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1. ABSTRACT

The City of Tucson Water Department presents real -time water quality information on
their web ste for use by the public and the press. City residents use the map-based interface to
zoom in to their neighborhood, view the nearest distribution sampling point and details of its
water quality, or view a summary of the water quality in their neighborhood or the whole city.
The water quality information is updated daily, and results are posted for a dozen analytes the day
after the data is collected.

The intent of the project was to develop an interface that would allow utility personnel
and consumersin the Tucson area to access data of high quality in near-real time. The initial
requirements of the system included the ability to quality-assure data in an automated fashion
using statistical methods, and a map-based interface that could access a database and perform
aggregations and analysis upon request. The system was implemented using a customized ESRI
ArclMS interface for the map-based components. All of the data presentation is accomplished via
Java servlets and applets on an IBM WebSphere Application Server accessing data from an
Oracle database server.

The system was made public in May 2001. It was warmly received by the utility
personnel, the media and the public. The web site has recelved several hundred visits per week.
The web site allows users to answer the following questions based on the most current data
available:

What is my water quality? A detailed map down to the property parcel level lets resdents
find their street and the nearest water sources.

How does my water compare to therest of the city and the country? Each neighborhood is
compared to all others on a color-coded map, and national water quality standards are
detailed.
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Where does my water come from? A static depiction determined by hydraulic models
illustrates the complex process of mixing ground water from wells located throughout the city
with recharged water from the Colorado River aqueduct.

The system is designed to allow users to specify which analyte they wish to investigate
from alist established by the utility. The utility specifiesthe period of record, how the data
should be aggregated and also the data is presented (tabular, graphical or maps).

This paper will discuss the challenges encountered, solutions applied and applicability to
other drinking water utilities.

2. BACKGROUND

The City of Tucson wasthe largest U.S. city to depend entirely on groundwater, until
May 2001, when the city began “blending in” water recharged from the Colorado River aqueduct.
Tucson is one of the fastest-growing metropolitan areas in the U.S., with a population that has
grown by 26% in the last 10 years to 850,000, with a projection to reach one million by 2010 [US
census figures]. Tucson Water services about 640,000 customers for both drinking water and
wastewater.

The fast-growing population drawing water from Tucson’s underground aquifer means
that the aquifer is being depleted, causing a measured subsidence in surface levels of several
inches per decade — Tucson isdowly sinking. The subsidenceis particularly severe in the center
of the city, where many of the groundwater wells are concentrated. The urgency to replace those
wells, and to avoid sinkholes from further subsidence, was the impetusto initiate the aqueduct
project. Simultaneoudy with the aqueduct construction, which was completed in the early 1990s,
new well fields were drilled outside of the center of the city, partially alleviating the problem. The
most important event at the May 2001 switchover was that the central city wellswere NOT
turned on for the summer season, as they had been in past years.

The blending-in of recharged Colorado River water will be phased in over a period of
several years, to allow both the public and the distribution systems to adjust to any potential
changes in the character of the water. The blending of water occursin two ways. Firs, the river
water is poured into leaching fields, and over a period of about two years, filtersinto an
underground aquifer — called “recharging.” That aquifer isthen drawn upon and the resulting
river water is further mixed with local aquifer water in the distribution system to make it closer to
local pH and mineral content — called “blending.” The overall processis known asthe
“ Clearwater” project.

As part of an EMPACT grant from the USEPA, water quality information is provided to
the public from a number of different sources. These include:

Tucson’ swater quality lab presents summaries of its LIMS database on the Water
Department web site, comparing water quality information before and after the blending
began at 400 distribution sampling points and points-of-entry.

Tucson collects “ grab samples’ in the field from several dozen collection points per day, and
the results are presented on the web site the day after the tests are completed.

Tucson Water’ s web site presents summaries of hourly water quality readings from 22
automated sensors, installed under an EPA EMPACT grant on water pipes around the city.
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The data is combined and presented from each of the sources and is presented on a public
web site. This system has hel ped to establish a partnership between the utility and its customers.

3. WEB SITE

The primary goal of the map-based section of the web Site isto answer the questions,
“What is my water quality?’ (in the viewer’s neighborhood) and “ What is Tucson's water
quality?’ (for city-wide comparisons). The map-based sections of the web site are split into two
sections according to those two questions, http://www.ci.tucson.az.us/mw/ (“ mw” for “ my
water”) and http://www.ci.tucson.az.us'cw/ (* cw” for “city water”).

