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Introduction
IWRRC 2008 Program and Management

Overview: This report covers the activities of the Indiana Water Resources Research Center (IWRRC) for the
period March 1, 2008 to February 28, 2009. The report is provided to meet requirements and obligations
under the 104 (B) of the USGS water centers program. The objectives of the fiscal year 2008 program of the
IWRRC have been: (1) to continue to engage the water community in the State of Indiana as related to water
research and education with a major focus on the Wabash River and Wabash River Basin; (2) to develop a
suite of research programs that encompass several water issues but are primarily focused on the Wabash
River; (3) develop an outreach program related to water and water quality (in particular rural water safety and
agriculture) and (4) to strengthen interactions with State regulatory agencies and Federal Agencies (largely
through grant applications).

In the last year we have supported externally reviewed 104(B) projects, worked with a USDA-CSREES
facilitation grant (EPI-Net.org) to organized and participate in workshops on water and water borne
pathogens, participated in a visioning sessions on the future of Indiana’s water resources (both quality and
quantity), maintained a functional website (www.iwrrc.org) been involved in the development, submission
and management of number of grant proposals. We helped manage a 104(G) project on Nutrient and carbon
delivery to streams in artificially drained landscapes of the Midwest: continued to work on a Middle Reach of
the Wabash River 319 project. We have also work on a CEAP grant that was funded two years ago and this
has lead to a number of interactions and secondary projects. We have worked with Cites of Lafayette West
Lafayette, Indiana and the Wabash River Enhancement Corporation (WREC) to facilitate discussions on
long-range planning for Wabash River Redevelopment. This lead to our recently funded 319 effort entitled:
Developing a watershed management plan (WMP) for the Middle Wabash-Little Vermillion Basin (HUCs
05120108-010, 05120108-020, and 05120108-030). The IWRRC has been active with the Indiana Department
of Natural Resources (IDNR) where the IWRRC director is now serving on the state’s Water Shortage Task
Force. Most importantly, we have convened the first “Wabash River Research Consortium” which is a
directed effort to develop plan to better organize research on the Wabash River. We have also been active in
reestablishing the Purdue University water community and have facilitated a number of campus wide
meetings to engage this group. International, we are now working with Purdue’s office of global engineering
on a number of water projects aimed at the Middle East and Africa.

For this reporting period, we continue the strategic outreach alliance with the Purdue Pesticide Program office
for the development of document and educational materials on methods to prevent accidents and spills. Recent
titles include: Securing the Load A Guide to Safe and Legal Transportation of Cargo and Equipment (PPP-75
http://www .btny.purdue.edu/Pubs/PPP/PPP-75.pdf) 88 pages Hold it Down PPP-76 2 pages
(http://www.btny.purdue.edu/Pubs/PPP/PPP-76.pdf) and Poly Tanks For Farms and Businesses PPP-77 80
pages (http://www.btny.purdue.edu/Pubs/PPP/PPP-77.pdf). For the outreach program, by leveraging our funds
with the Purdue Pesticide Program office’s core efforts we re using the opportunity to include the IWRRC in
many of their other programs. The long-term goal is establish a constant and vital outreach effort that is
associated with prevention rather than remediation of environmental problems. In the future we are increasing
our support of the PPP office.

The IWRRC 104(B) research program included work on water quality monitoring in the Wabash River and
wetland areas, work on fish biology, nutrient transport in a major drainage way leading to Wabash River and
project looking at the factors effect BMP maintenance a long major waterways. The first work on the effects

of nanosilver on soil and water biology has been completed. We also supported two special projects.

Project 01: Program Administration and State Coordination
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The administrative portion of the project has been used to support the management of the IWRRC's research
projects and to facilitate the development of other research projects. We have also stepped up our efforts to
coordinate campus level interactions with state and federal agencies. All of these efforts have the ultimate
goal of improving the quality of water resources in the State of Indiana. The funds in the administrative
portion of the project have allowed the IWRRC director a means to invest time in the efforts to integrate with
state and federal agencies. The IWRRC director has work with state and federal environmental agencies, the
governments of Indiana's cities and counties and key citizen groups on water education and water resources
planning activities. In this way, the results from the research projects can be transferred to interested
individuals in the state. The IWRRC director will participate in important national and international meetings
related to water and environmental protection.

Projects Areas

1. Continued meetings with the director and staff at the USGS office in Indianapolis. This builds on work
started last year leading to a spring meeting (March, 2009) between USGS and Purdue faculty. This is the first
substantial interactions with the USGS leadership in a number of
years.(https://engineering.purdue.edu/~inwater/purduewater/). This established interaction allowed for
inclusion of USGS in a major 319 effort, which led to the establishment of three new gauge sites
(http://tinyurl.com/12sx2v) in Indiana. Most of the local work is connected with the Wabash River
Enhancement Corporation (WERC) and involves developing a strategy for improving the Wabash River
especially near the Lafayette and West Lafayette area. This relationship now underpins our major effort in the
state, as we have decided on the Wabash River as our target of opportunity (see 2. a).

2. Working with John Shuey and Kent Wamsley from The Nature Conservancy (TNC) we have established
the Wabash River Research Consortium. The group met for the first time on November 11, 2008 and has
recently held a second meeting (May, 2009) which will lead to a series of workshops and larger efforts. This
Wabash River group is extremely diverse with representation from the Indiana Department of Natural
Resources, Indiana Department of Environmental Management, Indiana State Department of Agriculture,
NRCS, Fish and Wild Life, Purdue University, The Rivers Institute at Hanover College, Ball State University,
DePauw University, The Wabash River Heritage Corridor Commission (WRHCC) which was authorized by
the passage of House Enrolled Act 1382 by the 1991 Indiana General Assembly; Wabash River Enhancement
Corporation (WREC) established by a grant from North Central Health Services; and IUPUI. Our goal is
simple: develop a coordinated research and management agenda for work on the Wabash River. The
long-term goal of the effort is to help re-establish the Wabash River as a healthy water body that provides
quality recreation and economic value to the state. Our approach is to work with organizations (see above) to
forge an alliance that spans the entire length of the river and provides the necessary capacity to bring these
efforts to their fullest potential.

a. Why concentrate on the Wabash River?. The Wabash River runs some 764 km (475 mi), is situated across
five 8-digit Hydrologic units (HUC), crosses 19 counties and at its full distance stretches from the Ohio border
in the Northeast corner of the state to the Southwest corner where it combines with the Ohio River below
Mount Vernon on its way to the Mississippi River. In the counties associated with the HUCs, the population is
estimated at 2,388,658, fully one-third of the total population of the state. Unknown to most is that the
Wabash River runs freely some 661 km (411 mi) from the dam near Huntington, IN., to the Ohio River. This
means the river has the longest free-flowing river section in the eastern half of the United States. Presently use
of the river for recreational purpose or economic gain is limited. In general, the Wabash River is a one of
Indiana’s most seriously polluted waterways and as a result underutilized and not valued. The Wabash River
is now the central theme for the IWRRC.

3. The interaction with USGS-Indianapolis led to IWRRC being a sponsor on a meeting to establish a “State
Water Monitoring Council” with a kickoff meeting held in the Fall of 2007 and continued with a major
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meeting “Improving Indiana’s Waters: Using Monitoring Data to Measure Impact” Wednesday, Dec. 3, 2008
— Indiana Government Center. (https://engineering.purdue.edu/~inwater/conference/) leading to an online
inventory of projects https://engineering.purdue.edu/~inwater/

4. Working with Dr. Fred Whitford and the Purdue Pesticides Program Office to establish an outreach effort
centered on water protection emphasizing pesticide and farmstead management. We are undertaking efforts to
enhance this interaction

5. Continued efforts with faculty at the University of Toledo as part of wetlands enhancement and pathogen
tracking programs. Work is to be joined with efforts at the In Save the Dunes; developing a Great Lakes
theme

6. Continued interactions with a number of consulting firms related to water quality issues.
Grant Applications Submitted thorough/with IWRRC:

a. (Funded) IDEM 319: Wabash River: Lafayette-West Lafayette Reach of the Wabash River Watershed
Management Plan. Submitted in conjunction with the Wabash River Enchantment Corporation $700,000. L.
Prokopy, L. Bowling, K. Wilson and R. Turco.

b. (Funded) USDA NRI, Managed Ecosystems. Ecological services of agro-biofuels: productivity, soil C
storage, and air and water quality. $399,999. Submitted Dec. 2007. S.M. Brouder, PI, R.F. Turco, J.J.
Volenec, D.R. Smith and G. Ejeta CoPIs.

c. (Continued Funding) USDA Conservation Effects Assessment Program. $660,000. Watershed-Scale
Evaluation of BMP Effectiveness and Acceptability: Eagle Creek Watershed, Indiana. Developed with Jane
Frankenberg, Lenore Tedesco, Jerry Shively, Linda Prokopy. This was an outgrowth of an effort submitted
last year to EPA but note funded: Creating sustainable drinking water supplies for Central Indiana:
Innovations to achieve reductions in watershed and reservoir nutrient levels.

d. (Continued Funding) USEPA $350,000. Fate of hormones in tile-drained fields and impact to aquatic
organisms under different animal waste management practices. Linda Lee, S. Brouder, C. Jafvert, M.
Sepulveda and R. Turco.

e. (Continued Funding) IDEM-319—Development and Demonstration of Outcomes-Based Evaluation
Framework for the Indiana Nonpoint Source Program. Developed with Jane Frankenberger, and Linda
Prokopy.

f. (Continued Funding) Center for the Environment. Living Laboratories on the Wabash (LLOW). Developed
with Kim Wilson, Linda Prokopy, Larry Nies and Dan Sheperson. This proposal now serves as a major

driving force for many of the IWRRC’s efforts.

g. (Submitted) USDA-AFRI Tracking the survival and distribution of Mycobacterium avium subsp
paratuberculosis in the agroecosystem. E. Rizaman, C. Wu and R. Turco.

h. (Submitted) USDA-AFRI The National Workshop on Microbial Pathogens and the Environment. R Turco

i. (Submitted) NSF Assessing the Impact of Nanoparticles on Microbial Processes in Environmental Systems.
L. Nies and R. Turco.
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j- (Not Funded) NSF National Center on NanoTechnology in the Environment. University of South Carolina
and Purdue University

External Board of Advisors Membership: Dr. Lenore Tedesco, Director Center for Earth and Environmental
Science, Indianapolis IN Dr. Jack Wittman, President, Wittman Hydrosciences, Bloomington IN Dr. Bill
Guertal Director, USGS Indiana Water Science Center, Indianapolis IN Ms. Christine Livingston, Watershed
Coordinator, Save the Dunes, Michigan City, IN Dr. Linda Lee, Associate Director Center for the
Environment, Purdue University Ms. Martha Clark-Mettler, Director Watersheds Program IDEM,
Indianapolis IN

Faculty Advisory Committee: Dr. Linda Lee, Associate Director Center for the Environment Dr. Jane
Frankenberger, Agriculture and Biological Engineering Dr. Larry Nies, Civil and Environmental Engineering
Dr. Inez Hua, Civil and Environmental Engineering

The Director’s Key Program Areas:

Wabash River Project Focus for 2008: http://www.wabashriver.net/greater-lafayette-watershed/ A significant
portion of the Directors’ time is spent in coordination of larger water related research efforts pertaining to the
Wabash River. Of note is our continuing effort with the Living Laboratories on the Wabash (LLOW) project.
The IWRRC is playing a major role in directing efforts that will focus attention on Indiana’s greatest river.
The focus of the Living Laboratories On the Wabash (LLOW) Project will be to develop a plan of work to
establish a discovery, learning and outreach project for the 1,410 acre floodplain along the Wabash River
between U.S. Highways 52 and 231 (see attached map). Partnering with the Wabash River Enhancement
Corporation (WREC). The goal of the LLOW team is to establish a ‘living laboratory’ that will integrate
discovery, learning and outreach and act as a model for other river communities in Indiana and elsewhere.
This will be accomplished through graduate and undergraduate research and service-learning projects,
development of a community participation process and public educational programs, and improved
participation and coordination between local, state, and federal agencies.

Wabash River: Lafayette-West Lafayette Reach, Watershed Management Plan 2007-2009

Purpose: Write a watershed management plan for 3 11-digit hydrologic units in the Lafayette Reach of the
Wabash River. This plan will guide future development and practices in a way that protects water quality.

