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INTRODUCTION

The Soquel Creek Water District (District) is seeking proposals from qualified firms
for civil engineering design and support services for the construction of a water
treatment plant to remove 1, 2, 3, Trichloropropane from the District’s Country Club
Well. The selected engineering firm will provide services for the preparation of
calculations, plans, specifications, cost estimates for supporting the District’s
Environmental Consultant providing the project’s CEQA analysis and studies and
procuring the District’s Coastal Development Permit for this project, and for
preparing construction documents for bidding.
PROJECT DESCRIPTION

Soquel Creek Water District (District) maintains 16 active public drinking water
supply wells in Santa Cruz County, CA. The Country Club Well, currently identified
as a standby well by the California State Water Resources Control Board Division of
Drinking Water, is a former agriculture well until the late 1950’s, early 1960’s when
the area was developed into subdivisions. It is located at 251 Baltusrol Drive, Aptos.

The Country Club well is contaminated with 1,2,3-Trichloropropane (1,2,3-TCP).
Both the U.S. Environmental Protection Agency (USEPA) and the State of California
have determined that 1,2,3-TCP is a probable human carcinogen at low levels. In
2009, California established a public health goal of 0.0007 μg/L (0.7 ng/L). On
February 21, 2017, the California State Water Resources Control Board (SWRCB)
Division of Drinking Water (DDW) submitted a Notice of Proposed Rule Making that
proposed a 0.005 μg/L (5 ng/L) 1,2,3-TCP maximum contaminant level (MCL). The
SWRCB adopted the proposed 1,2,3-TCP MCL, and the Office of Administrative Law
approved this regulatory action, making the MCL effective and requiring water
systems to begin 1,2,3-TCP quarterly monitoring in January 2018.

The most appropriate treatment technology identified for 1,2,3-TCP treatment of
the Country Club Well is granular activated carbon (GAC) adsorption. Construction
of this treatment system would be at the Country Club well site, a location within a
developed subdivision with homes on every side of the site. The District believes
any such water treatment plant at this site would require a building or façade that
would blend in with the surrounding neighborhood. However, prior to constructing
a treatment plant, the District would want to construct a back-up well on the same
site and which may also require screening by the facade.
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3.

SCOPE OF WORK
A.

SqCWD is soliciting proposals for preparation of construction documents and
related engineering support services for construction the GAC water
treatment plant and construction of a back-up well. The site is located in the
coastal zone and will require a Coastal Development permit (CDP) from the
Santa Cruz County Planning Department for both the back-up well and the
treatment plant.
Because the back-up well would be a replacement well to the existing
Country Club well, District Staff plans to file a Class 2 Categorical Exemption
for that project. The GAC water treatment plant will require proper CEQA
analysis with an Initial Study and a mitigation monitoring plan as required to
satisfy the findings and move the project forward. The Engineering
consultant shall provide engineering support services to the Environmental
consultant for both the CDP and CEQA work.

The District will be providing surveying, environmental and hydrogeology
support for the level of design required by the Engineering consultant.
• The Engineering consultant’s scope shall include design of the
building or facade to screen the site in their proposal. This façade will
probably be a building like a house that blends in with the
neighborhood. The District believes this will be a requirement either
through CEQA or of the CDP.
• The Engineering consultant “WILL NOT” be designing the
replacement well.

B.
C.

The development of the construction documents for the water treatment
plant by the Engineering Consultant will require four submittals:
1. Basis of Design Report with Preliminary Design for staff review;
2. Sixty Percent (60%) Construction Documents for staff review;
3. Ninety-five (95%) Construction Documents for staff review;
4. One Hundred percent (100%) Construction Documents for Bidding
Purposes
Any level of design might be needed to compliment the CEQA analysis and
Initial Study and CDP submittals, as requested by the Environmental
Consultant.

Prepare construction specifications. Specifications will utilize the District’s
front-end specifications. The consultant is to prepare complete specifications
formatted to District standards, not just technical specifications.

Prepare construction plans. Final plans are to be made on 22” x 34” size
plans at full scale and 11” x 17” at half scale. District formatted sheets and to
3

E.

F.

G.
4.

During the construction phase, provide technical assistance to District’s
construction management staff and/or consultant for review of material
submittals, shop drawings, questions regarding plans and specifications;
assist in preparing change orders and provide for occasional job site visits if
requested, systems start-ups and preparation of as-built drawings.
Attend meetings, throughout the above process, with District staff,
neighborhood associations, County government, regulatory authorities, etc.
for the purpose of providing draft plans, reports, and to ensure full and
complete review and approval. Incorporate changes to contract documents
as required by the review process.

Take minutes of meetings and briefings, and report on consensus established
for major issues.

EXPECTATIONS

The District will not expect the consultant to:
A.

Reproduce and distribute plans and specifications for bidding purposes

C.

Provide project or construction management services

E.

Prepare environmental documents

B.

D.
5.

a scale agreed upon by the Engineering Manager or his/her delegate. The
District requires AutoCAD generated drawings and the Consultant shall
provide the District with “DWG” files. All plans are to be made to a
conventional scale, using English units. All drawings, computer files,
specifications, calculations, and studies prepared by the consultant shall
become the property of the District, with the District able to enjoy all rights
of ownership including reproduction of the same.

Provide construction testing or construction inspection services

Obtain permits from other governmental organizations

MINIMUM PROPOSAL CONTENT

All proposals and attachments -excluding the Fee Proposal- shall be provided in a “pdf”
electronic format by the time a date identified below. Fee schedules and Fee Proposals
shall be packaged separately in an envelope marked “Sealed Fee Proposal” and postmarked
by the time and date identified below and mailed to the District.
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A.

Technical Proposal
1.
2.
3.
4.
5.
6.
7.

B.

Relevant experience, both of the firm and the personnel assigned to
the project. Focus on public water systems and water treatment.

Specific projects that the firm and assigned personnel have worked on
within the past three years, with contact names and phone numbers
of the clients. Again, focus on public water systems and water
treatment.

A list of subconsultants to be used, if any, and their expertise as called
for in paragraphs (1) and (2) above. The District is looking for firms
that can address all design considerations for a project in a coastal
environment.
A description of methodology, techniques, and procedures for the
scope of work items listed above.

Submit sample of plans (2 sheets maximum) in a pdf format for a
similar project as described above, along with owner contact
information and photos of finished product.

A description of how the firm will utilize its resources to start and
complete project in a timely manner.

Limit proposal to twenty printed sheets (i.e. forty pages, the front
page and back page of each sheet counts as one sheet) in a pdf format.
Attachments do not count in sheet total.

Fee Schedules & Proposals
1.

2.

Provide fee schedules for your firm and proposed subconsultants
which include an hourly rate for each category of employee (i.e.,
principal, project manager, etc.) and fee for related support costs
(mileage, blueprint, reproduction, etc.). Provide proposed rate
schedules for up to three (3) consecutive years.

Provide a Not-to-Exceed fee proposal for the subject project which
shall be based upon the above-referenced hourly rates. “Not-toexceed” means the consultant shall not exceed fee without prior
approval from the District. Support services shall be developed
according the requirements of the Environmental consultant as
separate tasks using the fee schedule and shall not be included in the
Not-to-Exceed fee proposal for the design.
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3.
7.

SUBMITTAL REQUIREMENTS
A.

B.

8.

Both the fee schedule(s) and the “Not-to-Exceed” fee proposal shall be
delivered in a separate sealed envelope for consideration if the
consultant is selected. The District will return all other sealed
envelopes.

Proposals

The technical proposal is to be submitted in a pdf electronic file format,
clearly marked as to this solicitation, technical proposal, and due date and
time. Your proposal should at least elaborate on the qualifications of your
firm with respect to the water treatment plant project, and the number of
staff and their individual qualifications.

Both the fee schedule(s) and the “Not-to-Exceed” fee proposal shall be
delivered in a separate sealed envelope for consideration if the consultant is
selected. Clearly mark the fee schedule for this solicitation with the due
date/time.

Due Date/Time

Proposals will be received by the District’s Engineering Department until
close of business, September 25, 2020. Submit to:
Mike Wilson, Associate Civil Engineer
Soquel Creek Water District
5180 Soquel Drive
Soquel, CA 95073

PROCEDURES AND EVALUATION OF PROPOSALS
A.

Evaluation Criteria

An evaluation committee of District staff will review and evaluate technical
proposals against the following criteria:
1.
2.

Understanding of the Project and its Unique Nature: Based on the
information provided by the District and experience in Santa Cruz
County, does the proposer understand the unique nature of the
project and its possible impacts on the community?
Staff: Do the key personnel to be assigned to work on the project
understand the unique character of the District, its systems, and
constituency? Do assigned personnel have requisite education,
6

3.

4.

5.
6.
7.
8.
B.

experience, and professional qualifications for the work to be
undertaken?

Familiarity with Locality: Does the firm have familiarity with the
County and the area required for successfully completing projects?
How close are the firm’s permanent offices to the County of Santa
Cruz and how much similar work within the area has the firm been
involved with?

Specific Management Approach: How does the proposer intend to
achieve the District’s budget and time goals for projects? How will the
firm apply its management techniques and resources? Has the firm
provided sufficient assurance that projects will be started and
completed in a timely manner?

Experience: Has the proposer demonstrated the ability to successfully
provide services for projects of a similar complexity and nature as
described herein?
Organization: Are the qualifications of the firm’s personnel suitable
for the anticipated projects; and, does the firm’s organizational
structure show sufficient depth for its present workload? Is the level
of staffing sufficient to produce quality work in a timely manner?

Reputation: Are the firm’s references from past clients and associates
favorable; and, does the firm show financial and operational stability?
Services Offered: Does the firm offer the breadth and quality of
services required for project?

Procedures
1.
2.

3

At the completion of the review process, proposers will be ranked
based on the criteria described above. The District will select the
highest ranked firm(s), or, at District’s option, the most highly
qualified ones will form a “shortlist”.

Should the District elect to establish a “short list”, firms on the short
list will be asked to formally present their proposal at the District’s
offices and respond to interviewer questions. The interview panel will
be the evaluation committee. The presentation and interview session
will not exceed forty-five minutes per proposer (one-half hour for the
presentation, remainder for response to questions).

Following presentations/interviews, the evaluation committee will
complete its ranking. The sealed fee schedule of the highest ranked
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4.
5.

9.

10.

technical proposals will be opened, and price negotiations will
commence with those firms. If the fees are mutually agreed to after
negotiations, then the firms will receive the contracts. If no agreement
can be reached as to price with a firm, then that firm will be excused,
and the price proposal of the next ranked firm will be opened,
evaluated, and negotiated.
Following successful negotiations, the proposal will be referred to the
District’s Board of Directors for approval.
The District reserves the right to reject any and all proposals and to
reissue its request for proposals. The District reserves the right to
cancel projects in design at any point and pay the consultant only for
costs incurred to that point and for work completed which is usable
by the District as determined by the District.

POINT OF CONTACT

Interested firms desiring additional information are asked to call the District at
(831) 475-8500.

Primary point of contact: Mike Wilson, Associate Civil Engineer, (831) 475-8501,
ext. 122 or michaelw@soquelcreekwater.org.
GENERAL INFORMATION
A.
B.

C.
D.

The period of service required may last up to three years depending on the
ease with which the CDP can be obtained. The negotiated fee schedule shall
remain in effect throughout the duration of the contract.

All proposals received shall be public records, with the exception of returned
fee proposals and those elements of any proposal which are identified by the
consultant as business trade secrets and are plainly marked “Trade Secret”,
“Confidential” or “Proprietary”. If disclosure is required under the California
Public Records Act or otherwise by law, the District shall not be liable or
responsible for the disclosure of any such records and the consultant shall
indemnify, defend, and hold District harmless for any such disclosure.

Insurance and indemnifying requirements: At the time of contract award, the
consultant is required to hold harmless and indemnify the District against
design error and omission. Consultant shall hold E & O insurance in the
amount of $1,000,000.00 per project.

Attachments:
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Exhibit A.
Soquel Creek Water District: Treatment Technologies and
Costs to Treat 1,2,3-Trichloropropane (Corona Environmental Consulting,
7/24/2019)

Exhibit B.
Soquel Creek Water District GAC Nitrate Sloughing Pilot Test
Results (Corona Environmental Consulting, 7/10/2018)
Exhibit C.
6/2020.

Exhibit D.

