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North American Wetland Engineering, LLC Dl
4444 Centerville Road, Suite 140 « White Bear Lake, MN ¢ 55127 N AW
Phone: 651-255-5050 * Fax: 651-255-5060 * www.nawe-pa.com

Date: January 8, 2007
Re: NAWE Research & Development Update

NAWE’s vision is to be the leader in constructed wetland technology and decentralized wastewater
treatment on a national and international scale. We strive to design long-term, sustainable treatment
systems. As a company, we are constantly adapting to maintain our reputation for innovation and
leadership in the decentralized wastewater field. Our Research and Development (R&D) efforts
continually focus on increasing efficiency and treatment performance of our designs. Through our
partnership with the wastewater/water operations company EcoCheck, Inc. we have initiated an expanded
R&D effort to further establish our Full-Circle Engineering services.

The Full-Circle Engineering concept is based on our notion that quality engineering and operational
services require open communication between engineers, construction crews, and system operators.
Engineering design and operation can be improved through regular feedback and communication
between engineers and operators.
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The goal of this specific R&D initiative is to further promote Full-Circle Engineering by optimizing
engineering design and system operation through intensive monitoring. This monitoring, which started in
June 2006, is above and beyond the monitoring required by permit. Performance data for each system is
collected monthly and reviewed by NAWE engineers and EcoCheck operators. System performance is
checked against permit requirements and design/operation goals. Operational adjustments are made

accordingly in order to optimize treatment performance and minimize energy usage at the site. This
intensive monitoring will continue through June 2007.

Construction

The systems included in this study are summarized below. The remainder of this document describes
each system and its performance in detail.

System No. Treatment Component(s) Design Flow Permitting Authority

Minnesota Pollution

#1064 Horizontal-Flow Wetland + Sand Filter 54,500 gpd Control Agency

Minnesota Pollution

#1090 Vertical Flow Wetland + Sand Filter 25,000 gpd Control Agency
#1111 Vertical Flow Wetland a4875gpd  Minnesota Pollution
Control Agency
#1187 Horizontal Flow Wetland + Sand Filter 60,000 gpd US. Eqwronmental
Protection Agency
#1325 Horizontal Flow Wetland + Denitrification Reactor 10,176 gpd Minnesota Pollution

Control Agency




NAWE Project #1064

This wastewater treatment system is located in Minnesota. The design flow for this facility is 54,500 gallons per
day (gpd). The system consists of four (4) 20,000 gallon septic tanks, a Forced Bed Aeration™ horizontal flow
wetland, a single-pass sand filtration system, and a surface water discharge for final disposal. One blower aerates
each pair of wetland cells, and there is also a blower dedicated to the sand filtration unit.

The primary design goal of this treatment system is to meet monthly average discharge limits of 15 mg/L CBOD
and 30 mg/L TSS. The permitting authority for this system is the Minnesota Pollution Control Agency. In

addition to monitoring as required by permit, NAWE and EcoCheck are monitoring the system at four locations,
as shown below.

System Schematic and Sampling Locations

. Forced Bed Aeration - Surface Water
Septic Tank Horizontal Flow Wetland Sand Filter Discharge
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* = Sampling locations (CBOD, TSS, NH4-N, TKN, NOs-N, NO,-N)

System performance since June 2006 is summarized in the following chart. BOD and TSS removal are both 99%.
The wastewater system initiated operation in autumn 2005. The facility is receiving an average flow of
22,450 gpd. The data in the in summary chart represents six months’ average (June — November 2006).

Performance Summary
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Operational Summary
June 2006:
The system is performing well.
No operational adjustments are recommended.

July 2006:
The system is performing well.
The TKN in the wetland effluent is slightly high. This could be due to the fact that the bacterial
community in the wetland is still getting established. Although the system is being operated for BOD,
TSS, and Ammonia treatment, it is interesting to note that the system is meeting 10 mg/L TN in the final
effluent. No operational adjustments are recommended.

August 2006:
The system is performing well.
The aeration in the wetland cell is running 12 hours on/ 12 hours off. While the TKN in wetland effluent
is slightly high, it is less than the July 2006 sampling event. This may be attributed to the bacterial
population becoming better established. Again, the total nitrogen is the effluent is less than 10 mg/L. No
operational adjustments are recommended.

September 2006:
The system is performing well.
The aeration in the wetland cell is running 12 hours on/ 12 hours off. No operational adjustments are
recommended.

October 2006:
The blower for the east pair of wetland cells broke a belt sometime in early October.
During this time, that wetland cell had no aeration, which explains the increase of ammonia in the
wetland effluent. The belt on the blower was replaced with a more robust belt. The aeration in the
wetland cell is running 12 hours on/ 12 hours off after replacement of the broken belt.

