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Section 1

Introduction
Brown and Caldwell (BC) was retained by Lee & Ro, Inc in December 2013 to evaluate constructed
wetlands for the treatment and recycling of backwash water from Paradise Irrigation District’s (PID)
water treatment plant. Lee & Ro completed an Alternatives Evaluation Report in December 2013
(Lee & Ro, 2013) that examined alternatives to upgrade the water treatment plant (WTP) washwater
collection and holding ponds to return the settled water to the inlet to the WTP for blending with its
raw water supply.
PID currently discharges the settled washwater into Magalia Reservoir under a discharge permit. An
increased level of treatment would be needed to continue the discharge.
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Section 2

Background
2.1 Study Objectives
The objectives for backwash recycling are presented in Table 1. The advantage of recycling would be
to capture up to 600 acre-ft/yr of water that is otherwise discharged back to Magalia Reservoir and
to get out of the current discharge permit.
Table 1. Objectives for Backwash Recycling Project
Objectives
1. Equalize recycle of clarified filter washwater, filter-to-waste (FTW), and sludge bed or dewatering process decant/waste streams
with goal of recycling to the head of the plant at less than or equal to 10% of raw water flow.
2. Provide clarification of waste streams with effluent of turbidity of less than 2 NTU.
3. Minimize the risk of pathogen recycling.
4. Reduce the impact of recycled flows on the other treatment processes.

2.2 Current Alternatives for Recycling
There are three alternatives that are evaluated in the Lee & Ro report (Lee & Ro, 2013).
1. Construct Washwater Lagoons and Equalization Tank
2. Construct Washwater Clarification and Equalization Facilities
3. Construct Larger Washwater Clarification for Absorption Clarifier Flushing Supply
In each case the current discharge permit would be allowed to lapse in 2015 and the captured
clarified washwater would be recycled to the WTP. In this report a fourth alternative will be evaluated
involving constructed wetlands for treatment, equalization and recycling to the WTP.

2.3 Treatment and Discharge
Constructed wetlands were also examined for their ability to treat the washwater to meet the
discharge requirements with discharge continuing into Magalia Reservoir. The discharge
requirements are summarized in Table 2.
Table 2. Summary of Discharge Requirements, Monthly Average
Flow Limit

2 mgd

Average Total Settleable Solids

0.1 mL/L

Average Total Suspended Solids

30 mg/L

Total Recoverable Aluminum

77.2 µg/L

Dichlorobromomethane

0.56 µg/L
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To meet the discharge requirements, a wetlands system would need to reduce the aluminum and
the dichlorobromomethane in the clarified backwash water. Although this is technically feasible, a
pilot operation would be recommended to evaluate the fate of removed constituents and to confirm
the required detention time in the wetlands to reliably meet the discharge requirements.

2.4 Design Flows
The design flows vary between summer and winter and for the current and future conditions. The
combined flow of clarifier backwash, filter backwash, and filter-to-waste flows are summarized in
Table 3. As described in the Lee & Ro report, it may be possible and advantageous to separate the
major source of solids (clarifier backwash) from the other two streams, thereby reducing the overall
flow of backwash water to be treated in the new facilities by about 29 percent.
Table 3. Washwater Flowrates
Winter washwater
Summer washwater

Current

Future

Units

288,218

576,435

gal/d

1,100,000

2,200,000

gal/d

Source: Lee & Ro, 2013 and subsequent email from Lee & Ro March 10, 2014.
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Section 3

Types of Constructed Wetlands
There are three major types of constructed wetlands and a fourth is a hybrid of two types. Each will
be described briefly in this section (Crites, et al., 2006).

