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5.8 Potential Watershed Issue Sites 
The figure 51 provides the location of potential problem area sites in the watershed taken from IDEM 
and GIS data sources.  Potential pollution of area waterbodies are associated with these types of 
operation such as confined feeding operations, industrial waste sites, leaking underground storage tanks, 
open dumps and other discharge operations.  All of these things are found in the CMW.  Dammed water 
bodies present water quality concerns.  Dammed lakes or ponds may contain sediment or pollution from 
various sources such as surrounding land owner practices (i.e. excessive fertilization) around the lake or 
recreation on the lake where pollution from the lake or pond is passed to the watershed through streams 
located downstream. 

Figure 51:  Potential Watershed Issue Sites 

 
5.9 Conservation Tillage Data 
 
How the land is tilled by landowners for crops may have a great impact on water quality in a watershed 
due to the amount of soil disturbed that can be washed into the nearby waterbodies causing 
sedimentation.  Since the primary land use in the watershed is agriculture, the 2007 County Cropland 
Tillage Data has been included as a benchmark in figure 52.  This data is collected on a regular basis and 
trends in this data can assist in determining target areas where conservation tillage is not commonly 
practiced as well as assist in the determination as to whether or not sedimentation issues could 
potentially be caused due to a lack of conservation tillage in a particular area. 
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Figure 52:  County Cropland Tillage Data 
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5.10 Summary of Data 
Overall the past and current water quality data presented for the CMW confirms consistent water quality 
issues.  The Lower Muscatatuck River in the Jackson County area, Big Creek upstream from Walton 
Creek, Big Creek-Harberts Creek and Little Creek have been in the past (as shown by IDEM data 
presented from 2000-2007) and are presently identified (as shown by recent professional and volunteer 
data presented) as impaired for high E. coli levels.  This is the reason for the listing of these creeks on 
IDEMs 305(b) and 303(d) Integrated Report Listings.   
 
The professional, volunteer and headwaters water quality data provided confirmation of E. coli issues in 
the water bodies that are noted on IDEMs impaired waterbodies listings.  The windshield data survey 
provided probable explanations for the elevated E. coli levels in the Harberts-Big Creek, Little Creek 
and Middle Fork Creek.  These findings relatively coincide with the biological integrity scores provided 
during the professional monitoring with the lowest scores being in the Muscatatuck River, particularly 
downstream from Austin. 
 
Agricultural land use within the watershed is prevalent.  The Quick Creek/Hardy Lake Watershed 
Project confirmed nutrient loading and sedimentation water quality issues which are similarly identified 
during the CMWP windshield data survey.  These are water quality issues associated with agricultural 
land use that were addressed in the smaller Quick Creek/Hardy Lake Watershed Project that will need to 
be addressed within the CMWP on a larger scale which could positively impact remaining issues within 
the Quick Creek/Hardy Lake Watershed. 
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Identifying Sources 
This section discusses, confirms or dismisses, & identifies, the sources of the stressors, causes and concerns previously presented in section 3.  

 
The validity of each cause and problem statement shown in figure 27, section 3 was discussed by the steering committee. The chart is presented 
again reflecting their validity determinations and each of the stressors will be further discussed.  The statements that were not validated were 
researched and determined by the steering committee to not be a current problem within the CMW.  However, as record of public concern, it 
was decided that they hold the potential to be valid in the future and remain in the plan as being noted and possibly researched and re-verified 
at a later point during the project.  
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6.1 Validity Determination of Stressors, Causes, and Problems 

 

Figure 53: Validity Determination of Stressors, Causes, and Problems 

 

Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Improper Storm 
Water Pollution 
Prevention 

Sedimentation 
and Excess 
Nutrients 

Contractors using inadequate erosion control 
practices on construction sites can lead to 
excess soil loss entering nearby waterbodies.  
Sedimentation can lead to increased turbidity 
which can increase water temperature through 
heat absorbed particles, thus lowering dissolved 
oxygen.  Sediment may also kill aquatic life by 
clogging gills or smothering habitats.   
 
During and after rain events, improperly 
handled or excess manure from confined 
feeding operations can lead to excess nitrogen 
and phosphorous levels in nearby waterbodies 
which also impacts dissolved oxygen levels. 

No 
 

N/A 

Turbidity Levels 
 
 
 
 
 
 
 
 

Nutrient Levels 

There were no observed areas where contractors were using 
inadequate erosion control practices at construction sites.  
Presently, there is a limited amount of construction in the 
watershed.  One area that may be of concern and warrants 
further investigation as the population grows and expands would 
be the Austin and Crothersville area within the 12 digit sub 
watershed 0512020709 where turbidity levels were higher than at 
other sites tested in the watershed. 
 
Through professional and volunteer sampling, excess nutrients 
were not found to be a major issue in the watershed at this time.  
Areas near confined feeding operations will continued to be 
monitored due to their inherent potential of negative impact to 
water quality if manure is improperly managed. 
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Lack of Riparian 
Buffers 

Primary evidence of the lack of riparian buffers was provided by 
the riparian buffer survey.  This survey provided photographic 
evidence of erosion issues along Big Creek and the Muscatatuck 
River where riparian buffers were lacking.  Erosion of the stream 
banks is readily visible in the photographs.  During the kayak 
survey log jams were also noted and will continue to be 
monitored. 
 
At sampling sites along the Muscatatuck River where turbidity 
levels were recorded as being highest, there is also a lack of 
adequate riparian buffers. 

Trampling of Banks 
from Livestock 

Sedimentation 
and Excess 
Nutrients 

Livestock with uncontrolled access to 
waterbodies, the lack of protective riparian 
groundcover, and the presence of log jams 
reduces stream bank stability and increases 
sediment in local waterbodies through stream 
bank erosion.   Log jams can promote areas 
of pooling or standing water and can impede 
flow of a stream which could divert water and 
cause flash flooding. 

Yes 

• Soil Erosion 

• Pollution 

• Flash Flooding 

• Maintaining 
Biodiversity – 
streams/ wetlands 

• Healthy Water 
Ways for 
Recreation 

• Livestock 

• Standing Water 

• Log Jams 

• Stream Bank 
Erosion  

• Do people know 
how they affect 
their watershed? 

• Everyone knowing 
their watershed 
and protecting it 

• Public involvement 

• Safe and healthy 
water ways for 
recreation 

• Need more testing 
and Public 
Awareness 

 
 

 

Stream bank 
Erosion 

 
 
 
 
 
 
 

Turbidity Levels 

Access of livestock to streams can cause damage and problems 
to stream banks that are not well vegetated.  Hoof impacts can 
destroy stream bank vegetative cover and physically breakdown 
stream banks.  These impacts occur when livestock traverse 
repeatedly or congregate in large numbers in a small area for 
water, shade, or other streamside attractions.  Unstable stream 
banks easily wash into the stream.  This causes sediment to be 
added to the water body and may lead to channel widening or 
down cutting.  Channel widening and down cutting can result in 
more shallow and warmer streams which degrades aquatic 
habitat and may destroy important streamside wildlife habitat. 
Trampling of banks and areas near streams is especially 
detrimental where overgrazing of pastures and paddocks occurs 
and is another contributor to sedimentation that was noted in the 
2008 windshield data survey.  It was determined by the steering 
committee that patterns of overgrazing specifically continue to be 
monitored due to compounding negative impact regarding 
sedimentation. 
 
The windshield data survey documented cattle access to more 
than half of the creeks noted in the survey.  Allowing livestock 
access to streams is a common agricultural practice in the area 
and the steering committee agreed that significant signs of bank 
erosion due to this practice, particularly where overgrazing was 
noted, were observed within the following 12 digit 
subwatersheds: 051202070104, 051202070105, 051202070601, 
051202070603, 051202070602, and the Coffee Creek 
Watershed. 
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Lack of Conservation 
Tillage 

Sedimentation 
and 

 Excess Nutrients 

Farmlands not using a high residue cropping 
system may cause an increase of 
sedimentation and excess nutrients in local 
waterbodies from storm runoff. 

     

Yes 

 
• Soil Erosion 

• Handling of Runoff 

• Pollution 

• Flash Flooding 

• Maintaining 
Biodiversity – 
streams/ wetlands  

• Sinkhole Pollution 

• No-Till Farming, 
Round-up ready 
herbicides 

• Pesticide 
Contamination 

• Buffers and Filter 
Strips 

• Row Crops 

• Standing Water 

• Log Jams 

• Cropland 
Productivity 

• Chemical Runoff 

• Stream Bank 
Erosion 

• Do people know 
how they affect 
their watershed? 

• Is the drinking 
water really 
clean? 

• Is the water 
healthy? 

• Education of 
children/public 

• Everyone knowing 
their watershed 
and protecting it 

• Public Involvement 

• Safe and Healthy 
Water Ways for 
Recreation 

•  Need More 
Testing and 
Public Awareness 

Turbidity 

The Indiana cropland tillage data from 2007 for each county is 
provided in section 5.  Due to the fact that parts of five different 
counties lie in the watershed, the data has been averaged to 
provide a general estimate of the amount of conservation tillage 
in the watershed.  For corn the percentage where no-till cropping 
is used is 55%, mulch till is 18% and conventional tilling is 27%.  
For soybean the percentage where no-till cropping is used is 
71%, mulch till is 15% and conventional till is 14%. 
 
Approximately 44.6% of the watershed lies in Jefferson County 
and the data shows that it has a median percentage rate of 
conventional tillage compared to the other counties for both corn 
and soybean.  Jennings and Jackson Counties have the highest 
rate of conventional tillage for both corn and soybean.  
 
Scott County shows relatively low conventional tillage 
percentages, however, there remains a high rate of conventional 
tillage along the Muscatatuck River bottoms due to the fact that 
many producers in the area feel or express the necessity to break 
up flooded soils to break up cresting for successful yields.  This is 
common for all counties along the main stem of the Muscatatuck 
River. 
 
Conventional tillage occurs in each county of the watershed 
statistically and has been observed through windshield data 
collection.  Conventional tillage contributes to higher sediment 
and nutrient loading (where the soil being washed into the creeks 
has been fertilized) in nearby waterbodies. Overall, the lack of 
conservation tillage throughout the watershed can be identified 
as contributing to increased sedimentation in the watershed, as 
specifically observed in the Jackson County area where 
conventional tillage rates are high and turbidity rates were higher. 
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Improper Nutrient 
Management 

Sedimentation 
and Excess 
Nutrients 

Improper nutrient management on 
farmland and suburban lawns can lead to 
nutrient overload in nearby waterbodies 
which can lead to increased algal blooms, 
thus decreasing dissolved oxygen. 

No N/A 

Nitrate Levels 
 
 

Phosphorous 
Levels 

IDEM data showed that in 2002 Big creek had nitrate (NO3) 
levels as high as 1.2mg/L and total phosphorus levels as high as 
0.091 mg/L. Professional monitoring showed levels of nitrates as 
high as 2.17mg/L and total phosphates as high as 0.195 mg/L. 
Unprotected headwaters tested by Hanover College volunteers 
showed levels of orthophosphates as high as 10ppm and a very 
impaired benthic community.   
 
Phosphorous levels higher than 0.3ppm contributes to increased 
plant growth. Algal blooms have been noted by Hoosier 
Riverwatch volunteers in several streams. A high runoff rate 
within the floodplain along the main stem of the Muscatatuck 
River where conventional tillage is common practice would 
contribute to significant loadings of nitrogen and phosphorus, 
which can lead to eutrophication causing a decrease in dissolved 
oxygen and can lead to possible fish kills.   
 
Although some elevated levels of nitrates and phosphorous have 
been noted during certain sampling periods, overall improper 
nutrient management was determined to not be a major 
contributor, at this time, to degraded water quality in the CMW.  
Nutrients will continued to be monitored periodically to note any 
changes in nutrient levels indicating improper nutrient 
management that may be addressed at that time. 

Increased Impervious 
Areas 

Malfunctioned 
Industrial Areas 

Fertilization of 
Suburban Lawns 

Hazardous chemical runoff from parking lots, 
roads, industrial buildings and suburban lawns 
entering local waterbodies increases pollutants 
harmful to aquatic and human life.  Increased 
demand from residential and commercial 
development could lead to decreased water 
supplies.  Heavy metals may be present in our 
water sources due to ammunition testing from 
the former U.S. Army Jefferson Proving 
Grounds and other industrial activities. 

Improper Application 
of Herbicides and 

Pesticides 

Hazardous 
Chemicals (ie – 

oil, gas, 
pesticides, 
herbicides,  

heavy metals) 
Improper application of agricultural 
chemicals may enter waterbodies through 
runoff and lead to endocrine/hormone 
disruption. 

No N/A 

Pesticide &  
Herbicide Levels 

 
 
 

Presence of 
Macroinvertebrate 

Species  
 

The steering committee discussed impervious areas, 
malfunctioned industrial areas, suburban lawn application, and 
improper application of herbicides and pesticides.  In regards to 
improper application of herbicides and pesticides it was 
specifically concluded by the steering committee that due to the 
current price of herbicides and pesticides, users of these 
chemicals were more than likely adhering to proper application 
amounts.  Generally, it was the committee’s consensus that 
presently none of these issues were identified currently as major 
problems within the watershed. 
 
The Central Muscatatuck Project did not conduct testing within 
the water quality sampling to be able to identify these problems.   
 
Preliminary benchmark data was presented regarding the 
USFWS study of heavy metals on Big Oaks National Wildlife 
Refuge.  The steering committee will continue to consider and 
become updated with further investigation regarding these levels 
and impacts on water quality in the watershed. 
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Combined Sewer 
Overflows 

E. coli 

An increase in population will lead to more 
wastewater, which could result in more 
sewer overflows during rain events. 
 

No N/A 

E. coli Levels 
 
 

Phosphorous 
Levels 

It was documented in the windshield data survey that sewage 
within the residential and industrial areas (previously military 
buildings) of the old Jefferson Proving Grounds often backs up.  It 
then flows out of combined sewer overflows during storm events 
which may be a contributing factor to nearby Middle Fork Creek 
watershed. 
Overall, the steering committee did not deem this as a prevailing 
issue at the present time due to current population levels.  It is 
felt that parts of Austin may become a contributor to watershed E. 

coli, but not specifically within the watershed. 
 
 

Failing or Lack of 
Septic Systems 

E. coli 

The CMW soils are not conducive to 
septic systems.  This causes systems to 
fail and pathogens from human waste to 
enter waterbodies.  These pathogens may 
cause digestive and other health problems 
in humans. 
 
Improper maintenance of septic systems 
leads to failure causing pathogens to enter 
nearby waterbodies and leading to health 
problems in humans. 

Yes 

 

• Handling of Runoff 

• Pollution 

• E. coli 

• Healthy Water 
Ways for 
Recreation 

• Septic Tank Runoff 

• Urban 
Development 

• Do people know 
how they affect 
their watershed? 

• Is the drinking 
water really clean? 

• Is the water 
healthy? 

• Education of 
children/public 

• Everyone knowing 
their watershed 
and protecting it 

• Public Involvement 

• Safe and Healthy 
Water Ways for 
Recreation 

• Need More Testing 
& Public 
Awareness 

 

E. coli Levels 
 
 
 
 

Phosphorous 
Levels 

Failing septic systems or lack of any system have been 
documented by the Jefferson and Scott County Health 
Departments.  The health departments have documented 
discharging into the nearby tributaries that drain into the 
Muscatatuck River. 
 
In the Little Creek watershed, the town of Kent was observed to 
have a ditch system that carries raw sewage and black water 
from residential houses without septic systems, directly to the 
creek.  A similar circumstance in the town of Deputy may be an 
additional contributor of E. coli to the Lewis Creek watershed.  
According to available data the steering committee recognized 
Failing or lack of septic systems as one of the two major 
contributers to high E. coli levels in the watershed. 
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Livestock Access to 
Streams 

E. coli 

Livestock with uncontrolled access to 
waterbodies may lead to an increase in 
pathogens from animal waste which can 
result in digestive and other health 
problems for humans. 

Yes 

• Handling of Runoff 

• Pollution 

• E. coli 

• Healthy Water 
Ways for 
Recreation 

• Buffers and Filter 
Strips 

• Livestock 

• Do people know 
how they affect 
their watershed? 

• Is the drinking 
water really clean? 

• Is the water 
healthy? 

• Education of 
children/public 

• Everyone knowing 
their watershed 
and protecting it 

• Public Involvement 

• Safe and Healthy 
Water Ways for 
Recreation 

• Need More Testing 
and Public 
Awareness 

 

E.coli Levels 
 
 

Phosphorous 
Levels 

Based on the USDA quick stats data there are a total of 11,100 
head of cattle within Jefferson County; of which approximately 
4,950 are estimated to be within the watershed. The water quality 
data indicates that high E. coli levels are found within the same 
region where high numbers of cattle with access to the stream 
have been observed.  
 
During the windshield data survey conducted in 2008, visual 
observations of cattle access to creeks were noted in; Camp 
Creek, Harberts Creek, Little Creek, Neils Creek, Lewis Creek 
and Coffee Creek. According to available data the steering 
committee recognized livestock access as one of the two major 
contributers to high E. coli levels in the watershed. 

Increased Impervious 
Areas 

No N/A 

The steering committee found that impervious areas were not 
presently a major current concern within the watershed. 
Although, they did recognize that the 12 digit sub watersheds of 
051202070606 with the towns of Austin & Crothersville & 
051202070601 with the bordering town of Hanover posing a 
potential for growth and high road travel into Madison along 256 
and 56. 

Non-conforming 
Industrial Areas 

Elevated Water 
Temperature 

Runoff from impervious areas and 
discharge from industrial buildings may 
cause an increase of temperature, 
lowering dissolved oxygen levels in nearby 
waterbodies 

No N/A 

Water 
Temperature/ 

Dissolved Oxygen 
Levels 

 
 

Phosphorous 
Levels 

The 12 digit sub watersheds of 051202070606 and 
051202070103 were identified as possible concern areas for 
future malfunctioned industrial areas; the factories in Austin & the 
operations of the former Jefferson Proving Grounds now the Big 
Oaks Wildlife Refuge by the steering committee. However, no 
recent data shows any current documented threat from 
malfunctioned industrial areas. 
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

 
 

Lack of Forested 
Areas 

 

Lack of Riparian 
Buffers 

Elevated Water 
Temperature 

The lack of protective riparian canopy from 
tree cover and lack of stream buffers may 
increase water temperature in local 
streams 

Yes 

• Soil Erosion 

• Flash Flooding 

• Maintaining 
Biodiversity in and 
near Streams and 
Wetlands 

• Healthy Water 
Ways for 
Recreation 

• Buffers and Filter 
Strips 

• Logging and 
Forestry 

• Livestock 

• Row Crops 

• Log Jams 

• Cropland 
Productivity 

• Urban 
Development 

• Stream Bank 
Erosion 

• Do places like the 
Power Plant affect 
the watershed? 

• Do people know 
how they affect 
their watershed? 

• Is the drinking 
water really clean? 

• Is the water 
healthy? 

