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INtRODUCTION 

The treatment and dispersal of domestic wastewater from resorts is a significant issue in northeast 
Minnesota due to the common occurrence of restrictive sites and poor soil conditions across the region. 
Within the Iron Range Resources & Rehabilitation Agency (IRRRA) service area, called the Taconite Tax 
Relief Area (TIRA), there are an estimated 400 resorts that depend on the use of onsite wastewater 
treatment systems to treat and disperse wastewater generated at the facility back into the environment. Of 
these, perhaps as many as 200 resorts could be in non-compliance with local/county ordinances or state 
rules (Minnesota Rules Chapter 7080). 

Pilot projects for resorts were initiated within the IRRRA service area in 1995 to demonstrate the use of 
non-standard or alternative types of onsite wastewater treatment technologies effective on difficult sites. 
This project was a cooperative effort by the IRRRA, Northern Lights Tourism Alliance (NL TA), counties in 
northeast and north central Minnesota, the Natural Resources Research Institute (NRRI) University of 
Minnesota Duluth, Minnesota Pollution Control Agency, and the Minnesota Department of Health. 

Onsite wastewater treatment systems for the first pilot projects were constructed and monitored in 1996 at 
Burntside Lodge, near Ely on Burntside Lake (McCarthy and Monson Geerts, 1998) and at Dodge's Log 
Lodges, on the north shore of Lake Superior just south of Knife River. The third pilot project was 
constructed and monitored in 1998 which services the IRRRA office building (Monson Geerts et al., 2002) 
and the fourth project was constructed at Northern Lights Resort, located on Lake Kabetogama in 1999. 
This report summarizes the construction and performance of the Northern lights Resort wastewater 
treatment system during the first two summers of operation. 

General location of Northern Lights Resort (foreground of picture) on Lake Kabetogama. 
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SYSTEM DESCRIPTION 

Northern Lights Resort is located on the south shore of Lake Kabetogama, which is part of Voyageurs 
National Park. The resort was owned and operated by Paul and Linda Cloyd until the Fall of 2000 when it 
was sold to Tom and Pat Ossell. The resort is typically operated mid-May through mid-September. In 
19991 the resort had eight rental cabins, with a central building and small kitchen. Meals are typically 
prepared by guests in their individual cabins. 

The new onsite wastewater treatment system at Northern Lights Resort consists of: 1) existing septic 
tanks and lift station, 2) subsurface flow constructed weffand treatment and water level control structure, 
3) low-boy dose tank with duplex alternating pump controls and 4) an engineered mound with two 
independent rock cells for final polishing and subsurface dispersal of wetiand effluent. Construction of the 
treatment system began during the spring of 1999 and it was largely completed in July 1999. The upper 
part of the existing "sand-fill" gravity-mound was retained as a secondary treatment and dispersal area. 

The subsurface flow constructed wetiand was designed by Dr. Robert Kadlec, Wetiand Management 
Services, Chelsea, Michigan to treat a maximum flow of 2,800 gallons per day during the summer and 700 
gallons per day during the winter (Kadlec, 1998). Due to restrictive site features, including a seasonal high 
water table and shallow soils over bedrock, a mound was constructed on the only unused, suitable area 
found on the property. At this location, exposed bedrock is found up-gradient of the new mound site while 
a large natural wetiand is located down-gradient from it. 

Subsurface Flow Constructed Wetland 

Wastewater from the cabins and the lodge is collected via a 4-in diameter gravity sewer and it is conveyed 
to existing septic tanks and a 1,000 gallon dose tank. Septic tank effluent is pumped from the dose tank to 
the constructed wetiand (Figure 1) when the 'on-demand' float switch activates the effluent pump. An air
release valve, located on the forcemain at the high point on the wetiand berm, allows air trapped within the 
pipe to vent out through the valve. 

The subsurface flow constructed wetiand consists of a single-cell wetiand with dimensions 65 ft wide by 95 
ft long. Wastewater is designed to be retained in the wetiand for '"'8.5 days during the summer and -34 
days during the winter. The wetiand was constructed nearly level, with a drop of two inches from inlet to 
outiet, to provide for positive drainage if the wetiand needed to be emptied. 

