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(22) OBJECTIVES:

» To enhance/develop the NAPRA online web-based decision support tool to assess the
impact of phosphorous losses on shallow ground water and surface water at farm and
county levels with SSURGO soil data.

» To determine impact of current and future agricultural management practices common
near the Great Lakes on phosphorus loads.

Hypothesis



e There exists a spatial resolution beyond which both STATSGO and SSURGO would
predict similar water quality response.

e NAPRA WEB tool will help in estimating phosphorus loads by simulating the present and
future scenarios.

(23) PROBLEM:

Excessive amounts of nitrogen and phosphorus in water bodies leads to adverse ecological
impact. The effects may occur close to the sources of nitrogen and phosphorus pollution or they
may be manifested downstream from the sources, sometimes hundreds of miles away. Massive
growth of phytoplankton in lakes causes deterioration of water quality, by decreases in
transparency, colored water, clogging of sand filters in water treatment plants, taste and odor in
finished water and death of aquatic species. These problems occur due to increased phosphorus
concentrations in the water bodies. Nitrogen and phosphorus pollution is a significant cause of
environmental problems in lakes, reservoirs, rivers, streams, estuaries, and wetlands. It is a
persistent threat to water quality. Hypoxic events occurring in the northern Gulf of Mexico,
Chesapeake Bay, Long Island Sound, and Lake Erie caused by nitrogen and phosphorus
pollution have become a national concern. Population growth, with its accompanying urban,
suburban, and agricultural development, increases the sources and magnitude of nitrogen and
phosphorus pollution (EPA, 2008). The factors that contribute to discharge of nitrogen and
phosphorus pollution are due to overuse of fertilizer in both residential and agricultural settings,
runoff flowing over cropland, animal feeding operations and pastures picking up animal waste
and depositing it in water bodies and rainfall flowing over urban and suburban areas through
parking lots, lawns, rooftops, and roads.

The National Agricultural Pesticide Risk Analysis (NAPRA) SDSS web tool is one such tool that
would aid stakeholders including farmers to make pesticide, nutrient, erosion and hydrology
based management decisions. It uses water quality simulation models combined with statistical
analysis to aid the decision making process. However, the existing NAPRA uses STATSGO soil
data which is too generalized for farm or local level decision making.

(24) RATIONALE (IMPACT OF PROBLEM):

Nitrogen and phosphorus pollution is a significant cause of environmental problems in lakes,
reservoirs, rivers, streams, estuaries, and wetlands. It is a persistent threat to water quality, it
leads to massive growth of phytoplankton in lakes that causes deterioration of water quality, by
decreases in transparency, colored water, clogging of sand filters in water treatment plants, taste
and odor in finished water and death of aquatic species.

The enhanced NAPRA decision support tool can assist stakeholders in assessing impacts of
agricultural management systems on nutrient losses and identification of practices to reduce
nutrient losses.

(25) METHODOLOGY:
The National Agricultural Pesticide Risk Analysis (NAPRA) Spatial Decision Support System
web tool would aid stakeholders including farmers to make phosphorus based management



decisions at farm to county levels. It uses the water quality simulation model, Groundwater

Loading Effects of Agricultural Management Systems (GLEAMS), combined with statistical
analysis to aid the decision making process to assess the impact of practices and management

systems on phosphorus reaching Lake Erie. The existing NAPRA uses STATSGO soil data

which is too generalized for farm or local level decision making so SSURGO soil data would be

incorporated as an option along with STATSGO for detailed farm or county level decision

making.

Study Area: Black Creek Watershed and
Erie Lake

The Black Creek watershed, northeast
Indiana, was identified as a study area as few
watersheds with both daily measured water
quality data and with detailed information on
various implemented BMPs are available.
This watershed, located in Allen County,

2
northeast Indiana is an approximately 50 km
(12,000 acre) watershed in the Maumee
River basin (figure 1). This watershed is
selected as the model watershed for the study
as the required data are available. The study
would be done to assess the level of
phosphorus loads from this watershed for
current practices and anticipated changes in
agricultural management. Historical data
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Figure 1 : Black Creek & Lake Erie

from this watershed provide a baseline for comparison. The study would be done for the present
scenario as well as for the future scenario when there is an increase in biofeedstock production or
livestock production. This watershed was selected for the study as one of the main concerns of
Lake Erie to which this watershed eventually drains is phosphorus.

