Seeing is believing.

Anyone can see this. We see this.

From wide-area to pinpoint detection of Cyanobacteria, E. Coli,
Phosphorus, Chl-a, septic leakage and more.

Anywhere on the face of the earth.

Blue Water Satellite, Inc.
E VATATT T (419) 728-0060
BLUE WAT l“R www.BlueWaterSatellite.com
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What we do

You canot fix it wuntil Dgteclingtkenegaat logatioastadddevelg of@ongminamts h i t
and toxins i and the materials they feed on T is what we do at Blue Water Satellite.
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What we do (continued)

We show you whatos

Maumee Bay, July 5, 2010
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How we do it

The Technology

Blue Water Satellite, Inc, uses data from USGS
Landsat 5 & 7 satellites, then processes the data

through algorithms developed by Dr. Robert Vincent,
Professor of Geology, Bowling Green State University,
and licensed exclusively to Blue Water Satellite, Inc.

The system received a utility patent from the U.S.
Patent & Trademark Office in November, 2006.

Band 1 Band 2 Band 7

Ratios of reflected light intensity is “fingerprint” for the constituent

Advantages of Blue Watero v e r

The currently dominant water quality monitoring
practice is to send out teams of people who dip

bottles into the body of water, then take the samples

to a laboratory for testing. The problem with this
process is not knowing if that liter of water drawn is

representative of the entire body of water. Or i f i
even representative of the quality of the water just a

few hundred feet away.

Water is always moving, and relying on the
Agrsasdoampl ed method i s pa
monitoring for contaminants such as deadly

Diagram of the Landsat 7 Satellite

The algorithms are based not only on reflective values, but
on the ratios between the bands of light (peer reviewed
and correlation study-proven i see reports in last section
of this booklet). It is those ratios that determine the precise
composition i the fingerprint i of contaminants and their
locations and concentrations in open bodies of water and
surface soils.

AGrab Samplingo and |

Draw a sample here
and it's “all swim”.

rti

Draw a sample here
and it’s “don’t even

E. coli, which travels through waterways in colonies i come into contact

a bit like a swarm of gnats in your back yard.

with the water.”
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The Blue Water Satellite system provides more thorough coverage at far less expense than grab-sampling and
aerial (aircraft) remote sensing.

Capabilities

Blue Water Satellite, Inc., is the first company in the world to develop a system which detects the presence,

location and concentration levels of E. coli, Cyanobacteria, Chl-a, total vegetation, Phosphorus, septic leakage

and oil, using data from USGS Landsat satellites. All of these contaminants are detected in bodies of water.
Phosphorus is detected in surface soils. BWSI wide-area images cover regions exceeding 100 miles in width

and height. -iuwr diezcadmedrovi des precise data fsguare.ar e a
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Looking Back in Time

Finding out you have a problem is one thing. Finding out when it began helps you find the
cause, and the solution.

Blue Water Satellite accesses data from the Landsat satellites as far back as 1982. Like
lawmen using DNA technology to solve crimes committed decades ago, Blue Water Satellite
processes old information through our patented algorithms to determine the history i the when
and where i of contaminant outbreaks with pinpoint precision.

_PC(PPB) | __Color ] PC (PPB) | Color

September, 1994 September,2002 September, 2008

The western basin of Lake Erieis  Few areas of the western basin are Cyanobacteria has overwhelmed
showing very little Cyanobacteria, void of Cyanobacteria. the western basin of Lake Erie.
and what exists is in low ) _
s Higher concentrations are

appearing in some tributaries and
the Maumee Bay
(center of image)

What changed?
What happened in the tributaries feeding the Western Lake Erie basin
between 1994 and 2008?

The answer to that question will lead to the solution.

Blue Water Satellite can scan back weeks, months, years or decades to help you pinpoint the
source of your water problems.
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Looking Anywhere on the Face of the Earth

Where Landsat goes,
Blue Water Satellite goes.

And Landsat 5 & 7 scan
every inch of the globe
every eight days.

Orbital paths of Landsat 5 & 7

This continuous global capability allows Blue Water Satellite to provide data and images from middle
America to central China.

Lake Tai, Eastern China ; Blue Water Satellite view procssed for
Natural view, May 2007 Cyanobacteria
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Correlation Study and Peer Reviews

The following pages contain a correlation study and two peer reviews of the Blue Water Satellite technology.