The wetiand was constructed in the lower area of the existing mound system, after removing the topsoil, 
saturated 10-inch gravelless (drainfield) pipe, sand fill and an assortment of stumps found below the 
original soil surface. The area was fine-graded, rocks were removed, and a 40-mil liner donated by the 
Western Lake Superior Sanitary District (WLSSD), was installed in three sections. The wetiand was filled 
with1-%ftofpea-rock (%-%inch, washed) and larger rock (1-%to 2 inch, washed) was placed around the 
inlet distribution and ouUet collection piping in the wetiand. Clean-outs were installed on both distribution 
and collection pipes in the wetiand. After the wetiand was nearly full of wastewater, the surface of the pea 
rock was leveled by hand raking. 
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Figure 1. Construction of the Northern Lights Resort subsurface flow constructed we~and, water level 
control structure and duplex control panel. 

Grading the area for the constructed wetland portion 
of the system. 

Leveling pea rock in the constructed wetland just 
before planting cattails and sedges. 

Looking down into the control structure used to 
adjust levels in the constructed wetland. A 
vertical standpipe (not shown) has ball valves at 
three heights that can be used to regulate the 
depth of wastewater in the wetland. 

Installation of the synthetic liner in the 
constructed wetland. 

The :finished constructed wetland during the 
second season of operation in 2000. 

A duplex control panel used to 
regulate the dosing of constructed 
wetland effluent to the mound. 

Natural Resources Research Institute, University of Minnesota, Duluth 3 



After leveling pea rock, cattails and sedges were planted in the wetiand at a 2-ft spacing in July 1999. 
Wetiand plants were harvested from a nearby gravel pit and planted in the wetiand the same day collected. 
Medium-sized boulders were placed around the wetiand berm to protect the liner from damage due to 
grass mowing and degradation from sunlight. 

A water-level control structure was installed using a vertical 15-inch culvert with a concrete base poured on 
site. The control structure allows the wetiand operator to manually regulate water levels in the wetiand by 
adjusting ball valves installed on the vertical standpipe. The volume of 'surge' storage in the wetiand can 
be regulated by lowering the water level in the wetiand, thus providing storage within the upper portion of 
the rock bed. Wetiand effluent flows by gravity through the control structure and into an adjacent 1,000 
gallon, low-boy dosing tank, with final treatment and dispersal to an engineered mound. 

Dosing Tank and Controls 

The dosing tank is equipped with two X h.p. Hydromatic pumps, regulated by an Orenco Systems Inc. 
(OSI), Most Versatile Panel (MVP) duplex control panel, mounted on a wooden post adjacent to the dose 
tank. The control panel is equipped with a Programmable Logic Controller (PLC), an elapsed time meter 
for each pump, an event counter for each pump and low and high water alarms. 

Each effluent pump is controlled by the PLC to dose a specific volume of wetiand effluent, at timed 
intervals, to two independent rock cells in the mound. The pumps are operated on a timer to dose the 
mound infiltration area with -280 gallons per dose every 2.5 hours for 6 minutes, with a maximum of 10 
doses per day. The number of doses could be greater than 10 per day if the unit is operated manually. 
The field calibrated pumping rate, in August 1999, was 55 gallons per minute with 47 gallons of drainback 
from the forcemain. The system is designed to be operated so that peak flows, rainfall and snow melt can 
be temporarily stored in the constructed wetiand. Furthermore, the system is configured with valving so 
that effluent can be dosed to either infiltration area: the new pressure-mound or the existing gravity-mound. 

Float switches are mounted in the dosing tank on a 'float tree'. The bottom float, located just above the top 
of the pumps (-20 inches off the bottom of the tank), is a 'pump off' switch to protect the pump from running 
dry. The middle float is a 'dose enable' switch ("'27 inches off the bottom of the tank) that closes when 
sufficient wastewater is present in the dosing tank for a complete dose plus forcemain volume. If closed, 
the dosing will proceed according to the timed cycles. If open, doses are skipped until there is sufficient 
wastewater in the tank to close the 'dose enable' switch. The top float is a 'high water' alarm switch located 
near the top of the tank, that activates audible and visual alarms indicating a high water condition or 
possible malfunction with the controls. 

