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1. Introduction
The City of Raton is located in Colfax County in northeastern New Mexico (Figure 1-1). The city
receives all of its current water supply from surface water, and consequently has experienced
periodic and sometimes severe shortages due to drought conditions. As a result, the City of
Raton has conducted numerous planning and development efforts over the last 50 years to
ensure an adequate water supply.

This 40-year water plan summarizes the current water

system, water supply, and historical and projected water demand, summarizes water rights, and
provides recommendations for ensuring an adequate future water supply, including a detailed
water conservation plan.
The City of Raton submitted an initial 40-year water plan in 2002, as well as an updated version
that included a water conservation plan in 2007. The City of Raton retained Daniel B. Stephens
& Associates, Inc. (DBS&A) to prepare this updated version of the 40-year water plan, which
includes eight years (2011-2018) of per capita water use values calculated using the New
Mexico Office of the State Engineer (OSE) standardized GPCD (gallons per capita per day)
methodology and the results of a 2018 water audit performed following the American Water
Works Association (AWWA) guidelines for water audits.

Water system and water use

information presented in this plan were provided by the City of Raton. An extensive water
rights analysis included in this plan was prepared by John Utton of Utton & Kery, P.A.
In addition to providing a plan to ensure a sustainable future water supply, a 40-year water plan
addresses several regulatory requirements regarding water rights and water conservation. In
particular, a water plan allows certain organizations, including municipalities, to set aside water
for use in the future. Section 72-1-9(B) of the New Mexico Water Code allows covered entities
such as the City of Raton to legally appropriate and preserve water that they cannot currently
use, but will need in the future to meet projected water requirements for the municipal service
area. To help determine a municipality’s future needs, a 40-year water plan includes estimates
of future water demand based on population projections. Municipalities are specifically exempt
from forfeiture of unused water rights if those rights have been appropriated for the
implementation of a water development plan or for preservation of water supplies
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(NMSA 72-12-8(F)). These provisions are the same for both surface water and groundwater
(NMSA 72-5-28(C)).
In addition to protecting water rights, Raton’s 40-year water plan includes a conservation and
drought management plan, which addresses OSE requirements for conservation.

The

conservation plan also fulfills a statutory requirement (NMSA 1978 Section 72-14-3.2) that calls
for conservation planning as a prerequisite for applying for funding from key state funding
agencies.

Specifically, any public supply system with diversions of at least 500 acre-feet

annually for domestic, commercial, industrial, or government customers for other than
agricultural purposes may develop, adopt, and submit to the OSE a comprehensive water
conservation plan, including a drought management plan. After December 31, 2005, neither the
Water Trust Board nor the New Mexico Finance Authority shall accept an application from a
covered entity for financial assistance in the construction of any water diversion, storage,
conveyance, water treatment, or wastewater treatment facility unless the covered entity includes
a copy of its water conservation plan.
The remainder of this water plan provides background information on the community of Raton
(Section 2), available water supply (Section 3), water system upgrades (Section 4), current and
projected demand (Section 5), water audit (Section 6), and water rights (Section 7). The water
conservation and drought management plan is included in Section 8, and recommendations for
measures the City of Raton may undertake to plan for an adequate future water supply are
provided in Section 9. Resolutions from the Raton Water Board of Utilities Commissioners and
City of Raton adopting this updated 40-year water plan are provided in Appendix A.
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2. Community Description
The City of Raton is located near the Colorado border in northeastern New Mexico (Figure 1-1).
The community is located at the base of Raton Pass and the Rocky Mountain foothills at an
elevation of 6,666 feet above mean sea level. The city has moderate summer weather, with
highs in the mid-80s and lows in the high 40s (in °F). Winter days are mostly sunny, with highs
in the low 50s and lows in the teens with only occasional below zero temperatures. Water is a
critical issue because the area’s average annual precipitation is only about 16 inches.
Raton lies within the physiographic province known as the Raton Section of the Great Plains
Province. This area is characterized by pediments, plains, and high plateaus dissected by the
Canadian, Vermejo, and Cimarron River systems. This topography is punctuated by volcanic
cinder cones and is mantled by basalt flows east and south of Raton.
The population of the City of Raton in the 2010 census was 6,885, a decrease of approximately
5.5 percent compared to the 2000 census population of 7,282.

The largest employment

categories in Colfax County include education/healthcare, tourism-related services (arts,
entertainment, recreation, hospitality, food services), retail trade, and public administration
(NMISC and NMOSE, 2016). Along with the negative population growth in the City, water
demand is at an all-time low, and the output of the wastewater treatment facility has also
decreased (Campbell, 2016). Development has been slow, and there are a fair number of
vacant houses and businesses. In recent years, tourism traffic and lodger’s tax revenues have
increased in Raton (Campbell, 2018).
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3. Water Supply
This section describes the water resources providing the City of Raton water supply and
includes an evaluation of the sustainable yield of those resources. Legal issues pertaining to
water supply availability are discussed in Section 7. General information on surface water and
groundwater resources and water quality in the Raton area is included in Section 3.1. Specific
information on Raton water supply sources and sustainability is provided in Sections 3.2
and 3.3. Information on water quality, which can affect the ability to use the available water
supply, is provided in Section 3.4.

3.1 Overview of Water Resources
This section describes surface water and groundwater resources in the vicinity of Raton.
3.1.1 Surface Water
Raton is located within the Canadian River Basin.

Water in the Canadian River and its

tributaries originates in the mountains west of Raton and on the high mesas north and east of
Raton. Major drainages in the Raton area are shown on Figure 3-1. Surface water supplies
vary extensively from year to year, and can be severely diminished during times of drought. For
example, for the period of operation of the Canadian River near Hebron gage (water years 1950
to 1986), located southwest of Raton (Figure 3-1), annual streamflow ranged from 286 to
36,045 acre-feet per year (ac-ft/yr), with a median value of 3,192 ac-ft/yr.

For the period

of operation of the Cimarron River below Eagle Nest Dam gage (water years 1951 to 2018),
annual streamflow has ranged from 3,822 to 40,878 ac-ft/yr, with a median value of
10,356 ac-ft/yr. The ability to use surface water in the Raton area is affected by this type of
variability, as well as the availability of water rights (Section 7).

Additional information on

specific surface water supply sources in the area is provided in Sections 3.2 and 3.3.
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3.1.2 Groundwater
In order to actively manage groundwater resources in New Mexico, the OSE has the authority to
delineate groundwater basins that require a permit for groundwater withdrawals; these basins
are referred to as declared underground water basins (UWBs). Groundwater in the Raton area
lies primarily within the Canadian River UWB. The northeastern part of Colfax County is located
within the Clayton UWB, which was declared in September 2005. Locations of declared basins
in the area are shown on Figure 3-2.
Raton lies within the physiographic province known as the Raton Section of the Great Plains
Province. The occurrence of groundwater in this province is controlled by varying hydrogeologic
conditions that depend upon localized geologic structures, stratigraphy, and geologic formation
lithologies. Rock formations within the province range in age from Precambrian to Quaternary.
The oldest units are the Precambrian granitic, gneissic, and metasedimentary rocks. These
units are exposed in parts of the Cimarron Range and the eastern slopes of the Taos Range,
but are overlain in the Raton area by thick sequences of sedimentary rocks ranging from
Pennsylvanian through Tertiary in age.

Sedimentary rock types present include shale,

mudstone, siltstone, fine- to coarse-grained sandstone, conglomerate, dolomite, limestone, and
anhydrite.

At the surface, these sequences are intermittently capped with unconsolidated

alluvial, pediment, and terrace deposits of Quaternary age and Quaternary through Tertiary lava
flows. A cross section showing the rock types in the area is provided in Figure 3-3.
The major tectonic feature in the Raton area is the Raton Basin, which encompasses much of
central Colfax County. The Raton Basin is a subsurface structural low where Triassic, Jurassic,
and Cretaceous sediments accumulated.
Ballance (1967) identified the major geologic formations that occur in Colfax County, as follow:
•

Quaternary-age alluvium, pediment, and terrace deposits

•

Quaternary- and Tertiary-age volcanics

•

The Tertiary-age Ogallala and Raton Formations
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•

The Cretaceous-age Pierre Shale, Fort Hays Limestone, Carlisle Shale, Greenhorn
Limestone, Graneros Shale, and Dakota Sandstone Formations

•

The Jurassic-age Morrison Formation

Though these formations may be able to provide some water supply in selected locations, most
of these formations have seen only very limited development for water supply and have low
development potential due to a variety of reasons, including limited and sporadic groundwater
occurrence, excessive groundwater depths, poor groundwater quality, and unfavorable
hydrologic conditions such as low permeability and limited saturated thickness. One potential
groundwater source that may provide a viable future water supply for the City of Raton is the
Capulin Sub-Basin east of Raton (Figure 3-1). Details of the groundwater resources in the
Capulin Sub-Basin are provided in Section 3.2.3.

3.2 Sources for City of Raton Water Supply
The City of Raton currently obtains its water supply from two surface water sources. The
primary source is the Sugarite Canyon/Chico Rico Creek system northeast of Raton, with Lake
Maloya serving as the reservoir for this water. This supply is supplemented by water from the
Cimarron River, which is stored in Eagle Nest Reservoir and provided to the City through a
pipeline (Figure 3-2). From 2011 to 2018, the majority of Raton’s water supply came from its
primary Lake Maloya supply, with approximately 40 percent of supply coming from the Cimarron
River (Campbell, 2019). The Cimarron River supplemental supply had increased usage due to
the 2011 Track fire, which burned approximately 85 percent of the Lake Maloya watershed.
Lake Maloya continues to be Raton’s primary water supply, but in the three years following the
Track fire, the Cimarron River source provided about 65 percent of the municipal water supply
(Campbell, 2019). The Lake Maloya watershed restoration efforts have been successful and
the water supply is no longer affected by the post-fire conditions (Campbell, 2019).

The

Cimarron River source has had reduced use since 2018 due to the Ute Park fire, which affected
the river water quality. The current use is approximately 15 to 20 percent of municipal water
supply primarily in winter months (Campbell, 2019). Raton has performed extensive studies of
additional surface water supplies, including the Dry Cimarron River, Eagle Tail Mountain
Dam/Reservoir, T.O. Ranch/Throttle Reservoir (Raton Water Works, 2002), and Chico Rico

P:\_NM15-045\40-Year Plan.3-20\Raton_310_TF.docx

10

Daniel B. Stephens & Associates, Inc.

Creek Dam. The current two-source approach has been determined to be the most appropriate
surface water system for Raton and has been in use for the past 25 years.
3.2.1 Sugarite Canyon
The Sugarite Canyon system is made up of three tributaries of Chicorica Creek that originate on
Raton mesa northeast of Raton (Figure 3-4). This water is stored in one of three reservoirs
owned by the City of Raton: Lake Maloya, Lake Dorothy, and Lake Alice. Lake Maloya is the
largest, with 3,692 acre-feet of available storage. The capacity of Lake Dorothy, located about
2,000 feet north of the Colorado-New Mexico state line, is 212 acre-feet.

The City did a

bathometric survey of Lake Alice in 2014, and the lake’s volume was 48 acre-feet (Campbell,
2016).
All three reservoirs have been in existence for over a century. Lake Alice was completed in
Sugarite Canyon in 1892, and an 8-inch steel pipeline was designed to deliver 1 million gallons
per day (mgd) to the city. Lake Dorothy was completed by 1904, with a 12-inch wood stave
pipeline to Raton that was completed in 1905. Lake Maloya Dam was first constructed in 1907,
providing 59 acre-feet of storage in the resulting reservoir. Due to lack of sufficient storage and
related water quality degradation concerns, the dam was enlarged in 1949, and reservoir
storage increased to 3,692 acre-feet. The City of Raton is faced with a major infrastructure
issue in that the OSE Dam Safety Bureau has determined that the Lake Maloya spillway is
undersized by 90 percent. The Lake Maloya dam upgrades that are currently being considered
are discussed in Section 4.1. The water rights that define allowable storage are described in
Section 7.
3.2.2 Cimarron/Eagle Nest Reservoir System
In 1969, Raton purchased the Hayward-Hanson Ranch to acquire water rights from the
Cimarron River. These water rights had formerly been used for irrigation on the ranch. The
water rights are part of the CS Cattle Company adjudicated right and include storage rights in
Eagle Nest Reservoir (Section 7). In 1979, the City of Raton began action to transfer the water
rights from the ranch to the city. By 1984, the supplemental Cimarron River supply system was
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complete. The system has the capacity to deliver 2.5 mgd to Raton through 46 miles of 14- or
16-inch pipeline with the help of three booster stations.

When the water supply from the

Sugarite system is not sufficient to meet the needs of Raton, supplemental water from the
Cimarron River, released from Eagle Nest Reservoir, is used.
3.2.3 Capulin Sub-Basin
In addition to the two existing surface water sources, the City of Raton is planning on piping
groundwater supplies from the Capulin Sub-Basin, part of the Clayton Underground Water
Basin. The groundwater could provide a reliable source of water to augment supplies during
drought or to augment supplies in the face of diminishing surface supplies, as predicted by
regional climate change modeling as discussed below.
Located near the east-central border of Colfax County, the Capulin Sub-Basin lies south of
Johnson Mesa and southwest of Capulin National Monument and extends into western Union
County (Figure 3-2). It is a closed topographic basin that drains to its interior. It is bounded on
the west by the Canadian River Basin and to the south by the Tucumcari Basin. Groundwater
within the Capulin Sub-Basin is included as part of the Clayton UWB, which was declared by the
OSE in 2005.
The topography in the Capulin Sub-Basin area is characterized by flat-lying to gently sloping
alluvial plains, shallow closed basins, and scattered playas interrupted by numerous lava flows,
volcanic cinder cones, and basalt-capped mesas. The alluvial deposits and volcanics overlie
the Late Cretaceous-age Niobrara Formation, a thick sequence of shale, limestone, and finegrained sandstone that forms an aquitard impeding downward infiltration of groundwater. Basalt
flows are up to 100 feet thick and are highly broken and jointed with rough, blocky surfaces.
Slopes surrounding the various cones and vents are underlain by coarse cinders and scoria.
The combined volcanics and alluvial deposits make up the primary aquifer in the Capulin SubBasin (Trauger and Kelly, 1987; Hart and Smith, 1979). Figure 3-3 shows a cross section
running west to east from the Raton area through the Capulin Sub-Basin.
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In the mid-1950s, the City of Raton purchased 247 acres of irrigated property near Capulin, New
Mexico. The city drilled three test holes and one test well, which revealed that yield in excess of
3,000 gallons per minute (gpm) was likely, but that additional testing would be necessary to
evaluate the long-term sustainability of the supply (White, 1955). Three wells are in use on this
property and the City intends to place the water rights associated with these wells in
conservation until needed for future use, as discussed in Section 7.

3.3 Climatic Conditions
The supply of both of the existing surface water systems is extremely variable due to seasonal
and annual variations in climatic conditions. There are no historical streamflow records for the
Sugarite Canyon/Chico Rico Creek area. In lieu of surface water records, the Palmer Drought
Severity Index (PDSI) for the area was used as an indicator of climatic variability that affects
annual yield of the water supply.
The PDSI is calculated using precipitation and temperature data, as well as the available water
content of the soil. These data are used to calculate all the components of the water balance
equation, including evapotranspiration, soil recharge, runoff, and moisture loss from the surface
layer. Moisture conditions are standardized so that comparisons among different locations and
months can be made. The index is widely used because it provides an assessment of the
weather and soil moisture during any time period relative to historical conditions.
The PDSI classifications for dry to wet periods are provided in Table 3-1.
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Table 3-1. Palmer Drought Severity Index Classifications
PDSI Ranking

Climatic Condition

+ 4.00 or more

Extremely wet

+3.00 to +3.99

Very wet

+2.00 to +2.99

Moderately wet

+1.00 to +1.99

Slightly wet

+0.50 to +0.99

Incipient wet spell

+0.49 to −0.49

Near normal

−0.50 to −0.99

Incipient dry spell

−1.00 to −1.99

Mild drought

−2.00 to −2.99

Moderate drought

−3.00 to −3.99

Severe drought

−4.00 or less

Extreme drought

The PDSI is calculated for climate divisions throughout the United States. The City of Raton
and both the Sugarite system and the Cimarron River system lie within New Mexico Climate
Region 2, the Northern Mountains Climate Region. Figure 3-5 shows the long-term PDSI for
Region 2.
The chronological history of drought, as illustrated on Figure 3-5, indicates that the most severe
droughts in the last century occurred in the early 1900s, the 1950s, the early 2000s, 2011
through 2014, and 2018. The lowest PDSI since 1900 occurred in October 1956 (extreme
drought, annual average PDSI –6.94). The lowest PDSI between 1985 and October 2019
occurred in June 2013 (extreme drought, annual average PDSI –6.89).
Historical records for streamflow at gaging stations upstream and downstream of Eagle Nest
Reservoir provide an idea of the available supply in the Cimarron system. The three major
tributaries of the Cimarron River upstream of Eagle Nest Reservoir are Moreno Creek,
Cieneguilla Creek, and Sixmile Creek. Table 3-2 shows the minimum, average, median, and
maximum flows at the four gaging stations for their periods of record. However, due to the
number of users relying on Eagle Nest Reservoir and the complexities of water rights, the yields
from these drainages do not necessarily represent the supply available to Raton.
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Table 3-2. Summary of Water Yield Statistics
Drainages Near Eagle Nest Reservoir

Period of Record Analyzed
(water years)

Station Name
Cieneguilla Creek near Eagle Nest, NM
Sixmile Creek near Eagle Nest, NM c
Moreno Creek at Eagle Nest, NM

c

Cimarron River below Eagle Nest, NM

c

Average Daily
Streamflow
(cfs)
Maximum

Annual Yield (ac-ft)

a

Average

Median

Minimum

Q10
(ac-ft)

b

Q25
(ac-ft)

1950-55, 1965-2009, 2014-2018

7

20,385

5,326

3,587

377

1,301

1,880

1959-2009, 2014-2018

2

5,890

1,740

1,398

84

462

822

1950-55, 1965-2009, 2014-2018

5

13,274

3,293

2,548

147

401

763

16

40,878

11,331

10,356

3,822

6,012

7,329

1951-2018

a

The lowest 10 percent annual streamflow totals for the 1950 to 2018 period of record
The lowest 25 percent annual streamflow totals for the 1950 to 2018 period of record
c
Streamflow records are seasonal.
b
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In 2005, the New Mexico Interstate Stream Commission (ISC) modeled historical inflows to
Eagle Nest Reservoir to evaluate the reliability of the supply to various users on the system.
The modeling indicated that Raton’s water right on the Cimarron River would be fulfilled about
70 percent of the time (Salvas, 2005). More up-to-date modeling has not been done (Campbell,
2016). Addition of a groundwater supply from the Capulin Sub-Basin would aid the City of
Raton in ensuring a sustainable supply during drought years.
One of the goals of a comprehensive water resource planning effort is anticipating and
preparing for potential climate change impacts.

The Intergovernmental Panel on Climate

Change (IPCC) is an international body that was created to assess the science related to
climate change world-wide. The IPCC’s most recent research efforts are summarized in the
Fifth Assessment Report, which was released in September 2013 (the Sixth Assessment Report
is scheduled for publication in 2022). The IPCC Fifth Assessment report indicates that globally
the atmosphere and oceans have warmed, the amounts of snow and ice have diminished, sea
level has risen, and the concentrations of greenhouse gases have increased (IPCC, 2013).
In the U.S., regional assessments conducted by the U.S. Global Change Research Program
(USGCRP, 2015) have found that temperatures in the southwestern U.S. have increased and
are predicted to continue to increase.

Reduced snowpack and streamflow and increased

drought and wildfires are anticipated impacts of climate change in the southwestern U.S.
(USGCRP, 2015).
To assess climate trends in New Mexico, the NMOSE and NMISC (2006) conducted a study of
observed climate conditions over the century and found that observed wintertime average
temperatures had increased statewide by about 1.5°F since the 1950s. A number of other
studies predict temperature increases in New Mexico from 5° to 10°F by the end of the century
(Hurd and Coonrod, 2008; USBR, 2011).
More recently, the U.S. Bureau of Reclamation (USBR), with technical assistance from Sandia
National Laboratories and the U.S. Army Corps of Engineers, conducted a climate risk impact
assessment for the Upper Rio Grande that evaluated climate impacts in northern New Mexico
(USBR, 2013). The study, referred to as the Upper Rio Grande Impact Assessment (URGIA),
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found that average temperatures from 1971 through 2011 rose at a rate of approximately 0.7°F
per decade, approximately twice the global average, for a total warming of approximately 2.5°F
since 1971. Temperatures are predicted to rise an additional 4°F to 6°F by the end of the
century. The study additionally projected a decrease in native Rio Grande water by about onethird and a decrease in tributary flow by about one-quarter, increasing frequency, intensity, and
duration of droughts and floods, earlier snowmelt runoff, and increased variability in the
magnitude, timing, and spatial distribution of streamflow and other hydrologic variables.
Although there is consensus among climate scientists that global temperatures are warming,
there is considerable uncertainty regarding the specific local and temporal impacts that can be
expected. While attribution of individual events remains a challenge, droughts and heavy shortterm precipitation in the southwestern U.S. are predicted to be more severe in the future
(USGCRP, 2014).
It will be important for the City to be prepared to address variability, including drought and
extreme precipitation events, and to be aware that these conditions may be both more frequent
and more severe as a result of climate change.

Higher temperatures and drought may

contribute to increased demands for water, diminished supplies, impacts to vegetation, and risk
of wildfire.

Extreme precipitation may damage infrastructure due to stormwater runoff and

flooding, cause erosion, and create extreme sedimentation that can affect reservoir storage.

3.4 Water Quality
Sustaining a viable long-term water supply for the City of Raton requires that sources of supply
be protected from contamination.

Surface water quality is generally good in the area

surrounding Raton; however, should the quality of the water supply become significantly
degraded, additional treatment would be necessary. Sources of contamination are considered
point sources if they originate from a single location or nonpoint sources if they originate over a
more widespread or unspecified location. Surface water quality concerns in this area are largely
due to nonpoint sources. Potential sources of pollutants include grazing, agriculture, recreation,
hydromodification, streambank destabilization/modification, removal of riparian vegetation, road
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and highway maintenance, silvicultural activities, land disposal, resource extraction, road runoff,
septic tanks, and natural and unknown sources (NMED, 2014).
As discussed in the 2007 40-year water plan, the City of Raton has been concerned about the
potential for the water quality in Lake Maloya to be affected by catastrophic fire. The Track fire
severely burned the Schwachheim and Segerstrom watersheds in June 2011, and these areas
provide the bulk of the City of Raton’s water supply. Lake Maloya was offline for approximately
60 to 90 days following the Track fire due to turbidity issues caused by a post-fire weather
event. Water was diverted from Lake Maloya in 2011 and 2012, but the water was blended with
water from Eagle Nest Reservoir (Campbell, 2016). Water quality following the Track fire has
been carefully monitored and has been adequate for intake into the drinking water treatment
plant. Substantial post-fire watershed rehabilitation efforts have taken place over the last few
years, and ongoing rehabilitation and monitoring efforts will be necessary. Since the fire, a Lake
Maloya emergency action plan and local hazard mitigation plans have been developed
(Campbell, 2016).
In the past, there was concern over the potential for coal bed methane drilling to have water
quality impacts in the watershed that provides the City’s municipal water supply. This was an
issue because of the wildcat drillers that planned to drill in the watershed, but is no longer an
issue (Campbell, 2016).
There are a variety of point sources, such as underground storage tanks, near the City of Raton.
However, the groundwater near Raton is not used because of its poor quantity and quality
issues. Therefore, point sources in and near the city do not pose a threat to the existing or
proposed future water supply.
A combination of volcanics and alluvial deposits make up the primary aquifer in the Capulin
Sub-Basin (Trauger and Kelly, 1987). Groundwater quality in the Capulin Sub-Basin is fair, with
total dissolved solids (TDS) concentrations below the New Mexico Water Quality Control
Commission (NMWQCC) standard of 1,000 mg/L. Because groundwater in many areas of
volcanic formations contains high arsenic concentrations, arsenic may be a concern in the
Capulin Sub-Basin.
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4. Water Infrastructure Upgrades
The Raton water system has not changed since the previous 40-year water plan was completed
in 2007 (Campbell, 2016), except for replacement of water meters and water lines (Section 4.1).
Upgrades to be made include a water treatment plant upgrade that is underway (Section 4.1)
and needed Lake Maloya dam upgrades (Section 4.2).

4.1 Water System Upgrades
The City replaced all customer meters with Neptune meters that have automatic meter reading
(AMR) capability in 2011 and 2012 (Campbell, 2016). The former meters were touch read
meters, and the conversion to fully take advantage of the AMR capability through electronic
radio read is now at 100 percent for the whole system (Campbell, 2019). Since the full meter
conversion, customer meters are now being replaced in compliance with the manufacturer’s
recommendations for the lifetime volume of measured flow (Campbell, 2016). Customer meters
that have high monthly readings are also flagged, the customers are notified, and the City’s
meter technicians work with customers to identify problems. System water loss is thought to be
quite low, and water demand is dropping in Raton (Campbell, 2016).
The subdivision master meters were installed in 2014, and are Neptune Truflo compound
(Carisbrook) and Neptune Positive Displacement (Trail Canyon) meters (Campbell, 2017). All
water usage in Raton is measured, including non-revenue irrigation (the drip irrigation systems
for the median and sidewalk plants are metered) (Campbell, 2016).
The City replaced approximately 3,000 feet of water line in the Hart/Brilliant Streets in 2018, and
has scheduled replacement of an additional 3,000 feet of water line in Third Street in 2020
(Campbell, 2019). The City plans to replace additional water line in the future by conducting
new projects every year. This program targets the oldest sections of town, which have the
oldest water lines. The City has also conducted leak detection sounding in some problem areas
(Campbell, 2016).
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The water treatment plant upgrade project is in progress (75 percent complete), and will be
completed in March 2020 (Campbell, 2019). The total project cost is approximately $3.5 million,
and the City has secured approximately $2.5 million in U.S. Department of Agriculture (USDA)
Rural Development Rural Utilities Service (RUS) funds (Campbell, 2019). The remaining funds
will come from the City Water Capital Improvement Fund generated from the supplemental
gross receipts tax dedicated to water infrastructure (Campbell, 2019).

The plant is being

renovated to come into compliance with the total organic carbon rule (Campbell, 2016).
The cities of Raton, Capulin, Folsom, and Des Moines talked about the possibility of
regionalizing their water systems some years ago, but this process is not moving forward
(Campbell, 2016).

4.2 Lake Maloya Dam Upgrades
AECOM is the City’s dam engineer for Lake Maloya Dam. Lake Maloya Dam is an earthfill
embankment dam, located on City-owned land within Sugarite State Park, approximately
9 miles northeast of Raton (AECOM, 2016). The Lake Maloya dam is categorized as a high
hazard dam, and the OSE Dam Safety Bureau has determined that the spillway is undersized
(Campbell, 2016). The City received funding from the State legislature in 2014 to complete the
Lake Maloya Dam preliminary engineering report (PER), which was published in January 2016
(Campbell, 2016), and to conduct a site-specific meteorological study, which is nearly
completed (currently being revised to address comments from the OSE) (Campbell, 2019).
The PER developed conceptual alternatives for Lake Maloya’s dam safety and operation
inadequacies and made recommendations for additional studies (AECOM, 2016). The first
recommendation was to perform a site-specific probable maximum precipitation (PMP) study,
and updated hydrologic modeling assessment (AECOM, 2016). The PMP is the theoretical
maximum precipitation for a given duration under modern meteorological conditions, and this
value is used to calculate the probable maximum flood for the catchment area of a dam, which
is then used to design the dam. Lake Maloya’s site-specific PMP is being reevaluated, which
will affect the calculated flood capacity of the dam. The site-specific PMP will be finalized after
the meteorological report has been accepted (Campbell, 2019). Initial results of the PMP study
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suggest that the PMP may be reduced by as much as 20 percent as a result of the new study
(Campbell, 2016).
Lake Maloya Dam was originally constructed in 1907 and was raised in 1914 and 1948 to its
current height of approximately 100 feet (AECOM, 2016).