• Education of 
children/public 

• Everyone knowing 
their watershed 
and protecting it 

• Public Involvement 

• Safe and Healthy 
Water Ways for 
Recreation 

• Need More Testing 
and Public 
Awareness 

 
 
 
 
 
 

Water 
Temperature/ 

Dissolved Oxygen 

The major cause of elevated water temperatures is identifited to 
be lack of forested areas and lack of riparian buffers. 
Approximately 36% of the watershed is forested, however, a 
major portion of this percentage is concentrated in the Big Oaks 
National Wildlife Refuge area.  Large sections along the 
Muscatatuck River and its tributaries are unbuffered and allow for 
elevated levels of sediment and lack of shade from trees. These 
conditions can cause low levels of dissolved oxygen; values as 
low as 4.0 ppm in the main stem of the Muscatatuck River have 
been reported. 
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Lack of Riparian 
Buffers 

 
and 
 

Headwaters 
Protection 

Increased Flow 
Rate 

An increase of impervious and limited 
riparian buffer areas reduces groundwater 

recharge, which increases flow rate, 
causing streams to flood more frequently 

and banks to erode quicker. 

Yes 

• Flash Flooding 

• Buffers and Filter 
Strips 

• Row Crops 

• Cropland 
Productivity 

• Stream Bank 
Erosion 

• Do people know 
how they affect 
their watershed? 

• Is the drinking 
water really clean? 

• Is the water 
healthy? 

• Education of 
children/public 

• Everyone knowing 
their watershed 
and protecting it 

• Public Involvement 

• Safe and Healthy 
Water Ways for 
Recreation 

• Need More Testing 
and Public 
Awareness 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Flow Rate 

The initial cause of increased flow rate, according to public 
concern, was identified as being non-conforming industrial areas. 
It was determined, upon review of land use data, water quality 
data, and the headwater study data provided by Hanover College 
students, the more probable cause of incresed flow rate is the 
lack of riparian buffers and lack of headwater protection.  In 
addition to the limited riparian buffers throughout the watershed, 
it is also believed that the more dramatic topography of the Big 
Oaks National Wildlife Refuge area where a large area of 
headwaters are located is noted as a contributor to the increased 
flow rate.  
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Cause/Source 
(Activity/Behavior) 

Stressor Problem Statement 
Concern 

Validated? 

Specific 
Concerns 
Validated 

Indicators Benchmark/Baseline Data 

Improper Trash 
Disposal 

Illegal Dumping of 
Trash 

Improper disposal of garbage in parks, 
river, roadsides, sink holes, and other 
areas causes unsightly views and health 
risks for humans and aquatic life. 

Yes 

• Trash Dumped into 
Water 

• More Enforcement 
of Public Dumping 
Laws 

• Pollution 

• Healthy Water 
Ways for 
Recreation 

• Sinkhole Pollution 

• Buffers and Filter 
Strips 

• Do people know 
how they affect 
their watershed? 

• Is the drinking 
water really clean? 

• Is the water 
healthy? 

• Education of 
children/public 

• Everyone knowing 
their watershed 
and protecting it 

• Public Involvement 

• Safe and Healthy 
Water Ways for 
Recreation 

• Need More Testing 
and Public 
Awareness 

 

Visual 
Observation 

Improper dumping of trash is observed and is a widespread 
problem throughout the watershed with bridges and county roads 
being an easy target. The bottom lands of the Muscatatuck River 
and west of Austin has a particular problem with dumping; there 
are many side roads that lead to the river that allow for easy 
dumping access. Karst topography and sink holes were also 
identified by the steering committee as key areas for illicit 
dumping. 
 
 

 
 
Some of the initial specific concerns stated in figure 27, were not carried forward due to no specific data supporting the concern being found at 
the present time.  For example, drinking water quality was not identified specifically as a current issue during the course of data collection for 
the management plan.  The steering committee did not carry these concerns forward in the management plan; however, they remain in the 
initial section of the plan as record, for future consideration and possible validation. 
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Identifying Critical Areas 
This section provides information on estimated existing loads for pollutants to assist with prioritization.  

It then provides information on targeted areas within the watershed where stressors are causing the most 

damage, and where applying treatment measures will have the greatest effect. 

 
7.1 Load Statistics & Calculations 
Estimated load reductions for the management measures identified in this plan are required by the Section 
319 grant in order to obtain cost-share funding for implementation.  This is to provide baseline current 
load concentrations in order to gauge estimated pollutant load reductions that may result from 
implementation of best management practices discussed within this watershed management plan. 
Complete data for the sampling used in calculations in figure 54 below may be found in Appendix B – 
Professional Data Testing Results.  State standards and recommended guidelines were utilized to 
determine the target load amounts of pollutants the stream can absorb under average flow conditions and 
meet state water quality standards. 

Figure 54:  Water Quality Standards and Targets 

 

    
 

 

 
   * Recommended guidelines 
   ** State standard for nitrate/nitrogen in drinking water 
   *** State standard for E. coli (single sample) 

7.1.1 Nutrient Concentrations 

The following nutrient concentrations were collected on a bi-monthly basis over a 12 month period.  The 
values in the following figure include the average concentration and the maximum concentration taken 
during the testing period.  Concentrations highlighted in red indicate values over the recommended state 
target concentrations. 

Figure 55:  Existing Load Data - Average and High Concentrations 

 
Nitrogen Concentration                  

(mg/L) 
Phosphorous Concentration 

(mg/L) 
E. Coli Concentration                           

(colonies/100ml) 

 Average High Average High Average High 

PS1 1.47 2.27 0.06 0.12 658.13 1986 

PS2 0.80 2.06 0.04 0.06 554.09 2419 

PS3 0.93 1.96 0.04 0.07 61.92 161 

PS4 0.71 1.20 0.03 0.04 57.94 129 

PS5 0.40 0.70 0.04 0.16 70.97 225 

PS6 0.61 1.30 0.05 0.07 109.04 345 

PS7 0.64 1.31 0.06 0.11 84.36 148 

PS8 0.77 1.76 0.05 0.14 92.69 194 

PS9 0.71 2.02 0.04 0.07 123.00 219 

PS10 0.54 1.55 0.03 0.04 150.16 816 

PS11 0.75 1.50 0.05 0.07 199.80 517 

PS12 0.81 1.76 0.07 0.12 137.77 238 

PS13 0.54 1.20 0.16 0.29 417.10 1203 

PS14 0.29 1.03 0.04 0.09 288.96 1203 

PS15 0.83 2.08 0.04 0.09 125.40 411 

   Exceeds Indiana Average - 0.05 mg/L Exceeds Indiana Target - <235 CFU/100 ml 

Parameter Target Concentration 

TSS* < 80 mg/L 

N** < 10 mg/L 

P* < 0.3 mg/L 

E. coli*** < 235 cfu/100 ml 
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Existing loads were calculated using recent professional water quality monitoring data and IDEM’s Load 
Calculation Tool. 29  The calculation is based on the amount of the pollutant presence taken in the water 
sample, the flow of the river at the time of the sample and the target concentration.  Based on existing 
load data, reductions were warranted for E. coli levels in the watershed.  There were a number of sites 
where one or more samples exceeded target loads and the calculated load reduction for the sample that 
exceeded the target load is reflected.  
 
Nutrient concentration sample results did not exceed state water quality standards or targets for nitrogen 
or phosphorus.  Some levels of phosphorous were above the Indiana average. Test sites where E. coli 
levels exceeded state standards were located along Big Creek and the Lower Muscatatuck River.   
 
Professional water quality monitoring provides data to calculate existing loads; however, a limitation of 
this data is that it provides only a snapshot of chemistry data.  Although the data presented shows nutrient 
concentration levels primarily below target loads, it is possible that this may be attributed to testing 
parameter error and/or due to the fact that this data only represents conditions at specific testing site for a 
specific duration, in other words, snapshots of data.  Overall, the data representing areas where load 
reductions are warranted for E. coli is consistent with IDEM’s 2006 impaired waterbodies listings.   

 

Figure 56:  Existing Load Data – Average Estimated Pollutant Load Based on Stream Flow 

 

 
  

 

 

 

 

 

 

 

                                                 
29 Indiana Department of Environmental Management, Load Calculation Tool, 
http://www.in.gov/idem/files/319_load_calculation_tool.xls. 

 

Nitrogen 
Concentration 

(mg/L) 

Phosphorous 
Concentration 

(mg/L) 

E. Coli 
Concentration 

(colonies/100ml) 

N 
Current 
Load 
ton/yr 

P 
Current 
Load 
ton/yr 

E. Coli Current 
Load cfu/yr 

Average 
Stream 
Flow 

cf/second 

PS1 1.47  0.06  658.13  12.06  0.36  3.95E+13 6.7 

PS2 0.80  0.04  554.09  4.58  0.13  4.96E+12 4.0 

PS3 0.93  0.04  61.92  3.05  0.10  4.47E+11 2.8 

PS4 0.71  0.03  57.94  26.16  7.00  2.21E+12 33.4 

PS5 0.40  0.04  70.97  2.16  0.50  3.02E+12 5.9 

PS6 0.61  0.05  109.04  7.55  0.80  5.29E+12 15.1 

PS7 0.64  0.06  84.36  1.56  0.12  4.02E+12 1.9 

PS8 0.77  0.05  92.69  19.63  0.85  2.03E+12 38.3 

PS9 0.71  0.04  123.00  34.52  2.11  2.25E+13 47.3 

PS10 0.54  0.03  150.16  2.32  0.18  4.81E+11 5.6 

PS11 0.75  0.05  199.80  110.60  6.13  4.55E+13 129.7 

PS12 0.81  0.07  137.77  117.66  8.38  4.89E+13 145.4 

PS13 0.54  0.16  417.10  69.04  17.39  3.95E+14 154.7 

PS14 0.29  0.04  288.96  0.93  3.62  3.26E+12 6.3 

PS15 0.83  0.04  125.40  26.17  0.14  3.48E+12 4.0 



99 
 

 

 

 

Figure 57:  Reductions needed to meet standard  

 

E. Coli 
Concentration % 
Load Reduction 

PS1 88.20% 

PS2 90.30%  

PS3   

PS4   

PS5   

PS6 31.80%  

PS7   

PS8   

PS9   

PS10 71.20%  

PS11 54.60%  

PS12 19.20%  

PS13 80.50%  

PS14 80.50%  

PS15 42.80%  

 
 
 
7.2 Long Term Hydrologic Impact Assessment (L-THIA)  
Estimates were developed using Purdue University’s Long-Term Hydrologic Impact Assessment model 
(L-THIA)30, in order to gain more specific information regarding geographic sources and potential 
impacts of pollutant loading in the watershed.  This tool assists in evaluating likely effects of land use 
change and assists in identifying impacts to the natural environment.  The model estimates run off volume 
and pollutant concentrations based on soil characteristics, land use, climate and rainfall data. 
 
According to the L-THIA models the main land use for the CMW is agriculture which is 58.22% of the 
total watershed.  Pasture/Grassland comprises 15.32% and row crop comprise 42.90% of the agricultural 
land usage in the watershed.  Deciduous, evergreen, or mixed forest or shrub land is the second highest 
land use in the watershed at 32.68%.  These land uses account for the majority, more than 90%, of the 
land use within the watershed.  Approximately 7% of the land in the watershed is water or wetland and 
approximately 2% represents developed land with the majority of this percent being low density urban 
areas. 
 
The L-THIA models for total phosphorous, nitrogen, total suspended solids and run off volume are 
presented in this section along with figures representing the information.  Full L-THIA model data may be 
found in Appendix E. 

 

 
 
 

                                                 
30 Long Term Hydrologic Impact Assessment Tool, Purdue University. Online Watershed Delineation; 
http://www.ecn.purdue.edu/runoff/lthianew/  
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7.2.1Run Off Volume 

Due to the limited amount low and high density urban developed land, run off volume due to impervious 
surfaces is, overall, not estimated to be an issue in the watershed at this time and is shown on the L-THIA 
model in figure 58. 
 

 

 

Figure 58:  L-THIA Model – Run Off Volume 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Based on the L-THIA models, the critical area locations for elevated levels of total phosphorous and TSS 
are  14 digit sub watersheds, 05120207010010, 05120207010030, 05120207030020, 05120207030030, 
05120207030040, 05120207030050, 05120207030070.  These same sub watersheds did not have levels 
of total nitrogen that exceeded the Indiana Water Quality Standard, however, they did have the highest 
levels of total nitrogen in the watershed.  Agriculture crop land use is the primary, consistent land use 
association with the critical areas based on the L-THIA models.  The impacts of agricultural land use in 
the above listed sub watersheds coincides with the professional and volunteer water quality data, 
windshield survey data and IDEM impaired waters listing to identify the critical areas of the watershed. 

 

05120207010010  

05120207010030  

05120207030020  

05120207030030  

05120207030050  

05120207030040  

05120207030070  
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7.2.2 Nitrogen 

The highest estimated L-THIA nitrogen loads are in the sub watersheds where the percentage of row crop 
land use is at least 40-50%.  The sub watersheds with the highest estimated nitrogen loads correspond to 
the counties, Jennings, Jackson and Ripley, with greater percentages of conventional tillage as shown in 
the cropland tillage data in section 6.  Agriculture is the main contributor to nitrogen loads throughout the 
watershed.  The overall watershed average for nitrogen concentration in runoff is 2.66 mg/L.  The Indiana 
Water Quality Standard is less than 10 mg/L and the model shows that levels do not presently exceed this 
standard. 
 

Figure 59:  L-THIA Model - Nitrogen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 



102 
 

 

7.2.3 Phosphorous 

The highest phosphorous L-THIA estimates directly reflect a very similar sub watershed pattern as the 
nitrogen load model reflected.  The highest estimated phosphorous loading areas in the watershed are, 
again, where the percentage of row crop land use is highest.  Agricultural land use is the primary cause for 
increased loading of phosphorous throughout the watershed.  The overall watershed average for estimated 
phosphorous concentration in runoff is 0.72 mg/L.  The Indiana Water Quality target for phosphorous is 
less than 0.3 mg/L and the model shows that all but sub watershed 05120207010020, exceeds this 
standard. 
 
 

Figure 60:  L-THIA Model - Phosphorous 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

05120207010020 
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7.2.4 Total Suspended Solids (TSS) 

For the highest L-THIA estimated TSS loads, there is little variation from the agricultural based sub 
watersheds noted for the highest nitrogen and phosphorous loading.  TSS pollutant loads in the watershed 
are directly related to the sub watersheds where agricultural land use is the primary land use.  The 
watershed average for TSS concentration in runoff is 58.91 mg/L.  The project target for TSS is 80 mg/L 
or less.  The model shows that sub watershed 0512027030040 exceeded this standard and there were six 
other sub watersheds 11 mg/L or less below the standard. 

 

 

Figure 61:  L-THIA Model – Total Suspended Solids  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

0512027030040 
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7.3 Critical Area/Issue Designations 
A number of water quality issues have been confirmed throughout this plan.  The following critical 
area/issue designations were identified by analyzing all collected project data, current geological data, 
IDEM, USDA, committee knowledge, and windshield survey data within the watershed to determine the 
issues and areas that are most critical in the watershed and that are feasibly able to be addressed within the 
scope of 319 grant implementation funding.  
 
The steering committee prioritized the following critical area/issue designations, which are presented in 
order of their priority, through discussion, their knowledge and analysis of the compiled project data. It is 
not the steering committee’s intention that critical area/issue designations preclude all other best 
management practice measures within the watershed in non-critical areas/issues, should opportunities 
arise that would improve the health of the watershed, upon situational review.  However, implementation 
funding and efforts will be primarily focused and ranked on the following main, specific critical area/issue 
designations within the watershed: 
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Figure 62:  Critical Area/Issue Designations 
Cause/Source 

(Activity/Behavior) 
Indicators 

Benchmark/Supporting Data 
Sources 

Critical Area/Issue High Priority Locations 
In watershed 

Stream Bank Erosion 
 

Windshield Data Survey  
 

Cattle access to creeks was observed in 
more than ½ of the creeks in the survey 
 

Trampling of 
Stream Banks from 

Livestock 

Turbidity Levels 
Professional& Volunteer 
Water Quality Monitoring 

Turbidity levels, indicating sedimentation, 
were greater at the lower Muscatatuck 
River testing sites resulting from 
upstream cattle access to tributaries 

Priority locations to reduce trampling of banks by 
livestock are the following 14 digit subwatersheds:     
        05120207010030-Camp Creek-Big Creek 

05120207010060-Harberts Creek-Big Creek 
        05120207010070-Little Creek-Headwaters 
        05120207010080-Ramsey Creek 
        05120207010090-Little Creek-Chicken Run 
        05120207010100-Big Creek-Walton Creek 
        05120207010110-Neils Creek 
        05120207010120-Big Creek/Lewis Creek   
        05120207030020-Coffee Creek 

Professional & Volunteer 
Water Quality Monitoring 
 

There were a number of sites where the 
state water quality E. coli  levels were 
exceeded during professional and 
volunteer water quality monitoring. 

IDEM Impaired 
Waterbodies Listing 
 

The primary 2006 IDEM 303d impairment 
for waterbodies in the watershed was due 
to E. coli. 

Livestock Access to 
Streams 

E. coli Levels 

Windshield Data Survey 
 

During the windshield data survey 
conducted in 2008, some specific visual 
observations of cattle access to creeks 
were noted in; Camp Creek, Harberts 
Creek, Little Creek, Neils Creek, Lewis 
Creek and Coffee Creek.  

Based on collected project data, the steering 
committee recognized livestock access to streams 
as a major contributer to elevated E. coli levels in 
the watershed. 
 
Due to the nature of the impact of this source and 
that it is a widespread issue, the source itself is 
considered critical.  The critical location is: 
 
Anywhere in the watershed where cattle have 
access to creeks. 
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Cause/Source 
(Activity/Behavior) 

Indicators 
Benchmark/Supporting Data 

Sources 
Critical Area/Issue High Priority Locations 

In watershed 

Conventional Tillage 
Percentages 

ISDA 2007 Tillage Data 

• 2007 Conventional tillage 
percentage rates for corn are: 

               Jackson – 33% 
               Jennings – 57%  
               Ripley – 28% 

 

• 2007 Conventional tillage 
percentage rates for soybean are:  

                Jefferson – 20% 
                Ripley – 28% 
                Jennings – 19% 
                Jackson – 14% 

There are large percentages of 
conventional tillage within the watershed 
that contributes to and promotes erosion, 
sedimentation during runoff which 
increases turbidity levels in nearby 
creeks. 

Observed Sedimentation Windshield Data Survey 

Conventional tillage was observed in 
each county of the watershed. 
 
Sediment can be observed in the 
Muscatatuck River after periods of rain 
and storm events 
 
Conventional tillage was observed as the 
primary method used in the floodplains or 
“bottoms” along the Muscatatuck River in 
Scott, Jefferson and Jackson Counties 

Lack of 
Conservation 

Tillage 
 

Chemical Data Levels 
Professional water quality 
monitoring 

There were areas where turbidity and 
total suspended solids levels were higher 
than in the rest of the watershed and 
where the dissolved oxygen levels were 
lower due to sediment run off from 
conventionally tilled fields. 

Priority locations for lack of conservation tillage are 
the following 12 digit HUCs: 
                           
   051202070605-Coffee Creek/Muscatatuck River 
   051202070606-Dean Ford’s Ditch/Muscatatuck  
   051202070604-Quick Creek/White Oak Branch 
   051202070601-Little Creek 
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Cause/Source 
(Activity/Behavior) 

Indicators 
Benchmark/Supporting Data 

Sources 
Critical Area/Issue High Priority Locations 

In watershed 

Stream Bank Erosion 
Windshield Data Survey 
 
Riparian Buffer Survey 

The major cause of elevated water 
temperatures is identifited to be lack of 
forested areas and lack of riparian 
buffers. 
 
Large sections along the Muscatatuck 
River and its tributaries were observed as 
unbuffered.  Stream bank erosion was 
readily visible in many of these areas. 

