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What we’ll cover today

• Big picture – Intro to Monitoring, Data, 
and Assessment of Surface Waters 
(CWA)

• What CWA programs are part of Surface 
Water Assessment?

• More of the Science, Less of the Policy

• Cover the online systems that support 
surface water data



Clean Water Act - Tribal Program Road Map



Lifecycle of Data and Clean Water Act Implementation  

Water Quality 
eXchange

Water Quality 
Portal

How’s My 
Waterway

TADA

ATTAINS

Study Design
Data Collection / 

Monitoring
Data Mngmnt / 

Sharing
Data Analysis / 

Assessment
Action / 

Communication
Lifecycle of 
Data

Tribal Assessment 
Modules, 303, 401

QAPP Development Tool, NARS

Water Quality Parameter Factsheets Trainings, videos, 1-
on-1 support, 

Helpdesk
ATTAINS support, 

trainingsCWA 106 Tribal Guidance

Tribal 319 NPS 
Handbook

Tribal 319 NPS 
Training

Resources

Online CWA 
Data Systems



Clean Water Act Section 
106



IK Data Sovereignty

The Section 106 Program is committed to respecting tribal Indigenous Knowledge 
sovereignty practices. Indigenous Knowledge informs many aspects of tribal water quality 
programs and the information shared by Indigenous Knowledge holders is owned by them. 

Tribes that use Section 106 funds to collect Indigenous Knowledge will not be required to 
report that shared knowledge as part of their grant requirements. Tribes are expected to 
meet the three reporting requirements (Monitoring Strategy, water quality data submitted 
through WQX, and Water Quality Assessment, as described in Chapter 6) but are not 
expected to share the underlying Indigenous Knowledge used to inform water quality 
objectives and management practices.
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Why Monitor Water Quality?y Q yy
▪ Characterize baseline conditions
▪ Determine suitability for certain uses 

▪ e.g. aquatic life or contact recreation

▪ Identify existing or emerging water quality problems
▪ Identify changes or trends over time (Worse? Better?)

▪ Measure effectiveness of efforts to maintain or improve 
water quality

▪ Develop water quality standards and/or assess 
compliance with standards

Monitoring may address one or all these objectives 

Define Your Objectives BEFORE getting started on Define Your Objectives BEFORE getting started on 
your monitoring approach!your monitoring approach!your monitoring approach!your monitoring approach!

Why?Why?Why?
your monitoring approach!your monitoring approach!

Why?Why?Why?

Richard Bartz, Munich aka Makro Freak Image:MFB.jpg - Own work

https://creativecommons.org/licenses/by-sa/2.5/
https://commons.wikimedia.org/wiki/User:Richard_Bartz
https://commons.wikimedia.org/wiki/User:Makro_Freak
https://commons.wikimedia.org/wiki/File:MFB.jpg


When Defining Your Objectives:g jj

▪ Be realistic about monitoring limitations
▪ Lack of resources/expertise to conduct a full 

spectrum contaminant analysis
▪ Presently limited to use of a multi-probe device 

(dissolved oxygen, pH, temperature, specific 
conductance) and site observations/notes

▪ Staff time is limited – can only visit sites periodically

▪ These are real things, and every program experiences 
some sort of limitation whether it be:
a. Time
b. Money
c. Experience
d. All of the Above



Let’s Talk About Objectiveve-e-Driven Monitoring
Identifying your objective guides your monitoring approach 

▪ Where are you going to sample?
▪ How often are you going to sample?
▪ What parameters will be sampled?

Identifying your objective also guides your data evaluation approach 
▪ How often are you going to sample?
▪ What parameters will be sampled?

Identifying your objective also guides your data evaluation approach 

Identifying your objective guides your monitoring approach 
▪ Where are you going to sample?
▪ How often are you going to sample?
▪ What parameters will be sampled?

Identifying your objective also guides your data evaluation approach 
▪ How often are you going to sample?
▪ What parameters will be sampled?