Obijective 1: To enhance the NAPRA online web-based decision support tool to assess the

impact of phosphorous losses on shallow ground water and surface water at farm and county

levels with SSURGO soil data.

Tasks to be performed to complete this objective

Task 1.1: Enhance the NAPRA online web-based decision support tool.

Task 1.2: Update the soil database using SSURGO soils suitable for field and county level

evaluation.

Task 1.3: Create an effective visualization of the impacts of phosphorous losses at field/county

level using Google Maps.

Task 1.1: Enhance the NAPRA online web-based decision support tool




The designed web site “NAPRA
Web” contains three main
components (Figure 2): the first
component serves as the Input
Interface to the model using
maps and tabular input, the
second component consists of
the model that does the analysis
and the databases that are stored
on the server, and the third
component would include
different tabular and graphical
outputs from the model and a

Model
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Task 1.2: Update the soil database using SSURGO soils suitable for field and county level
evaluation.

The original NAPRA WWW system simulated the effects of different agricultural management
on hydrology, erosion, pesticides and nutrient for farm level using the STATSGO database but
STATSGO soil data was not designed for farm level. The SSSURGO soil database is basically
designed for farm level, so it would be more accurate in its data than the STATSGO soil
database. The STATSGO database will be updated to include SSURGO soil properties for the
states included in this project. The SSURGO soil properties needed by NAPRA will be obtained
from the online web soil survey for SSURGO and incorporated in the NAPRA database. This
will enable NAPRA users to select SSURGO soils when making NAPRA model runs and
thereby obtain results that are more applicable to field and small watershed scales. If the size of
the study was large could still use the STATSGO database.

Task 1.3: To create an effective visualization of the impacts of phosphorous losses at
field/county level using Google Maps.

The Google Maps API was used to represent the spatial data in NAPRA Web, because it
provides flexibility and an easy-to-use interface for map-based applications. The features of
Google Maps were incorporated like the address search capability; that made it easy for users to
input the address, nearby town, or other place name to find locations, the zoom facility (in, out)
and the panning to recognize the clear boundaries of the field or the locality that are affected.
The NAPRA Web would help to visualize the spatial variations of atrazine, phosphorous and
nitrogen losses using the Google Map interface. A simple, familiar interface like Google Maps
interface (http://maps.google.com/) would make the site even more intuitive and useful. The
gradient shapefile is created using GIS software and overlaid on the Google Map. KML would
be used for Google map based programming. The concentration of phosphorus load is
represented on the map using Google Maps.



Obijective 2: Evaluate current and future agricultural management practices common near the
Great Lakes on phosphorus loads.

Tasks to be performed to complete this objective

Task 2.1: Assess the level of phosphorus reaching water with the existing cropping management
systems.

Task 2.2: Assess the change in phosphorus level due to increase in biofeedstock production.
Task 2.3: Assess the change in phosphorus level due to intensive livestock production.
Task Details

Task 2.1: Assess the level of phosphorus reaching water with the existing cropping
management systems

Studies have shown that cropping systems, such as corn-soybean rotations, can serve to protect
the environment and maintain the economic viability of producers. Consequently, in model
simulations two cropping management systems would be considered, continuous corn and corn-
soybean rotation. Cropping management input data such as planting date, harvesting date,
maturity dates, method of fertilizer application, fertilizer type and tillage method would be the
same for both scenarios. Planting, harvesting and maturity dates will be based on data obtained
from the Indiana Agricultural Statistics Report (Indiana Agricultural Statistics, 2000-2004).
Based on the two cropping patterns, the simulation would be done using NAPRA to identify the
phosphorus at the Wildcat Creek watershed. Total phosphorus would be determined by the sum
of the 50% annual probability of exceedence for phosphorus loading to runoff, leached and
sediment transport. The level of phosphorus loss with respect to the standards would be
evaluated by taking the difference between the simulated values and the standard value. This
would help to understand the level of phosphorus loss with respect to the existing cropping
pattern and access its impact on the environment. It would help to measure progress as well as
maintain the water quality.

