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Executive Summary
This study involved the search for and selection of a suitable site for the implementation of an
algal floway system within the Falls Lake watershed. An algal floway is an ecological
engineering treatment technology designed to remove nutrients from surface waters by growing
and harvesting algal biomass. The purpose of constructing the algal floway would be to remove
nutrients (nitrogen and phosphorus) from Falls Lake in order to support the City of Durham’s
compliance with the Falls Lake Rules nutrient reduction goals. The effort also involved
preparation of a conceptual design for an algal floway system at the selected site. A rough order
of magnitude construction cost estimate was also prepared based on the conceptual design, as
well as a summary of anticipated permitting efforts and other anticipated next steps for
implementation of the algal floway.

Site Search and Selection
The site search was conducted within the Falls Lake watershed in Durham, Granville, and Wake
Counties. Geospatial data and water quality and quantity monitoring data were assessed to
identify 35 potential sites. Based on discussions with City of Durham and Durham County staff,
12 of the 35 sites were selected for more detailed evaluation and prioritization. Figure ES-1
shows the locations of the 35 potential sites, as well as the 12 candidate sites that were
selected for more detailed evaluation. Site visits were conducted and conceptual layouts of
potential algal floway systems were developed for each of the 12 candidate sites. Site criteria
were used to evaluate, prioritize, score, and rank the 12 candidate sites. The evaluation
involved assessment of source water quality and quantity, potential treatment capacity, current
ownership, anticipated clearing/grading required, intake location suitability, pumping distance
and elevation, potential wetland or stream impacts, and other site criteria. Application of these
multiple criteria resulted in excluding many potential sites located in the City/County of Durham.
Based on the detailed evaluation/prioritization of the 12 candidate sites, Site 27 which scored
the highest was selected to conduct a site feasibility analysis for construction of the algal floway
system, which included preparation of a conceptual design. As shown on Figure ES-2, Site 27
is located in Granville County, North Carolina, adjacent to Falls Lake and just south of I-85. Site
27 has a single landowner, but consists of four parcels with a total project area of 34.91 acres.
The project area has frontage on Will Suitt Road along the eastern side, is bounded to the north
and west by federally-owned land, and to the south by another privately-owned parcel.

Conceptual Design for Selected Site
To guide conceptual design and further evaluate site feasibility, environmental due diligence was
conducted for Site 27. The effort involved a jurisdictional delineation of streams and wetlands, a
habitat evaluation of federal and state-listed protected species, and a desktop review of cultural
resources. Of the federal and state-listed protected species considered, potential habitat was
identified only for the smooth coneflower. However, no populations or individuals of this species
were observed in the study area during the survey. One recorded archaeological site was
identified as potentially eligible for National Register of Historic Places (NRHP) and was
recommended for additional investigation, which should be considered as part of future
permitting efforts.
Conceptual design drawings were prepared for an algal floway system at Site 27 with a
treatment capacity of 10 million gallons per day (MGD). A plan view and conceptual site layout
are shown on Figure ES-2. The conceptual design for the intake system was comprised of a
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Figure ES-1. Potential Sites Identified for Algal Floway Facility
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Figure ES-2. Conceptual Layout for Algal Floway Facility at Selected Site
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pump station with four 60 horsepower pumps, two 18-inch diameter suction pumps, and one 20inch diameter influent discharge pipe that terminates at the algal floway influent box. The
conceptual design for the floway includes two floway areas, each with a length of 500 feet and
width of 174 feet. The system is equipped with a perimeter algal biomass harvest, dewatering,
and compost pad, as well as two dewatering beds for harvest related discharge, and a pipe that
conveys effluent into Falls Lake. Site and stormwater requirements from the Granville County
ordinances were incorporated into the conceptual drawings, including required setbacks and
buffers. Further discussions with Granville County will be needed to establish design criteria for
stormwater management.

Rough Order of Magnitude Construction Cost Estimate
Based on the conceptual design drawings, a rough order of magnitude (ROM) cost for
construction of an algal floway at Site 27 was estimated to be $7.9 million. The cost estimate
included allowances for surveying, permitting, engineering, and construction administration, but
did not include estimates for land/easement acquisition, legal costs, or operation and
maintenance costs, which should ultimately be considered prior to project implementation.

Nutrient Load Reduction and Algal Biomass Estimates
Nutrient load reduction estimates were developed for a potential algal floway facility at Site 27
based on the estimated source water quality in Falls Lake at the proposed intake location and
assuming a 10 MGD treatment capacity. The projections were developed based on adjustments
to modeling (primarily for source water quality data) that was performed as part of a previous
pilot program study for Falls Lake (Biohabitats and HydroMentia, 2017). In addition, the
estimates were adjusted/reduced to account for potential disruptions in operations due to lake
levels falling below the proposed intake. The adjustment/reduction was developed based on
review of historical lake level records. The potential total and seasonal removal rates of nitrogen
and phosphorus estimated for the proposed 10 MGD algal floway facility are summarized below.
If operations are not disrupted by lower lake levels, the total nitrogen and phosphorus removal
rates could be increased by 11.6% on an annual basis.


Total Annual Nitrogen Removal Rate Range – 3,020 to 6,049 pounds per year
o Warm Season – 2,841 to 5,691 pounds per year
o Cool Season – 179 to 358 pounds per year



Total Annual Phosphorus Removal Rate Range - 508 to 656 pounds per year
o Warm Season – 478 to 617 pounds per year
o Cool Season – 30 to 39 pounds per year

Potential annual wet biomass production and resulting compost production were also estimated
based on the same assumptions for source water quality and treatment capacity. However,
these estimates were not adjusted for potential disruptions in operations in order to develop
conservative values for planning purposes. The annual estimates for wet biomass production
and compost production for the proposed 10 MGD algal floway facility are summarized below.



AECOM
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Anticipated Permitting
Following is a summary of anticipated permitting efforts for implementation of an algal floway
system at Site 27:


With anticipated wetlands impacts of less than 0.5 acres, pre-construction notification
(PCN) application for U.S. Army Corp of Engineers (USACE) Nationwide Permit (NWP) 43
for stormwater management facilities and a NWP 7 for outfall structures and associated
intake structures will be required, which includes the USACE regulated Section 404 NWP
as well as the North Carolina Division of Water Resources (NCDWR) regulated Section 401
water quality certification.



As part of the Section 404 permit and National Environmental Protection Act (NEPA)
process, the USACE must consider the effects to cultural and historic properties in
accordance with Section 106 of the National Historic Preservation Act (NHPA) and potential
impacts to rare, threatened, or endangered species in accordance with Section 7 of the
Endangered Species Act (ESA). This involves consultation with the North Carolina State
Historic Preservation Office (SHPO) for Section 106 and the U.S. Fish and Wildlife Service
(USFWS) for Section 7.



Site and stormwater permitting through Granville County will be required. Additional
discussions with Granville County are recommended to confirm stormwater management
requirements as well as whether zone reclassification or special use permits are required.
In addition, a floodplain development application and permit will be required through the
County prior to development activities located within special flood hazard areas.



Sediment and erosion control plan and permit approval will be required through the North
Carolina Department of Environmental Quality (NCDEQ) Raleigh Regional Office.



Use of government land permitting or Non-Recreation Outgrant Request application will be
required through the USACE Wilmington District. Pending assessment of the USACE,
application may require preparation of an Environmental Assessment (EA) or an
Environmental Impact Statement (EIS).



The NCDEQ should be consulted to determine whether permit coverage is needed under
the National Pollutant Discharge Elimination System (NPDES).

While an assessment of anticipated permitting was conducted as part of this study, due to the
unique nature of this project and limited consultation with regulators, AECOM recommends that
the City continue or initiate scoping discussions with regulatory agencies and stakeholders to
further define permitting efforts.

Other Potential Needs and Considerations / Next Steps
In additional to the permitting efforts, other potential needs and considerations which should be
considered as next steps for implementation of the algal floway system at Site 27 include:


Perform a geotechnical investigation to assess the subsurface characteristics of the site.



Conduct a site-specific topographic survey of the project area to refine/confirm site
constraints and dimensions.



Concrete and asphalt pavement thicknesses were assumed for the purposes of the cost
estimate based on best professional judgement. Refine requirements for pavement design
(concrete and asphalt) based on results of the geotechnical evaluation.



Conduct additional evaluation to assess whether an alternate system to the dewatering beds
shown in the current conceptual design would be more effective, such as polishing ponds.
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Evaluate alternatives for configuration of the pump intake system to optimize minimum
design pump lake elevation, improve efficiency, reduce costs, and facilitate permitting
efforts. Any configuration, including the current conceptual design, will require acceptance
and approval by the USACE.



Evaluate alternatives for floway surface material pending results of geotechnical evaluation
to optimize cost and improve operational efficiency. Options include High Density
Polyethylene (HDPE) liner with grid (current conceptual design), concrete, and asphalt
pavement.



Refine configuration of the perimeter harvest system currently shown in the conceptual
design drawings.



Evaluate the potential for short circuiting of source water and effluent to optimize final
placement of intake and discharge locations.



In addition to the permitting efforts previously mentioned, engage the City of Raleigh and
NCDWR to discuss requirements for sourcing water from Falls Lake, including a potential
water allocation study.

AECOM
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The goal of this study was to select a suitable site and prepare a conceptual design for an algal
floway system located in the Falls Lake watershed within Durham County, Granville County, or
Wake County. The purpose of the algal floway is to remove nutrients (nitrogen and phosphorus)
from Falls Lake in a cost effective manner in order to support the City of Durham’s compliance
with the Falls Lake Rules nutrient reduction goals. Algal floway site selection and conceptual
design is needed before the City of Durham considers proceeding with constructing a
permanent algal floway system. The information developed as part of the conceptual design
effort is intended to guide decision-making for future site planning, permitting, and development
of full-scale construction documents for an algal floway system in the Falls Lake watershed.

1.2

Project Background

The City of Durham has been considering and evaluating the potential use of an algal floway
system for removal of nutrients in the Falls Lake watershed since 2012. An algal floway, also
known as an Algal Turf Scrubber®, is an ecological engineering treatment technology designed
to remove nutrients from surface waters by growing and harvesting algal biomass. The primary
component of the treatment system consists of a long rectangular area, or floway, constructed
from concrete or other hard surface material. Nutrient-enriched water from a nearby waterbody
is pumped/pulsed over the floway promoting algae growth on the floway surface. The algae
removes nitrogen and phosphorus from the flowing water through photosynthesis and growth,
and cleaner water is returned to the source. Algal biomass is then regularly harvested and can
be either disposed of in the landfill or processed into useful materials such as compost or
livestock feed. These systems have been successfully implemented at various locations in the
United States. Figure 1 shows an aerial view of an algal floway system installed in central
Florida. For more detailed information on algal floway technology, the reader is referred to a
publication by Adey et. al (2011). More details and considerations for algal floway systems
specific to the City of Durham are provided in two previous studies (Biohabitats and
HydroMentia, 2013, 2017), which are summarized in the next section, followed by a summary of
the current project.

