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Introduction

South Dakota's Water Resources Research Institutes program is administered through the College of
Agricultural and Biological Sciences at South Dakota State University (SDSU). Dr. Van Kelley has been the
Director since August 1, 2000. Dr. Kelley is also the head of the Agricultural and Biological Engineering
Department. The annual base grant from the United States Geological Survey (USGS) and a legislative
appropriation of $103,270 form the core of the SDWRRI budget. The core budget is supplemented by
research grants from a variety of funding agencies as well as private organizations interested in specific water
issues.

The mission of the South Dakota Water Resources Institute is to address the current and future water needs of
people, agriculture, and industry through research, education, and service. To accomplish this mission,
SDWRI provides leadership in coordinating the research and training at South Dakota State University and
other affiliated educational institutions and agencies across the state in the broad area of water resources.
Graduate research training, technology transfer, and information transfer are services which are provided
through the Institute. This report is a summary of activities conducted during Fiscal Year 2008 to accomplish
this important mission.
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Research Program Introduction

Water is one of the most important resources in South Dakota. Together with the state's largest industry,
agriculture, it will play an important role in the economic future of the state. Enhancement of the agricultural
industry and allied industries, the industrial base and, therefore, the economy of South Dakota all depend on
compatible development of our water resources.

During 2008, the South Dakota Water Resources Institute (SD WRI) used its 104B Grant Program funds to
conduct research of local, state, regional, and national importance addressing a variety of water problems in
the state. The Advisory Committee reviewed grant applications and recommended projects for funding that
addressed research priorities that had a good chance of success, and would increase our scientific knowledge.
Manure management and its impact on water quality, drinking water quality, bio treatment for the removal of
uranium from water, vegetative treatment for feedlot runoff, and conservation of irrigation water were
emphasized in fiscal year 2008.

As the livestock industry grows and develops in South Dakota, manure management and its impact on water
quality will continue to be a priority for research. Animal feeding operations are a major industry in South
Dakota and across the Midwest. The practice of applying manure to frozen or snow covered ground varies
from state to state in the Midwest because of variation in state regulations and interpretation of the risk of this
practice by producers receiving conservation funding from the USDA-NRCS. Substantial data and research is
needed in evaluating the potential water quality impacts (relative to standard practices) and assessing the risk
of occurrence of weather conditions that can lead to increased risk from applying manure on frozen or snow
covered ground. This project seeks to evaluate this practice by assessing the frequency (risk) of climatic
conditions expected to lead to excessive runoff from winter conditions and the laboratory comparison of
winter applications to typical spring/summer/fall applications.

With growth in the South Dakota economy, increasing demands have been placed on water supplies.
Irrigation is a major use of water in South Dakota and wise use of irrigation water is important if other water
needs like ethanol production are to be met in the future. In FY2008, research was supported to develop
methods to conserve irrigation water by water management, water conservation, automated irrigation
scheduling, and crop models. This technology is expected not only to conserve water but also reduce pumping
costs, increase crop production, and minimize leaching of nitrates into groundwater supplies.

In the United States, past activities associated with mining, extraction, and processing of uranium (U) for
nuclear fuel and weapons have generated substantial quantities of toxic waste materials contaminated with U.
U is a known carcinogen, and the high solubility of its hexavalent form can result in U transport to sensitive
receptors such as drinking water sources. Potential methods of treating U contamination include: natural
dissimilatory metal reducing bacteria (DMRB) and sulfate reducing bacteria (SRB). In addition, in the
presence of Fe-bearing minerals, biogenic sulfide can react to form iron sulfides, which can help maintain
reducing environments important to uraninite stability.

Some areas of South Dakota have elevated levels of arsenic, cadmium, and lead in drinking water supplies.
Removal of these metals especially by small rural water system operators is a challenge. A research project to
improve the efficiency of limestone-based materials for metal removal from drinking water was supported in
FY2008. This is part of the effort to develop low-cost remediation technology that can be used to help small
or rural water supply systems meet regulations.

Nutrient and sediment loads from animal feeding operations (AFOs) can negatively impact the quality of
surface waters and groundwaters. A research project to evaluate the technical and financial feasibility of
vegetated treatment areas (VTAs) as a non-basin alternative for reducing nutrient and sediment loads from

Research Program Introduction 1



AFOs having less than 1,000 animal units was supported. Five AFOs in different areas of South Dakota were
established.
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Water Conservation Using Automated Irrigation Water
Management for Center Pivots

Basic Information

Title: Water Conservation Using Automated Irrigation Water Management for
Center Pivots

Project Number: 2005SD35B
Start Date: 3/1/2005
End Date: 6/30/2009

Funding Source: 104B
Congressional District: First

Research Category: Not Applicable
Focus Category: Irrigation, Water Use, Agriculture

Descriptors:
Principal Investigators: Hal D. Werner, Todd P. Trooien

Publication

Oswald, Jared, 2006, Automated Water Management for Center Pivot Irrigation Systems, MS
Engineering Thesis, Agricultural and Biosystems Engineering Department, College of Engineering,
South Dakota State University, Brookings, SD, 97 pages.

1. 

Werner, Hal, Todd Trooien, and Jared Oswald, 2006, Irrigation Water Management Using Automated
Center Pivots, Eastern South Dakota Water Conference, WRI, South Dakota State University,
Brookings, SD.
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USGS 104b Annual Report 
 
Title: Water Conservation Using Automated Irrigation Water Management for Center Pivots 
 
Investigators: Dr. Hal Werner and Dr. Todd Trooien 
 
Project reporting period: March 1, 2008 to February 28, 2009 
 
Introduction: 
This project is a continuation project begun in 2005 with the goal to develop an automated 
irrigation management system for center pivot irrigation that will perform scientific irrigation 
scheduling. The expected outcome is that farmers will save water and energy, improve 
production and protect the environment. The first objective of the research to develop an 
irrigation scheduling model was completed during the initial year. Due to hardware problems and 
weather conditions, the system was not field tested in 2005. Plans were to attempt field testing 
again in 2006 but once again weather delayed field testing. The continuation project included a 
second objective to develop training software based on the simulation model. Finally, soil 
parameters were measured during 2008-2009 to refine the water holding capacity used in the 
water balance irrigation scheduling. 
 
Project Information: 
 
Specific objectives of this continued research are to: 

Test the center pivot automation (CPA) system under field conditions to determine the 
effectiveness of the irrigation scheduling and the water conservation benefits.  

Develop a software package based on the automated irrigation management system that can 
be used as a training tool to assist farmers in scientific irrigation scheduling. 

 
The irrigation scheduling model was developed using the ASCE Penman ET equation. Crop 
coefficients were adapted for corn, soybeans and potatoes. Initially about 4000 simulations were 
completed. The simulation model has been adapted to alfalfa/grass. The model has also been 
adapted to simulate part circle center pivots and multiple crops within the same center pivot 
coverage. Figure 1 shows the output screen for the simulator. 
 
Limited irrigation water can impact the producer’s water management. Results of the simulations 
for corn are being used to determine the impact of various inputs on crop yield. Future work will 
analyze how best to use limited irrigation water with center pivot irrigation systems. 
 
A basic requirement of water balance irrigation scheduling is knowledge of the water holding 
capacity of the irrigated soil. Traditional measurements of water holding capacity in the past of 
Kyle soils indicated a water holding capacity of 1.3 in/ft. Disturbed soil samples of Kyle soils 
were obtained during fall 2008. Pressure plate measurements of water content at potentials of -
0.1, -0.33, and -15 bars indicated corresponding water contents of 0.346, 0.269, and 0.195 in/in. 
Assuming bulk density of 1.4 g/cm, the water holding capacity between -0.1 and -15 bars is then 
2.5 in/ft. This is considerably greater than the traditional value of about 1.3 in/ft and the 
measured value (between -0.3 and -15 bars) of 1.24 in/ft. The impact on irrigation scheduling is 



that irrigations can be greater volume and less frequent. Anecdotal reports from irrigation 
professionals familiar with irrigated Kyle soils indicate that the newer value of 2.5 in/ft matches 
their experiences better than the older value. 
 
 
Publications and presentations: 
 
None during this time period. 
 
Student Support: 
Undergraduate and graduate students were supported from this project including: 
 Three undergraduate students  
 Two graduate students 
 
Notable Awards and Achievements: 
None during the reporting period. 
 



Microbial Indices of Soils and Water Associated with
Vegetated Treatment Areas (VTAs) from Five Animal
Feeding Operations (AFOs) in South Dakota

Basic Information

Title: Microbial Indices of Soils and Water Associated with Vegetated Treatment Areas
(VTAs) from Five Animal Feeding Operations (AFOs) in South Dakota

Project Number: 2006SD74B
Start Date: 3/1/2006
End Date: 6/30/2009

Funding Source: 104B
Congressional

District: First

Research
Category: Water Quality

Focus Category: Water Quality, Surface Water, Acid Deposition
Descriptors:

Principal
Investigators: Bruce Bleakley, Todd P. Trooien

Publication

Bleakley, B.H. 2007. Microbial indices of soil and water. South Dakota Water Resources Institute
Water News. January 2007, volume 3, number 1.
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Microbial indices of soils and water associated with 
vegetated treatment areas (VTAs) from five animal 
feeding operations (AFOs) in South Dakota 
 
Basic Information 
Title: Microbial indices of soils and water associated with vegetated treatment areas 
(VTAs) from five animal feeding operations (AFOs) in South Dakota 
Project Number:  
Start Date: 3/1/2007 
End Date: 2/28/2009; (with extension for an additional year to 6/30/2009) 
Funding Source: 104B 
Congressional District: First 
Research Category: Water Quality 
Focus Category: Water Quality; surface water; wastewater.   
Descriptors: None 
Principal Investigators: Bruce Bleakley;  Todd Trooien 
 
 
Introduction: Write a brief overall introduction to your progress/completion report. 

Nutrient and sediment loads from animal feeding operations (AFOs) can reduce 
the quality of surface waters and groundwaters.  Basin technologies can help alleviate 
some of these problems, but they can be costly, and cause odor problems.  The potential 
for development and implementation of alternative non-basin technologies interests a 
variety of stakeholder groups.  An EPA funded grant, “Evaluating the Performance of 
Vegetated Treatment Areas,” (Dr. Todd Trooien, P.I.), seeks to evaluate the technical and 
financial feasibility of vegetated treatment areas (VTAs) as a non-basin alternative for 
reducing nutrient and sediment loads from AFOs having less than 1,000 animal units.    
For this EPA grant, each of five AFOs in different areas of South Dakota have had or will 
have VTAs established.  Performance of each VTA is being measured by sampling 
inflows and outflows from vegetated areas.  The samples are being analyzed for nutrients 
(N and P), salts, sediment, and numbers of fecal coliform bacteria.  Data from these 
measurements will allow calculation of water and salt balances, loss or gain of nutrients, 
removal of sediment, and fecal coliform numbers.  Data will be entered in a basin model 
to simulate basin performance,  that will be compared to measured VTA performance.  
Samples have been obtained from 2005 to 2009, with the Howard, SD site receiving the 
most attention since it has been operational the longest; some of the other sites (like the 
one near Claire City in Roberts County, and the one in Minnehaha County) are only 
becoming operational in 2009.  For the EPA project, only numbers of fecal coliform 
bacteria are being measured.  Other aspects of the microbiology of the inflow and 
outflow areas associated with the VTAs are not addressed, and are the focus of this 104b 
proposal.   
 
Build Project Information:  



Information Transfer Program:  Some of the information presented here was also 
presented at a field day at the Howard site in summer of 2008; and at a Stakeholders 
Meeting on the SDSU campus in Spring of 2009.    
Data from this project will continue to be presented at such stakeholder meetings; and at 
field days at one or more of the VTA sites of the study.  
 
Problem:  

 Nutrient and sediment loads from animal feeding operations (AFOs) can 
negatively impact the quality of surface waters and groundwaters.  One accepted way to 
reduce nutrient and sediment loads from AFOs is by use of basin technologies, which are 
effective but can be costly, and lead to air quality problems due to unpleasant odors.  The 
potential for development and implementation of alternative non-basin technologies 
interests a variety of groups, including the South Dakota Cattlemen’s Association, South 
Dakota Farm Bureau, South Dakota Association of Conservation Districts, South Dakota 
State University, South Dakota Department of Agriculture, Natural Resources 
Conservation Service, South Dakota DENR, and cattle producers.  The Iowa Cattlemen’s 
Association (ICA) is also interested. 
 An EPA funded grant, “Evaluating the Performance of Vegetated Treatment 
Areas,” (Dr. Todd Trooien, P.I.), has been underway since 2005 to the present.  Its goal is 
evaluation of the technical and financial feasibility of vegetated treatment areas (VTAs) 
as a non-basin alternative for reducing nutrient and sediment loads from AFOs having 
less than 1,000 animal units.    Each of five AFOs in different areas of South Dakota have 
had or will have VTAs established.  Performance of each VTA will be measured by 
sampling inflows and outflows from vegetated areas.  The samples are being analyzed for 
nutrients (N and P), salts, sediment, and numbers of fecal coliform bacteria.  Data from 
these measurements will allow calculation of water and salt balances, loss or gain of 
nutrients, removal of sediment, and fecal coliform numbers.  Data will be entered in a 
basin model to simulate basin performance,  that will be compared to measured VTA 
performance.   
 For the EPA project, counts of E. coli before and after each VTA are the only 
measure being taken of bacterial effects on water quality in pre- and post-VTA areas.  
Other microbial measures affecting water quality would also be valuable, such as 
detecting presence or absence of toxigenic  E. coli, such as E. coli O157:H7; and numbers 
of non-toxigenic E. coli in pre- and post-VTA areas at each site, to better assess whether 
water quality in post VTA areas is better (has lower numbers of these bacteria) than in 
pre-VTA areas.      Also, since microbial activity can influence physical and chemical 
parameters of soil and water, such as whether aerobic or anaerobic processes are 
occurring, other measures of microbial activity would be valuable for both pre-VTA and 
post-VTA areas at each site, to further assess water quality in these areas.  The 104b 
project described here is providing a more detailed and broader understanding of some 
microbiological issues relating to this waste management system.    
  
Research Objectives:  

 
For the EPA project described above, counts of E. coli before and after each VTA 

are the only measure being taken of bacterial effects on water quality in pre- and post-



VTA areas.  Other microbial measures affecting water quality would also be valuable, 
such as detecting presence or absence of toxigenic  E. coli, such as E. coli O157:H7; and 
total E. coli other than E. coli O157:H7 in pre- and post-VTA areas at each site, to better 
assess whether water quality in post VTA areas is better (has lower numbers of these 
bacteria) than in pre-VTA areas; or if the presence of E. coli  diminishes across the 
landscape as one moves further away from the feedlot across the VTA.   Also, since 
microbial activity can influence physical and chemical parameters of soil and water, such 
as whether aerobic or anaerobic processes are occurring, other measures of microbial 
activity would be valuable for both pre-VTA and post-VTA areas at each site, to further 
assess water quality in these areas.   
  Differences in the microbiology of soils in the inflow and outflow areas 
associated with VTAs is being assayed by measuring the following microbial indices:  (a)  
Soil respiration; (b) oxidation/reduction potential; (c) heterotrophic microbial activity; (d) 
soil bacterial diversity; (e) numbers of total culturable E. coli in water ; and (f) presence 
or absence of culturable pathogenic E. coli O157:H7.   Data for these microbial indices 
will be added to the data sets from the EPA project, to get a better idea of the number and 
activity of microbes in soils associated with inflow and outflow areas. 
 
Methodology:  

 Soil respiration is being measured in the field with a portable soil respirometer.    
Both plant root respiration and microbial respiration can contribute to the values obtained 
in the field (Alef, 1995a; Beck, 1996).  Oxidation/reduction potential of wet soils will be 
assayed  with a portable meter fitted with an oxidation/reduction electrode (Zausig, 
1995).  Heterotrophic microbial activity is being evaluated by assaying ability of soil 
samples to hydrolyze fluorescein diacetate (Alef, 1995b).   Soil bacterial diversity is 
being assayed in two ways:  (1) by use of Biolog EcoPlates that assay the ability of a soil 
microbial community to utilize different carbon sources (Insam and Goberna, 2004) ; and 
(2) by molecular methods, using polymerase chain reaction (PCR) and denaturing 
gradient gel electrophoresis (DGGE) (Hastings, 1999; Baker and Harayama, 2004).  We 
are evaluating the numbers of E. coli of humans and animals in both inflow and outflow 
water.  Water samples have been analyzed by counting coliforms on mfc agar, then 
picking these colonies over onto Chromagar plates that are more specific in identifying  
colonies of E. coli.  A serologic test is being used to determine if water samples contain  
E. coli O157:H7.   
 
Principal Findings 
i)  Assessing  the redox state of the soil and/or water in inflow versus outflow areas:  
Because of dry conditions throughout the state for most of 2006 including at the Howard 
site, redox potential was not measured at Howard or elsewhere for that year.  At the end 
of 2007, initial readings were taken at Howard in the fall when standing water was 
present at several of the sampling areas for this site.  Using a portable redox electrode, 
redox values were found to be negative at most of the water saturated sites, with negative 
values ranging from -120 millivolts to -250 millivolts.  These negative readings indicate 
that the sample sites were largely or entirely anaerobic, so that processes such as 
fermentation, sulfate reduction, and denitrification were likely occurring.  In June of 
2008, soon after major rainfall events, redox electrode readings were again taken in 



Howard when the soil was moist but not water saturated.  Readings at all sample sites 
were positive, ranging from 124 to 280 millivolts, indicating that the soils were largely 
aerobic and conducive to aerobic microbial processes and plant root metabolism.  
Engineering changes occurred in the layout of the drainage pipes at the Howard site 
between 2007 and 2008 to further spread flow of water from the feedlot over the 
landscape, and may be promoting more positive redox values/aerobic conditions over the 
entire landscape, even during wet periods.   
Some problems in taking the redox measurements in situ have included breakage of the 
delicate and expensive redox electrodes in heavy clay soils/clay pans that are often hard 
to detect in the field.  Also, it has been more difficult to access and take measurements 
during wet periods in the field (the only times when redox measurements are meaningful 
in the field) than we initially expected.  We are still making redox measurements in the 
field when the situation allows; but are also preparing to make redox measurements on 
soil samples brought back to the lab, where measurements can be made more easily. 
The hypothesis being tested is that redox values will be more negative in areas having 
largest amounts of organic load from the AFOs; where microbial respiration will have 
depleted oxygen gas concentration and led to anaerobiosis.   By relying more heavily on 
redox measurements made in the lab, we will be able to generate more data on more soil 
samples from the field sites, and better evaluate this hypothesis. 
 
ii)  Assessing the activity of microorganisms in soil and/or water in inflow versus outflow 
areas by use of a portable soil respiration monitor (for drier soils only):  Carbon dioxide 
measurements were made at the Howard site in pre VTA and post VTA areas from late 
summer to fall of 2006.    Preliminary analysis of respiration data (not yet statistically 
analyzed) suggests that there were not significant differences in CO2 production between 
pre VTA and post VTA areas on the dates sampled, possibly because the respiration of 
grass roots was so dominant and equivalent in both areas.  It is clear from data obtained 
to date that soil temperature is a major determinant of soil respiration, more so than 
moisture.  Soil temperatures around 21o C gave respiration values (g CO2/m2/hour) 
ranging from 2 to 6; while soil temperatures around 8o C gave values that were three to 
eight times lower.    
During 2007 and 2008, soil respiration readings at Howard were taken in summer and 
fall, (after the soil had dried enough to be assayed).  Values were no higher than 2006, 
especially in the summer.   How soil respiration values correlate to FDA hydrolysis 
measures, and to soil temperature and moisture, needs to be examined. 
During the remainder of 2008, we will continue to measure soil respiration at Howard 
when the environment allows; and will also set up a standard assay for soil respiration of 
samples brought back to the lab (where the contribution of living plant roots can be 
eliminated; so that measured respiration will be only microbial).   
We are testing the hypothesis that respiration will be higher in inflow areas compared to 
outflow areas, due to greater organic matter load stimulating microbial respiration in the 
inflow areas than in the outflow areas.  Data obtained to date from the Howard site do not 
clearly support this, but work over the next year including data from Howard and the  
other VTA study sites will help decide whether the hypothesis is supported. 
 
