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To: Ben Quartermaine, P.E., Engineering and Operations Manager, Sarasota County Public Utilities

From: John Kiefer, PhD, PE, Principal Engineer, Amec Foster Wheeler
David Brown, PE, Technical Professional 3, Amec Foster Wheeler

Amec Foster Wheeler Project No. 600048.2

Date: August 26, 2016, (Revised December 7, 2016)

Re: Task 2: Characterize Maintenance Activities and Costs

1.0 BACKGROUND AND OBJECTIVES

The Phillippi Creek watershed has an extensively modified drainage network, largely consisting of
canals constructed along the former wetland strands and sloughs that occurred prior to
development. The canal system has improved drainage in support of residential and commercial
land use, but has had some unintended environmental consequences concerning downstream
water quality impacts, excessive sedimentation, and extensive natural aquatic and wetland habitat
losses. Most of the canals are trapezoidal in cross-section and lack woody vegetation on their
banks. These unnatural conditions lack an energy-dissipating floodplain, which when coupled with
banks held together by low-strength grasses instead of plants with stronger roots masses, makes
the channels more susceptible to erosion than a natural stream. This erosion is associated with a
significant amount of Sarasota County’s open channel maintenance budget.

The primary purpose of the overall project (Tasks 1-10) is to provide procedures most likely to
reduce the long-term operation and maintenance costs of the canals. In other words, to enable
the channel systems to become more self-sustaining. Investments that reduce the perennial
maintenance and operation costs and that will concurrently improve downstream water quality,
reduce sedimentation, improve fish habitat, and create recreational/aesthetic conditions for public
benefit will be conceived and described. In essence, the design philosophy is to migrate canal
corridor conditions closer to those of natural riparian corridors without compromising the primary
flood protection mission of the drainage network. Florida riparian corridors often naturally include
patterns of in-line wetlands, strands and sloughs as well as open stream channels.

To meet the overall project goal of providing cost-effective channel improvement
recommendations, the existing maintenance activities and costs must be understood and
characterized. The specific objectives of this Task 2 technical memo is to describe the methods
used to characterize the maintenance procedures and to recommend maintenance activity
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improvements. For the purposes of Task 2, recommendations for improvement will focus on
maintenance activities that can be implemented in the near term, with limited need for significant
capital investments. As will be seen, capital improvements are necessary investments to reduce
maintenance demands. More detailed recommendations for non-maintenance items are the
subject of future tasks (particularly, Tasks 3 through 10). This maintenance activity and cost memo
provides important background information for developing improvement strategies that are
properly integrated with long-term maintenance considerations aimed at reducing total life cycle
costs for high-purpose canals.

2.0 METHODS

The recommendations were developed from County staff interviews, site visits, planning and
guidance document review, and original data analysis.

2.1 Site Inspections and Staff Interviews

Figure 1 provides the location of the study area and the canal segments evaluated for Task 2.
Six canal segments and one sediment trap were evaluated as part of this study during February
19, 2016. Sites were selected by Sarasota County maintenance staff to illustrate the range of site
conditions, highlight routine maintenance activities, demonstrate some of the suite of challenges
faced to perform maintenance, and to facilitate staff interviews. Twenty sites were subsequently
visited for Task 3 (Channel System Classification) during May 3, 5, 10, and 12, 2016; observing
canals before and subsequent to a 3 to 4 inch rainfall event occurring on May 4". The Task 3 site
visits served to further inform Amec Foster Wheeler scientists regarding causes of maintenance
issues, reinforcing much of what was observed earlier.

County staff interviews were conducted with Canal/Travel Way/Flow Way Supervisor Roy Lessig,
Stormwater Maintenance Coordinator Mirko Soko, P.E., and Engineering and Operations
Manager Ben Quartermaine, P.E. These individuals provided a wealth of institutional knowledge,
front line supervision experience, and policy perspectives. Amec Foster Wheeler questioning
during the February site visit focused mainly on determining normal maintenance practices and
the routine challenges crews encounter. Thoughts of front-line staff regarding desired technical
and program improvements were also solicited at that time.

Amec Foster Wheeler posed questions to obtain information regarding the County’s in-house
capabilities and capacity for channel stabilization projects on March 23, 2016, with additional
written responses provided by the County on April 11, 2016. The interview method consisted of a
series of case studies using techniques not normally deployed by the County as a matter of routine
maintenance to facilitate the discussion. The main point of this line of questioning was to determine
to what extent the maintenance activities could be migrated from repetitive mowing and earthwork
patching toward long-term stability fixes eliminating the need for mowing and temporary bank
stabilization treatments. Some of these questions were also offered as a means to understand
what the County would consider to be a near-term maintenance activity versus those likely to be
deemed a capital improvement project requiring external engineering and construction
contractors.

