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Introduction

Water Resources Research Center Annual Technical Report FY 2011-2012

WATER PROBLEMS AND ISSUES OF MISSOURI

The water problems and issues in the State of Missouri can be separated into three general areas: 1) water
quality, 2) water quantity, and 3) water policy. Each of Missouri's specific problems usually requires
knowledge in these three areas.

Water Quality: New media attention to the occurrence of pesticides in drinking water in the Midwest has
raised a serious public concern over the quality of Missouri�s drinking water and how it can be protected.
With the large agricultural activity in the state, non-point source pollution is of major interest. Because of
several hazardous waste super-fund sites, hazardous waste is still of a concern to the public. The Centers�
research has been to evaluate the quality of current waste sources and improve the methods to protect them.
Areas of research for the past ten years have included (but are not limited to): erosion, non-point pollution
reclamation of strip mine areas, hazardous waste disposal acid precipitation, anthropogenic effects on aquatic
ecosystems and wetlands.

Water Quantity: Missouri has a history of either inadequate amounts of rainfall, or spring floods. Because of
the 1987-89 drought years and the floods of 1993 and 1995, water quantity has become a major topic of
concern. Research is needed to better understand droughts and flood conditions

Water Policy: Policies and program need to be formulated that will ensure continued availability of water, as
new demands are placed on Missouri's water. The social and economic costs may no longer be held at
acceptable levels if water becomes a major issue in cities and rural areas. Past droughts and possible lowering
of the Missouri River have raised serious questions over states rights to water and priority uses. Research
areas in this program have included drought planning, legal aspects, perception and values, economic analysis,
recreation, land/water use policy and legislation, and long-term effects of policy decisions.
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Research Program Introduction

The Missouri Water Resources Research Center�s objectives are: 1) to establish active research programs to
aid in understanding and solving Missouri�s and the Nation�s water problems, 2) to provide education
opportunities in research for students with an interest in water resources and related fields, and 3) to be
actively dedicated to the dissemination of information through all aspects of the media.

The Center mobilizes the best faculty expertise in the state to examine specific water resources problems. The
Center and its advisory committee are familiar with Missouri's research needs and current projects. They help
researchers avoid duplicate efforts, while serving as a link between the research community and potential
users of research results � such as industries, planning commissions, and state agencies.

Missouri�s economy revolves around its water resources; therefore, the Center works closely with the state in
addressing their problems by providing research data, which are necessary in order to solve present and future
water problems.

The administrative activities necessary to support this program include:

Solicitation of Missouri proposals under 104b; Coordination with the advisory committee in the review and
selection of the proposals; Preparation and submission of Proposal to USGS; Continuous review of funded
projects including visits to funded P.I.s to evaluate progress; Prepare Annual Report to USGS; Review of final
reports and dissemination of results to the public; Preparation of necessary national reviews; Review of 104G
proposals.

Research Program Introduction
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Urban Water Quality: Value of Green Roof Technology

Basic Information

Title: Urban Water Quality: Value of Green Roof Technology
Project Number: 2011MO122B

Start Date: 3/1/2011
End Date: 2/29/2012

Funding Source: 104B
Congressional District: 8

Research Category: Climate and Hydrologic Processes
Focus Category: Water Quality, Floods, Non Point Pollution

Descriptors:
Principal Investigators: Joel Burken, William Eric Showalter

Publications

There are no publications.
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Project report: Urban Water Quality Impacts: Value of Green Roof Technology 

PIs: JG Burken and WE Showalter 

Students: Paul Jensen and Grace Harper 

Executive Summary 

The following is a summary of the progress for the vegetative green roof research project at the 

Missouri University of Science and Technology (Missouri S&T) under the direction of Dr. Joel Burken and 

Dr. William Showalter.  This paper includes the thesis, a summary of the steps completed, and a 

summary of some, not all, of the steps that need to be completed.  The research for the vegetative 

green roof is designed to determine the effects a vegetative green roof has on the quantity and quality 

of water runoff from large rainfall events.  

