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Work Plan Organization 
This work plan is an extension of the existing Indiana Department of Environmental 
Management (IDEM) Office of Water Quality (OWQ) Watershed Assessment and 
Planning Branch (WAPB) July 2023 “Quality Assurance Project Plan (QAPP) for Indiana 
Surface Water Programs (Surface Water QAPP) (IDEM 2023f and October 2020 QAPP 
for Biological Community and Habitat Measurements” (IDEM 2020a). Per the United 
States Environmental Protection Agency (U.S. EPA) Guidance on Systematic Planning 
using the Data Quality Objectives (DQO) Process (U.S. EPA 2006) and the U.S. EPA 
Guidance for Quality Assurance Project Plans (U.S. EPA 2002), the work plan 
establishes criteria and specifications pertaining to a specific water quality monitoring 
project usually described in the following four QAPP groups and associated elements. 

Group A. Project Management 
A.1. Title and Approval 
A.2. Table of Contents 
A.3. Distribution List 
A.4. Project Organization 
A.5. Problem Definition and Background 
A.6. Project Description 
A.7. Quality Objectives and Criteria for Measurement Data 
A.8. Special Training or Certification 
A.9. Documents and Records 

Group B. Data Generation and Acquisition 
B.1. Sampling Process Design (Experimental Design) 
B.2. Sampling Methods 
B.3. Sample Handling and Custody 
B.4. Analytical Methods 
B.5. Quality Control 
B.6. Instrument or Equipment Testing, Inspection, and Maintenance 
B.7. Instrument or Equipment Calibration and Frequency 
B.8. Inspection and Acceptance of Supplies and Consumables 
B.9. Non-direct Measurements 
B.10. Data Management 

Group C. Assessment and Oversight 
C.1. Assessments and Response Actions 
C.2. Reports to Management 

Group D. Data Validation and Usability 
D.1. Data Review, Verification, and Validation 
D.2. Verification and Validation Methods 
D.3. Reconciliation with User Requirements  

https://www.in.gov/idem/cleanwater/files/swq_qapp_biological_community-habitat_measurements.pdf.pdf
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Definitions 
Elutriate To purify, separate, or remove lighter or finer particles 

by washing, decanting, and settling. 

15-minute pick A multihabitat macroinvertebrate sampling method in 
which the 1-minute kick sample and 50-meter sweep 
sample collected at a site are first combined and 
elutriated. Macroinvertebrates are then manually 
removed from the resulting sample for 15 minutes. 

50-meter sweep A multihabitat macroinvertebrate sampling method in 
which approximately 50 m of all available habitat in a 
stream or river is sampled with a standard 500 µm 
mesh width D-frame dip net by taking 20 to 25 
individual jab or sweep samples, which are then 
composited. 

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

1-minute kick sample A multihabitat macroinvertebrate sampling method in 
which approximately 1 m² of riffle or run substrate 
habitat in a stream or river is sampled with a standard 
500 µm mesh width D-frame dip net for approximately 
one minute. 

Ocular reticle A thin piece of glass marked with a linear or areal 
scale inserted into a microscope ocular, 
superimposing the scale onto the image viewed 
through the microscope. 

Periphyton Algae attached to an aquatic substrate. 

Reach A segment of a stream used for sampling. 

Seston Organic matter suspended in the water column 
generally comprised of phytoplankton, bacteria, and 
fine detritus. 
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A. Project Management 

A.1 Project Objective 

The 2024 reference site monitoring project’s objective is to obtain reference sites' 
physical, chemical, and biological data. Reference sites are in areas with the least 
amount of anthropogenic disturbance and the most natural areas remaining within a 
specified geographic boundary. The selection of candidate reference sites is based 
on abiotic factors such as land use, water chemistry, and  in-stream physical habitat, 
which may function as potential stressors to the aquatic assemblages including fish, 
macroinvertebrate, and diatom communities of the stream or river ecosystem. Data 
from the chosen sites establish and refine the Index of Biotic Integrity (IBI) for 
aquatic assemblages and biological criteria for aquatic life use assessments. 

The IBI consists of 12 biological assemblage characteristics or metrics assessing the 
aquatic communities’ structural, compositional, and functional integrity. Different IBI 
metrics depend on variables such as the region of the state (i.e., ecoregion) and 
stream size (i.e., drainage area) sampled. The 12 different metrics can each score 
either 0, 1, 3, or 5. The score represents the deviation from the expected community 
structure, where 5 has no deviation from expectations, and 0 has severe deviation 
from expected community structure. The total IBI score can range from 0 to 60 for 
fish communities or 12 to 60 for macroinvertebrate communities, representing 
severe to excellent conditions, respectively, when compared to least impacted 
conditions. Appendices A and B provide more information on fish and 
macroinvertebrate IBI calculations. 

A.2 Project Organization and Schedule 

Begin sampling and collecting chemical, physical, and biological parameters in April 
and continue through November 2024. Project laboratory processing and data 
analysis will continue through spring of 2025 (Table 1). 
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Table 1. Tasks, Schedule, and Evaluation 
Activity Dates Number of sites Frequency of sampling 

related activity 
Parameters to be sampled How evaluated 

Site 
reconnaissance 

Jan 
through 
March 

29 or more to 
obtain a minimum 
of 25 sites 
sampled during 
three events 

Until confirmation of 25 
accessible target sites or 
the March deadline 

Safety to access stream and 
proper equipment for sampling 

Landowner approval and best professional 
judgment 

Biological 
sampling 

Jun 1 
through 
Nov 15 

Minimum of 25 
sites unless the 
site is dry, or 
water is only 
present in less 
than half of the 
sampling reach 

Once each for: 
Fish community (Jun 1 – 
Oct 15) 
Macroinvertebrate 
community (Jul 15 – Nov 
15) 
Diatoms (3rd Round 
Chemistry in the Fall) 
(both may occur on 
same day from Jul 15 –
Nov 15) 

 
Fish community/Habitat quality 
 
Macroinvertebrate 
community/Habitat quality 
 
 
Algal diatoms 
 
 

 
Fish IBI/ Qualitative Habitat Evaluation Indexes 
(QHEIs) 
 
Macroinvertebrate IBI (mIBI)/ Qualitative Habitat 
Evaluation Indexes (QHEIs) 
 
 
Diatom IBI 
 
 

Water 
chemistry 

Apr 1 
through 
Nov 31 

Minimum of 25 
sites unless a site 
is dry during all 
three sampling 
events. 

Three times: 
April, May, and 
September/October, with 
a minimum of 30 days 
between sampling 
events 

Total phosphorous 
Nitrogen, nitrate + nitrite 
Dissolved oxygen (DO) 
 
 
pH 
 
Algal conditions 
Dissolved metals (Table 2) 
 
 
Selenium 
 
Dissolved arsenic  
 
Nitrogen ammonia 
Chloride 

>0.3 mg/L (nutrients) 
>10.0 mg/L (nutrients) 
<4.0 mg/L (warm water aquatic life or nutrients); 
<6.0 mg/L (cold water fish);  
>120% saturation (nutrients) 
>9.0 Standard Units (SU) (nutrients);  
<6.0 or >9.0 SU (warm water aquatic life) 
Excessive (nutrients, based on field observation) 
Chronic Aquatic Criterion (CAC)/Criterion 
Continuous Concentration (CCC) based on 
hardness; 
3.1 µg/L CAC (Acipenseriformes waters)/CCC 
5.5 µg/L CAC (Acipenseriformes-free waters) 
CAC/CCC based on concentration of 150 µg/L, a 
conversion factor and water-effect ratio of 1)  
CAC/CCC based on pH and temperature; 
CAC/CCC based on hardness and sulfate. 
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Activity Dates Number of sites Frequency of sampling 
related activity 

Parameters to be sampled How evaluated 

Sulfate 
 
 
Total dissolved solids 

CAC/CCC based on hardness and chloride 
(downstate) 
250 mg/L (Lake Michigan/public water supply 
criterion) 
750 mg/L (public water supply criterion) 
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A.3 Background and Project Description 

The reference site monitoring project operates within the WAPB. Partnering 
organizations assisting with data preparation, collection, and analysis include private 
contract laboratories, the Department of Biological and Environmental Sciences at 
Georgia College and State University, U.S. EPA Region 5, and the Indiana 
Department of Natural Resources. Landowners and property managers throughout 
the state participate in the reference site monitoring project by providing IDEM staff 
with access to remote stream locations. 

The reference site monitoring project provides physical, chemical, and biological 
data from potential reference sites to continuously refine and calibrate the IBI for 
aquatic assemblages. Once reference condition sites have been identified, continue 
refining and calibrating reference site sampling in Indiana over a 10-year period to 
assess and characterize overall water quality and biological integrity. Investigate the 
following parameters: water chemistry; fish, macroinvertebrate, and diatom 
assemblages; and habitat evaluations and utilize the data for IBI, biological criteria 
refinement, as well as assessment purposes. 

A.4 Quality Objectives 

U.S. EPA recommends the DQO seven-step systematic planning process (U.S. EPA 
2006) for all significant environmental data collection activities. The process provides 
a basis for balancing decision uncertainty with available resources. The DQO 
planning process clarifies study objectives; defines the types and quantity of data 
needed to achieve the objectives; and establishes decision criteria for evaluating 
data quality. The results from the seven-step DQO process provide the basis for the 
2024 reference site monitoring project plan. 
1. State the Problem 

Surface waters of the state are designated for full body contact recreation; will be 
capable of supporting a well-balanced, warm water aquatic community; and in 
some northern portions of the state, put-and-take trout fishing [327 IAC 2-1-3]. 
Indiana is required to assess all waters of the state to determine designated use 
attainment status. This project gathers biological, chemical, and habitat data at 
reference sites to refine Indiana’s IBI metrics, refine biological criteria thresholds, 
and more accurately assess aquatic life use attainment status. 

2. Identify the Project’s Objectives 
The project’s objectives are to sample reference sites throughout Indiana to: 
• Determine whether the reference site chosen continues to meet criteria as a 

reference site. 

http://www.in.gov/legislative/iac/T03270/A00020.PDF?
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• Collect reference data to measure aquatic life use support (ALUS) 
assessments. 

• Refine and further validate IBI metrics and biological criteria thresholds every 
10 years. 

3. Identify Information Inputs 
Field monitoring activities require collection of chemical, algal, biological, and 
habitat data. Section B, Data Generation and Acquisition, describes collection 
procedures for field measurements, algal, chemical, biological, and habitat data 
in detail. 
a. Water Quality Criteria 

Use chemical sampling data to validate the absence of anthropogenic 
disturbance or a minimal level of allowed disturbance at reference sites (U.S. 
EPA 2013). Evaluate each site as supporting or nonsupporting when 
compared with water quality criteria shown in Table 2, derived from tables 
contained in [327 IAC 2-1-6], [327 IAC 2-1.5-8] and following Indiana’s 2024 
Consolidated Assessment Listing Methodology (CALM) (IDEM 2024). 

Table 2. Water Quality Criteria for Non-Great Lakes [327 IAC 2-1-6] and Great 
Lakes [327 IAC 2-1.5-8] 
Parameter Level Criterion 
   
Metals 
(dissolved) 

Calculated based on 
hardness 

Calculated CAC (Non-Great Lakes) 
Calculated CCC (Great Lakes) 

Arsenic 
(dissolved) 

150 µg/L (calculated 
based on a conversion 
factor and water-effect 
ratio of 1) 
 

Calculated CAC (Non-Great Lakes) 
Calculated CCC (Great Lakes) 

Selenium 3.1 µg/L 
 
5.5 µg/L 

CAC (Non-Great Lakes, waters with Acipensiformes) 
CCC (Great Lakes) 
CAC (Non-Great Lakes, Acipensiformes-free waters) 

Ammonia as 
nitrogen 

Calculated based on pH 
and temperature 

Calculated CAC (Non-Great Lakes) 
Calculated CCC (Great Lakes) 

Chloride Calculated based on 
hardness and sulfate  

Calculated CAC (Non-Great Lakes) 
Calculated CCC (Great Lakes) 

DO At least 5.0 mg/L (warm 
water aquatic life) 
At least 6.0 mg/L (cold-
water fish*) 
At least 7.0 mg/L 
(salmonids spawning and 
imprinting areas) 

Not less than 4.0 mg/L at any time. 
 
Not less than 6.0 mg/L at any time. 
 
