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WHAT NEEDS TO BE IN A

WATERSHED MANAGEMENT PLAN

A Supplement to the Watershed Action Guide for Indiana

10/01

Include the following in the INTRODUCTION

! MAPS:  1.  Watershed map showing watershed boundaries, streams, lakes, towns, county
boundaries, roads, and other important features. 2.  Location of the project watershed within the
larger river basin.  3. Geographic name and hydrologic unit area codes for the project area.

! Description & history: Features of the watershed, including land use, soil types, topographic
features, hydrology, any other information needed to understand the plan.  Brief history of land
use, deforestation, development of industry, previous conservation efforts, or other activities
that help in understanding the watershed and establishing a sense of place.

! Partnership:  List of partners involved in preparing the plan, and their roles and responsibilities.
Clearly stated mission and/or vision of the group.  Description of how the group developed.

! Public involvement: How the public was engaged in the project, and how stakeholders contributed
to development of the plan.

Identifying Problems

! What was already known: Water body impairments, water quality threats, and other data or
assessments drawn from the 305b Report, 303d List, diagnostic studies, volunteer monitoring
data, stream visual surveys, Watershed Restoration Action Strategies, or any other sources that
were available.

! What you found out: What was discovered during monitoring activities, visual observations,
stream walks, windshield surveys, GIS analysis, modeling, or other investigations during the
planning process.

! Causes:  Probable causes of water quality impairments and threats, including specific pollutants,
changes in hydrology, changes in land use, and other stressors.

! Sources:  Probable sources of pollutants or conditions that are causing water quality impairment.
Describe what needs to be controlled or changed in order to achieve load reductions established in
NPS TMDLs, as well as to achieve other goals of the watershed plan. Explain how sources were
identified.

! Prioritization:  Location of target areas where the sources of impairments will be addressed. 
Explanation of how these areas were prioritized. If a NPS TMDL is developed for the watershed,
identify critical areas where measures need to be implemented to achieve the TMDL.
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Goals & Decisions

! Goals: Water quality improvement or protection goals agreed on by the group, in order of priority.
 Goals must state specific, realistic targets for reducing pollutants or mitigating impacts, and
identify timeframes for accomplishment.

! Alternatives: Management practices, planning activities, local ordinances, or other changes that
could improve water quality; state which alternatives the group has elected to pursue and why.  If
there is a NPS TMDL developed for the watershed, include a description of management measures
selected to achieve load reductions and an estimate of expected load reductions.

! Action Plan: Proposed sequence of implementing measures, time requirements for implementing
the plan, assigned responsibility for carrying out tasks, and milestones for checking that
implementation is on schedule. Include a schedule for implementing management measures
connected with a TMDL.

! Resources: Estimate technical and financial assistance needed to implement the plan.
! Legal Matters: Describe any necessary permits, easements, agreements with landowners, land

acquisition, or other events that have to happen in order to make the plan work.

Measuring Progress

! Indicators: Description of indicators selected to determine progress toward each goal of the plan.
Include applicable water quality standards and criteria. Select interim, measurable milestones as
well as final achievement indicators.

! Monitoring: Description of how indicators will be monitored to evaluate the effectiveness of
implementation efforts. When water quality standards and criteria are selected as indicators, or
considered as part of a TMDL, describe how water quality will be monitored.  Monitoring for other
goals may include spot-checking, landowner participation, adoption of practices, or other methods.

! Operation & Maintenance: Discuss follow-up for installed practices, and who is responsible for
maintenance.

! Plan Evaluation: When the watershed plan will be re-evaluated; who will do it; who is responsible
for revisions or adaptations to the plan. What will happen if revisions to NPS TMDLs are needed.

Practical Matters

! Provide contact person, phone #, & address.
! Create a distribution list for the plan, and an ongoing information/education component to keep

the public involved in the plan.
! Include a brief calendar of past and planned events.
! Include a table of acronyms.
! Designate a person or organization to keep all the records and documents involved in the plan for

future reference.
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Supplement to the “What Needs to be In a Watershed Management Plan Checklist”

The items below are required to be addressed in a watershed plan in order to qualify the plan sponsors for Section 319 &
205(j) funding for FFY 2003 and beyond.  If an item is not relevant to a project, briefly explain why the item was not included.
Additional requirements or considerations for other programs are noted following each section.  Plan format is not specified.

I.  INTRODUCTION

1) Watershed map clearly showing watershed boundaries, streams, lakes, towns, county boundaries, etc.
Also show where the watershed is located within the larger river basin. Identify watersheds using
hydrologic unit number as well as geographic name.
a) Watershed boundaries: Show location of project watershed within the 8 digit USGS boundaries.  If the

group has designated smaller subwatersheds within the project boundaries, show those as well.

b) On the basic “where we are” map or on another map, show streams, lakes, towns, county boundaries.

c) Somewhere in the introductory section, the HUC and geographic names of the watersheds and names of
the major streams should be included.

2) Watershed description and history, including land use, soil types, topographic features, hydrology, any
other information needed to understand the plan. [Refer to the Watershed Land Directory for details.]
a) Watershed description: The physical setting of the watershed, with a brief description of the present

geology and geologic history (for example, was the area glaciated or not, and annual rainfall and climate.)

b) Natural History: Description of the native vegetation, current vegetation, and anything interesting or
unique about the flora and fauna.

c) Land use: When was the area settled; what were the historical land uses; what are the current land uses.
Include areas slated for development, unique recreational resources and use.

d) Soils:  When soil survey was published, what the predominant soil types are, and anything relevant to
water quality about the soils, such as highly erodible, hydric, poor for septic systems, etc.

e) Topography:  Nature of the topography; prevalence of steep slopes, valleys, floodplains, etc. and where
they are located.

f) Hydrology:  Major stream systems; have streams been modified through drainage or channelization;
presence of dams, reservoirs, drinking water sources; whether aquifers are vulnerable; wetlands.

g) Land ownership: if there are significant tracts of land in ownership other than private, such as state forest,
national forest, land trust, parks, reservoir boundaries, military holdings, and so forth, they should be
shown on a map because those entities will have to be acknowledged in the planning process.

h) Cultural Resources: Describe early history of the area and any relevant recent history that will assist in
making decisions.  For NEPA [see below], document that SHPO (State Historical Preservation Office) or the
NRCS cultural resources specialist has been consulted about the presence of vulnerable cultural resources.

i) Endangered Species: List the species that could occur in the area (IDNR Nature Preserves website).

3) Watershed partners that developed the plan, and their roles and responsibilities. Clearly state the
mission and/or vision of the group.
a) Listing of the major stakeholder groups represented in the planning process

b) Structure of the group that made decisions in the plan… i.e. steering committee, SWCD Board, etc. and
what sort of supporting committees they had, and what the committees did.

c) In the implementation section of the plan it should state who is responsible for carrying out the plan.
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d) The mission, vision, or purpose statement of the group who developed the plan should be placed so the
reader sees it right away.

4) How the public contributed to development of the plan; what outreach efforts took place to involve
public.
a) Information on public meetings, surveys, interviews, or whatever method was used to find out the public’s

concerns about the watershed; and the results/findings of those investigations.

b) Information on the outreach and education methods used to get the public to participate in the planning
process.

Requirements or Considerations for other Programs

Natural Resource Consevation Service (NRCS) Programs: Corresponds to Planning Phase One
1.  Initiate the Process and identify issues  (Public involvement; listing citizen concerns)
2.  Determine the objectives (Vision, mission, or purpose; also see “Goal-setting”
3.  Inventory the resources (Land and aquatic inventories; also see problem identification.)

IDNR’s Lake and River Enhancement (LARE) Program: Under Section 2,  include Bilogical
Resources: Include surveys, trends, and management recommendations from IDNR Division of Fish and
Wildlife on any species that are dependent upon waterways or riparian areas in the study region.  A
series of fisheries reports may be available from IDNR, IDEM or other agencies for selected streams.
Include an annotated bibliography of all previous studies and data/literature cited.  When appropriate,
conduct recreational user surveys and/or homeowner surveys to document resource pressures and to
understand local perceptions.

IDEM’s S319 & 205(j) Grant Programs: Public involvement should be described in detail, pointing out
who was responsible for decisions in the plan, and addressing the issues of broad representation and
community buy-in..  If a TMDL is involved, describe how the community was informed about it and who
was involved in the development of the TMDL.

NEPA:  Include a statement of the need to be met and a discussion of the public participation that has
occurred, as well as a list (which might be in the Appendix) of persons and agencies consulted in the
development of the plan.  Document that the IDNR Division of Nature Preserves or other valid source has
been consulted about the presence of endangered and threatened species and critical habitat.

NEPA Explanatory note: [The National Environmental Protection Act requires an Environmental
Evaluation (EE) whenever federal funds are being used for a project.  In watershed planning, this
might include the use of federal funds for planning, technical assistance provided by a federal agency
to develop the plan, federal decisions being embodied in the plan, or a plan that will result in a federal
action.  The use of Section 319 funds does not trigger the NEPA process.  Receiving technical assistance
on the planning process from a federal agency does not trigger the process, as long as the federal agency
does not author any part of the plan and does not have a decision-making role in the project.  However, a
good watershed plan will likely include all of the elements required in the NEPA process for an
Environmental Evaluation, and most of the elements of an Environmental Assessment.  Information will
be provided here about some of these elements, in the event that the group wants to be pro-active because
they feel they will trigger the process at some point.]
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II.  PROBLEM IDENTIFICATION

5) Identify waterbody impairments and water quality threats, including information on designated,
desired uses, and historical uses (use 305b Water Quality Report, 303d Impaired Waters List,
diagnostic studies, volunteer monitoring data, NPDES dischargers, stream visual surveys, Watershed
Restoration Action Strategies, and any other water quality information that may be available).
a) Impaired waters may be surface water or ground water.

b) List or describe waterbodies, state their designated uses (according to the state) and any additional desired
uses the local group wants from those waterbodies.

c) Identify waters on the 303(d) impaired waterbody list or described as not meeting uses in the 305b report.

d) List the studies and reports the group was able to find on the watershed and briefly summarize what they
said.

e) Include a description of any monitoring or observation the group conducted or contracted for, and the
results of the monitoring.

f) Consider the concerns of the stakeholders and the data gathered above, and develop problem statements
concerning natural resource impairments or threats in the watershed.

6) Identify known or suspected causes of water quality impairments and threats, such as specific
pollutants, changes in land use, hydrologic changes, or other impacts.
a) Based on all the data gathered in the item above, discuss probable causes of the conditions or impairments

that the group considers problems.

7) Identify sources of pollutants or impacts causing water quality impairment. Explain how sources were
determined.
a) Discuss and identify sources for the pollutants or conditions that are causing the problems.

8) Using methods appropriate to your situation, calculate loads or contributions for the pollutants
identified.
a) For agricultural land, calculate representative or actual sediment yields and nutrient loads.  State the

methods or models used to perform calculations and any considerations necessary to understanding the
results.  Identify the location of livestock operations, eroded streambanks, tributaries with critical pollutant
loads, or other features that will help explain why the plan is targeting specific areas of the watershed.

b) For non-agricultural land, calculate impervious area, runoff, and any pollutant loads for which there is
adequate information.  Identify the location of eroded or flashy streams, large impervious areas, CSOs, or
other features that would help to explain why the plan is targeting specific areas of the watershed.

9) Identify priority areas critical to addressing causes of the impairment.
a) Identify the parts of the watershed -- either subwatersheds, specific land uses, or other defined areas --

where sources of problems can be treated, mitigated, or reduced.  Show these areas on a map.  Rank
them in order of priority, either by area or by problem or both.

b) Explain the group’s prioritization and targeting approach.

Requirements or Considerations for other Programs

NRCS:  Corresponds to Planning Phase II  --- Analyze resource data and re-evaluate objectives

LARE:  In addtion to the requirements listed above, professional level water quality assessments need to
be completed at strategically selected sites.
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Conduct water quality tests at pertinent sites in selected streams and tributaries, as well as one reference
site in a high quality similar watershed (approximately 5-10 sites total).  Sites are selected with input
from staff of the LARE program, the watershed steering committee or other local sponsor, participating
SWCDs, and IDNR Distric Fisheries and Nongame Biologists.  At each site, collect and analyze data on
water quality, biological communites, and habitat, as indicated in “a” through “c” below.

a. Water quality
(1) Tributary sampling for: pH, temperature, dissolved oxygen, nitrate+nitrite, organic nitrogen (TKN),
ammonia nitrogen, total and dissolved phosphorus, turbidity, conductivity, and discharge. Fecal coliform
may be sampled at selected sites, if appropriate. Stormflow and baseflow samples are collected at each
tributary site.  Note the size (inches of rain) and date of the storm event.

(2) Quality assurance: Water quality analyses must be conducted by a reputable laboratory and should
follow analytical methods described in the most recent edition of one of the following publications:
      (a) Standard Methods for the Examination of Water and Wastewater, APHA, AWWA, WPCF.
      (b) Methods for the Chemical Analysis of Water and Wastes, USEPA, Environmental Monitoring and
           Support Laboratory.

Water quality analyses must be conducted using detection limits appropriate for the analysis of lake water
samples. Contact LARE staff for details.

Quality control/quality assurance procedures (QA/QC) must be a part of the sampling and water quality
analysis. A copy of the QA/QC plan from the laboratory(s) conducting the water and sediment sample
analysis must be on file in the LARE program office.

b. Biological quality
Collect and analyze benthic macroinvertebrate communities using Rapid Bioassessment Protocol II (EPA).
One late summer sample is collected at each site. Upon completion of the analysis, the entire 100 organism
subsample must be labeled with site, date, and collector's name, preserved and delivered to the IDNR
Division of Soil Conservation.

c. Habitat quality
Survey habitat quality using the Qualitative Habitat Evaluation Index (QHEI) once at each site, unless
significant changes to habitat are expected (e.g., dredging, riparian clearing). Where indicated, contour
sampling for sediment depth may be included at selected sites.

Include explanatory text that describes the importance of key RBP and water quality parameters.  Provide the
reader a context for interpreting the data.

Describe collection methods for the RBP and water quality data, as well as methods used to calculate
sediment and/or phosphorus loading.
Conduct a wetland inventory (functional assessment).  Assess wetland restoration opportunities/needs.
Describe the location and conditions of priority wetland restoration or construction sites.
Use the water quality sampling data together with other problem identification data (land use, point
sources, loading calculations, etc.) to prioritize the subwatersheds.

S319 & 205(j): Program requirements will be satisfied by including the elements listed above.  If a TMDL
is developed for the watershed, identify critical areas where measures need to be implemented to achieve
the TMDL.

NEPA:  In the NEPA process, the activities above are called ‘scoping’.
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III.  SETTING GOALS AND DECIDING WHAT TO DO

10) Clearly state water quality improvement or protection goals, in order of priority. Use specific, realistic
targets for reducing pollutants or mitigating impacts, and identify dates these will be accomplished.
a) While the format is up to the group, the goals need to incorporate the following elements: a pollutant or

condition; the present load or nature of that pollutant or condition; the target load or condition; and when
the group expects that target to be met.

11) Describe alternatives, such as management practices, planning activities, local ordinances, or other
changes that could address impairments, and which alternatives the group has elected to pursue.
a) Selected alternatives should be connected to the appropriate goals.

b) For the practices recommended in the plan identify the standards and specifications that apply.

c) Describe the impacts of the selected alternatives, both positive and negative.  Include economic and social
impacts as well as environmental impacts.

12) Discuss the proposed sequence of tasks and time requirements for implementing the plan and assign
responsibility for carrying out tasks (who will do each thing, when they will do it, etc.).
a) This who-what-how-when-where section could be tabular, or look something like an action plan, so the

reader can easily see the actions to be implemented.

b) Include a timeline or schedule or milestones for about 3 to 5 years of implementation.  Acknowledge the
conditions or pollutants that will take longer than 3-5 years to address, and briefly discuss how they will be
handled, i.e. through adaptive management, plan evaluation, follow-up monitoring, etc.

13) Discuss estimated cost of carrying out plan and what financial and technical assistance will be
enlisted; also describe any resources the group already knows it can call on.
a) Estimated cost of implementing the plan should include sources for the cost figures used, and the general

rationale behind the estimates; concentrate on developing estimates for the high-priority tasks the group
wants to carry out within the next 3-5 years.

14) Include discussion of any necessary permits, easements, agreements with landowners, land
acquisition, or other legal actions that have to happen in order to make the plan work.

Requirements or Considerations for other Programs

NRCS:  Corresponds to  “Formulate alternatives” (First two items above) and “Evaluate alternatives”
from Phase Two, and “Make Decisions” & “Implement the Plan” from Phase Three.

LARE: In addition to the requirements listed above, consider the following:

Analyze trends relating physical, chemical, biological, and habitat factors –
Use statistical analyses to predict the relationships between physical, chemical, habitat, and biological
quality and indicate potential limiting factors. Where information is available, compare water quality with
similar regional streams and set a reasonable goal for improvement in water quality factors.

Identify, establish, or recommend volunteer monitoring groups to continue water quality assessment.

Discuss unusual physical or social characteristics of the watershed or institutions that may support or
challenge future watershed land treatment projects.
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Review key information from previous sections and include well- developed, defined recommendations in
the concluding section of the plan/study.

S319: Program needs will be satisfied if all the above elements are included in the plan..  If there is a
TMDL developed, include a description of management measures selected to achieve load reductions and
and an estimate of expected load reductions.  Include a schedule for implementing management measures
connected with a TMDL.