Identifying your objective also guides your data evaluation approach 

Reminder that realReminder that real-Reminder that real-world limitations exist in the form of $, Reminder that realReminder that realReminder that real world limitations exist in the form of $, world limitations exist in the form of $, world limitations exist in the form of $, 
time, experience. This is reality, so don’t let limitations or the time, experience. This is reality, so don’t let limitations or the 
desire to have a perfect approach get in the way of progress  



Let’s Talk About Objectiveve-e-Driven Monitoring

Types of Monitoring Designs

• We can’t monitor everywhere, so we 
must monitor “smart.”  

• Types of monitoring designs include:
• Statistically-valid surveys
• Targeted monitoring
• Fixed Site Network
• Rotating basin

• EPA recommends that States/Tribes 
integrate a variety of designs to best 
meet the range of monitoring objectives 
and multiple decision needs.



Let’s Talk About Objectiveve-e-Driven Monitoring

Types of Monitoring Designs

• Types of monitoring designs include:
• Statistically-valid surveys
• Targeted monitoring
• Fixed Site Network
• Rotating basin



Document these things!g

▪ Sampling Objectives
▪ Sampling Locations
▪ Sampling Frequency
▪ Parameters Sampled and Methods
▪ Data evaluation approachData evaluation approach

Where should this information be housed?

Quality
Assurance
Project
Plan

Potential Resource:
EPA Regional 
Technical Partners



Data Management

• Consider putting together a Data Management Plan

• Identify your raw data formats – lab reports, logger files, field forms, 
etc.

• Do you need to marry these datasets so they can work together?

• Data formats

• Metadata

• Data management technologies

• Data analysis/use
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Standardized data formats

Matrix Style Dataset
- AKA “Flat” “Wide” “Tidy” 

Each Characteristic 
(measure) occupies its 

own column

• Handy for 
analysis

• Compact
• Just the values
• Not the best 

way to manage 
your metadata 
though

• Requires a 
crosstab import 
config



Standardized data formats

Stacked Style Dataset
- AKA “Tall” “Narrow”

All measures in one 
column

Additional information about those measures

• How data is 
stored/served by 
the WQP

• Good for data 
management

• Not ideal for data 
analysis

• Allows for 
metadata



Spreadsheets



Relational 
Databases (light)

• MS Access (primarily)

• Entry-level database management

• Allows for the management of 
multiple tables of related data

• Connect, query, filter, update, or 
append data 

• Ensure integrity of data 
quality/relationships

• Allows for front-end “forms” or 
“reports” or views of the data



What do we mean by relational?
Org ID Org Name

001 Minnesota Depart

002 Kentucky Departm

003 University of Was

Org ID Prjct 
ID

Project Name

001 CYAN Cyano Monitoring

001 PRB Probabalistic mon

001 TRND Trends Program

Org 
ID

Loc 
ID

Location Name

001 DBL Deep Blue Lake

001 MR Muddy Run

001 FC Fishing Creek

Org 
ID

Proj 
ID

Loc 
ID

Result ID Sample Date Characteristic Value Unit

001 PRB MR 001 5/3/2012 pH 7.6 SU

001 PRB MR 002 4/17/2016 Temperature 19.1 Deg C

001 PRB MR 003 4/23/2020 Conductivity 236 µS/cm

All Organizational Data

All Project Data All Location Data

Activities & Results Data & Metadata

Data of different types are each managed in 
their own table

We establish relationships between certain 
pieces of information in the tables

The related pieces of information are often 
(but not always) ID or “key” fields

This allows for more detailed information to 
be stored in separate tables, allowing for 
useful queries of the database

Ex. This is what allows users to query across 
place, time, program, and result type in the 
WQP



Relational Databases 
(Heavy)

Enterprise

These are fully customized Enterprise 
database solutions usually built in Oracle, 
SQL Server, or PostGres, as examples.

These systems are typically operated from 
a server or more commonly these days, in 
the Cloud.

These are typically built by developers, at 
some cost and may include front-ends for 
staff to access and manipulate.