Mound (Infiltrative Area) 

The mound system was constructed in June 1999 (Figure 2). The location and design of the mound (Ayres 
Associates, 1998) were changed from its' original location when another area was found following 
snowmelt in the spring 1999. The engineered mound is composed of a coarse sand fill several feet thick, 
using timers to dose effluent to two independent rock cells in the mound, utilizing pressure distribution to 
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Figure 2. Construction of the Northern Lights Resort mound system and the existing system retained as a 
secondary treatment and dispersal system. 

Coarse sand fill in the mound before installation of the 
rock cells and pressure distribution network. 

The completed mound system during the second summer of 
use in 2000. Grass on the mound is regularly cut to maintain 
a healthy stand of grass cover on the mound. 

Natural Resources Research Institute, University of Minnesota, Duluth 

Installation of the pressure distribution networks 
in two separate rock cells in the engineered 
mound. 

The upper portion of the existing gravity mound 
system was kept as a secondary area to disperse 
wetland effluent. 
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spread effluent over the length of the infiltrative surface. The upper half of the existing gravity mound was 
retained as a secondary infiltrative area. These two systems will provide the owner with the needed 
flexibility to use either the new mound system and/or the upper portion of the existing gravity system. 

Two separate forcemains to the mound were installed using 2-inch ABS pipe. The forcemains were buried 
from the dose tank up to a perimeter drainage ditch. From this ditch up to the mound, the pipe was laid on 
the ground due to shallow bedrock conditions. During the winter, the existing gravity system could be 
better utilized since the forcemain to the new mound was not entirely buried and freezing problems would 
occur. 

Each forcemain conveys wetland effluent to 2 separate infiltration rock cells in the mound. The forcemain 
enters each rock cell at a mid-point location, each cell measures 75-ft long and 5-ft wide, with a total 
mound length of -175 ft. Air-release valves were installed on each forcemain up to the mound, located at 
high points, to prevent air-blockage from occurring within the pipe and inadequate pressurization of the 
network. Wetland effluent is distributed over the infiltrative surface in each rock cell, with adequate pump 
capacity to load both cells simultaneously, if needed. 

The distribution lateral in each rock cell is provided with distal flushing valves located in 4-inch pipes. 
These valves allow the laterals to be manually flushed free of solids that accumulate within the pipe over 
time. It is installed so any flush water is discharged into each rock cell in the mound. Inspection 
ports are located at both ends of the mound to monitor ponding levels in each rock bed through a 4-inch 
pipe extending above the top of the mound. After dosing wetland effluent to the mound, it infiltrates into the 
coarse sand fill and percolates through 2 to 4 feet of clean, sand fill and into the native soil. Ultimately, the 
treated effluent is recycled back into the environment, recharging the shallow water table. 

PERFORMANCE MONITORING 

The Northern Lights Resort wastewater treatment system was monitored in 1999 and 2000 collectively by 
the owner, Paul Cloyd, and NRRI staff during the summer months. Paul Cloyd monitored the flows almost 
daily, and he is to be commended for his outstanding performance in operating and maintaining the 
treatment system. NRRI provided support in the collection of samples and analysis of wastewater. 

Routine monitoring of the treatment system included: 1) daily flow measurements by recording the event 
counter and pump run times at the control panel, 2) periodic inspection for ponding above the surface in 
the wetland, within the mound rock cell and leakage at the toe of the mound and 3) periodic sampling of 
septic tank effluent and wetland effluent. A total of eight water quality sampling events were completed 
during these two seasons. Duplicate wastewater samples were collected from the system at two locations: 
1) in the lift station that pumps septic tank effluent into the wetland and 2) at the outflow of the constructed 
wetland from the control structure. Grab samples were taken at both locations. 

At the time of sample collection, temperature and specific conductivity were measured using a YSI Model 
33 S-C-T meter, if available at the resort. Wastewater samples were kept cool and transported to NRRI in 
Duluth by bus when collected by Paul Cloyd, or brought directly to the NRRI Central Analytical Laboratory 
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when collected by NRRI staff. Biochemical oxygen demand (8005), total suspended solids (TSS), fecal 
coliform bacteria, indigenous coliphages, total phosphorus, nitrogen (total-N, ammonia-N, nitrate-N), pH 
and alkalinity were analyzed at NRRI using standard methods (APHA 1998, Ameel et al. 1998). 

