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Previous Presentations on 

This Research Project 
  “Solving Agricultural Nitrate Pollution by Conversion of 

Non-point into Point Sources” presented at Hilton Head, 

SC, 2/24/2010 

  “Farmers as Producers of Clean Water”, presented at 

St. Louis, MO, 2/9/2009 

 “Farmers as Producers of Clean Water: Getting Incentive 

Payments Right”, presented at Sparks, NV, 2/5/2008. 

 “Farmers as Producers of Clean Water:  Providing 

Economic Incentives for Reducing Agricultural Non-Point 

Source Pollution”, presented at Savannah, GA, 

1/30/2007. 
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Study Area 

Cacapon Institute, 2007 

•Cullers Run watershed 

 

•A stream tributary of the 

Lost River in the eastern 

panhandle region of West 

Virginia. 

 

•Contains 2,978 hectares in 

West Virginia’s largest 

poultry production county.  

 

 

•Highest nitrate-N tributary 

in the Lost River watershed 

  

http://images.google.com/imgres?imgurl=http://westnilemaps.usgs.gov/2002/west_virginia/images/wv_locator.jpg&imgrefurl=http://westnilemaps.usgs.gov/2002/west_virginia/wv_vet_apr_22.html&h=161&w=205&sz=7&hl=en&start=13&um=1&tbnid=C8QhDctdyA0qmM:&tbnh=82&tbnw=105&prev=/images?q=west+virginia+locator&svnum=10&um=1&hl=en&rlz=1T4GZHY_enUS231US231&sa=N
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Study Area 

Cacapon Institute, 2007 

 

 

•Sixteen percent of the 

watershed is devoted to 

agriculture, with cropland 

concentrated at lower end. 

 

 

•Distinct nitrate gradient 

related to land use from 

upper to lower watershed.  

  

http://images.google.com/imgres?imgurl=http://westnilemaps.usgs.gov/2002/west_virginia/images/wv_locator.jpg&imgrefurl=http://westnilemaps.usgs.gov/2002/west_virginia/wv_vet_apr_22.html&h=161&w=205&sz=7&hl=en&start=13&um=1&tbnid=C8QhDctdyA0qmM:&tbnh=82&tbnw=105&prev=/images?q=west+virginia+locator&svnum=10&um=1&hl=en&rlz=1T4GZHY_enUS231US231&sa=N
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Study Area 

Cacapon Institute, 2007 

•The rest of the watershed 

is forest.   

 

•There are approximately 

twelve poultry houses 

conducting intensive 

poultry production in the 

watershed.  

 

•Most agricultural fertilizer 

use in the watershed is 

provided by poultry litter.  

http://images.google.com/imgres?imgurl=http://westnilemaps.usgs.gov/2002/west_virginia/images/wv_locator.jpg&imgrefurl=http://westnilemaps.usgs.gov/2002/west_virginia/wv_vet_apr_22.html&h=161&w=205&sz=7&hl=en&start=13&um=1&tbnid=C8QhDctdyA0qmM:&tbnh=82&tbnw=105&prev=/images?q=west+virginia+locator&svnum=10&um=1&hl=en&rlz=1T4GZHY_enUS231US231&sa=N
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Research Overview 

 This presentation will describe statistical 

and economic evaluations of a wetland 

treatment system for removal of nitrate-N 

(n-N) from a groundwater discharge into a 

surface stream.   

 This system was the final outcome of a 

three year field experiment involving 

performance-based economic incentives 

for control of agricultural non-point 

pollution.   
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Research Overview 

During our experiment, a question 
often arose among farmers in the 
watershed about nitrates in the 

stream: 

What more can we do? 

The wetland treatment system and 
evaluation of its efficacy 

addresses this very question.  
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Research Overview 

 Early on, farmers requested a series of 

watershed wide samplings to detect areas 

within the watershed that were contributing 

elevated levels of n-N.   

 As a result of these samplings, a 

subsurface flow path of concentrated n-N 

was pinpointed in August 2008.  
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This finding  

converted our 

attention from  

a non-point 

solution to a 

point  source 

solution. 

