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Project Objectives

• Work with EPA and Sandia and water utility to set 
up a prototype real-time water-monitoring system

• Select water-quality sensors based on:
– Results from USEPA controlled experiments
– Results of USGS field testing

• Select up to 15 sites based on distribution-system 
models

• Install sensors, monitor water quality for up to 12 
months

• Evaluate the variability of water-quality data in the 
distribution system



Objectives of Presentation
• Briefly report progress of USEPA/NHSRC for:

– Threat Evaluation Vulnerability Assessment (TEVA)
– Testing and Evaluation (T&E) Center pipe loop-

experiments
– DOD Edgewood Chemical Biological Center (ECBC) 

Biological Safety Level 3 (BSL-3) pipe-loop experiments
• Briefly report progress on USGS/USEPA National 

Homeland Security Research Center (NHSRC) 
project to support the implementation and testing 
of an early warning system (EWS)

• Preliminary evaluation of the variability of data 
from 11 real-time sensors placed in one 
distribution system



USGS/USEPA study here



Results of USEPA T&E Center Pipe-Loop Experiments

Report is in review—hopefully 
available soon





Selected Results of USEPA 
T&E Facility Pipe-Loop 

Experiments



Summary of Results of USEPA T&E Pipe-Loop Experiments

•No one sensor responds to all compounds

• A combination of sensors responds to a 
wide variety of compounds

•Several parameters are useful: 
conductance, TOC, total/free chlorine, 
chloride, ORP

•TOC had greater sensitivity & specificity 
than chlorine for organic compounds but at 
a greater cost

• DO, pH, T, ammonia, & nitrate tend to 
show no response, false positives, or little 
specificity

•Calibration of sensors ranged from weekly 
to monthly

•Additional costs for maintenance



Selected Results of 
USEPA/ECBC Pipe-Loop 

Experiments



USGS/USEPA 
NHSRC

Field Testing



Quality Assurance Project Plan

• Detailed QAPP
• Followed USGS 

protocols 
• Data stored in 

USGS NWIS data 
base

• Also stored in 
water utility 
SCADA



Typical site 
installation

• Sensor locations: based on distribution-system model
• YSI multi-probe: temperature, pH, specific conductance, 

oxidation-reduction potential, free chlorine (new)
• Must have drain, protection, access
• Additional sensors at one site

– Total organic and inorganic carbon analyzer (General Electric)
– UV-VIS spectrophotometer can (S::can Co.)





Selected information of sampling sites

Source Travel time Elevated

percent Age of Water storage Sensors

SW/GW (Days) (Y/N) Begin End

Source water 03/01/04 onoing

1 SW1 River 01/24/04 12/21/05

Distribution system sites

1 S1 No wells 100/0 0.5 N 03/13/04 ongoing

2 S2 Backup wells 90/10 1 to 3 N 07/13/05 ongoing

3 S3 Backup wells 95/5 0.8 to 1.2 N 07/13/05 ogoing

4 G1 S 0/100 0.4 to 1.4 N 07/11/05 ongoing

5 G2 C 0/100 0.1 to 0.8 Y 03/03/06 ongoing

6 G3 C 0/100 0.01 to 1 N 03/03/06 ongoing

7 G4 C 0/100 0.01 to 0.5 N 03/03/06 ongoing

8 G5 C 0/100 0.01 to 0.1 N 03/03/06 ongoing

9 M1 S 50/50 1 to 2 N 07/01/04 03/01/06

10 M2 C 20/80 1 to 2.5 N 03/15/06 ongoing

11 M3 S 20/80 0.01 to 0.5 Y 03/02/06 ongoing

Station Map identifier

Confinement 
Confined (C) or 
Semi-confined 

(S)



Analysis of Water-Quality Variability

– Spatially
• Age of water
• Distance between monitoring sites
• Type of water (SW, GW, mixed)

– Temporally
• 15-minute intervals (or more frequent if 

needed)
• Hourly
• Daily
• Weekly
• Monthly
• Seasonally
• Annually



TEMPERATURE

• Greater variability in surface-water 
sites than ground-water sites

• Variability in suface-water sites 
reflects source water from river 
and seasonal trends

• Some variability between ground-
water sites because of well depth
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pH

• Greater variability in surface-water 
sites than ground-water sites

• Variability in surface-water sites 
reflects source water from river

• Some variability between ground-
water sites
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Specific conductance

• Greater variability in surface-water 
sites than ground-water sites

• Variability in surface-water sites 
reflects source water from river

• Some variability between ground-
water sites
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Specific conductance—1 month

Source-water intake is in tidal part of river 
and tidal effect is propagated through the 
distribution system



CHANGE IN SPECIFIC CONDUCTANCE



Oxidation/Reduction Potential

• Greater variability in surface-water 
sites than ground-water sites

• Variability in surface-water sites 
reflects blending of SW and GW 
sources in fall of 2005

• Some variability between ground-
water sites 

• ORP strongly related to chlorine 
residual
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Chlorine residual

• Greater variability in surface-water 
sites than ground-water sites

• Variability in surface-water sites 
more difficult to control

• Some variability between ground-
water sites
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SPECIFIC CONDUCTANCE (uS/cm): DISTRIBUTION OF 
DIFFERENCES BETWEEN MEASUREMENTS AND MOVING 

AVERAGES OVER 3 TIME INTERVALS

DISTRIBUTION SITE 3
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OXIDATION-REDUCTION POTENTIAL (ORP, mV): DISTRIBUTION 
OF DIFFERENCES BETWEEN MEASUREMENTS AND MOVING 

AVERAGES OVER 3 TIME INTERVALS
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Project Summary
• USEPA/NHSRC is using the TEVA program to 

design an effective and reliable warning 
system for distributions systems

• Some sensors are showing promise in the 
laboratory

• Field experiments are ongoing with some 
useful results

• Must include costs for operation and 
maintenance in overall cost estimates of EWS

• Need backup sensors in case of failures 



Summary of Field Results to 
Date

• Variability in sensor (T, pH, SC, ORP, and Cl) 
responses at distribution sites was:
– greater at surface-water sites than at ground-

water sites
– similar between surface water intake at River and 

surface-water distribution sites

• Need to evaluating variability over different 
time intervals
– Seasonal, daily, hourly, N-1

• One size doesn’t fit all



Future plans
• Continue monitoring—nine more months if 

funding comes through
• Move sensors around to other locations

– Before and after elevated storage sites
– To end of pipes at deliveries to a firehouse or 

police station
• Add sensors if we can identify partners
• Final report—Open file data report
• Work with USEPA and Sandia Labs on 

interpreting the variability of data and 
development of early warning response 
algorithms



End of show
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Explanation of the Density Diagram

A “smoothed histogram”, showing  the 
shape of a data set.

X axis: The difference between each measurement (e.g., 
conductance) and the mean of measured values (moving 
average) within a time increment (15 minutes, 4 hours or 
24 hours).

Y axis: Density, or relative frequency of occurrence, of a 
range of X values

Evaluating density diagrams: Relative magnitudes of 
density values (not the actual values) are most 
informative for understanding the shape of the data.



Trends observed: Most carbon is organic, concentration is 
within a narrow range (800-1600 ppb), some outliers are 
present
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