The scenarios above invoked the scope and scale of bank stabilization and reconstruction
projects, different kinds of flexible and inert bank armoring technologies, canal earthwork (via
various kinds of equipment), streambank and buffer afforestation, and some natural channel
habitat and in-stream water quality amendments.
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Sarasota County provided extensive spatial and cost data to Amec Foster Wheeler (discussed in
more detail below). Data quality and Amec Foster Wheeler's preliminary interpretations were
discussed with County staff on July 1, 2016. Sarasota County sent revised data September 12,
2016 and additional information October 20, 2016.
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Figure 1 - Study Area and Canal Segment Locations within the Phillippi Creek Watershed
2.2 Data Acquisition and Analysis

GIS data, other relevant data and documents were provide by the County. All of the information
gathered for the project was compiled into a database and used for data analysis and to inventory
maintenance activities by type and location and to quantify maintenance costs in a variety of ways.

The following GIS layers were acquired and assembled into a working MXD (with source in
parenthesis) as part of completed Task 1:

Canal I.D. Maps (Sarasota County)
LiDAR (Sarasota County)
Easements (Sarasota County)

Land Use (Sarasota County)
Vegetative Cover (Sarasota County)
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Impervious Cover (Sarasota County)

Aerials (1995-present) (Sarasota County)

Utilities with Valve Size (Sarasota County)

Soils (SSURGO)

TMDL WBIDs (FDEP)

NPDES MS4 and Point Source Discharges (Sarasota County)
Drainage area of sub-basins (calculated by Amec Foster Wheeler)

The Phillippi Basin Canal Costs spreadsheet provided by the County was used to summarize work
orders by work type, water type, year, description, location and total costs. The total cost for a
work order record was calculated as the sum of the material costs, labor costs, tool costs, and line
item costs. The status date was used to determine the year in which the cost was incurred.
Records for analysis were limited to those with a status of “Closed”, “Complete”, “Done”, “In
Progress”, or “Inspection” and with a work type of “Corrective Maintenance”, “Emergency
Maintenance”, “Preventative Maintenance” or “Routine Maintenance”. Using this information the

following summarized tables were created.

¢ Annual Costs by Maintenance Description

¢ Annual Costs by Canal

¢ Annual Costs by Work Type

e Total Cost Over Period of Record by Canal per Maintenance Description
e Total Work Type Costs Over Period of Record by Canal

¢ Annual Cost by Canal Segment

e Total Cost Over Period of Record by Canal Segment per Work Type

¢ Annual Count of Maintenance Visits per Canal Segment

Within GIS, the average of the “Annual Cost by Canal Segments” for years with complete records
(2009-2015) were calculated and joined with the Sarasota County Canals shapefile based on the
canal segment in order to create a map depicting the spatial distribution of average annual
maintenance costs throughout the canals. Additional maps were created in GIS to depict the
spatial distribution of total costs over the period of record within the canals for each work type, as
well as a map representing the total number of maintenance visits to each canal segment during
the period of record.

The 2015 Canal Measures spreadsheet provided by the County contained cost per linear foot
breakdowns by expense type (direct expenditure, fully burdened expenditure, and tipping fees)
for the major maintenance types (mowing, excavating, roadside ditch clearing, spraying, and hand
clearing) as well as their work order details for the year. Using the work order details along with
the cost per linear foot information, charts were created to detail the monthly maintenance
expenses by maintenance type and by expense type.

The hand clearing contract spreadsheet provided by the County contained monthly hand clearing
costs by canal segment, and identified the area for each canal segment. A chart was creating to
detail the total monthly contract costs per canal area (North, Central, and South).

Key documents reviewed specifically for Task 2 included the Sarasota County Strategic
Maintenance Plan (Sarasota County 1999), Article IX — Stormwater District section of the Code
of Ordinances of Sarasota County (Sarasota County 2016), and County Ordinance no. 2005-042
(Sarasota County 2005).

Sarasota County Amec Foster Wheeler Project No. 600048.2
Task 2 — Maintenance Assessment August 2016
Channel System Classification Technical Memo Page 4



2.3 Data Assessment

The results of the site inspections, staff interviews, data analysis and document reviews were
considered and synthesized into a series of descriptions and recommendations for improvement.
This synthesis relies on the use of a combination of descriptive statistics, spatial data, and non-
gquantitative factors requiring professional judgement based on Amec Foster Wheeler's experience
designing self-organizing open channel systems.

3.0 RESULTS AND DISCUSSION

The results provide a summary of existing protocols and costs; descriptions of the maintenance
program’s existing capabilities, capacity, and constraints; and a characterization of the causes of
maintenance requirements. The latter factor is important to understand in support of the overall
scope objective to ‘provide procedures most likely to reduce the long-term operation and
maintenance costs of the canals.” Although previewed here, channel condition and erosional
processes are to be more fully described in the Task 3 memo. The descriptions here were largely
informed by the completed and extensive Task 3 site visits, as well as the staff interview visits of
Task 2. The results are generally organized in accordance with the structure of the Sarasota
County Strategic Maintenance Plan (1999), to facilitate a logical order in their presentation.

3.1 Existing Channel Maintenance Practices and Costs

Maintenance protocols are based on applicable County Ordinances. Chapter 110, Article IX
provides definitions and purposes of stormwater assessments managed by the stormwater
environmental utility (SEU) (Sarasota County 2016). Distinctions are made between capital and
maintenance service costs in the definitions section. In simple terms, capital costs are assigned
to projects that improve the level of service and maintenance services are those that sustain
existing levels. Amendment 2005-042 clarified and expanded maintenance services costs to
include repair and renewal of existing assets in addition to daily maintenance such as mowing,
canal and culvert cleaning, and obstruction removals.

