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CONVERSION FACTORS AND ABBREVIATIONS USED IN THIS REPORT

CONVERSION FACTORS:

Degrees Celsius (oC) may be converted to degrees Fahrenheit (oF) by using the following equation:
oF = 9/5(oC) + 32

ABBREVIATIONS:

The following terms and abbreviations may used in this report:

feet (ft)
feet per day (ft/d)

feet squared per day (ft2/d)
square miles (mi2)

cubic feet per second (ft3/sec)
gallons per day (gal/d)
inches per year (in/yr)

acre-feet per year (acre-ft/yr)
acre-feet per month (acre-ft/mo)

milligrams per liter (mg/L)
micrograms per liter (µg/L)
micrograms per liter (ug/L)

milliliter (mL)
millimeter (mm)

kilometer (km)
microsiemens per centimeter at 25 degrees Celsius (uS/cm@25oC)

Southwest Hydro-Logic
265 Ridge Road

Durango, Colorado 81303
(970) 259-2851

website: www.swhydrologic.com
email: info@swhydrologic.com

December 2006,
updated January 26, 2007

Multiply By To obtain

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/sec)

foot (ft) 0.3048 meter (m)

gallon 3.78 liter (L)

inch 25.40 millimeter (mm)
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EXECUTIVE SUMMARY
Lake Durango Water Company (LDWC) is a 

privately owned water company located west of 
Durango in La Plata County, Colorado.  The company 
serves 1,142 active customers, with an additional 293 
inactive/committed taps.  The source of water is the La 
Plata River, and source water is delivered to the main 
reservoir through the Pine Ridge Ditch.  Water enters 
the treatment plant through an outlet at the bottom of 
the dam.  The treatment plant could have a capacity for 
700 gallons per minute; however, there are limitations 
to the chlorine dioxide pre-treatment system and the 
pumping and piping arrangement leaving the plant.  
The main pump at the treatment plant and other 
pumping stations in the system deliver treated water to 
six storage tanks in the system.  Water is distributed to 
customers through about 61 miles of underground 
water lines.  

The LDWC water system--from the diversion at 
the La Plata River to customer delivery--functions 
adequately to meet most needs.  However, almost 
every component of the water system needs attention 
to a certain degree.  The shortcomings in the water 
system become most evident during water shortages 
such as drought periods.  These shortcomings may 
include:

• Inefficient delivery of water through the canal 
system (seepage losses, outdated waste gates, 
outdated flow recording devices, and need for 
constant monitoring).

• Algal blooms in the reservoir which result in 
water-quality problems and treatment 
challenges (primarily due to organic carbon 
and manganese).

• Lack of variable-depth intake structure from 
the lake to the treatment plant.

• Need for conventional pre-treatment and 
sedimentation system to lower pH, break up 
organic carbon molecules, and assist with 
manganese removal.

• Inefficient pumping and piping arrangement 
for treated water leaving the plant (due 
primarily to hydraulic limitations of piping 
system).

• Lack of automated systems to pump water to 
and fill the storage tanks.

• Other up-to-date information and technology 
are needed, such as radio transmitter water 
meters, computer back up system for customer 
data base, updated dam safety program, and 
safety plan.

The background and functions of the LDWC 
water system are presented in this report.  Guidance 
tips are presented that may contribute ideas to update 
and correct shortcomings in the water system.  All of 
the shortcomings can be easily updated and corrected.  
However, the company does not currently have the 
revenue to implement all of the corrections.

In order to begin implementation of the 
guidances tips, the Lake Durango Water Company 
Capital Improvement Fund (CIF) may be accessed.  At 
this time (January 11, 2007), the CIF account has a 
balance of $65,678.  There are not enough funds to 
complete all of the guidance tips; however, the most 
important tasks may be addressed immediately, as 
prioritized at the bottom of Table 7 (page 27 of this 
report).  The CIF account was established by the 
Colorado PUC Docket Nos. 03S-052W and 02A- 
629W, Decision No. R03-1022, September 9, 2003.  
The CIF account was designated and reserved for 
customer rebates, acquisitions of water supply, system 
infrastructure additions, and improvements.   A formal 
application must be submitted to the Colorado PUC to 
access these funds.

Suggestions for accountability for the upgrades 
and maintenance may include:

(1)  A contract with a consultant to perform the 
necessary engineering, purchasing, and installation of 
equipment.  The contract will include prioritization of 
work tasks, field data collection, research into costs 
and feasibility, management and oversight of 
construction work, and progress reports.

(2)  Redefinition of the La Plata County 
Resolution 2003-29 which restricts new developments 
in the LDWC service area.  It is proposed that the 
moratorium will not be lifted or removed; rather, the 
moratorium will be redefined to allow restrictions to 
be reinstated if the upgrades and maintenance tasks are 
not completed.

(3)  As a result of the pending PUC hearing for 
the LDWC CPCN (Certificate of Public Convenience 
and Necessity), a document may be written to settle 
the case out of court, and the document may include 
terms for implementing the upgrades and maintenance 
tasks.  
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INTRODUCTION 

Lake Durango Water Company (LDWC) is a 
privately owned water company located west of 
Durango in La Plata County, Colorado (Figure 1).  
LDWC was established in 1984 primarily to serve 
water to customers in Lake Durango Estates.  As the 
rural areas west of Durango experienced development 
and growth, waterlines were extended to other 
subdivisions and neighborhoods.  LDWC currently 
serves the subdivisions of Durango West Metropolitan 
District I, Durango West Metropolitan District II, Lake 
Durango Estates, La Plata Vista Estates, Long Hollow, 
Peaks, Rafter J, Rendezvous Trail, Shenandoah, 
Shenandoah Highlands, Tomahawk, Trappers 
Crossing, and individual customers that are not 
represented by a homeowners association.  The 
Durango West Metro Districts I and II, and La Plata 
Vista Estates are bulk customers, meaning that those 
subdivisions have one meter representing all water 
uses.  The subdivisions are developed from less than 1 
to greater than 35 acre parcels located in mountainous 
terrain of west-central La Plata County.  LDWC 
currently serves 1,142 active customers, and an 
additional 293 inactive customers are committed, for a 
total of 1,435 active and inactive taps.

Purpose and Scope

This report describes the current state of the 
infrastructure in the LDWC water system.  The report 
provides guidance tips on how to address components 
of the water system that need attention.  Guidance tips 
are summarized at the end of the report, and 
preliminary costs are provided.  The guidance tips do 
not constitute recommendations or requirements.  

The guidance tips that relate to capital 
improvement may be addressed immediately using 
existing funds in the LDWC Capital Improvement 
Fund (CIF).  The needed capital improvements are 
prioritized and tabulated at the end of this report.

This report describes in detail the functions and 
operating procedures of the water treatment plant.  
Details are provided for water sampling and testing 
which are required for compliance with the Safe 
Drinking Water Act (SDWA) and for routine 
monitoring of the treatment process for compliance 
with generally accepted good waterworks procedures.

The report can be used by the LDWC water 
users as a description of the state of the water system.  
The report may be used by La Plata County and the 
Colorado Public Utilities Commission (PUC) to assess 
the status of the water system and the ability of the 
system to provide a reliable water supply to customers.

Acknowledgements

Some of the ideas for this report are based on the 
guidance manual for preparing public water supply 
system operation and maintenance plans by the 
Georgia Environmental Protection Division, Drinking 
Water Permitting & Engineering Program (Georgia 
Environmental Protection Division, 2000).  Detailed 
descriptions of the treatment plant were obtained from 
the Comprehensive Evaluation Program of the LDWC 
treatment system conducted by a contractor to the 
Colorado Department of Public Health and 
Environment (Sear-Brown, 2003).

Lake Durango Water Company,
Operations and Maintenance Action Plan,
December 2006
By Winfield G. Wright

Certified Professional Hydrologist
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Figure 1. Location of the Lake Durango Water Company service area, La Plata County, Colorado.
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EXISTING AND PROJECTED WATER 
DEMAND

There are two customer classes in the LDWC 
system:  (1) Retail users which are comprised of 
individual houses and customers, and (2) Bulk or 
commercial customers which are comprised of 
subdivisions Durango West Metropolitan District No. 
I, Durango West Metropolitan District No. II, and La 
Plata Vista Estates.  Water demand rises during the 
summer months and diminishes during the winter 
(Figure 2).  During 2003-05, the average daily water 
use ranged from 89 gallons per day per customer 
(gal/d/cust) to 214 gal/d/cust.  Water use varies 
somewhat by customer class--125 gal/d/cust for 
Durango West I, 126 gal/d/cust for Durango West II, 
214 gal/d/cust for La Plata Vista Estates, and 89 
gal/d/cust for retail customers (Figure 3).  For 1,130 
customers during 2005, the total water delivered to 
customers was 64.2 million gallons per year (MGY), 
and the average water use for all customers was 155 
gal/d/cust.
___________________________________________

Guidance Tip:  Water use by customer class 
needs to be compiled on a regular basis.