Figure 1. Large scale Algal Floway System in Central Florida (photo courtesy of
HydroMentia Technologies LLC)

AECOM

7

City of Durham Algal Floway Site Selection
and Conceptual Design Final Report

1.2.1

January 2021

Previous Studies

The City initially conducted a feasibility study to assess the effectiveness of an algal floway
system sourced from stream flow in Ellerbe Creek and Little Lick Creek. Results of the study
were presented in a report entitled Algal Turf Scrubber® Feasibility Study, Ellerbe and Little Lick
Creek, October 11, 2013, prepared by Biohabitats and HydroMentia (2013). The study report
included identification of candidate sites for the installation of an algal floway, development of
scoring criteria, scoring and ranking of candidate sites, modeling to develop estimates of
nutrient load reduction and treatment costs, an algal biomass management plan, design and
implementation cost estimates, and cost effectiveness of the technology at the various sites
considered in terms of nutrient removal efficiency. The study showed that several sites
considered in the study area may be suitable for pilot scale and large-scale implementation.
Additionally, results of the study supported the feasibility and cost effectiveness of the
technology for the removal of nutrients from the surface waters considered.
Following the feasibility study, the City commissioned a pilot study for implementation of an algal
floway system for direct treatment of water sourced from Falls Lake. Results of the study were
presented in a report entitled Falls Lake Algal Turf Scrubber Pilot Program, Final Report, June
11, 2017, prepared by Biohabitats and HydroMentia (2017). The site for the pilot study was
located on the west side of the lake, just downstream of I-85, and upstream of the Hickory Hill
boat launch. The pilot unit was a 500 foot long, one foot wide treatment unit installed adjacent to
Falls Lake and flow was introduced to the system in July 2015. The water quality data and algal
production were assessed for both warm and cool season conditions. Pre-monitoring operations
designed to initiate development of the algal turf community started on July 29, 2015 and lasted
until September 29, 2015. Water quality data and harvested biomass data were collected from
September 29, 2015 through December 20, 2016. Lab analysis for nitrogen performed on
samples collected from September 29, 2015 through December 29, 2015 were compromised
and were excluded from the dataset. Study results indicated a 12% reduction in nitrogen
concentrations and 32% reduction in phosphorus concentrations over the monitoring period.
Load reduction projections were also estimated for large scale systems considering both high
rainfall and low rainfall years. Present worth costs for pounds of nitrogen and phosphorous
($/lbs) removed were also estimated for 10 million gallons per day (MGD) and 25 MGD facilities.
For a 10 MGD facility, the present worth costs were estimated to be $100/lb for nitrogen
removed and $565/lb for phosphorus removed. For a 25 MGD facility, the present worth costs
were estimated to be $67/lb for nitrogen removed and $381/lb for phosphorus removed. The
study also included an assessment of biomass harvesting and processing based on results of
the pilot study. Overall, results of the study indicated that the algal floway technology can be
very cost effective for the removal of nutrients for water sourced from Falls Lake at the pilot
study location, with increasing efficiency for the larger (higher flow) facilities.
1.2.2

Current Project

Based on results of the feasibility study (Biohabitats and HydroMentia, 2013) and pilot program
study (Biohabitats and HydroMentia, 2017), the City initiated the current project for final site
selection and conceptual design for an algal floway system within the Falls Lake watershed.
Figure 2 shows the entire Falls Lake watershed in relation to counties, major tributaries, and
roads. Suitable search areas for potential sites within the watershed were identified through the
assessment of readily available water quality and quantity monitoring data, and refined based
on the collective institutional knowledge of City of Durham and Durham County staff about the
Falls Lake watershed.
Following the designation of search areas, available geospatial data were used to identify
locations having preferred site characteristics. The assessment involved some systematic
screening, but also manual viewing and searching of geospatial maps. This process was used
to identify 35 potential sites within the search areas. These sites were further screened during
AECOM
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discussions and meetings with the City of Durham, Durham County, and AECOM staff to narrow
the list to 12 candidate sites that were subjected to more detailed evaluation and prioritization.
Investigative site visits were conducted and conceptual layouts of potential algal floway systems
were developed for each of the sites to gather information and further evaluate their feasibility.
Site criteria were developed based on the information gathered and evaluated and used to
prioritize, score and rank the candidate sites.

Figure 2. Falls Lake Watershed Map
Based on the site evaluation and associated criteria, the City of Durham selected the top ranked
site to move forward with for conceptual design of an algal floway system. The selected site
(site 27) consists of four parcels with a single land owner located in Granville County, North
Carolina, adjacent to Falls Lake and just south of I-85. AECOM staff conducted environmental
due diligence for the site, which included an additional site visit to assess jurisdictional streams
and wetlands and potential threatened and endangered species concerns, as well as desktop
assessments for potential cultural resources.
Following the additional site assessment and environmental due diligence, a conceptual design
was prepared for a potential algal floway system located on the selected site. The conceptual
design drawings include a site layout and rough grading plan, typical plans and sections for an
algal floway system, and conceptual details for the intake, pump and influent pipeline system.
The conceptual design effort for the selected site also included site and stormwater
considerations, power considerations, nutrient removal estimates, and algal biomass production
assessments. In addition, a rough order of magnitude cost estimate was also prepared for the
proposed location of the system.
The following sections provide more detail on the current study, including methods and results,
and proposed next steps (including anticipated permitting efforts) for the construction of an algal
floway system at the selected site location.
AECOM
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Site Selection

Site selection for a suitable algal floway installation was a step wise or phased process which
involved desktop analysis to screen potential sites as well as site reconnaissance and
prioritization/ranking of selected sites using adopted criteria. The following section discusses the
implemented site selection and prioritization approach, a summary of the sites considered, and
the final site recommendation.

2.1

Site Selection/Prioritization Approach

The site selection process was implemented as a phased approach. The initial phase involved a
desktop analysis which identified potential sites within the Falls Lake watershed. Next, relevant
information was reviewed and discussed with the City of Durham staff and sites were screened,
prioritized, and selected for a detailed evaluation. The detailed evaluation for the selected sites
involved site visits to gather information, development of conceptual layouts, and development
and application of site criteria to prioritize and rank the sites. The phased site selection process
was implemented in two separate efforts. The first effort was conducted in 2019, and the second
effort was conducted in 2020. The second effort was required because City of Durham and
Durham County staff concluded that sites identified in the first effort were not ideal for
implementing an algal floway system. Lessons learned during the first effort, including the
narrowing of search areas based on water quantity and quality data and obtaining some
additional data (Falls Lake bathymetry), were applied to expedite and improve the overall
search process during the second effort.
2.1.1

Search Areas

The search areas were limited to Durham County during the first search effort in 2019, but were
later expanded to Granville and Wake Counties during the second effort in 2020. During the
initial phase of desktop analysis for both search efforts, suitable search areas for potential sites
within the Falls Lake Watershed were identified through the assessment of readily available
water quality and quantity monitoring data. Search areas were limited to those near source
waters with quality similar to or more favorable to those conditions observed during the pilot
study program (Biohabitats and HydroMentia, 2017). Search areas were also limited to source
waters with substantial flow or volume to support an algal floway system as proposed in the
previous studies. In addition, search areas were also refined based on the institutional
knowledge of City of Durham staff about the Falls Lake watershed.
Water quality and quantity data for the assessment were obtained from various sources,
including monitoring data collected and made available by the City of Durham, the North
Carolina Division of Water Resources (NCDWR), the United States Geological Survey (USGS),
and the Upper Neuse River Basin Association (UNRBA). Figure A-1 in Appendix A shows
locations of stations monitored by these different agencies within the area considered for the
study. From the available water quality data collected at the monitoring stations, concentrations
of total nitrogen and total phosphorus were compared to mean values observed at the pilot
study location, which were 1.1 mg/L for total nitrogen and 0.061 mg/L for total phosphorus over
the pilot study monitoring period (Biohabitats and HydroMentia, 2017). The search for potential
sites was limited to areas near monitoring station locations where total nitrogen and phosphorus
concentrations were observed to be consistently near or above the thresholds observed during
the pilot study. The water flows observed at the different monitoring stations were also
considered in searching for potential sites. In general, the search for potential sites was limited
to areas where flows were expected to consistently support a 10 MGD algal floway facility. The
treatment capacity of 10 MGD was used as a lower threshold as directed by the City to achieve
a cost effective solution according to the results of the pilot study program (Biohabitats and
HydroMentia, 2017). However, the search area was expanded in some areas where stream
AECOM
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flows were expected to be marginally acceptable, in order to be comprehensive and avoid
overlooking sites that were ideal in terms of other characteristics. Figure A-1 in Appendix A
also shows the general search areas identified for potential suitable algal floway locations based
on the consideration of water quality and quantity data. As shown, the general search areas
included the lower portions of Ellerbe Creek, Panther Creek, and Little Lick Creek, as well as
Upper Falls Lake between the railroad crossing (just north of I-85) and the Cheek Road
crossing, and between the Old Weaver Trail crossing and monitoring station LC01 (Ledge
Creek).
2.1.2

Potential Site identification and Desktop Evaluation

After identification of suitable search areas as described in the previous section, potential sites
were initially identified through review of available geospatial information. The sources of the
geospatial or geographic information system (GIS) data used for the desktop analysis are
summarized in Table 1.
Table 1. Geospatial Data Sources
Data Source

Online Location

City of Durham GIS Services

https://durhamnc.gov/1227/GIS-Services

Granville County Addressing & GIS

https://www.granvillecounty.org/businesses/gis/

Wake County GIS Map Services Data Download

http://www.wakegov.com/gis/services/pages/data.aspx

Durham Open Data

https://live-durhamnc.opendata.arcgis.com/

Raleigh Open Data

https://data-ral.opendata.arcgis.com/

Wake County Open Data

https://data-wake.opendata.arcgis.com/

NC OneMap

https://www.nconemap.gov/

Durham GoMaps 4.0

https://maps.roktech.net/DurhamNC_Gomaps4/

Wake County iMAPS

http://www.wakegov.com/gis/imaps/Pages/default.aspx

Granville County GIS Viewer

https://www.granvillecounty.org/businesses/gis/

North Carolina Spatial Data Download

https://sdd.nc.gov/sdd/DataDownload.aspx

USFWS Geospatial Services

https://www.fws.gov/gis/data/national/

NRCS GeoSpatialDataGateway

https://datagateway.nrcs.usda.gov/GDGOrder.aspx

North Carolina Division of Waste Management Site
Locator Tool

https://deq.nc.gov/about/divisions/waste-management/wastemanagement-rules-data/waste-management-gis-maps

North Carolina Flood Risk Information System

https://fris.nc.gov/fris/Download.aspx?ST=NC

The desktop assessment involved some systematic screening based on parcel size, site slopes
and proximity to water, but also involved manual viewing and searching land parcels and
geospatial data in consideration of the following site characteristics:




Property size large enough to support a 10 MGD facility
Property ownership (i.e. county, state, federal, or private)
Land use
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Proximity to water
Mild to moderate site slopes
Suitable Access
Land outside the 100-year flood zone
Presence of stream or wetlands