Soquel Creek Water District’s Professional Services Agreement,
Topographic Map of well site (Bowman & Williams, 2014).
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Introduction
Soquel Creek Water District (District) maintains 15 active public drinking water supply wells in
Santa Cruz County, CA. The Country Club Well is contaminated with 1,2,3-trichloropropane
(1,2,3-TCP). Both the U.S. Environmental Protection Agency (USEPA) and the State of California
have determined that 1,2,3-TCP is a probable human carcinogen at low levels. In 2009, California
established a public health goal of 0.0007 µg/L (0.7 ng/L). On February 21, 2017, the California
State Water Resources Control Board (SWRCB) Division of Drinking Water (DDW) submitted a
Notice of Proposed Rule Making that proposed a 0.005 µg/L (5 ng/L) 1,2,3-TCP maximum
contaminant level (MCL). The SWRCB adopted the proposed 1,2,3-TCP MCL, and the Office of
Administrative Law approved this regulatory action, making the MCL effective and requiring
water systems to begin 1,2,3-TCP quarterly monitoring in January 2018. The purpose of this
report is to identify the most appropriate treatment technology for 1,2,3-TCP treatment of the
Country Club Well. This report incorporates a technology evaluation of granular activated carbon
(GAC) adsorption, aeration, and oxidative treatment processes given applicability to the Country
Club Well water quality. Based on the technology selection, cost estimates are presented for
1,2,3-TCP treatment of the Country Club Well.

1,2,3-TCP Properties Treatment Objectives
1,2,3-TCP is an anthropogenic contaminant that can be found in agricultural areas from land
application of certain nematicides that contained 1,2,3-TCP as an impurity. The physical
properties of 1,2,3-TCP are presented in Table 1.
Table 1 Physical properties of 1,2,3-TCP at 25°C

Contaminant

Units

1,2,3-trichloropropane (C3H5Cl3)

g/mol
mg/L

147.43
1,750
1.39
2.27
0.0139

Structure

Molecular weight
Solubility
Specific gravity
log octanol-water (Kow)
Henry’s law constant

dimensionless
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Treatment Objectives
The treatment objective for the Country Club Well is to remove 1,2,3-TCP to levels below the
public health goal of 0.0007 µg/L. The treatment objective is more conservative than the MCL in
order to provide the District’s customers with the highest protection against adverse health
effects as 1,2,3-TCP carcinogenic risk is probable even at low levels.

Water System Overview
Soquel Creek Water District (PWSID: CA4410017) serves a population of approximately 40,400
people in Santa Cruz County, CA. The Country Club Well serves service area 3 and is shown in the
middle of the red star in Figure 1.
Figure 1 Schematic map of the Soquel Creek Water District with the Country Club Well location marked
with a red star

Country Club Well
500 gpm
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Data Collection
The results of this report are based on information collected during a site visit, water quality
monitoring data, and other operational data provided by the District.
Site Visits
Corona Environmental Consulting, LLC (Corona) staff visited the Country Club Well on October
18, 2016. District representatives were available to answer questions regarding the source. The
site visit was designed to obtain site specific information, specifically pertaining to the existing
treatment system, the available footprint, and collect other operational and anecdotal data that
may not be otherwise available in a recorded format. The Country Club Well site visit log is
presented in Appendix A – Site Visit Logs.
Water Quality Data
Corona obtained water quality data for the Country Club Well from the California State Water
Resources Control Board (SWRCB) Division of Drinking Water (DDW) database, and from the
District directly for data not in the DDW database. The database was queried on March 1, 2019.
Data included 1,2,3-TCP results; background water quality data such as pH, alkalinity, total
organic carbon (TOC), bromide, and total dissolved solids; and co-occurring contaminant data.
Data for the following potentially co-occurring organic contaminants were also reviewed:
trichloroethylene (TCE), tetrachloroethylene (PCE), 1,2-dibromo-3-chloropropane (DBCP),
ethylene dibromide (EDB), methyl tertiary butyl ether (MTBE), and 1,2-dichloropropane (1,2DCP); and the following potentially co-occurring inorganic contaminants: iron, manganese,
arsenic, chromium, and nitrate.
Operational Data
Operational data was supplied by the District. Operational data consisted of the pump type,
existing treatment system details, flow rate, historic and projected future well utilization, and
well performance (sanding, air, etc.). Well flow rates were provided by the District and well
pumping data were also obtained. Utilization rates were calculated based on historical pumping
records.

Water Quality
The treatment effectiveness and cost impacts of each of the treatment alternatives will be
dictated by the 1,2,3-TCP concentration, the background water quality, and the presence of cooccurring contaminants in the source water. 1,2,3-TCP results and general water quality
concentrations are summarized below.
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Figure 2 shows the historical 1,2,3-TCP concentrations from August 2008 to October 2018. 1,2,3TCP concentrations reported as non-detect are displayed in Figure 2 as 0.0025 µg/L, half of the
method reporting limit and the staff recommendation. 7
Figure 2 Historical 1,2,3-TCP concentrations in the Country Club Well (August 2008 through October 2018)
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The Country Club Well does not contain iron or manganese above the secondary MCLs; however,
other co-occurring contaminants do exist. Figure 3 shows the historical nitrate concentrations in
the Country Club Well from June 2006 through October 2018. Nitrate at or above half the 10
mg/L as N MCL can cause issues during GAC treatment in the form of nitrate peaking. The
Country Club Well has exhibited nitrate as N concentrations exceeding half of the MCL and those
concentrations have remained relatively constant over the last 10 years. A pilot study was
conducted in late 2017/ early 2018 to investigate the extent of nitrate peaking from GAC
treatment of the Country Club Well. The results are described later in this document.
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Figure 3 Historical nitrate as NO3 concentrations in the Country Club Well (January 2006 through
September 2016)
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Table 2 shows the count, minimum, average, and maximum, water quality concentrations from
2006 to 2016 for analytes that are most relevant for 1,2,3-TCP treatment technology selection in
the Country Club Well.
Table 2 Water Quality Summary for the Country Club Well from 2006 to 2018

Parameter
1,2,3-TCP (µg/L)
TOC2 (mg/L)
Bromide (mg/L)
Nitrate as N (mg/L)
1 Non

Count
37
3
9
50

Analytical Results
Minimum Average1
<0.005
0.39
0.12
1.8

Maximum

0.008
0.41
0.19
4.1

0.015
0.43
0.23
5.6

detect data treated as zero for the purpose of averaging with detect data, 2Non-purgeable TOC

The average 1,2,3-TCP concentration in the Country Club Well is 0.008 µg/L and the maximum
observed is 0.015 µg/L, above the 0.005 µg/L MCL and the 0.0007 µg/L public health goal and
treatment objective. As a result, the Country Club Well requires 1,2,3-TCP treatment at this time.
Soquel Creek Water District: Technologies and Costs to Treat 1,2,3-Trichloropropane
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Co-occurring contaminants in the Country Club Well may dictate operations of a full-scale
treatment system. The average TOC concentrations measured for non-purgeable organic carbon
in October and November of 2016 in the Country Club Well is 0.41 mg/L. Higher TOC
concentrations can negatively impact GAC performance. The bromide concentrations in the
Country Club Well indicate that the use of ozone would likely result in bromate concentrations
above the 0.010 mg/L MCL and therefore, the use of ozone for 1,2,3-TCP treatment is not
considered further. The average nitrate as N concentration is 4.1 mg/L while the maximum
observed is 5.6 mg/L. Nitrate as N concentrations greater than half of the 10 mg/L MCL can lead
to nitrate peaking from GAC treatment and require an online nitrate analyzer and additional
operator attention to maintain nitrate concentrations in the treated water below the 10 mg/L
nitrate as N MCL.
The Country Club Well does not have any detectable co-occurring organic contaminants of
concern (TCE, PCE, DBCP, carbon tetrachloride, cis-1,2-dichloroethylene, and 1,2-DCP) in samples
collected to date. A complete summary of the available data for co-occurring contaminants is
included in Appendix B – Historical Water Quality Summary.

Water Production
The Country Club Well has a design capacity of 500 gpm and current flow rate of 400 gpm. The
District is planning to return the Country Club well to the original design capacity to alleviate loss
in water supply. Figure 4 displays monthly well utilization from January 2014 to September 2016.
Table 3 shows the design capacity, current flow rate, and average annual and maximum month
well production and utilization values from 2015.
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Figure 4 Monthly utilization for the Country Club well from January 2014 to September 2016
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Table 3 Well specific design capacity, average utilization, and maximum utilization in 2015 for the Country
Club Well
Country Club Well
Design Capacity
Current Flow Rate
2015 Average Month Production / Utilization1
2015 Maximum Month Production / Utilization1

500 gpm
400 gpm
4.65 MG / 27 %
6.28 MG / 36 %

1 Utilization

rates are based on the current flow rate (400 gpm), corresponding utilizations 500 gpm are 22% and 29% for the
average and maximum production rates, respectively.

The 500 gpm design capacity and 2015 average month utilization are used to develop treatment
capital and operational costs for the Country Club Well.
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Treatment Technology Evaluation
The following section summarizes the technologies that have been considered for 1,2,3-TCP
treatment at the contaminated well sites. The technologies considered are:
•

GAC adsorption

•

UV photolysis with and without hydrogen peroxide

•

Aeration (air stripping)

Blending is not considered an applicable treatment method for 1,2,3-TCP in the District’s
groundwater system due to the volume of water required to reduce 1,2,3-TCP to levels below
the MCL and public health goal. For example a minimal instantaneous flow of 1,500 gpm would
be required to meet the MCL and more that 11,000 gpm would be necessary to achieve
concentrations below the public health goal.
GAC Adsorption
GAC adsorption is a proven technology for the removal of 1,2,3-TCP and listed as a Best Available
Technology (BAT) for 1,2,3-TCP treatment as it can reliably remove 1,2,3-TCP to levels below the
detection limit (0.0007 ug/L) . GAC is listed by the DDW as a BAT for the control of 55 of the 60
regulated organic contaminants. As a non-steady state process, GAC treatment will require
periodic replacement of the media. GAC replacement or reactivation typically accounts for the
bulk of the operational costs.
Co-occurring nitrate may be subject to nitrate peaking downstream of GAC treatment after well
stop/start cycles. A pilot study was conducted in late 2017/ early 2018 to evaluate the extent of
nitrate peaking from GAC treatment at the Country Club Well. The results demonstrated that
nitrate peaking occurred downstream of GAC treatment at the Country Club Well under
representative operational conditions, but did not exceed 8 mg/L nitrate as N. Given this result,
nitrate peaking is not expected to be of concern for GAC treatment at the Country Club Well and
no additional capital or operational provisions for nitrate management have been included in the
following cost analysis.
UV Based Processes
To our knowledge, direct UV photolysis of 1,2,3-TCP has not been demonstrated at a full-scale
water treatment facility. While photolysis of 1,2,3-TCP is known to occur in air, it is generally
accepted that the oxidation is due to indirect photolysis by hydroxyl radicals, which is commonly
referred to as an advance oxidation process (AOP) in water treatment. Advanced oxidation of
1,2,3-TCP in water has been reported with the ozone-hydrogen peroxide process (Dombeck and
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Borg, 2005). Previous studies have evaluated the efficiency of the UV-hydrogen peroxide process
for 1,2,3-TCP removal.
In 2013, Corona conducted a bench-scale study evaluating the efficiency of UV based AOP to
remove 1,2,3-TCP. Results indicate that UV-AOP is relatively ineffective at removing 1,2,3-TCP.
Even at the very high UV dose of 1,000 mJ/cm2 and AOP conditions, a maximum of 32% of the
1,2,3-TCP was oxidized. Results at the same UV dose without the addition of hydrogen peroxide
indicate that about half of the 1,2,3-TCP destruction is due to direct photolysis. These results are
consistent with findings of a recent study of AOP for the chlorinated alkane 1,1-dichloroethane
(Roccaro et al, 2012), and indicate that full-scale UV-AOP systems designed for destruction of
1,2,3-TCP would need to be very large. Experience from Trojan UV indicate that removals of
greater than 95% of 1,2,3-TCP will not be achievable. Based on the current 1,2,3-TCP proposed
MCL of 0.005 µg/L and assuming up to 95% removal is achievable, the maximum influent
concentration that can be treated with a UV-AOP process is about 0.1 µg/L. Given this, UV-AOP
is not ideal for 1,2,3-TCP treatment at the Country Club Well and not considered in the
subsequent cost analysis.
Aeration
Aeration strategies such as packed tower aeration (PTA) and similar tray tower configurations
were evaluated for 1,2,3-TCP control. The Henry’s constant for 1,2,3-TCP is more than an order
of magnitude lower than trichloroethylene (TCE), making it only sparingly volatile. For example,
an existing packed tower that removes 90% of TCE will remove only about 15% of the 1,2,3-TCP.
Countercurrent packed towers have the lowest air-to-water ratios of applicable aeration
technologies. The minimum air-to-water ratio in a packed tower to prevent equilibrium from
being reached before gas leaves the tower to reduce 1,2,3-TCP from 0.1 µg/L to 0.005 µg/L (95%
removal) is about 100:1 at 15°C. A packed tower design will provide an air-to-water ratio up to
3.5 times higher for an efficient reactor, resulting in an air-to-water ratio of around 350:1. These
values are far above the normal design range of 50:1 and up to 100:1. At these high air-to-water
ratios, the blowers become large and require large amounts of electrical energy.
Other process disadvantages of packed tower aeration include:
1.
2.
3.
4.
5.