Selecting a data management tool

Spreadsheets Relational dB lite Enterprise dB

Data Entry √ (Can link forms) √ (Can add forms) Requires forms

Relational data Some (Power Pivot) √ √

Run queries √ √

Manual data fixes √ √ Dev req’d

Expertise required Low Medium High

Costs required Low Low-Medium Med-High

Ensure Data Integrity Some √ √

Who needs to manage the data?
What resources are available?

How often will you need to complete this task?
How much data needs to be managed?



What Is 
WQX 
today?

WQX is a ‘standardized’ approach for sharing water 
quality monitoring data of various types

WQX defines a common data model for communicating 
water quality data (sample data)

Designed to be automated

The structure of partner data systems don’t matter, so 
long as they can map data to WQX standards

Many ways to prepare and submit data to WQX: including 
direct submissions, WQXWeb, and 3rd party apps 



API

Ways to share your data to WQX

I got this

A WQX 
formatted 
XML file

WQXWeb

T

Raw Dataset 
or WQX 

Template

Import 
Configuration

WQX-XML

+ →

Tools to help you map, reformat, 
and document your dataset

WQPWQX

Central Data Exchange

2x/week

Little help 
please

Only registered users
Data must pass validation:
• Complete
• Unique
• Adheres to allowable 

values

USGS



WQX hierarchy and terminology

• Organizations

• All information is unique only to the organization

• User accounts

• Multiple user accounts with different roles can be 
associated with an Organization

• Projects

• Why you sampled

• Monitoring Locations

• Where you sampled

• Activities and Results

• Raw data referencing Orgs, Projects, & Monitoring 
Locations



WQX QAQC Service
WQX will provide a QAQC report upon your data upload



Data Use – Analysis, Visualization, and 
Assessment
• What are the tools and resources available to help you analyze, 

visualize, and assess your data?

• Quick Intro to the Water Quality Portal

• Basics of Water Quality Assessment

• Intro to Tools for Automated Data Analysis (TADA)

• Intro to ATTAINS
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Water Quality 
Portal (WQP)

Water quality monitoring data is foundational to being 
able to answer important questions

• Is my water safe?

• Is there enough?

Format is the same for everyone who wants to share 
data

• Water quality monitoring and data management is complicated 

• Standardized, electronic data is more valuable than data in file 
cabinets (reusable, sharable, discoverable, interoperable, and 
includes important metadata)

Usable data translates to knowledge, public awareness, 
and action

• Reuse adds value!

• Supports CWA assessments and other water quality research

• Serves as the backbone for water data tools like HMW



Water Quality Portal
Operated under An Interagency Cooperative agreement 
(USGS & EPA)

• Serves data from USGS, EPA, USDA, NPS in a 
standard WQX format

• # WQP: Data from >1,500 organizations

• # WQP: >420m records from >1m sites

• Serves data of All Water Types

• Includes a Graphical User Interface (GUI) & Web 
Services

• One of Our Integrated Systems (IOW HUB)

• DATA ServiceS can directly power analytics like those 
in HMW

• Growing Number of internal/external Tools built on 
top of this Primary data source

WQP

WQX HMW

Data Standards

Data Warehouse

Public Information

Data Warehouse

DATA ServiceS can directly power analytics like those 

WQP

WQX HMW

Data Standards

Data Warehouse

Public Information



Retrieving data 
from the WQP

Several Options:

1. WQP Web Interface
• WQP Demo on How to Download Data 

(2015)
• WQP Demo on How to Download Data 

(2019)

2. How’s My Waterway

3. TADA

The Water Quality Portal Website

TADA

How’s My Waterway

https://www.waterqualitydata.us/
https://www.youtube.com/watch?v=ICSARb3FJnY
https://www.youtube.com/watch?v=ICSARb3FJnY
https://www.youtube.com/watch?v=lSDmgp9rYfc
https://www.youtube.com/watch?v=lSDmgp9rYfc
https://mywaterway.epa.gov/


Using Data from WQP Web Services
• Web services are URLs that provide the instructions from your query

Save the URL to your Query

URL of your data download

Use this web service URL in 
any data application that 

can read data, like MS Excel, 
R, Access, Arc Online, etc.