RESULTS 

Flow monitoring 

Outflow from the constructed wetiand to the mound was recorded during 1999 and 2000 by Paul Cloyd. 
Flow was monitored during start-up, beginning July 14,1999, until the end of the first season on September 
26,1999. During the 2000 season, flow out of the wetiand was monitored beginning May 26, 2000 until 
August 25, 2000. Actual water usage and wastewater flow generated at the resort could not be determined 
because there was no water meter to record water usage. Furthermore, the lift station that pumps septic 
tank effluent into the wetiand is equipped with an 'on-demand' float switch, so the flow of septic tank 
effluent to the wetiand could not be determined. Rather, the event counter and pump run timer on the 
control panel were used to determine daily flows out of the wetiand and into the mound for final polishing 
and subsurface dispersal. 

Summer1999 

During the start-up period, July 14,1999 through September 26,1999, total flow out of the wetiand wa$ 
38,360 gallons (Table 1). Average daily measured outflow was 519 gal/day over 74 days, although daily 
outflow varied considerably from no flow to a high of -6,600 gal/day. The highest flow occurred following a 
4-inch rain recorded at International Falls. Since a rain guage was not available at the resort, rainfall 
amounts recorded by the National Weather Service at International Falls, 20 miles to the north, were used 
to estimate the amount of rainwater that contributed to the flow from the wetiand. During the period July 14 
through September 26, 1999, total rainfall was 10.8 inches, equating to -41,600 gallons of rainwater that fell 
directiy onto the surface of the constructed wetiand. 

Table 1. Summary flow statistics for the wetiand outflow at Northern Lights Resort during the summers of 
1999 and 2000. 

Parameter Period of monitoring wetland outflow 

July 14 ·Sept 26, 1999 May 27 · Aug 25, 2000 

Total measured wetland flow (gal) 38,360 70,500 

Average seasonal daily wetland flow (gal/day) 519 784 

Number (days) 74 89 

Range daily wetland flow (gal/day) 0-6,600 100- 2, 170 

Rainfall (inch) and (gal) 10.8 inch (41,600 gal) 9.4 inch (36,200 gal) 

Estimated evapo-transplration (inch) and (gal) 7.3 inch (28,200 gal) 8.4 inch (32,300 gal) 
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Evaporation and transpiration (ET) by wetland plants can contribute significant water loss from wetland 
systems during warm, dry periods of active plant growth. At the Northeast Regional Correction Center 
(NERCC) research facility near Duluth, ET losses in July-August varied from 50-80% of the total flow 
(unpublished data), which coincides with the period of peak water use at resort. Assuming an average ET 
of 3 mm/day (0.1 inch/day), on days without significant rainfall (n=62 days) during the period July 14-
September 26, 1999, an estimated 28,200 gallons of water loss may have occurred though transpiration by 
cattails. Based on this crude estimate, there would be a net gain of ... 13,400 gallons from rainfall during 
this 74-day period, or an average of 181 gallons/day. 

Summer2000 

During the second season of operation, from May 27 -August 25, 2000, total flow from the wetland was 
70,500 gallons (Table 1). Total monthly flows in June, July and August 2000 did not vary much, ranging 
between 19,418 and 24,938 gallons of wetland effluent discharged from the system each month. Figure 3 
shows daily outflows from the wetland, along with rainfall amounts. During the summer of 2000, wetland 

Figure 3. Wetland outflows, rainfall events (inches) at International Falls and linear loading rates to the 
mound system, May 27 through August 24, 2000. 

Northern Lights Resort 
Flow (and rainfall) May-Aug 2000 

2500-...---------------------r·-1.5 

05/26/00 06/04/00 OG/13/00 08/2VOO 07/01/00 07/10/00 07/19/00 07/28/00 08/06/0o 08/15/00 08/24/00 
Date 

Wetland Outflow (gal/day) -~ Ralhfall (inch/day) 

Linear Loading to Mound (May-Aug 2000) 

20 --.-------------------1.-4 

• Linear Loading to Mound (gal/fl/day) ~· Rainfall (Inch/day) 
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flow varied from -100 gal/day to a high of 2,170 gal/day. Average daily outflow from the weijand wa~ 784 
gal/day over this 89 day period. Total rainfall, recorded at International Falls, was 9.4 inches or -36,200 
gallons from rainfall. Assuming an average ET of 3 mm/day during the period May 27 - August 25, 2000 on 
days without significant rainfall (n=71 days), -32,300 gallons of water loss is estimated from plant 
transpiration. Based on this estimate, there was a net gain of 3,900 gallons of water due to rainfall during 
this 3-month period, or an average of 44 gallons/day. 

