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Figure 151. Nitrate-nitrogen based critical areas in the Region of the Great Bend of

the Wabash River watershed.
Data used to create this map are detailed in Appendix A.

7.3.2 Critical Areas for Phosphorus
Total phosphorus was the phosphorus form on which our critical area determination
occurred. Total phosphorus enters streams in the Region of the Great Bend of the Wabash
River watershed through human and animal waste, streambank and bed erosion, unfiltered
runoff, fertilizer use, and stormwater runoff. Total phosphorus critical areas were
determined by six criteria:
e Areas lacking buffers exceeding 50% of the stream length within the subwatershed;
e Areas of streambank and bed erosion exceeding 50% of the stream length within in
the subwatershed;
¢ Impervious surfaces cover 3% or more of the subwatershed;
e Impaired waterbodies listing for nutrients;
e Total phosphorus concentrations exceed the target concentration (0.08 mg/L) at
10% or more subwatershed sample sites;
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e Total phosphorus concentrations exceed the target concentration (0.08 mg/L) 10%
or more of the time at concentrated sample sites (=40 samples collected within one

year).

Based on these criteria, Haywood Ditch-Wea Creek, East Branch Wea Creek, Flint Run-Flint
Creek, Flint Creek-Wabash River, Cedar Hollow-Wabash River, Elliot Ditch, Headwaters
Burnett Creek, Indian Creek, and Otterbein Ditch-Little Pine Creek serve as critical areas for
total phosphorus. Figure 152 details total phosphorus based critical areas.

Figure 152. Total phosphorus based critical areas in the Region of the Great Bend

of the Wabash River watershed.
Data used to create this map are detailed in Appendix A.

7.3.3 Critical Areas for Sediment

Total suspended solids were used to determine sediment-based critical areas. Total
suspended solids enter streams in the Region of the Great Bend of the Wabash River
watershed through streambank and bed erosion, unfiltered runoff, agricultural land use in
floodplains, development, livestock access, and stormwater runoff. Total suspended solids
critical areas were determined where three or more of the criteria needed to be met.
Decisions included:

Wabash River Enhancement Corporation Page 250
ARN #305-9-54



Region of the Great Bend of the Wabash River Watershed Management Plan 10 May 2011

e Areas needing buffers exceeding 50% of the stream length within the subwatershed;

Areas of streambank and bed erosion exceeding 50% of the stream length within in

the subwatershed;

Impervious surfaces covering 3% or more of the subwatershed;

Agricultural lands in floodplains;

Livestock access areas;

Total suspended solids concentrations exceed the target concentration (25 mg/L) at

20% or more subwatershed sample sites;

e Total suspended solids concentrations exceed the target concentration (25 mg/L)
10% or more of the time at concentrated sample sites (=40 samples collected within
one year).

Based on these criteria, East Branch Wea Creek, Elliot Ditch, Haywood Ditch-Wea Creek,
Headwaters Burnett Creek, Indian Creek, Flint Run-Flint Creek, Flint Creek-Wabash River,
Otterbein Ditch-Little Pine Creek, Cedar Hollow-Wabash River, Jordan Creek, all livestock
access areas, and all agricultural land within floodplains serve as critical areas for total
suspended solids. Figure 153 details total suspended solids based critical areas.
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Figure 153. Total suspended solids based critical areas in the Region of the Great

Bend of the Wabash River watershed.
Data used to create this map are detailed in Appendix A.

7.3.4 Critical Areas for E. coli
E. coli was used to determine our critical areas. E. coli enters streams in the Region of the
Great Bend of the Wabash River watershed through human and animal waste, livestock
access, and infrastructure issues. E. coli critical areas were determined by four criteria
including:
e Livestock access areas;
e Impaired waterbodies listing for E. coli;
e E. coli concentrations exceed the target concentration (235 colonies/100 mL) at 30%
or more subwatershed sample sites;
e E. coli concentrations exceeds the target concentration (235 colonies/100 mL) 10%
or more of the time at concentrated sample sites (=40 samples collected).
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Based on these criteria, East Branch Wea Creek, Kenny Ditch-Wea Creek, Headwaters
Burnett Creek, Cedar Hollow-Wabash River, Flint Creek-Wabash River, Otterbein Ditch-Little
Pine Creek, Elliot Ditch, Little Wea Creek, and all livestock access areas serve as critical
areas for E. coli. Figure 154 details E. coli based critical areas.

Figure 154. E. coli based critical areas in the Region of the Great Bend of the
Wabash River watershed. Data used to create this map are detailed in Appendix A.
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7.3.5 Critical Areas for Habitat
Habitat and biological data were used to determine habitat-based critical areas. Due to the
limited watershed-wide habitat data currently available, results from biological monitoring
were also used to assess limitations and determine critical areas. Habitat limitations were
identified based on streambank and bed erosion, poor filtration, impervious surfaces, and
impediments due to road crossings. Habitat-based critical areas were determined by six
criteria with subwatersheds meeting three or more requirements and those areas located
within the Wabash River floodplain. Criteria include:
e Areas needing buffers exceeding 50% of the stream length within the subwatershed;
e Areas of streambank and bed erosion exceeding 50% of the stream length within in
the subwatershed;
Impervious surfaces cover 3% or more of the subwatershed;
More than one stream-road crossing per mile of surface waterbody;
Subwatersheds where one or more IBI scores less than 36 were recorded;
Subwatersheds where one or more mlIBI scores less than 2.2 were recorded.

Based on these criteria, East Branch Wea Creek, Elliot Ditch, Headwaters Burnett Creek,
Indian Creek, Flint Run-Flint Creek, Haywood Ditch-Wea Creek, and Otterbein Ditch-Little
Pine Creek subwatersheds serve as critical areas for habitat. Figure 155 details habitat
based critical areas.
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Figure 155. Habitat-based critical areas in the Region of the Great Bend of the
Wabash River watershed. Data used to create this map are detailed in Appendix A.

7.3.6 Priority Areas

Based on a review of fish and macroinvertebrate assessments, Turkey Run-Wabash River
and Armstrong Creek-Little Pine Creek subwatersheds should be considered priority areas.
Both subwatersheds contain high quality habitat, fish, and macroinvertebrate communities.
Figure 156 details priority and critical areas in the Region of the Great Bend of the Wabash
River watershed.
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Figure 156. Priority and critical areas in the Region of the Great Bend of the
Wabash River watershed. Data used to create this map are detailed in Appendix A.

8.0 CRITICAL LOAD ESTIMATION

Nonpoint source pollution is generated from diffuse sources found on public and private
lands. The USEPA details sources of nonpoint pollution to include: urban runoff, construction
activities, manmade modifications to stream hydrology, agriculture, irrigation pumping and
water returns, solid waste disposal, atmospheric deposition, streambank erosion, and more.
The critical sources identified within the Region of the Great Bend of the Wabash River
watershed are detailed above. The magnitudes of each source are expressed in
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Table 32 through Table 39. These data were generated using available watershed maps and
information and are generally useful for detailing water quality problems within portions of
the watershed where monitoring data are not available.

Another mechanism for determining sources of nonpoint pollution is hydrologic simulation
models. Hydrologic models detail the transport of pollutants across the land surface as
surface runoff. Rain water flows over the land and through the groundwater collecting
pollutants including sediment and nutrients as it moves. The soil characteristics and land
uses influence the way that water moves through the system and each hydrologic model
simulates the movement in a different way. These computer models provide useful
information which can serve as a baseline for future land use changes. They also serve as a
check on the critical area determinations made using water chemistry sample and GIS-
based watershed data.

8.1 Current Load Estimation
Watershed loading rates can be estimated using a variety of loading models for a variety of
parameters. A tabular-based nonpoint source pollution loading model (L-THIA) was used to
assess the nonpoint source pollution of three of the pollutants of concern: total nitrogen,
total phosphorus, and total suspended solids. The L-THIA Estimate Nonpoint Source
Pollutant model (L-THIA) provides a basis for comparison of runoff for these pollutants
within each 12-digit subwatershed. It should be noted that L-THIA calculates loading based
on 14-digit subwatersheds, not 12-digit subwatersheds. In order for calculation of runoff
volume and nonpoint source pollutant loading to occur on a 12-digit subwatershed level, a
series of modifications and comparisons occurred. They are described as follows:
1. The Region of the Great Bend of the Wabash River watershed map was created
with 12-digit and 14-digit HUC overlays.
2. A list of 12-digit HUCs and their corresponding 14-digit HUCs was generated.
3. In cases where one or more 14-digit HUCs comprise one 12-digit HUC, the 14-
digit HUCs were listed and the individual loadings calculated then added together.
4. For 12-digit HUCs which approximate 14-digit HUC boundaries, the 14-digit HUC
boundary was utilized for the calculation.

In total, 1.0 million pounds of nitrogen, 294,000 pounds of phosphorus, and 25.6 million
pounds of sediment loading occurs within the Region the Great Bend of the Wabash River
watershed (Table 40). The Turkey Run-Wabash River and East Branch Wea Creek
subwatersheds contain the highest nitrogen, phosphorus, and sediment loading rates. When
loading rates are normalized by area, the Turkey Run-Wabash River subwatershed contains
the highest nitrogen areal loading rate, while the Flint Run-Flint Creek subwatershed
contains the highest phosphorus and sediment areal loading rates. The Flint Run-Flint Creek
possesses the second highest areal nitrogen loading rate, while the Turkey Run-Wabash
River subwatershed contained the highest phosphorus areal loading rate and East Branch
Wea Creek contains the highest suspended solids areal loading rate. Using data generated
by the L-THIA model, the Turkey Run-Wabash River, East Branch Wea Creek, and Flint Run-
Flint Creek subwatersheds should be considered priority areas for reducing nitrogen,
phosphorus, and sediment loading to the Wabash River.
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Table 40. Estimated annual loads for each 12-digit subwatershed modeled using L-

THIA.

