
he industrial sand mining industry in western Wisconsin increased 
dramatically with the rise of the U.S. natural gas and oil market, as 
sand is used as proppant in hydraulic fracturing. This “frac sand” 
mining includes blasting through sandstone hillsides and crushing, 

sorting, settling, and transferring sands off site through truck and rail. 
Wooded hillsides become barren, leaving scars of earth open to erosion, 
and mounds of sand and silt exposed, producing windblown dust and 
sediment-laden stormwater runoff.

On September 8th, 2014 an intense rainstorm occurred near Colfax, 
Wisconsin; four inches fell in three hours on an area that included a frac 
sand mine.  Within several hours the creek running through town – 6 
miles downstream of the mine – was the creamy color of colloidal clay.  
From town, we followed the Eighteen Mile Creek discoloration 2.5 miles 
upstream to where it branched with Running Valley creek and finally to the 
southern edge of the Enron Oil & Gas (EOG) mine, taking photographs 
of the turbid water from public roads.  One or more settling ponds in the 
mine had obviously been breached so that the glauconitic clay suspended 
in the pond water or stored in the mine’s spoil piles had been released into 
the streams. Since this now-idle sand mine had no onsite washing plant, 
its raw sand was trucked 16 miles to a washing and drying facility near 
a railhead where the saleable sand was loaded into railcars.  Then, 30% 
of the raw sand comprising clay and other waste products was trucked 
back to the mine spoil piles, where it still contributes to the stormwater 
sediment runoff.

Both creeks near the mine are Class II trout streams.  Both ran creamy 
for more than two weeks.  This caused a lot of concern for the health 
of the trout habitat there and for the general fisheries downstream in 
the Red Cedar River and Tainter Lake.  The people who have regularly 
monitored the two trout streams for years for temperature, turbidity, rate 
of flow, macroinvertebrates, and oxygen content  monitored them again 
soon after the spill event.  They found that at the Running Valley site the 
stream bottom was definitely higher than before, and walking in it was like 
walking in billowy powder.  The new material was sticky clay that covered 
the native sand/gravel streambed, where trout need to nestle their eggs.  
The Wisconsin DNR said that Running Valley Creek had been tested 
for Total Suspended Solids after the spill and the TSS count exceeded 
1200 milligrams per liter (mg/L).  The permissible level is 40 mg/L.   Such 
turbidity seems not to have bothered the Wisconsin DNR:  No citations 
were issued. The WDNR representative said nothing illegal had occurred.

On July 6th, 2015 another large storm occurred in the same area.  Again 
the two creeks ran cream colored.  Although the North branch of Running 
Valley Creek was colored brown by farm field erosion, it cleared up one 
day later.  The East branch flowing from the EOG mine remained creamy 
for several more days.  The WDNR stormwater regulator dismissed the 
possibility of the mine having turbid runoff because mine personnel had 
given him a tour the day following the event, showing him that a settling 
pond overflow riser had been balloon plugged so that “no water could 
escape,” despite there also being several other ponds scattered around 

the mine property.  He concluded that farm field erosion was entirely at 
fault, though no row-crop fields open to erosion existed anywhere along 
the East branch of Running Valley Creek, he had interviewed no farmers, 
and he had not contacted the citizen stream monitors.   At least Enron 
Oil & Gas took the matter seriously: a huge new settling pond structure 
was built in 2015.  It was designed for a 500 year storm event.  County 
regulations require a 100 year rainfall design while the DNR requirement 
is for a laughable 10 year event.  It should be noted that 100 year (+) rainfall 
events have happened here several times in the past five years.

On September 21st, 2016 it happened yet again:  5.5 inches of rain fell in 
approximately two hours during the night.  By noon we were visiting the 
place where the North and East branches of Running Valley Creek merge, 
taking photographs of the confluence from a nearby road (see photo).  The 
giant new settling pond had done its job; the East branch was running 
clear.  This time the North branch was cream colored.  The northwestern 
corner of the mine contains a surface water pond and a number of raw 
sand stockpiles. While it would have required trespassing to photograph 
this area of the mine, aerial photos and a flyover suggested that a breach 
had allowed clay-laden water to escape west into the North branch of 
Running Valley Creek. 