Vision: Ensure an environmentally and economically healthy watershed. Why this area? This domain
includes, and extends beyond, all the land area that drains to the Wabash between the water quality
monitoring station at the 9th Street Bridge and a proposed station at Granville Bridge. Therefore, this is the
area that has to be managed to control water quality in this reach of the Wabash. Several of the streams in this
area are already listed as impaired while others are threatened by future road and suburban development.
Sampling and USGS gauges have been installed on three smaller watersheds. We have also established
biological monitoring stations at a number of locations.

Why now? There are many exemplary efforts related to water quality ongoing in the Lafayette Reach of the
Wabash already; however, these are not guided by a planning effort that identifies and prioritizes critical
issues and areas. A plan developed through a participatory process that collects and analyzes scientific data
will help prioritize ongoing and new initiatives to maximize impacts on water quality.

Partnerships The Wabash River Enhancement Corporation in partnership with Purdue University-IWRRC is
well positioned to oversee the development of this management plan. WREC is currently conducting a master
plan for the Wabash corridor in Tippecanoe County; this watershed management plan will strengthen this
ongoing work. WREC has a long-term commitment to the health of the Wabash River. Purdue’s Living
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Laboratory on the Wabash (LLOW), a Center for the Environment funded project and a long-term WREC
partner, will provide technical expertise and lead the outreach initiative.

What are we doing with the grant? Hire a coordinator; conduct public meetings; engage in intensive
stakeholder involvement; analyze existing water quality data; monitor 1-2 additional water bodies; and write a
watershed plan that follows EPA’s recommended guidelines to prioritize critical issues and areas that are
impacting water quality.

Other Projects:

The Environmental Pathogens Information Network (EPI-Net) 2008: The Environmental Pathogens
Information Network (EPI-Net) is a keystone organization that provide a central-ized resource of water related
environmental microbiological contamination information, encourage information sharing, connect a network
of stakeholders, regulatory officials, and technical experts, and increase our ability to develop a coherent
national research agenda and good public policy. Epi-net mission is to help the general public understand the
science behind the development, use and possible environmental consequences of pathogenic bacteria in the
environment. The organization started in the fall of 2005 and has accomplished many milestones through the
3 years of the project. We developed a website for EPI-Net (http://www.epi-net.org/eng/index.html) that
included information about the project, objectives and other links for conferences and workshops, members,
related links, a Spanish version, pathogens in the news (E. coli and MRSA) and our magazine EPI-Net
perspective. We also created a library of published literature related to pathogens in the environment with the
purpose of centralize and facilitate literature searching for researches, students, faculty etc.
(http://www.epi-net.org/eng/library.html). We developed and coordinated a series of workshops: (1) Microbial
Source Tracking Workshop in Indianapolis, IN on July 2006, the goal was to provide an overview of the
available methods for MST. (2) E. coli at the beach in Merrillville, IN on February, 2007. The purpose of this
workshop was to provide current information to professionals working on pathogens and E. coli as part of a
beach monitoring program. (3) Microbial Source Tracking in Chicago, IL on September, 2007. The purpose
of this workshop was to discuss the applications of Microbial Source Tracking (MST) for pathogen detection
to help increase the health of our water bodies (beaches) by decreasing the numbers of E. coli and possibly
other enteric organisms (pathogens). (4) “Use of Indicators for Monitoring Microbial Water Quality: A Hands
on Experience” in Columbus, OH on April, 2008. The purpose of this hands-on workshop was to provide
current information on methods for recovery and tracking for professionals working in the area of biocriteria
water monitoring. (5) Schedule “Use of Indicators for Monitoring Microbial Water Quality: A Hands on
Experience” in Columbus, OH on May, 2009. Since the previous hand on workshop was a huge success, we
develop a similar workshop adding cutting edge water monitoring techniques such as q-PCR. EPI-Net has
also been managing and coordinating symposia at the CSREES National Water Quality Conference since
2006: (1) Waterborne Pathogens in San Antonio Texas on January, 2006, (2) Microbial Source Tracking in
Savannah, Georgia on January, 2007, the purpose was to provide fundamental understanding of the principles
and applications of modern approach to Microbial Source Tracking as well as to evaluate how current
methodologies are applied to watersheds applications. (3) Cyanobacteria and Water Quality in Sparks,
Nevada, February, 2008, the purpose was to provide a compre-hensive evaluation of the role water managers’
play in controlling cyanobacteria. The panel covered the ecology and the factors that may lead to a
Cyanobacteria bloom. (4) Protozoan Water Pathogens: Cryptosporidium and Giardia in St. Louis, Missouri on
February, 2009 the objective was to provide an overall this discussion will provide a comprehensive
evaluation of cryptosporidium and giardia, the disease they cause, detec—tion methods and current
surveillance plans. The speakers selected for the workshops and symposiums as well as the participants were
from different government agencies (EPA, USDA, USGS and IDEM), universities and other non profit
environmental organizations. With the purpose of advertising the organization we presented a poster about at
various meetings: Center for the Environment Spring Conference - Purdue University (April 2006), Indiana
Resources Association Meeting - Purdue University (June 2006), Indiana River Rally Conference - Purdue
University (July 2007), Latino Scholar Forum — Purdue University (September 2007). We also developed
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some written material related to pathogens in the environment. As part as EPI-Net erspective we published:
Role of Indicators in Pathogen Detection, Tracking Microbial Pathogens, and Escherichia coli. We also
helped developed an outreach component (peer reviewed) for food safety related to water in conjunction with
the Food Science Department at Purdue University: Carrero-Colén, M and R. Turco. Bacteria in Biosolids &
Manure, 2008 Carrero-Colén, M and R. Turco. Bacteria in Water Supplies for Agriculture, 2008.
Carrero-Colén, M and R. Turco. The role of Soil in Food Biosafety, 2008. We are currently working on a
book chapter entitled: Taxonomy, Phylogeny and Physiology of Fecal Bacteria for a book edited by Dr.
Michael Sadowsky and Dr. Richard Whitman entitled: The Fecal Indicator Bacteria.

Conservation Effects Assessment Program (CEAP) Focus for 2008: Watershed-Scale Evaluation of BMP
Effectiveness and Acceptability: Eagle Creek Watershed, Indiana. Over the last 30 years, the implementation
of best management practices (BMPs) has been a mainstay of conservation programs designed to improve
water quality while maintaining agricultural productivity. While the value of BMPs can be demonstrated at
the small scale, the aggregated effects across a watershed are unclear and largely undocumented. This project
integrates a watershed investigation with a social and economic benefits analysis and education program by
bring together experts in modeling, social sciences, and economics with a research group managing both
historical data and ongoing watershed sample collections. Our target watershed is the 77,000 acre Eagle Creek
Watershed north of Indianapolis, which feeds into Eagle Creek and the city’s major storage reservoir. Eagle
Creek Reservoir supplies water for the Indianapolis water system and the city’s 780,000 residents. In spite of
the use of BMPs, water quality in the watershed has continued to decline. Our effort has two purposes: the
first is to analyze and model an extensive water quality database for the watershed so that we can correlate
trends in water quality with current BMPs and then using modeling, compare the trends in water quality to
what would be achieved if different BMP management approaches were used. The model is constructed to
allow us to explore different scenarios and management intensities. The second purpose of the project is to
develop an understanding of the social and economic limitations to the adoption of BMPs and by analyzing
the current social limitations to acceptance of water quality management alternatives devise strategies to
accelerate positive change. In essence, we will use real data to drive scenario modeling as a means to inform
our educational program so that we can influence decision making about practices in the Eagle Creek
Watershed. As we have a long-term data set, the impact of this process can be fully assessed and documented.
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Research Program Introduction

The IWRRC 104(B) research program included work on water quality monitoring in the Wabash River and
wetland areas, work on fish biology, nutrient transport in a major drainage way leading to Wabash River and
project looking at the factors effect BMP maintenance a long major waterways. The first work on the effects
of nanosilver on soil and water biology has been completed. We also supported two special projects.

Research Program Introduction



Wireless Monitoring of Purdue's Constructed Wetland

Basic Information

Title:|Wireless Monitoring of Purdue's Constructed Wetland
Project Number:|2006IN187B
Start Date:|3/1/2006
End Date:|5/31/2008
Funding Source:|104B
Congressional District: [4th

Research Category:|Water Quality

Focus Category:|Nutrients, Education, Water Quality

Descriptors:

Principal Investigators:|Chad Jafvert, Rao S. Govindaraju
Publication

1. Simond, Claire, “Establishing Water Balance and Effectiveness of a Constructed Wetlands System in
Agricultural Settings”, Masters Thesis, Ecole Polytechnique Federale de Lausanne & Purdue
University, supervised by David Barry (EPFL) and Chad Jafvert (Purdue).

Wireless Monitoring of Purdue's Constructed Wetland 1



IWRRC Final Report
Title: Wireless Monitoring of Purdue’s Constructed Wetlands

Submitted by: Chad Jafvert and Rao Govindaraju, Purdue University, School of Civil
Engineering, 550 Stadium Mall Drive, West Lafayette, IN 47907

Funding Period: March 1, 2006 — February 28, 2009

Problem: The purpose of this project was to install water quality monitoring
instrumentation and wireless routers at Purdue’s constructed wetlands and maintained by
Purdue University undergraduate students enrolled in the EPICS course: Constructed
Wetlands/Water Quality. The constructed wetland cells are on Purdue University’s
ASREC (Animal Science Research and Education Center) farms.

Research Objectives: This projects focus is on: (1) employing innovative wireless
continuous monitoring strategies for assessing water quality at remote locations, (2)
training undergraduate students in sensor and wireless technologies as they relate to
environmental assessment and protection, and (3) leveraging project infrastructure and
results to attract additional resources to the State of Indiana to monitor environmental
parameters at a broader scale (i.e., watershed level).

Methodology: Monitoring hardware and
instrumentation was purchased in late spring
of 2006, and arrived in the middle of the fall
semester. This was too late in the semester
for undergraduate student involvement.
However, in the spring semester, the
instruments were set-up and evaluated within
the laboratory, testing the probes and
wireless communication software and
hardware. Initial work was begun at the
constructed wetlands to instrument this site.
The EPICS class constructed 2 flumes that
were installed at the effluent of the wetlands
to measure flow. Ultrasonic level sensors
were installed above each flume to measure
the height of water behind the hydraulic
jumps, from which the flow rate (gal/sec) is
calculated. These data are collected at 1
minute intervals on a Campbell Scientific

Figure 1. EPICS students measuring

CR1000 datalogger. The datalogger is flow in one of the 5-ft stainless steel
powered by a 7 amp-hr battery and 10 Watt | flymes (within a larger flume) before
solar panel. Sometime this summer (2009), installing it at the wetlands.

this datalogger will become part of a larger
wireless network the PI has installed at the ASREC farms. In addition, the EPICS class



helped install a weather station (ET106 from Campbell Scientific) at the constructed
wetland — the data from this site is part of the larger wireless network the PI has installed
at the ASREC farms. The data are transmitted via RF radios at 15 minute intervals from
the weather station to an internet router installed at the Aquaculture Center
(http://www.ag.purdue.edu/ansc/Pages/AquaUnit.aspx). From here the data are
transmitted back to a server on Purdue’s main campus from which the most recent 48 hrs
of data are available on a web page at http://128.46.174.145/. The weather station is
shown in Figure 2.

Principal Findings:

Summary: Water quality monitoring : :
instrumentation has been installed at a f
constructed wetlands located on Purdue _
University’s Animal Science Research and H
Education Center (ASREC) farms. At the T
wetland, the flow rate of water into and out
of the wetland cells is monitored via weir
boxes (inflow) and flumes (outflow), and a
weather station has been installed.
Undergraduate students enrolled in a service
learning course entitled: “Constructed
Wetlands/Water Quality” have worked with
the Tippecanoe County Soil and Water
Conservation District to implement the
project. Students in the course have helped
to design and install the stations.

Figure 2. The Capbell Scientific
weather station. Recent data are

Results and Significance: One of the available at http://128.46.174.145/ under
objectives of this project was to leveraging the Weather Station tab.

project infrastructure and results to attract
additional resources to the State of Indiana to monitor environmental parameters at a
broader scale (i.e., watershed level). In 2007, Jafvert was co-Pl on a $700K project
funded by the U.S. EPA STAR program entitled: “Fate of hormones in tile-drained fields
and impact to aquatic organisms under different animal waste land-application practices”.
The design of all six monitoring stations for this project parallels the design of the
stations at the constructed wetlands and Wabash River sites (same dataloggers, wireless
communication system, probes, etc.). The knowledge gained in designing and
constructing these stations was instrumental in writing the proposal, and has been critical
to the success of this current EPA project. The flow from these stations are available at
the web site: http://128.46.174.145/. An additional proposal has been submitted to the National
Science Foundation (NSF) for establishing a real time monitoring station on the Wabash River,
using similar technologies deployed at the wetlands with addition of a continuous nutrient
analyzer. A masters student from the Federal Polytechnical School at Lausanne (Ecole
Polytechnique Federale de Lausanne), Claire Simond, visited Purdue University for a six
month period to conduct her masters research study at the wetlands. Pl Jafvert was her
advisor during this time period. As a result, she became familiar with the hardware and
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software at the wetlands, and utilized these instruments during her masters research
project, which she successfully defended in June 2008.