___________________________________________

Water use in the LDWC area increased steadily 
from 1991 to 2002.  During 2002-03, a drought 
occurred throughout the US, and the drought was 
particularly severe in the southwest US.  A drought 
rate structure was imposed by LDWC during 2003, 
and voluntary reductions in water use were evident 

during the latter part of 2002 (Figure 2).  The result 
has been a greater awareness of water conservation in 
the LDWC service area.  However, the rate structure 
established by the Colorado PUC during the 2003 rate 
case was determined using usage quantities prior to 
implementation of the conservation rate structure.  As 
a result, the volumes consumed by the customers have 
been less than adequate in order to provide the 
company with enough revenues to properly operate.
___________________________________________

Guidance Tip:  A new rate structure needs to 
be proposed for the LDWC service area in order 
to provide adequate revenues to operate the 
company.

___________________________________________

As a result of the drought of 2002-03, 
conservation restrictions were established for the 
LDWC water system (Colorado Public Utility 
Commission Docket Nos. 03S-052W and 02A-629W, 
Decision No. R03-1022, September 9, 2003).  The 
water use restrictions, based on reservoir levels (Table 
1), apply mainly to outside watering (lawn sprinkling, 
irrigation, or car washing) using LDWC treated water.  
When the reservoir reaches the indicated levels, public 
notifications are to be delivered to each customer 
describing the restrictions.  Penalties or fines may be 
imposed for violation of the water-use restrictions.  
Conservation-incentive water rate structures also were 
implemented following the drought (Table 2), and 
base rates were established for each customer class 
(Table 3).

Figure 2. Delivery of treated water from the Lake Durango Water Company

water treatment plant, 1991-2003.
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DURANGO WEST I MONTHLY USE, 2004-05
(AVERAGE 125 GALLONS PER DAY PER CUSTOMER)
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DURANGO WEST II MONTHLY USE, 2004-05
(AVERAGE 126 GALLONS PER DAY PER CUSTOMER)
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LA PLATA VISTA MONTHLY USE, 2004-05
(AVERAGE 214 GALLONS PER DAY PER CUSTOMER)
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RETAIL USERS, 2003-05

(AVERAGE 89 GALLONS PER DAY PER CUSTOMER)
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Figure 3. Water use by customer class in the LDWC service area.
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Table 1. LDWC Conservation Restrictions Based on Reservoir Level
[from Colorado Public Utilities Commission Decision No. R03-1022, September 9, 2003]

Water Volume in Reservoir,
Acre-Feet Restrictions

800 or more No restrictions

600-799 Stage I

350-599 Stage II

250-349 Stage III

Below 250 Stage IV

Table 2. Conservation-incentive water rate structure for LDWC
[from Colorado Public Utilities Commission Decision No. R03-1022, September 9, 2003]

CONSUMPTION,

Monthly

RETAIL RATES,

per 1000 gallons

BULK RATES,

per 1000 gallons

0-6,000 gallons $4.99 $2.94

6,001-12,000 $8.00 $3.67

12,001-1 8,000 $20.00 $18.00

1 8,001-24,000 $40.00 $38.00

Above 24,000 $60.00 $58.00

Table 3. Base rates by customer class for LDWC

[from Colorado Public Utilities Commission Decision
No. R03-1022, September 9, 2003]

Customer Class
Base Rate,

per month

Retail Customers $20.45
DW1 $1,543

DW2 $2,109

LaPlata Vista Estates $139
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Tap Count Data Base

The current data base of tap owners in the 
LDWC system was exhaustively assembled by Randy 
Garroutte (Colorado PUC), Juanita Sauvage (La Plata 
County Planning Department), Marsha Moreland 
(Utility Management for LDWC), and the author of 
this report.  As of December 2006, there were 1,142 
active taps and 293 committed taps for a total of 1,435 
active and committed taps.  The tap count list was 
published in the Durango Herald on October 29, 
2006, in order to receive comments from the public 
regarding status of tap ownership.  There were six 
written questions and about six phone calls regarding 
the published tap count.  All questions and comments 
have been addressed, written responses were sent to 
written questions, and the tap count for LDWC is 
final.  No new taps can be added to the LDWC system 
until a new water supply source is added to the system.

Maintenance of Tap Count Data Base

The tap count data base will not experience 
many new additions or corrections until a new source 
of water is acquired; however, there will be constant 
changes in land ownership, and land ownership is 
keyed to the County parcel number.  Maintaining the 
LDWC tap count data base will be accomplished by 
development of a computer program that utilizes the 
La Plata County assessors data base, which is released 
about every six months.  A computer program needs to 
be designed (possibly using Microsoft AccessTM) that 
compares the owner name in the LDWC tap count to 
the owner name in the County assessor data base.  
Changes will automatically be done to ownership 
name using the computer program. 
___________________________________________

Guidance Tip:  A computer program needs to be 
designed that looks for owner name changes in the 
County assessor data base, compares it to the 
LDWC tap count data base, and automatically 
makes changes to the LDWC data base in order to 
maintain an accurate ownership data base for the 
LDWC system.

___________________________________________

Actual Versus Design Demand

The actual demand is the water that has been 
historically delivered to LDWC customers, 
extrapolated to the full commitment of taps.  Design 
demand is based on the La Plata County requirement 
for 350 gal/d/house, which includes safety factors for 
fire fighting and system losses.  For the average 
consumption rate of 155 gal/d/cust in the LDWC 
system, the projected water usage for 1,436 taps would 
be 81 MGY.  Design demand for 1,436 customers at 
350 gal/d/cust would be 183 MGY; therefore, the 
LDWC system would be operating at 44 percent of the 
design demand.  As the LDWC infrastructure is 
updated and improved, there needs to be a discussion 
with La Plata County and the Colorado Division of 
Water Resources to decrease the design demand to a 
number that actually represents the system demand.
___________________________________________

Guidance Tip:  As the LDWC infrastructure is 
updated and improved, there needs to be a 
discussion with La Plata County and the Colorado 
Division of Water Resources regarding the 
applicability of lowering the design demand from 
350 gal/d/unit to a number that actually represents 
the system demand.

___________________________________________

Safe Yield

Safe yield of the LDWC system has been 
described by the Colorado Division of Water 
Resources (DWR) as 559.9 acre-ft per year, or 1435 
customers at 350 gal/d/cust.  The original safe yield 
calculation was done by Goff Engineering (1995, 
1996) which assigned a safe yield of 1,305 houses to 
the LDWC system.  However, the DWR assigned a 20 
percent seepage loss to the Pine Ridge Ditch, which 
reduced the safe yield of the LDWC system.  Repairs 
have been made to the Pine Ridge Ditch.  Hydrologic 
field investigations during 2005 indicated that the 
seepage losses are on the order of 5 to 10 percent.  The 
DWR subsequently decreased the seepage loss to 12 
percent, thereby increasing the safe yield to 1,435 
houses at 350 gal/d/house.  While the Goff (1998) 
approach might have been adequate to describe the 
needs for the customers at the time, the inherent basis 
for the safe yield consists of the streamflows in the La 
Plata River and the ability to divert and convey water 
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in the Pine Ridge Ditch, through the Lake Durango 
Lateral, and into Johnson Reservoir.
___________________________________________

Guidance Tip:  Safe yield of the LDWC system 
needs to be recalculated based on historical flows 
in the La Plata River, accounting for repairs and 
maintenance to the seepage losses from the Pine 
Ridge Ditch.

___________________________________________

SOURCES AND CONVEYANCE
OF WATER

The primary source of water for Lake Durango 
Water Company is the La Plata River.  When the Pine 
Ridge Ditch has priority (number 39 in the La Plata 
River basin), water is diverted into the Pine Ridge 
Ditch upstream from Hesperus, and water is conveyed 
through 4.54 miles of open canal to the Lake Durango 
Lateral.  Water is divided at a splitter box where 
LDWC water is conveyed through 0.69 miles of open 
canal to Johnson Reservoir (Figure 4).  Rainfall runoff 
and snowmelt occurs within the subbasin of the main 
Johnson Reservoir which has a drainage area of 0.58 
square miles.  Snowmelt and runoff also occurs in the 
drainage area of the Pine Ridge ditch, primarily north 
of US Highway 160, and this runoff also can be 
conveyed to the LDWC reservoir.

In the past, the Pine Ridge Ditch had seepage 
and leakage problems.  Many of the seepage problems 
have been addressed through repairs and application 
of polyacrylamide (PAM).  Polyacrylamide (PAM) is a 
long-chain synthetic polymer which, in its linear 
anionic form, can be added to canal water to flocculate 
suspended sediments and drop with the sediments out 
of suspension to effectively seal the canal perimeter.  
PAM also can be applied while a canal is being filled 
by placing the PAM solution in the propagating wave 
front of the arriving water.  Particular sections that 
need PAM applications include the sections that are 
elevated above grade, such as the section between 
Indian Shadow Ranch and Hesperus, near US 
Highway 160 at Hesperus, south of US Highway 160, 
and the LDWC Lateral upstream from the reservoir.
___________________________________________

Guidance Tip:  PAM needs to be applied to the 
Pine Ridge Ditch and LDWC Lateral on a regular or 
annual basis.