Following precipitation events, flow from the weijand generally increased for a period lasting from 1 to 3 
days. Small rainfall events (<%-inch) seemed to have liWe impact on the volume of outflow, while rainfalls 
between 3/4 and 1-inch had a more measurable effect on outflow. The highest daily flow of 2,170 gallons 
occurred in May 2000, presumably due to manually pumping the accumulated water from snowmelt, spring 
rains and wastewater stored in the weijand during the previous winter. 

The linear loading rates to the mound, May 2000 to August 2000, ranged from <1 to 14 gal/lineal-ft/day, 
based on 89 daily flow measurements (Figure 3). The average linear loading rate was 5 gal/ lineal-ft, the 
median was 4.6 gal/ lineal-ft/day. This indicates that 50% of the time, the linear loading rate was< 4.6 
gal/lineal-ft/day. About 90% of time, the linear loading rate was < 9 gal/lineal-ft/day/day. At these rate 
during the 2000 season, there was no obvious seepage at the toe of the mound. 

Water quality monitoring 

The water quality monitoring results from fall 1999 and summer of 2000 are presented in Table 2. Overall, 
the wastewater treatment system performed well during the first two seasons of operation, both in terms of 
hydraulic performance and in removing contaminants from incoming septic tank effluent. The performance 
monitoring indicates that the wastewater treatment system did an excellent job at protecting public health 
and the quality of water entering the near shore waters of Lake Kabetogama. 

Septic tank effluent had concentrations of organic matter, measured as BOD5, ranging between 107 to 293 
mg/L, typical of domestic wastewater (U.S. EPA, 2002). But a single sample collected on September 
29,1999 contained very low BOD5 ( 29 mg/L), which could indicate several possibilities: leakage of 
groundwater into tanks which would be a problem, or relatively clear water was being discharged into the 
system as a result of cabin cleaning at the end of the season, or perhaps the system had not been used to 
any significant extent for some time. Solids, measured as TSS, was also typical of septic tank effluent, 
ranging from 31 to 112 mg/L TSS. Overall, the weijand performed very well in removing both organic 
matter and solids, with 16 mg/L BOD5 (range 5 to 33 mg/L) and 13 mg/L TSS (range 6to19 mg/L). During 
the second season of operation, on average, the wetland removed 92% BOD5 and 82% TSS from 
incoming septic tank effluent. 

The weijand was effective in removing two indicator disease-causing organisms: fecal coliform bacteria 
and indigenous coliphages. Fecal coliform bacteria are routinely used as one measure of disinfection in 
the wastewater field. Weijand effluent had relatively low fecal coliform bacterial counts between 1 to 6,850 
cfu/1 OOmL, with a mean count of 169 cfu/1 OOmL. The recreational water quality standard (ie. swimming) is 
< 200 cfu/1 OOmL, while the drinking water standard is 0 cfu/ml. 
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Table 2. Water quality monitoring results from the constructed wetland system at Northern Lights Resort, Fall 1999 
and Summer 2000. 

TN (mg/L) 
~on fmrt/I \ -

Septic Tank Wetland 
Effluent Effluent 

Septic Tank Wetland 
Effluent Effluent 

Mean 192 16 
Mean 87 53 

Number 6 6 
Number 8 8 

Range 29 - 293 5-33 
Range 51 -109 16- 83 

TSS Cma/L) 
NH3-N (mg/L) 

Septic Tank Wetland 
Effluent Effluent 

Septic Tank Wetland 
Effluent Effluent 

Mean 72 13 
Mean 84 51 

Number 8 8 
Number 8 8 

Range 31 - 112 6 - 19 
Range 52 -103 13 - 70 

Fecal coliform bacteria (cfu/100 ml) N03-N (mg/L) 