3.1 Free Water Surface Wetlands
Free water surface or surface-flow is the most common type of constructed wetlands. In the 1980s
these were referred to as “engineered” wetlands to distinguish them from created wetlands,
mitigation wetlands or natural wetlands (Kadlec and Wallace, 2009). All three of the latter wetlands
are subject to being classified as “waters of the U.S.” and therefore protected and must be
maintained in perpetuity. Constructed wetlands are engineered for the purpose of treatment of
wastewater or impaired water and as such can be modified as required for process performance and
abandoned if needed (Crites, et al., 2006).
As shown in Figure 1 the applied water enters the wetlands and flows horizontally to the outlet.
Emergent plants such as bulrush are introduced to provide shading, enhance settling, and establish
a community of attached microorganisms that promote biological treatment. The water level is varied
between 0.5 and 3 ft in depth. Settling, adsorption and microbial oxidation-reduction occurs in the
wetlands to effect water quality improvement (USEPA, 2000).

Figure 1. Free Water Surface Constructed Wetland

3.2 Subsurface Flow Wetlands
Subsurface flow (SSF) constructed wetlands use gravel media and plant roots as substrate for the
microbial treatment of water or wastewater. The flow moves horizontally through the gravel zone
about 6 inches below the surface of the gravel. Plants such as bulrush are used. The gravel acts as a
filter as well as the surface for bacterial growth. As shown in Figure 2 the water level can be varied to
account for headloss through the gravel. The advantages of the SSF wetlands include no access to
the water for airborne material or wildlife, no issues with mosquitoes, and more compact treatment
zones. The disadvantages are the cost of the gravel and limited habitat for wildlife.
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Figure 2. Subsurface Flow Constructed Wetland

3.3 Vertical Flow Wetlands
Vertical flow (VF) constructed wetlands, shown in Figure 3, are even more compact than SSF
wetlands. They are similar to recirculating gravel filters in that the distribution system is over the
surface of the wetlands and the flow is vertical down through the gravel media. This allows air to flow
into the media after the water has moved through and acts like a trickling filter to provide aerobic
biological treatment. The media depth is typically 2 to 4 ft deep. VF wetlands are ideal for treatment
of ammonia because of this oxygen transfer.

Figure 3. Vertical Flow Wetlands
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3.4 Hybrid Vertical Flow-Horizontal Flow Wetlands
The last type of constructed wetlands is a hybrid of the vertical flow and horizontal flow (VF-HF)
constructed wetlands as shown in Figure 4. The advantage of the hybrid wetlands is that it can
achieve aerobic conditions through the vertical flow section and then have extended detention time
in the horizontal flow section to achieve denitrification or additional filtration. The hybrid system can
also be deeper than the typical 2 to 4 ft depth of VF wetlands. Finally, the hybrid can absorb peak
flows and equalize them into a steady outflow by varying the water depth. The variable depth can be
achieved by manipulating the discharge elevation.

Figure 4. Hybrid Vertical Flow-Horizontal Flow Constructed Wetlands

3.5 Appropriate Wetlands Type for Backwash Water Treatment
Considering the nature of the backwash water, the need to avoid any precursor organics or
pathogens from the environment, and the fact that nutrient removal is not an issue, the appropriate
wetlands type for this PID situation is the hybrid vertical flow-horizontal flow wetlands. No wetlands
plants are needed on the surface, which simplifies the design and operations. The backwash water
should be clarified to remove the heavier solids and then the water can be applied to the VF-HF
wetlands bed. The bed will be composed of pea or slightly larger sized gravel with a drain rock
underdrain system. The treated water can be recycled to the WTP or discharged to Magalia
Reservoir.
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Potential Sites
Three sites have been identified for potential constructed wetlands. These are referred to as the (1)
Botanical Garden site, (2) Paradise Recreation and Parks Department (PRPD) site, and (3) a site
adjacent to the existing South Settling Ponds. Each site would be used in conjunction with the
existing (to be upgraded) settling ponds. Each site will be described briefly and the potential use for
constructed wetlands explored.