Increased Flow Rate Headwaters Study 

The probable cause of incresed flow rate 
is the lack of riparian headwater 
protection and the more dramatic 
topography of the Big Oaks National 
Wildlife Refuge area where a large area 
of headwaters are located is noted as a 
contributor to the increased flow rate. 

Increased Flow Rate 
 

Elevated Water 
Temperature/Low Dissolved 

Oxygen Levels 
 

Professional Water Quality 
Monitoring 

These conditions can cause low levels of 
dissolved oxygen; values as low as 4.0 
ppm in the main stem of the Muscatatuck 
River have been reported. 

Lack of  
Riparian Buffers 

 
and 
 

Forested Areas 

Observed Lack of Stream 
Bank Buffers 

Aerial Imagery Photograph 
Analysis 

Review of USGS aerial imagery shows 
very poor buffering along the main stem 
of the Muscatatuck River. 

Priority locations for lack of riparian buffers are the 
following 12 digit HUCs: 
                           
051202070601-Little Creek                           
051202070602-Lewis Creek 
051202070604-Quick Creek/White Oak Branch 
051202070605-Coffee Creek/Muscatatuck River 
051202070606-Dean Ford’s Ditch/Muscatatuck  
051202070101-Headwaters/Big Creek 
051202070104-Camp Creek/Big Creek 
                            
 

Professional and Volunteer 
Water Quality Monitoring 

E. coli Levels 

2006 IDEM Impaired 
Waterbodies 303d List 

Although comprehensive, costly testing is 
required to fully determine the source of 
E. coli when elevated levels are detected, 
it is known that high levels of E. coli are 
present in the watershed. 
 
 

Failing or Lack of 
Septic Systems 

County Health Department 
Advisements 

Windshield Data Survey 

Soil types, lot sizes & location of some 
towns in the watershed limit development 
of proper functioning septic systems.  The 
health department and windshield data 
survey identified the towns of Kent, 
Austin and Deputy and areas of the 
former Jefferson Proving Grounds 
property for lacking appropriate septic 
systems & noted as having some sewage 
drained directly to nearby waterbodies.  

Combining the testing and IDEM data with health 
department advisement areas for concern for lack 
or Failing or lack of septic systems with the 
windshield data, the following 12 digit sub 
watershed locations are designated to be critical 
for septic system issues contributing to E. coli 
levels in the watershed: 
 
051202070103-Middle Fork Creek 
051202070601-Little Creek 
051202070602-Lewis Creek 
051202070606-Dean Ford’s Ditch/Muscatatuck  
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Cause/Source (Activity/Behavior) Indicators 
Benchmark/Supporting Data 

Sources 
Critical Area/Issue 

High Priority Locations 
In watershed 

Illegal Dumping of Trash 
County Health Department 

Advisements 

Windshield Data Survey & 
 
 
 
 
 

River/Lake Clean-up Statistics 

Illicit dumping of garbage causes 
debris to enter waterways.  It is an 
unsightly and damaging form of 
pollution.  The items that are 
illegally dumped may contain 
damaging pollutants that may seep 
into the waterways. Debris can also 
cause storm drains and waterways 
to clog and water to flow over areas 
it is not intended to flow and/or lead 
to flooding.  Karst topography and 
sink holes were also identified by 
the steering committee as common 
areas for illicit dumping. 

The bottom lands of the 
Muscatatuck River have been 
noted specifically during the 2008 
and 2009 windshield data survey 
for having many areas where illegal 
dumping is commonly and easily 
visible.  The following 12 digit sub 
watershed, primarily located in 
Jackson County, is considered 
critical for illegal dumping of trash, 
however, it is a widespread issue 
that will be addressed wherever it 
is found throughout the watershed 
and specifically karst areas which 
are found throughout the 
watershed. 

 
051202070606 – Dean Ford’s 

Ditch/Muscatatuck River 
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Applying Measures 
This section describes what needs to be implemented or changed to achieve the goals of the CMWP 

Management Plan using BMPs. 

 

8.1 Best Management Practices (BMP) 
The CMW Technical Steering Committee reviewed the water quality data and the critical areas/issues 
designated by the steering committee.  The watershed data was considered in regards to the current 
watershed land uses and the steering committee agreed upon the following BMPs that would improve 
water quality in the watershed and would be offered to land owners during an implementation period. The 
following BMPs in this section are the applicable implementation items to be installed according to 
NRCS guidelines and specifications as outlined in the Field Office Technical Guide (FOTG).31   For each 
critical area/issue, the applicable BMPs have been decided upon by the technical steering committee and 
each practice is explained further and referenced by a code listed after each practice name following 
figure 63. The FOTG reference specifies the technical requirements of each practice. 
 

Figure 63: BMP Application 

Critical Area/Issue 
 

Cause/Source 
Stressor Applicable BMPs 

Trampling of Stream Banks 
by Livestock 

Sedimentation 

 
1. Critical Area Planting 
2. Education and Outreach 
3. Filter Strips 
4. Heavy Use Protection 
5. Interior Fencing 
6. Ponds 
7. Prescribed Grazing 
8. Riparian Forest Buffers 
9. Stream Bank Fencing 
10. Stream Crossing 
11. Spring Developments 
12. Tree Establishment 
 

Livestock Access to Streams E. coli 

 
1. Critical Area Planting 
2. Education and Outreach 
3. Filter Strips 
4. Heavy Use Protection 
5. Interior Fencing 
6. Ponds 
7. Roof Runoff Structure 

        8      Spring Developments 
        9.     Stream Bank Fencing 

10.   Stream Crossing 
11.   Waste Utilization 

Lack of Conservation Tillage Sedimentation 

 
1. Critical Area Planting 
2. Education and Outreach 
3. Filter Strips 
4. Grassed Waterways 
5. Residue & Tillage Management Mulch Till 
6. Residue & Tillage Management No Till/Strip 

Till/Direct Seed 
7.      Residue & Tillage Management Ridge Till 

                                                 
31  Natural Resources Conservation Service, Field Office Technical Guide; http://www.nrcs.usda.gov/technical/efotg/. 
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Critical Area/Issue 
 

Cause/Source 
Stressor Applicable BMPs 

 
Lack of Riparian Buffers 

 

Sedimentation 
 

Elevated Water 
Temperature 

 
Increased Flow 

 
1. Critical Area Planting  
2. Education and Outreach 
3. Filter Strips 
4. Riparian Forest Buffers                                                    
5. Stream Bank Fencing                   
6. Tree Establishment 
 

Lack of Forested Areas 

 
Elevated Water 
Temperature 

 

 
1. Riparian Forest Buffers                                                     
2. Tree Establishment 
 

Failing or Lack of Septic 
Systems 

E. coli 

 
1. Education and Outreach 
 

 

8.2 BMP Descriptions 

8.2.1 Critical Area Planting (Code 342) 

Critical area planting includes planting vegetation such as trees, shrubs, vines, grasses, or legumes on 
highly erodible or critically impaired eroding areas. The vegetation provides a filtering effect on runoff 
and will improve water quality by reducing erosion rates and the movement of sediment carried by runoff 
from construction sites. The purpose of critical area plantings are to: 
 1. Stabilize areas with existing or expected high rates of soil erosion by wind or water 
 2. Restore degraded sited that cannot be stabilized through normal methods 
 3. Rehabilitate and re-vegetate degraded sites that cannot be stabilized through normal farming  
     practices 
 4. Stabilize riparian areas 

8.2.2 Education and Outreach 

The CMWP Steering Committee also discussed the importance and overriding best management practice 
to produce results within the watershed as education and outreach.  Throughout the implementation 
process the Watershed Coordinator in conjunction with partner groups and committee members will 
continue to provide educational programs, activities, and workshops for schools and community groups.   
 
Emphasis on the importance of education and outreach is affirmed by the EPA in reference to NPS 
guidance where it is stated, “Continue public participation. Stakeholder involvement should begin early in 
the restoration process and should continue throughout. An effective and inclusive communication 
strategy ensures that all potential participants have an opportunity to become aware of the progress of 
restoration. As the process evolves, the goals and objectives may change. Changes in goals and objectives 
should be articulated to stakeholders. Develop community support through publicity and the use of 
volunteers.”32   The purpose of education and outreach is to:  

1. Increase knowledge of watershed issues 
2. Increase concern of watershed issues 
3. Increase knowledge of conservation practice importance 
4. Improve attitudes towards taking action and working towards improving water quality within the 

watershed 

                                                 
32  U.S. Environmental Protection Agency: http://www.epa.gov/owow/nps/wetmeasures/pdf/ch5.pdf. 
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8.2.3 Filter Strips (Code 393) 

Filter strips are areas of herbaceous vegetation situated between cropland, grazing land, or disturbed land 
(including forest land) and environmentally sensitive areas. The purpose of filter strips is to: 
 1. Reduce sediment, particulate organic matter, and absorb sediment from runoff to keep it from    
     entering into waterways 
 2. Reduce dissolved contaminant loading in runoff 
 3. Restore, create or enhance herbaceous habitat for wildlife and beneficial insects 
 4. Maintain or enhance watershed functions and values 

8.2.4 Grassed Waterways (Code 412) 

Grassed waterways are natural or constructed channels that are shaped or graded and established with 
suitable vegetation. The purpose of grassed waterways is to: 

1. Convey runoff from terraces, diversions, or other water concentrations without causing      
erosion, flooding, or ponding 

 2. Reduce gully erosion 
 3. Protect or improve water quality 

8.2.5 Heavy Use Protection Area (Code 561) 

A heavy use protection area is the stabilization of areas frequently and intensively used by people, 
animals, or vehicles by establishing vegetative cover, surfacing with suitable materials, and/or installing 
needed structures. The purpose of heavy use protections areas are to: 
 1. Reduce soil erosion 
 2. Improve livestock health 
 3. Improve water quantity and quality 
 4. Minimize nutrient loading 
 5. Improve aesthetics 

8.2.6 Interior Fencing (Code 382) 

Interior fences (or cross fences) are used to subdivide fields into smaller areas called paddocks for 
effective grazing management. Interior fences may be constructed from permanent, semi-permanent, or 
temporary fencing materials. Temporary fencing can be used to enclose areas for temporary grazing. 

8.2.7 Ponds (Code 378) 

A pond is a water impoundment made by constructing a dam or an embankment or by excavating a pit or 
dugout. The purpose is to provide water for livestock, fish and wildlife to maintain and improve water 
quality. The main goal is to provide an alternative water source and exclude them for a majority of the 
season from watering directly in a water body. 

8.2.8 Prescribed Grazing (Code 528) 

Prescribed grazing is the process of managing the vegetation with grazing and/or browsing animals. This 
conservation practice may be applied as part of a conservation management system to achieve one or 
more of the following purposes: 
 1. Improve or maintain desired species composition and vigor of plant communities. 
 2. Improve or maintain quantity and quality of forage for grazing and browsing animal’s health  
     and production 
 3. Improve or maintain surface and/or subsurface water quality and quantity 
 4. Improve or maintain riparian and watershed function 
 5. Reduce accelerated soil erosion and maintain or improve soil condition 
 6. Improve or maintain the quantity and quality of food and/or cover available for wildlife 
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8.2.9 Residue and Tillage Management Mulch Till (Code 345) 

Residue and tillage management mulch till is managing the amount, orientation and distribution of crop 
and other plant residue on the soil surface year round while limiting the soil-disturbing activities used to 
grow crops in systems where the entire field surface is tilled prior to planting. The purpose of residue 
tillage management is to: 
 1. Reduce sheet and rill erosion 
 2. Reduce wind erosion 
 3. Reduce soil particulate emissions 
 4. Maintain or improve soil condition 
 5. Increase moisture available to plants 
 6. Provide food and escape cover for wildlife 

8.2.10 Residue and Tillage Management No Till/Strip Till/Direct Seed (329) 

Managing the amount, orientation and distribution of crop and other plant residues on the soil surface 
year-round, while growing crops in narrow slots, tilled, or residue free strips in soil previously untilled by 
full-width inversion implements. The purpose of no till/strip till/direct seeding is to: 
 1. Reduce sheet and rill erosion 
 2. Reduce wind erosion 
 3. Improve soil organic matter content 
 4. Reduce CO2 losses from the soil 
 5. Increase moisture available to plants 
 6. Provide food and escape cover for wildlife 

8.2.11 Residue and Tillage Management Ridge Till (Code 346) 

Residue and tillage management ridge till is managing the amount, orientation, and distribution of crop 
and other plant residues on the soil surface year-round, while growing crops on pre-formed ridges 
alternated with furrows protected by crop residue. The purpose of tillage management ridge till is to: 
 1. Reduce sheet and rill erosion 
 2. Reduce wind erosion 
 3. Maintain or improve soil condition 
 4. Reduce soil particulate emissions 
 5. Manage snow to increase moisture available to plants 
 6. Modify cool wet site conditions 
 7. Provide food and escape cover for animals 

8.2.12 Riparian Forest Buffers (Code 391) 

Riparian buffers are areas of trees and other vegetation consisting of two zones located in areas (adjoining 
and up gradient from surface waterbodies) designed to intercept surface runoff and subsurface flows from 
upland sources prior to entry into surface waters and /or groundwater recharge areas. The purpose of 
riparian buffers is to: 
 1. Reduce excess amounts of sediment, organic material, nutrients, pesticides, and other pollutants 
     in surface runoff 
 2. Reduce excess nutrients and other chemicals in shallow groundwater flow 
 3. Create shade to lower water temperatures to improve habitat for fish and other aquatic   
     organisms 
 4. Provide a source of detritus and large woody debris for fish and other aquatic organisms 
 5. Provide riparian habitat and corridors for wildlife 
 6. Provide protection against scour erosion within the floodplain 
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8.2.13  Roof Runoff Structure (Code 558) 

Structures that collect, control and transport precipitation from roofs.  This practice may be applied as part 
of a resource management system to support one or more of the following purposes: 
 1.  Improve water quality 
 2.  Reduce soil erosion 
 3.  Increase infiltration 
 4.  Protect structures 
 5.  Increase water quantity 
 6.  Prevent flooding 
 7.  Improve drainage 

8.2.14 Spring Developments (Code 574) 

Spring developments utilize springs and seeps which are readily available in the Central Muscatatuck 
Watershed to improve the quantity and/or quality of water for livestock, wildlife, and other agricultural 
uses. These are placed in areas where spring or seep development will provide a dependable supply of 
suitable water for the planned times of use, and where the intended purpose can be achieved by using this 
practice alone or combined with other conservation practices.  

 8.2.15 Stream Bank Fencing (Code 382) 

This practice is applied to facilitate the application of conservation practices by providing a means to 
control movement of livestock. Permanent exterior fences are used to exclude livestock from all areas 
adjacent to stream banks and needing permanent fence.  Installed fence shall have a minimum life 
expectancy of 20 years. 

 8.2.16 Stream Crossing (Code 578) 

A stream bank crossing is a trail or travel way constructed across a stream to allow livestock, equipment, 
or vehicles to cross with minimal disturbance to the stream ecosystem. The purpose of stream bank 
crossings is to:  
 1. Improve water quality by reducing sediment, nutrient, organic, and inorganic loading of the  
     stream 
 2. Reduce stream bank and streambed erosion 
 3. Provide crossing for access to another land unit without causing impairments to the stream bank  

8.2.17 Tree Establishment (Code 612) 

Tree establishment is the process of introducing woody plants to an area by planting seedlings, or 
cuttings, direct seeding, or natural regeneration. The purpose of tree establishments is to: 
 1. Provide wildlife habitat 
 2. Serve as long-term erosion control for improvement of water quality 
 3. Decrease flow from land 
 4. Improving or restoring natural diversity 
 5. Enhance aesthetics 

8.2.18 Waste Utilization (Code 633) 

This practice applies where agricultural by-products including animal manure and contaminated water 
from livestock and poultry operations; composted dead animals; solids and wastewater from municipal 
treatment plants; and agricultural processing residues are generated and/or utilized. 
 1.  Protect water quality 
 2.  Protect air quality 
 3.  Provide fertility for crop, forage, fiber production and forest products 
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 4.  Improve or maintain soil quality 
 5.  Provide feedstock for livestock 
 6.  Provide a source of energy 
 
This list of applicable BMPs for the critical areas/issues determined by the steering committee and 
previously discussed in the management plan is a general overview of the BMPs that would be utilized to 
address the main critical areas/issue during the implementation phase of the project.  However, specific 
circumstances may arise where alternative BMPs may provide more beneficial results and may be deemed 
more appropriate. 
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Setting Goals, Plans and Indicators 
This section states the water quality improvements or protection goals that were agreed on by the technical steering committee and steering 

committee. The goals include specific realistic targets for reducing pollutants or mitigating impacts, and identify time-frames for 

accomplishment. This section describes the planned order of implementation, the time requirements for implementing the plan, the party 

responsible for carrying out the tasks, and what milestones to be noted. 

 

 

Goals and actions are listed for each critical area/issue according to the associated stressor.  The actions to be performed, when it will be 
completed, who is responsible for performing the action, what resources (monetary and technical resources) are required and the target 
audience to receive the action benefit is included for each goal.  Organizations or individuals named for performance or target of actions are 
based on the potential of the support, ability, and advice or management measure they may provide to the project goals.  This list is not 
intended to be comprehensive or to exclude other entities from participation in the development and/or implementation of management 
measures.  Participation by any volunteer or organization will be encouraged and utilized as appropriate. 
 
In most circumstances a monetary cost is associated with the action.  In the case where a monetary cost is anticipated, a project cost estimate 
will be shown next to the action.  The indicator column shows how progress can be noted in a quantifying manner and the “type of indicator” 
will be shown in parenthesis.  Further details regarding the type of indicators are described in section 10, however, they are noted on this chart 
as a cross reference between the indicators that will be used and how these indicators will be monitored. 
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Figure 64:  Project Goals 

9.1 Sedimentation Goal  
Eliminate or reduce observable sedimentation and turbidity in the Muscatatuck River and tributaries.  Meet or maintain turbidity levels at or 
below the Indiana Average of 36 NTU throughout the watershed by the year 2030.  
 

Objective Action – Cost Estimate Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

 

Lack of Riparian Buffers 

Problem Statement:  The lack of protective riparian groundcover, buffers, reduces stream bank stability and increases sediment in local waterbodies through      
                                    stream bank erosion. 

 
Provide education 
through field days and 
workshops using 
demonstration sites  

$4,000 

Minimum of 1 the 
first year and 1 

annually thereafter Educate people 
regarding the 
preservation of existing 
riparian buffers 
throughout the 
watershed 

 
Develop a brochure on 
how to control and 
lessen the impacts of 
stream bank erosion 

$4,000 
 

Landowners  
 
 
Agricultural Producers 
 
 
General Public 

Watershed/Education 
Coordinator 
 
SWCD Coordinators 
 
Hanover College Rivers 
Institute 

Prepare within the 
first 6 months of the 

project 
 

Distribution –  
Ongoing 

# of attendees at workshops and 
field days 
(Administrative) 
 
# of publications distributed 
(Administrative) 

 
Develop cost-share 
program to offer 
landowners who elect to 
implement riparian 
buffer BMPs 

$25,000 
 

Create and enhance 
existing buffers in 
watershed, specifically 
in critical areas 

 
Create opportunities for 
discounted purchase of 
buffer plants (i.e. 
District tree and plant 
sales). 

