Water Data
Infrastructure:
A U.S. Perspective

Dwane Young,

U.S. Environmental Protection Agency
Office of Water:

Water Data Integration Branch

Young.dwane@epa.gov



mailto:Young.dwane@epa.gov

Water Data Infrastructure

e Outline
* Big Picture: Telling a story about water
* Open Water Data: Concepts
* Integrating across EPA systems (internal integration)
* Enabling Integration beyond EPA
» System Design Principles
* Deep Dive — Water Monitoring: Samples and Sensors
* Deep Dive — Hydrologic Networks

* Use Case: Characterization of Pre-event conditions — example of where Open
Linked Data could make a difference

* Pulling the Pieces Together: Telling the Water Story



What can you tell me
about my water?

s it safe to drink?

Is there enough water?

Can | swimin it?

s it polluted?

If it is polluted, what are you doing about it?

If it isn’t polluted, what are you doing to protect
it?

What can | do to help?
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FOUR PILLARS OF OPEN WATER DATA



CATALOGS

Going Beyond Integrating Data



Value of Open Water Data:
Better Modeling

* Models need data, a lot of data

e Data can be used as input for
models, and can provide
necessary ground truth

* Imagine being able to run a model
without having to first discover
and then reformat the data
needed to run the model; rather
the model can grab the data as it
needs it in real time




Value of Open Water Data: Third-Party
Applications

* Adopting and promoting standards sends a clear signal to
the market that there is value in supporting those
standards

* Enables the market to develop solutions for data storage,
data sharing, and data visualization

* Open data allows those outside government to develop
applications and tools that are valuable to them and meet
their specific needs



Value of Open Water Data: Quicker and Better
Decisions

* Having open data decreases the
amount of time needed to
spend in discovering and
standardizing data

e Reduces errors from hand-
entering data values

* Allows for MORE data to be
used (often can’t use data that’s
hard to find or difficult to
reformat)

SAVED TIME = SAVED MONEY




How Do We Get There: Building Blocks

Sampling Data

Real Time Data Other Attributes

STANDARDS STANDARDS STANDARDS VARIES
METADATA \/ METADATA G AP METADATA VARIES
TIED TO TIED TO

TIED TO
HYDROGRAPHY v/ HYDROGRAPHY SOME HYDROGRAPHY VARIES
DISCOVERABLE v DISCOVERABLE SOME DISCOVERABLE VARIES

COMMON HYDROGRAPHY



Catalog/Index

DATA TYPES / STANDARDS Hydrography

SAMPLING DATA == WQX/Watershed Summary
ASSESSMENTS == ATTAINS/Watershed Summary
DRINKING WATER == Watershed Summary

‘ Applications
PERMITTING == ICIS/Watershed Summary

INFRASTRUCTURE == Watershed Summary
LEGEND
4 APls, with corresponding ‘output’

4 Collectors

HEspeliarle e e B Watershed Summary

Using Standards to Integrate

Each system supports an API
with a defined output

Where common, generic
outputs can be defined,
those outputs are used

Points of integration are also
defined between systems

All data are indexed for quick
discovery as well as
referenced to a common
hydrography to enable
advanced
searches/discovery




Connecting Outside
Data

» Catalogs/Indexes allow for quick discovery of
data across entities and programs

A Common Hydrography enables search
across entities

* Defined data standards enable data sharing

across catalogs




Principles of
ntegration

No direct database access. All
interaction is through an API (this
is true for the system owners as
well)

Points of Integration:

Identify points of integration « Assessed Water <> Monitoring Locations
between systems to enable easy * Assessed Water <> Permitted Facilit
discovery and entry points across _ .y
systems * Assessed Water <~ Restoration Actions

Pollution Budgets < Permitted Facilities

Data indexes (catalogs) allow quick
discovery of data

Data indexes can also facilitate
common search functionality
across systems

Data are all connected to a
common Hydrography



Deep Dive: Water Sampling —
Water Quality Exchange (WQX)

« WQX is a ‘standards’ based approach for sharing water
guality monitoring data

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

* Designed to be automated

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

 WQX also provides a standard format for publishing data
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Some history on how
EPA got here

* From 1998-2007, EPA provided a distributed
database (STORET) for partners to use to manage
their data; partners could then send a ‘copy’ of
their database to EPA

e Numerous issues:

e Partners didn’t buy-in to using the EPA
database

» “Keeping up with technology” was
exceptionally difficult

* Trying to build one system that met
everybody’s needs resulted in an overly
complex system




Why use a standards-based approach?