Hydraulic head must be broken, which requires finished water pumping
Potential for hardness to precipitate on packing material
Changes in pH that require acid or caustic addition
Potential increased downstream disinfection requirements due to the open process
Noise from blowers may impact nearby residents

Aeration transfers 1,2,3-TCP from the water phase to the air phase and does not sequester or
destroy 1,2,3-TCP (like GAC or oxidative process); therefore, all air pollution regulations must also
Soquel Creek Water District: Technologies and Costs to Treat 1,2,3-Trichloropropane
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be met. A site-specific evaluation of the cancer risk at the property line for airborne
contaminants would be needed. If the cancer risk is determined to be greater than 1 in
1,000,000, then air treatment will be required. Due to these process limitations, aeration is not
recommended for 1,2,3-TCP treatment; consequently, no cost information was developed for
aeration.

Site Specific Evaluation of GAC Treatment Feasibility
The Country Club Well was evaluated for the feasibility of GAC treatment based on footprint
availability, water quality conditions, and hydraulic considerations. GAC treatment would be
accomplished using dual vessels that are 10’ in diameter and have a straight side height of 12’,
operating in a lead-lag configuration. A lead-lag configuration involves vessels to be operated in
series, with one vessel acting as the “polishing” vessel. When the lead vessel reaches the
treatment threshold, the lead and the lag switch and the media is replaced in the lead vessel.
Footprint Evaluation
GAC treatment feasibility based upon available footprint was determined by assessing the size of
the required GAC treatment unit, and then comparing that to the available space on the impacted
wellhead site. For this evaluation, a 10’ diameter dual-vessel GAC adsorber considered. Dualvessel pressure GAC adsorbers operated in series are needed to ensure 1,2,3-TCP treatment
objectives are met given 1,2,3-TCP toxicity and the District’s treatment objective.
A single ten-foot diameter dual-vessel lead-lag unit requires an area of approximately 10 feet by
30 feet. During GAC changeout, space is needed for GAC replacement trucks to access and
service the equipment. The site access to the Country Club Well is limited; however, there is
available room surrounding the well site and enough space to accommodate site improvements.
If possible, sufficient footprint should be left available to accommodate drilling of a replacement
well or a replacement well should be drilled prior to installing equipment. Additionally, wellhead
treatment systems require enclosures to accommodate neighborhood aesthetics. Additional
space around the treatment unit have been added for equipment access resulting in a structure
with a footprint of 25 x 40 feet. Table 4 shows the design capacity, number of dual 10’ GAC units,
and an indication and the required footprint.
Table 4 Footprint evaluation for the Country Club Well
Well
Country Club Well

Flow rate (gpm)
500

# dual 10’ units
1

Footprint Limited
No

Soquel Creek Water District: Technologies and Costs to Treat 1,2,3-Trichloropropane
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Cost Estimate
Capital Cost Estimate
In order to assess GAC treatment costs full-scale GAC system cost data was utilized. One dual 10’
diameter vessel unit costs $350,000 and can treat a system flow up to 650 gpm. Equipment costs
for GAC consist of one-dual-vessel 10ʹ diameter unit for the Country Club Well. Multipliers were
applied to the equipment costs to develop estimates for total installed capital costs. The
construction cost multipliers that were used in this analysis are show in Table 5. The capital cost
multipliers used in Table 5 closely approximated the total installed cost reported by other utilities
in California for a dual vessel GAC system before contingency was applied. The individual
multipliers presented in Table 5 comprise an overall installed capital cost multiplier of
approximately 3.15.
Table 5 Installed capital cost multipliers

1
2

Category
Equipment Costs

Denotation
A

Percentage

Formula

Installation
Electrical and I&C
General Site Civil
Subtotal
Overhead and Profit
Contingency

B
C
D
E
F
G

40%
20%
15%

A x 0.40
A x 0.20
A x 0.15
A+B+C+D
E x 0.15
E x 0.30

Total Construction Capital Costs

H

Planning, Engineering, Legal and Admin1
Construction Admin2
Total

I
J

15%
30%

E + F +G
15%
9%

H x 0.15
H x 0.09
H + I +J

Inclusive of California Environmental Quality Act and Costal Development Permit administrative costs.
Accounts for construction management and inspection.

The level of accuracy for the cost estimates corresponds to a Class 4 Estimate as defined by the
Association for the Advancement of Cost Engineering (AACE) International. This level of
engineering cost estimating is generally made with limited information, including process block
diagrams, preliminary equipment lists, and indicated layout, and it is appropriate for feasibility
study evaluations. Cost estimates prepared at this level of engineering are generally considered
to have an accuracy range of +50/-30 percent.
The Country Club Well is not footprint limited and has sufficient surrounding land for GAC
treatment. However, footprint should be left available to accommodate drilling of a replacement
well or a replacement well should be drilled prior to equipment installation. These associated
Soquel Creek Water District: Technologies and Costs to Treat 1,2,3-Trichloropropane
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costs have not been accounted for in the cost estimate. The enclosure treatment structure will
be approximately 1,000 sq.ft. at a cost of $250/sq.ft, resulting in $250,000 installed capital for
the treatment enclosure. Additionally, $10,000 has been included for well pump upgrades. Table
6 shows a summary of the items that comprise the capital costs for 1,2,3-TCP treatment at the
Country Club Well.
Table 6 Summary of capital cost items for 1,2,3-TCP treatment at the Country Club Well
Cost Component
GAC Vessels
Equipment Capital
Installed Equipment Capital
Treatment Structure
Well Pump Upgrades
Total Capital

Country Club Well
$350,000
$350,000
$1,10,000
$250,000
$10,000
$1,360,000

Operations and Maintenance Costs
GAC operation and maintenance (O&M) costs are primarily driven by GAC replacement costs,
and the associated labor. In this study, additional pumping costs are accounted for by calculating
the additional electrical cost to overcome the head loss caused by the GAC treatment unit. This
approach has been taken so that only the additional electrical energy to overcome the treatment
system is accounted for and not all the electrical to run the well.
Labor Costs

The labor costs required for operation and media changeouts of GAC systems were developed in
collaboration with the District. The District reports a Water Operator II fully loaded rate is $88.56
an hour. During normal operation, an operator will spend an average of 45 minutes at the
Country Club Well GAC system on each normal work day. A water quality program coordinator,
billed at a loaded rate of $87.32 an hour, is assumed to spend one hour a week collecting
monitoring samples. During a GAC media changeout of a 20,000 lb. vessel, an operator will spend
an average of 8 regular time hours and 6 overtime hours ($126.84/hr). Additionally, 10 total
hours of managerial office staff time is required at $114.99/hr for a total labor value of $2,465
needed for changeout of each 20,000 lb. vessel, or $0.12/lb.

Soquel Creek Water District: Technologies and Costs to Treat 1,2,3-Trichloropropane
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Consumables Costs

Consumables consist of the following cost components:
•

Energy

•

Media replacement

Table 7 displays the unit cost assumptions used for consumables. Power inputs were converted
to total energy requirements and to annual cost. The unit energy cost was provided by the
District, electrical costs for the Country Club Well ranged from $0.33/kWh to $0.172/kWh in 2015
and the June 2016 electrical cost was $0.265/kWh. The June 2016 electrical cost was used for
cost estimation.
The GAC media cost was based on a bed life of 30,000 bed volumes and average well utilization
of 22% (average well utilization assuming 500 gpm of production) while treating to non-detect
1,2,3-TCP concentrations.
Table 7 Unit costs of consumables
Consumable
Electricity
GAC Media
GAC Disposal

Units
$/kWh
$/lb
$/lb

Unit cost
0.265
2.20
0.15

The operations and maintenance costs are presented in Table 8 on an annual basis and over the
present worth periods of 20, 30, and 40 years.
Table 8 Summary of O&M items on a $/year cost basis and 20-year, 30-year, and 40-year amortized O&M
costs
Operational Costs
Annual GAC Cost ($/yr)
Annual Electric Cost ($/yr)
Annual GAC Disposal ($/yr)
Annual Operator Cost ($/yr)
Water Quality Program Coordinator ($/yr)
Total Annual O&M
20-year Present Worth O&M
30-year Present Worth O&M
40-year Present Worth O&M

Country
Club Well
$15,600
$1,100
$1,100
$17,400
$4,500
$39,700
$660,000
$900,000
$1,110,000
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Aggregated Net Present Worth Cost Estimate
Net present worth (NPW) cost estimates are a compilation of the installed capital cost and the
20-, 30-, and 40-year present worth costs, assuming the 2016 California Drinking Water State
Revolving Fund 1.6% interest rate. The following section summarizes the NPW estimates for
1,2,3-TCP treatment using GAC at the Country Club Well.
The estimated 20-year NPW for treating for the Country Club Well is $2,010,000 and is shown in
Table 9. Of these totals, $1,350,000 results from capital costs and the remaining $660,000 results
from the NPW of 20 years O&M.
This NPW estimate is based on a feasibility level evaluation of site conditions. No property
surveys or underground utility surveys were performed. No site specific consideration was given
to individual site improvements that may be required. These were considered to be covered by
the equipment cost multipliers. Assumptions and outcomes of the cost models used to generate
the NPW estimates are presented in Appendix C – Cost Estimates.
Table 9 Aggregated NPW for 1,2,3-TCP treatment in millions of dollars
Well ID
Country Club

Capital
(M$)
1.36

20-year O&M
(M$)
0.66

30-year O&M
($M)
0.90

40-year O&M
($M)
1.11

20-year
NPW
2.02

30-year
NPW
2.26

40-year
NPW
2.47

Recommendations and Next Steps
This report is representative of a feasibility level study. We recommend continuing to the
preliminary design phase, representative of 30 % design. This level of study would include a site
survey to reveal any constraints not identified at this level of analysis. The NPW estimates herein
are based on a GAC bed life of 30,000 bed volumes. GAC is sensitive to raw water TOC and, as
such, the District should pursue quarterly TOC sampling for at least a year to confirm the TOC
concentration in the Country Club Well. While the bed life was based on full-scale data from two
currently operating systems, variability of GAC bed life is expected due to water difference in
water quality. These estimates assume GAC treatment is unaffected by raw water 1,2,3-TCP
concentrations up to those experienced historically. If raw water 1,2,3-TCP concentrations were
to rise substantially higher, GAC treatment performance would be anticipated to decrease from
the 30,000 bed volumes estimate.

