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Section 1 

Introduction 
This Urban Water Management Plan (UWMP) includes a description of the City of Davis (City) water system, 
historical and projected water use, water supply sources and reliability, water shortage contingency planning 
and water conservation activities.  

This section provides an overview of the UWMP and UWMP organization. 

1.1 Urban Water Management Planning Act 
The UWMP was prepared in accordance with the Urban Water Management Planning Act (Act). The Act is 
defined by the California Water Code, Division 6, Part 2.6, and Sections 10610 through 10657. The Act 
became part of the California Water Code with the passage of Assembly Bill (AB) 797 during the 1983-1984 
regular session of the California legislature. The Act requires every urban water supplier providing water for 
municipal purposes to more than 3,000 connections or supplying more than 3,000 acre-feet (AF) of water 
annually to adopt and submit a UWMP every five years to the California Department of Water Resources 
(DWR). The Act was been subsequently amended several times. The Act describes the contents of the UWMP 
as well as how urban water suppliers should adopt and implement the UWMP. 

This 2020 UWMP includes newly required and updated components to address the revision of the Act for the 
2020 UWMP, including but not limited to: 
• UWMP summary lay description 
• Description of current and projected land uses in service area 
• Five previous years of system water losses 
• Water savings 
• Energy analysis 
• Seismic Risk assessment and mitigation plan 
• 5-year Drought Risk Assessment (DRA) 
• Additional components within the Water Shortage Contingency Plan (WSCP) 

1.2 UWMP Organization 
This section provides a summary of the sections in this UWMP. 
• Section 2: UWMP Preparation presents the basis for preparing the UWMP, UWMP identification, units of 

measure, coordination, and outreach.  
• Section 3: Water System Description provides a description of the service area, climate, climate change, 

and historical and projected population. 
• Section 4: System Water Use presents historical and projected water use. 
• Section 5: Senate Bill (SB) X7-7 Baseline and Targets describes baselines and targets for per capita 

water use. 
• Section 6: System Water Supplies describes system water supplies including recycled water. 
• Section 7: Water Supply Reliability and DRA addresses water supply reliability. 
• Section 8: Water Shortage Contingency Plan describes each of the elements of the City’s WSCP. 
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• Section 9: Demand Management Measures (DMMs) describes DMMs. 
• Section 10: UWMP Adoption, Submittal, and Implementation describes actions taken by the City to 

address the California Water Code requirements for UWMP adoption, submittal, and implementation. 
• Section 11: References provides a list of references. 
• Appendices A through M provide relevant supporting documents. 

DWR has provided a checklist of the items that must be addressed in each UWMP based upon the Act. The 
checklist was completed for this UWMP and provided in Appendix A. It references the sections in the UWMP 
where specific DWR checklist items are addressed. 

1.3 UWMP Summary Lay Description 
The City is located in the Central Valley in the southeastern corner of Yolo County, to the east of the coastal 
mountain range and San Francisco Bay Area and 12 miles west of the state capital of Sacramento. The City 
continues to be primarily a residential community, with modest but growing commercial and industrial 
sectors.  The projected population is based on the assumption that the City’s population will grow by 1 
percent per year through 2045.   

The City’s projected water use is based on future development both within the City and outside the current 
service area. The projected water demands also consider the City’s on-going water conservation program as 
well as future reductions in water use due to changing building codes and water efficient policies, and as the 
use of more water efficient structures and landscape are implemented. It is estimated that the per capita 
water use in the future will not reach pre-drought levels. The City met it’s 2020 per capita water use target 
that was updated in the 2015 UWMP. 

The City uses groundwater well supply from the local groundwater basin and surface water from the 
Sacramento River that is delivered by the Woodland Davis Clean Water Agency (WDCWA). The City is 
continually planning for worst case scenarios such as droughts and other natural disasters that may impact 
water supply availability. The City plans for drought years, by using surface water in wet years when it is 
readily available combined with a smaller amount of groundwater. This allows the aquifers, or groundwater 
basins, to refill in wet years, and store groundwater for the City to use when it is essential. During drought 
years the City relies more heavily on groundwater to meet water demands. Water supply shortages are not 
projected because the groundwater supply can meet demands during the dry years when minimal surface 
water is available. 
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Section 2 

UWMP Preparation 
This section presents the basis for preparing the UWMP, UWMP identification, units of measure, 
coordination, and outreach. 

2.1 Basis for Preparing the UWMP 
The City is a retail urban water supplier, providing water for municipal purposes to more than 3,000 
customers and supplying more than 3,000 AF of water annually. Table 2-1 presents the Public Water System 
name and number. The City has selected individual reporting for this UWMP, as identified in Table 2-2. This 
UWMP is reporting on a calendar year basis using AF as the unit of measure as noted in Table 2-3. 

 
Table 2-1. Public Water Systems (DWR Table 2-1) 

Public water system number Public water system name 
Number of municipal 
connections, 2020 

Volume of water supplied in 
2020, AF 

CA5710001 City of Davis 17,264 10,488 

 
Table 2-2. Plan Identification (DWR Table 2-2) 

 Individual UWMP 

 Water supplier is also a member of a Regional UWMP 

 Water supplier is also a member of a regional alliance 

 Regional UWMP (RUWMP) 

 
Table 2-3. Supplier Identification (DWR Table 2-3) 

Type of supplier (select one or both) 
 Supplier is a wholesaler 

 Supplier is a retailer 

Fiscal or Calendar Year (select one) 
 UWMP Tables are in calendar years 

 UWMP Tables are in fiscal years 

Units of Measure Used in UWMP (select one) 

Unit AF 
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2.2 Coordination and Outreach 
The Act requires the City to coordinate the preparation of its UWMP with other appropriate agencies in the 
area, including other water suppliers that share a common source, water management agencies, and 
relevant public agencies, to the extent practicable.  

2.2.1 Wholesale and Retail Coordination 
The City coordinated with its wholesale water supplier, the WDCWA for wholesale water supplies as shown in 
Table 2-4. Starting in 2016, the City received surface water from the WDCWA. Coordination with the WDCWA 
included obtaining surface water supply projections through 2045 in different year types. A copy of the 
communication with WDCWA is included in Appendix B. 

Further discussion of the WDCWA is found in Section 6: Water Supplies.  

 
Table 2-4. Water Supplier Information Exchange (DWR Table 2-4) 

The retail supplier has informed the following wholesale supplier(s) of projected water use in accordance with Water Code Section 10631. 

Wholesaler Water Supplier Name 

Woodland-Davis Clean Water Agency (WDCWA) 

2.2.2 Coordination with Other Agencies and the Community 
The City is required to coordinate with other agencies and the community in preparation of their UWMP. The 
City is a member agency of the Water Resources Association of Yolo County (WRA). The City regularly 
coordinates with WRA member agencies (both urban and agricultural) on projects of mutual interest and 
communicates City water-related actions both during and between regular WRA Board meetings. WRA 
members include the City, City of Woodland, City of West Sacramento, City of Winters, the University of 
California (UC) Davis, Yolo County, Yolo County Flood Control & Water Conservation District (YCFC&WCD), 
Reclamation District 108, Reclamation District 2035 (Conaway Preservation Group [CPG] water), and the 
Dunnigan Water District. WRA members were encouraged to review and comment on the City’s 2020 UWMP 
Update. 

The Yolo County Farm Bureau and the WRA have been disseminating information regarding groundwater. 
The WRA and the Yolo County Farm Bureau have been actively engaging stakeholder groups and conducting 
outreach to the agricultural and rural water communities on the implementation of the Sustainable 
Groundwater Management Act (SGMA) and the creation of a Groundwater Sustainability Agency (GSA), the 
Yolo Subbasin Groundwater Agency (YSGA). The WRA and Yolo County Farm Bureau have received DWR local 
assistance support to engage neutral facilitation services to assist with the development of a forward-looking 
vision for greater collaboration, with a focus of developing an actionable plan for the implementation of the 
SGMA and the creation of a GSA, as described in Section 6. 

UC Davis is located adjacent to the City. The City has two emergency interties with UC Davis. UC Davis 
student housing projections are referenced to estimate future seasonal population projections. Additional 
detail about population impacts on water demands are in Section 3. 

Table 2-5 summarizes the cities, counties, municipalities, and other agencies or organizations that were 
consulted in the development of this UWMP. The City has encouraged active involvement of diverse social, 
cultural, and economic elements of the population within the service area prior to and during the preparation 
of the UWMP and WSCP. Notifications to the agencies listed in Table 2-5 are provided in Appendix B. 
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Table 2-5. Coordination and Notification for Plan Preparation 

Organization/agency name 
Consulted in  

the development of the UWMP 
Received a  

60 day notification 
Received a  

notice of public hearing 

WDCWA    

Yolo County Department of Community Services    

City of Woodland    

UC at Davis    

WRA/YSGA    

Yolo County FC& WCD    

Yolo County Farm Bureau    

 

2.2.3 Notice to Cities and Counties 
The City is required to provide 60-day notification to cities and counties to which they serve water that the 
UWMP is being updated and reviewed. Notifications to cities and counties are reported in Table 2-6 and 
included in Appendix B. 

 
Table 2-6. Notification to Cities and Counties 

(DWR Table 10-1) 

City Name 60 day notice Notice of public hearing 

-- -- -- 

County Name 60 day notice Notice of public hearing 

Yolo County   
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Section 3 

System Description 
This section describes the City’s water system. It contains a description of factors that impact water demand 
such as service area climate and population.  

3.1 General Description 
The City is located in the Central Valley in the southeastern corner of Yolo County, to the east of the coastal 
mountain range and San Francisco Bay Area and 12 miles west of the state capital of Sacramento. It 
occupies an area of about 9.9 square miles (6,336 acres). Incorporation of the City occurred in 1917, and 
water service is provided to all residential (single and multi-family), commercial, industrial, and irrigation 
customers, and for open space and fire protection uses. 

Local development began in the 1860’s around the California Pacific Railroad depot, in use today as a 
multimodal transportation hub. Agriculture, the City’s initial primary industry, led to the location of UC Davis. 
The State Agricultural Experiment Station at Davis was established by the UC in 1906 with degree programs 
to follow in the 1920’s. The community soon became the economic center of the region.  

The downtown core is the oldest portion of the City. Residential expansion occurred first to the north and 
west of the core. The City expanded south of I-80 and west of Highway 113 in the 1960’s. Growth in the 
1970’s expanded the urban area in all directions, and additions in the last twenty years have built out major 
areas of the incorporated area and added land to the City’s service area. The City faces both negative and 
positive growth pressures from a variety of forces outside its control as follows: (1) steady growth of the UC 
Davis campus to meet growing State-wide education needs, (2) depressed regional economy, particularly in 
both Solano and Sacramento counties, (3) proximity to the Interstate 80 corridor, and (4) long-term 
challenges for agriculture (international competition, high energy prices, and urban encroachment).  

As shown on Figure 3-1, the City’s water system service area includes the City boundaries, County Service 
Areas (CSAs) within Yolo County, and the Davis Creek Mobile Home Park. The Willowbank and El Macero 
CSAs are governed and maintained by the County. The City treats properties within the Willowbank CSA as 
retail customers, billing them directly, while El Macero CSA connections are billed by Yolo County, and Yolo 
County pays the City for water supplies. Water is supplied directly from the City water distribution system. 
The Davis Creek Mobile Home Park is not located within the City boundary but is included as part of the City 
service area. These areas are included as part of the City’s service area in previous water use analysis and 
will continue to be included in the City’s service area in this UWMP. Water use and connection numbers, as 
well as water projections, include the CSAs and Davis Creek Mobile Home Park.  

Proposed developments outside of the City service area are shown on Figure 3-2 as water use projections 
from these developments are included in City water use estimates starting in 2020. 
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Figure 3-2. Major current and potential projects 
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3.2 Service Area Climate 
Summers in the City are warm and dry, and winters are cool. The region is subject to wide variations in 
annual precipitation, and experiences periodic dry periods and wildfires in the regional watershed and 
surrounding areas with chaparral and oak woodlands. Summers can be hot at times with weekly periods of 
100 degrees Fahrenheit (°F) temperatures, greatly increasing summer irrigation requirements.  

Based on the historical data obtained from the California Irrigation Management Information System (CIMIS), 
the City’s average monthly temperature from 1983 to 2020 ranges from 37 to 92 °F, but the extreme 
annual low and high daily temperatures have been 12 and 116 °F, respectively. The historical annual 
average precipitation is approximately 18 inches. The rainy season normally begins in November and ends in 
March. Evapotranspiration (ET) records, which measure the loss of water from the land cover both by 
evaporation and by transpiration from the plants growing thereon, indicate average monthly values ranging 
from 1.26 inches in the City’s wet January to 8.45 inches in much drier June and July. Low humidity usually 
occurs in the summer months, from May through September. The combination of hot and dry weather 
results in high water demands during the summer. Table 3-1 summarizes the City’s average climate 
conditions. 

 
Table 3-1. Monthly Average Climate Data Summary 

Month 
Standard monthly average ET 

(inches) 
Average total rainfall 

(inches) 

Temperature 
(°F) 

Average Maximum Minimum 

January 1.26 3.46 46 55 38 

February 2.03 3.66 50 61 40 

March 3.66 2.69 54 66 43 

April 5.45 1.06 59 72 46 

May 7.26 0.59 65 80 51 

June 8.30 0.21 71 87 55 

July 8.45 0.05 73 92 56 

August 7.50 0.09 72 91 56 

September 5.85 0.22 69 88 54 

October 4.21 0.64 63 78 49 

November 2.09 1.94 52 64 42 

December 1.27 3.21 45 55 37 

 Note: Data recorded January 1983 to June 2020 from Sacramento Valley, Davis Station 6, CIMIS www.cimis.water.ca.gov. The average, maximum, 
and minimum temperatures shown are the average temperatures, respectively, for each month from 1983 to 2020. 

3.3 Climate Change Considerations 
The potential effects of climate change on water demand, supply, and supply reliability are discussed in this 
section.  

3.3.1 Climate Change Effects on Water Use 
Climate change is expected to increase average temperatures and cause more variability in rainfall 
amounts. The higher temperatures are expected to increase evapotranspiration (ET) from plants, water loss 

http://www.cimis.water.ca.gov/
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from plant leaves through transpiration during photosynthesis. The increase in rainfall variability will likely 
result in increased water needs during drought periods.  

The Westside Sacramento Integrated Regional Water Management Plan (IRWMP) (Westside Sacramento 
IRWMP) (Kennedy/Jenks, 2013) discussed climate change in our broader region, including all of Yolo County 
and portions of Lake, Napa, Solano, and Colusa Counties that are within the Cache Creek and Putah Creek 
watersheds. The Westside Sacramento IRWMP states that climate change is a growing concern of water 
managers and could likely increase the variability of seasonal runoff and affect water quality, among other 
factors. Climate action adaptation and mitigation strategies identified in local planning documents were 
considered and incorporated into the Westside Sacramento IRWMP. The IRWMP includes the DWR Climate 
Change Vulnerability Checklist which prioritizes vulnerabilities based on the climate change vulnerability 
assessment. One of the water demand related conclusions was: 

“Climate change is expected to increase average temperatures and cause droughts to become more 
frequent. This is likely to cause outdoor water use (primarily agriculture in this Region) to increase through 
increases in ET and potential extension of growing seasons. These two factors could increase water demand 
within the Region, if no mitigating actions are taken such as increased irrigation efficiency and conversion to 
more water efficient crop types.“ 

One of the major papers included in DWR’s contribution to California Fourth Climate Change Assessment 
was by He et al (2018). According to He et al (2018), the mean projections for mid-century annual average 
temperature change from historic conditions (1950-1991) for Yolo County is estimated to be slightly over 2 
degrees Celsius (°C) and precipitation is estimated to increase approximately 3.6 percent. This is generally 
consistent with Cal-Adapt online tools (2020), which project a 1.9 °C increase in minimum temperatures 
and 2.4 degree increase in maximum temperatures for Davis. Cal-Adapt also projects an average 
precipitation increase of 0.06 mm/d (0.9 inches/yr). These values were for the RCP 4.5 (medium emissions 
scenario) for 30 year future projection (mid-century 2040-2059) compared to the same 1950–1991 
baseline. 

ET as calculated by the Modified Hargreaves Equation (Hargreaves and Samani, 1985) is proportional to 
temperature in °C plus 17.8. For an average Davis summertime temperature of 23°C, the 2.1 degree 
projected increase to mid-century would correspond to a 5 percent increase in ET. Therefore, to keep 
landscape plants and trees irrigated at the same level of adequacy as is currently practiced would require 
approximately 5 percent more water in the summer. Although average annual rainfall is also projected to 
increase slightly, that rainfall would come mostly in winter and spring and generally not reduce summer 
irrigation demands. In addition, due to the increasing intensities of rainfall events with climate change, the 
percentage of rainfall ending up as runoff will likely increase, which would not help supply the average water 
needs of landscape plants. Some researchers have noted that stomata openings in plants will reduce with 
increasing concentrations of atmospheric carbon dioxide, which would slightly reduce ET. However, the 
timing and magnitude of that effect are uncertain. Therefore, a 5 percent increase in landscape irrigation 
demand by mid-century is used for this UWMP. 

For comparison purposes, using the RCP 8.5 scenario (emissions continuing to rise strongly through 2050), 
the Cal-Adapt online tools project a 2.6°C increase in minimum and 2.9 °C increase in maximum 
temperatures.  This would translate to a 7 percent increase in landscape irrigation demand. 

3.3.2 Climate Change Effects on Supply 
As a result of climate change, precipitation patterns are expected to change surface runoff timing, volume, 
and type. Water quality of open water bodies is also expected to decrease due to increased threat of wildfire 
leading to increased erosion. Sediments containing mercury and nutrients are a significant vulnerability to 
the region, although water quality monitoring may not be sufficiently discrete to be able to discern trends. It 
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is assumed that water quality within the City’s pressurized distribution system would be maintained by 
necessary treatment at the WDCWA water treatment plant to meet Title 22 potable water standards. 

As referenced in Section 3.3.1, the Westside Sacramento IRWMP includes the DWR Climate Change 
Vulnerability Checklist which prioritizes vulnerabilities due to climate change impacts. High priority climate 
change vulnerabilities for the Westside Sacramento IRWMP region include groundwater supplies in part of 
the region, invasive species issues, potential water quality issues, sea level rise in a portion of the region 
that can flood at extreme high tides, flooding, and ecosystem and habitat vulnerability.  

Quantitative groundwater level effects were not modeled for the Westside Sacramento IRWMP, but the 
change in agricultural water use due to climate change can be conservatively estimated as a 5 percent 
increase by mid-century as was discussed in Section 3.3.1. This would not be expected to have a significant 
effect on the City’s deep wells because few agricultural irrigation wells are screened in the deeper aquifer 
zone. Between reduced infiltration along Putah Creek during extended droughts and slightly increased 
agricultural groundwater pumping in the area surrounding the City, there could be a slight decrease in water 
levels for the City’s intermediate depth wells. However, since the intermediate wells are only planned for 
irrigation or emergency backup usage, this would not affect the overall water supply capacity.  

The WDCWA analyzed climate changes impacts on WDCWA water supply availability in a draft December 
2020 analysis (West Yost and Associates, 2020) using the CalSim-II simulation model, which was developed 
by DWR and USBR. The 2035 Central Tendency (CT) climate projections are centered around 2035 (2020 – 
2049) conditions, based on a reference period centered around 1995 (1980 – 2009), and derived from an 
ensemble of 20 Coupled Model Intercomparison Project Phase 5 (CMIP5) localized constructed analog 
(LOCA) downscaled global climate projections. The California DWR Climate Change Technical Advisory Group 
(CCTAG) selected these 20 CMIP5 global climate projections as the most appropriate projections for 
California water resources evaluation and planning (DWR CCTAG, 2015). 2035 CT projections indicate a 
warmer and wetter future. Average temperatures would increase by at least 1.5 degrees Celsius in all major 
watersheds. Precipitation is also projected to increase by at least 2 percent in all major watersheds. 
Precipitation increases are higher in Northern California watersheds than in Southern California watersheds.  

Climate and sea-level change are incorporated into CalSim-II in two ways: changes to the input hydrology, 
and changes to the flow-salinity relationship in the Delta due to sea level rise (SLR).  

The following methods were used to calculate projected CalSim-II inflow data:  
• For larger and smaller watersheds, simulated changes in streamflows (simulated future streamflows 

divided by historical simulated streamflows) were applied to the CalSim-II inflows. These fractional 
changes were first applied for every month of the 82-year period, consistent with the Variable Infiltration 
Capacity (VIC) Model simulated patterns. A second order correction was then applied to confirm that the 
annual shifts in runoff at each location were consistent with that generated from the VIC Model. 
Similarly, fractional changes were also used to simulate changes in precipitation and temperature, as 
needed for calculation of certain parameters used in CalSim-II. This approach is consistent with the 
approach used in the Bay Delta Conservation Plan (California) (BDCP/CA) WaterFix modeling.  

• For larger watersheds where streamflows are heavily impaired, a process was implemented by 
calculating historical impairment based on observed data and adding that impairment back onto the VIC 
Model simulated flows at a location upstream of the impairment. This approach is consistent with the 
approach used in the Water Storage Investment Program (WSIP) CalSim-II modeling under future 
conditions.  

• Water year types and other indices used in system operation decisions by CalSim-II were regenerated 
using adjusted flows, precipitation, or temperature, as needed in their respective methods. 

• SLR effects on the flow-salinity response in CalSim-II were incorporated by a separate Artificial Neural 
Network (ANN) for future climate condition.  
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• SLR effects were used in the regression equations to estimate the flow split between the Sacramento 
River and Georgiana Slough at times when the Delta Cross Channel (DCC) is open or closed. 

In this approach, changes in runoff and stream flow are simulated through VIC modeling under 
representative climate scenarios. These simulated changes in runoff are applied to the CalSim-II inflows as a 
fractional change from the observed inflow patterns (simulated future runoff divided by historical runoff).  

The effect of sea-level rise on the flow-salinity response is incorporated in the respective ANN. The following 
input parameters are adjusted in CalSim-II to incorporate the effects of climate change: 
• Inflow time series records for all major streams in the Central Valley 
• Sacramento and San Joaquin valley water year types 
• Runoff forecasts used for reservoir operations and allocation decisions 
• Delta water temperature as used in triggering Biological Opinion Smelt criteria 
• A modified ANN to reflect the flow-salinity response under 15-cm sea-level change 

As stated in the draft analysis results, the most tangible effect of climate change hydrology is likely to be the 
timing and frequency at which the State Water Resources Control Board (SWRCB) imposes Term 91 
curtailments as they are applied to WDCWA’s primary water right. Per the ongoing assessments for WDCWA 
potential climate change impacts on water supply availability Term 91 curtailments are predicted to occur 
approximately 15 to 20 percent more frequently under a CalSim-II scenario with climate change input 
hydrology and exiting Delta flow and water quality regulations as compared to DWR Baseline conditions with 
historical input hydrology considered.  

On a year-to-year basis, the effects of climate change are expected to be highly variable. It should be noted 
that these results are dominated by the projected climate impact-related changes that would occur in the 
May through October period, with changes during the November through April period being comparatively 
minor. 

Projected long-term average reductions in WDCWA primary water right diversions are estimated to range 
from 500 to 900 AFY for the City of Davis in 2020-40 demand conditions (West Yost and Associates, 2020). 

3.4 Service Area Population, Land Use, Demographics, and 
Socioeconomics 

The historical and projected population and connections provide a basis for projected demands. 

3.4.1 Population and Land Use 
The City’s population has been increasing since the 1960’s. Annual population increases were above normal 
for the 1996-2000 period as strong regional economic forces and UC Davis campus growth exerted pressure 
to develop more urban land.  

Most of the City’s growth was in the residential and open space land categories, with a relatively small spurt 
of commercial development. Significant multifamily residential development occurred to meet increasing 
student population housing needs. In the commercial sector, there was some growth in high technology and 
tourist related businesses. 

The City continues to be primarily a residential community, with modest but growing commercial and 
industrial sectors. The City has a mix of commercial customers, ranging from restaurants, markets, retail 
stores, insurance offices, beauty shops, gas stations, office buildings, and some retail providing services in 
support of local resident and visitor populations. The City draws visitors from its close affiliation with UC 
Davis, proximity to the Interstate 80 corridor, and annual special events. 
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The City has a very small industrial sector, primarily centered on technology and light manufacturing. The 
industrial sector has not grown relative to other sectors in the last decade. The City has a stable 
institutional/governmental sector, consisting primarily of local government, schools, public facilities, and 
hospitals. 

The population estimate for 2020 is based on Department of Finance (DOF) 2020 estimate for the City 
combined with the estimated population for the El Macero and Willowbank CSAs and the Davis Mobile Home 
Park. The projected population is based on the assumption that the City’s population will grow by 1 percent 
per year through 2045. The population projection through 2045 includes the El Macero CSA, the Willowbank 
CSA, and the Davis Creek Mobile Home Park. It also includes anticipated population growth derived from the 
proposed developments outside of the City service area. The projected population in this analysis is 
compared to the SACOG regional growth forecast for the City of Davis and its sphere of influence (SOI). The 
City is currently in the process of updating its 2021 to 2029 Housing Element (City of Davis, January 2021a). 
Figure 3-3 and Table 3-2 present the 2020 and projected population through 2045.  

 
Figure 3-3. Historical and projected population and water system connections 

 
Table 3-2. Population – Current and Projected (DWR Table 3-1) 

 2020a 2025b 2030b 2035b 2040b 2045b 

Population 70,963 74,841 78,659 82,671 86,888 91,320 
a. 2020 actual population for the City is the DOF 2020 population estimate of 69,183 people, plus 1,531 people for the El Macero and 

Willowbank CSAs (452 and 115 connections, respectively multiplied by 2.7 people/connection) and 249 people for the Davis Creek 
Mobile Home Park (183 multi-family DU divided by 40 DU/connection, multiplied by 54.2 persons/connection). 

b. Population growth from 2020 to 2025 is estimated based on major current and project projects. 2025 to 2045 projected population 
is based on an assumed growth rate of 1% per year starting in 2025. 2025 also includes an additional 314 people from other CSAs 
outside the current City water service area. 
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3.4.2 Water System Connections 
The historical number of connections are based on City records by billing class. The commercial, industrial, 
institutional, governmental, and dedicated landscape connections are combined into one category 
(commercial, industrial and institutional [CII] and Landscape) for this analysis. Historical and projected 
future connections by sector are listed in Table 3-3. The historical and project connections are illustrated in 
Figure 3-3. Projected connections are based on a 1 percent growth increase through 2045, consistent with 
the population growth assumption, as well as the following assumptions: 
• Single-family connections - Projected single-family connections are based on a dwelling unit to 

connection ratio of 1.0.  
• Multi-family connections - Projected multi-family connections are based on the 2019 ratio of multi-family 

dwelling units to connections of 40. For developments with a planned quantity of beds (or dorm style 
multi-family housing) the number of beds is divided by 5 and rounded up to the next highest whole 
number to determine the calculated number of units. 

• Commercial connections - Projected commercial connections are based on future development projects 
and available information on each of the future projects.  

 
Table 3-3. Connections – Current and Projected 

Sector 2016 2017 2018 2019 2020 2025 2030 2035 2040 2045 

Single-Family 15,036 15,194 15,331 15,387  15,403  16,161  16,985  17,851  18,762  19,719  

Multi-Family 570 568 572 577 583  628  660  694  729  766  

CII and Landscape 1,205 1,202 1,241 1,248  1,277 1,308  1,374  1,445  1,518  1,596  

Total 16,811 16,964 17,144 17,212 17,263 18,097  19,020  19,990  21,010  22,081  
 

Figure 3-2 shows a map of the planned major current and potential projects color coded by stage of 
completion. These projects are assumed to be completed by 2023. Appendix C lists each of the projects in 
Figure 3-2. 

3.4.3 Other Demographic and Socioeconomic Factors 
Other demographic and socio-economic factors include UC Davis as well as the work force within the City. 
Due to its proximity to UC Davis, numerous students reside in the City for a portion of the year. The 2013 to 
2021 Housing Element (2014) cites the UC Davis Office of Resource Management and Planning study of 
student population in 2012 which estimates 17,377 students residing in the Davis area or 60 percent of the 
UC Davis population. To what extent UC students and university- affiliated staff are represented in historical 
population estimates by the Census and DOF is unknown. No adjustments to determine the extent of 
inclusion of UC Davis students to historical or future population estimates are made, nor to water use 
estimates or the gallons per capita day (GPCD) target. It is assumed that the extent they were accounted in 
historical census estimates will be the extent they are accounted for in population projections.  

The City work force is primarily composed of professional, technical, and governmental occupations mainly 
due to the proximity to UC Davis and the professional and technical environment the university creates (City 
of Davis, 2021b). 97 percent of residents have a high school education or higher and 74 percent have a 
bachelor’s degree or higher. Approximately 57 percent of the housing units in the City are rental properties, 
many of which are inhabited by students attending UC Davis. 

A discussion of the income of the customers in the City’s service area is described in Section 4.8. 
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Section 4 

System Water Use 
This section presents the historical and projected retail water demands by customer type, distribution 
system water losses, and water savings from codes. 

4.1 Current Water Use by Sector 
Water demands for potable water by sector for 2020 are from metered customer use. There are no 
unmetered connections. Actual water sales to the Willowbank CSA, the El Macero CSA, and the Davis Creek 
Mobile Home Park are included in the water demands. Historically these uses were calculated based on the 
baseline water calculations and population estimates. The City’s 2020 water use by customer sector is 
shown in Table 4-1. 

 
Table 4-1. Demands for Potable and Non-Potable Water – Actual (DWR Table 4-1) 

Use Type 

2020 Actual 
Additional description 

(as needed) 
Level of treatment  

when delivered 
Volume, 

AF 

Single-family Includes Willowbank CSA, El Macero CSA, and Davis Creek Mobile Home Park Drinking water 5,539 

Multi-family -- Drinking water 1,987 

CII and Landscape Commercial, institutional, industrial/governmental and landscape Drinking water 2,085 

Losses  Non revenue water use from line flushing or hydrant use Drinking water 877 

TOTAL 10,488 

 

The City replaced all meters on all City facilities, parks, and previously un-metered uses of water with 
advanced metering infrastructure (AMI) in 2015. The City then replaced and added AMI to all customer 
meters from 2016 to 18.  

4.2 Historical Water Demand 
Water use declined in 2014, 2015, and 2016 from 2013 pre-drought (state baseline year) values because 
of the Governor’s drought declaration and the City’s water conservation program designed to reduce water 
use. Water use then slightly increased in 2017, 2018, 2019, and 2020 but still remained below the 2013-
pre drought usage. The historical monthly demands and reductions since 2013 are illustrated on Figure 4-1. 
The City’s historical water demands from 2018 to 2020 include WSCP demand reduction activities in Stages 
1 and 2. These Stage 1 and 2 activities are defined in Section 8. Actual water demand was lower during this 
time than it likely would have been, had these demand reduction activities not been in place. 
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Figure 4-1. Historical monthly demand and reductions since 2013 

4.3 Unit Water Demand Factors 
Unit water demand factors (UWDFs) are developed by reviewing the City’s historical water demand by 
customer category. It is recognized that unit water use on a per capita basis has been trending downward for 
several years. As the City’s active (due to the conservation program) and passive (due to building codes and 
water efficient policies) water savings occur, it can be concluded that the UWDFs for buildout and beyond 
should be lower than in the past. The residential UWDFs are estimated to be lower at buildout than in 2019. 
The CII and Landscape UWDFs are estimated to increase from 2019 to buildout. This is largely due to 
changes in the accounting of the number of CII and landscape connections in recent years and for the future 
projects as discussed in Section 3. The number of CII and Landscape connections for future projects may be 
underestimated. As future projects are more defined the number of related connections can be updated. 

The historical and buildout UWDFs by customer category are expressed as gpd/connection as shown in 
Table 4-2 and illustrated on Figure 4-2. 
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Table 4-2. UWDFs, gpd/connection 

Use Type Additional Description 
Historical Projected 

2016 2017 2018 2019 2023 

Single-family a Includes Willowbank CSA, El Macero CSA, 
and Davis Creek Mobile Home Park 259 276 278 285 276 

Multi-family b -- 3,094 3,186 3,108 3,034 2,889 

CII and Landscape c Commercial, institutional, 
industrial/governmental and landscape 1,778 1,789 1,586 1,228 1,700 

Losses d NRW use from line flushing, construction, 
or hydrant use 43 39 64 45 48 

Overall e 506 518 530 518 519 
a. UWDFs for single-family are based on single-family use divided by single-family connections. 
b. UWDFs for multi-family are based on multi-family use divided by multi-family connections 
c. UWDFs for CII and Landscape are based on all non-residential use divided by all non-residential connections. 
d. UWDFs for losses are based on the difference between sales and production divided by the total number of connections 
e. Overall UWDFs are based on total production divided by total number of connections 

 
Figure 4-2. Historical and projected UWDFs by sector 
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4.4 Gallons per Capita per Day 
It is assumed that the per capita water use will increase in the future but will not reach pre- 2014/2015 
drought levels. The future UWDFs described in Section 4.3 result in an overall per capita demand that is 
slightly greater than the 2020 GPCD value and less than the City’s GPCD target. The projected GPCD is 
below the City’s 2020 SBx7-7 goal (172 GPCD (23 cubic feet per capita per day) (described in Section 5 of 
this UWMP) and the Natural Resources Commission (NRC) driven target of 134 GPCD identified in the City’s 
Water Distribution System Optimization Plan (Brown and Caldwell et al, 2013). With increased water 
conservation and water loss control efforts to meet the anticipated State standards (discussed in Section 
4.6), overall per capita demand for a normal year type is expected to be 128 GPCD (17 cubic feet per capita 
per day) in 2025. Figure 4-3 illustrates the historical, projected, and target GPCDs for the City. As shown in 
Figure 4-3, the City met both its 2020 target and the NRC driven goal with a calculated 132 GPCD (18 cubic 
feet per capita per day). 

 
Figure 4-3. Historical and projected per capita water use versus target GPCD 

 

4.5 Non-Revenue Water 
NRW as a component of total system production has several components as summarized in Figure 4-4. It is 
important to understand the components as they are related to water use accounting and water use 
legislation implications on future water loss requirements and objectives. 
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Figure 4-4. Breakdown of revenue and NRW components 
 

• Revenue water 
− Billed Authorized Consumption – Described in Table 4-1 as use type: single-family, multi-family, 

commercial, institutional/governmental, and landscape. 
• NRW - Described in Table 4-1 as use type: losses. 

− Unbilled Authorized Consumption – Operational usage such as flow tests and pipeline flushing.  
− Water Losses – Sum of the real losses such as from pipe leaks and apparent losses such as from 

unauthorized consumption, metering inaccuracies, and systematic data handling errors 
• Apparent Losses – Water theft and meter inaccuracies. 
• Real Losses – Physical water losses from the water distribution system and the City’s storage 

facilities up to the point of delivery to the customer’s system (e.g., up to the residential water 
meter). 

4.5.1 Historical Water Loss 
Beginning in 2015, water suppliers were required to quantify their distribution system losses using the 
American Water Works Association (AWWA) Method water audit (Title 23 California Code of Regulations 
Section 638.1 et seq.). The City’s water audit for 2016 as defined in this UWMP was conducted for the 2015 
calendar year. The 2017-20 audits are for the fiscal year (July through June) beginning in July 2016. Up until 
2020, the City submitted the water audit to DWR by October 1 of each year; however, fiscal year water loss 
audits are now required to be submitted by January 1 of the following year. The AWWA water audits are 
provided in Appendix D. The volume of water loss reported in the preceding five years is shown in Table 4-3.  

 
Table 4-3. Last Five Years of Water Loss Audit Reporting (DWR Table 4-4) 

Reporting Period Start Date 2016 2017 2018 2019 2020 

Volume of Water Loss, AFY (MG) 776 (253) 834 (272) 881 (287) 1,021 (333) 928 (302) 
Volume of water loss from the field “Water Losses” (a combination of apparent losses and real losses) from the AWWA water audit 
worksheets (Appendix D). 
MG = million gallons 
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4.5.2 Future Water Loss 
In accordance with 2018 legislation (AB 1668 and SB 606), the City is required to calculate urban water use 
objectives beginning in 2023. Allowable water loss volume is a key basis for the objectives. Objectives from 
these bills will also be developed for efficient indoor and outdoor residential and non-residential usages. This 
is further discussed in Section 4.6. With the incorporation of AMI throughout the City, the water loss 
percentage is expected to decrease in the future. 

The City’s future water loss objective is estimated in this UWMP based on preliminary calculations from the 
SWRCB economic cost benefit water loss model. Preliminary calculations from the SWRCB economic cost 
benefit water loss model estimate that the City’s water loss performance standard will be set at 11 gallons 
per connection per day in 2028 as shown in Table 4-4. The input and output from the SWRCB water loss 
model is provided in Appendix E. This preliminary estimated 2028 performance standard for water loss is 
included only in this section of the UWMP for future reference. Because the model inputs for this analysis 
are preliminarily based on 2019 data and the model may be revised in the future, the UWMP demand 
projections do not include this estimated water loss performance standard.  Figure 4-5 illustrates the NRW 
historical and projected components that are assumed for this UWMP. 
 

Table 4-4. Estimated Water Loss Performance Standard 

 
Estimated real loss 

AFY (MG) gpd/connection 

Performance Standard (2028) 213 (69) 11 

 
Figure 4-5. Losses (NRW) – historical and projected 
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4.6 Estimated Future Water Savings 
Future water savings are estimated in this analysis in terms of active and passive conservation activities as 
well as reductions in water loss (described in Section 4.5). The new demand requirements that are being 
developed by DWR for achieving long-term efficient water use per the provisions described in Section 4.6.5 
are not included in this analysis, but they may result in a change in the demand projection for the City in the 
future. 

4.6.1 Active Conservation Program Savings 
Active conservation activities are those that are implemented as part of the City’s water conservation 
program. Active conservation efforts are assumed to result in an annual 5 percent reduction in water use 
each year starting in 2021 for each water use sector in addition to savings achieved in 2019 and 
maintained since 2013. The City’s active water conservation program is described in Section 9.  

4.6.2 Passive Water Savings 
Water savings from codes, standards, ordinances, or transportation and land use plans are referred to as 
passive savings. Below is a summary of the applicable state codes and ordinances that are considered in 
this analysis to reduce the City’s water demand in the future based on information provided in the DWR 
2020 UWMP Guidebook (DWR, 2020).  

Model Water Efficient Landscape Ordinance (MWELO) – Effective on December 1, 2015, this ordinance 
reduces the typical residential outdoor landscape demands for new construction by up to 20 percent from 
the estimated demand using the prior ordinance provisions. Commercial landscape for new construction 
may reduce outdoor water demand by up to 35 percent over the prior ordinance.  

California Energy Commission Title 20 appliance standards for toilets, urinals, faucets, and showerheads – 
This standard impacts both new construction and replacement fixtures in existing homes. This is included in 
the CALGreen assumption for new construction described below. Assume up to 5 percent reduction in indoor 
water use of existing homes. 

CALGreen Building Code – Requires residential and non-residential water efficiency and conservation 
measures for new buildings and structures. It is assumed that this code will reduce residential and non-
residential indoor water use on new construction by up to 20 percent. 

To apply the estimated percent reduction to the appropriate indoor or outdoor usage, the City’s indoor and 
outdoor usage for each customer category is estimated. The residential indoor usage is estimated to be 95 
percent of February demand in 2019. The CII indoor usage is assumed to be 95 percent of Commercial and 
City domestic (governmental connections) February demand. It is assumed outdoor usage is the remaining 
amount in each sector plus any dedicated irrigation meter water usage for that sector. Table 4-5 lists the 
indoor and outdoor percentages for each customer category based on this approach.  

 
Table 4-5. Estimated Indoor and Outdoor Usage by Sector 

 
Indoor 

% 
Outdoor 

% 

Single-Family 44 56 

Multi-Family 73 27 

CII 25 75 
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4.6.3 Other Local Plans for Water Use Reduction 
The Davis Climate Action and Adaptation Plan (CAAP), chartered in 2010, includes objectives and actions 
designed to put Davis on the path to meet its 2050 Greenhouse Gas reduction goals. The Davis City Council 
approved the Resolution Declaring a Climate Emergency and Proposing Mobilization Efforts to Restore a 
Safe Climate on March 5, 2019 which commits to accelerating the Community’s carbon neutrality goal from 
2050 up to 2040 and implement other significant City actions to address climate change by 2030. The 
2020 CAAP Update activities were approved by Davis City Council in August 2019.  

Objective 4 in the CAAP is to reduce water use by 10 percent below 2010 levels. This is equivalent to 143 
GPCD in terms of the 10 percent below the City’s 2010 per capita usage. The discussion states that the 
production, shipping, and treatment of water are energy intensive. Reduction in water use also has many co-
benefits, including the ability to adapt to future climate conditions that may reduce overall availability for 
municipal uses. The City has already reduced per capita water usage to 126 GPCD in 2019 and 132 GPCD 
in 2020, well below the 172 GPCD target by 2020 as required by SB x7-7 and below the City’s 134 GPCD 
goal.  

4.6.4 Summary of Estimated Future Water Savings 
A summary of the estimated future active and passive water savings for the City’s service area is provided in 
Table 4-6. 

 
Table 4-6. Estimated Future Active and Passive Water Savings, AFY 

 2025 2030 2035 2040 2045 

Active      

Single-family 292  305  320  334  350  

Multi-family 111  117  123  129  136  

CII 133  140  147  154  162  

Active subtotal 536  562  589  618  648  

Passive      

Single-family 294  294  294  294  294  

Multi-family 110  110  110  110  110  

CII 125  125  125  125  125  

Passive subtotal 529  529  529  529  529  

Total 1,065  1,091  1,118  1,147  1,177  

 

Based on these assumed reductions in water use by customer sector, it is estimated that the City could 
realize approximately 1,177 AFY of active and passive water savings by 2045. In terms of GPCD this is an 
approximate reduction of 7 GPCD in passive water savings (with respect to 2019 water usage) by 2045 from 
these codes and ordinances and an approximate reduction of 7 GPCD in active water savings (with respect 
to 2019 water usage) by 2045 from the City’s conservation program. The water use projections presented in 
Section 4.7 do account for these active and passive water savings that may be realized from these codes 
and ordinances and the City’s active water conservation program. 
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4.6.5 Upcoming New Efficient Water Use Standards 
As discussed in Section 4.6.2, AB 1668 and SB 606, passed in 2018, establish guidelines for efficient water 
use and a framework for the implementation and oversight of the new standards to be developed. They 
require water suppliers to calculate their own individual urban water use objective beginning in 2023. The 
objectives will be calculated based on efficient indoor and outdoor water use, CII water use, and an 
allowable water loss volume. AB 1668 and SB 606 build on the Governor’s ongoing efforts to make water 
conservation a way of life in California and create a new foundation for long-term improvements in water 
conservation and drought planning. The two bills are intended to strengthen the state’s water resiliency in 
the face of future droughts with provisions that apply to urban water suppliers. These provisions include: 
1. Establishing water use objectives and long-term standards for efficient water use that apply to urban 

retail water suppliers; comprised of indoor residential water use, outdoor residential water use, CII 
irrigation with dedicated meters, water loss, and other unique local uses. 

2. Providing incentives for water suppliers to recycle water. 
3. Requiring urban and agricultural water suppliers to set annual water budgets and prepare for drought. 

The legislation identifies additional provisions related to small water suppliers, rural communities, and 
agricultural water suppliers, though they do not apply to the City.  

4.7 Projected Water Demand 
Water demands through the year 2045 are estimated based current demands plus demands estimated for 
the projected future infill and new developments described in Section 3 and listed in Appendix C. The 
buildout demand of the City’s service area is based on modified demands of the existing customers plus the 
estimated water demand from single-family residential, multifamily residential, and commercial and/or 
mixed-use future developments. Water demand projections for 2025-45 assume a normal water year type.  

Projected water use from 2025 to 2045 is shown in Table 4-7 and illustrated by sector in Figure 4-6. 
Projected demand by overall demand categories is presented in Figure 4-6. The expected active and passive 
savings are also shown on Figure 4-7.  

 
Table 4-7. Use for Potable and Non-Potable Water – Projected (DWR Table 4-2) 

Use Type Additional Description 
Projected Water Use, AF 

2025 2030 2035 2040 2045 

Single-family Includes additional CSA 5,398 5,662 5,939 6,231 6,537 

Multi-family -- 2,033 2,142 2,257 2,378 2,505 

CII and Non-Residential 
Landscape -- 2,490 2,624 2,765 2,912 3,067 

Losses Non revenue water use 991 1,042 1,095 1,151 1,209 

Total 10,912 11,470 12,056 12,672 13,319 
a. Commercial, Industrial, Institutional/ Governmental, and landscape are combined. 
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Figure 4-6. Historical and projected water use by sector 
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Figure 4-7. Historical and projected water demand 

 

Total water demands are shown in Table 4-8. 

 
Table 4-8. Total Gross Water Use (Potable and Non-Potable), AFY (Table 4-3) 

 2020 2025 2030 2035 2040 2045 

Potable, Raw, Other Non-Potable From DWR 
Table 4-1 and 4-2 

10,488 10,912 11,470 12,056 12,672 13,319 

Recycled water demand From DWR Table 6-4 0 0 0 0 0 0 

Total water demand 10,488 10,912 11,470 12,056 12,672 13,319 
 

4.8 Water Use for Lower Income Households 
To estimate water demands from lower income households, the percent of the population that is “low 
income” follows guidelines from the Housing Element of the General Plan. For Davis in Yolo County, the 
threshold for "low income" is less than 80 percent of the average median family income. The median 
household income in the City is $66,162 (U.S. Census 2018), thus households in the City earning less than 
$52,929 meet the threshold for “low income”. According to the 2018 U.S. Census, 40.7 percent of the City’s 
population meets the “low income” criteria. This is approximately 28,882 people and about 4,268 AFY in 
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2020 based on the average 2020 GPCD. Historically, the City has a high percentage of “low income” 
residents due to the high number of students affiliated with UC Davis. One notable uncertainty in this 
demographic population amid the coronavirus pandemic is the shift from in-person to virtual education at UC 
Davis. One impact of a long-term shift toward virtual education may be a reduction in the City’s student 
population that would result in a sustained reduction of the total water demand by lower income 
households. Verification that the demands by lower income households are included in the water use 
projections in this UWMP is shown in Table 4-9. 

 
Table 4-9. Inclusion in Water Use Projections (DWR Table 4-5) 

Are future water savings included in projections? Yes 

If "Yes" to above, state the section or page number where citations of the codes, 
ordinances, etc… utilized in demand projections are found. Section 4.7 

Are lower income residential demands included? Yes 
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Section 5 

SBX7-7 Baselines and Target 
This section describes the City’s SB x7-7 GPCD baseline and target development based on the analysis 
conducted as part of the 2015 UWMP. Compliance with the 2020 target is discussed. 

5.1 Baseline Periods  
In the 2015 UWMP the City updated the baseline period and the selected 2020 GPCD method to calculate 
the target GPCD. The City re-calculated the target GPCD using Method 1. The City’s 10-year baseline period 
is from 1995 to 2004.  

The 5-year target confirmation is utilized as a check against the City’s selected 2020 GPCD target method. If 
the City’s selected GPCD target method results in a GPCD target that is greater than 95 percent of the 5-year 
base daily per capita range, then the City’s target shall be 95 percent of their 5-year base daily per capita 
range. 95 percent of the City’s 5-year base daily per capita range is 185 GPCD. This is greater than the GPCD 
target. The City’s 5-year baseline period is 2003 to 2007 as shown in SB x7-7 Table 1, located in Appendix F.  

5.2 Service Area Population 
Based on the Methodologies document (DWR, 2016b), the City is a category 2 water supplier. The DWR 
population tool was used to estimate the historical population and baseline water use. This tool was 
developed by DWR to assist water agencies to estimate their service area population using a consistent 
methodology based on the 1990, 2000, and 2010 Census data and historical residential connection data. 

For this 2020 UWMP, the population estimate for 2020 is based on DOF 2020 estimates for the City 
combined with the estimated population for the El Macero and Willowbank CSAs and the Davis Mobile Home 
Park located adjacent to the City limits as described in Section 4.  

5.3 Gross Water Use 
Gross water use is the measure of water that enters the City’s distribution system over a 12-month period 
with certain allowable exclusions. These allowable exclusions are recycled water delivered within the service 
area, indirect recycled water, water placed into long term storage, water conveyed to another urban supplier, 
water delivered for agricultural use, and process water. The City did not have water sources or uses (recycled 
water or process water) that would allow for using these exclusions. The City’s 2020 gross water use is 
shown in Table SB x7-7 Table 4 located in Appendix F.  

5.4 Baseline Daily Per Capita Water Use 
The 2015 UWMP used the City’s historical gross water and population estimates from the DWR population 
tool to calculate the baseline daily per capita use in GPCD in Table SB x7-7 Table 5, located in Appendix F. A 
summary of the resulting 5-year and 10-year baselines is shown in Table SB x7-7 Table 6, located in 
Appendix F. No changes were made to the baseline daily per capita use for this 2020 UWMP. 

Consistent with the 2015 UWMP the confirmed 2020 GPCD target (from Table SB x7-7 Table 7, located in 
Appendix F) as well as a summary of the City’s baseline and periods is shown in Table 5-1. 
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Table 5-1. Baselines and Targets Summary, GPCD (DWR Table 5-1) 

Baseline period Start year End year Average baseline GPCD Confirmed 2020 target 

10-15 year 1995 2004 215 172 

5 Year 2003 2007 206 -- 

 

5.5 2020 Compliance Daily Per-Capita Water Use 
The City’s actual 2020 water use is compared to the 2020 target to determine if daily per capita water use 
met the 2020 target daily per capita water use.  
Actual water use for the 2020 calendar year and 2020 population described in Section 3 is used calculate 
actual 2020 per capita water use. As discussed in Section 4, the 2020 GPCD is below the City’s 2020 SBx7-
7 goal (172 GPCD) and the NRC driven target of 134 GPCD.  

There are several allowable adjustments that can be made to the City’s gross water use for 2020. No 
adjustments to 2020 GPCD were made as a result of extraordinary weather events, economic conditions, or 
weather conditions as shown in Table 5-2. The City’s completed SB x7-7 Verification Form is provided in 
Appendix F of this document. 

 
Table 5-2. 2020 Compliance (DWR Table 5-2) 

Actual 2020 
GPCD 

Optional Adjustments to 2020 GPCD 
Enter “0” if no adjustment made 

I 2020 GPCD 
(adjusted if 
applicable) 

Did Supplier Achieve 
Targeted Reduction 

for 2020?  
Y/N 

Extraordinary 
Events 

Economic 
Adjustment 

Weather 
Normalization 

Total 
Adjustments 

Adjusted 2020 
GPCD 

132 0 0 0 0 0 132 Yes 
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Section 6 

System Water Supplies 
This section describes the sources, quantities, supply constraints, and quality of the City’s water supply 
sources. Additionally, this section describes current and projected water supplies and their reliability and 
vulnerability. 

The City uses a combination of surface water and groundwater as its source of water supply. In 2016, the 
WDCWA began providing the City wholesale surface water. There are currently no uses of recycled water, 
stormwater, or desalinated water as a water supply. The City plans to develop infrastructure to use recycled 
water for uses outside of the City’s water service area but currently has no plans to use stormwater or 
desalinated water.  

6.1 Purchased or Imported Water 
Beginning in June 2016, the City began purchasing surface water from the WDCWA. The WDCWA was 
created in 2009 to undertake and implement a project to convey water from the Sacramento River, transmit 
the water for treatment to a new water treatment facility, and deliver wholesale treated surface water to the 
City, the City of Woodland, and UC Davis for use in their respective service areas.  

The City is entitled to deliveries of 10.2 million gallons per day (mgd) from the WDCWA, totaling 
approximately 11,425 AFY. WDCWA surface water deliveries to Davis are limited by either of two factors, 
depending on conditions. If Term 91 curtailments are not in effect, Davis is limited by its share of Regional 
Water Treatment Facility (RWTF) capacity, which is 10.2 mgd. If Term 91 curtailments are in effect, the City is 
limited by the lesser of its share of RWTF capacity and its share of the WDCWA secondary water rights that 
were obtained from the CPG water, depending on the duration of the curtailment. In a Lake Shasta normal 
year, the City is entitled to 4,440 AFY of CPG water. In a Lake Shasta critical year, that total is reduced by 25 
percent to 3,330 AF. In years where there is a short duration Term 91 curtailment (such as in 2012), the City 
lacks the RWTF capacity to make use of its full allocation of CPG water. In a longer curtailment, however, the 
CPG water availability becomes the limiting factor. 

Based on information from WDCWA (see Appendix G), for this UWMP it is assumed that the normal year 
expected WDCWA average supply is 11,425 AFY.  

Actual water delivery volumes from the WDCWA are shown in Table 6-1. 

 
Table 6-1. Surface Water Volume Supplied, AFY 

Water Supply/Constraint 2016 2017 2018 2019 2020 

Purchased Water from WDCWA 3,130 8,626 8,124 8,683 7,982 

Supply Constraint Term 91 -- Term 91 -- -- 

 

The City does not anticipate any agreement changes with the WDCWA. The current supply agreement is valid 
through mid-October 2028. Upon expiration of the current agreement, the City has the option to renew for an 
additional five years subject to the same terms. For the purposes of this analysis, it is assumed that the 
City’s agreement will not change through 2045.  
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6.2 Groundwater 
The City pumps groundwater from an alluvial basin underlying the City. This section provides a description of 
the groundwater basin, water quality, and the groundwater management framework including monitoring of 
groundwater levels.  

6.2.1 Basin Description 
The City pumps groundwater from the Sacramento Valley groundwater basin, Yolo Subbasin, 5-021.67. The 
Yolo Subbasin is not adjudicated and there are no legal restrictions to groundwater pumping. DWR Bulletin 
118 does not consider the basin to be in overdraft. The YSGA submitted a Basin Boundary Modification 
Request to DWR on September 14, 2018, and on November 29, 2018 DWR released the draft Basin 
Boundary Modification Results. The Basin Boundary Modification incorporated Reclamation Districts 150, 
307, and 999 into the Yolo Subbasin and the boundary as of 2019 is shown on Figure 6-1 (YSGA, 2021). 
Other municipal water users of the subbasin are the Cities of Woodland and Winters, UC Davis, the County of 
Yolo which includes various community services districts and areas, and the Yolo County Flood Control and 
Water Conservation District (YCFC&WCD). Areas outside of the cities and community service districts are 
predominantly agriculture. Most agricultural areas to the north of the City use groundwater while other 
agricultural users are able to use surface water from the Sacramento River, Colusa Basin Drain, Putah 
Creek, Cache Creek, Yolo Bypass, Tule Canal, Willow Slough, and the Tehama-Colusa Canal (Yolo County, 
2009).  

 

 
Figure 6-1. Groundwater subbasin (Subbasin 5-21.67) 

  

https://sgma.water.ca.gov/basinmod/modrequest/preview/222
https://sgma.water.ca.gov/basinmod/modrequest/preview/222
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The City’s major groundwater production zones for water supply are the “intermediate aquifer” and “deep 
aquifer”. The distinction is based on water chemistry, even though both are geologically part of the larger 
Tehama Formation. The “intermediate aquifer” begins at about 200 feet and the “deep aquifer” at 700 feet 
below ground surface (bgs). Groundwater in the “deep aquifer” is more desirable for household use having 
low concentrations of nitrate and selenium and only moderate hardness. The groundwater from the 
“intermediate aquifer” is more suitable for irrigation water use. The City’s deep aquifer zone exists 
throughout the service area and is more predominant to the north and west. The deep aquifer zone slopes 
downward from the Plainfield Ridge, 3.5 miles west of the service area, with gradual flattening towards the 
east. 

The productive aquifers in the Davis area of Yolo County occur in the Tehama and younger formations. In 
most areas of Yolo County, the sands and gravel of the Tehama Formation are thin, discontinuous layers 
between silt and clay deposits. In much of the eastern portion of Yolo County, productive aquifers are found 
up to 700 feet bgs with few productive aquifers in the 700-foot to 1,000-foot depth range. In the Davis area 
(especially to the west), good quality water is also found in the Tehama Formation at depths of approximately 
1,200 feet to 1,500 feet. 

Aquifers in the Davis area are recharged by a number of sources. Deep percolation of rainfall and to a lesser 
extent irrigation water, are major components of groundwater recharge. Other significant sources include 
infiltration in streambeds, channels, and the Yolo Bypass. Relatively coarse-grained deposits line both Putah 
and Cache Creeks, allowing substantial infiltration. Groundwater elevations have been measured for over 
fifty years and they show a strong response to precipitation and extended dry periods. Periods of drought are 
apparent in groundwater elevation hydrographs.  

The Plainfield Ridge creates a minor restriction to east-west groundwater flow just west of the City. There are 
no other major restrictions to horizontal groundwater flow in the area (DWR “Bulletin 118”, 2004). The 
groundwater storage capacity of the Yolo subbasin between the depths of 20 to 420 feet has been 
estimated to be on the order of 6.5 million AF, with about 6.1 million AF in storage in 1974 (DWR, 2004).  

6.2.2 Groundwater Management 
Groundwater sustainability is managed by the YSGA. On the whole, coordination of groundwater resources in 
Yolo County occurs through the WRA of Yolo County (WRA), which is a consortium of local water agencies 
providing a regional forum to coordinate and facilitate water issues in Yolo County. The Yolo County FC&WCD 
often acts as the lead agency for permitting purposes, manages groundwater monitoring, and updates the 
Integrated Groundwater Surface Model, a computer simulation of the aquifer in Yolo County.  

The City of Davis/ UC Davis Groundwater Management Plan (GWMP) (Brown and Caldwell, 2006) includes 
basin management objectives for monitoring and evaluating water levels, water quality, and inelastic ground 
subsidence. The GWMP concluded that neither an adequate historic database nor an understanding of the 
threshold where detrimental impacts occur associated within elastic land subsidence and depletion exist. 
Additional data collection and evaluation are needed. In the 2006 GWMP, a monitoring plan was developed 
to assess critical monitoring wells, appropriate monitoring time periods, and trigger elevations. Since then, 
increased monitoring of groundwater elevations and subsidence has occurred. A copy of the GWMP can be 
found at the City website at http://cityofdavis.org/home/showdocument?id=4653. 

The California Statewide Groundwater Elevation Monitoring (CASGEM) program establishes a permanent, 
locally-managed program of regular and systematic monitoring in all of California’s alluvial groundwater 
basins. CASGEM was developed in response to legislation enacted in California's 2009 Comprehensive 
Water package. The WRA is the monitoring entity for the Yolo Subbasin. They submit regular monitoring 
reports of groundwater elevations to DWR. 

The Yolo Subsidence Monitoring Project (YSMP) is a collaborative effort between the City, Yolo County, the 
City of Woodland, UC Davis, the U.S. Bureau of Reclamation, the Army Corps of Engineers, and DWR. The 

http://cityofdavis.org/home/showdocument?id=4653
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YSMP includes 47 stations, indicated as the Yolo County Subsidence Network, that are monitored to 
determine where subsidence may be occurring and to what extent. The setup of the network of global 
positioning system (GPS) stations and observations occurred in May of 2008. It was previously mapped on a 
continual basis, and information reported as part of the DWR Groundwater Information Center (DWR, 
2016c). However, the DWR Groundwater Information Center has been incorporated into the SGMA Data 
viewer and this information is no longer visible.  

Based on monitoring, land subsidence due to overdraft of the shallow aquifer is recognized as a significant 
concern in the East Yolo subbasin and, to a lesser degree, throughout parts of Yolo County (Yolo County, 
2014). Surveys of land subsidence occurred in 2014 and 2017, showing areas of subsidence in Yolo County 
(DWR, 2018). The final report of the YSMP was released in December of 2018, following the 2017 survey. 
From the SGMA Data Viewer, one continuous GPS station and extensometer east of Woodland and north of 
the city show subsidence of 0.89 feet since 1992.  

The City began transitioning to conjunctive use in mid-2016 to lessen its reliance on groundwater. 
Additionally, the City is exploring the feasibility of aquifer storage and recovery (ASR) to improve water quality 
and increase groundwater supplies during a dry year.  

The City conducted a regional and local hydrology study to be used in the evaluation of the potential 
applicability of ASR in November 2019 (GEI, 2019). This study focused on groundwater levels and trends 
primarily within the “intermediate aquifer”. There is some seasonal variation with the depth to water which is 
typical of groundwater. Seasonal variations show the shallowest levels in the spring (March/April) with depth 
to water typically greatest in summer (July/August). The City tracks groundwater levels in the intermediate 
and deep wells. The depth to water seems greatest from 2013-15 during the recent drought. Current levels 
have rebounded since the 2014-15 drought in conjunction with the start of conjunctive use. The 
groundwater levels have been at consistent levels from 2018-20 as shown in Figure 6-2.  

 
Figure 6-2. Historical groundwater levels 
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6.2.2.1 SGMA 

SGMA was enacted by the legislature in 2014, with subsequent amendments in 2015. SGMA requires 
groundwater management in priority groundwater basins, which includes the formation of GSAs and the 
development of Groundwater Sustainability Plans (GSPs) for groundwater basins or subbasins that are 
designated by DWR as medium or high priority. 

The designation of the priority of groundwater basins was completed as part of the CASGEM Program. The 
CASGEM Groundwater Basin Prioritization is a statewide ranking of groundwater basin importance that 
incorporates groundwater reliance and focuses on basins producing greater than 90 percent of California's 
annual groundwater (DWR, 2016e). The Basin prioritization has ranked the Yolo Subbasin (5-21.67) as high 
priority.  

SGMA directs DWR to identify groundwater basins and subbasins in conditions of critical overdraft. DWR 
identified such basins in Bulletin-118-80 completed in 1980 and Bulletin 118, Update 2003. DWR issued 
an updated draft list of critically overdrafted basins in July 2015. The Yolo Subbasin is not on the list as it is 
not considered to be in an overdraft condition. 

It was required that GSAs be formally established by June 30, 2017 covering a groundwater basin, or portion 
thereof. The GSA has enforcement authority over their designated portion of the basin and has responsibility, 
at least in part, in preparing a GSP.  

On March 26, 2018, YSGA submitted an Initial Notification to DWR as the exclusive GSA to develop a single 
GSP for the Yolo Subbasin. YSGA is currently developing the GSP and anticipates meeting the January 31, 
2022 deadline for submission.  

6.2.3 Historical Groundwater Pumping 
Since the City started purchasing surface water from the WDCWA in 2016, wells from the intermediate depth 
wells zone have been gradually phased out of the non-emergency water supply. From 2016 to 2020, the 
quantity of intermediate depth wells used for City water supply was reduced from 13 to four. The remaining 
four intermediate depth wells are maintained as active wells. They are rarely used but are available and 
periodically operated for water quality testing, emergency supply, or to meet peak demands. The deep 
aquifer wells remain online to help supply maximum day and peak hour demands. 

The average amount of groundwater pumped in 2016 through 2020 is shown in Table 6-2. The City’s 
continuous pumping capacity is 27,600 AFY, as shown in Table 6-3. The total well capacity is the monthly 
continuous pumping capacity for the deep and intermediate wells. This continuous pumping capacity may 
not be used due to the variation in monthly demands. The analysis to determine 70 percent of the City’s 
deep well capacity (approximately 12,300 AFY) is usable on an annual basis considering the variation in 
monthly demands is illustrated in Figure 6-3 and summarized below. 
• The City’s average monthly continuous deep well pumping well capacity is 1,466 AF/month. (This 

monthly volume varies by month based on the number of days in each month).  
• The City’s monthly demand pattern based on 2019 usage shows less water use in winter, spring, and 

fall months compared to the summer months.  
• The maximum annual demand that can be supplied by the deep wells is simulated using the same 

demand pattern as the City’s 2019 demand and setting the maximum monthly use to the City’s deep 
well monthly continuous pumping capacity.  

• The usable annual deep well capacity based on the simulated demand is 12,300 AFY, which is 
approximately 70 percent of the deep well total pumping capacity.  

• The resulting unused deep well pumping capacity is that capacity that is not needed to meet demands in 
winter, spring, and fall, which is approximately 5,600 AFY.  

• It is assumed that the intermediate deep wells are used for peak demands only.  

https://www.opr.ca.gov/docs/2014_Sustainable_Groundwater_Management_Legislation_092914.pdf
http://wwwdwr.water.ca.gov/groundwater/sgm/SGM_BasinPriority.cfm
http://www.water.ca.gov/groundwater/bulletin118/index.cfm
http://www.water.ca.gov/groundwater/bulletin118/index.cfm
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Table 6-2. Retail Groundwater Volume Pumped, AFY (DWR Table 6-1) 

Groundwater Type Location or Basin Name 2016 2017 2018 2019 2020 

Alluvial Basin Intermediate aquifer, within City service area, Sacramento 
Valley, Yolo Subbasin (5-21.67) 1,548 12 4 3 6 

Alluvial Basin Deep aquifer, within City service area, Sacramento Valley, Yolo 
Subbasin (5-21.67) 4,885 1,273 2,069 1,304 2,499 

Total  6,433 1,285 2,073 1,307 2,505 

 
Table 6-3. Groundwater Pumping Capacity 

Well 
Intermediate Depth Wells Deep Wells Total a 

gpm mgd AFY gpm mgd AFY AFY 

Well 23 1,700 2.4 2,742    2,742 

Well 24 1,855 2.7 2,992    2,992 

Well 26 1,591 2.3 2,566    2,566 

Well 27 1,058 1.5 1,706    1,706 

Well 30    1,712 2.5 2,761 2,761 

Well 31    2,759 4.0 4,450 4,450 

Well 32    2,339 3.4 3,773 3,773 

Well 33    1,750 2.5 2,823 2,823 

Well 34    2,348 3.4 3,787 3,787 

Total 6,204 8.9 10,006 10,908 15.7 17,594 27,600 

a. Total well capacity in this table is based on all wells running continuously 365 days per year. Based on the 2019 monthly demand pattern 70 
percent of the deep well capacity (12,300 AFY) is assumed to be the City’s annual well capacity to account for low demand months when the 
City’s total capacity would not be consumed as well as assuming the intermediate depth wells are used for peak demands only. 
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Figure 6-3. Estimation of Annual Groundwater Well Capacity 

6.3 Wastewater and Recycled Water 
The purpose of this section is to describe the wastewater system and provide information on recycled water 
and its potential as a resource for the City. The City is not planning to use recycled water in its service area at 
this time, but rather recycled water will continue to be discharged to constructed wetlands outside of the 
water service area. 

6.3.1 Recycled Water Coordination 
The City does not currently use recycled water within the service area but discharge recycled water supply 
from the City operated Wastewater Treatment Plant (WWTP) to constructed wetlands outside of the City’s 
water service area. 

6.3.2 Wastewater Collection, Treatment, and Disposal 
The City’s Public Works Utilities and Operations Department (PWUO), in addition to being responsible for 
urban water supply, manages the wastewater collection and treatment for the domestic and industrial 
wastewater flows generated within the City and the County areas of the El Macero CSA, North Davis 
Meadows, Teichert Construction Company, and Davis Creek Mobile Home Park. The City’s PWUO also 
oversees wastewater collection and treatment. The wastewater collection system in the City is a network of 
pipes and lift stations that transport wastewater from its source to the treatment plant. The Willowbank 
CSA’s wastewater is collected and handled via onsite systems, and therefore is not collected or treated by 
the City. The City operates the WWTP located northeast of the City. A summary of the wastewater generated 
in the City sewer service area is provided in Table 6-4. The boundaries of the wastewater collection area and 
the location of the WWTP are shown on Figure 6-4. 
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Table 6-4. Wastewater Collected Within Service Area in 2020, AF (DWR Table 6-2) 

100% Percentage of 2020 Service Area Covered by Wastewater Collection System (Optional) 
100% Percentage of 2020 Service Area Population Covered by Wastewater Collection System (Optional) 

Wastewater Collection Recipient Of Collected Wastewater 

Name Of 
Wastewater 

Collection Agency 

Wastewater 
Volume Metered Or 

Estimated? 

Volume Of 
Wastewater 

Collected In 2020 

Name Of Wastewater 
Treatment Agency 

Receiving Collected 
Wastewater 

Treatment Plant 
Name 

Is WWTP 
Located 

Within UWMP 
Area? 

Is WWTP 
Operation 

Contracted To A 
Third Party? 
(Optional) 

City of Davis Metered 4,668 City of Davis WTP No No 

Total wastewater collected from  
service area in 2020: 4,668  

 

The WWTP was updated to activated sludge treatment with Title 22 tertiary filtration and disinfection in 
2017. The upgraded WWTP is rated at an operating capacity of 6 mgd, with average annual flows at 
approximately 4.5 mgd. The permit allows for up to 7.5 mgd with future improvements. All effluent is either 
discharged to Willow Slough Bypass or is sent to 400 acres of constructed wetlands for additional treatment 
and potential discharge to Conaway Toe Drain (CTD). The amount of treated effluent discharged to and from 
the constructed wetlands is metered. Table 6-5 summarizes the amount of wastewater treated and 
discharged by the WWTP. 
  



Davis City Limits
Proposed Developments

Wastewater Collection Boundary
Wastewater Treatment Plant

Figure 6-4
Location of Wastewater Collection System

& Wastewater Treatment Plant

¯ 0 0.75 1.5
Miles
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Table 6-5. Wastewater Treatment and Discharge Within Service Area in 2020 (DWR Table 6-3) 

WWTP Name 

Discharge 
Location 
Name or 
Identifier 

Discharge 
Location 

Description 

Wastewater 
Discharge ID 

Number 
(Optional) 

Method of 
Disposal 

Does This 
Plant Treat 
Wastewater 
Generated 
Outside the 

Service 
Area? 

Treatment 
Level 

2020 Volumes a, 
AF 

Wastewater 
Treated 

Discharged 
Treated 

Wastewater 

Recycled 
Within 

Service Area 

Recycled 
Outside of 

Service Area 

Instream  
Flow Permit 

Requirement 

WWTP Willow Slough 
Bypass 

Agricultural 
and 
stormwater 
drainage canal 
immediately 
south of the 
wastewater 
treatment 
plant 

 River or creek 
outfall Yes Tertiary 3,821 3,821 0 0 0 

WWTP Conaway Toe 
Drain 

Agricultural 
and 
stormwater 
drainage 
channel on the 
west side of 
the Yolo 
Bypass 

 Wetlands Yes Tertiary 816 0 0 0 0 

TOTAL 4,637 3,821 0 0 0 
a. The difference between the volumes of wastewater treated and discharged treated wastewater is due to loss, water/ solids recycling, and solids disposal that is part of the wastewater 

treatment process. 
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6.3.3 Recycled Water System 
Currently, the City does not use recycled water to offset urban demand but plans to conduct further 
evaluation to use recycled water within the City service area. The City discharges treated wastewater to its 
wetland facility and to augment flows for habitat.  

6.3.4 Potential, Current, and Projected Recycled Water Uses 
Recycled water is most commonly defined as wastewater that has been treated to tertiary standards that 
meet Title 22 of the California Code of Regulations. Recycled water treated to this level can be used for all 
outdoor irrigation demands in a community, including parks, schools, street medians, residential front and 
backyard landscaping, public open space, as well as industrial uses such as cooling water. Additionally, 
recycled water is commonly used for environmental purposes such as wetland and habitat restoration.  

The City conducted a Near-Term Recycled Water Master Plan in 2018 (WYA, 2018) to present and evaluate 
alternative uses for recycled water. Several alternatives were analyzed and found to have widely varying 
capital costs and benefits to the City. Reduction in groundwater uses were the greatest offset to urban 
demand found in each alternative. The City is still in a planning phase to evaluate how to proceed with 
recycled water projects and anticipates producing further studies and assessments to determine the best 
avenue for recycled water use. Current and potential uses of recycled water are to supply the wetland 
treatment system, irrigation of crops and/or groundcover in the surrounding area. These are outside of the 
service area and thus excluded in Table 6-6. 
 

Table 6-6. Current and Projected Recycled Water Direct Beneficial uses within Service Area, AF (DWR Table 6-4) 

 Recycled water is not used and is not planned for use within the service area of the supplier. 
Quantities listed are for outside of the service area. 

Name of Agency Producing (Treating) the Recycled Water: City of Davis 
Name of Agency Operating the Recycled Water Distribution System: City of Davis 

Supplemental Water Added in 2020 0 
Source of 2020 Supplemental Water 0 

Beneficial Use Type 
General Description of 

2020 Uses 
Level of Treatment 

Drop down list 2020 2025 2030 2035 2040 2045 
Agricultural irrigation         

Landscape irrigation (exc golf courses)          

Golf course irrigation         

Commercial use         

Industrial use         

Geothermal and other energy production         

Seawater intrusion barrier         

Recreational impoundment         

Wetlands or wildlife habitat         

Groundwater recharge (IPR)         

Surface water augmentation (IPR)         

Direct potable reuse         

Other         

TOTAL (within the service area) 0 0 0 0 0 0 
IPR - Indirect Potable Reuse 
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Table 6-7 shows actual recycled water use in 2020 compared to what was projected in the previous UWMP. 
Recycled water was not used within the service area in 2020. 

 
Table 6-7. 2015 UWMP Recycled Water Use Projection Compared to 2020 Actual, AF (DWR Table 6-5) 

X Recycled water was not used in 2015 nor projected for use in 2020. 
The supplier will not complete the table below. 

Use type 2015 projection for 2020 2020 actual use 
Agricultural irrigation   

Landscape irrigation (ex golf courses)   

Golf course irrigation   

Commercial use   

Industrial use   

Geothermal and other energy production   

Seawater intrusion barrier   

Recreational impoundment   

Wetlands or wildlife habitat   

Groundwater recharge (IPR)   

Surface water augmentation (IPR)   

Direct potable reuse   

Other    

TOTAL 0 0 

 

6.3.5 Actions to Encourage and Optimize Future Recycled Water Use 
The City produced a Near-Term Recycled Water Master Plan (WYA, 2018) which evaluated several recycled 
water use alternatives. Additional alternatives to offset water use within the city service area include park 
and greenbelt irrigation combined with uses outside of the service area. Further studies will be conducted to 
determine how the City may proceed in implementing recycled water use within the service area. 

The Near-Term Recycled Water Master Plan recommended several feasibility studies and assessments to be 
conducted prior to implementing a recycled water use program for agriculture. The City has future actions to 
evaluate and expand recycled water use with recycled water from the WWTP to be used outside the City 
service area. This will not expand future recycled water use within the City service area, as shown in  
Table 6-8. 
 

Table 6-8. Actions to Expand Future Recycled Water Use, AF (DWR Table 6-6) 

 
Supplier does not plan to expand recycled water use in the future. Supplier will not complete the table below but will 

provide narrative explanation. 
 Provide page location of narrative in UWMP. 

Actions Description 

Planned 
Implementation 

Year 

Expected Increase 
in Recycled Water 

Use 
None -- -- -- 

Notes: Actions related to expanding future water use are related to providing recycled water for agricultural use outside of the City’s service area. 
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6.4 Exchanges or Transfers 
The City does not exchange or transfer water. Water transfer guidelines were developed in Yolo County in the 
early 1990s through the WRA. The goal of the guidelines is to discourage out-of-county water transfers 
without due process and to ensure environmental review, including mitigation of potentially significant 
impacts. The other facet of the guidelines is to allow flexibility for intra-county transfers, which could be 
particularly beneficial to water users in Yolo County during a severe water shortage condition. 

With regards to water transfers, the City will continue to support such guidelines and work with other 
agencies to facilitate intra-county transfers while making sure due process occurs in regard to any out-of-
county water transfers.  

The City does include a potential water transfer with UC Davis as part of the City’s WSCP discussed in 
Section 8 of this UWMP. 

6.5 Future Water Projects 
The City has no expected future water supply projects or programs that provide a quantifiable increase to the 
City’s water supply as shown in Table 6-9. 

 
Table 6-9. Expected Future Water Supply Projects or Programs (DWR Table 6-7) 

X No expected future water supply projects or programs that provide a quantifiable increase to the agency's water supply.  
Supplier will not complete the table below. 

__ Some or all of the supplier's future water supply projects or programs are not compatible with this table and are described in a narrative 
format. 

 Provide page location of narrative in the UWMP. 

Name of Future 
Projects or Programs Joint Project with other Agencies? 

Description 
(if needed) 

Planned 
Implementation 

Year 

Planned For 
Use in Year 

Type 

Expected 
Increase in 

Water Supply 
to Agency, 

AFY 

-- -- -- -- -- -- 

 

6.6 Summary of Existing and Planned Sources of Water 
The City’s current supply is groundwater from intermediate and deep wells as well as surface water from the 
Sacramento river. Water supplies for 2020 are summarized in Table 6-10.  

 
Table 6-10. Water Supplies – Actual (DWR Table 6-8) 

Water Supply Additional Detail on Water Supply 

2020 
Actual Volume, 

AF 
Water  

Quality 
Total Right or Safe Yield 

(optional) 

Purchased or imported water From the WDCWA 7,982 Drinking Water -- 

Groundwater From intermediate and deep wells 2,505 Drinking Water -- 
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The City’s projected potable supplies for a normal water year are summarized in Table 6-11. 

 
Table 6-11. Water Supplies – Projected (DWR Table 6-9) 

Water Supply 
Additional Detail 
on Water Supply 

Projected Water Supply, AFY 
2025 2030 2035 2040 2045 (optional) 

Reasonably 
Available Volume 

Reasonably 
Available Volume 

Reasonably 
Available Volume 

Reasonably 
Available Volume 

Reasonably 
Available Volume 

Purchased or 
imported water From the WDCWA 11,425 11,425 11,425 11,425 11,425 

Groundwater Deep aquifer well 
pumping capacity 12,300 12,300 12,300 12,300 12,300 

TOTAL 23,725 23,725 23,725 23,725 23,725 

 

6.7 Energy Intensity 
The City’s current energy uses in supplying water within the service area are comprised of well production 
and storage booster pumping. Energy usage of water supply purchased by the City from the WDCWA are not 
included in this analysis. Energy usage for each facility within the distribution cycle is provided by the 
associated electricity meter and reported in kilowatt-hours (kWh). Table 6-12 presents energy intensity by 
process for all water system facilities during the 2020 calendar year. The energy intensity calculation 
includes water pumped from groundwater wells and from the City’s storage tank booster pumping. 

 
Table 6-12. Energy Intensity – Water Supply Process Approach (DWR Table O-1B) 

Start Date for Reporting Period: 1/1/2020 
Urban Water Supplier Operational Control End Date: 12/31/2020 

 

Sum of all Water 
Management Processes 

Non-Consequential Hydropower 
(if applicable) 

Total Utility Hydropower Net Utility 

Volume of Water Entering Process (AF) a 5,195 -- -- 

Energy Consumed (kWh) 1,874,191 -- -- 

Energy Intensity (kWh/AF) 361 -- -- 

a. Includes 2020 groundwater pumped from Table 6-2 and 2,690 AF of booster pumping from the City’s East Area Tank 
and the West Area Tank. 

 

Groundwater use during the 2020 calendar year was approximately 25 percent of the total demand. If the 
City had used 50 percent groundwater to meet 2020 demands, the energy intensity would be approximately 
413 kWh/AF.  
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Section 7 

Water Service Reliability and Drought 
Risk Assessment 
This assessment of the water supply reliability is the fundamental purpose of this UWMP. This section 
considers the reliability of meeting customer water use by analyzing potential variability of the City’s water 
supplies and comparing those projected water supplies to projected water demands. In addition, this section 
includes a DRA that evaluates the City’s water supply risk under a severe drought period lasting for the next 
five consecutive years.  

7.1 Constraints on Water Sources 
This section describes water quality and quantity constraints in the two water supply sources: groundwater 
and purchased surface water. 

7.1.1 Constraints on Groundwater Sources 
There are no significant constraints to groundwater quantity. In prior years, a number of City intermediate-
depth wells have been removed from service due to water quality problems, including high concentrations of 
nitrates, iron, manganese, and selenium. The City has constructed wells in the deep aquifer to obtain water 
with higher overall quality versus the current quality of water from the intermediate depth aquifer. 
Groundwater will continue to be disinfected and treated as necessary to meet drinking water standards. 

In 2014, the State of California Division of Drinking Water set the hexavalent chromium maximum 
contaminant level (MCL) to 10 parts per billion. Quarterly sampling of ground water quality from wells 
conducted from November 2014 to July 2015 resulted in eleven of nineteen active water supply wells 
having running annual averages of hexavalent chromium ranging from 14–37 parts per billion. The 
hexavalent chromium MCL was invalidated in September 2017 and there is currently no MCL. The City has 
disconnected and inactivated wells with high levels. The City is sampling all wells annually for hexavalent 
chromium. With conjunctive use of surface water in place, intermediate wells will only be used for water 
quality testing, as emergency supply, or to meet peak demand. 

7.1.2 Constraints on Purchased or Imported Water 
The constraints on the purchased surface water supply from the WDCWA that is provided by Sacramento 
River water allotments are discussed in Section 6.1. 

7.1.3 Constraints on Conjunctive Use Reliability 
The City’s conjunctive use program, the planned use of both surface water and groundwater resources as 
well as water conservation to maximize total water availability in a region long-term, has constraints related 
to the Term 91 restrictions on the WDCWA purchased surface water supply. During years with continued dry 
weather the City may have higher water demands during the winter months than in previous years. This 
increase in demand, coupled with potential winter surface water reductions require the City to rely more 
heavily on the deep aquifer groundwater wells. As discussed in section 6.1 the Term 91 supply curtailments 
are an action that the State takes to place a temporary limit on some water diversions. Agencies such as the 
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WDCWA that divert water for use from the Delta watershed must limit their diversions based on Delta flow 
conditions. While WDCWA still receives water, it can be substantially reduced under Term 91 curtailments.  

While Term 91 is not typically in effect during winter months, it could be reinstated at any time if the source 
waters do not see significant rainfall. Generally, Term 91 is in effect in the summer, although in recent years 
the recurrence of drier than average winters has increased the likelihood of Term 91 restrictions continuing 
into the fall and winter.  

Because the City’s surface water availability from WDCWA might be limited during Term 91 curtailments 
and/or drought conditions, the City’s resilient ground water supply is an important supply component that 
can be utilized as part of the City’s conjunctive-use water system program. As discussed in Section 6.2 the 
City’s groundwater comes primarily from the deep aquifer groundwater wells which have similar water quality 
to surface water. Differences in hardness and other mineral levels between the surface water and 
groundwater wells may be noticed if some of the intermediate wells within the City’s groundwater system are 
relied on to augment our groundwater supply. Increasing the reliability of the WDCWA supplies in dry years 
would help to provide consistent water quality year-round and would help avoid potential distribution system 
water quality issues that arise when there is a change of water sources in a water distribution system. 

Although conceptual and no decision has been made regarding timing of this expansion, the WDCWA plans 
to expand the RWTF in the future. The potential expansion is addressed in Chapter 7 of the WDCWA Draft 
Water Supply Risk and Alternatives Evaluation (January, 2021). A date is not included as to when these 
potential expansions (to increase capacity by 4 mgd and 16 mgd) would occur. In the City of Woodland’s 
UWMP it is assumed that the 16 mgd expansion (which would provide the City of Woodland about 4 mgd in 
added RWTF capacity) would occur in 2040. The 4 mgd expansion is irrelevant to the City of Woodland since 
it is anticipated that the entirety of the added RWTF capacity of the 4 mgd expansion would be allocated to 
Davis and the University of California (UC) at Davis. A 16 mgd expansion in 2040 in the WDCWA UWMP is 
also included.  

7.2 Reliability by Type of Year 
This section describes the reliability of the City’s water supply sources and their vulnerability to seasonal or 
climatic shortage for three year types: 
• Normal Year 
• Single Dry Year 
• Five-Consecutive-Year Drought 

The basis of water year data for determining purchased or imported water reliability is provided in Table 7-1. 
Based on historical data, the City’s water supply available from groundwater has not been impacted by 
normal or dry years. Groundwater reliability is consistent in all water years and not subject to vulnerabilities 
to seasonal and climatic shortage. In dry years the groundwater levels may decline, but this does not reduce 
the pumping capacity of the City’s wells. Additionally, deep aquifer groundwater is less susceptible to year to 
year fluctuations related to drought conditions (WDCWA, 2014).  
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Table 7-1. Basis of Water Year Data (Reliability Assessment) (DWR Table 7-1) - Groundwater 

Year type Base year 

 

Quantification of available supplies in not compatible with this table and is 
provided elsewhere in the UWMP. 

Location___________________ 

X 
Quantification of available supplies is provided in this table as either volume only, 

percent only, or both 
Volume available, 

AF 
%  

of average supply 
Normal year 2012 12,300 100 

Single-dry year 2014 12,300 100 

Consecutive dry years 1st year 2012 12,300 100 

Consecutive dry years 2nd year 2013 12,300 100 

Consecutive dry years 3rd year 2014 12,300 100 

Consecutive dry years 4th year 2015 12,300 100 

Consecutive dry years 5th year 2016 12,300 100 
Note: Multiple versions of DWR Table 7-1 are being used. The particular water source that is being reported in this table is groundwater. 

For the WDCWA purchased or imported water supply from the Sacramento River, the definitions of the three 
water year types are based on historical curtailment of the Sacramento River and Lake Shasta reservoir 
levels as analyzed by WDCWA. As discussed in Section 6.1, Term 91 curtailments were in effect in 2016 and 
2018 which significantly reduced deliveries to the City from the WDCWA. Data was provided by West Yost 
Associates on behalf of the WDCWA for water allocations in wet, dry, and multi-dry years (Appendix G). The 
five most severe Term 91 and Lake Shasta years on record occurred between 2012 and 2016. Of those, 
2013, 2014 and 2015 were especially severe. All three years had total Term 91 curtailments of 200 days or 
more, and all three were Lake Shasta critical years. As a result, this is the basis for the years and volume 
available assumptions in Table 7-2. 

 
Table 7-2. Basis of Water Year Data (Reliability Assessment) (DWR Table 7-1) – Purchased or Imported Water (Supply from 

WDCWA) 

Year type Base year 

 

Quantification of available supplies in not compatible with this table 
and is provided elsewhere in the UWMP. 

Location___________________ 

X 
Quantification of available supplies is provided in this table as either 

volume only, percent only, or both 
Volume available, 

AF 
%  

of average supply 
Normal year -- 11,425 100 

Single-dry year 2014 7,462 65 

Consecutive dry years 1st year 2012 11,457 100 

Consecutive dry years 2nd year 2013 8,495 74 

Consecutive dry years 3rd year 2014 7,462 65 

Consecutive dry years 4th year 2015 7,556 66 

Consecutive dry years 5th year 2016 11,457 100 
Note: Multiple versions of DWR Table 7-1 are being used. The particular water source that is being reported in this table is purchased or imported 
water (supply from WDCWA). 
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7.3 Water Service Reliability 
This section provides a comparison of normal, single-dry, and multiple dry water year supply and demand for 
the City. Water demands are addressed in Section 4, and water supplies are addressed in Section 6. 

The normal water year current and projected water supplies are compared to the current and projected 
demand in Table 7-3.  

 
Table 7-3. Normal Year Supply and Demand Comparison, AFY (DWR Table 7-2) 

 2025 2030 2035 2040 2045 
Purchased or Imported Water 11,425 11,425 11,425 11,425 11,425 

Groundwater 12,300 12,300 12,300 12,300 12,300 

Supply totals a 23,725 23,725 23,725 23,725 23,725 

Demand totals b 10,912 11,470 12,056 12,672 13,319 

Difference c 12,813 12,255 11,669 11,053 10,406 
a. From Table 6-10 (DWR Table 6-9) 
b. From Table 4-9 (DWR Table 4-3) 
c.  Supply minus demand 

 

The current and projected water supplies are compared to the demands for a single dry year in Table 7-4. In 
a single dry year, Purchased or Imported Water (supply from WDCWA) supply is expected to decrease from 
what is available during a normal year. This assumes water curtailments to be in effect for the Sacramento 
River. The remaining water demand will be supplied using groundwater.  

 
Table 7-4. Single Dry Year Supply and Demand Comparison, AFY (DWR Table 7-3) 

 2025 2030 2035 2040 2045 

Purchased or Imported Water 7,462 7,462 7,462 7,462 7,462 

Groundwater 12,300 12,300 12,300 12,300 12,300 

Supply totals a 19,762 19,762 19,762 19,762 19,762 

Demand totals b 10,912 11,470 12,056 12,672 13,319 

Difference c 8,850 8,292 7,706 7,090 6,443 
a. From Table 7-1 (DWR Table 7-1) and Table 7-2 (DWR Table 7-1) for groundwater and purchased or imported water supply availability, 

respectively, during a single dry year 
b. From Table 4-3 (DWR Table 4-3). Demand during dry years may be slightly increased from normal years due to expected increase in 

outdoor water demands for irrigation. 
c. Supply minus demand 

 

Demands in Table 7-4 are the same as those in a normal year, but it is projected that in dry years water 
demand will increase in the summer due to decreased precipitation and increased ET rates. These demand 
projections do not assume mandated conservation measures. 

Table 7-5 summarizes the total projected supplies compared to demands for multiple dry years. In multiple 
dry years, Purchased or Imported Water (supply from WDCWA) supply would be used to the maximum extent 
given curtailments of the Sacramento River supply with groundwater used to meet remaining demand. 
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Table 7-5. Multiple Dry Years Supply and Demand Comparison, AFY 

 2025 2030 2035 2040 2045 

First 
year 

Purchased or Imported Water 11,457 11,457 11,457 11,457 11,457 

Groundwater 12,300 12,300 12,300 12,300 12,300 

Supply totals a 23,757 23,757 23,757 23,757 23,757 

Demand totals b 10,912 11,470 12,056 12,672 13,319 

Difference c 12,845 12,287 11,701 11,085 10,438 

Second 
year  

Purchased or Imported Water 8,495 8,495 8,495 8,495 8,495 

Groundwater 12,300 12,300 12,300 12,300 12,300 

Supply totals a 20,795 20,795 20,795 20,795 20,795 

Demand totals b 10,912 11,470 12,056 12,672 13,319 

Difference c 9,883 9,325 8,739 8,123 7,476 

Third 
year  

Purchased or Imported Water 7,462 7,462 7,462 7,462 7,462 

Groundwater 12,300 12,300 12,300 12,300 12,300 

Supply totals a 19,762 19,762 19,762 19,762 19,762 

Demand totals b 10,912 11,470 12,056 12,672 13,319 

Difference c 8,850 8,292 7,706 7,090 6,443 

Fourth 
year 

Purchased or Imported Water 7,556 7,556 7,556 7,556 7,556 

Groundwater 12,300 12,300 12,300 12,300 12,300 

Supply totals a 19,856 19,856 19,856 19,856 19,856 

Demand totals b 10,912 11,470 12,056 12,672 13,319 

Difference c 8,944 8,386 7,800 7,184 6,537 

Fifth 
year 

Purchased or Imported Water 7,556 7,556 7,556 7,556 7,556 

Groundwater 12,300 12,300 12,300 12,300 12,300 

Supply totals a 19,856 19,856 19,856 19,856 19,856 

Demand totals b 10,912 11,470 12,056 12,672 13,319 

Difference c 8,944 8,386 7,800 7,184 6,537 
a. From Table 7-1 (DWR Table 7-1) and Table 7-2 (DWR Table 7-1) for groundwater and purchased or imported water supply availability, 

respectively, during a single dry year. 
b. From Table 4-3 (DWR Table 4-3). Demand during dry years may be slightly increased from normal years due to expected increased in outdoor 

water demands for irrigation. 
c. Supply minus demand. 