A map-based
method was considered to
answer athird question,
“Where does my water
come from?”’ but the
modeling required istoo
complex to be provided in a
dynamic manner.
Specifically, the source of
each areda’ s water varies
depending on the time of
day, the season of the year
(aswélsare turned on and
off), and past and current
water usage. Had this
guestion been answered
graphically, percentage
terms would have been
used — for example, 20%
came from recharged Colorado River water, 30% came from well A, and 50% came from well B.
We concluded that calculating accurate percentages for each area would be difficult and would
not give most viewers any more accuracy. A more general description of how the distribution
system works and how the multiple sources of water are blended was determined to be more
practical. Thisinformation is provided statically based upon hydraulic models (Figure A), at
http://www.ci .tucson.az.ug/'water/water_resources/clearwater/am i_receiving/am_i_receiving.htm
This section of the web siteis static text and graphics and won't be discussed further here.

3.1. City Water — Map Navigation

In the “city water” section, the viewer isinitially greeted with a schematic map of the
City of Tucson and its surrounding areas to the limits serviced by Tucson Water. The city is
divided into 18 “ Water Quality Zones,” which represent different pressure zones in the
distribution system within the main city system, and eight isolated system zones outside of the
main system. The zones are indicated by the numbers with the yellow glow on the map, and are
referred to as“Zone 1” through “ Zone 18.” Note that the schematic map has gaps between the
zones — those represent areas within the city where residents are serviced by companies other than
Tucson Water or by private wells. The water quality zones — the varying pressure zones — were

Mapping Water Quality Information p.3 Gordon, €. a., January 14, 2002



chosen as the primary metaphor for representing the city’ s water system as they are reasonable

boundaries within the system.

Santa Catalina
Mountains

Figure B

To make navigation readily apparent to
viewers, Tucson's major highways and I nterstates
appear on theinitial screen, aswell aslarge
landmark names like the Santa Catalina Mountains.
Each water quality zone is color-coded differently,
and those colors are consistently shown as viewers
zoom in to their neighborhoods. Hence viewers can
readily determine the water quality zone in which
they reside, and can request water quality
information for their own zone, and compare to
other zones.

The green dots represent 22 automated
sensors where hourly water quality readings are
taken and reported to a central database. These
points are referred to as“ EMPACT points’ because
the sensors were installed under an EPA EMPACT

Figure B represents a fully
functional dynamic map — the user can
pan (shift from east to west and north to
south, or any direction in between) and
zoom (magnify inward or changeto a
larger scale outward) using mouse-based
icons. The map will show meaningful data
at any scale from several dozen milesto
just afew yards. Additional data layers are
shown asthe viewer zoomsin — for
example, major streets are shown at a
scale of 2 to 5 miles across the screen
(Figure C), and individual propertiesare
shown at a scale of about %2 mile across
the screen (Figure L below). The scaleis
shown on the bottom of each map.
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grant. They arereferred to as EP1 through EP22 in the data tables available on the web site. Only
two of the EMPACT sensors are currently operable (as of January 2002); the rest will come on-
line during 2002. In the interim, “grab samples’ are made manually at the other 20 EMPACT
points, so that data is currently available for all 22 points.

The dynamic map has four modes:

Pan: shift location without changing scale, by dragging with the mouse;

Zoom in: show more detail, either by clicking the mouse, which zoomsin by a factor of two
and re-centers on the point clicked, or by dragging the mouse to outline a specific area to

display at alarger scale
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Zoom out: show more area of the city, by clicking the mouse while the zoom-out mode is set,
which zooms out by a factor of two, or by clicking “ Reset,” which returnsto the initial screen

in Figure B;

I dentify: show water quality information in one water quality zone or at one sampling point.

When using | dentify mode, we pre-determine what information will be shown, based on
which map is currently displayed, and at what scale. In the case of theinitial map in Figure B,
“ldentify” always displays information about the EMPACT points at all scales. If the viewer
clicks near one of the 22 green EMPACT points, a pop-up window with a line graph appears, as
in Figure D. If the viewer clicks more than 10 pixelsfrom any EMPACT point, they’re notified
that on this map they must click near EMPACT points to identify them.

3.2. City Water — Graphs

Figure D indicates the automated temperature 1
readings at one EMPACT point. The actual hourly
readings are summarized into one daily average by a
daily batch process (discussed below with Figure R).

The date axis shows the most recent 60 days of data, 7
pushing old data off to the left as new data becomes 70
available. Below the line graph on the pop-up screen §5
appears the same data in tabular form, showing each &0

date and the temperature value for that date. The
viewer has no access to data older than 60 days

(although that data is stored on the database for other

purposes).

