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Purpose 
This executive summary highlights critical findings and recommendations resulting from 
the Town of Castle Rock’s (Town) 2006 Water Facilities Master Plan (WFMP) update. The 
WFMP examines the existing water system infrastructure and identifies water treatment and 
distribution system capital improvement projects required to provide service to existing and 
future development through build-out of the Town’s service area boundary.  Specifically, 
the WFMP includes examining the following components of the water supply system: 

• Existing water treatment and distribution system1 

• Potable water demands and finished water capacity 

• Water treatment for meeting existing and future demands 

• Water distribution system modeling for both existing and future conditions 

• Recommended capital improvements for maintaining a safe and reliable drinking 
water system 

A significant change from previous WFMPs is to migrate towards centralized water 
treatment facilities rather than provide multiple water treatment plants to serve localized 
demands.  This transition is logical given the Town’s recent decision to route the majority of 
their renewable water sources, such as reclaimed water, alluvial water, and imported 
surface water, from one location: the expanded Reuter-Hess Reservoir.2   

This executive summary compiles information from the following technical memoranda 
(TMs) that were developed as part of this update and included in the WFMP report.   

• TM 1.4.2 – Modeling of Existing & Future Water Distribution System 

• TM 1.5.1 – Raw Water Quality 

• TM 1.5.2 – Drinking Water Regulation Review 

• TM 1.5.3 – Existing Infrastructure for Raw Water Wells & Groundwater Treatment Plants 

• TM 1.5.4 – Water Treatment Capital Improvement Plan 

Table 1 summarizes budgetary capital costs through the build-out year of 2027 for the 
projects developed in this WFMP.  More information on these costs is provided later in this 
executive summary and in the specific TMs identified above.  Note that if development in 
the Town continues at a rapid pace, master planning activities will require more frequent 
updates.  It is recommended that the WFMP be updated at a minimum interval of five years 
as development patterns can change dramatically in a rapidly growing environment and 
may significantly influence timing and the need to accelerate or modify Capital 
Improvement Program (CIP) recommendations.   

                                                      
1 Distribution system consists of treated water reservoirs, pipelines, pump stations and pressure reducing valves (PRVs). 
2 Assuming that the expanded Reuter-Hess Reservoir becomes permitted and operational. 
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TABLE 1 
Capital Costs Identified in WFMP1 

 Capital Cost (millions)2 

Water Treatment $101.0 

Water Distribution3 $65.2 

Total $166.2 

1. Cost estimate is considered a Class 4 estimate as defined by the Association for the Advancement of Cost Engineering 
(AACE International).  The typical expected accuracy range for this class estimate is –15 to –30 percent on the low side and 
+20 to +50 percent on the high side. 

2. Costs are in 2006 dollars.   

3. Water distribution costs do not include facilities contributed by developers. 

References used in preparation of the 2006 WFMP include: 

• 1995 Water Facility Plan by Camp Dresser & McKee (CDM) (1995 WFP), and 
the 2000 Water Facility Plan by Integra Engineering (2000 WFP).   

• Town of Castle Rock Public Works Regulations, 1999 

• Water Resources Strategic Master Plan, 2005 

• Water Resources Strategic Master Plan Cost Estimating Guide, 2005 

• Town of Castle Rock Wastewater and Reclaimed Water Master Plans, 
December 2003 

Existing Water Treatment and Distribution System 
The Town draws water from the Dawson, Denver, and Arapahoe aquifers through a system 
consisting of thirty-six raw water wells.  These wells pump water to four3 water treatment 
plants (WTPs) for the removal of iron and manganese, which are present in the aquifer at 
concentrations that exceed the U.S. Environmental Protection Agency (EPA) secondary 
maximum contaminant level (MCL).  Several wells contain radionuclides in the 
groundwater at elevated levels and are only marginally within compliance of the MCL.  The 
Town currently blends raw water originating from multiple well sites to ensure that the 
finished water consistently meets the radionuclide regulations.  Finished water pumps 
located at each of the treatment plants pump finished water to the Town’s seven pressure 
zones that comprise the distribution system.  Nine booster pump stations, 15 storage 
reservoirs, and 56 PRVs are located throughout the distribution system to serve customers 
within Town established level of service performance criteria.  Figure 1 shows the 
geographic location of the Town’s water infrastructure and key information related to these 
facilities.   

                                                      
3 There is a small (0.2 mgd) fifth WTP currently in service that treats water supplied by Well No. 7.  However, this well and 
WTP will likely be decommissioned after the 2006 summer season.   
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Figure 1Legend
Well Field Location
Service Boundary
Area Served By Others
Major Highway
Road
Existing Water Main
Tank (Color Denotes Pressure Zone Served)
Pump (Color Denotes Pressure Zone Served)
Water Treatment Plant
PRV

Pressure Zone
Green
Red
Purple
Blue
Light Blue
Yellow
Orange

1

2

NOTES: 
1. Alluvial wells are not shown in this figure.
2. Resevoir 7 is not in service

Well Field Identification

355 Denver Aquifer
Dawson Aquifer355

Arapahoe Aquifer355
Laramie Fox Hills Aquifer355
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The Town also has seven alluvial wells, which are located near East Plum Creek and Seller’s 
Creek. These wells currently are out of service due to water quality issues.  The long-term 
plan is to utilize alluvial water to meet a portion of the Town’s water demands.  

The Town’s WTPs currently meet state and federal regulations and no further 
improvements are needed to meet future regulations that are currently envisioned by the 
EPA.  EPA is expected to promulgate a new Groundwater Rule in the near future, but the 
current disinfection practice applied by Town at the WTPs should be adequate to ensure 
compliance with this new regulation.  

Potable Water Demands 
As potable water demands increase, additional water treatment and distribution system 
improvements must be made to sustain reliable service to existing customers as well as 
serve new development.  Future potable water demand projections are, therefore, critical in 
determining CIP projects and the associated implementation schedule.  Although the 
Town’s overall potable water demand has increased steadily since 1998, the average 
demand per account has decreased significantly (see Figure 2).   

 
FIGURE 2 
Historic Average Day Demand per Account 
 
The reduction in water usage per account since 2002 is most likely attributable to the 
public’s response to the recent drought and the Town’s focus on conservation efforts.  The 
Town’s demand per account in 2004 and 2005 was about 430 gallons per day per account, 
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down from a historical high of 565 gallons per day per account.  The Town will continue to 
promote water conservation in the community to help achieve the long-term water 
conservation goals.  Water conservation efforts include: 

• Managing around a water budget; 

• Implementing recommendations of a Water Conservation Master Plan and a Water 
Use Management Plan; 

• Enforcing recently adopted landscaping regulations; 

• Implementing a rebate program to reward consumers for water conservation efforts; 
and 

• Promoting water conservation through an on-going public awareness campaign. 

Therefore, the potable water usage rates observed in 2004/2005 (430 gallons per day per 
account) are expected to continue into the foreseeable future and were used for calculation 
of the 2005 average daily demand (ADD) for the water treatment facilities and storage tanks.  
However, the more conservative (higher) usage rates observed in 2000 through 2002 (540 
gallons per day per account) were used for calculation of the 2005 ADD for the distribution 
system CIP because it is more costly and disruptive to construct pipeline improvements and 
their associated pump stations than improvements to treatment facilities and storage tanks 
that are often located in contiguous, Town-owned properties.   

A review of available water consumption records confirmed that the existing maximum 
daily demand (MDD) to ADD and peak hour demand (PHD) to ADD peaking factors 
reported in the Town’s Public Works Regulations are consistent with historical observations. 
Table 2 summarizes these peaking factors and the 2005 demand assumptions used to 
identify CIP improvements.  Figure 3 shows the projected ADD and MDD in graphical form 
from now through build-out for both demand conditions. 

TABLE 2 
2005 Demand Summary 

Infrastructure 
Demand 

Condition 

Historical 
Basis 

Average Day Demand Maximum Day Demand  
(MDD/ADD Peaking 

Factor = 2.65) 

Peak Hour Demand  
(PHD/ADD Peaking 

Factor = 4.5) 

Distribution 
System - Piping 

and Pump 
Stations 

2000 - 
2002 

6.02 mgd  
(540 gpd per account) 

16.0 mgd 27.1 mgd 

Water Treatment 
and Reservoirs 

2004 & 
2005 

4.80 mgd  
(430 gpd per account) 

12.7 mgd 21.6 mgd 
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FIGURE 3 
Potable Water Demands 

Finished Water Capacity 
The capacity of the Town’s water infrastructure to meet its potable water demands is limited 
by the capacity of the raw water supply system and the water treatment plant system.  
Because the Town is divided into six Raw Water/Treatment Sub-Systems, the finished 
water capacity is not equal to the capacity of either the raw water system or the treatment 
plant system. The Town’s finished water capacity is actually determined by summing the 
capacity of each of the Town’s six Raw Water/Treatment Sub-Systems.  Table 3 lists the six 
Raw Water/Treatment Sub-Systems and their corresponding raw water and treatment 
capacities. The table also identifies the limiting factor for each sub-system.  As shown in 
Table 3, the total finished water capacity of the Town is 14.95 mgd when all treatment plants 
and associated raw water wells are operating.  Note that the actual finished water capacity 
is often lower because of capacity reduction of raw water wells throughout the year.  
Capacity reductions are due to both planned and unplanned maintenance activities on 
wells.  
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TABLE 3 
Finished Water System Capacity – As of December 2005 

Raw Water / 
Treatment Sub-

System 

Treatment 
Capacity (mgd) 

Raw Water Capacity 
(mgd) 

Treatment or Raw 
Water Limited? 

Finished Water 
Capacity1 (mgd) 

RWRWTC 8.00 3.522 Raw Water 3.34 

Founders 3.453 4.382 Treatment 3.45 

Meadows 8.00 6.58 Raw Water 6.25 

P.S. Miller 2.16 3.81 Treatment 2.16 

Total Finished Water Capacity 15.2 

Total Maximum Day Demand 13.0 

1. Capacities that are raw water limited are based on the assumption that 5-percent of raw water will be lost 
through backwash waste. 
2. This capacity is based on the assumption that the water from Wells 31R and 33R are being sent to the 
Founders WTP. 
3. A recent operational analysis of Founders suggests that it may be possible to increase the treatment capacity 
to 4 mgd, however, more testing and SCADA modifications are required to confirm this.    

Water Treatment to Meet Future Demands 

Surface Water Treatment and Groundwater Treatment 
Groundwater aquifers currently supply 100 percent of the potable water to the Town, but 
supply from this water source will be reduced to approximately 17 percent at Town build-
out.  The majority of the Town’s future raw water will be supplied from renewable sources, 
including imported surface water, reclaimed water, and alluvial water.  Table 4 summarizes 
the Town’s planned future raw water supply, as reported in WRSMP.   

TABLE 4 
Castle Rock’s Future Water Supply 

Water Source Raw Water Supply Volume (Acre-
feet/year) 

Contribution Percentage 

Denver Basin Groundwater 2,650 17.2% 

Town Alluvial 1,400 9.1% 

Reclaimed Water 4,410 28.6% 

Imported Surface Water 6,940 45.1% 

Total 15,400 100.0% 
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Transition from the current water supply to the future water supplies will require 
significant changes to the Town’s water treatment facilities.  All three of the new water 
supplies will be classified as surface water by the Colorado Department of Public Health 
and Environment (CDPHE) and will therefore require substantially more treatment to meet 
regulations.  In addition, the routing of these waters through the expanded Reuter-Hess 
Reservoir will require more advanced treatment than typical surface waters because of the 
reclaimed water influence of some source waters into this reservoir.  Both the Town of 
Castle Rock and Town of Parker are planning on supplying Reuter-Hess with reclaimed 
water.  Future imported surface water, depending on its point of diversion, may also be 
significantly influenced by reclaimed water.  Water supplies with a reclaimed water 
influence require advanced water treatment because of the presence of additional 
contaminants of concern, such as organic micropollutants, solids and pathogens, elevated 
total dissolved solids, elevated hardness, elevated organics, and nitrogen and phosphorus 
compounds.   

At this time, it is difficult to determine the treatment processes required for these water 
supplies because the specific water quality is currently unknown.  However, using 
engineering judgment and standard industry approaches to treating waters of similar 
quality, treatment processes were conceptually selected and are shown in Figure 4.  For 
simplicity, many of the ancillary processes associated with this treatment process are not 
shown in this figure.  

 

 
FIGURE 4 
Conceptual Advanced Surface Water Treatment Train 
 
Options considered in this WFMP for implementation of these new water treatment 
processes included modification of the existing Ray Waterman Regional Water Treatment 
Center (RWRWTC) that currently is designed to treat groundwater, construction of a new 30 
mgd centralized advanced surface water treatment plant (ASWTP), and construction of two 
new surface water treatment plants located closer to the raw water source.   

Modification of the RWRWTC to surface water treatment is not recommended because: 

1) it is needed over the next 20 years to treat groundwater; 

2) there is inadequate space on site to accommodate the required new treatment; and  

3) few of the existing facilities could be re-used for the new treatment processes.   
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The costs of the remaining two options were compared.  A 30 mgd centralized surface 
water treatment facility was determined to be much more cost effective than two localized 
treatment plants.  In addition, the operation of surface water treatment plants is more 
complex and time consuming than the Town’s existing groundwater treatment plants and, 
therefore, operation of one would be far easier than operation of two.  Consequently, one 30 
mgd ASWTP is recommended for future implementation.  This plant could be located 
adjacent to the RWRWTC and it’s possible that some unit operations, such as solids 
treatment and handling, could be modified or combined to integrate the ASWTP and the 
RWRWTC into one centralized plant. 

In addition to the future surface water treatment, more groundwater treatment must be 
provided in the near future to meet increasing demands.  Expansion at each of the Town’s 
four existing groundwater treatment plants was considered.  Expansion at the RWRWTC 
was ultimately selected because the infrastructure at this plant is new and the treatment 
plant site and infrastructure were both designed for expansion.  In addition, the Town 
anticipates high-producing wells in this area. 

Water Treatment CIP to Meet Future Demands 
The phasing of the new ASWTP and the expansion to the RWRWTC for additional 
groundwater treatment is dependent upon the timeline for new raw water availability and 
Town demands.  The Town’s alluvial and reclaimed waters are immediately available and 
the Town would like to utilize those renewable water sources as quickly as possible.  It is 
anticipated that the imported surface water will not be available until build-out.  Using this 
information, the CIP projects to meet the Town’s demand driven needs were developed and 
are presented in Table 5.  The potable water capacity these projects provide is shown and 
compared to the Town’s anticipated potable demands in Figure 5.   

TABLE 5 
Water Treatment CIP to meet Future Demands 

Planning Horizon CIP Projects 

5 year (2006 – 2010) Expand RWRWTC to 18 mgd 

10 year (2011 – 2015) Phase I ASWTP – 13 mgd 

Build-out (2016 – 2027) Phase II ASWTP – expansion to 30 mgd 
Decommission PS Miller WTP 
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FIGURE 5 
Max Day Demand and Finished Water Capacity at Build-Out 
 
Figure 5 shows expansion of the RWRWTC to 18 mgd by 2010 to meet increasing demands.  
Planning and design for this expansion should begin in 2007.  A raw water well 
development plan, which is also necessary in this time frame to meet increasing demands, 
has been developed independently by the Town and is summarized in Table 6.  
Construction of the new 30 mgd AWSTP is assumed to occur in two phases.  Phase I is sized 
for 13 mgd and will provide water treatment for the reclaimed water and alluvial water to 
which the Town currently owns water rights.  This phase needs to be completed by 2013 
and planning should begin in 2007.  Phase II of the ASWTP is scheduled for construction in 
the 2017 – 2027 planning horizon.  Exact timing of this project should be revisited during 
future WFMP updates. 

TABLE 6 
Raw Water Well Development Plan 

Planning Horizon Number of New Wells Added Estimated Production from 
New Wells (mgd) 

5-year 16 12.0 

10-year 30 22.5 

Ultimate 0 0 

Total 46 34.5 
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Water Treatment CIP to Repair Existing Deficiencies 
The Town’s existing four water treatment plants were evaluated as part of the WFMP and 
the following CIP projects are recommended to improve performance at the respective 
WTP: 

• Founders WTP Filter Air Binding & Underdrain and Media Replacement: This 
project will minimize or eliminate the air binding issues in the filters, increase the 
filter run time and improve the water production efficiency of the plant.  In addition, 
the underdrain may be retrofitted to eliminate the gravel support layer and to 
prevent media pass-through. 

• P.S. Miller WTP Filter Air Binding and Flow Splitting: This project will minimize 
or eliminate the air binding in the filters and improve the filter influent flow splitting 
to the six filters. This will increase the filter run length during high demands, 
reducing backwash waste from the plant.   

• P.S. Miller WTP Programming and Automation: This project will integrate the two 
separate control systems at the WTP and automate the air scour process to minimize 
operator effort.  

These projects should be initiated as soon as possible to improve the performance at these 
plants. 

Water Treatment CIP Costs 
The water treatment CIP costs are summarized in Table 7.   

TABLE 7 
Water Treatment CIP 

Cost1 

Planning Horizon 

Project 

Total Cost 

5 year 
(2006 – 2010) 

10 year 
(2011 – 2015) 

Buildout 
(2016 – 2027) 

RWRWTC Expansion $10.3M $10.3 M   

Phase I ASWTP $51.8M $21.1 M $30.7M   

Phase II ASWTP $38.5M   $38.5M  

Founders WTP Improvements $0.2M  $0.2M   

PS Miller WTP Improvements  $0.2M $0.2M   

Totals $101.0M $31.8 M $30.7M $38.5M 
1Costs are presented in 2006 dollars. 
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Distribution System 

Existing Distribution System Model 
The Town’s existing distribution system is modeled through the use of a WaterCAD model, 
and was updated to include new infrastructure that has been constructed since the 2000 
Water Facility Plan.  Facilities that were added to the model include over 100 miles of new 
distribution piping, the RWRWTC, new storage reservoirs, and new pump stations.  The 
updated model was then validated to confirm that model results were generally consistent 
with available historic operational data and operator knowledge of distribution system 
performance.  Model validation was performed by collecting 24-hour pressure information 
at twelve locations while concurrently collecting SCADA4 information on reservoir levels, 
pump station operations and flow rates, and water production data.  Model adjustments 
were made to produce output information that matched actual field operating data to the 
greatest extent possible.  Improvements to the SCADA system for better data collection are 
recommended in TM 1.4.2 to allow for better validation of future model updates.   

The validated WaterCAD distribution model was then used to locate existing system 
deficiencies under ADD, MDD, PHD, and MDD plus fire flow conditions.  System 
deficiencies were located by comparing model results to Town criteria which is summarized 
in Table 8. 

TABLE 8 

Town Design Criteria for Distribution System 

Design Criteria Value Unit 

Operating Pressure(1)   

Minimum static pressure (Tank 20 percent full) 43 psi 

Maximum static pressure (Tank full) 125 psi 

Minimum dynamic pressure    

MDD plus fire flow 20 psi 

PHD 35 psi 

Maximum Velocities   

PHD 5 feet per second 

MDD plus fire flow 15 feet per second 

Maximum Headloss Through Pipeline   

16-inch diameter transmission 2.0 feet per 1000 feet of pipeline length 

20-inch diameter transmission 1.5 feet per 1000 feet of pipeline length 

≥ 24-inch diameter transmission 1.0 feet per 1000 feet of pipeline length 
(1)Condition applies with one critical loop out of service 

                                                      
4 SCADA – Supervisory Control and Data Acquisition 
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No problems were observed under ADD and MDD conditions and few system deficiencies 
were identified under PHD conditions.  There were no headloss violations, and velocities 
were less than 5 fps for pipes with diameters larger than 16-inch.  Smaller diameter pipes 
did have velocities slightly over 5 fps, but not greater than 8 fps and no pressure problems 
were observed by the higher velocity.  A review of model results suggest four isolated 
pressure junctions where the pressures were slightly below the Town minimum (35 psi) 
when operating under PHD conditions, as shown in Figure 6.   

Fire flow scenarios were developed to simulate commercial or residential fire flows in 25 
locations under MDD conditions.  Town staff determined the location, minimum flow, and 
duration requirements for the fire scenarios based on their knowledge of potentially 
vulnerable sites within the system.  Fire flow scenarios were used to evaluate existing pipe 
sizes and to size future improvements where needed.  The model results for fire flow 
scenarios were reviewed to determine areas where pipe velocities were greater than 15 fps 
(Town maximum) and residual system pressures were less than 20 psi (Town minimum).  
The majority of the fire flow scenarios met the Town’s criteria; however, the scenarios 
shown in Figure 6 violated one or more fire flow criterion. 

The Town does not currently have documented criteria to assess treated water storage 
requirements. However, the Town currently maintains an estimated total treated water 
storage volume equivalent to nearly 150 percent of the existing MDD.  When considering 
the factors that influence minimum storage volume recommendations (raw water supply, 
treated water supply, diurnal demand variations, fire flow reserve, emergency storage for 
use during a pipeline break or pump station failure, etc.), this volume appears adequate and 
is consistent with industry standards.  

Future Distribution System Model 

Development of the future distribution system first requires the determination of future 
demand sets for each planning horizon.  With Town assistance, development maps were 
created that included future development timing, density predictions, and land use 
assignments that identified acreage, classification, and dwelling units per acre.  ADD, MDD, 
and PHDs were then calculated for future development parcels through the use of a GIS 
database.  The majority of new development is planned to occur in the following areas: 

• Liberty Village 

• Canyons South  

• Castle Oaks 

• Castlewood Ranch/Founders Village 

• Crystal Valley Ranch 

• Plum Creek  

• Dawson Ridge 

• The Meadows 
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Scenario Scenario Description Deficiency

FF13
1750 gpm residential f ire f low  in Founders green 
zone

Node pressures less than 20 psi in the vicinity of the f ire, 
and could pull a vacuum

FF14
1500 gpm residential f ire f low  in north Craig and 
Gould yellow  zone

Node pressures less than 20 psi, and could pull a vacuum.  
Pipe velocities greater than 15 fps in the vicinity of the f ire

FF15
3500 gpm school f ire f low  at the new  High School 
in the Meadow s yellow  zone Pipe velocities greater than 15 fps in the vicinity of the f ire

FF20
1500 gpm residential f ire f low  in north Craig and 
Gould blue zone

Node pressures less than 20 psi, and could pull a vacuum.  
Pipe velocities greater than 15 fps in the vicinity of the f ire

FF24

1750 gpm residential f ire f low  in Meadow s Filing #6 
Yellow  Zone, near intersection of Elk Run Drive 
and Coyote Hills Way. Node pressures less than 20 psi in the vicinity of the f ire

Existing Fire Flow Scenarios that Violate Water Distribution System Performance Criteria
Model Node

Model 
Resulting 

Pressure (psi)
Location

J-1013 5
Dow nstream of PRV N14P2 on 
Black Pine Drive

J-1007 28
Intersection of Black Pine Drive 
and Oak Vista Lane

J-6120 29
Intersection of Founders 
Parkw ay and Front Street

J-923 33
Intersection of Lost Meadow  
Trail and High Plains Street

Peak Hour Criteria Violation

Legend
Service Boundary
Area Served By Others
Major Highway
Road
Existing Water Main

Pressure Zone
Green
Red
Purple
Blue
Light Blue
Yellow
Orange

 

System Deficiency
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Table 9 summarizes the estimated MDD for each of these development areas by planning 
horizon.     

TABLE 9 
Maximum Day Demands for Large Development Areas 

Maximum Day Demand in MGD 
(percent of total demand) 

Development 

Existing  
5 Year Planning 

Horizon  
10 Year Planning 

Horizon  

Ultimate 
Planning 
Horizon  

Canyons/Liberty Village 0.0 (0%) 1.0 (4%) 2.6 (7%) 2.8 (6%)  

Castle Oaks 0.1 (0%) 1.2 (5%) 1.4 (3%) 2.0 (4%) 

Castlewood Ranch/Founders 3.3 (21%) 4.5 (17%) 7.0 (18%) 7.0 (14%) 

Crystal Valley Ranch 0.2 (1%) 1.0 (4%) 1.9 (5%) 2.4 (5%) 

Plum Creek 1.4 (9%) 2.2 (8%) 3.2 (8%) 4.7 (9%) 

Dawson Ridge 0.0 (0%) 0.0 (0%) 0.3 (1%) 7.0 (14%) 

Meadows 3.5 (22%) 6.9 (26%) 9.9 (25%) 10.4 (21%) 

Total of Major Developments 8.4 (53%) 16.8 (63%) 26.3 (67%) 36.4 (72%) 

Other Development 7.6 (47%) 10.0 (37%) 12.9 (33%) 13.8 (28%) 

Total Town Demand 16.0 (100%) 26.8 (100%) 39.2 (100%) 50.2 (100%) 

 

With the demand sets determined and the location and capacity of the future WTPs 
established, the distribution system was evaluated to determine the best approach for future 
operations.  Historically, the system has been operated by pumping treated water from the 
Meadows WTP to higher pressure zones and using pumps and pressure reducing valves 
(PRVs) to fill and drain storage reservoirs through multiple pressure zones.  With the recent 
addition of the RWRWTC a more simplified and reliable operating approach can be 
implemented in the future by serving the majority of the distribution system by gravity and 
a series of automated PRVs from the RWRWTC, Founders WTP, and the future ASWTP that 
are located in the highest pressure zones (green and red).  This operating approach would 
minimize the regular operation of pump stations to move water from lower pressure zones 
to higher pressure zones.  The projects required to implement this operational change to the 
distribution system are proposed to be phased in gradually in each planning horizon.   

Future distribution system improvements were identified to alleviate existing deficiencies, 
meet future demands, and improve water distribution system operations.  A summary of 
the recommended CIP projects for the future distribution system is shown in Figure 7, 
which represents a total of 49 CIP projects through build-out (26 Town-funded projects, 19 
developer-funded projects, and 4 jointly-funded projects).  A summary of the costs 
associated with these projects by planning horizon is shown in Table 10.  



CASTLE ROCK WATER FACILITIES MASTER PLAN: EXECUTIVE SUMMARY 

EXECUTIVE SUMMARY.DOC ES-16 

TABLE 10 
Distribution CIP Costs by Planning Horizon 

Planning Horizon CIP Cost Estimate 

 Town Funded Developer Funded 

5 Year (2006 – 2010) $17.8 M $8.5 M 

10 Year (2011 – 2015) $33.1 M $15.0 M 

Ultimate (2016 – Ultimate) $14.3 M $23.1 M 

Total $65.2 M $46.6 M 
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Introduction 

Purpose 
The purpose of this technical memorandum (TM) is to summarize the evaluation of the 
Town of Castle Rock’s (Town) existing and future water distribution systems.  Previous 
master planning efforts have been summarized in the 1995 Water Facility Plan by Camp 
Dresser & McKee (CDM) (1995 WFP), and again in the 2000 Water Facility Plan by Integra 
Engineering (2000 WFP).  Both reports provide recommendations for water system 
improvements based on planned development and system deficiencies identified through 
hydraulic modeling of the Town’s water distribution system.  Development continues at a 
rapid pace, which requires frequent updates to master planning activities.  This water 
facilities master plan (WFMP) compiles existing information and data from previous studies 
to refine hydraulic model validation and develop a capital improvements plan that will 
support the Town’s future water infrastructure needs.   

The following sections of this TM include discussions related to water distribution system 
performance criteria, hydraulic model update and validation, existing and future 
distribution system modeling results, and recommended capital improvements to serve 
anticipated development through build-out within the Town’s service area boundary.   

Water Distribution System Performance Criteria 
The Town of Castle Rock Public Works Regulations includes water distribution system 
performance criteria to be used when designing new facilities.  Previous master planning 
efforts included a comprehensive review of these performance criteria and determined that 
the Town’s criteria are comparable to industry standards.  These criteria were used to 
evaluate the hydraulic performance of the Town’s water distribution system and 
recommend improvements to alleviate identified deficiencies.  Table 1.4.2-1 summarizes the 
current hydraulic performance criteria from the Town’s Public Works Regulations.   

TABLE 1.4.2-1 
Town of Castle Rock Water Distribution System Hydraulic Performance Criteria 

Condition Criteria 
Velocity  
Maximum velocity with peak hour demands 5 fps 
Maximum velocity with maximum day plus fire flow demands 15 fps 
Headloss  
Maximum headloss through 16-inch pipeline 2.0 ft/1000 ft 
Maximum headloss through 20-inch pipeline 1.5 ft/1000 ft 
Maximum headloss through 24-inch and larger pipelines 1.0 ft/1000 ft 
Pressure  
Maximum Static Pressure 125 psi 
Minimum Static Pressure 43 psi 
Minimum dynamic pressure max day plus fire flow demands 20 psi 
Minimum dynamic pressure peak hour demand 35 psi 
Source: Town of Castle Rock Public Works Department. Public Works 
Regulations. Reprinted February, 1999. 
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Existing System Facilities 
The existing Castle Rock water distribution system consists of distribution and transmission 
piping, four water treatment plants (WTPs), and two well facilities with on-site treatment, 
nine booster pump stations, and 15 storage reservoirs.  Figure 1.4.2-1 provides a schematic 
illustration of the Town’s water distribution system.  The schematic displays basic 
connectivity between pressure zones, storage reservoirs, pump stations, and water 
treatment plants.  It also shows existing average day, maximum day, and peak hour 
demands for the primary development areas within the Town’s service area boundary.   

Pressure Zones 
The Town’s distribution system consists of seven pressure zones based on topographic 
relief.  The pressure zones are designated by color and are summarized in Table 1.4.2-2.  The 
reported maximum and minimum ground elevations served represent the upper and lower 
limits of each pressure zone boundary in order to meet hydraulic performance criteria 
outlined in Table 1.4.2-1. The reported maximum hydraulic grade line (HGL) identifies the 
maximum static head that would be observed within a given pressure zone assuming no 
headloss through the water distribution system network. 

TABLE 1.4.2-2 
Town of Castle Rock Water Distribution System Pressure Zones 

Zone Maximum 
Ground 

Elevation 
Served (feet) 

Minimum 
Ground 

Elevation 
Served (feet) 

Maximum 
Hydraulic Grade 
Line (HGL) (feet) 

Maximum Pressure 
(psi) 

Green 6697 6557 6820 114 

Red 6557 6472 6680 123 

Purple 6472 6396 6591 84 

Blue 6396 6230 6520 125 

Light Blue 6264 6230 6383 661 

Yellow 6230 6072 6349 120 

Orange 6072 5915 6192 120 
1Based on current PRV setting provided by Town staff. 

Each pressure zone has been established to maintain a minimum pressure of 43 psi and a 
maximum pressure of 125 psi under all demand conditions.  In addition, adequate capacity 
and looping of pipelines is required to maintain a minimum residual pressure of 20 psi at all 
points within the water distribution network under maximum daily demand (MDD) plus 
fire flow conditions.  The minimum water surface elevations for storage reservoirs are 
required to be 100 feet greater than the highest customer served by the tank.  This 
requirement was developed to sustain a minimum static pressure of 43 psi at all points in 
the system.  The maximum pressure constraint of 125 psi is required to minimize pipeline 
leakage potential and additional system operational problems.   
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The 2000 WFP recommended developing an integrated water system to transfer water 
throughout the distribution system; whereas, the 1995 WFP suggested developing a system 
based on independent service areas.  The Town currently operates a fairly integrated treated 
water system through distribution pipe looping and pressure reducing valves (PRVs).  
Figure 1.4.2-2 illustrates the existing water distribution system and includes pressure zone 
boundaries, existing facilities, waterlines, and PRV locations.  PRVs are positioned at 
pressure zone boundaries to reduce the pressure of water flowing from a higher pressure 
zone to a lower pressure zone.  The typical PRV installation consists of one 2-inch and two 
6-inch parallel PRVs to convey a wide range of flow rates between pressure zones.  
Appendix A includes an illustration of a typical Town PRV vault configuration. The PRVs 
provide Town operations staff the ability to move water between pressure zones without 
adverse effects on the distribution system, and provide redundancy throughout the system.  
An interconnected system with PRVs provides greater operational flexibility, because water 
can essentially be transferred throughout the system using pumps and PRVs.  However, 
caution should be exercised when operating a water distribution system in this manner as 
excess energy may be consumed when water is pumped to a higher zone only to be 
conveyed back into a lower pressure zone through a PRV.   

Town staff visit PRV vaults on a quarterly basis to perform visual inspections, routine 
maintenance, and manually record upstream and downstream pressure readings.  The most 
recent recordings reviewed as part of this study were collected in May and September 2005. 
The PRV readings and the associated HGL information are included in Appendix A.  These 
values provided the basis for the PRV settings in the Town’s existing WaterCAD hydraulic 
model.  Readings at seven PRVs were further verified during the field data collection 
performed in August 2005 by placing pressure data loggers at fire hydrants downstream of 
the PRVs.  

Discussions with Town staff suggest that PRV settings can vary significantly at any point in 
time as operations staff routinely adjust PRVs in response to tank and distribution system 
operations.  Therefore, PRV settings were modified in WaterCAD during steady state 
hydraulic model validation in an effort to reproduce observed operations for the chosen 
validation date and time.  Following model validation, discussions were held with Town 
staff to strategize operational improvements to reduce this burden on operations staff and 
improve overall system operations. For subsequent analyses, it was assumed that a number 
of PRVs would be automated to allow for movement between pressure zones while still 
providing for turnover of tanks. In addition to automation of these PRVs, a number of 
Supervisory Control And Data Acquisition (SCADA) improvements will be required to 
fully implement.  These include historical archiving of data currently being trended as well 
as collection of additional flow data at the WTPs and pump stations.  During these analyses 
PRV settings were adjusted within the WaterCAD model based on demand conditions and 
assumed tank operations under these conditions.  For example, under peak hour demand 
conditions it was assumed that tanks would generally be draining; whereas, under 
minimum hour conditions tanks would be filling with PRV settings adjusted accordingly.  
These assumptions should be further validated through extended period simulation (EPS) 
modeling as additional data is collected to support EPS calibration.  Appendix A includes 
PRV assumptions for model validation and subsequent analyses. 
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Figure 1.4.2-2Legend
Well Field Location
Service Boundary
Area Served By Others
Major Highway
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Existing Water Main
Tank (Color Denotes Pressure Zone Served)
Pump (Color Denotes Pressure Zone Served)
Water Treatment Plant
PRV

Pressure Zone
Green
Red
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Blue
Light Blue
Yellow
Orange

1

2

NOTES: 
1. Alluvial wells are not shown in this figure.
2. Resevoir 7 is not in service

Well Field Identification

355 Denver Aquifer
Dawson Aquifer355

Arapahoe Aquifer355
Laramie Fox Hills Aquifer355
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System Operation 
The Town utilizes a SCADA system to monitor well and treatment plant production, tank 
levels, and pump station operations.  The SCADA system is monitored at the Town Utilities 
Building, and currently allows for limited remote operation of a few system facilities.  Data 
is recorded and trended for approximately 100 days with no historical data archiving.  
Recommended SCADA system improvements were mentioned in the previous section and 
are further discussed in the SCADA Improvements section of this report.  

Storage Reservoirs 
The Town currently operates and maintains 15 active treated water storage reservoirs with a 
total combined capacity of 28.2 million gallons (MG).  An additional 2 MG reservoir, 
Reservoir #7, was constructed to serve anticipated development in the southwest portion of 
the Town’s service area but has never been placed into service. In addition, the 0.5 MG 
Reservoir #1 and 0.1 MG Reservoir #2 are both reportedly in poor condition.  Reservoir #2 
was removed from service in 2005.  An additional five storage reservoirs are planned, which 
will increase the Town’s storage capacity to a total of 48.5 MG.  These new facilities will be 
discussed in the Future Conditions Model Development Section of this report.  Table 1.4.2-3 
summarizes existing storage reservoir characteristics.   

