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EnviroDIY In the Delaware RiverBasin

Where have we come from and where are wgoing*

2021 Watershed Congress, Thursday September 23, 20215:3(30
David Bressler, Stroud Water Research Center
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s Main Point today: Stroud Center is supporting
EnviroDIY Inthe DRBT how 1t 0s hapj
whoos 1 nvol ved, what os
happening, and how can others get involved.




Today more specifically

6 Overview of EnviroDIY
s Overview Monitor My Watershed
5

Overview o fEnviroDIYTI n t he DRBO ¢
past, present, future; including:

3 History, for context

3z Case studies of how stations/data can be
used

3 Resources for users
3 Options for how individuals/groups can get

Involved ,N
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What is** Enviro

s EnviroDIY i s cdmanunity for do-it-yourself environmental science
and monitoring. EnviroDIY is part of Wikiwatershed, a web toolkit
designed to help citizens, conservation practitioners, municipal
decision-makers, researchers, educators, and students advance
knowledge and stewardship of freshwat e r . BnvifoDlY.org)

‘g Enviro About v Participate Mayfly ~ Blog Forums ~  Videos Shop + Help Register LogIn Q

I Subscribe ) EnviroDIY on GitHub

An Initiative of Stroud Water Research Center

\Welcome to EnviroDIY, a community for do-it-yourself environmental science and monitering. EnviroDIY is part of WikiVWatershed, a web toolkit designed to help citizens, conservation

practitioners, municipal decision-makers, researchers, educators, and students advance knowledge and stewardship of fresh water. New to EnviroDIY? Start here

Monitor With Mayfly Program Your Mayfly Stream Your Data Get Answers on the

Our EnviroDIY Mayfly Data Logger is Get sketches, libraries, and Onlme Forum

user programmable and Arduino IDE documentation to help you program Share your data and access data from Have a question about DIY
compatible. your Mayfly. around the world on Monitor My environmental monitoring? Share it with

Watershed®. EnviroDIY members.
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https://wikiwatershed.org/
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What is¥* Enviro ?

" Model My Watershed"

Analyze geospatial data, model storms, and compare
conservation or development scenarios in a watershed. Learn

more

¥ EnviroDIy
Join a community of do-it-yourself enthusiasts sharing open-
source ideas for environmental science and monitoring.

Macroinvertebrates.org

Identify common freshwater macroinvertebrates with this
resource designed for citizen scientists. Learn more

™ Monitor My Watershed

Discover and map monitoring data from multiple sources.
Share and compare your monitoring data with the world. Learn

more

¥ Leaf Pack Network:

Discover what aquatic insects can tell you about your stream’s

health by performing a simple leaf pack experiment.

Water Quality Mobile App } é ’

Enhance stream study and monitoringﬁacﬁvitiesfor students

and citizen scientists. Available for Apple and Android devicesyg
\

.
=

.

WATER RESEARCH CENTER




What is** Enviro

~

s EnviroDIY is focused around the Mayfly Data Logger

The EnviroDIY Mayfly Data
Logger is a powerful, user-
programmable microprocessor
board that is fully compatible
with the Arduino IDE software.

Designed by Shannon
Hicks, Stroud Center
engineer
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What is** Enviro

Building a Low-Cost Electrical
Conductivity Sensor Using the
s Mayfly Platform

“¥ The “Frankenlog” Network: A Forest

1 . Floor Ecohydrology Sensor Network

: the Mayfly Data Logger

# W Building a Continuous Temperature
. 4 Logger with the EnviroDIY Mayfly
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In the stream, sensors were mounted on standpipes and, later, on a .
boom extending over open water. OUD
=
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EnviroDIY globally

EnviroDIY monitoring stations across the world

™ Monitor My Watershed® Browse sites

Browse Data Collection Sites Browse all sites that have been registered in the database by all users. Clicking on a site shows its details and provides a link to view the data collected at that site.
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EnviroDIY In the U.S.

Most stations are In the eastern U.S.
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EnviroDIY In the U.S.

