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WORK PLAN ORGANIZATION 
This sampling and analysis work plan is an extension of the existing Indiana 
Department of Environmental Management (IDEM) Watershed Assessment and 
Planning Branch (WAPB), March 2017 “Quality Assurance Project Plan (QAPP) 
for Indiana Surface Water Programs” (Surface Water QAPP) (IDEM 2017a) and 
serves as a link to the existing QAPP as well as an independent QAPP of the 
project. Per the United States Environmental Protection Agency (U.S. EPA) 
guidance for QAPPs (U.S. EPA 2006), this work plan establishes criteria and 
specifications pertaining to a specific water quality monitoring project that are 
usually described in the following four sections as QAPP elements. 

Section I. Project Management 
• Project Objective 
• Project or Task Organization and Schedule 
• Background and Project or Task Description 
• Data Quality Objectives (DQOs) 
• Training and Staffing Requirements 

Section II. Data Generation and Acquisition 
• Sampling Procedures 
• Analytical Methods 
• Sample and Data Acquisition Requirements 
• Quality Control (QC) Measures Specific to the Project 
• Field Instrument Testing and Calibration 

Section III. Assessment and Oversight 
• External and Internal Checks 
• Audits 
• Data Quality Assessments (DQAs) 
• Quality Assurance and Quality Control (QA/QC) Review Reports 

Section IV. Data Validation and Usability 
• Data Handling and Associated QA/QC activities 
• QA/QC Review Reports 
• Laboratory and Estimated Cost 
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DEFINITIONS 
Backwater A part of the river not reached by the current, 

where the water is stagnant. 
Elutriate To purify, separate, or remove lighter or finer 

particles by washing, decanting, and settling. 
Fifteen (15) minute pick A component of the IDEM multihabitat 

macroinvertebrate sampling method, used to 
maximize taxonomic diversity while in the field, 
in which the one minute kick sample and fifty 
meter sweep sample collected at a site are first 
combined and elutriated. Macroinvertebrates 
are then manually removed from the resulting 
sample for 15 minutes. 

Fifty (50) meter sweep A component of the IDEM multihabitat 
macroinvertebrate sampling method in which 
approximately 50 meters (50 m) of shoreline 
habitat in a stream or river is sampled with a 
standard 500 micrometer (500 µm) mesh width 
D-frame dipnet by taking 20–25 individual “jab” 
or “sweep” samples, which are then 
composited. 

Impoundment A body of water confined within an enclosure, 
such as a reservoir. 

Lotic A waterbody, such as a stream or river, in which 
the water is flowing. 

Macroinvertebrate Aquatic animals which lack a backbone, are 
visible without a microscope, and spend some 
period of their lives in or around water. 

Marsh An area of low-lying land that is flooded in wet 
seasons and typically remains waterlogged at 
all times. 

One (1) minute kick sample A component of the IDEM multihabitat 
macroinvertebrate sampling method in which 
approximately one square meter (1 m²) of riffle 
or run substrate habitat in a stream or river is 
sampled with a standard 500 micrometer (500 
µm) mesh width D-frame dipnet for 
approximately one (1) minute. 

Ocular reticle A thin piece of glass marked with a linear or 
areal scale that is inserted into a microscope 
ocular, superimposing the scale onto the image 
viewed through the microscope. 
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Perennial Stream A stream that has continuous flow in the stream 
bed all year during years of normal rainfall. 
Water must be present in at least 50% of the 
stream reach during the time of fish community 
sampling. 

Periphyton Algae attached to an aquatic substrate. 
Reach A segment of a stream used for fish community 

sampling equal in length to 15 times the 
average wetted width of the stream, with a 
minimum length of 50 meters and a maximum 
length 500 meters. For macroinvertebrate 
community sampling, the stream reach is 50 
meters of all available habitat. 

Seston Organisms and nonliving matter swimming or 
floating in a water body. 

Target A sampling point which falls on a perennial 
stream within the basin of interest and the 
boundaries of Indiana. 

Wetland Land areas that are wet for at least part of the 
year, are poorly drained and are characterized 
by hydrophytic vegetation, hydric soils and 
wetland hydrology. 
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I. PROJECT MANAGEMENT 
Project Objective 
The main objective of the probabilistic monitoring project is to provide a comprehensive, 
unbiased assessment of the ability of rivers and streams in the tributaries to the Ohio 
River Basin to support aquatic life and recreational uses. A secondary objective of this 
project is diatom identification and enumeration, with the goal of developing algal 
metrics as an assessment tool to support nutrient criteria. Sampling for this project will 
begin in April and continue through October 2019 with collected samples analyzed for 
chemical, physical, and biological parameters. Laboratory processing and data analysis 
for the project will continue through spring of 2020. Data collected during probabilistic 
monitoring will be used for the following purposes: 

• To provide water quality and biological data for assessment of aquatic life and 
recreational uses as integral components of the IDEM’s biennial Integrated Water 
Monitoring and Assessment Report (Integrated Report); thus satisfying Clean 
Water Act (CWA) sections 305(b) and 303(d) reporting requirements to the U.S. 
EPA (33 U.S.C. §1251 et seq. 1972). 

• To give a statistically valid estimation of the percent of stream miles supporting or 
nonsupporting for aquatic life and recreational uses in the basin of interest. 

• To provide water quality and biological data which may be useful for municipal, 
industrial, agricultural, and recreational decision making processes. These 
include the Total Maximum Daily Load (TMDL) process and National Pollutant 
Discharge Elimination System (NPDES) permit modeling of waste load 
allocations. 

• To compile water quality and biological data for trend analyses and future 
pollution abatement activities. 

• To aid in the development of nutrient criteria as well as refined chemical and 
narrative biological water quality criteria. 
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Project or Task Organization and Schedule 
Table 1. 2019 Probabilistic Monitoring Tasks, Schedule, and Evaluation 

 
  

Activity Date(s) Number 
of Sites 

Frequency of Sampling Related 
Activity 

Parameter to be 
Sampled 

How Evaluated 

Site Selection Mar 2016 100 per 
basin of 
interest 

  Randomly ordered list generated by the 
National Health Environmental Effects 
Research Laboratory (NHEERL), Western 
Ecology Division, Corvallis, OR. Sites are 
stratified in statistically equal numbers of 1st, 
2nd, 3rd, and 4th + stream order sites 

Site 
Reconnaissance 

Jan 7 – 
Mar 15 
2019  

All 100 
sites 

At least one visit but may require 
several to obtain final approval 

 Land owner approval, stream access, and 
safety characteristics for the first 75 “Target” 
sites; “Nontarget” designations for remaining 
25 sites. 

Bacteriological 
Sampling 

Apr 8 – 
Jun 12 
2019 

First 40 
target 
sites 

Five times at equally-spaced 
intervals over a 30 calendar-day 
period 

Escherichia coli (E. coli) Geometric mean (action level is ≥125 Colony 
Forming Units (CFU)/100mL or ≥125 Most 
Probable Number (MPN)/100 mL); sampled 
during recreational season (April – October) 

Biological 
Sampling 

Jun – 
mid Nov 
2019 

First 38 
target 
sites 

Fish Community (Jun 3 – Oct 18) 
Macroinvertebrate Community 
(Jul 15 – Nov 15) 
QHEI, once per sample  

Fish Community; 
Macroinvertebrate 
Community; 
Habitat Quality 

Fish Index of Biotic Integrity (IBI) 
Macroinvertebrate IBI 
 
QHEI evaluated separately for fish and 
macroinvertebrate communities  
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*Analyzed only where the total value exceeds the free Cn criterion of 5.2 ug/L.

Table 1. 2019 Probabilistic Monitoring Tasks, Schedule, and Evaluation (cont.) 
Activity Date(s) Number 

of Sites 
Frequency of Sampling Related 

Activity 
Parameter to be 

Sampled 
How Evaluated 

Water Chemistry April –
Sept or 
Oct 2019 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jun – 
Sept 
2019 

First 45 
target 
sites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Subset 
of 14 
target 
sites 

Once each in April, July, and Sept 
or Oct with a minimum 30 days 
between sampling events 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Once each in Jun, July, and Aug 
with a minimum of 30 days 
between sampling events 

Total Phosphorous 
Nitrogen, Nitrate + Nitrite 
Dissolved Oxygen 
 
 
pH 
 
Algal conditions 
 
Dissolved Metals 
(See Table 9) 
Dissolved Arsenic (III) 
Nitrogen Ammonia 
Chloride 
Free Cyanide* 
Sulfate 
Total Dissolved Solids 
Orthophosphate 

>0.3 mg/L (for nutrients) 
>10.0 mg/L (for nutrients) 
<4.0 mg/L (warm water aquatic life); <6.0 
mg/L (cold water aquatic life); >12 mg/L 
(nutrients) 
>9.0 Standard Units (SU) (for nutrients); 
<6 or >9 SU (warm water aquatic life) 
Excessive (for nutrients, based on 
observation) 
Chronic Aquatic Criterion (CAC) based on 
hardness 
190 µg/L 
CAC based on pH and temperature 
CAC based on hardness and sulfate 
CAC 5.2 µg/L 
Based on hardness and chloride 
750 mg/L 
There are no criteria for this parameter in the 
Indiana Administrative Code (IAC). The 
Indiana Great Lakes Water Quality Agreement 
(GLWQA) Domestic Action Plan (DAP) for the 
Western Lake Erie Basin (WLEB) provides a 
springtime flow weighted mean concentration 
(FWMC) target of 0.05 mg/L for the Maumee 
River in Indiana. 

Algal Samples Sept – 
Oct 2019 

First 45 
target 
sites 

Once with the 3rd water chemistry 
sample in Sept or Oct 

Algal Diatoms 
Algal Biomass 

Diatom identification and enumeration 
Chlorophyll a and Pheophytin a  

Dissolved Oxygen 
Continuous 
Monitoring 

Aug – 
Sept 
2019 

Subset 
of 14 
target 
sites 

Once in Aug with two week 
deployment at 14 sites 

Dissolved Oxygen 
 
Temperature 

Minimum, maximum, and average change in 
dissolved oxygen for the two week period 
Minimum, maximum, and average change in 
temperature for the two week period 

http://www.in.gov/isda/3432.htm
http://www.in.gov/isda/3432.htm
http://www.in.gov/isda/3432.htm
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Background and Project or Task Description 
The Probabilistic Monitoring Program, created in 1996, is operated through the 
WAPB of IDEM. Other organizations which help with data preparation, collection, 
and analysis include private laboratories under contract with the State of Indiana 
(e.g., Pace Analytical, see Appendix 1 for Pace Laboratory Inc. accreditation 
documents), the Department of Biological and Environmental Sciences at 
Georgia College and State University, the U.S. EPA National Health 
Environmental Effects Research Laboratory (NHEERL), U.S. EPA Region V, and 
the Indiana Department of Natural Resources. Landowners and property 
managers throughout the state also participate in the Probabilistic Monitoring 
Program by assisting staff with access to remote stream locations for sample 
collection. 
The Probabilistic Monitoring Program provides a comprehensive, unbiased 
assessment of all Indiana streams for their ability to support aquatic life and 
recreational uses by sampling randomly-generated sites in major Indiana river 
basins. Major river basins are sampled using a nine-year rotating basin approach 
to assess and characterize overall water quality and biological integrity (see 
Section II on MEASUREMENT AND DATA ACQUISITION for random site 
selection details, QAPP ELEMENT B1, IDEM 2017a). For target sites, the 
following categories of data will be investigated and utilized for assessment 
purposes: bacteriological contamination indicated by E. coli counts; water 
chemistry; algal samples (seston and periphyton); fish and macroinvertebrate 
assemblages; and habitat evaluations. At a subset of 14 target sites, Onset 
Hobo® U26-001 D.O. data loggers will record diel dissolved oxygen and 
temperature swings. 
The U.S. EPA recommends the use of multiple bioindicators (i.e., fish and 
macroinvertebrate communities, and amount of chlorophyll a derived from algae) 
(U.S. EPA 2004), which facilitate the “weight-of-evidence” approach (U.S. EPA 
2016) for interpretation of biomonitoring results. This approach involves 
interpreting data from multiple sources to arrive at conclusions about an 
environmental system or stressors such as nutrients. Multiple lines of evidence, 
utilizing more than one bioindicator, can be valuable in correlating critical levels 
of nutrients available to stream biota. Diatom identification and enumeration will 
aid in establishing algal metrics as part of Indiana’s development of nutrient 
criteria for lotic surface waters. 