Paragraph 110-293(3) summarizes findings, including the benefits of the SEU as follows;
(3) The benefits provided by the stormwater environmental utility to property located

within the stormwater utility area include, by way of example and not limitation:

a. The provision of stormwater management services and the availability and use of
facilities or improvements by owners and occupants of such property to properly
and safely detain, retain, convey or treat stormwater discharged from such

property;
Stabilization of or the increase of property values;
Increased safety and better access to property;

Improved appearance;

© a0 o

Rendering property more adaptable to a current or reasonably foreseeable new
and higher use;

—

Alleviation of the burdens caused by stormwater runoff and accumulation
attendant with the present or projected use of property;
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g. Fostering the enhancement of environmentally responsible use and enjoyment of
the natural resources within the County; and

h. Implementation of the Comprehensive Plan.

(4) The benefits provided by the stormwater environmental utility bear a logical
relationship to the value, use and characteristics of the property located within the
stormwater utility area.

This list rather clearly includes a wide array of potential benefits associated with the SEU that
include, but also go beyond, the singular purpose of flood control. Additional benefits include
stormwater treatment, enhanced property values and land use, aesthetics, and enhancement of
the public’s use and enjoyment of natural resources.

Paragraph 110-293(4) states, “The benefits provided by the stormwater environmental utility bear
a logical relationship to the value, use and characteristics of the property located within the
stormwater utility area.” This seems to ascribe a scientific and site-specific approach to making
capital improvement, maintenance and operation decisions.

Canal maintenance protocols are summarized in the County’s Strategic Maintenance Plan (The
Plan) (Sarasota County 1999). The Plan lists the types of assets to be maintained to include
drainage canals; maintenance dredging of canals; detention and retention ponds; subdivision
lakes; roadside ditches; water control structures, weirs, and pumps; wetland mitigation sites; and
storm sewers, culvert pipes, and inlets. Staff interviews confirmed management of these asset
types. Cost data available from 2008 through mid-2016 was inventoried for total Phillippi Creek
basin maintenance expenditures showing work on canals (Table 1).

Table 1 — Canal Expenditures over Time

YEAR TOTAL

2008 $12,268.38

2009 $96,652.49

2010 $359,065.80

2011 $384,577.70

2012 $360,671.72

2013 $349,149.94

2014 $289,196.57

2015 $269,247.58

2016 $27,179.21

Total $2,148,000.39
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Maintenance activities are classified in broad terms as either ‘Routine’ or ‘Extraordinary’ as part
of the mechanism for setting priorities and balancing maintenance demands against available
budget and staff capability. Routine activities are those scheduled in advance, while extraordinary
activities are those requiring a response to unplanned contingencies or emergencies. The
definitions are somewhat convoluted in that the same activities can sometimes be classified in
either category, depending on the timing of the observed need versus annual planning activities.
It seems like a primary distinction is that routine services are those planned by SEU staff, while
extraordinary services are generated by external Customer Service Requests (CSR). This
construct sets up a circumstance by which the annual plan could be disrupted by contingencies
that may or may not trump the purposes and benefits of the annual plan. Staff interviews confirmed
that this can be a problem at times, and staff expressed a desire for clear guidance for when CSRs
would be prioritized and scheduled, understandable to citizens and professionals alike.

The Plan describes routine maintenance services as consisting of preventative and palliative
components. Preventative components are aimed mainly at maintaining asset performance,
sometimes even beyond the originally envisioned useful life of the asset. These maintain canal
and pond capacity and appearance via mowing, herbiciding, and hand clearing. In short, those
three routine services are landscaping. Other preventative maintenance involves the mechanical
servicing of operable structures including pumps and adjustable weirs. A common palliative
service includes filling erosion gullies. This is deemed palliative in the Plan because it treats a
problem but does not address the cause. Staff interviews and site inspections confirmed that
mowing, hand clearing, herbiciding, and palliative erosion repairs are the most ubiquitous and
common maintenance activities. Staff expressed a desire to move away from palliative responses
and to address causes if possible instead.

Earthwork maintenance activities in addition to gully repair include other palliative services such
as canal maintenance dredging and roadside ditch cleaning services. These are sometimes
deemed routine activities, but are listed under the Extraordinary Maintenance section of the Plan.

Generally, infrastructure (pipes and structures) repair and replacement are considered
extraordinary services seemingly because the precise timing of their remaining life is difficult to
establish given the broad provenance, age, and quality of inherited structures.

Extraordinary maintenance services also center on addressing real or perceived deterioration of
level of service accompanied by flooding. This provides an adaptive approach to assess and
improve responses to extreme rainfall events. In some cases the flooding condition may not be
related to any deterioration in SEU infrastructure.

Response to CSRs are deemed extraordinary services because items like downed trees and
dumped debris in a canal cannot be predicted in advance. Citizens and a variety of elected and
appointed public officials, sometimes acting on behalf of citizen complaints, can issue a CSR.
Public perceptions of priorities regarding CSRs versus routine activities may differ from those of
engineers and maintenance professionals.