The initial site search and desktop evaluation resulted in identification of 35 potential site
locations for further consideration. These sites were further screened through various
discussions and meetings between the City of Durham, Durham County, and AECOM staff,
considering the site characteristics and through application of other institutional knowledge by
City and County staff. Some sites were also eliminated from consideration due to lack of
landowner interest in selling or leasing their properties.
The screening process resulted in 12 candidate sites that were selected for more detailed
evaluation and prioritization. As previously mentioned, the site searching, screening, and
evaluating process was implemented in two separate efforts. The first effort conducted in 2019
identified 22 potential sites, of which 7 were subjected to more detailed evaluation. While, the
second effort conducted in 2020 identified 13 potential sites, of which 5 were subjected to more
detailed evaluation.
Figure A-2 in Appendix A shows the locations of the 35 potential sites, as well as the 12 sites
that were selected for detailed evaluation. A summary with more details on the potential and
selected sites is provided in Section 2.2.
2.1.3

Detailed Evaluation for Selected Sites

The detailed evaluation for the 12 selected sites involved site visits/reconnaissance, preparation
of conceptual layouts, and development and application of site criteria for ranking and
prioritization. For the privately-owned sites, the process also involved searching for landowner
contact information, establishing contact with those landowners, and coordinating/discussing the
logistics for site visits and the potential implications for siting the algal floway system on their
properties.
The purpose of the site visits was to collect field condition information pertinent to the design of
an algal floway system, including the presence of wetlands or streams, intake location suitability
and access, presence of exposed rock or groundwater seepage, forest resources, and other
features that become apparent during the site visit that could influence the design of the floway
system. During the site visits, photographs were collected to document characteristics of each
site. Photologs for each site are included in Appendix B.
Conceptual layouts of the algal floway systems were also developed for each selected site.
These conceptual layouts were used to facilitate application of the site criteria as well as provide
a visual aid while conducting site visits. The conceptual layouts included parcel boundaries,
nearby surface water, mapped wetland areas, potential stream buffers, FEMA flood zones,
roadways, aerial imagery, topographic contours, and potential location of conceptual algal
floway system components. The algal floway components shown included the algal floway pad
with head and outlet works, access road, biomass compost pad, stormwater control measure,
and influent and effluent pipelines. Rough dimensions of the floway system and pump system
details were also approximated and included on the layouts. Also, the conceptual layouts
developed for the 7 sites selected in 2019 show potential locations for a solar array as well as
conceptual details for a potential solar power system. The conceptual solar power system and
details were not included on the conceptual layouts for the 5 sites selected in 2020 due to
project budget constraints and because solar power was considered a lower priority by the City
for the second search effort. In addition, Falls Lake bathymetry developed by the UNBRA was
obtained following the first search effort, and thus bathymetric contours are also shown on the
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conceptual layouts for the 5 sites selected for evaluation in 2020. The conceptual layouts
developed for the 12 sites are provided in Appendix C.
Building upon the evaluation conducted as part of the feasibility study by Biohabitats and
HydroMentia (2013) and guided by information gathered during the site visits, a site criteria list
was developed in order to systematically evaluate, score, and rank the 12 selected sites. Table
2 lists the 32 site criteria that were developed to facilitate the site evaluation/prioritization
process. An associated scoring system was also developed with potential scores and weights
for each site criteria considered. The full site criteria list along with descriptions, and potential
scores and weights for each site criteria are provided in Appendix D. Some of the criteria are
purely qualitative and scores are based on visual observations and subjective engineering
judgement. Examples of these criteria include “Intake Location Suitability” and “Public Visibility”.
Other criteria are qualitative in terms of scoring, however, are based on subjective assessment
of quantitative data; which include criteria such as “Water Quantity” and “Water Quality”. While
scoring for other criteria are fully quantitative, where scores are based directly on numeric
estimates; these include criteria such as “Pumping Power Requirements” and “Distance from
Power Utility Connection”. The scoring system also incorporates weights to allow for placing
higher importance on certain criteria. For instance, the criteria for “Water Quantity” and “Water
Quality” were considered to be very important relative to other criteria, and were therefore
assigned the highest weight. Weights for different criteria were established based on
discussions and feedback with City of Durham staff. See Section 2.2 for more details on the
relative scoring for each of the 12 candidate sites.
Table 2. Site Criteria for Evaluation/Prioritization
Site Criteria
Water Quantity

Hazardous Materials and Wastes

Water Quality

Shading for Algal Floway

Recalcitrant Nitrogen Concerns

Intake Location Suitability

Treatment Capacity

Horizontal Pumping Distance

Site Ownership

Vertical Pumping Distance

Site Dimensions (Shape)

Grading (depth of cut) Requirements

Local Zoning and Land Use

Pumping Power Requirements

USACE Encroachment/Permitting

Solar Power Potential

Subsurface Soils/Rock

Power Utility Accessibility

Groundwater Concerns

Distance from Power Utility Connection

Clearing Required

Vehicular Accessibility

Forest Resource to be Cleared

Distance from Residential

Stormwater Control Requirements

Adjacent Land Uses

Stream Impacts

Future Plans for Development

Wetland Impacts

Public Visibility

Threatened and Endangered Species

Hazardous Materials and Wastes

2.2

Summary of Sites Considered

As previously discussed, there were 35 sites originally considered as potential locations for a
permanent algal floway system. The 35 sites spanned Durham, Granville, and Wake counties,
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as well as multiple water bodies such as Falls Lake, Ellerbe Creek, Panther Creek, Little Lick
Creek, and Ledge Creek. After discussions with the City of Durham regarding each site’s
feasibility, 12 of the 35 sites were identified as having the most potential based on a variety of
characteristics outlined in the screening approach discussed in Section 2.1. The locations of
the 35 potential sites, as well as the 12 candidate sites that were selected for more detailed
evaluation are shown on Figure A-2 in Appendix A.
Each of the 12 sites were subject to detailed evaluation, involving site reconnaissance and
development of conceptual algal floway layouts, and ranked based on the adopted site criteria
as discussed in Section 2.1. Photologs documenting site reconnaissance for each site are
included in Appendix B. The conceptual algal floway layouts developed for the 12 sites are
provided in Appendix C. The site criteria matrices summarizing site criteria and showing
scoring and ranking for each site are provided in Appendix D.
As shown in Table 3 below, the ownership, size, location, water source, and overall score varied
across the 12 sites. Of the final 12 sites, 5 were privately owned and the remaining 7 were
publicly owned by the City of Durham or the Federal government. The water source for sites 5,
6, 8, 10, and 15 were all tributaries of Falls Lake, whereas the remaining 7 sites used Falls Lake
as the main water source for the proposed algal floway.
Table 3. Site Summary Table
Site Number

Score

Site Owner

County

Parcel/Map IDs

Total
Acreage

Water Source

5

195

City of Durham

Durham

160423

110.37

Ellerbe Creek

6

212

City of Durham

Durham

169052, 169055

107.45

Ellerbe Creek

8

196

Private

Durham

169153

19.70

Ellerbe Creek

10

211

United States of
America

Durham

171353

137.36

Ellerbe Creek

14

209

United States of
America

Durham

171475

140.46

Falls Lake

15

182

Private

Durham

171541

25.26

Falls Lake/Panther
Creek

18

197

United States of
America

Durham

170175

81.09

Falls Lake

25

209

Private

Granville

086400682887

46.08

Falls Lake

26

217

Private

Granville

086400679902

25.21

Falls Lake

34.91

Falls Lake

27

224

Private

Granville

087401263371
087401261677
087401263500
087401263371

32

198

Triangle Land
Conservancy

Wake

0884101760

36.52

Falls Lake

33

201

Triangle Land
Conservancy

Wake

0884122091

30.17

Falls Lake
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Final Site Recommendation

Based on the information gathered during the site selection process and on the detailed
evaluation presented in the previous section, the City of Durham selected Site 27 to move
forward with a conceptual design for implementation of the algal floway system. Site 27 is
located at 1151 Will Suitt Road in Granville County. As shown in Table 3, Site 27 was given the
highest score of the 12 sites based on the site criteria evaluated. The location of Site 27 in
relation to Falls Lake and nearby roadways is shown in Figure 3. An existing conditions map is
also included in the conceptual drawings provided in Appendix F. Access to the site is made via
I-85, Highway 15, and Will Suitt Road. The project area for Site 27 spans four parcels with a
total area of 34.91 acres. The parcels are located in southwest Granville County with frontage
on Will Suitt Road along the eastern side. The parcels are bounded to the north and west by
federally-owned land under the stewardship of the United States Army Corps of Engineers
(USACE), and to the south by another privately-owned parcel. Currently, the site is partially
developed, with two residences, small stables and a horse pen, a manmade pond, an unused
tobacco barn, and other outbuildings. The site is partially cleared and fencing has been installed
in some areas.

Figure 3. Site 27 Location Map
Site 27 is near a cove of Falls Lake, which would serve as the source of surface water for the
potential algal floway system and is fed by two unnamed tributaries. As indicated in the site
criteria and scoring matrix for Site 27 in Appendix D, there are no monitoring stations in the
cove, but based on the closest stations, UNT-0.7, Downstream #4, and NEU013B, water quality
is expected to be suitable to support an algal floway. Based on potential floway dimensions and
site constraints, treatment capacity for an algal floway at Site 27 is anticipated to be 10 MGD.
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The parcels comprising Site 27 are located in the Agricultural Residential-40 (AR-40) zoning
district (Granville County may wish to reclassify these parcels based on the proposed use of
installing an algal floway). Influent and effluent conveyances will cross over USACE-owned land
in order to reach the Lake. In addition, an abandoned railroad embankment runs along the
shoreline of the Lake on the USACE-owned land, which would also need to be crossed by the
influent and effluent pipelines. This railroad embankment and easement was formerly operated
and maintained by Seaboard Coastline Railroad, which is now part of CSX Transportation.
The conceptual design for an algal floway system at Site 27, as well as other considerations and
next steps, are presented and further discussed in the remaining sections.
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Conceptual Design for Selected Site

A conceptual design for an algal floway system with a treatment capacity of 10 MGD was
prepared for Site 27. The scope of the conceptual design effort was to approximately locate and
size the various components of the algal floway system with the purpose of further assessing
feasibility of the site location, developing a rough order of magnitude cost estimate, and
identifying any other issues of concern that could influence future implementation. To further
guide conceptual design and feasibility of the site, environmental due diligence was conducted,
which involved field and desktop assessment of streams and wetlands, threatened and
endangered species, and cultural resources. In addition, nutrient load reduction and algal
biomass estimates for a potential algal floway system were prepared. These assessments along
with descriptions and considerations for the conceptual design as well as a rough order of
magnitude construction cost estimate are presented and discussed in the following subsections.
The developed conceptual design drawings for an algal floway system at Site 27 are included in
Appendix F. The drawings include a site layout plan showing the potential locations for the
algal floway components, intake and influent pump/pipeline, effluent pipeline and discharge,
potential stormwater control measures (SCMs), and access roads. An algal floway plan and
typical sections were also provided which demonstrate a potential configuration and dimensions
for an algal floway system. In addition, details for the intake, pump, and influent pipeline system
are provided with the conceptual design drawings.

