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1. Executive Summary

Data centers use considerable amounts of water in comparison to other industries because water is
a key component in their cooling systems that are used to maintain optimal temperatures for their
servers. Since these servers run 24/7 it is imperative for the data center to acquire a reliable water
supply and receive water without interruptions. Most centers choose to acquire their water from the
local water utility, which incentivizes data centers to be built in locations with minimum water stress.
However, researching and finding such ideal locations takes an extensive amount of time because the
type of data needed to understand water stress and utility function within an area are difficult to come
by. To make this process similar, this study created an online tool that compiled water utility related
data to assist in the decision-making process of choosing new locations for data centers.

This online tool, or dashboard, aggregated state required reports on public water systems (or water
utilities) with over 3,300 connections for California, North Carolina, and Texas. Information ranged from
water availability to types of water customers to paint a picture of the demands and stress the
community has on the water supply and utility. Since the compiled data was based on a larger spatial
scale (state level), there is not enough details or information in the data to make a definite decision on
location; but the dashboard is a useful first-step tool that can be used to filter down location
preferences and to see what types of information need more research.
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2. Background

2.1 Choosing a Data Center Location

Building a data center is an expensive process due to the amount of time it requires to research
new, optimal data center locations based on climate, water availability, water utility capacity, and city
demographics. Finding the sufficient amount of data needed to choose a new location can take more
than half a year alone, which is why it is so important to develop a tool that provides companies with
the data to make informed and reliable decisions for their investments. Climate and water use
demographics play a key role in selecting data center location, as these variables can estimate water
availability for a particular region.! Water supply availability can be estimated by precipitation and
temperature trends in relation to water utility use and general community consumption. Data centers
should be located in regions that have enough water to support a heavy water user and will not have a
significant impact on the region’s predicted future water scarcity. Water utilities service many types of —
customers — residential, commercial, industrial, and/or agricultural — therefore it is important to
understand the area’s reliance on the utility and customer diversity. Additionally, population growth can
be used to estimate future water demand (especially residential demand) and business growth.

Data centers require substantial water quantities to maintain optimum temperatures for their
servers and most of these centers obtain their water supply from the local water utility. Water is a key
component in the cooling system used to constantly cool servers and maintain optimum processing
temperatures. The system is highly dependent on their water supply and require there to be not
interruptions in supply delivery due to shortages in supply availability or utility infrastructure issues
because the servers within the center run 24/7.2 Therefore, the utility must have enough available
supply (or be able to obtain additional supply) to support their original customer base plus a new, high-
demand water user. This emphasizes the importance of understanding all aspects surrounding water
availability for a region. Information on how water allocations are determined (if the region uses water
rights or riparian law), water customer demand, capacity and functionality of water utility infrastructure,
water pipe distribution, reliance of water supply sources, and affordability of water paint a more
informative picture of how a region would respond to a data center being built there.

2.2 Making Faster Decisions

Selecting ideal locations on a national scale (the United States for this study) requires data to be
provided at a much larger scale than the city or county level. Instead data sources at the state level were
used since national scale data was not available. Compiling the data into one centralized location allows

! Intel IT. “Selecting a Data Center Site: Intel’s Approach.” IT @Intel White Paper, Feb. 2014,
medial4.connectedsocialmedia.com/intel/02/11447/IT Best Practices Data Center Site Selection.pdf. Accessed
Jan 2019.

2 Intel IT. “Selecting a Data Center Site: Intel’s Approach.” IT @Intel White Paper, Feb. 2014,
medial4.connectedsocialmedia.com/intel/02/11447/IT Best Practices Data Center Site Selection.pdf. Accessed
Jan 2019.
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the decision process to be faster, more efficient, and for less time to be spent on data research. The
main purpose of this tool (or dashboard) is to not make the decision for the tool-user, but to show what
types of data are available and provide the first round of information needed to refine the list of
potential locations. The dashboard does not filter, analyze, or make conclusive decisions for data center
locations because criteria and priorities differ depending on the company criteria. Therefore, available
data is designed into an interactive dashboard that displays climate and water utility variables. The
dashboard serves as an initial view into a region or location and shows what additional research may
need to be done to better understand water use.

3. Methods

3.1 Research Approach

The goal of the project was to create an inclusive dashboard that visualized available water data
(historical and current), which described water stress and availability for the United States. It was quickly
realized that a national scale dashboard was beyond the scope of this project, therefore, water utility
and climate data describing three states (California, North Carolina, and Texas) were used to understand
the quantity of water available as supply, the quantity of water used by users (demand), and how this
water moves through the region.

Water supply is determined by the amount of water that can be taken from the naturally
available water within the utility’s service area. These natural water sources may or may not be from the
same watershed as where the utility is located and if no water is available at all, the utility’s supply may
be purchased from another system and transported through interconnections. In the case of a water
shortage, it is important to know whether the utility has the capability to acquire water from other
systems using interconnections. Furthermore, knowing the type of water (ground or surface water) and
number of sources provides better understanding into the resilience and diversification of the utility’s
supply. Since water easily traverses different watersheds, it is important to also know how much water
is being withdrawn, transferred, and discharged into and out of a watershed.

Not all water present in the watershed or utility service area is available for use and data on
supply allocations would provide the information required to better understand supply limitations.
Surface and ground water quantities for natural systems are typically estimated by various calculations
(7Q10 measurements for surface water or ground water withdrawal tests) then utility supply allocations
are determined based on the amount of water in the natural system. Utility allocations can further be
limited by water rights and/or water demand needs for nearby non-utility users. Further information on
customer water user group sizes and demand would restrictions in utility supply availability from the
customer side. Established utility customers lay claim to the utility’s delivered water based on historical
use, which limits the amount of water available for potential new customers (especially high water users
such as data centers). These customer water user groups are typically broken down into general user
groups such as residential, commercial, institutional, industrial, and agricultural users. Many utilities



have customers in all or most of these categories but will have one user group that consumes the
majority of the water supply; therefore, identifying high-demand users (a customer that uses
considerably more water than the rest of the customers, or someone who uses a significant portion of
the water supply) would fully describe if the water utility has the ability to sustain an additional high-
demand user. Knowing the answers to these questions provides a thorough description of the demand
and limitations surround a utility’s water supply and customer base.

Lastly, it is important to know how water is being delivered in an area and the infrastructure
capacity. Water utilities vary in size, service range, and abilities. There may even be areas where there is
no public water utility available. For the case of this study only data on public water systems with over
3,300 connections will be provided. For water deliveries, the pipe sizes and distribution (mileage of
pipes) of the system describes how much and how far the utility can distribute water at one time.
Additional information on infrastructure age and functionality can be used to estimate required pipe
replacements and infrastructure updates. Utilities come in many different sizes, which makes it
important to understand that each utility will have different processing capabilities, financial support,
distribution systems, metering, and connections to other systems. These variables will describe the
utility’s capability to adapt to future demand growth based on its current infrastructure.

Data describing the topics above is publicly available, but the greatest challenge is finding it.
There is not one dataset or website that stores all of this information. Water utilities collect vast
amounts of water data and their data provides a unique opportunity to understand how water is being
used in different regions. This data can act in the same way as a detailed bank summary does for your
bank account it can describe approximately how much water is available for the system to use, what the
plant can treat and distribute, and how the water is being put to use by the utility’s customers. These
types of data and information are critical for high demand water industries seeking to assess the long-
term water accessibility and stress in order to sustain their operations. While these data and
information are extremely important to assess water security, they remain difficult to obtain.