NEPA:  Include alternative ways to meet the underlying need, including a ‘no-action’ alternative.  The
no-action alternative is a description of the conditions that will exist if the underlying need or problem is
not addressed. Also discuss the impacts of the proposed action and alternatives on the natural resources
and the human environment.
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IV.  MEASURING PROGRESS

15) Describe how progress toward meeting each goal will be measured; through monitoring, spot
checking, participation, adoption of practices, or some other method.  Include interim, measureable
milestones as well as final achievement indicators.

16) Discuss follow-up for practices implemented, and maintenance if it will be an issue.

17) Tell how and when the watershed plan will be re-evaluated and revised in the future.

Requirements or Considerations for other Programs

NRCS: Corresponds to Planning Phase Three “Evaluate the Plan”

LARE:  Program needs will be satisfied if all of the above elements are included, as well as the creation
of a public information fact sheet or brochure.  The brochure should include the plan’s findings,
recommendations, and educationsl information about improving water quality.

S319 & 205(j): If water quality standards and criteria are selected as indicators, describe how water
quality will be monitored.  If a TMDL is being developed, describe how any needed revisions to the
TMDL will affect evaluation of the plan..

NEPA:  Since NEPA is a process directed at determining whether to pursue an action, the policy does not
specifically address follow-up monitoring or evaluation of impacts after implementation.
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V.  PRACTICAL MATTERS  (These items are guidance only.)

18) Provide a contact person, phone #, etc. or at least an address, in an obvious location in the plan, so
those wanting more information can contact the group.

19) Is the plan laid out and arranged in a way that makes it easy for the reader to access the information?
Are there things that could be changed to make it more readable or accessible?

20) Make sure the progression of events in the plan is clear. Consider including a brief calendar of when
important events occurred, and when future events are planned.

21) A table of acronyms is helpful to the reader.
22) Raw data, survey results, comments, and other space-consuming items can be included in the

Appendix.
23) If the plan is weighty and includes a lot of technical information, consider creating an executive

summary or even a brochure capturing the high points of the plan for distribution to the public.
Provide information on how citizens can get copies of the whole plan if they wish.

24) Create a distribution list for the plan to make sure that all the appropriate people got a copy.
25) Determine who will be the records-keeper for the planning effort: some person or organization needs

to be designated to keep all the records and documents involved in the plan for future reference.
26) If the group wants to be considered for LARE, EQIP, Section 319 funds, or other grant programs,

contact the appropriate program for current information.

Requirements or Considerations for other Programs

NRCS:  To be eligible for extra points when proposing the project area as an EQIP Conservation
Priority Area, request that a copy of the plan be reviewed by the NRCS Planning & Technology Section.
A copy of the plan and the review must be filed with the Section.  Ask RWCs for details.

LARE:  Program needs will be satisfied by the above considerations. LARE also requests a digital copy
of the plan, associates figures, and GIS (if available). One unbound photo-ready copy should also be
submitted to the IDNR - Division of Soil Conservation.

Section 319 & 205(j): To be eligible to apply for plan implementation funding for FFY 2003 and beyond,
submit a plan to the IDEM Watershed Management Section for review against the “What Needs to be in a
Watershed Management Plan Checklist”.

NEPA:  Requires a list of persons and agencies consulted in the development of the plan, which could
logically go in the Appendix or Addenda.
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Preface

What is a QAPP and why do we need one?
A Quality Assurance Project Plan (QAPP) is a document that describes in detail the

objectives of a project and the specific procedures that will be followed to ensure the data
generated will serve those objectives. A QAPP must be submitted and approved for any project
that uses Section 319 or other federal funds (including matching funds) to generate
environmental data whether physical, chemical, or biological in nature. More importantly, the
QAPP will provide you with a roadmap that will help you move toward the successful
completion of your project objectives.

Specifically, the QAPP:
• provides focus during the planning process,
• facilitates communication among staff during project implementation,
• provides a comprehensive study plan for staff to follow helping to ensure data quality,
• allows you to discover problems with data quality before they get out of hand, and
• provides a starting point for preparing your final project report.

What is the process for getting a QAPP approved?
      Data collection should not begin until the QAPP has been approved. Therefore, the
contractor/grantee directly responsible for the project should submit a draft QAPP to the
Watershed Management Section (WMS) of the Indiana Department of Environmental
Management (IDEM) as soon as possible after receiving notification of their grant award. The
WMS Quality Assurance (QA) Manager will be available to provide additional guidance and
answer any questions you may have while designing your study and writing your QAPP. When
you submit your QAPP, the QA Manager will review it and provide comments and suggestions
for improvement. Once the necessary changes are made, the contractor will sign the title page
and return the QAPP to the IDEM. The contractor will be notified of the IDEM's approval of the
QAPP and will receive a copy of the title page signed by the appropriate IDEM staff as
verification that the plan has been approved. The contractor should distribute the approved plan
to everyone responsible for its implementation.

Please note that any changes to the QAPP must be submitted, in writing, to the QA Manager
for review prior to implementation of the changes. The QA Manager will review the changes to
determine if they will significantly impact the technical and quality objectives of the project and
to ensure that the original study goals can still be achieved. If needed, the QA Manager will
provide comments and suggestions for improvement. Once any necessary changes are made, the
IDEM will send a letter notifying the contractor that the proposed changes have been approved.

Getting Started/How this Document is Organized
      These guidelines describe the elements to be included in the QAPP for your project and
reflect U.S. Environmental Protection Agency (EPA) requirements (1994).  If you have already
decided how you will conduct your study, these guidelines will help you to identify and address
potential problems with your data collection/handling methods and/or analyses. If you are just
beginning to formulate your approach to monitoring, this document will help you design a
monitoring program that will achieve your project goals and a QAPP that clearly illustrates the
quality of the data you will collect.  The US EPA also provides guidance for use in preparing a
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QAPP, which can be downloaded for viewing and printing in Adobe Acrobat format from
www.epa.gov/quality/qs-docs/g5-final.pdf.

       The IDEM recognizes the wide variety of approaches available to monitoring nonpoint
source pollution and has designed this document to provide a general set of guidelines applicable
to all types of monitoring activities undertaken for Section 319 projects. Because this document
cannot address every possible approach in sufficient detail, it focuses instead on the two types of
monitoring activities most commonly used for Section 319 projects – chemical and biological
monitoring. Although most of the sections in this guidance contain general information
applicable to both types of monitoring, the organization of this document is intended to enable
projects to easily find the information relevant to the type of monitoring they are doing. As such,
information specific to chemical and biological monitoring is included under separate
subheadings where necessary. Information specific to the use of electronic field equipment is
also included under its own subheading.

It is required that you follow the format of this guidance and address the elements of the
QAPP in the order presented because many sections build on the foundation laid in earlier
sections, particularly in your project description. The level of detail required in the QAPP will
vary according to the nature of the work being performed and the intended use of the data.  In
some cases, not all sections of the QAPP may be applicable. These sections must still be
included in the QAPP along with a statement explaining why they are not applicable to the
project.

An outline showing all the necessary elements of the QAPP is included. This outline can
also be used as a checklist to help you determine if you have included all the required
information. The remaining pages provide explanation, guidance and examples of the kinds of
information to be included in each section of the QAPP. Appendix A provides a glossary of
terms and acronyms used in this document. Appendix B provides sample tables for various
sections of the QAPP, and because many projects use Hoosier Riverwatch methods, relevant
tables specific to those methods are provided in Appendix C.

Please use a document control format for your QAPP as it will make revisions much easier.
Using a document control format simply involves adding a header to your document that
includes the Section 319 project ARN # and the version/draft number and/or date for the
document. All pages in the main QAPP document must also be numbered (page numbers on
tables, figures, and/or appendices are optional).

 For questions regarding QAPP requirements or for assistance in planning your study and/or
preparing your QAPP, you may contact Jody Arthur, QA Manager, at 317-234-1424 or by
e-mail at jarthur@dem.state.in.us.
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QAPP Outline/Checklist
o Is your QAPP in a Document Control Format?
o Title Page with Section 319 project name and ARN #
o Table of Contents

___Have you included all sections of the QAPP, including the distribution list?
___Have you included all figures and appendices (i.e. attachments)?
___Is the page numbering correct?

o Distribution List
___Have you included the name of everyone who will receive a copy of the QAPP?
___Have you included all key personnel involved in the implementation of your study?

o Section 1: Study Description
o Historical Information
      Have you described the water quality problem you are studying?
      Have you included specific information about known or suspected contaminants in
the system (if known) and the source of this information?
      Have you included relevant information from other studies, if available?

o Study Goals
___Have you stated each of your study goals in a clear and concise fashion?
      Have you included specific information about how your data will be used including
any decisions that will be made from your data and by whom?

o Study Site
      Have you described the site(s) to be studied?
      Have you listed all the parameters to be studied?
      Have you attached a site map delineating the boundaries of the watershed(s) and, if
applicable, the smaller area(s) within the watershed(s) that you are studying?

o Sampling Design
      Have you described your sampling approach, including the type of monitoring you
will do, when and how often you will sample?
      Have you described how this approach will meet each goal of your study?
___Have you clearly explained the rationale used in choosing each sampling location?
      Have you described what makes your sampling location(s) representative?
      Have you provided a summary of your methods?

o Study  Timetable
      Have you included a schedule for your study?
___Does your schedule show the start and end date for your study and all important
activities related to your study?
___Is your schedule realistic?
      Have you described any potential constraints on your monitoring activities?

o Section 2: Study Organization and Responsibility
___Have you included contact information for each person/party involved in the study?
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___Have you clearly described the responsibilities of each person/party involved in the
study?

o Section 3: Data Quality Objectives
o Precision
___Have you stated a specific precision goal for each parameter?
___Have you indicated how precision will be assessed/calculated for each parameter?

o Accuracy
___Have you stated a specific accuracy goal for each parameter?
___Have you indicated how accuracy will be assessed/calculated for each parameter?

o Completeness
___Have you stated a specific completeness goal for each parameter?
___Have you indicated how completeness will be calculated for each parameter?
___Have you described any potential problems that could occur to hamper your sample
collection and analysis?
___Have you described your contingencies for these potential problems?

o Representativeness
___Have you explained what makes your field measurements and/or samples collected
for laboratory analysis representative of the conditions you are trying to measure?
___Have you explained what makes your laboratory data representative?

o Comparability
___Have you summarized the purpose of your study?
___Have you summarized the parameters to be measures and the methods to be used?

o Section 4: Sampling Procedures
___Have you included a site map showing all sampling locations and other geographic
features relevant to the study?
___Have you listed/described all of the sampling equipment to be used for each
parameter and the cleaning and preparation methods for each?
___Have you listed/described each type of sample to be collected including the
volume/amount needed for each analysis?
___Have you included SOPs or detailed descriptions of the collection methods for each
type of sample?
___Have you described all applicable sample preservation methods?
___Have you described all applicable sample handling and storage methods?

o Section 5: Custody Procedures
___Have you clearly described the step-by-step procedures involved in transferring
samples from field to laboratory?
___Have you described the information to be recorded on transfer documentation or
attached a sample chain of custody form?
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o Section 6: Calibration Procedures and Frequency
___Have you included all the equipment to be calibrated, including both field and/or
laboratory instruments?
___Have you indicated how often each instrument will be calibrated?
___Have you described the calibration procedures or attached the calibration
instructions?

o Section 7: Analytical Procedures
___Have you described all the analytical methods to be used in the field and/or
laboratory?
___Have you described all unusual methods to be used and/or any modifications to
established methods?
___Have you described any sub-sampling and/or sample preparation required for sample
analysis?
___Have you indicated the performance range/detection limits associated with each
method to be used?

o Section 8: Quality Control Procedures
___Have you described/listed every QC procedure to be employed in your study?
___Have you indicated how often you will perform each check (i.e. procedure)?

o Section 9: Data Reduction, Review, and Reporting
o Data Reduction
___Have you described your methods for converting your raw data for each parameter
into results?
___Have you included relevant equations and defined all the units and terms used?

o Data Review
___Have you fully described the process by which your data will be checked for errors
and/or omissions?
___Have you indicated which components of your data set are to be reviewed (e.g. field
sheets, analysis results, etc.)?
___Have you indicated when and how often during the study data review will take place
and by whom?

o Data Reporting
___Have you described how you will translate/present your data to your target audience?
___Have you indicated when and how often you will report your results to your target
audience and your Section 319 Project Officer?

o Section 10: Performance and Systems Audits
___Have you indicated the types of audits you will perform and how often they will be
performed?
___Have you indicated specifically what procedures/results these audits will include?
___Have you indicated which audits will be conducted internally and/or externally and
by whom?
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o Section 11: Preventative Maintenance
___Have you described the preventative maintenance procedures for all field and
laboratory equipment to be used in the study?
___Have you indicated how often these procedures will be performed?

o Section 12: Data Quality Assessment
o Precision
___Have you described your procedure for determining whether or not you have met
your goal(s) for precision?
___Have you described your procedures for identifying outliers in your data set?
___Have you indicated how you will determine whether outliers are accepted or rejected
as valid?
___Have you described how/whether you will use your data if precision problems are
detected?

o Accuracy
___Have you described your procedure for determining whether or not you have met
your goal(s) for accuracy?
___Have you described how/whether you will use your data if accuracy problems are
detected?

o Completeness
___Have you described your procedure for determining whether or not you have met
your goals for completeness?
___Have you described what effects not meeting this goal will have on your study?

o Section 13: Corrective Action
___Have you described specific procedures to correct any problems with accuracy and
precision that are revealed by your QC checks discussed in Sections 3 and 8?
___Have you described contingencies for any sampling constraints described in Section 3
under completeness?

o Section 14: Quality Assurance Reports
___Have you indicated what your QA reports to the IDEM will include and how often
you will send them?

o References Cited
___Have you included information for every reference you cited in the text of your
QAPP?
___Have you included enough information to allow someone to locate the publication in
a library or on a website?
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Title Page
The title page is the first required element of the QAPP (an example page follows) and should
contain these elements:

• the complete title of the project and its location;
• the project’s ARN (IDEM contract) number;
• the name of the organization that prepared the plan (either the grantee or other organization if

hired by grantee to prepare the QAPP);
• the version number (e.g. first draft, second draft, final draft, etc.) and the date (month and

year) submitted, and;
• the place for authorizing signatures of the following people:

Project manager (the person responsible for implementation of the study)
IDEM WMS QA Manager (provided on sample page)
IDEM WMS Section Chief (provided on sample page)
IDEM Planning Branch Chief (provided on sample page).

Table of Contents
A table of contents is the second required element in the QAPP (an example page

follows). Provide the following information in the sequence shown along with the corresponding
page numbers:

1. A distribution list of staff responsible for implementing the QAPP including contact
information (mailing address, phone number, and e-mail address if available).

2. A list of the 14 required elements (sections) of the QAPP including subsections if used.

3. A list of references cited if applicable (e.g. SOPs, methods manuals, etc.)

4. A list of appendices.

5. A list of tables.

6. A list of figures.

Distribution List
Include a list of all the persons responsible for implementation of the QAPP – project

managers in the field, laboratory managers, and anyone else directly involved in the study.
Please include each person’s name and his/her role/title relative to the study.
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EXAMPLE TITLE PAGE

QUALITY ASSURANCE PROJECT PLAN

FOR

[Project Name]
[ARN ##-###]

Prepared by

[Name of grantee or other organization participating in preparation of the QAPP]

Prepared for

Indiana Department of Environmental Management
Office of Water Management

Watershed Management Section

[Draft version number]
[Month and year]

Approved by:

Project Manager: ________________________________________________________   ____________
     [Type name here]           Date

WMS QA Manager: _______________________________________________________________________    ________________
Jody Arthur          Date

WMS Section Chief: _____________________________________________________   _____________
Jill Reinhart          Date

Planning Branch Chief: __________________________________________________   _____________
                    Mary Ellen Gray          Date
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How will your data be
used? What decisions will

be made from it?

Section 1: Study Description
Historical Information
       Describe the nature of the water quality issue you are studying including information regarding
the sources and fate of known or suspected pollutants. Present a brief historical perspective of the
area and/or situation to be studied. Include any relevant information from previous studies.

Study Goals
       Provide a clear and concise statement describing your monitoring goals. These goals should
outline the specific problem(s) to be studied or the question(s) to be answered and will serve as the
basis for your sampling design. In determining the goal(s) of your study, be as specific as possible.
Avoid vague statements – they will make designing your study more difficult. Example:

Vague    à  The goal of this study is to improve water quality in Bubbly Creek watershed.
Specific à   The goal of this study is to determine where water quality problems exist in Bubbly

Creek watershed.

       While there are a variety of ways to improve water quality, it is difficult to articulate just how
you will achieve the first goal by sampling. For instance, how does sampling actually improve water
quality? In contrast, it is much easier to see how the second, more specific goal might be achieved
with a well-planned sampling program.

       Your study goal(s) will also help you decide how good
your data need to be.  For example, the data generated by a
school group that uses sampling for the purposes of educating
students does not necessarily need to be as precise and
accurate as data collected by a watershed group trying to
assess specific problems in its watershed. The data generated
by both groups, while perhaps very different in terms of
precision and accuracy, will be equally valid if they allow those groups to achieve their study goals.
In describing the goal(s) of your study, it is important to include information about how the data will
be used and any decisions that will be made from the data collected, and by whom.

Study Site
Describe the study site/watershed and list the parameters to be measured.  Include maps or

drawings with sufficient detail to correlate the study objectives with the proposed sampling plan.
Individual sampling locations may be included on these maps/drawings or may be submitted on a
separate map for Section 4. Also include any known or anticipated features that may have a bearing
on the study such as watershed size and boundaries, best management practices (BMPs), topography,
geology, accessibility, etc.