Therefore, the Plan provides a response methodology to prioritize work demand activities in
conflict with available funds and human resources. First, scheduled maintenance is more frequent
for canals that are in aggregate most widely distributed throughout the drainage network
(secondary facilities), have the greatest residential density, and with the greatest occurrence of
structural flooding. Frequency of maintenance ranging from 1 to 3 years is to be scheduled based
on categorical rankings of a multimetric index comprised of the aforementioned variables. Second,
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the plan provides an involved protocol for processing and responding to CSRs and some guidance
that can be used to assist with prioritization. It does not provide numerical criteria or a technical
objective-based decision flow chart for prioritizing planned versus CSR activities.

From 2008 through mid-2016 more than $2 million of maintenance services were documented for
the Phillippi Creek basin, of which $780,000 were classified as corrective maintenance, $1.5
million as preventative maintenance, $52,000 as routine maintenance, and $3,200 as emergency.
If corrective maintenance is deemed to be extraordinary and preventative maintenance is deemed
routine, using the Plan definitions, then it appears that 34% of the work demand results from
chronically occurring contingencies in the system (Figure 2). This suggests a deteriorating
infrastructure.

Work Type

Corrective
34.1% E
mergency

Preventative

63.5% Routine

Figure 2 - Work Type Expenditure Distribution.

The Plan acknowledges certain causes of stormwater system deterioration including the wear,
corrosion, fatigue, and latent defects of structures; unanticipated structural damage; accumulation
of junk and debris; and erosion and sedimentation. Of these, erosion and sedimentation likely
have the greatest chronic effect on open channel conveyance, aquatic habitat, and water quality.
The Plan recognizes that an ‘equilibrium channel’ is one that has continuity of sediment transport
through the conveyance without net accumulation or loss of grade over time and that the “ideal
situation is an equilibrium channel configuration that also meets stormwater level of service
criteria, environmental permit requirements, and navigational requirements, if any.” It goes on to
state that “it is necessary to manage erosion at the same time as removing sedimentation.” It
describes an active erosion management program involving vegetation management (specifically
mowing and hand clearing, with reduced herbiciding) and selective hard armoring of problem
areas using a variety of inert structures such as rip-rap, articulated concrete blocks, concrete
slabs, and erosion control mats. It notably makes no mention of emergent natural channel design
approaches or soil bioengineering structures that can provide self-sustaining treatments using
combinations of living and inert materials. Urban centers across the nation have been increasingly
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incorporating this ‘green’ technology in retrofits of their aging stormwater conveyances during the
last 15 to 20 years.

The Plan establishes a life cycle cost approach, recognizing multiple cost phases related to initial
capitalization, operation and maintenance, rehabilitation and replacement, and the various
aspects of time value of money. It also recognizes cost factors related to changing regulations,
technological advancements, adding new functional requirements, and increasing the level of
service. This provides the foresight to take advantage of emergent technology to increase the
functionality or multi-purpose the canals to help solve requirements of new and more stringent
regulations (such as TMDLs, NNC, and MS4).

The Plan requires records to be kept regarding initial construction (as-builts, record drawings,
specifications); environmental permits; CSRs; service contracts and work orders; periodic
condition assessments; and functional and structural evaluation or testing. It does not provide
guidance concerning the capture, organization, and integration of the records. Much of the cost
and activity data is captured in a Maximo database that lacks geospatial capabilities. Evaluating
spatial data (where things are happening) is therefore cumbersome, making it difficult to mine
valuable data for visualizing and communicating problematic assets within the system.

Amec Foster Wheeler queried level of effort and cost data provided by SEU staff to characterize
how maintenance expenditures are distributed over time, by activity, and by location.
Maintenance expenditures from 2010-2013, when the most comprehensive records were likely to
be captured in the submitted spreadsheet data, ranged from $349,000 to $385,000 per year, while
data from 2009, 2014 and 2015 captured less of the total expenditures (Ben Quartermaine,
personal communication). Because the data has been collected and archived in a variety of ways
over time, it does not seem to be available for reliable trend analysis.

Notwithstanding the aforementioned limitations of the data, Amec Foster Wheeler compiled the
available cost and count data from records from 2008 to mid-2016 in spreadsheets and, with
assistance from County staff, subsequently georeferenced it in ESRI GIS software to aid in
visualizing where effort occurred. Average annual expenditures varied widely by canal (Figure 3)
as did the total number of work orders completed by canal (Figure 4). In fact, just 14 canals
accounted for 50% of the reported 2009-2015 expenses, from among the 353 assets serviced
during that period. Only 29% of the assets (103) accounted for 90% of the maintenance expenses
during the same period. This raises the concept that expenditures and work order frequency data
can be used to track problematic canals and be used as a tool for identifying and prioritizing capital
improvements aimed at reducing maintenance efforts and expense in those problem areas.
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Costs for each canal vary among years. SEU staff requested discrimination between normal and
non-normal annual costs for each canal segment using a definition whereby an annual cost less
than 1.5 times the standard deviation of the mean among years was deemed normal and costs
exceeding that are non-normal. Total costs from 2008-2016 were $2.15 million, of which 70%
($1.49 million) qualified as non-normal. This suggests maintenance is far from distributed equitably
among years for each canal. Figure 5 depicts the canals with at least one non-normal

maintenance year during the period of record.
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Figure 5 — Canals with At Least One Non-Normal Annual Maintenance Expense (2008-
2016)