 

The water demands for multiple dry years are based on normal years, but it is expected that peak demands 
may be higher due to decreased precipitation and increased ET rates. These demand projections do not 
assume mandated conservation measures. 

As shown on Figure 7-1 water supply shortages are not projected because the groundwater supply can meet 
demands during the dry years when minimal surface water is available. During a dry year, the City’s 
purchased water supplies would be reduced. However, groundwater supplies from the deep aquifer would be 
increased to help meet demands. At maximum day demand, use of intermediate depth wells could be used 
to meet peak demand as necessary.  



2020 Urban Water Management Plan Section 7: Water Service Reliability and Drought Risk Assessment 

 

 
7-6 

 

 

 
Figure 7-1. 2045 Water supply reliability 

7.4 Water Supply Reliability Management Tools and Options 
Since 2000, the City has been diversifying its water supply portfolio and maximizing local water resources to 
improve drinking water and wastewater discharge quality. The City’s water supply has diversified from all 
groundwater intermediate depth well supply in 1990, to deep well supply increases from 2000 to 2015 to 
conjunctive use with surface water supply as a major supply source starting in 2016. 

The City has also been proactive by being involved with regional water management and coordination 
through participation with the WRA. The WRA has participated in the development of the Westside 
Sacramento IRWMP, been proactive in forming a GSA under SGMA regulations, and aided in groundwater 
level monitoring as discussed in Section 6 of this UWMP.  

7.5 Drought Risk Assessment 
This DRA includes a description of the data and methods use, basis for the supply shortage conditions, 
determination of the reliability of each source, and comparison of the total water supplies and uses during 
the drought. 
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7.5.1 Basis for Water Shortage Condition 
The shortage conditions considered in this DRA are based on the key issues to a potential shortage 
condition that are discussed in Section 8.2.2 of the WSCP section of this UWMP. As a result of implementing 
conjunctive use of surface water from the Sacramento River starting in 2016 and groundwater from the 
deep aquifer, the reliability of the City’s water supply is relatively high. Below is a list of drought related 
scenarios that are considered in this DRA. The reliability assumptions of each of the City’s supply sources 
under these drought related shortage condition scenarios is described in Section 7.5.2. 
1. Regional drought circumstances  
2. Reduced availability of Sacramento River water supplies as determined by the WDCWA  
3. Declining groundwater levels with supply from intermediate depth wells unavailable  

7.5.2 DRA Water Source Reliability 
The reliability of each supply source under the drought related shortage condition scenarios for a variety of 
shortage conditions listed in Section 7.5.1 is summarized in Table 7-6. The scenario(s) with the lowest 
source reliability are Scenario 1 and Scenario 2. The total supply available in these scenarios is assumed in 
the DRA. 

 
Table 7-6. DRA Water Source Reliability 

DRA Scenario 

Purchased or Imported 
Water Groundwater Total 

Assumptions 

Volume 
Available, 

AF 

% of 
Average/ 
Normal 

Year Supply 

Volume 
Available, 

AF 

% of 
Average/ 
Normal 

Year Supply 

Volume 
Available, 

AF 

% of Average/ 
Normal Year 

Supply 

1. Regional drought 
circumstances  7,462 65 12,300 100 19,762 83 

Assume single dry year 
for WDCWA water supply 
availability 

2. Reduced availability of 
Sacramento River water 
supplies as determined by the 
WDCWA  

7,462 65 12,300 100 19,762 83 
Assume single dry year 
for WDCWA water supply 
availability 

3. Declining groundwater levels 11,457 100 12,300 100 23,757 100 

Assume fifth year of five 
consecutive dry years for 
WDCWA water supply 
availability. 

 

7.5.3 Total Water Supply and Use Comparison 
Table 7-7 is the DRA total water supply and use comparison. It is based on the scenario that the next five 
years are five-consecutive-year drought years. It calculates the potential supply shortages (or surplus), and 
allows the City to include shortfall mitigation from WSCP demand reduction measures and supply 
augmentation as necessary.  
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Table 7-7. 5-Year DRA (DWR Table 7-5) 

2021 Total Notes 

Gross Water Use  12,453 

City’s estimated 2025 demand from Table 4-8 
combined with an additional 1,541 AFY of water use that 
would occur if Stage 2 demand reduction activities 
(Table 8-5) are not in place 

Total Supplies  19,762  Based on Scenario 1 or 2 from Table 7-6 

Surplus/Shortfall 
without WSCP 
Action 

7,309  Surplus 

Planned WSCP Actions (use reduction and supply augmentation)   

WSCP - supply 
augmentation 
benefit 

-  

WSCP - use 
reduction savings 
benefit 

-  

Revised 
Surplus/(shortfall) -  

Resulting % Use 
Reduction from 
WSCP action 

-  

2022 Total Notes 

Gross Water Use 12,453 

City’s estimated 2025 demand from Table 4-8 
combined with an additional 1,541 AFY of water use that 
would occur if Stage 2 demand reduction activities 
(Table 8-5) are not in place 

Total Supplies 19,762  Based on Scenario 1 or 2 from Table 7-6 

Surplus/Shortfall 
without WSCP 
Action 

7,309  Surplus 

Planned WSCP Actions (use reduction and supply augmentation)   

WSCP - supply 
augmentation 
benefit 

-  

WSCP - use 
reduction savings 
benefit 

-  

Revised 
Surplus/(shortfall) -  

Resulting % Use 
Reduction from 
WSCP action 

-  

2023 Total Notes 

Gross Water Use 12,453 

City’s estimated 2025 demand from Table 4-8 
combined with an additional 1,541 AFY of water use that 
would occur if Stage 2 demand reduction activities 
(Table 8-5) are not in place 

Total Supplies 19,762  Based on Scenario 1 or 2 from Table 7-6 
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Table 7-7. 5-Year DRA (DWR Table 7-5) 

Surplus/Shortfall 
without WSCP 
Action 

7,309  Surplus 

Planned WSCP 
Actions (use 
reduction and 
supply 
augmentation) 

  

WSCP - supply 
augmentation 
benefit 

-  

WSCP - use 
reduction savings 
benefit 

-  

Revised 
Surplus/(shortfall) -  

Resulting % Use 
Reduction from 
WSCP action 

-  

2024 Total Notes 

Gross Water Use 12,453 

City’s estimated 2025 demand from Table 4-8 
combined with an additional 1,541 AFY of water use that 
would occur if Stage 2 demand reduction activities 
(Table 8-5) are not in place 

Total Supplies 19,762  Based on Scenario 1 or 2 from Table 7-6 

Surplus/Shortfall 
without WSCP 
Action 

7,309  Surplus 

Planned WSCP 
Actions (use 
reduction and 
supply 
augmentation) 

  

WSCP - supply 
augmentation 
benefit 

-  

WSCP - use 
reduction savings 
benefit 

-  

Revised 
Surplus/(shortfall) -  

Resulting % Use 
Reduction from 
WSCP action 

-  
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Table 7-7. 5-Year DRA (DWR Table 7-5) 

2025 Total Notes 

Gross Water Use 12,453 

City’s estimated 2025 demand from Table 4-8 
combined with an additional 1,541 AFY of water use that 
would occur if Stage 2 demand reduction activities 
(Table 8-5) are not in place 

Total Supplies 19,762  Based on Scenario 1 or 2 from Table 7-6 

Surplus/Shortfall 
without WSCP 
Action 

7,309  Surplus 

Planned WSCP 
Actions (use 
reduction and 
supply 
augmentation) 

  

WSCP - supply 
augmentation 
benefit 

-  

WSCP - use 
reduction savings 
benefit 

-  

Revised 
Surplus/(shortfall) -  

Resulting % Use 
Reduction from 
WSCP action 

-  

 

The basis of the key inputs in the DRA water supply and use comparison are described as below. In all DRA 
years the City has a surplus of supplies. 

Gross water use – The City’s projected water use with no WSCP Stage 2 demand reduction from 2021 to 
2025. The gross water use does not include water use reduction as a result of the implementation of any 
necessary demand reduction actions by WSCP stage described in Section 8. Because demand projections in 
Section 4 are based on the City’s historical water demands for 2019, and demands in 2019 include WSCP 
demand reduction activities in Stages 1 and 2, the City’s gross water use would likely have been higher 
during this time than the actual water use. without these demand reduction activities in place. The Stage 1 
and 2 activities are defined in Section 8. The gross water use in the DRA is based on adding the estimated 
water saved from the demand reduction activities in Stage 2 from Table 8-5 (1,541 AFY) to the normal year 
demand projections defined in Section 4. Stage 1 demand reduction activities savings are not used to 
increase the projected demands to gross water use because Stage 1 activities are in place in all years as 
part of the City’s ordinance 03.02.045, Prohibitions and Enforcement of Water Waste. To be conservative on 
the high end of demand, the gross water use in all five DRA years is the City’s estimated 2025 demand from 
Table 4-8 combined with an additional 1,541 AFY of water use that would have occurred if Stage 2 demand 
reduction activities (Table 8-5) had not been in place in 2019. 

Total supplies – Supplies assumed to be available in worst case (lowest available total supplies) in DRA 
scenario identified in Table 7-5. Scenarios 1 and 2 are the worst case scenario. 

Surplus/shortfall without WSCP Action – Total supplies minus gross water use prior to any demand 
reduction or supply augmentation actions from the WSCP. 
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WSCP–supply augmentation benefit – Sum of estimated supply augmentation benefit in the required WSCP 
stage. 

WSCP–use reduction savings benefit – Sum of estimated water savings from demand reduction actions in 
the required WSCP stage. 

Revised Surplus/(shortfall) – Total supplies including supply augmentation benefit minus total demands 
including demand reductions from relevant WSCP stage. 

Resulting percent Use Reduction from WSCP action – WSCP–use reduction savings benefit divided by Gross 
Water Use. 
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Section 8 

Water Shortage Contingency Plan 
The WSCP defines how the City will act in the case of an actual water shortage. A water shortage means that 
the water supply available is insufficient to meet the normally expected customer water use at a given point 
in time. The WSCP provides pre-planned guidance for managing and mitigating a potential shortage of water 
supply.  

8.1 Introduction 
During the intense drought event of 1976-77, City groundwater levels dropped severely. This was due in part 
to increased agricultural pumping to compensate for reduced raw surface water deliveries. During the 1986-
92 drought, the community was better prepared to handle drought impacts, due to: (1) the adoption by the 
City Council of a “No-Waste” Ordinance in the early 1990’s; (2) initiation of a meter retrofit program in 1990 
heightening customer awareness of water use; and (3) implementation of conservation programs, including 
toilet rebates for replacements, water audits on request, distribution of toilet leak detection dye tablets for 
all residential customers, regular newsletter communications to the community and an educational water 
conservation program with the local schools.  

In 1992, in accordance with the requirements of AB 11, the City developed a comprehensive WSCP. The 
WSCP is an element of the City’s UWMP and updated every 5 years in accordance with state law. The City’s 
WSCP is consistent with provisions in the state regulations pertaining to water planning in Water Code 
Section 10632. The WSCP consists of the following elements: 
• Water Supply Reliability Analysis 
• Annual Water Supply and Demand Assessment Procedures 
• Six Standard Water Shortage Stages 
• Shortage Response Actions 
• Special Water Feature Distinction 
• Communication Protocols 
• Compliance and Enforcement 
• Legal Authorities 
• Financial Consequences of WSCP 
• Monitoring and Reporting 
• WSCP Refinement Procedures 
• Plan Adoption, Submittal, and Availability 

8.2 Water Supply Reliability Analysis 
The water supply reliability analysis of the City’s supplies is summarized. The key issues that may create 
shortage conditions relative to the City’s water supply portfolio are described. 

8.2.1 Water System Reliability 
The water system reliability analysis to meet demands in normal, single dry, and multiple dry years over a 5-
year drought period is described in Section 7 in the DRA of the UWMP and is summarized in this section of 
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the WSCP. The water supply reliability analysis includes both the water supply reliability assessment and the 
Drought Risk Assessment (DRA). The water supply reliability assessment describes the constraints on the 
City’s purchased surface water and groundwater supplies. It analyzes the reliability of each supply and 
vulnerabilities to seasonal or climatic shortages during normal years, single dry years, and a five-
consecutive-year drought.  

The water supply reliability assessment compares the City’s supply and demands through 2045 and 
indicates that water shortages are not projected because the City’s supply portfolio can meet water 
demands in all year types.  

The DRA compares total water supply and demands from 2021 through 2025, assuming a five-consecutive-
year drought. In all years of the DRA the City is projected to be able to meet demands without activating the 
WSCP.     

8.2.2 Potential Shortage Conditions  
As a result of implementing conjunctive use of surface water from the Sacramento River starting in 2016 
and groundwater from the deep aquifer, the reliability of the City’s water supply is relatively high. There are 
scenarios that could result in the City declaring a water shortage stage condition. Below is a list of the key 
issues that could potentially result in a shortage condition for the City.  
• Regional drought circumstances  
• Availability of Sacramento River water supplies as determined by the WDCWA 

− State restrictions on surface water diversions 
− Term 91 conditions 
− Shasta critical year reductions 
− Water quality conditions/contamination 
− Mechanical breakdown of surface water diversion structure, intake, or RWTF facilities, and 

transmission pipeline 
• Declining groundwater levels 
• GSP sustainable groundwater pumping limitations (this is a future potential condition - to be defined by 

SGMA GSP) 
• Contamination of one or more wells 

8.3 Annual Water Supply and Demand Assessment Procedures 
The annual water supply and demand assessment (Annual Assessment) will be conducted annually on or 
before July 1 of each year beginning with the first annual water supply and demand assessment due by 
July 1, 2022. The Annual Assessment report is submitted to DWR with information for anticipated shortage, 
triggered shortage response actions, compliance and enforcement actions, and communication actions 
consistent with this WSCP. The City will conduct an Annual Assessment that follows the steps illustrated in 
Figure 8-1 and described below. Once DWR finalizes the guidelines and as the City conducts the first 
assessment in 2020, this process may be modified. 
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Figure 8-1. Annual assessment procedure and decision-making process 

Step 1. Determine Water Allocation for the City - The type of water year for the Sacramento River and Lake 
Shasta water levels are determined before May 1. WDCWA can then determine water allocations for each 
water retailer and will provide this information to the City. 

Step 2. Gather Key Data Inputs - The Water Division collects key data inputs for the Annual Assessment 
including water supply and unconstrained customer demand as described below. 

Step 2a. Estimate Unconstrained Customer Demand - Current year unconstrained demand considering 
weather, growth, and other influencing factors such as policies to manage current supplies to meet demand 
objectives in future years, as applicable is estimated. Unconstrained customer demand does not include 
demand reductions that may occur as a result of the City implementing any special shortage response 
actions that may be necessary.  

Step 2b. Quantify Supplies Needed - The available water supply by source is estimated for the current year 
and one subsequent dry year: 
• Quantify each source of water supply and provide descriptive text of each source  
• Quantify current year available supply by source, considering hydrological and regulatory conditions in 

the current year 
• Quantify available supply by source for one subsequent dry year.  
• Considerations for water supply availability estimates by source: 

− The existing infrastructure capabilities and plausible constraints as they impact the City’s ability to 
deliver supplies to meet expected customer water use needs in the coming year should be 
considered  

− Hydrological and regulatory conditions in the current year 
− Specific locally applicable factors that can influence or disrupt each supply source 

Step 3. Apply Evaluation Criteria – Evaluation criteria is determined by the supply source conditions and 
factors that impact the condition of each supply source. The Annual Assessment is based on evaluating the 
key data inputs to determine the water supply reliability. Although an actual shortage may occur at any time 
during the year, a shortage condition can usually be forecasted by the Water Division on or about May 1 
each year. The City monitors water production and groundwater level data on a monthly basis. It is possible 
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that during peak demands, groundwater levels could drop more severely (June-August) in a given year, 
making it difficult to forecast the activation of a water shortage response stage in advance of such a 
condition. The evaluation is based on applying the criteria defined by supply source condition in Table 8-2. 
Based on the application of the criteria and the resulting supply and demand comparison City staff will 
determine if the next stage in the WSCP should be activated. 

 
Table 8-2. Evaluation Criteria 

Supply Source Condition Criteria 
Groundwater 

Pumping capacity 
• Capacity of active wells on-line 
• Groundwater levels 

Surface water  

WDCWA delivery 
• Term 91 curtailments 
• Critically low water level year for Lake Shasta 

 

Step 4. Develop Draft Annual Assessment Report – The Water Division compiles the draft Annual 
Assessment report based on the format to be determined by DWR using the key data inputs and evaluation 
criteria.  

Step 5. Review Draft Annual Assessment Report – The Water Division will review and provide comment on 
the draft Annual Assessment report.  

Step 6. Address Comments to the Draft Annual Assessment Report, Finalize Report – The Water Division will 
address internal comments to the draft Annual Assessment report and will finalize the report. 

Step 7. Submit Annual Assessment Report to DWR – The Water Division will submit the Annual Assessment 
report to DWR 

8.4 Six Standard Water Shortage Stages 
The City has developed a six-stage WSCP, as shown in Table 8-3, to invoke during declared water shortages. 
The City’s WSCP stages have been standardized from four-stages to six-stages to provide a consistent 
regional and statewide approach to conveying the relative severity of water supply shortage conditions. The 
six standard water shortage levels correspond to progressively increasing estimated shortage conditions and 
align with the response action the City would implement to meet the severity of the impending shortages.  
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Table 8-3. WSCP Levels (DWR Table 8-1) 

Shortage  
Level 

% Shortage Range a 
Numerical Value as a Percent 

Water Shortage Condition  
(Narrative Description) 

Add additional rows as needed 

1 Up to 10 Water supply conditions are sufficient to meet between 90 to 
100% of projected unconstrained demand for the next two years. 

2 Up to 20 Water supply conditions are sufficient to meet between 80 to 
90% of projected unconstrained demand for the next two years. 

3 Up to 30 Water supply conditions are sufficient to meet between 70 to 
80% of projected unconstrained demand for the next two years. 

4 Up to 40 Water supply conditions are sufficient to meet between 60 to 
70% of projected unconstrained demand for the next two years. 

5 Up to 50 Water supply conditions are sufficient to meet between 50 to 
60% of projected unconstrained demand for the next two years. 

6 >50 Water supply conditions are sufficient to meet less than 50% of 
projected unconstrained demand for the next two years. 

a. One stage in the Water Shortage Contingency Plan must address a water shortage of 50%. 
Note: Water shortage condition is based on unconstrained demand compared to projected supply. Projected supply 
is based on groundwater levels and surface water deliveries. Groundwater conditions are based upon groundwater 
levels and pumping capacity of groundwater wells. Surface water availability is based upon Term 91 curtailments 
and Lake Shasta critical year reductions. 

8.5 Shortage Response Actions 
Shortage response actions are aligned with the defined shortage levels by stage in Table 8-1. Shortage 
response actions include supply augmentation actions, demand reduction actions, operational changes, 
locally appropriate mandatory prohibitions against specific water use practices, and state mandated 
prohibitions. For each activity the extent to which the gap between supplies and demand will be reduced by 
each shortage response action is estimated. As the water purveyor, the City must provide the minimum 
health and safety water needs of the community at all times. The summary of the demand reduction and 
supply augmentation estimated results for each stage is provided in Table 8-4. The objective is to design the 
WSCP so that the demand reduction and supply augmentation activities in each stage reduce the shortage 
by the percent shortage range for each stage defined in Table 8-3. Sections 8.5.1 and 8.5.2 provide detailed 
information as to the activities and the estimated savings for each activity. 

 
Table 8-4. Summary of Demand Reduction, Supply Augmentation, and Other Actions in WSCP by Shortage Level 

 

Shortage Level (percent shortage range) 
1 

(0 to 10%) 
2 

(10 to 20%) 
3 

(20 to 30%) 
4 

(30 to 40%) 
5 

(40 to 50%) 
6 

(>50%) 

Total demand reduction and Other activities (AFY) (from 
Table 8-5 and 8-6)) 

 755   2,387   3,730   5,139   5,383   5,394  

Total Supply Augmentation (AFY) (from Table 8-6)  -     -     -     -     1,129   1,129  

Total demand reduction and supply augmentation (AFY)  755   2,387   3,730   5,139   6,512   6,523  

Total 2019 demand (AFY)  9,992   9,992   9,992   9,992   9,992   9,992  

Percent of demand 8% 24% 37% 51% 65% 65% 
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8.5.1 Demand Reduction Actions 
Priorities for use of available potable water during shortages are based on the difference between basic 
needs (e.g., drinking, toilet flushing) and discretionary uses (e.g. landscape irrigation), and legal 
requirements set forth in the California Water Code, Sections 350-358. Water allocations are established for 
all customers according to the following: 
• Minimum health and safety allocations for interior residential needs (includes single-family, multifamily, 

hospitals and convalescent facilities, retirement and mobile home communities, and student housing, 
and fire fighting and public safety) 

• Commercial, industrial, institutional/governmental operations (where water is used for manufacturing 
and for minimum health and safety allocations for employees and visitors), to maintain jobs and 
economic base of the community (not for landscape uses) 

• Existing landscaping 
• New customers, proposed projects without permits when shortage declared 

Locally appropriate demand reduction actions to adequately respond to shortages are specified in Table 8-5. 
Restrictions in Stage 1 are always in place per City ordinance 39.02.045, Prohibitions and enforcement of 
water waste. The first shortage level during which the demand reduction action is active is noted. The annual 
volume of water that the demand reduction action will reduce the shortage gap is estimated. The 
assumptions and references for the estimated volume by demand reduction action items is provided in 
Appendix H. It is also noted if there is a penalty, charge, or other enforcement for each demand reduction 
action item. 
 

Table 8-5. Demand Reduction Actions (DWR Table 8-2) 

Shortage 
Level 

Demand Reduction 
Actions 

How much is this 
going to reduce the 

shortage gap? 
Include volume 

units used. 
Additional Explanation or Reference 

(optional) 

Penalty, 
Charge, or 

Other 
Enforcement?  
Drop Down List 

Add additional rows as needed 

1 
Landscape - Restrict or 
prohibit runoff from 
landscape irrigation 

32 MG (99 AFY) 

No potable water shall be applied to outdoor landscapes in a 
manner that causes more than incidental runoff, such as 
minimal overspray from sprinklers that escapes the area of 
intended use, such that water flows onto adjacent property, 
non-irrigated areas, private walkways, roadways, parking lots, 
or structures. 

Yes 

1 
Landscape - Limit 
landscape irrigation to 
specific times 

32 MG (99 AFY) 

No landscape watering between 9:00 a.m. and 6:00 p.m. 
except with a hand-held container or hose with a shut-off 
nozzle, or for very short periods when adjusting a sprinkler 
system. This restriction does not apply to landscape irrigation 
using a low volume irrigation system (such as drip irrigation and 
micro-irrigation) designed to apply small volumes of water 
slowly at or near the root zone of plants. This includes, but is not 
limited to, properly functioning drip irrigation systems and 
soaker hoses. 

Yes 

1 
Landscape - Other 
landscape restriction or 
prohibition 

32 MG (99 AFY) 
No irrigation of turf and ornamental landscapes during and 
within forty-eight hours after measurable rainfall of at least 
one-fourth of one inch of rain in a given area of Davis.  

Yes 
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Table 8-5. Demand Reduction Actions (DWR Table 8-2) 

Shortage 
Level 

Demand Reduction 
Actions 

How much is this 
going to reduce the 

shortage gap? 
Include volume 

units used. 
Additional Explanation or Reference 

(optional) 

Penalty, 
Charge, or 

Other 
Enforcement?  
Drop Down List 

Add additional rows as needed 

1 
Landscape - Other 
landscape restriction or 
prohibition 

32 MG (99 AFY) 

No irrigation with potable water of landscapes outside of homes 
and buildings constructed after June 15 in any manner 
inconsistent with regulations or other requirements established 
by the California Building Standards Commission, the 
department of housing and community development and the 
Model Water Efficient Landscape Ordinance (MWELO). 

Yes 

1 
Landscape - Other 
landscape restriction or 
prohibition 

6 MG (17 AFY) 

No irrigation of turf on public street medians or publicly owned 
and maintained landscaped areas between the street and 
sidewalk, except where: 
o The turf serves a community or neighborhood function, 
including but not limited to recreational uses and civic or 
community events; 
o The turf is irrigated incidentally by an irrigation system, the 
primary purpose of which is the irrigation of trees; or 
o The turf is irrigated with recycled water through an irrigation 
system installed prior to January 1, 2018. 

Yes 

1 Other - Require automatic 
shut of hoses 11 MG (33 AFY) 

A hose that dispenses potable water to wash a motor vehicle 
must be fitted with a shut-off nozzle or device attached to it that 
causes it to cease dispensing water immediately when not in 
use. 

Yes 

1 
Other - Prohibit use of 
potable water for washing 
hard surfaces 

16 MG (50 AFY) Potable water may not be applied directly to driveways and 
sidewalks unless required for health and safety purposes. Yes 

1 

Water Features - Restrict 
water use for decorative 
water features, such as 
fountains 

16 MG (50 AFY) 
Potable water shall not be used in an ornamental fountain or 
other decorative water feature, except where the water is part of 
a recirculating system. 

Yes 

1 

Other - Customers must 
repair leaks, breaks, and 
malfunctions in a timely 
manner 

59 MG (183 AFY) 

All property owners must fix leaks, breaks or malfunctions in 
water fixtures or water using or distributing devices to which city 
water is connected when they find them, or within 72 hours of 
receiving a notice from the City of Davis per Davis Municipal 
Code Section 30.02.040.  

Yes 

1 CII - Restaurants may only 
serve water upon request 2 MG (6 AFY) 

Eating or drinking establishments, including but not limited to 
restaurants, hotels, cafes, cafeterias, bars, or other public 
places where food or drink are served and/or purchased shall 
only serve drinking water upon patron request. 

Yes 

1 
CII - Commercial kitchens 
required to use pre-rinse 
spray valves 

4 MG (11 AFY) Restaurants are required to use a pre-rinse spray valve when 
washing dishes. Yes 

1 

Other - Prohibit vehicle 
washing except at facilities 
using recycled or 
recirculating water 

1 MG (3 AFY) 

In-bay car washes or conveyor car washes permitted and 
constructed after January 1, 2014 shall use recirculating water 
systems pursuant to California Water Code Division 6 Part 2.12 
Section 10950-10953. 

Yes 

1 
CII - Lodging establishment 
must offer optional out of 
linen service 

2 MG (6 AFY) 

Hotels and motels must provide guests with the option to 
decline daily bed linen and towel changes. The hotel or motel 
shall prominently display notice of this option in each 
guestroom using clear and easily understood language. 

Yes 
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Table 8-5. Demand Reduction Actions (DWR Table 8-2) 

Shortage 
Level 

Demand Reduction 
Actions 

How much is this 
going to reduce the 

shortage gap? 
Include volume 

units used. 
Additional Explanation or Reference 

(optional) 

Penalty, 
Charge, or 

Other 
Enforcement?  
Drop Down List 

Add additional rows as needed 

2 

Other - Prohibit vehicle 
washing except at facilities 
using recycled or 
recirculating water 

16 MG (50 AFY) 
 Car washing is only permitted using a commercial carwash that 
recirculates water or by high pressure/low volume wash 
systems. 

Yes 

2 
Landscape - Limit 
landscape irrigation to 
specific days 

486 MG (1,491 AFY) 

 In order to reduce peak demand on the water system, outdoor 
watering with sprinkler irrigation is restricted to three days per 
week on an odd/even schedule: 
- Odd numbered addresses: Tuesday, Thursday, and Saturday 
-  Even numbered addresses: Wednesday, Friday, and Sunday 
- No outdoor watering on Monday (except City parks & 
greenbelts) 

Yes 

3 

Water Features - Restrict 
water use for decorative 
water features, such as 
fountains 

8 MG (25 AFY) Decorative water features that use potable water must be 
drained and kept dry. Yes 

3 
Landscape - Other 
landscape restriction or 
prohibition 

8 MG (25 AFY) 
With the exception of landscapes watered with non-potable 
water, the installation of new landscaping is limited to drought 
tolerant trees, shrubs and groundcover.  

Yes 

3 
Landscape - Other 
landscape restriction or 
prohibition 

8 MG (25 AFY) The installation of new turf or hydroseed is prohibited. Yes 

3 
Landscape - Limit 
landscape irrigation to 
specific days 

810 MG (2,486 AFY) 

In order to reduce peak demand on the water system, outdoor 
watering with sprinkler irrigation is restricted to two days per 
week on an odd/even schedule: 
o   Odd numbered addresses: Tuesday, Thursday 
o   Even numbered addresses: Wednesday, Friday 
o   No outdoor watering on Monday 

Yes 

3 

Other - Customers must 
repair leaks, breaks, and 
malfunctions in a timely 
manner 

89 MG (274 AFY) 

Property owners must fix water leaks or faulty sprinklers within 
48 hours. If repairs cannot be completed within 48 hours, 
property owners must have a plan in place for repairs and 
reduce water use until repairs can be completed. 

Yes 

4 Other water feature or 
swimming pool restriction 16 MG (50 AFY)  Existing pools shall not be emptied and refilled using potable 

water unless required for public health and safety purposes. Yes 

4 
Landscape - Prohibit 
certain types of landscape 
irrigation 

1,215 MG  
(3,728 AFY) 

Irrigation of any landscaping except trees or drought tolerant 
plantings is prohibited. Yes 

5 Other water feature or 
swimming pool restriction 8 MG (25 AFY) No new permits for pools will be issued. Yes 

5 
Landscape - Other 
landscape restriction or 
prohibition 

16 MG (50 AFY) No new landscape installations or renovations will be 
permitted. Yes 

6 Other 13 MG (40 AFY) Water use will be allowed for public health and safety purposes 
only. Yes 

6 Landscape - Prohibit all 
landscape irrigation 

1,539 MG  
(4,723 AFY) All landscape irrigation prohibited. Yes 

Note: Restrictions in Stage 1 are always in place per City ordinance 39.02.045, Prohibitions and enforcement of water waste. 



2020 Urban Water Management Plan Section 8: Water Shortage Contingency Plan 

 

 
8-9 

 

8.5.2 Supply Augmentation and Other Actions 
Locally appropriate supply augmentation actions and operational changes are listed in Table 8-6. Because 
the City’s groundwater supply has already been integrated into normal water management planning for 
shortage conditions as described in Section 7 of the UWMP, it is not indicated as a response triggered by a 
WSCP shortage level in this section, but already represented in the determination of any gap between supply 
and customer water use. 

 
Table 8-6. Supply Augmentation and Other Actions (DWR Table 8-3) 

Shortage 
Level 

Supply Augmentation 
Methods and Other 

Actions by Water 
Supplier 

How much is this 
going to reduce the 

shortage gap? 
Include volume 

units used. 
Additional Explanation or Reference  

(optional) 
Add additional rows as needed 

2 Expand Public Information 
Campaign 30 MG (91 AFY) Offer workshops, increased use of bill inserts, social media 

3 Other actions (describe) 55 MG (169AFY) Coordination with Parks Department to modify timing/amount of irrigation to 
assist with operational demands. 

4 Other actions (describe) 7 MG (23 AFY) 
Consumption checks at meter and assist customers via phone to review water 
usage for their property are always in place. For Stage 4, 5 and 6 City would 
increase the number of water use survey and potentially offer in person surveys. 

4 Other actions (describe) 2 MG (6 AFY) Operational changes – No routine system flushing 

4 Other actions (describe) 12 MG (38 AFY) Look for opportunities to prioritize projects that reduce system water loss. 

4 Other actions (describe) 17 MG (51 AFY) 
Have an Environmental Program Specialist who responds to water waste concerns. 
During time periods with a declared water shortage, water waste patrols are 
implemented. 

4 Other actions (describe) 368 MG (1,129 AFY) Emergency intertie with UC Davis (assume 700 gpm average daily flow rate) 

 

8.5.3 Special Water Feature Distinction 
Water features that are not pools or spas are analyzed and defined separately from pools and spas in the 
WSCP. Non-pool or non-spa water features including ponds, lakes, waterfalls, and fountains that do not 
require the use of potable water for health and safety considerations, are defined as decorative water 
features and recreational water features and are included as such in the response actions and are enforced 
and monitored as part of the WSCP process.  

Under all conditions and stages the WSCP prohibits using potable water in an ornamental fountain or other 
decorative water feature, except where the water is part of a recirculating system. At Stage 3 all decorative 
water features that use potable water must be drained and kept dry. 

8.6 Emergency Response Plan 
The City has prepared a security vulnerability assessment and maintains an Emergency Response Plan (ERP) 
to address responding to catastrophic supply interruptions as well as other emergencies. Due to security 
reasons, only the ERP Table of Contents is included in this document in Appendix I. The City is in the process 
of updating its Emergency Response Plan by June 23, 2021. 
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Shortage response actions to respond to catastrophic water shortages are also included in Table 8-4. When 
a shortage declaration appears imminent, the Public Works Director is in charge of managing related 
activities. The Public Works Director coordinates efforts with the City Manager and other Departments 
including fire, planning, police, parks and recreation, and the City Manager’s Office. The City will coordinate 
with UC Davis and Yolo County for the possible proclamation of a local emergency. 

The City has sufficient facilities and infrastructure to reroute around a temporary disruption.  

The City has stationary and portable emergency generators available to keep several wells and the storage 
tanks online during a water shortage event. The City is currently adding stationary emergency generators at 
all deep wells and storage tanks. In addition, the City has two 4-million gallon water storage tanks that 
provide needed emergency backup and firefighting capacity. These improvements are particularly useful 
should a shortage be caused by a power outage or other natural disaster. All existing water supply storage, 
treatment, and distribution, and wastewater treatment facilities are inspected per a maintenance schedule.  

Table 8-7 summarizes possible water supply catastrophes for the City of Davis. Potential actions and 
responses are found in Table 8-8. 

 
Table 8-7. Possible Catastrophes 

• Earthquake 
• Fire/explosion 
• Medical 
• Flood 
• Tornado/severe weather 
• Bomb threat 
• Hard freeze 

• Loss of normal water supply 
• Hazardous material release 
• Contamination of District water supplies 
• Terrorist attack 
• Vandalism 
• Power outage 

 
Table 8-8. Potential Actions in Response to Catastrophes 

• Stretch existing water storage  
• Obtain additional water supplies  
• Develop alternative water supplies  
• Determine where the funding will come from  
• Contact and coordinate with other agencies  

• Create an emergency response team/coordinator  
• Implement the ERP 
• Put employees/contractors on-call  
• Develop methods to communicate with the public  
• Develop methods to prepare for water quality interruptions 

 

8.7 Seismic Risk Assessment and Mitigation Plan 
This section includes a seismic risk assessment and mitigation plan to assess the vulnerability of each of the 
water system’s facilities and methods to mitigate those vulnerabilities. The City’s seismic risk assessment 
shall be updated every 5 years when updating the UWMP. Water suppliers may also comply with 2020 
UWMP requirements by submitting a copy of the most recent adopted local hazard mitigation plan (HMP) or 
multihazard mitigation plan under the federal Disaster Mitigation Act of 2000 (Public Law 106-390) if the 
local HMP or multihazard mitigation plan addresses seismic risk. 

The City has prepared a confidential risk and resilience assessment in compliance with America’s Water 
Infrastructure Act of 2018 (AWIA) Public Law 115-270, S. 3021. A summary of the risk of earthquake to the 
City’s facilities is discussed below. Furthermore, the Risk and Resilience Assessment (RRA) is not included 
as an appendix to this UWMP due to security concerns, but the Yolo County Multijurisdictional Hazard 
Mitigation Plan (HMP) is available in complying with 2020 UWMP requirements.  Due to the large size of the 
HMP document only the cover and table of contents pages are included in Appendix J. The full document can 
be accessed at https://www.yolocounty.org/government/general-government-departments/office-of-

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.yolocounty.org%2Fgovernment%2Fgeneral-government-departments%2Foffice-of-emergency-services%2Freports-and-publications&data=04%7C01%7CMHolton%40BrwnCald.com%7Cbb88c71c39ff4024184908d8d51eb639%7Ccb2bab3d7d9044ea9e31531011b1213d%7C0%7C0%7C637493675179219121%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=XQBYKMEpLXZAxoNwW3JbyHLWtp3zVh6IUK0dlEbzWGM%3D&reserved=0
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emergency-services/reports-and-publications, to view the plan for the entire County. The City’s portion of the 
HMP document titled the “City of Davis Community Profile” includes all of the relevant City information and is 
also provided in Appendix J. 

The AWIA law requires a community water system (CWS) serving more than 3,300 people to develop an RRA 
and an ERP. CWSs serving a population of 50,000 or more, such as the City, were required to conduct an 
RRA and submit certification of its completion to the US Environmental Protection Agency (EPA) by December 
31, 2020. The deadline for completing and certifying the ERP is fixed at six months following the RRA 
certification. As part of the RRA and ERP, the City evaluated seismic risk to its facilities and mitigation 
measures to reduce the impacts of the earthquake threat.  

In 2018, Yolo County developed a HMP to guide hazard mitigation planning from identified threats. The HMP 
Steering Committee conducted a risk assessment that identified and profiled hazards that pose a risk to the 
Yolo County planning area, assessed the vulnerability of the planning area to these hazards, and examined 
the existing capabilities to mitigate them (Yolo County, 2018). Flooding, levee failure, earthquake, landslide, 
land subsidence, severe weather, volcano, wildfires, and drought are among the hazards that can have a 
significant impact on the Yolo County planning area. 

Earthquake damage can include structural, injury, loss of life, and infrastructure damage, and can vary in 
degrees based on factors such as magnitude, focal depth, distance of fault, and topography. Types of 
hazards related to earthquakes include the ground shaking, seismic structural safety, liquefaction, 
settlement, and faults.  

Areas of Yolo County most susceptible to earthquake include those near active fault zones. There are several 
known faults in Yolo County including Hunting Creek Fault system, which includes the Wilson Fault and the 
Dunnigan Hills Fault (Yolo County, 2018). Fortunately, these faults are not located very close to the City, but 
the nearby City of Winter and Capay Valley are at increased risk to earthquake. The most recent earthquake 
to significantly affect Yolo County is the April 1892 Vacaville-Winters earthquake. The earthquake measured 
6.9 on the Richter Scale and caused severe damage to Winters and lesser damage to Davis, Woodland, and 
other parts of the County. The HMP indicates that the probability of damaging seismic ground shaking in Yolo 
County and its jurisdictions is occasional: Between 1 to 10 percent chance of occurrence in the next year, or 
has a recurrence interval of 11 to 100 years. 

The City prepared the City of Davis Community Profile as an extension of the Countywide HMP (City of Davis, 
2018). The intent of the document is to provide direction for the City on how to mitigate against the threat of 
disaster through effective mitigation strategies and initiatives. In this document the threat of earthquake to 
the City was noted with an occasional probability of occurrence and a critical geographic extent and potential 
magnitude. The City of Davis Building Division placed the City in Seismic Design Category D- an earthquake 
could result in “slight damage in specifically designed structures; considerable in ordinary buildings, with 
partial collapse; great damage in poorly built structures.” 

In addition, an earthquake may result in a breach of the West Bypass Levee. It is unlikely that a levee breach 
would directly threaten the City, but the City’s WWTP is vulnerable due to its close proximity to the levee and 
as it is not currently protected by a berm. Inundation of the City of WWTP would result in the loss of 
wastewater services for the City of Davis for several weeks.  

The typical earthquake risk for the City’s service area was evaluated in the City’s RRA. Wells, pump stations, 
and storage tanks are not expected to sustain significant damage in a typical earthquake event. There is a 
high likelihood of additional water main breaks and needed repairs due to earthquake conditions. 

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.yolocounty.org%2Fgovernment%2Fgeneral-government-departments%2Foffice-of-emergency-services%2Freports-and-publications&data=04%7C01%7CMHolton%40BrwnCald.com%7Cbb88c71c39ff4024184908d8d51eb639%7Ccb2bab3d7d9044ea9e31531011b1213d%7C0%7C0%7C637493675179219121%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=XQBYKMEpLXZAxoNwW3JbyHLWtp3zVh6IUK0dlEbzWGM%3D&reserved=0
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8.8 Communication Protocols 
Timely and effective communication is a key element of WSCP implementation. The City’s communication 
protocols and procedures in the event of a water shortage are structured to be activated through 
authorization by the City Council. Under a water shortage condition, the actual water supply and demand 
information and conditions would be assessed to determine whether activating the WSCP is warranted. If so, 
City staff would recommend activation of the appropriate stage alert, and request City Council authorization 
to initiate the measures necessary to achieve the appropriate demand reduction target. The public would be 
encouraged to understand and be involved in the decision-making process and provide feedback to the City 
Council on such an action. The WSCP is flexible and can be implemented to best match actual conditions of 
a particular water shortage event.  

Specific communication protocols to inform customers, the public, interested parties, and local, regional, 
state governments of any current or projected shortage as determined by the annual water supply and 
demand assessment described in Section 8.2 and any shortage response actions as a result of the annual 
assessment are listed below: 
• Expanded public information and awareness program by implementing workshops, distributing park 

signs, adding bill inserts, and increasing the number of educational programs at schools. Use of social 
media and e-mail blasts to customers. Further explanation of these tools is described in Section 9. 

• Monthly workshops from May to October for water-wise landscaping, gray water systems, and drought  
• Customer billing frequency increased from bi-monthly to monthly to provide a better estimate of water 

losses and quicker detection of a leak or water loss  
• Use of City-wide AMI hourly water use data to communicate with customers. The City classifies each 

customer in the utility billing software to ensure equitable billing for water service. A multi-year water use 
history is maintained in the billing software database. The City provides internet bill access capability to 
customers so they can easily access the past several years of their water use. This is particularly useful 
during a water shortage condition for both the City and its customers. 

8.9 Compliance and Enforcement 
The City approved Standard Operating Procedures (SOP) for Residential Water Waste Complaints in January 
2016, attached in Appendix K. Prohibitions on water waste in the Normal stage are always in effect and 
subject to water waste penalties and fines (following the SOP). Penalties and charges for other prohibitions 
are enacted as part of the WSCP. The SOP describe four escalating steps to warn and prohibit water waste 
starting with a door hanger and ending with a Notice-of-Violation being issued with the potential issuance of 
a fine. A description of penalties and the authority to fine or terminate service by the Water Department is 
included in the Davis Municipal Code. The City will ensure compliance with and enforce provisions of the 
WSCP by the following means: 
• Customer services, education, and communication program – door hangers and courtesy letters as well 

as follow-up communication and education to facilitate correcting the condition 
• Warning and citation protocols – notice of violation as the beginning of the formal code enforcement 

process that includes property inspection and citations 
• Fines and surcharges – as part of the code enforcement process 
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8.10 Legal Authorities 
The relevant statutory authorities, local ordinances and resolutions and water supply contract provisions to 
which the City is subject are listed below: 
• The City’s WSCP (Resolution No. 6920) was adopted in May 1992 and updated in each 5–year UWMP. 

The City Council may, by resolution and after a noticed public hearing, determine that water shortage 
conditions exist within the City. Based on this determination, the City Council may determine that water 
shortage measures become operative within the City and remain in effect until the City Council, by 
resolution, determines that the water shortage condition no longer exists.  

• WDCWA water supply contract provisions 

The City shall declare a water shortage emergency condition in accordance with Water Code Chapter 3 
(commencing with Section 350) of Division 1 as stated below: 

Declaration of water shortage emergency condition. The governing body of a distributor of a public water 
supply, whether publicly or privately owned and including a mutual water company, shall declare a water 
shortage emergency condition to prevail within the area served by such distributor whenever it finds and 
determines that the ordinary demands and requirements of water consumers cannot be satisfied without 
depleting the water supply of the distributor to the extent that there would be insufficient water for human 
consumption, sanitation, and fire protection. 

The City shall coordinate with any city or county within which it provides water supply services for the 
possible proclamation of a local emergency under California Government Code, California Emergency 
Services Act (Article 2, Section 8558). As part of the City’s ERP and Water Quality Emergency Notification 
Plan Yolo County, the county for which the City provides services, is contacted and the City follows the 
developed coordination protocols that can facilitate compliance with the Water Code in the event of a local 
emergency as defined in subpart (c) of Government Code Section 8558. The following are contacted in the 
event of an emergency: 
• Yolo County State Water Resources Control Board, Water Resource Control Engineer 
• State Water Resources Control Board, Sacramento District Engineer 
• Yolo County Environmental Health Division, Director 

8.11 Financial Consequence of WSCP 
The financial consequence of implementing the WSCP include potential revenue reductions and expense 
increases. The City has developed mitigation actions to reduce these impacts and the cost of compliance. 

8.11.1  Potential Revenue Reductions and Expense Increases  
All revenues the City collects that are not expended in the same year on system operations and maintenance 
or capital improvements are used to fund deferred maintenance and to complete necessary additional 
capital improvements, such as main and well replacements. The City understands the projected ranges of 
water sales by shortage stage and what the impact would be on projected revenues and expenditures by 
each shortage stage. Revenues would decrease as consumption is decreased. Expenditures would 
potentially increase as response actions are implemented. Special rates may need to be adopted to avoid 
severe financial hardship during a water shortage condition. 

8.11.2  Mitigation Actions 
In Stage 1 and 2 conditions, the City would attempt to avoid rate adjustments. However, if the water 
shortage conditions persisted and/or became more severe thereby further reducing demands, rate changes 
would be imperative.  
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• Drought Rate Structures and Surcharges - A water shortage surcharge would be adopted through the 
Proposition 218 process (such as occurred in 2014) to ensure that the City can receive sufficient 
revenues to cover the cost of providing water service when consumption decreases due to drought 
conditions. The water shortage surcharge only applies to the metered water charge. 

• Use of Financial Reserves - The City has financial reserves to address decreased water sales during a 
water shortage. 

• Other Measures - The City does not have additional measures formalized such as postponement of 
capital improvements or reduction of agency staff. 

8.11.3  Cost of Compliance 
The cost of compliance with the City’s drought rate structure and surcharges and compliance to address 
excessive residential water use includes City efforts such as additional staff focused on high consumption 
monitoring, additional water waste patrols as required as part of the City’s WSCP, and additional 
expenditures and fees for providing the City’s water use portal, AquaHawk for customers. As discussed in 
Section 9, having access to daily and hourly water usage aids the water conservation program by providing 
real time data and the potential for leaks to be detected and repaired more quickly. 

8.12 Monitoring and Reporting 
The City will monitor and report implementation of the WSCP by collecting, tracking, and analyzing 
appropriate data for the purposes of monitoring customer compliance and to meet state reporting 
requirements. Under normal water supply conditions, potable water production figures are recorded daily. 
Daily totals are reported monthly by the City’s Water Division. The City operates its water system on a 
computerized supervisory control and data acquisition system, which allows instantaneous viewing of water 
system conditions.  

During a water shortage, production figures are evaluated during the peak period to determine if demand 
reduction targets are being met. The Water Division compares the monthly production to the target monthly 
production to verify that the reduction goal is being met. The Public Works Director reviews the monthly 
production reports and determines if further action is required to meet demand reduction goals. Monthly 
production reports are to be sent to the City Council. If reduction goals are not met, the Director will notify 
the City Council so that corrective action is considered and/or taken. 

As a water shortage period progresses, the procedure described above would be followed, with the addition 
of a weekly production report to the Water Division Manager. During emergency shortages, production 
figures are reviewed during peak demand periods and reported to the Water Division Manager. Weekly 
production reports are also maintained for review if necessary, for the Director and/or City Council. 

8.13 WSCP Refinement, Adoption, Submittal, and Availability 
The WSCP is routinely revaluated to improve functionality to ensure the shortage risk tolerance is adequate 
and the appropriate water shortage mitigation strategies can be implemented as needed. The updated 
WSCP is adopted, submitted, and available per the Water Code requirements. 

8.13.1  Refinement Procedures  
The WSCP may be updated independently of the UWMP. The City reviewed the prior WSCP following the 
latest drought and incorporated permanent restrictions on water use required by the SWRCB. Additional 
modifications to the WSCP were considered based upon lessons learned from the recent drought and 
recommendations from the Regional Water Authority for regional consistency in WSCP. This review and 
update process shall be continued at a minimum of every five years in parallel with the update of the UWMP. 
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8.13.2  Adoption, Submittal, and Availability 
During each WSCP review and update process the NRC will review the revised WSCP prior to adoption by City 
Council. The WSCP is typically reviewed and adopted as part of the UWMP review and adoption process. The 
WSCP may also be periodically amended independently of the UWMP, as needed. In either instance the 
public review period and adoption processes following Government Code 6066 are followed. 

The updated WSCP is made available to the City and Yolo County no later than 30 days after it is adopted. 
The WSCP is available at the City’s website and as part of the UWMP document. 
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Section 9 

Demand Management Measures 
Water conservation is a method to reduce water demands, thereby reducing water supply needs. This 
section presents a description of the City’s water conservation program and water DMMs. The City is a 
member of the California Water Efficiency Partnership (CalWEP) (formerly the California Urban Water 
Conservation Council). Narratives of the DMMs are provided in this section.  

9.1 Conservation Program Implementation 
Over the past five years, the City has been implementing DMMs such as a public relations (PR) campaign to 
spread awareness for water conservation, replaced existing meters city-wide with new meters which include 
AMI, provided environmental school assemblies to elementary schools within the City’s service area, and 
offered a customer water use portal with hourly water usage information, AquaHawk, to water customers. A 
summary of water conservation measures over the past five years is shown in Table 9-1.  

 
Table 9-1. DMMs 2016-20 Calendar Years  

DMM 2016 2017 2018 2019 2020 

Water Waste Prevention Ordinance Yes Yes Yes Yes Yes 

Metering Fully metered Fully metered Fully metered Fully metered, AMI Fully metered, AMI 

Conservation Pricing 
Volumetric based, 

uniform rate 
structure 

Volumetric based, 
uniform rate 

structure 

Volumetric based, 
uniform rate 

structure 

Volumetric based, 
uniform rate 

structure 

Volumetric based, 
uniform rate 

structure 

Public Education and Outreach      

Education workshops 7 4 4 1 2 

Newspaper ads 10 9 9 8 11 

PR booths at city event 10 10 10 6 0 a 

Elementary School Assemblies b 0 9 12 7 0 

Residential consumption checks 
(checks for continuous use at the 
meter) 

419 503 887 589 291 

Water waste door hangers 73 200 66 37 30 

Water use courtesy notices sent c 0 0 132 1,318 1379 

Utility bill inserts Yes Yes Yes Yes Yes 

Water conservation items in monthly 
Greener Davis e-blast 9 10 11 11 10 

Assess and Manage Distribution System 
Real Loss Yes Yes Yes Yes Yes 

Water Conservation Coordinator Yes Yes Yes Yes Yes 
a. No public events in 2020 due to COVID 
b. Contract for elementary school assemblies began in Spring 2017 through Spring 2020 
c. City began sending courtesy notices in December 2018 
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9.1.1 Water Waste Prevention Ordinances  
The City has a water waste prevention ordinance in place at all times. The ordinance is Section 39.02.040 of 
the City’s Municipal code, “Certain acts causing waste of water prohibited.” The water waste ordinance is 
below: “No person shall use or cause to be used any city water for the purpose of sprinkling streets or alleys, 
except such person as may be authorized by the director of public works, nor allow any water to run to waste 
in any gutter or otherwise, nor shall any city water be used for irrigation except as provided in this chapter. 
No person other than employees of the water department shall open any fire hydrant or attach any hose 
thereto for any purpose, without first obtaining written permission from the chief of the fire department or 
the director of public works.” (Code 1964 § 8-2.404)  

Additional prohibitions on water waste were incorporated into the City’s municipal code (Section 39.02.045) 
during the recent multi-year drought and have remained in effect. These prohibitions include restrictions on 
outdoor watering between 9:00 a.m. and 6:00 p.m., watering outdoor landscapes with potable water during 
and within forty-eight hours after measurable rainfall, and water run-off. The City plans to update the 
municipal code to incorporate any changes to the water waste prohibitions along with the adoption of the 
revised WSCP. 

9.1.2 Metering  
The City is fully metered. The City’s Water Meter Upgrade Project was completed in 2019. The meter 
upgrades included exchanging the previous water meters for new meters with AMI. AMI uses a low-powered 
communication device that was added to the new water meters to transmit hourly water usage information 
over a secure network approximately four times per day. Customers have access to their hourly readings in 
cubic feet and gallons in the city’s customer water use portal, AquaHawk. Having access to daily and hourly 
water usage aids the water conservation program by providing real time data and the potential for leaks to 
be detected and repaired more quickly. There are 647 dedicated landscape meters within the City grouped 
into their own billing class with associated consumption-based charges. 

9.1.3 Conservation Pricing  
The City utilizes a volumetric-based uniform rate structure. The uniform rate structure encourages 
conservation by billing customers based on their water usage. The current rate structure is 80 percent 
volumetric and 20 percent fixed.  

9.1.4 Public Education and Outreach  
Public education and outreach efforts in 2016 and 2017 focused on short-term reductions during the multi-
year drought. The City contracted with a PR consulting firm to assist with the implementation of public 
education and outreach efforts. The public information programs included tent cards for restaurants and 
hotels, door hangers for multi-family properties, a pop-up banner at City Hall, the SaveDavisWater.org 
microsite, e-mail messaging to different water user classes, press releases, and newspaper and social 
media ads. Efforts also included updating the City’s water conservation/water waste door hanger, signage 
on parks and greenbelts for reduced irrigation and turf conversion, and report water leaks magnets on City 
vehicles. 

In 2017, the City placed twentieth for our population size category in the 2017 Wyland National’s Mayor 
Challenge for Water Conservation (Challenge) with over 4,800 cities participating. The Challenge 
encompassed a variety of conservation targets including water efficiency, energy efficiency, water quality 
and recycling. The Challenge served as a reminder to Davis residents, who are already conservation-minded, 
to continue their efforts. 

To promote outdoor water use efficiency, the City’s Environmental Resources and Planning Divisions 
combined efforts to create a page for residents and businesses on updates to the State’s MWELO, 
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http://cityofdavis.org/city-hall/public-works/water/water-conservation/model-water-efficient-landscape-
ordinance. The MWELO was updated by the state in 2015 to promote the values and benefits of landscaping 
practices that integrate conservation and efficient use of water. The MWELO establishes a structure for 
planning, designing, installing, maintaining and managing water efficient landscapes in new construction 
and rehabilitated projects. The City promoted the State Save Our Water turf replacement rebate program 
while funding was available. The City provided a link to the state turf rebate program as well as PACE 
Financing Programs through the water conservation webpages (SaveDavisWater.org).  

The City and UC Davis Arboretum and Public Garden saw a joint need to promote local examples of water-
wise, low-maintenance landscapes appropriate for the Davis area. A partnership was formed to promote 
these featured landscapes during fall 2016 and continued in spring 2017. The Arboretum created a page 
dedicated to “Life After Lawn” (http://publicgarden.ucdavis.edu/life-after-lawn) and promoted the featured 
landscapes through their website, Facebook and e-news. The City promoted these landscapes through the 
October 2016 Utility Bill insert and continued promotion in spring 2017 in the Greener Davis (City 
Conservation News) e-blast and the Greener Davis Facebook page. 

The cities of Woodland, West Sacramento and Davis received funding from the WRA of Yolo County in 2016 
to hire a consultant to provide large landscape multi-family irrigation audits to properties in each city as part 
of a pilot program. Two audits were completed in the City of Davis and recommendations on potential 
changes to irrigation scheduling and potential repairs to the system were provided to the properties.  

Public education and outreach efforts in 2018 through 2020 shifted to long term water-use efficiency and 
maintaining the water use savings seen during the multi-year drought. The largest project relating to public 
education and outreach in the past two years is the launch of the city’s online customer water use portal, 
AquaHawk. AquaHawk was launched in September 2018 and currently has over 5,000 users registered. One 
of the primary benefits of the portal for customers is the ability to set usage alerts. AquaHawk provides 
customers access to their hourly water usage, the ability to spot and stop leaks, and the potential to save 
money by knowing daily and hourly water use. At the end of November 2018, the City began sending 
courtesy notices twice per month to any account in AquaHawk flagged with unusual usage alerts, specifically 
labeled as “red” or “orange” in the system. These notices from the City inform customers of unusual water 
usage and encourage them to register for AquaHawk. Outreach for AquaHawk has included a postcard to all 
City of Davis property owners in May of 2019, front page stickers on the Davis Enterprise, bill inserts on 
irrigation and using AquaHawk to check for leaks, webpages within the city’s water conservation site, 
SaveDavisWater.org, dedicated to how to register for, read, and set alerts in AquaHawk, bill inserts, and 
other outreach materials. 

The City contracted with ZunZun for the 2016-17, 2017-18, 2018-19, and 2019-20 school years to offer 45-
minute environmental school assemblies to City elementary schools. The assemblies use music to engage 
kids in water conservation, stormwater quality, recycling and other natural resource topics. The City also 
supports the WRA annual water awareness student art contest. The contest is open to all students in Yolo 
County including Davis. The City also developed two online water conservation games featuring Professor 
Davis Green (the local Davis toad mascot) for elementary aged kids to learn about water use efficiency. The 
two games are a matching game with conservation tips and a find the leak game. 

The City offered workshops to cover topics of interest to our water customers including turf removal, water-
wise landscaping, rainwater, greywater, and leak repairs. Conservation staff were present at community 
events including Discover Davis, Celebrate Davis, and Central Park Garden events. The City partnered with 
the UC Davis Arboretum, Yolo County Master Gardeners, and Cool Davis. Water conservation topics are 
regularly promoted through the Greener Davis e-blast (City conservation news), Greener Davis social media 
(Facebook and Instagram), utility bill inserts and messages, front page stickers on the local Sunday 
newspaper (the Davis Enterprise) and the city’s water conservation webpages (SaveDavisWater.org).  
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The City offers and will continue to offer free residential consumption checks to look for continuous use at 
the meter. This service is provided free of charge to water customers and helps to find and quantify water 
leaks. If warranted during the consumption check, the water crew distributes drip gauges, toilet flappers, 
shower heads, spray nozzles, aerators, and garden hose timers.  

9.1.5 Programs to Assess and Manage Distribution System Real Loss  
System leaks within the City’s distribution area are fixed on an "as-necessary" basis. The City reviews records 
to track unaccounted-for water losses. Apparent and real losses are tracked through the submittal of annual 
validated fiscal year water loss audits to the State following the AWWA methodology. In accordance with SB 
555, the City has submitted validated water loss audit reports annually for the 2016-17, 2017-18, 2018-19, 
and 2019-20 fiscal years. Meters are tested, repaired and replaced when a problem is suspected. A meter 
replacement project was completed in spring 2019 replacing meters city-wide with new meters with AMI. The 
City reviews the annual water loss audit and notes from the validation session to help guide efforts to reduce 
water losses within the system. 

The PWUO Department provides water consumption checks free to charge to our customers. PWUO staff 
check for continuous use at the meter and contact customers with their findings. In 2020, The City also 
notifies customers of potential leaks by sending courtesy notices twice per month for properties with water 
usage flags in AquaHawk. In addition, customers registered in AquaHawk can set and receive their own 
water usage alerts (thresholds) to be notified by text, e-mail, or phone if a set threshold is surpassed. 

9.1.6 Water Conservation Program Coordination and Staffing Support  
The City hired a conservation coordinator focused on water conservation in June 2015. The conservation 
coordinator holds a Water Use Efficiency Practitioner Grade 3 certificate through the California-Nevada 
AWWA. The contact information for the conservation coordinator is:  

Dawn Calciano  
1717 Fifth Street  
Davis, CA 95616  
(530) 757-5686; SaveWater@CityofDavis.org 

The water conservation coordinator is supported by a second conservation coordinator, sustainability interns 
from UC Davis, a Public Works Utilities and Operations Management Analyst, and the Environmental 
Resources Manager. The water conservation program is supported by additional Parks and Public Works 
Staff.  

9.1.7 Other DMMs  
Beyond the public education and outreach conducted by the water conservation program, the City is working 
to reduce water use through the use of AMI, discussed in this section, and by reducing water usage at public 
facilities and parks. The City maintains 485 acres of landscaping across 36 parks and 55 miles of 
greenbelts and streetscapes. The City maximizes water efficiency by irrigating select areas with just enough 
water to keep plants and turf alive. The City is also running the sprinkler systems in multiple brief 
increments. This practice prevents water loss to runoff and evaporation. The Parks and Community Services 
Department has replaced damaged, aged and poor performing sprinkler heads with new, low-flow heads. 
New SMART controllers have been installed and select irrigation controllers have been upgraded with flow 
sensors and master valves.  

mailto:SaveWater@CityofDavis.org
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9.2 Implementation to Achieve Water Use Targets  
In order to meet the 20 percent by 2020 per capita water use reduction goals discussed in Section 5 of this 
UWMP, the City implemented DMMs. Public education and outreach efforts of the water conservation 
program focused on long-term planning beyond the multi-year drought to prepare for future wet and dry 
years. The City offered workshops on water use efficiency topics, had a presence at community events 
including Discover Davis, Celebrate Davis, and Central Park Garden events, and continued the development 
of classroom water conservation education programs for K-6 graders including the creation of an online 
water conservation game. The City worked to further develop partnerships with the UC Davis Arboretum, Yolo 
County Master Gardeners, and Cool Davis. The City’s Parks Department upgraded their irrigation systems. 
The city-wide meter replacement program was completed in spring 2019 and included the installation of AMI 
and customer water use portal providing daily and hourly water usage. Customers now have access to hourly 
readings in cubic feet and gallons instead of monthly readings in hundred cubic feet which aids the water 
conservation program by providing real time data and the potential for leak and other alerts. 

9.3 Water Use Objectives (Future Requirements) 
City staff are following the legislation for water loss and the new water use efficiency standards in order to 
be prepared to meet future water use objectives, once established. The City is a member of the CalWEP, 
which provides support to water agencies to assist in meeting current water use goals and future water use 
targets. Staff is participating on the program committee for CalWEP. The City plans to continue outreach on 
AquaHawk to assist customers in locating and repairing leaks more quickly, to review the results of the 
annual water loss audits to determine focus areas for reducing water loss within the distribution system, and 
to continue outreach on reducing irrigation use, encouraging water-wise landscaping, and information on 
leak detection. 
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Section 10 

UWMP Adoption, Submittal, and 
Implementation 
This section describes actions taken by the City to address the California Water Code requirements for a 
public hearing, UWMP adoption, submittal of an adopted UWMP, UWMP implementation, and the process for 
amending an adopted UWMP. 

10.1 Inclusion of all 2020 Data 
This UWMP includes water use and production for the entire 2020 calendar year.  

10.2 Notice of Public Hearing 
As required by the Act, the City made the UWMP available for public inspection and held a public hearing on 
May 18, 2021 prior to adopting this UWMP. The City notified cities and counties within the service area more 
than 60 days before the public hearing. Appendix B provides documentation that the cities and counties 
were notified at least 60 days prior to the UWMP public hearing. 

Per the requirements of Government Code Section 6066, a Notice of Public Hearing was published twice in 
the Davis Enterprise, once a week for two successive weeks, to notify all customers and local governments 
of the public hearing. The draft UWMP was made available to the public on the city’s website at 
www.water.cityofdavis.org. A copy of the published Notice of Public Hearing is included in Appendix L. 

10.3 Public Hearing and Adoption 
As part of the public hearing the City provided information on their baseline GPCD values, water use targets 
and compliance, and implementation plan. This information is fully explained in Section 5 Baseline and 
Targets. This UWMP and WSCP included within the UWMP was adopted by the City’s elected body on May 
18, 2021 at the public hearing. A copy of each adoption resolution is provided in Appendix M.  

10.4 UWMP Submittal 
The adopted UWMP including the WSCP was provided to DWR, the California State library, and to Yolo 
County within 30 days of adoption. The UWMP was submitted electronically to DWR using the WUEdata, 
online submittal tool before July 1, 2021.  

10.5 Public Availability 
The adopted UWMP is available for public review on the City’s website within 30 days of adoption at 
https://www.cityofdavis.org/city-hall/public-works-utilities-and-operations/water/documents.  



2020 Urban Water Management Plan Section 10: UWMP Adoption, Submittal, and Implementation 

 

 
10-2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 

 



 

 

 
11-1 

 

Section 11 

References 
Brown and Caldwell and Kennedy/Jenks Consultants Engineers & Scientists. Water Distribution System Optimization Plan 

May 2011. 

Brown and Caldwell and West Yost & Associates Consulting Engineers. City of Davis/ UC Davis Groundwater Management 
Plan April 2006. 

Brown and Caldwell. Deep Aquifer Impact Assessment December 2004. 

Brown and Caldwell. Integrated Water Resources Study August 2013 

Brown and Caldwell. Water Supply Assessment July 2015. 

Cal-Adapt. https://cal-adapt.org/tools/. Developed by the Geospatial Innovation Facility at University of California, Berkeley 
with funding and advisory oversight by the California Energy Commission and California Strategic Growth Council. 
Accessed September 24, 2020.  

City of Davis with PMC. 2013-21 Housing Element Update, General Plan Update. Adopted February 2014. 

City of Davis. City of Davis Community Profile. December 2018. 

City of Davis. City of Davis Population and Housing, https://www.cityofdavis.org/about-davis/population-and-housing. Website 
Accessed January 2021. 

City of Davis. Housing Element Update 2021 – 2029 (announcement on website). https://www.cityofdavis.org/city-
hall/community-development-and-sustainability/planning-and-zoning/housing-element-update-2021-2029. Accessed 
January 2021. 

Department of Finance (DOF). E-1 Population Estimates for Cities, Counties, and the State — January 1, 2019 and 2020. 
https://www.dof.ca.gov/forecasting/demographics/estimates/e-1/. Accessed January 2021. 

Department of Water Resources (DWR) CASGEM website. 
http://www.water.ca.gov/groundwater/casgem/basin_priorization.cfm, Accessed 2016e.  

Department of Water Resources (DWR). California’s Groundwater Bulletin 118-Update 2003 Sacramento Valley Groundwater 
Basin, North American Subbasin 27 February 2004.  

Department of Water Resources (DWR). Groundwater Information System.  http://www.water.ca.gov/groundwater/MAP_APP/ 
Accessed 2016c. 

Department of Water Resources (DWR). Methodology for Calculating Baseline and Compliance Urban Per Capita Water Use, 
Final Draft 2016b.  

(DWR, 2018) http://www.yolowra.org/documents/2017_GPS_Survey_of_the_Sacramento_Valley_Subsidence_Network.pdf 

GEI Consultants. Regional and Local Hydrology Study Technical Memorandum. November 2019. 

Kennedy/Jenks Consultants Engineers & Scientists. Westside Sacramento Integrated Regional Water Management Plan June 
2013.  

US Census Bureau. Quick Facts- Davis City, California. https://www.census.gov/quickfacts/daviscitycalifornia. Accessed 
January 2021. 

West Yost & Associates Consulting Engineers. Draft Technical Memorandum Projected Climate Change Impacts on WDCWA 
Surface Water Supply Availability. December 2020. 

https://cal-adapt.org/tools/
https://www.cityofdavis.org/about-davis/population-and-housing
https://www.cityofdavis.org/city-hall/community-development-and-sustainability/planning-and-zoning/housing-element-update-2021-2029
https://www.cityofdavis.org/city-hall/community-development-and-sustainability/planning-and-zoning/housing-element-update-2021-2029
https://www.dof.ca.gov/forecasting/demographics/estimates/e-1/
https://gis.water.ca.gov/app/bbat/
https://www.census.gov/quickfacts/daviscitycalifornia


2020 Urban Water Management Plan Section 11: References 

 

 
11-2 

 

Woodland Davis Clean Water Agency. Drought Impacts on Water Availability and Use. January 2014. (Due to the nature of the 
report, it is not publicly available) 

Yolo County. 2030 Countywide General Plan. November 10, 2009. 

Yolo County. Yolo Operational Area Multi-Jurisdictional Hazard Mitigation Plan. December 2018. 

Yolo Subbasin Groundwater Agency. Basin Boundary – Yolo. https://www.yologroundwater.org/basin-boundaries-yolo. 
Accessed January 2021. 

 

 

 

 

https://www.yologroundwater.org/basin-boundaries-yolo


2020 Urban Water Management Plan 

 

 
A 

 

Appendix A: DWR UWMP Checklist 

  



2020 Urban Water Management Plan Appendix A 

 

 
A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 

 



DWR Guidebook Appendix A: UWMP Checklist
Retail Wholesale 2020

Guidebook 
Location

Water Code 
Section

Summary as Applies to UWMP Subject 2020 UWMP
Location (Optional 
Column for Agency 

Review Use)

x x Chapter 1 10615

A plan shall describe and evaluate sources of 
supply, reasonable and practical efficient uses, 
reclamation and demand management activities.

Introduction and 
Overview

Section 1

x x Chapter 1 10630.5

Each plan shall include a simple description of the 
supplier’s plan including water availability, future 
requirements, a strategy for meeting needs, and 
other pertinent information. Additionally, a supplier 
may also choose to include a simple description at 
the beginning of each chapter.

Summary

Section 1.3

x x Section 2.2 10620(b)

Every person that becomes an urban water 
supplier shall adopt an urban water management 
plan within one year after it has become an urban 
water supplier.

Plan Preparation Not applicable

x x Section 2.6 10620(d)(2)

Coordinate the preparation of its plan with other 
appropriate agencies in the area, including other 
water suppliers that share a common source, 
water management agencies, and relevant public 
agencies, to the extent practicable.

Plan Preparation Section 2.2

x x Section 2.6.2 10642

Provide supporting documentation that the water 
supplier has encouraged active involvement of 
diverse social, cultural, and economic elements of 
the population within the service area prior to and 
during the preparation of the plan and contingency 
plan.

Plan Preparation Section 2.2.2

x

Section 2.6,
Section 6.1

10631(h)

Retail suppliers will include documentation that 
they have provided their wholesale supplier(s) - if 
any - with water use projections from that source.

System Supplies Section 2.2.2, Appendix B

x Section 2.6 10631(h)

Wholesale suppliers will include documentation 
that they have provided their urban water suppliers 
with identification and quantification of the existing 
and planned sources of water available from the 
wholesale to the urban supplier during various 
water year types.

System Supplies Not applicable

x x Section 3.1 10631(a) Describe the water supplier service area. System Description Section 3

x x Section 3.3 10631(a) Describe the climate of the service area of the 
supplier.

System Description Section 3.2

x x Section 3.4 10631(a) Provide population projections for 2025, 2030, 
2035, 2040 and
optionally 2045.

System Description Table 3-2

x x Section 3.4.2 10631(a) Describe other social, economic, and demographic 
factors affecting the supplier’s water management 
planning.

System Description Section 3.4.3

x x Sections 3.4 and
5.4

10631(a) Indicate the current population of the service area. System Description 
and Baselines and 
Targets

Table 3-2

x x Section 3.5 10631(a) Describe the land uses within the service area. System Description Section 3.1

x x Section 4.2 10631(d)(1) Quantify past, current, and projected water use, 
identifying the uses among water use sectors.

System Water Use Section 4.1, Section 4.2, 
Section 4.7

x x Section 4.2.4 10631(d)(3)(C) Retail suppliers shall provide data to show the 
distribution loss standards were met.

System Water Use Section 4.5

x x Section 4.2.6 10631(d)(4)(A) In projected water use, include estimates of water 
savings from adopted codes, plans, and other 
policies or laws.

System Water Use Section 4.6

x x Section 4.2.6 10631(d)(4)(B) Provide citations of codes, standards, ordinances, 
or plans used to make water use projections.

System Water Use Section 4.6



Retail Wholesale 2020
Guidebook 
Location

Water Code 
Section

Summary as Applies to UWMP Subject 2020 UWMP
Location (Optional 
Column for Agency 

Review Use)

x optional Section 4.3.2.4 10631(d)(3)(A) Report the distribution system water loss for each 
of the 5 years preceding the plan update.

System Water Use Table 4-3

x optional Section 4.4 10631.1(a) Include projected water use needed for lower 
income housing projected in the service area of the 
supplier.

System Water Use Section 4.8

x x Section 4.5 10635(b) Demands under climate change considerations 
must be included as part of the drought risk 
assessment.

System Water Use Section 4.7 (projected 
demands), Section 7 
(DRA), Section 3.3 
(climate change)

x Chapter 5 10608.20(e)

Retail suppliers shall provide baseline daily per 
capita water use, urban water use target, interim 
urban water use target, and compliance daily per 
capita water use, along with the bases for 
determining those estimates, including references 
to supporting data.

Baselines and 
Targets

Section 5, Appendix F

x Chapter 5 10608.24(a) Retail suppliers shall meet their water use target by 
December 31, 2020.

Baselines and 
Targets

Section 5, Table 5-2, 
Appendix F

x Section 5.1 10608.36

Wholesale suppliers shall include an assessment 
of present and proposed future measures, 
programs, and policies to help their retail water 
suppliers achieve targeted water use reductions.

Baselines and 
Targets

Not applicable

x Section 5.2 10608.24(d)(2)

If the retail supplier adjusts its compliance GPCD 
using weather normalization, economic 
adjustment, or extraordinary events, it shall provide 
the basis for, and data supporting the adjustment.

Baselines and 
Targets

Not applicable

x Section 5.5 10608.22

Retail suppliers’ per capita daily water use 
reduction shall be no less than 5 percent of base 
daily per capita water use of the 5-year baseline. 
This does not apply if the suppliers base GPCD is 
at or below 100.

Baselines and 
Targets

Section 5.1, Appendix F

x

Section 5.5 and 
Appendix E

10608.4

Retail suppliers shall report on their compliance in 
meeting their water use targets. The data shall be 
reported using a standardized form in the SBX7-7 
2020 Compliance Form.

Baselines and 
Targets

Section 5, Appendix F

x x

Sections 6.1 and
6.2

10631(b)(1)

Provide a discussion of anticipated supply 
availability under a normal, single dry year, and a 
drought lasting five years, as well as more frequent 
and severe periods of drought.

System Supplies Section 6, Section 7

x x Sections 6.1 10631(b)(1)

Provide a discussion of anticipated supply 
availability under a normal, single dry year, and a 
drought lasting five years, as well as more frequent 
and severe periods of drought, including changes 
in supply due to climate change.

System Supplies Section 3.3 (climate 
change), Section 6, 
Section 7

x x Section 6.1 10631(b)(2)

When multiple sources of water supply are 
identified, describe the management of each 
supply in relationship to other identified supplies.

System Supplies Section 6, Section 7

x x Section 6.1.1 10631(b)(3) Describe measures taken to acquire and develop 
planned sources of water.

System Supplies Section 6

x x Section 6.2.8 10631(b) Identify and quantify the existing and planned 
sources of water available for 2020, 2025, 2030,
2035, 2040 and optionally 2045.

System Supplies Table 6-10, Table 6-11

x x Section 6.2 10631(b) Indicate whether groundwater is an existing or 
planned source of water available to the supplier.

System Supplies Section 6.2

x x Section 6.2.2 10631(b)(4)(A)

Indicate whether a groundwater sustainability plan 
or groundwater management plan has been 
adopted by the water supplier or if there is any 
other specific authorization for groundwater 
management. Include a copy of the plan or 
authorization.

System Supplies Section 6.2

x x Section 6.2.2 10631(b)(4)(B) Describe the groundwater basin. System Supplies Section 6.2



Retail Wholesale 2020
Guidebook 
Location

Water Code 
Section

Summary as Applies to UWMP Subject 2020 UWMP
Location (Optional 
Column for Agency 

Review Use)

x x Section 6.2.2 10631(b)(4)(B)

Indicate if the basin has been adjudicated and 
include a copy of the court order or decree and a 
description of the amount of water the supplier has 
the legal right to pump.

System Supplies Section 6.2, Not 
Applicable

x x Section 6.2.2.1 10631(b)(4)(B)

For unadjudicated basins, indicate whether or not 
the department has identified the basin as a high 
or medium priority. Describe efforts by the supplier 
to coordinate with sustainability or groundwater 
agencies to achieve sustainable groundwater 
conditions.

System Supplies Section 6.2.2.1

x x Section 6.2.2.4 10631(b)(4)(C)

Provide a detailed description and analysis of the 
location, amount, and sufficiency of groundwater 
pumped by the urban water supplier for the past 
five years

System Supplies Section 6.2.2, Section 
6.2.3

x x Section 6.2.2 10631(b)(4)(D) Provide a detailed description and analysis of the 
amount and location of groundwater that is 
projected to be pumped.

System Supplies Section 6.2

x x Section 6.2.7 10631(c) Describe the opportunities for exchanges or 
transfers of water on a short-term or long- term 
basis.

System Supplies Section 6.4

x x Section 6.2.5 10633(b) Describe the quantity of treated 
wastewater that meets recycled 
water standards, is being 
discharged, and is otherwise 
available for use in a recycled 
water project. 

System 
Supplies 
(Recycled 
Water) 

Section 6.3 (not currrently 
using recycled water)

x x Section 6.2.5 10633(c) Describe the recycled water currently being used in 
the supplier's service area.

System Supplies 
(Recycled Water)

Section 6.3 (not currrently 
using recycled water)

x x Section 6.2.5 10633(d)

Describe and quantify the potential uses of 
recycled water and provide a determination of the 
technical and economic feasibility of those uses.

System Supplies 
(Recycled Water)

Section 6.3.4

x x Section 6.2.5 10633(e)

Describe the projected use of 
recycled water within the 
supplier's service area at the end 
of 5, 10, 15, and 20 years, and a 
description of the actual use of 
recycled water in comparison to 
uses previously projected. 

System Supplies 
(Recycled Water)

Section 6.3.4 (not 
currently using recycled 
water)

x x Section 6.2.5 10633(f) Describe the actions which may 
be taken to encourage the use of 
recycled water and the projected 
results of these actions in terms of 
acre-feet of recycled water used 
per year. 

System Supplies 
(Recycled Water)

Section 6.3.5

x x Section 6.2.5 10633(g) Provide a plan for optimizing the use of recycled 
water in the supplier's service area.

System Supplies 
(Recycled Water)

Section 6.3.5

x x Section 6.2.6 10631(g) Describe desalinated water project opportunities 
for long-term supply.

System Supplies Section 6 (introduction) 
(not applicable)

x x Section 6.2.5 10633(a)

Describe the wastewater collection and treatment 
systems in the supplier’s service area with 
quantified amount of collection and treatment and 
the disposal methods.

System Supplies 
(Recycled Water)

Section 6.3.2

x x Section 6.2.8,
Section 6.3.7 10631(f)

Describe the expected future water supply projects 
and programs that may be undertaken by the water 
supplier to address water supply reliability in 
average, single-dry, and for a period of drought 
lasting 5 consecutive water years.

System Supplies Section 6.5

x x Section 6.4 and 
Appendix O

10631.2(a) The UWMP must include energy information, as 
stated in the code, that a supplier can readily 
obtain.

System Suppliers, 
Energy Intensity

Section 6.7

x x Section 7.2 10634

Provide information on the quality of existing 
sources of water available to the supplier and the 
manner in which water quality affects water 
management strategies and supply reliability

Water Supply 
Reliability 
Assessment

Section 7.1.1
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Review Use)

x x Section 7.2.4 10620(f)

Describe water management tools and options to 
maximize resources and minimize the need to 
import water from other regions.

Water Supply 
Reliability 
Assessment

Section 7.4

x x Section 7.3 10635(a)

Service Reliability Assessment: Assess the water 
supply reliability during normal, dry, and a drought 
lasting five consecutive water years by comparing 
the total water supply sources available to the 
water supplier with the total projected water use 
over the next 20 years.

Water Supply 
Reliability 
Assessment

Section 7.1, Section 7.2, 
Section 7.3

x x Section 7.3 10635(b)

Provide a drought risk assessment as part of 
information considered in developing the demand 
management measures and water supply projects.

Water Supply 
Reliability 
Assessment

Section 7.5

x x Section 7.3 10635(b)(1)

Include a description of the data, methodology, and 
basis for one or more supply shortage conditions 
that are necessary to conduct a drought risk 
assessment for a drought period that lasts 5 
consecutive years.

Water Supply 
Reliability 
Assessment

Section 7.5

x x Section 7.3 10635(b)(2) Include a determination of the reliability of each 
source of supply under a variety of water shortage 
conditions.

Water Supply 
Reliability 
Assessment

Section 7.2, Section 7.3

x x Section 7.3 10635(b)(3)

Include a comparison of the total water supply 
sources available to the water supplier with the 
total projected water use for the drought period.

Water Supply 
Reliability 
Assessment

Section 7.3, Section 7.5

x x Section 7.3 10635(b)(4)

Include considerations of the historical drought 
hydrology, plausible changes on projected supplies 
and demands under climate change conditions, 
anticipated regulatory changes, and other locally 
applicable criteria.

Water Supply 
Reliability 
Assessment

Section 7.1, Section 7.2

x x Chapter 8 10632(a) Provide a water shortage contingency plan 
(WSCP) with specified elements below.

Water Shortage 
Contingency 
Planning

Section 8

x x Chapter 8 10632(a)(1) Provide the analysis of water supply reliability (from 
Chapter 7 of Guidebook) in the WSCP

Water Shortage 
Contingency 
Planning

Section 8.2.1

x x Section 8.10 10632(a)(10) Describe reevaluation and 
improvement procedures for 
monitoring and evaluation the 
water shortage contingency plan 
to ensure risk tolerance is 
adequate and appropriate water 
shortage mitigation strategies are 
implemented. 

Water Shortage 
Contingency 
Planning

Section 8.13

x x Section 8.2 10632(a)(2)(A)

Provide the written decision- making process and 
other methods that the supplier will use each year 
to determine its water reliability.

Water Shortage 
Contingency 
Planning

Section 8.3

x x Section 8.2 10632(a)(2)(B)

Provide data and methodology to evaluate the 
supplier’s water reliability for the current year and 
one dry year pursuant to factors in the code.

Water Shortage 
Contingency 
Planning

Section 8.3

x x Section 8.3 10632(a)(3)(A) Define six standard water 
shortage levels of 10, 20, 30, 40, 
50 percent shortage and greater 
than 50 percent shortage. These 
levels shall be based on supply 
conditions, including percent 
reductions in supply, changes in 
groundwater levels, changes in 
surface elevation, or other 
conditions. The shortage levels 
shall also apply to a catastrophic 
interruption of supply. 

Water Shortage 
Contingency 
Planning

Section 8.4
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x x Section 8.3 10632(a)(3)(B) Suppliers with an existing water 
shortage contingency plan that 
uses different water shortage 
levels must cross reference their 
categories with the six standard 
categories. 

Water Shortage 
Contingency 
Planning

Not applicable

x x Section 8.4 10632(a)(4)(A)

Suppliers with water shortage contingency plans 
that align with the defined shortage levels must 
specify locally appropriate supply augmentation 
actions.

Water Shortage 
Contingency 
Planning

Section 8.5.2

x x Section 8.4 10632(a)(4)(B) Specify locally appropriate demand reduction 
actions to adequately respond to shortages.

Water Shortage 
Contingency 
Planning

Section 8.5.1

x x Section 8.4 10632(a)(4)(C) Specify locally appropriate operational changes. Water Shortage 
Contingency 
Planning

Section 8.5.2

x x Section 8.4 10632(a)(4)(D)

Specify additional mandatory prohibitions against 
specific water use practices that are in addition to 
state-mandated prohibitions are appropriate to 
local conditions.

Water Shortage 
Contingency 
Planning

Section 8.5.1

x x Section 8.4 10632(a)(4)(E) Estimate the extent to which the 
gap between supplies and 
demand will be reduced by 
implementation of the action. 

Water Shortage 
Contingency Plan

Section 8.5

x x Section 8.4.6 10632.5 The plan shall include a seismic risk assessment 
and mitigation plan.

Water Shortage 
Contingency Plan

Section 8.7

x x Section 8.5 10632(a)(5)(A) Suppliers must describe that they 
will inform customers, the public 
and others regarding any current 
or predicted water shortages. 

Water Shortage 
Contingency 
Planning

Section 8.8

x x

Section 8.5 and
8.6

10632(a)(5)(B)
10632(a)(5)(C)

Suppliers must describe that they 
will inform customers, the public 
and others regarding any 
shortage response actions 
triggered or anticipated to be 
triggered and other relevant 
communications. 

Water Shortage 
Contingency 
Planning

Section 8.8

x Section 8.6 10632(a)(6) Retail supplier must describe how it will ensure 
compliance with and enforce provisions of the 
WSCP.

Water Shortage 
Contingency 
Planning

Section 8.9

x x Section 8.7 10632(a)(7)(A) Describe the legal authority that empowers the 
supplier to enforce shortage response actions.

Water Shortage 
Contingency 
Planning

Section 8.10

x x Section 8.7 10632(a)(7)(B) Provide a statement that the 
supplier will declare a water 
shortage emergency Water Code 
Chapter 3.  

Water Shortage 
Contingency 
Planning

Section 8.10

x x Section 8.7 10632(a)(7)(C) Provide a statement that the 
supplier will coordinate with any 
city or county within which it 
provides water for the possible 
proclamation of a local 
emergency.  

Water Shortage 
Contingency 
Planning

Section 8.10

x x Section 8.8 10632(a)(8)(A) Describe the potential revenue 
reductions and expense increases 
associated with activated 
shortage response actions. 

Water Shortage 
Contingency 
Planning

Section 8.11

x x Section 8.8 10632(a)(8)(B) Provide a description of mitigation 
actions needed to address 
revenue reductions and expense 
increases associated with 
activated shortage response 
actions. 

Water Shortage 
Contingency 
Planning

Section 8.11.2

x Section 8.8 10632(a)(8)(C)

Retail suppliers must describe the cost of 
compliance with Water Code Chapter 3.3: 
Excessive Residential Water Use During Drought

Water Shortage 
Contingency 
Planning

Section 8.11.3
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x Section 8.9 10632(a)(9)

Retail suppliers must describe the monitoring and 
reporting requirements and procedures that ensure 
appropriate data is collected, tracked, and 
analyzed for purposes of monitoring customer 
compliance.

Water Shortage 
Contingency 
Planning

Section 8.12

x Section 8.11 10632(b)

Analyze and define water features that are 
artificially supplied with water, including ponds, 
lakes, waterfalls, and fountains, separately from 
swimming pools and spas.

Water Shortage 
Contingency 
Planning

Section 8.5.3

x x

Sections 8.12 and
10.4

10635(c)

Provide supporting documentation that Water 
Shortage Contingency Plan has been, or will be, 
provided to any city or county within which it 
provides water, no later than 30  days after the 
submission of the plan to DWR.

Plan Adoption, 
Submittal, and 
Implementation

Section 8.13.2

x x Section 8.14 10632(c)

Make available the Water Shortage Contingency 
Plan to customers and any city or county where it 
provides water within 30 after adopted the plan.

Water Shortage 
Contingency 
Planning

Section 8.13.2

x

Sections 9.1 and
9.3

10631(e)(2)

Wholesale suppliers shall describe specific 
demand management measures listed in code, 
their distribution system asset management 
program, and supplier assistance program.

Demand 
Management 
Measures

Not applicable

x Sections 9.2 and
9.3 10631(e)(1)

Retail suppliers shall provide a description of the 
nature and extent of each demand management 
measure implemented over the past five years. 
The description will address specific measures 
listed in code.

Demand 
Management 
Measures

Section 9

x Chapter 10 10608.26(a)

Retail suppliers shall conduct a public hearing to 
discuss adoption, implementation, and economic 
impact of water use targets (recommended to 
discuss compliance).

Plan Adoption, 
Submittal, and 
Implementation

Section 10

x x Section 10.2.1 10621(b)

Notify, at least 60 days prior to the public hearing, 
any city or county within which the supplier 
provides water that the urban water supplier will be 
reviewing the plan and considering amendments or 
changes to the plan. Reported in Table 10-1.

Plan Adoption, 
Submittal, and 
Implementation

Section 2

x x Section 10.4 10621(f) Each urban water supplier shall update and submit 
its 2020 plan to the department by July 1, 2021.

Plan Adoption, 
Submittal, and 
Implementation

Section 10

x x Sections 10.2.2,
10.3, and 10.5 10642

Provide supporting documentation that the urban 
water supplier made the plan and contingency plan 
available for public inspection, published notice of 
the public hearing, and held a public hearing about 
the plan and contingency plan.

Plan Adoption, 
Submittal, and 
Implementation

Section 10

x x Section 10.2.2 10642 The water supplier is to provide the time and place 
of the hearing to any city or county within which the 
supplier provides water.

Plan Adoption, 
Submittal, and 
Implementation

Section 10

x x Section 10.3.2 10642 Provide supporting documentation that the plan 
and contingency  plan has been adopted as 
prepared or modified.

Plan Adoption, 
Submittal, and 
Implementation

Section 10, Appendix M 
(UWMP and WSCP 
adoption resolutions)

x x Section 10.4 10644(a) Provide supporting documentation that the urban 
water supplier has submitted this UWMP to the 
California State Library.

Plan Adoption, 
Submittal, and 
Implementation

Section 10.4

x x Section 10.4 10644(a)(1)

Provide supporting documentation that the urban 
water supplier has submitted this UWMP to any 
city or county within which the supplier provides 
water no later than 30 days after adoption.

Plan Adoption, 
Submittal, and 
Implementation

Section 10.4

x x Sections 10.4.1
and 10.4.2

10644(a)(2) The plan, or amendments to the plan, submitted to 
the department shall be submitted electronically.

Plan Adoption, 
Submittal, and 
Implementation

Section 10.4
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x x Section 10.5 10645(a)

Provide supporting documentation that, not later 
than 30 days after filing a copy of its plan with the 
department, the supplier has or will make the plan 
available for public review during normal business 
hours.

Plan Adoption, 
Submittal, and 
Implementation

Section 10.5

x x Section 10.5 10645(b)

Provide supporting documentation that, not later 
than 30 days after filing a copy of its water 
shortage contingency plan with the department, the 
supplier has or will make the plan available for 
public review during normal business hours.

Plan Adoption, 
Submittal, and 
Implementation

Section 10.5

x x Section 10.6 10621(c)

If supplier is regulated by the Public Utilities 
Commission, include its plan and contingency plan 
as part of its general rate case filings.

Plan Adoption, 
Submittal, and 
Implementation

Not applicable

x x Section 10.7.2 10644(b) If revised, submit a copy of the water shortage 
contingency plan to DWR within 30 days of 
adoption.

Plan Adoption, 
Submittal, and 
Implementation

Section 10.4
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PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 

530.757.5686 - cityofdavis.org 

 

City of Davis 

 

 

 

January 15, 2021 

 

Mr. Allen Tollefson 

Vice Chancellor 

Facilities Management 

University of California, Davis 

One Shields Avenue 

Davis, CA 95616 

  

Subject: Notification of Preparation of Urban Water Management Plan – 2020 Update 

 

Dear Mr. Tollefson: 

 

The City of Davis is currently in the process of updating its Urban Water Management Plan (UWMP) 

that was last prepared in 2015 and adopted on May 24, 2016. The Urban Water Management 

Planning Act requires the City to notify any city or county within which we provide water supplies 

that we are reviewing and considering changes to the UWMP. The requirement is to provide this 

notification at least 60 days prior to the public hearing. The public hearing of the UWMP is 

anticipated to take place at a Davis City Council meeting in May. The City’s 2020 UWMP is 

anticipated to be available for public review in April 2021, prior to the public hearing. 