 
 

 

Photo shows Water quality 

sampling  for n-N in mg/l on 

August 19, 2008. 
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Research Overview 

 After a process of working with project 

farmers and the adjacent landowner on 

different ideas and designs, a wetland 

treatment system was decided upon as a 

solution.  

 Canaan Valley Institute (CVI) was hired in 

July 2009 to design and oversee 

installation of the wetland treatment 

system.  
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Research Overview 

 The wetland design called for a 0.2 acre 

wetland consisting of a lined, horizontal 

trench to be constructed parallel to the 

stream. 

 This wetland was designed to push up 

subsurface flows and funnel them through 

an anaerobic, carbon rich environment in 

order to denitrify the groundwater.   

 It was installed in November of 2009. 
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Methods – What do we need to 

know? 

 Removal efficacy of n-N from Cullers Run 

 – How much less n-N annually is in the 

 stream due to the treatment system?  

 Stochastic elements: efficacy of system and rainfall/stream flow 

  Cost of wetland treatment system                

 - compute a annualized cost 
      Stochastic element: how long will system treat n-N 

 Establish a basis for making cost 

comparisons with nitrate reduction 

alternatives 
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Methods – Indications of n-N 

Removal Efficacy 

 Groundwater wells outside (Inlet Well) and 

inside (Wetland Well) the treatment 

system show that water is being “pushed 

up” into the system.  



Example of Water Levels Being Closer to the 
Surface Inside (Wetland Well) vs. Outside (Inlet 

Well) the Wetland 
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Methods – Indications of n-N 

Removal Efficacy 

 Groundwater seeps sampled: 

 Above the system:  nitrate levels averaged 

6.09 mg/l 

 Below the system:  nitrate levels averaged 

4.31 mg/l (a 30% reduction) 
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Methods – Indications of n-N 

Removal Efficacy 

 A limited amount of water quality data (28 

observations) existed for n-N 

concentrations in Cullers Run sampled 

within 30 m above and below the wetland 

treatment system pre- and post-

installation. 

 These data showed that on average, the 

treatment system reduced the increase in 

stream n-N concentrations from 62% (pre 

installation) to 46%(post installation). 
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Methods – n-N Removal Efficacy 

 Much more data existed for water quality 

samples taken 2.5 km upstream (above) 

and 0.6 km downstream (below) that were 

taken as a part of the field experiment.   

 99 water quality samples were used as 

observations between 2006 and 2011. 
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Methods – n-N Removal Efficacy 

 Two impact periods:  During the 

experiment (2007-09) and after installation 

of the wetland treatment system (Dec 

2009 to present). 

 Basic regression model was: 

 CONC = f(EXPER, FLOW, PREVMON,  

  SEASON, TREAT,)  



Methods – n-N Removal Efficacy 

Variable Description Mean 

ABOVE CONC mg/l of n-N taken at Cullers run at 2nd bridge, 2.6 km 

upstream from treatment system 

0.636 

BELOW CONC mg/l of nitrogen in nitrate taken at Cullers run at Route 

259, 0.6 km downstream from treatment system 

1.673 

EXPER 1= experiment was on-going (2007-09),  

0 = prior to and after experiment 

0.243 

FLOW Stream flow discharge in cubic meters per second 8.585 

PREVMON Previous month precipitation measured in cm 8.388 

SEASON 1 = growing season (April 15-Oct. 15),  

0 = non-growing season (Oct. 16-April 14) 

0.585 

TREAT 1 = wetland treatment system was installed,  

0 = prior to installation 

 

0.222 

 

22 
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Methods – n-N Removal Efficacy 

 To compute the n-N reduction from the 

wetland treatment system, the coefficient 

from “TREAT” variable was used along 

with base flow computations to compute 

an average reduction in n-N concentration 

in Cullers Run due to the system.  

  Three different information sources were 

considered for base flow. 
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Methods - Installation Costs 

(2009) 
 DESIGN      $ 5,129  

 CVI OVERSIGHT     $ 7,743  

 NON BID MATERIALS   $ 3,450 

 COMPENSATION    $ 2,000 

 INSTALLATION    $11,140 

 TOTAL         $29,462  



Methods – Installation Cost 

 This cost estimate reflects oversight 

management, but not the decision-making 

process to site the wetland. 