Major Conclusions: The major conclusions of this study are (1) deploying monitoring
instrumentation for assessing water quality at the constructed wetlands was feasible and
enhanced the wetlands significantly as a research study area, (2) training undergraduate
students in sensor and wireless technologies as they relate to environmental assessment
and protection was accomplished, and (3) leveraging project infrastructure and results to
attract additional resources to the State of Indiana to monitor environmental parameters at
a broader scale (i.e., watershed level) was highly successful, and it is anticipated that
future success will also ensue. In addition to these results that stem directly from the
original projects objectives, an M.S. thesis study was completed with the resources
provided by this project. The master’s project was intended to improve our general
understanding of constructed wetlands systems. During this project a water balance was
established, in which components were measured or estimated. Inflows, outflows,
precipitation and net infiltration were measured at the site, while net change in storage
was assumed to be zero and evapotranspiration (ET) was estimated using combination
and empirical equations. Penman Estimator equation was chosen as the most convenient
method to estimate ET, as it depends only on the weather station (placed at the site) data.
Chloride tracer tests were performed in one of the three surface flow cells to evaluate its
hydraulic characteristics. Figure 3 shows some tracer test results. Plug-flow modified by
dispersion and Tanks-in-series with a delay models were fit to the experimental data.
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Figure 3. Chloride concentrations measured at the outlet of a surface flow cell in the three
discharge pipes (A, B and C) to the next cell in series. Samples were collected with ISCO
automated samplers, and chloride concentration was measured by lon Chromotograph.

Hydraulic characteristics were estimated using the experimental data, and were compared
to evaluate the suitability of the models to reproduce the tracer tests. Both models proved



to be adequate for simulating the chloride breakthrough curves. The impact of the water
balance components on the wetland hydraulic was assessed by correlating the shape of
the tracer test curves with rainfall and evapotranspiration. It was deduced that the water
balance components did not significantly affect tracer tests. The possibility of using
resazurin as a tracer to deduce microbiological activity and solute transport was evaluated
and the results were encouraging. Nitrate concentration was also monitored to evaluate
the efficiency of the surface flow cell for reactive nitrogen removal. One-half of the inlet
nitrate concentration was removed by the time the water researched the outlet.

Publications:

1. Data from the site are available at: http://128.46.174.145/

2. Information about the EPICS course is available at: http://epics.ecn.purdue.edu/cwwg/

3. Simond, Claire, “Establishing Water Balance and Effectiveness of a Constructed
Wetlands System in Agricultural Settings”, Masters Thesis, Ecole Polytechnique Federale
de Lausanne & Purdue University, supervised by David Barry (EPFL) and Chad Jafvert
(Purdue).

Students: The service learning course EPICS: Constructed wetlands/Water Quality had
enrollments of 13, 14, and 12 students in Spring 2007, Fall 2007, and Spring 2008,
respectively. Several of the students in this course worked on various aspects of this
project, including analysis of grab samples for E. coli, suspended solids, and nitrate,
wireless communication, and calibration of flumes and weirs. Claire Simond, a masters
student at Ecole Polytechnique Federale de Lausanne (The Federal Polytechnical School
at Lausanne
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Fish Assemblages of Shallow Inner Bend Habitats of the
Wabash River During 30 Years of Human Impacts

Basic Information

Fish Assemblages of Shallow Inner Bend Habitats of the Wabash River During 30
Years of Human Impacts

Project Number:|2007IN219B
Start Date:|3/1/2007
End Date:(2/28/2009
Funding Source:|104B
Congressional
District:

Research Category:|Biological Sciences

Title:

Focus Category:|Ecology, Hydrology, Sediments

Descriptors:

Principal
Investigators:

Publication

Mark Pyron, Mark Pyron
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Problem: Although the fish assemblages of the Wabash River have been studied for
some 30 years (Gammon 1998), relatively few detailed analyses of these data exist
(Pyron and Lauer 2004, Pyron et al. 2006) and there are fewer ecosystem studies. The
Wabash River includes the longest free-flowing stretch in the eastern U.S. and as such is
a unique system for study.

Research Objectives: To resample fishes at 17 reaches where Gammon (1998) collected
in 1977 and 1997. Test for changes over this 30-year period, in the fish assemblage of
these inner bend habitats. Detailed habitat quantification will allow testing for variation
in the 2007 fish assemblages of inner bend habitats with among site variation in substrate
and flow. This project will demonstrate the effects of river hydrology on habitat quality
to fishes, with a longterm goal for hydrologists and/or engineers to perform hydrological
restoration that will enhance the quality of the river.

Methodology: We sampled 17 stations (Fig. 1) on the Wabash River from river mile 329
downstream to river mile 231 for fishes during summer 2009, during low discharge.
These inner bend habitats were sampled with a 10-m long, 2-m high, 5-mm mesh seine
for 30-m of shoreline (same distance sampled by Gammon [1994]). Fish were identified,
measured, weighed, and released. Individuals that could not be identified readily in the
field were preserved (in 10 % formalin) and brought to the lab for processing. Substrate
composition and depths at each site were quantified using a pipe method (Mueller and
Pyron in press.). This approach characterizes substrate categories and depths at 3-m
increments from shore with a 3-m copper pole, for three transects spaced at 10-m along
the shoreline (= nine points per site). Sediment was classified as boulder, cobble, gravel,
sand, fines, or hardpan at each point. Current velocity was measured at approximately 0.6
max depth once per transect with a Marsh-McBirney flow meter. The resulting raw data
are substrate categories as percentages, depth frequencies, and current velocity estimates.
Percentage data were transformed by arcsin-root and frequency data were transformed by
log base 10. Substrate data were reduced with principal components analysis (PCA) and
significant axes determined by the broken-stick model (Jackson 1993). Resulting CPA
axes used in predicting variation among fish assemblages in DCA (detrended
correspondence analysis) as described below.

Fish abundance data were analyzed by examining metrics of mean abundance, mean
Shannon-Wiener diversity, and mean evenness, and testing for differences among years
with one-way ANOVA followed by Tukey multiple comparisons. We used rarefaction to
standardize species richness to account for differences in abundances of compared



samples (Gotelli &Graves 1996; Taylor et al. 2008). Species richness estimates were
generated in EcoSim software (Gotelli &Entsberger 2001) for each year using 1000
random samples at specified abundance and mean species richness levels. We compared
mean species richness among years by upper and lower 95 % confidence intervals.
Samples were rarefied to the abundance levels of the smallest samples for comparisons of
species richness for sites, by year with one-way ANOVA, followed by Tukey multiple
comparisons using Minitab 15.1 software (www.minitab.com).

We used DCA in PC-ORD (McCune & Medford 1999) to examine multivariate
assemblage variation in the 1977, 1997, and 2008 fish assemblages, after deleting rare
species (fewer than three sites) and log (x + 1) transformation. We used the options to
downweight rare species and rescale axes in PC-ORD. Our approach was to use two
approaches to examine multivariate assemblage variation. The first approach examined
temporal variation among the three collection periods by including all collection years in
the analysis. Site scores on the resulting DCA axes were compared by collection year
using one way ANOVA followed by Tukey multiple comparisons. In our second
approach we used separate DCA analyses to examine within year spatial variation among
sites for each year. We tested for significant correlations of DCA axes with river distance.
In addition, we tested our 2008 DCA axes for correlations with substrate PC axes.

We used a Mantel test in PC-ORD (McCune & Medford 1999) to test for
concordance in abundance of the 12 species with highest abundance in each collection
year (Gido et al. 2000). The Mantel tests were performed on Euclidean distance matrices
of correlations between species pairs, as a test of associations. A significant correlation
between matrices indicates similar species associations (Gido et al. 2000).

Principal Findings We identified major shifts in assemblage composition among years.
Variation that corresponded to an upstream-downstream pattern was present in 1977 and
2008. These changes in fish assemblages appear to be the results of changes in water
quality, hydrology, and other disturbances.

Summary We sampled fishes at 17 sites by seine in 2008 to compare to collections from
1977 and 1997. We used the same collection methods as previous years and collected a
total of 37 species. Mean site Shannon-Wiener diversity, species richness evenness, and
abundance for all years were similar. We used a detrended correspondence analysis
(DCA) to test for multivariate patterns in fish assemblage structure among all sites and all
years. The DCA resulted in distinct assemblages in each collection-year, suggesting
major shifts in assemblage composition among years. In addition, we used DCA to
examine fish assemblage variation in individual years. Variation that corresponded to an
upstream-downstream pattern was present in 1977 and 2008. We suggest that these
changes in fish assemblages were the results of changes in water quality, hydrology, and
other disturbances. This analysis demonstrates that the fish assemblages of inner bend
habitats of a large river have high diversity and likely provide a refuge from predation for
these smaller individuals.



Results and Significance Mean depth (+ SD) of the sites in 2009 was 0.28 (£ 0.13) m
and mean CV depth was 0.78. Median substrate frequencies were 92 % for gravel, 8 %
for sand and 0O for cobble, fines, and hardpan (these empty categories were not used in the
PCA ordination). Mean depths for substrate categories were 0.13 (+ 0.16) m for sand and
0.24 (+ 0.19) m for gravel. Mean current velocity was 20 (+ 8) cm / s.

The total abundance of fishes was 3672 in 1977, 3937 in 1997, and 2407 in 2008.
Total species richness was 39 overall, 33 in 1977, 36 in 1997, and 33 in 2008. Rarefied
species richness was significantly lower than 1977 collections at site 3 in 1997, site 6 in
2008, site 9 in 1997 and 2008, and site 10 in 2008 (Fig. 2). Mean rarified species richness
by year was 8.0, 7.9, and 6.8, for years 1977, 1997, and 2008, respectively.

The DCA analysis of all collection years combined resulted in separation of the
collections from 1977 on the first axis (Fig. 3). The 1977 collections had higher
abundances of smallmouth buffalo, silver redhorse, and common carp than the 1997 and
2008 collections. The site scores for the first DCA axis were significantly different by
collection year (one way ANOVA) and the 1977 collections were significantly different
from the 1997 and 2008 collections (Tukey multiple comparisons). There was a
significant difference in site scores on the second DCA axis (one way ANOVA) and the
site scores for the 1997 collections were significantly different than scores for 2008, but
the 1997 scores were not significantly different from the 1977 scores (Tukey multiple
comparisons). The species with positive loadings on the second DCA axis were brook
silverside and speckled chub (Fig. 3).

The DCA of the 1977 collections resulted in an ordination in which the first axis was
significantly correlated with river location (Fig. 4, r = - 0.76, P < 0.001). The species that
loaded highest and positively on this first DCA axis were silver redhorse, smallmouth
buffalo, and river chub. Gizzard shad loaded negatively on the 1977 first DCA axis. The
DCA analysis of the 1997 collections did not result in significant correlations of DCA
axes with river location. The species that loaded strongest on this first DCA axis were
mosquitofish and rainbow darter to the right, and suckermouth minnow and bigeye chub
to the left. The DCA for the 2008 collections produced an ordination with the first axis
significantly correlated with river location (Fig 4, r =-0.74, P <0.001). The species with
the highest loadings on the first axis were bluegill and rosyface shiner.

The PCA analysis of 2008 substrate frequencies and depth variables resulted in a first
axis that explained 46.3 % of variation. Eigenvalues for other PCA axes were not
significantly different from random. The first substrate axis was significantly correlated
with the first DCA axis for 2008 collections (Fig 5, r =- 0.6, P = 0.009).

Mantel tests did not result in concordance of species associations for comparisons of
1977, 1997, and 2008 collections (1977:2008 Mantel r = 0.14, P = 0.14; 1977:1997
Mantel r = - 0.001, P = 0.52; 1997:2008 Mantel r =0.17, P = 0.09).

Significance

Fish assemblage changes in this 30-year period occurred simultaneous to changes in
human impacts. Point source inputs were largely reduced as a result of federal legislation
(Clean Water Act, Payment in Kind Program; Gammon 1998). However, sewage effluent
from multiple facilities, nonpoint pollution, and runoff from urbanizations are continually
discharged into the river. Hydrologic alterations of the flow regime remain an additional
cause of further degradation of riverine habitat (Pyron et al. 2006, Pyron & Neumann



2008). Thus, changes in fish assemblages cannot be viewed as responses only to
improvements or modifications of human alterations.