 
Not less than 7.0 mg/L during spawning season and 
during the time of imprinting 

pH 6.0 – 9.0 S.U. Must remain between 6.0 and 9.0 S.U. except for 
daily fluctuations exceeding 9.0 due to photosynthetic 
activity 

http://www.in.gov/legislative/iac/T03270/A00020.PDF?
http://www.in.gov/legislative/iac/T03270/A00020.PDF?
https://www.in.gov/idem/nps/files/ir_2020_apndx_g_calm.pdf
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CAC = Chronic Aquatic Criterion, CCC = Criterion Continuous Concentration, S.U. = Standard Units; * 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. 

b. Nutrient Criteria 
In addition to the chemical criteria listed in Table 2, evaluate data for several 
nutrient parameters against the benchmarks below (IDEM 2024a). Assuming 
a minimum of three sampling events, if two or more of the conditions below 
are met on the same date, classify the waterbody assessment unit as 
nonsupporting due to nutrients. 
• Total phosphorus: one or more measurements >0.3 mg/L 
• Nitrogen, (nitrate and nitrite): one or more measurements >10.0 mg/L 
• DO: one or more measurements <4.0 mg/L, or measurements that are 

consistently at or close to the standard, in the range of 4.0 – 5.0 mg/L, or 
DO percent saturation >120% 

• pH: one or more measurements >9.0 S.U. or measurements consistently 
at or close to the standard, ranging from 8.7 – 9.0 S.U. 

• Algal conditions: visually observed as excessive by trained staff using best 
professional judgment. B.2. Sampling Methods 3. Algal Community Data 
further documents the explanation of this observance. 

c. Biological Criteria 
Indiana narrative biological criteria [327 IAC 2-1-3] states “(2) All waters, 
except as described in subdivision (5),” (i.e., limited use waters) “will be 
capable of supporting: (A) a well-balanced, warm water aquatic community”. 
The water quality standard definition of a “well-balanced aquatic community” 
is “an aquatic community: (A) diverse in species composition; (B) containing 
several different trophic levels; and (C) not composed mainly of pollution 
tolerant species” [327 IAC 2-1-9 (59)]. The table in Appendix 2 illustrates an 
interpretation or translation of narrative biological criteria into numeric criteria. 
A stream segment is nonsupporting for aquatic life use when the monitored 
fish or macroinvertebrate community receives an IBI score of less than 36 
which is considered Poor or Very Poor (IDEM 2024a). Stream segments with 
IBI scores greater than or equal to 36 (Fair to Excellent on the scale of 0 to 60 
for fish communities or 12 to 60 for macroinvertebrate communities) are 
supporting for aquatic life use. 

Nitrogen,  
nitrate and nitrite 

<10 mg/L Human health point of drinking water intake 

Sulfate Calculated based on 
hardness and chloride 
250 mg/L 

In all waters outside the mixing zone (Non-Great 
Lakes) 
Lake Michigan/public water supply criterion 

Dissolved 
solids 

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

http://www.in.gov/legislative/iac/T03270/A00020.PDF?
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.in.gov/idem/nps/files/ir_2024_apndx_g_calm_narrative.pdf
http://www.in.gov/legislative/iac/T03270/A00020.PDF?
http://www.in.gov/legislative/iac/T03270/A00020.PDF?
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.in.gov/idem/nps/files/ir_2024_apndx_g_calm_narrative.pdf
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Report each sampled site’s assessment in the U.S. EPA 2026 update of 
Indiana’s Integrated Water Monitoring and Assessment Report (Integrated 
Report). Use site specific data to classify associated assessment units (AU) 
into one of five major categories in the state’s consolidated 303(d) list. 
Assessment category definitions are available in Indiana’s CALM (IDEM 
2024a pp. G-35 and G-36). 

Periphyton is also collected in conjunction with water chemistry for each site. 
Diatom samples are collected, preserved, and transported to the laboratory 
where algae identification and enumeration is conducted. The assessment 
methodology for the diatom IBI is currently under development.  

4. Define the Boundaries of the Study 
The 2024 reference sites are within the geographic borders of Indiana and 
contained in the eight-digit HUCs 05080003, 05090203, 05120204, 05120207 
and 05140101. Sample sites in geographically separate areas from other IDEM 
projects allow sampling flexibility, should high water or inclement weather prevent 
sampling in other areas of the state. B.1. Sampling Design and Site Locations 
provides further explanation of site selection. 

Collect biological samples when the flow is not dangerous for staff to enter the 
stream such as when water levels are at or below median base flow; barring any 
hazardous weather conditions like 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 a waterbody is safe to enter. 

5. Develop the Analytical Approach 
Evaluate all potential reference sites for ALUS status. For the Integrated Report 
assessment purposes, ALUS decisions include independent evaluations of 
chemical and biological criteria as outlined in Indiana’s 2024 CALM 
(IDEM 2024a). Evaluate fish and macroinvertebrate assemblages at each site 
using the appropriate IBI. Specifically, consider a site nonsupporting for aquatic 
life use when IBI scores are less than 36. Report assessment decisions in the 
2026 Integrated Report. Decisions include stream segment delisting of an 
impaired biotic community, which is now fully supporting aquatic life use; or 
listing as nonsupporting for aquatic life use, due to a change in water quality or 
habitat impairments of the biotic community. 

Reject reference sites not supporting aquatic life use or sites violating the 
minimal allowable amount of disturbance due to chemical or physical alterations 
detected by current sampling efforts. To avoid circularity in deriving IBI 
calibrations, do not choose reference sites based on biological attributes (i.e., 
excellent IBI metrics or total scores) (U.S. EPA 2013). 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.in.gov/idem/nps/files/ir_2024_apndx_g_calm_narrative.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.in.gov/idem/nps/files/ir_2024_apndx_g_calm_narrative.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.in.gov/idem/nps/files/ir_2024_apndx_g_calm_narrative.pdf
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After 10 years, IDEM may discover additional reference sites through review of 
land use criteria, chemical, in-stream physical habitat, or biological assemblage 
information obtained during additional projects between 2014 and 2024. 

IDEM intends to use algal metrics as part of nutrient criteria development and/or 
ALUS designations for Indiana’s surface waters. Given known ecological 
tolerances for many diatom species, using changes in diatom community 
composition could diagnose the environmental stressors affecting ecological 
health (Stevenson 1998; Stevenson and Pan 1999). Many regions (Hill 1997) 
developed and tested periphyton IBI metrics. Waterbody biological integrity 
assessments may use periphyton assemblage, including chlorophyll a and 
diatoms, without any other information. However, periphyton are most effective 
when used in conjunction 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, conduct 
algal sampling at the same sites as macroinvertebrates, fish, habitat, chemical, 
and physical data collection. 

6. Specify Performance or Acceptance Criteria 
Acceptable data are essential for minimizing decision error. Identifying errors in 
physical, chemical, and biological parameter sampling design, in situ 
measurements, and laboratory measurements, results in more confidence in IBI 
calibrations, biological threshold determinations, and aquatic life use assessment 
decisions. 

Site specific aquatic life use assessments, include program specific controls to 
identify errors. Controls include water chemistry blanks and duplicates; biological 
site revisits or duplicates; and laboratory verification of species identifications 
described in field procedure manuals and standard operating procedures (SOPs) 
(IDEM 2018, 2020a, 2020b, 2023a, 2023b, 2023c, 2023d, 2023e, 2023g, 2024b, 
2024h). 

The quality assurance and quality control (QA/QC) process detects deficiencies 
in the data collection as set forth in the Surface Water QAPP (IDEM 2023f) and 
Biological and Habitat QAPP (IDEM 2020a). The QAPP requires all contract 
laboratories to adhere to rigorous standards during sample analyses and to 
provide acceptable and usable data. Chemists within the WAPB review the 
laboratory analytical results for quality assurance (QA). Data flagged as 
“Rejected” will not be used for water quality assessment decisions due to 
analytical problems or errors. Data flagged as “Estimated” will be used on a 
case-by-case basis. The IDEM Surface Water QAPP (IDEM 2023f Table 28-29: 
Data Qualifiers and Flags, p 106-107) and Biological and Habitat QAPP (IDEM 
2020a pp. 32-36) presents criteria for acceptance or rejection of results as well 
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as application of data quality flags. The Surface Water QAPP Table 3: 
Performance, Acceptance, Decision Criteria for this Study; and Table 14 Field 
Parameters showing method and IDEM quantification limit (IDEM 2023a, pp 37 
and p 91) provide precision and accuracy goals with acceptance limits for 
applicable analytical methods. In response to data consistently flagged Rejected, 
conduct further investigation to determine the source of error. The WAPB QA 
manager and project manager may troubleshoot errors introduced throughout the 
entire data collection process using evaluation of field sample collection and 
preparation techniques, and laboratory procedures employed. Implement 
corrective actions upon determining the source of error (IDEM 2020a, IDEM 
2023f). 

7. Develop the Plan for Obtaining Data 
Select base sampling locations from sites previously sampled from 2003 – 2013. 
Over the 10-year period, reference sites least impacted by anthropogenic 
sources were determined. Least impacted sites were further selected based on 
good habitat and water chemistry results compared to other sites sampled. 
Sampling locations may be near bridges or historical probabilistic monitoring 
sites in remote areas. 

Indiana’s CALM requires at least three samples to complete an assessment for 
aquatic life use with water chemistry data. Perform three water chemistry 
sampling events at least 30-days apart.  

The primary filter in reference site selection is land use criteria: 
• Percent of agricultural or urban areas 
• Impervious surface area 
• Human population density and distribution 
• Road density and crossings 
• Proportion of active mining 
• Proportion of protected lands 
• Proximity to permitted facilities, confined feeding operations, and Superfund 

sites. 
To select reference sites and develop biological expectations in altered 
watersheds, a secondary filter may be chemical and in-stream physical habitat 
data. 
• Least disturbed condition (best available condition given widespread 

disturbance) 
• Minimally disturbed condition (nearly absent human disturbance) 
• Historical condition (prior to major industrialization, urbanization, and intense 

agricultural practices) (Stoddard et al. 2006) 
Ideally, sample reference sites at least once every 10 years, to monitor changes 
in the biological expectations for least disturbed condition and possible biological 
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criteria revision. Reference site sampling should include at a minimum two 
biological communities (fish, macroinvertebrates, or diatoms); habitat 
evaluations; and in-situ water chemistry. As resources allow, collect additional 
samples for laboratory water chemistry parameters, algal biomass, and flow. 

In March 2015, OWQ, U.S. EPA, and contractor Tetra Tech developed a 
framework and criteria for reference site selection (U.S. EPA Assistance 
Agreement I 96555711-1 IDEM). IDEM provided 1458 site locations, previously 
sampled for fish, macroinvertebrates, or both between 2003 and 2013, to Tetra 
Tech for possible reference sites selection. Tetra Tech identified 324 potential 
reference sites using land use factors as the primary filter. IDEM narrowed the 
list using in-stream chemical and physical data as a secondary filter. 

To ensure an adequate level of statistical confidence in the linear regression 
models developed from the data, a minimum of 20 reference sites in each of the 
natural environmental gradient classifications (i.e., ecoregion, stream size, etc.) 
is required. Given certain explanatory variables, the model outputs accurately 
indicate changes in biological assemblage structure. Increasing the number of 
reference sites reduces variability in calibrating the IBI and setting biological 
criteria thresholds (U.S. EPA 2013, Tetra Tech personal communication). 

IDEM conducts site reconnaissance and sampling of reference sites, based on 
the spatial distribution of the sites and available resources. The goal is to sample 
at least 25 reference sites each year to refine biological indices, water quality 
criteria, and possibly develop other assessment indicators and thresholds. 
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A.5 Training and Staffing Requirements 
Table 3. Project Roles, Experience, and Training 

Role Required  
Training/Experience 

Responsibilities Training References 

Project manager -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 quality 
control (QC) of field data. 
-Querying data from AIMS 
II to determine results not 
meeting water quality 
criteria. 

-AIMS II Database User 
Guide 
-IDEM  2020a, 2022d 
2023f, 2024a, 2024h 
-U.S. EPA 2006 

Field crew chief – 
fish or 
macroinvertebrate 
community 
sampling 

-At least one year of 
experience in sampling 
methodology and 
taxonomy of aquatic 
communities in the 
region 
-Annual review of the 
Principles and 
Techniques of 
Electrofishing 
-Annual review of 
relevant safety 
procedures 
-Annual review of 
relevant field operations’ 
SOPs 

-Complete field data 
sheets. 
-Taxonomic accuracy. 
-Sampling efficiency and 
representation. 
-Track voucher specimens. 
-Overall field crew 
operation. 
-Adherence to safety and 
field SOP procedures by 
crew members. 
-Ensure weekly data 
sondes’ calibrations, field 
sampling equipment 
functions properly, and all 
equipment is loaded into 
vehicles prior to field 
sampling activities. 

-Barbour et al. 1999 
-IDEM 2010a, 2019, 
2020a, 2020b, 2021, 
2022b, 2023a, 2023c, 
2023d, 2023e, 2023g, 
2024a, 2024b, 2024c, 
2024d, 2024h 
-Klemm et al. 1990 -
Plafkin et al. 1989 
-Simon and Dufour 2005 
-Xylem Inc. 2017 
-YSI Inc. 2020 

Field crew staff – 
fish or 
macroinvertebrate 
community 
sampling 

-Completion of hands-on 
sampling methodology 
training prior to field 
sampling activities 
-Review of the Principles 
and Techniques of 
Electrofishing 
-Review of relevant 
safety procedures 
-Review of relevant field 
operation SOPs 

-Follow all safety and SOP 
procedures while engaged 
in field sampling activities. 
-Follow direction of field 
crew chief while conducting 
field sampling activities. 
-Entry and QC of field data. 

