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Executive Summary

Fritz Consulting was assigned by the Cincinnati Zoo and Botanical Garden (CZBG) to work

with IBI Group to help the zoo achieve their goal of having “net zero” water usage by 2025. Fritz

Consulting focussed on the Jungle Trails area of the zoo. We conducted a thorough review of the

existing CZBG storm water reuse systems, as well as evaluated technology options for

stormwater capture, storage, pre-treatment, and primary treatment. Each of these technologies

was evaluated through alternative analysis using criteria of cost, maintenance, modularity, and

treatment levels. The technology options considered were ranked with respect to each criteria,

and assigned a weight for each criteria between 1 and 10 to represent importance.

Fritz Consulting reviewed site topography data and plans provided by IBI Group in Civil

3D to identify high slope areas, delineate pervious and impervious surface types, and calculate a

subsequent runoff coefficient. Rainfall intensity data from MSDGC and IBI Group as well as site

characteristics from Civil 3D data were used to calculate a total runoff flow rate of 1.3 MGD for a

25-year storm intensity in the Jungle Trails watershed. To accommodate for the unique site

topography and land use, as well as the high runoff rate, Fritz Consulting recommends using

french drains to capture stormwater in the Jungle Trails watershed. We recommend sending all

captured raw water to an intermediate storage tank with pumps at the lowest point in the

watershed, and recommend a precast concrete tank for storage. We recommend treating the

raw water before storing it using sediment filter bags and hydrodynamic separators, and

pumping the raw water to the oversized storage pipes in Elephant Trek to be stored and treated.

To turn the raw water into clean water, we recommend utilizing the current treatment train

CZBG has implemented throughout the campus, and using sand filtration, UV systems, and

chlorination for primary treatment of the stormwater stored in Elephant Trek.

Fritz Consulting developed conceptual designs of the recommended system. We

identified the locations for capture, treatment, and storage technologies, conducted an

economic analysis of the recommended storm water reuse system, and outlined the separation

of storm and sanitary sewer lines.
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Introduction

1.1 Scope
The Cincinnati Zoo and Botanical Garden (CZBG) set a goal to have “net zero” water

usage by 2025. In the last ten years, through new capital projects, conservation, and

maintenance, CZBG has reduced their water usage from roughly 300 million gallons per year to

less than 50 million gallons per year. The Zoo previously implemented stormwater capture,

treatment, and reuse systems in the Roo Valley and Africa exhibits, and is currently in the

construction phase of their Elephant Trek project. The next area of the Zoo that CZBG intends to

develop a water reuse system is the Jungle Trails exhibit.

1.2 Background
The Zoo is located in a combined sewer overflow (CSO) drainage shed. When major

storm events occur, the combined sewers back up into basements of the surrounding

neighborhood’s homes. This is a major public health issue for the community surrounding the

Zoo, and CZBG wants to find a way to collect stormwater to use for toilet flushing, habitat and

holding spray down, moats, and irrigation. By investing in rain water collection, treatment, and

storage systems, the Zoo has the ability to reduce sewer back up for the local community, and

reduce costs of domestic water use. The Jungle Trails exhibit has a large coverage of pervious

areas, with many mature trees and steep slopes throughout the watershed. The Zoo wants to

avoid cutting down trees for the construction of the water reuse system.

1.3 Approach
Fritz Consulting is working with CZBG and IBI Group to develop a plan to capture, store,

and treat stormwater in the Jungle Trails Watershed area. Technologies were researched for

capture, storage, pre-treatment, and primary treatment methods. Stormwater runoff was

estimated using site plans and data from the city. This information, along with references from

the previous water reuse projects at CZBG, were further used to assess researched

technologies.
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Overview of Technologies

2.1 Capture Technologies

The CZBG utilizes several different collection technologies, inside and outside of

enclosures. The benefit of the previous developed spaces is the flat open landscape, making

stormwater collection technologies easy to incorporate. Previous collection technologies are not

suitable for this new project area because there is a sloped landscape with limited space in

between existing structures. To help work towards the Zoo’s net-zero goal, four collection

technologies have been reviewed for the project area; bioswales, tree wells, bioretention area,

and a catch basin with adjoined french drains. For each alternative collection technology, a

small pump and/or pipe connection will be needed to transport the collected stormwater to the

pre-treatment area.

2.1.1 Bioswales

Bioswales are designed for the capture and control of stormwater runoff. The design is

that of a constructed channel, or channels, lined and filled with appropriate vegetation to help

prevent erosion and aid in infiltration of stormwater back towards the ground water table.

Design considerations include runoff amount, capacity, and cross section shape of the channel.

Channels can be natural or constructed, depending on the area's topography. Stable outlets

need to be established as well to prevent ponding. As area increases, check dams are

recommended to maintain channel stability and decrease stormwater runoff velocity. Different

combinations of soiled base layers and vegetation are also possible designs. Scheduled

maintenance is recommended for this technology, to inspect overall stability of the channel and

materials replacement, if required.
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Figure 1: Bioswale Cross-Section (Source: Vegetated Swales, 2022)

2.1.2 Tree Well

Tree well technology is designed to capture stormwater runoff, either collecting and

redirecting to a re-use system, or to help areas with impervious pavements recharge

groundwater. The species of tree depends on the local environment, but it needs to be able to

handle long periods of dry or wet environments. The tree is placed towards the center of the

target area; tree size affects how much space is needed. The pit which the tree will sit in has a

gravel bottom for irrigation/infiltration. At this level a drain can be placed to capture and

transport stormwater that has passed through the roots and soil substrate of the area. The next

layer should be a soil substrate that best suits the needs of the root system. The surface level

can be gravel, mulch, or grates depending on the site's needs. Surface level maintenance to

prevent blockage around the tree should be done on an as-needed basis.
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Figure 2: Tree Well Cross-Section (Source: Rutgers, 2013)

2.1.3 Rain Garden/Bioretention Area

A rain garden is a depressed area filled with vegetation that has infiltrating root

systems. When a rain garden has a more complex design involving a drainage system, it is often

referred to as bioretention. Bioretention areas can be designed to be ‘off-line’ or ‘on-line’

components. When being designed for stormwater management systems, they should be

“on-line”. As part of the “on-line” system, an overflow outlet should be included, with space

from the inlet location. The overflow outlet is often a type of stone weir. The inlet can be

grasses, vegetated, or stone-lined narrow swale. The depressed area is filled with a gravel,

pea-stone separator layer, and bioretention soil mix. A heavy wood mulch layer is lined across

the top amongst the vegetation. The underdrain should be placed above the gravel layer, below

the bioretention soil layer. If site location is prone to erosion, or unstable, a geotextile lining on

the edges is recommended.
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Figure 3: Cross- Section View for a Bioretention Area (Source: “Bioretention Areas & Rain

Gardens.”, 2022)

2.1.4 Catch Basin with French Drain

A catch basin is a plastic or concrete box with a fitted metal grate over top. French drains

are a trench drain with a perforated pipe installed in the middle/low point. Stormwater can

enter the pipe at any point and run downhill towards the outlet. The pipe size can be

determined based on allowable space. Landscape fabric should be installed along the sloped

trench to help protect the drain and provide stability. An outlet for the french drain can feed

directly into a catch basin. When designing the drainage capture system combining these two

technologies, multiple catch basins can be installed intermittently where the french drain is

broken into segments, where the higher up drain is the inlet, and the lower being the outlet for

the basin. Maintenance needs for such design should be observed and handled as necessary.