Sampling Design
       For this section, you must demonstrate how you have planned your study. This is accomplished
by presenting clear rationale for your decisions about where to sample, what to sample, and how
often. It is often useful to view this as a series of questions:

Am I sampling in enough locations? Are they the correct locations?
All environmental monitoring is, at best, a generalization. Because it is impossible to monitor

every inch of a given water body, we are forced to limit our sampling to a finite number of sites and
apply our interpretations to a larger area. Thus, sampling locations should be chosen that are
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representative of the conditions you are trying to measure. What is representative depends on the
specific questions you are trying to answer (i.e. your study objectives).

There are basically three types of study design to consider when determining where to sample –
probabilistic, synoptic and targeted. All three approaches are designed to answer different types of
questions. Which you choose will depend on what you are trying to discover with your sampling.

1. A probabilistic study design involves a completely random selection of sample locations
throughout the watershed.  Random site selection means that every point in the watershed has
an equal chance of being selected. This ensures that sites are representative because no single
set of conditions (or site characteristic) has a higher probability of being selected unless that
set of conditions is more prevalent in the watershed.  Therefore, random site selection allows
you to apply results obtained from a finite number of sites to the watershed as a whole. As
such, this approach can provide a good assessment of the overall water quality conditions in
your watershed. It should be noted that ensuring true randomness in site selection is difficult
without the help of statistical computer software. A potential problem with using a
probabilistic approach is that site accessibility issues may force you to move a sample
location, which ultimately reduces the true randomness of your sampling design. In addition,
the number of sites required to adequately characterize your watershed, which must also be
determined statistically, may be higher than what is feasible given your group’s time and
financial resources.

2. A synoptic approach provides a summary of your watershed based on its principal parts, or
tributaries. With this approach, sampling locations are chosen along all of the major
tributaries to the main stream in the watershed and within the main stream itself. A synoptic
approach will not enable you to assess the water quality in the watershed as a whole because
it does not use random sampling. However, this approach can provide potentially valuable
information regarding each tributary’s relative contribution of nonpoint source (NPS)
pollutants into the main stream and stream reach conditions. Such information is particularly
useful for groups wanting to determine source areas for NPS pollution and for prioritizing
areas in need of restoration. This approach also allows you more flexibility in dealing with
site accessibility issues without compromising the representativeness of your sample
locations. Although fewer sites are required with this approach in general, the more sites you
have along each tributary and the main stream, the more information regarding specific
source areas of NPS pollution within the watershed your data will provide. The number of
sites you choose with this approach will ideally strike a good balance between your study
goals and your available resources.

3. A third approach, commonly known as a targeted design, allows you to assess an individual
location at a specific time. A targeted approach involves choosing sampling locations both
upstream and downstream of a given location to provide a before and after view of what is
happening at that particular place. This approach is valuable for measuring the
success/impacts of individual watershed restoration activities or changes in land use over
time. For this purpose, downstream sites would be chosen at distances appropriate to detect
the full range of effects. A targeted approach is also useful in honing in on specific sources
and causes of pollutants in a location that has been previously identified as being affected by
these pollutants. Site selection may focus on where a specific tributary enters a main stream
or upstream and downstream of a suspected source. In general, a targeted design involves far
fewer sampling sites than do the probabilistic or synoptic approaches. A targeted design has
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To reduce natural variability in
your data, be consistent in when

you sample – plan to collect
your data during the same

season(s) and under similar
flow conditions.

Understanding
stream flow is

critical.

very limited use geographically compared to other approaches, allowing assessment of a
specific place as opposed to the larger watershed.

Once you have chosen the approach that is best suited to your study goals, you will need to
refine your sampling design by ironing out the details:

Have I chosen the right parameters to answer my questions?
Your study objectives will help you determine the most suitable type of monitoring. For

example, if your objective is to gauge the overall health of a stream, biological monitoring (e.g.
macroinvertebrates, fish communities, etc.) will be very useful. If your goal is to determine the types
of pollutants that may be impacting the system (e.g. nutrients, pesticides, etc.), chemical monitoring
might be more appropriate. A combination of both types of monitoring may be needed to gain
insight into the cause and effect relationships at work in the system. Both types of monitoring are
discussed in more detail below.

1) Chemical Monitoring – NPS pollution
enters a stream in the runoff from rain
events, snowmelt and groundwater.
Water chemistry monitoring of NPS
pollution parameters over time will
reveal very general patterns that may
correspond to seasonal rainfall. However,
within these broad seasonal patterns,
rainfall can vary significantly from day
to day and week to week. Due to this
short-term variability, water chemistry
measurements provide only a “snapshot” of the water quality conditions. For example,
the chemical conditions you detect the day after a heavy rain event will likely be very
different than those you detect after two months with little/no rain. For water chemistry
measurements to yield useful information, they must be collected during the same
season(s) and, more importantly, under similar flow conditions within those seasons.
Such data – commonly referred to as baseline data – can serve as a benchmark against
which to gauge future changes in water quality during the same seasons and similar flow
conditions in a stream.

Water chemistry measurements are meaningless unless viewed
within the context of stream flow. Stream flow (also referred to as
discharge) is the volume of water flowing in a stream per unit of
time. Without an understanding of the current flow conditions in a
stream, it is difficult to put the numbers you get from monitoring
into perspective. For example, the impact of the same amount of a
given contaminant will be much greater in a stream during low

flow conditions than the impact will be during high flow conditions when there is more
water available to dilute the contaminant and transport it downstream. Obtaining an
accurate measure of stream flow is very time-consuming. Thus, it may be more realistic
given your study’s resources to use a proxy – or substitute – for stream flow. For
example, you can obtain rainfall data for your sampling area from local/national weather
service stations. The United States Geological Survey (USGS) has many gaging stations
on streams throughout the state and may be able to provide continuous flow data for the
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Habitat assessments are
necessary to correctly
interpret biological
monitoring results.

stream(s) you are studying. There are also simple techniques available for approximating
stream flow. Any one of these options would provide a first approximation of flow
necessary for interpreting your results.

All studies should include stream flow or a proxy for stream flow as a parameter. In
addition to stream flow, your study may include any number of other parameters,
depending on your study goals and resources. Commonly used parameters include
dissolved oxygen and biochemical oxygen demand (BOD), nitrates, phosphates, pH,
temperature, turbidity, and E. coli count.

2) Biological Monitoring – Habitat assessments (which commonly include stream flow
measurements) are as important to biological studies as stream flow is to water chemistry
studies. Biological data must be viewed within the context of habitat because regardless
of how good water quality is in a given stream aquatic organisms (fish,
macroinvertebrates, etc.) cannot thrive without suitable habitat. The diversity and
abundance of aquatic communities are directly linked to habitat availability. Habitat
assessments are necessary in order to determine if impairments to aquatic communities
are related to degraded habitat or some other factor that is not readily discernible, or both.

All biological studies should include habitat assessments. In
addition to habitat assessments, your study may include a variety
of other parameters, depending on your study goals and resources.
These might include macroinvertebrates, fish communities,
surveys of aquatic vegetation (particularly useful in lake
monitoring), and mussels.  Note that with biological methods, it is
important to choose a level of identification (family, genus, or
species) that is appropriate to your project goals. In general, the
higher the level of identification (i.e. more specific), the more

sensitive the parameter will be to environmental conditions. Identification above the
family level usually requires a trained taxonomist, which may or may not be consistent
with your study’s goals and resources.

For any type of water quality monitoring, there are often many methods available to test a given
parameter. The method you choose will be a function of your study objectives and your resources.
Bear in mind that some methods are more/less sensitive than others. A very sensitive method will
detect very small changes in the parameter being measured while a less sensitive method may only
detect very large or broad-scale changes. The idea of method sensitivity can be illustrated with the
use of two weight scales, one that measures weight to the nearest pound and one that measures
weight to the nearest ounce. While both provide an accurate measurement of weight, one is much
more sensitive to small differences than the other. Method sensitivity should be considered when
choosing sampling and analytical methods for the parameters you are measuring.

In field and laboratory equipment, method sensitivity is described by its detection limits, or the
range of measurements over which you can expect accurate results. In biological studies, sensitivity
of the method depends on the standard level of identification (i.e. family, genus, or species) and the
type of metrics you choose.  A metric is how you evaluate your organism samples, which might
include species diversity, abundance, and/or relative tolerance to pollution.

Remember that choosing commonly used methods and parameters will enhance the
comparability of your data with that generated by other studies. A review of the literature will
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provide commonly accepted parameters and established methods used in water quality monitoring,
and information on method sensitivity.

How often should I sample and when?
The answers to these questions depend on the type of monitoring you plan to do and the specific

parameter(s) you are testing.  Many environmental indicators are affected by seasonal and temporal
variations. Recall that water chemistry parameters are very sensitive to stream flow variations. You
should attempt to minimize these variations by sampling during similar flow conditions. Biological
indicators are affected more by seasons than short-term fluctuations in stream flow. Because of this,
your sampling events should be planned during similar seasons (usually summer or fall) to obtain the
greatest diversity of organisms in your sample. Generally speaking, biological monitoring requires
less frequent sampling than does chemical monitoring because there is less variation from month to
month in the biological conditions of a stream than in its chemical conditions.

In summary, the sampling design section of the QAPP should discuss:
• where you will sample,
• when you will sample,
• what you will sample for, and
• the rationale behind each of these decisions.

Study Timetable
To ensure the timely completion of your study, you will need to develop a realistic schedule that

will allow you to accomplish all the major elements of your study within the study period.  In this
section of the QAPP, present a timetable for your study including the beginning and ending dates for
the study and the specific activities undertaken during the study, such as sampling events, arrival of
samples at the laboratory, delivery of analytical results, and completion of the final report. This
information can be presented as a table or in narrative form with a description of each activity
associated with your study and the month in which it will occur. It is also important to describe any
constraints on the schedule such as weather, seasonal variation in stream flow or the types of
organisms that might be present, or equipment operation. Your timetable should be detailed, yet
flexible enough to account for unanticipated problems.

Section 2: Study Organization and Responsibility
Project organization and responsibility refers to the individuals and organizations responsible

for each aspect of your study. Areas of responsibility may include project management, quality
assurance, fieldwork, sample analysis, performance and systems audits (see Section 10), and/or
corrective action, etc. This section of the QAPP requires a list that includes the name of each
individual and/or organization involved in your study, the role(s) they play in its implementation and
contact information for key personnel (i.e. addresses, phone numbers and e-mails addresses if
available). Include key contact people at the IDEM. An organization chart showing lines of authority
and communication is helpful here.

Section 3: Data Quality Objectives
All environmental data are only estimates of the true values of the parameters measured. These

estimates are affected by natural variability in the medium being sampled (e.g. water, sediment).
They are also affected by random and systematic errors that occur during sampling and analysis
procedures.  The latter speaks to the quality of your data – an important consideration when using it
as the basis for assessments and/or planning and restoration decisions. Because of the detrimental
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effect that random and systematic errors can have on your data, it is necessary to develop Data
Quality Objectives (DQOs). DQOs are quantitative or qualitative statements about how good your
data must be in order to achieve the goals of your study – how much error is too much error?

Data quality is described in terms of the following five elements:
1) precision
2) accuracy
3) representativeness
4) comparability
5) completeness

You will need to develop a DQO describing the level of data required by your study for each of
these elements, all of which are discussed in more detail below. If your study involves taking
measurements at the site in addition to collecting samples for laboratory analyses, you must develop
separate DQOs for precision and accuracy for both set of measurements (i.e. those taken in the field
and those completed in the lab). However, for parameters analyzed at the laboratory, you may adopt
the laboratory’s DQOs for precision and accuracy.

Most laboratories will have their own quality
assurance (QA) document similar to the QAPP that
outlines DQOs for the various analyses they
perform. Try to obtain a copy of this document
from the laboratory. Then you can simply include it
as an attachment and refer to it in the appropriate
sections throughout the QAPP.

Whether you state your DQOs in quantitative or qualitative terms will depend on the type of
data you are collecting and your study objectives. Some DQOs cannot be stated numerically while
others can. When a DQO can be stated either way, your decision on how to state it should be based
on your study goals. For example, your goal may be to determine where specific problems in your
watershed are in order to make restoration decisions. Because this sometimes involves identifying
parties/practices responsible for stream impairments – and always involves making the best possible
use of limited funds – the data may need to be more defensible in a quantitative sense. On the other
hand, for the purposes of educating people or characterizing the general conditions of a watershed, a
qualitative statement regarding the level accuracy and precision in your data may suffice.

Developing realistic DQOs with your study goals and resources in mind is important because
they define the minimum level of data quality necessary to make sound decisions from your data.
DQOs also prevent you from making poor decisions based on flawed data should you fail to meet
them.

For each data quality element in this section of the QAPP, you should include a brief discussion
of how not meeting your DQO will affect your study goals.

Precision
Precision is a measure of the agreement between two or more measurements of the same

parameter taken during a single sampling event. Assessing precision allows you to ensure that you
are achieving consistent results with your field sampling and laboratory methods and can indicate
natural variability for a given parameter in the system you are studying. In general, precision is
assessed by the use of duplicate measurements – two or more samples taken/analyzed at the same

Are you using an outside lab?
If so, you can save considerable
time by requesting a copy of the

laboratory’s QA document.
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For two replicates, use
the RPD equation.

For three or more, use
the RSD equation.

place at the same time (in the field and/or laboratory). In the lab, these samples are commonly
referred to as duplicates. In the field (and throughout the remainder of this document), they are
referred to as replicates. Split samples (i.e. a single sample divided into two) may also be used to
determine precision.

For this section of the QAPP, you should state:
• the frequency at which you perform replicate analyses,
• the level of precision you require for your data to be accepted as valid, and
• how precision will be calculated (see the following equations).

Precision in Water Chemistry Measurements
If water chemistry parameters are measured directly in the field, replicates or split samples

should be taken at a frequency consistent with the goals for your study. If your study requires high
quality data, at least 10% of all measurements (one in every ten) should be duplicated. For studies
whose objectives do not require this level of precision, replicates may be taken less frequently,

perhaps 5% of all measurements (one in every 20). Studies that
involve laboratories must develop DQOs for precision for both
field and laboratory measurements. Most laboratories will run
duplicate analyses on a certain percentage of the samples to
assess precision in their analyses. If you have the laboratory’s
QA document, you can use the laboratory’s DQOs for lab
precision and as your own. State the types of precision checks
used, the frequency at which they are performed, and the
equations used in precision calculations.

If only two replicate samples are taken, precision can determined by calculating the Relative
Percent Difference (RPD):

RPD = (C - C') x 100%
          (C + C')/2

Where:
C = the larger of the two values
C' = the smaller of the two values

If three or more replicate measurements will be taken, precision is determined instead by
calculating the Relative Standard Deviation (RSD):

RSD = (s/x) x 100%
Where:
s = the standard deviation of all the samples
x = the mean of all the samples
Note: Most computer spreadsheet applications have simple statistical functions that can calculate
these values for you (see inset on page 17).
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Precision with Electronic Field Instruments
Some types of field measurements can be taken with electronic meters (e.g. pH, temperature,

dissolved oxygen, etc.). The precision associated with such equipment is dependent upon proper
calibration and use in the field. There are two ways to state a DQO for precision when using
electronic meters:

1) You can make a qualitative statement about the precision you would expect given your
calibration frequency and proper use of the equipment. For example, if you will be
calibrating your meter before every use and you adhere to all manufacturer’s instructions
every time you use it, you can expect the highest possible precision, and/or;

2) You can make a quantitative statement about the level of
precision you expect to achieve in your field measurements.
In order to do this you must take duplicate readings with the
meter at a given frequency (commonly 5-10% of your
sampling sites). This will give you a second reading (or value)
that you can plug into the RPD equation to calculate precision.
If you choose to express precision numerically, state the

Duplicate
measurements are
necessary to assess
precision with field

instruments.

DO (ppm)
7.8
8.2
8.3
8.0
7.9
8.0

DO (ppm)
7.8
8.2
8.3
8.0
7.9
8.0
 

Next, a box will appear asking you
to define the cells for which you
want to obtain an average. Cell
references may automatically appear
in the box labeled “Number 1”. If
so, check to see that they include all
of your values. If not, highlight on
the spreadsheet all the cells to be
averaged. Click “OK”. The result is
the mean (i.e. average) of the values
you selected.

Place your cursor here and click
on the fx symbol in the task bar
at the top of the screen.  A box
will appear asking you what
function you wish to perform on
the data. In the function category
box, choose “Statistical” and in
the function name box, choose
“AVERAGE”

Calculating a mean using
Microsoft Excel

DO (ppm)
7.8
8.2
8.3
8.0
7.9
8.0
8.0

Next, a box will appear asking you
to define the cells for which you
want to obtain a standard deviation.
Cell references may automatically
appear in the box labeled “Number
1”. If so, check to see that they
include all of your values. If not,
highlight on the spreadsheet all the
cells to be used. Click “OK”. The
result is the standard deviation of
the values you selected.

Place your cursor here and click
on the fx symbol in the task bar
at the top of the screen.  A box
will appear asking you what
function you wish to perform on
the data. In the function category
box, choose “Statistical” and in
the function name box, choose
“STDEV”

Calculating a standard deviation
using Microsoft Excel

DO (ppm)
7.8
8.2
8.3
8.0
7.9
8.0
0.2
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frequency at which you take duplicate measurements and the level of precision you plan to
obtain with each parameter.

