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Program and Second Year Source Program and Second Year Source 

Identification SamplingIdentification Sampling



••Rivers and streams are Rivers and streams are 
sampled by targeting sampled by targeting 
watershed basins and watershed basins and 
sampling them every 5 sampling them every 5 
yearsyears
––Year 1: WFWR & PatokaYear 1: WFWR & Patoka

––Year 2: EFWR & WhitewaterYear 2: EFWR & Whitewater

––Year 3: Upper WabashYear 3: Upper Wabash

––Year 4: Lower Wabash & Year 4: Lower Wabash & 
KankakeeKankakee

––Year 5: Great Lake & Ohio R. Year 5: Great Lake & Ohio R. 
tribstribs

Probabilistic Monitoring DesignProbabilistic Monitoring Design



••USEPA Western Ecology Division generated probabilistic site USEPA Western Ecology Division generated probabilistic site 
locationslocations

••25% 125% 1stst OrderOrder

••25% 225% 2ndnd OrderOrder

••25% 325% 3rdrd OrderOrder

••25% 425% 4thth or Greater Orderor Greater Order

Probabilistic Monitoring DesignProbabilistic Monitoring Design



Stream Length (km) by Stream Order for each 8 Digit Hydrologic Unit Code Area in Indiana

1,447.595167.29924.22851.732132.627270.100801.6085120111

1,352.1350.00065.59994.016140.359242.825809.3365120110

212.39717.2850.4780.00019.87136.588138.1765120109

3,697.425148.58923.413179.528332.749650.8292,362.3175120108

1,095.8920.00011.134153.140101.782211.266618.5705120107

3,341.2520.00071.017192.353224.511353.3552,500.0165120106

1,019.23056.2550.00062.96268.558208.222623.2325120105

1,204.7170.0000.000119.97963.985221.750799.0035120104

753.3080.0000.0000.000129.628126.602497.0785120103

576.8870.0000.00097.36819.84173.194386.4845120102

1,556.76862.563109.54634.491139.356264.846945.9665120101

86.1930.0000.0000.00014.88612.38758.9197120003

1,331.5600.00038.50722.74297.559214.127958.6257120002

4,274.7690.000106.90137.334243.976286.0613,600.4977120001

196.4310.0000.0001.89625.51538.906130.1144100007

480.9540.0000.00035.25529.643118.501297.5564100005

547.0810.00061.69015.17728.53769.904371.7734100004

1,093.7180.00052.87667.81788.151198.234686.6394100003

2,159.40845.63192.232197.844155.291418.5341,249.8774050001

867.5490.0000.38546.29591.874131.411597.5834040001

Total> 6543218 digit HUC



Stream Length (km) by Stream Order for each 8 Digit Hydrologic Unit Code Area in Indiana

49,587.84Total Stream Length (km)

625.7640.0000.00054.78727.25487.117456.6055140202

1,211.3450.0000.00063.575107.630277.414762.7275140201

1,381.6650.0000.000225.455166.747279.764709.6995140104

883.7410.0000.00042.157105.291135.739600.5545140101

1,170.6680.0000.00058.227152.499211.315748.6285090203

2,105.8070.00022.506122.862208.912359.7191,391.8085080003

107.7461.9000.0000.00016.34121.76667.7385080002

56.4650.0000.0000.0000.00014.30142.1645080001

1,080.3000.000130.37657.39160.440196.169635.9235120209

2,255.730212.4910.00049.751296.491422.8671,274.1305120208

1,531.2900.00049.421135.800149.531354.139842.3995120207

1,015.00694.9490.00066.46299.396166.362587.8375120206

733.0871.4510.00027.328111.029172.444420.8355120205

1,267.2730.00025.052116.850124.439292.796708.1355120204

1,336.4680.0000.000106.802140.577212.785876.3045120203

1,808.515117.5500.00039.039192.131396.3531,063.4425120202

2,829.8350.00059.703195.031224.790656.7711,693.5405120201

891.866148.6270.00020.06671.241130.886521.0475120113

Total> 6543218 digit HUC



Stream Length (km) by Stream Order for each 8 Digit Hydrologic Unit Code Area in Indiana

• Stream Length (km)49,587.84

• This table shows all streams/rivers in the "frame" as defined by the samples drawn 
for the Indiana Department of Environmental Management (IDEM) by US EPA 
National Health and Environmental Effects Research Laboratory (NHEERL), 
Western Ecology Division (WED), Corvallis, Oregon.  Data sent by Barbara J. 
Rosenbaum, contractor to the US EPA NHEERL-WED, to Stacey L. Sobat, 
Environmental Scientist IDEM, Office of Water Quality, Assessment Branch, 
Biological Studies Section.  