3.2 Data Collection
Utility Data

At an individual level, water utilities record data that helps them understand how their system is
operating and the quality of their water. This data can describe containment levels, water quantities
processed through the system and to customers, and infrastructure performance. Additionally, some of
the data collected by the utility must be reported to the state and federal Environmental Protection
Agency (EPA) since all water service providers are regulated by the EPA and must comply with the Clean
Water Act (CWA) and the Safe Drinking Water Act (SDWA).2 States may require additional reports on top
of federal requirements depending on their regulation, therefore, these state reports and the data they
contain will vary by state. Since it is very challenging the find national databases containing water utility

3 National Association of Water Companies. Federal Regulations, 2019, www.nawc.org/government-
affairs/federal-regulations.aspx. Accessed Feb 2019.
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data, the best alternative is obtaining data from these state reports in order to have data spanning the
next largest spatial level, which may not always be available for a public user to find through a website
and download.

Not all utility data is available online through a website or made easily-accessible. Easily-
accessible means that the desired dataset cannot be found on the website and downloaded in a
program-friendly file type (excel or csv files for the purposes of using R and JavaScript and ensuring a
more efficient and less time-consuming data cleaning and analysis period) or cannot be easily obtained
from agency staff. Due to variability in data accessibility, finding data for the entire United States will be
too challenging, which led the research to begin with three states — California, North Carolina, and Texas
—where it was information was already provided on where their water utility report data were held.
Using these three states also represents some of the United States’ most varying climates with the arid
west, more temperate and wet east, and a mixture of the two in the middle of the country. The data
used is all state-reported, available to use data that can be found on various state websites that took
approximately 6 months to obtain. Some of the data were downloaded directly from a website while
others were provided from the state’s agency or department in charge of managing the reports that
produce the data.

For California, which has 682 systems, their public water system data (available as csv files) can
be found through their open data portal website which hosts data from the California State Water
Resources Control Board in partner with various programs.* From the Drinking Water Information
Clearinghouse, data from the electronic annual report (which is required by every public water system?®)
and urban water supplier monitoring reports were used (which is required by any private or public water
system that provides water to more than 3,000 users or 3,000 acre-feet of water annually®).” Based on
the various reports found for California, it seems that California puts more emphasis on understanding
water used by its different water user groups and comparing these quantities to previous years.

For North Carolina, which has 528 systems, the water utility data used originated from the Local
Water Supply Plans which were provided by the North Carolina Department of Environmental Quality.
Any public water system with more than 3,300 connections is required to submit a Local Water Supply
Plan.® While the data were provided on the website, the data were not downloadable. The department
overseeing the Local Water Supply Plans was contacted for all data available for all the sections of the
Local Water Supply Plans and for all available years (1997, 2002, and 2007-2017). The plans included

4 California Open Data Portal. Datasets, data.ca.gov/search/field topic/water-46. Accessed July 2018.

> State Water Resources Control Board Division of Drinking Water. Electronic Annual Report (eAR) to the Drinking
Water Program Frequently Asked Questions by Water Systems, Feb 2019.

https://drinc.ca.gov/ear/WS FAQ.htm#authority. Accessed Feb 2019.

® California Department of Water Resources. 2015 Urban Water Management Plans Guidebook for Urban Water
Suppliers, 2015,

water.ca.gov/LegacyFiles/urbanwatermanagement/docs/2015/UWMP Guidebook Mar 2016 FINAL.pdf.
Accessed on Aug 2018.

7 Drinking Water Information Clearinghouse DRINC Portal. 2016, drinc.ca.gov/drinc/. Accessed June 2018.

8 North Carolina Department of Environmental Quality Division of Water Resources. Local Water Supply Plans,
www.ncwater.org/Water Supply Planning/Local Water Supply Plan/. Accessed Feb 2018.
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information on the system’s: distribution system, water conservation, service area, water users, water
supply sources, wastewater information, and planning projections. The data was sent in a useable
format (Microsoft Excel). Even though the data was not available online for download, it was still
relatively accessible, there was just approximately a three week wait time for the data. In comparison to
the other two states, North Carolina seems to put more emphasis on collecting data that describes
supply availability and water transfers among other systems based on the detailed information provided
for water transactions and water supply sources.

For Texas, which has 2,094 systems, most of the data came from the Texas Water Development
Board (TWDB) and is available through their website (as various file formats including Excel), however,
the datasets do not include the system’s federal public water system identification number so data from
their water loss audits and water conservation annual reports were provided by the agency staff.® The
water loss audits and water conservation plan annual reports provided data in a manageable format
(available as Microsoft excel files). Water loss audits are required by all retail public water system and
are reported every five years; additionally, “any retail public water system that has an active financial
obligation loaf with the TWDB or has more than 3,300 connections are required to file a water loss audit
annually”.'® Water conservation plan annual reports must be submitted by any entity that submits a
water conservation plan with TWDB who in turn has a loan of $500,000 or more, has more than 3,300
connections, or has surface water rights from the Texas Commission on Environmental Quality.!* Most
of Texas's reports consist of relatively generic information that can also be found for the other states,
but the one large difference is the amount of detailed information Texas requires water utilities to
report in their water loss audits, which cannot be found for the other two states.

Each state had additional informative data provided in the reports that answered more than the
general questions stated above (refer to 3.1 Research Approach) but will not be included in the
dashboard in order to keep data that is more interoperable between states and that could answer the
generalized topics described below (refer to 3.5 Indicators and their Calculations).

Drinking Water Violations: Safe Drinking Water Information System (SDWIS)

All of the violations for the Environmental Protect Agency’s (EPA) drinking water regulation
reported from 2013-2017 were downloaded from the SDWIS federal reports website to show what type
of violations water utilities have gotten in the past (these violations have a range of severity).}? The data
had to be downloaded (as a csv file) in many separate files then concatenated together because the
amount of data wanted was too large.

° Texas Water Development Board. www.twdb.texas.gov/. Accessed Mar 2018.

10 Texas Water Development Board. Water Loss Audit,
www.twdb.texas.gov/conservation/municipal/waterloss/index.asp. Accessed Mar 2018.

11 Texas Water Development Board. Water Conservation Plan Annual Reports,
www.twdb.texas.gov/conservation/municipal/plans/ARs.asp. Accessed Mar 2018.

2ynited States Environmental Protection Agency. SDWIS Federal Reports Advanced Search, 19 May 2017,
ofmpub.epa.gov/apex/sfdw/f?p=108:9:0::NO::P9 REPORT:VIO. Accessed Aug 2018.
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Climate Data

Precipitation and temperature for the past 30 years from the National Oceanic and Atmospheric
Administration’s National Climate Data Center were used as the climate data.'® Changes in precipitation
influence water availability in both surface and groundwater systems, which can in turn affect the
amount of water available for a utility’s water supply. Temperature is used as a link between human
behavior and water usage. Increasing temperatures typically means higher peak demands in the
summer due to greater AC and energy usage and lawn maintenance. Since there have been greater
fluctuations in precipitation and temperature due to climate change, it is important to compare past
trends to current trends to create future predictions.

Population Data

Census population data for the past 30 years were used to get a sense of whether the utility will
face pressures from a growing population (increased demand) or a shrinking population (decreasing
financial options).

Table 1. Various types of data obtainable through state reports. Each state does not require the exact
same information in their reports and typically the data must be aggregated from multiple reports for
one state. Just because the data could not be obtained does not mean the data does not exist, it more
so means the data could not found. Easily accessible means the data must be available to download
from a state agency website as a csv or excel file or a staff member can send the data in one of these
forms themselves.