Current Current Current

Area Nitrogen Phosphorus Sediment

Subwatershed (acres) Load Load Load

(Ib/yr) (Ib/yr) (Ib/yr)
Romney-Fraley Ditch 23,386 70,722 20,876 1,716,461
East Branch Wea Creek 18,365 90,709 26,825 2,207,038
Haywood Ditch-Wea Creek 11,289 36,156 10,678 886,297
Elliot Ditch 11,897 37,481 10,189 1,212,702
Little Wea Creek 21,394 65,210 19,264 1,597,399
Kenny Ditch-Wea Creek 18,219 47,627 14,134 1,165,143
North Fork Burnett Creek 11,607 41,081 12,141 1,015,400
Headwaters Burnett Creek 22,789 56,389 16,583 1,418,293
Cedar Hollow-Wabash River 14,697 53,064 14,767 1,647,252
Indian Creek 18,979 63,397 18,335 1,693,298
Jordan Creek-Wabash River 10,010 30,640 8,915 802,835
Lost Creek-Wabash River 16,852 42,701 12,566 1,039,723
Flint Run-Flint Creek 13,977 84,883 25,026 2,055,876
Otterbein Ditch-Little Pine Creek 13,186 47,296 13,569 1,279,411
Armstrong Creek-Little Pine Creek | 20,130 39,936 11,755 969,878
Flint Creek-Wabash River 15,255 39,238 11,514 948,224
Headwaters Kickapoo Creek 15,266 37,257 10,905 895,269
West Fork Kickapoo Creek 9,814 23,957 6,971 573,509
Turkey Run-Wabash River 19,582 102,351 29,920 2,457,021
Total Watershed Load 1,010,095 294,933 25,581,030

As detailed above, critical areas were prioritized based on field observations and water
monitoring results. These efforts contradict results from L-THIA modeling. L-THIA indicates
that Turkey Run-Wabash River, East Branch Wea Creek, Flint Run-Flint Creek, and Romney-
Fraley Ditch contain higher nitrate-nitrogen loads, while Jordan Creek-Wabash River, West
Fork Kickapoo, Haywood Ditch-Wea Creek, Elliot Ditch, and Headwaters Kickapoo Creek
contain the lowest nitrate-nitrogen loading rates. These findings do not follow field and
water quality observations where Romney-Fraley Ditch, East Branch Wea Creek, North Fork
and Headwaters Burnett Creek, Flint Run-Flint Creek, Otterbein Ditch-Little Pine Creek, and
Elliot Ditch were identified as the most critical areas for reducing nitrate-nitrogen loading.
With regards to total phosphorus, Turkey Run-Wabash River, Flint Run-Flint Creek, and East
Branch Wea Creek were identified by L-THIA as having the highest loading rates. Few of
these were identified as critical areas using observations and water quality data suggesting
that modifications to L-THIA may be required to truly model the Region of the Great Bend of
the Wabash River watershed. Similarly, Turkey Run-Wabash River, East Branch Wea Creek,
Flint Run-Flint Creek, and Romney-Fraley Ditch were identified by L-THIA as the areas of
greatest concern. All of L-THIA’s results indicate that tweaks to the model are needed in
order to generate quality information about the Region of the Great Bend of the Wabash
River. These data suggest that tile drainage and streambank erosion may play large factors
in conditions present in this watershed.

For model results to be useful in source identification and critical area prioritization, they
need to approximate measured results. Table 41 is based on a comparison of three of the
12-digit subwatersheds with three subwatersheds in which weekly monitoring and quarter
hour stage measurement occurs. Based on the comparison, the following conclusions about
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the usefulness of L-THIA to estimate nitrogen, phosphorus, and sediment loads in the
Region of the Great Bend of the Wabash River are as follows:

e Nitrogen concentrations measured in agricultural watersheds, Little Wea and Little
Pine creeks, are ten times higher than nitrogen concentrations estimated using L-
THIA. This is as expected as L-THIA uses soil and land use information to evaluate
surface runoff and is unaware of increased nitrogen transport rates due to tile
drainage in agricultural lands. The addition of an estimate of subsurface tile drainage
based on soil parent material maps (Owens and Schmidt, unpublished) and nitrate
runoff based on soil type (Ale, unpublished) generates a better approximation;
however, even the combination of the surface estimate (L-THIA) and the subsurface
estimate does not generate a good approximation of the measured nitrate
concentrations.

e Phosphorus concentrations calculated by L-THIA are nearly double those measured
at stream monitoring locations. However, as they are within the same order of
magnitude, these estimates will be used as generated by L-THIA.

e Measured sediment loading rates are approximately triple concentrations estimated
using L-THIA. As indicated with regard to phosphorus modeling results, monitoring
results suggest that sediment generated from overland flow accounts for
approximately one-third of the sediment present in the stream system. Studies in
the Minnesota River conducted for TMDL development determined that more than
two-thirds of the current sediment load is generated from non-field sources, such as
streambank erosion, ravines, and channel erosion (Senjem, 2008).

Based on this assessment, L-THIA may not be the most appropriate model to use to
estimate nitrogen loading rates throughout the largely agricultural, tile drained Region of
the Great Bend of the Wabash River watershed. Additionally, quantification of non-surface
water sources of sediment and phosphorus is necessary. Table 41 details the measured, L-
THIA modeled, and additional estimates of nitrogen, phosphorus, and sediment within the
three monitored subwatershed. More appropriate models for nitrogen will continue to be
explored for use in nitrogen load estimation. It should be noted that all computation models
have assumptions and limitations. Nonetheless, the conditions of the L-THIA model provide
useful information for targeting and prioritizing subwatersheds for phosphorus and sediment
loads.

Table 41. Comparison of modeled results to monitoring station loading calculations
measured March 2009 through April 2010 in Ib/acre/year.

Nitrogen
Subwatershed Measured Modeled Surface Estimated Subsurface Total
Elliot Ditch 3.2 3.1 6.3 9.4
Little Wea Creek 37.6 3.1 14.7 17.8
Little Pine Creek 30.2 3.6 20.6 24.2
Phosphorus
Subwatershed Measured Modeled Surface Total
Elliot Ditch 0.4 0.9 0.9
Little Wea Creek 0.5 1.0 1.0
Little Pine Creek 0.5 0.9 0.9
Sediment
Subwatershed Measured Modeled Surface Estimated Erosion Total
Elliot Ditch 369.5 101.9 152.9 254.8
Little Wea Creek 239.6 97.0 112.0 209.0
Little Pine Creek 227.6 74.7 145.5 220.2
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Based on the results from comparing modeled loading rates to measured loading rates
within the three monitored subwatersheds, loading rates for the remaining subwatersheds
throughout the Region of the Great Bend of the Wabash River were recalculated. Those
results are displayed in Table 42. Due to the issues associated with L-THIA model results,
the estimated loads detailed below will be used to complete load reduction estimation.
However, it should be noted that these values contain inherent errors suggesting that the L-
THIA model combined with the suggested modifications generate poor results compared to
monitored data. Nonetheless, these modeled results will be used as a surrogate for loading
rates throughout the watershed, while measured results will be used in the monitored
subwatersheds.

Table 42. Estimated annual loads for each 12-digit subwatershed using modeled
results from L-THIA and estimated non-surface runoff loading.

Current Current Current

Area Nitrogen Phosphorus Sediment

Subwatershed (acres) Load Load Load
(Ib/yr) (Ib/yr) (Ib/yr)

Romney-Fraley Ditch 23,386 515,812 20,876 4,291,153
East Branch Wea Creek 18,365 467,675 26,825 5,517,594
Haywood Ditch-Wea Creek 11,289 94,095 10,678 2,215,743
Elliot Ditch* 11,897 38,391 5,300 2,849,972
Little Wea Creek* 21,394 805,028 10,002 4,870,112
Kenny Ditch-Wea Creek 18,219 243,832 14,134 2,912,858
North Fork Burnett Creek 11,607 273,650 12,141 2,538,499
Headwaters Burnett Creek 22,789 152,034 16,583 3,545,733
Cedar Hollow-Wabash River 14,697 56,485 14,767 4,118,130
Indian Creek 18,979 340,667 18,335 4,233,245
Jordan Creek-Wabash River 10,010 82,712 8,915 2,007,088
Lost Creek-Wabash River 16,852 91,501 12,566 2,599,308
Flint Run-Flint Creek 13,977 372,516 25,026 5,139,691
Otterbein Ditch-Little Pine Creek* 13,186 398,710 6,834 4,872,216
Armstrong Creek-Little Pine Creek | 20,130 317,523 11,755 2,424,695
Flint Creek-Wabash River 15,255 177,096 11,514 2,370,561
Headwaters Kickapoo Creek 15,266 252,958 10,905 2,238,173
West Fork Kickapoo Creek 9,814 93,591 6,971 1,433,772
Turkey Run-Wabash River 19,582 223,347 29,920 6,142,553
Total Watershed Load 4,997,624 274,047 66,321,095

*Monitored data used for loading rate.

8.2 Load Reduction Estimation

As detailed in Section 3, the steering committee selected water quality targets that are
more stringent than many of the state standards or recommended concentrations. Table 43
details target concentrations for our parameters of concern. Using flows calculated at the
three tributary monitoring stations over a one year sampling period, target loads were
calculated for each subwatershed (Table 44). To calculate estimated target loads, the
average annual flow for the three gaging stations was calculated. Flows were then scaled by
watershed size to calculate flow rates for each subwatershed. These scaled flow rates were
then multiplied by the target concentrations displayed in Target loads were then subtracted
from the current estimated loads (Table 44) generating a target load reduction for each
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subwatershed (Table 45) and for the entire watershed (Table 46). Figure 157 through
Figure 159 detail load reductions by parameter for each subwatershed.

Table 43. Target concentrations for parameters of interest in the Region of the
Great Bend of the Wabash River watershed.

Parameter of Concern Water Quality Benchmark
Nitrate-nitrogen <2.0 mg/L

Total phosphorus <0.08 mg/L

Total suspended solids <25 mg/L

E. coli <235 colonies/100 mL

Table 44. Estimated target loads by subwatershed needed to meet water quality
target concentrations in the Region of the Great Bend of the Wabash River
watershed.

Target Target Target
Area Nitrogen Phosphorus Sediment

Subwatershed (acres) Load Load Load

(Ib/yr) (Ib/yr) (Ib/yr)
Romney-Fraley Ditch 23,386 80,028 3,201 1,000,353
East Branch Wea Creek 18,365 62,846 2,514 785,576
Haywood Ditch-Wea Creek 11,289 38,632 1,545 482,895
Elliot Ditch 11,897 35,533 1,421 444,169
Little Wea Creek 21,394 66,240 2,650 828,001
Kenny Ditch-Wea Creek 18,219 62,346 2,494 779,331
North Fork Burnett Creek 11,607 39,720 1,589 496,498
Headwaters Burnett Creek 22,789 77,985 3,119 974,816
Cedar Hollow-Wabash River 14,697 50,294 2,012 628,675
Indian Creek 18,979 64,947 2,598 811,840
Jordan Creek-Wabash River 10,010 34,255 1,370 428,185
Lost Creek-Wabash River 16,852 57,668 2,307 720,856
Flint Run-Flint Creek 13,977 47,830 1,913 597,876
Otterbein Ditch-Little Pine Creek 13,186 55,160 2,206 689,498
Armstrong Creek-Little Pine Creek | 20,130 68,886 2,755 861,075
Flint Creek-Wabash River 15,255 52,203 2,088 652,543
Headwaters Kickapoo Creek 15,266 52,241 2,090 653,014
West Fork Kickapoo Creek 9,814 33,584 1,343 419,801
Turkey Run-Wabash River 19,582 67,011 2,680 837,634
Total Watershed Load 1,047,411 41,896 13,092,633
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Table 45. Calculated load reduction by subwatershed needed to meet water quality
targets in the Region of the Great Bend of the Wabash River watershed.