Data Quality Objectives (DQO) 
The DQO process (U.S. EPA 2006) is a planning tool for data collection 
activities. It provides a basis for balancing control of data uncertainty against 
available resources. The DQO process is required for all significant data 
collection efforts of a project. The process is a seven-step systematic planning 
process used to clarify study objectives, define the types of data needed to 
achieve the objectives, and establish decision criteria for evaluating data quality. 
The DQO process for the Probabilistic Monitoring Program is identified in the 
following seven steps. 
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1. State the Problem 
Assessments: Indiana is required to assess all waters of the state to determine 
their designated use attainment status. “Surface waters of the state are 
designated for full-body contact recreation” and “will be capable of supporting” a 
“well-balanced, warm water aquatic community” [327 IAC 2-1-3]. This project will 
gather bacteriological, biological (algal, fish, and macroinvertebrate 
communities), chemical, and habitat data for the purpose of assessing the 
designated use attainment status for each of the Indiana tributaries to the Ohio 
River Basin. 
Nutrient Criteria: The U.S. EPA mandated that states either adopt U.S. EPA’s 
nutrient criteria or develop criteria specific to waters within each state by the year 
2004 (U.S. EPA 2000a, 2000b, 2000c). An extension was given to several states, 
including Indiana, submitting plans which describe data needs, analyses, and 
protocols for developing nutrient water quality criteria. Since 2001, IDEM and the 
Unites States Geological Survey (USGS) have collaborated on several projects 
which provide the technical background for developing nutrient criteria for rivers 
and streams in Indiana. The U.S. EPA has recommended a multiple-lines-of-
evidence approach for developing nutrient criteria and approved the 
implementation of a program that includes the identification and enumeration of 
diatoms. In order to develop numeric nutrient criteria for rivers and streams in 
Indiana, IDEM and the USGS have statistically analyzed water chemistry, fish, 
macroinvertebrate, and chlorophyll data from 2005–2009 (Caskey et al. 2013). 
Taxonomic analysis of periphyton samples and diel dissolved oxygen during this 
project set will add another line of evidence in the development of nutrient 
criteria. 
2. Identify the Goals of the Study 
An objective of this project is to produce a statistically valid estimation of the 
percent of stream miles supporting or nonsupporting for aquatic life use and 
recreational use in the tributaries to the Ohio River Basin. To produce this 
estimation, each target site will be sampled for physical, chemical, and biological 
parameters and evaluated as “supporting” or “nonsupporting” when compared 
with water quality criteria shown in Table 2 [327 IAC 2-1-6] following Indiana’s 
2018 Consolidated Assessment Listing Methodology (CALM, IDEM 2018a, 
2018b). 
In addition to the chemical and bacteriological criteria listed in Table 2, data for 
several nutrient parameters will be evaluated with the benchmarks listed below 
(IDEM 2018b). Assuming a minimum of three sampling events, if two or more of 
the conditions below are met on the same date, the waterbody will be classified 
as nonsupporting due to excessive nutrients. 

• Total Phosphorus: one or more measurements >0.3 mg/L 
• Nitrogen, (Nitrate + Nitrite): one or more measurements >10.0 mg/L 
• Dissolved Oxygen: one or more measurements <4.0 mg/L, or 

measurements that are consistently at/close to the standard, in the range 
of 4.0-5.0 mg/L, or >12.0 mg/L 

• pH: one or more measurements >9.0 SU or measurements consistently at 
or close to the standard, in the range of 8.7–9.0 SU 
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• Algal Conditions: visually observed as “Excessive” by trained staff using 
best professional judgment. Further explanation of this observance is 
documented in Measurement/Data Acquisition under Algal Community 
Data on page 33. 

Biological Criteria: 
Indiana narrative biological criteria [327 IAC 2-1-3] states that “all waters, except 
as described in subdivision (5),” (i.e., limited use waters) “will be capable of 
supporting” a “well-balanced, warm water aquatic community”. The water quality 
standard definition of a “well-balanced aquatic community” is “an aquatic 
community that: (A) is diverse in species composition; (B) contains several 
different trophic levels; and (C) is not composed mainly of pollution tolerant 
species” [327 IAC 2-1-9]. An interpretation or translation of narrative biological 
criteria into numeric criteria would be as follows: A stream segment is 
nonsupporting for aquatic life use when the monitored fish or macroinvertebrate 
community receives an IBI score of less than 36 (on a scale of 0–60 for fish and 
12–60 for macroinvertebrate communities), which is considered “Poor” or “Very 
Poor” (IDEM 2018b). 
Nutrient criteria and algal numeric criteria are being developed through the 
collection of benthic diatoms and chemical, chlorophyll a, and pheophytin a data 
from each site, along with field parameters and physical site descriptions. Once 
collected, the samples will be preserved and transported to the IDEM laboratory, 
located in the IDEM Shadeland facility. Diatoms will be identified and enumerated 
as part of the development of algal metrics by Georgia College and State 
University, Department of Biological and Environmental Sciences (Milledgeville, 
Georgia). 
Following the assessment of each site sampled in the tributaries to the Ohio 
River Basin, the percent of stream miles attaining and not attaining recreational 
use and aquatic life use designations will be calculated. First a spreadsheet is 
developed which lists the following site information: 

• All sites that were initially drawn 
• Their status (i.e., access denied; site sampled for biology, chemistry, or 

both; an overdraw site that was not needed) 
• The assessment status of the site (impaired; not impaired; NA for denials 

and unused overdraw sites) 
• A weight (based on stream order and stream miles within the basin). 

This data is then analyzed by a software package (spsurvey) used with the R 
statistics environment. Instructions on how to download and use the software are 
available at: http://archive.epa.gov/nheerl/arm/web/html/software.html. The end 
product of this analysis is an estimate of the number of stream miles that are 
impaired (or not) along with confidence intervals for that particular basin. 
Calculated mileages will be reported to U.S. EPA in the 2022 update of 
Integrated Report. Sites not attaining recreational use criteria will be listed in the 
CWA section 303(d) List of Impaired Waters for Indiana (Consolidated List). Sites 
not attaining the aquatic life use support (ALUS) designation will be forwarded to 
the Targeted Monitoring Program for possible additional sampling to determine 
the extent, cause(s), and likely source(s) of the ALUS nonattainment area. 

http://archive.epa.gov/nheerl/arm/web/html/software.html
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Site-specific data will be used to classify associated assessment units (AU) into 
one of five major categories in the state’s Consolidated list (IDEM 2018b), which 
is included in the Integrated Report (IDEM 2018a). The geographical extent and 
location of each AU have been defined for mapping purposes through a process 
called reach indexing, which assigns a unique AU identification number to one or 
more reaches in the National Hydrography Dataset (NHD). This “key” is called 
the Reach Index and allows IDEM to map its assessment information (U.S. EPA 
and USGS 2005). 
With the exception of the Ohio River, AUs are associated with eight-digit 
Hydrologic Unit Codes (HUCs), flowing waters are divided into reaches. Each 
reach is assigned a unique AU identifier (AUID) in accordance with the 12-digit 
HUC in which it is located. Together, these AUIDs represent most of the flowing 
waters (rivers and streams) in Indiana. 
In flowing waters, Strahler Stream Order is the primary factor in determining AU 
extent. This is because the mechanisms of large streams and rivers are very 
different from those of small streams and tributary systems thereby making it 
logical to separate these into individual AUs. For example, AUs for smaller 1st 
and 2nd order streams may include all of the waters within the streams’ 
watershed boundary. AUs for larger 3rd and 4th order streams may be larger and 
include several small 1st or 2nd order tributaries. Sample results from 5th+ order 
streams are generally only applicable to the main stem of the river (not including 
any tributaries), and the AU may begin or end at a point where a major tributary 
enters the stream. 
Other factors, such as the following, are also considered when deciding how to 
define a water quality AU: 
Varying land uses within a watershed are considered because rural development 
has different impacts on a stream than urban areas, both of which,, in turn, have 
different impacts on a stream segment than do forested areas. 

• The presence and locations of any permitted wastewater discharge 
facility is considered because the volume of its discharge can impact 
the hydrology of the receiving stream. The chemical makeup of its 
effluent can also impact water quality depending on the type of facility 
and whether the facility is operating efficiently. 

• IDEM also considers any other known factors that might reasonably be 
expected to impact hydrology or water quality, or both, such as the 
presence of dams and wetlands, and whether the stream has been 
channelized. 

• Aerial photography provides additional information about the presence 
and thickness of riparian buffers, the presence and spatial extent of 
rural development, and the types of land use practices in the 
watershed. 

Categories in Indiana’s Consolidated List (IDEM 2018b, U.S. EPA 2005) are: 
Category 1 The available data or information, or both, indicate that all designated 

uses are supported and no use is threatened. Waters are listed in this 
category if there are data and/or other information that meet the 
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requirements of Indiana’s CALM to support a determination that all 
designated uses are supported and no designated use is threatened. 

Category 2 The available data or information, or both, indicate that the individual 
designated use is supported. Waters are listed in this category if there are 
data and/or other information that meet the requirements of Indiana’s CALM 
to support a determination that the individual designated use is supported. 

Category 3 The available data or other information, or both, are insufficient to 
determine if the individual designated use is supported. Waters are 
listed in this category if there are no data or other information available to 
determine if the individual designated use is supported, or if the available 
data and/or other information are not consistent with the requirements of 
Indiana’s CALM. 

Category 4 The available data or information, or both, indicate that the individual 
designated use is impaired or threatened but a TMDL is not required 
based on one of the following conditions: 

A. A TMDL for one or more pollutants has been completed and 
approved by the U.S. EPA and is expected to result in attainment of 
all water quality standards (WQS) applicable to the designated use. 

B. Other pollution control requirements are reasonably expected to 
result in attainment of all water quality criteria applicable to the 
designated use in a reasonable period of time. Consistent with the 
regulation under 40 Code of Federal Regulations Part 130.7(b)(i), (ii), 
and (iii), waters are listed in this subcategory where other pollution 
control requirements required by local, state, or federal authority are 
stringent enough to achieve any water quality criteria applicable to 
the designated use. 

C. Impairment is not caused by a pollutant. Waters are listed in this 
subcategory if the designated use impairment is not caused by a 
pollutant but is instead attributed to other types of pollution for which 
a TMDL cannot be calculated. 
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Category 5 The available data, or information, or both indicate that the individual 
designated use is impaired or threatened, and a TMDL is required. The 
following subcategories together constitute Indiana’s CWA Section 
303(d) List of Impaired Waters: 

A. This subcategory constitutes the CWA section 303(d) list of waters 
impaired or threatened by one or more pollutants for which a TMDL is 
required. Waters are listed in this category if it is determined in 
accordance with Indiana’s CALM that a pollutant has caused, is 
suspected of causing, or is projected to cause impairment. Where 
more than one pollutant is associated with the impairment of a single 
AU, the AU will remain in Category 5 for each pollutant until the 
TMDL for that pollutant has been completed and approved by the 
U.S. EPA. 

B. This subcategory constitutes the CWA section 303(d) list of waters 
that are impaired due to the presence of mercury, PCBs, or both in 
the edible tissue of fish collected from the AUs at levels exceeding 
Indiana’s human health criteria for these contaminants. 
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Table 2. Water Quality Criteria [327 IAC 2-1-6] 
Parameter Level Criterion 
Dissolved 
Metals (Cd, Cr 
III, Cr VI, Cu, 
Pb, Ni, Zn 

Calculated based on 
hardness 

CAC 

Dissolved 
Arsenic III 

190 µg/L CAC 

Ammonia 
Nitrogen 

Calculated based on 
pH and temperature 

CAC 

Chloride Calculated based on 
hardness and sulfate 

CAC 

Free Cyanide 5.2 µg/L (analyzed 
only if Total Cyanide 
result exceeds the 
CAC for Free 
Cyanide) 

CAC 

Dissolved 
Oxygen 

At least 5.0 mg/L 
(warm water aquatic 
life) 
 
At least 6.0 mg/L 
(cold water fish*) 

Not less than 4.0 mg/L at any time. 
 