 

The City’s 2020 UWMP is anticipated to be posted on the City’s website, www.cityofdavis.org, in 

April 2021. Please provide comments and/or direct any questions to Stan Gryczko, Public Works 

Utilities and Operations Director, at (530) 757-5686 or at SGryczko@CityofDavis.org.   

 

Sincerely, 

 
Stan Gryczko 

Public Works Utilities and Operations Director 

file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/www.cityofdavis.org
file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/SGryczko@CityofDavis.org


 
 

PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 

530.757.5686 - cityofdavis.org 

 

City of Davis 

 

 

 

January 15, 2021 

 

Ms. Denise Sagara 

Executive Director 

Yolo County Farm Bureau 

69 West Kentucky Avenue 

Woodland, CA 95695 

  

Subject: Notification of Preparation of Urban Water Management Plan – 2020 Update 

 

Dear Ms. Sagara: 

 

The City of Davis is currently in the process of updating its Urban Water Management Plan (UWMP) 

that was last prepared in 2015 and adopted on May 24, 2016. The Urban Water Management 

Planning Act requires the City to notify any city or county within which we provide water supplies 

that we are reviewing and considering changes to the UWMP. The requirement is to provide this 

notification at least 60 days prior to the public hearing. The public hearing of the UWMP is 

anticipated to take place at a Davis City Council meeting in May. The City’s 2020 UWMP is 

anticipated to be available for public review in April 2021, prior to the public hearing. 

 

The City’s 2020 UWMP is anticipated to be posted on the City’s website, www.cityofdavis.org, in 

April 2021. Please provide comments and/or direct any questions to Stan Gryczko, Public Works 

Utilities and Operations Director, at (530) 757-5686 or at SGryczko@CityofDavis.org.   

 

Sincerely, 

 
Stan Gryczko 

Public Works Utilities and Operations Director 

file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/www.cityofdavis.org
file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/SGryczko@CityofDavis.org


 
 

PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 

530.757.5686 - cityofdavis.org 

 

City of Davis 

 

 

 

January 15, 2021 

 

Mr. Tim Busch 

General Manager 

Woodland Davis Clean Water Agency 

Regional Water Treatment Facility  

855 County Road 102 

Woodland, CA 95776 

  

Subject: Notification of Preparation of Urban Water Management Plan – 2020 Update 

 

Dear Mr. Busch: 

 

The City of Davis is currently in the process of updating its Urban Water Management Plan (UWMP) 

that was last prepared in 2015 and adopted on May 24, 2016. The Urban Water Management 

Planning Act requires the City to notify any city or county within which we provide water supplies 

that we are reviewing and considering changes to the UWMP. The requirement is to provide this 

notification at least 60 days prior to the public hearing. The public hearing of the UWMP is 

anticipated to take place at a Davis City Council meeting in May. The City’s 2020 UWMP is 

anticipated to be available for public review in April 2021, prior to the public hearing. 

 

The City’s 2020 UWMP is anticipated to be posted on the City’s website, www.cityofdavis.org, in 

April 2021. Please provide comments and/or direct any questions to Stan Gryczko, Public Works 

Utilities and Operations Director, at (530) 757-5686 or at SGryczko@CityofDavis.org.   

 

Sincerely, 

 
Stan Gryczko 

Public Works Utilities and Operations Director 

file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/www.cityofdavis.org
file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/SGryczko@CityofDavis.org


 
 

PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 

530.757.5686 - cityofdavis.org 

 

City of Davis 

 

 

 

January 15, 2021 

 

Mr. Tim O’Halloran 

General Manager 

Yolo County Flood Control and Water Conservation District 

34274 State Highway 16 

Woodland, CA 95695 

  

Subject: Notification of Preparation of Urban Water Management Plan – 2020 Update 

 

Dear Mr. O’Halloran: 

 

The City of Davis is currently in the process of updating its Urban Water Management Plan (UWMP) 

that was last prepared in 2015 and adopted on May 24, 2016. The Urban Water Management 

Planning Act requires the City to notify any city or county within which we provide water supplies 

that we are reviewing and considering changes to the UWMP. The requirement is to provide this 

notification at least 60 days prior to the public hearing. The public hearing of the UWMP is 

anticipated to take place at a Davis City Council meeting in May. The City’s 2020 UWMP is 

anticipated to be available for public review in April 2021, prior to the public hearing. 

 

The City’s 2020 UWMP is anticipated to be posted on the City’s website, www.cityofdavis.org, in 

April 2021. Please provide comments and/or direct any questions to Stan Gryczko, Public Works 

Utilities and Operations Director, at (530) 757-5686 or at SGryczko@CityofDavis.org.   

 

Sincerely, 

 
Stan Gryczko 

Public Works Utilities and Operations Director 

file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/www.cityofdavis.org
file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/SGryczko@CityofDavis.org


 
 

PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 

530.757.5686 - cityofdavis.org 

 

City of Davis 

 

 

 

January 15, 2021 

 

Mr. Roger Cornwell 

Chair 

Water Resources Association of Yolo County 

Yolo Subbasin Groundwater Agency 

34274 State Highway 16 

Woodland, CA 95695 

  

Subject: Notification of Preparation of Urban Water Management Plan – 2020 Update 

 

Dear Mr. Cornwell: 

 

The City of Davis is currently in the process of updating its Urban Water Management Plan (UWMP) 

that was last prepared in 2015 and adopted on May 24, 2016. The Urban Water Management 

Planning Act requires the City to notify any city or county within which we provide water supplies 

that we are reviewing and considering changes to the UWMP. The requirement is to provide this 

notification at least 60 days prior to the public hearing. The public hearing of the UWMP is 

anticipated to take place at a Davis City Council meeting in May. The City’s 2020 UWMP is 

anticipated to be available for public review in April 2021, prior to the public hearing. 

 

The City’s 2020 UWMP is anticipated to be posted on the City’s website, www.cityofdavis.org, in 

April 2021. Please provide comments and/or direct any questions to Stan Gryczko, Public Works 

Utilities and Operations Director, at (530) 757-5686 or at SGryczko@CityofDavis.org.   

 

Sincerely, 

 
Stan Gryczko 

Public Works Utilities and Operations Director 

file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/www.cityofdavis.org
file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/SGryczko@CityofDavis.org


 
 

PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 

530.757.5686 - cityofdavis.org 

 

City of Davis 

 

 

 

January 15, 2021 

 

Mr. Taro Echiburu 

Director 

Yolo County Department of Community Services 

292 West Beamer Street 

Woodland, CA 95695 

  

Subject: Notification of Preparation of Urban Water Management Plan – 2020 Update 

 

Dear Mr. Echiburu: 

 

The City of Davis is currently in the process of updating its Urban Water Management Plan (UWMP) 

that was last prepared in 2015 and adopted on May 24, 2016. The Urban Water Management 

Planning Act requires the City to notify any city or county within which we provide water supplies 

that we are reviewing and considering changes to the UWMP. The requirement is to provide this 

notification at least 60 days prior to the public hearing. The public hearing of the UWMP is 

anticipated to take place at a Davis City Council meeting in May. The City’s 2020 UWMP is 

anticipated to be available for public review in April 2021, prior to the public hearing. 

 

The City’s 2020 UWMP is anticipated to be posted on the City’s website, www.cityofdavis.org, in 

April 2021. Please provide comments and/or direct any questions to Stan Gryczko, Public Works 

Utilities and Operations Director, at (530) 757-5686 or at SGryczko@CityofDavis.org.   

 

Sincerely, 

 
Stan Gryczko 

Public Works Utilities and Operations Director 

file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/www.cityofdavis.org
file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/SGryczko@CityofDavis.org


 
 

PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 

530.757.5686 - cityofdavis.org 

 

City of Davis 

 

 

 

January 15, 2021 

 

Mr. Ken Hiatt 

City Manager 

City of Woodland 

300 First Street 

Woodland, CA 95695 

  

Subject: Notification of Preparation of Urban Water Management Plan – 2020 Update 

 

Dear Mr. Hiatt: 

 

The City of Davis is currently in the process of updating its Urban Water Management Plan (UWMP) 

that was last prepared in 2015 and adopted on May 24, 2016. The Urban Water Management 

Planning Act requires the City to notify any city or county within which we provide water supplies 

that we are reviewing and considering changes to the UWMP. The requirement is to provide this 

notification at least 60 days prior to the public hearing. The public hearing of the UWMP is 

anticipated to take place at a Davis City Council meeting in May. The City’s 2020 UWMP is 

anticipated to be available for public review in April 2021, prior to the public hearing. 

 

The City’s 2020 UWMP is anticipated to be posted on the City’s website, www.cityofdavis.org, in 

April 2021. Please provide comments and/or direct any questions to Stan Gryczko, Public Works 

Utilities and Operations Director, at (530) 757-5686 or at SGryczko@CityofDavis.org.   

 

Sincerely, 

 
Stan Gryczko 

Public Works Utilities and Operations Director 

file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/www.cityofdavis.org
file://///filech/Data/PW/ERD/Water%20Conservation/Admin/Templates/SGryczko@CityofDavis.org


From: Dawn Calciano <DCalciano@cityofdavis.org> 

Sent: Wednesday, April 28, 2021 2:37 PM 

To: 'info@yolowra.org' 

Cc: 'dgentile@yolosga.org'; Stan Gryczko; Adrienne Heinig; Melanie Holton 

Subject: Notification of Urban Water Management Plan - Public Review Draft 

Available 

Attachments: UWMP Notification Letter Public Review Draft - WRA YSGA.pdf 

 

Dear Mr. Cornwell, 

 

The Public Review Draft of the City of Davis 2020 Urban Water Management Plan (UWMP) is now 

available for public review on the City’s website at www.water.cityofdavis.org. The Urban Water 

Management Planning Act requires the City to notify any city or county within which the City provides 

water supplies to that the Public Review Draft is available. The public hearing of the UWMP is scheduled 

for the City of Davis City Council meeting on May 18, 2021. The meeting will be held at 6:30 pm in 

Community Chambers, City Offices, 23 Russell Boulevard, Davis, California.   

 

Please see the attached letter from Stan Gryczko, Public Works Utilities and Operations Director, 

regarding the Public Review Draft of the City of Davis 2020 UWMP.  If you have any comments and/or 

questions, please contact Stan Gryczko at (530) 757-5686 or at SGryczko@CityofDavis.org.  

   

Regards, 

 

Dawn Calciano 

Conservation Coordinator 

Public Works Utilities and Operations 

530-757-5686 

 



From: Dawn Calciano
To: "tim.busch@cityofwoodland.org"
Cc: Stan Gryczko; Adrienne Heinig; Melanie Holton
Subject: Notification of Urban Water Management Plan - Public Review Draft Available
Date: Wednesday, April 28, 2021 2:35:23 PM
Attachments: UWMP Notification Letter Public Review Draft - WDCWA.pdf

Dear Mr. Busch,
 
The Public Review Draft of the City of Davis 2020 Urban Water Management Plan (UWMP) is now
available for public review on the City’s website at www.water.cityofdavis.org. The Urban Water
Management Planning Act requires the City to notify any city or county within which the City
provides water supplies that the Public Review Draft is available. The public hearing of the UWMP is
scheduled for the City of Davis City Council meeting on May 18, 2021. The meeting will be held at
6:30 pm in Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. 
 
Please see the attached letter from Stan Gryczko, Public Works Utilities and Operations Director,
regarding the Public Review Draft of the City of Davis 2020 UWMP.  If you have any comments
and/or questions, please contact Stan Gryczko at (530) 757-5686 or at SGryczko@CityofDavis.org.
  
Regards,
 
 
Dawn Calciano
Conservation Coordinator
Public Works Utilities and Operations
530-757-5686
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PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 


530.757.5686 - cityofdavis.org 


 


City of Davis 


 


 


 


April 28, 2021 


 


Mr. Tim Busch 


General Manager 


Woodland Davis Clean Water Agency 


Regional Water Treatment Facility  


855 County Road 102 


Woodland, CA 95776 


  


Subject: Notification of Public Review Draft of the Urban Water Management Plan – 2020 


Update 


 


Dear Mr. Busch: 


 


The Public Review Draft of the City of Davis 2020 Urban Water Management Plan is now available 


for public review on the city’s website at www.water.cityofdavis.org. The Urban Water Management 


Planning Act requires the City to notify any city or county within which the City provides water 


supplies that the Public Review Draft is available. The public hearing of the UWMP is scheduled for 


the City of Davis City Council meeting on May 18, 2021. The meeting will be held at 6:30 pm in 


Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. In accordance with 


Executive Order N-33-20 and N-29-20, this meeting may be conducted electronically or by 


teleconference, without a physical location from which members of the public may observe and offer 


public comment. Information on how to observe the meeting and offer public comment electronically 


or telephonically will be included in the meeting agenda. Please contact the City Clerk’s Office for 


the approximate time this item will be heard. 


 


Oral and written testimony will be taken at the meeting.  Written comments may be submitted to the 


Davis Public Works Utilities and Operations Department, 1717 Fifth Street, Davis, CA 95616 or to 


Water@CityofDavis.org for receipt prior to the hearing.   


 


Sincerely, 


 
 


Stan Gryczko 


Public Works Utilities and Operations Director 


 



http://www.water.cityofdavis.org/





From: Dawn Calciano
To: "denise@yolofarmbureau.org"
Cc: Stan Gryczko; Adrienne Heinig; Melanie Holton
Subject: Notification of Urban Water Management Plan - Public Review Draft Available
Date: Wednesday, April 28, 2021 2:30:58 PM
Attachments: UWMP Notification Letter Public Review Draft - Yolo County Farm Bureau.pdf

Dear Ms. Sagara,
 
The Public Review Draft of the City of Davis 2020 Urban Water Management Plan (UWMP) is now
available for public review on the City’s website at www.water.cityofdavis.org. The Urban Water
Management Planning Act requires the City to notify any city or county within which the City
provides water supplies to that the Public Review Draft is available. The public hearing of the UWMP
is scheduled for the City of Davis City Council meeting on May 18, 2021. The meeting will be held at
6:30 pm in Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. 
 
Please see the attached letter from Stan Gryczko, Public Works Utilities and Operations Director,
regarding the Public Review Draft of the City of Davis 2020 UWMP.  If you have any comments
and/or questions, please contact Stan Gryczko at (530) 757-5686 or at SGryczko@CityofDavis.org.
  
Regards,
 
Dawn Calciano
Conservation Coordinator
Public Works Utilities and Operations
530-757-5686
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PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 


530.757.5686 - cityofdavis.org 


 


City of Davis 


 


 


 


April 28, 2021 


 


Ms. Denise Sagara 


Executive Director 


Yolo County Farm Bureau 


69 West Kentucky Avenue 


Woodland, CA 95695 


  


Subject: Notification of Public Review Draft of the Urban Water Management Plan – 2020 


Update 


 


Dear Ms. Sagara: 


 


The Public Review Draft of the City of Davis 2020 Urban Water Management Plan is now available 


for public review on the city’s website at www.water.cityofdavis.org. The Urban Water Management 


Planning Act requires the City to notify any city or county within which the City provides water 


supplies that the Public Review Draft is available. The public hearing of the UWMP is scheduled for 


the City of Davis City Council meeting on May 18, 2021. The meeting will be held at 6:30 pm in 


Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. In accordance with 


Executive Order N-33-20 and N-29-20, this meeting may be conducted electronically or by 


teleconference, without a physical location from which members of the public may observe and offer 


public comment. Information on how to observe the meeting and offer public comment electronically 


or telephonically will be included in the meeting agenda. Please contact the City Clerk’s Office for 


the approximate time this item will be heard. 


 


Oral and written testimony will be taken at the meeting.  Written comments may be submitted to the 


Davis Public Works Utilities and Operations Department, 1717 Fifth Street, Davis, CA 95616 or to 


Water@CityofDavis.org for receipt prior to the hearing.   


 


Sincerely, 


 


 
 


Stan Gryczko 


Public Works Utilities and Operations Director 


 



http://www.water.cityofdavis.org/





From: Dawn Calciano
To: "taro.echiburu@yolocounty.org"
Cc: Stan Gryczko; Adrienne Heinig; Melanie Holton
Subject: Notification of Urban Water Management Plan - Public Review Draft Available
Date: Wednesday, April 28, 2021 2:27:24 PM
Attachments: UWMP Notification Letter Public Review Draft - Yolo County Department of Community Services.pdf

Dear Mr. Echiburu,
 
The Public Review Draft of the City of Davis 2020 Urban Water Management Plan (UWMP) is now
available for public review on the City’s website at www.water.cityofdavis.org. The Urban Water
Management Planning Act requires the City to notify any city or county within which the City
provides water supplies that the Public Review Draft is available. The public hearing of the UWMP is
scheduled for the City of Davis City Council meeting on May 18, 2021. The meeting will be held at
6:30 pm in Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. 
 
Please see the attached letter from Stan Gryczko, Public Works Utilities and Operations Director,
regarding the Public Review Draft of the City of Davis 2020 UWMP.  If you have any comments
and/or questions, please contact Stan Gryczko at (530) 757-5686 or at SGryczko@CityofDavis.org.
  
Regards,
 
Dawn Calciano
Conservation Coordinator
Public Works Utilities and Operations
530-757-5686
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PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 


530.757.5686 - cityofdavis.org 


 


City of Davis 


 


 


 


April 28, 2021 


 


Mr. Taro Echiburu 


Director 


Yolo County Department of Community Services 


292 West Beamer Street 


Woodland, CA 95695 


  


Subject: Notification of Public Review Draft of the Urban Water Management Plan – 2020 


Update 


 


Dear Mr. Echiburu: 


 


The Public Review Draft of the City of Davis 2020 Urban Water Management Plan is now available 


for public review on the city’s website at www.water.cityofdavis.org. The Urban Water Management 


Planning Act requires the City to notify any city or county within which the City provides water 


supplies that the Public Review Draft is available. The public hearing of the UWMP is scheduled for 


the City of Davis City Council meeting on May 18, 2021. The meeting will be held at 6:30 pm in 


Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. In accordance with 


Executive Order N-33-20 and N-29-20, this meeting may be conducted electronically or by 


teleconference, without a physical location from which members of the public may observe and offer 


public comment. Information on how to observe the meeting and offer public comment electronically 


or telephonically will be included in the meeting agenda. Please contact the City Clerk’s Office for 


the approximate time this item will be heard. 


 


Oral and written testimony will be taken at the meeting.  Written comments may be submitted to the 


Davis Public Works Utilities and Operations Department, 1717 Fifth Street, Davis, CA 95616 or to 


Water@CityofDavis.org for receipt prior to the hearing.   


 


Sincerely, 


 
 


Stan Gryczko 


Public Works Utilities and Operations Director 


 



http://www.water.cityofdavis.org/





From: Dawn Calciano
To: "jatollefson@ucdavis.edu"
Cc: "mmfan@ucdavis.edu"; Stan Gryczko; Adrienne Heinig; Melanie Holton
Subject: Notification of Urban Water Management Plan - Public Review Draft Available
Date: Wednesday, April 28, 2021 2:22:14 PM
Attachments: UWMP Notification Letter Public Review Draft - UCD.pdf

Dear Mr. Tollefson,
 
The Public Review Draft of the City of Davis 2020 Urban Water Management Plan (UWMP) is now
available for public review on the City’s website at www.water.cityofdavis.org. The Urban Water
Management Planning Act requires the City to notify any city or county within which the City
provides water supplies that the Public Review Draft is available. The public hearing of the UWMP is
scheduled for the City of Davis City Council meeting on May 18, 2021. The meeting will be held at
6:30 pm in Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. 
 
Please see the attached letter from Stan Gryczko, Public Works Utilities and Operations Director,
regarding the Public Review Draft of the City of Davis 2020 UWMP.  If you have any comments
and/or questions, please contact Stan Gryczko at (530) 757-5686 or at SGryczko@CityofDavis.org.
  
Regards,
 
Dawn Calciano
Conservation Coordinator
Public Works Utilities and Operations
530-757-5686
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PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 


530.757.5686 - cityofdavis.org 


 


City of Davis 


 


 


 


April 28, 2021 


 


Mr. Allen Tollefson 


Vice Chancellor 


Facilities Management 


University of California, Davis 


One Shields Avenue 


Davis, CA 95616 


  


Subject: Notification of Public Review Draft of the Urban Water Management Plan – 2020 


Update 


 


Dear Mr. Tollefson: 


 


The Public Review Draft of the City of Davis 2020 Urban Water Management Plan is now available 


for public review on the city’s website at www.water.cityofdavis.org. The Urban Water Management 


Planning Act requires the City to notify any city or county within which the City provides water 


supplies that the Public Review Draft is available. The public hearing of the UWMP is scheduled for 


the City of Davis City Council meeting on May 18, 2021. The meeting will be held at 6:30 pm in 


Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. In accordance with 


Executive Order N-33-20 and N-29-20, this meeting may be conducted electronically or by 


teleconference, without a physical location from which members of the public may observe and offer 


public comment. Information on how to observe the meeting and offer public comment electronically 


or telephonically will be included in the meeting agenda. Please contact the City Clerk’s Office for 


the approximate time this item will be heard. 


 


Oral and written testimony will be taken at the meeting.  Written comments may be submitted to the 


Davis Public Works Utilities and Operations Department, 1717 Fifth Street, Davis, CA 95616 or to 


Water@CityofDavis.org for receipt prior to the hearing.   


 


Sincerely, 


 


 
 


Stan Gryczko 


Public Works Utilities and Operations Director 


 



http://www.water.cityofdavis.org/





From: Dawn Calciano
To: "ken.hiatt@cityofwoodland.org"
Cc: Adrienne Heinig; Stan Gryczko; Melanie Holton
Subject: Notification of Urban Water Management Plan - Public Review Draft Available
Date: Wednesday, April 28, 2021 2:14:34 PM
Attachments: UWMP Notification Letter Public Review Draft - City of Woodland.pdf

Dear Mr. Hiatt,
  
The Public Review Draft of the City of Davis 2020 Urban Water Management Plan (UWMP) is now
available for public review on the City’s website at www.water.cityofdavis.org. The Urban Water
Management Planning Act requires the City to notify any city or county within which the City
provides water supplies that the Public Review Draft is available. The public hearing of the UWMP is
scheduled for the City of Davis City Council meeting on May 18, 2021. The meeting will be held at
6:30 pm in Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. 
 
Please see the attached letter from Stan Gryczko, Public Works Utilities and Operations Director,
regarding the Public Review Draft of the City of Davis 2020 UWMP.  If you have any comments
and/or questions, please contact Stan Gryczko at (530) 757-5686 or at SGryczko@CityofDavis.org.
  
Regards,
 
Dawn Calciano
Conservation Coordinator
Public Works Utilities and Operations
530-757-5686
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PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 


530.757.5686 - cityofdavis.org 


 


City of Davis 


 


 


 


April 28, 2021 


 


Mr. Ken Hiatt 


City Manager 


City of Woodland 


300 First Street 


Woodland, CA 95695 


  


Subject: Notification of Public Review Draft of the Urban Water Management Plan – 2020 


Update 


 


Dear Mr. Hiatt: 


 


The Public Review Draft of the City of Davis 2020 Urban Water Management Plan is now available 


for public review on the city’s website at www.water.cityofdavis.org. The Urban Water Management 


Planning Act requires the City to notify any city or county within which the City provides water 


supplies that the Public Review Draft is available. The public hearing of the UWMP is scheduled for 


the City of Davis City Council meeting on May 18, 2021. The meeting will be held at 6:30 pm in 


Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. In accordance with 


Executive Order N-33-20 and N-29-20, this meeting may be conducted electronically or by 


teleconference, without a physical location from which members of the public may observe and offer 


public comment. Information on how to observe the meeting and offer public comment electronically 


or telephonically will be included in the meeting agenda. Please contact the City Clerk’s Office for 


the approximate time this item will be heard. 


 


Oral and written testimony will be taken at the meeting.  Written comments may be submitted to the 


Davis Public Works Utilities and Operations Department, 1717 Fifth Street, Davis, CA 95616 or to 


Water@CityofDavis.org for receipt prior to the hearing.   


 


Sincerely, 


 


 
 


Stan Gryczko 


Public Works Utilities and Operations Director 


 



http://www.water.cityofdavis.org/





From: Dawn Calciano
To: "tohalloran@ycfcwcd.org"
Cc: "ksicke@ycfcwcd.org"; Stan Gryczko; Adrienne Heinig; Melanie Holton
Subject: Notification of Urban Water Management Plan - Public Review Draft Available
Date: Wednesday, April 28, 2021 2:41:58 PM
Attachments: UWMP Notification Letter Public Review Draft - YCFCWCD.pdf

Dear Mr. O’Halloran,
 
The Public Review Draft of the City of Davis 2020 Urban Water Management Plan (UWMP) is now
available for public review on the City’s website at www.water.cityofdavis.org. The Urban Water
Management Planning Act requires the City to notify any city or county within which the City
provides water supplies that the Public Review Draft is available. The public hearing of the UWMP is
scheduled for the City of Davis City Council meeting on May 18, 2021. The meeting will be held at
6:30 pm in Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. 
 
Please see the attached letter from Stan Gryczko, Public Works Utilities and Operations Director,
regarding the Public Review Draft of the City of Davis 2020 UWMP.  If you have any comments
and/or questions, please contact Stan Gryczko at (530) 757-5686 or at SGryczko@CityofDavis.org.
  
Regards,
 
Dawn Calciano
Conservation Coordinator
Public Works Utilities and Operations
530-757-5686
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PUBLIC WORKS UTILITIES & OPERATIONS DEPARTMENT 
23 Russell Boulevard – Davis, California 95616 


530.757.5686 - cityofdavis.org 


 


City of Davis 


 


 


 


April 28, 2021 


 


Mr. Tim O’Halloran 


General Manager 


Yolo County Flood Control and Water Conservation District 


34274 State Highway 16 


Woodland, CA 95695 


  


Subject: Notification of Public Review Draft of the Urban Water Management Plan – 2020 


Update 


 


Dear Mr. O’Halloran: 


 


The Public Review Draft of the City of Davis 2020 Urban Water Management Plan is now available 


for public review on the city’s website at www.water.cityofdavis.org. The Urban Water Management 


Planning Act requires the City to notify any city or county within which the City provides water 


supplies that the Public Review Draft is available. The public hearing of the UWMP is scheduled for 


the City of Davis City Council meeting on May 18, 2021. The meeting will be held at 6:30 pm in 


Community Chambers, City Offices, 23 Russell Boulevard, Davis, California. In accordance with 


Executive Order N-33-20 and N-29-20, this meeting may be conducted electronically or by 


teleconference, without a physical location from which members of the public may observe and offer 


public comment. Information on how to observe the meeting and offer public comment electronically 


or telephonically will be included in the meeting agenda. Please contact the City Clerk’s Office for 


the approximate time this item will be heard. 


 


Oral and written testimony will be taken at the meeting.  Written comments may be submitted to the 


Davis Public Works Utilities and Operations Department, 1717 Fifth Street, Davis, CA 95616 or to 


Water@CityofDavis.org for receipt prior to the hearing.   


 


Sincerely, 


 
 


Stan Gryczko 


Public Works Utilities and Operations Director 


 



http://www.water.cityofdavis.org/





2020 Urban Water Management Plan 

 

 
C 

 

Appendix C: Future Development Projects 

  



2020 Urban Water Management Plan Appendix C 

 

 
C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 

 



Table C-1. Buildout Demand Increment Analysis

acres

Number of 

Beds

 Dwelling 

Units 

Number of 

connections GPD ac-ft/yr

SFR 336             336 162,468          182             

MFR 274             8 66,237             74                

CII 1 38,832             44                

CII 1 124,797          140             Landscape

Creekside Apts MFR 90                3 3,034                               7,959               9                  

Davis Live Apartments MFR 71                2 3,034                               6,279               7                  Applicant plan submission to City Hall Meeting documents

Grande
SFR 41                41 285                                  11,673             13                

Applicant plan submission to City Hall Meeting documents, Initial 

Environmental Study for Mitigated Negative Declaration #7-07

MFR 118             3 3034 10,435             12                

CII 1 1228 1,228               1                  

Lincoln 40 Apts MFR 130             4 3,034                               11,496             13                

Alhambra/Mace Offices CII 1 1,228                               1,228               1                  

Sterling 5th St Apts (Affordable Site)
MFR 198             6 3,034                               17,509             20                

Applicant plan submission to City Hall Meeting documents, Updated Project 

Description

UC Davis Webster and Emerson halls MFR 104 21                1 3,034                               1,839               2                  Number of MF dwelling units assumed

7-11 Service Station CII 1 1,228                               1,228               1                  

1111 Richards Hotel CII 140             4 1,228                               5,010               6                  

3820 Chiles Rd Apt
MFR 225             7 3,034                               19,897             22                

Applicant plan submission to City Hall Meeting documents, Draft EIR: Item 3-

DEIR Text_Revised March 2019

3820 Chiles Rd Apt
CII 3 1,228                               3,683               4                  

Applicant plan submission to City Hall Meeting documents, Draft EIR: Item 3-

DEIR Text_Revised March 2019

4480 Chiles Rd Service Station CII 1 1,228                               1,228               1                  

Chiles Ranch
SFR 9.3 86                86 285                                  24,485             27                

Applicant plan submission to City Hall Meeting documents, CHILES RANCH 

PROJECT DESCRIPTION / JUSTIFICATION

Chiles Ranch
MFR 0.95 22                5 3,034                               15,168             17                

Applicant plan submission to City Hall Meeting documents, CHILES RANCH 

PROJECT DESCRIPTION / JUSTIFICATION

D St Gardens MFR 7                  0 3,034                               619                  1                  Number of MF dwelling units assumed

Davis Chinese Christian Church Addition CII 1 1,228                               1,228               1                  

Trackside Center
MFR 27                1 3,034                               2,388               3                  

Applicant plan submission to City Hall Meeting documents, Revised Project 

Narrative

Trackside Center
CII 3 1,228                               3,683               4                  

Applicant plan submission to City Hall Meeting documents, Revised Project 

Narrative

Trokanski Performance Center CII 1 1,228                               1,228               1                  

University View Townhomes MFR 4                  0 3,034                               354                  0                  Number of MF dwelling units assumed

Walker Office Buildings CII 1 1,228                               1,228               1                  

Zelkova Court MFR 1 3,034                               3,034               3                  

Four One Three E St Apts MFR 14                0 3,034                               1,238               1                  Number of MF dwelling units assumed

SFR 354             354 122,200          137             

Table W-1 Potable Water Demand, Davis Innovation Center - Utility 

Infrastructure - Water

MFR 150             4 26,100             29                

Table W-1 Potable Water Demand, Davis Innovation Center - Utility 

Infrastructure - Water

CII 4 7,500               8                  

Table W-1 Potable Water Demand, Davis Innovation Center - Utility 

Infrastructure - Water

611 Cantrill Flex Space CII 1 1,228                               1,228               1                  

Nishi Student Housing CII 1 149,256          167             2015 WSA

Current and Potential Projects
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Bretton Woods

Demand

Sector

Demographics

Unit Demand Factor, 
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Cannery Subdivision (Residential)

Hyatt House Hotel
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Olive Dr Mixed Use MFR 5,434               6                  

Paul's Place CII 14 21                1 1,228                               1,228               1                  

Plaza 2555 Apartments
MFR 200             6 3,034                               17,686             20                

Applicant plan submission to City Hall Meeting documents, October 16, 2018 

staff report 

Research park mixed Use CII 1 1,228                               1,228               1                  

Theta Xi Fraternity Rebuild
MFR 35 7                  0 3,034                               619                  1                  

Applicant plan submission to City Hall Meeting documents, Updated Site Plan 

and Elevations (January 2020)  

MFR 264             8 3,034                               23,346             26                

Applicant plan submission to City Hall Meeting documents, Project 

Description (April 2020) 

CII 10 1,228                               12,275             14                

Applicant plan submission to City Hall Meeting documents, Project 

Description (April 2020) 

A
d

d
it

io
n

a
l 

C
o

u
n

ty
 

S
e

rv
ic

e
 A

re
a

s

Additional County Service Areas

SFR 95 508,800          570             

2,800          913                 1,424,573       1,596          Total Water Demand
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University Commons



Sector # of DU # of connections Sum of Demand, gpd Sum of ac-ft/yr

CII 140                                   19                              184,596                            207                               

MFR 1,187                                40                              163,214                            183                               

SFR 463                                   463                            198,626                            223                               

Total 1,790                                522                            546,436                            612                               

Sector # of DU # of connections Sum of Demand, gpd Sum of ac-ft/yr

CII 21                                      18                              172,714                            193                               

MFR 635                                   19                              74,423                              83                                 

SFR 354                                   354                            122,200                            137                               

Total 1,010                                391                            369,338                            414                               

Sector # of DU # of connections Sum of Demand, gpd Sum of ac-ft/yr

CII -                                    -                             -                                     -                                

MFR -                                    -                             -                                     -                                

SFR -                                    95                              508,800                            570                               

Total -                                    95                              508,800                            570                               

Table C-2. Under Construction and Completed Planning Review and Pending Construction

Table C-3. Undergoing Planning Review

Table C-4. Additional County Service Areas
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Name of Contact Person: All audit data are entered on the Reporting Worksheet

Email Address: Value can be entered by user

Telephone (incl Ext.): 530 747-8282 Value calculated based on input data 

Name of City / Utility: These cells contain recommended default values

City/Town/Municipality: 

State / Province: Pcnt: Value:

Country: 0.25%

Year: 2015

Start Date: 01/2015  Enter MM/YYYY numeric format

End Date: 12/2015  Enter MM/YYYY numeric format

Audit Preparation Date: 2/28/2016

Volume Reporting Units: 

PWSID / Other ID: 

If you have questions or comments regarding the software please contact us via email at: wlc@awwa.org

The spreadsheet contains several separate worksheets. Sheets can be accessed using the tabs towards the bottom of the screen, or by clicking the buttons below. 

Dawn Calciano

Acre-feet

Please begin by providing the following information The following guidance will help you complete the Audit

California (CA)

AWWA Free Water Audit Software v5.0 

City of Davis

The following worksheets are available by clicking the buttons below or selecting the tabs along the bottom of the page

Davis

dcalciano@cityofdavis.org

Auditors are strongly encouraged to refer to the most current edition of AWWA M36 Manual for Water Audits 
for detailed guidance on the water auditing process and targetting loss reduction levels

This spreadsheet-based water audit tool is designed to help quantify and track water losses associated with water distribution systems and identify areas for improved 
efficiency and cost recovery. It provides a "top-down" summary water audit format, and is not meant to take the place of a full-scale, comprehensive water audit format. 

USA
Use of Option  

(Radio) Buttons:

American Water Works Association Copyright © 2014, All Rights Reserved.

Select the default percentage 
by choosing the option button 
on the left

To enter a value, choose 
this button and enter a 
value in the cell to the right

Instructions

The current sheet.
Enter contact 

information and basic 
audit details (year,  

units etc)

Performance 
Indicators
Review the
performance 

indicators to evaluate 
the results of the audit 

Comments

Enter comments to 
explain how values 
were calculated or to 

document data 
sources

Water Balance

The values entered in 
the Reporting 

Worksheet are used to 
populate the Water 

Balance

Dashboard

A graphical summary 
of the water balance 
and Non‐Revenue 
Water components

Grading Matrix

Presents the possible 
grading options for 

each input component 
of the audit

Service Connection 
Diagram

Diagrams depicting 
possible customer 

service connection line 
configurations

Acknowledgements

Acknowledgements for 
the AWWA Free Water 
Audit Software v5.0

Loss Control 
Planning

Use this sheet to 
interpret the results of 
the audit validity score 

and performance 
indicators

Definitions

Use this sheet to 
understand the terms 
used in the audit 

process

Example Audits

Reporting Worksheet 
and Performance 

Indicators examples 
are shown for two 
validated audits

Reporting 
Worksheet

Enter the required 
data on this worksheet 
to calculate the water 
balance and data 

grading

AWWA Free Water Audit Software v5.0 Instructions   1



Water Audit Report for:
Reporting Year:

All volumes to be entered as: ACRE-FEET PER YEAR

Master Meter and Supply Error Adjustments

WATER SUPPLIED Pcnt: Value:

Volume from own sources: 8 9,212.000 acre-ft/yr 8 acre-ft/yr
Water imported: n/a acre-ft/yr acre-ft/yr
Water exported: n/a acre-ft/yr acre-ft/yr

Enter negative % or value for under-registration
WATER SUPPLIED: 9,212.000 acre-ft/yr Enter positive % or value for over-registration

.

AUTHORIZED CONSUMPTION
Billed metered: 10 8,321.000 acre-ft/yr

Billed unmetered: n/a acre-ft/yr
Unbilled metered: n/a acre-ft/yr Pcnt: Value:

Unbilled unmetered: 5 115.150 acre-ft/yr 1.25% acre-ft/yr

AUTHORIZED CONSUMPTION: 8,436.150 acre-ft/yr

WATER LOSSES (Water Supplied - Authorized Consumption) 775.850 acre-ft/yr

Apparent Losses Pcnt: Value:

Unauthorized consumption: 2 23.030 acre-ft/yr 0.25% acre-ft/yr

Customer metering inaccuracies: 8 20.855 acre-ft/yr 0.25% acre-ft/yr
Systematic data handling errors: 6 20.803 acre-ft/yr 0.25% acre-ft/yr

Apparent Losses: 64.687 acre-ft/yr

Real Losses (Current Annual Real Losses or CARL)
Real Losses = Water Losses - Apparent Losses: 711.163 acre-ft/yr

WATER LOSSES: 775.850 acre-ft/yr

NON-REVENUE WATER
NON-REVENUE WATER: 891.000 acre-ft/yr

= Water Losses + Unbilled Metered + Unbilled Unmetered

SYSTEM DATA

Length of mains: 6 183.0 miles
Number of active AND inactive service connections: 6 16,470

Service connection density: 90 conn./mile main

Yes
Average length of customer service line: 6 ft

Average operating pressure: 10 50.0 psi

COST DATA

Total annual cost of operating water system: 6 $35,000,000 $/Year

Customer retail unit cost (applied to Apparent Losses): 8 $1,514.00
Variable production cost (applied to Real Losses): 4 $/acre-ft

 WATER AUDIT DATA VALIDITY SCORE:

 PRIORITY AREAS FOR ATTENTION:

     1: Volume from own sources

     2: Variable production cost (applied to Real Losses)

     3: Total annual cost of operating water system

 Based on the information provided, audit accuracy can be improved by addressing the following components:

$/100 cubic feet (ccf)

              <----------- Enter grading in column 'E' and 'J' ---------->

                Default option selected for unauthorized consumption - a grading of 5 is applied but not displayed                

*** YOUR SCORE IS: 73 out of 100 ***

A weighted scale for the components of consumption and water loss is included in the calculation of the Water Audit Data Validity Score

                   Default option selected for Systematic data handling errors - a grading of 5 is applied but not displayed

Average length of customer service line has been set to zero and a data grading score of 10 has been applied

Are customer meters typically located at the curbstop or property line? 

 AWWA Free Water Audit Software:
 Reporting Worksheet

       Default option selected for Unbilled unmetered - a grading of 5 is applied but not displayed

2015 1/2015 - 12/2015
City of Davis

?

?

?

?

?

? Click to access definition

?

?

?

?

?

?

Please enter data in the white cells below. Where available, metered values should be used; if metered values are unavailable please estimate a value. Indicate your confidence in the accuracy of the input 
data by grading each component (n/a or 1-10) using the drop-down list to the left of the input cell. Hover the mouse over the cell to obtain a description of the grades

?

?

?

?

?

?

(length of service line, beyond the property boundary, 
that is the responsibility of the utility)

Use buttons to select
percentage of water supplied

OR
value

?Click here: 
for help using option 
buttons below

?

?

?

?

+

+ Click to add a comment

WAS v5.0

+

+

+

+

+

+

American Water Works Association.

?

?

?

+

+

+

+

+

+

+

+

+

+

+

+

+ Use Customer Retail Unit Cost to value real losses

?

To select the correct data grading for each input, determine the highest grade where the 

AWWA Free Water Audit Software v5.0 Reporting Worksheet      2



Water Audit Report for: City of Davis
Reporting Year:

System Attributes:
Apparent Losses: 64.687                               acre-ft/yr

+              Real Losses: 711.163                             acre-ft/yr

=            Water Losses: 775.850                             acre-ft/yr

Unavoidable Annual Real Losses (UARL): 193.81 acre-ft/yr

Annual cost of Apparent Losses: $42,661,063

Annual cost of Real Losses: Valued at Customer Retail Unit Cost

Performance Indicators:

Non-revenue water as percent by volume of Water Supplied: 9.7%

Non-revenue water as percent by cost of operating system: 1678.9%  Real Losses valued at Customer Retail Unit Cost

Apparent Losses per service connection per day: 3.51 gallons/connection/day

Real Losses per service connection per day: 38.55 gallons/connection/day

Real Losses per length of main per day*: N/A

Real Losses per service connection per day per psi pressure: 0.77 gallons/connection/day/psi

From Above, Real Losses = Current Annual Real Losses (CARL): 711.16 acre-feet/year

3.67

* This performance indicator applies for systems with a low service connection density of less than 32 service connections/mile of pipeline

Infrastructure Leakage Index (ILI) [CARL/UARL]:

2015 1/2015 - 12/2015

Return to Reporting Worksheet to change this assumpiton

 AWWA Free Water Audit Software:
 System Attributes and Performance Indicators

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 73 out of 100 ***

?

?

American Water Works Association.

WAS v5.0

Financial:

Operational Efficiency:

AWWA Free Water Audit Software v5.0 Performance Indicators      3



Water Audit Report for:
Reporting Year: 2015 1/2015 - 12/2015

Data Validity Score: 73

Water Exported

0.000
Billed Metered Consumption (water exported 
is removed)

Revenue Water

8,321.000

Own Sources
Authorized 

Consumption
8,321.000 Billed Unmetered Consumption 8,321.000

0.000
8,436.150 Unbilled Metered Consumption

0.000

9,212.000 115.150 Unbilled Unmetered Consumption

115.150

Water Supplied Unauthorized Consumption 891.000

Apparent Losses 23.030
9,212.000 64.687 Customer Metering Inaccuracies

20.855

Systematic Data Handling Errors

Water Losses 20.803

Water Imported 775.850 Leakage on Transmission and/or Distribution 
Mains

Real Losses Not broken down

0.000 711.163 Leakage and Overflows at Utility's Storage 
Tanks
Not broken down
Leakage on Service Connections
Not broken down

AWWA Free Water Audit Software: Water Balance

Non-Revenue Water 
(NRW)

Billed Authorized Consumption

Unbilled Authorized Consumption

(Adjusted for known 
errors)

Billed Water Exported

City of Davis

WAS v5.0

American Water Works Association.

AWWA Free Water Audit Software v5.0 Water Balance     4



Water Audit Report for:
Reporting Year: 2015 Show me the VOLUME of Non-Revenue Water

Data Validity Score: 73 Show me the COST of Non-Revenue Water

 AWWA Free Water Audit Software:
 Dashboard

1/2015 - 12/2015

City of Davis

0

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

30,000,000

35,000,000

40,000,000

C
o
st
 $

Total Cost of NRW =$97,936,325

Unbilled metered (valued at Cust.Ret.Unit Cost)

Unbilled unmetered (valued at Cust.Ret.Unit Cost)

Unauth. consumption

Cust. metering inaccuracies

Syst. data handling errors

Real Losses (valued at Cust.Ret.Unit Cost)

WAS v5.0

American Water Works Association.

Water Exported

Authorized Consumption

Water Losses

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Water Exported

Water Imported

Volume From Own Sources

Water Exported

Billed Auth. Cons.

Unbilled Auth. Cons.

Apparent Losses

Real Losses

Water Exported

Revenue Water

Non Revenue Water

The graphic below is a visual representation of the 
Water Balance with bar heights propotional to the 

volume of the audit components

Water Exported

Water Supplied

AWWA Free Water Audit Software v5.0 Dashboard     5



Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Volume from own sources:

Select this grading only if 
the water utility 

purchases/imports all of its 
water resources (i.e. has 

no sources of its own)

Less than 25% of water production 
sources are metered, remaining 

sources are estimated.  No regular 
meter accuracy testing or electronic 

calibration conducted.

25% - 50% of treated water 
production sources are metered; 

other sources estimated.  No regular 
meter accuracy testing or electronic 

calibration conducted. 

Conditions between 
2 and 4

50% - 75% of treated water 
production sources are metered, 

other sources estimated.  Occasional 
meter accuracy testing or electronic 

calibration conducted.

Conditions between 
4 and 6

At least 75% of treated water 
production sources are metered, or at 
least 90% of the source flow is derived 

from metered sources.  Meter 
accuracy testing and/or electronic 

calibration of related instrumentation is 
conducted annually.  Less than 25% of 
tested meters are found outside of +/- 

6% accuracy.  

Conditions between 
6 and 8

100% of treated water production 
sources are metered, meter accuracy 

testing and electronic calibration of 
related instrumentation is conducted 

annually, less than 10% of meters are 
found outside of +/- 6% accuracy

Conditions between 
8 and 10

100% of treated water production 
sources are metered, meter accuracy 

testing and electronic calibration of 
related instrumentation is conducted 

semi-annually, with less than 10% found 
outside of +/- 3% accuracy. Procedures 

are reviewed by a third party 
knowledgeable in the M36 methodology. 

Improvements to attain higher 
data grading for "Volume from 

own Sources" component:

to qualify for 2:
Organize and launch efforts to 

collect data for determining volume 
from own sources

to maintain 10:
Standardize meter accuracy test 

frequency to semi-annual, or more 
frequent, for all meters.  Repair or 
replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 
improving metering technology.

Volume from own sources 
master meter and supply error 

adjustment:

Select n/a only if the water 
utility fails to have meters 
on its sources of supply 

Inventory information on meters and 
paper records of measured volumes 
exist but are incomplete and/or in a 

very crude condition; data error 
cannot be determined 

No automatic datalogging of 
production volumes; daily readings 

are scribed on paper records without 
any accountability controls.  Flows 
are not balanced across the water 
distribution system: tank/storage 

elevation changes are not employed 
in calculating the "Volume from own 
sources" component and archived 

flow data is adjusted only when 
grossly evident data error occurs.

Conditions between 
2 and 4

Production meter data is logged 
automatically in electronic format and 
reviewed at least on a monthly basis 

with necessary corrections 
implemented.  "Volume from own 

sources" tabulations include estimate 
of daily changes in tanks/storage 
facilities.  Meter data is adjusted 
when gross data errors occur, or 

occasional meter testing deems this 
necessary.

Conditions between 
4 and 6

Hourly production meter data logged 
automatically & reviewed on at least a 

weekly basis.  Data is adjusted to 
correct gross error when 

meter/instrumentation equipment 
malfunction is detected; and/or error is 
confirmed by meter accuracy testing.  

Tank/storage facility elevation changes 
are automatically used in calculating a 
balanced "Volume from own sources" 

component, and data gaps in the 
archived data are corrected on at least 

a weekly basis.  

Conditions between 
6 and 8

Continuous production meter data is 
logged automatically & reviewed each 

business day.  Data is adjusted to 
correct gross error from detected 
meter/instrumentation equipment 

malfunction and/or results of meter 
accuracy testing.  Tank/storage facility 
elevation changes are automatically 
used in "Volume from own sources" 

tabulations and data gaps in the 
archived data are corrected on a daily 

basis.

Conditions between 
8 and 10

Computerized system (SCADA or 
similar) automatically balances flows 
from all sources and storages; results 
are reviewed each business day.  Tight 
accountability controls ensure that all 

data gaps that occur in the archived flow 
data are quickly detected and corrected. 

Regular calibrations between SCADA 
and sources meters ensures minimal 

data transfer error.  

Improvements to attain higher 
data grading for "Master meter 
and supply error adjustment" 

component:

to qualify for 2:
Develop a plan to restructure 

recordkeeping system to capture all 
flow data; set a procedure to review 
flow data on a daily  basis to detect 
input errors.  Obtain more reliable 

information about existing meters by 
conducting field inspections of 

meters and related instrumentation, 
and obtaining manufacturer 

literature. 

to maintain 10:
Monitor meter innovations for 

development of more accurate and less 
expensive flowmeters.  Continue to 

replace or repair meters as they 
perform outside of desired accuracy 
limits.  Stay abreast of new and more 
accurate water level instruments to 

better record tank/storage levels and 
archive the variations in storage volume. 

Keep current with SCADA and data 
management systems to ensure that 

archived data is well-managed and error 
free.

Water Imported:

Select n/a if the water 
utility's supply is 

exclusively from its own 
water resources (no bulk 

purchased/ imported 
water)

Less than 25% of imported water 
sources are metered, remaining 

sources are estimated.  No regular 
meter accuracy testing.

25% - 50% of imported water 
sources are metered; other sources 

estimated.  No regular meter 
accuracy testing. 

Conditions between 
2 and 4

50% - 75% of imported water 
sources are metered, other sources 

estimated.  Occasional meter 
accuracy testing conducted.

Conditions between 
4 and 6

At least 75% of imported water 
sources are metered, meter accuracy 
testing and/or electronic calibration of 
related instrumentation is conducted 
annually for all meter installations.  

Less than 25% of tested meters are 
found outside of +/- 6% accuracy.  

Conditions between 
6 and 8

100% of imported water sources are 
metered, meter accuracy testing and 

electronic calibration of related 
instrumentation is conducted annually, 

less than 10% of meters are found 
outside of +/- 6% accuracy

Conditions between 
8 and 10

100% of imported water sources are 
metered, meter accuracy testing and 

electronic calibration of related 
instrumentation is conducted semi-

annually for all meter installations, with 
less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 
data grading for "Water 

Imported Volume" component:

(Note: usually the water 
supplier selling the water - "the 
Exporter" -  to the utility being 

audited is responsible to 
maintain the metering 

installation measuring the 
imported volume.  The utility 
should coordinate carefully 
with the Exporter to ensure 
that adequate meter upkeep 
takes place and an accurate 

measure of the Water 
Imported volume is quantified. ) 

to qualify for 2:
Review bulk water purchase 

agreements with partner suppliers; 
confirm requirements for use and 

maintenance of accurate metering.  
Identify needs for new or 

replacement meters with goal to 
meter all imported water sources. 

to maintain 10:
Standardize meter accuracy test 

frequency to semi-annual, or more 
frequent, for all meters.  Continue to 

conduct calibration of related 
instrumentation on a semi-annual basis.  
Repair or replace meters outside of +/- 

3% accuracy.  Continually 
investigate/pilot improving metering 

technology.

to qualify for 8:
Complete project to install new, or replace defective, meters 

on all imported water interconnections.  Maintain annual 
meter accuracy testing for all imported water meters and 

conduct calibration of related instrumentation at least 
annually.  Repair or replace meters outside of +/- 6% 

accuracy.

to qualify for 4:
Locate all water production sources on maps and in the 
field, launch meter accuracy testing for existing meters, 
begin to install meters on unmetered water production 
sources and replace any obsolete/defective meters.

        AWWA Free Water Audit Software: Grading Matrix
 The grading assigned to each audit component and the corresponding recommended improvements and actions are highlighted in yellow. Audit accuracy is likely to be improved by prioritizing those items shown in red

to qualify for 6:
Refine computerized data collection and archive to include 
hourly production meter data that is reviewed at least on a 
weekly basis to detect specific data anomalies and gaps.  

Use daily net storage change to balance flows in calculating 
"Water Supplied" volume.   Necessary corrections to data 

errors are implemented on a weekly basis. 

to qualify for 8:
Ensure that all flow data is collected and archived on at least 

an hourly basis.  All data is reviewed and detected errors 
corrected each business day.  Tank/storage levels variations 

are employed in calculating balanced "Water Supplied" 
component.  Adjust production meter data for gross error 

and inaccuracy confirmed by testing. 

to qualify for 10:
Link all production and tank/storage facility elevation change 
data to a Supervisory Control & Data Acquisition (SCADA) 
System, or similar computerized monitoring/control system, 

and establish automatic flow balancing algorithm and regularly 
calibrate between SCADA and source meters.  Data is 

reviewed and corrected each business day.

to qualify for 6:
Formalize annual meter accuracy testing for all source 

meters; specify the frequency of testing.  Complete 
installation of meters on unmetered water production sources 
and complete replacement of all obsolete/defective meters.

to qualify for 8:
Conduct annual meter accuracy testing and calibration of 

related instrumentation on all meter installations on a regular 
basis.  Complete project to install new, or replace defective 
existing, meters so that entire production meter population is 

metered.  Repair or replace meters outside of +/- 6% 
accuracy. 

To qualify for 4:
Locate all imported water sources on maps and in the field, 
launch meter accuracy testing for existing meters, begin to 

install meters on unmetered imported water 
interconnections and replace obsolete/defective meters. 

to qualify for 6:
Formalize annual meter accuracy testing for all imported 
water meters, planning for both regular meter accuracy 

testing and calibration of the related instrumentation.  
Continue installation of meters on unmetered imported water 

interconnections and replacement of obsolete/defective 
meters.

to qualify for 10:
Maintain annual meter accuracy testing and calibration of 

related instrumentation for all meter installations.  Repair or 
replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 
innovative meters in attempt to further improve meter 

accuracy. 

to qualify for 4:
Install automatic datalogging equipment on production 

meters.  Complete installation of level instrumentation at all 
tanks/storage facilities and include tank level data in 

automatic calculation routine in a computerized system.  
Construct a computerized listing or spreadsheet to archive 

input volumes, tank/storage volume changes and 
import/export flows in order to determine the composite 

"Water Supplied" volume for the distribution system.  Set a 
procedure to review this data on a monthly basis to detect 

gross anomalies and data gaps.     

to qualify for 10:
Conduct meter accuracy testing for all meters on a semi-

annual basis, along with calibration of all related 
instrumentation.  Repair or replace meters outside of +/- 3% 

accuracy.  Investigate new meter technology; pilot one or more 
replacements with innovative meters in attempt to improve 

meter accuracy. 

WATER SUPPLIED

WAS 5.0

American Water Works Association.  Copyright © 2014, All Rights Reserved.
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Water imported master meter 
and supply error adjustment:

Select n/a if the Imported 
water supply is 

unmetered, with Imported 
water quantities estimated 
on the billing invoices sent 

by the Exporter to the 
purchasing Utility. 

Inventory information on imported 
meters and paper records of 

measured volumes exist but are 
incomplete and/or in a very crude 

condition; data error cannot be 
determined   Written agreement(s) 

with water Exporter(s) are missing or 
written in vague language 

concerning meter management and 
testing. 

No automatic datalogging of 
imported supply volumes; daily 
readings are scribed on paper 

records without any accountability 
controls to confirm data accuracy 

and the absence of errors and data 
gaps in recorded volumes.  Written 
agreement requires meter accuracy 
testing but is vague on the details of 
how and who conducts the testing.

Conditions between 
2 and 4

Imported supply metered flow data is 
logged automatically in electronic 
format and reviewed at least on a 
monthly basis by the Exporter with 

necessary corrections implemented.  
Meter data is adjusted by the 

Exporter when gross data errors are 
detected.  A coherent data trail exists 

for this process to protect both the 
selling and the purchasing Utility.  

Written agreement exists and clearly 
states requirements and roles for 
meter accuracy testing and data 

management. 

Conditions between 
4 and 6

Hourly Imported supply metered data 
is logged automatically & reviewed on 

at least a weekly basis by the Exporter. 
Data is adjusted to correct gross error 
when meter/instrumentation equipment 
malfunction is detected; and to correct 
for error confirmed by meter accuracy 
testing.  Any data gaps in the archived 
data are detected and corrected during 

the weekly review.  A coherent data 
trail exists for this process to protect 
both the selling and the purchasing 

Utility.    

Conditions between 
6 and 8

Continuous Imported supply metered 
flow data is logged automatically & 
reviewed each business day by the 

Importer.  Data is adjusted to correct 
gross error from detected 

meter/instrumentation equipment 
malfunction and/or results of meter 

accuracy testing.  Any data 
errors/gaps are detected and 

corrected on a daily basis.  A data trail 
exists for the process to protect both 
the selling and the purchasing Utility.

Conditions between 
8 and 10

Computerized system (SCADA or 
similar) automatically records data 

which is reviewed each business day by 
the Exporter.  Tight accountability 

controls ensure that all error/data gaps 
that occur in the archived flow data are 

quickly detected and corrected.  A 
reliable data trail exists and contract 
provisions for meter testing and data 

management are reviewed by the selling 
and purchasing Utility at least once 

every five years.  

Improvements to attain higher 
data grading for "Water 

imported master meter and 
supply error adjustment" 

component:

to qualify for 2:
Develop a plan to restructure 

recordkeeping system to capture all 
flow data; set a procedure to review 
flow data on a daily  basis to detect 
input errors.  Obtain more reliable 

information about existing meters by 
conducting field inspections of 

meters and related instrumentation, 
and obtaining manufacturer 

literature.  Review the written 
agreement between the selling and 

purchasing Utility.

to maintain 10:
Monitor meter innovations for 

development of more accurate and less 
expensive flowmeters; work with the 

Exporter to help identify meter 
replacement needs.  Keep 

communication lines with Exporters 
open and maintain productive relations.  
Keep the written agreement current with 
clear and explicit language that meets 

the ongoing needs of all parties. 

Water Exported:

Select n/a if the water 
utility sells no bulk water to 
neighboring water utilities 
(no exported water sales)

Less than 25% of exported water 
sources are metered, remaining 

sources are estimated.  No regular 
meter accuracy testing.

25% - 50% of exported water 
sources are metered; other sources 

estimated.  No regular meter 
accuracy testing. 

Conditions between 
2 and 4

50% - 75% of exported water 
sources are metered, other sources 

estimated.  Occasional meter 
accuracy testing conducted.

Conditions between 
4 and 6

At least 75% of exported water sources 
are metered, meter accuracy testing 

and/or electronic calibration conducted 
annually.  Less than 25% of tested 
meters are found outside of +/- 6% 

accuracy.  

Conditions between 
6 and 8

100% of exported water sources are 
metered, meter accuracy testing and 

electronic calibration of related 
instrumentation is conducted annually, 

less than 10% of meters are found 
outside of +/- 6% accuracy

Conditions between 
8 and 10

100% of exported water sources are 
metered, meter accuracy testing and 

electronic calibration of related 
instrumentation is conducted semi-

annually for all meter installations, with 
less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 
data grading for "Water 

Exported Volume" component:

(Note: usually, if the water 
utility being audited sells 

(Exports) water to a 
neighboring purchasing Utility, 

it is the responsibility of the 
utility exporting the water to 

maintain the metering 
installation measuring the 

Exported volume.  The utility 
exporting the water should 
ensure that adequate meter 
upkeep takes place and an 

accurate measure of the 
Water Exported volume is 

quantified. ) 

to qualify for 2:
Review bulk water sales 

agreements with purchasing utilities; 
confirm requirements for use & 
upkeep of accurate metering.  
Identify needs to install new, or 

replace defective meters as needed. 

to maintain 10:
Standardize meter accuracy test 

frequency to semi-annual, or more 
frequent, for all meters.  Repair or 
replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 
improving metering technology.

Water exported master meter 
and supply error adjustment:

Select n/a only if the water 
utility fails to have meters 

on its exported supply 
interconnections. 

Inventory information on exported 
meters and paper records of 

measured volumes exist but are 
incomplete and/or in a very crude 

condition; data error cannot be 
determined   Written agreement(s) 
with the utility purchasing the water 

are missing or written in vague 
language concerning meter 
management and testing. 

No automatic datalogging of 
exported supply volumes; daily 
readings are scribed on paper 

records without any accountability 
controls to confirm data accuracy 

and the absence of errors and data 
gaps in recorded volumes.  Written 
agreement requires meter accuracy 
testing but is vague on the details of 
how and who conducts the testing.

Conditions between 
2 and 4

Exported metered flow data is logged 
automatically in electronic format and 
reviewed at least on a monthly basis, 

with necessary corrections 
implemented.  Meter data is adjusted 

by the utility selling (exporting) the 
water when gross data errors are 

detected.  A coherent data trail exists 
for this process to protect both the 
utility exporting the water and the 

purchasing Utility.  Written agreement 
exists and clearly states requirements 
and roles for meter accuracy testing 

and data management. 

Conditions between 
4 and 6

Hourly exported supply metered data is 
logged automatically & reviewed on at 
least a weekly basis by the utility selling 
the water.  Data is adjusted to correct 

gross error when 
meter/instrumentation equipment 

malfunction is detected; and to correct 
for error found by meter accuracy 

testing.  Any data gaps in the archived 
data are detected and corrected during 

the weekly review.  A coherent data 
trail exists for this process to protect 
both the selling (exporting) utility and 

the purchasing Utility.    

Conditions between 
6 and 8

Continuous exported supply metered 
flow data is logged automatically & 
reviewed each business day by the 
utility selling (exporting) the water.  

Data is adjusted to correct gross error 
from detected meter/instrumentation 
equipment malfunction and any error 
confirmed by meter accuracy testing.  

Any data errors/gaps are detected and 
corrected on a daily basis.  A data trail 
exists for the process to protect both 
the selling (exporting) Utility and the 

purchasing Utility.

Conditions between 
8 and 10

Computerized system (SCADA or 
similar) automatically records data 

which is reviewed each business day by 
the utility selling (exporting) the water.  

Tight accountability controls ensure that 
all error/data gaps that occur in the 

archived flow data are quickly detected 
and corrected.  A reliable data trail 

exists and contract provisions for meter 
testing and data management are 
reviewed by the selling Utility and 

purchasing Utility at least once every 
five years.  

to qualify for 4:
Install automatic datalogging equipment on Imported 

supply meters.  Set a procedure to review this data on a 
monthly basis to detect gross anomalies and data gaps.  
Launch discussions with the Exporters to jointly review 

terms of the written agreements regarding meter accuracy 
testing and data management; revise the terms as 

necessary.      

to qualify for 6:
Refine computerized data collection and archive to include 

hourly Imported supply metered flow data that is reviewed at 
least on a weekly basis to detect specific data anomalies and 
gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:
Ensure that all Imported supply metered flow data is 

collected and archived on at least an hourly basis.  All data is 
reviewed and errors/data gaps are corrected each business 

day.   

to qualify for 6:
Formalize annual meter accuracy testing for all exported 

water meters.  Continue installation of meters on unmetered 
exported water interconnections and replacement of 

obsolete/defective meters.

to qualify for 8:
Complete project to install new, or replace defective, meters 

on all exported water interconnections.  Maintain annual 
meter accuracy testing for all exported water meters.  Repair 

or replace meters outside of +/- 6% accuracy.

to qualify for 10:
Maintain annual meter accuracy testing for all meters.  Repair 
or replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 
innovative meters in attempt to improve meter accuracy. 

to qualify for 10:
Conduct accountability checks to confirm that all Imported 

supply metered data is reviewed and corrected each business 
day by the Exporter.  Results of all meter accuracy tests and 
data corrections should be available for sharing between the 

Exporter and the purchasing Utility.  Establish a schedule for a 
regular review and updating of the contractual language in the 

written agreement between the selling and the purchasing 
Utility; at least every five years. 

To qualify for 4:
Locate all exported water sources on maps and in field, 

launch meter accuracy testing for existing meters, begin to 
install meters on unmetered exported water 

interconnections and replace obsolete/defective meters 
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Improvements to attain higher 
data grading for "Water 

exported master meter and 
supply error adjustment" 

component:

to qualify for 2:
Develop a plan to restructure 

recordkeeping system to capture all 
flow data; set a procedure to review 
flow data on a daily  basis to detect 
input errors.  Obtain more reliable 

information about existing meters by 
conducting field inspections of 

meters and related instrumentation, 
and obtaining manufacturer 

literature.  Review the written 
agreement between the utility selling 

(exporting) the water and the 
purchasing Utility.

to maintain 10:
Monitor meter innovations for 

development of more accurate and less 
expensive flowmeters; work with the 

purchasing utilities to help identify meter 
replacement needs.  Keep 

communication lines with the purchasing 
utilities open and maintain productive 

relations.  Keep the written agreement 
current with clear and explicit language 

that meets the ongoing needs of all 
parties. 

Billed metered:

n/a (not applicable). Select 
n/a only if the entire 

customer population is not 
metered and is billed for 
water service on a flat or 
fixed rate basis. In such a 
case the volume entered 

must be zero.

Less than 50% of customers with 
volume-based billings from meter 
readings; flat or fixed rate billing 

exists for the majority of the 
customer population

At least 50% of customers with 
volume-based billing from meter 
reads; flat rate billing for others.  

Manual meter reading is conducted, 
with less than 50% meter read 

success rate, remaining accounts' 
consumption is estimated.  Limited 

meter records, no regular meter 
testing or replacement.  Billing data 

maintained on paper records, with no 
auditing.

Conditions between 
2 and 4

At least 75% of customers with 
volume-based, billing from meter 
reads; flat or fixed rate billing for 

remaining accounts.  Manual meter 
reading is conducted with at least 

50% meter read success rate; 
consumption for accounts with failed 

reads is estimated.  Purchase 
records verify age of customer 
meters; only very limited meter 
accuracy testing is conducted.  

Customer meters are replaced only 
upon complete failure.  Computerized 
billing records exist, but only sporadic 

internal auditing conducted.

Conditions between 
4 and 6

At least 90% of customers with volume-
based billing from meter reads; 

consumption for remaining accounts is 
estimated.  Manual customer meter 
reading gives at least 80% customer 

meter reading success rate; 
consumption for accounts with failed 
reads is estimated.  Good customer 
meter records exist, but only limited 
meter accuracy testing is conducted.  
Regular replacement is conducted for 

the oldest meters.  Computerized 
billing records exist with annual auditing 

of summary statistics conducted by 
utility personnel.

Conditions between 
6 and 8

At least 97% of customers exist with 
volume-based billing from meter 

reads.  At least 90% customer meter 
reading success rate; or at least 80% 
read success rate with planning and 

budgeting for trials of Automatic Meter 
Reading (AMR) or Advanced Metering 

Infrastructure (AMI) in one or more 
pilot areas.  Good customer meter 
records. Regular meter accuracy 

testing guides replacement of 
statistically significant number of 

meters each year.  Routine auditing of 
computerized billing records for global 
and detailed statistics occurs annually 
by utility personnel, and is verified by 

third party at least once every five 
years.

Conditions between 
8 and 10

At least 99% of customers exist with 
volume-based billing from meter reads.  
At least 95% customer meter reading 
success rate; or minimum 80% meter 
reading success rate, with Automatic 
Meter Reading (AMR) or Advanced 
Metering Infrastructure (AMI) trials 
underway.  Statistically significant 

customer meter testing and 
replacement program in place on a 

continuous basis.  Computerized billing 
with routine, detailed auditing, including 

field investigation of representative 
sample of accounts undertaken annually 
by utility personnel.  Audit is conducted 

by third party auditors at least once 
every three years.

Improvements to attain higher 
data grading for "Billed 
Metered Consumption" 

component:

If n/a is selected because 
the customer meter 

population is unmetered, 
consider establishing a 
new policy to meter the 

customer population and 
employ water rates based 
upon metered volumes. 

to qualify for 2:
Conduct investigations or trials of 

customer meters to select 
appropriate meter models.  Budget 

funding for meter installations.  
Investigate volume based water rate 

structures.

to maintain 10:
Continue annual internal billing data 

auditing, and third party auditing at least 
every three years.  Continue customer 
meter accuracy testing to ensure that 
accurate customer meter readings are 
obtained and entered as the basis for 
volume based billing.  Stay abreast of 

improvements in Automatic Meter 
Reading (AMR) and Advanced Metering 

Infrastructure (AMI) and information 
management.  Plan and budget for 

justified upgrades in metering, meter 
reading and billing data management to 
maintain very high accuracy in customer 

metering and billing.

Billed unmetered:

Select n/a if it is the policy 
of the water utility to meter 
all customer connections 
and it has been confirmed 
by detailed auditing that all 
customers do indeed have 

a water meter; i.e. no 
intentionally unmetered 

accounts exist

Water utility policy does not require 
customer metering; flat or fixed fee 

billing is employed.  No data is 
collected on customer consumption.  

The only estimates of customer 
population consumption available 
are derived from data estimation 

methods using average fixture count 
multiplied by number of connections, 

or similar approach.

Water utility policy does not require 
customer metering; flat or fixed fee 
billing is employed.  Some metered 
accounts exist in parts of the system 

(pilot areas or District Metered 
Areas) with consumption read 

periodically or recorded on portable 
dataloggers over one, three, or 

seven day periods.  Data from these 
sample meters are used to infer 

consumption for the total customer 
population.  Site specific estimation 

methods are used for unusual 
buildings/water uses.  

Conditions between 
2 and 4

Water utility policy does require 
metering and volume based billing in 
general.  However, a liberal amount 
of exemptions and a lack of clearly 

written and communicated 
procedures result in up to 20% of 

billed accounts believed to be 
unmetered by exemption; or the 

water utility is in transition to 
becoming fully metered, and a large 

number of customers remain 
unmetered.  A rough estimate of  the 
annual consumption for all unmetered 

accounts is included in the annual 
water audit, with no inspection of 
individual unmetered accounts.

Conditions between 
4 and 6

Water utility policy does require 
metering and volume based billing but 

established exemptions exist for a 
portion of accounts such as municipal 
buildings.  As many as 15% of billed 
accounts are unmetered due to this 

exemption or meter installation 
difficulties.  Only a group estimate of 

annual consumption for all unmetered 
accounts is included in the annual 
water audit, with no inspection of 
individual unmetered accounts.

Conditions between 
6 and 8

Water utility policy does require 
metering and volume based billing for 
all customer accounts.  However, less 

than 5% of billed accounts remain 
unmetered because meter  installation 
is hindered by unusual circumstances.  
The goal is to minimize the number of 

unmetered accounts.  Reliable 
estimates of consumption are 
obtained for these unmetered 

accounts via site specific estimation 
methods.

Conditions between 
8 and 10

Water utility policy does require 
metering and volume based billing for all 

customer accounts.  Less than 2% of 
billed accounts are unmetered and exist 
because meter installation is hindered 
by unusual circumstances.  The goal 

exists to minimize the number of 
unmetered accounts to the extent that is 

economical.  Reliable estimates of 
consumption are obtained at these 
accounts via site specific estimation 

methods.

to qualify for 8:
Purchase and install meters on unmetered accounts.  If 
customer meter reading success rate is less than 97%, 
assess cost-effectiveness of Automatic Meter Reading 

(AMR) or Advanced Metering Infrastructure (AMI) system for 
portion or entire system; or otherwise achieve ongoing 

improvements in manual meter reading success rate to 97% 
or higher.  Refine meter accuracy testing program.  Set 

meter replacement goals based upon accuracy test results.  
Implement annual auditing of detailed billing records by utility 
personnel and implement third party auditing at least once 

every five years. 

to qualify for 4:
Purchase and install meters on unmetered accounts.  

Implement policies to improve meter reading success.  
Catalog meter information during meter read visits to 
identify age/model of existing meters.  Test a minimal 

number of meters for accuracy.  Install computerized billing 
system. 

to qualify for 6:
Purchase and install meters on unmetered accounts.  

Eliminate flat fee billing and establish appropriate water rate 
structure based upon measured consumption.  Continue to 

achieve verifiable success in removing manual meter reading 
barriers. Expand meter accuracy testing.  Launch regular 

meter replacement program.  Launch a program of annual 
auditing of global billing statistics by utility personnel. 

to qualify for 10:
Purchase and install meters on unmetered accounts.  Launch 

Automatic Meter Reading (AMR) or Advanced Metering 
Infrastructure (AMI) system trials if manual meter reading 

success rate of at least 99% is not achieved within a five-year 
program.  Continue meter accuracy testing program.  Conduct 

planning and budgeting for large scale meter replacement 
based upon meter life cycle analysis using cumulative flow 

target.  Continue annual detailed billing data auditing by utility 
personnel and conduct third party auditing at least once every 

three years.   

to qualify for 4:
Install automatic datalogging equipment on exported supply 
meters.  Set a procedure to review this data on a monthly 
basis to detect gross anomalies and data gaps.  Launch 
discussions with the purchasing utilities to jointly review 

terms of the written agreements regarding meter accuracy 
testing and data management; revise the terms as 

necessary.      

AUTHORIZED CONSUMPTION

to qualify for 10:
Conduct accountability checks to confirm that all exported 

metered flow data is reviewed and corrected each business 
day by the utility selling the water.  Results of all meter 

accuracy tests and data corrections should be available for 
sharing between the utility and the purchasing Utility.  Establish 
a schedule for a regular review and updating of the contractual 
language in the written agreements with the purchasing utilities; 

at least every five years. 

to qualify for 6:
Refine computerized data collection and archive to include 

hourly exported supply metered flow data that is reviewed at 
least on a weekly basis to detect specific data anomalies and 
gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:
Ensure that all exported metered flow data is collected and 

archived on at least an hourly basis.  All data is reviewed and 
errors/data gaps are corrected each business day.   
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Improvements to attain higher 
data grading for "Billed 

Unmetered Consumption" 
component:

to qualify for 2: 
Conduct research and evaluate 
cost/benefit of a new water utility 
policy to require metering of the 

customer population; thereby greatly 
reducing or eliminating unmetered 
accounts.  Conduct pilot metering 

project by installing water meters in 
small sample of customer accounts 
and periodically reading the meters 

or datalogging the water 
consumption over one, three, or 

seven day periods.

to maintain 10: 
Continue to refine estimation methods 

for unmetered consumption and explore 
means to establish metering, for as 
many billed remaining unmetered 

accounts as is economically feasible.

Unbilled metered:
select n/a if all billing-

exempt consumption is 
unmetered.  

Billing practices exempt certain 
accounts, such as municipal 

buildings, but written policies do not 
exist; and a reliable count of unbilled 

metered accounts is unavailable.  
Meter upkeep and meter reading on 

these accounts is rare and not 
considered a priority.  Due to poor 
recordkeeping and lack of auditing, 

water consumption for all such 
accounts is purely guesstimated.    

Billing practices exempt certain 
accounts, such as municipal 

buildings, but only scattered, dated 
written directives exist to justify this 
practice.  A reliable count of unbilled 

metered accounts is unavailable.  
Sporadic meter replacement and 
meter reading occurs on an as-

needed basis.  The total annual water 
consumption for all unbilled, metered 
accounts is estimated based upon 

approximating the number of 
accounts and assigning consumption 
from actively billed accounts of same 

meter size.        

Conditions between 
2 and 4

Dated written procedures permit 
billing exemption for specific 
accounts, such as municipal 

properties, but are unclear regarding 
certain other types of accounts.  

Meter reading is given low priority and 
is sporadic.   Consumption is 

quantified from meter readings where 
available.  The total number of 

unbilled, unmetered accounts must 
be estimated along with consumption 

volumes.          

Conditions between 
4 and 6

Written policies regarding billing 
exemptions exist but adherence in 

practice is questionable.  Metering and 
meter reading for municipal buildings is 
reliable but sporadic for other unbilled 

metered accounts.  Periodic auditing of 
such accounts is conducted.  Water 

consumption is quantified directly from 
meter readings where available, but 
the majority of the consumption is 

estimated.       

Conditions between 
6 and 8

Written policy identifies the types of 
accounts granted a billing exemption.  
Customer meter management and 

meter reading are considered 
secondary priorities, but meter reading 
is conducted at least annually to obtain 
consumption volumes for the annual 
water audit.  High level auditing of 

billing records ensures that a reliable 
census of such accounts exists.       

Conditions between 
8 and 10

Clearly written policy identifies the types 
of accounts given a billing exemption, 

with emphasis on keeping such 
accounts to a minimum.  Customer 

meter management and meter reading 
for these accounts is given proper 
priority and is reliably conducted.  

Regular auditing confirms this.  Total 
water consumption for these accounts is 

taken from reliable readings from 
accurate meters.         

Improvements to attain higher 
data grading for "Unbilled 
Metered Consumption" 

component:

to qualify for 2:
Reassess the water utility's policy 

allowing certain accounts to be 
granted a billing exemption.  Draft an 

outline of a new written policy for 
billing exemptions, with clear 

justification as to why any accounts 
should be exempt from billing, and 

with the intention to keep the 
number of such accounts to a 

minimum.   

to maintain 10:
Reassess the utility's philosophy in 

allowing any water uses to go "unbilled". 
It is possible to meter and bill all 

accounts, even if the fee charged for 
water consumption is discounted or 

waived.  Metering and billing all 
accounts ensures that water 

consumption is tracked and water waste 
from plumbing leaks is detected and 

minimized.

Unbilled unmetered:

Extent of unbilled, unmetered 
consumption is unknown due to 

unclear policies and poor 
recordkeeping.  Total consumption 
is quantified based upon a purely 

subjective estimate.  

Clear extent of unbilled, unmetered 
consumption is unknown, but a 
number of events are randomly 

documented each year, confirming 
existence of such consumption, but 
without sufficient documentation to 

quantify an accurate estimate of the 
annual volume consumed.

Conditions between 
2 and 4

Extent of unbilled, unmetered 
consumption is partially known, and 

procedures exist to document certain 
events such as miscellaneous fire 
hydrant uses.  Formulae is used to 
quantify the consumption from such 
events (time running multiplied by 

typical flowrate, multiplied by number 
of  events).  

Default value of 
1.25% of system input 
volume is employed

Coherent policies exist for some forms 
of unbilled, unmetered consumption but 

others await closer evaluation. 
Reasonable recordkeeping for the 

managed uses exists and allows for 
annual volumes to be quantified by 

inference, but unsupervised uses are 
guesstimated.

Conditions between 
6 and 8

Clear policies and good recordkeeping 
exist for some uses (ex: water used in 

periodic testing of unmetered fire 
connections), but other uses (ex: 

miscellaneous uses of fire hydrants) 
have limited oversight.  Total 

consumption is a mix of well quantified 
use such as from formulae (time 
running multiplied by typical flow, 

multiplied by number of events) or 
temporary meters, and relatively 

subjective estimates of less regulated 
use.

Conditions between 
8 and 10

Clear policies exist to identify permitted 
use of water in unbilled, unmetered 

fashion, with the intention of minimizing 
this type of consumption.  Good records 

document each occurrence and 
consumption is quantified via formulae 
(time running multiplied by typical flow, 
multiplied by number of events) or use 

of temporary meters.

Improvements to attain higher 
data grading for "Unbilled 
Unmetered Consumption" 

component:

to qualify for 5:
Utilize the accepted default value of 

1.25% of the volume of water 
supplied as an expedient means to 
gain a reasonable quantification of 

this use.
to qualify for 2:

Establish a policy regarding what 
water uses should be allowed to 

remain as unbilled and unmetered.  
Consider tracking a small sample of 

one such use (ex: fire hydrant 
flushing).   

to qualify for 5:
Utilize accepted default value of 
1.25% of the volume of water 

supplied as an expedient means to 
gain a reasonable quantification of all 

such use.  This is particularly 
appropriate for water utilities who are 

in the early stages of the water 
auditing process, and should focus on 
other components since the volume 
of unbilled, unmetered consumption 
is usually a relatively small quantity 

component, and other larger-quantity 
components should take priority.

to qualify for 6 or 
greater:

Finalize policy and 
begin to conduct field 

checks to better 
establish and quantify 
such usage.  Proceed 

if top-down audit 
exists and/or a great 
volume of such use is 

suspected.

to maintain 10:
Continue to refine policy and procedures 
with intention of reducing the number of 
allowable uses of water in unbilled and 
unmetered fashion.  Any uses that can 

feasibly become billed and metered 
should be converted eventually.

to qualify for 8:
Push to install customer meters on a full scale basis.  Refine 
metering policy and procedures to ensure that all accounts, 
including municipal properties, are designated for meters.  
Plan special efforts to address "hard-to-access" accounts.  

Implement procedures to obtain a reliable consumption 
estimate for the remaining few unmetered accounts awaiting 

meter installation.

to qualify for 10:
Continue customer meter installation throughout the service 

area, with a goal to minimize unmetered accounts.  Sustain the 
effort to investigate accounts with access difficulties, and 

devise means to install water meters or otherwise measure 
water consumption.

to qualify for 8:
Assess water utility policy and procedures for various 

unmetered usages.  For example, ensure that a policy exists 
and permits are issued for use of fire hydrants by persons 
outside of the utility.  Create written procedures for use and 

documentation of fire hydrants by water utility personnel.  
Use same approach for other types of unbilled, unmetered 

water usage. 

to qualify for 5:
Utilize accepted default value of 1.25% of the volume of 

water supplied as an expedient means to gain a 
reasonable quantification of this use.    

to qualify for 4:
Evaluate the documentation of events that have been 

observed.  Meet with user groups (ex: for fire hydrants - fire 
departments, contractors to ascertain their need and/or 

volume requirements for water from fire hydrants).  

to qualify for 8:
Communicate billing exemption policy throughout the 

organization and implement procedures that ensure proper 
account management.  Conduct inspections of accounts 

confirmed in unbilled metered status and verify that accurate 
meters exist and are scheduled for routine meter readings.  

Gradually increase the number of unbilled metered accounts 
that are included in regular meter reading routes. 

APPARENT LOSSES

to qualify for 4:
Review historic written directives and policy documents 
allowing certain accounts to be billing-exempt.  Draft an 
outline of a written policy for billing exemptions, identify 
criteria that grants an exemption, with a goal of keeping 

this number of accounts to a minimum.  Consider 
increasing the priority of reading meters on unbilled 

accounts at least annually.  

to qualify for 6:
Draft a new written policy regarding billing exemptions based 

upon consensus criteria allowing this occurrence.  Assign 
resources to audit meter records and billing records to obtain 

census of unbilled metered accounts.  Gradually include a 
greater number of these metered accounts to the routes for 

regular meter reading.    

to qualify for 10:
Refine written procedures to ensure that all uses of unbilled, 

unmetered water are overseen by a structured permitting 
process managed by water utility personnel.  Reassess policy 

to determine if some of these uses have value in being 
converted to billed and/or metered status.

to qualify for 10:
Ensure that meter management (meter accuracy testing, 

meter replacement) and meter reading activities for unbilled 
accounts are accorded the same priority as billed accounts.  

Establish ongoing annual auditing process to ensure that water 
consumption is reliably collected and provided to the annual 

water audit process.

to qualify for 4: 
Implement a new water utility policy requiring customer 

metering.  Launch or expand pilot metering study to include 
several different meter types, which will provide data for 

economic assessment of full scale metering options.  
Assess sites with access difficulties to devise means to 

obtain water consumption volumes.  Begin customer meter 
installation. 

to qualify for 6:
Refine policy and procedures to improve customer metering 
participation for all but solidly exempt accounts.  Assign staff 

resources to review billing records to identify errant 
unmetered properties.  Specify metering needs and funding 
requirements to install sufficient meters to significant reduce 

the number of unmetered accounts
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Unauthorized consumption:

Extent of unauthorized consumption 
is unknown due to unclear policies 

and poor recordkeeping.  Total 
unauthorized consumption is 

guesstimated.  

Unauthorized consumption is a 
known occurrence, but its extent is a 
mystery.  There are no requirements 
to document observed events, but 

periodic field reports capture some of 
these occurrences.  Total 

unauthorized consumption is 
approximated from this limited data.  

conditions between 
2 and 4

Procedures exist to document some 
unauthorized consumption such as 
observed unauthorized fire hydrant 
openings.  Use formulae to quantify 

this consumption (time running 
multiplied typical flowrate, multiplied 

by number of  events).  

Default value of 
0.25% of volume of 

water supplied is 
employed

Coherent policies exist for some forms 
of unauthorized consumption (more 
than simply fire hydrant misuse) but 

others await closer evaluation. 
Reasonable surveillance and 

recordkeeping exist for occurrences 
that fall under the policy.  Volumes 
quantified by inference from these 

records. 

Conditions between 
6 and 8

Clear policies and good auditable 
recordkeeping exist for certain events 

(ex: tampering with water meters, 
illegal bypasses of customer meters); 

but other occurrences have limited 
oversight.  Total consumption is a 

combination of volumes from formulae 
(time x typical flow) and subjective 

estimates of unconfirmed 
consumption.

Conditions between 
8 and 10

Clear policies exist to identify all known 
unauthorized uses of water.  Staff and 

procedures exist to provide enforcement 
of policies and detect violations.  Each 
occurrence is recorded and quantified 
via formulae (estimated time running 
multiplied by typical flow) or similar 

methods.  All records and calculations 
should exist in a form that can be 

audited by a third party.

Improvements to attain higher 
data grading for "Unauthorized 

Consumption" component:

to qualify for 5:
Use accepted default of 0.25% of 

volume of water supplied.
to qualify for 2:

Review utility policy regarding what 
water uses are considered 

unauthorized, and consider tracking 
a small sample of one such 

occurrence (ex: unauthorized fire 
hydrant openings)

to qualify for 5:
Utilize accepted default value of 

0.25% of volume of water supplied as 
an expedient means to gain a 

reasonable quantification of all such 
use.  This is particularly appropriate 
for water utilities who are in the early 
stages of the water auditing process.

to qualify for 6 or 
greater:

Finalize policy 
updates to clearly 

identify the types of 
water consumption 
that are authorized 
from those usages 

that fall outside of this 
policy and are, 

therefore, 
unauthorized.  Begin 
to conduct regular 

field checks.  Proceed 
if the top-down audit 
already exists and/or 

a great volume of 
such use is 
suspected.

to maintain 10:
Continue to refine policy and procedures 
to eliminate any loopholes that allow or 

tacitly encourage unauthorized 
consumption.  Continue to be vigilant in 

detection, documentation and 
enforcement efforts.  

Customer metering 
inaccuracies:

select n/a only if the entire 
customer population is 

unmetered. In such a case 
the volume entered must 

be zero.

Customer meters exist, but with 
unorganized paper records on 

meters; no meter accuracy testing 
or meter replacement program for 
any size of retail meter.  Metering 

workflow is driven chaotically with no 
proactive management.  Loss 

volume due to aggregate meter 
inaccuracy is guesstimated.

Poor recordkeeping and meter 
oversight is recognized by water 

utility management who has allotted 
staff and funding resources to 

organize improved recordkeeping 
and start meter accuracy testing.  

Existing paper records gathered and 
organized to provide cursory 

disposition of meter population.  
Customer meters are tested for 
accuracy only upon customer 

request.

Conditions between 
2 and 4

Reliable recordkeeping exists; meter 
information is improving as meters 

are replaced.    Meter accuracy 
testing is conducted annually for a 

small number of meters (more than 
just customer requests, but less than 
1% of inventory).  A limited number of 
the oldest meters are replaced each 
year.  Inaccuracy volume is largely an 

estimate, but refined based upon 
limited testing data.

Conditions between 
4 and 6

A reliable electronic recordkeeping 
system for meters exists.  The meter 
population includes a mix of new high 
performing meters and dated meters 
with suspect accuracy.  Routine, but 
limited, meter accuracy testing and 

meter replacement occur.  Inaccuracy 
volume is quantified using a mix of 

reliable and less certain data.

Conditions between 
6 and 8

Ongoing meter replacement and 
accuracy testing result in highly 

accurate customer meter population.  
Testing is conducted on samples of 

meters of varying age and 
accumulated volume of throughput to 
determine optimum replacement time 

for various types of meters.  

Ongoing meter 
replacement and 

accuracy testing result 
in highly accurate 
customer meter 

population.  Statistically 
significant number of 
meters are tested in 

audit year.  This testing 
is conducted on 

samples of meters of 
varying age and 

accumulated volume of 
throughput to 

determine optimum 
replacement time for 

these meters.

Good records of all active customer 
meters exist and include as a minimum: 

meter number, account 
number/location, type, size and 
manufacturer.  Ongoing meter 

replacement occurs according to a 
targeted and justified basis.  Regular 

meter accuracy testing gives a reliable 
measure of composite inaccuracy 

volume for the customer meter 
population.  New metering technology is 

embraced to keep overall accuracy 
improving. Procedures are reviewed by 
a third party knowledgeable in the M36 

methodology.    

Improvements to attain higher 
data grading for "Customer 
meter inaccuracy volume" 

component:

If n/a is selected because 
the customer meter 

population is unmetered, 
consider establishing a 
new policy to meter the 

customer population and 
employ water rates based 
upon metered volumes. 

to qualify for 2:
Gather available meter purchase 

records.  Conduct testing on a small 
number of meters believed to be the 

most inaccurate.  Review staffing 
needs of the metering group and 

budget for necessary resources to 
better organize meter management.

to qualify for 9:
Continue efforts to manage meter 

population with reliable recordkeeping. 
Test a statistically significant number 
of meters each year and analyze test 
results in an ongoing manner to serve 

as a basis for a target meter 
replacement strategy based upon 
accumulated volume throughput.

to qualify for 10:
Continue efforts to 

manage meter 
population with reliable 
recordkeeping, meter 

testing and 
replacement.  Evaluate 
new meter types and 
install one or more 

types in 5-10 customer 
accounts each year in 
order to pilot improving 
metering technology.

to maintain 10:
Increase the number of meters tested 

and replaced as justified by meter 
accuracy test data.  Continually monitor 

development of new metering 
technology and Advanced Metering 

Infrastructure (AMI) to grasp 
opportunities for greater accuracy in 

metering of water flow and management 
of customer consumption data.

to quality for 8:
Assess water utility policies to ensure that all known 

occurrences of unauthorized consumption are outlawed, and 
that appropriate penalties are prescribed.  Create written 
procedures for detection and documentation of various 
occurrences of unauthorized consumption as they are 

uncovered.   

to qualify for 10:
Refine written procedures and assign staff to seek out likely 

occurrences of unauthorized consumption.  Explore new 
locking devices, monitors and other technologies designed to 

detect and thwart unauthorized consumption. 

to qualify for 5:
Use accepted default of 0.25% of system input volume

to qualify for 4:
Review utility policy regarding what water uses are 

considered unauthorized, and consider tracking a small 
sample of one such occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 4:
Implement a reliable record keeping system for customer 

meter histories, preferably using electronic methods 
typically linked to, or part of, the Customer Billing System 

or Customer Information System.  Expand meter accuracy 
testing to a larger group of meters.

to qualify for 6:
Standardize the procedures for meter recordkeeping within 

an electronic information system.  Accelerate meter accuracy 
testing and meter replacements guided by testing results.

to qualify for 8:
Expand annual meter accuracy testing to evaluate a 

statistically significant number of meter makes/models.  
Expand meter replacement program to replace statistically 
significant number of poor performing meters each year.
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Systematic Data Handling 
Errors:

Note: all water utilities 
incur some amount of this 

error. Even in water 
utilities with unmetered 

customer populations and 
fixed rate billing, errors 
occur in annual billing 
tabulations. Enter a 
positive value for the 
volume and select a 

grading.

Policies and procedures for 
activation of new customer water 

billing accounts are vague and lack 
accountability. Billing data is 

maintained on paper records which 
are not well organized.  No auditing 
is conducted to confirm billing data 
handling efficiency.  An unknown 

number of customers escape 
routine billing due to lack of billing 

process oversight.

Policy and procedures for activation 
of new customer accounts and 

oversight of billing records exist but 
need refinement. Billing data is 
maintained on paper records or 
insufficiently capable electronic 

database.  Only periodic unstructured 
auditing work is conducted to confirm 
billing data handling efficiency.  The 

volume of unbilled water due to billing 
lapses is a guess.

Conditions between 
2 and 4

Policy and procedures for new 
account activation and oversight of 
billing operations exist but needs 
refinement.  Computerized billing 

system exists, but is dated or lacks 
needed functionality.  Periodic, limited 
internal audits conducted and confirm 

with approximate accuracy the 
consumption volumes lost to billing 

lapses.