TABLE 1.4.2-3 
Town of Castle Rock Treated Water Storage Reservoir Characteristics 

ID 
Year 
Built 

Capacity 
(mg) 

Diameter 
(ft) 

Height 
(ft) 

Pressure 
Zone 

Reservoir #1 1906 0.5 78.0 11.2 Yellow 
Reservoir #2 1960 0.1 29.2 18.1 Blue 
Reservoir #3  1980 1.0 92.6 19.1 Purple 
Reservoir #4 1984 1.5 118.0 18.6 Blue 
Reservoir #5 1984 0.5 66.0 19.4 Yellow 
Reservoir #6a  1986 2.0 120.0 23.5 Green 
Reservoir #6b  1997 2.0 120.0 23.5 Green 
Reservoir #71 1986 2.0 122.0 22.7 Red 
Reservoir #8  1987 2.0 147.0 24.8 Blue 
Reservoir #9  1989 1.0 96.0 19.3 Purple 
Reservoir #11  1998 1.2 92.5 24.0 Purple 
Reservoir #12  1999 4.0 172.0 22.8 Yellow 
Reservoir #14  2001 2.0 121.0 23.3 Red 
Reservoir #15  2002 4.0 174.0 22.7 Red 
Reservoir #16  2004 3.1 140.0 27.0 Red 
Reservoir #17  2005 2.2 136.0 20.6 Red 

Total Storage Capacity  29.1    
1Tank #7 is located in Dawson Ridge and currently is not in service.  This tank will need 
to be evaluated to determine if it can be used for future use.   
Additional storage reservoir characteristics can be found in the Facilities Inventory 
included in Appendix A . 
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Treated water storage generally consists of three primary components: 1) equalization, 
2) fire flow, and 3) emergency.  Volume requirements for flow equalization may be 
estimated based on the volume required to meet peak demand requirements in excess of 
WTP production rates and can be on the order of 25 percent of total MDD.  Fire flow storage 
is required to ensure ample water supply to meet fire flow requirements as dictated by the 
local Fire Marshall and Insurance Services Office (ISO).  Emergency storage requirements 
for a water distribution system are much more difficult to quantify and are contingent upon 
the “level of risk” that the water service provider is willing to assume.  Emergency storage 
represents the volume required to maintain minimal acceptable levels of service during an 
unforeseen event such as source of supply interruptions, WTP production interruptions, 
pipeline breaks, pump failures, electrical power outages, or other natural disasters.   

The Town’s current total storage capacity represents approximately 150 percent of the 
estimated MDD.  Long-term goals of the Town are to maintain a minimum total storage 
volume equal to the MDD plus fire flow storage. 

Well Facilities 
The Town’s raw water is supplied by a series of deep groundwater and alluvial wells.  
There are currently 36 wells in operation.  The majority of the wells are pumped to one of 
four WTPs; Meadows, Ray Waterman Regional Treatment Center (RWRWTC, f.k.a. 
Eastern), Founders, and P.S. Miller.  However, Wells 2, 3, 4, 5, 6, 7, 8, 9, and 10 have the 
capability to distribute water directly into the water distribution system due to well-site 
treatment.  These facilities were modeled in the previous study as constant inflow nodes in 
the hydraulic model.  Since the 2000 WFP, use of several wells has been discontinued due to 
water quality concerns.  Table 1.4.2-4 summarizes updates to the Town’s WaterCAD 
hydraulic model for wells that pump directly into the distribution system. 

TABLE 1.4.2-4 
Well Flows 

Well Aquifer Old Model 
Flow Rate 

(gpm) 

New Model 
Flow Rate 

(gpm) 

Comments 

Well 2 Alluvial (Plum Creek) 70 0 No longer pumps into distribution system. 

Well 3 Alluvial (Plum Creek) 72 0 No longer pumps into distribution system. 

Wells 4, 
5, and 8 

Wells 4 & 8 – Alluvial    
(Plum Creek) 

Well 5 – Dawson/Denver  

0 0 These wells are housed at the same facility.  
The Town is abandoning this facility in 
2006. 

Well 6 Multiple 0 0 Inactive 

Well 7C Denver 200 0 The Town will continue to operate this well 
during the 2006 irrigation season between 
175 and 200 gpm.  This well will be used as 
needed until it no longer produces water.   

Well 9 Alluvial (Plum Creek) 56 0 The Town stopped using this well less than 
5 years ago.   

Well 10 Arapahoe 400 0 Designed to pump to Reservoir 3 and 
directly into distribution system.  The facility 
is VFD controlled, but is no longer in use. 
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Pump Stations 
The Town’s water system consists of nine booster pump stations and finished water pumps 
located at each of the WTPs.  Water is pumped from WTPs to tanks and directly into the 
distribution system.  Booster pumps provide the ability to move water to a higher zone for 
storage or distribution.  The following section details each of the nine pump stations and 
WTP facilities.  Appendix A includes the latest pump curve information provided by the 
Town in June, 2005.  Table 1.4.2-5 summarizes pump station characteristics.   

TABLE 1.4.2-5 
Town of Castle Rock Water Distribution System Pump Station Characteristics  

Pump Station Zone Number of 
Pumps 

Total Pump Station 
Capacity 

Firm Pump Station 
Capacity1 

Meadows Blue 
Zone 

Blue 2 
1 Fire Pump 

2750 gpm 1050 gpm 

Citadel Blue 2 1600 gpm 800 gpm 

Crystal Valley 
Ranch  

Green 3 2400 gpm 1600 gpm 

Diamond Ridge Green and 
Red 

Green Zone - 4, 
1 fire pump 

Red Zone - 2 

Green Zone - 2440 gpm 
 

Red Zone - 1440 gpm 

Green Zone - 940 gpm 
 

Red Zone - 720 gpm 

RWRWTC Green and 
Red 

Green Zone - 3 

Red Zone-3 

Green Zone  - 6260 gpm 

Red Zone - 6260 gpm 

Green Zone - 3480 gpm 

Red Zone - 3480 gpm 

Founders WTP Green 3 3400 gpm 2200 gpm 

Hillside Blue 2 1600 gpm 800 gpm 

Meadows WTP Yellow 4 6550 gpm 4900 gpm 

Milestone Purple 2 3000 gpm 1500 gpm 

Plum Creek 
South 

Red 3 2340 gpm 1560 gpm 

PS Miller WTP Blue 4 4100 gpm 3050 gpm 

Red Zone  Red 2 1400 gpm 700 gpm 

Reservoir #2 Purple 2 1400 gpm 700 gpm 
1Firm pump station capacity represents the total pump station capacity with the largest pump out of service. 

Blue Zone Pump Station 
The Blue Zone Pump Station is located on Meadows Boulevard, just northeast of the 
Meadows Boulevard and Coachline Road intersection.  It pumps water from the yellow 
zone and Reservoir 12 for distribution in the blue zone and for storage in Reservoir 8.  The 
pump station has two constant speed pumps with motor speeds of 1765 rpm and 1775 rpm, 
and one variable frequency drive (VFD) fire pump.  Table 1.4.2-6 summarizes operating 
points for each pump.    
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TABLE 1.4.2-6 
Blue Zone Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 350 gpm 
250 feet 

510 gpm 
180 feet 

0 gpm 
260 feet 

Pump #2 700 gpm 
230 feet 

1,000 gpm 
180 feet 

0 gpm 
255 feet 

Fire Pump 1,700 gpm 
230 feet 

2,800 gpm 
120 feet 

0 gpm 
280 feet 

 

Citadel Pump Station 
The Citadel Pump Station is located on Atchison Way, just north of the Atchison Way and 
Atchison Court intersection.  It pumps water from Reservoir 5, located just west of the 
pump station, to blue zone distribution and for storage in Reservoir 8.  The pump station 
has two constant speed pumps each with a motor speed of 3525 rpm.  Table 1.4.2-7 
summarizes operating points for each pump.   

TABLE 1.4.2-7 
Citadel Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 750 gpm 
150 feet 

1,040 gpm 
80 feet 

0 gpm 
245 feet 

Pump #2 750 gpm 
150 feet 

1,040 gpm 
80 feet 

0 gpm 
245 feet 

 

Crystal Valley Ranch Pump Station 
The Crystal Valley Ranch Pump Station was not included in the 2000 WFP, as it was 
constructed in 2004.  The pump station is located on Crystal Valley Parkway, just northeast 
of the Crystal Valley Parkway and Lions Paw Street intersection.  This pump station 
conveys water from Reservoir 15 and pumps it to the green zone distribution system and 
Reservoirs 6A and 6B.  The station’s three pumps are each equipped with a VFD.  Table 
1.4.2-8 summarizes operating points for each pump.   

TABLE 1.4.2-8 
Crystal Valley Ranch Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 730 gpm 
210 feet 

1,090 gpm 
140 feet 

0 gpm 
236 feet 

Pump #2 730 gpm 
210 feet 

1,090 gpm 
140 feet 

0 gpm 
236 feet 

Pump #3 730 gpm 
210 feet 

1,090 gpm 
140 feet 

0 gpm 
236 feet 
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Diamond Ridge Pump Station 
The Diamond Ridge Pump Station is located near the Sapphire Point Boulevard and 
N. Crowfoot Valley Road intersection.  This pump station came online in 2004, and replaced 
the original Diamond Ridge Pump Station that was located on Diamond Ridge Road.  The 
pump station conveys treated water to the red zone and green zone from the purple zone 
Reservoir 11.  There are five green zone pumps, including a fire pump.  A fire pump was 
installed to pump fire flow into the Diamond Ridge area, because the green zone does not 
have other fire fighting capabilities in this area.  The green zone pumps are all equipped 
with VFDs.  This pump station has two red zone pumps that pump from Reservoir 11 
(purple zone) to red zone Reservoir 16 (Castle Oaks Tank) and red zone Reservoir 14 (Maher 
Tank).  Reservoirs 14 and 16 float off of each other and a flow control valve at the RWRWTC  
controls flow diversion to each of these reservoirs from the WTP.  One red zone pump is 
equipped with a VFD while the other pump is constant speed.  Space has been provided 
within this pump station to accommodate the addition of one future red zone pump.  Table 
1.4.2-9 summarizes operating points for each pump.   

TABLE 1.4.2-9 
Diamond Ridge Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Green Zone  
Pump #1 

120 gpm 
240 feet 

207 gpm 
140 feet 

0 gpm 
277 feet 

Green Zone 
Pump #2 

120 gpm 
240 feet 

207 gpm 
140 feet 

0 gpm 
277 feet 

Green Zone 
Pump #3 

350 gpm 
366 feet 

400 gpm 
300 feet 

0 gpm 
444 feet 

Green Zone 
Pump #4 

350 gpm 
366 feet 

400 gpm 
300 feet 

0 gpm 
444 feet 

Green Zone 
Fire Pump 

2140 gpm 
209 feet 

1,500 gpm 
214 feet 

0 gpm 
322 feet 

Red Zone  
Pump #1 

720 gpm 
118 feet 

1300 gpm 
76 feet 

0 gpm 
132 feet 

Red Zone 
Pump #2 

720 gpm 
118 feet 

1300 gpm 
76 feet 

0 gpm 
132 feet 

 

Hillside Pump Station 
The Hillside pump station is located on Hillside Drive, between Anderson Street and High 
Street.  It pumps water to the adjacent Reservoir 2 in the blue zone from yellow zone 
Reservoir 1.  The pump station contains two constant speed pumps each with a motor speed 
of 3550 rpm.  According to the 2000 WFP, this pump station was also used for backwash 
water for the Well 6 pressure filter; however, Well 6 is no longer in operation.  Table 1.4.2-10 
summarizes operating points for each pump in the Hillside Pump Station.   
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TABLE 1.4.2-10 
Hillside Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 800 gpm 
180 feet 

1,100 gpm 
80 feet 

0 gpm 
250 feet 

Pump #2 800 gpm 
180 feet 

1,100 gpm 
80 feet 

0 gpm 
250 feet 

 

Milestone Pump Station 
The Milestone Pump Station is located near the Founders Parkway and Front Street 
intersection.  It pumps water from the yellow zone to the purple zone Reservoir 11, and 
boosts water to serve the Metzler blue zone and purple zone areas.  This pump station 
contains two VFD pumps.  Table 1.4.2-11 summarizes operating points for each pump in the 
Milestone Pump Station.  

TABLE 1.4.2-11 
Milestone Pump Station Design Points  

Pump 
Number  

Pump 
Design Point 

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 1500 gpm 
320 feet 

1941 gpm 
250 feet 

0 gpm 
413 feet 

Pump #2 1500 gpm 
320 feet 

1941 gpm 
250 feet 

0 gpm 
413 feet 

 

Plum Creek South Pump Station 
The Plum Creek South Pump Station is located just east of South Plum Creek Boulevard, 
between October Place and Kelsey Place.  This pump station serves the Crystal Valley Ranch 
red zone and Reservoir 15.  The blue zone Reservoir 4 provides suction for this pump 
station.  Table 1.4.2-12 summarizes operating points for each pump in the Plum Creek South 
Pump Station. 

TABLE 1.4.2-12 
Plum Creek South Pump Station Design Points  

Pump 
Number  

Pump 
Design Point 

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 780 gpm 
215 feet 

1200 gpm 
110 feet 

0 gpm 
270 feet 

Pump #2 780 gpm 
215 feet 

1200 gpm 
110 feet 

0 gpm 
270 feet 

Pump #3 
(#4 in old 
model) 

780 gpm 
215 feet 

1200 gpm 
110 feet 

0 gpm 
270 feet 
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Red Zone Pump Station 
The Red Zone Pump Station is located on Wolfensberger Road, approximately ¼-mile 
southeast of the Wolfensberger Road and Coachline Road intersection.  It will serve future 
Meadows red zone demands and pump to red zone Reservoir 17.  The Red Zone Pump 
Station was constructed in 2004.  The station’s two pumps are constant speed each with a 
motor speed of 1785 rpm.  Table 1.4.2-13 summarizes operating points for each pump.  

TABLE 1.4.2-13  
Red Zone Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 700 gpm 
217 feet 

1380 gpm 
117 feet 

0 gpm 
240 feet 

Pump #2 700 gpm 
217 feet 

1380 gpm 
117 feet 

0 gpm 
240 feet 

 

Reservoir #2 Pump Station 
The Reservoir #2 Pump Station is located just north of the end of Tacker Court.  Water is 
conveyed through this pump station from Reservoir 2 and pumped to the purple zone and 
Reservoir 3.  The pump station contains two constant speed pumps each with a motor speed 
of 3550 rpm.  Table 1.4.2-14 summarizes operating points for each pump in the Reservoir #2 
Pump Station.  This pump station will be demolished in 2006 or 2007, and replaced by a new 
Hillside Pump Station that will pump directly from Reservoir #1 to Reservoir #3.  However, 
because this pump station was operational at the start of this study and was in use during 
the period of model validation it is included throughout Existing System Model discussions 
within this TM.   

TABLE 1.4.2-14 
Reservoir #2 Pump Station Pump Station Design Points  

Pump 
Number  

Pump 
Design Point 

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 750 gpm 
160 feet 

1000 gpm 
80 feet 

0 gpm 
210 feet 

Pump #2 750 gpm 
160 feet 

1000 gpm 
80 feet 

0 gpm 
210 feet 

 

Meadows WTP Finished Water Pump Station 
The Meadows WTP Pump Station is located near the intersection of Butterfield Crossing 
and Buttercup Drive.  It serves demands in yellow and orange zone, and pumps to yellow 
zone Reservoir 12.  The station’s four pumps have a motor speed of 1780 rpm.  Three pumps 
are constant speed, and one pump is a VFD.  Table 1.4.2-15 summarizes operating points for 
each pump.   
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TABLE 1.4.2-15 
Meadows WTP Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 1650 gpm 
330 feet 

3400 gpm 
200 feet 

0 gpm 
342 feet 

Pump #2 1650 gpm 
330 feet 

3400 gpm 
200 feet 

0 gpm 
342 feet 

Pump #3 1100 gpm 
242 feet 

2700 gpm 
140 feet 

0 gpm 
280 feet 

Pump #4 2350 gpm 
330 feet 

3400 gpm 
200 feet 

0 gpm 
342 feet 

 

P.S. Miller WTP Finished Water Pump Station 
The P.S. Miller WTP Pump Station is located east of Plum Creek Boulevard in the Plum 
Creek Golf and Country Club.  It serves demands in blue zone, and pumps to blue zone 
Reservoir 4.  Three of the station’s pumps are constant speed and have a motor speed of 
1775 rpm and 1770.  The remaining two pumps operate on VFDs and have a motor speed of 
1790 rpm.  Table 1.4.2-16 summarizes operating points for each pump.   

TABLE 1.4.2-16 
P.S. Miller WTP Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 750 gpm 
61 feet 

1100 gpm 
39 feet 

0 gpm 
84 feet 

Pump #2 750 gpm 
61 feet 

1100 gpm 
39 feet 

0 gpm 
84 feet 

Pump #3 500 gpm 
42 feet 

780 gpm 
22 feet 

0 gpm 
62 feet 

Pump #4 1050 gpm 
280 feet 

1695 gpm 
148 feet 

0 gpm 
316 feet 

Pump #5 1050 gpm 
280 feet 

1695 gpm 
148 feet 

0 gpm 
316 feet 

 

 
Founders WTP Finished Water Pump Station 
The Founders WTP Pump Station is located near the Lantern Trail and Hampstead Avenue 
intersection.  It serves demands in the green zone, and provides additional finished water to 
Reservoir 6A and Reservoir 6B.  The station’s three pumps have a motor speed of 1775 rpm, 
and two are constant speed and one is VFD.  Table 1.4.2-17 summarizes operating points for 
each pump.   
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TABLE 1.4.2-17 
Founders WTP Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Pump #1 1200 gpm 
280 feet 

2000 gpm 
200 feet 

0 gpm 
295 feet 

Pump #2 1200 gpm 
280 feet 

2000 gpm 
200 feet 

0 gpm 
295 feet 

Pump #3 1000 gpm 
280 feet 

2000 gpm 
200 feet 

0 gpm 
295 feet 

 

Ray Waterman Regional Water Treatment Center Finished Water Pump Station 
The RWRWTC Pump Station is located near the intersection of Castle Oaks Drive and 
Founders Parkway.  It serves demands in the red and green zones.  It pumps to Reservoirs 
6A and 6B in the green zone, and to Reservoirs 14 and 16 in the red zone.  The station 
contains six pumps, with three pumping to the red zone and three pumping to the green 
zone.  The red zone pumps are VFDs with motor speeds of 1775 and 1785.  The green zone 
pumps are also VFDs with motor speeds of 1790 and 1785.  Table 1.4.2-18 summarizes 
operating points for each pump.   

TABLE 1.4.2-18 
RWRWTC Pump Station Design Points 

Pump Number  Pump Design 
Point  

Pump Max 
Operating Points 

Pump Shutoff 
Point  

Red Zone 
Pump #1 

700 gpm 
280 feet 

1105 gpm 
144 feet 

0 gpm 
352 feet 

Red Zone 
Pump #2 

2780 gpm 
280 feet 

4000 gpm 
172 feet 

0 gpm 
428 feet 

Red Zone  
Pump #3 

2780 gpm 
280 feet 

4000 gpm 
172 feet 

0 gpm 
428 feet 

Green Zone 
Pump #4 

700 gpm 
400 feet 

1300 gpm 
190 feet 

0 gpm 
435 feet 

Green Zone 
Pump #5 

2780 gpm 
400 feet 

4000 gpm 
255 feet 

0 gpm 
590 feet 

Green Zone 
Pump #6 

2780 gpm 
400 feet 

4000 gpm 
255 feet 

0 gpm 
590 feet 

 

Distribution Piping 
The Town’s distribution network consists of approximately 200 miles of transmission and 
distribution piping, ranging in size from 4 to 30 inches.  The majority of the piping is 8-inch 
or 12-inch in diameter.  Table 1.4.2-19 summarizes the approximate lengths for each pipe 
size.   
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TABLE 1.4.2-19 
Distribution system piping 

Diameter (in) Length (miles) Percent of total 

4 1.4 0.6% 

6 13.4 5.6% 

8 132.3 55.2% 

10 1.0 0.4% 

12 47.6 19.8% 

16 25.5 10.6% 

18 4.4 1.8% 

20 8.2 3.4% 

24 3.5 1.5% 

30 2.6 1.1% 

Total 239.8 100.0% 

 

WaterCAD Model Update 
The Town’s existing WaterCAD model provided the basis for the hydraulic evaluation of its 
existing water distribution system network.  This model was updated to include new 
infrastructure constructed since the 2000 WFP update and revised demand datasets for 
treated water customers served by the Town.  The following sections provide additional 
detail as to the updates made to the hydraulic model. 

New Development and Infrastructure Improvements 
Based on the water account records, approximately 3300 new accounts were added to the 
system between 2000 and 2004.  Transmission and distribution waterline updates to the 
WaterCAD model were based on AutoCAD construction drawings collected by the Town 
from developers, and as-built drawings.  In excess of 100 miles of additional pipelines were 
added to the WaterCAD model.  The model update also included additional distribution 
facilities, such as water storage reservoirs, pump stations and the RWRWTC.   

Vertical datum inconsistencies between the existing model nodes and the AutoCAD 
drawings were found during the waterline update.  Model node elevations were reassigned 
using GIS.  The latest topographic information as developed for the 2003 Wastewater and 
Reclaimed Water Master Plan was overlaid with the model nodes and PRVs to assign 
ground elevations based on the node location.  The elevations were assigned to the 1988 
North American Vertical Datum (NAVD 88).  Ground elevations for storage reservoirs and 
pump stations were manually assigned.  Overflow elevations for treated water storage 
reservoirs were assigned based on tank height data extracted from as-built drawings.   
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Distribution System Evaluation 
WaterCAD has three methods for calculating headloss: Darcy-Weisbach, Hazen-Williams, 
and Manning’s Formula.  The Darcy-Weisbach formula incorporates “a dimensionless 
friction factor that describes the effects of material roughness on the surface of the inside 
pipe wall and the flow regime on retarding the flow” (Mays, Larry W. Water Distribution 
Systems Handbook. McGraw Hill. 2000).  The Hazen-Williams equation is an empirical 
headloss coefficient.  “The Hazen-Williams coefficient C is assumed to be constant and 
independent of the discharge” (Mays, 2000).  The Manning’s Formula is also an empirical 
loss relation, which is most commonly used in open-channel flow calculations.   

The Hazen-Williams equation is used to compute headloss in this model.  The C-value or 
roughness coefficient in the Hazen-Williams equation is a WaterCAD user-input.  This is an 
important input, as it affects the capacity of the pipe to carry water.  Typical values range 
from 80 to 150, with a higher number indicating a smoother pipe, one that is less restrictive 
to flow.  The C-value is a function of the pipe’s age, material, and diameter.  The previous 
model for the 2000 WFP did not indicate development of Hazen-Williams C values based on 
age, and the majority of the waterlines were designated as ductile iron in the model.  The C-
values ranged from 90 to 200.  To refine the C-values to appropriately represent the pipe 
conditions in the system, a meeting with Town Operations staff was held to determine 
approximate pipeline install dates and materials of construction.  The map developed 
during this meeting is attached in Appendix A.  Town operations staff estimated pipeline 
install dates in five to ten year time intervals.  Table 1.4.2-20 summarizes the assumptions 
made to converge on approximate ages of pipelines within the Town’s water distribution 
system network for representative C-value estimation.   

TABLE 1.4.2-20 
WaterCAD Install Date Input 

Operations Staff Install Date Estimation Install Date Assumed for WaterCAD 
Model and C-Value Calculation 

1950s 1955 

1960s 1965 

1970s 1975 

Early 1980s 1982 

Mid 1980s 1985 

Late 1980s 1988 

Late 1980s to Early 1990s 1990 

1990s 1995 

Mid to Late 1990s 1997 

Late 1990s 1998 

Late 1990s to 2000 1998 

2000 2000 

2000+ 2000, 2001, 2003, or 2004 
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Using data summarized in Table 1.4.2-20, as well as pipeline material and diameter 
information, an EXCEL spreadsheet was developed to estimate a representative C-value for 
each pipe segment within the WaterCAD model.  Pipelines installed prior to 1990 were 
assumed to be ductile iron, and pipelines installed after 1990 were PVC for pipe sizes equal 
to or less than 12 inches in diameter, or assumed ductile iron for pipe sizes greater than 12 
inches in diameter.  The C-values in this plan range from 102 to 120.  Appendix A includes 
representative C-value curves for ductile iron and PVC based on age.  

Existing Demand and Peaking Factor Estimation 
Water meter records were obtained from the Town for the period 1997-2004.  This data was 
used in combination with available historic daily WTP production and tank level fluctuation 
data to estimate average daily demand (ADD), MDD, and peak hour demand (PHD) for 
existing development within the Town’s water distribution system service area boundary.  

As previously mentioned, limited historic information is available from the Town’s current 
SCADA system.  Town staff members are assigned to record well meters daily at each of the 
treatment plants.  This information is not recorded by SCADA, nor recorded at the same 
time every day.  The raw water production records are manually entered into a database to 
produce a monthly well production report.  Additionally, while the current SCADA system 
records treated water flow from both RWRWTC and Meadows WTP, it does not 
differentiate that portion of the treated water flow that is returned to the WTP for filter 
backwash.  Thus, assumptions were made regarding filter backwash volumes for each WTP 
to avoid artificially inflating the treated water available for distribution.  Treated water flow 
from the Founders and P.S. Miller WTPs is not currently monitored by the SCADA system; 
instead, Town Operations staff manually read meters at these plants on a daily basis. Tank 
level data at each of the treated water storage reservoirs is monitored by the SCADA system 
albeit with limited historic data available for review as the SCADA system does not 
currently archive data, but rather maintains the previous 100 days of data for review of 
operational trends. 

Given these data limitations, a detailed analysis of historic MDD/ADD and PHD/ADD 
peaking factors could not be reliably performed and collectively with Town staff a decision 
was made to retain the peaking factors documented in the Town’s current Public Works 
Regulations, MDD/ADD = 2.65 and PHD/ADD = 4.50.  

Average Day Demand Determination 
Monthly consumption data for several land use categories was provided from the billing 
records database for 1998 through August 2005.  The land use categories include Schools, 
Town, Multi-Unit, Residential, Commercial, Greenbelt, Church, and Bulk.  Using this data, 
the ADD per account was developed for each year 1998 to August, 2005 by totaling the 
water use per year and dividing by the number of accounts billed in that year.  Figure    
1.4.2-3 shows the historic trend in ADD, and the projected 2005 ADD.   
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FIGURE 1.4.2-3  
Historic Average Day Demand 

 

The projected 2005 ADD was estimated using 2004 monthly data for September through 
December with the data reordered through August 2005.  As shown in the above graph, 
ADD was steeply increasing from 1998 to 2002, where ADD somewhat leveled off.  The 
number of accounts has also rapidly increased from 1998 though August 2005.  The ADD 
per account was calculated to compare the increase number of accounts to the historic ADD.  
Table 1.4.2-21 summarizes the historic demand per account based on billing records. The 
historical trend of ADD per account is graphically illustrated in Figure 1.4.2-4. 

TABLE 1.4.2-21 
Historical Average Day Demand per Account 

Year ADD 
(mgd) 

Total 
Accounts 

ADD/Acct. 
(gallons/day) 

1998 2.65 5,260         504  

1999 2.87 5,712         503  

2000 3.71 6,572         565  

2001 4.03 7,426         543  

2002 4.48 8,328         539  

2003 4.28 9,077         471  
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TABLE 1.4.2-21 
Historical Average Day Demand per Account 

Year ADD 
(mgd) 

Total 
Accounts 

ADD/Acct. 
(gallons/day) 

1998 2.65 5,260         504  

1999 2.87 5,712         503  

2004 4.35 9,873         441  

Through August 2005 4.45 11,157         399  

 

 

 
FIGURE 1.4.2-4 
Historic Average Day Demand per Account 

Historical and current water use is dominated by residential accounts, which comprises 
approximately 90 percent of the total accounts.  Table 1.4.2-22 summarizes the average 
distribution of water use per land classification for the period of record reviewed.  This 
distribution of accounts among the various land use categories has been fairly consistent 
throughout this period.  A plot showing the distribution of accounts by land use 
classification for the period of record reviewed is included in Appendix C.  
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TABLE 1.4.2-22 
Historic Average Demand Distribution by Land Use 

Land Use Average 

Residential 90.5% 

Multi-Unit 2.4% 

School 0.2% 

Town 0.9% 

Greenbelt 1.1% 

Commercial 4.1% 

Church 0.2% 

Bulk 0.6% 

 

As demonstrated in the table and graph, the ADD per account peaked in 2000 at a rate of 
565 gallons per day (gpd) per account and has steadily declined in recent years.  This may 
be a result of a variety of factors including water conservation, watering restrictions as a 
result of the drought, etc.  The Town has a water conservation goal of achieving an ADD of 
135 gallons per capita per day, which is consistent with an estimated ADD of 430 gpd per 
account as observed in 2004 and projected in 2005.  However, deviations from this goal 
could have significant impacts in the Town’s ability to maintain minimum levels of service 
to its customers.  Thus, a decision was made by the Town to size pipeline and pumping 
improvements based on an ADD of 540 gpd per account (consistent with 2001 and 2002 
historical observations) and provide treated water storage and treatment improvements 
based on an ADD of 430 gpd per account.  The rationale being that it would be easier to 
expand treatment capacity and construct additional storage if these water conservation 
goals were not achieved than to construct additional pipeline and pump station 
improvements to maintain acceptable levels of service.  

Existing Demand Set Development 
As described in the Average Day Demand Determination section above, an ADD of 540 gpd 
per account was assumed for the hydraulic evaluation of the water distribution system 
pipeline and pumping facilities.  The 2005 billing records indicated that approximately 
11,200 accounts were billed in August.  This value was used to determine the total demand 
for the ADD, MDD, and PHD data sets.  Table 1.4.2-23 summarizes the total system 
demands used to evaluate the existing system model.   

TABLE 1.4.2-23 
Town of Castle Rock Existing System Demand Summary 

Demand Set Average Day Maximum Day 
(PF=2.65) 

Peak Hour 
(PF=4.5) 

Total System 
Demand (mgd) 

6.02 16.0 27.1 
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Demands were assigned to model nodes using the GIS.  The majority of accounts were 
physically located using the street address.  Discrepancies were found where street 
addresses did not match parcels, and some interpretation was needed.  The process of tying 
the billing records to the GIS is explained in the Methodology for Assigning Water Demand 
to Model Nodes TM attached in Appendix C.  Demands were assigned to model nodes 
based on the account’s location within a pressure zone, and its proximity to a model node in 
that same pressure zone.  In several cases, a model node along a transmission line for one 
zone was physically located in a different zone.  Those cases were found and labeled 
differently in the model, which told the GIS not to assign demand to this node, because it 
was being accounted for in the wrong pressure zone.  This method of assigning billing 
accounts to model nodes accurately represents the system-wide distribution of existing 
demand.  Additional demand from accounts and bulk water usage that could not be 
physically located was distributed evenly across the water distribution system network and 
represented less than 10 percent of the total water usage.   

The spatially allocated demands assigned through GIS from water meter billing records 
were then imported into WaterCAD, and the global edit feature in the junction report table 
was used to scale demands to equal the total system demand for ADD, MDD, and PHD 
scenarios.  For example, the total flow from the billing records was approximately 6.72 mgd, 
and the total ADD, based on the 540 gpd/account was, 6.02 mgd.  Therefore, the global edit 
function in WaterCAD was used to multiply the individual node demands by a factor of 
0.90 for the ADD data set.  The ADD set was then multiplied by the MDD and PHD peaking 
factors to develop the remaining demand sets.   

Model Validation 
Field data collection was performed from August 8 through August 15, 2005.  Pressure 
recording devices were installed at hydrants in 12 locations around the distribution system.  
The Field Data Collection Plan is attached in Appendix B and Figure 1.4.2-5 shows the 
locations where pressure recorders were placed.  Four pressure meters were initially 
installed on August 8.  These recorders were then moved to the second locations on August 
10, and moved again on August 12 to monitor the 12 locations for a minimum of 24 hours.  
The locations were chosen to ensure all pressure zones were monitored at some point 
during the week, and confirm arbitrary PRV readings as recorded in May 2005 by Town 
staff.  Pressure data was collected in 15-minute intervals from the four Telog HPR-31 
Hydrant Pressure Recorders.  Reservoir levels, pump station operation and flow rate, and 
water production data was extracted at 15-minute intervals from the SCADA system, where 
available.  The data was used to validate the existing system conditions model.   

Pressure monitors were placed downstream of seven PRVs; K19P1, N14P2, N17P1, L18P1, 
F12P2, R16P1, and G10P1.  Table 1.4.2-24 shows the downstream pressure reading as 
recorded by Town staff in May and September of 2005 compared to the maximum, 
minimum, and average readings by the pressure recorders.   
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Figure 1.4.2-5Legend
Service Boundary
Area Served By Others
Parcel
Major Highway
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Existing Water Main
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Light Blue
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Orange

Sample Data*
From 08/08/05 to 08/10/05

From 08/10/05 to 08/12/05

From 08/12/05 to 08/15/05

* SCADA Data was available from all Tanks, Meadows WTP and Eastern WTP, and all pump stations except Hillside PS and Citadel PS
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TABLE 1.4.2-24 
Quarterly PRV Readings Comparison to Pressure Monitor Readings 

PRV 

May 2005 
Reading 

(psi) 

September 
2005 Reading 

(psi) 

Minimum 
Reading 

(psi) 

Average 
Reading 

(psi) 

Maximum 
Reading 

(psi) 

K19P1 60 60 63.52 66.19 68.64 

N14P2 55 60 72.09 73.88 76.34 

N17P1 65 64 67.84 70.18 75.75 

L18P1 No Data 50 72.09 73.88 76.34 

F12P2 90 107* 63.52 66.19 68.64 

G10P1 90 76 63.81 75.72 78.53 

R16P1 75 70 54.15 76.85 96.5 

*Town staff suspected downstream gauge on PRV was not operating properly 
and was replaced.  Downstream reading (taken by Town staff) on 9/27/05 was 70 
psi.  

As the table demonstrates, quarterly PRV readings can vary.  Due to the variable operation 
of the system, validating the model to conditions that existed during the pressure 
monitoring was difficult.  The model was validated to conditions recorded on August 8, 
2005 at 6:15 pm.  This date and time were chosen after reviewing the SCADA data provided 
by the Town.  This time of the day is typically when demand is peaking, which was 
important because the demand was assumed based on the total treated water production 
and changes in storage at each of the Town’s treated water storage reservoirs for this day.  
The SCADA data also showed that storage tanks were both filling and draining, and some 
pump stations were operating, while others were not.   

The total demand calculated for this day was estimated at 9.4 mgd.  Demand was calculated 
by subtracting the total water stored from the total water produced.  Node demands were 
assigned as described in the previous section, and scaled to equal 9.4 mgd.  The initial tank 
level was set in the model to the level read by SCADA at 6:15 pm.  Pump stations were 
turned on or off also according to the discharge readings by SCADA.   However, discharge 
data is not collected at all pump stations.  The initial model validation status of Citadel 
Pump Station, Founders WTP Pump Station, Miller WTP, and Reservoir 2 Pump Station, 
and Hillside Pump Station were assumed, because no SCADA information was provided 
for these facilities.  The table in Appendix D shows the initial conditions assumed for system 
facilities.  An attempt to validate the model was made by adjusting PRV settings until the 
results fell into the acceptable range of 5 psi for model node pressures, and tank levels and 
pump operation were similar to those experienced in the field.   