Greatest density of stations is in the Delaware River Basin
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% Monitor My Watershed® _
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The Standaré&nviroDIlY Station

Stroud Cent eenvoaDlY Monganth Statidn

(@]

Also designed
by Shannon
Hicks
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The Standaré&nviroDIlY Station

M '.. .\' _"-. ’.:,_‘_‘
EnviroDIY Data j
logger station OUD
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The Standaré&nviroDIY Station, Logger Box and solar par




The Standaré&nviroDIY Station, Mayfly

Features of the EnviroDIY Mayfly Data Logger

Bee Module Socket
(Xbee/WiFi/Cell)

microUsB port FTDI programming port
e ! ~

Power switch Solar panel connector

'-.‘ & charging circuitry
MicroSD/SP! g :

connector Red & Green LEDs

User-defined

: LiPo battery connectors
pushbutton roULY el - 2

MicroSD socket L
(horizontal)

DS321 Real Time Clock
with battery backup

20-pin header
for analog pins
and 2 UART ports

20-pin header
for digital pins

s . 5V boost converter
Auxiliary 16-bit, 4-channel

Analog-to-Digital Converter et E :| EOUD
Grove digital ports P S o\
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The Standar&nviroDIY Station, Cell Board

‘1 AG/LTE cell board 1 transmit
data to Monitor My Watershed
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The Standar&nviroDlY Station, Sensor Bund
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The Standar&nviroDIY Station, Sensor

CTD Sensor (Meter Hydros 21) Turbidity Sensor
(Campbell OBS 3+)

SIEQUD
ESSNE
WATER RESEARCH CENTER




The Standar&nviroDIlY Station,microSDcard

microSD card files are generally the most secure data
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The Standaré&EnviroDIY Station, data points

IDateTime

4/26/2021 13:30
4/26/2021 13:35
4/26/2021 13:40
4/26/2021 13:45
4/26/2021 13:50
4/26/2021 13:55
4/26/2021 14:00
4/26/2021 14:05
4{26/2021 14:10
4/26/2021 14:15
4/26/2021 14:20
4/26/2021 14:25

-5:00
-5:00
-5:00
-5:00
-5:00
-5:00
-5:00
-5:00
-5:00
-5:00
-5:00
-5:00

TimeOffse DateTimeUTC

4/26/2021 18:30
4/26/2021 18:35
4/26/2021 18:40
4/26/2021 18:45
4/26//2021 18:50
4/26/2021 18:55
4/26,/2021 19:00
4/26/2021 19:05
4/26/2021 19:10
4/26/2021 19:15
4/26/2021 19:20
4/26/2021 19:25

Data points collected every 5 minutes

Decagon_CTD-10_Cond Decagon_CTD-10_Temp Decagon_CTD-10 Depth EnviroDIY_Mayfly_Temp EnviroDIY_Mayfly_Batt Digi_Cellular_SignalPercent

302.2
306.5
308.8
308.2
308.5

309
308.2
309.5
307.7
308.8
307.3
308.3

14.3
14.3
14.3
14.4
14.4
14.4
14.5
14.5
14.6
14.6
14.6
14.7

210.8
212.8
206.7
206
205.7
202.8
203
200.3
200
199.8
199
197.5

4.215
4.215
4.23
4.23
4.215
4.23
4.215
4.23
4,23
4.23
4.215
4.215

26
29.25
30
30.25
30.25
29.75
29.25
29
28.5
27.5
26.5
24.75

109
51
90

109

109

109
51

109

109

109
21

109
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The Standaré&nviroDIY Station,MonitorMW data portal
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What is¥* Enviro ?

" Model My Watershed"

Analyze geospatial data, model storms, and compare
conservation or development scenarios in a watershed. Learn

more

£ EnviroDiy
Join a community of do-it-yourself enthusiasts sharing open-
source ideas for environmental science and monitoring.