This mine is a classic example of how problematic frac sand mining is.  
Even though EOG attempts to be a good operator, when 250 acres of steep 
terrain are totally eviscerated, it’s no surprise that bad things can and do 
happen with surface runoff and hydrodynamics. Stream-cooling seeps and 
springs disappear, and such an expanse of denuded sand strata opens a 
“Pandora’s box” of possible water problems.  For instance, when aquitards 
are destroyed, percolation rates accelerate. When nature’s filtering 
layers are removed or processed such that they’re exposed to oxygen, 
acidification and leaching can occur. It would be hard to find a more 
porous and vulnerable strata than the nice white Wonnewoc formation 
which is being laid bare in a hundred sand mines.  The groundwater 
aquifer lies right below the Wonnewoc, endangering people’s well water.

And then there’s the problem of mine reclamation.  The mines have 
been idle for a long time now.  Little supervision of them is happening.  
Almost no reclamation has been completed.  Will they ever be reclaimed 
and by whom?  The rains won’t stop.
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Hydraulic Fracturing and the Rebirth 
of Citizen Water Monitoring in the U.S

Community-based water moni-
toring in the United States can be 
traced as far back as the 1920s, but 
coordinated efforts addressing 
water pollution first emerged in 
the 1960s. In the wake of the envi-
ronmental movement, numerous 
water protection groups began 
forming across the country, 
with one of the most prominent 
examples being the Izaak Walton 
League of America’s Save Our 
Streams program. With the 
passing of the Clean Water 
Act in 1972, states were man-
dated to assess the health of their 
watersheds but lacked the basic 
infrastructure to comply with 
federal reporting requirements. 
As states sought ways to moni-
tor vast regions of unclassified 
watersheds – particularly those 
with known impacts from legacy 
industries, such as coal mining 
– funding and logistical support 
for volunteer water monitoring 
increased substantially through-
out the 1980s and 1990s.

Despite these gains, communi-
ty-based water monitoring pro-
grams have historically struggled 

in retaining long-term resources 
and in establishing legitimacy 
amongst professional watershed 
scientists. A 2004 national study 
found that, despite enthusiasm 
for volunteer monitoring, few 
states actually used volunteer-col-
lected data in their management 
programs. Furthermore, funding 
for community-based monitor-
ing has been in steady decline 
since the 2000s due to shrinking 
budgets within government agen-
cies. However, recent threats to 
watershed health from industries 
such as hydraulic fracturing have 
rejuvenated the community-
based water monitoring move-
ment. Capacity building organi-
zations, non-profit foundations, 
and local governments are again 
turning to volunteers to gather 
data in threatened watersheds. 
New protocols, technologies, and 
approaches to data sharing are 
also emerging. 

By Kirk Jalbert, Manager of Community-Based Research  
& Engagement, FracTracker Alliance

The Riffle: DIY and Open Source

Design Philosophy 

The Riffle is a design for an open 
source hardware water monitor. 
While water monitors are put to 
many uses, the Riffle project has 
focused on monitoring indicators 
of pollution to identify changing 
water conditions.  Temperature, 
Conductivity, Depth, and Tur-
bidity indicate changes in water 
flow and content rather than 
specific pollutants, providing the 
baseline information needed to 
pinpoint sources of pollution.

Motivation

The initial concept for the 
Riffle came out of conversations 
with Mark Green, a Professor of 
Hydrology at Plymouth State, and 
Don Blair, a Public Lab Fellow, 
about 1) the current technologies 
used for water monitoring and 
2) an assessment of existing field 
temperature loggers by forest 
ecologist Chris Fastie. Mark iden-
tified several challenges presented 
by existing commercial designs:

Proprietary data formats: Data 
can only be decoded by a manu-
facturer’s proprietary software.  