3.1

Environmental Due Diligence

In order to further evaluate the site feasibility and to guide conceptual design, environmental
due diligence was conducted for Site 27. This effort involved a jurisdictional delineation of
Waters of the United States (WOTUS), a habitat evaluation of federal and state-listed protected
species, a desktop review of cultural resources, and preparation of an Environmental Due
Diligence Report, which summarized findings and is provided for reference in Appendix E.
The effort was supported by a field survey of the study area by AECOM biologists on September
14, 2020 to identify jurisdictional WOTUS, including streams and wetlands, which were
delineated in the field as well as mapped using Global Positioning System (GPS) units with submeter accuracy. The field study identified two streams, one open water feature, and seven
wetlands, which are shown graphically in the Environmental Due Diligence Report as well as
incorporated into the conceptual design drawings. The study area is located within the Neuse
River basin (USGS Hydrologic Unit 03020201) and is subject to the Neuse River Basin Riparian
Buffer Rule (15A NCAC 2B .0233). Accordingly, 50-foot riparian buffers were delineated for the
applicable streams and for Falls Lake and are also depicted on the conceptual drawings. The
stream and wetland features identified as part of this study were considered during the site
layout for the algal floway in order to avoid and minimize impacts. To confirm the delineation, a
request for Jurisdictional Determination should be submitted to the USACE, which would likely
require an onsite meeting. The Jurisdictional Determination, which will define the limits of the
jurisdictional features on the property, is valid for five years. Likewise, if it is determined that
there are impacts to jurisdictional wetlands or streams on the property, the permit approval will
also be valid for five years. Some wetlands impacts will likely be unavoidable as part of
installation of the algal floway system, and anticipated permitting associated with wetlands
impacts are further discussed in Section 4.1.
Prior to the fieldwork, AECOM conducted background research of the study area to assess the
likelihood of occurrence and/or potential presence of habitat for State and/or Federally listed
plant and animal species. AECOM then verified desktop habitat assessments during the field
reconnaissance concurrent with the September 14, 2020 stream/wetland field delineation. Of
the species considered, potential habitat was identified only for the smooth coneflower;
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however, no populations or individuals of smooth coneflower were observed in the study area
during the survey. This species was documented near the study area in 2018 in the NC Natural
Heritage Program (NCNHP) database. However, as explained in the Environmental Due
Diligence Report, there was an inconsistency in the database between the description and the
location mapped/shown in the NCNHP viewer. As a precaution, the mapped area provided in
the NCNHP viewer was depicted on the conceptual design drawings and disturbance of this
area was avoided as part of the site layout for the algal floway system.
The desktop evaluation to assess cultural and historical resources concluded that the overall
archaeological sensitivity for the project area was high, while the overall historic sensitivity was
low. Five previously recorded archaeological sites and no historic resources are recorded within
the proposed project area, which are depicted graphically in the Environmental Due Diligence
Report. Four of the archaeological sites were recommended for no further work, or ineligible for
National Register of Historic Places (NRHP), while one site (31GV15) was recommended for
additional work if disturbance was anticipated. Based on the proposed layout of the algal floway,
disturbance of site 31GV15 may be unavoidable. See Section 4.1 for more discussion about
anticipated permitting efforts.

3.2

Algal Floway Components

3.2.1

Critical Design Elements

The algal floway or Algal Turf Scrubber® (ATS) may be classified within the broader category of
water treatment processes known as Managed Aquatic Plant System or MAPS. The dynamics
critical to the effective performance of all MAPS processes revolve around the cultivation of
specific species or communities of aquatic plants for the purpose of 1) removing targeted
nutrient pollutants such as nitrogen and phosphorus, primarily through direct plant uptake, but
often augmented by other ancillary processes such as precipitation and uptake through
associated ecological activity; 2) providing additional enhancement of water quality through the
supplementation of dissolved oxygen, potential reduction of turbidity, uptake and precipitation of
heavy metals, and attenuation of deleterious organic compounds and potentially pathogenic
organisms, and 3) facilitating the recovery and reuse of captured nutrients through the
production of usable products, such as compost and container media for the nursery industry.
The term “cultivation” is used to mean the promotion of maximum algal turf growth, as
influenced by prevailing environmental conditions, through the provision of an engineered
system design in combination with sufficient nutrient and energy inputs. Maximum growth is
sustained through maintenance of a relatively constant standing crop achieved by frequent
harvesting and processing of excess growth. Through this purposeful effort of cultivation not
only are the targeted nutrients removed from the water source, but they are managed through
direct, immediate recovery and sequestering within recyclable products. In addition, the algal
floway processes fix carbon through photosynthesis, and hence contribute to the reduction of
the “greenhouse” gas carbon dioxide.
To ensure an efficient ATS operation, the facility’s design needs to be based upon projected
rates of performance and general process suitability, as assessed through the use of design
models and engineering and operational experience, and quantification of specific
environmental, physical, and chemical factors, the more notable of these being:
a)

The supportive structure upon which growth occurs, as defined by materials, general layout
and dimensioning, construction tolerances and sub-base specifications, slope, positioning,
safety margins, and flow delivery and control methods (influent, process, and effluent
flows).
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The critical growth-supporting factors include water temperatures; solar influx; consistent,
uninterrupted supply of water; sufficient levels of available macro and micronutrients
(including targeted pollutant nutrients); and seasonal variability in these factors.

3.2.2

Summary Description of Algal Floway Physical Components

As envisioned with this application, the 10 MGD algal floway water treatment facility will include
the following physical components illustrated in Figure 4.
The presented layout and physical components include a modification of previous designs to (i)
reduce costs, (ii) increase recovery and management of fine solids, (iii) improve operator
efficiency and (iv) address the presence of silts and clay in the source water during periods of
high rainfall.

Figure 4. Algal Floway Layout and Physical Component Identification
(note: numbers on figure correspond to numbers in bulleted list below)

1.

An Influent Receiving Box receiving flow from the Influent Pump Station and Force Main,
and a suitably sized concrete Surge Box, accommodated by an aluminum automatic siphon
device, or surger, which permits periodic release of water into a contiguous Distribution
Box.

2.

A Distribution Channel manifold system which facilitates the even distribution of water from
the Distribution Box onto the headworks or “width” of the ATS, located at the highest
elevation (up-slope) side of the Floway. The distribution manifold will ensure water is
delivered simultaneously and equitably, in surges, over the entire Floway. Flow across the
Floway is shallow, laminar and sub-critical.
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3.

A broad expanse, known as the ATS Floway, or Floway, of (i) 60 mil HDPE geomembrane
installed upon a compacted, finely graded, earthen sub base or asphalt; or (ii) roughened
concrete surface; evenly sloped at 0.5%, and contained by a peripheral berm or curb.

4.

A (i) growing matrix of a geogrid of nylon and polypropylene, or similar acceptable
materials, installed directly upon the HDPE base or a (ii) roughened concrete surface.

5.

A down gradient, (toe of the Floway) Effluent Flume system to collect flow as it completes
the travel down the Floway. This flume system shall be designed to ensure velocities of at
least 1.50 fps through the length of the flume, with two flumes being used, each
accommodating ½ of the flows, and directing flows to North and South Effluent Channels
(#6) that discharge to a common Central Effluent Channel (#9).

6.

North and South Effluent Channels serve to direct flows from the Effluent Flumes (#5); to
accommodate discharge of flows to the Effluent Discharge Line (#10) during normal
operation; to permit diversion of flows during harvesting to one of two parallel Dewatering
Beds (#7) from ½ of the Floway while allowing discharge under normal operations of the
other ½ of the Floway.

7.

Parallel North and South Dewatering Beds collect harvest related discharges to include
drain water from the harvest side Effluent Channel (#6) and from the perimeter Harvest &
Dewatering Pads (#11). Treated water from the Dewatering Beds will be released to the
Effluent Channel (#9) and Effluent Drain Sump.

8.

The sloped Transfer Pad on the perimeter of the Dewatering Bed will receive harvest solids
recovered from the Dewatering Beds for additional dewatering if required prior to
management on the Perimeter Compost Pad & Algae Storage Area (#12). The Transfer Pad
also provides access to the Dewatering Bed.

9.

A Central Effluent Channel serves to combine and direct flows from the North and South
Effluent Channels (#6); to accommodate discharge of flows to the Discharge Sump and
Effluent Discharge Line (#10).

10. An Effluent Discharge line for return of effluent to a receiving water, such that the effluent
does not short-circuit to any major extent into the influent delivery facility, and which mixes
efficiently with receiving waters.
11. Perimeter Harvest & Dewatering Pads for the recovery and dewatering algal biomass
severed and scraped from the Floway (#3). Water from the harvested solids gravity drains
to the Harvest Drain Sump (#14) and Dewatering Beds (#7) for recovery of fine solids.
Recovered algal solids are dewatered and managed according to the approved biomass
management plan.
12. Perimeter Compost Pads & Algae Storage Area adjacent to the Harvest & Dewatering Pads
(#11) to allow for the proper mixing and manipulation of recovered algal solids to result in a
stored finished compost of some commercial value storage or the storage of dewatered
algal solids prior to disposal.
13. Perimeter Access Road provides access to physical facilities to include haul truck access
for efficient loading and transporting off-site processed algal biomass / compost / growing
media.
14. North and South Harvest Drain Sumps receive drain water from the Perimeter Harvest &
Dewatering Pads (#11) and Perimeter Compost Pads & Algae Storage Area (#12) directing
the flow to the Dewatering Beds (#7).


Equipment will be required for the purposeful removal of selected algae biomass from the
Floway and the delivery of biomass to the perimeter Harvest & Dewatering Pads and
Effluent Flume. Equipment will also be required to transport algae biomass from the Harvest
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and Dewatering Pad, and to mix and windrow this biomass upon the Compost Pad and
Algae Storage Area; and to manage, collect and transport solids recovered in the
Dewatering Beds.


Necessary support components include electrical utilities, sampling, communications,
monitoring, documentation, health, safety, sanitation, and security.