Nitrogen Phosphorus Sediment

Subwatershed Reduction Reduction Reduction
(Ib/yr) (Ib/yr) (Ib/yr)

Romney-Fraley Ditch 435,784 17,675 3,290,801
East Branch Wea Creek 404,829 24,311 4,732,018
Haywood Ditch-Wea Creek 55,464 9,133 1,732,848
Elliot Ditch* 2,858 3,878 2,405,803
Little Wea Creek* 738,788 7,353 4,042,111
Kenny Ditch-Wea Creek 181,486 11,640 2,133,527
North Fork Burnett Creek 233,930 10,552 2,042,001
Headwaters Burnett Creek 74,048 13,464 2,570,917
Cedar Hollow-Wabash River 6,191 12,755 3,489,455
Indian Creek 275,720 15,737 3,421,405
Jordan Creek-Wabash River 48,457 7,545 1,578,903
Lost Creek-Wabash River 33,832 10,259 1,878,451
Flint Run-Flint Creek 324,686 23,113 4,541,815
Otterbein Ditch-Little Pine Creek™ 343,550 4,628 4,182,719
Armstrong Creek-Little Pine Creek 248,637 8,999 1,563,620
Flint Creek-Wabash River 124,893 9,426 1,718,018
Headwaters Kickapoo Creek 200,717 8,815 1,585,159
West Fork Kickapoo Creek 60,007 5,628 1,013,971
Turkey Run-Wabash River 156,336 27,239 5,304,919
Total Reduction 3,950,213 232,150 53,228,462

*Monitored data used for loading rate.

Table 46. Current and target loads in pounds/year and load reduction needed to
meet water quality target concentrations in the Region of the Great Bend of the

Wabash River watershed.

Parameter of Concern

Current Load

Target Load

Reduction Needed

Nitrogen (Ib/yr) 4,997,623 1,047,411 3,950,213 (79%)
Phosphorus (Ib/yr) 274,046 41,896 232,150 (85%)
Suspended Sediment (Ib/yr) 66,321,094 13,092,633 53,228,462 (80%)

E. coli (col/100 ml/yr)
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Figure 157. Total nitrogen loading reduction estimated using L-THIA.
Data used to create this map are detailed in Appendix A.
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Figure 158. Total Phosphorus loading reduction estimated using L-THIA.
Data used to create this map are detailed in Appendix A.
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Figure 159. Total suspended sediment loading reduction estimated using L-THIA.
Data used to create this map are detailed in Appendix A.

9.0 IMPROVEMENT MEASURE SELECTION

A wide variety of practices are available for on-the-ground implementation. Many of these
practices will result in the reduction of sediment, nutrient, and E. coli loading to the Wabash
River within the Region of the Great Bend of the Wabash River watershed. A list of potential
best management practices was reviewed by the project steering committee and project
partners. From this list, the practices which were deemed most appropriate and most likely
to successfully meet loading reduction targets were identified. The selected best
management practices were categorized as agricultural or urban. It should be noted that no
practice list is exhaustive and that additional techniques may be both possible and
necessary to reach water quality goals.
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9.1 Best Management Practices
9.1.1 Agricultural Best Management Practices

Agricultural best management practices are implemented on agricultural lands, typically row
crop agricultural lands, in order to protect water resources and aquatic habitat while
improving land resources and quality. These practices control nonpoint source pollutants
reducing their loading to the Wabash River by minimizing the volume of available pollutants.
Potential agricultural best management practices designed to control and trap agricultural
nonpoint sources of pollution include:
e Alternate Watering Systems
Bioreactors
Buffer Strip (Shrub/Tree)
Conservation Tillage (No till end goal)
Cover Crop
Drainage Water Management
Filter Strip (grass)
Livestock Restriction or Rotational Grazing
Manure Management Planning
Nutrient/Pest Management Planning
Prairie Restoration
Reforestation
Two Stage Ditch
Septic System Upgrades
Streambank Stabilization
Wetland Construction or Restoration

Alternate Watering Systems

Alternative watering systems provide an alternate location for livestock to seek water rather
than using a surface water source. This removes the negative impacts of livestock access to
streams including direct deposit of manure and bank erosion and destabilization, while
improving the health of livestock by providing a clean water source and better footing while
drinking. This results in less E. coli, phosphorus, nitrogen, and sediment entering a surface
waterbody. Two main types of alternative watering systems are used including pump
systems and gravity systems.

Bioreactors

Bioreactors use bacteria to digest organic materials including manure, remnant plant
material, and woody debris. Bioreactors typically generate energy, water, and fertilizer.
Bioreactors use a series of tanks and treatment processes to separate cellulose-based
materials from oils and gases. Materials are then broken down into carbon dioxide or
methane gas and ethanol.

Buffer Strip/Filter Strip

Installing natural buffers or filters along major and minor drainages in the watershed helps
reduce the nutrient and sediment loads reaching surface waterbodies. These practices are
used throughout the Region of the Great Bend of the Wabash River watershed with nearly
47% of agricultural survey respondents indicating that they currently use filter or buffer
strips on their agricultural operation. Buffers provide many benefits including restoring
hydrologic connectivity, reducing nutrient and sediment transport, improving recreational
opportunities and aesthetics, and providing wildlife habitat. Sediment, phosphorus,
nitrogen, and E. coli are at least partly removed from water passing through a naturally
vegetated buffer. The percentage of pollutants removed depends on the pollutant load, the
type of vegetation, the amount of runoff, and the character of the buffer area. The most
effective buffer width can vary along the length of a channel. Adjacent land uses,
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topography, runoff velocity, and soil and vegetation types are all factors used to determine
the optimum buffer width.

Many researchers have verified the effectiveness of filter strips in removing sediment from
runoff with reductions ranging from 56-97% (Arora et al., 1996; Mickelson and Baker,
1993; Schmitt et al., 1999; Lee et al, 2000; Lee et al., 2003). Most of the reduction in
sediment load occurs within the first 15 feet of installed buffer. Smaller additional amounts
of sediment are retained and infiltration is increased by increasing the width of the strip
(Dillaha et al., 1989). Filter strips have been found to reduce sediment-bound nutrients like
total phosphorus but to a lesser extent than they reduce sediment load itself. Phosphorus
predominately associates with finer particles like silt and clay that remain suspended longer
and are more likely to reach the strip’s outfall (Hayes et al., 1984). Filter strips are least
effective at reducing dissolved nutrients like those of nitrate and phosphorus, and atrazine
and alachlor, although reductions of dissolved phosphorus, atrazine, and alachlor of up to
50% have been documented (Conservation Technology Information Center, 2000).
Simpkins et al. (2003) demonstrated 20-93% nitrate-nitrogen removal in multispecies
riparian buffers. Short groundwater flow paths, long residence times, and contact with fine-
textured sediments favorably increased nitrate-nitrogen removal rates. Additionally, up to
60% of pathogens contained in runoff may be effectively removed. Computer modeling also
indicates that over the long run (30 years), filter strips significantly reduce amounts of
pollutants entering waterways.

Both filter strips and buffer strips should be designed as permanent plantings to treat runoff
and should not be considered part of the annual rotation of adjacent cropland. Filter strips
should receive only sheet flow and should be installed on stable banks. A mixture of
grasses, forbs, and herbaceous plants should be used. In more permanent plantings, shrubs
and trees should be intermingled to form a stable riparian community.

Conservation Tillage

Conservation tillage refers to several different tillage methods or systems that leave at least
30% of the soil covered with crop residue after planting (Holdren et al., 2001). Tillage
methods encompassed by conservation tillage include no-till, mulch-till, ridge-till, zero till,
slot plant, row till, direct seeding, or strip till. The purpose of conservation tillage is to
reduce sheet an rill erosion, maintain or improve soil organic matter content, conserve soil
moisture, increase available moisture, reduce plant damage, and provide habitat and cover
for wildlife. The remaining crop residue helps reduce soil erosion and runoff volume.

Several researchers have demonstrated the benefits of conservation tillage in reducing
pollutant loading to streams and lakes. A comprehensive comparison of tillage systems
showed that no-till results in 70% less herbicide runoff, 93% less erosion, and 69% less
water runoff volume when compared to conventional tillage (Conservation Technology
Information Center, 2000). Reductions in pesticide loading have also been reported (Olem
and Flock, 1990). Conservation tillage is widely used throughout the watershed with 70% of
agricultural survey respondents indicating that they currently use conservation tillage. Only
3% of respondents indicate that they are unfamiliar with conservation tillage.

Cover Crop

Cover crops include legumes, such as clover, hairy vetch, field peas, alfalfa, and soybean,
and non-legumes, such as rye, oats, wheat, radishes, turnips, and buckwheat which are
planted prior to or following crop harvest. Cover crops typically grow for one season to one
year and are typically grown in non-cropping seasons. Cover crops are used to improve soil
quality and future crop harvest by improving soil tilth, reducing wind and water erosion,
increasing available nitrogen, suppressing weed cover, and encouraging beneficial insect
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growth. Cover crops reduce phosphorus transport by reducing soil erosion and runoff. Both
wind and water erosion move soil particles that have phosphorus attached. Sediment that
reaches water bodies may release phosphorus into the water. The cover crop vegetation
recovers plant-available phosphorus in the soil and recycles it through the plant biomass for
succeeding crops. Runoff water can wash soluble phosphorus from the surface soil and crop
residue and carry it off the field. Cover crops are a familiar conservation practice throughout
the watershed; however, only 40% of agricultural survey respondents indicate that they are
currently using cover crops. Nearly equal percentages of agricultural land owners indicate
limited and full knowledge of cover crops.

Drainage Water Management

Subsurface tile drainage is an essential water management practice on highly productive
fields. As a result of tile drainage, nitrate carried in drainage water enters adjacent surface
waterbodies. Drainage water management is necessary to reduce nitrate loads entering
adjacent surface waterbodies from tile drainage networks. Drainage water management
uses water control structures within lateral drains to vary the depth of tile outlets. Typically,
the outlet is raised after harvest to limit outflow from the tile and reduce nitrate transport to
adjacent waterbodies; lowered in the spring and fall to allow tile water to flow freely from
the field to adjacent waterbodies; and raised in the summer to help store water making it
available for crops (Frankenberger et al., 2006). Drainage water management can be used
in concert with a suite of other conservation practices including cover crops and
conservation tillage.

Grassed Waterway

Grassed waterways are natural or constructed channels established for transport of
concentrated flow at safe velocities using adequate channel dimensions and proper
vegetation. They are generally broad and shallow by design to move surface water across
farmland without causing soil erosion. Grassed waterways are used as outlets to prevent rill
and gully formation. The vegetative cover slows the water flow, minimizing channel surface
erosion. When properly constructed, grassed waterways can safely transport large water
flows downslope. These waterways can also be used as outlets for water released from
contoured and terraced systems and from diverted channels. This BMP can reduce sediment
concentrations of nearby waterbodies and pollutants in runoff. The vegetation improves the
soil aeration and water quality due to its nutrient removal through plant uptake and
absorption by soil. The waterways can also provide wildlife corridors and allows more land
to be natural areas.