CALIFORNIA TEXAS NORTH CAROLINA

# OF UTILITIES 682 2094 528
EASILY EASILY EASILY
REPORTED ,ccessipLe REFORTED  ,ccessipLe REFORTED  pccessiBLE

WATER LOSS v )4 v v v ) 4
WATER USAGE N N4 v v v v
WATER DEMAND v v v v v v
WATER SUPPLY -4 D4 4 b 4 v v
SDWIS VIOLATIONS J J N v v v
NOAA v v v N4 v N4
CENSUS N N4 v v v v
WATER N )4 v i v i
AFFORDABILITY

13 NOAA’s National Climate Data Center. Index of /Pub/Data/Cirs/Climdiv,
www1.ncdc.noaa.gov/pub/data/cirs/climdiv/. Accessed Mar 2019.




3.3 Data Cleaning

Only public water systems with 3,300 connections or more were included for the analysis based
on federal EPA regulation that requires any public water system with 3,300 connections or more to
submit reports in order to enforces a unified standard across all states. More specifically for California,
public water systems were further filtered by only using community and large public water systems
because only water utilities that provide water services for the general public within their service area
boundaries wanted to be used for this study. Unfortunately for Texas and North Carolina further
refinements to their lists of public water systems could not be performed as thoroughly, therefore,
there are a few mobile home parks and other types of smaller private systems that leaked into the final
list of public water systems. Additionally, the data from the reports collected could only be used in the
dashboard if it was interoperable between all or most states and if the data was reliable enough to use.
North Carolina did provide very useful data that could not be found for the other two states that was
included in the dashboard because of what type of information the data can describe.

The California water utility data came in five separate csv files that originated from multiple
state-required reports. The Electronic Annual Report (EAR) had three files: a production water,
deliveries water, and water rates file. Produced water included data on the water quantity used as
supply for each system from 2013-2016. The delivered water file provided data on the water quantities
being delivered to the system’s customers from 2013-2016. Urban water supplier monitoring reports
came in one dataset for 2014-2018. The public water systems information dataset provided system
information as of 2018. For North Carolina, Local Water Supply Plans data came in 20 Excel files and an
additional excel file was created to record what public water systems had water shortage response
plan.’* Lastly for Texas, many water datasets were available through the TWDB website to download,
however none of these datasets included the pwsid numbers, which makes it impossible to connect the
system’s data across years and files. Therefore, the data was requested from TWDB staff and asked to
include pwsid numbers. Each state collects and holds their data differently, which shows that no one
method for data collection will work across multiple states.

It took approximately 640 hours to fully clean, analyze, and understand the data received from
California, North Carolina, and Texas. First, receiving the Local Water Supply Plan data from the North
Carolina Department for Environmental Quality took approximately three weeks. Then 200 hours were
used to clean the data, perform calculations, and create metadata. For California, most of the data was
not available for download until it was put onto California’s open data portal in July 2018. The data from
this portal was already well put together and provided metadata, therefore it took the less amount of
time to clean, analyze, and understand (approximately 100 hours). For Texas there where complications
in using the data available making it longer to obtain useable data (approximately two months to search
and obtain data); once the data was attained it took approximately 160 hours to understand, clean, and
analyze the data as well as to create metadata. A final 180 hours were used to analyze the data together

14 North Carolina Department of Environmental Quality Division of Water Resources. Water Shortage Response
Plans, www.ncwater.org/Water Supply Planning/Water Shortage Response Plans/plan. Accessed Mar 2018.




and perform the calculations needed to create the indicator values for all three states. Lastly, it took
approximately 250 hours to build the dashboard website.

3.4 Data Analysis

Based on the data available, eight main indicators were created to visualize how much water
moves through a system and two additional indicators were used to better understand the climate and
population changes facing the utility. For some of the indicators, there was no data that directly
correlated to the indicator. Therefore, calculations and assumptions were made to make a best
estimate. The three main categories for the public water systems’ indicators show 1) supply security, 2)
demand need, and 3) functionality of the system.

Supply security is described by observing the differences between water availability and use.
There can be more water available to the utility’s disposal than what is actually being withdrawn for use,
which would be a good situation to be in because that would mean if the utility receives increases in
demand then there is additional water they can add to their supply. Additionally, knowing the diversity
of supply sources for the utility shows how resilient their supply is to decreases in water availability.
There can be instances when there is less water available in one water system (river, lake, or aquifer)
but not another within the same watershed or one nearby. During drought events, all sources tend to
have less water availability, and this would create additional stress to a utility, but having multiple
sources for water supply is still better than only having one source. Having interconnections plays a big
role in minimizing stress to the utility’s supply because during times of water scarcity the utility can
enact their emergency interconnections and purchase water from another system. Some utilities also
use their interconnections to regularly purchase water from other systems. Interconnections show how
well connected a utility is to other water systems around it. This information shows how resilient a
utility is to changes in available water supply and demand based on their supply security.

Demand need provides a better understanding of what types of water customers are using the
utility’s supply. Water user groups (or types of customers) vary in the amount of demand pressure they
put on the utility depending on how much water they consume. Therefore, depending on the system
and its customers it may be more important to have a greater range of customers or not. Additionally,
estimating peak demand pressure shows how much additional pressure on supply periods of high water
use put on the system. For example, during these periods of high water use are the utility supply
withdrawals exponentially larger than typical withdrawals or is there not much of a difference. Customer
behavior and water use creates water stress on the utility, the question is whether that stress actually
has an impact on the utility’s supply and infrastructure.

This is where understanding the functionality of the system comes in. The system’s functionality
will show if the utility has the capacity to handle fluctuations in demand use and supply availability. Non-
revenue water illustrates the amount of water that is being lost within the system that the utility
receives no revenue on. Every system has non-revenue water, the question is how much and where it is
being lost. Water can be lost in transport because of leaky pipes or water can be used to clean out the
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system. Based on the data obtained, specific details on the utility’s non-revenue water and
infrastructure leakage is not available but basic utility information can provide a starting point to
understand the utility’s capacity. General information on population served, miles of pipelines in the
system, and residential gallons per capita daily demand show how large the utility is and it’s general
service size. Additionally, drinking water violations are very important because the number of violations
obtained by a utility demonstrates the utility’s ability to comply with required regulations. These
variables describe the general system’s functionality capabilities and are a starting point for knowing if
the system will need improvements in the future.

The other two indicators provide a general sense of water availability for a region based on
climate conditions and changes in water demand based on population growth. General precipitation and
temperature trends for an area provide a baseline for future predictions on water availability. County
population data illustrates the population growth within an area and can estimate how demand
pressure may fluctuate on the local water utility. This data provides an “outside” perspective compared
to the data collected from the water utilities.

These indicators are by no means a ranking or assessment of a state’s reporting procedures nor
of their data collection requirements, and especially not of the utility itself or to each other. Instead,
these indicators and data analysis is to provide more information to the public and show what
information is available. Additionally, this is meant to be a way for some to better understand the
stresses undertaken by each utility and the utility’s capabilities.

3.5 Indicators and their Calculations

3.5.1 Supply availability

Supply availability shows the amount of water withdrawn for the system’s supply compared to
the full amount of water available for withdrawal at the source(s). This ratio represents how much
additional water there is available to use as supply. In North Carolina, utilities whose demand exceeds
80% of available water supply are required to begin planning for new water sources.

The supply availability indicator is only available for North Carolina because California and Texas
do not provide data on total available supply. Total available supply in North Carolina is an estimation,
and not a guarantee. For surface water these estimations are based on 7Q10 measurements and
groundwater is based on a 12-hour withdrawal test.