The validation effort for this plan included two model runs.  The PRV settings in the first 
run were adjusted in an attempt to match tank operation for all tanks.  However, the model 
could not converge on the tank operations for Reservoir 8 and Reservoir 11.  The second run 
was developed in an attempt to converge on tank operations for Reservoir 8 and Reservoir 
11 by adjusting PRVs.  The second run did converge on Reservoir 8 operations, but did not 
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simulate Reservoir 11 operations.  A point of diminishing returns was reached, and the 
model was considered validated, as predicting PRV settings at the time of pressure 
collection is speculative.   

Standards for model calibration do not currently exist; however, in 1999, American Water 
Works Association (AWWA) developed minimum criteria for hydraulic network model 
calibration.  The criteria outlined by AWWA for Long-Range Planning, includes measuring 
pressure readings for 10 percent of system nodes, and a calibrated model predicts those 
pressures within plus or minus 5 psi for 100 percent of the readings.  Pressures for less than 
1 percent of model nodes were monitored, due to budget and equipment constraints.  The 
pressures did not fall within the AWWA’s minimum criteria at all locations; however, the 
validation effort was useful in locating errors in pipe connections and/or errors in PRV 
direction within the model.  Further refinement of the hydraulic model calibration would 
require more detailed SCADA information for WTP, pumping station, and PRV operations, 
as well as additional pressure and flow monitoring within the water distribution system.  

Appendix D also includes comparison plots and tables for storage reservoirs, system 
pressure, and pump station operation showing the model results after validation in relation 
to collected data.  The comparison plots show that tank drain and fill rates are fairly similar 
in Run 1 for the majority of the tanks, and pressures compare very well at several pressure 
monitoring locations.    

Existing System Model Scenarios 
The validated WaterCAD model was used to evaluate the hydraulic performance of the 
Town’s existing water distribution system under ADD, MDD, PHD, and MDD plus fire 
flow conditions.  Steady state hydraulic analyses were performed. The model results for 
each demand scenario were compared to the Town’s criteria to locate system deficiencies 
(see Water Distribution System Performance Criteria section above).  A review of the model 
results revealed very limited deficiencies during PHDs.  There were no headloss violations, 
and velocities were less than 5 feet per second (fps) for pipes with diameter larger than 16-
inch.  Smaller diameter pipes did have velocities slightly over 5 fps, but not greater than 8 
fps and no pressure problems were caused by the higher velocity.  The model found six 
isolated pressure junctions where the pressures were slightly below 35 psi.  The following 
table indicates the pressure under PHDs and the location of these nodes.    

TABLE 1.4.2-25 
Peak Hour Criteria Violation 

Model Node 
Model Resulting 
Pressure (psi) Location 

J-1013 5 Downstream of PRV N14P2 on Black Pine Drive 

J-1007 28 Intersection of Black Pine Drive and Oak Vista Lane 

J-6120 29 Intersection of Founders Parkway and Front Street 

J-923 33 Intersection of Lost Meadow Trail and High Plains Street 
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Fire flow scenarios were developed to simulate commercial or residential fire flows in 25 
locations under MDD conditions.  The Town determined the location, minimum flow and 
duration requirements for the fire scenarios based on their knowledge of potential 
vulnerable sites within the system.  Fire flow scenarios were used to evaluate existing pipe 
sizes and to size future improvements where needed.  The model results for fire flow 
scenarios were reviewed to determine areas where pipe velocities were greater than 15 fps 
and residual system pressures were less than 20 psi.  Figure 1.4.2-6 shows the fire flow 
locations and Appendix D gives a brief description of each fire.  The majority of the fire flow 
scenarios met the Town’s criteria, as indicated by the model.  However, the scenarios 
summarized in Table 1.4.2-26 violate one or more fire flow criterion.  

TABLE 1.4.2-26 
Existing Fire Flow Scenarios that Violate Water Distribution System Performance Criteria 

Scenario Scenario Description Deficiency  

FF2 4000 gpm fire flow at Home Depot in the 
blue zone 

Pipe velocities greater than 15 fps in the vicinity 
of the fire when only one model node is used.  
The map book review revealed that additional 
fire hydrants are available for use in this area. 

FF13 1750 gpm residential fire flow in Founders 
green zone 

Node pressures less than 20 psi in the vicinity of 
the fire, and could pull a vacuum  

FF14 1500 gpm residential fire flow in north Craig 
and Gould yellow zone 

Node pressures less than 20 psi, and could pull 
a vacuum.  Pipe velocities greater than 15 fps in 
the vicinity of the fire 

FF15 3500 gpm school fire flow at the new High 
School in the Meadows yellow zone 

Pipe velocities greater than 15 fps in the vicinity 
of the fire 

FF20 1500 gpm residential fire flow in north Craig 
and Gould blue zone  

Node pressures less than 20 psi, and could pull 
a vacuum.  Pipe velocities greater than 15 fps in 
the vicinity of the fire 

FF24 1750 gpm residential fire flow in Meadows 
Filing #6 Yellow Zone, near intersection of 
Elk Run Drive and Coyote Hills Way. 

Node pressures less than 20 psi in the vicinity of 
the fire 

 

Figure 1.4.2-7 shows the system deficiencies from the existing system modeling scenarios, 
and Appendix D includes the existing system model results from WaterCAD.  The 
improvements needed to alleviate identified system deficiencies were considered as part of 
the future conditions model development.  While a certain pipe size may alleviate the 
current problem, future development and system operation could dictate requirement of a 
larger improvement.  Therefore, the projects identified to correct the above problems are 
detailed in the Future Conditions Model Development section below.
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Future Conditions Model Development 
Once the existing system model analysis was complete, it was used to evaluate the 
hydraulic performance of the Town’s water distribution system for the following planning 
horizons.   

• Planning Horizon 1: 0-5 year (2006-2010) 
• Planning Horizon 2: 5-10 year (2011-2015) 
• Planning Horizon 3: Ultimate (2016-Bulidout) 

Future Demand Development 
The first step in developing the future conditions model was to develop future demand sets 
for each planning horizon.  The future development maps used in the Wastewater and 
Reclaimed Water Master Plan (CH2M HILL, December 2003), were reviewed by Bryan 
Baker from the Town of Castle Rock for development timing and density accuracy.  Bryan 
adjusted the timing for the development based on the latest planning information.  Due to 
updated development density information, the densities and location of future development 
were adjusted for the Liberty Village, Southwest Quadrant, and The Canyons.  Bell 
Mountain Ranch, a potential expansion to the distribution system service area, was also 
considered in the development of future demand scenarios.  The future demand maps 
reviewed by Bryan Baker already included land use classification, acreage, and assumed 
number of dwelling units per acre for residential areas as a result of the December 2003 
report.  This information along with land use demand rates were used to develop ADD, 
MDD, and PHD data sets for each planning horizon.   

The existing land use demand rates outlined in the Town’s Public Works Regulations (Table 
1.4.2-27) were reviewed in combination with historic billing records to determine if these 
rates were still applicable.  Based on this review, modifications to these demand rates are 
not recommended at this time as the results suggest good correlation between historic land 
use demand rates and existing Town criteria.  The following discussion summarizes the 
billing record analysis.  

TABLE 1.4.2-27 
Current Land Use Demand Rates (Source Town of 
Castle Rock Public Works Regulations, 02/1999) 

Land Use Unit Water Demand Rate  

Residential 400 gpd/du 

Multi-Unit 260 gpd/du 

School 20 gpsd (elem), 34 gpsd (Jr/Sr H) 

Town Not Specified 

Greenbelt 2000 gpad 

Commercial 1200 gpad 

Church 600 gpd/church 

Bulk Not Specified 
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Figure 1.4.2-7

Scenario Scenario Description Deficiency

FF13
1750 gpm residential f ire f low  in Founders green 
zone

Node pressures less than 20 psi in the vicinity of the f ire, 
and could pull a vacuum

FF14
1500 gpm residential f ire f low  in north Craig and 
Gould yellow  zone

Node pressures less than 20 psi, and could pull a vacuum.  
Pipe velocities greater than 15 fps in the vicinity of the f ire

FF15
3500 gpm school f ire f low  at the new  High School 
in the Meadow s yellow  zone Pipe velocities greater than 15 fps in the vicinity of the f ire

FF20
1500 gpm residential f ire f low  in north Craig and 
Gould blue zone

Node pressures less than 20 psi, and could pull a vacuum.  
Pipe velocities greater than 15 fps in the vicinity of the f ire

FF24

1750 gpm residential f ire f low  in Meadow s Filing #6 
Yellow  Zone, near intersection of Elk Run Drive 
and Coyote Hills Way. Node pressures less than 20 psi in the vicinity of the f ire

Existing Fire Flow Scenarios that Violate Water Distribution System Performance Criteria
Model Node

Model 
Resulting 

Pressure (psi)
Location

J-1013 5
Dow nstream of PRV N14P2 on 
Black Pine Drive

J-1007 28
Intersection of Black Pine Drive 
and Oak Vista Lane

J-6120 29
Intersection of Founders 
Parkw ay and Front Street

J-923 33
Intersection of Lost Meadow  
Trail and High Plains Street

Peak Hour Criteria Violation

Legend
Service Boundary
Area Served By Others
Major Highway
Road
Existing Water Main

Pressure Zone
Green
Red
Purple
Blue
Light Blue
Yellow
Orange

 

System Deficiency
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The land use classifications from the billing records included a Town and Bulk water use.  
These classifications do not have a defined demand rate in the criteria manual.  Bulk water 
is the construction water used by developers.  The Town water use classification is all water 
that is used by Town and billed to its facilities.  These rates are not easily defined as a per 
day value, therefore they were not used in future demand set development.  Historical data 
from 2001 and 2002 was reviewed to determine if the above rates accurately represent the 
Town’s water use.  Data from these years were used, because average day water use in 2001 
and 2002 was approximately 540 gpd per account, consistent with the Town approved ADD 
approach for evaluating hydraulic performance of water distribution system pipelines and 
pump stations.   

The residential demand rate was confirmed by determining the average daily use (du) of 
accounts with complete water consumption records for years 2001 and 2002.  Accounts that 
did not have usage every month for 2001 or for 2002 were considered incomplete and 
eliminated from the analysis.  The average usage for 2002 was approximately 350 gpd/du.  
This is close to the existing 400 gpd/du demand rate, so the criterion does not need to be 
altered.   

The multi-unit demand rate was evaluated in much of the same way as the residential 
demand rate.  However, data were also eliminated from the analysis if the number of 
dwelling units was not known for the complex, or water use was not billed in each month.  
Unit information for 124 complexes was obtained from a spreadsheet developed by Jeff 
Garami from the Town of Castle Rock, for the Wastewater and Reclaimed Water Master 
Plan (Appendix C).  The total demand recorded for the multi-unit complex was divided by 
the number of units to get a demand per dwelling unit.  The average water usage calculated 
in 2002 was approximately 270 gpd/du.  Therefore, it is recommended that multi-unit 
demand rate remain at 260 gpd/du.   

Commercial demand rates are based on water usage per acre of commercial development.  
The commercial demand rate was evaluated based on density of commercial development.  
A figure attached in Appendix C illustrates areas that were considered high, medium, and 
low density commercial development.  The average per day water use was calculated for 
each of these development densities and compared to the existing criteria.  The average 
water usage of the high and medium densities was approximately 1200 gallons per acre per 
day (gpad), which is the value reported in the Town’s Public Works Regulations.  The low 
density commercial rate was calculated at about 420 gpad.  It was assumed that future 
commercial density would be closer to the medium and high densities, so the current 1200 
gpad demand rate is acceptable for future commercial developments.   

Parks and irrigated open space demand rates are also based on water usage per acre.  The 
historical billed water use for the Greenbelt land use classification was used to evaluate the 
Parks/Irrigated Open Space demand rate.  The total acreage of parcels designated as 
Greenbelt in the GIS database was summed for parcels with water use billed in 2001 and 
2002.  Greenbelt accounts that were not physically located were not included in this 
analysis.  The total water use was divided by the total acreage to get a demand rate of 2130 
gpad.  This value is fairly close to the 2000 gpad value reported in the Town’s Public Works 
Regulations, therefore the criterion does not need to be updated.   



TM1.4.2 DISTRIBUTION SYSTEM MODELING .DOC  31 

The Town’s Public Works Regulations states that the demand rate for schools should be 25 
gallons per student per day (gspd) for elementary schools, and 34 gspd for junior and senior 
high schools; however, further analysis of the billing records for schools for the 2001 
through 2002 school year revealed several different results.  The demand rates for all Castle 
Rock schools were evaluated on water usage per student.  The population for the 2001 
through 2002 school year was obtained from the Douglas County RE 1 School 
Accountability Reports on the Official State of Colorado website.  Demand per student for 
elementary schools ranged from 1.7 gspd to 27 gspd, and from 4.5 to 16 gspd for junior and 
high schools.  Due to the wide range in values, a change to the Town’s criteria for school 
water usage is not recommended because it is within the range of published values.  Table 
1.4.2-28 shows typical demand rates for schools from various sources.   

TABLE 1.4.2-28 
Typical School Demand Rates 

Demand 
(gpsd)  School Type Sources: 

20 Typical 
"Wastewater Treatment Plants: Planning, Design, and Operation" (Syed R. 
Qasim, 1985) 

25 
Cafeteria, gym, and 
showers 

15 Cafeteria only 

10 
Without cafeteria and 
gym 

"Wastewater Engineering: Treatment Disposal Reuse" Third Edition (Metcalf & 
Eddy, 1991) 

11-16 Cafeteria only 

16-21 Cafeteria and gym "Water Distribution Systems Handbook" (Larry W. Mays, 2000) 

Referenced in the 1995 CDM Water Facility Plan 

25 (elem) 
34 
(JR/SR)  Typical "Town of Castle Rock 1995 Water Facility Plan Final Report (CDM, 1995) 

35 Typical "1987 Utilities Master Plan Update for Town of Castle Rock (CDM, 1987) 

15-25 Typical "Standards for Water System - Highlands Ranch Metro District" 

10-20 Typical "Davis Handbook of Applied Hydraulics" (Fourth Edition, 1993) 

 

The Church land use demand rate is based on water use per church.  In 2001 and 2002, 13 
churches were listed in the billing records; however, two churches had little to no water use 
in the two years, so these accounts were eliminated from this analysis.  In 2001, the water 
use per church was calculated at 1182 gpd/church, and 1548 gpd/church for 2002.  This is 
significantly higher than the 600 gpd/church demand rate listed in the Town’s Public 
Works Regulations.  In further analysis, one account listed as Parker CO FM Group had 
large water usage in 2001 and 2002.  When this account is eliminated from the analysis the 
demand rates drop to 844 gpd/church in 2001, and to 705 gpd/church in 2002.  These 
values are slightly higher than the value in the criteria manual; however, a change in 
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demand rate is not recommended, because church water use does not produce a significant 
increase in future demand.   

Appendix C also includes the spreadsheets developed to analyze all demand rates.   

Planning Horizon Demand Development 
After the evaluation of land use demand rates was completed, the demand rates were 
loaded into the GIS database to compute future average day demands.  The process of 
calculating future demands is detailed in the Future Demand Calculations TM attached in 
Appendix C.  Figure 1.4.2-8, located at the end of this TM, shows future development areas 
by planning horizon, and the ADD calculated for future development parcels.  The majority 
of new development will occur in Liberty Village, The Canyons, and Castle Oaks in the 
northeast; Founders in the east; Crystal Valley Ranch and Plum Creek in the south; Dawson 
Ridge in the southwest; and the Meadows in northwest.  Table 1.4.2-29 summarizes 
estimated MDD for each of these development areas by planning horizon.  Various smaller 
developments will occur in established neighborhoods.   

TABLE 1.4.2-29 
Maximum Day Demands for Large Development Areas 

Maximum Day Demand in mgd 
(percent of total demand) 

Development 

Existing  
5 Year Planning 

Horizon  
10 Year Planning 

Horizon 

Ultimate 
Planning 
Horizon 

Canyons/Liberty Village 0.0 (0%) 1.0 (4%) 2.6 (7%) 2.8 (6%)  

Castle Oaks 0.1 (0%) 1.2 (5%) 1.4 (3%) 2.0 (4%) 

Castlewood Ranch/Founders 3.3 (21%) 4.5 (17%) 7.0 (18%) 7.0 (14%) 

Crystal Valley Ranch 0.2 (1%) 1.0 (4%) 1.9 (5%) 2.4 (5%) 

Plum Creek 1.4 (9%) 2.2 (8%) 3.2 (8%) 4.7 (9%) 

Dawson Ridge 0.0 (0%) 0.0 (0%) 0.3 (1%) 7.0 (14%) 

Meadows 3.5 (22%) 6.9 (26%) 9.9 (25%) 10.4 (21%) 

Total of Major Developments 8.4 (53%) 16.8 (63%) 26.3 (67%) 36.4 (72%) 

Other Development 7.6 (47%) 10.0 (37%) 12.9 (33%) 13.8 (28%) 

Total Town Demand 16.0 (100%) 26.8 (100%) 39.2 (100%) 50.2 (100%) 

Development patterns, densities, and timing of development used to estimate future demands were provided by 
the Town based on best available information at this point in time and are subject to change. 
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Additional development areas may be added to the Town’s service area, which will further 
increase future demand projection.  However, information on these developments, which lie 
outside the Town’s current service area boundary, was not available at the time of this study 
and therefore not included. These developments may be considered in future master plan 
updates.   

Table 1.4.2-30 summarizes MDDs for each planning horizon in the major development areas 
by pressure zone.  This is graphically illustrated in Figure 1.4.2-9. 

TABLE 1.4.2-30 

Future Maximum Day Demands by Planning Horizon 

    Existing 0-5 Year PH 5-10 Year PH Ultimate PH 

Pressure 
Zone Development 

Max Day 
Demand 

(gpm) 

Max Day 
Demand 

(gpm) 

Max Day 
Demand 

(gpm) 

Max Day 
Demand 

(gpm) 

Green Diamond Ridge Green Zone 300 317 371 371 

 Woodlands Green Zone 31 130 482 482 

 Founders Green Zone 1618 2168 2856 2856 

 CVR Green Zone 29 183 599 599 

 Castle Ridge Green Zone 16 135 192 192 

 SW Quadrant Green Zone Future 0 0 2384 

Red Meadows Red Zone Future 224 224 224 

 Maher Ranch Red Zone 278 709 709 709 

 Woodlands Red Zone 60 209 209 209 

 Castle Oaks 45 846 946 1407 

 Founders Red Zone 658 927 2038 2038 

 CVR Red Zone 82 521 725 1090 

 Plum Creek Red Zone 256 346 452 452 

 Oaks Red Zone 70 97 268 286 

 Metzler Ranch Red Zone 15 15 15 15 

 Canyons Red Zone Future 215 215 215 

 SW Quadrant Red Zone Future 0 199 2502 

 Bell Mountain Ranch Red Zone Future 0 0 224 

Purple Woodlands Purple Zone 340 362 433 629 

 Rolling Hills Purple Zone 458 510 885 885 

 Metzler Ranch Purple  Zone 5 5 5 5 

 Canyons Purple Zone Future 431 431 431 
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TABLE 1.4.2-30 

Future Maximum Day Demands by Planning Horizon 

    Existing 0-5 Year PH 5-10 Year PH Ultimate PH 

Pressure 
Zone Development 

Max Day 
Demand 

(gpm) 

Max Day 
Demand 

(gpm) 

Max Day 
Demand 

(gpm) 

Max Day 
Demand 

(gpm) 

Blue Meadows Blue Zone 531 2080 2553 2552 

 Red Hawk Blue Zone 412 513 513 513 

 Citadel Blue Zone 130 189 217 436 

 Metzler Ranch Blue Zone 500 835 835 835 

 Plum Creek Blue Zone 720 1150 1800 2792 

 Downtown Blue zone 517 517 517 517 

 Glovers Blue Zone 205 224 442 442 

 Canyons Blue Zone Future 72 72 72 

Light Blue Scott II Light Blue Zone 200 200 294 294 

Yellow Meadows Yellow Zone 1556 2167 3760 3758 

 Downtown Yellow Zone 524 548 549 562 

 Milestone Yellow Zone 1190 1456 1991 1991 

 Liberty Village Yellow Zone Future 0 1070 1229 

Orange Meadows Orange Zone 341 341 341 689 

 Total Flow 11087 18642 27208 34887 

 Total Flow (mgd) 16 27 39 50 

 

The improvements developed to meet the need of the new developments were integrated 
into the existing distribution system model and analyzed with the future demand sets.  

Future System Analyses 
As discussed in the above section, future development of Castle Rock will significantly 
increase the overall system demand.  Additional raw water supply and treatment capacity 
will be required to meet these increasing demands. For this evaluation it has been assumed 
that the bulk of the future treated water supply will originate from expansion at the 
RWRWTC (18 mgd ultimate capacity) and construction of a new advanced surface water  
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treatment plant (ASWTP) (30 mgd ultimate capacity) in the vicinity of the RWRWTC.  
Meadows WTP and Founders WTP will continue to treat water at their current capacities, 
6.25 mgd and 3.2 mgd, respectively.  P.S. Miller, with a current capacity of 2.16 mgd, will be 
removed from the system sometime after 2015.  The increased treatment capacity in the 
vicinity of RWRWTC takes the place of the proposed southern treatment plant as 
recommended in the 2000 WFP.  To the extent practical, the Town is committed to blending 
treated waters from each WTP to ensure consistent water quality to all of its customers.   

Future Distribution System Operation 
Future condition WaterCAD model scenarios considering development within the 5-year, 
10-year, and build-out planning horizons were developed to evaluate the hydraulic 
performance of the water distribution system as well as identify and estimate the timing of 
infrastructure improvements required to serve existing and future development.  For each 
planning horizon, a maximum day, peak hour, and minimum hour demand set was 
developed.  Minimum hour demands were assumed to be 60 percent of MDD.  The tanks 
were set at approximately 60 percent full for all scenarios.  The system was analyzed to 
ensure storage reservoirs drained under peak hour conditions, and filled under minimum 
hour conditions.  The total inflow and outflow from tanks during a maximum day scenario 
should balance (sum to zero). Appendix E includes WaterCAD results from each of the 
scenarios.  The following sections detail future facilities and pipeline projects planned in 
each planning horizon.   

As described in the System Operation section, the system is currently operated by pumping 
treated water from Meadows WTP to higher pressure zones, and using pumps and PRVs to 
fill and drain storage reservoirs through multiple pressure zones.  With the recent addition 
of the RWRWTC there may be an opportunity to reduce overall energy use by eliminating 
the regular operation of a number of existing pumping stations, such as Meadows Blue 
Zone PS, Citadel PS, Milestone PS, Hillside PS, Plum Creek South PS, Crystal Valley Ranch, 
and Red Zone PS by the ultimate planning horizon.   

RWRWTC pumps into the two highest zones, green and red, and through the use of PRVs, 
water can be fed to the majority of the system from RWRWTC, Founders WTP, and the 
future ASWTP.  Meadows WTP will primarily serve the orange and yellow zones with 
additional water coming through PRVs from the higher zones to meet demands exceeding 
Meadows WTP capacity and improve blending of treated waters from the various WTPs.  
Figure 1.4.2-10 is the future water system schematic showing proposed facilities, PRVs, and 
transmission lines to accomplish the change in operation.   
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In general, the future operation of the Town’s water distribution system will continue to be 
integrated, and operational changes are proposed to be phased in gradually in each 
planning horizon.  The first change in operational philosophy begins in the 0-5 year 
planning horizon by eliminating PRVs N14P1 and N14P2 to make a red zone to red zone 
connection along Founders Parkway.  The RWRWTC red zone pumps will serve the 
Woodlands red zone, Metzler, Castle Oaks, Canyons and Maher Ranch areas, as well as 
additional purple zone and yellow zone demands through existing connections. The 
RWRWTC green zone pumps and Founders WTP will provide supplemental water to the 
Woodlands red zone and downtown areas through existing PRVs.  The green zone will also 
serve Crystal Valley Ranch, Plum Creek and portions of the yellow zone, with supplemental 
supply from the existing P.S. Miller WTP. 

The 5-10 year planning horizon eliminates the existing PRV O14P1 to make another red to 
red connection along Founders.  Additional piping is planned in the SW Quadrant of the 
system in support of creating a looped system from RWRWTC through the SW Quadrant to 
the Meadows area.   

At the end of the 5-10 year planning horizon, it is assumed that P.S. Miller WTP will be 
removed from service.  In the ultimate planning horizon, the Green Zone Transmission 
(GZT) line is planned to make its connection to the Meadows area, so the green zone feeds 
Founders, CVR, Plum Creek, SW Quadrant, and Meadows blue and red zones.  PRVs will 
also allow excess water to feed the Meadows yellow zone, as needed.  The red zone feeds 
the Woodlands, Metzler Ranch, Castle Oaks, Liberty Village, Canyons, Maher and 
Downtown areas.  Existing PRVs remain to maintain the integrated system. 

Several existing PRVs and planned PRVs will need to be automated to support the change 
in operational philosophy.  The Town has storage in all pressure zones, so PRVs will need to 
adjust as demands change to ensure proper cycling of tanks for improved water quality 
within the water distribution system.   

Future Storage Capacity 
Several storage reservoirs are planned to occur within the 0-5 year planning horizon, one is 
planned in the 5-10 year planning horizon, and one additional storage reservoir is planned 
in the ultimate planning horizon.  Table 1.4.2-31 summarizes the future storage reservoirs 
and their planned volume. 
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TABLE 1.4.2-31 
Future Storage Reservoirs 

Storage Reservoir Volume 
(MG) 

Pressure Zone Location 

Res 6c 2 Green Adjacent to existing Res 6A and Res 6B 

Res 11B 2 Purple Adjacent to existing Res 11A 

Res 3B1 4 Purple In the vicinity of existing Res 3A 

Meadows Yellow Zone Tank 6 Yellow Adjacent to existing Res 12A 

Liberty Village Yellow Zone Tank 2.3 Yellow Parcel adjacent to Antelope Place 

Dawson Ridge Green Zone Tank2 2 Green TBD 
1This tank replaces the need to construct another tank adjacent to the Meadows blue zone tank (Reservoir #8). 
2Assumes the existing Dawson Ridge 2 MG red zone tank can be used for future storage in this area, if not, the 
green zone tank size should be increased. 

 

The first four additional storage reservoirs have been identified by developers and Town 
Staff, and will be constructed in the 0-5 year planning horizon.  The Town has indicated that 
all new treated water storage facilities will be concrete.  Reservoir 6c is a 2.0 MG green zone 
tank that will be built in the same location as the two existing green zone tanks, at 2803 
Ridge Road.  The storage in this reservoir will aid in serving future demands in the Crystal 
Valley Ranch, Plum Creek, Castlewood Ranch, and SW quadrant developments.  A second 
purple zone reservoir is planned at the same location as Reservoir 11, at 2990 Crowfoot 
Valley Road.  This reservoir is also planned to be 2 MG.  An additional Meadows yellow 
zone reservoir is planned at 1761 Meadows Boulevard North.  This reservoir is planned to 
be 6 MG, with 4 MG to be funded by the developer and 2 MG to be funded by the Town.  
Another reservoir will be built near the Reservoir 3 location.  The Town believes this 
reservoir will be 4 MG.  This reservoir will serve future Meadows development, as well as 
supplement water supply to the downtown area.  A yellow zone reservoir is planned to 
serve the future Liberty Village demands in the 5-10 year planning horizon.  This reservoir 
has a planned capacity of 2 MG.   

The Dawson Ridge Green Zone Tank is recommended based on future demands in the 
Southwest Quadrant.  This tank will be located in the southwest corner of the Town.  The 
tank is sized to be 2 MG, assuming the existing Dawson Ridge red zone tank is in good 
condition and is able to be placed into service.  The existing Dawson Ridge Tank was built 
in 1986 but never placed into service; it has a diameter of 122 feet, a height of 24 feet and a 
bottom elevation of about 6660 feet.    

These storage reservoirs are planned to serve future development and ensure adequate fire 
flow storage in each pressure zone.  Required storage, as indicated by the Town, is MDD in 
pressure zone plus fire flow storage.  Table 1.4.2-32 summarizes future storage and 
maximum day demand per pressure zone. 
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TABLE 1.4.2-32 
Future Storage per Pressure Zone 

Existing 
Demand1 

0-5 Year 
Demand(1) 

5-10 Year 
Demand(1) 

Ultimate 
Demand(1) 

Pressure 
Zone 

MDD, 
mgd 

MDD, mgd MDD, mgd MDD, mgd 

Existing 
Storage, 

MG(3) 

Ultimate 
Required(2) 

Storage, 
MG 

Planned 
Future 

Storage, 
MG(4) 

Green 2.4 3.4 5.3 8.1 4.2 8.8 8.5 

Red 1.7 4.8 6.9 11.1 11.3 11.7 11.3 

Purple 1.0 1.6 2.1 2.3 3.2 2.9 9.2 

Blue 3.5 6.6 8.2 9.7 4.8 10.3 4.7 

Yellow/ 
Orange 4.5 5.6 9.4 10.1 5.0 10.7 12.8 

Total 13.1 22.0 31.9 41.3 28.5 44.4 46.3 
(1)Demand assumptions based on Town’s water conservation goals, which are approximately 82% of future 
demand calculated for the WFMP distribution pipeline sizing. 
(2)Required storage is calculated as MDD +_FF, where FF=3500gpm x 3 hours x 60 minutes/hr=630,000 gal 
(3)Assumes 0.1 MG for Reservoir 2 in the blue zone and 0.5 MG for Reservoir 1 in the yellow zone. 
(4)Does not account for an assumed 5% of volume for dead storage. 

As shown in the table above, the total planned storage is 2.8 MG greater than the required 
storage calculated for built-out within the Town’s current service area boundary.  Looking 
at the storage per pressure zone, planned future storage in the green, purple, yellow and 
orange zones are adequate.  The planned storage in the red zone is slightly less than 
required, but additional water can be supplemented from the green zone tanks.  Storage in 
the blue zone is significantly less than the required storage; however, the construction of 
Reservoir 3B provides excess storage in the purple zone.  A transmission line from this 
reservoir to the Meadows blue zone area is recommended to feed water from the purple 
zone tank to blue zone.  Additional storage is also available from the yellow zone through 
the use of Citadel and Meadows Blue Zone pump stations.   

Future Transmission Lines 
On November 18, 2005, an initial workshop was held with the Town staff to identify 
ultimate Capital Improvement Projects (CIP) to supply water to future developments.  
These improvements included a large diameter transmission line to deliver water from the 
RWRWTC to the pending Dawson Ridge development area in the southwest quadrant of 
Castle Rock.  Another transmission line, along Founders Parkway would deliver water from 
RWRWTC north to Castle Oaks, the future Liberty Village, and Canyons developments.  A 
yellow zone transmission line from Meadows WTP will be needed to deliver water to future 
development in the Milestone area.  Minor projects include eliminating several existing 
PRVs along Founders Parkway by making a red zone to red zone connection in support of 
the change in operational philosophy.   
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A major CIP to achieve this change in operational philosophy is the Green Zone 
Transmission (GZT) line.  This pipeline will start at the RWRWTC or the future ASWTP and 
turn south to Tanks 6A, 6B, and 6C (the 6s), and supply green zone demand along the way.  
At the 6s, the pipeline will turn west and parallel the existing lines through Crystal Valley 
Ranch.  This line also feeds red and blue zone demands through PRVs.  The pipeline 
continues to the west into the future Dawson Ridge Development.  As seen in the demand 
per development spreadsheet, a significant portion of the future demand is in this area.  The 
GZT line will then continue north to loop with the remainder of the system at the Red Zone 
Pump Station, and provide additional water to the red, blue and yellow zones that cannot 
be provided by Meadows WTP.  

Five fire flow scenarios were modeled to simulate commercial or residential fire flows in 
five locations under MDD conditions for the 2016-Buildout planning horizon simulations.  
The Town determined the location and the magnitude of the fire scenarios, which were 
located in areas of future development.  The analysis was intended to ensure future 
transmission lines, and existing system waterlines were appropriately sized in the ultimate 
build-out condition.  A brief description of the fire flow scenarios is included in Appendix F, 
and Figure 1.4.2-11 is a map showing the location of each fire.  The model indicated that 
system residual pressures were greater than 20psi, and pipe velocities remained under 
15 fps, so no additional system improvements were recommended based on the future fire 
flow analysis. 

Prioritizing projects in the 0-5 year planning horizon depended on demand and planned 
transportation CIPs.  Demand projections in each planning horizon were used as the initial 
factor in determining CIP timing.  Then, the planned transportation improvement projects 
were considered to determine project priority in the 0-5 year planning horizon.  The Town 
provided a list of transportation CIPs, and a map showing potential roadway alignments.  
This information is included in Appendix E.  Table 1.4.2-33 shows the transportation CIPs 
and the years in which they are planned that were considered in the timing of distribution 
system CIPs.   

TABLE 1.4.2-33 
Planned Transportation Projects in 0-5 Year Planning Horizon  

Transportation CIP Name 
Year Planned 

(Based information from Town) Revision to Transportation CIP1 

Ridge Road Improvement 2007  

SW Arterial 2007 

SW arterial to be constructed in 2007-
09.  Half of roadway to be built 
initially, therefore, utilities can be 
delayed to 5 - 10 year horizon. 

N. Meadows Drive 2007  

SE Arterial 2008 Planned in the 5-10 Planning Horizon 

Prairie Hawk Drive 2010  

West Frontage Road 2010 Planned in the 5-10 Planning Horizon 
1These revisions are based on correspondence between Tim Friday/TCR and Sarah Stone/CH2M HILL on 
Tuesday April, 4th, 2005. 
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Due revisions to the transportation CIP shown above, the future transmission lines 
recommend along these alignments were moved from the 0-5 year planning horizon to the 
5-10 year planning horizon.   

The following sections detail the individual projects needed in each planning horizon. 

0-5 Year Planning Horizon  

Proposed Improvements 

These improvements are shown on Figure 1.4.2-12.  

Gilbert Street Improvement 
The 8-inch line in Gilbert Street from South Street to Plum Creek Parkway is being replaced 
with a 12-inch line for a total distance of approximately 5,100 feet.  This project is currently 
under construction.  

Meadows Yellow Zone Reservoir 
The Meadows 6 MG yellow zone is located adjacent to the existing Reservoir 12.  The 
reservoir is currently under construction and scheduled for completion in October 2006. 

Project #1 Reservoir 6C  
Project #1 is the construction of Reservoir 6C, which will be located adjacent to existing 
Reservoirs 6A and 6B.   

Project #2 FF14 Improvement 
As stated in the Existing System Modeling Scenarios section above, several fire flow 
scenarios violated pressure or velocity criteria stated in the Town’s Public Works 
Regulations.  In the FF14 scenario, the 1500 gpm fire-caused velocities in the existing 4-inch 
line, along Perry Street, to be greater than 15 fps.  The model indicated that pressures at the 
fire flow node and adjacent nodes dropped below zero.  This project is recommended to 
alleviate these problems.  The project includes increasing the existing 4-inch line along Sixth 
Street, on the blue zone side, to an 8-inch and adding a PRV to connect the blue zone to the 
light blue zone at Lewis Street and 6th Street.  This project can be eliminated if Project #4 is 
completed early in the planning horizon.  Figure 1.4.2-13 shows the location of this project in 
more detail.   