$4,000 

Landowners  
 
 
Agricultural Producers 

ISDA, NRCS, SWCD 
Technicians  
 
 
Watershed Coordinator 

4 years 
2009-2013 Primary 

Implementation Period 
 

2 years 
2013-2015 
Secondary 

Implementation Period 

 
 

# of landowners enrolled in 
cost-share programs 
(Social) 
 
# of feet of buffers installed 
(Environmental) 
 
# reduction of turbidity levels 
(Environmental) 
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Objective Action – Cost Estimate Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

 
 

Trampling of Stream Banks by Livestock 
Problem Statement:  The trampling of stream banks by livestock reduces stream bank stability and increases sediment in local waterbodies through erosion.    

Educate agricultural 
community about 
effects of livestock with 
access to streams 

Provide education 
through workshops or 
field days with site 
demonstrations if 
available 

$4,000 

Agricultural 
Landowners/Livestock 
Producers 

Minimum of 1 the 
first year and 1 

annually thereafter 

Educate agricultural 
community about 
effects of livestock with 
access to streams 

Develop a brochure on 
how to control and 
lessen the impacts of 
stream bank erosion 

$4,000 

Agricultural 
Landowners/Livestock 
Producers 

Watershed/Education 
Coordinator 
 
SWCD Coordinators 
 
Hanover College Rivers 
Institute 

Prepare within the 
first 6 months of the 

project 
 

Distribution - 
Ongoing 

# of attendees at workshops 
and field days 
(Administrative) 
 
 
# of publications distributed 
(Administrative) 

Develop cost-share 
program to offer 
landowners who elect to 
implement livestock 
exclusion BMPs 

$90,000 

Reduce the number of 
livestock with access to 
streams by informing 
livestock producers of  
financial programs and 
incentives available to 
them for doing so 

Work with other 
government partners 
(i.e. NRCS) to offer cost 
share alternatives to 
livestock landowners 
where 319 grant funding 
may not apply 

$4,000 

Agricultural 
Landowners/Livestock 
Producers 

ISDA, NRCS, SWCD 
Technicians  
 
Watershed Coordinator 
 
Steering Committee 

2 years 
2009-2011 Primary 

Implementation Period 
 

4 years 
2011-2015 
Secondary 

Implementation Period 

 

# of landowners enrolled in 
cost-share programs 
(Social) 
 
# of practices installed 
(Environmental) 
# reduction of turbidity levels 
 
# of cattle excluded from 
access to waterbodies 
(Environmental) 

Lack of Conservation Tillage 
Problem Statement: Farmlands not using a high residue cropping systems may cause an increase in sedimentation in waterbodies on highly erodible lands                       
                                    near waterbodies.  

Provide education 
through workshops or 
field days with 
demonstration site 

$4,000 

Educate landowners 
about the effects of 
sedimentation from 
conventionally tilled 
croplands 

Develop a brochure 
regarding benefits of 
conservation tillage to  

Agricultural Producers 

Watershed/Education 
Coordinator  
 
SWCD Coordinators 
 
Hanover College Rivers 
Institute 

Minimum of 1 the 
first year and 1 

annually thereafter 

# of attendees at workshops 
and field days 
(Administrative) 
 
 
# of publications distributed 
(Administrative) 
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Objective Action – Cost Estimate Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

lessen sedimentation 
$4,000 

Develop cost-share 
program incentives or 
cost share options for 
agricultural producers to 
implement BMPs  

$40,000 

Increase the percentage 
of conservation tillage 
for corn and soybeans in 
the watershed 
through local cost-share 
program 

Work with other 
government partners 
(i.e. NRCS) to offer cost 
share where 319 grant 
funding may not apply 

$4,000 

Agricultural Producers 

ISDA, NRCS, SWCD 
Technicians 
 
Watershed Coordinator 
 
Steering Committee 

2 years 
2009-2011 Primary 

Implementation Period 
 

4 years 
2011-2015 
Secondary 

Implementation Period 

 

# of landowners enrolled in 
cost-share programs 
(Social) 
 
# of practices installed 
(Environmental) 
 
# reduction of turbidity levels 
(Environmental) 
 
% of county conservation 
tillage transect data results 
(Environmental) 

 

9.2 E. coli Goal  
Reduce and/or maintain E.Coli loading throughout entire watershed to reach the state standard of 235 colonies/100ml by the year 2020.  

Objective Action - Cost Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

 

Livestock Access to Streams  
Problem Statement: Livestock with uncontrolled access to waterbodies may lead to an increase in pathogens from animal waste which can result in digestive   
                                    and other health problems for humans, wildlife, and livestock in contact with waterbodies 

Provide field days and 
workshops regarding 
alternative livestock 
watering and pasturing 
options 

$4,000 
Educate agricultural 
community about 
effects of livestock with 
access to streams 

Develop and publish a 
brochure regarding 
BMP options and 
available cost-share 
programs 

$4,000 

Livestock Owners Watershed/Education 
Coordinator 
 
SWCD Coordinators 
 
Hanover College Rivers 
Institute 

Ongoing 

# of attendees at field days and 
workshops 
(Administrative) 
 
 
 
# of publications distributed 
(Administrative) 
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Objective Action - Cost Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

Reduce the amount of 
untreated animal waste 
from entering 
waterbodies 

Develop cost-share 
program to offer 
landowners who elect to 
implement BMPs to 
restrict livestock access 
to streams 

$95,000 
 

ISDA, NRCS, SWCD 
Technicians  
 
 
Watershed Coordinator 
 
 
Steering Committee 

 
4 years 

2009-2013 
Primary 

Implementation 
Period 

 
2 years 

2013-2015 
Secondary 

Implementation 
Period 

 
 

# of landowners who apply for 
cost-share programs 
(Social) 
 
# of BMPs installed 
(Environmental) 
 
# decrease in observed livestock 
access to waterbodies 
(Environmental) 
 
decrease in measured E. coli 

levels in impaired streams 
(Environmental) 
 
decrease in the amount of IDEM 
designated impaired streams for 
E. coli 

(Environmental) 

   

Failing or Lack of Septic Systems 
Problem Statement:  Soil types in the watershed are not conducive to septic systems which cause systems to fail.  Improper maintenance of septic systems also   
                                   leads to failures where pathogens may enter nearby waterbodies which may cause health problems in humans. 

 
 
Provide public 
education workshops 
regarding septic system 
maintenance 

$4,000 
 

Increase awareness and 
educate homeowners 
about the effects of 
failing or lack of septic 
systems on nearby 
waterbodies and 
potential health 
problems in humans  

Develop and publish a 
brochure regarding 
proper maintenance of 
septic systems 

$4,000 
 

Homeowners 

Watershed/Education 
Coordinator  
 
SWCD Coordinators 
 
Hanover College Rivers 
Institute 

Ongoing 
# of workshop attendees 
(Administrative) 
 
 
# of publications distributed 
(Administrative) 



120 
 

 

Objective Action - Cost Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

Collaborate with local, 
state and federal 
government to obtain 
funding to correct septic 
system problems & 
assist with contractor 
education 

$6,000 

Health Departments 
 
Septic System 
Contractors 
 

Watershed/Education 
Coordinator 
 
Health Department personnel 

# of funds directed towards local 
sewer implementation, 
maintenance and repair 
 
# of contractors obtaining 
licenses to install septic systems 
 
# of public sewer systems 
installed  

Provide discussion 
forums, publicity, 
support, and facilitate 
technical advice and/or 
assistance for creation 
and implementation of 
solutions to town septic 
waste management 

 
Research, publish and 
offer statistics, 
references and avenues 
to pursue funding for 
installation of 
community sewers or 
appropriate individual 
sewers 

$8,000 

Homeowners 
 
 
 

Local Officials 

 
Watershed Coordinator 
 
 
 
County Health Departments 
 

Ongoing 

 
# of meetings/discussions held   
(Administrative) 
 
# of attendees at 
meetings/discussions regarding 
the effects of failing or lack of 
septic systems 
(Administrative) 
 
decrease in the amount of 
observed septic waste draining 
into nearby waterbodies 
(Environmental) 
 
# of actions taken using 
workshop references 
(Social) 
 
decrease in measured E. coli 

levels in impaired streams 
(Environmental) 
 
decrease in the amount of IDEM 
designated impaired streams for 
E. coli 

(Environmental) 
 

 

9.3 Temperature Goal 
Monitor and maintain state water quality standard for temperature change of < 5 degrees Fahrenheit downstream for the Muscatatuck River  
and its tributaries.  
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Objective Action - Cost Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

Lack of Forested Areas 

Problem Statement:  The lack of riparian canopy from tree cover may increase water temperature in local streams 

Provide education 
through workshops or 
field days with 
demonstration site if 
available 

$4,000 

Educate people 
regarding the 
importance of 
preserving existing and 
developing forested 
buffers throughout the 
watershed 

Develop a brochure on 
how to control and 
lessen the impacts of 
stream bank erosion 

$4,000 

Landowners 

Watershed/Education 
Coordinator 
 
SWCD Coordinators 
 
Hanover College Rivers 
Institute 

Ongoing 

# of workshop attendees 
(Administrative) 
 
 
# of publications distributed 
(Administrative) 

Develop cost-share 
program incentives or 
cost share options for 
landowners to 
implement BMPs  

$30,000 
Increase forested areas 
around streams 
throughout the 
watershed 

Work with other 
government partners 
(i.e. NRCS) to offer cost 
share where 319 grant 
funding may not apply 

$4,000 

Landowners 

ISDA, NRCS, SWCD 
Technicians 
 
Watershed Coordinator 
 
Steering Committee 

2 years  
2009-2011 Primary 

Implementation 
Period 

 
 

4 years 
2011-2015 
Secondary 

Implementation 
Period 

 

# of landowners enrolled in 
cost-share programs 
(Social) 
 
# of practices installed 
(Environmental) 
 
measured temperature levels 
(Environmental) 

 
 
9.4 Increased Flow Rate Goal  
Reduce the severity of flooding and erosion due to high flow rates within the watershed. 

 Objective Action Target Audience Performed By Time Schedule Indicator (Type of Indicator) 

 

Lack of Riparian Buffer 
Problem Statement:  An increase of impervious and limited riparian buffer areas, specifically near headwaters areas, reduces groundwater recharge, which  
                                    increases flow rate and causes streams to flood more frequently and banks to erode more quickly. 

Educate through field 
days and workshops 

$4,000 

Education people 
regarding importance of 
preserving existing and 
developing riparian 
buffers throughout the 
watershed 

Educate through 
publications 

$4,000 

Landowners 

Education Coordinator, 
SWCD Coordinators, 
and Hanover College 
Rivers Institute 

Ongoing 

# of people attending events 
(Administrative) 
 
# of publications distributed 
(Administrative) 
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Increase the quality and 
amount of riparian 
buffers within the 
watershed by providing 
cost share programs to 
landowners 

Develop cost-share 
program to offer 
landowners who elect to 
implement BMPs. 

$35,000 
 

Landowners 
ISDA, NRCS, SWCD 
Technicians, and 
Coordinator 

4 years by 2012 

# of landowners enrolled in 
cost-share programs 
(Social) 
 
# of miles of stream buffers 
installed 
(Environmental) 
 
# reduction of turbidity and 
eroding stream banks 
(Environmental) 

 

9.5  Improper Dumping of Trash Goal 
Decrease the amount of illegal dumping in the watershed. 
 

Objective Action Target Audience Performed By Time Schedule Indicator 

 

Improper Dumping of Trash 
Problem Statement:  Improper disposal of garbage in parks, waterbodies, roadsides, sinkholes and other areas cause unsightly views and health risks for humans   
                                    and aquatic life. 

Educate through field 
days and workshops 

$4,000 
Educate the public on 
the effects and costs of 
illegal dumping within 
the watershed 

Educate through 
publications 

$4,000 

Watershed Community 

Education Coordinator, 
SWCD Coordinators, 
and Hanover College 
Rivers Institute 

Ongoing 

# of people attending events 
(Administrative) 
 
# of publications distributed 
(Administrative) 

Decrease the amount of 
trash being dumped into 
local waterbodies   

Conduct and support 
local river and lake 
cleanups 

$6,000 

Watershed Community 

SWCD Coordinators, 
Friends of Hardy Lake, 
Friends of Muscatatuck 
River Society, 
Education Coordinator 

Ongoing 

# of people attending river 
and lake sweeps 
(Administrative) 
 
# reduction of illegal 
dumping 
(Environmental) 
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9.6  Measurable Milestone Goals 
These goals were set to assist in gauging progress towards longer term goals previously stated and to determine whether the nonpoint source 
management measures and/or control practices are being implemented. 

Figure 65:  Measurable Milestone Goals 
Stressor Milestone Goal Completion 

Date 

Failing or Lack of Septic Systems 

Distribute at workshops/events or mail a total 
of 500 informational brochures providing 
information on the importance of proper septic 
systems and their proper maintenance 
throughout the watershed. 
 

2012 

Lack of Forested Areas &  
Riparian Buffers 

Offer annual educational workshops to 
landowners regarding the importance of 
forested and proper riparian zones along 
stream banks and increase attendance by 5% 
each year 
 

2012 

Decrease the amount (measured in pounds) 
of trash picked up at river cleanup event 
overall by 10% 
 
Friends of Muscatatuck River Spring Cleanup 
                    2009 –   9,960 lbs 
                    2008 – 10,800 lbs 
  

2012 

Improper Dumping of Trash 

Increase attendance at river and lake cleanup 
events by 5% 
 
Friends of Muscatatuck River Spring Cleanup 
                  2009 – 114 volunteers 
                  2008 – 183 volunteers 
 
Hardy Lake Sweep 
                 2009 – 310 volunteers 
                 2008 – 192 volunteers 
 
 
 

2012 
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9.7 Load Reduction Milestone Goals 
The technical steering committee and the coordinator met, discussed and decided upon a few more specific quantitative milestone goals for 
some of the stressors considered to be critical in certain areas of the watershed stated in figure 62.  It is intended that during the next phase of 
grant funding for the project, that the BMPs discussed for the critical issues/critical areas in section 8.1 be implemented to work towards 
achieving the reduction goals stated below: 

Figure 66:  Load Reduction Milestone Goals 

Stressor Applicable BMPs for: Estimated Milestone  
Load Reductions 

Reduction Indicators Completion Date 

Lack of Riparian Buffers  
 
- approximately 30 acres of installed 
riparian buffers  

 
110 tons/per year 

(Agricultural Fields & Filter Strips - 
Estimated reduction based on ‘C” factor of  

0.2 before treatment to 0.1 after 
treatment)33 

2013 

Trampling of Stream Banks by Livestock  
 
– approximately 20,000 feet of fencing 
installed to exclude livestock from 
waterbodies 

50 tons/year for each 300 
feet of fencing installed 

(Bank Stabilization - Estimated reduction 
based on ‘C” factor of  0.5 before 
treatment to 0.1 after treatment) 34 

2013 

Sedimentation 

Lack of Conservation Tillage  
 
– change approximately 750 acres  
conventional tillage to no-till system 

1113 tons/per year 
((Agricultural Fields & Filter Strips - 

Estimated reduction based on ‘C” factor of  
0.2 before treatment to 0.1 after 

treatment))33 

Decreased Turbidity Levels 
 

Typical Range Dissolved 
Oxygen Levels 

 
Reduced Visible Stream 

Bank Erosion 
 

Reduced Visible 
Sedimentation in Streams 

 

2013 

E. coli 

Livestock Access to Streams  
 
– 200 acres or waste utilization 

Based on the maximum E. coli 
loads calculated at each site, 
the estimated reductions 
necessary to meet the 235 
cfu/100 ml standard ranged 
from 31%-90% throughout the 
watershed, an overall average 
of 62% reduction needed. 

Reduced E. coli Levels to 
within Indiana Water  
Quality Standard of 
<235 CFU/100 ml 

2013 

                                                 
33 Pennsylvania State University.  1992.  Nonpoint Source Database.  In U.S. EPA, Guidance specifying management measures for sources of nonpoint pollution in coastal 
waters, page 2-15. 
 
34  Steffen, L.J. 1982.  Channel Erosion (personal communication), as printed in “Pollutants Controlled Calculation and Documentation for Section 319 Watersheds 
Training Manual,” June 1999 Revision;  Michigan Department of Environmental Quality – Surface Water Quality Division – Nonpoint Source Unit.  EQP 5841 (6/99). 
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Monitoring Effectiveness 
This section states a monitoring plan to track the indicators and evaluate the effectiveness of the 

implementation efforts over time. 

 
Throughout the implementation process, several indicators were mentioned and will be monitored to 
determine if improved water quality has been achieved. 
 
10.1 Social Indicators 

Social indicators for NPS management provide information about awareness, attitudes, constraints, 
capacity, and behaviors that are expected to lead to water quality improvement and protection. By 
measuring these indicators over time, water quality managers can target their project activities and 
assess whether their projects are accomplishing changes expected to improve and protect water quality.  
Monitoring social indicators, like monitoring environmental indicators, gives us valuable information 
about how well our management strategies are working. 

Social indicators complement other environmental and administrative indicators to present a complete 
picture of project effectiveness35. 

Social Indicators will be used to monitor: 

• Increased awareness of watershed activities, concerns and accomplishments 

• Increased knowledge and concern regarding watershed issues 

• Increased knowledge of conservation land use and practices and their importance 

• Improved attitudes towards actions to improve water quality 

• Increased resident community service participation in activities for the watershed  

• Participation in cost-share programs 

The monitoring of social indicators will be done by tracking attendance at community events at 
workshops, community meetings, recreational activities, distribution of information/educational flyers 
or pamphlets, community service events and by conducting periodic public surveys to document a 
change in people’s attitudes toward their watershed community. 

By monitoring the social indicator statistics, the steering committee will be able to identify whether or 
not citizens are becoming more involved in watershed activities.  The goal is for an increase in 
attendance to be noted with each activity.  Surveys will provide information to determine which 
activities are increasing public knowledge regarding watershed concerns. 

10.2 Environmental Indicators 
Environmental indicators are measurements of water quality, habitat or some other criterion that tells you 
something about the health of the environment36.  Environmental indicators provide more accurate 
progress evaluations of watershed actions although they can be somewhat time consuming to monitor.  
Examples of environmental indicators include chemical and biological monitoring, showing contaminants 
found in the water, and species populations and health.  
 

                                                 
35 Great Lakes Regional Water Program “Developing a Social Component for the NPS Evaluation Framework”, July 27, 2006.  
http://www.uwex.edu/ces/regionalwaterquality/Flagships/Indicators.htm 
36 Indiana Department of Environmental Management. “Indiana Watershed Planning Guide” August 2003. 
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Environmental Indicators will be used to monitor: 

• Reduction of sediment entering waterbodies by installing conservation practices 

• Reduction of E. coli entering waterbodies by installing conservation practices 

• Change in pollutant concentrations in waterbodies 

• Change in macroinvertebrate diversity 
 
Indicators will be monitored, at a minimum, on a quarterly basis through water testing.  The coordinator 
and volunteers will monitor key sites throughout the watershed.  The coordinator will also perform or 
organize site reviews at critical points throughout the watershed. 
 

10.3 Administrative Indicators 
Administrative indicators are easily monitored statistics and can provide the steering committee valuable 
tracking information.  Examples of these indicators include the number of people attending functions, feet 
of fence installed along a stream or the number of acres converted to a conservation till system.  These 
indicators are useful when reporting increased participation in programs, but are often indirect indicators 
of more useful information, such as decreases in nutrient loading. 
 