Supply availability = (total withdrawals / total available supply) *100%

3.5.2 Supply diversity

Supply diversity shows how much of a system’s supply comes from surface water, groundwater,
and water purchased from other public water systems. While supply diversity can be assessed for each
state, the degree of assessment varies. For instance, in North Carolina supply diversity could be
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subdivided into the diversity of surface water sources (i.e., multiple rivers) or groundwater aquifers (i.e.,
multiple aquifers); but there is no data on whether purchased water is originally surface or
groundwater. In Texas, supply diversity is broadly defined as either being surface or groundwater as a
percentage of the total supply including purchased water. In California the source of withdrawn water is
known as either surface or groundwater, but no additional information is provided about purchased
water from other systems. Since California and North Carolina have the same type of information,
supply diversity was divided up into three categories (surface water, ground water, or purchased) and
Texas was left to be slightly different by having two categories (surface water or groundwater) since
purchased could not be sorted out as its own category.

Supply diversity is a ratio calculated by dividing the amount of water withdrawn from each supply
source (or the amount purchased) by the total supply used (surface and groundwater withdrawals plus
purchases) and presented as a percentage.

3.5.3 Demand diversity

Demand diversity shows how water demand is distributed among the different user groups and
which group is the dominant user. Utilities become more vulnerable when the majority of their demand
comes from a single, large user. While we were not able to obtain the largest user for each utility, we
were able to assess the spread of demand by customer type.

California, North Carolina, and Texas have slight variations in how they break up their water user
groups. California had the most groups: residential single family, residential multi-family, commercial &
institutional, industrial, landscape & irrigation, agricultural, other, and water sold to other public water
systems. North Carolina had the fewest groups: residential (single and multi-family), commercial,
institutional, and industrial. Texas had residential single family, residential multi-family, industrial,
commercial, institutional, and agricultural. In order to compare across states, groups were combined
together. Single and multi-family residential were created into one group for California and Texas. And,
commercial and institutional were created into one group for Texas and North Carolina. Additionally,
landscape & irrigation, agricultural (only for North Carolina), and other were added as users with no
data for North Carolina and Texas to make the types of customer groups unison across all three states.
The final groups for all states are: residential (single families and multifamily), commercial &
institutional, industrial, water sold to other public water systems (sales), and agricultural.

The demand diversity ratio for each group is calculated by dividing the amount of water used by
each group by the total amount of water used by all groups then presented as a percentage.

3.5.4 Peak demand

Peak demand is the amount of water being used for high demand, which is not provided directly by
the data and is assumed by comparing the average of the maximum water withdrawn versus the
average water withdrawn. Peak demand is an important indicator because utilities have to build their
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infrastructure for maximum withdrawals. The greater the peak demand the more extra infrastructure
the utility has to build that is then underutilized for large portions of the year. By examining peak
demand with supply availability, a general sense of whether the water utility is limited in increasing their
water supply by water availability or infrastructure. To get the best sense of their infrastructure and
water limitations it would be best to pair this data with information on the utility’s permitted and design
capacity. Peak demand can only be shown for North Carolina because only North Carolina provides
maximum supply withdrawals per month and year for the system’s ground and/or surface water
sources. Texas and California provide no data on maximum withdrawal quantities.

The maximum withdrawals cannot always be trusted to represent an increase in demand because
increased withdrawals occasionally occur to flush out the ground water pump or the treatment plant’s
system with extra water for cleaning purposes. Therefore, the average of the maximum withdrawals
available is used in this calculation and additionally divided by the average amount withdrawn to
minimize the effect of increased water withdrawal for infrastructure and pump maintenance and to
emphasize increased demand periods.

3.5.5 Non-revenue water

Non-revenue water is the amount of water that enters into the treatment plant but does not make
it to the customer, therefore, no revenue is made. This also shows us how much water is being lost
within the system. Non-revenue water quantities are provided for Texas and are “calculated as the sum
of apparent losses, plus real losses, plus unbilled metered consumption and unbilled unmetered

consumption. This is the water that does not contribute to the water utility billings”.*®

A basic calculation is used for California and North Carolina with the assumption that minus the
amount that has reached the customers. During a meeting with the North Carolina Department of
Environmental Quality, Water Planning Branch, it was confirmed that this is the correct way to calculate
non-revenue water.

3.5.6 Interconnections

Interconnections shows how much water is being transferred to and from other public water
systems. We can see how interconnected the systems are. Each public water system for North Carolina
tells us specifically which public water systems they sell and purchase water from and in which
guantities. For Texas we know the number of wholesale connections each system has and the quantity
of water that is sold and purchased with other public water systems. California reports the amount of
water sold and purchased from other public water systems.

15 Mathis, Mark, et al. “Water Loss Audit Manual for Texas Utilities”. Texas Water Development Board Report 367,
March 2008, p. 6, www.twdb.texas.gov/publications/brochures/conservation/doc/WaterLossManual 2008.pdf.
Accessed Dec 2018.
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Since each state has the quantities for sold and purchased water, interconnections are represented
by summing the amount of sold and purchased water and dividing that by the system’s total supply.
Even though this does not tell us the number of interconnections, we can at least get a sense of how
much water for each system is being transferred to/from another system.

3.5.7 Basic Utility Information
Population served by the system:

For Texas, the retail customer population is provided (no other information is provided on
whether this is just residential customers or includes all customers). California provides the residential
population that is served by the public water system. For North Carolina, the year-round population is
stated but there are no specifics on if this is residential or the entire population. Each of these
populations will be used as is with no further calculations.

Residential Gallons per Capita Demand (GPCD):

The residential GPCD is reported for both California and Texas but not North Carolina. The
residential GPCD was calculated for North Carolina by using the population served and residential water
consumption data. No additional calculations are needed for California or Texas.

Distance of pipe lines for the system:

Miles of pipe lines for each system is reported for North Carolina and Texas. This data is unavailable
for California. No additional calculations are needed.

3.5.8 System violations (SDWIS)

Drinking water violations found through the SDWIS federal reports for 2013-2018. The total
number of violations accumulated for one year was not calculated because utilities tend to get more
than one violation when a violation occurs, therefore, representing the violations this way can be very
misleading in graph form. For instance, if a utility obtains a contaminant violation there tends to be
more than one issue that has occurred so the utility will acquire a violation for each of these issues even
though it may be one overall problem that needs to be fixed.

To avoid misrepresentation of a utility’s violations, the number of violations for each violation
category was counted for the year, which means there will only be one violation count for each type of
violation category.

3.5.9 Climate

Precipitation and temperature data for the past 30 years are provided to view historical trends.
Changes in precipitation influence water availability in both surface and groundwater systems.
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Increasing temperatures typically means higher peak demands in the summer due to greater AC and
energy usage and lawn maintenance. Since there have been greater fluctuations in precipitation and
temperature due to climate change, it is important to compare past trends to current trends to create
future predictions.

The median precipitation and temperature were calculated annually.

3.5.10 Population

Census population data are provided to get a sense of whether the utility will face pressures from a
growing population (increased demand) or a shrinking population (decreasing financial options). No
analysis or calculations were done on data.

3.5 Dashboard

A website was created using JavaScript and HTML to host the dashboard which visualizes the
analyzed data. The purpose of the dashboard is to create simple visualizations that help the viewer see
the historical and current trends in water availability, demand, and water system capabilities for a
region. Additionally, the goal of the dashboard is to show the information that is available for that
region without flagging or filtering data to form opinions (see Appendix 1 for dashboard structure and
abilities).