 

Summary of Project 

 A green roof system is being placed on a portion of the Emerson Electric Building on the 

Missouri S&T campus. The green roof systems include 6,000 sqft of thermoplastic polyolefin white 

reflective membrane (TPO), and 6,000 sqft of GAF Gardenscapes extensive vegetative system.  The 

vegetative green roof research is intended to determine the effects the GAF system will have on the 

water runoff quality and quantity.  The vegetative green roof research is modeled after Southern Illinois 

University-Edwardsville’s (SUIE) green roof project located on the SUIE campus in Edwardsville. Green 

roof blocks, two-foot-by-two-foot metals trays that are four inches deep, were filled with similar growth 

media and similar sedum to the GAF Gardenscapes vegetative system; this is done to represent the 

green roof being installed on the Emerson Electric Building. Other growth medias and other sedum 

might later be incorporated to determine the best solution for water runoff quantity and quality.  

The installation of the roof has been delayed due to project implementation scheduling, 

contractor selection and budgeting.  Campus projects of this scale are not ‘speedy’ in any cases and 

installing the first green roof at S&T is also taking excess time. The designs are complete and the project 

was put out to bid this Spring. The bids came back at $200,000, almost double the initial estimates.  The 

scale was re-defined and put out to bid again (currently out).  Current scheduling is to have the roof 

installed this fall. Charles Bouse is the engineer on the project, and Mr. Bouse is dedicated to seeing the 

project occur. His design documents are submitted as attachments to this report.  

We have moved forward with the controlled Green Roof Trays experiment.  We have 20 trays 

planted and ready for experiments. Experiments will be testing water quantity and quality as noted 

below. The trays will be ½ inside under controlled conditions and ½ will be outdoors accepting natural 

precipitation and conditions. Variables are noted below, including planted and unplanted, different 

media,  and with ‘binding agent’ or without. 
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The water quantity and quality will be measure in our experiment.  The water quantity is a 

measure of the rate of water flow from the roof during large rainfall events. The water quality includes 

the measuring of the total suspended solids (TSS), the turbidity, nitrogen, phosphorus and other metals.   

For a more detailed explanation of the project refer to the original  “Urban Water Quality Impacts: Value 

of Green Roof Technology” proposal.  

 

Central goal 

 Concerning quantity, the vegetative green roof will greatly delay and reduce storm water runoff 

peak flow during large rainfall events.  Concerning quality, the vegetative green roof will increase the 

turbidity and increase the suspended solids in the water runoff, especially in the early stages of 

implementation.  The vegetative green roof will also increase the nitrogen and phosphorus levels in the 

water runoff, especially in the early stages of implementation.  Over time, after many heavy rainfall 

events, it is anticipated that the levels of the turbidity, Suspended solids, nitrogen and phosphorus will 

decrease to non-vegetative levels and below. Other heavy metals are likely to initially increase in the 

water runoff as well then decrease over time; this will depend on the growth media that is use.   

Growth Media 

The growth media currently on hand, located in the hydraulics lab and nicknamed the Kelly 

Media, is a mix of 80% Arkalyte and 20% Compost- I believe it is composted pine bark. The Kelly Media 

was donated by Kelly Luckett. The media was leftovers from the Fort Benning green roof project in 

Georgia.  It is suspected that there are weeds in the Kelly media; the media that will be used the 

outdoor green roof blocks should be baked in the autoclave to kill the weeds/seeds. There were 

discussions of using other growth media as well. However, no other grow medias were chosen.  

Sedum 

 The sedum, currently located in the green house, is a Midwest Mix from Vic Jost at Jost Green 

Houses. Additionally, there is one tray of Sedum kamtschaticum. From what I understand the 

kamtschaticum does very well with lots of sun.   There is enough sedum for 125 sqft of green area, more 

than enough forhte green roof trays experiment..  

Experiment Arrangement 

 We have constructed three green roof stands each holding 3 green roof blocks. The growth 

medias to test are: an 80% Arkalyte 20% compost and the GAF Green Roof system.  We will also test Mr. 