 
 
Not less than 6.0 mg/L at any time and shall not be 
less than 7.0 mg/L in areas where spawning occurs 
during the spawning season and in areas used for 
imprinting during the time salmonids are being 
imprinted. 

pH 6.0 – 9.0 SU Must remain between 6.0 and 9.0 SU except for daily 
fluctuations that exceed 9.0 due to photosynthetic 
activity 

Nitrogen, 
Nitrate + Nitrite 

10 mg/L HHC at point of drinking water intake 

Sulfate Calculated based on 
hardness and 
chloride 

In all waters outside the mixing zone 

E. coli 
(April–October 
Recreational 
season) 

125 CFU/100mL or 
125 MPN/100 mL 
 
235 CFU/100 mL or 
235 MPN/100 mL 

5 sample geometric mean based on at least 5 
samples equally spaced over a 30 day period 
 
Not to exceed in any one sample in a 30 day period 
except in cases where there are at least 10 samples, 
10% of the samples may exceed the criterion 

Dissolved 
Solids 

750 mg/L Not to exceed at point of drinking water intake 

CAC = Chronic Aquatic Criterion, SU = Standard Units, HHC = Human Health Criteria, MPN = 
Most Probable Number, CFU = Colony Forming Unit 
*Waters protected for cold water fish include those waters designated by the Indiana Department 
of Natural Resources for put-and-take trout fishing, as well as salmonid waters listed in 327 IAC 
2-1.5-5. 
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3. Identify Information Inputs 
Under the probabilistic design, field monitoring activities are required to collect 
physical, chemical, algal, bacteriological, biological, and habitat data. These data 
are required to address the necessary decisions previously described. Monitoring 
activities take place at target sites for which permission to access has been 
granted by the necessary landowners or property managers. Due to the 
statistical nature of the survey design, historical data will not be used in the 
calculation of predicted stream mileages supporting or nonsupporting aquatic life 
or recreational uses. Collection procedures for field measurements, 
bacteriological, algal, chemical, biological, and habitat data will be described in 
detail under Section II. MEASUREMENT AND DATA ACQUISITION. 
4. Define the Boundaries for the Study 
For the purpose of this program, the tributaries to the Ohio River Basin (Figure 1) 
are geographically defined as within the borders of Indiana contained by the 
eight-digit HUCs 05090203, 05140101, 05140104, 05140201, and 05140202 
(excluding the main stem Ohio River as well as the watersheds for the Wabash, 
Whitewater, or Great Miami rivers). This area includes: 

• The Middle Ohio – Laughery subbasin (05090203) located in southeastern 
Indiana drains approximately 805 square miles. Using the 2011 National 
Land Cover Database for the Conterminous United States, predominant 
land uses are forest (51%), pasture (21%), cropland (17%), and urban 
(7%) (Homer et al. 2015). 

• The Silver – Little Kentucky subbasin (05140101) located in southeastern 
Indiana drains approximately 676 square miles within Indiana borders. 
Predominant land uses are forest (53%), cropland (18%), pasture (14%), 
and urban (12%) (Homer et al. 2015). 

• The Blue – Sinking subbasin (05140104) located in south central Indiana 
drains approximately 1253 square miles within Indiana borders. 
Predominant land uses are forest (53%), pasture (25%), cropland (13%), 
and urban (5%) (Homer et al. 2015). 

• The Lower Ohio – Little Pigeon subbasin (05140201) located in 
southwestern Indiana drains approximately 988 square miles within 
Indiana borders. Predominant land uses are forest (44%), cropland (34%), 
pasture (10%), and urban (8%) (Homer et al. 2015). 

• The Highland – Pigeon subbasin (05140202) located in southwestern 
Indiana drains approximately 526 square miles within Indiana borders. 
Predominant land uses are cropland (54%), forest (19%) and urban (18%) 
(Homer at al. 2015). 

The target sample population for the basin is defined as all perennial streams in 
the tributaries to the Ohio River Basin that lie within the geographic boundaries of 
Indiana. The sample frame is comprised of all rivers, streams, canals, and 
ditches as indexed through the NHD-Plus dataset (U.S. EPA and USGS 2005). 
Marshes, wetlands, backwaters, impoundments, dry sites, and streams with no 
apparent channel (i.e., submerged, or run underground either through natural 
processes or by anthropogenic channel alterations) are excluded as they are 
considered nontarget populations. Table 3 gives the site status for 100 potential 
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sampling sites for the tributaries to the Ohio River Basin. From these 100 
potential sites, the first 45 target sites will be sampled for physical, chemical, and 
algal parameters. Bacteriological sampling will be completed at the first 40 target 
sites. Biological communities and habitat information will be sampled at the first 
38 target sites. Fourteen target sites will be sampled for diel dissolved oxygen 
and orthophosphate. For those sites listed as “Target, Approved” but not 
sampled in Table 3, the site will be listed as “Not-needed” when using the R 
statistics environment software (R Core Team 2014) package spsurvey 
(available on the U.S. EPA Aquatic Resources Monitoring and Analysis 
webpage,  http://archive.epa.gov/nheerl/arm/web/html/software.html or at 
https://cran.r-project.org/web/packages/spsurvey/spsurvey.pdf) to calculate the 
percent of perennial stream miles in the basin that support or do not support 
aquatic life and recreational uses. Sites listed as “Other, Deadline 3/15/2019” in 
Table 3 were thought to be part of the target population; however, the landowner 
could not be contacted before the site reconnaissance deadline which occurred 
on March 15, 2019. 
5. Develop the Analytical Approach 
Samples will be collected for physical, chemical, bacteriological parameters, and 
algal and biological communities, if the flow is not dangerous for staff to enter the 
stream (e.g., water levels at or below median base flow); barring any hazardous 
weather conditions (e.g., thunderstorms or heavy rain in the vicinity); or 
unexpected physical barriers to accessing the site. The field crew chief makes 
the final determination as to whether or not a stream is safe to enter. Even if the 
weather conditions and stream flow are safe, sample collections for algal and 
biological communities may be postponed at a particular site for one to four 
weeks due to scouring of the stream substrate or instream cover following a high 
water event resulting in nonrepresentative samples. 
For assessment purposes in the Integrated Report, aquatic life use and 
recreational use support decisions will include independent evaluations of 
chemical, biological, and bacteriological criteria as outlined in Indiana’s 2018 
CALM (IDEM 2018b, pages 17–19). The fish assemblage will be evaluated at 
each site using the appropriate IBI (Dufour 2002; Simon 1997, DRAFT; Simon 
and Dufour, 1998, 2005). Macroinvertebrate multihabitat samples will also be 
evaluated using a statewide IBI developed for lowest practical taxonomic level 
identifications. Specifically, a site will be considered nonsupporting for aquatic life 
use when IBI scores are less than 36. Where biological or chemical criteria are 
nonsupporting for aquatic life use, the site will be forwarded to the Targeted 
Monitoring Program for possible investigation to identify the extent of the 
nonsupport status, determine potential causes, and list the most probable 
sources of the identified stressors.  
Statistical estimations of the percentage of perennial stream miles in the 
tributaries to the Ohio River Basin that support or do not support aquatic life and 
recreational uses will be made following use-attainment decisions for each site 
sampled. Estimations will be calculated using the R statistics environment 
software (R Core Team 2014) package spsurvey available on the U.S. EPA 
Aquatic Resources Monitoring and Analysis webpage, 
http://archive.epa.gov/nheerl/arm/web/html/software.html, or at https://cran.r-

http://archive.epa.gov/nheerl/arm/web/html/software.html
https://cran.r-project.org/web/packages/spsurvey/spsurvey.pdf
http://archive.epa.gov/nheerl/arm/web/html/software.html
https://cran.r-project.org/web/packages/spsurvey/spsurvey.pdf
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project.org/web/packages/spsurvey/spsurvey.pdf. The percent attainment and 
nonattainment for the target population (tributaries to the Ohio River Basin) will 
be published in a table within the 2022 Integrated Report. 
IDEM’s intention is to use algal metrics, once determined, as part of nutrient 
criteria being developed for Indiana’s surface waters. Eventually, IDEM also 
plans to use algal metrics with macroinvertebrate and fish metrics for ALUS 
decisions. Given that ecological tolerances for many diatom species are known, 
changes in diatom community composition can be used to diagnose the 
environmental stressors affecting ecological health (Stevenson 1998; Stevenson 
and Pan 1999); thus, periphyton IBI metrics have been developed and tested in 
many regions (Kentucky Department of Environmental Protection 1993; Hill et al. 
1997). The periphyton assemblage may be used to assess biological integrity of 
a waterbody without any other information; however, periphyton are most 
effective when used with habitat and macroinvertebrate assessments, particularly 
because of the close relationship between periphyton and these elements of 
stream ecosystems (Barbour et al. 1999). For this reason, algal sampling will be 
conducted at the same sites where macroinvertebrates, fish, habitat, chemical, 
and physical data will be collected as part of the Probabilistic Monitoring 
Program. 

https://cran.r-project.org/web/packages/spsurvey/spsurvey.pdf
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Figure 1. Potential Sampling Sites for the Tributaries to the Ohio River Basin 
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Table 3. List of Potential Sites for the Tributaries to the Ohio River Basin. 
Site # AIMS Site Name Stream Name and Location County

Latitude                 
(Decimal Degree)

Longitude              
(Decimal Degree)

Topo
Stream 
Order

Site Status

1 OBS-02-0001 Buck Creek Harrison 38.14598103 -86.04158987 J-35 2 Other, Deadline 3/15/2019
2 OSK-08-0014 Silver Creek @ Gutford Road Floyd 38.31291184 -85.79350539 J-18 4 Target, Approved
3 OML-03-0004 Tanners Creek @ Kelsey Road Dearborn 39.15663562 -84.90017801 G-69 4 Target, Approved
4 OLP-03-0007 Middle Fork Anderson River Perry 38.04359626 -86.76552488 J-48 3 Other, Deadline 3/15/2019
5 OBS-04-0001 Indian Creek @ State Road 335 Harrison 38.28123035 -86.09270534 J-16 4 Target, Approved
6 OSK-04-0004 Fourteenmile Creek @ Charlestown State Park Clark 38.44339852 -85.62978906 I-58 3 Target, Approved
7 OLP-03-0008 Theis Creek @ Atlanta Road Perry 38.07053095 -86.72394278 J-49 1 Target, Approved
8 OLP-10-0006 Otter Creek @ Degonia Road Warrick 38.04431396 -87.20952669 J-45 2 Target, Approved
9 OML-09-0004 Indian Creek @ Posten Road Switzerland 38.78065389 -85.07936217 H-68 3 Target, Approved

10 OML-07-0001 Mud Lick Creek Ohio 38.95293875 -85.00233516 H-45 1 Other, Deadline 3/15/2019
11 OBS-11-0002 Otter Creek @ Mifflin Community Church Crawford 38.30565686 -86.53944315 J-12 3 Target, Approved
12 OHP-01-0001 Tributary of West Fork Pigeon Creek Gibson 38.27872717 -87.58466449 J-04 1 Non-target, Access Denied
13 OBS-07-0022 Blue River @ Cauble Road Washington 38.55426777 -86.12480857 I-35 3 Target, Approved
14 OML-06-0002 Boyd Branch @ Grelle Road Dearborn 38.99961444 -85.10745394 H-45 1 Target, Approved
15 OBS-11-0003 Turkey Fork Crawford 38.18923676 -86.39631616 J-32 3 Non-target, Access Denied
16 OHP-03-0001 Pigeon Creek @ Stream Valley Park Vanderburgh 38.00628256 -87.55738733 J-42 4 Target, Approved
17 OBS-02-0002 Buck Creek @ Squire Boone Caverns Harrison 38.06766468 -86.13853227 J-53 3 Target, Approved
18 OBS-03-0001 Indian Creek @ Old Vincennes Road Floyd 38.3522878 -85.97099544 J-17 3 Target, Approved
19 OML-03-0005 East Fork Tanners Creek @ Dog Ridge Dearborn 39.24872819 -84.98215978 G-69 2 Target, Approved
20 OLP-05-0002 Crooked Creek @ County Road 1100 North Spencer 38.04380242 -86.88461151 J-47 3 Target, Approved
21 OSK-09-0001 French Creek @ Two Mile Lane Floyd 38.25504074 -85.86076735 J-18 1 Target, Approved
22 OSK-08-0015 Sinking Fork @ Brick Church Road Clark 38.45269663 -85.73083265 I-58 3 Target, Approved
23 OLP-05-0001 Tributary of Crooked Creek @ Old State Road 162 Spencer 38.12861111 -86.89238309 J-28 1 Target, Approved
24 OLP-10-0012 Tower Ditch Spencer 37.92206655 -87.1544079 J-63 1 Non-target, Dry
25 OSK-02-0024 Miller Branch Jefferson 38.88128272 -85.22592905 H-44 1 Other, Deadline 3/15/2019
26 OML-07-0002 Tributary of Laughery Creek Dearborn 39.007817 -84.97680947 H-23 2 Other, Deadline 3/15/2019
27 OBS-11-0008 Little Blue River @ Old State Road 37 Crawford 38.2810756 -86.46390337 J-13 4 Target, Approved
28 OLP-09-0023 Tributary of Coles Creek @ Scales Road Warrick 38.20337101 -87.1790631 J-26 1 Target, Approved
29 OBS-07-0019 West Fork Blue River Washington 38.6005495 -86.11974213 I-35 3 Other, Deadline 3/15/2019
30 OML-06-0003 Laughery Creek @ Cutter Road Ohio 38.95637224 -85.11761256 H-45 3 Target, Approved
31 OBS-10-0001 Cold Friday Hollow Creek Harrison 38.15763396 -86.28064288 J-33 1 Non-target, Dry
32 OHP-03-0002 Bluegrass Creek @ Warrick County Line Road Warrick 38.10799052 -87.46858635 J-43 1 Target, Approved
33 OBS-04-0002 Indian Creek @ State Road 335 Harrison 38.30346957 -86.06150529 J-16 4 Target, Approved
34 OBS-03-0002 Indian Creek @ Hamby Road Floyd 38.32672247 -85.99521282 J-17 4 Target, Approved
35 OLP-04-0015 Sigler Creek Perry 38.2406389 -86.67664268 J-30 1 Non-target, Access Denied
36 OLP-09-0024 Coles Creek @ Wilson Lane Warrick 38.06996136 -87.11203843 J-46 2 Target, Approved
37 OSK-09-0002 Mill Creek @ Ohio River Greenway Clark 38.29255946 -85.77747964 J-18 1 Target, Approved
38 OSK-04-0005 Dry Branch @ Charlestown New Market Road Clark 38.50058426 -85.64681469 I-38 1 Target, Approved
39 OBS-09-0002 Dry Run Crawford 38.20385123 -86.33298022 J-33 2 Non-target, Dry
40 OHP-02-0001 Tributary of Pigeon Creek Warrick 38.07948748 -87.39751558 J-43 1 Non-target, Wetland
41 OSK-02-0025 Brushy Fork @ Brushy Fork Road Jefferson 38.79584807 -85.25155071 H-66 2 Target, Approved
42 OML-04-0007 Allen Branch @ Akes Road Dearborn 39.08555939 -85.05652581 H-22 1 Target, Approved
43 OBS-11-0004 Bogard Creek Crawford 38.29540787 -86.45362864 J-13 2 Other, Deadline 3/15/2019
44 OHP-01-0002 Smith Fork @ Spurgeon Road Warrick 38.22500482 -87.27975994 J-25 1 Target, Approved
45 OSK-08-0016 Miller Fork @ US Highway 31 Clark 38.56134134 -85.7609833 I-37 2 Target, Approved
46 OML-03-0006 West Fork Tanners Creek @ Konvadi Road Dearborn 39.16880633 -84.97506114 G-69 3 Target, Approved
47 OLP-01-0001 East Deer Creek @ Triplett Road Perry 37.94783071 -86.64377321 J-67 2 Target, Approved
48 OHP-06-0007 BeaverDam Creek Posey 37.88312245 -87.95320252 J-57 2 Non-target, Impounded
49 OBS-04-0003 Indian Creek @ Cedar Glade Avenue Harrison 38.21771051 -86.12824379 J-34 4 Target, Approved
50 OBS-06-0026 South Fork Blue River @ Dalton Lane Washington 38.46861504 -86.1205988 I-55 3 Target, Approved
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Table 3 (continued). List of Potential Sites for the Tributaries to the Ohio River Basin. 
Site # AIMS Site Name Stream Name and Location County