While using the dashboard, all the water systems with 3,300 connections or more are visible in
an interactive map. A water system can be selected from the map to view available data in graphs below
or the drop-down menu can be used to select a water system by desired location (the state is selected
first, followed by the county, and lastly the system is selected by name). Once a water utility is selected,
the data available for the indicators listed above (see 4.5 Indicators and their Calculations) are visualized
through graphs over time and tables. Separate tabs split up the graphs into categories to keep the data
organized. All the information needed to understand where the data came from and how calculations
were done can be found under an “Information” tab. The dashboard is meant to be completely
transparent about the data and calculations; the viewer should be able to recreate everything if desired.

The dashboard is meant to be a non-bias view that allows the viewer to self-identify behavior or
trends in the data that brings up flags for their own personal project. There is much more water data out
there that is being collected and stored somewhere, but is not available to use in this dashboard, which
creates limitations on what data can be seen by the viewer. The goal is to add data to the dashboard as
data become more readily available.
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Water Utility Supply and Use

Disclaimer: This tool is best viewed in Chrome, Firefox, Microsoft Edge, and Safari browsers. It does not work with Internet Explorer.

How to Use This Tool

ee information on the
y ble for 2

ation among utilities
e most recent year of
ing on a dot found on the map) th

Click a location of interest on the map or use the drop down menu and scroll U to see results based on your selection. Each tabbed panel shows something different.

Select Legend: + Cumate Divisions

None v =

Select State:

Calfonia__ v

Select State v
Select System

Select County ¥ L 3

Click on a water system

Figure 1. The front page of the dashboard, which contains information on how to use the tool and what
types of water utilities there is data for. More details of what the dashboard contains and how it works
can be found in appendix 1.

4. Results & Discussion

The indicators stated above were shown for almost all states, with the exception of supply
availability and peak demand in California and Texas due unavailability of supply and withdrawal data,
which shows the interoperability of various forms of water utility data (table 2). As stated above (see 3.2
Data Collection), each state seems to put different emphasis on types of data collected. For example,
Texas’s water loss audits have a great deal of detail on various forms of water loss such as non-revenue,
apparent loss, and real loss. The California reports focus more on comparing water use between water
user groups and previous years (especially in comparison to drought years). Then there is North
Carolina, which emphasizes on water transfers, interconnections between utilities, and water supply
(availability and withdrawal). Specific state legislation and incentives drive each state to collect
variations in their data. Or the state does collect the data that could not be found for this study and it is
just more difficult to find. No matter the differences in the data and reports, the information provided
was able to paint a general picture of how water is being used by utilities. The available data cannot
provide the detailed information needed to use the dashboard as the only tool to make a data center
location decision, but the dashboard does provide sufficient data to be used as a starter tool to obtain a
general sense of a water utility’s capabilities within a region.
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Table 2. The indicators available for each state based on the available data. California and Texas had
limitations in regard to supply availability and peak demand because their reports did not provide
information on estimate (or exact) supply availability for the water utility’s source(s) and no information
on maximum withdrawals.

CALIFORNIA TEXAS NORTH CAROLINA
SUPPLY AVAILABILITY b4 b4 o
SUPPLY DIVERSITY v v v
DEMAND DIVERSITY v v v
PEAK DEMAND )4 X v
NON-REVENUE WATER v v v
INTERCONNECTIONS v v v
BASIC UTILITY INFORMATION v & v
SYSTEM VIOLATIONS (SDWIS) v & v
CLIMATE v v v
SOCIAL v v v

To better improve the dashboard, additional data needs to be added to create a dashboard that can
be used as a single resource in the decision-making process. More information on the water utility,
water related legal cases for the surrounding area, and community perception of the water utility in
their area and of large water users should be included. Additional information on water utility
infrastructure (design versus permitted capacity and infrastructure renovations) should be collected to
get a better understanding on whether limitations for providing more water comes from the
infrastructure itself or supply limitations. The supply availability data collected is not enough to
understand supply restrictions on a watershed scale and would require estimated supply source
availability, water rights, and transfer agreements to have a better understanding on how water is being
used in the entire area. To further understand supply limitations, data on number of supply sources and
a utility’s ability to receive water from other systems in times of need would quantify supply security.
Having data on number of interconnections, whether regular or emergency connections, would further
guantify a utility’s supply security and would show how much potential support the utility has with other
systems. Understanding how demand and peak demand use stress the water utility’s infrastructure and
supply will provide a better understanding of if the water utility has what it needs to support such
demand. Lastly, information on the financial health of the utility such as revenue and debt would allow a
dashboard user to see if the utility has the ability to renovate infrastructure when needed and be able to
maintain appropriate water prices. Essentially, the more details and data obtained, the more
informative the dashboard can be, and a more accurate decision can be made.

Even with the limitations of the data, the dashboard still provides a great deal of information on
water utilities on a relatively large spatial scale all in one place. There is significant value in aggregating
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all necessary data into a dashboard, and the hope is to be able to put a monetary value to the time
saved. There is also great benefit with having a dashboard that does not filter or analyze data for the
user but instead just provides the available data for individual assessment. This is very important
because each user will have their own set of criteria and indicators they are looking for. Now the next
step will be to add additional data to ensure that all information required to decide on an ideal data
center location is on the dashboard. We hope this dashboard encourages states to make more of their
data more easily accessible and shows the importance of collecting different types of information.
Additionally, we hope other intensive water users will begin to use this type of dashboard to make more
well-informed sustainable water decisions.
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Appendix 1: Dashboard

The dashboard is an interactive website that allows you to see water utility data for California, Texas,
and North Carolina. Criteria was created to better represent types of water utilities that would provide
water to data centers.

Water Utility Supply and Use

Disclaimer: This tool is best viewed in Chrome, Firefox, Microsoft Edge, and Safari browsers. It does not work with Internet Explorer. D ESC RI PTION

How to Use This Tool

t the desired state then county. The
a. Once you select a water system
Each tab shows different water-refated indicators over time.

ct a legend to see th ation amx es based on v of you can see v W tilties (or systems) are founc ty by first select
the map comes f

Noi

Click a location of interest on the map or use the drop down menu and scroll U to see results based on your selection. Each tabbed panel shows something different.

Select Legend:

P
CONTROL PANEL ¥ .{;. MAP

.
lick o 3 water system -

Figure 1. Top of dashboard. On the very top is a short description on what types of water utilities we
provide data for (public water systems with over 3,300 connections) and directions on how to use the
tool. To the left is the control panel that allows you to select between multiple types of legends, which
will then display on the map when selected. Additionally, there is a drop down menu that allows you to
see (and select) water utilities based on state and county location. To the right is the map, which always
displays all the water utilities we have data for and allows you to select a utility directly on the map. It
may seem that there are far fewer utilities in California and Texas in comparison to North Carolina, but
this is not the case. Instead, based on the public water systems with over 3,300 connections criteria,
there were just fewer utilities that met this criterion in eastern California and western Texas.
Additionally, for California and Texas systems that serve private residents (such as mobile home parks)
and other types of more private systems were not included (even if they technically still are public water
systems, which decreases the list of systems for these two states. Eastern California and western Texas
are also dominantly groundwater areas and more rural communities; therefore, users will have private
wells or smaller systems. It is also important to note that this dashboard does not include small public
water systems with under 3,300 connections.
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Water Utility Supply and Use

Disclaimer: This tool is best viewed in Chrome, Firefox, Microsoft Edge, and Safari browsers. It does not work with Internet Explorer.