In 1977 and 2008, the fish assemblages had variation that was correlated with river
distance. Our prediction is that these patterns in the fish assemblage were a response to a
similar upstream-downstream gradient in habitat variables. In 1997, the river
distance/fish assemblage relationship was altered. Without substrate data for 1997, we
can only predict that the hydrology/substrate relationship was altered in 1997, in addition
to other unknown variables that influenced recruitment of these fishes. Mueller and Pyron
(in press) found strong relationships for fish assemblages with substrate variation at sites
where fish were collected by boat electrofisher. Pyron & Lauer (2004) found fish
assemblage variation with river distance based on annual boat electrofishing collections
in 2001-2. Lohr & Fausch (1997) similarly found changes in fish assemblages in the
Purgatoire River of Colorado during an 11-year period. They found increased variation in
abundance of species at individual sites compared to variation among sites, similar to our
results.

The substrate composition of these habitats is based on scouring and depositional
patterns, controlled by the hydrologic regime of the river. We suggest that hydrologic
alterations modify the scouring and depositional patterns and subsequent substrate
composition and dynamics at individual sites. The result is substrate habitats that are
dissimilar from habitats produced by a natural flow regime. The Wabash River mainstem
has had significant hydrologic alterations during recent decades compared to historic
flows (Pyron & Neumann 2008). Variation in substrate composition at individual sites is
linked to extreme discharge events, and the local fish assemblages covary with substrate
composition (Pritchett & Pyron unpubl. data). Koel & Sparks (2002) found significant
effects of hydrologic alterations from dam operations on young-of-year fishes in the
Illinois River, that were likely linked to substrate quality. Multiple mechanisms in the
Illinois River ecosystem provide linkages for hydrologic alteration and substrate quality
and recruitment of fishes (Koel & Sparks 2002).

Fish assemblages change temporally with human effects and frequently result in
local or regional extinctions (Matthews 1998). Although we did not identify extinctions
in the Wabash River, Gammon (1998) found three local extinctions: lake sturgeon
(Acipenser fulvescens), muskellunge (Esox masquinongy), and stargazing darter (Percina
uranidea). The Wabash River is not a pristine ecosystem and has multiple current
anthropogenic impacts, including altered hydrologic regime, agricultural effects, and
urbanization (Pyron et al. 2006). However, mean rarified species richness did not vary
among the collection years for these Wabash River sites.

Flow regulation has resulted in alterations of the major rivers of the world
(Dynesius & Nilsson 1994). Scientists and managers of rivers are promoting river
restoration (Wohl et al. 2005), or river naturalization (Koel & Sparks 2002), to conserve
these ecosystems. Richter et al. (2006) and Poff (2009) are promoting the hypothesis that
restoring natural variability to river flows can achieve improvement in ecosystem health.
Recent flow restoration projects have been successful (Richter & Thomas 2007) and we
recommend similar approaches for restoring natural variability in flow of the Wabash
River.
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Table 1. Results of Tukey comparisons of mean Shannon-Wiener diversity, and
evenness for 1977, 1997, and 2008 collections at 17 inner bend sites on the Wabash
River.

Statistic Year Mean Tukey comparisons
S-W diversity 1977 141
1997 1.39
2007 1.74
Evenness 1977 0.13
1997 0.12
2007 0.12
Abundance 1977 216
1997 232
2007 392
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Table 2. Abbreviations, relative abundance, and rank abundance for fishes captured at
inner bend sites on the Wabash River. No abbreviations are supplied for species that were
in low abundance and not included in DCA.

Species Percent Rank abundance
abundance

Abbrev 1977 1997 2008 1977 1997 2008
Spotfin shiner SPS 249 363 21.0 1 1 2
River shiner RIS 21.4 29 9.3 2 6 5
Gizzard shad Glz 0.1 28.0 16.1 22 2 3
Sand shiner SAS 5.8 89 153 5 3 4
Emerald shiner EMS 16.8 46 264 3 5 1
Bluntnose minnow BLM 15.8 2.0 0.3 4 8 14
Steelcolor shiner STS 3.4 6
Bullhead minnow BUM 2.0 0.5 7 10
River carpsucker RIC 5.0 0.5 6 11
Shorthead redhorse SHR
Mississippi silvery minnow  MSM 8.5 4
Golden redhorse GOR 0.4 0.2 0.08 14 18 24
Smallmouth buffalo SBU 2.2 7
Central stoneroller STO 14 0.5 0.2 8 11 20
Suckermouth minnow SUM 1.3 0.4 0.08 9 13 27
Striped shiner STB 1.8 9
Spotted bass SPB ... 0.03 0.5 28 12
Bigmouth buffalo 11 10
Silver redhorse SIR 0.2 17
Silverjaw minnow SIM 11 0.3 0.3 11 16 15
Black redhorse BRH 0.1 0.5 24 12
Bluegill BLG 0.4 0.4 0.3 12 14 16
White bass WHB 0.8 10
Speckled chub SPC 0.4 ... 0.08 13 26
Mimic shiner MMS 0.9 9
Common carp CAR 0.3 15
Northern hogsucker HOG 0.2 0.03 0.04 18 31 30
Freshwater drum FRD 0.3 0.12 15 22
Mosquitofish MOF 0.1 1.1 23 8
Logperch LOP 0.3 0.1 0.04 16 26 29
Bigeye chub BEC 0.03 0.1 0.12 26 21 21
Channel shiner CHS 2.0 7
Smallmouth bass SBA 0.2 0.2 0.04 19 17 31
Bigeye shiner
Creek chub CRC 0.1 21
Channel catfish 0.2 0.08 19 23
River chub 0.1 0.03 23 30
Longnose gar LOG ... 0.03 0.2 32 17
Brindled madtom 0.05 25
Slenderhead darter SLD 0.1 22
Blackside darter 0.03 0.03 27 36
Rosyface shiner ROS 0.03 ... 0.08 31 25
Rainbow darter RAD 0.03 0.08 30 24
Hornyhead chub HOC ... 0.08 25
Blue sucker
Largemouth bass 0.03 0.03 29 33

Fathead minnow



Striped bass

Silver chub

Rosefin shiner
Dusky darter
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Fig. 1. Map of collection sites on the Wabash River.

Fig. 2. Species richness estimates from simulations in EcoSim for 1977, 1997, and 2008.
The missing sites had low abundances in 2008 collections and were not included.
Variation bars represent upper and lower 95 % confidence intervals.

Fig. 3. Results of a detrended correspondence analysis of the fish assemblages at 17
Wabash River sites during three sample periods. Species scores are on the top plot a odes
for species are in Table 1). Sites are on the lower plot b.

Fig. 4. Results of three separate detrended correspondence analyses of the fish
assemblages at 17 Wabash River sites for three sample periods. Codes for species are in
Table 1.

Fig. 5. The first axis from a detrended correspondence analysis of the fish assemblages
and the first axis from a principal component analysis of substrate variation at 17 sites on
the Wabash River in 2008. Codes for species are in Table 1.
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Major Conclusions We identified major shifts in assemblage composition among years.
These changes in fish assemblages appear to be the results of changes in water quality,
hydrology, and other disturbances. This implies that even though there have been
substantial improvements in water quality of the Wabash River during the past several
decades, additional disturbances are present that produced temporal shifts in fish
assemblages.

Publications Manuscript will be submitted to River Research and Applications in 2009.
This project will be presented by a graduate student, Jayson Beugly, at the American
Fisheries Society Conference in Nashville, TN September 2009.

Students The project provided partial support for one graduate student (Jayson Beugly)
during the 2008-9 school year. Undergraduate students involved in the field component
were supported on related grants (Jennifer Pritchett, Stephen Jacquemin).
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Progress Report for Award # 08HOGRO0052 - Nutrient and carbon delivery to streams in
artificially drained landscapes of the Midwest: matrix flow, overland flow or macropore
flow?

04/08-04/11, (PI) P. Vidon, (Co-PIs) J.W. Frey, N.T. Baker. USGS-NIWR National Competitive Grant
Program (Award # 08HQGRO0052). Title: Nutrient and carbon delivery to streams in artificially drained
landscapes of the Midwest: matrix flow, overland flow or macropore flow? $129,042

Research

Understanding the processes controlling the delivery of nitrogen, phosphorus and carbon to
streams in artificially drained landscapes of the Midwest is of critical importance to developing
comprehensive nutrient management strategies at the watershed scale. For this project, a team of
USGS scientists has teamed up with the Pl (Vidon) to measure the relative importance of
overland flow (OLF), matrix flow (MF) and preferential flow through soil macropores (PF)
during 6-8 storms over a two-year period in an artificially drained Midwestern watershed, and to
identify the changes in the nature of in-stream nitrogen (nitrate, ammonium, total Kjeldahl
nitrogen (TKN)), phosphorus (soluble reactive phosphorus (SRP), total phosphorus (TP)), and
DOC (aromaticity) during storms. The work will take place in a small first order watershed,
which is continuously monitored by the U.S. Geological Survey as part of the National Water
Quality Assessment Program (NAWQA) for the White River, Great, and Little Miami River
Basins.

By providing a direct quantification of the relative importance of each water delivery pathway
(i.e OLF, PF, MF) to NPC transport to streams for a variety of storms and crop development
conditions, this project will provide an increased understanding of the processes controlling NPC
delivery to streams, and provide tools to better target best management practices (BMP) to
minimize the impact of agriculture on raw rural water quality in the Midwest.

This project was funded in Spring 2008. Late spring-early summer 2008 was used to install all
the necessary equipment in the experimental watershed. This equipment include a weather
station, a flume to collect overland flow water samples, a series of piezometers and wells to
measure groundwater seepage to the stream, a Doppler velocitimeter at the outlet of the
watershed as well as a series of level loggers for stage measurements in the stream and
continuous water table level measurements in the watershed.

Immediately after the completion of the instrumentation of the watershed, we started monitoring
storms. Although many rain events occurred in the past 12 month only a handful of them were
large enough to generate a significance response (i.e. large tile drain flow, overland flow) in the
watershed. Thus far, although the hydrology of the watershed has been continuously monitored
since August 2008 via various sensors, only two events have been monitored at a high temporal
resolution for a whole suite of water quality parameters in tile drain flow, overland flow and
stream flow.

Our plan is to monitor at least another 4 large events between May 2009 and July 2009 since this
is the time of the year during which most nitrogen, phosphorus and carbon exports occur in
agricultural watersheds of the US Midwest.



Below is the abstract that Matthew Hennessy (one of the graduate students involved in the
project) will be presenting in May at the Meeting of the Americas in Toronto, ON, Canada.

Constraining Nitrogen, Phosphorus and Carbon Exports in a Midwestern Agricultural
Watershed — A Research Proposal

Matthew L. Hennessy and Philippe Vidon
Department of Earth Sciences, Indiana University Purdue University, Indianapolis
723 West Michigan St., Indianapolis, IN 46202

Export of nitrogen (N), phosphorus (P) and carbon (C) from agro-ecosystems of the U.S.
Midwest significantly contributes to non-point source pollution in the Mississippi River drainage
basin and to the development of the hypoxic zone in the Gulf of Mexico. Most NPC exports to
streams occur during storm events and NPC concentrations in streams affect ecosystem
productivity and biogeochemical processes at the watershed scale. The proposed research
examines the flow pathways regulating nitrate, ammonium, dissolved and particulate organic N,
P and C, and soluble reactive phosphorus in artificially drained landscapes of the US Midwest.
These pathways include overland flow, matrix flow and macropore flow. Research will take
place in Leary Weber Ditch (7.6 km?), IN, and water samples will be collected during storms at a
high temporal resolution in overland flow, tile flow and the outlet of the watershed. NPC
concentrations and standard hydrograph separations techniques using oxygen-18 isotopes of
water measured throughout the watershed in precipitation, groundwater, tile flow, overland flow
and the stream will inform us on the relative importance of major transport processes regulating
NPC exports at the watershed scale during storms. A total of 12 storms corresponding to varying
degrees of rainfall intensity and duration will be sampled from Spring 2009 through Fall 2010.
We hypothesize that although subsurface tile drainage may represent the majority of flow into
the stream, overland flow might significantly affect water quality with respect to particulate N, P
and C. Conversely, it is expected that stream water chemistry at the watershed outlet will likely
reflect subsurface drain water chemistry with respect to nitrate and soluble reactive phosphorus.
This work will be the first study to comprehensively address the relative importance of major
hydrological export pathways at regulating stream water chemistry with respect to NPC in
artificially drained landscapes of the U.S. Midwest and will help solute export model
development for this part of the country and other artificially drained landscapes around the
world.