-IDEM 2010a,  2019, 
2020b, 2021, 2022b, 
2023a, 2023c, 2023d, 
2023e, 2024b, 2024c, 
2024d 
-Xylem Inc. 2017 
-YSI Inc. 2020 
 
 
 
 
 
 

Field crew chief – 
water chemistry 
and algal 
sampling 

-At least one year of 
experience in sampling 
methodology 
-Annual review of 
relevant safety 
procedures 

-Complete field data 
sheets. 
-Ensure sampling efficiency 
and representativeness. 
-Ensure overall field crew 
operation, when remote 
from central office. 

-Barbour et al. 1999 
-Hill 1997 
-IDEM 2010a, 2018, 
2019, 2020a, 2020b, 
2021, 2022b, 2023e, 
2023f, 2024a, 2024b, 
2024c, 2024d, 2024h 
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Role Required  
Training/Experience 

Responsibilities Training References 

-Annual review of 
relevant field operations’ 
SOP’s 

-Ensure crew staff 
adherence to safety and 
field SOPs. 
-Ensure weekly data 
sondes’ calibrations, proper 
functioning of field sampling 
equipment, and loading of 
all equipment into vehicles 
prior to field sampling 
activities 

-Stevenson 1998 
-Stevenson and Pan 
1999 
-Xylem Inc. 2017 
-YSI Inc. 2020 

Field crew staff – 
water chemistry 
and algal 
sampling 

-Completion of hands-on 
training for sampling 
methodology prior to field 
sampling activities 
-Review of relevant 
safety procedures and 
field operation SOPs 

-Follow all safety 
procedures and SOPs while 
conducting field sampling 
activities. 
-Follow direction of field 
crew chief while conducting 
field sampling activities. 
-Entry and QC of field data. 

-IDEM 2010a, 2018, 
2019, 2020b, 2021, 
2022b, 2023e, 2024b, 
2024c, 2024d 
- Xylem Inc. 2017 
-YSI Inc. 2020 

Laboratory 
supervisor – fish 
or 
macroinvertebrate 
community 
sample 
processing 

-At least one year of 
experience in taxonomy 
of aquatic communities in 
the region 
-Annual review of 
relevant safety 
procedures 
-Annual review of 
relevant laboratory 
operations’ SOPs 

-Ensure laboratory staff’s 
adherence to safety and 
SOP procedures. 
-Assist with identification of 
fish and macroinvertebrate 
specimens. 
-Verify samples’ taxonomic 
accuracy. 
-Track voucher specimens. 
-Check QC calculations’ 
completeness on data 
sheets. 
-Ensure correct data entry 
into AIMS II. 

-IDEM 2010a,  2019, 
2020a, 2021, 2023a, 
2023g, 2024a, 2024c, 
2024d, 2024h 

Laboratory staff – 
fish or 
macroinvertebrate 
community 
sample 
processing 

-Completion of hands-on 
training for laboratory 
sample processing 
methodology prior to 
laboratory sample 
processing activities 
-Annual review of 
relevant safety 
procedures and relevant 
laboratory operations’ 
SOPs 

-Adhere to safety 
procedures and SOPs. 
-Follow laboratory 
supervisor direction while 
processing samples. 
-Identify fish and 
macroinvertebrate 
specimens. 
-Perform necessary 
calculations on data and 
entry onto field sheets. 

-IDEM 2010a, 2021, 
2023a, 2024c, 2024d 

Laboratory 
supervisor – 
water chemistry 
and algal sample 
processing 

-Annual review of 
relevant safety 
procedures 
-Annual review of 
relevant field operations’ 
SOPs 

-Ensure laboratory staff’s 
adherence to safety 
procedures and SOPs. 
-Identify diatoms. 
-Complete laboratory data 
sheets. 
-Check data for 
completeness. 
-Perform all necessary 
calculations on the data. 

-IDEM 2010a, , 2019, 
2020a, 2021, 2023b, 
2023f, 2024a, 2024c, 
2024d, 2024h 
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Role Required  
Training/Experience 

Responsibilities Training References 

-Ensure data entry into the 
AIMS II database. 

Quality assurance 
officer 

-Familiarity with QA/QC 
practices and 
methodologies 
-Familiarity with the 
Surface Water QAPP 
and data qualification 
methodologies 

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

-IDEM 2020a, 2023f, 
2024h 
-U.S. EPA 2006  
 

All staff (safety 
and reference 
manuals) 

-Basic first aid and 
cardiopulmonary 
resuscitation (CPR) 
 
 
-Familiarity with PPE 
Policy  
 
 
-Familiarity with the 
Personal Flotation 
Devices (PFD) WAPB 
internal memorandum 
regarding use of 
approved PFDs and [IC 
14-8-2-27] 

-Must complete a minimum 
of 4 hours of in-service 
training provided by WAPB 
(IDEM 2010a). 
 
-Must follow the policy 
when working. 
 
 
-When in a watercraft, must 
wear a PFD at all times 
when working on boundary 
waters, as defined by 
Indiana Code (IC) [IC 14-8-
2-27] and between sunset 
and sunrise on any waters 
of the state must wear a 
high intensity whistle and 
Safety of Life at Sea 
(SOLAS) certified strobe 
light. 

 
 
 
 
 
Personal Protective 
Equipment (PPE) Policy 
(IDEM 2024d) 
 
Personal Flotation 
Devices (PFD) February 
29, 2000 internal WAPB 
memorandum 
-[IC 14-8-2-27] 

Staff lacking 4 
hours of in-
service training or 
appropriate 
certification 

Same as all staff and 
must be accompanied by 
WAPB staff, meeting 
health and safety training 
requirements at all times 
in the field 

-Always follow trained staff 
directions. 

WAPB staff meeting 
health and safety training 
requirements 
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B. Data Generation and Acquisition 

B.1 Sampling Design and Site Locations 
The proposed reference site locations are sites previously sampled for fish or 
macroinvertebrate communities and water chemistry. After evaluating watershed 
characteristics (land use, pollution sources, road density, percent impervious 
surface, etc.), and previous habitat and chemistry results, determine reference site 
locations considered least impacted by anthropogenic sources. Conduct site 
reconnaissance activities in house and through physical site visits. In-house 
activities include preparation and review of site maps and aerial photographs. 
Physical site visits include verification of accessibility, safety considerations, 
equipment needed to properly sample the site, and property owner consultations, if 
required. Record all information on the Site Reconnaissance Form (Attachment 1) 
and enter the information into the AIMS II database. Determine precise coordinates 
for each site during the reconnaissance site visits or at the beginning of site 
sampling. Use an agency approved handheld Global Positioning System (GPS) unit 
which can verify horizontal precision within five meters or less, described in GPS 
Data Creation (IDEM 2022b, 2023e). Enter GPS coordinates into the AIMS ll 
database. Table 4 provides 2024 reference sites’ sampling locations information in 
the Whitewater, Middle Ohio-Laughery, Driftwood, Muscatatuck, and Silver-Little 
Kentucky. Figure 1 provides 2024 reference sites’ map sampling locations in the 
Whitewater and Driftwood basins. Figure 2 provides 2024 reference sites’ map 
sampling locations in the Middle Ohio-Laughery, Muscatatuck, and Silver-Little 
Kentucky basins.
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Table 4. List of Potential 2024 Reference Sites: Whitewater, Middle Ohio-Laughery, Driftwood, Muscatatuck, and 
Silver-Little Kentucky Basins 
 

AIMS Site Name Event ID Stream Name and Location County 
Hydrologic 
Unit Code 

(HUC) 
Latitude (DD) Longitude (DD) HUC 8 

WEM050-0036 24R166* Sugar Creek @ CR 500 North Ripley 51202070402 39.147128 -85.438781 Muscatatuck 
OSK-02-0004 24R171* Indian Kentuck Creek @ SR 250 Jefferson 51401010205 38.87824200 -85.25740100 Silver-Little Kentucky 
WEM060-0040 24R173* Otter Creek @ CR 560 East Jennings 51202070303 39.009222 -85.500866 Muscatatuck 

GMW-01-0005 24R240 Martindale Creek @ Charles Road Wayne 50800030102 39.971775 -85.103682 Whitewater 

GMW-03-0008 24R241 Nolands Fork @ Nolands Fork Road Wayne 50800030303 39.868571 -84.982703 Whitewater 

GMW-02-0004 24R242 Whitewater River @ Pennville Road Wayne 50800030205 39.741502 -85.117522 Whitewater 

GMW-07-0017 24R243 Hanna Creek @ CR 50 North Union 50800030714 39.639541 -84.897437 Whitewater 
GMW040-0036 24R244 Whitewater River @ SR 121 Fayette 50800030408 39.53617700 -85.16525600 Whitewater 
GMW040-0044 24R245 Whitewater River @ SR 121/Rohe Aggregates Franklin 50800030408 39.46517000 -85.17499400 Whitewater 
GMW080-0043 24R248 Whitewater River @ Graf Road/Tri Township Road Franklin 50800030805 39.34447600 -84.92099400 Whitewater 
WEM070-0032 24R249 Vernon Fork Muscatatuck River @ CR 150 West Jennings 51202070701 38.95199400 -85.63960500 Muscatatuck 
WEM020-0038 24R250 Little Graham Creek @ CR 675 East Jennings 51202070202 38.95281500 -85.48848900 Muscatatuck 
WEM-02-0001 24R251 Little Graham Creek @ CR 700 East Jennings 51202070202 38.93875000 -85.47649000 Muscatatuck 
WEM020-0034 24R252 Graham Creek @ J Road Jennings 51202070203 38.98063200 -85.45288700 Muscatatuck 
WEM020-0042 24R253 Graham Creek @ K Road/Northeast Exit Road Ripley 51202070203 39.00805200 -85.38339500 Muscatatuck 
WEM050-0042 24R254 Brush Creek @ CR 675 East Jennings 51202070403 39.07014800 -85.48652500 Muscatatuck 
WEM060-0025 24R255 Otter Creek @ CR 950 West Ripley 51202070302 39.07515000 -85.42553600 Muscatatuck 
WEM060-0022 24R256 Little Otter Creek @ Hopewell Road Ripley 51202070301 39.09275600 -85.36626200 Muscatatuck 
WEM050-0030 24R257 Vernon Fork Muscatatuck River @ CR 700 South Decatur 51202070401 39.23511900 -85.39874600 Muscatatuck 
OSK030-0009 24R258 West Fork Indian Kentuck Creek @ Manville Hill Road Jefferson 51401010204 38.78812700 -85.28278100 Silver-Little Kentucky 

OSK-02-0009 24R259 Brushy Fork @ Brushy Fork Road Jefferson 51401010205 38.79064100 -85.26925700 Silver-Little Kentucky 
OSK030-0012 24R260 Indian Kentuck Creek @ Lonnis Hill Road Jefferson 51401010205 38.83965900 -85.26022300 Silver-Little Kentucky 

OML-09-0005 24R262 Indian Creek @ Bakes Road Switzerland 50902030902 38.786413 -85.078935 Middle Ohio-Laughery 
WED020-0029 24R263 Big Blue River @ Morristown Road Shelby 51202040805 39.60365400 -85.75635100 Driftwood 
WED020-0020 24R264 Big Blue River @ Bear Chase Golf Club Shelby 51202040805 39.56781300 -85.77113200 Driftwood 

 
*Indicates unused site from previous sampling years. 
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Figure 1. 2024 Reference Sites for the Whitewater (05080003) and Driftwood (05120204) Basins 
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Figure 2. 2024 Reference Sites for the Middle Ohio-Laughery (05090203), Muscatatuck (05120206), and Silver-
Little Kentucky (05140101) Basins 
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B.2 Sampling Methods 
1. Water Chemistry 

During three discrete sampling events, teams of two staff collect water chemistry 
grab samples, record water chemistry field measurements, and record physical 
site descriptions on the IDEM Stream Sampling Field Data Sheet (Attachment 2). 
All water chemistry sampling will adhere to the Water Chemistry Field Sampling 
Procedures (IDEM 2020b). 

2. Field Parameter Measurements 
Measure DO, pH, water temperature, specific conductance, and DO percent 
saturation with a data sonde, during each sample collection event regardless of 
the sample type. Perform measurement procedures and operation of the data 
sonde in accordance with the manufacturers’ manuals (Xylem Inc. 2017; YSI Inc. 
2020). Calibration of YSI Multiparameter Data Sondes (IDEM 2024b and Water 
Chemistry Field Sampling Procedures (IDEM 2020b). Measure turbidity with a 
Hach™ turbidity kit and write the meter number in the comments under the field 
parameter measurements. If a Hach™ turbidity kit is not available, record the 
data sonde measurement for turbidity and note in the comments. Record all field 
parameter measurements and weather codes on the IDEM Stream Sampling 
Field Data Sheet (Attachment 2). Also take a digital photo upstream and 
downstream of the site during each sampling event (IDEM 2018). 