How to Use This Tool

The map below shows all public, community water systems (or water utllities) that have over 3,300 connections for California, North Carolina, and Texas. In the tabs below you can see information on the utility's water supply and
demand through different indicators that were caliculated. Available information varies between each state and even the water utilties within the state. For example, California data was only available for 2013-2016, Texas has data for
2013-2017, and North Carolina has data for 1997, 2002, 2007-2017. Even for these years with available data, not all water utilities are required to submitt a report for each of these years, therefore, there may be some gaps in the data.
However, this does not mean the data is not available; it just means that if you would like to know more about a water utitly we recommend contacting the water utility or state agency directly. This dashboard is not meant to compare the
states against each other, but instead to show what type of information Is currently and to provide you with a general sense of what water use looks like for a location

©On the map below you can select a legend to see the variation among utilities based on various indicators or you can see what water utiiities (or systems) are found in a state's county by first select the desired state then county. The
legend information displayed on the map comes from the most recent year of data for each state, which means the legend shows data from 2016 for California and 2017 for Texas and North Carolina. Once you select a water system
(elther by using the drop down menu or clicking on a dot found on the map) then the data available for the system will be produced in graphs below. Each tab shows different water-related Indicators over time.

Click a location of interest on the map or use the drop down menu and scroll U to see results based on your selection. Each tabbed panel shows something different.

* Boiso » Climsto Division:

Select Legend: - . -

None Y L
I s i United

. . States .
Available Supply to Demand ‘
Main Water User Group

Main Supp[y Source

Click on a water system
Bahamas  Leatet | Terms 5 Feedback

Figure 2. There are four available legends to select from on the control panel. The “None” legend is
automatically displayed on the map and does not show any additional information.

Water Utility Supply and Use

Disclaimer: This tool is best viewed in Chrome, Firefox, Microsoft Edge, and Safari browsers. It does not work with Internet Explorer.

How to Use This Tool

The map below shows all public, community water systems (or water utilities) that have over 3,300 connections for California, North Carolina, and Texas. In the tabs below you can see information on the utility's water supply and
demand through different indicators that were caiculated. Available information varies between each state and even the water utilties within the state, For example, California data was only available for 2013-2016, Texas has data for
2013-2017, and North Carolina has data for 1997, 2002, 2007-2017. Even for these years with available data, not all water utilities are required to submitt a report for each of these years, therefore, there may be some gaps in the data.
However, this does not mean the data is not available; it just means that if you would like to know more about a water utiltiy we recommend contacting the water utility or state agency directly. This dashboard is not meant to compare the
states against each other, but instead to show what type of Information is currently and to provide you with a general sense of what water use looks like for a location.

On the map below you can select a legend to see the variation among utilities based on various indicators or you can see what water utilities (or systems) are found in a state’s county by first select the desired state then county. The
legend information displayed on the map comes from the most recent year of data for each state, which means the legend shows data from 2016 for California and 2017 for Texas and North Carolina. Once you select a water system
(either by using the drop down menu or clicking on a dot found on the map) then the data available for the system will be produced in graphs below. Each tab shows different water-related Indicators over time.

Click a location of interest on the map or use the drop down menu and scroll U to see results based on your selection. Each tabbed panel shows something different.
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Figure 3. The main water user group legend displays what water user groups uses the majority of the
water utility’s supply (or the user group with the highest demand). The group categories differ between
each state due to the state’s variations in water user groups.
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Water Utility Supply and Use

Disclaimer: This tool is best viewed in Chrome, Firefox, Microsoft Edge, and Safari browsers. It does not work with Internet Explorer.

How to Use This Tool

The map below shows all public, community water systems (or water utilities) that have over 3,300 connections for California, North Carolina, and Texas. In the tabs below you can see information on the utill water supply and

demand through different indicators that were caiculated. Available information varies between each state and even the water ulilties within the state, For example, California data was only avallable for 2013-2016, Texas has data for
013-2017, and North Carolina has data for 1997, 2002, 2007-2017. Even for these years with available data, not all water utilities are required to submitt a report for each of these years, therefore, there may be some gaps In the data.

owever, this does not mean the data is not available; it just means that if you would like to know more about a water utiltiy we recommend contacting the water utility or state agency directly. This dashboard is not meant to compare the

states against each other, but instead to show what type of Information s currently and to provide you with a general sense of what water use looks like for a location

On the map below you can select a legend to see the variation among utilities based on various indicators or you can see what water utilities (or systems) are found in a state's county by first select the desired state then county. The
legend information displayed on the map comes from the most recent year of data for each state, which means the legend shows data from 2016 for California and 2017 for Texas and North Carolina. Once you select a water system
(either by using the drop down menu o clicking on a dot found on the map) then the data available for the system will be produced in graphs below. Each tab shows different water-related indicators over time

Click a location of interest on the map or use the drop down menu and scroll ) to see results based on your selection. Each tabbed panel shows something different.
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Figure 4. The main supply source legend displays what type of source — surface water, groundwater, or
purchased water — the water utility gets the majority of their supply from. For Texas, this is only broken
into surface and ground water because we could not distinguish surface, ground, and purchased water
guantities from each other (the data does tell you how much of their water is purchased but it is unclear
on how to distinguish the purchased quantity from the surface and ground water percentages provided).
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Water Utility Supply and Use

Disclaimer: This tool is best viewed in Chrome, Firefox, Microsoft Edge, and Safari browsers. It does not work with Internet Explorer.

How to Use This Tool

The map below shows all public, community water systems (or water utilities) that have over 3,300 connections for California, North Carolina, and Texas. In the tabs below you can see information on the utility's water supply and
demand through different indicators that were caiculated, Available information varies between each state and even the water utilties within the state. For example, California data was only available for 2013-2016, Texas has data for
2013-2017, and North Carolina has data for 1997, 2002, 2007-2017. Even for these years with available data, not all water utilities are required to submitt a report for each of these years, therefore, there may be some gaps in the data.
However, this does not mean the data is not available; it just means that if you would like to know more about a water utiitly we recommend contacting the water utility or state agency directly. This dashboard is not meant to compare the
states against each other, but Instead to show what type of Information is currently and to provide you with a general sense of what water use looks like for a location.

On the map below you can select a legend to see the variation among utilities based on various indicators o you can see what water utiiities (or systems) are found in a state’s county by first select the desired state then county. The
legend information displayed on the map comes from the most recent year of data for each state, which means the legend shows data from 2016 for California and 2017 for Texas and North Carolina. Once you select a water system
(elther by using the drop down menu or clicking on a dot found on the map) then the data avallable for the system will be produced in graphs below. Each tab shows different water-related indicators over time.

Click a location of interest on the map o use the drop down menu and scroll J to see results based on your selection. Each tabbed panel shows something different.
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Figure 5. There are two ways you can select what water utility you want to look at — either by using the
drop down menu or selecting the water utility directly on the map. With the drop down menu you must
select the state and county first before selecting the water utility. With either option, only one water
utility can be viewed at a time and the graphs for the utility will automatically produce below this
section of the dashboard (scroll down).

Water Utility Supply and Use

Disclaimer: This tool is best viewed in Chrome. Firefox, Microsoft Edge, and Safari browsers. It does not work with Internet Explorer.

How to Use This Tool

The map below shows all public, community water systems (or water utilities) that have over 3,300 connections for California, North Carolina, and Texas. In the tabs below you can see information on the utility's water supply and
demand through different indicators that were calculated. Avallable Information varies between each state and ev water utilties within the state. For example, California data was only available for 2013-2016, Texas has data for
13-2017, and North Carolina has data for 1997, 2002, 2007-2017. Even for these years with available data, not ter utilities are required to submitt a report for each of these years, therefore, there may be some gaps in the data
ver, this does not mean the data is not available; it just means that if you would like to know more about a water utiltly we recommend contacting the water utility or state agency directly. This dashboard is not meant to compare the
states against each other, but instead to show what type of Information is currently and to provide you with a general sense of what water use looks like for a location.
On the map below you can select a legend to see the variation among utilities based on various indicators or you can see what water utilities (or systems) are found in a state’s county by first select the desired state then county. The
legend information displayed on the map comes from the most recent year of data for each state, which means the legend shows data from 2016 for California and 2017 for Texas and North Carolina. Once you select a water system
(elther by using the drop down menu or clicking on a dot found on the map) then the data available for the system will be produced in graphs below. Each tab shows different water-related indicators over time.