___________________________________________

There are other water users with water rights on 
the Pine Ridge Ditch.  Of the 80 shares on the ditch, 
Lake Durango Water Company holds 27 shares.  
Repairs and construction on the ditch should be shared 
among all of the users; however, the domestic water 
users in the LDWC service area have a vested interest 
in making sure that the water in the ditch makes it to 
the reservoir.  On an annual and continuing basis, 
volunteers in the LDWC service have been helping to 
maintain the ditch, clean out trash racks, and attend 
meetings to assure delivery of water to homes in the 
service area.  However, beavers and muskrats continue 
to clog culverts and headgates regardless of the efforts 
put forth by volunteers.  The waste gate downstream 
from Indian Shadow Ranch was constructed from 
wood many years ago; this waste gate continuously 
leaks water when the ditch is running.

The main diversion and headgate at the La Plata 
River is located on Indian Shadow Ranch north of 
Hesperus.  The headgate structure was redesigned and 
rebuilt during 2004; costs for design and construction 
totaled more than 30,000.  The La Plata River channel 
upstream from the main headgate gets reworked 
almost every year from high flows due to snowmelt or 
rainfall runoff.  The owners of Indian Shadow Ranch 
recently (October 2006) hired a consultant to construct 
channel-control structures in the stream in the vicinity 
of the headgate, which was done for the benefit of 
fishing habitat at the Ranch.  The Pine Ridge Ditch 
Company has a ditch rider and persons responsible for 
maintenance.  However, LDWC has a vested interest 
in maintaining the Pine Ridge Ditch, Lake Durango 
Lateral, headgates, culverts, and waste gates; it should 
not be the responsibility of the Pine Ridge Ditch 
Company to make sure the public water supply arrives 
successfully at Johnson Reservoir.
___________________________________________

Guidance Tip:  When the Pine Ridge Ditch is 
running water, there should be a representative 
from LDWC to make sure that the headgate has 
adequate flow towards it, trash racks and 
culverts are clean, and the gages are operating 
properly.  If necessary, a temporary or part time 
employee should be hired to accomplish these 
tasks.

Trash racks are needed on culverts south of 
Indian Shadow Ranch.  Even better, replace the 
culverts with a bridge.  The waste gate south of 
Indian Shadow Ranch needs to be replaced.

___________________________________________
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There are four gaging stations on the Pine Ridge 
Ditch and Lake Durango Lateral that have been 
established to measure the flows in the ditch.  The 
State DWR operates the main gage on the Pine Ridge 
Ditch, located north of Hesperus (Figure 4).  This gage 
has a satellite transmitter, and real-time data can be 
viewed online at http://www.dwr.state.co.us/ 
Hydrology/flow_graph.asp?ID=PINDITCO 
&MTYPE=DISCHRG).  LDWC is responsible for 
servicing two gages--one downstream from the splitter 
box on the Ute Mountain Ute property, and the other 
upstream from the reservoir (Figure 4).  The gaging 
stations currently (December 2006) need repairs to the 
gage houses to prevent rodents and squirrels from 
entering the gage house and destroying the equipment, 
which happens on a regular basis.  The recorders and 
data loggers currently being used in the LDWC gage 
houses are barely adequate to ensure collection of 
seamless data.
___________________________________________

Guidance Tip:  Solid floors or bottoms are 
needed for the gage houses.  Newer, more up-
to-date recorders and data loggers are needed 
for the LDWC gages.

___________________________________________

There are a total of four reservoirs in the system:
• Amber Reservoir--maximum capacity of 

43 acre-ft.
• Johnson Reservoir (Lake Durango)--maximum 

capacity is stated as 1,078 acre-ft but usable 
capacity is 1,000 acre-ft (K. Beegles, Colorado 
Division of Water Resources, oral commun., 
2004).

• Johnson Reservoir #2--maximum capacity of 
54 acre-ft.

• Johnson Reservoir #3--maximum capacity of 
25 acre-ft.

Johnson Reservoir receives water from the Lake 
Durango Lateral, which is currently (December 2006) 
routed through Amber Reservoir.  Johnson Reservoirs 
#2 and #3 receive water from snowmelt runoff and 
from the Shenandoah Lateral.  Johnson Reservoirs #2 
and #3 are located across a drainage divide to the 
south of the main reservoir; therefore, a pumping 
system has been constructed to transfer water from #2 
and #3 to the main reservoir.

LDWC water rights are decreed through several 
water court decisions.  When the Pine Ridge Ditch has 
priority, LDWC has the right for 4.4 cubic feet per 

second (ft3/sec) of water.  This amount of flow is only 
provided when there is enough water in the La Plata 
River to provide New Mexico with its interstate 
compact water, as well as other senior water rights in 
the La Plata River valley downstream from Hesperus.  
When there are flood flows in the La Plata River, 
LDWC has the right for the full capacity of the Pine 
Ridge Ditch, which can be as high as 14 ft3/sec if the 
canal is properly maintained.

Water has traditionally been diverted into the 
Pine Ridge Ditch and Lake Durango Lateral during the 
snowmelt runoff and irrigation seasons of April-July, 
when there is sufficient water.  It has sometimes been 
difficult for Lake Durango customers to receive 
sufficient water supply due to the low priority number 
of the LDWC water rights on the La Plata River.  
Many of the irrigators in the La Plata River valley are 
opposed to water being taken out of the drainage basin 
into the LDWC service area, and many objections 
have been raised in water court regarding the LDWC 
water rights.  During the drought of 2002, for example, 
LDWC did not receive any water from the Pine Ridge 
Ditch.  

The outlet from the reservoir is a 15-inch 
reinforced concrete pipe that daylights at the foot of 
the dam.  A manually operated gate allows the 
operator to control the flow of water from the reservoir 
to the open end of an 8-inch poly vinyl chloride pipe 
near the discharge of the 15-inch outlet.  The operator 
adjusts the flow of water to just exceed the production 
setting of the water treatment plant.  The raw water 
enters a raw water wetwell inside the plant with on 
overflow pipe to the backwash pond.  Raw water 
overflow, dam seepage and backwash decant are 
mixed together and pumped back into the reservoir.  
During late summer when the lake becomes stratified, 
iron and manganese concentrations can become 
elevated in the bottom of the reservoir.  Therefore, 
elevated iron and manganese concentrations can be 
drawn into the LDWC treatment system.  

The primary source of the problem with elevated 
iron and manganese concentrations is related to 
growth of blue-green algae in the reservoir.  Algae 
bloom in the warm, stagnant water during the summer.  
Then the algae die and sink to the bottom of the 
reservoir, contributing high concentrations of total 
organic carbon (TOC) to the reservoir.  The dead algae 
contribute labile organic matter for the reduction and 
solubilization of iron and manganese which may be 
sourced from the bedrock upon which the reservoir 
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sits.  Copper sulfate is added to the reservoir to kill the 
blue-green algae, but this is a temporary fix, and the 
copper and sulfate concentrations could be 
accumulating over time in the bottom of the reservoir.  
Another method to prevent the growth of blue-green 
algae would be the purchase and installation of solar-
powered lake circulators (two circulators may be 
needed for the reservoir).  The blue green algae thrive 
in stagnant water.  They move from the thermocline to 
the water surface during their feeding processes.  
When the water is circulated, not only does it bring 
anoxic water from the bottom and mixes it with oxic 
surface water, but it interrupts the blue-green algae 
feeding migrations, hence they cannot feed nor 
reproduce as before.
___________________________________________

Guidance Tip:  A variable-depth intake structure is 
needed at the LDWC reservoir so that the elevated 
iron and manganese concentrations can be 
avoided during summer stratification.

Lake circulators are needed for the LDWC 
reservoir to prevent growth of blue-green algae.

___________________________________________

DESCRIPTION OF SYSTEM AND 
FACILITIES 

Owner Name and Address

Lake Durango Water Company is an 
incorporated company, and most of the stock is owned 
by Robert P. Johnson, business address 755 East 2nd 
Avenue, Suite 2B, Durango, Colorado 81301, phone 
number (970) 247-4062.  Marsha Moreland is the 
office manager and accountant.  Tim Cavanaugh is the 
distribution foreman, and Bud Fitts is the maintenance 
assistant.  Chris Kramer currently is the treatment 
plant operator (contract with LDWC).

Service Area and Map

The service area consists of the individual 
customers and parcels of the active and committed tap 
count data base.  There is no perimeter and no 
municipal boundary defining the LDWC service area.  
The service area is shown in Figure 5.  The tap count 

data base can be obtained from the LDWC office upon 
request.