Macroinvertebrates.org

Identify common freshwater macroinvertebrates with this
resource designed for citizen scientists. Learn more

™ Monitor My Watershed

Discover and map monitoring data from multiple sources.
Share and compare your monitoring data with the world. Learn

more

‘iﬁ Lear Puck Network®

Discover what aquatic insects can tell you about your stream’s

health by performing a simple leaf pack experiment.

Water Quality Mobile App } é ’

Enhance stream study and monitoringﬁacﬁvitiesfor students

and citizen scientists. Available for Apple and Android devicesyg
\

.
=

.

WATER RESEARCH CENTER




Monitor My Watershed

s Monitor My Watershed is where you access and see the data

http://monitormywatershed.orq/

® Monitor My Watershed'

& E nviroDIY 3& . Leaf Pack Network

V= AR

Iata Sharlng Portal

Contrlbute your water- quahty data

K&'\

';_‘*:-: 1, S T R

) Re}adytowstart shanng your data'; L T NS
kﬁ‘

t‘q‘»
; SIGN UP

SLEQUD
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http://monitormywatershed.org/
http://monitormywatershed.org/

Monitor My Watershed

Clickable map with color legend provides quick view of station online

status
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Township

Has data within the
last 6 hours

Q
0

™ Hasdatawithinthe @9
last 2 weeks v

Has data within the
last 72 hours

Ownership:

?
0

Trenton
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Sites you own
wn
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Sensor data
out of date
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no data

Only Leaf
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Monitor My Watershed

Clickablesi1 t e and then c¢cli ck AViIiew dat
homepage
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Monitor My Watershed

Site home page contains site info, station owner, deployment date,
etc., along with 72hr data panels with real time feed

Sensor Observations at this Site - Y
Plum Run at New Street Garage (BCPR9S) € DOWNLOAD SENSOR DATA
& Deployment By Patty Haug Map  Satellite - @ Only the most recent 72 hours of available data are shown on A Time Series Analyst
the sparkline plots. The plots are broken when there are gaps in .
£ Organization West Chester University _e\e\es‘ . R X »
QN the data longer than 6 hours. Plots shaded in green have recent - 2]
T Nov 72016, 824 p m data. Plots shaded in red have not reported data in the last 72
hours
) Deployment Date Nov. 1 9,10:25 p.m
Electrical conductivity Z o B Water depth & o 3
1 Latitude 39.950473
+= Longitude -75.605006
1 Elevation (m) 113.9
= Elevation Datum MsL N
3 Last observation Last observation
K iitiietohor 3680 | Mg Dol e IS8 [ EGAY W Ao S0 Sept. 13, 2021, 8 a.m. (UTC-05:00) 1 3 64 _3 Sept. 13,2021, 8 a.m. (UTC-05:00) 40 N 2
@ Site Type Stream (us/cm) {mm})
93 Stream Name Plum Run
Medium Liquid aqueous Medium Liquid aquecus
A\ Major Watershed
- Decagon_CTD-10 Electrical Conductivity Decagon_CTD-10 Electrical Conductivity
. Senzar - Sensar -
@ SubBasin - emperature Depth Sensar emperature Depth Senzar
&
Temperature 7 o = Battery voltage 770 Z o B
Last observation Last observation
Sept. 13, 2021, 8 a.m. (UTC-05:00) 1 9 . 1 Sept. 13,2021, 8 a.m. (UTC-05:00) 3 . 624

(degC) W)




Monitor My Watershed

Data panels provide real-time (most recent) readings

1026 % FU= ekl

¥ & monitormywatershed.org/sit

™ Monitor My Watershed®
Electrical conductivity 7 &6 =5

Related Link E

Easy to access on

Electrical conductivity = & |

e a smart phone
Last observation Somzs a0zt s2samure-  590.8
June 23, 2021, 9:25 a.m. (UTC-05:00) 3 6 9 . 8 0500} (uS/em)
(us/cm)
Madium Linuid agueaus
Decagon_CTO-10 Electricel
Senzor Conductivily Temperatune
Medium Liquid aqueous et Senser
Sensor Decagon_CTD-10 Electrical Conductivity Temperature Water depth = a =

