logger in the infiltration
basin in WY20 to record EC values when water levels in the basin were high enough to
submerge the sensor (~4 inches). Measured EC values were converted to equivalent total
dissolved solids (TDS) concentrations based on calibration with laboratory standards (using pure
table salt and a sample collected from Harkins Slough, both extending from 0 to ~1,000 mg/L
TDS). Calculated values of TDS were converted to equivalent values of [NO3-N] based on data
from samples collected in WY20, as shown later in this report.
D. Uncertainties
There are always errors associated with hydrologic measurements and calculations. We have
tried to be conservative in applying the methods described in this report, to avoid overstating the
benefits achieved with this project. Rainfall records from the project site are likely to be
relatively reliable, although they may underestimate actual precipitation during particularly
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intense events, especially when rainfall is not vertical (e.g., under windy conditions). As
discussed later, clogging of the on-site rain gauge required patching with records from nearby
stations. Basing evaporation calculations on potential evapotranspiration likely over-estimates
evaporation, reducing the calculated infiltration benefit. Stage readings using pressure data
should be accurate to a few millimeters, after barometric correction, but conversion of water
level to inflow rate using culvert equations is likely to introduce errors on the order of 5-15%
(e.g., Jaeger et al., 2019). For example, there can be flow separation in a culvert during high
stage periods when the culvert opening is completely submerged, and the slope of the free water
surface inside a culvert can differ from that of the culvert. That said, we did not account for
inflows separate from the main culvert, nor for incidental infiltration in the sediment detention
basin, so our inflow estimates should be conservative. Mass balance calculations depend on the
accuracy of the digital elevation model, and for WY20 this was based on the DEM we were
provided by the engineering contractor, based on the project design. In aggregate, we estimate
that physical hydrologic values calculated and shown in this report are accurate to ±10-15%. We
should be able to reduce this uncertainty going forward by installing additional instrumentation
for monitoring water levels inside the inflow culvert, and improving the DEM based on actual
field conditions. Analytical uncertainties in [NO3-N] concentrations are typically on the order of
3-5%, based on standard laboratory techniques. A larger challenge is getting into the field when
water is actively flowing into the infiltration basin, to collect representative samples. The
collection of high-frequency EC data is helpful in this regard, as it provides a check on the
variability in water chemistry during individual flow events. Although EC is a weak proxy for
[NO3], differences in apparent [NO3] based on EC data should be approximately correct.
IV. Results
A. System configuration and operation
Construction of the stormwater collection and infiltration system occurred in Summer/Fall
2019, followed by addition of soil amendments, extensive soil sampling, and installation of
instrumentation (Figure 1). A base station was placed near the edge of the main infiltration
basin, and a PVC conduit was trenched across a road allowing access to the Gabion basket in the
sediment detention basin (Fig. 1B). This allowed us to run a cable to a real-time pressure gauge
for monitoring the inflow water level, and an additional pressure gauge was cabled within the
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infiltration basin. These gauges were augmented with autonomous gauges installed in the same
locations, to assure that critical data were not lost. This ended up being important in WY20
because animals subsequently chewed through several instrument cables and fluid sampling
tubes. Cables and tubing will need to be run through protective conduit in WY21. The base
station recorded data from a tipping bucket rain gauge, and was trickle charged with a solar
panel. We also installed staff plates and a pressure gauge adjacent to the Hwy 129 overpass that
provided the main inflow channel to the stormwater system (Fig. 1C).
Most of the primary instrumentation was recovered in May-June 2020, well after the last
major inflow event of the season. All loggers were returned to UCSC for data download and
processing.
B. Precipitation, runoff, and infiltration
Precipitation at the field site totaled ~44.3 cm (~17.4 in) in WY20, somewhat below the
regional mean for this area [Beganskas and Fisher, 2017], with 6 major rainfall events and
numerous smaller events (Figure 2). This record was generated as a composite of data collected
at the KT field site and data "patched" from an alternative location. The KT rain gauge operated
normally until WD175 (3/23/20), but we found during a subsequent field visit that the throat of
the gauge was clogged with the entrails of an animal. One explanation is that a bird used the
gauge as a perch while feasting on its catch. After WD175, KT rain gauge records were offset
and attenuated relative to records from nearby gauges, indicating that the KT gauge was partly
clogged, holding water then releasing it slowly over time. To patch the KT record, we crossplotted daily KT data against data from CIMIS station #129 and an instrument located 1.5 km
east; the latter was found to be better correlated with KT data (using a correction factor of
0.876).
The total rainfall at KT Ranch was lower than both that indicated by the CIMIS gauge
(located closer to the coast), and that recorded at the other field site, 1.5 km to the east. It will be
interesting to see if this pattern continues in future years, or if what we saw in WY20 was just
spatial variability.