Project #3 Castlemaine Place  
The model indicates that the headloss in the existing 8-inch line along Castlemaine Place is 
greater than 10 ft/1000 under PHDs in the 0-5 planning horizon, and increases to greater 
than 26 ft/1000 with a velocity of 9 fps under PHDs in the ultimate planning horizon.  This 
line should be replaced with a 12-inch to reduce the high velocity and headloss and to 
satisfy the Town’s criteria. 

Joint Project #1 GZT along Ridge Road 
This is a portion of the GZT that runs along Ridge Road from RWRWTC’s outflow pipe on 
Founders Parkway to Enderud Drive.  The project is driven by the Ridge Road 
transportation project that is scheduled in the 0-5 planning horizon.   
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Joint Project #2 GTZ – Ridge Road South of Enderud  
This is a portion of the GZT line that runs along Ridge Road from Enderud Drive to 
Mikelson as a 42-inch pipeline.  It drops to a 30-inch line and parallels an existing 18-inch 
line in Ridge Road from Mikelson to Appleton Way.  The line connects to the Founders 
green zone area and to the Castle Ridge green zone at Ridge Oaks Drive to mitigate the fire 
flow problem experienced in Existing System analysis of Scenario FF13.  This project is 
driven by the lack of fire flow capacity along Ridge Oaks Drive.   

Project #4 Reservoir 3B to Meadows Blue Zone Transmission Line 
Reservoir 3B is a planned 4 MG purple zone tank that will be located in the vicinity of 
Reservoir 3A.  The tanks will operate together to serve demands in the purple, blue, and 
yellow zones.  This new tank replaces the previously suggested Reservoir 8B tank, which 
would have served blue zone demand in the Meadows.  Therefore, a transmission line is 
needed to convey water from Reservoir 3B to Meadows blue zone.  The proposed line is an 
18-inch purple zone transmission line with PRVs that connect to Downtown blue zone 
demands at Senter Drive and 6th Street, connect to light blue zone demands at 6th Street and 
Lewis Street, and connect to yellow zone demands at 6th Street and Jerry Street.  At the 
yellow zone connection, the line decreases to a 16-inch and turns south along Jerry Street to 
Plum Creek Parkway and crosses I-25 and Plum Creek.  On the west side of I-25, the line 
turns north and follows the planned West Frontage Road and Prairie Hawk Drive.  The line 
connects with blue zone demands upstream of PRV J15P1 in the 8-inch along Topeka Way.  
A parallel 12-inch line is needed along Topeka to Atchison Court to supply additional water 
to the blue zone.  A portion of this line will coincide with the Prairie Hawk Drive 
transportation project planned in the 0-5 Year planning horizon.   
 
The water to fill these tanks will be supplied by RWRWTC and proposed ASWTP.  
Therefore, improvements to existing piping are needed along Highway 86 and Reservoir 
Road.  An equivalent line size of 18 inches is needed from Founders Parkway west to 
Reservoir Road, where the line continues as an equivalent of 18-inch to the proposed 
Reservoir 3B.  This line along Highway 86 is a red zone line and incorporates the existing 
PRV N15P1 at Reservoir Road to convert the line to the purple zone.   
 
Project #5 Red Zone Transmission Line (RZT) – Founders Parkway 
This 42-inch line parallels the exiting 20-inch line from RWRWTC to Founders Parkway.  
This line is needed because the increased treatment capacity provided by the RWRWTC in 
the 0-5 year planning horizon causes the velocity in the exiting 20-inch line to be 8 fps and 
the headloss to exceed 12 ft/1000 under PHD conditions.   

Project #6 Eliminate PRV N14P1 and Project #7 Eliminate PRV N14P2 
These projects support the suggested change in operational philosophy.  These existing 
PRVs connect the existing green zone in Founders Parkway to the red zone.  Future 
pumping costs at RWRWTC can be reduced by making a red zone to red zone connection 
with the existing 20-inch red zone waterline in Founders Parkway to serve the Woodlands 
red zone.   

Project #8 Reservoir 11B 
This project consists of constructing a 2 MG reservoir adjacent to the existing Reservoir 11A. 
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Developer Project #1 N. Meadows Drive Line 
This project includes a 12-inch line that follows the proposed alignment of N. Meadows 
Drive to serve future orange zone demands.  These demands are not expected until the 
ultimate planning horizon; however, the transportation project is planned in the 0-5 year 
planning horizon.  It is assumed that the developer will extend distribution piping to 
provide looping of this line.   

Developer Project #2 Prairie Hawk Drive Line  
This project serves yellow zone demands expected in the 0-5 year planning horizon along 
Prairie Hawk Drive.  The 12-inch line connects to an existing yellow zone line along 
Meadows Parkway, and continues along Prairie Hawk Drive to the Switch Grass Drive and 
Prairie Hawk Drive intersection to provide looping and improved system operation.   

Developer Project #3 Canyons Transmission Lines 
A 12-inch line connects to the Red Zone Transmission line in Founders and to the Diamond 
Ridge Pump Station to serve the future Canyons development.  The developer will be 
responsible for constructing and looping these lines.     

Developer Project #4 Founders Red Zone Distribution 
A 12-inch line is required to serve future demand in this area.  The Founders 24 
development should address water service in this area.  This development is currently in the 
platting stage, and the pipe alignment shown on Figure 1.4.2-12 does not necessarily convey 
the ultimate pipeline alignment.   

Developer Project #5 SW Quadrant Piping 
This project connects a 16-inch line just downstream of the Red Zone Pump Station to serve 
future red and blue zone demands in the SW Quadrant.  It loops with Project #4 to provide 
a redundant connection for the expected red and blue zone demands in the 0-5 year 
planning horizon.   

Developer Project #6 Castle Oaks Distribution 
The 8-inch line serves future blue zone demands in the Castle Oaks area.  The developer will 
be responsible for constructing and looping these lines.     

Developer Project #7 Liberty Village Transmission Lines 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-12 does not necessarily show the ultimate configuration.    
This project will also include connecting to the planned Liberty Village yellow zone tank.  

5-10 Year Planning Horizon  
These improvements are shown on Figure 1.4.2-14. 

Proposed Improvements 
Project #9 Liberty Village Yellow Zone Tank 
This project consists of constructing a 2.31 MG reservoir to serve future Liberty Village 
demands. 
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Project #10 RWRWTC Pumping Improvements 
This project consists of increasing RWRWTC’s firm pumping capacity.  The red zone 
pumping capacity will be increased by 1 mgd, and increasing green zone pumping capacity 
by 10 mgd. 

Joint Project #3 GZT – RWRWTC to Founders 
This 42-inch line parallels the exiting 20-inch green zone line from RWRWTC to Founders 
Parkway.  It is needed to convey the increased treatment capacity coming from RWRWTC.  
At the request of the Town, this line was delayed from the 0-5 Year planning horizon.  In the 
0-5 year scenario, the model indicates that the exiting 20-inch waterline has a headloss of 3.6 
ft/1000 ft of pipe under peak hour conditions, which was acceptable to the Town.   

Project #11 GZT to Reservoir 6A, 6B, and 6C 
This project includes a portion of the Green Zone Transmission line from the end of the 
existing 18-inch line along Ridge Road from Appleton Way to south of Willow Creek Road, 
and parallels an existing 30-inch line to Reservoirs 6A and 6B along the southern portion of 
Ridge Road.   
 
Project #12 GZT Crystal Valley Ranch 
This project continues the GZT from Reservoirs 6A and 6B to Plum Creek Boulevard.  The 
42-inch line is a green zone transmission line that parallels the existing 16-inch transmission 
line to Loop Road, where an 18-inch connection with a PRV is made to the red zone along 
Loop Road East.  Another red zone connection is made at the intersection of Starstone Lane 
and Crystal Valley Parkway.  The 42-inch green zone line continues to parallel the 16-inch 
line to Soapstone Lane, where an 18-inch connection is made with the blue zone through a 
PRV.  The green zone line drops in size to a 36-inch and continues to Plum Creek Boulevard 
where the line will connect with proposed Southwest Quadrant (SW Quad) piping in the 
2016-buildout planning horizon.   
 
Project #13 RZT - Founders Parkway south of RWRWTC and  
Project #14 Eliminate PRV O14P1 
These projects support the change in operational philosophy by making a red zone to red 
zone connection at Highway 86, with a 24-inch pipeline.  The 24-inch line connects to the 
42-inch and 20-inch pipelines from the RWRWTC and continues south on Founders 
Parkway to Highway 86. 
 
Joint Project #4 RZT Founders Parkway (north of RWRWTC) 
The 36-inch line runs north from the 42-inch line from the RWRWTC on Founders to Copper 
Cloud Drive.  The line then continues along Founders as a 30-inch line from Copper Cloud 
Drive to Rising Sun Drive.  The 24-inch line runs from Rising Sun Drive to just east of 
Beechnut Place.  The 12-inch line connects this transmission line to existing red zone 
distribution.  This project aids in conveying water to future demand in the Castle Oaks and 
Liberty Village areas.   
 
Project #15 SW Arterial Line 
The 12-inch line serves future demands in the blue zone near the Prairie Hawk Drive and 
West Frontage Road planned transportation projects.  The project is planned in the 5-10 year 
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planning horizon to fall within the time frame for the second phase of the SW Arterial 
transportation project, as requested by the Town. 

Project #16 SE Arterial Line 
A 30-inch that reduces to a 24-inch line connects the GZT line to the green zone west of 
Ridge Road and uses PRV O17P1 to connect to Oaks red zone, as requested by the Town.  
This line will serve as a redundant connection from the GZT line to demands on the west 
side of Ridge Road.  The SE Arterial transportation project is planned in the 5-10 year 
planning horizon.  Alignment is subject to change based on developer plans.   

Project #17 West Frontage Road and Prairie Hawk Drive  
This line connects to the 16-inch blue zone line at Brookside circle along the West Frontage 
alignment south to Territorial Road.  The line connects the Blue Zone lines in the SW Quad 
to the end of Developer Project #5 in the 0-5 year planning horizon.   

Developer Project #8 SW Quadrant Piping 
This project is an extension of the GZT line with branches to future blue zone demands and 
future red zone demands in Dawson Ridge with PRVs.  The red zone and blue zones are 
also connected by a PRV for redundancy.  The developer will be responsible for the ultimate 
alignment and looping of these water lines.   

Developer Project #9 North Founders Red Zone Transmission 
This 12-inch line will serve future red zone demands in the North Founders area.  The 
developer will be responsible the ultimate alignment and looping of this water line.  

Developer Project #10 Canyons to Liberty Village Transmission Line 
This 12-inch line connects the Canyons development to the Liberty Village development 
through a PRV to provide redundancy.   

Developer Project #11 Meadows Red Zone Distribution 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-14 does not necessarily show the ultimate configuration.     

Developer Project #12 Outlet Mall Piping Improvements 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-14 does not necessarily show the ultimate configuration.     

Developer Project #13 Crystal Valley GZ Distribution 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-14 does not necessarily show the ultimate configuration.     

Developer Project # 14 Plum Creek RZ Distribution 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-14 does not necessarily show the ultimate configuration.     

Developer Project #15 Lanterns BZ Distribution 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-14 does not necessarily show the ultimate configuration.  
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Ultimate Year Planning Horizon  

These improvements are shown on Figure 1.4.2-15. 

Planned Improvements 
Project #18 RWRWTC Pumping Improvements 
This project consists of increasing RWRWTC’s firm pumping capacity.  The red zone 
pumping capacity will be increased by 3 mgd, and increasing green zone pumping capacity 
by 10 mgd. 

Developer Project #16 Meadows OZ Distribution 
The 8-inch line connects Meadows yellow zone to Meadows orange zone with a PRV to 
serve future demands planned in the ultimate planning horizon.  The connection is made on 
Blue Grass Circle. 

Developer Project #17 Woodlands Distribution 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-15 does not necessarily show the ultimate configuration.     

Developer Project #18 Bell Mountain Ranch Transmission Line 
The developer will be responsible for constructing and looping these lines, so the pipe 
alignment shown on Figure 1.4.2-15 does not necessarily show the ultimate configuration.     

Developer Project #19 SW Quadrant Piping, Project #19 SW Quadrant North Pump 
Station, and Project #20 
The GZT line continues north to the Red Zone Pump Station.  A PRV allows demands in the 
Meadows red zone to be served by the GZT line.  The Dawson Ridge Pump station and 
connection to the proposed Dawson Ridge Green Zone tank will be completed as a portion 
of this project.  The SW Quadrant North Pump Station is also a part of this project.  This 
pump station is not a part of normal operation, and will only be used if a line break occurs 
along the GZT line to serve the SW Quadrant area.  The developer will be responsible for 
constructing and looping these lines, so the pipe alignment shown on Figure 1.4.2-15 does 
not necessarily show the ultimate configuration.    

Projects Eliminated  

An initial CIP list was presented to the Town on March 30, 2006.  During this meeting, the 
Town indicated that Reservoir 3B, 4 MG purple zone tank, would be built in the vicinity of 
Reservoir 3A.  This tank takes the place of the previously planned Reservoir 8B.  Further 
model evaluation was performed to implement this new tank, and some projects were 
eliminated from the CIP list.  Also, the existing system waterlines were evaluated against 
the Town’s criteria for velocity and headloss once future demands and proposed water lines 
were entered in the model.  The Town reviewed these potential problems and eliminated 
projects from the list where the Town agreed to relax criteria.  The following are projects 
deleted from the CIP list developed in March 2006.   

Yellow Zone Transmission Line 
This line was originally planned in the initial CIP workshop in November 2005.  The line 
was planned to parallel the existing yellow zone transmission line from Meadows WTP to 
Meadows and to Milestone yellow zone demands.  The planned line was a 30-inch from 
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Meadows WTP to Meadows Blvd, where it dropped to a 20-inch line along Meadows Blvd, 
east to Meadows Parkway to Highway 85.  This line was eliminated from the CIP list when 
it was decided that the Meadows WTP would not be expanded to a treatment capacity of 12 
mgd, due to limited raw water supply and low-producing groundwater wells in the area.  
As described in the Future Demand Development section above, a portion of the ultimate 
yellow zone demands will be served by Meadows WTP, and the remaining water will come 
from higher pressure zones through PRVs.   

Purple Zone Canyons Transmission Lines 
In the initial development of the CIP projects presented to the Town on March 30, 2006, a 12-
inch waterline connected Reservoir 11A and Reservoir 11B to the Canyons area to provide 
redundancy to potential Canyons purple zone demands.  The Town requested that this 
project be removed from the list, because Canyons South is mostly in the red zone based on 
developer plans, and all transmission lines for the Canyons will be the responsibility of the 
developer.   

Founders Outflow Pipe  
Under ultimate peak hour demands the existing 16-inch line violates headloss criteria with 
2.52 ft/1000.  The Town agreed to relax this criterion. 

Coachline Road at Meadows Blvd 
Under ultimate peak hour demands the existing 16-inch line violates headloss criteria with 
2.35 ft/1000.  The Town agreed to relax this criterion.  This also eliminated a proposed 
improvement to connect the red zone and blue zone through a PRV at the intersection of 
Starry Night Loop and First Light Drive.   

SCADA Improvements 

As indicated earlier in this report, the information collected from Town’s SCADA system is 
limited.  To enhance system operation and efficient use of distribution facilities, it is 
recommended that additional data be collected on at least a 15-minute interval and archived 
for future analysis using the existing capabilities of the Town’s SCADA system.  The 
SCADA should be updated to collect the following: 

• Production to the distribution system from all facilities 
• Total water production 
• Total system demand 
• Tank levels at each reservoir 
• Hydraulic transients readings when by-passing PRVs and retuning to normal operations  

This data should be stored and used in developing an EPS model.  The Town can use an EPS 
model to further evaluate and improve the system operation and to develop a water quality 
model.  The EPS model can also be used to aid in obtaining compliance with the Stage 2 
Disinfectants\Disinfection By-Products Rule. 
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Capital Improvement Plan 
This section includes cost estimates for the capital improvement projects described in the 
previous section.  Cost estimates are included for all distribution components, water lines, 
storage reservoirs, and pumping improvements.  The Water Resources Strategic Master Plan 
Cost Estimating Guide was used to develop construction and capital costs for water lines 
and pump station improvements.  Future storage tank capital costs were estimated at 
$1/gallon as directed by the Town.  Costs for new developments were determined, even 
though the developers will likely absorb these costs.  The cost tables include anticipated 
costs incurred by the Town and anticipated costs incurred by the developer.  The Cost 
Estimating Guide was developed in 2004 dollars, so an annual inflation rate of 5 percent was 
used to adjust capital costs to 2006 dollars.  The following were assumptions made to 
develop capital costs: 

Diameter less than 20-inch, Material: Ductile Iron 

Unit Construction Cost ($/dia-in/lf) = 20*[pipe diameter (in)]-0.29 

Capital Cost = Construction Cost*1.3 

Diameter greater than 20-inch, Material: Welded Steel 

Unit Construction Cost ($/dia-in/lf) = 15.5*[pipe diameter (in)]-0.18 

Capital Cost = Construction Cost*1.3 

Pump Stations 

Unit Construction Cost ($/hp) = 32000*(Connected HP) -0.32 

Capital Cost = Construction Cost*1.3 

The Capital Cost increases the Construction Cost by 30 percent to account for lack of 
detailed design definition at this planning level for potential unknown or unforeseen 
conditions at the time of implementation, and for non-construction-cost items such as: 

• Permitting 
• Design Services 
• Construction Services 
• Commissioning and Start-Up Services 
• Land and Right-of-Way Acquisition 
• Legal and Administration Services 

The cost estimates shown have been prepared for guidance in project evaluation and 
implementation from the information available at the time of the estimate. The final costs of 
the project will depend on actual labor and material costs, competitive market conditions, 
final project costs, implementation schedule, and other variable factors. As a result, the final 
project costs will vary from the estimates presented herein. Because of this, project 
feasibility and funding needs must be carefully reviewed prior to making specific financial 
decisions to help ensure proper project evaluation and adequate funding.  Developer 
assigned costs were estimated using the Cost Estimating Guide outlined above with 
developer funded percentages provided by the Town.  These cost estimates should be 
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considered a Class 4 cost estimate as defined by the Association for the Advancement on 
Cost Engineering (AACE International).  AACE defines a Class 4 estimate as: 

Class 4.  Estimate is prepared based on information where the preliminary engineering is 
from 1 to 5 percent complete.  Detailed strategic planning, business development, project 
screening, alternative scheme analysis, confirmation of economic and / or technical 
feasibility, and preliminary budget approval are needed to proceed.  Examples of estimating 
methods used include equipment and / or system process factors, scale-up factors and 
parametric and modeling techniques.  The typical expected accuracy range for this class 
estimate is -15 to -30 percent on the low side and +20 to +50 percent on the high side.   

The following tables present a summary of costs for the projects described in the previous 
section.  Detailed cost tables can be found in Appendix F.  A summary of the costs 
anticipated as Town funded or Developer funded are shown by planning horizon in Table 
1.4.2-34.   

TABLE 1.4.2-34 
Distribution CIP Costs by Planning Horizon 

Planning Horizon CIP Cost Estimate 

 Town Funded Developer Funded 

5 Year (2006 – 2010) $17.8 M $8.5 M 

10 Year (2011 – 2015) $33.1 M $15.0 M 

Ultimate (2016 – Buildout) $14.3 M $23.1 M 

Total $65.2 M $46.6 M 

 

Table 1.4.2-35 and Table 1.4.2-36 show costs for each recommended Town Funded projects 
and Developer Funded projects.  
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TABLE 1.4.2-35 
CIP Cost Estimates for Construction – Town Responsibility Projects 

Project Number CIP Name Construction Description Total Cost 2006 2007 2008 2009 2010 2011-2015 2016-Buildout 

UC Gilbert Street Improvement 5,100 LF of 12” DI $853,400 $853,400             

UC Meadows YZ Tank Construct Meadows Yellow Zone Tank $2,000,000 $2,000,000             

PO #1 Res 6C Construct Reservoir 6C $2,300,000 $2,300,000             

PO #2 FF14 Improvement 431 LF of 8” DI, PRV $172,000               

  Engineering     $26,000             

  Construction       $146,000           

PO #3 Castlemaine Place 1,435 LF of 12” DI $240,000               

  Engineering     $36,000             

  Construction       $204,000           

JO#1 GZT – Ridge Road 53 LF of 12” DI, 4,673 LF of 42” WS $1,675,000               

  Engineering     $251,000             

  Construction       $1,424,000           

JO#2 GZT – Ridge Road south of Enderud $2,204,000               

  Engineering   $331,000             

  Construction 

43 LF of 8” DI, 56 LF of 12”, 107 LF of 30” WS, 
1,155 LF of 36” WS, 5,038 LF of 42” WS 

    $1,873,000           

PO #4 Tank 3B, Pipeline from Founders to 
Meadows BZ 

$5,357,000               

  Engineering     $804,000           

  Construction 

Construct Reservoir 3B 
4,800 LF of 12” DI, 9,295 LF of 16” DI, 9,746 
LF of 18” DI, 4 PRVs 

      $4,553,000         

PO #5 RTZ – Founders Parkway 1,542 LF of 42” WS $734,000               

  Engineering       $110,000           

  Construction         $624,000         

PO #6 Connect RZT to Woodlands RZ 
(Eliminate PRV N14P1) 

809 LF of 12” DI $135,000               

  Engineering       $20,000           

  Construction         $115,000         

PO #7 Connect RZT to Woodlands RZ 
(Eliminate PRV N14P2) 

8,062 LF of 12” DI $121,000               

  Engineering       $18,000           

  Construction         $103,000         
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TABLE 1.4.2-35 
CIP Cost Estimates for Construction – Town Responsibility Projects 

Project Number CIP Name Construction Description Total Cost 2006 2007 2008 2009 2010 2011-2015 2016-Buildout 

PO #8 Reservoir 11B Construct Reservoir 11B $2,000,000               

  Engineering       $300,000           

  Construction         $1,700,000         

PO #9 Liberty Village YZ Tank Construct Liberty Village Tank $4,000,000           $4,000,000    

PO #10 RWRWTC Pumping Improvements Increase RWRWTC firm pumping capacity – 
Red Zone by 1 mgd, Green Zone by 10 mgd 

$6,773,000           $6,773,000   

JO #3 GZT - RWRWTC to Founders 1,425 LF of 42" WS $509,000           $509,000   

PO #11 GZT to Res 6A and Res 6B 7,388 LF of 36" WS $3,100,000           $3,100,000   

PO #12 GZT Crystal Valley Ranch 24 LF of 12" DI, 137 LF of 18" DI, 3,029 LF of 
36" WS, 20,487 LF of 42" WS, 3 PRVs 

$11,413,000           $11,413,000   

PO #13 RZT - Founders Pkwy South of 
RWRWTC WTP 

1,187 LF of 24" WS $357,200           $357,200   

PO #14 Connect RZ Transmission to 
Woodlands RZ (Eliminate PRV 
O14P1) 

179 LF of 24" WS $54,000           $54,000   

JO #4 RZT - Founders Pkwy North of 
RWRWTC WTP 

91 LF of 12" DI, LF of 24" WS, 2,981 LF of 30" 
WS, 9,988 1,146 LF of 36" WS, 

$3,434,000           $3,434,000   

PO #15 SW Arterial Line 5,024 LF of 12" DI $840,000           $840,000   

PO #16 SE Arterial Line 2,583 LF of 24" WS, 1,283 LF of 30" $1,240,000           $1,240,000   

PO #17 West Frontage Road and Prairie 
Hawk Drive 

6,879 LF of 16" DI $1,412,000           $1,412,000   

PO #18 RWRWTC Pumping Improvements Increase RWRWTC firm pumping capacity – 
Red Zone by 3 mgd, Green Zone by 10 mgd 

$7,825,000             $7,825,000 

PO #19 Southwest Quad North Pump Station Construct SW Quad North Pump Station to 
SW Quad Green Zone 

$2,450,000             $2,450,000 

PO #20 Dawson Ridge Pump Station and 
Green Zone Tank 

Construct Dawson Ridge Pump Station to SW 
Quad Green Zone and Dawson Ridge Pump 
Station 

$3,981,000             $3,981,000 

Total $65,179,600 $5,797,400 $4,899,000 $7,095,000 $0 $0 $33,132,200 $14,256,000 
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TABLE 1.4.2-36 

CIP Cost Estimates for Construction - Developer Responsibility Projects 

Project Number CIP Name Construction Description 2006 2007 2008 2009 2010 2011-2015 2016-Buildout 

JO#1 GZT - Ridge Road1 53 LF of 12" DI, 4,673 LF of 42" WS   $558,000           

JO#2 GZT - Ridge Road south of Enderud1 56 LF of 12", 107 LF of 30" WS, 1,155 LF of 
36" WS, 5,038 LF of 42" WS   $733,000           

DP #1 N. Meadows Drive Line 2,054 LF of 12" DI   $344,000           

DP #2 Prairie Hawk Drive Line 7,020 LF of 12" DI   $1,175,000           

DP #3 Canyons Transmission Lines 14,985 LF of 12" DI, 2 PRVs     $2,743,000         

DP #4 Founders RZ Distribution 4,939 LF of 12" DI       $826,000       

DP #5 SW Quadrant Piping 7,462 LF of 12" DI, 3,448 LF of 16" DI, PRV         $2,074,000     

JO#3 GZT - RWRWTC to Founders1 1,425 LF of 42" WS           $170,000   

JO#4 RZT - Founders Pkwy North of 
RWRWTC WTP1 

91 LF of 12" DI, LF of 24" WS, 2,981 LF of 30" 
WS, 9,988 1,146 LF of 36" WS,           $1,145,000   

DP #6 Castle Oaks Distribution 553 LF of 8" DI           $69,000   

DP #7 Liberty Village Transmission Lines 24,989 LF of 12" DI, 114 LF of 16" DI, PRV           $4,323,000   

DP #8 SW Quadrant Piping 6,365 LF of 20" WS, 8,080 LF of 36" WS, 2 
PRVs           $5,276,000   

DP #9 North Founders Red Zone 
Transmission  

5,536 LF of 12" DI 
          $926,000   

DP #10 Canyons to Liberty Village 
Transmission Line 

4,904 LF of 12" DI, PRV 
          $954,000   

DP #11 Meadows Red Zone Distribution line 134 LF of 12" DI 
          $22,000   

DP #12 Outlet Mall Piping Improvements 5,259 LF of 12" DI           $880,000   

DP #13 Crystal Valley GZ Distribution 2,341 LF of 8" DI           $294,000   

DP #14 Plum Creek RZ Distribution 2,236 LF of 12" DI           $374,000   

DP #15 Lanterns BZ Distribution 3,425 LF of 12" DI           $573,000   

DP #16 Meadows OZ Distribution 368 LF of 8" DI, PRV             $164,000 

DP #17 Woodlands PZ Distribution 2,701 LF of 8" DI             $339,000 

DP #18 Bell Mountain Ranch 19,285 LF of 12" DI             $323,000 

DP #19 
SW Quadrant Piping 18,379 LF of 12" DI, 4,271 LF of 18" DI, 6,251 

LF of 24" WS, 21,303 LF of 30" WS, 19,175 LF 
of 36" WS, 5 PRVs             $22,241,000 

Total $0 $2,810,000 $2,743,000 $826,000 $2,074,000 $15,006,000 $23,067,000 
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Appendix A 

• PRV Detail 
• PRV Inventory 
• Storage Reservoir Inventory 
• Pump Curves 
• Water Line Install Dates Map from 5/25/05 Meeting 
• C-Value Development Curves 





































































































Appendix B 

• Field Data Collection Plan 
• Data Summary 
 
 
 



































Appendix C 

• Methodology for Assigning Water Demand to Model Nodes Memo 
• Billing Record Demand Analysis  
• Land Use Demand Rate Analysis 
• Future Demand Calculations Memo 
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Appendix D 

• Model Validation Initial Settings and Comparison Results 
• Existing System Fire Flow Scenario Descriptions and Analysis 



























Appendix E 

• Future System Fire Flow Scenario Descriptions and Analysis 
 
 







Appendix F 

• Detailed CIP Cost Worksheets 
• 0-5 Year Planning Horizon Transportation Projects 
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Purpose 
This technical memorandum (TM) describes the raw water quality that will be used to 
produce drinking water for the Town of Castle Rock (Town) both now and in the future. 
The Town currently uses ground water from deep aquifers. The Town also has access to 
groundwater from alluvial wells, but does not currently utilize this source due to water 
quality and treatment issues. In the future, the Town’s plan is to use both of these sources as 
well as new surface water sources. The raw water sources discussed in this TM are based on 
the Town’s Strategic Water Resources Master Plan (2005) as well as interviews and data 
gathered from the Town. More discussion on how specific raw water quality will affect the 
Town is presented in TM 1.5.2, Drinking Water Regulation Review. 

Existing Water Quality 

Raw Water Quality 
Currently, the Town treats water pumped from the Dawson, Denver, and Arapahoe 
aquifers, which are deep groundwater aquifers in the Denver Basin. Table 1.5.1-1 presents a 
summary of the existing raw water quality from these three aquifers. Further information on 
these aquifers can be found in the Town of Castle Rock 2000 Water Facility Plan (August, 2000).  
The Town also has alluvial wells that can take water from both East Plum Creek and Sellers 
Gulch through the alluvium. These wells are not currently used due to raw water quality 
and treatment issues. In the future, however, the Strategic Water Resources Master Plan 
recommends utilization of these wells; therefore, raw water quality data on these alluvial 
wells is also presented in Table 1.5.1-1. This table is based upon data provided by the Town 
that included samples from individual wells, taken between one and five times per well 
over time. More detailed information on individual samples used to create this table is 
shown in Appendix A.  

TABLE 1.5.1-1 
Existing Raw Water Quality Summary 

Parameter Units Maximum 
Contaminant 
Level (MCL) 

Dawson 
Aquifer 
Average 

Denver 
Aquifer 
Average 

Arapahoe 
Aquifer 
Average 

Alluvial 
Well 

Average1 

Sample Dates   1984-2000 1984-2001 1980-2003 1976 - 2000 

pH units N/A 7.6 7.9 7.7 6.9 

Turbidity NTU N/A 1.0 0.7 2.4 9.52 

Total Alkalinity mg/L as 
CaCO3 

N/A 121.8 109.0 90.1 99.6 

Calcium mg/L N/A 36.7 33.5 47.3 80.0 

Magnesium mg/L N/A 2.7 5.0 3.1 5.3 

Hardness mg/L as 
CaCO3 

N/A 103 119 81 137.0 

Chloride mg/L 2503 6.3 2.0 1.8 15.8 
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TABLE 1.5.1-1 
Existing Raw Water Quality Summary 

Parameter Units Maximum 
Contaminant 
Level (MCL) 

Dawson 
Aquifer 
Average 

Denver 
Aquifer 
Average 

Arapahoe 
Aquifer 
Average 

Alluvial 
Well 

Average1 

Iron mg/L 0.33 0.52 0.29 0.94 5.5 

Manganese mg/L 0.053 0.03 0.06 0.08 0.6 

Sodium mg/L N/A 3.1 13.3 9.1 15.2 

Sulfate mg/L 400 34.3 22.4 19.8 45.7 

Nitrate mg/L as 
N 

10 <0.013 <0.05 <0.016 <0.023 

Total Phosphorous mg/L N/A N/A 0.09 <0.15 0.2 

Total Kjeldahl 
Nitrogen 

mg/L N/A N/A <1.0 <0.4 <1 

Total Dissolved 
Solids 

mg/L 5003 201 166 129 216.0 

Total Organic 
Carbon 

mg/L N/A 0.7 <1.0 <1.0 8.4 

Radium 226 pCi/L 5  
(combined with 
Radium 228) 

1.0 1.2 1.7 0.8 

Radium 228 pCi/L 5  
(combined with 
Radium 226) 

1.9 1.3 2.1 4.0 

Gross Alpha pCi/L 15  5.3 2.9 5.4 8.8 

Gross Beta pCi/L N/A 5.5 3.8 5.7 7.9 

Uranium pCi/L 30  <0.0009 0.0060 N/A N/A 
1 Alluvial wells are not currently used by the Town 
2 One data point represented 
3 USEPA secondary MCL 

The average values presented above are representative of previously published water 
quality parameters for these water sources.1 Based on the data presented in Table 1.5.1-1, the 
Town’s raw water is of high quality. The raw water does have concentrations of iron and 
manganese that are often higher than EPA’s secondary drinking water standards (discussed 
in TM 1.5.2). The only other raw water quality issue is that radionuclides in some wells are 
above the maximum contaminant level (MCL), as discussed in TM 1.5.2.  

Distribution System Water Quality 
The Town currently provides treated drinking water to the distribution system that meets or 
exceeds all applicable regulations (presented in TM 1.5.2). Table 1.5.1-2 presents a summary 
                                                      
1 Robson, S.G. Bedrock Aquifers in the Denver Basin, Colorado – A Quantitative Water Resources Appraisal. U.S. Geological 
Survey. Washington D.C.: U.S. Government Printing Office, 1987. 
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of the finished water quality that the Town’s water treatment plants (WTPs) provide to the 
distribution system.  

TABLE 1.5.1-2 
Distribution System Water Quality 

Parameter Units Maximum Contaminant 
Level (MCL) 

Distribution System 
Average 

Hardness mg/L as CaCO3 N/A 90 – 1001 

Alkalinity mg/L as CaCO3 N/A 90-1201 

pH pH N/A 7.0 – 8.01 

Turbidity NTU N/A <0.12 

Total Trihalomethanes (TTHMs) µg/L 805 3.33 

Haloacetic Acids (HAA5s) µg/L 605 6.03 

Chlorine Residual mg/L N/A 0.62 

Total Coliforms mg/L <5% of Samples not detected 

Radium 226 + Radium 228 pCi/L 5.0 1.414 
1 Data based upon raw water quality 
2 Data based on observations by the Town staff 
3 Data based upon Town’s 2004 CCR 
4 Data based upon 2004 data provided by the Town 
5 Stage 1 Disinfectants/Disinfection By-Products Rule is based upon the running annual average of four 
samples in the distribution system, taken quarterly.  Stage 2 will be based upon locational running annual 
average at high-risk points in the system. 

There are no issues with the water quality provided by the Town’s WTPs. The finished 
water does not appear to corrode the distribution system piping and is satisfactory to 
customers. The WTPs consistently provide iron and manganese removal to below detection 
limits. Raw water wells with high radionuclide concentrations have been removed from 
service or are blended with other wells so the finished water meets regulations. The raw 
water is also low in organics and therefore does not form high concentrations of disinfection 
by-products (DBPs) in the distribution system.  

Future Raw Water Quality 
In the future, up to 75-percent of the Town’s water will be from sustainable sources (see 
Strategic Water Resources Master Plan). Sustainable water sources, which are constantly 
replenished with new water, include wastewater reuse, alluvial wells, and imported surface 
waters from reservoirs or rivers. Deep aquifers such as the Dawson, Denver, and Arapahoe 
aquifers are considered non-sustainable since the water that is withdrawn cannot be readily 
replaced by rain, snow, or water infiltration through the ground. Thus, the sources that are 
currently used for 100-percent of its drinking water supply will only comprise 
approximately 25-percent of the future drinking water supply.  
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Since the Town will be treating substantial amounts of water from new sources, there are 
many new constituents in the water and water quality parameters that must be considered. 
The Town will be required to expand its treatment capabilities to handle these new source 
waters.  