Depth Sensor

AN SIRQUD
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Monitor My Watershed

Time Series Analyst (TSA) graphs provide ability to see
past data trends, multiple parameters, multiple sites

£ Plot Options

All | Last Month | LastWeek

» Monitor My Watershed

Begin Date 8/01/2021
End Date 9/01/2021
Q Map = Datasets i Visualization Visualization Time Series -

25 7 T 1,100
24 a00 4 i= Legend
234 1,600 . B Decagon_CTD-10_Depth:
= Water depth
224 O SHVC2S: Valley Creek at Valley Creek Park
O — 1,400 |'|l w Raw Data
™ 214 E i ¥ Decagon_CTD-10_Cond
% »"E« 200+ = Electrical conductivity
— 204 = SHVG2S: Valley Craek at Valley Craek Park
o a 000 o Raw Data
S uul =
2 19 4 z = M Decagon_CTD-10_Temp
@ o 0 " Temperature
:]QJ— 184 ?ZJ‘J 800 1 _ SHVC2S: Valley Creek at Valley Creek Park
5 7 ,_‘-'{: ': Raw Data
217 600 =
16 _f = Summary Statistics
400+ L- Arithmetic Mean 24717
15 -
04 Geometric Mean 44.65
144 200
- T T T T T T T T T T T T T T T Maimum 1785.00
Aug 03 Aug 05 Aug 07 Aug 09 Aug 11 Aug 13 Aug 15 Aug 17 Aug 19 Aug 21 Aug 23 Aug 25 Aug 27 Aug 29 AugSdp 01 Minimum 203,80
DateTime (UTC) )
Standard Deviation 97.07
10% 208.80
rr . T°r T 1 T T T T T T T T T T T 1 ’
Aug 03 Aug 05 Aug 07 Aug 09 Aug 11 Aug 13 Aug 15 Aug 17 Aug 19 Aug 21 Aug 23 Aug 25 Aug 27 Aug 29 AugSep 01 25% 2o
Median, 50% 220.80 D
75% 254.00
90% 272.80 |

NTER

Number of Observations 8,860




Stream ecology conceptshtonitorMW

Seasonal and day/night (diel) patterns in stream water temperature

Termperature (degC)

3]
1

™ T T T T T T T T T T T T T T
Jan, 2018 Apr01  Jul01  Oct01 Jan, 2019 Apr01  Jul01  Oct01 Jan, 2020 Apr01  Jul01  Oct01 Jan, 2021 Apr01  Jul 01

28+ Pickering Creek, Phoenixville
274
26
254
244
234
224
21+

: SEQUD

175 . . . . . . r . . . . , , , — WATER RESEARCH CENTER
Aug 03 Auwg05 Auwg07 Auwg09% Aug? Augld Augldh Augl? Augl19 Aug2l Aug23d Aug25 Aug7 Aug2d% AugEep

Temperature (degC)




Stream ecology conceptshtonitorMW

Dilution of stream water during storms T conductivity decreases as
depth increases

2,000 5 L 1 000

1,800

1,600

1,400

1,200 4

nductivity (uSic

1,000 -

Water depth {mm)

800

Electrical co

&00

400

! ! ! ! ! ! I
Aug 18 Aug 19 Aug 20 Aug 21 Aug 22 Aug 23 Aug 24

Naylors Run 1 urban watershed, high conductivity and lots of dilution Q)UD
= .

during storms
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Water depth (mm)

Stream ecology conceptshtonitorMW

1,200
1,100

1,000

Spikes in conductivity during/after winter storms 1 flushes of
road salt/de-icer

nductivity (US/

Electrical co

! ! ! | ! I I ! ! | ! ! | !
JanFeb 01 Feb 03 Feb05 Feb0Y Feb09 Feb11 Feb13 Feb1: Feb17 Feb 13 Feb21 Feb23 Feb2b

Tributary to Cobbs Creek in Philadelphia area M
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Stream ecology conceptshtonitorMW

Data signals of unknown source i pollutant, sensor fouling, malfunction?