Whether you need to make a quantitative statement about the precision of data you collect with
electronic meters will depend on the level of data quality your study requires. Note that if you state
your goal for precision qualitatively, there is no way to actually assess whether you obtained the
precision desired, which may or may not adequately serve the goals of your study.  Generally
speaking, it is always a good idea to routinely check the precision of field measurements taken with
meters by taking duplicate measurements – such checks will reveal precision problems early on
providing you the opportunity to correct them before they infect your data.

Precision in Biological Monitoring
Precision can be achieved in biological monitoring in a number of ways. This includes

appropriate training of individuals involved in field sampling and identifications, correct and
consistent use of the same sampling methods throughout the project, and the analysis of replicate
samples if a quantifiable level of precision is required.

If your study objectives do not require that you state your precision numerically, a qualitative
statement describing the level of training that workers receive and/or their experience levels and
ensuring that the same methods are used consistently will suffice for this section of the QAPP.

If it serves your study objectives to quantify precision, you can do so in a number of ways.
Habitat assessments can be duplicated and their results compared. With regard to sampling, you can
have more than one person identify a single sample, which shows how consistent results are when
more than person is conducting identifications. You can obtain replicates for the purposes of
analyzing precision by splitting a single sample into two samples for sorting and identification,
collecting replicate samples at a single site, and/or sampling duplicate stream reaches.  A simple way
to calculate precision is to then compare these results for the number of individuals identified, which
gives you an idea of how consistent you are in your sampling methods. You can also compare the
results for the number of taxa/species, which will indicate precision in the identification process.
Since the methods for obtaining replicate samples will provide two replicates, you can use the RPD
equation on page 14 to calculate precision. The level of precision you choose should be based on
your study objectives.

In addition to a qualitative statement regarding precision, if you choose to quantify precision,
include a description of how you collect replicates, the percentage of your samples for which
replicates will be collected (i.e. the frequency), and the level of precision you are aiming for with the
method you’ve chosen. Also indicate the percentage of habitat assessments that will be duplicated.

Accuracy
Accuracy is a general term that describes your confidence in how well a measured value agrees

with the true value for a given parameter, which is actually based on the combination of precision
and bias. For the purposes of this document, the term accuracy refers specifically to measurement
accuracy, which is the degree to which your measurements are affected by systematic or random
errors associated with procedures and/or analytical equipment, or by interference from other
components present in the sample being analyzed.  Accuracy is achieved in a variety of ways
depending on your type of monitoring. These are discussed in more detail below.
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For this section of the QAPP, you should state
• the measures you take to ensure accuracy in the field and/or laboratory and,
• the level of accuracy you require for your data to be accepted as valid.

Most laboratories perform accuracy checks and will have established DQOs for the various
analyses they perform. If you are using a laboratory, you can simply adopt its DQOs for accuracy as
your own and state them here. In addition to a qualitative statement regarding field accuracy, you
should also include 3) a list of the accuracy checks performed by the lab and their frequency, and 4)
the equations used in accuracy calculations.

Accuracy in Water Chemistry Measurements
Systematic and random error can occur in both the collection and analysis of samples

introducing bias into your water chemistry data. Systematic error can occur through improper
calibration and/or consistently incorrect use of field and laboratory equipment or procedures, or
through contamination of samples. Random error is caused by inconsistent sampling and/or
analytical methods.

In the field, error can be assessed using field blanks, which are samples with no reagent added.
Theoretically, your results for field blanks should be zero – if not, you have error in your data. Your
DQO for bias in field measurements should be stated in terms of the frequency at which you take
field blanks and what you will do if you get a positive reading. Statements describing any other
measures you use to ensure field accuracy are also useful here. These might include adhering to all
sampling methods, sample handling requirements, preservation and holding times, and proper
calibration and use of field equipment, etc.

In the laboratory, error associated with sample preparation and/or operation of the analytical
equipment can be determined by equipment blanks (similar to field blanks), or by comparing the
results of duplicate measurements to a check standard. A check standard is a sample of known
concentration. The less these results differ, the lower the bias is in the measurements. Your DQO for
bias in laboratory measurements can be stated as a percentage and calculated using the following
equation:

%B = (x – T) x 100
         T

Where:
x = the mean of the results of duplicate analyses of the check standard
T = the concentration of the check standard
Note:  Most computer spreadsheet applications have simple statistical functions that can calculate
the mean for you (see inset, page 17).

Also discuss any interferences you might encounter with the methods you are using, which
might also affect accuracy. For water chemistry measurements, this might include other chemical
reactions in the sample medium that skew the readings your
equipment produces or contamination of the sample.
Depending on the type of medium you are sampling and the
parameter you are measuring, your method may not be able
to detect all of the parameter that is actually present in the
sample. If you suspect interferences with your methods, you
may want to use spiked samples in addition to field blanks
and check standards to assess accuracy. The accuracy of
measurements where interference is a factor is determined

Percent bias reflects errors
in measurement. Percent
recovery reflects error in

analysis caused by
interference from other

components of a sample.
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by comparing sample results with results from a sample that
has been spiked. Spiked samples are samples to which a
known amount of the parameter has been added. These
samples are typically used only in the laboratory and are not
recommended for field use due to the difficulties associated
with handling and transporting a potential contaminant. The
difference between the measurements of the unspiked and
spiked samples in the lab should be very close or equal to the
amount of spike added.

The percent recovery (i.e. the concentration that can be detected despite interferences) can be
calculated as a percentage using the following equation:

%R = (A – B) x 100
           C

Where:
A = the concentration of the spiked sample
B = the concentration of the unspiked sample
C = the actual concentration of the spike added

Accuracy with Electronic Field Instruments
As discussed above, there are many parameters that can be measured directly in the field with

electronic meters. Most of these meters have built-in accuracy levels, which are typically stated as a
plus-or-minus value in the manufacturer’s literature. With proper calibration and use, your data
quality objectives for accuracy should be the highest levels available for that particular model.
Simply state those levels here. Also state that you will calibrate according to the manufacturer’s
instructions and indicate the frequency of your calibrations.

Accuracy in Biological Monitoring
There are two types of systematic error associated with biological monitoring. One type of

systematic error can be introduced during sampling (e.g. improper sampling techniques or faulty
equipment), which will affect the total number of organisms collected. Another type of systematic
error can occur during sample analysis – in the picking, sorting and identification of the organisms
collected – which can bias both abundance and diversity results.

It is important to note that your DQO for accuracy in sampling and identification cannot be
expressed in numerical form for biological monitoring. There is no standard abundance for
biological communities that you can compare your results to, therefore, you cannot calculate
accuracy in sampling. Likewise, there is no standard for the diversity of organisms you will find, so
you cannot calculate the accuracy of your identifications.

Because your DQOs for accuracy in biological monitoring cannot be stated numerically, they
should be stated in terms of the quality control measures your project will employ during sampling
and throughout the identification process. Generally speaking, the more controls you build into your
project, the better accuracy you can expect to achieve. Strict adherence to established field methods
ensures accuracy during the sampling process.

For the identification process, control measures might include using only properly trained
identifiers, making a variety of taxonomic references (i.e. identification books) available to workers

DQOs for accuracy in
biological monitoring

must be stated
qualitatively.
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while identifying specimens, etc. You can also maintain a voucher specimen collection that has been
verified by a taxonomic expert. Voucher collections can be used to spot-check identifications to
ensure accuracy and as an aid in difficult identifications.

In this section, describe any control measures you have built into your study including any
accuracy checks that will be performed and by whom. Describe the level of training of those
performing identifications and the level to which organisms are identified (e.g. family, genus, or
species). If you will collect and maintain a voucher specimen collection, indicate how it will be used
in the identification process and whether the collection will be verified by a taxonomic expert.

It is also important to discuss here any interferences you might encounter with the methods you
are using. This might include excessive amounts of mud and/or detritus in the sample, difficulty in
identification of young life stages or taxonomic uncertainty associated with the organisms being
studied.

Completeness
Completeness is a measure of the amount of useable data actually collected compared to the

amount of data originally planned. In designing your sampling program, you decided on the number
of sampling sites and the sampling frequency you need in order to meet your study objectives.
However, problems can occur that might prevent you from collecting all the data you planned (e.g.
inclement weather, equipment malfunction, etc.) or
that might invalidate some of your data (e.g.
problems with accuracy, precision in the field or lab,
etc.). It is important to anticipate any potential
problems and develop contingencies should they
occur. Describe these here.

Next, you should state your DQO for
completeness in terms of a percentage. Ideally, you
will collect 100% of the data. However, keeping in
mind the potential problems that might hamper your
collection of valid data, your DQO for completeness should strike a balance between the amount of
valid data you can realistically expect to obtain and the minimum amount of valid data you need to
be confident in your conclusions. For example, ask yourself how confident you will be in basing
your decisions on 80% of the data that you had originally planned on obtaining. Would you be
comfortable basing your decisions on only 40%? Stating your DQO as a percentage is important
because it gives you a quantitative way in which to judge your results. At the end of your study, you
can calculate how complete your data set is before you use it to make decisions. Completeness can
be calculated by using the number of valid samples you actually got versus the number you expected
in the following equation, which should be included in your discussion of completeness in the
QAPP:

% Completeness = (number of valid measurements obtained) x 100
         (number of measurements expected)

Representativeness
Representativeness is the degree to which your data actually reflect the condition(s) you are

trying to monitor. For this section of the QAPP, describe the representativeness of your field data
and laboratory data, if applicable. Representativeness in field data is achieved through proper design

Problems can arise with any
study. Plan on collecting
more data than you think

you’ll need to meet your study
objectives if possible.
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of your sampling program and ensuring that the sampling plan is followed and that proper
techniques are used.  If you have provided a detailed description of your sampling program in
Section 1, a summary may be sufficient here.

Representativeness in the laboratory is ensured by using proper analytical procedures, meeting
sample holding times, and analyzing and assessing field duplicate samples. If you are using a
laboratory, provide a summary of procedures used to ensure representativeness. This information is
likely contained the lab’s QA document. If you have included this document in your QAPP, you can
simply refer to it here.

Comparability
Comparability represents the confidence with

which your project data can be compared to other
data sets. Comparability between data sets is
achieved when similar sampling and analytical
methods are used and documented. For example,
data collected for the same parameter using
different sampling and analytical methods may not
be comparable. By the same token, data from two
studies using the same methods are not comparable
if they have very different goals for accuracy or
precision. Thus, comparability is also dependent on having similar QA objectives at the outset.

For this section of the QAPP, describe the comparability of your data with a statement that
summarizes the purpose of the study, the parameters sampled and the methods used. If you plan to
combine your results with those from other studies, a careful review of the methods used and the QA
objectives is necessary.  Provide the results of this review here to establish that your data will indeed
be comparable to that from the other studies you wish to use.
Section 4: Sampling Procedures

This section of the QAPP covers the procedures related specifically to the field sampling
component of your study and what is done with samples up to the point at which they are analyzed
in the laboratory (if applicable). Individual sampling sites should be described here if not covered
under the Study Site discussion in Section 1.  Provide a site map that includes (at minimum) each of
the individual sampling sites, labels for each sampling site and all features relevant to the study, a
scale and a north arrow. It is also useful to include watershed boundaries to put sampling locations in
context and provide a clear view of the sampling density your study entails.

This section should include detailed, stepwise instructions for the following:

1. Sampling Equipment – List the sampling equipment to be used, and describe the preparation
and cleaning methods for each.  Include a list of reagents and supplies that will be needed
including the type of sample containers required. Pictures of any unusual sampling
equipment to be used are recommended as attachments.

2. Sample Collection – Discuss the type of samples to be collected and their medium (e.g.
sediment, water, etc.), including the sample volume needed for each sample type. Also
discuss the frequency at which samples will be collected and the number of each sample type
to be collected. Describe in detail the collection methods for each sample type. State whether
samples must be composited (i.e. mixed together) or split and the methods for doing so.

For your data to be comparable
to data from other studies, your

sampling and analytical methods
and DQOs must be similar.
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Include as attachments blank copies of any forms used to record data in the field (i.e. field
sheets) and reference it in this section.

3. Preservation – If sample preservation is required, describe in detail the preservation methods
and maximum sample holding times allowed from collection to extraction and/or analysis.

4. Transportation – If transporting samples from the field to a laboratory, document the
procedures involved in preparing samples for transport and the transportation process and
describe how samples will be stored before and after processing and/or analysis.

Documents describing the standard operating procedures
(SOPs) for a given method may be attached and/or referenced if
they contain sufficient detail. These must be up-to-date and readily
available to all staff who will use them, particularly those
conducting field sampling and laboratory analyses. Any
modifications to a method should be explained and described
fully. If you are using very new and/or uncommon sample

collection methods, you should provide a detailed description of them here. EPA-approved or other
published methods (e.g. Hoosier Riverwatch), may be cited by reference.

A summary table listing the parameter and the
sampling method, sampling schedule, sample type
(i.e. matrix), equipment used in field measurements
(including who manufactures it), sample containers,
volumes, and holding times, etc. is useful here.
Section 5: Custody Procedures

Custody procedures track samples that are
transferred from the field to the laboratory for analysis, identification, and/or storage. If your study
involves a laboratory, describe the custody procedures for any transfer of samples that will occur
during your study including transfers from field to laboratory and transfers to different departments
within the laboratory or to another facility for additional analyses. Attach examples of any custody
sheets used to document these transfers and indicate who will maintain the custody documentation.
Also indicate who will have custody of field sheets and describe how samples are to be labeled or
tagged including any identification scheme that will be used.

Section 6: Calibration Procedures and Frequency
This section applies to studies using electronic field equipment and using laboratories in which

analytical equipment will be used.

Calibration of Electronic Field Equipment
Describe the calibration procedures to be performed for field equipment. If properly followed,

SOPs for calibration may be attached and referenced here. Also indicate the frequency of calibration
checks and any conditions that will require re-calibration. For field equipment that is calibrated
using a standard solution (e.g. pH meters), document where the standard was obtained, its purity, and
any other relevant information.

This section is most easily accomplished by referring to the manufacturer’s instructions as long
as you have identified the manufacturer of your equipment. If you did not include a summary table
in Section 4 that shows the field equipment to be used and its manufacturer(s), include that
information here.

Attaching SOPs can
save you time in

preparing your QAPP.

See Appendices B and C for
example summary tables for

sampling procedures.
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Calibration of Laboratory Equipment
As with field equipment, the calibration procedures must be described along with the frequency

of calibration checks and conditions that will require re-calibration. For lab equipment that is
calibrated using standard solutions, document where the standard was obtained, its purity, and any
other relevant information. If you are using an outside laboratory for sample analysis, much of this
information can be found in the laboratory’s QA document, which can be referred to here if included
in the QAPP as an attachment. It is useful to include a summary table in this section showing the
equipment used for each parameter, its manufacturer, and calibration frequency.

Section 7: Analytical Procedures
Analytical procedures are simply the methods you will use to turn your samples into data. In this

section of the QAPP, describe all the analytical procedures to be used in the field and/or laboratory.
These procedures will differ depending on the type of monitoring you will do and the types of field
and/or laboratory equipment you use and are discussed in more detail below.

In general, EPA-approved or published methods (e.g. Hoosier Riverwatch, IBI, etc.) may be
cited by reference. However, if the method allows for any method options and/or modifications, you
also need to detail the options and/or modifications you choose. If you are using very new and/or
uncommon analytical methods, you should provide a detailed description of them here.

Analytical Procedures for Electronic Field Instruments
Most electronic field instruments conduct sample analysis automatically (i.e. they produce data

in usable form). For analytical procedures using field instruments, you can list the name of the
equipment, its manufacturer, and its units of measurement for a given parameter.

Analytical Procedures for Water Chemistry Measurements
Depending on the methods you choose your analytical procedures for water chemistry

measurements can be conducted in the laboratory from samples collected in the field or directly in
the field with a sample analysis kit (e.g. with a Hach kit). Describe any sub-sampling and sample
preparation required for sample analysis for each parameter to be studied. Describe the
instrumentation (field and/or laboratory) that will be used in sample analyses including the specific
performance range for each type of equipment used.

The performance range of a given method is the
range of measurements over which you can expect to
achieve accurate results. With respect to field and
laboratory instrumentation, the performance range is
commonly described by its detection limits, which is the
lowest concentration of a given parameter that can be
reliably detected. Detection limits associated with field
analytical equipment can usually be found in the
manufacturer’s literature.  If you are using a laboratory

for sample analysis, the detection limits for the equipment it uses should be available in the
laboratory’s QC document and can be summarized here.

See Appendix B for an example
summary table for analytical

procedures in water chemistry
measurements.
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In addition to stating the detection limits associated with your analytical methods/instruments,
describe any other relevant performance requirements such as precision, accuracy/bias, and percent
recovery (if you have presented this information in Section 3, simply refer to it here). Also discuss
any interferences you might expect with the analytical methods you are using.

Analytical Procedures in Biological Monitoring
Describe the procedures involved in the identification process including any sorting and sub-

sampling. For biological methods, the performance range cannot be quantified. Instead, include a
discussion of the efficiency of field sorting procedures under different field/sample conditions (mud,
detritus, sand, low light, etc.) and any interferences you might expect with the method (discussed
under Sampling Design in Section 1).

Section 8: Quality Control Procedures
In this section, describe all the measures you take to meet the

DQOs you have set for your project in Section 3. If you have already
included descriptions of the quality control measures you will use in
Section 3, then you can summarize them here and refer back to
Section 3 for more detail.

Quality Control Procedures used in Water Chemistry Measurements
There are a number of quality control procedures that correspond

to specific data quality elements discussed in Section 3. Quality
control (QC) measures in the field might include the use of field replicates and split samples (to
ensure precision), and field blanks (to ensure accuracy). In the laboratory, such measures might
include lab duplicates, and split samples to ensure precision and reference/check standards,
performance evaluation samples, and/or spiked samples to ensure accuracy. (This information
should be available in the laboratory’s QA document.)  Method blanks may also be used to
determine detection limits. A table summarizing these may be sufficient for this section, particularly
if you discuss these procedures in detail in Section 3.