Soquel Creek Water District: Technologies and Costs to Treat 1,2,3-Trichloropropane
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Appendix B – Historical Water Quality Summary
Parameter
1,2,3-TCP (µg/L)
pH (SU)
Alkalinity as CaCO3 (mg/L)
TOC (mg/L)
Bromide (mg/L)
Total Dissolved Solids (mg/L)
TCE (µg/L)
PCE (µg/L)
DBCP (µg/L)
EDB (µg/L)
MTBE (µg/L)
Carbon Tetrachloride (µg/L)
Cis-1,2-Dichloroethylene (µg/L)
1,2-DCP (µg/L)
Iron (µg/L)
Manganese (µg/L)
Arsenic (µg/L)
Total Chromium (µg/L)
Hexavalent Chromium (µg/L)
Nitrate as N (mg/L)

Analytical Results
Count

Minimum

Average

Maximum

37
17
17
3
9
31
3
3
3
3
3
3
3
3
17
17
10
9
7
50

<0.005
7.3
160
0.39
0.12
237
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
6.3
1.8

0.008
7.5
175
0.41
0.19
315
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
7.2
4.1

0.015
8.1
184
0.43
0.23
360
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
9.7
5.6
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Appendix C – Cost Estimate
Cost Component or
Item

units

Design Capacity (gpm)
Country Club
500

ea
lb

1
20,000

g/cm3
$/vessel
$
$
$

0.45
350,000
0
0
350,000

Installation
I&C
Civil site work
Subtotal

$
$
$
$

140,000
70,000
52,500
612,500

Overhead and Profit
Contingency
Construction Total

$
$
$

91,875
183,750
888,125

Design and permitting
Construction Admin

$
$

97,694
79,931

Installed Equipment Capital

$

1,065,750

Wellhead Pump Upgrade
Treatment Structure

$
$

10,000
250,000

Total Capital

$

1,325,750

BV
min

30,000
21.3

gpm/ft2
%
days
lb/yr
$/lb
$/yr

6.4
22%
2064
7,073
2.20
15,561

ft
$/kWh
$/hr
$/yr

16.1
0.27
0.60
1,136

$/yr
$/yr
$/yr

1,061
0
1,061

$/yr
$/yr
$/yr
$/yr
$/yr

16,489
915
17,404
4540.64
39,703

$
$
$
$
$
$

655,507
901,552
1,105,384
1,981,257
2,227,302
2,431,134

Capital
Dual vessel units to meet flow
MGAC/vessel
Apparent density
Equipment cost dual vessel unit
Nitrate analyzer
Sewer Connection
Total Equipment Cost

O&M
Media:
Bedlife
EBCT
HLR
Average Utilization
Average Bedlife
GAC Consumption
Unit GAC media cost
Annual GAC media cost
Energy:
Headloss through GAC
unit electrical cost
Pumping costs
Annual electrical cost
Residuals:
non-haz. GAC disposal
hazardous GAC disposal
Annual GAC disposal
Labor:
Operator during run
Labor for media repl.
Annual Operator Cost
Water quality program coord
Total O&M
Combined Costs
20-year O&M
30-year O&M
40-year O&M
20-year Net Present Worth
30-year Net Present Worth
40-year Net Present Worth
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Appendix A – Site Visit Logs
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Country Club Well
SITE VISIT LOG: ________________________________________
GENERAL

October 18, 2016
Date: ___________________________________
Setting: residential☐ nonresidential☐

261 Baltrusol Dr.
Address: _________________________________
Depth (ft): _____________________
26% (average month)
Utilization (period): ________________________
Backup Power: yes☐ no☐
Status During Visit: on☐ off☐

baseload☐ seasonal☐ standby☐

Sodium hypochlorite; sand separator
Existing Treatment: _______________________________________________________
HYDRAULICS

Lineshat 1800 rpm 9RCHC (6 stages)
Well Pump: ______________________________________________________________

500
Flow Rate (gpm): _________________________________________________________
on / off Pressure: _________________________________________________________
Known Issues:

Hydraulics☐

Sanding☐

Air☐

Cycling☐

None☐

WATER QUALITY
TCP (ng/L): _______

15
Maximum: _______

8.3
Average: _______

3.5
SD: _______

2.7
TOC (mg/L): _______
Bromide, nitrate
Co-Occuring Inorganics: ____________________________________________________
TOC
Co-Occuring Organics: _____________________________________________________
SITE PLAN
Site Dimensions:
Site Availability: None☐

1 Unit☐

2 Units☐

Ample☐

Residential houses
Adjacent Site? ____________________________________________________________
Driveway access, treatment enclosure
Site Improvements Needed: _________________________________________________
Neighborhood, residential streets
Access Restrictions: ________________________________________________________
Notes:

The well is located in the corner of the well site, with ample space for GAC Treatment
_________________________________________________________________________

Sheet	
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  of	
  2	
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Appendix B – Historical Water Quality Summary
Parameter
1,2,3-TCP (µg/L)
pH (SU)
Alkalinity as CaCO3 (mg/L)
TOC (mg/L)
Bromide (mg/L)
Total Dissolved Solids (mg/L)
TCE (µg/L)
PCE (µg/L)
DBCP (µg/L)
EDB (µg/L)
MTBE (µg/L)
Carbon Tetrachloride (µg/L)
Cis-1,2-Dichloroethylene (µg/L)
1,2-DCP (µg/L)
Iron (µg/L)
Manganese (µg/L)
Arsenic (µg/L)
Total Chromium (µg/L)
Hexavalent Chromium (µg/L)
Nitrate as N (mg/L)

Analytical Results
Count

Minimum

Average

Maximum

37
17
17
3
9
31
3
3
3
3
3
3
3
3
17
17
10
9
7
50

<0.005
7.3
160
0.39
0.12
237
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
6.3
1.8

0.008
7.5
175
0.41
0.19
315
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
7.2
4.1

0.015
8.1
184
0.43
0.23
360
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
9.7
5.6
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Introduction
Soquel Creek Water District (District) plans to install granular activated carbon (GAC) for 1,2,3trichloropropane (1,2,3-TCP) removal at their Country Club Well site. Both the U.S. Environmental
Protection Agency (USEPA) and the State of California have determined that 1,2,3-TCP is a probable
human carcinogen at low levels. In 2009, California established a public health goal of 0.0007 µg/L (0.7
ng/L). On February 21, 2017, the California State Water Resources Control Board (SWRCB) Division of
Drinking Water (DDW) submitted a Notice of Proposed Rule Making that proposed a 0.005 µg/L (5 ng/L)
1,2,3-TCP maximum contaminant level (MCL). The SWRCB adopted the proposed 1,2,3-TCP MCL, and the
Office of Administrative Law approved this regulatory action, making the MCL effective which required
water systems to begin 1,2,3-TCP quarterly monitoring in January 2018.
GAC adsorption is a proven technology for the removal of 1,2,3-TCP and was selected as the best available
technology (BAT) for treatment at the District’s Country Club Well site in the Treatment Technologies and
Costs to Treat 1,2,3-Trichloropropane Report (TTCR) prepared by Corona (draft submitted to the District
in March 2017). When GAC is operated intermittently and nitrate is present in the raw water, a
phenomenon deemed “sloughing” can occur. Sloughing is suspected to be the result of a nitrate
desorption from the GAC, however the mechanisms that cause it are not well understood. Sloughing has
been observed to occur for short periods of time after well startup and can be characterized by elevated
treated water nitrate concentrations above those in the raw water.
Pilot testing to evaluate the extent of nitrate sloughing that could be expected from GAC treatment at the
Country Club Well was conducted from October 2017 to February 2018. The following report includes an
overview of the Country Club Well, describes the pilot test objectives, summarizes the results and provides
conclusions regarding nitrate sloughing at the Country Club Well.

Country Club Well Overview
Historical Country Club Well nitrate and TCP concentrations are shown in Figure 1 and summarized in
Table 1. Nitrate concentrations at or above 2.5 mg/L as N (25% of the nitrate MCL) are of concern for the
implementation of GAC treatment as start-stop cycles have been shown to cause sloughing of nitrate
concentrations up to 2-4 times greater than the influent concentration. The maximum historical nitrate
concentration for the Country Club Well, 5.6 mg/L as N, suggests there is potential for nitrate sloughing
above the MCL of 10 mg/L as N.
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Figure 1 Historical raw water TCP and nitrate concentration data

In addition to the historical data, well startup sampling of the Country Club well was conducted on May
24, 2017 to understand if the Country Club exhibits variable concentrations of these contaminants after
periods of shutdown. The results of the startup sampling are shown in Figure 2.
Figure 2 Raw water TCP and nitrate concentrations after well startup
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Both nitrate and 1,2,3-TCP were shown to exhibit variability upon start-up. “First-draw” nitrate results
were less than 2 mg/L as N and quickly stabilized at approximately 5 mg/L as N. Similarly, the initial 1,2,3TCP sample was below the 0.005 µg/L detection limit and stabilized at 0.010 µg/L after approximately 60
minutes. Recent pilot testing of GAC treatment conducted by Corona in the Central Valley suggested that
a change in the influent nitrate concentration upon well startup could impact the extent of nitrate
sloughing in the GAC effluent. Both the historical data and startup data are summarized Table 1.
Table 1 Raw water TCP and nitrate data summary for the Country Club Well
2006 to 2016 Historical Data
Parameter
TCP
Nitrate (as N)

May 24, 2017 Data

Average

Maximum

Baseline

Time to Reach
Baseline
Concentration

9 ng/L

15 ng/L

10 ng/L

60 minutes

4.0 mg/L

5.6 mg/L

5.0 mg/L

5 minutes

Pilot Test Objectives
The primary goals of the pilot testing were to understand the magnitude and duration of nitrate sloughing
that can be expected and to better understand the mechanism responsible for nitrate sloughing. To
accomplish this, the following specific objectives were identified and described in detail below. Note that
Objective 4 was added after preliminary results were reviewed.
1. Determine the nitrate adsorption capacity of the GAC
2. Determine the extent of nitrate sloughing events with respect to the following:
a. The duration of the nitrate sloughing event
b. The magnitude of the effluent nitrate concentration peak
3. Investigate influent nitrate concentration impacts on the extent of nitrate sloughing
4. Investigate temperature impacts on the extent of nitrate sloughing
Objective 1: Determine the nitrate adsorption capacity of the GAC
Following initial pilot unit startup, the GAC is expected to remove nitrate from the influent water during
a nitrate “pre-loading” period. Once the effluent nitrate concentration reaches equilibrium with the
influent nitrate concentration, the nitrate pre-loading period is over and the initial nitration adsorption
capacity of the GAC has been met. McGuire et al. (2007) show an example of the nitrate pre-loading
period requiring 200 bed volumes (BVs) of throughput, and previous work performed by Corona estimates
greater than 300 BVs of throughput were required for the pre-loading period. Profiling of the nitrate preloading period was conducted using an online nitrate analyzer.
Objective 2: Determine the extent of nitrate sloughing events
After the nitrate pre-loading period was complete, nitrate sloughing experiments were conducted for
several different well operational scenarios. In previous pilot testing, the duration and magnitude of
nitrate sloughing was investigated for shutdown periods including 3 hours, 24 hours, 72 hours, and 7 days.
This was conducted to establish the relationship between the length of the pilot shutdown period and the
extent of nitrate sloughing. Based on preliminary results, additional shutdown periods beyond those
mentioned above were investigated. In addition, nitrate sloughing under typical County Club well
operations, 7 am to 11 am and 4 pm to 9 pm, were investigated.
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Objective 3: Investigate influent nitrate concentration impacts on the extent of nitrate sloughing
Pilot testing with increased and decreased influent nitrate concentrations was investigated to simulate
the impact of variable raw water nitrate on the extent of nitrate sloughing. As mentioned above, average
and maximum 10-year nitrate concentrations for the Country Club Well are 4.0 and 5.6 mg/L-N
respectively (Table 1). For testing of increased nitrate concentrations, sodium nitrate was added to the
raw water storage tank that supplied the pilot unit. For decreased nitrate concentrations, the raw water
was passed through a column loaded with strong base anion exchange (SBA-IX) resin prior to GAC
treatment to remove nitrate. It should be noted that in addition to nitrate, SBA-IX will also remove other
anions such as sulfate and heavy metals. This should be taken into account when evaluating the impact
of low nitrate concentrations on the extent of nitrate sloughing.
Objective 4: Investigate temperature impacts on the extent of nitrate sloughing
Preliminary results from pilot testing at the County Club Well indicated variable effluent nitrate
concentrations based on the water temperature during pilot unit startup. Typically, startup conditions
with cooler raw water resulted in decreased effluent nitrate concentrations and increased adsorption to
the GAC, while warmer water resulted in nitrate sloughing and increased effluent nitrate concentrations.
As a result, Objective 4 was added to the Pilot Test Plan.
The impact of temperature on the extent of nitrate sloughing was investigated by continuously monitoring
temperature and correlating it with the extent of nitrate sloughing. Several shutdown/startup events
during the morning and afternoon, when temperatures varied from cold to hot, were conducted. In
addition, the ambient air temperature in the pilot unit container was heated to approximately 100°F
during shutdown to simulate full-scale scenarios where the treatment system may be offline during peak
summer temperatures. The temperature was also increased in the container and subsequently allowed
to return to ambient temperatures overnight.
To meet these four objectives, the pilot test plan was subdivided into phases. Phase 1 was dedicated to
pilot setup and startup and for assessing the baseline nitrate adsorption capacity of the GAC during the
nitrate pre-loading period (Objective 1). Phase 2 and 3 evaluated the extent of nitrate sloughing after
each shutdown/startup experiment to determine if there is a relationship between the length of the
shutdown period and the extent of nitrate sloughing (Objective 2). The schedule includes repeating
experiments during Phase 2 to verify reproducibility. Phase 4 and Phase 5 investigated how influent
nitrate concentration impacts both the nitrate adsorption capacity of the GAC and the extent of nitrate
sloughing in the GAC effluent (Objective 3). Finally, Phase 6 examined the effects of variable temperature
during shutdown/startup on the impact of sloughing nitrate and other contaminants, namely 1,2,3 TCP
and chromium (Objective 4). Summary of each phase is further described below in Table 2.
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Table 2 Summary of test conditions
Objective