Conditions between 
4 and 6

Policy and procedures for new account 
activation and oversight of billing 

operations is adequate and reviewed 
periodically.  Computerized billing 

system is in use with basic reporting 
available.  Any effect of billing 

adjustments on measured 
consumption volumes is well 

understood.  Internal checks of billing 
data error conducted annually.  

Reasonably accurate quantification of 
consumption volume lost to billing 

lapses is obtained.

Conditions between 
6 and 8

New account activation and billing 
operations policy and procedures are 

reviewed at least biannually.  
Computerized billing system includes 
an array of reports to confirm billing 

data and system functionality.  Checks 
are conducted routinely to flag and 
explain zero consumption accounts.  

Annual internal checks conducted with 
third party audit conducted at least 

once every five years.  Accountability 
checks flag billing lapses.  

Consumption lost to billing lapses is 
well quantified and reducing year-by-

year.

Conditions between 
8 and 10

Sound written policy and procedures 
exist for new account activation and 

oversight of customer billing operations.  
Robust computerized billing system 
gives high functionality and reporting 

capabilities which are utilized, analyzed 
and the results reported each billing 

cycle.  Assessment of policy and data 
handling errors are conducted internally 
and audited by third party at least once 

every three years, ensuring 
consumption lost to billing lapses is 

minimized and detected as it occurs. 

Improvements to attain higher 
data grading for "Systematic 
Data Handling Error volume" 

component:

to qualify for 2:
Draft written policy and procedures 

for activating new water billing 
accounts and oversight of billing 

operations.  Investigate and budget 
for computerized customer billing 
system.  Conduct initial audit of 

billing records by flow-charting the 
basic business processes of the 
customer account/billing function.  

to maintain 10:
Stay abreast of customer information 

management developments and 
innovations.  Monitor developments of 

Advanced Metering Infrastructure (AMI) 
and integrate technology to ensure that 
customer endpoint information is well-
monitored and errors/lapses are at an 

economic minimum.

Length of mains:

Poorly assembled and maintained 
paper as-built records of existing 
water main installations makes 

accurate determination of system 
pipe length impossible.  Length of 

mains is guesstimated.

Paper records in poor or uncertain 
condition (no annual tracking of 

installations & abandonments).  Poor 
procedures to ensure that new water 

mains installed by developers are 
accurately documented.

Conditions between 
2 and 4

Sound written policy and procedures 
exist for documenting new water main 
installations, but gaps in management 
result in a uncertain degree of error in 

tabulation of mains length.

Conditions between 
4 and 6

Sound written policy and procedures 
exist for permitting and commissioning 

new water mains.  Highly accurate 
paper records with regular field 

validation; or electronic records and 
asset management system in good 
condition.  Includes system backup.

Conditions between 
6 and 8

Sound written policy and procedures 
exist for permitting and commissioning 

new water mains.  Electronic 
recordkeeping such as a Geographical 

Information System (GIS) and asset 
management system are used to 

store and manage data.  

Conditions between 
8 and 10

Sound written policy exists for managing 
water mains extensions and 

replacements.  Geographic Information 
System (GIS) data and asset 

management database agree and 
random field validation proves truth of 
databases.  Records of annual field 

validation should be available for review.

Improvements to attain higher 
data grading for "Length of 
Water Mains" component:

to qualify for 2:
Assign personnel to inventory 
current as-built records and 

compare with customer billing 
system records and highway plans 

in order to verify poorly documented 
pipelines.  Assemble policy 

documents regarding permitting and 
documentation of water main 

installations by the utility and building 
developers; identify gaps in 

procedures that result in poor 
documentation of new water main 

installations. 

to maintain 10:
Continue with standardization and 

random field validation to improve the 
completeness and accuracy of the 

system.

Number of active AND inactive 
service connections:

Vague permitting (of new service 
connections) policy and poor paper 

recordkeeping of customer 
connections/billings result in suspect 

determination of the number of 
service connections, which may be 
10-15% in error from actual count. 

General permitting policy exists but 
paper records, procedural gaps, and 
weak oversight result in questionable 

total for number of connections, 
which may vary 5-10% of actual 

count.    

Conditions between 
2 and 4

Written account activation policy and 
procedures exist, but with some gaps 

in performance and oversight.  
Computerized information 

management system is being brought 
online to replace dated paper 

recordkeeping system.  Reasonably 
accurate tracking of service 
connection installations & 

abandonments; but count can be up 
to 5% in error from actual total.  

Conditions between 
4 and 6

Written new account activation and 
overall billing policies and procedures 

are adequate and reviewed 
periodically.  Computerized information 

management system is in use with 
annual installations & abandonments 
totaled.  Very limited field verifications 

and audits.  Error in count of number of 
service connections is believed to be 

no more than 3%.

Conditions between 
6 and 8

Policies and procedures for new 
account activation and overall billing 

operations are written, well-structured 
and reviewed at least biannually.  Well-

managed computerized information 
management system exists and 
routine, periodic field checks and 

internal system audits are conducted.  
Counts of connections are no more 

than 2% in error. 

Conditions between 
8 and 10

Sound written policy and well managed 
and audited procedures ensure reliable 

management of service connection 
population.  Computerized information 
management system, Customer Billing 
System, and Geographic Information 
System (GIS) information agree; field 
validation proves truth of databases.  

Count of connections recorded as being 
in error is less than 1% of the entire 

population.

Improvements to attain higher 
data grading for "Number of 
Active and Inactive Service 
Connections" component:

Note: The number of 
Service Connections 
does not include fire 
hydrant leads/lines 

connecting the hydrant 
to the water main

to qualify for 2:
Draft new policy and procedures for 
new account activation and overall 
billing operations.  Research and 

collect paper records of installations 
& abandonments for several years 

prior to audit year.

to maintain 10:
Continue with standardization and 
random field validation to improve 

knowledge of system.

Note: if customer water 
t l t d t id

to qualify for 4:
Finalize written policy and procedures for activation of new 
billing accounts and overall billing operations management. 

Implement a computerized customer billing system.  
Conduct initial audit of billing records as part of this 

process.

to qualify for 6:
Refine new account activation and billing operations 

procedures and ensure consistency with the utility policy 
regarding billing, and minimize opportunity for missed billings. 

Upgrade or replace customer billing system for needed 
functionality - ensure that billing adjustments don't corrupt the 
value of consumption volumes.  Procedurize internal annual 

audit process.

to qualify for 8:
Formalize regular review of new account activation process 

and general billing practices.  Enhance reporting capability of 
computerized billing system.  Formalize regular auditing 
process to reveal scope of data handling error.  Plan for 
periodic third party audit to occur at least once every five 

years.

Gradings 1-9 apply if customer properties are unmetered, if customer meters exist and are located inside the customer building premises, or if the water utility owns and is responsible for the entire service connection piping from the water main to the customer building.  In any of these 
cases the average distance between the curb stop or boundary separating utility/customer responsibility for service connection piping, and the typical first point of use (ex: faucet) or the customer meter must be quantified.  Gradings of 1-9 are used to grade the validity of the means to 

quantify this value. (See the "Service Connection Diagram" worksheet)

to qualify for 8:
Formalize regular review of new account activation and 

overall billing operations policies and procedures.  Launch 
random field checks of limited number of locations.  Develop 

reports and auditing mechanisms for computerized 
information management system. 

to qualify for 10:
Close any procedural loopholes that allow installations to go 

undocumented.  Link computerized information management 
system with Geographic Information System (GIS) and 

formalize field inspection and information system auditing 
processes.  Documentation of new or decommissioned service 
connections encounters several levels of checks and balances.

to qualify for 4:
Refine policy and procedures for new account activation 
and overall billing operations.  Research computerized 

recordkeeping system (Customer Information System or 
Customer Billing System) to improve documentation format 

for service connections.

to qualify for 6:
Refine procedures to ensure consistency with new account 
activation and overall billing policy to establish new service 

connections or decommission existing connections.  Improve 
process to include all totals for at least five years prior to 

audit year.

to qualify for 4:
Complete inventory of paper records of water main 

installations for several years prior to audit year.  Review 
policy and procedures for commissioning and documenting 

new water main installation.

SYSTEM DATA

Either of two conditions can be met for a 
grading of 10:

) C t t t i t t id

to qualify for 10:
Close policy/procedure  loopholes that allow some customer 

accounts to go unbilled, or data handling errors to exist.  
Ensure that billing system reports are utilized, analyzed and 

reported every billing cycle.  Ensure that internal and third party 
audits are conducted at least once every three years. 

to qualify for 8:
Launch random field checks of limited number of locations.  

Convert to electronic database such as a Geographic 
Information System (GIS) with backup as justified.  Develop 

written policy and procedures.

to qualify for 10:
Link Geographic Information System (GIS) and asset 

management databases, conduct field verification of data.  
Record field verification information at least annually.

to qualify for 6:
Finalize updates/improvements to written policy and 
procedures for permitting/commissioning new main 

installations.  Confirm inventory of records for five years prior 
to audit year; correct any errors or omissions.
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Vague policy exists to define the 
delineation of water utility ownership 

and customer ownership of the 
service connection piping.  Curb 

stops are perceived as the 
breakpoint but these have not been 

well-maintained or documented.  
Most are buried or obscured.  Their 
location varies widely from site-to-
site, and estimating this distance is 

arbitrary due to the unknown location 
of many curb stops.

Policy requires that the curb stop 
serves as the delineation point 

between water utility ownership and 
customer ownership of the service 
connection piping.  The piping from 

the water main to the curb stop is the 
property of the water utility; and the 

piping from the curb stop to the 
customer building is owned by the 
customer.  Curb stop locations are 

not well documented and the 
average distance is based upon a 

limited number of locations 
measured in the field.

Conditions between 
2 and 4

Good policy requires that the curb 
stop serves as the delineation point 
between water utility ownership and 
customer ownership of the service 
connection piping.  Curb stops are 

generally installed as needed and are 
reasonably documented.  Their 

location varies widely from site-to-
site, and an estimate of this distance 
is hindered by the availability of paper 

records of limited accuracy.   

Conditions between 
4 and 6

Clear written policy exists to define 
utility/customer responsibility for 

service connection piping.  Accurate, 
well-maintained paper or basic 

electronic recordkeeping system 
exists.  Periodic field checks confirm 

piping lengths for a sample of 
customer properties.   

Conditions between 
6 and 8

Clearly worded policy standardizes the 
location of curb stops and meters, 

which are inspected upon installation.  
Accurate and well maintained 

electronic records exist with periodic 
field checks to confirm locations of 

service lines, curb stops and customer 
meter pits.  An accurate number of 

customer properties from the 
customer billing system allows for 
reliable averaging of this length.

Conditions between 
8 and 10

Improvements to attain higher 
data grading for "Average 

Length of Customer Service 
Line" component:

to qualify for 2:
Research and collect paper records 
of service line installations.  Inspect 
several sites in the field using pipe 

locators to locate curb stops.  Obtain 
the length of this small sample of 

connections in this manner.

to maintain 10:
Continue with standardization and 
random field validation to improve 
knowledge of service connection 

configurations and customer meter 
locations.

Average operating pressure:

Available records are poorly 
assembled and maintained paper 

records of supply pump 
characteristics and water distribution 

system operating conditions.  
Average pressure is guesstimated 
based upon this information and 

ground elevations from crude 
topographical maps.  Widely varying 
distribution system pressures due to 
undulating terrain, high system head 

loss and weak/erratic pressure 
controls further compromise the 
validity of the average pressure 

calculation.  

Limited telemetry monitoring of 
scattered pumping station and water 

storage tank sites provides some 
static pressure data, which is 

recorded in handwritten logbooks.  
Pressure data is gathered at 
individual sites only when low 

pressure complaints arise.  Average 
pressure is determined by averaging 
relatively crude data, and is affected 

by significant variation in ground 
elevations, system head loss and 
gaps in pressure controls in the 

distribution system. 

Conditions between 
2 and 4

Effective pressure controls separate 
different pressure zones; moderate 

pressure variation across the system, 
occasional open boundary valves are 

discovered that breech pressure 
zones.  Basic telemetry monitoring of 
the distribution system logs pressure 

data electronically.  Pressure data 
gathered by gauges or dataloggers at 

fire hydrants or buildings when low 
pressure complaints arise, and during 

fire flow tests and system flushing.  
Reliable topographical data exists.  

Average pressure is calculated using 
this mix of data. 

Conditions between 
4 and 6

Reliable pressure controls separate 
distinct pressure zones; only very 

occasional open boundary valves are 
encountered that breech pressure 

zones.  Well-covered telemetry 
monitoring of the distribution system 

(not just pumping at source treatment 
plants or wells) logs extensive pressure 
data electronically.  Pressure gathered 
by gauges/dataloggers at fire hydrants 

and buildings when low pressure 
complaints arise, and during fire flow 
tests and system flushing.  Average 
pressure is determined by using this 

mix of reliable data. 

Conditions between 
6 and 8

Well-managed, discrete pressure 
zones exist with generally predictable 
pressure fluctuations.  A current full-

scale SCADA System or similar 
realtime monitoring system exists to 
monitor the water distribution system 
and collect data, including real time 
pressure readings at representative 

sites across the system.  The average 
system pressure is determined from 

reliable monitoring system data. 

Conditions between 
8 and 10

Well-managed pressure districts/zones, 
SCADA System and hydraulic model 

exist to give very precise pressure data 
across the water distribution system.  
Average system pressure is reliably 

calculated from extensive, reliable, and 
cross-checked data.  Calculations are 

reported on an annual basis as a 
minimum.

Improvements to attain higher 
data grading for "Average 

Operating Pressure" 
component:

to qualify for 2:
Employ pressure gauging and/or 
datalogging equipment to obtain 

pressure measurements from fire 
hydrants.  Locate accurate 

topographical maps of service area 
in order to confirm ground 

elevations.  Research pump data 
sheets to find pump pressure/flow 

characteristics  

to maintain 10:  
Continue to refine the hydraulic model of 

the distribution system and consider 
linking it with SCADA System for real-

time pressure data calibration, and 
averaging.      

Average length of customer 
service line:

meters are located outside 
of the customer building 
next to the curb stop or 
boundary separating 

utility/customer 
responsibility, then the 
auditor should answer 

"Yes" to the question on 
the Reporting Worksheet 
asking about this.  If the 

answer is Yes, the grading 
description listed under the 

Grading of 10(a) will be 
followed, with a value of 

zero automatically entered 
at a Grading of 10.  See 
the Service Connection 

Diagram worksheet for a 
visual presentation of this 

distance.

to qualify for 6:
Establish coherent procedures to ensure that policy for curb 
stop, meter installation and documentation is followed.  Gain 
consensus within the water utility for the establishment of a 

computerized information management system.

to qualify for 4:  
Formalize a procedure to use pressure 

gauging/datalogging equipment to gather pressure data 
during various system events such as low pressure 

complaints, or operational testing. Gather pump pressure 
and flow data at different flow regimes.  Identify faulty 
pressure controls (pressure reducing valves, altitude 

valves, partially open boundary valves) and plan to properly 
configure pressure zones.  Make all pressure data from 
these efforts available to generate system-wide average 

pressure. 

to qualify for 6:  
Expand the use of pressure gauging/datalogging equipment 
to gather scattered pressure data at a representative set of 
sites, based upon pressure zones or areas.  Utilize pump 
pressure and flow data to determine supply head entering 
each pressure zone or district.  Correct any faulty pressure 
controls (pressure reducing valves, altitude valves, partially 

open boundary valves) to ensure properly configured 
pressure zones.  Use expanded pressure dataset from these 

activities to generate system-wide average pressure. 

a) Customer water meters exist outside 
of customer buildings next to the curb 

stop or boundary separating 
utility/customer responsibility for service 
connection piping.  If so, answer "Yes" 

to the question on the Reporting 
Working asking about this condition.  A 
value of zero and a Grading of 10 are 
automatically entered in the Reporting 

Worksheet .
b). Meters exist inside customer 

buildings, or properties are unmetered.  
In either case, answer "No" to the 

Reporting Worksheet question on meter 
location, and enter a distance 

determined by the auditor.   For a 
Grading of 10 this value must be a very 

reliable number from a Geographic 
Information System (GIS) and 

confirmed by a statistically valid number 
of field checks.

to qualify for 8:  
Install a Supervisory Control and Data Acquisition (SCADA) 
System, or similar realtime monitoring system, to monitor 
system parameters and control operations.  Set regular 
calibration schedule for instrumentation to insure data 

accuracy.  Obtain accurate topographical data and utilize 
pressure data gathered from field surveys to provide 

extensive, reliable data for pressure averaging.  

to qualify for 10:  
Annually, obtain a system-wide average pressure value from 
the hydraulic model of the distribution system that has been 
calibrated via field measurements in the water distribution 

system and confirmed in comparisons with SCADA System 
data.      

to qualify for 4:
Formalize and communicate policy delineating 

utility/customer responsibilities for service connection 
piping.  Assess accuracy of paper records by field 

inspection of a small sample of service connections using 
pipe locators as needed.  Research the potential migration 

to a computerized information management system to 
store service connection data.

to qualify for 10:
Link customer information management system and 

Geographic Information System (GIS), standardize process for 
field verification of data.

to qualify for 8:
Implement an electronic means of recordkeeping, typically 

via a customer information system, customer billing system, 
or Geographic Information System (GIS).  Standardize the 

process to conduct field checks of a limited number of 
locations.  
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Total annual cost of 
operating water system:

Incomplete paper records and lack 
of financial accounting 

documentation on many operating 
functions makes calculation of water 

system operating costs a pure 
guesstimate

Reasonably maintained, but 
incomplete, paper or electronic 

accounting provides data to estimate 
the major portion of water system 

operating costs. 

Conditions between 
2 and 4

Electronic, industry-standard cost 
accounting system in place.  

However, gaps in data are known to 
exist, periodic internal reviews are 

conducted but not a structured 
financial audit. 

Conditions between 
4 and 6

Reliable electronic, industry-standard 
cost accounting system in place, with 
all pertinent water system operating 

costs tracked.  Data audited 
periodically by utility personnel, but not 
a Certified Public Accountant (CPA).  

Conditions between 
6 and 8

Reliable electronic, industry-standard 
cost accounting system in place, with 
all pertinent water system operating 
costs tracked.  Data audited at least 
annually by utility personnel, and at 

least once every three years by third-
party CPA.  

Conditions between 
8 and 10

Reliable electronic, industry-standard 
cost accounting system in place, with all 
pertinent water system operating costs 
tracked.  Data audited annually by utility 

personnel and annually also by third-
party CPA.  

Improvements to attain higher 
data grading for "Total Annual 
Cost of Operating the Water 

System" component:

to qualify for 2:
Gather available records, institute 

new financial accounting procedures 
to regularly collect and audit basic 

cost data of most important 
operations functions.

to maintain 10:
Maintain program, stay abreast of 
expenses subject to erratic cost 

changes and long-term cost trend, and 
budget/track costs proactively

Customer retail unit cost 
(applied to Apparent Losses):

Customer population 
unmetered, and/or only a 
fixed fee is charged for 

consumption.

Antiquated, cumbersome water rate 
structure is used, with periodic 
historic amendments that were 

poorly documented and 
implemented; resulting in classes of 
customers being billed inconsistent 

charges.  The actual composite 
billing rate likely differs significantly 

from the published water rate 
structure, but a lack of auditing 

leaves the degree of error 
indeterminate.

Dated, cumbersome water rate 
structure, not always employed 

consistently in actual billing 
operations.  The actual composite 

billing rate is known to differ from the 
published water rate structure, and a 
reasonably accurate estimate of the 

degree of error is determined, 
allowing a composite billing rate to be 

quantified.

Conditions between 
2 and 4

Straight-forward water rate structure 
in use, but not updated in several 
years.  Billing operations reliably 
employ the rate structure.  The 

composite billing rate is derived from 
a single customer class such as 
residential customer accounts, 

neglecting the effect of different rates 
from varying customer classes.

Conditions between
4 and 6

Clearly written, up-to-date water rate 
structure is in force and is applied 

reliably in billing operations.  
Composite customer rate is 

determined using a weighted average 
residential rate using volumes of water 

in each rate block.

Conditions between 
6 and 8

Effective water rate structure is in 
force and is applied reliably in billing 

operations.  Composite customer rate 
is determined using a weighted 

average composite consumption rate, 
which includes residential, commercial, 

industrial, institutional (CII), and any 
other distinct customer classes within 

the water rate structure.

Conditions between 
8 and 10

Current, effective water rate structure is 
in force and applied reliably in billing 
operations.  The rate structure and 

calculations of composite rate - which 
includes residential, commercial, 

industrial, institutional (CII), and other 
distinct customer classes - are reviewed 

by a third party knowledgeable in the 
M36 methodology at least once every 

five years.

Improvements to attain higher 
data grading for "Customer 

Retail Unit Cost" component:

to qualify for 2:
Formalize the process to implement 

water rates, including a secure 
documentation procedure.  Create a 
current, formal water rate document 

and gain approval from all 
stakeholders.

to qualify for 6:
Evaluate volume of water used in 
each usage block by residential 

users.  Multiply volumes by full rate 
structure.

Launch effort to fully 
meter the customer 

population and charge 
rates based upon 

water volumes

to maintain 10:
Keep water rate structure current in 

addressing the water utility's revenue 
needs.  Update the calculation of the 

customer unit rate as new rate 
components, customer classes, or other 

components are modified.

Variable production cost 
(applied to Real Losses):

Note: if the water utility 
purchases/imports its 

entire water supply, then 
enter the unit purchase 
cost of the bulk water 

supply in the Reporting 
Worksheet with a grading 

of 10

Incomplete paper records and lack 
of documentation on primary 

operating functions (electric power 
and treatment costs most 

importantly) makes calculation of 
variable production costs a pure 

guesstimate

Reasonably maintained, but 
incomplete, paper or electronic 

accounting provides data to roughly 
estimate the basic operations costs 

(pumping power costs and treatment 
costs) and calculate a unit variable 

production cost. 

Conditions between 
2 and 4

Electronic, industry-standard cost 
accounting system in place.  Electric 

power and treatment costs are 
reliably tracked and allow accurate 
weighted calculation of unit variable 

production costs based on these two 
inputs and water imported purchase 

costs (if applicable). All costs are 
audited internally on a periodic basis. 

Conditions between 
4 and 6

Reliable electronic, industry-standard 
cost accounting system in place, with 
all pertinent water system operating 
costs tracked.  Pertinent additional 
costs beyond power, treatment and 
water imported purchase costs (if 

applicable) such as liability, residuals 
management, wear and tear on 

equipment, impending expansion of 
supply, are included in the unit variable 

production cost, as applicable.  The 
data is audited at least annually by 

utility personnel.

Conditions between 
6 and 8

Reliable electronic, industry-standard 
cost accounting system in place, with 
all pertinent primary and secondary 

variable production and water 
imported purchase  (if applicable) 

costs tracked.  The data is audited at 
least annually by utility personnel, and 
at least once every three years by a 
third-party knowledgeable in the M36 

methodology.  

Conditions between 
8 and 10

Either of two conditions can be met to 
obtain a grading of 10:

1) Third party CPA audit of all pertinent 
primary and secondary variable 

production and water imported purchase 
(if applicable) costs on an annual basis.

or:
2) Water supply is entirely purchased as 
bulk imported water, and unit purchase 
cost serves as the variable production 

cost.

Improvements to attain higher 
data grading for "Variable 

Production Cost" component:

to qualify for 2:
Gather available records, institute 
new procedures to regularly collect 
and audit basic cost data and most 

important operations functions.

to maintain 10:
Maintain program, stay abreast of 
expenses subject to erratic cost 
changes and budget/track costs 

proactively

to qualify for 6:
Formalize process for regular internal audits of production 
costs.  Assess whether additional costs (liability, residuals 
management, equipment wear, impending infrastructure 

expansion) should be included to calculate a more 
representative variable production cost.  

to qualify for 8:
Formalize the accounting process to include direct cost 
components (power, treatment) as well as indirect cost 

components (liability, residuals management, etc.)  Arrange 
to conduct audits by a knowledgeable third-party at least 

once every three years.

to qualify for 10:
Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

to qualify for 4:
Implement an electronic cost accounting system, 

structured according to accounting standards for water 
utilities

to qualify for 4:
Review the water rate structure and update/formalize as 
needed.  Assess billing operations to ensure that actual 
billing operations incorporate the established water rate 

structure.

to qualify for 8:
Evaluate volume of water used in each usage block by all 

classifications of users.  Multiply volumes by full rate 
structure.

to qualify for 10:
Conduct a periodic third-party audit of water used in each 

usage block by all classifications of users.  Multiply volumes by 
full rate structure.

to qualify for 4:
Implement an electronic cost accounting system, 

structured according to accounting standards for water 
utilities

to qualify for 10:
Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

COST DATA

to qualify for 6:
Establish process for periodic internal audit of water system 

operating costs; identify cost data gaps and institute 
procedures for tracking these outstanding costs.

to qualify for 8:
Standardize the process to conduct routine financial audit on 
an annual basis.  Arrange for CPA audit of financial records 

at least once every three years.
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5

Name of Contact Person: All audit data are entered on the Reporting Worksheet

Email Address: Value can be entered by user

Telephone | Ext.: 530 747-8292 Value calculated based on input data 

Name of City / Utility: These cells contain recommended default values

City/Town/Municipality: 

State / Province: Pcnt: Value:

Country: 0.25%

Year: 2016 Financial Year

Start Date: 07/2016  Enter MM/YYYY numeric format

End Date: 06/2017  Enter MM/YYYY numeric format

Audit Preparation Date: 

Volume Reporting Units: 

PWSID / Other ID: 

If you have questions or comments regarding the software please contact us via email at: wlc@awwa.org

AWWA Free Water Audit Software v5.0 

City of Davis

The following worksheets are available by clicking the buttons below or selecting the tabs along the bottom of the page

Davis

sgryczko@cityofdavis.org

Auditors are strongly encouraged to refer to the most current edition of AWWA M36 Manual for Water Audits 

for detailed guidance on the water auditing process and targetting loss reduction levels

This spreadsheet-based water audit tool is designed to help quantify and track water losses associated with water distribution systems and identify areas for improved efficiency 

and cost recovery. It provides a "top-down" summary water audit format, and is not meant to take the place of a full-scale, comprehensive water audit format. 

CA5710001

United States

Use of Option  

(Radio) Buttons:

The spreadsheet contains several separate worksheets. Sheets can be accessed using the tabs towards the bottom of the screen, or by clicking the buttons below. 

Stan Gryczko

Million gallons (US)

Please begin by providing the following information The following guidance will help you complete the Audit

California (CA)

American Water Works Association Copyright © 2014, All Rights Reserved.

Select the default percentage 
by choosing the option button 
on the left

To enter a value, choose 
this button and enter a 
value in the cell to the right

Instructions

The current sheet.

Enter contact 

information and basic 

audit details (year,  

units etc)

Performance 
Indicators

Review the
performance indicators 
to evaluate the results 

of the audit 

Comments

Enter comments to 

explain how values 

were calculated or to 

document data 

sources

Water Balance

The values entered in 

the Reporting 

Worksheet are used to 

populate the Water 

Balance

Dashboard

A graphical summary of 

the water balance and 

Non-Revenue Water 

components

Grading Matrix

Presents the possible 

grading options for 

each input component 

of the audit

Service Connection 

Diagram

Diagrams depicting 

possible customer service

connection line 

configurations

Acknowledgements

Acknowledgements for 
the AWWA Free Water 

Audit Software v5.0

Loss Control 
Planning

Use this sheet to 
interpret the results of 
the audit validity score 

and performance 
indicators

Definitions

Use this sheet to 

understand the terms 

used in the audit 

process

Example Audits

Reporting Worksheet 

and Performance 

Indicators examples 

are shown for two 

validated audits

Reporting Worksheet

Enter the required data 
on this worksheet to 
calculate the water 

balance and data grading

AWWA Free Water Audit Software v5.0 Instructions   1



Water Audit Report for:

Reporting Year:

All volumes to be entered as: MILLION GALLONS (US) PER YEAR

Master Meter and Supply Error Adjustments

WATER SUPPLIED Pcnt: Value:

Volume from own sources: 5 962.330 MG/Yr 3 MG/Yr

Water imported: 7 2,124 MG/Yr 8 MG/Yr

Water exported: n/a 0.000 MG/Yr MG/Yr

Enter negative % or value for under-registration

WATER SUPPLIED: 3,086.404 MG/Yr Enter positive % or value for over-registration
.

AUTHORIZED CONSUMPTION

Billed metered: 5 2,805.740 MG/Yr

Billed unmetered: n/a 0.000 MG/Yr

Unbilled metered: 5 1.183 MG/Yr Pcnt: Value:

Unbilled unmetered: 5 7.716 MG/Yr 1.25% MG/Yr24061

AUTHORIZED CONSUMPTION: 2,814.639 MG/Yr

WATER LOSSES (Water Supplied - Authorized Consumption) 271.765 MG/Yr

Apparent Losses Pcnt: Value:

Unauthorized consumption: 5 7.716 MG/Yr 0.25% MG/Yr

Customer metering inaccuracies: 3 57.284 MG/Yr 2.00% MG/Yr

Systematic data handling errors: 5 7.014 MG/Yr 0.25% MG/Yr

Apparent Losses: 72.014 MG/Yr

Real Losses (Current Annual Real Losses or CARL)

Real Losses = Water Losses - Apparent Losses: 199.751 MG/Yr

WATER LOSSES: 271.765 MG/Yr

NON-REVENUE WATER

NON-REVENUE WATER: 280.664 MG/Yr

= Water Losses + Unbilled Metered + Unbilled Unmetered

SYSTEM DATA

Length of mains: 8 187.3 miles

Number of active AND inactive service connections: 9 16,852

Service connection density: 90 conn./mile main

Yes

Average length of customer service line: 10 ft

Average operating pressure: 5 50.0 psi

COST DATA

Total annual cost of operating water system: 10 $30,055,242 $/Year

Customer retail unit cost (applied to Apparent Losses): 9 $3.72

Variable production cost (applied to Real Losses): 5 $624.37 $/Million gallons

 WATER AUDIT DATA VALIDITY SCORE:

 PRIORITY AREAS FOR ATTENTION:

     1: Water imported

     2: Volume from own sources

     3: Customer metering inaccuracies

Average length of customer service line has been set to zero and a data grading score of 10 has been applied

Are customer meters typically located at the curbstop or property line? 

 AWWA Free Water Audit Software:

 Reporting Worksheet

7.716

2016 7/2016 - 6/2017

City of Davis  (CA5710001)

*** YOUR SCORE IS: 62 out of 100 ***

A weighted scale for the components of consumption and water loss is included in the calculation of the Water Audit Data Validity Score

                   Default option selected for Systematic data handling errors - a grading of 5 is applied but not displayed

 Based on the information provided, audit accuracy can be improved by addressing the following components:

$/100 cubic feet (ccf)

              <----------- Enter grading in column 'E' and 'J' ---------->

                Default option selected for unauthorized consumption - a grading of 5 is applied but not displayed                

?

?

?

?

?

? Click to access definition

?

?

?

?

?

?

Please enter data in the white cells below. Where available, metered values should be used; if metered values are unavailable please estimate a value. Indicate your confidence in the accuracy of the input 
data by grading each component (n/a or 1-10) using the drop-down list to the left of the input cell. Hover the mouse over the cell to obtain a description of the grades

?

?

?

?

?

?

(length of service line, beyond the property boundary, 
that is the responsibility of the utility)

Use buttons to select
percentage of water supplied

OR
value

?Click here: 
for help using option 
buttons below

?

?

?

?

+

+ Click to add a comment

WAS v5.0

+

+

+

+

+

+

American Water Works Association.
Copyright © 2014, All Rights Reserved.

?

?

?

+

+

+

+

+

+

+

+

+

+

+

+

+ Use Customer Retail Unit Cost to value real losses

?

To select the correct data grading for each input, determine the highest grade where the 
utility meets or exceeds all criteria for that grade and all grades below it.
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Water Audit Report for: City of Davis  (CA5710001)

Reporting Year:

System Attributes:

Apparent Losses: 72.014                               MG/Yr

+              Real Losses: 199.751                             MG/Yr

=            Water Losses: 271.765                             MG/Yr

Unavoidable Annual Real Losses (UARL): 64.63 MG/Yr

Annual cost of Apparent Losses: $358,347

Annual cost of Real Losses: $124,719 Valued at Variable Production Cost

Performance Indicators:

Non-revenue water as percent by volume of Water Supplied: 9.1%

Non-revenue water as percent by cost of operating system: 1.6%  Real Losses valued at Variable Production Cost

Apparent Losses per service connection per day: 11.71 gallons/connection/day

Real Losses per service connection per day: 32.47 gallons/connection/day

Real Losses per length of main per day*: N/A

Real Losses per service connection per day per psi pressure: 0.65 gallons/connection/day/psi

From Above, Real Losses = Current Annual Real Losses (CARL): 199.75 million gallons/year

3.09

* This performance indicator applies for systems with a low service connection density of less than 32 service connections/mile of pipeline

Infrastructure Leakage Index (ILI) [CARL/UARL]:

2016 7/2016 - 6/2017

Return to Reporting Worksheet to change this assumpiton

 AWWA Free Water Audit Software:

 System Attributes and Performance Indicators

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 62 out of 100 ***

?

?

American Water Works Association.
Copyright © 2014, All Rights Reserved.

WAS v5.0

Financial:

Operational Efficiency:
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General Comment:

Audit Item Comment

Volume from own sources:

Volume from own sources pulled from annual DWR report. 2017 numbers pulled from white pages. Population of 67320 (Department of Finance information adjusted 

to include two County service areas - El Marcero and Willowbank)

Connected groundwater wells (10)

Vol. from own sources: Master meter 

error adjustment:
Use of SCADA to log volumes in and out of storage 

Water imported:

Water imported pulled from white pages.

Active Purchased Water Connections (1)

Emergency interconnections (2)

Purchased water from Regional Water Treatment Plant (CA5710001-059)

Water imported: master meter error 

adjustment:

Water exported:

Water exported: master meter error 

adjustment:

Billed metered: 92152 gallons for street sweeping during audit period. 1.41 million gallons of water for construction permits during audit period.

Billed unmetered:

Unbilled metered:

 AWWA Free Water Audit Software:

 User Comments

Use this worksheet to add comments or notes to explain how an input value was calculated, or to document the sources of the information used.

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Audit Item Comment

Unbilled unmetered: 0.8 MG for flushing operations. CA specific default of 0.25%-multiplied water supplied total by 0.25% to get value (3086*.0025).

Unauthorized consumption:

Customer metering inaccuracies: 2% to account for older meters. Will be adjusting (closer to 0.25%) after new meters installed. AMI project is anticipated to increase scoring for this area.

Systematic data handling errors:

Length of mains:

GIS layer shows total main length of 184 miles (includes unverified Cannery water mains). 

1755 hydrants x 10 feet average per hydrant lateral = 17550 feet

17550 feet = 3.32 miles

Total mileage = 184 + 3.32 = 187.32 miles

Number of active AND inactive 

service connections:

Active connections-16,593. Inactive-none listed in annual report. Other potable connections-259 metered (fire suppresion, street cleaning, line flushing, construction 

meters, temporary meters)

Average length of customer service 

line:

Average operating pressure: Pressure logged continuously by SCADA at well and tank sites.

Total annual cost of operating water 

system:
Taken from annual budget which captures all relevant costs and is audited annually by a third-party CPA.

Customer retail unit cost (applied to 

Apparent Losses):
Retail unit cost of $3.72 calculated by Finance based on customer billing (SFR, MFR and Commercial).

Variable production cost (applied to 

Real Losses):

Direct variable costs have been included related to chemicals and power/pumping. Indirect and secondary costs not included. Chemical treatment costs for 2016 - 

2017 of $10818.57.  Energy costs of $590,031.65 pulled from PG&E reports. 

AWWA Free Water Audit Software v5.0 Comments     5



Water Audit Report for:

Reporting Year: 2016 7/2016 - 6/2017

Data Validity Score: 62

Water Exported Revenue Water

0.000 0.000

Billed Metered Consumption (water exported 

is removed)
Revenue Water

2,805.740

Own Sources
Authorized 

Consumption
2,805.740 Billed Unmetered Consumption 2,805.740

0.000

2,814.639 Unbilled Metered Consumption

1.183

962.330 8.899 Unbilled Unmetered Consumption

7.716

System Input Water Supplied Unauthorized Consumption 280.664

3,086.404 Apparent Losses 7.716

3,086.404 72.014 Customer Metering Inaccuracies

57.284

Systematic Data Handling Errors

Water Losses 7.014

Water Imported 271.765
Leakage on Transmission and/or Distribution 

Mains

Real Losses Not broken down

2,124.074
199.751

Leakage and Overflows at Utility's Storage 

Tanks

Not broken down

Leakage on Service Connections
Not broken down

AWWA Free Water Audit Software: Water Balance

Non-Revenue Water 

(NRW)

Billed Authorized Consumption

Unbilled Authorized Consumption

(Adjusted for known 

errors)

Billed Water Exported

City of Davis  (CA5710001)

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Water Audit Report for:

Reporting Year: 2016 Show me the VOLUME of Non-Revenue Water

Data Validity Score: 62 Show me the COST of Non-Revenue Water

 AWWA Free Water Audit Software:

 Dashboard

7/2016 - 6/2017

City of Davis  (CA5710001)

0

50,000

100,000

150,000

200,000

250,000

300,000

C
o

st
 $

Total Cost of NRW =$488,621

Unbilled metered (valued at Var. Prod. Cost)

Unbilled unmetered (valued at Var. Prod. Cost)

Unauth. consumption

Cust. metering inaccuracies

Syst. data handling errors

Real Losses (valued at Var. Prod. Cost)

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.

Water Exported

Authorized Consumption

Water Losses

0%

10%
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Water Exported

Water Imported

Volume From Own Sources

Water Exported

Billed Auth. Cons.

Unbilled Auth. Cons.

Apparent Losses

Real Losses

Water Exported

Revenue Water

Non Revenue Water

The graphic below is a visual representation of the 

Water Balance with bar heights propotional to the 

volume of the audit components

Water Exported

Water Supplied
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Volume from own sources:

Select this grading only if 

the water utility 

purchases/imports all of its 

water resources (i.e. has 

no sources of its own)

Less than 25% of water production 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted.

25% - 50% of treated water 

production sources are metered; 

other sources estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted. 

Conditions between 

2 and 4

50% - 75% of treated water 

production sources are metered, 

other sources estimated.  Occasional 

meter accuracy testing or electronic 

calibration conducted.

Conditions between 

4 and 6

At least 75% of treated water 

production sources are metered, or at 

least 90% of the source flow is derived 

from metered sources.  Meter 

accuracy testing and/or electronic 

calibration of related instrumentation is 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

annually, less than 10% of meters are 

found outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

semi-annually, with less than 10% found 

outside of +/- 3% accuracy. Procedures 

are reviewed by a third party 

knowledgeable in the M36 methodology.    

Improvements to attain higher 

data grading for "Volume from 

own Sources" component:

to qualify for 2:

Organize and launch efforts to 

collect data for determining volume 

from own sources

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Volume from own sources 

master meter and supply error 

adjustment:

Select n/a only if the water 

utility fails to have meters 

on its sources of supply 

Inventory information on meters and 

paper records of measured volumes 

exist but are incomplete and/or in a 

very crude condition; data error 

cannot be determined 

No automatic datalogging of 

production volumes; daily readings 

are scribed on paper records without 

any accountability controls.  Flows 

are not balanced across the water 

distribution system: tank/storage 

elevation changes are not employed 

in calculating the "Volume from own 

sources" component and archived 

flow data is adjusted only when 

grossly evident data error occurs.

Conditions between 

2 and 4

Production meter data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis 

with necessary corrections 

implemented.  "Volume from own 

sources" tabulations include estimate 

of daily changes in tanks/storage 

facilities.  Meter data is adjusted 

when gross data errors occur, or 

occasional meter testing deems this 

necessary.

Conditions between 

4 and 6

Hourly production meter data logged 

automatically & reviewed on at least a 

weekly basis.  Data is adjusted to 

correct gross error when 

meter/instrumentation equipment 

malfunction is detected; and/or error is 

confirmed by meter accuracy testing.  

Tank/storage facility elevation changes 

are automatically used in calculating a 

balanced "Volume from own sources" 

component, and data gaps in the 

archived data are corrected on at least 

a weekly basis.  

Conditions between 

6 and 8

Continuous production meter data is 

logged automatically & reviewed each 

business day.  Data is adjusted to 

correct gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Tank/storage facility 

elevation changes are automatically 

used in "Volume from own sources" 

tabulations and data gaps in the 

archived data are corrected on a daily 

basis.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically balances flows 

from all sources and storages; results 

are reviewed each business day.  Tight 

accountability controls ensure that all 

data gaps that occur in the archived flow 

data are quickly detected and corrected. 

Regular calibrations between SCADA 

and sources meters ensures minimal 

data transfer error.  

Improvements to attain higher 

data grading for "Master meter 

and supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature. 

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters.  Continue to 

replace or repair meters as they 

perform outside of desired accuracy 

limits.  Stay abreast of new and more 

accurate water level instruments to 

better record tank/storage levels and 

archive the variations in storage volume.  

Keep current with SCADA and data 

management systems to ensure that 

archived data is well-managed and error 

free.

Water Imported:

Select n/a if the water 

utility's supply is 

exclusively from its own 

water resources (no bulk 

purchased/ imported 

water)

Less than 25% of imported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of imported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of imported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of imported water 

sources are metered, meter accuracy 

testing and/or electronic calibration of 

related instrumentation is conducted 

annually for all meter installations.  

Less than 25% of tested meters are 

found outside of +/- 6% accuracy.  

Conditions between 

6 and 8

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Imported Volume" component:

(Note: usually the water 

supplier selling the water - "the 

Exporter" -  to the utility being 

audited is responsible to 

maintain the metering 

installation measuring the 

imported volume.  The utility 

should coordinate carefully 

with the Exporter to ensure 

that adequate meter upkeep 

takes place and an accurate 

measure of the Water 

Imported volume is quantified. ) 

to qualify for 2:

Review bulk water purchase 

agreements with partner suppliers; 

confirm requirements for use and 

maintenance of accurate metering.  

Identify needs for new or 

replacement meters with goal to 

meter all imported water sources. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Continue to 

conduct calibration of related 

instrumentation on a semi-annual basis.  

Repair or replace meters outside of +/- 

3% accuracy.  Continually 

investigate/pilot improving metering 

technology.

WATER SUPPLIED

to qualify for 4:

Install automatic datalogging equipment on production 

meters.  Complete installation of level instrumentation at all 

tanks/storage facilities and include tank level data in 

automatic calculation routine in a computerized system.  

Construct a computerized listing or spreadsheet to archive 

input volumes, tank/storage volume changes and 

import/export flows in order to determine the composite 

"Water Supplied" volume for the distribution system.  Set a 

procedure to review this data on a monthly basis to detect 

gross anomalies and data gaps.     

to qualify for 10:

Conduct meter accuracy testing for all meters on a semi-

annual basis, along with calibration of all related 

instrumentation.  Repair or replace meters outside of +/- 3% 

accuracy.  Investigate new meter technology; pilot one or more 

replacements with innovative meters in attempt to improve 

meter accuracy. 

to qualify for 10:

Link all production and tank/storage facility elevation change 

data to a Supervisory Control & Data Acquisition (SCADA) 

System, or similar computerized monitoring/control system, 

and establish automatic flow balancing algorithm and regularly 

calibrate between SCADA and source meters.  Data is 

reviewed and corrected each business day.

to qualify for 6:

Formalize annual meter accuracy testing for all source 

meters; specify the frequency of testing.  Complete 

installation of meters on unmetered water production sources 

and complete replacement of all obsolete/defective meters.

to qualify for 8:

Conduct annual meter accuracy testing and calibration of 

related instrumentation on all meter installations on a regular 

basis.  Complete project to install new, or replace defective 

existing, meters so that entire production meter population is 

metered.  Repair or replace meters outside of +/- 6% 

accuracy. 

To qualify for 4:

Locate all imported water sources on maps and in the field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered imported water 

interconnections and replace obsolete/defective meters. 

to qualify for 6:

Formalize annual meter accuracy testing for all imported 

water meters, planning for both regular meter accuracy 

testing and calibration of the related instrumentation.  

Continue installation of meters on unmetered imported water 

interconnections and replacement of obsolete/defective 

meters.

to qualify for 10:

Maintain annual meter accuracy testing and calibration of 

related instrumentation for all meter installations.  Repair or 

replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to further improve meter 

accuracy. 

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all imported water interconnections.  Maintain annual 

meter accuracy testing for all imported water meters and 

conduct calibration of related instrumentation at least 

annually.  Repair or replace meters outside of +/- 6% 

accuracy.

to qualify for 4:

Locate all water production sources on maps and in the 

field, launch meter accuracy testing for existing meters, 

begin to install meters on unmetered water production 

sources and replace any obsolete/defective meters.

        AWWA Free Water Audit Software: Grading Matrix

 The grading assigned to each audit component and the corresponding recommended improvements and actions are highlighted in yellow. Audit accuracy is likely to be improved by prioritizing those items shown in red

to qualify for 6:

Refine computerized data collection and archive to include 

hourly production meter data that is reviewed at least on a 

weekly basis to detect specific data anomalies and gaps.  

Use daily net storage change to balance flows in calculating 

"Water Supplied" volume.   Necessary corrections to data 

errors are implemented on a weekly basis. 

to qualify for 8:

Ensure that all flow data is collected and archived on at least 

an hourly basis.  All data is reviewed and detected errors 

corrected each business day.  Tank/storage levels variations 

are employed in calculating balanced "Water Supplied" 

component.  Adjust production meter data for gross error 

and inaccuracy confirmed by testing. 

WAS 5.0
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Water imported master meter 

and supply error adjustment:

Select n/a if the Imported 

water supply is 

unmetered, with Imported 

water quantities estimated 

on the billing invoices sent 

by the Exporter to the 

purchasing Utility. 

Inventory information on imported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with water Exporter(s) are missing or 

written in vague language 

concerning meter management and 

testing. 

No automatic datalogging of 

imported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Imported supply metered flow data is 

logged automatically in electronic 

format and reviewed at least on a 

monthly basis by the Exporter with 

necessary corrections implemented.  

Meter data is adjusted by the 

Exporter when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

selling and the purchasing Utility.  

Written agreement exists and clearly 

states requirements and roles for 

meter accuracy testing and data 

management. 

Conditions between 

4 and 6

Hourly Imported supply metered data 

is logged automatically & reviewed on 

at least a weekly basis by the Exporter.  

Data is adjusted to correct gross error 

when meter/instrumentation equipment 

malfunction is detected; and to correct 

for error confirmed by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling and the purchasing 

Utility.    

Conditions between 

6 and 8

Continuous Imported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

Exporter.  Data is adjusted to correct 

gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Any data 

errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling and the purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the Exporter.  Tight accountability 

controls ensure that all error/data gaps 

that occur in the archived flow data are 

quickly detected and corrected.  A 

reliable data trail exists and contract 

provisions for meter testing and data 

management are reviewed by the selling 

and purchasing Utility at least once 

every five years.  

Improvements to attain higher 

data grading for "Water 

imported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the selling and 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

Exporter to help identify meter 

replacement needs.  Keep 

communication lines with Exporters 

open and maintain productive relations.  

Keep the written agreement current with 

clear and explicit language that meets 

the ongoing needs of all parties. 

Water Exported:

Select n/a if the water 

utility sells no bulk water to 

neighboring water utilities 

(no exported water sales)

Less than 25% of exported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of exported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of exported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of exported water 

sources are metered, meter accuracy 

testing and/or electronic calibration 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Exported Volume" component:

(Note: usually, if the water 

utility being audited sells 

(Exports) water to a 

neighboring purchasing Utility, 

it is the responsibility of the 

utility exporting the water to 

maintain the metering 

installation measuring the 

Exported volume.  The utility 

exporting the water should 

ensure that adequate meter 

upkeep takes place and an 

accurate measure of the 

Water Exported volume is 

quantified. ) 

to qualify for 2:

Review bulk water sales agreements 

with purchasing utilities; confirm 

requirements for use & upkeep of 

accurate metering.  Identify needs to 

install new, or replace defective 

meters as needed. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Water exported master meter 

and supply error adjustment:

Select n/a only if the water 

utility fails to have meters 

on its exported supply 

interconnections. 

Inventory information on exported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with the utility purchasing the water 

are missing or written in vague 

language concerning meter 

management and testing. 

No automatic datalogging of 

exported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Exported metered flow data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis, 

with necessary corrections 

implemented.  Meter data is adjusted 

by the utility selling (exporting) the 

water when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

utility exporting the water and the 

purchasing Utility.  Written agreement 

exists and clearly states requirements 

and roles for meter accuracy testing 

and data management. 

Conditions between 

4 and 6

Hourly exported supply metered data is 

logged automatically & reviewed on at 

least a weekly basis by the utility selling 

the water.  Data is adjusted to correct 

gross error when 

meter/instrumentation equipment 

malfunction is detected; and to correct 

for error found by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling (exporting) utility and 

the purchasing Utility.    

Conditions between 

6 and 8

Continuous exported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

utility selling (exporting) the water.  

Data is adjusted to correct gross error 

from detected meter/instrumentation 

equipment malfunction and any error 

confirmed by meter accuracy testing.  

Any data errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling (exporting) Utility and the 

purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the utility selling (exporting) the water.  

Tight accountability controls ensure that 

all error/data gaps that occur in the 

archived flow data are quickly detected 

and corrected.  A reliable data trail 

exists and contract provisions for meter 

testing and data management are 

reviewed by the selling Utility and 

purchasing Utility at least once every 

five years.  

to qualify for 10:

Conduct accountability checks to confirm that all Imported 

supply metered data is reviewed and corrected each business 

day by the Exporter.  Results of all meter accuracy tests and 

data corrections should be available for sharing between the 

Exporter and the purchasing Utility.  Establish a schedule for a 

regular review and updating of the contractual language in the 

written agreement between the selling and the purchasing 

Utility; at least every five years. 

To qualify for 4:

Locate all exported water sources on maps and in field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered exported water 

interconnections and replace obsolete/defective meters 

to qualify for 4:

Install automatic datalogging equipment on Imported 

supply meters.  Set a procedure to review this data on a 

monthly basis to detect gross anomalies and data gaps.  

Launch discussions with the Exporters to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

to qualify for 6:

Refine computerized data collection and archive to include 

hourly Imported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all Imported supply metered flow data is 

collected and archived on at least an hourly basis.  All data is 

reviewed and errors/data gaps are corrected each business 

day.   

to qualify for 6:

Formalize annual meter accuracy testing for all exported 

water meters.  Continue installation of meters on unmetered 

exported water interconnections and replacement of 

obsolete/defective meters.

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all exported water interconnections.  Maintain annual 

meter accuracy testing for all exported water meters.  Repair 

or replace meters outside of +/- 6% accuracy.

to qualify for 10:

Maintain annual meter accuracy testing for all meters.  Repair 

or replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to improve meter accuracy. 
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Improvements to attain higher 

data grading for "Water 

exported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the utility selling 

(exporting) the water and the 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

purchasing utilities to help identify meter 

replacement needs.  Keep 

communication lines with the purchasing 

utilities open and maintain productive 

relations.  Keep the written agreement 

current with clear and explicit language 

that meets the ongoing needs of all 

parties. 

Billed metered:

n/a (not applicable). Select 

n/a only if the entire 

customer population is not 

metered and is billed for 

water service on a flat or 

fixed rate basis. In such a 

case the volume entered 

must be zero.

Less than 50% of customers with 

volume-based billings from meter 

readings; flat or fixed rate billing 

exists for the majority of the 

customer population

At least 50% of customers with 

volume-based billing from meter 

reads; flat rate billing for others.  

Manual meter reading is conducted, 

with less than 50% meter read 

success rate, remainding accounts' 

consumption is estimated.  Limited 

meter records, no regular meter 

testing or replacement.  Billing data 

maintained on paper records, with no 

auditing.

Conditions between 

2 and 4

At least 75% of customers with 

volume-based, billing from meter 

reads; flat or fixed rate billing for 

remaining accounts.  Manual meter 

reading is conducted with at least 

50% meter read success rate; 

consumption for accounts with failed 

reads is estimated.  Purchase 

records verify age of customer 

meters; only very limited meter 

accuracy testing is conducted.  

Customer meters are replaced only 

upon complete failure.  Computerized 

billing records exist, but only sporadic 

internal auditing conducted.

Conditions between 

4 and 6

At least 90% of customers with volume-

based billing from meter reads; 

consumption for remaining accounts is 

estimated.  Manual customer meter 

reading gives at least 80% customer 

meter reading success rate; 

consumption for accounts with failed 

reads is estimated.  Good customer 

meter records eixst, but only limited 

meter accuracy testing is conducted.  

Regular replacement is conducted for 

the oldest meters.  Computerized 

billing records exist with annual auditing 

of summary statistics conducting by 

utility personnel.

Conditions between 

6 and 8

At least 97% of customers exist with 

volume-based billing from meter 

reads.  At least 90% customer meter 

reading success rate; or at least 80% 

read success rate with planning and 

budgeting for trials of Automatic Meter 

Reading (AMR) or Advanced Metering 

Infrastructure (AMI) in one or more 

pilot areas.  Good customer meter 

records. Regular meter accuracy 

testing guides replacement of 

statistically significant number of 

meters each year.  Routine auditing of 

computerized billing records for global 

and detailed statistics occurs annually 

by utility personnel, and is verified by 

third party at least once every five 

years.

Conditions between 

8 and 10

At least 99% of customers exist with 

volume-based billing from meter reads.  

At least 95% customer meter reading 

success rate; or minimum 80% meter 

reading success rate, with Automatic 

Meter Reading (AMR) or Advanced 

Metering Infrastructure (AMI) trials 

underway.  Statistically significant 

customer meter testing and 

replacement program in place on a 

continuous basis.  Computerized billing 

with routine, detailed auditing, including 

field investigation of representative 

sample of accounts undertaken annually 

by utility personnel.  Audit is conducted 

by third party auditors at least once 

every three years.

Improvements to attain higher 

data grading for "Billed 

Metered Consumption" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Conduct investigations or trials of 

customer meters to select 

appropriate meter models.  Budget 

funding for meter installations.  

Investigate volume based water rate 

structures.

to maintain 10:

Continue annual internal billing data 

auditing, and third party auditing at least 

every three years.  Continue customer 

meter accuracy testing to ensure that 

accurate customer meter readings are 

obtained and entered as the basis for 

volume based billing.  Stay abreast of 

improvements in Automatic Meter 

Reading (AMR) and Advanced Metering 

Infrastructure (AMI) and information 

management.  Plan and budget for 

justified upgrades in metering, meter 

reading and billing data management to 

maintain very high accuracy in customer 

metering and billing.

Billed unmetered:

Select n/a if it is the policy 

of the water utility to meter 

all customer connections 

and it has been confirmed 

by detailed auditing that all 

customers do indeed have 

a water meter; i.e. no 

intentionally unmetered 

accounts exist

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  No data is 

collected on customer consumption.  

The only estimates of customer 

population consumption available 

are derived from data estimation 

methods using average fixture count 

multiplied by number of connections, 

or similar approach.

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  Some metered 

accounts exist in parts of the system 

(pilot areas or District Metered 

Areas) with consumption read 

periodically or recorded on portable 

dataloggers over one, three, or 

seven day periods.  Data from these 

sample meters are used to infer 

consumption for the total customer 

population.  Site specific estimation 

methods are used for unusual 

buildings/water uses.  

Conditions between 

2 and 4

Water utility policy does require 

metering and volume based billing in 

general.  However, a liberal amount 

of exemptions and a lack of clearly 

written and communicated 

procedures result in up to 20% of 

billed accounts believed to be 

unmetered by exemption; or the 

water utility is in transition to 

becoming fully metered, and a large 

number of customers remain 

unmetered.  A rough estimate of  the 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

4 and 6

Water utility policy does require 

metering and volume based billing but 

established exemptions exist for a 

portion of accounts such as municipal 

buildings.  As many as 15% of billed 

accounts are unmetered due to this 

exemption or meter installation 

difficulties.  Only a group estimate of 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

6 and 8

Water utility policy does require 

metering and volume based billing for 

all customer accounts.  However, less 

than 5% of billed accounts remain 

unmetered because meter  installation 

is hindered by unusual circumstances.  

The goal is to minimize the number of 

unmetered accounts.  Reliable 

estimates of consumption are 

obtained for these unmetered 

accounts via site specific estimation 

methods.

Conditions between 

8 and 10

Water utility policy does require 

metering and volume based billing for all 

customer accounts.  Less than 2% of 

billed accounts are unmetered and exist 

because meter installation is hindered 

by unusual circumstances.  The goal 

exists to minimize the number of 

unmetered accounts to the extent that is 

economical.  Reliable estimates of 

consumption are obtained at these 

accounts via site specific estimation 

methods.

to qualify for 10:

Conduct accountability checks to confirm that all exported 

metered flow data is reviewed and corrected each business 

day by the utility selling the water.  Results of all meter 

accuracy tests and data corrections should be available for 

sharing between the utility and the purchasing Utility.  Establish 

a schedule for a regular review and updating of the contractual 

language in the written agreements with the purchasing utilities; 

at least every five years. 

to qualify for 6:

Refine computerized data collection and archive to include 

hourly exported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all exported metered flow data is collected and 

archived on at least an hourly basis.  All data is reviewed and 

errors/data gaps are corrected each business day.   

AUTHORIZED CONSUMPTION

to qualify for 4:

Purchase and install meters on unmetered accounts.  

Implement policies to improve meter reading success.  

Catalog meter information during meter read visits to 

identify age/model of existing meters.  Test a minimal 

number of meters for accuracy.  Install computerized billing 

system. 

to qualify for 6:

Purchase and install meters on unmetered accounts.  

Eliminate flat fee billing and establish appropriate water rate 

structure based upon measured consumption.  Continue to 

achieve verifiable success in removing manual meter reading 

barriers. Expand meter accuracy testing.  Launch regular 

meter replacement program.  Launch a program of annual 

auditing of global billing statistics by utility personnel. 

to qualify for 10:

Purchase and install meters on unmetered accounts.  Launch 

Automatic Meter Reading (AMR) or Advanced Metering 

Infrastructure (AMI) system trials if manual meter reading 

success rate of at least 99% is not achieved within a five-year 

program.  Continue meter accuracy testing program.  Conduct 

planning and budgeting for large scale meter replacement 

based upon meter life cycle analysis using cumulative flow 

target.  Continue annual detailed billing data auditing by utility 

personnel and conduct third party auditing at least once every 

three years.   

to qualify for 4:

Install automatic datalogging equipment on exported supply 

meters.  Set a procedure to review this data on a monthly 

basis to detect gross anomalies and data gaps.  Launch 

discussions with the purchasing utilities to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

to qualify for 8:

Purchase and install meters on unmetered accounts.  If 

customer meter reading success rate is less than 97%, 

assess cost-effectiveness of Automatic Meter Reading 

(AMR) or Advanced Metering Infrastructure (AMI) system for 

portion or entire system; or otherwise achieve ongoing 

improvements in manual meter reading success rate to 97% 

or higher.  Refine meter accuracy testing program.  Set 

meter replacement goals based upon accuracy test results.  

Implement annual auditing of detailed billing records by utility 

personnel and implement third party auditing at least once 

every five years. 
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Improvements to attain higher 

data grading for "Billed 

Unmetered Consumption" 

component:

to qualify for 2: 

Conduct research and evaluate 

cost/benefit of a new water utility 

policy to require metering of the 

customer population; thereby greatly 

reducing or eliminating unmetered 

accounts.  Conduct pilot metering 

project by installing water meters in 

small sample of customer accounts 

and periodically reading the meters 

or datalogging the water 

consumption over one, three, or 

seven day periods.

to maintain 10: 

Continue to refine estimation methods 

for unmetered consumption and explore 

means to establish metering, for as 

many billed remaining unmetered 

accounts as is economically feasible.

Unbilled metered:

select n/a if all billing-

exempt consumption is 

unmetered.  

Billing practices exempt certain 

accounts, such as municipal 

buildings, but written policies do not 

exist; and a reliable count of unbilled 

metered accounts is unavailable.  

Meter upkeep and meter reading on 

these accounts is rare and not 

considered a priority.  Due to poor 

recordkeeping and lack of auditing, 

water consumption for all such 

accounts is purely guesstimated.       

Billing practices exempt certain 

accounts, such as municipal 

buildings, but only scattered, dated 

written directives exist to justify this 

practice.  A reliable count of unbilled 

metered accounts is unavailable.  

Sporadic meter replacement and 

meter reading occurs on an as-

needed basis.  The total annual water 

consumption for all unbilled, metered 

accounts is estimated based upon 

approximating the number of 

accounts and assigning consumption 

from actively billed accounts of same 

meter size.        

Conditions between 

2 and 4

Dated written procedures permit 

billing exemption for specific 

accounts, such as municipal 

properties, but are unclear regarding 

certain other types of accounts.  

Meter reading is given low priority and 

is sporadic.   Consumption is 

quantified from meter readings where 

available.  The total number of 

unbilled, unmetered accounts must 

be estimated along with consumption 

volumes.          

Conditions between 

4 and 6

Written policies regarding billing 

exemptions exist but adherence in 

practice is questionable.  Metering and 

meter reading for municipal buildings is 

reliable but sporadic for other unbilled 

metered accounts.  Periodic auditing of 

such accounts is conducted.  Water 

consumption is quantified directly from 

meter readings where available, but 

the majority of the consumption is 

estimated.       

Conditions between 

6 and 8

Written policy identifies the types of 

accounts granted a billing exemption.  

Customer meter management and 

meter reading are considered 

secondary priorities, but meter reading 

is conducted at least annually to obtain 

consumption volumes for the annual 

water audit.  High level auditing of 

billing records ensures that a reliable 

census of such accounts exists.          

Conditions between 

8 and 10

Clearly written policy identifies the types 

of accounts given a billing exemption, 

with emphasis on keeping such 

accounts to a minimum.  Customer 

meter management and meter reading 

for these accounts is given proper 

priority and is reliably conducted.  

Regular auditing confirms this.  Total 

water consumption for these accounts is 

taken from reliable readings from 

accurate meters.         

Improvements to attain higher 

data grading for "Unbilled 

Metered Consumption" 

component:

to qualify for 2:

Reassess the water utility's policy 

allowing certain accounts to be 

granted a billing exemption.  Draft an 

outline of a new written policy for 

billing exemptions, with clear 

justification as to why any accounts 

should be exempt from billing, and 

with the intention to keep the number 

of such accounts to a minimum.   

to maintain 10:

Reassess the utility's philosophy in 

allowing any water uses to go "unbilled".  

It is possible to meter and bill all 

accounts, even if the fee charged for 

water consumption is discounted or 

waived.  Metering and billing all 

accounts ensures that water 

consumption is tracked and water waste 

from plumbing leaks is detected and 

minimized.

Unbilled unmetered:

Extent of unbilled, unmetered 

consumption is unknown due to 

unclear policies and poor 

recordkeeping.  Total consumption 

is quantified based upon a purely 

subjective estimate.  

Clear extent of unbilled, unmetered 

consumption is unknown, but a 

number of events are randomly 

documented each year, confirming 

existence of such consumption, but 

without sufficient documentation to 

quantify an accurate estimate of the 

annual volume consumed.

Conditions between 

2 and 4

Extent of unbilled, unmetered 

consumption is partially known, and 

procedures exist to document certain 

events such as miscellaneous fire 

hydrant uses.  Formulae is used to 

quantify the consumption from such 

events (time running multiplied by 

typical flowrate, multiplied by number 

of  events).  

Default value of 

1.25% of system input 

volume is employed

Coherent policies exist for some forms 

of unbilled, unmetered consumption 

but others await closer evaluation. 

Reasonable recordkeeping for the 

managed uses exists and allows for 

annual volumes to be quantified by 

inference, but unsupervised uses are 

guesstimated.

Conditions between 

6 and 8

Clear policies and good recordkeeping 

exist for some uses (ex: water used in 

periodic testing of unmetered fire 

connections), but other uses (ex: 

miscellaneous uses of fire hydrants) 

have limited oversight.  Total 

consumption is a mix of well quantified 

use such as from formulae (time 

running multiplied by typical flow, 

multiplied by number of events) or 

temporary meters, and relatively 

subjective estimates of less regulated 

use.

Conditions between 

8 and 10

Clear policies exist to identify permitted 

use of water in unbilled, unmetered 

fashion, with the intention of minimizing 

this type of consumption.  Good records 

document each occurrence and 

consumption is quantified via formulae 

(time running multiplied by typical flow, 

multiplied by number of events) or use 

of temporary meters.

Improvements to attain higher 

data grading for "Unbilled 

Unmetered Consumption" 

component:

to qualify for 5:

Utilize the accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of 

this use.

to qualify for 2:

Establish a policy regarding what 

water uses should be allowed to 

remain as unbilled and unmetered.  

Consider tracking a small sample of 

one such use (ex: fire hydrant 

flushings).   

to qualify for 5:

Utilize accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of all 

such use.  This is particularly 

appropriate for water utilities who are 

in the early stages of the water 

auditing process, and should focus on 

other components since the volume 

of unbilled, umetered consumption is 

usually a relatively small quatity 

component, and other larger-quantity 

components should take priority.

to qualify for 6 or 

greater:

Finalize policy and 

begin to conduct field 

checks to better 

establish and quantify 

such usage.  Proceed 

if top-down audit 

exists and/or a great 

volume of such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

with intention of reducing the number of 

allowable uses of water in unbilled and 

unmetered fashion.  Any uses that can 

feasibly become billed and metered 

should be converted eventually.

to qualify for 10:

Ensure that meter management (meter accuracy testing, 

meter replacement) and meter reading activities for unbilled 

accounts are accorded the same priority as billed accounts.  

Establish ongoing annual auditing process to ensure that water 

consumption is reliably collected and provided to the annual 

water audit process.

to qualify for 4: 

Implement a new water utility policy requiring customer 

metering.  Launch or expand pilot metering study to include 

several different meter types, which will provide data for 

economic assessment of full scale metering options.  

Assess sites with access difficulties to devise means to 

obtain water consumption volumes.  Begin customer meter 

installation. 

to qualify for 6:

Refine policy and procedures to improve customer metering 

participation for all but solidly exempt accounts.  Assign staff 

resources to review billing records to identify errant 

unmetered properties.  Specify metering needs and funding 

requirements to install sufficient meters to significant reduce 

the number of unmetered accounts

to qualify for 8:

Communicate billing exemption policy throughout the 

organization and implement procedures that ensure proper 

account management.  Conduct inspections of accounts 

confirmed in unbilled metered status and verify that accurate 

meters exist and are scheduled for routine meter readings.  

Gradually increase the number of unbilled metered accounts 

that are included in regular meter reading routes. 

APPARENT LOSSES

to qualify for 4:

Review historic written directives and policy documents 

allowing certain accounts to be billing-exempt.  Draft an 

outline of a written policy for billing exemptions, identify 

criteria that grants an exemption, with a goal of keeping this 

number of accounts to a minimum.  Consider increasing 

the priority of reading meters on unbilled accounts at least 

annually.  

to qualify for 6:

Draft a new written policy regarding billing exemptions based 

upon consensus criteria allowing this occurrence.  Assign 

resources to audit meter records and billing records to obtain 

census of unbilled metered accounts.  Gradually include a 

greater number of these metered accounts to the routes for 

regular meter reading.    

to qualify for 10:

Refine written procedures to ensure that all uses of unbilled, 

unmetered water are overseen by a structured permitting 

process managed by water utility personnel.  Reassess policy 

to determine if some of these uses have value in being 

converted to billed and/or metered status.

to qualify for 8:

Assess water utility policy and procedures for various 

unmetered usages.  For example, ensure that a policy exists 

and permits are issued for use of fire hydrants by persons 

outside of the utility.  Create written procedures for use and 

documentation of fire hydrants by water utility personnel.  

Use same approach for other types of unbilled, unmetered 

water usage. 

to qualify for 5:

Utilize accepted default value of 1.25% of the volume of 

water supplied as an expedient means to gain a 

reasonable quantification of this use.    

to qualify for 4:

Evaluate the documentation of events that have been 

observed.  Meet with user groups (ex: for fire hydrants - fire 

departments, contractors to ascertain their need and/or 

volume requirements for water from fire hydrants).  

to qualify for 8:

Push to install customer meters on a full scale basis.  Refine 

metering policy and procedures to ensure that all accounts, 

including municipal properties, are designated for meters.  

Plan special efforts to address "hard-to-access" accounts.  

Implement procedures to obtain a reliable consumption 

estimate for the remaining few unmetered accounts awaiting 

meter installation.

to qualify for 10:

Continue customer meter installation throughout the service 

area, with a goal to minimize unmetered accounts.  Sustain the 

effort to investigate accounts with access difficulties, and 

devise means to install water meters or otherwise measure 

water consumption.
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Unauthorized consumption:

Extent of unauthorized consumption 

is unknown due to unclear policies 

and poor recordkeeping.  Total 

unauthorized consumption is 

guesstimated.  

Unauthorized consumption is a 

known occurrence, but its extent is a 

mystery.  There are no requirements 

to document observed events, but 

periodic field reports capture some of 

these occurrences.  Total 

unauthorized consumption is 

approximated from this limited data.  

conditions between 

2 and 4

Procedures exist to document some 

unauthorized consumption such as 

observed unauthorized fire hydrant 

openings.  Use formulae to quantify 

this consumption (time running 

multiplied typical flowrate, multiplied 

by number of  events).  

Default value of 

0.25% of volume of 

water supplied is 

employed

Coherent policies exist for some forms 

of unauthorized consumption (more 

than simply fire hydrant misuse) but 

others await closer evaluation. 

Reasonable surveillance and 

recordkeeping exist for occurrences 

that fall under the policy.  Volumes 

quantified by inference from these 

records. 

Conditions between 

6 and 8

Clear policies and good auditable 

recordkeeping exist for certain events 

(ex: tampering with water meters, 

illegal bypasses of customer meters); 

but other occurrences have limited 

oversight.  Total consumption is a 

combination of volumes from formulae 

(time x typical flow) and subjective 

estimates of unconfirmed 

consumption.

Conditions between 

8 and 10

Clear policies exist to identify all known 

unauthorized uses of water.  Staff and 

procedures exist to provide enforcement 

of policies and detect violations.  Each 

occurrence is recorded and quantified 

via formulae (estimated time running 

multiplied by typical flow) or similar 

methods.  All records and calculations 

should exist in a form that can be 

audited by a third party.

Improvements to attain higher 

data grading for "Unauthorized 

Consumption" component:

to qualify for 5:

Use accepted default of 0.25% of 

volume of water supplied.

to qualify for 2:

Review utility policy regarding what 

water uses are considered 

unauthorized, and consider tracking 

a small sample of one such 

occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 5:

Utilize accepted default value of 

0.25% of volume of water supplied as 

an expedient means to gain a 

reasonable quantification of all such 

use.  This is particularly appropriate 

for water utilities who are in the early 

stages of the water auditing process.

to qualify for 6 or 

greater:

Finalize policy updates 

to clearly identify the 

types of water 

consumption that are 

authorized from those 

usages that fall 

outside of this policy 

and are, therefore, 

unauthorized.  Begin 

to conduct regular 

field checks.  Proceed 

if the top-down audit 

already exists and/or 

a great volume of 

such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

to eliminate any loopholes that allow or 

tacitly encourage unauthorized 

consumption.  Continue to be vigilant in 

detection, documentation and 

enforcement efforts.  

Customer metering 

inaccuracies:

select n/a only if the entire 

customer population is 

unmetered. In such a case 

the volume entered must 

be zero.

Customer meters exist, but with 

unorganized paper records on 

meters; no meter accuracy testing 

or meter replacement program for 

any size of retail meter.  Metering 

workflow is driven chaotically with no 

proactive management.  Loss 

volume due to aggregate meter 

inaccuracy is guesstimated.

Poor recordkeeping and meter 

oversight is recognized by water 

utility management who has allotted 

staff and funding resources to 

organize improved recordkeeping 

and start meter accuracy testing.  

Existing paper records gathered and 

organized to provide cursory 

disposition of meter population.  

Customer meters are tested for 

accuracy only upon customer 

request.

Conditions between 

2 and 4

Reliable recordkeeping exists; meter 

information is improving as meters 

are replaced.    Meter accuracy 

testing is conducted annually for a 

small number of meters (more than 

just customer requests, but less than 

1% of inventory).  A limited number of 

the oldest meters are replaced each 

year.  Inaccuracy volume is largely an 

estimate, but refined based upon 

limited testing data.

Conditions between 

4 and 6

A reliable electronic recordkeeping 

system for meters exists.  The meter 

population includes a mix of new high 

performing meters and dated meters 

with suspect accuracy.  Routine, but 

limited, meter accuracy testing and 

meter replacement occur.  Inaccuracy 

volume is quantified using a mix of 

reliable and less certain data.

Conditions between 

6 and 8

Ongoing meter replacement and 

accuracy testing result in highly 

accurate customer meter population.  

Testing is conducted on samples of 

meters of varying age and 

accumulated volume of throughput to 

determine optimum replacement time 

for various types of meters.  

Ongoing meter 

replacement and 

accuracy testing result 

in highly accurate 

customer meter 

population.  Statistically 

significant number of 

meters are tested in 

audit year.  This testing 

is conducted on 

samples of meters of 

varying age and 

accumulated volume of 

throughput to 

determine optimum 

replacement time for 

these meters.

Good records of all active customer 

meters exist and include as a minimum: 

meter number, account 

number/location, type, size and 

manufacturer.  Ongoing meter 

replacement occurs according to a 

targeted and justified basis.  Regular 

meter accuracy testing gives a reliable 

measure of composite inaccuracy 

volume for the customer meter 

population.  New metering technology is 

embraced to keep overall accuracy 

improving. Procedures are reviewed by 

a third party knowledgeable in the M36 

methodology.    

Improvements to attain higher 

data grading for "Customer 

meter inaccuracy volume" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Gather available meter purchase 

records.  Conduct testing on a small 

number of meters believed to be the 

most inaccurate.  Review staffing 

needs of the metering group and 

budget for necessary resources to 

better organize meter management.

to qualify for 9:

Continue efforts to manage meter 

population with reliable recordkeeping.  

Test a statistically significant number 

of meters each year and analyze test 

results in an ongoing manner to serve 

as a basis for a target meter 

replacement strategy based upon 

accumulated volume throughput.

to qualify for 10:

Continue efforts to 

manage meter 

population with reliable 

recordkeeping, meter 

testing and 

replacement.  Evaluate 

new meter types and 

install one or more 

types in 5-10 customer 

accounts each year in 

order to pilot improving 

metering technology.

to maintain 10:

Increase the number of meters tested 

and replaced as justified by meter 

accuracy test data.  Continually monitor 

development of new metering 

technology and Advanced Metering 

Infrastructure (AMI) to grasp 

opportunities for greater accuracy in 

metering of water flow and management 

of customer consumption data.

to qualify for 6:

Standardize the procedures for meter recordkeeping within 

an electronic information system.  Accelerate meter accuracy 

testing and meter replacements guided by testing results.

to qualify for 8:

Expand annual meter accuracy testing to evaluate a 

statistically significant number of meter makes/models.  

Expand meter replacement program to replace statistically 

significant number of poor performing meters each year.

to qualify for 5:

Use accepted default of 0.25% of system input volume

to qualify for 4:

Review utility policy regarding what water uses are 

considered unauthorized, and consider tracking a small 

sample of one such occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 4:

Implement a reliable record keeping system for customer 

meter histories, preferably using electronic methods 

typically linked to, or part of, the Customer Billing System 

or Customer Information System.  Expand meter accuracy 

testing to a larger group of meters.

to quality for 8:

Assess water utility policies to ensure that all known 

occurrences of unauthorized consumption are outlawed, and 

that appropriate penalties are prescribed.  Create written 

procedures for detection and documentation of various 

occurrences of unauthorized consumption as they are 

uncovered.   

to qualify for 10:

Refine written procedures and assign staff to seek out likely 

occurrences of unauthorized consumption.  Explore new 

locking devices, monitors and other technologies designed to 

detect and thwart unauthorized consumption. 

AWWA Free Water Audit Software v5.0 Grading Matrix     12



Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Systematic Data Handling 

Errors:

Note: all water utilities 

incur some amount of this 

error. Even in water 

utilities with unmetered 

customer populations and 

fixed rate billing, errors 

occur in annual billing 

tabulations. Enter a 

positive value for the 

volume and select a 

grading.

Policies and procedures for 

activation of new customer water 

billing accounts are vague and lack 

accountability. Billing data is 

maintained on paper records which 

are not well organized.  No auditing 

is conducted to confirm billing data 

handling efficiency.  An unknown 

number of customers escape routine 

billing due to lack of billing process 

oversight.

Policy and procedures for activation 

of new customer accounts and 

oversight of billing records exist but 

need refinement. Billing data is 

maintained on paper records or 

insufficiently capable electronic 

database.  Only periodic unstructured 

auditing work is conducted to confirm 

billing data handling efficiency.  The 

volume of unbilled water due to billing 

lapses is a guess.

Conditions between 

2 and 4

Policy and procedures for new 

account activation and oversight of 

billing operations exist but needs 

refinement.  Computerized billing 

system exists, but is dated or lacks 

needed functionality.  Periodic, limited 

internal audits conducted and confirm 

with approximate accuracy the 

consumption volumes lost to billing 

lapses.

Conditions between 

4 and 6

Policy and procedures for new account 

activation and oversight of billing 

operations is adequate and reviewed 

periodically.  Computerized billing 

system is in use with basic reporting 

available.  Any effect of billing 

adjustments on measured 

consumption volumes is well 

understood.  Internal checks of billing 

data error conducted annually.  

Reasonably accurate quantification of 

consumption volume lost to billing 

lapses is obtained.

Conditions between 

6 and 8

New account activation and billing 

operations policy and procedures are 

reviewed at least biannually.  

Computerized billing system includes 

an array of reports to confirm billing 

data and system functionality.  Checks 

are conducted routinely to flag and 

explain zero consumption accounts.  

Annual internal checks conducted with 

third party audit conducted at least 

once every five years.  Accountability 

checks flag billing lapses.  

Consumption lost to billing lapses is 

well quantified and reducing year-by-

year.

Conditions between 

8 and 10

Sound written policy and procedures 

exist for new account activation and 

oversight of customer billing operations.  

Robust computerized billing system 

gives high functionality and reporting 

capabilities which are utilized, analyzed 

and the results reported each billing 

cycle.  Assessment of policy and data 

handling errors are conducted internally 

and audited by third party at least once 

every three years, ensuring 

consumption lost to billing lapses is 

minimized and detected as it occurs. 

Improvements to attain higher 

data grading for "Systematic 

Data Handling Error volume" 

component:

to qualify for 2:

Draft written policy and procedures 

for activating new water billing 

accounts and oversight of billing 

operations.  Investigate and budget 

for computerized customer billing 

system.  Conduct initial audit of 

billing records by flow-charting the 

basic business processes of the 

customer account/billing function.  

to maintain 10:

Stay abreast of customer information 

management developments and 

innovations.  Monitor developments of 

Advanced Metering Infrastructure (AMI) 

and integrate technology to ensure that 

customer endpoint information is well-

monitored and errors/lapses are at an 

economic minimum.

Length of mains:

Poorly assembled and maintained 

paper as-built records of existing 

water main installations makes 

accurate determination of system 

pipe length impossible.  Length of 

mains is guesstimated.

Paper records in poor or uncertain 

condition (no annual tracking of 

installations & abandonments).  Poor 

procedures to ensure that new water 

mains installed by developers are 

accurately documented.

Conditions between 

2 and 4

Sound written policy and procedures 

exist for documenting new water main 

installations, but gaps in 

management result in a uncertain 

degree of error in tabulation of mains 

length.

Conditions between 

4 and 6

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Highly accurate 

paper records with regular field 

validation; or electronic records and 

asset management system in good 

condition.  Includes system backup.

Conditions between 

6 and 8

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Electronic 

recordkeeping such as a Geographical 

Information System (GIS) and asset 

management system are used to 

store and manage data.  

Conditions between 

8 and 10

Sound written policy exists for managing 

water mains extensions and 

replacements.  Geographic Information 

System (GIS) data and asset 

management database agree and 

random field validation proves truth of 

databases.  Records of annual field 

validation should be available for review.

Improvements to attain higher 

data grading for "Length of 

Water Mains" component:

to qualify for 2:

Assign personnel to inventory 

current as-built records and 

compare with customer billing 

system records and highway plans in 

order to verify poorly documented 

pipelines.  Assemble policy 

documents regarding permitting and 

documentation of water main 

installations by the utility and building 

developers; identify gaps in 

procedures that result in poor 

documentation of new water main 

installations. 

to maintain 10:

Continue with standardization and 

random field validation to improve the 

completeness and accuracy of the 

system.

Number of active AND inactive 

service connections:

Vague permitting (of new service 

connections) policy and poor paper 

recordkeeping of customer 

connections/billings result in suspect 

determination of the number of 

service connections, which may be 

10-15% in error from actual count. 

General permitting policy exists but 

paper records, procedural gaps, and 

weak oversight result in questionable 

total for number of connections, 

which may vary 5-10% of actual 

count.    

Conditions between 

2 and 4

Written account activation policy and 

procedures exist, but with some gaps 

in performance and oversight.  

Computerized information 

management system is being 

brought online to replace dated paper 

recordkeeping system.  Reasonably 

accurate tracking of service 

connection installations & 

abandonments; but count can be up 

to 5% in error from actual total.  

Conditions between 

4 and 6

Written new account activation and 

overall billing policies and procedures 

are adequate and reviewed 

periodically.  Computerized information 

management system is in use with 

annual installations & abandonments 

totaled.  Very limited field verifications 

and audits.  Error in count of number of 

service connections is believed to be 

no more than 3%.

Conditions between 

6 and 8

Policies and procedures for new 

account activation and overall billing 

operations are written, well-structured 

and reviewed at least biannually.  Well-

managed computerized information 

management system exists and 

routine, periodic field checks and 

internal system audits are conducted.  

Counts of connections are no more 

than 2% in error. 

Conditions between 

8 and 10

Sound written policy and well managed 

and audited procedures ensure reliable 

management of service connection 

population.  Computerized information 

management system, Customer Billing 

System, and Geographic Information 

System (GIS) information agree; field 

validation proves truth of databases.  

Count of connections recorded as being 

in error is less than 1% of the entire 

population.

Improvements to attain higher 

data grading for "Number of 

Active and Inactive Service 

Connections" component:

Note: The number of 

Service Connections 

does not include fire 

hydrant leads/lines 

connecting the hydrant 

to the water main

to qualify for 2:

Draft new policy and procedures for 

new account activation and overall 

billing operations.  Research and 

collect paper records of installations 

& abandonments for several years 

prior to audit year.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of system.

to qualify for 8:

Launch random field checks of limited number of locations.  

Convert to electronic database such as a Geographic 

Information System (GIS) with backup as justified.  Develop 

written policy and procedures.

to qualify for 10:

Link Geographic Information System (GIS) and asset 

management databases, conduct field verification of data.  

Record field verification information at least annually.

to qualify for 6:

Finalize updates/improvements to written policy and 

procedures for permitting/commissioning new main 

installations.  Confirm inventory of records for five years prior 

to audit year; correct any errors or omissions.

SYSTEM DATA

Either of two conditions can be met for a 

grading of 10:

to qualify for 10:

Close policy/procedure  loopholes that allow some customer 

accounts to go unbilled, or data handling errors to exist.  

Ensure that billing system reports are utilized, analyzed and 

reported every billing cycle.  Ensure that internal and third party 

audits are conducted at least once every three years. 

to qualify for 4:

Finalize written policy and procedures for activation of new 

billing acocunts and overall billing operations management.  

Implement a computerized customer billing system.  

Conduct initial audit of billing records as part of this 

process.

to qualify for 6:

Refine new account activation and billing operations 

procedures and ensure consistency with the utility policy 

regarding billing, and minimize opportunity for missed billings.  

Upgrade or replace customer billing system for needed 

functionality - ensure that billing adjustments don't corrupt the 

value of consumption volumes.  Procedurize internal annual 

audit process.

to qualify for 8:

Formalize regular review of new account activation process 

and general billing practices.  Enhance reporting capability of 

computerized billing system.  Formalize regular auditing 

process to reveal scope of data handling error.  Plan for 

periodic third party audit to occur at least once every five 

years.

Gradings 1-9 apply if customer properties are unmetered, if customer meters exist and are located inside the customer building premises, or if the water utility owns and is responsible for the entire service connection piping from the water main to the customer building.  In any of these 

cases the average distance between the curb stop or boundary separating utility/customer responsibility for service connection piping, and the typical first point of use (ex: faucet) or the customer meter must be quantified.  Gradings of 1-9 are used to grade the validity of the means to 

quantify this value. (See the "Service Connection Diagram" worksheet)

to qualify for 8:

Formalize regular review of new account activation and 

overall billing operations policies and procedures.  Launch 

random field checks of limited number of locations.  Develop 

reports and auditing mechanisms for computerized 

information management system. 

to qualify for 10:

Close any procedural loopholes that allow installations to go 

undocumented.  Link computerized information management 

system with Geographic Information System (GIS) and 

formalize field inspection and information system auditing 

processes.  Documentation of new or decommissioned service 

connections encounters several levels of checks and balances.

to qualify for 4:

Refine policy and procedures for new account activation 

and overall billing operations.  Research computerized 

recordkeeping system (Customer Information System or 

Customer Billing System) to improve documentation format 

for service connections.

to qualify for 6:

Refine procedures to ensure consistency with new account 

activation and overall billing policy to establish new service 

connections or decommission existing connections.  Improve 

process to include all totals for at least five years prior to 

audit year.

to qualify for 4:

Complete inventory of paper records of water main 

installations for several years prior to audit year.  Review 

policy and procedures for commissioning and documenting 

new water main installation.

Note: if customer water 
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Vague policy exists to define the 

delineation of water utility ownership 

and customer ownership of the 

service connection piping.  Curb 

stops are perceived as the 

breakpoint but these have not been 

well-maintained or documented.  

Most are buried or obscured.  Their 

location varies widely from site-to-

site, and estimating this distance is 

arbitrary due to the unknown location 

of many curb stops.

Policy requires that the curb stop 

serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  The piping from 

the water main to the curb stop is the 

property of the water utility; and the 

piping from the curb stop to the 

customer building is owned by the 

customer.  Curb stop locations are 

not well documented and the 

average distance is based upon a 

limited number of locations 

measured in the field.

Conditions between 

2 and 4

Good policy requires that the curb 

stop serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  Curb stops are 

generally installed as needed and are 

reasonably documented.  Their 

location varies widely from site-to-

site, and an estimate of this distance 

is hindered by the availability of paper 

records of limited accuracy.   

Conditions between 

4 and 6

Clear written policy exists to define 

utility/customer responsibility for 

service connection piping.  Accurate, 

well-maintained paper or basic 

electronic recordkeeping system 

exists.  Periodic field checks confirm 

piping lengths for a sample of 

customer properties.   

Conditions between 

6 and 8

Clearly worded policy standardizes the 

location of curb stops and meters, 

which are inspected upon installation.  

Accurate and well maintained 

electronic records exist with periodic 

field checks to confirm locations of 

service lines, curb stops and customer 

meter pits.  An accurate number of 

customer properties from the 

customer billing system allows for 

reliable averaging of this length.

Conditions between 

8 and 10

Improvements to attain higher 

data grading for "Average 

Length of Customer Service 

Line" component:

to qualify for 2:

Research and collect paper records 

of service line installations.  Inspect 

several sites in the field using pipe 

locators to locate curb stops.  Obtain 

the length of this small sample of 

connections in this manner.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of service connection 

configurations and customer meter 

locations.

Average operating pressure:

Available records are poorly 

assembled and maintained paper 

records of supply pump 

characteristics and water distribution 

system operating conditions.  

Average pressure is guesstimated 

based upon this information and 

ground elevations from crude 

topographical maps.  Widely varying 

distribution system pressures due to 

undulating terrain, high system head 

loss and weak/erratic pressure 

controls further compromise the 

validity of the average pressure 

calculation.  

Limited telemetry monitoring of 

scattered pumping station and water 

storage tank sites provides some 

static pressure data, which is 

recorded in handwritten logbooks.  

Pressure data is gathered at 

individual sites only when low 

pressure complaints arise.  Average 

pressure is determined by averaging 

relatively crude data, and is affected 

by significant variation in ground 

elevations, system head loss and 

gaps in pressure controls in the 

distribution system. 

Conditions between 

2 and 4

Effective pressure controls separate 

different pressure zones; moderate 

pressure variation across the system, 

occasional open boundary valves are 

discovered that breech pressure 

zones.  Basic telemetry monitoring of 

the distribution system logs pressure 

data electronically.  Pressure data 

gathered by gauges or dataloggers at 

fire hydrants or buildings when low 

pressure complaints arise, and during 

fire flow tests and system flushing.  

Reliable topographical data exists.  

Average pressure is calculated using 

this mix of data. 

Conditions between 

4 and 6

Reliable pressure controls separate 

distinct pressure zones; only very 

occasional open boundary valves are 

encountered that breech pressure 

zones.  Well-covered telemetry 

monitoring of the distribution system 

(not just pumping at source treatment 

plants or wells) logs extensive pressure 

data electronically.  Pressure gathered 

by gauges/dataloggers at fire hydrants 

and buildings when low pressure 

complaints arise, and during fire flow 

tests and system flushing.  Average 

pressure is determined by using this 

mix of reliable data. 

Conditions between 

6 and 8

Well-managed, discrete pressure 

zones exist with generally predictable 

pressure fluctuations.  A current full-

scale SCADA System or similar 

realtime monitoring system exists to 

monitor the water distribution system 

and collect data, including real time 

pressure readings at representative 

sites across the system.  The average 

system pressure is determined from 

reliable monitoring system data. 

Conditions between 

8 and 10

Well-managed pressure districts/zones, 

SCADA System and hydraulic model 

exist to give very precise pressure data 

across the water distribution system.  

Average system pressure is reliably 

calculated from extensive, reliable, and 

cross-checked data.  Calculations are 

reported on an annual basis as a 

minimum.

Improvements to attain higher 

data grading for "Average 

Operating Pressure" 

component:

to qualify for 2:

Employ pressure gauging and/or 

datalogging equipment to obtain 

pressure measurements from fire 

hydrants.  Locate accurate 

topographical maps of service area 

in order to confirm ground 

elevations.  Research pump data 

sheets to find pump pressure/flow 

characteristics  

to maintain 10:  

Continue to refine the hydraulic model of 

the distribution system and consider 

linking it with SCADA System for real-

time pressure data calibration, and 

averaging.      

to qualify for 8:

Implement an electronic means of recordkeeping, typically 

via a customer information system, customer billing system, 

or Geographic Information System (GIS).  Standardize the 

process to conduct field checks of a limited number of 

locations.  

a) Customer water meters exist outside 

of customer buildings next to the curb 

stop or boundary separating 

utility/customer responsibility for service 

connection piping.  If so, answer "Yes" 

to the question on the Reporting 

Working asking about this condition.  A 

value of zero and a Grading of 10 are 

automatically entered in the Reporting 

Worksheet .

b). Meters exist inside customer 

buildings, or properties are unmetered.  