Other QC procedures include proper training of field staff, strict adherence to field sampling
procedures and sample holding times, and proper calibration and use of analytical instruments in the
field and laboratory. Discuss these here.

Quality Control Procedures used in Biological Monitoring
There are a number of quality control (QC) procedures that correspond to specific data quality

elements discussed in Section 3. QC measures might include having more than one person
identifying samples, splitting samples, collecting replicates, or sampling from replicate sites (all are
measures to ensure precision) and having identifications verified, keeping taxonomic references
readily available, and collecting/maintaining a voucher collection (these measures help to ensure
accuracy). A table summarizing these may be sufficient for this section, particularly if you discuss
these procedures in detail in Section 3.

QC measures can also be incorporated into habitat assessments. Due to the qualitative nature of
habitat assessment methods, it is particularly useful to replicate these measurements. To do this
requires that two or more people perform a habitat assessment at each site and average their resulting
habitat scores. Indicate here if habitat assessments will be replicated, and describe any other QC
measures you will build into your habitat assessments.

See Appendices
B and C for example

summary tables
showing various QC

procedures.
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Other QC measures applicable to all types of biological monitoring include proper training of
field and identification personnel, strict adherence to field sampling procedures. Discuss these here.

Section 9: Data Reduction, Review, and Reporting
Data Reduction

Data reduction refers to how you will interpret your data (i.e. convert the raw data produced
during sample analysis into final results).  Include in this section any statistical approaches you will
use including any equations for calculations to be performed. Define the units and terms used in
equations. Please note that this does not refer to the equations used in determining precision,
accuracy, and completeness. Those equations belong in Section 3.

For water chemistry measurements, data reduction might include calculations to convert
instrument readings to units of ppm or mg/L (e.g. such as those necessary with a Hach Comparator).
Many portable electronic devices designed for data collection (e.g. multi-parameter devices such as a
Hydrolab, or single parameter devices like pH meters, specific conductivity meters, etc.)
automatically perform the calculations necessary to render the data in useable form. Measurements
are read directly from the equipment making further reduction unnecessary. If using direct-read
instruments, state that data reduction is not necessary.

For biological methods, describe the indices and associated metrics you will use to analyze your
samples (e.g. IBI, QHEI, etc.) and any statistical approaches used.

Data Review
Data review involves checking the data for errors and/or omissions and other problems that may

require investigation. Indicate the point(s) in the process at which the data will be reviewed and what
the review(s) will entail. Data review may include review of field data sheets before/after leaving the
field, review of bench sheets after sample analysis in the lab, and review of the entire data set before
reporting the results. Also indicate who will perform the data review.

Data Reporting
Data reporting refers to how you will translate the results of your analysis into a form that your

target audience can understand. This might include graphs, tables, etc. Discuss these here. Also
indicate the form in which your results will be delivered to the Section 319 Project Manager at
IDEM (i.e. electronic and/or hard copy).

Section 10: Performance and Systems Audits
Audits are simply check-ups to see if your study is progressing as planned.  Two types of audits

that can be incorporated into your study are performance and systems audits.

1. Performance audits are conducted to evaluate the quality of the data being generated. These
might include audits to ensure that the sampling procedures
established in Section 4 and the analytical procedures
established in Section 9 are properly followed. Audits may
also be conducted to ensure that the quality control
procedures discussed in Sections 3 and/or 8 are conducted at
the appropriate frequency.

2. Systems audits are conducted to determine if the QAPP

Routine audits help to
ensure that problems

are detected early.
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requirements are being met. This might include performance audits of specific aspects of the
study (such as those mentioned above) and/or a review of the entire study.

In general, audits may be conducted internally or externally (i.e. by an outside reviewer). The
contractor/grantee in charge of overseeing the study is responsible for conducting all internal audits.
The type and frequency of such audits you conduct will be determined by the needs of your study
and should be described here. In general, the higher quality data you need, the more audits you
should build into your study. In this section, describe the types of audits to be performed, their
frequency, and indicate who will be responsible performing them. In addition to internal audits,
IDEM reserves the right to conduct external audits.

Most laboratories participate in routine audits, both internal and external. If you are using a
laboratory for sample analysis, it can probably provide you with an audit schedule and/or results
from recent audits. This information may be contained in the laboratory’s QA documents and may
be cited here if that document is attached.

Section 11: Preventative Maintenance
Preventative maintenance includes all the measures taken to prevent equipment downtime,

which will help you stay on schedule with your sampling and help you achieve your DQO for
completeness. Describe all preventative maintenance procedures for field equipment. SOPs for
preventative maintenance may be attached and cited here or the equipment manual may be cited if
the manual is made readily available to field staff.

If preventative maintenance is to be performed on a regular basis, include a schedule for
preventative maintenance tasks. Include a list of spare parts (such as extra batteries) and tools that
are to be kept on hand, should problems arise with equipment in the field.

Laboratories are responsible for preventative maintenance of their own equipment and can
usually provide you with a maintenance schedule describing the types of preventative maintenance
performed and the frequency at which these are performed. Include this information here if your are
using a laboratory for sample analysis. If the lab provides you with SOPs describing preventative
maintenance procedures, include them as attachments and reference them in this section.

Section 12: Data Quality Assessment
Data quality assessment is the process by which you

will screen your data to ensure that it is valid in terms of its
precision, accuracy and completeness and that it meets your
stated DQOs. Data quality assessment should include an
evaluation of the following QC results:

Precision
If not described in Section 3, indicate the methods for calculating precision based on replicate

results. A discussion of how you will deal with outliers in your data set is also important to this
section. Outliers are data that lie far outside the range expected/revealed for the majority of the data.
Outliers indicate either anomalous results (i.e. data that is accurate but not truly representative of the
majority of the population) or invalid (i.e. data that is flawed due to mistakes/problems in
sampling/analysis). Include a discussion of how outliers will be identified and state the criteria by
which they will be accepted or rejected.

How will you decide
whether or not your data

is useable?
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Assessment of Water Chemistry Data
For laboratory analyses, the process of determining outliers commonly involves the calculation

of upper and lower control limits beyond which a data point will be considered anomalous and/or
invalid.  This is the criterion that the laboratory would use for accepting/rejecting the data. Data are
usually not considered in the final analysis if they fall outside of the range defined by the upper and
lower control limits. Information on control limits can usually be found in a laboratory’s QA
document for the various analyses it performs. If you are using a laboratory for sample analysis and
have attached its QA document to the QAPP, you may refer to it here.

For studies that are not using a laboratory for sample analysis, the process for verifying the data
may be as simple as a review of the data and investigating any obvious outliers to determine if they
represent anomalous flawed data. Such an investigation may include a review of the field data sheets
and/or discussions with the field and laboratory personnel involved in the sampling and analysis of
that particular sample. Describe this process in detail here.

Assessment of Biological Monitoring Data
For biological monitoring, the process for verifying

the data may be as simple as a review of the data and
investigating any obvious outliers to determine if they
represent anomalous and/or flawed data. Such an
investigation may include a review of the field data
sheets and/or discussions with the field and laboratory
personnel involved in the sampling and analysis of that
particular sample to identify potential causes for the
outlier. Describe this process in detail here.

Accuracy/Bias
In this section, you will describe the effects that the

results of your checks for accuracy/bias will have on the data.  The descriptions you include will
depend on the type of monitoring you will do and the quality control procedures you have built into
your study to ensure accuracy.

Assessment of Water Chemistry Data
For water chemistry data, describe what you will do if a field blank tests positive. Positive field

blanks typically indicate a problem with contamination of sampling equipment, containers and/or
preservatives.  It is important to state the effect a positive field blank will have on your sample
results. For example, will all the data collected during that sampling event be discarded as invalid?
Or will an investigation be conducted to try to determine at what point in the process that
contamination occurred, indicating which data should be saved and which should be discarded?

Assessment of Biological Monitoring Data
       For biological monitoring data describe what you will do if, upon verification of identifications,
you find a significant problem with accuracy. For example, will you discard all of the identifications
produced by the individual who identified that sample, or will you investigate more of that
individual’s results (i.e. additional samples) to determine the extent of the problem? If the problem is
limited to one or two taxa, you may be able to recount only those taxa. If the problem is consistent
throughout all indentifications, the data may need to be discarded.

Data quality assessment also
involves describing what you

will do if your data quality falls
short of your stated DQOs for

accuracy, precision and/or
completeness.
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Completeness
Whether conducting water chemistry monitoring, biological monitoring or both, discuss the

procedure for determining whether enough data have been collected to consider the study
successfully completed. If not included in Section 3, provide the equation you will use for
calculating completeness. Discuss the effect that not meeting your completeness goal will have on
the study’s success. For example, will you still be able to use your data in a qualified manner despite
its limitations or will the entire study be considered a loss?

Section 13: Corrective Action
Corrective action refers to the specific measures that will be taken to correct any problems

revealed by the quality control procedures described in Sections 3 and/or 8. Describe these here.

Correcting Problems in Collecting/Analyzing Water Chemistry Data
For water chemistry measurements taken in the field, discuss the conditions that will trigger

corrective measures. This might include unusually higher/lower readings than would normally be
expected for a given site. Corrective actions might include replacing sample containers, checking
reagents to see if they are expired, and determining if the field equipment is functioning properly by
visually inspecting it for problems and/or recalibrating.

Corrective actions in the laboratory are
typically triggered by QC results that are outside
of control limits. For studies working with a
laboratory, these criteria can usually be found in
the laboratory’s QA document, which can be
attached to the QAPP and referenced here. Note
that if problems with laboratory analyses are
detected, you may decide that collecting new
samples is necessary to avoid falling short of your
DQO for completeness. Re-sampling is not a
corrective action, but a contingency, which should be included in Section 3 under completeness.

Correcting Problems in Collecting/Analyzing Biological Data
For biological monitoring, corrective actions might be triggered by a sample in which no

organisms whatsoever are found or a significant problem with identifications.  Such measures might
include checking to see if sampling equipment is functioning properly by visually inspecting it to
determine if it is in good repair and sampling again to see if the problem occurs. In extreme cases,
retraining of field and/or laboratory personnel may be required.

Section 14: Quality Assurance Reports
Projects must submit Quality Assurance (QA) Reports to the IDEM on a regular basis to ensure

that any problems arising during the sampling and analysis phases of your project are corrected in a
timely manner. The frequency of QA reports should be based on the data quality needs of your
study. QA reports should be submitted as part of the Section 319 Quarterly Progress Reports at the
appropriate frequency, under the contract duty that applies to the QAPP.  In addition, the final

Re-sampling can be costly and will
not prevent a problem from

recurring. Corrective measures are
needed to address the problem at its

source.
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project report must include a QA section summarizing the quality of the data collected within the
context of study goals and data quality objectives.

QA Reports may include:
• an assessment of the data in terms of its accuracy, precision, completeness;
• results of any performance and/or system audits performed during that quarter;
• any significant quality control problems encountered and the recommended solutions;
• a discussion of whether the QA objectives are being/were met and the resulting impact on

decision-making; and
• any limitations on the use of the data.

References Cited
If not using footnotes, use this section for all references cited in the text of your QAPP. In

general, your citations should provide enough information to enable someone to locate the
publication in a library.  This will include the author(s)/editor(s), the title of the book or article, the
name of the publication (if the source is an article), the edition, the volume, the year of publication,
page numbers, and/or document number. The references used to create this guidance document are
listed in the bibliography on the following page and provide examples of how to cite various
references in the QAPP.
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Appendix A: Glossary of Terms and Acronyms

Accuracy – the degree to which a measured value agrees with the true value for a given
parameter; a combination of precision and bias

Analytical procedures – the method(s) used to convert samples into data

Bias – the deviation in measured values from the true value due to random and/or systematic
errors in sampling and/or analysis

Calibration – adjustments to a piece of equipment, which are based on the measurement of a
check standard and are made so that subsequent measurements are not biased

Check standard – a sample of known concentration; used to determine the amount of systematic
error in measurements attributable to improper use/calibration of laboratory equipment

Comparability – the extent to which data can be compared between sample locations or periods
of time within a study or with data from other studies; dependent on the use of documented and
similar sampling and analytical methods and quality assurance objectives

Completeness – a comparison between the number of samples necessary to meet the goals of the
study compared to the number of valid samples actually collected

Corrective actions – specific actions taken to correct any problems revealed by quality control
procedures

Data or Environmental data – any measurements or information that describe environmental
processes, a given location, or conditions, ecological or health effects and consequences, or the
performance of environmental technology. For EPA, environmental data include information
collected directly from measurements, produced from models, and compiled from other sources
such as databases or literature

Data quality assessment – the process(es) by which you determine whether your data meets your
stated data quality objectives for precision, accuracy and completeness

Data quality objectives (DQOs) – quantitative and/or qualitative statements about the level of
data quality necessary to meet the goals of the goals of the study for which the data will be
collected

Data reduction – the method(s) used to convert raw data produced during sample analysis into
final (i.e. interpretable) results

Data reporting – the form in which study results are presented to the target audience

Data review – the process(es) involved in checking the data for errors and/or omissions and other
problems that may require investigation
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Detection limit – the lowest concentration of a given parameter that can be reliably detected;
applies to both field and laboratory equipment

Duplicates – two or more samples taken/analyzed at the same place at the same time; used to
determine precision in laboratory measurements

Equipment blank – a “clean” sample containing none of the parameter of interest, usually
consisting of de-ionized water; used to determine uncertainty due to random error introduced by
analytical equipment

External audit – an audit conducted by an individual(s) from an outside organization not directly
associated with the study being conducted

Field blank – a sample containing a negligible/unmeasurable amount of the parameter of
interest; used to determine uncertainty due to errors in sampling and/or field measurements

IDEM – Indiana Department of Environmental Management

Interferences – other components present in the sample that can interfere with the detection
and/or measurement of the parameter being measured

Internal audit – an audit conducted by an individual(s) directly associated with the study being
audited

Mean – the mathematical average for a set of measurements

Measurement accuracy – the degree to which a measured value is affected by random and/or
systematic error associated with procedures and/or analytical equipment, or by the interference
of other components of the sample being analyzed

Medium or Sampling medium – the substance in which the parameter being measured is
contained (e.g. water, sediment, etc.)

Method sensitivity – the ability of a method to reliably measure the parameter of interest

NPS – nonpoint source

Percent bias (%B) – the deviation in measured values from the true value due to systematic
errors in procedures expressed as a percentage; calculated to provide an assessment of accuracy

Percent recovery (%R) – the amount of a given parameter that is measured despite interferences
from other components of the sample; calculated to provide an assessment of accuracy
Performance audit – an inspection of various procedures to determine the quality of the



Quality Assurance Project Plan (QAPP) Guidelines/August, 2001                                Appendix A: Glossary of Terms and Acronyms

Performance range – range of measurements over which you can expect to achieve accurate
results with a given method of measurement

Precision – the degree of agreement among repeated measurements of the same characteristic on
the same sample or on separate samples collected as close as possible in time and space

Probabilistic – a study design that involves completely random site selection; useful for
assessments of overall watershed conditions

Project – all of the activities undertaken under a Section 319 grant, which may/may not include
environmental monitoring activities

Quality assurance (QA) – the overall management system, which includes organization,
planning, data collection, quality control, documentation, evaluation and reporting activities;
provides the information needed to determine if the quality of data produced meets the
requirements of the project for which it was collected.

Quality assurance project plan (QAPP) – a written document that outlines the procedures a
monitoring project will use to ensure that the samples collected and analyzed, the data stored and
managed, and the reports written are of high enough quality to meet the goals oaf the study

Quality assurance reports – reports submitted to the IDEM as part of the Section 319 Quarterly
Progress Reports that summarize any quality assurance activities undertaken during the previous
quarter and any results found

Quality control (QC) – technical activities undertaken in the field and/or laboratory to reduce
error in data

Random error – error caused by inconsistent sampling and/or analytical methods

Relative percent difference (RPD) – the difference in two measurements expressed as a
percentage; calculated to provide an assessment of precision

Relative standard deviation (RSD) – the standard deviation expressed as a percentage;
calculated to provide an assessment of precision

Replicates – two or more samples taken/analyzed at the same place at the same time; used to
determine precision in field and/or laboratory measurements

Representativeness – the extent to which a measurement actually depicts the true environmental
condition or population at the time the sample was collected; necessary to realistically apply
results from individual sampling locations to a larger area of interest

Split samples – a single sample divided into two samples for analysis; used to determine
precision in field and/or laboratory measurements
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Standard deviation – the range of variation in a set of measurements

Standard operating procedures (SOPs) – a written document that describes in detail the
methods to be used in sample collection, handling, or analysis; may also be used to document
data management and storage procedures

Study – the component of a Section 319 project that involves environmental monitoring

Synoptic approach – a study design in which sampling locations are chosen based on the
principal parts of a watershed, usually the main stream and its tributaries; useful for determining
source areas for NPS pollution and for prioritizing areas in need of restoration.

Systematic error – error due to improper calibration and/or consistently incorrect use of field and
laboratory equipment or procedures, or contamination of samples

Systems audit – an audit to determine if QAPP requirements are being met; may be conducted
internally or externally

Targeted approach – a study design in which sampling locations are chosen both upstream and
downstream of a given location; useful for measuring the success/impacts of individual
watershed restoration activities or changes in land use over time

US EPA or EPA – United States Environmental Protection Agency

WMS – Watershed Management Section at the IDEM
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Appendix B:  Example Tables for Use in the QAPP 

This appendix includes example tables for data quality objectives, sampling procedures,
analytical procedures, quality control procedures and data reduction methods. Most 
examples provide separate tables for chemical monitoring and biological monitoring to
make it easier to find information relevant to the specific type of monitoring your study
will undertake. For studies involving both types of monitoring, information can be 
combined into one table if desired.