iii)  Assessing the heterotrophic activity of microorganisms in soil and/or water in inflow 
versus outflow areas by use of a spectrophotometric assay of fluorescein diacetate (FDA) 



hydrolysis in inflow vs. outflow soil and/or water:  Soil samples from pre VTA and post 
VTA areas of the Howard site collected from 2006, 2007, and 2008 have been analyzed 
for FDA activity, (with some samples yet to be processed); but data have not yet been 
statistically analyzed.   It is clear that different sites at Howard have different FDA 
hydrolysis values over time, and there are differences between sites.  How these values 
correlate to values of soil respiration, temperature, and soil moisture needs to be 
examined.   
We hypothesize that FDA hydrolysis will be greater in inflow areas than outflow areas, 
since higher amounts of organic matter in inflow areas should stimulate more microbial 
activity than in outflow areas.  Data obtained to date do not clearly support this, but work 
over the next year including data from the VTA study sites will help decide whether this 
hypothesis is supported.   
 
iv)  Assessing soil bacterial diversity in inflow versus outflow soil and water by means of 
denaturing gradient gel electrophoresis (DGGE) to compare number of gel bands 
obtained from samples from inflow versus outflow soil and water, employing 16S 
ribosomal DNA primers and polymerase chain reaction (PCR) methodology:  This is a 
molecular method that will be able to assess both the culturable and non-culturable 
bacteria in soil samples. Soil samples from pre VTA and post VTA areas of the VTA 
sites will be analyzed using DGGE.    
An initial DGGE gel running samples from the Sturgis, SD site is shown in Fig. 1.  Two 
sampling dates are involved; one in Spring of 2008 that involved soil from the second 
and third chevrons (ditches)  in the VTA (because the first chevron was filled with 
water); and a sampling date later in the year when all three chevrons were dry.  Each 
band likely represents one specific DNA sequence of a numerically dominant prokaryote 
in the soil (including both culturable and non-culturable prokaryotic groups).   
The first three lanes (from left moving right) are from the same sampling date in summer 
of 2008.  Chevron 1 receives the greatest load of effluent from the feedlot; chevron 2 is 
the middle chevron receiving less load than chevron 1; and chevron 3 is the last chevron 
in the landscape,  expected to receive the least organic load from the feedlot.  There are 
similar banding patterns for all three chevrons on this date; but the intensity of the bands 
differs, especially between chevron 3 and the first two chevrons.   
We are still working to optimize parameters for the DGGE gels; and during 2008 enough 
gels will be obtained to make better estimation of differences in banding patterns between 
different sites on each of the VTA landscapes.    
We hypothesize that bacterial diversity will be greater in inflow versus outflow areas, due 
to greater amounts and types of organic matter available in the inflow areas; and to more 
likely frequent periodic aerobic/anaerobic transitions in the inflow areas, versus the 
outflow areas.    
 
v)  Assessing soil bacterial diversity in inflow versus outflow soil and water by means of  
carbon source utilization profiles of soil microbial communities in the inflow and outflow 
areas using Biolog EcoPlates:  Soil samples from pre VTA and post VTA areas of the 
Howard and Sturgis sites have been/are being analyzed using Biolog plates, but have not 
yet been statistically analyzed.  We will contact Dr. Mike Lehman of the USDA NCAUR 
lab in Brookings for aid in the statistical analysis, since he has had extensive background 
and experience in analyzing Biolog results for environmental samples. 



We hypothesize that bacterial diversity will be greater in inflow versus outflow areas, due 
to greater amounts and types of organic matter available in the inflow areas; and to more 
likely frequent periodic aerobic/anaerobic transitions in the inflow areas, versus the 
outflow areas. 
 
 vi)  Evaluating the numbers of specific fecal coliforms and/or potential pathogens of 
humans and animals in both inflow and outflow soil and water by use of several agar 
media that are selective and differential for specific bacterial types:  Water samples from 
the Howard site have been analyzed by counting coliforms on mfc agar, with numbers 
ranging from 104 to 105 CFU coliforms/ml in the pre-VTA and post-VTA  samples.  
Picking these colonies over onto Chromagar plates has shown for 2006, 2007, and 2008  
samples that most (in excess of 50%) but not all of the initial isolated colonies were E. 
coli in the pre-VTA and post-VTA areas.  In 2006 water samples from the river in the 
area behind the post-VTA area, fecal coliforms were found in lower numbers (102 CFU 
coliforms/ml) than in pre and post VTA areas, with from 20% to 70% of those in the river 
verified as E. coli.  For 2006 samples we  detected presence of  E. coli O157:H7 in pre-
VTA and post-VTA water samples, but not in river samples situated after the post-VTA 
area.  This indicates that the VTA is effectively removing E. coli strains of the greatest 
health concern before they reach the river.   
For Howard in 2007, with water samples from the river in the area behind the post-VTA 
area, fecal coliforms were found in lower numbers than in pre-VTA and post VTA areas, 
but for some sampling dates the numbers in the river were only one log less than in the 
post VTA area.   For 2007 samples we detected presence of  E. coli O157:H7 in pre-VTA 
and post-VTA water samples, but not in river samples situated after the post-VTA area, 
again indicating that the VTA is effectively removing E. coli strains of the greatest health 
concern before they reach the river.  However, there were times where cattle were 
grazing beside the river, so that numbers of E. coli in the river cannot be totally tied to the 
VTA but may instead originate from these grazing cattle near the river bank. 
Results of samples for 2008 from the Howard and Sturgis sites are shown in Table 1.  
The fecal coliform numbers at the Howard site were similar to counts from previous 
years in the VTA areas preceding the river.  Counts from the river were very low or zero, 
indicating that the VTA is succeeding in helping to reduce the fecal coliform load 
entering the river.   
The fecal coliform counts from the Sturgis site are interesting.  The sample was taken on 
November 15, when all three chevrons were filled with water from a recent snow melt, 
and a thin layer of ice covered the chevrons.  Water from all three chevrons had 
detectable numbers of fecal coliforms, and their numbers declined moving from chevron 
1 to chevron 3, indicating that the series of chevrons were acting to dilute the numbers of 
fecal coliforms across the landscape.  As expected with such low numbers of “ordinary” 
E. coli , no E. coli O157:H7 were detected. 
 
Significance 

Management issues that could be impacted by  results of the study include 
management of undesirable odors affiliated with the AFOs; extent of anaerobic versus 
aerobic microbial processes in inflow versus outflow areas; ability of the VTAs to filter 
out specific pathogenic bacteria such as Escherichia coli O157:H7 ; amount of CO2 gas 



produced from soil in pre-VTA versus post-VTA areas; and overall heterotrophic 
microbial activity and microbial community diversity in soil and water in pre-VTA 
versus post-VTA areas as a measure of the ability of the VTA in removing organic 
compounds from the AFO inflow.   Results could influence future management decisions 
for AFOs making use of VTAs; and afford information to better understand how to 
manage microbial populations in the soils affiliated with the VTAs to achieve desirable 
air and water quality in these areas. 
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Table 1:  Fecal coliform counts:  2008 sample dates:   
 
Howard, SD site: 
 
Date   Area   CFU/ml 
 
June 6    Pre VTA  4.6  X 105 
   ¾ to river  3.5 X 10 5 
   Half way to river 5.97 X 10 5 

   River   2.7  X 102 
 
October 26  site 7   3.63 X 104 
   Gate by site 7  3.55 X 104 

   Site 12   1.34 X 104 
   Site 1   1.74 X 104 
   ½ down pipe  2.16 X 104 
   ¾ from pipe to gate 2.0 X 104 
 
--------------------------------------------------- 
Sturgis, SD site: 
   
November 15  Chevron 1         1.23 X 10 2 
   Chevron 2  19.0  
   Cheveron 3  12.0 
 
 
 
Transfer of putative E. coli colonies from initial plates to Chromagar plates showed that 
93% or greater of putative E. coli were E. coli 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. 1:  DGGE gel of soil DNA from chevrons in VTA at Sturgis, SD.   
DGGE gel used:  30-65% gradient, run at 60 ° at 70 V for 18 hours 
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Introduction 

 

 Many areas of the United States and the world are facing arsenic contamination of 

drinking water.  After the U.S. Environmental Protection Agency (EPA) announced the 

lowering of the maximum contaminant level for arsenic from 50 parts per billion to 10 

ppb, several arsenic-removal methods have been investigated.  Most of them have the 

disadvantage of high waste-disposal costs because of the potential for leaching of arsenic 

from the arsenic-enriched waste.  This work focused on improving the limestone-based 

removal technique by encapsulating the waste in concrete, thus increasing its economic 

advantages through recycling. 

 

 

Project Information 

 

Arsenic reacts with limestone-based material during arsenic removal from water, 

most likely forming either hydrated calcium arsenate or calcium arsenate.  Scanning 

electron microscopy shows that arsenic-rich crystals adsorb onto the surface of limestone 

particles (Figure 1).  Solubility products for the dissolution of various forms of calcium 

arsenate range from 10
-21

 to 10
-38

.  If leaching of arsenic is negligible after encapsulation 

in concrete, this could add a significant benefit to the limestone-based arsenic-removal 

method. 

 

Objectives 

 

The objectives of this research were to: 

1. Remove arsenic from water by adsorption onto limestone, and determine the 

mass of arsenic that was adsorbed. 

2. Prepare concrete cubes with the limestone waste after arsenic removal, and 

determine the strength of the concrete cubes by testing in accordance with 

standards of the American Society for Testing and Materials (ASTM). 



3. Determine leaching, if any, of arsenic from the concrete cubes by analyzing 

the results from Toxicity Characteristic Leaching Procedure (TCLP) tests, in 

order to assess the suitability of encapsulating the waste material as concrete 

mortar. 

 

Methods 

 

A stock As(V) solution was used to prepare influent solutions of water.  One-liter 

bottles were filled with with 1000 grams of 0.5 to 1 mm sized Minnekahta Limestone.  

The prepared solutions were introduced into the bottles, which were shaken several times 

a day for one month.  The treated solutions then were separated, and the limestone was 

air-dried for two weeks. 

 

 Limestone was used as a substitute for sand in the preparation of concrete mortar 

cubes because the grain size of the limestone, 0.5 to 1 mm, was similar to the grain size 

of sand.  This substitution was made in consideration of economic advantages of cost 

reduction (i.e., cost of sand replaced by cost of available limestone waste).  The concrete 

cubes were prepared for strength testing and to conduct TCLP tests for leaching.  

Untreated limestone also was used in preparing concrete mortar cubes, to compare the 

results to the strengths of cubes of treated limestone. 

 

 A Tinius Olsen machine was used for conducting compressive strength tests on 

the concrete mortar cubes.  Specimens were tested at 1, 3, 7, and 28 days, and were saved 

for conducting TCLP tests. 

 

Principal Findings and Significance 

 

Arsenic Removal 

 

 Part of the experimental work focused on determining the mass of arsenic that 

was adsorbed by the limestone.  The difference between the amounts of arsenic before 

and after treatment by limestone was the mass adsorbed onto the surface of the limestone 

(Table 1).  The amount of arsenic removed from each solution by the limestone is shown 

on Table 2.  Each gram of limestone in samples C1 and C2 adsorbed 0.88 µg of arsenic.  

Similarly, each gram of limestone in samples C3 and C4 removed 3.9 µg of arsenic. 

 

Compressive Strength 

 

 Strength tests were conducted in accordance with ASTM C 109-93 specifications.  

The strengths of untreated samples at 1, 3, 7, and 28 days (Figure 2) indicate that use of 

limestone as a replacement for sand could be suitable for disposal of arsenic as well as for 

use in concrete mortar.  Cubes made with encapsulated arsenic in limestone waste also 

were tested.  Compressive strength values are shown on Figure 2.  The percentage 

difference of compressive strengths between the combined samples C1 and C2 and the 

control test at 28 days was approximately 1.1%, and the percentage difference between 



the combined samples C3 and C4 and the control test was approximately 5.9%.  The 

results indicate that the encapsulated contaminant had no appreciable effect on strength. 

 

Toxicity Characteristic Leaching Procedure Tests 

 

 The TCLP test results indicate that leaching of arsenic was less than 0.05 mg/L 

from the concrete cubes (Table 3).  The U.S. EPA’s leaching limit for the disposal of 

arsenic in a landfill is 5 mg/L.  The results were less than 1/100 of the U.S. EPA standard. 

 

Summary 

 

 The strength of concrete mortar cubes did not appear to be affected by 

encapsulation of limestone waste; strengths were essentially the same as in the control 

test.  Because leaching of arsenic was far less than the U.S. EPA standard, encapsulation 

of limestone waste in concrete has potential as an option for recycling of the waste 

material, which could help reduce disposal costs of the limestone-based method. 

 

Information Transfer Program 

 

 Results of this research have been accepted for publication in the journal, 

Environmental Geology (Chintalapati and others, 2009).  Papers were presented at two 

conferences:  the Eastern South Dakota Water Conference (Davis and others, 2008), and 

the Annual Meeting of the Society for Mining, Metallurgy, and Exploration (Davis and 

others, 2009).  In addition, the work was published as a preprint to the 2009 SME Annual 

Meeting (Davis and others, 2009).  This research also resulted in a Master of Science 

thesis in Geology and Geological Engineering at South Dakota School of Mines and 

Technology (Chintalapati, 2008). 
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degree in 2008.  A Ph.D. student, Tessa Krueger, also was funded for hourly work during 

completion of the project. 
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Table 1. Mass of arsenic adsorbed onto the surface of the limestone. 
 

Sample 

ID 

Mass of As 

(mg in 640 

mL) 

Mass of As 

(mg)  in 

solution and 

rinse 

Mass of As 

adsorbed 

(mg) 

% of As 

removed by 

limestone 

C1 0.91 0.028 0.88 95.4 

C2 0.90 0.028 0.87 94.9 

C3 4.25 0.340 3.91 86.9 

C4 4.23 0.338 3.90 85.9 

 

 

 

Table 2. Amount of arsenic adsorbed onto the surface of limestone and total amount of 

arsenic, in mg, resulting in combination of C1 and C2, and C3 and C4. 
 

Sample 

ID 

Mass of 

As 

adsorbed 

(mg) 

Mass of As in 

µg/g of 

Minnekahta 

Limestone 

Mass of 

As in 

1000g of 

limestone 

Mass of As 

(µg) in 

combined 

samples 

Mass of As 

(mg) in 

combined 

samples 

C1 0.88 0.88 881 
1756 1.8 

C2 0.87 0.87 875 

C3 3.91 3.91 3910 
7803 7.8 

C4 3.90 3.90 3893 

 

 

 

Table 3. Results of the TCLP tests. 
 

Sample Name Arsenic - TCLP (mg/L) 

C-1,2 D-1,2 <0.050 

C-1,2 D-3,4 <0.050 

C-1,2 D-7,6 <0.050 

C-1,2 D-28,7 <0.050 

C-3,4 D-1,2 <0.050 

C-3,4 D-3,3 <0.050 

C-3,4 D-7,6 <0.050 

C-3,4 D-28,9 <0.050 



 

Figure 1. SEM micrograph of arsenic-rich crystals on the surface of Minnekahta 

Limestone. 
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Figure 2. Comparison of average compressive strengths of concrete mortar cubes 

prepared through encapsulation of untreated and treated limestone. 
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Permeable Reactive Bio-Barriers for Uranium Removal: Role of Iron Minerals on 
Uranium Fate and Transport 

 
Statement of critical regional or State water problem.  
Solid and liquid wastes containing heavy metals and radionuclides discharged to the ground over 
a 50-year period constitute a major environmental problem in more than 36 states and territories 
in the US.  Of these, U is the most common radionuclide in groundwater, soils, and sediments at 
many sites and is therefore of particular concern due to its toxicity and carcinogenicity.  In South 
Dakota, U mining operations have contaminated surface water, sediments and ground water.  For 
example, at the Edgemont Mill Site, located in the east of Edgemont, SD, ground water and pit 
water are contaminated with high U concentrations. A recent report from the Rapid City Journal 
(Aug 18, 2006) indicated that in past 44 years, U and other heavy metals from abandoned 
uranium mines, has contaminated water, air, and eroding soils of the Cave Hills and Slim Buttes 
area.  A full report is available at the 
http://www.rapidcityjournal.com/articles/2006/08/18/pmedition/news/news02.txt.  In addition, U 
contamination is present at DOE sites in the region, such as the Hanford Site, WA and the Idaho 
National Laboratory located at Idaho Falls, ID. 

The most common form of U in river/groundwater is U(VI), which is present either as the 
uranyl cation (UO2

2+) or as anionic carbonate complexes, UO2(CO3)2
2- and UO2(CO3)3

4-.  These 
oxidized species of U are highly soluble and mobile in groundwater.  On the other hand, the 
common reduced form of U, U(IV), is predominantly insoluble and is present in the mineral 
uraninite.  Thus, the oxidized form U(VI) presents significant health hazards due to its solubility 
and mobility.  Therefore, in situ reduction of U(VI) to U(IV) can serve as a remediation strategy.  
Since sulfate reducing bacteria (SRB) can perform U(VI) reduction both enzymatically and non-
enzymatically (through the production of sulfides), stimulating SRB in contaminated zones in the 
subsurface can be used for U remediation through its immobilization as U(IV).  

In addition to U, SRB also have potential to precipitate a variety of other heavy metals 
contaminants found in the region such as As, Cu, Cr, Pb, and Zn, by forming insoluble metal 
sulfides or hydroxides.  These heavy metals are present all over the South Dakota including 
Deadwood, Edgemont, Cave Hills, Slim Buttes, Rapid Creek near Rapid City, and Belle Fourche 
River near Belle Fourche.   

As can be seen, radionuclides such as U and other heavy metals such as As, Cu, Cr, Pb, 
and Zn constitute a significant groundwater problem in the South Dakota and have attracted the 
attention of many stakeholders in the region.  Because of the potential health implications, these 
metal ions are of concern not only to the EPA, but also to local populations and environmental 
groups, including several Native American tribes.  These metals could potentially be treated and 
immobilized with natural indigenous bacteria.  Hence, it is vital that an understanding of the 
complex biogeochemical processes that govern the fate and transport of these mobile 
contaminants as well as the stability of immobilized contaminants be developed for sites in the 
region. 
 
Statement of results or benefits:  
The proposed work will be performed in two Tasks and will examine the potential of bio-barriers 
developed in the presence of soil minerals to immobilize U.  To accomplish this, permeable 
reactive bio-barriers containing SRB will be established in soil columns in the presence and 
absence of Fe-bearing minerals to evaluate the role of iron sulfides on U immobilization and 



subsequent remobilization by oxygen.  In Task 1, soil columns will be inoculated with SRB, and 
nutrients (lactate and sulfate) will be fed to stimulate growth in the soil matrix to establish the 
bio-barriers.  Thereafter, the bio-barriers will be challenged with U(VI) solutions and effluent 
concentrations of U will be monitored to quantify U removal.  After the ability of the bio-barrier 
to reduce U is characterized, in Task 2, stability of immobilized U will be quantified by flowing 
oxygenated simulated groundwater through the columns.  During both tasks, effluent 
concentrations of Fe(II), total-Fe, sulfate, lactate, sulfide and SRB will be monitored, in addition 
to monitoring concentrations of U.  These data will provide fundamental information on the 
interrelationship between U(VI) reduction and transport, transformation of Fe and S species, and 
microbial activity, which will be used to quantify performance of SRB bio-barriers for U(VI) 
remediation.  The experiments will also provide information on parameters that influence the 
performance of the bio-barriers and the influence of oxygen and iron minerals on the stability of 
SRB-mediated reduced U. In addition, the project will support a graduate thesis and the 
information gathered through this research will be published in a peer-reviewed journal. Finally, 
these results developed for U could be extended with extramural funding (e.g. DOE, DOD, 
industrial, or USGS programs) to sites contaminated with other heavy metal contaminants. 
 