3.3

Intake and Pump Conceptual Design

The intake and pumps are very critical components of the algal floway system, which can
greatly influence cost and drive site feasibility. As shown on the conceptual design drawings, the
algal floway system would source water from Falls Lake just to the north west of the site
location. Since large rock has been observed at other site locations and is known to be present
around the Lake, the current conceptual design focuses on minimizing subsurface excavation in
the event that subsurface rock is encountered as part of future investigations. The plan view and
potential locations for intake, pump station, and influent piping are shown on the Site Layout and
Grading Plan (Sheet 3) in Appendix F. Additional conceptual details for the intake system are
provided on Sheets 6 and 7 in Appendix F. The design flow rate for the intake and pump
station is 10 MGD. Two intake screens and 18-inch suction pipes would be installed in the lake
to provide water to the pump station located on shore. The pump station would be located on
shore outside the flood zones and would contain four self-priming pumps, each with a capacity
of 2.5 MGD. Each pump would discharge to a single 20-inch discharge main that leads to the
algal floway influent box. A flow meter would be installed on the discharge pipe in the pump
station to meter the flow to the algal floway. The pump station would consist of a metal building
having a partial first floor and a basement where the pumps and piping would be installed.
According to a recent hydrologic and hydraulic study for Falls Lake, the top of conservation pool
is 251.5 ft-NGVD29 (USACE, 2018). Per bathymetric data provided by the UNRBA, the lake
bottom elevation at the proposed intake location is approximately 245 feet-NGVD29 (Brown and
Caldwell, 2019). Based on the proposed conceptual intake design, the minimum water level
elevation that would allow the screens to be installed and stay submerged is estimated to be
249.0 feet-NGVD29. Assessment of historical lake levels provided on the USACE Falls Lake
Dam website (https://epec.saw.usace.army.mil/neuse.htm) indicates that lake levels have fallen
below this elevation at times throughout the period of record. More discussion on the frequency
of lake levels below this threshold and the potential impacts to nutrient removal rates is provided
in Section 3.7.
It is proposed to install two intake screens and suction pipes from the lake to the pump station.
The intake screens would consist of circular passive screens constructed of stainless-steel Vshaped wires with continuous slots. A screen would be mounted on each side of a tee fitting that
would then be connected to the suction pipe. A concrete pad would be used to mount the
screens in the lake. The screens would periodically need to be cleaned by way of an air burst
provided by an air compressor and air storage tank located in the pump station. Stainless-steel
air pipe would be installed to each screen assembly from the storage tank.
Each of the two suction pipes would be 18-inches in diameter, approximately 700 feet long, be
constructed of ductile iron pipe and would be buried approximately 3-feet below the lake bottom.
Butterfly valves in the pump station would be used to isolate each suction pipe so that the
related screens could be backwashed while the other suction pipe remains in service. A check
valve would be installed on each suction pipe to help prevent loss of prime for the self-priming
pumps. Laying the suction pipes on the bottom of the lake from the intake screens to the
shoreline rather than burying them may be an option and would cause the least amount of
disturbance to the lake environment. Coordination with the U.S. Army Corps of Engineers will be
required to determine if this is a viable option.
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The pump station would be located on shore outside flood zones AE (area at high risk for
flooding) and the 0.2% annual chance flood hazard zone. The proposed ground elevation of the
pump station site would be approximately 275 feet-NAVD88. The 100-year flood elevation at this
location is 265.5 feet-NAVD88. A gravel access road would be needed to access the pump
station.
The pump station would contain four self-priming pumps with each having a capacity of 2.5
MGD (1,736 gallons per minute, gpm) and powered by a 60 horsepower (hp) motor. The pumps
would need to be set so that their centerline elevation is 266 feet-NAVD88 in order to provide
the hydraulic conditions required by the pumps at a lake water level of 249 feet-NGVD29. These
elevations would provide the net positive suction head and the re-priming lift required by the
pumps. During design the net positive suction head available must be checked to meet or
exceed that required for the self-priming pumps.
Each pump would have 12-inch suction and discharge pipes and isolation butterfly valves. A 12
inch check valve would be installed on the discharge piping of each pump. Each pump would
discharge to a 20-inch diameter, approximately 1060 feet long PVC discharge main that leads to
the algal floway influent box. The water level in the influent box has been assumed to be 300
feet-NAVD88. A transit time flow meter would be installed on the discharge pipe in the pump
station to meter the flow. Ultrasonic sensors would be strapped to the outside of the pipe and
send a signal that would penetrate the pipe material. A remote display and data logger would be
installed on the first floor of the pump station.
The pump controls and main electrical switchgear would be installed on the first floor. Each
pump would require 480 volts, three phase power. The lights, flow meter, sump pump and other
equipment would require 120 volt, single phase power. Power to the project site will be provided
by the local power service provider (Duke Energy), which is further discussed in Section 3.4.
The pump station would consist of a metal building having a partial first floor and a concrete
basement where the pumps and piping would be installed. As shown on Sheet 6 of the
conceptual design drawings, the first floor elevation was set at approximately 276 feet-NAVD88
and the basement floor elevation was set at approximately 263 feet-NAVD88 in order to provide
the required centerline elevation of the pumps. A sump and pump would be installed in the
basement and would discharge above grade. Since the finished floor of the basement will be
below the 100-year flood plain elevation of 265.5 feet-NAVD88, additional flood proofing of the
pump station may be considered as part of future design efforts to reduce the risk of flooding
and associated damage to the pump motors. A single girder and chain hoist would be installed
in the ceiling of the building and would extend out double doors to the driveway for removal of
the pumps. A single man-door would be provided along with a set of stairs leading down to the
basement. A second means of egress, such as a ladder, would be required from the basement.
An exhaust fan and intake louver would be provided in the building along with heaters. A partial
first floor would be installed to house the electrical switch gear and control panels. Most of the
floor would be open to the basement to allow the overhead hoist to access the pumps.
Handrails would be installed along the opening and removable handrails would be installed in
front of the double doors to assist in the removal of the pumps by the overhead hoist.

3.4

Power Considerations

As mentioned in the previous section, three phase power will be required for operation of the
proposed intake pump system. Duke Energy is the current power service provider for this
location. Currently, there is only single phase power provided along Will Suitt Road and based
on discussions with Duke Energy, there are no current plans to extend three phase power to this
location. The nearest location of three phase power is at the intersection of Munns Road and
Highway 15, which is approximately 3 miles away from the project site. Duke Energy can extend
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three phase power from the nearest location to the project site; however, the City may be
required to pay for all or part of the cost incurred for the power line extension.
The cost to the City for the line extension could be offset by revenue credits based on a power
use projection for operating the algal floway system. Essentially, 3 years of revenue credits
would be assessed and applied to the cost of extending the power lines to the site. Duke Energy
will develop an estimate for the annual revenue based on the anticipated pump design and
operating requirements. The revenue credits would cover normal construction (e.g. what can be
installed with a trencher or backhoe), but would not be offset by abnormal construction costs
(e.g. boring through rock, bores under driveways or roads, extension through brownfield sites,
or environmental permitting).
Based on initial discussions with Duke Power and considering the potential power that would be
needed to operate the proposed pumping system, it is possible that the line extension could be
mostly offset. However, there is uncertainty about the barriers that might be encountered during
line extension. During discussions, Duke Power also offered some possible rough order of
magnitude costs for three phase line extension. As a conservative assumption, these rough
costs for line extension, as well as power distribution on the project site, are included in the
rough order of magnitude construction cost estimate presented in Section 3.6.

3.5

Site and Stormwater Considerations

The four parcels comprising Site 27 are located in the Agricultural Residential-40 (AR-40)
zoning district of Granville County. While Granville County may desire that the parcels be
reclassified for the intended use of an algal floway during the site planning process, for the
current conceptual design, it is assumed the zoning district will remain unchanged.
Requirements and descriptions for different uses of land are provided in the Granville County
Code of Ordinances (2020) under Chapter 32 – Land Development Code, Article III – Use
Regulations. Based on descriptions provided under Division 4 – Limited, Conditional, and
Special Uses, the algal floway was assumed to fall into the special use category of Utilities,
community/regional, which is described with requirements in Section 32.219. This special use
includes community/regional water and sewage treatment plants and associated structures,
tanks, and pits. This use of land in AR-40 districts shall:
c)

Be setback at least 100 feet from all exterior property lines and roads rights of way;

d)

Include a natural buffer of at least 50 feet in width to separate all such uses from all exterior
property lines; and

e)

Include a non-climbable six foot high fence, completely enclosing such uses.

These special use requirements were considered and incorporated as part of the conceptual
layout and design for the algal floway. With the exception of influent and effluent pipelines and
access roads, all structural components for the floway were setback at least 100 feet from the
exterior property lines, as shown on the Site Layout and Grading Plan (Sheet 3) in Appendix F.
In addition, grading associated with the floway was limited to 50 feet from exterior property lines,
in order to maintain the adequate buffer and screening requirements for this use.
Requirements for stormwater management and control are provided in the Granville County
Code of Ordinances under Chapter 32 – Land Development Code, Article V – Environmental
Performance Standards, Division 3. - Water Supply Watersheds and Division 5. – Falls
Watershed Stormwater Ordinance for New Development. The parcels comprising Site 27 are
located within the WS-IV Critical Areas (WS-IV-CA) watershed area as designated by the
County. In accordance with Section 32-356. – Development Standards, the built-upon area for
non-residential uses in WS-IV-CA areas should not exceed 24% of the total project area. Based
on the conceptual design drawings provided in Appendix F, the percent of built-upon area for
the current conceptual design was estimated to be 23%, which includes both existing and
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proposed impervious area. The impervious area for this estimate includes the floway surface,
which may or may not be considered impervious area for stormwater design purposes, as
discussed later in this section.
In addition to the built-upon area threshold, Section 32.357 requires that “all development within
the water supply watersheds shall be designed and located to minimize stormwater runoff
impact to the receiving waters and minimize concentrated stormwater flow”. This includes grass
“swells (berms)” and vegetative buffers between built-upon areas and receiving areas, directing
of land disturbing activities and development away from environmentally sensitive areas, and
maximum preservation of natural areas of forest or meadow as open space. These stormwater
management requirements were incorporated into the conceptual design where appropriate for
this level of design.
Per Section 32-358 of the ordinance, within water supply watersheds, a minimum 50-foot
vegetative buffer shall be required along all perennial or intermittent waters, with 30-foot of the
buffer remaining in a natural undisturbed vegetative state along the shoreline. Riparian buffers
for perennial and intermittent streams were delineated in the field within the project area as part
of environmental due diligence discussed in Section 3.1 and are shown in the conceptual
design drawings. As shown, impacts to these riparian buffers were avoided with the current
conceptual design, with the exception of the influent and effluent pipelines into Falls Lake.
Based on findings of the environmental due diligence study, the man-made pond located near
the center of the project area would not be considered a jurisdictional WOTUS feature. As such,
any impacts to this pond should not require a permit from the USACE or NCDEQ under Section
404/401 of the Clean Water Act. The intent of the conceptual design was to avoid impacts to the
pond and associated embankment. However, the conceptual layout was prepared using
contours derived from lidar data, and a site-specific topographic survey should be conducted to
refine/confirm exact site constraints and dimensions as part of detailed design. In addition, other
potential requirements associated with impacts to the pond, including potential removal, should
be part of scoping discussions with the County during the site planning process.
The parcels comprising Site 27 are also located in the Upper Falls Watershed Overlay Zoning
District and therefore, are subject to the requirements of Division 5. – Falls Watershed
Stormwater Ordinance for New Development. Per Section 32-406, new development in the
Falls Watershed area are required to limit nitrogen and phosphorus loads to 2.2 and 0.33
pounds per acre per year. The developer must determine the need for engineered stormwater
controls and implement to meet these targets according to the approved accounting tool. A
developer has the option for partial offset of nutrient control requirements in accordance with
criteria in Section 32-409 of the ordinance. In addition, per Section 32-408, stormwater systems
shall be designed to control and treat runoff generated by one inch of rainfall; further, the
development shall not cause or shall implement stormwater control measures that result in no
net increase in peak flow leaving the site from pre-development conditions for the one-year, 24hour event.
At this current phase of conceptual design, it is not clear to what extent the stormwater
requirements will apply, being that the sole purpose of the algal floway system is to remove
nitrogen and phosphorus from surface waters in the Falls Lake watershed. Indeed, in other
states where these systems are being implemented, the floway surfaces have not been
considered as impervious area for the purposes of designing stormwater controls. Since the
floway itself is providing treatment of surface waters, it is possible that the areas subject to
nutrient loading assessment and stormwater control and treatment would be those built-upon
areas outside the floway, including the access road, parking, and biomass handling areas. The
applicability of these requirements can be determined during later stages of design through
discussions and concurrence with Granville County and the State. As such, sizing of stormwater
controls is not included on the conceptual design drawings in Appendix F. However, potential
areas where stormwater controls might be located are shown on the plans, in order to dedicate
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area for stormwater controls in the conceptual planning and design. In addition, an approximate
cost for stormwater controls is also included in the construction cost estimate.
Anticipated permitting associated with site planning and stormwater are further discussed in
Section 4.1.