Please Note: These tables are provided as examples of how information might be more
easily summarized in the QAPP. They are not required, nor is the information included in
them intended as recommendations for your particular study. 
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Data Quality Objectives for Water Chemistry Measurements
Parameter Precision Accuracy Completeness (%)

Flow
Temperature
pH
Dissolved Oxygen
Conductivity
Ammonia
Nitrate
Phosphate
Total Phosphorous
Turbidity
Total Suspended Solids
E. coli

Data Quality Objectives for Biological Measurements
Parameter Precision Completeness (%)

Habitat Analysis
Macroinvertebrates
Fish Community
Periphyton

Completeness objectives should be stated as a percentage, while precision and accuracy
objectives may be stated numerically as a plus-or-minus value or qualitatively, depending on 
the specific requirements of your project. Accuracy is not included in the DQO table for 
biological methods because accuracy in sampling and identification cannot be quantified. For 
biological monitoring, a qualitative statement regarding accuracy in sampling, identification and 
habitat assessments is required for Section 3 of the QAPP (see pages 18-19 in the guidelines).

Please note: The parameters shown in these tables are provided as examples only. They
are not all-inclusive and are not intended as recommendations for your particular study. 
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Sampling Procedures for Water Chemistry Parameters
Parameter Sample Sampling Method Sampling Sample Sample 

Matrix Frequency (cite source and/or describe equipment) Containers Volume Holding Time
Flow
Temperature
pH
Dissolved Oxygen
Conductivity
Ammonia
Nitrate
Phosphate
Total Phosphorous
Turbidity
Total Suspended Solids
E. coli

Sampling Procedures for Biological Parameters
Parameter Sampling Sampling Method

Season Frequency (cite source and/oror describe equipment)
Habitat Analysis
Macroinvertebrates
Periphyton
Fish Community

Please note: The parameters shown in these tables are provided as examples only. They are not all-inclusive and are not 
intended as recommendations for your particular study. 
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Analytical  Procedures for Water Chemistry Parameters
Parameter Test Methods Performance Range or Units

(cite method source and/or equipment) Detection Limits
Flow
Temperature
pH
Dissolved Oxygen
Conductivity
Ammonia
Nitrate
Phosphate
Total Phosphorous
Turbidity
Total Suspended Solids
E. coli

Please note: The parameters shown in this table are provided as examples only. They are 
not all-inclusive and are not intended as recommendations for your particular study. 
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Quality Control Procedures Used in Obtaining Water Chemistry Data
QC Checks Field (yes/no) Lab (yes/no) Frequency
field replicates N/A
field equipment calibration N/A
field blanks N/A
lab duplicates N/A
reference/check standards N/A
control samples
spiked samples N/A*
equipment blanks
calibration curves N/A
*Spiked samples are not recommended for field use due to the difficulties associated with handling and transporting
a potential contaminant. 

Quality Control Procedures Used in Obtaining Biological Data
QC Checks Field (yes/no) Lab (yes/no) Frequency
multiple taxonomists identiying a single sample
splitting the sample for sorting, indentification and enumeration
collecting replicate samples within a single site N/A
collecting samples from duplicate (i.e. identical) stream reaches N/A
collecting/maintaining taxonomic reference (i.e. voucher) samples
"spiked" organism samples
confirmation of identification by taxonomic expert

Please note: The QC measures shown in these tables are provided as examples only. They are not
all-inclusive and are not intended as recommendations for your particular study. The specific QC
measures you select should be chosen to ensure that you can achieve your project's DQOs.
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Data Reduction for Water Chemistry Data
Parameter Unit of Measurement Conversions/Equation(s) used to 

(raw data) Obtain Results

Note: Some types of field equipment and laboratory instrumentation provide a direct reading that does not need further 
conversion or calculation. This should be indicated in the third column. 

Data Reduction for Biological Data
Parameter Metrics Index/Statistical Approach Used to 

Obtain Results
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Appendix C:  Example Tables for Hoosier Riverwatch Method

This appendix includes example tables for data quality objectives, sampling procedures, and
quality control procedures. Separate tables for both the GREEN kits and HACH kits used by
the Hoosier Riverwatch program are provided to make it easier to find information relevant to
the specific type of monitoring your study will involve.

Please Note: These tables are provided as examples of how information might be more
easily summarized in the QAPP. They are not required nor is the information included in 
them intended as recommendations for your particular study.
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Data Quality Objectives for Water Chemistry Parameters -- GREEN Kit
Parameter Completeness Precision Accuracy1 Measurement Range

Coliform Bacteria High2 > or < 200 colonies/100 ml
Dissolved Oxygen +/- 4 ppm 0-8 ppm
BOD5 +/- 2 ppm 0-8 ppm 
pH +/- 1 pH unit 4-11 pH units
Orthophosphates +/- 2 ppm 0-4 ppm 
Nitrates +/- 20 ppm 0-40 ppm 
Turbidity +/- 20 NTU (JTU) 0-100 NTU (JTU)
Temperature Change +/- 1 degree N/A
1The GREEN method requires participants to match water sample water w/added reagent to a color chart.  
2Accuracy of E. coli  counts are expected to be high given that results are reported as > or < 200 colonies/100ml.

Note that accuracy in results obtained using color charts vary according to individual color perception. Accuracy with this method 
may be enhanced in two ways: 

1)  Hoosier Riverwatch modifications to the GREEN method allows participants to estimate between incremental values shown   
on color charts and to report measurements as ranges rather than individual values.  This modification can enhance the accuracy 
somewhat, because it allows more flexibility in a reading that is obviously between two values on the color chart. However, the 
accuracy levels shown in the table are the highest that can be documented for the GREEN method. If you will be enhancing the 
accuracy of your measurements by recording your results as a range instead of a single value, note this in Section 3 of the QAPP. 

2) While typically used for the purposes of quantifying precision, replicates taken with this method can be averaged to obtain
more accurate results and to identify obvious outliers. Note that If replicates are taken and averaged for the purposes of enhancing 
accuracy, one or more additional sets of averaged readings will still be necessary for the purposes of quantifying precision 
depending on which calculation you use (i.e. RPD or RSD). If you will be enhancing the accuracy of your data by averaging 
replicate measurements into a single value, note this in Section 3 of the QAPP. Indicate also that these replicates are in addition to 
any taken for the purposes of quantifying precision.
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Data Quality Objectives for Water Chemistry Parameters -- HACH Kit
Parameter Completeness Precision Accuracy1 Measurement Range

Fecal Coliform/E. coli High1 > or < 200 colonies/100 ml
Dissolved Oxygen (high range test) +/- 1 mg/L 0-17 mg/L
Dissolved Oxygen (low range test) +/- 0.02 mg/L 0.2-0.4 mg/L
BOD5 (high range test) +/- 1 mg/L 0-17 mg/L
BOD5 (low range test) +/- 0.02 mg/L 0.2-0.4 mg/L
pH +/- 0.2 pH units 0-14 pH units
Total Phosphate (low range test) +/- 10% 0-1 mg/L
Total Phosphate (medium range test) +/- 10% 0-5 mg/L
Total Phosphate (high range test) +/- 10% 0-50 mg/L
Orthophosphate (low range test) +/- 10% 0-1 mg/L
Orthophosphate (medium range test) +/- 10% 0-5 mg/L
Orthophosphate (high range test) +/- 10% 0-50 mg/L
Nitrates (low range test) +/- 10% 0-1 mg/L 
Nitrates (medium range test) +/- 10% 0-10 mg/L
Nitrates (high range test) +/- 10% 0-50 mg/L
Turbidity +/- 10 NTU (+/- 10 JTU) 0 - >100 NTU (JTU)
Total Solids2 +/- 0.0001 g
Temperature Change2 +/- 1 degree
1Accuracies reported as percentages are for parameters measured with the HACH colorimeter and, according to the manufacturer, are typical of 
accuracies achieved with this device. Accuracy of E. coli  counts are expected to be high given that results are reported as > or < 200 colonies/100ml.
2The measurement range for Total Solids depends on the analytical scale you will use (consult the manufacturer's literature). For Temperature 
Change, state the range of the thermometer used and indicate the units of measurement (i.e. Celsius or Farenheit).

Note that accuracy in colorimeter results vary according to individual color perception. Replicate values may be averaged to 
obtain more accurate results and to identify obvious outliers. If replicates are averaged to ensure accuracy, at least one additional 
set of averaged readings will be necessary for the purposes of calculating precision (i.e. RPD or RSD). Indicate in Section 3 of the 
QAPP if individual measurements will be taken or if, for the purposes of enhancing the accuracy of your data, two or more 
measurements will be taken instead and averaged into one result.
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Data Quality Objectives for Biological Measurements
Parameter Precision Completeness (%)

Macroinvertebrates
Habitat Assessments

General comments regarding example DQO tables for Hoosier Riverwatch Methods:

l For all methods (i.e. GREEN, HACH, and biological methods), completeness objectives should be stated as a percentage, 
while precision objectives may be stated numerically as a plus-or-minus value or qualitatively, depending on the specific 
requirements of your project. Accuracy is not included in the DQO table for biological methods because accuracy in sampling 
and identification cannot be quantified. For biological monitoring, a qualitative statement regarding accuracy in sampling, 
identification and habitat assessments is required for Section 3 of the QAPP (see pages 18-19 in the guidelines).

l If you are using the Hoosier Riverwatch 3 Star Quality Assurance Guide to rate the quality of your chemical and/or biological 
data, state this in Section 3 of the QAPP and indicate the highest rating that applies.  Include a reference to the Hoosier
Riverwatch manual you are using. 

Please note: The DQOs shown in these tables represent the highest levels of data quality that can be expected using
the sampling kits provided by the Hoosier Riverwatch program and are not intended as recommendations for your   
particular study.

more accurate results and to identify obvious outliers. Note that If replicates are taken and averaged for the purposes of enhancing 

replicate measurements into a single value, note this in Section 3 of the QAPP. Indicate also that these replicates are in addition to 
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Sampling Procedures for Water Chemistry Parameters -- GREEN Kit
Parameter Sample Sampling Methods 

 Volume Frequency
Coliform Bacteria 10 ml LaMotte GREEN Kit, Code 5880
Dissolved Oxygen <10 ml LaMotte GREEN Kit, Code 5889
pH 10 ml LaMotte GREEN Kit, Code 5890
BOD5 <10 ml LaMotte GREEN Kit, Code 5889
Orthophosphates 5 ml LaMotte GREEN Kit, Code 5892
Nitrates 5 ml LaMotte GREEN Kit, Code 5891
Turbidity <50 ml LaMotte GREEN Kit, Code 5887
Temperature Change N/A Thermometer

In addition to using the table above, include in Section 4 of the QAPP a reference to the Hoosier Riverwatch Manual's section
entitled Standard Chemical (GREEN) Testing Instructions  for specific sampling procedures. Be sure to indicate the 
publication date located on the back cover of the manual.  

Please note: The parameters shown in the table is a comprehensive list that includes all parameters covered in the 
Hoosier Riverwatch manual for the kits provided and are not intended as recommendations for your particular study. 
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Sampling Procedures for Water Chemistry Parameters -- HACH Kit
Parameter Sample Sampling Method/Test

 Volume Frequency
Fecal Coliform/E. coli 1-5 ml Micrology Laboratories Coliscan Easygel
Dissolved Oxygen (high range test) 60 ml HACH DO Test Kit, Model OX-2P
Dissolved Oxygen (low range test)1 60 ml HACH DO Test Kit, Model OX-2P
BOD5 (high range test) 60 ml HACH DO Test Kit, Model OX-2P
BOD5 (low range test)1 60 ml HACH DO Test Kit, Model OX-2P
pH N/A HACH portable pH meter, Model Pocket Pal Tester
Total Phosphate 20 ml HACH Total Phosphate Test Kit, Model PO-24
Orthophosphate (low range test) 20 ml HACH Total Phosphate Test Kit, Model PO-24
Orthophosphate (medium range test)2 20 ml HACH Total Phosphate Test Kit, Model PO-24
Orthophosphate (high range test) 0.5 ml HACH Total Phosphate Test Kit, Model PO-24
Ammonia Nitrogen 5.0 ml HACH Ammonia Nitrate, Catalog nos. 2395266, 2395466
Nitrates (low range test) 5.0 ml HACH Nitrate Test Kit, Model NI-14
Nitrates (medium range test)3 0.5 ml HACH Nitrate Test Kit, Model NI-14
Nitrates (high range test) 5.0 ml HACH Nitrate Test Kit, Model NI-11
Turbidity ~3 gallons4 Hoosier Riverwatch Turbidity Tube
Total Solids 100 ml Hoosier Riverwatch
Temperature Change N/A Thermometer 
1If high range test results are < 3 mg/L, the low range test is conducted using 30 ml of prepared sample left over from high range test.
2If low range test results are > 1 mg/L, the medium range test is conducted using 5 ml of prepared sample left over from low range test.
3If low range test results are > 1 mg/L, the medium range test is conducted using 0.5 ml of prepared sample left over from low range test.
4Volume of water needed for turbidity test allows for spill over when pouring into turbidity tube.

In addition to using the table above, include in Section 4 of the QAPP a reference to the Hoosier Riverwatch Manual's section 
entitled Advanced Chemical Testing Instructions  for specific sampling procedures. Be sure to indicate the publication date
located on the back cover of the manual.  

Please note: The parameters shown in the table is a comprehensive list that includes all parameters covered in the
Hoosier Riverwatch manual for the kits provided and are not intended as recommendations for your particular study. 
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Quality Control Procedures for Biological Data
QC Checks Yes/No Frequency
replicate habitat assessments
split samples
spot checks for accuracy in identifications
inspection of field sampling equipment

Quality Control Procedures for Water Chemistry Data
QC Checks Yes/No Frequency
field replicates
field blanks
split samples
calibration w/standards
checking expiration dates on standards/reagents

In addition to the QC procedures listed in the tables, the QA/QC section of the Hoosier
Riverwatch manual provides other measures that can improve the quality of your data. In
Section 8 of the QAPP, describe any quality control measures that are not included in the table. 

Please note: The QC measures shown in these tables are provided as examples of measures
that are compatible with Hoosier Riverwatch methods and which can be incorporated into
your study to enhance the quality of your data. They are not all-inclusive and are not
intended as recommendations for your particular study. The specific QC measures you 
select should be chosen to ensure that you can achieve your project's DQOs.
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How Does the Clean Water Act Fit into My World?
by Gayle Killam and Eleanor Ely

Q: What do these scenarios have in common?

Vounteers walk the Los Angeles River's
concrete "canyon" taking samples at

storm drains

Rhode Island lake monitors provide
water quality data to the state agency

Citizens in Texas use their
data in a hearing to get a
sewage treatment plant

upgraded

A: All these citizens are taking advantage of some provision of the Clean Water Act to protect their
water-body. The Los Angeles volunteers are collecting data for TMDLs, the Rhode Islanders' data are being
used in the state's 305(b) report and 303(d) list, and the Texas citizens are basing their case on their state's
water quality standards.

For readers who may feel a bit boggled by the above terminology - TMDL, 303(d), water quality
standards - this article aims to provide some guidance. Admittedly, the federal Clean Water Act
(full text available online at www4.law.cornell.edu/uscode/33/ch26.html) can be pretty inscrutable
unless you're lawyer, and state water quality standards also tend to be challenging to navigate. But
knowledge, as they say, is power. The Clean Water Act, originally passed in 1972 and amended
several times since then, guides almost everything states do to protect and restore their waters.
Arming yourself with an understanding of this crucial law will put you in a strong position to
defend and improve your waterbody. This short article is of necessity very oversimplified. (For
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more comprehensive help, refer to the resources listed at the end of the article.) Any attempt to
discuss the Clean Water Act for a national audience is complicated by the fact that the federal Act
provides only a general framework, within which states have considerable leeway. To find out
how your particular state implements the Clean Water Act, sooner or later you will have to buckle
down and study your own state agency's documents. Below we will focus on four important
provisions of the Clean Water Act: water quality standards, the 305(b) report, the 303(d) list, and
the TMDL program. It may be helpful to visualize these provisions as a train, with water quality
standards as the "engine" and each car to a large extent dependent on the one before. (Note:
Thanks to Georgia Legal Watch, from whom we are borrowing the train motif.) In reality, of
course, the Clean Water Act is much more complex - it has more parts, and they are
interconnected in a nonlinear way - but ultimately all the provisions relate back to the fundamental
question, "Are water quality standards being met?"

There are plenty of ways for volunteer monitors to get on the train - and, to quote the folks at Georgia Legal
Watch, "Citizens should be in every car."

What is the waterbody supposed to look like?

It makes sense that we should start with a picture of health in order to determine whether the patient is sick,
right? In the case of a waterbody, the picture of minimum health should be represented by the state's water
quality standards. As the train "engine," water quality standards can be a matter of life or death for waterbodies
because nearly every Clean Water Act provision depends on them. If standards are weak, harmful activities can
be perfectly legal.

These standards consist of three components: (1) designated uses of the water, (2) water quality criteria to
protect the uses, and (3) an antidegradation policy directed at keeping healthy waters healthy.