The crest length of the dam is

approximately 1,100 feet. Flood outflows utilize service and emergency spillways, and four
outlet conduits pass through the dam embankment (AECOM, 2016). The conduit pipes that
come out of the toe of the dam are cast iron and date back to 1912. When the dam was raised
in 1948, the existing conduits were extended, one with cast iron and two with pre-stressed
concrete cylinder pipe. One of these conduits was leaking and was grouted shut in 1979, but
the other three conduits are operational (AECOM, 2016). Seepage increased starting in about
2000, and one of the remaining conduits was thought to be responsible for the bulk of the
seepage (AECOM, 2016). The conduit thought to be responsible for increased seepage at Lake
Maloya has been isolated, and the seepage has returned to normal historical levels (Campbell,
2019). The conduit will be grouted shut in a future project (Campbell, 2019). The PER presents
a range of options for addressing Lake Maloya’s spillway capacity magnitude inadequacy and
operational issues. The alternatives and their comparative level costs follow:
•

Alternative 1: New labyrinth weir spillway and dam raise with a right abutment outlet
tunnel ($72.9 million)

•

Alternative 2: New fusegate spillway and embankment roller compacted concrete (RCC)
overtopping protection with a right abutment outlet tunnel ($74.1 million)

•

Alternative 3: New labyrinth weir spillway and dam raise with a cut and cover outlet
conduit ($51.5 million)

•

Alternative 4: New fusegate spillway and embankment RCC overtopping protection with
a cut and cover outlet conduit ($52.6 million)

The City installed instrumentation (piezometers) at the Lake Maloya Dam; the work was
completed and the piezometers were put into service in July 2019 (Campbell, 2019). A 2020
Lake Maloya service spillway analysis project is scheduled to analyze an alternative service
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spillway location and to perform a geotechnical evaluation and concept level planning for
improvements to service and auxiliary spillways (Campbell, 2019).
In New Mexico, the OSE Dam Safety Bureau has jurisdiction over dams that impound more
than 15 acre-feet of water and are 25 feet or greater in height, or dams that impound 50 acrefeet or more of water and are 6 feet or greater in height (19.25.12 NMAC; NMOSE, 2016). The
City did a bathometric survey of Lake Alice in 2014, and the lake’s volume was 48 acre-feet
(Campbell, 2016). The original volume at Lake Alice was 100 acre-feet, but the volume has
been declining over time, and a significant volume of sediment washed into Lake Alice following
the Track fire in 2011. The OSE considers Lake Alice to be jurisdictional, because it measures
26 feet from toe to crest. The City has applied for non-jurisdictional status for Lake Alice, but
this was denied. Discussions about Lake Alice between the City and OSE Dam Safety Bureau
will resume after the 2020 Lake Alice inspection (Campbell, 2019).
The Lake Dorothy Dam is categorized as a low hazard dam, and it is located in Colorado. Lake
Dorothy caught a large volume of sediment and material following the Track fire in 2011; the
City would like to dredge it, but this is impractical (Campbell, 2016). In addition to the expense
and access issues, dredging and fully rehabilitating the lake might impact the New Mexico
meadow jumping mouse, which was designated as endangered under the Endangered Species
Act in June 2014. Lake Dorothy’s primary spillway is a concrete chute dating back to the 1930s,
and the City completed a project in 2016 where an 8-inch concrete cap was overlain on the
existing spillway (Campbell, 2016). The outlet works are also plugged, but the City does not
have any current plans to address this. Lake Dorothy Dam was inspected in conjunction with
the service spillway construction completion in December 2016 (Campbell, 2019).
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5. Water Demand
The City of Raton raw water transmission system consists of over 50 miles of pipeline, three
booster stations, and one pretreatment facility that is capable of treating 4 mgd. The system
also includes one 2.5-million-gallon raw water tank and five finished water storage tanks with
capacities of 3 million gallons, 2 million gallons (two tanks), 0.75 million gallons, and
50,000 gallons. These tanks provide the City of Raton with more than 7 million gallons of
finished water storage, which equates to a 2.5- to 7-day supply, depending on seasonal
demand. The complete distribution system is gravity supplied, with filtration facility and tank at
an elevation of approximately 6,918 feet above mean sea level. A 50,000-gallon water tank and
a 12-inch water main have been added in the rural area east of Raton for expanded service due
to residential and subdivision growth in the area.

Growth within the city limits and the

surrounding area will determine the continued expansion of the system.
Water use in the City of Raton is regulated through its Code of Ordinances. Chapter 54 of the
City Code includes the existing water shortage ordinance that gives the Water Commission the
authority to declare a water shortage and impose water use restrictions. This section regulates
water shortages and includes provisions for (1) restriction on water use during drought or other
emergencies (Section 54.01), (2) the ability to declare a water shortage emergency
(Section 54.17), and (3) the ability to set certain rates during water shortage emergencies
(Section 54.18). Chapter 154 of the Code regulates subdivisions and contains provisions for
documenting

the

water

(Section 154.046(A)(2)(g)).

supply

for

subdivisions

outside

of

the

City

limits

The City supplies water to the National Rifle Association

Whittington Center, located southwest of the City, Raton Municipal Airport, and a few private
owners through an existing 8-inch line (Campbell, 2016).
The 2010 census indicated that the City of Raton had a population of 6,885. Since the 1990s,
growth has mainly occurred outside of the city limits (DBS&A, 2007).
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5.1 Historical Water Use
From 1980 to 2000, the OSE reported historical annual water use every five years for the Raton
municipal supply system, including both withdrawals and depletions.

After 2000, only

withdrawals have been reported (Table 5-1). The OSE data indicate an increase in withdrawals
by the City of Raton between 1980 and 1990, from 1,350 ac-ft/yr in 1980 to 2,271 ac-ft/yr in
1990. Depletions increased as well, from 608 ac-ft/yr in 1980 to 1,590 ac-ft/yr in 1990. Since
1990 withdrawals have fluctuated, declining between 1990 and 1995, recovering approximately
half of the 1990 to 1995 decline between 1995 and 2000, and declining again since 2000. The
fluctuations in water use correspond to a decline in the population of Raton since 1990, but may
also correlate to climatic variations and corresponding changes in domestic outdoor irrigation
use. The OSE reports an increase in population for the City of Raton between 2010 and 2015,
but 2015 surface water withdrawals of approximately 24 percent less than 2010 (Magnuson et
al., 2019).
Table 5-1. City of Raton Population and Historical Water Use
Surface Water Use (acre-feet)
Year

Population

Withdrawals

Depletions

1980

8,225

1,350

608

1985

—

1,484

—

2,271

a

1990

7,556

1,590

1995

—

1,624

925

2000

7,282

1,928

1,292

2005

—

1,581

—

2010

6,885

1,460

—

2015

8,027

1,116

—

Sources: BBER, 2016; Sorensen, 1982; Wilson, 1986, 1992; Wilson and Lucero, 1997; Wilson
et al., 2003; Longworth et al., 2008; Longworth et al., 2013; Magnuson et al., 2019
a
There was a metering problem in 1990, and this value is in error.
— = Not reported
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The City of Raton’s monthly influent water volumes into the water treatment plant for 2011
through 2018 are shown on Table 5-2 and Figure 5-1. The monthly volumes of water sold to the
Carisbrook and Trail Canyon subdivisions through two master meters for 2011 through 2018
(exported water) are shown on Table 5-3. The monthly billed water demand for 2011 through
2018 for all 10 customer classes is shown on Table 5-4 and the monthly totals for the 9 potable
water customer classes are shown on Figure 5-2 (water reuse volumes are not shown on
Figure 5-2). These data show significant decreases in influent volume into the water treatment
plant and billed water totals over this time period. Water used by the City buildings and parks is
metered, but not billed. The monthly volumes used by these users for 2011 through 2018 are
shown on Table 5-5.
The City of Raton billing data were combined into three categories, in order to input the data into
the OSE GPCD calculator (which allows for fewer categories than the customer classes shown
on Table 5-4).

The data discussed in the remainder of this section and presented in

accompanying plots have been combined into these three categories, as follows:
•

Single-family residential: Urban residential water (customer class A) + rural residential
and agriculture water (customer class B)

•

Multi-family residential: Urban commercial multi-family dwellings (customer class E) +
rural commercial multi-family dwellings (customer class RE)

•

Industrial, Commercial, Institutional, and Other Metered Uses:

Urban commercial

(customer class C) + urban commercial compound meters (customer class COM) + rural
commercial (customer class R) + construction water (customer class X).
Water reuse (customer class W) was not included on the plots, as this is not a potable water
use. The relative distribution of water use among customer classes is shown in Figure 5-3.
Residential is by far the largest customer class, accounting for 69.0 percent of the total water
use in 2018. The second largest customer class is the industrial, commercial, institutional, and
other metered uses customer class, which accounted for 25.8 percent of 2018 water use. The
multi-family residential customer class accounted for 5.2 percent of 2018 water use.
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Table 5-2. Raton Water Works Water Treatment Influent, 2011-2018
2011

2012

Flow a

29,038,000

25,194,000

606,000

24,588,000

519,000

25,552,000

22,230,000

520,000

21,710,000

28,524,000

606,000

27,918,000

25,041,000

606,000

24,435,000

37,786,000

32,598,000

605,000

31,993,000

30,232,000

520,000

29,712,000

1,040,000

52,745,000

54,727,000

1,123,000

53,604,000

43,369,000

952,000

42,417,000

1,124,000

60,627,000

54,288,000

1,038,000

53,250,000

49,113,000

866,000

48,247,000

71,741,000

1,210,000

70,531,000

37,739,000

691,000

37,048,000

48,997,000

1,038,000

47,959,000

48,493,000

59,263,000

953,000

58,310,000

44,367,000

779,000

43,588,000

39,371,000

693,000

38,678,000

691,000

39,410,000

50,730,000

1,128,000

49,602,000

32,148,000

693,000

31,455,000

39,604,000

866,000

38,738,000

35,982,000

692,000

35,290,000

36,002,000

778,000

35,224,000

28,882,000

778,000

28,104,000

29,115,000

693,000

28,422,000

November

27,177,000

1,298,000

25,879,000

32,236,000

606,000

31,630,000

25,598,000

606,000

24,992,000

25,574,000

605,000

24,969,000

December

28,418,000

693,000

27,725,000

30,065,000

692,000

29,373,000

25,608,000

605,000

25,003,000

25,276,000

693,000

24,583,000

536,177,000

10,292,000

525,885,000

516,841,000

9,698,000

507,143,000

420,194,000

8,649,000

411,545,000

403,116,000

8,658,000

394,458,000

Backwash

Flow

Influent

Backwash

Flow

January

28,684,000

605,000

28,079,000

27,818,000

520,000

February

38,495,000

693,000

37,802,000

24,606,000

March

36,778,000

605,000

36,173,000

April

47,419,000

778,000

May

59,090,000

June

77,361,000

July

67,226,000

August

a

2014
Backwash

Influent

Influent

Backwash

Flow

27,298,000

29,644,000

606,000

521,000

24,085,000

26,071,000

30,365,000

433,000

29,932,000

46,641,000

38,479,000

693,000

951,000

58,139,000

53,785,000

1,124,000

76,237,000

61,751,000

1,209,000

66,017,000

49,446,000

953,000

September

40,101,000

October

Total

2015

2016

2017

Flow a

23,040,000

21,677,000

435,000

21,242,000

521,000

19,292,000

20,292,000

521,000

19,771,000

25,751,000

522,000

25,229,000

26,715,000

522,000

26,193,000

26,103,000

27,159,000

522,000

26,637,000

31,608,000

609,000

30,999,000

696,000

35,632,000

33,020,000

522,000

32,498,000

45,580,000

1,218,000

44,362,000

48,389,000

1,044,000

47,345,000

49,139,000

956,000

48,183,000

48,335,000

1,044,000

47,291,000

42,061,000

47,102,000

954,000

46,148,000

45,239,000

1,126,000

44,113,000

44,854,000

1,218,000

43,636,000

695,000

35,465,000

33,869,000

608,000

33,261,000

28,448,000

608,000

27,840,000

38,402,000

609,000

37,793,000

37,218,000

435,000

36,783,000

29,914,000

522,000

29,392,000

32,239,000

609,000

31,630,000

32,649,000

609,000

32,040,000

October

27,181,000

609,000

26,572,000

31,109,000

609,000

30,500,000

25,459,000

609,000

24,850,000

28,941,000

696,000

28,245,000

November

21,795,000

609,000

21,186,000

23,355,000

522,000

22,833,000

23,148,000

522,000

22,626,000

21,960,000

609,000

21,351,000

December

22,206,000

609,000

21,597,000

23,064,000

609,000

22,455,000

22,977,000

609,000

22,368,000

22,143,000

522,000

21,621,000

363,598,000

7,559,000

356,039,000

365,646,000

8,000,000

357,646,000

355,954,000

7,648,000

348,306,000

383,156,000

8,612,000

374,544,000

Backwash

Flow

Influent

Backwash

Flow

January

25,363,000

606,000

24,757,000

22,518,000

522,000

February

22,009,000

521,000

21,488,000

20,485,000

March

26,579,000

607,000

25,972,000

April

32,260,000

608,000

May

31,287,000

June

a

2018
Backwash

Influent

a

a

Influent

Month

Influent

Backwash

Flow

21,996,000

23,562,000

522,000

783,000

19,702,000

19,813,000

22,888,000

609,000

22,279,000

31,652,000

26,625,000

522,000

521,000

30,766,000

36,328,000

38,609,000

869,000

37,740,000

July

42,931,000

870,000

August

36,160,000

September

Total
a

2013
Influent

Month

a

Actual flow into town: influent minus backwash flow.
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RATON 40-YEAR WATER PLAN

Daniel B. Stephens & Associates, Inc.
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City of Raton Water Treatment Plant Influent
2011 Through 2018

Daniel B. Stephens & Associates, Inc.

Table 5-3. City of Raton Exported Water, 2011-2018
2011
Carisbrook
Water System

Trail Canyon
Water System

January

90,000

February
March
April

2012
Total

Carisbrook
Water System

Trail Canyon
Water System

42,000

132,000

82,000

86,000

44,000

130,000

171,000

40,000

141,000

52,000

May

229,000

June

Total

Trail Canyon
Water System

45,000

127,000

80,000

96,000

38,000

134,000

211,000

85,000

92,000

193,000

92,000

61,000

85,000

314,000

267,000

318,000

95,000

413,000

July

662,000

223,000

August

367,000

September

2014
Total

Carisbrook
Water System

Trail Canyon
Water System

Total

48,000

128,000

216,000

40,000

256,000

114,000

41,000

155,000

223,000

48,000

271,000

177,000

88,000

38,000

126,000

74,000

42,000

116,000

153,000

98,000

65,000

163,000

92,000

39,000

131,000

97,000

364,000

167,000

117,000

284,000

103,000

59,000

162,000

195,000

95,000

290,000

284,000

126,000

410,000

212,000

86,000

298,000

885,000

330,000

187,000

517,000

251,000

111,000

362,000

326,000

127,000

453,000

164,000

531,000

536,000

83,000

619,000

309,000

206,000

515,000

223,000

104,000

327,000

315,000

117,000

432,000

340,000

107,000

447,000

185,000

96,000

281,000

167,000

95,000

262,000

October

323,000

105,000

428,000

341,000

63,000

404,000

238,000

50,000

288,000

249,000

102,000

351,000

November

138,000

61,000

199,000

231,000

48,000

279,000

117,000

42,000

159,000

249,000

50,000

299,000

December

82,000

46,000

128,000

111,000

49,000

160,000

75,000

40,000

115,000

195,000

49,000

244,000

2,922,000

1,074,000

3,996,000

2,706,000

965,000

3,671,000

2,006,000

980,000

2,986,000

2,329,000

841,000

3,170,000

Month

Total

2015

2016

2017

2018

Carisbrook
Water System

Trail Canyon
Water System

Total

Carisbrook
Water System

Trail Canyon
Water System

Total

Carisbrook
Water System

Trail Canyon
Water System

Total

Carisbrook
Water System

Trail Canyon
Water System

Total

January

149,000

30,000

179,000

117,000

37,000

154,000

66,000

24,000

90,000

51,000

23,000

74,000

February

104,000

29,000

133,000

225,000

36,000

261,000

73,000

24,000

97,000

53,000

28,000

81,000

March

72,000

26,000

98,000

78,000

29,000

107,000

73,000

24,000

97,000

62,000

26,000

88,000

April

74,000

27,000

101,000

90,000

32,000

122,000

91,000

24,000

115,000

73,000

29,000

102,000

May

109,000

50,000

159,000

105,000

36,000

141,000

147,000

29,000

176,000

85,000

38,000

123,000

June

104,000

45,000

149,000

134,000

56,000

190,000

330,000

38,000

368,000

177,000

98,000

275,000

July

192,000

69,000

261,000

398,000

122,000

520,000

184,000

99,000

283,000

207,000

113,000

320,000

August

280,000

81,000

361,000

399,000

115,000

514,000

167,000

95,000

262,000

228,000

102,000

330,000

September

127,000

68,000

195,000

198,000

82,000

280,000

141,000

37,000

178,000

231,000

93,000

324,000

October

296,000

96,000

392,000

155,000

65,000

220,000

158,000

71,000

229,000

201,000

55,000

256,000

30,000

1,791,000

Month

a

November

158,000

45,000

203,000

116,000

44,000

160,000

69,000

34,000

103,000

1,761,000

December

102,000

27,000

129,000

83,000

31,000

114,000

56,000

27,000

83,000

159,000

25,000

184,000

1,767,000

593,000

2,360,000

2,098,000

685,000

2,783,000

1,555,000

526,000

2,081,000

3,288,000

660,000

3,948,000

Total
a

2013
Carisbrook
Water System

The Carisbrook Water System had a large leak in November 2018.
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Table 5-4. City of Raton Monthly Consumption, 2011-2018
Page 1 of 6
Consumption (gallons) by Customer Class a
Month

A

B

C

COM

E

R

RE

W

X

Total

January

10,373,000

1,806,000

4,041,000

533,000

1,156,000

580,000

25,000

0

0

18,514,000

February

10,356,000

1,591,000

3,816,000

440,000

1,151,000

715,000

41,000

0

5,000

18,115,000

8,745,000

1,287,000

3,555,000

400,000

1,031,000

688,000

33,000

0

11,000

15,750,000

April

12,656,000

2,019,000

4,301,000

582,000

1,175,000

910,000

33,000

1,000

39,000

21,716,000

May

15,564,000

2,276,000

4,283,000

712,000

1,121,000

651,000

33,000

0

88,000

24,728,000

June

23,795,000

3,791,000

5,815,000

1,206,000

1,419,000

762,000

41,000

0

286,000

37,115,000

July

26,303,000

4,456,000

6,356,000

957,000

1,600,000

1,172,000

33,000

1,000

371,000

41,249,000

August

19,543,000

3,641,000

6,050,000

836,000

1,371,000

1,071,000

46,000

1,000

400,000

32,959,000

September

19,401,000

3,586,000

6,445,000

786,000

1,491,000

861,000

62,000

4,000

100,000

32,736,000

October

13,218,000

2,511,000

4,946,000

628,000

1,196,000

665,000

60,000

17,000

173,000

23,414,000

November

10,996,000

1,935,000

4,432,000

563,000

1,220,000

2,235,000

44,000

45,000

113,000

21,583,000

December

9,800,000

1,527,000

3,827,000

503,000

1,337,000

1,010,000

37,000

0

43,000

18,084,000

180,750,000

30,426,000

57,867,000

8,146,000

15,268,000

11,320,000

488,000

69,000

1,775,000

306,109,000

January

10,718,000

1,487,000

5,213,000

500,000

1,653,000

542,000

26,000

0

37,000

20,176,000

February

9,303,000

1,342,000

4,039,000

489,000

1,428,000

755,000

13,000

0

12,000

17,381,000

March

8,813,000

1,250,000

3,858,000

421,000

1,220,000

541,000

14,000

0

22,000

16,139,000

April

12,804,000

1,969,000

4,933,000

648,000

1,441,000

726,000

23,000

13,000

12,000

22,569,000

May

12,186,000

1,680,000

4,230,000

700,000

1,308,000

461,000

12,000

113,000

49,000

20,739,000

June

17,771,000

2,353,000

5,929,000

920,000

1,549,000

906,000

20,000

211,000

55,000

29,714,000

July

27,711,000

4,124,000

7,828,000

1,293,000

1,742,000

1,065,000

21,000

201,000

1,197,000

45,182,000

2018

March

31

2018 total
2017

a

A = Urban residential water
B = Rural residential water
C = Urban commercial water

COM = Commercial compound meters
E
= Commercial multi-family residential (apartments, duplexes, mobile home parks, etc.)
R
= Rural commercial
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Table 5-4. City of Raton Monthly Consumption, 2011-2018
Page 2 of 6
Consumption (gallons) by Customer Class a
Month

A

B

C

COM

E

R

RE

W

X

Total

2017 (cont.)
August

19,491,000

3,074,000

6,236,000

1,130,000

1,308,000

789,000

20,000

195,000

49,000

32,292,000

September

13,332,000

1,749,000

5,936,000

875,000

1,396,000

1,100,000

26,000

12,000

16,000

24,442,000

October

16,159,000

2,290,000

5,061,000

818,000

1,520,000

881,000

17,000

21,000

8,000

26,775,000

November

10,363,000

1,459,000

4,276,000

473,000

1,140,000

1,113,000

22,000

0

5,000

18,851,000

December

19,817,000

1,922,000

3,833,000

435,000

1,048,000

907,000

19,000

0

43,000

28,024,000

106,873,000

14,618,000

33,170,000

5,024,000

8,154,000

5,855,000

125,000

429,000

1,318,000

175,566,000

January

10,713,000

1,541,000

4,384,000

614,000

2,280,000

488,000

12,000

0

4,000

20,036,000

February

8,670,000

1,292,000

3,420,000

584,000

1,849,000

604,000

10,000

0

14,000

16,443,000

March

9,018,000

1,215,000

3,560,000

584,000

1,544,000

608,000

12,000

0

6,000

16,547,000

April

10,730,000

1,561,000

4,117,000

672,000

1,458,000

696,000

14,000

0

18,000

19,266,000

May

14,428,000

2,089,000

4,313,000

720,000

1,474,000

576,000

11,000

113,000

12,000

23,736,000

June

19,240,000

2,691,000

4,927,000

1,034,000

1,400,000

580,000

17,000

150,000

177,000

30,216,000

July

26,260,000

3,934,000

6,543,000

1,010,000

1,725,000

1,103,000

26,000

232,000

106,000

40,939,000

August

34,931,000

3,628,000

7,057,000

899,000

1,810,000

890,000

18,000

275,000

232,000

49,740,000

September

16,635,000

2,584,000

5,791,000

654,000

1,465,000

632,000

26,000

312,000

107,000

28,206,000

October

20,861,000

2,067,000

5,621,000

614,000

1,535,000

619,000

21,000

255,000

182,000

31,775,000

November

14,351,000

2,122,000

4,711,000

504,000

1,365,000

520,000

18,000

265,000

195,000

24,051,000

December

18,793,000

1,432,000

4,457,000

439,000

1,478,000

810,000

22,000

22,000

92,000

27,545,000

204,630,000

26,156,000

58,901,000

8,328,000

19,383,000

8,126,000

207,000

1,624,000

1,145,000

328,500,000

2017 total
2016
32

2016 total

a

A = Urban residential water
B = Rural residential water
C = Urban commercial water

COM = Commercial compound meters
E
= Commercial multi-family residential (apartments, duplexes, mobile home parks, etc.)
R
= Rural commercial
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Table 5-4. City of Raton Monthly Consumption, 2011-2018
Page 3 of 6
Consumption (gallons) by Customer Class a
Month

A

B

C

COM

E

R

RE

W

X

Total

2015

33
32

January

12,312,000

1,653,000

4,757,000

706,000

2,083,000

462,000

21,000

0

11,000

22,005,000

February

9,366,000

1,332,000

3,684,000

412,000

1,707,000

338,000

10,000

0

6,000

16,855,000

March

9,015,000

1,453,000

3,942,000

465,000

1,719,000

354,000

12,000

0

30,000

16,990,000

April

12,032,000

1,621,000

4,185,000

664,000

1,788,000

387,000

12,000

0

18,000

20,707,000

May

17,913,000

2,352,000

5,300,000

1,058,000

1,915,000

590,000

13,000

194,000

40,000

29,375,000

June

23,150,000

1,616,000

4,993,000

659,000

1,494,000

639,000

12,000

71,000

43,000

32,677,000

July

19,062,000

2,762,000

6,003,000

1,062,000

1,828,000

473,000

15,000

268,000

108,000

31,581,000

August

21,481,000

3,243,000

7,018,000

1,351,000

1,982,000

598,000

21,000

145,000

70,000

35,909,000

September

17,463,000

2,926,000

5,814,000

887,000

1,627,000

413,000

19,000

128,000

41,000

29,318,000

October

19,214,000

2,938,000

5,394,000

952,000

1,823,000

904,000

14,000

172,000

67,000

31,478,000

November

13,314,000

1,854,000

4,288,000

574,000

1,744,000

448,000

15,000

0

43,000

22,280,000

December

9,190,000

1,245,000

3,355,000

523,000

1,630,000

354,000

6,000

0

39,000

16,342,000

183,512,000

24,995,000

58,733,000

9,313,000

21,340,000

5,960,000

170,000

978,000

516,000

305,517,000

12,608,000

1,723,000

5,195,000

812,000

2,057,000

605,000

3,000

0

26,000

23,029,000

2015 total
2014
January
February

a

9,452,000

1,595,000

3,614,000

524,000

1,613,000

730,000

4,000

0

0

17,532,000

March

10,105,000

1,536,000

4,210,000

416,000

1,589,000

448,000

3,000

0

61,000

18,368,000

April

11,186,000

1,801,000

4,164,000

503,000

1,476,000

522,000

4,000

208,000

47,000

19,911,000

May

18,965,000

2,677,000

5,577,000

787,000

1,894,000

511,000

4,000

184,000

165,000

30,764,000

June

29,599,000

2,874,000

5,108,000

916,000

1,622,000

585,000

3,000

159,000

146,000

41,012,000

July

26,920,000

4,069,000

6,920,000

1,112,000

1,927,000

1,083,000

4,000

218,000

359,000

42,612,000

A = Urban residential water
B = Rural residential water
C = Urban commercial water

COM = Commercial compound meters
E
= Commercial multi-family residential (apartments, duplexes, mobile home parks, etc.)
R
= Rural commercial
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Table 5-4. City of Raton Monthly Consumption, 2011-2018
Page 4 of 6
Consumption (gallons) by Customer Class a
Month

A

B

C

COM

E

R

RE

W

X

Total

2014 (cont.)
August

24,602,000

3,772,000

7,632,000

1,159,000

2,003,000

735,000

9,000

152,000

168,000

40,232,000

September

20,691,000

3,055,000

5,893,000

869,000

1,760,000

928,000

8,000

82,000

147,000

33,433,000

October

19,417,000

2,892,000

6,099,000

998,000

1,962,000

648,000

15,000

215,000

14,000

32,260,000

November

12,843,000

1,609,000

4,705,000

777,000

1,784,000

548,000

37,000

117,000

42,000

22,462,000

December

11,340,000

1,401,000

4,009,000

448,000

1,923,000

452,000

71,000

0

20,000

19,664,000

207,728,000

29,004,000

63,126,000

9,321,000

21,610,000

7,795,000

165,000

1,335,000

1,195,000

341,279,000

January

11,851,000

1,568,000

4,518,000

416,000

1,913,000

858,000

3,000

0

0

21,127,000

February

13,086,000

1,726,000

4,438,000

529,000

2,141,000

949,000

2,000

0

32,000

22,903,000

March

10,368,000

1,476,000

4,000,000

377,000

1,800,000

944,000

1,000

0

938,000

19,904,000

April

11,652,000

1,628,000

4,608,000

452,000

1,944,000

992,000

3,000

30,000

1,736,000

23,045,000

May

18,099,000

2,411,000

4,884,000

535,000

2,122,000

853,000

1,000

91,000

1,120,000

30,116,000

June

29,837,000

4,229,000

7,047,000

686,000

2,435,000

847,000

3,000

210,000

1,123,000

46,417,000

July

27,526,000

3,873,000

7,025,000

737,000

2,097,000

949,000

6,000

0

1,030,000

43,243,000

August

20,121,000

2,812,000

7,286,000

930,000

1,993,000

1,368,000

7,000

204,000

292,000

35,013,000

September

20,810,000

2,898,000

6,422,000

695,000

1,856,000

937,000

6,000

166,000

10,000

33,800,000

October

15,439,000

2,203,000

5,573,000

675,000

1,645,000

2,845,000

4,000

152,000

79,000

28,615,000

November

13,172,000

1,833,000

5,547,000

411,000

1,914,000

351,000

5,000

52,000

72,000

23,357,000

December

10,450,000

1,366,000

4,110,000

398,000

1,550,000

311,000

4,000

0

7,000

18,196,000

202,411,000

28,023,000

65,458,000

6,841,000

23,410,000

12,204,000

45,000

905,000

6,439,000

345,736,000

2014 total
2013
32
34

2013 total

a

A = Urban residential water
B = Rural residential water
C = Urban commercial water

COM = Commercial compound meters
E
= Commercial multi-family residential (apartments, duplexes, mobile home parks, etc.)
R
= Rural commercial
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RE = Rural commercial multi-family
W = Water reuse
X = Contractor water use
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Table 5-4. City of Raton Monthly Consumption, 2011-2018
Page 5 of 6
Consumption (gallons) by Customer Class a
Month

A

B

C

COM

E

R

RE

W

X

Total

2012

35
32

January

12,257,000

1,639,000

4,768,000

375,000

1,885,000

934,000

7,000

0

46,000

21,911,000

February

11,951,000

1,592,000

4,796,000

378,000

1,959,000

1,006,000

7,000

0

8,000

21,697,000

March

12,119,000

1,585,000

5,012,000

467,000

2,024,000

656,000

6,000

0

13,000

21,882,000

April

13,656,000

1,898,000

4,757,000

538,000

1,717,000

607,000

5,000

35,000

8,000

23,221,000

May

20,504,000

2,783,000

5,770,000

702,000

1,878,000

4,311,000

4,000

175,000

398,000

36,525,000

June

29,481,000

4,166,000

8,016,000

638,000

2,410,000

3,954,000

6,000

264,000

1,348,000

50,283,000

July

36,366,000

5,871,000

8,353,000

726,000

2,413,000

2,366,000

10,000

364,000

1,260,000

57,729,000

August

35,778,000

5,926,000

7,978,000

850,000

2,597,000

2,753,000

8,000

377,000

1,100,000

57,367,000

September

33,734,000

5,149,000

8,757,000

618,000

2,542,000

1,007,000

8,000

315,000

736,000

52,866,000

October

22,662,000

3,670,000

6,166,000

530,000

1,900,000

1,813,000

6,000

342,000

371,000

37,460,000

November

16,430,000

2,239,000

5,419,000

569,000

1,983,000

1,286,000

4,000

173,000

431,000

28,534,000

December

12,128,000

1,558,000

4,380,000

352,000

1,605,000

802,000

3,000

32,000

115,000

20,975,000

257,066,000

38,076,000

74,172,000

6,743,000

24,913,000

21,495,000

74,000

2,077,000

5,834,000

430,450,000

January

14,084,000

2,001,000

5,291,000

422,000

2,150,000

547,000

8,000

0

56,000

24,559,000

February

12,177,000

1,753,000

4,914,000

401,000

2,217,000

1,096,000

6,000

0

38,000

22,602,000

March

12,305,000

1,496,000

4,781,000

429,000

2,401,000

819,000

5,000

0

84,000

22,320,000

April

18,040,000

2,417,000

6,131,000

556,000

2,572,000

1,145,000

7,000

84,000

87,000

31,039,000

May

21,462,000

2,853,000

5,754,000

611,000

2,247,000

982,000

5,000

178,000

290,000

34,382,000

June

33,337,000

5,428,000

7,370,000

526,000

2,708,000

1,071,000

8,000

316,000

113,000

50,877,000

July

43,703,000

6,928,000

9,668,000

802,000

3,029,000

1,583,000

11,000

397,000

130,000

66,251,000

2012 total
2011

a

A = Urban residential water
B = Rural residential water
C = Urban commercial water

COM = Commercial compound meters
E
= Commercial multi-family residential (apartments, duplexes, mobile home parks, etc.)
R
= Rural commercial
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RE = Rural commercial multi-family
W = Water reuse
X = Contractor water use
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Table 5-4. City of Raton Monthly Consumption, 2011-2018
Page 6 of 6
Consumption (gallons) by Customer Class a
Month

A

B

C

COM

E

R

RE

W

X

Total

2011 (cont.)
August

29,835,000

4,573,000

7,520,000

741,000

2,309,000

1,169,000

9,000

355,000

111,000

46,622,000

September

26,896,000

3,685,000

8,488,000

597,000

2,909,000

1,254,000

8,000

211,000

130,000

44,178,000

October

18,471,000

2,859,000

6,048,000

580,000

1,976,000

1,304,000

5,000

281,000

167,000

31,691,000

November

14,191,000

1,960,000

4,949,000

373,000

1,781,000

769,000

6,000

117,000

100,000

24,246,000

December

13,130,000

1,758,000

5,113,000

385,000

1,951,000

781,000

8,000

0

282,000

23,408,000

257,631,000

37,711,000

76,027,000

6,423,000

28,250,000

12,520,000

86,000

1,939,000

1,588,000

422,175,000

2011 total
a

36
32
a

A = Urban residential water
B = Rural residential water
C = Urban commercial water

COM = Commercial compound meters
E
= Commercial multi-family residential (apartments, duplexes, mobile home parks, etc.)
R
= Rural commercial

RE = Rural commercial multi-family
W = Water reuse
X = Contractor water use

A = Urban residential water
B = Rural residential water
C = Urban commercial water

COM = Commercial compound meters
E
= Commercial multi-family residential (apartments, duplexes, mobile home parks, etc.)
R
= Rural commercial

RE = Rural commercial multi-family
W = Water reuse
X = Contractor water use
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Figure 5-2

Note: Exported water is not included in these demand totals. For 2011-2018,
monthly totals for exported water ranged from 74,000 gallons
(January 2018) to 1,791,000 gallons (November 2018).