Click a location of interest on the map or use the drop down menu and scroll TTts based on your selection. Each tal s something different.
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Figure 6. When the drop down menu is used to select a water utility, a yellow circle will highlight the
utility on the map.
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Information ~ Supply and Demand  Transport and Infrastructure  Climate and Population

Displays how much water is withdrawn in comparisan to the available supply for the water system. This can only be seen for North Carolina

emand Diversity (Second Graph) Shows how water demand is distributed amount the different user groups and which group is the dominant user. California, North Carolina, and Texas have slight variations in how they break up their water user
groups. Some groups were combined to be able to compare across states. The groups are: residential (single families and multifamily), commercial & institutional, industrial, water sold to other public water systems (sales), and agricultural.

Supply Diversity (Third Graph) Shows how much of a system’s supply is made of surface water, groundwater, and/or purchased water from other public water systems. This can be shown for all three states.

be shown for North Carolina.
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Figure 7. The “Supply and Demand” tab is automatically produced below the map portion of the
dashboard once a water utility is selected. This tab describes supply availability, demand diversity,
supply diversity, and peak demand for all years of available data.
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Information  Supply and Demand  Transport and Infrastructure  Climate and Population
Is the amount of water that enters into the treatment plant but does not make it to the customer, therefore, no revenue is made. This also shows us how much water is being lost within the system.
Shows how much water is being transferred to and from other public water systems. We can see how interconnected the systems are.
Drinking water violations found through the SDWIS federal reports.

' Population served by the system; residential gallons per capita demand (GPCD); and distance of pipe lines for the system shown.
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Figure 8. The second tab is “Transport and Infrastructure” and describes non-revenue water,
interconnections (based on active sales and purchases of the utility), EPA drinking water violations, and
basic utility information. The basic utility information includes population served, residential gallons per
capita daily (GPCD), total number of connections, and mileage of pipe distribution.

Information  Supply and Demand  Transport and Infrastructure  Climate and Population
Precipitation data for the past 30 years are provided to view historical trends.
Temperature data for the past 30 years are provided to view historical trends

Census population data
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Figure 9. The third tab is “Climate and Population” which describes average precipitation (in) and
temperature (F) for the past 30 years as well as the county’s population for the past 30 years for where
the utility is located.
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Information ~ Supply and Demand  Transport and Infrastructure  Climate and Population

Displays the amount of water withdrawn for the system's supply compared to the full amount of water available for withdrawal at the source(s). This ratio represents how much additional water there is available to use as
supply. The supply availability indicator is anly available for North Carolina because California and Texas do not provide data on total available supply. For North Carolina, total available supply is an estimation, not a guarantee, based an 7Q10
Measurements.

Supply availability is a ratio calculated by dividing the sum of tatal withdrawals by the sum of total available supplies and presented as a percentage.

Shows how water demand is distributed amount the different user groups and which group is the dominant user. California, North Carolina, and Texas have slight variations in how they break up their water user groups. Some
groups were combined to be able to compare across states. The groups are: residential (single families and multifamily), commercial & institutional, industrial, water sold to other public water systems (sales), and agricultural

The demand diversity ratio for each group is calculated by dividing the amount of water used by each group by the total amount of water used by all groups then presented as a percentage.
Displays how much of a system’s supply is made of surface water, groundwater, and/or purchased water from other public water systems. This can be shown for all three states
Supply diversity is a ratio calculated by dividing the amount of water withdrawn from each supply source {or the amount purchased) by the total supply used (surface and groundwater withdrawals plus purchases) and presented as a percentage.

Is the amount of water being used for high demand, which is not provided directly by the data and is assumed by comparing the average maximum water withdrawn versus the average water withdrawn. Peak demand can only be
shown for North Carolina because only North Carolina provides maximum supply withdrawals per month and year for the system’s ground and/or surface water sources.

The maximum withdrawals cannot always be trusted to represent an increase in demand, therefore, the average of the maximum withdrawals available is used in this calculation and additionally divided by the average amount withdrawn to
minimize the effect of increased water withdrawal for infrastructure and pump maintenance and to emphasize increased demand periods.

Is the amount of water that enters into the treatment plant but does not make it to the customer, therefore, no revenue is made. This also shows us how much water is being lost within the system. Nonrevenue water
quantities are provided for Texas and is calculated as the sum of apparent losses, plus real losses, plus unbilled metered consumption and unbilled unmetered consumption. This is the water that does not contribute to the water utility billings

A basic calculation is used for California and North Carolina of assuming that their nonrevenue water is the amount of water withdrawn and processed at the treatment plant minus the amount that has reached the customers.
Shows how much water is being transferred to and from other public water systems. We can see how interconnected the systems are. Each public water system for North Carolina tells us specifically which public water systems

they sell and purchase water from and the quantity. For Texas we know the number of wholesale connections each system has and the quantity of water that is sold and purchased with other public water systems. California reports the amount of
water sold and purchased from other public water systems.

Since each state has the quantities for sold and purchased water, interconnections are represented by summing the amount of sold and purchased water and dividing that by the system’s total supply. Even though this does not tell us the number
of interconnections, we can at least get a sense of how much water for each system is being transferred to/from another system

Drinking water violations found through the SDWIS federal reports.

The number of violations for each violation category was counted for the year.

3. Population served by the system: For Texas, the retail customer population is provided (no other information is provided on whether this is just residential customers or includes all customers). Califomia provides the residential population that is
served by the public water system. For North Carolina, the year-round population is stated but there are no specifics on if this is residential or the entire population. Each of these populations will be used as is with no further calculations.

b. Residential Gallons per Capita Demand (GPCD): The residential GPCD is reported for both California and Texas but not North Carolina. Will not calculate residential GPCD because all the necessary variables needed to calculate GPCD are not
available. No additional calculations are needed for California or Texas.

c. Distance of pipe lines for the system: Miles of pipe lines for each system is reported for North Carolina and Texas. This data is unavailable for California. No additional calculations are needed.
Precipitation and temperature data for the past 30 years are provided to view historical trends. No analysis or calculations were done on data.

Census population data are provided. No analysis or calculations were done on data.

Figure 10. The tab all the way to the left, “Information”, provides details on the indicator’s definitions,
calculations, stipulations, and assumptions made. Additionally, information on data sources are
provided. The purpose of the information tab is to allow a user to re-create everything that was done if
desired and to provide complete transparency.
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Appendix 2: Generalized Results of Indicators for each State

The overall mean was found for the state (outliers and unrealistic values were removed to create a
better estimate) or other calculations were created to show what types of information would be helpful
to obtain from the data. Generalizing results as a whole for the state is not a good idea because there
will be great variations in the results depending on the region within the state, but for the purposes of
visualizing the data available, results were generalized for the state. Most graphs will display results for
the most recent year of data, which is 2016 for California and 2017 for North Carolina and Texas.

Table 1. General state results for some of the indicators that are displayed on dashboard.