Designated uses

Your state water quality agency is required to "designate" the uses for each waterbody. Important uses
are swimming, drinking water, and aquatic life. The 1972 Clean Water Act set an objective that all the
nation's waters should be "fishable and swim-mable." (Note: "fishable" is shorthand for protecting all
aquatic life, not just fish for human consumption.)

Sometimes people wonder why, for example, a certain waterbody has a designated use of swimming
even though the water is not clean. The answer is that designated uses are goals. Even though the
waterbody may not be safe to swim in now, attainment of water quality suitable for swimming is the
goal. Getting the designation of uses right is important because the water quality criteria are developed to
protect the designated uses.

1.  
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Designated Uses

What does this mean for you?
Get your state water quality standards from your state water quality agency. They
are usually available on the Web. (Go to
www.rivernetwork.org/library/librivcwastate_intro.cfm to see references to each
state's water quality standards and contact information.)

❍   

Look up the designated uses.❍   

Compare what you know about your waterbody to the uses that have been
officially designated.

❍   

Inform the state water quality agency about current uses that have been
overlooked.

❍   

Criteria

Your state water quality agency is required to develop water quality criteria that protect all the
designated (and existing) uses. For example, swimming is typically protected by numeric criteria
specifying the maximum bacteria counts allowed. What characteristics are important to protect aquatic
life? To date, most states have relied on criteria for "stressors" to living organisms, such as pollutants,
temperature, or dissolved oxygen. Only a few states use criteria that look directly at aquatic life itself -
that is, biological criteria based on assessing communities of macroinvertebrates, fish, or other living
things. Indeed some volunteer monitoring groups may be ahead of their state agency in using living
organisms as indicators, and may be able to encourage the state agency to move toward using more
biocriteria.

In addition to numeric criteria for quantifiable parameters like bacteria or dissolved oxygen, standards
generally include narrative criteria (e.g., "no sediment loading above natural conditions" or "must be free
from oil deposits and floating debris or scum"). These narrative criteria serve as a backstop or catch-all
when specific numbers have not been developed or for problems that cannot be explained by numbers.
Violations of these criteria are sometimes harder to prove.

Criteria

What does this mean for you?
Check whether the criteria are adequate to protect the designated uses. For
example, is the temperature criterion low enough to protect all stages of aquatic
life in your river?

❍   

Check whether the criteria are being met. Compare numeric criteria with your own
data and data from other sources.

❍   

Let the water quality agency know about places where your data show violations
of numeric criteria or where you have observed violations of narrative criteria.

❍   

2.  

Antidegradation

The antidegradation policy was incorporated into the Clean Water Act to prevent or limit activities that

3.  
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will chip away at existing water quality or improvements that have been achieved - in other words, to
keep clean waters clean. The policy contains three tiers:

Tier 1: Absolute protection of existing uses❍   

Tier 2: Prevention of degradation to waters whose quality is above the minimum standard, unless
allowing lower water quality is necessary "to accommodate important economic and social
development"

❍   

Tier 3: Prevention of any new pollution into Outstanding National Resource Waters❍   

Several states have created an additional "tier," designating waters as either Outstanding State Waters
(for example, Outstanding Florida Waters) or Outstanding Resource Waters. These designations are
described as giving a greater level of protection than Tier 2 but not quite as much as Tier 3's prohibitions
on new discharges. Unfortunately, in many states this designation does not even offer the protection that
Tier 2 should offer if it was properly implemented.

Here are some examples of how citizens can use antidegradation policies:

Tier 1:
Scenario: Your river is currently designated for swimming and people do swim at the public
beach. Just upstream of the beach, the city is proposing to build a new wastewater treatment plant
that will discharge into the river. Bacteria are expected to exceed the levels safe for human
contact. The city is proposing to make the beach a "boating-only" beach and open another public
swimming area upstream of the new treatment plant.
Application: A Tier 1 review of the permit for the proposed treatment plant should not allow the
existing and designated swimming use of the river to be eliminated.

❍   

Tier 2:
Scenario:A new hard rock mine is proposed on your river. The mine owner has applied for a
NPDES (National Pollutant Discharge Elimination System) permit for the discharge. Copper in
the discharge is not expected to cause the water to violate water quality criteria, but it will bring
the quality of the water down to the bare minimum above the standards.

Application: A Tier 2 review should be performed
as part of the NPDES permit review. Projects
should not be allowed to erode high quality water
that is above the criteria, unless economic and
social necessity can be demonstrated.

❍   

Tier 3:
Scenario: Your river is used by whitewater
enthusiasts and also supports an endangered fish
population. There is a proposal to build a new resort
on the river.
Application: This river could be petitioned as an
Outstanding National Resource Water. If it is
designated as an ONRW, it should be protected
from any new discharges or impacts. The state
should have a petition process, and it should have
the protections built into regulations, but most
states do not.

❍   
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Antidegradation

What does this mean for you?
When projects and activities are proposed, require the water quality agency to do
an antidegradation review.

❍   

When lowering of water quality is being allowed for "economic and social"
reasons, require the agency to document the alternatives and justify reasons for
degradation. Do some community work yourself to try to prove that the pollution
is not socially or economically justified.

❍   

Identify the waters that you know to be ecologically or recreationally significant
and submit them as candidates for Outstanding National Resource Waters or
Outstanding State Waters.

❍   

305(b) Report: Are there problems in your waterbody?

It is worthwhile to do some research on what your water quality agency is publicly saying about the quality of
your river. Your state's Biennial Water Quality Report to Congress, or 305(b) report, provides general
summary information about the quality of the state's waters. This report is required by Section 305(b) of the
Clean Water Act, which says that states must assess their waters every two years to determine whether
designated uses are being met. From your state 305(b) report you can extract essential information including
(a) whether designated uses are considered "fully," "partially," or "not" supported by the current water quality,
(b) what pollutants are causing problems, and (c) what are the sources of the pollutants. [Note: For more on the
305(b) report, see the article on page 16.]

305(b) Report

What does this mean for you?
Get a copy of your state's 305(b) report from your state agency. (These reports are often
but not always available on the Web.)

●   

Compare what is in the report to what you know about your waterbody.●   

Explore the possibility of contributing your monitoring data for inclusion in the 305(b)
report.

●   

The train gets moving (citizen lawsuits)

Until recently, the last two cars in our train were stuck on a sidetrack. While states had established water
quality standards and were submitting 305(b) reports, Section 303(d) of the Clean Water Act was being largely
ignored. Section 303(d) mandates that states prepare a list of threatened and impaired waters (the 303(d) list),
then develop cleanup plans for waters on the list based on the total maximum daily load (TMDL) of pollutants
that the waterbody can receive and still meet water quality standards.
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Technically the 303(d) list is supposed to include threatened waters - i.e., waters that are not
expected to meet water quality standards within the next listing cycle. However, in practice
most state agencies do not list or prepare TMDLs for threatened waters.

Why was Section 303(d) ignored? The National Wildlife Federation's publication Saving Our Watersheds
identifies a number of reasons, including "the political difficulty in confronting the powerful agricultural and
timber lobbies, and industries and municipalities; the lack of federal and state financial and staffing resources
to implement controls; the lack of monitoring data on background and current water quality conditions; the
diffuse nature of nonpoint sources; and the difficulty in tracing diffuse sources of pollution."

Seeing in the TMDL process a valuable tool for cleaning up nonpoint source pollution, environmental
organizations launched a series of lawsuits in the 1980s to force the Environmental Protection Agency (EPA)
to require states to implement the provisions of Section 303(d). The citizen groups lost the first few lawsuits
but by the mid-1990s they were winning in state after state. In a dramatic illustration of citizen power, these
lawsuits have succeeded in resurrecting the TMDL provision of the Clean Water Act. As of June 2001, cases
have been brought in 37 states and the District of Columbia. Of these, 22 (in 20 states) have resulted in EPA
being placed under court order or consent decree to establish TMDLs if the state does not do so in a timely
manner. (For details and status of litigation, see EPA's TMDL Website, www.epa.gov/owow/tmdl/. For a lively
account of the legal battles, see Oliver Houck, The Clean Water Act TMDL Program: Law, Policy, and
Implementation.)

"It is hard to think of any program more precipitously driven by citizen suits from absolute
zero toward its statutory destiny than TMDLs. ... The genius of American public
environmental law - and the reason American laws work where the similar and often
stronger-looking laws of other countries do not - is brought home again by this experience."

--Oliver Houck,
The Clean Water Act TMDL Program:
Law, Policy, and Implementation

The TMDL approach represents a change of focus because it addresses all sources of pollution to a waterbody,
both point and nonpoint. By contrast, earlier efforts under the Clean Water Act focused mainly on point
sources of pollution, like industrial discharges and wastewater treatment plants, which can be regulated with a
discharge permit under the NPDES program.

It is important to realize that although the TMDL process applies to
both point and nonpoint polluters, it does not establish any federal
regulatory authority over nonpoint sources. It is up to states to employ
whatever approaches they choose to clean up nonpoint source pollution
in waters for which TMDL plans have been created. Here again we can
expect to see variability from state to state, with some states relying
solely on voluntary programs while others give the TMDL process
more "teeth" by establishing state regulatory programs for nonpoint
sources.

Today TMDLs are at the center of water quality protection. State and federal agencies are being guided by
them; funding decisions at the federal, state, and local levels are being influenced by them; elected officials are
arguing about them; and watershed groups around the country are trying to have a say in them.
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303(d) List: What is impaired?

To carry our Clean Water Act train analogy a step further, we can think of the train as having two possible
"destinations" or goals: protection and restoration. In the case of high-quality waters the goal is protection,
achieved by means of antidegradation policies as discussed above. When waters don't meet their designated
uses, we want to head toward restoration. To achieve this goal, we use the TMDL process described in Clean
Water Act Section 303(d).

Helpful hint for those who may be getting 303(d) confused with 305(b): Joan Kimball of
Massachusetts Riverways recommends the mnemonic "d is for dirty."

The first step in this process is for the state to create a segment-by-segment listing of all waters that are
considered threatened or impaired. This is the 303(d) list or "impaired waters list." In compiling the 303(d) list,
most states start with data and findings from their 305(b) assessment process - another good reason for getting
your monitoring data into your state's 305(b) report.

The 303(d) list specifies all the criteria that are violated for each segment, which is why you will hear people
describe a waterbody as "listed for fecal coliforms" or "listed for temperature and dissolved oxygen." The
303(d) list also assigns a priority to each listed segment, which determines the order in which TMDLs will be
established.

States are required to submit a 303(d) list to EPA every two years, but 1998 (thanks to the lawsuits) was the
first year that every state actually filed a 303(d) list. (Because of EPA rulemaking, the 2000 lists were not
required, so the next 303(d) lists are due in 2002. Some states filed a 2000 report anyway.)

States are trying to remove segments from the 303(d) list, either to reduce their responsibilities for developing
TMDLs or because they are pressured by polluters. Legally, waters should be removed only if (1) the original
listing was based on demonstrably faulty data; (2) the waterbody has been cleaned up since the previous listing;
or (3) the waterbody is the subject of an approved TMDL.

Remember the interconnectedness of the cars on the train. If your state has weak water quality standards,
waters that would be considered impaired in another state with stricter standards won't be on the 303(d) list.
And if a segment is not on the 303(d) list, it won't be in the line-up to receive a TMDL plan.

303(d) List

What does this mean for you?
Get a copy of your state's 303(d) list from your state
agency or from EPA's TMDL Website
(www.epa.gov/owow/tmdl/).

●   

Get on the state's mailing list to be informed of
opportunities to review and comment on the 303(d)
list.

●   

Check the list to see if waterbodies you're concerned
about are listed for all criteria that are not being met.
Submit your monitoring data to document additional

●   
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violations. States are required to consider "all
existing and readily available water quality-related
data and information" in compiling the list.

Compare and contrast the state's 305(b) report and
303(d) list. Are waters that are impaired according
to the 305(b) report included on the 303(d) list?

●   

Be alert to changes, especially removal of segments
from the 303(d) list.

●   

TMDLs: How can we fix problems?

A TMDL is essentially a pollution "cap" that needs to be set for every problem pollutant in each waterbody on
the 303(d) list. The cap defines the maximum amount of each pollutant that the waterbody can receive and still
meet water quality standards for all its designated uses. Or, as Doug Haines of Georgia Legal Watch puts it,
"TMDLs are the scream levels - the point where a waterway can take no more."

Once the cap is set, the allowable loading for each pollutant is divvied up among the potential sources. This
"pollution budget" or "pie" should include the following:

Background conditions●   

Allocations for all the point sources; termed "wasteload allocations" (WLA)●   

Allocations for all the nonpoint sources; termed "load allocations" (LA)●   

A margin of safety (MOS)●   

In short: TMDL = background + all WLAs + all LAs + MOS

Then the state should draw up a plan (called a TMDL plan or simply a TMDL) for achieving the pollution
reductions called for in the "budget" and bringing the water into compliance with standards.

The process of assigning TMDL load allocations is bound to be controversial, as the different dischargers will
inevitably try to maximize their allocation and thereby minimize impacts on their activities. (For an interesting
glimpse at the perspective of the "regulated community," see the resources listed at the end of this article.)

A TMDL (total maximum daily load) specifies the maximum amount of a pollutant that a
waterbody can receive and still meet water quality standards, and allocates pollutant loadings
among point and nonpoint pollutant sources.

- from EPA's TMDL Website (www.epa.gov/owow/tmdl/)

TMDLs are evolving into watershed restoration plans. While debates are still raging about exactly what needs
to be in the plans and how enforceable they are, you can help your state water quality agency, local
jurisdictions, and local businesses set up the best plan for the river or waterbody you care about most. For
example, in order to calculate pollutant caps and allocations for TMDLs, states often use sophisticated (and
data-hungry) techniques to model pollution sources and transport. Volunteer monitors are already helping
collect data for these models, as several case studies in this issue demonstrate.
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TMDL

What does this mean for you?
If your waterbody is on the 303(d) list, call your state water quality agency and ask when
it is scheduled for a TMDL.

●   

Get on the mailing list for the TMDL and participate in the development of the TMDL
as well as the formal comment period.

●   

Submit information regarding sources of pollution, data that can help derive numeric
water quality targets (for pollutants that have narrative criteria in the water quality
standards), and data that could be useful in modeling pollution loads.

●   

Get a copy of the TMDL guidelines from your regional EPA office. Check that the
proposed TMDL for your waterbody contains all the components specified in the
guidelines.

●   

That's not all! (Implementation)

Development of the TMDL is not the end of the process. Without a strategy and schedule to accomplish the
goals, a restoration plan is just a piece of paper. For point sources such as municipalities, industry, mining, or
feedlots, the TMDL will typically call for permit revisions. For nonpoint sources such as urban, agricultural, or
forestry runoff, the plan should propose improvements to management practices. The changes prescribed in the
TMDL plan are much more likely to happen in a timely fashion if citizens are calling or writing the agency to
inquire about the plans and timeline.

The state should include milestones and monitoring in the TMDL. However, this is not yet happening on a
consistent basis. Citizens should ask for these essential tools for success, but in the absence of adequate state
monitoring volunteer monitors can identify problems in the plan and bring them to the state's attention.

Things to watch out for!!
Just as citizen actions got the TMDL train moving, citizen input will be needed
to keep the process on track. Watch out for the following:

Keep your eyes on your state standards. Across the country, the
engine driving the Clean Water Act train is being attacked. States
are finding it difficult to complete all the TMDLs required to
address the problems in their impaired waters. To reduce the
workload, several states are trying to weaken their water quality
standards so that fewer waters will be classified as "impaired." If
your waterbody is removed from the impaired waters list, check to
see whether the standards were weakened. Weakening of standards
is not allowed without substantial documentation and justification -
request these, and challenge the changes if they remove protection
of uses that you care about.

Watch for "business as usual". Some states are blaming all the
pollution on background conditions and/or nonpoint sources and
then claiming in the TMDL that either (a) nothing can be done or
(b) best management practices are going to be put in place or
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improved - but with no "reasonable assurances" that proposed
changes will help the problem. Watch for these TMDLs that really
don't call for changes.

Think about future growth. Many TMDLs are being developed without reserving any part of the
"pie" for future development that is already planned or likely. This future growth component can
show up in a "margin of safety" calculation, but it is better to see the growth addressed directly.

Models are not perfect. Find out what data and assumptions were used in modeling your
waterbody and developing pollution reduction targets. If the data are extremely old, or the model
is designed for a river but it is being used on a lake system, there may be a problem.

Threats to high-quality waters. The pressure of TMDLs may send polluters to discharge into
clean waters, unless we strengthen and enforce antidegradation policies. From a polluter's point of
view, waters that are cleaner than the minimum specified in water quality standards are attractive
because of their "assimilative capacity" - that is, their capacity to receive more pollution and still
meet standards.

Legal challenges. The TMDL process is under attack in court. Nonpoint source polluters such as
agriculture and timber industries are arguing that nonpoint pollution should not be subject to the
TMDL process.

The important point is that volunteer monitoring is key to making TMDLs work, because you know your basin
well. As the TMDL process moves forward and plans are put in place, you can keep a close eye on what is
being changed, what is improving as a result, and what adjustments to the TMDL plan are needed. We are not
talking about an exact science here. The truth is, there are too many uncertainties to make the plans perfect on
the first try. We will all be learning together. There are many resources for you in your state and around the
country. Use your connection to the waterbody as your strength, and good luck!