In either case, answer "No" to the 

Reporting Worksheet question on meter 

location, and enter a distance 

determined by the auditor.   For a 

Grading of 10 this value must be a very 

reliable number from a Geographic 

Information System (GIS) and 

confirmed by a statistically valid number 

of field checks.

to qualify for 8:  

Install a Supervisory Control and Data Acquisition (SCADA) 

System, or similar realtime monitoring system, to monitor 

system parameters and control operations.  Set regular 

calibration schedule for instrumentation to insure data 

accuracy.  Obtain accurate topographical data and utilize 

pressure data gathered from field surveys to provide 

extensive, reliable data for pressure averaging.  

to qualify for 10:  

Annually, obtain a system-wide average pressure value from 

the hydraulic model of the distribution system that has been 

calibrated via field measurements in the water distribution 

system and confirmed in comparisons with SCADA System 

data.      

to qualify for 4:

Formalize and communicate policy delineating 

utility/customer responsibilities for service connection 

piping.  Assess accuracy of paper records by field 

inspection of a small sample of service connections using 

pipe locators as needed.  Research the potential migration 

to a computerized information management system to 

store service connection data.

to qualify for 10:

Link customer information management system and 

Geographic Information System (GIS), standardize process for 

field verification of data.

to qualify for 4:  

Formalize a procedure to use pressure 

gauging/datalogging equipment to gather pressure data 

during various system events such as low pressure 

complaints, or operational testing. Gather pump pressure 

and flow data at different flow regimes.  Identify faulty 

pressure controls (pressure reducing valves, altitude 

valves, partially open boundary valves) and plan to properly 

configure pressure zones.  Make all pressure data from 

these efforts available to generate system-wide average 

pressure. 

to qualify for 6:  

Expand the use of pressure gauging/datalogging equipment 

to gather scattered pressure data at a representative set of 

sites, based upon pressure zones or areas.  Utilize pump 

pressure and flow data to determine supply head entering 

each pressure zone or district.  Correct any faulty pressure 

controls (pressure reducing valves, altitude valves, partially 

open boundary valves) to ensure properly configured 

pressure zones.  Use expanded pressure dataset from these 

activities to generate system-wide average pressure. 

to qualify for 6:

Establish coherent procedures to ensure that policy for curb 

stop, meter installation and documentation is followed.  Gain 

consensus within the water utility for the establishment of a 

computerized information management system.

Average length of customer 

service line:

meters are located outside 

of the customer building 

next to the curb stop or 

boundary separating 

utility/customer 

responsibility, then the 

auditor should answer 

"Yes" to the question on 

the Reporting Worksheet 

asking about this.  If the 

answer is Yes, the grading 

description listed under the 

Grading of 10(a) will be 

followed, with a value of 

zero automatically entered 

at a Grading of 10.  See 

the Service Connection 

Diagram worksheet for a 

visual presentation of this 

distance.
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Total annual cost of operating 

water system:

Incomplete paper records and lack 

of financial accounting 

documentation on many operating 

functions makes calculation of water 

system operating costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to estimate 

the major portion of water system 

operating costs. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  

However, gaps in data are known to 

exist, periodic internal reviews are 

conducted but not a structured 

financial audit. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited 

periodically by utility personnel, but not 

a Certified Public Accountant (CPA).  

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited at least 

annually by utility personnel, and at 

least once every three years by third-

party CPA.  

Conditions between 

8 and 10

Reliable electronic, industry-standard 

cost accounting system in place, with all 

pertinent water system operating costs 

tracked.  Data audited annually by utility 

personnel and annually also by third-

party CPA.  

Improvements to attain higher 

data grading for "Total Annual 

Cost of Operating the Water 

System" component:

to qualify for 2:

Gather available records, institute 

new financial accounting procedures 

to regularly collect and audit basic 

cost data of most important 

operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and long-term cost trend, and 

budget/track costs proactively

Customer retail unit cost 

(applied to Apparent Losses):

Customer population 

unmetered, and/or only a 

fixed fee is charged for 

consumption.

Antiquated, cumbersome water rate 

structure is used, with periodic 

historic amendments that were 

poorly documented and 

implemented; resulting in classes of 

customers being billed inconsistent 

charges.  The actual composite 

billing rate likely differs significantly 

from the published water rate 

structure, but a lack of auditing 

leaves the degree of error 

indeterminate.

Dated, cumbersome water rate 

structure, not always employed 

consistently in actual billing 

operations.  The actual composite 

billing rate is known to differ from the 

published water rate structure, and a 

reasonably accurate estimate of the 

degree of error is determined, 

allowing a composite billing rate to be 

quantified.

Conditions between 

2 and 4

Straight-forward water rate structure 

in use, but not updated in several 

years.  Billing operations reliably 

employ the rate structure.  The 

composite billing rate is derived from 

a single customer class such as 

residential customer accounts, 

neglecting the effect of different rates 

from varying customer classes.

Conditions between

4 and 6

Clearly written, up-to-date water rate 

structure is in force and is applied 

reliably in billing operations.  

Composite customer rate is 

determined using a weighted average 

residential rate using volumes of water 

in each rate block.

Conditions between 

6 and 8

Effective water rate structure is in 

force and is applied reliably in billing 

operations.  Composite customer rate 

is determined using a weighted 

average composite consumption rate, 

which includes residential, commercial, 

industrial, institutional (CII), and any 

other distinct customer classes within 

the water rate structure.

Conditions between 

8 and 10

Current, effective water rate structure is 

in force and applied reliably in billing 

operations.  The rate structure and 

calculations of composite rate - which 

includes residential, commercial, 

industrial, institutional (CII), and other 

distinct customer classes - are reviewed 

by a third party knowledgeable in the 

M36 methodology at least once every 

five years.

Improvements to attain higher 

data grading for "Customer 

Retail Unit Cost" component:

to qualify for 2:

Formalize the process to implement 

water rates, including a secure 

documentation procedure.  Create a 

current, formal water rate document 

and gain approval from all 

stakeholders.

to qualify for 6:

Evaluate volume of water used in 

each usage block by residential 

users.  Multiply volumes by full rate 

structure.

Launch effort to fully 

meter the customer 

population and charge 

rates based upon 

water volumes

to maintain 10:

Keep water rate structure current in 

addressing the water utility's revenue 

needs.  Update the calculation of the 

customer unit rate as new rate 

components, customer classes, or other 

components are modified.

Variable production cost 

(applied to Real Losses):

Note: if the water utility 

purchases/imports its 

entire water supply, then 

enter the unit purchase 

cost of the bulk water 

supply in the Reporting 

Worksheet with a grading 

of 10

Incomplete paper records and lack 

of documentation on primary 

operating functions (electric power 

and treatment costs most 

importantly) makes calculation of 

variable production costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to roughly 

estimate the basic operations costs 

(pumping power costs and treatment 

costs) and calculate a unit variable 

production cost. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  Electric 

power and treatment costs are 

reliably tracked and allow accurate 

weighted calculation of unit variable 

production costs based on these two 

inputs and water imported purchase 

costs (if applicable). All costs are 

audited internally on a periodic basis. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Pertinent additional 

costs beyond power, treatment and 

water imported purchase costs (if 

applicable) such as liability, residuals 

management, wear and tear on 

equipment, impending expansion of 

supply, are included in the unit variable 

production cost, as applicable.  The 

data is audited at least annually by 

utility personnel.

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent primary and secondary 

variable production and water 

imported purchase  (if applicable) 

costs tracked.  The data is audited at 

least annually by utility personnel, and 

at least once every three years by a 

third-party knowledgeable in the M36 

methodology.  

Conditions between 

8 and 10

Either of two conditions can be met to 

obtain a grading of 10:

1) Third party CPA audit of all pertinent 

primary and secondary variable 

production and water imported purchase 

(if applicable) costs on an annual basis.

or:

2) Water supply is entirely purchased as 

bulk water imported, and the unit 

purchase cost - including all applicable 

marginal supply costs - serves as the 

variable production cost.  If all applicable 

marginal supply costs are not included 

in this figure, a grade of 10 should not 

be selected.

Improvements to attain higher 

data grading for "Variable 

Production Cost" component:

to qualify for 2:

Gather available records, institute 

new procedures to regularly collect 

and audit basic cost data and most 

important operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and budget/track costs 

proactively

to qualify for 10:

Conduct a periodic third-party audit of water used in each 

usage block by all classifications of users.  Multiply volumes by 

full rate structure.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

COST DATA

to qualify for 6:

Establish process for periodic internal audit of water system 

operating costs; identify cost data gaps and institute 

procedures for tracking these outstanding costs.

to qualify for 8:

Standardize the process to conduct routine financial audit on 

an annual basis.  Arrange for CPA audit of financial records 

at least once every three years.

to qualify for 6:

Formalize process for regular internal audits of production 

costs.  Assess whether additional costs (liability, residuals 

management, equipment wear, impending infrastructure 

expansion) should be included to calculate a more 

representative variable production cost.  

to qualify for 8:

Formalize the accounting process to include direct cost 

components (power, treatment) as well as indirect cost 

components (liability, residuals management, etc.)  Arrange 

to conduct audits by a knowledgable third-party at least once 

every three years.

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 4:

Review the water rate structure and update/formalize as 

needed.  Assess billing operations to ensure that actual 

billing operations incorporate the established water rate 

structure.

to qualify for 8:

Evaluate volume of water used in each usage block by all 

classifications of users.  Multiply volumes by full rate 

structure.
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5

Name of Contact Person: All audit data are entered on the Reporting Worksheet

Email Address: Value can be entered by user

Telephone | Ext.: 530 747-8292 Value calculated based on input data 

Name of City / Utility: These cells contain recommended default values

City/Town/Municipality: 

State / Province: Pcnt: Value:

Country: 0.25%

Year: 2017 Financial Year

Start Date: 07/2017  Enter MM/YYYY numeric format

End Date: 06/2018  Enter MM/YYYY numeric format

Audit Preparation Date: 

Volume Reporting Units: 

PWSID / Other ID: 

If you have questions or comments regarding the software please contact us via email at: wlc@awwa.org

AWWA Free Water Audit Software v5.0 

City of Davis

The following worksheets are available by clicking the buttons below or selecting the tabs along the bottom of the page

Davis

sgryczko@cityofdavis.org

Auditors are strongly encouraged to refer to the most current edition of AWWA M36 Manual for Water Audits 

for detailed guidance on the water auditing process and targetting loss reduction levels

This spreadsheet-based water audit tool is designed to help quantify and track water losses associated with water distribution systems and identify areas for improved efficiency 

and cost recovery. It provides a "top-down" summary water audit format, and is not meant to take the place of a full-scale, comprehensive water audit format. 

CA5710001

United States

Use of Option  

(Radio) Buttons:

The spreadsheet contains several separate worksheets. Sheets can be accessed using the tabs towards the bottom of the screen, or by clicking the buttons below. 

Stan Gryczko

Million gallons (US)

Please begin by providing the following information The following guidance will help you complete the Audit

California (CA)

American Water Works Association Copyright © 2014, All Rights Reserved.

Select the default percentage 
by choosing the option button 
on the left

To enter a value, choose 
this button and enter a 
value in the cell to the right

Instructions

The current sheet.

Enter contact 

information and basic 

audit details (year,  

units etc)

Performance 
Indicators

Review the
performance indicators 
to evaluate the results 

of the audit 

Comments

Enter comments to 

explain how values 

were calculated or to 

document data sources

Water Balance

The values entered in 

the Reporting 

Worksheet are used to 

populate the Water 

Balance

Dashboard

A graphical summary of 

the water balance and 

Non-Revenue Water 

components

Grading Matrix

Presents the possible 

grading options for 

each input component 

of the audit

Service Connection 

Diagram

Diagrams depicting 

possible customer service

connection line 

configurations

Acknowledgements

Acknowledgements for 

the AWWA Free Water 

Audit Software v5.0

Loss Control 
Planning

Use this sheet to 
interpret the results of 
the audit validity score 

and performance 
indicators

Definitions

Use this sheet to 

understand the terms 

used in the audit 

process

Example Audits

Reporting Worksheet 

and Performance 

Indicators examples 

are shown for two 

validated audits

Reporting Worksheet

Enter the required data 

on this worksheet to 

calculate the water 

balance and data grading
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Water Audit Report for:

Reporting Year:

All volumes to be entered as: MILLION GALLONS (US) PER YEAR

Master Meter and Supply Error Adjustments

WATER SUPPLIED Pcnt: Value:

Volume from own sources: 5 554.520 MG/Yr 5 MG/Yr

Water imported: 5 2,760 MG/Yr 8 MG/Yr

Water exported: n/a 0.000 MG/Yr MG/Yr

Enter negative % or value for under-registration

WATER SUPPLIED: 3,314.810 MG/Yr Enter positive % or value for over-registration
.

AUTHORIZED CONSUMPTION

Billed metered: 9 3,019.590 MG/Yr

Billed unmetered: n/a MG/Yr

Unbilled metered: n/a MG/Yr Pcnt: Value:

Unbilled unmetered: 5 8.287 MG/Yr 1.25% MG/Yr24061

AUTHORIZED CONSUMPTION: 3,027.877 MG/Yr

WATER LOSSES (Water Supplied - Authorized Consumption) 286.933 MG/Yr

Apparent Losses Pcnt: Value:

Unauthorized consumption: 5 8.287 MG/Yr 0.25% MG/Yr

Customer metering inaccuracies: 3 45.984 MG/Yr 1.50% MG/Yr

Systematic data handling errors: 5 7.549 MG/Yr 0.25% MG/Yr

Apparent Losses: 61.820 MG/Yr

Real Losses (Current Annual Real Losses or CARL)

Real Losses = Water Losses - Apparent Losses: 225.113 MG/Yr

WATER LOSSES: 286.933 MG/Yr

NON-REVENUE WATER

NON-REVENUE WATER: 295.220 MG/Yr

= Water Losses + Unbilled Metered + Unbilled Unmetered

SYSTEM DATA

Length of mains: 9 194.3 miles

Number of active AND inactive service connections: 9 17,086

Service connection density: 88 conn./mile main

Yes

Average length of customer service line: 10 ft

Average operating pressure: 5 50.0 psi

COST DATA

Total annual cost of operating water system: 10 $26,579,324 $/Year

Customer retail unit cost (applied to Apparent Losses): 9 $4.33

Variable production cost (applied to Real Losses): 5 $807.95 $/Million gallons

 WATER AUDIT DATA VALIDITY SCORE:

 PRIORITY AREAS FOR ATTENTION:

     1: Water imported

     2: Customer metering inaccuracies

     3: Variable production cost (applied to Real Losses)

Average length of customer service line has been set to zero and a data grading score of 10 has been applied

Are customer meters typically located at the curbstop or property line? 

 AWWA Free Water Audit Software:

 Reporting Worksheet

8.287

2017 7/2017 - 6/2018

City of Davis  (CA5710001)

*** YOUR SCORE IS: 63 out of 100 ***

A weighted scale for the components of consumption and water loss is included in the calculation of the Water Audit Data Validity Score

                   Default option selected for Systematic data handling errors - a grading of 5 is applied but not displayed

 Based on the information provided, audit accuracy can be improved by addressing the following components:

$/100 cubic feet (ccf)

              <----------- Enter grading in column 'E' and 'J' ---------->

                Default option selected for unauthorized consumption - a grading of 5 is applied but not displayed                

?

?

?

?

?

? Click to access definition

?

?

?

?

?

?

Please enter data in the white cells below. Where available, metered values should be used; if metered values are unavailable please estimate a value. Indicate your confidence in the accuracy of the input 
data by grading each component (n/a or 1-10) using the drop-down list to the left of the input cell. Hover the mouse over the cell to obtain a description of the grades

?

?

?

?

?

?

(length of service line, beyond the property boundary, 
that is the responsibility of the utility)

Use buttons to select
percentage of water supplied

OR
value

?Click here: 

for help using option 
buttons below

?

?

?

?

+

+ Click to add a comment

WAS v5.0

+

+

+

+

+

+

American Water Works Association.
Copyright © 2014, All Rights Reserved.

?

?

?

+

+

+

+

+

+

+

+

+

+

+

+

+ Use Customer Retail Unit Cost to value real losses

?

To select the correct data grading for each input, determine the highest grade where 
the utility meets or exceeds all criteria for that grade and all grades below it.
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Water Audit Report for: City of Davis  (CA5710001)

Reporting Year:

System Attributes:

Apparent Losses: 61.820                               MG/Yr

+              Real Losses: 225.113                             MG/Yr

=            Water Losses: 286.933                             MG/Yr

Unavoidable Annual Real Losses (UARL): 65.96 MG/Yr

Annual cost of Apparent Losses: $357,835

Annual cost of Real Losses: $181,880 Valued at Variable Production Cost

Performance Indicators:

Non-revenue water as percent by volume of Water Supplied: 8.9%

Non-revenue water as percent by cost of operating system: 2.1%  Real Losses valued at Variable Production Cost

Apparent Losses per service connection per day: 9.91 gallons/connection/day

Real Losses per service connection per day: 36.10 gallons/connection/day

Real Losses per length of main per day*: N/A

Real Losses per service connection per day per psi pressure: 0.72 gallons/connection/day/psi

From Above, Real Losses = Current Annual Real Losses (CARL): 225.11 million gallons/year

3.41

* This performance indicator applies for systems with a low service connection density of less than 32 service connections/mile of pipeline

Infrastructure Leakage Index (ILI) [CARL/UARL]:

2017 7/2017 - 6/2018

Return to Reporting Worksheet to change this assumpiton

 AWWA Free Water Audit Software:

 System Attributes and Performance Indicators

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 63 out of 100 ***

?

?

American Water Works Association.
Copyright © 2014, All Rights Reserved.

WAS v5.0

Financial:

Operational Efficiency:
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General Comment:

Audit Item Comment

Volume from own sources:

Volume from own sources pulled from Ignition and verified with the water production white pages. Population of 70235 (Department of Finance information adjusted 

to include two County service areas - El Marcero and Willowbank)

Connected groundwater wells (9)

Vol. from own sources: Master meter 

error adjustment:
Use of SCADA to log volumes in and out of storage 

Water imported:

Water imported pulled from white pages.

Active Purchased Water Connections (1)

Emergency interconnections (2)

Purchased water from Regional Water Treatment Plant (CA5710001-059)

Water imported: master meter error 

adjustment:

Water exported:

Water exported: master meter error 

adjustment:

Billed metered:

90815 gallons for street sweeping during audit period (pulled from hauler quarterly reports). 0.631 million gallons of water for construction permits during audit period. 

3061.270 MG of billed meter consumption for user classes. Total = user class consumption + street sweeping + construction permit water. Total = 3018.87 + 0.631 + 

0.091 = 3019.59

Billed unmetered:

Unbilled metered:
Well lubrication. Water diverted downstream of well production meters and injected into wellhead upstream of meters. Estimated volume of 0.25 gpm running 

continuously * 9 wells. Total volume (million gallons) = (9 wells x 0.25 gpm x 60 min/hour x 24 hours/day x 365 days/yr.)/1000000 = 1.1826 million gallons

 AWWA Free Water Audit Software:

 User Comments

Use this worksheet to add comments or notes to explain how an input value was calculated, or to document the sources of the information used.

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Audit Item Comment

Unbilled unmetered: 0.8 MG for flushing operations. CA specific default of 0.25%-multiplied water supplied total by 0.25% to get value (3314.81*.0025).

Unauthorized consumption:

Customer metering inaccuracies:
2% last year to account for older meters. Adjusted to 1.5% with the majority of the year still having the older meters in place and the last few months having new AMI 

meters for around 70% of accounts. Will be adjusting (closer to 0.25%) after all new meters installed. AMI project will increase scoring for this area.

Systematic data handling errors:

Length of mains:

191 - total length of water mains- GIS and annual water report

1755 hydrants x 10 feet average per hydrant lateral = 17550 feet (Lucity shows 1749 hydrants, additional 6 hydrants-new development areas)

17550 feet = 3.32 miles

Total mileage = 191 + 3.32 = 194.32 miles

Changed scoring to "8" to reflect that GIS layers do exist and are updated along with tracking of assests in Lucity

Number of active AND inactive 

service connections:

Active connections-17,086. Inactive-none listed in annual report. Other potable connections-259 metered (fire suppresion, street cleaning, line flushing, construction 

meters, temporary meters)

Average length of customer service 

line:

Average operating pressure: Pressure logged continuously by SCADA at well and tank sites.

Total annual cost of operating water 

system:
Need to update. Taken from annual budget which captures all relevant costs and is audited annually by a third-party CPA.

Customer retail unit cost (applied to 

Apparent Losses):
Retail unit cost of $4.33 calculated by Finance based on customer billing (SFR, MFR and Commercial).

Variable production cost (applied to 

Real Losses):

Direct variable costs have been included related to chemicals and power/pumping. Indirect and secondary costs not included. Chemical treatment costs for 2017 - 

2018 of $6662.40.  Energy costs of $441,349.94 pulled from PG&E reports. 
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Water Audit Report for:

Reporting Year: 2017 7/2017 - 6/2018

Data Validity Score: 63

Water Exported Revenue Water

0.000 0.000

Billed Metered Consumption (water exported 

is removed)
Revenue Water

3,019.590

Own Sources
Authorized 

Consumption
3,019.590 Billed Unmetered Consumption 3,019.590

0.000

3,027.877 Unbilled Metered Consumption

0.000

554.520 8.287 Unbilled Unmetered Consumption

8.287

System Input Water Supplied Unauthorized Consumption 295.220

3,314.810 Apparent Losses 8.287

3,314.810 61.820 Customer Metering Inaccuracies

45.984

Systematic Data Handling Errors

Water Losses 7.549

Water Imported 286.933
Leakage on Transmission and/or Distribution 

Mains

Real Losses Not broken down

2,760.290
225.113

Leakage and Overflows at Utility's Storage 

Tanks

Not broken down

Leakage on Service Connections
Not broken down

AWWA Free Water Audit Software: Water Balance

Non-Revenue Water 

(NRW)

Billed Authorized Consumption

Unbilled Authorized Consumption

(Adjusted for known 

errors)

Billed Water Exported

City of Davis  (CA5710001)

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Water Audit Report for:

Reporting Year: 2017 Show me the VOLUME of Non-Revenue Water

Data Validity Score: 63 Show me the COST of Non-Revenue Water

 AWWA Free Water Audit Software:

 Dashboard

7/2017 - 6/2018

City of Davis  (CA5710001)
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Total Cost of NRW =$546,410

Unbilled metered (valued at Var. Prod. Cost)

Unbilled unmetered (valued at Var. Prod. Cost)

Unauth. consumption

Cust. metering inaccuracies

Syst. data handling errors

Real Losses (valued at Var. Prod. Cost)

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Water Losses
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Water Exported Billed Auth. Cons.
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The graphic below is a visual representation of the 

Water Balance with bar heights propotional to the 

volume of the audit components

Water Exported

Water Supplied
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Volume from own sources:

Select this grading only if 

the water utility 

purchases/imports all of its 

water resources (i.e. has 

no sources of its own)

Less than 25% of water production 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted.

25% - 50% of treated water 

production sources are metered; 

other sources estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted. 

Conditions between 

2 and 4

50% - 75% of treated water 

production sources are metered, 

other sources estimated.  Occasional 

meter accuracy testing or electronic 

calibration conducted.

Conditions between 

4 and 6

At least 75% of treated water 

production sources are metered, or at 

least 90% of the source flow is derived 

from metered sources.  Meter 

accuracy testing and/or electronic 

calibration of related instrumentation is 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

annually, less than 10% of meters are 

found outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

semi-annually, with less than 10% found 

outside of +/- 3% accuracy. Procedures 

are reviewed by a third party 

knowledgeable in the M36 methodology.    

Improvements to attain higher 

data grading for "Volume from 

own Sources" component:

to qualify for 2:

Organize and launch efforts to 

collect data for determining volume 

from own sources

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Volume from own sources 

master meter and supply error 

adjustment:

Select n/a only if the water 

utility fails to have meters 

on its sources of supply 

Inventory information on meters and 

paper records of measured volumes 

exist but are incomplete and/or in a 

very crude condition; data error 

cannot be determined 

No automatic datalogging of 

production volumes; daily readings 

are scribed on paper records without 

any accountability controls.  Flows 

are not balanced across the water 

distribution system: tank/storage 

elevation changes are not employed 

in calculating the "Volume from own 

sources" component and archived 

flow data is adjusted only when 

grossly evident data error occurs.

Conditions between 

2 and 4

Production meter data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis 

with necessary corrections 

implemented.  "Volume from own 

sources" tabulations include estimate 

of daily changes in tanks/storage 

facilities.  Meter data is adjusted 

when gross data errors occur, or 

occasional meter testing deems this 

necessary.

Conditions between 

4 and 6

Hourly production meter data logged 

automatically & reviewed on at least a 

weekly basis.  Data is adjusted to 

correct gross error when 

meter/instrumentation equipment 

malfunction is detected; and/or error is 

confirmed by meter accuracy testing.  

Tank/storage facility elevation changes 

are automatically used in calculating a 

balanced "Volume from own sources" 

component, and data gaps in the 

archived data are corrected on at least 

a weekly basis.  

Conditions between 

6 and 8

Continuous production meter data is 

logged automatically & reviewed each 

business day.  Data is adjusted to 

correct gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Tank/storage facility 

elevation changes are automatically 

used in "Volume from own sources" 

tabulations and data gaps in the 

archived data are corrected on a daily 

basis.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically balances flows 

from all sources and storages; results 

are reviewed each business day.  Tight 

accountability controls ensure that all 

data gaps that occur in the archived flow 

data are quickly detected and corrected. 

Regular calibrations between SCADA 

and sources meters ensures minimal 

data transfer error.  

Improvements to attain higher 

data grading for "Master meter 

and supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature. 

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters.  Continue to 

replace or repair meters as they 

perform outside of desired accuracy 

limits.  Stay abreast of new and more 

accurate water level instruments to 

better record tank/storage levels and 

archive the variations in storage volume.  

Keep current with SCADA and data 

management systems to ensure that 

archived data is well-managed and error 

free.

Water Imported:

Select n/a if the water 

utility's supply is 

exclusively from its own 

water resources (no bulk 

purchased/ imported 

water)

Less than 25% of imported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of imported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of imported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of imported water 

sources are metered, meter accuracy 

testing and/or electronic calibration of 

related instrumentation is conducted 

annually for all meter installations.  

Less than 25% of tested meters are 

found outside of +/- 6% accuracy.  

Conditions between 

6 and 8

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Imported Volume" component:

(Note: usually the water 

supplier selling the water - "the 

Exporter" -  to the utility being 

audited is responsible to 

maintain the metering 

installation measuring the 

imported volume.  The utility 

should coordinate carefully 

with the Exporter to ensure 

that adequate meter upkeep 

takes place and an accurate 

measure of the Water 

Imported volume is quantified. ) 

to qualify for 2:

Review bulk water purchase 

agreements with partner suppliers; 

confirm requirements for use and 

maintenance of accurate metering.  

Identify needs for new or 

replacement meters with goal to 

meter all imported water sources. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Continue to 

conduct calibration of related 

instrumentation on a semi-annual basis.  

Repair or replace meters outside of +/- 

3% accuracy.  Continually 

investigate/pilot improving metering 

technology.

WATER SUPPLIED

to qualify for 4:

Install automatic datalogging equipment on production 

meters.  Complete installation of level instrumentation at all 

tanks/storage facilities and include tank level data in 

automatic calculation routine in a computerized system.  

Construct a computerized listing or spreadsheet to archive 

input volumes, tank/storage volume changes and 

import/export flows in order to determine the composite 

"Water Supplied" volume for the distribution system.  Set a 

procedure to review this data on a monthly basis to detect 

gross anomalies and data gaps.     

to qualify for 10:

Conduct meter accuracy testing for all meters on a semi-

annual basis, along with calibration of all related 

instrumentation.  Repair or replace meters outside of +/- 3% 

accuracy.  Investigate new meter technology; pilot one or more 

replacements with innovative meters in attempt to improve 

meter accuracy. 

to qualify for 10:

Link all production and tank/storage facility elevation change 

data to a Supervisory Control & Data Acquisition (SCADA) 

System, or similar computerized monitoring/control system, 

and establish automatic flow balancing algorithm and regularly 

calibrate between SCADA and source meters.  Data is 

reviewed and corrected each business day.

to qualify for 6:

Formalize annual meter accuracy testing for all source 

meters; specify the frequency of testing.  Complete 

installation of meters on unmetered water production sources 

and complete replacement of all obsolete/defective meters.

to qualify for 8:

Conduct annual meter accuracy testing and calibration of 

related instrumentation on all meter installations on a regular 

basis.  Complete project to install new, or replace defective 

existing, meters so that entire production meter population is 

metered.  Repair or replace meters outside of +/- 6% 

accuracy. 

To qualify for 4:

Locate all imported water sources on maps and in the field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered imported water 

interconnections and replace obsolete/defective meters. 

to qualify for 6:

Formalize annual meter accuracy testing for all imported 

water meters, planning for both regular meter accuracy 

testing and calibration of the related instrumentation.  

Continue installation of meters on unmetered imported water 

interconnections and replacement of obsolete/defective 

meters.

to qualify for 10:

Maintain annual meter accuracy testing and calibration of 

related instrumentation for all meter installations.  Repair or 

replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to further improve meter 

accuracy. 

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all imported water interconnections.  Maintain annual 

meter accuracy testing for all imported water meters and 

conduct calibration of related instrumentation at least 

annually.  Repair or replace meters outside of +/- 6% 

accuracy.

to qualify for 4:

Locate all water production sources on maps and in the 

field, launch meter accuracy testing for existing meters, 

begin to install meters on unmetered water production 

sources and replace any obsolete/defective meters.

        AWWA Free Water Audit Software: Grading Matrix

 The grading assigned to each audit component and the corresponding recommended improvements and actions are highlighted in yellow. Audit accuracy is likely to be improved by prioritizing those items shown in red

to qualify for 6:

Refine computerized data collection and archive to include 

hourly production meter data that is reviewed at least on a 

weekly basis to detect specific data anomalies and gaps.  

Use daily net storage change to balance flows in calculating 

"Water Supplied" volume.   Necessary corrections to data 

errors are implemented on a weekly basis. 

to qualify for 8:

Ensure that all flow data is collected and archived on at least 

an hourly basis.  All data is reviewed and detected errors 

corrected each business day.  Tank/storage levels variations 

are employed in calculating balanced "Water Supplied" 

component.  Adjust production meter data for gross error 

and inaccuracy confirmed by testing. 

WAS 5.0

American Water Works Association.  Copyright © 2014, All Rights Reserved.
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Water imported master meter 

and supply error adjustment:

Select n/a if the Imported 

water supply is 

unmetered, with Imported 

water quantities estimated 

on the billing invoices sent 

by the Exporter to the 

purchasing Utility. 

Inventory information on imported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with water Exporter(s) are missing or 

written in vague language 

concerning meter management and 

testing. 

No automatic datalogging of 

imported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Imported supply metered flow data is 

logged automatically in electronic 

format and reviewed at least on a 

monthly basis by the Exporter with 

necessary corrections implemented.  

Meter data is adjusted by the 

Exporter when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

selling and the purchasing Utility.  

Written agreement exists and clearly 

states requirements and roles for 

meter accuracy testing and data 

management. 

Conditions between 

4 and 6

Hourly Imported supply metered data 

is logged automatically & reviewed on 

at least a weekly basis by the Exporter.  

Data is adjusted to correct gross error 

when meter/instrumentation equipment 

malfunction is detected; and to correct 

for error confirmed by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling and the purchasing 

Utility.    

Conditions between 

6 and 8

Continuous Imported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

Exporter.  Data is adjusted to correct 

gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Any data 

errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling and the purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the Exporter.  Tight accountability 

controls ensure that all error/data gaps 

that occur in the archived flow data are 

quickly detected and corrected.  A 

reliable data trail exists and contract 

provisions for meter testing and data 

management are reviewed by the selling 

and purchasing Utility at least once 

every five years.  

Improvements to attain higher 

data grading for "Water 

imported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the selling and 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

Exporter to help identify meter 

replacement needs.  Keep 

communication lines with Exporters 

open and maintain productive relations.  

Keep the written agreement current with 

clear and explicit language that meets 

the ongoing needs of all parties. 

Water Exported:

Select n/a if the water 

utility sells no bulk water to 

neighboring water utilities 

(no exported water sales)

Less than 25% of exported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of exported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of exported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of exported water 

sources are metered, meter accuracy 

testing and/or electronic calibration 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Exported Volume" component:

(Note: usually, if the water 

utility being audited sells 

(Exports) water to a 

neighboring purchasing Utility, 

it is the responsibility of the 

utility exporting the water to 

maintain the metering 

installation measuring the 

Exported volume.  The utility 

exporting the water should 

ensure that adequate meter 

upkeep takes place and an 

accurate measure of the 

Water Exported volume is 

quantified. ) 

to qualify for 2:

Review bulk water sales agreements 

with purchasing utilities; confirm 

requirements for use & upkeep of 

accurate metering.  Identify needs to 

install new, or replace defective 

meters as needed. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Water exported master meter 

and supply error adjustment:

Select n/a only if the water 

utility fails to have meters 

on its exported supply 

interconnections. 

Inventory information on exported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with the utility purchasing the water 

are missing or written in vague 

language concerning meter 

management and testing. 

No automatic datalogging of 

exported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Exported metered flow data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis, 

with necessary corrections 

implemented.  Meter data is adjusted 

by the utility selling (exporting) the 

water when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

utility exporting the water and the 

purchasing Utility.  Written agreement 

exists and clearly states requirements 

and roles for meter accuracy testing 

and data management. 

Conditions between 

4 and 6

Hourly exported supply metered data is 

logged automatically & reviewed on at 

least a weekly basis by the utility selling 

the water.  Data is adjusted to correct 

gross error when 

meter/instrumentation equipment 

malfunction is detected; and to correct 

for error found by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling (exporting) utility and 

the purchasing Utility.    

Conditions between 

6 and 8

Continuous exported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

utility selling (exporting) the water.  

Data is adjusted to correct gross error 

from detected meter/instrumentation 

equipment malfunction and any error 

confirmed by meter accuracy testing.  

Any data errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling (exporting) Utility and the 

purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the utility selling (exporting) the water.  

Tight accountability controls ensure that 

all error/data gaps that occur in the 

archived flow data are quickly detected 

and corrected.  A reliable data trail 

exists and contract provisions for meter 

testing and data management are 

reviewed by the selling Utility and 

purchasing Utility at least once every 

five years.  

to qualify for 10:

Conduct accountability checks to confirm that all Imported 

supply metered data is reviewed and corrected each business 

day by the Exporter.  Results of all meter accuracy tests and 

data corrections should be available for sharing between the 

Exporter and the purchasing Utility.  Establish a schedule for a 

regular review and updating of the contractual language in the 

written agreement between the selling and the purchasing 

Utility; at least every five years. 

To qualify for 4:

Locate all exported water sources on maps and in field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered exported water 

interconnections and replace obsolete/defective meters 

to qualify for 4:

Install automatic datalogging equipment on Imported 

supply meters.  Set a procedure to review this data on a 

monthly basis to detect gross anomalies and data gaps.  

Launch discussions with the Exporters to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

to qualify for 6:

Refine computerized data collection and archive to include 

hourly Imported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all Imported supply metered flow data is 

collected and archived on at least an hourly basis.  All data is 

reviewed and errors/data gaps are corrected each business 

day.   

to qualify for 6:

Formalize annual meter accuracy testing for all exported 

water meters.  Continue installation of meters on unmetered 

exported water interconnections and replacement of 

obsolete/defective meters.

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all exported water interconnections.  Maintain annual 

meter accuracy testing for all exported water meters.  Repair 

or replace meters outside of +/- 6% accuracy.

to qualify for 10:

Maintain annual meter accuracy testing for all meters.  Repair 

or replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to improve meter accuracy. 
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Improvements to attain higher 

data grading for "Water 

exported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the utility selling 

(exporting) the water and the 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

purchasing utilities to help identify meter 

replacement needs.  Keep 

communication lines with the purchasing 

utilities open and maintain productive 

relations.  Keep the written agreement 

current with clear and explicit language 

that meets the ongoing needs of all 

parties. 

Billed metered:

n/a (not applicable). Select 

n/a only if the entire 

customer population is not 

metered and is billed for 

water service on a flat or 

fixed rate basis. In such a 

case the volume entered 

must be zero.

Less than 50% of customers with 

volume-based billings from meter 

readings; flat or fixed rate billing 

exists for the majority of the 

customer population

At least 50% of customers with 

volume-based billing from meter 

reads; flat rate billing for others.  

Manual meter reading is conducted, 

with less than 50% meter read 

success rate, remainding accounts' 

consumption is estimated.  Limited 

meter records, no regular meter 

testing or replacement.  Billing data 

maintained on paper records, with no 

auditing.

Conditions between 

2 and 4

At least 75% of customers with 

volume-based, billing from meter 

reads; flat or fixed rate billing for 

remaining accounts.  Manual meter 

reading is conducted with at least 

50% meter read success rate; 

consumption for accounts with failed 

reads is estimated.  Purchase 

records verify age of customer 

meters; only very limited meter 

accuracy testing is conducted.  

Customer meters are replaced only 

upon complete failure.  Computerized 

billing records exist, but only sporadic 

internal auditing conducted.

Conditions between 

4 and 6

At least 90% of customers with volume-

based billing from meter reads; 

consumption for remaining accounts is 

estimated.  Manual customer meter 

reading gives at least 80% customer 

meter reading success rate; 

consumption for accounts with failed 

reads is estimated.  Good customer 

meter records eixst, but only limited 

meter accuracy testing is conducted.  

Regular replacement is conducted for 

the oldest meters.  Computerized 

billing records exist with annual auditing 

of summary statistics conducting by 

utility personnel.

Conditions between 

6 and 8

At least 97% of customers exist with 

volume-based billing from meter 

reads.  At least 90% customer meter 

reading success rate; or at least 80% 

read success rate with planning and 

budgeting for trials of Automatic Meter 

Reading (AMR) or Advanced Metering 

Infrastructure (AMI) in one or more 

pilot areas.  Good customer meter 

records. Regular meter accuracy 

testing guides replacement of 

statistically significant number of 

meters each year.  Routine auditing of 

computerized billing records for global 

and detailed statistics occurs annually 

by utility personnel, and is verified by 

third party at least once every five 

years.

Conditions between 

8 and 10

At least 99% of customers exist with 

volume-based billing from meter reads.  

At least 95% customer meter reading 

success rate; or minimum 80% meter 

reading success rate, with Automatic 

Meter Reading (AMR) or Advanced 

Metering Infrastructure (AMI) trials 

underway.  Statistically significant 

customer meter testing and 

replacement program in place on a 

continuous basis.  Computerized billing 

with routine, detailed auditing, including 

field investigation of representative 

sample of accounts undertaken annually 

by utility personnel.  Audit is conducted 

by third party auditors at least once 

every three years.

Improvements to attain higher 

data grading for "Billed 

Metered Consumption" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Conduct investigations or trials of 

customer meters to select 

appropriate meter models.  Budget 

funding for meter installations.  

Investigate volume based water rate 

structures.

to maintain 10:

Continue annual internal billing data 

auditing, and third party auditing at least 

every three years.  Continue customer 

meter accuracy testing to ensure that 

accurate customer meter readings are 

obtained and entered as the basis for 

volume based billing.  Stay abreast of 

improvements in Automatic Meter 

Reading (AMR) and Advanced Metering 

Infrastructure (AMI) and information 

management.  Plan and budget for 

justified upgrades in metering, meter 

reading and billing data management to 

maintain very high accuracy in customer 

metering and billing.

Billed unmetered:

Select n/a if it is the policy 

of the water utility to meter 

all customer connections 

and it has been confirmed 

by detailed auditing that all 

customers do indeed have 

a water meter; i.e. no 

intentionally unmetered 

accounts exist

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  No data is 

collected on customer consumption.  

The only estimates of customer 

population consumption available 

are derived from data estimation 

methods using average fixture count 

multiplied by number of connections, 

or similar approach.

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  Some metered 

accounts exist in parts of the system 

(pilot areas or District Metered 

Areas) with consumption read 

periodically or recorded on portable 

dataloggers over one, three, or 

seven day periods.  Data from these 

sample meters are used to infer 

consumption for the total customer 

population.  Site specific estimation 

methods are used for unusual 

buildings/water uses.  

Conditions between 

2 and 4

Water utility policy does require 

metering and volume based billing in 

general.  However, a liberal amount 

of exemptions and a lack of clearly 

written and communicated 

procedures result in up to 20% of 

billed accounts believed to be 

unmetered by exemption; or the 

water utility is in transition to 

becoming fully metered, and a large 

number of customers remain 

unmetered.  A rough estimate of  the 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

4 and 6

Water utility policy does require 

metering and volume based billing but 

established exemptions exist for a 

portion of accounts such as municipal 

buildings.  As many as 15% of billed 

accounts are unmetered due to this 

exemption or meter installation 

difficulties.  Only a group estimate of 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

6 and 8

Water utility policy does require 

metering and volume based billing for 

all customer accounts.  However, less 

than 5% of billed accounts remain 

unmetered because meter  installation 

is hindered by unusual circumstances.  

The goal is to minimize the number of 

unmetered accounts.  Reliable 

estimates of consumption are 

obtained for these unmetered 

accounts via site specific estimation 

methods.

Conditions between 

8 and 10

Water utility policy does require 

metering and volume based billing for all 

customer accounts.  Less than 2% of 

billed accounts are unmetered and exist 

because meter installation is hindered 

by unusual circumstances.  The goal 

exists to minimize the number of 

unmetered accounts to the extent that is 

economical.  Reliable estimates of 

consumption are obtained at these 

accounts via site specific estimation 

methods.

to qualify for 10:

Conduct accountability checks to confirm that all exported 

metered flow data is reviewed and corrected each business 

day by the utility selling the water.  Results of all meter 

accuracy tests and data corrections should be available for 

sharing between the utility and the purchasing Utility.  Establish 

a schedule for a regular review and updating of the contractual 

language in the written agreements with the purchasing utilities; 

at least every five years. 

to qualify for 6:

Refine computerized data collection and archive to include 

hourly exported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all exported metered flow data is collected and 

archived on at least an hourly basis.  All data is reviewed and 

errors/data gaps are corrected each business day.   

AUTHORIZED CONSUMPTION

to qualify for 4:

Purchase and install meters on unmetered accounts.  

Implement policies to improve meter reading success.  

Catalog meter information during meter read visits to 

identify age/model of existing meters.  Test a minimal 

number of meters for accuracy.  Install computerized billing 

system. 

to qualify for 6:

Purchase and install meters on unmetered accounts.  

Eliminate flat fee billing and establish appropriate water rate 

structure based upon measured consumption.  Continue to 

achieve verifiable success in removing manual meter reading 

barriers. Expand meter accuracy testing.  Launch regular 

meter replacement program.  Launch a program of annual 

auditing of global billing statistics by utility personnel. 

to qualify for 10:

Purchase and install meters on unmetered accounts.  Launch 

Automatic Meter Reading (AMR) or Advanced Metering 

Infrastructure (AMI) system trials if manual meter reading 

success rate of at least 99% is not achieved within a five-year 

program.  Continue meter accuracy testing program.  Conduct 

planning and budgeting for large scale meter replacement 

based upon meter life cycle analysis using cumulative flow 

target.  Continue annual detailed billing data auditing by utility 

personnel and conduct third party auditing at least once every 

three years.   

to qualify for 4:

Install automatic datalogging equipment on exported supply 

meters.  Set a procedure to review this data on a monthly 

basis to detect gross anomalies and data gaps.  Launch 

discussions with the purchasing utilities to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

to qualify for 8:

Purchase and install meters on unmetered accounts.  If 

customer meter reading success rate is less than 97%, 

assess cost-effectiveness of Automatic Meter Reading 

(AMR) or Advanced Metering Infrastructure (AMI) system for 

portion or entire system; or otherwise achieve ongoing 

improvements in manual meter reading success rate to 97% 

or higher.  Refine meter accuracy testing program.  Set 

meter replacement goals based upon accuracy test results.  

Implement annual auditing of detailed billing records by utility 

personnel and implement third party auditing at least once 

every five years. 
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Improvements to attain higher 

data grading for "Billed 

Unmetered Consumption" 

component:

to qualify for 2: 

Conduct research and evaluate 

cost/benefit of a new water utility 

policy to require metering of the 

customer population; thereby greatly 

reducing or eliminating unmetered 

accounts.  Conduct pilot metering 

project by installing water meters in 

small sample of customer accounts 

and periodically reading the meters 

or datalogging the water 

consumption over one, three, or 

seven day periods.

to maintain 10: 

Continue to refine estimation methods 

for unmetered consumption and explore 

means to establish metering, for as 

many billed remaining unmetered 

accounts as is economically feasible.

Unbilled metered:

select n/a if all billing-

exempt consumption is 

unmetered.  

Billing practices exempt certain 

accounts, such as municipal 

buildings, but written policies do not 

exist; and a reliable count of unbilled 

metered accounts is unavailable.  

Meter upkeep and meter reading on 

these accounts is rare and not 

considered a priority.  Due to poor 

recordkeeping and lack of auditing, 

water consumption for all such 

accounts is purely guesstimated.       

Billing practices exempt certain 

accounts, such as municipal 

buildings, but only scattered, dated 

written directives exist to justify this 

practice.  A reliable count of unbilled 

metered accounts is unavailable.  

Sporadic meter replacement and 

meter reading occurs on an as-

needed basis.  The total annual water 

consumption for all unbilled, metered 

accounts is estimated based upon 

approximating the number of 

accounts and assigning consumption 

from actively billed accounts of same 

meter size.        

Conditions between 

2 and 4

Dated written procedures permit 

billing exemption for specific 

accounts, such as municipal 

properties, but are unclear regarding 

certain other types of accounts.  

Meter reading is given low priority and 

is sporadic.   Consumption is 

quantified from meter readings where 

available.  The total number of 

unbilled, unmetered accounts must 

be estimated along with consumption 

volumes.          

Conditions between 

4 and 6

Written policies regarding billing 

exemptions exist but adherence in 

practice is questionable.  Metering and 

meter reading for municipal buildings is 

reliable but sporadic for other unbilled 

metered accounts.  Periodic auditing of 

such accounts is conducted.  Water 

consumption is quantified directly from 

meter readings where available, but 

the majority of the consumption is 

estimated.       

Conditions between 

6 and 8

Written policy identifies the types of 

accounts granted a billing exemption.  

Customer meter management and 

meter reading are considered 

secondary priorities, but meter reading 

is conducted at least annually to obtain 

consumption volumes for the annual 

water audit.  High level auditing of 

billing records ensures that a reliable 

census of such accounts exists.          

Conditions between 

8 and 10

Clearly written policy identifies the types 

of accounts given a billing exemption, 

with emphasis on keeping such 

accounts to a minimum.  Customer 

meter management and meter reading 

for these accounts is given proper 

priority and is reliably conducted.  

Regular auditing confirms this.  Total 

water consumption for these accounts is 

taken from reliable readings from 

accurate meters.         

Improvements to attain higher 

data grading for "Unbilled 

Metered Consumption" 

component:

to qualify for 2:

Reassess the water utility's policy 

allowing certain accounts to be 

granted a billing exemption.  Draft an 

outline of a new written policy for 

billing exemptions, with clear 

justification as to why any accounts 

should be exempt from billing, and 

with the intention to keep the number 

of such accounts to a minimum.   

to maintain 10:

Reassess the utility's philosophy in 

allowing any water uses to go "unbilled".  

It is possible to meter and bill all 

accounts, even if the fee charged for 

water consumption is discounted or 

waived.  Metering and billing all 

accounts ensures that water 

consumption is tracked and water waste 

from plumbing leaks is detected and 

minimized.

Unbilled unmetered:

Extent of unbilled, unmetered 

consumption is unknown due to 

unclear policies and poor 

recordkeeping.  Total consumption 

is quantified based upon a purely 

subjective estimate.  

Clear extent of unbilled, unmetered 

consumption is unknown, but a 

number of events are randomly 

documented each year, confirming 

existence of such consumption, but 

without sufficient documentation to 

quantify an accurate estimate of the 

annual volume consumed.

Conditions between 

2 and 4

Extent of unbilled, unmetered 

consumption is partially known, and 

procedures exist to document certain 

events such as miscellaneous fire 

hydrant uses.  Formulae is used to 

quantify the consumption from such 

events (time running multiplied by 

typical flowrate, multiplied by number 

of  events).  

Default value of 

1.25% of system input 

volume is employed

Coherent policies exist for some forms 

of unbilled, unmetered consumption 

but others await closer evaluation. 

Reasonable recordkeeping for the 

managed uses exists and allows for 

annual volumes to be quantified by 

inference, but unsupervised uses are 

guesstimated.

Conditions between 

6 and 8

Clear policies and good recordkeeping 

exist for some uses (ex: water used in 

periodic testing of unmetered fire 

connections), but other uses (ex: 

miscellaneous uses of fire hydrants) 

have limited oversight.  Total 

consumption is a mix of well quantified 

use such as from formulae (time 

running multiplied by typical flow, 

multiplied by number of events) or 

temporary meters, and relatively 

subjective estimates of less regulated 

use.

Conditions between 

8 and 10

Clear policies exist to identify permitted 

use of water in unbilled, unmetered 

fashion, with the intention of minimizing 

this type of consumption.  Good records 

document each occurrence and 

consumption is quantified via formulae 

(time running multiplied by typical flow, 

multiplied by number of events) or use 

of temporary meters.

Improvements to attain higher 

data grading for "Unbilled 

Unmetered Consumption" 

component:

to qualify for 5:

Utilize the accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of 

this use.

to qualify for 2:

Establish a policy regarding what 

water uses should be allowed to 

remain as unbilled and unmetered.  

Consider tracking a small sample of 

one such use (ex: fire hydrant 

flushings).   

to qualify for 5:

Utilize accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of all 

such use.  This is particularly 

appropriate for water utilities who are 

in the early stages of the water 

auditing process, and should focus on 

other components since the volume 

of unbilled, umetered consumption is 

usually a relatively small quatity 

component, and other larger-quantity 

components should take priority.

to qualify for 6 or 

greater:

Finalize policy and 

begin to conduct field 

checks to better 

establish and quantify 

such usage.  Proceed 

if top-down audit 

exists and/or a great 

volume of such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

with intention of reducing the number of 

allowable uses of water in unbilled and 

unmetered fashion.  Any uses that can 

feasibly become billed and metered 

should be converted eventually.

to qualify for 10:

Ensure that meter management (meter accuracy testing, 

meter replacement) and meter reading activities for unbilled 

accounts are accorded the same priority as billed accounts.  

Establish ongoing annual auditing process to ensure that water 

consumption is reliably collected and provided to the annual 

water audit process.

to qualify for 4: 

Implement a new water utility policy requiring customer 

metering.  Launch or expand pilot metering study to include 

several different meter types, which will provide data for 

economic assessment of full scale metering options.  

Assess sites with access difficulties to devise means to 

obtain water consumption volumes.  Begin customer meter 

installation. 

to qualify for 6:

Refine policy and procedures to improve customer metering 

participation for all but solidly exempt accounts.  Assign staff 

resources to review billing records to identify errant 

unmetered properties.  Specify metering needs and funding 

requirements to install sufficient meters to significant reduce 

the number of unmetered accounts

to qualify for 8:

Communicate billing exemption policy throughout the 

organization and implement procedures that ensure proper 

account management.  Conduct inspections of accounts 

confirmed in unbilled metered status and verify that accurate 

meters exist and are scheduled for routine meter readings.  

Gradually increase the number of unbilled metered accounts 

that are included in regular meter reading routes. 

APPARENT LOSSES

to qualify for 4:

Review historic written directives and policy documents 

allowing certain accounts to be billing-exempt.  Draft an 

outline of a written policy for billing exemptions, identify 

criteria that grants an exemption, with a goal of keeping this 

number of accounts to a minimum.  Consider increasing 

the priority of reading meters on unbilled accounts at least 

annually.  

to qualify for 6:

Draft a new written policy regarding billing exemptions based 

upon consensus criteria allowing this occurrence.  Assign 

resources to audit meter records and billing records to obtain 

census of unbilled metered accounts.  Gradually include a 

greater number of these metered accounts to the routes for 

regular meter reading.    

to qualify for 10:

Refine written procedures to ensure that all uses of unbilled, 

unmetered water are overseen by a structured permitting 

process managed by water utility personnel.  Reassess policy 

to determine if some of these uses have value in being 

converted to billed and/or metered status.

to qualify for 8:

Assess water utility policy and procedures for various 

unmetered usages.  For example, ensure that a policy exists 

and permits are issued for use of fire hydrants by persons 

outside of the utility.  Create written procedures for use and 

documentation of fire hydrants by water utility personnel.  

Use same approach for other types of unbilled, unmetered 

water usage. 

to qualify for 5:

Utilize accepted default value of 1.25% of the volume of 

water supplied as an expedient means to gain a 

reasonable quantification of this use.    

to qualify for 4:

Evaluate the documentation of events that have been 

observed.  Meet with user groups (ex: for fire hydrants - fire 

departments, contractors to ascertain their need and/or 

volume requirements for water from fire hydrants).  

to qualify for 8:

Push to install customer meters on a full scale basis.  Refine 

metering policy and procedures to ensure that all accounts, 

including municipal properties, are designated for meters.  

Plan special efforts to address "hard-to-access" accounts.  

Implement procedures to obtain a reliable consumption 

estimate for the remaining few unmetered accounts awaiting 

meter installation.

to qualify for 10:

Continue customer meter installation throughout the service 

area, with a goal to minimize unmetered accounts.  Sustain the 

effort to investigate accounts with access difficulties, and 

devise means to install water meters or otherwise measure 

water consumption.
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Unauthorized consumption:

Extent of unauthorized consumption 

is unknown due to unclear policies 

and poor recordkeeping.  Total 

unauthorized consumption is 

guesstimated.  

Unauthorized consumption is a 

known occurrence, but its extent is a 

mystery.  There are no requirements 

to document observed events, but 

periodic field reports capture some of 

these occurrences.  Total 

unauthorized consumption is 

approximated from this limited data.  

conditions between 

2 and 4

Procedures exist to document some 

unauthorized consumption such as 

observed unauthorized fire hydrant 

openings.  Use formulae to quantify 

this consumption (time running 

multiplied typical flowrate, multiplied 

by number of  events).  

Default value of 

0.25% of volume of 

water supplied is 

employed

Coherent policies exist for some forms 

of unauthorized consumption (more 

than simply fire hydrant misuse) but 

others await closer evaluation. 

Reasonable surveillance and 

recordkeeping exist for occurrences 

that fall under the policy.  Volumes 

quantified by inference from these 

records. 

Conditions between 

6 and 8

Clear policies and good auditable 

recordkeeping exist for certain events 

(ex: tampering with water meters, 

illegal bypasses of customer meters); 

but other occurrences have limited 

oversight.  Total consumption is a 

combination of volumes from formulae 

(time x typical flow) and subjective 

estimates of unconfirmed 

consumption.

Conditions between 

8 and 10

Clear policies exist to identify all known 

unauthorized uses of water.  Staff and 

procedures exist to provide enforcement 

of policies and detect violations.  Each 

occurrence is recorded and quantified 

via formulae (estimated time running 

multiplied by typical flow) or similar 

methods.  All records and calculations 

should exist in a form that can be 

audited by a third party.

Improvements to attain higher 

data grading for "Unauthorized 

Consumption" component:

to qualify for 5:

Use accepted default of 0.25% of 

volume of water supplied.

to qualify for 2:

Review utility policy regarding what 

water uses are considered 

unauthorized, and consider tracking 

a small sample of one such 

occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 5:

Utilize accepted default value of 

0.25% of volume of water supplied as 

an expedient means to gain a 

reasonable quantification of all such 

use.  This is particularly appropriate 

for water utilities who are in the early 

stages of the water auditing process.

to qualify for 6 or 

greater:

Finalize policy updates 

to clearly identify the 

types of water 

consumption that are 

authorized from those 

usages that fall 

outside of this policy 

and are, therefore, 

unauthorized.  Begin 

to conduct regular 

field checks.  Proceed 

if the top-down audit 

already exists and/or 

a great volume of 

such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

to eliminate any loopholes that allow or 

tacitly encourage unauthorized 

consumption.  Continue to be vigilant in 

detection, documentation and 

enforcement efforts.  

Customer metering 

inaccuracies:

select n/a only if the entire 

customer population is 

unmetered. In such a case 

the volume entered must 

be zero.

Customer meters exist, but with 

unorganized paper records on 

meters; no meter accuracy testing 

or meter replacement program for 

any size of retail meter.  Metering 

workflow is driven chaotically with no 

proactive management.  Loss 

volume due to aggregate meter 

inaccuracy is guesstimated.

Poor recordkeeping and meter 

oversight is recognized by water 

utility management who has allotted 

staff and funding resources to 

organize improved recordkeeping 

and start meter accuracy testing.  

Existing paper records gathered and 

organized to provide cursory 

disposition of meter population.  

Customer meters are tested for 

accuracy only upon customer 

request.

Conditions between 

2 and 4

Reliable recordkeeping exists; meter 

information is improving as meters 

are replaced.    Meter accuracy 

testing is conducted annually for a 

small number of meters (more than 

just customer requests, but less than 

1% of inventory).  A limited number of 

the oldest meters are replaced each 

year.  Inaccuracy volume is largely an 

estimate, but refined based upon 

limited testing data.

Conditions between 

4 and 6

A reliable electronic recordkeeping 

system for meters exists.  The meter 

population includes a mix of new high 

performing meters and dated meters 

with suspect accuracy.  Routine, but 

limited, meter accuracy testing and 

meter replacement occur.  Inaccuracy 

volume is quantified using a mix of 

reliable and less certain data.

Conditions between 

6 and 8

Ongoing meter replacement and 

accuracy testing result in highly 

accurate customer meter population.  

Testing is conducted on samples of 

meters of varying age and 

accumulated volume of throughput to 

determine optimum replacement time 

for various types of meters.  

Ongoing meter 

replacement and 

accuracy testing result 

in highly accurate 

customer meter 

population.  Statistically 

significant number of 

meters are tested in 

audit year.  This testing 

is conducted on 

samples of meters of 

varying age and 

accumulated volume of 

throughput to 

determine optimum 

replacement time for 

these meters.

Good records of all active customer 

meters exist and include as a minimum: 

meter number, account 

number/location, type, size and 

manufacturer.  Ongoing meter 

replacement occurs according to a 

targeted and justified basis.  Regular 

meter accuracy testing gives a reliable 

measure of composite inaccuracy 

volume for the customer meter 

population.  New metering technology is 

embraced to keep overall accuracy 

improving. Procedures are reviewed by 

a third party knowledgeable in the M36 

methodology.    

Improvements to attain higher 

data grading for "Customer 

meter inaccuracy volume" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Gather available meter purchase 

records.  Conduct testing on a small 

number of meters believed to be the 

most inaccurate.  Review staffing 

needs of the metering group and 

budget for necessary resources to 

better organize meter management.

to qualify for 9:

Continue efforts to manage meter 

population with reliable recordkeeping.  

Test a statistically significant number 

of meters each year and analyze test 

results in an ongoing manner to serve 

as a basis for a target meter 

replacement strategy based upon 

accumulated volume throughput.

to qualify for 10:

Continue efforts to 

manage meter 

population with reliable 

recordkeeping, meter 

testing and 

replacement.  Evaluate 

new meter types and 

install one or more 

types in 5-10 customer 

accounts each year in 

order to pilot improving 

metering technology.

to maintain 10:

Increase the number of meters tested 

and replaced as justified by meter 

accuracy test data.  Continually monitor 

development of new metering 

technology and Advanced Metering 

Infrastructure (AMI) to grasp 

opportunities for greater accuracy in 

metering of water flow and management 

of customer consumption data.

to qualify for 6:

Standardize the procedures for meter recordkeeping within 

an electronic information system.  Accelerate meter accuracy 

testing and meter replacements guided by testing results.

to qualify for 8:

Expand annual meter accuracy testing to evaluate a 

statistically significant number of meter makes/models.  

Expand meter replacement program to replace statistically 

significant number of poor performing meters each year.

to qualify for 5:

Use accepted default of 0.25% of system input volume

to qualify for 4:

Review utility policy regarding what water uses are 

considered unauthorized, and consider tracking a small 

sample of one such occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 4:

Implement a reliable record keeping system for customer 

meter histories, preferably using electronic methods 

typically linked to, or part of, the Customer Billing System 

or Customer Information System.  Expand meter accuracy 

testing to a larger group of meters.

to quality for 8:

Assess water utility policies to ensure that all known 

occurrences of unauthorized consumption are outlawed, and 

that appropriate penalties are prescribed.  Create written 

procedures for detection and documentation of various 

occurrences of unauthorized consumption as they are 

uncovered.   

to qualify for 10:

Refine written procedures and assign staff to seek out likely 

occurrences of unauthorized consumption.  Explore new 

locking devices, monitors and other technologies designed to 

detect and thwart unauthorized consumption. 
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Systematic Data Handling 

Errors:

Note: all water utilities 

incur some amount of this 

error. Even in water 

utilities with unmetered 

customer populations and 

fixed rate billing, errors 

occur in annual billing 

tabulations. Enter a 

positive value for the 

volume and select a 

grading.

Policies and procedures for 

activation of new customer water 

billing accounts are vague and lack 

accountability. Billing data is 

maintained on paper records which 

are not well organized.  No auditing 

is conducted to confirm billing data 

handling efficiency.  An unknown 

number of customers escape routine 

billing due to lack of billing process 

oversight.

Policy and procedures for activation 

of new customer accounts and 

oversight of billing records exist but 

need refinement. Billing data is 

maintained on paper records or 

insufficiently capable electronic 

database.  Only periodic unstructured 

auditing work is conducted to confirm 

billing data handling efficiency.  The 

volume of unbilled water due to billing 

lapses is a guess.

Conditions between 

2 and 4

Policy and procedures for new 

account activation and oversight of 

billing operations exist but needs 

refinement.  Computerized billing 

system exists, but is dated or lacks 

needed functionality.  Periodic, limited 

internal audits conducted and confirm 

with approximate accuracy the 

consumption volumes lost to billing 

lapses.

Conditions between 

4 and 6

Policy and procedures for new account 

activation and oversight of billing 

operations is adequate and reviewed 

periodically.  Computerized billing 

system is in use with basic reporting 

available.  Any effect of billing 

adjustments on measured 

consumption volumes is well 

understood.  Internal checks of billing 

data error conducted annually.  

Reasonably accurate quantification of 

consumption volume lost to billing 

lapses is obtained.

Conditions between 

6 and 8

New account activation and billing 

operations policy and procedures are 

reviewed at least biannually.  

Computerized billing system includes 

an array of reports to confirm billing 

data and system functionality.  Checks 

are conducted routinely to flag and 

explain zero consumption accounts.  

Annual internal checks conducted with 

third party audit conducted at least 

once every five years.  Accountability 

checks flag billing lapses.  

Consumption lost to billing lapses is 

well quantified and reducing year-by-

year.

Conditions between 

8 and 10

Sound written policy and procedures 

exist for new account activation and 

oversight of customer billing operations.  

Robust computerized billing system 

gives high functionality and reporting 

capabilities which are utilized, analyzed 

and the results reported each billing 

cycle.  Assessment of policy and data 

handling errors are conducted internally 

and audited by third party at least once 

every three years, ensuring 

consumption lost to billing lapses is 

minimized and detected as it occurs. 

Improvements to attain higher 

data grading for "Systematic 

Data Handling Error volume" 

component:

to qualify for 2:

Draft written policy and procedures 

for activating new water billing 

accounts and oversight of billing 

operations.  Investigate and budget 

for computerized customer billing 

system.  Conduct initial audit of 

billing records by flow-charting the 

basic business processes of the 

customer account/billing function.  

to maintain 10:

Stay abreast of customer information 

management developments and 

innovations.  Monitor developments of 

Advanced Metering Infrastructure (AMI) 

and integrate technology to ensure that 

customer endpoint information is well-

monitored and errors/lapses are at an 

economic minimum.

Length of mains:

Poorly assembled and maintained 

paper as-built records of existing 

water main installations makes 

accurate determination of system 

pipe length impossible.  Length of 

mains is guesstimated.

Paper records in poor or uncertain 

condition (no annual tracking of 

installations & abandonments).  Poor 

procedures to ensure that new water 

mains installed by developers are 

accurately documented.

Conditions between 

2 and 4

Sound written policy and procedures 

exist for documenting new water main 

installations, but gaps in 

management result in a uncertain 

degree of error in tabulation of mains 

length.

Conditions between 

4 and 6

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Highly accurate 

paper records with regular field 

validation; or electronic records and 

asset management system in good 

condition.  Includes system backup.

Conditions between 

6 and 8

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Electronic 

recordkeeping such as a Geographical 

Information System (GIS) and asset 

management system are used to 

store and manage data.  

Conditions between 

8 and 10

Sound written policy exists for managing 

water mains extensions and 

replacements.  Geographic Information 

System (GIS) data and asset 

management database agree and 

random field validation proves truth of 

databases.  Records of annual field 

validation should be available for review.

Improvements to attain higher 

data grading for "Length of 

Water Mains" component:

to qualify for 2:

Assign personnel to inventory 

current as-built records and 

compare with customer billing 

system records and highway plans in 

order to verify poorly documented 

pipelines.  Assemble policy 

documents regarding permitting and 

documentation of water main 

installations by the utility and building 

developers; identify gaps in 

procedures that result in poor 

documentation of new water main 

installations. 

to maintain 10:

Continue with standardization and 

random field validation to improve the 

completeness and accuracy of the 

system.

Number of active AND inactive 

service connections:

Vague permitting (of new service 

connections) policy and poor paper 

recordkeeping of customer 

connections/billings result in suspect 

determination of the number of 

service connections, which may be 

10-15% in error from actual count. 

General permitting policy exists but 

paper records, procedural gaps, and 

weak oversight result in questionable 

total for number of connections, 

which may vary 5-10% of actual 

count.    

Conditions between 

2 and 4

Written account activation policy and 

procedures exist, but with some gaps 

in performance and oversight.  

Computerized information 

management system is being 

brought online to replace dated paper 

recordkeeping system.  Reasonably 

accurate tracking of service 

connection installations & 

abandonments; but count can be up 

to 5% in error from actual total.  

Conditions between 

4 and 6

Written new account activation and 

overall billing policies and procedures 

are adequate and reviewed 

periodically.  Computerized information 

management system is in use with 

annual installations & abandonments 

totaled.  Very limited field verifications 

and audits.  Error in count of number of 

service connections is believed to be 

no more than 3%.

Conditions between 

6 and 8

Policies and procedures for new 

account activation and overall billing 

operations are written, well-structured 

and reviewed at least biannually.  Well-

managed computerized information 

management system exists and 

routine, periodic field checks and 

internal system audits are conducted.  

Counts of connections are no more 

than 2% in error. 

Conditions between 

8 and 10

Sound written policy and well managed 

and audited procedures ensure reliable 

management of service connection 

population.  Computerized information 

management system, Customer Billing 

System, and Geographic Information 

System (GIS) information agree; field 

validation proves truth of databases.  

Count of connections recorded as being 

in error is less than 1% of the entire 

population.

Improvements to attain higher 

data grading for "Number of 

Active and Inactive Service 

Connections" component:

Note: The number of 

Service Connections 

does not include fire 

hydrant leads/lines 

connecting the hydrant 

to the water main

to qualify for 2:

Draft new policy and procedures for 

new account activation and overall 

billing operations.  Research and 

collect paper records of installations 

& abandonments for several years 

prior to audit year.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of system.

to qualify for 8:

Launch random field checks of limited number of locations.  

Convert to electronic database such as a Geographic 

Information System (GIS) with backup as justified.  Develop 

written policy and procedures.

to qualify for 10:

Link Geographic Information System (GIS) and asset 

management databases, conduct field verification of data.  

Record field verification information at least annually.

to qualify for 6:

Finalize updates/improvements to written policy and 

procedures for permitting/commissioning new main 

installations.  Confirm inventory of records for five years prior 

to audit year; correct any errors or omissions.

SYSTEM DATA

Either of two conditions can be met for a 

grading of 10:

to qualify for 10:

Close policy/procedure  loopholes that allow some customer 

accounts to go unbilled, or data handling errors to exist.  

Ensure that billing system reports are utilized, analyzed and 

reported every billing cycle.  Ensure that internal and third party 

audits are conducted at least once every three years. 

to qualify for 4:

Finalize written policy and procedures for activation of new 

billing acocunts and overall billing operations management.  

Implement a computerized customer billing system.  

Conduct initial audit of billing records as part of this 

process.

to qualify for 6:

Refine new account activation and billing operations 

procedures and ensure consistency with the utility policy 

regarding billing, and minimize opportunity for missed billings.  

Upgrade or replace customer billing system for needed 

functionality - ensure that billing adjustments don't corrupt the 

value of consumption volumes.  Procedurize internal annual 

audit process.

to qualify for 8:

Formalize regular review of new account activation process 

and general billing practices.  Enhance reporting capability of 

computerized billing system.  Formalize regular auditing 

process to reveal scope of data handling error.  Plan for 

periodic third party audit to occur at least once every five 

years.

Gradings 1-9 apply if customer properties are unmetered, if customer meters exist and are located inside the customer building premises, or if the water utility owns and is responsible for the entire service connection piping from the water main to the customer building.  In any of these 

cases the average distance between the curb stop or boundary separating utility/customer responsibility for service connection piping, and the typical first point of use (ex: faucet) or the customer meter must be quantified.  Gradings of 1-9 are used to grade the validity of the means to 

quantify this value. (See the "Service Connection Diagram" worksheet)

to qualify for 8:

Formalize regular review of new account activation and 

overall billing operations policies and procedures.  Launch 

random field checks of limited number of locations.  Develop 

reports and auditing mechanisms for computerized 

information management system. 

to qualify for 10:

Close any procedural loopholes that allow installations to go 

undocumented.  Link computerized information management 

system with Geographic Information System (GIS) and 

formalize field inspection and information system auditing 

processes.  Documentation of new or decommissioned service 

connections encounters several levels of checks and balances.

to qualify for 4:

Refine policy and procedures for new account activation 

and overall billing operations.  Research computerized 

recordkeeping system (Customer Information System or 

Customer Billing System) to improve documentation format 

for service connections.

to qualify for 6:

Refine procedures to ensure consistency with new account 

activation and overall billing policy to establish new service 

connections or decommission existing connections.  Improve 

process to include all totals for at least five years prior to 

audit year.

to qualify for 4:

Complete inventory of paper records of water main 

installations for several years prior to audit year.  Review 

policy and procedures for commissioning and documenting 

new water main installation.

Note: if customer water 
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Vague policy exists to define the 

delineation of water utility ownership 

and customer ownership of the 

service connection piping.  Curb 

stops are perceived as the 

breakpoint but these have not been 

well-maintained or documented.  

Most are buried or obscured.  Their 

location varies widely from site-to-

site, and estimating this distance is 

arbitrary due to the unknown location 

of many curb stops.

Policy requires that the curb stop 

serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  The piping from 

the water main to the curb stop is the 

property of the water utility; and the 

piping from the curb stop to the 

customer building is owned by the 

customer.  Curb stop locations are 

not well documented and the 

average distance is based upon a 

limited number of locations 

measured in the field.

Conditions between 

2 and 4

Good policy requires that the curb 

stop serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  Curb stops are 

generally installed as needed and are 

reasonably documented.  Their 

location varies widely from site-to-

site, and an estimate of this distance 

is hindered by the availability of paper 

records of limited accuracy.   

Conditions between 

4 and 6

Clear written policy exists to define 

utility/customer responsibility for 

service connection piping.  Accurate, 

well-maintained paper or basic 

electronic recordkeeping system 

exists.  Periodic field checks confirm 

piping lengths for a sample of 

customer properties.   

Conditions between 

6 and 8

Clearly worded policy standardizes the 

location of curb stops and meters, 

which are inspected upon installation.  

Accurate and well maintained 

electronic records exist with periodic 

field checks to confirm locations of 

service lines, curb stops and customer 

meter pits.  An accurate number of 

customer properties from the 

customer billing system allows for 

reliable averaging of this length.

Conditions between 

8 and 10

Improvements to attain higher 

data grading for "Average 

Length of Customer Service 

Line" component:

to qualify for 2:

Research and collect paper records 

of service line installations.  Inspect 

several sites in the field using pipe 

locators to locate curb stops.  Obtain 

the length of this small sample of 

connections in this manner.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of service connection 

configurations and customer meter 

locations.

Average operating pressure:

Available records are poorly 

assembled and maintained paper 

records of supply pump 

characteristics and water distribution 

system operating conditions.  

Average pressure is guesstimated 

based upon this information and 

ground elevations from crude 

topographical maps.  Widely varying 

distribution system pressures due to 

undulating terrain, high system head 

loss and weak/erratic pressure 

controls further compromise the 

validity of the average pressure 

calculation.  

Limited telemetry monitoring of 

scattered pumping station and water 

storage tank sites provides some 

static pressure data, which is 

recorded in handwritten logbooks.  

Pressure data is gathered at 

individual sites only when low 

pressure complaints arise.  Average 

pressure is determined by averaging 

relatively crude data, and is affected 

by significant variation in ground 

elevations, system head loss and 

gaps in pressure controls in the 

distribution system. 

Conditions between 

2 and 4

Effective pressure controls separate 

different pressure zones; moderate 

pressure variation across the system, 

occasional open boundary valves are 

discovered that breech pressure 

zones.  Basic telemetry monitoring of 

the distribution system logs pressure 

data electronically.  Pressure data 

gathered by gauges or dataloggers at 

fire hydrants or buildings when low 

pressure complaints arise, and during 

fire flow tests and system flushing.  

Reliable topographical data exists.  

Average pressure is calculated using 

this mix of data. 

Conditions between 

4 and 6

Reliable pressure controls separate 

distinct pressure zones; only very 

occasional open boundary valves are 

encountered that breech pressure 

zones.  Well-covered telemetry 

monitoring of the distribution system 

(not just pumping at source treatment 

plants or wells) logs extensive pressure 

data electronically.  Pressure gathered 

by gauges/dataloggers at fire hydrants 

and buildings when low pressure 

complaints arise, and during fire flow 

tests and system flushing.  Average 

pressure is determined by using this 

mix of reliable data. 

Conditions between 

6 and 8

Well-managed, discrete pressure 

zones exist with generally predictable 

pressure fluctuations.  A current full-

scale SCADA System or similar 

realtime monitoring system exists to 

monitor the water distribution system 

and collect data, including real time 

pressure readings at representative 

sites across the system.  The average 

system pressure is determined from 

reliable monitoring system data. 

Conditions between 

8 and 10

Well-managed pressure districts/zones, 

SCADA System and hydraulic model 

exist to give very precise pressure data 

across the water distribution system.  

Average system pressure is reliably 

calculated from extensive, reliable, and 

cross-checked data.  Calculations are 

reported on an annual basis as a 

minimum.

Improvements to attain higher 

data grading for "Average 

Operating Pressure" 

component:

to qualify for 2:

Employ pressure gauging and/or 

datalogging equipment to obtain 

pressure measurements from fire 

hydrants.  Locate accurate 

topographical maps of service area 

in order to confirm ground 

elevations.  Research pump data 

sheets to find pump pressure/flow 

characteristics  

to maintain 10:  

Continue to refine the hydraulic model of 

the distribution system and consider 

linking it with SCADA System for real-

time pressure data calibration, and 

averaging.      

to qualify for 8:

Implement an electronic means of recordkeeping, typically 

via a customer information system, customer billing system, 

or Geographic Information System (GIS).  Standardize the 

process to conduct field checks of a limited number of 

locations.  

a) Customer water meters exist outside 

of customer buildings next to the curb 

stop or boundary separating 

utility/customer responsibility for service 

connection piping.  If so, answer "Yes" 

to the question on the Reporting 

Working asking about this condition.  A 

value of zero and a Grading of 10 are 

automatically entered in the Reporting 

Worksheet .

b). Meters exist inside customer 

buildings, or properties are unmetered.  

In either case, answer "No" to the 

Reporting Worksheet question on meter 

location, and enter a distance 

determined by the auditor.   For a 

Grading of 10 this value must be a very 

reliable number from a Geographic 

Information System (GIS) and 

confirmed by a statistically valid number 

of field checks.

to qualify for 8:  

Install a Supervisory Control and Data Acquisition (SCADA) 

System, or similar realtime monitoring system, to monitor 

system parameters and control operations.  Set regular 

calibration schedule for instrumentation to insure data 

accuracy.  Obtain accurate topographical data and utilize 

pressure data gathered from field surveys to provide 

extensive, reliable data for pressure averaging.  

to qualify for 10:  

Annually, obtain a system-wide average pressure value from 

the hydraulic model of the distribution system that has been 

calibrated via field measurements in the water distribution 

system and confirmed in comparisons with SCADA System 

data.      

to qualify for 4:

Formalize and communicate policy delineating 

utility/customer responsibilities for service connection 

piping.  Assess accuracy of paper records by field 

inspection of a small sample of service connections using 

pipe locators as needed.  Research the potential migration 

to a computerized information management system to 

store service connection data.

to qualify for 10:

Link customer information management system and 

Geographic Information System (GIS), standardize process for 

field verification of data.

to qualify for 4:  

Formalize a procedure to use pressure 

gauging/datalogging equipment to gather pressure data 

during various system events such as low pressure 

complaints, or operational testing. Gather pump pressure 

and flow data at different flow regimes.  Identify faulty 

pressure controls (pressure reducing valves, altitude 

valves, partially open boundary valves) and plan to properly 

configure pressure zones.  Make all pressure data from 

these efforts available to generate system-wide average 

pressure. 

to qualify for 6:  

Expand the use of pressure gauging/datalogging equipment 

to gather scattered pressure data at a representative set of 

sites, based upon pressure zones or areas.  Utilize pump 

pressure and flow data to determine supply head entering 

each pressure zone or district.  Correct any faulty pressure 

controls (pressure reducing valves, altitude valves, partially 

open boundary valves) to ensure properly configured 

pressure zones.  Use expanded pressure dataset from these 

activities to generate system-wide average pressure. 

to qualify for 6:

Establish coherent procedures to ensure that policy for curb 

stop, meter installation and documentation is followed.  Gain 

consensus within the water utility for the establishment of a 

computerized information management system.

Average length of customer 

service line:

meters are located outside 

of the customer building 

next to the curb stop or 

boundary separating 

utility/customer 

responsibility, then the 

auditor should answer 

"Yes" to the question on 

the Reporting Worksheet 

asking about this.  If the 

answer is Yes, the grading 

description listed under the 

Grading of 10(a) will be 

followed, with a value of 

zero automatically entered 

at a Grading of 10.  See 

the Service Connection 

Diagram worksheet for a 

visual presentation of this 

distance.
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Total annual cost of operating 

water system:

Incomplete paper records and lack 

of financial accounting 

documentation on many operating 

functions makes calculation of water 

system operating costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to estimate 

the major portion of water system 

operating costs. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  

However, gaps in data are known to 

exist, periodic internal reviews are 

conducted but not a structured 

financial audit. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited 

periodically by utility personnel, but not 

a Certified Public Accountant (CPA).  

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited at least 

annually by utility personnel, and at 

least once every three years by third-

party CPA.  

Conditions between 

8 and 10

Reliable electronic, industry-standard 

cost accounting system in place, with all 

pertinent water system operating costs 

tracked.  Data audited annually by utility 

personnel and annually also by third-

party CPA.  

Improvements to attain higher 

data grading for "Total Annual 

Cost of Operating the Water 

System" component:

to qualify for 2:

Gather available records, institute 

new financial accounting procedures 

to regularly collect and audit basic 

cost data of most important 

operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and long-term cost trend, and 

budget/track costs proactively

Customer retail unit cost 

(applied to Apparent Losses):

Customer population 

unmetered, and/or only a 

fixed fee is charged for 

consumption.

Antiquated, cumbersome water rate 

structure is used, with periodic 

historic amendments that were 

poorly documented and 

implemented; resulting in classes of 

customers being billed inconsistent 

charges.  The actual composite 

billing rate likely differs significantly 

from the published water rate 

structure, but a lack of auditing 

leaves the degree of error 

indeterminate.

Dated, cumbersome water rate 

structure, not always employed 

consistently in actual billing 

operations.  The actual composite 

billing rate is known to differ from the 

published water rate structure, and a 

reasonably accurate estimate of the 

degree of error is determined, 

allowing a composite billing rate to be 

quantified.

Conditions between 

2 and 4

Straight-forward water rate structure 

in use, but not updated in several 

years.  Billing operations reliably 

employ the rate structure.  The 

composite billing rate is derived from 

a single customer class such as 

residential customer accounts, 

neglecting the effect of different rates 

from varying customer classes.

Conditions between

4 and 6

Clearly written, up-to-date water rate 

structure is in force and is applied 

reliably in billing operations.  

Composite customer rate is 

determined using a weighted average 

residential rate using volumes of water 

in each rate block.

Conditions between 

6 and 8

Effective water rate structure is in 

force and is applied reliably in billing 

operations.  Composite customer rate 

is determined using a weighted 

average composite consumption rate, 

which includes residential, commercial, 

industrial, institutional (CII), and any 

other distinct customer classes within 

the water rate structure.

Conditions between 

8 and 10

Current, effective water rate structure is 

in force and applied reliably in billing 

operations.  The rate structure and 

calculations of composite rate - which 

includes residential, commercial, 

industrial, institutional (CII), and other 

distinct customer classes - are reviewed 

by a third party knowledgeable in the 

M36 methodology at least once every 

five years.

Improvements to attain higher 

data grading for "Customer 

Retail Unit Cost" component:

to qualify for 2:

Formalize the process to implement 

water rates, including a secure 

documentation procedure.  Create a 

current, formal water rate document 

and gain approval from all 

stakeholders.

to qualify for 6:

Evaluate volume of water used in 

each usage block by residential 

users.  Multiply volumes by full rate 

structure.

Launch effort to fully 

meter the customer 

population and charge 

rates based upon 

water volumes

to maintain 10:

Keep water rate structure current in 

addressing the water utility's revenue 

needs.  Update the calculation of the 

customer unit rate as new rate 

components, customer classes, or other 

components are modified.

Variable production cost 

(applied to Real Losses):

Note: if the water utility 

purchases/imports its 

entire water supply, then 

enter the unit purchase 

cost of the bulk water 

supply in the Reporting 

Worksheet with a grading 

of 10

Incomplete paper records and lack 

of documentation on primary 

operating functions (electric power 

and treatment costs most 

importantly) makes calculation of 

variable production costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to roughly 

estimate the basic operations costs 

(pumping power costs and treatment 

costs) and calculate a unit variable 

production cost. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  Electric 

power and treatment costs are 

reliably tracked and allow accurate 

weighted calculation of unit variable 

production costs based on these two 

inputs and water imported purchase 

costs (if applicable). All costs are 

audited internally on a periodic basis. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Pertinent additional 

costs beyond power, treatment and 

water imported purchase costs (if 

applicable) such as liability, residuals 

management, wear and tear on 

equipment, impending expansion of 

supply, are included in the unit variable 

production cost, as applicable.  The 

data is audited at least annually by 

utility personnel.

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent primary and secondary 

variable production and water 

imported purchase  (if applicable) 

costs tracked.  The data is audited at 

least annually by utility personnel, and 

at least once every three years by a 

third-party knowledgeable in the M36 

methodology.  

Conditions between 

8 and 10

Either of two conditions can be met to 

obtain a grading of 10:

1) Third party CPA audit of all pertinent 

primary and secondary variable 

production and water imported purchase 

(if applicable) costs on an annual basis.

or:

2) Water supply is entirely purchased as 

bulk water imported, and the unit 

purchase cost - including all applicable 

marginal supply costs - serves as the 

variable production cost.  If all applicable 

marginal supply costs are not included 

in this figure, a grade of 10 should not 

be selected.

Improvements to attain higher 

data grading for "Variable 

Production Cost" component:

to qualify for 2:

Gather available records, institute 

new procedures to regularly collect 

and audit basic cost data and most 

important operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and budget/track costs 

proactively

to qualify for 10:

Conduct a periodic third-party audit of water used in each 

usage block by all classifications of users.  Multiply volumes by 

full rate structure.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

COST DATA

to qualify for 6:

Establish process for periodic internal audit of water system 

operating costs; identify cost data gaps and institute 

procedures for tracking these outstanding costs.

to qualify for 8:

Standardize the process to conduct routine financial audit on 

an annual basis.  Arrange for CPA audit of financial records 

at least once every three years.

to qualify for 6:

Formalize process for regular internal audits of production 

costs.  Assess whether additional costs (liability, residuals 

management, equipment wear, impending infrastructure 

expansion) should be included to calculate a more 

representative variable production cost.  

to qualify for 8:

Formalize the accounting process to include direct cost 

components (power, treatment) as well as indirect cost 

components (liability, residuals management, etc.)  Arrange 

to conduct audits by a knowledgable third-party at least once 

every three years.

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 4:

Review the water rate structure and update/formalize as 

needed.  Assess billing operations to ensure that actual 

billing operations incorporate the established water rate 

structure.

to qualify for 8:

Evaluate volume of water used in each usage block by all 

classifications of users.  Multiply volumes by full rate 

structure.
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5

Name of Contact Person: All audit data are entered on the Reporting Worksheet

Email Address: Value can be entered by user

Telephone | Ext.: 530 747-8292 Value calculated based on input data 

Name of City / Utility: These cells contain recommended default values

City/Town/Municipality: 

State / Province: Pcnt: Value:

Country: 0.25%

Year: 2018 Financial Year

Start Date: 07/2018  Enter MM/YYYY numeric format

End Date: 06/2019  Enter MM/YYYY numeric format

Audit Preparation Date: 

Volume Reporting Units: 

PWSID / Other ID: 

If you have questions or comments regarding the software please contact us via email at: wlc@awwa.org

The spreadsheet contains several separate worksheets. Sheets can be accessed using the tabs towards the bottom of the screen, or by clicking the buttons below. 

Stan Gryczko

Million gallons (US)

Please begin by providing the following information The following guidance will help you complete the Audit

California (CA)

AWWA Free Water Audit Software v5.0 

City of Davis

The following worksheets are available by clicking the buttons below or selecting the tabs along the bottom of the page

Davis

sgryczko@cityofdavis.org

Auditors are strongly encouraged to refer to the most current edition of AWWA M36 Manual for Water Audits 

for detailed guidance on the water auditing process and targetting loss reduction levels

This spreadsheet-based water audit tool is designed to help quantify and track water losses associated with water distribution systems and identify areas for improved efficiency 

and cost recovery. It provides a "top-down" summary water audit format, and is not meant to take the place of a full-scale, comprehensive water audit format. 

CA5710001

United States

Use of Option  

(Radio) Buttons:

American Water Works Association Copyright © 2014, All Rights Reserved.

Select the default percentage 
by choosing the option button 
on the left

To enter a value, choose 
this button and enter a 
value in the cell to the right

Instructions

The current sheet.

Enter contact 

information and basic 

audit details (year,  

units etc)

Performance Indicators

Review the performance 
indicators to evaluate the 

results of the audit 

Comments

Enter comments to 

explain how values 

were calculated or to 

document data sources

Water Balance

The values entered in 

the Reporting 

Worksheet are used to 

populate the Water 

Balance

Dashboard

A graphical summary of 

the water balance and 

Non-Revenue Water 

components

Grading Matrix

Presents the possible 

grading options for 

each input component 

of the audit

Service Connection 

Diagram

Diagrams depicting 

possible customer service

connection line 

configurations

Acknowledgements

Acknowledgements for 
the AWWA Free Water 

Audit Software v5.0

Loss Control Planning

Use this sheet to interpret 
the results of the audit 

validity score and 
performance indicators

Definitions

Use this sheet to 

understand the terms 

used in the audit 

process

Example Audits

Reporting Worksheet 

and Performance 

Indicators examples 

are shown for two 

validated audits

Reporting Worksheet

Enter the required data 
on this worksheet to 
calculate the water 

balance and data grading
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Water Audit Report for:

Reporting Year:

All volumes to be entered as: MILLION GALLONS (US) PER YEAR

Master Meter and Supply Error Adjustments

WATER SUPPLIED Pcnt: Value:

Volume from own sources: 5 587.800 MG/Yr 5 MG/Yr

Water imported: 7 2,653 MG/Yr 8 MG/Yr

Water exported: n/a 0.000 MG/Yr MG/Yr

Enter negative % or value for under-registration

WATER SUPPLIED: 3,240.680 MG/Yr Enter positive % or value for over-registration
.

AUTHORIZED CONSUMPTION

Billed metered: 7 2,900.000 MG/Yr

Billed unmetered: n/a 0.000 MG/Yr

Unbilled metered: n/a 0.000 MG/Yr Pcnt: Value:

Unbilled unmetered: 5 8.100 MG/Yr 1.25% MG/Yr24061

AUTHORIZED CONSUMPTION: 2,908.100 MG/Yr

WATER LOSSES (Water Supplied - Authorized Consumption) 332.580 MG/Yr

Apparent Losses Pcnt: Value:

Unauthorized consumption: 5 8.102 MG/Yr 0.25% MG/Yr

Customer metering inaccuracies: 3 44.162 MG/Yr 1.50% MG/Yr

Systematic data handling errors: 5 7.250 MG/Yr 0.25% MG/Yr

Apparent Losses: 59.514 MG/Yr

Real Losses (Current Annual Real Losses or CARL)

Real Losses = Water Losses - Apparent Losses: 273.066 MG/Yr

WATER LOSSES: 332.580 MG/Yr

NON-REVENUE WATER

NON-REVENUE WATER: 340.680 MG/Yr

= Water Losses + Unbilled Metered + Unbilled Unmetered

SYSTEM DATA

Length of mains: 9 194.3 miles

Number of active AND inactive service connections: 9 17,367

Service connection density: 89 conn./mile main

Yes

Average length of customer service line: 10 ft

Average operating pressure: 5 50.0 psi

COST DATA

Total annual cost of operating water system: 10 $22,312,961 $/Year

Customer retail unit cost (applied to Apparent Losses): 10 $4.93

Variable production cost (applied to Real Losses): 5 $855.05 $/Million gallons

 WATER AUDIT DATA VALIDITY SCORE:

 PRIORITY AREAS FOR ATTENTION:

     1: Water imported

     2: Customer metering inaccuracies

     3: Variable production cost (applied to Real Losses)

 Based on the information provided, audit accuracy can be improved by addressing the following components:

$/100 cubic feet (ccf)

              <----------- Enter grading in column 'E' and 'J' ---------->

                Default option selected for unauthorized consumption - a grading of 5 is applied but not displayed                

*** YOUR SCORE IS: 67 out of 100 ***

A weighted scale for the components of consumption and water loss is included in the calculation of the Water Audit Data Validity Score

                   Default option selected for Systematic data handling errors - a grading of 5 is applied but not displayed

Average length of customer service line has been set to zero and a data grading score of 10 has been applied

Are customer meters typically located at the curbstop or property line? 

 AWWA Free Water Audit Software:

 Reporting Worksheet

8.100

2018 7/2018 - 6/2019

City of Davis  (CA5710001)

?

?

?

?

?

? Click to access definition

?

?

?

?

?

?

Please enter data in the white cells below. Where available, metered values should be used; if metered values are unavailable please estimate a value. Indicate your confidence in the accuracy of the input 

?

?

?

?

?

?

(length of service line, beyond the property boundary, 
that is the responsibility of the utility)

Use buttons to select
percentage of water supplied

OR
value

?Click here: 
for help using option 

?