Livestock Restriction or Rotational Grazing

Livestock that have unrestricted access to a stream or wetland have the potential to
degrade the waterbody’s water quality and biotic integrity. Only 30% of agricultural
landowners responding to the social indicator survey indicate that they have livestock. Of
those agricultural landowners that own livestock, nearly 30% use grazing management
plans. Livestock can deliver nutrients and pathogens directly to a waterbody through
defecation. Livestock also degrade stream ecosystems indirectly. Trampling and removal of
vegetation through grazing of riparian zones can weaken banks and increase the potential
for bank erosion. Trampling can also compact soils in a wetland or riparian zone decreasing
the area’s ability to infiltrate water runoff. Removal of vegetation in a wetland or riparian
zone also limits the area’s ability to filter pollutants in runoff. The degradation of a
waterbody’s water quality and habitat typically results in the impairment of the biota living
in the waterbody.

Restoring areas impacting by livestock grazing often involves several steps. First, the
livestock in these areas should be restricted from the wetland or stream to which they
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currently have access. If necessary an alternate source of water should be created for the
livestock. Second, the wetland or riparian zone where the livestock have grazed should be
restored. This may include stabilizing or reconstructing the banks using bioengineering
techniques. Minimally, it involves installing filter strips along banks or wetland edge and
replanting any denuded areas. Finally, if possible, drainage from the land where the
livestock are pastured should be directed to flow through a constructed wetland to reduce
pollutant loading, particularly nitrate-nitrogen loading, to the adjacent waterbody. Complete
restoration of aquatic areas impacted by livestock will help reduce pollutant loading,
particularly nitrate-nitrogen, sediment, and pathogens.

A livestock exclusion system is a system of permanent fencing (board, barbed, etc) installed
to exclude livestock from streams and areas, not intended for grazing. This will reduce
erosion, sediment, and nutrient loading, and improve the quality of surface water. Education
and outreach programs focusing on rotational grazing and exclusionary fencing are
important in the success of this BMP.

Nutrient/Pest Management Planning

Nutrient management is the management of the amount, source, placement, form, and
timing of the application of plant nutrients and soil amendments to minimize the transport
of applied nutrients into surface water or groundwater. This practice is used on roughly half
of agricultural lands within the watershed. Of those agricultural producers not currently
using nutrient or pest management planning, nearly 80% indicate a general unfamiliarity
with the practice. Nutrient management seeks to supply adequate nutrients for optimum
crop yield and quantity, while also helping to sustain the physical, biological, and chemical
properties of the soil. A nutrient budget for nitrogen, phosphorus, and potassium is
developed considering all potential sources of nutrients including, but not limited to, animal
manure, commercial fertilizer, crop residue, and legume credits. Realistic yields are based
on soil productivity information, potential yield, or historical yield data based on a 5-year
average. Nutrient management plans specify the form, source, amount, timing, and method
of application of nutrients on each field in order to achieve realistic production levels while
minimizing transport of nutrients to surface and/or groundwater.

Manure Management Planning

Large volumes of manure are generated by both small, unregulated animal operations and
by confined feeding operations located throughout the Region of the Great Bend watershed.
Many entities have manure management plans in place and are currently using these plans
to manage the volume of manure produced on their facility. Manure management planning
includes consideration of the volume and type of manure produced annually, crop rotations
by field, the volume of manure and nutrients needed for each crop, field slope, soil type,
and manure collection, transportation, storage, and distribution methods. Manure
management planning uses similar techniques to nutrient management planning with
regards to nutrient budgets.

Animal waste is a major source of pollution to waterbodies. To protect the health of aquatic
ecosystems and meet water quality standards, manure must be safely managed. Good
management of manure keeps livestock healthy, returns nutrients to the soil, improves
pastures and gardens, and protects the environment, specifically water quality. Poor
manure management may lead to sick livestock, unsanitary and unhealthy conditions for
humans and other organisms, and increased insect and parasite populations. Proper
management of animal waste can be done by implementing BMPs, through safe storage, by
application as a fertilizer, and through composting. Proper manure management can
effectively reduce E.coli concentrations, nutrient levels and sedimentation. Manure
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management can also be addressed in education and outreach to encourage farmers to
participate in this BMP.

Prairie Restoration

Restoration of prairies within the northern portion of the watershed is a viable way to
restore historic habitat. Prairies provide deep soils which have historically been used to aid
in crop production, reduce sediment and nutrient transport, and restore nutrient and organic
carbon to soils. Prairie restoration typically includes planting of grasses and forbs with deep
roots. Restoration of permanent vegetation is used on 44% of retired agricultural land
within the Region of the Great Bend of the Wabash River watershed. Not all of this
vegetation is prairie plants and this is indicated by the fact that 15% of agricultural
producers indicate that they are restoring native plant communities.

Reforestation

Reforestation is the restocking of existing forests and woodlands which have been depleted.
Reforestation can be used to improve the quality of human life by reducing pollution and
dust from the air and rebuild natural habitats and ecosystems.

Two-Stage Ditch

When water is confined to stream or ditch channel it has the potential to cause bank erosion
and channel down-cutting. Current ditch design generates narrow channels with steep sides.
Water flowing through these systems often result in bank erosion, channel scour and
flooding. A relatively new technique focuses on mitigating these issues through an in-stream
restoration called a two-stage ditch. The design of a two-stage ditch incorporates a
floodplain zone, called benches, into the ditch by removing the ditch banks roughly 2-3 feet
about the bottom for a width of about 10 feet on each side. This allows the water to have
more area to spread out on and decreases the velocity of the water. This not only improves
the water quality, but also improves the biological conditions of the ditches where this is
located.

The benefits of a two-stage ditch over the typical agricultural ditch include both improved
drainage function and ecological function. The two-stage design improves ditch stability by
reducing water flow and the need for maintenance, saving both labor and money. It also
has the potential to create and maintain better habitat conditions. Better habitats for both
terrestrial and marine species are a great plus when it comes to the two-stage ditch design.
The transportation of sediment and nutrients is decreased considerably because the design
allows the sorting of sediment, with finer silt depositing on the benches and courser material
forming the bed.

Wetland Construction or Restoration

Visual observation and historical records indicate at least a portion of the Region of the
Great Bend of the Wabash River watershed has been altered to increase its drainage
capacity. Riser tiles in low spots on the landscape and tile outlets along the waterways in
the watershed confirm the fact that the landscape has been hydrologically altered. This
hydrological alteration and subsequent loss of wetlands has implications for the watershed’s
water quality. With nearly 60% of agricultural land owners indicating a lack of knowledge
about wetland restoration, this practice offers a high potential to improve water quality
within the watershed. Wetlands serve a vital role in storing water and recharging the
groundwater. When wetlands are drained with tiles, the stormwater reaching these wetlands
is directed immediately to nearby ditches and streams. This increases the peak flow
velocities and volumes in the ditch. The increase in flow velocities and volumes can in turn
lead to increased stream bed and bank erosion, ultimately increasing sediment delivery to
downstream water bodies. Wetlands also serve as nutrient sinks at times. The loss of
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wetlands can increase pollutant loads reaching nearby streams and downstream
waterbodies.

Restoring wetlands in the watershed could return many of the functions that were lost when
these wetlands were drained. Through this process, a historic wetland site is restored to its
historic status. These restored systems store nutrients, sediment, and E. coli while also
increasing water storage and reducing flooding. Wetlands also provide additional habitat,
stormwater mitigation, and recreational opportunities.

9.1.2 Urban Best Management Practices

Development and the spread of impervious surfaces are occurring throughout the Region of
the Great Bend of the Wabash River watershed. The highest concentrations of development
are located adjacent to the Lafayette-West Lafayette urban core including Battle Ground and
around Attica. As impervious surfaces continue to spread throughout the watershed, the
volume and velocity of stormwater entering the Wabash River will also increase. The best
way to mitigate stormwater impacts is to infiltrate, store, and treat stormwater onsite
before it can run off into the Wabash River. Urban best management practices designed to
complete these actions are as follows:

Bioretention Practices

Concrete Grid Pavement

Detention Basin Retrofit

Grass Swale

Green Roof

Infrastructure Retrofit

Pet Waste Control

Phosphorus-free Fertilizers

Porous Pavement

Rain Barrel

Rain Garden

Street Sweeping

Trash Control and Removal

Urban Wildlife Population Control

Bioretention Practices

Bioretention practices use biofiltration or bioinfiltration to filter runoff by storing it in shallow
depressions. Bioretention uses plant uptake and soil permeability mechanisms in a variety
of manners typically in combination. Potential practices include sand beds, pea gravel
overflow structures, organic mulch layers, plant materials, gravel underdrains, and an
overflow system to promote infiltration. Bioinfiltration can also be used to treat runoff from
parking lots, roads, driveways and other areas in the urban environment. Bioretention
should not be used in highly urbanized areas rather, it should be used in areas where on-
site storage space is available.

Detention Basin Retrofit

Traditionally, detention basins are large, open, unvegetated basins designed to hold water
for short periods of time following a rain event (dry detention basin) or continuously (wet
detention basin). Retrofits of detention basins are redesigned to hold water for longer
periods of time with the goal of reducing sediment flow from the basin or provide filtration
of stormwater before it enters the basin through the use of urban pond buffers. Additionally,
oils, grease, nutrients, and pesticides can also settle in the retrofitted basin. The nutrients
are then used by the plants for growth and development.
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Grass Swale

Grass swales are used in urban areas and are often considered landscape features. Swales
are graded to be linear with a shallow, open channel of a trapezoidal or parabolic shape.
Vegetation which is water tolerant is planted within the channel which promotes the slowing
of water flow through the system. Swales reduce sediment and nutrients as water moves
through the swale and water infiltrates into the groundwater. Based on social indicator data,
nearly 60% of urban residents are unfamiliar with grass swales, while 8% are currently
using this practice to reduce stormwater runoff impacts.

Green Roof

A green roof is a building partially or completely covered with vegetation and a growing
medium planted on top of a waterproof membrane. Irrigation and drainage systems are
carry water from the roof through the plant material and medium to the building drainage
system. Green roofs absorb rainwater, provide installation, reduce air temperatures, and
provide habitat for wildlife. Green roofs can retain up to 75% of rainwater gradually
releasing it via condensation and transpiration while retaining sediment and nutrients.
Green roofs can be installed on any type of roof — slanting to flat — with an ideal slope of
25%. Nearly 45% of urban residents indicate unfamiliarity with the use of a green roof;
<1% of urban residents responding to the social indicator survey indicate that they are
currently using a green roof.

Infrastructure Retrofit

Typical stormwater infrastructure includes pipe and storm drains, or hard infrastructure, to
convey water away from hard surfaces and into the stormwater system. Retrofitting these
structures to implement low impact development techniques, use green practices, and
introduce plants and filters to reduce sediment and nutrient concentrations contained in
stormwater. Many of the treatments listed in this section can be utilized to retrofit
infrastructure including pervious pavement, green roofs, constructed wetlands, rain
gardens, and more. In order for the installation to meet a “retrofit” requirement, existing
infrastructure must already be in place, subsequently removed, and replaced with green
infrastructure.