Latitude                 
(Decimal Degree)

Longitude              
(Decimal Degree)

Topo
Stream 
Order

Site Status

51 OLP-04-0019 Anderson River @ Angelo Road Perry 38.12056865 -86.80368946 J-48 3 Target, Approved
52 OLP-10-0007 Caney Creek @ New Hope Road Warrick 37.99645709 -87.23624396 J-63 1 Target, Approved
53 OML-05-0047 Little Laughery Creek @ State Road 229 Ripley 39.25837751 -85.24134584 G-43 2 Target, Approved
54 OSK-08-0017 Sinking Fork @ Charlestown Memphis Road Clark 38.46431712 -85.7157349 I-58 2 Target, Approved
55 OBS-09-0004 Blue River @ State Road 62 Crawford 38.20140345 -86.29126302 J-33 4 Target, Approved
56 OLP-10-0008 Little Pigeon Creek Warrick 37.91007731 -87.28523105 J-62 4 Non-target, Impounded
57 OSK-03-0001 Big Saluda Creek Jefferson 38.6333213 -85.47041913 I-18 1 Other, Deadline 3/15/2019
58 OML-05-0049 Castators Creek @ State Road 350 Ripley 39.14629582 -85.21653673 G-67 1 Target, Approved
59 OBS-11-0005 Little Blue River @ Beechwood Road Crawford 38.1750484 -86.424836 J-32 4 Target, Approved
60 OHP-02-0002 Pigeon Creek Warrick 38.17526058 -87.41658418 J-24 4 Other, Unsafe
61 OSK-08-0018 Silver Creek Clark 38.4760623 -85.75718819 I-57 4 Other, Deadline 3/15/2019
62 OML-04-0008 North Hogan Creek Dearborn 39.06837593 -84.91339349 H-23 3 Non-target, Impounded
63 OLP-04-0016 Brushy Fork @ Sagebrush Road Perry 37.98797068 -86.73047183 J-67 1 Target, Approved
64 OBS-08-0001 Whiskey Run @ Milltown Road Crawford 38.35310499 -86.28853914 J-14 3 Target, Approved
65 OBS-01-0001 Mosquito Creek Harrison 38.04452595 -85.99967429 J-55 1 Other, Deadline 3/15/2019
66 OSK-07-0003 Muddy Fork Clark 38.41658942 -85.74339321 I-58 3 Other, Deadline 3/15/2019
67 OLP-03-0009 Middle Fork Anderson River @ Huffman Road Perry 38.13385777 -86.72574595 J-30 2 Target, Approved
68 OLP-10-0009 Little Pigeon Creek @ Campbell Road Warrick 38.02665111 -87.16293966 J-45 4 Target, Approved
69 OBS-07-0020 Blue River @ Organ Springs Road Washington 38.51997373 -86.15407791 I-34 3 Target, Approved
70 OML-06-0004 Laughery Creek @ West Laughery Creek Road Dearborn 38.9399885 -85.09432581 H-45 4 Target, Approved
71 OBS-11-0006 Little Blue River @ Beechwood Road Crawford 38.15850672 -86.39977872 J-32 4 Target, Approved
72 OHP-03-0003 Pigeon Creek @ Fawn Lake Drive Vanderburgh 38.02333317 -87.49408061 J-43 4 Target, Approved
73 OSK-08-0019 Silver Creek Clark 38.30738684 -85.79462481 J-18 4 Other, Deadline 3/15/2019
74 OSK-04-0006 Fourteenmile Creek @ Cole Road Clark 38.57022744 -85.58061508 I-39 3 Target, Approved
75 OLP-09-0025 North Fork Little Pigeon Creek Warrick 38.17679586 -87.02206354 J-27 2 Other, Deadline 3/15/2019
76 OLP-10-0010 Baker Creek Spencer 37.89201726 -87.23376785 J-63 1 Target, Approved
77 OBS-06-0029 Tributary of South Fork Blue River @ Blankenbaker Road Washington 38.50640133 -85.95953283 I-36 1 Target, Approved
78 OML-06-0005 Raccoon Creek Ripley 38.98686759 -85.22102106 H-44 1 Target, Approved
79 OBS-05-0002 Indian Creek Harrison 38.11403736 -86.26682341 J-52 4 Non-target, Impounded
80 OHP-06-0006 Cypress Slough Posey 37.91991842 -87.8600205 J-58 2 Non-target, Impounded
81 OBS-04-0004 Indian Creek Harrison 38.30415437 -86.06624009 J-16 4 Target, Approved
82 OBS-06-0027 South Fork Blue River Washington 38.44088442 -86.14043239 I-54 3 Target, Approved
83 OLP-04-0017 Anderson River Perry 38.20001899 -86.76337036 J-29 2 Target, Approved
84 OLP-09-0026 East Fork Little Pigeon Creek Spencer 38.04453896 -87.07051874 J-46 2 Target, Approved
85 OML-05-0048 Laughery Creek Ripley 39.18977134 -85.25377 G-66 3 Target, Approved
86 OSK-06-0004 Owen Creek Clark 38.45766912 -85.56175548 I-59 1 Non-target, Impounded
87 OBS-09-0003 Blue River @ Roth Rock Mill Road Harrison 38.28512647 -86.27544793 J-14 4 Target, Approved
88 OLP-11-0001 Cypress Creek Warrick 37.981409 -87.32631721 J-62 2 Target, Approved
89 OSK-02-0026 Dry Fork Jefferson 38.77733684 -85.23099756 H-67 1 Target, Approved
90 OML-06-0006 Caesar Creek Ripley 39.05686129 -85.17585279 H-21 1 Target, Approved
91 OBS-12-0001 Little Oil Creek Perry 38.07883799 -86.48938648 J-51 2 Non-target, Impounded
92 OHP-01-0003 Donohue Creek Gibson 38.25319923 -87.37572735 J-05 1 Target, Approved
93 OBS-06-0028 Whiskey Run Washington 38.50785978 -85.89061018 I-36 1 Target, Approved
94 OML-03-0007 Flys Run Dearborn 39.14646808 -84.97475133 G-69 1 Target, Approved
95 OLP-08-0001 Huffman Ditch Spencer 37.89135867 -87.04767042 J-64 2 Non-target, Impounded
96 OBS-11-0007 Bird Hollow Creek @ State Road 37 Crawford 38.36785522 -86.46592252 J-13 1 Target, Approved
97 OBS-05-0003 Indian Creek @ Mathis Road Southwest Harrison 38.19427208 -86.19008043 J-34 4 Target, Approved
98 OBS-07-0021 Blue River Washington 38.46141952 -86.14706512 I-54 3 Target, Approved
99 OLP-04-0018 Anderson River Perry 38.10738252 -86.78644301 J-48 3 Target, Approved

100 OLP-10-0011 Little Pigeon Creek @ State Road 161 Warrick 37.99807758 -87.18534657 J-63 4 Target, Approved
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6. Specify Performance or Acceptance Criteria 
Good quality data are essential for minimizing decision error. By identifying errors 
in the sampling design; measurement; and laboratory for physical, chemical, and 
biological parameters, more confidence can be placed in the percentage of 
perennial stream miles in the river basin that support or do not support aquatic 
life and recreational uses; and in algal metrics produced. In this project, it is 
desired to make decisions protective of human health and the environment; 
therefore, the null hypothesis is that the reach is not supportive of Indiana’s 
aquatic life and recreational uses. The resulting Type 1 and Type 2 decision 
errors in this project are listed in Table 4 below. 

Table 4. Decision Error Associated with Probabilistic Monitoring. 

WAPB Work Plan 
Findings

Stream reach IS supportive                     
of aquatic life and                        
recreational use

Stream reach IS NOT supportive                 
of aquatic life and                       
recreational use

Stream reach IS supportive 
of aquatic life and 
recreational use

Stream reach is correctly identified as 
supporting aquatic life and 

recreational use

Decision Error                                                         
(Type 1)

 Stream reach IS NOT 
supportive of aquatic life 

and recreational use

Decision Error                                                         
(Type 2)

Stream reach is correctly identified as 
NOT supporting aquatic life and 

recreational use

Actual Status of Sampled Stream Reaches                                           
of the Studied Watershed

The probabilistic sampling design provides estimations of the proportion of 
streams in the basin attaining designated uses with a 95% confidence level. A 
minimum of 38 probabilistic sites will be sampled in the basin to assure this 
confidence level is reached for overall stream mileage estimations (see Sampling 
Design and Site Locations, pg 23). 
Site specific aquatic life use and recreational use assessments include program 
specific controls to identify the introduction of errors. These controls include 
water chemistry and bacteriological blanks and duplicates, biological site revisits 
or duplicates, and laboratory controls through verification of species 
identifications as described in field procedure manuals (IDEM 2002; OHEPA 
2006) and SOPs (IDEM 1992a, 1992b, 1992c, 2015a, 2018c, 2019a,2019b). 
The QA/QC process detects deficiencies in the data collection as set forth in the 
Surface Water QAPP (IDEM 2017a). The QAPP requires all contract laboratories 
to adhere to rigorous standards during sample analyses and to provide good 
quality usable data. Chemists within the WAPB provide a QA review of the 
laboratory analytical results. Any data which is “Rejected” due to analytical 
problems or errors will not be used for water quality assessment decisions. Any 
data flagged as “Estimated” may be used on a case by case basis and is noted in 
the QA/QC report. Criteria for acceptance or rejection of results as well as 
application of data quality flags is presented in the QAPP, Table D3-1: Data 
Qualifiers and Flags, page 184. Precision and accuracy goals with acceptance 
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limits for applicable analytical methods are provided in the QAPP, Table A7-1: 
Precision and Accuracy Goals for Data Acceptability by Matrix, pages 61–63; and 
Table B2.1.1.8-2 Field Parameters, page 117. Further investigation will be 
conducted in response to consistent “rejected” data in determining the source of 
error. Field techniques used during sample collection and preparation, along with 
laboratory procedures will be subject to evaluation by both the WAPB QA 
Manager and Project Manager in troubleshooting error introduced throughout the 
entire data collection process. Corrective actions will be implemented once the 
source of error is determined, Surface Water QAPP (IDEM 2017a). 
If funding and resources are available, results showing nonsupport for aquatic life 
use will be subsequently verified through a targeted monitoring program prior to 
completion of the Integrated Report. Those stream reaches showing nonsupport 
may also be verified through the TMDL development process. 
7. Develop the Plan for Obtaining Data 
The rotating basin, probability design is optimal for assessing the recreational 
use and ALUS status of river and stream resources in Indiana. The design 
facilitates statistically valid estimations of the total percent of perennial stream 
miles within the basin of interest that are nonsupporting for aquatic life and 
recreational uses. The estimations are derived from total perennial stream miles 
in the basin of interest and the design requires minimal use of sampling and staff 
resources (see Sampling Design and Site Locations, pg 23). 
Periphyton assemblages are impacted by habitat and macroinvertebrate 
community structure. Thus, to develop algal metrics and subsequent nutrient 
criteria, algal samples will be collected from the same sites generated using the 
rotating basin, probability design from which fish and macroinvertebrate 
communities and habitat data are collected. 