Daniel B. Stephens & Associates, Inc.
1/14/20

RATON 40-YEAR WATER PLAN

City of Raton Billed Water Totals
2011 Through 2018

Daniel B. Stephens & Associates, Inc.

Table 5-5. Unbilled Metered Water Use, 2011-2018
Unbilled Metered Water Use a (gallons)
Month

2011

2013

2014

2015

2016

2017

2018

January

394,000

203,000

189,000

154,000

185,000

160,000

143,000

170,000

February

241,000

190,000

177,000

156,000

131,000

181,000

164,000

202,000

March

203,000

205,000

185,000

310,000

200,000

132,000

212,000

179,000

38

April

660,000

431,000

397,000

828,000

260,000

226,000

235,000

256,000

May

1,145,000

1,375,000

2,249,000

880,000

1,470,000

230,000

384,000

779,000

June

2,095,000

1,738,000

1,151,000

1,385,000

903,000

326,000

654,000

2,030,000

July

1,792,000

1,811,000

1,145,000

1,797,000

860,000

625,000

1,449,000

1,817,000

August

1,306,000

927,000

587,000

708,000

1,052,000

525,000

1,420,000

1,512,000

September

1,622,000

1,621,000

1,096,000

1,230,000

554,000

529,000

632,000

879,000

October

1,447,000

484,000

572,000

183,000

726,000

241,000

1,069,000

611,000

November

583,000

362,000

165,000

273,000

401,000

439,000

674,000

430,000

December

136,000

193,000

165,000

165,000

129,000

193,000

177,000

227,000

11,624,000

9,540,000

8,078,000

8,069,000

6,871,000

3,807,000

7,213,000

9,092,000

Total
a

2012

Water use for City buildings and parks
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Relative Water Use, 2018
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The monthly distribution of billed water use for 2011 through 2018 for the single-family
residential, multi-family residential, and industrial, commercial, institutional, and other metered
uses customer class categories is shown on Figures 5-4, 5-5, and 5-6, respectively. Figure 5-7
shows winter and summer average billed water use by category, and their difference (the
calculated increase in summer water use) for 2018. This value is highest for the single-family
residential category.
The OSE GPCD calculator was used to calculate per capita use for 2011 through 2018
(Table 5-6).

Since 2011, total system per capita water demand has ranged from 143 to

206 gpcd. For the single-family residential sector, per capita demand has ranged between
100 and 142 gpcd. The full GPCD analysis for 2012-2018 is provided in Appendix B (the OSE
GPCD calculator can be used to analyze up to 7 years of data at one time).
Figure 5-8 shows the decrease in Raton’s total system and single-family residential water
demand between 2011 and 2018, along with the total annual precipitation for the same period.
Single-family residential water demand slightly increased in 2018 compared to 2017, which may
be due to the corresponding decrease in precipitation. The 2016-2018 precipitation data are
from the PRISM Climate Group at Oregon State University (PRISM, 2019), as data for the
KRTN Radio gauge are not reported beyond 2015. Overall, water demand has been declining
in Raton, independent of precipitation.
The City of Raton population has decreased along with falling oil and gas prices and as a result
of the coal mine closing (Campbell, 2016). The York Canyon Mine coal mine was owned by
Pittsburgh and Midway Mining (a division of Chevron) until 2008.

It had approximately

400 service sector jobs in the 1990s and made its last shipment in 2004. The site of the former
mine is now part of Vermejo Park Ranch (Campbell, 2016).
Coal bed methane drilling was active from about 2004 to 2008, but drilling was halted due to the
drop in price. Atlas Energy is the company that is active in the area (Campbell, 2016). The
industry supported more positions when the necessary infrastructure was being put in, but it
employs fewer people to run the existing wells. They support approximately 30 to 35 jobs now,
and the wells operate for a term of 15 to 20 years.
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Single-Family Residential Monthly Billed
Water Use, 2011 Through 2018
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Figure 5-5

Note: Includes Raton Water Works customer classes E + RE.
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Multi-Family Residential Monthly Billed
Water Use, 2011 Through 2018
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Note: Includes Raton Water Works customer
classes C + COM + R + X.
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Industrial, Commercial, Institutional, and Other Metered Uses
Monthly Billed Water Use, 2011 Through 2018
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Table 5-6. City of Raton Per Capita Demand
Per Capita Demand (gpcd)
Sector
Year

Single-Family
Residential

Multi-Family
Residential

Industrial, Commercial,
and Institutional

Annual
System Total a

2011

140.38

73.37

38.00

205.40

2012

141.69

65.34

43.02

200.09

2013

111.41

61.77

36.39

163.50

2014

116.24

58.25

33.09

158.99

2015

102.98

57.87

30.45

144.52

2016

114.10

52.21

31.24

144.92

2017

100.88

49.49

33.79

143.79

2018

104.52

45.76

32.69

153.42

a

The annual system totals take water reuse into account (are not just the sum of the three categories).
gpcd = Gallons per capita per day
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The Raton basin has been mined since the 1880s, and the existing wells are located west of the
City and also on Vermejo Park Ranch (Campbell, 2016).

Over the long-term there is the

potential for shale development, but it is much more expensive than coal bed methane drilling
(Campbell, 2016).

5.2 Future Water Uses
The State of New Mexico prepared updates of the 16 regional water plans in 2016, and
population projections were prepared by a market research consultant as a part of this effort
(Poster Enterprises, 2014). BBER released new population projections in November 2012 that
project population by decade through 2040, and the ISC market research consultant extended
these projections in 10-year increments through 2060 using the BBER growth rate trends as the
basis for the extensions. The projections were refined based on information from interviews
conducted to obtain input on growth trends and potential water conservation measures. Two
population projections were then developed for Colfax County, with the high forecast assuming
a full recovery from the recession and drought, and the low forecast tracking the slow rate of
growth that has occurred since 2010 (Table 5-7). The high and low population growth rates that
were developed for Colfax County as part of the regional water planning effort have been used
as the basis for projecting demand for this updated long-range water supply plan (Table 5-8).
The population projections based on the growth rates used by the 2016 regional water plan
update are thought to bracket the range of possibilities for growth over the planning horizon. To
target possible future growth, the City of Raton evaluated which sectors are recession-proof and
identified education, military installations, and State government (Berry, 2016). Discussion of
the City’s various development plans in these and other areas is provided in the subsections
that follow.
5.2.1 Education
The City has a building that was donated by a bank that the City planned to use for a community
college program (Berry, 2016). New Mexico Highlands University ran some programs in the
building for about 5 years, but their programs were discontinued and the City took over the
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Table 5-7a. Colfax Water Planning Region Population Projections
Annual Growth Rate
Growth Rate (%)
2020-2030
2030-2040
2040-2050

Projection

2010-2020

2050-2060

High

–0.49

0.00

0.00

0.00

0.00

Low

–1.00

–0.73

–0.73

–0.73

–0.73

Table 5-7b. Projected City of Raton Population

a

Projection

2010

2020

Population a
2030
2040

High

6,885

6,851

6,851

6,851

6,851

6,851

Low

6,885

6,816

6,766

6,717

6,668

6,619

2050

2060

Calculated using the Colfax County growth rates (Table 5-7a) developed as part of the 2016 regional water
plan update.
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Table 5-8. Projected City of Raton Water Demand, 2020-2060

Population Projection a
Year

Low

2020
2030
2040
2050
2060
a
b

49

c
d
e
f

High

Projected Per
Capita Demand b
(ac-ft/yr)

2018 Total
Diversions c
(ac-ft/yr)

2018 Water Sales d
(ac-ft/yr)

Low
Projection

High
Projection

1,149

939

—

—

6,851

0.171
—

—

—

1,168

1,174

6,851

—

—

—

1,160

1,174

6,851

—

—

—

1,151

1,174

6,851

—

—

—

1,143

1,174

6,851

—

—

—

1,134

1,174

6,885 f

2010
6,816
6,766
6,717
6,668
6,619

Total Projected Demand
(ac-ft/yr) e

Poster Enterprises, 2014
Equivalent to 153 gpcd (the 2018 total water system per capita demand)
Equivalent to the 2018 adjusted production from the AWWA water audit (374,339,000 gallons).
Equivalent to the total 2018 consumption (billed metered water use), not including exported water or reuse
(306,040,000 gallons).
Estimated using the annual growth rates projected for the 2016 Colfax regional water plan update.
Actual U.S. Census population
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building. The City was working with a non-profit that is aligned with Santa Fe Community
College, as well as the Center for Sustainability, to develop and implement a community college
initiative (Berry, 2016); however, this initiative is now on hold (Campbell, 2018).
The community college plans call for a medical technician program, specific to behavioral
health, with the idea that the program’s graduates will be able to go to work at the Miners’
Colfax Medical Center, which is expanding, especially in the area of behavioral health and pain
management (Berry, 2016).
5.2.2 State Hospital
The Miners’ Colfax Medical Center is a State hospital and is the largest single employer in
Raton, supporting more than 250 full-time equivalent positions (Berry, 2016). The facility is the
State miners’ hospital and, as such, is supported by New Mexico State Trust Land revenue.
The facility is also open to non-miners (Berry, 2016).
The medical center includes the original hospital located on 6th Street, which is dedicated to
miner services, and an acute care hospital built approximately 8 years ago that operates a
hospital, rural health clinic, and emergency room. Hospital patients cannot be kept for more
than 3 days, and patients that need to stay for longer periods are routinely transferred to Pueblo
and Denver, Colorado, and Santa Fe and Albuquerque, New Mexico (Berry, 2016).
The Miners’ Colfax Medical Center facility includes a free nursing home for miners, and they
operate a mobile clinic that travels to see miners for pulmonary and other ailments (Berry,
2016). There are a few stand-alone doctor practices left in town, but this model has largely
shifted so that most of the doctors now work for the hospital (Berry, 2016).
5.2.3 Other Plans
Amtrak service continues through Raton by the Southwest Chief (Campbell, 2019). Amtrak
trains go through town twice each day and ridership numbers are strong (Berry, 2016). The City
of Raton has partnered with other towns in Kansas and Colorado as the Southwest Chief
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Coalition, submitting funding applications for U.S. Department of Transportation (DOT)
Transportation Investment Generating Economic Recovery (TIGER) infrastructure investment
funding (Berry, 2016). One fiscal agent acts as the sponsor for each funding application, with all
partners pledging matching funds. TIGER 6 ($15.0 million) and 7 ($15.2 million) funding was
received in 2014 and 2015, with Garden City, Kansas and La Junta, Colorado as the sponsors.
TIGER 8 ($30.9 million) and 9 ($17.5 million) funding was received in 2017 and 2018, with
Lamar, Colorado and Colfax County, New Mexico as the sponsors (Campbell, 2019).
Colfax Ale Cellar is a brewery in Raton that opened in August 2017 (Campbell, 2018). It is
located on South 2nd Street in downtown Raton, between Cook and Rio Grande Avenues, just
north of the Ford dealership. A new Engineering Analytics office has been opened in downtown
Raton in the same building (Berry, 2016). The City is pursuing other breweries or distilleries to
locate production facilities in Raton. The City is working to remodel the downtown Main Street
area.

In conjunction with the local Mainstreet organization, several projects have been

completed to upgrade the downtown area and promote tourism (Campbell, 2019).
The Super Walmart in Trinidad, Colorado has a negative effect on gross receipts tax in Raton.
The Cities of Raton and Trinidad are seen as one market, and it is difficult to find any retailers to
compete (Berry, 2016). People come from out of town to shop at the local hardware store
(Records Hardware), but a lot of people go to Trinidad to buy groceries (Berry, 2016).

A

number of the fast food restaurants have recently remodeled and expanded in Raton, and these
establishments are very busy due to the traffic off I-25 (Berry, 2016).
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6. Water Audit
The American Water Works Association (AWWA) is the industry source for guidance on audits
and has published Water Audits and Loss Control Programs: Manual of Water Supply Practices
M36 (AWWA, 2016). The AWWA water audit methodology was established in 2000 with the
goal of accounting for all water that is produced and minimizing both physical and paper losses
(AWWA, 2003). The AWWA Water Loss Control Committee makes the AWWA water audit
software available for free. The AWWA software provides a nationally recognized, systematic
method for documenting and evaluating annual water losses in order to provide information that
can be used to reduce loss. The audit provides information on the cost of the losses and
provides a measure of benchmarking against other utilities nationwide through the performance
indicators. In the updated water conservation planning guidelines, the OSE recommends that
systems conduct water audits using the AWWA software (NMOSE, 2013).
A water audit of the City of Raton system was completed for calendar year 2018 to estimate
revenue versus non-revenue water and to distinguish real and apparent losses using the water
accounting technique based on the AWWA Water Balance Model, shown in Figure 6-1. System
and financial information were obtained from the City and put into the most up-to-date AWWA
water audit software (Version 5.0) (AWWA, 2014) to evaluate performance indicators for the
City. The data and results are summarized in this section; the comprehensive 2018 water audit
balance is provided as Appendix C1. The water audit data grading scores used in the 2018
water audit are provided as Appendix C2.
Table 6-1 compares the results of Raton’s 2018 water audit to the 2011 North American dataset
(validated water audit data for 10 utilities with fewer than 50,000 connections; 2011 is the most
recent year for which AWWA has calculated statistics).
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Table 6-1. Raton Water Works AWWA Water Audit Results for 2018
North American
Dataset
(2011 average)

Raton Water Works
(2018)

Non-revenue water (% by volume)

24.1

18.2

Non-revenue water (% by cost)

9.3

1.8

Item

Apparent losses (gallons per connection per day)

10.38

6.60

Real losses (gallons per mile per day)

1,821

1,188

Customer retail unit cost ($/1,000 gallons)

5.09

2.74

Variable production cost ($/1,000 gallons)

0.98

0.30

Infrastructure leakage index

3.51

1.38

Water audit data validity score

70.44

70

For the 2018 Raton water audit, lower values were calculated for all items. Based on these
data, the City is performing better than average; however, we recommend that Raton Water
Works compare the values for each of these items when new water audits are performed each
year.
Figure 6-2a shows the breakdown between revenue and non-revenue water for the City of
Raton in 2018.

Revenue water consists of billed water by sector; non-revenue categories

include total authorized unbilled unmetered use (e.g., by the city accounts and fire department),
total apparent losses (estimated customer meter error, total low flow inaccuracies, illegal
connections and theft, and database errors), and total potential real water loss (calculated by
subtracting authorized consumption and apparent losses from adjusted production). Revenue
water accounted for 81.8 percent of total adjusted production, and non-revenue water
accounted for 18.2 percent of total adjusted production in 2018. States have previously set
standards for the percentage of non-revenue water that is considered to be reasonable, and a
survey of these standards indicated a range of between 7.5 and 20 percent in 2002 (AWWA,
2003).
Figure 6-2b further breaks down the 18.2 percent of total non-revenue water between total
potential real water loss (67.9 percent), total apparent losses (11.9 percent), unbilled metered
water use (13.3 percent), and unbilled unmetered water use (6.9 percent). The 2018 data
suggest that the best target for further minimizing the City’s non-revenue water is minimizing
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total potential real water loss, as this is estimated to be the largest component of non-revenue
water.

Real water loss reflects the volume of water not accounted for by authorized

consumption or apparent losses (e.g., leaks). The City should also review the components of
apparent loss (e.g., unauthorized consumption and meter error), because if the apparent losses
have been under-estimated, the volume shown for total potential real losses may be too high.
The water audit analysis is summarized as follows:
•

A total of 374,544,000 gallons was supplied in 2018 (water sold to the Carisbrook and
Trail Canyon subdivisions through two master meters is not included in this total).

•

The filter plant mag meter (and all other meters at the wastewater treatment plant) were
replaced and calibrated as part of the wastewater treatment plant upgrade project that is
underway (Campbell, 2019), although a 1 percent meter inaccuracy was assigned for
this meter (assumed to be under-reporting). The subdivision master meters for water
sold (exported) to the Carisbrook and Trail Canyon subdivisions were installed in 2014.
A 1 percent meter inaccuracy was assigned to these meters as well.

•

The total authorized consumption of 319,811,000 gallons was 85.4 percent of the total
water supplied.

•

The overall Water Audit Data Validity Score was 70 out of 100.

•

The operating budget was approximately $2.3 million in 2018.

•

Total annual water system variable cost (the sum of all treatment and power costs) was
$112,137.67 in 2018.

•

The cost to produce and supply the next million gallons of water (total annual water
system variable cost divided by the City’s volume from own sources for 2018), termed
the variable production cost by AWWA, was calculated to be $299.40.

•

The customer retail unit cost for 2018 was calculated to be $2.74 per thousand gallons
(this value includes the cost for water; wastewater costs were not included).
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The AWWA water audit software reports performance as financial and operational efficiency
indicators (Sections 6.1 and 6.2).

6.1 Financial Indicators
The financial indicators provide information about the relative amounts of non-revenue water
and the cost of water losses. The AWWA water audit software estimates that:
•

Non-revenue water amounted to 18.2 percent of the adjusted production and cost the
City about $36,173 (annual costs of real and apparent losses), or 1.8 percent of the cost
of operating the system.

•

Total apparent losses were calculated to cost $22,282 in 2018.

•

Total potential real losses were calculated to cost $13,891 in 2018.

6.2 Operational Efficiency Indicators
Operational efficiency indicators address water losses and are provided by the audit in several
forms:
•

The total apparent losses of 8.132 million gallons were 2.2 percent of the adjusted
production.

•

The total potential real losses of 46.396 million gallons were 12.4 percent of the adjusted
production.

•

The unavoidable annual real losses (UARL) were 33.68 million gallons in 2018, which
was less than the current annual real losses (CARL) of 46.40 million gallons per year
(12.4 percent of the adjusted production). The UARL represents the theoretical lower
limit of leakage that could be achieved if today’s best technology were successfully
applied.
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The goal set by the international water audit methodology is to reduce losses to the level of
UARLs (AWWA, 2003).

6.3 Recommendations
A list of recommended actions for improving the data validity score follows. AWWA provides
recommendations to utilities based on the range where the overall data validity score falls. The
2018 water audit analysis indicates that the City of Raton falls in Level III (Level III applies for
data validity scores of between 51 and 70).

The recommendations for improving the data

validity score for Level III utilities (AWWA, 2014) include:
•

Establish/revise policies and procedures for data collection.

•

Establish ongoing mechanisms for customer meter accuracy testing, active leakage
control, and infrastructure monitoring.

•

Begin to assemble economic business case for long-term needs based on improved
data becoming available through the water audit process.

•

Establish long-term apparent and real loss reduction goals (+10-year horizon).

•

Preliminary comparisons can begin to rely on the infrastructure leakage index (ILI) for
performance comparisons for real losses.

The ILI is an AWWA performance indicator used to compare utility performance in operational
management of real losses. The lower the amount of leakage and real losses in a system, the
lower the ILI will be. The ILI calculated for the City in 2018 was 1.38, indicating that the leakage
is below the benchmark value from other utilities; thus the City is either maintaining system
leakage at low levels in a class with the top worldwide performers in leakage control, or a
portion of the data used may be flawed, causing an underestimate of water loss (AWWA, 2014).
AWWA lists a target ILI range of 3.0 to 5.0 as appropriate for systems operating where water
resources are believed to be sufficient to meet long-term needs, but demand management
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interventions (leakage management, water conservation) are included in long-term planning
(AWWA, 2014).
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7. Water Rights
The City of Raton owns surface water rights in Sugarite Canyon, from the Chico Rico Creek
System and the Cimarron/Eagle Nest Reservoir River System, and pre-basin groundwater rights
in the declared Clayton Basin.

Both sets of surface water rights have long and involved

histories that have included both administrative and judicial determinations.

Sections 7.1

through 7.3 describe the City’s water rights covered by this 40-year water plan; Appendix D
includes a detailed discussion of these rights provided by John Utton of Utton & Kery, P.A.

7.1 Sugarite Canyon Water Rights
The City owns four distinct groups of water rights that allow for the diversion of surface flows
from the Chico Rico Creek within Sugarite Canyon (Table 7-1):
•

A group of six water rights acquired in 1964 and 1965, referred to in Table 7-1 as the
Van Buskirk et al. water right

•

A water right originally decreed to Cherokee and Pittsburgh Coal and Mining Company
in 1935, referred to in Table 7-1 as the Lake Alice Railway right

•

A water right for diversion of 1 million gallons per day acquired as part of the acquisition
of Raton Water Works, referred to in Table 7-1 as the One MGD right

•

A relatively junior water right acquired under State Engineer Permit No. 679 in 1912,
referred to in Table 7-1 as the Permit No. 679 right

All of these rights were adjudicated by the Final Decree of the adjudication court of
September 25, 1935 in State of New Mexico v. City of Raton, et al., No. 4605. Table 7-1
summarizes these water rights; further detail regarding these rights is provided in Appendix D.
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Table 7-1. Sugarite Canyon Water Rights
Acquired from

Priority

Acres

Diversion
(ac-ft/yr a)

Consumptive
(ac-ft/yr a)

Storage
(acre-feet)

Status

Van Buskirk et al. (OSE File Nos. 01051, 01853, 01924-01927)

61

Whistler

1897
1872
1899
Total

69.0
85.0
40.0
194.0

291

232.8

Corner
Cherokee & Pittsburgh Coal &
Mining Co. and/or Claudio Vit
Sproule
Jones
Van Buskirk and Weltmer

1890
1887

50
16.29

75
24.435

60
19.548

In current municipal use
In current municipal use

27.7
39.14
220
547.13

41.55
58.71
330.0
820.7 b

33.24
46.968
264.0
656.556

In current municipal use
In current municipal use
In current municipal use

75.82

113.73 c

90.984
(original d )

Fill/refill Lake Alice

In current municipal use
Decreed and licensed

NA

1,120.6
(1 mgd)

Not
calculated

Fill and refill:
Lake Alice: 100
Lake Dorothy: 220
Lake Maloya: 59

In current municipal use
Decreed
No State Engineer permit or license

NA

1,449 e
3,975 f

Not
calculated

Lake Maloya: 4,000

In current municipal use
Decreed and licensed

1871
1871/85
1870
Total
Lake Alice Railway Right (OSE File No. 0969)
Santa Fe Land Improvement
1871
Company
One MGD Right
Raton Water Works Company,
1/01/1891
and its successor, Santa Fe
Land and Improvement
Company
State Engineer Permit No. 679 Right
City of Raton
8/22/1912
a

d

b

e

Unless otherwise noted
Diversion rate limited to 600 gpm
c
No limit on diversion rate

Currently no return-flow requirement
Direct diversion (2 cfs)
f
From storage (5.5 cfs)
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7.2 Cimarron Eagle Nest Water Rights
The City owns the “Hayward-Hanson Right,” which is the largest right under License 71 and was
acquired by the City in 1969. Table 7-2 summarizes this water right, which has both a diversion
and a substantial storage component.
Table 7-2. Hayward-Hanson Water Right
(OSE File No. License No. 71-D)

Acquired from
HaywardHanson
a
b

Priority
6/12/1907

Diversion
(ac-ft/yr)

Acres
2,408.00

For municipal storage and use
Return flow

2,853.48
758.5 b

Consumptive
(ac-ft/yr)

a

2,853.48

a

Storage
(acre-feet)
12,000

Status
In current municipal
storage and use

ac-ft/yr = Acre-feet per year

7.3 Capulin Sub-Basin Rights
For many years the City has planned to use water from the Capulin Sub-Basin (now within the
OSE’s declared Clayton Basin) to the east as a source of municipal supply. In 1966, Minton
Consulting prepared a comprehensive investigation of Capulin Sub-Basin groundwater to
determine whether a municipal supply of at least 20 years could be pumped and piped to the
City. The City filed a declaration with the State Engineer in 1993 and amended the declaration
in 2015 stating the City’s intent to use up to 1,345 ac-ft/yr of water, based on three wells owned
by the City in the Sub-Basin (the Pachta, Crist, and New Raton pumping wells). In October
2019, two declarations were filed for irrigation (285.78 ac-ft/yr) and municipal (1,345 ac-ft/yr)
uses. A Canadian River Basin file number (file number CR-2431) was originally assigned, as
these wells were located in an undeclared area at that time; however, a Clayton Underground
Water Basin number has now been assigned (CT-01243). These wells are currently being used
for irrigation (the City leases the property where these wells are located to a farmer, and natural
grass and hay are grown). It remains the City’s intent to develop its pre-basin water rights in the
Capulin Sub-Basin and relate that development back to the date it initiated the use.
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8. Water Conservation and Drought Management Plan
As discussed in Section 3, the City of Raton currently receives 100 percent of its supply from
surface water and consequently is vulnerable to drought conditions. Should water demands
increase, water conservation can play an important role in ensuring that the available supplies
will meet future demand and that demands are reduced below levels of available supplies
during times of drought. Although water demand is at an all-time low in Raton, the City also
recognizes that water conservation can prevent or delay the need for expensive capital
expenditures for developing new water supplies and acquiring additional water rights. This
document fulfills the conservation requirements under the 40-year water planning statute as well
as Section 72-14-3.2 of NMSA 1978, which calls for conservation planning as a prerequisite for
funding from key state funding agencies.

8.1 Existing Water Conservation Measures
8.1.1 Water Rates
Ordinance 1005 was adopted by the Raton Water Board on May 28, 2019, and includes water
and sewer rate increases that go into effect on July 1, 2019, July 1, 2020, and July 1, 2021.
The ordinance notes that the cost of providing quality, reliable water and wastewater service
has increased substantially each year. The new rates are shown in Tables 8-1 and 8-2. The
previous rate increases were approved by ordinance on June 28, 2016, which included water
and sewer rate increases in 2016, 2017, and 2018 (Campbell, 2016).
Raton Water Works has a $0.01 gross receipts tax that is used to fund water capital
improvement projects and thus is able to have lower water rates than other New Mexico
communities (Campbell, 2016). This 40-year tax expired on December 31, 2018 (Campbell,
2016). In March 2018, voters approved a $0.0075 gross receipts tax going forward, which will
continue to help pay for water projects in the future, and will also help keep customer water
rates down (Berry, 2018). Although the City increased water rates in 2016, 2017, 2018, and
2019 and further rate increases have been approved that will go into effect in 2020 and 2021,

P:\_NM15-045\40-Year Plan.3-20\Raton_310_TF.docx

63

Daniel B. Stephens & Associates, Inc.