Nature, scope, and objectives of the project:  
The transport of metal contaminants in the groundwater/subsurface is often dominated by 
precipitation/dissolution reactions and sorption/desorption reactions.  However, these 
mechanisms are poorly understood, even though knowledge of these biogeochemical processes is 
important to understand and predict metal fate and transport in the subsurface.  Thus, to 
understand these complex biogeochemical processes involving U, our objectives are to establish 
SRB bio-barriers in columns containing Fe-bearing soil minerals to 1) quantify differences 
between U immobilization due to direct enzymatic reduction and sulfide-mediated U reduction 
and 2) quantify the effect of Fe-bearing soil minerals on the desorption/re-oxidation of 
bioreduced U.  This research work will provide a better understanding of the complex 
biogeochemical processes that may occur in the contaminated sub/surface sites.  Further, the data 
will be useful to predictions of field-scale fate and transport, which can enhance our ability to 
predict plume migration, contaminant transformation rates, and remediation endpoints.   
The project will be conducted according to the following schedule: 

1. Starting date: 03/01/2007 
2. Column experiments for U reduction and precipitation: 03/01/2007 to 09/01/2007 
3. U desorption and re-oxidation experiments: 06/01/2007 to 02/01/2008 
4. Write a manuscript and a final report: 02/01/2008 to 02/28/2008 

 
Methods, procedures, and facilities: 
Our study of the factors affecting the 
transport and fate of U in the presence of 
SRB and soil minerals will be conducted 
in two tasks (Figure 1).  Task 1 will 
involve quantification of U reduction and 
immobilization in bench-scale soil column 
bio-barriers containing SRB.  Using 
proper controls as described in detail 
below, we will quantify enzymatic and 

 Task 1.
 

Establish Bio-barriers  
and 

Quantify Uranium Removal

1) Characterize relationship between U reduction and Fe, S 
and microbial activity. 
2) Characterize the influence of oxygen and iron minerals 
on the stability of SRB-mediated reduced U. 
3) Quantify performance of SRB bio-barriers for U(VI) 
remediation. 

Figure 1. Project experimental design 

Task 2.
 

Evaluate Stability 
of SRB-mediated 

Immobilized U 



non-enzymatic (sulfide-mediated) reduction and immobilization of U(VI).  In addition, Task 1 
will also quantify the effect of secondary iron minerals (iron sulfides) on U(VI) reduction.  Task 
2 will evaluate the ability of iron sulfides to prevent oxidation and remobilization of reduced U 
in the presence of oxygen.   

Task 1: Establishment of bio-barriers and U reduction/precipitation experiments    
To establish U removing bio-barriers, we will use simulated aquifer materials containing 
hematite and quartz sand, and the SRB, Desulfovibrio desulfuricans G20 in a 2.5 cm (ID) x 17 
cm soil column system.  The hematite/quartz system is chosen since these minerals are common 
aquifer constituents and also hematite is capable of adsorbing large quantities of trace metals.  
Further, our batch results show that SRB can reduce U(VI) to U(IV) in the presence of hematite 
and quartz (Sani et al. 2004 and 2005).  Hematite-free columns containing quartz sand alone will 
be used to evaluate U(VI) reduction and re-mobilization in the absence of iron.  To prepare an 
inoculum for the column tests, D. Desulfuricans G20 will be grown anaerobically in a modified 
groundwater medium (SGM, Viamajala et al., 2002), amended with lactate and sulfate.  To 
ensure a uniform initial biomass distribution, the soil minerals (hematite/quartz or quartz alone) 
will be slurry-packed with a solution of ~108 SRB cells/mL, and the minerals/bacteria mixture 
will be loaded into the columns.  Packing of columns will be carried out at ambient temperature 
in a glove box under an O2-free N2:CO2:H2 (90:5:5) atmosphere.  Immediately after inoculation, 
to wash out unattached cells, the column will be flushed with one pore volume of substrate-free 
(lactate-free) SGM.  All column feed solutions will be de-oxygenated by purging with nitrogen 
and will be delivered to the columns with syringe pumps.  Stainless steel connecting tubing will 
be used to prevent oxygen diffusion into the system.   

Thereafter, to establish the bio-barrier, SGM amended with 30 mM lactate and 10 mM 
sulfate as substrates will be fed to the column to stimulate bacterial growth and bacterial-
mediated Fe(III) reduction as SRB can reduce Fe(III) to Fe(II) enzymatically as well as indirectly 
by H2S production (Pyzik and Sommer, 1981; Le Gall et al., 1994; Berner, 1984).  During the 
substrate addition phase, flow into the column will be maintained at a Darcy velocity of 6.5cm/h.  
This relatively high flow rate simulates nutrient injection rates at bioremediation field sites. Such 
high flow rates ensure adequate nutrient delivery through the barrier to obtain uniform biomass 
distribution and to prevent starvation of cells at the downstream end of the barrier.  The 
concentrations of important compounds [lactate, sulfate, acetate, Fe(II), Fe(III), and sulfide] and 
effluent cell concentration will be measured in the column effluent using methods developed in 
our laboratory as described previously (Sani et al., 2001b; Sani et al., 2002; Sani et al., 2003a).   

Growth of SRB to form the bio-barriers will be deemed complete when effluent 
concentrations of sulfate, which is the growth-limiting substrate, reach below measurable limits 
(3 mg/L).  The established bio-barriers will then be used for U(VI) reduction.  Each column 
experiment will be replicated to insure repeatability.  Bromide pulse tracer tests will be used to 
monitor changes in liquid residence times that may result from bacterial accumulation during the 
growth phase.  Lactate tracer tests will be run on un-inoculated columns to characterize substrate 
sorption and retardation on the solid phase (Amann et al., 1990). 

After the completion of growth, sterilized SGM amended with 40 μM U(VI) (a 
representative concentration of contaminated mine water, e.g., at Midnite Mine) will be fed into 
the columns and the concentrations of U in effluents will be measured as described below.  A 
Darcy velocity of 0.65cm/h, more typical of natural groundwater flows, will be used during 
U(VI) addition phase.  To quantify non-enzymatic U reduction, ground water containing only U 



will be fed into duplicate columns and U concentrations in effluents will be monitored.  Under 
these conditions, the removal of U will be non-enzymatic, and may result from the following 
processes: 1) adsorption onto the cell surfaces (Volesky, 2003), 2) reduction by iron sulfides 
(Liger et al., 1999), and 3) sorption onto quartz and iron sulfides (Bostick and Scott, 2003).  In 
another set of columns, to stimulate enzymatic reduction, U solutions will be fed with electron 
donor (lactate) and U concentrations in effluent will be monitored.  This procedure will quantify 
total U reduction that results from enzymatic and non-enzymatic processes.     

The U concentrations in effluent will be measured using an existing inductively coupled 
plasma mass spectroscopy (ICP-MS).  U concentrations will be measured in unfiltered and 
filtered samples.  Samples will be filtered using 1-kDa (pore size, 0.6 nm) or 5-kDa (pore size, 3 
nm) cutoff membrane filters.  Cells and solids will be removed from samples using 0. 2 μm filter 
before using 1- kDa or 5-kDa cutoff membrane filters to filter them.  Nanometer sized reduced U 
(potentially mobile reduced U) concentrations will be calculated as the difference between 
unfiltered U and 1-kDa or 5-kDa cutoff membrane filtered U.   

Task 1 anticipated results: Anticipated results for the first task include: 1) establishment of 
SRB-barriers that will immobilize U, 2) quantification of enzymatic and non-enzymatic 
contributions to U reduction, 3) effluent U profiles that will provide quantitative information on 
the extent of U reduction, immobilization, and formation of reduced, but mobile U species in the 
presence and absence of iron sulfides, 4) effluent nutrient and biomass profiles that will enable 
correlation between microbial activity and U(VI) reduction.  Further, we believe that the 
formation of iron sulfides will help maintain a low redox-potential in the barrier by scavenging 
oxygen, thus hindering re-oxidation, and thus remobilization, of U(IV) precipitates.  
Quantification of these reoxidation and remobilization processes will be characterized in Task 2.    

Task 2: Bio-reduced U re-oxidation/desorption experiments 
The formation of Fe-sulfide deposits may help maintain a low redox-potential barrier for in situ 
bioremediation by scavenging oxygen, thus hindering re-oxidation of reduced U precipitates.   
Therefore, the goal of this task is to determine how oxygen affects re-oxidation rates of U in the 
presence and absence of iron sulfide minerals.  After the enzymatic and non-enzymatic reduction 
of U(VI) in Task 2, aerobic sterilized SGM will be fed (Darcy velocity of 0.65cm/h) through 
columns to simulate introduction of an oxidative flux into a bio-stimulated aquifer.  The column 
effluent will be sampled periodically for U, Fe(II), Fe(III), and cell concentrations, and will be 
measured as described above.  The primary results produced in these experiments will be 
breakthrough curves for U release rates.   
 In addition to monitoring the column as described above, a bromide pulse tracer (as used 
in Task 1) will be used to monitor changes in liquid residence times that may result from 
bacterial lysis, and accumulation of secondary iron mineral precipitates.  At the completion of 
the test, the column will be drained and cored, and the sorbed/immobilized U concentrations will 
be determined using acid extraction method as described previously (Senko et al., 2002).   
The experiments proposed here will provide preliminary fundamental data for future proposals 
where, using protocols described above, soils can be obtained from metal-contaminated site 
(such as Edgemont Mill Site, Midnite Mine) and used for comparisons between the simulated 
and natural aquifer materials.  This will significantly improve our ability to correlate those data 
to actual field situations.  Techniques and protocols developed in this experimental matrix will 
be directly applicable for field treatability testing of immobilization and remobilization rates to 



provide data that scientists, engineers, regulators, and stakeholders can use to determine the 
feasibility and level of risk associated with in-situ bio-immobilization on a site-specific basis. 

Task 2 anticipated results: Anticipated results for Task 2 include 1) the stability of bio-
mediated reduced U in aerobic simulated groundwater, and 2) the protective effect of iron 
sulfides on the stability and transport of bio-mediated reduced U.   
 
Facilities: 
The resources and equipment available at SDSM&T and Department of Chemical and Biological 
Engineering will be used in this research.  Some of the pertinent facilities include: 

• All standard equipment for anaerobic microbial culture (e.g., shakers, incubators, anaerobic 
chamber, laminar hood, autoclaves, centrifuges, and balances), 

• Syringe pumps, 2 no. (kd Scientific Inc., PA), 
• Inverted microscope with epifluorescence capability phase contrast optics and Nowarski 

optics (Olympus Model 1X70), 
• Gassing station to allow gasses to be mixed in appropriate ratios free of oxygen, 
• 2.5 cm (ID) x 17 cm soil column apparatus, 
• Agilent ICP/MS, Scanning electron microscope (JEOL JSM-840A; Zeiss Supra 40 Variable 

Pressure Field Emission SEM with a Peltier cooled stage) and Atomic Absorption 
Spectrophotometer (Perkin-Elmer, AA/5000).    

 
Related research:  
We have been working on immobilization mechanisms of heavy metals and radionuclides using 
subsurface microorganisms for the last seven years.  We have published a number of articles in 
this specific area (Sani et al., 2001a; Sani et al, 2001b; Sani et al., 2002; Sani et al., 2003a; Sani 
et al., 2003b; Sani et al 2004, Sani et al. 2005, Sani et al.2006, Viamajala et al., 2003).  Our most 
recent work, which is directly relevant to reduction of U(VI) using SRB in the presence of soil 
minerals (hematite and quartz) is described in more detail below.  

Uranium reduction in the presence of hematite and quartz: It is conventionally believed that 
bioremediation of U-containing groundwater involves the transformation of the uranyl ion 
(UO22+) and its soluble complexes to the highly insoluble mineral uraninite [UO2(s)] by the 
creation and maintenance of reducing conditions (Langmuir, 1978; Parks and Pohl, 1988).  U 
reduction has been shown in the absence of soil minerals using batch cultures (Lovley et al. 
1991; Lovley and Phillips, 1992; Ganesh et al. 1997; Spear et al. 1999, 2000; Sani et al., 2002), 
however, data on U reduction in the presence of Fe-bearing soil minerals is much more sparse.  
With a better understanding of U reducing processes in the presence of iron minerals, in situ 
stimulation of anaerobic microbial metal-transformation processes may become an effective 
treatment alternative for heavy metals and radionuclides.   

To study this process in a more realistic system, we performed batch reactor experiments 
to quantify the reduction of U(VI) in the presence of hematite and quartz (Figure 2) under SRB 
growth conditions.  The mass of hematite and quartz were added to give total mineral surface 
area of 4.16 m2.   Sorption of U(VI) to the mineral surfaces occurred over a period 9 d before 
approaching equilibrium.  After equilibration, the U(VI)-mineral suspensions were inoculated 
with SRB.  Inoculation of the suspensions yielded significant SRB growth with a lag period of 
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Figure 3: TEM images of thin section of U(VI) treated with SRB 
and hematite. Intracellular and extracellular precipitation of 
biogenic uraninite (A and B), in cell’s periplasm and outer 
membrane (C), and nm-sized particles (D). 

D

A B

18 days, along with concomitant reduction of sulfate and removal of U(VI) from solution 
(Figures 2 A and B, Sani et al. 2005).  In our 
experiments, as much as 98% U was reduced when 
hematite was present.  However, 42% of the 
reduced U passed through a 0.2-μm filter (Sani et 
al., 2004, 2005), indicating that while the U was 
reduced, it would also still be potentially mobile in 
a natural groundwater system.   

In further research, TEM images of thin 
sections of U(VI) treated with SRB and 
hematite/quartz revealed the presence of UO2(S) 
aggregates (Figure 3).  Aggregate composition was 
determined by energy-dispersive spectroscopy and 
the selective area diffraction pattern (data not 
shown).  The aggregates occurred extracellularly 
and in association with cell surfaces, and included 
a significant mass of uraninite that was precipitated 
within the cell periplasm (Figure 3C).  High-
resolution TEM revealed the fine-grained nature of 
the periplasmic material that yielded lattice fringe 
images with d-spacings consistent with uraninite 
(data not shown).  The uraninite nanoparticle sizes 
were in the range of 3 – 5 nm (Figure 3D).  TEM 

analyses also showed that most of the cell-free precipitates have very low U content, but with 
variable Fe to S ratios, and occurred as discrete and 
aggregated particles (data not shown).  Based on selective 
area electron diffraction pattern analysis, these randomly 
selected iron sulfide precipitates were poorly crystalline 
and showed rather disperse ring patterns.   

Our published results (Sani et al. 2004, 2005, 
2006) clearly show that SRB reduce U(VI) to nanometer-
sized uraninite particles which reside both extracellularly 
and intercellularly.  The accumulation of uraninite inside 
the cell may physically protect reduced U from oxidation.  
However, upon the exposure of oxygen, extracellular 
reduced U may be oxidized quickly due to a large surface 
area to mass ratio of the nanoparticles (3 – 5 nm, as shown 
in Figure 3).  Thus, we propose that creating U reducing 
bio-barriers containing iron sulfides will enhance the 
stability of reduced U, since the formation of iron-sulfide deposits will develop and maintain a 
low redox-potential by scavenging oxygen, thus hindering the re-oxidation of reduced U 
precipitates.   

 

 

Figure 2. A. Concentration profiles of soluble U(VI) 
during abiotic sorption onto hematite and quartz, 
and reduction by SRB. 
B. Concentration profiles of total cell protein, and 
soluble lactate, sulfate, and acetate, in the presence 
of hematite, quartz, U(VI), and SRB.
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Training potential: 
The project will provide significant interdisciplinary training including microbiology and 
engineering and a thesis of a graduate student.  The project will also develop a strong 
collaboration among Drs. Bang, Dixon, and Sani.   
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See following pages 
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Assistant Professor 

Department of Chemical and Biological Engineering 
South Dakota School of Mines and Technology (SDSM&T) 

501 E. St. Joseph Street, Rapid City, South Dakota 57701-3995 
Tel: 605-394-1240, Fax: 605-394-1232; E-mail:rajesh.sani@sdsmt.edu 

 
Education and Training: 
Institution      Major/Area  Degree and Year 
Washington State University, Pullman, WA   Metal-microbe interac Postdoc fellow, 1999-02 
Institute of Microbial Technology, Chandigarh, India Biotechnology  Ph. D., 1998 
Devi Ahilya Viswavidyalaya, India   Biotechnology  M.S., 1993 
Meerut University, India    Mathematics  B.S., 1990 
 
Research and Professional Experience:  
2006 – Present Assistant Professor, Department of Chemical and Biological Engineering  

South Dakota School of Mines and Technology, Rapid City, SD 
2005 – 2006 Associate Director, WSU/NSF Center for Multiphase Environmental Research, 

Washington State University, Pullman, WA 
2005 – 2006 Teaching Faculty, School of Chemical Engineering and Bioengineering, Washington 

State University, Pullman, WA  
2002 – 2005  Assistant Research Professor, School of Chemical Engineering and Bioengineering, 

Washington State University, Pullman, WA 
1999 – 2002  Postdoctoral Research Associate, School of Chemical Engineering and Bioengineering, 

Washington State University, Pullman, WA 
1995 – 1998       Senior Research Fellow, Institute of Microbial Technology, India 
1993 – 1995 Junior Research Fellow, Institute of Microbial Technology, India 
1993 – 1993 Research Fellow (for six months), Devi Ahilya Viswavidyalaya, Indore, India 
 
Publications (out of 23 refereed):  
• *Sani RK, Peyton BM, and Dohnalkova A. 2006. Effect of uranium(VI) in aqueous media on 

Desulfovibrio desulfuricans G20, Environmental Toxicology and Chemistry, 25: 2131-1238.  
 
• Viamajala S, Smith WA, Sani RK, Peyton BM, Apel WA, Neal AL, and Petersen JN. 2006. 

Hexavalent chromium reduction by Cellulomonas spp. isolated from subsurface soils, Bioresource 
Technology (In Press). 

 
• *Sani RK, Peyton BM, Amonette JE, and Dohnalkova A. 2005. Reoxidation of uranium in the 

presence of iron(III)-(hydr)oxides under sulfate reducing conditions. Environmental Science and 
Technology, 39: 2059-2066. 

 
• *Sani RK, Peyton BM, Amonette JE, and Geesey GG. 2004. Reduction of uranium(VI) under sulfate 

reducing conditions in the presence of Fe(III)-(hydr)oxides. Geochimica et Cosmochimica Acta, 68: 
2639-2648.   

 
• *Beyenal H, Sani RK, Peyton BM, Dohnalkova A, Amonette JE, and Lewandowski Z. 2004. 

Uranium immobilization by sulfate reducing biofilms. Environmental Science and Technology, 38: 
2067-2074. 

 



• Viamajala S, Peyton BM, Sani RK, Apel WA, and Petersen JN. 2004. Toxic effects of Cr(VI) on 
anaerobic and aerobic growth of Shewanella oneidensis MR-1. Biotechnology Progress, 20: 87-95. 