Training and Staffing Requirements 
Table 5. Project Roles, Experience, and Training 

Role Required 
Training/Experience 

Responsibilities Training 
References 

Project Manager -Bachelor of Science 
Degree in biology or other 
closely related area plus 
four years of experience in 
aquatic ecosystems 
(Master’s Degree with two 
years aquatic ecosystems 
experience may substitute) 
-Database experience 
-Experience in project 
management and QA/QC 
procedures 

-Establish Project in the 
Assessment Information 
Management System 
(AIMS) II database 
-Oversee development of 
Project Work Plan 
-Oversee entry and QC of 
field data 
-Querying data from 
AIMS II to determine 
results not meeting Water 
Quality Criteria 
-Calculating predicted 
percentage of perennial 
stream miles 
nonsupporting for aquatic 
life uses and recreational 
uses in the river basin of 
interest 

-AIMS II 
Database User 
Guide 
-U.S. EPA 2006 
Guidance for 
QAPPs (Work 
Plans) 
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Role Required 
Training/Experience 

Responsibilities Training 
References 

Field Crew Chief 
– Fish or 
Macroinvertebrate 
Community 
Sampling 
 

-Bachelor of Science 
Degree in biology or other 
closely related area 
-At least one year of 
experience in sampling 
methodology and 
taxonomy of aquatic 
communities in the region 
-Annually review the 
Principles and Techniques 
of Electrofishing 
-Annually review relevant 
safety procedures 
-Annually review relevant 
SOP documents for field 
operations 

-Completion of field data 
sheets 
-Taxonomic accuracy 
-Sampling efficiency and 
representation 
-Voucher specimen 
tracking 
-Overall operation of the 
field crew when remote 
from central office 
-Adherence to safety and 
field SOP procedures by 
crew members 
-Ensure that multiprobe 
analyzers are calibrated 
weekly prior to field 
sampling activities 
-Ensure that field 
sampling equipment is 
functioning properly and 
loaded into field vehicles 
prior to field sampling 
activities 

-Barbour et al. 
1999 
-Dufour 2002 
-Hydrolab 
Corporation 
2002 
-IDEM 1992a, 
1992b, 1992c, 
2002, 2010a, 
2010b, 2015b, 
2018c, 2019a, 
2019b 
-Klemm et al. 
1990 
-Plafkin et al. 
1989 
-Simon 1997, 
DRAFT 
-Simon and 
Dufour, 1998, 
2005 
-YSI 2006 

Field Crew 
members – Fish 
or 
Macroinvertebrate 
Community 
Sampling 

-Complete hands-on 
training for sampling 
methodology prior to 
participation in field 
sampling activities 
-Review the Principles and 
Techniques of 
Electrofishing 
-Review relevant safety 
procedures 
-Review relevant SOP 
documents for field 
operations 

-Follow all safety and 
SOP procedures while 
engaged in field sampling 
activities 
-Follow direction of Field 
Crew Chief while 
engaged in field sampling 
activities 

-Barbour et al. 
1999 
-Hydrolab 
Corporation 
2002 
-IDEM 1992a, 
1992b, 1992c, 
2002, 2010a, 
2010b, 2015b, 
2018c, 2019a, 
2019b 
-Klemm et al. 
1990 
-Plafkin et al. 
1989 
-YSI 2006 

Field Crew Chief 
– Water 
Chemistry, Algal, 
and/or 
Bacteriological 
Sampling 

-Bachelor of Science 
Degree in biology or other 
closely related area 
-At least one year of 
experience in sampling 
methodology 
-Annually review relevant 
safety procedures 
-Annually review relevant 
SOP documents for field 
operations 

-Completion of field data 
sheets 
-Sampling efficiency and 
representation 
-Overall operation of the 
field crew when remote 
from central office 
-Adherence to safety and 
field SOP procedures by 
crew members 
-Ensure that multiprobe 
analyzers are calibrated 
weekly prior to field 
sampling activities 
-Ensure that field 
sampling equipment is 

-Hydrolab 
Corporation 
2002 
-IDEM 1997, 
2002, 2010a, 
2010b, 2015b, 
2018d 
-YSI 2006 
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Role Required 
Training/Experience 

Responsibilities Training 
References 

functioning properly and 
loaded into field vehicles 
prior to field sampling 
activities 

Field Crew 
Members – Water 
Chemistry, Algal, 
and/or 
Bacteriological 
Sampling 

-Complete hands-on 
training for sampling 
methodology prior to 
participation in field 
sampling activities 
-Review relevant safety 
procedures 
-Review relevant SOP 
documents for field 
operations 

-Follow all safety and 
SOP procedures while 
engaged in field sampling 
activities 
-Follow direction of Field 
Crew Chief while 
engaged in field sampling 
activities 

-Hydrolab 
Corporation 
2002 
-IDEM 1997, 
2002, 2010a, 
2010b, 2015b, 
2018d 
-YSI 2006 

Laboratory 
Supervisor – Fish 
or 
Macroinvertebrate 
Community 
Sample 
Processing 

-Bachelor of Science 
Degree in biology or other 
closely related area 
-At least one year of 
experience in taxonomy of 
aquatic communities in the 
region 
-Annually review relevant 
safety procedures 
-Annually review relevant 
SOP documents for 
laboratory operations 

-Identification of fish and 
macroinvertebrate 
specimens collected 
during field sampling 
-Completion of laboratory 
data sheets 
-Verify taxonomic 
accuracy of processed 
samples 
-Voucher specimen 
tracking 
-Adherence to safety and 
SOP procedures by 
laboratory staff 
-Check data for 
completeness 
-Perform all necessary 
calculations on the data 
-Ensure that data are 
entered into the AIMS II 
Database 
-Ensure that required 
QA/QC are performed on 
the data 
-Querying data from 
AIMS II to determine 
results not meeting Water 
Quality Criteria 

-IDEM 1992c, 
2004, 2010a, 
2010b, 2012e 
-AIMS II 
Database User 
Guide 

Laboratory Staff – 
Fish or 
Macroinvertebrate 
Community 
Sample 
Processing 

-Complete hands-on 
training for laboratory 
sample processing 
methodology prior to 
participation in laboratory 
sample processing 
activities 
-Annually review relevant 
safety procedures 
-Annually review relevant 
SOP documents for 
laboratory operations 

-Adhere to safety and 
SOP procedures 
-Follow Laboratory 
Supervisor direction while 
processing samples 
-Identification of fish and 
macroinvertebrate 
specimens collected 
during field sampling 
-Completion of laboratory 
data sheets, perform 
necessary calculations on 
data, enter field sheets 

-IDEM 1992c, 
2004, 2010a, 
2010b, 2018e 
-AIMS II 
Database User 
Guide 
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Role Required 
Training/Experience 

Responsibilities Training 
References 

Laboratory 
Supervisor – 
Water Chemistry, 
Algal and/or 
Bacteriological 
Sample 
Processing 

-Bachelor of Science 
Degree in biology or other 
closely related area 
-Annually review relevant 
safety procedures 
-Annually review relevant 
SOP documents for field 
operations 

-Completion of laboratory 
data sheets 
-Adherence to safety and 
SOP procedures by 
laboratory staff 
-Check data for 
completeness 
-Perform all necessary 
calculations on the data 
-Ensure that data are 
entered into the AIMS 
Data Base 
-Ensure that required 
QA/QC are performed on 
the data 
-Querying data from 
AIMS II to determine 
results not meeting Water 
Quality Criteria 

-IDEM 2010a, 
2010b, 2015a 
-AIMS II 
Database User 
Guide 

QA Officer -Bachelor of Science in 
chemistry or a related field 
of study 
-Familiarity with QA/QC 
practices and 
methodologies 
-Familiarity with the 
Surface Water QAPP and 
data qualification 
methodologies 

-Ensure adherence to 
QA/QC requirements of 
Surface Water QAPP 
-Evaluate data collected 
by sampling crews for 
adherence to project 
work plan 
-Review data collected by 
field sampling crews for 
completeness and 
accuracy 
-Perform a data quality 
analysis of data 
generated by the project 
-Assign data quality 
levels based on the data 
quality analysis 
-Import data into the 
AIMS data base 
-Ensure that field 
sampling methodology 
audits are completed 
according to WAPB 
procedures 

-IDEM 2017c, 
2018e 
-U.S. EPA 2006 
Guidance for 
QAPPs and 
data 
qualification  
-AIMS II 
Database User 
Guide  

II. MEASUREMENT AND DATA ACQUISITION 
Sampling Design and Site Locations 
Sites are generated by the U.S. EPA, NHEERL, Western Ecology Division, in 
Corvallis, Oregon using Environmental Monitoring Assessment Program 
selection methods. The Environmental Monitoring Assessment Program design 
uses a statistically valid number of randomly selected sites to assess and 
characterize the overall water quality and biotic integrity of the basin of study. To 
statistically estimate the percent of the basin attaining designated uses with a 
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95% confidence level, a minimum of 38 probabilistic sites will be sampled in the 
basin of interest. This minimum required number of sites was determined by 
analyzing IDEM fish community IBI metric scores from 317 sites sampled from 
1996–2000 with the following formula: 

 𝑛𝑛 =  
𝑠𝑠2

(𝑝𝑝)2(𝑥̅𝑥)2
 

where n is the number of sites required, s is the sample standard deviation 
(10.98922), 𝒙𝒙� is the sample mean (35.52366), and 𝒑𝒑 is the p-value (set at 0.05 
for a 95% confidence level) (Elliott 1983). A sample size of 38 was thereby 
determined to be sufficient to arrive at the "true" average IBI score for a basin 
95% of the time. This sample size was also found to be sufficient to provide 80% 
estimations for eight of the more frequently used individual metrics used in the 
calculation of the fish community IBI. 
Site selection is stratified to ensure effort is equally distributed between stream 
orders for equal representation of the various stream sizes within the basin. 
IDEM’s site selection process incorporates a stratified random probability design 
in order to select an approximately equal number of 1st, 2nd, 3rd, and 4th order and 
higher streams in the basin. Utilizing the stratification method ensures that a 
greater number of sampling sites on lesser order streams are not chosen based 
on proportion of stream miles. An over draw of sampling sites is requested to 
compensate for denial of access, dry stream conditions, and sites presenting 
extremely difficult or unsafe access. 
Site reconnaissance activities will be conducted in-house and through physical 
site visits. In-house activities will include preparation and review of site maps and 
aerial photographs; initial evaluation of target or nontarget site status; potential 
access routes; and initial property owner searches. Physical site visits will include 
property owner consultations; verification of site status (target or nontarget); 
confirmation and documentation of access routes; and determination of 
equipment needed to properly sample the site. Precise coordinates for each 
approved target site will be determined using an agency approved handheld 
Global Positioning System (GPS) unit which can verify horizontal precision of five 
meters or less (IDEM 2015b). All 100 potential sites are to be visited at least 
once during site reconnaissance to determine target or nontarget status (marsh, 
dry, backwater, etc.). However, landowner permission and site access will be 
determined for only the first 75 potential sites with the remaining 25 sites noted 
only as “Target” or “NonTarget”. After each site has been visited once, and at 
least 45 sites have been approved in the basin of interest, field work for site 
reconnaissance activities should be minimal. Although eight weeks is the 
maximum time allotted for site reconnaissance field work (see Section I on 
PROJECT MANAGEMENT for site reconnaissance activities, QAPP ELEMENT 
A4), most work can be completed in a six-week period (dependent upon weather, 
drive time to sites, and other unforeseeable constraints). The remaining work, if 
possible, can be done in the office with phone calls to seek landowner 
permission. If permission to visit a site is then granted before the 12 week 
deadline, a daytrip or overnight may be needed to determine access routes, 
equipment, and more accurate GPS coordinates. Once the deadline is reached, 
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those sites that were not accessible through bridge right-of-way, yet appeared to 
be “target” from the nearest bridge, will be entered into the database with the 
Reconnaissance Decision as “No, Other” with the following text in the Comments 
field “Unable to contact landowner by deadline" along with the date and initials of 
the person entering the data and writing it on the IDEM Site Reconnaissance 
Form (Attachment 1). 
Table 3 lists the potential sampling sites generated by U.S. EPA Corvallis for the 
Tributaries to the Ohio River Basin. Target sampling sites will be taken in 
sequential order as shown in Table 3 until the 45 sites are sampled for algal 
community and water chemistry, 40 sites for bacteriological sampling, and 38 
sites for biological sampling programs. If a site is considered “nontarget” (dry, 
backwater, marsh/wetland, etc.) or unavailable to sample for some other reason 
(physical barrier, landowner denial, etc.), the next target site on the list will be 
taken. Figure 1 depicts potential sampling sites generated by U.S. EPA Corvallis 
for this project and their approximate locations. 
In order to provide additional information on the relationships between diel 
dissolved oxygen swings, nutrients, and algal communities, Onset Hobo® U26-
001 D.O. data loggers will be deployed at 14 of the 45 Target sampling sites. 
Target sampling sites were ranked on their potential to be impaired by nutrients 
based on land use characteristics, stream substrate, and best professional 
judgement of the staff conducting water chemistry sample collection. This ranking 
will be used to select the ten most likely and ten most unlikely sites for potential 
nutrient impairment; seven sites from each group of ten will be randomly selected 
for deployment of HOBO data loggers following the first round of water chemistry 
sample collection. 