160 -
155
150 -
145
140 -
135
130
125

Water depth (mm)

120+
115
110 5

105 4

Electrical conductivity (uSfom)

! ! I I I ! ! !
Aug 03 Aug 05 Aug 07 Aug 09 Aug 11 Aug 13 Aug 15 Aug 17

WATER RESEARCH CENTER

Palmer Run, a heavily forested stream in First State National Historical Park, DE



Stream ecology conceptshtonitorMW

Increased turbidity during storms

C gp
800 L 80
L 70
7004

L 50

- 40
500 -

Turbidity (NTU]

- 30

Water depth (mm)

400 1 - 20

- 10
300

Aug 28 ' | Aug 29
Valley Creek at Ecology Park
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Where have we come from and where are we goi

s Over vi EmuroYi mMm t he DRBO ¢
past, present, future; including:

3 History, for context
3 Resources for users

3 Case studies of how groups and schools are
using the data

3 Options for how individuals/groups can get
Involved
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Where have we come from and where are we go\igion

6 Vision: make It increasingly easier
for people to
3 Monitor water using EnviroDIY

3 Understand, analyze, apply data
for management, education,
outreach

6 *This DRB work Is a pilot of sorts for
what Is starting to happen more

broadly WS%\Q%



Where have we confeom? Stroud CentdPerspective

on EnviroDIY in DRB

6 Primary Goal

3 Support Station owners,
managers, and volunteers

: Use stations for local purposes B3g,

s Secondary Goal 12076 pe001
s Analyze basin-wide data set ~ _w{ ., °
s Develop tools to characterize  Ful , * %" .
and contextualize watersheds £

_'5' %
L]

0 20 40 60 g0 100_
% Developed land

R




.
Delaware River Watershed Initiative

4States1Source

The Delaware River Watershed Initiative

Working across four states to
protect one shared source of clean
water

W YEE JEH LV EN 2 S
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https://4states1source.org/
https://4states1source.org/

C-SAW

https://www.c-saw.info/

"’\\

Consortium for Saahﬁfft A‘Ssiétance tc;

~
) ~

= e

Home What’s Available? Who's Eligible? Who Provides Assistance? Apply News Resources Contact Q

What is C-SAW?

The Consortium for Scientific Assistance to Watersheds (C-SAW) is a team of specialists who provide free organizational and scientific technical
assistance to Pennsylvania-based watershed and conservation organizations.

C-SAW does not conduct watershed monitoring or assessments. Instead, C-SAW helps watershed organizations do a better job

WATER RESEARCH CENTER

with their own monitoring and assessments.



https://www.c-saw.info/
https://www.c-saw.info/
https://www.c-saw.info/
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S n we O

s Watershed groups, schools, and universities using EnviroDIY
monitoring stations in the Delaware River Basin (DRB) with Stroud
Center support via the Delaware River Watershed Initiative (DRWI)

EAST /

‘o3 PennState Extension “?j{ BERKS COUNTY STROUDSBURG
CE—2) CONSERVATION DISTRICT ’ UNIVERSITY -
TROUT

UNLIMITED

o WILLISTOWN CONSERVATION TRUS'I

~

< BARTRAM'S GARDEN WallkillRiver
‘Watershed

_ SCHUYLKILL RIVER
] \g %REE

WHITE CLAY CREEK \(/:Vlldlands

National Wild & Scenic River Onser\[ancy g"ﬂL N%%

Ours to Enjoy. Ours to Protect Creating lasting connections to nature since 1973 § . E’« AMERICARILITTORAL SOETETY
r@ Caring for the Coast

Bl Y= ‘ AN
WAy Tookany/Tacony-Frankford oS \
i!;. Watershed Partnership, Inc. A ) Q
S LOPATCONG v
%‘%m‘& CREEK The Great Marsh

French & Pickering .
CREEKS CONSERVATION TRUST Instltute

X
- / ey AGEHE
~ S s r ., R o . | \. i,
DE:'\?EV:QEEPER | : ; = The Academy of 7 W l SSAH l CKON