Sources 
The current Strategic Water Resources Master Plan recommends that the Town eventually 
obtain raw water from the following sources: 

• Imported surface water 

• Alluvial Wells: 

o Non-Tributary Ground Water Return Flow obtained from alluvial wells 
located downstream of the Plum Creek Wastewater Authority (PCWA).  This 
water would be used for both potable and non-potable purposes. 

o Alluvial wells located in the Plum Creek and Sellers Gulch alluvium 
(upstream of the PCWA). 

The following sections include general discussion about the specific issues related to these 
raw water sources. 

Imported Surface Water 

Surface water quality varies widely depending on the source (reservoir or river) and source 
location (high mountains or plains). However, surface water will likely be quite different 
than the deep aquifer water that the Town currently uses. For example, for surface waters 
downstream of major metropolitan areas, there may be increased levels of turbidity, total 
dissolved solids (TDS), hardness, nitrogen, phosphorous, radionuclides, heavy metals, and 
micro-pollutants. Surface waters can also be strongly influenced by wastewater discharges, 
and reservoirs in particular may periodically experience taste and odor events.  These issues 
are discussed further below.  

Alluvial Wells 

The Town currently has alluvial wells located on Sellers Gulch and on Plum Creek upstream 
of PCWA, as shown in Figure 1.5.1-1. Shallow alluvial ground water wells are often under 
the influence of a surface water because of their close proximity to the streambed and 
consequently require more treatment as defined in EPA’s Surface Water Treatment Rule 
(SWTR).  All of the Town’s alluvial wells have been classified by CDPHE as not under the 
influence of a surface water, however some water quality data suggests otherwise.  For 
example, one alluvial well sample showed a total organic carbon (TOC) concentration of 10 
mg/L and a turbidity of 9.5 NTU and another well sample showed a TOC of 7 mg/L. These 
numbers indicate the well discharge may be under the influence of surface water.  
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Microscopic particulate analyses (MPAs) on sampled well water have also been conducted 
in the past, as shown in Table 1.5.1-3.  MPA tests are recommended by EPA in the Guidance 
Manual for Compliance with the Filtration and Disinfection Requirements for Public Water Systems 
Using Surface Water Sources to assist in determining whether or not groundwater is under 
the influence.  EPA’s manual defines ground water under the influence as any water 
beneath the ground with: 

(i) significant occurrence of insects or other macroorganisms, algae, organic 
debris, or large-diameter pathogens such as Giardia lamblia, or 

(ii) significant and relatively rapid shifts in water characteristics such as 
turbidity, temperature, conductivity, or pH which closely correlate to 
climatological or surface water conditions. 

TABLE 1.5.1-3 
Alluvial Well Microscopic Particulate Analyses and Microorganism Results 

Well Number 12 12 12 12 12 78 

Sample Date 07/01/1997 07/02/1997 07/24/1997 09/20/2000 09/20/2000 10/28/1996 

Algae (#/100 gal) ND N/A N/A ND 85 ND 

Diatoms (#/100 gal) 7 N/A N/A 31 19 ND 

Plant Debris (#/100 gal) ND N/A N/A ND ND ND 

Giardia (#/100 gal) ND N/A N/A ND ND ND 

Cryptosporidium (#/100 
gal) 

ND N/A N/A N/A N/A ND 

Rotifers (#/100 gal) ND N/A N/A 31 47 ND 

Nematodes (#/100 gal) 19 N/A N/A ND ND 1 

Pollen (#/100 gal) 4 N/A N/A ND 9 1 

Ciliates (#/100 gal) ND N/A N/A 855 881 ND 

Flagellates (#/100 gal) ND N/A N/A ND ND ND 

Crustaceans (#/100 gal) ND N/A N/A ND 9 ND 

Insects (#/100 gal) ND N/A N/A ND ND ND 

Coliform, Total (#/100 mL) N/A 340 760 N/A N/A N/A 

Heterotrophic Plate Count 
(#/mL) 

N/A N/A 430 N/A N/A N/A 

Fecal Streptococcus (#/100 
mL) 

N/A 650 130 N/A N/A N/A 

Fecal Coliforms (#/100 mL) N/A ND ND N/A N/A N/A 

N/A – Data not available 
ND – Parameter was not detected 
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The manual further suggests using five parameters as indicators of surface contamination of 
ground water: diatoms, other algae, rotifiers, coccidia, insect parts, and Giardia lamblia.  
Significant presence of some of these parameters is evident in several of the well samples 
taken in the past.  In fact, the sample dated September 20, 1990 shows high concentrations of 
three of these parameters and would be classified as a “High Risk of Surface Water 
Contamination” as defined in EPA’s Consensus Method for Determining Groundwaters Under 
the Direct Influence of Surface Water Using Microscopic Particulate Analysis (MPA).   

In addition, observations by Town staff indicate that the groundwater elevation in the wells 
varies with storm events, which would suggest a direct connection with the surface water. 
Consequently, it is recommended that, at a minimum, Well #12 be classified as under the 
influence of surface water and treated by a surface water treatment plant if used in the 
future.  It is also recommended that other existing alluvial wells not be used until MPA tests 
are conducted to determine the potential of surface water contamination. 

Future alluvial wells may also be installed by the Town downstream of PCWA (see Figure 
1.5.1-1) in order to capture non-tributary ground water return flow for potable and non-
potable use.  Consequently, this water will be directly under the influence of a wastewater 
discharge.  The impact of the wastewater influence is discussed in detail in the following 
section.   

Wastewater Influence 

Background 

In the future, the Town may elect to import surface water or reuse wastewater effluent from 
PCWA through alluvial wells in East Plum Creek.  The latter approach under consideration 
is termed “indirect potable reuse” (IPR). With IPR, a treated wastewater effluent is returned 
to the natural environment (groundwater reservoir, storage reservoir, or stream) and mixes 
with other waters for a period of time. Then, the blended water is diverted to a water 
treatment plant for adequate treatment before it is distributed.  

The water industry further defines this type of reuse as “planned” or “unplanned” IPR.  
Unplanned reuse refers to the discharge of a wastewater effluent to a receiving body for 
disposal purposes that is then used downstream by another user as a source for potable 
water supply.  Unplanned IPR is common on many rivers, such as the Mississippi, which is 
used by many utilities for wastewater effluent discharge and potable water supply. In fact, 
more than two dozen major water utilities, serving populations from 25,000 to 2 million 
people, draw from rivers in which the total wastewater discharge accounts for more than 50 
percent of stream flow during low flow conditions (Swayne et al., 1980). Planned IPR on the 
other hand refers to the intentional use of wastewater effluent as a source for potable water 
supply.  This approach is much less common.  In fact, there are less than ten utilities in the 
United States that are currently practicing planned IPR. 

The following sections provide information related to the major issues associated with IPR.  
These sections are not intended to be an exhaustive summary of IPR, but rather provide the 
basic background related to the subject. 
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Water Quality Impacts 

IPR has potential health impacts because of the increased level of contaminants in a typical 
wastewater effluent.  The principal contaminants of concern, as related to health, include 
pathogens, organics, heavy metals, radionuclides, and micro-pollutants.  Wastewater will 
also often have elevated concentrations of nitrogen, phosphorus, and TDS and although 
these constituents can have a deleterious impact on source water quality and the water’s 
taste and odor, they typically do not have health impacts (unless nitrogen is in the form of 
nitrite or nitrate).  Each of these constituents is discussed in further detail below. 

In addition to constructing engineered systems for removing these contaminants, an 
additional approach often utilized is to add environmental buffers to increase the residence 
time of the water.  This often leads to increased contaminant removal by natural systems 
and possible reductions in contaminant concentrations as a result of dilution (i.e., 
wastewater loses some of its identity). 

Indirect Potable Reuse Experience 

Implementation and operation of planned IPR projects has been limited in the past because 
of the compromised quality of the source water.  Example high-profile projects that have 
been operating for several decades include the UOSA Wastewater Reclamation Plant located 
in Virginia that augments a reservoir for potable use and Orange County’s (CA) Water 
Factory 21 that directly injects reclaimed water into the ground to prevent salt water 
intrusion into the potable aquifer.  A timeline of some of the important events related to IPR 
is shown in Figure 1.5.1-2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recently, because of the ever-increasing demand for water, especially in the southwest 
portion of the United States, there has been an increased interest in IPR projects.  In fact, two 
IPR projects are moving forward in the Denver metropolitan area: 

FIGURE 1.5.1-2 
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• Cottonwood Water & Sanitation District:  Tertiary effluent from the Lone Tree Creek 
WWTP will be pumped to the Cherry Creek alluvium, where it will mix with natural 
ground water for many months.  Wells will then pump the water to a new reverse 
osmosis treatment plant.  This treatment plant will have a peak capacity of 6 mgd 
and is scheduled to start up in 2007. 

• Parker Water & Sanitation District (PWSD): Wells in the Cherry Creek alluvium will 
pump water, which is a mixture of tertiary effluent from the PWSD WWTP and 
Cherry Creek alluvial water, to the new Reuter Hess reservoir that is currently under 
construction.  Shallow aquifer treatment will be provided in the alluvium where the 
average residence time of the water in the alluvium will range from months to years.  
Water from the reservoir will then be pumped to a new conventional water 
treatment plant.  Peak capacity of this project is 15 mgd and it is scheduled to be on-
line in 2007. 

Public Involvement 

Public involvement is a critical factor in the success of an IPR project. Because wastewater 
effluent is the source for a portion of the water, these projects often have negative 
connotations as viewed by the public.  An example high-profile project that failed because 
of inadequate public involvement and education was San Diego’s Total Resource Recovery 
Project.  Public involvement should begin early in the planning stages of an IPR project. 

Regulatory Involvement 

The Water Quality Control Division of the Colorado Department of Public Health and 
Environment is responsible for regulating water quality and water treatment plants.  
Regulation No. 84 controls the reuse of water for non-potable uses in Colorado; however, 
there are currently no regulations in place for IPR.  Therefore, CDPHE involvement early in 
the project is recommended to assist in the review and approval process.  Although there 
are no national standards, a limited number of states do have regulations or guidelines in 
place for IPR, including California, Florida, Hawaii, Massachusetts, and Washington.  
CDPHE may use these guidelines to assist in their review of a proposed IPR project.   

Implementation 

IPR is a developing strategy to recover and reuse water resources in areas, like Castle Rock, 
where water is limited and population growth is expected.  However, care should be taken 
when implementing an IPR project.  As stated in the 1998 NRC report entitled Issues in 
Potable Reuse, The Viability of Augmenting Drinking Water Supplies with Reclaimed Water, “The 
committee views the planned use of reclaimed water to augment potable water supplies as a 
solution of last resort, to be adopted only when all other alternatives for nonpotable reuse, 
conservation, and demand management have been evaluated and rejected as technically or 
economically infeasible.” Although this is a firm statement that heightens awareness as to 
the risks associated with IPR, it does not mean IPR projects should not be implemented.  As 
past projects have demonstrated, IPR is the correct solution for certain problems and will 
continue to be a viable option for some communities in the southwest. For this reason, it is 
recommended that an IPR feasibility study be conducted to determine whether or not to 
implement IPR in Castle Rock.  Issues that should be addressed in this feasibility study 
include: 



CASTLE ROCK WATER FACILITIES MASTER PLAN: RAW WATER QUALITY 

TM 1.5.1 RW QUALITY.DOC  11 

  
• Further educate Town staff on IPR 

• Evaluate raw water exchange options for PCWA wastewater effluent and alluvial 
water upstream of PCWA 

• Determine seasonal demands and supply quantities for IPR 

• Draft a public involvement approach 

• Draft regulatory involvement approach 

• Identify potential raw water supply sources for blending 

• Evaluate environmental buffer options 

• Analyze samples for water quality 

• Develop and conduct benchtop testing 

• Develop treatment process flow diagram 

• Prepare cost estimate 

• Compare monetary and non-monetary factors to other source waters identified in 
Strategic Water Resources Master Plan.  Decide whether or not to implement IPR.   

Raw Water Constituents 
General discussions about individual raw water constituents are included in the following 
sections. These components will differ from the Town’s experience to date, using deep 
aquifer water as a primary drinking water source. Elevated levels of some of these 
constituents may be in all of the sources described above, while others may be source-
specific.  

Total Organic Carbon 

Total organic carbon (TOC) concentrations in the sources described above will likely be 
higher than the levels the Town has previously seen in its current supplies. Surface waters 
on the Front Range have TOCs that can range from 1 mg/L to 9 mg/L and surface water 
influenced by wastewater will result in higher TOC concentrations. Elevated TOC 
concentrations typically lead to increased DBP formation. The Town currently does not 
form high concentrations of DBPs such as total trihalomethanes (TTHMs) and haloacetic 
acids (HAA5s) in the distribution system. However, if the Town’s source waters contain 
higher TOCs, DBP formation may become more of an issue. DBP formation can be 
minimized through adequate TOC removal at the Town’s WTPs. TOC removal can be 
accomplished with enhanced coagulation and/or granular activated carbon (GAC) 
adsorption. 

Turbidity 

Turbidities are typically higher in surface water sources. This is largely due to the increased 
suspended solids from the sediment in surface water runoff. If the Town draws raw water 



CASTLE ROCK WATER FACILITIES MASTER PLAN: RAW WATER QUALITY 

TM 1.5.1 RW QUALITY.DOC  12 

directly from a surface water such as a river or a reservoir, it is likely that the turbidity will 
be greater than 2 NTU and up to 100 NTU periodically. However, if the Town utilizes 
surface water pumped through alluvial wells, turbidity will be much less. 

Pathogens 

Surface waters, alluvial wells, and wastewater effluent will have higher levels of pathogens 
than the deep aquifer water the Town is currently using. These pathogens include bacteria, 
viruses, and protozoa. Increased pathogen concentrations in the raw water will require 
additional treatment considerations to protect public health.   

The level of treatment required for pathogen removal is described in TM 1.5.2 and will be 
based upon the bin classification for the source water. The source water’s bin classification 
will be determined by the concentration of Cryptosporidium in the raw water and is source-
specific. 

Water Chemistry 

Each of the surface water types discussed previously can have varying pH and alkalinity 
characteristics. Currently, the Town does not have to adjust the water chemistry before 
distribution. In the future, the surface water chemistry may require pH adjustment and/or 
alkalinity adjustment prior to distributing the finished water. Water chemistry adjustment 
will ensure the water is stable and non-corrosive as it travels through the distribution 
system. 

Nitrogen and Phosphorous 

Surface waters influenced by wastewater discharge often have elevated nitrogen and 
phosphorous concentrations. If water with high nutrient concentrations is stored in a 
reservoir, it can promote eutrophication. Eutrophication is a process where water bodies 
receive excess nutrients that stimulate excessive plant growth (algae, periphyton attached 
algae, and nuisance plants weeds). This enhanced plant growth, called an algal bloom, 
reduces dissolved oxygen in the water when dead plant material decomposes and can cause 
other organisms to die. Algal blooms also lead to taste and odor events.  

The two most common taste- and odor-causing compounds, which are by-products of algal 
blooms in natural waters, are trans-1,10-dimethyl-trans-9-decalol (geosmin) and 2-
methylisoborneol (MIB). These compounds have been observed in raw water supplies at 
concentrations of 10 to 200 ng/L. Geosmin and MIB cause detectable odors at concentrations 
as low as 5 ng/L. If present in new raw waters, the Town’s treatment goal should be to 
remove these compounds to below this odor threshold.  

If the town elects to store water influenced by wastewater discharge in a reservoir in the 
future, some natural treatment of the water may be required prior to the reservoir to reduce 
the nutrient concentrations. These natural treatment systems may consist of bank filtration, 
aquifer recharge and recovery, or wetlands treatment. 

Hardness 

Hardness (consisting of calcium and magnesium) can vary widely in surface waters in 
Colorado. Typical hardness concentrations for some imported surface waters that Castle 
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Rock is considering can be up to 1,000 mg/L as CaCO3, or more. This is very hard water that 
requires treatment processes to soften it to levels acceptable to customers. The Town may 
chose to soften all surface waters to a concentration that is currently distributed to the 
customers. This treatment can be accomplished through chemical softening or high-pressure 
membranes (nanofiltration or reverse osmosis), which separate out the calcium and 
magnesium ions from the water. 

Total Dissolved Solids 

TDS concentrations can vary depending upon the water source. Surface waters in Colorado 
have TDS values ranging from 200 mg/L up to 3,000 mg/L. Customers will be able to taste 
TDS levels above 500 mg/L. The Town currently distributes water with TDS of 250 mg/L or 
less. Raw waters with TDS less than 500 mg/L will require no additional considerations for 
TDS. It is recommended that raw waters with TDS greater than 500 mg/L but less than 
1,000 mg/L be blended, if possible, with other waters of lower TDS to create a final blended 
TDS less than 500 mg/L. Raw waters with TDS greater than 1,000 mg/L will require high-
pressure membrane treatment on a portion or all of the flow to reduce the TDS to acceptable 
levels.  

Radionuclides 

Radionuclides are present in the Town’s current water supplies and may be present in 
waters influenced by wastewater discharges. Radionuclides can be removed through 
available treatment processes; however, avoiding water sources with elevated levels may be 
less costly. Another inexpensive mitigation method is to blend the water with waters with 
lower levels such that the finished water meets regulations. 

Heavy Metals 

Heavy metals include materials like mercury, cadmium, arsenic, chromium, and lead. These 
constituents are typically associated with wastewater discharges and largely originate from 
manufacturing industries. Thus, elevated concentrations can be expected in surface waters 
downstream of municipal areas.  These metals can be removed through treatment processes, 
but the concentrations in selected source waters should be identified early to assess the cost 
of removing the metals.    

Emerging Contaminants 

The primary set of emerging contaminants that must be considered when using a new 
source water, especially water with substantial quantities of wastewater discharge are 
micro-pollutants. Micro-pollutants are organic compounds that contribute to the water’s 
TOC but are of concern at much lower concentrations than TOC. While TOC is measured 
and regulated at milligram per liter (mg/L) concentrations, micro-pollutants are of concern 
at microgram per liter (µg/L) or nanogram per liter (ng/L) concentrations. To complicate 
this issue, while TOC is readily measurable, micro-pollutants require sophisticated and 
expensive measurement techniques that vary from compound to compound, and there are 
literally thousands of micro-pollutant compounds that may or may not be of concern. (For a 
sense of the magnitude of the number of potential micro-pollutants, the USEPA is screening 
more than 87,000 potential endocrine disrupting compounds alone to determine their 
potential health risks.) 
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The micro-pollutants are grouped into categories and the following includes a description of 
these types of contaminants.  

• Emerging Disinfection Byproducts 

o One compound receiving increased public attention is N-nitrosodimethylamine 
(NDMA). NDMA is formed in drinking water and wastewater disinfection with 
chlorine and chloramines and is classified as a probable human carcinogen by the 
USEPA, with a 10-6 lifetime cancer risk concentration of 0.7 ng/L. This concentration 
is below most current detection limits. NDMA is not currently regulated in drinking 
water by USEPA, but California has set an Action Level of 10 ng/L. 

• Endocrine Disrupting Compounds (EDCs) and Pharmaceutical and Personal Care 
Products (PPCPs)  

o The term “endocrine disrupting compounds” (EDCs) describes a long list of 
chemicals that are not produced in the body but that mimic natural hormones. 
Research into their health effects is in its early stages, but it is hypothesized that 
EDCs are responsible for some reproductive problems in both men and women and 
may be responsible for increasing occurrences of some types of cancer. Examples of 
EDCs include: dioxins; many pesticides, including atrazine; surfactants and 
detergent components, including nonylphenol; natural and synthetic hormones and 
steroids, including 17-b-estradiol, estrone, and testosterone.  EDCs may be present 
in higher concentrations immediately downstream of WWTPs. 

o The category “pharmaceutical and personal care products” (PPCP) covers all drugs 
and consumer chemicals that may pass through the body or be washed off of the 
body and be released into the environment through direct fecal contamination or 
through discharges of treated wastewater. Examples of PPCPs include: drugs 
(available by prescription or over-the-counter); diagnostic agents, including X-ray 
contrast media; bioactive food supplements, including huperzine A; fragrances, 
including musks; sunscreen agents, including methylbenzylidene camphor.  PPCPs 
may be present in higher concentrations immediately downstream of WWTPs. 

• Synthetic Organic Chemicals (SOCs) and Volatile Organic Chemicals (VOCs) 

o Synthetic organic chemicals (SOCs) and volatile organic chemicals (VOCs) are man-
made compounds used for a variety of industrial and agricultural purposes. SOCs 
can cause damage to the nervous system and kidneys and may also increase cancer 
risks. Examples of SOCs are atrazine, chlordane and 2,4-D. VOCs tend to be in a 
gaseous form under conditions that may occur in water treatment and separate from 
the water supply after it leaves the treatment facility. VOCs have various effects on 
the liver, kidneys, and nervous system and some pose a cancer risk. Examples of 
VOCs are benzene, toluene, and xylene. Many SOCs and VOCs are currently 
regulated or on the Contaminant Candidate List for future regulation.  

• Algal Toxins 

o Algae blooms are an emerging issue in the U.S. because of increased source water 
nutrient pollution causing eutrophication and the potential for the resulting algae 
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blooms to produce algal toxins. Algal toxins are formed by cyanobacteria (blue-
green algae), and one third of the 50 freshwater cyanobacteria genera are capable of 
producing toxins. Their mechanisms of toxicity are diverse, ranging from 
hepatotoxic (attacks the liver), neurotoxic (attacks the central nervous system), and 
dermatotoxic (attacks the skin) to general inhibition of protein synthesis.  

o Public exposure to algal toxins can come from drinking water, although the 
understanding of algal toxin health effects has been limited by analytical methods 
for their detection at low concentrations.  

o While currently not regulated in the U.S., other countries and the World Health 
Organization (WHO) have established or are considering limits for some, but not all, 
algal toxins. Currently, microcystin, cylindrospermopsin, and anatoxin-a are being 
considered for regulation in the U.S. 

East Plum Creek Water Quality 
The Town plans to use substantial amounts of water from East Plum Creek in the future. 
Table 1.5.1-4 summarizes water quality in East Plum Creek, based on the USEPA STORET 
website (www.epa.gov/storet/), both upstream and downstream of the PCWA discharge. 
As shown in this table, nitrogen and phosphorous levels are elevated downstream of 
PCWA, near Sedalia, as compared to upstream of PCWA. Total coliforms are present at high 
concentrations and E.coli is also present, both indicating a strong wastewater influence in 
the creek downstream of PCWA. Specific conductance, presented in the table, is directly 
proportional to TDS. Downstream of PCWA, the specific conductance of the East Plum 
Creek water is more than two times greater than upstream of the discharge. This increase in 
TDS also results from the wastewater influence on the creek. At this sample location, there is 
not only wastewater influence from the PCWA discharge, but Sedalia has approximately 80 
septic systems. Leakage from these septic systems is likely influencing the water quality in 
East Plum Creek as well. Other sources that may be affecting water quality in the creek, 
aside from septic systems and PCWA discharge, include non-point sources such as 
agriculture, irrigated lawns and golf courses, construction sites, and general urban runoff.  

 

TABLE 1.5.1-4 
Water Quality in East Plum Creek 

 Units Upstream of PCWA Downstream of 
PCWA 

Sample Location  East Plum Creek 
Above PCWA 

East Plum Creek at 
South End of Town 

East Plum Creek At 
Highway 67 

Number of Samples  11 11 12 

Nitrogen, Nitrite and 
Nitrate 

mg/L as N 0.2 0.3 3.0 

Dissolved Oxygen mg/L 6.8 6.7 7.4 

pH  7.7 7.7 7.8 
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TABLE 1.5.1-4 
Water Quality in East Plum Creek 

 Units Upstream of PCWA Downstream of 
PCWA 

Sample Location  East Plum Creek 
Above PCWA 

East Plum Creek at 
South End of Town 

East Plum Creek At 
Highway 67 

Phosphorous mg/L 0.07 0.05 0.21 

Specific Conductance uS/cm 279.7 226.6 563.2 

Hardness mg/L as 
CaCO3 

N/A N/A 133.3 

Total Alkalinity mg/L as 
CaCO3 

N/A N/A 111.5 

Total Dissolved Solids mg/L N/A N/A 350.8 

E. coli #/100ml N/A N/A 40.8 

Total Coliform #/100ml N/A N/A Present Greater than 
Quantitative Limit 

Iron ug/l N/A N/A 0.05 

Manganese ug/l N/A N/A 0.04 

Sulfate mg/L as SO4 N/A N/A 58.6 

Note: This data was taken from the USEPA STORET Website. 

Many other constituents in the creek, that haven’t been presented, may also be affected by 
PCWA’s discharge, septic systems, and non-point sources. It is recommended that the Town 
gain a full understanding of the East Plum Creek water quality downstream of PCWA 
before a final decision is made to use this as a raw water source.  

Given the potential water quality issues downstream of PCWA, it may be beneficial for the 
Town to exchange water rights in East Plum Creek or West Plum Creek for water 
discharged by PCWA. For example, the Town could utilize East Plum Creek water 
immediately upstream of the discharge and allow the full wastewater flow (which the Town 
has rights to use) to pass downstream to the next user. Or, Castle Rock could use water from 
West Plum Creek upstream of the confluence with East Plum Creek while allowing the 
PCWA discharge to continue down stream in East Plum Creek. This would allow the Town 
to use a water source that is not strongly under the influence of wastewater and there would 
be no net effect on the quantity of water continuing down stream. The Town would have to 
acquire specific water rights to practice this type of exchange, however.  

Another option that the Town could pursue to reduce the possible deleterious effects of 
using substantial amounts of water under the influence of wastewater is to blend water 
taken downstream of PCWA with water removed from the alluvium upstream of PCWA. 
This option would minimize the efforts to receive additional water rights and 
simultaneously reduce possible health-effects risks from the lower quality water by 
blending it with higher quality water from the creek. The optimal blending ratio would be 
determined based on the possible water rights the Town can acquire upstream of PCWA 
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and specific water quality parameters that the treated water should meet. Therefore, this 
option would require further investigation by the Town.  

CH2M HILL’s Task Order 33 with the Town investigated the sustainable use of alluvial 
wells in East Plum Creek and is summarized in TM 5.1, Town of Castle Rock Evaluation of 
Alluvial Aquifer Feasibility. Based on results presented in TM 5.1, the East Plum Creek 
alluvium could yield more than 7,000 ac-ft/yr upstream of PCWA; it is estimated that 10.0 
mgd is available in the winter months and 2.8 mgd in the summer months. However, the 
Town currently has rights to less than 850 ac-ft/yr, which is approximately 0.76 mgd year-
round. Rights to the water would have to be examined if the Town plans on increasing its 
alluvial well capacity.  



Appendix A 



Total 
Alkalinity CalciumA ChlorideA Hardness IronA MagnesiumA ManganeseA pH Sodium SulfateA

Total 
Kjeldahl 
Nitrogen Nitrate

Total 
Phosphor-

ous TDS Turbidity

Total
Organic
CarbonA

Radium 
226

Radium 
228

Gross 
Alpha

Gross 
Beta Uranium

Source Aquifer Well Number Date (mg/L as CaCO3) (mg/L) (mg/L) (mg/L as CaCO3) (mg/L) (mg/L) (mg/L) (units) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (NTU) (mg/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (mg/L)

16 7/23/1984 115 66 4 175 1.5 2.9 -- 6.9 9 87 -- <0.05 -- -- 20B -- -- -- 5.7 5.1 --

22 1/28/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.1 1.6 5.0 5.7 <0.0009

44 1/28/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.97 2.1 5.3 5.8 <0.0009

15 7/23/1984 -- -- 2.4 120 0.13 4.4 -- 7.80 10 16 -- 0.19 -- -- 1.1 -- -- -- 3.1 6.1 --

21 1/28/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.47 0.79 0.91 3.4 0.006

41 7/12/1999 -- 31 1.4 -- -- -- -- 8.11 22 33 -- <0.1 -- 160 0.24 -- -- -- -- -- --

4/4/1988 110 30 4.6 115 0.20 9.4 0.01 -- 23 16 -- <0.05 -- 160 0.26 -- -- -- 1.4 5.6 --

1/29/1991 -- -- -- -- -- -- -- -- 8 -- -- -- -- -- -- -- -- -- -- -- --

50 11/20/1985 110 40 1.0 110 0.26 2.2 0.07 8.00 8 10 -- 0.56 0.13 116 0.2 -- -- -- 3.3 0.0 --

51 11/20/1985 -- -- -- -- -- -- -- -- -- -- -- 0.25 0.04 -- -- -- -- -- 4.7 3.0 <1.0 pCi/L

150 4/16/1998 110 -- 1.0 110 -- -- -- 7.90 -- 22 <1.0 <0.05 -- 210 0.6 <1.0 -- -- 2.7 1.9 --

217 11/29/2001 106 -- 1.3 140 0.56 4.0 0.11 7.49 10 38 <0.06 -- 184 1.85 -- 1.9 1.8 4.4 6.4 --

11/13/1980 -- 30 <3.0 84 0.40 2.2 -- -- 11 8 -- <0.1 -- 128 -- -- -- -- -- -- --

6/26/1989 84 71 -- -- -- -- -- 8.30 -- -- -- -- -- 130 -- -- -- -- -- -- --

1/30/1991 92 75 -- -- -- -- -- 8.40 7.3 -- -- -- -- 130 -- -- -- -- -- -- --

7/23/1991 -- -- -- -- 0.09 -- 0.15 8.10 -- -- -- -- <0.02 -- -- -- -- -- -- -- --

14R 6/14/2001 86 -- 1.5 82 0.47 3.8 0.096 7.37 8.8 16 <0.08 <0.08 <0.3 119 0.56 -- 2.0 2.6 13 7.6 --

1/9/1987 155 38 4.9 92 2.2 <1 0.08 -- 9 21 -- <0.1 <0.1 120 1 -- -- -- 3.3 3.7 --

7/30/1991 -- -- -- 77 1.4 -- 0.05 -- 5.4 -- -- <0.05 -- -- -- -- -- -- -- -- --

6/10/1999 80 -- 1.4 88 -- -- -- 7.20 -- 18 <0.1 <0.05 -- 130 5.6 <1.0 1.7 3.1 3 8 --

28R 6/5/2003 77 30 1.1 92 0.96 4.2 0.082 7.31 8.9 19 0.23 <0.05 <0.3 123 2.65 <0.5 2.4 2.2 1.2 5.1 --

31R 7/28/2000 88 26 1.1 69 0.31 4 0.069 7.71 11 17 <0.2 -- -- 131 0.27 -- 1.6 2.7 8.9 7.0 --

39 7/16/1997 90 -- 1.1 -- -- -- -- 8.10 -- 20 <1.0 <0.05 0.07 110 0.5 1.0 1.2 2.4 3.6 5.8 --

43 12/27/1991 -- -- -- 69 -- 0.16 0.047 -- -- -- -- <0.05 -- -- -- -- -- -- -- -- --

9/7/1994 -- -- 2.5 -- -- -- -- 7.27 -- 34 -- <0.1 -- 190 12 -- -- -- -- -- --

7/17/1995 72 61 -- 76 -- 3.3 -- 7.36 -- -- <0.2 -- 0.21 132 1.1 -- -- -- 2.8 4.4 --

83 9/15/2000 -- -- 1.1 -- 1.4 3.9 0.088 7.33 13 26 -- -- -- 140 2.21 -- 0.2 0.3 1.0 1.0 --

86 11/6/2000 -- -- -- -- 1.2 2.9 0.042 7.88 7.8 16 -- <0.1 -- 115 0.39 -- 2.0 1.3 7.6 5.4 --

176 5/8/1997 80 -- <1 -- -- -- -- -- -- 26 <1.0 <0.05 0.04 110 -- 1.0 -- -- 10.0 5.4 --

204 4/1/1999 88 -- 1.5 80 -- -- -- 7.30 -- 17 <0.1 <0.05 0.04 130 0.3 <1.0 2.2 2.0 5 9 --

3/12/2003 147 16.5 3.46 49 0.06 1.79 0.0225 8.2 3 16.2 -- -- -- 197 0.2 0.4 -- -- -- -- --

4/2/2003 -- -- -- -- -- -- -- 8.1 -- -- -- -- -- -- -- -- -- -- -- -- --

3/17/2003 143 13.1 2.63 39 0.166 1.56 0.0116 8.2 4 12.6 -- -- -- 186 3.6 0.7 -- -- -- -- --

4/2/2003 -- -- -- -- -- -- -- 8.2 -- -- -- -- -- -- -- -- -- -- -- -- --

392146104483301 4/10/2003 125 39.4 1.19 110 0.871 3.02 0.113 7.5 1 46.2 -- -- -- 214 0.2 0.8 -- -- -- -- --

7/8/2003 126 65.9 24.8 190 0.022 5.63 0.0011 6.4 0.4 36.2 -- -- -- 273 0.5 1.2 -- -- -- -- --

3/11/2003 75 19.5 1.42 53 <0.010 1.07 0.0012 7 0.9 7.5 -- -- -- 135 0.6 0.2 -- -- -- -- --
Dawson Aquifer Average 121.8 36.7 6.3 102.7 0.52 2.7 0.03 7.6 3.1 34.3 N/A <0.05 N/A 201 1.0 0.7 1.0 1.9 5.3 5.5 <0.0009

Denver Aquifer Average 109.0 33.5 2.0 119.0 0.29 5.0 0.06 7.9 13.3 22.4 <1.0 <0.20 0.09 166 0.7 <1.0 1.2 1.3 2.9 3.8 0.0060

Arapahoe Aquifer Average 90.1 47.3 1.8 80.9 0.94 3.1 0.08 7.7 9.1 19.8 <0.4 <0.07 <0.15 129 2.4 <1.0 1.7 2.1 5.4 5.7 N/A
A values reported by the Town of Castle Rock are total, values reported by the USGS are dissolved
B This data point is suspect because it is very high; consequently, it was not included in the average Dawson turbidity value shown in Table 1.5.1-1

Note: Well water quality data used to create this table was either provided by the Town of Castle Rock or taken from the USGS

Town 
of

Castle Rock

392545104540301

392750104445801
USGS Dawson

47

10

Dawson

Denver

392658104442801

Arapahoe 

Groundwater Quality Parameters

27

49



Total 
Alkalinity Calcium Chloride Hardness Iron Magnesium Manganese pH Sodium Sulfate

Total 
Kjeldahl 
Nitrogen Nitrate

Total 
Phosphor-

ous TDS Turbidity

Total
Organic
Carbon

Radium 
226

Radium 
228

Gross 
Alpha

Gross 
Beta Uranium

Source Aquifer Well Number Date (mg/L as CaCO3) (mg/L) (mg/L) (mg/L as CaCO3) (mg/L) (mg/L) (mg/L) (units) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (NTU) (mg/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (mg/L)

9/29/1999 -- -- -- -- -- -- -- -- 21 44 -- -- -- -- -- -- -- -- -- -- --

3/13/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.46 8.6 21 14 --

3/15/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.10 3.5 -- -- --

6/9/1976 139 88 28 260 0.02 10.0 0.00 6.4 21 130 -- -- 0.23 -- -- -- -- -- -- -- --

9/29/1999 -- -- -- -- -- -- -- -- 27 43 -- -- -- -- -- -- -- -- -- -- --

3/13/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.79 4.1 20 10 --

3/15/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.60 3.1 -- -- --

5/3/2000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.92 3.6 10 11 --

6/26/1989 100 140 -- -- -- -- -- 7.9 -- -- -- -- -- 280 -- -- -- -- -- -- --

1/22/1991 100 140 -- -- -- -- -- 8.2 23 -- -- -- -- 300 -- -- -- -- -- -- --

12/18/1996 120 180 30 180 0.45 -- -- 6.9 -- -- -- -- -- -- -- -- -- -- -- -- --

7/2/1997 68 31 16 95 2.90 4.2 0.41 6.6 -- 15 <1 <0.05 0.11 160 9.5 10 0 1.1 2 5 --

10/20/1995 85 -- 8 -- 7.30 -- 0.79 6.9 11 30 -- -- 0.27 -- -- -- -- -- 1 4 --

7/30/1996 -- -- -- -- 7.70 -- 0.81 6.6 10 -- -- -- -- -- -- -- -- -- -- -- --

9/21/1998 93 42 12 121 8.65 5.1 0.85 6.8 11 36 -- -- -- -- -- -- -- -- -- -- --

11/3/1995 -- -- 14 -- 5.30 -- 0.64 -- 12 28 -- -- 0.20 160 -- -- -- -- 5 8 --

9/17/1998 -- 39 13 121 6.75 5.0 0.72 6.8 11 58 -- -- -- -- -- 7 -- -- -- -- --

7/24/1996 92 31 8 98 7.70 3.3 0.58 6.9 10 -- -- <0.05 0.22 180 -- -- -- -- 3 4 --

9/17/1998 -- 29 13 84 7.75 3.9 0.58 6.7 10 27 -- -- -- -- -- -- -- -- -- -- --

Alluvial Wells Average 99.6 80.0 15.8 137.0 5.45 5.3 0.60 7.0 15.2 45.7 <1 <0.10 0.21 216.0 9.5 8.4 0.81 4.0 8.8 7.9 N/A

Note: Well water quality data used to create this table was provided by the Town of Castle Rock

Groundwater Quality Parameters
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Purpose 
This technical memorandum (TM) presents a summary of key regulatory issues that will 
affect drinking water treatment and distribution in the Town of Castle Rock (Town) both 
now and in the future. This TM also includes discussion of the treatment challenges of the 
various source waters the Town will be utilizing, which includes groundwater from deep 
aquifers, groundwater from alluvial wells, and surface water. The considerations and 
recommendations included in this TM are based upon the raw water that the Town will be 
utilizing. TM 1.5.1, Water Treatment Plant Raw Water Quality, includes discussion on the 
Town’s raw water quality both now and in the future. Further details on each regulation 
discussed, and regulations that may not apply to the Town, are provided in Appendix A.  
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Town’s raw water quality both now and in the future. Further details on each regulation 
discussed, and regulations that may not apply to the Town, are provided in Appendix A.  