1

Study Phase

Influent Water Quality

Phase 1

Pilot startup
Pre-load operation

Raw water from storage
tank

Phase 2

Run shutdown/startup experiments:
• 3-hour
• 8-hour
• 1-day
• 3-day
• 5-day
• 7-day
• Typical well operations
Repeat each experiment

Raw water from storage
tank

Phase 3

Run shutdown/startup experiments:
• 7-day (2x)

Raw water directly from
well

2

Phase 4
3
Phase 5

4

Operation

Phase 6

Desorption curve
Run shutdown/startup experiments:
• 12-hour
Preload operation
Run shutdown/startup experiments:
• 12-hour
Run shutdown/startup experiments:
• Typical well operations
• 5-hours with ambient temperature of
>90°F (3x)
• 5-hours with temperature of >90°F,
followed by 15-hours overnight
without increased temperature

Raw water from storage
tank with added nitrate
Raw water from storage
tank passed through SBA-IX
to remove nitrate

Raw water from storage
tank

Pilot Unit Design
For full-scale implementation, it is anticipated a pair of 10-ft diameter GAC vessels will be operated in a
lead-lag configuration where the lead vessel is allowed to operate until the first 1,2,3-TCP is detected in
its effluent. At this time, the spent GAC will be replaced and the vessel is placed in the lag position.
The pilot test conditions were designed to simulate expected full-scale GAC operations. The pilot skid is
comprised of four 2-inch diameter columns operated to mimic a lead-lag vessel pair. The layout of the
pilot skid is shown in Figure 3. Nitrate sloughing was evaluated using Evoqua AC 1230CX (1230CX) GAC
loaded into all four columns, with Column 1 and Column 2 simulating the lead vessel and Column 3 and
Column 4, the lag vessel. Optional piping of a 2-in. SBA-IX column containing Purolite A600E 9149 resin
for nitrate removal, as specified in Objective 3, was also available prior to the pilot unit influent.
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Figure 3 Photograph of pilot unit

Nitrate was monitored using RealTech Inc.’s GL2020 nitrate analyzer, capable of receiving sample water
from two different inlet channels and switching automatically between the two. Nitrate concentrations
in both the raw and effluent water were monitored continuously. The system was equipped with a ColeParmer Digital Paddlewheel Flowmeter. The flow meter monitored the instantaneous and total volume
of water treated and included a RTD sensor used to monitor water temperature. The pilot design
parameters are compared to the anticipated full-scale lead-lag GAC treatment process are shown in Table
3.
Table 3 Full-scale and pilot-scale design parameters
Design Parameter

Full-Scale

Pilot-Scale

Notes

Treatment Approach

Lead-lag

Lead-lag

N/A

2

Two pilot-scale
columns simulate one
full-scale vessel

To be determined
20,000
10

AC 1230CX
11.11
0.17

2-inch pilot columns

HLR (gpm/ft )

6.4

EBCT (min)

21.3

Flow rate per lead-lag system (gpm)

500

6.4
10.65 per lead-lag
column
21.3 system total
0.14

No. of columns to match full scale
Vessel
Adsorption Media
Mass of GAC per vessel (lbs)
Column diameter (ft)
2

Nitrate Sloughing Pilot Test Results
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The Country Club Well ran for approximately 1 hour twice per day during the testing period, supplying
raw water to fill a 750-gallon tank onsite. Raw water feed was controlled remotely using a submersible
pump equipped with a wireless outlet control, while system flow was adjusted manually using rotameters
located on each column. The pilot unit could also be configured to bypass the 750-gallon tank and receive
influent water directly from the well to investigate the effects of variable raw water quality upon startup.

Data Collection
During the pilot testing, nitrate was measured in two ways: (1) nitrate was measured an online nitrate
analyzer manufactured by RealTech and (2) nitrate samples were collected for laboratory analysis.
The RealTech analyzer measured GAC influent and effluent nitrate concentrations using its dual channel
feature. Nitrate laboratory samples were collected to validate and calibrate the nitrate analyzer.
Laboratory samples were sent to Monterey Bay Analytical Services (MBAS) for analysis.
Additional parameters monitored include effluent flow and temperature. The inline flow meter measured
and recorded the flow rate, total flow, and water temperature. All data integrated using WaterSuite, a
cloud based management tool for comprehensive data monitoring and analysis. A summary of the
sampling parameters and frequency is given in Table 4.
Table 4 Sampling schedule for the Country Club Well pilot unit
Analyte

Sampling Location

Frequency

Nitrate
(online analyzer)

GAC influent
GAC effluent

Every 4-5 minutes
Every 4-5 minutes

Nitrate
(lab samples)

GAC influent
GAC effluent

20 samples throughout the
duration of pilot program

Flow rate

GAC effluent

Continuous

Water temperature

GAC effluent

Continuous

Pilot Results
Pilot test results are detailed below by objective. Prior to investigation of Objective 1, six nitrate samples
were collected during pilot setup for calibration of the online analyzer. After calibration, twelve paired
laboratory samples were collected throughout pilot testing for result confirmation. Comparison of the
paired laboratory and online nitrate samples is given in Figure 4. The dashed red line in Figure 4 represents
a 1:1 correlation of the online analyzer and paired laboratory samples. Given the agreement of the results,
the online analyzer was used in lieu of laboratory samples during startup events.
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Figure 4 Comparison of online and laboratory nitrate results

Lab Results
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4
6
Nitrate - Laboratory (mg/L-N)

8
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Objective 1: Determination of GAC nitrate adsorption capacity
The initial nitrate adsorption on the GAC during the preloading period is shown in Figure 5. Average
influent nitrate concentration from the storage tank to the pilot columns was approximately 4.3 mg/L-N
during the preloading period. Full nitrate breakthrough, where effluent nitrate equaled that of the
influent was observed after approximately 150 BVs, or approximately 58 hours of throughput,
corresponding to a calculated nitrate adsorption capacity of 0.23 mg/g of GAC. Note that in figures shown
herein, a BV reflects the combined EBCT of all columns or approximately 21.3 minutes at the design
flowrate.
It should be noted that the maximum estimated total mass of nitrate adsorbed at any given time was
0.407 mg/g of GAC on November 6th, 2017 with average total mass of nitrate adsorbed equal to 0.308
mg/g of GAC. This fluctuation of nitrate adsorption capacity is influenced by variation in water
temperature, influent nitrate concentration, and potentially other factors.
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Figure 5 Baseline nitrate adsorption capacity

Objective 2: Determination of the extent of nitrate sloughing during start/stop well operations
As detailed above in the objectives, the extent of nitrate sloughing was investigated during
shutdown/startup events using both blended raw water from the storage tank, as well as, raw water
directly from the well. For this series of experiments, the period of shutdown was the primary variable
adjusted.
Shutdown/startup events using blended raw water from storage tank
Shutdown periods ranged from 3 hours to 7 days as summarized in Table 5. Shutdown and startup times
for each test event are also detailed. For shorter shutdown periods, less than 24 hours, the pilot columns
were shut down during the morning with startup occurring in the afternoon. For the 1, 3, 5, and 7-day
shutdown events, the pilot unit was started between 10:30 am to 1:30 pm.
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Table 5 Phase 2 shutdown and startup events
Shutdown Period (Hours)
3
8
25 (1 day)
72 (3 days)
120 (5 days)
166 (7 days)
192 (8 days)

Shutdown
Date & Time
November 7 9:30
November 8 8:30
December 5 12:30
November 10 10:30
November 24 11:30
November 15 14:00
December 10 14:00

Startup
Date & Time
November 7 12:30
November 8 16:30
December 6 13:30
November 13 10:30
November 29 11:30
November 22 11:10
December 18 16:00

Influent and effluent nitrate concentrations for 35 BVs following startup event are provided in Figure 6
through Figure 11. Nitrate concentrations during the 10 BVs prior to shutdown are also included in each
figure and are denoted on the horizontal axis by negative BVs (left of the vertical dashed line). In addition,
water temperature is also included in each figure to illustrate its impact on the effluent nitrate
concentration.
Figure 6 3-hour shutdown event
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Figure 7 8-hour shutdown event

Figure 8 25-hour shutdown event
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Figure 9 3-day shutdown event

Figure 10 5-day shutdown event
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Figure 11 7-day shutdown event

As shown in Figure 6 through Figure 11, increased effluent nitrate concentrations were observed for each
startup event, however there is not strong correlation between “peaking factor” and the duration of the
shutdown. The peaking factor is calculated as the maximum effluent nitrate concentration divided by the
average influent concentration. The highest peaking factor of 1.42 was observed during the longest
shutdown period of 7 days, however the lowest peaking factor of 1.10 is associated with the 5-day
shutdown. A summary of the peak effluent nitrate concentrations during startup and the corresponding
peaking factor for each shutdown even is given in Table 6.
Table 6 Peak effluent nitrate concentrations during startup
Shutdown Period
(Hours)

Average Raw Nitrate
(mg/L-N)

3
8
25 (1 day)
72 (3 days)
120 (5 days)
166 (7 days)

4.14
4.17
3.79
3.99
3.85
4.00

Peak Effluent
Nitrate
(mg/L-N)
4.84
4.74
4.53
4.98
4.22
5.69

Peaking Factor
1.17
1.14
1.19
1.25
1.10
1.42

Shutdown/startup events using raw water directly from the County Club Well
Additional 7-day and an 8-day shutdown events were conducted using raw water directly from the
Country Club well to investigate the impact of variable raw water nitrate concentration on the extent of
nitrate sloughing. As described above, the Country Club Well startup sampling indicated relatively low
Nitrate Sloughing Pilot Test Results
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initial nitrate concentrations that reached steady state within 5 minutes. Table 7 summarizes the two
shutdown events conducted using raw water directly from the Country Club Well.
Table 7 Phase 3 shutdown/ startup events
Shutdown Period (Hours)
169 (7 days)
205 (8.5 days)

Shutdown
Date & Time

Startup
Date & Time

12/29/17 10:00
01/08/18 20:30

01/05/18 11:10
01/17/18 9:20

Results of the 7-day shutdown event using water directly from the Country Club well are shown in Figure
12. This condition resulted in a nitrate peaking factor of approximately 1.46, similar to the peaking factor
observed for the 7-day shutdown/startup event using water from the storage tank. Despite lower initial
nitrate concentrations, there did not appear to impact the extent of nitrate sloughing.
Figure 12 7-day shutdown event with raw water directly from the well during startup

Typical Well Operation
Historically, the Country Club well has operated daily from 7am to 11am and again from 4pm to 9pm. To
simulate the normal operations, the pilot unit was operated with these start and stop cycles from
December 18 to December 29, 2017. Figure 13 shows the results of the first day of typical operations
which followed 8-day shutdown. The black dashed line shown at 0 BVs represents the 8-day pilot
shutdown, while the red dashed lines at 14 and 26 BVs represent pilot shutdowns during typical well
operation.
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Figure 13 8-day shutdown event followed by typical well operations

Figure 13 shows that prior to the 8-day shutdown event, effluent nitrate concentrations were increasing
with increasing water temperature. After the 8-day shutdown event, a peak effluent nitrate concentration
of approximately 5 mg/L as N was observed after startup and equilibrium was reached within 5 BV, or
approximately 2 hours. After the overnight pilot shutdown, effluent nitrate concentrations were less than
influent nitrate concentrations indicating nitrate adsorption onto the GAC. Upon startup, the water
temperature was 7°C, however as temperatures increased effluent nitrate concentrations also increased
and desorption began to occur. The second shutdown period from 11am to 4pm resulted in a nitrate
peaking factor of approximately 1.15 which corresponded with a 3°C temperature increase.
Based on these results, typical well operations did not increase the duration or magnitude of nitrate
peaking. Instead, other factors such as temperature appear to have a greater impact on the extent of
nitrate sloughing, as further investigated in Objective 4.
Objective 3: Investigation of influent nitrate concentration on the extent of nitrate sloughing
Raw water nitrate concentrations were varied to understand the impact on nitrate sloughing. Nitrate
adsorption on GAC is known to be concentration dependent, where the mass of nitrate adsorbed is
proportional to the raw water concentration. To simulate the impact of variable nitrate concentrations
on the extent of nitrate sloughing, trials were conducted with both increased and decreased raw water
concentrations. Results from both experiments are detailed further below.
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Decreased Nitrate Concentration
Raw water was passed through a SBA-IX column prior to the pilot unit to remove nitrate. The SBA-IX
operating parameters are summarized in Table 8.
Table 8 SBA-IX operating parameters
Parameters
Column diameter
SBA-IX resin
Empty bed contact time (EBCT)
Hydraulic loading rate (HLR)
Volume of resin

Units
in.
-

Value
2
Purolite A600E 9149

min.
gpm/sq.ft.
gal.