• All Orders (Strahler 1957) of Streams were selected based on 1:100,000 scale of 
U.S EPA's River Reach File 3 with reaches coded "R" (regular reach), "S" 
(start/headwater reach), "T" (terminal reach), "N" (un-networked reach), and "W" 
(wide river - one bank only).  For double-line "wide" rivers, only one side of the 
channel/linework was used for measuring rather than taking the whole length and 
dividing by two.  The length values (in kilometers) in the table reflect the specific 
reaches as they are coded in RF3-Alpha.  The Strahler stream order was added via 
an automated process that may have some errors in it, but is generally reliable for 
lower order streams.  For information on RF3-Alpha, check out the documentation 
at http://www.epa.gov/OWOW/monitoring/rf/rfindex.html (go to "Reach File 
References" Document #3 - the Technical Reference Publication).

• Strahler, A.N.  1957.  Quantitative Analysis of Watershed Geomorphology. Trans. 
Am. Geophys. Un. 38,913-920.



Probabilistic Monitoring DesignProbabilistic Monitoring Design
•• Site Reconnaissance (Feb.Site Reconnaissance (Feb.--April)April)

–– Topographic MapsTopographic Maps
–– BrochuresBrochures
–– Contact LandownerContact Landowner
–– Site Accessibility & EquipmentSite Accessibility & Equipment
–– Enter Recon dataEnter Recon data

•• Data Collected (JuneData Collected (June--October)October)
–– Water, Nutrient, and Bacteriological Samples Water, Nutrient, and Bacteriological Samples 

For Laboratory AnalysisFor Laboratory Analysis
–– MacroinvertebrateMacroinvertebrate Community AssessmentsCommunity Assessments
–– Fish Community AssessmentsFish Community Assessments
–– Habitat AssessmentsHabitat Assessments



Fish Community AssessmentsFish Community Assessments
••15 x the wetted stream width 15 x the wetted stream width 
(backpack, (backpack, totebargetotebarge, boat electrofishing), boat electrofishing)

••All stream sizes includedAll stream sizes included
••Species Level IdentificationSpecies Level Identification
••IBI: 12 metrics (range 6IBI: 12 metrics (range 6--60) 60) 
––1.  # species1.  # species
––2.  # darter species/ #2.  # darter species/ #dmsdms speciesspecies
––3.  % headwater 3.  % headwater indind./ # sunfish sp../ # sunfish sp.
––4.  # minnow sp./ # sucker sp.4.  # minnow sp./ # sucker sp.
––5.  # sensitive sp.5.  # sensitive sp.
––6.  % tolerant 6.  % tolerant indind..
––7.  % omnivore 7.  % omnivore indind..
––8.  % insectivore 8.  % insectivore indind..
––9.  % pioneer 9.  % pioneer indind./% carnivore ./% carnivore indind..
––10.  Total # 10.  Total # indind..
––11.  % simple 11.  % simple lithophilslithophils
––12.  % DELT anomalies12.  % DELT anomalies



Macroinvertebrate Community AssessmentsMacroinvertebrate Community Assessments
••KICK sampleKICK sample
••HesterHester--DendyDendy
••Laboratory ProcessingLaboratory Processing
••mIBImIBI: 10 metrics (range = 0: 10 metrics (range = 0--8)8)
––1.  Family level HBI1.  Family level HBI
––2.  Number of 2.  Number of taxataxa
––3.  Number of individuals3.  Number of individuals
––4.  Percent dominant 4.  Percent dominant taxataxa
––5.  EPT Index5.  EPT Index
––6.  EPT Count6.  EPT Count
––7.  EPT count to total number of 7.  EPT count to total number of 

individualsindividuals
––8.  EPT Count to 8.  EPT Count to ChironomidChironomid CountCount
––9.  9.  ChironomidChironomid CountCount
––10.  Total number of individuals to 10.  Total number of individuals to 

number of squares sorted  number of squares sorted  



Water Chemistry, Nutrients, & Water Chemistry, Nutrients, & E.coliE.coli

••Grab water samples and nutrients collected Grab water samples and nutrients collected 3x3x in in 
spring, summer, and fall (USGS contract)spring, summer, and fall (USGS contract)

Priority Metals Physical/Anions Nutrients/Organic
Arsenic Alkalinity TKN
Calcium Total Solids Ammonia-N

Cadmium Suspended Solids Nitrate+Nitrite-N
Chromium Dissolved Solids Total Phosphorus