This includes sediment removal, trench erosion control, and drainage pipe leaks/breaks

inspection.
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Figure 4: Standard Catch Basin Cross-Section View (Source: Portland Harbor: Catch basins, 2017)

2.1.5. Separation of Combined Stormwater and Sanitary Line

There are a number of pre-existing combined storm and sanitary sewer lines within the

Jungle Trails watershed area. CZBG will be separating the current combined sewer lines into a

set of parallel pipes, separating stormwater and sanitary water flow. This design choice will be

done to direct stormwater capture for reuse on site. Fritz Consulting will provide an analysis of

the current combined sewer separation and logistics during Phase II of the project.

2.2 Storage Technologies

The current vision of CZBG for storage within the Jungle Trails watershed is to utilize the

low point within the watershed (and the entire zoo), located along Forest Avenue. This location

would allow for any collected stormwater within the watershed to flow by gravity to the

proposed storage location. However, this site also includes some physical constraints. The

surrounding area is heavily wooded, and CZBG aims to preserve as many trees as possible

during the construction process. Furthermore, there are many existing buried utilities present. It

would be preferable to avoid these utilities and leave them undisturbed.
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Given these constraints, CZBG and IBI have identified an excellent potential storage

location beneath the existing 2,500 square foot Goetz Animal Health Center (Figure 5). The

space beneath this structure, which is set to be demolished, would serve as both storage and a

location for pumping via forcemain to the Elephant Trek water storage tanks.

Figure 5: Goetz Animal Health Center location along Forest Avenue

2.2.1 Steel-Reinforced Polyethylene Pipe

Steel-reinforced polyethylene pipe (SRPE) is a polyethylene pipe technology that is

supported by steel reinforcing ribs. SRPE provides the lightweight, low cost, and durability

benefits that characterize polyethylene. However, the steel reinforcing ribs also provide

structural strength, resistance to temperature fluctuations and sunlight, and improved

watertightness. SRPE can typically be manufactured in sizes up to 120’’ in diameter, providing a

high volume of storage. Storage can either occur in one long run of pipe or multiple smaller runs

to provide enhanced modularity. When compared to alternative pipe materials and other

stormwater retention options, SRPE is lightweight and easily installed. This may reduce the
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manpower and heavy machinery necessary during the installation process. Large diameter

piping, such as 108’’ or 120’’, will allow sufficient space for regular pipe maintenance.

2.2.2 Precast Concrete Underground Tank

A precast concrete underground storage tank presents the advantage of reduced onsite

construction activity. Such a tank could be purchased and constructed to fit the dimensions of

the site. Precast concrete tanks can provide excellent durability and strength in excess of 5,000

psi, thus creating an impervious environment and eliminating the need for lining, coating, or

sealing. They also have the advantage of maximizing storage within the space they fill.

2.2.3 Precast Concrete Modular Cistern

A precast concrete modular cistern storage tank is created by combining individual

precast concrete modules into a large system capable of storing thousands of gallons of water

(Figure 6). The modular design incorporates lateral and longitudinal passageways between

modules to accommodate internal stormwater conveyance throughout the system. The inside

dimensions of each module are 15 feet in length by 7 feet in width, with a customizable height

between 2 and 14 feet. A modular cistern system allows for customization that can fit the

constraints of a given site. These systems are designed to be accessible for maintenance, can

withstand HS-20 traffic loading, and are able to maximize storage volume with minimum

footprint. The modular nature of this technology allows for simple and quick installation. When

designed for stormwater reuse, an impermeable geomembrane liner is installed around the

modules to prevent water seepage.

Figure 6: Precast Concrete Modular Cistern (Source: Oldcastle Infrastructure, 2022)

13



2.2.4 Bundled-Pipe Unit Reservoir System

Bundled-pipe unit reservoir systems are another form of subsurface water storage

(Figure 7). The system consists of bundled-pipe units (BPU) of five HDPE pipes arranged in a

two-over-three pattern and bonded into a single unit using polyethylene tie-strips. These BPUs

create horizontal pre-compression stresses that increase the capability of resisting greater

vertical loading with minimal deflection when compared to a single pipe. These BPUs can be

combined and stacked to create a highly customizable storage system that fits the constraints of

the site. This technology offers a very high storage capacity, equivalent to 96% voids of the total

occupied volume of the reservoir. The system is wrapped in a geotextile envelope to prevent soil

migration into the system and water loss to the soil, when used for stormwater reuse.

Stormwater runoff can be channeled into the system either through conveyance pipes or direct

seepage through the overlying material. The system can be customized to contain both an

emergency overflow pipe and outflow pipe, which can be linked to one or multiple pumps. In

order to ensure consistent and adequate performance of the BPU system, regular maintenance

would need to be performed. Maintenance would include installation of an upstream

pretreatment system to remove sediment and periodic flushing and vacuum pumping to

remove buildup of solids.

Figure 7: Bundled-pipe unit chamber configuration (Source: Environmental Conservation
Solutions)
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2.3 Pre-Treatment Technologies

Pretreatment is the first step in the treatment of stormwater for the purpose of reuse.

Four technologies have been identified and described below, including ballasted flocculation,

hydrodynamic separation, sediment filter bag, and bioswale.

2.3.1 Ballasted Flocculation

Ballasted flocculation uses a chemical polymer to assist with flocculation, a

physical-chemical process in which suspended solids form large clusters and are removed from

the water (Figure 8). Chemicals such as ferric chloride or alum are added to help solids bind

onto the ballast (typically sand). Ballasted flocculation features high TSS and BOD removal and

can operate at a variety of flow rates. A large footprint is required for ballasted flocculation and

it has more complex instrumentation and controls compared to other pretreatment

technologies.

Figure 8: Ballasted flocculation process diagram.
(Source: WesTech RapiSand Ballasted Flocculation)

2.3.2 Hydrodynamic Separator

Hydrodynamic separators use a high velocity vortex motion within a cylindrical chamber

to remove particles of varying densities (Figure 9). As raw stormwater flows through the

hydrodynamic separator, the swirling motion causes large particles to settle in a separate
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chamber and floatables to be captured at the top. Hydrodynamic separation is effective in

removing sediment, trash, debris, and hydrocarbons and does not require a large footprint. An

advantage of hydrodynamic separators is that they can be used in combination with other

capture or pretreatment methods, especially to provide additional treatment capacity during

high flow rate storm events.

Figure 9: Hydrodynamic separator diagram.
(Source: S3 Stormwater Solutions Source, Hydrodynamic Separators)

2.3.3 Sediment Filter Bag

Sediment filter bags are a simple stormwater protection technology that collects and

removes large particles from stormwater runoff. Sediment bags are a commonly used

pretreatment method and are very popular at construction sites where they are used to capture

and remove sediment from water with high turbidity. At the point of collection, raw stormwater

runoff passes through a filter bag before it enters the stormwater piping system. Sediment bags

are effective in removing large particles such as sediment, organic debris, and street trash and
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can easily be added to a stormwater treatment train as the first line of pretreatment.