3. Algal Sampling 
During the third round of standard water chemistry sampling, teams of two staff 
collect periphyton communities at all sites. For an average site, sampling, which 
includes all the above parameters, requires approximately 1.5 hours of effort. 
Record information regarding substrates sampled for periphyton on the Algal 
Biomass Lab Data Sheet (Attachment 3). Phytoplankton and Periphyton Field 
Collection Procedures (IDEM 2018 describes methods used in algal community 
sampling. Processing and Identification of Diatom Samples (IDEM 2023b) 
describes the methods used in preparing samples for diatom identification and 
enumeration. 

4. Fish Community Sampling 
Perform fish community sampling using standardized electrofishing 
methodologies depending on stream size and site accessibility. Perform fish 
assemblage assessments 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 2023a). Try to sample all habitat types available (i.e., pools, shallows; 
IDEM 2023c, pp 10–11 contains more potential habitat types) within the sample 
reach to ensure adequate representation of the fish community present at the 
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time of the sampling event. List of possible electrofishers for use with sampling 
include: the Midwest Lake Electrofishing Systems (MLES) Infinity XStream, 
Smith-Root LR-24 or LR-20B Series backpack electrofishers; or MLES Infinity 
Control Box with MLES junction box and rat-tail cathode cable, assembled in a 
canoe (if parts of the stream are not wadable, the system may require the use of 
a dropper boom array outfitted in a canoe or possibly a 12 or 14 foot Loweline 
boat); or, for non-wadable sites, the Smith-Root Type VI-A electrofisher or MLES 
Infinity Control Box assembled in a 16 foot Loweline or Blazer boat (IDEM 2020a, 
2023a). 

Avoid sample collection during high flow or turbid conditions due to 1) low 
collection rates which result in nonrepresentative samples and 2) safety 
considerations for the sampling team. Avoid sample collection during late autumn 
due to the cooling water temperature, which may affect the responsiveness of 
some species to the generated electric field. This lack of responsiveness can 
result in samples not representative of the stream’s fish assemblage (IDEM 
2023a). 

Collect fish using dipnets with fiberglass handles and netting of 1/8-inch bag 
mesh. Sort fish collected in the sampling reach by species into baskets or 
buckets. Do not retain young-of-the-year fish less than 20 millimeters (mm) total 
length in the community sample (IDEM 2023a). 

For each field taxonomist (generally the crew leader), retain a complete set of 
fish vouchers 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, possibly preserve one to two individuals per new species encountered 
in 3.7% formaldehyde solution to serve as representative fish vouchers. Fish 
specimens must be positively identified and small enough to fit in a 2000 mL jar. 
If, however, a specimen is too large to preserve, take a photo of key 
characteristics (e.g., fin shape, size, body coloration) for later examination (IDEM 
2023a). Also, prior to sampling, randomly select 10% of the sites for revisits. 
Preserve a few representative individuals of all species found at the site or 
photograph to serve as vouchers (IDEM 2020a). Review taxonomic 
characteristics for possible species encountered in the basin of interest prior to 
field work. Also preserve fish specimens if they cannot be positively identified in 
the field (i.e., those co-occurring like the Striped and Common Shiners or are 
difficult to identify when immature); individuals appearing to be hybrids or have 
unusual anomalies; and dead specimens taxonomically valuable for undescribed 
taxa (e.g., Red Shiner or Jade Darter), life history studies, or research projects 
(IDEM 2023a). 
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Record the following data for non-preserved fish on the IDEM Fish Collection 
Data Sheet (Attachment 4): 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). Upon 
recording the data, release specimens within the sampling reach from which they 
were collected. Record data for preserved fish specimens following taxonomic 
identification in the laboratory (IDEM 2023a). 

5. Macroinvertebrate Sampling 
Crews of two to three staff conduct macroinvertebrate community sampling 
immediately following the fish community sampling event or on a different date. 
Collect samples, using a modification of the U.S. EPA Rapid Bioassessment 
Protocol multihabitat (MHAB) approach (Plafkin et al. 1989; Barbour et al. 1999; 
Klemm et al. 1990; IDEM 2023d). The IDEM MHAB approach (IDEM 2023d) 
involves collecting dislodged macroinvertebrates, with a D-frame 500 µm mesh 
dip net, from a 1-minute kick sample within a riffle or run and a 50-meter sweep 
sample of all available habitats. Define the 50-meter length of riparian sampling 
corridor at each site using a tape measure or rangefinder. If the stream is too 
deep to wade, use a boat to sample the 50-meter zone along the shoreline with 
the best available habitat. Combine the 1-minute kick, if collected, and 50-meter 
sweep samples in a bucket of water. Elutriate the combined sample through a 
U.S. standard number 35 (500 µm) sieve a minimum of five times to remove all 
rocks, gravel, sand, and large pieces of organic debris from the sample. Then 
transfer the remaining sample from the sieve to a white plastic tray. The collector, 
while still on site, conducts a 15-minute pick of macroinvertebrates at a single 
organism rate. By turning and examining the entire sample in the tray, endeavor 
to pick for maximum organism diversity, and relative abundance. Preserve the 
resulting picked sample in 80% isopropyl alcohol. Return the picked sample to 
the laboratory for identification at the lowest practical taxonomic level, if possible, 
usually at genus or species level (IDEM 2023g). Evaluate using the MHAB mIBI. 

In addition to the standard MHAB method of macroinvertebrate collection, 
employ two alternate macroinvertebrate sampling methods at each reference 
site. The alternate sampling methods were developed to validate components of 
the MHAB method, specifically the 15-minute field pick and use of a 50-meter 
sample zone instead of a sample zone which is a multiple of the stream width 
(i.e., 15 times the streams wetted width). The alternate methods were first 
employed at randomly selected Probabilistic sites in the 2013 and 2014 sample 
seasons (IDEM 2014). Analysis of the previous samples may prove an alternate 
method is superior, at which point only use the alternate method and the MHAB 
method at reference sites. The alternate methods are: 
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1. Collect three jabs taken with a D-frame dip net at each equally spaced 
transect. Calculate transects by measuring the wetted width of the stream at 
the site location times 15 and divide by 10 (10 transects x 3 jabs = 30 jabs 
total). 

2. Collect two 0.25 m2 kick samples with a 0.5 m wide bottom-kick net at each 
transect. Collect samples from alternating thirds of each transect. Calculate 
transects by measuring the wetted width of the stream at the site location 
times 15 and divide by 10 (10 transects x 2 kicks of 0.25 m2 = 5 m2 of stream 
substrate). 

At three reference sites (roughly 10% of sites), collect an additional duplicate set 
of all three sampling methods. The samples collected in 2024 will increase the 
total number of sites sampled for the methods comparison study to 218 with 22 
sets of duplicate samples. Further information regarding macroinvertebrate 
community sampling duplicates is in B.4 Quality Control and Custody 
Requirements. 

6. Habitat Assessments 
Complete habitat assessments immediately following macroinvertebrate and fish 
community sample collections at each site using a slightly modified version of the 
Ohio EPA (OHEPA) QHEI (OHEPA 2006). Complete a separate IDEM OWQ 
QHEI form (Attachment 5) for each of the two sample types, since the sampling 
reach length may differ (i.e., 50 meters for macroinvertebrates and between 50 
and 500 meters for fish). IDEM 2023c describes the method for completion of the 
QHEI. 

B.3 Analytical Methods 
Table 5 lists the field parameters, respective test method, and IDEM quantification 
limits. Table 6 lists water chemistry sample container, preservative, and holding time 
requirements. Table 7 lists numerous parameters (priority metals, anions and 
physical chemistry, and nutrients and organic); respective test methods; IDEM 
reporting limits; and contract laboratory reporting limits. The OWQ Chain of Custody 
Form (Attachment 6) and the 2024 Reference Sites Water Sample Analysis Request 
Form (Attachment 7) accompany each sample set through the analytical process. 
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Table 5. Field Parameters Showing Method and IDEM Quantification Limit 

Table 6. Water Chemistry Sample Container, Preservative, and Holding Time 
Requirements 

.

Parameters Method 
(SM=Standard Method) 

IDEM 
Quantification Limit 

DO (data sonde optical) ASTM D888-091 0.05 mg/L 
DO (data sonde membrane probe) SM 4500-OG 0.05 mg/L 
DO % Saturation (data sonde optical) ASTM D888-09 0.05% 
DO % Saturation (data sonde) SM 4500-OG 0.01% 
pH (data sonde) U.S. EPA 150.2 0.10 S.U. 
pH (field pH meter) SM 4500H-B 1 0.10 S.U. 
Specific Conductance (data sonde) SM 2510B 1.00 μmho/cm 
Temperature (data sonde) SM 2550B(2) 0.1 °C 
Temperature (field meter) SM 2550B(2) 1 0.1 °C 
Turbidity (data sonde) SM 2130B 0.02 NTU 2 
Turbidity (Hach™ turbidity kit) EPA 180.11 0.05 NTU 2 
1 Method used for Field Calibration Check 
2 NTU = Nephelometric Turbidity Unit(s) 
SM = Standard Method 
ASTM = American Society for Testing and Materials 

Parameter Container Preservative Holding 
1,2 Alkalinity as CaCO3* 1 L, plastic, narrow mouth None 14 days 
1,3 Ammonia-N** 1 L, amber glass Boston round, narrow mouth H2SO4 < pH 2 28 days 
1Chloride* 1 L, plastic, narrow mouth None 28 days 
1Chemical oxygen demand** 1 L, amber glass Boston round, narrow mouth H2SO4 < pH 2 28 days 
Hardness (as CaCO3*) 
calculated 

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

Metals (total and dissolved) 1 L, plastic, narrow mouth HNO3 < pH 2 6 months 
1Nitrate and Nitrite-N** 1 L, amber glass Boston round, narrow mouth H2SO4 < pH 2 28 days 
1Total phosphorus** 1 L, amber glass Boston round, narrow mouth H2SO4 < pH 2 28 days 
1,4Solids (all forms)* 1 L, plastic, narrow mouth None 7 days 
1Sulfate* 1 L, plastic, narrow mouth None 28 days 
1Total Kjeldahl nitrogen** 1 L, amber glass Boston round, narrow mouth H2SO4 < pH 2 28 days 
4Dissolved organic carbon** 1 L, amber glass Boston round, narrow mouth H2SO4 < pH 2 28 days 
1Total organic carbon** 1 L, amber glass Boston round, narrow mouth H2SO4 < pH 2 28 days 
1All samples iced to 4°C 
2General chemistry includes all parameters noted with an *. 
3Nutrients include all parameters noted with a **. 
4Separate 1 Liter samples are required for Total Suspended Solids and dissolved organic carbon 
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Table 7. Water Chemistry Parameters, 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) SM 2320B 10 10
Antimony   U.S. EPA 200.8 1 1 Chloride U.S. EPA 300.0 1 0.25
Arsenic   U.S. EPA 200.8 2 1 Dissolved Solids SM 2540C 10 10
Cadmium   U.S. EPA 200.8 1 0.2 Hardness (as CaCO3) by calculation SM 2340B 0.4 10
Calcium   U.S. EPA 200.7 20 1,000 Sulfate U.S. EPA 300.0 0.05 0.25
Chromium   U.S. EPA 200.8 3 2 Total Solids SM 2540B 1 10
Copper   U.S. EPA 200.8 2 1 Total Suspended Solids SM 2540D 1 2.5
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 1
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

Ammonia-N U.S. EPA 350.1 0.01 0.1
Chemical Oxygen Demand (COD) U.S. EPA 410.4 3 10
Nitrogen, Nitrate + Nitrite U.S. EPA 353.2 0.05 0.1
Total Kjeldahl Nitrogen (TKN) U.S. EPA 351.2 0.1 0.5
Dissolved Organic Carbon (DOC) SM 5310C 1 1
Total Organic Carbon (TOC) SM 5310C 1 1
Total Phosphorus U.S. EPA 365.1 0.01 0.05

Priority Metals

Parameter Pace Test Method

Nutrients/Organic

Anions/Physical

IDEM 
requested 
Reporting 

Limit 
(mg/L)

Pace 
Laboratory 
Reporting 

Limit (mg/L)

SM: Standard Methods for the Examination of Water and Wastewater  
U.S. EPA: United States Environmental Protection Agency 
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B.4 Quality Control and Custody Requirements 
QA protocols will follow part B5 of the Surface Water QAPP (IDEM 2023f, p. 
105) and B.5 of the Biological and Habitat QAPP (IDEM 2020a, p. 27). 