Harnessing Satellite Technology

Protecting The World’s Water

Total Phosphorus
Water Monitoring
Using Satellite Imagery

A Blue Water Satellite, Inc. White Paper

Contact Blue Water Satellite today to find out more about our Blue Water Satellite, Inc. Phone: 419-728-0060
unique services and reporting methodology. You can depend 440 E. Poe Rd. Suite 203 www.bluewatersatellite.com
on us to help you keep your water safe. Bowling Green, OH 43402 info@bluewatersatellite.com



Total Phosphorus Water Monitoring Using

Satellite Imagery

Introduction

Blue Water Satellite, Inc. (BWSI) has developed methods to detect
concentrations of Total Phosphorus in surface water using our Satellite
imagery and patented algorithms which results in a data screening tool
which makes it possible to evaluate data over entire surface water bodies
in a single snapshot of time. This paper describes the process using
examples from data sets collected and made available for use by BWSI
in the evaluation of our Total Phosphorus Models.

Problem Statement

The ability to capture water quality data sets over the surface
of entire water bodies has been a goal of surface water
professionals for decades. Providing data sets without
considerable data gaps is quite difficult using field sampling
methodology. Characterizing the chemistry of a surface water
body is typically limited by:

» Large surface areas

* Time constraints

# Available manpower

 Access to sample collection points
* Project cost or budget constraints

These limitations typically result in the gathering of grab
samples that are not sufficient to statistically represent the
average chemical characteristics of the entire surface water
area being studied. Consequently, these data gaps may lead to
the compilation of misleading, overly conservative and/or
inadequate evaluations with respect to monitoring and
remedial efforts towards improving water quality. In addition,
scanning the entire water body highlights areas of significant
impact so the user can focus monitoring and remedial efforts at
those locations. In many instances, this results in reducing
costs for monitoring or physical/chemical treatments because

Blue Water Satellite, Inc.

the entire water body does not have to be monitored or
chemicals may not need to be applied to an entire lake. This
focused approach to remediation results in a level of detail not
possible using evaluations from single grab samples. Thus,
there is a need for an efficient and cost effective method for
obtaining the comprehensive data packages offered by Blue
Water Satellite to supplement current monitoring and
modeling programs.

Previous Options

Currently, surface water data can be collected in-situ using field
sampling methods. Data is typically collected by a field
technician who may analyze water samples using field
instruments, portable laboratory kits or through the process of
sending samples into a laboratory. Deciding what method to
use depends upon the goals of specific projects and data quality
requirements. Costs for field sampling will include labor,
equipment, fuel, laboratory and reporting fees. These costs are
typically in the hundreds of dollars (US) per sample. Recent
field sampling estimates obtained by BWSI for the collection of
30 samples at discrete locations on a 11,000-acre lake for
Cyancbacteria, total Phosphorus, Nitrogen, and E. coli

were estimated at $600/data point using standard field
collection techniques.

PAGE 1



Total Phosphorus Water Monitoring Using

Satellite Imagery

BWSI Solution

BWSI developed methods to measure concentrations of total
Phosphorus in surface water bodies using satellite data. The
process includes obtaining satellite images, processing them
using BWSI patented algorithms and producing results.
Archived data allows BWSI to be able to provide data back to
1984. Data for each sample point is presented to the client in
two forms:

» An image file (pdf, jpg, or tif)

» GIS data including the concentration of total
Phosphorus (ppm) and the latitude/longitude
coordinates for each data point.

Benefit 1

BWSI's 5 samples per acre allows for a statistically significant
evaluation of trends in Total Phosphorus Concentration in
water because of the large amount of data points that can be
generated (5,000 samples for a 1,000 acre water body). The
average concentrations are more representative.

Benefit 2
BWSI data can be used to validate models such as TMDL
models to assure model fidelity.

Benefit 3

BWSI images create a costs effective approach to gather
comprehensive data that would not otherwise be available
using traditional sampling methods. Costs range from $0.10 to
$2.00/acre depending upon the total project area.

Blue Water Satellite, Inc.

Benefit 4

AMlows the user to focus time, materials and money on the most
significant sources of pollution (i.e. Why treat the entire water
body when only 20% of it has a problem).

Benefit 5

BWSI processed images provide data covering the entire surface
water bodies. This allows the user to develop a comprehensive
data picture of the entire surface water body.

Benefit 6

BWSI can provide historical data back to 1984. This can
provide a benefit to users who may require data evaluations in
areas where historical data is not currently available.