Assessment unit overlay with monitoring 
locations

Assign assessment units and uses

Uses determine numeric 
criteria/thresholds used

Assessment methods guide 
impairment decisions based 
on:
- Period of record
- Aggregated measurements
- Frequency
- Duration
- Magnitude
- Season
- Correction factors
- Covariates
- Site-specific criteria

Discover, wrangle, and QC data

Basics of Water Quality Assessment 



Document 
Your Process

• Define your Assessment 
Units

• Points

• Lines

• Polygons

• Combination of the 
Above

• Which uses and parameters 
will be assessed for each 
water?

• What criteria will be used to 
assess those parameters?

• What methods and 
decision rules will be 
applied?

• Percentage (>10%)

• Rate of recurrence (no 
more than once in 3 
years)

• Outside of a range 
(x<y>z)

• Not to exceed (>x)

• How may results are 
needed?



Determine How the Tribe Uses Tribal Waters 

R
ed
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Reservation 
Boundary



Salamander Creek: Numeric Criteria/Thresholds

Salamander Creek is designated for four uses that have the following numeric criteria:

Duration 
= period 
of time

Parameter Unit Type Statistic Exceedance
Aquatic Life 
Other Than 

Fish

Irrigation 
Water 
Supply

Public 
Drinking 

Water 
Source

Warmwater 
Habitat

Conductivity uS/cm Maximum Instantaneous 10% 750 2,500 1,000 1,500

Dissolved oxygen mg/L Minimum Instantaneous None 5.0 -- -- 5.0

Nitrate mg/L Maximum Average* None 1.5 100 10* 1.0

pH SU Range Instantaneous None 6.5<pH<9 -- -- 6.5<pH<9

Total phosphorus mg/L Maximum Average None 0.1 -- -- 0.3

* The nitrate criterion is instantaneous for the public drinking water source. 



Salamander Creek: Use Support Summary 

Designated Use Use Support Probable Cause of Impairment

Aquatic Life Other Than 
Fish

Not Conductivity and Total 
Phosphorus

Irrigation Water Supply Full --

Public Drinking Water 
Supply

Full --

Warmwater Habitat Not Nitrate



EPA Criteria Search Tool

• Continuously updated (20-30 times a year) as 
EPA approves new or revised WQS

• Query by parameter or use

• Query within a tribe/state or across all

https://www.epa.gov/wqs-tech/state-
specific-water-quality-standards-
effective-under-clean-water-act-cwa 

https://www.epa.gov/wqs-tech/state-specific-water-quality-standards-effective-under-clean-water-act-cwa
https://www.epa.gov/wqs-tech/state-specific-water-quality-standards-effective-under-clean-water-act-cwa
https://www.epa.gov/wqs-tech/state-specific-water-quality-standards-effective-under-clean-water-act-cwa


Performing analyses and 
assessments
• Open-source code (R or Python)

• Can automate/streamline a wide 
variety of tasks and SAVE TIME

• Excel

• Any other software that works for 
you



WQ Assessment

TADA 
(Tools for Automated 

Data Analysis)



• Different tools for different users

• R Package (coders)

• R Shiny Application (non-coders)

• User Guide on GitHub Pages

• EPA TADA Website

• R and R Shiny Learning Resources 

• Inventory of open-source R code and 
WQP tools

• Reach out to learn more!

#1

#2

#4#3
TADA Products

Working Group Mission 
To share and develop R code for 

evaluating and visualizing WQP data 
more efficiently though collaboration 
and open-source programming. This 

includes working together to find 
commonalities in assessment processes 
across the nation, creating flexible tools 

that can be easily customized to work 
within existing workflows, supporting 
each other in learning R, and ensuring 

products will be accessible to 
organizations most in need.