« WQX is not dependent on a particular technology

* The data sharing model is based on the science of water quality monitoring,
which doesn’t change that much

e Partners don’t need to run EPA’s software, but rather just need to map their data
systems to WQX

e EPA could focus on the ‘core’ data elements that were needed for someone to
communicate water quality monitoring data

15



WQX Tells a
story about
water quality
monitoring

 WQX captures the following information:

Who: Who's conducting the sample
What: What did they sample

When: What time of year or day was the
sample taken

Where: Where was the sample taken
Why: What was the purpose of the monitoring

How: How was the sample collected, how was
the sample analyzed

* All of this information provides context for a value

(i.e.

12 mg/l)
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HOW WQX WORKS

Data Submitter

XML Submission
| =
< |

Schema Validation
Receive Error Responses

Approved XML
Submission

CDX

| >
< |

Data Context Error Report

WQX
Parse and
Load Software

Data Load Confirmation and Summary




The role of WQX in Data Sharing

Partner
Data

For more information on the portal see: www.watergualitydata.us
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http://www.waterqualitydata.us/

Deep Dive: Real-time Data

(Interoperable
Watersheds Network)

* The Interoperable Watersheds Network was a
demonstration project that focused on evaluating
approaches to improve sensor data sharing

* It was based on knowledge gained from an
recommendations report that EPA developed in

2014
* The project focused on addressing three major
areas:
e Data Standards
* Metadata
e System Architecture

=
n

Portal Way
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The Data Standards Problem

* We needed a common way to represent and
communicate the data

e Standards for sensor data already exist, there
was no need to create new standards
* OGC Sensor Observation Service
e OGC Water ML 2 and Sensor ML

* The Open Geospatial Consortium is an open-
source, international standards setting body

OGC

Making location count.

Phycocyanin (rfu)




The Metadata Problem

* Needed a standard way to answer the following
guestions:

e What data are available and for what
parameters?

 What data can | use?
* What’s the quality of the data?

* IWN had to develop standard ways to do this (no
existing standard existed)

e Further work needs to be done in this area

zap1

» nitrate® (11/10/2016 - 02/13/2017)

o OiF (11/10/2016 - 02/13/2017)

« total suspended_solids® (11/10/2016
« e coli (11102016 - 02/13/2017)
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The Architecture Problem

How do you solve the problem of
multiple data providers with large
amounts of data that have the potential
to change every 3-15 minutes?

* Used a central catalog/index that
references every data owner’s assets
with the corresponding metadata for
each sensor

* Allowed for quick searching and
discovery of available data

* This approach is similar to how
Google allows you to search the
internet

* Actual data comes from the partners
systems in real-time

NJ DEP (Rutgers): 52 North

What Data are
i> available?
I want pH data

MERI (AWS): 52 North from Clermont

Central Metadata Catalog
(AWS-FEDRAMP) County from last
week to today
—
EPA (AWS-FEDRAMP): 52 N°"4

USGS: Custom KC Waters: Kisters Clermont County (Local):
52 North

3 &8 &5
a USGS

science for a changing world.2

N

Q

north S KISTERS

exp ﬁrfng horizons



* GetOrganizations: Returns whois
providing data with their endpoints

* AvailableParameters: What parameters
can be queried

* GetSensors: Gets the sensor information
and provides different methods for querying
sensors (i.e. by county, by HUC, by buffer, by
a bounding box, upstream, and
downstream)