4.1 Site 1 – Botanical Garden Site
The Botanical Garden site is located west and uphill from the WTP. The site is currently wooded and
is intended to be used as a botanical garden park. The delivery pipeline would be 2,630 ft long.
The wetlands would be a VF-HF hybrid constructed wetlands on 3.1 acres. The wetlands site would
have to be cleared and excavated to a depth of 4 ft. The wetlands would be lined and filled with
gravel. Effluent from the wetlands would be returned to the WTP by way of a return pipeline. Costs for
the wetlands system at this site are presented in Table 4. The basis for the costs is the PID
engineering department and BC engineering experience. The cost of upgrading the settling ponds is
not included in the cost table.
Table 4. Capital Cost of Wetlands Site 1 – Botanical Garden Site
Cost Item

Cost, $

Booster Pump Station

260,000

Delivery and Return Pipelines

527,000

Wetlands Site Preparation

20,000

Wetlands Construction

1,750,000
Total Construction

2,557,000

Contingency (30%)

767,000

Subtotal

3,324,000

General Conditions (15%)

500,000

Subtotal

3,824,000

Overhead and Profit (15%)

574,000

Subtotal

4,398,000

Escalation to Mid-Point of Construction (3%)

132,000

Total Opinion of Probable Cost

4,530,000

The cost of upgrading the settling ponds is not included in the cost table.
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4.2 Site 2 – PRPD Coutolenc Park Site
The second potential site is located off of Coutolenc Road. The delivery line would be 10,900 ft long.
The site is currently wooded and owned by the Paradise Parks and Recreation Department. The
wetlands would be a VF-HF hybrid constructed wetlands on 1.6 acres. The wetlands site would have
to be cleared and excavated to a depth of 3 ft. The wetlands would be lined and filled with gravel.
Effluent from the wetlands would be discharged to a local waterway. Because there is no recycle to
the WTP, there is no need to equalize the discharge, which is why the wetlands size is smaller than
for Site 1.
Costs for the wetlands system at this site are presented in Table 5. The basis for the costs is the PID
engineering department and BC engineering experience. The cost of upgrading the settling ponds is
not included in the cost table.
Table 5. Capital Cost of Wetlands Site 2 – PRPD Coutolenc Park Site
Cost Item

Cost, $

Booster Pump Station

290,000

Delivery Pipeline

1,205,000

Wetlands Site Preparation

10,000

Wetlands Construction

750,000
Total Construction

2,255,000

Contingency (30%)

677,000

Subtotal

2,932,000

General Conditions (15%)

440,000

Subtotal

3,372,000

Overhead and Profit (15%)

506,000

Subtotal

3,878,000

Escalation to Mid-Point of Construction (3%)

116,000

Total Opinion of Probable Cost

3,994,000

The cost of upgrading the settling ponds is not included in the cost table.
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4.3 Site 3 – Adjacent to South Settling Ponds
The third site is adjacent to the current settling ponds for backwash water. The site is owned by PID
and is not wooded. The wetlands would be hybrid VF-HF wetlands using 1.0 acres. The site would be
graded and concrete walls created to allow a 12 ft depth of pea gravel to be placed. The delivery
pipelines from the nearby settling ponds would be 300 ft (from the South ponds) and 800 ft (from
the North ponds). The return pipeline would be 950 ft to the WTP. Costs for the wetlands system at
this site are presented in Table 6. The basis for the costs is the PID engineering department and BC
engineering experience. The cost of upgrading the settling ponds is not included in the cost table.
Table 6. Capital Cost of Wetlands Site 3 – Site Adjacent to South Settling Ponds
Cost Item

Cost, $

Booster Pump Station

Existing

Delivery and Return Pipelines

205,000

Wetlands Site Preparation

60,000

Wetlands Construction

1,100,000
Total Construction

1,365,000

Contingency (30%)

410,000

Subtotal

1,775,000

General Conditions (15%)

266,000

Subtotal

2,041,000

Overhead and Profit (15%)

306,000

Subtotal

2,347,000

Escalation to Mid-Point of Construction (3%)

70,000

Total Opinion of Probable Cost

2,417,000

The cost of upgrading the settling ponds is not included in the cost table.