Maintenance is simple but must be completed on a regular basis to ensure the bags are not

clogged. If the bag becomes full, stormwater can no longer flow at a reasonable rate which can

either cause flooding or clog treatment technologies downstream if an overflow bypass is used.

2.3.4 Bioswale

Bioswales are channels lined with vegetation that collects and filters stormwater.

Bioswales are a type of Low Impact Development (LID) or Green Infrastructure (GI) that

attempts to mimic a site’s natural hydrological function to manage stormwater runoff. This

makes them a visually pleasing alternative despite requiring a large footprint area. Bioswales

use vegetation, soil, filter media, and an underdrain to pre-treat and capture stormwater runoff

for reuse. Impermeable liners and check dams can also be used to reduce flow velocity and

increase capture. Bioswales are effective in removing street trash items, organic debris, and

suspended solids. Maintenance is required to remove accumulated trash and debris and to

maintain vegetation health.

2.4 Primary Treatment Technologies

Many treatment technologies are used at the Zoo for stormwater reuse. These include

sand filtration, chlorination, ultraviolet, and ozonation. Current and existing technologies have

been identified and described below, including rapid sand filtration, microfiltration,

cellulose-based filtration, ultraviolet, and chlorination.

2.4.1 Rapid Sand Filtration

Sand filtration is a tried and true water treatment technology for stormwater reuse

(Figure 10). It is typically placed near the beginning of the primary treatment process as it

targets turbidity reduction by removing solids, heavy metals, and microorganisms through

biological and physical processes. This is accomplished by fine sand filter media residing in tanks

ranging from a few cubic feet to several hundred cubic feet in volume. After excessive use, sand

filters must be backwashed manually or remotely to clean the sand filter media and return

removal performance to near or equal to its original state.
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Figure 10. Rapid sand filtration diagram. (Source: Reijnen, 2020)

2.4.2 Microfiltration

Microfiltration (MF) is a less common technology used for water treatment (Figure 11).

The MF process utilizes gravity or pressure to force water through manufactured, micro-porous

membranes. MF targets particulates and bacteria, and has also proven to remove some

macromolecules and viruses. MF membranes typically consist of high-performance plastics

wound in spiral configurations to increase durability and performance. Common polymers used

to manufacture the filters include polyimide and polysulfone. Like sand filtration, backflushing is

required to clean trapped solids and microbes from the filters to return filtration performance

to its original state. Aeration is also found to be an alternative to backflushing. Air is introduced

to the filter membrane via injectors and helps recover the flow rate and performance of the

filter membrane.

Figure 11. Microfiltration diagram. (Source: What is membrane filtration?, 2022)

2.4.3 Cellulose-Based Filtration

Cellulose-based filtration is a treatment technology widely studied for heavy metal and

organic pollutant removal (Figure 12). Cellulose-based filtration material comes in many forms,
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including gels, composites, and other derivatives. In addition to the mentioned modifications,

additives and pretreatments are also known to increase adsorption capacity. Being natural and

abundant, many forms of cellulose-based filtration are relatively inexpensive technologies and

are considered a cleaner alternative to fossil fuel-based polymers. Filtration materials are

commonly sourced from plants such as cottons, rice husks, banana rachis, and sugarcane

bagasse. The presence of hydroxyl groups in the cellulose chains allow for crystalline, web-like

structures to form a filter medium. While material availability is not an issue, regeneration of

media is limited to less than a dozen cycles for most forms, so media disposal must be

considered. Flow rate is another limitation for this form of filtration.

Figure 12. SEM micrograph of cellulose fibers. (Source: Bodîrlău et al., 2013)

2.4.4 Ultraviolet

Ultraviolet (UV) treatment is another commonly used water treatment technology for

disinfection (Figure 13). Utilizing replaceable mercury vapor lamps within quartz sleeves, UV

light is delivered to water as it flows through the main reactor. Effective UV treatment relies on

water with high UV transmittance (UVT) upon entering the reactor. This ensures the UV dose

delivered to the passing water is maximized and microbes are inactivated; ultimately, this

process de-activates microbe replication. UVT technology typically resides as the final treatment

step before use. UV is also known to inactivate microbes resistant to other forms of disinfection,

so system performance is maximized when paired with treatment technologies such as

chlorination and ozonation.
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Figure 13. Conventional UV reactor diagram. (Source: What Is Ultraviolet Water Treatment?,

2022)

2.4.5 Chlorination

Chlorination is another treatment technology used for disinfection purposes (Figure 14).

Targeting pathogens, it is an indispensable process used to improve the hygienic quality of

water reuse treatment systems. Chlorine is introduced to water via solution injection or tablet

addition. Chlorination is an effective disinfection technology due to the strong oxidative power

of free chlorine, which is generated by the reaction of chlorine gas in water. Automated chlorine

systems require monitoring to ensure measured levels are accurate and feed rates do not

exceed safe levels. An unavoidable problem with chlorination is the resistant parasitic species

and bacterial strains. Due to this, other treatment technologies are often paired with

chlorination to ensure proper disinfection is achieved.

Figure 14. Chlorine injection system. (Source: Stenner Single Head Proportional Chemical

Injection System, 2020)
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Preliminary Stormwater Analysis

The nature of the Jungle Trails watershed is unlike any other watershed at the zoo, as it

has a highly sloped terrain with a high percentage of pervious area. To aid in the alternative

analysis process and recommendation decision, a preliminary analysis was performed to analyze

the grading of the watershed and the surface types. This data, along with rainfall intensity data

provided by MSD and IBI Group was used to calculate the runoff that would be generated from

the watershed.

3.1 Surface Runoff and Collection

The current CAD file for the entire Zoo campus provided by IBI was used to find the

runoff coefficient for the watershed. IBI also provided an excel calculator that defined three

land uses for the site: open spaces, impervious areas, and steep hillsides. The master drawing of

the jungle trails watershed was delineated into three areas to represent each land use, and the

area of each was calculated in Civil 3D. To distinguish the steep sloped hillsides from general

open spaces, a topographic map of the Zoo was utilized to generate a data visualization of the

steep sloped areas of the site using Civil 3D (Figure 14). As a result, a weighted runoff coefficient

was calculated for each land use area, and a runoff coefficient of 0.55 for the entire Jungle Trails

watershed was found (Table 1).

Table 1: Jungle Trails Land Use Distribution With Roof Area Included
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Figure 15: CZBG Site Layout with Steep Slope

3.2 Rainfall Analysis and Runoff Calculation

The Rational Method (See Rational Method in the appendices) was used to calculate the

total runoff volume for the site. The data for the calculation included the previously calculated

runoff coefficient, the total site area provided by IBI, and rainfall intensity data provided by both

IBI and the Metropolitan Sewer District of Cincinnati (MSDGC). Rainfall intensity data from

MSDGC was provided for time of concentration values between 10 minutes and 60 minutes.