 
• Sani RK, Peyton BM, and Jandhyala M. 2003. Bioavailability and toxicity of lead to Desulfovibrio 

desulfuricans G20. Environmental Toxicology and Chemistry, 22: 252-260. 
 
• *Sani RK. 2003. Bioremediation of contaminated soils, sediments, and groundwater at US 

department of energy facilities: with possible scientific solutions – A NABIR Program. Soul of 
Science, Newsletter of INSCR, ISSN:0972-4915, 3: 6-7. 

 
• *Sani RK, Peyton BM, Smith WA, Apel WA, and Petersen JN. 2002. Dissimilatory reduction of 

Cr(VI), Fe(III), and U(VI) by Cellulomonas isolates. Applied Microbiology and Biotechnology, 60: 
192-199. 

 
• Sani RK, Peyton BM, and Brown LT. 2001. Copper-induced inhibition in growth of Desulfovibrio 

desulfuricans G20: assessment of its toxicity and correlation with zinc and lead. Applied and 
Environmental Microbiology, 67: 4765-4772.  

 
• Sani RK, Geesey GG, and Peyton BM. 2001. Assessment of lead toxicity to Desulfovibrio 

desulfuricans G20: influence of components of Lactate C medium. Advances in Environmental 
Research, 5: 269-276.  

*Indicates publications most relevant to this proposal.  
 
Synergistic Activities:   
1. Proposal reviewer for the National Science Foundation, U.S. Army Research Office, and Department 
of Energy, and peer-reviewer for the following Journals: Advances in Environmental Research, Analytica 
Chimica Acta, Bioresource Technology, Biotechnology Progress, Environmental Engineering Science, 
Environmental Science & Technology, Environmental Toxicology & Chemistry, Geomicrobiology 
Journal, & Microbial Ecology. 
2. Mentorship and teaching of under-graduate and graduate students at WSU, Pullman and in India.  
3. Member, Society of environmental toxicology and chemistry, American society for microbiology, 
American association for the advancement of science, American Chemical Society, The geochemical 
society, American geophysical union, and Indian network for soil contamination research.  
4. Over ten invited platform presentations at various meetings and conferences.  
5. Over forty national and international conference presentations. 
 
Collaborators and Co-editors: 
Alice Dohnalkova (Pacific Northwest National Laboratory, Richland, WA); Amit Bandyopadhyay 
(Washington State University, Pullman, WA), Bernard J. Van Wie (Washington State University, 
Pullman, WA), Brent Peyton (Montana State University, Bozeman, MT); David Cummings (Point Loma 
Nazarene University, San Diego, CA); David Yonge (Washington State University, Pullman, WA); Gill 
Geesey (Montana State University, Bozeman, MT); Haluk Beyenal (Montana State University, Bozeman, 
MT); Karnachuk Olga (Tomsk State University, Tomsk, Russia); Marc Beutel (Washington State 
University, Pullman, WA); Nicolas Spycher (Lawrence Berkeley National Laboratory, Berkeley, CA); 
Ranjeet Tokala (Washington State University, Pullman, WA); Susmita Bose (Washington State 
University, Pullman, WA), Sridhar Viamajala (National Renewable Energy Laboratory, Golden, CO); 
Timothy Ginn (University of California, Davis, CA); Vivek Utgikar (University of Idaho, Idaho Falls, 
ID); William Apel (Idaho National Engineering and Environmental Laboratory, Idaho Falls, ID); 
Zbigniew Lewandowski (Montana State University, Bozeman, MT). 
 



SOOKIE S. BANG 
Professor of Biology 

Department of Chemical and Biological Engineering 
South Dakota School of Mines and Technology 

501 E. St. Joseph Street, Rapid City, South Dakota 57701-3995 
Tel: 605-394-2426; Fax: 605-394-1232 

E-mail: sookie.bang@sdsmt.edu; http://ssbang.sdsmt.edu 

EDUCATIONAL BACKGROUND 
Ph.D.  Microbiology, University of California, Davis, California, 1981 
M.S.  Microbiology, Seoul National University, Korea, 1976 
B.S.  Microbiology, Seoul National University, Korea, 1974 

PROFESSIONAL EXPERIENCE 
2000-present: Professor, South Dakota School of Mines and Technology, Rapid City, SD 
1985-2000: Associate Professor, South Dakota School of Mines and Technology, Rapid City, SD 
1981-1985: Postdoctoral Fellow, Department of Biological Sciences 

University of Notre Dame, Notre Dame, IN 

RESEARCH INTERESTS 
Molecular Microbiology and Biotechnology: Bioremediation of hazardous wastes; Development of heavy 

metal biosorbents; Microbiologically enhanced crack remediation (MECR); Microbial Dust 
Suppression; Development of recombinant microorganisms over-expressing organic and inorganic 
biosealant, and Geomicrobiology 

Recent publications (REFEREED JOURNAL PAPERS) 
Ramakrishnan V, Bang S.S and Panchalan, R.K, "Bacterial Concrete – A Concrete for the Future," In 

"Serviceability of Concrete," American Concrete Institute special publication No. 229, 2005 
Shriver-Lake, L.C., Gammeter, W.B., Bang, S.S., and Pazirandeh, M., "Covalent Binding of Genetically 

Engineered Microorganisms to Porous Glass Beads," Analytica Chimica Acta, 470:71-78, 2002 
Bachmeier, K., Williams, A.E., Warmington, J., and Bang, S.S., "Urease Activity in Microbiologically- 

Induced Calcite Precipitation," Journal of Biotechnology, 93:171-181, 2002 
Bang, S.S., Galinat, J.K., and Ramakrishnan, V., "Calcite Precipitation Induced by Polyurethane-

Immobilized Bacillus pasteurii," Enzyme and Microbial Technology, 28:404-409, 2001 
Ramachandran, S.K., Ramakrishnan, V., and Bang, S.S., "Remediation of Concrete Using 

Microorganisms," American Concrete Institute Materials Journal, 98:3-9, 2001  
Pazirandeh, M., Goldman, E., Shriver-Lake, L.C., Bang, S.S., and Singh, A., "Bacterial and Enzyme 

Systems for the Bioremediation of Heavy Metals and Other Pollutants," Recent Research 
Development in Microbiology, 4: 687-700, 2000 

Bang, S.S. and Pazirandeh, M. "Physical properties and heavy metal uptake of encapsulated Eshcerichia 
coli expressing a metal binding gene (NCP)," Journal of Microencapsulation, 16:489-499, 1999 

Stocks-Fischer, S., Galinat, J.K., and Bang, S.S., "Microbiological Precipitation of CaCO3," Soil Biology 
and Biochemistry, 31:1563-1571, 1999 

(Additional 13 refereed journal papers and 22 conference proceedings papers) 
 
PATENT DISCLOSURE 
Islam, M.R. and Bang, S.S., "Use of Silicate and Carbonate Producing Bacteria in Restoration of 

Historic Monuments and Buildings," 1993 
 



SYNERGISTIC ACTIVITIES 
Research Activities - Collaborative Research Projects (as PI): 
• Microbiologically enhanced crack remediation (National Science Foundation, 1994-present: 

NSF/CMS-9412942, -9802127, -0301312; INT-0002608)   
• Development of biosorbents encapsulated with microorganisms to remove heavy metals from 

contaminated marine harbors (US Naval Research Laboratory, Washington DC, 1995-1999)  
• Ex-situ bioremediation of petroleum wastes (City of Rapid City, SD and US Environmental 

Protection Agency, 1994, USEPA-X1998775-01-0: 1997-1999)  
• Environmental impact studies on the organic salts used as alternative highway deicer (SD Department 

of Transportation, 1989, 1996)  
• Electromagnetic treatment on mammary gland tumors (private agency, 1988-1997) 

Affiliations: 
American Society for Microbiology; Society for Industrial Microbiology; American Chemical Society; 

International Microencapsulation Society; Sigma Xi 
Professional Services: 
Panel member on the Homestake Program Advisory Committee 
Proposal panel reviewer for the National Science Foundation 
Manuscript reviewer for technical journals: Environmental Science and Technology; Biodegradation; 

Geochimea et Cosmochimica Acta; Journal of Environmental Quality; Archives of Environmental 
Contamination and Toxicity; Enzyme and Microbial Technology 

 
RESEARCH COLLABORATORS  
L.C. Shriver-Lake, Naval Research Laboratory, Code 6900, Washington, DC 
J.R. Warmington, Curtin University of Technology, Perth, WA, Australia 
V. Ramakrishnan, South Dakota School of Mines and Technology, Rapid City, SD 
B.H. Bleakley, South Dakota State University, Brookings, SD 
S. Sarver, D.J. Bergmann, and C.M. Anderson, Black Hills State University, Spearfish, SD 

GRADUATE ADVISORS 
Ph.D. Advisor: P. Baumann, Professor Emeritus, University of California, Davis, CA 
M.S. Advisor: S.W. Hong, Professor (deceased), Seoul National University, Korea 

POSTDOCTORAL ADVISORS 
C.F. Kulpa, Professor, University of Notre Dame, Notre Dame, IN 
M.S. Fuchs, Professor Emeritus, University of Notre Dame, Notre Dame, IN 

STUDENT ADVISEES  
Graduate Students (MS Thesis): J.J. Lippert (2003), V.B. Madhuri (2002), A.E. Williams (2002), J.K. 

Galinat (2000), S. Stocks-Fischer (1997), S.L. Safgren (1994) 
Undergraduate Students (1995-2005): 12 NSF/REU recipients and 15 research assistants 



David J. Dixon 
Professor, Department of Chemical & Biological Engineering 

South Dakota School of Mines and Technology 
605-394-1235 (Voice); 605-394-1232 (FAX) 

David.Dixon@sdsmt.edu 
 

Education: 
Institution      Degree  Year    Field   
SD School of Mines & Technology   B.S.   1978   Chemical Engineering 
SD School of Mines & Technology   M.S.   1986   Chemical Engineering 
University of Texas at Austin   Ph.D.   1992   Chemical Engineering 
 
Appointments: 
2006 – present Chair, Dept. Chemical and Biological Engineering, SDSMT & Interim Director 
of the Center for Bioprocessing Research and Development (CBRD) 
2004 – present Professor of Chemical Engineering, SDSM&T 
1998 – 2004 Associate Professor of Chemical Engineering, SDSM&T 
1993 – 1998 Assistant Professor of Chemical Engineering, SDSM&T 
1987 – 1989 Process Development Engineer, Dow Corning Corporation, MI 
1983 – 1986 Instructor of Chemical Engineering & Teaching Assoc., SDSM&T 
1978 – 1982 Captain, Corps of Engineers, United States Army; USA, Germany 
 
Teaching Experience (selected): 
ChE 111 – Introduction to Engineering Modeling 
ChE 117/117L – Professional Practices in Chemical Engineering 
ChE 321 – Chemical Engineering Thermodynamics II 
ChE 333 – Process Measurements and Control 
ChE 431/432 – Chemical Engineering Design I and II 
ChE 434 – Design of Separation Processes 
ChE 444/544 – Reactor Design 
ChE 450/550 – Systems Analysis Applied to Chemical Engineering 
ChE 484/584 – Fundamentals of Biochemical Engineering 
ChE 492/692 – Design of Experiment in the Chem. Process Industry 
ENVE 491/492 – Environmental Engineering Design I and II 
ChE 621 – Advanced Chemical Engineering Thermodynamics I 
ChE 700/798 – Graduate Research (MS Thesis) 
MES 800/898 – Graduate Research (PhD Dissertation) 
 
Research Experience: 
Dr. Dixon’s primary research area is in the area of polymer modifications, with a particular focus 
on the use of supercritical fluids as solvents or non-solvents. A part of this research studies how 
adjusting the supercritical fluid properties or processing conditions may be used to tailor the 
specific polymer-fluid interactions, which subsequently then allows for a specific polymer 
modification. Past work has examined polymer dyeing, surface modification, and foaming using 
supercritical CO2. Current work is focused on using high pressure CO2 or mechanical/physical, 
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USGS 104b Annual Report 
 
Title: Alternative Irrigation Water Management Strategies to Conserve Water  
 
Investigators: Dr. Hal Werner and Dr. Todd Trooien 
 
Project reporting period: March 1, 2008 to February 28, 2009 
 
Introduction: 
This project is a continuation project begun in 2006 with the goal of outlining the management 
and information required to develop an automated irrigation management system for center pivot 
irrigation that will perform scientific irrigation scheduling. The expected outcome is that farmers 
will save water and energy, improve production and protect the environment. This specific 
research described the model to be used within the scheduling program to evaluate strategies 
then optimize the scheduling of the irrigation water. 
 
Project Information: 
 

SDSU Management Software, developed by Oswald (2006) and modified by Heeren (2008), was 
used to simulate center pivot irrigation and corn yield.  Simulations were performed on seven 
locations across the Great Plains, for 16 to 24 years of historical weather data for each location, 
30 irrigation strategies, three soil types, and three pumping rates.  A total of 40,000 simulations 
were performed.  Output files included data for ET, soil water levels, irrigation amounts, and 
yield.   

The SDSU Management Software was set up to simulate a center pivot irrigator with an effective 
length of 418 meters (1370 feet) , covering 55 hectares (135 acres).  The maximum speed was set 
to one full revolution in 12 hours.  Irrigation application efficiency was assumed to be 90%.  
Evapotranspiration was calculated with the tall reference Penman-Monteith equation (Allen et 
al., 2005) and dual crop coefficients for corn (Allen et al., 2007).  The yield ratio was calculated 
with a normalized transpiration ratio (Steduto et al., 2006).   

The locations and their associated planting dates for corn are shown in Table 1.  All simulations 
ended on September 30th.  Years of available weather data (downloaded from the High Plains 
Regional Climate Center, 2007) are also shown.   

Table 1.  Locations where simulations were performed. 
Location Planting Date Season Length (days) Years 
Akron, CO April 1st 180 1983 – 2006 
Brookings, SD April 15th 165 1983 – 2006 
Nisland, SD April 15th 165 1988 – 2006 
Oakes, ND May 1st 150 1990 – 2006 
Ord, NE April 1st 180 1983 – 2006 
Rock Port, MO April 1st 180 1991 – 2006 
St. John*, KS April 1st 180 1985 - 2006 
*weather station at the Sandyland field station.   
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Pumping rates included 37.9, 50.5 and 63.1 L/s (600, 800, and 1000 GPM).  Three soil types 
were selected to represent a range of soils.  Soil types included available water holding capacity 
(WHC) values of 37.9, 50.5, and 63.1 mm/m (1, 1.5, and 2 in/ft), as defined in Equation 1.   

 WHC = ( θFC – θWP ) * 1000 (1) 

  Here, WHC is in mm/m, θWP is the volumetric water content at the wilting point, and θFC 
is the volumetric water content at field capacity.  For irrigation scheduling purposes, it is helpful 
to define soil water content as a percentage, with zero being the soil moisture at the wilting point 
and 100% being the soil moisture at field capacity.  This plant available water (AW) is the 
amount of water available to the crop and is calculated by Equation 2.   

 AW = ( θ – θWP ) / ( θFC – θWP ) * 100 (2) 

Here, AW is the available water (%), and θ is the actual volumetric water content.  An irrigation 
strategy offers a guideline for making irrigation decisions.  A method was needed to numerically 
describe an irrigation strategy so that strategies could be changed and tested easily.  An irrigation 
strategy was defined by the minimum available water (MAW) as it varies throughout the season.  
This concept is similar to the maximum allowable depletion (MAD), with MAW = 100 – MAD.  
Irrigation events were triggered when the soil directly in front of the pivot dried to the MAW.   

Thirty strategies were defined for the simulations.  These were inputs for the SDSU Management 
Software, which ran center pivot simulations for each strategy.  The general shape of most of the 
strategies required higher AW levels mid-season and lower AW levels early and late-season.  
This is based on the observed effects of stress timing, showing that corn is more sensitive to 
water stress during flowering than the vegetative and yield formation phases of development 
(Doorenbos and Kassam, 1979).   

Each strategy was defined by timing parameters (defining the early and middle stages of the 
season) and correlating MAW parameters.  A strategy can be conveniently labeled by the MAW 
values for early, middle, and late season.  Many strategies have similar timing parameters, 
although “30-60-30 extended” has a longer peak than normal.  Based on the parameters, the 
MAW for any point in the season can be determined, as illustrated in Figure 1.   
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Figure 1.  Selected irrigation strategies.  Percent maturity expresses the ratio of days after 
planting to total days in the growing season.   

The center pivot SDSU Management Software divides a circular field into 60 sections, each a 6˚ 
pie shape with its own water balance.  Initial AW was set to 80% at the beginning of each season 
for each location.  (This assumption was tested against a 20% initial AW at a dry site.  While 
seasonal irrigation changed slightly, the shape of the yield-irrigation graph remained the same.)   

The SDSU Management Software was modified to graph the mean, mean +/- one standard 
deviation, and the maximum/minimum AW for the 60 soil water balances.  Figure 2 illustrates 
the variability in AW throughout a corn field for a particular season at Rock Port, MO.  To 
account for this spatially variability, yield was calculated for three equidistant locations within 
the field and the results were averaged for each simulation.   
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Figure 2.  Example of spatial variability in AW without ET forecasting.  Rock Port, MO, 
1992 (driest year in dataset: 370 mm seasonal precipitation), 125 mm/m WHC, 63.1 
L/s pumping rate, 30-60-30 irrigation strategy.   

It was noted that ET forecasting, originally included in the SDSU Management Software, was 
not necessary for good irrigation management.  While the drier portions of the field are often 
below the MAW line, high enough MAW values can be selected to achieve a desired result.  The 
mean AW is maintained above the MAW line, if the system is able to keep up with ET demand.   

Results 

Water Relationships 

 For each site, the yield ratio is generally proportional to transpiration (Figure 3).  Crops at 
sites with greater evaporative demand have a smaller increase in yield for each unit increase in 
transpiration.   
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Figure 3.  Yield-transpiration relationship for each site.  Each point represents an 
irrigation strategy.  Data is averaged across all WHCs, pumping rates, and years.   

Yield ratio was also plotted against seasonal irrigation values in order to evaluate irrigation 
strategies.  Figure 4 shows the summary of the results, with all 30 strategies represented for each 
location.   
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Figure 4.  Yield-irrigation relationship for each site.  All WHCs, pumping rates, and years.  
Net seasonal irrigation is used, based on a 90% application efficiency.   
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Sites with lower rainfall and higher ET demand showed greater yield loss for deficit irrigation 
strategies and required more water for high yields.  The yield-irrigation relationship is relatively 
linear for each location until maximum yield is approached.   

Figure 5 illustrates the differences among three yield-water relationships.  The yield-transpiration 
line was nearly linear.  Evaporation introduced more variability, which was shown in the yield-
ET relationship.  The precipitation plus irrigation was substantially different from ET.  This 
difference was likely due to runoff and deep percolation losses.  The amount of water loss 
generally increased with the amount of irrigation applied, and some strategies had more loss than 
other strategies with similar yields.   
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Figure 5.  Yield-transpiration, yield-actual crop evapotranspiration, and yield-
precipitation/irrigation relationships.  Oakes, ND, 2005, 83 mm/m WHC, 63.1 L/s 
pumping rate.   

Besides total seasonal precipitation, the timing of the precipitation is also important when 
considering crop water stress.  Figure 6 shows climagraphs comparing average monthly 
reference ET to rainfall during the growing season for each location (based on weather data used 
for this project).  While the curve for precipitation follows the ET curve for Rock Port, MO; 
Nisland, SD, and Akron, CO, reach peak rainfall two months before peak monthly ET.  Climate 
trends can indicate the potential for mid to late-season water stress for a given location.   
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Figure 6.  Climagraphs showing average monthly reference ET and rainfall (mm) for each location.  
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Recommended Strategies 

The yield-irrigation relationship is the most relevant of the yield-water relationships for 
evaluating irrigation strategies.  An example yield-irrigation graph is show in Figure 7, with 
strategies of interest labeled.   