?

?

?

+

+ Click to add a comment

WAS v5.0

+

+

+

+

+

+

American Water Works Association.
Copyright © 2014, All Rights Reserved.

+

+

+

+

+

+

+

+

+

+

+

+

+ Use Customer Retail Unit Cost to value real losses

?

To select the correct data grading for each input, determine the highest grade where the 
utility meets or exceeds all criteria for that grade and all grades below it.
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Water Audit Report for: City of Davis  (CA5710001)

Reporting Year:

System Attributes:

Apparent Losses: 59.514                               MG/Yr

+              Real Losses: 273.066                             MG/Yr

=            Water Losses: 332.580                             MG/Yr

Unavoidable Annual Real Losses (UARL): 66.73 MG/Yr

Annual cost of Apparent Losses: $392,225

Annual cost of Real Losses: $233,485 Valued at Variable Production Cost

Performance Indicators:

Non-revenue water as percent by volume of Water Supplied: 10.5%

Non-revenue water as percent by cost of operating system: 2.8%  Real Losses valued at Variable Production Cost

Apparent Losses per service connection per day: 9.39 gallons/connection/day

Real Losses per service connection per day: 43.08 gallons/connection/day

Real Losses per length of main per day*: N/A

Real Losses per service connection per day per psi pressure: 0.86 gallons/connection/day/psi

From Above, Real Losses = Current Annual Real Losses (CARL): 273.07 million gallons/year

4.09

* This performance indicator applies for systems with a low service connection density of less than 32 service connections/mile of pipeline

Infrastructure Leakage Index (ILI) [CARL/UARL]:

2018 7/2018 - 6/2019

Return to Reporting Worksheet to change this assumpiton

 AWWA Free Water Audit Software:

 System Attributes and Performance Indicators

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 67 out of 100 ***

?

American Water Works Association.
Copyright © 2014, All Rights Reserved.

WAS v5.0

Financial:

Operational Efficiency:
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General Comment:

Audit Item Comment

Volume from own sources:

Volume from own sources pulled from Ignition and verified with the water production white pages. Population of 71311 (Department of Finance information adjusted 

to include two County service areas - El Marcero and Willowbank)

Connected groundwater wells (9)

Vol. from own sources: Master meter 

error adjustment:
Use of SCADA to log volumes in and out of storage 

Water imported:

Water imported pulled from white pages.

Active Purchased Water Connections (1)

Emergency interconnections (2)

Purchased water from Regional Water Treatment Plant (CA5710012)

Water imported: master meter error 

adjustment:

Water exported:

Water exported: master meter error 

adjustment:

Billed metered:
80820 gallons for street sweeping during audit period (pulled from hauler quarterly reports). 1.99 million gallons of water for construction permits during audit period. 

2900 MG of billed meter consumption for user classes. Total = user class consumption + street sweeping + construction permit water.

Billed unmetered:

Unbilled metered:

For previous audits, estimated used for well lubrication use (see below). Now considered a portion of total UUAC. Water diverted downstream of well production 

meters and injected into wellhead upstream of meters. Estimated volume of 0.25 gpm running continuously * 9 wells. Total volume (million gallons) = (9 wells x 0.25 

gpm x 60 min/hour x 24 hours/day x 365 days/yr.)/1000000 = 1.1826 million gallons

 AWWA Free Water Audit Software:

 User Comments

Use this worksheet to add comments or notes to explain how an input value was calculated, or to document the sources of the information used.

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Audit Item Comment

Unbilled unmetered: 8.10 MG for flushing operations. CA specific default of 0.25%-multiplied water supplied total by 0.25% to get value (3240.68*.0025).

Unauthorized consumption:

Customer metering inaccuracies:

2% for 2016 audit to account for older meters. Adjusted to 1.5% for the 2017 audit with the majority of the year still having the older meters in place. Adjusted to 

1.0% for 2018 audit with the majority of new meters installed but at different points throughout the fiscal year and installation issues being addressed. Meter project 

still underway in early 2019, completed in May 2019. 

Systematic data handling errors:

Length of mains:

191 - total length of water mains- GIS and annual water report

1757 hydrants x 10 feet average per hydrant lateral = 17570 feet 17570 feet = 3.33 miles

Total mileage = 191 + 3.33 = 194.33 miles

Number of active AND inactive 

service connections:

Active connections-17,108. Inactive-none listed in annual report. Other potable connections-259 metered (fire suppresion, street cleaning, line flushing, construction 

meters, temporary meters)

Average length of customer service 

line:

Average operating pressure: Pressure logged continuously by SCADA at well and tank sites.

Total annual cost of operating water 

system:
Taken from annual budget which captures all relevant costs and is audited annually by a third-party CPA.

Customer retail unit cost (applied to 

Apparent Losses):
Retail unit cost of $ calculated by Finance based on customer billing (SFR, MFR and Commercial).

Variable production cost (applied to 

Real Losses):

Direct variable costs have been included related to chemicals and power/pumping. Indirect and secondary costs not included. Chemical treatment costs for 2018 - 

2019 of $10,833.20.  Energy costs of $491,763 pulled from PG&E reports. Indirect and secondary costs not included.

AWWA Free Water Audit Software v5.0 Comments     5



Water Audit Report for:

Reporting Year: 2018 7/2018 - 6/2019

Data Validity Score: 67

Water Exported Revenue Water

0.000 0.000

Billed Metered Consumption (water exported 

is removed)
Revenue Water

2,900.000

Own Sources
Authorized 

Consumption
2,900.000 Billed Unmetered Consumption 2,900.000

0.000

2,908.100 Unbilled Metered Consumption

0.000

587.800 8.100 Unbilled Unmetered Consumption

8.100

System Input Water Supplied Unauthorized Consumption 340.680

3,240.680 Apparent Losses 8.102

3,240.680 59.514 Customer Metering Inaccuracies

44.162

Systematic Data Handling Errors

Water Losses 7.250

Water Imported 332.580
Leakage on Transmission and/or Distribution 

Mains

Real Losses Not broken down

2,652.880
273.066

Leakage and Overflows at Utility's Storage 

Tanks

Not broken down

Leakage on Service Connections
Not broken down

AWWA Free Water Audit Software: Water Balance

Non-Revenue Water 

(NRW)

Billed Authorized Consumption

Unbilled Authorized Consumption

(Adjusted for known 

errors)

Billed Water Exported

City of Davis  (CA5710001)

WAS 

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Water Audit Report for:

Reporting Year: 2018 Show me the VOLUME of Non-Revenue Water

Data Validity Score: 67 Show me the COST of Non-Revenue Water

 AWWA Free Water Audit Software:

 Dashboard

7/2018 - 6/2019

City of Davis  (CA5710001)

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

C
o

st
 $

Total Cost of NRW =$632,636

Unbilled metered (valued at Var. Prod. Cost) Unbilled unmetered (valued at Var. Prod. Cost)

Unauth. consumption Cust. metering inaccuracies

Syst. data handling errors Real Losses (valued at Var. Prod. Cost)

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.

Water Losses Authorized Consumption Water Exported

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Water Exported

Water Imported

Volume From Own Sources

Real Losses Apparent Losses Unbilled Auth. Cons.

Billed Auth. Cons. Water Exported

Non Revenue Water Revenue Water Water Exported

The graphic below is a visual representation of the 

Water Balance with bar heights propotional to the 

Water Supplied Water Exported
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Volume from own sources:

Select this grading only if 

the water utility 

purchases/imports all of its 

water resources (i.e. has 

no sources of its own)

Less than 25% of water production 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted.

25% - 50% of treated water 

production sources are metered; 

other sources estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted. 

Conditions between 

2 and 4

50% - 75% of treated water 

production sources are metered, 

other sources estimated.  Occasional 

meter accuracy testing or electronic 

calibration conducted.

Conditions between 

4 and 6

At least 75% of treated water 

production sources are metered, or at 

least 90% of the source flow is derived 

from metered sources.  Meter 

accuracy testing and/or electronic 

calibration of related instrumentation is 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

annually, less than 10% of meters are 

found outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

semi-annually, with less than 10% found 

outside of +/- 3% accuracy. Procedures 

are reviewed by a third party 

knowledgeable in the M36 methodology.    

Improvements to attain higher 

data grading for "Volume from 

own Sources" component:

to qualify for 2:

Organize and launch efforts to 

collect data for determining volume 

from own sources

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Volume from own sources 

master meter and supply error 

adjustment:

Select n/a only if the water 

utility fails to have meters 

on its sources of supply 

Inventory information on meters and 

paper records of measured volumes 

exist but are incomplete and/or in a 

very crude condition; data error 

cannot be determined 

No automatic datalogging of 

production volumes; daily readings 

are scribed on paper records without 

any accountability controls.  Flows 

are not balanced across the water 

distribution system: tank/storage 

elevation changes are not employed 

in calculating the "Volume from own 

sources" component and archived 

flow data is adjusted only when 

grossly evident data error occurs.

Conditions between 

2 and 4

Production meter data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis 

with necessary corrections 

implemented.  "Volume from own 

sources" tabulations include estimate 

of daily changes in tanks/storage 

facilities.  Meter data is adjusted 

when gross data errors occur, or 

occasional meter testing deems this 

necessary.

Conditions between 

4 and 6

Hourly production meter data logged 

automatically & reviewed on at least a 

weekly basis.  Data is adjusted to 

correct gross error when 

meter/instrumentation equipment 

malfunction is detected; and/or error is 

confirmed by meter accuracy testing.  

Tank/storage facility elevation changes 

are automatically used in calculating a 

balanced "Volume from own sources" 

component, and data gaps in the 

archived data are corrected on at least 

a weekly basis.  

Conditions between 

6 and 8

Continuous production meter data is 

logged automatically & reviewed each 

business day.  Data is adjusted to 

correct gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Tank/storage facility 

elevation changes are automatically 

used in "Volume from own sources" 

tabulations and data gaps in the 

archived data are corrected on a daily 

basis.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically balances flows 

from all sources and storages; results 

are reviewed each business day.  Tight 

accountability controls ensure that all 

data gaps that occur in the archived flow 

data are quickly detected and corrected. 

Regular calibrations between SCADA 

and sources meters ensures minimal 

data transfer error.  

Improvements to attain higher 

data grading for "Master meter 

and supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature. 

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters.  Continue to 

replace or repair meters as they 

perform outside of desired accuracy 

limits.  Stay abreast of new and more 

accurate water level instruments to 

better record tank/storage levels and 

archive the variations in storage volume.  

Keep current with SCADA and data 

management systems to ensure that 

archived data is well-managed and error 

free.

Water Imported:

Select n/a if the water 

utility's supply is 

exclusively from its own 

water resources (no bulk 

purchased/ imported 

water)

Less than 25% of imported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of imported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of imported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of imported water 

sources are metered, meter accuracy 

testing and/or electronic calibration of 

related instrumentation is conducted 

annually for all meter installations.  

Less than 25% of tested meters are 

found outside of +/- 6% accuracy.  

Conditions between 

6 and 8

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Imported Volume" component:

(Note: usually the water 

supplier selling the water - "the 

Exporter" -  to the utility being 

audited is responsible to 

maintain the metering 

installation measuring the 

imported volume.  The utility 

should coordinate carefully 

with the Exporter to ensure 

that adequate meter upkeep 

takes place and an accurate 

measure of the Water 

Imported volume is quantified. ) 

to qualify for 2:

Review bulk water purchase 

agreements with partner suppliers; 

confirm requirements for use and 

maintenance of accurate metering.  

Identify needs for new or 

replacement meters with goal to 

meter all imported water sources. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Continue to 

conduct calibration of related 

instrumentation on a semi-annual basis.  

Repair or replace meters outside of +/- 

3% accuracy.  Continually 

investigate/pilot improving metering 

technology.

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all imported water interconnections.  Maintain annual 

meter accuracy testing for all imported water meters and 

conduct calibration of related instrumentation at least 

annually.  Repair or replace meters outside of +/- 6% 

accuracy.

to qualify for 4:

Locate all water production sources on maps and in the 

field, launch meter accuracy testing for existing meters, 

begin to install meters on unmetered water production 

sources and replace any obsolete/defective meters.

        AWWA Free Water Audit Software: Grading Matrix

 The grading assigned to each audit component and the corresponding recommended improvements and actions are highlighted in yellow. Audit accuracy is likely to be improved by prioritizing those items shown in red

to qualify for 6:

Refine computerized data collection and archive to include 

hourly production meter data that is reviewed at least on a 

weekly basis to detect specific data anomalies and gaps.  

Use daily net storage change to balance flows in calculating 

"Water Supplied" volume.   Necessary corrections to data 

errors are implemented on a weekly basis. 

to qualify for 8:

Ensure that all flow data is collected and archived on at least 

an hourly basis.  All data is reviewed and detected errors 

corrected each business day.  Tank/storage levels variations 

are employed in calculating balanced "Water Supplied" 

component.  Adjust production meter data for gross error 

and inaccuracy confirmed by testing. 

to qualify for 10:

Link all production and tank/storage facility elevation change 

data to a Supervisory Control & Data Acquisition (SCADA) 

System, or similar computerized monitoring/control system, 

and establish automatic flow balancing algorithm and regularly 

calibrate between SCADA and source meters.  Data is 

reviewed and corrected each business day.

to qualify for 6:

Formalize annual meter accuracy testing for all source 

meters; specify the frequency of testing.  Complete 

installation of meters on unmetered water production sources 

and complete replacement of all obsolete/defective meters.

to qualify for 8:

Conduct annual meter accuracy testing and calibration of 

related instrumentation on all meter installations on a regular 

basis.  Complete project to install new, or replace defective 

existing, meters so that entire production meter population is 

metered.  Repair or replace meters outside of +/- 6% 

accuracy. 

To qualify for 4:

Locate all imported water sources on maps and in the field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered imported water 

interconnections and replace obsolete/defective meters. 

to qualify for 6:

Formalize annual meter accuracy testing for all imported 

water meters, planning for both regular meter accuracy 

testing and calibration of the related instrumentation.  

Continue installation of meters on unmetered imported water 

interconnections and replacement of obsolete/defective 

meters.

to qualify for 10:

Maintain annual meter accuracy testing and calibration of 

related instrumentation for all meter installations.  Repair or 

replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to further improve meter 

accuracy. 

to qualify for 4:

Install automatic datalogging equipment on production 

meters.  Complete installation of level instrumentation at all 

tanks/storage facilities and include tank level data in 

automatic calculation routine in a computerized system.  

Construct a computerized listing or spreadsheet to archive 

input volumes, tank/storage volume changes and 

import/export flows in order to determine the composite 

"Water Supplied" volume for the distribution system.  Set a 

procedure to review this data on a monthly basis to detect 

gross anomalies and data gaps.     

to qualify for 10:

Conduct meter accuracy testing for all meters on a semi-

annual basis, along with calibration of all related 

instrumentation.  Repair or replace meters outside of +/- 3% 

accuracy.  Investigate new meter technology; pilot one or more 

replacements with innovative meters in attempt to improve 

meter accuracy. 

WATER SUPPLIED

WAS 

American Water Works Association.  Copyright © 2014, All Rights Reserved.
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Water imported master meter 

and supply error adjustment:

Select n/a if the Imported 

water supply is 

unmetered, with Imported 

water quantities estimated 

on the billing invoices sent 

by the Exporter to the 

purchasing Utility. 

Inventory information on imported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with water Exporter(s) are missing or 

written in vague language 

concerning meter management and 

testing. 

No automatic datalogging of 

imported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Imported supply metered flow data is 

logged automatically in electronic 

format and reviewed at least on a 

monthly basis by the Exporter with 

necessary corrections implemented.  

Meter data is adjusted by the 

Exporter when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

selling and the purchasing Utility.  

Written agreement exists and clearly 

states requirements and roles for 

meter accuracy testing and data 

management. 

Conditions between 

4 and 6

Hourly Imported supply metered data 

is logged automatically & reviewed on 

at least a weekly basis by the Exporter.  

Data is adjusted to correct gross error 

when meter/instrumentation equipment 

malfunction is detected; and to correct 

for error confirmed by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling and the purchasing 

Utility.    

Conditions between 

6 and 8

Continuous Imported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

Exporter.  Data is adjusted to correct 

gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Any data 

errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling and the purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the Exporter.  Tight accountability 

controls ensure that all error/data gaps 

that occur in the archived flow data are 

quickly detected and corrected.  A 

reliable data trail exists and contract 

provisions for meter testing and data 

management are reviewed by the selling 

and purchasing Utility at least once 

every five years.  

Improvements to attain higher 

data grading for "Water 

imported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the selling and 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

Exporter to help identify meter 

replacement needs.  Keep 

communication lines with Exporters 

open and maintain productive relations.  

Keep the written agreement current with 

clear and explicit language that meets 

the ongoing needs of all parties. 

Water Exported:

Select n/a if the water 

utility sells no bulk water to 

neighboring water utilities 

(no exported water sales)

Less than 25% of exported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of exported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of exported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of exported water 

sources are metered, meter accuracy 

testing and/or electronic calibration 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Exported Volume" component:

(Note: usually, if the water 

utility being audited sells 

(Exports) water to a 

neighboring purchasing Utility, 

it is the responsibility of the 

utility exporting the water to 

maintain the metering 

installation measuring the 

Exported volume.  The utility 

exporting the water should 

ensure that adequate meter 

upkeep takes place and an 

accurate measure of the 

Water Exported volume is 

quantified. ) 

to qualify for 2:

Review bulk water sales agreements 

with purchasing utilities; confirm 

requirements for use & upkeep of 

accurate metering.  Identify needs to 

install new, or replace defective 

meters as needed. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Water exported master meter 

and supply error adjustment:

Select n/a only if the water 

utility fails to have meters 

on its exported supply 

interconnections. 

Inventory information on exported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with the utility purchasing the water 

are missing or written in vague 

language concerning meter 

management and testing. 

No automatic datalogging of 

exported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Exported metered flow data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis, 

with necessary corrections 

implemented.  Meter data is adjusted 

by the utility selling (exporting) the 

water when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

utility exporting the water and the 

purchasing Utility.  Written agreement 

exists and clearly states requirements 

and roles for meter accuracy testing 

and data management. 

Conditions between 

4 and 6

Hourly exported supply metered data is 

logged automatically & reviewed on at 

least a weekly basis by the utility selling 

the water.  Data is adjusted to correct 

gross error when 

meter/instrumentation equipment 

malfunction is detected; and to correct 

for error found by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling (exporting) utility and 

the purchasing Utility.    

Conditions between 

6 and 8

Continuous exported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

utility selling (exporting) the water.  

Data is adjusted to correct gross error 

from detected meter/instrumentation 

equipment malfunction and any error 

confirmed by meter accuracy testing.  

Any data errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling (exporting) Utility and the 

purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the utility selling (exporting) the water.  

Tight accountability controls ensure that 

all error/data gaps that occur in the 

archived flow data are quickly detected 

and corrected.  A reliable data trail 

exists and contract provisions for meter 

testing and data management are 

reviewed by the selling Utility and 

purchasing Utility at least once every 

five years.  

to qualify for 4:

Install automatic datalogging equipment on Imported 

supply meters.  Set a procedure to review this data on a 

monthly basis to detect gross anomalies and data gaps.  

Launch discussions with the Exporters to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

to qualify for 6:

Refine computerized data collection and archive to include 

hourly Imported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all Imported supply metered flow data is 

collected and archived on at least an hourly basis.  All data is 

reviewed and errors/data gaps are corrected each business 

day.   

to qualify for 6:

Formalize annual meter accuracy testing for all exported 

water meters.  Continue installation of meters on unmetered 

exported water interconnections and replacement of 

obsolete/defective meters.

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all exported water interconnections.  Maintain annual 

meter accuracy testing for all exported water meters.  Repair 

or replace meters outside of +/- 6% accuracy.

to qualify for 10:

Maintain annual meter accuracy testing for all meters.  Repair 

or replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to improve meter accuracy. 

to qualify for 10:

Conduct accountability checks to confirm that all Imported 

supply metered data is reviewed and corrected each business 

day by the Exporter.  Results of all meter accuracy tests and 

data corrections should be available for sharing between the 

Exporter and the purchasing Utility.  Establish a schedule for a 

regular review and updating of the contractual language in the 

written agreement between the selling and the purchasing 

Utility; at least every five years. 

To qualify for 4:

Locate all exported water sources on maps and in field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered exported water 

interconnections and replace obsolete/defective meters 
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Improvements to attain higher 

data grading for "Water 

exported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the utility selling 

(exporting) the water and the 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

purchasing utilities to help identify meter 

replacement needs.  Keep 

communication lines with the purchasing 

utilities open and maintain productive 

relations.  Keep the written agreement 

current with clear and explicit language 

that meets the ongoing needs of all 

parties. 

Billed metered:

n/a (not applicable). Select 

n/a only if the entire 

customer population is not 

metered and is billed for 

water service on a flat or 

fixed rate basis. In such a 

case the volume entered 

must be zero.

Less than 50% of customers with 

volume-based billings from meter 

readings; flat or fixed rate billing 

exists for the majority of the 

customer population

At least 50% of customers with 

volume-based billing from meter 

reads; flat rate billing for others.  

Manual meter reading is conducted, 

with less than 50% meter read 

success rate, remainding accounts' 

consumption is estimated.  Limited 

meter records, no regular meter 

testing or replacement.  Billing data 

maintained on paper records, with no 

auditing.

Conditions between 

2 and 4

At least 75% of customers with 

volume-based, billing from meter 

reads; flat or fixed rate billing for 

remaining accounts.  Manual meter 

reading is conducted with at least 

50% meter read success rate; 

consumption for accounts with failed 

reads is estimated.  Purchase 

records verify age of customer 

meters; only very limited meter 

accuracy testing is conducted.  

Customer meters are replaced only 

upon complete failure.  Computerized 

billing records exist, but only sporadic 

internal auditing conducted.

Conditions between 

4 and 6

At least 90% of customers with volume-

based billing from meter reads; 

consumption for remaining accounts is 

estimated.  Manual customer meter 

reading gives at least 80% customer 

meter reading success rate; 

consumption for accounts with failed 

reads is estimated.  Good customer 

meter records eixst, but only limited 

meter accuracy testing is conducted.  

Regular replacement is conducted for 

the oldest meters.  Computerized 

billing records exist with annual auditing 

of summary statistics conducting by 

utility personnel.

Conditions between 

6 and 8

At least 97% of customers exist with 

volume-based billing from meter 

reads.  At least 90% customer meter 

reading success rate; or at least 80% 

read success rate with planning and 

budgeting for trials of Automatic Meter 

Reading (AMR) or Advanced Metering 

Infrastructure (AMI) in one or more 

pilot areas.  Good customer meter 

records. Regular meter accuracy 

testing guides replacement of 

statistically significant number of 

meters each year.  Routine auditing of 

computerized billing records for global 

and detailed statistics occurs annually 

by utility personnel, and is verified by 

third party at least once every five 

years.

Conditions between 

8 and 10

At least 99% of customers exist with 

volume-based billing from meter reads.  

At least 95% customer meter reading 

success rate; or minimum 80% meter 

reading success rate, with Automatic 

Meter Reading (AMR) or Advanced 

Metering Infrastructure (AMI) trials 

underway.  Statistically significant 

customer meter testing and 

replacement program in place on a 

continuous basis.  Computerized billing 

with routine, detailed auditing, including 

field investigation of representative 

sample of accounts undertaken annually 

by utility personnel.  Audit is conducted 

by third party auditors at least once 

every three years.

Improvements to attain higher 

data grading for "Billed 

Metered Consumption" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Conduct investigations or trials of 

customer meters to select 

appropriate meter models.  Budget 

funding for meter installations.  

Investigate volume based water rate 

structures.

to maintain 10:

Continue annual internal billing data 

auditing, and third party auditing at least 

every three years.  Continue customer 

meter accuracy testing to ensure that 

accurate customer meter readings are 

obtained and entered as the basis for 

volume based billing.  Stay abreast of 

improvements in Automatic Meter 

Reading (AMR) and Advanced Metering 

Infrastructure (AMI) and information 

management.  Plan and budget for 

justified upgrades in metering, meter 

reading and billing data management to 

maintain very high accuracy in customer 

metering and billing.

Billed unmetered:

Select n/a if it is the policy 

of the water utility to meter 

all customer connections 

and it has been confirmed 

by detailed auditing that all 

customers do indeed have 

a water meter; i.e. no 

intentionally unmetered 

accounts exist

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  No data is 

collected on customer consumption.  

The only estimates of customer 

population consumption available 

are derived from data estimation 

methods using average fixture count 

multiplied by number of connections, 

or similar approach.

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  Some metered 

accounts exist in parts of the system 

(pilot areas or District Metered 

Areas) with consumption read 

periodically or recorded on portable 

dataloggers over one, three, or 

seven day periods.  Data from these 

sample meters are used to infer 

consumption for the total customer 

population.  Site specific estimation 

methods are used for unusual 

buildings/water uses.  

Conditions between 

2 and 4

Water utility policy does require 

metering and volume based billing in 

general.  However, a liberal amount 

of exemptions and a lack of clearly 

written and communicated 

procedures result in up to 20% of 

billed accounts believed to be 

unmetered by exemption; or the 

water utility is in transition to 

becoming fully metered, and a large 

number of customers remain 

unmetered.  A rough estimate of  the 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

4 and 6

Water utility policy does require 

metering and volume based billing but 

established exemptions exist for a 

portion of accounts such as municipal 

buildings.  As many as 15% of billed 

accounts are unmetered due to this 

exemption or meter installation 

difficulties.  Only a group estimate of 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

6 and 8

Water utility policy does require 

metering and volume based billing for 

all customer accounts.  However, less 

than 5% of billed accounts remain 

unmetered because meter  installation 

is hindered by unusual circumstances.  

The goal is to minimize the number of 

unmetered accounts.  Reliable 

estimates of consumption are 

obtained for these unmetered 

accounts via site specific estimation 

methods.

Conditions between 

8 and 10

Water utility policy does require 

metering and volume based billing for all 

customer accounts.  Less than 2% of 

billed accounts are unmetered and exist 

because meter installation is hindered 

by unusual circumstances.  The goal 

exists to minimize the number of 

unmetered accounts to the extent that is 

economical.  Reliable estimates of 

consumption are obtained at these 

accounts via site specific estimation 

methods.

to qualify for 8:

Purchase and install meters on unmetered accounts.  If 

customer meter reading success rate is less than 97%, 

assess cost-effectiveness of Automatic Meter Reading 

(AMR) or Advanced Metering Infrastructure (AMI) system for 

portion or entire system; or otherwise achieve ongoing 

improvements in manual meter reading success rate to 97% 

or higher.  Refine meter accuracy testing program.  Set 

meter replacement goals based upon accuracy test results.  

Implement annual auditing of detailed billing records by utility 

personnel and implement third party auditing at least once 

every five years. 

to qualify for 4:

Purchase and install meters on unmetered accounts.  

Implement policies to improve meter reading success.  

Catalog meter information during meter read visits to 

identify age/model of existing meters.  Test a minimal 

number of meters for accuracy.  Install computerized billing 

system. 

to qualify for 6:

Purchase and install meters on unmetered accounts.  

Eliminate flat fee billing and establish appropriate water rate 

structure based upon measured consumption.  Continue to 

achieve verifiable success in removing manual meter reading 

barriers. Expand meter accuracy testing.  Launch regular 

meter replacement program.  Launch a program of annual 

auditing of global billing statistics by utility personnel. 

to qualify for 10:

Purchase and install meters on unmetered accounts.  Launch 

Automatic Meter Reading (AMR) or Advanced Metering 

Infrastructure (AMI) system trials if manual meter reading 

success rate of at least 99% is not achieved within a five-year 

program.  Continue meter accuracy testing program.  Conduct 

planning and budgeting for large scale meter replacement 

based upon meter life cycle analysis using cumulative flow 

target.  Continue annual detailed billing data auditing by utility 

personnel and conduct third party auditing at least once every 

three years.   

to qualify for 4:

Install automatic datalogging equipment on exported supply 

meters.  Set a procedure to review this data on a monthly 

basis to detect gross anomalies and data gaps.  Launch 

discussions with the purchasing utilities to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

AUTHORIZED CONSUMPTION

to qualify for 10:

Conduct accountability checks to confirm that all exported 

metered flow data is reviewed and corrected each business 

day by the utility selling the water.  Results of all meter 

accuracy tests and data corrections should be available for 

sharing between the utility and the purchasing Utility.  Establish 

a schedule for a regular review and updating of the contractual 

language in the written agreements with the purchasing utilities; 

at least every five years. 

to qualify for 6:

Refine computerized data collection and archive to include 

hourly exported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all exported metered flow data is collected and 

archived on at least an hourly basis.  All data is reviewed and 

errors/data gaps are corrected each business day.   
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Improvements to attain higher 

data grading for "Billed 

Unmetered Consumption" 

component:

to qualify for 2: 

Conduct research and evaluate 

cost/benefit of a new water utility 

policy to require metering of the 

customer population; thereby greatly 

reducing or eliminating unmetered 

accounts.  Conduct pilot metering 

project by installing water meters in 

small sample of customer accounts 

and periodically reading the meters 

or datalogging the water 

consumption over one, three, or 

seven day periods.

to maintain 10: 

Continue to refine estimation methods 

for unmetered consumption and explore 

means to establish metering, for as 

many billed remaining unmetered 

accounts as is economically feasible.

Unbilled metered:

select n/a if all billing-

exempt consumption is 

unmetered.  

Billing practices exempt certain 

accounts, such as municipal 

buildings, but written policies do not 

exist; and a reliable count of unbilled 

metered accounts is unavailable.  

Meter upkeep and meter reading on 

these accounts is rare and not 

considered a priority.  Due to poor 

recordkeeping and lack of auditing, 

water consumption for all such 

accounts is purely guesstimated.       

Billing practices exempt certain 

accounts, such as municipal 

buildings, but only scattered, dated 

written directives exist to justify this 

practice.  A reliable count of unbilled 

metered accounts is unavailable.  

Sporadic meter replacement and 

meter reading occurs on an as-

needed basis.  The total annual water 

consumption for all unbilled, metered 

accounts is estimated based upon 

approximating the number of 

accounts and assigning consumption 

from actively billed accounts of same 

meter size.        

Conditions between 

2 and 4

Dated written procedures permit 

billing exemption for specific 

accounts, such as municipal 

properties, but are unclear regarding 

certain other types of accounts.  

Meter reading is given low priority and 

is sporadic.   Consumption is 

quantified from meter readings where 

available.  The total number of 

unbilled, unmetered accounts must 

be estimated along with consumption 

volumes.          

Conditions between 

4 and 6

Written policies regarding billing 

exemptions exist but adherence in 

practice is questionable.  Metering and 

meter reading for municipal buildings is 

reliable but sporadic for other unbilled 

metered accounts.  Periodic auditing of 

such accounts is conducted.  Water 

consumption is quantified directly from 

meter readings where available, but 

the majority of the consumption is 

estimated.       

Conditions between 

6 and 8

Written policy identifies the types of 

accounts granted a billing exemption.  

Customer meter management and 

meter reading are considered 

secondary priorities, but meter reading 

is conducted at least annually to obtain 

consumption volumes for the annual 

water audit.  High level auditing of 

billing records ensures that a reliable 

census of such accounts exists.          

Conditions between 

8 and 10

Clearly written policy identifies the types 

of accounts given a billing exemption, 

with emphasis on keeping such 

accounts to a minimum.  Customer 

meter management and meter reading 

for these accounts is given proper 

priority and is reliably conducted.  

Regular auditing confirms this.  Total 

water consumption for these accounts is 

taken from reliable readings from 

accurate meters.         

Improvements to attain higher 

data grading for "Unbilled 

Metered Consumption" 

component:

to qualify for 2:

Reassess the water utility's policy 

allowing certain accounts to be 

granted a billing exemption.  Draft an 

outline of a new written policy for 

billing exemptions, with clear 

justification as to why any accounts 

should be exempt from billing, and 

with the intention to keep the number 

of such accounts to a minimum.   

to maintain 10:

Reassess the utility's philosophy in 

allowing any water uses to go "unbilled".  

It is possible to meter and bill all 

accounts, even if the fee charged for 

water consumption is discounted or 

waived.  Metering and billing all 

accounts ensures that water 

consumption is tracked and water waste 

from plumbing leaks is detected and 

minimized.

Unbilled unmetered:

Extent of unbilled, unmetered 

consumption is unknown due to 

unclear policies and poor 

recordkeeping.  Total consumption 

is quantified based upon a purely 

subjective estimate.  

Clear extent of unbilled, unmetered 

consumption is unknown, but a 

number of events are randomly 

documented each year, confirming 

existence of such consumption, but 

without sufficient documentation to 

quantify an accurate estimate of the 

annual volume consumed.

Conditions between 

2 and 4

Extent of unbilled, unmetered 

consumption is partially known, and 

procedures exist to document certain 

events such as miscellaneous fire 

hydrant uses.  Formulae is used to 

quantify the consumption from such 

events (time running multiplied by 

typical flowrate, multiplied by number 

of  events).  

Default value of 

1.25% of system input 

volume is employed

Coherent policies exist for some forms 

of unbilled, unmetered consumption 

but others await closer evaluation. 

Reasonable recordkeeping for the 

managed uses exists and allows for 

annual volumes to be quantified by 

inference, but unsupervised uses are 

guesstimated.

Conditions between 

6 and 8

Clear policies and good recordkeeping 

exist for some uses (ex: water used in 

periodic testing of unmetered fire 

connections), but other uses (ex: 

miscellaneous uses of fire hydrants) 

have limited oversight.  Total 

consumption is a mix of well quantified 

use such as from formulae (time 

running multiplied by typical flow, 

multiplied by number of events) or 

temporary meters, and relatively 

subjective estimates of less regulated 

use.

Conditions between 

8 and 10

Clear policies exist to identify permitted 

use of water in unbilled, unmetered 

fashion, with the intention of minimizing 

this type of consumption.  Good records 

document each occurrence and 

consumption is quantified via formulae 

(time running multiplied by typical flow, 

multiplied by number of events) or use 

of temporary meters.

Improvements to attain higher 

data grading for "Unbilled 

Unmetered Consumption" 

component:

to qualify for 5:

Utilize the accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of 

this use.

to qualify for 2:

Establish a policy regarding what 

water uses should be allowed to 

remain as unbilled and unmetered.  

Consider tracking a small sample of 

one such use (ex: fire hydrant 

flushings).   

to qualify for 5:

Utilize accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of all 

such use.  This is particularly 

appropriate for water utilities who are 

in the early stages of the water 

auditing process, and should focus on 

other components since the volume 

of unbilled, umetered consumption is 

usually a relatively small quatity 

component, and other larger-quantity 

components should take priority.

to qualify for 6 or 

greater:

Finalize policy and 

begin to conduct field 

checks to better 

establish and quantify 

such usage.  Proceed 

if top-down audit 

exists and/or a great 

volume of such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

with intention of reducing the number of 

allowable uses of water in unbilled and 

unmetered fashion.  Any uses that can 

feasibly become billed and metered 

should be converted eventually.

to qualify for 8:

Push to install customer meters on a full scale basis.  Refine 

metering policy and procedures to ensure that all accounts, 

including municipal properties, are designated for meters.  

Plan special efforts to address "hard-to-access" accounts.  

Implement procedures to obtain a reliable consumption 

estimate for the remaining few unmetered accounts awaiting 

meter installation.

to qualify for 10:

Continue customer meter installation throughout the service 

area, with a goal to minimize unmetered accounts.  Sustain the 

effort to investigate accounts with access difficulties, and 

devise means to install water meters or otherwise measure 

water consumption.

to qualify for 8:

Assess water utility policy and procedures for various 

unmetered usages.  For example, ensure that a policy exists 

and permits are issued for use of fire hydrants by persons 

outside of the utility.  Create written procedures for use and 

documentation of fire hydrants by water utility personnel.  

Use same approach for other types of unbilled, unmetered 

water usage. 

to qualify for 5:

Utilize accepted default value of 1.25% of the volume of 

water supplied as an expedient means to gain a 

reasonable quantification of this use.    

to qualify for 4:

Evaluate the documentation of events that have been 

observed.  Meet with user groups (ex: for fire hydrants - fire 

departments, contractors to ascertain their need and/or 

volume requirements for water from fire hydrants).  

to qualify for 8:

Communicate billing exemption policy throughout the 

organization and implement procedures that ensure proper 

account management.  Conduct inspections of accounts 

confirmed in unbilled metered status and verify that accurate 

meters exist and are scheduled for routine meter readings.  

Gradually increase the number of unbilled metered accounts 

that are included in regular meter reading routes. 

APPARENT LOSSES

to qualify for 4:

Review historic written directives and policy documents 

allowing certain accounts to be billing-exempt.  Draft an 

outline of a written policy for billing exemptions, identify 

criteria that grants an exemption, with a goal of keeping this 

number of accounts to a minimum.  Consider increasing 

the priority of reading meters on unbilled accounts at least 

annually.  

to qualify for 6:

Draft a new written policy regarding billing exemptions based 

upon consensus criteria allowing this occurrence.  Assign 

resources to audit meter records and billing records to obtain 

census of unbilled metered accounts.  Gradually include a 

greater number of these metered accounts to the routes for 

regular meter reading.    

to qualify for 10:

Refine written procedures to ensure that all uses of unbilled, 

unmetered water are overseen by a structured permitting 

process managed by water utility personnel.  Reassess policy 

to determine if some of these uses have value in being 

converted to billed and/or metered status.

to qualify for 10:

Ensure that meter management (meter accuracy testing, 

meter replacement) and meter reading activities for unbilled 

accounts are accorded the same priority as billed accounts.  

Establish ongoing annual auditing process to ensure that water 

consumption is reliably collected and provided to the annual 

water audit process.

to qualify for 4: 

Implement a new water utility policy requiring customer 

metering.  Launch or expand pilot metering study to include 

several different meter types, which will provide data for 

economic assessment of full scale metering options.  

Assess sites with access difficulties to devise means to 

obtain water consumption volumes.  Begin customer meter 

installation. 

to qualify for 6:

Refine policy and procedures to improve customer metering 

participation for all but solidly exempt accounts.  Assign staff 

resources to review billing records to identify errant 

unmetered properties.  Specify metering needs and funding 

requirements to install sufficient meters to significant reduce 

the number of unmetered accounts
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Unauthorized consumption:

Extent of unauthorized consumption 

is unknown due to unclear policies 

and poor recordkeeping.  Total 

unauthorized consumption is 

guesstimated.  

Unauthorized consumption is a 

known occurrence, but its extent is a 

mystery.  There are no requirements 

to document observed events, but 

periodic field reports capture some of 

these occurrences.  Total 

unauthorized consumption is 

approximated from this limited data.  

conditions between 

2 and 4

Procedures exist to document some 

unauthorized consumption such as 

observed unauthorized fire hydrant 

openings.  Use formulae to quantify 

this consumption (time running 

multiplied typical flowrate, multiplied 

by number of  events).  

Default value of 

0.25% of volume of 

water supplied is 

employed

Coherent policies exist for some forms 

of unauthorized consumption (more 

than simply fire hydrant misuse) but 

others await closer evaluation. 

Reasonable surveillance and 

recordkeeping exist for occurrences 

that fall under the policy.  Volumes 

quantified by inference from these 

records. 

Conditions between 

6 and 8

Clear policies and good auditable 

recordkeeping exist for certain events 

(ex: tampering with water meters, 

illegal bypasses of customer meters); 

but other occurrences have limited 

oversight.  Total consumption is a 

combination of volumes from formulae 

(time x typical flow) and subjective 

estimates of unconfirmed 

consumption.

Conditions between 

8 and 10

Clear policies exist to identify all known 

unauthorized uses of water.  Staff and 

procedures exist to provide enforcement 

of policies and detect violations.  Each 

occurrence is recorded and quantified 

via formulae (estimated time running 

multiplied by typical flow) or similar 

methods.  All records and calculations 

should exist in a form that can be 

audited by a third party.

Improvements to attain higher 

data grading for "Unauthorized 

Consumption" component:

to qualify for 5:

Use accepted default of 0.25% of 

volume of water supplied.

to qualify for 2:

Review utility policy regarding what 

water uses are considered 

unauthorized, and consider tracking 

a small sample of one such 

occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 5:

Utilize accepted default value of 

0.25% of volume of water supplied as 

an expedient means to gain a 

reasonable quantification of all such 

use.  This is particularly appropriate 

for water utilities who are in the early 

stages of the water auditing process.

to qualify for 6 or 

greater:

Finalize policy updates 

to clearly identify the 

types of water 

consumption that are 

authorized from those 

usages that fall 

outside of this policy 

and are, therefore, 

unauthorized.  Begin 

to conduct regular 

field checks.  Proceed 

if the top-down audit 

already exists and/or 

a great volume of 

such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

to eliminate any loopholes that allow or 

tacitly encourage unauthorized 

consumption.  Continue to be vigilant in 

detection, documentation and 

enforcement efforts.  

Customer metering 

inaccuracies:

select n/a only if the entire 

customer population is 

unmetered. In such a case 

the volume entered must 

be zero.

Customer meters exist, but with 

unorganized paper records on 

meters; no meter accuracy testing 

or meter replacement program for 

any size of retail meter.  Metering 

workflow is driven chaotically with no 

proactive management.  Loss 

volume due to aggregate meter 

inaccuracy is guesstimated.

Poor recordkeeping and meter 

oversight is recognized by water 

utility management who has allotted 

staff and funding resources to 

organize improved recordkeeping 

and start meter accuracy testing.  

Existing paper records gathered and 

organized to provide cursory 

disposition of meter population.  

Customer meters are tested for 

accuracy only upon customer 

request.

Conditions between 

2 and 4

Reliable recordkeeping exists; meter 

information is improving as meters 

are replaced.    Meter accuracy 

testing is conducted annually for a 

small number of meters (more than 

just customer requests, but less than 

1% of inventory).  A limited number of 

the oldest meters are replaced each 

year.  Inaccuracy volume is largely an 

estimate, but refined based upon 

limited testing data.

Conditions between 

4 and 6

A reliable electronic recordkeeping 

system for meters exists.  The meter 

population includes a mix of new high 

performing meters and dated meters 

with suspect accuracy.  Routine, but 

limited, meter accuracy testing and 

meter replacement occur.  Inaccuracy 

volume is quantified using a mix of 

reliable and less certain data.

Conditions between 

6 and 8

Ongoing meter replacement and 

accuracy testing result in highly 

accurate customer meter population.  

Testing is conducted on samples of 

meters of varying age and 

accumulated volume of throughput to 

determine optimum replacement time 

for various types of meters.  

Ongoing meter 

replacement and 

accuracy testing result 

in highly accurate 

customer meter 

population.  Statistically 

significant number of 

meters are tested in 

audit year.  This testing 

is conducted on 

samples of meters of 

varying age and 

accumulated volume of 

throughput to 

determine optimum 

replacement time for 

these meters.

Good records of all active customer 

meters exist and include as a minimum: 

meter number, account 

number/location, type, size and 

manufacturer.  Ongoing meter 

replacement occurs according to a 

targeted and justified basis.  Regular 

meter accuracy testing gives a reliable 

measure of composite inaccuracy 

volume for the customer meter 

population.  New metering technology is 

embraced to keep overall accuracy 

improving. Procedures are reviewed by 

a third party knowledgeable in the M36 

methodology.    

Improvements to attain higher 

data grading for "Customer 

meter inaccuracy volume" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Gather available meter purchase 

records.  Conduct testing on a small 

number of meters believed to be the 

most inaccurate.  Review staffing 

needs of the metering group and 

budget for necessary resources to 

better organize meter management.

to qualify for 9:

Continue efforts to manage meter 

population with reliable recordkeeping.  

Test a statistically significant number 

of meters each year and analyze test 

results in an ongoing manner to serve 

as a basis for a target meter 

replacement strategy based upon 

accumulated volume throughput.

to qualify for 10:

Continue efforts to 

manage meter 

population with reliable 

recordkeeping, meter 

testing and 

replacement.  Evaluate 

new meter types and 

install one or more 

types in 5-10 customer 

accounts each year in 

order to pilot improving 

metering technology.

to maintain 10:

Increase the number of meters tested 

and replaced as justified by meter 

accuracy test data.  Continually monitor 

development of new metering 

technology and Advanced Metering 

Infrastructure (AMI) to grasp 

opportunities for greater accuracy in 

metering of water flow and management 

of customer consumption data.

to quality for 8:

Assess water utility policies to ensure that all known 

occurrences of unauthorized consumption are outlawed, and 

that appropriate penalties are prescribed.  Create written 

procedures for detection and documentation of various 

occurrences of unauthorized consumption as they are 

uncovered.   

to qualify for 10:

Refine written procedures and assign staff to seek out likely 

occurrences of unauthorized consumption.  Explore new 

locking devices, monitors and other technologies designed to 

detect and thwart unauthorized consumption. 

to qualify for 5:

Use accepted default of 0.25% of system input volume

to qualify for 4:

Review utility policy regarding what water uses are 

considered unauthorized, and consider tracking a small 

sample of one such occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 4:

Implement a reliable record keeping system for customer 

meter histories, preferably using electronic methods 

typically linked to, or part of, the Customer Billing System 

or Customer Information System.  Expand meter accuracy 

testing to a larger group of meters.

to qualify for 6:

Standardize the procedures for meter recordkeeping within 

an electronic information system.  Accelerate meter accuracy 

testing and meter replacements guided by testing results.

to qualify for 8:

Expand annual meter accuracy testing to evaluate a 

statistically significant number of meter makes/models.  

Expand meter replacement program to replace statistically 

significant number of poor performing meters each year.
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Systematic Data Handling 

Errors:

Note: all water utilities 

incur some amount of this 

error. Even in water 

utilities with unmetered 

customer populations and 

fixed rate billing, errors 

occur in annual billing 

tabulations. Enter a 

positive value for the 

volume and select a 

grading.

Policies and procedures for 

activation of new customer water 

billing accounts are vague and lack 

accountability. Billing data is 

maintained on paper records which 

are not well organized.  No auditing 

is conducted to confirm billing data 

handling efficiency.  An unknown 

number of customers escape routine 

billing due to lack of billing process 

oversight.

Policy and procedures for activation 

of new customer accounts and 

oversight of billing records exist but 

need refinement. Billing data is 

maintained on paper records or 

insufficiently capable electronic 

database.  Only periodic unstructured 

auditing work is conducted to confirm 

billing data handling efficiency.  The 

volume of unbilled water due to billing 

lapses is a guess.

Conditions between 

2 and 4

Policy and procedures for new 

account activation and oversight of 

billing operations exist but needs 

refinement.  Computerized billing 

system exists, but is dated or lacks 

needed functionality.  Periodic, limited 

internal audits conducted and confirm 

with approximate accuracy the 

consumption volumes lost to billing 

lapses.

Conditions between 

4 and 6

Policy and procedures for new account 

activation and oversight of billing 

operations is adequate and reviewed 

periodically.  Computerized billing 

system is in use with basic reporting 

available.  Any effect of billing 

adjustments on measured 

consumption volumes is well 

understood.  Internal checks of billing 

data error conducted annually.  

Reasonably accurate quantification of 

consumption volume lost to billing 

lapses is obtained.

Conditions between 

6 and 8

New account activation and billing 

operations policy and procedures are 

reviewed at least biannually.  

Computerized billing system includes 

an array of reports to confirm billing 

data and system functionality.  Checks 

are conducted routinely to flag and 

explain zero consumption accounts.  

Annual internal checks conducted with 

third party audit conducted at least 

once every five years.  Accountability 

checks flag billing lapses.  

Consumption lost to billing lapses is 

well quantified and reducing year-by-

year.

Conditions between 

8 and 10

Sound written policy and procedures 

exist for new account activation and 

oversight of customer billing operations.  

Robust computerized billing system 

gives high functionality and reporting 

capabilities which are utilized, analyzed 

and the results reported each billing 

cycle.  Assessment of policy and data 

handling errors are conducted internally 

and audited by third party at least once 

every three years, ensuring 

consumption lost to billing lapses is 

minimized and detected as it occurs. 

Improvements to attain higher 

data grading for "Systematic 

Data Handling Error volume" 

component:

to qualify for 2:

Draft written policy and procedures 

for activating new water billing 

accounts and oversight of billing 

operations.  Investigate and budget 

for computerized customer billing 

system.  Conduct initial audit of 

billing records by flow-charting the 

basic business processes of the 

customer account/billing function.  

to maintain 10:

Stay abreast of customer information 

management developments and 

innovations.  Monitor developments of 

Advanced Metering Infrastructure (AMI) 

and integrate technology to ensure that 

customer endpoint information is well-

monitored and errors/lapses are at an 

economic minimum.

Length of mains:

Poorly assembled and maintained 

paper as-built records of existing 

water main installations makes 

accurate determination of system 

pipe length impossible.  Length of 

mains is guesstimated.

Paper records in poor or uncertain 

condition (no annual tracking of 

installations & abandonments).  Poor 

procedures to ensure that new water 

mains installed by developers are 

accurately documented.

Conditions between 

2 and 4

Sound written policy and procedures 

exist for documenting new water main 

installations, but gaps in 

management result in a uncertain 

degree of error in tabulation of mains 

length.

Conditions between 

4 and 6

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Highly accurate 

paper records with regular field 

validation; or electronic records and 

asset management system in good 

condition.  Includes system backup.

Conditions between 

6 and 8

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Electronic 

recordkeeping such as a Geographical 

Information System (GIS) and asset 

management system are used to 

store and manage data.  

Conditions between 

8 and 10

Sound written policy exists for managing 

water mains extensions and 

replacements.  Geographic Information 

System (GIS) data and asset 

management database agree and 

random field validation proves truth of 

databases.  Records of annual field 

validation should be available for review.

Improvements to attain higher 

data grading for "Length of 

Water Mains" component:

to qualify for 2:

Assign personnel to inventory 

current as-built records and 

compare with customer billing 

system records and highway plans in 

order to verify poorly documented 

pipelines.  Assemble policy 

documents regarding permitting and 

documentation of water main 

installations by the utility and building 

developers; identify gaps in 

procedures that result in poor 

documentation of new water main 

installations. 

to maintain 10:

Continue with standardization and 

random field validation to improve the 

completeness and accuracy of the 

system.

Number of active AND inactive 

service connections:

Vague permitting (of new service 

connections) policy and poor paper 

recordkeeping of customer 

connections/billings result in suspect 

determination of the number of 

service connections, which may be 

10-15% in error from actual count. 

General permitting policy exists but 

paper records, procedural gaps, and 

weak oversight result in questionable 

total for number of connections, 

which may vary 5-10% of actual 

count.    

Conditions between 

2 and 4

Written account activation policy and 

procedures exist, but with some gaps 

in performance and oversight.  

Computerized information 

management system is being 

brought online to replace dated paper 

recordkeeping system.  Reasonably 

accurate tracking of service 

connection installations & 

abandonments; but count can be up 

to 5% in error from actual total.  

Conditions between 

4 and 6

Written new account activation and 

overall billing policies and procedures 

are adequate and reviewed 

periodically.  Computerized information 

management system is in use with 

annual installations & abandonments 

totaled.  Very limited field verifications 

and audits.  Error in count of number of 

service connections is believed to be 

no more than 3%.

Conditions between 

6 and 8

Policies and procedures for new 

account activation and overall billing 

operations are written, well-structured 

and reviewed at least biannually.  Well-

managed computerized information 

management system exists and 

routine, periodic field checks and 

internal system audits are conducted.  

Counts of connections are no more 

than 2% in error. 

Conditions between 

8 and 10

Sound written policy and well managed 

and audited procedures ensure reliable 

management of service connection 

population.  Computerized information 

management system, Customer Billing 

System, and Geographic Information 

System (GIS) information agree; field 

validation proves truth of databases.  

Count of connections recorded as being 

in error is less than 1% of the entire 

population.

Improvements to attain higher 

data grading for "Number of 

Active and Inactive Service 

Connections" component:

Note: The number of 

Service Connections 

does not include fire 

hydrant leads/lines 

connecting the hydrant 

to the water main

to qualify for 2:

Draft new policy and procedures for 

new account activation and overall 

billing operations.  Research and 

collect paper records of installations 

& abandonments for several years 

prior to audit year.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of system.

Note: if customer water 

to qualify for 4:

Finalize written policy and procedures for activation of new 

billing acocunts and overall billing operations management.  

Implement a computerized customer billing system.  

Conduct initial audit of billing records as part of this 

process.

to qualify for 6:

Refine new account activation and billing operations 

procedures and ensure consistency with the utility policy 

regarding billing, and minimize opportunity for missed billings.  

Upgrade or replace customer billing system for needed 

functionality - ensure that billing adjustments don't corrupt the 

value of consumption volumes.  Procedurize internal annual 

audit process.

to qualify for 8:

Formalize regular review of new account activation process 

and general billing practices.  Enhance reporting capability of 

computerized billing system.  Formalize regular auditing 

process to reveal scope of data handling error.  Plan for 

periodic third party audit to occur at least once every five 

years.

Gradings 1-9 apply if customer properties are unmetered, if customer meters exist and are located inside the customer building premises, or if the water utility owns and is responsible for the entire service connection piping from the water main to the customer building.  In any of these 

cases the average distance between the curb stop or boundary separating utility/customer responsibility for service connection piping, and the typical first point of use (ex: faucet) or the customer meter must be quantified.  Gradings of 1-9 are used to grade the validity of the means to 

quantify this value. (See the "Service Connection Diagram" worksheet)

to qualify for 8:

Formalize regular review of new account activation and 

overall billing operations policies and procedures.  Launch 

random field checks of limited number of locations.  Develop 

reports and auditing mechanisms for computerized 

information management system. 

to qualify for 10:

Close any procedural loopholes that allow installations to go 

undocumented.  Link computerized information management 

system with Geographic Information System (GIS) and 

formalize field inspection and information system auditing 

processes.  Documentation of new or decommissioned service 

connections encounters several levels of checks and balances.

to qualify for 4:

Refine policy and procedures for new account activation 

and overall billing operations.  Research computerized 

recordkeeping system (Customer Information System or 

Customer Billing System) to improve documentation format 

for service connections.

to qualify for 6:

Refine procedures to ensure consistency with new account 

activation and overall billing policy to establish new service 

connections or decommission existing connections.  Improve 

process to include all totals for at least five years prior to 

audit year.

to qualify for 4:

Complete inventory of paper records of water main 

installations for several years prior to audit year.  Review 

policy and procedures for commissioning and documenting 

new water main installation.

SYSTEM DATA

Either of two conditions can be met for a 

grading of 10:

to qualify for 10:

Close policy/procedure  loopholes that allow some customer 

accounts to go unbilled, or data handling errors to exist.  

Ensure that billing system reports are utilized, analyzed and 

reported every billing cycle.  Ensure that internal and third party 

audits are conducted at least once every three years. 

to qualify for 8:

Launch random field checks of limited number of locations.  

Convert to electronic database such as a Geographic 

Information System (GIS) with backup as justified.  Develop 

written policy and procedures.

to qualify for 10:

Link Geographic Information System (GIS) and asset 

management databases, conduct field verification of data.  

Record field verification information at least annually.

to qualify for 6:

Finalize updates/improvements to written policy and 

procedures for permitting/commissioning new main 

installations.  Confirm inventory of records for five years prior 

to audit year; correct any errors or omissions.

AWWA Free Water Audit Software v5.0 Grading Matrix     13



Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Vague policy exists to define the 

delineation of water utility ownership 

and customer ownership of the 

service connection piping.  Curb 

stops are perceived as the 

breakpoint but these have not been 

well-maintained or documented.  

Most are buried or obscured.  Their 

location varies widely from site-to-

site, and estimating this distance is 

arbitrary due to the unknown location 

of many curb stops.

Policy requires that the curb stop 

serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  The piping from 

the water main to the curb stop is the 

property of the water utility; and the 

piping from the curb stop to the 

customer building is owned by the 

customer.  Curb stop locations are 

not well documented and the 

average distance is based upon a 

limited number of locations 

measured in the field.

Conditions between 

2 and 4

Good policy requires that the curb 

stop serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  Curb stops are 

generally installed as needed and are 

reasonably documented.  Their 

location varies widely from site-to-

site, and an estimate of this distance 

is hindered by the availability of paper 

records of limited accuracy.   

Conditions between 

4 and 6

Clear written policy exists to define 

utility/customer responsibility for 

service connection piping.  Accurate, 

well-maintained paper or basic 

electronic recordkeeping system 

exists.  Periodic field checks confirm 

piping lengths for a sample of 

customer properties.   

Conditions between 

6 and 8

Clearly worded policy standardizes the 

location of curb stops and meters, 

which are inspected upon installation.  

Accurate and well maintained 

electronic records exist with periodic 

field checks to confirm locations of 

service lines, curb stops and customer 

meter pits.  An accurate number of 

customer properties from the 

customer billing system allows for 

reliable averaging of this length.

Conditions between 

8 and 10

Improvements to attain higher 

data grading for "Average 

Length of Customer Service 

Line" component:

to qualify for 2:

Research and collect paper records 

of service line installations.  Inspect 

several sites in the field using pipe 

locators to locate curb stops.  Obtain 

the length of this small sample of 

connections in this manner.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of service connection 

configurations and customer meter 

locations.

Average operating pressure:

Available records are poorly 

assembled and maintained paper 

records of supply pump 

characteristics and water distribution 

system operating conditions.  

Average pressure is guesstimated 

based upon this information and 

ground elevations from crude 

topographical maps.  Widely varying 

distribution system pressures due to 

undulating terrain, high system head 

loss and weak/erratic pressure 

controls further compromise the 

validity of the average pressure 

calculation.  

Limited telemetry monitoring of 

scattered pumping station and water 

storage tank sites provides some 

static pressure data, which is 

recorded in handwritten logbooks.  

Pressure data is gathered at 

individual sites only when low 

pressure complaints arise.  Average 

pressure is determined by averaging 

relatively crude data, and is affected 

by significant variation in ground 

elevations, system head loss and 

gaps in pressure controls in the 

distribution system. 

Conditions between 

2 and 4

Effective pressure controls separate 

different pressure zones; moderate 

pressure variation across the system, 

occasional open boundary valves are 

discovered that breech pressure 

zones.  Basic telemetry monitoring of 

the distribution system logs pressure 

data electronically.  Pressure data 

gathered by gauges or dataloggers at 

fire hydrants or buildings when low 

pressure complaints arise, and during 

fire flow tests and system flushing.  

Reliable topographical data exists.  

Average pressure is calculated using 

this mix of data. 

Conditions between 

4 and 6

Reliable pressure controls separate 

distinct pressure zones; only very 

occasional open boundary valves are 

encountered that breech pressure 

zones.  Well-covered telemetry 

monitoring of the distribution system 

(not just pumping at source treatment 

plants or wells) logs extensive pressure 

data electronically.  Pressure gathered 

by gauges/dataloggers at fire hydrants 

and buildings when low pressure 

complaints arise, and during fire flow 

tests and system flushing.  Average 

pressure is determined by using this 

mix of reliable data. 

Conditions between 

6 and 8

Well-managed, discrete pressure 

zones exist with generally predictable 

pressure fluctuations.  A current full-

scale SCADA System or similar 

realtime monitoring system exists to 

monitor the water distribution system 

and collect data, including real time 

pressure readings at representative 

sites across the system.  The average 

system pressure is determined from 

reliable monitoring system data. 

Conditions between 

8 and 10

Well-managed pressure districts/zones, 

SCADA System and hydraulic model 

exist to give very precise pressure data 

across the water distribution system.  

Average system pressure is reliably 

calculated from extensive, reliable, and 

cross-checked data.  Calculations are 

reported on an annual basis as a 

minimum.

Improvements to attain higher 

data grading for "Average 

Operating Pressure" 

component:

to qualify for 2:

Employ pressure gauging and/or 

datalogging equipment to obtain 

pressure measurements from fire 

hydrants.  Locate accurate 

topographical maps of service area 

in order to confirm ground 

elevations.  Research pump data 

sheets to find pump pressure/flow 

characteristics  

to maintain 10:  

Continue to refine the hydraulic model of 

the distribution system and consider 

linking it with SCADA System for real-

time pressure data calibration, and 

averaging.      

Average length of customer 

service line:

meters are located outside 

of the customer building 

next to the curb stop or 

boundary separating 

utility/customer 

responsibility, then the 

auditor should answer 

"Yes" to the question on 

the Reporting Worksheet 

asking about this.  If the 

answer is Yes, the grading 

description listed under the 

Grading of 10(a) will be 

followed, with a value of 

zero automatically entered 

at a Grading of 10.  See 

the Service Connection 

Diagram worksheet for a 

visual presentation of this 

distance.

to qualify for 6:

Establish coherent procedures to ensure that policy for curb 

stop, meter installation and documentation is followed.  Gain 

consensus within the water utility for the establishment of a 

computerized information management system.

to qualify for 4:  

Formalize a procedure to use pressure 

gauging/datalogging equipment to gather pressure data 

during various system events such as low pressure 

complaints, or operational testing. Gather pump pressure 

and flow data at different flow regimes.  Identify faulty 

pressure controls (pressure reducing valves, altitude 

valves, partially open boundary valves) and plan to properly 

configure pressure zones.  Make all pressure data from 

these efforts available to generate system-wide average 

pressure. 

to qualify for 6:  

Expand the use of pressure gauging/datalogging equipment 

to gather scattered pressure data at a representative set of 

sites, based upon pressure zones or areas.  Utilize pump 

pressure and flow data to determine supply head entering 

each pressure zone or district.  Correct any faulty pressure 

controls (pressure reducing valves, altitude valves, partially 

open boundary valves) to ensure properly configured 

pressure zones.  Use expanded pressure dataset from these 

activities to generate system-wide average pressure. 

a) Customer water meters exist outside 

of customer buildings next to the curb 

stop or boundary separating 

utility/customer responsibility for service 

connection piping.  If so, answer "Yes" 

to the question on the Reporting 

Working asking about this condition.  A 

value of zero and a Grading of 10 are 

automatically entered in the Reporting 

Worksheet .

b). Meters exist inside customer 

buildings, or properties are unmetered.  

In either case, answer "No" to the 

Reporting Worksheet question on meter 

location, and enter a distance 

determined by the auditor.   For a 

Grading of 10 this value must be a very 

reliable number from a Geographic 

Information System (GIS) and 

confirmed by a statistically valid number 

of field checks.

to qualify for 8:  

Install a Supervisory Control and Data Acquisition (SCADA) 

System, or similar realtime monitoring system, to monitor 

system parameters and control operations.  Set regular 

calibration schedule for instrumentation to insure data 

accuracy.  Obtain accurate topographical data and utilize 

pressure data gathered from field surveys to provide 

extensive, reliable data for pressure averaging.  

to qualify for 10:  

Annually, obtain a system-wide average pressure value from 

the hydraulic model of the distribution system that has been 

calibrated via field measurements in the water distribution 

system and confirmed in comparisons with SCADA System 

data.      

to qualify for 4:

Formalize and communicate policy delineating 

utility/customer responsibilities for service connection 

piping.  Assess accuracy of paper records by field 

inspection of a small sample of service connections using 

pipe locators as needed.  Research the potential migration 

to a computerized information management system to 

store service connection data.

to qualify for 10:

Link customer information management system and 

Geographic Information System (GIS), standardize process for 

field verification of data.

to qualify for 8:

Implement an electronic means of recordkeeping, typically 

via a customer information system, customer billing system, 

or Geographic Information System (GIS).  Standardize the 

process to conduct field checks of a limited number of 

locations.  
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Total annual cost of operating 

water system:

Incomplete paper records and lack 

of financial accounting 

documentation on many operating 

functions makes calculation of water 

system operating costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to estimate 

the major portion of water system 

operating costs. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  

However, gaps in data are known to 

exist, periodic internal reviews are 

conducted but not a structured 

financial audit. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited 

periodically by utility personnel, but not 

a Certified Public Accountant (CPA).  

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited at least 

annually by utility personnel, and at 

least once every three years by third-

party CPA.  

Conditions between 

8 and 10

Reliable electronic, industry-standard 

cost accounting system in place, with all 

pertinent water system operating costs 

tracked.  Data audited annually by utility 

personnel and annually also by third-

party CPA.  

Improvements to attain higher 

data grading for "Total Annual 

Cost of Operating the Water 

System" component:

to qualify for 2:

Gather available records, institute 

new financial accounting procedures 

to regularly collect and audit basic 

cost data of most important 

operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and long-term cost trend, and 

budget/track costs proactively

Customer retail unit cost 

(applied to Apparent Losses):

Customer population 

unmetered, and/or only a 

fixed fee is charged for 

consumption.

Antiquated, cumbersome water rate 

structure is used, with periodic 

historic amendments that were 

poorly documented and 

implemented; resulting in classes of 

customers being billed inconsistent 

charges.  The actual composite 

billing rate likely differs significantly 

from the published water rate 

structure, but a lack of auditing 

leaves the degree of error 

indeterminate.

Dated, cumbersome water rate 

structure, not always employed 

consistently in actual billing 

operations.  The actual composite 

billing rate is known to differ from the 

published water rate structure, and a 

reasonably accurate estimate of the 

degree of error is determined, 

allowing a composite billing rate to be 

quantified.

Conditions between 

2 and 4

Straight-forward water rate structure 

in use, but not updated in several 

years.  Billing operations reliably 

employ the rate structure.  The 

composite billing rate is derived from 

a single customer class such as 

residential customer accounts, 

neglecting the effect of different rates 

from varying customer classes.

Conditions between

4 and 6

Clearly written, up-to-date water rate 

structure is in force and is applied 

reliably in billing operations.  

Composite customer rate is 

determined using a weighted average 

residential rate using volumes of water 

in each rate block.

Conditions between 

6 and 8

Effective water rate structure is in 

force and is applied reliably in billing 

operations.  Composite customer rate 

is determined using a weighted 

average composite consumption rate, 

which includes residential, commercial, 

industrial, institutional (CII), and any 

other distinct customer classes within 

the water rate structure.

Conditions between 

8 and 10

Current, effective water rate structure is 

in force and applied reliably in billing 

operations.  The rate structure and 

calculations of composite rate - which 

includes residential, commercial, 

industrial, institutional (CII), and other 

distinct customer classes - are reviewed 

by a third party knowledgeable in the 

M36 methodology at least once every 

five years.

Improvements to attain higher 

data grading for "Customer 

Retail Unit Cost" component:

to qualify for 2:

Formalize the process to implement 

water rates, including a secure 

documentation procedure.  Create a 

current, formal water rate document 

and gain approval from all 

stakeholders.

to qualify for 6:

Evaluate volume of water used in 

each usage block by residential 

users.  Multiply volumes by full rate 

structure.

Launch effort to fully 

meter the customer 

population and charge 

rates based upon 

water volumes

to maintain 10:

Keep water rate structure current in 

addressing the water utility's revenue 

needs.  Update the calculation of the 

customer unit rate as new rate 

components, customer classes, or other 

components are modified.

Variable production cost 

(applied to Real Losses):

Note: if the water utility 

purchases/imports its 

entire water supply, then 

enter the unit purchase 

cost of the bulk water 

supply in the Reporting 

Worksheet with a grading 

of 10

Incomplete paper records and lack 

of documentation on primary 

operating functions (electric power 

and treatment costs most 

importantly) makes calculation of 

variable production costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to roughly 

estimate the basic operations costs 

(pumping power costs and treatment 

costs) and calculate a unit variable 

production cost. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  Electric 

power and treatment costs are 

reliably tracked and allow accurate 

weighted calculation of unit variable 

production costs based on these two 

inputs and water imported purchase 

costs (if applicable). All costs are 

audited internally on a periodic basis. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Pertinent additional 

costs beyond power, treatment and 

water imported purchase costs (if 

applicable) such as liability, residuals 

management, wear and tear on 

equipment, impending expansion of 

supply, are included in the unit variable 

production cost, as applicable.  The 

data is audited at least annually by 

utility personnel.

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent primary and secondary 

variable production and water 

imported purchase  (if applicable) 

costs tracked.  The data is audited at 

least annually by utility personnel, and 

at least once every three years by a 

third-party knowledgeable in the M36 

methodology.  

Conditions between 

8 and 10

Either of two conditions can be met to 

obtain a grading of 10:

1) Third party CPA audit of all pertinent 

primary and secondary variable 

production and water imported purchase 

(if applicable) costs on an annual basis.

or:

2) Water supply is entirely purchased as 

bulk water imported, and the unit 

purchase cost - including all applicable 

marginal supply costs - serves as the 

variable production cost.  If all applicable 

marginal supply costs are not included 

in this figure, a grade of 10 should not 

be selected.

Improvements to attain higher 

data grading for "Variable 

Production Cost" component:

to qualify for 2:

Gather available records, institute 

new procedures to regularly collect 

and audit basic cost data and most 

important operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and budget/track costs 

proactively

to qualify for 6:

Formalize process for regular internal audits of production 

costs.  Assess whether additional costs (liability, residuals 

management, equipment wear, impending infrastructure 

expansion) should be included to calculate a more 

representative variable production cost.  

to qualify for 8:

Formalize the accounting process to include direct cost 

components (power, treatment) as well as indirect cost 

components (liability, residuals management, etc.)  Arrange 

to conduct audits by a knowledgable third-party at least once 

every three years.

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 4:

Review the water rate structure and update/formalize as 

needed.  Assess billing operations to ensure that actual 

billing operations incorporate the established water rate 

structure.

to qualify for 8:

Evaluate volume of water used in each usage block by all 

classifications of users.  Multiply volumes by full rate 

structure.

to qualify for 10:

Conduct a periodic third-party audit of water used in each 

usage block by all classifications of users.  Multiply volumes by 

full rate structure.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

COST DATA

to qualify for 6:

Establish process for periodic internal audit of water system 

operating costs; identify cost data gaps and institute 

procedures for tracking these outstanding costs.

to qualify for 8:

Standardize the process to conduct routine financial audit on 

an annual basis.  Arrange for CPA audit of financial records 

at least once every three years.
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5

Name of Contact Person: All audit data are entered on the Reporting Worksheet

Email Address: Value can be entered by user

Telephone | Ext.: 530 747-8292 Value calculated based on input data 

Name of City / Utility: These cells contain recommended default values

City/Town/Municipality: 

State / Province: Pcnt: Value:

Country: 0.25%

Year: 2019 Financial Year

Start Date: 07/2019  Enter MM/YYYY numeric format

End Date: 06/2020  Enter MM/YYYY numeric format

Audit Preparation Date: 

Volume Reporting Units: 

PWSID / Other ID: 

If you have questions or comments regarding the software please contact us via email at: wlc@awwa.org

The spreadsheet contains several separate worksheets. Sheets can be accessed using the tabs towards the bottom of the screen, or by clicking the buttons below. 

Stan Gryczko

Million gallons (US)

Please begin by providing the following information The following guidance will help you complete the Audit

California (CA)

AWWA Free Water Audit Software v5.0 

City of Davis

The following worksheets are available by clicking the buttons below or selecting the tabs along the bottom of the page

Davis

sgryczko@cityofdavis.org

Auditors are strongly encouraged to refer to the most current edition of AWWA M36 Manual for Water Audits 

for detailed guidance on the water auditing process and targetting loss reduction levels

This spreadsheet-based water audit tool is designed to help quantify and track water losses associated with water distribution systems and identify areas for improved efficiency 

and cost recovery. It provides a "top-down" summary water audit format, and is not meant to take the place of a full-scale, comprehensive water audit format. 

CA5710001

United States

Use of Option  

(Radio) Buttons:

American Water Works Association Copyright © 2014, All Rights Reserved.

Select the default percentage 
by choosing the option button 
on the left

To enter a value, choose this 
button and enter a value in the 
cell to the right

Instructions

The current sheet.

Enter contact 

information and basic 

audit details (year,  

units etc)

Performance Indicators

Review the performance indicators 
to evaluate the results of the audit 

Comments

Enter comments 

to explain how 

values were 

calculated or to 

document data 

sources

Water Balance

The values entered in 

the Reporting 

Worksheet are used to 

populate the Water 

Balance

Dashboard

A graphical summary of 
the water balance and 
Non-Revenue Water 

components

Grading Matrix

Presents the possible 

grading options for 

each input 

component of the 

audit

Service Connection 

Diagram

Diagrams depicting 
possible customer service

connection line 
configurations

Acknowledgements

Acknowledgements for 
the AWWA Free Water 

Audit Software v5.0

Loss Control Planning

Use this sheet to interpret the
results of the audit validity score 

and performance indicators

Definitions

Use this sheet to 

understand the 

terms used in 

the audit 

process

Example Audits

Reporting Worksheet 

and Performance 

Indicators examples 

are shown for two 

validated audits

Reporting Worksheet

Enter the required data on 
this worksheet to calculate 
the water balance and data 

grading
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Water Audit Report for:

Reporting Year:

All volumes to be entered as: MILLION GALLONS (US) PER YEAR

Master Meter and Supply Error Adjustments

WATER SUPPLIED Pcnt: Value:

Volume from own sources: 7 506.800 MG/Yr 5 MG/Yr

Water imported: 7 2,912 MG/Yr 9 MG/Yr

Water exported: n/a 0.000 MG/Yr MG/Yr

Enter negative % or value for under-registration

WATER SUPPLIED: 3,418.700 MG/Yr Enter positive % or value for over-registration
.

AUTHORIZED CONSUMPTION

Billed metered: 7 3,107.750 MG/Yr

Billed unmetered: n/a 0.000 MG/Yr

Unbilled metered: n/a 0.000 MG/Yr Pcnt: Value:

Unbilled unmetered: 5 8.540 MG/Yr 1.25% MG/Yr24061

AUTHORIZED CONSUMPTION: 3,116.290 MG/Yr

WATER LOSSES (Water Supplied - Authorized Consumption) 302.410 MG/Yr

Apparent Losses Pcnt: Value:

Unauthorized consumption: 5 8.547 MG/Yr 0.25% MG/Yr

Customer metering inaccuracies: 3 31.391 MG/Yr 1.00% MG/Yr

Systematic data handling errors: 5 7.769 MG/Yr 0.25% MG/Yr

Apparent Losses: 47.708 MG/Yr

Real Losses (Current Annual Real Losses or CARL)

Real Losses = Water Losses - Apparent Losses: 254.702 MG/Yr

WATER LOSSES: 302.410 MG/Yr

NON-REVENUE WATER

NON-REVENUE WATER: 310.950 MG/Yr

= Water Losses + Unbilled Metered + Unbilled Unmetered

SYSTEM DATA

Length of mains: 9 195.3 miles

Number of active AND inactive service connections: 9 17,264

Service connection density: 88 conn./mile main

Yes

Average length of customer service line: 10 ft

Average operating pressure: 5 50.0 psi

COST DATA

Total annual cost of operating water system: 10 $27,726,957 $/Year

Customer retail unit cost (applied to Apparent Losses): 9 $5.19

Variable production cost (applied to Real Losses): 5 $1,210.88 $/Million gallons

 WATER AUDIT DATA VALIDITY SCORE:

 PRIORITY AREAS FOR ATTENTION:

     1: Water imported

     2: Customer metering inaccuracies

     3: Variable production cost (applied to Real Losses)

 Based on the information provided, audit accuracy can be improved by addressing the following components:

$/100 cubic feet (ccf)

                Default option selected for unauthorized consumption - a grading of 5 is applied but not displayed                

*** YOUR SCORE IS: 67 out of 100 ***

A weighted scale for the components of consumption and water loss is included in the calculation of the Water Audit Data Validity Score

                   Default option selected for Systematic data handling errors - a grading of 5 is applied but not displayed

Average length of customer service line has been set to zero and a data grading score of 10 has been applied

Are customer meters typically located at the curbstop or property line? 

 AWWA Free Water Audit Software:

 Reporting Worksheet

8.540

2019 7/2019 - 6/2020

City of Davis  (CA5710001)

              <----------- Enter grading in column 'E' and 'J' ---------->

?

?

?

?

?

? Click to 

?

?

?

?

?

?

Please enter data in the white cells below. Where available, metered values should be used; if metered values are unavailable please estimate a value. Indicate your confidence in the accuracy of the input 

?

?

?

?

?

?

(length of service line, beyond the property boundary, 
that is the responsibility of the utility)

Use buttons to select
percentage of water supplied

OR
value

?Click here: 

for help using option 

?

?

?

?

+

+
Click to add a 

WAS 

+

+

+

+

+

+

American Water Works Association.
Copyright © 2014, All Rights Reserved.

+

+
+

+

+

+

+

+

+

+

+

+

+ Use Customer Retail Unit Cost to value real losses

?

To select the correct data grading for each input, determine the highest grade where the utility 
meets or exceeds all criteria for that grade and all grades below it.
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Water Audit Report for: City of Davis  (CA5710001)

Reporting Year:

System Attributes:

Apparent Losses: 47.708                               MG/Yr

+              Real Losses: 254.702                             MG/Yr

=            Water Losses: 302.410                             MG/Yr

Unavoidable Annual Real Losses (UARL): 66.55 MG/Yr

Annual cost of Apparent Losses: $330,996

Annual cost of Real Losses: $308,414 Valued at Variable Production Cost

Performance Indicators:

Non-revenue water as percent by volume of Water Supplied: 9.1%

Non-revenue water as percent by cost of operating system: 2.3%  Real Losses valued at Variable Production Cost

Apparent Losses per service connection per day: 7.57 gallons/connection/day

Real Losses per service connection per day: 40.42 gallons/connection/day

Real Losses per length of main per day*: N/A

Real Losses per service connection per day per psi pressure: 0.81 gallons/connection/day/psi

From Above, Real Losses = Current Annual Real Losses (CARL): 254.70 million gallons/year

3.83

* This performance indicator applies for systems with a low service connection density of less than 32 service connections/mile of pipeline

 AWWA Free Water Audit Software:

 System Attributes and Performance Indicators

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 67 out of 100 ***

Infrastructure Leakage Index (ILI) [CARL/UARL]:

2019 7/2019 - 6/2020

Return to Reporting Worksheet to change this assumpiton

?

American Water Works Association.
Copyright © 2014, All Rights Reserved.

WAS v5.0

Financi

Operationa
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General Comment:

Audit Item Comment

Volume from own sources:

Volume from own sources pulled from Ignition and verified with the water production white pages. Population of 71311 (Department of Finance information adjusted 

to include two County service areas - El Marcero and Willowbank)

Connected groundwater wells (9)

Vol. from own sources: Master meter 

error adjustment:
Use of SCADA to log volumes in and out of storage 

Water imported:

Water imported pulled from white pages.

Active Purchased Water Connections (1)

Emergency interconnections (2)

Purchased water from Regional Water Treatment Plant (CA5710012)

Water imported: master meter error 

adjustment:

Water exported:

Water exported: master meter error 

adjustment:

Billed metered:

0.09 MG for street sweeping during audit period (pulled from hauler quarterly reports). 3.48 million gallons of water for construction permits during audit period. 

3101.83 MG of billed meter consumption for user classes (customer retail unit cost). Total = 3105.40 (user class consumption + street sweeping + construction 

permit water).

Billed unmetered:

Unbilled metered:

For previous audits, estimated used for well lubrication use (see below). Now considered a portion of total UUAC. Water diverted downstream of well production 

meters and injected into wellhead upstream of meters. Estimated volume of 0.25 gpm running continuously * 9 wells. Total volume (million gallons) = (9 wells x 0.25 

gpm x 60 min/hour x 24 hours/day x 365 days/yr.)/1000000 = 1.1826 million gallons

 AWWA Free Water Audit Software:

 User Comments

Use this worksheet to add comments or notes to explain how an input value was calculated, or to document the sources of the information used.

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Audit Item Comment

Unbilled unmetered: 8.54 MG for flushing operations. CA specific default of 0.25%-multiplied water supplied total by 0.25% to get value (3417.7*.0025).

Unauthorized consumption:

Customer metering inaccuracies:

2% for 2016 audit to account for older meters. Adjusted to 1.5% for the 2017 audit with the majority of the year still having the older meters in place. Adjusted to 

1.0% for 2018 audit with the majority of new meters installed but at different points throughout the fiscal year and installation issues being addressed. Meter project 

still underway in early 2019, completed in May 2019. 1% for FY19-20 with the meter project completed.

Systematic data handling errors:

Length of mains:

192 - total length of water mains- GIS and annual water report

1757 hydrants x 10 feet average per hydrant lateral = 17570 feet 17570 feet = 3.33 miles

Total mileage = 192 + 3.33 = 195.33 miles

Number of active AND inactive 

service connections:
Active connections-17,220 (per 2019 annual report). Inactive-none listed in annual report. 

Average length of customer service 

line:

Average operating pressure: Pressure logged continuously by SCADA at well and tank sites.

Total annual cost of operating water 

system:
Taken from annual budget which captures all relevant costs and is audited annually by a third-party CPA.

Customer retail unit cost (applied to 

Apparent Losses):
Retail unit cost of $ calculated by Finance based on customer billing (SFR, MFR and Commercial).

Variable production cost (applied to 

Real Losses):

Direct variable costs have been included related to chemicals and power/pumping. Indirect and secondary costs not included. Chemical treatment costs for 2019 - 

2020 of $7,833.43.  Energy costs of $604,629 pulled from PG&E reports. Indirect and secondary costs not included.
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Water Audit Report for:

Reporting Year: 2019 7/2019 - 6/2020

Data Validity Score: 67

Water Exported Revenue Water

0.000 0.000

Billed Metered Consumption (water exported 

is removed)
Revenue Water

3,107.750

Own Sources
Authorized 

Consumption
3,107.750 Billed Unmetered Consumption 3,107.750

0.000

3,116.290 Unbilled Metered Consumption

0.000

506.800 8.540 Unbilled Unmetered Consumption

8.540

System Input Water Supplied Unauthorized Consumption 310.950

3,418.700 Apparent Losses 8.547

3,418.700 47.708 Customer Metering Inaccuracies

31.391

Systematic Data Handling Errors

Water Losses 7.769

Water Imported 302.410
Leakage on Transmission and/or Distribution 

Mains

Real Losses Not broken down

2,911.900
254.702

Leakage and Overflows at Utility's Storage 

Tanks

Not broken down

Leakage on Service Connections
Not broken down

AWWA Free Water Audit Software: Water Balance

Non-Revenue Water 

(NRW)

Billed Authorized Consumption

Unbilled Authorized Consumption

(Adjusted for known 

errors)

Billed Water Exported

City of Davis  (CA5710001)

American Water Works Association.
Copyright © 2014, All Rights Reserved.
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Water Audit Report for:

Reporting Year: 2019 Show me the VOLUME of Non-Revenue Water

Data Validity Score: 67 Show me the COST of Non-Revenue Water

 AWWA Free Water Audit Software:

 Dashboard

7/2019 - 6/2020

City of Davis  (CA5710001)

0
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100,000

150,000

200,000
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350,000

C
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 $

Total Cost of NRW =$649,751

Unbilled metered (valued at Var. Prod. Cost)

Unbilled unmetered (valued at Var. Prod.

Cost)

Unauth. consumption

Cust. metering inaccuracies

Syst. data handling errors

Real Losses (valued at Var. Prod. Cost)

WAS v5.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.

Water Losses Authorized Consumption Water Exported

0%

10%
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40%

50%

60%
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Water Exported

Water Imported

Volume From Own Sources

Real Losses Apparent Losses Unbilled Auth. Cons.

Billed Auth. Cons. Water Exported Non Revenue Water Revenue Water Water Exported

The graphic below is a visual representation of the 

Water Balance with bar heights propotional to the 

Water Supplied Water Exported
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Volume from own sources:

Select this grading only if 

the water utility 

purchases/imports all of its 

water resources (i.e. has 

no sources of its own)

Less than 25% of water production 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted.

25% - 50% of treated water 

production sources are metered; 

other sources estimated.  No regular 

meter accuracy testing or electronic 

calibration conducted. 

Conditions between 

2 and 4

50% - 75% of treated water 

production sources are metered, 

other sources estimated.  Occasional 

meter accuracy testing or electronic 

calibration conducted.

Conditions between 

4 and 6

At least 75% of treated water 

production sources are metered, or at 

least 90% of the source flow is derived 

from metered sources.  Meter 

accuracy testing and/or electronic 

calibration of related instrumentation is 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

annually, less than 10% of meters are 

found outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of treated water production 

sources are metered, meter accuracy 

testing and electronic calibration of 

related instrumentation is conducted 

semi-annually, with less than 10% found 

outside of +/- 3% accuracy. Procedures 

are reviewed by a third party 

knowledgeable in the M36 methodology.    

Improvements to attain higher 

data grading for "Volume from 

own Sources" component:

to qualify for 2:

Organize and launch efforts to 

collect data for determining volume 

from own sources

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Volume from own sources 

master meter and supply error 

adjustment:

Select n/a only if the water 

utility fails to have meters 

on its sources of supply 

Inventory information on meters and 

paper records of measured volumes 

exist but are incomplete and/or in a 

very crude condition; data error 

cannot be determined 

No automatic datalogging of 

production volumes; daily readings 

are scribed on paper records without 

any accountability controls.  Flows 

are not balanced across the water 

distribution system: tank/storage 

elevation changes are not employed 

in calculating the "Volume from own 

sources" component and archived 

flow data is adjusted only when 

grossly evident data error occurs.

Conditions between 

2 and 4

Production meter data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis 

with necessary corrections 

implemented.  "Volume from own 

sources" tabulations include estimate 

of daily changes in tanks/storage 

facilities.  Meter data is adjusted 

when gross data errors occur, or 

occasional meter testing deems this 

necessary.

Conditions between 

4 and 6

Hourly production meter data logged 

automatically & reviewed on at least a 

weekly basis.  Data is adjusted to 

correct gross error when 

meter/instrumentation equipment 

malfunction is detected; and/or error is 

confirmed by meter accuracy testing.  

Tank/storage facility elevation changes 

are automatically used in calculating a 

balanced "Volume from own sources" 

component, and data gaps in the 

archived data are corrected on at least 

a weekly basis.  

Conditions between 

6 and 8

Continuous production meter data is 

logged automatically & reviewed each 

business day.  Data is adjusted to 

correct gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Tank/storage facility 

elevation changes are automatically 

used in "Volume from own sources" 

tabulations and data gaps in the 

archived data are corrected on a daily 

basis.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically balances flows 

from all sources and storages; results 

are reviewed each business day.  Tight 

accountability controls ensure that all 

data gaps that occur in the archived flow 

data are quickly detected and corrected. 

Regular calibrations between SCADA 

and sources meters ensures minimal 

data transfer error.  

Improvements to attain higher 

data grading for "Master meter 

and supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature. 

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters.  Continue to 

replace or repair meters as they 

perform outside of desired accuracy 

limits.  Stay abreast of new and more 

accurate water level instruments to 

better record tank/storage levels and 

archive the variations in storage volume.  

Keep current with SCADA and data 

management systems to ensure that 

archived data is well-managed and error 

free.

Water Imported:

Select n/a if the water 

utility's supply is 

exclusively from its own 

water resources (no bulk 

purchased/ imported 

water)

Less than 25% of imported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of imported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of imported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of imported water 

sources are metered, meter accuracy 

testing and/or electronic calibration of 

related instrumentation is conducted 

annually for all meter installations.  

Less than 25% of tested meters are 

found outside of +/- 6% accuracy.  

Conditions between 

6 and 8

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of imported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Imported Volume" component:

(Note: usually the water 

supplier selling the water - "the 

Exporter" -  to the utility being 

audited is responsible to 

maintain the metering 

installation measuring the 

imported volume.  The utility 

should coordinate carefully 

with the Exporter to ensure 

that adequate meter upkeep 

takes place and an accurate 

measure of the Water 

Imported volume is quantified. ) 

to qualify for 2:

Review bulk water purchase 

agreements with partner suppliers; 

confirm requirements for use and 

maintenance of accurate metering.  

Identify needs for new or 

replacement meters with goal to 

meter all imported water sources. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Continue to 

conduct calibration of related 

instrumentation on a semi-annual basis.  

Repair or replace meters outside of +/- 

3% accuracy.  Continually 

investigate/pilot improving metering 

technology.

to qualify for 10:

Conduct meter accuracy testing for all meters on a semi-

annual basis, along with calibration of all related 

instrumentation.  Repair or replace meters outside of +/- 3% 

accuracy.  Investigate new meter technology; pilot one or more 

replacements with innovative meters in attempt to improve 

meter accuracy. 

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all imported water interconnections.  Maintain annual 

meter accuracy testing for all imported water meters and 

conduct calibration of related instrumentation at least 

annually.  Repair or replace meters outside of +/- 6% 

accuracy.

to qualify for 4:

Locate all water production sources on maps and in the 

field, launch meter accuracy testing for existing meters, 

begin to install meters on unmetered water production 

sources and replace any obsolete/defective meters.

To qualify for 4:

Locate all imported water sources on maps and in the field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered imported water 

interconnections and replace obsolete/defective meters. 

to qualify for 6:

Formalize annual meter accuracy testing for all imported 

water meters, planning for both regular meter accuracy 

testing and calibration of the related instrumentation.  

Continue installation of meters on unmetered imported water 

interconnections and replacement of obsolete/defective 

meters.

        AWWA Free Water Audit Software: Grading Matrix

 The grading assigned to each audit component and the corresponding recommended improvements and actions are highlighted in yellow. Audit accuracy is likely to be improved by prioritizing those items shown in red

to qualify for 6:

Refine computerized data collection and archive to include 

hourly production meter data that is reviewed at least on a 

weekly basis to detect specific data anomalies and gaps.  

Use daily net storage change to balance flows in calculating 

"Water Supplied" volume.   Necessary corrections to data 

errors are implemented on a weekly basis. 

to qualify for 8:

Ensure that all flow data is collected and archived on at least 

an hourly basis.  All data is reviewed and detected errors 

corrected each business day.  Tank/storage levels variations 

are employed in calculating balanced "Water Supplied" 

component.  Adjust production meter data for gross error 

and inaccuracy confirmed by testing. 

to qualify for 10:

Link all production and tank/storage facility elevation change 

data to a Supervisory Control & Data Acquisition (SCADA) 

System, or similar computerized monitoring/control system, 

and establish automatic flow balancing algorithm and regularly 

calibrate between SCADA and source meters.  Data is 

reviewed and corrected each business day.

to qualify for 6:

Formalize annual meter accuracy testing for all source 

meters; specify the frequency of testing.  Complete 

installation of meters on unmetered water production sources 

and complete replacement of all obsolete/defective meters.

to qualify for 8:

Conduct annual meter accuracy testing and calibration of 

related instrumentation on all meter installations on a regular 

basis.  Complete project to install new, or replace defective 

existing, meters so that entire production meter population is 

metered.  Repair or replace meters outside of +/- 6% 

accuracy. 

to qualify for 10:

Maintain annual meter accuracy testing and calibration of 

related instrumentation for all meter installations.  Repair or 

replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to further improve meter 

accuracy. 

to qualify for 4:

Install automatic datalogging equipment on production 

meters.  Complete installation of level instrumentation at all 

tanks/storage facilities and include tank level data in 

automatic calculation routine in a computerized system.  

Construct a computerized listing or spreadsheet to archive 

input volumes, tank/storage volume changes and 

import/export flows in order to determine the composite 

"Water Supplied" volume for the distribution system.  Set a 

procedure to review this data on a monthly basis to detect 

gross anomalies and data gaps.     

WATER SUPPLIED

American Water Works Association.  Copyright © 2014, All Rights Reserved.