Fritz Consulting considered using the TR-55 method to calculate the time of concentration for
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the watershed, but after consulting with IBI, a time of concentration of 10 minutes was selected

to be as conservative as possible, since it would generate the highest possible rainfall intensity

(Table 2).

Table 2: Rainfall Intensity Level Data (Source: IBI Group and MSDGC)

In order to calculate a runoff flow rate, the 24-hr, 25-year storm was used. As a result, a runoff

flow rate of 1.3 million gallons per day over the entire Jungle Trails watershed was found. (See

example calculation in the appendices).
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Alternative Analysis

For each alternative analysis matrix, every option was evaluated on a weighting scale of

1-10, based on the importance of that criterion, with 10 being most important, and 1 being

least important. To calculate a weighted score, the alternative rating was multiplied by the

weight for that specific criterion. The sum of the scores was taken to calculate the final

weighted score, and the alternative with the highest score represents the best alternative.

4.1 Capture Technologies

The capture technologies were evaluated by looking at 5 criteria; size, maintenance,

cost, effectiveness, and modularity. The CZBG has limited space and changes in elevation

throughout the property. These obstacles make it difficult to apply typical capture systems that

are designed for flat/ low-slope elevations. For this reason, size of capture technology was most

important. The second criteria to be considered was each technology's maintenance needs.

From designs in the past to the overall area of the CZBG maintenance needs should be simple

and easily accessible. Cost of each technology was evaluated as well. CZBG is an organization

that in the past has spent the money required to achieve a design that holds up to the needs of

the Zoo. Effectiveness of each capture technology is important to work towards the Zoo’s goal of

a Net Zero* system, where they will capture as much storm water as capable on their property

to treat and use. The final criteria looked at for each technology was modularity. In this case

modularity refers to the capability of each technology to be modified or changed in the area.

CZBG has been under constant progressive change for nearly twenty years. Some of that change

has been correcting or changing old designs. Separation of storm and sanitary sewer lines was

not analyzed in the alternative analysis process, since the lines will be separated. The logistics of

the separation and any new pipe locations will be outlined in the spring of 2023.

4.1.1 Bioswale

Bioswales are a commonly used technology for stormwater management because of

their visual appeal and capture capabilities. The size of a bioswale makes them efficient for

varying stormwater runoff amounts. The additional sub layers make it easier for bioswales to
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store and hold more water for a longer period of time after the rain event. However, bioswales

have to be cleaned continuously as they are an easy collection point for trash and other debris

that gets collected in stormwater runoff. Maintenance is important to not only remove the trash

and debris, but to help maintain the vegetation and drainage points if the bioswale has them. If

not maintained properly several issues can occur, such as flooding and standing water. The price

to create a bioswale varies, but is relatively low. The highest contributor to price is gravel and

vegetation cost. Although bioswales are not highly modular, if designed properly they do have a

lifespan of 20-50 years, depending on stormwater intensity over the years.

4.1.2 Tree Well

Tree wells are typically seen in areas with a high impervious surface area. Similar to

other stormwater management designs, the tree wells act as a collection point for the

stormwater runoff. The benefit of a tree well is they are adjustable to size. Different size trees

can be chosen for the design to still work. The location for the tree well would need to be at the

bottom of the sloped area to help direct the runoff. Although this area is not surrounded by

impervious surfaces, the sloped land increases the speed of the runoff, leading to a lower

amount of infiltration. Depending on certain design features, such as the tree root system and

soil composition, a tree well can hold roughly six to eight inches of stormwater runoff. Beneath

the surface, the tree roots sit in a soil substrate on top of a gravel bedded layer where a

drainage pipe can be placed. The problem with this design is the drainage pipe would require a

small pump to move the collected stormwater to the pre-treatment area. Maintenance would

need to be done at a bare minimum of monthly routines and after large storm events. Clearing

debris and trash to prevent blockage is a priority. However, for the subsurface pipe and pump,

maintenance access would be very limited.

4.1.3 Rain Garden/ Bioretention Area

Rain gardens are depressed areas of land, often planted with grasses and perennials, for

stormwater runoff to flow into. A bioretention area is a rain garden with a drainage system and

amended soil. Similarly, size is the main contributing factor. Rain gardens have a higher

collection efficiency as the size increases. Gravel or constructed channels can be implemented
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to help conduct the runoff towards the depressed area. Space permitting, a stone weir may be

necessary toward the opposite side of the main inlet point. Rain gardens have a higher price

point as well due to the different varieties of materials used in design, such as different gravel,

soil, and vegetation types. Vegetation for rain gardens is more advanced than just grass,

typically containing more perennial type plants. A mulch layer is preferred to be added with the

selected vegetation in case ponding occurs. Maintenance to keep the area clean and ensure

there are no blockages should be done regularly on a bi-weekly schedule in the first year until

the vegetation is more mature.

4.1.4 Catch Basin with French Drain

Catch basins are often used in grassed areas where ponding occurs to help drainage.

However, for the CZBG they will be used to collect stormwater runoff that would otherwise go

into the combined sewer system. Different sizes are offered in the pre-cast options for catch

basins, making it easier to adapt to size limitations of the Jungle Trails area. The purchase cost

can vary depending on the size of the catch basin installed. Maintenance should be regular,

however it is typically only needed after storm events to clear the grate of any debris or other

blockages. A french drain is used in similar areas, sometimes where there is a space limitation

or aboveground obstacles. French drains and catch basins are often coupled together to help

direct the stormwater into the catch basin during and after storm events. Having elevation helps

transport the stormwater through the drain, otherwise stormwater can get caught and sit in the

drain causing several problems. For the site location in Jungle Trails, the sloped area is a benefit

to this design rather than a complication like the other alternatives. The size, maintenance

needs, and compatibility with sloped landscapes makes catch basins and french drains excellent

for the stormwater runoff capture for the Jungle Trails area.

4.1.5 Separation of Combined Stormwater and Sanitary Line

The separation of the existing stormwater and sanitary line was not included in the

alternative analysis because the CZBG had already confirmed that they will be implementing the

separated lines.
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Table 3: Comparative Analysis for Capture Technologies

Table 4: Alternative Analysis for Capture Technologies

The CZBG has utilized bioswales, rain gardens, and catch basins throughout the property,

and each of them has significant benefits. Bioswales and rain gardens work great for enclosures

and open common areas, but their size requirements are not suitable for the design location,

which is reflected in their analysis scores. Catch basins are simple and easy technologies that

the CZBG has creatively placed along the walking paths and in enclosures. The catch basins

provide an efficient collection point for stormwater to be captured and sent to the on-site

treatment and storage facilities. However, around the CZBG, the paved walkways provide a

guided path to different catch basins, where the difference in the Jungle Trials site is there will

not be paved walkingways along the hill side. French drains are an alternative solution to help
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guide the stormwater to the catch basin collection points. Catch basins also have the benefit of

small size, lower cost, easy maintenance, and if needed in the future they have a very modular

set-up.