1. Water Chemistry Data 
Only use sample bottles and preservatives certified for purity. Adhere to 
U.S. EPA requirements for water chemistry testing sample collection 
containers for each parameter, preservative, and holding time (Table 6). 
Collect field duplicates and matrix spike and matrix spike duplicates 
(MS/MSD) at the rate of one per sample analysis set or one per every 20 
samples, whichever is greater. Additionally, take field blank samples using 
ASTM D1193-91 Type I water at a rate of one per sample analysis set or 
one per every 20 samples, whichever is greater. Complete the sample 
collection portion of the OWQ Chain of Custody Form in the field 
(Attachment 6). The sample collector is responsible for signing the chain 
of custody form and ensuring the lab receiving the samples records the 
date, time, and signs for the samples. Pace Analytical Services, Inc. 
(Indianapolis, Indiana) processes all samples collected for water chemistry 
analysis following the specifications set forth in Request for Proposals 22-
68153 (IDEM 2022a). 

2. Algal Community Data 
Staff will note excessive algal conditions upon observing an algal bloom 
on the water’s surface or in the water column. Calibration of staff on this 
rating (i.e., the decision as to the severity of the bloom is based on best 
professional judgement) is not possible, but an algal mat on the surface of 
the water or a bloom giving the water the appearance of green paint is 
justification for deciding algal conditions are excessive. 

Collect duplicate diatom samples at 10% of sampling sites (approximately 
3). After completion of sampling at a given site, clean all equipment which 
contacted the sample with detergent and rinse with ASTM D1193-91 Type 
III water to decrease the potential for cross contamination and bias of the 
algal samples. Accurately and thoroughly complete all sample labels, 
include AIMS II database sample numbers, date, stream name, and 
sampling location. Complete the sample collection portion of the OWQ 
Chain of Custody forms (Attachment 6) in the field and when transferring 
samples to the laboratory. Upon arrival at the laboratory, the laboratory 
manager will check in samples. For diatom samples, a Laboratory Chain 
of Custody form (Attachment 8) documents when samples are removed 
from storage, processed, and made into permanent mounts (IDEM 2018). 
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Document QC of the diatom sampling, enumeration, and identification 
project by QC checks for both field and laboratory data. IDEM 2018 
describes QA/QC protocols used in diatom identification and enumeration. 
The Department of Biological and Environmental Sciences of Georgia 
College and State University (Milledgeville, Georgia) will analyze or verify 
at least 10% of diatom samples (and up to 100%) (IDEM 2020a) following 
the specifications set forth in IDEM 2018. 

3. Fish Community Data 
Perform fish community sampling revisits at a rate of 10% of the total fish 
community sites sampled (approximately 3) (IDEM 2023a). Perform revisit 
sampling with at least 2 weeks of recovery between the initial and revisit 
sampling events. Perform fish community revisit sampling and habitat 
assessment with either a partial or complete change in field team staff 
(IDEM 2023a). Use the resulting IBI and QHEI total score between the 
initial visit and the revisit to evaluate precision (IDEM 2020a). Use the 
IDEM OWQ Chain of Custody Form to track samples from the field to the 
laboratory (Attachment 6). Regionally recognized non-IDEM freshwater 
fish taxonomists (e.g., Brant Fisher, Nongame Aquatic Biologist, Indiana 
Department of Natural Resources) may verify fish taxonomic 
identifications made by IDEM staff in the laboratory. For all raw data: 1) 
check for completeness; 2) utilize to calculate derived data (i.e., total 
weight of all specimens of a taxon) and enter into the AIMS II database; 
and 3) check again for data entry errors. 

4. Macroinvertebrate Community Data 
Prior to beginning the field season, randomly select 10% of the total 
macroinvertebrate community sampling sites (approximately 3) for 
collection of duplicate macroinvertebrate field samples. Immediately after 
collecting the initial macroinvertebrate community sample and performing 
the habitat assessment, the same staff collects the duplicate sample and 
performs another habitat assessment. Base the precision evaluation on 
the duplicate of samples collected (IDEM 2020a). Use the IDEM OWQ 
Chain of Custody form (Attachment 6) to track samples from the field to 
the laboratory. The Probabilistic Monitoring Section laboratory supervisor 
maintains laboratory identifications and QA/QC of taxonomic work 
(2023g). An outside taxonomist will verify 10% of initial samples taken at 
sites where duplicate samples were collected (IDEM 2023d, 2023g). 

B.5 Field Parameter Measurements and Instrument Testing 
and Calibration 

Calibrate the data sonde prior to each week’s sampling (IDEM 2024b). 
Record, maintain, store, and archive calibration results and drift values in 
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logbooks located in the calibration laboratories at the Shadeland facility. Drift 
value is the difference between two successive calibrations. Field parameter 
calibrations will conform to the procedures described in the instrument users’ 
manuals (Xylem Inc. 2017; YSI Inc. 2020) and the Calibration of YSI 
Multiparameter Data Sondes technical standard operating procedure (IDEM 
2024b). Use the air calibration method (IDEM 2024b) to conduct the DO 
component of the calibration procedure. Conduct an accuracy field check for 
the unit once during the week by comparison with an YSI DO meter, Hach™ 
turbidity, and a pH and temperature meter. Record weekly calibration and 
verification results on the field calibrations portion of the Stream Sampling 
Field Data Sheet (Attachment 2) and enter in the AIMS II database. Also use 
the YSI DO meter at sites where the DO concentration is 4.0 mg/L or less. 

Collect in-situ water chemistry data in the field using calibrated or 
standardized equipment. Perform calculations in the field or later in the office. 
Analytical results, which have limited QC checks, are included in this 
category. Detection limits and ranges are set for each analysis (Table 5). 
Perform QC checks on information for field or laboratory results to estimate 
precision, accuracy, and completeness for the project, as described in the 
Surface Water QAPP (IDEM 2023f Table 3, p 37 and Section B.5 p 91). 

Use a Nikon© differential interference contrast (DIC) microscope and Nikon© 
Elements D camera and imaging system for identification and enumeration of 
diatoms. Branch staff calibrate the ocular reticle in the microscope. Calibrate 
the ocular reticle at each magnification with a stage micrometer. Upon moving 
the microscope to a new location, check the calibration. 

C. Assessment and Oversight 

C.1. Assessments and Response Actions 
Conduct performance and system audits to ensure good quality data. 

Field and laboratory performance checks include: 
• Precision measurements by relative percent difference (RPD) of field and 

laboratory duplicates per Surface Water QAPP (IDEM 2023f, Table 3 p. 
37). 

• Accuracy measurements by percent of recovery of MS/MSD samples 
analyzed in the laboratory (IDEM 2023f, Table 3 p. 37). 

• Completeness measurements by the percent of planned samples 
collected, analyzed, reported, and usable for the project (IDEM 2023f, 
Table 3 p. 37). 

For biological and habitat measurements, field performance measurements 
include: 
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• Completeness (IDEM 2020a, pp. 10-11, 14, 17) 

• Examination of fish IBI score differences and the relative percent 
difference (RPD) for number of fish species at revisit sites (IDEM 2020a, 
pp. 9-10) 

• RPD for number of taxa for macroinvertebrate duplicate samples (IDEM 
2020a, p. 13) 

• RPD for number of taxa for diatom duplicate samples (IDEM 2020a, p. 17) 

• RPD between the two total QHEI scores (IDEM 2020a, p. 18) 

Lab performance measurements include: 
• Percent Taxonomic Disagreement (PTD) for fish (IDEM 2020a, p. 12) 

• Diatoms (IDEM 2020a, p. 18) 

• Percent Difference in Enumeration (PDE), Percent Taxonomic 
Disagreement (PTD), and Percent Sorting Efficiency (PSE) for 
macroinvertebrates (IDEM 2020a, pp. 14-16) 

IDEM WAPB staff conduct field audits every other year to ensure sampling 
activities adhere to approved SOPs. WAPB managers conduct systematic 
audits to include all WAPB staff engaged in field sampling activities. 
Managers, trained in the associated sampling SOPs and in the processes 
related to conducting an audit, evaluate WAPB field staff involved with sample 
collection and preparation. Managers produce an evaluation report 
documenting each audit for review by field staff audited and WAPB 
management. As a result of the audit process, corrective actions are 
communicated to field staff who will implement the corrections per Surface 
Water QAPP (IDEM 2023f, Section C. p 99-100; IDEM 2020a, p. 31). 

Require contract laboratories to have NELAC audits at the beginning of a 
laboratory contract and at least once a year during the contract. In addition, 
IDEM QA staff annually review performance studies conducted by the 
contract laboratories. The audit includes any or all the operational QC 
elements of the laboratory’s QA system. Address all applicable elements of 
the QAPP and the laboratory contract requirements including, but not limited 
to, sample handling, sample analysis, record keeping, preventative 
maintenance, proficiency testing, staff requirements, training, and workload 
(IDEM 2023f, Section C.1. p. 99). 

For macroinvertebrate verifications by an external lab, the lab must maintain 
Society for Freshwater Science taxonomic certifications for their taxonomists. 
Genus level taxonomic certifications are required for 1. Eastern General 
Arthropods, 2. Eastern Ephemeroptera, Plecoptera and Trichoptera, 3. 
Chironomidae and 4. Oligochaeta. 
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C.2 Data Quality Assessment Levels 
Surface Water QAPP (IDEM 2023f, pp 107-108) and the Biological and Habitat 
QAPP (IDEM 2020a, pp. 34-35) describe the intent to collect samples and 
various types of data to meet the QA criteria and rated Data Quality Assessment 
(DQA) Level 3. 

D. Data Validation and Usability 
QA reports to management, and data validation and usability are also important 
components of the QAPP ensuring good quality data. Should problems arise and 
require investigation and correction, submit a QA audit report to the QA manager 
and project manager for review. The following steps ensure data meet the project 
DQO and allow assessment by users: 
• Reduce by converting raw analytical data into final results in proper reporting 

units. 
• Validate by qualifying data based on the performance of field and laboratory 

QC measures incorporated into the sampling and analysis procedures. 
• Report by completely documenting the calibration, analysis, QC measures, 

and calculations. 

D.1. Quality Assurance, Data Qualifiers, and Flags 
Use the various data qualifiers and flags for QA and validation of the data 
found in the Surface Water QAPP (IDEM 2023f Section D.3.3. pp 108-109) 
and Biological and Habitat QAPP (IDEM 2020a pp. 33-34). 

D.2. Reconciliation with User Requirements 
Qualify the environmental project data, each lab or field result, usability per 
Surface Water QAPP (IDEM 2023f pp 107-108) and Biological and Habitat 
QAPP (IDEM 2020a pp. 35-36). Categorize data in one or more of the 
following classifications. 
• Acceptable Data 
• Enforcement Capable Results 
• Estimated Data 
• Rejected Data 

D.3. Information, Data, and Reports 
Record the 2024 data collected in the AIMS II database. Present in three 
compilation summaries: 
• A general compilation of the 2024 Reference Site field and water 
chemistry data prepared for use in the Integrated Report. 
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• A database report format containing biological results and habitat 
evaluations, produced for inclusion in the Integrated Report and individual site 
folders. 
• Laboratory bench sheets containing the species taxa names and 
enumerations of all diatoms collected. 

Maintain all site folders at the WAPB facility until uploaded into the IDEM 
Virtual File Cabinet. All data and reports are 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.). 

D.4. Laboratory and Estimated Cost 
Project laboratory analysis and data reporting should comply with the Surface 
Water QAPP (IDEM 2023f), Request for Proposals 22-68153 (IDEM 2022a), 
the Biological and Habitat QAPP (IDEM 2020a), and the IDEM 2023 Quality 
Management Plan (IDEM 2024h). 

The following labs perform analytical tests: 
• General chemistry, nutrients, and total and dissolved metals – Pace 
Analytical Services in Indianapolis, Indiana (accreditation in Attachment 9) 
• Collection and slide mount diatoms – IDEM staff 
• Diatom identification and enumeration – Department of Biological and 
Environmental Sciences, Georgia College and State University 
• Collection and analysis of all macroinvertebrate samples – IDEM staff 
• Validation of 10% of macroinvertebrate samples – Rhithron Associates, 
Inc. 
• Collection and analysis of all fish samples – IDEM staff 

Table 8 outlines the anticipated budget for the project’s laboratory costs. 
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Table 8. Total Estimated Laboratory Cost for the Project. 
  