AWWA Free Water Audit Software v5.0 Grading Matrix     1



Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Water imported master meter 

and supply error adjustment:

Select n/a if the Imported 

water supply is 

unmetered, with Imported 

water quantities estimated 

on the billing invoices sent 

by the Exporter to the 

purchasing Utility. 

Inventory information on imported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with water Exporter(s) are missing or 

written in vague language 

concerning meter management and 

testing. 

No automatic datalogging of 

imported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Imported supply metered flow data is 

logged automatically in electronic 

format and reviewed at least on a 

monthly basis by the Exporter with 

necessary corrections implemented.  

Meter data is adjusted by the 

Exporter when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

selling and the purchasing Utility.  

Written agreement exists and clearly 

states requirements and roles for 

meter accuracy testing and data 

management. 

Conditions between 

4 and 6

Hourly Imported supply metered data 

is logged automatically & reviewed on 

at least a weekly basis by the Exporter.  

Data is adjusted to correct gross error 

when meter/instrumentation equipment 

malfunction is detected; and to correct 

for error confirmed by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling and the purchasing 

Utility.    

Conditions between 

6 and 8

Continuous Imported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

Exporter.  Data is adjusted to correct 

gross error from detected 

meter/instrumentation equipment 

malfunction and/or results of meter 

accuracy testing.  Any data 

errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling and the purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the Exporter.  Tight accountability 

controls ensure that all error/data gaps 

that occur in the archived flow data are 

quickly detected and corrected.  A 

reliable data trail exists and contract 

provisions for meter testing and data 

management are reviewed by the selling 

and purchasing Utility at least once 

every five years.  

Improvements to attain higher 

data grading for "Water 

imported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the selling and 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

Exporter to help identify meter 

replacement needs.  Keep 

communication lines with Exporters 

open and maintain productive relations.  

Keep the written agreement current with 

clear and explicit language that meets 

the ongoing needs of all parties. 

Water Exported:

Select n/a if the water 

utility sells no bulk water to 

neighboring water utilities 

(no exported water sales)

Less than 25% of exported water 

sources are metered, remaining 

sources are estimated.  No regular 

meter accuracy testing.

25% - 50% of exported water 

sources are metered; other sources 

estimated.  No regular meter 

accuracy testing. 

Conditions between 

2 and 4

50% - 75% of exported water 

sources are metered, other sources 

estimated.  Occasional meter 

accuracy testing conducted.

Conditions between 

4 and 6

At least 75% of exported water 

sources are metered, meter accuracy 

testing and/or electronic calibration 

conducted annually.  Less than 25% of 

tested meters are found outside of +/- 

6% accuracy.  

Conditions between 

6 and 8

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted annually, 

less than 10% of meters are found 

outside of +/- 6% accuracy

Conditions between 

8 and 10

100% of exported water sources are 

metered, meter accuracy testing and 

electronic calibration of related 

instrumentation is conducted semi-

annually for all meter installations, with 

less than 10% of accuracy tests found 

outside of +/- 3% accuracy.     

Improvements to attain higher 

data grading for "Water 

Exported Volume" component:

(Note: usually, if the water 

utility being audited sells 

(Exports) water to a 

neighboring purchasing Utility, 

it is the responsibility of the 

utility exporting the water to 

maintain the metering 

installation measuring the 

Exported volume.  The utility 

exporting the water should 

ensure that adequate meter 

upkeep takes place and an 

accurate measure of the 

Water Exported volume is 

quantified. ) 

to qualify for 2:

Review bulk water sales agreements 

with purchasing utilities; confirm 

requirements for use & upkeep of 

accurate metering.  Identify needs to 

install new, or replace defective 

meters as needed. 

to maintain 10:

Standardize meter accuracy test 

frequency to semi-annual, or more 

frequent, for all meters.  Repair or 

replace meters outside of +/- 3% 

accuracy.  Continually investigate/pilot 

improving metering technology.

Water exported master meter 

and supply error adjustment:

Select n/a only if the water 

utility fails to have meters 

on its exported supply 

interconnections. 

Inventory information on exported 

meters and paper records of 

measured volumes exist but are 

incomplete and/or in a very crude 

condition; data error cannot be 

determined   Written agreement(s) 

with the utility purchasing the water 

are missing or written in vague 

language concerning meter 

management and testing. 

No automatic datalogging of 

exported supply volumes; daily 

readings are scribed on paper 

records without any accountability 

controls to confirm data accuracy 

and the absence of errors and data 

gaps in recorded volumes.  Written 

agreement requires meter accuracy 

testing but is vague on the details of 

how and who conducts the testing.

Conditions between 

2 and 4

Exported metered flow data is logged 

automatically in electronic format and 

reviewed at least on a monthly basis, 

with necessary corrections 

implemented.  Meter data is adjusted 

by the utility selling (exporting) the 

water when gross data errors are 

detected.  A coherent data trail exists 

for this process to protect both the 

utility exporting the water and the 

purchasing Utility.  Written agreement 

exists and clearly states requirements 

and roles for meter accuracy testing 

and data management. 

Conditions between 

4 and 6

Hourly exported supply metered data is 

logged automatically & reviewed on at 

least a weekly basis by the utility selling 

the water.  Data is adjusted to correct 

gross error when 

meter/instrumentation equipment 

malfunction is detected; and to correct 

for error found by meter accuracy 

testing.  Any data gaps in the archived 

data are detected and corrected during 

the weekly review.  A coherent data 

trail exists for this process to protect 

both the selling (exporting) utility and 

the purchasing Utility.    

Conditions between 

6 and 8

Continuous exported supply metered 

flow data is logged automatically & 

reviewed each business day by the 

utility selling (exporting) the water.  

Data is adjusted to correct gross error 

from detected meter/instrumentation 

equipment malfunction and any error 

confirmed by meter accuracy testing.  

Any data errors/gaps are detected and 

corrected on a daily basis.  A data trail 

exists for the process to protect both 

the selling (exporting) Utility and the 

purchasing Utility.

Conditions between 

8 and 10

Computerized system (SCADA or 

similar) automatically records data 

which is reviewed each business day by 

the utility selling (exporting) the water.  

Tight accountability controls ensure that 

all error/data gaps that occur in the 

archived flow data are quickly detected 

and corrected.  A reliable data trail 

exists and contract provisions for meter 

testing and data management are 

reviewed by the selling Utility and 

purchasing Utility at least once every 

five years.  

to qualify for 10:

Maintain annual meter accuracy testing for all meters.  Repair 

or replace meters outside of +/- 3% accuracy.  Investigate new 

meter technology; pilot one or more replacements with 

innovative meters in attempt to improve meter accuracy. 

to qualify for 10:

Conduct accountability checks to confirm that all Imported 

supply metered data is reviewed and corrected each business 

day by the Exporter.  Results of all meter accuracy tests and 

data corrections should be available for sharing between the 

Exporter and the purchasing Utility.  Establish a schedule for a 

regular review and updating of the contractual language in the 

written agreement between the selling and the purchasing 

Utility; at least every five years. 

To qualify for 4:

Locate all exported water sources on maps and in field, 

launch meter accuracy testing for existing meters, begin to 

install meters on unmetered exported water 

interconnections and replace obsolete/defective meters 

to qualify for 4:

Install automatic datalogging equipment on Imported 

supply meters.  Set a procedure to review this data on a 

monthly basis to detect gross anomalies and data gaps.  

Launch discussions with the Exporters to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

to qualify for 6:

Refine computerized data collection and archive to include 

hourly Imported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all Imported supply metered flow data is 

collected and archived on at least an hourly basis.  All data is 

reviewed and errors/data gaps are corrected each business 

day.   

to qualify for 6:

Formalize annual meter accuracy testing for all exported 

water meters.  Continue installation of meters on unmetered 

exported water interconnections and replacement of 

obsolete/defective meters.

to qualify for 8:

Complete project to install new, or replace defective, meters 

on all exported water interconnections.  Maintain annual 

meter accuracy testing for all exported water meters.  Repair 

or replace meters outside of +/- 6% accuracy.
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Improvements to attain higher 

data grading for "Water 

exported master meter and 

supply error adjustment" 

component:

to qualify for 2:

Develop a plan to restructure 

recordkeeping system to capture all 

flow data; set a procedure to review 

flow data on a daily  basis to detect 

input errors.  Obtain more reliable 

information about existing meters by 

conducting field inspections of 

meters and related instrumentation, 

and obtaining manufacturer 

literature.  Review the written 

agreement between the utility selling 

(exporting) the water and the 

purchasing Utility.

to maintain 10:

Monitor meter innovations for 

development of more accurate and less 

expensive flowmeters; work with the 

purchasing utilities to help identify meter 

replacement needs.  Keep 

communication lines with the purchasing 

utilities open and maintain productive 

relations.  Keep the written agreement 

current with clear and explicit language 

that meets the ongoing needs of all 

parties. 

Billed metered:

n/a (not applicable). Select 

n/a only if the entire 

customer population is not 

metered and is billed for 

water service on a flat or 

fixed rate basis. In such a 

case the volume entered 

must be zero.

Less than 50% of customers with 

volume-based billings from meter 

readings; flat or fixed rate billing 

exists for the majority of the 

customer population

At least 50% of customers with 

volume-based billing from meter 

reads; flat rate billing for others.  

Manual meter reading is conducted, 

with less than 50% meter read 

success rate, remainding accounts' 

consumption is estimated.  Limited 

meter records, no regular meter 

testing or replacement.  Billing data 

maintained on paper records, with no 

auditing.

Conditions between 

2 and 4

At least 75% of customers with 

volume-based, billing from meter 

reads; flat or fixed rate billing for 

remaining accounts.  Manual meter 

reading is conducted with at least 

50% meter read success rate; 

consumption for accounts with failed 

reads is estimated.  Purchase 

records verify age of customer 

meters; only very limited meter 

accuracy testing is conducted.  

Customer meters are replaced only 

upon complete failure.  Computerized 

billing records exist, but only sporadic 

internal auditing conducted.

Conditions between 

4 and 6

At least 90% of customers with volume-

based billing from meter reads; 

consumption for remaining accounts is 

estimated.  Manual customer meter 

reading gives at least 80% customer 

meter reading success rate; 

consumption for accounts with failed 

reads is estimated.  Good customer 

meter records eixst, but only limited 

meter accuracy testing is conducted.  

Regular replacement is conducted for 

the oldest meters.  Computerized 

billing records exist with annual auditing 

of summary statistics conducting by 

utility personnel.

Conditions between 

6 and 8

At least 97% of customers exist with 

volume-based billing from meter 

reads.  At least 90% customer meter 

reading success rate; or at least 80% 

read success rate with planning and 

budgeting for trials of Automatic Meter 

Reading (AMR) or Advanced Metering 

Infrastructure (AMI) in one or more 

pilot areas.  Good customer meter 

records. Regular meter accuracy 

testing guides replacement of 

statistically significant number of 

meters each year.  Routine auditing of 

computerized billing records for global 

and detailed statistics occurs annually 

by utility personnel, and is verified by 

third party at least once every five 

years.

Conditions between 

8 and 10

At least 99% of customers exist with 

volume-based billing from meter reads.  

At least 95% customer meter reading 

success rate; or minimum 80% meter 

reading success rate, with Automatic 

Meter Reading (AMR) or Advanced 

Metering Infrastructure (AMI) trials 

underway.  Statistically significant 

customer meter testing and 

replacement program in place on a 

continuous basis.  Computerized billing 

with routine, detailed auditing, including 

field investigation of representative 

sample of accounts undertaken annually 

by utility personnel.  Audit is conducted 

by third party auditors at least once 

every three years.

Improvements to attain higher 

data grading for "Billed 

Metered Consumption" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Conduct investigations or trials of 

customer meters to select 

appropriate meter models.  Budget 

funding for meter installations.  

Investigate volume based water rate 

structures.

to maintain 10:

Continue annual internal billing data 

auditing, and third party auditing at least 

every three years.  Continue customer 

meter accuracy testing to ensure that 

accurate customer meter readings are 

obtained and entered as the basis for 

volume based billing.  Stay abreast of 

improvements in Automatic Meter 

Reading (AMR) and Advanced Metering 

Infrastructure (AMI) and information 

management.  Plan and budget for 

justified upgrades in metering, meter 

reading and billing data management to 

maintain very high accuracy in customer 

metering and billing.

Billed unmetered:

Select n/a if it is the policy 

of the water utility to meter 

all customer connections 

and it has been confirmed 

by detailed auditing that all 

customers do indeed have 

a water meter; i.e. no 

intentionally unmetered 

accounts exist

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  No data is 

collected on customer consumption.  

The only estimates of customer 

population consumption available 

are derived from data estimation 

methods using average fixture count 

multiplied by number of connections, 

or similar approach.

Water utility policy does not require 

customer metering; flat or fixed fee 

billing is employed.  Some metered 

accounts exist in parts of the system 

(pilot areas or District Metered 

Areas) with consumption read 

periodically or recorded on portable 

dataloggers over one, three, or 

seven day periods.  Data from these 

sample meters are used to infer 

consumption for the total customer 

population.  Site specific estimation 

methods are used for unusual 

buildings/water uses.  

Conditions between 

2 and 4

Water utility policy does require 

metering and volume based billing in 

general.  However, a liberal amount 

of exemptions and a lack of clearly 

written and communicated 

procedures result in up to 20% of 

billed accounts believed to be 

unmetered by exemption; or the 

water utility is in transition to 

becoming fully metered, and a large 

number of customers remain 

unmetered.  A rough estimate of  the 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

4 and 6

Water utility policy does require 

metering and volume based billing but 

established exemptions exist for a 

portion of accounts such as municipal 

buildings.  As many as 15% of billed 

accounts are unmetered due to this 

exemption or meter installation 

difficulties.  Only a group estimate of 

annual consumption for all unmetered 

accounts is included in the annual 

water audit, with no inspection of 

individual unmetered accounts.

Conditions between 

6 and 8

Water utility policy does require 

metering and volume based billing for 

all customer accounts.  However, less 

than 5% of billed accounts remain 

unmetered because meter  installation 

is hindered by unusual circumstances.  

The goal is to minimize the number of 

unmetered accounts.  Reliable 

estimates of consumption are 

obtained for these unmetered 

accounts via site specific estimation 

methods.

Conditions between 

8 and 10

Water utility policy does require 

metering and volume based billing for all 

customer accounts.  Less than 2% of 

billed accounts are unmetered and exist 

because meter installation is hindered 

by unusual circumstances.  The goal 

exists to minimize the number of 

unmetered accounts to the extent that is 

economical.  Reliable estimates of 

consumption are obtained at these 

accounts via site specific estimation 

methods.

AUTHORIZED CONSUMPTION

to qualify for 10:

Conduct accountability checks to confirm that all exported 

metered flow data is reviewed and corrected each business 

day by the utility selling the water.  Results of all meter 

accuracy tests and data corrections should be available for 

sharing between the utility and the purchasing Utility.  Establish 

a schedule for a regular review and updating of the contractual 

language in the written agreements with the purchasing utilities; 

at least every five years. 

to qualify for 6:

Refine computerized data collection and archive to include 

hourly exported supply metered flow data that is reviewed at 

least on a weekly basis to detect specific data anomalies and 

gaps.  Make necessary corrections to errors/data errors on a 

weekly basis. 

to qualify for 8:

Ensure that all exported metered flow data is collected and 

archived on at least an hourly basis.  All data is reviewed and 

errors/data gaps are corrected each business day.   

to qualify for 4:

Purchase and install meters on unmetered accounts.  

Implement policies to improve meter reading success.  

Catalog meter information during meter read visits to 

identify age/model of existing meters.  Test a minimal 

number of meters for accuracy.  Install computerized billing 

system. 

to qualify for 6:

Purchase and install meters on unmetered accounts.  

Eliminate flat fee billing and establish appropriate water rate 

structure based upon measured consumption.  Continue to 

achieve verifiable success in removing manual meter reading 

barriers. Expand meter accuracy testing.  Launch regular 

meter replacement program.  Launch a program of annual 

auditing of global billing statistics by utility personnel. 

to qualify for 10:

Purchase and install meters on unmetered accounts.  Launch 

Automatic Meter Reading (AMR) or Advanced Metering 

Infrastructure (AMI) system trials if manual meter reading 

success rate of at least 99% is not achieved within a five-year 

program.  Continue meter accuracy testing program.  Conduct 

planning and budgeting for large scale meter replacement 

based upon meter life cycle analysis using cumulative flow 

target.  Continue annual detailed billing data auditing by utility 

personnel and conduct third party auditing at least once every 

three years.   

to qualify for 4:

Install automatic datalogging equipment on exported supply 

meters.  Set a procedure to review this data on a monthly 

basis to detect gross anomalies and data gaps.  Launch 

discussions with the purchasing utilities to jointly review 

terms of the written agreements regarding meter accuracy 

testing and data management; revise the terms as 

necessary.      

to qualify for 8:

Purchase and install meters on unmetered accounts.  If 

customer meter reading success rate is less than 97%, 

assess cost-effectiveness of Automatic Meter Reading 

(AMR) or Advanced Metering Infrastructure (AMI) system for 

portion or entire system; or otherwise achieve ongoing 

improvements in manual meter reading success rate to 97% 

or higher.  Refine meter accuracy testing program.  Set 

meter replacement goals based upon accuracy test results.  

Implement annual auditing of detailed billing records by utility 

personnel and implement third party auditing at least once 

every five years. 
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Improvements to attain higher 

data grading for "Billed 

Unmetered Consumption" 

component:

to qualify for 2: 

Conduct research and evaluate 

cost/benefit of a new water utility 

policy to require metering of the 

customer population; thereby greatly 

reducing or eliminating unmetered 

accounts.  Conduct pilot metering 

project by installing water meters in 

small sample of customer accounts 

and periodically reading the meters 

or datalogging the water 

consumption over one, three, or 

seven day periods.

to maintain 10: 

Continue to refine estimation methods 

for unmetered consumption and explore 

means to establish metering, for as 

many billed remaining unmetered 

accounts as is economically feasible.

Unbilled metered:

select n/a if all billing-

exempt consumption is 

unmetered.  

Billing practices exempt certain 

accounts, such as municipal 

buildings, but written policies do not 

exist; and a reliable count of unbilled 

metered accounts is unavailable.  

Meter upkeep and meter reading on 

these accounts is rare and not 

considered a priority.  Due to poor 

recordkeeping and lack of auditing, 

water consumption for all such 

accounts is purely guesstimated.       

Billing practices exempt certain 

accounts, such as municipal 

buildings, but only scattered, dated 

written directives exist to justify this 

practice.  A reliable count of unbilled 

metered accounts is unavailable.  

Sporadic meter replacement and 

meter reading occurs on an as-

needed basis.  The total annual water 

consumption for all unbilled, metered 

accounts is estimated based upon 

approximating the number of 

accounts and assigning consumption 

from actively billed accounts of same 

meter size.        

Conditions between 

2 and 4

Dated written procedures permit 

billing exemption for specific 

accounts, such as municipal 

properties, but are unclear regarding 

certain other types of accounts.  

Meter reading is given low priority and 

is sporadic.   Consumption is 

quantified from meter readings where 

available.  The total number of 

unbilled, unmetered accounts must 

be estimated along with consumption 

volumes.          

Conditions between 

4 and 6

Written policies regarding billing 

exemptions exist but adherence in 

practice is questionable.  Metering and 

meter reading for municipal buildings is 

reliable but sporadic for other unbilled 

metered accounts.  Periodic auditing of 

such accounts is conducted.  Water 

consumption is quantified directly from 

meter readings where available, but 

the majority of the consumption is 

estimated.       

Conditions between 

6 and 8

Written policy identifies the types of 

accounts granted a billing exemption.  

Customer meter management and 

meter reading are considered 

secondary priorities, but meter reading 

is conducted at least annually to obtain 

consumption volumes for the annual 

water audit.  High level auditing of 

billing records ensures that a reliable 

census of such accounts exists.          

Conditions between 

8 and 10

Clearly written policy identifies the types 

of accounts given a billing exemption, 

with emphasis on keeping such 

accounts to a minimum.  Customer 

meter management and meter reading 

for these accounts is given proper 

priority and is reliably conducted.  

Regular auditing confirms this.  Total 

water consumption for these accounts is 

taken from reliable readings from 

accurate meters.         

Improvements to attain higher 

data grading for "Unbilled 

Metered Consumption" 

component:

to qualify for 2:

Reassess the water utility's policy 

allowing certain accounts to be 

granted a billing exemption.  Draft an 

outline of a new written policy for 

billing exemptions, with clear 

justification as to why any accounts 

should be exempt from billing, and 

with the intention to keep the number 

of such accounts to a minimum.   

to maintain 10:

Reassess the utility's philosophy in 

allowing any water uses to go "unbilled".  

It is possible to meter and bill all 

accounts, even if the fee charged for 

water consumption is discounted or 

waived.  Metering and billing all 

accounts ensures that water 

consumption is tracked and water waste 

from plumbing leaks is detected and 

minimized.

Unbilled unmetered:

Extent of unbilled, unmetered 

consumption is unknown due to 

unclear policies and poor 

recordkeeping.  Total consumption 

is quantified based upon a purely 

subjective estimate.  

Clear extent of unbilled, unmetered 

consumption is unknown, but a 

number of events are randomly 

documented each year, confirming 

existence of such consumption, but 

without sufficient documentation to 

quantify an accurate estimate of the 

annual volume consumed.

Conditions between 

2 and 4

Extent of unbilled, unmetered 

consumption is partially known, and 

procedures exist to document certain 

events such as miscellaneous fire 

hydrant uses.  Formulae is used to 

quantify the consumption from such 

events (time running multiplied by 

typical flowrate, multiplied by number 

of  events).  

Default value of 

1.25% of system input 

volume is employed

Coherent policies exist for some forms 

of unbilled, unmetered consumption 

but others await closer evaluation. 

Reasonable recordkeeping for the 

managed uses exists and allows for 

annual volumes to be quantified by 

inference, but unsupervised uses are 

guesstimated.

Conditions between 

6 and 8

Clear policies and good recordkeeping 

exist for some uses (ex: water used in 

periodic testing of unmetered fire 

connections), but other uses (ex: 

miscellaneous uses of fire hydrants) 

have limited oversight.  Total 

consumption is a mix of well quantified 

use such as from formulae (time 

running multiplied by typical flow, 

multiplied by number of events) or 

temporary meters, and relatively 

subjective estimates of less regulated 

use.

Conditions between 

8 and 10

Clear policies exist to identify permitted 

use of water in unbilled, unmetered 

fashion, with the intention of minimizing 

this type of consumption.  Good records 

document each occurrence and 

consumption is quantified via formulae 

(time running multiplied by typical flow, 

multiplied by number of events) or use 

of temporary meters.

Improvements to attain higher 

data grading for "Unbilled 

Unmetered Consumption" 

component:

to qualify for 5:

Utilize the accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of 

this use.

to qualify for 2:

Establish a policy regarding what 

water uses should be allowed to 

remain as unbilled and unmetered.  

Consider tracking a small sample of 

one such use (ex: fire hydrant 

flushings).   

to qualify for 5:

Utilize accepted default value of 

1.25% of the volume of water 

supplied as an expedient means to 

gain a reasonable quantification of all 

such use.  This is particularly 

appropriate for water utilities who are 

in the early stages of the water 

auditing process, and should focus on 

other components since the volume 

of unbilled, umetered consumption is 

usually a relatively small quatity 

component, and other larger-quantity 

components should take priority.

to qualify for 6 or 

greater:

Finalize policy and 

begin to conduct field 

checks to better 

establish and quantify 

such usage.  Proceed 

if top-down audit 

exists and/or a great 

volume of such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

with intention of reducing the number of 

allowable uses of water in unbilled and 

unmetered fashion.  Any uses that can 

feasibly become billed and metered 

should be converted eventually.

to qualify for 8:

Communicate billing exemption policy throughout the 

organization and implement procedures that ensure proper 

account management.  Conduct inspections of accounts 

confirmed in unbilled metered status and verify that accurate 

meters exist and are scheduled for routine meter readings.  

Gradually increase the number of unbilled metered accounts 

that are included in regular meter reading routes. 

to qualify for 8:

Push to install customer meters on a full scale basis.  Refine 

metering policy and procedures to ensure that all accounts, 

including municipal properties, are designated for meters.  

Plan special efforts to address "hard-to-access" accounts.  

Implement procedures to obtain a reliable consumption 

estimate for the remaining few unmetered accounts awaiting 

meter installation.

to qualify for 10:

Continue customer meter installation throughout the service 

area, with a goal to minimize unmetered accounts.  Sustain the 

effort to investigate accounts with access difficulties, and 

devise means to install water meters or otherwise measure 

water consumption.

to qualify for 4:

Review historic written directives and policy documents 

allowing certain accounts to be billing-exempt.  Draft an 

outline of a written policy for billing exemptions, identify 

criteria that grants an exemption, with a goal of keeping this 

number of accounts to a minimum.  Consider increasing 

the priority of reading meters on unbilled accounts at least 

annually.  

to qualify for 6:

Draft a new written policy regarding billing exemptions based 

upon consensus criteria allowing this occurrence.  Assign 

resources to audit meter records and billing records to obtain 

census of unbilled metered accounts.  Gradually include a 

greater number of these metered accounts to the routes for 

regular meter reading.    

to qualify for 10:

Refine written procedures to ensure that all uses of unbilled, 

unmetered water are overseen by a structured permitting 

process managed by water utility personnel.  Reassess policy 

to determine if some of these uses have value in being 

converted to billed and/or metered status.

APPARENT LOSSES

to qualify for 5:

Utilize accepted default value of 1.25% of the volume of 

water supplied as an expedient means to gain a 

reasonable quantification of this use.    

to qualify for 4:

Evaluate the documentation of events that have been 

observed.  Meet with user groups (ex: for fire hydrants - fire 

departments, contractors to ascertain their need and/or 

volume requirements for water from fire hydrants).  

to qualify for 8:

Assess water utility policy and procedures for various 

unmetered usages.  For example, ensure that a policy exists 

and permits are issued for use of fire hydrants by persons 

outside of the utility.  Create written procedures for use and 

documentation of fire hydrants by water utility personnel.  

Use same approach for other types of unbilled, unmetered 

water usage. 

to qualify for 10:

Ensure that meter management (meter accuracy testing, 

meter replacement) and meter reading activities for unbilled 

accounts are accorded the same priority as billed accounts.  

Establish ongoing annual auditing process to ensure that water 

consumption is reliably collected and provided to the annual 

water audit process.

to qualify for 4: 

Implement a new water utility policy requiring customer 

metering.  Launch or expand pilot metering study to include 

several different meter types, which will provide data for 

economic assessment of full scale metering options.  

Assess sites with access difficulties to devise means to 

obtain water consumption volumes.  Begin customer meter 

installation. 

to qualify for 6:

Refine policy and procedures to improve customer metering 

participation for all but solidly exempt accounts.  Assign staff 

resources to review billing records to identify errant 

unmetered properties.  Specify metering needs and funding 

requirements to install sufficient meters to significant reduce 

the number of unmetered accounts
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Unauthorized consumption:

Extent of unauthorized consumption 

is unknown due to unclear policies 

and poor recordkeeping.  Total 

unauthorized consumption is 

guesstimated.  

Unauthorized consumption is a 

known occurrence, but its extent is a 

mystery.  There are no requirements 

to document observed events, but 

periodic field reports capture some of 

these occurrences.  Total 

unauthorized consumption is 

approximated from this limited data.  

conditions between 

2 and 4

Procedures exist to document some 

unauthorized consumption such as 

observed unauthorized fire hydrant 

openings.  Use formulae to quantify 

this consumption (time running 

multiplied typical flowrate, multiplied 

by number of  events).  

Default value of 

0.25% of volume of 

water supplied is 

employed

Coherent policies exist for some forms 

of unauthorized consumption (more 

than simply fire hydrant misuse) but 

others await closer evaluation. 

Reasonable surveillance and 

recordkeeping exist for occurrences 

that fall under the policy.  Volumes 

quantified by inference from these 

records. 

Conditions between 

6 and 8

Clear policies and good auditable 

recordkeeping exist for certain events 

(ex: tampering with water meters, 

illegal bypasses of customer meters); 

but other occurrences have limited 

oversight.  Total consumption is a 

combination of volumes from formulae 

(time x typical flow) and subjective 

estimates of unconfirmed 

consumption.

Conditions between 

8 and 10

Clear policies exist to identify all known 

unauthorized uses of water.  Staff and 

procedures exist to provide enforcement 

of policies and detect violations.  Each 

occurrence is recorded and quantified 

via formulae (estimated time running 

multiplied by typical flow) or similar 

methods.  All records and calculations 

should exist in a form that can be 

audited by a third party.

Improvements to attain higher 

data grading for "Unauthorized 

Consumption" component:

to qualify for 5:

Use accepted default of 0.25% of 

volume of water supplied.

to qualify for 2:

Review utility policy regarding what 

water uses are considered 

unauthorized, and consider tracking 

a small sample of one such 

occurrence (ex: unauthorized fire 

hydrant openings)

to qualify for 5:

Utilize accepted default value of 

0.25% of volume of water supplied as 

an expedient means to gain a 

reasonable quantification of all such 

use.  This is particularly appropriate 

for water utilities who are in the early 

stages of the water auditing process.

to qualify for 6 or 

greater:

Finalize policy updates 

to clearly identify the 

types of water 

consumption that are 

authorized from those 

usages that fall 

outside of this policy 

and are, therefore, 

unauthorized.  Begin 

to conduct regular 

field checks.  Proceed 

if the top-down audit 

already exists and/or 

a great volume of 

such use is 

suspected.

to maintain 10:

Continue to refine policy and procedures 

to eliminate any loopholes that allow or 

tacitly encourage unauthorized 

consumption.  Continue to be vigilant in 

detection, documentation and 

enforcement efforts.  

Customer metering 

inaccuracies:

select n/a only if the entire 

customer population is 

unmetered. In such a case 

the volume entered must 

be zero.

Customer meters exist, but with 

unorganized paper records on 

meters; no meter accuracy testing 

or meter replacement program for 

any size of retail meter.  Metering 

workflow is driven chaotically with no 

proactive management.  Loss 

volume due to aggregate meter 

inaccuracy is guesstimated.

Poor recordkeeping and meter 

oversight is recognized by water 

utility management who has allotted 

staff and funding resources to 

organize improved recordkeeping 

and start meter accuracy testing.  

Existing paper records gathered and 

organized to provide cursory 

disposition of meter population.  

Customer meters are tested for 

accuracy only upon customer 

request.

Conditions between 

2 and 4

Reliable recordkeeping exists; meter 

information is improving as meters 

are replaced.    Meter accuracy 

testing is conducted annually for a 

small number of meters (more than 

just customer requests, but less than 

1% of inventory).  A limited number of 

the oldest meters are replaced each 

year.  Inaccuracy volume is largely an 

estimate, but refined based upon 

limited testing data.

Conditions between 

4 and 6

A reliable electronic recordkeeping 

system for meters exists.  The meter 

population includes a mix of new high 

performing meters and dated meters 

with suspect accuracy.  Routine, but 

limited, meter accuracy testing and 

meter replacement occur.  Inaccuracy 

volume is quantified using a mix of 

reliable and less certain data.

Conditions between 

6 and 8

Ongoing meter replacement and 

accuracy testing result in highly 

accurate customer meter population.  

Testing is conducted on samples of 

meters of varying age and 

accumulated volume of throughput to 

determine optimum replacement time 

for various types of meters.  

Ongoing meter 

replacement and 

accuracy testing result 

in highly accurate 

customer meter 

population.  Statistically 

significant number of 

meters are tested in 

audit year.  This testing 

is conducted on 

samples of meters of 

varying age and 

accumulated volume of 

throughput to 

determine optimum 

replacement time for 

these meters.

Good records of all active customer 

meters exist and include as a minimum: 

meter number, account 

number/location, type, size and 

manufacturer.  Ongoing meter 

replacement occurs according to a 

targeted and justified basis.  Regular 

meter accuracy testing gives a reliable 

measure of composite inaccuracy 

volume for the customer meter 

population.  New metering technology is 

embraced to keep overall accuracy 

improving. Procedures are reviewed by 

a third party knowledgeable in the M36 

methodology.    

Improvements to attain higher 

data grading for "Customer 

meter inaccuracy volume" 

component:

If n/a is selected because 

the customer meter 

population is unmetered, 

consider establishing a 

new policy to meter the 

customer population and 

employ water rates based 

upon metered volumes. 

to qualify for 2:

Gather available meter purchase 

records.  Conduct testing on a small 

number of meters believed to be the 

most inaccurate.  Review staffing 

needs of the metering group and 

budget for necessary resources to 

better organize meter management.

to qualify for 9:

Continue efforts to manage meter 

population with reliable recordkeeping.  

Test a statistically significant number 

of meters each year and analyze test 

results in an ongoing manner to serve 

as a basis for a target meter 

replacement strategy based upon 

accumulated volume throughput.

to qualify for 10:

Continue efforts to 

manage meter 

population with reliable 

recordkeeping, meter 

testing and 

replacement.  Evaluate 

new meter types and 

install one or more 

types in 5-10 customer 

accounts each year in 

order to pilot improving 

metering technology.

to maintain 10:

Increase the number of meters tested 

and replaced as justified by meter 

accuracy test data.  Continually monitor 

development of new metering 

technology and Advanced Metering 

Infrastructure (AMI) to grasp 

opportunities for greater accuracy in 

metering of water flow and management 

of customer consumption data.

to qualify for 4:

Implement a reliable record keeping system for customer 

meter histories, preferably using electronic methods 

typically linked to, or part of, the Customer Billing System 

or Customer Information System.  Expand meter accuracy 

testing to a larger group of meters.

to quality for 8:

Assess water utility policies to ensure that all known 

occurrences of unauthorized consumption are outlawed, and 

that appropriate penalties are prescribed.  Create written 

procedures for detection and documentation of various 

occurrences of unauthorized consumption as they are 

uncovered.   

to qualify for 10:

Refine written procedures and assign staff to seek out likely 

occurrences of unauthorized consumption.  Explore new 

locking devices, monitors and other technologies designed to 

detect and thwart unauthorized consumption. 

to qualify for 6:

Standardize the procedures for meter recordkeeping within 

an electronic information system.  Accelerate meter accuracy 

testing and meter replacements guided by testing results.

to qualify for 8:

Expand annual meter accuracy testing to evaluate a 

statistically significant number of meter makes/models.  

Expand meter replacement program to replace statistically 

significant number of poor performing meters each year.

to qualify for 5:

Use accepted default of 0.25% of system input volume

to qualify for 4:

Review utility policy regarding what water uses are 

considered unauthorized, and consider tracking a small 

sample of one such occurrence (ex: unauthorized fire 

hydrant openings)
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Systematic Data Handling 

Errors:

Note: all water utilities 

incur some amount of this 

error. Even in water 

utilities with unmetered 

customer populations and 

fixed rate billing, errors 

occur in annual billing 

tabulations. Enter a 

positive value for the 

volume and select a 

grading.

Policies and procedures for 

activation of new customer water 

billing accounts are vague and lack 

accountability. Billing data is 

maintained on paper records which 

are not well organized.  No auditing 

is conducted to confirm billing data 

handling efficiency.  An unknown 

number of customers escape routine 

billing due to lack of billing process 

oversight.

Policy and procedures for activation 

of new customer accounts and 

oversight of billing records exist but 

need refinement. Billing data is 

maintained on paper records or 

insufficiently capable electronic 

database.  Only periodic unstructured 

auditing work is conducted to confirm 

billing data handling efficiency.  The 

volume of unbilled water due to billing 

lapses is a guess.

Conditions between 

2 and 4

Policy and procedures for new 

account activation and oversight of 

billing operations exist but needs 

refinement.  Computerized billing 

system exists, but is dated or lacks 

needed functionality.  Periodic, limited 

internal audits conducted and confirm 

with approximate accuracy the 

consumption volumes lost to billing 

lapses.

Conditions between 

4 and 6

Policy and procedures for new account 

activation and oversight of billing 

operations is adequate and reviewed 

periodically.  Computerized billing 

system is in use with basic reporting 

available.  Any effect of billing 

adjustments on measured 

consumption volumes is well 

understood.  Internal checks of billing 

data error conducted annually.  

Reasonably accurate quantification of 

consumption volume lost to billing 

lapses is obtained.

Conditions between 

6 and 8

New account activation and billing 

operations policy and procedures are 

reviewed at least biannually.  

Computerized billing system includes 

an array of reports to confirm billing 

data and system functionality.  Checks 

are conducted routinely to flag and 

explain zero consumption accounts.  

Annual internal checks conducted with 

third party audit conducted at least 

once every five years.  Accountability 

checks flag billing lapses.  

Consumption lost to billing lapses is 

well quantified and reducing year-by-

year.

Conditions between 

8 and 10

Sound written policy and procedures 

exist for new account activation and 

oversight of customer billing operations.  

Robust computerized billing system 

gives high functionality and reporting 

capabilities which are utilized, analyzed 

and the results reported each billing 

cycle.  Assessment of policy and data 

handling errors are conducted internally 

and audited by third party at least once 

every three years, ensuring 

consumption lost to billing lapses is 

minimized and detected as it occurs. 

Improvements to attain higher 

data grading for "Systematic 

Data Handling Error volume" 

component:

to qualify for 2:

Draft written policy and procedures 

for activating new water billing 

accounts and oversight of billing 

operations.  Investigate and budget 

for computerized customer billing 

system.  Conduct initial audit of 

billing records by flow-charting the 

basic business processes of the 

customer account/billing function.  

to maintain 10:

Stay abreast of customer information 

management developments and 

innovations.  Monitor developments of 

Advanced Metering Infrastructure (AMI) 

and integrate technology to ensure that 

customer endpoint information is well-

monitored and errors/lapses are at an 

economic minimum.

Length of mains:

Poorly assembled and maintained 

paper as-built records of existing 

water main installations makes 

accurate determination of system 

pipe length impossible.  Length of 

mains is guesstimated.

Paper records in poor or uncertain 

condition (no annual tracking of 

installations & abandonments).  Poor 

procedures to ensure that new water 

mains installed by developers are 

accurately documented.

Conditions between 

2 and 4

Sound written policy and procedures 

exist for documenting new water main 

installations, but gaps in 

management result in a uncertain 

degree of error in tabulation of mains 

length.

Conditions between 

4 and 6

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Highly accurate 

paper records with regular field 

validation; or electronic records and 

asset management system in good 

condition.  Includes system backup.

Conditions between 

6 and 8

Sound written policy and procedures 

exist for permitting and commissioning 

new water mains.  Electronic 

recordkeeping such as a Geographical 

Information System (GIS) and asset 

management system are used to 

store and manage data.  

Conditions between 

8 and 10

Sound written policy exists for managing 

water mains extensions and 

replacements.  Geographic Information 

System (GIS) data and asset 

management database agree and 

random field validation proves truth of 

databases.  Records of annual field 

validation should be available for review.

Improvements to attain higher 

data grading for "Length of 

Water Mains" component:

to qualify for 2:

Assign personnel to inventory 

current as-built records and 

compare with customer billing 

system records and highway plans in 

order to verify poorly documented 

pipelines.  Assemble policy 

documents regarding permitting and 

documentation of water main 

installations by the utility and building 

developers; identify gaps in 

procedures that result in poor 

documentation of new water main 

installations. 

to maintain 10:

Continue with standardization and 

random field validation to improve the 

completeness and accuracy of the 

system.

Number of active AND inactive 

service connections:

Vague permitting (of new service 

connections) policy and poor paper 

recordkeeping of customer 

connections/billings result in suspect 

determination of the number of 

service connections, which may be 

10-15% in error from actual count. 

General permitting policy exists but 

paper records, procedural gaps, and 

weak oversight result in questionable 

total for number of connections, 

which may vary 5-10% of actual 

count.    

Conditions between 

2 and 4

Written account activation policy and 

procedures exist, but with some gaps 

in performance and oversight.  

Computerized information 

management system is being 

brought online to replace dated paper 

recordkeeping system.  Reasonably 

accurate tracking of service 

connection installations & 

abandonments; but count can be up 

to 5% in error from actual total.  

Conditions between 

4 and 6

Written new account activation and 

overall billing policies and procedures 

are adequate and reviewed 

periodically.  Computerized information 

management system is in use with 

annual installations & abandonments 

totaled.  Very limited field verifications 

and audits.  Error in count of number of 

service connections is believed to be 

no more than 3%.

Conditions between 

6 and 8

Policies and procedures for new 

account activation and overall billing 

operations are written, well-structured 

and reviewed at least biannually.  Well-

managed computerized information 

management system exists and 

routine, periodic field checks and 

internal system audits are conducted.  

Counts of connections are no more 

than 2% in error. 

Conditions between 

8 and 10

Sound written policy and well managed 

and audited procedures ensure reliable 

management of service connection 

population.  Computerized information 

management system, Customer Billing 

System, and Geographic Information 

System (GIS) information agree; field 

validation proves truth of databases.  

Count of connections recorded as being 

in error is less than 1% of the entire 

population.

Improvements to attain higher 

data grading for "Number of 

Active and Inactive Service 

Connections" component:

Note: The number of 

Service Connections 

does not include fire 

hydrant leads/lines 

connecting the hydrant 

to the water main

to qualify for 2:

Draft new policy and procedures for 

new account activation and overall 

billing operations.  Research and 

collect paper records of installations 

& abandonments for several years 

prior to audit year.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of system.

Note: if customer water 

to qualify for 4:

Finalize written policy and procedures for activation of new 

billing acocunts and overall billing operations management.  

Implement a computerized customer billing system.  

Conduct initial audit of billing records as part of this 

process.

to qualify for 6:

Refine new account activation and billing operations 

procedures and ensure consistency with the utility policy 

regarding billing, and minimize opportunity for missed billings.  

Upgrade or replace customer billing system for needed 

functionality - ensure that billing adjustments don't corrupt the 

value of consumption volumes.  Procedurize internal annual 

audit process.

to qualify for 8:

Formalize regular review of new account activation process 

and general billing practices.  Enhance reporting capability of 

computerized billing system.  Formalize regular auditing 

process to reveal scope of data handling error.  Plan for 

periodic third party audit to occur at least once every five 

years.

Gradings 1-9 apply if customer properties are unmetered, if customer meters exist and are located inside the customer building premises, or if the water utility owns and is responsible for the entire service connection piping from the water main to the customer building.  In any of these 

cases the average distance between the curb stop or boundary separating utility/customer responsibility for service connection piping, and the typical first point of use (ex: faucet) or the customer meter must be quantified.  Gradings of 1-9 are used to grade the validity of the means to 

quantify this value. (See the "Service Connection Diagram" worksheet)

to qualify for 8:

Formalize regular review of new account activation and 

overall billing operations policies and procedures.  Launch 

random field checks of limited number of locations.  Develop 

reports and auditing mechanisms for computerized 

information management system. 

SYSTEM DATA

Either of two conditions can be met for a 

grading of 10:

to qualify for 10:

Close policy/procedure  loopholes that allow some customer 

accounts to go unbilled, or data handling errors to exist.  

Ensure that billing system reports are utilized, analyzed and 

reported every billing cycle.  Ensure that internal and third party 

audits are conducted at least once every three years. 

to qualify for 10:

Close any procedural loopholes that allow installations to go 

undocumented.  Link computerized information management 

system with Geographic Information System (GIS) and 

formalize field inspection and information system auditing 

processes.  Documentation of new or decommissioned service 

connections encounters several levels of checks and balances.

to qualify for 4:

Refine policy and procedures for new account activation 

and overall billing operations.  Research computerized 

recordkeeping system (Customer Information System or 

Customer Billing System) to improve documentation format 

for service connections.

to qualify for 6:

Refine procedures to ensure consistency with new account 

activation and overall billing policy to establish new service 

connections or decommission existing connections.  Improve 

process to include all totals for at least five years prior to 

audit year.

to qualify for 4:

Complete inventory of paper records of water main 

installations for several years prior to audit year.  Review 

policy and procedures for commissioning and documenting 

new water main installation.

to qualify for 8:

Launch random field checks of limited number of locations.  

Convert to electronic database such as a Geographic 

Information System (GIS) with backup as justified.  Develop 

written policy and procedures.

to qualify for 10:

Link Geographic Information System (GIS) and asset 

management databases, conduct field verification of data.  

Record field verification information at least annually.

to qualify for 6:

Finalize updates/improvements to written policy and 

procedures for permitting/commissioning new main 

installations.  Confirm inventory of records for five years prior 

to audit year; correct any errors or omissions.
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Vague policy exists to define the 

delineation of water utility ownership 

and customer ownership of the 

service connection piping.  Curb 

stops are perceived as the 

breakpoint but these have not been 

well-maintained or documented.  

Most are buried or obscured.  Their 

location varies widely from site-to-

site, and estimating this distance is 

arbitrary due to the unknown location 

of many curb stops.

Policy requires that the curb stop 

serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  The piping from 

the water main to the curb stop is the 

property of the water utility; and the 

piping from the curb stop to the 

customer building is owned by the 

customer.  Curb stop locations are 

not well documented and the 

average distance is based upon a 

limited number of locations 

measured in the field.

Conditions between 

2 and 4

Good policy requires that the curb 

stop serves as the delineation point 

between water utility ownership and 

customer ownership of the service 

connection piping.  Curb stops are 

generally installed as needed and are 

reasonably documented.  Their 

location varies widely from site-to-

site, and an estimate of this distance 

is hindered by the availability of paper 

records of limited accuracy.   

Conditions between 

4 and 6

Clear written policy exists to define 

utility/customer responsibility for 

service connection piping.  Accurate, 

well-maintained paper or basic 

electronic recordkeeping system 

exists.  Periodic field checks confirm 

piping lengths for a sample of 

customer properties.   

Conditions between 

6 and 8

Clearly worded policy standardizes the 

location of curb stops and meters, 

which are inspected upon installation.  

Accurate and well maintained 

electronic records exist with periodic 

field checks to confirm locations of 

service lines, curb stops and customer 

meter pits.  An accurate number of 

customer properties from the 

customer billing system allows for 

reliable averaging of this length.

Conditions between 

8 and 10

Improvements to attain higher 

data grading for "Average 

Length of Customer Service 

Line" component:

to qualify for 2:

Research and collect paper records 

of service line installations.  Inspect 

several sites in the field using pipe 

locators to locate curb stops.  Obtain 

the length of this small sample of 

connections in this manner.

to maintain 10:

Continue with standardization and 

random field validation to improve 

knowledge of service connection 

configurations and customer meter 

locations.

Average operating pressure:

Available records are poorly 

assembled and maintained paper 

records of supply pump 

characteristics and water distribution 

system operating conditions.  

Average pressure is guesstimated 

based upon this information and 

ground elevations from crude 

topographical maps.  Widely varying 

distribution system pressures due to 

undulating terrain, high system head 

loss and weak/erratic pressure 

controls further compromise the 

validity of the average pressure 

calculation.  

Limited telemetry monitoring of 

scattered pumping station and water 

storage tank sites provides some 

static pressure data, which is 

recorded in handwritten logbooks.  

Pressure data is gathered at 

individual sites only when low 

pressure complaints arise.  Average 

pressure is determined by averaging 

relatively crude data, and is affected 

by significant variation in ground 

elevations, system head loss and 

gaps in pressure controls in the 

distribution system. 

Conditions between 

2 and 4

Effective pressure controls separate 

different pressure zones; moderate 

pressure variation across the system, 

occasional open boundary valves are 

discovered that breech pressure 

zones.  Basic telemetry monitoring of 

the distribution system logs pressure 

data electronically.  Pressure data 

gathered by gauges or dataloggers at 

fire hydrants or buildings when low 

pressure complaints arise, and during 

fire flow tests and system flushing.  

Reliable topographical data exists.  

Average pressure is calculated using 

this mix of data. 

Conditions between 

4 and 6

Reliable pressure controls separate 

distinct pressure zones; only very 

occasional open boundary valves are 

encountered that breech pressure 

zones.  Well-covered telemetry 

monitoring of the distribution system 

(not just pumping at source treatment 

plants or wells) logs extensive pressure 

data electronically.  Pressure gathered 

by gauges/dataloggers at fire hydrants 

and buildings when low pressure 

complaints arise, and during fire flow 

tests and system flushing.  Average 

pressure is determined by using this 

mix of reliable data. 

Conditions between 

6 and 8

Well-managed, discrete pressure 

zones exist with generally predictable 

pressure fluctuations.  A current full-

scale SCADA System or similar 

realtime monitoring system exists to 

monitor the water distribution system 

and collect data, including real time 

pressure readings at representative 

sites across the system.  The average 

system pressure is determined from 

reliable monitoring system data. 

Conditions between 

8 and 10

Well-managed pressure districts/zones, 

SCADA System and hydraulic model 

exist to give very precise pressure data 

across the water distribution system.  

Average system pressure is reliably 

calculated from extensive, reliable, and 

cross-checked data.  Calculations are 

reported on an annual basis as a 

minimum.

Improvements to attain higher 

data grading for "Average 

Operating Pressure" 

component:

to qualify for 2:

Employ pressure gauging and/or 

datalogging equipment to obtain 

pressure measurements from fire 

hydrants.  Locate accurate 

topographical maps of service area 

in order to confirm ground 

elevations.  Research pump data 

sheets to find pump pressure/flow 

characteristics  

to maintain 10:  

Continue to refine the hydraulic model of 

the distribution system and consider 

linking it with SCADA System for real-

time pressure data calibration, and 

averaging.      

Average length of customer 

service line:

meters are located outside 

of the customer building 

next to the curb stop or 

boundary separating 

utility/customer 

responsibility, then the 

auditor should answer 

"Yes" to the question on 

the Reporting Worksheet 

asking about this.  If the 

answer is Yes, the grading 

description listed under the 

Grading of 10(a) will be 

followed, with a value of 

zero automatically entered 

at a Grading of 10.  See 

the Service Connection 

Diagram worksheet for a 

visual presentation of this 

distance.

a) Customer water meters exist outside 

of customer buildings next to the curb 

stop or boundary separating 

utility/customer responsibility for service 

connection piping.  If so, answer "Yes" 

to the question on the Reporting 

Working asking about this condition.  A 

value of zero and a Grading of 10 are 

automatically entered in the Reporting 

Worksheet .

b). Meters exist inside customer 

buildings, or properties are unmetered.  

In either case, answer "No" to the 

Reporting Worksheet question on meter 

location, and enter a distance 

determined by the auditor.   For a 

Grading of 10 this value must be a very 

reliable number from a Geographic 

Information System (GIS) and 

confirmed by a statistically valid number 

of field checks.

to qualify for 6:

Establish coherent procedures to ensure that policy for curb 

stop, meter installation and documentation is followed.  Gain 

consensus within the water utility for the establishment of a 

computerized information management system.

to qualify for 4:

Formalize and communicate policy delineating 

utility/customer responsibilities for service connection 

piping.  Assess accuracy of paper records by field 

inspection of a small sample of service connections using 

pipe locators as needed.  Research the potential migration 

to a computerized information management system to 

store service connection data.

to qualify for 10:

Link customer information management system and 

Geographic Information System (GIS), standardize process for 

field verification of data.

to qualify for 8:

Implement an electronic means of recordkeeping, typically 

via a customer information system, customer billing system, 

or Geographic Information System (GIS).  Standardize the 

process to conduct field checks of a limited number of 

locations.  

to qualify for 4:  

Formalize a procedure to use pressure 

gauging/datalogging equipment to gather pressure data 

during various system events such as low pressure 

complaints, or operational testing. Gather pump pressure 

and flow data at different flow regimes.  Identify faulty 

pressure controls (pressure reducing valves, altitude 

valves, partially open boundary valves) and plan to properly 

configure pressure zones.  Make all pressure data from 

these efforts available to generate system-wide average 

pressure. 

to qualify for 6:  

Expand the use of pressure gauging/datalogging equipment 

to gather scattered pressure data at a representative set of 

sites, based upon pressure zones or areas.  Utilize pump 

pressure and flow data to determine supply head entering 

each pressure zone or district.  Correct any faulty pressure 

controls (pressure reducing valves, altitude valves, partially 

open boundary valves) to ensure properly configured 

pressure zones.  Use expanded pressure dataset from these 

activities to generate system-wide average pressure. 

to qualify for 8:  

Install a Supervisory Control and Data Acquisition (SCADA) 

System, or similar realtime monitoring system, to monitor 

system parameters and control operations.  Set regular 

calibration schedule for instrumentation to insure data 

accuracy.  Obtain accurate topographical data and utilize 

pressure data gathered from field surveys to provide 

extensive, reliable data for pressure averaging.  

to qualify for 10:  

Annually, obtain a system-wide average pressure value from 

the hydraulic model of the distribution system that has been 

calibrated via field measurements in the water distribution 

system and confirmed in comparisons with SCADA System 

data.      
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Grading >>> n/a 1 2 3 4 5 6 7 8 9 10

Total annual cost of operating 

water system:

Incomplete paper records and lack 

of financial accounting 

documentation on many operating 

functions makes calculation of water 

system operating costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to estimate 

the major portion of water system 

operating costs. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  

However, gaps in data are known to 

exist, periodic internal reviews are 

conducted but not a structured 

financial audit. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited 

periodically by utility personnel, but not 

a Certified Public Accountant (CPA).  

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Data audited at least 

annually by utility personnel, and at 

least once every three years by third-

party CPA.  

Conditions between 

8 and 10

Reliable electronic, industry-standard 

cost accounting system in place, with all 

pertinent water system operating costs 

tracked.  Data audited annually by utility 

personnel and annually also by third-

party CPA.  

Improvements to attain higher 

data grading for "Total Annual 

Cost of Operating the Water 

System" component:

to qualify for 2:

Gather available records, institute 

new financial accounting procedures 

to regularly collect and audit basic 

cost data of most important 

operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and long-term cost trend, and 

budget/track costs proactively

Customer retail unit cost 

(applied to Apparent Losses):

Customer population 

unmetered, and/or only a 

fixed fee is charged for 

consumption.

Antiquated, cumbersome water rate 

structure is used, with periodic 

historic amendments that were 

poorly documented and 

implemented; resulting in classes of 

customers being billed inconsistent 

charges.  The actual composite 

billing rate likely differs significantly 

from the published water rate 

structure, but a lack of auditing 

leaves the degree of error 

indeterminate.

Dated, cumbersome water rate 

structure, not always employed 

consistently in actual billing 

operations.  The actual composite 

billing rate is known to differ from the 

published water rate structure, and a 

reasonably accurate estimate of the 

degree of error is determined, 

allowing a composite billing rate to be 

quantified.

Conditions between 

2 and 4

Straight-forward water rate structure 

in use, but not updated in several 

years.  Billing operations reliably 

employ the rate structure.  The 

composite billing rate is derived from 

a single customer class such as 

residential customer accounts, 

neglecting the effect of different rates 

from varying customer classes.

Conditions between

4 and 6

Clearly written, up-to-date water rate 

structure is in force and is applied 

reliably in billing operations.  

Composite customer rate is 

determined using a weighted average 

residential rate using volumes of water 

in each rate block.

Conditions between 

6 and 8

Effective water rate structure is in 

force and is applied reliably in billing 

operations.  Composite customer rate 

is determined using a weighted 

average composite consumption rate, 

which includes residential, commercial, 

industrial, institutional (CII), and any 

other distinct customer classes within 

the water rate structure.

Conditions between 

8 and 10

Current, effective water rate structure is 

in force and applied reliably in billing 

operations.  The rate structure and 

calculations of composite rate - which 

includes residential, commercial, 

industrial, institutional (CII), and other 

distinct customer classes - are reviewed 

by a third party knowledgeable in the 

M36 methodology at least once every 

five years.

Improvements to attain higher 

data grading for "Customer 

Retail Unit Cost" component:

to qualify for 2:

Formalize the process to implement 

water rates, including a secure 

documentation procedure.  Create a 

current, formal water rate document 

and gain approval from all 

stakeholders.

to qualify for 6:

Evaluate volume of water used in 

each usage block by residential 

users.  Multiply volumes by full rate 

structure.

Launch effort to fully 

meter the customer 

population and charge 

rates based upon 

water volumes

to maintain 10:

Keep water rate structure current in 

addressing the water utility's revenue 

needs.  Update the calculation of the 

customer unit rate as new rate 

components, customer classes, or other 

components are modified.

Variable production cost 

(applied to Real Losses):

Note: if the water utility 

purchases/imports its 

entire water supply, then 

enter the unit purchase 

cost of the bulk water 

supply in the Reporting 

Worksheet with a grading 

of 10

Incomplete paper records and lack 

of documentation on primary 

operating functions (electric power 

and treatment costs most 

importantly) makes calculation of 

variable production costs a pure 

guesstimate

Reasonably maintained, but 

incomplete, paper or electronic 

accounting provides data to roughly 

estimate the basic operations costs 

(pumping power costs and treatment 

costs) and calculate a unit variable 

production cost. 

Conditions between 

2 and 4

Electronic, industry-standard cost 

accounting system in place.  Electric 

power and treatment costs are 

reliably tracked and allow accurate 

weighted calculation of unit variable 

production costs based on these two 

inputs and water imported purchase 

costs (if applicable). All costs are 

audited internally on a periodic basis. 

Conditions between 

4 and 6

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent water system operating 

costs tracked.  Pertinent additional 

costs beyond power, treatment and 

water imported purchase costs (if 

applicable) such as liability, residuals 

management, wear and tear on 

equipment, impending expansion of 

supply, are included in the unit variable 

production cost, as applicable.  The 

data is audited at least annually by 

utility personnel.

Conditions between 

6 and 8

Reliable electronic, industry-standard 

cost accounting system in place, with 

all pertinent primary and secondary 

variable production and water 

imported purchase  (if applicable) 

costs tracked.  The data is audited at 

least annually by utility personnel, and 

at least once every three years by a 

third-party knowledgeable in the M36 

methodology.  

Conditions between 

8 and 10

Either of two conditions can be met to 

obtain a grading of 10:

1) Third party CPA audit of all pertinent 

primary and secondary variable 

production and water imported purchase 

(if applicable) costs on an annual basis.

or:

2) Water supply is entirely purchased as 

bulk water imported, and the unit 

purchase cost - including all applicable 

marginal supply costs - serves as the 

variable production cost.  If all applicable 

marginal supply costs are not included 

in this figure, a grade of 10 should not 

be selected.

Improvements to attain higher 

data grading for "Variable 

Production Cost" component:

to qualify for 2:

Gather available records, institute 

new procedures to regularly collect 

and audit basic cost data and most 

important operations functions.

to maintain 10:

Maintain program, stay abreast of 

expenses subject to erratic cost 

changes and budget/track costs 

proactively

to qualify for 6:

Formalize process for regular internal audits of production 

costs.  Assess whether additional costs (liability, residuals 

management, equipment wear, impending infrastructure 

expansion) should be included to calculate a more 

representative variable production cost.  

to qualify for 8:

Formalize the accounting process to include direct cost 

components (power, treatment) as well as indirect cost 

components (liability, residuals management, etc.)  Arrange 

to conduct audits by a knowledgable third-party at least once 

every three years.

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 4:

Review the water rate structure and update/formalize as 

needed.  Assess billing operations to ensure that actual 

billing operations incorporate the established water rate 

structure.

to qualify for 8:

Evaluate volume of water used in each usage block by all 

classifications of users.  Multiply volumes by full rate 

structure.

to qualify for 10:

Conduct a periodic third-party audit of water used in each 

usage block by all classifications of users.  Multiply volumes by 

full rate structure.

to qualify for 4:

Implement an electronic cost accounting system, 

structured according to accounting standards for water 

utilities

to qualify for 10:

Standardize the process to conduct a third-party financial audit 

by a CPA on an annual basis.

COST DATA

to qualify for 6:

Establish process for periodic internal audit of water system 

operating costs; identify cost data gaps and institute 

procedures for tracking these outstanding costs.

to qualify for 8:

Standardize the process to conduct routine financial audit on 

an annual basis.  Arrange for CPA audit of financial records 

at least once every three years.
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Color code for cells

From water loss audit reports provided by urban retail water suppliers Superscripted numbers denote a numbered reference in the "CollectedData_References" tab.

Default inputs or supplier-specific inputs if known

Water Board determined input values

Three-year average real loss for supplier 714 acre-feet per year Three-year average current real loss, From water loss audits submitted annually (2016 to 2019)

Total length of mains 192 miles Three-year average, From water loss audits submitted annually (2016 to 2019)

Number of service connections 17102 # Three-year average, From water loss audits submitted annually (2016 to 2019)

Variable production cost of water 248.4 $ per acre-feet Three-year average, From water loss audits submitted annually (2016 to 2019)

Average operating pressure 50 psi Three-year average, From water loss audits submitted annually (2016 to 2019)

Default values determined by Water Board that can be replaced by supplier-specific inputs provided by urban retail water supplier with supporting supplier records

Rate of rise of leakage, if known
gallons per connection per day 
per year

The cell here is blank for possible supplier input. A default rise of 4 gallons per connection per day per year, adapted 

from the EU Reference document: Good Practices on Leakage Management (Main Report)
5
 is used. To check 

applicability to North American water systems, references of a California and a Tenessee system are used from the 

Water Research foundation Report 4372a, 2015
3
, which had rates of rise of leakage of 3 and 3.9 gallons per 

connection per day per year. As per the EU Report, this value is very low as compared to water systems in the U.K., 
and is selected as a representative rate for California systems, based on field experience of technical experts. The low 
rate of rise of leakage means that the model relies more on the backlog of leakage (represented by the real loss 
reported by suppliers) than the default value for rate of rise in leakage.

Infrastructure Condition Factor (ICF) 1.0

For background leakage calculation;                                                                                                                                                    

From AWWA M36 Manual, Fourth Edition (2016)
2
 (Table 3-22)

Background leakage, if known acre-feet per year

The cell here is blank for possible supplier input.  By default, the 'Calculations' tab calculates the background leakage 

volume, using Equation (7-5), AWWA M36 Manual, 2016
2

Average time between reporting of and repair of reported bursts 3.0 days

Number of reported bursts within past year 0.20 bursts per mile per year

Estimated average flow rate for reported leaks 50.0 gallons per minute per burst

Unreported leakage, if known acre-feet per year
The cell here is blank for possible supplier input. By default, the 'Calculations' tab calculates the unreported leakage 
volume based on the calculated background and reported leakage.

Estimated average flow rate for unreported leaks 25.0 gallons per minute per leak

AND Estimated average number of unreported leaks leaks per mile per year

Average leak detection survey frequency miles per month

Average survey rate based on communications with vendors, and water suppliers. The cell here is blank for possible 
supplier input. By default, the 'Calculations' tab calculates the average survey frequency for the following system sizes 
based on the following survey frequencies:6000 miles and above - 130 miles per month; 4000 miles and above - 114 
miles per month (Based on EBMUD's current practices, this is determined as a reasonable and achievable survey 
frequency for the two largest systems, EBMUD and LADWP); 1000 miles and above: Once in three years; 500 miles 
and above: Once in 2.5 years; Below 500 miles: Once every 2 years. Refer to the 'CollectedData_References' for data 
establishing these survey rates.                                                                                                                                                                                                                  

Surveying costs per mile (including upfront and maintenance costs) 605 $ per mile

For calculation of intervention costs for reducing unreported leakage, includes surveying and pinpointing (see row 34 
for repair costs)                                                                                                                                                                                                                                         

Efficiency of leak detection equipment 70%  in percent

Represents the average percentage of actual leaks found on excavation v/s the total detected leaks including false 
positives expected to be pinpointed by leak detection equipment over the time horizon. As per vendor and water 
supplier knowledge based on field implementation, this efficiency increases with higher training and experience. This 
parameter adds the cost of additional excavation associated with locating leaks pinpointed by false positives, without 
the benefits of water loss reduction, to the overall costs of leak detection and repair.

Average leak repair costs 5946 $ per mile

Based on data from Irvine Ranch Water District and PGE Report ET13PGE1451: Water System Leak Identification 

and Control Field Evaluation
7

Marginal avoided cost of water 1126 $ per acre-feet

Based on the average cost of alternative suplies for stormwater capture, brackish desalination, nonpotable reuse, 

indirect potable reuse, based on a Pacific Institute study, suported by an NRDC issue brief (2016)
8,9 

and imported 
water costs as per historical rates from the Metropolitan Water District

Note :  For a summary of the data collected by the Water BoardSee 'CollectedData_References' tab 

Input values determined by Water Board for the model

Nominal discount rate 3.5% percent State Water Board staff proposal based on stakeholder input

Average annual rise in price of water 5.6% in percent Based on Historical data from Metropolitan Water District: 2008 - 2018 - Converted to real prices in 2019$

Assumed effective timeline for lifecycle benefit-cost analysis 30 years

Anticipated timeline as lifecycle for accruing costs and benefits associated with real loss reduction.This timeline aims 
to cover the lifecycle of active leak detection and repair implementation, and associated leakage reduction or 
maintenance.

The model conducts a cost-benefit analysis to evaluate cost-effectiveness between reducing real loss and maintaining current real loss. The time horizon for the cost-benefit analysis is 30 years, which includes the lifecycles of water 
loss control actions and covers costs and benefits occuring beyond the compliance timeline of the regulation. The benefits associated with real loss reduction depend on the rise of price water, discount rate, value of avoided cost of 
water (previous section) and the volume of real loss reduced. The rise in price of water and discount rate are determined by Water Board staff and are fixed for the model. Additional details are presented in the 
'CollectedData_References' tab.

Inputs to model to determine economic and cost-effective water loss performance standards

This model determines the background leakage (undetectable by active leak detection and repair), reported leakage (visible) and unreported leakage (hidden but detectable by active leak detection equipment) for the distribution 
system. These components are calculated based on the length of distribution mains and number of connections owned by the supplier and the average operational pressure. The model calculates the unreported leakage component, 
which is can be reduced by active leak detection and repair by surveying the distribution system using specialized equipment. It uses established equations and estimates for typical flow rates and number of leaks for each type of 

leakage (background, reported and unreported) as applicable from the AWWA M36 manual (2016)
2
, the Water Research Foundation 4372a Report (2015)

3
, and a publication by AWWA's Water Loss Control Committee

4
 on the IWA 

International Methodology for determining these leakage components. The following default inputs (green cells) are based on these references, and can be adjusted by the supplier if the supplier has supplier-specific data based on 
field measurements and analysis.

For reported leakage calculation                                                                                                                                     

From AWWA M36 Manual, Fourth Edition (2016)
2
 (Table 3-22), AWWA Water Loss Control Committee Report: 

Applying worldwide BMPs in water loss control, 2003
6
 (Table 4), and  Lambert, 1999

4
 (Table 3)

Note: For a summary of the data collected by the Water Board, see 'CollectedData_References' tab 

From water loss audit reports submitted by urban retail water suppliers as per Water Code 10608.34 to the California Department of Water Resources
1

OR

If supplier has information on unreported leakage, enter as volume below, or enter average flow rates and number of leaks per mile below, based on prior leak detection surveys.

For unreported leakage calculation                                                                                                                                     

From AWWA M36 Manual, Fourth Edition (2016)
2
 (Table 3-22), AWWA Water Loss Control Committee Report: 

Applying worldwide BMPs in water loss control, 2003
6
 (Table 4), and  Lambert, 1999

4
 (Table 3)



Color code for cells Notes

Inputs from water loss audit reports

Default inputs or supplier-specific inputs

Water Board determined input values

Calculated values

Parameter Value Unit of Measurement

Three-year average real loss for supplier 714 acre-feet per year Three-year average, From water loss audits submitted annually (2016 to 2019)

Total length of mains 192 miles Three-year average, From water loss audits submitted annually (2016 to 2019)

Rate of rise of leakage 77 acre-feet per year

Average operating pressure 50 psi Three-year average, From water loss audits submitted annually (2016 to 2019)

Number of service connections 17102 # Three-year average, From water loss audits submitted annually (2016 to 2019)

Infrastructure Condition Factor (ICF) 1.0

Total background leakage 118.5 acre-feet per year Equation (7-5), AWWA M36 Manual, 2016
2
 or supplier input

Estimated number of reported leaks 0.2 bursts per mile per year
Average time between reporting and repair of reported 

leaks 3.0 days

Estimated average flow rate for reported leaks 50.0 gallons per minute per burst

Reported leakage 18.2 acre-feet per year Average flowrate for reported leakage x Number of reported leaks per mile  x Total length of mains

Unreported leakage 577 acre-feet per year

Unreported leakage fraction for the system 0.81 fraction of total annual leakage Unreported leakage / (Unreported+Reported+Background) leakages from UARL

Estimated average flow rate for unreported leaks 25.0 gallons per minute per leak per hour

Average annual flow rate per unreported leak 40.3 acre-feet per year per leak

Number of unreported leaks 0.07 leaks per mile of main Detectable leakage / Total length of mains / Assumed average flow rate for unreported leaks

Nominal discount rate 3.5% percent State Water Board staff proposal based on stakeholder input

Variable production cost of water 248.4 $ per acre-feet Three-year average, From water loss audits submitted annually (2016 to 2019)

Avoided cost of alternative supplies 1126 $/acre-feet User-reported or default value, used to value the volume of real loss reduced

Average annual rise in price of water 5.6% percent Historical data from Metropolitan Water District: 2008 - 2018

Assumed effective timeline 30 years Expected timeline for costs and benefits associated with real loss reduction

Leak surveying and pinpointing costs per mile 605 $ per mile of mains surveyed Based on data from vendors and water suppliers

Efficiency of leak detection equipment 70%  in percent

Repair costs per mile 5946 $ per leak repaired

Estimate time taken to survey full distribution system 24.0 months

Time step 1/12 year Time step of one month to allow for incremental and partial surveys

Average number of miles surveyed in each month 8.0 miles Total length of mains / Economic Intervention frequency

Number of parts of system to be surveyed in a full 

survey 24.0 # Total length of mains / Average number of miles surveyed each month

Leakage per part of system 24.1 acre-feet per year Average detectable leakage for supplier / Number of parts of system

Annual average rise in leakage per part of system 3.2 acre-feet per year per part per year Rate of rise of leakage / Number of parts of system

Cost for leak detection in each time step 4840 $ per part Cost of leak detection per mile x Total length of mains / Number of parts of system

Note : Repair costs per mile included in cost-benefit analysis, based on leakage corresponding to each survey cycle and leaks/mile

Calculation of leakage components - Background, Reported and Unreported leakage

Based on data from Irvine Ranch Water District and PGE Report ET13PGE1451: Water System Leak 

Identification and Control Field Evaluation
7

Calculations to determine unreported leakage volume  are below.

The benefit-cost analysis and standard calculation begin at row 54 of this tab.

The 'Output' tab provides the Cost-Benefit ratios and calculated standards 

Detailed equations are available in the 'Equations' tab.

Explanation/Formula

This section calculates the different components associated with the unavoidable annual real loss: Background, reported and unreported leakage. It estimates the fraction of unreported leakage for the system from this calculation. The 

background (undetectable leakage) is calculated first using an established formula also used in the Leakage Component Analysis Model (WRF) 4372a, 2014. The Reported leakage is calculated based on typical flow rates and break rates 

based on AWWA Water Loss Control Committee Report, 2003. The unreported leakage is calculated as the remaining leakage. The calculation is based on typical flow rates and number of leaks per mile associated with these different types 

of leakages from the AWWA M36 manual. 

System leakage characteristics

Total leakage - (background leakage + reported leakage)

Based on Table 6 of  EU Reference document: Good Practices on Leakage Management (Main Report)
5
, 

and Water Research foundation Report 4372a, (2015)
3
, if supplier does not have system-specific estimate.

From AWWA M36 Manual, Fourth Edition (2016)
2
 (Table 3-22); 0.2 breaks per mile per year at 50 gallons 

per minute over 3 days' duration

Default=1, Adapted from Water Research Foundation 4372a Leakage Component Analysis Model
3

Value of water for supplier

Calculation of anticipated number of unreported leaks for the system

Active leak detection and repair costs (Based on data collected by State Water Board staff or data provided by supplier,supported by supplier records)                                                                                                               

Note:  See 'CollectedData_References' tab for a summary of the data collected by the Water Board

This represents an average frequency for leak detection surveying based on the miles of pipe in a water 

distribution system. This average frequency is derived from vendor and water supplier estimates, and used 

as a basis to calculate the economically recoverable leakage. Complying with this survey frequency is not a 

regulatory requirement.

Represents the average percentage of actual leaks found on excavation v/s the total detected leaks, 

including false positives expected to be pinpointed by leak detection equipment over the time horizon. As 

per vendor and water supplier knowledge based on field implementation, this efficiency increases with 

higher training and experience. This parameter adds the cost of additional excavation associated with 

locating leaks pinpointed by false positives, without the benefits of water loss reduction, to the overall costs 

of leak detection and repair.

Adapted from AWWA M36 Manual, Fourth Edition (2016)
2
 (Table 3-22); 0.01 breaks per mile per year at 25 

gallons per minute

Typical flow for detected leaks = 25 gallons per minute, AWWA M36 Manual, Fourth Edition (2016)
2
 (Table 

3-22)

Tracking leakage reduction across time horizon (Assumptions: 1. The system is divided into parts based on how many parts can be reasonably surveyed in each time step.    2. Uniform leakage throughout system)                     This 

method is used such that the model can consider cases of partial distribution system surveys. This is a simplifying method for the calculations, and calculates benefit and cost after each month.



Current leakage level 

(gallons per 

connection per day) 

Current leakage level 

(gallons per mile per 

day)

Average annual leakage 

reduced with active leak 

detection and repair           

(acre-feet per year)

Water loss volumetric 

performance standard - 

2028 (gallons per 

connection per day)

Water loss volumetric 

performance standard - 

2028 (gallons per mile per 

day)
37 N/A 486 11 N/A

Years   Estimated real loss for distribution system Benefit/Cost Ratio over 30 years

(acre-feet per year)
(gallons per connection 

per day)

(gallons per mile 

per day) 12.1

2022 714 37 N/A

2028 213 11 N/A Benefit/Cost Ratio over 20 years

10.4

Benefit/Cost Ratio over 10 years

8.3

Benefit/Cost Ratio over 5 years

6.5

Water Loss Volumetric Performance Standard

If there is no net benefit for additional interventions towards 
active leak detection and repair by the supplier, the 
volumetric standard remains the same as the current 
leakage level.
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SB X7-7 Verification Form Version FINAL.1

Table 4-C.4 has been modified from the FINAL version. 

             Process Water Deduction                                                                                                                                   

SB X7-7 tables 4-C, 4-C.1, 4-C.2, 4-C.3, 4-C.4 and 4-D                                                                                              A 

supplier that will use the process water deduction will complete the appropriate tables in Excel, submit 

them as a separate upload to the WUE data tool, and include them in its UWMP. 

Target Method 2                                                                                                                                                                   

SB X7-7 tables 7-B, 7-C, and 7-D                                                                                                                                      

A supplier that selects Target Method 2 will contact DWR (uwmphelp@water.ca.gov) for SB X7-7 tables 7-

B, 7-C, and 7-D. 

Target Method 4                                                                                                                                                                    

A supplier that selected Target Method 4 can request the tables from uwmphelp@water.ca.gov, complete 

the tables, submit as a separate upload to WUE data, and include them with its UWMP.   

The data from the  tables below will not be entered into WUEdata tables (the tabs for these tables' 

worksheets are colored purple). These tables will be submitted as separate uploads, in Excel, to WUEdata.                                                                                  

WUEdata Entry Exceptions



SB X7-7 Table 0: Units of Measure Used in UWMP*           

(select one from the drop down list)                 

Acre Feet

*The unit of measure must be consistent with Table 2-3 

NOTES:  



Parameter Value Units

2008 total water deliveries 14,219                   Acre Feet

2008 total volume of delivered recycled water -                          Acre Feet

2008 recycled water as a percent of total deliveries 0.00% Percent

Number of years in baseline period
1, 2

10 Years

Year beginning baseline period range 1995

Year ending baseline period range
3

2004

Number of years in baseline period 5 Years

Year beginning baseline period range 2003

Year ending baseline period range
4

2007

 SB X7-7 Table-1: Baseline Period Ranges

1
If the 2008 recycled water percent is less than 10 percent, then the first baseline period is a continuous 10-year period.  If the amount of recycled water 

delivered in 2008 is 10 percent or greater, the first baseline period is a continuous 10- to 15-year period.                                         
2 

The Water Code requires 

that the baseline period is between 10 and 15 years. However, DWR recognizes that some water suppliers may not have the minimum 10 years of baseline 

data. 

3
The ending year must be between December 31, 2004 and December 31, 2010.

4
The ending year must be between December 31, 2007 and December 31, 2010.

5-year                   

baseline period 

Baseline

10- to 15-year    

baseline period

NOTES:



NOTES:

SB X7-7 Table 2: Method for Population Estimates

Method Used to Determine Population

(may check more than one)

1. Department of Finance  (DOF)

DOF Table E-8 (1990 - 2000) and  (2000-2010)  and

DOF Table E-5 (2010 - 2020) when available 

3. DWR Population Tool

4. Other

DWR recommends pre-review

2. Persons-per-Connection Method



Population

Year 1 1995                                     54,926 

Year 2 1996                                     45,070 

Year 3 1997                                     52,738 

Year 4 1998                                     55,679 

Year 5 1999                                     57,919 

Year 6 2000                                     61,589 

Year 7 2001                                     62,711 

Year 8 2002                                     63,590 

Year 9 2003                                     63,698 

Year 10 2004                                     61,764 

Year 11

Year 12

Year 13

Year 14

Year 15

Year 1 2003                                     63,698 

Year 2 2004                                     61,764 

Year 3 2005                                     64,737 

Year 4 2006                                     65,252 

Year 5 2007                                     65,802 

                                    70,963 

SB X7-7 Table 3: Service Area Population

10 to 15 Year Baseline Population

5 Year Baseline Population

2020 Compliance Year Population

NOTES:

Year

2020



Exported 

Water 

Change in 

Dist. System 

Storage

(+/-) 

Indirect 

Recycled 

Water

This column will 

remain blank 

until SB X7-7 

Table 4-B is 

completed.           

 Water 

Delivered 

for 

Agricultural 

Use 

Process Water

This column will 

remain blank 

until SB X7-7  

Table 4-D is 

completed. 

Year 1 1995 12,494                                -                          -           12,494 

Year 2 1996 12,995                                -                          -           12,995 

Year 3 1997 13,857                                -                          -           13,857 

Year 4 1998 11,908                                -                          -           11,908 

Year 5 1999 13,740                                -                          -           13,740 

Year 6 2000 14,099                                -                          -           14,099 

Year 7 2001 15,072                                -                          -           15,072 

Year 8 2002 15,112                                -                          -           15,112 

Year 9 2003 14,551                                -                          -           14,551 

Year 10 2004 15,100                                -                          -           15,100 

Year 11 0 -                                      -                          -                    -   

Year 12 0 -                                      -                          -                    -   

Year 13 0 -                                      -                          -                    -   

Year 14 0 -                                      -                          -                    -   

Year 15 0 -                                      -                          -                    -   

13,893

Year 1 2003           14,099                       -                          -           14,099 

Year 2 2004           15,072                       -                          -           15,072 

Year 3 2005           15,112                       -                          -           15,112 

Year 4 2006           14,551                       -                          -           14,551 

Year 5 2007           15,100                       -                          -           15,100 

14,787

          10,488 -                                 -                          -        10,488 

Volume Into 

Distribution 

System

This column will 

remain blank 

until SB X7-7 

Table 4-A is 

completed.             

Annual 

Gross 

Water Use 

Deductions

* NOTE that the units of measure must remain consistent throughout the UWMP,  as reported in Table 2-3

NOTES:

SB X7-7 Table 4: Annual Gross Water Use *

2020

 10 to 15 Year Baseline - Gross Water Use 

10 - 15 year baseline average gross water use

 5 Year Baseline - Gross Water Use 

5 year baseline average gross water use

2020 Compliance Year - Gross Water Use 

Baseline Year

Fm SB X7-7 Table 3



Volume   

Entering 

Distribution 

System 

Meter Error 

Adjustment* 

Optional

(+/-)

Corrected 

Volume 

Entering 

Distribution 

System

Year 1 1995 12,494                      12,494 

Year 2 1996 12,995                      12,995 

Year 3 1997 13,857                      13,857 

Year 4 1998 11,908                      11,908 

Year 5 1999 13,740                      13,740 

Year 6 2000 14,099                      14,099 

Year 7 2001 15,072                      15,072 

Year 8 2002 15,112                      15,112 

Year 9 2003 14,551                      14,551 

Year 10 2004 15,100                      15,100 

Year 11 0                       -   

Year 12 0                       -   

Year 13 0                       -   

Year 14 0                       -   

Year 15 0                       -   

Year 1 2003 14,099                      14,099 

Year 2 2004 15,072                      15,072 

Year 3 2005 15,112                      15,112 

Year 4 2006 14,551                      14,551 

Year 5 2007 15,100                      15,100 

10,488                      10,488 

SB X7-7 Table 4-A:  Volume Entering the Distribution 

System(s)

Complete one table for each source. 

10 to 15 Year Baseline - Water into Distribution System

5 Year Baseline - Water into Distribution System

2020 Compliance Year - Water into Distribution System

Name of Source

Baseline Year

Fm SB X7-7 Table 3

* Meter Error Adjustment - See guidance in Methodology 1, Step 3 of 

Methodologies Document

NOTES:

This water source is:

The supplier's own water source

A purchased or imported source

2020

Source 1



Volume 

Discharged 

from 

Reservoir for 

Distribution 

System 

Delivery

Percent 

Recycled 

Water

Recycled 

Water 

Delivered to 

Treatment 

Plant

Transmission/

Treatment Loss

Recycled 

Volume 

Entering 

Distribution 

System from 

Surface 

Reservoir 

Augmentation

Recycled 

Water 

Pumped by 

Utility*

Transmission/

Treatment 

Losses

Recycled 

Volume 

Entering 

Distribution 

System from 

Groundwater 

Recharge

Year 1 1995                  -                           -                          -   -                                    

Year 2 1996                  -                           -                          -   -                                    

Year 3 1997                  -                           -                          -   -                                    

Year 4 1998                  -                           -                          -   -                                    

Year 5 1999                  -                           -                          -   -                                    

Year 6 2000                  -                           -                          -   -                                    

Year 7 2001                  -                           -                          -   -                                    

Year 8 2002                  -                           -                          -   -                                    

Year 9 2003                  -                           -                          -   -                                    

Year 10 2004                  -                           -                          -   -                                    

Year 11 0                  -                           -                          -   -                                    

Year 12 0                  -                           -                          -   -                                    

Year 13 0                  -                           -                          -   -                                    

Year 14 0                  -                           -                          -   -                                    

Year 15 0                  -                           -                          -   -                                    

Year 1 2003                  -                           -                          -   -                                    

Year 2 2004                  -                           -                          -   -                                    

Year 3 2005                  -                           -                          -   -                                    

Year 4 2006                  -                           -                          -   -                                    

Year 5 2007                  -                           -                          -   -                                    

                 -                           -                          -   -                                    

NOTES:

*Suppliers will provide supplemental sheets to document the calculation for their input into "Recycled Water Pumped by Utility". The volume reported in this cell must 

be less than total groundwater pumped - See Methodology 1, Step 8, section 2.c.

SB X7-7 Table 4-B: Indirect Recycled Water Use Deduction  (For use only by agencies that are deducting indirect recycled water)

10-15 Year Baseline - Indirect Recycled Water Use

5 Year Baseline - Indirect Recycled Water Use

2020 Compliance -  Indirect Recycled Water Use 

Surface Reservoir Augmentation

Baseline Year

Fm SB X7-7 Table 3

Total Deductible 

Volume of Indirect 

Recycled Water 

Entering the 

Distribution System

2020

Groundwater Recharge



Service Area 

Population

Fm SB X7-7   

Table 3

Annual Gross 

Water Use

Fm SB X7-7

Table 4

Daily Per 

Capita Water 

Use (GPCD) 

Year 1 1995 54,926              12,494                    203                 

Year 2 1996 45,070              12,995                    257                 

Year 3 1997 52,738              13,857                    235                 

Year 4 1998 55,679              11,908                    191                 

Year 5 1999 57,919              13,740                    212                 

Year 6 2000 61,589              14,099                    204                 

Year 7 2001 62,711              15,072                    215                 

Year 8 2002 63,590              15,112                    212                 

Year 9 2003 63,698              14,551                    204                 

Year 10 2004 61,764              15,100                    218                 

Year 11 0 -                     -                          

Year 12 0 -                     -                          

Year 13 0 -                     -                          

Year 14 0 -                     -                          

Year 15 0 -                     -                          

                  215 

Service Area 

Population

Fm SB X7-7

Table 3

Gross Water Use

Fm SB X7-7

Table 4

Daily Per 

Capita Water 

Use

Year 1 2003                63,698                     14,099                   198 

Year 2 2004                61,764                     15,072                   218 

Year 3 2005                64,737                     15,112                   208 

Year 4 2006                65,252                     14,551                   199 

Year 5 2007                65,802                     15,100                   205 

206

70,963              10,488                    132                 

SB X7-7 Table 5: Gallons Per Capita Per Day (GPCD)

Baseline Year

Fm SB X7-7 Table 3

10 to 15 Year Baseline GPCD

10-15 Year Average Baseline GPCD

 5 Year Baseline GPCD

NOTES:

5 Year Average Baseline GPCD

2020 Compliance Year GPCD

2020

Baseline Year

Fm SB X7-7 Table 3



215

206

2020 Compliance Year GPCD 132

SB X7-7 Table 6: Gallons per Capita per Day 

Summary From Table SB X7-7 Table 5

10-15 Year Baseline GPCD

5 Year Baseline GPCD

NOTES:



Supporting Documentation

Method 1 SB X7-7 Table 7A

Method 2

SB X7-7 Tables 7B, 7C, and 7D See 

UWMP DWR webpage or contact 

staff for these tables

Method 3 SB X7-7 Table 7-E

Method 4 Method 4 Calculator

SB X7-7 Table 7: 2020 Target Method

Select Only One

Target Method

NOTES:



10-15 Year Baseline                              

GPCD

  2020 Target 

GPCD

215 172

SB X7-7 Table 7-A: Target Method 1

20% Reduction

NOTES:



Agency May 

Select More 

Than One as 

Applicable

Percentage of 

Service Area 

in This 

Hydrological 

Region

Hydrologic Region

"2020 Plan" 

Regional 

Targets

Method 3 

Regional 

Targets 

(95%)

North Coast 137 130

North Lahontan 173 164

100% Sacramento River 176 167

San Francisco Bay 131 124

San Joaquin River 174 165

Central Coast 123 117

Tulare Lake 188 179

South Lahontan 170 162

South Coast 149 142

Colorado River 211 200

167

SB X7-7 Table 7-E: Target Method 3 

Target

(If more than one region is selected, this value is calculated.)

NOTES:



5 Year

Baseline GPCD

From SB X7-7           

Table 5

Maximum 2020 

Target
1

Calculated

2020 Target
2

Confirmed 

2020 Target

206 195 172                              172

SB X7-7 Table 7-F: Confirm Minimum Reduction for 2020 Target

1
Maximum 2020 Target is 95% of the 5 Year Baseline GPCD except for suppliers at or below 100 

GPCD.
2

2020 Target is calculated based on the selected Target Method, see SB X7-7 Table 7 and 

corresponding tables for agency's calculated target.     

NOTES: 



Confirmed

2020 Target

Fm SB X7-7

Table 7-F

10-15 year 

Baseline GPCD

Fm SB X7-7

Table 5

2015 Interim 

Target GPCD

172 215 194

SB X7-7 Table 8: 2015 Interim Target GPCD

NOTES: 



Extraordinary 

Events

Weather 

Normalization

Economic 

Adjustment

132 194

 From 

Methodology 8 

(Optional) 

 From 

Methodology 8 

(Optional) 

 From 

Methodology 

8 (Optional) 

-                   132                  132                  YES

Optional Adjustments  (in GPCD)

NOTES: 

SB X7-7 Table 8: 2020 Compliance

Did Supplier 

Achieve 

Targeted 

Reduction for 

2020?

Actual 2020 

GPCD

2020 Interim 

Target GPCD

2020 GPCD 

(Adjusted if 

applicable)

TOTAL 

Adjustments

Adjusted 2020 

GPCD 

Enter "0" if Adjustment Not Used



2020 Urban Water Management Plan 

 

 
G 

 

Appendix G: Coordination with Wholesale Supplier 

 
  



2020 Urban Water Management Plan Appendix G 

 

 
G 

Davis 2020 UWMP_Final 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 

 

 

 



1

Melanie Holton

From: Chris Malone <cmalone@westyost.com>

Sent: Monday, February 01, 2021 8:19 PM

To: Melanie Holton

Cc: Monique Day

Subject: RE: Comparison of 2019 consumption/production data

Hi Melanie: 

 

I believe the numbers shown in the table below are what you are looking for. Because Table 7-1 of the UWMP report asks how much water is available is a given 

year, not how much would actually be used, the numbers are independent of what the demands would in any given year. 

 

You asked about surface water availability, as distinct from all available water supplies. As you know, Davis has a significant amount of deep aquifer well 

capacity. I am not taking that capacity into account in my calculations, but you can simply add deep well capacity to the numbers below if you want total supply 

availability.  

 

Surface water deliveries to Davis are limited by either of two factors, depending on conditions. If Term 91 curtailments are not in effect, Davis is limited by it 

share of Regional Water Treatment Facility (RWTF) capacity, which is 10.2 mgd. If Term 91 curtailments are in effect, Davis is limited by the lesser of its share of 

RWTF capacity and its share of the WDCWA secondary water rights that were obtained from the Conaway Preservation Group (CPG water), depending on the 

duration of the curtailment.  

 

In a Lake Shasta normal year, Davis is entitled to 4,440 acre-feet of CPG water. In a Lake Shasta critical year, that total is reduced by 25% to 3,330 acre-feet. In 

years where there is a short duration Term 91 curtailment (such as in 2012), Davis lacks the RWTF capacity to make use of its full allocation of CPG water. In a 

longer curtailment, however, the CPG water availability becomes the limiting factor. 

 

The five most severe Term 91 and Lake Shasta years on record occurred between 2012 and 2016. Of those, 2013, 2014 and 2015 were especially severe. All 

three years had total Term 91 curtailments of 200 days or more, and all three were Lake Shasta critical years. So I used that period as the basis for my 

calculations. 

 

  First Curtailment Second Curtailment Overall Surface Water Available 

Year 

Shasta  

Year Start Finish Duration Start Finish Duration 

Total  

Curtailment 

Apr–Oct  

Curtailment 

Non- 

Curtailment Total Woodland Davis UCD 

2012 Normal 8/2/12 8/31/12 30 -- -- 0 30 30 336 33,696 20,218 11,457 2,022 

2013 Critical 5/7/13 9/20/13 137 10/30/13 12/31/13 63 200 139 165 22,691 13,022 8,495 1,174 

2014 Critical 1/1/14 2/11/14 42 5/20/14 11/26/14 191 233 165 132 19,653 11,199 7,462 992 



2

2015 Critical 4/30/15 12/15/15 230 -- -- 0 230 185 135 19,929 11,365 7,556 1,008 

2016 Normal 6/2/16 10/14/16 135 -- -- 0 135 135 231 31,053 17,970 11,457 1,626 

 

If you have any questions about these calculations, please contact me. 