4.2 Pre-Treatment Technologies

The five criteria chosen to evaluate pretreatment alternative options were treatment

level, overall cost, technology footprint, and ease of use. Note that these criteria are being

weighted on a 10-point scale to adequately represent the importance of each and to offer

sufficient diversity in the data for choosing the best technology. Due to the primary objective of

reusing the stormwater that is captured, treatment level was determined to be the most

important criteria in determining the best pretreatment technology. The treatment level can be

broken into two categories for pretreatment including fecal coliform and TSS removal

efficiencies. Of these two categories, TSS removal is given a higher importance due to the

primary treatment technologies being used downstream in the treatment train. Maintenance

has also been a major issue and area of concern for the Zoo and was given the next highest

weighting for importance. Next of importance was total costs for each technology including

material and installation costs. The total cost includes estimates for material and installation

costs. Available space in the Jungle Trails project area is limited and includes many obstacles

both above and below ground, making technology footprint an important factor to consider.

Lastly, ease of use is being evaluated. The technologies within this criterion are ranked by

simplicity and the Zoo’s familiarity with each. This helps determine if there are any feasibility

issues or large operational challenges associated with each alternative.

4.2.1 Bioswale

Bioswales are a green infrastructure technology that is efficient in collecting and

pretreating stormwater on site. The vegetation and soil acts as an effective filter media and can

remove up to 70% of TSS and a small percentage of fecal coliforms. Initial costs are fairly high,

but once the bioswale is installed maintenance is minimal. Maintenance is required at most

once a month and each time after a greater than 2 inch storm event to remove trash and debris.
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Bioswales are already being used at the Zoo as part of previous water reuse projects, however,

the Jungle Trails area is limited in space and features steep terrain, making bioswales difficult to

implement effectively.

4.2.2 Ballasted Flocculation

Ballasted flocculation is a relatively new pretreatment technology in the United States

and is typically found as part of larger scale wastewater treatment trains. It is effective in

removing up to 85% of all TSS and around 70% removal of fecal coliforms (Table 5), making it

the technology with the highest overall treatment capabilities. Ballasted flocculation requires

specialized maintenance to ensure proper function. It is a relatively advanced pretreatment

technology and requires a certain level of technical skill among employees working with it. Exact

footprint and cost information are not available for ballasted flocculation at a small scale that

would be required at the Zoo, however, based on estimates it would likely be the largest and

most expensive of the pretreatment methods considered.

4.2.3 Hydrodynamic Separator

Hydrodynamic separators are a cost-effective pretreatment method commonly used in

stormwater management systems. They use gravity to settle large particles and phase

separation to remove hydrocarbons and debris, achieving 80% TSS removal (Table 5).

Hydrodynamic separators are fairly compact and are placed underground, making them a great

option when space is limited. Depending on the volume and frequency of storm events,

hydrodynamic separators only need to be inspected and cleaned once every 2-4 months and

fully vacuumed out annually. They can be used inline or offline, allowing for easy overflow

bypass that will be required during larger storm events. Hydrodynamic separators are already

successfully used at the Zoo and the staff is familiar with proper operation and maintenance.

4.2.4 Sediment Filter Bag

Sediment filter bags are a simple stormwater pretreatment technology that can attach

to drainage inlets and serve as permanent protection against litter, debris, and other large

particles. Up to 85% of all TSS can be removed by using filter bags (Table 5). These inserts can be

29



made of stainless steel and are easy to maintain, requiring regular inspection and clearing

especially after large rain events. Sediment filter bags have low material and installation costs

and have a small footprint, being the same size as the inlet itself. The simplicity and low cost

make them a great first step in the treatment and reuse of stormwater.

4.2.5 Sediment Filter Bag + Hydrodynamic Separator

Sediment filter bags are a simple technology that can easily be added to a stormwater

reuse treatment system as a first line of protection against sediment and debris. When used in

combination with a hydrodynamic separator, it is possible to increase the TSS removal efficiency

up to 90% with only a minor increase in cost (Table 5). The addition of sediment filter bags can

also slightly decrease the overall maintenance time and difficulty since the bags can be cleaned

during regular inspections, limiting the amount that can build-up in the hydrodynamic

separator. Both of these technologies are already being utilized by the Zoo, making an easy

transition in use and maintenance.

4.2.6 Comparative Analysis for Pretreatment Technologies

Available data covering costs, removal efficiencies, maintenance, and required footprints

for the selected pretreatment technologies is compared in Table 5. Using this data, Table 6

contains the results of the alternative analysis conducted for these technologies.

Table 5: Comparative Analysis for Pretreatment Technologies
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Table 6: Alternative Analysis for Pretreatment Technologies

While ballasted flocculation has the highest overall treatment performance, it is limited

by its cost, required footprint, and complexity of operation. Bioswales perform average to poor

across all decision criteria and are additionally challenging to implement due to the steep

topography. Hydrodynamic separators had a high overall score despite only performing average

in the two most important criteria, treatment level and maintenance. Sediment bags scored

highly across nearly all decision criteria, however, it failed to meet the desired treatment level.

It was found that a combination of sediment filter bags and hydrodynamic separator had the

highest overall weighted score (Table 6). This combination of pretreatment technologies offers a

high treatment level with minimal maintenance, low cost, relatively small footprint, and simple

operation. These technologies are currently being used on the Zoo’s campus and do not require

any additional training before use. It is for these reasons that a hydrodynamic separator and

sediment bags were selected as the pretreatment technologies.

4.3 Storage Technologies

Five criteria were used to evaluate storage alternatives: site compatibility, maintenance

requirements, storage capacity, longevity, and cost. The criteria chosen reflect the project

objective of stormwater reuse, lessons learned from past CZBG projects, and the constraints

associated with the site. The storage technology will be located in a relatively cramped area;

there are many surrounding trees and utilities that need to be protected during the

construction process. As a result, site compatibility was chosen as the criteria of highest

importance. A storage alternative is desired that will maximize the provided space while
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minimizing disturbance to CZBG’s existing resources. Maintenance requirements, which include

both frequency and ease of maintenance, were the second important consideration. CZBG is

seeking to prevent the maintenance issues previously experienced within the storage system in

the Africa exhibit, where the chamber system in place clogged frequently and maintenance

access was limited. The third most important criteria was cost. Relative cost was assigned on a

1-5 scale, with 5 representing the highest expected cost. Lastly, storage capacity followed by

longevity are being considered. CZBG desires a storage alternative that is durable, will have a

long service life, and will maximize water storage volume given an equal footprint. The cost of

the chosen alternative will be researched with more specificity during Phase II.

4.3.1 Steel-Reinforced Polyethylene Pipe

Steel-reinforced polyethylene pipe, such as DuroMaxx pipe manufactured by Contech

Engineering Solutions, offers excellent durability and longevity when compared to traditional

HDPE pipe. DuroMaxx is estimated for a lifetime between 50-100 years, so a lifespan of 75 years

was assumed. For use in storage tank applications, a large pipe diameter would likely be chosen,

such as 120’’. A pipe size of 120’’ would also be large enough for a person to enter, making any

needed maintenance or clearing much easier. Multiple pipes could be lined side by side to meet

the storage capacity needs of the site. However, in order to install SRPE of that size, a relatively

large construction footprint would be required. It would be quite difficult to meet the

constraints of the Goetze Animal Health Center site without interfering with surrounding

utilities or requiring tree removal. The cost of SRPE is also high when compared to other

alternatives.