The Plan also lists a set of maintenance issues, with a requirement to develop an annual action
plan to identify activities to address those maintenance issues. Of those issues, public access and
risk, inadequate access for crews and equipment, technological innovation, public policy and
regulatory changes, primary versus secondary drainage system functions, system repair and
rehabilitation, and dollar limits on repair and rehabilitation projects are most applicable to open
channel systems assessed for Task 2. Staff interviews confirmed ongoing challenges consistent
with the issues listed in the Plan, especially those requiring extraordinary repair or rehabilitation,
inadequate access points for crews, and a desire for greater technological innovation.

In 2015, County records documented a fully-burdened manpower maintenance cost equivalence
of $6.6 million. About $500,000 of that was spent with hand clearing contractors. The remaining
$6.1 million was attributed to a total internal manpower cost consisting of SEU labor, equipment,
and tipping fees for debris and sediment disposal. Most of the man-hours and cost (36%) were
spent on excavating and maintaining canals using equipment working within the canal flowline
(using walking tractors called Menzi’s), followed by roadside ditch excavation from edge of
pavement (30%), canal mowing from the top-of-bank (20%) and herbicide spraying (14%) (Figure
6). This data illustrates that maintenance activities involve tremendous effort and expense related
to vegetation management and the consequences of channel erosion.
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Figure 6 - Distribution of Manhours and Cost by Activity

3.2 Existing Capabilities, Capacity, and Constraints

The scope and scale of the open-channel maintenance activities are immense. In 2015 alone,
crews organized from among the 40 person SEU operations team mowed a total of 1,900 acres
of canal right of way and banks from topside mowers, representing about 200 linear miles of canals
in the Phillippi basin. SEU crews removed 667 tons of canal debris in the basin. Flowline mowing
and excavation was conducted along more than 120 miles of Phillippi canals. Roadside sediments
and debris removal was engaged along 50 miles of ditches from edge of pavement using Gradall
excavators. The roadside ditch removals generated almost 1,900 dump truck loads (at 10 cubic
yards per load) of material cumulatively weighing approximately 20,000 tons. External contractors
performed ‘hand removal’ of vegetation on 170 linear miles of Phillippi’s open channels. All told,
about 540 miles of open channel assets were serviced; mostly by mowing, weeding, and
excavating sediment and debris.
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Internal SEU work load is not equitable throughout the year, with peak efforts during the non-
holiday months of the dry season and early wet season (January through June) (Figure 7). This
approach makes sense as it appears like the teams are deployed to prepare the stormwater
systems to perform at their peak efficiency before the mid-summer rains produce large runoff
events. The secondary work peak during the fall at the end of the wet season likely entails repairs
to the effects from summer storms which often cause erosion, move debris, and otherwise
adversely affect the canals.

Monthly Fully Burdened Expenses Including Tipping Fees By
Work Category (2015)

$1,000,000.00
$900,000.00
$800,000.00
$700,000.00
$600,000.00
$500,000.00
$400,000.00
$300,000.00
$200,000.00

$100,000.00 I I I
| | | | I [ | I [ | "I | I | [ | n 0 [ I | T | [ |
$0.00

< < < < <
o’bd 0@&* & & @8\ ¢ ) O & & & &

R 3 ¥ ® S &S
N 53 N\ \a & o N3 &
N N Q S &

£ N Q
mmm CANAL MOW CANAL EXCAVATE ROADSIDE DITCH
SPRAY s HAND CLEARING e TOTAL

Figure 7 - Monthly Expenses by Activity

External hand clearing contractors worked mostly during cool, dry season months (Figure 8). This
pattern may not be providing the best time for plant removal, affecting dead or dormant vegetation
when it is not encountering high flows, but allowing vigorous wet and warm season growth to occur
unabated when flows are most likely to be intercepting the unwanted vegetation. Staff interviews
indicate that this problem is being addressed with the contractor(s). This detail aside, it appears
the SEU crews and their external contractors are adequately staffed to handle peak maintenance
demands when the systems are most workable and in need of work.