Implementation

BWSI has compared Total Phosphorus data generated from
processed images of specific water bodies for which
field-collected and laboratory analyzed data were available.
This “correlation exercise” has shown that the BWSI image
data correlates to values generated by laboratory methods,
providing a screening tool to evaluate trends in total Phospho-
rus concentrations over an entire water body.

PAGE 2



Total Phosphorus Water Monitoring Using

Satellite Imagery

GENERAL CORRELATION STRATEGY

Lake Travis, Texas — USA

The Lower Colorado River Authority (LCRA) approached BWSI
in the autumn of 2009 with a request to provide historical data
sets for Total Phosphorus Concentrations (TPC) over the entire
Lake Travis reservoir for different time periods that would be
used in establishing base line water quality concentrations.
BWSI processed a Total Phosphorus Water (TPW) images for
the LCRA at times when the date of satellite overpass was near
the date of field sample data collection. Three data point
sample locations were available from the field data sets

provided by the LCRA that were less likely to have been

Figure 1:

influenced by the surface water currents, wind and near-shore
features; all of which can affect the variability in data comparisons.
It should be emphasized that when comparing field data sets
with BWSI measurements, the field samples must be taken
within 30 minutes of overpass for best correlation. The data sets
for Lake Travis were compared to the Total P concentrations
obtained for those specific sample areas on the BWSI processed
image and the time of sample collection in this exercise was
unknown. The LCRA sample location coordinates were plotted
on a 30m x 30m sample grid based upon the pixel data

taken from the BWSI processed image. The data Table 1 is
presented below.

Total Phosphorus Water (TPW)

Lake Travis, Austin Texas

¢ L] ' £y
¢ T )
3 5

" ’ J

Approximate:Scale "+ !

3 . LCRA Site: 0035
123180 ~

August 4, 2009

Value (PP Color
0000
0015
0028

0041
5005

LCRA Site: ——

12313

=~
~

; ’
$ LA+

ARy A (D
Land Area'=133,036%res
Natural Color Image

Blue Water Satellite, Inc.

* LCRA Site:
20070

Total Phosphorus Water Image

PAGE 3



Total Phosphorus Water Monitoring Using

Satellite Imagery

Table 1: Data Comparisan Summary *
Lake Travis - Austin, Texas

Landsat § Overpase August 4, 2008
LCRA Data SetiD 12313
LCRA Sample Point 1D LA
LCRA Reported Value (ppm)

BWS NN Grid - Total P (ppem)

30m
NN =Nearest Neighbar

12316 20070

=l

{8 = Approwemate lacation of LCAA Sample Point, Coordinates provided by LCRA
¥ = BWS can nat garuntee the accuracy of reswhts reported by the LERA

Correlation Table LRCA Data Blue Water Corresponding Pixel
Phosphorus 0.028 ppm 0.024 ppm
Phosphorus 0.073 ppm 0.078 ppm
Phosphorus 0.018 ppm 0.017 ppm

The corresponding pixel values for the Lake Travis exercise correlate well when taking into account the variables that
can effect data correlation as presented above. The arrows in Table 1 show the likely corresponding pixel containing
the data captured during time of satellite overpass. The sample location coordinates, when compared to the pixel
grid generated by BWSI, contain values that are within the 0.005 ppm predicted error of the BWSI data.

DATA CORRELATION WITHIN 24, 1 & 0.5
HOURS OF SATELLITE OVERPASS

Lake Washington, Lake Champlain, South
Lake — USA & Canada

Correlation Within 24 Hours of Overpass

Lake Washington is located in the State of Washington east of
Seattle. The surface area of Lake Washington is over 21,000-
acres and has an average depth of approximately 108-feet. In
comparison, Lake Champlain and associated South Lake,
which extends across New York, Vermont (USA) and Quebec
(Canada) has a surface water area of over 280,000-acres. Data
points for Total Phosphorus concentrations on these 3 lakes are

Blue Water Satellite, Inc.

generated and made available in a data base. BWSI obtained
data sets for Total Phosphorus collected during different dates
and times. Several data points from locations on these akes
which BWSI determined would be less likely to have any
negative interference from surface water currents, wind or
structures were selected (data points believed to be located at
the end of docks or along the shore were eliminated from the
data set) for correlation with processed images. BWSI then
processed the images for the same date of data collection for all
the selected data points. An example of a BWSI processed
image for Lake Washington is presented in Figure 1.
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Total Phosphorus Water Monitoring Using
Satellite Imagery