Groundwater Treatment 
The Town currently has 34 wells in operation that are capable of pumping water from the 
Dawson, Denver, or Arapahoe aquifers.  These aquifers are characterized as non-tributary 
aquifers, which means they are not recharged through water infiltration through the ground 
surface. These aquifers are classified as a groundwater source, not under the influence of 
surface water.  

The Town also has 7 alluvial wells that can pump water from East Plum Creek or Sellers 
Gulch through the alluvium. The Colorado Department of Public Health and Environment 
(CDPHE) has determined that none of these wells are under the direct influence of surface 
water and are classified as groundwater sources. These wells are not currently being utilized 
by the Town due to water quality issues. CDPHE does not reevaluate well water sources 
based on a schedule, but may do so at any time it deems appropriate. Currently, CDPHE is 
determining the criteria to be used to determine whether a groundwater well is under the 
influence of surface water. Once these criteria are determined, a periodic evaluation 
schedule may also be outlined.  

The Town has observed that the water levels in the alluvial wells rise with storm events and 
are generally affected by the flows in the creeks. Additionally, water quality characteristics 
measured in the alluvial wells resemble surface water as discussed in TM 1.5.1.  Due to the 
current water quality issues in these wells and the depth and proximity to surface waters, it 
is recommended that the Town assume these wells are under the influence and treat them as 
such. 

Disinfection 
Disinfection is required by water treatment facilities to protect the public from viruses, 
bacteria, and protozoa. The EPA is currently developing the Groundwater Rule, which 
applies to public groundwater systems where groundwater is added to the distribution 
system without treatment. For the Groundwater Rule, treatment is defined as 4-log 
removal/inactivation of viruses. This rule will not affect the Town if it continues to 
adequately filter and disinfect all groundwater, as explained in the following paragraphs.  

Under the Surface Water Treatment Rule (SWTR), the EPA gives 1-log virus removal credit 
to well operated direct filtration plants, which is how the Town’s water treatment plants 
(WTPs) currently operate. The EPA’s Guidance Manual for Compliance With the Filtration 
and Disinfection Requirements for Public Water Systems Using Surface Water Sources 
contains a table (E-7) for free chlorine CT (the product of residual disinfectant concentration 
in terms of mg/L and contact time in terms of minutes) to provide 3-log virus inactivation. 
This table shows 4 mg-min/L CT to provide 3-log virus inactivation at pH 6 to 9 and 10ºC.  

The Town operates its WTPs so that sodium hypochlorite is added prior to filtration and the 
finished water enters the distribution system with approximately 0.6 mg/L free chlorine 
residual. To provide 3-log virus inactivation, the WTPs should provide a T10 (the 10th 
percentile detention time during which the water is in contact with the disinfectant) contact 
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time of 6.7 minutes prior to entering the distribution system, assuming a chlorine residual of 
0.6 mg/L during that time.  Based on information provided by the Town, the T10 contact 
time for each WTP was estimated and is presented in Table 1.5.2-1. Based on this data, the 
Town should meet the required CT to achieve adequate disinfection at each of its WTPs. 
However, each overall plant T10 should be verified with tracer studies to ensure compliance 
with regulations. 

TABLE 1.5.2-1 
Water Treatment Plant Estimated Disinfectant Contact Times 

Water Treatment Plant Estimated T10 Meets Minimum Requirements?* 

Eastern WTP 39.0 min Yes 
Founders WTP 22.6 min Yes 
Meadows WTP 28.6 min Yes 
P.S. Miller WTP 10.2 min Yes 
Well 7 WTP 10.9 min Yes 
Well 10 WTP 11.7 min Yes 
 

If the Town does not demonstrate 4-log virus removal, the Groundwater Rule must be 
followed, which includes sanitary surveys of wells and hydrogeologic sensitivity 
assessments among other requirements.  

Radionuclides 
Radionuclides have been detected in the Town’s groundwater supply wells. The EPA’s 
Radionuclide Rule was promulgated on December 7, 2000 and became effective on 
December 8, 2003. The new maximum contaminant levels (MCLs) for radionuclides are 
presented in Table 1.5.2-2.  

TABLE 1.5.2-2 

Radionuclide MCLs 

Contaminant MCL 

Combined Radium 226/228 5 pCi/L 

Uranium* 30 pCi/L 
Gross Alpha 15 pCi/L 

Beta Particles and Photon Emitters** 4 mrem/yr 

*CDPHE has set an MCL of 30 µg/L 
**The trigger level is 50 pCi/L as determined by CDPHE 

This rule requires that each community water system conduct four consecutive quarterly 
samples or use appropriate grandfathered data prior to December 31, 2007. These samples 
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must be taken at each entry point to the distribution system, separately. The annual average 
of this data will establish initial compliance. If initial compliance is met, the Town will be 
required to monitor for radionuclides in the distribution system every three years. 

Based on well water quality, the radium 226 and 228 levels in some of the groundwater 
wells are at concentrations near the MCL. Wells 14, 28, 31, and 204 are currently being used 
by the Town and have total radium levels greater than 4.0 pCi/L, but less than 5.0 pCi/L. 
However, the MCL applies to the finished water, where the well discharge will be blended 
with several other wells at a given WTP. The Town currently uses blending to ensure that 
the finished water, distributed to customers, meets regulations. For example, Well 31 
discharge has radium levels of approximately 4.3 pCi/L and can be pumped at 240 gpm. It 
is combined at the Founders WTP with the discharge from Wells 20, 21, 22, 33, 39, 41, 43, 44, 
and 45, which total 2407 gpm and average 3.3 pCi/L. When Well 31 is combined with the 
other Wells, the Founders WTP effluent has a radium concentration of 3.4 pCi/L, well 
below the MCL.  

The Town must continue to recognize the wells with radionuclide levels that are 
approaching the MCL and verify that the blended, finished water will not exceed that level. 
If a certain well exceeds the MCL such that it cannot be blended to below the MCL with 
other wells, it should be decommissioned.  

The current well water quality in the Town does not have beta particles, gross alpha, or 
uranium near the MCLs. The Town should continue to monitor these parameters, but it 
does not appear that they will provide any treatment challenges for the Town. 

Iron and Manganese 
The EPA has set secondary MCLs for iron (0.3 mg/L) and manganese (0.05 mg/L). The 
presence of iron and manganese in finished water can lead to staining of home appliances 
and metallic tastes. The Town’s WTPs each feed an oxidant and have greensand filters, 
which remove iron to 0.1 mg/L or less. The manganese is removed to below the detection 
limit. To continue to meet the secondary MCL and minimize customer complaints, the 
Town should maintain the current treatment processes which are providing adequate iron 
and manganese removal. 

Total Coliform Rule 
The Total Coliform Rule requires all public water systems to monitor for the presence of 
total coliforms in the distribution system. Total coliforms include both fecal coliforms and E. 
coli. Public water systems that serve between 25,001 and 33,000 people are required to take a 
minimum of 30 samples per month.  Systems that serve between 33,001 and 41,000 people 
are required to take 40 samples per month. Castle Rock’s current population is near the 
threshold between these two requirements. For systems that collect fewer than 40 samples 
per month, no more than one sample may test positive for total coliforms. For systems that 
collect 40 or more samples per month, no more than 5-percent of the samples may test 
positive for total coliforms. If more than the minimum number of samples test positive, then 
samples must be taken for fecal coliforms or E. coli. The Total Coliform Rule is expected to 
be revised in 2005 such that E. coli testing is required after identifying a positive test for total 
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coliforms. The Town must continue to test monthly for total coliforms in its distribution 
system to ensure compliance with this rule.  

Disinfection By-Products  
Under the Stage 1 Disinfectants/Disinfection By-Products Rule (D/DBP Rule), the Town is 
required to meet the total trihalomethane (TTHM) and haloacetic acid (HAA5) MCLs of 80 
µg/L and 60 µg/L, respectively. This rule is based on four samples from the distribution 
system, taken on a quarterly basis. Compliance is based on a running annual average of all 
of the quarterly averages, computed every 3 months. Currently, the Town has no issues 
with TTHMs or HAA5s in the distribution system due to low raw water total organic carbon 
(TOC) concentrations. DBP formation is more likely to occur with waters that have higher 
TOCs, such as surface water; therefore, further discussion on disinfection by-products 
(DBPs) can be found in the “Disinfection By-Products” subheading in the following “Surface 
Water Treatment” section. Future regulations that may impact the Town, including the 
Stage 2 D/DBP Rule, are explained in more detail.  

Surface Water Treatment 
In the future, the Town’s plan is to use substantial quantities of surface water. The Town’s 
goal is to have 75-percent of its raw water supply from renewable surface water sources 
such as alluvial wells, rivers, and reuse. It is anticipated that the Town’s new alluvial wells, 
and possibly its existing alluvial wells, will be determined by CDPHE to be under the direct 
influence of surface water (classified as “under the influence”) and thus be considered a 
surface water.  

Characteristics of surface water sources vary widely across the United States. However, 
surface water is quite different from deep aquifers, which the Town currently uses. The 
Town’s current water sources (the Dawson, Denver, and Arapahoe Aquifers) are 
characterized with moderate hardness, iron and manganese, and low total dissolved solids 
(TDS), turbidity, and TOC. However, surface waters in Colorado can have high hardness, 
turbidity, TOC, and TDS. The Town has not had experience treating water with these 
characteristics and must be prepared for the regulatory ramifications of utilizing surface 
water as an additional drinking water source. The following sections discuss the regulatory 
effects of using surface waters for the Town’s drinking water supply. 

Surface Water Treatment Rule  
The SWTR requires that utilities treat source waters to achieve a minimum 3-log (99.9%) 
removal and/or inactivation of Giardia cysts and a 4-log (99.99%) removal/inactivation of 
enteric viruses. Partial removal/inactivation credit is given to systems that provide 
adequate filtration. The remainder of the removal/inactivation credit must be achieved 
through chemical disinfection. 

Inactivation credit for chemical disinfection is based on published microbial inactivation 
tables. These tables are generally based on the calculation of disinfectant CT expressed in 
mg min/L, where C is the residual disinfectant concentration (mg/L) after primary 
disinfection and T is the T10 during which the water was in contact with the disinfectant.   



CASTLE ROCK WATER FACILITIES MASTER PLAN: DRINKING WATER REGULATION REVIEW 

TM 1.5.2 REG REVIEW.DOC  6 

In addition to the microbial removal and inactivation requirements by filtration and 
primary disinfection, the SWTR requires secondary disinfection to provide an additional 
barrier against microbial contamination of the distribution system. The secondary 
disinfection mandate requires that the residual disinfectant concentration in the water 
entering the system not be less than 0.2 mg/L for more than 4 hours and that residual 
disinfectant concentration in the distribution system cannot be undetectable in more than 5 
percent of the samples each month for two consecutive months.  

Enhanced Surface Water Treatment Rule  
The Enhanced Surface Water Treatment Rule (ESWTR) has been implemented through 
stages in the Interim ESWTR (IESWTR) and Stage 1 and Stage 2 Long-Term ESWTR 
(LT1ESWTR and LT2ESWTR) to allow for development of adequate information concerning 
pathogen occurrence and inactivation. 

Interim Enhanced Surface Water Treatment Rule  

The IESWTR builds upon the provisions of the SWTR and applies to public water systems 
that use surface water or groundwater under the influence of surface water and serve 10,000 
or more customers. Utilities are required to comply with both the SWTR and the IESWTR. 
The IESWTR amended the SWTR to include a maximum contaminant level goal (MCLG) of 
zero for Cryptosporidium, a 2-log Cryptosporidium removal requirement for filtration systems, 
more stringent filter effluent turbidity standards, disinfection benchmarking provisions, and 
requirements for sanitary surveys. Requirements were also added that deal with additional 
criteria for groundwater under the direct influence of surface water. 

Systems that use conventional treatment or direct filtration were assumed to meet the 2-log 
Cryptosporidium removal requirement if they complied with the IESWTR turbidity 
requirements and the existing provisions of the SWTR. A system's combined filter effluent 
turbidity was required to be less than 0.3 nephelometric turbidity units (NTU) in at least 95 
percent of samples taken each month and at no time may exceed 1 NTU. Measurements are 
to be taken at 4 hour intervals. Utilities must conduct continuous monitoring of turbidity for 
each individual filter in the plant and provide a monthly exception report to the state.  
Repeated violations of the turbidity requirements may result in a performance evaluation of 
the filter by the state or a third party. 

The IESWTR required certain utilities to evaluate their disinfection practices by preparing a 
disinfection profile. This requirement was intended to ensure that disinfection was not 
compromised by changes implemented to control disinfection by-product formation. 
Systems that have a running annual average total trihalomethane (TTHM) or Haloacetic 
Acid 5 (HAA5) concentration greater than 80 percent of the MCLs for those compounds (64 
µg/L TTHMs or 48 µg/L HAA5) were required to produce a disinfection profile. The 
disinfection profile is developed by compiling daily Giardia log inactivation (CT values) over 
a 12-month period.  These data are used to establish a benchmark of the minimum level of 
inactivation provided by the system.   

Long Term 1 Enhanced Surface Water Treatment Rule 

The LT1ESWTR applied the requirements of the IESWTR to small surface water systems, 
serving fewer than 10,000 people, and non-community water systems. Additionally, it 
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required that all finished water reservoirs, constructed after the rule’s promulgation, be 
covered.  

Long Term 2 Enhanced Surface Water Treatment Rule  

The LT2ESWTR proposal was issued in August 2003 with a final rule expected to come out 
in late 2005 or early 2006. The Town will be utilizing surface water after this rule is 
promulgated and therefore must be aware of its requirements. 

This rule proposes a risk based approach for control of Cryptosporidium.  To do so, systems 
will implement a microbial framework approach in which the source water is initially 
monitored for Cryptosporidium levels.  The monitoring results are then used to classify the 
system in different “bins,” which determine the level of treatment required.   

Large filtered systems such as Castle Rock (serving 10,000 people or more) must sample 
their source water for Cryptosporidium, E. coli, and turbidity at least monthly for two years.  
Monitoring for large system must begin within 6 months of promulgation of the rule.   

Under the LT2ESWTR, filtered systems are required to provide 3-log Cryptosporidium 
treatment.  As a result of the source water monitoring, filtered systems will also be classified 
into bins.  The bin classification is determined by averaging the Cryptosporidium 
concentrations measured for individual samples.  Additional log treatment for 
Cryptosporidium, above the required 3-logs, is required based on the bin classification of the 
system.  Table 1.5.2-3 shows the bin classification and corresponding additional treatment 
required based on the source water monitoring. 

TABLE 1.5.2-3 
Bin Classification and Total Log Treatment Required Based on Source Water Monitoring 

Cysts in Source Water (#/L) Bin Classification Total Log Removal 
(inactivation) Required 

<0.075 1 No additional treatment 
>0.075 and <1.0 2 1.0 
>1.0 and <3.0 3 2.0 

>3 4 2.5 
 

Systems can receive credit for treatment currently provided.  Filtration plants meeting the 
required filter effluent turbidity criteria in the IESWTR are given a 3-log Cryptosporidium 
removal credit. The rule also contains a list of treatment processes and management 
practices that may be implemented to provide additional Cryptosporidium treatment. 
Systems in Bin 2 can meet additional Cryptosporidium requirements by using any option or 
combination of options in the microbial toolbox, provided in Appendix A. Systems in Bins 3 
and 4 must achieve at least 1 log of treatment trough ozone, chlorine dioxide, UV, 
membranes, bag filtration, cartridge filtration, or bank filtration. Treatment greater than the 
associated credits listed above may be awarded based on site-specific or technology-specific 
demonstration of performance.   
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Disinfection By-Products 
Under the Stage 1 D/DBP Rule, the Town is currently required to meet the total 
trihalomethane (TTHM) and haloacetic acid (HAA5) MCLs of 80 µg/L and 60 µg/L, 
respectively. However, the Stage 2 D/DBP Rule is expected to be promulgated in late 2005 
or early 2006. This rule requires the use of locational running annual averages (LRAAs) to 
determine compliance with the MCLs. The LRAA will be calculated for each monitoring 
location in the distribution system. The locations for this monitoring will be determined by 
the Initial Distribution System Evaluation (IDSE). The Town must conduct an IDSE and 
submit an IDSE report within two years after the Stage 2 D/DBP rule is promulgated. The 
Town can meet the IDSE requirements by implementing a standard monitoring program 
(SMP). The standard monitoring program requires one year of monitoring on a specified 
schedule. Systems serving at least 10,000 people must collect samples approximately every 
60 days at eight distribution system sites per plant. All systems must collect samples during 
the peak historical month for TTHM levels or water temperature. The IDSE is designed to 
identify locations in the distribution system that see peaks in TTHMs and HAA5s. The Stage 
2 D/DBP Rule is more stringent than the Stage 1 rule from a monitoring perspective.  

The Town’s existing and proposed alluvial wells may be high in TOC, as seen in samples 
from Wells 12 and 79 that had TOC concentrations of 10 mg/l and 7 mg/l, respectively.  The 
higher organics that may be present in these wells may increase the production of TTHMs 
and HAA5s in the distribution system. Due to more stringent regulations and higher TOCs, 
the Town will have to monitor DBP formation in the distribution system more closely in the 
future. 

The D/DBP Rule also attempts to reduce general DBP formation by requiring specific levels 
of TOC removal by coagulation (termed “enhanced coagulation").  Enhanced coagulation is 
required for all conventional treatment plants to achieve the TOC percentages listed in Table 
1.5.2-4 unless any one of the alternative compliance criteria listed below is met. 

• Source water TOC is < 2.0 mg/L or specific ultraviolet absorbance (SUVA = 
UV254/DOC) < 2.0 L/mg-m; or 

• Treated water TOC, prior to the first point of disinfection, is <2 mg/L or SUVA < 2.0 
L/mg-m; or  

• Source water TOC is < 4 mg/L, alkalinity is > 60 mg/L as CaCO3, and TTHM/HAA5 
levels are no more than 40/30 µg/L (annual average), respectively, and system has 
made a clear and irrevocable financial commitment to technologies that limit TTHMs 
and HAAs to 40/30 µg/L; or 

• TTHM/HAA5 levels are no more than 40/30 µg/L (annual average), respectively, and 
system uses only chlorine for disinfection 
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TABLE 1.5.2-4 
Required TOC Removal Efficiencies Through Enhanced Coagulation 

 Source Water Alkalinity, mg/L as CaCO3 

Source Water TOC, mg/L 0 – 60 >60 - 120 > 120 

0-2.0 No Action No Action No Action 

>2.0-4.0 35.0% 25.0% 15.0% 

>4.0-8.0 45.0% 35.0% 25.0% 

>8.0 50.0% 40.0% 30.0% 

 

If the Town cannot meet the enhanced coagulation guidelines and cannot meet one of the 
alternative compliance criteria listed previously, then it will be required to conduct bench- 
and pilot-scale studies to determine the minimum TOC removal required for the WTP.  
There are specific steps and protocols that must be followed for the alternative TOC 
reduction benchmark methods, which are further explained in the regulation. 

Total Dissolved Solids  
The EPA currently has set a secondary MCL (sMCL) of 500 mg/L for total dissolved solids 
(TDS). Elevated levels of TDS are not correlated to increased health risk for consumers. 
However, customers will be able to taste TDS levels in the water greater than 500 mg/L. 
Increased TDS levels may lead to problems with customer acceptance of the water. Thus, it 
is recommended that the Town ensure that the finished water in the future be below 500 
mg/L of TDS.  

Depending upon source water quality, several methods are available to the Town to 
maintain finished water TDS below 500 mg/L. If the source water has TDS less than 500 
mg/L, the Town can treat and distribute the water without further consideration. If the 
source water is slightly above 500 mg/L of TDS, blending of the raw water with a raw water 
of lower TDS may solve the issue. However, if the raw water TDS is greater than 1,000 
mg/L, it may be too high to blend below 500 mg/L. Reverse osmosis may be required to 
reduce the TDS. This is an expensive treatment method, but may be required if the raw 
water quality is poor. 

Other Regulations 
Other regulations that will apply to a future surface water include the Drinking Water 
Candidate Contaminant List and the Volatile Organic, Synthetic Organic and Inorganics 
Rules.  Details on these regulations are presented in Appendix A, however a summary is not 
provided here because the actual raw water quality of the Town’s future surface water is not 
known. 
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Overview 
This technical memorandum (TM) summarizes the existing and anticipated drinking water 
regulations.  Regulatory information presented in this TM is based on the most current 
regulatory literature published by EPA’s Office of Drinking Water and the American Water 
Works Association (AWWA).  In addition, it includes CH2M HILL’s understanding of the 
anticipated changes in regulations that may affect treatment process selection.  This TM 
includes a summary of the regulations and a comprehensive regulatory review which 
explains the regulations in greater detail. 

Surface Water Treatment Rule 
The Surface Water Treatment Rule (SWTR) was promulgated in 1989 to reduce the potential 
for pathogenic contamination in drinking water.  The rule applies to all public water 
systems that use surface water or groundwater under the direct influence of surface water. 
The major requirements of this regulation are: 

• Filtration requirements for most waters (and criteria to avoid filtration requirement) 
• Performance criteria based on effluent turbidity for filtration 
• Disinfection requirements for both filtered and unfiltered systems 
• Monitoring requirements for all surface water supplies 

A summary of the monitoring requirements are provided in Table 1. 

TABLE 1 
Summary of Surface Water Treatment Rule Monitoring Requirements 

Analyte Location Frequency 

Primary Disinfectant Residual 
Concentration 

Effluent of primary disinfection 
process 

Daily (record at peak hourly flow  
rate) 

Secondary Disinfectant Residual 
Concentration* 
*Heterotrophic bacteria measured 
as heterotrophic plate count (HPC) 
may be measured in lieu of the 
residual disinfectant concentration 

Entrance to the distribution system 
Within the distribution system (at 
the same points as total coliforms 
are sampled) 

Continuous (record lowest daily 
value) 
At the same time as total coliforms 
are sampled 

Turbidity Filter Effluent Every 4 hours 
Temperature Each location where the 

disinfectant residual is measured 
Daily 

Flow Rate Effluent of each disinfection 
process 

Daily (record peak hourly flow rate) 
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The SWTR requires that source waters be treated to achieve a minimum 3-log (99.9%) 
removal and/or inactivation of Giardia cysts and a 4-log (99.99%) removal and/or 
inactivation of enteric viruses.  Partial removal/inactivation credit is given to systems that 
provide adequate filtration.  The actual amount of credit given from filtration depends upon 
the specific treatment processes at the plant.  For well operated conventional treatment 
plants, a 2.5-log credit Giardia removal and 2-log virus removal credit is awarded.  For well 
operated direct filtration plants, a 2.0-log credit Giardia removal and 1-log credit for virus 
removal is awarded.  The remainder of the removal/inactivation credit must be achieved 
through chemical disinfection. 

Inactivation credit for chemical disinfection is based on published microbial inactivation 
tables.  These tables are generally based on the calculation of disinfectant CT expressed in 
mg min/L, where C is the residual disinfectant concentration (mg/L) after primary 
disinfection and T is the t10, the 10th percentile detention time (minutes) during which the 
water was in contact with the disinfectant.  The EPA has published a guidance manual that 
lists the chemical inactivation credit awarded for Giardia and viruses at a given contact time 
and disinfectant concentration for specific water temperatures and pH values. 

In addition to the microbial removal and inactivation requirements by filtration and 
primary disinfection, the SWTR requires secondary disinfection to provide an additional 
barrier against microbial contamination of the distribution system.  The secondary 
disinfection mandate requires that the residual disinfectant concentration in the water 
entering the system not be less than 0.2 mg/L for more than 4 hours and that residual 
disinfectant concentration in the distribution system cannot be undetectable in more than 5 
percent the samples each month for two consecutive months.  Water in the distribution 
system with a heterotrophic bacteria concentration less than or equal to 500/mL is deemed 
to have a detectable disinfectant residual. 

Watershed Protection 
The SWTR also developed watershed protection requirements for filtered and unfiltered 
systems.  Source protection is the first barrier in reducing drinking water contaminants.  
Because information on the inactivation of Cryptosporidium is limited, watershed protection 
is a particularly important barrier for protection against the organism in unfiltered systems. 

Under the SWTR, public water systems must maintain a watershed control program that 
minimizes potential for source water contamination by viruses and Giardia cysts.  A 
watershed control program must: 
• Characterize watershed ownership and hydrology, 
• Identify characteristics of the watershed and activities within the watershed that might 

have an adverse effect on water quality, and 
• Minimize the potential for source water contamination by Giardia lamblia and viruses.   

The public water system must demonstrate through ownership and/or written agreements 
with landowners within the watershed that it can control all human activities which may 
have an adverse impact on the microbiological quality of the source water.  Both natural and 
human-caused sources of watershed contamination to be controlled are listed in the EPA 
Guidance manual.  These sources include wild animal populations, wastewater treatment 
plants, grazing animals, feedlots, and recreational activities. 
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The public water system must also be subject to an annual on-site inspection to assess the 
watershed control program and disinfection treatment process.  A report of the on-site 
inspection summarizing all findings must be prepared every year.  

Enhanced Surface Water Treatment Rule 
In 1992 the EPA initiated an Enhanced SWTR (ESWTR) that would provide additional 
microbial and disinfection controls for systems using surface water or groundwater under 
the direct influence of surface water.  The rule was to be implemented through stages in the 
Interim ESWTR (IESWTR) and Stage 1 and Stage 2 Long-Term ESWTR (LT1ESWTR and 
LT2ESWTR) to allow for development of adequate information concerning pathogen 
occurrence and inactivation.  The Information Collection Rule (ICR) was promulgated in 
1996 to obtain data on microbial organisms, disinfection by-products, and other chemical 
parameters of surface waters.  The data was collected so that it could be used in the 
regulatory process to set standards in the Stage 2 D/DBPR and the LT2ESWTR.  The three 
phases of the Enhanced Surface Water Treatment Rule are discussed in more detail below. 

Interim Enhanced Surface Water Treatment Rule 
The IESWTR was promulgated in December 1998.  The rule builds upon the provisions of 
the SWTR, provides improved public health protection against Cryptosporidium, and 
addresses risk tradeoffs with DBPs.  The rule applies to public water systems that use 
surface water or groundwater under the direct influence of surface water and serve 10,000 
or more people.  Utilities are required to comply with both the SWTR and the IESWTR.  The 
compliance deadline for most requirements was January 1, 2002. 

The IESWTR amended the SWTR to include an a maximum contaminant level goal (MCLG) 
of zero for Cryptosporidium, a 2-log Cryptosporidium removal requirement for filtration 
systems, more stringent filter effluent turbidity standards, disinfection benchmarking 
provisions, and requirements for sanitary surveys.  Requirements were also added that deal 
with additional criteria for groundwater under the direct influence of surface water and the 
filtration avoidance criteria for surface water supplies.  Systems with uncovered finished 
water reservoirs were required to either cover the reservoir or treat the reservoir discharge 
to the distribution system to achieve 4-log virus inactivation.  If a State or Primacy Agency 
determines that existing risk mitigation is adequate, the system may not be required to 
cover their finished water reservoir or treat its discharge. 

Systems that use conventional treatment or direct filtration were assumed to meet the 2-log 
Cryptosporidium removal requirement if they complied with the IESWTR turbidity 
requirements and the existing provisions of the SWTR.  A system's combined filter effluent 
turbidity were required to be less than 0.3 nephelometric turbidity units (NTU) in at least 95 
percent of samples taken each month and at no time may exceed 1 NTU.  Measurements are 
to be taken at 4 hour intervals.  Utilities must conduct continuous monitoring of turbidity 
for each individual filter in the plant and provide a monthly exception report to the state.  
Exception reporting must include (1) any individual filter that exceeds 1.0 NTU for two 
consecutive measurements made 15 minutes apart, and (2) any individual filter that exceeds 
0.5 NTU after the first 4 hours of a filter run.  Repeated violations of the turbidity 
requirements may result in a performance evaluation of the filter by the state or a third 
party. 
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The IESWTR required certain utilities to evaluate their disinfection practices by preparing a 
disinfection profile.  This requirement was intended to ensure that disinfection was not 
compromised by changes implemented to control disinfection by-product formation.  
Systems that have a running annual average total trihalomethane (TTHM) or Haloacetic 
Acid 5 (HAA5) concentration greater than 80 percent of the MCLs for those compounds (64 
µg/L TTHMs or 48 µg/L HAA5) were required to produce a disinfection profile.  A utility 
determines if it must establish a disinfection profile using four consecutive quarters of 
TTHM and HAA5 data that were collected according to the following criteria: 

• TTHM and HAA5 data collected within the same quarter; 
• Four samples collected per quarter; and  
• At least 25 percent of samples collected from locations that reflect the maximum 

residence time in the distribution system. 

The disinfection profile is developed by compiling daily Giardia log inactivation (CT values) 
over a 12-month period.  These data are used to establish a benchmark of the minimum 
level of inactivation provided by the system.  For utilities using ozone or chloramines, daily 
virus log inactivation must also be compiled.  Systems required to conduct disinfection 
profiles are required to consult with the State if significant changes in disinfection practice 
are proposed.  Disinfection profiles, if required, were to be completed before March 2001. 

The requirements of the sanitary surveys state that the primacy agency must conduct a 
survey of all surface water systems and address the eight components for a survey based on 
the EPA guidelines for completion of sanitary surveys.  The regulation requires that surveys 
be conducted once every 3 years, with the first set to be completed by December 2004.  An 
exemption is allowed for “outstanding performing utilities” as determined by the primacy 
agency.  This exemption allows for sanitary surveys to be completed every 5 years. 

The IESWTR required that all new finished water reservoirs that began construction after 
February 16, 1999 have a cover.  The requirement did not apply to any existing finished 
water reservoirs. 

The filtration avoidance criteria in the SWTR were augmented by the IESWTR with new 
requirements for a watershed control program that addresses Cryptosporidium source control 
in the watershed.  Cryptosporidium is to be included in the watershed control provisions 
wherever Giardia lamblia is mentioned.  The criteria also include the requirement that the 
utility meet the current MCL for TTHMs and the Stage 1 D/DBP MCLs. 

The IESWTR is augmented by the Long-Term 1 and 2 Enhanced Surface Water Treatment 
Rules. 

Long-Term 1 Enhanced Surface Water Treatment Rule (LT1ESWTR) 
The purpose of the LT1ESWTR is to build upon the provisions of the IESWTR for better 
protection of the public health and risks posed by Cryptosporidium and other pathogens.  The 
final LT1ESWTR was published January 2002, and it applied the requirements of the 
IESWTR to small surface water systems (i.e., those systems serving less than 10,000 
customers) and to non-community water systems.  The LT1ESWTR required small systems 
to comply with the same disinfection profiling and benchmarking, Cryptosporidium removal, 
and filter turbidity performance standard as those established by the IESWTR.   
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The LT1ESWTR also required that finished water reservoirs where construction was begun 
more than 60 days after promulgation must be covered.  In addition, unfiltered systems 
must comply with watershed control requirements that add Cryptosporidium as a pathogen 
of concern. 

Long-Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR) 
The LT2ESWTR proposal was issued in August 2003 with a final rule expected to come out 
in late 2005 or early 2006.  The purpose of the LT2ESWTR is to provide additional public 
health protection against microbial pathogens in public water systems.  The rule builds 
upon the provisions of the IESWTR and LT1ESWTR.  The LT2ESWTR applies to all public 
water systems that use surface water or groundwater under the direct influence of surface 
water.  The rule establishes additional requirements for Cryptosporidium treatment, 
disinfection profiling and benchmarking, and uncovered finished water storage facilities.  
These requirements are discussed below. 

EPA has developed eight associated guidance manuals for the LT2ESWTR and the Stage 
2DBPR.  These guidance manuals can be found on the EPA‘s website.  

Treatment Requirements 
Current regulations require 2-log Cryptosporidium treatment.  EPA has determined that this 
is not adequate treatment for systems with high source water Cryptosporidium levels.  As a 
result, the LT2ESWTR applies additional treatment requirements for Cryptosporidium in 
public water systems.  The rule proposes a risk based approach for control of 
Cryptosporidium.  To do so, systems will implement a microbial framework approach in 
which the source water is initially monitored for Cryptosporidium levels.  The monitoring 
results are then used to classify the system in different bins, which determine the extent of 
additional treatment required.   

The rule applies to both filtered and unfiltered water systems unlike the current regulations, 
which do not require Cryptosporidium treatment for unfiltered systems.  Under the 
LT2ESWTR, unfiltered systems are required to provide at least 2-log Cryptosporidium 
inactivation.  Requirements for both filtered and unfiltered systems are discussed in more 
detail below. 

Filtered Systems 
Monitoring Requirements:  The LT2ESWTR requires systems to monitor their source water 
for Cryptosporidium, E. coli, and turbidity.  The monitoring allows systems to assess their 
source water and classify their system in different risk bins based on this monitoring.  E. coli 
and turbidity monitoring are used as indicators to identify drinking water sources that are 
susceptible to high concentrations of Cryptosporidium.  Large filtered systems (serving 10,000 
people or more) must sample their source water for Cryptosporidium, E. coli, and turbidity at 
least monthly for two years.  Monitoring for large system must begin within 6 months of 
promulgation of the rule.  Monitoring results for large systems will be reported directly to 
the EPA through an electronic data system. 