Analysis Laboratory Estimated Cost 

Water Chemistry 

Pace Analytical Services 
7726 Moller Road. 
Indianapolis, Indiana 46268 
Contract # 58463, PO # 20003041 Line # 7 

$48,699 

Diatom Identification 
and Enumeration 

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

$4,900 

Macroinvertebrate 
Identification 

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

$690 

 Total $54,289.00 
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http://iac.iga.in.gov/iac/iac_title?iact=327
http://iac.iga.in.gov/iac/iac_title?iact=327
http://iac.iga.in.gov/iac/T03270/A00020.PDF?
https://ingov.sharepoint.com/:b:/r/sites/IDEMPortal/OCS/safHealt/Shared%20Documents/Important%20Health%20and%20Saftey%20Information%20for%20IDEM%20Staff/Policies%20and%20Procedures/IDEM%20Health%20and%20Safety%20Related%20Policies/Health%20and%20Safety%20Training.pdf?csf=1&web=1
https://ingov.sharepoint.com/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Phytoplankton%20and%20Periphyton%20Field%20Collection%20Procedures%20B-004-OWQ-WAP-XX-18-T-R1.docx?web=1
https://ingov.sharepoint.com/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Phytoplankton%20and%20Periphyton%20Field%20Collection%20Procedures%20B-004-OWQ-WAP-XX-18-T-R1.docx?web=1
https://ingov.sharepoint.com/:b:/r/sites/IDEMIntranet/Shared%20Documents/Health/haz_comms_plan.pdf?csf=1&web=1&e=VXVrf1
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/QAPP%20for%20Biological%20Community%20and%20Habitat%20Measurements%20B-003-OWQ-WAP-XXX-20-Q-R0.docx?d=w814b26278d56447dbbc31a4dc67b3953&csf=1&web=1&e=pqrLmS
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/QAPP%20for%20Biological%20Community%20and%20Habitat%20Measurements%20B-003-OWQ-WAP-XXX-20-Q-R0.docx?d=w814b26278d56447dbbc31a4dc67b3953&csf=1&web=1&e=pqrLmS
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(IDEM 2020b. Water Chemistry Field Sampling Procedures. B-015-OWQ-WAP-
XXX-20-T-R0. Office of Water Quality, Watershed Assessment and 
Planning Branch. Indianapolis, Indiana. 

(IDEM 2021) Office of Water Quality Watershed Assessment and Planning 
Branch Laboratory Safety Plan. IDEM, Office of Program Support, 
Indianapolis, Indiana.* 

(IDEM 2022a) Request for Proposals 22-68153, Request for Laboratory 
Analytical Services for the Indiana Department of Environmental 
Management, Office of Water Quality (IDEM/OWQ). Indiana Department 
of Environmental Management. Indiana Department of Administration. 
Indianapolis, Indiana. 

(IDEM 2022b) Global Positioning System (GPS) Data Creation. B-001-OWQ-
WAP-XXX-22-T-R1. IDEM, Office of Water Quality, Watershed 
Assessment and Planning Branch. Indianapolis, Indiana. 

(IDEM 2022d) AIMS II Database User Guide. IDEM, Office of Water Quality, 
Watershed Assessment and Planning Branch. Indianapolis, Indiana.* 

(IDEM 2023a) Fish Community Field Collection Procedures. B-009-OWQ-WAP-
XXX-23-T-R1. IDEM, Office of Water Quality. Watershed Assessment and 
Planning Branch. Indianapolis, Indiana. 

(IDEM 2023b) Processing and Identification of Diatom Samples. B-002-OWQ-
WAP-TGM-23-T-R1. IDEM, Office of Water Quality, Watershed 
Assessment and Planning Branch, Targeted Monitoring Section. 
Indianapolis Indiana.  

(IDEM 2023c) Procedures for Completing the Qualitative Habitat Evaluation 
Index B-003-OWQ-WAP-XX-23-T-R2. IDEM, Office of Water Quality, 
Watershed Assessment and Planning Branch. Indianapolis, Indiana. 

(IDEM 2023d) Multihabitat (MHAB) Macroinvertebrate Collection Procedure. B-
011-OWQ-WAP-XXX-23-T-R1. IDEM, Office of Water Quality, Watershed 
Planning and Assessment Branch, Indianapolis, Indiana. 

(IDEM 2023e) Global Navigational Satellite Systems (GNSS) R1 Unit User 
Instructions B-055-OWQ-WAP-XXX-23-T-R0. IDEM, Office of Water 
Quality, Watershed Assessment and Planning Branch. Indianapolis, 
Indiana. 

(IDEM 2023f) Quality Assurance Project Plan (QAPP) for Indiana Surface Water 
Programs (Rev. 5, Jul. 2023).B-001-OWQ-WAP-XX-23-Q-R5. IDEM, 
Office of Water Quality, Watershed Assessment and Planning Branch, 
Indianapolis, Indiana. 

(IDEM 2023g) Processing and Identification of Macroinvertebrate Samples. B-
061-OWQ-WAP-XXX-23-T-R0. IDEM, Office of Water Quality, Watershed 
Assessment and Planning Branch. Indianapolis, Indiana. 

(IDEM 2023h) IDEM Quality Management Plan 2023. IDEM, Indiana Government 
Center North, 100 N. Senate Ave., Indianapolis, Indiana, 46204. 

https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/_layouts/15/Doc.aspx?sourcedoc=%7B7A76A5EC-C621-40CF-8E08-44F4C6790875%7D&file=Water%20Chemistry%20Field%20Sampling%20Procedures%20B-015-OWQ-WAP-XXX-20-T-R0.docx&action=default&mobileredirect=true
https://ingov.sharepoint.com/:b:/r/sites/IDEMIntranet/Shared%20Documents/Health/safety_plans/owq_lab_safety_plan.pdf?csf=1&web=1&e=aKq1Gx
https://ingov.sharepoint.com/:b:/r/sites/IDEMIntranet/Shared%20Documents/Health/safety_plans/owq_lab_safety_plan.pdf?csf=1&web=1&e=aKq1Gx
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Global%20Positioning%20System%20Data%20Creation%20B-001-OWQ-WAP-XXX-15-T-R0.docx?d=w78c6edab2a044b579e7071937b2bd42e&csf=1&web=1&e=tspcKl
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Fish%20Community%20Field%20Collection%20Procedures%20B-009-OWQ-WAP-XXX-23-T-R1.docx?d=w57b69633f3bf4d48bb56723be2c33be1&csf=1&web=1&e=6NdYfX
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Fish%20Community%20Field%20Collection%20Procedures%20B-009-OWQ-WAP-XXX-23-T-R1.docx?d=w57b69633f3bf4d48bb56723be2c33be1&csf=1&web=1&e=6NdYfX
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Processing%20and%20Identification%20of%20Diatom%20Samples%20TSOP%20B-002-OWQ-WAP-TGM-23-T-R1%20%20.docx?d=wbad648c799d0410f99b7dfea655d74c4&csf=1&web=1&e=rtuZk0
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Processing%20and%20Identification%20of%20Diatom%20Samples%20TSOP%20B-002-OWQ-WAP-TGM-23-T-R1%20%20.docx?d=wbad648c799d0410f99b7dfea655d74c4&csf=1&web=1&e=rtuZk0
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Procedures%20for%20Completing%20the%20QHEI%20B-003-OWQ-WAP-XXX-23-T-R2.docx?d=we652bab01e69440aba8673702bff93a9&csf=1&web=1&e=kQX6Rp
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Procedures%20for%20Completing%20the%20QHEI%20B-003-OWQ-WAP-XXX-23-T-R2.docx?d=we652bab01e69440aba8673702bff93a9&csf=1&web=1&e=kQX6Rp
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Multi-habitat%20(MHAB)%20Macroinvertebrate%20Collection%20Procedure%20B-011-OWQ-WAP-XXX-23-T-R1.docx?d=w10c9e4e0a539430a935d009e238c3163&csf=1&web=1&e=JNwbFg
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Multi-habitat%20(MHAB)%20Macroinvertebrate%20Collection%20Procedure%20B-011-OWQ-WAP-XXX-23-T-R1.docx?d=w10c9e4e0a539430a935d009e238c3163&csf=1&web=1&e=JNwbFg
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Global%20Navigation%20Satellite%20System%20(GNSS)%20User%20Instructions%20B-055-OWQ-WAP-XXX-23-T-R0.docx?d=w39abc427ee37489fae2d0245e968ba66&csf=1&web=1&e=zbrfaD
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Global%20Navigation%20Satellite%20System%20(GNSS)%20User%20Instructions%20B-055-OWQ-WAP-XXX-23-T-R0.docx?d=w39abc427ee37489fae2d0245e968ba66&csf=1&web=1&e=zbrfaD
https://ecm.idem.in.gov/cs/idcplg?IdcService=GET_FILE&dID=83508550&dDocName=83512555&Rendition=web&allowInterrupt=1&noSaveAs=1
https://ecm.idem.in.gov/cs/idcplg?IdcService=GET_FILE&dID=83508550&dDocName=83512555&Rendition=web&allowInterrupt=1&noSaveAs=1
https://ingov.sharepoint.com/sites/IDEMOWQ/Watershed/All%20SOPs/Processing%20and%20Identification%20of%20Macroinvertebrate%20Samples,%20B-061-OWQ-WAP-XXX-23-T-R0.docx?web=1
https://ingov.sharepoint.com/sites/IDEMOWQ/Watershed/All%20SOPs/Processing%20and%20Identification%20of%20Macroinvertebrate%20Samples,%20B-061-OWQ-WAP-XXX-23-T-R0.docx?web=1
https://www.in.gov/idem/files/qmp_2023.pdf
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(IDEM 2024a). Indiana’s Integrated Water Monitoring and Assessment Report to 
the U.S. EPA (Revised), Appendix G: IDEM’s 2024 Consolidated 
Assessment and Listing Methodology (CALM). Office of Water Quality, 
Indiana Department of Environmental Management, Indianapolis, Indiana. 

(IDEM 2024b). Calibration of YSI Multi-parameter Data Sondes B-014-OWQ-
WAP-XXX-23-T-R1. Office of Water Quality, Watershed Assessment and 
Planning Branch. Indianapolis, Indiana. 

(IDEM) 2024c) IDEM policy, Injury and Illness Resulting from Occupational 
Exposure Policy, revised January 4, 2024, A-034-AW-24-P-R4, Office of 
Program Support Health and Safety Director, Indiana Department of 
Environmental Management, Indianapolis, Indiana 

(IDEM 2024d) IDEM policy, Personal Protective Equipment Policy, revised 
January 4, 2024, A-059-AW-24-P-R1, Office of Program Support Health 
and Safety Director, Indiana Department of Environmental Management, 
Indianapolis, Indiana 

 
(Klemm et al. 1990) Klemm, D. J., Lewis, P. A., Fulk, F. and Lazorchak, J. M. 

1990. Macroinvertebrate Field and Laboratory Methods for Evaluating the 
Biological Integrity of Surface Waters. EPA/600/4-90/030. Environmental 
Monitoring Systems Laboratory, Monitoring Systems and Quality 
Assurance, U.S. EPA, Office of Research and Development, Cincinnati, 
Ohio. 

(OHEPA 2006) Methods for Assessing Habitat in Flowing Waters: Using the 
Qualitative Habitat Evaluation Index (QHEI). June 2006 Ohio 
Environmental Protection Agency (OHEPA) Technical Bulletin. EAS/2006-
06-1. Revised by the Midwest Biodiversity Institute for State of Ohio 
Environmental Protection Agency, Division of Surface Water, Ecological 
Assessment Section, Groveport, Ohio. 

(Plafkin et al. 1989) Plafkin, J. L., Barbour, M. T., Porter, K. D., Gross, S. K. and 
Hughes, R.M. 1989. Rapid Bioassessment Protocols for Use in Streams 
and Rivers: Benthic Macroinvertebrates and Fish. EPA/440/4-89/001. U.S. 
EPA, Assessment and Watershed Protection Division, Washington, D.C. 

(Simon and Dufour 2005) Simon, T. P. and Dufour, R. L. 2005. Guide to 
appropriate metric selection for calculating the Index of Biotic Integrity (IBI) 
for Indiana Large and Great Rivers, Inland Lakes, and Great Lakes 
nearshore. U.S. Department of the Interior, Fish and Wildlife Service, 
Bloomington Field Office, Bloomington, Indiana. 