2.0
11.5
0.5

The startup results from the decreased nitrate concentration are shown in Figure 14. Note on this figure
the initial startup occurred at -60 BV where influent nitrate concentrations are shown as 0 mg/L and a 12
hour shutdown is illustrated by the dashed line at 0 BV. Initially, there was a slight nitrate peak followed
by desorption through the 12-hour shutdown event. After approximately 125 BV, influent nitrate
increased, showing breakthrough followed by chromatographic peaking through the SBA-IX column.
Nitrate chromatographic peaking during SBA-IX occurs when nitrate anions are replaced by more
preferred anions resulting in nitrate exiting the SBA-IX resin bed at concentrations higher than the raw
water. Typically, treated water nitrate peaking factors from SBA-IX are two to three times the influent
concentrations (McGuire et al. 2006) which is consistent with the data shown in Figure 14.
Increased nitrate concentrations and nitrate peaking in the GAC effluent lagged raw water concentrations
by approximately 25 BV. The GAC reached equilibrium conditions approximately 75 BVs after initial SBAIX breakthrough. Note that the peak observed at 100 BV is an experimental relic and should not occur in
full-scale installations. Based on these results, a sudden decrease in nitrate concentrations will not result
in sloughing event of any consequence.
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Figure 14 SBA-IX nitrate breakthrough curve and nitrate desorption curve from GAC

Increased Raw Nitrate Concentration
The nitrate concentration was increased to 8 mg/L as N by dosing sodium nitrate to the raw water storage
tank. The nitrate adsorption curve for increased nitrate is given in Figure 15.
As shown in Figure 15, 60 to 70 BVs were required prior to effluent nitrate concentrations reaching
equilibrium with the raw water. After 100 BVs the system was shut down for 12-hours. When the pilot
restarted, additional nitrate adsorption occurred and the effluent nitrate was less than 8 mg/L as N. For
this experiment, increased nitrate concentrations did not result in a nitrate peak above the MCL.
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Figure 15 Increased raw nitrate adsorption curve

12-hr shutdown

Objective 4: Investigation of temperature impacts the extent of nitrate sloughing
Comparison of water temperature and effluent nitrate concentration data collected as part of the
previous objectives indicate a relationship between temperature and the extent of nitrate sloughing. To
further investigate this phenomenon, a regression model was developed using the nitrate and
temperature data from Objective 2. Additionally, shutdown events were conducted where the
temperature was elevated in excess of 32° C (90° F).
Regression Model
Throughout the previous objectives, it was observed that changes in water temperature during the
shutdown events impacted the effluent nitrate concentrations. During the typical well operations
(Objective 2) cooler temperatures at startup (i.e. < 8°C) generally resulted in periods of nitrate adsorption.
In contrast, afternoon startup events, when water temperatures were warmer, resulted in nitrate
desorption from the GAC and increased effluent nitrate concentrations. Figure 16 and Figure 17 illustrate
an afternoon and morning startup event, respectively
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Figure 16 Afternoon startup event

Figure 17 Morning startup event
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The impact shutdown duration and temperature on effluent nitrate concentrations were further
investigated through multiple linear regression models. The data for the models were collected during
the typical well operations in Objective 2
The first model was developed using influent nitrate concentrations and shutdown duration as predictors
for the maximum effluent concentration as shown in Figure 18. A second model was developed using
influent nitrate concentrations and temperature as predictors for the maximum effluent concentration as
shown in Figure 19. Both figures show modeled versus measured effluent nitrate values where the black
line represents a 1:1 correlation.
With shutdown duration as a variable, the regression model resulted in an R2 value of 0.27, however when
temperature was considered the R2 value increased to 0.90. This shows temperature has a greater
influence in the extent of nitrate sloughing than the shutdown duration.
Figure 18 Multiple regression model of effluent nitrate as a function of influent nitrate and shutdown duration
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Figure 19 Multiple regression model of effluent nitrate as a function of influent nitrate and water temperature

Elevated Temperature Shutdown/Startup Testing
Given the above findings, additional experiments were conducted where temperature of the water in the
columns was manipulated during shutdown periods. Three experiments were conducted where the
temperature in the columns was raised between 90°F (32°C) and 110°F (43°C) for five hours prior to
startup. These experiments were designed to replicate typical operations where the Country Club Well is
shutdown at 11am and restarted at 4pm. During this shutdown period, there is the potential for water in
the full-scale vessels to be heated. An additional test was conducted where the columns were heated as
above for five hours and then allowed cool overnight to simulate a scenario in which the well is only
operated in the morning. A summary of all elevated temperature shutdown/startup events is provided in
Table 9.
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Table 9 Elevated temperature shutdown/ startup events
Shutdown
Date & Time

Average ambient
temperature [°C,
(°F)]

Startup
Date & Time

Peaking Factor

5 hours

01/17/18
11:50

42°C (108°F)

01/17/18 16:50

2.07

5 hours

1/31/18 12:30

41°C (105°F)

1/31/18 17:30

1.96

5 hours

2/22/18 10:17

35°C (95°F)

2/22/18 15:17

1.32

01/18/18 9:10

38°C (100°F)
9:30 – 14:30;
6-12°C (44-54°F)
(14:30 – 7:55
[1/19])

01/19/18 7:55

1.12

Shutdown Period
(Hours)

23 hours
(5 hours with elevated
temp.)

Water temperature along with influent and effluent nitrate concentrations for the January 17th elevated
temperature event are shown in Figure 20. Increased water temperature, exceeding 40°C (104°F) resulted
in effluent nitrate concentrations between 7 to 8 mg/L as N. This corresponds to a nitrate peaking factor
greater than 2.0. The nitrate peaking event lasts approximately 2 BV followed by the effluent nitrate
concentrations returning to baseline conditions. Both the magnitude and duration of the peaking event
were consistent with the results observed on January 31 and February 22.
Figure 20 Startup event for 5-hour shutdown period with elevated ambient air temperature of 42°C (108°F)

In comparison, after the heated GAC pilot columns were cooled for 18-hours, nitrate sloughing was not
observed, as shown in Figure 21. In this case all nitrate desorped during the elevated temperature
shutdown period was re-adsorped during the cooling period.
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Figure 21 Startup event for 23-hour shutdown period with elevated ambient air temperature followed by cooling

These experiments confirmed that water temperature in the columns at the time of startup has a
significant impact on resulting nitrate peak that can be expected. That said, knowing that the design
concept at the Country Club well calls for the treatment system to be in a building, temperature
fluctuations are not expected to be as dramatic as those described above.
Co-contaminant Desorption
In addition to nitrate, other inorganic contaminants such as arsenic and hexavalent chromium [Cr(VI)] are
weakly adsorbed on to the surface of GAC. The average Cr(VI) concentration from 2001 to 2013 the
Country Club well is 7 µg/L. If Cr(VI) sloughing occurs during startup events, there is the potential for
Cr(VI) concentrations to exceed 10 µg/L (the previous California MCL for Cr(VI)) during peaking. To
investigate this, Cr(VI) laboratory samples were collected during the elevated temperature
shutdown/startup events. In addition, influent and effluent 1,2,3-TCP grab samples were collected to
confirm no 1,2,3-TCP desorption occurred during startup.
Table 10 details the Cr(VI) and 1,2,3-TCP results collected during start-up on January 17th and February
22nd, 2017. These analytical results indicate that Cr(VI) desorption is occurring in conjunction with nitrate
desorption. In addition, the extent of nitrate and Cr(VI) desorption appear to be proportional.
Table 10 Cr(VI) and 1,2,3-TCP results during elevated temperature shutdown/startup events
Shutdown
Period
(Hours)

1

5 hours
5 hours

Average
ambient
temp.
(°F)
108°F
95°F

Influent
nitrate
(mg/L-N)

Effluent
nitrate
(mg/L-N)

Influent
Cr(VI)
(µg/L)

Effluent
Cr(VI)
(µg/L)

Influent
1,2,3-TCP
(ng/L)

Effluent
1,2,3-TCP
(ng/L)

3.8
4.7

8.6
8.1

11

1

10
19

5.6

1

ND

1

No sample collected
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It should also be noted that during the shutdown event on February 22nd, an increased influent Cr(VI)
concentration of 11 µg/L was observed, exceeding the previous 10 µg/L Cr(VI) MCL and historical Cr(VI)
concentrations for the Country Club Well. This may be a result of infrequent and intermittent well
operation during the pilot test period and raw water sampling within the first minute of well start-up.
Time-series sampling can be conducted to assess Cr(VI) variability during start-up as well as determine
steady-state Cr(VI) concentrations for the Country Club Well.

Conclusions
Pilot testing to investigate the duration and magnitude of nitrate sloughing from GAC after
shutdown/startup events resulted in no recorded effluent nitrate concentrations above the 10 mg/L as N
nitrate MCL. A shutdown duration of 7-days resulted in a nitrate peaking factor of approximately 1.5 for
both test conditions: raw water directly from the well and raw water from the storage tank. In addition,
fluctuation of raw nitrate, both increased and decreased concentrations, did not result in a significant
nitrate sloughing event.
While shutdown duration and variable nitrate concentration did not significantly impact the extent of
nitrate sloughing, GAC adsorption capacity for nitrate and other inorganic contaminants was observed to
be a function of water temperature, with desorption occurring at elevated temperatures. At
temperatures greater than 95°F, nitrate sloughing at concentrations at approximately 2x the raw were
observed for only a 5-hour shutdown event. Hexavalent chromium peaking was also observed, indicating
concurrent desorption other inorganic contaminants. No detectable 1,2,3-TCP concentrations were
measured post-GAC treatment.
Based on this study, nitrate peaking to levels that could result in violations of the MCL is not expected to
occur downstream of the GAC at the Country Club well. This conclusion assumes that there are not
significant increases in the well’s nitrate concertation and that the treatment equipment is housed in a
building that does not experience significant temperature variations.
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PROFESSIONAL SERVICES AGREEMENT
This Agreement is made and entered into as of ________________, 20____ by and between the Soquel
Creek Water District, a public agency organized and operating under the laws of the State of California
with its principal place of business at 5180 Soquel Drive, Soquel, CA 95073 (“District”), and [***INSERT
NAME***], a [***INSERT TYPE OF ENTITY - CORPORATION, PARTNERSHIP, SOLE PROPRIETORSHIP OR
OTHER LEGAL ENTITY***] with its principal place of business at [***INSERT ADDRESS***] (hereinafter
referred to as “Consultant”). District and Consultant are sometimes individually referred to as “Party”
and collectively as “Parties” in this Agreement.
RECITALS

A.
District is a public agency of the State of California and is in need of professional services
for the following project:

SOQUEL CREEK WATER DISTRICT’S COUNTRY CLUB WELL REPLACEMENT WELL
AND 1,2,3-TRICHLOROPROPANE REMOVAL WATER TREATMENT PLANT PROJECT

(hereinafter referred to as “the Project”).
B.

Consultant is duly licensed and has the necessary qualifications to provide such services.

C.
The Parties desire by this Agreement to establish the terms for District to retain
Consultant to provide the services described herein.
AGREEMENT

NOW, THEREFORE, IT IS AGREED AS FOLLOWS:
1.

Services.

2.

Compensation.