Table 8-1. City of Raton Water Rates

Fixed Charge ($)

Range
(gallons per month)

Commodity Charge
($ per 1,000 gallons)

Municipal residential (A)

13.25

0 – 25,000

2.298

>25,000

2.677

Rural residential and
agriculture (B)

14.05

0 – 25,000

4.241

>25,000

4.622

Urban commercial (COM & C)

15.35

Water used

3.129

Urban commercial multi dwelling (E)

15.35

Fixed charge per unit

8.25

Water used

3.129

Rural commercial (R)

15.35

Water used

4.611

Rural commercial - multi
dwelling (RE)

15.35

Fixed charge per unit

8.25

Water used

4.611

—

—

5.00

13.50

0 – 25,000

2.367

>25,000

2.758

0 – 25,000

4.369

>25,000

4.761
3.223

Customer class
Effective July 1, 2019

Hydrant or manifold meter (X)
Effective July 1, 2020
Municipal residential (A)
Rural residential and
agriculture (B)

14.30

Urban commercial (COM & C)

15.60

Water used

Urban commercial multi dwelling (E)

15.60

Fixed charge per unit

8.50

Water used

3.223

Rural commercial (R)

15.60

Water used

4.75

Rural commercial - multi
dwelling (RE)

15.60

Fixed charge per unit

8.50

Water used

4.75

—

—

5.00

13.75

0 – 25,000

2.438

>25,000

2.841

0 – 25,000

4.50

>25,000

4.904

Hydrant or manifold meter (X)
Effective July 1, 2021
Municipal residential (A)
Rural residential and
agriculture (B)

14.55

Urban commercial (COM & C)

15.85

Water used

3.32

Urban commercial multi dwelling (E)

15.85

Fixed charge per unit

8.75

Water used

3.32

Rural commercial (R)

15.85

Water used

4.893

Rural commercial - multi
dwelling (RE)

15.85

Fixed charge per unit

8.75

Water used

4.893

—

5.00

Hydrant or manifold meter (X)

—
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Table 8-2. City of Raton Sewer Rates

Customer class

Fixed Charge ($)

Charge
($ per 1,000 gallons)

Effective July 1, 2019
Residential

11.25

2.223 a

Urban commercial

13.25

2.223 b

Rural commercial

18.25

3.973 b

Multi-unit commercial

13.25 c

2.223

Residential

11.50

2.29 a

Urban commercial

13.50

2.29 b

Rural commercial

18.50

4.093 b

Multi-unit commercial

13.50 c

2.29

Residential

11.75

2.359 a

Urban commercial

13.75

2.359 b

Rural commercial

18.75

4.216 b

Multi-unit commercial

13.75 c

2.359

Effective July 1, 2020

Effective July 1, 2021

a

Volume is based on average of December, January, and February water bills.
Based on monthly water usage per dwelling unit.
c
Per dwelling unit.
b
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the City wants residents to take care of their properties and does not want to penalize people for
watering outdoors, especially considering the state of the economy (Campbell, 2019).
Based on the New Mexico Environment Department (NMED) Drinking Water Bureau Municipal
Water and Wastewater User Charge Survey of December 2016 rates (NMED DWB, 2018),
residential water rates for the public water systems in New Mexico varied from a minimum of
$2.30 per month (Laborcita Water Users Association) to a high of $124.00 (Rosedale MDWCA).
New Mexico communities of similar size to Raton (Table 8-3) had an average residential water
rate of $35.63 for 6,000 gallons in 2016. Compared to rates for six communities of similar size,
Raton’s residential water rate was less than the average (Table 8-3); however, the rates shown
on Table 8-3 are from 2016, while the City’s data are from 2015 and the City increased rates in
2016, 2017, 2018, and 2019, and further increases have been approved that will take effect in
2020 and 2021.
Table 8-3. Municipal Water Rates in Comparable New Mexico Municipalities
Residential

Commercial

Number of
Connections

Monthly Charge
for 6,000 Gallons
($)

Number of
Connections

Monthly Charge
for 6,000 Gallons
($)

2,737

35.70

349

39.90

3,568

44.24

460

81.75 b

Grants

2,859

32.65

405

31.91

Lovington

3,285

21.52

359

25.37

Portales

Municipality
Aztec
Española

a

4,288

25.76

570

25.76

a

3,441

21.55

525

27.84

Socorro

3,348

22.44

377

34.69

Raton

Average

35.63

42.52

Source: NMED DWB, 2018 (unless otherwise noted)
a
NMED DWB, 2017
b
NMED DWB, 2015

Commercial water rates for public water systems in New Mexico varied from a minimum of
$9.00 per month (Aragon MDWCA) to a high of $180.00 (La Asociacion De Agua De Los
Brazos) in 2016. Compared to rates for six communities of similar size, Raton’s commercial
water rate was less than the average (Table 8-3); however, the City’s data are from 2015 and
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the City increased rates in 2016, 2017, 2018, and 2019, and further increases have been
approved that will take effect in 2020 and 2021.
8.1.2 Water Reuse
The City has rebuilt the irrigation systems for three fields and has added one small park to the
reuse system since the last 40-year water plan was completed in 2007 (Campbell, 2016). The
City has one reuse pump station, and reuse water is also supplied to the golf course and ball
fields. The reuse system is now being operated at capacity, which is 500,000 gallons per day
during the summer months (Campbell, 2016). Wastewater flows are at an all-time low, and until
additional winter storage is added, no new reuse system customers can be added. Very little
treated effluent is discharged to Doggett Creek (a tributary of Raton Creek that drains to
Chicorica Creek).
8.1.3 Drought Triggers
The City has not updated their water conservation ordinance since the last 40-year water plan
was completed, and water demand is at an all-time low. The City plans to revise their drought
triggers, because they do not address the Eagle Nest Reservoir storage volume (Campbell,
2016). The current management strategy calls for transitioning to using water from Eagle Nest
when the Lake Maloya lake level is 4 feet below the spillway (Campbell, 2016). Due to the
Permit 71 settlement agreement, the City is limited on the volume of new inflows they can hold
in the reservoir when the Lake Maloya water level is down. The water rights are carefully
monitored because of the limits on the volume of water that the City can divert from Lake
Maloya (Campbell, 2016).
The triggers included in the settlement agreement have been in effect several times since the
agreement was signed in June 2006, and they have worked well.

The City received a

50 percent allotment in the first year of the agreement and their allotment has been restricted in
4 of the 9 years since the agreement was signed (Campbell, 2016). The City was on 80 percent
allotment in May 2016, for the third year in a row (Campbell, 2016).
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8.1.4 Addressing Water Theft
The City has problems with water theft. In an effort to discourage theft, City staff remove meters
from vacant homes and field check all disconnected meters at least annually (field checks are
performed monthly in problem areas) (Campbell, 2016). When instances of water theft are
identified, the City notifies the Raton Public Service (the City owned electric utility), because
theft is usually occurring for both water and electricity (Campbell, 2016).
8.1.5 Public Education
The City includes water conservation tips on their annual consumer confidence reports (CCRs),
and the OSE water conservation handouts are available at City Hall for people to pick up when
they come in to pay their bills (Campbell, 2016). During the summer months, the radio station
(KRTN-FM, Enchanted Air Radio) runs water conservation spots using AWWA language
(Campbell, 2016).

The local newspaper (Raton Range) used to publish this information

(Campbell, 2016), but it ceased publication in July 2013.
8.1.6 Water System Upgrades
As discussed in Section 4, the City replaced all customer meters with Neptune meters that have
AMR capability in 2011 and 2012, and since the full meter conversion, customer meters are now
being replaced in compliance with the manufacturer’s recommendations for the lifetime volume
of measured flow (Campbell, 2016). The City also recently replaced approximately 3,000 feet of
water line in the Hart/Brilliant Streets in 2018, and has scheduled replacement of an additional
3,000 feet of water line in Third Street in 2020 (Campbell, 2019). The City plans to replace
additional water line in the future by conducting new projects every year, targeting the oldest
sections of town with the oldest water lines.

The City has also conducted leak detection

sounding in some problem areas (Campbell, 2016).

The continuation of these existing

programs is included in the plan details described in Section 8.2.
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8.2 Drought Management and Water Conservation Plan
The City of Raton has selected a three-tiered drought management and water conservation
plan, with variable water conservation measures set to correspond with normal conditions
(Stage 1), mild to moderate drought conditions (Stage 2), and severe drought conditions
(Stage 3). Stage 1 addresses ongoing water conservation measures that will help the City to
reduce water waste.

Stage 2 identifies stricter water conservation measures that can be

implemented when it appears that drought conditions are likely. Stage 3 includes emergency
conservation measures for use during times of severe drought.
measures will allow the city to reduce demand on short notice.

Implementation of these
The three-tiered water

conservation plan for the City of Raton is summarized in Table 8-4; triggers that correspond to
each drought stage are described in Section 8.2.1.
8.2.1 Drought Triggers
The State of New Mexico posts drought conditions regularly on the OSE website
(http://www.nmdrought.state.nm.us/). The website posts information regarding whether various
regions in the state are experiencing wet or normal conditions, or mild, moderate, or severe
drought conditions. Information on precipitation, snowpack, soil moisture, and water in storage
is used to assess drought conditions. Use of this resource as an indicator of drought conditions
will allow the City of Raton to monitor drought conditions without having to conduct its own
climatologic or soil moisture monitoring.
Because Lake Maloya and the Sugarite/Chicorica system provide the majority of surface water
supply for the City, the triggers that will initiate the second and third tier, or more strict, water
conservation measures are based on water levels in Lake Maloya, in conjunction with climatic
conditions.
Drought triggers, including climatic conditions and Lake Maloya levels, will include the following:
•

Stage 1: Conservation measures in effect at all times; ongoing programs.
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Table 8-4. Summary of Conservation Measures and Drought Stages
Page 1 of 2

Conservation Measure

Stage 1: Normal conditions; voluntary
conservation measures in effect at all times

Stage 2: Water shortage watch

Stage 3: Water shortage emergency;
mandatory conservation

Not applicable

Lake Maloya below 50% of storage
capacity and/or NRCS Hydrologic Drought
Status Map (per OSE website) showing
moderate drought conditions

Lake Maloya below 75% of storage
capacity and/or NRCS Hydrologic Drought
Status Map (per OSE website) showing
severe drought conditions

Public education

• Seek funding for a water conservation
coordinator.
• Set up educational program with Raton
schools.
• Implement formal water conservation
education program
• Add website within 5 years.

• Inform public of voluntary cutbacks:
– Provide public with current storage
levels.
– Encourage reduction of indoor usage.
– Alert customers that if drought conditions continue, mandatory conservation measures may be implemented.
• Encourage hotels and motels to not
change linens daily.
• Encourage restaurants to refrain from
serving water in restaurants unless
requested.

• Increase educational efforts to inform
people of drought conditions and need
to conserve.
• Inform public of watering restrictions,
excess use surcharges, and other
penalties that will result from noncompliance.

Wastewater reuse

• Continue existing effluent reuse
program.

• Continue existing effluent reuse
program.

• If effluent is limited due to severe
demand reductions, prioritize reuse
schedule.

Graywater recycling

• Provide educational materials on
graywater use.

• Encourage installation of graywater
systems.

• Encourage installation of graywater
systems.

Leak detection and
repair

• Continue leak detection and repair
program.
• Purchase or contract for better leak
detection surveying in next 5 years.

• Reduce flushing of water mains,
sewers, storm drains, and streets.

• Reduce flushing of water mains, sewers,
storm drains, and streets.

Meter replacement and
repair

• Continue meter replacement program.

• Continue existing effluent reuse
program.

• Continue existing effluent reuse
program.

Pressure reduction

• Maintain pressure reduction standards
on all new construction.

• Maintain pressure reduction standards
on all new construction.

• Maintain pressure reduction standards
on all new construction.
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Table 8-4. Summary of Conservation Measures and Drought Stages
Page 2 of 2

Conservation Measure

Stage 1: Normal conditions; voluntary
conservation measures in effect at all times

Stage 2: Water shortage watch

Stage 3: Water shortage emergency;
mandatory conservation

Drought trigger

Not applicable

Lake Maloya below 50% of storage
capacity and/or NRCS Hydrologic Drought
Status Map (per OSE website) showing
moderate drought conditions

Lake Maloya below 75% of storage
capacity and/or NRCS Hydrologic Drought
Status Map (per OSE website) showing
severe drought conditions

Standards for water line
construction

• Adhere to standards for water line
construction for all new construction
and replacement lines.
• Formally adopt a water conservation
ordinance that includes drought
management.
• Include in ordinance prohibition on
letting water run into the street.

• Adhere to standards for water line
construction for all new construction and
replacement lines.
• Limit outside use to before 10 a.m. and
after 6 p.m. three days per week.

Conservation rate
structuring

• Conduct a rate study and adopt revised
rates during the next two years;
consider an increasing-block rate
structure.

• Conduct a rate study and adopt revised
rates during the next two years;
consider an increasing-block rate
structure.

• Adhere to standards for water line
construction for all new construction and
replacement lines.
• Implement severe outdoor watering
restrictions (i.e., restrict outside watering
to one day per week).
• Ban new landscaping with water from
the utility.
• Ban use of water hoses.
• Prohibit washing paved areas.
• Prohibit filling up swimming pools and
water fountains.
• Ban car washing, except for solid waste
vehicles for public health reasons.
• Implement excess use surcharges.

Recordkeeping/water
audits

• Continue recordkeeping program;
conduct annual audit.

• Continue recordkeeping program;
conduct annual audit.

• Continue recordkeeping program;
conduct annual audit.

Indoor audits and
incentives

• Seek funding for water conservation
officer and provide audit training.
• Conduct indoor audits.

• Increase frequency of indoor audits
focusing on largest users.

Promotion of xeriscaping

• Provide technical resources for
xeriscaping.

• Provide technical resources for
xeriscaping.

• Increase frequency of indoor audits
focusing on largest users.
• Distribute water-saving plumbing
fixtures.
• Provide technical resources for
xeriscaping.

Water conservation
ordinance
71
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•

Stage 2: State of New Mexico northeast region in mild to moderate drought (as declared
by the OSE drought task force) and Lake Maloya at less than 75 percent of storage
capacity.

•

Stage 3: State of New Mexico northeast region in severe drought (as declared by the
OSE drought task force) and Lake Maloya at less than 50 percent of storage capacity.

8.2.2 Conservation Goals
The overall goal of the Raton conservation plan is to efficiently use water resources at all times
and to be prepared to quickly reduce demands during drought conditions. Water demand is at
an all-time low, and reducing water demands further is not a primary objective of the City
(Campbell, 2016). The City of Raton does intend to implement the conservation program and to
continue to meter and audit water usage. Three initial goals that will direct Raton’s conservation
efforts are as follows:
•

Improve customer and public awareness of the need to conserve water.

•

Develop enforceable water use restrictions during emergency drought conditions.

•

Continue to meter and audit water use, and use these data to evaluate and optimize the
City’s water conservation efforts.

The City’s proposed water conservation activities are discussed in Section 8.3.

8.3 Proposed Water Conservation Measures
The water conservation measures to be undertaken during each stage of drought are
summarized in Table 8-4; a description of each of these measures is provided in Sections 8.3.1
through 8.3.11.
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8.3.1 Public Education
Public education and community outreach are an important part of any water conservation
effort. Individuals must know why water conservation is essential and what they can do to save
water. The City of Raton will implement the recommendations provided in New Mexico’s Water
Conservation Planning Guide for Public Water Suppliers (NMOSE, 2013), including the
following:
•

Outreach program activities: Including water conservation tips in the annual CCRs and
on the City website, making OSE handouts available at City Hall, and running radio
spots during summer months.

•

In-school educational programs: Partnering with the Raton Public Schools to implement
in-school programs to educate students about the importance of conserving water,
including providing educators with the location of the OSE’s water conservation
educational materials.

The Raton Water Works staff is extremely busy dealing with the complex water system that it
operates, and water demand and water system revenue are at an all-time low. To facilitate
public education and other aspects of a water conservation program, the City will need to seek
funding for a part-time or contract employee who can focus directly on education and
conservation program implementation.

Until additional funding is received, conservation

education will be the responsibility of the Manager.
The public education program will be very important for informing the public about additional
water use restrictions that will be implemented during Stage 2 or Stage 3 drought conditions.
Radio media, as well as customer mailings, will be used to educate the public about drought
conditions and additional water use restrictions.
8.3.2 Water Reuse
The City of Raton has reused its treated wastewater effluent for municipal irrigation since 1975,
when the City began irrigating the Raton municipal golf course with this water.
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football, soccer, and baseball fields were added in the 1990s, and a reclaimed water booster
pump station was added in 1994 to allow for irrigation of additional municipal parks and other
facilities.
The NMED’s policy for the use of treated wastewater effluent for nonpotable uses was issued in
1985 and updated in 2003 and 2007 (NMED, 2007). The guidelines are intended to be used in
conjunction with a groundwater discharge permit for any applications of the reuse water that can
result in percolation to an underlying aquifer. Discharge permit applications, which describe the
reuse application (use, flows, etc.) and specify a water quality monitoring program, must be filed
with NMED for each reuse site. The City of Raton wastewater reuse program complies with all
applicable NMED standards.

The wastewater receives secondary treatment, filtration, and

disinfection to meet standards.
Wastewater reuse is a successful conservation initiative in Raton; however, because the treated
wastewater effluent reuse system uses all of the treated wastewater already, there are no
current plans to expand the reuse system (Campbell, 2016).
The City plans to reuse reclaimed pool water for irrigation on City property. When the aquatic
center was built in 2008-2009, a 10-foot-diameter manhole was installed, along with a throttling
valve, to allow for this reuse. The City has had budget shortfalls since then and has therefore
not yet installed the landscaping that would be watered by this system (Campbell, 2016).
8.3.3 Graywater Recycling
A bill passed by the 2003 New Mexico Legislature (House Bill 114, codified at 74-6-2 and 74-6-4
NMSA 1978) allows reuse of up to 250 gallons per day of residential graywater for household
gardening, composting, or landscape irrigation without a permit (NMED, 2003b). NMED issued
a graywater irrigation guide outlining the conditions that apply to graywater reuse in New Mexico
(NMED, 2003a). One of the conditions calls for graywater storage tanks to be covered to
restrict access and eliminate habitat for mosquitoes. In addition, graywater may not be applied
within 100 feet of a domestic well or within 200 feet of a public water supply well (NMED,
2003b).

In areas where soils are not adequately permeable, discharge of graywater may
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present a ponding problem. Therefore, site-specific evaluations should be completed before
installing graywater systems.
The City of Raton will support graywater use by its residential customers by providing
educational materials to its customers. General information on graywater systems that will be
included in the city’s education program follows.
Graywater reuse refers to either residential or commercial reuse of water that does not contain
blackwater (from toilets) or kitchen wastes. Water from sinks (excluding kitchens), laundries,
bathtubs, or showers is considered to be graywater. New Mexico allows individual residences
to apply up to 250 gallons of graywater per day to household gardening and landscape irrigation
without a discharge permit (Sections 74-6-2 and 74-6-4, NMSA 1978). Advantages of reusing
graywater include the following:
•

Replaces potable water use and therefore lowers water bills (and possibly sewer bills)
for municipal customers

•

When used for outdoor irrigation, may support plant growth, due to the nutrients in
graywater

•

Reduces energy and chemical use

•

Possibly decreases the need to expand wastewater treatment facilities

8.3.4 Leak Detection and Repair
Another important water conservation action is the detection and repair of water system leaks.
The savings potential of a leak detection program is somewhat dependent on the age of the
infrastructure and can be extremely variable depending on the magnitude and timing of leaks,
which cannot be predicted. Nonetheless, leak detection is an effective way of avoiding water
waste and is recommended.
The City of Raton has implemented leak detection efforts and will continue these efforts in order
to reduce non-revenue water. City staff responds promptly to any reported leaks, and over the
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next 10 years, the City plans to increase its leak detection and repair efforts. To help prevent
leaks from occurring, the City will also continue efforts to replace the oldest sections of the
distribution system and to conduct pipe inspection and maintenance activities to prevent leaks
and ruptures from occurring.
8.3.5 Meter Replacement and Repair
Metering is an essential element in water conservation.

Metering of both production and

individual user consumption is the only way to track water use and to ensure that conservation
goals are being achieved. With the use of water meters, a water utility can (1) accurately track
water diversions and deliveries and locate any leakage in the system, (2) create a more
equitable billing system that directly benefits water-conserving customers, and (3) give the utility
a greater ability to manage water demand through pricing.
The City replaced and calibrated all of the meters at the wastewater treatment plant as part of
the wastewater treatment plant upgrade project that is underway (Campbell, 2019). The City
has an annual calibration schedule with Yukon and Associates (Campbell, 2019). As discussed
in Section 4, the City replaced all customer meters with Neptune meters that have AMR
capability in 2011 and 2012, and now replaces customer meters in compliance with the
manufacturer’s recommendations for the lifetime volume of measured flow (Campbell, 2016).
Meter maintenance and repair are an important component of the City’s existing conservation
program, and the City will continue to replace and upgrade meters. The ongoing nature of the
program will allow the city to continue to identify and repair faulty meters that result in errors in
billing and reported water usage.
8.3.6 Pressure Reduction
Water systems that are over-pressurized result in inefficient and higher water use because the
rate of flow increases with pressure increases. Reducing pressure can decrease water leakage
and volume of water released at faucets. In addition, the reduced pressure also reduces the
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pipe and joint stresses that could result in new leaks. Lower-pressure systems can also extend
the life of the water distribution system and decrease maintenance and repairs to the system.
The City monitors pressure and regulates pressure between zones using pressure reduction
valves.

Pressures maintained in these zones conform to industry standards and no

modifications are necessary. Therefore, no excess in the loss rate of the system is occurring
and the system is providing sufficient pressure for water customers. The City will continue to
monitor system pressures and will ensure that any system expansions adhere to industry
standards.
8.3.7 Standards for Water Line Construction
In order to reduce maintenance cost and the occurrence of leaks, the City of Raton has
implemented standards for water line construction. All new development and system upgrades
will adhere to these standards.
8.3.8 Water Conservation Ordinance
Water demand and water system revenue are at all-time lows in the City, and the economy is
depressed. The City wants to encourage residents to maintain their properties, not penalizing
people for watering outdoors, and further reducing water demands is not a primary objective of
the City (Campbell, 2016). As discussed in Section 5, water use in the City is regulated through
its Code of Ordinances, and Chapter 54 of the City Code includes the existing water shortage
ordinance, which gives the Water Commission the authority to declare a water shortage and
impose water use restrictions.

Passing a water conservation ordinance is nonetheless

recommended to make the City’s water conservation measures enforceable at any time, while
also providing an opportunity for updating the City’s drought triggers (allowing the City to take
Eagle Nest Reservoir storage into account in addition to Lake Maloya). While many of the City’s
conservation measures are voluntary and will be implemented through education programs, the
City would benefit from making both water waste and Stage 2 and Stage 3 drought restrictions
enforceable through a water conservation ordinance.
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A prototype for a water waste ordinance is included in the OSE’s guidance for municipal water
systems (NMOSE, 2001). This ordinance template provides measures applying to both normal
operations and water emergencies and includes the following main elements:
•

Description of the types of prohibited water waste:
−

Water running off an irrigated landscape to paved surfaces or other non-irrigated
areas

−

Washing of impervious surfaces with a hose (except when needed to protect public
health and safety)

−

Water leaks not fixed within eight hours

−

Landscape watering outside of prescribed hours (e.g., before 10:00 a.m. and after
6:00 p.m.)

•

Fines and penalties for violations that increase with the number of citations assessed to
a property:
−

Imposition of a water waste surcharge to any customer in violation

−

Temporary or permanent restriction or discontinuance of flow to a property with
recurring violations

•

Exceptions, the opportunity to cure violations, and refunds of surcharge

•

Administrative appeal process for customers (e.g., appeal to administrative hearing
officer, water utility's general manager, or the board of directors)

The OSE prototype ordinance assumes implementation and enforcement by the utility general
manager and board of directors.
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8.3.9 Record Keeping/System Water Audits
Water system audits are used to estimate revenue versus non-revenue water and to distinguish
real and apparent losses, and they provide information that can be used to reduce losses. A
water system audit using City of Raton data for 2018 that follows the AWWA methodology is
provided in Section 6. The City will perform water system audits on an annual basis going
forward and will continue its efforts to reduce non-revenue water.
8.3.10 Indoor Audits
The City conducts individual account audits when they receive customer complaints, which
involve sending a trained person from the City to meet with the homeowner to identify any
problems (Campbell, 2016). These efforts will be continued.
8.3.11 Promotion of Xeriscaping
Municipalities can promote water conservation for landscape projects, including public parks,
building grounds, and golf courses, as well as other non-residential and residential landscaping.
Xeriscaping provides a water-conscious landscape that can dramatically reduce outdoor water
use, especially during the summer months.

Xeriscaping involves much more than simply

removing grass and replacing it with gravel or other types of turf.

A number of different

principles or approaches are considered xeriscaping:
•

Low-water use plants: Select plant varieties that are most appropriate for the landscape
design and that require low amounts of water.

•

Soil improvement: Improve soil composition to increase water retention and promote
root development and proper drainage.

•

Small turf areas: Create small areas of turf for a specific function or aesthetics, and use
low-water-use grass varieties.
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•

Efficient irrigation: Design a landscape by zoning plants according to water needs, and
use efficient watering techniques such as drip irrigation, which delivers water directly to
the roots of the plant.

•

Soil covering: Use mulch to cover the soil, thereby reducing evaporation and erosion.

•

Proper maintenance:

Xeriscapes are generally low maintenance, but some

maintenance is always required; keeping irrigation systems in good working condition is
necessary to continue to keep water use low.
The City of Raton will encourage use of xeriscaping through its public education program and by
providing technical resources on xeriscaping to people who are interested in lowering outdoor
water use.
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9. Summary Recommendations
Based on this assessment of the City of Raton’s water supply, water demand, water rights, and
conservation options, the following recommendations summarize the City’s plans for ensuring
an adequate and sustainable future water supply:
•

Continue to improve metering, and audit water usage to have an accurate understanding
of water use throughout the system, including conducting annual system-wide water
audits using the AWWA methodology.

•

Adopt a water conservation ordinance that updates the City’s drought triggers and
provides enforceable requirements for reducing demand during severe drought or in the
event that there is a priority call on one of the surface water systems.

•

Maintain Capulin Sub-Basin water rights, and develop conceptual design and funding
plans for extraction of Capulin Sub-Basin water.

The City of Raton and Raton Water Works are committed to ensuring wise use of their water
resources and continuing efforts to provide a sustainable supply to the City’s customers. In
managing its water rights, the City has demonstrated a long history of diligent safeguarding and
planning of the use of its water rights, even in the face of basin shortages and vigorous
opposition by other water users. Despite these obstacles, the City has succeeded in developing
a flexible, conjunctively managed system between two basins, and potentially a third, which
enables the City to meet the demands of its residents. The City needs to continue to protect its
rights vigilantly and to find ways to maximize those rights.
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Appendix A
Resolutions Adopting
Plan

Appendix B
Per Capita
Water Use Evaluation

Gallons per Capita - v2.05
Release Date: August 2015
This spreadsheet-based GPCD calculator is designed to help quantify and track water uses associated with water distribution systems. The spreadsheet contains several separate worksheets.
Sheets can be accessed using the tabs towards the bottom of the screen, or by clicking the buttons on the left below. Descriptions of each sheet are also given below.
It should be noted that all the recorded data should be from actual metered results and should not include any estimates.

Value to be entered by user
Look for the following boxes that provide additional information

Dropdown box, pick from list
THE FOLLOWING KEY APPLIES
THROUGHOUT:

Value calculated based on input data

Instructions

Info

No longer available for input

Please begin by providing the following information, then proceed through each sheet:
NAME OF CITY OR UTILITY:

New Mexico

Raton Water Works

Enter the most recent
reporting year:

2018

REPORTING YEARS:
NAME OF CONTACT PERSON:

Dan Campbell

E-MAIL: dcampbell@cityofraton.com

SELECT THE REPORTING UNITS FOR VOLUME DATA:

Instructions & Utility
Census Data

2012
Data can be entered back to:

Gallons (US)

Multi-Family

Multi-Family residential gallons and population

Total Diverted
Reported Data
Annual Performance
Monthly Performance
Definitions

Converter

Census data and the portal to get the data from the Census website
Single-Family residential gallons and population

Reuse

For unit converter click here:

This sheet

Single-Family

ICI & Other Metered

TELEPHONE: 575-445-3861
Ext.

Other data including Commercial, Industrial and Institutional [1.3] and Other metered [1.4] categories
Data related to water reuse projects
Total Production and Diverted Water
The calculated data graphical review of most common performance indicators
The calculated data graphical review of annual performance indicators
The calculated data graphical review of monthly performance indicators
Use this sheet to understand terms used in the audit process

All parties reserve the right to validate the data recorded in this document. This does not bind the OSE or the Utility to the
results. It is a tool used for planning purposes.