4.3.2 Precast Concrete Underground Tank

The major advantage of the precast concrete tank alternative would be its compatibility

with the physical constraints of the chosen site. A precast concrete tank could function as a

“basement wet well” below the demolished Goetze Animal Health Center. The tank surface area

could span the floor of the building and be excavated below grade to meet the tank storage

requirements. A precast concrete tank could also house submersible water pumps used to

convey water to the Elephant Trek tanks. Therefore, a precast concrete tank would help to avoid
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utilities and tree removal, maximize storage capacity, and minimize footprint. Such a tank could

be physically entered by staff as maintenance and repair needs arise. One disadvantage,

however, is the lack of modularity associated with this alternative. If contaminants or excessive

solids enter the tank, the entire tank would be exposed and the pumps could be damaged. This

issue could be mitigated by effective pretreatment and or by installation of some filtration

device within the tank, such as a faircloth skimmer above the pumps.

4.3.3 Precast Concrete Modular Cistern

The precast concrete modular cistern alternative displays many of the same advantages

as a precast concrete underground tank. The StormCapture system by Oldcastle Infrastructure

was used as a reference product. This technology fits well with the site constraints. Due to its

modular nature, the system could be customized to fit the space allotted below the existing

Goetze Animal Health Center building without much wasted space. A modular cistern system

has a high storage capacity to footprint ratio and would likely prevent disturbance in the

surrounding area. These systems are typically equipped with maintenance modules that provide

access to the system for ongoing inspection and maintenance. Twice-yearly inspection and

maintenance is recommended to remove trash, debris, sediment buildup, and other

contaminants. In regard to longevity of the system, this alternative is attractive due to the

potential of replacing individual modules rather than the entire system.

4.3.4 Bundled-Pipe Unit Reservoir System

The bundled-pipe unit reservoir system evaluated for the purpose of this alternative

analysis was the PIPE-R Reservoir System by Environmental Conservation Solutions. A BPU

reservoir system, due to its modularity and highly customizable nature, could fit within the site

constraints very well. BPUs can be arranged into many different configurations to maximize

storage in a highly variable space. Cost and storage capacity are highly competitive as well,

though storage may not be as efficient as a precast concrete tank or precast concrete modules.

The recommended minimum design life for a system constructed with HDPE pipe is 50 years.

However, the major concern associated with BPU systems is maintenance. Unlike the other

storage alternatives, physical access into the system would not be possible. To perform

maintenance and remove sediment accumulation, inspection/maintenance ports are installed
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within the body of the reservoir system and the inlet/outlet manifolds. To remove sediment,

contaminants, and other buildup, the reservoir is flushed with water and then discharged using

a vacuum truck. Once the system and surrounding area has been constructed, access by a

vacuum truck may be difficult. Environmental Conservation Solutions recommends quarterly

inspection for the first year and twice annual inspection thereafter.

4.3.5 Alternative Analysis for Storage Technologies

The four technologies were ranked on a scale from 1-4, with 4 representing the highest

relative score, for each chosen criterion. The score for each technology was multiplied by the

weight assigned to each criterion to generate a total weighted score.

Table 7: Alternative Analysis for Storage Technologies

4.4 Treatment Technologies

To evaluate the primary treatment technologies, four criteria were chosen: treatment

level, cost, maintenance requirement, and treatment time. Regarding importance for each

criterion, treatment level remains the most important criterion. Specific water quality standards

must be met before the collected water is reused at the Zoo, and this remains important to both

the public for human safety and the zoo for animal safety. Cost was chosen as the next most

important criterion. While cost will vary for each treatment technology, some capital investment

must be made for the treatment process. Some technologies may be too expensive to consider,

so high-cost alternatives are important to address. The third most important criterion is

maintenance requirements. Maintenance requirements include mechanical upkeep and parts

replacement for various functions of each treatment technology. Maintenance intervals will also
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vary for each treatment technology. Lastly, treatment time was chosen as the least important

alternative. Due to the variation of rainfall events, treatment technologies must process water

consistently on demand. Technologies not able to treat efficiently enough may not be

considered for the treatment train. However, the treatment system will pull from storage tanks

and can run continuously, justifying its position as the least important criterion.

4.4.1 Rapid Sand Filtration

Sand filtration is a well-established technology in the water treatment process. Solids,

microorganisms, and heavy metals are removed from the flow path as water travels through the

filter media. Sand filters require a relatively large footprint to accommodate high flow rates,

with most systems treating water at about 5 gpm/sq ft. Commercial sand filters cost an average

of $32,000 USD for installation and $5,000 annually for a 79”, 88 sqft system. Maintenance is

relatively low, but systems do require backwashes weekly or monthly depending on use.

Treatment performance is reliable, with high reduction in TSS and up to 1 log reduction in BOD.

4.4.2 Microfiltration

Microfiltration is an alternative to sand filtration, and comparative data presents

interesting findings. Installation cost, likely less than $100,000, is on the expensive side of the

alternatives, but operational and maintenance costs prove to be less than others. Maintenance

intervals are relatively long, only needing membrane replacement once a month depending on

system use. Filters must be backflushed or replaced periodically, and trapped solids must be

disposed of after filter cleaning. Microfiltration systems generally operate at low flow rates, so

many units are needed to improve overall system efficiency.

4.4.3 Cellulose-Based Filtration

Cellulose-based filtration, a natural comparison to the two previous filtration

technologies, is more of a mixed bag. Because there is less field testing and operational

information, much engineering design work is required for system integration. However,

obtaining cellulose materials is relatively cheap and easy, proving this alternative to be greener

and more cost efficient. Maintenance intervals are expected to be more frequent than other
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alternatives due to constant sourcing and replacement of cellulose materials. Flow rate is

expected to reflect that of microfiltration, leaning toward the low-flow region. As a result,

system size may be larger than feasible at this site.

4.4.4 Ultraviolet

UV treatment remains effective regarding microbial treatment. Additionally, systems are

relatively inexpensive as reactors and replacement bulbs are both readily available. Sitting at

the final treatment step in the treatment train, small UV systems provide efficient disinfection

performance to flowing water at acceptable flow rates. Maintenance intervals are low as

systems are turned on for hours of use and require less than 10 minutes of warm-up time. Bulb

replacement and quartz sleeve fouling cleaning must occur about once a month depending on

use.

4.4.5 Chlorination

Chlorination is a polarizing technology. Overuse or misuse can lead to problems. On the

other hand, chlorination is relatively effective and inexpensive. Due to the constant monitoring

operation is known to cause headaches. Because there are many forms of chlorine addition and

monitoring, costs can range greatly. Capital and annual costs are for a continuously monitored

and automatic feeding system that utilizes a 12.5% hypochlorite solution. Disinfection

performance is notably less than that of UV treatment: however, application for each

technology will vary depending on treatment system location within the full treatment train.