November 2006:
The system was prepared for winter operation.
Two of the four wetland cells were drained and shut down this month for wintertime operation over late
October and early November, which explains the increase of ammonia in the wetland effluent.

December 2006:
The blower for the west pair of wetland cells broke a belt sometime in early December.
When the November sampling occurred, the operator took the samples, and then did operational checks
on the system. When going through the checks, the operator found that the belt on the blower serving the
west pair of wetland cells had broken, so the wetland had not been aerated for days prior to the December
sampling event. The blower belt was replaced with a more robust belt, and the blower on/off runtime was
changed from 120n/120ff to 18on/6off.
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Project #1064 Performance Data
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NAWE Project #1090

This wastewater treatment system is located in Minnesota. This is a phased development; only one-half of the
first phase is in operation. The design flow for the one-half of one phase is 25,000 gallons per day. When all
three phases of the system are operational, the facility will have the capacity to treat 150,000 gallons per day. The
system consists of a main lift station, a raw sewage manhole, three (3) 10,000 gallon septic tanks, a 10,000 gallon
filter tank, a 10,000 gallon recirculation tank, an 8,400 ft* Forced Bed Aeration™ vertical flow wetland cell, a
10,000 gallon dosing tank, a 10,800 ft* single-pass sand filter, ultraviolet disinfection, and continuous surface
water discharge to an adjacent wetland.

The primary design goal of this treatment system is to meet monthly average discharge limits of 25 mg/L CBOD
and 30 mg/L TSS. The permitting authority is the Minnesota Pollution Control Agency. In addition to
monitoring as required by permit, NAWE and EcoCheck are monitoring the system at four locations, as shown
below.

System Schematic and Sampling Locations

Forced Bed Aeration Sand Filter Surface Water
Vertical Flow Wetland Discharge

YRR

Septic Tank

¢ %

e = Sampling locations (CBOD, TSS, NH4-N, TKN, NO3z-N, NO,-N)

System performance since June 2006 is summarized in the following chart. BOD and TSS removal are 99% and
98%, respectively. Average flow is 9,999 gpd. The data in the in summary chart represents six months’ average
(June — November 2006).

Performance Summary
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Operational Summary
June 2006:
Data for this month was received and reviewed with the July 2006 data.

July 2006:
An analytical anomaly was identified, and operator was notified.
Treatment in the vertical-flow wetland is not optimal in July, as evidenced by the higher than anticipated
concentrations of CBOD and TKN in the wetland effluent. The operator was asked to make sure that the
wetland effluent was being sampled from the correct location at the site. Results will be followed-up on in
August. The effluent from the facility still meets permit requirements.

August 2006:
An analytical anomaly was identified, and operational adjustment was made.
Treatment in the vertical-flow wetland cell is still not optimal (BOD and TKN higher than anticipated). The
operator was asked to check the recirculation rate of wetland effluent, and to increase the recirculation rate to
promote increased BOD removal and nitrification. The effluent from the vertical flow wetland is higher than
anticipated; however, the sand filter effluent still meets permit requirements.

September 2006:

An analytical anomaly was identified, and troubleshooting was performed.

The wetland effluent data again was higher than expected. Because this sampling location is not a point
for compliance, it was not regularly sampled, especially since the final effluent data was significantly
below the permit requirement. However, EcoCheck performed a site audit and found the reason for the
higher-than-expected results in the wetland effluent. Operators found the culprit to be a fully open PVC
ball valve located on the surge line between the septic tank and recirculation tank. The ball valve had
been placed on the surge line to “bleed off” a small amount of water from the recirculation tank, in order
to provide equalization during nighttime hours. However, the ball valve was open too far for the amount
of flow that the system was receiving, which resulted in less treatment in the vertical flow wetland. The
valve was closed in early October 2006, in order to provide more treatment in the wetland cell. The
effluent from the facility still meets permit requirements.

October 2006:
The system is performing well.
The operational change in September resulted in improved treatment in the wetland cell. No further
operational changes are recommended.

November 2006:
The system is performing well.
No operational adjustments are recommended.
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NAWE Project #1111

This wastewater facility serves 109 homes and 40,000 ft? of commercial space and is located in Minnesota. The
design flow for this facility is 44,875 gallons per day. The system consists of a gravity sewer that collects
wastewater from all the homes and commercial businesses. All flow is distributed to a raw sewage lift station and
is then pumped to a series of four (4) 15,000-gallon septic tanks followed by a splitter manhole that sends the
water to two (2) 15,000-gallon filter tanks. Water then enters one 15,000-gallon recirculation tank for distribution
to the two (2) 7,500 ft? vertical flow Forced Bed Aeration™ wetland cells. Wetland effluent finally enters a
15,000-gallon drain field-dosing tank for dispersal to the four drainfield zones.