Permits

Primary permits to operate the LDWC system 
include: 

A. Permit to operate a public water supply 
system issued by the Colorado Department of Public 
Health and Environment (CDPHE)--Water Treatment 
Plant PWSID# 134530.

B. Operation as a utility under regulation of the 
Colorado Public Utilities Commission (PUC).

C. Water Rights to Withdraw Surface Water:
State of Colorado, District Court, Water 
Division 7, Case Numbers:

79CW86
79CW88
93CW8
95CW19

D. National Pollution Discharge Elimination 
System Permit--no discharge permits are held by 
LDWC because backwash effluent from the treatment 
plant is pumped back into the reservoir.

Treatment Plant

The following excerpts are from the 
Comprehensive Performance Evaluation report of the 
Lake Durango Water Company treatment plant 
performed by Sear-Brown on November 3-5, 2003 
(Sear-Brown, 2003).  The treatment plant served a 
population of approximately 2,800 people at the time 
of the inspection.  

The treatment plant construction occurred in 
1992 with the first packaged filter train.  In 2002, the 
second packaged filter train was added.  For the period 
of January to October 2003, the average daily water 
production from the water treatment plant was 0.157 
million gallons per day (MGD) with a peak production 
of 0.72 MGD in August 2003. 

Processes at the Lake Durango WTP include 
chemical pretreatment followed by two treatment 
trains and post-disinfection.  The packaged treatment 
trains, manufactured by USFilter (Trident 210-A), 
utilize upflow adsorption clarifiers and multi-media 
filters.  Operators select the number of filter units 
needed and the flow per filter to meet the daily 



S

W

HL
13

G!.

G!.

G!.

G!.

G!.
G!.

G!.G!.

G!.

G!.
G!.

G!.

G!.

G!.G!.

G!.

G!.
G!.

G!. G!.

G!.

G!.

G!.

G!.

G!. G!. G!.

G!. G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!. G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.

G!.
G!.

G!.
G!.

G!.

G!.

G!.

C
r 14

1

Cr 136

Cr 211

H
w

y
14

0
Cr 125

Cr 120

C
r 1

42

C
r

1
2
6

R
id

ge
R
d

Hwy 160

Cr 127

Terlun Dr

C
r
128

Colonial Dr

D & Rg Dr

Spring
Rd

Miramonte

H
e
ri
ta

g
e

R
d

Coyote

Sawmill Rd

Indian Bend

Shenandoah Dr

S
o
u
th

L
a
k
e
s
id

e
D

r

Deer Tra
il

Ruins Point

T
h
u
n
d
e
rb

ird
R

d

Zane
D
r

A
d
o
b
e

D
r

P
a
ri
ss

L
n

Rebel Dr

P
ea

k
Tr

ai
l

G
u
lc

h
R

d

Ridge

R
e
d

O
a
ks

L
n

W
ild

ca
t
R

d

C
r

1
2
6

Z0 0.5 10.25 Miles

EXPLANATION

Fire Hydrant

LDWC Waterlines

Roads

Areas Not Served by LDWC

LDWC Active Taps, January 26, 2007

La Plata Vista Estates

LDWC Committed Taps, January 26, 2007

G!.

Durango West Metropolitan Districts No. 1 and 2

Figure 5. Lake Durango Water Company service area, January 26, 2007

(large format maps are available for viewing at the LDWC office).



Lake Durango Water Company, Operations and Maintenance Action Plan, December 200614

demands through continuous operation.  Filtered water 
is chlorinated before flowing into the below-grade 
concrete clearwell.  Performance is monitored 
continuously using on-line turbidimeters and a 
chlorine analyzer.  The water level in the clearwell is 
monitored visually and high service pump rate is 
manually adjusted using a variable frequency drive on 
the pump motor.  A flow chart for the treatment plant 
is shown in Figure 6.

The raw water is pretreated using chlorine 
dioxide to oxidize iron and manganese concentrations.  
The chlorine dioxide is generated from sodium 
chlorite and chlorine gas. The 1 mg/L dosage is 
controlled by the operator from a rotometer and the 
chemical is injected into the inlet pipe.  The rotometer 
may not be large enough to provide the chlorine 
dioxide sufficient to treat enough water at full build 
out of the houses on the LDWC system (E. Glass, 
former LDWC treatment plant operator, verbal 
communication, June 2006).
___________________________________________

Guidance Tip:  The chlorine dioxide rotometer 
system needs to be upgraded to provide greater 
capacity for growth in the service area.

___________________________________________

The coagulant used is an aluminum chloride 
hydroxide sulfate marketed as SternPAC®.  It is fed 
from a day tank using a Stenner® peristaltic pump. 
The feed pump maintains a constant feed rate until the 
operator manually changes the pump setting. The 
coagulant feed setting is determined based on 
treatment system performance, operator experience 
and jar testing. The coagulant is injected into the raw 
water just ahead of a static mixer on the raw water 
discharge header.

Orifice plate flow meters are installed on the 
feed pipes to each treatment train. The operator sets 
the flow rate to each train at the system control panel. 
The signal from the flow meter is used to modulate an 
influent control valve to maintain the set flow rate. A 
manual isolation valve is also installed on each train's 
influent pipe.

The upflow adsorption clarifiers provide for the 
formation and removal of particles by adsorption onto 
plastic media.  The media is held in place by screens.  
Flow through each train is independently controlled.  
However, both trains are taken offline during the air 
scour and flush of one of the adsorption clarifiers.  
When a filter is being backwashed, the other treatment 

train remains in service at the flow set point for that 
unit.  The coagulant feed rate remains constant during 
the flushing or backwashing processes, which doubles 
the dosage if the second treatment unit is in service.

Backwash (flushing) of the clarifier media is 
automatically initiated based on head loss or time.  
The flush cycle is set to run when head loss reaches 
1.2 psi or 15 hours, whichever comes first.  The cycle 
runs for approximately 12 minutes starting with the 
influent valve closing and the air blower injecting air 
for a 6-minute bed fluidization.  The air scour 
continues with a 2-minute water flush-to-waste.  The 
water flush runs 4 minutes.  Raw water is used for the 
flush cycle.  During this time, flow through filter is 
suspended by closing a gate in the collection trough 
and the closing of the filter discharge valve.  
Backwash water and solids are discharged to a pond 
outside of the treatment plant building.  Flow through 
the process train immediately begins upon completion 
of the flush cycle.

The treatment plant has two multi-media filters 
each rated to treat 0.5 MGD.  Electric actuators control 
the effluent valve position on each treatment train 
based on the head loss measured by a differential 
pressure gauge.  The effluent valve modulates to 
maintain a constant water level over the filters.

The operator sets the backwash cycle to 
automatically start based on a head loss of 5.5 psi.  A 
timer will override the head loss setting.  The operator 
changes the setting according to raw water quality 
with the setting currently at a 36-hour maximum filter 
run time.  After the filter backwash sequence is 
initiated, the influent shut-off valve closes and the 
filter begins to drain.  If the other filter is in service, 
flow through that train continues with the chemical 
feed rate maintained so that coagulants and oxidants 
are dosed at twice the normal level for the duration of 
the backwash.  Filter #1 was installed with a rotary 
surface wash system while the newer Filter #2 has an 
air scour system.  When the water surface drops to a 
level indicated by a float switch, the backwash begins.  
Filter #1 starts with the high rate backwash and 
surface wash.  The surface wash runs for 3 minutes out 
of the total backwash duration of 11 minutes.  Filter #2 
backwash starts with a low rate backwash while the air 
scour runs.  The low flow sequence in Filter #2 is 
achieved using a smaller diameter bypass pipe and 
valve around the main backwash pipe and valve. The 
air scour and low rate backwash runs for 
approximately 3 minutes.  Then, the air scour shuts off 
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Figure 6. Flow chart for water treatment plant, Lake Durango Water Company (Sear-Brown, 2003).
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and the high rate backwash begins its 8-minute 
sequence.  After the backwash sequence ends, the 
valve opens on the filter influent pipe, and a 10-minute 
filter-to-waste cycle runs.  The flow rate for the 
backwash is measured by a flow meter and manually 
adjusted when needed.  The low flow backwash rate is 
350 gpm and the high flow rate is 1,080 gpm.  The 
corresponding high backwash flow rate is 15.2 
gpm/ft2, which is below the maximum design criteria 
of 20 gpm/ft2 established by CDPHE.  A vertical-shaft 
centrifugal pump supplies treated water for filter 
backwash from the clearwell.

On-line turbidimeters are installed on each filter 
effluent with the signal from these meters recorded on 
a circular chart.  The plant utilizes Hach 1720C 
turbidimeters on each filter discharge and a 1720D for 
the combined effluent turbidity monitoring.

Filter backwash wastewater is discharged to a 
pond located on-site. The decant from the pond is 
pumped to Lake Durango. The pond has never been 
drained to remove sludge. The operator has used a 
backhoe to remove a portion of solids with limited 
success. The Company needs to develop a plan for 
future water treatment residuals testing and disposal.  
Backwash sludge needs to be tested for EPA TCLP 
parameters (Toxic Characteristic Leaching Procedure), 
and the sludge needs to be disposed of properly at a 
facility that accepts treatment facility sludges.