Proprietary software suites: 
Hardware is locked to software 
and platforms supported by the 
manufacturer. Software can be 
discontinued, or new versions 
must be purchased to keep using 
hardware.

Proprietary hardware: Special 
hardware interfaces are required 
to load data off of devices.  
Devices are not extensible with 
new sensors, and sensor designs 
are not documented.

Single-use devices: Chris Fastie 
identified that many long-term 
systems lack the ability to log 
multiple sensor measurements at 

the same time and may even have 
non-replaceable batteries, making 
them essentially disposable.

Goals

As a result, we decided to begin 
a project to develop an “open 
hardware water monitor” useful 
for some common water monitor-
ing applications.  We sought to 
make something which would 
have the following characteristics:

Open and accessible data formats: 
Data is recorded in a common 
data format, such as Comma 
Separated Value (CSV), using 
accessible data storage media such 
as SD cards.

Rich software ecosystem: Build 
on platforms with modular, 
open source software, so that the 
platform does not require much 
software expertise to extend.

Open Sensor designs: Sensors 
should be built around analog 
electronics and accessible ma-
terials, so that sensing projects 
are not dependent on a single 
manufacturer.

Accessible materials: The water-
proof enclosure and other parts 
should be broadly available and 
repairable locally.

Low power: Capable of monitor-
ing at a remote locations for many 
days —weeks, at least — on a 
rechargeable or interchangeable 
battery.

Mathew Lippincott & Don Blair

Lee Boland is a Master’s level Civil Engineer, 
registered as a Professional Engineer for 52 
years.  He and his wife Katherine Stahl live on 
360 acres of woodland across the fence from 
a proposed 1310 acre mine.

Eighteen Mile Creek laden with sediment from sand mine runoff, flowing into Red Cedar River in Colfax, WI. Photo Credit: Lee Boland

For more information visit: 
https://www.fractracker.org/
projects/water-monitor/

A volunteer monitors water at a leachate treatment plant outflow 
pipe in New York State.

agricultural runoff. There are 
only a few leverage points, 
mainly hinging on economic 
incentivization, for controlling 
nonpoint source pollution.

Most major industrial 
and municipal wastewaters 
are regulated with permits 
administered by the state, 
which set distinct chemical and 
physical water quality parameters 
for discharge (e.g. pH 6.5-9.0). 
Some permits are general and 
incorporate entire categories of 
sources, while individual permits 
take specific situations into 
consideration. Individual permits 
are open to public comment 

before they are finalized but 
can be quite difficult to modify 
once they are set. Permittees 
are usually responsible for 
monitoring and reporting their 
discharge water chemistry to 
demonstrate compliance with 
their NPDES permit. 

Most sources that discharge 
stormwater, such as construction 
sites or a city’s stormwater system, 
are subject to general permits 
that set expectations of best 
management practices “to the 
maximum extent practicable.” 
These include aspects like 
public education but do not set 

discharge water quality criteria. 

If, however, the receiving water 
doesn’t meet federal water quality 
recommendations, then each 
source contributing to it may be 
subject to a waste load allocation 
(WLA) goal. Note that there is 
no enforcement authority for 
nonpoint source WLAs. Water 
Quality Trading is a way to 
economically incentivize nonpoint 
sources to use better conservation 
practices, and are developed and 
administered on a local level. 

The National Pollutant 
Discharge Elimination System 
(NPDES) was established to 
protect natural waters by ensuring 
that direct discharges to water 
bodies meet certain criteria. 
NPDES permits apply to point 
sources of pollution, such as 
effluent from a wastewater 
treatment plant or storm drainage 
piped into a stream, but since 
1987 do not apply to “nonpoint” 
sources of pollution such as 

Pollutant 
Discharge Permits
Gretchen Gehrke

Fastie’s Riffle in a Nalgene bottle measuring temperature and humidity.