Luckett’s green roof media adhesive, designed to hold media in place and avoid wind scour.  We have 

added a wind-tunnel experiment to the project as noted below.  The adhesive is a biodegradable 

polymer. Before the growth media is placed in the trays a screen needs to be placed on the green roof 

block wall where the hose drains the water.  This has been completed and trays are ready for 

experimentation.  
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Wind scour experiments 

 We have added experiments on wind scour at the urging of the SIUE 

collaborators and Mr Luckett. The wind tunnel below is being constructed and will test the loss of media 

at different wind velocities over time.  The green roof blocks from the experiments above will be put 

into the wind tunnel over time. Wind velocities will mimic the earlier research of collaborators at SIUE.  

Their research indicated takes 30mph to scour their growth media without vegetation (haydite and 

composted pine bark). With “Binding Agent A” it takes over 140 mph winds to scour growth media by 

itself. (Tested 48 hrs after application).  With “Binding Agent T” arkalyte and composted pine bark 

withstood 90 mph but not 120 mph (Tested 48 hrs after application)  Retzlaff 2009.  We will test over 

longer periods, with difference media and with different binding agents. The decay rate of the binder 

and the growth rates of the sedum will be evaluated. The primary data will be mass of media impinged 

on the second filter and visual observations/video. Experiments may also be done in the Mechanical 

Engineering’s wind tunnels as available. ME wind tunnels can accept 18in x 18in—up to 90 mph or 32” 

by 48”—up to 200 mph windspeed; controls turbulence; video camera: 

http://mae.mst.edu/research/researchaerospaceflow/. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Wind Tunnel experiment arrangements with photo of the Green Roof blocks. 
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Attachments: 

 Literature review on Green Roof research related to this work 
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Attachment 1 
Literature review on Green Roof research related to this work 

 

Green Roofing Categories 

Green roofs are roof tops that are vegetated; they can be broken into two main categories.  Extensive 

roofs are those that are constructed with a substrate depth of less than 15cm and due to their shallow 

depths are often limited to grasses and drought tolerant plants such as Sedums (Rowe 2010).  The 

advantages of an extensive roofing system is that they are lighter due to less growing media and are 

often less costly than intensive green roofs.  Intensive roofs are those that require depths of substrate 

over 15cm and can support more variety of plant life including shrubs and small trees.  These are 

designed as public places and often require maintenance just as landscaping at ground level.  Intensive 

green roofs most often require additional structural support as well. 

Green Roof Components 

Metal roof decking with an insulation board above it make the base of a built in place green roof.  Next, 

above the waterproofing, a drainage layer overlaid by a geotextile (root barrier) support the engineered 

growth media.  The roof must contain a growth media retainer on the edges and have an 18 inch wide 

perimeter of “no vegetation.”   Modular green roofs involve a metal roof decking and insulation board 

base with a roofing membrane just like any other standard roof.  Then, the green roof modules are 

placed on the roof. 

Growth Media 

The most common growth media used are lighter than topsoil and chosen based upon their ability to 

drain, and support plant growth.  A common growth medium, Sopraflor X ( Soprema Inc. Dummondvile, 

QC, Canada) contains crushed brick, blonde peat, perlite, sand and vegetable compost (MacIvor 2011).  

Pumice, haydite (shale or slate heated),  bottom aash, volcanic and fine arkalite expanded clay are also 

common components of green roof growing media (Retzlaff 2008, Morgan 2011).  In 2004, Monterusso 

et al. used a soil mix consisting of 60% heat expanded slate, 25% grade sand, 5% aged compost, and 10% 

peat.   

Storm Water Quantity 

Green roofs can reduce the runoff after a rainfall event by up to 50 to 100% depending on the size of the 

event and saturation of the growth media before the storm (Carter and Rasmussen 2006). Because 

green roofs can delay the runoff of storm water as well as decrease the volume, less stress is placed on 

the city’s storm water systems.  Similar to natural soil behavior, the water retention of green roofs are 

higher for smaller storms than large ones.  In 2006, Carter and Rasmussen’s sedum extensive roofs 

retained 88% of water during small storms (less than 25.4 mm) and only 48% of rainfall during large 

storms (greater than 76.2mm).  
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(Insert example hydrographs) 

Water Quality 

Suspended Solids and Turbidity. 