Because rainfall intensity was relatively low in WY20 (only four events generated >3 cm/day
of rain), significant inflow to the infiltration basin occurred mainly during four events, one each
in December, January, March and April (Figure 3). During the first three events, peak stage at
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the inflow culvert was 0.5-0.6 m (1.6-2.0 ft), but the event in April resulted in complete
submergence of the conduit at inflow. In addition, stage in the infiltration basin during and after
this large event peaked near 2.65 m (8.7 ft), submerging the outflow of the culvert (Fig. 3B).
Both sides of the culvert remained underwater for almost two days. Following this event, stage
levels in front of the inflow culvert and in the infiltration basin were the same (when corrected
for the offset in elevation between the two sides of the culvert), and declined together for the
next 11 days. Inflow rates into the infiltration basin peaked near 20 cfs during earlier events, but
during this final event, the highest calculated inflow rate briefly reached 40 cfs. Total runoff and
precipitation into the infiltration basin was ~105 ac-ft in WY20, a considerable amount given the
overall low intensity of rainfall and relatively low total for the year. Flow never exceeded the
basin capacity and the spillway (bypass) was not activated in WY20.
Calculated evaporation during times when water was infiltrating in the basin was ~2
ac-ft (Figure 4A), a fraction of runoff consistent with a detailed study of the Harkins Slough
infiltration system, operated by the PVWMA [Racz et al., 2011]. Incidental infiltration was
calculated to be ~2 ac-ft (Figure 4B), based on rates of precipitation and the size of the
infiltration basin.
Soils in the infiltration basin have a high infiltration capacity, allowing for peak infiltration
rates of 0.5 to 1 m/day during the first three major events, and (briefly) >2 m/day during the last
big event, when water levels were highest and there was likely significant lateral flow as well as
vertical flow. After completing mass balance calculations for each day of the water year, to
determine total infiltration (already corrected for evaporation), we subtracted the incidental
infiltration, resulting in a calculated net infiltration benefit of ~99 ac-ft (Figure 4B). This benefit
meets the minimum target ReNeM goal of ~100 ac-ft/year per project, despite relatively dry
conditions. This result suggests that, during a wetter year and one in which rainfall is more
intense, on the order of 200-300 ac-ft of infiltration benefit may be achieved, provided that
sediment at the base of the infiltration basin are able to maintain their infiltration capacity.
C. Water quality
The PVWMA's Salt and Nutrient Management Plan (PVWMA, 2016) shows that nitrate
concentrations in groundwater are variably elevated at sites throughout the PVWMA service area
(Figure 5A). The MAR project assessed in this report is located over an area where nitrate
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concentrations are commonly in excess of the maximum contaminant level (MCL) of 10 mg/L
NO3-N. Data downloaded from Geotracker confirm these conditions for regional groundwater,
with 22 samples collected during 2012-17 from this area having a median [NO3-N] = 5.8 mg/L,
and five values in excess of 10 mg/L. Shallow groundwater from the well southwest of the
infiltration basin was sampled three times in WY20, yielding a median of [NO3-N] = 32.9 mg/L.
Geotracker well data from shallow wells to the east of the project site, collected in WY17,
yielded a median [NO3-N] = 37.7 mg/L (Fig. 5B). Collectively, these samples and data show that
shallow groundwater in this area is significantly impacted by human activity (Figure 5B).
In comparison, eight runoff samples collected from the project site during WY19-20 showed
[NO3-N] of 0.3 to 5.2 mg/L, with a median of 2.1 mg/L, and five samples from the infiltration
system 1.5 km east gave [NO3-N] of 0.8 to 5.8 mg/L, with a median of 2.8 mg/L (Figure 5B).
We used electrical conductivity (EC) data collected in the infiltration basin to calculate total
dissolved solids (TDS) and estimate [NO3-N] over a longer time period. The EC gauge was
deployed with its sensor ~5 inches above the base of the infiltration basin, so it was only
submerged when basin water levels were sufficiently high. We calibrated the EC gauge to TDS
using a sample of Harkins Slough water (diluted from full strength near 900 mg/L), generating
results that were very similar to those with pure table salt. This gives confidence that the TDS
values from EC data are robust. We compared commercial lab measurements of TDS and [NO3N] using five samples from the infiltration system from WY20 (Figure 6A). A polynomial fit
forced through 0,0 allows for estimation of [NO3-N] from TDS. It is somewhat surprising that
the relation follows a polynomial trend, with higher values of TDS corresponding to a larger
proportion of nitrate. Perhaps this indicates some nitrification occurring over time, as
evaporation tends to increase TDS overall, or a pulse of nitrate arriving after a gap in rainfall
between January and March 2020.