Water Quality measures:

EMPACT Point EP4

| Chlorine, mefL. | 094 | MAY 082001
Fluonde, mg/L F 052 | MAY 012001
Witrate, mg/L 17 22 | MAY 012001
Sodinm, mgfL Na | 420 | APR 112001
TDS, mg/L 411.0 | MAY 08 2001
Temperature, degF 95.0 LAY 08 2001
pH, Std. Units 77 | MAY 082001

Figure E

Temperature at EP4
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Figure D

Below the line graph on the pop-up
window are linksto the line graphs for other
EMPACT analytesfor the currently selected
EMPACT point: chlorine residual, pH
(acidity), and TDS (total dissolved solids).
Those four analytes were chosen for line
graphs because they are measured by the
automated EMPACT sensors—i.e,, all the
measured analytes are shown in this case
(which is not the case elsewhere). We select
which line graph to show based on what the
viewer has most recently requested — hence if
the viewer clicks on “chlorine” and then
returns to the map and clicks on a different
EMPACT point, its chlorine line graph will be

shown first. The intent was to provide a means of surveying one analyte across the city, aswell as
ameans of surveying all analytes for one EMPACT point.

An additional link for “ Most recent readings’ is presented with each line graph Clicking
there pops up a window showing a table like the one shown in Figure E. Here, we present all of
the grab-sample analytes aswell as the automated sensor analytes for one EMPACT point. We
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present just one figure for each analyte, representing the single most recent available reading.
Hence for sensors which are operating in automated mode, the four automated analytes will
always show yesterday’ s data (since they are recorded every day and batch-processed overnight)
and will show older dates for analytes which are only collected by manual grab sampling. The
grab-sampling schedule for EMPACT pointsis arranged to get at least one reading per analyte
per month at each sampling point.

Tucson Water collects grab samples for numerous analytes which are not shown on
Figure E. The number of analytes was limited to those with the most public interest, and for
which dataisregularly collected. Tucson Water could add new analytesto the list shownin
FigureE, if desired, which would immediately result in alonger list

On thelist of the most recent readings, clicking on one of the four analytes reported by
automated sensors returns the viewer to a line graph (Figure D). Clicking on the other analytes
brings up a bar graph (Figure F) with one summary value per month. We show monthly
summaries for these analytes instead of the daily summaries asin Figure D because these analytes
are collected by manual grab sampling and therefore daily data would not be meaningful. The
grab sampling is done on an approximate one-month rotation, so each bar represents one or
sometimes two readings, and in some cases a bar is absent for a month.

. . The bar graph color-codes the

Chlorine in EP4 current year in regdafa%d the previous year
5| in blue, to allow direct year-by-year
comparison. Consistent data was not
available prior to 2000, so we limited the
data to January 2000 to the present. We
recently added a third set of bars for 2002,
and from January 2002 onward, three year
comparisonswill be available. Note that
the dateisfixed — it is always January to
December. Hence the amount of data

0 shown varies from 25 to 36 months,
ma/L depending on the month of the year (for
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec the bar graph in Figure F, pl’iOf to 2002,
Legend: 2000 [blue barz) 2001 [red barg) the amount of data varied from 13 to 24
Figure F months).

Note too that the vertical axisissmilarly fixed — for chlorine, the axis always shows a
scale from O mg/L to 2 mg/L, regardless of the values of the data for the particular sampling point
being shown. This allows viewers to recognize visually when an analyte had a high reading
compared to other sampling points— i.e., atall bar on one sampling point means the same thing as
atall bar on any other sampling point. This differs from the typical method of showing bar
graphs, where the vertical axisis adjusted depending on the values of the data — we rejected that
because it would require the viewer to read the numbers rather than to make a visual comparison.

We spent considerable effort in coming up with reasonable vertical axis limits that would
cover foreseeable analyte values. A shortcoming of pre-determined axis valuesisthat extremely
high values will appear “ off the chart.” We address that problem by showing the actual analyte
readings in tabular numeric form below each bar graph. Another shortcoming is that low values
will not show bars at all, and in the case of Figure F, zero values would not be differentiable from
alack of areading. We address that problem by making the vertical axis extend dightly below the
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“lowest value® of the axis, so a zero reading shows a short bar, while alack of any reading shows
a blank for that month. To determine the axis limits, we used the following criteria:

Show tall bars when the values were actually higher than average, i.e., choose the center point
and high point so that typical valuesfall around the center of the bar height;

Include the zero point as often as
possible, but not if it makes the bars too
tall (for example, in Figure D, a zero
degree Fahrenheit temperature is not
applicable to Tucson Arizona);

When possible within those criteria, show
the regulatory limitsfor the analyte.

