
Monitoring the Natural Gas Industry
Using Trained Volunteer Monitors



Many potential impacts…how to monitor and 
prioritize

• Groundwater/well 
monitoring

• Housekeeping and 
erosion & sediment 
issues - monitoring of 
well pad construction, 
proper disposal, truck 
traffic, air pollution

• Water withdrawal 
monitoring

• Stream monitoring



Common Frack Fluid Additives
• (GPC and ALL (2009), Arthur et al (2008)

• Additive

• Common chemicals

• Diluted Acid

• Hydrochloric acid, muriatic acid

• biocide

• Glutaraldehyde

• Breaker

• Ammonium persulfate, sodium chloride

• Corrosion inhibitor

• N,n-dimethyl formamide

• Crosslinker

• Borate saltes

• Friction reducer

• polyacrylamide, mineral oil, petroleum 
distillate

• Gel

Courtesy of Dr. Tom Meyers Technical Draft 
Memo

• Guar gum, hydroxyethy cellulose
• Iron control 
• citric acid
• Carrier fluid
• Potassium chloride (KCl)
• Oxygen scavenger
• ammonium bisulfite
• ph adjustment
• sodium or potassium carbonate 

(NaCO4 or KCO4)
• Proppant
• sand
• Scale inhibitor
• ethylene glycol
• Surfactant
• Isopropanol





The Lackawaxen River Watershed and 
Upper Delaware River…the source for 

15 million people’s drinking water



Monitoring Needs  

• Groundwater 
monitoring

• Housekeeping and 
erosion & sediment 
issues - monitoring of 
well pad construction 
& proper disposal

• Stream monitoring

1. What is 

already 

known?

2. Why are you 

monitoring?

3. How will you 

use the data?

4. What will 

you monitor?

5. How will you 

monitor?
6. Where will 

you monitor?

7. When will 

you monitor?

8. What are your 

QA/QC measures?

9. How will you 

manage & 

present the data?

10. Who will 

complete the tasks?

Working through the Monitoring Study Design Process



Riverkeeper Monitoring Goals

• Train citizen monitors to watch-dog the industry

• Collect baseline data in smaller trib streams to 
detect potential impacts and contamination to 
due to proposed natural gas development

• Use data to alert enforcement agencies, the press 
and the public of pollution problems from the 
industry

• Ensure documentation to indicate any decline of 
special protection watersheds where hydro-
fracturing is planned – baseline important



Monitoring Parameters Selected

Primary Parameters

• Total Dissolved Solids (ppm)

• Salinity (ppt)

• Conductivity (µhoms/cm)

• Macroinvertebrates 
(partnership w/agencies)

• Chloride

• Temperature

• Sulfates

• Equinunk Creek, Summer 2009 



Conductivity and Total Dissolved Solids

There are a wide variety of inorganic substances 
or dissolved solids in water. 

Common dissolved substances are sodium, 
chloride, sulfates, calcium, bicarbonate, 
nitrates, phosphates, iron, and magnesium. 

These inorganic ions can conduct an electric 
current (conductivity)
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Compliments of EPA Region 3



Tracheal Gills –
used in respiration 
and ion regulation

Concentrated 
Hemolymph
(insect blood)

Urine and 
Frass --

active H2O and 
salt loss

Eating and 
Drinking -- active 

H2O and salt intake

passive H20 
intake

passive 
salt loss

Dilute 
Freshwater

Courtesy WVDEP
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Keeping the amount of water and 
dissolved solids in balance



Heptageniidae
Epeorus

Heptageniidae
Heptagenia

Ephemerellidae

E. Fleek, NC DWQ

Mayflies represent ~25-50% of Abundance; ~1/3rd biodiversity
In natural, undegraded Appalachian streams

http://www.benthos.org/imagelibrary/showimage.cfm?File_name=macro015&File_type=jpg
http://www.benthos.org/imagelibrary/showimage.cfm?File_name=macro012&File_type=jpg
http://www.benthos.org/imagelibrary/showimage.cfm?File_name=macro011&File_type=jpg


Empirical Data are Compelling

Even in the absence of 

other stressors (pH, 

organic enrichment, 

habitat quality, metals) 

TDS/conductivity 

significantly explains 

impairment of aquatic 

life use (especially in 

mayflies)

Courtesy of EPA

Upper Delaware River



SPW Waters (2000-2004 dataset)
TDS readings (ppm)

• N= 1028 samples on 
main stem and 15 trib
streams

• MINIMUM 10 

• MAXIMUM 618 

• MEDIAN 160

• AVERAGE 183 

• DRBC dataset
Secondary drinking water standard – 500 ppm



• The McKeesport Sewage Treatment Plant, 
one of nine plants on the Monongahela River 
that has treated wastewater from Marcellus 
Shale drilling operations. (Joaquin 
Sapien/ProPublica)

• Drilling wastewater contains 
so much TDS that it can be 
five times as salty [8] as sea 
water. (sea water ~ 30,000 –
40,000 ppm TDS)

• 2013 – projected 
completion of first plant --
And at its peak that plant 
would be able to treat only 
400,000 gallons of 
wastewater a day [14]. The 
DEP would need 50 plants 
that size to process all the 
wastewater expected by 
2011.