 Installation costs were considered low.  

Kadlec and Knight (1996) reported a 

median cost of sub-surface flow wetlands 

to be $145,000 in 1993 dollars.   

 For a 0.2 acre wetland in 2009 dollars, this 

median cost computes to $43,000. 
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Methods – Annualized Cost 

 Installation costs were amortized over 5, 

10, 15, 20, 25, and 30 year operating lives 

with discount rates ranging from 1% to 

4%. 

 These annualized costs ranged between 

$1,142 (30 yrs at 1%) to $6,618 (5 yrs at 

4%).  
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Results – Regression Model 

 A non-linear model was used to explain 

ABOVE CONC (above the system) and a 

log/log model was used for BELOW 

CONC (below the system).  These were 

best model fits based on J-tests. 

 ABOVE CONC Model:  

 Adj. R2 = 0.414   F 5,93 = 14.84  

 BELOW CONC Model: 

 Adj. R2 = 0.210   F 5,93 = 6.22  
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Results – Regression Model 

 The EXPER variable (during 2007-09 field 

experiment) had statistically significant 

coefficients in both the above model (p < 

0.023) and the below model (p < 0.002). 

 The TREAT variable (post system 

installation) had a statistically significant 

coefficient for the below model (p < 0.005) 

but not for the above system model.  
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Results – Regression Model 

 Being a log/log model, the TREAT variable 

impact varied with flow and concentration 

levels. 

 At estimated growing and non-growing 

season base flow discharge levels, the 

impact of the treatment system was to 

reduce n-N concentrations in the stream 

by 0.19 mg/l. 

 95% CI is between 0.6 and 0.31 mg/l. 
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Results – Base Flow 

SOURCE RANGE OF 

BASE FLOW 

ESTIMATES  

(cfs) 

n-N REDUCTION 

ESTIMATES 

(Kg) 

Tiruneh (2007)a 

 

0.839 to 2.913 142 to 494 

Stuckey (2006)b 

 

3.370 to 6.709 572 to 1,139 

Cullers Run: average 

of monthly low flow 

readings  

(July 2008 to Dec. 

2009) 

 

0.478 (Growing) 

1.93 (Non-Growing) 
 

 

Mean: 204 

Range: 67 to 328c 
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a Annual base flow recurrence intervals between 2 and 20 years 
b 90% confidence interval 
c 95% confidence interval from regression model 



Results – Cost per Kg 

estimate 
 Assumptions:  15 year life with no 

maintenance costs, 3% discount rate 

(recommended by Jamison and Jamison 

2011), mean reduction of 204 kg annually 

 Estimated unit cost is: 

  $12.08 per kg 

  ($5.48 per pound) 

Range:  $7.52 to $37.02 per kg 
based on 95% CI for TREAT coefficient from regression equation 
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Results – Cost comparisons 

 How does an unit cost of $12.08 per kg ($5.48 

per pound) of compare with other treatment 

costs for nitrogen? 

 Wastewater Treatment Plants:  weighted 

average cost in 2011 dollars in WV to reduce to 

8 mg/l $12.10 per kg ($5.49 per pound).  Range 

of $1.85 to $226 per kg of N. 

 Least expensive nonpoint offset option (fertilizer 

reduction):  $17.6 to $119 per kg of N 

(Stephenson et al. 2009) 
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What We Learned: 

 While plant growth has been acceptable 

and additional shrubs were established, 

the wetland is very rarely wet. 

 However, we did find statistically 

significant reductions in n-N 

concentrations in Cullers Run that were 

linked to installation of the treatment 

system. 
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What We Learned: 

 Mean regression estimate for nitrate 

reduction (204 kg/yr) is substantially 

higher than the general de-nitrification  

estimate of 49 kg/yr based upon literature 

rates.  

 Per unit cost of n-N reductions from the 

treatment system are comparable to and 

lower than alternative nitrogen reduction 

methods.  

 



Unfinished Business 

 Create a mean and confidence interval for per 

unit cost estimates from the stochastic elements 

of treatment system life, efficacy level, and 

rainfall/stream flow connection. 

 Examine system efficacy over time to see if 

changes occur. 
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