Task 2.2: Assess the change in phosphorus level due to increase in biofeedstock production.

Corn-stover is considered one of the best-suited biofeedstocks based on regional transportation
and economic analyses. Due do the focus on biofeedstock production, there is a need to quantify
the environmental effects due to the increase in biofeedstock production. The environmental
effect due to phosphorus loss due to increase in biofeedstock production can be assessed using
the NAPRA model. The model will be used to quantify the phosphorus loss associated with corn
silage and other biofeedstock production to meet bioenergy feedstock demands. Harvesting
techniques and conversion processes are key drivers to biofeedstock selection and characteristics.
The model would be used to simulate a hypothetical increase in the biofeedstock. Based on its
impact decision makers can control or increase the biofeedstock production in a location.

Task 2.3: Assess the change in phosphorus level due to intensive livestock production

In many areas of intensive, confined animal production, manures are normally applied at rates



designed to meet crop nitrogen requirements. This often results in a buildup of soil test
phosphorus above amounts sufficient for optimal crop yields. The amount of phosphorus added
in average applications of dairy manure (8 to 10 tons/acre and 0.5 percent phosphorus) and
poultry litter (4 tons/ acre and 1.5 percent phosphorus) are considerably greater than what is
removed in harvested crops; the result is an accumulation of soil phosphorus. Many livestock
operations use nutrient-rich animal manure as fertilizer on pastures and in crop production. Soil
test phosphorus levels on pastures and crop fields have become a serious issue for livestock
producers who use animal manure as fertilizer. The NAPRA tool would simulate a hypothetical
increase in livestock as a future scenario to determine the effect on the level of phosphorus
losses. It would facilitate the farmers in recognizing the extent of phosphorus loss and in taking
necessary steps to implement the required BMPs to overcome the problem. The implementation
of BMPs can reduce the risk for phosphorus loss to a great extent. BMPs vary depending on site
specific criteria that the model can capture. BMPs such as reduced fertilizer and manure
phosphorus applications, changes in the timing and method of application, soil conservation
(through reduced tillage), and installation of conservation buffers will be considered.

(26) EXPECTED RESULTS AND IMPACT:
Deliverables:
« A Web-Based tool to simulate the future and present scenarios for phosphorus and
nitrogen loads.

e An assessment of agricultural management systems on phosphorus and nitrogen loads
from common agricultural production systems in the Western Lake Erie basin.

This tool would help farmers and other stakeholders identify the phosphorus losses due to
changing watershed conditions like increased biofeedstock production or increased livestock
production as well as for present scenarios. It would help in recognizing the BMPs that would be
most effective in the reduction of phosphorus loss in that locality. This tool would be free and
easily accessible by any farmer or other stakeholder. The tool utilizes the latest technologies to
ensure reliability, ease of use and effective presentation of the results. It would enable increasing
the involvement of stakeholders in the decision-making and planning processes. It would
motivate them to take a decision to implement BMPs based on the scenarios they consider with
the tool.
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Budget Justification

A total of $1912 is budgeted for expendable supplies and equipment for use in this project.
These resources will be spent on: hard disk space for the web application ($1200), programming
books ($450), and supplies for a large format printer to create posters of the results for use when
interacting with stakeholders ($262).

A total of $2500 is budgeted for travel. These resources will be spent on: 3 trips to the study
watershed (3 trips @ $300 each = $900; 1 trip to meet with Midwest decision support system
partnership team in Chicago at $500; and 1 trip to a professional meeting to present results of the
work at $1100).