If you have questions or comments regarding the software please contact us at: waternm@state.nm.us

NMOSE GPCD Calculator v2.02

1

Census Information Data Table 2.1
Info

Click here to
access the Census
Web site

OR

Click here for
instructions on how to
find the data on the
Census website

2018
TO
2012
Use the most recent census data
Return to Instructions

DATA
US Census Table
DP-1
Subject
Relationship
Housing Occupancy

Description
Profile of General Population and Housing Characteristics

Census Year

In group quarters
Total housing units

Total
Total
Occupied housing units
Vacant housing units

Households by Type Average household size

Total

INPUT
2010
139
3,516
2,963
553
2.28

Formula: Household Size = Total Population / Total Number of Housing Units
Vacancy Rate %

COMMENTS:

NMOSE GPCD Calculator v2.02

15.7%

DATA INPUT SHEET
Return to
Instructions

3. SINGLE-FAMILY RESIDENTIAL (SFR)

Raton Water Works
Instructions

MONTHLY DATA
Info
TABLE 3.1
SFR BILLED WATER CONSUMPTION (Gallons (US))
Year
JAN
FEB
2018
12,179,000
11,947,000
2017
12,205,000
10,645,000
2016
12,254,000
9,962,000
2015
13,965,000
10,698,000
2014
14,331,000
11,047,000
2013
13,419,000
14,812,000
2012
13,896,000
13,543,000

MAR
10,032,000
10,063,000
10,233,000
10,468,000
11,641,000
11,844,000
13,704,000

APR
14,675,000
14,773,000
12,291,000
13,653,000
12,987,000
13,280,000
15,554,000

Info
TABLE 3.2
Total Connections
NUMBER OF SFR CONNECTIONS (Monthly)
Year
JAN
FEB
MAR
APR
2018
2,856
2,853
2,857
2,868
2017
2,852
2,850
2,860
2,867
2016
2,859
2,863
2,867
2,885
2015
2,863
2,863
2,870
2,883
2014
2,892
2,887
2,895
2,901
2013
2,939
2,929
2,930
2,943
2012
2,965
2,969
2,967
2,972

TABLE 3.3
INACTIVE (ZERO USE) SFR CONNECTIONS (Monthly)
Year
JAN
FEB
2018
2017
2016
2015
2014
2013
2012
TABLE 3.4
SFR POPULATION (Monthly)
Year
JAN
2018
5,479
2017
5,473
2016
5,484
2015
5,492
2014
5,552
2013
5,643
2012
5,695

TABLE 3.5
SFR GPCD CALCULATION (Monthly)
Year
JAN
2018
71.71
2017
71.94
2016
72.08
2015
82.02
2014
83.26
2013
76.71
2012
78.71
COMMENTS:

NMOSE GPCD Calculator v2.02

ANNUAL DATA
2018

Info

MAR

MAY
17,840,000
13,866,000
16,517,000
20,265,000
21,642,000
20,510,000
23,287,000

JUN
27,586,000
20,124,000
21,931,000
24,766,000
32,473,000
34,066,000
33,647,000

JUL
30,759,000
31,835,000
30,194,000
21,824,000
30,989,000
31,399,000
42,237,000

AUG
23,184,000
22,565,000
38,559,000
24,724,000
28,374,000
22,933,000
41,704,000

SEP
22,987,000
15,081,000
19,219,000
20,389,000
23,746,000
23,708,000
38,883,000

OCT
15,729,000
18,449,000
22,928,000
22,152,000
22,309,000
17,642,000
26,332,000

TO
NOV
12,931,000
11,822,000
16,473,000
15,168,000
14,452,000
15,005,000
18,669,000

You have chosen to enter Total Connections, enter the monthly values below,
or enter annual values in table 3.8 Check message above Table 3.3 to see if additional data is required.
MAY
JUN
JUL
AUG
SEP
OCT
NOV
2,880
2,886
2,895
2,896
2,900
2,904
2,890
2,871
2,886
2,890
2,888
2,880
2,885
2,870
2,902
2,904
2,908
2,900
2,899
2,891
2,876
2,897
2,910
2,905
2,910
2,899
2,901
2,879
2,913
2,914
2,917
2,919
2,916
2,919
2,906
2,966
2,969
2,968
2,975
2,967
2,960
2,937
2,980
2,982
2,981
2,986
2,982
2,973
2,950

You have entered Total Connections in Table 3.2; enter the number of inactive (zero use) connections below
If values are not entered, an adjustment will be made based on vacancy rates reported in the Census data
APR
MAY
JUN
JUL
AUG
SEP
OCT

NOV

2012
DEC
11,327,000
21,739,000
20,225,000
10,435,000
12,741,000
11,816,000
13,686,000

DEC
2,886
2,861
2,856
2,866
2,868
2,908
2,936

DEC

Formula = (No. of Connections - No. of Zero Use Accounts) * Ave. Household Size
FEB
5,472
5,468
5,493
5,492
5,541
5,621
5,704

MAR
5,481
5,491
5,502
5,508
5,559
5,623
5,700

APR
5,506
5,507
5,544
5,538
5,573
5,652
5,711

MAY
5,533
5,516
5,582
5,570
5,600
5,705
5,729

JUN
5,547
5,550
5,587
5,599
5,603
5,712
5,734

JUL
5,568
5,559
5,596
5,588
5,609
5,709
5,732

AUG
5,570
5,555
5,578
5,599
5,614
5,725
5,743

SEP
5,579
5,537
5,575
5,574
5,607
5,707
5,734

OCT
5,588
5,548
5,557
5,579
5,614
5,691
5,713

NOV
5,556
5,514
5,523
5,529
5,584
5,639
5,661

DEC
5,547
5,493
5,477
5,499
5,498
5,573
5,629

Formula = Billed Water Consumption (SFR only) / Calculated Population (SFR only)
FEB
77.98
69.53
64.77
69.56
71.20
94.12
84.79

MAR
59.04
59.12
59.99
61.30
67.55
67.95
77.56

APR
88.84
89.42
73.91
82.18
77.68
78.31
90.78

MAY
104.00
81.09
95.45
117.37
124.66
115.97
131.12

JUN
165.77
120.86
130.85
147.43
193.20
198.81
195.61

JUL
178.22
184.72
174.05
125.98
178.21
177.40
237.72

AUG
134.27
131.04
223.00
142.43
163.04
129.21
234.25

TABLE 3.6
ANNUAL
CONSUMPTION

TABLE 3.7
ANNUAL
CALCULATION
211,176,000
203,167,000
230,786,000
208,507,000
236,732,000
230,434,000
295,142,000

TABLE 3.8
AVG. ANNUAL
CONNECTIONS

TABLE 3.9
AVG CONN.
CALCULATION
2,881
2,872
2,884
2,887
2,904
2,949
2,970

Info
TABLE 3.10
CALCULATED
GROWTH RATE
0.32%
-0.43%
-0.10%
-0.58%
-1.54%
-0.71%

TABLE 3.11
No. VACANT SFR
CONNECTIONS
453
452
454
454
457
464
467

Info
TABLE 3.12
SIZE OF
HOUSEHOLD
2.28
2.28
2.28
2.28
2.28
2.28
2.28

Info
TABLE 3.13
SFR
POPULATION
5,535
5,518
5,542
5,547
5,580
5,667
5,707

TABLE 3.14
SEP
137.34
90.80
114.90
121.92
141.17
138.47
226.04

OCT
90.80
107.27
133.09
128.09
128.19
100.00
148.67

NOV
77.58
71.47
99.42
91.45
86.27
88.70
109.93

DEC
65.87
127.66
119.11
61.21
74.76
68.40
78.43

Info

ANNUAL SFR GPCD
104.52
100.88
114.10
102.98
116.24
111.41
141.69

DATA INPUT SHEET

Return to
Instructions

4. MULTI-FAMILY RESIDENTIAL (MFR)

Raton Water Works
Instructions

MONTHLY DATA

ANNUAL DATA
2018

Info

TABLE 4.1
MFR BILLED WATER CONSUMPTION (Monthly) (Gallons (US))
Year
JAN
FEB
MAR
2018
1,181,000
1,192,000
1,064,000
2017
1,679,000
1,441,000
1,234,000
2016
2,292,000
1,859,000
1,556,000
2015
2,104,000
1,717,000
1,731,000
2014
2,060,000
1,617,000
1,592,000
2013
1,916,000
2,143,000
1,801,000
2012
1,892,000
1,966,000
2,030,000
TABLE 4.2
NUMBER OF MFR UNITS (Monthly)
Year
JAN
2018
2017
2016
2015
2014
2013
2012

TABLE 4.3
MFR POPULATION (Monthly)
Year
JAN
2018
No Data
2017
No Data
2016
No Data
2015
No Data
2014
No Data
2013
No Data
2012
No Data

TABLE 4.4
MFR GPCD CALCULATION (Monthly)
Year
JAN
2018
No Data
2017
No Data
2016
No Data
2015
No Data
2014
No Data
2013
No Data
2012
No Data

APR
1,208,000
1,464,000
1,472,000
1,800,000
1,480,000
1,947,000
1,722,000

MAY
1,154,000
1,320,000
1,485,000
1,928,000
1,898,000
2,123,000
1,882,000

JUN
1,460,000
1,569,000
1,417,000
1,506,000
1,625,000
2,438,000
2,416,000

JUL
1,633,000
1,763,000
1,751,000
1,843,000
1,931,000
2,103,000
2,423,000

AUG
1,417,000
1,328,000
1,828,000
2,003,000
2,012,000
2,000,000
2,605,000

SEP
1,553,000
1,422,000
1,491,000
1,646,000
1,768,000
1,862,000
2,550,000

OCT
1,256,000
1,537,000
1,556,000
1,837,000
1,977,000
1,649,000
1,906,000

TO

NOV
1,264,000
1,162,000
1,383,000
1,759,000
1,821,000
1,919,000
1,987,000

2012

DEC
1,374,000
1,067,000
1,500,000
1,636,000
1,994,000
1,554,000
1,608,000

If only Current Number of Units is Known, put this number in Table 4.7
FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

Formula = (Number of Units - Vacant MFR Connections) * Ave. Household Size
FEB
No Data
No Data
No Data
No Data
No Data
No Data
No Data

MAR
No Data
No Data
No Data
No Data
No Data
No Data
No Data

APR
No Data
No Data
No Data
No Data
No Data
No Data
No Data

MAY
No Data
No Data
No Data
No Data
No Data
No Data
No Data

JUN
No Data
No Data
No Data
No Data
No Data
No Data
No Data

JUL
No Data
No Data
No Data
No Data
No Data
No Data
No Data

AUG
No Data
No Data
No Data
No Data
No Data
No Data
No Data

SEP
No Data
No Data
No Data
No Data
No Data
No Data
No Data

OCT
No Data
No Data
No Data
No Data
No Data
No Data
No Data

NOV
No Data
No Data
No Data
No Data
No Data
No Data
No Data

DEC
No Data
No Data
No Data
No Data
No Data
No Data
No Data

Formula = MFR Billed Water Consumption (Monthly) / MFR Population (Monthly)
FEB
No Data
No Data
No Data
No Data
No Data
No Data
No Data

NMOSE GPCD Calculator v2.02

MAR
No Data
No Data
No Data
No Data
No Data
No Data
No Data

APR
No Data
No Data
No Data
No Data
No Data
No Data
No Data

MAY
No Data
No Data
No Data
No Data
No Data
No Data
No Data

JUN
No Data
No Data
No Data
No Data
No Data
No Data
No Data

JUL
No Data
No Data
No Data
No Data
No Data
No Data
No Data

AUG
No Data
No Data
No Data
No Data
No Data
No Data
No Data

SEP
No Data
No Data
No Data
No Data
No Data
No Data
No Data

TABLE 4.5
ANNUAL
CONSUMPTION

TABLE 4.6
ANNUAL
CALCULATION
15,756,000
16,986,000
19,590,000
21,510,000
21,775,000
23,455,000
24,987,000

TABLE 4.7
No. CURRENT
UNITS
491

TABLE 4.8
ANNUAL UNIT
CALCULATION
491
489
X
535
535
530
530
533
X
541
X
545
X
X = calculated from Single-family growth-rate data
Info
TABLE 4.9
MFR
POPULATION
943
940
1,028
1,018
1,024
1,040
1,048

TABLE 4.10
VACANT MFR
CONNECTIONS

77
77
84
83
84
85
86

TABLE 4.11
OCT
No Data
No Data
No Data
No Data
No Data
No Data
No Data

NOV
No Data
No Data
No Data
No Data
No Data
No Data
No Data

DEC
No Data
No Data
No Data
No Data
No Data
No Data
No Data

Info

ANNUAL MFR GPCD
45.76
49.49
52.21
57.87
58.25
61.77
65.34

DATA INPUT SHEET

Info

5. INDUSTRIAL, COMMERCIAL & INSTITUTIONAL (ICI) AND OTHER METERED

Return to
Instructions

Raton Water Works

ANNUAL DATA

MONTHLY DATA

Instructions

2018
TABLE 5.1
ICI WATER CONSUMPTION (Gallons (US))
Year
JAN
FEB
2018
5,154,000
4,976,000
2017
6,292,000
5,295,000
2016
5,490,000
4,622,000
2015
5,936,000
4,440,000
2014
6,638,000
4,868,000
2013
5,792,000
5,948,000
2012
6,123,000
6,188,000

TABLE 5.2
OTHER METERED (Gallons (US))
Year
JAN
2018
2017
2016
2015
2014
2013
2012
COMMENTS:

NMOSE GPCD Calculator v2.02

FEB

MAR
4,654,000
4,842,000
4,758,000
4,791,000
5,135,000
6,259,000
6,148,000

APR
5,832,000
6,319,000
5,503,000
5,254,000
5,236,000
7,788,000
5,910,000

MAR

APR

MAY
5,734,000
5,440,000
5,621,000
6,988,000
7,040,000
7,392,000
11,181,000

MAY

JUN
8,069,000
7,810,000
6,718,000
6,334,000
6,755,000
9,703,000
13,956,000

JUN

JUL
8,856,000
11,383,000
8,762,000
7,646,000
9,474,000
9,741,000
12,705,000

JUL

AUG
8,357,000
8,204,000
9,078,000
9,037,000
9,694,000
9,876,000
12,681,000

AUG

SEP
8,192,000
7,927,000
7,184,000
7,155,000
7,837,000
8,064,000
11,118,000

SEP

TO

2012

OCT
6,412,000
6,768,000
7,036,000
7,317,000
7,759,000
9,172,000
8,880,000

NOV
7,343,000
5,867,000
5,930,000
5,353,000
6,072,000
6,381,000
7,705,000

DEC
5,383,000
5,218,000
5,798,000
4,271,000
4,929,000
4,826,000
5,649,000

OCT

NOV

DEC

TABLE 5.3
ICI ANNUAL
CONSUMPTION

TABLE 5.4
ICI GPCD
32.69
33.79
31.24
30.45
33.09
36.39
43.02

TABLE 5.6
OTHER ANNUAL
CONSUMPTION

TABLE 5.7
OTHER
METERED GPCD
N/A
N/A
N/A
N/A
N/A
N/A
N/A

TABLE 5.5
ICI ANNUAL
CALCULATED
78,962,000
81,365,000
76,500,000
74,522,000
81,437,000
90,942,000
108,244,000

TABLE 5.8
OTHER ANNUAL
CALCULATED
N/A
N/A
N/A
N/A
N/A
N/A
N/A

DATA INPUT SHEET

Info

Return to
Instructions

6. REUSE

Raton Water Works

ANNUAL DATA

MONTHLY DATA

Instructions

2018
TABLE 6.1
REUSE DIVERSIONS (Monthly) (Gallons (US))
Year
JAN
FEB
2018
0
467,745
2017
0
0
2016
0
0
2015
0
0
2014
0
0
2013
0
0
2012
0
0

MAR
3,798,050
2,875,498
2,166,424
1,586,723
2,998,574
2,495,138
2,302,112

APR
5,710,819
3,530,298
3,376,933
5,093,061
5,706,219
4,487,634
6,000,352

MAY
9,180,774
5,197,143
5,629,324
6,480,714
8,250,784
9,628,962
10,218,693

JUN
8,753,610
8,392,600
9,668,046
8,114,089
9,118,632
10,501,745
10,350,749

JUL
9,483,951
6,775,472
8,010,586
6,925,254
10,065,260
6,362,758
10,186,878

AUG
8,100,801
5,423,015
5,657,352
5,962,539
9,163,307
8,172,284
11,484,753

SEP
6,677,275
3,577,600
5,100,702
6,754,426
6,604,319
5,034,219
10,862,787

OCT
3,850,394
3,609,680
5,954,450
1,967,367
8,054,204
3,073,857
8,199,199

TO

2012

NOV
401,527
2,643,057
3,464,221
911,074
108,000
0
830,423

TABLE 6.2
REUSE ANNUAL
DIVERSIONS

DEC
0
15,382
0
0
0
0
0

Reuse Volume
Graph 6.1
14,000,000
12,000,000
2
0
1
2
2
0
1
3

Volume

8,000,000
6,000,000
4,000,000
2,000,000
0
JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

Reuse GPCD
Graph 6.2

1.00
0.90
0.80

GPCD

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
2012

NMOSE GPCD Calculator v2.02

2013

2014

2015
Year

2016

2017

2018

REUSE GPCD
N/A
N/A
N/A
N/A
N/A
N/A
N/A

COMMENTS:

10,000,000

TABLE 6.3

DATA INPUT SHEET

Return to
Instructions

7. TOTAL WATER DIVERTED AND SUPPLIED

Raton Water Works

MONTHLY DATA
TABLE 7.1
TOTAL WATER DIVERTED (Monthly) (Gallons (US))
Year
JAN
FEB
2018
21,242,000
19,771,000
2017
23,040,000
19,292,000
2016
21,996,000
19,702,000
2015
24,757,000
21,488,000
2014
24,588,000
21,710,000
2013
29,038,000
25,552,000
2012
27,298,000
24,085,000
TABLE 7.2
IMPORTED WATER (Monthly)(Gallons (US))
Year
JAN
FEB
2018
0
2017
0
2016
0
2015
0
2014
0
2013
0
2012
0

MAR
0
0
0
0
0
0
0

TABLE 7.4
TOTAL WATER SUPPLY (Monthly) (Gallons (US))
Year
JAN
FEB
2018
21,168,000
19,690,000
2017
22,950,000
19,195,000
2016
21,842,000
19,441,000
2015
24,578,000
21,355,000
2014
24,332,000
21,439,000
2013
28,910,000
25,397,000
2012
27,171,000
23,951,000

COMMENTS:

NMOSE GPCD Calculator v2.02

FEB
106
104
103
114
114
132
124

2018
MAR
26,193,000
25,229,000
22,279,000
25,972,000
24,435,000
27,918,000
29,932,000

APR
30,999,000
26,637,000
26,103,000
31,652,000
29,712,000
31,993,000
37,786,000

MAY
44,362,000
32,498,000
35,632,000
30,766,000
42,417,000
53,604,000
52,745,000

JUN
47,291,000
48,183,000
47,345,000
37,740,000
48,247,000
53,250,000
60,627,000

JUL
43,636,000
44,113,000
46,148,000
42,061,000
47,959,000
37,048,000
70,531,000

AUG
37,793,000
27,840,000
33,261,000
35,465,000
38,678,000
43,588,000
58,310,000

SEP
32,040,000
31,630,000
29,392,000
36,783,000
38,738,000
31,455,000
49,602,000

TO

OCT
28,245,000
24,850,000
30,500,000
26,572,000
28,422,000
28,104,000
35,224,000

2012

NOV
21,351,000
22,626,000
22,833,000
21,186,000
24,969,000
24,992,000
31,630,000

DEC
21,621,000
22,368,000
22,455,000
21,597,000
24,583,000
25,003,000
29,373,000

Info

TABLE 7.3
EXPORTED WATER (Monthly) (Gallons (US))
Year
JAN
FEB
2018
74,000
81,000
2017
90,000
97,000
2016
154,000
261,000
2015
179,000
133,000
2014
256,000
271,000
2013
128,000
155,000
2012
127,000
134,000

Table 7.5
SYSTEM TOTAL GPCD (Monthly)
Year
JAN
2018
103
2017
112
2016
105
2015
118
2014
116
2013
136
2012
127

ANNUAL DATA

APR
0
0
0
0
0
0
0

MAY
0
0
0
0
0
0
0

JUN
0
0
0
0
0
0
0

JUL
0
0
0
0
0
0
0

AUG
0
0
0
0
0
0
0

SEP
0
0
0
0
0
0
0

OCT
0
0
0
0
0
0
0

NOV
0
0
0
0
0
0
0

DEC
0
0
0
0
0
0
0

APR
102,000
115,000
122,000
101,000
131,000
163,000
153,000

MAY
123,000
176,000
141,000
159,000
162,000
284,000
364,000

JUN
275,000
368,000
190,000
149,000
298,000
410,000
290,000

JUL
320,000
283,000
520,000
261,000
453,000
362,000
517,000

AUG
330,000
262,000
514,000
361,000
327,000
515,000
619,000

SEP
324,000
178,000
280,000
195,000
262,000
281,000
447,000

OCT
256,000
229,000
220,000
392,000
351,000
288,000
404,000

NOV
1,791,000
103,000
160,000
203,000
299,000
159,000
279,000

DEC
184,000
83,000
114,000
129,000
244,000
115,000
160,000

Formula = Total Water Diverted + Imported water - Exported Water
MAR
26,105,000
25,132,000
22,172,000
25,874,000
24,319,000
27,792,000
29,755,000

MAR
127
123
107
124
116
131
139

APR
30,897,000
26,522,000
25,981,000
31,551,000
29,581,000
31,830,000
37,633,000

APR
156
134
129
157
146
155
182

MAY
44,239,000
32,322,000
35,491,000
30,607,000
42,255,000
53,320,000
52,381,000

MAY
216
158
171
147
202
251
245

JUN
47,016,000
47,815,000
47,155,000
37,591,000
47,949,000
52,840,000
60,337,000

JUN
237
242
234
187
237
257
292

JUL
43,316,000
43,830,000
45,628,000
41,800,000
47,506,000
36,686,000
70,014,000

JUL
211
214
219
201
227
173
328

AUG
37,463,000
27,578,000
32,747,000
35,104,000
38,351,000
43,073,000
57,691,000

AUG
183
135
157
169
183
203
270

SEP
31,716,000
31,452,000
29,112,000
36,588,000
38,476,000
31,174,000
49,155,000

SEP
160
159
145
182
190
152
238

OCT
27,989,000
24,621,000
30,280,000
26,180,000
28,071,000
27,816,000
34,820,000

OCT
136
120
146
126
134
131
163

NOV
19,560,000
22,523,000
22,673,000
20,983,000
24,670,000
24,833,000
31,351,000

NOV
99
114
113
104
122
121
152

TABLE 7.7
ANNUAL TOTAL
DIVERTED CALC
374,544,000
348,306,000
357,646,000
356,039,000
394,458,000
411,545,000
507,143,000

TABLE 7.8
ANNUAL TOTAL
IMPORTED

TABLE 7.9
ANNUAL TOTAL
IMPORT CALC
N/A
N/A
N/A
N/A
N/A
N/A
N/A

TABLE 7.10
ANNUAL TOTAL
EXPORTED

TABLE 7.11
ANNUAL TOTAL
EXPORT CALC
3,948,000
2,081,000
2,783,000
2,360,000
3,170,000
2,986,000
3,671,000

TABLE 7.12
ANNUAL TOTAL
WATER SUPPLY
370,596,000
346,225,000
354,863,000
353,679,000
391,288,000
408,559,000
503,472,000

TABLE 7.13

0
0
0
0
0
0
0

Info

MAR
88,000
97,000
107,000
98,000
116,000
126,000
177,000

TABLE 7.6
ANNUAL TOTAL
DIVERTED

DEC
21,437,000
22,285,000
22,341,000
21,468,000
24,339,000
24,888,000
29,213,000

DEC
104
109
107
103
116
117
137

TOTAL POP. EST.
6,618
6,597
6,709
6,705
6,743
6,846
6,894

Year
2018
2017
2016
2015
2014
2013
2012

TABLE 7.14
SYSTEM TOTAL
GPCD
153.42
143.79
144.92
144.52
158.99
163.50
200.09

Appendix C
Comprehensive
Water Audit, 2018

Appendix C1
Water Audit Results
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AWWA Free Water Audit Software v5.0
American Water Works Association Copyright © 2014, All Rights Reserved.

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.
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
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.
The following guidance will help you complete the Audit

Please begin by providing the following information
Name of Contact Person: Dan Campbell

All audit data are entered on the Reporting Worksheet

Email Address: dcampbell@cityofraton.com

Value can be entered by user

Telephone | Ext.: (575) 445-3861

Value calculated based on input data

Name of City / Utility: Raton Water Works

These cells contain recommended default values

City/Town/Municipality: Raton
State / Province: New Mexico (NM)

Use of Option
(Radio) Buttons:

Country: United States
Year:

2018

Pcnt:

Value:
0.25%

Calendar Year

Start Date:

Enter MM/YYYY numeric format

End Date:

Enter MM/YYYY numeric format

Audit Preparation Date: 6/28/2019

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

Volume Reporting Units: Million gallons (US)
PWSID / Other ID: NM3526704
The following worksheets are available by clicking the buttons below or selecting the tabs along the bottom of the page

Instructions
The current sheet.
Enter contact
information and basic
audit details (year,
units etc)

Grading Matrix
Presents the possible
grading options for
each input component
of the audit

Reporting Worksheet

Comments

Enter the required data
on this worksheet to
calculate the water
balance and data grading

Enter comments to
explain how values
were calculated or to
document data sources

Service Connection
Diagram
Diagrams depicting
possible customer service
connection line
configurations

Definitions
Use this sheet to
understand the terms
used in the audit
process

Performance
Indicators
Review the
performance indicators
to evaluate the results
of the audit

Loss Control
Planning
Use this sheet to
interpret the results of
the audit validity score
and performance
indicators

Water Balance

Dashboard

The values entered in
the Reporting
Worksheet are used to
populate the Water
Balance

A graphical summary of
the water balance and
Non-Revenue Water
components

Example Audits

Acknowledgements

Reporting Worksheet
and Performance
Indicators examples
are shown for two
validated audits

Acknowledgements for
the AWWA Free Water
Audit Software v5.0

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

Instructions 1

AWWA Free Water Audit Software:
Reporting Worksheet
?

Click to access definition

+

Click to add a comment

WAS v5.0
American Water Works Association.
Copyright © 2014, All Rights Reserved.

Water Audit Report for: Raton Water Works (NM3526704)
Reporting Year:
2018
1/2018 - 12/2018

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

All volumes to be entered as: MILLION GALLONS (US) PER YEAR
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.

Master Meter and Supply Error Adjustments

<----------- Enter grading in column 'E' and 'J' ---------->

WATER SUPPLIED
Volume from own sources:
Water imported:
Water exported:

+

?

8

+

?

n/a

+

?

8

374.544 MG/Yr
0.000 MG/Yr
3.948 MG/Yr

+

?

5

+

?

n/a

+

?

Value:
MG/Yr
MG/Yr
MG/Yr

-1.00%

Enter negative % or value for under-registration
Enter positive % or value for over-registration

374.339 MG/Yr

WATER SUPPLIED:

5

Pcnt:
-1.00%

.

AUTHORIZED CONSUMPTION
Billed metered:
Billed unmetered:
Unbilled metered:
Unbilled unmetered:

+

?

7

+

?

n/a

+

?

8

+

?

306.040
0.000
9.092
4.679

?
Click here:
for help using option
buttons below

MG/Yr
MG/Yr
MG/Yr

Pcnt:
1.25%

MG/Yr

Value:
24061

MG/Yr

Default option selected for Unbilled unmetered - a grading of 5 is applied but not displayed
AUTHORIZED CONSUMPTION:

Use buttons to select
percentage of water
supplied
OR
value

319.811 MG/Yr

?

54.528 MG/Yr

WATER LOSSES (Water Supplied - Authorized Consumption)

Pcnt:
0.25%

Apparent Losses
Unauthorized consumption:

+

?

5

0.936 MG/Yr

Value:
MG/Yr

Default option selected for unauthorized consumption - a grading of 5 is applied but not displayed
?
5
Customer metering inaccuracies: +
6.431 MG/Yr
7
Systematic data handling errors: +
?
0.765 MG/Yr
Default option selected for Systematic data handling errors - a grading of 5 is applied but not displayed

Apparent Losses:

?

8.132 MG/Yr

Real Losses (Current Annual Real Losses or CARL)
Real Losses = Water Losses - Apparent Losses:

?

46.396 MG/Yr

2.00%
0.25%

MG/Yr
MG/Yr

54.528 MG/Yr

WATER LOSSES:
NON-REVENUE WATER

68.299 MG/Yr

?

NON-REVENUE WATER:
= Water Losses + Unbilled Metered + Unbilled Unmetered

SYSTEM DATA
Length of mains:
Number of active AND inactive service connections:
Service connection density:

+

?

6

+

?

7

107.0 miles
3,378
32 conn./mile main

?

Are customer meters typically located at the curbstop or property line?
Yes
(length of service line, beyond the property
?
Average length of customer service line: +
ft
boundary, that is the responsibility of the utility)
Average length of customer service line has been set to zero and a data grading score of 10 has been applied
Average operating pressure: +
5
85.0 psi
?

COST DATA
Total annual cost of operating water system:
Customer retail unit cost (applied to Apparent Losses):
Variable production cost (applied to Real Losses):

+

?

8

+

?

8

+

?

4

$2,300,000 $/Year
$2.74 $/1000 gallons (US)
$299.40 $/Million gallons

Use Customer Retail Unit Cost to value real losses

WATER AUDIT DATA VALIDITY SCORE:

*** YOUR SCORE IS: 70 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
PRIORITY AREAS FOR ATTENTION:
Based on the information provided, audit accuracy can be improved by addressing the following components:
1: Volume from own sources
2: Variable production cost (applied to Real Losses)
3: Customer metering inaccuracies

AWWA Free Water Audit Software v5.0

Reporting Worksheet
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WAS v5.0

AWWA Free Water Audit Software:
System Attributes and Performance Indicators

American Water Works Association.
Copyright © 2014, All Rights Reserved.

Water Audit Report for: Raton Water Works (NM3526704)
2018
1/2018 - 12/2018
Reporting Year:
*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 70 out of 100 ***
System Attributes:
Apparent Losses:
Real Losses:

8.132 MG/Yr
46.396 MG/Yr

Water Losses:

54.528 MG/Yr

Unavoidable Annual Real Losses (UARL):

33.68 MG/Yr

+
=
?

Annual cost of Apparent Losses:

$22,282

Annual cost of Real Losses:

$13,891

Valued at Variable Production Cost
Return to Reporting Worksheet to change this assumption

Performance Indicators:
Financial:

Non-revenue water as percent by volume of Water Supplied:
Non-revenue water as percent by cost of operating system:

Operational Efficiency:

1.8% Real Losses valued at Variable Production Cost

Apparent Losses per service connection per day:

6.60 gallons/connection/day

Real Losses per service connection per day:

N/A gallons/connection/day

Real Losses per length of main per day*:
Real Losses per service connection per day per psi pressure:
From Above, Real Losses = Current Annual Real Losses (CARL):
?

18.2%

Infrastructure Leakage Index (ILI) [CARL/UARL]:

1,187.96 gallons/mile/day
N/A gallons/connection/day/psi
46.40 million gallons/year
1.38

* 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 v5.0

Performance Indicators
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AWWA Free Water Audit Software:
User Comments

WAS v5.0
American Water Works Association.
Copyright © 2014, All Rights Reserved.

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.