Gaseous chlorine is applied after filtration in the 
clearwell.  The gas chlorination system consists of two 
150-pound gas cylinders.  One cylinder is on-line, one 
operates as stand-by with automatic switchover.  The 
chlorine feed system uses house water to form a 
vacuum through the gas eductor.  A rotometer exists 
for post-disinfection control of the chlorine feed to the 
injection port at the plant.  Operators set the chlorine 
feed rate manually to maintain a free available 
chlorine residual of 1.2 to 1.5 mg/L in the discharge 
from the clearwell.  Caustic soda is also fed to increase 
pH in the finished water.  The dry caustic soda is 
mixed into solution and fed at approximately 5.7 
mg/L.

Analytical equipment continuously monitors the 
chlorine residual in the finished water.  The chlorine 
analyzer samples water from the high service 
discharge pipe.  Operators complete a daily check on 
the chlorine residual, water temperature and pH in the 
finished water and record the parameters in a plant 
logbook.

Filtered water is discharged into the clearwell.  
The clearwell has a baffle wall to separate the inlet 
from the pump suction pipe, which decreases the 
potential for short-circuiting.  The distribution main 
immediately splits with approximately 60 percent of 
the flow going towards the first service tap, located 
approximately 2,000 linear feet (of 6-inch diameter 
piping) from the treatment plant.  

A programmable logic control (PLC) panel 
allows the operator to control and monitor the water 
treatment plant.  The operator sets the plant flow rate 
through each treatment train to meet the average 
demands over a 24-hour period based on visual 
inspection of various distribution storage tank water 
levels.  The operator sets the high service pump rate by 
manually adjusting the motor speed through a VFD.

The average daily flow is 0.157 MGD (109 
gpm), the historical peak flow of 0.72 MGD (500 
gpm) occurred on August 1, 2003, and the design flow 
for the treatment plant is 1.0 MGD.  The main delivery 
pump from the plant is a 40 HP variable frequency 
drive pump, and there are two supplemental 20 HP 
pumps.  When both filter trains are in full production 
(700 gpm), the piping Tee from the clear well pumps 
(one 40 HP and two 20 HP pumps) experiences 
turbulence, and the plant is not able to deliver the full 
700 gpm capacity.  
___________________________________________

Guidance Tip:  The delivery pipes and pumping 
systems from the clearwell to customer delivery 
needs to be redesigned, and the piping system 
needs to be replaced in order to accommodate the 
700 gpm production potential of the plant.

___________________________________________

From the review of the Lake Durango Water 
Company treatment plant (Sear-Brown, 2003), all 
major unit processes are within the 1997 CDPHE 
design criteria at average daily and historical peak 
flows for the treatment plant.

The disinfection evaluation (Sear-Brown, 2003) 
used the effective volume of the raw water wetwell for 
pre-chlorination and the clearwell with 2,000 feet of 6-
inch diameter pipeline from the clearwell to the first 
customer tap for post-chlorination.  The effective 
volume of the wetwell and clearwell was determined 
by assigning a baffling factor based on the 
configuration of the inlet/outlet conditions and the 
minimum operating water levels in the tank. 
Evaluators assigned a 0.3 baffling factor to the 
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wetwell and a 0.5 baffling factor to the clearwell 
because of the interbasin baffling.  The flow through 
the distribution system splits into two branches just 
outside the building with 60 percent of the flow going 
through the pipeline towards the first customer.  An 
effective volume of 2,960 gallons for pre-disinfection 
and 13,233 gallons for post-disinfection provides 37 
minutes of chlorine contact time at peak historical 
production flows of 500 gpm.

The required capacity of the disinfection process 
was also evaluated using EPA criterion for compliance 
with the Surface Water Treatment Rule (SWTR).  The 
post-disinfection system provides for a 0.57 log 
inactivation of Giardia cysts at flows of 0.72 MGD.  
However, the treatment plant also uses chlorine 
dioxide for pretreatment.  The chlorine dioxide is 
applied at the influent to the raw water wetwell, which 
maintains 5.9 feet of water depth.  The effective 
volume of the influent wetwell with a baffling factor 
of 0.3 is 2,960 gallons.  Assuming a minimum chlorine 
dioxide residual of 0.5 mg/L (1.0 mg/L is dosed), the 
pre-disinfection provides for a 0.56 log inactivation of 
Giardia cysts.  Combining the results of the pre- and 
post-disinfection processes, the treatment plant 
achieves a 1.13 log inactivation.  The filtration plant is 
assessed against a 1.0-log inactivation requirement 
since a 2-log removal of Giardia is expected for a 
direct filtration-type system, such as the one at Lake 
Durango treatment plant.  MPA tests from 2001-2003 
for the Lake Durango treatment plant showed a large 
variation in particulate removal with the 2003 results 
showing only 0.56 log removal.  The 2002 results 
were better with 1.1 log removal.

Lake Durango Water Company staff regularly 
checks chlorine residuals at 20 locations throughout 
the distribution system, which is a rigorous level of 
testing for such a small system.  However, in the Sear-
Brown (2003) report, operators were encouraged to 
implement disinfection profiling to determine the log 
inactivation of Giardia cysts for each day the treatment 
plant is in operation and establish a benchmark for 
disinfection capacity under varying conditions.
___________________________________________

Guidance Tip:  Daily disinfection profiling has 
been suggested by the evaluation contractor for 
the Colorado Department of Public Health and 
Environment.

___________________________________________

Historically, operators control the flow rate 
through each train at the control panel to meet average 
water demands during the year. The peak service 
demands are met through storage in the finished water 
storage tanks in the distribution system. Operators set 
the flow rate for the plant to maintain continuous 
production 24 hours per day.  Orifice plate flow meters 
measure the influent flow rate to each train. Each flow 
meter provides a feedback signal used to control the 
valve opening on the treatment unit influent pipes. The 
operator must balance the production rate and the high 
service pump rate to meet service area demands. The 
operator manually adjusts the variable frequency drive 
setting for one of three high service pumps based on 
visual checks on water level in the clearwell and the 
distribution storage tank levels. 
___________________________________________

Guidance Tip:  The operator manually adjusts the 
variable frequency drive setting for the delivery 
pump based on visual checks on water level in the 
clearwell and the distribution storage tank levels.  
An automatic tank-level monitoring system is 
needed to automatically turn on the supply pumps 
from the treatment plant in order to fill the storage 
tanks.

___________________________________________

The raw water turbidity is monitored 
continuously, but the raw-water turbidity is monitored 
after chlorine dioxide is added.  These raw-water 
turbidities are typically 1-5 NTU; however, raw-water 
turbidities may rise as high as 12 NTU due to high 
wind and wave action in the reservoir. The adsorption 
clarifier is able to remove a portion of the particulate 
solids ahead of the filters; however, the lack of a 
sedimentation and flocculation basin and the short 
detention time through the adsorption clarifier limits 
the reaction time for coagulation chemicals.  Chlorine 
dioxide concentrations in the raw water wetwell decay 
at a high rate but may impact the performance of the 
coagulants and the absorption clarifier. The low 
detention time through the absorption clarifier is the 
primary limitation of the treatment plant.  
Reflocculation may occur within the clearwell if the 
coagulant is overdosed because of the short reaction 
time.  The short detention time through the 
flocculation processes and the cold-water conditions 
may be limiting the effectiveness of particle removal 
and the reduction of organic compounds by the 
adsorption clarifier.  The presence of soluble iron and 
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manganese in the raw water impacts coagulation 
chemistry, accumulates within on-line monitoring 
instruments and limits treatment effectiveness. 
Precipitation of iron also occurs in the clearwell due to 
oxidation through post-chlorination, further degrading 
finished water quality.
___________________________________________

Guidance Tip:  The lack of flocculation and 
conventional sedimentation limits the potential for 
enhanced coagulation for removal of raw water 
organic compounds, iron, and manganese.  A 
conventional sedimentation unit, which lowers the 
pH below 6.0 to break up organic carbon 
molecules, is needed as a pre-treatment process 
for the LDWC treatment plant.

___________________________________________

The backwash pond probably does not allow 
much settling of solids due to the overflow of raw to 
the pond.  Water from the pond is pumped back to 
Johnson Reservoir to be recycled through the plant. 
Therefore, the Filter Backwash Recycle Rule (FBRR) 
applies to the Lake Durango treatment plant.  