The regulatory limits are defined for
the viewer on pop-up “blurbs’ (Figure G).
These blurbs are available from all tabular
data, which appear under the line graphs and
bar charts, and are linked from other locations
aswell. The intent isto provide background

Chlorine

Chlonne residual measures the free available chlorme in
drinkang water. Chlorine iz used to maintain continuous
disnfection throughout the distnbution system.
Dlamtmurm lrmit of chlorne residual 15 4.0 mgfT on
average while the mintmurm lirmit is less than 0.2 mg/L in
more than 5% of all distribution system samples. For
motre information on water quality, see our Terms and
Defintions page.

Figure G

about the analyte, define why it appearsin the

water supply, and to establish the regulatory limits for comparison to the sampled values.

3.3. City Water — Colorized Maps

Santa Catal
Mountains

NdT=Ean

THM Level
(ugrL)
H 10 to 20
M5 to 10
O igilEr &
B Mo data available

Figure H

The above methods allow the viewer
to “drill down” to see water quality
information across the city in detail. We also
provide a means for direct comparison
between water quality zones. There are a
series of buttons, one for each selected
analyte, which bring up “ col orization maps’
such as Figure H. On these maps, we re-color
the water quality zones with one of four
colors:

Dark bluefor a“high” leve for the
analyte in the specified zone;

Medium blue for a“ medium” leve;
Light bluefor a“low” level;
Gray if no samples were taken.

Aswith the bar chartsand line
graphs, we pre-determine which values are

indicated as high, medium, and low. The alternative here would have been to colorize, say, the 6
zones with the highest readings as dark blue, and the 6 lowest zones as light blue, and then report
the cutoff values accordingly. We rejected that method because it would always imply that some
zones were “too high,” and we wanted to avoid an appearance of being out of compliance with
regulated water quality levels. The benefit of pre-determined cutoffs is that they do not change
over time— aviewer can come back after a period of absence and the colors will always mean the

same thing.
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We present colorization maps for the following analytes:

Coliform (total, not E. Coli)
Chlorine (resdual measured as
mg/L)

TDS (total dissolved solids)
Hardness (measured as mg/L
CaCO3)

pH (acidity)

Nitrate (measured as mg/L N)
Sodium (measured as mg/L Na)
THM (trihalomethanes)
Fluoride (measured as mg/L F)

Aswith our previous analyte
pre-selections, we chose this analyte
list based on public interest and
availability of data. The database

Colifarm Bat:tiztr!{gI

B Doe= not meet standard
B Meets standard
OF=m

Figure |

allows the presentation of many other analytes using the same method, but in this case Tucson
Water must re-program the web page to add new analytes, instead of smply adding them to alist.
Thisis necessary because the web page has graphic buttons to link to the colorization maps, and
the data summary for colorization is output to HTML objects. The values for each water quality
zone are determined by averaging all analyte readings for the previous 12 months.

The colorization map for Coliform Bacteria (Figure ) presented several issues due to
public sengtivity to positive coliform readings. All the other colorization maps smply report
numeric values, whereas for Coliform, we report presence or absence of any coliform at all. The
regulations state that any water quality zone which has two positive readings in any one-month
period is out of compliance, and any water quality zone which has one positive reading in any
two subsequent monthsis out of compliance. Those regulations apply to isolated zones; the main
system is allowed a 5% positive rate. Hence there are three possible states, as shown on Figure |:
out of compliance (dark blue), in compliance but not zero (medium blue), and zero detections

(light blue).

The map shown in Figure | is not shown on the Tucson Water web site. We decided to
eliminate the “ zero detection” reading and limit the map to two colors: dark blue for “out of
compliance” and medium blue for “ meets standard.” Showing zero detections would beg the
question about why some water quality zones did NOT have zero detections while others did.
Since water quality zones which are out of compliance must shut down the distribution system in
that zone until the coliform presence is eiminated, there is never a case where zones will report
as out of compliance except for one day — hence this map always shows a uniform medium-blue

across the entire city.

When showing the colorized maps, the “Identify” function changes meaning. Clicking on
the colorized maps pops up a window showing the monthly bar chart of values for the selected
analyte averaged across the water quality zone. The bar chart issimilar to FigureF, and is
discussed further with Figure N below. The 22 green EMPACT points are not digible for
identification when showing the colorized maps (viewers click on “ Reset” to return to the
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uncolorized map). We removed them from later versions because people were confused by their

presence.