Pervious Pavement

Pervious pavement comes in many forms including porous pavement and modular block
pavement. Both types of pervious pavement can be installed on most any travel surface
with a slope of 5% or less. Urban residents of the Region of the Great Bend of the Wabash
River watershed indicate a general lack of knowledge with regards to pervious pavement.
Only 13% indicated that they know how to use pervious pavement with 1.2% of
respondents indicating current use of pervious pavement.

Pervious pavement has the approximate strength characteristics of traditional pavement
with the ability to percolate water into the groundwater system. The pavement reduces
sediment and nutrient transmission into the groundwater as water moves through the pores
in the pavement. When installed, porous pavement includes a stone layer, filter fabric, and
a filter layer covered by porous pavement. Correctly mixed porous pavement eliminates fine
aggregates found in typical pavements. Porous asphalt is a type of porous pavement which
includes a mix of Portland cement, coarse aggregates, and water that results in the
formation of interconnected voids.

Modular pavement consists of individual blocks made of pervious material such as sand,
gravel, or sod interspersed with strong structural material such as concrete. The blocks are
typically placed on a sand or gravel base and designed to provide a load-bearing surface
that is adequate to support personal vehicles, while allowing infiltration of surface water into
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the underlying soils. They usually are used in low-volume traffic areas such as overflow
parking lots and lightly used access roads. An alternative to pervious and modular
pavement for parking areas is a geotextile material installed as a framework to provide
structural strength. Filled with sand and sodded, it provides a completely grassed parking
area.

Pet Waste Control

Pet waste cannot be considered the predominant waste product within a watershed nor the
one that produces the greatest impact. Nonetheless, the cumulative impact of pet waste
within a watershed can produce a major impact on water quality. Pet waste contains
bacteria and parasites, organic matter, phosphorus, nitrogen, and E. coli and can carry
diseases including Campylobacteriosis, Slamonellosis, and Toxocarisis. Studies indicate that
the average dog produces 13 pounds of nitrogen, 2 pounds of phosphorus, and 1,200
pounds of sediment annually (Miles, 2007). Given the estimated number of dogs within
Tippecanoe County (38,820), the impact of this volume of nutrients and sediment on the
Wabash River could be detrimental. Of urban residents that indicate they own a pet, 36%
indicate that they properly dispose of pet waste, while 64% indicate limited knowledge and
that they are not currently disposing of pet waste.

Many options for managing pet waste are available with most efforts focusing on
educational options to turn pet waste from an ‘out of sight, out of mind’ issue to one that
every pet owner considers for their pet. Pet waste can be flushed, resulting in waste
traveling to the wastewater treatment plant or through the septic system for treatment,
buried, where it gradually breaks down over time with nutrients entering the soil and
microorganisms converting diseases and bacteria into less benign forms, or trashed,
resulting in potential landfill issues. Ordinances, signage, and public education are needed
to inform the community about options for treating pet waste issues.

Phosphorus-free Fertilizers

Phosphorus-free fertilizers are those fertilizers that supply nitrogen and minor nutrients
without the addition of phosphorus. Phosphorus increases algae and plant growth which can
cause negative impacts on water quality within aquatic systems. The Clear Choices, Clean
Water (2010) program estimates that a one acre lawn fertilized with traditional fertilizer
supplies 7.8 pounds of phosphorus to local waterbodies annually. Given that 75% of urban
residents within the Region of the Great Bend of the Wabash River Watershed indicate
either limited knowledge or that they don’t use phosphorus free fertilizers, there is great
potential for reducing urban sources of phosphorus by targeting this practice. Established
lawns take their nutrients from the soil in which they grow and need little additional
nutrients to continue plant growth. Fertilizers are manufactured in a variety of forms
including that without phosphorus. Phosphorus-free fertilizer should be considered for use in
areas where grass is already established.

Protecting Open Space and Natural Areas

Several techniques can be used for protecting natural areas and open space in both public
and private ownership. Several entities throughout the watershed assist with the transfer of
lands into protective status. Other open space can be protected using conservation design
development techniques, and is more likely to be managed by homeowner associations.

Rain Barrel

A rain barrel is a container that collects and stores rainwater from your rooftop (via your
home’s disconnected downspouts) for later use on your lawn, garden, or other outdoor
uses. Rainwater stored in rain barrels can be useful for watering landscapes, gardens,
lawns, and trees. Rain is a naturally soft water and devoid of minerals, chlorine, fluoride,
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and other chemicals. In addition, rain barrels help to reduce peak volume and velocity of
stormwater runoff to streams and storm sewer systems. Although rain barrels don't
specifically reduce nutrient or sediment loading to waterbodies, their presence can reduce
the first flush of water reaching storm drains. This impact is great especially in portions of
the watershed where combined sewers are still in operation. Although a high percentage of
urban residents indicated a general knowledge of rain barrels, only 3% of survey
respondents indicate that they have installed a rain barrel. Furthermore, 75% of
respondents indicate a willingness to consider installing a rain barrel.

Rain Garden

Rain gardens are small-scale bioretention systems that be can be used as landscape
features and small-scale stormwater management systems for single-family homes,
townhouse units, some small commercial development, and to treat parking lot or building
runoff. Rain gardens provide a landscape feature for the site and reduce the need for
irrigation, and can be used to provide stormwater depression storage and treatment near
the point of generation. These systems can be integrated into the stormwater management
system since the components can be optimized to maximize depression storage,
pretreatment of the stormwater runoff, promote evapotranspiration, and facilitate
groundwater recharge. The combination of these benefits can result in decreased flooding
due to a decrease in the peak flow and total volume of runoff generated by a storm event.
Additionally, rain gardens can be designed to provide a significant improvement in the
quality of the stormwater runoff. Within the Region of the Great Bend of the Wabash River
watershed, there is a general lack of knowledge about rain gardens and their cost,
installation efforts needed, and water quality benefit. Nearly 60% of urban residents that
responded to the social indicator survey stated that they had never heard of rain gardens.
Less than 10% indicated familiarity with rain gardens or that they had rain garden installed
on their property.

Street Sweeping

Street sweeping removes accumulated pollutants including debris, sediment, salt, trash,
trace metals, and more while improving aesthetics, controlling dust, and decreasing the
volume of materials accumulating in storm drains. Street sweeping is currently practices in
many urban areas including the Cities of Lafayette and West Lafayette. Each city maintains
a schedule of main roads which undergo routine cleaning. Additional arterial streets within
the cities or sweeping of streets within smaller municipalities throughout the watershed
could benefit water quality in the Wabash River.

Trash Control and Removal

Trash and debris located throughout urban areas indicate that these materials can have a
significant negative impact on water quality within the Wabash River. A majority of trash
observed occurs adjacent to streets, road right of ways, and sidewalks throughout the urban
portions of the watershed. Surveys in larger urban areas indicate that plastic bottles,
Styrofoam cups, and paper are the most common trash items found in or adjacent to storm
drains. It is necessary to quantify the impacts of trash on the Wabash River and the cities’
wastewater treatment facilities to determine if it is necessary to address trash in ways
currently not occurring within the watershed.

Urban Wildlife Population Control

Wildlife populations located within urban areas can negatively impact water quality. Deer,
Canada geese, raccoons, squirrels, and other animals can reach nuisance levels within
urban areas. To control the population, a survey of the types of animals present, the volume
of each species, the health and wellness of the populations, and habitat availability must be
surveyed. Within the cities of Lafayette and West Lafayette, nuisance populations of Canada
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geese, raccoons, and squirrels are present in various locations. Control of the goose
population by habitat modification and relocation are the most likely scenarios for control.

9.1.3 Preventative and System-Wide Practices

The protection of open space, preservation of habitat corridors, and mitigation of impacts
from watershed-wide impacts are important management practices. These practices can be
used throughout the Region of the Great Bend of the Wabash River watershed in locations
where specific conditions occur. Potential management practices designed to address these
issues are as follows:

Fish Passage Improvement

Greenways and Trails

Habitat Corridor lIdentification and Improvement

Low-impact Development

Point Source Discharge Reduction

Septic System Care and Maintenance

Smart Growth/Liveable Communities Practices

Streambank Stabilization

Threatened and Endangered Species Protection

Fish Passage Improvement

Fish passage issues are typically considered of utmost importance for salmonid and trout
species. Although the Region of the Great Bend of the Wabash River does not support a
coldwater fishery, restriction of fish passage is still of concern. Existing highway culverts are
the primary source of fish passage restriction. Many of these structures were installed prior
to the consideration of impacts of barriers to fish passage or the needs of fish species.
Specific locations where fish passage barriers exist were mapped as part of the Watershed
Inventory. As these bridges are slated for improvement or repair, discussion of fish passage
mitigation will be included.

Greenways and Trails

Greenways can provide a large number of functions and benefits to nature and the pubilic.
For plants and animals, greenways provide habitat, a buffer from development, and a
corridor for migration. Greenways located along streams include riparian buffers that protect
water quality by filtering sediments and nutrients from surface runoff and stabilizing
streambanks. By buffering the stream from adjacent developed land use, riparian
greenways offset some of the impacts associated with increased impervious surface in a
watershed. Maintaining a good riparian buffer can mitigate the negative impacts of
approximately 5% additional impervious surface in the watershed.

Habitat Corridor ldentification and Improvement

Protection of habitat corridors requires a multi-phase program including identification of
appropriate habitat corridors, development of a corridor management plan, and creation of
an improvement plan. Most long-term corridor protection will require land transfer into
protected status. There are several options for land transfer ranging from donation to fee
simple land purchase. Donations can be solicited and encouraged through incentive
programs. Outright purchase of property offers a secondary options and is frequently the
least complicated and most permanent protection technique, but is also the most costly. A
conservation easement is a less expensive technique than outright purchase that does not
require the transfer of land ownership but rather a transfer of use rights. Conservation
easements might be attractive to property owners who do not want to sell their land at the
present time, but would support perpetual protection from further development.
Conservation easements can be donated or purchased.
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Several techniques can be used for protecting natural areas and open space in both public
and private ownership. The first step in the process is to identify and prioritize properties for
protection. The highest priority natural areas should be permanently protected by the
ownership or under the management of public agencies or private organizations dedicated
to land conservation. Other open space can be protected using conservation design
development techniques, and is more likely to be managed by homeowner associations.

Low Impact Development

Low Impact Development (LID) is a land development or re-development process that
works in concert with nature to manage stormwater at the source, or as close as possible to
the source. Preservation of open space, recreation of natural landscape features, reduction
of impervious surface coverage, and utilization of on-site drainage to treat stormwater are
the key features of low impact development. This technique uses a suite of practices
highlighted above including bioretention, rain gardens, green or vegetated roofs, rain
barrels, pervious pavement, and more. LID can be used anywhere as part of a new
development, redevelopment, or retrofit of existing development or infrastructure. If used
correctly, LID can restore a watershed’s hydrologic and ecological function.