(Stevenson 1998) Stevenson, R. J. 1998. Diatom indicators of stream and 
wetland stressors in a risk management framework. Environmental 
Monitoring and Assessment 51:107 – 118.* 

(Stevenson and Pan 1999) Stevenson, R. J. and Pan, Y. 1999. Assessing 
ecological conditions in rivers and streams with diatoms. pp. 11 – 40 in E. 
F. Stoermer and J. P. Smol, editors. The Diatoms: Applications to the 

https://www.in.gov/idem/nps/watershed-assessment/water-quality-assessments-and-reporting/idems-consolidated-assessment-and-listing-methodology-calm/
https://www.in.gov/idem/nps/watershed-assessment/water-quality-assessments-and-reporting/idems-consolidated-assessment-and-listing-methodology-calm/
https://www.in.gov/idem/nps/watershed-assessment/water-quality-assessments-and-reporting/idems-consolidated-assessment-and-listing-methodology-calm/
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Calibration%20of%20YSI%20Multi-parameter%20Data%20Sondes%20B-014-OWQ-WAP-XXX-23-T-R1.docx?d=wa6c245aadaa04b0bb268596415704982&csf=1&web=1&e=g8bci0
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/Effective%20QA%20Documents/Calibration%20of%20YSI%20Multi-parameter%20Data%20Sondes%20B-014-OWQ-WAP-XXX-23-T-R1.docx?d=wa6c245aadaa04b0bb268596415704982&csf=1&web=1&e=g8bci0
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/_layouts/15/Doc.aspx?sourcedoc=%7B987BF7EB-C06E-4825-89B2-D2AAEABC1CD6%7D&file=Injury%20and%20or%20Illness%20Resulting%20from%20Occupational%20Exposure%20Policy%20A-034-AW-24-P-R4.docx&wdLOR=c819A0A5A-2E63-4BDB-8C34-889D1FED4A42&action=default&mobileredirect=true
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/_layouts/15/Doc.aspx?sourcedoc=%7B987BF7EB-C06E-4825-89B2-D2AAEABC1CD6%7D&file=Injury%20and%20or%20Illness%20Resulting%20from%20Occupational%20Exposure%20Policy%20A-034-AW-24-P-R4.docx&wdLOR=c819A0A5A-2E63-4BDB-8C34-889D1FED4A42&action=default&mobileredirect=true
https://ingov.sharepoint.com/:w:/r/sites/IDEMPortal/OCS/PlanAsses/qa/_layouts/15/Doc.aspx?sourcedoc=%7BEFD186B2-4671-4296-9688-BCB86944C0CC%7D&file=Personal%20Protective%20Equipment%20Policy%20A-059-AW-24-P-R1.docx&wdLOR=c6865AAA4-FFD1-48BC-8DB1-4B2B891BF418&action=default&mobileredirect=true
https://nepis.epa.gov/Exe/ZyNET.exe/30000VCE.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1986+Thru+1990&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C86thru90%5CTxt%5C00000005%5C30000VCE.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/30000VCE.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1986+Thru+1990&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C86thru90%5CTxt%5C00000005%5C30000VCE.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://epa.ohio.gov/static/Portals/35/documents/QHEIManualJune2006.pdf
https://epa.ohio.gov/static/Portals/35/documents/QHEIManualJune2006.pdf
https://nepis.epa.gov/Exe/ZyNET.exe/9100LGCA.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1986+Thru+1990&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C86thru90%5CTxt%5C00000022%5C9100LGCA.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/9100LGCA.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1986+Thru+1990&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C86thru90%5CTxt%5C00000022%5C9100LGCA.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://monitoringprotocols.pbworks.com/f/IBI+revised+criteria+large+waters.pdf
http://monitoringprotocols.pbworks.com/f/IBI+revised+criteria+large+waters.pdf
http://monitoringprotocols.pbworks.com/f/IBI+revised+criteria+large+waters.pdf
http://monitoringprotocols.pbworks.com/f/IBI+revised+criteria+large+waters.pdf
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Environmental and Earth Sciences. Cambridge University Press, 
Cambridge, UK.* 

(Stoddard et al. 2006) Stoddard, J. L., D. P. Larsen, C. P. Hawkins, R. K. 
Johnson, and R. H. Norris. 2006. Setting expectations for the ecological 
condition of streams: the concept of reference condition. Ecological 
Applications 16(4):1267 – 1276.* 

(Hill 1997) Hill, B. H. 1997. The use of periphyton assemblage data in an Index of 
Biotic Integrity. Bulletin of the North American Benthological Society 14, 
158.* 

(Xylem Inc. 2017) Xylem Incorporated 2017, Revision G. EXO User Manual. 
Yellow Springs, Ohio 

(YSI Inc. 2020). ProDigital User Manual, revision H,Yellow Springs, Ohio. 
*Documents may be inspected at the Watershed and Assessment Branch office, 

located at 2525 North Shadeland Avenue, Indianapolis, IN. 
 

https://www.ysi.com/File%20Library/Documents/Manuals/YSI_ProSolo_User_Manual_English.pdf
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F. Distribution List 
Electronic Distribution Only 

Name Organization 
Lindsay Hylton Adams IDEM, OWQ, WAPB, Watershed Planning and Restoration 

Section 
Kristen Arnold IDEM, OWQ, WAPB, Branch Chief 
Miranda Belanger IDEM, OWQ, WAPB, Targeted Monitoring Section 
Timothy Bowren IDEM, OWQ, WAPB, Technical and Logistical Services Section 
Josh Brosmer IDEM, OWQ, WAPB, Watershed Planning and Restoration 

Section 
Dylan Brown IDEM, OWQ, WAPB, Probabilistic Monitoring Section 
McKenzie Bruder IDEM, OWQ, WAPB, Probabilistic Monitoring Section 
Pat Colcord IDEM, Office of Program Support, Recycling, Education and 

Quality Assurance 
Marissa Cubbage IDEM, OWQ, WAPB, Probabilistic Monitoring Section 
Todd Davis IDEM, OWQ, WAPB, Targeted Monitoring Section 
Kevin Gaston IDEM, OWQ, WAPB, Probabilistic Monitoring Section 
Kathleen Hagan IDEM, OWQ, WAPB, Watershed Planning and Restoration 

Section 
Alyssa Henthorn IDEM, OWQ, WAPB, Watershed Planning and Restoration 

Section 
Paul Higginbotham Deputy Assistant Commissioner IDEM, OWQ 
Charles Hostetter IDEM, OWQ, WAPB, Technical and Logistical Services Section 
Paula Kaszynski IDEM, OWQ, WAPB, Probabilistic Monitoring Section 
Kalina Manoylov  Georgia College and State University, Department of Biological 

and Environmental Sciences 
Paul McMurray Technical E7 IDEM, OWQ, WAPB  
Ali Meils IDEM, OWQ, WAPB, Targeted Monitoring Section Chief 
Martha Clark Mettler Assistant Commissioner IDEM, OWQ 
Mitchell Owens IDEM, OWQ, WAPB, Probabilistic Monitoring Section 
Caleb Rennaker IDEM, OWQ, WAPB, Watershed Planning and Restoration 

Section Chief 
Michelle Ruan IDEM, OWQ, WAPB, Targeted Monitoring Section 
Michael Schneider IDEM, OWQ, WAPB, Probabilistic Monitoring Section 
Addison Seidler IDEM, OWQ, WAPB, Targeted Monitoring Section 
Stacey Sobat IDEM, OWQ, WAPB, Probabilistic Monitoring Section Chief 
John Sparks IDEM, OWQ, WAPB, Watershed Planning and Restoration 

Section 
David Tsetse IDEM, OWQ, WAPB, Technical and Logistical Services Section  



2024 Reference Site Monitoring WP 
B-065-OWQ-WAP-XXX-24-W-R0 

Date: April 24, 2024 

36 

Miranda Wentz IDEM, OWQ, WAPB, Watershed Planning and Restoration 
Section 

Kayla Werbianskyj IDEM, OWQ, WAPB, Targeted Monitoring Section 
Scott Zello-Dean IDEM, OWQ, WAPB, Probabilistic Monitoring Section  



2024 Reference Site Monitoring WP 
B-065-OWQ-WAP-XXX-24-W-R0 

Date: April 24, 2024 

37 

G. Attachments 
Attachment 1. IDEM Site Reconnaissance Form 

Attachment 2. IDEM Stream Sampling Field Data Sheet 

Attachment 3. IDEM Algal Biomass Lab Data Sheet 

Attachment 4. IDEM Fish Collection Data Sheet 

Attachment 5. IDEM OWQ Biological Qualitative Habitat Evaluation Index 

Attachment 6. IDEM OWQ Chain of Custody Form 

Attachment 7. 2024 Reference Sites Water Sample Analysis Request Form 

Attachment 8. Biological Samples Laboratory Chain of Custody Form 

Attachment 9. Pace Laboratory Inc., Indianapolis: Certification 
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Attachment 1. IDEM Site Reconnaissance Form 
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Attachment 2. IDEM Stream Sampling Field Data Sheet 
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Attachment 3. IDEM Algal Biomass Lab Data Sheet 
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Attachment 4. IDEM Fish Collection Data Sheet (front) 
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Attachment 5. IDEM OWQ Biological Qualitative Habitat Evaluation Index (front) 
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Attachment 5. IDEM OWQ Biological QHEI (back) 
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Attachment 6. IDEM OWQ Chain of Custody Form 
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Attachment 7. 2024 Reference Sites Water Sample Analysis Request Form 
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Attachment 8. Biological Samples Laboratory Chain of Custody Form 
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Attachment 9. Pace Laboratory Inc., Indianapolis: Certification 
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Attachment 9. Pace Laboratory Inc., Indianapolis: Accreditation Documents 
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Attachment 9 Pace Laboratory Inc., Indianapolis: Accreditation Documents (cont.) 
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Attachment 9 Pace Laboratory Inc., Indianapolis: Accreditation Documents (cont.) 
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Attachment 9 Pace Laboratory Inc., Indianapolis: Accreditation Documents (cont.)

  



2024 Reference Site Monitoring WP 
B-065-OWQ-WAP-XXX-24-W-R0 

Date: April 24, 2024 

53 
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Attachment 9 Pace Laboratory Inc., Indianapolis: Accreditation Documents (cont.) 

 
*This document may be inspected at the Watershed and Assessment Branch office, 
located at 2525 North Shadeland Avenue, Indianapolis, IN.  
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H. Appendices 
Appendix A. IDEM Fish Community Assessments for Aquatic Life Use 

Appendix B. Calculating IDEM Macroinvertebrate Index of Biotic Integrity (mIBI) 
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Appendix A. IDEM Fish Community Assessments for Aquatic Life Use 
IDEM collects fish assemblages, chemical parameters, nutrient parameters, 
macroinvertebrate assemblages, and habitat evaluations to monitor the health of 
streams and rivers in Indiana. The many advantages of using fish assemblages for 
monitoring stream health: 

• Many fish have life spans of greater than three years, allowing detection of 
degradation in habitat or water chemistry over time which alters the expected fish 
community structure. 

• The knowledge of fish life history, feeding, and reproductive behavior is well 
known and can be used to detect changes in water chemistry or habitat 
alterations. 

• Fish species identification can usually be made in the field so that fish are 
returned to the stream and time utilized for laboratory identifications kept 
minimal. 

The Indiana Administrative Code [327 IAC 2-1-3(a)(2); 327 IAC 2-1.5-5(a)(2)] contains 
narrative biological criteria stating, “all waters, except those designated as limited use, 
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 is diverse in species composition, contains several different trophic 
levels, and is not composed mainly of pollution tolerant species” [327 IAC 2-1-9(59)]. To 
measure whether or not the fish community meet the definition, IDEM uses an Index of 
Biotic Integrity (IBI) composed of 12 fish community characteristics chosen based upon 
the part of the state (ecoregion) from which the sample is collected and the size of 
stream (drainage area). The 12 different characteristics score either a 0, 1, 3, or 5, each 
score represents a deviation from expected fish community structure (i.e., 5 = no 
deviation from expectations, 1 = severe deviation from expected fish community 
structure). A total score can range from 0 (no fish) to 60 (excellent, comparable to least 
impacted conditions). Indiana expects streams to score at least 36 out of 60 to meet 
aquatic life use water quality standards. The chart below, modified from a table 
developed by Karr et al. 1986, uses total IBI score, integrity class, and attributes to 
define the fish community characteristics in Indiana streams and rivers. 
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Total IBI Score Integrity Class Attributes 
53 – 60 Excellent Comparable to least impacted conditions, 

exceptional assemblage of species. 
45 – 52 Good Decreased species richness (intolerant species in 

particular), sensitive species present. 
36 – 44 Fair Intolerant and sensitive species absent, skewed 

trophic structure. 
23 – 35 Poor Top carnivores and many expected species 

absent or rare, omnivores and tolerant species 
dominant. 

12 – 22 Very Poor Few species and individuals present, tolerant 
species dominant, diseased fish frequent. 

<12 No Fish No fish captured during sampling. 
Karr, J.R., K.D. Fausch, P.L. Angermeier, P.R. Yant, and I.J Schlosser. 1986. Assessing biological 
integrity in running waters: a method and its rationale. Illinois Natural History Survey Special Publication 
5. 28 p. 

Some examples of metrics and fish specimens used for the Index of Biotic Integrity (IBI) 
looking at species composition, trophic levels, and tolerance to water pollution or habitat 
disturbance. 