Note that the colorized maps are still fully functional dynamic maps, i.e., viewers can
zoom and pan as with the uncolorized maps. The water quality zone colors are retained as
viewers zoom in, except that streets and property parcels overlay the background zone color at

higher magnification.

The colorization maps were the most complex technical task of the Tucson Water web
site. The technical means of accomplishing them requires:

An invisible data layer where each water quality zone has an indeterminate color; this data
layer is made visible when an analyte is selected for colorization, after the zone colors are

determined;

Aninitially visble layer of the water quality zones using the standard colors; this layer
obscures the colorization layer so that it can be shown in one clear transition and so that the

uncolorized layer can be turned on and off;

A hidden HTML frame which reads an HTML file containing the zone values for the analyte;
thisHTML fileisrebuilt daily from the previous 365 days of readings (hence the colors could
change daily, if the analyte values fluctuate enough).;

A JavaScript delay, to alow time for the HTML fileto fill in the hidden HTML frame. This
is necessary because thereis a non-trivial amount of time for reading in the file, and without
the delay, the colorization drawing would proceed before the HTML file was read;

The legend (numeric levels for each color) is drawn piecemeal as shape and text objectsin
the “ acetate layer,” a readily-programmable image that lays on top of the map layers. This
allows Tucson Water to change the cutoff levels by editing a “ soft-coded” file instead of, say,

a hard-coded image.

3.4. My Water — Scale-Dependent Maps

The maps intended to answer the
guestion, “ What ismy water quality?’ are
scale-dependent: when showing a broad
area, they link to charts by water quality
zone, and when showing a smaller detailed
area, they link to charts by sampling point.

Like the City Water map, the initial
map shows all of Tucson (Figure J). At this
scale, clicking to identify a point will
display data summarizing the entire water
quality zone (Figure M below); individual
sampling points are not shown (asthey are
in the analogous Figure B). To differentiate
between Figure J and Figure B, we changed
the border colors between zones, to provide
avisual cue. Other than that, theinitial
maps are identical.

Santa Catali
Mountains

Figure J
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Zooming in from the initial map

resultsin Figure K, which has a scale o e A
about four times more detailed than the i 5 c . :
initial map. At this scale, we show water 102 - z E:l » . ---r‘.a
quality sampling locations: red for = s SEEEDIAY BO 4

distribution system sampling points and
blue for points-of-entry sampling points.
Tucson Water samples from 258 wellhead ok F
sampling points (called “ SPs”) and from L ==
160 points-of-entry (called “POES”). o &

3rINGAY HL
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Zooming in further shows o4
additionally detailed data layers, down to :
individual property parcels (FigureL). At
the most detailed level, the property
parcels are shown in olive green while the

JERILAKE ROA

Figure K

streets show the background color of the
water quality zone, which is the same color as on the initial map. Hence thereisavisual cue at all
scales about which water quality
zoneis being shown. In addition,
the water quality zone number is
shown as a yellow-glowing
numeral, visible in the center of
FigurelL.
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At more detailed layers,
the red SPs and blue POEs are
shown in a position accurately
reflecting their physical location.
Interested residents could locate
the actual sampling locationsin
their neighborhood by noting the
exact location on the most
detailed map — a resident
physically inspecting that location
= | would find a manhole cover or
Fiaure L standpipe.

&1

(]|

-

Click on blue [FOE] or red [sampling point ] for report.

At all scales where the red SPs and blue POEs are shown, clicking to identify a point will
show water quality data for that particular sampling point. Theintent isthat residents can find the
sampling points nearest to their homes and interpret the water quality readings at those points as
the water quality readings of their own tapwater. That interpretation is not strictly true, because
water mixes in the distribution system, and water flow is one-directional, so if a home is upstream
from awellhead, it receives no water from that well even if it isonly 10 yards away.

Nevertheless, that interpretation is a reasonable estimate of water quality in one's neighborhood.