The gaseous chlorine disinfection system is well 
maintained and sufficiently sized to maintain chlorine 
at target levels (1.2-1.5 mg/L) in the plant effluent.  No 
limitations with the chlorine delivery system were 
noted by the operators or observed by the evaluators 
(Sear-Brown, 2003).  The online chlorine analyzer is 
calibrated when the reagents are changed 
approximately every six weeks

Plant staff have initiated sampling for 
disinfection byproducts (DBP) including Total 
Trihalomethanes (TTHM) and Haloacetic Acids 
(HAA5). The treatment plant was sampled for the 
TTHM and HAA5 on August 29, 2002, to determine if 
they are above the allowable annual average of 80 and 
60 ug/L (micrograms per liter), respectively.  The 
TTHM concentration was 82.1 ug/L while the HAA5 
result was 25.6 ug/L.  The TTHM result is high which 
indicates that DBP reduction may be required based 
on a four-quarter average of TTHM and HAA5 
testing.

Operators complete a daily work sheet bound in 
a logbook, which includes recording of flow rate 
through each treatment train, feed pump settings, 
chemical usage, combined filter effluent turbidity, 
chlorine residual at clearwell discharge, raw water 
temperature, and pH.

Equipment is in place to automatically notify the 
operators of the treatment plant concerning alarm 
conditions by dial-up of their pagers.  An autodialer is 
installed, but is not currently activated (December 
2006), at the treatment plant to notify operators of high 
turbidity in the combined effluent at 0.47 NTU and 
high/low chlorine in the clearwell effluent at 0.75/2.5 
mg/L, respectively.
___________________________________________

Guidance Tip:  The treatment plant alarm  
autodialer needs to be activated, which requires a 
phone line and active account for the treatment 
plant.

___________________________________________

The lead operator coordinates and conducts 
maintenance activities at the treatment plant.  Since 
the plant is small, maintenance requirements are low.  
Operators check on mechanical equipment, and collect 
and test samples within the distribution system.  
Maintenance activities include:

• Records gas chlorine cylinder weights and 
chemical usage daily.

• Observe filter backwash and clarifier flush 
weekly.

• Check on-line chlorine analyzer against 
colorimeter reading and titration test 
quarterly.

• Flush on-line turbidimeters monthly or as 
needed.

• Raw, backwash and high service pumps: 
check oil, grease pumps monthly.

• Air compressors:  change oil and grease 
motor bearings annually, clean prefilter 
quarterly, drain tank 2-3 times per week.

A written schedule and standard operating 
procedures are needed for the routine 
maintenance of plant equipment.  In this 
schedule, operators should include a 
preventative maintenance program to develop 
and implement time-based preventative 
maintenance activities with documented 
schedule for each piece of equipment.  In 
addition, a schedule for calibration or general 
maintenance of turbidimeters or other 
monitoring equipment is needed.

___________________________________________

Guidance Tip:  A written schedule and standard 
operating procedures manual are needed for the 
treatment plant.

___________________________________________
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Operators take the filters out of service annually 
to visually inspect the media. Filters are shock 
chlorinated every 6 months with a 50 mg/L solution 
for 24 hours. The filters are thoroughly backwashed 
before being put into service.

The plant design will allow limited growth 
based on its current capacity.  With no further capital 
improvements, the ability of the treatment plant to 
meet the requirements of the Long Term 1 Enhanced 
Surface Water Treatment Rule and the 
Disinfection/Disinfection Byproduct Rule will depend 
on the quality of the raw water and the skills of the 
operators.  The lack of flocculation and conventional 
sedimentation limits the potential for enhanced 
coagulation for removal of raw water TOC. The 
adsorption clarifier has a very short hydraulic 
detention time and is not appropriate for removal of 
organic compounds. The previous TTHM test results 
indicate that enhanced coagulation may be needed; 
this would require installation of conventional 
flocculation/sedimentation unit processes.

Pumping Systems

There are seven pumping stations in the LDWC 
water system (Table 4).  The main VFD pump from 
the clearwell at the treatment plant provides pressures 
to serve more than half of the customer base, mainly 
because more than half of the water goes to the bulk 
customers at the Durango West Metro Districts No. 1 

and 2.  The other pumping stations serve a variety of 
purposes--pressure feed from the treatment plant to 
Rafter J, King Mountain, Shenandoah Highlands, and 
Trappers Crossing.  One of the pumping stations in 
Shenandoah serves two residences, and the pumps are 
turned on for about 2 hours per month to fill cisterns 
located at the residences.  The pumping station in 
Trappers Crossing at the bottom of Deer Valley Road 
serves only two houses at this time.  The pumping 
station in Trappers Crossing at the entrance to The 
Estates serves only eight units, of which none are 
constructed at this time (December 2006).  The 
pumping station at Shenandoah Highlands operates all 
of the time.  All of the pumping stations are operated 
manually, and are turned on or off depending on the 
visual inspections of tanks levels in the LDWC 
system.  All but one of the pumping stations have 
backup pumps, and all of the pumping stations are 
heated or buried underground to prevent freezing.  
LDWC has the responsibility to service and maintain 
all of the pumping stations.

Many of the buildings for the pumping stations 
are showing signs of weathering.  All of the pumping 
station buildings need repair or replacement.  This is 
not a tremendous capital expenditure; however, it is a 
necessary part of capital improvement.
___________________________________________

Guidance Tip:  Pumping station buildings need to 
be repaired or replaced.

___________________________________________

Location

Number of

pumps

Pump

Power, HP

Pump

Capacity,

gal/min Comments

Brown's Lake Road 2 a. 1 ½

b. 1 ½

a. 10

b. 20

Main feed from treatment plant to

EJM and Rafter J

Rafter J 2 a. 7 ½

b. 1 ½

a. 25

b. 10

West Fork Rd

King Mountain 2 a. 5

b. 5

a. 20

b. 20

King Mountain Rd

Shenandoah Highlands 3 a. 5

b. 1 ½

c. 1 ½

a. 20

b. 20

c. 15

West of Shenandoah Highlands

Shenandoah Drive 2 a. 1 ½

b. 1 ½

a. 10

b. 10

Serves 2 residences; used about

2 hours per month to fill resident's cisterns

Trappers Crossing 1 1 ½ 10 Bottom of Deer Valley Rd

Trappers Crossing 2 a. 1 ½

b. 1 ½

a. 20

b. 20

Serves 8 units in The Estates

Table 4. Pumping stations in the LDWC water system
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Transmission and Distribution Systems

LDWC maintains distribution lines within 
subdivisions and developments where contracts or 
agreements have been established.  There are about 61 
miles of underground waterlines in the LDWC water 
system.  The water lines are constructed of Class 200 
polyvinyl chloride (PVC), and are buried from 3 to 9 
feet below land surface.  Some of the subdivisions 
(Wine, Trappers Crossing, The Estates) have used high 
density polyethylene pipe (HDPE C-900, C-901, and 
C-906) which have heat fused joints.  Most of 
waterlines have a sand bedding, consisting of 4 inches 
of sand beneath and above the waterline, with natural 
backfill on top of the sand bedding.  Couplings and 
others joints are comprised of glue joints, steel MJ 
fittings, and adaptors for coupling with PVC pipe.

During 1999-2004, system losses from the 
LDWC distribution system ranged from 34 percent in 
1999 to 4.2 percent in 2004.  This decline in system 
loss reflects maintenance work performed by LDWC 
employees to repair leaks in distribution pipes.  
Regardless of the low 4.2 percent loss in 2004, the 
average system loss was 20 percent over 5 years, 
which should be used to describe LDWC system 
losses until more data are collected.  
___________________________________________

Guidance Tip:  Data need to be continuously 
collected on system distribution losses.

___________________________________________

Most of the water meters in the LDWC system 
are the old analog type meter.  About 25 of the new 
radio transmitter meters have been installed in the 
system; however, there are about 600 meters in the 
system.  A handheld data logger/radio receiver is used 
to download water usage data from water meters 
located at the point of delivery.  The receiver needs to 
be held within about 15 feet of the meter, and the data 
are automatically downloaded to the handheld device.  
Back at the office, the handheld unit is plugged into a 
computer port to download water usage data by 
customer account number.  The radio transmitting 
meters can save many hours of labor, which equates to 
cost savings by the company.  The water meters at 
Durango West Metro Districts No. 1 and 2 need real-
time flow meters with telemetry in order for the 
treatment plant operator to know when the Districts 
have opened their valves and are receiving water.

___________________________________________

Guidance Tip:  Radio transmitter water meters are 
needed for all meters in the system.  Real-time flow 
meters with telemetry are needed for DW I and DW 
II water meters.

___________________________________________

Pipe diameters in the LDWC system range from 
3 to 8 inches, depending on delivery requirements for 
that segment of pipe.  The PVC pipes have operating 
pressures ranging from 93 TO 158 psi (Figure 7) 
(ASTM D2466-02, Standard Specifications for 
Poly Vinyl Chloride Plastic Pipe Fittings, 
Schedule 40).  The PVC pipes have minimum burst 
pressures ranging from 500 to 816 psi (Figure 7).  The 
highest pressure that may be experienced in the 
LDWC water system would be about 210 psi at the  
Rafter J pumping station, which receives line 
pressures from water tanks in Rafter J.