General Comment:

Comment

Audit Item

Volume from own sources:

This is the total flow value for 2018 (influent-backwash), and data were obtained from Geneva Trujillo at Raton Water Works. For the grading value, 8 was entered.
Raton runs an in-house annual calibration of the meters based on tank drawdown of the raw water reservoir.

Vol. from own sources: Master meter
A meter error adjustment of -1.0% has been used, but this is not based on any meter testing results.
error adjustment:

Water imported: No water is imported.

Water imported: master meter error
NA (no water is imported).
adjustment:

Water exported: This is the sum of the 2018 totals for the Carisbrook and Trail Canyon volumes, and data were obtained from Geneva Trujillo at Raton Water Works.

Water exported: master meter error
A meter error adjustment of -1.0% has been used, but this is not based on any meter testing results.
adjustment:

Billed metered:

This is the total billed metered value for 2018 (summing all sectors excpet the W sector = reuse). The total does include the X sector = construction use (hydrants).
Exported water is not included.

Billed unmetered: NA (there is no billed unmetered water use).

Unbilled metered:

This is the total volume of non-revenue water for 2018, which is the volume of water used for City buildings and parks (unbilled metered). The data were obtained
from Geneva Trujillo at Raton Water Works.

AWWA Free Water Audit Software v5.0

Comments

4

Comment

Audit Item

Unbilled unmetered: Used the default value of 1.25%.

Unauthorized consumption: Used the default value of 0.25%.

Customer metering inaccuracies: We assumed that customer meters are underreporting by 2% (this is an estimate).

Systematic data handling errors: Used the default value of 0.25%.

Length of mains: This is the length of mains for the treated water system, and the data were obtained from Dan Campbell at Raton Water Works.

Number of active AND inactive This was the total number of connections in all sectors in December 2018 (the value is the sum of the Tot-Addrs values from the Consumption Summary Report for
service connections: all sectors in December 2018).

Average length of customer service
Customer meters are located at the curb in Raton (answered Yes and no length was entered).
line:

Average operating pressure: The average operating pressure was obtained from Dan Campbell at Raton Water Works.

Total annual cost of operating water
$2.3 million per the 2017-2018 and 2018-2019 budgets.
system:
A weighted average unit cost was calculated by taking the 2018 water unit charges by sector x the percentage that each sector accounted for of the total billed water
Customer retail unit cost (applied to volume. The water rates that went into effect on August 1, 2018 were used. Fixed fees were not included, and the lower charge per 1,000 gallons was used for
Apparent Losses): those sectors where there is a stepped rate. The reuse volumes were not included in the total, and reuse rates were not used in the calculation.
This value was calculated by dividing the 2018 actual treatment and power costs (sum of filter plant supplies, filter plant utilities, natural gas, and Cimarron line
Variable production cost (applied to
utilities costs; $112,137.67) by the volume of water from own sources, since this is the volume of water that was treated (374.544 million gallons) =$299.40/million
Real Losses):
gallons.

AWWA Free Water Audit Software v5.0

Comments
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AWWA Free Water Audit Software: Water Balance

WAS v5.0
American Water Works Association.
Copyright © 2014, All Rights Reserved.

Water Audit Report for: Raton Water Works (NM3526704)
Reporting Year: 2018
Data Validity Score: 70
Water Exported

1/2018 - 12/2018

Revenue Water

Billed Water Exported

3.988
Billed Authorized Consumption

3.988

Billed Metered Consumption (water exported
is removed)

Revenue Water

306.040
Authorized
Consumption

Own Sources

306.040

Billed Unmetered Consumption

306.040
0.000

(Adjusted for known
errors)

319.811

Unbilled Authorized Consumption
13.771

378.327

Unbilled Metered Consumption
9.092

Non-Revenue Water
(NRW)

Unbilled Unmetered Consumption
4.679

System Input

Water Supplied

Unauthorized Consumption
Apparent Losses
8.132

378.327
374.339

68.299
0.936

Customer Metering Inaccuracies
6.431
Systematic Data Handling Errors

Water Losses
Water Imported

54.528
Real Losses

0.000

46.396

AWWA Free Water Audit Software v5.0

0.765
Leakage on Transmission and/or Distribution
Mains
Not broken down
Leakage and Overflows at Utility's Storage
Tanks
Not broken down
Leakage on Service Connections
Not broken down

Water Balance
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AWWA Free Water Audit Software: Grading Matrix

WAS 5.0
American Water Works Association. Copyright © 2014, All Rights Reserved.

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
Grading >>>

n/a

1

2

3

4

5

6

7

8

9

10

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.

WATER SUPPLIED

Select this grading only if Less than 25% of water production
25% - 50% of treated water
50% - 75% of treated water
the water utility
sources are metered, remaining
production sources are metered;
production sources are metered,
Conditions between
Volume from own sources: purchases/imports all of its sources are estimated. No regular other sources estimated. No regular
other sources estimated. Occasional
2 and 4
water resources (i.e. has meter accuracy testing or electronic meter accuracy testing or electronic
meter accuracy testing or electronic
no sources of its own)
calibration conducted.
calibration conducted.
calibration conducted.

to qualify for 2:
Organize and launch efforts to
collect data for determining volume
from own sources

Improvements to attain higher
data grading for "Volume from
own Sources" component:

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.

No automatic datalogging of
production volumes; daily readings
are scribed on paper records without
Inventory information on meters and any accountability controls. Flows
Select n/a only if the water paper records of measured volumes are not balanced across the water
Volume from own sources
Conditions between
master meter and supply error utility fails to have meters exist but are incomplete and/or in a
distribution system: tank/storage
2 and 4
adjustment:
on its sources of supply
very crude condition; data error
elevation changes are not employed
cannot be determined
in calculating the "Volume from own
sources" component and archived
flow data is adjusted only when
grossly evident data error occurs.

Improvements to attain higher
data grading for "Master meter
and supply error adjustment"
component:

Water Imported:

Select n/a if the water
utility's supply is
exclusively from its own
water resources (no bulk
purchased/ imported
water)

Conditions between
4 and 6

At least 75% of treated water
production sources are metered, or at
100% of treated water production
least 90% of the source flow is derived
sources are metered, meter accuracy
from metered sources. Meter
Conditions between testing and electronic calibration of
accuracy testing and/or electronic
6 and 8
related instrumentation is conducted
calibration of related instrumentation is
annually, less than 10% of meters are
conducted annually. Less than 25% of
found outside of +/- 6% accuracy
tested meters are found outside of +/6% accuracy.

to qualify for 8:
to qualify for 6:
Conduct annual meter accuracy testing and calibration of
Formalize annual meter accuracy testing for all source
related instrumentation on all meter installations on a regular
meters; specify the frequency of testing. Complete
basis. Complete project to install new, or replace defective
installation of meters on unmetered water production sources existing, meters so that entire production meter population is
and complete replacement of all obsolete/defective meters.
metered. Repair or replace meters outside of +/- 6%
accuracy.

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

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.

Hourly production meter data logged
Continuous production meter data is
automatically & reviewed on at least a
logged automatically & reviewed each
weekly basis. Data is adjusted to
business day. Data is adjusted to
correct gross error when
correct gross error from detected
meter/instrumentation equipment
meter/instrumentation equipment
malfunction is detected; and/or error is
Conditions between malfunction and/or results of meter
confirmed by meter accuracy testing.
6 and 8
accuracy testing. Tank/storage facility
Tank/storage facility elevation changes
elevation changes are automatically
are automatically used in calculating a
used in "Volume from own sources"
balanced "Volume from own sources"
tabulations and data gaps in the
component, and data gaps in the
archived data are corrected on a daily
archived data are corrected on at least
basis.
a weekly basis.

Conditions between
8 and 10

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.

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.

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
to qualify for 4:
development of more accurate and less
Install automatic datalogging equipment on production
expensive flowmeters. Continue to
to qualify for 6:
to qualify for 8:
to qualify for 10:
meters. Complete installation of level instrumentation at all
replace or repair meters as they
Refine computerized data collection and archive to include Ensure that all flow data is collected and archived on at least Link all production and tank/storage facility elevation change
tanks/storage facilities and include tank level data in
perform outside of desired accuracy
automatic calculation routine in a computerized system.
hourly production meter data that is reviewed at least on a
an hourly basis. All data is reviewed and detected errors
data to a Supervisory Control & Data Acquisition (SCADA)
limits. Stay abreast of new and more
weekly basis to detect specific data anomalies and gaps. corrected each business day. Tank/storage levels variations System, or similar computerized monitoring/control system,
Construct a computerized listing or spreadsheet to archive
accurate water level instruments to
Use daily net storage change to balance flows in calculating
are employed in calculating balanced "Water Supplied"
and establish automatic flow balancing algorithm and regularly
input volumes, tank/storage volume changes and
better record tank/storage levels and
import/export flows in order to determine the composite
"Water Supplied" volume. Necessary corrections to data
component. Adjust production meter data for gross error
calibrate between SCADA and source meters. Data is
archive the variations in storage volume.
"Water Supplied" volume for the distribution system. Set a
errors are implemented on a weekly basis.
and inaccuracy confirmed by testing.
reviewed and corrected each business day.
Keep current with SCADA and data
procedure to review this data on a monthly basis to detect
management systems to ensure that
gross anomalies and data gaps.
archived data is well-managed and error
free.

Less than 25% of imported water
sources are metered, remaining
sources are estimated. No regular
meter accuracy testing.

25% - 50% of imported water
50% - 75% of imported water
sources are metered; other sources Conditions between sources are metered, other sources
estimated. No regular meter
2 and 4
estimated. Occasional meter
accuracy testing.
accuracy testing conducted.

Conditions between
4 and 6

At least 75% of imported water
100% of imported water sources are
sources are metered, meter accuracy
metered, meter accuracy testing and
testing and/or electronic calibration of
Conditions between
electronic calibration of related
related instrumentation is conducted
6 and 8
instrumentation is conducted annually,
annually for all meter installations.
less than 10% of meters are found
Less than 25% of tested meters are
outside of +/- 6% accuracy
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 semiannually 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 maintain 10:
to qualify for 2:
Standardize meter accuracy test
to qualify for 6:
to qualify for 8:
to qualify for 10:
Review bulk water purchase
frequency to semi-annual, or more
Formalize annual meter accuracy testing for all imported
Complete project to install new, or replace defective, meters
To qualify for 4:
Conduct meter accuracy testing for all meters on a semiagreements with partner suppliers;
frequent, for all meters. Continue to
Locate all imported water sources on maps and in the field,
water meters, planning for both regular meter accuracy
on all imported water interconnections. Maintain annual
annual basis, along with calibration of all related
confirm requirements for use and
conduct calibration of related
launch meter accuracy testing for existing meters, begin to
testing and calibration of the related instrumentation.
meter accuracy testing for all imported water meters and
instrumentation. Repair or replace meters outside of +/- 3%
maintenance of accurate metering.
instrumentation on a semi-annual basis.
install meters on unmetered imported water
Continue installation of meters on unmetered imported water
conduct calibration of related instrumentation at least
accuracy. Investigate new meter technology; pilot one or more
Identify needs for new or
Repair or replace meters outside of +/interconnections and replace obsolete/defective meters.
interconnections and replacement of obsolete/defective
annually. Repair or replace meters outside of +/- 6%
replacements with innovative meters in attempt to improve
replacement meters with goal to
3% accuracy. Continually
meters.
accuracy.
meter accuracy.
meter all imported water sources.
investigate/pilot improving metering
technology.
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Grading >>>

n/a

1

2

3

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.

5

6

7

8

Hourly Imported supply metered data
Continuous Imported supply metered
is logged automatically & reviewed on
flow data is logged automatically &
at least a weekly basis by the Exporter.
reviewed each business day by the
Data is adjusted to correct gross error
Exporter. Data is adjusted to correct
when meter/instrumentation equipment
gross error from detected
malfunction is detected; and to correct
meter/instrumentation equipment
Conditions between
Conditions between
for error confirmed by meter accuracy
4 and 6
malfunction and/or results of meter
6 and 8
testing. Any data gaps in the archived
accuracy testing. Any data
data are detected and corrected during
errors/gaps are detected and
the weekly review. A coherent data
corrected on a daily basis. A data trail
trail exists for this process to protect
exists for the process to protect both
both the selling and the purchasing
the selling and the purchasing Utility.
Utility.

9

10

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.

Select n/a if the Imported
water supply is
unmetered, with Imported
Water imported master meter
water quantities estimated
and supply error adjustment:
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.

Improvements to attain higher
data grading for "Water
imported master meter and
supply error adjustment"
component:

to qualify for 2:
to maintain 10:
Develop a plan to restructure
to qualify for 10:
recordkeeping system to capture all
Monitor meter innovations for
to qualify for 4:
Conduct accountability checks to confirm that all Imported
flow data; set a procedure to review
development of more accurate and less
to qualify for 6:
Install automatic datalogging equipment on Imported
to qualify for 8:
supply metered data is reviewed and corrected each business
expensive flowmeters; work with the
flow data on a daily basis to detect
supply meters. Set a procedure to review this data on a
Refine computerized data collection and archive to include
Ensure that all Imported supply metered flow data is
day by the Exporter. Results of all meter accuracy tests and
Exporter to help identify meter
input errors. Obtain more reliable
monthly basis to detect gross anomalies and data gaps. hourly Imported supply metered flow data that is reviewed at
collected and archived on at least an hourly basis. All data is data corrections should be available for sharing between the
replacement needs. Keep
information about existing meters by
Launch discussions with the Exporters to jointly review least on a weekly basis to detect specific data anomalies and
reviewed and errors/data gaps are corrected each business Exporter and the purchasing Utility. Establish a schedule for a
communication lines with Exporters
conducting field inspections of
terms of the written agreements regarding meter accuracy gaps. Make necessary corrections to errors/data errors on a
day.
regular review and updating of the contractual language in the open and maintain productive relations.
meters and related instrumentation,
weekly basis.
testing and data management; revise the terms as
written agreement between the selling and the purchasing
Keep the written agreement current with
and obtaining manufacturer
necessary.
Utility; at least every five years.
literature. Review the written
clear and explicit language that meets
agreement between the selling and
the ongoing needs of all parties.
purchasing Utility.

Water Exported:

Select n/a if the water
Less than 25% of exported water
utility sells no bulk water to sources are metered, remaining
neighboring water utilities sources are estimated. No regular
(no exported water sales)
meter accuracy testing.

No automatic datalogging of
imported supply volumes; daily
readings are scribed on paper
records without any accountability
controls to confirm data accuracy
Conditions between
2 and 4
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.

25% - 50% of exported water
50% - 75% of exported water
sources are metered; other sources Conditions between sources are metered, other sources
estimated. No regular meter
2 and 4
estimated. Occasional meter
accuracy testing.
accuracy testing conducted.

Conditions between
4 and 6

At least 75% of exported water
100% of exported water sources are
sources are metered, meter accuracy
metered, meter accuracy testing and
testing and/or electronic calibration
Conditions between
electronic calibration of related
conducted annually. Less than 25% of
6 and 8
instrumentation is conducted annually,
tested meters are found outside of +/less than 10% of meters are found
6% accuracy.
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 semiannually 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:
to qualify for 8:
To qualify for 4:
to qualify for 6:
to qualify for 10:
Review bulk water sales agreements
Locate all exported water sources on maps and in field,
Formalize annual meter accuracy testing for all exported
Complete project to install new, or replace defective, meters Maintain annual meter accuracy testing for all meters. Repair
with purchasing utilities; confirm
on all exported water interconnections. Maintain annual
or replace meters outside of +/- 3% accuracy. Investigate new
requirements for use & upkeep of launch meter accuracy testing for existing meters, begin to water meters. Continue installation of meters on unmetered
install meters on unmetered exported water
exported water interconnections and replacement of
meter accuracy testing for all exported water meters. Repair
meter technology; pilot one or more replacements with
accurate metering. Identify needs to
interconnections and replace obsolete/defective meters
obsolete/defective meters.
or replace meters outside of +/- 6% accuracy.
innovative meters in attempt to improve meter accuracy.
install new, or replace defective
meters as needed.

Inventory information on exported
meters and paper records of
measured volumes exist but are
Select n/a only if the water incomplete and/or in a very crude
Water exported master meter utility fails to have meters
condition; data error cannot be
on its exported supply
determined Written agreement(s)
and supply error adjustment:
interconnections.
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
Conditions between
and the absence of errors and data
2 and 4
gaps in recorded volumes. Written
agreement requires meter accuracy
testing but is vague on the details of
how and who conducts the testing.

Exported metered flow data is logged
Hourly exported supply metered data is
automatically in electronic format and
logged automatically & reviewed on at
reviewed at least on a monthly basis,
least a weekly basis by the utility selling
with necessary corrections
the water. Data is adjusted to correct
implemented. Meter data is adjusted
gross error when
by the utility selling (exporting) the
meter/instrumentation equipment
water when gross data errors are
Conditions between malfunction is detected; and to correct Conditions between
detected. A coherent data trail exists
for error found by meter accuracy
4 and 6
6 and 8
for this process to protect both the
testing. Any data gaps in the archived
utility exporting the water and the
data are detected and corrected during
purchasing Utility. Written agreement
the weekly review. A coherent data
exists and clearly states requirements
trail exists for this process to protect
and roles for meter accuracy testing
both the selling (exporting) utility and
and data management.
the purchasing Utility.
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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

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.

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.

Grading Matrix
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Grading >>>

n/a

1

2

3

4

5

6

7

8

9

to qualify for 2:
Develop a plan to restructure
recordkeeping system to capture all
to qualify for 10:
to qualify for 4:
flow data; set a procedure to review
Conduct accountability checks to confirm that all exported
to qualify for 6:
flow data on a daily basis to detect Install automatic datalogging equipment on exported supply
metered flow data is reviewed and corrected each business
to qualify for 8:
input errors. Obtain more reliable meters. Set a procedure to review this data on a monthly Refine computerized data collection and archive to include
day by the utility selling the water. Results of all meter
information about existing meters by basis to detect gross anomalies and data gaps. Launch hourly exported supply metered flow data that is reviewed at Ensure that all exported metered flow data is collected and
accuracy tests and data corrections should be available for
discussions with the purchasing utilities to jointly review least on a weekly basis to detect specific data anomalies and archived on at least an hourly basis. All data is reviewed and
conducting field inspections of
sharing between the utility and the purchasing Utility. Establish
errors/data gaps are corrected each business day.
meters and related instrumentation, terms of the written agreements regarding meter accuracy gaps. Make necessary corrections to errors/data errors on a
a schedule for a regular review and updating of the contractual
testing and data management; revise the terms as
weekly basis.
and obtaining manufacturer
language in the written agreements with the purchasing utilities;
necessary.
literature. Review the written
at least every five years.
agreement between the utility selling
(exporting) the water and the
purchasing Utility.

Improvements to attain higher
data grading for "Water
exported master meter and
supply error adjustment"
component:

10

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.

AUTHORIZED CONSUMPTION

Billed metered:

Improvements to attain higher
data grading for "Billed
Metered Consumption"
component:

Billed unmetered:

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.

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.

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

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 75% of customers with
volume-based, billing from meter
At least 50% of customers with
reads; flat or fixed rate billing for
remaining accounts. Manual meter
volume-based billing from meter
reading is conducted with at least
reads; flat rate billing for others.
50% meter read success rate;
Manual meter reading is conducted,
with less than 50% meter read
consumption for accounts with failed
Conditions between
reads is estimated. Purchase
success rate, remainding accounts'
2 and 4
records verify age of customer
consumption is estimated. Limited
meter records, no regular meter
meters; only very limited meter
accuracy testing is conducted.
testing or replacement. Billing data
Customer meters are replaced only
maintained on paper records, with no
auditing.
upon complete failure. Computerized
billing records exist, but only sporadic
internal auditing conducted.

Conditions between
4 and 6

At least 90% of customers with volumebased 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
Conditions between
reads is estimated. Good customer
6 and 8
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.

to qualify for 8:
Purchase and install meters on unmetered accounts. If
to qualify for 6:
customer meter reading success rate is less than 97%,
to qualify for 4:
to qualify for 2:
Purchase and install meters on unmetered accounts.
assess cost-effectiveness of Automatic Meter Reading
Purchase and install meters on unmetered accounts.
Conduct investigations or trials of
Eliminate flat fee billing and establish appropriate water rate (AMR) or Advanced Metering Infrastructure (AMI) system for
Implement policies to improve meter reading success.
customer meters to select
structure based upon measured consumption. Continue to
portion or entire system; or otherwise achieve ongoing
Catalog meter information during meter read visits to
appropriate meter models. Budget
achieve verifiable success in removing manual meter reading improvements in manual meter reading success rate to 97%
identify age/model of existing meters. Test a minimal
funding for meter installations.
barriers. Expand meter accuracy testing. Launch regular
or higher. Refine meter accuracy testing program. Set
Investigate volume based water rate number of meters for accuracy. Install computerized billing
meter replacement program. Launch a program of annual meter replacement goals based upon accuracy test results.
system.
structures.
Implement annual auditing of detailed billing records by utility
auditing of global billing statistics by utility personnel.
personnel and implement third party auditing at least once
every five years.

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 Conditions between
dataloggers over one, three, or
2 and 4
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.

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
Conditions between
water utility is in transition to
4 and 6
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.
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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 Conditions between
6 and 8
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.

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.

to maintain 10:
Continue annual internal billing data
auditing, and third party auditing at least
to qualify for 10:
every three years. Continue customer
Purchase and install meters on unmetered accounts. Launch
meter accuracy testing to ensure that
Automatic Meter Reading (AMR) or Advanced Metering
accurate customer meter readings are
Infrastructure (AMI) system trials if manual meter reading
obtained and entered as the basis for
success rate of at least 99% is not achieved within a five-year
volume based billing. Stay abreast of
program. Continue meter accuracy testing program. Conduct
improvements in Automatic Meter
planning and budgeting for large scale meter replacement
Reading (AMR) and Advanced Metering
based upon meter life cycle analysis using cumulative flow
Infrastructure (AMI) and information
target. Continue annual detailed billing data auditing by utility
management. Plan and budget for
personnel and conduct third party auditing at least once every
justified upgrades in metering, meter
three years.
reading and billing data management to
maintain very high accuracy in customer
metering and billing.

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.

Grading Matrix
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n/a

Improvements to attain higher
data grading for "Unbilled
Metered Consumption"
component:

Unbilled unmetered:

Improvements to attain higher
data grading for "Unbilled
Unmetered Consumption"
component:

2

3

to qualify for 2:
Conduct research and evaluate
cost/benefit of a new water utility
to qualify for 4:
policy to require metering of the
Implement a new water utility policy requiring customer
customer population; thereby greatly
metering. Launch or expand pilot metering study to include
reducing or eliminating unmetered
several different meter types, which will provide data for
accounts. Conduct pilot metering
economic assessment of full scale metering options.
project by installing water meters in
Assess sites with access difficulties to devise means to
small sample of customer accounts
obtain water consumption volumes. Begin customer meter
and periodically reading the meters
installation.
or datalogging the water
consumption over one, three, or
seven day periods.

Improvements to attain higher
data grading for "Billed
Unmetered Consumption"
component:

Unbilled metered:

1

select n/a if all billingexempt 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
Conditions between
meter reading occurs on an as2 and 4
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.

4

5

Extent of unbilled, unmetered
consumption is unknown due to
unclear policies and poor
recordkeeping. Total consumption
is quantified based upon a purely
subjective estimate.

7

8

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 Conditions between
is sporadic. Consumption is
4 and 6
quantified from meter readings where
available. The total number of
unbilled, unmetered accounts must
be estimated along with consumption
volumes.

Written policies regarding billing
Written policy identifies the types of
exemptions exist but adherence in
accounts granted a billing exemption.
practice is questionable. Metering and
Customer meter management and
meter reading for municipal buildings is
meter reading are considered
reliable but sporadic for other unbilled
Conditions between secondary priorities, but meter reading
metered accounts. Periodic auditing of
6 and 8
is conducted at least annually to obtain
such accounts is conducted. Water
consumption volumes for the annual
consumption is quantified directly from
water audit. High level auditing of
meter readings where available, but
billing records ensures that a reliable
the majority of the consumption is
census of such accounts exists.
estimated.

10

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.

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.

to maintain 10:
Reassess the utility's philosophy in
to qualify for 8:
to qualify for 10:
allowing any water uses to go "unbilled".
Communicate billing exemption policy throughout the
Ensure that meter management (meter accuracy testing,
It is possible to meter and bill all
organization and implement procedures that ensure proper
meter replacement) and meter reading activities for unbilled
accounts, even if the fee charged for
account management. Conduct inspections of accounts
accounts are accorded the same priority as billed accounts.
water consumption is discounted or
confirmed in unbilled metered status and verify that accurate
Establish ongoing annual auditing process to ensure that water
waived. Metering and billing all
meters exist and are scheduled for routine meter readings.
consumption is reliably collected and provided to the annual
accounts ensures that water
Gradually increase the number of unbilled metered accounts
water audit process.
consumption is tracked and water waste
that are included in regular meter reading routes.
from plumbing leaks is detected and
minimized.

Clear policies and good recordkeeping
exist for some uses (ex: water used in
Extent of unbilled, unmetered
periodic testing of unmetered fire
Coherent policies exist for some forms
consumption is partially known, and
connections), but other uses (ex:
of unbilled, unmetered consumption
procedures exist to document certain
miscellaneous uses of fire hydrants)
but others await closer evaluation.
events such as miscellaneous fire
Default value of
have limited oversight. Total
Conditions between
Reasonable recordkeeping for the
Conditions between
hydrant uses. Formulae is used to 1.25% of system input
consumption is a mix of well quantified
2 and 4
managed uses exists and allows for
6 and 8
quantify the consumption from such volume is employed
use such as from formulae (time
annual volumes to be quantified by
events (time running multiplied by
running multiplied by typical flow,
inference, but unsupervised uses are
typical flowrate, multiplied by number
multiplied by number of events) or
guesstimated.
of events).
temporary meters, and relatively
subjective estimates of less regulated
use.

to qualify for 5:
Utilize the accepted default value of
to qualify for 5:
1.25% of the volume of water
Utilize accepted default value of 1.25% of the volume of
supplied as an expedient means to
water supplied as an expedient means to gain a
gain a reasonable quantification of
reasonable quantification of this use.
this use.
to qualify for 4:
to qualify for 2:
Evaluate the documentation of events that have been
Establish a policy regarding what
water uses should be allowed to observed. Meet with user groups (ex: for fire hydrants - fire
departments, contractors to ascertain their need and/or
remain as unbilled and unmetered.
volume requirements for water from fire hydrants).
Consider tracking a small sample of
one such use (ex: fire hydrant
flushings).

9

to qualify for 8:
to qualify for 6:
Push to install customer meters on a full scale basis. Refine
to qualify for 10:
to maintain 10:
Refine policy and procedures to improve customer metering
metering policy and procedures to ensure that all accounts,
Continue customer meter installation throughout the service
Continue to refine estimation methods
participation for all but solidly exempt accounts. Assign staff
including municipal properties, are designated for meters. area, with a goal to minimize unmetered accounts. Sustain the for unmetered consumption and explore
resources to review billing records to identify errant
Plan special efforts to address "hard-to-access" accounts.
effort to investigate accounts with access difficulties, and
means to establish metering, for as
unmetered properties. Specify metering needs and funding
Implement procedures to obtain a reliable consumption
devise means to install water meters or otherwise measure
many billed remaining unmetered
requirements to install sufficient meters to significant reduce
estimate for the remaining few unmetered accounts awaiting
water consumption.
accounts as is economically feasible.
the number of unmetered accounts
meter installation.

to qualify for 2:
to qualify for 4:
Reassess the water utility's policy
to qualify for 6:
Review historic written directives and policy documents
allowing certain accounts to be
Draft a new written policy regarding billing exemptions based
granted a billing exemption. Draft an allowing certain accounts to be billing-exempt. Draft an
upon consensus criteria allowing this occurrence. Assign
outline of a written policy for billing exemptions, identify
outline of a new written policy for
resources to audit meter records and billing records to obtain
criteria that grants an exemption, with a goal of keeping this
billing exemptions, with clear
census of unbilled metered accounts. Gradually include a
justification as to why any accounts number of accounts to a minimum. Consider increasing
greater number of these metered accounts to the routes for
should be exempt from billing, and the priority of reading meters on unbilled accounts at least
regular meter reading.
annually.
with the intention to keep the number
of such accounts to a minimum.

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.

6

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.

to qualify for 6 or
greater:
to qualify for 8:
Finalize policy and
to maintain 10:
Assess water utility policy and procedures for various
to qualify for 10:
begin to conduct field
Continue to refine policy and procedures
unmetered usages. For example, ensure that a policy exists Refine written procedures to ensure that all uses of unbilled,
checks to better
with intention of reducing the number of
and permits are issued for use of fire hydrants by persons
unmetered water are overseen by a structured permitting
establish and quantify
allowable uses of water in unbilled and
outside of the utility. Create written procedures for use and process managed by water utility personnel. Reassess policy
such usage. Proceed
unmetered fashion. Any uses that can
to determine if some of these uses have value in being
documentation of fire hydrants by water utility personnel.
if top-down audit
feasibly become billed and metered
Use same approach for other types of unbilled, unmetered
converted to billed and/or metered status.
exists and/or a great
should be converted eventually.
water usage.
volume of such use is
suspected.

APPARENT LOSSES
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Unauthorized consumption:

Improvements to attain higher
data grading for "Unauthorized
Consumption" component:

Customer metering
inaccuracies:

n/a

1

2

3

Unauthorized consumption is a
known occurrence, but its extent is a
Extent of unauthorized consumption
mystery. There are no requirements
is unknown due to unclear policies
to document observed events, but conditions between
and poor recordkeeping. Total
periodic field reports capture some of
2 and 4
unauthorized consumption is
these occurrences. Total
guesstimated.
unauthorized consumption is
approximated from this limited data.