A total of $1588 is budgeted for the indirect costs on the direct costs portion of the budget. The
indirect cost rate is the same rate charged to all outreach projects.
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Synergistic Activities

Professor Engel has developed numerous web-baagdlgfecision support systems that include web
GIS, model and database componehtgp(//pasture.ecn.purdue.edu/~wateryjeffie Long-Term
Hydrologic Impact Assessment (L-THIA) system allowgers to model the impacts of land use change
on runoff and water quality for any location in ti8. A watershed delineation application allowsrsise

to select a location on a web-based map and hawedtershed draining to that location identified an
characterized. These and numerous other web-baséziah support tools have been used within classes
to help students better understand and quantifyadf@and ecological concepts. These tools have also
developed extensive user bases among citizensyrgoeat agencies and environmental consultants.

Engel 2



Academic Transcript Page 1 of 3

. . 017912138 A hla Ant
Academic Transcript Aug 04, 2005 05:09 pm

&R This is not an official transcript. Courses which are in progress may also be included on this
transcript.

Institution Credit Transcript Totals Courses in Progress
Transcript Data
STUDENT INFORMATION

Student Type: Continuing
Curriculum Information

Current Program
Doctor of Philosophy

Program: Agric Biol Engr-PHD
College: Graduate Studies

Campus: West Lafayette

Major: Agricultural & Biological Engr
Major Concentration: Agricultural Systems Mgt

***Transcript type:EXTL External is NOT Official ***

DEGREE AWARDED

Sought: Doctor of Philosophy Degree Date:
Curriculum Information

Primary Degree

Program: Agric Biol Engr-PHD
College: Graduate Studies

Campus: West Lafayette

Major: Agricultural & Biological Engr
Major Concentration: Agricultural Systems Mgt

INSTITUTION CREDIT -Top-

Fall 2007

College: Graduate Studies

Major: Agricultural & Biological Engr

Academic Standing: Continued Good Standing

Subject Course Campus Level Title Grade Credit Quality R
Hours Points

ABE 69100 West GR Environ Data Handling A 3.000 12.00

https://esa-oas-prod-wl.itap.purdue.edu/prod/bwskotrn.P ViewTran 8/4/2009



Academic Transcript Page 2 of 3
Lafayette
ABE 69700  West GR  Seminar S 0.000 0.00
Lafayette
ASM 59100 West GR Gis Applications A 3.000 12.00
Lafayette
MGMT 54400 West GR Database Mgmt Systems A 3.000 12.00
Lafayette
Attempt Passed Earned GPA Quality GPA
Hours Hours Hours Hours Points
Current Term: 9.000 9.000 9.000 9.000 36.00 4.00
Cumulative: 9.000 9.000 9.000 9.000 36.00 4.00
Unofficial Transcript
Spring 2008
College: Graduate Studies
Major: Agricultural & Biological Engr
Academic Standing: Continued Good Standing
Subject Course Campus Level Title Grade Credit Quality R
Hours Points
ABE 69900 West GR Research PhD Thesis S 9.000 0.001
Lafayette
CE 54200 West GR Hydrology A 3.000 12.00
Lafayette
CE 59700 West GR Geographic Info Systms B 3.000 9.00
Lafayette
STAT 51100 West GR Statistical Methods B 3.000 9.00
Lafayette
Attempt Passed Earned GPA Quality GPA
Hours Hours Hours Hours Points
Current Term: 18.000 18.000 18.000 9.000 30.00 3.33
Cumulative: 27.000 27.000 27.000 18.000 66.00 3.67
Unofficial Transcript
Summer 2008
College: Graduate Studies
Major: Agricultural & Biological Engr
Academic Standing: Continued Good Standing
Subject Course Campus Level Title Grade Credit Quality R
Hours Points
ABE 69900 West GR Research PhD Thesis S 9.000 0.001
Lafayette
Attempt Passed Earned GPA Quality GPA
Hours Hours Hours Hours Points
Current Term: 9.000 9.000 9.000 0.000 0.00 0.00
Cumulative: 36.000 36.000 36.000 18.000 66.00 3.67
Unofficial Transcript
Fall 2008
College: Graduate Studies
Major: Agricultural & Biological Engr
Academic Standing: Continued Good Standing
Subject Course Campus Level Title Grade Credit Quality R
Hours Points
ABE 69900 West GR Research PhD Thesis S 18.000 0.001
Lafayette
Attempt Passed Earned GPA Quality GPA
https://esa-oas-prod-wl.itap.purdue.edu/prod/bwskotrn.P ViewTran 8/4/2009