= TRAILS

NETWORK"

N G
atural Sciences
N\

of PREXEL UNIVE

ndependence Jll montgomeryschool @ Woodstown High School Ol |D
SCHOOL PreK to Grade 8 ' Learning is our mission
‘Q&\/‘ﬁ

W Lk F A VP My b
FOUNDATTI ON

Once a Wolverine, Always a Wolverine
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Abby Weinberg, OSI

American Littoral Society

Angelica Creek Watershed Assaociation
Bartrams Gardens

Berks County Conservation District

Berks Nature

Berks Nature; DCNR; Nolde St Forest
Brandywine River Museum

Brodhead Watershed Assocation

Darby Creek Valley Association

Deerpark Rural Alliance

Delaware Riverkeeper

East Stroudsburg University

Easter DE Co. Stormwater Coal., Villanova-WPF
Great Marsh Institute

Green Valleys Watershed Association
Independence School

Lake Committee, Somerset Lake Community
Lawrenceville School

Lopatcong Creek Initiative; NJ Highlands Coalition
Master Watershed Stewards, Berks Co.
Musconetcong Watershed Association
Natural Lands Trust, Woodstown High School

Pennypack Ecological Restoration Trust
Perkiomen Creek Trout Unlimited

Poconos-Kittatinny Cluster/East Stroudsburg University
Primrose Creek Watershed Association

PSU MWS, Aquashicola/Pohopoco Watershed
Conservancy

Schuylkill River Greenways

Silver Lake Nature Center

South Jersey Land & Water Trust

Stroud Water Research Center

The Land Conservancy for Southern Chester County
The Schuylkill Center for Environmental Education
The Watershed Institute

TNC/FSNHP

Tookany/Tacony-Frankford Watershed Partnership
Trout Unlimited

Trout Unlimited, NJ

Valley Forge Trout Unlimited

Wallkill River Watershed Management Group
West Chester University

White Clay Wild and Scenic

Wildlands Conservancy

Willistown Conservation Trust

Wissahickon Trails

And growing i ongoing need for capacity building among ggg)UD
groups and collaborative support for the network Wrrn RESEARCH CENTER




Where have we come from? Technology

How is it that Stroud Center was able to provide this resource?
3 Technology development by Shannon Hicks for 20+ years

O«
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WATER RESEARCH CENTER




Where have we come from? Technology

s How is it that Stroud Center was able to provide these stations?
3 DIY tech development by Shannon Hicks for 20+ years

JARCH CENTER
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Where have we come from? Technolo

s Fortunately,~2015-1 6 Shannono6s technol ogy
standardization and public availability
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s Fortunately,~2015-1 6 Shannonodos technol ogy
standardization and public availability
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Where have we come from? EnviroDIY .(

~

s Anthony Aufdenkampe (LimnoTech) and Shannon Hicks (with Stroud
Center support) started EnviroDIY.org

3z Open Source access to technology, code (via GitHub)

‘r Eﬂvi[‘o About v Participate Mayfly « Blog Forums v  Videos Shop + Help Reqister Log In Q

An Initiative of Stroud Water Research Center I Subscribe ) EnviroDIY on GitHub

Welcome to EnviroDIY, a community for do-it-yourself environmental science and monitoring. EnviroDIY is part of WikiWatershead, a web toolkit designed 1o help citizens,
ié} conservation practitioners, municipal decision-makers, researchers, educators, and students advance knowledge and stewardship of fresh water. New to EnviroDIY?
Start here
Monitor With Mayfly Program Your Stream Your Data Get Answers on the
Our EnviroDIY Mayfly Data Logger Mayﬂy Oﬂllﬂe FO rum
is user programmable and Arduino Get sketches, libraries, and Share your data and access data Have a question about DIY
IDE compatible documentation to help you from around the world on Menitor environmental monitering? Share it

program your Mayfly. My Watershed®@. with EnviroDIY members.
—




Where have we come from? Data port

s Dreamhosters was the original data portal