Calculated [NO3-N] values were <2 mg/L into February 2020, then rose towards 4 mg/L in
March (Fig. 6B). TDS and [NO3-N] dropped following the final major inflow event in April
2020, and then values rose again as evaporation increased TDS in the basin. The basin continued
to hold water until the instrument was recovered in May. One curiously high [NO3-N] value was
reported in March, 9.6 mg/L, but we suspect a problem with sampling or analysis and are
running additional samples collected by the UCSC team before and after this event.
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Consideration of these measurements and calculations, in comparison to local and regional
groundwater data (Fig. 5), suggests that the water quality goals of the ReNeM program were
achieved at this site in WY20: infiltrated water did not degrade groundwater quality with respect
to nitrate, and likely helped to improve water quality in the underlying aquifer. Interestingly, the
highest value sampled from the shallow groundwater well on the project property was 42.2 mg/L
on WD65 (during the first major rainfall event), 32.9 mg/L on WD135, and 31.4 mg/L on
WD168. This improvement in groundwater quality coincided with the time period when the
infiltration basin was operating, suggesting that either this project or local recharge in general
contributed to lowered values of [NO3-N]. Adding additional groundwater well sampling to
annual data collection will help to assure that water quality benefits continue to be verified. We
will continue to deploy an EC gauge in the infiltration basin, as this device is helpful in assessing
the consistency of water quality between events and sampling campaigns.
V. Summary, uncertainties, and recommendations
The MAR system supplied by stormwater to the Kelly Thompson infiltration project
achieved ~99 ac-ft of net infiltration benefit in WY20. Water infiltrated as part of this project had
lower [NO3-N] than did ambient groundwater, based on comparisons between groundwater and
infiltrate. Overall, this is a highly satisfactory result for the first year of system operations. That
said, results from WY20 also indicate that some maintenance and modification of sampling and
measurement systems will be required to assure continued success in stormwater infiltration.
Runoff flowing into the infiltration basin carried a significant sediment load, as noted nearby
where there is a similar project [Beganskas and Fisher, 2017]. The sediment detention basin
worked in the sense that some of this mobilized material had enough time to settle out before
being carried into the infiltration basin. However, the coarsest material tends to settle first, and
the fines tend to be carried the farthest. The influence of this sediment is apparent in the stage
record from the infiltration basin (Fig. 3B), which shows initially rapid declines in water levels
(indicating rapid infiltration) and slower declines (and infiltration) towards the end of the season.
TPC personnel noted layers of sediment that collected in both the sediment and infiltration
basins. These materials should be scraped and removed from the base of both basins, to assure
they maintain storage capacity and the ability to infiltrate stormwater. Once the newly deposited
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sediment is scraped, the infiltration basin should be disked or tilled to break up the soil structure
and restore infiltration function for WY21.
Water quality analyses remain to be completed for samples returned to UCSC in WY20. The
TPC team had some difficulties with lab instrumentation early in the season, and Covid-19
restrictions and later wildfires prevented access to facilities for several months – these
restrictions remain partly in place as of this time, but one set of samples from 12/4/19 has been
run. These initial samples suggest improvements to water quality associated with several of the
carbon amendments. We will complete water analyses and instrument and sample again in
WY21, generating a more comprehensive dataset to assess the benefits of augmenting the soil
with bioavailable carbon.
There was some minor erosion of the sides of the basins in WY20. In some ways, it is
fortunate that precipitation was not more intense during the first operating season. Augmenting
riprap, compacting the soil, and planting vegetation should help to minimize future erosion. It
also will be important to clear debris that collected from around Gabion basket, to maintain
function, and to assure that flow into the main culvert is not impeded. It will also remain
important for TPC and/or ranch personnel to visit the site periodically during the rainy season,
especially after major rainfall events, to assess conditions at the inlet and make sure that flows
are not limited by debris. This can be done at the same time as water samples are collected for
quality assessment.
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Figure 1. Photographs of the Kelly Thompson infiltration system during construction and operation
in WY20. A. Infiltration system following main phase of construction. A ~1 ac sediment detention
basin is located south of Hwy 129, and water flows from there through a Gabion basket and plastic
culvert into a ~4 ac infiltration basin. B. Base station with rain gauge, two real-time pressure gauges
(one in the Gabion basket, one in the sediment basin), solar panel, and logger/modem. Data were
telemetered from this station to the web for remote viewing. C. Flow under Hwy 129 on 12/4/19,
during the first major rainfall, inflow, and sampling event. D. Discharge into and through the Gabion
basket and into the culvert that flows into the main infiltration basin on 12/4/19. Note stilling well
with pressure gauge to right side of culvert; there is a second gauge that is not visible to left of
culvert entry. E. View of the main infiltration basin, looking northeast, towards the inflow culvert on
4/5/20, just before the largest rain event of the season.