Administrative Indicators will be used to monitor: 

• Attendance at education field days 

• Distribution of publications 

• News articles submitted to newspaper and newsletters 

• Number of conservation practices installed 

• Volunteer recruitment numbers 

• Public meeting attendance and survey responses 
 
By monitoring administrative indicators, quantities and trends can be noted and observed then taken into 
account for planning of future activities to promote the most interest and highest level of positive impact 
from education, promotional and cost share programs offered. 
 
10.4  Monitoring Plan 
The Watershed Coordinator along with the steering committee will develop and maintain a database 
tracking system to record social, environmental and administrative indicators.  Each database will be 
updated consistently after attendance numbers or information is gathered for each event. 
 
This information will be reviewed and discussed by the steering committee on a quarterly basis to 
determine the effectiveness of the group within the watershed.   
 
Best management practice implementation will be monitored and recorded in the environmental indicators 
database.  Best management practices will be reviewed on a quarterly basis also to ensure that they are 
being installed in critical area sub watersheds. 
 
It is the landowners’ responsibility to properly install and maintain management practices on their land.  
Practices must be implemented for at least five to ten years and meet the NRCS technical guide standards 
to significantly improve water quality.  Local agencies will provide technical assistance to landowners 
regarding management practices throughout the watershed. 
 
10.5 Annual Review 
The CMWP Management Plan will be reviewed and updated annually, or on an as needed basis, to reflect 
accomplishments and to add additional information to the document.  Updates will be distributed to the 
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members of the Steering Committee and voted upon by the committee.  If agreed upon by the committee, 
the coordinator will be responsible for updating the plan and informing key stakeholders regarding the 
changes.  For future reference, all management plan records and documents will be kept at the Jefferson 
County SWCD office and there will be a master copy of the plan available to the public upon request at: 
 

Jefferson County SWCD 
3382 W. SR 56, Suite 2 

Hanover, IN  47234 
 

If you would like additional information about the Central Muscatatuck Watershed Project or its 
Management Plan, please contact: 
 

Historic Hoosier Hills RC & D 
1981 South Industrial Park Road 

PO Box 407 
Versailles, IN  47042 

Phone:  812-689-6410 ext 5 
Fax:  812-689-3141 

Website: www.hhhills.org 
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Appendix  
Appendix A:  IDEM Testing Results 

Big Creek & Middle Fork Creek, 2002 – 2007 
 

              Dissolved           %                    Specific 

Stream  Date  Oxygen  Temp.     Saturation pH Conductivity Turbidity E. coli  

HUC 14 - 050, Jefferson County 
 

Big Creek    6/4/2002    7.73            23.42      94.19 8.51       332    6.3 
Big Creek  7/10/2002    6.75            23.59       81.4 8.51       348 27.39 
Big Creek  7/30/2002    7.53            25.07                         8.00       383 21.0 
Big Creek  9/10/2002    6.64            21.15      76.69 7.8       376   4.69 
 

HUC 14 - 120, Jefferson County 
 

Big Creek    6/4/2002     7.03            25.27       88.3 8.46       358 17.5 
Big Creek  7/10/2002     6.18            24.73       76.5 8.26       371 29.89 
Big Creek  7/30/2002     7.17            28.95              8.05       367 16.0 
Big Creek  9/11/2002     5.66            21.61      67.59 7.69       424   8.5 
 

HUC 14 - 040, Jefferson County 
 

Middle Fk Cr  6/5/2007    7.04 18.6      75.2 7.54        403 2.1  290.9 
Middle Fk Cr 6/12/2007   8.48 19.88      93.4 7.62        419 2.3  866.4 
Middle Fk Cr 6/19/2007   6.51 22.33      75.3 7.48        461 3  517.2 
Middle Fk Cr 6/26/2007    8.9 22.84    103.9 7.67        404 2  517.2 
Middle Fk Cr  7/3/2007    9.03 20.17     100             7.8        396 1.8  124.6 

 
IDEM Testing Results – E. coli Upper Muscatatuck, 2002 

 
                  Dissolved                       %                                     Specific 

Stream                    Date            Oxygen      Temp. Saturation pH Conductivity Turbidity E. coli 

HUC 14 – 060, Jefferson County, Site Number ES1 
 
Big Cr    9/9/2002   7.29 25.88       92  7.84         382       5.98               13.5 
Big Cr  9/16/2002 6.1 23.96      74.59  7.63         352                12.19               >2419 
Big Cr  9/23/2002 8.38 20.17       90  7.86         357        5.34  74 
Big Cr  9/30/2002 8.24 18.84      91.69  7.8         293                10.19              193.5 
Big Cr  10/7/2002 8.4 16.29      87.69  7.73         379                   3.1             166.4 

HUC 14 – 120, Jefferson County, Site Number ES2 

 
Big Cr    9/9/2002 7.96 26       100.8 8         409     6.36  12.0 
Big Cr  9/16/2002 7.35 24.04         90.3 7.75         402                   5.28  32.7 
Big Cr  9/23/2002 8.2 19.43        92.19 7.84         377                   3.78  65.7 
Big Cr  9/30/2002 7.77 19.53        87.59 7.65         312                  13.8             410.6  
Big Cr  10/7/2002 7.97 17.13        85.3  7.65         406                   3.52             209.8 

HUC 14 – 030, Jefferson County, Site Number ES3 
 
Big Cr    9/9/2002 7.79 25.68        98.19 8.1          367 13.89  2.0 
Big Cr  9/16/2002 7.22 24.85         89.9 7.92          374 15.39           292.4 
Big Cr  9/23/2002 7.57 19.29         84.59 7.88          349 14.1           547.5 
Big Cr  9/30/2002 8.3 19.75         94  7.69          224 11.3              95.9  
Big Cr  10/7/2002 8.29 16.35         86.8 7.65          293 4.42           143.9 
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HUC 14 – 050, Scott County, Site Number ES4 

 
Hardy Lake   9/10/2002 8.11 28.37           106.9 8.06          173 6.05  1 
Hardy Lake   9/17/2002 8.02 26.48           102.5 8.02          173 5.3  3 
Hardy Lake   9/24/2002 7.97 25.06             98.9 7.73          176 3.22  2(DJ) 
Hardy Lake   10/1/2002 9.09 25.3          114.09 8.31          170 6.94                3.1 
Hardy Lake   10/8/2002 8.23 19.86            92.5 7.55          169 4.26  5.1 

HUC 14 – 050, Scott County, Site Number ES5 
 
Hardy Lake   9/10/2002 8.35 29.06          111.19 8.25          172 25.1  9.5 
Hardy Lake   9/17/2002 8.21 26.28          104.3 7.96           172 4.32  <1 
Hardy Lake   9/24/2002 8.16 25.62         102.09 7.84           176 7.15  <1 
Hardy Lake   10/1/2002 8.97 25.2         112.59 8.34           169 26              65.7 
Hardy Lake   10/8/2002 8.14 20.37            92.4 7.53           168 3.04   1 

HUC 14 – 050, Scott County, Site Number ES6 
 
Hardy Lake   9/10/2002 8.11 29.09         107.59 8.1           175 10.3  4.1 
Hardy Lake   9/17/2002 8.74 27.51          113.3 8.6           172 2.01  3.1 
Hardy Lake   9/24/2002 8.44 26.14          106.4 7.88           178 7.09  2(DJ) 
Hardy Lake   10/1/2002 8.79 24.32          108.5 8.14           173 3.61               23.5 
Hardy Lake   10/8/2002 9.14 18.62           100.3 7.9           171 9.05               22.1 

HUC 14 – 090, Jefferson County, Site Number ES7  
 
Little Cr  9/9/2002  7.42 23.77              90 7.94          394 5.5              76.8 
Little Cr  9/16/2002 6.7 22.76             80.09 7.82          379 6.21              93.3 
Little Cr  9/23/2002 6.77 17.18            72.59 7.8          403 4.94               70.3 
Little Cr  9/30/2002 8.39 19.86            95 7.94          411 7.3            648.8 
Little Cr  10/7/2002 8.31 15.52            85.69 7.78          430 2.44            770.1 

HUC 14 – 070, Scott County, Site Number ES8 
 
Muscatatuck River    9/10/2002 5.11 27.14           66 7.5                         427 12.3           154.1 
Muscatatuck River    9/17/2002 3.41 22.54           40.59 7.17          416 10.39             73.8 
Muscatatuck River    9/24/2002 4.48 21.97           52.5 7.38          333 19.6           162.4 
Muscatatuck River    10/1/2002 5.83 19.87           66               7.07          229 37           411 
Muscatatuck River    10/8/2002 6.28 15.92           65.19 7.15          325 14.3           325 
 

Corvallis Data Test Results 
 
                          Dissolved            %                    Specific 

Stream         Date  Oxygen            Temp.     Saturation pH Conductivity      Turbidity  

HUC 14 – 050, Jefferson County, Site Number CS1 

 
Big Creek 6/4/2002  7.73  23.42  94.19 8.51  332  6.3 
Big Creek 7/10/2002 6.75  23.59  81.4 8.51  348  27.39 
Big Creek 7/30/2002 7.53  25.07    - 8  383  21 
Big Creek 9/10/2002 6.64  21.15  76.69 7.8  376  4.69 
 

HUC 14 – 120, Jefferson County, Site Number CS2 

 
Big Creek 6/4/2002  7.03  25.27  88.3 8.46  358  17.5 
Big Creek 7/10/2002 6.18  24.73  76.5 8.26  371  29.89 
Big Creek 7/30/2002 7.17  28.95     - 8.05  367  16 
Big Creek 9/11/2002 5.66  21.61  67.59 7.69  424  8.5 
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Dissolved            %                    Specific 

Stream         Date  Oxygen            Temp.     Saturation pH Conductivity      Turbidity 

HUC 14 – 040, Jefferson County, Site Number CS3 

 
Middle Fk Cr 6/5/2007  5.25  18.27  57 7.64  398  3.7 
Middle Fk Cr 7/3/2007  8.05  17.64  86.7 7.98  373  4.6 
Middle Fk Cr 7/17/2007 4.31  20.4  50.7 7.78  455  3.2 
Middle Fk Cr 6/5/2007  7.04  18.6  75.2 7.54  403  2.1 
Middle Fk Cr 6/12/2007 8.48  19.88  93.4 7.62  419  2.3 
Middle Fk Cr 6/19/2007 6.51  22.33  75.3 7.48  461  3 
Middle Fk Cr 6/26/2007 8.9  22.84  103.9 7.67  404  2 
Middle Fk Cr 7/3/2007  9.03  20.17  100 7.8  396  1.8 

Morgan Foods, Austin Test Results 
 
                          Dissolved            %                    Specific 

Stream              Date  Oxygen            Temp.     Saturation pH Conductivity      Turbidity  

HUC 14 – 070, Scott County 

 
Morgan Packing-MS1       8/29/2000    8.62             28.5       113.69 9.39           826          210.0 
Morgan Packing-MS1       8/30/2000    8.61             29.38       114.59 9.38           850            73.0 
Muscatatuck River-MS2   8/30/2000    5.06             26         64.0               7.86           362            11.6 
Muscatatuck River-MS3   8/30/2000    8.61             29.38        114.59 9.38           850            73.0 
Stink Ditch               8/29/2000    3.15             23.7          37.5 7.36           471             5.19 
Morgan Packing-MS1         5/9/2001  11.33             21.5        130.0               9.4         1129             0.72 
Morgan Packing-MS1       5/16/2001    8.63            26.02        109.0   9.44         1145           32.0 
Morgan Packing-MS1       6/11/2001    8.21            28.29        108.4 9.77         1121           97.5 
Morgan Packing-MS1       6/14/2001    8.05            29.09          96.0  9.39         1086              - 
Morgan Pkg. Efflnt.-MS4   5/9/2001    8.65            22.47        101.0 9.43          960                 0.62 
Muscatatuck River-MS2     5/9/2001    2.57            19.85          28.2 7.46          401           9.5 
Muscatatuck River-MS2   5/16/2001   6.27            22.05          74.0             7.86          430         16.29 
Muscatatuck River-MS2   6/14/2001   3.08            25.98          39.2 7.38          390             - 
Muscatatuck River-MS5     5/9/2001   4.16            19.47          46.5 7.59          373          47.9 
Muscatatuck River-MS5   6/14/2001   4.84             25.6          63.0             7.48          388            - 
Discharge from Morgan    6/11/2001   7.71            23.84        94.19  7.61          220          21.0 
Unnamed Ditch-MS6          5/9/2001   1.24           18.26         13.0               8.56          882          29.0 
Unnamed Ditch-MS6        5/16/2001   1.23           25.4         14.8  8.82         1143         34.59 
Unnamed Ditch-MS6        6/11/2001   4.84           25.02         60.29  8.09           413         45.59 
Unnamed Ditch-MS6        6/14/2001   1.92          28.79         28.0  8.53           747         226.0 
Morgan Packing-MS1       9/17/2003   6.22           34.7         91.7  7.79         1013            0 
Muscatatuck River-MS6   9/17/2003   5.53            21         63.9  7.44           397           15 
Muscatatuck River-MS3   9/17/2003   6.48           20.3         74.0               7.52           372           30 

 

Fish & Wildlife Service Test Results for Big Oaks National Wildlife Refuge, 2006 
 

     Site                                           Dissolved                 Specific 

Stream    Number      Date     Oxygen Temp.         pH  Conductivity        Turbidity  

HUC 14 – 010, Ripley County 

        
Big Creek-FWS1  8/21/2006      3.77                21.64        7.25                        353            6.3 
Big Creek-FWS2  8/21/2006      3.81                25.17        7.83              494            0 
Big Creek-FWS8  8/21/2006      4.18                24.34            8.03                         318            5.2 
Big Creek-FWS20 8/21/2006      3.02                26.81        8.43                         313            3.2 
Big Creek-FWS20.1 8/21/2006      6.38                24.68        8.65                         321          15.1 
Big Creek-FWS10 9/5/2006       12.08                24.44        9.5                         322           0 
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HUC 14 – 020, Ripley County 
 

Trib. - Big Cr-FWS9 8/29/2006      2.74               23.64         8.1                         248           0 
Trib. - Big Cr-FWS11 8/29/2006      2.74               25.33        8.53              295        34.1 
Marble Cr-FWS12 8/29/2006      3.52               22.92        8.23                         266        17.5 
Trib. - Big Cr-FWS19  8/29/2006      2.69               23.62        8.1                         249           0 
Trib. - Big Cr-FWS19.1 8/29/2006      2.61               23.35        8.1                         250         5.2 
Marble Cr-FWS21 8/29/2006      2.51               24.43        8.05                         222         5.4 
Trib.-Mid. Fk Cr-FWS 24 8/29/2006      1.64               23.79        8.88                       2600         5.4 
Marble Cr-FWS3  8/30/2006      4.43               22.42        7.43                         266         6.2 
Trib. - Big Cr-FWS4 8/30/2006      5.76               21.81        7.59                         87.2         4.7 
Marble Cr-FWS13 8/30/2006      4.51               22.5        7.78                         265         3.6 
Marble Cr-FWS17 8/30/2006      4.63               19.96        7.21                         261       10.2 
Trib. - Big Cr-FWS22 8/30/2006      4.79               21.39        7.16                        72.9          0 
Big Cr-FWS15    9/5/2006      11.64               20.2        9.19                        238         3.4 
Big Cr-FWS17    9/5/2006    12.79              19.46        8.93                        300          0 
Big Cr-FWS21    9/5/2006     12.22              18.84        8.8                        254        11.1 
 

HUC 14 – 030, Jefferson County 
 
Big Cr-FWS6  8/21/2006     3.44              24.22        8.19                        221         8.8 
 

HUC 14 – 040, Jefferson County 
 
Middle Fk Cr-FWS6 8/21/2006     4.37              23.61        8.06                        57.7           1.6 
Middle Fk Cr-FWS15 8/29/2006     2.48              24        8.66            208                  0 
 

HUC 14 – 060, Jefferson County 
 
Harberts Cr-FWS14 8/21/2006    5.34             23.87       8.46                       425                   12.6 
Little Graham Cr-FWS7 8/22/2006    4.3             23.95       8.07                       268                         4.3 
Harberts Cr-FWS5 8/29/2006    2.81             23.29       8.31                       209                         8.7 
Harberts Cr-FWS16 8/29/2006    2.55             23.04       8.02                       221                         3 
Kruegers Lake-FWS23 9/6/2006      4.97             26.11       9.27                       210                         0 
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Appendix B:  Professional Testing Data Results 

 

Site Number Date pH 
Dissolved 
Oxygen Conductivity Temp. © BOD NO 3 Turbidity Orthophosphate 

Total 
Phosphorous E. coli Flow 

Apr 08 7.7 13.6 372 15 <2 1.90 1.20 <0.01 <0.01 358 7 

Jun 08 7.7 8 400 22 <2 2.20 2.80 0.03 0.09 921 1 

Aug 08 7.9 7 395 21 <2 0.45 4.30 0.02 0.12 1986 2 

Oct 08 8 8.2 420 8 <2 0.20 1.58 0.03 0.06 172 0.6 

Dec 08 8 13.2 567 0.2 2.3 2.27 2.95 0.01 0.08 222 5.6 

Feb 09 8 14 380 2.6 <2 1.25 3.53 <.01 0.04 26 5.4 

P
S
1-
R
am

se
y 
C
re
ek
 

Apr 09 8.1 11.6 300 10.6 <2 1.98 8.99 0.02 0.06 921 25 

Average   7.91 10.8 405 11.3 <2 1.46 3.62 0.02 0.08 658 6.7 

Apr 08 8 14.6 308 20 <2 0.71 1.70 <0.01 <0.01 260 3 

Jun 08 8.4 11.8 318 24 <2 0.30 1.10 <0.01 0.03 435 2 

Aug 08 7.7 9.5 433 23 <2 0.14 3.70 <0.01 0.06 >2400 0.1 

Oct 08 7.9 12 400 8 <2 0.13 0.32 0.01 0.05 140 0.3 

Dec 08 8.1 14.8 450 0.2 <2 2.06 5.09 0.01 0.03 179 1.3 

Feb 09 8.5 15 302 1.9 <2 0.76 2.50 <0.01 0.03 11 6.3 P
S
2-
H
ar
be
rt
s 
C
re
ek
 

Apr 09 8 11.1 270 10.8 <2 1.49 6.14 0.01 0.04 435 15 

Average   8.1 12.7 354.4 12.6 <2 0.8 2.94 <0.01 0.04 243.3 4.0 

Apr 08 8.1   315 17 <2 1.02 0.80 <0.01 <0.01 26 3 

Jun 08 8.3 10.1 389 22 <2 1.10 0.80 <0.01 0.07 155 2 

Aug 08 7.7 9.3 396 23 <2 0.16 1.30 0.03 0.06 38 0.2 

Oct 08 7.9 10.8 324 8 <2 0.12 0.28 <0.01 0.03 11 0.6 

Dec 08 8.3 14.2 515 0.1 2.1 1.96 1.29 <0.01 0.01 41 1.3 

Feb 09 8.2 14 370 4.2 <2 0.84 0.91 <0.01 0.02 <1 4.3 

P
S
3-
B
ig
 C
re
ek
 

Apr 09 8.2 12.1 270 10.6 <2 1.23 5.72 <0.01 0.05 161 8 

Average   8.1 11.8 368 12.1 <2 0.92 1.59 <0.01 0.04 72 2.8 

Apr 08 7.8 11.2 298 14 <2 0.50 1.80 <0.01 <0.01 15 42 

Jun 08 7.8 8.2 363 23 <2 1.20 2.90 0.01 0.03 127 25 

Aug 08 7.8 6.9 364 20 <2 0.13 2.00 0.01 0.04 32 5 

Oct 08 8 10.3 364 8 <2 0.14 0.82 <0.01 0.03 8 2.5 

Dec 08 8.1 13.7 365 0.2 2.6 1.40 6.40 0.01 0.02 91 16 

Feb 09 8.1 13.7 263 2.3 <2 0.80 2.91 <.01 0.03 4 43.2 P
S
4-
Lo
w
er
 B
ig
 C
re
ek
 