Copper Sulfate TOC
Lead Chloride Cyanide-Total

Magnesium Hardness Cyanide-Free
Mercury COD
Nickel

Selenium
Zinc

Chemistry ParametersChemistry Parameters



Water Chemistry, Nutrients, & Water Chemistry, Nutrients, & E.coliE.coli

••Hydrolab data collected Hydrolab data collected 
during each sampling during each sampling 
event:event:
––D.O., pH, Conductivity, Water D.O., pH, Conductivity, Water 
temperature, Turbiditytemperature, Turbidity

••Nutrients:Nutrients:
––Chlorophyll A in Chlorophyll A in 
phytoplankton and periphyton phytoplankton and periphyton 
samples, ashsamples, ash--free dry mass in free dry mass in 
periphyton samplesperiphyton samples

••E.coli:E.coli:
––each site sampled once each each site sampled once each 
week for week for 5 5 consecutive weeksconsecutive weeks



Qualitative Habitat Evaluations (QHEI)Qualitative Habitat Evaluations (QHEI)

1.1. SubstrateSubstrate

2.2. Instream CoverInstream Cover

3.3. Channel Channel 
MorphologyMorphology

4.4. Riparian Zone & Riparian Zone & 
Bank ErosionBank Erosion

5.5. Pool/Glide QualityPool/Glide Quality
Riffle/Run QualityRiffle/Run Quality

•• GradientGradient
Range 0Range 0--100100



Assessment for River BasinAssessment for River Basin

Using Probabilistic Results to Predict the Percentage Using Probabilistic Results to Predict the Percentage 
of Stream Miles Not Attaining Aquatic Life Useof Stream Miles Not Attaining Aquatic Life Use

Project Name Target Population *%Attainment* *%Non-Attainment* Confidence Level *Confidence Interval*
West Fork 05120201 69% 31% 95% 15%

White River 05120202 1st order=4
n=36 05120203 2nd order=5

1st=13 3rd order=2
2nd=14 4th+ order=0
3rd=4 n= 11/36 Impaired
4th+=5

Patoka River 05120209 29% 71% 95% 15%
n=26 1st order=4
1st=5 2nd order=7

2nd=11 3rd order=0
3rd=3 4th+ order=7
4th+=7 n=18/26 Impaired

Target population = 8 digit HUC 
%Attainment = Combined Assessment of Biology (IBI>35, mIBI>2.2,HD>1.4) and No Chemical Parameter Violations
%Non-Attainment = Combined Assessment of Biology (IBI<35, mIBI<2.2,HD<1.4) and Chemical Parameter Violations
The Confidence Interval is the %Non-Attainment +/- the value for 95% Confidence Level.
* These are values produced by IDEM staff using "R" (http://cran.us.r-project.org/) and commands provided by 
 USEPA National Health and Environmental Effects Research Laboratory, Corvallis, Oregon.



Advantages & Disadvantages of Probabilistic SamplingAdvantages & Disadvantages of Probabilistic Sampling
••Advantages:Advantages:
––100% waters of the state assessed100% waters of the state assessed
––monitoring long term watershed trendsmonitoring long term watershed trends
––discovering nondiscovering non--point source pollutionpoint source pollution
––finding impairments at distant remote finding impairments at distant remote 
sitessites
––can focus resources to watershed specific can focus resources to watershed specific 
impairmentsimpairments
––Bonus: biological expansion of species Bonus: biological expansion of species 
distribution, Threatened & Endangered distribution, Threatened & Endangered 
Species, educate public and landowners in Species, educate public and landowners in 
watershedwatershed

Photo Credit: Rob Criswell
Bluebreast Darter, Etheostoma camurum

••Disadvantages:Disadvantages:
––Time, Access, SafetyTime, Access, Safety
––Cause and source of impairmentCause and source of impairment
––Basins sampled only once every 5 yearsBasins sampled only once every 5 years
––Where are the other impairments?Where are the other impairments?



ConclusionsConclusions

••Probability Monitoring Probability Monitoring 
––Completed one cycle, after 2005 2Completed one cycle, after 2005 2ndnd cycle will be completed!cycle will be completed!
––Assess 100% of the waters of the state for the Integrated Water Assess 100% of the waters of the state for the Integrated Water Monitoring Monitoring 
and Assessment Reportand Assessment Report

••Follow up impairments with second year studiesFollow up impairments with second year studies
––intensive surveys both biological and chemical in impaired waterintensive surveys both biological and chemical in impaired watershedssheds
––evaluate tiered aquatic life uses for modified streams evaluate tiered aquatic life uses for modified streams 



2005 Fixed Stations in LM Basin



2005 Fixed Stations in LM Basin



2005 Proposed Probabilistic Sites in 
LM Basin (1st 50 in GL Basin)
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