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:
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)

Poor recordkeeping and meter
oversight is recognized by water
Customer meters exist, but with
utility management who has allotted
unorganized paper records on
staff and funding resources to
select n/a only if the entire meters; no meter accuracy testing
organize improved recordkeeping
customer population is
or meter replacement program for
and start meter accuracy testing.
Conditions between
unmetered. In such a case any size of retail meter. Metering
2 and 4
Existing paper records gathered and
the volume entered must workflow is driven chaotically with no
organized to provide cursory
be zero.
proactive management. Loss
disposition of meter population.
volume due to aggregate meter
Customer meters are tested for
inaccuracy is guesstimated.
accuracy only upon customer
request.

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).

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.

5

Default value of
0.25% of volume of
water supplied is
employed

6

7

8

Clear policies and good auditable
Coherent policies exist for some forms
recordkeeping exist for certain events
of unauthorized consumption (more
(ex: tampering with water meters,
than simply fire hydrant misuse) but
illegal bypasses of customer meters);
others await closer evaluation.
Conditions between
but other occurrences have limited
Reasonable surveillance and
6 and 8
oversight. Total consumption is a
recordkeeping exist for occurrences
combination of volumes from formulae
that fall under the policy. Volumes
(time x typical flow) and subjective
quantified by inference from these
estimates of unconfirmed
records.
consumption.

9

10

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.

to qualify for 6 or
greater:
Finalize policy updates
to clearly identify the
types of water
consumption that are
to quality for 8:
to maintain 10:
authorized from those
to qualify for 10:
Assess water utility policies to ensure that all known
Continue to refine policy and procedures
usages that fall
occurrences of unauthorized consumption are outlawed, and Refine written procedures and assign staff to seek out likely
to eliminate any loopholes that allow or
outside of this policy
that appropriate penalties are prescribed. Create written
occurrences of unauthorized consumption. Explore new
tacitly encourage unauthorized
and are, therefore,
procedures for detection and documentation of various
locking devices, monitors and other technologies designed to consumption. Continue to be vigilant in
unauthorized. Begin
occurrences of unauthorized consumption as they are
detect and thwart unauthorized consumption.
detection, documentation and
to conduct regular
uncovered.
enforcement efforts.
field checks. Proceed
if the top-down audit
already exists and/or
a great volume of
such use is
suspected.

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
Conditions between
just customer requests, but less than
4 and 6
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.

Ongoing meter
replacement and
accuracy testing result
in highly accurate
customer meter
A reliable electronic recordkeeping
Ongoing meter replacement and
population. Statistically
system for meters exists. The meter
accuracy testing result in highly
population includes a mix of new high
significant number of
accurate customer meter population.
performing meters and dated meters
meters are tested in
Conditions between Testing is conducted on samples of
audit year. This testing
with suspect accuracy. Routine, but
6 and 8
meters of varying age and
limited, meter accuracy testing and
is conducted on
accumulated volume of throughput to
meter replacement occur. Inaccuracy
samples of meters of
determine optimum replacement time
volume is quantified using a mix of
varying age and
for various types of meters.
reliable and less certain data.
accumulated volume of
throughput to
determine optimum
replacement time for
these meters.

to qualify for 9:
If n/a is selected because
to qualify for 2:
Continue efforts to manage meter
to qualify for 4:
Gather available meter purchase
the customer meter
to qualify for 8:
population with reliable recordkeeping.
to qualify for 6:
Improvements to attain higher population is unmetered, records. Conduct testing on a small Implement a reliable record keeping system for customer
Expand annual meter accuracy testing to evaluate a
Test a statistically significant number
Standardize the procedures for meter recordkeeping within
meter histories, preferably using electronic methods
consider establishing a number of meters believed to be the
data grading for "Customer
statistically significant number of meter makes/models.
of meters each year and analyze test
typically linked to, or part of, the Customer Billing System an electronic information system. Accelerate meter accuracy
meter inaccuracy volume"
new policy to meter the
most inaccurate. Review staffing
Expand meter replacement program to replace statistically results in an ongoing manner to serve
component:
customer population and
needs of the metering group and or Customer Information System. Expand meter accuracy testing and meter replacements guided by testing results.
significant number of poor performing meters each year.
as a basis for a target meter
testing to a larger group of meters.
employ water rates based budget for necessary resources to
replacement strategy based upon
upon metered volumes. better organize meter management.
accumulated volume throughput.
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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.

to qualify for 10:
Continue efforts to
to maintain 10:
manage meter
Increase the number of meters tested
population with reliable
and replaced as justified by meter
recordkeeping, meter
accuracy test data. Continually monitor
testing and
development of new metering
replacement. Evaluate
technology and Advanced Metering
new meter types and
Infrastructure (AMI) to grasp
install one or more
opportunities for greater accuracy in
types in 5-10 customer
metering of water flow and management
accounts each year in
of customer consumption data.
order to pilot improving
metering technology.

Grading Matrix
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n/a

1

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.

2

3

4

5

Policy and procedures for activation
Policy and procedures for new
of new customer accounts and
account activation and oversight of
oversight of billing records exist but
billing operations exist but needs
need refinement. Billing data is
refinement. Computerized billing
maintained on paper records or
Conditions between system exists, but is dated or lacks
Conditions between
insufficiently capable electronic
2 and 4
needed functionality. Periodic, limited
4 and 6
database. Only periodic unstructured
internal audits conducted and confirm
auditing work is conducted to confirm
with approximate accuracy the
billing data handling efficiency. The
consumption volumes lost to billing
volume of unbilled water due to billing
lapses.
lapses is a guess.

6

7

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
Conditions between
adjustments on measured
6 and 8
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.

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-byyear.

9

10

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.

to qualify for 2:
to qualify for 6:
Draft written policy and procedures
to qualify for 8:
to qualify for 10:
Refine new account activation and billing operations
to qualify for 4:
for activating new water billing
Formalize regular review of new account activation process
procedures and ensure consistency with the utility policy
Finalize written policy and procedures for activation of new
Close policy/procedure loopholes that allow some customer
accounts and oversight of billing
and general billing practices. Enhance reporting capability of
accounts to go unbilled, or data handling errors to exist.
operations. Investigate and budget billing acocunts and overall billing operations management. regarding billing, and minimize opportunity for missed billings.
computerized billing system. Formalize regular auditing
Implement a computerized customer billing system.
Upgrade or replace customer billing system for needed
Ensure that billing system reports are utilized, analyzed and
for computerized customer billing
process to reveal scope of data handling error. Plan for
functionality - ensure that billing adjustments don't corrupt the
reported every billing cycle. Ensure that internal and third party
Conduct initial audit of billing records as part of this
system. Conduct initial audit of
periodic third party audit to occur at least once every five
process.
value of consumption volumes. Procedurize internal annual
audits are conducted at least once every three years.
billing records by flow-charting the
years.
audit process.
basic business processes of the
customer account/billing function.

Improvements to attain higher
data grading for "Systematic
Data Handling Error volume"
component:

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 wellmonitored and errors/lapses are at an
economic minimum.

SYSTEM DATA

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.

Length of mains:

Paper records in poor or uncertain
Sound written policy and procedures
condition (no annual tracking of
exist for documenting new water main
installations & abandonments). Poor Conditions between
installations, but gaps in
Conditions between
procedures to ensure that new water
2 and 4
management result in a uncertain
4 and 6
mains installed by developers are
degree of error in tabulation of mains
accurately documented.
length.

Sound written policy and procedures
Sound written policy and procedures
exist for permitting and commissioning
exist for permitting and commissioning
new water mains. Highly accurate
new water mains. Electronic
Conditions between
paper records with regular field
recordkeeping such as a Geographical
6 and 8
validation; or electronic records and
Information System (GIS) and asset
asset management system in good
management system are used to
condition. Includes system backup.
store and manage data.

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
to qualify for 4:
to qualify for 6:
to qualify for 8:
order to verify poorly documented
Complete inventory of paper records of water main
Finalize updates/improvements to written policy and
Launch random field checks of limited number of locations.
pipelines. Assemble policy
installations for several years prior to audit year. Review
procedures for permitting/commissioning new main
Convert to electronic database such as a Geographic
documents regarding permitting and
policy and procedures for commissioning and documenting installations. Confirm inventory of records for five years prior Information System (GIS) with backup as justified. Develop
documentation of water main
new water main installation.
to audit year; correct any errors or omissions.
written policy and procedures.
installations by the utility and building
developers; identify gaps in
procedures that result in poor
documentation of new water main
installations.

Number of active AND inactive
service connections:

Written account activation policy and
procedures exist, but with some gaps
Vague permitting (of new service
in performance and oversight.
General permitting policy exists but
connections) policy and poor paper
Computerized information
paper records, procedural gaps, and
recordkeeping of customer
management system is being
weak oversight result in questionable Conditions between
connections/billings result in suspect
brought online to replace dated paper
2 and 4
total for number of connections,
determination of the number of
recordkeeping system. Reasonably
which may vary 5-10% of actual
service connections, which may be
accurate tracking of service
count.
10-15% in error from actual count.
connection installations &
abandonments; but count can be up
to 5% in error from actual total.

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

Note: if customer water

Conditions between
8 and 10

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.

Written new account activation and
Policies and procedures for new
overall billing policies and procedures
account activation and overall billing
are adequate and reviewed
operations are written, well-structured
periodically. Computerized information
and reviewed at least biannually. WellConditions between
management system is in use with
Conditions between managed computerized information
annual installations & abandonments
4 and 6
6 and 8
management system exists and
totaled. Very limited field verifications
routine, periodic field checks and
and audits. Error in count of number of
internal system audits are conducted.
service connections is believed to be
Counts of connections are no more
no more than 3%.
than 2% in error.

Conditions between
8 and 10

to qualify for 10:
to qualify for 2:
to qualify for 6:
to qualify for 8:
to qualify for 4:
Close any procedural loopholes that allow installations to go
Draft new policy and procedures for
Refine policy and procedures for new account activation
Refine procedures to ensure consistency with new account
Formalize regular review of new account activation and
undocumented. Link computerized information management
new account activation and overall
and overall billing operations. Research computerized
activation and overall billing policy to establish new service
overall billing operations policies and procedures. Launch
system with Geographic Information System (GIS) and
billing operations. Research and
recordkeeping system (Customer Information System or connections or decommission existing connections. Improve random field checks of limited number of locations. Develop
formalize field inspection and information system auditing
collect paper records of installations
Customer Billing System) to improve documentation format process to include all totals for at least five years prior to
reports and auditing mechanisms for computerized
processes. Documentation of new or decommissioned service
& abandonments for several years
for service connections.
audit year.
information management system.
connections encounters several levels of checks and balances.
prior to audit year.

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.

to maintain 10:
Continue with standardization and
random field validation to improve the
completeness and accuracy of the
system.

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.

to maintain 10:
Continue with standardization and
random field validation to improve
knowledge of system.

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
Either of two conditions can be met for a
quantify this value. (See the "Service Connection Diagram" worksheet)
grading of 10:
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Average length of customer
service line:

n/a
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.

1

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-tosite, and estimating this distance is
arbitrary due to the unknown location
of many curb stops.

2

3

4

Policy requires that the curb stop
serves as the delineation point
Good policy requires that the curb
between water utility ownership and
stop serves as the delineation point
customer ownership of the service
between water utility ownership and
connection piping. The piping from
customer ownership of the service
the water main to the curb stop is the
connection piping. Curb stops are
property of the water utility; and the Conditions between
generally installed as needed and are
piping from the curb stop to the
2 and 4
reasonably documented. Their
customer building is owned by the
location varies widely from site-tocustomer. Curb stop locations are
site, and an estimate of this distance
not well documented and the
is hindered by the availability of paper
average distance is based upon a
records of limited accuracy.
limited number of locations
measured in the field.

5

Conditions between
4 and 6

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.

7

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
Conditions between
field checks to confirm locations of
6 and 8
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.

9

Conditions between
8 and 10

Improvements to attain higher
data grading for "Average
Length of Customer Service
Line" component:

to qualify for 4:
to qualify for 2:
Formalize and communicate policy delineating
to qualify for 8:
to qualify for 6:
Research and collect paper records
Implement an electronic means of recordkeeping, typically
utility/customer responsibilities for service connection
to qualify for 10:
Establish coherent procedures to ensure that policy for curb
of service line installations. Inspect
piping. Assess accuracy of paper records by field
via a customer information system, customer billing system,
Link customer information management system and
stop, meter installation and documentation is followed. Gain
several sites in the field using pipe
inspection of a small sample of service connections using
or Geographic Information System (GIS). Standardize the Geographic Information System (GIS), standardize process for
consensus within the water utility for the establishment of a
locators to locate curb stops. Obtain
process to conduct field checks of a limited number of
pipe locators as needed. Research the potential migration
field verification of data.
computerized information management system.
the length of this small sample of
to a computerized information management system to
locations.
connections in this manner.
store service connection data.

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.

Improvements to attain higher
data grading for "Average
Operating Pressure"
component:

to qualify for 4:
to qualify for 2:
Formalize a procedure to use pressure
Employ pressure gauging and/or
gauging/datalogging equipment to gather pressure data
datalogging equipment to obtain
during various system events such as low pressure
pressure measurements from fire
complaints, or operational testing. Gather pump pressure
hydrants. Locate accurate
and flow data at different flow regimes. Identify faulty
topographical maps of service area
pressure controls (pressure reducing valves, altitude
in order to confirm ground
valves, partially open boundary valves) and plan to properly
elevations. Research pump data
configure pressure zones. Make all pressure data from
sheets to find pump pressure/flow
these efforts available to generate system-wide average
characteristics
pressure.

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
Conditions between
pressure complaints arise. Average
2 and 4
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.

Effective pressure controls separate
Reliable pressure controls separate
different pressure zones; moderate
distinct pressure zones; only very
occasional open boundary valves are
Well-managed, discrete pressure
pressure variation across the system,
encountered that breech pressure
zones exist with generally predictable
occasional open boundary valves are
zones. Well-covered telemetry
pressure fluctuations. A current fulldiscovered that breech pressure
monitoring of the distribution system
scale SCADA System or similar
zones. Basic telemetry monitoring of
(not just pumping at source treatment
realtime monitoring system exists to
the distribution system logs pressure
Conditions between
Conditions between
data electronically. Pressure data
plants or wells) logs extensive pressure
monitor the water distribution system
4 and 6
6 and 8
gathered by gauges or dataloggers at
data electronically. Pressure gathered
and collect data, including real time
by gauges/dataloggers at fire hydrants
pressure readings at representative
fire hydrants or buildings when low
sites across the system. The average
pressure complaints arise, and during
and buildings when low pressure
fire flow tests and system flushing.
complaints arise, and during fire flow
system pressure is determined from
Reliable topographical data exists.
tests and system flushing. Average
reliable monitoring system data.
Average pressure is calculated using
pressure is determined by using this
this mix of data.
mix of reliable data.

to qualify for 6:
Expand the use of pressure gauging/datalogging equipment
to qualify for 8:
to gather scattered pressure data at a representative set of Install a Supervisory Control and Data Acquisition (SCADA)
sites, based upon pressure zones or areas. Utilize pump
System, or similar realtime monitoring system, to monitor
pressure and flow data to determine supply head entering
system parameters and control operations. Set regular
calibration schedule for instrumentation to insure data
each pressure zone or district. Correct any faulty pressure
controls (pressure reducing valves, altitude valves, partially
accuracy. Obtain accurate topographical data and utilize
open boundary valves) to ensure properly configured
pressure data gathered from field surveys to provide
pressure zones. Use expanded pressure dataset from these
extensive, reliable data for pressure averaging.
activities to generate system-wide average pressure.
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10
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 maintain 10:
Continue with standardization and
random field validation to improve
knowledge of service connection
configurations and customer meter
locations.

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.

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 maintain 10:
Continue to refine the hydraulic model of
the distribution system and consider
linking it with SCADA System for realtime pressure data calibration, and
averaging.

Grading Matrix
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Grading >>>

n/a

1

2

3

4

5

6

7

8

9

10

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 thirdparty CPA.

COST DATA

Total annual cost of operating
water system:

Electronic, industry-standard cost
Incomplete paper records and lack
Reasonably maintained, but
of financial accounting
accounting system in place.
incomplete, paper or electronic
documentation on many operating
Conditions between However, gaps in data are known to
accounting provides data to estimate
functions makes calculation of water
2 and 4
exist, periodic internal reviews are
the major portion of water system
system operating costs a pure
conducted but not a structured
operating costs.
guesstimate
financial audit.

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.

Customer retail unit cost
(applied to Apparent Losses):

Antiquated, cumbersome water rate
structure is used, with periodic
historic amendments that were
poorly documented and
implemented; resulting in classes of
Customer population
unmetered, and/or only a customers being billed inconsistent
charges. The actual composite
fixed fee is charged for
billing rate likely differs significantly
consumption.
from the published water rate
structure, but a lack of auditing
leaves the degree of error
indeterminate.

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.

Variable production cost
(applied to Real Losses):

Improvements to attain higher
data grading for "Variable
Production Cost" component:

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

to qualify for 4:
Implement an electronic cost accounting system,
structured according to accounting standards for water
utilities

to qualify for 6:
Evaluate volume of water used in
each usage block by residential
users. Multiply volumes by full rate
structure.

Electronic, industry-standard cost
Incomplete paper records and lack
Reasonably maintained, but
accounting system in place. Electric
incomplete, paper or electronic
power and treatment costs are
of documentation on primary
operating functions (electric power accounting provides data to roughly
reliably tracked and allow accurate
Conditions between
and treatment costs most
estimate the basic operations costs
weighted calculation of unit variable
2 and 4
production costs based on these two
importantly) makes calculation of (pumping power costs and treatment
variable production costs a pure
costs) and calculate a unit variable
inputs and water imported purchase
guesstimate
production cost.
costs (if applicable). All costs are
audited internally on a periodic basis.

to qualify for 2:
Gather available records, institute
new procedures to regularly collect
and audit basic cost data and most
important operations functions.

to qualify for 4:
Implement an electronic cost accounting system,
structured according to accounting standards for water
utilities

Reliable electronic, industry-standard
Reliable electronic, industry-standard
cost accounting system in place, with
cost accounting system in place, with
all pertinent water system operating
all pertinent water system operating Conditions between
costs tracked. Data audited at least
costs tracked. Data audited
6 and 8
annually by utility personnel, and at
periodically by utility personnel, but not
least once every three years by thirda Certified Public Accountant (CPA).
party CPA.

to maintain 10:
to qualify for 6:
to qualify for 8:
to qualify for 10:
Maintain program, stay abreast of
Establish process for periodic internal audit of water system Standardize the process to conduct routine financial audit on
Standardize the process to conduct a third-party financial audit
expenses subject to erratic cost
operating costs; identify cost data gaps and institute
an annual basis. Arrange for CPA audit of financial records
by a CPA on an annual basis.
changes and long-term cost trend, and
procedures for tracking these outstanding costs.
at least once every three years.
budget/track costs proactively

Dated, cumbersome water rate
Straight-forward water rate structure
structure, not always employed
in use, but not updated in several
consistently in actual billing
years. Billing operations reliably
operations. The actual composite
employ the rate structure. The
billing rate is known to differ from the Conditions between
composite billing rate is derived from
published water rate structure, and a
2 and 4
a single customer class such as
reasonably accurate estimate of the
residential customer accounts,
degree of error is determined,
neglecting the effect of different rates
allowing a composite billing rate to be
from varying customer classes.
quantified.

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.

Conditions between
4 and 6

Conditions between
4 and 6

Clearly written, up-to-date water rate
structure is in force and is applied
reliably in billing operations.
Conditions between
Composite customer rate is
6 and 8
determined using a weighted average
residential rate using volumes of water
in each rate block.

Launch effort to fully
meter the customer
population and charge
rates based upon
water volumes

to qualify for 8:
Evaluate volume of water used in each usage block by all
classifications of users. Multiply volumes by full rate
structure.

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
Conditions between
applicable) such as liability, residuals
6 and 8
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.

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.
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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.

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 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.

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.

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.

Conditions between
8 and 10

to qualify for 8:
Formalize the accounting process to include direct cost
to qualify for 10:
components (power, treatment) as well as indirect cost
Standardize the process to conduct a third-party financial audit
components (liability, residuals management, etc.) Arrange
by a CPA on an annual basis.
to conduct audits by a knowledgable third-party at least once
every three years.

to maintain 10:
Maintain program, stay abreast of
expenses subject to erratic cost
changes and budget/track costs
proactively

Grading Matrix
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Determining Water Loss Standing
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Water Audit Report for: Raton Water Works (NM3526704)
1/2018 - 12/2018
Reporting Year: 2018
70
Data Validity Score:

Water Loss Control Planning Guide
Water Audit Data Validity Level / Score
Functional Focus
Area

Level I (0-25)

Level II (26-50)

Level III (51-70)

Level IV (71-90)

Level V (91-100)

Audit Data Collection

Launch auditing and loss control
team; address production
metering deficiencies

Analyze business process for
customer metering and billing
functions and water supply
operations. Identify data gaps.

Establish/revise policies and
procedures for data collection

Refine data collection practices
and establish as routine business
process

Annual water audit is a reliable
gauge of year-to-year water
efficiency standing

Establish ongoing mechanisms
for customer meter accuracy
testing, active leakage control
and infrastructure monitoring

Refine, enhance or expand
ongoing programs based upon
economic justification

Stay abreast of improvements in
metering, meter reading, billing,
leakage management and
infrastructure rehabilitation

Conduct loss assessment
Research information on leak
investigations on a sample
detection programs. Begin
Short-term loss control flowcharting analysis of customer portion of the system: customer
meter testing, leak survey,
billing system
unauthorized consumption, etc.

Long-term loss control

Begin to assess long-term needs
requiring large expenditure:
Conduct detailed planning,
Begin to assemble economic
Continue incremental
customer meter replacement,
budgeting and launch of
business case for long-term
improvements in short-term and
water main replacement
needs based upon improved data comprehensive improvements for
long-term loss control
becoming available through the metering, billing or infrastructure
program, new customer billing
interventions
water audit process.
management
system or Automatic Meter
Reading (AMR) system.

Target-setting

Establish long-term apparent and
real loss reduction goals (+10
year horizon)

Establish mid-range (5 year
horizon) apparent and real loss
reduction goals

Benchmarking

Preliminary Comparisons - can
Identify Best Practices/ Best in
begin to rely upon the
Performance Benchmarking - ILI
class - the ILI is very reliable as a
Infrastructure Leakage Index (ILI) is meaningful in comparing real
real loss performance indicator
for performance comparisons for
loss standing
for best in class service
real losses (see below table)

Evaluate and refine loss control
goals on a yearly basis

For validity scores of 50 or below, the shaded blocks should not be focus areas until better data validity is achieved.
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Once data have been entered into the Reporting Worksheet, the performance indicators are automatically calculated. How does a water utility operator know how
well his or her system is performing? The AWWA Water Loss Control Committee provided the following table to assist water utilities is gauging an approximate
Infrastructure Leakage Index (ILI) that is appropriate for their water system and local conditions. The lower the amount of leakage and real losses that exist in the
system, then the lower the ILI value will be.
Note: this table offers an approximate guideline for leakage reduction target-setting. The best means of setting such targets include performing an economic
assessment of various loss control methods. However, this table is useful if such an assessment is not possible.

General Guidelines for Setting a Target ILI
(without doing a full economic analysis of leakage control options)
Target ILI Range

Financial Considerations

1.0 - 3.0

Water resources are costly to develop or purchase;
ability to increase revenues via water rates is
greatly limited because of regulation or low
ratepayer affordability.

Operating with system leakage above this level
would require expansion of existing infrastructure
and/or additional water resources to meet the
demand.

Available resources are greatly limited and are
very difficult and/or environmentally unsound to
develop.

>3.0 -5.0

Water resources can be developed or purchased
at reasonable expense; periodic water rate
increases can be feasibly imposed and are
tolerated by the customer population.

Existing water supply infrastructure capability is
sufficient to meet long-term demand as long as
reasonable leakage management controls are in
place.

Cost to purchase or obtain/treat water is low, as
are rates charged to customers.

Superior reliability, capacity and integrity of the
water supply infrastructure make it relatively
immune to supply shortages.

Water resources are believed to be sufficient to
meet long-term needs, but demand management
interventions (leakage management, water
conservation) are included in the long-term
planning.
Water resources are plentiful, reliable, and easily
extracted.

>5.0 - 8.0

Greater than 8.0

Less than 1.0

Operational Considerations

Water Resources Considerations

Although operational and financial considerations may allow a long-term ILI greater than 8.0, such a level of leakage is not an effective utilization of water
as a resource. Setting a target level greater than 8.0 - other than as an incremental goal to a smaller long-term target - is discouraged.
If the calculated Infrastructure Leakage Index (ILI) value for your system is 1.0 or less, two possibilities exist. a) you are maintaining your leakage at low
levels in a class with the top worldwide performers in leakage control. b) A portion of your data may be flawed, causing your losses to be greatly
understated. This is likely if you calculate a low ILI value but do not employ extensive leakage control practices in your operations. In such cases it is
beneficial to validate the data by performing field measurements to confirm the accuracy of production and customer meters, or to identify any other
potential sources of error in the data.

AWWA Free Water Audit Software v5.0
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Appendix C2
Data Grading Tables

Appendix B2. City of Raton 2018 Water Audit Data Grading Scores (marked ).

AWWA Free Water Audit Software Grading Matrix
Volume from own sources
GRADE
n/a



1
2
3
4
5
6
7
8
9
10



DESCRIPTION
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

Volume from own sources master meter and supply error adjustment
GRADE
n/a



1

2

3
4
5

6

7

8

9

10



DESCRIPTION
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.

Water Imported
GRADE
n/a
1
2
3
4
5
6
7
8
9
10




DESCRIPTION
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,
Less than 10% of accuracy tests found outside of +/- 3% accuracy.

Water imported master meter and supply error adjustment
GRADE
n/a

1

2
3

4

5

6

7

8

9

10




DESCRIPTION
Select n/a if the Imported water supply is unmetered or if there is no imported water,
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 & 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/similar) automatically records data & 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.

Water Exported
GRADE
n/a



1
2
3
4
5
6
7
8
9
10



DESCRIPTION
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

Water exported master meter and supply error adjustment
GRADE



n/a

1

2
3

4

5

6

7

8

9

10



DESCRIPTION
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 & 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.

Billed Metered
GRADE



n/a
1

2

3

4

5

6

7

8

9

10



DESCRIPTION
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 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.

Billed Unmetered
GRADE
n/a

1

2

3

4

5

6

7
8
9
10




DESCRIPTION
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.

Unbilled metered:
GRADE
n/a
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3

4

5

6

7
8
9

10



DESCRIPTION
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.

Unbilled Unmetered
GRADE



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

n/a
1
2
3
4
5
6
7
8
9
10

DESCRIPTION



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.

Unauthorized Consumption
GRADE
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DESCRIPTION
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.

Customer metering inaccuracies:
GRADE
n/a
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DESCRIPTION
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.

Systematic Data Handling Errors:
GRADE



n/a
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DESCRIPTION
Note: all water utilities incur some amount of this error. Even in water utilities with unmetered customer populations &
fixed rate billing, errors occur in annual billing tabulations. Enter a positive value for the volume & 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 & procedures for activation of new customer accounts & 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 & procedures for new account activation and oversight of billing operations is adequate & 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.

Length of Mains
GRADE
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DESCRIPTION
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 an 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

Number of active AND inactive service connections
Note: The number of Service Connections does not include fire hydrant leads/lines connecting the hydrant to the water
main

DESCRIPTION
GRADE
Vague permitting (of new service connections) policy and poor paper recordkeeping of customer
1
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
2
for number of connections, which may vary 5-10% of actual count.
3
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
4
system.
Reasonably accurate tracking of service connection installations & abandonments; but count can be up to 5% in
error from actual total.
5
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.
6
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
7
Policies and procedures for new account activation and overall billing operations are written, well-structured and
reviewed at least biannually.
8
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.
9
Conditions between 8 and 10
Sound written policy and well managed and audited procedures ensure reliable management of service connection
population.
10
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.

Average length of customer service line:
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)

DESCRIPTION
GRADE
Note: if customer water 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.
Vague policy exists to define the delineation of water utility ownership and customer ownership of the service connection piping.
1
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.
2
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.
3
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.
4
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.
5
Conditions between 4 and 6
Clear written policy exists to define utility/customer responsibility for service connection piping.
6
Accurate, well-maintained paper or basic electronic recordkeeping system exists.
Periodic field checks confirm piping lengths for a sample of customer properties.
7
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
8
customer meter pits.
An accurate number of customer properties from the customer billing system allows for reliable averaging of this length.
9
Conditions between 8 and 10
Either of two conditions can be met for a grading of 10:
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
10
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.

Average operating pressure
GRADE
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DESCRIPTION
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.

Total annual cost of operating water system
GRADE
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DESCRIPTION
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.

Customer retail unit cost (applied to Apparent Losses):
GRADE
n/a



1

2
3
4
5
6
7
8
9
10



DESCRIPTION
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 between4 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 5 years.

Variable production cost (applied to Real Losses):

DESCRIPTION
GRADE
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
1
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
2
operations costs (pumping power costs and treatment costs) and calculate a unit variable production cost.
3
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
4
production costs based on these two inputs and water imported purchase costs (if applicable).
All costs are audited internally on a periodic basis.
5
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
6
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.
7
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.
8
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.
9
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:
10
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.

Appendix D
City of Raton
Water Rights

Appendix D. City of Raton Water Rights
The City of Raton owns surface water rights in the Sugarite Canyon from the Chico Rico Creek
System and the Cimarron/Eagle Nest Reservoir River System and pre-basin groundwater rights
within the Capulin Sub-Basin of the Clayton Underground Water Basin. Both sets of surface water
rights have long and involved histories that have included both administrative and judicial
determinations. The following is a description of the City’s water rights covered by this forty year
water supply plan.
1. Sugarite Canyon Water Rights
The City owns four distinct groups of water rights that allow for the diversion of surface flows from
the Chico Rico Creek within Sugarite Canyon. The first right consists of a group of six water rights
acquired in 1964 and 1965 and is referred herein as “the Van Buskirk et al. water right.” The second
water right was originally decreed to Cherokee and Pittsburgh Coal and Mining Company in 1935
and is referred to as “the Lake Alice Railway right.” The third right for diversion of 1,000,000
gallons per day was acquired as part of the acquisition of Raton Water Works and will be referred to
as “the One MGD right.” The fourth right is a relatively junior water right. It was acquired under
State Engineer Permit No. 679 in 1912 and will be referred to as “the Permit No. 679 right.” All of
these rights were adjudicated by the Final Decree of the adjudication court of September 25, 1935 in
State of New Mexico v. City of Raton, et al., No. 4605.
A.