Consultant shall provide the District with the services described in the Scope of Services attached
hereto as Exhibit “A.” [Consultant’s Final Proposal shall be inserted into Exhibit “A”.]
a.
Subject to paragraph 2(b) below, the District shall pay for such services in
accordance with the Schedule of Charges set forth in Exhibit “B.” [Consultant’s Final “Fee” Proposal
shall be inserted into Exhibit “B”.]
b.
In no event shall the total amount paid for services rendered by Consultant under
this Agreement exceed the sum of $
[Insert amount of compensation]. This amount is to cover
all printing and related costs, and the District will not pay any additional fees for printing expenses.
Periodic payments shall be made within 30 days of receipt of an invoice which includes a detailed
description of the work performed. Payments to Consultant for work performed will be made on a
monthly billing basis.
3.

Additional Work.

If changes in the work seem merited by Consultant or the District, and informal consultations with
the other party indicate that a change is warranted, it shall be processed in the following manner: a letter

outlining the changes shall be forwarded to the District by Consultant with a statement of estimated
changes in fee or time schedule. An amendment to this Agreement shall be prepared by the District and
executed by both Parties before performance of such services, or the District will not be required to pay
for the changes in the scope of work. Such amendment shall not render ineffective or invalidate
unaffected portions of this Agreement.
4.

Maintenance of Records.

5.

Term.

6.

Delays in Performance.

Books, documents, papers, accounting records, and other evidence pertaining to costs incurred
shall be maintained by Consultant and made available at all reasonable times during the contract period
and for four (4) years from the date of final payment under the contract for inspection by District.
The term of this Agreement is estimated to be up to three (3) years and shall be from [TBD] to
[TBD], unless earlier terminated as provided herein. The Parties may, by mutual, written consent, extend
the term of this Agreement if necessary to complete the Project. Consultant shall perform its services in a
prompt and timely manner within the term of this Agreement and shall commence performance upon
receipt of written notice from the District to proceed (“Notice to Proceed”). The Notice to Proceed shall
set forth the date of commencement of work. Refer to Exhibit “C” for discussion on timeline.
a.
Neither District nor Consultant shall be considered in default of this Agreement for delays
in performance caused by circumstances beyond the reasonable control of the non-performing party. For
purposes of this Agreement, such circumstances include but are not limited to, abnormal weather
conditions; floods; earthquakes; fire; epidemics; pandemics; war; riots and other civil disturbances;
strikes, lockouts, work slowdowns, and other labor disturbances; sabotage or judicial restraint.

b.
Should such circumstances occur, the non-performing party shall, within a reasonable
time of being prevented from performing, give written notice to the other party describing the
circumstances preventing continued performance and the efforts being made to resume performance of
this Agreement.
7.

Compliance with Law.

a.
Consultant shall comply with all applicable laws, ordinances, codes and regulations of the
federal, state and local government, including Cal/OSHA requirements.
b.
If required, Consultant shall assist the District, as requested, in obtaining and maintaining
all permits required of Consultant by federal, state and local regulatory agencies.

c.
If applicable, Consultant is responsible for all costs of clean up and/ or removal of
hazardous and toxic substances spilled as a result of his or her services or operations performed under
this Agreement.
8.

Standard of Care.

2

Consultant’s services will be performed in accordance with generally accepted professional
practices and principles and in a manner consistent with the level of care and skill ordinarily exercised by
members of the profession currently practicing under similar conditions.
9.

Assignment and Subconsultant.

10.

Independent Contractor.

Consultant shall not assign, sublet, or transfer this Agreement or any rights under or interest in
this Agreement without the written consent of the District, which may be withheld for any reason. Any
attempt to so assign or so transfer without such consent shall be void and without legal effect and shall
constitute grounds for termination. Subcontracts, if any, shall contain a provision making them subject to
all provisions stipulated in this Agreement. Nothing contained herein shall prevent Consultant from
employing independent associates, and subconsultants as Consultant may deem appropriate to assist in
the performance of services hereunder.
Consultant is retained as an independent contractor and is not an employee of District. No
employee or agent of Consultant shall become an employee of District. The work to be performed shall be
in accordance with the work described in this Agreement, subject to such directions and amendments
from District as herein provided.
11.
Insurance. Consultant shall not commence work for the District until it has provided
evidence satisfactory to the District it has secured all insurance required under this section. In addition,
Consultant shall not allow any subcontractor to commence work on any subcontract until it has secured
all insurance required under this section.
a.

Commercial General Liability

(i)
The Consultant shall take out and maintain, during the performance of all work
under this Agreement, in amounts not less than specified herein, Commercial General Liability Insurance,
in a form and with insurance companies acceptable to the District.
the following:

(ii)

Coverage for Commercial General Liability insurance shall be at least as broad as

(1)
Insurance
(Occurrence Form CG 00 01).
(iii)

Services

Office Commercial

General

Liability coverage

Commercial General Liability Insurance must include coverage for the following:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Bodily Injury and Property Damage
Personal Injury/Advertising Injury
Premises/Operations Liability
Products/Completed Operations Liability
Aggregate Limits that Apply per Project
Explosion, Collapse and Underground (UCX) exclusion deleted
Contractual Liability with respect to this Agreement
Property Damage
Independent Contractors Coverage
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(iv)
The policy shall contain no endorsements or provisions limiting coverage for (1)
contractual liability; (2) cross liability exclusion for claims or suits by one insured against another; (3)
products/completed operations liability; or (4) contain any other exclusion contrary to the Agreement.

(v)
The policy shall give District, its officials, officers, employees, agents and District
designated volunteers additional insured status at least as broad as ISO endorsement forms CG 20 10 10
01 and 20 37 10 01.

(vi)
The general liability program may utilize either deductibles or provide coverage
excess of a self-insured retention (SIR), subject to written approval by the District, and provided that such
deductibles or SIR shall not apply to the District as an additional insured. Policies may not be subject to a
self-insured retention (“SIR”) or deductible that exceeds $25,000 unless approved in writing by District.
Any and all deductibles and SIRs shall be the sole responsibility of Consultant who procured such
insurance, and shall not apply to the District. District may deduct from any amounts otherwise due
Consultant to fund the SIR/deductible.

Consultant’s obligation hereunder for the amount approved by District may be satisfied by
self-insurance upon evidence of adequately funded financial capacity satisfactory to the District and
Consultant’s agreement to waive subrogation against the District respecting any and all claims that may
arise. Deductible and retention provisions shall not contain any restrictions as to how, or by whom, the
deductible or retention is paid. Any deductible or retention provision limiting payment to the Named
Insured is unacceptable.

Limits may be met by a combination of primary and excess coverage. In the event
Consultant or its agents procure excess or umbrella coverage to maintain certain limits requirements
outlined herein, these policies shall also satisfy all specified endorsements and stipulations, including
(where applicable) provisions that the Consultant’s insurance be primary without any right of
contribution from the District.
b.

Automobile Liability

(i)
At all times during the performance of the work under this Agreement,
the Consultant shall maintain Automobile Liability Insurance for bodily injury and property damage
including coverage for owned, non-owned and hired vehicles, in a form and with insurance companies
acceptable to the District.
(ii)
Coverage for automobile liability insurance shall be at least as broad as
Insurance Services Office Form Number CA 00 01 covering automobile liability (Coverage Symbol 1, any
auto).
(iii)
The policy shall give District, its officials, officers, employees, agents and
District designated volunteers additional insured status.

(iv)
Subject to written approval by the District, the automobile liability
program may utilize deductibles, provided that such deductibles shall not apply to the District as an
additional insured, but not a self-insured retention.
c.

Workers’ Compensation/Employer’s Liability

(i)
Consultant certifies that he/she is aware of the provisions of Section 3700
of the California Labor Code which requires every employer to be insured against liability for workers’
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compensation or to undertake self-insurance in accordance with the provisions of that code, and he/she
will comply with such provisions before commencing work under this Agreement.

(ii)
To the extent Consultant has employees at any time during the term of this
Agreement, at all times during the performance of the work under this Agreement, the Consultant shall
maintain full compensation insurance for all persons employed directly by him/her to carry out the work
contemplated under this Agreement, all in accordance with the “Workers’ Compensation and Insurance
Act,” Division IV of the Labor Code of the State of California and any acts amendatory thereof, and
Employer’s Liability Coverage in amounts indicated herein. Consultant shall require all subconsultants to
obtain and maintain, for the period required by this Agreement, workers’ compensation coverage of the
same type and limits as specified in this section.
d.

Professional Liability (Errors and Omissions)

e.

Minimum Policy Limits Required

At all times during the performance of the work under this Agreement the Consultant shall
maintain professional liability or Errors and Omissions insurance appropriate to its profession, in a form
and with insurance companies acceptable to the District and in an amount indicated herein. This
insurance shall be written on a policy form coverage specifically designed to protect against acts, errors
or omissions of the Consultant. “Covered Professional Services” as designated in the policy must
specifically include work performed under this Agreement. The policy must “pay on behalf of” the insured
and must include a provision establishing the insurer's duty to defend.
(i)

The following insurance limits are required for the Agreement:

Commercial General Liability
Automobile Liability
Employer’s Liability

Professional Liability
(ii)

Combined Single Limit

$2,000,000 per occurrence/ $4,000,000 aggregate
for bodily injury, personal injury, and property
damage
$1,000,000 combined single limit

$1,000,000 per accident or disease

$1,000,000 per claim and aggregate (errors and omissions)

Defense costs shall be payable in addition to the limits.

(iii)
Requirements of specific coverage or limits contained in this section are
not intended as a limitation on coverage, limits, or other requirement, or a waiver of any coverage
normally provided by any insurance. Any available coverage shall be provided to the parties required to
be named as Additional Insured pursuant to this Agreement. These are the minimum insurance
requirements and do not in any way represent or imply that such coverage is sufficient to adequately
cover the Consultant’s liability under this Agreement. The full coverage and limits of insurance or selfinsurance carried by or available to the Consultant shall be available to District and these insurance
requirements shall not in any way act to reduce coverage that is broader or includes higher limits than
those required. The insurance obligations under this Agreement shall be: 1 - all the insurance coverage
and limits and retention carried by or available to the Consultant; or 2 - the minimum insurance
requirements shown in this Agreement, whichever is greater. Any insurance proceeds in excess of the
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specified minimum limits and coverage required, which are applicable to a given loss, shall be available to
District.
f.

Evidence Required

g.

Policy Provisions Required

Prior to execution of the Agreement, the Consultant shall file with the District evidence of
insurance from an insurer or insurers certifying to the coverage of all insurance required herein. Such
evidence shall include original copies of the Commercial General Liability policy and the Professional
Liability Errors and Omissions policy signed by the insurer’s representative and Certificate of Insurance
(Acord Form 25-S or equivalent), together with required endorsements. All evidence of insurance shall
be signed by a properly authorized officer, agent, or qualified representative of the insurer and shall
certify the names of the insured, any additional insureds, where appropriate, the type and amount of the
insurance, the location and operations to which the insurance applies, and the expiration date of such
insurance.
(i)
Consultant shall provide the District at least thirty (30) days prior written
notice of cancellation of any policy required by this Agreement, except that the Consultant shall provide
at least ten (10) days prior written notice of cancellation of any such policy due to non-payment of
premium. If any of the required coverage is cancelled or expires during the term of this Agreement, the
Consultant shall deliver renewal certificate(s) including the General Liability Additional Insured
Endorsement to the District at least ten (10) days prior to the effective date of cancellation or expiration.

(ii)
The Commercial General Liability Policy and Automobile Policy shall each
contain a provision stating that Consultant’s policy is primary insurance and that any insurance, selfinsurance or other coverage maintained by the District or any named insureds shall not be called upon to
contribute to any loss.

(iii)
The retroactive date (if any) of each policy is to be no later than the
effective date of this Agreement. Consultant shall maintain such coverage continuously for a period of at
least three years after the completion of the work under this Agreement.

(iv)
All required insurance coverages, except for the professional liability
coverage, shall contain or be endorsed to provide a waiver of subrogation in favor of the District, its
officials, officers, employees, agents, and volunteers or shall specifically allow Consultant or others
providing insurance evidence in compliance with these specifications to waive their right of recovery
prior to a loss. Consultant hereby waives its own right of recovery against District, and shall require
similar written express waivers and insurance clauses from each of its subconsultants.

(v)
The limits set forth herein shall apply separately to each insured against
whom claims are made or suits are brought, except with respect to the limits of liability. Further the
limits set forth herein shall not be construed to relieve the Consultant from liability in excess of such
coverage, nor shall it limit the Consultant’s indemnification obligations to the District and shall not
preclude the District from taking such other actions available to the District under other provisions of
the Agreement or law.
h.