Irrigation Strategies
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Figure 7.  Example of yield-irrigation relationship with selected strategies labeled.  Nisland, 
SD, all years, 83 mm/m WHC, 63.1 L/s pumping rate.   

The basic shape and distribution of points (in relation to each other) in Figure 7 is representative 
of plots for all simulations.  The 0-0-0 strategy, which irrigated only when the wilting point was 
reached, provided a lower bound on the data set.  The 70-70-70 strategy, providing an upper 
limit on the data set, produced a minimal increase in yield (compared to similar strategies) for 
the large amount of applied water it required.  The 30-60-30 strategy was the original strategy in 
the SDSU Management Software.   

The historical strategy of 50-50-50 resulted in high yields, but it also consistently used more 
water than other strategies with similar yields.  The 50-0-0 and 50-50-0 strategies, representing 
situations where available irrigation water was used up before the end of the season, consistently 
performed poorly.  This indicates the benefit of good irrigation management, resulting in higher 
yields for a given supply of water.   

Water use efficiency (WUE) is a concept that compares crop production to water used, and has 
been defined in numerous ways.  For pragmatic reasons, WUE here will be considered relative 
grain yield per unit of irrigation.   The best irrigation strategies result in high WUE; that is, they 
result in a large yield for a given amount of irrigation.  On a yield-irrigation graph, “High WUE” 



   

strategies are the points above and left of the trend.  The High WUE strategies in figure 12 
performed well across locations, soil types and pumping rates.   

The 0-50-50 and 0-30-15 strategies resulted in High WUE.  This indicates that delaying 
irrigation early in the season (unless wilting point is reached), a deficit strategy that is relatively 
easy to implement, results in good water use efficiency.  Yield and irrigation data for these and 
other strategies are shown in Table 2.   

Table 2.  Yield ratio and seasonal irrigation (mm) for High WUE strategies.  Data is averaged 
over all soil types, pumping rates, and years.   

Strategy Akron, 
CO 

Brookings, 
SD 

Nisland, 
SD 

Oakes, 
ND 

Ord, 
NE 

Rock Port, 
MO 

St. John, 
KS 

0.903 0.987 0.920 0.988 0.976 0.986 0.937 30-60-30 
ext 691 348 637 333 428 362 567 

0.875 0.976 0.891 0.977 0.960 0.974 0.913 30-60-30 656 328 610 311 406 336 533 
0.838 0.959 0.848 0.963 0.939 0.953 0.886 30-60-15 611 308 567 293 381 312 497 
0.797 0.929 0.806 0.936 0.908 0.927 0.847 15-50-15 544 268 516 257 335 264 432 
0.791 0.906 0.793 0.897 0.888 0.920 0.839 0-50-50 530 264 519 243 334 269 429 
0.740 0.906 0.728 0.914 0.878 0.897 0.805 15-50-0 480 246 447 238 305 231 383 
0.668 0.827 0.668 0.826 0.801 0.841 0.736 0-30-15 380 183 392 172 232 172 297 
0.622 0.810 0.594 0.812 0.781 0.820 0.705 0-50-0 326 167 325 159 213 149 260 
0.605 0.794 0.584 0.794 0.764 0.801 0.687 0-30-0 312 156 318 146 197 134 244 
0.498 0.682 0.463 0.670 0.659 0.720 0.596 0-15-0 215 91 228 86 123 79 163 

Data from Table 2 (or yield-irrigation graphs) can be used for long term planning.  As a simple 
example, consider a corn producer in Nisland, SD, with enough irrigation water to apply 320 mm 
(13 in) of irrigation water on 55 hectares (135 acres) with his center pivot irrigator.  Would it be 
beneficial for him to apply 640 mm on half of his field, and leave the other half fallow?  
According to the table, yield ratios of 0.92 and 0.58 could be expected on average.  Since 0.58 * 
Yp * 55 hectares is greater than 0.92 * Yp * 27.5 hectares, deficit irrigation is preferred to full 
irrigation in this case.  In fact, similar results to this question would be found for all locations in 
this study, where average seasonal precipitation exceeds the amount of water typically lost to 
evaporation (when planting more acres, the benefit from rainfall outweighs the increased 
evaporative losses).  Planting one half the field to a dryland crop (instead of fallow), however, 
could change the results.   



   

For practical management purposes, the many strategies in Table 6 are not necessary.  Of the 
High WUE strategies, four were selected that resulted in good spacing and covered a range of 
deficit and full irrigation conditions.  Recommended deficit irrigation strategies are 15-50-0, 0-
30-0, and 0-15-0 for minimal, moderate, and severe water restrictions.  The recommended 
maximum yield strategy is 30-60-30 extended for Akron, CO, Nisland, SD, Ord, NE, and St. 
John, KS.  For Brookings, SD, Oakes, ND, and Rock Port, MO, where the 30-60-30 extended 
provided little yield benefit for the extra water required, the recommended maximum yield 
strategy is 30-60-30.  These strategies will be incorporated into the SDSU Management 
Software.  Producers can select the best strategy based on the amount of water available to them, 
and have the option of changing strategies mid-season due to atypical rainfall or other factors.   

Simulation data from the recommended maximum yield strategies were compared to results from 
a traditional strategy (50-50-50).  Water savings and changes in relative yield are reported in 
Table 3.   

Table 3.  Benefit of recommended maximum yield strategies.  All WHCs, pumping rates, and 
years.   

 Akron, 
CO 

Brookings, 
SD 

Nisland, 
SD 

Oakes, 
ND 

Ord, 
NE 

Rock 
Port, 
MO 

St. 
John, 

KS 
Traditional 720 372 671 359 456 392 593 
Recommended 691 328 637 311 428 336 567 

I (
m

m
) 

Change -29 -44 -34 -47 -27 -56 -26 
Traditional 0.892 0.983 0.910 0.984 0.968 0.981 0.924 
Recommended 0.903 0.976 0.920 0.977 0.976 0.974 0.937 

Y
 / 

Y
p 

Change 0.011 -0.007 0.011 -0.007 0.008 -0.007 0.013 

Annual Variation 

Each irrigation strategy resulted in a different yield ratio and irrigation use for each year.  Figure 
8 shows error bars (standard deviation) on a yield-irrigation plot for both an arid and a sub-
humid climate.  There was more annual variation in irrigation use for strategies with higher water 
use.  There was more annual variation in yield for strategies with lower water use.  This 
information is valuable for risk management.  For example, a deficit irrigation strategy may be 
economically beneficial on average, but the producer would have to be willing to accept greater 
variability in yield from year to year.   
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Figure 8.  Example of standard deviation (for annual variation) shown on a yield-irrigation 
plot.  83 mm/m WHC, 63.1 L/s pumping rate, all years, 0-0-0, 70-70-70, and 
recommended strategies.   

Soil Type and Pumping Rate 

The effect of soil type was also evaluated.  Soils with a high WHC had less water loss (i.e. runoff 
and deep percolation) since they were able to store more of the rain from large rain events.  
However, Rock Port, MO, was the only site to have increased water use efficiency for heavier 
soils.  Rock Port had the highest mean annual precipitation (573 mm), and, perhaps more 
importantly, it had the most large rain events (greater than 25 mm) per season (Table 4).   

Table 4.  Large rain events and their impact on benefits of high WHC.   
Location Large rain events per season WHC with best WUE 
Akron, CO 2.1 83 mm/m 
Brookings, SD 3.8 minimal difference 
Nisland, SD 0.8 83 mm/m 
Oakes, ND 2.7 83 mm/m 
Ord, NE 4.2 minimal difference 
Rock Port, MO 6.1 167 mm/m 
St. John, KS 4.4 minimal difference 

A high WHC allowed a soil to take advantage of large rain events, so it is reasonable that Rock 
Port, MO, would benefit the most from this.  According to these simulations, Brookings, SD, 
Ord, NE, and St. John, KS, showed a minimal difference in WUE among WHC treatments.  For 
Akron, CO, Nisland, SD, and Oakes, ND, however, the 83 mm/m soils performed the best, with 
167 mm/m showing the smallest yield for a given irrigation amount.  This was due to the 
increased evaporation loss in heavy soils, which is illustrated in Figure 9 (evaporation loss is 
indicated by the horizontal space between the ET and T lines).   
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Figure 9.  Example of soil type impact on yield-transpiration and yield-actual crop 
evapotranspiration relationships.  Nisland, SD, 1997 (seasonal precipitation near the 
mean: 210 mm, zero rain events greater than 25 mm), 63.1 L/s pumping rate.   

In medium to small rain events (and irrigations), drainage and runoff were small.  For a high 
WHC soil, more of the moisture was held in the surface layer and lost to evaporation; less of the 
water made it deeper into the root zone to benefit the plant.  For locations with few large rainfall 
events, this drawback overrides the benefits of a heavy soil.  Two notes of caution are in order 
here.  Soils with very low WHC, 42 mm/m (0.5 in/ft) for example, were not simulated.  It is 
doubtful that the trend would continue and show such a soil to be desirable.  Also, these results 
are highly dependant on the method for calculating evaporation from the topsoil (Heeren, 2008).  
Soil parameters describing the amounts of water that topsoil can hold and readily evaporate 
should be verified with laboratory tests in order to strengthen this observation.   

The above analysis regarding WHC and WUE is especially appropriate from a deficit irrigation 
perspective.  It should be noted, however, that if water is not limiting and the maximum yield is 
desired, a high WHC is preferable.  The highest yields from maximum irrigation strategies were 
consistently obtained by the 167 mm/m WHC soils.   

Pumping rates had a negligible effect on which strategies performed best.  The same strategies 
are recommended for all pumping rates.  However, for a particular strategy, pumping rate did 
impact yield.  Figure 10, showing the four recommended irrigation strategies, provides an 
example of the effect that pumping rate has on the yield-irrigation relationship.   
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Figure 10.  Example of the effects of various pumping rates.  St. John, KS, 125 mm/m 
WHC, all years, recommended irrigation strategies.   

Pumping rate appeared to have a small effect on water use efficiency; the points above form a 
fairly smooth irrigation-yield curve.  The primary difference is where they lie on the curve.  All 
sites showed at least a slight reduction in yield when the pumping rate was limited to 37.9 L/s.  
Akron, CO, Nisland, SD, and St. John, KS, showed substantial yield losses with a pumping rate 
of 37.9 L/s, and small losses with 50.5 L/s compared to 63.1 L/s.  It is not surprising that the sites 
with the greatest middle and late-season difference between monthly ET and precipitation 
(Figure 5) showed the largest yield reductions from limited water delivery rates.  From a design 
standpoint, a 50.5 L/s pump may be sufficient to achieve maximum yield in Brookings, SD, 
Oakes, ND, Ord, NE, and Rock Port, MO.  Another implication involves situations where the 
pumping rate is being reduced due to declining aquifer levels.  These data provide indications of 
the effects on water use and yield in those scenarios.   

Conclusions 

The recommended maximum yield strategy for corn is 30-60-30 for Brookings, SD, Oakes, ND, 
and Rock Port, MO, and 30-60-30 extended for Akron, CO, Nisland, SD, Ord, NE, and St. John, 
KS.  Recommended deficit irrigation strategies (for all sites) are 15-50-0 for minimal water 
restrictions, 0-30-0 for moderate water restrictions, and 0-15-0 for severe water restrictions.  
Recommended irrigation strategies did not depend on soil type or pumping rate.   

Variability in yield from year to year is greatest for strategies that use the least water.  Pumping 
rate had a small effect on the general yield-irrigation relationship, but a rate of 37.9 L/s 
substantially limited maximum yields in Akron, CO, Nisland, SD, and St. John, KS.  The benefit 
of soils with high WHC may be limited to locations with a high frequency of large rainfall 
events.   



   

 
 
Publications and presentations: 
 
Heeren, DM. 2008. Evaluation of deficit irrigation strategies for corn. MS Thesis, Agricultural 
and Biosystems Engineering, South Dakota State University, Brookings, SD. 
 
Heeren, DM, HD Werner, and TP Trooien. 2008. Evaluation of deficit irrigation strategies for 
corn. In Proceedings of the Irrigation Association Technical Conference. Irrigation Association, 
Falls Church, VA. 
 
Student Support: 
Undergraduate and graduate students were supported from this project including: 
 Two undergraduate student 
 One graduate student 
 
Notable Awards and Achievements: 
None during the reporting period. 
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Evaluation of manure application risk on frozen soils 
 

Statement of critical regional or State water problem.  
Current South Dakota Department of Environment and Natural Resources rules allow 
for the application of manure to frozen soils, but the use of the practice varies in 
adoption across the upper Midwest.  Little investigation has  evaluated this practice’s 
impact on water quality and the risk of climatic conditions that produce rainfall and 
run-off from frozen or snow-covered soils.  Producers, regulators, and USDA-NRCS 
personnel are looking for research data to help determine the risk of this practice and 
if and how it might be adopted. 

 
Statement of results or benefits.  
The ability to spread manure during winter conditions greatly affects the management 
systems required for animal feeding operations.  Srininvasan et al. (2006) reported 
that limitations on the application of manure during winter periods were determined 
largely from perceptions, not scientific data.  In states such as South Dakota there are 
numerous animal feeding operations, both permitted and un-regulated, that 
accumulate nutrients (in manure) and land apply these for use in crop production.  
Therefore, significant limitations or use of practices such as winter spreading of 
manure have the potential to either represent significant financial burdens on 
producers or lead to significant impacts on water quality. 
 
In addition, little work has focused on analyzing weather data to determine the risk of 
occurrence of conditions that are perceived as potentially detrimental to water quality 
from manure application on frozen ground.  All economic development, whether 
agricultural, municipal or industrial, is carried out with the understanding of risks and 
implementation of policies and rules to minimize risks, especially with regard to 
human health and safety.  There are three winter conditions that are expected to yield 
runoff: 

1. Frozen soil with snowmelt that can not enter the soil; 
2. Snowfall that insulates the soil from freezing but that is in excess to soil 

storage; and 
3. Rainfall on snowpack or frozen soil. 

 
The benefit of this research will be a fundamental understanding of the risk of late 
winter/early spring conditions that lead to excess runoff. 
 
Nature, scope, and objectives of the project, including a timeline of activities. 
The focus of this research will be accomplished in two primary objectives. 
 

1. Use historical weather data to determine the risk of winter/spring conditions 
that are conducive for excess runoff; and 

2. Compare treatments to simulate application of manure during winter 
conditions. 

 



Objective 1 will be accomplished by mining data from 15 weather stations with long-
term soil temperature data and over 100 weather stations with long-term precipitation 
data across South Dakota.  Soil temperature data from these stations will be mined to 
determine averages, extremes, and trends over time to determine approximate soil 
freeze and thaw dates across the state and their variability.   This composite set of 
data will provide an assessment of average dates and the variability in the spring/fall 
freeze/thaw time.  From these data we will develop levels of risk rainfall on frozen 
soils as well as trends in the frozen soil period across South Dakota. 
 
Specific outcomes: 

• Development of statewide maps of soil frost dates (spring and fall) and 
percentiles of occurrences. 

• Statewide maps of atmospheric data: 
• rainfall frequency on frozen soils  
• rainfall frequency on snow (at different depths) 
• rainfall rate distributions on both frozen and snow-covered soils  

 
Objective 2 will be completed by preparing soil bins in the laboratory and then 
placing them outside during the winter of 2007-2008.  Once winter conditions are 
achieved (frozen soil, snowpack, etc.), manure will be applied.  Soil bins will be 
returned to the laboratory with rain applied using an indoor rainfall simulator.  Runoff 
samples will be collected and analyzed for total solids and nutrients. 
 
Soil bins will be instrumented with temperature sensors that will be monitored using a 
data logger to monitor soil temperature conditions prior to and during testing. 
 
Specific outcomes: 

• Understanding runoff, erosion, and nutrient load from manure applied to 
frozen ground and snowpack compared to typical (unfrozen) conditions. 

 
Timeline: 
 
March 1, 2007 – Project Starts 

 
August 1, 2007 – Preliminary maps for objective 1 produced and reviewed 
 
August 15, 2007 – Soil bins constructed for winter evaluation period 
 
October 1, 2007 – Complete objective 1 
 
November, 1, 2007 – Submit abstract for presentation of results at the 2008 ASABE 
Annual International Meeting 
 
January 15, 2008 – Complete laboratory evaluations 
 



February 28, 2007 – Complete project and report data to USGS and local 
constituents. 

 
Methods, procedures, and facilities.  
Six treatments will be constructed in aluminum soil bins (with at least 3 replications) 
with the height, width, and length dimension for each pan as 0.2 m, 0.33 m, and 0.45 
m, respectively.  The six treatments will be 2 soil controls (one indoor with typical 
spring/summer/fall soil temperatures and one outdoor with no manure application) 
and 4 manure treatments: manure applied on frozen soil, manure applied to snow 
covered soil, and manure applied to snow covered soil receiving additional snowfall.  
If snowfall in 2007 is limited, shaved ice will be applied to the treatments to simulate 
snow covered conditions. Manure will be applied according to nitrogen needs of a 
typical corn/soybean rotation. 
 
Rainfall will be applied using an indoor rainfall simulator and harvested rainwater.  
Runoff samples will be collected during the first 5 minutes of runoff (first-flush) and 
the last 30 minutes of a 1-hour storm (steady-state).  Runoff samples will be analyzed 
for total suspended solids, nitrogen, and phosphorus in both the sediment and liquid.  
Samples will be analyzed by the South Dakota State University Soil Testing 
Laboratory and Olson Biochemistry Laboratory. 
 
Related research.  
Srinivasan, M.S., Bryant, R.B., Callahan, M.P. 2006. Manure management and nutrient loss 
under winter conditions - a literature review. J. of Soil and Water Cons. 61(4):200-209. 

 
Training potential.  
One graduate student (Ph.D. in Atmospheric, Environmental, and Water Resources) and one 
undergraduate student will be trained in this project. 
 
In addition, this information will be useful to producers, NRCS personnel, and SD DENR. 
 
Investigator’s qualifications: (see attached) 



RUSSELL A. PERSYN, P.E., Ph.D. 
Assistant Professor/Environmental Quality Engineer 
Agricultural & Biosystems Engineering Department 
South Dakota State University; Box 2120; Brookings, SD 57007-1496 
605.688.5144 Phone – 605.688.6764 Fax – russell.persyn@sdstate.edu  
 
PROFESSIONAL PREPARATION 
B.S., Agricultural Engineering, Texas A&M University, 1998 
M.S., Agricultural Engineering, Texas A&M University, 2000 
Ph.D., Agricultural Engineering and Civil Engineering (co-majors), Iowa State University, 
2003 
 
APPOINTMENTS 
2005–Present 
Assistant Professor/Environmental Quality Engineer  
Agricultural & Biosystems Engineering Department 
South Dakota State University, Brookings, South Dakota 
 
2003–2005 
Assistant Professor and Extension Agricultural Engineer  
Biological and Agricultural Engineering Department 
Texas A&M University System, College Station, Texas 
 
2000–2003 
Research Assistant 
Agricultural and Biosystems Engineering Department 
Iowa State University, Ames, Iowa 
 
1998–2000 
Extension Assistant – Water Management 
Agricultural Engineering Department 
Texas A&M University System, College Station, Texas 
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2. Persyn, R.A., B.J. Lesikar, X. Duan.  2007.  Uniformity of Domestic Wastewater 
Effluent Application in a Subsurface Drip Distribution System. Water Environment 
Research (Accepted). 