4.4.6 Comparative and Alternative Analysis for Treatment Technologies

Comparative data for the primary treatment technologies is detailed in Table 8. Each

technology is ranked on a scale of 1-5 and multiplied by the designated weight for each criterion

to generate the final score of the five technologies, forming the complete alternative analysis

detailed in Table 9.
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Table 8: Comparative Analysis for Primary Treatment Technologies

Table 9: Alternative Analysis for Primary Treatment Technologies
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Final Design Recommendations

After analyzing multiple technologies for capture, pre and primary treatment, and

storage, Fritz Consulting recommends that the Cincinnati Zoo and Botanical Garden use catch

basins with french drains for capture (Alternative 4), hydrodynamic separators as the primary

technology used for pretreatment and sediment filter bags as initial pretreatment directly

following collection wherever applicable (Alternatives 2 and 3), a precast concrete tank housing

pumps and construct it underneath the existing Goetze Animal Health Center to serve as storage,

and a treatment train utilizing both sand filtration, UV systems, and chlorination (Alternatives 1,

4, and 5). The logistics of the recommended water reuse system will be outlined during the

design phase of the process. Fritz Consulting predicts that by implementing these alternatives,

CZBG will take a major step toward their goal of achieving net-zero water usage by 2025.

5.1 Secondary Stormwater Analysis

Historical rain gauge data for the Cincinnati Zoo property had been collected by the

metropolitan sewer district of greater cincinnati. The data was from 2003 through September

2022. The data was analyzed in excel against different runoff coefficients, pumping rates, tank

size and watershed area. The goal of the created model was to show the variance in overflow

volumes for the different constraints previously mentioned. Overflow volume was defined as

the amount of runoff from a given storm event that does not get captured in the designed tank.

5.1.1 Rain Gauge Data Analysis

Fritz Consulting was provided with 19 years of data from a rain gauge located at CZBG.

The rainfall data was recorded in 5-minute time intervals. Only intervals with recorded rainfall

were included in the dataset. This rainfall data was analyzed over the 19-year study period from

2003 to 2021 to describe data variation and determine any noticeable rainfall trends (see

Figure 16).

Analysis of the provided rain gauge data did not reveal any temporal trends in annual

rainfall, but it did demonstrate the tremendous variation in annual rainfall that Cincinnati

experiences. The minimum and maximum annual rainfall values -- 34.6 inches in 2010, and 68.8
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inches in 2011, respectively -- nearly vary by a factor of two. The mean annual rainfall across the

19-year period was 46.2 inches. These results demonstrate the need for a storage tank that is

equipped to handle significant fluctuations in rainfall volume and intensity.

Figure 16: CZBG Annual Rainfall from 2003-2021

5.1.2 Daily Storage Tank Model

Using Microsoft Excel, a model was created to simulate the response of the proposed

Jungle Trails storage tank to the 19 years of historic rain gauge data. The model inputs included

storage tank capacity, watershed area, watershed runoff coefficient (the percentage of rainfall

that is converted into direct runoff), and pumping rate leaving the tank. The default model

inputs are summarized in Table 10.

Table 10: Default parameter values for daily rainfall model
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The 5-minute rain gauge data provided to Fritz Consulting was combined into daily total

rainfall values, spanning from January 1, 2003 to December 31, 2021. The following

assumptions were made to create the model:

● All direct runoff from the 14.8-acre Jungle Trails watershed enters the Jungle Trails

storage tank. No direct runoff is diverted or stored elsewhere.

● There is no lag time between rainfall, direct runoff generation, and entry of runoff into

the storage tank.

● The tank is equipped with a single pump possessing a single pumping rate. This

assumption could be revisited in future model iterations.

● The pump begins operation as soon as runoff enters the storage tank, and continues

operation until the tank is fully empty.

● When tank overflow occurs, the tank storage is set equal to the maximum tank capacity

(183,000 gallon) for the start of the next day. The tank storage can never drop below

zero or above the maximum tank capacity.

● The storage level within the tank each day is calculated by the addition of the previous

day’s storage and runoff volume generated minus the volume pumped.

● The pumping rate leaving the Jungle Trails tank is not constrained by the level within the

Elephant Trek tank.

This model was simulated over the 19-year historical dataset to generate statistics on

volume of capture and overflow from the storage tank, rainfall, and pumping. The results are

summarized in Table 11. Further analysis of the hourly storage tank model revealed that the

predicted overflow was artificially low. Use of a daily time step essentially created an imaginary

extra storage volume by allowing the pump to “catch up” to the runoff generated throughout

the day. As a result, the model predicted an average of only 80,804 gallons of overflow per year.

40



Table 11: Daily tank model results

5.1.3 Hourly Storage Tank Model

Due to the sensitivity limitations of the daily storage tank model, the need for a smaller

model time step became clear. Thus, Fritz Consulting created an hourly storage tank model to

test the accuracy of the daily model’s results. The hourly model was created with the same

inputs and assumptions as the daily model. The parameters of particular interest to Fritz

Consulting were the percent capture of the tank, the total annual volume of overflow from the

tank, and the relationship of rainfall to tank overflow. The model results, with input values of a

250 gallon per minute pumping rate and runoff coefficient of 0.51, are summarized in Table 12

below.

Table 12: Hourly storage tank model results at 250 gpm and C = 0.51

These results display tremendous variability. The maximum annual tank overflow (2017)

is more than 34 times larger than the minimum (2014) over the 19-year study period. The

volume captured by the tank varies by a factor of 2. Furthermore, the hourly model predicts an
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average of 508,000 gallons of overflow annually -- dramatically more than the roughly 80,000

gallons predicted by the daily model. The hourly model eliminates the imaginary storage margin

created by the inherent assumptions of the daily model. During an intense rain event, or one

where the tank already is holding water, the tank may be overwhelmed in just a few hours of

rain. Where the daily model allowed 24 hours for the pump to “catch up” to adverse conditions,

the hourly model allows just one.

Figure 17: Tank overflow predicted by the hourly model, 2003-2021

Figure 17 above shows the variance of the storage tank’s response to rainfall over the

course of the historic dataset. This statistic reveals the extent to which the proposed tank will

discharge excess water to the downstream combined sewer system. According to the model,

the percent capture of the storage tank varies between 99.6% and 89.3% over the course of the

study period (Figure 18). The model predicts that, even in years of intense rainfall, such a tank

would prevent millions of gallons of stormwater from overwhelming the combined sewer

system and creating environmental hazards -- such as sewer backups into homes and businesses

and overflow of combined sewage into natural waterways.
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Figure 18: Tank percent capture predicted by the hourly model, 2003-2021

5.1.4 Sensitivity Analysis

A sensitivity analysis was performed on the impact of watershed runoff coefficient and

tank pumping rate on tank overflow volume. A range of pumping rates between 100 and 500

gallons per minute were examined over the study period of 2003 to 2021 (Table 13).

Table 13: Hourly storage tank model result: C = 0.51, variable pumping rates

The pumping rate chosen had a significant effect on the overflow volume from the tank.