“Serve as a hub for an
open-source water
quality community”

https://github.com/USEPA/TADA
https://github.com/USEPA/TADAShiny
https://usepa.github.io/TADA
https://www.epa.gov/waterdata/TADA
https://nalms.shinyapps.io/Shiny_for_Water_Resources/


Many spend 80% of their
total analysis time on these
steps (wrangling/cleaning –

harmonizing, filtering,
QAQC’ing, etc.)

Improving data equity

Retrieve data 
from WQP

Construct a unified dataset 
containing key metadata

TADA Module 1
Retrieval & Data Quality 
Considerations

• Is the data of sufficient quality for my analysis?
• Is it relevant?
• Does it include key metadata?
• Can the data be harmonized and grouped in a way that 

makes sense for my analysis? 
• Decision points to accept, reject, or qualify data



TADA Visualizations



Data Analysis & Assessment 
Take-Aways

• Identify and evaluate all available data

• Document your assessment process
• Monitoring locations

• Assessment units and uses

• Criteria or thresholds

• Methodologies & decision rules

• Perform assessment

• Review for quality through QAPP review and data 
screening (TADA can help with data screening)

• Use any programs/tools that you are comfortable with



Assessment Reporting
• Reporting is done through 106 TARs/WQARs

• Some tribes have opted into submitting their TARs/WQARs through 
ATTAINS

• The Assessment and TMDL Tracking and ImplementatioN System 
(ATTAINS) is EPA's system for storing water quality assessment data 
including:

• State 303(d)/305(b) assessments and listings

• Tribal 106 assessments

• ATTAINS data is shared with the public through How's My Waterway
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Reporting: ATTAINS Tribal Pilot
• 2016-ATTAINS Tribal Pilot started

• October 2017-ATTAINS training for pilot 
tribes

• December 31, 2017-First ATTAINS 
submissions due from 13 pilot tribes

• Pilot tribes have continued to submit 
through ATTAINS

Objectives

•Test whether ATTAINS can serve as an 
alternate reporting mechanism for 
tribal water quality assessment 
reporting

•Capture programs as they exist, can be 
used regardless of whether tribe has 
WQS or TAS for 303(d)

•Understand the water quality on tribal 
lands



Why use ATTAINS?

1. WE USE IT!!!! Availability increases 
utility

2. Eliminates paper reporting

3. Reduces reporting time and burden

4. Aligns tribal and state assessment 
reporting

5. Prepares tribes interested in CWA 
303(d) authority to make and 
report listing decisions



Where We Are Now

• 20 pilot and phase 1 tribes currently 
have data in ATTAINS

• Phase 2 tribes start reporting at the 
end of 2024

• ATTAINS is an accepted reporting 
mechanism in upcoming revised 106 
guidance

• Created assessment trainings, 
parameter factsheets, & assessment 
methodologies

• Tribal data is How’s My Waterway!



What is How’s My Waterway

• EPA’s tool to provide the 
general public with 
information about the 
condition of their local 
waters

• Brings data in from a 
number of data systems 
including WQP and 
ATTAINS

• Displays information on 
3 scales: Community 
(HUC12), State/Tribe, 
and National



Tribal Data in How’s My 
Waterway

• Tribal monitoring data has been 
in the Community page since 
the beginning

• Tribal assessment data was 
added to Community page in 
December 2020

• A cultural use group was added 
in April 2022

• Displays tribal and state data 
side-by-side

• Tribal pages launched December 
2022



Thank you!

Rob Cook   cook.robert@epa.gov   Monitoring

Adam Griggs   griggs.adam@epa.gov   Data Management & WQX

Cristina Mullin   mullin.cristina@epa.gov   WQP & TADA

Jesse Boorman-Padgett boorman-padgett.jesse@epa.gov  Assessment, ATTAINS, HMW

Wednesday Deeper Dives

mailto:cook.robert@epa.gov
mailto:griggs.adam@epa.gov
mailto:mullin.cristina@epa.gov
mailto:boorman-padgett.jesse@epa.gov
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