Small filtered systems (serving fewer than 10,000 people) must initially sample their source 
water for E. coli at least bi-weekly for one year.  Monitoring for small systems must begin 
within 2.5 years of promulgation of the rule.  If the initial E. coli monitoring indicates a 
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mean concentration greater than 10 E. coli/100mL for systems using a reservoir or lake as 
their primary source or greater than 50 E. coli/100mL for systems using a flowing stream as 
their primary source, then Cryptosporidium monitoring must be conducted.  Small systems 
that exceed E. coli trigger values must conduct one year of Cryptosporidium sampling twice 
per month.  Sampling must begin within 4 years of promulgation of the rule.  Unfiltered 
systems are not required to conduct source water monitoring if the system provides a total 
of at least 3 log Cryptosporidium inactivation.  Unfiltered systems must, however, participate 
in future monitoring as required for filtered systems.  Monitoring results for small systems 
will be reported to the EPA or the States, depending on whether the States have assumed 
primacy for the LT2ESWTR. 

Previously collected data may be used if the data are equivalent to the data that will be 
collected under this rule.  Filtered systems are not required to conduct source water 
monitoring if the system provides a total of 5.5 log of Cryptosporidium treatment.  Any 
filtered system that fails to complete the source water monitoring will be required to meet 
the treatment requirements of Bin 4 (discussed below).   

Systems will also be required to conduct a second round of source water monitoring.  The 
second round of monitoring will begin six years after the initial classification of bins and 
may be reclassified.  

Treatment Requirements: Under the LT2ESWTR, filtered systems are required to provide 3 
log Cryptosporidium treatment.  As a result of the source water monitoring, filtered systems 
will also be classified into bins.  The bin classification is determined by averaging the 
Cryptosporidium concentrations measured for individual samples.  Additional log treatment 
for Cryptosporidium is required based on the bin classification of the system.  Table 2 shows 
the bin classification and corresponding additional treatment required based on the source 
water monitoring. 

TABLE 2 
Bin Classification and Total Log Treatment Required Based on Source Water Monitoring 

Cysts in Source Water (#/L) Bin Classification Total Log Removal 
(inactivation) Required 

<0.075 1 No additional treatment 
>0.075 and <1.0 2 1.0 
>1.0 and <3.0 3 2.0 

>3 4 2.5 
 

Systems can receive credit for treatment currently provided.  Filtration plants (including 
conventional, slow sand, and DE) meeting the required filter effluent turbidity criteria are 
given a 3 log Cryptosporidium removal credit.  Note that the IEWSTR and LT1ESWTR 
awarded only 2 log credit for the same systems.  Direct filtration plants are awarded a 2.5-
log Cryptosporidium removal credit.  Other filtration technologies such as membranes, bag 
filters, and cartridge filters, may receive credit based on product specific testing as 
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determined by the State.  Product specific testing is required based on the variability in 
performance among the products.   

The rule also contains a list of treatment processes and management practices that may be 
implemented to provide additional Cryptosporidium treatment.  Systems in Bin 2 can meet 
additional Cryptosporidium requirements by using any option or combination of options in 
the microbial toolbox.  Table 3 lists the microbial toolbox components and their associated 
potential log credit.  Systems in Bins 3 and 4 must achieve at least 1 log of treatment trough 
ozone, chlorine dioxide, UV, membranes, bag filtration, cartridge filtration, or bank 
filtration.   

TABLE 3 
Microbial Toolbox: Proposed Options, Log Credits, and Design and Implementation Criteria* 

Toolbox Option Proposed Cryptosporidium log credit with design and implementation 
criteria. 

Watershed Control Program 0.5 log credit for State approved program comprising EPA specified 
elements.  Does not apply to unfiltered systems. 

Alternative source/Intake 
Management 

No presumptive credit.  Systems may conduct simultaneous monitoring for 
LT2ESWTR bin classification at alternative intake locations or under 
alternative intake management strategies. 

Off-stream raw water storage No presumptive credit.  Systems using off-stream storage must conduct 
LT2ESWTR sampling after raw water reservoir to determine bin 
classification. 

Pre-sedimentation basin with 
coagulation 

0.5 log credit with continuous operation and coagulant addition; basins must 
achieve 0.5 log turbidity reduction based on the monthly mean of daily 
measurements in 11 of the 12 previous months; all flow must pass through 
basins.  Systems with existing pre-sed basins must sample after basins to 
determine bin classification and are not eligible for presumptive credit. 

Lime softening 0.5 log additional credit for two-stage softening (single stage softening is 
assumed equivalent to conventional treatment).  Coagulant must be present 
in both stages – includes metal salts, polymers, lime, or magnesium 
precipitation.  Both stages must treat 100% of flow. 

Bank filtration (as pretreatment) 0.5 log credit for 25 ft. setback; 1.0 log credit for 50 ft. setback; aquifer must 
be unconsolidated sand containing at least 10% fines; average turbidity in 
wells must be < 1 NTU.  Systems using existing wells followed by filtration 
must monitor well effluent to determine bin classification and are not eligible 
for presumptive credit. 

Combined filter performance 0.5 log credit for combined filter effluent turbidity 0.15 NTU in 95% of 
samples each month.   

Roughing filters No presumptive credit proposed. 
Slow sand filters 2.5 log credit as a secondary filtration step; 3.0 log credit as a primary 

filtration process.  No prior chlorination. 
Second stage filtration 2.5 log credit for second separate filtration stage; treatment train must 

include coagulation prior to first filter.  No presumptive credit for roughing 
filters. 

Membranes  Log credit equivalent to removal efficiency demonstrated in challenge test 
for device if supported by direct integrity testing. 
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TABLE 3 
Microbial Toolbox: Proposed Options, Log Credits, and Design and Implementation Criteria* 

Toolbox Option Proposed Cryptosporidium log credit with design and implementation 
criteria. 

Bag filters 1 log credit with demonstration of at least 2 log removal efficiency in 
challenge test. 

Cartridge filters 2 log credit with demonstration of at least 3 log removal efficiency in 
challenge test. 

Chlorine dioxide Log credit based on demonstration of log inactivation using CT table. 
Ozone Log credit based on demonstration of log inactivation using CT table. 
UV Log credit based on demonstration of inactivation with UV dose table; 

reactor testing required to establish validated operating conditions. 
Individual filter performance 1.0 log credit for demonstration of filtered water turbidity < 1.0 NTU in 95% 

of daily max values from individual filters (excluding 15 min period following 
backwashes) and no individual filter > 0.3 NTU in two consecutive 
measurements taken 15 minutes apart. 

Demonstration of performance Credit awarded to unit process or treatment train based on demonstration to 
the State, through use of a State-approved protocol. 

*Stage 2 M-DBP Agreement in Principle 

Treatment greater than the associated credits listed above may be awarded based on site-
specific or technology-specific demonstration of performance.   

Unfiltered Systems 
Monitoring Requirements: Unfiltered systems are also required to conduct source water 
monitoring.  Large unfiltered systems (serving 10,000 people or more) must sample their 
source water for Cryptosporidium at least monthly for two years.  Monitoring for large 
system must begin within 6 months of promulgation of the rule.  Small unfiltered systems 
(serving fewer than 10,000 people) must sample their source water for Cryptosporidium at 
least twice per month for one year.  Monitoring for small systems must begin within 4 years 
of promulgation of the rule.  Small unfiltered systems cannot monitor for an indicator as 
with filtered systems.   

Unfiltered systems are not required to conduct source water monitoring if the system 
provides a total of at least 3 log Cryptosporidium inactivation.  Unfiltered systems must, 
however, participate in future monitoring as required for filtered systems beginning six 
years after systems are initially classified if initial monitoring is required for that unfiltered 
system. 

Treatment Requirements: Unfiltered systems under the LT2ESWTR must achieve at least 2 
log Cryptosporidium inactivation prior to the distribution of finished water.  Systems must 
monitor for Cryptosporidium in their source water.  If monitoring demonstrates a mean level 
of Cryptosporidium above 0.01 oocysts/L, then the system must provide at least 3 log 
Cryptosporidium inactivation.  Disinfection requirements for unfiltered systems myst be met 
using a minimum of two disinfectants and each of the disinfectants must achieve the total 
inactivation required for one of the three SWTR regulated pathogens (Cryptosporidium, 
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Giardia lamblia, or virus) by itself.  The purpose of the two disinfectants is to provide a multi-
barrier protection against pathogens and to provide more effective protection against a 
broad spectrum of pathogens. 
 
Disinfection Profiling and Benchmarking 
Disinfection profiling and benchmarking is required to ensure that changes in disinfection 
practices (potentially resulting from implementation of the Stage 2 DBPR) do not 
compromise the microbial protection of the system.  Disinfection benchmarks were initially 
established under the IESWTR and LT1ESWTR, and the requirements provided in the 
LT2ESWTR build upon these provisions. 

The LT2ESWTR requires disinfection benchmarking by charting levels of Giardia lamblia and 
virus inactivation at least once per week for at least one year.  The charting is used to 
determine the baseline (or benchmark) levels of inactivation by which changes to 
disinfection practices can be measured against.  The disinfection profiling and 
benchmarking are based upon operational and water quality data (disinfectant residual 
concentrations, contact times, temperatures, and potentially pH).   

Disinfection benchmarking applies to surface water systems only.  Systems are required to 
develop disinfection profiling and benchmarking if the system is required to monitor for 
Cryptosporidium or if the system exceeds specified DBP levels.  Note that there are some 
exceptions to these requirements.  Small systems using E. coli as a trigger organism in 
source water monitoring are required to develop disinfection profiling and benchmarking if 
TTHM or HAA5 levels in the distribution system are at least 80% of the MCL at any Stage 1 
DBPR sampling point based on a locational running annual average (LRAA). 

Prior to implementing any significant disinfection practices (defined as altering the 
disinfection point, changing the type of disinfectants, changing the disinfection process, or 
other modifications designated as significant by the State), systems initially required to 
create a disinfection profile must calculate Giardia lamblia and virus inactivation benchmarks 
and notify the State.  In notifying the State, the system must provide: (1) a description of 
proposed changes, (2) disinfection profiles and inactivation benchmarks for Giardia lamblia 
and viruses, and (3) an analysis of how the proposed change will affect the current 
inactivation benchmarks. 

Systems that have developed disinfection profiles under the IESWTR or LT1ESWTR and 
have not made significant changes to their disinfection practices are not required to collect 
additional data.   

Uncovered Finished Water Storage Facilities 

Under the LT2ESWTR, systems with uncovered finished water storage facilities must cover 
the storage facility or treat the storage facility discharge to achieve 4-log virus inactivation.  
Systems may implement a State-approved risk mitigation plan that addresses access and 
security, surface water runoff, animal and bird waste, and ongoing water quality 
assessment.  The purpose of these requirements is to mitigate the potential for water quality 
degradation or increased health risks that can result from uncovered storage facilities. 

Systems must notify the State no later than 2 years following promulgation of the rule that 
they have an uncovered finished water storage facility.  Systems must meet the above 
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requirements within 3 years following promulgation of the rule.  Systems may request a two 
year extension from the States if they are making capital improvements to the facilities. 

Stage 1 Disinfectants/ Disinfection By-Products Rule 
Historically the DBPs that have been regulated are the total trihalomethanes (TTHMs).  
Requirements were established by the EPA starting in 1979.  An interim primary MCL was 
established at that time of 100 micrograms per liter (µg/L) for TTHMs. 

Stage 1 of the Disinfectants and Disinfection By-products (D/DBP) Rule was finalized in 
December 1998.  The rule applies to all community and non-transient non-community water 
systems that treat their water with a chemical disinfectant.  Large systems were required to 
comply with the rule by January 2002, while small groundwater systems were required to 
the requirements by January 2004. 

The rule establishes MCLs of 80 µg/L for total trihalomethanes (TTHMs) and 60 µg/L for 
the haloacetic acids (HAA5).  Samples for DBPs for most systems consist of at least four 
samples from the distribution system on a quarterly basis.  Under certain conditions these 
sampling requirements can be less.  Compliance for DBPs is based on a running annual 
average of the quarterly averages, computed every 3 months.  It should be noted that the 
EPA also set a maximum contaminant level goal (MCLG) of zero for DBPs. 

The MCL for bromate is 10 µg/L.  Samples for systems that use ozonation are required 
monthly at the entrance to the distribution system.  Compliance is based on a running 
annual average computed quarterly. 

The MCL for chlorite for systems that use chlorine dioxide is 1.0 mg/L, with samples 
required daily at the entrance to the distribution system.  If samples at the entrance to the 
distribution system are above the MCL, this triggers additional distribution system 
sampling.  Compliance is based on a monthly average of distribution system samples.  
Large surface water systems must comply with the D/DBP rule by January 1, 2002.  Smaller 
systems (serving less than 10,000 people) and systems using groundwater have until 
January 1, 2004 to be in compliance.  Under certain conditions large water systems (serving 
greater than 10,000 people) may be able to apply for extensions to the compliance date for 
up to 2 years beyond the original compliance date (i.e., until January 1, 2004). 

The D/DBP rule also contains maximum residual disinfectant levels (MRDL).  Chlorine and 
chloramines are limited to 4.0 mg/L as Cl2 based on a running annual average.  Samples for 
chlorine and chloramines are required to be taken at the same points in the distribution 
system as samples taken for the TCR for compliance.  Chlorine dioxide residual is limited to 
0.8 mg/L as ClO2 based on daily samples at the entrance to the distribution system.  A 
summary of the Stage 1 D/DBP disinfectant and contaminant limits and goals are provided 
in Table 4. 
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TABLE 4 
Stage 1 D/DBPR Limits 

Disinfectant Residual MRDLG (mg/L) MRDL (mg/L) Compliance Based on 

Chlorine 4.0 (as Cl2) 4.0 (as Cl2) Annual Average 
Chloramine 4.0 (as Cl2) 4.0 (as Cl2) Annual Average 
Chlorine Dioxide 0.8 (as ClO2) 0.8 (as ClO2) Daily Samples 

Disinfection Byproducts MCLG (mg/L) MCL (mg/L) Compliance Based on 

Total Halomethanes (TTHM)1 N/A 0.080 Annual Average 
-Chloroform ***   
-Bromodichloromethane 0   
-Dibromomonochloromethane 0.06   
-Bromoform 0   
Haloacetic acids (five) (HAA5)2 N/A 0.060 Annual Average 
-Dichloroacetic acid 0   
-Trichloroacetic acid 0.3   
Chlorite 0.8 1.0 Monthly Average 
Bromate 0 0.010 Annual Average 
N/A Not applicable because there are individual MCLGs for TTHMs and HAAs 

Total trihalomethanes is the sum of the concentrations of chloroform, bromodichloromethane, 
dibromochloromethane, and bromoform 

Haloacetic acids (five) is the sum of the concentrations of mono-, di-, and trichloroacetic acids and mono- and 
dibromoacetic acids 

*** USEPA removed the zero MCLG for chromoform from its National Primary Drinking Water Regulations, 
effective May 30, 2000, in accordance with an order of the U.S. Court of Appeals for the District of 
Columbia Circuit 

 
In addition to the DBPs discussed above, the D/DBP Rule attempts to reduce general DBP 
formation by requiring specific levels of TOC removal by coagulation (termed “enhanced 
coagulation").  Enhanced coagulation is required for all conventional treatment plants to 
achieve the TOC percentages listed in Table 5 unless any one of the alternative compliance 
criteria listed below is met. 

• Source water TOC is < 2.0 mg/L or specific ultraviolet absorbance (SUVA = 
UV254/DOC) < 2.0 L/mg-m; or 

• Treated water TOC, prior to the first point of disinfection, is <2 mg/L or SUVA < 2.0 
L/mg-m; or  

• Source water TOC is < 4 mg/L, alkalinity is > 60 mg/L as CaCO3, and TTHM/HAA5 
levels are no more than 40 µg/L/30 µg/L, (annual average) respectively, and system has 
made a clear and irrevocable financial commitment to technologies that limit TTHMs 
and HAAs to 40/30 µg/L; or 

• TTHM/HAA5 levels are no more than 40/30 µg/L, (annual average) respectively, and 
system uses only chlorine for disinfection 
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TABLE 5  
Required TOC Removal Efficiencies Through Enhanced Coagulation 

 Source Water Alkalinity, mg/L as CaCO3 

Source Water TOC, mg/L 0 – 60 >60 - 120 > 120 

0-2.0 No Action No Action No Action 
>2.0-4.0 35.0% 25.0% 15.0% 
>4.0-8.0 45.0% 35.0% 25.0% 

>8.0 50.0% 40.0% 30.0% 
 

If a utility cannot meet the enhanced coagulation guidelines and cannot meet one of the 
alternative compliance criteria listed previously, then they will be required to conduct 
bench- and pilot-scale studies to determine the minimum TOC removal required for the 
plant.  There are specific steps and protocols that must be followed for the alternative TOC 
reduction benchmark methods, which are further explained in the regulation. 

Routine monitoring is also required as a part of the enhanced coagulation rules under the 
Stage 1 D/DBP regulation.  This includes sampling the following each month at the same 
time: 

• Raw water prior to any treatment for TOC and alkalinity 
• Treated water (prior to oxidant addition) for TOC 

Data must also be collected for plant operations to establish compliance with the regulation.  
Compliance is determined by a performance ratio approach on a running annual average 
basis. 

Stage 2 Disinfectants/Disinfection By-Product Rule (DBPR) 
The Stage 2 DBPR proposal was issued in August 2003 with a final rule expected to come 
out in late 2005 or early 2006.  The rule is designed to decrease DBP occurrence peaks in the 
distribution system based on changes to compliance monitoring provisions.  The rule will 
reduce the potential risks of reproductive and developmental health effects and cancer 
associated with DBPs. 

Stage 2 of the DBPR applies to all public water systems that are community water systems 
or non-transient non-community water systems that add a primary or residual disinfectant 
other than UV or deliver water that has been treated with a primary or residual disinfectant 
other than ultraviolet light.  Stage 2 DBPR sets forth requirements for MCLs and MCLGs for 
disinfection byproducts, specifies best available technologies for the proposed MCLs, and 
provides a risk-based approach (initial distribution system evaluation (IDSE) monitoring) to 
identify monitoring sites that contain high levels of DBPs.  These requirements are discussed 
in the following section. 

The EPA has developed eight associated guidance manuals for the LT2ESWTR and the 
Stage 2 DBPR.  These guidance manuals can be found on EPA’s website. 
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Requirements 

Maximum Contaminant Level Goals (MCLGs) 

With the exception of chloroform, TCAA and MCAA, MCGLs set forth in the Stage 1 DBPR 
remain in effect for Stage 2 of the rule.  The EPA is proposing the following MCGLs 
revisions to the Stage 1 DBPR: 

Chloroform: MCLG = 0.07 mg/L based on cancer reference dose (RfD) 

TCAA: MCLG = 0.02 mg/L  

MCAA: MCLG = 0.03 mg/L 

Maximum Contaminant Level Determination & Monitoring Requirements 
Stage 2 DBPR requires the use of locational running annual averages (LRAAs) to determine 
compliance with the MCLs for TTHMs and HAA5s.  The LRAA will be calculated for each 
monitoring location in the distribution system.  This differs from the running annual 
average (RAA) approach outlined in Stage 1 where compliance was determined by 
calculating the running annual average of samples from all monitoring locations across the 
system. 

Monitoring sites for the Stage 2 DBPR will be based upon IDSE results.  All systems must 
comply with MCLs of 0.080 mg/L TTHM and 0.060 mg/L HAA5 as LRAAs using sampling 
sites identified under the IDSE. 

Large systems (serving greater than 10,000 people) must take four dual sample sets per 
treatment plant per quarter.  A dual sample set is defined as a TTHM and an HAA5 sample.  
The dual sample sets must be taken at the following locations: 

(1) One sample set at the existing Stage 1 average residence time monitoring location 
with the highest TTHM or HAA5 LRAA, 

(2) One sample set at a point representative of the highest HAA5 levels, and 

(3) Two sample sets at points representative of highest TTHM levels. 

Small systems serving 500 to 9,999 people must monitor quarterly for each treatment plant 
by taking two dual sample sets.  The sample sites must be representative of high HAA5 
levels and high TTHM levels.  Small systems serving fewer than 500 people must sample 
annually for each treatment plant at the location with the highest TTHM and HAA5 values 
during the month of peak historical TTHM levels.   

Groundwater systems serving fewer than 10,000 people must collect dual sample sets 
annually.  The sites must be representative of high HAA5 levels and high TTHM levels.   

Consecutive systems that purchase all of its finished water year-round monitoring is 
population based.  Consecutive systems treat some of the source water must monitor at the 
same locations and frequency as nonconsecutive systems with the same source water type 
and population. 

Reduced monitoring may be implemented if specific requirements are met.  These 
requirements are outlined in Stage 2 DBPR and differ for type of system. 
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Initial Distribution System Evaluation (IDSE) 

Compliance monitoring will be preceded by an initial distribution system monitoring 
(IDSE) with the purpose of selecting site-specific optimal sample points for capturing peaks 
of TTHMs and HAA5s.  Water systems will then recommend new or revised monitoring 
sites based on the IDSE study.  All community water systems and large non-transient non-
community water systems that add a primary or residual disinfectant other than ultraviolet 
light or that deliver water that has been treated with a primary or residual disinfectant other 
than ultraviolet light are required to conduct an IDSE. 

There are three possible approaches to fulfill the IDSE requirements: 

(1) Standard monitoring program (SMP): The standard monitoring program requires one 
year of monitoring on a specified schedule.  A monitoring program must be prepared 
prior to implementing the program.  The frequency and number of samples is 
determined based upon source water type, number of treatment plants, and system size.   

(2) System specific study (SSS): A system-specific study may be used based on earlier 
monitoring studies if they provide equivalent or better information than the standard 
monitoring program.   

(3) 40/30 Certification: Systems may certify to their primacy agency that all required Stage 1 
compliance samples were collected and analyzed properly during the two years prior to 
the start of the IDSE.  All compliance samples must have been less than or equal to 0.040 
mg/L for TTHM and 0.030 mg/L for HAA5.  Samples must be in compliance with Stage 
1 requirements. 

Systems serving at least 10,000 people must collect samples approximately every 60 days at 
eight distribution system sites per plant.  Systems serving between 500 and 9,999 people and 
all ground water systems must collect samples quarterly at two distribution system sites per 
plant.  Systems serving fewer than 500 people must sample semi-annually at two 
distribution system sites per plant.  

Consecutive systems are also subject to the IDSE requirements.  However, the schedule for 
completion of these requirements is based upon the populations of the wholesale system 
and the procedures for determining monitoring locations are modified.  For consecutive 
systems that both purchase finished water and treat water, sample is consistent with non-
consecutive systems with the same population and source water types for each treatment 
plant (defined as each system entry point).  For consecutive systems that purchase all of 
their water year-round, monitoring is population based rather than plant-based. 

All systems must collect IDSE samples during the peak historical month for TTHM levels or 
water temperature. 

All systems subject to the IDSE requirement must submit a report to the primacy agency.  
The report must include recommendations for the location and schedule for the monitoring.  
Generally, a system must recommend locations with the highest LRAAs. 

Best Available Technologies (BAT) 
Stage 2 proposes that the best available technology for TTHM and HAA5 LRAA MCLs be 
one of the three following technologies: 
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(1) GAC absorbers with at least 10 minutes of empty bed contact time and an annual 
average reactivation/replacement frequency no greater than 120 days plus enhanced 
coagulation or enhanced softening. 

(2) GAC absorbers with at least 20 minutes of empty bed contact time and an annual 
average reactivation/replacement frequency no greater than 240 days. 

(3) Nanofiltration using a membrane with a molecular weight cut off of 1000 Daltons or 
less. 

It is also recognized that consecutive systems may require treatment to control the 
formation of DBPs in the distribution system.  The proposed BAT for consecutive systems is 
chloramination with management of hydraulic flow and storage to minimize residence time 
in the distribution system. 

The BAT for bromate is not being revised from the Stage 1 DBPR.  The BAT for bromate is 
defined as control of ozone treatment processes to reduce production of bromate. 

Compliance Schedule 

IDSE reports must be submitted two years after the rule has been promulgated.  Compliance 
with MCLs is required by six years after the rule promulgation. 

Drinking Water Contaminant Candidate List  
As amended in 1996, the SWDA requires the EPA to establish a list of contaminants that are 
known or anticipated to occur in public water systems and may require regulation under 
the SWDA.  The first Contaminant Candidate List (CCL) was published in the Federal 
Register in March 1998 and included 60 contaminants under consideration for regulation.  A 
second version of the CCL was published in February 2005.  The second version of the CCL 
carries forward 51 of the original 60 unregulated contaminants from the first version of the 
CCL.  The CCL includes both microbiological and chemical contaminants.  The CCL 
published in February 2005 includes 42 chemical contaminants and 9 microbiological 
contaminants/contaminant groups.  Table 6 lists the contaminants published in the CCL in 
1998. 

TABLE 6 
Contaminant Candidate List (CCL) 

Microbiological Contaminants 

Adenoviruses  
Aeromonas hydrophila  
Caliciviruses  
Coxsackieviruses  
Cyanobacteria (blue-green algae), other freshwater 
algae, and their toxins  
Echoviruses  
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TABLE 6 
Contaminant Candidate List (CCL) 

Helicobacter pylori  
Microsporidia (Enterocytozoon & Septata)  
Mycobacterium avium intracellulare (MAC) 
Chemical Contaminants 

1,1,2,2-tetrachloroethane  
1,2,4-trimethylbenzene 
1,1-dichloroethane 
1,1-dichloropropene 
1,2-diphenylhydrazine 
1,3-dichloropropane 
1,3-Dichloropropene 
2,4,6-trichlorophenol  
2,2- dichloropropane 
2,4-dichlorophenol 
2,4-dinitrophenol 
2,4-dinitrotoluene 
2,6-dinitrotoluene  
2-methyl-Phenol (o-cresol)  
Acetochlor  
Alachlor ESA & other acetanilide pesticide degradation 
products  
Aluminum  
Boron  
Bromobenzene  
DCPA mono-acid degradate  
DCPA di-acid degradate  
DDE 
Diazinon  
Disulfoton  
Diuron  
EPTC (s-ethyl-dipropylthiocarbamate)  
Fonofos  
p-Isopropyltoluene (p-cymene)  
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TABLE 6 
Contaminant Candidate List (CCL) 

Linuron 
Methyl bromide 
Methyl-t-butyl ether (MTBE) 
Metolachlor  
Molinate  
Nitrobenzene  
Organotins  
Perchlorate  
Prometon  
RDX  
Terbacil  
Terbufos  
Products of triazines (including, but not limited to 
Cyanazine 21725-46-2, and atrazine-desethyl 6190-65-
4)  
Vanadium 
 

Contaminants included in the CCL are studied to develop analytical methods for detecting 
the contaminants, determine whether they occur in drinking water, and evaluate treatment 
technologies to remove them from drinking water.  In addition, the health effects of the 
contaminants are studied to help determine if actions such as drinking water guidance, 
health advisories, or regulation need to be developed.  The CCL alone does not impose any 
requirements on public water system.  

The EPA has established a website to convey information regarding the CCL.  The website 
includes a link to the revised CCL published in February 2005.  The website can be found at 
the following path: 

http://www.epa.gov/safewater/ccl/ 

Total Coliform Rule 
The Total Coliform Rule (TCR) was promulgated on June 29, 1989 with the primary goal of 
maintaining microbial quality in finished and distributed drinking water supplies.  The rule 
applies to all public water systems and requires the monitoring for the presence of total 
coliforms in the distribution system.  Compliance was required in June 1993.  Total 
coliforms include both fecal coliforms and E. coli.  The maximum contaminant level goal 
(MCLG) for total coliforms was set to zero.  Compliance with the MCL is based on the 
presence or absence of total coliforms in a sample and not on the density of coliforms.  For 
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systems that collect more than 40 samples per month, no more than 5 percent of the samples 
may be total coliform positive.  If 5 percent of the samples are tested total coliform positive 
then a set of samples must be collected and tested for fecal coliforms or E. coli.  For systems 
that collect fewer than 40 samples per month no more than one sample may be total 
coliform positive.  If one sample is tested as total coliform positive then a set of samples 
must be collected and tested for fecal coliforms or E. coli. 

The number of samples taken each month for a specific water system depends on the 
population served.  A water system may choose to collect fewer than 40 samples; however, 
different criteria would apply when the total coliform test are positive.  Table 7 provides a 
partial summary of the sampling requirements required for various populations served by a 
water utility.   

Utilities also have the option of requesting a variance from this rule from exceedances of the 
TCR due to biofilms in the distribution system.  There is a large list of criteria to be met for 
the variance to be applicable. 

TABLE 7 
Total Coliform Sampling Requirements 

Population Served Minimum Number of    
Samples per Month 

25,001-33,000 30 
33,001-41,000 40 
41,001-50,000 50 
50,001-59,000 60 
59,001-70,000 70 
70,001-83,000 80 
83,001-96,000 90 
96,001-130,000 100 

130,001-220,000 120 
220,001-320-000 150 

 

The EPA proposed a revision to the TCR as part of its Six Year Review of existing 
regulations.  A proposed revision to the TCR was published in July 2003 with a final rule 
expected by 2008.  One major proposed revision is the switch from a requirement of fecal 
coliform testing after identifying a positive total coliform sample to requiring E. coli testing, 
which is thought to be a better indicator of pathogen presence or contamination.  The 
revision to the rule will also likely expand the rule to include other distribution system 
issues.  As a result of the potential inclusion of other distribution system issues in the 
revised TCR, nine white papers were issued on distribution system issues by EPA in August 
2002.  The objective of the white papers was to review the available data, information and 
researches regarding the potential public health risk associated with the distribution system 
issues, and where relevant, identify areas in which additional research may be warranted.  
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The EPA is in the process of holding a series of stakeholder meetings to discuss the various 
distribution system issues. 

Filter Backwash Rule 
The Filter Backwash Rule is a regulation for filtered surface water supplies that recycle part 
or the entire filter backwash into the plant.  The purpose of the rule is to require systems to 
review their recycle practices and, where appropriate, work with the State to make any 
necessary changes to current practices that may compromise microbial control.  The 
proposed rule was published in April 2000, with the final rule promulgated in April 2001.  It 
will apply to all systems that use filter recycle streams.  The final rule contained the 
following key provisions:  

1. Return of all recycle flows prior to the point of the primary coagulant addition.   
2. Direct filtration plants to provide information to the State on their current recycle 

practice.   
3. A requirement for systems meeting criteria to perform a one-time self assessment of 

their recycle practice and consult with their primacy agency to address and correct high 
risk recycle operations.   

The first element would require that all systems using surface water or groundwater under 
the direct influence of surface water return all recycle flows to the process prior to the point 
of the primary coagulant addition.  Waivers to this requirement would be available from 
state primacy agencies for unique treatment conditions. 

The second element would require all direct filtration plants to report to the state primacy 
agency whether flow equalization or treatment is provided for recycle flow prior to its 
return to the treatment process.  The state would use that information to determine the 
plants that need to change their current recycle practice in order to provide additional 
public health protection. 

The third element would require that all plants using 20 or fewer filters and directly 
recycling flows to the treatment process without any form of treatment on the recycle flow 
complete a self-assessment.  The self-assessment would be used to determine the effect of 
untreated recycle flows to the plant process.  The State primacy agency would use the 
results of the self-assessment to determine the appropriate level of treatment of recycle 
flows. 

Systems were to notify the State of their recycle practices by October 2003, modify their 
recycle return location as required by June 2004, and complete the necessary capital 
improvements to comply with all rule requirements by June 2006. 

Groundwater Rule 
The EPA is currently in the process of developing the Groundwater Rule (GWR), formerly 
known as the Groundwater Disinfection Rule.  The rule name was changed to reflect a more 
holistic regulatory approach to addressing ground water issues.  The rule applies to public 
ground water systems and to systems that mix surface water and ground water if the 
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ground water is added directly to the distribution system and provided to consumers 
without treatment.  This ostensibly includes untreated stand-alone ground water wells and 
untreated ground water plants that have their own entry points to the distribution system as 
well as untreated groundwater blended with treated surface water prior to the entry point 
to the distribution system.  Treatment in this case is defined as 4-log inactivation/removal of 
viruses. 

The proposed Groundwater Rule was published in the Federal Register on May 10, 2000.  
Specific requirements proposed in the rule include:  

1) System sanitary surveys conducted by the state and identification of significant 
deficiencies.  

2) Hydrogeologic sensitivity assessments for undisinfected systems.  

3) Source water microbial monitoring by systems that do not disinfect and draw from 
hydrogeologically sensitive aquifers or have detected fecal indicators within the 
system’s distribution system.   

4) Corrective action by any system with significant deficiencies or positive microbial 
samples indicating fecal contamination.   

5) Compliance monitoring for systems which disinfect to ensure that they reliably achieve 
4-log inactivation or removal of viruses.   

EPA missed the May 2002 deadline to promulgate, and the final rule was expected in early 
2005, but was withdrawn for further review.  The schedule for the release of the final GWR 
is uncertain at this time.  

Radionuclide Rule 
The original Radionuclide Rule was proposed in July 1991, but court action delayed its final 
promulgation.  The final Radionuclides Rule was published in the Federal Register on 
December 7, 2000.  The rule became effective in December 2003.  New monitoring 
requirements have been phased-in the publication date of the final rule and the beginning of 
the next Standardized Monitoring Framework period on December 31, 2007.  "Phased-in 
monitoring" refers to the fact that States will require some fraction of water systems to 
complete their initial monitoring requirements each year of the period between the effective 
date (December 8, 2003) and the beginning of the new cycle (December 31, 2007).  Water 
systems will determine initial compliance under the new monitoring requirements using the 
average of four quarterly samples or, at state discretion, using appropriate grandfathered 
data.  Compliance will be determined immediately based on the annual average of the 
quarterly samples for that fraction of systems required by the state to monitor in any given 
year or based on the results from the grandfathered data.  Water systems with existing 
radionuclides monitoring data demonstrating that the system is out of compliance with new 
provisions will be out of compliance on the effective date of December 8, 2003.  
 
In the final rule, EPA set the MCL for uranium at 30 micrograms per liter (ug/L), using its 
authority under the SDWA for the first time to set a standard at a higher than feasible level 
based on cost-benefit considerations.  The standard for combined radium-226/228 remains 
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at 5 picoCuries per liter (pCi/L).  However, the rule requires improved monitoring for 
radium.  The final rule retains the interim standards for gross alpha particles at 15 pCi/L 
and for beta and photon emitters at 4 millirems (mrem).   

A summary of the final Radionuclides Rule is provided below.  Table 8 also lists the existing 
(1979) and the revised MCLs of the final Radionuclide Rule.  

• Affected Systems: Community Water Systems (CWSs); non-CWSs, including transient 
and non-transient, are exempt. 

• MCLGs for radionuclides: MCLGs of zero; includes combined radium-226/228; gross 
alpha, beta particle and photon radioactivity, and uranium 

• Radium MCL: Combined Ra-226 and Ra-228 MCL of 5 pCi/L; based on new risk levels. 

• Beta/Photon Radioactivity MCL:  

− ≤ 4 mrem/yr to the total body or any given internal organ except for H-3 and Sr-90 

− H-3 = 20,000 pCi/L; Sr-90 = 8 pCi/L 

− Total dose from co-occurring beta/photon emitters must be ≤ 4 mrem/yr to the total 
body of any internal organ;  

− This MCL will be reviewed within 2 to 3 years based on a need for further re-
evaluation of the risk management issues. 