Suspended solids are defined as particles that cannot pass through a 2 micron filter.  Total suspended 

solids can include clays, silts, fine organic debris, and other particulate matter in suspension.  High levels 

of suspended solids can decrease the amount of light passing through water, causing a reduction of 

photosynthesis in aquatic plants.  High suspended solids can also cause rapid heating of a body of water.   

The turbidity of water is a measurement of the amount of light that can pass through it without being 

scattered by particles.  In Morgan 2011, the highest turbidity levels from the green roofs investigated 

were seen during the first flush with a steep decline in mean turbidity afterward, with first flush 

turbidity values between approximately 550 to 120 NTU and turbidities of 150 to less than 50 NTU after 

the second simulated rainfall event.  Similarly, Morgan found much higher TSS values (1050 to 250 ng/L) 

after the first watering event than the second (300 to 75 ng/L).  The turbidity levels varied significantly 

between media used.  Vegetated haydite was still above the 50 mg/L TSS regulation after 15 watering 

events.  After the 13th watering event, the vegetated volcanic rock media was below 50 mg/L.  In 

comparison, it only took vegetated bottom ash and arkalyte 9 and 5 watering events respectively to 

reach the 50 mg/L regulation limit.  Morquecho (2005) reported turbidity levels of runoff from standard 

roofs ranging from 2 to 22 NTU and TSS values at 29 mg/L were reported for standard roofs by Gromaire 

et al. (2008).   

Because both TSS and turbidity decrease over time after planting, Morgan concluded that the media 

causes the change in water quality more than the vegetation type.  Additionally, changes in TSS and 

turbidity vary by media type in unplanted pots as well.  Overall, the haydite and volcanic rocks produced 

higher TSS and turbidity values than the arkalyte and bottom ash.  Because after the first flush, the 

differences between vegetated and non-vegetated plots’ TSS and turbidity were not significant, Morgan 

et al. (2011) concluded that the plants were only able to reduce TSS and turbidity during the first flush 

and have no significant impact on the values afterwards. 

Nitrogen 

Nitrogen concentrations from green roof runoff can be related to type of soil, age of the green roof, and 

the use of fertilizers on the roof.   However, research on green roof nitrate retention is conflicting. 

Czemiel Berndtsson et al. (2009) found that nitrate nitrogen is generally retained by the vegetation, and 

ammonia concentrations are lower for green roofs than precipitation.  However, the total nitrogen 

concentration for green roof runoff and precipitation are roughly the same. Therefore, Czemiel 

Berndtsson suggested the vegetable roots may be releasing organic nitrogen.   Monterusso (2004) 

showed that the thinnest soil system produced the highest release of nitrates and an increase in nitrate 

nitrogen was found to be dependent upon the plant type, with native plants having the lower releases 

and sedum seed systems having the highest.  In addition, nitrogen concentrations decreased with age of 

the roof. Retzlaff (2008) showed significantly higher nitrate concentrations in green roofs regardless of 
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their growth media (arkalyte, glass, haydite, rooflite, pumice) with the recycled glass, lava, and Rooflite 

media having the highest concentrations; showing that the growth media may be related to the nitrogen 

concentrations in the runoff. Kohler et al. (2002) reported observations of reduced nitrate nitrogen 

loads in green roof runoff dependent upon water volume reduction. From Morgan 2012, it was found 

that built-in-place green roofs’ runoff produced nitrate concentrations of 3.0 to 70.3 ppm over a 15-

month period, which was higher than the control roof’s consistent measurements of 4.0 ppm or less.  