Academic Transcript

Hours
Current Term: 18.000 18.000 18.000
Cumulative: 54.000 54.000 54.000

Unofficial Transcript

Spring 2009
College: Graduate Studies
Major: Agricultural & Biological Engr

Academic Standing: Continued Good Standing
Last Academic Standing:

Subject Course Campus Level Title

Continued Good Standing

Page 3 of 3

Hours Hours Hours Points
0.000
18.000

0.00
66.00

0.00
3.67

Grade Credit Quality R

Hours Points

ABE 69900  West GR Research PhD Thesis S 15.000 0.00 I
Lafayette
CGT 45600 West GR Adv Web Prog, Dev&Data B 3.000 9.00
Lafayette
Attempt Passed Earned GPA Quality GPA
Hours Hours Hours Hours Points
Current Term: 18.000 18.000 18.000 3.000 9.00 3.00
Cumulative: 72.000 72.000 72.000 21.000 75.00 3.57
Unofficial Transcript
TRANSCRIPT TOTALS (GRADUATE) -Top-
Attempt Passed Earned GPA Quality GPA
Hours Hours Hours Hours Points
Total Institution: 72.000 72.000 72.000 21.000 75.00 3.57
Total Transfer: 0.000 0.000 0.000 0.000 0.00 0.00
Overall: 72.000 72.000 72.000 21.000 75.00 3.57
Unofficial Transcript
COURSES IN PROGRESS -Top-

Summer 2009

College: Graduate Studies

Major: Agricultural & Biological Engr

Subject Course Campus Level Title

ABE 69900 West GR Research PhD Thesis
Lafayette

RELEASE: 7.2

https://esa-oas-prod-wl.itap.purdue.edu/prod/bwskotrn.P ViewTran

Credit Hours
9.000

8/4/2009



PURDUE

UNIVERSITY DEPARTMENT OF AGRICULTURAL
AND BIOLOGICAL ENGINEERING

August 4, 2009

Dear Proposal Evaluation Committee:

I am pleased to write this letter in support of Acushla Antony’s proposal titled “A Web-Based
Tool to Measure Environmental Quality Standards for Phosphorus in Water at Lake Erie”. T am
serving as her major professor for her graduate studies.

The work Acushla proposes builds on a significant base of work in which my group has built
very successful environmental decision support tools. Several of these tools
(http://engineering.purdue.edu/~watergen) are widely used for environmental decision making.
Other tools have been very useful to the research efforts of my group in addressing challenging
watershed issues.

Acushla’s work will extend the capabilities of the NAPRA tool (National Agricultural Pesticide
Risk Assessment). Note NAPRA models nutrient losses in addition to pesticide losses. Using the
enhanced NAPRA, she is proposing to explore the impacts of management practices common in
the Black Creek watershed on phosphorus losses. Black Creek drains to the Maumee which
eventually drains to Lake Erie. She also plans to assess the impact of potential future
management systems within this watershed to determine the impacts of these systems on
phosphorus losses. The results will provide guidance regarding the likely impacts of both
current and future management in watersheds within the western Lake Erie basin on phosphorus
losses. In addition, the tool she is developing will allow others within the Great Lakes basin to
assess impacts of agricultural management on nutrient and pesticide losses.

Acushla has prepared a draft of her Ph.D. research proposal that is being finalized this month
(August 2009). It will be shared with her advisory committee this month.

Acushla is supported by a USDA project. The work she is proposing extends the application of
the decision support tool into Great Lakes basin watersheds. As highlighted above, the
application of the tool will provide valuable insight into the management of phosphorus in these
watersheds.

Sincerely,

A0z

Bernard A. Engel
Professor and Department Head

Department of Agricultural and Biological Engineering

225 S. University Street m West Lafayette, IN 47907-2093 = (765) 494-1167 = (765) 496-1115 ® http://www.purdue.edu/abe