Figure 1: BWSI Total Phosphorus Processed Image Example, Lake Washington

Lake Washington Total Phosphoraus 09/02/2003 Zoom of Single Station 09/02/2003
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BWSI calculated the average concentration
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0.075

These data points, all measured within
24-hours of overpass were then analyzed 0.050
using regression analysis. Both the RZ and
R2 adjusted values are shown above. For
this evaluation, the RZ adjusted value was
reported to be 0.59, which indicates there
is a good degree of correlation despite the
fact that BWSI had no control over the field
data collection methods or accuracy of the
field results. This analysis can show that using the BWSI processed images for Phosphorus screening is certainly
a data collection option for both historical and future monitoring efforts. The next evaluation shows how the data
correlation improves when the time of field sample collection and satellite overpass are closer together.
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Total Phosphorus Water Monitoring Using

Satellite Imagery

CORRELATION WITHIN 1 AND 0.5 HOURS
OF OVERPASS

This evaluation allowed BWSI to correlate processed data with
field data gathered when the time of sample collection was
recorded. Available data from surface water bodies referenced
above was used where the following information was reported:
e Total Phosphorus Concentrations (ppm)

e  Time of sample collection

e Coordinates of sample location on the water body

Even though BWSI is evaluating data collected by other
organizations and the exact collections methods are unknown,
a good indication of how the BWSI data can predict the average
concentrations in a given location in a lake is to use those data
points that have a collection time recorded close to the time of
satellite overpass. The data variability should decrease when
the difference between the field collection time and time of
satellite overpass decreases.

This relationship is demonstrated in the following evaluation.
Using data points from the same three lakes referenced above, a
total of 28 data points were available for which the samples
were reportedly collected within 1.0 hours of overpass and 14
data points had reportedly been collected within 0.5 hours of
the recorded satellite overpass time from the BWSI processed
images. The range in Total Phosphorus Concentrations for the
field data was 0.007 ppm to 0.107 ppm.

BWSI had processed Total Phosphorus Water images for the
three lakes referenced above for the dates on which the
corresponding field data was collected. The BWSI processed
data was averaged for each of the 9x9 pixel grids where each
corresponding data location was centered. Therefore, the BWSI
concentration from the processed image represented an area of
90m x 90m. An example of the processed image for Lake
Champlain is shown below in Figure 3.

Figure 3. Lake Champlain-USA. Natural Color Image (Left), BWSI Total Phosphorus Water Processed Image (Right).

Blue Water Satellite, Inc.

Lake Champlain Total Phosphorous on 09/10/2003
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The data was evaluated for correlation using the RZ and RZ adjusted trend evaluation for the two data sets. The
graphs below show the R? adjusted values for the data sets collected within 1.0 hours of satellite overpass and

within 0.5 hours of overpass were 0.72 and 0.85.

Regression Analysis
Data Collected Within 1 Hour Of Overpass

Regression Analysis
Data Collected Within 0.5 Hour Of Overpass
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The RZ analysis shows the relationship between the data variability and the time difference between the field data
collection and processed image time. This evaluation was able to show that:
* When comparing data for correlation with BWSI processed images, the difference between data collection
times and time of satellite overpass has a significant effect on the variability of results and;
« When the difference between data collection times and time of satellite overpass is reduced, the

RZ increases.

Summary

Based upon the needs to obtain historical data and establish a
base line for Total Phosphorus Concentrations in surface water,
BWSI is able to offer an affordable and practical approach to
the evaluation of the surface water quality for entire water
bodies. This white paper has shown that there is a correlation
in the Total Phosphorus Data produced by others and the
measured concentrations for the Blue Water Satellite processed
images. More importantly, we can show with a reasonable
degree of certainty, that this technology can be used for an
effective screening tool for evaluating concentrations of total
Phosphorus in a water body.

Blue Water Satellite, Inc.

Specifications

Based upon field correlation exercises conducted by BWSI
Phosphorous Image Resolution: 30m x 30m per pixel.
Phosphorus measurement range: 0.009 ppm 0.100 ppm.
Phosphorous measurement accuracy: + 0.005 ppm as

measured from correlation projects ranging from 0.009 to
0.033 ppm data ranges.

Additional information may be available upon

request. Please contact your nearest regional
representative. Contact listings are available by calling
(419)-728-0060 or obtaining them on the website
www.bluewatersatellite.com.
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