3. Lesikar, B.J., O.A. Garza, R.A. Persyn, A.L. Kenimer, M.T. Anderson.  2006.  Food 
Service Establishments Wastewater Characterization.  Water Environment Research, 
78: 805-809. 

4. Persyn, R.A., T.D. Glanville, T.L. Richard, J.M. Laflen, P.M. Dixon.  2005.  
Environmental Effects of Applying Composted Organics to New Highway 
Embankments – Part 3– Rill Erosion. Transactions of the ASAE, 48(5): 1765-1772. 



5. Garza, O.A., B.J. Lesikar, R.A. Persyn, A.L. Kenimer, and M.T. Anderson.  2005.  
Food service wastewater characteristics as influenced by management practices and 
primary cuisine type.  Transactions of the ASAE, 48(4): 1389-1394.  

6. Persyn, R.A., T.D. Glanville, T.L. Richard, J.M. Laflen, P.M. Dixon.  2004.  
Environmental Effects of Applying Composted Organics to New Highway 
Embankments – Part 1– Interrill Runoff and Erosion. Transactions of the ASAE, 
47(2): 463-469. 

7. Glanville, T.D., R.A. Persyn, T.L. Richard, J.M. Laflen, P.M. Dixon.  2004.  
Environmental Effects of Applying Composted Organics to New Highway 
Embankments – Part 2– Water Quality. Transactions of the ASAE, 47(2): 471-478. 

8. Neralla, S., R.W. Weaver, B.J. Lesikar, and R.A. Persyn.  2000.  Improvement of 
domestic wastewater quality by subsurface flow constructed wetlands.  Bioresource 
Technology, 75:19-25. 

 
SYNERGISTIC ACTIVITIES 
I have conducted research on the use of compost for erosion control with two state 

agencies, the Iowa Department of Transportation and the Iowa Department of 
Natural Resources.  The project results were used and highlighted in the 
development of the National Erosion/Sediment Control Specifications for 
Composted Products for the American Association of State Highway 
Transportation Officials.   

 
I have worked hard to recruit underrepresented groups in my early career as a graduate 

advisor.  I have served on five graduate committees, two as chair.  All five students 
are from underrepresented groups, three female, one African American, and one 
Hispanic.  

 
COLLABORATORS AND OTHER AFFILIATIONS 

Graduate of Postdoctoral Advisors 
Philip Dixon, Iowa State University; Tom Glanville, Iowa State University; Ann 
Kenimer, Texas A&M University; John Laflen, Iowa State University; Bruce Lesikar, 
Texas A&M University; Tom Richard, Penn State University;  
 
Thesis Advisor and Postgraduate Scholar-Sponsor 
Lindsay Birt, Texas A&M University; Octavio Garza, City of San Antonio; Rebecca 
Melton, Texas A&M University; Sara Smith, DGR Engineering; Aarin Teague, Texas 
A&M University 
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Agricultural and Biosystems Engineering 
South Dakota State University 

Professional Preparation  
Iowa State University Meteorology BS - 1988 

South Dakota School of Mines and Technology Meteorology MS - 1990 

Iowa State University Agricultural Meteorology Ph.D - 1995 

Appointments  
Assistant Professor of Agricultural 

and Biosystems Engineering  
South Dakota State University 2003-

Present 

Adjunct Assistant Professor of 
Agricultural Meteorology 

Iowa State University 1998-2003 

Adjunct Assistant Professor of 
Geography 

Central College (Iowa) 1996-1999 

Postdoctoral Research Associate 
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Iowa State University 1996-1998 

Graduate Teaching Assistant in 
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Iowa State University 1990-1995 

Graduate Research Associate in 
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South Dakota School of Mines and 
Technology 
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Refereed Papers  
Cruse, R., D. Flanagan, J. Frankenberger, B. Gelder, D. Herzmann, D. James, W. Krajewski, M. 

Kraszewski, J.  Laflen, J. Opsomer, and D. Todey, 2006.  Daily estimates of rainfall, 
water runoff, and soil erosion in Iowa.  J. Soil and Water Cons. (In Review). 

 
Segal, M., R.W. Turner, and D.P. Todey, 1999.  Using radiosonde meteorological data to better 

assess air conditioning loads in tall buildings.   Energy and Buildings.  31: 243-250. 
 
Arritt, Raymond W., Rink, Thomas D., Segal, Moti, Todey, Dennis P., Clark, Craig A., Mitchell, 

Mark J., Labas, Kenneth M. 1997: The Great Plains Low-Level Jet during the Warm 
Season of 1993. Monthly Weather Review: Vol. 125, No. 9, pp. 2176–2192. 

Relevant publications 
Todey, D., L. Osborne, and M. Draper, 2004.  Enhancement of the Automated Weather Data 

Network in South Dakota.   2nd International Symposium on Fusarium Head Blight 
Incorporating the 8th European Fusarium Seminar.  Orlando, FL 11-15 Dec. 2004 

Todey, D.P. and D.E. Herzmann, 2003:  Improving the observation of the water cycle in Iowa 
using the Iowa Environmental Mesonet.  Preprints Observing and understanding the 
variability of water in weather and climate, American Meteorological Society, 9-13 
February 2003, Long Beach, CA. 

Todey, D.P., D.E. Herzmann, and G.S. Takle, 2002a.  The Iowa Environmental Mesonet – 
combining networks into a single network.  Preprints 6th Symposium on Integrated 



Observing Systems, Orlando, FL, American Meteorological Society. 

Other publications 
Pan, Z., R. Horton, M. Segal, E. Takle, D. Todey, D, Flory, J. Roads, 2003:  Soil Moisture 

Prediction Using a Climate-Plant-Soil Coupled Agroecosystem Water Management 
Model.  Preprints: 17th Conference on Hydrology, Long Beach, CA, American 
Meteorological Society. 

Role of Prairie Wetlands in Regional Weather Systems, DP Todey, WJ Capehart, KW Harding,  
MR Hjelmfelt, 2004:  American Association of State Climatologists Annual Meeting, 
Ithaca, NY, 10-13 August 2004. 

Todey, D. C. Shukla, 2005.  Climate factors impacting productivity and yield trends in the 
Midwest.  15th Annual Conference on Applied Climatology.  Savanna, GA.  American 
Meteorological Society. 

Todey, D.P., 2002: The Iowa Environmental Mesonet: Integrating Atmospheric Datasets for 
Agricultural Applications. 94th Annual Meeting, American Society of Agronomy November 
11-14, 2002, Indianapolis, IN. 

Todey, D.P. and D.E. Herzmann, 2003:  Using GIS for Environmental Data in Iowa.  Preprints: 
19th conference on IIPS for Meteorology, Hydrology and Oceanography, Long Beach, 
CA, American Meteorological Society. 

Todey, D.P., D.E. Herzmann, W. Gallus and B. Temeyer, 2002: An inter-comparison of RWIS 
data with AWOS and ASOS data in the state of Iowa.  The Third Symposium on 
Environmental Applications: Facilitating the Use of Environmental Information, American 
Meteorological Society, January 13-17, 2002, Orlando, FL.   

Todey, D.P., R.E. Carlson, and S.E. Taylor, 1999: Midwestern Corn Yield and Soil Moisture 
Relationships to the Southern Oscillation. 11th Conference on Applied Climatology, 
American Meteorological Society, January 10-15, 1999, Dallas, Texas. 

 

Synergistic Activities 

State/extension climatologist for South Dakota developing an integrated environmental monitoring 
system using various existing and for South Dakota including  

Expanding observations by placing additional monitoring platforms into wheat growing areas 
 
Developing web interfaces for serving and displaying climate information 
 
Former head of the Iowa Environmental Mesonet expanding monitoring for Iowa 
 
Member of USDA Regional Climate Committee examining the impact of climate on regional crop 
management and production 
 
Working to estimating precipitation amount and areal coverage using NEXRAD radar data 
 

Awards 
 
Certificate of Merit  South Dakota Extension Specialist’s Association  2004 
Larry R. Johnson Special Award National Weather Association    2002 
Teaching Excellence Award Iowa State University     1993 

Graduate Advisors 
Carlson, Richard E. Iowa State University (Ph.D.) 
Orville, Harold South Dakota School of Mines and Technology (M.S.) 
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Introduction 
 
 Limestone-based material has demonstrated the ability to remove arsenic and 
other metals from drinking water.  The technology offers the potential for low-cost 
disposal of waste product after arsenic removal, either in an ordinary landfill or by 
recycling during the manufacture of cement.  Research by the principal investigators has 
shown that the waste product from the limestone-based technology passes the Toxicity 
Characteristic Leaching Procedure (TCLP) test.  Disposal of arsenic-enriched waste is 
critical for commercial viability of removal technologies.  Low-cost disposal of waste in 
an ordinary landfill gives the method an advantage that could help communities meet the 
new maximum contaminant level for arsenic.  The ability to reuse or recycle the waste 
material in the manufacturing of cement would add a significant economic benefit, 
further reducing overall costs.  Other methods of arsenic removal, such as iron-based 
material, suffer from the disadvantage of higher disposal costs because of the potential 
for leaching of arsenic from the waste product. 

 
 

Project Information 
 
This project will investigate recycling of waste product during the manufacturing 

of cement, and will focus on thermal stability tests.  The tests, if successful, will help 
demonstrate the potential for recycling of the waste material, thereby decreasing overall 
costs of limestone-based technology.  Ground water from City Well No. 4 at Keystone, 
South Dakota, will be used as the water source.  In laboratory tests with limestone-based 
material, arsenic-contaminated water will be run through the material until breakthrough 
arsenic concentrations are reached.  Breakthrough curves will be plotted for the tests.  
Breakthrough in this study will occur when the arsenic concentration goes from 
undetectable to 10 ppb, the new drinking water standard.  The waste material then will be 
removed for thermal stability testing and leaching potential.  If successful, the proposed 
work could give limestone-based technology a distinct advantage for use in small rural 
water systems. 



Objectives 
 

The objectives of this work are to: 

1) Determine breakthrough of arsenic in ten column tests using limestone-based 
material as the treatment media and Keystone city well water as the arsenic 
source.  

2) Remove the waste material after breakthrough and conduct analysis for thermal 
stability. 

3) Analyze thermal stability test results, and determine the suitable for reuse or 
recycling of the waste material during the manufacturing of cement. 

 

The research presented in this proposal will focus on improving the economic 
advantages of disposal of limestone-based material by reuse or recycling, e.g., in a kiln 
feed during the manufacturing of cement, which could significantly broaden potential 
applications of limestone-based arsenic removal methods.  Overall goals include 
application as a pilot study at a wellhead with naturally occurring arsenic contamination, 
and commercial viability of the technology. 

 

The thermal stability tests in this work are designed to determine the stability of 
the waste material and the potential mobility of contaminants in wastes.  Infiltrating water 
and other liquids that come into contact with the waste can potentially leach toxins from 
the material.  The U.S. Environmental Protection Agency’s D List indicates the 
maximum concentration of arsenic for toxicity characteristic is five parts per million 
(ppm).  Previous work by the researchers has shown that waste product from limestone-
based material, after arsenic removal, is considered benign and suitable for disposal in a 
landfill.  Testing is needed for thermal stability of limestone waste, however, if it is to be 
used in the manufacture of cement.  The proposed research will help demonstrate the 
viability of this approach. 

 
 
Methods 
 

The research presented in this proposal will focus on improving the economic 
advantages of disposal of limestone-based material by reuse or recycling, e.g., in a kiln 
feed during the manufacturing of cement, which could significantly broaden potential 
applications of limestone-based arsenic removal methods.  Overall goals include 
application as a pilot study at a wellhead with naturally occurring arsenic contamination, 
and commercial viability of the technology. 

 

The thermal stability tests in this work are designed to determine the stability of 
the waste material and the potential mobility of contaminants in wastes.  Infiltrating water 
and other liquids that come into contact with the waste can potentially leach toxins from 
the material.  The U.S. Environmental Protection Agency’s D List indicates the 



maximum concentration of arsenic for toxicity characteristic is five parts per million 
(ppm).  Previous work by the researchers has shown that waste product from limestone-
based material, after arsenic removal, is considered benign and suitable for disposal in a 
landfill.  Testing is needed for thermal stability of limestone waste, however, if it is to be 
used in the manufacture of cement.  The proposed research will help demonstrate the 
viability of this approach. 

 

In laboratory tests, arsenic-contaminated water will be run through the limestone-
based material until breakthrough arsenic concentrations are reached.  Breakthrough 
curves will be plotted for the tests.  Breakthrough in this study will occur when the 
arsenic concentration goes from undetectable to 10 ppb, the new drinking water standard.  
The waste material then will be removed and tested for thermal stability to determine its 
potential for reuse or recycling during the manufacture of cement.  If successful, the 
proposed work could give limestone-based technology a distinct advantage for use in 
small rural water systems. 

 

Laboratory facilities at South Dakota School of Mines and Technology are 
being used in the work. 

 

Principal Findings and Significance 
 

This work currently is in progress.  A stock As(V) solution was used to prepare 
influent solutions of water.  One-liter bottles were filled with with 1000 grams of 0.5 to 1 
mm sized Minnekahta Limestone.  The prepared solutions were introduced into the 
bottles, which were shaken several times a day.   
 
 Part of the experimental work will focus on determining the mass of arsenic 
adsorbed by the limestone.  The difference between the amounts of arsenic before and 
after treatment by limestone will be the mass adsorbed onto the surface of the limestone. 
   

In laboratory tests, arsenic-contaminated water will be run through the limestone-
based material until breakthrough arsenic concentrations are reached.  Breakthrough 
curves will be plotted for the tests.  Breakthrough in this study will occur when the 
arsenic concentration goes from undetectable to 10 ppb, the new drinking water standard.  
The waste material then will be removed and tested for thermal stability to determine its 
potential for reuse or recycling during the manufacture of cement.   
 
Information Transfer Program 
 
 Results of this research will be presented one to two conferences such as the 
Eastern South Dakota Water Conference, the Western South Dakota Hydrology 
Conference, or the annual meeting of the Society for Mining, Metallurgy, and 
Exploration. 
 



Student Support 
 
 A graduate student, Hailemelekot Betemariam, was supported by this research 
during spring semester, 2009, while working toward his M.S. degree in Geology and 
Geological Engineering at South Dakota School of Mines and Technology. 
 
 

Awards and Achievements 
 
 It is anticipated that a Master of Science thesis will result from this work. 
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Project report for: USGS 3F3496 “Development of a Decision Support System for Water Resources 
Management of Shallow Glacial Alluvial Aquifers: A Laboratory Proof of Concept Study” 

Written by Suzette R. Burckhard, Civil and Environmental Engineering Department, South 
Dakota State University, Brookings, SD, 57007‐0495 

Introduction: 

The use of groundwater as a public water supply had increased from 26 percent in 1950 to 40 
percent for 1985. The water use percentage of groundwater has remained at 40 percent through 
2000 (USGS, 2000). Starting in 2000, various regions across the United States, especially in the 
Western United States, saw a decrease in precipitation causing drought conditions (US Drought 
Monitor, 2000). As these conditions have persisted, concerns have been raised regarding public 
and private water supplies. Many cities across the Western United States are developing plans 
for sustainable water supply alternatives to address concerns about climate changes and 
economic factors (Dorris, 1989).  One problem with a changing water supply is the difficulty in 
managing that supply.  This research project works to address this problem by developing a 
Decision Support System for water managers to use.  The first step in the development of the 
DSS is to verify that certain relationships exist between soil physical characteristics routinely 
reported in soil surveys and recharge potential.  A laboratory scale model was constructed and 
tested under various flow conditions to verify these relationships.  

Project information: 

Information technology transfer program 

• Papers and posters were presented at: 
o Burckhard, S., 2008, Development of a GIS Based Hydrologic Model for Prediction of 

Runoff Using Remotely Sensed Data, presented at the 2008 Eastern SD Hydrology 
Conference, Oct 22-23, Brookings, SD. 

o Burckhard,  S. And Emmons, P.J., 2008, Development of a Decision Support System for 
Water Resources Management of Shallow Glacial Alluvial Aquifers: A laboratory Proof 
of Concept Study, presented at the 2008 Eastern SD Hydrology Conference, Oct 22-23, 
Brookings, SD. 

o Claire K. Garry Peschong, Aaron M. Weinandt, Suzette R. Burckhard, and Patrick J. 
Emmons, 2008, A Laboratory Study of Streamflow and Groundwater Recharge, poster 
presented at the 2008 Eastern SD Hydrology Conference, Oct 22-23, Brookings, SD, and 
at SDSU Faculty Recognition Day, February 25, 2009, Brookings, SD. 

o Claire K. Garry Peschong, Aaron M. Weinandt, Suzette R. Burckhard, and Patrick J. 
Emmons, 2009, Laboratory Study of Streamflow and Groundwater Recharge, poster 
presented at the SDSU Undergraduate Research, Scholarship, and Creative Activities 
Day, April 23, 2009, Brookings, SD.  

o Burckhard, S., and P. Emmons, 2008, Development of a Decision Support System for 
Water Resources Management of Shallow Glacial Alluvial Aquifers: A Laboratory 
Study, presented at Annual Groundwater and Environmental Quality meeting, Pierre, SD. 



o Burckhard, S., and P. Emmons, 2009, Ever wonder how much stream flow makes it to 
groundwater: Results of a laboratory experiment, presented at the 21st Annual 
Environmental and Groundwater Quality conference, Fort Pierre, SD.  

• The research was profiled as part of an article in the SDSU College of Engineering Impulse 
magazine, Spring 2009 edition. 
 

Problem and Research objectives 

Problem statement: 

The use of groundwater as a public water supply had increased from 26 percent in 1950 
to 40 percent for 1985. The water use percentage of groundwater has remained at 40 
percent through 2000 (USGS, 2000). Starting in 2000, various regions across the United 
States, especially in the Western United States, saw a decrease in precipitation causing 
drought conditions (US Drought Monitor, 2000). As these conditions have persisted, 
concerns have been raised regarding public and private water supplies. Many cities across 
the Western United States are developing plans for sustainable water supply alternatives 
to address concerns about climate changes and economic factors (Dorris, 1989).  One 
problem with a changing water supply is the difficulty in managing that supply.   
Objective: 

The objective of this project is to construct a laboratory scale apparatus for collecting a robust 
data set for shallow alluvial aquifer recharge in stream beds as a function of time and storm event 
size.   

Methodology 

The laboratory scale stream model consists of a single stream channel that is 2” wide surrounded 
by 10” of ‘floodplain’ on each side. The channel is 46” long. The depth of soil beneath this 
stream section is 16” with the top 12” being sand and the bottom 4” gravel to aid in flow of water 
from the device. The constructed device is shown in figure 2. Thermocouples are installed in 
such a manner as to capture the wetting front as it moves through the stream bed. Flow was 
introduced at the upstream section, shown on the right and collected from the outflow on the left 
as well as from underflow drains in the gravel material. Water was introduced at a flow either 
just below 2 ft/s or above 2 ft/s. At 2 ft/s, the stream bed material was mobilized as predicted by 
theory.  
 
Principal findings  

Slower stream water velocities resulted in a slower moving wetting front with more water 
moving down, out of the stream bed, compared to a faster velocity. The flow rate of water down, 
out of the stream bed, was related to the hydraulic conductivity of the stream bed material. 
Differences in recharge amounts were also dependent on the wetness of the streambed material 
as well. 

Significance of findings 



The results of the laboratory scale model showed that there are significant correlations between 
soil properties and the rate at which a soil would allow water flow to recharge an underlying 
aquifer.  These correlations can now be implemented in the next phase of the project which is the 
next step in the development of a Decision Support System for water managers and is to 
incorporate the relationships into the previously developed GIS model. 