Erosion maintenance is a huge financial and logistical problem in the basin and SEU is dealing
with this in a palliative fashion, repeatedly repairing patches of erosion in ways that are likely to
be temporary fixes and excavating eroded sediments where they end up. This is not to fault the
staff as they are dealing with systems that based on their historic design and construction are
intrinsically and excessively erosive. County staff interviews indicated that SEU crews have
sufficient skills, expertise, equipment, and knowledge to perform a wide array of bank stabilization,
grade control, and habitat amendment treatments that address erosion causes rather than
symptoms, or that at least provide long term solutions. These include a variety of inert material
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deployments (gray infrastructure) that function as revetments such as rip-rap, gabions, articulated
concrete blocks (ACB), and Reno mattresses. Staff also appears capable of implementing natural
channel design and soil bioengineering solutions that address causes of erosion and not only
provide long-term solutions, but that are largely patterned after nature and are thus more self-
sustaining over many decades. This ‘green’ infrastructure relies, in part, on native live plants to
stabilize banks often in an integrated fashion with inert structures and natural channel design.
Natural channel design approaches recognize that native streams have many physical
mechanisms for dissipating energy that canals lack, and that plays a critical role in their ability to
function as ‘equilibrium channels’ as described in the Plan. Floodplains, bends, and riffles all serve
to establish continuity of sediment transport. Multi-stage channels, with banks selectively
stabilized by woody vegetation are increasingly being retrofitted in urban drainage systems to
achieve greater self-sustaining benefits. The SEU crews have the capability to construct such
improvements, but not the capacity. Based on staff interviews, availability to conduct such work
is limited to projects as little as 50 linear feet per work order. This is an ineffective scale for
implementing such treatments.

Monthly Hand Clearing Contract Costs By Area
$70,000.00
$60,000.00
$50,000.00
$40,000.00
$30,000.00
$20,000.00
$10,000.00
$0.00
S & & & & & © ¥ & & & &
@V <§9 K\ v S VOQ /\%@ & &o@ C‘Q
TOTAL EXPENDITURE e NORTH e CENTRAL  essm SOUTH

Figure 8 - Monthly hand Clearing Costs

Other significant hurdles remain related to right-of-way and crew access. Amec Foster Wheeler’s
Task 2 and 3 site inspections indicate highly variable right of way conditions that often laterally
constrain top-of-bank access and opportunities for multi-stage channels, or meanders. More safe
and effective access points for crews are needed for many assets according to staff interviews.
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3.3 Channel Conditions and Maintenance Drivers

SEU crews are primarily focused on maintaining maximum conveyance capacity in the canals and
drainage ditches. This leads to mowing, vegetation removal, and herbiciding; especially on the
channel banks. The landscaped bank soils are often characteristically overly high, too steep, and
too non-cohesive to be reliably and fully supported by the weak, discontinuous and shallow root
systems of the grasses and herbaceous plants left behind the landscaping efforts. Natural
channels supporting such bank conditions are most typically held together by native woody plants,
not grasses. In fact, some of the Phillippi canals have largely un-managed woody vegetation on
stable banks on one side and heavily mowed and unstable banks on the other side (Figure 9).

Figure 9 - Canal with Stable Forested Bank opposite Unstable Mowed Bank

Amec Foster Wheeler’s fluvial geomorphologists observed field indicators consistent with a wide
array of bank erosion mechanisms. Basically, water from multiple directions is causing erosion on
a large percentage of the mowed and cleared banks observed (to be characterized and described
in greater detail in Task 3). This includes shallow plane failures, rills, and gullies from direct
precipitation and overbank runoff crossing the bank face; slab failures associated with channel toe
scour; and less commonly, groundwater sapping materials through preferential flow paths out of
the bank. All forms of erosion but the latter are apparent on the canal depicted in Figure 10.
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Figure 10 - Canal Bank Exhibiting Several Forms of Erosion
Associated with Multiple Processes

Almost all of the canals have steep-banked trapezoidal cross-sections which are not stable under
variable flow conditions absent active maintenance. If left to their own devices to weather over
time, they would most likely evolve into multi-stage channels with a meandering low-flow or
bankfull channel inset within a floodplain at slightly higher elevation. The morphology of the
canals; emphasis on maintaining low-lying, non-woody vegetation cover; and palliative
approaches to erosion patching create a demanding and perpetual maintenance requirement.
Remedies to arrest this cycle of intensive and endless maintenance exist, but cannot be
implemented without careful consideration of total life-cycle costs and a reliable, quantitative
assessment on their effects on level of service. Should these approaches prove feasible, the
County possesses crews with the capabilities, if not the existing capacity, to implement them.

Lf left to do so, the process would create a variety of safety and environmental hazards for a period of several
decades, so a ‘do-nothing’ alternative is not recommended.
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4.0 SUMMARY AND RECOMMENDATIONS

Sarasota County spends on average about $300,000 to $400,000a year in the Phillippi basin to
maintain an intrinsically erosive open channel system, while working under a customary
assumption that clearing woody vegetation and mowing a whopping 1,900 acres of land a year is
critical to maintain historic levels of flood protection services. About half of the maintenance work
is planned and the remainder appears to be conducted on a contingency basis, indicating a
chronically ailing system in need of significant retrofits. The maintenance crews are capable, but
existing demands are on par with staff capacity, leaving little availability to engage in construction
activities necessary to break the intensive and perpetual maintenance cycle.