Water Storage Tanks

There are six storage tanks in the LDWC water 
system.  These tanks and locations are listed in Table 
5.  Almost all of the water tanks are constructed of 
steel, except for the fiberglass tank in Trappers 
Crossing at The Estates (scheduled for completion in 
the spring of 2007).  Automatic tank-level monitors 
are needed for the water storage tanks to monitor 
water levels in the storage tanks and automatically 
turn on the supply pumps from the treatment plant and 
pump stations in order to fill the storage tanks.
___________________________________________

Guidance Tip:  An automatic tank-level monitoring 
system is needed to monitor water levels in the 
water storage tanks and automatically turn on the 
supply pumps from the treatment plant in order to 
fill the storage tanks.

___________________________________________

Distribution System Line Pressures

Data are currently not available regarding 
distribution line pressures in the LDWC system.  
___________________________________________

Guidance Tip:  A survey of line pressures needs 
to be done for the LDWC distribution system.

___________________________________________
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Figure 7. Pressure ratings for PVC pipe in the LDWC water system.

Table 5. Water storage tanks in the LDWC water system

Location

Capacity, gallons

(x1000)

Tank

material

Above or

below ground Comments

Vaquero, CR 125 400 Steel Above Main LDWC tank

Shenandoah Highlands 400 Steel Above Shenandoah tank

Rafter J 200 Steel Above 483 Ridge Rd

King Mountain 20 Steel Below Need above ground steel tank

King Mountain 20 Steel Below Need above ground steel tank

Trappers Crossing 50 Steel Above Bottom of Deer Valley Road

Trappers Crossing 45 Fiberglass Below

Serves 8 units in The Estates,

scheduled for completion spring 2007

Morningstar/EJM 55 Steel Above Off of Deer Trail Rd.
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Emergency Plan and Operating 
Procedures 

LDWC does not currently have an emergency 
plan and operating procedures.  A list of potential 
emergency situations such as power, water storage 
failure, equipment failure, loss of supply, toxic 
contamination, drought, loss of aeration, chemical or 
disinfection systems should be prepared.   Examples of 
needs are as follows:

1. A description of alternate power and power 
sources detailing the access to and operation of the 
source. 

2. A description of the process with schematics 
and diagrams should indicate warning, interlock 
systems, and standby equipment. 

3. A description of procedures for process 
bypass or shut down and the effects should be 
accompanied by schematics and diagrams. 

4. An emergency notification list identifying 
who should be contacted by priority should include 
names, addresses, normal and alternate phone 
numbers, the reason for the notification and the type of 
information required. 
___________________________________________

Guidance Tip:  An emergency plan and operating 
procedure needs to be developed.

___________________________________________

Safety Program

Every water system, regardless of size, needs to 
develop and implement a safety program to prevent 
injury to its employees and to avoid accidents 
involving the public.  The development of a safety 
program should include the preparation of a safety 
manual which provides employees with guidance on 
all aspects of the safety program.  This includes 
information regarding potential job hazards, 
preventive safety measures, proper safety and 
emergency procedures for the use and operation of 
tools and equipment, and the proper methods of 
handling and reporting accidents and injuries.

Regardless of the size or complexity of the 
system, it is important that the employees responsible 
for handling chemicals are well informed and 
thoroughly trained in the proper handling and storage 
procedures for all chemicals used in their particular 
water treatment process.  Each chemical used by the 

water system in any capacity, from water treatment to 
window cleaning, should be included. 

The following information should be provided 
for each chemical: 

1) Safety hazards posed by the chemical.
2) Special precautions to betaken.
3) Proper handling procedures and storage 

methods.
4) Protective equipment.
5) Control of leaks (for liquids and gases) and 

dust (for powders).
6) First aid and emergency procedures.

___________________________________________

Guidance Tip:  A safety program needs to be 
developed for the LDWC.

___________________________________________

Sampling and Analysis Program and 
Compliance Monitoring

One of the primary responsibilities of the public 
water supply operator under the Safe Drinking Water 
Act (SDWA) is the routine sampling and testing of the 
water quality.  The sampling and analysis program 
also provides the basis for process control, produces a 
record of how the treatment facilities are operating, 
and helps predict problems that may be developing in 
the system. 

Sampling is the first step in any water quality 
analysis program; therefore, it is important to develop 
a sampling program which provides accurate 
representation of the quality of the water being tested 
or collected.  This can be accomplished by scheduling 
sample dates, times, and locations so that they truly 
represent existing raw water, in-plant, and distribution 
system conditions and by establishing proper sample 
collection, preservation, transportation, and storage 
techniques as part of a quality assurance program. 

There are three types of samples collected and 
analyzed from the LDWC water system: 

• · Raw water and reservoir samples.
• · In-plant samples.
• · Distribution system samples. 

Summary of the water samples and compliance 
monitoring for LDWC system is shown in Table 6.

In-plant sampling, as well as raw water 
sampling, is important for overall process control and 
for monitoring the various treatment processes.  The 
operator should determine which samples should be 
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taken at what points in the treatment process and at 
what frequency, based on the type and number of 
treatment units, volume of water treated, and chemical 
additions.  A schedule for routine in-plant and raw 
water sampling should be developed and included in 
the SOP for the treatment plant.  This schedule should 
be revised whenever a treatment process is added, 
deleted, or modified, or when unusual conditions or 
problems require additional sampling.  The raw water 
and in-plant schedules also should be flexible enough 
to adapt to sudden changes in raw water conditions, 
such as sudden increases in turbidity due to heavy 
rains. 

Raw water samples from the reservoir outfall are 
intermittently sampled and analyzed during the late 
spring and summer for detection of elevated iron, 
manganese, nitrate, ammonia, phosphorus, and total 
organic carbon concentrations.  The properties of the 
reservoir water (water temperature, pH, specific 
conductance, and dissolved oxygen) also are measured 
intermittently during the late spring and summer.  

Raw water entering the treatment plant is 
monitored continuously for turbidity; however, these 
turbidity measurements are collected from water that 
has already been treated with chlorine dioxide.  Raw 
water is monitored intermittently for pH.

For the treatment plant, batch tests are done 
regularly to determine the amounts of chemical 
additives needed to most efficiently flocculate and 
coagulate particulates and unwanted chemical 
constituents.  Treated, finished water is analyzed 
continuously for turbidity.  Chlorite and chlorine 
dioxide are monitored daily by the plant operator, and 
samples are collected and analyzed by a laboratory on 
a monthly basis (Table 6).  Sampling and analyses for 
Safe Drinking Water Act compliance includes 
inorganics, radioactive compounds, trihalomethanes, 
haloacetic acids, nitrate, volatile organic compounds, 
and semi-volatile organic compounds (Table 6).

Bacteria samples and chlorine residual are 
collected and analyzed throughout the distribution 
system on a regular basis.  Regulations only require 
three samples per month in the distribution system.  
However, LDWC collects and analyzes for bacteria 
and chlorine residual at about 20 locations throughout 
the distribution system.

Public Notification

One of the most important provisions of the Safe 
Drinking Water Act (SDWA) is the requirement that 
the water supplier notify its customers when the 
system is in violation of the regulations.  When 
necessary, LDWC releases public notices regarding 
water quality in order to protect consumers from water 
that may be temporarily unsafe.  Notifications also are 
sent out by LDWC regarding conservation restrictions.

Sanitary Survey

A sanitary survey is an on-site review and 
evaluation of the water source, facilities, equipment, 
operation, and maintenance of the water supply system 
to assure the production and distribution of safe 
drinking water.  

The LDWC reservoir drainage basin is used for 
open ranging of cattle and horses.  These stock 
animals have access to the LDWC reservoirs to use for 
drinking water source.  Stock animals typically do not 
carry pathogens or diseases that can be hazardous to 
human health; however, there may be a need to restrict 
the access of stock animals to the reservoirs.  In 
addition, ducks and geese regularly use the reservoir 
as habitat for migration during the spring and fall, and 
bald eagles live at the reservoir year-round.  
Constituents from stock and water fowl that could 
contribute to water-quality problems include fecal 
bacteria, nitrate, ammonia, phosphorus, and organic 
carbon.  The costs to construct a fence to surround all 
four reservoirs might be prohibitively high, and the 
fences would not keep out the water fowl.  Therefore, 
a sampling and analysis program is needed to describe 
the potential impacts of stock and water fowl on water 
quality of the LDWC water system.
___________________________________________

Guidance Tip:  A sampling and analysis program 
is needed for reservoir areas to describe potential 
water-quality  and human-health impacts of stock 
and water fowl.