Student support 

• Aaron Weinandt, undergraduate CE student, graduated May 2009, supported hourly. 

• Claire Garry‐Peschong, undergraduate CE student, expected graduation May 2010, supported 
hourly. 

• Nabin Basnet, graduate student MS CE, expected graduation Dec 2009, supported on 
assistantship. 

Notable awards and achievements 

At this time, there are no notable awards to report related to this research.   
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Progress report for the project “SIMULATING THE SOIL EROSION FROM LAND 
REMOVED FROM CRP”, (2008-09) 
 
Introduction: 
The Project was started in March 2008. Dr. Trooien had expected to take soil erosion data in 
frost free seasons of 2008 and 2009. But as I started working on the project after joining 
SDSU in August 2008 I missed one crop season. I started with studying different potential 
models that we could use for doing simulations. I worked on SWAT (Arnold et al., 
www.brc.tamus.edu/swat/), WEPP (Foster and Lane 
http://www.ars.usda.gov/Research/docs.htm?docid=10621), RUSLE2 
(http://fargo.nserl.purdue.edu/rusle2_dataweb/RUSLE2_Index.htm), AGNPS (Young et al., 
1989, e.g. http://grass.itc.it/intro/modelintegration.html) and EPIC (Williams et al., 1984, 
http://www.brc.tamus.edu/epic/). I studied WEPP, RUSLE2 and SWAT in more detail. 
SWAT is generally used for large complex watersheds. It requires a variety of input data and 
it also seemed a little complicated model. Also it is not designed to simulate detailed single 
event flood routing.  So for now we decided to work with WEPP and RUSLE2. However 
there is a possibility that we might use SWAT in future. 
 
At first we were looking to put our research site at SDSU Opportunities Farm near Lennox, 
SD. We had an Ameriflux tower already installed in that field so it was easier to collect 
weather data for the site. We had GPS data of the field so I prepared DEM of the field and 
tried to delineate watersheds with the help of Arc Hydro and GeoWEPP 
(http://www.geog.buffalo.edu/~rensch/geowepp/). Since GeoWEPP is designed to delineate 
watersheds for smaller fields like ours so its results looked more precise. GeoWEPP result 
showed that we had more than three watersheds in the field and the watersheds were in a size 
range of 5-25 acres. But then we didn’t had enough samplers to install in that field. 
.  
There was another site in Moody County where Dave German was conducting phosphorus 
trials. The site is on Mike Schmidt’s field. The field was corn last year and will be soybean 
this season. Since Dave has conducted trials there he has all cropping pattern/land use 
information for the field.  Dave told that the H-flumes were already installed in the field and 
that he also had samplers that we could install after testing. There were three watersheds in 
the field that were comparatively smaller than Lennox. The site is nearly 25 miles south of 
Brookings near Interstate 29. Since the site was comparatively near than Lennox and we had 
some things already set up there so we decided to conduct research there.  
 
We bought the samplers to the department lab and tested those. There were altogether three 
samplers: two ISCO 2700 and one ISCO 3700. While testing them I find out that one of the 
ISCO 2700 samplers wasn’t working. That sampler would take manual (Grab) samples but 
when we programmed it for time sequential sampling it didn’t took samples. There was an 
extra ISCO 6712 sampler from VTA project that was available to us. When I tested that it 
worked reasonably well. So we decided to use it with ISCO 4230 flow meter to trigger 
sampling. 
 
After testing the samplers in the first week of April Dave and I went to the site to install them 
in the field. ISCO 2700 was programmed to initiate sampling whenever there is water in 



flume. We had one liquid actuator for ISCO 2700 to trigger sampling. Dave has one more but 
as he mentioned he has to find out where they put the other. So I placed ISCO 4230 flow 
meter with 3700 and used liquid actuator with 2700.  ISCO 6712 sampler also used ISCO 
4230 flow meter to trigger sampling when water level in the flume is greater than 0.4 inch.  
 
To charge the batteries for samplers we needed charge controllers. We had couple of them 
spare in lab but since we needed more we ordered them. After receiving them I coupled them 
with solar panels. South watershed of the site which is the biggest one is also equipped with 
Thalimedes. Thalimedes would record water level in the flume and we can retrieve those data 
from data logger after the rainfall/runoff event. We are also planning to put Next Sense at 
south watershed outlet which would inform us about the runoff event if there is any.  
 
We are also planning to take grab samples with the 2700 sampler at SDSU farm. The field is 
2 miles south of the Agriculture Engineering Department. We have H flumes already 
installed at the site.   
 
So now we have three samplers in the field. Two of them are working the other one (2700) 
will also be in function very soon. I am working with the liquid actuator but I couldn’t figure 
out how to use that to trigger sampling. Last year Chris has installed those samplers at SDSU 
farm near Brookings with Next Sense. Chris and I would be going to Mike’s field on 11 May 
to install Next Sense and check liquid actuator.  At south watershed we will have water level 
data from stage recorder, Thalimedes and flow meter. At East watershed we have stage 
recorder to record water level and at North watershed we have both stage recorder and ISCO 
4230 flow meter.  
 
Statement of Problem: A South Dakota survey conducted in May 2007 indicated that 
approximately 50% of the CRP acres due to renewal in the next four years will not be 
renewed. Conversion of these areas from CRP back to row crop production without regard to 
environmental quality could have huge impacts on water quality in the state. In this project 
we will calibrate an erosion model and use it to crop production under a variety of 
management scenarios.  
The economies of grain production, especially production of row crops like corn, are much 
more favorable now than when the CRP contracts were established. Because of the better 
grain production economics, higher CRP lease rates will be required if it is desirable to keep 
much of the current land enrolled in CRP. Appropriate quantification of the increased erosion 
potential and associated water quality impairments will assist in targeting new CRP lease 
rates. Extensive field research to quantify soil erosion rates in South Dakota would require 
many years of measurements and analysis. But producers and water managers don’t have the 
luxury of that much time because many CRP projects will be expiring during the next three 
years. This research proposes to use limited field research to calibrate runoff and erosion 
model and then use the model to estimate soil erosion to use the model to estimate soil 
erosion to estimate the water quality impacts of removing land from CRP and returning it to 
row crop (especially corn) production.  
 
 
 



Objectives:  
The objectives of this project are to characterize the runoff and transported sediment from a 
small watershed under continuous corn production to be used to calibrate a runoff process 
model. 
 
Methodology: 
Field research will take place at Mike Schmidt Farm in Moody County, SD. The field was 
corn Last year and will be soybean this year. Rainfall data will be taken by a rain gauge 
installed in the field. Runoff and sediment data will be taken by ISCO automatic samplers 
that are installed in field. Sequential time samples will be taken as soon as a runoff event 
occurs. Triggering of samplers will be accomplished by a variety of ways in different 
samplers using liquid actuator and ISCO 4230 flow meter. Runoff samples will be analyzed 
in SDSU Olson Biochemistry Laboratory for Total Suspended Solids (TSS). The runoff and 
TSS data with other required input parameters as soil type, land use, land slope and weather 
data will be used to calibrate WEPP and RUSLE2.  
Dave has mentioned that he has a set of runoff data taken previously on CRP field so that 
data will than be used to validate the model. That validated model will than be applied to 
locations in South Dakota where CRP land might be converted back into corn production. 
This model can then estimate the additional soil loss (if any) when the land is converted to 
corn production to estimate the water quality impacts of that erosion. 
 
Results: 
To present some data at department seminar I did some erosion predictions for the field at 
SDSU opportunities farm, Lennox with RUSLE2. I used soil information from Soil Survey 
book published by Soil Conservation Service, USDA. For climate data I used RUSLE 
database for Lennox County and predicted annual soil loss. I run RUSLE2 for different 
management practices, different hill slope lengths and different slopes in basic uniform 
slopes mode. Here are some of the results: 
 
Soil Loss for different management practices at 150 ft slope and 2 percent steepness: 
 
Management Continuous 

Corn; Spring 
Plow 

Corn  
Soybean; 

Spring 
Plow 

Corn; Spring 
Plow, 

Soybean; No 
Till 

CRP Warm 
Grass; 

Existing 
10yr 

CRP Cool 
Grass; 

Existing 
10yr 

Soil Loss 
(ton/acre/year) 

1.5 2.3 1.6 0.027 0.0095 

 
Results show that CRP and No Till management has comparatively lower annual soil loss. 
This is quiet obvious as tillage causes disturbance of soil particles and loosens the soil 
making it more susceptible for erosion.   
 
 
 
 
Soil loss at 2% slope for different management practices and at various slope lengths: 



 
Slope Length 

(Feet) 
150 300 450 600 750 900 

Management Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Continuous 
Corn Spring 

Plow 

1.5 1.7 1.9 2 2.1 2.2 

Corn  Soybean 
Spring Plow 

2.3 2.7 3 3.3 3.5 3.7 

Corn Spring 
Plow Soybean 

No Till 

1.6 1.9 2.1 2.2 2.3 2.4 

CRP cool grass 
existing 10yr 

0.0095 0.0097 0.0098 0.01 0.01 0.01 

CRP warm 
grass existing 

10yr 

0.027 0.029 0.03 0.031 0.032 0.033 

         

Effect of Slope Length on Soil Loss for 
Different Management Practices

0

0.5

1

1.5

2

2.5

3

3.5

4

0 200 400 600 800 1000

Slope Length (Feet)

So
il 

Lo
ss

 (t
on

/a
cr

e/
ye

ar

Continuous Corn SP

Corn Soyabean SP

CornSP SoyabeanNT

CRP Coolgrass Existing

CRP Warmgrass Existing

 
 
Results show that as length of slope increases amount of soil loss also increases. With longer 
slope length there will be more runoff water flowing downhill which would carry more 
sediment.  
Soil loss at 600 ft hill slope for different management practices at different steepness:  



 
Steepness 0.1% 0.5% 1% 2% 3% 4% 5% 6% 
Management Soil loss 

ton/ac/yr 
Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Soil loss 
ton/ac/yr 

Continuous 
Corn Spring 

Plow 

0.18 0.51 0.94 2 3.3 4.7 6.3 7.9 

Corn  
Soybean 

Spring Plow 

0.24 0.76 1.5 3.3 5.5 8 11 14 

Corn Spring 
Plow 

Soybean No 
Till 

0.18 0.54 1 2.2 3.6 5.2 6.9 8.7 

CRP cool 
grass existing 

10yr 

0.0026 0.0045 0.0065 0.01 0.013 0.016 0.02 0.023 

CRP warm 
grass existing 

10yr 

0.0038 0.009 0.016 0.031 0.049 0.068 0.089 0.11 

 

Effect of Slope Steepness on Soil Loss 
For Different Management Practices
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It is clear that higher slope or steepness causes higher amount of soil loss. As steeper slope 
adds more energy to runoff water so it can dislodge and carry more soil.  
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Title.  Determining soil moisture and temperature condition effects on potential run-
off for cold season manure application. 

 
Statement of critical regional or State water problem.  
 

Livestock production is a major component of the South Dakota agricultural 
economy and the overall economy.  Because the economic importance of livestock 
production crosses watershed boundaries and affects both the rural and urban 
population, especially in heavily populated watersheds, the issue of manure 
management has been the subject of debate in recent years.  At the center of this 
debate is the land application of manure and the possible impacts on the state’s 
water resources as nonpoint source (NPS) discharges of pollutants can be 
significant, especially where high concentrations of livestock are present if manure 
is not managed properly.  
Spreading manure on frozen ground is a significant management issue for livestock 
producers since winter spreading of manure reduces the quantity of winter storage 
necessary, provides more time for application on cropland and reduces soil 
compaction problems which occur during spreading on wet non-frozen soils.  While 
winter application of manure is often limited by recommendation, Srininvasan et al. 
(2006) reported that limitations on the application of manure during winter periods 
were determined largely from perceptions, not scientific data. 
Previous studies have been conducted in other watersheds in other locations.  But 
none have been conducted on predominant South Dakota soils and based on South 
Dakota conditions.  There is great interest from producers, DENR and NRCS to see 
data gathered on conditions in the state.  Both groups are interested in the results of 
this study to use for policy recommendations. 

Statement of results or benefits.  
 

Year 1 of this project has produced a South Dakota soil temperature climatology.  A 
winter rainfall climatology is under development.  These two sets of data will be 
used to feed the next phase of the study, monitoring and gathering of run-off water 
for water quality testing with this study combined with potential parallel funding.  
Data gathered will be based around the testing the water gathered from run-off from 
the frozen soils.  In-field rainfall simulations will provide the various rainfall effects 
necessary to create the run-off from manure applied to frozen soils.  Water quality 
data will be gathered to measure the impact of manure applied to frozen soils on the 
run-off based on various management and soil temperature/moisture conditions.  
Summaries of these data will be used to create risk assessment products for manure 
application and help understand the potential impairments to water quality based on 
manure application.  This data will be shared with producers and policy-makers in 
the state (through an advisory group already being established).  Both ranchers and 
policy-makers (NRCS) are interested in the data to give guidance about the risk of 
manure application to frozen soils in South Dakota.  While we will not be able to be 
comprehensive and test all possible combinations of conditions (soils, slopes, 
rainfall rates, manure types, etc.), the testing of common management and climate 



conditions will provide established guidelines for potential run-off from manure-
applied soils. 

Nature, scope, and objectives of the project. 
 

The current 104b proposal (ending in early 2008) will provide base-lines of the time 
period of frozen soil for South Dakota and give some guidance as to the common 
and distribution of rainfall rates during times of frozen soil as well as near-frozen 
times when manure may be applied.  Soil sensors have been procured for the next 
phase of the project, to instrument six small watersheds in the Brookings area (three 
at SDSU Research Farms and three at a cooperator farm east of Madison, SD).  
These watersheds have already been instrumented.   
By having sensors in place we will be able to gather one winter’s data through the 
winter of 2007-08.  We hope to have a graduate student to begin working with the 
data collection during this winter season or as soon afterward.  Analysis of the first 
winter’s data can occur along with summarizing water quality data from the water 
samples can occur during the spring and summer.  Initial results can be presented to 
interested parties during the summer and new simulations set for the winter of 
2008-09. 
A parallel proposal has requested additional PI time to begin rainfall simulations 
and complete the climatic risk analysis for frozen soil period and winter rainfall 
rates on bare ground and soil. 

 
Methods, procedures, and facilities.  
 

The graduate student requested in this proposal will assist with rainfall simulations 
and collection of water quality data in the instrumented watersheds in the Brookings 
area.  The watersheds have been selected and have been instrumented.  These 
watersheds will have two sets of soil temperature and soil moisture equipment 
(generally lower watershed and upper watershed) at two depths (4” and 20”).  
Flumes to collect run-off from the watersheds have been built and are being 
installed in November 2007.  Manure will be applied to watersheds based on 
recommendations of local producers for commonly used management strategies.  
Rainfall simulations will be used to create run-off in the watersheds and water 
quality data collected based on climatological rainfall probabilities.   
For the proposed project, runoff from a projected six natural snowmelt and/or 
precipitation events will be collected by use of grab samples and automatic 
samplers at each of the six watersheds.  Water samples will be collected from 
automatic samplers and flumes as soon as possible following runoff events. 
Samples will be collected each 30 minutes by an automatic sampler at each site 
during each runoff event.  Samples will be selected for analysis to describe first 
flush, rising limb of the hydrograph, peak flow, and falling limb of the hydrograph. 
The automated system alerts investigators of both rain and runoff.  Samples will be 
stored in polyethylene or polycarbonate bottles at 4°C and transported immediately 
to the lab for analysis.   



A total of 468 water samples will be collected over a the year period.  An additional 
10 percent of the total samples will be collected for QA/QC.  Samples will be stored 
in polycarbonate bottles at 4oC and transported immediately to the lab for analysis. 
Each sample will be analyzed for nitrate nitrite-nitrogen (NO3-N), ammonia-
nitrogen (NH3-N), total Kjeldahl nitrogen (TKN), total phosphorus (TP), total 
dissolved phosphorus (TDP), total suspended solids (TSS), and fecal coliform/100 
ml.  Fecal coliform bacteria samples will be collected by grab sample using 
sterilized sample bottles during spring snowmelt and following rain induced runoff.  
Sample analysis will be by established procedures (standard methods) (AWWA, 
1998) (EPA, 1983).  The cost of sampling analysis will be covered by local 
matching funds. 

 
Related research.  
 

Srinivasan, M.S., Bryant, R.B., Callahan, M.P. 2006. Manure management and 
nutrient loss under winter conditions - a literature review. J. of Soil and Water 
Cons. 61(4):200-209. 

 
Training potential.  
 

We propose to combine dollars from this project with a USDA-NRI and additional 
local dollars project to support one graduate student at the MS level for two years.  
This person would be a graduate student in the ABE department in soil and water or 
climate.  Undergraduate students are involved in the research and encouraged to use 
the data for undergrad research projects. 

 
Investigator’s qualifications.  

Please see attached. 
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Iowa State University Meteorology BS - 1988 

South Dakota School of Mines and Technology Meteorology MS - 1990 
Iowa State University Agricultural Meteorology Ph.D - 1995 

Appointments  
Assistant Professor of Agricultural 

and Biosystems Engineering  
South Dakota State University 2003-

Present 
Adjunct Assistant Professor of 

Agricultural Meteorology 
Iowa State University 1998-2003 

Adjunct Assistant Professor of 
Geography 

Central College (Iowa) 1996-1999 

Postdoctoral Research Associate 
in Agricultural Meteorology 

Iowa State University 1996-1998 

Graduate Teaching Assistant in 
Meteorology 

Iowa State University 1990-1995 

Graduate Research Associate in 
Meteorology 

South Dakota School of Mines and 
Technology 

1988-1990 

   

Refereed Papers  

Cruse, R., D. Flanagan, J. Frankenberger, B. Gelder, D. Herzmann, D. James, W. Krajewski, M. 
Kraszewski, J.  Laflen, J. Opsomer, and D. Todey, 2006.  Daily estimates of rainfall, water runoff, 
and soil erosion in Iowa.  Journal of Soil and Water Conservation.  61: 191-199. 

Segal, M., R.W. Turner, and D.P. Todey, 1999.  Using radiosonde meteorological data to better assess 
air conditioning loads in tall buildings.   Energy and Buildings.  31: 243-250. 
Arritt, Raymond W., Rink, Thomas D., Segal, Moti, Todey, Dennis P., Clark, Craig A., Mitchell, 

Mark J., Labas, Kenneth M. 1997: The Great Plains Low-Level Jet during the Warm 
Season of 1993. Monthly Weather Review: Vol. 125, No. 9, pp. 2176–2192. 

Relevant publications 
Todey, D. and A. Schmidt, 2005.  South Dakota monthly precipitation trends from long 

termcooperative observer stations.  South Dakota Academy of Science, 84, 187-194. 

Todey, D., L. Osborne, and M. Draper, 2004.  Enhancement of the Automated Weather Data 
Network in South Dakota.   2nd International Symposium on Fusarium Head Blight 
Incorporating the 8th European Fusarium Seminar.  Orlando, FL 11-15 Dec. 2004. 

Todey, D.P. and D.E. Herzmann, 2003:  Improving the observation of the water cycle in Iowa 
using the Iowa Environmental Mesonet.  Preprints Observing and understanding the 
variability of water in weather and climate, American Meteorological Society, 9-13 
February 2003, Long Beach, CA. 

Todey, D.P., D.E. Herzmann, and G.S. Takle, 2002a.  The Iowa Environmental Mesonet – 
combining networks into a single network.  Preprints 6th Symposium on Integrated 
Observing Systems, Orlando, FL, American Meteorological Society. 

Other publications 
Pan, Z., R. Horton, M. Segal, E. Takle, D. Todey, D, Flory, J. Roads, 2003:  Soil Moisture 

Prediction Using a Climate-Plant-Soil Coupled Agroecosystem Water Management 



Model.  Preprints: 17th Conference on Hydrology, Long Beach, CA, American 
Meteorological Society. 