Breaking that cycle appears to be timely given additional and changing environmental regulations
and emergent natural channel and bioengineering technology being applied across the nation to
stabilize, multi-purpose, and improve the level of service in urban drainage systems. This likely
requires master planning and capital improvements that extend beyond the traditional scope of
maintenance activities, but the SEU maintenance personnel offer a wealth of institutional
knowledge, skills, abilities, and specialized equipment that could be effectively harnessed to not
only construct key retrofits, but to help prioritize them. It is important to keep in mind that it will
take many years, perhaps decades to fully re-tool the system and achieve the maximum degree
of more inherently self-maintaining assets. Even those assets will require management, but likely
at lower cost and with better outcomes. SEU crews that are currently lawn managers and ditch
excavators should be able to increase their focus as linear forest managers and channel
stabilizers, provided sufficient plans and tools. The following recommendations are focused on
ways the maintenance program can be tapped to facilitate the development of better stormwater
assets requiring lower expenditures on repetitive maintenance and marshalling those savings to
implement a modern green infrastructure approach that could provide multiple benefits beyond
simple flood water conveyance.

4.1 Improve Documentation and Data Usability

Front line supervisors are keen observers with significant institutional knowledge of key and
problematic assets. The results of their routine inspections and work order documentation could
be formally standardized so it does not vary with programmatic and departmental reorganizations
that tend to occur in county governance from time to time. This would enable accurate tracking of
how canal maintenance activities and costs trend over time. Such data could then serve as
important outcome measures of how effective retrofit programs are in reducing maintenance costs.
Long term data structure and definition standardization is recommended.

Data capture should be digital, menu driven, easy to develop, easy to retrieve, and easy to
visualize. Applications for smart phones and tablets are widely available to directly capture data
into spatial and queryable databases like those supported by ESRI GIS software. It seems like it
would be easier to capture spatial data that way and then develop code to post-process it for input
into non-spatial databases like Maximo if necessary. This would be a work flow improvement over
extracting data from Maximo and then manually linking it to spatial data in the GIS as required
now. Although that process direction could also be streamlined with some programming and data
entry standardization. However, Sarasota County has significant GIS resources and there is
tremendous potential to automatically and spatially attribute data routinely collected as part of the
maintenance program as a tool to visualize and prioritize areas most in need of retrofits or capital
improvements based on work order frequency and total maintenance expenditures. That would
make the kinds of information seen on Figures 3 and 4 easy to develop and share as a diagnostic
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and planning tool. Such visual tools are powerful and intuitive to most decision makers and
citizens. Digital and spatial data captured using hand held electronic devices in the field that
support menu driven interfaces are recommended.

Maintenance field crews probably see more of the canals than anyone. They could be trained to
recognize and document different kinds of erosion to support diagnosis necessary to provide
systemic remedies that treat the cause not the symptoms of erosion. Of course, that
documentation could also be captured digitally and spatially at the source using field devices.
Fluvial geomorphic field indicator training is recommended for maintenance inspectors.

4.2 Clarify Prioritization Guidance

Maintenance managers are supplied with pretty clear documentation and communication
requirements regarding CSRs, but lack numerical thresholds or a clear decision matrix for how to
prioritize them in the grand scheme of all other competing responsibilities and plans. This likely
takes some of the decisions out of the realm of science and engineering and into that of politics
and aesthetics. Improved guidance for what kinds of CSRs warrant maintenance documentation,
communication, and action are recommended.

Such guidance should be developed by a combined community and technical advisory committee,
with citizen input. However it seems logical given the objectives of the stormwater systems that
emergency actions (those requiring immediate action) should be reserved for matters related to
imminent harm to critical infrastructure or public safety over aesthetics. Definitions of planned
versus contingency work orders should be clearly defined, with no overlap or uncertainty of
category. The system should facilitate quick decisions. Priorities should be developed that take
into account that some contingency problems must be fixed near term to prevent secondary
adverse effects (the ‘stitch in time saves nine’ concept), versus others that can be reasonably
scheduled as planned events for the following fiscal year or thereafter without leading to
synergistic or cascading amounts of additional harm and expense. The guidance should be risk
based. It should be readily explainable to the affected public, as should any decisions based upon
it.

Citizen reports provide an excellent free inspection service for problems in densely populated
portions of the drainage network, but they are not necessarily comprehensive or professional
reporters. It is recommended to explore the feasibility of obtaining and deploying drones to
systematically inspect canals with citizen complaints to determine if the reported problem is
localized or more broadly occurring, and routinely use drones in those areas with poor access and
those bordered by sparse populations. Drones are increasingly being used to inspect urban
stream restoration projects after storms to determine needs for remedial measures as part of an
adaptive management strategy for guiding the restoration success. This recommendation should
result in freeing up time for maintenance crews to engage in more services.

4.3 Determine the Need for Mowing

Managing vegetation to a low-cropped stature directly entails the majority of channel maintenance
expenses and indirectly adds to erosion related expenses because such vegetation fails to
properly stabilize much of the extensive high and steep bank conditions encountered in the
Phillippi basin channels. Woody vegetation offers better stabilization by increasing shear strength
of the soils and dissipating near-shore fluvial forces, and also has lower long-term maintenance
requirements than grassy cover. However, it can increase resistance to flow and raise water levels
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during storm events. It may be that the hydraulic effects on flood potential from woody banks are
over-stated as a uniform consideration across the drainage network because flooding is likely to
be rate limited in some areas and volume limited in others. In other words, local friction caused by
trees and shrubs on the banks simply may not change the level of service along many of the
canals where conveyance rate is not really the limiting factor on level of service. The County mows
a very large swath of land based on an assumed benefit that may not be nearly as uniform as
believed.