Apr 09 8 10.3 220 11.1 <2 0.77 7.36 0.01 0.04 129 100 

Average   7.9 10.6 320 11.2 2.6 0.71 3.46 0.01 0.03 58 33.4 

Apr 08 8.1   290 20 <2 0.40 0.80 <0.01 <0.01 17 9 

Jun 08 8.2 11 370 21 <2 0.60 0.90 <0.01 0.02 125 1 

Aug 08 7.8 11.1 359 22 <2 0.12 1.00 <0.01 0.04 58 0.6 

Oct 08 8 11.3 327 8 <2 0.11 0.41 0.01 0.04 30 0.9 

Dec 08 8.2 13.9 390 0.1 <2 0.70 3.00 <0.01 0.02 37 1.7 

Feb 09 8.1 15 254 2.6 <2 0.47 1.99 <0.01 0.02 5 8 P
S
5-
M
id
dl
e 
F
or
k 
C
re
ek
 

Apr 09 8.3 12 200 10.5 <2 0.28 5.81 <0.01 0.16 225 20.3 

Average   8.1 12.4 313 12.0 <2 0.38 1.99 <0.01 0.05 71 5.9 

Apr 08 7.6   270 18 <2 0.50 1.60 <0.01 <0.01 36 9 

Jun 08 8 8.8 337 22 <2 1.00 3.80 0.05 0.07 161 13 

Aug 08 7.7 8.1 304 21 <2 0.14 1.50 0.02 0.05 345 3 

Oct 08 8 9.6 337 9 <2 0.27 1.66 <0.01 0.05 22 1.2 

Dec 08 8.1 13.5 363 0.1 2.2 1.30 5.77 0.02 0.04 49 4.8 

Feb 09 8 14.1 233 2.1 <2 0.64 3.05 <0.01 0.04 3 14.6 

P
S
6-
C
am

p 
C
re
ek
 

Apr 09 8.1 10.8 185 11.3 <2 0.46 7.85 0.02 0.07 84 60 

Average   7.9 10.8 290 11.9 <2 0.62 3.60 0.03 0.05 100 15.1 

Apr 08 8.2   275 22 <2 0.30 3.00 <0.01 <0.01 12 1 

Jun 08 8.6 14.6 400 23 <2 0.20 1.00 <0.01 0.03 113 1 

Aug 08 8.4 12.4 359 26 <2 0.08 2.60 <0.01 0.07 141 2 

Oct 08 7.9 14.5 415 10 <2 0.13 4.63 0.01 0.09 27 0 

Dec 08 8 12.8 333 1.1 2.8 1.00 11.00 0.10 0.11 142 0.3 

Feb 09 8.3 14.3 285 5.8 <2 0.61 3.38 <.01 0.04 7 2.9 P
S
7-
U
pp
er
 B
ig
 C
re
ek
 

Apr 09 8.4 13.3 195 10.8 <2 1.31 10.10 0.03 0.08 148 6.3 

Average   8.3 13.7 323 14.1 <2 0.52 5.10 0.05 0.07 84 1.9 

Apr 08 7.7 11.8 308 14 <2 0.60 1.40 <0.01 <0.01 34 55 

Jun 08 7.7 8.8 365 23 <2 1.00 2.70 0.02 0.04 93 25 

Aug 08 7.8 8.6 326 22 <2 0.11 1.60 <0.01 0.05 11 6 

P
S
8-
M
us
ca
ta
tu
ck
 

be
fo
re
 W

al
to
n 

C
re
ek
 

Oct 08 7.8 10.9 350 6 <2 0.10 0.72 0.01 0.04 16 3 
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Site Number Date pH 
Dissolved 
Oxygen Conductivity Temp. © BOD NO 3 Turbidity Orthophosphate 

Total 
Phosphorous E. coli Flow 

Dec 08 8.1 14 360 0.2 3 1.76 13.50 0.03 0.14 178 17.4 

Feb 09 8.2 15.1 304 1.7 <2 0.89 2.76 <.01 0.03 3 47.9 

Apr 09 8 11.2 244 10.2 <2 0.89 8.05 0.02 0.05 194 114.8 

Average   7.9 11.5 322 11.0 <2 0.76 4.39 0.02 0.06 76 38.4 

Apr 08 7.5 10.1 320 13 <2 0.60 1.90 <0.01 0.01 48 60 

Jun 08 7.8 8.2 380 23 <2 1.10 5.40 <0.01 0.05 214 56 

Aug 08 7.5 8.9 347 22 <2 0.26 3.00 0.02 0.06 219 8 

Oct 08 7.4 10 330 7 <2 0.09 2.80 <0.01 0.04 48 4.8 

Dec 08 8.1 13.8 365 0.2 <2 2.02 11.00 0.03 0.04 184 24 

Feb 09 7.9 14 320 1.1 <2 0.01 0.10 <0.01 0.03 6 58.3 

P
S
9-
D
av
is
 B
r.
/M
us
ca
ta
tu
ck
 

R
iv
er
 

Apr 09 8 9.8 250 10.9 2.3 0.08 9.51 0.02 0.07 142 120 

Average   7.7 10.7 330 11.0 2.3 0.59 4.82 0.02 0.04 123 47.3 

Apr 08 7.8 13 380 13 <2 0.10 1.00 0.02 0.01 36 10 

Jun 08 7.7 9.7 405 23 <2 0.80 2.10 0.03 0.04 816 5 

Aug 08 7.6 8 392 20 <2 0.09 0.80 <0.01 0.03 26 0.9 

Oct 08 7.9 11.4 432 7 <2 0.10 1.29 0.01 0.04 63 0.8 

Dec 08 8.1 14.6 475 0.2 <2 1.55 4.10 0.01 0.03 77 1.4 

Feb 09 8.1 15 373 1.9 <2 0.75 1.67 <0.01 0.02 32 3.3 

P
S
10
-L
ew

is
 C
re
ek
 

Apr 09 7.9 11.1 295 9.9 <2 0.34 2.54 <0.01 0.04 <1 18 

Average   7.9 11.8 393 10.7 <2 0.53 1.93 0.01 0.03 175 5.6 

Apr 08 7.3 9.4 330 13 <2 0.70 2.70 <0.01 <0.01 129 148 

Jun 08 7.4 7.8 393 22 <2 1.50 24.00 0.02 0.06 517 118 

Aug 08 6.7 6.2 336 20 <2 0.14 2.60 0.01 0.04 101 10 

Oct 08 7.3 8.5 375 9 5 0.09 3.06 <0.01 0.05 36 10 

Dec 08 7.9 13.1 372 0.1 4.7 1.10 19.00 0.03 0.07 345 30 

Feb 09 7.5 14 315 0.5 <2 0.94 2.82 <0.01 0.03 22 104 

P
S
11
-C
en
tr
al
 M
us
ca
ta
tu
ck
 R
iv
er
 

Apr 09 8 9.9 250 10.6 <2 0.77 12.80 0.02 0.06 248 488 

Average   7.4 9.8 339 10.7 2.25 0.75 9.57 0.02 0.05 200 130 

Apr 08 7.2 8.1 306 14 <2 0.60 5.70 0.02 0.01 53 166 

Jun 08 6.9 5.6 353 22 <2 1.50 24.00 0.03 0.08 238 133 

Aug 08 6.6 3.9 280 21 <2 0.17 6.70 0.03 0.10 50 12 

Oct 08 7 8.6 341 8 <2 0.08 5.85 0.02 0.12 53 12 

Dec 08 7.8 13 327 0.5 <2 1.76 14.60 0.03 0.05 238 32 

Feb 09 7.3 13.2 309 0.8 <2 0.96 5.12 0.01 0.04 41 116 

P
S
12
-M
us
ca
ta
tu
ck
 R
iv
er
 

Apr 09 7.5 9.9 230 10.7 2 0.68 23.20 0.04 0.07 291 547 

Average   7.2 8.9 307 11 2 0.82 12.17 0.03 0.07 138 145 

Apr 08 7.5 6.9 309 15 <2 0.60 6.10 0.05 0.02 42 175 

Jun 08 7 4 332 23 <2 1.20 20.00 0.13 0.20 308 150 

Aug 08 6.5 3.6 273 21 <2 0.18 2.40 0.21 0.29 22 12 

Oct 08 7.3 6.5 403 8 <2 0.10 4.02 0.18 0.28 120 12 

Dec 08 7.5 11.7 300 1.1 3.4 1.08 28.80 0.09 0.13 1203 33 

Feb 09 7.2 12 284 1.7 <2 0.30 5.81 0.05 0.08 613 123 

P
S
13
-L
ow

er
 M
us
ca
ta
tu
ck
 R
iv
er
 

Apr 09 7.3 8.2 175 11.1 2 0.20 48.60 0.10 0.12 613 578 

Average   7.2 7.6 297 11.6 <2 0.52 16.53 0.12 0.16 417 155 

Apr 08 7.4 10 142 13 <2.1 0.20 3.50 <0.01 <0.01 23 4 

Jun 08 7.3 7 157 23 <2 0.20 3.60 0.01 0.03 108 3 

Aug 08 6.8 6.4 208 18 <2 0.19 3.00 0.03 0.09 1203 2 

Oct 08 7.4 8.5 174 10 <2 0.23 2.40 <0.01 0.03 64 3.2 

Dec 08 7.8 11 335 1.1 2.1 1.03 7.76 0.01 0.03 579 0.2 

Feb 09 7.4 13.4 150 2.4 <2 0.17 2.55 <.01 0.04 20 16.5 

P
S
14
-Q
ui
ck
 C
re
ek
 

Apr 09 7.4 10.1 160 11 2.5 0.08 3.42 <.01 0.02 23 15 

Average   7.4 9.5 189 11.2 2.3 0.30 3.75 0.02 0.04 289 6.3 

Apr 08 7.4 11.6 356 11 <2 0.70 1.20 <0.01 <0.01 70 3 

Jun 08 7.5 7.5 400 21 <2 1.60 25.00 0.02 0.05 411 9 

Aug 08 7.6 7.6 336 19 <2 0.25 2.41 0.01 0.05 76 2 

Oct 08 7.2 9.2 300 7 <2 0.11 1.60 <0.01 0.04 65 0.1 

Dec 08 7.8 12.3 500 0.6 2.5 2.08 7.02 0.06 0.09 99 1.5 

Feb 09 7.6 14.5 392 2.1 <2 0.98 1.65 <0.01 0.03 38 3.3 P
S
15
-C
of
fe
e 
C
re
ek
 

Apr 09 8.1 11.4 350 9.3 <2 0.07 3.10 <0.01 0.03 119 9 

Average   7.6 10.6 376 10 2.5 0.83 6.00 0.03 0.05 125 4.0 
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Appendix C:  Professional Data Summary for Volunteer Monitored Sites 
 

"Professional Data" Summary for Sites Monitored by Volunteers - 2008 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

  
pH 

Dissolved 
Oxygen 

BOD NO3 Orthophosphates E. coli 

PS1 April  7.70 13.60 2.00 1.90 0.01 358.00 

  June 7.70 8.00 2.00 2.20 0.03 921.00 

  August 7.90 7.00 2.00 0.45 0.02 1986.00 

  October 8.00 8.00 2.00 0.20 0.03 172.00 

  December 8.00 13.20 2.30 2.30 0.01 222.00 

Average   7.86 9.96 2.06 1.41 0.02 731.80 

PS5 April  8.10  2.00 0.80 0.01 17.00 

  June 8.20 11.00 2.00 0.60 0.01 125.00 

  August 7.80 11.10 2.00 1.00 0.01 58.00 

  October 8.20 8.00 2.00 0.11 0.01 30.00 

  December 8.20 13.90 2.00 0.70 0.01 37.00 

Average   8.10 11.00 2.00 0.64 0.01 53.40 

PS6 April  7.60  2.00 1.60 0.01 36.00 

  June 8.00 8.80 2.00 1.00 0.05 161.00 

  August 7.70 8.10 2.00 1.50 0.02 345.00 

  October 8.10 8.00 2.00 0.27 0.01 22.00 

  December 8.10 13.50 2.20 1.30 0.02 49.00 

Average   7.90 9.60 2.04 1.13 0.02 122.60 

PS8 April  7.70 11.80 2.00 1.40 0.01 34.00 

  June 7.70 8.80 2.00 1.00 0.02 93.00 

  August 7.80 8.60 2.00 1.60 0.05 11.00 

  October 8.10 7.80 2.00 0.10 0.01 16.00 

  December 8.10 14.00 3.00 1.80 0.03 178.00 

Average   7.88 10.20 2.20 1.18 0.02 66.40 

PS14 April  7.40 10.00 2.00 3.50 0.01 23.00 

  June 7.30 7.00 2.00 0.20 0.01 108.00 

  August 6.80 6.40 2.00 3.00 0.09 1203.00 

  October 7.90 7.40 2.00 0.23 0.01 64.00 

  December 7.90 11.00 2.10 1.00 0.01 579.00 

Average   7.46 8.36 2.02 1.59 0.03 395.40 
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2008 Volunteer Water Monitoring Data 
 
 

C
re

ek
 N

a
m

e 

D
a

te
 

D
is

so
lv

ed
 O

x
y

g
en

 

%
 S

a
tu

ra
ti

o
n

 

E
. 

co
li

 

p
H

 

B
io

ch
em

ic
a

l 
O

x
y

g
en

 

D
em

a
n

d
 

T
em

p
er

a
tu

re
 °

C
 

O
rt

h
o

p
h

o
sp

h
a

te
 

N
O

3
-N

it
ra

te
 

N
it

ri
te

 

T
u

rb
id

it
y

 

H
o

o
si

er
 R

iv
er

w
a

tc
h

 

W
a

te
r 

Q
u

a
li

ty
 I

n
d

ex
 

R
a

ti
n

g
 

4/17/2008 12 121 33 7.5 3 16 0.1 4.4 0 15 74.18 

5/10/2008 10 99 267 7 0 15.5 0.6 8.8 0 17 73.22 

7/12/2008 10 107 233 7 4 19 0.2 4.4 0 15 67.54 

8/7/2008 9 95 600 6.5 3 19 0.2 1.1 0 25 68.95 

9/7/2008 12 140 11,122 7.5 9 23 0.2 8.8 0 16 50.37 

10/4/2008 11 117 133 7.5 10 19 0 8.8 0 60 59.72 

V
S

1
 -

 L
it

tl
e 

C
re

ek
 

Average 11 113 2065 7 5 19 0 6 0 25 69 

4/19/2008 10 99 0 6.5 3 15 0.1 2.2 0 15 86.66 

5/10/2008 8 83 267 7 0 18 0.2 2.2 0 15 74.56 

6/25/2008 10 105   6.5 3 19 0.3 0 0 15 N/A 

7/12/2008 1 12 33 6.5 1 24 0.3 0 0 15 59.33 

8/9/2008 8 90 133 8 3 22 0.6 2.2 0 15 74.2 

9/6/2008 2 20 567 6.5 1 24 0.3 2.2 0 15 52.26 

10/4/2008 1 10 333 6.5 1 15 0.2 0 0 15 58.01 

V
S

2
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am

se
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Average 6 60 222 7 2 20 0 1 0 15 58 

4/19/2008 10 99 67 8 1 15 0 4.4 3.3 15 78.34 

5/10/2008 8 79 200 6.5 1 15 0.3 1.1 0.25 15.01 75.89 

6/14/2008 6 65 767 8 1 19 0.1 2.2 0 15.01 68.56 

7/12/2008 9 104 267 7.5 3 22 1 2.2 0 15.01 70.63 

8/9/2008 6 65 100 7 1 20 0.3 0 0 15.01 74.07 

9/6/2008 7 80 833 6.5 3 20 0.2 0 0 15.01 70.21 

10/4/2008 10 99 267 7.5 6 15 0.1 0 0 15.01 74.00 

11/3/2008 10 140 267 6.5 6 16 0.1 0 0 15.01 65.65 V
S

3
 -

 H
ar
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Average 8 91 346 7 3 18 0 1 0 15 70 

4/18/2008 12 119 0 2 2 15 0 0 0 15 75.09 

5/9/2008 9 87 367 6.5 1.5 14 0.2 1.1 0 15 73.29 

6/23/2008 8 85 133 7 1 19 0.6 2.2 0 15.01 75.64 

7/12/2008 9 103 450 8 4 23 0 0 0 15.01 71.41 

8/9/2008 7 75 167 7.5 1.5 18 0 0 0 15.01 73.26 

9/6/2008 7 81 600 7 1 20 0.1 0 0 15.01 72.49 

10/4/2008 7 63 3,929 7 6 11.5 0 0 0 15.01 58.56 

V
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Average 8 88 807 6 2 17 0 0 0 15 59 

4/18/2008 12 119 0 6.5 2 15 0 0 0 16 85.9 

5/18/2008 9 89 900 6.5 2 15 0.4 2.2 0 18 68.9 

6/23/2008 10 105 367 7.5 3 19 0.2 0 1.65 15 73.08 

7/12/2008 8 101 250 7.5 3.5 24 0 0 0 15 74.1 

8/9/2008 7 80 267 7 2 20 0 0 0 15 72.08 

9/9/2008 5 58 200 6.5 2 21 0.1 0 0 15 63.26 

10/4/2008 7 63 867 7 6 13 0 0 0 15 60.31 V
S

5
 -

 B
ig
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re

ek
 

Average 8 88 407 7 3 18 0 0 0 16 60 
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4/19/2008 11 115 1100 7.5 2 15 0 4.4 0 15 70.52 

5/10/2008 10 105 300 7 2 18 0.15 8.8 0 15 69.56 

7/12/2008 5.5 60 1000 8 2 20 0.15 2.2 0 15 60.59 

8/9/2008 5 60 16,550 7.5 0 20 0.15 2.2 0 15 61.22 

9/6/2008 4 45 867 7.5 1 20 0.15 0 0 15 60.24 

10/4/2008 4 40 1333 6.5 1 14 0.15 0 0 15 55.88 

V
S

6
 -

 L
it

tl
e 

C
re

ek
 

Average 7 71 3525 7 1 18 0 3 0 15 56 

4/19/2008 10 99 33 7 0 15 0 0 0 15 84.22 

5/10/2008 8 85 0 7 3 18 0.1 0 0 15 86.76 

6/12/2008 9 120 33 7 4 28 0 0 0 15 76.81 

7/11/2008 8 95 33 7 0 24 0 0 0 15 61.67 

8/8/2008 5.5 60 0 7.5 1 21 0 0 0 15 80.5 

9/10/2008 7 75 367 6.5 1 19 0.1 0 0 15 69.64 

10/3/2008 8 80 367 6 5 16 0 0 0 15 64.05 V
S

7
 -

 Q
u
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k
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Average 8 88 119 7 2 20 0 0 0 15 64 

4/19/2008 12 119 0 7 5 14 0.1 0 0 15 85.73 

5/10/2008 10 105 367 7 2 18 0.1 0 0 15 76.38 

7/21/2008 8 85 5500 7 2 21 0.2 0 0 15 69.33 

8/12/2008 12 130 600 7.5 1 25 0.2 2.2 0 15 71.18 

9/22/2008 7 77 267 6.5 2 21 0.4 0 0 15 70.64 

10/29/2008 6 54 833 6.5 6 10 0.1 0 0 15 54.72 

V
S

8
 -
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tl
e 

C
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ek
 

Average 9 95 1261 7 3 18 0 0 0 15 55 

4/19/2008 12 120 33 7.5 2 15 0 2.2 0 15 78.31 

5/10/2008 12 125 433 7 3 18 0.2 8.8 0 15 64.85 

7/21/2008 10 110 67 7 2 22 0.1 0 0 15 78.09 

8/12/2008 12 140 333 8.5 3 25 0.1 2.2 0 15 67.03 

9/22/2008 5 55 33 7.5 1 22 0.3 0 0 15 70.18 

10/29/2008 9 70 0 7 70 8 0 0 0 15 78.21 

10/17/2007 7 70   6.5 2 20 0 0 0 15 N/A V
S

9
 -

 B
ig

 C
re

ek
 

Average 10 99 150 7 12 19 0 2 0 15 78 
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Appendix D:  Headwater Assessment Data Results 

 

 

 

 

The following are the results of the water chemistry index presented by site and the score received for 

each round of sampling.  The index’s scale is 100-90 is excellent, 89-70 is good, 69-50 is medium, 49-25 is 

bad, and 24-0 is very bad.   