Role of Prairie Wetlands in Regional Weather Systems, DP Todey, WJ Capehart, KW Harding,  
MR Hjelmfelt, 2004:  American Association of State Climatologists Annual Meeting, 
Ithaca, NY, 10-13 August 2004. 

Todey, D. C. Shukla, 2005.  Climate factors impacting productivity and yield trends in the 
Midwest.  15th Annual Conference on Applied Climatology.  Savanna, GA.  American 
Meteorological Society. 

Todey, D.P., 2002: The Iowa Environmental Mesonet: Integrating Atmospheric Datasets for 
Agricultural Applications. 94th Annual Meeting, American Society of Agronomy November 
11-14, 2002, Indianapolis, IN. 

Todey, D.P., R.E. Carlson, and S.E. Taylor, 1999: Midwestern Corn Yield and Soil Moisture 
Relationships to the Southern Oscillation. 11th Conference on Applied Climatology, 
American Meteorological Society, January 10-15, 1999, Dallas, Texas. 

 

Synergistic Activities 

State/extension climatologist for South Dakota developing an integrated environmental monitoring 
system using various existing and for South Dakota including  

Comparing yield trends of various crops to long term climate data to develop yield expectations 
and potential climate change impacts of various climate variables 
 
Member of USDA Regional Climate Committee examining the impact of climate on regional crop 
management and production 
 
 

Awards 
 
Certificate of Merit  South Dakota Extension Specialist’s Association  2004 
Larry R. Johnson Special Award National Weather Association    2002 
Teaching Excellence Award Iowa State University     1993 
 

Collaborators 

Adnan Akyuz (North Dakota State), Jeff Andresen (Michigan State), Rhoda Burrows (SDSU), Bill 
Capehart (SDSMT), Rick Cruse (Iowa State), Stuart Gage (Michigan State), Daryl Herzmann 
(Iowa State), Carter Johnson (SDSU), Boris Shmagin (SDSU), Todd Trooien (SDSU) 

Graduate Advisors 
Carlson, Richard E. Iowa State University (Ph.D.) 
Orville, Harold South Dakota School of Mines and Technology (M.S.) 
 



Name: David R. German - Limnologist 
 
Address: Water Resources Institute 

Box 2120 - South Dakota State University 
Brookings, SD  57007 

 
Education: 

M.S. Biology (Aquatic Ecology), 1978 
B.S. Biology (minor Chemistry), 1975 
South Dakota State University, Brookings, SD 

 
Continuing Education: Fundamentals of Hydrogeology, University of South Dakota, 
ESCI 699, spring semester 1991, Assad Barari, Instructor. 

Academic Teaching:   
• Biology 290E Undergraduate Seminar in F 2003 and Sp 2004 
• Biology 490E Senior Seminar in Sp and F 2004 
• AST 463 Ag Waste Management, guest lecturer 2005-2006 
• Environmental Management 225 F 2004 and Sp 2005 
• Biology 498 Undergraduate Research in F 2006 

Research: 
• 2005-Present: Schindler, F. V., R. H. Gelderman, D. R. German, and J. R. 

Gerwing. “Manure Management BMPs Based on Soil 
Phosphorus: Evaluating Eight Additional Soil/Runoff 
Relationships Using Simulated Rainfall.” Funded by EPA 319 
and SD Corn Council, SD Farm Bureau, SD Beef Industry 
Council, SD Soybean Council, East Dakota Water Development 
District. 

• 2004-Present: Schindler, F V, R. H. Gelderman, and D. R. German and J. R. 
Gerwing.  “Evaluating Phosphorus Loss on a Watershed Scale.” 
Funded by the USGS 104b Grant Program, and EPA 319 
program.  

• 2000-present: Lake water-quality monitoring and watershed assessments of 
Northeast South Dakota lakes. 

• 2005-2006: German D.R.  “A Study of Water Treatment for Phosphorus 
Removal from Lake Kampeska.” Funded by the Lake Kampeska 
Water Project District.  

• 2006: German, D. R. “Development of a Lake Bioassessment Index 
Based on Evaluation of Prairie Lakes in Northeastern South 
Dakota.” Funded by the USGS 104b Grant Program. 

• 2003-2004:  German D R, “Survey of the Macrophyte and Invertebrate 
Communities in Enemy Swim and Pickerel Lakes.”  Funded by 
the USGS 104b Grant Program. 

• 2001-2004: Schindler, F V, Gelderman R H, German D R, and Gerwing J R.  
“Establishing a Relationship Between Soil Test P and Runoff P 
for Five South Dakota Soils Using Simulated Rainfall.”  Funded 
by the USGS 104b Grant Program, the South Dakota Pork 
Producers, and the South Dakota Corn Council, EPA 319 non-
point source pollution control program, SD Agriculture 
Experiment Station. 



• 1998-2000: Studies to document water quality improvements resulting from 
installation of animal waste management systems in eastern 
South Dakota. 

• 1996-1999: Studies of pesticide loading to rivers in eastern South Dakota. 
• 1991-1995: Study of trophic states of 20 South Dakota lakes. 
• 1992-1993: Studies to determine water quality impacts of feedlots on 

shallow aquifers. 
• 1986-1991: Comprehensive water quality monitoring, data analysis and 

modeling of the Oakwood Lakes system. 
• 1984-1986: Implementation of selected lake restoration alternatives.  
• 1982-1983: Diagnostic feasibility study for Big Stone Lake restoration 

project.  

Relevant Publications and Presentations: 
Guidry, A., F. Schindler, D. German, R. Gelderman, and J. Gerwing. “Using Simulated 

Rainfall to Evaluate Field and Indoor Surface Runoff Phosphorus Relationships” 
The Journal of Environmental Quality 35:2236-2243 (2006). 

 
German, D., A. Guidry, F. Schindler, R. Gelderman, and J. Gerwing. “Soil and Runoff P 

Relationships: Implications for Lake and Watershed Management.”  Poster 
presented at the 2004 ASA-CSSA-SSSA International Annual Meetings with the 
Canadian Society of Soil Science in Seattle, WA, Oct. 31 – Nov. 4, 2004. 

 
Guidry, A., R. Gelderman, D. German, J. Gerwing, and F. Schindler. “Evaluating 

Phosphorus Loss from Midwestern Soils Using Simulated Rainfall.” Abstract 
published at the 2004 ASA-CSSA-SSSA International Annual Meetings with the 
Canadian Society of Soil Science in Seattle, Washington – Oct. 31 – Nov. 4, 
2004 

 
German, David R., Ronald H. Gelderman, James R. Gerwing.  2000.  A Literature 

Review of Phosphorus Accumulation in Soils and the Impact on Runoff Water 
Quality. South Dakota State University, Brookings, South Dakota. 

 
 
 



Information Transfer Program Introduction

Information dissemination is an important part of the South Dakota Water Resources Institute (SD WRI)
program. Dissemination of research results are accomplished through journal publications, abstracts, posters,
and presentations at conferences. Emphasis is placed on providing opportunities for graduate students to
present and publish their findings.

Public outreach also includes a website (http://wri.sdstate.edu), SD WRI newsletters, fact sheets, and water
quality interpretations. Water Resources Institute staff continue to provide interpretation of analysis and
recommendations for use of water samples submitted to the Water Quality Lab. SD WRI staff also routinely
responded to questions from the general public, other state agencies, livestock producers, and County
Extension Educators. These inquiries include water quality and quantity, stream monitoring, surface
water/ground water interactions, livestock poisoning by algae, lake protection and management, fish kills,
soil-water compatibility, manure runoff, and irrigation drainage.

Public outreach also included hosting water quality workshops for adults as well as water education activities
for youth. These educational opportunities include hands-on participation at water festivals, field trips,
presentations, workshops, and demonstrations.

Institute staff participate in state, federal, and local committees and organizations. Feedback to these agencies
is often given in the form of presentations at state meetings, local water development boards, conservation
districts, sanitary districts, and citizen groups.

Information Transfer Program Introduction 1



Information Transfer

Basic Information

Title: Information Transfer
Project Number: 2008SD132B

Start Date: 3/1/2008
End Date: 2/28/2009

Funding Source: 104B
Congressional District: SD First

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

Descriptors:
Principal Investigators: Van Kelley, David R. German

Publication
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FY2008 Information Transfer Program 
South Dakota Water Resources Institute 

 
PUBLIC OUTREACH 

Public outreach and dissemination of research results are cornerstones of the South 
Dakota Water Resources Institute’s Information Transfer Program.  Information Transfer 
takes many forms.  The South Dakota Water Resources Institute Water News newsletter is in 
its fifth year of publication.  This is an effective format to disseminate information about 
activities in which the Institute participates, funds, and promotes.  The newsletter is 
published quarterly via e-mail, as well as a link on the SD WRI homepage 
(http://wri.sdstate.edu) in PDF format allowing for viewing of past and present issues.  
Water-related research including updates on present projects, notification of requests for 
proposals, state-wide water conditions, conferences, as well as information on youth 
activities are highlights in each issue.   

SD WRI’s web site has been designed to allow users access to updated links which 
include publications intended to help diagnose and treat many water quality problems.  The 
site allows the public to keep in touch with the activities of the Institute, gather information 
on specific water quality problems, learn about recent research results and links with other 
water resource related information available on the Web.  The “Research Projects” section of 
the SD WRI web contains past and present research projects, highlighting the Institute’s 
commitment to improving water quality.   

Another important component of the Institute’s Information Transfer Program is the 
Water Quality Laboratory (WQL).  The lab was consolidated with the Oscar E. Olson 
Biochemistry Labs in 2004.  The WQL provides important testing services to water users 
across the state.  Water Resources Institute staff continue to provide interpretation of analysis 
and recommendations for use of water samples submitted for analysis.  Assistance to 
individual water users in identifying and solving water quality problems is a priority of the 
Institute’s Information Transfer Program.  Interpretation of analysis and recommendations 
for suitability of use is produced for water samples submitted for livestock suitability, 
irrigation, lawn and garden, household, farmstead, heat pump, rural runoff, fish culture, and 
land application of waste.  Printed publications addressing specific water quality problems 
are mailed to lab customers to facilitate public awareness and promote education. 

An extensive library of information has been developed and continues to be updated on-
line.  Information regarding analytical services available at the Oscar E. Olson Biochemistry 
Labs Water Quality Laboratory and information that may be used to address drinking water 
problems is available on-line. 

The seven year drought in western South Dakota ended in most areas in 2008.  Even with 
the welcome rain the inherent quality of surface waters in western South Dakota is 
commonly low, leading to chronic livestock production problems.  Drought intensifies this 
problem for livestock producers in these semi-arid rangelands.  During the dry period many 
dugouts and ponds degraded to the point of causing cases of livestock illness and, in some 
instances, deaths.  When the rains returned in 2008 fewer cases of severe salt limitations for 
livestock use was observed.  Lab services provided by the WQL and interpretation of results 



by WRI staff is important to livestock producers as they try to manage risks associated with 
water shortages and poor water quality.   

SD WRI staff also routinely responded to water resource questions unrelated to 
laboratory analysis from the general public, other state agencies, livestock producers, and 
County Extension Agents.  These inquiries include water quality and quantity, stream 
monitoring, surface water/ground water interactions, aquatic plant identification, livestock 
poisoning by algae, lake protection and management, fish kills, soil-water compatibility, and 
irrigation drainage.  WRI continues to provide soil and water compatibility recommendations 
for irrigation permits to the SD Division of Water Rights.  

SD WRI staff assisted in implementing the third annual Eastern South Dakota Water 
Conference held October 22-23, 2008 to provide a forum for water professionals to interact 
and share ideas.  The Eastern South Dakota Water Conference was started in 2006 to serve as 
a mechanism to educate participants on water resource issues in South Dakota.  

The goal of the 2008 Eastern South Dakota Water Conference held Oct. 22 and 23 in 
Brookings, SD was to bring together federal, state, and local governments, along with 
university and citizen insights. The event, in its third year, and included speakers and 
presenters from South Dakota State University (SDSU), the U.S. Army Corps of Engineers, 
South Dakota School of Mines and Technology, the Day Conservation District, and many 
others. In addition to the conference, a poster competition for college students was held. First 
prize of $200 went to Kristopher Dozark in the SDSU Department of Biology & 
Microbiology, and a $100 second prize awarded to Casey Schoenebeck in the SDSU 
Department of Wildlife and Fisheries Sciences. John Davidson, a professor of law from the 
University of South Dakota, delivered the lunch keynote address on water law Oct. 23.  

Water is a crucial part of South Dakota’s future, and this conference helped educate 
participants on the future of this resource. Information on the conference is available at this 
link: http://wri.sdstate.edu/esdwc.  Presentations from the 2008 Conference are available 
online. 

The call for abstracts and speakers was released in May 2008.  SDWRI staff member 
Jennifer Pickard designed a website (http://wri.sdstate.edu/esdwc) where participants could 
review the conference timeline and pre-register and pay for the conference. 

Concurrent sessions throughout the conference offered information important to a wide 
array of stakeholders including engineers, industry, public officials, agricultural producers, 
and conservation groups. SDWRI staff member David German presented preliminary 
findings on winter manure management BMPs. 

Water is an important piece of the economic future of South Dakota, and this conference 
served as a mechanism to educate participants on this resource. It is anticipated that this 
conference will be an annual event.  To find more information and view abstracts from the 
2008 conference, go online to http://wri.sdstate.edu/esdwc.  

AGENCY INTERACTION 
The SD WRI Information Transfer program includes interaction with local, state, and 

federal agencies/entities in the discussion of water-related problems in South Dakota and the 
development of the processes necessary to solve these problems.  One of the most productive 
agency interactions is with the Non-Point Source (NPS) Task Force.  The NPS Task Force 



coordinates, recommends, and funds research and information projects in this high priority 
area.  Participation on the NPS Task Force allows SD WRI input on non-point source 
projects funded through the state and has provided support for research in several key areas 
such as soil phosphorus versus runoff phosphorus relationships, biomonitoring, and lake 
research.  Many of the information transfer efforts of the Institute are cooperative efforts with 
the other state-wide and regional entities that serve on the Task Force.   

Another example of this interaction to solve water quality problems is a program started 
by the Cooperative Extension Service (CES) to help livestock producers identify unsuitable 
water sources.  The CES provides many of its Extension Educators with hand-held 
conductivity meters for use in the field.  If samples are shown to be marginal by field testing, 
they are sent to the Water Quality Lab for further analysis.  Often, high sulfates limit the use 
of waters that have elevated conductivity.   

Another important interaction is with the South Dakota Department of Environmental 
and Natural Resources (DENR).  Completion of Total Maximum Daily Load (TMDL) 
studies on South Dakota lakes has been a priority for DENR over the past several years.  SD 
WRI is providing technical assistance to local sponsors working with DENR to complete the 
TMDL water quality assessments on several publicly owned lakes that do not have an 
established lakeside community. 

Several other local and state agencies conduct cooperative research with SD WRI or 
contribute funding for research.  Feedback to these agencies is often given in the form of 
presentations at state meetings, local boards, and public informational meetings for non-point 
source and research projects. 

YOUTH EDUCATION 
Non-point source pollution contributes to the loss of beneficial uses in many impaired 

water bodies in South Dakota.  An important part of reducing non-point pollution is 
modifying the behavior of people living in watersheds through education.  Programs 
designed to educate youth about how their activities affect water is important because 
attitudes regarding pollution and the human activities that cause it are formed early in life.  
For these reasons, Youth Education is an important component of SD WRI’s Information 
Transfer Program. 

Water Festivals provide an opportunity for fourth grade students to learn about water.  
Since they began in 1992 Water Festivals have been held in seven sites including Spearfish, 
Rapid City, Pierre, Huron, Vermillion, Brookings and Sioux Falls.  Since their inception, 
Water Festivals in South Dakota have impacted approximately 90,000 Fourth Graders state 
wide.  The Big Sioux Water Festival, held locally in Brookings, has recorded attendance of 
over 17,600 kids, 2,450 adults and 3,900 workers since 1993.  SD WRI staff members 
continued to support and participate in Water Festivals throughout the state in FY2008.  SD 
WRI also supported water quality education in local schools including classroom 
presentations and assisting local educators with field trips.   

ADULT EDUCATION 
David German (SDWRI) and Dennis Skadsen (Day Conservation District) presented a 

lake water quality workshop at Camp Bob Marshall near Custer, SD and at Enemy Swim 
Lake. The workshops were made possible with funds through an EPA 319 grant.  The idea 



behind the workshops stemmed from the fact that most water quality events like Water 
Festivals are usually targeted towards children.   

Another reason for doing the workshops was the idea of “teaching the teachers.”  Helping 
adults learn about water quality and providing them with useful information encourages them 
to teach others in their home community how their behaviors affect the lake.  A PowerPoint 
presentation was available for participants to take home to help encourage them to share what 
they learned at the workshop.   

Several hands-on activities were developed that helped workshop participants share their 
new-found knowledge of lakes.  These activities included “The Lake Game” and 
demonstrations of lake stratification, photosynthesis and aquatic plants, as well as 
biomagnification using “mercury cookies.”  The group also made their own Secchi discs to 
monitor the transparency of the lakes they live on.  This allows participants to monitor the 
water quality of a lake and provides an avenue for individuals to take an active part in 
monitoring their lake. 

Two workshops are planned in 2009.  Outlaw Ranch near Custer, SD will host a 
workshop June 26th-28th and NeSoDak Camp near Waubay, SD will host a workshop 
August 7th-9th.  Both workshops will offer participants the opportunity to earn continuing 
education credits. 

As part of SDWRI’s outreach to the agricultural community, staff hosted a booth at 
DakotaFest, a three-day agricultural fair held in August each year near Mitchell, South 
Dakota, which draws approximately 30,000 people.  A large selection of literature regarding 
water quality is available for distribution and SDWRI staff members field a variety of 
questions concerning water quality and current research from farm and ranch families.  A 
taste of “good water” versus “bad water” (high in magnesium sulfate) was used to 
demonstrate that water quality cannot always be determined by visual inspection.  Producers 
also drop off water samples to be taken back to the WQL for analysis.  

PUBLICATIONS 
Distribution of research findings to the public, policy makers and sponsors of non-point 

source pollution control projects is another important component of the SD WRI Information 
Transfer program.  This is needed so that the lessons learned through research and 
implementation projects are not lost as the next generation of projects develops.  SD WRI is 
committed to making this material readily available to persons within South Dakota as well 
as in other states.  A library is maintained at SD WRI to make these materials readily 
available.  Abstracts of research projects funded by the institute have been placed on the WRI 
web site along with photos and summaries showing progress on these projects will be 
published on the site as they become available.   



USGS Summer Intern Program

None.
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Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 14 0 0 0 14
Masters 7 0 0 0 7

Ph.D. 2 0 0 0 2
Post-Doc. 0 0 0 0 0

Total 23 0 0 0 23

1



Notable Awards and Achievements

Mr. Raghu Nandan Gurram (graduate student, chemical and biological engineering) is currently writing his
Master's thesis and he plans to defend his thesis in July 2009 on "Permeable Reactive Bio-Barriers for
Uranium Removal: Role of Iron Minerals on Uranium Fate and Transport."

Mr. Raghu Nandan Gurram was awarded the Nelson Fellowship for AY08-09 based on his merit and research
activities related to uranium removal using microbes.

It is expected that the results of the project "Determining Soil Moisture and Temperature Condition Effects on
Potential Run-Off for Cold Season Manure Application" will impact the way winter manure applications are
managed in South Dakota. Findings will be made available to the SD DENR as they review the Current
CAFO permit during 2009.
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