Publications

Hennessy, M, P. Vidon, 2009. Constraining nitrogen, phosphorus and carbon exports in a
Midwestern Agricultural Watershed. American Geophysical Union Joint Assembly,
Abstract#H71B-07. Toronto, ON, Canada, May 20009.

Information Transfer Program

Vidon and graduate students will present results at conferences (years 1, 2 and 3) and produce
several publications in peer reviewed journals in years 2 and 3 of the project. More importantly,



the results of this study are (will be) used in the two hydrology classes taught by the PI1 (G430 —
Principles of Hydrology & G550 — Surface Water Hydrology) to illustrate the concept of
contaminant transport through soils. Field exercises involving students of various levels with
discharge measurements and water sample collection will contribute to expose students to both
practical and theoretical aspects of research. The PI (Vidon) will also integrate his research to his
G107 - Environmental Geology course in order to expose early career students to the many
possibilities that environmental research offers. Finally, the USGS team will organize a field day
/ workshop in collaboration with the NRCS — Soil and Water Conservation District (also in year
3) where research results will be shared with interested citizens. A similar field day was
organized in 2005 in the watershed. The field day was attended by more than 80 people, and
received with enthusiasm by stakeholders and the farming community.

Student Support

Matthew Hennessy — MS candidate (1 year)
Pilar Cuadra — MS candidate (1/2 year)
Undergraduate field assistant (1 part time — 20 hours a week)

Student Internship Program: not applicable

Notable achievement and awards: none to report at this stage of the project (year 1)




Grant No. 08HQGRO0007 Web-Based Low Impact
Development Decision Support and Planning Tool

Basic Information

Grant No. 08HQGRO0007 Web-Based Low Impact Development Decision

Title: Support and Planning Tool

Project Number:[2007IN263S
Start Date:|10/15/2007
End Date:|10/14/2008
Funding Source:|Supplemental

Congressional District: |04

Research Category:|Water Quality

Focus Category:(Water Quality, Management and Planning, None

Descriptors:

Principal Investigators:(Ron F. Turco, Bernard Engel

Publication

1. Hunter, J.G., Engel B.A. and Quansah, J.E. “Web-based Low Impact Development Decision Support
and Planning Tool” 2009 AWRA annual Water Resources Conference

2. Hunter, J.G. “Preliminary Assessment of Stormwater Constructed Wetland and Low Impact
Development Practices for Pendleton, IN”. Town of Pendleton and Central Indiana Water Resources
Partnership — Watershed Initiative. February 06, 2009. Pendleton, IN.

3. Engel, B.A., Hunter, J.G., and Quansah J.E. “Web-Based Decision Support and Planning Tools for
Watershed Management”. Enhancing our Understanding of Erosion and Sediment Control in the
Great Lakes Basin: Developing a Web-Based Toolkit. MN/MI/WI Lake Superior SWCDs Webinar,
January 28, 2009.

4. Hunter, J.G. “Web-based Low Impact Development Decision Support and Planning Tool” Web
Planning Tools - Hands on Training. Lake Michigan Watershed Academy Conference. Chicago
Metropolitan Agency for Planning. Purdue University-Calumet. May 20 - 22, 2008. Hammond, IN.

Grant No. 08HQGR0007 Web-Based Low Impact Development Decision Support and Planning Tool



IWRRC Report

Title: 08BHQGRO0007 Web-Based Low Impact Development Decision Support and
Planning Tool

Funding Period: October 2007 — September 2009

Problem: Mitigating the adverse water quantity/quality impacts of urban development is
of national importance. Low Impact Development (LID) practices are increasingly
recognized as critical to reduce the impacts of urban and suburban development on water
resources, infrastructure costs, aesthetics, biodiversity, and carbon emissions.
Increasingly, stormwater best management practices (BMPs) and LID practices have
been shown to improve hydrology and water quality on a localized scale. Unfortunately,
communities have been slow to adopt these more innovative approaches to urban and
suburban development. Significant obstacles to the adoption and acceptance of LID
practices by federal, state, and local agencies stem from the lack of tools to quickly and
easily predict the impact of LID practices within an area.

Research Objectives: The overall objective of this project is to develop and disseminate
a web-based decision support system for LID BMP assessment. The tool enables
regulatory and voluntary organizations and watershed practitioners to quickly assess: (1)
the impact of proposed development (land use change) on average annual runoff volume
and nonpoint source pollution, and (2) the potential stormwater reduction benefits of
proposed LID BMPs.

In response to increasing demands for information about LID and tools for comparing

LID practices and systems to traditional stormwater systems, we proposed to:

= Develop a postscript for L-THIA that summarizes the results of computations for
estimation of the average annual runoff volume change due to LID;

= Modify L-THIA to include LID practices and systems (e.g., create L-THIA/LID);

= Demonstrate the application of L-THIA/LID in case studies;

= Disseminate L-THIA/LID via the internet as freeware for use throughout the nation.

Methodology: The L-THIA/LID model employs the NRCS (formerly SCS) curve
number method and event mean concentration (EMC) methods for simulation of surface
runoff and NPS loading. The L-THIA (Long-Term Hydrologic Impact Assessment)
model and decision support capabilities estimate long-term average annual runoff and
NPS pollutants for a land use configuration based on 30-year climate data, soils, and land
use data for an area.

As in the existing L-THIA program, users are required to identify the area where land use
is expected to change, select a land use-LID combination, and request an L-THIA run.
Before and after water quantity and water quality results of the proposed land use change
will be displayed in tables, bar charts, and pie charts.

Principal Findings: Models and decision support tools are needed to help quantify the
site specific impacts of LID practices to allow the identification of the most appropriate



BMPs. L-THIAJ/LID is an easy to use tool developed to readily provide data for such
needed analysis.

Summary: L-THIA/LID has been developed as a simple to use screening tool to evaluate
the benefits of LID practices. As in the existing L-THIA program, users identify the area
of land use change, select a land use-LID combination, and request an L-THIA run.
Water quantity and water quality results of the proposed land use change and proposed
LID scenarios will be displayed in tables, bar charts, and pie charts. Case studies are
currently being used to demonstrate the model’s ability to assess the impact of LID
practices within a watershed. The model’s results will enable decision makers to
formulate an effective watershed management plan to achieve desired stormwater
management and water quality goals. Our experience with similar decision support tools
suggests that this tool will be well received and would have a significant user base
nationally, thereby facilitating the promotion of LID practices. The tool, along with its
supporting documentation, is available online as freeware at the Purdue University
website.

Results and Significance: To meet the principle decision making needs of individuals
and organizations looking to utilize L-THIA/LID, two interrelated screening levels (basic
screening and lot level level screening) were developed.

L-THIA/LID consists of a “basic” screening analysis, where users can make adjustments
at the watershed and site level to reflect the following “basic” LID concepts to:

e Reduce impervious surfaces (in percent area) for developed land use

e Conserve infiltratable soils

e Conserve hydrologically functional/sensitive landscape

e Minimize land disturbances
The “basic” screening input allows the user to create pre-development and post-
development scenarios to employ the conversation, minimization, and reduction of
imperviousness LID concepts. Once the scenarios are chosen, the user can adjust the
percent impervious surface for the developed land use to account for percent area
reductions related to sidewalks, driveways, parking lots, streets, and roofs.

L-THIA/LID also allows the user to customize landuse attributes at the “lot level” based
on adjustments to landscape features to reflect LID practices at the microscale. Provided
is a list of the LID practices is been incorporated in L-THIA/LID to simulate “lot level”
LID practices and analysis: The tool allows users to add or remove different LID
practices of interest and adjust the design measurement of these practices to evaluate the
optimal runoff and NPS pollution reduction potentials. The LID practices included are:

= Preservation of natural features / conservation of functional landscape
= Reduction in compaction

= Green roofs

= Narrowing impervious areas (sidewalks, driveways, roads)

= Porous Pavement

= Bioretention (i.e. rain gardens)

= Rain barrels/cisterns - these devices are for water harvesting



= Disconnectivity of downspouts to sewers
= Conservation - Forest, Wetlands

= Drainage swales

= Reduce imperviousness

= Conservation of A&B soils

Major Conclusions: The primary goal of this project was to develop and disseminate a
stakeholder-driven web-based tool for evaluating the performance of LID practices. L-
THIA/LID decision support tool and supporting materials will enable decision makers to
formulate effective watershed management plans to achieve desired stormwater
management and water quality goals. Stakeholders will be able to quickly identify critical
land use issues, anticipate pollutant types and levels, analyze potential improvement from
implementation of LID practices and prioritize watershed management and water quality
goals.

L-THIA/LID supports “sustainable” and “green” urban and neighborhood design by
helping easily and quickly quantifying the location specific impacts of LID practices. By
getting this tool to builders, developers, and local planning officials, we believe the LID
practices will become more widely understood, accepted, and implemented. L-THIA/LID
intends to bridge the gap between researchers, engineers, and the development
community.

Publications: http://cobweb.ecn.purdue.edu/runoff/lthianew/lidIntro.htm

Hunter, J.G., Engel B.A. and Quansah, J.E. “Web-based Low Impact Development
Decision Support and Planning Tool” 2009 AWRA annual Water Resources Conference
(abstract submitted)

Hunter, J.G., Quansah, J.E., and Engel, B.A. (2009) “Web-based Low Impact
Development Decision Support and Planning Tool”. in preparation for submission.

Hunter, J.G. “Preliminary Assessment of Stormwater Constructed Wetland and Low
Impact Development Practices for Pendleton, IN”. Town of Pendleton and Central
Indiana Water Resources Partnership — Watershed Initiative. February 06, 2009.
Pendleton, IN.

Engel, B.A., Hunter, J.G., and Quansah J.E. “Web-Based Decision Support and Planning
Tools for Watershed Management”. Enhancing our Understanding of Erosion and
Sediment Control in the Great Lakes Basin: Developing a Web-Based Toolkit.
MN/MI/WI Lake Superior SWCDs Webinar, January 28, 2009.

Hunter, J.G. “Web-based Low Impact Development Decision Support and Planning
Tool” Web Planning Tools - Hands on Training. Lake Michigan Watershed Academy
Conference. Chicago Metropolitan Agency for Planning. Purdue University-Calumet.
May 20 - 22, 2008. Hammond, IN.

Students: (1) Graduate Students: Prathima Rao


http://cobweb.ecn.purdue.edu/runoff/lthianew/lidIntro.htm

Wireless Monitoring of the Wabash River

Basic Information

Title:|Wireless Monitoring of the Wabash River
Project Number:|2008IN242B
Start Date:|3/1/2008
End Date:|2/28/2009
Funding Source:|104B
Congressional District: [5

Research Category:|Climate and Hydrologic Processes

Focus Category:|Nutrients, Education, Water Quality

Descriptors:|None

Principal Investigators: |Chad Jafvert
Publication

1. Jafvert, Chad T. “Monitoring Water Quality in Streams in Indiana” presented at the Universidad
Tecnoldgica de Panamd (Technical University of Panama), Facultad de Ingenierfa Civil, Centro de
Investigaciones Hidrdulicas e Hidrotécnicas (Center for Hydraulics and Hydrotechnical
Investigations), June 10, 2008.

2. Jafvert, Chad T. “Monitoring Water Quality in Drainage Ditches at Purdue’s Farms”, Presented at the
Indiana LTAP and School of Civil Engineering Stormwater Drainage Conference, February 28, 2008.

3. Gall, H.E., Jafvert, C.T., Lee, L.S., Jenkinson, B. "Real-Time Monitoring and Automated Sampling in
Agricultural Tile-Drains and Near-Field Streams," poster presented at the Ohio Valley Regional
Chapter of SETAC, Bloomington, IN, October 3, 3008.