Sampling Methods and Sample Handling 
Bacteriological Sampling 
The bacteriological sampling will be conducted by one or two teams consisting of 
two staff. The work effort will require an average of one hour per site per week. 
Samples will be processed in an IDEM E. coli Mobile Laboratory (van) equipped 
with all materials and equipment necessary for the Standard Method (SM) 9223B 
Colilert® E. coli Test Method near the sampling sites. Five samples from each 
site (40 sites total) will be collected at equally spaced intervals over a thirty 
calendar-day period. Staff will collect the samples in a 120 mL presterilized wide 
mouth container from the center of flow (if the stream is wadeable) or from the 
shoreline using a pole sampler (if the stream is not wadeable). This is subject to 
field staff determination based on available Personal Protective Equipment 
(PPE), turbidity, and other factors. However, streams waist deep or shallower are 
generally considered wadeable. All samples will be consistently labeled, cooled, 
and held at a temperature less than 10ºC during transport. All E. coli samples will 
be collected on a schedule such that any sampling crew can deliver them to the 
IDEM E. coli Mobile Laboratory for analyses within the bacteriological holding 
time of six hours. 
The IDEM E. coli Mobile Laboratory is used in this project to facilitate E. coli testing 
by eliminating the necessity of transporting samples to distant contract laboratories 
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within a six-hour holding time. The E. coli Mobile Laboratory provides work space 
containing storage for samples, supplies for Colilert® Quanti-tray testing, and all 
equipment needed for collecting, preparing, incubating, and analyzing results. All 
supplies will be obtained from IDEXX Laboratories, Inc., Westbrook, Maine. 
Water Chemistry Sampling 
During three discrete sampling events, one team of two staff will collect grab 
water chemistry samples, and record water chemistry field measurements and 
physical site descriptions on the IDEM Stream Sampling Field Data Sheet 
(Attachment 2). All water chemistry sampling will adhere to the Water Quality 
Surveys Section Field Procedure Manual (IDEM 2002, pp 8–14). Orthophosphate 
will only be collected at the 14 sites at which a HOBO data logger will be 
deployed. Samples will be collected on a separate sampling trip from the water 
chemistry sampling due to the shorter (48 hr) holding times for this analyte. 
Water chemistry sampling usually takes 30 minutes to complete for each site, 
depending on accessibility. 
Algal Sampling 
In addition to standard water chemistry sampling, one team of two staff will 
collect chlorophyll a and pheophytin a from the seston community at sites with a 
drainage area greater than 1000 square miles and periphyton community at all 
sites during the third round of water chemistry in September and October (Table 
1). Sampling for an average site that includes all of the above parameters will 
require approximately 2.5 hours of effort. The Algal Biomass Lab Datasheet 
(Attachment 3) and Probabilistic Monitoring Section Physical Description of 
Stream Site Form (Attachment 4) will be used to record information regarding 
substrates sampled for periphyton and physical parameters of the stream 
sampling area. See IDEM 2018d for a description of methods used in algal 
community sampling. 
Laboratory Procedures for Diatom Identification and Enumeration 
See IDEM 2015a for a description of methods used in diatom identification and 
enumeration. 
Fish Community Sampling 
Fish community sampling will be performed using various standardized 
electrofishing methodologies depending on stream size and site accessibility. 
Fish assemblage assessments will be performed in a sampling reach of 15 times 
the average wetted width, with a minimum reach of 50 meters and a maximum 
reach of 500 meters (IDEM 2018c). An attempt will be made to sample all habitat 
types available (i.e., pools, shallows; see IDEM 2019b, pg 10–11, for more 
potential habitat types) within the sample reach to ensure adequate 
representation of the fish community present at the time of the sampling event. 
The possible list of electrofishers to be utilized include: the Smith-Root LR-24 or 
LR-20B Series backpack electrofishers; the Smith-Root 1.5kVa electrofishing 
system; the Smith-Root 2.5 Generator Powered Pulsator (GPP) electrofisher with 
RCB-6B junction box and rat-tail cathode cable; or Midwest Lake Electrofishing 
Systems (MLES) Infinity Control Box with MLES junction box and rat-tail cathode 
cable, assembled in a canoe (if parts of the stream are not wadeable, the system 
may require the use of a dropper boom array outfitted in a canoe or possibly a 12 
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foot Loweline boat); or, for nonwadeable sites, the Smith-Root Type VI-A 
electrofisher assembled in a 16 foot Loweline boat (IDEM 1992a, 1992b, 1992c, 
2018c). 
Sample collections during high flow or turbid conditions will be avoided due to 1) 
low collection rates which result in nonrepresentative samples and 2) safety 
considerations for the sampling team. Sample collection during late autumn will 
be avoided due to the cooling of water temperature, which may affect the 
responsiveness of some species to the generated electric field. This lack of 
responsiveness can result in samples that are not representative of the stream’s 
fish assemblage (IDEM 2018c). 
Fish will be collected using dipnets with fiberglass handles and netting of 1/8-inch 
bag mesh. Fish collected in the sampling reach will be sorted by species into 
baskets or buckets. Young-of-the-year fish less than 20 millimeters (mm) total 
length will not be retained in the community sample (IDEM 2018c). 
For each field taxonomist (generally the crew leader), a complete set of fish 
vouchers are retained for any different species encountered during the summer 
sampling season. Vouchers may consist of either preserved specimens or digital 
images. Prior to processing fish specimens and completion of the fish community 
datasheet, one to two individuals per new species encountered will be preserved 
in 3.7% formaldehyde solution to serve as representative fish vouchers if the fish 
specimens can be positively identified and the individuals for preservation are 
small enough to fit in a 2000 mL jar. If however, the specimens are too large to 
preserve, a photo of key characteristics (e.g., fin shape, size, body coloration) will 
be taken for later examination (IDEM 2016a, p. 8; IDEM 2018c). Also, prior to 
sampling, 10% of the sites will be randomly selected for revisiting and a few 
representative individuals of all species found at the site will be preserved or 
photographed to serve as vouchers. Taxonomic characteristics for possible 
species encountered in the basin of interest will be reviewed prior to field work. 
Fish specimens should also be preserved if they cannot be positively identified in 
the field (i.e., those that co-occur like the Striped and Common Shiners or are 
difficult to identify when immature); individuals that appear to be hybrids or have 
unusual anomalies; and dead specimens that are taxonomically valuable for 
undescribed taxa (e.g., Red Shiner or Jade Darter), life history studies, or 
research projects (IDEM 2018c). 
Data will be recorded for nonpreserved fish on the IDEM Fish Collection Data 
Sheet (Attachment 5) consisting of the following: number of individuals, minimum 
and maximum total length (mm), mass weight in grams (g), and number of 
individuals with deformities, eroded fins, lesions, tumors, and other anomalies 
(DELTs). Once the data have been recorded, specimens will be released within 
the sampling reach from which they were collected. Data will be recorded for 
preserved fish specimens following taxonomic identification in the laboratory 
(IDEM 2018c). 
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Macroinvertebrate Sampling 
Aquatic benthic macroinvertebrate samples are collected using a modification of 
the U.S. EPA Rapid Bioassessment Protocol multihabitat (MHAB) approach 
using a D-frame dip net (Plafkin et al. 1989; Barbour et al. 1999; Klemm et al. 
1990; IDEM 2019a). The IDEM MHAB approach (IDEM 2019a) is composed of a 
1-minute “kick” sample within a riffle or run (collected by disturbing one square 
meter of stream bottom substrate in a riffle or run habitat, and collecting the 
dislodged macroinvertebrates within the dipnet); and a 50 meter “sweep” sample 
of additional instream habitats (collected by disturbing habitats such as emergent 
vegetation, root wads, coarse particulate organic matter, depositional zones, 
logs, and sticks; and collecting the dislodged macroinvertebrates within the 
dipnet). The 50 meter length of riparian corridor that is sampled at each site will 
be defined using a tape measure or rangefinder. If the stream is too deep to 
wade, a boat will be used to sample the 50 meter zone along the shoreline that 
has the best available habitat. The 1-minute “kick” (if collected) and 50 meter 
“sweep” samples are combined in a bucket of water. The sample will be 
elutriated through a U.S. standard number 35 (500 µm) sieve a minimum of five 
times so that all rocks, gravel, sand, and large pieces of organic debris are 
removed from the sample. The remaining sample is then transferred from the 
sieve to a white plastic tray. The collector (while still onsite) will conduct a 15-
minute pick of macroinvertebrates at a single organism rate with an effort to pick 
for maximum organism diversity and relative abundance through turning and 
examination of the entire sample in the tray. The resulting picked sample will be 
preserved in 80% isopropyl alcohol; returned to the laboratory for identification at 
the lowest practical taxonomic level (usually genus or species level, if possible); 
and evaluated using the MHAB macroinvertebrate IBI. Before leaving the site, an 
IDEM OWQ Macroinvertebrate Header Form (Attachment 6) will be completed 
for the sample (IDEM 2019c). 
Habitat Assessments 
Habitat assessments will be completed immediately following macroinvertebrate 
and fish community sample collections at each site using a slightly modified 
version of the Ohio Environmental Protection Agency (OHEPA) Procedures for 
Completing the QHEI, 2006 edition (Rankin 1995; OHEPA 2006). A separate 
QHEI (Attachment 7) must be completed for these two sample types since the 
sampling reach length may differ (i.e., 50 meters for macroinvertebrates and 
between 50 and 500 meters for fish). See IDEM 2019b for a description of the 
method used in completing the QHEI. 
Field Parameter Measurements 
Dissolved oxygen, pH, water temperature, specific conductance, and dissolved 
oxygen percent saturation will be measured with a data sonde during each 
sampling event, regardless of the sample type being collected. Measurement 
procedures and operation of the data sonde shall be performed according to the 
manufacturers’ manuals (Hydrolab Corporation 2002; YSI 2006) and Sections 
2.10–2.13 of the Water Quality Surveys Section Field Procedure Manual (IDEM 
2002, pp 67–79). Turbidity will be measured with a Hach turbidity kit, and the 
meter number written in the comments under the field parameter measurements. 
If a Hach turbidity kit is not available, the data sonde measurement for turbidity 
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will be recorded and noted in the comments. All field parameter measurements 
and weather codes will be recorded on the IDEM Stream Sampling Field Data 
Sheet (Attachment 2) with other sampling observations. A digital photo will also 
be taken upstream and downstream of the site during each sampling event 
(IDEM 2018d). 
Dissolved Oxygen Continuous Data Logger Measurements 
During the low-flow portion of the sampling season (generally from the end of 
August to mid-September), an Onset Hobo® U26-001 D.O. data logger will be 
deployed in a representative location, within the targeted stream segment of 14 
preselected Target sample sites, to record D.O. measures at 10 minute intervals 
for no less than 14 consecutive days (IDEM 2017b). A programmed and 
calibrated data logger will be attached to a 16”x4”x8” cinder block, post, or other 
securing device dependent on the particular conditions observed at the stream 
sampling site, and placed in a calm glide portion of the stream segment with a 
water depth of between 0.3 and 1.0 meters. The data logger is not to be placed 
directly below a riffle, a turbulent run, or in a deep pool. The cross sectional 
location to the channel for placement should be near the center, if possible. GPS 
coordinates point of the exact placement of each data logger will be determined 
using an agency approved handheld GPS unit which can verify horizontal 
precision of 5 meters or less (IDEM 2015b). At least one photograph/digital 
image will be taken of this placement point in relation to the stream reach to 
document location and stream flow conditions to the extent possible in a 
photograph. In-situ water quality measurements will be recorded at the time of 
each data logger deployment. Upon retrieval of the D.O. data logger all data will 
be off-loaded to a Hobo U-DTW-1 Waterproof shuttle. Once data are off-loaded 
the data logger will be returned to the WAPB calibration room at the Western 
Select Property IDEM OWQ laboratory and prepared (programmed and 
calibrated) for redeployment at another location. In-situ water quality 
measurement will also be recorded during the retrieval of each D.O. data logger. 