4.4 Comparison of Sites
The capital costs for the three sites are compared in Table 7.
Site 1 is highest in capital cost and would be difficult to make compatible with the planned use of
the site for a botanical garden. The operating cost would also be high because of the need to pump
the water up to the site.
Site 2 is the farthest away from the WTP and intermediate in cost. If a local discharge could not be
permitted, a return pipeline would be needed, which would further add to the cost.
Site 3 is the lowest cost of the three sites. It is on land controlled by PID, which would make it
easiest to implement and maintain security over. There is already a pumping system in place to
supply the water to the site and the return pipeline can be by gravity.
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Table 7. Cost Comparison
Capital Cost of Wetlands Site 1, 2 and 3
Cost, $

Cost Item

Site 1

Site 2

Site 3

Booster Pump Station

260,000

290,000

Existing

Delivery and Return Pipelines

527,000

1,205,000

205,000

20,000

10,000

60,000

1,750,000

750,000

1,100,000

Total Construction

2,557,000

2,255,000

1,365,000

Contingency (30%)

767,000

677,000

410,000

Subtotal

3,324,000

2,932,000

1,775,000

General Conditions (15%)

500,000

440,000

266,000

Subtotal

3,824,000

3,372,000

2,041,000

Overhead and Profit (15%)

574,000

506,000

306,000

Subtotal

4,398,000

3,878,000

2,347,000

Escalation to Mid-Point of Construction (3%)

132,000

116,000

70,000

Total Opinion of Probable Cost

4,530,000

3,994,000

2,417,000

Wetlands Site Preparation
Wetlands Construction

The cost of upgrading the settling ponds is not included in the cost comparison.
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Recommended Constructed
Wetlands Alternative
5.1 Description
The recommended constructed wetlands alternative is Site 3 with the hybrid vertical flow-horizontal
flow wetlands and recovery of the water for recycling into the WTP. The process is shown
schematically in Figure 5. The settling ponds or drying beds could be upgraded before or after
implementing the wetlands.

Figure 5. Flowsheet for Recommended Constructed Wetlands Alternative

5.2 Pretreatment
The recommended pretreatment is to use the settling/drying ponds, as shown in Figure 5. To reduce
the flow by 29 percent to the settling ponds and wetlands, the filter backwash and filter-to-waste
streams could be separated from the clarifier backwash and recycled separately, as discussed in the
Lee & Ro report.

5.3 Equalization
One objective of the recycle project is to keep the flow of the recycled stream at or below 10 percent
of the influent flow to the WTP. The wetlands can act as an equalization reservoir by raising the water
level in the wetlands during peak influent flow conditions and releasing an equalized flow to the
recovery lines. The wetlands influent from the settling ponds would consist of intermittent surges of
flow from backwash operations, whereas the wetlands outlet flow would be continuous and nearly
steady.

5.4 Site Layout
The North and South Settling Ponds are shown in Figure 6 along with the delivery and recovery lines
and the constructed wetlands. The locations are schematic and should be verified in a preliminary
design.
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Figure 6
Site Map for Recommended Wetlands Project

Section 6

Summary
Constructed wetlands were evaluated for treatment and equalization of clarified backwash water
from the PID WTP. The most appropriate type of constructed wetland for this application is the hybrid
vertical flow-horizontal flow wetland. The best site for the wetlands system is Site 3 adjacent to the
settling/drying ponds. The wetlands can be used to equalize the clarified backwash water and return
it at a steady rate of under 10 percent of the influent flow to the WTP. No piloting of the wetlands
would be needed for the equalization and recycle alternative.
Although wetlands could also treat the backwash water to meet the discharge requirements to
Magalia Reservoir, it is recommended that a pilot study be conducted to confirm the concentrations
of aluminum and dichlorobromomethane in the backwash water and the minimum detention time in
the wetlands needed to reliably meet the discharge requirements. In addition, the saving of 600
acre-ft of water by recycling the clarified washwater is a significant reason to let the discharge permit
lapse and to recycle that water to the headworks of the WTP.
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Limitations
This document was prepared solely for Paradise Irrigation District (PID) in accordance with
professional standards at the time the services were performed and in accordance with the contract
between PID and Brown and Caldwell dated December 11, 2013. This document is governed by the
specific scope of work authorized by PID; it is not intended to be relied upon by any other party
except for regulatory authorities contemplated by the scope of work. We have relied on information
or instructions provided by PID and other parties and, unless otherwise expressly indicated, have
made no independent investigation as to the validity, completeness, or accuracy of such information.
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