Note that a“locator map” is shown in the upper left of Figure K. That map indicates the
area of the city that is displayed on the main map, with the red box indicating the perimeter. At
more detailed scales, ared point on the locator map indicates the relation to the whole city —
visible in the locator map at the upper right of Figure L.
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3.5. My Water — Data Charts

Zone 5 Water Quality Summary
Clicking on a water quality zone

from Fi gure J pops up a tabular Chart, The mformation in this table is based on water qua].ity monitoring results for the
Figure M. Thistable indicates the average festaptenblermontipeaod,
value for each analyte for the last 12 | Water Quality Measure Results
months, the “lower limit” and “ upper Water Quality y
o . Measure Average| Lower Upper Numnber of
limit” representing the range of values, Limit | Limit Samples
and the number of samplesthat make up |Chlorine, mg/L | 083 | 048 | 114 | 483
the average. Coliform Bacteria, 0.9 NIA Wi 464
FPercent Posttive ’

The lower limit and upper limits Fluode mgLF | 041 | 015 | 065 | 105
are statigtical figures— they are not the %: mg/L 103 73 125 379
single lowest and single highest reading -
for the analyte. Showing those readings Figure M

emphasized statistical anomalies and
instrument errors, so we decided instead to use a percentile range. The "lower limit" figureis
actually the value at the 5™ percentile of all readi ngs, and the "upper limit" figureisthe 95"
percentile of all readings. We also tried out the 10™ percentile and 90" percentile, but found those
to be lessinformative of the range of values. Note that coliform bacteria has no meaningful
percentile limits, since it measures only the percentage of positive readings.

Clicking on an analyte namein

o _ the tablein Figure M brings up a bar chart,
Hardness in Zone 10 Figure N. Thisbar chart is analogous to
the bar chart in Figure F, except that here
it represents a summary of all valuesin
004 one water quality zone instead of from one
180 1 EMPACT point. The fixed scale and 25-
160 4 to-36 month time axis are analogous in
404 both bar charts. Note that the vertical axis
120 | uses the same fixed scale on the bar charts
o | for both individual sampling points and
80 zone summaries, allowing for direct visual
B0 comparison.
40
20
mgsL
CaCD3
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Legend: 2000 [blue bars] 2001 [red bars)
Figure N
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At more detailed scales, such asin Figure K, clicking on an individual sampling point

yields a table of the most recent analyte readings from that single sampling point, Figure O.
Clicking on the analyte name here yields a bar chart for the single sampling point, also analogous

to Figure F.

Water Quality Measures:
Point-of-Entry: 126
Well: SP-830

Chlorine, mgl 1.23 APR 152001
Coliform Bacteria MEG | APE 212001
Fluoride, mgfL. F 0.74 FEB 21 2001
Hardness, mgL CaCO3 | 2180 | FEB 28 2001
Mitrate, mg/L. 1T 23 FEB 21 2001
Sodium, mgL Ma &4.0 FEB 28 2001
TD3, mg/L 4890 | MAT 08 2000
THMW, ug/L 0.0 APR 17 2001
pH, Std. Units 813 APR 1% 2001
Figure O

3.6. System-wide Summaries

We maintain database tables for Distributed Water Quality Summary
anal yt% across the entl re distri bUtl on Wﬂan, The information in this table 1sr}:e>:;td f;_zzi:t;c;iar];g.momtomg results for the most
and we prOVi de a means of a wsern-WI ('je . Water itv Water Quality Measwre Results
summary of water quality, Figure P. Clicking L}t:;ﬁ? ™ [“Average| Lower | Upper | Number of
on a button on the main City Water screen o Limit | Limit Samples
(sinceit is applicable to the whole city, there Chlorine, mgfl. 084 045 124 3146
isno map location to click on) opens a Cobform Bacteria, % Pos. | 0.1 LA MIA 2962

. .. . . Fluoride, gL F 042 0.14 1.0 750
window summgnm ng all sampling points Harduess gl CaCO3 | 115 c o a2
acrossthe city into one average per analyte, Nicate, ma/L N 131 041 52 750
representing the last 12 months of sampling. Sodum, mgl Na o 1o4 695 2511
Aswith Figure M, the lower limit and upper TDS, mgL 264 162 4938 3059
limit indicate the sampling value at the 5" TEM, ug/L 13 00 | 488 63
percentile and 95™ percentile. The number of pH. Std. Units 782 732 8.21 3072
samplesis of course substantially higher than Figure P
inany individual zone.

Clicking on the analyte name in the distribution summary shows a bar graph analogous to
Figure F and Figure N above, but representing the whole city instead of one water quality zone or

one sampling point. Note that the city-wide summaries do not include the EMPACT points,
because averaging in their data would overwhelm the much-less-frequent grab-sampling values.
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Supply Source Water Quality Summary

The information i this table 1 based on water quality monttonng results for the most recent 16-month period.

i Tucson Supply Source
Water Quality Measure =
Clearwater | Avra Valley Wells | Santa Cruz Wells | Central Wells | South Side / TARP
Chlorine, mgL 1.12 0492 062 077 0.8%
Flucride, mg/L F (8] 046 0.54 0335 066
Hardness, mgl. Cal03 a4 79 151 117 235
Mitrate as Mitrogen, mg/L I 1.35 2.04 455 198 235
Sodium, mgT a 44 37 39 41 |35
TDE, mgl 230 In Progress In Progress 715 In Progress
pH, Std. TTnits 213 2 71 782 7.94
Figure Q

Figure Q shows a water quality summary for the entire supply system, grouped by source
(i.e., location of the well field). The“ Clearwater” column indicates the water quality of the
recharged Colorado River water, while the others indicate groundwater wellfields. Clicking on
the analyte names here pops up a window with the analyte summaries, identical to Figure G; we
don’t present bar graphs for each supply source.