Wireless Monitoring of the Wabash River 1



IWRRC Report
Title: 2008I1N242B: Wireless Monitoring of the Wabash River
Funding Period: March 1, 2008 — February 28, 2009

Problem: This overall topic of deploying wireless sensor arrays is currently of
considerable national interest. For example three major initiatives are underway through
the National Science Foundation for development and deployment of related sensors and
sensor networks in the environment. These are: NEON (National Ecological Observatory
Network), CLEANER (Collaborative Large-Scale Engineering Analysis Network for
Environmental Research, and CUAHSI (Consortium of Universities for the Advancement
of Hydrologic Sciences, Inc.). The Wabash River watershed drains approximately two-
thirds of the state of Indiana and is the longest non-dammed river reach east of the
Mississippi River. Agricultural practices, including tile drains, greatly influence the
hydrology and water quality of the Wabash River, one of Indiana’s most seriously
polluted waterways. Over its mainstem, there are 160 active EPA 303(d) listings
(http://www.in.gov/idem/4680.htm), where a water quality standard is not attained for a
“designated use.” For the Wabash River and its tributaries, these impairments are caused
mainly by the presence of PCBs and mercury in fish tissues, and Escherichia coli and
nutrients in the water column. For example, the calculated yield of nitrogen (nitrate and
organic nitrogen combined) from all land draining immediately into the Wabash River
and its tributaries is at the high end of all Mississippi River tributaries (i.e., 1000 to 3050
kg-N / km?). Aulenbach et al. (2007) have estimated the 2005 annual flux at New
Harmony, IN (near its mouth), of nitrate+nitrite at 126,000 metric tons, of total Kjeldahl
nitrogen (TKN = ammonia + organic N) at 29,200 metric tons, of ammonia at 912 metric
tons, and of total phosphate (TP) at 8,050 metric tons, with approximately one-half of the
phosphate load as soluble orthophosphate. As a result, the Wabash River is an idea
watershed that should be used to develop both research and educational programs
associated with the installation, maintenance, and data evaluation associated with
environmental sensors and sensor arrays for long term water quality monitoring.

Research Objectives: The objective of this project is to: (1) employ innovative wireless
continuous monitoring strategies for assessing water quality at remote locations, (2) train
students in sensor and wireless technologies as they relate to environmental assessment
and protection, and (3) leverage project infrastructure and results to attract additional
resources to the State of Indiana to monitor environmental parameters at a broad scale
(i.e., watershed level). The outcome of this project will be a water quality monitoring
station installed on the Wabash River that can be used to monitor various physical,
chemical, and biological properties of the water in either real-time or via automated
sampling, with this station used to attract additional funds for monitoring additional
constituents.

Methodology: Monitoring hardware and instrumentation was purchased and the
instruments were set-up and evaluated within the laboratory, testing the probes and
wireless communication software and hardware prior to deployment in the field. A


http://www.in.gov/idem/4680.htm

suitable location on the river was identified, with this location being a pedestrian bridge
approximately 4 miles Northeast of Campus - at the Davis Ferry Bridge, part of the
Wabash Heritage Trial owned by Tippecanoe County (see:
http://www.indianatrails.org/Wabash_Heritage.htm). A “Consent to Encroach” was
approved by the County Commissioners to

install a 4 inch pipe from the bridge through
which cables and tubing could be encased for
monitoring the river. The hardware was
installed by a graduate student in Civil
Engineering with the help of a SURF (summer
undergraduate Research Fellowship) student,
who worked on the project over the summer
(See Figure 1). During the first year,
undergraduate students in EPICS maintained
the site, and worked on hardware and software
to control a pump that lifts water from the
river to a flow-though reservoir on the bridge

Principal Findings

Summary. A monitoring station has been
established to sample and monitor several
water quality parameters on the Wabash
River. The station is installed on the Davis
Ferry Bridge, a pedestrian bridge that is part
of the Wabash Heritage Trial, approximately 4
miles Northeast of Purdue’s main Campus in
West Lafayette, IN. The station includes a
Campbell Scientific CR1000 datalogger to
which various sensors or meters can be
connected for monitoring river stage, water
temperature, turbidity, conductivity, dissolved
oxygen, and pH. Undergraduate students
enrolled in a service learning course entitled:
“Constructed Wetlands/Water Quality” have
worked with the Tippecanoe County Soil and
Water Conservation District to implement the
project. Students in the course have helped to
design and install the stations.

Figure 1. Monitoring Station on the
Wabash River at Davis Ferry Bridge

Results and Significance. Initial installation
of the station was highly successful; however continued maintenance with limited
resources has been an issue. As a result, the PI has developed and submitted (with co-Pls)
a larger proposal to the National Science Foundation for expanding this station to include
near-real-time monitoring of reactive nitrogen and phosphate using an on-line auto-
analyzer. This proposal is still under review. Collaborators on this proposal are



Venkatesh Merwade (Civil Engineering) and Rubin Goforth (Forestry). Development of
such proposals was one of the objectives of this project in order to leveraging project
infrastructure and results to attract additional resources to the State of Indiana to monitor
environmental parameters at a broader scale (i.e., watershed level). Additionally, Jafvert
is a co-PI on a $700K project funded by the U.S. EPA STAR program entitled: “Fate of
hormones in tile-drained fields and impact to aquatic organisms under different animal
waste land-application practices”. The design of all six monitoring stations for this
project parallels the design of the station on the Wabash River (same dataloggers,
wireless communication system, probes, etc.). The knowledge gained in designing and
constructing the Wabash station (and those installed at Purdue’s constructed wetlands
under another Water Center grant) was instrumental in writing and successfully funding
the EPA STAR proposal, and has been critical to the success of this other effort. The two
recent poster presentations listed under “Publications” (items 5 and 6) are a result of this
EPA project that employs technology initially used at the Wabash River Station.

Major Conclusions. This project has been successful in that a water quality monitoring
station has been successfully established on the Wabash River near Lafayette Indiana.
The intended use of this station is to combine the chemical specific concentration data
collected at this site with USGS gage station flow data, collected a short distance
downstream at the USGS 03335500 Wabash River at Lafayette, IN site (see:
http://waterdata.usgs.gov/in/nwis/nwisman/?site_no=03335500&agency cd=USGS), to
calculate mass fluxes of the various constituents that are measured. In establishing this
station we have meet all three project objects, as we have: (1) established the station; (2)
trained students in sensor and wireless technologies as they relate to environmental
assessment and protection, and (3) leveraged project infrastructure in new proposal
development.

Publications (papers, webpages, presentations)

1. See: http://epics.ecn.purdue.edu/cwwg/

2. See: http://128.46.174.145/

3. Jafvert, Chad T. “Monitoring Water Quality in Streams in Indiana” presented at the
Universidad Tecnoldgica de Panama (Technical University of Panama), Facultad de
Ingenieria Civil, Centro de Investigaciones Hidraulicas e Hidrotécnicas (Center for
Hydraulics and Hydrotechnical Investigations), June 10, 2008.

4. Jafvert, Chad T. “Monitoring Water Quality in Drainage Ditches at Purdue’s Farms”,
Presented at the Indiana LTAP and School of Civil Engineering Stormwater Drainage
Conference, February 28, 2008.

5. Gall, H.E., Jafvert, C.T., Lee, L.S., Jenkinson, B. "Real-Time Monitoring and
Automated Sampling in Agricultural Tile-Drains and Near-Field Streams," poster
presented at the Ohio Valley Regional Chapter of SETAC, Bloomington, IN, October
3, 3008.


http://waterdata.usgs.gov/in/nwis/nwisman/?site_no=03335500&agency_cd=USGS
http://epics.ecn.purdue.edu/cwwq/
http://128.46.174.145/

6. Gall, H.E., Jafvert, C.T., and Lee, L.S. "Nutrient Fluxes in Agricultural Tile-Drains
and Ditches," poster presented at the Indiana Environmental Health Summit,
Indianapolis, IN, May 15, 2009.

Students. The service learning course EPICS: Constructed wetlands/Water Quality had a
typical enrollments of 10-15 students each semester. Several of the students in this
course worked on various aspects of this project, including analysis of grab samples for
E. coli, suspended solids, and nitrate, wireless communication, and development of a
pumping system to raise water to the bridge level for monitoring at this location (i.e.
location of sensor deployment) rather than monitoring directly in the river. A graduate
student in Civil Engineering (Yong Sang Kim) worked with these students, and designed
and constructed the station that is installed on the pedestrian bridge. Additionally, A
SURF (summer undergraduate Research Fellowship) student, worked on installing the
station on the Wabash River.



Hydrological Controls on Nitrate and Carbon Delivery to
Streams in Artificially Drained Landscapes of the Midwest

Basic Information

Title: Hydrological Controls on Nitrate and Carbon Delivery to Streams in Artificially
*|Drained Landscapes of the Midwest

Project Number:|2008IN248B
Start Date:|3/1/2008
End Date:|2/28/2009
Funding Source:|104B

Congressional
District:

Research Category:|Climate and Hydrologic Processes

Focus Category:|Solute Transport, Surface Water, Hydrology

Descriptors:|None
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Publication

Philippe Gilles Vidon, Philippe Gilles Vidon

1. Cuadra, P.E., P. Vidon, 2009. Natural Variability in Dissolved Organic Carbon and Dissolved
Organic Nitrogen Transport in Artificially Drained Landscapes of the U.S. Midwest.
Abstract#B34A-04. American Geophysical Union Joint Assembly, Toronto, ON, Canada, May 2009.
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Annual Report to Indiana Water Resources Research Center for Award # 06HOGR0084

Research

Understanding the processes controlling the delivery of nitrogen and carbon to streams in
artificially drained landscapes of the Midwest is of critical importance to developing
comprehensive nutrient management strategies at the watershed scale. This project investigates
the relative importance of overland flow (OLF), matrix flow (MF) and preferential flow through
soil macropores (PF) during 3-4 storms over a one-year period in an artificially drained
Midwestern watershed, and identifies the changes in the nature of in-stream nitrogen (nitrate,
ammonium, total Kjeldahl nitrogen (TKN)) and DOC (aromaticity) during storms.

A two year no-cost extension has been granted by the IWRRC to Dr. Vidon in February 20009.

In order to achieve this objective, water quality data were collected in precipitation and at 2-4
hour intervals during storms in overland flow, tile flow and the stream in Leary Weber Ditch
(LWD), IN.

Although a significant amount of fieldwork has been completed, the late availability of funds
(June) in spite of the early start date (March 1) of the award prevented the PI to successfully
monitor storms in March and April and to complete the project within a 12 month period.
Considering that the March-June period is critical for nitrogen and carbon export in Midwestern
watersheds, | requested a one year no-cost extension to monitor several storms in LWD in
March-June 20009.

In spite of this initial set back, data were collected for 4 storms in late spring/early summer 2008.
This fieldwork allowed us to confirm the feasibility of our research approach and to trouble
shoot any logistical problem associated with storm monitoring (Figure 1).

At this stage, all the water samples collected in spring 2008 have been analyzed and are currently
being checked for accuracy and precision. Initial analysis of the data revealed a large variability
in nitrate concentration in tile drain flow from storm to storm, and this much more than initially
expected. Subsurface drainage flow measurements also revealed a large variability in flow in tile
drains seemingly identical (adjacent tile drains, same length, depth and diameter).

Along with further sampling of tile flow, overland flow and stream flow in spring 2009, we
expect that these data will provide critical insight into 1) the processes regulating nitrogen and
carbon export to streams at the watershed scale and 2) the natural variability in N and C export at
the plot scale.

By providing a direct quantification of the relative importance of each water delivery pathway to
N and C transport to streams for a variety of storms and crop development conditions, this
project will provide an increased understanding of the processes controlling N and C delivery to
streams, and will inform model development.



Figure 1: Discharge (L/s) in two tile drains in our experimental watershed. * indicates storms for
which a full suite of water quality parameters has been collected as a high temporal resolution (1-
2 hours).
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The abstract below is the abstract that Pilar Cuadra (graduate student on the project) will present
at the Meeting of the Americas (Toronto, May 2009). If focuses on a small aspect of the entire
project.

Natural Variability in Dissolved Organic Carbon and Dissolved Organic Nitrogen
transport in artificially drained landscapes of the U.S. Midwest.

Pilar E. Cuadra and Philippe Vidon.
Department of Earth Sciences, Indiana University — Purdue University, Indianapolis

Nutrient inputs into coastal ecosystems have become a major issue with serious consequences for
water quality; nonetheless, few studies focus on N and C transport during storms in Midwestern
tile-drained fields in spite of the known importance of N and C export from artificially drained
landscapes of the U.S. Midwest on the development of the “Dead Zone” in the Gulf of Mexico in



the summer. Monitoring tile-drain flow at a high temporal resolution during storms is difficult
and expensive and little information is therefore available on natural spatial and temporal
variability in dissolved organic nitrogen (DON) and carbon (DOC) concentration dynamics in
tile drains during storms. This lack of information on DON and DOC export patterns from tile
drains hinders our ability to accurately and precisely estimate total nutrient loads and
hydrological processes regulating the movement of these nutrients from the watershed to streams
via tile flow. The objective of this research is therefore to characterize natural variability in DOC
and DON export in two seemingly identical tile drains (length, contributing area) in Leary Weber
Ditch; a small (7.6 km?) artificially drained agricultural watershed near Indianapolis, IN. Four
storms with various characteristics (intensity-duration) were sampled in May and June 2008. The
two studied tile-drain showed different flow and discharge patterns but similar spatial and
temporal patterns of DOC and DON concentrations. Large inter-storm variability in DOC and
DON concentration patterns were attributed to different storm intensities and soil pre-event
moisture conditions. Multiple other storms are currently being monitored to further characterize
natural variability in nitrogen and carbon exports in the studied tile drains and identify primary
hydrological controls (season, vegetation development stage, antecedent moisture conditions...)
regulating N and C export in tile drains over a 12-month period. This work will inform model
development and help better characterize processes regulating N and C exports in artificially
drained landscapes of the U.S. Midwest and other artificially drained agricultural lands around
the world.