1. Number of Species (generally more species = better quality stream) 
2. Number of Darter, Madtom, Sculpin Species (species require high DO and clean, 

rocky substrates, so higher number = better quality stream) 
Examples: Rainbow darter, Brindled madtom, Mottled sculpin 

3. % Large River Individuals (species require habitats typical in great rivers in terms 
of bottom substrates, current velocity, backwater areas, etc., so higher 
percentage = better quality river) 
Examples: Chestnut lamprey, Channel catfish, Bullhead minnow, Silver chub 

4. % Headwater Individuals (species in small streams occupying permanent habitat 
with low environmental stress, so greater percentage = better quality stream) 
Examples: Blacknose dace, Southern redbelly dace, Fantail darter 

5. Number of Sunfish or Centrarchidae Species (species occupy pools which act as 
sinks for potential pollutants and silt, so fewer number of these species = low 
quality stream) 
Examples: Rock bass, Bluegill, Largemouth bass 

6. Number of Sucker or Round Body Sucker Species (species do not tolerate 
habitat and water quality degradation, so more species = better quality stream) 
Examples: Black redhorse, Northern hog sucker 

7. Number of Minnow Species (generally more minnow species = better quality 
stream) 
Examples: Spotfin shiner, Silverjaw minnow, Hornyhead chub 

8. Number of Sensitive Species (species sensitive to pollution, so more species = 
better quality stream) 
Examples: Greenside darter, Smallmouth bass, Longear sunfish 

9. % Tolerant Individuals (species tolerant to pollution, so greater percentage = low 
quality stream) 
Examples: Yellow bullhead, Green sunfish, Central mudminnow 
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10. % Omnivore/Detritivore Individuals (species that consume at least 25% plant and 
25% animal material which makes them opportunistic feeders when other food 
sources are scarce, so greater percentage = lower quality stream) 
Examples: Bluntnose minnow, White sucker, Gizzard shad 

11. % Insectivore/Invertivore Individuals (species whose diet is mainly benthic 
insects, so the metric is a reflection of the food source, so lower percentage = 
lower quality stream) 
Examples: Blackstripe topminnow, Emerald shiner, Logperch 

12. % Carnivore Individuals (species whose diet is carnivorous and also reflects the 
availability of the food source; too high or too low percentage of carnivores = 
lower quality stream and imbalance of trophic levels) 
Examples: Spotted bass, Redfin pickerel 

13. % Pioneer Individuals (species that are first to colonize a stream after 
environmental disturbance, so higher percentage of pioneer individuals = lower 
quality stream) 
Examples: Creek chub, Central stoneroller, Johnny darter 

14. Number of Individuals (generally more individuals = better quality stream) 
15. % Simple Lithophilic Individuals (species that require clean gravel or cobble for 

successful reproduction since they simply broadcast their eggs on the substrate, 
fertilize, and provide no parental care; thus, heavy siltation or environmental 
disturbance will result in a lower percentage of simple lithophilic species = lower 
quality stream) 
Examples: Bigeye chub, Striped shiner, Orangethroat darter 

16. % Individuals with Deformities, Eroded Fins, Lesions, and Tumors (DELT’s) 
(diseased individuals with external anomalies as a result of bacterial, fungal, 
viral, and parasitic infections, chemical pollutants, overcrowding, improper diet, 
and other environmental degradation. Percentages should be absent or very low 
naturally, so higher percentage = low quality stream) 
Examples: deformed Blackstripe topminnow, Creek chub with tumors 
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Appendix B. Calculating IDEM Macroinvertebrate Index of Biotic Integrity (mIBI) 
The purpose of this document is to describe the laboratory processing and data analysis 
procedures used by the Indiana Department of Environmental Management (IDEM) to 
calculate the macroinvertebrate Index of Biotic Integrity (mIBI). IDEM is currently 
developing a SOP for calculating the mIBI.  
Multihabitat (MHAB) Macroinvertebrate Collection Procedure describes IDEM’s 
multihabitat (MHAB) sampling method for collecting macroinvertebrate samples. The 
index period for collection of macroinvertebrate samples with the MHAB sampling 
method is July 15 to November 15. Process the entire sample in the laboratory, as 
subsampling was already performed in the field. Count all macroinvertebrate individuals 
with the exception of empty snail and clam shells; microcrustaceans (Ostracoda, 
Branchiopoda, Copepoda); larval and pupal insect exuviate; and terrestrial insects 
(including the terrestrial adults of aquatic insect larvae); and invertebrate specimens 
missing heads. 
The level of macroinvertebrate taxonomic identification resolution may depend in large 
part on the condition (instar and physical condition) of the specimens and the availability 
of taxonomic resources comprehensive and appropriate for Indiana's fauna. Specimens 
are generally identified to the lowest practical taxonomic level. 

• Oligochaeta (aquatic worms, Hirudinea and Branchiobdellida), Planaria and Acari 
are only identified to family or a higher level. 

• Freshwater snails and clams are identified to genus. 
• Freshwater crustacea are identified to genus (Amphipoda and Isopoda) or 

species (Decapoda). 
• Aquatic insects are identified to family (Collembola and several Dipteran 

families). 
• Genus and species (all other insects). 

The following lists identifies insect genera often identified to species (and may contain 
multiple species in a sample) and taxonomic resources commonly used by IDEM 
biologists for their identification. Full citations for these resources are listed in the 
Taxonomic References at the end of this document. 

Ephemeroptera 
Baetidae: Baetis (separate B. intercalaris and B. flavistriga with Moriharra and 

McCafferty 1979, leave everything else at Baetis) 
Caenidae: Caenis: Provonsha 1990 

Heptageniidae: Mccaffertium (formerly Stenonema subgenus Mccaffertium): 
Bednarik and McCafferty 1979 

Odonata 
Gomphidae: Dromogomphus: Westfall and Tennessen 1979 
Coenagrionidae: Argia and Enallagma: Westfall and May 1996 

Hemiptera 
Corixidae: Trichocorixa and Palmacorixa: Hungerford 1948, Hilsenhoff 1984 

Megaloptera 
Corydalidae: Chauliodes and Nigronia: Rasmussen and Pescador 2002 

Coleoptera 

https://extranet.idem.in.gov/standards/docs/sops/owq/B-011-OWQ-WAP-XXX-19-T-R0.pdf
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Haliplidae: Peltodytes: Brigham 1996 
Dytiscidae: Neoporus, Heterosternuta, Laccophilus, Coptotomus: Larson et 

al. 2000 
Hydrophilidae: Tropisternus, Berosus, Enochrus: Hilsenhoff 1995A and 

1995B 
Elmidae: Stenelmis, Dubiraphia, Optioservus: Hilsenhoff and Schmude, 

Hilsenhoff 1982 
Trichoptera 

Philopotamidae: Chimarra: Hilsenhoff 1982 
Leptoceridae: Nectopsyche: Glover and Floyd 2004 
Hydropsychidae: Hydropsyche: Schuster and Etnier 1978 

Diptera 
Chironomidae: Ablabesmyia: Roback 1985 (subgenus/ species group) 
Polypedilum: Maschwitz and Cook 2000 (subgenus/ species group) 
Cricotopus/Orthocladius: Merritt et al 2007 (subgenus/ species group) 

After identification of all organisms in the sample to the lowest practical taxon, taxa are 
then associated with their corresponding tolerance, functional feeding group, and habit 
values (found in the spreadsheet Indiana Macroinvertebrate Attributes). Organisms 
without a tolerance value, functional feeding group, or habit are not included in the 
calculations for specific metrics (this may become more evident while looking at the 
metric example provided). For taxa metrics, all of the taxa listed for a specific group 
(EPT, Diptera) are counted, regardless of level of identification (i.e., if 1 family level ID, 
1 Cricotopus genus level ID, and 2 distinct species level IDs under the Cricotopus 
genus in the Chironomidae family were counted would equal 4 taxa). 
Calculate the metrics as follows: 

1. Total Number of Taxa: Numerical count of all identified taxa in the sample 
2. Total Number of Individuals: Numerical count of the number of individual 

specimens in the sample 
3. Total Number of EPT Taxa: Numerical count of all Ephemeroptera, Plecoptera 

and Trichoptera taxa in the sample 
4. Total Number of Diptera Taxa: Numerical count of all Diptera taxa in the sample 
5. % Orthocladiinae + Tanytarsini of Chironomidae: Number of individuals in the 

chironomid subfamily Orthocladiinae and tribe Tanytarsini divided by the total 
number of Chironomidae in the sample 

6. % Non-insect (minus crayfish): Number of individuals, except for crayfish, that 
are not in the Class Insecta (Isopoda, Amphipoda, Acari, snails, freshwater 
clams, Oligochaeta, Nematoda, Nematomorpha) divided by the total number of 
individuals in the sample 

7. % Intolerant: Number of individuals with a tolerance value of 0—3 divided by the 
total number of individuals in the sample 

8. % Tolerant: Number of individuals with a tolerance value of 8—10 divided by the 
total number of individuals in the sample 

9. % Predators: Number of individuals with a functional feeding group designation 
of Predator divided by the total number of individuals in the sample 
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10. % Shredders + Scrapers: Combined number of individuals in the functional 
feeding groups Shredder and Scraper divided by the total number of individuals 
in the sample 

11. % Collector-Filterers: Number of individuals in the functional feeding group 
Collector-Filterer divided by the total number of individuals in the sample 

12. % Sprawlers: Number of individuals with a habit specificity of Sprawler divided by 
the total number of individuals in the sample 

These metric values are then scored as a 1, 3, or 5 according to the criteria in the 
following table: 

Metric 1 3 5 
Number of Taxa < 21 ≥ 21 and <41 ≥ 41 
Number of Individuals < 129 ≥ 129 and < 258 ≥ 258 
Number of EPT Taxa 
 Drainage Area: < 5 mi2 < 2 ≥ 2 and < 4 ≥ 4 
 Drainage Area: ≥ 5 and < 50 mi2 < 4 ≥ 4 and < 8 ≥ 8 
 Drainage Area: ≥ 50 mi2 < 6 ≥ 6 and < 12 ≥ 12 
% Orthocladiinae + Tanytarsini of 
Chironomidae 

≥ 47 ≥ 24 and < 47 < 24 

% Non-insects Minus Crayfish ≥ 35 ≥ 18 and < 35 < 18 
Number of Diptera Taxa < 7 ≥ 7 and < 14 ≥ 14 
% Intolerant < 15.9 ≥ 15.9 and < 31.8 ≥ 31.8 
% Tolerant ≥ 25.3 ≥ 12.6 and < 25.3 < 12.6 
% Predators < 18 ≥ 18 and < 36 ≥ 36 
% Shredders + Scrapers < 10 ≥ 10 and < 20 ≥ 20 
% Collector-Filterers ≥ 20 ≥ 10 and < 20 < 10 
% Sprawlers < 3 ≥ 3 and < 6 ≥ 6 
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Most scoring classifications are the same regardless of stream drainage area; the 
exception is the Number of EPT Taxa metric which increases with increasing drainage 
area. After scoring all metrics, sum the individual metric scores and the total is the mIBI 
score for that particular site. Scores less than 36 are considered impaired while those 
greater than or equal to 36 are unimpaired. 
Example of Derivation of Metric Scores for the Macroinvertebrate Index of Biotic 
Integrity 

TAXA NAME 
FEED 
GRP TOL HAB/BHV 

# OF 
IND 

Heptagenia SC 3  1 
Leucrocuta SC 2 cn 1 
Acerpenna pygmaea OM 2 sw 1 
Baetis flavistriga GC 3 sw 1 
Callibaetis GC 6 sw 1 
Ephemera simulans    1 
Ischnura verticalis PR   1 
Berosus peregrinus SH 6 sw 1 
Dubiraphia GC 5 cn 1 
Macronychus glabratus OM 3 cn 1 
Ceratopsyche bronta  5  1 
Pycnopsyche SH 3 sp 1 
Chrysops GC 5  1 
Procladius PR 7 sp 1 
Paraphaenocladius GC  sp 1 
Lirceus GC 8 cr 1 
Ferrissia rivularis SC 6  1 
Physella SC 8  1 
Corbicula fluminea FC 6  1 
NAIDIDAE GC 8  1 
Acariformes  4  1 
Maccaffertium pulchellum SC 2  2 
Tricorythodes GC 3 sw 2 
Boyeria vinosa PR 4 cb 2 
Rheumatobates PR  sk 2 
Trepobates PR   2 
Stenelmis SC 5 cn 2 
Polypedilum flavum    2 
Stictochironomus OM 4 bu 2 
Caenis latipennis GC   3 
Palmacorixa nana PI 4 sw 3 
Cheumatopsyche FC 3 cn 3 
Orconectes GC 4  3 
Hetaerina americana PR   4 
Ancyronyx variegatus OM 4  5 
Baetis intercalaris OM 3 sw 6 



2024 Reference Site Monitoring WP 
B-065-OWQ-WAP-XXX-24-W-R0 

Date: April 24, 2024 

82 

Peltodytes duodecimpunctata    6 
Trepobates inermis    7 
Dubiraphia minima    7 
Hyalella azteca GC 8 cr 9 
Polypedilum illinoense  7  16 
Stenelmis sexlineata    18 
Grand Total    127 

 

Metrics 
Metric 
Values 

Metric 
Scores 

Total Number of Taxa 42 3 
Total Abundance of Individuals 127 1 
Number of EPT Taxa 13 5 
% Orthocladinae + Tanytarsinii 
of Chironomidae 4.55 5 
% Noninsects-Crayfish 11.81 5 
Number of Diptera Taxa 6 1 
% Intolerant Taxa (Score 0—3) 14.96 1 
% Tolerant Taxa (Score 8—10) 9.45 5 
% Predators 9.45 1 
% Shredders + Scrapers 7.87 1 
% Collector-Filterers 3.15 5 
% Sprawlers 2.36 1 
mIBI Score  34 
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