For more information visit:  
www.publiclab.org/npdes
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of Frac Sand Mine 
Surface Water Spills

From town, we followed the Eighteen Mile Creek discoloration 2.5 miles 
upstream to where it branched with Running Valley creek and finally to the 
southern edge of the Enron Oil & Gas (EOG) mine, taking photographs of the 
turbid water from public roads. One or more settling ponds in the mine had 
obviously been breached...” By Lee Boland

Photo: North and East Branches of Running Valley Stream, demonstrating turbid water from a sand mine stormwater breach 
along the North Branch. Credit: Lee Boland

Using our new Q&A system on PublicLab.org/
questions, we’ve started to explore and test 
ways to use timelapse or “game cameras” to 
monitor possible pollution sites. There’s been 
interest in monitoring blasting at a mine site, 
monitoring a sand mining operation, and 
detecting runoff events in streams and rivers: 
https://publiclab.org/wiki/photo-monitoring

Questions include:
• What are the limits to using trail 

cameras on State Park land?
• Can we use a timelapse or video camera 

to monitor particulate air plumes?
• What’s the best way to archive/

store a timelapse video?
• Has anyone used a timelapse 

camera in stream monitoring?

Also, if you’re interested in water quality, you 
can catch up on a lot of recent work at:
https://publiclab.org/tag/water

WHAT 
HAPPENS 
WHEN 
WE USE 
TIMELAPSE 
TO MONITOR 
BLASTING AT 
MINE SITES?
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Read more about the Riffle at 
[Publiclab.org/wiki/Riffle]

City of Durham Stormwater Services staff member in a drainage ditch.
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Water
The Riffle

and the Rebirth of DIY Community Water Monitoring

Frac Sand Stormwater Runoff

For more information on this topic visit https://publiclab.org/wiki/open-water
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The Public Lab

A 
Sensor 

Journalist’s 
Story

My dad and I love to go hiking, particularly around 
bodies of water like lakes, rivers and streams. He 
always says how calming the water is for him, even to 
watch it rushing through slats of a wooden bridge.

Seeing beautiful natural water has always been a 
source of peace for me, too, especially during the 
changing of seasons. It always rushes by, even when 
leaves fall off the trees and birds fly south.
 
Water’s everlasting presence attracted me to study 
it, but I didn’t quite know how to approach it with my 
journalism degree. Luckily, Emily Corio, an assistant 
professor at West Virginia University Reed College 
of Media, mentioned she was teaching a class 
called “Stream Lab” and that we’d be monitoring 
water. I jumped right into the class. Don Blair, John 
Keefe of WNYC, and other Public Labbers created 
“Riffles” (Remote Independent Field-Friendly Logger 
Electronics) that our class used to monitor conductivity 
and temperature of the Monongahela River.
 
At first, when Keefe and Blair came bearing gifts of 
bundles of wires and circuit boards, I became slightly 
overwhelmed because my childhood was mostly spent 
learning about the outdoor realm, not the computer 
world. But then I thought back to why I was doing this, 
to the world’s life source that gave me peace. I took a 
deep breath, shook all the negativity out of my head, 
and took a step into the unknown.
 
Keefe and Blair were excellent teachers, patiently 
explaining how it all worked, and even how it might 
not work. Keefe isn’t an engineer either, which gave 
me more hope to better understanding and testing 
these systems.

Riffles are arduino-based dataloggers, modified to 
better fit in Gatorade bottles, and we added cell 
modems that live-texted results to a website. Because 
of their low cost and simplicity, this is an easy way 
to collect crowdsourced data, which is a unique way 
to monitor a stream’s quality, compared to sparse 
traditional stationary monitoring stations. This project 
shed a brand new light for me on monitoring our 
water systems.

The Public Laboratory for Open Technology and Science is a 501(c)3 nonprofit 
organization which supports a growing community in developing and applying 
open-source tools for environmental exploration and investigation. By 
democratizing inexpensive and accessible “Do-It-Yourself” techniques, Public 
Laboratory creates a collaborative network of practitioners who actively re-
imagine the human relationship with the environment. 
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