Publications

Cuadra, P.E., P. Vidon, 2009. Natural Variability in Dissolved Organic Carbon and Dissolved
Organic Nitrogen Transport in Artificially Drained Landscapes of the U.S. Midwest.
Abstract#B34A-04. American Geophysical Union Joint Assembly, Toronto, ON,
Canada, May 20009.

Information Transfer Program: not applicable

Student Support

One graduate student (Pilar Cuadra) was supported on this award for half a year.
Three undergraduate student assistants were involved in the research thus far.

Student Internship Program: not applicable

Notable achievement and awards: none to report




Environmental Implications of Manufactured Nanomaterial:
Nanosilver

Basic Information
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Project Number:|2008IN251B
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Publication

1. Turco, R.F., M. Bischoff, Z. Tong and L. Nies Single-walled carbon nanotubes: Their impact on soil
microbial community composition and functions. American Chemical Society Annual Meeting Salt
Lake Clty.

2. Nyberg Leila, R.F. Turco, L. Nies. 2008. Assessing the impact of nanomaterials on anaerobic
microbial communities. Environmental science & technology 42:1938-43.

3. Geoff L., L. F. Nies, R. F. Turco, J.W. Bickham,and M.S. Sepilveda 2009. The Effects of Silver
Nanoparticles on Development of Fathead Minnow (Pimephales promelas) Embryos. In revision
Ecotoxicology.

Environmental Implications of Manufactured Nanomaterial: Nanosilver



IWRRC Report

Title: 2008IN251B Environmental Implications of Manufactured Nanomaterial:
Nanosilver

Funding Period: March 1, 2008 — February 28, 2009

Problem: Manufactured products containing nanoparticulate-silver (nano-Ag) outnumber
all other nano-material containing product categories. The expansion in production of
nano-Ag containing materials will likely result in an increase in the deposition of nano-
Ag into environmental matrices. Nano-silver containing materials are of great interest in
the consumer product and medical areas because of their antimicrobial properties and low
toxicity to humans. While the fate and toxicity of Ag in the environment has received
attention as a result of industrial and mining inputs during the past few decades, the
extent of environmental impact of nano-Ag is unknown at this juncture. The toxicity of
nano-sized materials that are considered non-toxic in their fine particle or crystalline
form, may exhibit different properties when present in a nanometer scale, as the increase
in surface area may lead to increased contact with surrounding materials. Thus there is a
need to evaluate the effect of nano-scale metals, including nano-Ag upon environmental
matricies.

Research Objectives:
1. Evaluate the impact of nano-Ag on soil microbial activity.

2. Discern if there are differential reactions from different components of the soil
microbial community (e.g. fungal versus bacterial).

3. Determine the form and particulate size of nano-Ag that cause the greatest impact
upon the soil microbial community.

Methodology:

1. Measure soil respiration using the method of substrate induced response of soils
treated with different concentrations of nano-Ag. Briefly, soils are treated with a carbon
substrate and respired CO2 is measured and compared among different treatments.
Further assess microbial communities by profiling using FAME (fatty acid methyl ester)
analysis. FAME analysis involves the extraction of membrane lipids of cells directly
from soils and subsequent analysis by gas chromatography to create FAME ‘profiles’, or
the amounts of different fatty acids present in that sample’s microbial population. These
profiles indicate changes or shifts in populations.

2. In order to measure soil respiration of different components of the microbial
community using substrate induced response, nano-Ag treated soils are additionally
treated with inhibitors of specific populations, e.g. the fungicide cylcoheximide and the



antibiotic streptomycin. Soils are also analyzed for their FAME content to determine
differences at the community level.

3. Using DLS (dynamic light scattering) and chemical synthesis methodologies,
manufacture nano-Ag crystals of varying sizes. Then apply these products to soils and,
using the methodologies described above, determine impact upon the soil microbial
community.

Principal Findings

Summary

1. The impact of manufactured nano-scale metals on the environment is an area of great
interest due to increasing manufacture and use of these materials as antimicrobial agents.
Data on the effect of these materials in soils is scarce. In this study, manufactured nano-
silver and nano-zinc oxide were applied to three soils with different physical
characteristics. Soil respiration was determined after 3, 10 and 30 days exposure to the
nano-metals by treating the soils with **C-glucose and measuring *CO, after 1, 4 and 24
hours. All three soils showed reduction in respiration at 1 hour *CO, respiration
measurements after treatment with nano-silver. In Drummer (silty clay loam) soil with
an organic matter (OM) content of 3.6% and cation exchange capacity (CEC, meq 100 g
!y of 23.2, a 36% decrease in microbial activity was noted after 3 days exposure to a
nano-Ag concentration of 1000 pg g™. In contrast, Clermont soil (silty loam; OM 1.96%;
CEC 8.6) showed a 29% decrease in respiration at 10 pg g™* and a 49% decrease at 25 g
g™ after 3 days exposure. Tracy soil (sandy loam, OM 1.5%; CEC 8.0) showed an
intermediate response with a 46% reduction in soil respiration at 500 pg g™ after 3 days.
By contrast, the response of these soils to nano-zinc oxide was negligible. Differences in
respiration could result from differences in soil physical properties influencing the
availability of the nano-Ag to soil populations or microbial population composition
resulting in different cumulative responses to nano-Ag application.

2. These experiments have been completed and data analysis is on-going.

3. These experiments will commence upon completion of Part 2, so that the
methodologies applied heretofore can be best optimized to determine population
dynamics.

Results and Significance See ‘Principal Findings’, Summary section.

Major Conclusions

Our preliminary data indicate a strong toxic response to nano-Ag in soil populations and
early data from Part 2 indicate that different populations are affected differently. The
increased potential for input of this material in the environment could potentially cause

an adverse affect upon soils and possibly groundwater.

Publications



Soil microbial activity response to nanoparticulate silver application in agricultural soils.
2009. In preparation for submission to Environmental Science and Technology journal.

Students <Many students were involved in this project and were an integral part of its
success.>

Graduate Students:/Undergraduate Students:
Amanda Pings, Undergraduate

Krista Rose, Undergraduate



Award No 0BHQGR0079 Web-Based Load Duration Curve
for TMDL

Basic Information

Title:[Award No 08HQGRO0079 Web-Based Load Duration Curve for TMDL
Project Number:[2008IN294S
Start Date:|4/10/2008
End Date:[4/9/2009
Funding Source:|Supplemental

Congressional District:

Research Category:|Not Applicable

Focus Category:|None, None, None

Descriptors:

Principal Investigators:
Publication

1. A straight forward user manual/documentation and demonstration video was developed and placed on
the tool webpage page for free access by stakeholders and other users to easily follow to use the tool:
https://engineering.purdue.edu/~1dc

Award No 08HQGRO0079 Web-Based Load Duration Curve for TMDL 1



IWRRC Report

Bernie Engel

Purdue University

225 S. University St.

W. Lafayette, IN 47907-2093
Phone: 765.494.1162

FAX: 765.496.1115

Email: engelb@purdue.edu

Title: 08HQGR0079 - Web-based Load Duration Curve (LDC) Tool for TMDL
Funding Period: April 10, 2008 — April 09, 2009
Problem:

While flow and load duration curves are increasingly used in the development of
TMDLs, the complexity and time requirement of developing these curves, using EPA
developed excel spreadsheets, serve as a limitation for most stakeholders in using load
duration curve approach to TMDL development. Further, flow and load duration curves
are useful for other watershed analyses.

Research Objectives:

The goal of this project was to develop a simple web-based tool to assist stakeholders
with easy and rapid development of flow and load duration curves that can be used in
support of TMDL development. The specific objectives were to:

1. Develop a web-based prototype tool that creates flow duration curves as described
in a slideshow titled Flow Duration Curves — The Basics: Guide to Use of
Spreadsheet created by Bruch Cleland. The web-based tool will use WHAT
capabilities to obtain stream flow data. New capabilities will be created to
perform flow duration analysis, graph the results, allow the user to upload water
quality data, and create load duration curves.

2. Obtain feedback on the prototype web-based tool and use this feedback to create

the final tool.

Develop documentation describing web-based flow and load duration tool.

Conduct a workshop for state TMDL personnel.

Make the web-based tool and supporting documentation available to potential

users through a freely accessible web site.

ok w



Methodology:

The Web-based Load Duration Curve (LDC) system overview is shown in Figure 1. To
generate a LDC, the flow duration curve (FDC) is first generated using flow data, which
is then used with water quality standard to develop an LDC. All procedures described in
Figure 1 are automated with Perl/CGI, GNUPLOT, and JavaScript programming as well
as Google Maps API scripts. The web-based tool interface can be accessed at
https://engineering.purdue.edu/~ldc

Development of Flow Duration Curve (FDC) Module

The Web-based LDC system module reads the daily stream flow data and water quality
data, either prepared by a user or retrieved directly from a USGS remote server using the
Google Map interface. The Google Map-based interface was developed and integrated
with the Web-based LDC system for collecting stream flow data from USGS gauging
stations. The Google Map interface of the Web-based LDC system links the USGS data
server and the data stored at the remote server for automatic retrieval of stream flow and
water quality data to generate the FDC and the LDC. The user entered or USGS retrieved
daily flow data are then sorted from the highest to the lowest to calculate percentage of
days these flows are exceeded to generate the FDC data and graph (USEPA, 2007) using
GNUPLOQOT scripting and CGI programming (Figure 3). In areas of interest with no
gauging station but with available water quality data, users can enter drainage area ratio
in the input interface to calculate flow data from a nearby gauging site.

The flow data are grouped into 5 flow regimes or zones, namely High-Flows, Moist-
Conditions, Mid-range Flows, Dry-Conditions, and Low-Flows, represented by 0-10 %,
10-40%, 40-60%, 60-90%, 90-100% of flow duration intervals, respectively. These 5
zones can be used to explain the watershed characteristics and flow patterns according to
hydrologic condition.

The digital filter method and LOADEST model were also added to the Web-based LDC
system to separate surface runoff from the streamflow in calculating the daily pollutant
loads.


https://engineering.purdue.edu/~ldc
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Figure 1. Overview of the Web-based Load Duration Curve System
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Development of Load Duration Curve (LDC) Module

The pollutant load data to generate the Load Duration Curve (LDC) (Figures 4 and 5) are
calculated by multiplying the daily stream flow data from FDC by the water quality
standard value entered by users in the input interface (Figure 1). The observed pollutant
loads are plotted on the Load Duration Curve in order to help the users compare
measured water quality data with the load duration curve (Figure 4.) This plotted water
quality data explain exceedance of the water quality standards and the associated
allowable loading. In addition, box-whisker plots on the LDC provide water quality
distribution for each flow duration regime. The section of box-whisker plots were placed
at the center of the High-Flow, Moist-condition, Mid-range flow, Dry-condition, and
Low-Flow zones at the 5th, 25th, 50th, 75th, and 95th percentiles, respectively. The box-
whisker plots for each flow duration curve zone can be used to interpret the water quality
condition and more easily understand watershed characteristics.



To better interpret the hydrologic condition and watershed characteristics, a surface-
runoff separation module, i.e., baseflow separation from the stream flow, was developed
in the tool to provide more information in the FDC and LDC using Perl/CGI
programming and GNU scripting. The surface-runoff separation module separates the
surface runoff component from the stream flow and determines the surface runoff ratio
by dividing the surface runoff by the stream flow data. If the surface runoff exceeds 50%
of the total stream flow, the surface runoff separation module plots the load data in
different symbol to provide pollutant loads characteristics under various flow conditions.
The digital filter method, developed Eckhardt (2005) for separating surface-runoff
considering a digital filter parameter and BFlmax (maximum value of long-term ratio of
base flow to total stream flow), was used for surface-runoff separation module of the
Web-based Load Duration Curve system.