Phosphorus 

Rain water generally contains small concentrations of phosphorus; however, urban runoff can attain 

higher levels of phosphorus from fertilizers, bird droppings’, etc.  If a green roof is fertilized, that too can 

increase the phosphorus levels of the runoff.   Some green roof studies find almost all phosphorus is 

released as phosphates and that there are example green roofs that do not show any release of 

phosphorus (Czemiel Berndtsson et al., 2006; Czemiel Berndtsson et al., 2009).  However, Teemusk and 

Mander in 2007 found that concentrations of total phosphorus in green roof runoff are higher than just 

the concentration of phosphorus from phosphates.  Kohler et al. in 2002 observed a reduction of 

phosphate phosphorus dependent upon time.  After four years, the phosphate phosphorus load 

reduction went from 26% to 80%.  This was concluded to be due to vegetation development and time 

since fertilization. 

Heavy Metals 

No substantial release of heavy metals from extensive green roofs has been quantified by the available 

research.  In fact, vegetative roofs have been shown to retain heavy metals.  Czemiel Berndtsson et al. 

(2009) found a reduced concentration of heavy metals in intensive green roof runoff when compared to 

rainwater and no significant change for metal concentrations in extensive roof runoff. Steusloff (1998) 

found that heavy metal retention varied with runoff reduction.  In summer, the extensive system with 

grass retained 97% Cu, 96%Zn, 92% Cd and 99% Pb.  In winter, the reduction decreased to 44% Cu, 72% 

Zn, 62% Cd and 91% Pb. 

Air Pollution 

Plants have been shown to intake air pollutants and break them down in their stomates as well as lower 

surface temperatures which can decrease photochemical reactions.  Specifically, green roofs have been 

studied to see their effects on air quality.  Johnson and Newton in 1996 estimated that 2,000 square 

meters of uncut grass on a green roof is capable of removing up to 4,000 kg of particulate matter.  

That’s 2 kg of particulate matter per square meter of grass.  Tan and Sia in 2005 showed that sulfur 

dioxie and nitrous acid were reduced 37 and 21 percent respectively directly above the green roof 

tested. Clark et al. in 2005 estimated that if Detroit covered 20% of industrial and commercial roofs with 

extensive sedum green roofs, over 880 tons of NO2 would be removed (1/2% of the areas emissions).  

Tan and Sia in 2005 showed that sulfur dioxide and nitrous acid were reduced 37 and 21 percent 

respectively directly above the green roof tested.  

Modeling of air pollution removal with a dry depositional model was executed by Yang et al. in 2008 and 

their findings for the impact of intensive green roofs in Chicago showed that total air pollutants could be 
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removed at 85kg/ha/yr with the 52% of these pollutants being ozone, 27% NO2, 14%PM10, and 7% SO2.  

In this model, the greatest removal of pollutants was found in May while the plants experienced the 

most growth.  

Because green roofs can help reduce rooftop temperatures and insulate a building, the reduced need for 

air conditioning can indirectly reduce emissions as well. 

Influence of Slope 

There is not clear consensus on slope of a green roof of runoff effects on runoff retention.  Bengtsson, 

(2005), Liesecke (1998), Mentens et al. (2006) all found no correlation between run off and roof slope.  

However, VanWoert et al. (2005), and Bengtsson (2005) all observed that retention may be slope 

dependent.   

Effects of Winds 

Winds are often higher at higher elevations and can scour growth media.  Knowing wind velocities can 

help to determine what plants will be the best selection.  Wind blankets, geotextile materials used to 

cover a green roof, can protect from high winds and maintain the integrity of the roof.  Because wind 

blankets are designed to slowly decompose, it can also be advantageous by providing organic matter to 

the growth media (Luckett 2009). By anchoring a wind blanket in place and then cutting small holes for 

plants to grow, a green roof can be better supported while its vegetation increases.   In a study by 