3.6

Rough Order of Magnitude Construction Cost Estimate

Based on the conceptual design drawings provided in Appendix F, a rough order of magnitude
(ROM) construction cost estimate for implementation of an algal floway at Site 27 was prepared
to assist the City in making planning level decisions. The detailed breakdown of estimated line
item costs are provided in tabular format in Appendix G. This preliminary and planning-level
estimate is consistent with the level of uncertainty anticipated with American Association of Cost
Engineering (AACE) Class 5 cost estimates (AACE, 2005). The cost estimate included
allowances for surveying, permitting, engineering, and construction administration, but does not
include estimates for land/easement acquisition or legal costs, which should ultimately be
considered prior to project implementation. Some line item costs were developed by estimating
rough material quantities and applying unit costs derived from bid averages provided by the
North Carolina Department of Transportation (NCDOT), RSMeans data (published construction
cost data for material, labor, and equipment), and best professional judgement. Other line item
costs were estimated as lump sum amounts based on prior experience, input from other
organizations (e.g. Duke Energy), and best professional judgement. Factors are also applied to
account for unlisted items, erosion and sediment control, mobilization, engineering, permitting,
construction administration, and escalation/contingency.
As shown in the estimate provided in Appendix F, the total construction cost for an algal floway
is anticipated to be roughly $7.9 million. It should be noted that estimates based on conceptual
design can vary substantially from actual construction costs. Class 5 or concept screening
estimates range from -20% to -50% on the low side and +30% to +100% on the high side
(AACE, 2005). The expected variance for the comparable ANSI standard reference Z94.2-1989
order of magnitude estimate is typically -30% to +50% (AACE, 2005), which would be a
reasonable assumption of uncertainty for this cost estimate. The potential uncertainty is due to
many factors, including refinements to the design or value engineering, changes in prices of
materials, market demand for construction, information gained due to further site investigations,
or other unforeseen influences. Additional considerations that could influence construction costs
are discussed in Section 4.2.

3.7

Nutrient Load Reduction Estimates

Nutrient load reduction and biomass production projections for Falls Lake Site 27 Algal Floway
are described in detail in Appendix H in conjunction with the Falls Lake Site 27 Algal Floway
Nitrogen and Phosphorus Removal Projections Memorandum. A summary is provided below.
Site 27 Algal floway inflow water quality is based on data from monitoring stations UNT-0.7, FLDS4, and NEU013B for calendar years 2015 through 2018. Water quality data from these
stations is managed and reported by the UNRBA for monitoring station UNT-0.7, by the City of
Durham for FL-DS4, and by NCDWR for NEU013B. Algal floway performance projections are
based on adjustments to the Algal Turf Scrubber® Design Model (ATSDEM) calibrated for Falls
Lake data as reported in the Falls Lake Algal Turf Scrubber® Final Report dated June 11, 2017
(Biohabitats and HydroMentia, 2017).
As with the pilot project, cool and warm seasons were defined and modeled. For purposes of
developing performance projections for the proposed 10 MGD Algal Floway at Site 27, warm
and cool season monitoring periods were identified as follows:
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Warm Season – March through October
Cool Season – January, February, November, and December

Key model parameters developed for Site 27 were:



Water Temperature for Warm Season and Cold Season
Water Nitrogen and Phosphorus Concentration

Inflow water quality at Site 27 is projected to be impacted by the outflow from the un-named
tributary (UNT-0.7) located to the northeast of the site and from Falls Lake as monitored at
upstream monitoring location FL-DS4 and downstream monitoring location NEU013B. The
relative locations of the Site 27 Intake and the referenced monitoring stations are illustrated in
Figure 5.

Figure 5. Falls Lake Monitoring Stations UNT-0.7, FL-DS4 and NEU013B located in
Durham and Granville Counties, North Carolina.
Based on the analysis performed for the proposed 10 MGD facility located at Site 27 (details
provided in Appendix H), and assuming no limitation on source water, potential total and
seasonal removal rates of nitrogen and phosphorus are as follows:
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Total Annual Nitrogen Removal Rate Range – 3,416 to 6,842 pounds per year
o Warm Season – 3,171 to 6,352 pounds per year
o Cool Season – 245 to 490 pounds per year



Total Annual Phosphorus Removal Rate Range - 575 to 742 pounds per year
o Warm Season – 533 to 688 pounds per year
o Cool Season – 41 to 53 pounds per year
26

City of Durham Algal Floway Site Selection
and Conceptual Design Final Report

January 2021

Potential total and seasonal areal removal rates of nitrogen and phosphorus measured as
pounds per acre-year are summarized below. Areal removal rate is the mass of a specified
element removed per unit area per unit of time.


Total Annual Nitrogen Areal Removal Rate Range – 854 to 1,711 pounds per acreyear
o Warm Season – 1,182 to 2,368 per acre-year
o Cool Season – 186 to 373 pounds per acre-year



Total Annual Phosphorus Areal Removal Rate Range – 144 to 185 pounds per acreyear
o Warm Season – 199 to 257 pounds per acre-year
o Cool Season – 31 to 40 pounds per acre-year

As discussed in Section 3.3, based on the current intake and pump conceptual design,
operation of the pump station will be limited to those periods during which lake water levels are
greater than 249 feet-NGVD29. This potential operational limitation was evaluated relative to
proposed pollutant removal rates. Historic Falls Lake surface water elevations were assessed
based on daily lake elevation data obtained from the USACE website for Falls Lake Dam
(https://epec.saw.usace.army.mil/neuse.htm).
Based on a 30-year monitoring period from January 1, 1990 through December 31, 2019, lake
levels were estimated to be below the 249 feet-NGVD29 elevation 15.9% of the time. During the
warm season months, lake levels where estimated to be below this elevation 10.4% of the time,
while in cool season months, lake levels were found to be below this threshold 27.0% of the
time.
To account for the potential disruption of operations during lower lake levels, the warm season
and cool season nutrient removal rates were adjusted based on the percentages described
above, which resulted in adjusted rates as follows:


Total Annual Nitrogen Removal Rate Range – 3,020 to 6,049 pounds per year
o Warm Season – 2,841 to 5,691 pounds per year
o Cool Season – 179 to 358 pounds per year



Total Annual Phosphorus Removal Rate Range - 508 to 656 pounds per year
o Warm Season – 478 to 617 pounds per year
o Cool Season – 30 to 39 pounds per year

The net reduction in total nitrogen and phosphorus removal due to disruption of operations
during lower lake levels (considering both warm and cool seasons) was estimated to be 11.6%
on an annual basis. It is important to note that this estimate was based on historical data.
According to a recent allocation study for Falls Lake conducted by the USACE, future lake
levels could be lower on average when compared to historical levels due to a future allocation
and demand (USACE, 2018). Further discussions with the USACE regarding future lake levels
may be useful in assessing adjusted nutrient removal rates for the proposed algal floway.

3.8

Algal Biomass Management

3.8.1

Biomass Production

Algal turf communities are incredibly productive. Adey and Steneck (1985) demonstrated that
algal turfs can be 5 to 10 times as productive as terrestrial forests and agricultural crops. At the
same levels of light, they can photosynthesize and produce new tissue at roughly 10-20 times
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that of typical crops. Periodic harvesting of the algal turf removes nutrients and pollutants from
the system while stimulating continued algal growth and dramatically increasing algal uptake
efficiencies (Adey and Loveland, 1991). Similar to grassland communities, algal turf
communities must be “grazed” or harvested regularly for the community to be kept in a high rate
of growth. Harvesting the algae regularly effectively removes nutrients and carbon from the
water source.
At utility scale, the disposal or use of the accumulated harvested algal biomass must be planned
for in advance. Shown in Figure 6 and Figure 7 are algal biomass recovery and processing
systems from utility scale Algal Turf Scrubber® operations.

Figure 6. Filamentous green dominated algal biomass recovered using a FlexRake® bar
screen at a 15 million gallon per day Algal Turf Scrubber®.

Figure 7. Compost operation and approximately eight (8) months material storage at a 10
million gallon per day Algal Turf Scrubber®.
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To develop a suitable biomass management plan for the 10 MGD algal floway system being
evaluated, it is necessary to estimate the volume of biomass that will be recovered from the
system.
Table 4 provides algal biomass and compost production estimates for the proposed 10 MGD
Site 27 algal floway using the Algal Turf Scrubber® Design Model (ATSDEM) calibrated for Falls
Lake data as reported in the Falls Lake Algal Turf Scrubber® Final Report dated June 11, 2017
(Biohabitats and HydroMentia, 2017). Inflow water quality was based on data from the UNT-0.7,
FL-DS4, NEU013B Monitoring Stations for calendar years 2015 through 2018.
Projected annual wet biomass production and resulting compost production for the 10 MGD
Falls Lake Site 27 treatment facility are projected to be as follows:



Wet Biomass Production (7% solids) = 1,957 wet-tons per year
Compost Production (40% solids) = 257 to 300 tons per year

Table 4. Algal Biomass and Compost Production Projections for Falls Lake Site 27 10
MGD x 500’ (4 Acres) Nitrogen and Phosphorus Treatment Facilities Based on Algal Turf
Scrubber Design Model (ATSDEM) projections.
Site
Falls Lake Site 27

Facility
Flow
(mgd)

Facility
Size
(acres)

Mean Annual
Algal Production
(dry-g/m2-day)

Algae Production
(dry-tons/facility-yr)

Algae Production
(dry-tons per
acre-yr)

Algae Production
(wet-tons per
facility-yr)

10

4

21

137

34

1,957

Ash
(%)

Volatile
Solids
(%)

Ash
(lbs)

Volatile
Solids
(lbs)

Volatile
Solids
Reduction
Percentage
(%)

Optimal

Algae
Prod.
(drytons/
acreyr)
34

0.60

0.40

41,028

27,352

0.31

Conservative

34

0.20

0.80

13,676

54,704

0.31

Compost
Production
Model

3.8.2

Volatile
Solids
Lost
During
Compost
Process
(lbs)

Finished
Compost
Moisture
(%)

Total
Solids
Post
Compost
Process
(lbs)

Finished
Compost
(tons per
facilityyr)