A pollutant load estimation module, using the LOADEST model as a core engine (Robert
et al., 2004), was also developed and integrated with the Web-based LDC system with
Perl/CGI programming and GNUPLOT scripts to provide daily pollutant load for
comparison of estimated loads with the observed load. Daily pollutant load data, are thus,
calculated using the LOADEST model, and plotted over the load duration curve to
provide general pollutant load characteristics over the various flow regime. This allows
daily load estimation plotted on the LDC to be compared with measured pollutant load
data plotted on the LDC.

Dr. Indrajeet Chaubey presented the tool in a workshop for state TMDL personnel within
US EPA Region 5. Feed back from the workshop was incorporated into the final web-
based LDC tool to improve usability and clarity.

Principal Findings

Summary

The web-based LDC tool provides a very quick means of generating FDC and LDC for
analyzing the potential level to which water quality standards within a watershed are in or
out of compliance. The estimation of pollution load will serve as a useful tool for the
development of TMDLs for different pollutants of concern and other watershed analyses.

Results and Significance

The tool generates simple understandable LDC and FDC Graphs and downloadable
tables for easy, yet significant analysis for TMDL development. The tool is online and
assessable to all stakeholders, research institutions, and watershed planners across the
country and globally.

Major Conclusions

Since the tool requires water quality data for the generation of LDC, it will be very useful
to develop the tool to directly upload water quality data from various gauge stations
across the country. Potentially the tool could be linked to US EPA STORET WQ dataset.
The tool could also be upgraded with capabilities for delineating watersheds to compute



drainage area ratios or to delineate watersheds with EPA STORET and USGS gauging
stations to compute the watershed area ratios.

Publications

A straight forward user manual/documentation and demonstration video was developed
and placed on the tool webpage page for free access by stakeholders and other users to
easily follow to use the tool: https://engineering.purdue.edu/~ldc

A draft journal paper entitled “Development of Web-based Load Duration Curve System
for Analysis of TMDL and Water Quality Characteristics” have been completed for
further review and publication.

Students
Joseph Quansah and James Hunter, both post doctoral associates, assisted with the project
effort. Graduate students within Dr. Chaubey’s group assisted with testing of the tool.

Graphical Demonstration of the Web-based Load Duration Curve Tool

PurouE  WEB-BASED LOAD DURATION CURVE ..-'“__"U

@ 1_Enter / Upload Flow Data for FDC

@ 2_Enter / Upload Flow and WQ Data for LDC

@ 3 Retrieve USGS Flow Data and Enter / Upload WQ Data for LDC

® 4_Using USGS Flow Data * Drainage Area Ratio and Entered / Uploaded WQ Data for LDC

@ 5_Enter Flow and WQ Data for LDG with Surface-munotl and Esimated |oads

< Aboul LDC and Related Docs.

Caontact Dr. Bernie Engel for more details if you need any help for this Web GlS-based Load Duration Curve system.

Figure 2. Web-based Load Duration Curve tool interface
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Figure 5. Target Concentration Graph for Ammonia at USGS Gauge 04180000, Cedar
Creek, IN
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Poly Tanks on Farms and Businesses: Preventing
Catastrophic Failures

Basic Information

Title:|Poly Tanks on Farms and Businesses: Preventing Catastrophic Failures
Project Number:|2008IN241B
Start Date:|3/1/2008
End Date:|2/28/2009
Funding Source:|104B
Congressional District: [4th

Research Category:|Water Quality

Focus Category:|Agriculture, Groundwater, Law, Institutions, and Policy

Descriptors:|None

Principal Investigators: |Fred Whitford
Publication

1. Poly Tanks for Farms and Businesses: Preventing Catastrophic Failures (PPP-77). This publication is
an 84 page document that is well illustrated with over 100 pictures of tanks being used properly and
improperly. PPP-77 can be downloaded at http://www.btny.purdue.edu/ppp/PPP_pubs.html. In
addition, 10,000 copies were printed. Eight thousand have been distributed to business owners and
growers.

Poly Tanks on Farms and Businesses: Preventing Catastrophic Failures



IWRRC Outreach Report

Title: 2008IN241B: Poly Tanks on Farms and Businesses: Preventing Catastrophic
Failures

Submitted by: Fred Whitford, Purdue Pesticide Programs, 915 West State Street,
West Lafayette, Indiana 47907-2054

Funding Period: March 1, 2007 — February 28, 2008

Problem: Tanks constructed from plastic are commonly used on farms and commercial
application businesses. These plastic tanks help to more efficiently manage the storage
and transportation of water and a host of other liquids such as pesticide and fertilizer
products. While the attributes of poly tanks are many, their use has a potentially serious
drawback—at some point in time, they will fail.

Poly tanks have a limited shelf-life, lasting longer when properly cared for;
conversely, they degrade quicker when they are misused, neglected, or pushed beyond
their design specifications. The challenge is to replace the tank before it ruptures; the
hard part is knowing when to do this or assessing the risk of failure. Trying to get one
more year out of an "old" tank can be a serious economic and environmental (e.g., water
pollution) mistake when it’s structural integrity is pushed beyond its design capability.

No one likes spending money replacing a tank that might still have a "few" years
left in it. Realistically, there have been many instances where a poly tank that needed
replacing was still being used when—"for no apparent reason"— the side walls give way,
spilling its contents onto land and into water. Not only is the value of the spilled material
written off as a complete loss, but the cost of cleaning up the spill can exceed the actual

value of the product by thousands of dollars. In some cases, regulatory costs for restoring



the environment (e.g., replacing fish) can be added to the total bill of an accidental
release.
Outreach/Extension Objectives:

The information that will be presented in this publication is intended in assisting
pesticide applicators in making an informed decision on the purchase, maintenance,
inspection, and, ultimate disposal of a poly tank. Understanding how to purchase the
correct poly tank or when to replace them will result in fewer accidents that release
pesticides and fertilizers into water resources. The publication will be used to supplement

extension presentations in Indiana and the United States.

Principal Deliverables:
Extension Publication

* Poly Tanks for Farms and Businesses: Preventing Catastrophic Failures (PPP-77). This
publication is an 84 page document that is well illustrated with over 100 pictures of tanks
being used properly and improperly. PPP-77 can be downloaded at
http://www.btny.purdue.edu/ppp/PPP_pubs.html. In addition, 10,000 copies were printed.
Eight thousand have been distributed to business owners and growers.

Trade Journal

* Accidents Waiting to Happen: (subtitle: inspecting your polyethylene storage and
transport tanks can prevent catastrophic spills during your busiest seasons). Interview
conducted in December 2008 with Farm Journal. This article was published in Farm
Journal. March 2009. 3 pages.

Train-the Trainer Programs

Poly tank integrity. 2008. Ohio State University Pesticide Applicator Training Extension
Educator In-service Training. Columbus, Ohio.

Oregon Department of Transportation poly tank training. 2008. Salem, Oregon.

Exploding poly tanks: buy them right and inspect them now. 2008. Penn State
Northeastern Region Pesticide Safety Education Center. State College, Pennsylvania.


http://www.btny.purdue.edu/ppp/PPP_pubs.html

Indiana Presentations

Preventing poly tanks from cracking like an egg. 2009. Multi-County No Till and
Conservation Systems Winter Meeting. Wabash, Indiana.

Poly tank safety. 2009. Mid-America Ag Show. Indianapolis, Indiana.

Exploding poly tanks. 2009. Gibson County Private Applicator Recertification Program.
Fort Branch, Indiana.

Pesticide safety tips—field tested and inexpensive. 2009. Indiana Park and Recreation
Association. Bloomington, Indiana.

Getting tanked with Fred. 2009. Indiana Spray Center Sprayer Training. 2009.
Noblesville, Indiana (2).

What should you know about poly tanks. 2009. Farm Tractor Farm Profit Preview.
Vincennes, Indiana.

Portable poly tanks and you. 2008. Illinois Professional Turf Conference. Schaumburg,
Illinois.

Poly tank inspections. 2008. Dearborn and Ripley County Pesticide Applicator
Recertification Program. Moores Hill, Indiana.

Predicting and preventing poly tank damage. 2008. LaGrange County Private Applicator
Recertification Program. LaGrange, Indiana.

Poly tank inspections. 2008. Knowing Your Poultry Operation. Daviess County Soil and
Water Conservation District. Washington, Indiana.

Poly tanks, tie downs, and regulations. 2008. Langdon Brothers Seed Company Annual
Field Day. Hartford City, Indiana.

A new look at poly tanks. 2008. The Anderson’s Agronomy Field Day. Waterloo,
Indiana.

Poly tanks: there’s more than meets the eyes. 2008. Mid Season Diagnostic Workshop.
Purdue University Diagnostic Training and Research Center. West Lafayette, Indiana.

Preventing poly tanks from cracking like an egg. 2008. Wilson Fertilizer Grower
Seminar. Brook, Indiana.

Poly tank breaking. 2008. Southwest Indiana Melon and Vegetable Growers Annual
Meeting. Vincennes, Indiana.

Keeping poly tanks from breaking. 2008. Darson Farm Center Private Applicator
Recertification Program. Morocco, Indiana.

Poly tanks. 2008. White County Agricultural Winter Schools. Wolcott, Indiana.

National Presentations

Exploding poly tanks (2). 2009. The Ohio State University West Ohio Agronomy Day.
Sidney, Ohio.

Is your poly tank in good shape? 2008. North Carolina Vegetation Management
Association. Raleigh, North Carolina.

Cracking like an egg: preventing herbicide spills by inspecting and replacing poly tanks.
2008. Oklahoma Vegetation Management Association Trade Show and Training.
Tulsa, Oklahoma.

Preventing poly tanks from cracking like an egg. 2008. Farm Journal Corn College.
Bloomington, Illinois.



Busted spray tanks and falling cargo: easy fixes to serious problems. 2008. Illinois Pest
Control Association Regional Workshop. Hanna City, Illinois.

The life of poly tanks: do you know how to inspect and make sure the poly tanks you are
using are safe. 2008. West Virginia Vegetation Management Association. Roanoke,
West Virginia.



New Rural Home Buyer Septic System Extension Bulletin
Series

Basic Information

Title:|New Rural Home Buyer Septic System Extension Bulletin Series
Project Number:|2008IN244B
Start Date:|3/1/2008
End Date:|2/28/2009
Funding Source:|104B
Congressional District:(1-9

Research Category:|Water Quality

Focus Category:|Education, Groundwater, Surface Water

Descriptors:|None

Principal Investigators:Brad Lee
Publication

New Rural Home Buyer Septic System Extension Bulletin Series



IWRRC Outreach Report

Title: 20081N244B: New Rural Home Buyer Septic System Extension Bulletin Series

Submitted by: Brad Lee, Associate Professor and Extension Specialist
Plant and Soil Sciences Department
212B Agricultural Sciences Building North
University of Kentucky
Lexington, KY 40546

Funding Period: March 1, 2007 — February 28, 2008

Problem: Potential homebuyers have very little if any knowledge of septic systems other
than the permit requirement.

Outreach/Extension Objectives: We propose to develop a series of Extension bulletins
specifically addressing the educational needs of potential buyers of homes that utilize
septic systems as their form of wastewater treatment.

Methodology: We propose to develop a series Extension bulletins specifically addressing
the educational needs of potential buyers of homes that utilize septic systems as their
form of wastewater treatment.

Principal Deliverables: Series of Extension bulletins
Publicized at 2007 IEHA Fall Conference

Summary: Septic system failure is a problem throughout the United States. About 1/3™
of Hoosiers utilize septic systems, and of these 800,000 systems, the Indiana State
Department of Health estimates that about 25% are failing. Many of these failures have
been attributed to problematic soil conditions that are prominent throughout the state.
The governing law regarding residential septic systems (Rule 410 IAC 6-8.1) is
administered at the local level by county health departments. County health departments
issue septic system permits based on soils information submitted in a report by consulting
soil scientists. Potential homebuyers have very little if any knowledge of septic systems
other than the permit requirement. We propose to develop a series of hardcopy bulletins
specifically addressing the educational needs of potential buyers of homes that utilize
septic systems as their form of wastewater treatment.

Publications: 5 Extension bulletins (Status: 1 proof, 4 in development/revision)



USGS Summer Intern Program

None.

USGS Summer Intern Program



Student Support

Category Section 104 Base | Section 104 NCGP NIWR-US.GS Supplemental Total
Grant Award Internship Awards
Undergraduate 19 1 0 0 20
Masters 2 2 0 0 4
Ph.D. 2 0 0 2 4
Post-Doc. 0 0 0 1 1
Total 23 3 0 3 29




Notable Awards and Achievements

Formation of Wabash River Research Consortium. This is a major state project that is only possible because
of the 104 (B) support.

Notable Awards and Achievements
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