Gayle Killam is the manager of River Network's Clean Water Project and co-author of The Clean Water Act:
An Owner's Manual. She may be reached at gkillam@rivernetwork.org; 503-241-3506. Eleanor Ely is the
editor of The Volunteer Monitor.
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TMDL-ements: The Components of TMDL Plans
by Alison Simcox

What does a TMDL plan actually look like? What's in it? A TMDL is a document or group of documents that
includes background information describing a waterbody (usually a stream, lake, or estuary), its designated
uses, and the sources and impacts of the pollutant (or pollutants) of concern, as well as an estimate of the
waterbody's pollutant loading capacity (TMDL) and load allocations for the various point and nonpoint
sources.

To help states prepare these documents, EPA has produced protocols for developing TMDLs for three of the
most common surface-water pollutants - sediment, nutrients, and pathogens. In addition, EPA and many states
post completed TMDLs on their Web pages.

All regions of EPA encourage states to write TMDLs so that they follow the same format that EPA uses to
review a TMDL. The component parts or elements in EPA's TMDL "review template" are listed below. Most
of these elements are required by federal law (the Clean Water Act) or regulations, but note that elements
related to implementation (numbers 8 through 10 on the list) currently are only "recommended" for nonpoint
sources.

Let's look more closely at some of these elements to see (a) how the process works and (b) where volunteer
monitors can fit in. A phosphorus TMDL for Cobbossee Lake, which was recently developed by the Cobbossee
Watershed District (CWD) in cooperation with the Maine Department of Environmental Protection, will serve
as a case study to help illustrate some of the points. Cobbossee Lake is a large lake with a 217-square-mile
watershed that includes 10 towns and 28 lakes and ponds.

Elements of a TMDL:
1. Description of waterbody, pollutant(s) of concern, and pollutant sources
2. Description of water quality standards (including designated uses) and numeric water quality
target
3. Loading capacity of waterbody
4. Load allocations (LAs) (portion of "allowable pollutant load" allocated to existing and future
nonpoint sources and to natural background)
5. Wasteload allocations (WLAs) (portion of "allowable pollutant load" allocated to existing
and future point sources)
6. Margin of safety (to account for uncertainties in the pollutant-loading analysis)
7. Consideration of seasonal variation
8. Description of monitoring plan (recommended)
9. Description of implementation plan (recommended)
10. Reasonable assurances (required for point sources; recommended for nonpoint sources)
11. Public participation
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Element 1. Description of waterbody, pollutant, and sources. CWD used a longterm volunteer dataset, which
documented excessive levels of nutrients (especially phosphorus) and algal blooms periodically in Cobbossee
Lake since 1973, to identify the primary lake pollutant, phosphorus.

Element 2. Numeric water quality target. In Maine, as in most states, water quality standards currently contain
only narrative criteria for phosphorus, so the CWD's task was to define a numeric goal or "cap" for phosphorus
that would be low enough to prevent algae blooms. The CWD used water quality data collected by volunteers
during the 1980s and 1990s, including data on chlorophyll a, total phosphorus, Secchi-disk transparency, and
dissolved oxygen, to identify phosphorus levels at which blooms were likely to occur. These levels were used
as the basis for setting a target maximum concentration of 15 micrograms per liter (µg/L) for the lake for all
seasons.

Element 3. Loading capacity. The CWD used estimates of the amount of phosphorus contributed by each
land-use type to estimate the loading of phosphorus (in kilograms per year). They then estimated the amount by
which this loading would have to be reduced to meet the water quality target of 15 µg/L. This gave the CWD
an estimate of the "loading capacity" - i.e., the greatest amount of phosphorus loading the lake could receive
without violating the target.

Volunteers contributed to this TMDL element by providing or field-checking information about land use and
pollution sources (e.g., location of storm drains, waste piles, pasture areas, and eroding streambanks).

Elements 4, 5, & 6. Load allocations, wasteload allocations, and margin of safety. A full accounting of the
pollutant loading to a waterbody includes pollutant loadings from both point sources, such as industrial and
municipal dischargers, and nonpoint sources, such as agricultural and urban runoff. Rather confusingly, these
pollutant loadings are termed "wasteload allocations" (WLA) for point sources and "load allocations" (LA) for
nonpoint sources. The sum of all the WLAs and all the LAs, plus "natural background" and a "margin of
safety," is the total maximum daily load or TMDL.

In the case of Cobbossee Lake, the WLA was set to zero as there were no sources of phosphorus identified as
point sources. CWD used volunteer data to estimate the current in-lake concentration of phosphorus, and
information on land use to estimate the current phosphorus loadings from nonpoint sources throughout the
watershed area. CWD estimated that it would be necessary to reduce current phosphorus loading from the
watershed by 14% to meet the water-quality target of 15 µg/L.

Elements 8, 9, & 10. Monitoring, implementation, and reasonable assurances. Although the official
"required" TMDL process currently ends when the loading numbers are set, determining load allocations will
not improve water quality unless actions are taken to reduce loading. Therefore most TMDLs include
implementation and monitoring plans. Only the point sources are subject to regulations at the federal level,
mainly through National Pollution Discharge Elimination System (NPDES) permits. Because non-point
sources are not subject to federal regulation, control of these sources generally relies on the voluntary use of
"best management practices" (BMPs), which range from fencing animals out of streams and sweeping streets to
changing agricultural management practices and installing stormwater treatment systems.

For the Cobbossee Lake TMDL, the CWD identified a variety of BMPs, such as fertilizer management plans
on hayland, better road maintenance, and shoreline vegetation strips, that could be used to reduce phosphorus
loadings by 14%, the amount needed for the lake to eventually meet the water-quality target. Volunteers will
continue to play a central role in implementation of water- pollution controls and in monitoring lake water
quality, including biweekly monitoring during the open-water months for Secchi disk transparency, dissolved
oxygen, temperature, total phosphorus, chlorophyll a, total alkalinity, and pH.

Cobbossee Lake is an excellent example of how volunteers can help make sure that TMDLs aren't just paper
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exercises. This is particularly important in the case of "nonpoint-source only" TMDLs, where volunteers may
be the only source of water quality data, or of information on activities and pollution sources, after the TMDL
is completed.

Alison Simcox is EPA New England TMDL Coordinator. She may be contacted at U.S. EPA Region 1, 1
Congress St., Suite 1100, Boston, MA 02114-2023; simcox.alison@epa.gov; 617-918-1684.
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Getting Started

by
Geoff Dates

Designing a scientifically-
credible and realistic
watershed monitoring

program involves making
choices about the why, what,

how, where, when, and who of your moni-
toring effort.  A study design is a written
document that describes the choices you

make about why, what, where, when, who,
and how you intend to monitor the water.

We suggest a ten-step process:

Step 1: What Is Already Known
About Your Watershed?
Start out by asking yourselves some ques-
tions and collecting existing information on
the conditions and issues in your watershed.

Here are a few of the questions to ask:

What are your group’s goals for the water-
shed? This provides the context for your

monitoring program. Hopefully, you have
this information readily available.

What are your waters of interest?  List the

major rivers, tributaries, lakes or ponds that
your group is interested in, regardless of

whether you have any plans to monitor
them. We suggest that you pick a watershed
that you’ll be able to adequately cover with

your assessment, considering your group’s
resources, time availability, and energy.

Delineate this on a topographic map, and
use this as your reference map.

What are the land and water uses in the
watershed? List the different land use types
and the percent of the land area in each type
in the watershed that contains each water of

interest.

What is the current status of your waters of
interest under the state water quality laws
and regulations?  The states reports to EPA
and Congress every two years with a list of

all the waters of the state and how they
measure up to water quality standards. See

Locating Existing Information (p. 30) for
tips on how to access this valuable informa-
tion.

What are the most pressing water quality
issues facing your waters of interest? Based
on your research, briefly describe the issues

that will need to be addressed in order for
your stream or lake to support designated

and identified uses and values, deal with the
threats, and solve the problems. Issues can be
existing or a potential conflict among these

uses and values. Issues can also be concerned
with the existing or potential impacts of

these threats on uses and values. A few
examples might be:

•  Loss of riparian or lakeshore habitat to

development;

•   Recreation impairment caused by

pollution from inadequate or failing on-
site septic systems;

•  Shoreline erosion due to clearing and
development;

•  Aquatic life impairment due to

sedimentation.

Step 2:  Why Are
You Monitoring?
At this point, you’ve learned about the

“official” status of your waters of interest
with regard to the state’s water quality
standards. Now you are ready to decide your

reasons for monitoring. What information
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Uses, Values, and
Threats Workshops

Public workshops are a great way
to involve watershed residents in
your program, to learn about how
your river or lake is being used,
what people think is important,
and problem areas. They are also a
good way to build a list of potential
monitoring volunteers. After all,
they came to your workshop, they
must be interested in the water!

Publicize one or more Uses, Values,
and Threats Workshops. At each
workshop, explain your program
ideas. Then assemble topographic
maps, or some other clear base
maps, that cover your watershed.

Invite participants to identify and
locate water use areas, special
attributes and problem areas using
labeled or color-coded “post-it”
notes. You can learn a surprising
amount about your water body
through this exercise.

do you need to address
the issues? What is the

purpose of your moni-
toring? What specific

water-related questions
are you trying to an-
swer? Who do you

expect to use your
results and for what?

a. Monitoring questions

Think about the key

issues you identified in
Step 1. What informa-
tion might you need to

address them?  Next,
think about how to turn

these issues into one or
more questions that it
would be helpful to

answer. Then, design
your monitoring

program to answer these
questions.

For example, if the issue

you’re concerned about
is a conflict between a
waste discharge and

swimming at your
favorite swimming hole,

you might frame the
following monitoring
question: Is swimming in

the swimming hole a health risk?

If your issue is the threat of polluted runoff
from a large paved area near a river, you might

frame the following question: What is the impact
of the parking area on the ecological health of the

river?

If the loss of lakeshore vegetation is your

issue of concern, you might frame the
following question: What is the impact of
the loss of shoreline vegetation on aquatic

plants and animals in the littoral zone?

Questions can be framed many ways, but
the more specific the better.

b. Monitoring Purposes

At this point you will be prepared to

design a program that will collect the
most useful information with the least

amount of time and expense.  An effective
and efficient program will:

1)   Define present watershed conditions.

2)   Characterize existing and emerging
problems by type, magnitude and

geographic extent.

3)   Provide information to help design
strategies to reduce and control
pollution and to manage land and

water.

4)   Provide information that will be
helpful in evaluating the effectiveness
of reduction, control and

management strategies.

5)   Reveal trends in watershed quality.

c.  List the intended uses and users of the
information you collect

As  you think about how to build a
program that will do these things over the
long term, think carefully about who you

expect to use this information, and what
you expect them to use it for.

Identify the decision-makers who are (or

should be) interested in the answers to
your questions. Find out what actions

Getting Started, cont.
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they might take or decisions they might
make as a result of your information. List

these decision-makers (users) and the
actions or decisions (uses). Consult with the

decision-makers to find out if and under
what circumstances they will use your
information.

Step 3:  What Will
You Monitor?
Streams are very complicated systems

of inter-related physical, chemical, and
biological characteristics, often

referred to as “indicators.” Which
indicators you choose to monitor
should depend upon the question(s)

you are asking as well as your available
human and financial resources.

There are literally hundreds of indica-

tors that you could measure. Remem-
ber that selecting indicators is a logical

process that considers your specific
monitoring question and your capa-
bilities. And, you’ve set up a technical

committee to help you make these
choices (right?). Here are some things

to consider when selecting indicators:

Scientific Considerations:
•  Does it help answer your question?

•  Can you observe or measure and
quantify it?

•  Does it respond to changes over a

reasonable time period?

•  Does it respond to the impacts you’re

evaluating?

•  Can you isolate the conditions that cause
it to change?

•  Does it integrate effects over time and

space?

•  Does it respond to changes in other

indicators?

•  Is it a true measure of an environmental
condition?

•  Is there a benchmark or reference
condition against which to evaluate it?

•  Does it provide early warning of
changes?

Practical and Program Considerations:
•  Do you have the human and financial

resources to measure it?

•  How difficult is it to monitor?

•  Does it help you understand a major

component of the ecosystem?

•  Is it understandable/explainable to your
target audience?
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Step 4:  What Are Your
Data Quality Objectives?
Data quality objectives are the quantitative
(numerical) and qualitative (narrative)

terms you use to describe how good your
data needs to be in order to be useful. You

will need to establish data quality objectives
for sampling for each sample type and
analysis for each indicator. The objectives

guide you in your selection of sampling and
analytical methods — you match your

methods to your data quality objectives.

Setting data quality objectives may be the
most challenging part of designing your

monitoring program. In part, it’s a “chicken-
and-egg” situation. How do you know what
you can do before you try? In fact, unless you

are preparing a Quality Assurance Project
Plan (QAPP), you may not need to set

objectives before you start monitoring. You
may be able to experiment and then assess
your capabilities.

Step 5:  How Will You Monitor?
Determining how you will monitor involves

making choices as to the appropriate sam-
pling and analytical methods, both in the

field and in the lab, that meet your data
quality goals. Here are some things to
consider:

Scientific Considerations:
•  Does it meet your data quality

objectives?

How accurate is it?

How precise (reproducible) is it?

What is its detection limit?

•  Will it measure the indicator in the range
that you need?

•  What lab facilities are required?

•  What equipment is required?

•  Does it yield samples that are
representative?

•  Is it comparable to methods used by
agencies collecting similar information?

Practical and Program
Considerations:

•  Do you have the human and financial
resources to do it?

•  How difficult is it?

•  How time-consuming is it?

•  Will it produce data useful to the target
audience?

Step 6:  Where Will
You Monitor?
In Step 1, you identified your waters of
interest. Now it’s time to identify the specific
locations at which you will collect monitor-

ing information. There are several decisions
to be made here:

•  Where in the watershed?

•  At the site: where in the water column

(what depth)?

•  At the site: where across the channel?

There are many types of monitoring sites.

Generally, we recommend two different
categories of monitoring sites:

1)   General Watershed Assessment Sites —

different types of sites throughout the
watershed that represent background
conditions as well as conditions resulting

from human activities.

Getting Started, cont.
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2)   Stream Impact Assessment Sites — sites
which bracket a particular pollution

source or sources in order to determine
its impact.

Beyond this, it makes sense to classify your

sites into homogenous groupings. For
biological monitoring, the goal is to group
sites where aquatic biota are similar both in

their natural undisturbed condition and in
their response to disturbance.

When researchers select the number of

sampling locations they will monitor, they
may use complex mathematical equations

that are geared to producing the type of data
they want. For most of the programs we
work with, we recommend a non-math-

ematical approach to selecting sampling
locations.

Step 7:  When Will
You Monitor?
Next, you will put together your sampling

schedule.  Since the time of day, frequency,
time of year, and weather conditions
sampled greatly affect your results, consider

these when you establish the sampling
schedule.

Time of year: Human use and aquatic

ecosystems change with the seasons. Water
flows, temperatures, chemistry, food sources,

and the level of biological activity all vary
with seasonal cycles.

Frequency: How many times should you

sample? As with everything else, it depends
on the question(s) you’ve asked as well as the
indicator. If you’re trying to establish

baseline conditions or monitor impacts, you

should collect water samples as often as
practical, in as many different conditions,
and for as many years as possible. For other

types of surveys, once per year is enough.

Time of Day Sampled: Certain indicators, like
dissolved oxygen and pH vary according to

the time of day. In order to understand this
daily variability, you may have to sample

these indicators at different times of the day,
perhaps even hourly over several 24-hour
periods. For others, like benthic

macroinvertebrates, the time of day is not
important.

Special Weather Conditions: Weather affects

aquatic ecosystems in profound ways —
some reduce stress and some cause stress.

Consider sampling a variety of weather
conditions: storm events, droughts, “normal”
conditions, relatively hot weather, cool

weather, etc.

Step 8:  What Are Your Quality
Assurance Measures?
Quality Assurance (QA) measures are the
operating procedures used to assure and

assess the quality of the information you
collect.  QA is designed to assure that the
information you collect meets your data

quality goals as described in Step 4. Quality
Assurance measures are chosen for each

indicator for each survey.

Step 9: How Will You Manage,
Analyze, and Report the Data?
Dealing with data involves converting raw
data into useful information that sheds light
on the answers to your monitoring ques-
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WHY WRITE A STUDY DESIGN?

Preparing a study design may be the most important step in organizing your whole
monitoring effort. Think of it this way: in 10 years someone is looking at your water

quality data and wants to know how you came up with those numbers.  This person should
be able to find out by reading your study design document. Besides documentation, a study

design serves some very important purposes for your group and to the people you hope
will use your data:

•  it forces you to focus on what you are trying to accomplish with your monitoring

program;

•  it prevents waste of time and money on equipment and procedures that are

inappropriate for your group or goals;

•  it allows you to select the most appropriate monitoring strategy to address the issues

that are important to you and your community;

•  it allows everyone who might use your data to assess the quality of your results since

you clearly document your sampling and analysis methods and quality assurance

procedures;

•  it minimizes the impact of changing personnel on the continuity of your monitoring

activities because anyone can read your study design and “pick up the threads;”

•  it allows your group to re-evaluate your monitoring study every year in an orderly

manner and make changes as needed; and,

•  you can very quickly and easily convert your study design document into a Quality

Assurance Project Plan.

tions. That process has three main steps: 1) Data Management, 2) Data Analysis, and 3) Data
Reporting. Managing data includes recording it, entering and validating it, and summarizing

it. Analyzing data includes making sense of it and finding the story. Reporting data involves
telling the story in various ways to various audiences.

Step 10: What Are the Tasks and Who Will Do Them?
Every large project needs a clear outline which describes roles and responsibilities. In this step,
briefly describe the major tasks and key program personnel that might be associated with a

monitoring program.

An expanded version of this article, with references, is available at http://www.rivernetwork.org/getting.htm.

Getting Started, cont.
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