The Van Buskirk et al. water rights (OSE File Nos. 01051, 01853, 01924-01927).

The following Table 1 provides a summary of these water rights, including the six parties from
whom the water rights were acquired starting in 1964.
Table 1. The Van Buskirk et al water right (OSE File No. 01051, 01853, 01924-01927).
Diversion Consumptive
Storage
Status
Acquired from
Priority Acres
(afy)
(afy)
Whistler

1897
1872
1899

69.0
85.0
40.0
194.0

291

232.8

Corner

1890

50

75

60

None

In current
municipal
use; Proof of
Application
to Beneficial
Use filed
with State
Engineer
12/28/90.
In current
municipal
use

Priority

Acres

Diversion
(afy)

Consumptive
(afy)

Cherokee &
Pittsburgh Coal &
Mining Co. and/or
Claudio Vit

1887

16.29

24.435

19.548

In current
municipal
use

Sproule

1871

27.7

41.55

33.24

In current
municipal
use

Jones

1871/85

39.14

58.71

46.968

In current
municipal
use

Van Buskirk and
Weltmer

1870

220

330.0

264.0

In current
municipal
use

547.13

820.7

656.556

Acquired from

Totals

Storage

Status

Diversion
rate
limited to
600 gpm

These water rights were adjudicated by Final Decree on September 25, 1935 in State of New Mexico
v. City of Raton, et al., Cause No. 4605. The City acquired these water rights by purchase or
condemnation starting in 1964, with the plan of changing the point of diversion to an infiltration
gallery below the confluence of the east and west forks of the Creek, for the purpose of providing
municipal water. After protests were filed against the City’s application, the State Engineer held a
hearing in Raton in 1967 and then issued Findings of Fact and Conclusions of Law approving the
application. (See Findings of Fact, Conclusions of Law and Order (In the Matter of Application No.
01051, 01853, 01924-01927 of City of Raton to Change Points of Diversion, Place and Purpose of
Use of Waters of the Chico Rico (Sugarite) Stream System) 12/28/67). Based on these Findings and
Conclusions, the State Engineer Office issued and approved the permit on December 28, 1967. (See
Application for Permit to Change Point of Diversion (Surface Waters), Nos. 01051, 01853, 0192401927 (05/12/67); Approval of State Engineer 12/28/67). The State Engineer’s decision was
appealed to the district court of Colfax County, and was ultimately affirmed by Judge Musgrove, in
a judgment filed in cause number 15,705 on the docket of the district court of Colfax County, July
17, 1972. (See Decision of the Court and Judgment (Charles Springer Cattle Co., Inc. v. City of
Raton, No. 15,705) (Judge James W. Musgrove)). The affirmance approved a diversion right of
820.7 acre-feet per year (afy) and a consumptive right of 656.6 afy, with a 20 percent return-flow
requirement.

Apparently, because these water rights do not have a storage component, they were not initially
part of the dispute between the City and Vermejo Conservancy District decided by the New
Mexico Supreme Court in 1984, discussed below under the One MGD Right and the Permit No.
679 Right. The water rights were subject, however, to the subsequent district order setting final
criteria for releases from City reservoirs, entered in 1989. In particular, the court’s final criteria
contains the following finding: “. . . the City has the right, senior in priority to the water rights of
the District, to divert from Lake Maloya to the City a total of 820 acre-feet per annum at a
maximum rate of diversion of 600 gallons per minute.” (See Order Amending Judgment on
Mandate to Provide Final Criterion for Releases from Plaintiff’s Reservoirs to Defendant (City
of Raton v. Vermejo Conservancy District) 08/02/1989; (Judge Stanley F. Frost) at page 2).
Because the City determined that the proposed infiltration gallery described in its 1967 permit was
not feasible, the City applied to change the point of diversion to the existing Lake Maloya diversion
works. The application was approved February 10, 1987. (See Application for Permit for Alternate
Point of Diversion (01051, 01853, 01924-01927); Approval of State Engineer 2/10/87). As a
condition of approval, the permit required the City to submit proof of beneficial use of this water
right from the new point of diversion. By application for extension of time, the City requested an
additional year, until December 31, 1990, to complete the proof, which was approved by the State
Engineer. (See Application for Extension of Time (01051, 01853, 01924-01927) and Extension of
Time Approval by State Engineer (04/23/90); 04/02/90 Memorandum to C. Chavez from C. Bernero
re: Applications for Extensions of Time). The City timely filed proof of application of water to
beneficial use, stating that the entire amount of the right had been used during the preceding twelve
months for municipal purposes. (See Proof of Application of Water to Beneficial Use (01051,
01853, 01924-01927) 12/31/90.)
B.

Lake Alice Railway Right (OSE File No. 0969)

In 1958, the City acquired this right from the Santa Fe Land Improvement Company, successor to
Raton Water Works Company. The right is described in the following Table 2.
Table 2. Lake Alice Railway Right (OSE File No. 0969)
Acquired from

Priority

Acres

Diversion
(afy)

Consumptive
(afy)

Storage
(af)

Status

Santa Fe Land
Improvement
Company

1871

75.82

113.73
No limit on
diversion rate

90.984
(original);
but now no
return-flow
requirement

fill/refill
Lake Alice

In current
municipal
use;
Decreed
and
Licensed

In 1935, the adjudication court decreed this water right to the Cherokee and Pittsburgh Coal and
Mining Company in an amount sufficient to irrigate 75.82 acres with a priority of 1871. (See
Final Decree (State of NM v. City of Raton, Cause No. 4605, 09/25/35) at page 11). After
acquiring the water right from Cherokee and Pittsburgh, Santa Fe Land Improvement Company

obtained approval from the State Engineer in 1946 for a permit to change the point of diversion
and place or method of use of the surface water right to Lake Alice for railway uses. (See
Application for Permit to Change Point of Diversion 9/11/44 (File No. 0969) (Santa Fe Land
Improvement Co. - Sugarite or West Branch of Chico Rico Stream System); Application for
Permit to Change Place or Method of Use of Surface Waters). A year later, after submissions of
proof of completion of works and application of water to beneficial use, the State Engineer
issued a license and certificate of construction for the water right. (See Certificate of
Construction (Permit 0969) 10/15/46; Proof of Completion of Works (Surface Waters) 03/11/46;
Proof of Application of Water to Beneficial Use (Surface Waters) 03/11/46). It is noteworthy
that neither the permit nor license contains a stated return-flow requirement. Therefore, the
diversion right of 113.73 is fully consumptive.
After the City acquired this water right from Santa Fe Land Improvement Company in 1955, the
City obtained State Engineer permit approval in 1967 to change the purpose of use of this right to
municipal and industrial purposes and to keep the point of diversion at Lake Alice. (See Application
for Permit No. 0969 to Change Place or Method of Use of Surface Waters 11/09/66; Approval of
State Engineer 05/02/67). Again, after the City’s submission of proof of application of water to
beneficial use, the State Engineer issued a license for the rights of change of purpose of use in 1970.
(See License to Change Purpose of Use (License No. 969)). Again, the license does not contain any
explicit statement of a required return flow.
This water right is not the subject of either the Supreme Court decision in City of Raton v. Vermejo
Conservancy District or the district court’s final criteria issued in 1989 in that case, as discussed
below.
C.

The One MGD Right

This right was acquired by the City of Raton in 1923 as part of its acquisition of Raton Water Works
Company and is described in the following Table 3.
Table 3. The One MGD Right
Acquired
from

Priority

Acres

Diversion
(afy)

Consumptive
(afy)

Storage

Status

Raton Water
Works
Company,
and its
successor,
Santa Fe
Land and
Improvement
Company

Jan. 1,
1891

na

1,120.6
(1 MGD)

not calculated

to fill and refill
as follows: 100
af in Lake
Alice; 220 af in
Lake Dorothy;
59 af in Lake
Maloya

In current
municipal
use;
Decreed;
No State
Engineer
Permit or
License

This right is a long-standing City right with a senior priority date. The 1935 Decree confirmed in
the City of Raton and Santa Fe Land Improvement Company the right to divert, impound, store and
beneficially use the flood and perennial flow waters of the Sugarite or West Branch of the Chico
Rico Stream System in the amount of 1,000,000 gallons per day in or from Lakes Alice, Dorothy and
Maloya, as those reservoirs may be lawfully changed or altered over time. At the time of the
Decree, Lake Alice had an adjudged storage right of 100 acre-feet; Lake Dorothy, a right of 202
acre-feet; and Lake Maloya, 59 acre-feet. (See Final Decree (State of NM v. City of Raton, Cause
No. 4605, 09/25/35) at pages 8-9). In 1955, the Santa Fe Land and Improvement Company
conveyed its part interest to the City. (See Change of Ownership of Water Right (File No. 679) with
attached docs; 07/01/55).
The issue of storage available under these rights was the subject of the Vermejo Conservancy
District’s priority call in 1980, leading to the litigation in City of Raton v. Vermejo Conservancy
District. (See Decision (City of Raton v. Vermejo Conservancy District, No. 80-77CIV) (Judge
Stanley F. Frost). (See Opinion, City of Raton v. Vermejo Conservancy District, No. 14773,
March 29, 1984 (NM Supreme Court), 101 N.M. 95 at 103). (See Order Amending Judgment on
Mandate to Provide Final Criterion for Releases from Plaintiff’s Reservoirs to Defendant (City
of Raton v. Vermejo Conservancy District) 08/02/1989; (Judge Stanley F. Frost)).
This right does not have a State Engineer permit or license number because no application to change
its diversion or use has been submitted and approved. License No. 679, discussed below, does
reference this right as being separate from the rights confirmed under that license. In 1990, the City
submitted and the State Engineer approved an application for extension of time for one year to put
this water right to beneficial use. (See Application for Extension of Time (Sugarite-1MGD)
01/04/90; Extension of Time Approval of State Engineer 04/23/90). Because there is no pending
permit requiring proof of beneficial use, it appears that the application was unnecessary.
D.

State Engineer Permit No. 679 Right

This last right is a more junior right on the system and in most instances is exercisable only to divert
and store flood flows. It is described by the following Table 4.
Table 4. State Engineer Permit No. 679 Right
Original
Appropriator

Priority

Acres

Diversion
(afy)

Consumptive
(afy)

Storage
(af)

Status

City of
Raton

8/22/12

na

1,449 direct
diversion
(2 CFS); 3,975
from storage
(5.5 CFS)

not
calculated

4,000 in
Lake Maloya

In current
municipal
use;
Decreed
and
Licensed

On August 22, 1912, the City of Raton filed an application for State Engineer permit to appropriate
7.5 cubic feet per second of water, comprised of 2 cfs diversion of direct flow and 5.5 cfs diversion

from 4,000 acre-feet of proposed storage on the west branch of the Chico Rico Creek. The State
Engineer granted this application as Permit No. 679 the following year. (See Application for Permit
(No. 679); 08/22/1912). In 1917, the State Engineer approved the certificate of construction of Lake
Maloya, with storage capacity increased from 59 acre-feet to 1,227 acre-feet. (See Id.). The 1935
adjudication decree confirmed the right, under Permit No. 679, to the extent of 2 cfs direct
diversions and a storage right of 1,227 acre-feet in Lake Maloya. The decree also provided
additional time under the permit to fully develop and perfect the diversion and storage rights. In
particular, the decree allowed the right holder:
to construct and complete any and all dams, reservoirs, headgates, ditches, canals,
diversion, storage and distribution works and systems as the same are contemplated
by and described in said application and Permit No. 679 on file in the office of the
State Engineer of the State of New Mexico, within the time which has heretofore
been or may hereafter be limited by the conditions of said permit and the lawful
orders of said State Engineer.
(See Final Decree (State of NM v. City of Raton, Cause No. 4605, 09/25/35) at 9). The decree
further provides that the City is not required to release stored water for use of downstream
appropriators in any amount greater than the flow into the reservoir. (See Id. at 9a).
Following issuance of the decree, the State Engineer approved additional extensions of time for the
City to expand the storage capacity of Lake Maloya to the full amount proposed and to put to
beneficial use the full 7.5 cfs right claimed. In 1949, after completion of the reservoir expansion, the
State Engineer issued a certificate of construction and license to appropriate water. The license
approved the vested right:
to appropriate from the Sugarite or West Branch of Chico Rico Creek, a tributary of
the Canadian River, 7.5 cubic feet of water per second of which 2 cubic feet per
second are to be appropriated by direct diversion and 5 ½ cubic feet per second by
storage and release from Lake Maloya, capacity 4,000 acre-feet, for municipal
purposes.
(See License to Appropriate Water (No. 679), 04/19/49 at page 3; Certificate of Construction
04/19/49). In 1955, the Santa Fe Land and Improvement Company conveyed its part interest to the
City. (See Change of Ownership of Water Right (File No. 679) w/attached docs; 07/01/55). In
1966, after commencing suit against a diverter upstream of Lake Maloya in Colorado, the City
entered into a stipulation with the diverter limiting his storage and use on Walton Creek. The
Colorado federal district court accepted the stipulation by decree in City of Raton, et. al. v. Millard
Walton. (See Decree of the Court, The City of Raton, New Mexico, et al, v. Millard Walton, USDC,
District of Colorado CIV. No. 8442, 07/05/66).
2. Cimarron/Eagle Nest Reservoir Water Rights
The City owns the “Hayward-Hanson Right,” which is the largest right under License 71 and was
acquired by the City in 1969. The following Table 5 provides a summary of this water right, which
has both a diversion and a substantial storage component.

Table 5. Hayward-Hanson Right (OSE File No. License No. 71-D)
Acquired
from

Priority

Acres

Diversion
(afy)

Consumptive (afy)

Storage
(af)

Status

HaywardHanson

June 12,
1907

2,408.00

2,853.48 for
municipal
storage and
use; 758.5
return flow

2,853.48
for
municipal
storage and
use

12,000

In current
municipal storage
and use

The Hayward-Hanson Right is part of the CS Cattle Company’s adjudicated right decreed in 1929 in
the adjudication of the Cimarron River, Springer Ditch Company v. French Land and Irrigation
Company, et al., Cause Number 5054. Paragraph XXXIV of the Decree allowed for the construction
of Eagle Nest Reservoir, the capacity of 133,700 acre-feet to impound and store all surplus and flood
waters of the Cimarron River and tributaries to be used for power plants, mining and irrigation, for
supplying cities, towns and water users generally, and to store and use waters for irrigation of 65,000
acres of land. (See Decree, The Springer Ditch Company, et al, v. French Land and Irrigation
Company, et al., 8th JDC, State of NM, Cause No. 5054, 12/20/29). Consistent with the Decree, in
1932 the State Engineer issued License No. 71, confirming completion of works and proof of
beneficial use. (See License to Appropriate Water (Permit No. 71), 04/22/32).
In 1930, CS Cattle Company leased 3,370 acres of irrigated lands to E.G. Hayward and Neil Hanson.
In 1951, Hayward and Hanson exercised an option and purchased that amount of irrigated acreage
along with other lands. (See Land Purchase Agreement (Springer Cattle Co. and Hayward/Hanson)
03/01/51). Hayward-Hanson then conveyed the water rights to Congen Properties, Inc. in 1969.
(See Report w/attachments of Raphael J. Moses to the City of Raton re: water rights being purchased
from Congen Properties, Inc., 04/09/73). Congen then conveyed a portion of the original HaywardHanson Rights to the City of Raton in the amount of 3,612 diversion acre-feet per annum. (See
Change of Ownership of Water Right (CS Cattle Co/Hayward-Harson [sic] via Congen Properties to
City of Raton), 06/17/81).
In conjunction with acquiring the 3,612 afy diversion right, the City entered into a contract with CS
Cattle Company to allow for storage in and releases from Eagle Nest Reservoir in order to provide
water to exercise the right. This 1980 contract provides in part:
CS agrees to store waters belonging to the City of Raton to the extent of not more
than 15,000 acre-feet at any one time at Eagle Nest Reservoir, and to release water
from such storage, and in such amounts and at such times as the City shall determine,
and to restore from time to time up to a maximum of 15,000 acre-feet of water in
Eagle Nest Reservoir.
(See Contract Between C.S. Cattle Company, a NM Corporation, and The City of Raton, a
Municipal Corporation; April 23, 1980, at page 2).

The transaction between the City and CS Cattle Company was made contingent upon the successful
transfer by the City of the Hayward-Hanson Right for municipal uses. On January 7, 1982, the City
of Raton filed its application for permit to transfer the Hayward-Hanson water right to a point of
diversion into the City’s transmission line. (See Substitute and Application for Permit No. 71-D to
Change Place and Purpose of Use of Surface Waters, 01/07/82; Approval of State Engineer
04/08/82). Various Cimarron River Basin water users protested the application on grounds of
possible impairment. After a hearing on the application, the State Engineer accepted and adopted
the report and recommendations of the hearing examiner, approving the transfer, subject to
conditions to protect existing water users in the Cimarron Basin. (See Report and Recommendation
of the Hearing Examiner (In the Matter of the Application Number 71-D of the City of Raton for
Alternate Point of Diversion and Change Place and Purpose of Use of Surface Waters of the
Cimarron River Stream System), 04/08/82).
Under the approved Permit No. 71-D, the City was authorized to (i) continue diversions at the
original Hayward-Hanson diversion denoted as diversion alternate “A,” (ii) take diversions for its
municipal uses six miles upstream at diversion alternate “B,” (iii) store its water up to its 15,000 af
limit, or (iv) the City could do a combination of the three. In order to take water from alternate
diversion “B,” the City was required to leave 21 percent of its annual allotment not used for
irrigation in the stream system, commensurate with the return flows that would have occurred
because of irrigation at the Hayward-Hanson lands. This percentage was divided 12.8 percent for
the Cimarron River and 8.2 percent for the Rayado Creek. The effect of this restriction was to limit
the City’s diversion to the consumptive use component of the right of 2,853.5 afy on average. Of
course, in any particular year, the City could increase diversions at either diversion point, up to the
amount of accumulated storage at Eagle Nest Lake. After State Engineer approval, CS Cattle
Company executed a deed to the City for the storage right described in the 1980 contract between
the two. (See Deed to Water Right (CS Cattle Co. to City of Raton), 05/04/83).
In 1995, as required by Permit 71-D, the City submitted Proofs of Completion of Works and
Application of Water to Beneficial Use. (See Proof of Completion of Works (permit No. 71-D)).
The State Engineer has not acted on these to issue a certificate of completion and license.
Because of unresolved claims regarding storage and use of water under License 71, the City of
Raton filed a declaratory judgment action in 2002. (See City of Raton, et al, v. Margarito
Trujillo, Jr., et al., Colfax County, New Mexico, District Court, Cause No. 2002-325-CV). The
parties to the case, joined by other License 71 water users, settled the dispute by settlement
agreement dated June 2, 2006. (See Attachment D-1). Under the settlement, the City of Raton
agreed to reduce its private storage capacity from 15,000 to 12,000 af and agreed to other
restrictions in exchange for greater certainty of use and other benefits, including creation of a
shared storage pool in Eagle Nest Reservoir assuring a more reliable supply to License 71 water
users.
3. Capulin Basin Rights.
For many years, the City has planned to reach out for groundwater supplies to the east from the
Capulin Sub-Basin of the Clayton Underground Water Basin as a source of municipal supply. In
1966, Minton Consulting prepared a comprehensive investigation of Capulin Basin groundwater to

determine whether a municipal supply of at least 20 years could be pumped and piped to the City. In
1993, the City filed a Declaration with the State Engineer stating the City’s intent to use up to
10,055 acre-feet per annum of water, based on three wells owned by the City in the Basin. In 2005,
the City again confirmed to the State Engineer the City’s intent to develop Capulin Basin
groundwater for municipal uses. It remains the City’s intent to develop its pre-basin water rights in
the Capulin Sub-Basin and relate that development back to the date it initiated the use. Climate
change modeling indicates that surface water sources serving the City will likely become less
reliable in the future. Consequently, use of groundwater from the Capulin Sub-Basin will a key
component to the City’s future planning to diversify and assure adequate supply.
In 2015, the City filed an amended declaration, correcting an error in the calculation of the amount
of water given in the original declaration. The corrected value for this declaration is 1,345 ac-ft/yr
(1.2 million gallons per day). Pursuant to settlement of Bonds Ranch Application No. CT-2002, see
Settlement Agreement dated February 6, 2018 on file with the Office of State Engineer, Raton filed
on October 28, 2019 (1) Amended Declaration for irrigation (285.78 ac-ft/yr); (2) Amended
Declaration for municipal uses (1,345 ac-ft/yr); and (3) Application for Extension of time until 2059
to apply water to beneficial use under a State Engineer approved conservation program (See
Attachment D-2). By placing these declared water rights, except for the amounts conveyed and
leased to Bonds Ranch as described in said Agreement, into a conservation program, the City seeks
to protect these water rights from forfeiture and abandonment due to non-use until the water rights
are placed to beneficial use by the City for municipal purposes. The program will allow the City to
conserve water in the aquifer until such time that the City exercises the right for municipal supply.
Consistent with New Mexico Statutes Annotated (1978), Sections 72-9-1 and 72-12-8, this Amended
Declaration is intended to carry out protection and conservation of water for future use of Raton's
rights.
The City should be able to rely on the relation back doctrine in order to develop Capulin
groundwater. The relation back doctrine is a basic tenet of western water law. It has long been held
that an appropriator’s priority date relates back to the time that the appropriator commenced
development of the water right, provided that the appropriator pursued the appropriation with due
diligence and brought it to completion within a reasonable time. For example, a farmer who drilled
a well in 1950 but who did not irrigate the entirety of a 100-acre farm until 1960 could claim a
priority date of 1950 for all of the right by relation back, even though water may not have been put
to beneficial use until years afterwards.
New Mexico has recognized by statute the relation back doctrine with respect to surface water
appropriation since enactment of the 1907 water code. Section 72-1-2 NMSA 1978 (1907). Under
the statute, an appropriator’s water right for a pre-1907 claim relates back to “the initiation of the
claim, upon diligent prosecution to completion of the necessary surveys and construction for the
application of the water to a beneficial use.” Id. For claims after the effective date of the statute, the
priority date relates back to the date of permit application. Id.
Although New Mexico’s 1931 groundwater statute did not include a relation back provision, in 1961
the Mendenhall case made the relation back doctrine applicable to groundwater claims:

A landowner who lawfully initiates the development of an underground water right
and carries the same to completion with reasonable diligence acquire[s] a water right
with a priority date as of the beginning of his work, notwithstanding the fact that the
lands involved were put into a declared . . . basin before work was completed and the
water put to beneficial use . . . .
State of New Mexico ex rel. Reynolds v. Mendenhall, 68 N.M. 467, 468, 362 P.2d 998, (1961).
Since Mendenhall, New Mexico courts have continued to recognize the relation back doctrine as it
applies to groundwater, reducing the doctrine to a three-part test. To prove a claim of relation back,
claimants must show that they: “(1) legally commenced drilling their well before declaration of the
... basin, (2) proceeded diligently to develop a means of applying the water pursuant to a plan, and
(3) applied the water to beneficial use within a reasonable time.” State ex rel. Martinez v.
McDermett, 120 N.M. 327, 901 P.2d 745 (Ct. App. 1995). 1
One quality that sets the City apart is that it is a public entity. New Mexico courts have applied the
Mendenhall Doctrine more leniently to public entities carrying out a municipal water supply
function. The most important case applying the Mendenhall Doctrine to public or municipal prebasin rights is State of New Mexico ex rel. Reynolds v. Rio Rancho Estates, Inc., 95 N.M. 560, 624
P.2d 502 (1981). In Rio Rancho Estates, the New Mexico Supreme Court considered whether the
State Engineer could limit a municipal well, drilled before an extension of the Rio Grande
Underground Basin, to its original casing diameter of seven inches and a maximum diversion of
2,419.51 acre-feet per annum. The court noted that, when considering a municipal use, it is
appropriate to look to the municipality’s planned future use and, therefore, neither its current use nor
the size of the municipal appropriator’s well casing is necessarily the limit of its right. See id., 95
N.M. at 564, 624 P.2d at 506. The court determined that the State Engineer could not impose
limitations on the size and depth of the well because the initial seven-inch well was only one stage in
the development of the right.
Two relatively recent cases have denied non-municipal water users’ claims to future uses under an
existing pre-basin right because an unreasonably long period had lapsed since initiation of the right.
In State ex rel. Martinez v. McDermett, supra, 120 N.M. at 331, a farmer claimed the right to irrigate
an additional 64 acres in the Roswell Artesian Basin in 1948 under a pre-basin right initiated in
1908. The court ruled that the farmer had taken too long to put the additional water to beneficial use,
reasoning that for “a diversion of water for the purpose of irrigation to constitute beneficial use, the
water must be used to irrigate crops within a reasonable time.”

1

A federal court has identified four elements of a Mendenhall claim: “(1) pre-basin
initiation of groundwater rights; (2) due diligence; (3) completion of the appropriation; and (4)
the application of those rights to actual beneficial use within a reasonable time.” United States v.
Abousleman, CIV No. 83-1041 JC (Dist. N.M.), Mem. Op. & Order, May 4, 1999, at 6. The
court did not address “completion of appropriation,” however, and it is not clear how this
element would differ from the fourth element, application to beneficial use.

In the second case, the United States District Court for the District of New Mexico interpreted the
Mendenhall Doctrine in the context of future use claims in a stream adjudication in United States v.
Abousleman, Civ. No. 83-1041 JC, Mem. Op. & Order, May 4, 1999. In Abousleman, the Chaparral
Girl Scouts Council claimed a water right of 17.50 acre-feet per annum for two groundwater wells.
One well was drilled in 1963, the second in 1970, and the State Engineer declared the pertinent area
within the Rio Jemez Basin a part of the Rio Grande Groundwater Basin in 1973. The adjudication
was filed in 1983. The State Engineer made an Offer of Judgment to Chaparral in 1987 of 17.50
acre-feet per annum, provided that Chaparral put 12.34 acre-feet per annum to beneficial use by
December 31, 1992. Part of the water right, 5.16 acre-feet, was being beneficially used and the
remainder, 12.34 acre-feet, was for future use. Chaparral was not able to put the water to beneficial
use, at least partially due to insufficient well production. Chaparral applied for and received a
permit to relocate one well in 1992, which also delivered insufficient water, and diligently applied
for and received extensions of time from the State Engineer to develop its wells. Nonetheless, the
court held that Chaparral had not timely put water to beneficial use, finding that a period of 26 years
from the drilling of the first well in 1963 and 19 years from the drilling of the second well in 1970
until inter se objections were filed in 1989 was, as a matter of law, not a “reasonable time” under the
Mendenhall Doctrine in which to put water to beneficial use. The court also found significant that
16 years had passed since declaration of the basin.
In the Abousleman case, Judge Conway distinguished the amount of time allowed for private
appropriators to perfect their claims from the longer planning time frame allowed public entities:
Chaparral contends that the New Mexico Water Code and
public policy considerations do not support the Special Master’s
proposed rulings. It points to N.M. Stat. Ann. 1978 §72-1-9(B), [the
40-year planning statute] which provides for a period of 40 years for
“municipalities, counties, state universities and public utilities
supplying water to municipalities or counties” to implement their
water development plans. Chaparral implies that the inchoate
(future) water rights granted by this statute to municipalities and
other public entities would be lost if a stream adjudication were to
occur during that 40-year planning period if actual use of water must
be shown.
The public entities mentioned in §72-1-9(B) have been
accorded special status in New Mexico’s water code, and I do not
think this statute can or should be applied to private parties who have
failed to develop and use their water for as long as Chaparral has.
The ruling of the Special Master is not inconsistent with and will not
alter regional water planning by public entities that is encouraged by
this statute.
Mem. Op. and Order at 13.
Judge Conway’s analysis recognizes that the general applicability of the Mendenhall Doctrine has
been statutorily amended by the Legislature for the benefit of public entities named in the statute.

The statute applies to municipalities, counties, state universities and public utilities. The statute does
two things. First, it allows the specified entities to appropriate water for projected future needs over
the next 40-year period. Second, it protects the vested water rights from forfeiture and abandonment
during the 40-year planning period. The 40-year period begins from the date of application for (1) an
appropriation; or (2) a change in place or purpose of use pursuant to a water development plan; or
(3) preservation of a water supply for reasonably projected additional needs within forty years.
Section 72-1-9 NMSA 1978 (1985). The statute determines that 40 years is a “reasonable time” for
the named entities to place water to beneficial use. See Abousleman, Mem. Op. & Order at 13.
In summary, the City will have to demonstrate reasonable diligence in perfecting its water claims
through beneficial use. As a public, 40-year planning entity, it has the statutory right to develop its
underground water rights in the Capulin Basin until no earlier than 2045, 40 years after the basin
was declared, or until 2059 as requested in its Application for extension of time.
4. Conclusion
In managing its water rights, the City of Raton has demonstrated a long history of diligent
safeguarding and planning of the use of its water rights, in the face of basin shortages and vigorous
opposition by other water users. Despite these obstacles, the City has succeeded in developing a
flexible, conjunctively managed system between two basins, and potentially a third, that enables the
City to meet the demands of its residents. The City will need to continue to protect its rights
vigilantly and to find ways to maximize those rights. In addition, in the face of regional climate
change over time, it may be necessary to acquire additional water rights and perhaps to develop a
supply regime that is regional and multi-jurisdictional in character.
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