The data for the system-wide
summaries comes from a database table
called “sum_by day,” FigureR. Thistable
isre-created from several sourcesin an
overnight batch. It represents aggregated
and filtered data in a ready-to-use form. For
example, the daily average is pre-calculated
per “locator” (either an SP or POE) and per
“parm_syn” (analyte). Hence we can
present a daily average by reading just one
database record, which ensures a fast
response time. To calculate monthly
averages for the bar charts, we summarize
30 records (which means the monthly
average is actually an average of 30 daily
averages, as opposed to an average of the
underlying individual values).

General | Cnnstraints' Cluster Column&l Stc-ragel Dptioml

] Mame:  [Sip By Déy
A AT

Scherma: IWQDB j
Tatlespaee; I SYSTEM j
— Caluring
Mame | Datatype l Length lacisil Mulls? l
LOCATOR WaRCHARZ =1 20550 v
P RS WARCHARZ [ 555 W
MEASLIREDATE DATE B v
HUMEER = 0
COUMT_TOTAL MUMEER = 0
SUM_VALUE MUMEER = "
WGE_WALE MUMEER = "
I _WALLE MUMEER = w
bl _WALLIE MUMEER = W
SOURCE_CODE WaRCHARZ = M55 W

Figure R

The purpose of pre-summarizing the data is to allow for near-instant response even when
analyzing large quantities of data. In particular, the percentile values (for upper limit and lower
limit) are extremely dow to calculate (requiring an iterative process) and are pre-calculated in the

“min_value’ and “ max_value’ fields.

Mapping Water Quality Information
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4. ISSUES

Prior to ingtituting a public web site for disseminating water quality information, Tucson
Water used the more typical method of printing literature once a month summarizing the water
quality for previous months. The informational brochures, while informative, were not
particularly timely — there was sufficient time to “filter” the data, to review and aggregateit in a
meaningful way, and to remove data which was inapplicable or difficult to explain to the public.

A public web dte creates a Stuation where there is no opportunity to filter the data— we
had to decide in advance how to aggregate and present the data. There is no mechanism to review
water quality data before it appears on the public web site, especially for the automated EMPACT
sensors, which record data and present it to the public with no human intervention. In the case of
laboratory data and grab samples, people perform quality control, but the computer then
automatically aggregates and selects the data — there is no human intervention beyond the
individual lab technician who records the data.

The automated presentation of data enforces honesty in reporting — it isimpossibleto
hide water quality problems at Tucson Water aslong as the web siteis functional. That level of
honesty was one of the purposes of ingtituting this system: to maintain public confidence in the
water system. Here we will discuss several issues arising from this method.

4.1. How can the public track bad water quality data?

Note on Figure E and Figure O that individual sampling points are reported in terms of
“most recent values.” If areading one day is out of compliance, it could potentially be hidden the
next day by another reading which wasin compliance. The aggregated data (bar charts) sum up
all the values for one month, so an individual out-of-compliance reading might get lost in the
averaging process.

Theissue was raised that bad water quality data could therefore dip through the public’'s
notice. There are two responses to that complaint. First, the EMPACT points report daily data as
well asthe most recent value and monthly summaries (asin the line chart in Figure D). If this
issue became politically important, the line charts could be extended to include other analytes.
Second, members of the press could take the time to inspect the sampling points on a daily basis,
and would therefore have access to every piece of water quality data, including any which were
out of compliance. With some research into Tucson Water’ s schedule for sampling points, the
press could investigate sampling points as samples were taken.

Thisissue was raised further in the context of our presentation of percentile ranges
instead of actually reporting the high and low values for each analyte (such as on Figure M).
Showing the 5™ percentile and 95™ percentile values means that 10% of all water quality datais
ignored, and the most extreme cases are discarded.