 

Site Round 1 Score Round 2 Score Round 3 Score Round 4 Score 

HWS 1 Dry 63.69 Dry Dry 

HWS 3 53.4 53.93 57.28 33.24 

HWS 4 67.2 67.9 60.57 Dry 

HWS 8 Dry Dry Dry Dry 
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Site Round 1 Score Round 2 Score Round 3 Score Round 4 Score 

HWS 10 64.6 61.35 62.2 48.87 

HWS 7  76.63 67.4 73.8 Dry 

PW 1 74.6 71.88 66.6 73.1 

PW 2 86.61 77.5 72.5 63.3 

PW 3 74.01 77.2 77.35 72.6 

 

Mean values for chemical tests performed at each site.  Also contains standard error (±SE) and the range 

of values is given for each test at each testing site. 

 

 

The physical assessment of each site is shown in the next table by providing values for the Citizen’s 

Qualitative Habitat Evaluation Index, flow values in cubic feet per second, and turbidity values in NTU’s.  

The lower the value in NTU’s the higher the clarity of the water.  Because a 60cm turbidity tube was 

used the lowest value able to be calculated is <15 NTU’s.   

Site 

DO 

mg/L 

B.O.D.-5 

mg/L 

E. coli 

Colonies/100mL pH 

Ortho 

Phosphates 

mg/L 

Nitrate 

mg/L 

Nitrite 

mg/L 

HWS 1 
5 ±0 

(5-5) 

1 ±0 

(1-1) 

466.2 ±0 

(466.2-466.2) 

7.5 ±0 

(7.5-7.5) 

0.2 ±0 

(0.2-0.2) 0 0 

HWS 3 
4.25 ± 1.09 

(1-5.5) 

2.75 ±0.777 

(1-4.5) 

28179.9 ±15538.29 

(2400-72419.6) 

6.375 ±0.8004 

(4-7.5) 

7.125 ±1.737 

(3-10) 

4.4 ±1.796 

(0-8.8) 

1.373 ±0.69  

(0-3.3) 

HWS 4 
6 ±0.433 

(5.5-7) 

1.33 ± 0.722 

(0.5-3) 

1442.8 ±651.6 

(499.5-2930) 

7 ±0.25 

(6.5-7.5) 

0.533 ±0.115 

(0.4-0.8) 0 0 

HWS 8 dry dry dry dry dry dry dry 

HWS 10 
4.75 ±1.588 

(1.5-9) 

2.75 ± 0.924 

(0.5- 5) 

18231.53 ± 18062.75 

(40.3-72419.6) 

6.625 ±0.125 

(6.5-7) 

0.675 ±0.461 

(0.1-2) 

2.75 ±2.082 

(0-8.8) 

0.123 ±0.123  

(0.123-0.123) 

HWS 7 
9.33 ± 1.258 

(7-12) 

2.33 ± 1.607 

(1-6) 

3152.4 ±2614.7 

(133.2-9190) 

6.83 ±0.144 

(6.5-7) 

0.033 ± 0.029 

(0-0.1) 0 0 

PW 1 
8.5 ± 0.645 

(7-10) 

3 ± 0.408 

(2-4) 

824.2 ±379.024 

(133.3-1898.1) 

7.125 ±0.125 

(7-7.5) 

0.1125 ±0.042 

(0.1-0.2) 

2.2 ± 0 

(2.2-2.2) 0 

PW 2 
7.125 ±0.826 

(5-9) 

0.875 ±0.427 

(0.5-2) 

799.2 ±607.364 

(0-2597.4) 

7.125 ± 0.125 

(6.5-8) 

0.0875 ± 0.043 

(0.05-0.2) 0 0 

PW 3 
8.5 ± 0.5 

(7-9) 

1.75 ±0.629 

(2-3) 

274.725 ±76.15 

(166.5-499.5) 

6.875 ±0.239 

(6.5-7.5) 

0.0375 ±0.0357 

(0-0.15) 0 0 
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Site CQHEI 

Flow  

Ft
3
/sec Turbidity (NTU’s) 

    Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 Round 4 

HWS 1 11 Dry No Flow Dry Dry Dry 50 Dry Dry 

HWS 3 45 0.083 0.089 No Flow No Flow 17 40 15 100 

HWS 4 64 No Flow No Flow No Flow Dry 15 20 20 Dry 

HWS 8 58 Dry Dry Dry Dry Dry Dry Dry Dry 

HWS 10 21 No Flow No Flow No Flow No Flow 15 25 20 20 

HWS 7  54 Incalculable 20.29 No Flow Dry <15 15 15 Dry 

PW 1 88 0.201 0.12 2.183 Incalculable <15 <15 <15 <15 

PW 2 87 0.45 1.19 No Flow Incalculable <15 <15 15 <15 

PW 3 87 0.077 0.09 Incalculable 6 <15 <15 <15 <15 

 

The results for the biological diversity assessment of each site are presented in the next table.  The 

biological monitoring data sheet considers sites receiving a score of 23 or more excellent, 17-22 good, 

11-16 fair, and 10 or less poor.  Sites that were dry, having no water within the banks, were not given a 

score.  Also sites where flow was not able to be calculated, either due to lack of depth or to wind 

interference, or where water was present but not flowing also were not given a score. 

 

Site Round 1 Round 2 Round 3 Round 4 

HWS 1 Dry 0 Dry Dry 

HWS 3 13 9 12 10 

HWS 4 4 1 0 Dry 

HWS 8 Dry Dry Dry Dry 

HWS 10 16 4 4 9 

HWS 7  25 28 27 Dry 

PW 1 15 21 10 14 

PW 2 19 12 6 9 

PW 3 13 16 0 6 

 

The next table is a comparison of sites containing macroinvertebrates in terms of Shannon-Wiener index 

(H’), evenness (J) and species richness at those sites.  Also total species richness for each site is given. 
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Site H' J Richness 

HWS3 0.949763 0.456739 8 

HWS4 0.465999 0.672295 2 

HWS10 1.261944 0.648511 7 

HWS7 1.542597 0.569634 15 

PW1 0.749144 0.34095 9 

PW2 0.6346945 0.305224 8 

PW3 1.282405 0.715724 6 

 

Species overlap (C) of all sites containing macroinvertebrates using the Sorenson Index is presented in 

the next table.  Values range from 0-1.0. 0 being no overlap and 1.0 being 100% overlap.   

 

 HWS3 HWS4 HWS10 HWS7 PW1 PW2 PW3 

HWS3 -- 0.2 0.4 0.3478 0.2222 0.5 0.428571 

HWS4 -- -- 0.2222 0.2352 0 0.2 0 

HWS10 -- -- -- 0.4545 0.2352 0.4 0.4615 

HWS7 -- -- -- -- 0.5217 0.3478 0.5714 

PW1 -- -- -- -- -- 0.6250 0.5714 

PW2 -- -- -- -- -- -- 0.5714 

PW3 -- -- -- -- -- -- -- 

 

 

 

 

 

 

 

 

 

 

 

 



141 
 

 

 

Appendix E:  L-THIA Model Data 
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05120207010010 Agricultural C 843.05 367,161.55 1,615.51 477.31 39,286.29 

05120207010010 Agricultural D 3,596.51 2,148,107.11 9,451.68 2,792.54 229,847.47 

05120207010010 Commercial C 3.93 6,966.81 9.34 2.23 386.66 

05120207010010 Commercial D 0.89 1,666.04 2.23 0.53 92.47 

05120207010010 Forest C 1,726.22 200,041.46 140.03 2.00 200.04 

05120207010010 Forest D 2,911.02 741,318.48 518.92 7.42 741.32 

05120207010010 Grass/Pasture C 230.44 42,521.89 29.77 0.43 42.52 

05120207010010 Grass/Pasture D 266.32 94,166.74 65.92 0.94 94.17 

05120207010010 HD Residential C 73.54 75,739.75 137.85 43.17 3,105.33 

05120207010010 HD Residential D 303.72 390,619.79 710.93 222.65 16,015.41 

05120207010010 Industrial D 1.90 2,596.90 3.27 0.73 157.11 

05120207010010 LD Residential C 5.11 1,948.82 3.55 1.11 79.90 

05120207010010 LD Residential D 125.28 76,232.61 138.74 43.45 3,125.54 

05120207010010 Water C 2.49 0.00 0.00 0.00 0.00 

05120207010010 Water D 4.45 0.00 0.00 0.00 0.00 

05120207010010 
Total     10,094.86 4,149,087.94 12,827.72 3,594.51 293,174.22 

  Avg Concentration (mg/L)     4,149,087,942.60 3.09 0.87 70.66 

05120207010020 Agricultural C 141.88 61,886.59 272.30 80.45 6,621.87 

05120207010020 Agricultural D 124.18 75,699.52 333.08 98.41 8,099.85 

05120207010020 Forest C 4,578.73 532,548.39 372.78 5.32 532.55 

05120207010020 Forest D 7,235.99 1,836,385.18 1,285.47 18.38 1,836.38 

05120207010020 Grass/Pasture C 100.65 18,107.41 12.68 0.18 18.11 

05120207010020 Grass/Pasture D 51.61 17,383.43 12.17 0.17 17.38 

05120207010020 HD Residential C 62.24 58,526.17 106.52 33.36 2,399.57 

05120207010020 HD Residential D 70.58 90,009.88 163.82 51.31 3,690.40 

05120207010020 LD Residential C 0.85 311.81 0.57 0.18 12.78 

05120207010020 LD Residential D 0.02 0.00 0.00 0.00 0.00 

05120207010020 Water C 3.46 0.00 0.00 0.00 0.00 

05120207010020 Water D 3.44 0.00 0.00 0.00 0.00 

05120207010020 
Total     12,373.64 2,690,858.37 2,559.38 287.75 23,228.90 

  Avg Concentration (mg/L)     2,690,858,372.40 0.95 0.11 8.63 

05120207010030 Agricultural C 1,392.01 605,424.93 2,663.87 787.05 64,780.47 

05120207010030 Agricultural D 3,594.83 2,158,502.46 9,497.42 2,806.05 230,959.77 

05120207010030 Commercial C 9.66 16,133.67 21.62 5.16 895.42 

05120207010030 Commercial D 2.44 4,581.60 6.14 1.47 254.28 

05120207010030 Forest C 1,988.50 231,349.60 161.94 2.31 231.35 

05120207010030 Forest D 1,892.99 480,397.41 336.28 4.81 480.40 

05120207010030 Grass/Pasture C 1,047.21 190,432.94 133.31 1.90 190.43 

05120207010030 Grass/Pasture D 544.15 191,607.49 134.13 1.92 191.61 

05120207010030 HD Residential C 176.38 182,693.46 332.50 104.14 7,490.43 

05120207010030 HD Residential D 214.95 273,491.55 497.75 155.89 11,213.15 

05120207010030 LD Residential C 14.77 5,300.78 9.65 3.02 217.33 
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05120207010030 LD Residential D 78.07 45,579.64 82.95 25.98 1,868.77 

05120207010030 Water C 14.63 0.00 0.00 0.00 0.00 

05120207010030 Water D 6.04 0.00 0.00 0.00 0.00 

05120207010030 
Total     10,976.64 4,385,495.55 13,877.55 3,899.70 318,773.41 

  Avg Concentration (mg/L)     4,385,495,547.00 3.16 0.89 72.69 

05120207010040 Agricultural C 513.93 222,888.43 980.71 289.75 23,849.06 

05120207010040 Agricultural D 489.78 291,469.80 1,282.47 378.91 31,187.27 

05120207010040 Commercial C 1.11 1,466.70 1.97 0.47 81.40 

05120207010040 Commercial D 20.94 39,151.86 52.46 12.53 2,172.93 

05120207010040 Forest C 2,249.40 262,011.95 183.41 2.62 262.01 

05120207010040 Forest D 6,333.84 1,608,495.67 1,125.95 16.10 1,608.49 

05120207010040 Grass/Pasture C 720.48 131,227.83 91.86 1.31 131.23 

05120207010040 Grass/Pasture D 336.66 119,423.38 83.60 1.19 119.42 

05120207010040 HD Residential C 139.23 143,676.01 261.49 81.90 5,890.72 

05120207010040 HD Residential D 451.12 580,159.83 1,055.89 330.69 23,786.55 

05120207010040 Industrial D 3.11 4,544.57 5.73 1.27 274.95 

05120207010040 LD Residential C 8.18 2,806.29 5.11 1.60 115.06 

05120207010040 LD Residential D 20.97 12,927.56 23.53 7.37 530.03 

05120207010040 Water C 8.04 0.00 0.00 0.00 0.00 

05120207010040 Water D 5.68 0.00 0.00 0.00 0.00 

05120207010040 
Total     11,302.49 3,420,249.88 5,154.16 1,125.71 90,009.12 

  Avg Concentration (mg/L)     3,420,249,877.80 1.51 0.33 26.32 

05120207010050 Agricultural C 947.72 411,352.44 1,809.95 534.76 44,014.71 

05120207010050 Agricultural D 1,936.79 1,162,680.63 5,115.80 1,511.49 124,406.83 

05120207010050 Forest C 2,072.78 241,165.68 168.81 2.41 241.17 

05120207010050 Forest D 2,182.69 553,462.09 387.42 5.54 553.46 

05120207010050 Grass/Pasture C 1,096.60 200,442.88 140.31 2.00 200.44 

05120207010050 Grass/Pasture D 771.38 269,793.95 188.86 2.70 269.80 

05120207010050 HD Residential C 117.42 122,331.18 222.64 69.73 5,015.58 

05120207010050 HD Residential D 210.85 271,183.61 493.55 154.57 11,118.53 

05120207010050 Industrial C 6.08 7,200.90 9.07 2.02 435.65 

05120207010050 LD Residential C 1.57 545.67 0.99 0.31 22.37 

05120207010050 LD Residential D 14.87 8,929.34 16.25 5.09 366.10 

05120207010050 Water C 7.08 0.00 0.00 0.00 0.00 

05120207010050 Water D 2.91 0.00 0.00 0.00 0.00 

05120207010050 
Total     9,368.75 3,249,088.37 8,553.67 2,290.61 186,644.65 

        3,249,088,371.00 2.63 0.71 57.45 

05120207010060 Agricultural C 623.89 267,659.51 1,177.70 347.96 28,639.57 

05120207010060 Agricultural D 1,248.64 746,599.83 3,285.04 970.58 79,886.18 

05120207010060 Commercial C 0.87 1,466.70 1.97 0.47 81.40 

05120207010060 Commercial D 43.16 75,388.17 101.02 24.12 4,184.04 

05120207010060 Forest C 2,277.80 265,421.75 185.79 2.65 265.42 

05120207010060 Forest D 3,133.29 794,959.47 556.47 7.95 794.96 

05120207010060 Grass/Pasture C 513.12 93,914.37 65.74 0.94 93.91 

05120207010060 Grass/Pasture D 738.90 261,998.69 183.40 2.62 262.00 
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05120207010060 HD Residential C 110.54 116,593.32 212.20 66.46 4,780.33 

05120207010060 HD Residential D 677.93 875,865.36 1,594.08 499.24 35,910.48 

05120207010060 Industrial D 3.14 4,869.18 6.14 1.36 294.59 

05120207010060 LD Residential C 0.91 311.81 0.57 0.18 12.78 

05120207010060 LD Residential D 22.78 12,927.56 23.53 7.37 530.03 

05120207010060 Water C 4.58 0.00 0.00 0.00 0.00 

05120207010060 Water D 12.73 0.00 0.00 0.00 0.00 

05120207010060 
Total     9,412.28 3,517,975.69 7,393.64 1,931.91 155,735.70 

        3,517,975,692.00 2.10 0.55 44.27 

05120207010070 Agricultural C 1,138.33 493,255.48 2,170.32 641.23 52,778.34 

05120207010070 Agricultural D 2,141.00 1,282,893.60 5,644.73 1,667.76 137,269.62 

05120207010070 Commercial C 3.30 5,500.12 7.37 1.76 305.26 

05120207010070 Commercial D 1.10 2,082.55 2.79 0.67 115.58 

05120207010070 Forest C 651.13 75,687.17 52.98 0.76 75.69 

05120207010070 Forest D 1,643.22 416,931.65 291.85 4.17 416.93 

05120207010070 Grass/Pasture C 1,026.30 187,665.97 131.37 1.88 187.67 

05120207010070 Grass/Pasture D 1,046.85 366,689.03 256.68 3.67 366.69 

05120207010070 HD Residential C 160.68 165,479.88 301.17 94.32 6,784.67 

05120207010070 HD Residential D 247.51 325,420.33 592.27 185.49 13,342.23 

05120207010070 LD Residential C 9.89 3,819.68 6.95 2.18 156.61 

05120207010070 LD Residential D 9.62 6,130.59 11.16 3.49 251.35 

05120207010070 Water C 16.28 0.00 0.00 0.00 0.00 

05120207010070 Water D 16.07 0.00 0.00 0.00 0.00 

05120207010070 
Total     8,111.28 3,331,556.05 9,469.65 2,607.38 212,050.64 

        3,331,556,049.60 2.84 0.78 63.65 

05120207010080 Agricultural C 1,033.12 449,451.37 1,977.58 584.29 48,091.30 

05120207010080 Agricultural D 1,172.50 701,420.01 3,086.25 911.85 75,051.94 

05120207010080 Commercial C 11.35 19,433.74 26.04 6.22 1,078.57 

05120207010080 Commercial D 32.74 64,142.42 85.95 20.53 3,559.90 

05120207010080 Forest C 1,395.79 161,448.75 113.01 1.61 161.45 

05120207010080 Forest D 1,314.99 333,929.28 233.75 3.34 333.93 

05120207010080 Grass/Pasture C 1,400.54 255,945.13 179.16 2.56 255.95 

05120207010080 Grass/Pasture D 789.44 276,809.68 193.77 2.77 276.81 

05120207010080 HD Residential C 247.51 255,220.01 464.50 145.48 10,464.02 

05120207010080 HD Residential D 254.14 331,478.69 603.29 188.94 13,590.63 

05120207010080 Industrial C 3.64 4,371.98 5.51 1.22 264.50 

05120207010080 Industrial D 34.80 49,341.02 62.17 13.82 2,985.13 

05120207010080 LD Residential C 29.84 10,679.51 19.44 6.09 437.86 

05120207010080 LD Residential D 68.37 41,314.88 75.19 23.55 1,693.91 

05120207010080 Water C 47.94 0.00 0.00 0.00 0.00 

05120207010080 Water D 5.92 0.00 0.00 0.00 0.00 

05120207010080 
Total     7,842.64 2,954,986.47 7,125.62 1,912.25 158,245.91 

        2,954,986,470.00 2.41 0.65 53.55 

05120207010090 Agricultural C 1,362.28 591,983.93 2,604.73 769.58 63,342.28 

05120207010090 Agricultural D 1,377.94 824,031.91 3,625.74 1,071.24 88,171.42 



144 
 

 