Compliments of ProPublica

http://s3.amazonaws.com/propublica/assets/monongahela/MarcellusShaleWaterManagementChallenges 11.08.pdf
http://s3.amazonaws.com/propublica/assets/monongahela/TerraAqua Draft Permit - FACT SHEETS.pdf
http://s3.amazonaws.com/propublica/assets/monongahela/TerraAqua Draft Permit - FACT SHEETS.pdf


How will we monitor?



Lamotte TRACER 
(1749)

$85.00

Conductivity, TDS, 
salinity, temperature

Waterproof and 
replaceable probes

TDS RANGE – 0-9,990 ppm

SALINITY RANGE – 0-9,990 ppm

CONDUCTIVITY RANGE - 0-1999µs

Accuracy - +/- 2%



Chloride test kits

HACH kits – Model 8-P Cat No. 
1440-01 – 100 tests at $41.69 

Lamotte kits – Code 4503 – 50 
tests at $41.90 (24.00 refill)

Lab cost: $10/sample

Kit Range – 0-20,000 ppm chloride



Macroinvertebrate Sampling

• Modified Rapid 
bioassessment protocol 
(RBPII)

• PA DEP Method

• Volunteers collect –
agencies help analyze

• Special attention to 
mayfly metrics



Secondary Parameters…if suspect 
readings of TDS occur and baseline

• ALLARM recommends barium, 
strontium, and total alpha (an 
indicator of the presence of 
radioactive materials) as 
robust     signature chemicals.

• Oil & Grease (SM1664 AGM) -
$50/sample

• Iron, manganese - $15/sample
• Detergents - $25/sample
• Benzene & Toluene 

($200/sample)
• Assistance from Wilkes 

University



Electronic meters…automatic data 
loggers—potential future option?

pH, dissolved oxygen, 
temperature, and 
conductivity

Screw on DO caps for easy 
changing
$1,475.00

YSI 85, YSI 650







Sampling Locations

• Smaller headwater 
tributaries a focus

• Upstream and 
downstream of 
proposed drilling sites

• Near mouth of small 
tributary streams



Step 6:  Where will you monitor?
Consider safety & accessibility, potential water quality impacts, reference 

locations, stream designated uses.







Sampling Frequency

• At least 2 times per 
month or once a month 
(weekly when 
operations begin)

• Supplemented with 
quarterly lab analysis or 
lab analysis if primary 
readings suspect

• Macro sampling – once 
per year (in coop. with 
agencies)



When will we monitor?

• During times of low 
flow main focus

• Periodic storm flow 

• Record precip. and flow 
conditions on 
datasheets and include 
gage information to 
document flow



QA/QC
• Quality Assurance: set of 

operating procedures that 
documents how your 
project will ensure that 
the data collected meets 
your projects 
requirements

• Quality Control: the 
system of technical 
activities whose purpose 
is error control



QA/QC Strengthens Data

• Ensures that your 
results are accurate

• Ensures data users of a 
known data quality

• Allows for different data 
users to use data



Basic Concepts

• Internal checks: samples checked by the 

program

• External checks: samples checked outside your 

program



DRN’s QA/QC Measures

• Initial training of volunteer monitors
• Periodic QA/QC Refresher Trainings 
• Standardized Protocols
• Standardized Datasheets
• Datasheet Review by Monitoring Coordinator
• Data Entry Review for Errors (some built in to excel)
• Standardized Excel Database 
• Supplemental lab analysis
• Replicates performed
• Kit Care and Maintenance Instructions
• Updated reagents



First Natural Gas Monitoring in the 
State by Volunteers

• January 30th 2010 
Training of 25 volunteer 
monitors

• ~30 stations established 
for baseline monitoring

• May 2010 – Stone 
Energy on docket

• Macro sampling this 
spring (~10 locations)



Industry does not own our water…15 million 
people rely on the Delaware River for drinking 
water..stay tuned for Tracy’s Presentation 
coming up….write letters!!! Sign up for e-activist 
at www.delawareriverkeeper.org

To get Involved: 

Faith Zerbe

faith@delawareriverkeeper.org

215-369-1188 ext 110

Tracy Carluccio,

tracy@delawareriverkeeper.org

215-369-1188 ext 104

http://www.delawareriverkeeper.org/
mailto:faith@delawareriverkeeper.org
mailto:tracy@delawareriverkeeper.org