That concern is addressed by the same response as above — a diligent investigator could
see the individual data behind the summaries. We chose the 5™ percentile and 95™ percentile
ranges because they are the normal extreme ranges used for data reporting. Any analyst creating a
paper version of the same data would perform much the same filtering method. Furthermore, the
printed reports which were formerly Tucson Water’ s only reporting to the public contained much
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higher levels of aggregation and filtering, which in this context means more than 10% of the data
was ignored.

4.2. Why limit the number of analytes presented?

The Tucson Water web site reports on about a dozen analytes at about 450 sampling
locations. The survey of sampling locationsis very thorough, but the list of analytesis not —
Tucson Water analyzes hundreds of analytes, asrequired by state and federal regulations.

We chose to limit the number of analytes presented in order to make the data
understandable and accessible to the public. A long list of hundreds of chemical nameswould do
more to hide relevant data than to present further publicly digestible information. Even with the
short list of analytes that we did choose to present, press reviews concluded that “the data is well
presented but there istoo much of it” (paraphrasing television news reports from May 2001).

The most senditive analyte omitted was E. Coli — we chose to report only total coliform.
Our intent in this case was to avoid apparent duplication of data— i.e., any E. Coli problems
would likely show up astotal coliform problems, so we only reported the more general of the
two. Since E. Cali isreported as “presence” or “absence” liketotal coliform, we concluded there
was no meaningful quantification to reporting both. In the interest of brevity and accessibility, we
chose to present just one.

Hardness is another issue of particular importance to Tucson residents. Typical homesin
Tucson have a“dual-cool” system — an air conditioner for hot and muggy days and an
evaporative cooler for hot and dry days. The evaporative cooler, or “swamp cooler,” requires
frequent filter changes due to calcium deposits, and many homes have water softeners for that
purpose. Hence reporting hardness and other mineral content analytes is more important in
Tucson than elsewhere.

4.3. Privacy concerns with individual properties

The map data on property parcelsincludes information on individual ownership (person’s
name and home address). We omitted that data from the map’s parcel layersto respect individual
privacy. Even though that same information is publicly available, we chose to avoid the ease of
obtaining it via a web site, as opposed to taking a trip to the county assessor’s office to look it up

on paper.

We did originally show the street address for each parcel (the house number on each
street) but removed that in the final version as well. We concluded that there was little additional
value in presenting that information, since people would locate their homes by street
intersections, and would recognize their own parcels without the additional numbering. The
numbering itself just added clutter to the parcel screen.

We also considered allowing a “ street address’ lookup, e.g., one would key in “10 Main
Street” and the map would zoom to that location and show the water quality for the nearest
sampling point. We omitted that function primarily because of technical reasons uniqueto
Tucson. First, Tucson Water does not service every address — there are competing water utilities
in the city (Metro Water isthe second largest after Tucson Water). We fdt that if we linked to
particular addresses, there would be an expectation that we reported the water quality for that
particular address, which in the case of Metro Water customers, we had no means of doing.
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Second, we felt that associating one sampling point with a keyed-in address would assign a
relationship that was not accurate — any particular address getsits water from several sources. We
concluded it was better to let viewers navigate themsel ves to nearby sampling points rather than
choose one to associate with an address.

In the wake of Sept. 11, there is some concern over the presentation of exact locations of
sampling points, because saboteurs could readily locate points-of-entry in the distribution system.
Of course, we designed and implemented this system before Sept. 11. We will perhaps reconsider
the display of sampling locations once federal recommendations about water infrastructure
security are concluded.

5. CONCLUSIONS

One author (JAG) usesthe “ Wanda Indicator” to determine public concerns about water
quality. Wandais a long-time resdent of Tucson who has no interest in Tucson Water except asa
customer and one who drinks the water. If Wanda is concerned about an issue, it indicates that
the issue has reached the concern of the general population. The author calls Wanda every several
monthsto ask her what she thinks of her water, and what she has read in the paper. At this
writing, Wanda drinks Tucson tap water, albeit with a home filtering mechanism because sheis
still concerned about water quality. One of her neighbors drinks unfiltered tap water. Perhaps that
isour best measure of success.

A map-based system for presenting water quality data has assisted in a public relations
success with Tucson Water’ s new water source. The Situation in Tucson required a substantial
investment in public relations because of the switchover to the new water source. The tools
developed for Tucson Water are applicable to other water systems across the country, providing
for public dissemination of large quantities of information in a readily-available manner.

The EMPACT grant for thiswork was one of the last EMPACT grantsissued by EPA.
EMPACT grants were intended to disseminate information to the public about their water supply
and other topics. The current administration has canceled the EMPACT program.

This paper isavailable on-line at http://www.drinkingH20.com/imtech/ .
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