___________________________________________

Dam Safety

The structural soundness of dams impounding 
water for the reservoirs (especially the main reservoir) 
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is of utmost importance to the water supply for LDWC 
customers.   The Colorado Division of Water 
Resources administers the statewide dam safety 
inspection program.  Dam safety inspections require 
monument surveying for settlement and subsidence, 
seepage monitoring, and rodent control programs.  
New dam safety rules have been promulgated 
regarding Homeland Security issues, and LDWC 
should prepare a dam safety emergency preparedness 
plan to reflect the new rules.  Rodent control is a 
particular problem at the LDWC dam due to prairie 
dog infestation; however, rodenticides cannot be used 
in the vicinity of a public water supply.
___________________________________________

Guidance Tip:  A dam safety emergency 
preparedness plan needs to be developed that can 
borrow from the recent reports on Homeland 
Security.
A rodent control program needs to be implemented 
at the LDWC dam (Johnson Reservoir). 

___________________________________________

Records and Reporting System

Regular records and reports of the operation of 
water treatment and distribution facilities are helpful 
to those directly responsible for plant operations as 
well as municipal officials, consulting engineers, state 
and federal regulatory agencies, and others who have 
similar facilities and related problems. The water 
system operator can use these records as a guide in 
regulating, adjusting, and modifying the facilities and 
their operation.  Another important function of record 
keeping is the establishment of reliable, continuing 
proof of performance for justifying decisions, 
expenditures, and recommendations.  Such records are 
often the only sound basis for the water system to plan 
corrective measures for deficiencies in the water 
system or plant, or justify budgetary changes for 
expanding needs.  Records may provide useful and 
valuable information to the customers served by the 
system and other groups and individuals in the 
community. 

Operation reports also must be prepared for 
regulatory agencies responsible for monitoring the 
operation of water systems.  Reports, which are 
sufficient for the water system needs as well as those 
of the regulatory agencies, allow the water system and 
the technical staff of the regulatory agencies to 

determine the extent to which the objectives of water 
treatment are being met. 

The records which should be maintained for 
each water system will depend upon the system size, 
complexity, and treatment processes.  However, there 
are general types of records which should be 
maintained at all water systems regardless of 
complexity or size. 

A. Records of the Physical Plant 
B. Records of Operation 
C. Records for Regulatory Agencies 
D. Preventive Maintenance Records 
E. Operating Costs Records 
F. Personnel Records 
G. Emergency Conditions Record 
In order to prevent the destruction of records 

through loss from flood, fire, or other disaster, it is 
recommended that a program for the preservation of 
records be initiated and incorporated into the operation 
and maintenance plan.  The program should outline 
where copies of records are to be maintained to assure 
that, in the event that the original records are 
destroyed, a spare copy will still be on file.  For 
electronic data storage, decisions must be made 
regarding frequency of back-up, location of the back-
ups, rotation and replacement frequency of the back-
up storage media (tapes, diskettes), data restoration 
procedures, and the archiving of historic data.  Off-site 
storage of routine back-up storage media and a back-
up set of the software application is recommended.  If 
the hardware used to access the electronic data is not 
easily replaced, measures should be taken to identify 
other facilities which could be used to run the software 
application and the electronic data system in the event 
the on-site computer was damaged, destroyed or 
stolen. 
___________________________________________

Guidance Tip:  A system of records preservation, 
backup, and retrieval needs to be developed and 
implemented.

___________________________________________

OPERATION AND MAINTENANCE 
ACTION PLAN

Guidance tips have been provided in the above 
sections of this report to describe components of the 
LDWC system that may need attention (Table 7).  It is 
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Table 7. Summary of Guidance Tips and Preliminary Costs

Guidance Tip Preliminary Costs

Water use by customer class needs to be compiled on a regular basis. Ongoing Operating Cost

A new rate structure needs to be proposed for the LDWC service area in order to provide adequate revenues

to operate the company. $50,000

Data need to be continuously collected on distribution system losses. Ongoing Operating Cost

Safe yield of the LDWC system needs to be recalculated based on historical flows in the La Plata River. $20,000

As the LDWC infrastructure is updated and improved, there needs to be a discussion with La Plata County and

the Colorado Division of Water Resouces regarding the applicability of lowering the design demand from 350

gal/d/unit to a number that actually represents the system demand. --

PAM needs to be applied to the Pine Ridge Ditch and LDWC Lateral on a regular or annual basis. $2,000

When the Pine Ridge Ditch is running water, there should be a representative from LDWC to check and
maintain the ditch. $7,500
Daily disinfection profiling has been suggested by the evaluation contractor
for the Colorado Department of Public Health and Environment. Ongoing Operating Cost
A written schedule and standard operating procedures manual are
needed for the treatment plant. $8,000

A survey of line pressures needs to be done for the LDWC distribution system. $3,000

A computer program needs to be designed that automatically makes changes to the LDWC tap count data
base in order to maintain an accurate ownership data base for the system. $5,000

A dam safety emergency preparedness plan needs to be updated. $2,500

A rodent control program needs to be implemented at the LDWC dam (Johnson Reservoir). $2,000

A system of records preservation, backup, and retrieval needs to be
developed and implemented. $3,000
An emergency plan and operating procedure needs to be developed. $3,000

A safety program needs to be developed for the LDWC. $5,000

Guidance Tips That May Be Appropriate for Expenditure of Funds from CIF Account
Prioritized according to:
(1) Enhancing the Ability to Get Water into the Reservoir.
(2) Enhancing the Quality of Water.
(3) Enhancing the Delivery of Water to Customers.

Trash racks are needed on culverts south of Indian Shadow Ranch. The waste gate south of Indian Shadow
Ranch needs to be replaced. $5,000
Solid floors or bottoms are needed for the gage houses. Newer, more up-to-date recorders and data loggers
are needed for the LDWC gages. $5,000
Pumping station buildings need to be repaired or replaced. $30,000
The chlorine dioxide rotometer system needs to be upgraded to provide greater capacity for growth in the
service area. $2,500

A sampling and analysis program is needed for reservoir areas to describe
potential water-quality and human-health impacts of stock and water fowl. $10,000

Radio transmitter water meters are needed for all meters in the system (20 per year). Real-time flow
meters with telemetry are needed for DW I and DW II water meters. $5,000

The treatment plant alarm autodialer needs to be activated, which requires
a phone line and active account for the treatment plant. $500

The delivery pipes and pumping systems from the clearwell to the customers needs to be redesigned, and the
piping system needs to be replaced in order to accomodate the 700 gpm production potential of the plant. $10,000

A variable-depth intake structure is needed at the LDWC reservoir so that the elevated iron and manganese
concentrations can be avoided during summer stratification. $10,000

Lake circulators are needed for the LDWC reservoir to prevent growth of blue-green algae. $40,000
Automatic tank-level monitoring systems are needed to automatically turn
on the supply pumps from the treatment plant in order to fill the storage tanks. $30,000
A conventional sedimentation unit, which lowers the pH below 6.0 to break
up organic carbon molecules, is needed as a pre-treatment process for the LDWC treatment plant. $50,000
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not the purpose of this report to require that the 
LDWC should adopt or adhere to the guidance tips.  
The guidance tips have costs associated with 
implementation (Table 7); however, it may be difficult 
to provide firm costs for all of the guidance tips. 

For the purposes of this report, improvements to 
the LDWC infrastructure are prioritized in order to:

(1) Enhance the ability to get water into the 
LDWC system through the Pine Ridge Ditch;

(2) Enhance the quality of water for LDWC 
customers; and

(3) Enhance the efficient delivery of treated 
water to the customers.

In order to begin implementation of the 
guidances tips, the Lake Durango Water Company 
Capital Improvement Fund (CIF) may be accessed.  At 
this time (January 11, 2007), the CIF account has a 
balance of $65,678.  There are not enough funds to 
complete all of the guidance tips; however, the most 
important tasks may be addressed immediately, as 
prioritized at the bottom of Table 7.  The CIF was 
established by the Colorado PUC Docket Nos. 03S-
052W and 02A- 629W, Decision No. R03-1022, 
September 9, 2003.  The CIF account was designated 
and reserved for customer rebates, acquisitions of 
water supply, system infrastructure additions, and 
improvements.   A formal application must be 
submitted to the Colorado PUC to access these funds.

Accountability

Measures have been requested by La Plata 
County to assure that the work described in this report 
are completed.  These measures reinstate a level of 
confidence for the water users that the necessary 
upgrades and large maintenance tasks are executed for 
the LDWC water system.

Suggestions for accountability for the upgrades 
and maintenance items may include:

(1)  A contract with a consultant to perform the 
necessary engineering, purchasing, and installation of 
equipment.  The contract will include prioritization of 
work tasks, field data collection, research into costs 
and feasibility, management and oversight of 
construction work, and progress reports.

(2)  Redefinition of the County moratorium 
(Resolution 2003-29) which restricts new 
developments in the LDWC service area.  It is 
proposed that the moratorium will not be lifted nor 

removed; rather, the moratorium will be redefined to 
allow restrictions to be reinstated if the upgrades and 
maintenance tasks are not completed.

(3)  As a result of the pending PUC hearing for 
the LDWC CPCN (Certificate of Public Convenience 
and Necessity), a document may be written to settle 
the case out of court, and the document may include 
terms for implementing the upgrades and maintenance 
tasks.  
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