An increase in pumping rate from 250 to 500 gallons per minute, for instance, resulted in a 62%

decrease in overflow. If CZBG desires to craft specific benchmarks related to overflow
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prevention or capture volume, these results could be very useful. In the interest of energy

efficiency, CZBG has expressed a desire to keep pumping rates at or below 500 gallons per

minute in the proposed Jungle Trails tank. With this in mind, the possibility of variable pumping

rates is very attractive. Lower pumping rates, such as 150 or 250 gallons per minute, could

largely handle smaller rain events, while a 500 gallon-per-minute pump could capture the vast

majority of runoff even during intense storms.

A sensitivity analysis was also performed on the impact of runoff coefficient on tank

overflow. The annual overflow over the 19-year study period was analyzed using runoff

coefficient values of 0.51, 0.55, and 0.60, as shown in Figure 19.

Figure 19: Tank percent capture predicted by the hourly model, 2003-2021

These results demonstrate an exponential effect of runoff coefficient on overflow. A 17%

increase in the runoff coefficient from 0.51 to 0.60 resulted in a 78% increase in annual

overflow from 508,000 to 905,144 gallons. CZBG and Fritz Consulting have currently estimated a

runoff coefficient value of 0.51 for the Jungle Trails watershed, based on approximate estimates

of land uses. Given the significant impact produced by even a small change in watershed runoff

coefficient, it may be in CZBG’s best interest to generate a more exact runoff coefficient value

for future calculations.
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5.2 Additional Treatment Technologies

Following the design recommendation review, it was requested that an additional

treatment technology be researched for implementation consideration. Specifically, a sponsor

requested the use of hydroponic treatment ponds be researched due to their effective

treatment capabilities. Subsets of these systems, including floating treatment wetlands, have

been utilized in stormwater pretreatment applications with great success. Unique treatment

properties that these techniques offer may prove valuable for and can further progress the

Cincinnati Zoo’s “net zero” water efforts.

5.2.1 Floating Treatment Wetlands

Floating treatment wetlands (FTW) are a relatively new variant of traditional wetland

and pond treatment technologies and offer a number of advantages when compared. Like

traditional treatment wetlands, FTWs utilize macrophytes, or plants, to remove heavy metals

and other pollutants. Where FTWs separate themselves from other treatment wetlands is given

in its name and lies in the method the macrophytes are placed in the system. Instead of plants

rooted in the soil beneath shallow ponds, FTWs have floating raft-like platforms in which plants

are rooted and permanently in contact with water, as shown in Figure 20. This technique proves

to allow for consistent treatment across the inevitable wide range of flows that erratic

hydrologic systems bring. This system also leads to a number of other advantages, including low

maintenance, passive operation, and overall aesthetic (Headley & Tanner, 2008). It is important

to note that built up solids and sludge would need to be removed occasionally, so designing a

system with solids removal in mind is recommended.

Figure 20: Floating treatment wetland diagram (Source: Headley & Tanner, 2008)
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One limitation to this technology is its less effective at removing finer particles and

contaminants. Despite this, FTWs are proven to be an effective pretreatment technology,

meeting similar requirements for other technologies and providing water quality that can pass

directly to the primary treatment train. It was found that 86% of fecal coliform was removed in

a field-scale study in Mexico and 78% of TSS was removed in a full-scale study in France. The TSS

removal efficiency nearly meets that of the hydrodynamic separator, all while offering relatively

high fecal coliform removal compared to 0% fecal coliform removal for the hydrodynamic

separator (Sharma et al., 2021).

5.3 Cost Analysis

Fritz Consulting has conducted a cost analysis of the recommended stormwater reuse

for the Jungle Trails watershed. For the purpose of our cost estimate, we were focused on the

material and installation costs of the items directly related to the capture and reuse of

stormwater. Other costs related to site preparation, excavation, pavement, and other site

improvements were not considered, however, they could have a significant impact on overall

cost. Unless stated otherwise, all pricing information was gathered from Terrex Development

and Construction, who conducted a complete design development estimate for the Elephant

Trek project in 2021. It is expected that these prices will remain similar and are accurate. Our

design cost estimate can be broken down into 3 main parts: stormwater capture and

conveyance, storm water pretreatment and storage, and water reuse distribution network.

Primary treatment and storage of the polished water will be completed using the existing

utilities located at Elephant Trek and these costs are not included in our estimate. The total cost

of $1,702,099 and associated costs from each part can be found in Table 14. A more in-depth

cost breakdown has been performed in the following sections.
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Table 14: Total Project Costs for Jungle Trails

5.3.1 Stormwater Capture and Conveyance

A cost estimate was performed for the designed stormwater capture and conveyance

system. 54 catch basins, with a total cost of $93,960 for material and installation, are required

to capture the stormwater throughout the Jungle Trails watershed. Once the stormwater has

been captured, storm pipes ranging in size from 8” to 24” will be required to transport the

water. 6399 LF or gravel backfill is needed for the storm pipes and 33 manholes are also

required as part of the design. The total cost of stormwater capture and conveyance is $880,404

(Table 15).

Table 15: Stormwater Capture and Conveyance Costs

5.3.2 Stormwater Pretreatment and Storage

A FlexStorm filter bag will be required at each of the 54 catch basins, yielding a total cost

of $67,500. Cost estimates for filter bags were gathered from Ferguson. One AquaSwirl AS-12
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hydrodynamic separator is estimated to cost $99,500. The 283,000-gallon underground storage

tank, composed of 213 cubic yards of precast concrete, will cost $256,144. The tank dimensions

are 40’ x 61’ x 10’ with a top and bottom and 10” thick walls. 3 submersible grinder pumps,

capable of 150 GPM for the calculated head, will be used in parallel to pump the raw water to

the larger storage tank in Elephant Trek. The total material and installation cost of stormwater

pretreatment and storage is $551,844 (Table 16).

Table 16: Stormwater Pretreatment and Storage Costs

5.3.3 Water Reuse Distribution Network

The polished water stored at Elephant Trek will be distributed back to the Jungle Trails

area using the proposed design of 4” water reuse mains. 2906 LF of the 4” water reuse pipe at a

unit price of $79.50 per LF is required for transport. The total cost of water reuse pipe and

gravel backfill is $269,851 (Table 17). This amount does not include the price of pumps required

for distribution of the polished water.

Table 17: Water Reuse Distribution Network Costs
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Appendices

Equation 1: The Rational Method

Used to calculate peak runoff flow rate ft3

Q = I ∗ A ∗ C

Q = Runoff rate (ft3/day)
I = Rainfall intensity (ft/day)

A= Watershed area (ft2)

Example Calculation for 24-hr, 25-year storm

I = 6.30 in/day or 0.26 in/hr
A = 14.25 acres
C = 0.55
…….
𝑄 = (0. 26 𝑖𝑛/ℎ𝑟) *  (14. 25 𝑎𝑐) *  0. 55 = 2. 05 𝑎𝑐 − 𝑖𝑛/ℎ𝑟   
𝑄 =  2. 05 𝑓𝑡3/𝑠 *  (7. 481 𝑔𝑎𝑙/𝑓𝑡3) * (86400 𝑠/𝑑𝑎𝑦) =  1. 32 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦

Note: 1 ac-in/hr is assumed to be equal to 1 ft3/sec (true conversion factor is 1.008)
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