Qualifying Insurers

(i)
All policies required shall be issued by acceptable insurance companies, as
determined by the District, which satisfy the following minimum requirements:
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(1)
Each such policy shall be from a company or companies with a
current A.M. Best's rating of no less than A:VII and admitted to transact in the business of
insurance in the State of California, or otherwise allowed to place insurance through surplus line
brokers under applicable provisions of the California Insurance Code or any federal law.
i.

Additional Insurance Provisions

(i)
The foregoing requirements as to the types and limits of insurance
coverage to be maintained by Consultant, and any approval of said insurance by the District, is not
intended to and shall not in any manner limit or qualify the liabilities and obligations otherwise assumed
by the Consultant pursuant to this Agreement, including but not limited to, the provisions concerning
indemnification.

(ii)
If at any time during the life of the Agreement, any policy of insurance
required under this Agreement does not comply with these specifications or is canceled and not
replaced, District has the right but not the duty to obtain the insurance it deems necessary and any
premium paid by District will be promptly reimbursed by Consultant or District will withhold amounts
sufficient to pay premium from Consultant payments. In the alternative, District may cancel this
Agreement.
(iii)
The District may require the Consultant to provide complete copies of all
insurance policies in effect for the duration of the Project.

(iv)
Neither the District nor any of its officials, officers, employees, agents or
volunteers shall be personally responsible for any liability arising under or by virtue of this Agreement.

j.
Subconsultant Insurance Requirements.
Consultant shall not allow any
subcontractors or subconsultants to commence work on any subcontract until they have provided
evidence satisfactory to the District that they have secured all insurance required under this section.
Policies of commercial general liability insurance provided by such subcontractors or subconsultants
shall be endorsed to name the District as an additional insured using a form at least as broad as ISO form
CG 20 38 04 13. If requested by Consultant, District may approve different scopes or minimum limits of
insurance for particular subcontractors or subconsultants.
12.

Indemnification.

a.
To the fullest extent permitted by law, Consultant shall defend (with counsel of
District’s choosing), indemnify and hold the District, its officials, officers, employees, volunteers, and
agents free and harmless from any and all claims, demands, causes of action, costs, expenses, liability, loss,
damage or injury of any kind, in law or equity, to property or persons, including wrongful death, in any
manner arising out of, pertaining to, or incident to any acts, errors or omissions, or willful misconduct of
Consultant, its officials, officers, employees, subcontractors, consultants or agents in connection with the
performance of the Consultant’s services, the Project or this Agreement, including without limitation the
payment of all damages, expert witness fees and attorney’s fees and other related costs and expenses.
Consultant's obligation to indemnify shall not be restricted to insurance proceeds, if any, received by
Consultant, the District, its officials, officers, employees, agents, or volunteers.
b.
If Consultant’s obligation to defend, indemnify, and/or hold harmless arises out of
Consultant’s performance of “design professional” services (as that term is defined under Civil Code
section 2782.8), then, and only to the extent required by Civil Code section 2782.8, which is fully
incorporated herein, Consultant’s indemnification obligation shall be limited to claims that arise out of,
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pertain to, or relate to the negligence, recklessness, or willful misconduct of the Consultant, and, upon
Consultant obtaining a final adjudication by a court of competent jurisdiction, Consultant’s liability for
such claim, including the cost to defend, shall not exceed the Consultant’s proportionate percentage of
fault.
13.

California Labor Code Requirements.

a.
Consultant is aware of the requirements of California Labor Code Sections 1720 et
seq. and 1770 et seq., which require the payment of prevailing wage rates and the performance of other
requirements on certain “public works” and “maintenance” projects (“Prevailing Wage Laws”). If the
services are being performed as part of an applicable “public works” or “maintenance” project, as defined
by the Prevailing Wage Laws, and if the total compensation is $1,000 or more, Consultant agrees to fully
comply with such Prevailing Wage Laws. Consultant shall defend, indemnify and hold the District, its
officials, officers, employees and agents free and harmless from any claims, liabilities, costs, penalties or
interest arising out of any failure or alleged failure to comply with the Prevailing Wage Laws. It shall be
mandatory upon the Consultant and all subconsultants to comply with all California Labor Code
provisions, which include but are not limited to prevailing wages (Labor Code Sections 1771, 1774 and
1775), employment of apprentices (Labor Code Section 1777.5), certified payroll records (Labor Code
Sections 1771.4 and 1776), hours of labor (Labor Code Sections 1813 and 1815) and debarment of
contractors and subcontractors (Labor Code Section 1777.1). The requirement to submit certified payroll
records directly to the Labor Commissioner under Labor Code section 1771.4 shall not apply to work
performed on a public works project that is exempt pursuant to the small project exemption specified in
Labor Code Section 1771.4.
b.
If the services are being performed as part of an applicable “public works” or
“maintenance” project, then pursuant to Labor Code Sections 1725.5 and 1771.1, the Consultant and all
subconsultants performing such services must be registered with the Department of Industrial Relations.
Consultant shall maintain registration for the duration of the Project and require the same of any
subconsultants, as applicable. Notwithstanding the foregoing, the contractor registration requirements
mandated by Labor Code Sections 1725.5 and 1771.1 shall not apply to work performed on a public
works project that is exempt pursuant to the small project exemption specified in Labor Code Sections
1725.5 and 1771.1.

c.
This Agreement may also be subject to compliance monitoring and enforcement by
the Department of Industrial Relations. It shall be Consultant’s sole responsibility to comply with all
applicable registration and labor compliance requirements. Any stop orders issued by the Department of
Industrial Relations against Consultant or any subcontractor that affect Consultant’s performance of
services, including any delay, shall be Consultant’s sole responsibility. Any delay arising out of or
resulting from such stop orders shall be considered Consultant caused delay and shall not be
compensable by the District. Consultant shall defend, indemnify and hold the District, its officials, officers,
employees and agents free and harmless from any claim or liability arising out of stop orders issued by
the Department of Industrial Relations against Consultant or any subcontractor.
14.

Verification of Employment Eligibility.

15.

Reserved.

By executing this Agreement, Consultant verifies that it fully complies with all requirements and
restrictions of state and federal law respecting the employment of undocumented aliens, including, but
not limited to, the Immigration Reform and Control Act of 1986, as may be amended from time to time,
and shall require all subconsultants and sub-subconsultants to comply with the same.
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16.

Laws and Venue.
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Termination or Abandonment

This Agreement shall be interpreted in accordance with the laws of the State of California. If any
action is brought to interpret or enforce any term of this Agreement, the action shall be brought in a state
or federal court situated in the County of Santa Cruz, State of California.
a.
District has the right to terminate or abandon any portion or all of the work under
this Agreement by giving ten (10) calendar days written notice to Consultant. In such event, District shall
be immediately given title and possession to all original field notes, drawings and specifications, written
reports and other documents produced or developed for that portion of the work completed and/or being
abandoned. District shall pay Consultant the reasonable value of services rendered for any portion of the
work completed prior to termination. If said termination occurs prior to completion of any task for the
Project for which a payment request has not been received, the charge for services performed during such
task shall be the reasonable value of such services, based on an amount mutually agreed to by District and
Consultant of the portion of such task completed but not paid prior to said termination. District shall not
be liable for any costs other than the charges or portions thereof which are specified herein. Consultant
shall not be entitled to payment for unperformed services, and shall not be entitled to damages or
compensation for termination of work.
b.
Consultant may terminate its obligation to provide further services under this
Agreement upon thirty (30) calendar days’ written notice to District only in the event of substantial
failure by District to perform in accordance with the terms of this Agreement through no fault of
Consultant.
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Documents. Except as otherwise provided in “Termination or Abandonment,” above, all
original field notes, written reports, Drawings and Specifications and other documents, produced or
developed for the Project shall, upon payment in full for the services described in this Agreement, be
furnished to and become the property of the District.
19.

Organization

20.

Limitation of Agreement.

21.

Notice

Consultant shall assign _________________________ as Project Manager. The Project Manager shall not
be removed from the Project or reassigned without the prior written consent of the District.
This Agreement is limited to and includes only the work included in the Project described above.

Any notice or instrument required to be given or delivered by this Agreement may be given or
delivered by depositing the same in any United States Post Office, certified mail, return receipt requested,
postage prepaid, addressed to:
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DISTRICT:

CONSULTANT:

Soquel Creek Water District

[***INSERT NAME, ADDRESS & CONTACT
PERSON***]

5180 Soquel Drive
Soquel, CA 95073

Attn:
Michael
Department

J.

Wilson,

Engineering

and shall be effective upon receipt thereof.
22.

Third Party Rights

23.

Equal Opportunity Employment.

24.

Entire Agreement

25.

Severability

26.

Successors and Assigns

Nothing in this Agreement shall be construed to give any rights or benefits to anyone other than
the District and the Consultant.
Consultant represents that it is an equal opportunity employer and that it shall not discriminate
against any employee or applicant for employment because of race, religion, color, national origin,
ancestry, sex, age or other interests protected by the State or Federal Constitutions. Such nondiscrimination shall include, but not be limited to, all activities related to initial employment, upgrading,
demotion, transfer, recruitment or recruitment advertising, layoff or termination.
This Agreement, with its exhibits, represents the entire understanding of District and Consultant
as to those matters contained herein, and supersedes and cancels any prior or contemporaneous oral or
written understanding, promises or representations with respect to those matters covered hereunder.
Each Party acknowledges that no representations, inducements, promises or agreements have been made
by any person which are not incorporated herein, and that any other agreements shall be void. This
Agreement may not be modified or altered except in writing signed by both Parties hereto. This is an
integrated Agreement.
The unenforceability, invalidity or illegality of any provision(s) of this Agreement shall not render
the remaining provisions unenforceable, invalid or illegal.
This Agreement shall be binding upon and shall inure to the benefit of the successors in interest,
executors, administrators and assigns of each Party to this Agreement. However, Consultant shall not
assign or transfer by operation of law or otherwise any or all of its rights, burdens, duties or obligations
without the prior written consent of District. Any attempted assignment without such consent shall be
invalid and void.
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27.

Non-Waiver

28.

Time of Essence

29.

District’s Right to Employ Other Consultants

30.

Prohibited Interests

31.

Federal Requirements: N/A

None of the provisions of this Agreement shall be considered waived by either Party, unless such
waiver is specifically specified in writing.
Time is of the essence for each and every provision of this Agreement.
District reserves its right to employ other consultants, including engineers, in connection with this
Project or other projects.
Consultant maintains and warrants that it has not employed nor retained any company or person,
other than a bona fide employee working solely for Consultant, to solicit or secure this Agreement.
Further, Consultant warrants that it has not paid nor has it agreed to pay any company or person, other
than a bona fide employee working solely for Consultant, any fee, commission, percentage, brokerage fee,
gift or other consideration contingent upon or resulting from the award or making of this Agreement. For
breach or violation of this warranty, District shall have the right to rescind this Agreement without
liability. For the term of this Agreement, no director, official, officer or employee of District, during the
term of his or her service with District, shall have any direct interest in this Agreement, or obtain any
present or anticipated material benefit arising therefrom.

[SIGNATURES ON FOLLOWING PAGE]
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SIGNATURE PAGE FOR PROFESSIONAL SERVICES AGREEMENT
BETWEEN SOQUEL CREEK WATER DISTRICT
AND [***INSERT NAME***]
IN WITNESS WHEREOF, the parties have executed this Agreement on the day and year first written
above. This Agreement may be executed in one or more counterparts by the parties hereto. All
counterparts shall be construed together and shall constitute one agreement. A signature reproduced
electronically, by facsimile or .pdf shall be treated as an original signature.
SOQUEL CREEK WATER DISTRICT

[INSERT NAME OF CONSULTANT]

By:

By:

[INSERT NAME]
[INSERT TITLE]

Its:

Printed Name:

Federal Tax I.D. Number:_______________
ATTEST:
By:

[INSERT TITLE]
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______

EXHIBIT A

Scope of Services
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EXHIBIT B

Schedule of Charges/Payments

Consultant will invoice District on a monthly cycle. Consultant will include with each invoice a detailed
progress report that indicates the amount of budget spent on each task. Consultant will inform District
regarding any out-of-scope work being performed by Consultant. This is a time-and-materials contract.
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EXHIBIT C

Activity Schedule

The Engineering Firm’s activity schedule will be coordinated with, and partial driven by the
Environmental Consultant’s activity schedule. It is also understood the Environmental Consultant’s will
be subject to the availability of the County of Santa Cruz’s Planning Department’s response time to
submittals.
The Engineering Consultant and the District will mutually develop a tentative activity schedule after a
scoping meeting with the Environmental Consultant.
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