
EXHIBIT A - SCOPE OF WORK

Work To Be Performed by Grantee

The Project is a research and demonstration project for applying the bioengineered water treatment technologies of bioswales and bioactive trenches to the decontamination of agricultural runoff. The Project will control the discharge of nutrients and pesticides from farmland to the Santa Clara River. A bioswale is a shallow ditch vegetated with grasses that serve as both a sediment trap and a biofilter, as the plants take up nutrients and the vegetation slows water flow to remove sediments and adsorbed pesticides. A bioactive trench utilizes bacteria to actively transform nutrients to non-bioavailable forms, and to remove sediment and pesticides by settling. Both technologies represent a low cost alternative to expensive water treatment. Bioactive trenches have the advantage of a smaller footprint than bioswales, but bioswales are potentially easier to maintain. 

Drainage and runoff from the farmland upslope of the Project will be treated in the bioswales and trenches to remove nutrients and pesticides before discharging the water to the Santa Clara River.  Both input concentrations of tested compounds and discharge concentrations of the same compounds will be monitored to determine effectiveness of each treatment method. 

1.
Scoping and Design

a.
Establish a Technical Advisory Committee (TAC) during the initial period of the Project.  The role of the TAC will be to advise the Project Manager and contractor about the central concerns of pollution from agricultural runoff into the Santa Clara River and to provide appropriate coordination with other projects in the watershed that are seeking to improve river water quality by the implementation of Best Management Practices (BMPs) and/or monitoring activities. The TAC will consist of members of the scientific community, including University of California campuses other than Santa Barbara.  Also to be invited to sit on the Committee will be Natural Resources Conservation Services (NRCS), engineers in the agriculture and drainage community, and United Water Conservation District (UWCD) in Santa Paula, among others.

(1)
Provide a list of all TAC members and their affiliations.

(2)
Provide the agenda, minutes, and sign-in sheet from meetings.

b.
Report current and past agricultural practices on lands on Underwood Farm.  Include Cropping Pattern Data, Soil/Water Chemistry, Fertilization, Tiling, Chemical Applications, and Irrigation Practices Data.

(1)
Research the cropping patterns on the farmed area determined, via watershed and topographic inspection, to provide runoff into the drains that will supply the Project as far back into the past as is possible, using information from the current and past landowners as well as data available from the local NRCS. 

(2)
Evaluate fertilization, chemical applications, and irrigation practices to the extent possible, as far back into the past as data exist.  The purpose is to determine what chemicals (nutrient additions, pesticides, and herbicides) have been used on the contributing lands and when they had been applied.  This data will allow us to determine which chemicals should be analyzed in the incoming water and with which legacy pesticides the Project should be concerned.

c.
Report on water volumes and quantity, pesticides, and nutrients anticipated to enter the Project sites. Compounds to be measured will include (at least) nitrate, ammonia, phosphate, organochlorine pesticides, organophosphates, and carbamates.  Other contaminants may be added to this list depending on initial water quality analyses.

d.
Complete and submit the draft design for the systems to be installed to both the Grant Manager at the RWQCB and to the TAC. Both parties will be given the opportunity to review and comment on the draft plans. 
The bioswales will consist of two sets of shallow excavations with four channels in each one.  Each channel is to be approximately one foot deep, fourteen (14) feet wide, and one hundred sixty five (165) feet long.  Actual dimensions will be determined based on water volume predictions.  The removed soil will be piled to the side of the excavations, creating an additional height of about one foot, for a combined depth of two feet.  There will be a road between each of the two sets of swales, to allow full-length access to each swale.  One set of bioswales will receive ambient water as delivered from the ditch; the other set will receive water that has been “spiked” with contaminants.  Water will be delivered into the bioswales from the pipe, with a manifold to divide the flow into the proper number of sections to accommodate each channel of the bioswales.  Each channel will have its own valve and meter.  Construction will include the diversion of water from the drains to supply the bioswale.  

The biotrenches will consist of four one hundred (100) foot trenches approximately eight feet deep, two for anaerobic conditions and two for aerobic conditions.  One set of trenches will be operated with ambient water as delivered from the ditch; the other set will receive water that has been “spiked” with contaminants.  The material removed from the trenches will be placed to the side of the trench, and will be smoothed to create a low, broad raised road for easy access.  Straw bales and gravel will constitute the bioactive matrix material.  Water will be delivered through a manifold to each trench, as described above.  Construction will include the diversion of water from the drains to supply the biotrenches. 

Specifications for the sizes and dimensions of the bioswales and biotrenches will be based on: 

· Estimated runoff volume from the agricultural operation based on acreage irrigated and on and irrigation practices; 

· Estimated loss via evapotranspiration; 

· Estimated loss via infiltration; 

· Allowance for fifteen to thirty percent (15-30%) of dry-weather inflow to leave the system via the outflow collector.  This will allow for monitoring the system performance with a reliable signal at the outlet.  During storm events, the inflow will be controlled to allow only a predetermined maximum flow, allowing the rest of the flow to flow through the existing creeks.

e. Submit the finalized TAC approved design plans for both the bioswales and biotrenches to grant manager for review and approval.  The design plans will include the acres supplying runoff (treated acres), the final design specifications for the bioswales and bioactive trenches, minimum acreage to be treated, the estimates of wasteload reductions, site topography, installation location choice, and a cost/benefit analysis. 

f.
Submit a “Request to Proceed” letter to the SWRCB Grant Manager for approval.  No construction shall proceed until approval is received.