Fortunately, the County possesses tools to quantitatively assess which canals could support forest
banks without decreasing level of service. These include detailed flood study models (embodied
by ICPR v3 software) that can be iteratively modified to explore workable combinations of forested
canals in the basin. This could be conducted by attributing the banks with particular Manning’s n
values associated with the lower limits of the proposed tree line. It is important to attribute the
position of the tree line correctly as some of the deeper canals do not support or could not support
trees down to the bed elevation. Notably, some natural streams with tree lined banks and heavy
woody debris loads on the bed have n values as low as those attributed to canals during bankfull
discharges (see Kiefer et al. 2015). The baseline (existing) condition models should also be
confirmed for accurate representation of bank conditions, some of which are already forested on
one bank, and the propensity for some culverts to become bottom clipped by eroded sediments
affecting their capacity. Such bottom clipping from erosion during a storm event would be reduced
by an all-forested bank, leading to a positive tradeoff in hydraulic capacity in some circumstances.
Further, even some areas where in-situ bank forests decrease the level of service, it could be
offset by enlarging the channel cross-section in a variety of ways thus allowing afforestation in
concert with channel modification.

Once a proper modeling exercise has identified appropriate areas for bank forests, this information
should be conveyed to the SEU maintenance managers for integration into their planning and
prioritization schemes. This would almost automatically reduce mowing burdens and increase
availability of maintenance crews to begin implementing forest treatments and some related
sustainable erosion control treatments as well.

4.4 Patch with the End in Mind

Tasks 3 through 10 will help frame and prioritize a variety of open channel enlargements aimed
at increasing overall resiliency against erosion and in support of variable amounts of high-end
benefits including fish habitat and in-stream water quality treatment. Once such a construct is
available, it is recommended that the County identify and design (either in-house or using
consultants) a suite of priority projects with the idea that they would be implemented in whole or
in part by the skilled SEU crews over a logical sequence of planned events over time. Once these
areas are identified, they become low-priority maintenance areas. For example, it does not make
a whole lot of sense to aggressively import fill to re-establish a bank slope that is going to be
largely reduced in the future. If the erosion is to be patched, it should be dealt with by removing
material and grading to a reduced slope thus migrating site conditions closer to the plans.

Some intensely eroding banks will need to be repaired in-situ without forest cover, relying more
on inert structures such as gabions, rip-rap, or ACBs. SEU maintenance crews have capabilities
for such construction but currently lack the capacity to tackle such jobs above a scale that amounts
to a patch. Given that expensive end treatments are typically necessary components of such
structures, piecemeal construction is not recommended. These treatments should only be
constructed in-house if more than a few hundred feet could be stabilized at a time.
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It may be necessary to supplement existing crew capacity with contract employees or by use of
contractors during the early years of a transition from a mowing-oriented/palliative patching
scheme to a forest management and long-term bank stabilization program. This is because forest
management, natural channel design, and soil bioengineering techniques are most intensively
managed and maintained when they are young, becoming less reliant on management over time
as the vegetation matures and the systems become more self-organized. Notably this is the
opposite of most inert assets which actually deteriorate over time, leading to increased
maintenance costs as they age.

Even without advanced planning, mowing frequency can be reduced by ongoing SEU initiatives
to identify areas to allow greater vegetation heights. This should free crew time to increase
availability for other endeavors. Heuristic routing and new staging areas are also being
investigated as means to free up staff time for other priorities (Ben Quartermaine, personal
communication). Capital project designers and land acquisition planners are recommended to
consult directly with maintenance managers and front line supervisors to seek guidance and to
provide purposeful maintenance access in the design. This could significantly increase
maintenance efficiency and free up time for high-end services.

Maintenance leaders routinely interact with the public. In some common situations erosion in the
canal could be readily cut off at its source where it originates on nearby private property. For
example, Amec Foster Wheeler observed some canals with rills or gullies that formed from
concentrated runoff delivered from the adjacent rooftops between two houses, and then flowed
along the lot line of those houses to the canal bank. In most cases the erosion occurred where
little to no forest buffer occurred within the County right of way (ROW), or along the top pf bank.
Multiple options exist to address such erosion. Homeowners could install gutters and rain barrels
to prevent the runoff. Homeowner associations could establish rain gardens along the lot lines to
attenuate the runoff. The County could afforest the right of way, creating a ‘backyard buffer by
working closely with citizens to achieve an acceptable aesthetic. These options require varying
amounts of coordination and acceptance from residents, with some requiring work on private
property. The County might consider allowing options for SEU funding or co-funding of
improvements outside the ROW if it would save the SEU money over a reasonable investment
period. It is recommended to empower maintenance leaders to enter into agreements to work with
private land owners in certain circumstances where such collaboration is a financial win-win and
can greatly reduce palliative maintenance on canals with a history of repetitive rill erosion repairs.

An over-arching recommendation is to conduct a thorough review and comprehensive update to
the 1999 Strategic Maintenance Plan. Although it has a sound basic structure, it is now 17 years
old, and revisions can be informed by experience garnered since its inception. It could also serve
as a vessel for any of the recommendations accepted by the County from this memao.
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