INDICATOR STATE VALUES
SUPPLY AVAILABILITY North Carolina 97.12% of water utilities did not go above 80% of their
supply availability and 2.88% did (from 1997-2017).
SUPPLY DIVERSITY California 15.48% surface water,
(MAIN SUPPLY TYPE) 72.06% groundwater, and
12.45% purchased water
North Carolina 23.66% surface water,

40.59% groundwater, and
35.75% purchased water

Texas 42.62% surface water and
57.38% groundwater
DEMAND DIVERSITY California 73.58% Residential,
(MAIN USER GROUP) 15.60% Commercial & Institutional,

1.21% Industrial,

2.54% Landscape & Irrigation,
4.44% Other, and

2.63% Agricultural

North Carolina 81.12% Residential,
10.94% Commercial & Institutional, and
7.94% Industrial

Texas 92.22% Residential,
3.95% Commercial & Institutional, and
3.83% Industrial

NON-REVENUE California 25% interquartile = 6.08%,
median (50%) = 9.92%,
75% interquartile = 17.44%

North Carolina 25% interquartile = 9.15%,
median (50%) = 16.44%,
75% interquartile = 27.36%

Texas 25% interquartile = 10.11%,
median (50%) = 16.63%,
75% interquartile = 26.20%
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Figure 1. The North Carolina Department of Environmental Quality, Division of Water Resources has an
80% threshold stipulation which assumes that a water utility is not stressed on supply availability (water
available for withdrawal) if they are withdrawing less than 80% of their estimate supply. Therefore,
when looking at water utilities it North Carolina as a company looking to build a data center here, it
would be important to find a utility underneath this 80% threshold (insinuating there is no supply stress)
or creating a personalized threshold that could be even lower than 80%. Surface water availability is
estimated through 7Q10 measurements and groundwater availability is based on a 12-hour withdrawal
test; which emphasizes that these are estimates of supply and cannot guarantee exact availability for
the water source.
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Figure 2. Average supply availability percentage for the entire state of North Carolina. Surface water
availability is estimated through 7Q10 measurements and groundwater availability is based on a 12-hour
withdrawal test; which emphasizes that these are estimates of supply and cannot guarantee exact
availability for the water source. This data is for 1997, 2002, 2007-2017.
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Figure 3. Overall supply use for each state based on the whether the supply source is ground water,
surface water, or purchased water. California utilities dominantly use ground water sources in
comparison to purchased and surface water, which shows this is not a good representation of all the
water being transferred from one location to another since we can assume these transfers are not
technically purchases (since the utility already has rights to the water) but the surface water percentage
seems slightly low due to the amount of surface water transferred to southern California. Texas and
North Carolina have a relatively equal distribution between source types. For Texas, purchased water
was not included due to the data’s format — the data provided what percentage of the utility’s total
system input came from ground water and surface water and a separate water quantity value was
provided for purchased water; therefore, purchased water could not be compared to the input
percentages. Again, this data is for 2016 for California and 2017 for North Carolina and Texas.
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Figure 4. Overall water use based on water user groups for each state. Residential water users are the
main user from water utilities for each state. California has the highest diversity in water user group
categories, which compliments their emphasis on demand data in their reports. Texas has the next
largest set of water user group categories because it does not collect data on landscape and irrigation,
or other water uses. North Carolina has the smallest amount of water user categories, which could be
influenced by the fact that most agriculture does not obtain their water from utilities. Additionally,
agricultural entities are not required to report exact water quantity use because it is considered
proprietary data on crop yields.
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Peak Demand
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Figure 5. Average peak demand (in percentage form) was calculated for the entire state of North
Carolina. Many variables were removed (outliers and unrealistic values) in order to create a better
estimate of what the average peak demand looked like for the state. These outliers and unrealistic
values were kept in the dashboard because the dashboard does not filter or make decisions on data and
additionally these odd values are a quick flag to the dashboard user that more research needs to be
done on the utility and indicator. This peak demand calculation (taking the average maximum
withdrawal for the year divided by the average withdrawal for the year) is not a good representation of
actual peak demand due to the fact that withdrawals could be increasing for other reasons besides
increase demand use. The average of the maximum withdrawals was taken in order to minimize the
impact of flushing on withdrawals (occasionally substantial quantities of water will be withdrawn in
order to flush out the water treatment plant system or clean out the ground water pumps), which is
even more reason to gather better data that can direct tie increased demand use to withdrawals.
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Figure 6. Average non-revenue water percentage for the entire state. Ideally a water utility wants to be
as close to 0% as possible for their non-revenue water, but it is expected that there will be some loss.
Based on national reports, a water utility will ideally have between 15%-25% non-revenue water and still
be considered to have efficient infrastructure. All three states are within that range.
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Figure 7. The average interconnections percentage describes how much water is actively being sold and
purchased within a system to other systems as a replacement representation for the number of
interconnections a utility has. Unfortunately, this calculation is not a good representation for the
number of interconnections a utility has because a utility may have connections between other systems
that may not be constantly used (such has having regular versus emergency connections). The
limitations of this calculation are greatly exemplified with California because based on our calculation
California does not have very many interconnections which, in reality, is not true. In California a
significant amount of water is being transported through inter-basins which cannot be seen here.
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Figure 8. The number of utilities within the state that do not sell or purchase water with another system.
Again, as mentioned for figure 7, this is not a good representation for interconnections because a utility
may have interconnections that it is not using for purchasing and selling water. Additionally, comparing
water quantities is not the same as comparing actual number of interconnections.
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Figure 9. The number of utilities that sell water but do not purchase it. Ideally, we would like to see
what utilities have the ability to sell water through interconnections but do not have the ability to
purchase water from other systems through interconnections for times of water stress. This can show us
what utilities lack an ability to purchase emergency supply in times of need.
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Appendix 3: Hypothetical Criteria and their Results

We wanted to see how the data would match up to providing location suggestions based on
hypothetical criteria. These criteria were not based off any real criteria but are instead just speculative.
Based on the results of the criteria, it is apparent that more data is required in order to make a more
well informed decision. California and Texas should have more ideal locations than what came back in
the results, which shows the data may not be as interoperable as originally thought but more likely that

more data is required.

Table 1. Hypothetical criteria and the results from the criteria.

CRITERIA RESULTS

109 water utilities meet this

CA, TX, NC

* |[nterconnections 20~70 %

* Main Water User Group <70%

* Non-Revenue Water <25%

NC

* Supply Availability <80%
* Peak Demand <150%

criteria:

44 in California, 60 in North
Carolina, and 26 in Texas.

Table 2. Ideal water utilities based on hypothetical criteria.

liti Number of Number of

County Number of Utilities County Number of Utilities County utilities County Utilities
Alameda 2 Brazoria 2 Alamance 2 Henderson 1
Cameron 1 Anson 2 Iredell 1
s 4 (Bl d Beaufort 2 Johnston 1

Dallas 1 . -
Los Angeles 14 Dawson a Bertie 1 Lenoir 1
Buncombe 2 Montgomery 1
Denton 1
L3 ! El Paso 1 Burke 2 R :
- Cabarrus 1
Riverside 4 Ellis 1 - Nash 1
Fort Bend 4 Caldwe 2 MNorthampton 2
San Benito 1 Guadalupe 1 Camden 1 Pitt 2
. Harri 1 Catawba 3
San Bernardino 3 aq\s Cleveland 1 Randolph 1
Hutchinson 1 evelan Richmond 2
San Diego 2 Kendall 1 CDIu.m bus 1 — a
Lubbock 1 Davidson 1 T—— 2
san Joaquin 5 Parker 1 Duplin 1 =

Santa Barb 2 Parter 1 Franklin B e 2
a arbara Randall 1 o— Z Rutherford 2
Santa Clara 1 Tarrant 1 Greene 1 sampson 1
Titus 1 Guilford 2 Scotland 1
Ventura 3 Co 1 Halifax 1 stanly 2
Yolo 1 v::hlta : Harnett 1 Vance 1
— Wilkes 1
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