* GetSensorParameters: Gets
parameters for a sensor, including the
period of record

* GetOrganizationParameters: Gets the
parameters for an entire Organization
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Each endpoint supports Sensor
Observation Service in XML format
(WaterML2)

 GetObservation: Gets the most recent
data or retrieves a collection of data

* GetCapabilities: Getting all the metadata
from the endpoint

* DescribeSensor: Describes the sensor
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4 Use My Locatian

Latest news

4:21 PM

4 new sensors were added nearby

Recently viewed sensors

Wermillion River
0.1mi Near Empire, MN

5 Kinnickinnic River
0.7mi  Mear Rockford, MM

Crow River
12mi  Mear Rockford, MN

Recently saved sensors

Red Cedar River

10mi Menomonie, WI

Crooked Creek
0.1mi Freeburg, MN

Cannon River
Cannon Falls, MM

St. Croix River
Mear Stillwater, MM

IWN’s Open Architecture
Allows Other Possibilities

* IWN is built using an open architecture, meaning that all the
functionality you see in the demonstration tool is also available
as a corresponding Web Service or Application Program
Interface (API)

* Enables for other apps to be developed (like mobile apps)

» Also allows for other third-party applications (like Excel) to be
able to directly interact with the data without having to go to a
website and ‘download’ the data
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Deep Dive: Hydrologic

./ 837 A2, ‘ .
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National
Hydrography
Dataset (NHD)
(1:100K and better)

Watershed
Boundary

Dataset (WBD)
(1:24K)

National
Elevation

Dataset (NED)

(10 meter and better
source resampled to 30
meter)
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Catchment-based
Indexing Approach

e Use the NHDPIlus catchments as an abstraction for
higher-resolution data and as a common unit for
measures

* Use an automated process to develop
correspondence between state-provided data and
the NHDPIlus catchments

* Resulted in a significant cost-savings for EPA and
opened up a whole new world of communication
opportunities — PARADIGM SHIFT




Mapping State GIS Data to the Catchments

Receive GIS data from States

Translate to Catchments

@DTMDL or Alternative Plan
Impaired Water

== Supporting Water

—— Unassessed Water
NHDPIus Catchment

[_] sample HUC12 Watershed

=

Il Catchment with TMDL or Alternative Plan

|| Catchment Containing Impaired Water
Catchment Containing Only Supporting Waters
NHDPlus Catchment

[] sample HUC12 Watershed
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e @ | @ http://epadev.induscorp.com/apex_kongwaters/fIp=177:W(28:330649808702::::P23_STATE: P~a ” EUF.% One EPA Workplace @ Measure Scenario Builder ... ¥ ‘ ﬂﬁ Ei? @_}
File Edit View Favorites Tools Help
X @ Convert v [GHSelect
- e:j Home - ATTAINS Redesig... Free AOL & Unlimited Int... a Free Hotmail RealCOne Player
Assessment Unit Causes ~
WQ-28 Universe and Baseline Results WQ-28 Scenario Results
(&'
‘ /v | | | Go | | Actions | ‘ 2010 IR Cycle catchment Acres Catchment Acres
IUniverse area: 5,680,607.62 Universe area: 5,680,607.62
State Assessment Unit ID Assessment Unit Name Cause Name Plan Type Baseline area (weighted):  2,113,625.00 Scenario area (weighted):  2,113,625.00
e Baseline percent: 37.21% Scenario percent: 37.21%
VA VA-AD2R-02-BEN NORTH FORK CATOCTIN CREEK  MACROINVERTEBRATES - WQ-28 Baseline Plan Breakdown WQ-28 Scenario Status Plan Breakdown
EICASSESSMENTS
BENTHIC 2010 IR Cycle Catchment Acres Catchment Acres
VA-AD2R-03-BEN SOUTH FORK CATOCTIN CREEK MACROINVERTEBRATES - Universe area: 3,680,607.62 Universe area: 3,680,607.62
BIOASSESSMENTS Area with all plans in place: 467,569.46 Area with all plans in place: 467,569.46
VA-ADZR-07-BAC CLARKS RUN ESCHERICHIACOLI(E. Area with progress™: 2,221,888.07 Area with progress™: 2,221,888.07
. Area with no plans in place: 2,991,150.08 Area with no plans in place: 2,991,150.08
‘ x r r | BENTHIC
u to a t I n g WANCOPIN CREEK MACROINVERTEBRATES -
EBIOASSESSMENTS 2,991,150 2,991,150