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Figure 2. Rainfall records for WY20. A. Records of daily precipitation from a local, tipping-bucket rain
gauge and the CIMIS #129 gauge, in Pajaro. Kelly Thompson was patched with record from a nearby
ranch after WD205, as described in text. B. Cumulative precipitation from the two records. It appears that
the CIMIS gauge recorded more rainfall during several storms in December, January, and March, but the
CIMIS gauge missed an event in late May. Total precipitation on the site in WY20 was ~17.4 in (~44.3
cm), with most of the rain falling during four events.
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Figure 3. Precipitation, stage (water level), and inflow for the first eight months of WY20 A. Stage was
measured in the Gabion basket at the inlet to the inflow culvert, as determined with a pressure gauge in a
stilling well (corrected for barometric pressure). The inlet pressure record suggests that the culvert was
fully submerged during the larges event in April. Note the rapid drops in water level at the inflow culvert
for most events, and the long stage recession following the major event in April. B. Stage in the
infiltration basin. Note long period of slow decline following the final inflow event on WD187-189. C.
Daily and cumulative inflow, as determined from water levels at the inlet and in the main infiltration, and
application of pipe flow equations based on standard routing equations, as discussed in the text.
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Figure 4. Intermediate and net infiltration calculations. A. Evaporation was calculated for days when
there was water in the infiltration basin as: PET at nearby CIMIS station #129 multiplied by the wetted
area of the infiltration basin. Incidental infiltration is precipitation minus evaporation multiplied by the
area of the basin. B. The infiltration rate was calculated by mass balance, as applied to the wetted area of
the basin. Net infiltration was calculated as total infiltration minus incidental infiltration.
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Figure 5. Regional groundwater quality compared to project runoff. A. Mean nitrate concentrations
during 2002-11 [PVWMA, 2016]. Concentration units have been converted to be consistent with this
ReNeM report. B. Comparison of regional and local data. Regional GW is data acquired from Geotracker
from groundwater wells near the project site, for the period of 2002-17. GW-KT is data from a shallow
well south of the infiltration basin, where three samples were collected in WY20. GW-BD is Geotracker
well data from WY17 close to the project site. Basin-RO KT is from samples of stormwater runoff in
WY19-20 and samples from the basin in WY20. Basin-RO BD is samples of stormwater runoff from a
nearby project in WY19-20, and samples from the basin samples from WY20. Other analyses were done
using electrical conductivity data (Fig. 6).
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Figure 6. Estimates of nitrate concentrations using electrical conductivity data. A. Comparison of total
dissolved solids (TDS) and nitrate concentrations using samples collected from the project in WY20
(filled circles) and another nearby stormwater project in WY20 (open squares) for comparison. Data
plotted are from samples analyzed for both TDS and nitrate at a commercial laboratory. Dashed curve
shows fit using a polynomial forced through 0. B. Calculated [NO3-N] values based on TDS data from an
EC gauge in the main infiltration basin. Filled circles are data from the infiltration basin, and open
squares are data from the inflow culvert. Note anomalous value from March, which is inconsistent with
the instrument record. The EC gauge record is discontinuous because the instrument worked only when
the sensor was submerged, requiring ≥4 inches of water. Sample interval for EC values is 20 minutes.
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Production Monthly Summary 2021 as of March 31st
All totals are in Acre Feet
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* Recycled Water Blend Breakdown is Approximate because there is always some water in the tank that may be recycled water or RWF No-1 Water, "Est Recycled Water" is the RWF Blend total, (which is measured by the RWF Distribution meter after the tanks,)
MINUS the RWF No_1 total, which is measure before the No_1 water goes into the tanks to blend.
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2020 Production Percentages:
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Wells
6%
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0.00
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Coastal Distribution System Water Quality

Water Quality Objective
Third Quarter 2016
Fourth Quarter 2016
First Quarter 2017
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Third Quarter 2017
Fourth Quarter 2017
First Quarter 2018
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Third Quarter 2018
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First Quarter 2019
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First Quarter 2020
Second Quarter 2020
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(AF)
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460
1,556
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877
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418
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1,988
1,171
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System
Average of
Average of
Chloride
Nitrate as
(mg/L)
NO3-N (mg/L)
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106
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Average of
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13
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2.63
2.60
1.81
2.42
2.93
2.50
3.04
2.39
2.17
2.67
2.80
2.29
2.14
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2.27
2.38
2.25
2.42
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5
5
2
5
8
6
5
6
7
7
6
8
5
8
8
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3
7
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Specific Conductance Total Diss.
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1.05
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1.20
1.03
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1.16
1.26
1.00
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1.29
1.01
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0.93

All samples are analyzed by an Environmental Laboratory Accreditation Program (ELAP) certified lab; results based on weighted quarterly averages of system sources.
1

Second Quarter 2017 values for system production, SAR, and TDS were amended in October 2017 after a SCADA reporting issue was identified.
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