8,479

0.40

59,900

300

16,958

0.40

51,421

257

Proposed Physical Facilities

It has been found from field experience that the most effective means of developing compost
from the harvested algae is to spread the design mix on a properly sloped concrete or asphalt
surface at a thickness of about 4-6 inches. This material drains readily and is easily mixed. In
the proposed facility harvested algae will be conveyed to the Perimeter Harvest & Dewatering
Pad and allowed to dewater for approximately 4-10 days. The dewatering time frame will be
field adjusted by the operator based on biomass characteristics (i.e. moisture content) which are
impacted by biomass characteristics and local environmental conditions (i.e. rainfall,
temperature, wind, etc.).
Following the proper dewatering period, the biomass is formed in a pile about 5-6 feet high
typically with a skid-steer or wheel loader. This pile is typically finished in about 20 days, and
then placed in a final storage pile to finish the compost process over 60-90 days. During the first
stage volume is reduced by about 40%. Additional reduction occurs in the pile. Mixing is more
frequent during the first stage, and less frequent with the finishing pile.
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As projected water quality for Site 27 was in the general range of that observed during the Falls
Lake pilot study (Biohabitats and HydroMentia, 2017), peak biomass productivity based on
actual pilot performance was assumed as a best available estimate for calculating peak
productivity for biomass management needs. Assuming a peak biomass productivity of 48 drygrams/m2/day based on data from the Fall Lake ATS Pilot, 7-day peak harvests from the
proposed 10 MGD facility are projected to produce 100 cubic yards of wet biomass at 6.9%
solids and 60 pounds per cubic foot density. Compost piles with a total height of 5 to 6 feet
provide for a storage volume of 7 to 11 cubic yards of material with a footprint of 113 to 154
square feet or a total peak monthly footprint of 4,200 to 4,900 square feet. If material is stored
for an extended period, by increasing the compost storage pile height to 10’ the square footage
required for storage is reduced by approximately 50%.
The Perimeter Harvest & Dewatering Pad and Compost & Algae Storage Pad of the proposed
site has a total area of 18,000 square feet. This area is consistent with biomass management
areas at previous similarly sized Algal Turf Scrubber® facilities and will provide adequate area
for storage and management for several months of harvested and processed solids.
3.8.3

Disposal

While it is projected that value added compost/growing media produced from the facility will be
sold within regional markets, for purposes of planning, either dewatered algae or finished
compost may also be disposed of at the landfill as discussed in the 2013 Durham Algal Turf
Scrubber® Feasibility Report (Biohabitats and HydroMentia, 2013).
At typical compost densities, an 18 cubic yard truck is capable of transporting 10.9 tons of
finished compost. Accordingly, the facility is projected to produce 21-28 truckloads of material
per year. The proposed infrastructure and equipment facilitate loading of the product into either
client owned or subcontracted transport equipment.
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Following is a summary of anticipated permitting efforts for implementation of an algal floway at
Site 27 based on the developed conceptual design. As part of this assessment, some regulatory
authorities were contacted and provided input on the potential permitting required, as noted.
However, not all potential agencies or stakeholders were consulted per the direction of the City;
as such, the summary provided below should not be considered a comprehensive assessment
since it does not include input from all potential stakeholders. The purpose of the summary
below was to provide some preliminary guidance on the path forward for permitting, and to shed
light on potential level of effort. Given the unique nature of this project, AECOM recommends
that the City continue these discussions with agencies and stakeholders, and initiate scoping
discussions with other agencies and stakeholders that have not yet been consulted. Permitting
fees and timelines are provided in the following summary where known. However, it is
important to note that additional costs or time may be needed due to additional
investigations or information that may be requested or required by the regulatory
agencies based on scoping discussions or unforeseen circumstances of the permitting
process. An allowance for permitting costs was provided in the rough order of magnitude cost
estimate discussed in Section 3.6; however, these costs could vary depending on the outcome
of consultation with regulatory agencies.
4.1.1

Natural and Cultural Resources

Based on the conceptual design, the project is anticipated to impact less than 0.5 acres of
potential jurisdictional waters and wetlands on-site, pending a jurisdictional determination made
by the USACE. Therefore, in accordance with Section 404 of the Clean Water Act, a preconstruction notification (PCN) for the USACE Nationwide Permit (NWP) 43 for stormwater
management facilities and NWP 7 for outfall structures and associated intake structures would
be applicable to this project. Additionally, the proposed activity is anticipated to encroach into
the Neuse River Riparian Buffer along Falls Lake. In accordance with 15A NCAC 02B .0714, the
proposed activity is deemed allowable within the riparian buffer with conditions. This activity falls
under Item 11 cc of the Neuse River Riparian Buffer Rule as a Stormwater Control Measure as
defined in 15A NCAC 02H .1002. Based on the preliminary site concept, it is anticipated that the
proposed intake and outfall pipes will result in the removal of vegetation within 30 feet of Falls
Lake (Zone 1) and therefore, the activity will be deemed allowable with mitigation upon
authorization.
The PCN process is a combined effort by the USACE and the NCDWR to coordinate regulatory
requirements for work in wetlands, streams, riparian buffers, and waters within North Carolina.
The PCN application will include the USACE regulated Section 404 NWP as well as the
NCDWR regulated Section 401 water quality certification which must be obtained or waived per
33 CFR 330.4(C) and the riparian buffer authorization. The PCN application will be submitted
electronically using the USACE preferred ePCN process. Pursuant to general condition 32 of
the NWP, USACE has 30 calendar days to review the PCN application to determine whether the
application is complete or if additional information is needed. If additional information is
requested, the 30-day review timeline will begin once the USACE is provided with the additional
information to complete the application. The prospective permittee shall not begin the permitted
activity until they are either notified by the agency that the activity may proceed under the NWP
with any special conditions imposed as applicable or if 45 calendar days have passed since the
regulatory agency’s receipt of the completed PCN and no written notice has been received from
the regulatory agency. The NCDWR has 60 days to review the PCN application to determine if it
is complete or to request additional information. If additional information is requested, the 60day review timeline will begin once the NCDWR is provided with the additional information to
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complete the application. Failure to issue certification, deny the application, provide notice of
hearing, or request additional information within 60 days of receipt of the PCN application will
result in a waiver of the certification requirement. The NCDWR review fee is $570.
Since the proposed project will require a USACE permit, this will provide the federal nexus to
initiate the National Environmental Protection Act (NEPA) process. Therefore, prior to the
issuance or authorization of any Section 404 permit, the USACE must consider the effects to
cultural and historic properties in accordance with Section 106 of the National Historic
Preservation Act (NHPA) and potential impacts to rare, threatened, or endangered species in
accordance with Section 7 of the Endangered Species Act (ESA).
For compliance with Section 106, the lead federal agency or the project sponsor will need to
initiate consultation with the North Carolina State Historic Preservation Office (SHPO) to seek its
comments on the project’s potential to affect historic resources including archaeological sites
and/or historic buildings. Section 106 consultation is a process that may require several stages
of correspondence and it may also include the need for cultural resource surveys and evaluation
studies. The end goal is to receive concurrence from the regulatory agency that no historic
properties will be adversely affected or that adverse effects to any significant resources have
been mitigated. SHPO consultation is initiated by providing a cover letter describing the
proposed project activities, anticipated temporary and permanent disturbances, a map depicting
the full extent of the project area, and project plans or initial design graphics if available. The
SHPO will have 30 days to evaluate the project’s potential impacts to historic resources and
respond with a letter providing their comments. The letter from SHPO will typically either clear
the proposed project if the SHPO determines from initial review that there is no potential for
adverse effects to cultural resources or they may request that the applicant conduct additional
studies to document and assess resources that may be affected by the project. Based on
information obtained from the environmental due diligence study, it is possible that the SHPO
may request a Phase I Survey in areas not covered by the previous 1970s survey. This survey
could involve locating any unknown sites and possibly relocation of site 31GV15 (site where
additional work was recommended), but the SHPO may also request relocation of other existing
sites. If the Phase I Survey indicates evidence of preserved archaeological sites, the SHPO
could request Phase II Testing to confirm or deny preserved sites, or Phase III Data Recovery,
which is an excavation to thoroughly document the site before it is destroyed. The results of any
requested studies will be submitted to the SHPO, which will have another 30 days for additional
review and comment as part of the Section 106 process.
For compliance with Section 7, the lead federal agency will need to consult with the U.S. Fish
and Wildlife Service (USFWS) when the proposed project activities may affect a listed
endangered or threatened species. Section 7 consultation is a process by which federal
agencies ensure the actions they take, including those they fund or authorize, do not jeopardize
the continued existence of any listed species. The process typically begins as informal
consultation, where the USFWS Information for Planning and Consultation (IPaC) website can
be utilized to retrieve a list of species and critical habitat that may be present in the proposed
project area and determine what effect the proposed project activities may have on those
species. If the lead federal agency determines a ‘no effect’ or ‘not likely to adversely affect’
finding for any listed species or critical habitat in the proposed project area, an online selfcertification letter will certify that the project has undergone review in accordance with the ESA
and the project review package which includes a map of the proposed project area, the IPaC
generated species list, the state species list retrieved from the North Carolina Natural Heritage
Program, any habitat assessments or species surveys conducted, and a species conclusion
table. If the lead federal agency determines through their review that the proposed project is
likely to adversely affect a listed species, the agency submits a request for formal consultation
with the USFWS. Formal consultation may last up to 90 days, after which the USFWS will
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prepare a biological opinion determining whether the proposed project will jeopardize the
continued existence of a listed species or result in the destruction or adverse modification of
critical habitat. USFWS has 45 days after completion of formal consultation to write this
biological opinion. If either of these determinations are made, the federal agency may provide
the USFWS with reasonable and prudent alternative actions, which would avoid the likelihood of
jeopardizing the continued existence of listed species or resulting in the destruction or adverse
modification of critical habitat.
A pre-application meeting with the USACE, the NCDEQ, and any other regulatory agencies is
recommended prior to submitting a permit to help identify any potential issues early in the
process. Should the regulations, WOTUS boundaries, or the site concept change, the reporting
requirements or permit applicability may also change. Should that happen, AECOM
recommends the City review the NWP 43 and 7 to determine whether the project still meets the
general and regional conditions and consider agency consultation before proceeding.
4.1.2