Ca | C u | ati O n i NCRTH FORK GOOSE CREEK EEEHI\OIENERTEBRATE =

BIOASSESSMENTS
BENTHIC

Of I\/Ieasures NORTH FORK BEAVERDAM CREEK %R;EF;AE -

BROAD RUN, DIFFICULT RUN,

VA-ADBR-01-PCB GOOSE CREEK, PIMMIT RUN PCB(=) IM FISH TISSUE =
BENTHIC
VA-ADBR-03-BEN LITTLE RIVER MACROINVERTEBRATES -
BIOASSESSMENTS
UNNAMED TRIEUTARY TO THE ESCHERICHIA COLI (E.
LRGN POTOMAC RIVER CoLI) -
BENTHIC
VA-ADSR-01-BEN BROAD RUN MACROINVERTEBRATES -
BIOASSESSMENTS I #rea vith all plans in place Il Arez vith all plans in place
VA-ADSR-01-HG EROAD RUN e N - B Area with progress*® B Area vith progress®
VA-ADSR-02-BAC BROAD RUN ESCHERICHIA COLI (E. _ Ar=a with no plans in place Arez with no plans in place
BENTHIC
VA-ADSR-02-BEN BROAD RUN MACROINVERTEBRATES -
EICASSESSMENTS
ESCHERICHIA COLI (E. A
RS UREIEHRS USRS COLT) TMDL in place * "Area with progress” refers to the area in which some plans are in planning, in development, or in place. "
VA-A11R-01-HEPOXID DIFFICULT RUN HEPTACHLOR EPOXIDE -

334 PM
6/8/2015
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Characterizing Pre-Event
Conditions — A Use Case

 When an event occurs, a common
question that is asked: “What did it look
like before the event?”

* |n August 2015, there was only one API
available for characterizing pre-event
conditions (Water Quality Portal API)

* Synthesizing data took a fair amount of
effort from several people, and was not
easily updatable as new data came in
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With integrated data there
IS much broader capability

Downstream services:

* Would allow immediate discovery of monitoring
locations, and immediate data download

* Quick discovery of impaired waters downstream

* Quick discovery of potentially impacted drinking
water facilities

Sensor Network Services:
* Allow access to real-time data as the event occurs
Watershed Characterization:

* Non-point source activities in the watershed
* Pollution Budgets in place

Water Use:

e Potential irrigation withdrawal points to identify
potential impacts to agriculture




Pulling the Pieces
Together: Telling
the Water Story

Provide the public with usable,
meaningful information

Communicate progress states,
tribes, and EPA are making
towards restoring or protecting
water quality

Engage the publicin
understanding impacts on
water and issues related to
water




Design
Concepts

All information is
based on a service

Tell the story at
multiple levels
(National, State,
County, Local)

Integrate data across
systems

Allow for in-depth
stories in addition to
interactive content

Community Community

Overview

Water Connects us. Thanks to the Clean Water Act, the EPA, state
tribes, volunteer groups, and organizations work together to mo

Drinking Water
How is my community's water quality. This information is shared with the states and the
drinking water?

help protect and restore our Nations Waters,

Recreation

H an | stay health
.,&J, fshing & swimming? Your Waters: What We Know

Ecological Life The outline on the map shows your local sub-watershed or HUC 12.

How does our water
impact ecological life?

1 26 174

Drinking Water Monitoring Permitted
Provider Stations Dischargers

Potential Issues
What puts clean water at
risk?