Septic Tank Wetland 
Effluent Effluent 

Septic Tank Wetland 
Effluent Effluent 

Mean 524,943 169 
Mean 0.01 0.47 

Number 8 8 
Number 8 7 

Range 20,000- 1 -
Range 0.01 - 0.02 0.01 - 2.21 

3,275,000 6,850 

Indigenous coliphages (pfu/ml) 
Specific Conductivity (umhos/cm) 

Septic Tank Wetland 
Effluent Effluent 

Septic Tank Wetland 
Effluent Effluent 

Mean 89 7 
Mean 1376 932 

Number 5 5 
Number 6 6 

Range 26- 255 3. 41 
Range 822-1703 615-1280 

TP (mo/Ll pH 

Septic Tank Wetland Septic Tank Wetland 

Effluent Effluent Effluent Effluent 

Mean 6.6 1.6 Mean 7.6 7.3 

Number 7 7 Number 7 7 

Range 4-11 0.14-2.7 Range 7.4- 7.7 7.0 - 7.5 

Natural Resources Research Institute, University of Minnesota, Duluth 10 



Coliphages are viruses (bacteriophages} that infect and replicate in the bacterium Escherichia coli (E .colt). 
The unique feature about coliphages is their similar size and shape as human enteric viruses, such as 
poliovirus and hepatitus A. Although the fecal coliform bacteria group is the routine measure of human 
waste contamination, coliphages may be better indicators of viral contamination because of their small 
size, similar shape and resistence to disinfection (Gerba, 1987}. Coliphages were present in the both 
septic tank and wetiand effluents, but the wetiand removed -92% of the coliphages, from an average 
of 89 pfu/mL to only 7pfu/mL. Overall, the wetiand removed over 90% of both sets of indicator organisms 
measured in this study. The mound system, composed of a sand fill varying in thickness from 2 to 4 ft 
under the rock cells, coupled with the underlying native sandy loam soil, would be expected to provide near 
complete removal of pathogenic organisms. 

Total nitrogen (TN} was present at levels typically found in domestic strength septic tank effluent (U.S. 
EPA, 2002}, ranging from 51to109 mg/L TN. Most of the nitrogen, both in septic tank and wetiand 
effluents, was in the ammonium-nitrogen (NH3-N} form. Nitrate-nitrogen (N03-N} was detected at very low 
levels in both effluent types, with slightiy higher N03-N in wetiand effluent. The avetage seasonal TN 
removal by the wetiand was 39%, with a TN reduction from 87 mg/Lin septic tank effluent to 53 mg/Lin 
wetiand effluent. The mound system likely nitrified the wetiand effluent almost completely, based on the 
known performance of properly functioning, aerobically operated, mounds and single-pass sand filters. 

Phosphorus, measured as total phosphorus (TP}, ranged from 4 to 11 mg/L in septic tank effluent, with a 
mean TP of 6.6 mg/L. This phosphorus level is consistent with typical concentrations (5 to 15 mg/L TP} 
reported in the literature for domestic strength septic tank effluent (U.S. EPA, 2002; Crites and 
Tchobanoglous, 1998}. Effluent discharged from the wetiand was relatively low in phosphorus, with a range 
between 0.14 to 2.7 mg/L TP, an average of 1.6 mg/L TP. Functioning as a wastewater treatrnentfacility 
during the summer months in Minnesota, the wetiand removed an average of 75% of the incoming 
phosphorus from septic tank effluent, based on TP concentrations. Effluent phosphorus was reduced 
effectively, from an average of 6.6 mg/L to 1.6 mg/L TP, by the wetiand system, presumably through 
entrapment within the wetiand rock bed, microbial assimilation and some plant uptake. 

Specific conductivity is a common method used to describe the total dissolved solids/ionized materials in 
wastewater. Average conductivity of septic tank effluent was 1376 umhos. Wetiand effluent had a lower 
conductivity than septic tank effluent, with an average of 932 umhos/cm. The pH of the effluents were 
near neutral, ranging from 7.4 to 7.7 for septic tank effluent and from 7.0 to 7.5 for wetiand effluent. 