Point Source Discharge Reduction

Several point source permitted discharges are located throughout the Region of the Great
Bend of the Wabash River watershed. These include large wastewater treatment plants, like
those that service the cities of Lafayette and West Lafayette; small wastewater treatment
and package plants, like those in Battle Ground, Otterbein, Linden and elsewhere; and
manufacturer-operated NPDES facilities. A majority of the facilities permitted throughout the
watershed operate within their permitted requirements with regards to water discharges.
Eleven combined sewer overflows are located within the watershed and are controlled by
the cities of Lafayette and West Lafayette. Both cities are in the process of implementing
long-term control plans focused on reducing combined sewer overflow impacts to the
Wabash River and although WREC cannot assist them with infrastructure changes, WREC
can lead the charge to reduce the volume of water entering the stormwater system,
promote successes to improve water quality leaving any NPDES-permitted facility, and
highlight efforts to reduce impacts to the Wabash River.

Septic System Care and Maintenance

Septic, or on-site waste disposal systems, are the primary means of sanitary flow treatment
outside of incorporated areas including, Lafayette, West Lafayette, Battle Ground, Attica,
Linden, and Otterbein. Because of the prohibitive cost of providing centralized sewer
systems to many areas, septic tank systems will remain the primary means of treatment
into the future. Annual maintenance of septic systems is crucial for their operation,
particularly the annual removal of accumulated sludge. The cost of replacing failed septic
tanks is about $5,000-$15,000 per unit based on industry standards.

Property owners are responsible for their septic systems under the regulation of the County
Health Department. When septic systems fail, untreated sanitary flows are discharged into
open watercourses that pollute the water and pose a potential public health risk. Septic
systems discharging to the ground surface are a risk to public health directly through body
contact or contamination of drinking water sources. Additionally, septic systems can
contribute significant amounts of nitrogen and phosphorus to the watershed. Therefore, it is
imperative for homeowners not to ignore septic failures. If plumbing fixtures back up or will
not drain, the system is failing. Funding for this practice is limited.
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Smart Growth/Liveable Communities Practices

Like low impact development, smart growth or liveable communities preserves natural lands
and natural features and protects water quality. However, smart growth goes farther
focusing on improving resident’s everyday lives through their home, health, local schools,
tax structure, daily commute, economic growth potential, and natural environment. Smart
growth communities are new developments or revitalized communities focused on
neighborhoods with shops, offices, schools, businesses, churches, parks, and infrastructure
within walking or biking distance or providing public transportation to facilitate community
use. Smart growth practices can be used in existing communities by highlighting walkability,
preserving or recreating open space, encouraging community stakeholder involvement,
providing an opportunity of housing options, and making use of compact building structures.
Although much of the urban area within the Region of the Great Bend of the Wabash River
is already developed, smart growth can be used to revitalize communities or neighborhoods
and focus new development.

Streambank Stabilization

Streambank stabilization or stream restoration techniques are used to improve stream
conditions so they more closely mimic natural conditions. The most feasible restoration
options return the stream to natural stream conditions without restoring the stream to its
original condition. Restoration and stabilization options are limited by available floodplain,
modifications to natural flows, and development structure locations. Reestablishment of
riparian buffers, restoration of stream channels, stabilization of eroding stream banks,
installation of riffle-pool complexes, and general maintenance can all improve stream
function while reducing sediment and nutrient transport into and within the system.

Threatened and Endangered Species Protection

Threatened and endangered species are those plant and animal species whose survival is in
peril. Federally and state listed species identified within the Region of the Great Bend of the
Wabash River watershed are highlighted in the Watershed Inventory. Threatened species
are those that are likely to become endangered in the foreseeable future. Federally
endangered species are those that are in danger of extinction throughout all or a significant
portion of their range. A state-endangered species is any species that is in danger of
extinction as a breeding species in Indiana.

Protecting threatened and endangered species requires consideration of their habitat
including food, water, and nesting and roosting living space for animals and preferred
substrate for plants and mussels. Corridors for species movement are also necessary for
long-term protection of these species. Protection of habitat can include providing clean
water and available food but likely requires protection of the physical living space and
associated corridor. Conservation management plans should be developed for each species,
if they are not already in place. Such plans should consider habitat needs including purchase
or protection of adjacent properties to current habitat locations, hydrologic needs, pollution
reduction, outside impacts, and other techniques necessary to protect threatened and
endangered species.

9.2 Best Management Practice Measure Selection

Table 47 details selected agricultural best management practices by critical area, while
Table 48 details urban best management practices by critical area. Each critical area and the
selected best management practices are based on subwatershed characteristics and
available water quality data.
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Table 47. Agricultural best management practices suggested for each critical area

by parameter.

Critical Area

Reason for
Being Critical

Suggested BMP

Alternative watering system

. . E. coli, TSS, | Education and outreach
Livestock access points . - - -
Nutrients Livestock exclusion fencing
Nutrient/manure management
East Branch Wea Creek, Livestock restriction fencing
Kenny Ditch-Wea Creek, Septic system maintenance
Headwaters Burnett Manure management planning
Creek, Flint Creek- E coli Point-source discharge reduction
Wabash River, Otterbein ' Alternative watering system
Ditch-Little Pine Cl’eek, Education and outreach
Elliot Ditch, Little Wea
Creek
Cover crops
Filter strips/Buffer strips
Nutrient management planning
Pesticide management planning
Romney-Fraley Ditch, Manure management planning
East Branch Wea Creek, Streambank stabilization
North Fork Burnett Nitrate- Conservation tillage
Creek, Flint Run-Flint nitrogen/Total Prairie Restoration
Creek, Otterbein Ditch- nitrogen Two-stage ditch

Little Pine Creek, Elliot
Ditch

Bioreactor installation

Feeding operation management

Drainage water management

Education and outreach

Septic system maintenance

Floodplain restoration

Haywood Ditch-Wea
Creek, East Branch Wea
Creek, Flint Run-Flint
Creek, Flint Creek-
Wabash River, Elliot
Ditch, Headwaters
Burnett Creek, Indian
Creek, Otterbein Ditch-
Little Pine Creek

Total Phosphorus

Cover crops

Filter strips/Buffer strips

Nutrient management planning

Pesticide management planning

Manure management planning

Streambank stabilization

Conservation tillage

Prairie Restoration

Two-stage ditch

Bioreactor installation

Feeding operation management

Education and outreach

Wetland restoration

Septic system maintenance

Floodplain restoration

Smart growth practices

Low-impact development

Wabash River Enhancement Corporation

ARN #305-9-54

Page 278




Region of the Great Bend of the Wabash River Watershed Management Plan

10 May 2011

Reason for

Critical Area Being Critical

Suggested BMP

East Branch Wea Creek,
Elliot Ditch, Haywood
Ditch-Wea Creek,
Headwaters Burnett

Cover crops

Filter strips/Buffer strips

Pesticide management planning

Streambank stabilization

Conservation tillage

Prairie restoration

Creek, Indian Creek, Flint ngi%:s Suspended Two-stage ditch
Run-Flint Creek, Flint Bioreactor installation
Creek-Wabash River, Education and outreach
Otterbein Ditch- Little Wetland restoration
Pine Creek Floodplain restoration
Smart growth practices
Low-impact development
East Branch Wea Creek, Filter strips/Buffer strips
Elliot Ditch, Headwaters Wetland restoration
Burnett Creek, Haywood Corridor identification and restoration
Ditch-Wea Creek, Habitat Education and outreach

Otterbein Ditch-Little
Pine Creek, Indian Creek,
Flint Run-Flint Creek

Streambank stabilization

Exotic species control

Restore stream hydrology

Table 48. Urban best management practices suggested for each critical area by

parameter.

Reason for

Critical Area Being Critical

Suggested BMP

Cedar Hollow-Wabash

River and Elliot Ditch E. coli

Pet waste control

Ordinance/Education of local planners

Urban wildlife population control

Point source discharge reduction

CSO reduction

Elliot Ditch Nitrate-nitrogen

Grass swale

Green roof

Rain garden

Urban wildlife population control

Point source discharge reduction

Cedar Hollow-Wabash

River and Elliot Ditch Total Phosphorus

Detention basin retrofits

Pet waste control

Ordinance/Education of local planners

Urban wildlife population control

CSO reduction

Green roof

Grass swale

Rain garden

Urban wildlife population control

Porous pavement

Phosphorus-free fertilizer

Low-impact development

Smart growth practices
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Reason for

Critical Area Being Critical

Suggested BMP

Cedar Hollow-Wabash Total Suspended

River and Elliot Ditch Solids

Detention basin retrofits

Ordinance/Education of local planners

Green roof

Grass swale

Rain garden

Porous pavement

Low-impact development

Smart growth practices

Urban buffer (pond)

Elliot Ditch; Cedar

Hollow-Wabash River Habitat

Low-impact development

Smart growth practices

Fish passage improvement

Habitat corridor improvement

Urban wildlife population control

9.3 Load Reduction by Best Management Practice

Load reduction calculations were estimated for nitrogen, phosphorus and sediment based on
the potential best management practices to be implemented within the Region of the Great
Bend of the Wabash River watershed. Table 49 details the volume of each practice to be
installed over 5 years and 30 years, respectively and the expected load reductions for each
best management practice. Practices to be installed and volumes of each are based on the
critical areas identified above and on specific goals, objectives, and strategies detailed in

subsequent sections.
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10.0 GOAL SETTING

Based on watershed inventory efforts; stakeholder input for concerns, problems, and
sources; and watershed loading information, the following goals and strategies were
developed.

10.1 Goal Statements

The steering committee wrote goals for each parameter or area of concern based on a long-
term goal of meeting the target concentrations identified by the monitoring committee. In
an effort to scale goals to manageable levels, a generational approach occurred. Each goal
was scaled to a level of the volume of practices which could realistically be installed within a
30 year period. These scaled goals represent realistic target reductions based on current
technology and funding levels. Each target lists the ultimate goal, the scaled goal, and
indicators that can be measured to determine if the goal is being met. Appendix K details
the volume of practices needed to meet the monitoring committee’s target concentration
and potential reduction possible if that volume of practices are installed.

10.1.1Reduce Nutrient Loading

Ultimate Goal: Reduce nitrate-nitrogen inputs from 4,997,623 pounds/year to 1,047,411
pounds/year (79% reduction) and reduce phosphorus inputs from 274,046 pounds/year to
41,896 pounds/year (85% reduction) in the Region of the Great Bend of the Wabash River
watershed.

Based on the volume of achievable practices (Table 49), it is likely that nitrogen reductions
of 1,620,113 pounds can be achieved in 5 years (32% reduction) and 2,407,977 pounds can
be achieved in 30 years (48% reduction). Likewise, phosphorus reductions of 105,788
pounds can be achieved in five years (39% reduction) and 160,145 pounds in 30 years
(58% reduction). Therefore, the scaled goal is as follows:

Scaled Goal: Reduce nitrate-nitrogen loading by 48% (2,407,980 pounds) and total
phosphorus loading by 58% (160,145 pounds) by 2041.