The permitting authority for this facility is the Minnesota Pollution Control Agency. The primary design goal of
this treatment system is to meet a calendar monthly average of 10 mg/L Total Nitrogen (TN) and 250 mg/L
Chloride at the three downgradient monitoring wells on the site. In addition to monitoring as required by permit,
NAWE and EcoCheck are also monitoring the treatment system at three locations, as shown below.

System Schematic and Sampling Locations

: Forced Bed Aeration
Septic Tank Vertical Flow Wetland

Soil Dispersal System
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* = Sampling locations (CBOD, TSS, NH4-N, TKN, NOs-N, NO»-N)

System performance since June 2006 is summarized in the following chart. Average flow is 21,598 gpd. This
system has been operational since 2003 and is performing well. The MPCA permit has compliance points for the
facility at three downgradient monitoring wells. However, system performance is difficult to observe by way of
monitoring wells. At the sampling point after the vertical flow wetland, Total Nitrogen is less than 10 mg/L.
The facility is being operated to maximize Total Nitrogen removal. In order to do this, it is necessary to make a
small compromise on BOD and TSS treatment. If the facility was operated to maximize BOD and TSS treatment
(less than 10 mg/L), Total Nitrogen treatment would likely be compromised (greater than 15 mg/L). Because
monitoring wells are used for compliance and nitrogen removal is a component of the permit requirement, the
facility is being operated to maximize Total Nitrogen removal. . The data in the in summary chart represents six
months’ average (June — November 2006).

Performance Summary
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Operational Summary

June 2006:
System is performing well.
Not all nitrogen is being nitrified in the system (i.e. there is a small amount of residual ammonia in the
wetland effluent), however, the system is discharging around 10 mg/L TN, which is excellent performance.
Thus, no operational adjustments are necessary.

July 2006:
The system is performing well.
No operational adjustments are recommended.

August 2006:
The system is performing well.
No operational adjustments are recommended.

September 2006:
The system is performing well.
No operational adjustments are recommended.

October 2006:
The system is performing well, but an analytical anomaly was identified.
The October samples were taken with a dipstick and bottle, as opposed to a peristaltic pump, which resulted
in higher CBOD and TSS measurements for the septic tank samples. No operational adjustments are
recommended.

November 2006:
The system is performing well.
No operational adjustments are recommended.
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NAWE Project #1187

This wastewater treatment system is located in Wisconsin. The design flow for this facility is 60,000 gallons per
day. The treatment system consists of three (3) 25,000 gallon septic tanks, six (6) 11,200 ft* horizontal flow
Forced Bed Aeration™ wetland cells, three (3) single-pass sand filter units, and a surface water discharge for final

disposal.

The permitting authority is the U.S. Environmental Protection Agency. The primary design goal of this treatment
system is to meet the monthly average surface water discharge limits of 20 mg/L CBOD and 20 mg/L TSS. In
addition to monitoring as required by permit, NAWE and EcoCheck are monitoring the system at four locations,

as shown below.

System Schematic and Sampling Locations
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System performance since June 2006 is summarized in the following chart. BOD and TSS removal are 99% and
98%, respectively. Average flow is 13,198 gpd. The data in the in summary chart represents six months’ average

(June — November 2006).
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Operational Summary

June 2006:
The system is performing well.
The site operator is operating the 6 wetland cells in a fill-and-drain mode. No operational adjustments are
recommended.

July 2006:
The system is performing well.
Since the CBOD in the effluent was essentially non-detect (2 mg/L), and since nitrogen removal is not a
permit requirement, the operator was asked to turn down the Positive Displacement Blower (PD Blower) to
save on energy costs. The blower to the wetland cell is running 6 hours on/2 hours off.

August 2006:
The system is performing well.
No operational adjustments are recommended.

September 2006:
The system is performing well.
No operational adjustments are recommended.

October 2006:
The system is performing well. The system was prepared for winter operation.
The system operator drained and shut down 4 of the 6 wetland cells for wintertime operation after the October
sampling event. The two remaining wetland cells are now operating in flow-through mode.

November 2006:
The system is performing well.
No operational adjustments are recommended.
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* = Sampling locations (CBOD, TSS, NH;-N, TKN, NOs-N, NO,-N)

System start-up occurred in autumn 2006, and monthly sampling began in October 2006. The data in the
summary chart represents two months of data. This treatment system is still in startup phase.

Performance Summary
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