14
 D

ig
it
 H

U
C

 

L
an

d
 U

se
 

C
o
m

p
ar

ab
le

 H
yd

ro
g
ra

p
h
y 

S
u
m

 o
f 
A

cr
es

 

R
u
n
o
ff
 (
m

3)
 

T
o
ta

l N
it
ro

g
en

 (
kg

) 

T
o
ta

l P
h
o
sp

h
o
ro

u
s 

(k
g
) 

T
o
ta

l S
u
sp

en
d
ed

 S
o
lid

s 
(k

g
) 

05120207010090 Commercial C 1.33 2,200.05 2.95 0.70 122.10 

05120207010090 Commercial D 2.22 4,165.09 5.58 1.33 231.16 

05120207010090 Forest C 2,597.36 301,431.27 211.00 3.01 301.43 

05120207010090 Forest D 956.68 242,174.95 169.52 2.42 242.17 

05120207010090 Grass/Pasture C 1,862.65 342,087.56 239.46 3.42 342.09 

05120207010090 Grass/Pasture D 589.41 206,184.63 144.33 2.06 206.19 

05120207010090 HD Residential C 205.05 206,103.93 375.11 117.48 8,450.26 

05120207010090 HD Residential D 140.66 190,405.51 346.54 108.53 7,806.63 

05120207010090 LD Residential C 5.22 2,260.63 4.11 1.29 92.69 

05120207010090 LD Residential D 1.75 932.92 1.70 0.53 38.25 

05120207010090 Water C 5.93 0.00 0.00 0.00 0.00 

05120207010090 Water D 14.29 0.00 0.00 0.00 0.00 

05120207010090 
Total     9,122.77 2,913,962.37 7,730.77 2,081.61 169,346.67 

        2,913,962,371.20 2.65 0.71 58.12 

05120207010100 Agricultural C 1,347.54 587,149.04 2,583.45 763.29 62,824.95 

05120207010100 Agricultural D 508.26 305,463.55 1,344.04 397.10 32,684.60 

05120207010100 Forest C 3,440.60 399,127.14 279.38 3.99 399.13 

05120207010100 Forest D 1,079.54 273,907.83 191.74 2.74 273.91 

05120207010100 Grass/Pasture C 1,057.41 193,037.16 135.13 1.93 193.04 

05120207010100 Grass/Pasture D 153.01 53,631.39 37.54 0.54 53.63 

05120207010100 HD Residential C 177.09 185,677.15 337.93 105.84 7,612.76 

05120207010100 HD Residential D 53.60 67,507.41 122.86 38.48 2,767.80 

05120207010100 LD Residential C 1.34 311.81 0.57 0.18 12.78 

05120207010100 LD Residential D 2.70 1,999.11 3.64 1.14 81.96 

05120207010100 Water C 24.85 0.00 0.00 0.00 0.00 

05120207010100 Water D 3.96 0.00 0.00 0.00 0.00 

05120207010100 
Total     7,849.89 2,067,811.59 5,036.29 1,315.22 106,904.57 

        2,067,811,587.00 2.44 0.64 51.70 

05120207010110 Agricultural C 690.28 300,053.27 1,320.23 390.07 32,105.70 

05120207010110 Agricultural D 1,075.54 641,713.35 2,823.54 834.23 68,663.33 

05120207010110 Commercial C 0.04 0.00 0.00 0.00 0.00 

05120207010110 Commercial D 3.52 6,664.15 8.93 2.13 369.86 

05120207010110 Forest B 10.25 171.45 0.12 0.00 0.17 

05120207010110 Forest C 2,187.66 253,745.77 177.62 2.53 253.75 

05120207010110 Forest D 735.17 187,461.14 131.22 1.88 187.46 

05120207010110 Grass/Pasture B 38.98 1,446.35 1.01 0.01 1.45 

05120207010110 Grass/Pasture C 434.20 80,486.40 56.34 0.81 80.49 

05120207010110 Grass/Pasture D 370.83 131,272.18 91.89 1.31 131.27 

05120207010110 HD Residential B 15.77 9,329.17 16.98 5.32 382.50 

05120207010110 HD Residential C 115.56 115,904.77 210.95 66.07 4,752.10 

05120207010110 HD Residential D 112.96 144,246.60 262.53 82.22 5,914.11 

05120207010110 Industrial D 1.78 2,596.90 3.27 0.73 157.11 

05120207010110 LD Residential C 0.89 311.81 0.57 0.18 12.78 

05120207010110 LD Residential D 4.68 3,198.57 5.82 1.82 131.14 

05120207010110 Water C 9.35 0.00 0.00 0.00 0.00 

05120207010110 Water D 5.02 0.00 0.00 0.00 0.00 
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05120207010110 
Total     5,812.46 1,878,601.88 5,111.03 1,389.31 113,143.22 

        1,878,601,881.60 2.72 0.74 60.23 

05120207010120 Agricultural B 76.52 15,434.61 67.91 20.07 1,651.50 

05120207010120 Agricultural C 1,812.67 787,506.88 3,465.03 1,023.76 84,263.24 

05120207010120 Agricultural D 1,598.54 959,304.81 4,220.94 1,247.10 102,645.62 

05120207010120 Commercial C 7.94 12,100.26 16.21 3.87 671.56 

05120207010120 Forest B 130.86 2,016.25 1.41 0.02 2.02 

05120207010120 Forest C 3,326.97 386,753.71 270.72 3.86 386.76 

05120207010120 Forest D 942.08 240,255.17 168.18 2.40 240.25 

05120207010120 Grass/Pasture B 82.84 3,205.66 2.24 0.03 3.21 

05120207010120 Grass/Pasture C 1,537.02 281,010.66 196.71 2.81 281.01 

05120207010120 Grass/Pasture D 655.15 230,895.60 161.63 2.31 230.90 

05120207010120 HD Residential B 18.45 10,928.45 19.89 6.23 448.07 

05120207010120 HD Residential C 241.65 250,170.70 455.31 142.60 10,257.00 

05120207010120 HD Residential D 146.53 180,596.74 328.69 102.94 7,404.47 

05120207010120 Industrial C 3.89 4,371.98 5.51 1.22 264.50 

05120207010120 LD Residential B 1.92 232.49 0.42 0.13 9.53 

05120207010120 LD Residential C 2.23 857.48 1.56 0.49 35.16 

05120207010120 LD Residential D 2.41 1,066.19 1.94 0.61 43.71 

05120207010120 Water B 0.81 0.00 0.00 0.00 0.00 

05120207010120 Water C 12.14 0.00 0.00 0.00 0.00 

05120207010120 Water D 16.28 0.00 0.00 0.00 0.00 

05120207010120 
Total     10,616.89 3,366,707.64 9,384.31 2,560.45 208,838.51 

        3,366,707,643.00 2.79 0.76 62.03 

05120207030010 Agricultural B 302.26 60,742.68 267.27 78.97 6,499.47 

05120207030010 Agricultural C 79.58 34,811.21 153.17 45.25 3,724.80 

05120207030010 Commercial C 2.91 4,400.09 5.90 1.41 244.21 

05120207030010 Forest B 545.46 8,401.05 5.88 0.08 8.40 

05120207030010 Forest C 524.34 60,859.72 42.60 0.61 60.86 

05120207030010 Grass/Pasture B 227.04 8,745.78 6.12 0.09 8.75 

05120207030010 Grass/Pasture C 461.54 84,799.63 59.36 0.85 84.80 

05120207030010 HD Residential B 16.49 10,262.08 18.68 5.85 420.75 

05120207030010 HD Residential C 62.28 62,657.43 114.04 35.71 2,568.95 

05120207030010 LD Residential B 2.72 309.98 0.56 0.18 12.71 

05120207030010 LD Residential C 2.97 1,013.38 1.84 0.58 41.55 

05120207030010 Water B 13.00 0.00 0.00 0.00 0.00 

05120207030010 Water C 5.93 0.00 0.00 0.00 0.00 

05120207030010 
Total     2,246.52 337,003.03 675.42 169.57 13,675.24 

        337,003,034.40 2.00 0.50 40.58 

05120207030020 Agricultural B 83.22 16,973.55 74.68 22.07 1,816.17 

05120207030020 Agricultural C 1,322.09 573,127.86 2,521.76 745.07 61,324.68 

05120207030020 Agricultural D 1,692.00 1,013,947.07 4,461.37 1,318.13 108,492.34 

05120207030020 Commercial C 1.29 1,833.37 2.46 0.59 101.75 

05120207030020 Forest B 30.00 452.63 0.32 0.00 0.45 

05120207030020 Forest C 2,499.81 290,917.73 203.64 2.91 290.92 
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05120207030020 Forest D 535.33 135,627.01 94.94 1.36 135.63 

05120207030020 Grass/Pasture B 35.67 1,353.31 0.95 0.01 1.35 

05120207030020 Grass/Pasture C 622.70 113,364.57 79.36 1.13 113.37 

05120207030020 Grass/Pasture D 133.67 45,290.46 31.70 0.45 45.29 

05120207030020 HD Residential B 9.94 6,263.87 11.40 3.57 256.82 

05120207030020 HD Residential C 211.50 224,465.08 408.53 127.94 9,203.07 

05120207030020 HD Residential D 119.98 155,497.83 283.01 88.63 6,375.41 

05120207030020 LD Residential C 5.25 1,637.00 2.98 0.93 67.12 

05120207030020 LD Residential D 2.09 1,466.01 2.67 0.84 60.11 

05120207030020 Water C 26.70 0.00 0.00 0.00 0.00 

05120207030020 Water D 6.83 0.00 0.00 0.00 0.00 

05120207030020 
Total     7,338.08 2,582,217.37 8,179.75 2,313.64 188,284.47 

        2,582,217,365.40 3.17 0.90 72.92 

05120207030030 Agricultural B 2,538.16 518,575.90 2,281.73 674.15 55,487.63 

05120207030030 Agricultural C 1,997.07 867,959.45 3,819.02 1,128.35 92,871.67 

05120207030030 Agricultural D 197.88 118,880.23 523.07 154.54 12,720.18 

05120207030030 Forest B 985.31 15,087.60 10.56 0.15 15.09 

05120207030030 Forest C 3,673.38 427,800.44 299.46 4.27 427.80 

05120207030030 Forest D 78.02 19,875.40 13.91 0.20 19.88 

05120207030030 Grass/Pasture B 166.52 6,394.40 4.48 0.06 6.39 

05120207030030 Grass/Pasture C 1,056.44 193,077.85 135.16 1.93 193.08 

05120207030030 Grass/Pasture D 25.36 9,042.50 6.33 0.09 9.04 

05120207030030 HD Residential B 137.14 80,097.55 145.78 45.66 3,284.00 

05120207030030 HD Residential C 275.42 277,482.91 505.02 158.17 11,376.80 

05120207030030 HD Residential D 22.97 28,560.83 51.98 16.28 1,170.99 

05120207030030 LD Residential C 7.50 2,962.20 5.39 1.69 121.45 

05120207030030 Water B 29.44 0.00 0.00 0.00 0.00 

05120207030030 Water C 30.15 0.00 0.00 0.00 0.00 

05120207030030 Water D 2.35 0.00 0.00 0.00 0.00 

05120207030030 
Total     11,223.12 2,565,797.26 7,801.88 2,185.54 177,704.00 

        2,565,797,256.00 3.04 0.85 69.26 

05120207030040 Agricultural B 487.01 98,763.43 434.56 128.39 10,567.69 

05120207030040 Agricultural C 1,634.25 714,403.35 3,143.37 928.72 76,441.16 

05120207030040 Agricultural D 595.35 356,240.87 1,567.46 463.11 38,117.77 

05120207030040 Commercial C 0.89 1,466.70 1.97 0.47 81.40 

05120207030040 Forest B 283.31 4,351.40 3.05 0.04 4.35 

05120207030040 Forest C 863.57 100,589.03 70.41 1.00 100.59 

05120207030040 Forest D 152.46 38,790.91 27.15 0.39 38.79 

05120207030040 Grass/Pasture B 38.14 1,437.89 1.01 0.01 1.44 

05120207030040 Grass/Pasture C 51.89 9,318.19 6.52 0.09 9.32 

05120207030040 Grass/Pasture D 12.81 4,443.30 3.11 0.04 4.44 

05120207030040 HD Residential B 35.24 22,390.00 40.75 12.76 917.99 

05120207030040 HD Residential C 164.05 159,971.54 291.15 91.18 6,558.83 

05120207030040 HD Residential D 29.59 38,946.58 70.88 22.20 1,596.81 

05120207030040 LD Residential C 4.10 1,247.24 2.27 0.71 51.14 

05120207030040 LD Residential D 1.49 399.82 0.73 0.23 16.39 
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05120207030040 Water C 13.01 0.00 0.00 0.00 0.00 

05120207030040 
Total     4,367.17 1,552,760.24 5,664.39 1,649.37 134,508.12 

        1,552,760,242.20 3.65 1.06 86.63 

05120207030050 Agricultural C 866.25 375,767.65 1,653.38 488.50 40,207.14 

05120207030050 Agricultural D 1,898.80 1,139,890.81 5,015.52 1,481.86 121,968.32 

05120207030050 Commercial C 1.07 1,466.70 1.97 0.47 81.40 

05120207030050 Forest C 2,263.56 263,148.55 184.20 2.63 263.15 

05120207030050 Forest D 975.45 248,386.02 173.87 2.49 248.39 

05120207030050 Grass/Pasture C 353.26 64,372.85 45.06 0.64 64.37 

05120207030050 Grass/Pasture D 319.37 111,238.36 77.87 1.11 111.24 

05120207030050 HD Residential C 107.36 109,707.88 199.67 62.53 4,498.02 

05120207030050 HD Residential D 205.52 263,105.80 478.85 149.97 10,787.34 

05120207030050 Industrial D 0.57 324.61 0.41 0.09 19.64 

05120207030050 LD Residential C 4.05 1,403.15 2.55 0.80 57.53 

05120207030050 LD Residential D 5.51 2,932.02 5.34 1.67 120.21 

05120207030050 Water C 703.60 0.00 0.00 0.00 0.00 

05120207030050 Water D 4.27 0.00 0.00 0.00 0.00 

05120207030050 
Total     7,708.63 2,581,744.39 7,838.68 2,192.76 178,426.75 

        2,581,744,392.00 3.04 0.85 69.11 

05120207030060 Agricultural B 79.43 16,339.87 71.90 21.24 1,748.37 

05120207030060 Agricultural C 1,796.49 783,735.67 3,448.43 1,018.86 83,859.72 

05120207030060 Agricultural D 325.42 195,379.39 859.67 253.99 20,905.60 

05120207030060 Commercial C 1.10 1,466.70 1.97 0.47 81.40 

05120207030060 Forest B 18.05 267.46 0.19 0.00 0.27 

05120207030060 Forest C 2,644.81 306,855.95 214.80 3.06 306.86 

05120207030060 Forest D 183.32 46,470.04 32.53 0.46 46.47 

05120207030060 Grass/Pasture C 1,459.30 267,175.79 187.03 2.67 267.18 

05120207030060 Grass/Pasture D 5.37 1,714.96 1.20 0.02 1.71 

05120207030060 HD Residential C 263.47 268,531.85 488.73 153.06 11,009.81 

05120207030060 HD Residential D 18.11 25,387.40 46.21 14.47 1,040.88 

05120207030060 LD Residential C 1.84 623.62 1.13 0.36 25.57 

05120207030060 LD Residential D 1.11 666.37 1.21 0.38 27.32 

05120207030060 Water C 35.24 0.00 0.00 0.00 0.00 

05120207030060 
Total     6,833.05 1,914,615.07 5,354.98 1,469.05 119,321.15 

        1,914,615,068.40 2.80 0.77 62.32 

05120207030070 Agricultural B 601.52 122,797.98 540.31 159.64 13,139.38 

05120207030070 Agricultural C 5,179.56 2,259,537.49 9,941.96 2,937.40 241,770.52 

05120207030070 Commercial B 1.68 2,019.45 2.71 0.65 112.08 

05120207030070 Commercial C 107.14 175,637.04 235.35 56.20 9,747.86 

05120207030070 Forest B 298.90 4,601.72 3.22 0.05 4.60 

05120207030070 Forest C 2,994.01 346,301.11 242.41 3.46 346.30 

05120207030070 Grass/Pasture B 98.26 3,713.15 2.60 0.04 3.71 

05120207030070 Grass/Pasture C 923.53 168,663.37 118.07 1.69 168.66 

05120207030070 HD Residential B 46.04 27,054.58 49.24 15.42 1,109.24 

05120207030070 HD Residential C 849.09 873,761.32 1,590.24 498.04 35,824.21 
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05120207030070 Industrial C 52.29 60,178.95 75.83 16.85 3,640.83 

05120207030070 LD Residential B 7.20 852.45 1.55 0.49 34.95 

05120207030070 LD Residential C 270.80 95,803.75 174.36 54.61 3,927.95 

05120207030070 Water B 4.88 0.00 0.00 0.00 0.00 

05120207030070 Water C 91.70 0.00 0.00 0.00 0.00 

05120207030070 
Total     11,526.59 4,140,922.35 12,977.85 3,744.52 309,830.31 

        4,140,922,350.60 3.13 0.90 74.82 

                

Grand Total     164,127.72 49,514,120,605.11 142,763.74 38,733.53 3,158,875.63 

                

                

      164,127.72 53,601,441.51 142,716.74 38,720.87 3,157,845.54 

        53,601,441,514.20 2.66 0.72 58.91 

Average Annual Concentration (LTHIA) 
Watershed (HUC-

14) 
Total Nitrogen 

(mg/L) 
Total Phosphorus 

(mg/L) 
Total Suspended Solids 

(mg/L) 

05120207010010 3.09 0.87 70.66 

05120207010020 0.95 0.11 8.63 

05120207010030 3.16 0.89 72.69 

05120207010040 1.51 0.33 26.32 

05120207010050 2.63 0.71 57.45 

05120207010060 2.10 0.55 44.27 

05120207010070 2.84 0.78 63.65 

05120207010080 2.41 0.65 53.55 

05120207010090 2.65 0.71 58.12 

05120207010100 2.44 0.64 51.70 

05120207010110 2.72 0.74 60.23 

05120207010120 2.79 0.76 62.03 

05120207030010 2.00 0.50 40.58 

05120207030020 3.17 0.90 72.92 

05120207030030 3.04 0.85 69.26 

05120207030040 3.65 1.06 86.63 

05120207030050 3.04 0.85 69.11 

05120207030060 2.80 0.77 62.32 

05120207030070 3.13 0.90 74.82 

Entire watershed 2.66 0.72 58.91 
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