2.
Construction of Bioswales and Biotrenches

a.
Construct the bioswales according to the design plans approved in 1.e. and assemble pre- and post- photo documentation.  These photos will document the step-by-step process of bioswale construction and will result in a visual tool that other interested parties could use as a building guide. 

b. Construct the biotrenches according to the design plans approved in 1.e. and assemble pre- and post-photo documentation.  These photos will document the step-by-step process of biotrench construction and will result in a visual tool that other interested parties could use as a building guide. 

c.
Assemble photo documentation of the installation of the research instrumentation.  Each soil-water sample site (eight sites for the bioswales, and eight sites for the trenches) will consist of three lysimeters installed at different depths between one-half (½) and six feet below surface.  The intermediate depth lysimeter has a larger capacity (four-inch diameter, eighteen [18]-inch length), and provides samples used for pesticide analysis; the other lysimeters are principally for nutrient analysis and are two inches in diameter.  For the biotrenches, there will be monitoring locations immediately upgradient and downgradient of each biotrench, to determine surface water elevation as well as collect before and after samples, to allow estimation of flux and removal.  Lysimeters will also be placed upgradient and downgradient of the bioswale to monitor groundwater fluxes, in terms of water, nutrients and pesticides.  Groundwater monitoring wells will also be placed along two) transects perpendicular to the bioswale and biotrench, to allow for monitoring of groundwater elevation and concentrations in the vicinity of the systems.

d.
Submit results from startup and field testing of the constructed structures to ensure smooth functioning during the life of the Project.  This will involve at least one week of operation and field testing prior to the initiation of data collection.

3.
Operation and Data Collection 

a. Design a training program consisting of training manuals and Standard Operating Procedures (SOPs) for all personnel involved in field sampling and measurements.  This program will include a written operations manual.

b. Submit training sign-in sheets documenting the University of California Santa Barbara (UCSB) graduate students and volunteers from Grantee that participate in the collection of field samples.

c. Conduct sampling, measurements, and analyses according to the approved Monitoring Plan and QAPP to demonstrate input conditions ranging from ambient (concentrations yet unknown) to enriched (up to twenty five milligrams per liter [25 mg/l] for nitrates, and up to five hundred parts per billion [500 ppb] for selected pesticides).  There will be enough replication (minimum of four) of each condition to conduct a statistical analysis of performance. Spiking of nitrates and pesticides will take place at least twice during the operation of the Project. The spiking will take place regardless of concentration of nutrients and pesticides found in the ambient water. The spikes are a portion of the demonstration, and do not have a trigger.  Monitoring and data collection will occur only during the eighteen (18) month experimental period. Plants will be harvested at the end of the dry season to determine overall nutrient uptake, and collect soil samples for nutrient and residual pesticide analysis along the length of the systems.

d. Conduct periodic mowing and disking of mulches, and possibly replace the filtering matrix in the bioactive trenches.  Expended matrix materials will either be hauled to a landfill, or dried and burned on site, depending on permit requirements and on the nature of the residual material.  Instruments and infrastructure elements will also receive regular maintenance as required, until the experimental period is completed.

4.
Data Interpretation 

a.
Conduct quarterly meetings with the TAC to discuss data results in order to adaptively manage the Project, and submit summaries of TAC meetings.  Data interpretation will be on-going, with interim monthly internal interactions among data interpreters.

b.
Provide data from the extensive monitoring to generate models at UCSB that can be used in the Santa Clara River and throughout Southern California watersheds with similar agricultural uses.  These models will include a BMP Design Tool and will be created with a user-friendly Graphical User Interface (GUI) to allow for relatively simple sizing and simulation of performance based on a few key parameters (e.g., typical range of precipitation, range of ambient temperatures, soil types, drainage area and slope, crop types) that can be easily obtained from national databases, e.g. the USEPA BASINS information. 

c.
Submit results to peer-reviewed journals and American Society for Civil Engineers’ (ASCE) BMP database. 

d.
Develop a cost-benefit analysis report which will include comparisons to similar BMPs in other locations as well as alternative BMPs, average cost of crops lost to BMP installation, maintenance costs (removal/disposal of contaminated sediment), various measures of load reduction including pounds or percent of chemical removed per acre of BMP or cost of BMP. 

e.
Produce an Annual Load Reduction Report (crop cycle).  This report will detail the reduction in loads of nutrients and pesticides that was effected by the BMP’s.

f.
Conduct public education and outreach through organized tours to the site, distribution of educational materials including construction photo documentation, as well as communication with other professionals and water quality agencies in Ventura County.



















































