10.1.2Reduce Sediment Loading

Ultimate Goal: Reduce soil erosion and sediment inputs to the Wabash River and its
tributaries from 66,321,094 pounds/year to 13,092,633 pounds/year (80% reduction) by
2041.

Based on the volume of achievable practices (Table 49), it is likely that total suspended
sediment load reductions of 20,963,750 pounds (32% reduction) can be achieved in five
years, while 33,256,650 pounds (52% reduction) in sediment can be removed over 30
years. Based on these reductions the scaled goal is as follows:

Scaled Goal: Reduce total suspended solids loading by 52% (16,630 tons) by 2041.

10.1.3Reduce E. coli Loading
Ultimate Goal: Reduce E. coli concentrations so that they do not exceed the state standard
by 2041.

Based on current conditions, addressing storm flow E. coli concentrations is a good first step
toward meeting the ultimate goal.

Scaled Goal: Reduce E. coli concentrations such that by 2041 the Wabash River and
watershed streams exceed the state standard (235 colonies/100 ml) during no more than
20% and 50% of collected samples, respectively.
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10.1.41mprove Biological Communities
Goal: Restore natural stream habitat in the Wabash River and its tributaries so that streams
meet their aquatic life use designation by 2041.

10.1.5Protect and Enhance Natural Aspects
Goal: Protect and enhance the natural resources of the Region of the Great Bend of the
Wabash River watershed.

10.1.61Increase Public Awareness and Participation
Goal: Increase public awareness and knowledge about the Wabash River, its watershed, its
water quality, and what individuals can do to improve the river by 2041.

10.1.7Increase Public Access
Goal: Increase accessibility to the Wabash River and its riparian area by 2041.

10.2 Strategies to Reach Goals

Based on identified stakeholder concerns, water quality data, and potential sources of
pollution, goal statements were developed for each problem. Implementation of policies,
programs, and practices will improve water quality and watershed conditions within the
Region of the Great Bend of the Wabash River watershed. The goals detailed above
represent both the ultimate goal of reaching target pollutant concentrations identified by the
monitoring committee and the realistic potential for reaching a target goal within a
generation (30 years). For each scaled goal, which is hereafter referred to simply as a goal,
a list of both short term (0-5 years) and long term (6-30 years) strategies necessary to
meet the goal are detailed. Some strategies identified for individual goals may be applicable
to other goals, and in such cases, these strategies are listed under each goal.

10.2.1Reduce Nutrient Loading
Goal: Reduce nitrate-nitrogen loading by 48% (2,407,980 pounds) and total phosphorus
loading by 58% (160,145 pounds) by 2041.

Strategies:
e Reduce nutrient loading to our waterways from agricultural lands

0 Increase cover crop acreage by 3,500 acres by 2016 and by 15,750 acres by
2041.

0 Increase conservation buffer by 750 acres by 2016 and by 3,375 acres by
2041.Increase the use of nutrient and pest management by 12,500 acres by
2016 and by 50,000 acres by 2041.

0 Increase landowner awareness on the use of constructed wetland cells to
treat tile drain runoff by 2016.

0 Increase wetland restoration by 500 acres by 2016 and by 2,000 by 2031.

0 Increase landowner awareness on the use of drainage water management
and install demonstration by 2016.

0 Increase the use of a conservation system approach including cover crop, no
till, nutrient management, pesticide management, and waste utilization by
1,500 acres by 2016 and by 9,000 by 2041.

0 Target 500 acres of land in the 100 year floodplain for incentives programs
that include an easement and restoration by 2016.

0 Restrict livestock access from watershed streams at all locations identified by
2016.

o0 Increase landowner awareness on the use of bioreactors by 2016.
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e Reduce nutrient loading to our waterways from urban runoff.
0 Construct 75 rain gardens and install 500 rain barrels by 2016 and 450 rain
gardens and 3,000 rain barrels by 2041.
o Install 20 acres of pervious pavement by 2016 and 120 acres of pervious
pavement by 2041.
0 Increase awareness of land and business owners on the benefits of green
roofs and install 15 green roofs by 2041.
0 Increase landowner awareness of phosphorus free fertilizer with 1,000
households phosphorus-free by 2016.
0 Increase pet owner’s awareness on proper disposal of pet waste.
0 Increase the number of trees within the urban core by 3,000 by 2016.
e Continue the long-term monitoring program using both professional and volunteer
monitoring options.

10.2.2Reduce Sediment Loading
Goal: Reduce total suspended solids loading by 52% (16,630 tons) by 2041.

Strategies:
¢ Reduce sediment loading to our waterways from agricultural land.
0 Increase conservation buffer by 750 acres by 2016 and by 3,375 acres by
2041.
0 Increase wetland restoration by 500 acres by 2016 and by 2,000 by 2041.
0 Increase awareness of landowners on the use of two-stage ditches,
implement two demonstration sites by 2016.
0 Increase no till acreage by 2,500 acres by 2016 and by 11,250 acres by
2041.
0 Increase landowner awareness about streambank stabilization options and
alternatives and stabilize streambanks as possible through 2041.
0 Increase the use of grassed waterways by 16,000 feet by 2016 and by 72,000
feet by 2041.
0 Increase the use of prescribed grazing and partner practices by 250 acres by
2016.
o Target 500 acres of land in the 100 year floodplain for incentives programs
that include an easement and restoration by 2016.
0 Restrict livestock access from watershed streams at all locations identified by
2016.
¢ Reduce sediment loading to our waterways from urban land.
o0 Construct 75 rain gardens and install 500 rain barrels by 2016 and 450 rain
gardens and 3,000 rain barrels by 2041.
o Install 16 acres of pervious pavement by 2016 and 90 acres by 2041.
o Identify urban green infrastructure retrofit opportunities and install as
possible by 2041.
e Continue the long-term monitoring program using both professional and volunteer
monitoring options.

10.2.3Reduce E. coli Levels

Goal: Reduce E. coli concentrations such that by 2041 the Wabash River and watershed
streams exceed the state standard (235 colonies/100 ml) during no more than 20% and
50% of collected samples, respectively.
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Strategies:

e Reduce E. coli loading to our waterways from agricultural land.

(o}

(0]

(0]

Increase conservation buffer by 750 acres by 2016 and by 3,375 acres by
2041.

Increase the use of nutrient and pest management by 12,500 acres by 2016
and by 50,000 acres by 2041.

Increase landowner awareness on the use of constructed wetland cells to
treat tile drain runoff and install as possible through 2041.

Increase cover crop acreage by 3,500 acres by 2016 and by 15,750 acres by
2041.

Increase the use of a conservation system approach including cover crop, no
till, nutrient management, pesticide management, and waste utilization by
1,500 acres by 2016 and by 9,000 by 2041.

Restrict livestock access from watershed streams at all locations identified by
2016.

e Reduce E. coli loading to our waterways from urban and suburban land.

(¢}
o

(0]

Increase awareness of pet owners on proper disposal of pet waste.

Increase awareness of individuals about the Cities’ CSO Long-term Control
Plans.

Reduce E. coli loading to waterways from failing or absent septic systems by
2016.

e Continue the long-term monitoring program using both professional and volunteer
monitoring options.

10.2.41mprove Biological Conditions
Goal: Restore natural stream habitat in the Wabash River and its tributaries so that streams
meet their aquatic life use designation by 2041.

Strategies:

e Identify important terrestrial and aquatic habitat corridors and develop a protection

plan.
0

(0]

o

O O O0OOo

(o}

By 2014, identify priority areas and by 2041 protect 4,000 acres on 3
contiguous tracts to connect woodland and grassland species.

By 2014, contact landowners along Wabash River bluffs to discuss protection
options.

By 2016, 25% of roadside landowners replaced turf grass with low-growing
native plants.

By 2016, 5% of agricultural lands adopted field and stream borders.

By 2016, 10% of the watershed is maintained as perennial vegetation.
Increase wetland restoration by 500 acres by 2016 and by 2,000 by 2041.

By 2016, increase the use of controlled burning as a management method.

By 2016, convert 9 acres lawn to prairie or woodland.

e Improve instream conditions so that habitat exceeds minimum Qualitative Habitat
Evaluation Index score (51) in tributaries and meets designated uses within the
Wabash River.

0 By 2016, complete profitability analysis for farms in the 100-year floodplain.

o0 Increase landowner awareness on the use of two-stage ditches, implement
two demonstration sites by 2016, and install as possible through 2041.

0 Increase the use of grassed waterways by 16,000 feet by 2016 and by 72,000
feet by 2041.

0 Increase wetland restoration by 500 acres by 2016 and by 2,000 by 2041.

0 Replace culverts that inhibit fish passage by 2041.
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Create backwater area in the Wabash River to improve sturgeon spawning
habitat by 2018.

Increase landowner awareness on the use of drainage water management,
install a demonstration area by 2016, and install as possible through 2041.
Increase the use of soil management sampling for correct fertilizer application
on 20,000 acres by 2016.

e Continue the long-term monitoring program using both professional and volunteer
monitoring options.

10.2.5Protect and Enhance Natural Aspects
Goal: Protect and enhance the natural resources of the Region of the Great Bend of the
Wabash River watershed.

Strategies:

o Influence comprehensive planning at local and regional levels.

(0]

(0]

(0]

(0]

Influence comprehensive and land use planning at local and regional levels
within Fountain and Warren Counties.

Encourage appropriate updates to the adopted comprehensive plan for
Tippecanoe County.

Encourage updating and implementation of the stormwater ordinances
developed by members of the Tippecanoe County Partnership for Water
Quality.

Encourage incorporation of Low Impact Development and Livable
Communities principles into planning, zoning, and development.

Encourage the review and development of laws, rules, and regulations to
ensure protection and improvement of Wabash River water quality.

Encourage development of a climate ready action plan for the Cities of
Lafayette and West Lafayette and Tippecanoe County.

e Reduce exotic species impacts on terrestrial and aquatic biota

(0]

(0]

Develop a terrestrial exotic species control plan by 2016 with less than 5%
exotic species coverage by 2041.
Develop an aquatic exotic species control plan by 2016 with less than 10%
exotic species biomass by 2041.

10.2.61Increase Public Awareness and Participation
Goal: Increase public awareness and knowledge about the Wabash River, its watershed, its
water quality, and what individuals can do to improve the river by 2041.

Strategies:

e Continue development of targeted education programs and materials through 2016.

0 Conduct the Wabash Sampling Blitz twice annually (spring and fall) through
2016.

0 Continue quarterly Hoosier Riverwatch-based volunteer monitoring at 10
stream sites through 2016.

o0 Continue efforts to educate stakeholders on watershed functions and their
individual impact on water quality.