Retzlaff et al. in 2009, fully vegetated (with Sedums) modular green roofing trays withstood 193 km/h 

wind speed and a partially vegetated tray withstood 120 km/h before losing any growth media.  The 

unvegetated modular system began losing soil at only 48km/h simulated winds.  No data was found for 

built in place green roofs. 
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Microorganisms are cost effective catalysts for the transformation of waste materials into 

innocuous products (i.e., eliminating biochemical oxygen demand from municipal sewage).  A 

critical operation of any bioreactor containing microorganisms is the need to separate the 

catalysts from the liquid stream.  This can be accomplished through a number of cost effective 

technologies including fixed film bioreactors, solids separation in a clarifier, and membrane 

solids separation.  In general, there is a tradeoff between costs and separation efficiency among 

these three options.  Membrane solids separation is the most efficient, yet often the costs of 

operation and maintenance of membrane bioreactors (MBRs) are prohibitive.  In particular, 

irreversible biofouling, where the net transmembrane flux under constant operating conditions is 

systematically reduced over time in spite of cleaning measures. 

 

As show in Figure 1 (summarized from Drews, 2010; Mansouri et al, 2010; Meng et al, 2010; 

Xiong and Liu, 2010), the physical, chemical, and biological properties involved in biofouling 

are complex. The membrane (denoted in green and blue) can be made of different materials (i.e., 

polymers or ceramics) and can exhibit different surface characteristics (i.e., surface tension and 

surface roughness).  Modifications of the membranes are 

also possible (i.e., impregnation with silver or titanium 

dioxide).  The density of pores, the tortuosity of the pores 

including dead ends, and the size of the pores are physical 

characteristics of the membranes that contribute to the 

transmembrane flux.  Within the retentate one observes a 

complex interaction among the different types of 

microorganisms (indicated in various green shapes) as well 

as chemical constituents of the wastewater and chemicals 

released by the microorganisms (i.e., soluble microbial 

products including nucleic acid, proteins, lipids, and 

polysaccharides).  The gradient of materials from the bulk 

up to the surface of the membrane results in a repulsive 

chemical force known as ‘concentration polarization’ while the operation of the bioreactor 

system can be performed in such manner as to attempt to overcome repulsion and fouling (i.e., 

shear force delivered through the flow of liquid tangential to the transmembrane flux or some 

form of mechanical scouring).  For the professional engineer designing a MBR, the uncertainty 

associated with these complex interactions often demands a simplified approach where 

‘parameter lumping’ is used to approximate underlying mechanisms. 

 

To accomplish this objective, this project examined the initiation of biofilm formation on 

membrane surfaces through a synergistic study of membrane properties, the chemical 

composition of side stream wastewater, and the ecology of nitrifying microbial communities.  

Four tasks are being performed, namely: (T1) lab-scale membrane bioreactors are being 



designed, constructed, and operated to treat a synthetic side stream wastewater; (T2) biofouling 

are being characterized through evaluation of transmembrane flux, physical inspection of 

membrane surfaces, and chemical characterization of biofouling constituents; (T3) 

microbiological characterization of membrane bound and planktonic bacterial populations will 

be performed using quantitative 16S ribosomal RNA targeted molecular signature methods; and 

(T4) the effectiveness of bioreactor operating conditions to control microbial community 

structure and therefore reduce the extent of biofouling are being evaluated. 

 



Information Transfer Program Introduction

The Missouri Water Resources Research Center's objectives are: 1) to establish active research programs to
aid in understanding and solving Missouri's and the Nation's water problems, 2) to provide education
opportunities in research for students with an interest in water resources and related fields, and 3) to be
actively dedicated to the dissemination of information through all aspects of the media.

The technology assistance program goal is to meet objective 3, dissemination of information through all
aspects of the media.

The Center maintained an active information transfer program that included: 1) assisted with the Pollution
Prevention Internship Program in which Interns were placed with Missouri Industries and determined ways to
reduce pollution including water related activities, 2) Missouri Water Resources Newsletter; 3) coordination
of a local seminar program; 4) interaction with state and federal water agencies, and cooperation with
University extension personnel (representative on advisory committee); 5) The Director serves on various
national and local water related boards, organizations and committees; 6) continued cooperation with district
USGS office (representative on advisory committee); 7) maintenance and expansion of comprehensive web
site; 8) make Center's publications available; 9) continue to respond to public requests and questions for
information; 10) meeting with advisory committee to improve information transfer activities.