Analytical Methods 
Table 6 lists the E. coli bacteriological and field parameters with their respective 
test method and IDEM quantification limits. Table 7 lists the algal parameters 
with test method and IDEM quantification limits. Table 8 shows bacteriological 
and water chemistry sample container, preservative, and holding time 
requirements (all samples iced to 4 Degrees Celsius °C). Table 9 lists numerous 
parameters (priority metals, anions/physical, and nutrients/organic) with their 
respective test methods, IDEM reporting limits, and contract laboratory reporting 
limits. The IDEM OWQ Chain of Custody Form (Attachment 8) and the 2019 
Corvallis Water Sample Analysis Request Form (Attachments 9 and 10) 
accompanies each sample set through the analytical process. 
Diatoms will be collected in the field using protocols described in IDEM 2018d. 

Quality Control and Custody Requirements 
QA protocols will follow part B5 of the Surface Water QAPP (IDEM 2017a, p 
170). 
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Bacteriological Data 
Bacteriological samples will be analyzed using the SM 9223B Enzyme Substrate 
Coliform Test Method (see Table 6 for quantification limits). Samples will be 
collected using 120 mL presterilized wide mouth containers and adhere to the six 
hour holding time (Table 8). Analytical results from the IDEM E. coli Mobile 
Laboratory include QC check sample results from which precision, accuracy, and 
completeness can be determined for each batch of samples. Raw data are 
archived by analytical batch for easy retrieval and review. Chain of custody 
procedures must be followed, including: time of collection, time of setup, time of 
reading the results, and time and method of disposal (IDEM 2002, pg 18–21). 
Any method deviations will be thoroughly documented in the field notes. 
All QA/QC samples will be tested according to the following guidelines: 
Field Duplicate: Field Duplicates will be collected at a frequency of 1 per 

batch or at least 1 for every 20 samples collected (≥ 5%). 
Field Blank: Field Blanks will be collected at a frequency of 1 per batch or 

at least 1 for every 20 samples collected (≥ 5%). 
Laboratory Blank: Laboratory Blanks (sterile laboratory water blanks) will be 

tested at a frequency of 1 per day. 
Positive Control: Each lot of media will be tested with E. coli bacterial cultures 

for positive performance (SM 9020 B.8 and B.9). 
Negative Controls: Each lot of media will be tested with bacterial cultures other 

than E. coli or a noncoliform for negative performance (SM 
9020 B.8 and B.9). 

QA documentation for each batch of samples consists of a chain of custody form, 
a QA/QC summary sheet, and spreadsheets of results. This documentation is 
submitted to the Technical and Logistical Services Section for QA review and the 
assignment of an appropriate DQA Level. 
Water Chemistry Data 
Sample bottles and preservatives certified for purity will be used. Sample 
collection procedures, including the container and preservative used for each 
parameter and holding times will adhere to U.S. EPA requirements for water 
chemistry testing (see Table 8). Field duplicates and matrix spike/matrix spike 
duplicates (MS/MSD) shall be collected at the rate of one per sample analysis set 
or one per every 20 samples, whichever is greater. Additionally, field blank 
samples using American Society for Testing and Materials (ASTM) D1193-91 
Type I water will be taken at a rate of one set per sampling crew for each week of 
sampling activity. All samples collected for water chemistry analysis will be 
processed by Pace Analytical Services, Inc. (Indianapolis, Indiana) following the 
specifications set forth in Request for Proposals 16-074 (IDEM 2016b), except 
orthophosphate which will be analyzed by the Indiana State Department of 
Health (ISDH, Indianapolis, Indiana). 
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Table 6. Bacteriological and Field Parameters showing method and IDEM 
quantification limit. 

Parameters Method IDEM 
Quantification Limit 

E. coli (Enzyme Substrate Coliform 
Test) SM 9223B 1 MPN 2 / 100 mL 

Dissolved Oxygen (data sonde 
optical) ASTM D888-09 0.05 mg/L 

Dissolved Oxygen (data sonde) SM 4500-OG 0.03 mg/L 
Dissolved Oxygen (Winkler Titration) SM 4500-OC 3 0.20 mg/L 
Dissolved Oxygen % Saturation  
(data sonde optical) ASTM D888-09 0.05 % 

Dissolved Oxygen % Saturation  
(data sonde) SM 4500-OG 0.01 % 

pH (data sonde) U.S. EPA 150.2 0.10 SU 
pH (field pH meter) SM 4500H-B 3 0.10 SU 
Specific Conductance (data sonde) SM 2510B 1.00 μmhos/cm 
Temperature (data sonde) SM 2550B(2) 0.1 Degrees Celsius (°C) 
Temperature (field meter) SM 2550B(2) 3 0.1 Degrees Celsius (°C) 
Turbidity (data sonde) SM 2130B 0.02 NTU 4 
Turbidity (Hach™ turbidity kit) U.S. EPA 180.1  0.05 NTU 4 
1  SM = Standard Method 
2 1 MPN (Most Probable Number) = 1 CFU (Colony Forming Unit) 
3  Method used for Field Calibration Check 
4  NTU = Nephelometric Turbidity Unit(s) 
 

Table 7. Algal Parameters showing method and IDEM quantification limit. 

Algal Parameter Method 
IDEM 

Quantification 
Limit 

Seston (Corrected) Chlorophyll a – Suspended U.S. EPA 445.0  TBD 
Seston Pheophytin a – Suspended U.S. EPA 445.0  TBD 
Seston (Uncorrected) Chlorophyll a – Suspended Modified U.S. EPA 445.0 TBD 
Periphyton (Corrected) Chlorophyll a – Attached U.S. EPA 445.0  TBD 
Periphyton Pheophytin a – Attached U.S. EPA 445.0  TBD 
Periphyton (Uncorrected) Chlorophyll a – Suspended Modified U.S. EPA 445.0 TBD 
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Table 8. Bacteriological and Water Chemistry Sample Container, 
Preservative, and Holding Time Requirements1 

Parameter Container Preservative Holding Time 
1,2 Alkalinity as CaCO3* 1 L, HDPE, narrow mouth None 14 days 
3 Ammonia-N** 1 L, glass, Amber Boston Round H2SO4 < pH 2 28 days 
Chloride* 1 L, HDPE, narrow mouth None 28 days 
Chemical Oxygen Demand** 1 L, glass, Amber Boston Round H2SO4 < pH 2 28 days 
Cyanide (All forms) 1 L, HDPE, narrow mouth NaOH > pH 

12 
14 days 

E. coli 120 mL, presterilized, wide 
mouth 

Na2S2O3 6 hours 

Hardness (as CaCO3*) 
Calculated 

1 L, HDPE, narrow mouth HNO3 < pH 2 6 months 

Metals (Total & Dissolved) 1 L, HDPE, narrow mouth HNO3 < pH 2 6 months 
Nitrogen, Nitrate + Nitrite** 1 L, glass, Amber Boston Round H2SO4 < pH 2 28 days 
Total Phosphorus** 1 L, glass, Amber Boston Round H2SO4 < pH 2 28 days 
Orthophosphate** 500 mL, Brown HDPE, narrow 

mouth 
Dry ice 7 days 

Solids (All Forms)* 1 L, HDPE, narrow mouth None 7 days 
Sulfate* 1 L, HDPE, narrow mouth None 28 days 
Total Kjeldahl Nitrogen** 1 L, glass, Amber Boston Round H2SO4 < pH 2 28 days 
Total Organic Carbon** 1 L, glass, Amber Boston Round H2SO4 < pH 2 28 days 

1 All samples iced to 4°C 
2 General chemistry includes all parameters noted with an * 
3 Nutrients include all parameters noted with a ** 
4 HDPE – High Density Polyethylene 
 



2019 Probabilistic Monitoring WP for the Tributaries to the Ohio River Basin 
B-046-OWQ-WAP-PRB-19-W-R0 

June 10, 2019 

31 

Table 9. Water Chemistry Parameters with Test Method and IDEM and Laboratory Reporting Limits. 

Parameter Total Dissolved Test Method

IDEM-
requested 
Reporting 

Limit (µg/L)

Pace 
Laboratory 
Reporting 

Limit (µg/L)

Parameter Pace Test Method

IDEM-
requested 
Reporting 

Limit 
(mg/L)

Pace 
Laboratory 
Reporting 

Limit (mg/L)

Aluminum   U.S. EPA 200.8 10 10 Alkalinity (as CaCO3) U.S. EPA 310.2 10 2
Antimony   U.S. EPA 200.8 1 1 Total Solids SM 2540B 1 10
Arsenic   U.S. EPA 200.8 2 1 Total Suspended Solids SM 2540D 1 5
Calcium   U.S. EPA 200.7 20 1,000 Dissolved Solids SM 2540C 10 10
Cadmium   U.S. EPA 200.8 1 0.2 Sulfate U.S. EPA 300.0 0.05 0.25
Chromium   U.S. EPA 200.8 3 2 Chloride U.S. EPA 300.0 1 0.25
Copper   U.S. EPA 200.8 2 1 Hardness (as CaCO3) by calculation SM 2340B 0.4 1
Lead   U.S. EPA 200.8 2 1
Magnesium   U.S. EPA 200.7 95 1,000
Nickel   U.S. EPA 200.8 1.5 0.5
Selenium   U.S. EPA 200.8 4 1
Silver   U.S. EPA 200.8 0.3 0.5
Zinc   U.S. EPA 200.8 5 3

Total Kjeldahl Nitrogen (TKN) U.S. EPA 351.2 0.1 0.5
Ammonia-N U.S. EPA 350.1 0.01 0.1
Nitrogen, Nitrate + Nitrite U.S. EPA 353.2 0.05 0.1
Total Phosphorus U.S. EPA 365.1 0.01 0.05
Total Organic Carbon (TOC) SM 5310C 1 1
Cyanide-Total U.S. EPA 335.4 0.01 0.005
Cyanide-Weak Acid Dissociable SM 4500CN-I 0.01 0.005

U.S. EPA 365.3 0.006 0.006 Chemical Oxygen Demand (COD) U.S. EPA 410.4 3 10Orthophosphate

Nutrients/Organic (ISDH)

IDEM-
requested 
Reporting 

Limit 
(mg/L)

ISDH 
Laboratory 
Reporting 

Limit 
(mg/L)

ISDH Test 
MethodParameter

Priority Metals

Nutrients/Organic (Pace)

Anions/Physical

Parameter Pace Test Method

IDEM-
requested 
Reporting 

Limit 
(mg/L)

Pace 
Laboratory 
Reporting 

Limit (mg/L)