Performance in comparison to design parameters 

The constructed wetiand design parameters (Kadlec, 1998} and actual (average} monitoring results are 
tabulated in Table 3. Based on this limited data set (n=8}, TSS in septic tank effluent was slightiy higher 
than anticipated in the design (design=50 mg/L; actual=72 mg/L}, while nitrogen (TN} in septic tank effluent 
was more than doubled design estimates (design=40 mg/L; actual=87 mg/L). Consequentiy, the wetiand 
effluent was also slightiy higher in TSS than the design {design= 8 mg/L; actual 13 mg/L}, while nitrogen in 
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weHand effluent was nearly tripled than the design (design::18 mg/L TN; actual weHand effluent ::53 mg/L 
TN). These nitrogen values are concentration based, and do not reflect the actual pounds of nitrogen 
(mass loading) discharged to the receiving environment. 

Table 3. WeHand design parameters and actual performance results during 1999 and 2000. 

Design parameter Septic tank effluent Constructed wetland effluent 

Design Actual (mean) Design Actual (mean) 

Flow (gal/day) 1,475 1,475 

BOD (mg/L) 200 192 21 16 

TSS (mg/L) 50 72 8 13 

TN (mg/L) 40 87 18 53 

TP (mg/L) 10 7 2 1.6 

FC (cfu/100 ml) 1,000,000 525,000 59 169 

Based on a total seasonal discharge of 70,500 gallons of weHand effluent in 2000, at a mean nitrogen 
concentration of 53 mg/L TN, -31 pounds of nitrogen were released from the constructed weHand to the 
mound system. To put this in perspective, this amounts to about 200 pounds of a commercially available 
fertilizer like 18-46-0, which contains 18 pounds of nitrogen in each 100 pounds of fertilizer product. 
Presumably, microorganisms (Nitrosomonas and Nitrobacter) living within the mound system, nitrified the 
effluent from the ammonia-nitrogen form, which dominates the nitrogen component in weHand effluent, to 
nitrate-nitrogen, as the effluent percolated through the well-drained coarse sand fill brought to the site. The 
same microbial process occurs in our native soils. 

Concerning phosphorus, at a mean concentration of 1.6 mg/Lin 70,500 gallons of weHand effluent, it is 
estimated that only ... 1 pound of phosphorus (TP) was discharged to the mound during the 2000 season. 
This phosphorus is expected to have been readily inactivated by the underlying soils and, as lateral water 
movement occurs, immobilized by both the organic soils and native weHand vegetation down-gradient of 
the mound system. 

Summary and Conclusions 

Flow out of the constructed weHand was typically less than the design flow of 2,800 gal/day for the weHand 
component. The seasonal daily average flow out of the weHand was 519 gal/day in 1999, the first season 
of operation, and 784 gal/day during the second season in 2000. There were no estimates of the actual 
water use at the resort or volume of septic tank effluent pumped into the weHand system. 
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The linear loading rate to the mound ranged from 1 to 14 gal/lineal-ft/day in the summer of 2000. Average 
linear loading rate was 5 gal/lineal-ft/day, and 90% of the time, the linear loading rate was< 9 gal/lineal
ft/day. There were no obvious indications of seepage at the toe of the mound during the 2000 season, 
even though rainfall contributed to the volume of weijand flow. 

Overall, the weijand removed >90% 8005, >80% TSS, > 99% fecal coliform bacteria and -92% of 
indigenous coliphages. The mound with 2 to 4 ft of coarse-sand fill, coupled with the underlying native soil, 
is expected to have provided near complete removal of organic matter, suspended solids, and pathogenic 
organisms. 

The average seasonal nitrogen removal (TN) by the weijand was 39%, with NH3-N the dominant nitrogen 
component in wetiand effluent. Nitrogen was reduced from 87 mg/L TN in septic tank effluent to 53 mg/L 
TN in wetiand effluent. Average seasonal phosphorus removal by the wetiand was very good during the 
first two seasons of use. The wetiand removed about 75% of the incoming phosphorus down to< 2 mg/L 
TP. The remaining phosphorus would by removed by a combination of mineralogical and biological 
processes expected to occur in the imported sand fill (mound), in the native soils (sandy loam) under the 
mound, and down-gradient of the system by the organic soils and nutrient uptake by the natural vegetation. 
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