Site Planning and Stormwater

Site and stormwater plan review in Granville County is managed through the Granville County
Planning and Zoning Division. Per Section 32-394 of the ordinance and based on initial
discussions with Granville County Planning staff, a stormwater management plan must be
submitted for review and approval if a commercial, industrial, multifamily residential or local
government development disturbs 12,000 square feet or more. The stormwater management
plan should include impervious area estimates for the proposed project as well as detailed
design and calculations for stormwater management infrastructure proposed to meet the
stormwater criteria set forth in the Granville County Code of Ordinances under Chapter 32 –
Land Development Code, Article V – Environmental Performance Standards, Division 3. - Water
Supply Watersheds and Division 5. – Falls Watershed Stormwater Ordinance for New
Development. These criteria were discussed previously in Section 3.5. Also discussed under
Section 3.5 was whether the floway area will be considered impervious area by the County for
the purposes of design stormwater controls. Due to this uncertainty and due to the unique
nature of this project, AECOM recommends that the City engage in further discussion with
Granville County regarding site and stormwater requirements prior to initiating the next design
phase. In addition, the County may wish to learn more about certain aspects of algal floway
systems (e.g. space requirements, noise, odor, etc.) in order to advise on site requirements and
properly permit this use of land in the County. Rezoning applications or special use permits may
also be required, depending on guidance and input from the County.
Pursuant to North Carolina G.S. 113A-57, for projects proposing more than one acre of land
disturbance, an erosion and sediment control plan must be submitted to the agency having
jurisdiction and approved by the agency. Further, in accordance with 15A NCAC 04B .0107, “all
individuals that obtain a State or locally-approved erosion and sedimentation control plan that
disturb one acre or more of land are required by the U.S. Environmental Protection Agency to
obtain coverage under the N.C. Department of Environmental Quality Construction General
Permit No. NCG010000 (NCG01).” For the project location in Granville County, the application
for the erosion and sediment control permit and for coverage under NCG01 will be made
through the NCDEQ Raleigh Regional Office. The permit application will include submission of
an erosion control plan showing erosion and sediment control measures, stormwater
calculations, narrative and construction sequence, and a financial responsibility/ownership form.
NCDEQ offers standard and express permitting review options. Review times for the standard
review options can be 30 days and the review fee is $65 per disturbed acre. For the express
review option, review times can be as little as 3 working days, and review fees are $250 per
disturbed acre up to 8 acres at a maximum of $2000 plus $65 per acre. For the current
conceptual design, installation of the algal floway system will result in disturbance of
approximately 12 acres.
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In addition to the construction and post-construction stormwater requirements, per Section 32318 of the county ordinance, a floodplain development application and permit will be required
prior to development activities located within special flood hazard areas. The permit application
will be managed through the Granville County Planning and Zoning Division. As shown on the
conceptual design drawings, the influent and effluent pipeline and associated intake/discharge
structures are the only components of the algal floway system that will be located in the special
flood hazard area. Since the majority of the influent and effluent systems will be subsurface,
installation of the proposed algal floway system is expected to cause little to no impact to flood
elevations.
4.1.3

Use of USACE Land and Falls Lake

As shown in the conceptual drawings, federally-owned land under the stewardship of the
USACE is located between Site 27 and Falls Lake. In order to source water from and discharge
to Falls Lake, the influent and effluent pipe and pump systems for the algal floway must cross
this federally-owned land. Application or requests for use of this government land around Falls
Lake must be made according to the Non-Recreation Outgrant Request Applicant Information
and USACE Non-Recreation Outgrant Policy (ER 1130-02-550 Chapter 17) provided on the
USACE Wilmington District website (https://www.saw.usace.army.mil/Missions/Recreation/LandUse/).
Requests should be made in writing to the Piedmont Operations Project Manager for Falls Lake.
The initial submission should include project description, purpose, preliminary plans showing
footprint of easement and extent of impacts, and other information as listed in Page E1 of
Appendix E of the USACE Non-Recreation Outgrant Policy. Based on discussions with USACE
staff, the preliminary information should avoid and minimize impacts, demonstrate that the water
intake is not a hazard to boaters, and demonstrate that this use of land was the only viable
option. This preliminary information will be evaluated by the USACE and determined whether
the proposed project is an acceptable use of government land. The review of the initial request
may take 30 days or more, and additional information may be requested.
If the USACE determines the project may be appropriate for government land, additional
detailed information as listed in Page E2 of Appendix E of the USACE Non-Recreation Outgrant
Policy must be submitted. More detailed information includes demonstration of coordination with
impacted third parties and other agencies, a more detailed proposal description including plans
and specifications, NEPA documentation if required, mitigation for impacted public resources,
stormwater requirements, demonstration of no net loss in storage capacity for Falls Lake, and
reestablishment of vegetation. Based on the review of the detailed information, the USACE will
determine environmental requirements for the proposed action, including compliance with
NEPA, which may require preparation of an Environmental Assessment (EA) or an
Environmental Impact Statement (EIS). Review time for the detailed information may be 60 days
or longer. If an EA is required, the review time maybe be 180 days or longer, and if an EIS is
required, the expected review time could be a year or more. Approval or denial of the request
will be provided to the applicant in writing. If approved, real estate documents for the proposed
easements may take 90 days or longer. The policy does state that applicants are responsible for
administrative costs incurred by the government for the evaluation of the request and issuance
of the real estate documents, however, established fees were not provided.
Based on discussions with USACE staff, in addition to the request for use of USACE land, an
allocation study for the withdraw of water from Falls Lake will likely be required. The study will
likely be coordinated through the NCDWR, with input from and collaboration with the City of
Raleigh and the USACE. While specific requirements of an allocation study are not defined, it is
anticipated that an estimate of consumptive losses will be requested. As part of further due
diligence, AECOM recommends that the City initiate discussions with the USACE, NCDWR, and
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the City of Raleigh about this project and potential requirements to permit sourcing of water from
Falls Lake for treatment by the algal floway system.
4.1.4

Railroad Easement Encroachment

As indicated on the conceptual drawings, an abandoned railroad embankment runs along the
shoreline on the federally-owned land between the project site and Falls Lake. According to a
real estate map for the Falls Lake project provided by USACE staff, this embankment was
previously part of the Seaboard Coastline Railroad, which later became part of the CSX
Transportation system. Normally a utility encroachment permit would be required for utilities that
cross CSX property or easements (https://www.csx.com/index.cfm/customers/value-addedservices/property-real-estate/permitting-utility-wireless-infrastructure-installations-and-rights-ofentry/utility-permits/). However, based on correspondence with CSX staff, CSX no longer has an
interest at this location, and therefore the utility encroachment permitting will not be required.
AECOM recommends confirming this assessment with CSX at the time of preparing the USACE
Non-Recreation Outgrant Request Application, as the USACE may require documentation of
this coordination as part of permitting use of government land for the algal floway system.
4.1.5

NPDES Permitting

Due to the unique nature of this project, there is not a clear path for permit coverage under the
National Pollutant Discharge Elimination System (NPDES). AECOM recommends initial
consultation and scoping meetings with NCDEQ to determine an appropriate approach. It is
possible that application for an Individual NPDES permit will be requested, which could provide
permit coverage for stormwater discharges from the facility. However, it may also be determined
that an NPDES permit is not needed due to the water quality benefit provided by this type of
facility.

4.2

Other Potential Needs and Considerations

A conceptual design, rough order of magnitude construction cost estimate, anticipated
permitting efforts, nutrient removal estimates, and biomass estimates were presented in this
report. In addition to those issues discussed in previous sections regarding this information,
following are other potential needs and considerations, as well as known or potential conflicts,
that should be taken into account as part of next steps for implementation of the algal floway
system at Site 27:


A geotechnical investigation is needed to assess the subsurface characteristics of the site.
For the current conceptual design, this would involve geotechnical borings in the location of
the algal floway and pump station to a depth below their proposed foundations. The
investigation should assess geotechnical characteristics of the soils, as well as identify any
large rock and water table elevations. If other designs are considered that involve additional
excavation (e.g. wet well and/or tunneling), the geotechnical investigation should be
extended to these areas as well. The cost estimate developed and presented in this
document does not account for the presence of large, sub-surface rock, which could
substantially increase costs of construction.



The conceptual layout was prepared using contours derived from publicly available lidar
data. A site-specific topographic survey of the project area should be conducted to
refine/confirm exact site constraints and dimensions as part of more detailed design.



The conceptual design for the algal floway system provided in this report was guided by
experience with installations of other algal floway systems, several of which are located in
Florida. Many of these previous installations were constructed on mildly sloped terrain and
sandy soils. The selected site and location of Site 27 differs from these other sites due to
the moderately sloped terrain and the presence of finer soil materials (in the watershed and
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on the site itself). Following are two potential concerns associated with these site
characteristics.
─

The current conceptual design is equipped with dewatering beds to treat harvest
related discharge. Additional evaluation is needed to assess whether a different
system, such as polishing ponds, which have been used at some other facilities, would
be more effective. Additional study in this regard may include particle size distribution
evaluation for the influent at this location.

─

The cost estimate was developed using an assumption of pavement thickness and
foundation materials based on best professional judgment and those used at other
facilities. In addition, the spatial extents of paved surfaces were based on anticipated
vehicles and storage needs. The final design for concrete and asphalt pavement
sections will be driven by the geotechnical characteristics of the subsurface materials
as well as anticipated level of service. The final design of these pavements can
increase construction costs, but can also be opportunity for value engineering.



The feasibility of any intake and pump configuration, including the current conceptual
design, will depend on acceptance and approval by the USACE and other stakeholder
agencies as part of the permitting process. The current conceptual design for the intake
system was configured to minimize excavation (considering the possibility for subsurface
rock in the area) and to minimize impact near the shoreline and in the lake, which is an
important consideration of the USACE. However, there may be other aspects of the current
design that could cause concern of the USACE (such as potential for impeding boat traffic)
and may require modification or a new configuration. In addition, given the potential
concerns about fluctuating water levels in the lake and the capability of the proposed intake
and pump system to consistently provide source water for the floway, other configurations
could be evaluated as part of the next phase of design to address this issue. Pending the
subsurface investigations, additional configurations involving a wet well and tunneling or
channeling to the lake could be considered. If subsurface rock is not encountered, these
options could possibly be less expensive than the current conceptual design. Another
potential alternative would be to excavate a small sump in the location of the intake. These
alternative configurations could possibly operate during lower lake elevations. As with the
floway construction, the cost of the current design or any other configuration could be
impacted by the findings of the subsurface investigation. Other potential solutions could
involve providing a source of lower flow to the floway during times when the lake elevation
falls below the design pump elevation, with the purpose of keeping the algae alive until
higher flows can be resumed. These auxiliary flow solutions could involve installing a
separate, smaller intake system or a shallow groundwater well. Any additional
configurations or auxiliary systems would require approval by the USACE and could
substantially increase construction costs.



The conceptual design and associated construction cost estimate was based on the
assumption of a floway surface comprised of a 60 mil HDPE geomembrane and grid. Other
options for floway surface include concrete and asphalt pavement. The HDPE
geomembrane is currently considered to be the least expensive option. The selection of
floway surface type could be influenced by results of the subsurface investigation and
geotechnical study, which could also influence construction costs.



The conceptual design for the algal floway implements a perimeter harvest configuration,
which is a slightly different approach than has been used at other locations. The purpose of
this configuration was to simplify harvest operations, minimize construction costs, and
efficiently use space. Additional refinement of this configuration may be needed as part of
more detailed design.
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For the conceptual design, the intake location was placed upstream of the effluent
discharge in order to prevent the re-treatment of source water. However, given the lake
conditions, which could be more stagnant during dryer periods, the potential for short
circuiting is still a concern. As such, an evaluation of the flow patterns and mixing in the
cove during operation of the floway is recommended as part of detailed design. This could
involve assessment using the Falls Lake hydrodynamic model or a limited mixing study.
Results of the evaluation could further guide ultimate placement of the intake and effluent
discharge locations.



Falls Lake is the primary drinking water source for the City of Raleigh. In addition to the
permitting efforts previously mentioned, discussions with the City of Raleigh and NCDWR
will be needed to define requirements for sourcing water from Falls Lake. As previously
mentioned, a water allocation study may be needed as part of this process.
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