Information Transfer Program Introduction
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Technology Transfer

Basic Information

Title: Technology Transfer
Project Number: 2011MO123B

Start Date: 3/1/2011
End Date: 2/29/2012

Funding Source: 104B
Congressional District: 9

Research Category: Not Applicable
Focus Category: Education, None, None

Descriptors: None
Principal Investigators: Thomas E. Clevenger

Publications

There are no publications.

Technology Transfer
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The Center maintained an active information transfer program that included: 1) coordination of local 
seminar program, 2) publication of Water Center newsletter, 3) interaction with state and federal water 
agencies, 4) Director served on various national and local water related boards, organizations and 
committees, 5) continued cooperation with district USGS office (representative on advisory committee), 
6) maintenance and expansion of comprehensive web site, 7) making available of Centers publications, 
8)responding to public requests and questions, 9) meeting with advisory committee to improve 
information transfer activities. 



USGS Summer Intern Program

None.

USGS Summer Intern Program 1



Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 6 0 0 0 6
Masters 3 0 0 0 3

Ph.D. 0 0 0 0 0
Post-Doc. 0 0 0 0 0

Total 9 0 0 0 9

1



Notable Awards and Achievements
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Publications from Prior Years

2009MO100B ("Developing Guidelines for Polyacrylamide Use for Erosion and Runoff Reduction")
- Conference Proceedings - Gantzer, Clark J., Allen L. Thompson, and Stephen H. Anderson. 2011.
Guidelines for polyacrylamide use for erosion control from soils of differing texture, pH, and clay
mineralogy. p. 28. Conservation Science and Policy: Global Perspectives and Applications. 66th Soil
and Water Conservation Society International Annual Conference, Washington DC, July 17-20.

1. 

2007MO70B ("Development of Membrane Aerated Reactor Processes for Nitrogen and Phosphorus
Removal from Wastewater") - Articles in Refereed Scientific Journals - Liang, Z., Nguyen, H.Q.,
Das, A., Hu, Z., 2011. Improving nitrogen removal in two modified decentralized wastewater
systems. Water Environment Research 83, 722-730.

2. 

2009MO100B ("Developing Guidelines for Polyacrylamide Use for Erosion and Runoff Reduction")
- Articles in Refereed Scientific Journals - Mattingly, C.A., A.L. Thompson, C.J. Gantzer. 2010.
Polyacrylamide influence on runoff and sediment detachment from a silt loam soil. Trans. ASABE
Vol 53(1):31-38.

3. 

2004MO34B ("The Leaching Behavior of Arsenic and Selenium from Fly Ash and Their Potential
Impact on Water Quality") - Articles in Refereed Scientific Journals - Jianmin Wang, Tian Wang, Joel
G. Burken, Charles C. Chusuei, Heng Ban,Ken Ladwig, C.P. Huang, 2008. Adsorption of arsenic(V)
onto fly ash: A speciation-based approach. Chemosphere 72, 381�388.

4. 

2004MO34B ("The Leaching Behavior of Arsenic and Selenium from Fly Ash and Their Potential
Impact on Water Quality") - Articles in Refereed Scientific Journals - Jianmin Wang, Tian Wang, Joel
G. Burken. 2007. The Leaching Characteristics of Selenium from Coal Fly Ashes. Journal of
Environmental Quality, 36:1784-1792.

5. 

2005MO47B ("Improved Modeling for Runoff and Soil from Natural Events") - Conference
Proceedings - Mattingly, C.A., and A.L. Thompson. 2004. Influence of kinetic energy on
Polyacrylamide effectiveness for erosion control, ASAE/CSAE International meeting, Pap. No.
042084, pp. 15, Ontario, Canada.

6. 

2005MO47B ("Improved Modeling for Runoff and Soil from Natural Events") - Articles in Refereed
Scientific Journals - Regmi, T.P., A.L. Thompson, D.M. Sievers. 2003. Comparative studies of
vegetated and non-vegetated submerged-flow wetlands treating primary lagoon effluent, Trans ASAE
Vol 46(1):17-27.

7. 
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