M Show on map B Show on map

Detect
Is the water being tested?

I Water Quality Assessments were conducted for:

;?:fir;bemg toneto V fish,shellfih and wildfe V fishing,swimming and
restore our water? protection boating
« agricultural use ¥ drinking water
Protect + industrial use
How can | help?
Show waterbodies on Hide Full Legend
map
Waterbod
Y Color
Name . . Cause of
) ) in Condition )
Click to view on Impairment(s)

Map

e

Inspired by LAWA

Eelle Meade

Forest Hills

Brentwood

IMadison

MNolensville



APls and Integrated Data Open Up Broader
Usage Outside of Your Application

medium

Retrieve Stations Phosphorus - Water - Total - mg/|

Water

Powered by the Portal

Biological

Use this form to download your monitoring stations from the Water Quality Portal
{http://waterqualitydata.us). Any data submited to WQX is published through the Portal within
one week of being submitted to WQX. If you have not submitted data to WQX, you will not be

sediment

os soil

able to retrieve any data. This will retrieve all of the stations for the organization identified go I y |
Ez E’ o3 Sk — 7 [ characteristic % || units % |
Units B o, 5 z
Current Organization (click the dropdown to change): A/ = e P ier Tl -mgh :“'"""' cotwe | - || (R - |
WQV n'; Phospharus %
CHEROKEE_WQX 6 et Ciaes ——— Setmty
88 deddsc specific conductance eu/100m1
Enabled through WOX 23% FEEREE Strsam Cross sac..
Retrieve Stations — sulfate deg
Start Date Sample Fraction h4 surface area x L =

Al Periods VEARS Total 2

Acid Soluble

solved

Non-Filterable [Particle)

QueryData Check Data View Data Help

™3 Characteristi
£©  Temperatur : = g A Neabsco gz indian
i Head

|

Triangle'y [¢

Parameters Being Monitored
< 39 CharacteristicN Remington

Parameter Name

Morrisville

= Temperature, water

s

Messured Valu

W

Fecal Coliform \ Depth, Secchi disk depth

Date. CharacteristicName

|H’f\\/—/ /M\L/"f\-//i \\»//\\-J

Enterococcus Temperature, water

Escherichia coli

Chiorophyll ¢

Total suspended solids =~ it Dissolved oxygen (DO)

b

“ Salinity

Phosphorus

Kjeldahl nitrogen -

MonltoringLocationIdentifier

je)

MonitoringLocationName Q pc .

Water

USGS-14211400 JOHNSON CREEK AT REGNER ROAD, AT 9 GRESHAM
GRESHAM, OR

Chiarophyll a, corrected for pheaphytin

Pheophytin ratio

KELLEY CREEK AT SE 159TH DRIVE AT
PORTLAND, OR NI

USGS-14211499

Pheophytina

USGS-14211550 JOHNSON CREEK AT MILWAUKIE, OR

Chlorophyll b

USGS-14211720 WILLAMETTE RIVER AT PORTLAND, OR Chiorophyll 2, uncerrected for pheophytin

Specific conductance

KELLOGG CR BELOW MT SCOTT CR, NR
MILWAUKIE, Of

USGS-452543122372360 Nitrogen ~_
=

~
Turbidity —

=,

JOHNSON CREEK AT REVENUE ROAD NEAR
GRESHAM, OR

USGS-452743122200900

Total solids

USGS-452743122221880 JOHNSON CREEK AT 282ND AVE NEAR




Dwane Young
Young.dwane@epa.gov
Other Links:

Water Quality Portal:
https://waterqualitydata.us

National Hydrography Dataset Plus:
https://www.epa.gov/waterdata/nhdplus-

national-hydrography-dataset-plus

National Linked Data Index:
https://owi.usgs.gov/blog/nldi-intro

Sensors Demonstration Site:

http://54.210.62.171/

QUESTIONS?
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http://54.210.62.171/