0 Assist with planning and implementation of Wabash Riverfest annually.

o0 Work with local groups and partners to highlight the Wabash River and
natural aspects of the watershed.

o Build on existing youth education programs.

0 Increase participation in Clear-Blue-Green business certification program with
certification of 10 businesses annually through 2016 and 300 businesses by
2041.
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o0 Develop a partner and volunteer tracking list by 2012.
e Increase awareness about natural areas, their protection, and their impact on water
quality.
0 Increase access to natural areas and the Wabash River.
0 Promote hands-on opportunities to improve natural areas and the Wabash
River.
Increase natural areas information flow to service organizations.
Complete Living Green segment on WLFI monthly.
Place high quality photographs in 20 professional offices by 2016.
By 2012, become a supporter of WBAA to promote water quality.
Hold annual fun run/walk in conjunction with spring Sturgeon spawning.
Reduce the volume of litter entering the Wabash River.
e Complete social indicator survey following three years of implementation to measure
stakeholder’s knowledge and attitudes.

O O0OO0OO0OO0Oo

10.2.7Increase Public Access
Goal: Increase accessibility to the Wabash River and its riparian area by 2041.

Strategies:
¢ Increase public access to the Wabash River and its tributaries.
0 Encourage development of passive and active recreation.
0 Encourage appropriate water front development.
0 Increase water front connectivity

11.0 ACTION REGISTER

All activities to be completed as part of this watershed management plan are identified in
Table 50 to Table 62. Appendix L details work to be completed annually throughout
implementation. Measurement of the success of implementation is a necessary part of any
watershed project. Both social indicator and water quality data will be used to measure
observable changes following implementation. Figure 160 details the potential to detect a
change in water quality at the 90% significance level based on water quality data collected
through December 2010. These results are based on sample variability, the number of
samples collected, and power required. Results suggest that a 40% change in total
suspended solids can only be measured with two to four years of monitoring. In contrast,
greater ability to detect change in the Wabash River is possible; however, due to an inability
to change a watershed of this size it may be difficult to achieve the observable 10% change.
More importantly, with four years of monitoring a 4 to 7% reduction in nitrate + nitrite
could be observed in the Wabash River. More samples will also decrease the sample
variance, so the actual decrease in measurable detectable difference with sample size is
uncertain.
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Figure 160. Detectable change (expressed as a percentage of the treatment
watershed mean) relative to the number of samples collected following practice
implementation for the three treatment watersheds for total phosphorus, total

suspended solids, E. coli, and nitrate+nitrite.
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Region of the Great Bend of the Wabash River Watershed Management Plan 10 May 2011

12.0 TRACKING EFFECTIVENESS

The overall success of a watershed management plan depends up on the implementation of
action items as outlined by the watershed management plan goals. Below are measureable
success indicators or milestones which will help stakeholders in the Region of the Great
Bend of the Wabash River watershed track their progress and aid in updating and revising
the Watershed Management Plan as goals, objectives, and strategies are met. All of the
goals are designed for a 30-year implementation schedule. Regular water quality
monitoring, social indicator surveys, and tracking of administrative successes associated
with objectives and strategies is necessary to help realize actual water quality targets.
Indicators identified below will be tracked and reported on a quarterly basis.

12.1 Indicator Tracking
Measuring stakeholder successes toward goals and assessing progress toward the vision of

the Wabash River is vital. The following details concrete milestones for stakeholders to
complete as they work towards each goal. Interim measures or indicators will help
stakeholders evaluate their progress towards chosen goals. For each goal, a series of
indicators are detailed below. Indicator tracking will be completed by the Wabash River
Enhancement Corporation. To request information on the status of progress towards goals,
contact the Wabash River Enhancement Corporation at 200 N. 2" Street Lafayette, Indiana
47901 or via phone at (765) 520-8505.

12.1.1Water Quality Indicators
Water quality indicators are measurements of water chemistry, instream biota, or instream
and riparian habitat. As part of our effort to show a measureable change in water quality,
water chemistry monitoring within our three monitored subwatersheds will continue.
Samples will be collected weekly or bi-weekly as funding allows with sampling occurring X
times following project implementation. Continuous flow monitoring and field data collection
of dissolved oxygen, temperature, pH, conductivity, and turbidity will continue for a
minimum of three years. Instream biota monitoring of the fish and macroinvertebrate
community will occur twice annually at ten locations within the watershed. Habitat
assessments using the Qualitative Habitat Evaluation Index at each project site where
instream habitat are affected will be monitored prior to installation and six months following
installation. Water quality indicators will be used to identify the following:

e Statistically significant changes in water chemistry between planning and

implementation phase water quality.
¢ Changes in macroinvertebrate and fish populations.
e Changes in pre-installation and post-installation instream and riparian habitat.

Water quality indicators will be tracked using a water quality database. This database will
contain historic data and data collected during the planning phase of this project. Data will
be updated quarterly and reported to the steering and monitoring committees on a
quarterly basis. Monitoring will follow the program developed as part of the planning phase
and will be completed by Purdue University and the U.S. Geological Survey as funding
permits. Costs associated with continuous monitoring, water chemistry sample collection,
and biological monitoring are $223,000 for three years.

12.1.2Social Indicators
Social indicators provide information about stakeholder awareness, attitudes, capacity, and
behaviors that directly affect water quality improvement and protection. Social indicators
will be used as follows:
¢ Changes in knowledge about the Wabash River, conservation, and land practices.
e Changes in attitudes towards actions which can be used to improve watershed health
and water quality.

Wabash River Enhancement Corporation Page 316
ARN #305-9-54



Region of the Great Bend of the Wabash River Watershed Management Plan 10 May 2011

e Changes in awareness about watershed activities, concerns, and accomplishments.
e Changes in participation in watershed and Wabash River activities.
e Participation in cost-share and education programs.

Social indicator data will be tracked in a planning phase and post-implementation survey
reports. If possible, comparisons of these data will be generated. Surveys will be completed
by Purdue University three years after implementation begins and will cost $20,000. Results
will be reported to the steering and education committees when data are available.

12.1.3Administrative Indicators
Administrative indicators provide information that water quality and social indicator data
cannot. These indicators are effectively “bean counting” and are used to track program
participation, strategy completion, and goal attainment. Administrative indicators will be
used to track the following:

e Attendance at workshops and field days.

e Emails sent, read, and responses received.

e Conservation practice installation including anticipated load reduction, size, and

timing.

e Photo monitoring of installed practices.

e Media hits (newspaper stories, radio stories, website hits).

e Number of educational materials distributed.

Administrative indicators will be tracked using a database in which date of activity, number
of attendees/participants, and an activity description will be recorded. Installed practices
will be tracked in a project database using Geographic Information Systems. Administrative
indicator tracking will occur as part of the cost-share and education programs and will be
completed by the WREC watershed coordinator. Data will be reported to the steering
committee no less than annually with updates to the database occurring quarterly.

12.2 Future Considerations

There are several considerations stakeholders should keep in mind as they implement the
Region of the Great Bend of the Wabash River Watershed Management Plan. Many of these
considerations are noted in the proceeding sections of this text, but due to their importance,
they warrant reiteration.

12.2.1Water Quality Monitoring

An active water quality monitoring program will continue within the Region of the Great
Bend of the Wabash River watershed. Water chemistry monitoring will occur at each of the
three tributary stream sample sites used to develop this plan in an effort to show changes in
water quality based on the paired watershed model. Upstream-downstream monitoring of
the Wabash River is slated to continue in an effort to further identify changes in Wabash
River water quality due to the impact o Greater Lafayette. Biological monitoring and
volunteer monitoring will continue at the twelve sites used to develop this plan.

The monitoring committee will be convened annually to discuss results of water quality
monitoring and to provide recommendations to the steering committee for watershed
management plan refinements. The following will be considered at annual monitoring
committee meetings:

e Have implemented best management practices been effective in improving water

quality?

e Should a different suite of best management practices be used?

e Have water quality goals been achieved?

e Have water quality goals changed?
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e Has the density of exotic species changed?

12.2.2Social Indicator Monitoring
As detailed above, monitoring of social indicators will occur three years after
implementation begins. Additional social indicator surveys will be scheduled during each
phase of implementation. The education committee will be convened following each survey
to review results and identify changes in social indicator data. After each social indicator
assessment, the following will be considered at annual education committee meetings:

e Are watershed stakeholders more informed about water quality concerns and

watershed issues?
e Have methods for distributing information to stakeholders been effective?
e Have the desired uses of the Wabash River and its tributaries changed?

12.2.3Permits, Easements, and Agreements

Permission to implement any on-the-ground implementation project must be obtained from
property owners prior to installation occurring. Likewise, any instream or near-stream
restoration activities will likely require permits. All permits will be obtained by the Wabash
River Enhancement Corporation prior to any work beginning.

12.2.41nstalled Practice Monitoring

Annually, a practice technical committee will be convened to review installed best
management practices and successes or failures of installed practices. Members from the
following organizations will be contacted and asked to serve on this committee: Soil and
Water Conservation District personnel, Natural Resource Conservation Service personnel,
The Nature Conservancy staff, County surveyors, IDEM representatives, IDNR
representatives, County Health Department staff, City of Lafayette engineering and parks
department staff, City of West Lafayette engineering and parks department staff,
Tippecanoe Partnership for Water Quality, Purdue University Physical Facilities staff,
Tippecanoe County Parks Department staff, and NICHES Land Trust staff. Other members
will be invited as identified. The board will meet annually to review the following:

Location and number of best management practices installed.

Annual plans for best management practice installation.

Potential areas for collaboration on best management practice installation.

Grant funding opportunities and potential project targets.

12.2.5Plan Tracking

Each strategy will be tracked on a quarterly basis. Work completed towards each strategy
will be documented in a tracking database which will include scheduled and completed
activities, numbers of individuals attending or efforts completed toward each objective, and
load calculations or monitoring results for each goal, objective, and strategy. Overall project
progress will be tracked by measureable items such as workshops held, BMPs installed,
meetings held, etc. Load reductions will be calculated for each BMP installed. These values
and associated project details including BMP type, location, length of conservation
commitment, easement, size, cost, installer, and more will be tracked over time in a single
database. Individual landowner contacts and information will be tracked for both identified
and installed projects.

12.2.6Plan Revision

The steering committee of the Region of the Great Bend of the Wabash River watershed will
continue to meet on a regular basis for the purpose of plan implementation. Annually, this
committee will review findings of the education, monitoring, and implementation
committees. The steering committee will review project efforts according to the
management plan’s goals, objectives, and strategies no less than every five years.
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This watershed management plan is meant to be a living document. Revisions and updates
to the plan will be necessary as stakeholders begin to implement the plan and as
stakeholders become more active in implementing the plan. The Wabash River
Enhancement Corporation will be responsible for holding and revising the Region of the
Great Bend of the Wabash River Watershed Management Plan as appropriate based on
stakeholder feedback.

This plan may be adapted or blended with other watershed management plans to effectively
create living documents which cover larger-scale projects and capitalize on potential shared
resources.
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