 

Best regards, 

Chris Malone  

Principal Engineer 

Mobile 530.574-2515 

WEST YOST   

2020 Research Park Drive, Suite 100 

Davis, CA 95618 

Front Desk: 530.756.5905  

 

From: Melanie Holton <MHolton@BrwnCald.com>  

Sent: Monday, January 25, 2021 3:32 PM 

To: Chris Malone <cmalone@westyost.com> 

Subject: FW: Comparison of 2019 consumption/production data 

 
[This message has originated from outside of West Yost] 

Hi Chris – I wanted to follow-up in the 2019 production numbers where we had differing values. See below for Heather’s explanation of why they were different. 

 

Also, I wanted to check in on the WDCWA supply to Davis reliability numbers in the various year types – do you think you/your UWMP team will be able to send 

something over this week? 



1

Melanie Holton

From: Chris Malone <cmalone@westyost.com>

Sent: Tuesday, February 02, 2021 10:54 AM

To: Melanie Holton

Cc: Monique Day

Subject: RE: Comparison of 2019 consumption/production data

Hi Melanie: 

 

One other thing Table 7-1 asks for how much surface water is available in an average year. The definition of what is average is somewhat subjective. During the 

entire history of Term 91 (beginning in 1984), the average number of curtailment days per year is 84 days; however, it is generally recognized that Term 91 

regulations have become more restrictive over time, so 84 days is likely an underestimate of what would currently be considered average.  

 

If we use 2007 as our starting point, the average number of curtailment days per year is 113 days, or approximately 3.7 months. By comparison, the CalSim-II-

based analysis performed in support of the WDCWA Water Supply Risk and Alternatives Evaluation produced an average annual curtailment duration of 3.6 

months under DWR baseline conditions. So those two numbers are in very close agreement and seem like a reasonable approximation of what might be 

considered average. 

 

Over the history of Term 91, the average curtailment start date is June 6th. Adding 113 days to that gives us an end date of September 28th. The exact start and 

finish dates aren’t especially important in the calculation, provided those dates fall within the April–October time frame when WDCWA has access to its 

secondary water rights (CPG water). So if we assume a 113-day curtailment within the indicated time frame, and if we assume a Lake Shasta normal year for 

average conditions (which the CalSim-II-based analysis predicts would occur in 89% of all years), the total surface water availability would be as follows: 

 

  Surface Water Available, acre-feet 

Year Shasta Condition Total Woodland Davis UCD 

2012 Normal 33,696 20,218 11,457 2,022 

2013 Critical 22,691 13,022 8,495 1,174 

2014 Critical 19,653 11,199 7,462 992 

2015 Critical 19,929 11,365 7,556 1,008 

2016 Normal 31,053 17,970 11,457 1,626 
      

Average Normal 32,298 19,130 11,425 1,742 

 

 



2

Chris Malone  

Principal Engineer 

Mobile 530.574-2515 

WEST YOST   

2020 Research Park Drive, Suite 100 

Davis, CA 95618 

Front Desk: 530.756.5905  

 

From: Melanie Holton <MHolton@BrwnCald.com>  

Sent: Tuesday, February 2, 2021 6:16 AM 

To: Chris Malone <cmalone@westyost.com> 

Cc: Monique Day <mday@westyost.com> 

Subject: RE: Comparison of 2019 consumption/production data 

 
[This message has originated from outside of West Yost] 

Thanks Chris. I will let you know if I have any questions. 

 

Thanks again, 

Melanie 

 

Melanie Holton, PE* 

Managing Engineer 
*Licensed in California 
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NRW Total

Indoor Outdoor Indoor Outdoor Indoor Outdoor

2,161      2,746      1,427      534          567          1,691      866          9,992      

Table 1. 2019 Water Use by Sector, ac-ft/yr

SF MF CII/landscape



NRW Reference/assumption

1 2 3 4 5 6 Indoor Outdoor Indoor Outdoor Indoor Outdoor

1 Landscape - Restrict or prohibit runoff from landscape irrigation

99                99             99               99                99             -          

No water may be applied to outdoor landscapes in a manner that causes 

more than incidental runoff, unintended amounts (volume) of runoff such 

as minimal overspray from sprinklers that escapes the area of intended 

use, such that water flows onto adjacent property, non-irrigated areas, 

private walkways, roadways, parking lots, or structures.

Yes

32            2% 2% 2%

1 Landscape - Limit landscape irrigation to specific times

99                99             99               99                99             -          

No landscape watering between 9:00 a.m. and 6:00 p.m. except with a 

hand-held container or hose with a shut-off nozzle, or for very short 

periods when adjusting a sprinkler system. This restriction does not apply 

to landscape irrigation using a low volume irrigation system designed to 

apply small volumes of water slowly at or near the root zone of plants. 

This includes, but is not limited to, properly functioning drip irrigation 

systems and soaker hoses.

Yes

32            2% 2% 2%

1 Landscape - Other landscape restriction or prohibition

99                99             99               99                99             -          

No irrigation of turf and ornamental landscapes during and within 

forty-eight hours after measurable rainfall of at least one-fourth of one 

inch of rain in a given area. 

Yes

32            2% 2% 2%

1 Landscape - Other landscape restriction or prohibition

99                99             99               99                99             -          

No irrigation with potable water of landscapes outside of newly 

constructed homes and buildings in any manner inconsistent with 

regulations or other requirements established by the California Building 

Standards Commission, the department of housing and community 

development and the Model Water Efficient Landscape Ordinance.

Yes

32            2% 2% 2%

1 Landscape - Other landscape restriction or prohibition

17                17             17               17                17             -          

No irrigation of turf on public street medians or publicly owned and 

maintained landscaped areas between the street and sidewalk, except 

where:

o The turf serves a community or neighborhood function, including but 

not limited to recreational uses and civic or community events;

o The turf is irrigated incidentally by an irrigation system, the primary 

purpose of which is the irrigation of trees; or

o The turf is irrigated with recycled water through an irrigation system 

installed prior to January 1, 2018.

Yes

6              1%

1 Other - Require automatic shut of hoses

33                33             33               33                33             -          

A hose that dispenses potable water to wash a motor vehicle must be 

fitted with a shut-off nozzle or device attached to it that causes it to cease 

dispensing water immediately when not in use.

No

11            1% 1%

1 Other - Prohibit use of potable water for washing hard surfaces 50                50             50               50                50             -          Potable water may not be applied directly to driveways and sidewalks. No 16            1% 1% 1%

1
Water Features - Restrict water use for decorative water 

features, such as fountains
50                50             50               50                50             -          

Potable water may not be used in an ornamental fountain or other 

decorative water feature, except where the water is part of a recirculating 

system.

Yes

16            1% 1% 1%

1
Other - Customers must repair leaks, breaks, and malfunctions 

in a timely manner

183              183           183             183              183           -          

All property owners must fix leaks, breaks or malfunctions in water 

fixtures or water using or distributing devices to which city water is 

connected when they find them, or within 72 hours of receiving a notice 

from the City of Davis per Davis Municipal Code Section 30.02.040.  

Yes

59            2% 2% 2% 2% 2% 2%

1 CII - Restaurants may only serve water upon request

6                  6               6                 6                  6               6              

Eating or drinking establishments, including but not limited to 

restaurants, hotels, cafes, cafeterias, bars, or other public places where 

food or drink are served and/or purchased may only serve drinking water 

upon patron request.

No

2              1%

1 CII - Commercial kitchens required to use pre-rinse spray valves 11                11             11               11                11             11            Restaurants are required to use a pre-rinse spray valve when washing Yes 4              2%

1
Other - Prohibit vehicle washing except at facilities using 

recycled or recirculating water 3                  3               3                 3                  3               3              

New car washes and laundry systems must use recirculating water 

systems.
No

1              0.5%

1 CII - Lodging establishment must offer opt out of linen service

6                  6               6                 6                  6               6              

Hotels and motels must provide guests with the option to decline daily 

bed linen and towel changes. The hotel or motel shall prominently display 

notice of this option in each guestroom using clear and easily understood 

Yes

2              1%

2
Other - Prohibit vehicle washing except at facilities using 

recycled or recirculating water -               50             50               50                50             50            

 Car washing is only permitted using a commercial carwash that 

recirculates water or by high pressure/low volume wash systems.
Yes

16            1.0% 1.0% 1%

2 Landscape - Limit landscape irrigation to specific days

-               1,491        -             -               -            -          

 In order to reduce peak demand on the water system, outdoor watering 

with sprinkler irrigation is restricted to three days per week on an 

odd/even schedule:

o   Odd numbered addresses: Tuesday, Thursday, and Saturday

o   Even numbered addresses: Wednesday, Friday, and Sunday

o   No outdoor watering on Monday (except City parks & greenbelts)

Yes

486          30% 30% 30%

Assume that 5 day per week 

watering is reduced to 3 days per 

week, some increase in duration 

3
Water Features - Restrict water use for decorative water 

features, such as fountains -               -            25               25                25             25            

Decorative water features that use potable water must be drained and 

kept dry.
Yes

8              0.5% 0.5% 0.5%

3 Landscape - Other landscape restriction or prohibition

-               -            25               25                25             -          

 With the exception of landscapes watered with non-potable water, the 

installation of new landscaping is limited to drought tolerant trees, shrubs 

and groundcover. 

Yes

8              0.5% 0.5% 0.5%

3 Landscape - Other landscape restriction or prohibition -               -            25               25                25             -          The installation of new turf or hydroseed is prohibited. Yes 8              0.5% 0.5% 0.5%

Penalty, Charge, 

or Other 

Enforcement? 
Drop Down List

Gap 

reductio, 

MG

Table 2. Demand Reduction Actions

Percent Water Use Reduction by Sector

SF MF CII

Shortage

Level 

Demand Reduction Actions

Drop down list

These are the only categories that will be accepted by the WUEdata 

online submittal tool. Select those that apply to you.

Additional Explanation or Reference

(optional)

How much is this going to reduce the shortage gap? Include volume units 

used. , ac-ft/yr



NRW Reference/assumption

1 2 3 4 5 6 Indoor Outdoor Indoor Outdoor Indoor Outdoor

Penalty, Charge, 

or Other 

Enforcement? 
Drop Down List

Gap 

reductio, 

MG

Table 2. Demand Reduction Actions

Percent Water Use Reduction by Sector

SF MF CII

Shortage

Level 

Demand Reduction Actions

Drop down list

These are the only categories that will be accepted by the WUEdata 

online submittal tool. Select those that apply to you.

Additional Explanation or Reference

(optional)

How much is this going to reduce the shortage gap? Include volume units 

used. , ac-ft/yr

3 Landscape - Limit landscape irrigation to specific days

-               -            2,486         -               -            -          

 In order to reduce peak demand on the water system, outdoor watering 

with sprinkler irrigation is restricted to two days per week on an 

odd/even schedule:

o   Odd numbered addresses: Tuesday, Thursday

o   Even numbered addresses: Wednesday, Friday

o   No outdoor watering on Monday 810          50.0% 50.0% 50.0%

4-->3
Other - Customers must repair leaks, breaks, and malfunctions 

in a timely manner

-               -            274             274              274           274          

Property owners must fix water leaks or faulty sprinklers within 48 hours. 

If repairs cannot be completed within 48 hours, property owners must 

have a plan in place for repairs and reduce water use until repairs can be 

completed.

Yes

89            3% 3% 3% 3% 3% 3%

4 Other water feature or swimming pool restriction
-               -            -             50                50             50            

 Existing pools shall not be emptied and refilled using potable water 

unless required for public health and safety purposes.
Yes

16            1% 1% 1%

4 Landscape - Prohibit certain types of landscape irrigation
-               -            -             3,728           3,728        -          

Irrigation of any landscaping except trees or drought tolerant plantings is 

prohibited.
Yes

1,215      75% 75% 75%

5 Other water feature or swimming pool restriction -               -            -             -               25             -          No new permits for pools will be issued. Yes 8              0.5% 0.5% 0.5%

5 Landscape - Other landscape restriction or prohibition -               -            -             -               50             -          No new landscape installations or renovations will be permitted. Yes 16            1.0% 1.0% 1.0%

6 Other

-               -            -             -               -            40            

Water use will be allowed for public health and safety purposes only. Yes

13            0% 0% 5%

 Assume public health and safety 

indoor residential demand is  40 

GPCD based on residentail 

population and residential water 

use.  

Assume additional reduction in 

commercial indoor usage.

6 Landscape - Prohibit all landscape irrigation
-               -            -             -               -            4,723      

All landscape irrigation prohibited. Yes
1,539      95% 95% 95%

Assume 5% of outdoor use will still 

be consumed.

NOTES: Shortage levels for demand reduction actions are based on the applicable stage. When demand reduction actions are superseded by demand reductions implemented in a later stage, they are not shown to be applicable to the later stages 



Reference/assumption

Add additional rows as needed 1 2 3 4 5 6 Indoor Outdoor Indoor Outdoor Indoor Outdoor

Unbilled 

unmetered 

(operations

)

Water 

losses 

(Apparent + 

Real)

2 Expand Public Information Campaign
-             91                     91                  91             91             91                                    

Offer workshops, increased use of bill 

inserts, social media 30            1% 1% 1% 1% 1% 1%

4 Offer Water Use Surveys

-             -                   -                 23             23             23                                    

Consumption checks at meter and assist 

customers via phone to review water usage 

for their property are always in place. For 

Stage 4, 5 and 6 City would increase the 

number of water use survey and potentially 

offer in person surveys. 7              0.25% 0.25% 0.25% 0.25% 0.25% 0.25%

4 Decrease Line Flushing
-             -                   -                 6               6               6                                       

 Operational changes – No routine system 

flushing 2              5%

4 Reduce System Water Loss
-             -                   -                 38             38             38                                    

 Look for opportunities to prioritize projects 

that reduce system water loss. 12            5%

4 Increase Water Waste Patrols

-             -                   -                 51             51             51                                    

Have an Environmental Program Specialist 

who responds to water waste concerns. 

During time periods with a declared water 

shortage, water waste patrols are 

implemented. 17            1% 1% 1% 1%

5 Transfers
1,129       1,129                               

Emergency intertie with UCD (assume 700 

gpm) 368          

Other actions (describe)

-             -                   -                 -           169           -                                   

Coordination with Parks Department to 

modify timing/amount of irrigation to assist 

with operational demands. 55            10%

SF MF CII NRW
Shortage Level

Supply Augmentation Methods and Other 

Actions by Water Supplier

 Drop down list

 These are the only categories that will be accepted 

by the WUEdata online submittal tool 

How much is this going to reduce the shortage gap? Include volume units used.
Additional Explanation or Reference 

(optional)

Percent Water Use Reduction by Sector

Table 3: Supply Augmentation and Other Actions

Gap 

reduction, 

MG
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LETTER OF PROMULGATION 
 

December 2018 

 

To:  Officials and Employees of the City of Davis 

 

The preservation of life and property is an inherent responsibility of city government.  As disasters 
occur in devastating form at any time, the City of Davis must provide safeguards which will save 
lives and minimize property damage through mitigation planning and training.  Sound mitigation 
planning carried out by knowledgeable and well-trained personnel can and will minimize losses. 

The Yolo County Operational Area Multi-Jurisdictional Hazard Mitigation Plan (HMP) identifies the 
hazard risks and vulnerabilities for the Yolo County Operational Area and identifies mitigation 
projects and actions to help reduce those risks.  It provides for the integration and coordination of 
planning efforts of multiple jurisdictions within Yolo County as well as the Yocha Dehe Wintun 
Nation and the Housing Authority of Yolo County. 

This City of Davis Community Profile is an extension of the HMP.  The content is based upon 
guidance approved and provided by the Federal Emergency Management Agency and the California 
Governor’s Office of Emergency Services.  The intent is to provide direction for the City of Davis on 
how to mitigate against the threat of disaster through effective mitigation strategies and initiatives. 

Once adopted, the HMP and Community Profile will be reviewed and tested periodically and revised 
as necessary to meet changing conditions and requirements. 

The City of Davis City Council gives its full support to this Community Profile and urges all 
employees and individuals to mitigate against the threat of disaster before they occur. 

 

_________________________________ 

Mayor, City Council 

City of Davis  
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SECTION 1.0: INTRODUCTION 
The City of Davis Community Profile has been prepared in conjunction with the Yolo County 
Operational Area Hazard Multi-Jurisdictional Mitigation Plan (HMP), establishing an inter-
jurisdictional process for the development and implementation of effective hazard mitigation 
strategies in association with identified hazards that pose real or potential threats to the City of Davis. 

1.1   HISTORY  
Founded in 1868, the City of Davis served as an agricultural hub for early settlers.  Known for its 
fertile soil and temperate climate, Davis became a popular destination for famers.  The completion of 
the transcontinental railroad in 1869 spurred further development eventually leading to the City’s 
official incorporation in 1917.  
 
Celebrating its centennial in 2017, Davis has grown significantly from its quaint roots as an 
agricultural community.  Often deemed the most bicycle friendly town in the nation, Davis became 
the first city in the U.S. to create bicycle lanes as well as to develop bicycle lane safety regulations that 
were ultimately adopted by Caltrans and replicated nationwide.  Davis is also a pioneer in 
environmental sustainability, as one of the first cities in California to provide curbside recycling to 
residents, decades before the State adopted recycling requirements.  
 
Closely tied to the community’s history is the University of California at Davis.  Established in 1908, 
UC Davis served as an agricultural school for the University of California system.  Over the next 50 
years, the campus expanded and in 1962, UC Davis became the seventh general campus of the 
University of California system.  Today, UC Davis is widely recognized as a premier research 
institution, earning the recognition of first in the world for veterinary medicine, first in the nation for 
agriculture, and sixth in the nation among public universities.  

1.2   OVERVIEW  
The City of Davis is a medium sized incorporated municipality located in the southern portion of Yolo 
County, immediately bordering Solano County.  Davis is located 11 miles west of Sacramento, 385 
miles north of Los Angeles, and 72 miles northeast of San Francisco.   Davis is the most populated city 
within the county and is a significant service and retail area within Yolo County, and contributes 
substantially to the economic, social, cultural, and educational dimension of the county. 
 
There is unparalleled scenic beauty and many recreational opportunities within a few hours’ drive 
from Davis.  Sierra Nevada Mountain range lies to the east - Coastal Range to the west.  The 
Sacramento and American Rivers lie to the east along with historic gold country and Lake Tahoe, 
while to the west are the San Francisco Bay area, the great coastal redwood forest, and the beaches 
and rugged shores of the Pacific Ocean.  The Sacramento-San Joaquin Delta region lies to the south. 

Davis sits in the Pacific Flyway, a major migration route for waterfowl and other North American 
birds.  Several wildlife preserves, offering a natural environment, dot the landscape.  The Yolo Bypass 
Wildlife Area - one of the most successful public-private partnerships for wildlife preservation – was 
recognized by President Clinton in 1999.  It provides habitat for thousands of resident and migratory 
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waterfowl on more than 2,500 acres of seasonal and semi -permanent wetlands.  Open to the public, 
the facility provides educational opportunities regarding wetlands and associated wildlife species.  
The Central Valley is the agricultural heart of the state and provides one of the most highly developed 
and integrated agricultural systems in the world.  Scientists conduct research in Davis because its 
physical location allows re-creation of nearly limitless soil and environmental conditions.  The area 
surrounding Davis has some of the most productive agricultural land in California, sustaining 
hundreds of different crops – from rice to tomatoes to almonds.  Thus, conservation of prime 
agricultural land through limited urban growth is a priority as part of the city’s General Plan.  Other 
directives include resource conservation and the efficient use of energy, open space and water 
resources.  These priorities have garnered Davis international acclaim for accomplishments in 
recycling; water conservation; and innovative, energy-saving design. 

Davis also sits in the eastern portion of the Putah Creek Plain, a major feature of the southwestern 
Sacramento River Valley.  The land slopes at generally less than one percent.  Elevations range from 
60 feet in western parts of the city to 25 feet in some eastern parts, with an official elevation level of 
51 feet.  The city limits cover 9.9 square miles.  See Figure 1 for a map of the City of Davis. 

 
Figure 1: Map of the City of Davis 

Source: Google Maps 
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1.3   DEMOGRAPHICS 

1.3.1   POPULATION 
According to the California Department of Finance, Davis had approximately 68,314 residents in 
2017.  This represents a 1.49% increase from 2016, when the estimated population was 67,731 
residents.  When comparing Davis’ percent increase to other cities in California, Davis ranked 82 out 
of 482.  If Davis continues on its current growth trajectory, the City could reach a population of 79,240 
by 2036, which accounts for roughly 15% of Yolo County’s projected population growth.   

1.3.2   AGE DISTRIBUTION  
Figure 2 below shows the age distribution of both the City and the County in 2000 and 2015.  While 
the City’s trends largely follow the County’s trends, there are two notable discrepancies.  

First, Davis’ proportion of young adults aged 18 to 24 far exceeds the County, which is largely 
attributed to UC Davis’ student population.  

Second, the City also has a slightly larger proportion of residents over the age of 65, compared to the 
County.  Roughly 12.6% of Davis residents were over the age of 65, which was 0.6% higher than 12% 
countywide.  Since 2000, Davis’ share of residents over 65 increased 5.9% compared to the 
countywide increase of 2.6%, indicating the City experienced more than two times the growth in this 
age group than that experienced by the County.  
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Figure 2: Age Distribution of City of Davis and County of Yolo Residents in 2000 and 2015 
Sources: U.S. Census Bureau, Census 2000 Summary File 1, 2016;  

U.S. Census Bureau, 2015 American Community Survey, 2016 
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1.3.3   RACIAL AND ETHNIC COMPOSITION 
In 2015, non-Hispanic Whites and Asians constituted the two largest racial and ethnic groups 
residing in Davis, comprising 56.5% and 21.7% of the population.  Hispanics were the third largest 
subgroup, comprising 13.4% of the population.  Expect for persons belonging to Some Other Race or 
Two or More Races, all minority subgroups were generally underrepresented in the City, compared 
to the County. 

1.3.4   INCOME  
Historically, Davis residents report earning higher incomes than County residents.  However, in 2015, 
Davis’ median household income of $58,176 was slightly lower than the countywide median of 
$58,966. Since 2010, median household incomes in Davis decreased an average of 10% or $6,390 
after adjusting for inflation, compared to a decrease of 4% or $2,334 countywide. 

Despite having slightly below average median household income, Davis family households still have 
considerably higher incomes than the County.  In 2015, Davis’ median family household income was 
$110,271, compared to $74,561 countywide.  

Similar to other demographic categories, this anomaly suggests that the UC Davis student population 
is skewing the City’s income statistics.  Evidence of this is particularly apparent when comparing the 
City’s poverty rate to the City’s non-student poverty rate.  Using methodology published by the U.S. 
Census Bureau, Davis calculates its non-student poverty rate to be 10.32%, which is 18.48% lower 
than the City’s overall poverty rate of 28.8%.   

1.3.5   EDUCATIONAL ATTAINMENT 
In 2015, the Davis population boasted high educational attainment levels.  Specifically, 93.7% of 
Davis residents age 25 years and older received a high school diploma or more, compared to 69.6% 
of Yolo County residents.  Moreover, 33.4% of Davis residents earned a bachelor’s degree, 20.7% 
earned a master’s degree, and 16.7% earned a doctorate degree, compared to 22%, 10.3%, and 6.5% 
of County residents. 

1.4   ECONOMY  
Despite being impacted by the recession of 2008, current economic indicators suggest the City is 
returning to pre-recession levels.  

1.4.1   EMPLOYMENT  
According to the California Employment Development Department, Davis had 13,847 jobs in 2015, 
which accounted for 14.2% of countywide employment.  Between 2010 and 2015, the City added 
2,031 jobs, for an increase of 17.2%.  Five industry sectors accounted for the majority of the City’s 
employment, including Accommodation and Food Services (18.3%), Health Care and Social 
Assistance (16.6%), Government (13%), and Professional and Business Services (12.2%).   

1.4.2   ECONOMIC IMPACT OF UC DAVIS  
While difficult to quantify, the economic impacts of UC Davis in the region are significant.  According 
to an Economic Impact Analysis, the University estimates that including student and visitor 
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expenditures and employee compensation, UC Davis generated $6.8 billion of economic output and 
65,000 jobs within the greater Sacramento region.  

1.5   HOUSING 
The following section summarizes current housing market conditions and affordability in the City of 
Davis.   

1.5.1   HOUSING STOCK  
Data from the U.S. Census Bureau indicate that more than half of the City’s housing stock (51.8%) 
was built since 1980, compared to 47.9% countywide, indicating the City has a larger proportion of 
newer housing stock compared to the County.  As shown in the table below, the City experienced a 
housing construction boom between 1960 and 2000.  Since then, however, Davis has experienced 
slower growth, with only 10.9% of the City’s housing stock built since the year 2000, compared to 
21.3% countywide.  Most of the City’s housing built since 2000 (8.9%) was built prior to 2010, with 
only 3% or 769 units, built between 2010 and 2016.  

 City of Davis County of Yolo 
Year Built Number  Percent Number Percent 

Built 1939 or earlier 442 1.7% 3,438 4.5% 
Built 1940 to 1949 548 2.1% 3,262 4.2% 
Built 1950 to 1959  1,795 7.0% 8,903 11.6% 
Built 1960 to 1969  3,165 12.4% 8,606 11.2% 
Built 1970 to 1979 6,271 24.5% 15,897 20.7% 
Built 1980 to 1989 4,646 18.1% 11,173 14.5% 
Built 1990 to 1999 5,721 22.3% 9,288 12.1% 
Built 2000 to 2009 2,269 8.9% 13,893 18.1% 
Built 2010 or later 769* 3.0% 2,506 3.3% 
Total, All Units 25,626 100% 76,966 100% 

Table 1: Housing Units by Year Built 
Sources: U.S. Census Bureau, 2015 American Community Survey, 2016;  

*City of Davis, Building Permit Records, 2016 

1.5.2   VACANCY RATES 
Davis’ housing unit vacancy rate has remained lower than the countywide average since the year 
2000.  Data from the U.S. Census Bureau indicates the City vacancy rate was 3.7% in 2015, which is 
1.3% lower than 2010, and 1.7% lower than the countywide vacancy rate of 4.2%.  Although 2015 
vacancy status data is unavailable for Davis, data shows rental units accounted for the majority of the 
City’s vacancies in 2000 and 2010. 

Results of the annual UC Davis Apartment Vacancy and Rental Rate Survey showed 15 vacant units 
in 2016, representing a 0.2% apartment vacancy rate.  The data indicated little to no vacancy across 
all unit size categories.  Units rented under multiple lease agreements, otherwise known as “bed 
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leases”, accounted for 11% of reported units, which represents an increase of 2% over 2015, 
indicating that this lease type is becoming more common. 

1.5.3   HOUSING COSTS  
OWNERSHIP COSTS  
According to information from ListSource, a private data vendor, the median purchase price for a 
single-family home in Davis from November 2015 to November 2016 was $566,000.  In comparison, 
the Yolo County Association of Realtors reported a countywide median sale price of $407,000 for the 
month of September 2016.  Although data provided by ListSource and the Yolo County Association 
of Realtors cover different time periods, it demonstrates that housing purchase prices is Davis are 
generally higher than the rest of the county. 

According to the 2013-2021 Housing Element, annual household incomes generally must exceed 
$100,000 in order to afford homeownership, which poses a significant barrier.  Households are 
considered to have an excessive housing cost burden when monthly costs exceed 30% of monthly 
household income, while households are considered to have a severe housing cost burden when 
monthly housing costs exceed 50% of monthly household income.  Data from the 2009-2013 
Comprehensive Housing Affordability Strategy shows that 14.2% of homeowners experienced 
excessive housing cost burdens, while another 8% experienced severe housing cost burdens.  

RENTAL COSTS  
The UC Davis Apartment and Rental Survey reported an average apartment rental rate of $1,489 per 
month in 2015, which was a 5.3% increase over 2014.  Average monthly rents for individual unit 
types were as follows: $916 for a studio unit; $1,119 for a one-bedroom; $1,462 for a two-bedroom 
unit; $1,993 for a three-bedroom unit; and $2,587 for a four-bedroom unit. 

According to the 2013-2021 Housing Element, annual household incomes required to afford rental 
apartments in the City generally ranged from $34,840 to $114,800 after accounting for utility costs; 
however, large and generally more expensive units were limited.  Annual income required for one 
and two bedroom units, which comprise the majority of the City’s rental housing stock, ranged from 
$39,920 to $52,280. 

Given the high cost of homeownership, renting is a more affordable option to many household in the 
City, however, 20.3% of renter households experience excessive housing cost burdens, while 40.7% 
experience severe housing cost burdens, indicating that renter households are more cost burdened 
than owner occupied households.  More than 76% of extremely low-income, 89.6% of very low-
income, and 76.9% of low-income households were burdened by housing costs.  

1.5.4   HOUSING AFFORDABILITY 
Historically, Davis has adopted an active approach in the assessment of housing need and the 
provision of housing.  The City’s efforts ultimately culminated in the creation and adoption of an 
inclusionary housing policy in 1987.  The ordinance requires most rental-housing developers to 
either dedicate at least 15% of a project’s total units to low and 10% to very low-income households 
in perpetuity or pay an in-lieu fee.  Due to revisions that limit the type of projects eligible to pay an 
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in-lieu fee, the City of Davis Housing Trust Fund, which collects affordable housing in-lieu fees and 
shared appreciation payments, has not experienced much revenue growth. 

1.6   LAND USE 
The use of land affects all aspects of the City including housing, business, jobs, traffic, noise, air 
quality, and community character.  This section provides basic facts on existing and planned land 
uses. 

1.6.1   EXISTING LAND USES 
Table 2 features gross acres of existing land uses within the City.  

Existing Land Use Gross Acres Percentages 
Residential 3,004 47.3% 
Residential Single Family 1-4 Units 2,411 37.9% 
Residential Multi-Family 5+ Units 593 9.3% 
Commercial 419 6.6% 
Public/Semi-Public 389 6.1% 
Schools 206 3.2% 
Cemetery District  26 0.4% 
Church 44 0.7% 
City-Owned 48 0.8% 
Government 65 1.0% 
Industrial 103 1.6% 
Parks 252 4.0% 
Open Space 505 7.9% 
Public  262 4.1% 
Private 243 3.8% 
Natural Habitat Area 61 1.0% 
Agricultural  0 0.0% 
Vacant  212 3.3% 
Total Land Use 4,945 77.8% 
Rights of Way (freeways, streets, railroads)  1,411 22.2% 
Grand Total  6,356 100% 

Table 2: Gross Acres of Existing Land Uses with the City of Davis 
Source: City of Davis, 2017 

1.6.2   VACANT LAND 
Figure 3 identifies the locations of vacant land sites of at least one acre within the City of Davis.  The 
existing vacant land consists of more than 200 acres, but continues to decrease as the land develops.  
Most of the existing vacant land is locate in the eastern half of the City, both north and south of 
Interstate 80.  
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Figure 3: Map of Vacant Land within the City of Davis 
Source: City of Davis, 2017 

1.6.3   POTENTIAL HOUSING SITES 
In 2008, a Housing Steering Committee identified potential sites for infill development with a focus 
on residential use. The sites were designated “Green Light”, referring to sites recommended beyond 
those currently planned / zoned for housing, and “Yellow Light”, referring to other sites that could 
be considered for housing if needed.  The Council subsequently adopted Resolution No. 11-077 
establishing a process for considering development applications for the potential sites.  Figure 4 
shows the potential housing sites.  It is important to note that the map of sites is not all-inclusive or 
static because new sites may become candidates for infill development as uses, markets, and other 
conditions change. 
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Figure 4: Potential Housing Sites 
Source: City of Davis, 2017 

1.6.4   POTENTIAL COMMERCIAL SITES 
The City intends to identify potential commercial sites in similar depth to the housing sites 
recommendations described above, either as part of the next General Plan Update or before. 

Figure 5 shows potential commercial sites based on studies since 2010.  The map includes vacant 
commercial sites, internal business park opportunity sites, and potential external business park 
locations.  It should be recognized that the map does not show the downtown area, which should also 
be studied for potential commercial development.  
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Figure 5: Potential Commercial Sites 
Source: City of Davis, 2017 

1.7   INFRASTRUCTURE 
Providing the backbone for everyday functioning, infrastructure is a priority for Davis.  As such, the 
City is committed to not only maintaining existing infrastructure, but also creating new 
infrastructure.  Given its history as a quaint agricultural community, the City is cognizant however of 
finding a balance between growth and environmental considerations.  

1.7.1   COMMUNICATIONS 
AT&T provides the City with telephone and DSL service.  Comcast provides cable television services.  
Davis Media Access, KCRA, and Fox 40 provide broadcast media. The Davis Enterprise and 
Sacramento Bee provide print media.  

1.7.2   TRANSPORTATION 
Interstate 80 and State Highway 113 run through Davis with the junction of these two major 
roadways sitting just outside town at UC Davis on the Solano/Yolo border.  Interstate 5 is 11 miles to 
the north and 13 miles to the east.  The Interstate 505 junction is 14 miles west in Solano County. 

Three transit systems serve the City of Davis.  Unitrans, which is owned by the University, provides 
bus service within the city.  Yolobus connects to other cities in Yolo County.  Davis Community Transit 
provides door-to-door demand response service to the general public, seniors and the disabled. 
Davis has a strong history of bicycle use and planning.  An estimated 53,000 bicycles are in use in 
Davis and on the UCD campus.  An estimated 25% of personal trips in Davis are made by bicycle.  The 
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City maintains over 50 miles of bicycle lanes and 55 miles of bike paths on city streets and through 
community greenbelts. 

Davis sits at the junction of the north/south, east/west lines for both the Southern Pacific Railroad 
and Amtrak.  Capital corridor trains stop at Davis daily for service between Sacramento and the San 
Francisco Bay area.  Amtrak and the Greyhound bus company stop at the historic Southern Pacific 
Depot, adjacent to the downtown.  The city recently renovated the circa 1910 depot building and 
expanded parking at this facility. 

Situated 19 miles to the northeast is the Sacramento International Airport.  Served by half a dozen 
major national and international carriers as well as several commuter airlines, it has about 135 
arriving and departing flights daily with about 14,000 passengers.  By the year 2005, the airport is 
forecasted to serve 23,000 passengers daily.  Yolobus and several private airport shuttles provide 
service between Davis and the airport.  The Yolo County Airport, five miles northwest of Davis, has a 
6,000 foot runway that can accommodate medium-sized corporate jets or private planes.  The UC 
Davis Airport, open to the public, offers general utility services for light aircraft. 

There are no navigable waterways in the City of Davis jurisdiction.  Putah Creek runs through the 
southern area of the City 

1.7.3   UTILITIES 
There are three significant underground transmission pipelines in the City of Davis area: 

• The City of Davis main gas transmission pipeline runs west from the causeway down the 
railroad ROW, along 2nd Street to the PG&E terminal; then a branch heads north under L 
Street to Woodland.  There is a parallel branch running north, just west of L Street, (from 6th 
to Covell), terminating at the ConAgra site—this branch is decommissioned.  

• The east/west line continues down the ROW branching into three parallel lines along Olive 
Lane, between L Street and the creek (circumnavigating a rail undercrossing to service a 
commercial/light industry section of town), it continues west in a single line in the ROW. 

• The UC-Davis gas transmission pipeline exposure picks up the main line west of the creek, 
near Arboretum Drive, continuing west along the ROW (passing Hyatt Place & the Conference 
Center).  Then, a branch line jogs under the parking lot & the Mondavi Institute for Wine & 
Food Services, on Old Davis Road.  The branch turns north on California Ave., then west on 
LaRue Rd. It then "T-s" into terminals on campus, at Dairy Rd. and Garrod Dr. 

• Kinder-Morgan has a Hazardous Materials Liquid Pipeline parallel to Interstate 80, turning 
south at County Rd. 32 on the Yolo Bypass.  This line does not run in the corporate city limits 
of Davis. 

Natural gas and electrical service is provided by Pacific Gas & Electric 

The City’s water supply, maintained by the Public Works Department, is a conjunctive use system 
consisting of treated surface water from the Sacramento River (delivered by the Woodland Davis 
Clean Water Agency) and groundwater drawn from aquifers ranging from 180 to 1,600 feet 

http://www.pge.com/
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underground.  The system contains eleven water wells, one elevated storage tank with a 200,000-
gallon capacity, two ground level storage tanks with a total of 8 million gallon capacity (4 million 
gallons each) and over 180 miles of water distribution pipes.  The conjunctive water system can 
supply 23.4 million gallons per day (mgd), 10.2 mgd from surface water and 13.2 mgd from 
groundwater.  The normal water pressure is 40-50 PSI.  The system is operated to maximize the use 
of treated surface water with groundwater augmenting during peak demands as required.  Treated 
surface water is delivered via a pipeline from the regional water plant in Woodland to the Davis city 
limit.  The pipeline runs down County Road 103 and enters Davis city limits on Pole Line Road.  The 
quantity of water available has been estimated as adequate to meet the City’s projected demand 
through 2035 (based on 2015 Urban Water Management Plan).  Generally, Davis groundwater is very 
hard and high in dissolved solids.  Selenium and nitrates are two primary substances found in Davis 
tap water.  Selenium is a natural element in the soil which may dissolve into groundwater and nitrates 
are chemicals that may occur from agricultural irrigation and cultivation of the soil due to fertilizers 
or leaching of water from septic systems.  Both selenium and nitrate levels at all city wells are below 
the maximum standards set by federal and/or state agencies.  Long term development of water wells 
over 1,500 feet deep are planned to improve the aesthetic characteristics of Davis water. 

Pacific Gas & Electric (PG&E) provides electric power to all areas of Yolo County.  Recently, however, 
the City in partnership with the City of Woodland and County of Yolo formed a local community 
choice energy program called the Valley Clean Energy Alliance (VCEA).  A joint powers agency, VCEA’s 
mission is to deliver cost-competitive clean electricity, product choice, price stability, energy 
efficiency, and greenhouse gas emission reductions to its customers. In October 2018, VCEA 
submitted an implementation to the State’s Public Utilities Commission and approved a contract with 
the Sacramento Municipal Utility District to provide energy services.  

Centralized wastewater and sewage treatment is managed by all four municipalities, UC Davis, and 
several special districts that cover various unincorporated communities.  Solid waste collection and 
disposal is provided through established contracts with commercial providers in most 
unincorporated areas of the county.  Yolo County maintains a sanitary landfill site, located between 
Woodland and Davis, where solid waste is processed and buried.  In addition, the County landfill also 
receives and processes various recyclables for all areas of the county.  Davis is not served by Waste 
Management and has a contract with Davis Waste Removal.    

1.7.4   HEALTH CARE 
There are two hospital facilities in Yolo County.  Sutter Davis Hospital is a technologically advanced 
acute care hospital with a strong offering of outpatient services and community outreach programs, 
including STEMI, stroke, and trauma.  The 48-bed hospital and its programs provide care and support 
to the residents of Davis, Dixon, Winters, Woodland, West Sacramento, Vacaville and rural 
communities throughout Yolo and Eastern Solano Counties.  Woodland Memorial Hospital is the 
largest in the County and provides a full range of surgical and acute care medical services for both 
inpatient and outpatient visits.  The hospital is a 120 bed, acute care, non-profit facility with an 
outstanding mix of state-of-the-art equipment and community health and wellness programs.  
Additionally, the hospital is recognized as the most comprehensive provider of women's and 
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children's medical services in the county, equipped to handle high-risk pregnancies and high-risk 
infants, as well as the needs of children.   This facility also houses a behavioral health unit. 

1.7.5   EDUCATION 
PUBLIC SCHOOLS 
The Davis Joint Unified School District (DJUSD) provides primary and secondary (K-12) public 
education in the City.  Comprised of nine elementary schools, four junior high schools, and two high 
schools, DJUSD experienced a decline in local enrollment during seven of the last 11 years.  The causes 
of the declining enrollment are due to myriad factors including a dropping birthrate, a decreasing 
proportion of young families due to rising house prices, and a growing proportion of seniors.  As such, 
DJUSD is accepting increasing numbers of students who transfer into the district from other 
communities including Woodland and West Sacramento. Without these transfer students, DJUSD 
would face reduced enrollment and loss of per-student revenue from the State.  In addition to DJUSD, 
the City houses a satellite campus for Sacramento City College.  Located in UC Davis’ West Village, the 
Davis Center offers varied curriculum and programming including an advanced education program 
allowing qualified students to enroll in Davis Center courses while still attending high school.  In 
addition to DJUSD, Sacramento City College’s Davis Center, and UC Davis, Davis has four private 
schools: Davis Waldorf School (pre-school through 8th grade); Peregrine Elementary School (K 
through 8th grade); St. James School (K through 8th grade); and Merryhill Pre-School. 

As referenced in the history section, the City is also home to the University of California, Davis or UC 
Davis.  UC Davis is a world-class university with such varied attractions as the arboretum along Putah 
Creek, cultural performances, galleries, and one of the premier research general medical, and the law 
libraries in North America.  During the 2015-16 academic year, UC Davis enrolled approximately 
34,535 students. Per the University’s Long-Range Development Plan, on-campus enrollment is 
projected to increase to 39,000 students by the 2027-28 academic year.  However, many students 
live in Davis and contribute to a low housing vacancy rate, a great number of student’s commute from 
the surrounding communities.  

UC Davis has emerged as an acknowledged international leader in agricultural, biological, 
biotechnological and environmental sciences.  It is gaining similar recognition for excellence of its 
teaching and research in the arts, humanities, social sciences, engineering, health sciences, law and 
management.  UC Davis is the largest of the 10 University of California campuses, with 5,200 acres, 
second in total expenditures and third in enrollment.  UC Davis' three undergraduate colleges offer 
students more than 100 undergraduate major programs.  In addition to more than 80 minors and 
graduate programs, the university has four professional programs: the Graduate School of 
Management (ranked as one of the best business schools in the country), the School of Law, the 
School of Medicine, and the School of Veterinary Medicine, the latter being the only such school in 
California.  

The UC Davis campus' reputation has attracted a distinguished faculty of scholars and scientists in all 
fields.  The faculty ranks 16th in quality among comprehensive public universities nationwide.  UC 
Davis stands 24th in research funding among universities in the United States, according to the most 
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recent statistics from the National Science Foundation.  Four years ago, UCD was admitted into the 
prestigious Association of American Universities.  

Membership in this group of 62 institutions of higher learning is by invitation only.  U.S. News & 
World Report has repeatedly ranked UC Davis among the top public universities nationwide, placing 
it 10 in 2000.  In addition, many of the UCD programs ranked in the top 10 nationwide.  

More than 150 new varieties of fruits, grains and vegetables have sprung from agricultural research 
at UC Davis.  The University’s viticulture and enology department has influenced winemakers around 
the world.  The University Arboretum is home to one of the best collections of dry lands plants in the 
country, and occupies about 200 acres along the north fork of Putah Creek.  The Arboretum contains 
2,000 trees, flowers and bushes, including more than a dozen rare or endangered species, and serves 
as an important teaching and research resource as well as a campus and community open space 
amenity.  

UC Davis—home of the Aggies—offers a variety of intercollegiate athletic programs, club sports and 
recreation for everyone from the dedicated competitor to the casual enthusiast.  UC Davis is two-time 
winner of the Sears Directors' Cup for National Collegiate Athletic Association Division II schools.  

UC Davis has a wide range of diverse offerings in music, drama, dance, the visual arts and design 
throughout the year.  The Department of Music sponsors nearly 100 concerts each year, including 
those by the University Symphony, Chorus, Chamber Singers, Early Music Ensemble, Concert Band 
and Electronic Music Studio.  The Robert and Margrit Mondavi Center for the Performing Arts has 
been open since April 2002.  The Mondavi Center boasts an intimate, state-of-the-art, 1,800-seat 
performance hall, a versatile 250-seat studio theater each with superior acoustics and all the 
amenities you could ask for. 

PRIVATE SCHOOLS 
In addition to DJUSD and UC Davis, Davis has four private schools: Davis Waldorf School (pre-school 
through 8th grade); Peregrine Elementary School (K through 8th grade); St. James School (K through 
8th grade); and Merryhill Pre-School.  

1.8   WEATHER AND CLIMATE 
The Central Valley climate can be described as Mediterranean.  During the hot, dry, sunny summers, 
temperatures can exceed 100 degrees Fahrenheit on some days; however, more often summer 
temperatures are in the low 90s.  The Sacramento River Delta breeze usually cools overnight 
temperatures into the 60s.  Spring and fall has some of the most pleasant weather in the state.  
Winters in Davis are usually mild.  Temperatures drop below freezing on only a few days.  The rainy 
season typically runs from late fall through early spring and fog season last from November through 
March.   Average annual rainfall is about 17 inches.  Table 3 shows the City of Davis weather averages. 

 

 

 Temperature Rain Humidity 
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Min. Mean Max. Inches 4 am Noon 4 pm 
January 37 46 54 3.69 90 73 69 
April 46 60 74 1.54 86 48 46 
July  57 77 97 0.00 77 37 28 

Table 3: City of Davis Weather Averages 
Source: University of California, Davis 
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SECTION 2.0: HAZARD IDENTIFICATION AND RISK ASSESSMENT  
The City of Davis identified hazards that affect the city and developed natural hazard profiles based 
upon the countywide risk assessment, past events and their impacts (see Figure 6).  

 

Figure 6: City of Davis Risk Assessment 

Definitions for the rankings and a detailed explanation of the hazards can be found in the Hazard 
Identification and Risk Assessment of the Yolo County Hazard Mitigation Plan (HMP).   

2.1   NATURAL HAZARDS 
Of the natural hazards profiled in the Yolo County HMP for the Yolo County Operational Area, 
landslide has been omitted for the City of Davis.  There are no landslide prone areas within the city 
limits.  See Table 4 for the probability and extent of each natural hazard profiled for Davis. 

Hazard Probability of 
Occurrence 

Geographic Extent & 
Potential Magnitude 

Flooding Likely Critical 

Dam Failure Unlikely Catastrophic 
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Hazard Probability of 
Occurrence 

Geographic Extent & 
Potential Magnitude 

Levee Failure Unlikely Critical 

Earthquake  Occasional Critical 

Land Subsidence Likely Limited 

Severe Weather - Fog Highly Likely Catastrophic 

Severe Weather - Tornado Occasional Critical 

Severe Weather – High Wind Highly Likely Critical 

Severe Weather – Extreme Heat Highly Likely Critical 

Severe Weather - Freeze Likely Critical 

Volcano Unlikely Catastrophic 

Wildfire Likely Limited 

Drought Likely Critical 

Climate Change Highly Likely Critical 

Table 4: Probability and Extent for Natural Hazards in the City of Davis 

2.1.1   FLOODING 
Davis is drained by Putah Creek, Dry Slough, and the Willow Slough Bypass.  The old North Fork of 
Putah Creek east of Interstate 80 no longer carries flow from the upstream Putah Creek watershed. 
Rather, the North Fork only carries minor local flow from the abutting watershed downstream of the 
UC Davis Arboretum.  This is primarily because the water it has been diverted into the South Fork for 
flood control.  The South Fork of Putah Creek runs through the UC Davis campus eastward and 
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terminates in the Putah Creek Sinks, located in the Yolo Bypass at the eastern edge of Davis.  
Groundwater is naturally recharged in this area.     

The California Department of Water Resources maintains the Willow Slough Bypass, which directs 
water away from Willow Slough and Dry Slough, in the eastern section of Davis, and carries water 
eastward to the Yolo Bypass at the eastern boundary of Davis.  Willow Slough drains the valley floor 
between Putah and Cache Creeks.  Agricultural runoff contributes water to the slough during 
irrigation season.  Dry Slough, which forks with Willow Slough in Plainfield, has an intermittent flow. 
The Yolo Bypass, which runs north-south, is flooded when the Sacramento River carries high 
stormwater runoff levels. Water is released into the Bypass from the Fremont Weir located 
downstream from Knight's Landing.  

Flood hazards in Davis generally consist of shallow sheet flooding caused by surface water runoff 
during large rain storms.  Flooding could be caused by creeks and other waterways overflowing their 
banks along Putah Creek, Willow Slough, Dry Slough, and the edge of the Yolo Bypass.  

The city's Public Works Department currently maintains (or contracts for the maintenance of) seven 
main channels and six detention ponds which provide for drainage and storm water detention.  A 
seventh pond, the North Stonegate Retention Pond, is operated by a local maintenance association as 
well as by the City’s Public Works Department.  Maintenance of the channels includes removal of silt, 
control of weeds, and removal of brush.  The Public Works Department also operates nine major and 
ten minor drainage pump stations.  

Flood control services outside of the City are provided by the Yolo County Flood Control and Water 
Conservation District and the State Department of Water Resources.  

2.1.2   DAM FAILURE 
Davis is in the path of flooding that would occur in the event of the failure of Monticello Dam on Putah 
Creek (Lake Berryessa).  An inundation map prepared by the Bureau of Reclamation to analyze the 
effects of dam failure shows that the flooding in Davis could be between one and five feet throughout 
the city.  

2.1.3   LEVEE FAILURE 
Due to Davis’ geographic proximity to the Sacramento River, the City has concerns about levee 
failure, particularly on the eastern edge of city limits.   Thus, while the Yolo Bypass, Sacramento 
Bypass, and SPFC facilities are adequate, a high water event does pose a threat.     

Specifically, the City is concerned about effects to its existing wastewater treatment facility as well 
as municipal water intake and conveyance system.  Besides being subject to flooding by a failure of 
the Willow Slough Bypass left levee, the wastewater treatment facility and the Yolo County landfill 
are subject to flooding from breaches in the CCSB west and south levees, the abandoned south levee 
of the pre-1992 CCSB, and the Yolo Bypass west levee.  The City is constructing a local levee system 
around its WWTP in 2018 to provide flood protection for this critical facility. 
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2.1.4   EARTHQUAKE 
Earthquakes can occur anywhere in Davis.  The city lies along the eastern edge of the Coast Range-
Sierran Block Boundary (CRSBB), where the Midland Fault is located (see Figure 7).  The Midland 
Fault and the Dunnigan Hills Fault north of Woodland (see the Yolo County HMP) are the two 
closest active fault lines to Davis.   

 

Figure 7: Fault Line near Davis 

Further away, the San Andreas Fault system is located to the west and the Western Sierra Fault 
system is located to the east of Davis (see Yolo County HMP).  Numerous quakes along these faults 
have been felt in Davis, most recently during the Loma Prieta Earthquake in 1989, but Davis suffered 
no significant damage.  
 
The City of Davis Building Division has placed the Davis area in Seismic Design Category D.  An 
earthquake could result in “slight damage in specifically designed structures; considerable in 
ordinary buildings, with partial collapse; great damage in poorly built structures.”   

2.1.5   LAND SUBSIDENCE 
Land subsidence could essentially occur anywhere in Davis.  See the Yolo County HMP for maps of 
expansive soils and causes of land subsidence in Yolo County.  For Davis, lower expansive soils are 
found closer to Putah Creek on the southern end of the city while higher expansive soils are found on 
the northern and western sides of the city.  These areas are closer to agricultural fields where there 
is a higher instance of groundwater pumping, a primary cause of land subsidence.  Land subsidence 
could have numerous impacts for Davis, including the settling of homes and businesses as well as the 
shifting of railroad tracks and pipelines that run through the city.  Both Union Pacific and Amtrak 
operate trains along the Capital Corridor that runs along the southern edge of the city.  This is also 
the location of the Kinder Morgan pipeline that runs from Sacramento to the Bay Area. 
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2.1.6   SEVERE WEATHER 
HIGH WIND 
High wind could occur anywhere in Davis and could be compounded by atmospheric river events.  
High winds can fell trees, which can cause subsequent damages to cars and structures as well as 
critical infrastructure such as power lines and water mains throughout Davis.  The University Airport 
in Davis is also susceptible to high winds, which can cause damages to aircraft and affect airport 
operations. 

FOG 
Fog can be prevalent throughout Davis as it is located in the valley of Yolo County where fog is more 
apt to form.  Impacts from fog can be compounded in Davis due the presence of two major highways, 
Interstate 80 and State Route 113, which run through the City.  The potential for serious accidents 
exist due to fog, which could result in injuries and fatalities to motorists and first responders.   

TORNADO 
A tornado could touch down anywhere in Davis, and is documented as one of the top ten hazards that 
the city is at highest risk from (see city risk assessment).  Though tornados in the Central Valley of 
California are often rare and of low intensity (EF-0 or EF-1), the potential exists for an EF-2 tornado 
to touch down in Davis as it did in Sacramento in 1978.  While unlikely, impacts from such a tornado 
could be extensive depending on where the tornado touches down and how long it travels.  Roofs of 
structures could be significantly damaged, trees could be knocked over, and cars could be overturned.  
A less intense EF-0 or EF-1 tornado could cause flying debris and damage to fences.  Tornados can 
also produce hail, which can be damaging to cars and buildings.  Figure 8 shows a tornado that was 
observed in Davis in 2011. 

 

Figure 8: 2011 Tornado in Davis 
Source: Sacramento Bee 
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EXTREME HEAT 
Extreme heat can occur at any location in Davis due to its location in the valley of Yolo County.  
Temperatures can feel warmer in the city due to the widespread presence of concrete and asphalt, 
which stores heat longer.  Heat waves can cause power outages and can sicken people who are 
exposed to high temperatures too long, particularly infants and the elderly.  

Another risk with excessive heat in combination with unseasonably wet winters and springs is 
evapotranspiration. This process occurs when plants and trees experience an increase in growth or 
“push” foliage. Coupled with near 80 degree or higher temperatures will trigger trees to draw 
excessive amounts of water up to the tree to be expelled by the foliage.  The catalyst to this event is 
the winds causing excess stress to weight bearing limbs, which can cause stress cracks furthering the 
potential for sudden limb failure.  This event, also known as summer branch drop, can also occur with 
no wind at all, the excess water that is drawn up by the tree increases excessive weight on the limbs 
that can fail at any time.  Other issues associated with excessive heat is Sun Scald, which is a severe 
burn to the trunk of thin barked trees.  This will eventually degrade the outer bark, cambium layer 
and eventually weaken the structural integrity of the tree.   

FREEZE 
Freezing temperatures can occur at any location in Davis.  Prolonged exposure to the cold can cause 
frostbite or hypothermia and can become life-threatening. Infants and the elderly are most 
susceptible. Pipes may freeze and burst in homes or buildings that are poorly insulated or without 
heat. Extreme cold can disrupt or impair communications facilities. 

2.1.7   VOLCANO 
Davis is not located close to any active volcanoes where there is the threat of a lahar flow.  Davis could 
be impacted by ash fall, however, if there were to occur a significant eruption of any of the active 
volcanoes located throughout the state.  Particular areas of concern include the Mt. Shasta, Lassen 
Volcanic Center, Medicine Lake, and the Clear Lake/Mt. Konocti Volcanic Field.  People susceptible to 
respiratory illnesses would be most impacted by ash fall. 

2.1.8   WILDFIRE 
While Davis does have some pockets of heavy brush and timber, the more common wildfire threat 
comes from grass and other light, flashy fuels surrounding the City.  Under the right conditions, these 
fires could spread to homes and infrastructure.  Poor air quality from wildfires can also negatively 
affect health.  Grass fires in Davis along roadsides and freeways may cause traffic problems due to 
limited visibility as well.  A grass fire could occur in the Vic Fazio wildlife preserve of the Yolo Bypass 
east of the city. 

2.1.9   DROUGHT 
Drought can increase risk of wildfires.  Prolonged drought conditions can also cause trees to be more 
susceptible to pest infestations such as Mountain Pine Beetle, Emerald Ash Borer, Asian Long-Horned 
Beetle and Shot Hole Borer.  All of these pests can cause detrimental or fatal consequences to an 
Urban Forest as the primary tree species found in the City are hosts for these pests. 
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2.1.10   CLIMATE CHANGE 
Climate change can bring a host of issues to Davis trees, as the majority of the mature species are 
native to a climate that is warming and cannot acclimatize.  This will cause most of the native 
mature species to become heavily drought stressed, which can lead to limb or total tree failure.  
Moreover, drought stricken trees are more susceptible to invasive pests that can accelerate the 
decline of a tree.  

2.2   HAZARD RISK ASSESSMENT – TECHNOLOGICAL AND HUMAN-CAUSED HAZARDS 

2.2.1   AGRICULTURAL PESTS AND DISEASES 
The City of Davis is vulnerable to myriad agricultural pests and diseases.  Some of the most common 
threats include the yellow starthistle, Japanese dodder, walnut twig beetle, and the California 
ground squirrel.  Given the City’s and County’s large agricultural community, these pests and 
diseases pose major threats.  

2.2.2   EPIDEMIC/PANDEMIC 
The City of Davis can experience the same epidemics and pandemics that occur throughout the rest 
of Yolo County.  Mitigation measures would be taken under the general direction of the Yolo County 
Public Health Officer.  Davis has prepared for previous potential outbreaks including swine flu, avian 
flu and ebola.  Preparation will vary based on the nature of the disease, but primarily consists of 
planning for a diminished workforce, treating large numbers of affected citizens, assistance with 
vaccine clinics due to large crowds, and personal prevention measures.   

2.2.3   HAZMAT INCIDENTS 
RADIOLOGICAL 
The City does not have any meaningful exposure to a nuclear power plant.  It could be affected, 
however, by a transportation accident, a terrorist incident or war. 

CHEMICAL 
Chemical spills or fires may present serious health risks as well as environmental damage.  
Necessities such as safe drinking water and clean air may be affected. 

BIOLOGICAL 
A biological incident or attack would cause a strain on the emergency health system including 
emergency response, local hospitals and other health care facilities. 

2.2.4   TRANSPORTATION COLLISIONS 
VEHICLE COLLISIONS 
Two major highways pass through Davis, the most prominent being Interstate 80.  The potential 
exists for a major vehicle collision to occur on the highway, resulting in a mass casualty and/or 
hazmat incident.  A major traffic collision on Interstate 80 involving 70 vehicles occurred in West 
Sacramento due to fog in 1984, causing multiple injuries. 
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TRAIN ACCIDENTS 
Several major rail lines pass through Davis.  The Union Pacific Railroad as well as the Burlington 
Northern and Santa Fe railroad both operate freight trains through the city.  Amtrak operates 
passenger trains through the city with one stop.  The California Northern Railroad operates freight 
traffic through the center of downtown Davis.   

AIRPLANE ACCIDENTS 
The University Airport lies on the western side of the city, and primarily handles small to medium 
sized private aircraft.  Davis also lies in the path of several flight paths from Sacramento International 
Airport.   

2.2.5   POWER/UTILITY FAILURE 
In the event of utility failures, the City has plans in place to survive short-term disruption to these 
key services to maintain basic City functions. 

ELECTRICAL 
The City maintains back-up generators to provide power to key city facilities, including; portions of 
City Hall, Public Works and Parks corporation yards, Police Station, Veteran’s Memorial Center, 
Wastewater Treatment Plant, both Water storage tanks and two water wells, one sewer lift station, 
and one storm water pump station.  The City also maintains portable power generators to support 
infrastructure as needed.  All generators are diesel fueled and provide a minimum of 12 hours run 
time before refueling is required. 

GAS 
The City does not have any critical infrastructure tied to PG&E gas supply.  Numerous natural gas 
lines cross through the city.  The Kinder Morgan Pipeline runs along Interstate 80 and carries 
hazardous liquids.   

WASTEWATER SEWER 
The Wastewater Treatment Plant has 100% diesel fueled backup power supply in case of PG&E 
power failure.  On-site propane supplies all gas-fueled equipment, but no critical equipment is 
operated with propane. 

The collection system will continue to operate in the event of a power failure.  The collection system 
has six lift stations that are electrically powered.  Only one station has an existing stationary backup 
generator.  The collection system feeding each station has the capacity to hold wastewater a 
minimum of 24-hours.  In the event of a major event, a portable generator would be rotated 
between each station to maintain adequate wastewater levels in the collection system to prevent 
sanitary sewer overflows. 

The City Wastewater Treatment Plant is vulnerable to flooding from a levee break along the West 
Bypass Levee. 
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WATER 
The City is supplied by two sources of potable water.  Treated surface water is supplied by a 
regional water treatment plant in Woodland.  This plant has 100% diesel fueled backup power 
supply at both the treatment plant and the intake facility located on the Sacramento River.  The City 
has eleven active groundwater wells.  Two have stationary diesel fueled backup power supply and 
the other wells can be powered by a portable generator as needed.  Both water storage tanks (eight 
million gallons total capacity) have stationary diesel fueled backup power supply. 

In the event of a major power failure at the regional water plant the City system is designed to 
maintain potable water supply via groundwater wells and the water storage tanks.  The storage 
tanks provide the time necessary to stage any portable generators at wells that are needed for 
supply in the event of a long-term service interruption in treated surface water delivery.  
Groundwater supplies are sufficient to meet all but peak summer demand requirements.  
Mandatory reductions in water use would be in effect during peak summer events to ensure 
adequate water supply for human health needs. 

STORM WATER 
The City’s storm water system consists of nine storm water pumping stations.  One station is 
powered by a diesel fueled stationary generator.  All but one station has the ability to be powered 
by a portable generator.  One storm station has pumps that are operated via diesel-fueled engines 
but still requires a portable backup generator to maintain operations. 

In 2018, City plans to commission a study on utility infrastructure backup power generation needs 
which will provide the basis to enhance the ability of the City utility infrastructure in the event of a 
major power incident. 

2.2.6   COMMUNICATIONS/IT FAILURE 
In the event of a communications/IT failure, the City relies on a redundant system for internet, 
phone, and radio access.   

INTERNET  
The City maintains two diverse paths with two different providers for internet access.  Should one 
provider fail, the City configured a BGP automatic failover.  

PHONE 
The City has a primary and secondary VoIP installation.  Thus, similar to the internet, should one 
installation fail, the City configured an automatic failover.  

RADIO 
The City maintains an 800 MHZ radio system.  In the event of an outage, the City executed a 
memorandum of understanding with UC Davis to utilize their radio system.  

2.2.7   TERRORISM 
Terrorism in Davis can occur in many forms, including from an incident on the University of Davis 
campus during a large event. 
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2.2.8   CIVIL DISTURBANCE 
Civil disturbance in Davis can occur as a result of numerous different activities including from a police 
shooting or an event at U.C. Davis.  On November 8th, 2012, UC Davis police pepper sprayed a group 
of demonstrators who were part of the Occupy movement.  Though no major violence occurred 
afterwards, the incident had the potential to lead to a large-scale civil disturbance event.  In 2017, 
other large demonstrations occurred on campus.    

2.2.9   URBAN CONFLAGRATION 
Building and fire codes have greatly improved since a major fire swept through downtown Davis over 
100 years ago, however the potential still exists for a conflagration involving multiple commercial 
and residential structures.  This is true of any area of the City with multiple structures in close 
proximity.  The City’s fire department will mitigate fires with the intent to keep them from becoming 
large conflagrations.  In the event that the City’s limited resources are overwhelmed, help will be 
requested from neighboring fire departments.  For large-scale conflagrations, help will be requested 
from the state’s Office of Emergency Services. CalOES will coordinate mutual-aid response from 
surrounding agencies throughout the state if necessary. 

2.3   PARTICIPATION IN THE NATIONAL FLOOD INSURANCE PROGRAM 
The City of Davis participates in the NFIP and continues to enforce the compliance with the NFIP 
through their Flood Plain Management Ordinance. However, as in much of California, FEMA is 
working with local governments to refine and remap the floodplains.  These changes to flood 
mapping and zoning may result in additional properties needing to be insured and evaluated in 
future plans. 

 

Below is the NFIP policy and claims statistics for the City of Davis as of March 2013.  The NFIP 
claims statistics are historical back to 1982/1983 when NFIP started collecting this data. 

Community  Total 
Premium  

Current 
Policies  

Total 
Coverage  

Flood Losses  Dollars Paid 
Historical  

Davis  $234,692  304  $94,104  11  $189,021  

As of 2017, there are three repetitive loss properties and zero severe repetitive loss properties in 
the City of Davis.  Total RL payouts are $80,350.20. 

The City of Davis does not participate in the Community Rating System.   
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SECTION 3.0 MITIGATION STRATEGY 

3.1   CAPABILITY ASSESSMENT 
Capabilities are the programs and polices currently in use to reduce hazard impacts or that could be 
used to implement hazard mitigation activities.  The capability assessment is divided into five 
sections: regulatory, administrative and technical, fiscal, outreach and partnerships, and other 
mitigation efforts. 

3.1.1   REGULATORY CAPABILITY 
The legal and regulatory capabilities of each jurisdiction are shown in the table below, which presents 
the existing ordinances and codes that affect the physical or built environment of each jurisdiction.   
Examples of legal and/or regulatory capabilities can include: a jurisdiction’s building codes, zoning 
ordinances, subdivision ordnances, special purpose ordinances, growth management ordinances, 
site plan review, general plans, capital improvement plans, economic development plans, emergency 
response plans, and real estate disclosure plans. 

City of Davis Regulatory and Planning Capabilities 

Regulatory Tools YOA WLD DAV WSAC WIN YDH 

Building code  √ √ √ √ √ √ 

Zoning ordinance  √ √ √ √ √ √ 

Subdivision ordinance or regulations  √ √ √ √ √  

Special purpose ordinances (floodplain 
management, storm water management, hillside 
or steep slope ordinances, wildfire ordinances, 
hazard setback requirements)  

√ √ √ √ √ √ 

Growth management ordinances (also called 
“smart growth” or anti-sprawl programs)  

√ √ √ √ √ 
√ 

Site plan review requirements  √ √ √ √ √ √ 

General or comprehensive plan  √ √ √ √ √  

A capital improvements plan  √ √ √  √ √ 

An economic development plan  √ √ √ √ √ √ 

An emergency response plan  √ √ √ √ √ √ 

A post-disaster recovery plan     √  √ 

A post-disaster recovery ordinance        
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Regulatory Tools YOA WLD DAV WSAC WIN YDH 

Real estate disclosure requirements  √ √ √ √ √  

Habitat Management Plan  √ √ √ √ √  

Master Drainage, Sewer, Water, & Reclaimed 
Water  

√ √ √ √ √ 
√ 

Redevelopment Master Plan  √ √ √ √ √  

Source:  Steering Committee 

Executive Governance 
Davis operates under the Council-Manager form of government with a five-member council, elected 
at large by city residents.  The City Manager serves as the administrative head of city government 
overseeing the departments of Community Development and Sustainability, Fire, Parks and 
Community Services, Police, and Public Works.  

Dedicated to citizen participation, the city has fifteen council-appointed commissions that are 
devoted to various aspects of community life, including such elements as planning, recreation, 
finance/economics, natural resources and university student relations. 

Policy & Direction 
The primary government of the City of Davis includes the activities of the city as well as the Davis 
Redevelopment Agency (RDA), the Public Facilities Financing Authority, and the Davis Comstock 
Recreation Corporation.  All of which are controlled by and dependent on the city.  

Cities are “local” governments, voluntarily formed by and for their citizens, to provide for local self-
determination of community issues.  The City of Davis is a municipal corporation operating under the 
general laws of the State of California.  It endeavors to create a livable community with a high quality 
of life through land-use policies that balance the need for housing, jobs, open space and essential 
services.  The city is a legally separate and fiscally independent agency.  It can issue debt, set and 
modify budgets, fees and sue or be sued. 

The RDA was established to assist in the clearance and rehabilitation of city areas determined to be 
in a declining condition.  The Agency has the same governing board as the city.  Its activities are 
intended to finance capital improvements and economic development to benefit the city.  

All accounting and administrative functions are performed by city staff.  City Council members serve 
as Directors of the RDA.  The City Manager is the Executive Director. 

The Public Facilities Financing Authority was established solely to assist in the issuance of certain 
bonds for a series of Community Facilities Districts for the construction of infrastructure and 
improvements under the State Mello-Roos Act.  The authority is controlled by and financially 
dependent on the city.  Its financial activities are included in the capital projects and fiduciary funds. 
The Davis Comstock Recreation Corporation is a non-profit organization established in 1967 to 
finance the acquisition and improvement of the Davis Municipal Golf Course.  The city leases the golf 
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course from the corporation.  City management controls and directs the affairs of the corporation and 
when the lease expires the city will receive title to all remaining assets of the corporation.  As a 
“general-purpose” city, Davis provides essential frontline municipal services, described below.  The 
city funds these activities through a variety of locally enacted revenues (parcel taxes, user and license 
fees, etc.) and with state shared revenues (property tax, sales tax, motor vehicle license fees). 

Community Development and Sustainability Department 
The Department of Community Development and Sustainability is responsible for a wide range of 
functions related to community change evolution, enhancement and preservation.  Areas of 
responsibility include planning and zoning, building inspection and plan check services and 
economic development.  Specific task areas include current and advanced planning, zoning 
administration, environmental impact studies, management of historic structures, sustainability 
management, agricultural conservation, city property acquisition and management, code 
compliance, resale inspections, downtown redevelopment and public information.  The Department 
strives to provide vision and leadership within the context of innovative, high quality, equitable and 
efficient services which encompass and reflects community values. 

Fire Department 
In addition to responding to fires, environmental accidents and natural disasters, the Davis Fire 
Department also offers comprehensive fire safety programs and is the “first responder” in providing 
emergency medical services.  See Section 3.1.2 for more information.  

Parks and Community Services Department 
The Parks and Community Services Department creates and enhances the quality of life for Davis 
residents and its visitors by providing a diverse array of programs, services and recreational 
facilities.  The department consists of three distinct divisions including Aquatics and Pool 
Maintenance, Recreation and Community Services, and the Parks and Urban Forestry division.      

A variety of recreational opportunities are provided for residents of all ages, including aquatics, 
alternative recreation for persons with disabilities, gymnastics and dance programs, outdoor 
education, specialty camps, special interest classes, teen services, senior services, youth and adult 
sports, paratransit, and the rental of community facilities, athletic fields, parks, and picnic areas.  
Davis is also proud to be responsible for the oversight and maintenance of over 485 acres of parks, 
greenbelts and an abundance of street trees. 

Police Department 
The Davis Police Department provides a law enforcement system that uses departmental, civic and 
community resources to protect lives and property of its citizens.  See Section 3.1.2 for more 
information. 

Public Works Department 
The Public Works Department performs administrative, technical and operational activities in 
support of the City’s infrastructure and related services in the following areas; Transportation, Waste 
Water, Storm Drainage, Water, Engineering, Solid Waste, Fleet, Building Facilities and Capital 
Improvements.  The Department strives to protect the City’s investment in its infrastructure and 
public facilities, plans for future improvements to address changing needs, and ensure the health and 
safety of the community in the most efficient and cost effective manner.  
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General Plan 
The following elements of the City of Davis General plan are associated with hazard mitigation.  The 
full text of the documents can be found on the City of Davis web site at: http://community-
development.cityofdavis.org/city-of-davis-general-plan-december-2007. 
 
Municipal Ordinances 
The following City of Davis ordinances are applicable to affecting mitigation development and 
emergencies.  The full text of the documents can be found on the City of Davis web site at: 
http://cityofdavis.org/municipal-code. 

• 9.01.010 Purposes. 
• 9.01.020 Definition. 
• 9.01.030 Disaster council membership. 
• 9.01.040 Disaster council powers and duties. 
• 9.01.050 Director and assistant director of emergency services. 
• 9.01.060 Powers and duties of the director and assistant director of emergency services. 
• 9.01.070 Emergency organization. 
• 9.01.080 Emergency plan. 
• 9.01.090 Expenditures. 
• 9.01.100 Punishment of violations. 

3.1.2   ADMINISTRATIVE AND TECHNICAL CAPABILITY 
The Administrative and Technical Capability table identifies the city personnel responsible for 
activities related to mitigation and loss prevention in the City of Davis.  Many positions are full time 
and/or filled by the same person. A summary of technical resources follows. 

City of Davis Personnel Capabilities 

Personnel Resources Department/Position 
Engineer and/or Planner with knowledge of 
land development/land management practices 

Community Development and Sustainability 

Professional trained in construction practices 
related to buildings and/or infrastructure 

Public Works 

Full time Building Official Community Development and Sustainability 

Floodplain Manager Community Development and Sustainability  

Emergency Manager City Manager’s Office, Fire Department 

Grant Writer Various Departments 

Other Personnel Resources  Various Departments 

Source:  Steering Committee 

Davis Police Department 
The Davis Police Department is a municipal law enforcement agency, currently staffed with 62 sworn 
police officers, 45 support professionals and normally one police patrol dog, plus the ever important 

http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_010&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_020&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_030&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_040&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_050&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_060&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_070&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_080&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_090&frames=on
http://qcode.us/codes/davis/view.php?topic=9-9_01-9_01_100&frames=on
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Police Department volunteers.  As part of the City of Davis' public safety team, the Police Department 
provides professional law enforcement, order maintenance, crime prevention planning, and 
coordination services that contribute to discouraging criminal behavior and enhance community 
livability and sustainability.  To further accomplish the public safety mission, the city works closely 
with the Davis Fire Department and the University of California Davis Police Department, as well as 
fellow Yolo County and regional law enforcement and criminal justice partners.  The Department 
values those partnerships.  The city’s sharing resources and best practices theory helps strengthen 
and improve the quality of public safety in and around Davis. 

Davis Fire Department 
The Fire Department provides pre-hospital emergency medical services at the EMT-1D level; 
minimizes loss from fires, hazardous materials incidents and natural disasters and other emergency 
services; and ensures that the community's emergency service resources are effectively and 
efficiently managed.  The Fire Department coordinates citywide planning for large scale disasters and 
emergency incidents. 

The City of Davis Fire Department is staffed by 36 shift personnel (9 captains and 27 firefighters), 
one fire chief, three division chiefs, one fire prevention division chief and three administrative staff.  
The department consists of three fire stations located in Central, West, and South Davis.  The shift 
personnel (firefighters) are divided into three shifts, each shift working a 24 hour day (56 hour work 
week). 

Department equipment consists of 3 engines, 1 rescue, 1 squad, 2 grass/wildland units, 1 water 
tender, 2 reserve engines and two antique fire apparatus. 

The Fire Department has contractual agreements with the East Davis County Fire Protection District, 
the Springlake Fire Protection District and No Man's Land Fire Protection District for emergency 
response to these areas.  The city and these three districts are divided into 3 emergency first-
response areas.  These areas provide a clearly defined territory for dispatching the nearest fire and 
EMS personnel and equipment to an emergency. 

The department has an automatic aid agreement with the University of California at Davis and the 
cities of Woodland, West Sacramento and Dixon and a mutual aid agreement with all other fire 
protection agencies in Yolo County and in the State of California. 

Emergency Management/Preparedness 
Reference, City of Davis Emergency Operations Plan (EOP), Sec. 1.0 (Basic Plan) 

The Basic Emergency Plan addresses the City of Davis planned response to extraordinary emergency 
situations associated with natural, technological and human caused emergencies or disasters within 
or affecting the City of Davis.  This plan is the principal guide for the City of Davis response to, 
management of, and recovery from real or potential emergencies and disasters occurring within its 
designated geographic boundaries.  Specifically, this plan is intended to: 
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• Facilitate multi-jurisdictional and interagency coordination, particularly between local 
government, operational area (geographic county boundary), and state response levels, and 
appropriate federal agencies, in emergency operations.  

• Serve as an operational plan as well as a reference document and may be used for pre-
emergency planning as well as emergency operations.   

• To be utilized in coordination with applicable local, state and federal contingency plans.  
• Guide users through the four phases of emergency management: mitigation, preparedness, 

response, and recovery. 
• Identify the components of an Emergency Management Organization (EMO), and establish 

associated protocols required to effectively respond to, manage and recover from major 
emergencies and disasters. 

• Establish the operational concepts and procedures associated with field response to 
emergencies, Emergency Operations Center (EOC) activities, and the recovery process. 

• Establish the organizational framework for implementation of the California Standardized 
Emergency Management System (SEMS), and the National Incident Management System 
(NIMS), within the City of Davis. 

3.1.3   FISCAL CAPABILITY 
The Fiscal Capability table shows specific financial and budgetary tools available to the jurisdictions 
such as community development block grants; capital improvements project funding; authority to 
levy taxes for specific purposes; fees for water, sewer, gas, or electric services; impact fees for 
homebuyers or developers for new development; ability to incur debt through general obligations 
bonds; and withholding spending in hazard-prone areas. 

City of Davis Available Financial Tools and Resources 

Financial Resources YOA WLD DAV WSAC WIN YDH 

Community Development Block Grants  √ √ √ √ √*  

Capital improvements project funding  √ √ √ √ √  

Authority to levy taxes for specific purposes  √ √ √ √ √**  

Fees for water, sewer, gas, or electric service  √ √ √ √ √  
Impact fees for homebuyers or developers for new 
developments/homes  

√ √ √ √ √ 
 

Incur debt through general obligation bonds  √ √ √ √ √**  

Incur debt through special tax and revenue bonds  √ √ √ √ √**  

Incur debt through private activity bonds  √ √ √ √ √**  

Withhold spending in hazard-prone areas  √ √ √ √ √  
* Subject to grant from State 
** Subject to voter approval 

Source:  Steering Committee 

Financing 
Major revenue sources for the overall 2017-18 city budget include: property tax (11.90%), sales tax 
(7.96%), service charges (26.00%), intergovernmental revenue (7.67%), other taxes (6.05%) and 



2018 Yolo County Hazard Mitigation Plan    
Community Profile  December 2018 

 

 
42 

Section 3.0: Mitigation Strategy  City of Davis 

all other revenues (18.79%).  Within the General Fund budget, principal revenue sources are 
property taxes (37.07%), sales and use taxes (29.34%), and other taxes (14.19%).  Major 
expenditures in the General Fund include Police (32.26%), Parks and Community Services 
(20.39%); and Fire (16.86%).  

3.1.4   COMMUNITY OUTREACH 
The following community programs links are hosted through the City of Davis and are listed on the 
City web site main page under: http://cityofdavis.org/visitors. 

3.2   FUTURE DEVELOPMENT TRENDS 
As referenced in Section 1.0, the City is currently experiencing a development boom.  According to 
the Community Development and Sustainability Department, the City recently approved six housing 
projects totaling 397 units.  The Department estimates an additional five housing projects are under 
review, which could add another 3,179 units of housing with numerous other project applications 
anticipated.  The map below highlights major projects as of November 2017 and identifies each 
project’s stage in the development process. 

 

Figure 9: Map of Major Current and Potential Development Projects 
Source: City of Davis, November 2017 

  

http://cityofdavis.org/visitors
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Sustainability 
Davis can trace its sustainability roots back more than 40 years to the date the community decided 
to establish the first bike lanes in the United States.  With this seemingly simple act of painting lines 
on its streets, the Davis community set in motion a series of local actions that established it as one of 
the early leaders in the sustainable communities’ movement.  

This movement has taken hold in recent years as the potential consequences of climate change, 
species decline, and reliance on non-renewable energy supplies have come into sharper focus.  With 
its early actions to establish alternatives to automobile travel, energy conservation, solar energy 
production, farmland and habitat protections, inclusionary housing programs, and innovative land 
use policies, Davis is well positioned to fight global warming and work toward a more sustainable 
future.  

Sustainability is a general concept used to describe a community that considers the long-term effects 
of its decisions on future generations and the natural world. It is a tool that helps individuals, 
communities, states, and nations focus on what needs to be done to ensure that future generations 
and natural communities are stable and thrive.  In practice this means that a community recognizes 
that economy, society, and environment are mutually dependent and need to be balanced.  To move 
toward sustainability, communities and individuals must incorporate this concept into both long-
term and day-to-day decisions. 

For most communities this requires a new mindset.  For Davis this means a renewed focus on 
established core community values of innovation and conservation and building on existing 
programs.  This will allow Davis to take positive steps toward sustainability and provide an even 
stronger example of a community designed to address and adapt to the environmental challenges on 
the horizon. 

In 2000, the City of Davis had a population of 60,308 people.  As of 2006, estimates indicated that the 
city’s population had increased to 64,606 people in total, and with the 2010 release of census data 
the city’s population was tallied at 65,622 individuals.  This represents approximately a 1.57% 
population increase since 2006. 

3.3   MITIGATION GOALS 
The information developed for the risk assessment was used as the primary basis for developing 
mitigation goals and objectives.  Mitigation goals are defined as general guidelines explaining what 
each jurisdiction wants to achieve in terms of hazard and loss prevention.   

Hazard Risk Prioritization 
 

Mitigation Goals & Objectives 
 

Mitigation Project Identification 
 

Mitigation Project Implementation 
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Goal statements are typically long-range, policy-oriented statements representing jurisdiction-wide 
visions.  Objectives are statements that detail how each jurisdiction’s goals will be achieved, and 
typically define strategies or implementation steps to attain identified goals.  Other important inputs 
to the development of jurisdiction-level goals and objectives include performing reviews of existing 
local plans, policy documents, and regulations for consistency and complementary goals, as well as 
soliciting input from the public. 

The following represents overarching strategic goals associated with the identification and eventual 
implementation of appropriate and meaningful hazard mitigation efforts in relation to prioritized 
hazards and threats confronting the City of Davis.  The City of Davis has adopted the hazard mitigation 
goals and objectives from the Yolo County Hazard Mitigation Plan.  These goals form the basis for 
specific supporting process objectives and are shown from the highest priority, at the top of the list, 
to those of lesser importance. 

The establishment of hazard mitigation goals represents both individual and collective strategies that 
have been mutually agreed upon by the Steering Committee, and have not changed with the 2018 
HMP update.  Eventually, these goals will be adopted by each participating jurisdiction and public 
agency as the guiding policy behind local hazard mitigation efforts, in conjunction with other 
associated principles. 

Goal 1: Protection of life during and after the occurrence of disasters from identified hazards; 

 

Goal 2: Preventing loss of life and reducing the impact of damage where problems cannot be 
eliminated 

 
Goal 3: Protection of emergency response capability 

 

Goal 4: 
Protection of developed property, homes and businesses, industry, educational 
opportunities and the cultural fabric by combining hazard loss reduction with the 
community’s environmental, social and economic needs 

 
Goal 5: Promoting public awareness of community hazards and mitigation measures and 

encouraging public participation in the planning objectives 
 

Goal 6: Preserving or restoring natural mitigation values such as flood plains. 

 
Goal 7: Protection of natural resources and the environment. 

Planning Process Objectives 
The following objectives are meant to serve as a metric upon which the Yolo Operational Area Hazard 
Mitigation Plan can be evaluated.  Meeting these objectives assures the Multi Hazard Mitigation Plan 
as a functional document that identifies short-and long-term strategies, and describes each measure 
including: 
 

Objective 1: Identification of individuals, agencies or organizations responsible for project 
implementation. 
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Objective 2: Projecting a realistic and doable time frame for project implementation. 

 

Objective 3: Explanation of how the project will be financed including the conditions for financing 
and implementation as information is available. 

 
Objective 4: Identification of alternative measures, should financing not be available. 

 

Objective 5: Maintain consistent support for the implementation of existing hazard mitigation 
planning goals and objectives for the operational area. 

 
Objective 6: Base mitigation strategies on hazards as identified within the Yolo OA Risk Assessment. 

 

Objective 7: 
Provide significant potential for the effective reduction of damage to public and/or 
private property, or to costs associated with local, state, and federal recovery from future 
potential impacts. 

 

Objective 8: 
Establish and maintain a benchmark for identifying the most practical, cost effective, 
socially acceptable, and environmentally sound mitigation solution after consideration 
of available alternatives. 

 

Objective 9: 
Address a repetitive problem, or one that has the potential to have a major impact on an 
area, reducing the potential for loss of life, loss of essential services and personal 
property, damage to critical facilities, economic loss, hardship or human suffering. 

 
Objective 10: Meet applicable permit requirements. 

 
Objective 11: Develop mitigation standards for development in hazardous areas. 

 

Objective 12: Contribute to both the short-and long-term solution to the hazard vulnerability risk 
problem. 

 

Objective 13: Assuring the benefits of a mitigation measure is equal to or exceeds the cost of 
implementation. 

 
Objective 14: Have manageable maintenance and modification costs. 

 

Objective 15: 

When feasible, be designed to accomplish multiple objectives including improvement of 
life safety, damage reduction, restoration of essential services, protection of critical 
infrastructure, security of economic development, recovery, and environmental 
sustainability. 

 

Objective 16: Whenever feasible, use existing resources, agencies and programs to implement the 
project. 
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Objective 17: Include regional hazard mitigation concerns and strategies 

3.4   MITIGATION PROJECTS 
The following mitigation projects were identified based on the hazard vulnerability and risk analysis 
for the City of Davis: 

MITIGATION PROJECTS 

Mitigation 
Project 

Jurisdiction/ 
Responsible 

Agency 

New/ 
Existing or 

Completed/ 
Deleted  

Estimated Cost 
and Potential 

Funding 
Source 

Timeframe 
of 

Completion 

Comments/ 
Progress 

ALL HAZARDS 
All Hazards 
Public 
Awareness and 
Disaster 
Preparedness  

All / Yolo 
County Office 
of Emergency 
Services (OES) 

Existing 
(2005) 

Yolo County 
OES General 
Fund 

Ongoing 
Important 
element of 
CRS program 

Convene 
Local/Tribal 
Disaster 
Councils 

All / Yolo 
County OES 

Existing 
(2013) 

Yolo County 
OES General 
Fund 

2020 

Disaster 
Councils are 
being joined 
into one OA 
Coordinating 
Group 

Integrate Local 
Hazard 
Mitigation Plan 
into Safety 
Element of 
General Plan 

Yolo County 
and the 
Cities of Davis, 
West 
Sacramento, 
Winters, and 
Woodland / 
Yolo County 
OES 

Existing 
(2013) 

Yolo County 
OES General 
Fund 

Ongoing Ongoing 

Community 
Warning 
System 

All / Yolo 
County OES 

COMPLETE
D (2005) 

Yolo County 
OES General 
Fund 

Completed 

These 
systems are 
continually 
updated due 
to changing 
technology 

Care and 
Shelter 
Planning to 
include People 
with 
Disabilities, the 
Elderly, Access 
and Functional 
Needs, and 
Animals 

All / Yolo 
County Health 
and Human 
Services 
Agency (HHSA) 

Existing 
(2013) 

Yolo County 
OES General 
Fund 

Ongoing 

Rapidly 
changing 
planning 
effort due to 
evolving best 
practices 
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MITIGATION PROJECTS 

Mitigation 
Project 

Jurisdiction/ 
Responsible 

Agency 

New/ 
Existing or 

Completed/ 
Deleted  

Estimated Cost 
and Potential 

Funding 
Source 

Timeframe 
of 

Completion 

Comments/ 
Progress 

Community 
Emergency 
Response 
Training 

Cities of Davis / 
Fire 
Department 
and West 
Sacramento / 
Fire 
Department 

COMPLETE
D (2013) 

Yolo County 
OES General 
Fund 

Completed 

Basic level of 
preparedness 
for families 
and 
neighborhood
s 

Develop Public 
Health and 
Mass Care 
Tiered 
Response 
System 
Countywide 

All / Yolo 
County HHSA 

DELETED 
(2013) DELETED Deleted 

Major 
advance in 
capability 
within 
medical and 
human 
services 
communities 
to meet needs 
of Yolo 
County 
residents 

2018 Yolo 
County Hazard 
Mitigation Plan 
Update 

All / Yolo 
County OES NEW (2016) PDM, HMGP 2018 

Five-year 
required 
update 

DROUGHT 
Drought 
Contingency 
Plan 

All / Yolo 
County OES 

Existing 
(2013) PDM, HMGP 2018 Ongoing 

Drought 
Mitigation Plan 

All / Yolo 
County OES NEW (2017)  PDM, HMGP 2018 

Includes 
effects of 
climate 
change 

EARTHQUAKE 

Non-Structural 
Mitigation 
Outreach 
Program 

All / Yolo 
County 
Community 
Services 
Department 

Existing 
(2013) 

Yolo County 
OES General 
Fund 

Ongoing Ongoing 
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MITIGATION PROJECTS 

Mitigation 
Project 

Jurisdiction/ 
Responsible 

Agency 

New/ 
Existing or 

Completed/ 
Deleted  

Estimated Cost 
and Potential 

Funding 
Source 

Timeframe 
of 

Completion 

Comments/ 
Progress 

FLOODING/LEVEE FAILURE 

Promote Flood 
Insurance 
(Cont’d 
participation in 
the NFIP)  

Yolo County 
and the 
Cities of Davis, 
West 
Sacramento, 
Winters,  
Woodland / 
Yolo County 
OES 

Existing 
(2013) 

Yolo County 
OES General 
Fund 

Ongoing Ongoing 

Davis 
Wastewater 
Treatment 
Plant Road 
Elevation 

Davis / Public 
Works 
Department 

NEW (2017) PDM, HMGP 2019 Ongoing 

Davis 
Wastewater 
Treatment 
Plant Berm 

Davis / Public 
Works 
Department 

NEW (2017) PDM, HMGP 2019 

Designed to 
500-year 
floodplain 
standards 

FIRM Map 
Updates 

Davis / Public 
Works 
Department 

NEW (2017) PDM, FMA Ongoing 
To include H 
Street Pump 
Station 

The strategies presented are deemed appropriate and effective by recommendation of the City of 
Davis.  
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SECTION 4.0: PLAN REVIEW, EVALUATION AND 

IMPLEMENTATION 

4.1   PLAN ADOPTION 
Upon submission to the California Office of Emergency Services (CalOES) for review, and subsequent 
approval by the Federal Emergency Management Agency (FEMA), the Yolo County Hazard Mitigation 
Plan will be presented to local government for formal adoption.  As appropriate, the adopted plan 
and accompanying City of Davis Community Profile will then be incorporated into local general plans 
for integration into organizational policy.  

4.2   PLAN MONITORING  
The process of hazard mitigation does not end with the completion, approval, and adoption of the 
Yolo County Hazard Mitigation Plan and the City of Davis Community Profile.  Within the lifespan of 
these documents (five years), local government along with community-based organizations will 
ensure that the mitigation goals and strategies identified are monitored, that plan administration will 
continue under a collaborative and cooperative umbrella, and that the document itself will be 
properly maintained.  

The Yolo County Office of Emergency Services, as lead coordination agency for hazard mitigation 
planning within the Yolo OA, and will assist and support the ongoing collaborative efforts of the City 
of Davis, through the established Hazard Mitigation Steering Committee.  Specific plan maintenance 
activities by the Yolo County Office of Emergency Services and the City of Davis may include:  

• Distribution of the HMP and Community Profile to all interested parties, including both 
written and digital formats  

• Monitoring of the City of Davis mitigation project activities and dissemination of status 
reports  

• Generation of reports relative to plan status, project management, and revision updates to 
executive leadership  

• Preparations for plan eventual revision and updating  

4.3   PLAN EVALUATION 
Upon approval and adoption by the City of Davis, the prioritized mitigation strategies will be further 
developed for funding and implementation by the lead agencies.  The plan describes the potential 
sources of Hazard Mitigation Strategy funding, and general procedures to obtain that funding.  

The mitigation strategies represented and adopted within this plan are recommendations only, and 
must be approved and funded in order to be implemented as official mitigation solutions.  Ultimately, 
it is the responsibility of jurisdictional and agency officials within the Yolo Operational Area to 
undertake project implementation based upon identified mitigation strategies, funding availability, 
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and local need when it arises.  The Yolo County Office of Emergency Services will meet with the 
Hazard Mitigation Steering Committee to evaluate the plan after each update meeting. 

4.4   PLAN UPDATE 
During the five-year update cycle, the Yolo County Office of Emergency Services will hold tri-annual 
update meetings with the Hazard Mitigation Steering Committee and local stakeholders to discuss 
revisions to the plan.  The Yolo County Office of Emergency Services will continue to hold public 
meetings after the first and third update meetings annually, and will continue to invite public 
participation in the update process via updated public surveys. 
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APPENDIX A: ADOPTION LETTER 
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Appendix L: Notice of Public Hearing 
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