 
Org: Organic 
SM: Standard Methods for the Examination of Water and Wastewater 
U.S. EPA: United States Environmental Protection Agency 
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Algal Community Data 
Excessive algal conditions will be recorded by staff if an algal bloom is observed 
on the water’s surface or in the water column. Staff are not calibrated on this 
rating (i.e., the decision as to the severity of the bloom is based on best 
professional judgement), but an algal mat on the surface of the water or a bloom 
that gives the water the appearance of green paint would be justification for a 
decision of excessive algal conditions. 
To decrease the potential for cross contamination and bias of the algal samples, 
all equipment that has come in contact with the sample will be cleaned with 
detergent and rinsed with ASTM D1193-91 Type III water after sampling has 
been completed at a given site. All sample labels must be accurately and 
thoroughly completed, including AIMS II sample numbers, date, stream name, 
and sampling location. Chain of Custody forms will be completed in the field to 
document the collection and transfer of samples to the laboratory. Upon arrival to 
the laboratory, samples will be checked in by the laboratory manager. For the 
diatom samples, there will be another Chain of Custody form to document when 
the sample is removed from storage to be processed and made into a permanent 
mount. 
Analysis methods for chlorophyll a and pheophytin a can be viewed in Table 7. 
Beginning in 2019, all samples collected for chlorophyll a and pheophytin a will 
be processed by the new IDEM WAPB Algal Laboratory. Two methods will be 
used for the determination of total chlorophyll a during this sampling season. The 
first is the traditional U.S. EPA Method 445.0, which determines a “corrected” 
total chlorophyll a concentration fluorometrically by measuring both the initial 
chlorophyll a concentration followed by acidification to determine the pheophytin 
a concentration. The total corrected chlorophyll a concentration of a sample is 
determined quantitatively (equations 12.2 – 12.3 in U.S. EPA Method 445.0). The 
second method used will be the modified U.S. EPA Method 445.0, in which the 
“uncorrected” total chlorophyll a value is measured fluorometrically via a set of 
very narrow bandpass excitation and emission filters that are specific to 
chlorophyll a. No pheophytin a concentration is determined in the modified 
method, and this method is not impacted by other chlorophyll a degradation 
products which may be prevalent in inland waters. Method quantification limits for 
both methods will be determined using U.S. EPA Method 445.0 Section 9.0 
Quality Control during laboratory set up prior to the 2019 sampling season. 
Blank filters will be run for periphyton and seston chlorophyll a. All chlorophyll a 
and pheophytin a filters will be processed in quadruplicate for QC purposes (four 
filters are processed from the same sample per analysis method). Ten percent of 
these replicate field samples will be analyzed at a separate laboratory (TBD). 
QC of the diatom sampling, enumeration, and identification project will be 
documented by QC checks of both field and laboratory data. See page 22 in 
IDEM 2015a for a description of QA/QC protocols used in Diatom Identification 
and Enumeration. All diatom samples will be verified by the Department of 
Biological and Environmental Sciences of Georgia College and State University 
(Milledgeville, Georgia) following the specifications set forth in IDEM 2015a. 
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Fish Community Data 
Fish community sampling revisits will be performed at a rate of 10 percent of the 
total fish community sites sampled, approximately 4 in the basin (IDEM 2018c). 
Revisit sampling will be performed with at least 2 weeks of recovery between the 
initial and revisit sampling events. The fish community revisit sampling and 
habitat assessment will be performed with either a partial or complete change in 
field team members (IDEM 2018c). The resulting IBI and QHEI total score 
between the initial visit and the revisit will be used to evaluate precision. The 
IDEM OWQ Chain of Custody Form is used to track samples from the field to the 
laboratory (Attachment 8). Fish taxonomic identifications made by IDEM staff in 
the laboratory may be verified by regionally recognized non-IDEM freshwater fish 
taxonomists (e.g., Brant Fisher, Nongame Aquatic Biologist, Indiana Department 
of Natural Resources). All raw data are: 1) checked for completeness; 2) utilized 
to calculate derived data (i.e., total weight of all specimens of a taxon), which is 
entered into the AIMS II database; and 3) checked again for data entry errors. 
Macroinvertebrate Community Data 
Sites at which duplicate macroinvertebrate field samples will be collected are 
randomly selected prior to the beginning of the field season and occur at a rate of 
10 percent of the total macroinvertebrate community sites sampled, 
approximately 4 in the basin. The macroinvertebrate community duplicate sample 
and corresponding habitat assessment will be performed by the same team 
member who performed the original sample, and will be conducted immediately 
after the initial sample is collected. This will result in a precision evaluation based 
on a 10% duplicate of samples collected. Sites in the basin will be divided equally 
among the macroinvertebrate staff; each staff will be responsible for collecting at 
least one duplicate sample. The IDEM OWQ Chain of Custody Form is used to 
track samples from the field to the laboratory (Attachment 8). Laboratory 
identifications and QA/QC of taxonomic work is maintained by the IDEM 
macroinvertebrate laboratory supervisor. 10% of samples (the initial samples 
taken at sites where duplicate samples were collected) will be verified by an 
outside taxonomist (IDEM 2019a). 

Field Parameter Measurements/Instrument Testing/Calibration 
The data sonde will be calibrated immediately prior to each week’s sampling 
(IDEM 2002). The dissolved oxygen component of the calibration procedure will 
be conducted using the air calibration method. Calibration results and drift values 
will be recorded, maintained, stored, and archived in the calibration laboratories 
at the Shadeland facility. The drift value is the difference between two successive 
calibrations. Field parameter calibrations will conform to the procedures 
described in the instrument users manuals (Hydrolab Corporation 2002; YSI 
2006). The unit will be field checked for accuracy once during the week by 
comparison with a Winkler dissolved oxygen test (IDEM 2002, page 64), as well 
as Hach turbidity and Oakton pH and temperature meters. Weekly field 
calibration records will be recorded in the field calibrations portion of Attachment 
2 and entered into the AIMS II database. A Winkler dissolved oxygen test will 
also be conducted in the field at sites where the dissolved oxygen concentration 
is 4.0 mg/L or less. 
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The Onset Hobo® U26-001 D.O. data loggers utilize optical D.O. measurement 
technology specified in ASTM D888-12 (ASTM 2012). Calibration and 
maintenance of these units will follow the manufacturers procedures listed in the 
“HOBO® Dissolved Oxygen Logger (U26-001) Manual” (IDEM 2017b). 
Field Analysis Data 
In-situ water chemistry field data are collected in the field using calibrated or 
standardized equipment. Calculations may be done in the field or later at the 
office. Analytical results, which have limited QC checks, are included in this 
category. Detection limits and ranges have been set for each analysis. QC 
checks are performed on information for field or laboratory results to estimate 
precision, accuracy, and completeness for the project, as described in the 
Surface Water QAPP (IDEM 2017a) Section C1.1 on page 176. 
Algal Community Data 
IDEM 2018d describes the equipment required for the collection of periphyton 
include; none of this equipment requires calibration. Equipment has been field 
tested to ensure its capability of appropriately removing periphyton from different 
types of substrate (rocks, sticks, sand/silt) (IDEM 2018d). 
IDEM 2015a describes the equipment required for the preparation of permanent 
diatom mounts; other than the micropipetter, none of the laboratory equipment 
requires calibration. The micropipetter will be checked and recalibrated as 
necessary according to manufacturer’s specifications (IDEM 2015a). 
A Nikon differential interference contrast (DIC) microscope, and Nikon Elements 
D camera and imaging system will be used for identification and enumeration of 
diatoms. Branch staff calibrated the ocular reticle in the microscope. The ocular 
reticle was calibrated at each magnification with a stage micrometer. The 
calibration should be checked again if the microscope is moved to a new 
location. 

III. ASSESSMENT AND OVERSIGHT 
Field and laboratory performance and system audits will be conducted to ensure 
good quality data. The field and laboratory performance checks include precision 
measurements by relative percent difference (RPD) of field and laboratory 
duplicate (IDEM 2017a, pp. 56, 61–63), accuracy measurements by percent of 
recovery of MS/MSD samples analyzed in the laboratory (IDEM 2017a, pp. 58, 
61–63), and completeness measurements by the percent of planned samples 
that are actually collected, analyzed, reported, and usable for the project (IDEM 
2017a, p. 58). 
 
Field audits will be conducted biannually by staff of the IDEM WAPB to ensure 
that sampling activities adhere to approved SOPs. Audits are systematically 
conducted by WAPB QA staff to include all WAPB personnel that engage in field 
sampling activities. WAPB field staff involved with sample collection and 
preparation will be evaluated by QA staff trained in the associated sampling 
SOPs, and in the processes related to conducting an audit. QA staff will produce 
an evaluation report documenting each audit for review by those field staff 
audited, as well as WAPB management. Corrective actions will be communicated 
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to, and implemented by, field staff as a result of the audit process (IDEM 2017a, 
p. 176–177). 

Data Quality Assessment Levels 
The samples and various types of data collected by this program are intended to 
meet the QA criteria and rated DQA Level 3, as described in the Surface Water 
QAPP (IDEM 2017a, pp. 182–183). 

IV. DATA VALIDATION AND USABILITY 

QA reports to management and data validation and usability are also important 
components of the QAPP which ensures good quality data for this project. A QA 
audit report will be submitted to the QA Manager and Project Manager for review 
for this project should problems arise and need to be investigated and corrected. 
Data are reduced (converted from raw analytical data into final results in proper 
reporting units), validated (qualified based on the performance of field and 
laboratory QC measures incorporated into the sampling and analysis 
procedures), and reported (described so as to completely document the 
calibration, analysis, QC measures, and calculations). These steps allow users to 
assess the data to ensure it meets the project data quality objectives. 

Quality Assurance – Data Qualifiers and Flags 
The various data qualifiers and flags used for QA and validation of the data are 
found on pages 184–185 of the Surface Water QAPP (IDEM 2017a). 

Data Usability 
The environmental data collected and its usability are qualified per each lab or 
field result obtained and classified into one or more of the four categories: 
Acceptable Data, Enforcement Capable Results, Estimated Data, and Rejected 
Data as described on page 184 of the Surface Water QAPP (IDEM 2017a). 

Information, Data, and Reports 
Data collected in 2019 will be recorded in the AIMS II database and presented in 
three compilation summaries. The first summary will be a general compilation of 
the 2019 Tributaries to the Ohio River Basin field and water chemistry data 
prepared for use in the 2022 Integrated Report. The second summary will be in 
database report format containing biological results and habitat evaluations, 
which will be produced for inclusion in the Integrated Report as well as individual 
site folders. All site folders are maintained at the WAPB facility. The third 
summary will include diatom species taxa names and enumerations on 
laboratory bench sheets. Using U.S. EPA’s spsurvey package, written in the “R” 
programing language (R Core Team 2014), the percent of perennial stream miles 
in the basin that support, or do not support aquatic life and recreational uses will 
be made following use attainment decisions for each site sampled. All data and 
reports will be made available to public and private entities which may find the 
data useful for municipal, industrial, agricultural, and recreational decision 
making processes (TMDL, NPDES permit modeling, Watershed Restoration 
Projects, Water Quality Criteria refinement, etc.). 
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Laboratory and Estimated Cost 
Laboratory analysis and data reporting for this project will comply with the 
Surface Water QAPP and TMDL Program (B-001-OWQ-WAP-XX-17-Q-R4, see 
IDEM 2017a), Request for Proposals 16-074 (see IDEM 2016b), and the IDEM 
Quality Management Plan (IDEM 2018e). Analytical tests on the water chemistry 
parameters outlined in Table 9 will be performed by Pace Analytical Services in 
Indianapolis, Indiana. Orthophosphate will be analyzed by ISDH. Accreditation 
related to Pace Indy is included as Appendix 1. Supplies for the bacteriological 
sampling will come from IDEXX Laboratories, Inc., Westbrook, Maine. Algal 
samples will be collected by IDEM staff. Chlorophyll a and pheophytin a will be 
analyzed by the IDEM WAPB Algal Laboratory by IDEM staff. Diatom 
identification and enumeration will be performed by IDEM staff and 10% of the 
samples by an outside contractor, the Department of Biological and 
Environmental Sciences, Georgia College and State University. All fish and 
macroinvertebrate samples will be collected and analyzed by IDEM staff. Ten 
percent of macroinvertebrate samples will be verified by Rhithron Associates, 
Inc. The anticipated budget for laboratory cost for the project is outlined in Table 
10. 
 

Table 10. Total Estimated Laboratory Cost for the Project. 
Analysis Number of Samples 

Collected Laboratory Estimated 
Cost 

Water Chemistry  

3 times @ 45 sites + 12 
duplicates (1 per 
sample week) = 159 
samples 

Pace Analytical Services 
7726 Moller Road. 
Indianapolis, Indiana 46268  $69,000 

Orthophosphate 

3 times @ 14 sites + 3 
duplicates (1 per 
sample week) = 45 
samples 

ISDH, Environmental Laboratory 
Division 
550 West 16th Street 
Indianapolis, IN 46202 

$0 

Bacteriological 
(E. coli) 

5 times @ 40 sites + 10 
blanks + 10 duplicates 
= 220 samples 

IDEM Mobile Laboratory 
Supplies 
IDEXX Laboratories, Inc. 
One IDEXX Drive 
Westbrook, Maine 04092 

$1,100 

Algal Biomass 

1 time @ 45 sites + 5 
duplicates (1 per 
sample week) = 50 
samples 

IDEM WAPB Algal Laboratory 
2525 Shadeland Avenue,  
Indianapolis, IN 46204 

 
$7,024 

Diatom 
Identification and 

Enumeration 

1 time @ 45 sites + 5 
duplicates (1 per 
sample week) = 50 
samples 
5 samples (10%) sent 
out for verification 

Department of Biological and 
Environmental Sciences  
Georgia College and State 
University 
320 S. Wayne St. 
Milledgeville, Georgia 31061 

$1500  

Macroinvertebrate 
Identification 

1 time @ 38 sites + 4 
duplicates = 42 
samples 
4 samples (10%) sent 
out for verification 

Rhithron Associates, Inc. 
33 Fort Missoula Road 
Missoula, Montana 59804 $880 

  Total  $79,504 
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Table 11. Personnel Safety and Reference Manuals 
Role Required 

Training/Experience 
Training 

References 
Training Notes 

All Staff that 
Participate in Field 
Activities 

-Basic First Aid and 
Cardiopulmonary 
Resuscitation (CPR) 
 
 
 
 
 
-Personal Protective 
Equipment (PPE) Policy 
 
-Personal Flotation 
Devices (PFD) 

-A minimum of 4 
hours of in-service 
training provided by 
WAPB (IDEM 
2010a) 
 
 
 
-IDEM 2008 
 
 
-February 29, 2000 
WAPB internal 
memorandum 
regarding use of 
approved PFDs 

-Staff lacking 4 hours of 
in-service training or 
appropriate certification 
will be accompanied in 
the field at all times by 
WAPB staff that meet 
Health and Safety 
Training requirements 
-When working on 
boundary waters as 
defined by Indiana 
Code (IC) 14-8-2-27 or 
between sunset and 
sunrise on any waters 
of the state, all 
personnel in the 
watercraft must wear a 
high intensity whistle 
and Safety of Life at 
Sea (SOLAS) certified 
strobe light. 

http://iga.in.gov/legislative/laws/2017/ic/titles/014#14-8-2-27
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