• Gross alpha MCL: 15 pCi/L excluding uranium and radon, but including Ra-226; 
maintain current MCL. 

• Uranium MCL: 30 ug/L; new MCL. 

• Polonium-210: Part of gross alpha; monitoring required under the UCMR rule; further 
action may be proposed at a later date. 

• Lead-210: Not regulated; monitoring required under the UCMR rule; further action may 
be proposed at a later date. 

 

TABLE 8 
Existing and Revised MCLs for Radionuclides 

Contaminant 1979 MCLs 2000 Radionuclide Rule 
MCLs 

Radium 226/228 5 piC/L 5 piC/L 
Uranium N/A 30 piC/L 
Gross Alpha 15piC/L 15 piC/L 
Beta particles and Photon Emitters 4 mrems 4 mrem 
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Radon Rule  
Radon is a naturally occurring, carcinogenic, radioactive gas.  Radon in drinking water 
increases risk to public health, primarily from inhalation of radon discharged through 
normal household use, such as showering, but also from ingestion of water.  The proposed 
Radon Rule applies to all community water systems that use groundwater or mixed 
groundwater and surface water supply sources. 

On November 2, 1999, the long anticipated and heavily debated Radon Rule was formally 
proposed, but EPA missed the SWDA deadline of August 2000 promulgation.  It was 
promulgated in the summer of 2003.  

The rule includes a two-option approach that allows states and water suppliers to reduce 
radon risks in indoor air while protecting public health from the highest levels of radon in 
drinking water.  The proposed rule includes the following provisions: 

• Maximum contaminant level goal (MCLG)  zero 
• Maximum contaminant level (MCL)   300 pCi/L 
• Alternative maximum contaminant level (AMCL) 4,000 pCi/L 

The AMCL provision of the rule applies to water systems that adopt and comply with a 
multimedia mitigation (MMM) program aimed at reducing household indoor/air health 
risks from the soil as well as the tap water.  The AMCL of 4,000 pCi/L is based on the 
National Research Council recommended estimate of 10,000 to 1 as the transfer factor from 
water to air and the national average outdoor radon concentration of 0.4 pCi/L in air.  Thus, an 
estimate of 0.4 pCi/L in air would be equivalent to 4,000 pCi/L in water.  

If a state develops an MMM program that is approved by the EPA, public water systems in 
that state will be able to comply with the AMCL rather than the MCL.  Alternatively, if a state 
chooses not to adopt its own MMM program or a state’s MMM program does not meet EPA 
approval, an individual public water supplier can submit an MMM program for approval. 
The 1996 SDWA Amendments require that the EPA evaluate MMM programs every 5 years. 

Arsenic Rule 
The original arsenic MCL of 50 µg/L was set by the EPA in 1975 based on Public Health 
Service Standard originally published in 1942.  A new proposed Arsenic Rule was released 
in June 2000.  The EPA was originally under a court-imposed deadline to promulgate this 
rule by November 1992.  However, the EPA has received extensions to examine health 
effects and occurrence data.  EPA succeeded in finalizing the Arsenic Rule on January 16, 
2001, during the final days of the Clinton administration.  The final rule was published in 
the Federal Register on January 22, 2001 and became effective on February 22, 2002.  

The following is a summary of the major provisions and requirements of the rule: 

• A Maximum Contaminant Level Goal (MCLG) for arsenic in drinking water is set at 
zero. 

• The Maximum Contaminant Level (MCL) for arsenic is revised from 50 ppb down to 10 
ppb by January 23, 2006. 
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• Beginning with Consumer Confidence Reports (CCRs) due by July 1, 2002, all 
community water systems (CWSs) will begin providing health information and arsenic 
concentrations in the annual reports for water that exceeds 5 ppb (one half of the MCL). 

• Both CWSs and non-transient non-community water systems (NTNCWSs) are required 
to meet the revised arsenic standard. 

• Two compliance requirements for inorganic contaminants (IOCs), volatile organic 
contaminants (VOCs), and synthetic organic contaminants (SOCs).  Specifically, when a 
system fails to collect the required number of samples, compliance averages will be 
based on the actual number of samples collected.  Also, new public water systems and 
systems using new sources of water must demonstrate compliance within state-specified 
time and sampling frequencies.  These provisions apply to arsenic. 

All CWSs and NTNCWSs that exceed the MCL of 10 ppb are required to come into 
compliance 5 years after the publication of the final rule. 

Lead and Copper Rule 
The Lead and Copper Rule was promulgated in June 1991 and went into effect in December 
1992, with minor revisions released in April 2000.  The rule applies to all community and 
non-transient non-community water systems.  The rule developed MCLGs and action levels 
for both lead and copper in drinking water.  The major difference between this regulation 
and most others is that the water is to be monitored at the customer's tap, not the treatment 
plant discharge point.  Lead and copper must be monitored at the customer's taps every 6 
months and twice each calendar year at the highest risk locations.  The highest risk locations 
are defined as: 

• Piping with lead solder installed after 1982, 
• Lead water service lines, 
• Lead interior piping. 

For compliance, the samples at the customer’s tap must not exceed the following action 
levels: 

• Lead concentration of 0.015 mg/L detected in the 90th percentile of all samples. 
• Copper concentration of 1.3 mg/L detected in the 90th percentile of all samples. 
 

If action levels are exceeded, water systems must collect source water samples and submit 
all data to the state with a treatment recommendation to reduce concentrations below the 
action level.  In addition, the water system must also provide a public education program to 
its customers within 60 days of the action level exceedance.  The education program must be 
continued until the samples are found to be below the lead action levels. 

All water systems that exceed the lead or copper action levels are also required to conduct a 
corrosion control study.  Corrosion control studies must compare the effectiveness of pH 
and alkalinity adjustment, calcium adjustment, and addition of a phosphate or silica-based 
corrosion inhibitor.  Large and medium systems are also required to monitor many other 
water quality parameters at the plant discharge and customer's tap. 
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After a corrosion control study is completed, a water system must develop a corrosion 
control program and submit it for approval to the primacy agency.  Once approval of the 
plans is received, water systems have 24 months to install and implement the treatment 
methods for corrosion control and 12 additional months to collect follow-up samples.  After 
this time, the water system must comply with the action levels for both lead and copper. 

In 2000, minor revisions to the lead and copper rule were promulgated to streamline 
requirements and reduce some burdens on water systems.  No changes to the MCLs or the 
MCLGs were made.  Small changes were made to reduce the frequency of monitoring for 
systems with low lead and copper tap levels and to update the analytical methods used for 
compliance.  Further revisions to the lead and copper rule are expected to be proposed in 
late 2005, but no information as to what will be included in the potential revisions to the rule 
has been released.  

Sulfate 
Sulfate is one off the 83 contaminants listed under the 1986 SDWA amendments.  EPA and 
the Centers for Disease Controls completed a required study on dose-response relationships 
in February 1999.  The study was completed with non-acclimated adults but was unable to 
be completed with infants for lack of infants exposed to specified levels of sulfate.  An 
expert workshop was called to evaluate the results of the study, and it was concluded at the 
workshop that insufficient scientific evidence to support regulation. 

Sulfate was included on the drinking water contaminant candidate list.  EPA must now 
decide whether or not to regulate sulfate. 

Volatile Organic, Synthetic Organic and Inorganic Chemical 
Rules 

Volatile Organic Chemicals Rule 
The Phase I Volatile Organic Chemicals (VOCs) Rule established MCLGs and MCLs for 
eight VOCs.  The rule was promulgated in July 1987 and became effective in January 1989.  
All public water systems (PWS) were required to complete initial VOC monitoring by 
December 1991.  Monitoring requirements include sampling at each entry point to the 
distribution system.  If no VOCs were detected during the initial monitoring, repeat 
monitoring is required every three to five years, depending on the vulnerability of the 
source.  If VOCs are detected, quarterly samples must be analyzed.  Compliance requires 
that VOC levels be lower than the MCLs, based on the annual average of quarterly samples. 

The Phase I VOC Rule also required monitoring of 51 additional unregulated VOCs.  All 
systems were required to complete the initial monitoring for these contaminants by 
December 1991.  Repeat monitoring is required every five years; however, USEPA revises 
the list of unregulated contaminants thereby changing the constituents to be monitored.  
Monitoring requirements for Phase I contaminants were revised in the Phase II Synthetic 
Organic Chemicals and Inorganic Chemicals Rule (Phase II SOC/IOC Rule) to conform with 
the standardized monitoring. 
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Phase IIA Fluoride Rule 
The Phase IIA Fluoride Rule applies to all public water systems.  The rule was finalized in 
April 1986 and became effective in October 1987.  The primary purpose of the Phase IIA 
Fluoride Rule was to protect the public from crippling skeletal fluorosis.  The rule 
established an MCLG and MCL for fluoride at 4 mg/L.  A secondary contaminant level 
(SMCL) of 2 mg/L was established to protect against dental fluorosis.  Monitoring of 
fluoride concentration is required yearly for surface water sources and every three years for 
groundwater sources.  For systems practicing fluoridation, daily monitoring of fluoride at 
the entrance to the distribution system is recommended. 

Phase II Synthetic Organic Chemicals and Inorganic Chemicals Rule 
The Phase II SOC/IOC Rule applies to all public water systems.  The rule was promulgated 
in June 1991 (33 contaminants) and July 1991 (5 contaminants).  This rule established MCLs 
and treatment techniques for 38 contaminants.  Monitoring for the Phase II contaminants 
occurs in a standardized 3 year cycle, which began in January 1993.  Compliance with the 
Phase II MCLs is based on the average of quarterly samples. 

Phase V Synthetic Organic Chemicals and Inorganic Chemicals Rule 
The Phase V Rule was promulgated in July 1992 and set MCLGs and MCLs for 23 
contaminants.  Compliance monitoring for these contaminants follows the same 
standardized monitoring framework introduced with the Phase II rule.  Some of the Phase V 
contaminants were previously on the unregulated contaminants monitoring (UCM) lists 
under other rules.  To eliminate duplication, these contaminants were withdrawn from the 
UCM lists. 
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Purpose 
This technical memorandum (TM) describes the existing raw water well and groundwater 
treatment infrastructure used to produce drinking water for the Town of Castle Rock 
(Town). The Town currently treats groundwater from deep aquifers. The Town also has 
access to groundwater from alluvial wells, but does not currently utilize this source due to 
water quality and treatment issues. The purpose of this TM is to provide details on the 
current status of the Town’s overall raw water delivery and water treatment systems, and 
identify infrastructure deficiencies. Recommended improvements to the Town’s raw water 
and water treatment infrastructure are presented in TM 1.5.4, Near Term CIP for Raw Water 
Wells and Water Treatment Plants. 

Raw Water and Water Treatment Plant System Overview 
The Town’s raw water and water treatment plant infrastructure consists of thirty-six deep 
aquifer wells and six water treatment plants (WTPs). There is a seventh WTP in Town, the 
Dawson WTP, which has not been in service for more than ten years and will not be 
operated in the future. The Town uses three deep aquifers: Dawson, Denver, and Arapahoe. 
The WTPs are designed to provide iron and manganese removal from these raw water 
sources. Figure 1.5.3-1 shows the existing raw water well and the WTP locations. Both well 
fields and WTPs are distributed throughout Town and are not concentrated in any one 
particular area. A schematic that the Town maintains of the raw water wells, WTPs, and 
distribution system is attached in Appendix A. Details on the existing distribution system 
infrastructure are provided in TM 1.4.2, Modeling of Existing and Future System. Further 
information on both the raw water wells and WTPs are provided in the following sections.  

Existing Raw Water Infrastructure 

Existing System Overview 
Currently, the Town has two general water sources: deep aquifers and alluvial wells. 
Information provided in this TM on the Town’s existing water supply is accurate as of 
September, 2005. Additional capacity is also presented that will be online before summer of 
2006 through the drilling of new wells and the rehabilitation of existing wells. This 
additional capacity is estimated based upon input from the Town. 

Table 1.5.3-1 presents the Town’s raw water source capacities, which includes the Dawson, 
Denver and Arapahoe deep aquifers. Based on information from this table, the Arapahoe 
Aquifer source makes up 11.72 mgd of the Town’s total 18.76 mgd of pumping capacity. The 
Dawson Aquifer, however, accounts for only 0.84 mgd. The Town does not widely use the 
Dawson aquifer since it is used by many rural residents for well water.  



Figure 1.5.3-1
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TABLE 1.5.3-1 
Raw Drinking Water Sources, Totaled by Source 

Water Source Number 
of Wells 

Total Pumping 
Capacity 

(gpm)/(mgd) 

Percent of 
Total Capacity 

Notes 

Dawson Aquifer 6 586/0.84 4.5% One 140 gpm well will be online 
by summer, 2006. 

Denver Aquifer 16 4,300/6.19 33.0% Four wells (180 gpm, 300 gpm, 
300 gpm, and 500 gpm) will be 

online by summer, 2006. 

Arapahoe Aquifer 17 8,140/11.72 62.5% Two wells (550 gpm and 600 
gpm) will be online by summer, 

2006. 

Total 36 13,026/18.76 100%  

 

Details on the Town’s wells including information such as screen length, installation date, 
casing diameter, and other observations are provided in Appendix B. The tables in this TM 
summarize information contained in the tables included in Appendix B. The first page in 
Appendix B presents the fifty-five active wells that are currently online or used for water 
level monitoring and the second page presents the twenty-four inactive wells that are 
plugged or not equipped. This is a complete list of the Town’s well inventory. If the twenty-
nine wells dedicated “In Use” are added to the seven wells that are anticipated to start up 
by summer, 2006 (Wells 45, 50R, 111, 124, 148, 168, and 219), the Town’s total active wells 
match Table 1.5.3-1 (29 + 7 = 36).  

The Town has four primary WTPs including the Eastern WTP, the Founders WTP, the 
Meadows WTP, and the P.S. Miller WTP. There is another WTP, the Dawson Ridge WTP, 
which has not been operated by the Town in over a decade and will probably not be utilized 
in the future. Therefore, information regarding this WTP will not be provided in this TM. 
The Town also has five well treatment facilities. These facilities include Well 2, Well 3, Well 
7 WTP, Well 9, and Well 10 WTP. Wells 2, 3 and 9 are all alluvial wells (as shown in Table 
1.5.3-2) and are not currently in use. Well 7 WTP and Well 10 WTP facilities utilize only a 
small fraction of the Town’s total raw water capacity. Table 1.5.3-2 presents a summary of 
the WTPs and well treatment facilities as well as the water sources of each. Note that 
alluvial wells, wells used for irrigation only, and wells not in service are not included in this 
table. Figures 1.5.3-2 and 1.5.3-3 present the treatment capacities and the raw water supply 
capacities to each of the Town’s WTPs and the Town’s overall system.  
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TABLE 1.5.3-2 
Raw Drinking Water Wells, Totaled by Treatment Facility 

Facility Name Treatment 
Capacity (mgd) /  

(gpm) 

Source Well 
Number 

Well Capacity 
(gpm) 

Water Source 

Eastern WTP1 8.00 / 5,555 1112 500 Denver Aquifer 

  1242 550 Arapahoe Aquifer 

  217 570 Denver Aquifer 

  218 825 Arapahoe Aquifer 

Total 8.00 / 5,555 4 wells 2,445 gpm      
3.52 mgd  

Founders WTP3 3.20 / 2,222 20 190 Arapahoe Aquifer 

  21 65 Denver Aquifer 

  22 120 Dawson Aquifer 

  31R4 360 Arapahoe Aquifer 

  33R4 550 Denver Aquifer 

  39 550 Arapahoe Aquifer 

  41 440 Dawson Aquifer 

  43 440 Denver Aquifer 

  44 145 Arapahoe Aquifer 

  452 180 Denver Aquifer 

Total 3.20 / 2,222 10 wells 3,040 gpm      
4.38 mgd 

 

Meadows WTP1 8.00 / 5,555 27 150 Arapahoe 

  28R 620 Arapahoe Aquifer 

  47 242 Denver Aquifer 

  49 303 Arapahoe Aquifer 

  50R2 3005 Denver Aquifer 

  51A 75 Denver Aquifer 

  82 338 Arapahoe Aquifer 

  83 360 Arapahoe Aquifer 

  86 274 Arapahoe Aquifer 

  1482 3005 Denver Aquifer 

  149 260 Denver Aquifer 

  150 330 Denver Aquifer 

  1682 1405 Dawson Aquifer 

  170 51 Dawson Aquifer 
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TABLE 1.5.3-2 
Raw Drinking Water Wells, Totaled by Treatment Facility 

Facility Name Treatment 
Capacity (mgd) /  

(gpm) 

Source Well 
Number 

Well Capacity 
(gpm) 

Water Source 

  174 226 Denver Aquifer 

  2192 6005 Arapahoe Aquifer 

Total 8.00 / 5,555 16 wells 4,569 gpm      
6.58 mgd 

 

P.S. Miller WTP3 2.16/ 1,5006 14R 1300 Arapahoe Aquifer 

  15 135 Denver Aquifer 

  16 130 Dawson Aquifer 

  204 1080 Arapahoe Aquifer 

Total 2.16/ 1,500 4 wells 2,645 gpm      
3.81 mgd 

 

Well 7 WTP1 0.55 / 380 1 well (Well 7) 127 Denver Aquifer 

Well 10 WTP1 0.55 / 380 1 well (Well 10) 2007 Arapahoe Aquifer 

Town Total 22.46/15,624 36 wells 13,026 gpm  
18.76 mgd 

 

1 WTP is raw water supply limited  
2 This well will be available for service prior to summer, 2006. 
3 WTP is treatment capacity limited 
4 After completion of the Enderud Raw Water Pipeline Project, this well can supply either the Founders WTP or 
the Eastern WTP. For this table, it is assumed this well will supply the Founders WTP. 
5 This well capacity will be verified in summer, 2006. The actual flowrate from Well 50R may be less than this 
value. The actual flowrates from Wells 148, 168, and 219 may be more than this value. 
6 P.S. Miller WTP is currently rated at 4.0 mgd. However, as explained later in this TM, it is recommended to de-
rate this plant to 2.16 mgd. 
7 This well is currently out of service. This well will require rehabilitation or decommissioning. However, the flows 
from this well are still included in the tables and figures in this TM. 
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FIGURE 1.5.3-2 
Individual Water Treatment Plant Capacities 

FIGURE 1.5.3-3 
Total Water Treatment Plant Capacities 
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Examination of Table 1.5.3-2, Figure 1.5.3-2, and Figure 1.5.3-3 reveals the following: 

• Eastern WTP is raw water supply limited. Treatment capacity is 8.00 mgd, while raw 
water supply is only 2.01 mgd and will be 4.83 mgd after completion of the Enderud 
project and addition of wells. Additional raw water supply will come online as 
required by demand projections. 

• Founders WTP is treatment capacity limited. Treatment capacity is 3.20 mgd and the 
raw water supply is currently 4.12 mgd. However, after completion of the Enderud 
project, the raw water supply to Founders WTP will vary from 3.07 mgd to 4.38 
mgd. 

• Meadows WTP is raw water supply limited. Total treatment capacity is 8.00 mgd, 
but current raw water capacity is only 4.65 mgd. After the addition of new wells, the 
raw water capacity will be 6.58 mgd. 

• P.S. Miller WTP is treatment capacity limited. Total treatment capacity (based on 
recommendations made later in this TM) is 2.16 mgd and current raw water supply 
is 3.81 mgd. 

Alluvial wells are not currently being used by the Town. Well capacity and the reasons for 
not using these wells are summarized in Table 1.5.3-3. 

TABLE 1.5.3-3 
Alluvial Well Operational Notes 

Well Number Capacity 
(gpm) 

Reason for Not Using Well 

2 47 Presence of VOCs (furniture refinishing solvents) 

3 90 Presence of VOCs (furniture refinishing solvents) 

9 54 Possible petroleum contamination 

12R 300 Surface water influence likely (presence of diatoms, rotifers, etc.) 

78 
80 

High levels of iron concentration along with presence of iron bacteria. 
Possible septic system contamination. 

79 
100 

High levels of iron concentration along with presence of iron bacteria. 
Possible septic system contamination. 

80 
125 

High levels of iron concentration along with presence of iron bacteria. 
Possible septic system contamination. 

 

Table 1.5.3-4 presents the Town’s wells that are dedicated to irrigation uses only. These 
wells are not piped to any of the WTPs, so they cannot be readily used to augment the 
drinking water supply. Based on recommendations in the Town’s Strategic Water Resources 
Master Plan (2005), these wells will not be required in the future to supply irrigation water to 
the golf courses.  The Town will provide non-potable water for irrigation, therefore these 
wells can be decommissioned. 
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TABLE 1.5.3-4 
Irrigation Wells 

Well Number Capacity (gpm) Irrigation Use Water Source 

17 200 Plum Creek Golf Course Denver Aquifer 

18 120 Plum Creek Golf Course Dawson Aquifer 

176 600 Red Hawk Golf Course Arapahoe Aquifer 

 

Infrastructure Deficiencies 
Based upon input from Town staff, several deficiencies have been identified for the raw 
water supply infrastructure. The following is a list of these current deficiencies: 

• Well 10 (Well 10 WTP) is backed up on its pumping curve and has decreased output. 
It will require an equipment evaluation and possible replacement. This facility may 
be decommissioned. 

• Well 7 (Well 7 WTP) water level is decreasing rapidly and has decreased output. It 
will require an equipment evaluation and possible replacement. This facility may be 
decommissioned. 

When the Town performs a redrill, it must occur within 200 feet of the original well for 
permitting purposes. 

Existing Water Treatment Infrastructure 

Treatment Process Overview 
Figures 1.5.3-4, 1.5.3-5, 1.5.3-6, 1.5.3-7, 1.5.3-8, and 1.5.3-9 present process flow diagrams for 
each of the six WTPs. Generally speaking, the WTPs are designed to remove iron and 
manganese present at concentrations greater than the EPA’s secondary maximum 
contaminant level (MCL) (0.3 mg/L and 0.05 mg/L, respectively) from the raw water 
sources. Iron and manganese removal is accomplished through oxidation of the water using 
potassium permanganate and/or sodium hypochlorite and filtering the water with 
greensand filters. The greensand filters further promote the oxidation and precipitation of 
iron and manganese and remove the particulate materials from the water. The WTPs also 
provide sodium hypochlorite disinfection and contact time. The chlorine also provides 
residual disinfectant in the distribution system. There are four chlorine booster stations 
located in the distribution system at the following pump stations: Milestone, Diamond 
Ridge, Plum Creek South and Crystal Valley Ranch. However, the Town does not currently 
feed chlorine at any of these booster stations.  
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FIGURE 1.5.3-5
FOUNDERS WATER TREATMENT PLANT

PROCESS FLOW DIAGRAM
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FIGURE 1.5.3-6
MEADOWS WATER TREATMENT PLANT
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FIGURE 1.5.3-7
P.S. MILLER WATER TREATMENT PLANT
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FIGURE 1.5.3-8
WELL 7 WATER TREATMENT PLANT
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FIGURE 1.5.3-9
WELL 10 WATER TREATMENT PLANT
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Design Criteria 
Design and operation criteria for each of the six WTPs are provided in the following tables. 
Information used to create these tables were obtained from the Town of Castle Rock 2000 
Water Facility Master Plan, tours of the water treatment facilities conducted on June 27, 2005, 
drawings of the facilities, and input from Town staff. The following tables are provided in 
this section: 

• Table 1.5.3-5 – Water Treatment Plant Overview 

• Table 1.5.3-6 – Water Treatment Plant Chemical Systems 

• Table 1.5.3-7 – Water Treatment Plant Filtration Systems 

• Table 1.5.3-8 – Water Treatment Plant Backwash Systems 

• Table 1.5.3-9 – Water Treatment Plant Clearwells 

• Table 1.5.3-10 – Water Treatment Plant Hydraulic and Operational Constraints 

TABLE 1.5.3-5 
Water Treatment Plant Overview 

Facility 
Name 

Capacity 
(mgd) 

Construction 
Date/ 

Expansion 
Date 

Automation Standby 
Power 

Capacity 

Plant 
Elevation 

(ft) Notes 

Eastern 
WTP 

8.00 2005 Yes 0% 6530 Expandable to 30mgd. 
Founders 
WTP 

3.20 1988 Yes 0% 6600 Can sometimes treat a 
little over the rated 
capacity of the WTP. 

Meadows 
WTP 

8.00 1987/2004 Yes 50% 6106 Generator used for 
standby power. 

P.S. Miller 
WTP 

2.161 1986/1999 No 50% 6311 Alluvial wells not 
currently utilized. 
Generator used for 
standby power. 

Well 7 WTP 0.55 1971 No 0% 6272 Used during summer 
months. 

Well 10 
WTP 

0.55 1986 No 0% 6347 Used during summer 
months. 

1 P.S. Miller WTP is currently rated at 4.0 mgd. However, as explained later in this TM, it is recommended to de-rate 
this plant to 2.16 mgd. 
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TABLE 1.5.3-6 
Water Treatment Plant Chemical Systems 

Facility Name Chemical Application Point Notes1 

Sodium Hypochlorite raw water influent 

Potassium Permanganate raw water influent Eastern WTP 

Sequestering Agent raw water influent 

Spare chemical room available 
for future use. Not using 
potassium permanganate or 
sequestering agent. 

Sodium Hypochlorite filter influent 

Potassium Permanganate raw water influent Founders WTP 

Alum backwash waste 

Not using potassium 
permanganate 

Sodium Hypochlorite filter influent 

Potassium Permanganate filter influent 

Sequestering Agent raw water influent 
Meadows WTP 

Alum backwash waste 

Not using potassium 
permanganate or sequestering 
agent 

Sodium Hypochlorite raw water influent 

Potassium Permanganate raw water influent P.S. Miller WTP 

Polymer raw water influent 

Not using polymer 

Sodium Hypochlorite raw water influent 
Well 7 WTP 

Potassium Permanganate raw water influent 

Not using potassium 
permanganate 

Sodium Hypochlorite raw water influent 
Well 10 WTP 

Potassium Permanganate raw water influent 

Not using potassium 
permanganate 

1 These notes are valid as of the date of this TM. 
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TABLE 1.5.3-7 
Water Treatment Plant Filtration Systems 

Facility 
Name 

Media 
(type/depth)1 

Flow Control 
Scheme 

Media 
Installation/ 
Inspection 

Underdrain 
Type 

Underdrain 
Installation/ 
Inspection 

Rate 
(gpm/sf)2 

Area per 
Filter (sf) 

Number of 
Filters (#) 

Notes 

Eastern 
WTP 

Filter effluent 
flow control, 
maintains flow 

2005 Dual Lateral 2005 3.1 596 4 This plant has an 
100,000 gal raw water 
equalization/ oxidation/ 
reaction basin. 

Founders 
WTP 

Filter effluent 
flow control, 
maintains flow 

1999 Dual Lateral 1999 3.0 180 4 This plant has an 8,000 
gal raw water 
equalization basin 

Meadows 
WTP 

Filter effluent 
flow control, 
maintains flow 

2004 Nozzle/ 
Plenum 

2004 3.0 244 8 This plant has an 
170,000 gal raw water 
equalization basin 

P.S. 
Miller 
WTP 

Filter effluent 
flow control, 
maintains level 
in filters 

1997 Dual Lateral 1997 2.53 100 6  

Well 7 
WTP 

Raw water 
influent, split to 
filters 

1971 Header 
Lateral 

1971 3.8 50 2 7' dia by 10' pressure 
filters 

Well 10 
WTP 

All WTPs: 
Anthracite/16"–18”, 
Greensand/22",       
Garnet/3",       
Silica Sand/3", 
Silica Gravel/3", 
Support Gravel/3" 

Raw water 
influent, split to 
filters 

1986 Header 
Lateral 

1986 3.8 50 2 7' dia by 10' pressure 
filters 

1 The same media is used in all WTPs 
2 The Eastern WTP filtration rate is based on one filter out of service in backwash mode. The filtration rate for all other WTPs is with all filters in service. During 
backwash, the instantaneous filtration rate at these plants will be increased, but this is not viewed to be too detrimental as the WTPs are designed for iron and 
manganese removal only. It is assumed that a more conservative approach was taken at the Eastern WTP because this plant may be converted to a surface WTP. 
3 P.S. Miller WTP is currently rated at 4.0 mgd. However, as explained later in this TM, it is recommended to de-rate this plant to 2.16 mgd, which corresponds to a filter 
loading rate of 2.5 gpm/sf. 
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TABLE 1.5.3-8 
Water Treatment Plant Backwash Systems 

 Backwash Backwash Equalization Basin 

Facility Name Supply Rate 
(gpm/sf) 

Volume 
(gal) 

Average # 
BW's per 
filter per 

day 

Air 
Blowers 

Surface 
Wash 

Pumps Volume 
(gal) 

Decant 
Pumps 

Decant Recycle Solids Removal 

Eastern WTP clearwell 20.0 210,000 1 Yes No 2x6000 
gpm 

280,500 2x560 
gpm 

to raw water 
equalization basin 

Trac-vac, gravity 
to sewer 

Founders WTP clearwell 15.0 19,000 1 Yes No 2x2880 
gpm 

124,000 250 
gpm 

to raw water 
equalization basin 

Trac-vac, 1.5 hp 
150 gpm pump to 
sewer 

Meadows WTP clearwell 15.0 22,500 1 Yes No 2x3600 
gpm 

180,000 2400 
gpm 

to raw water 
equalization basin 

Trac-vac, gravity 
to sewer 

P.S. Miller WTP clearwell 15.0 17,125 2 Yes Yes 1x500 
gpm 

50,000 130 
gpm 

to filter influent, not 
currently used 

gravity to sewer 

Well 7 WTP clearwell 8.0 6,000 1 Yes No 1x400 
gpm 

16,000 N/A N/A gravity to sewer 

Well 10 WTP distribution 
system 

8.0 6,000 1 Yes No 1x400 
gpm 

16,000 N/A N/A gravity to sewer 
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TABLE 1.5.3-9 
Water Treatment Plant Clearwells 

 Clearwell Disinfection FW Pumping Notes 

Facility 
Name 

Volume 
(gal) 

Volume 
(gal) 

Baffling Number of 
Pumps (#) 

Capacity 
(mgd) 

 

Eastern 
WTP 

546,638 clearwell No 6 10.00  

Founders 
WTP 

114,000 clearwell No 3 5.20  

Meadows 
WTP 

385,000 clearwell Yes 4 9.80 only 4 feet of usable depth, limited 
by FW and BW pump cavitation 
and flooding filters 

P.S. Miller 
WTP 

50,000 clearwell Yes 2 4.20  

Well 7 
WTP 

9,000 clearwell No 1 0.27  

Well 10 
WTP 

10,000 clearwell No 2 1.20  

 

 

TABLE 1.5.3-10 
Water Treatment Plant Hydraulic and Operational Constraints 

Facility Name Hydraulic Constraints Operational Constraints 

Eastern WTP Raw water supply of only 2.0 mgd, will be 
increased to 4.9 mgd with addition of Wells 
111 and 124 and Enderud project. 

 

Founders WTP Air binding in filters  
Meadows WTP Raw water supply of only 4.4 mgd, will be 

increased to 6.4 mgd with addition of Wells 
50R, 148, 168 and 219. 

 

P.S. Miller WTP Air binding in filters, uneven flow split to filters Minimal automation, two separate control 
systems (old and new) 

Well 7 WTP Well level and production decreasing over 
time 

 

Well 10 WTP Well level and production decreasing over 
time 
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Treatment and Hydraulic Issues 
During the evaluation of the Town’s water treatment facilities, several treatment and 
capacity issues were noted. Some of these concerns may require upgrades in the near future, 
while others may be of lesser importance. The issues discussed in this section arise from the 
current facilities serving the existing population. Capital improvement projects (CIPs) that 
address these problems are discussed in TM 1.5.4, Near Term CIP for Raw Water Wells and 
Water Treatment Plants. Infrastructure expansions required to meet near-term future 
demands, including additional population growth, will also be discussed in TM 1.5.4.  

Water Treatment Plant Hydraulics 
Figure 1.5.3-10, Figure 1.5.3-11, Figure 1.5.3-12, and Figure 1.5.3-13 present hydraulic 
profiles of the Eastern WTP, Founders WTP, Meadows WTP, and P.S. Miller WTP, 
respectively. The hydraulic profile for the Eastern WTP was provided by the Town. The 
other figures were developed specifically for this TM. 

From these figures, and a general understanding of plant operations, the following 
conclusions can be drawn for the Town’s four primary WTPs. 

• Eastern WTP 

o This plant has just recently come online and standard plant operations are 
under development. Therefore, conclusions regarding its operation are not 
currently rendered.  

• Founders WTP 

o Air binding is possible – the filter seal weir is below the bottom of the filter 
media. 

o Air binding occurs at this WTP and has caused loss of media when the filter 
is rested before backwash. Air binding may also reduce filter run time.  

o Currently, each filter is operated with only 4 feet of water above the top of 
the media. It appears filter operation at a depth of about 9 feet may eliminate 
the air binding problem. 

o Adequate headloss buildup is available to promote long filter runs. More 
headloss is available if the filters are operated at a higher level in the filter 
box, as indicated in the previous bullet.  

• Meadows WTP 

o Air binding is not likely – the clearwell water surface elevation (low setpoint) 
required to prevent finished water pump cavitation is in the media. 

o Limited headloss buildup is available (< 3 feet), especially when there is a 
high water level in the clearwell. However, filter run times for the Meadows 
WTP have been consistently very good (>48 hours) as shown in Appendix C. 



FIGURE 1.5.3-10

Eastern Water Treatment Plant

Hydraulic Profile



FIGURE 1.5.3-11
FOUNDERS WATER TREATMENT PLANT

HYDRAULIC PROFILE
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FIGURE 1.5.3-12
MEADOWS WATER TREATMENT PLANT

HYDRAULIC PROFILE
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DRAWINGS AND OPERATOR INTERVIEWS. 
HOWEVER, PHYSICAL SURVEYS WERE 
NOT CONDUCTED AND THEREFORE THE 
ACCURACY OF THIS FIGURE CAN NOT BE 
GUARANTEED.



FIGURE 1.5.3-13
P.S. MILLER WATER TREATMENT PLANT

HYDRAULIC PROFILE
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GUARANTEED.
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o The clearwell has very limited useable volume. Assuming an available 
elevation change of 5 feet, only 170,000 gallons of the clearwell is useable 
storage.   

• P.S. Miller WTP 

o Air binding is possible – the filter seal weir is at the bottom of the filter 
media.  

o Air binding occurs at this WTP and has caused loss of media when the filter 
is rested before backwash. Air binding could also reduce filter run time. 

o Currently, each filter is operated with only 3 feet of water above the top of 
the media. It appears filter operation at a depth of about 7 feet may eliminate 
the air binding problem. 

o Adequate headloss buildup is available to promote long filter runs if the 
plant is de-rated as proposed later in the TM. 

As discussed in the bullets above, the P.S. Miller WTP and the Founders WTP filters operate 
with water levels much lower than the top of the wall. If the filters were operated closer to 
the top of the wall, while still maintaining some minimum freeboard, the air binding issues 
at these plants may be solved. The Town should investigate this further to determine if this 
solution is feasible. 

Hydraulic Considerations 

The Town’s Founders WTP can readily operate at its design capacity. To date, the Eastern 
WTP and the Meadows WTP have operated below their treatment capacity. Recently, due to 
reduced well production, Well 7 WTP and Well 10 WTP have operated below their capacity 
as well. The P.S. Miller WTP, in particular, is an operational concern for the Town. This 
plant often has problems when operating near its previously documented capacity of 4.0 
mgd. Most notably, it requires frequent backwashing and operator attention when running 
at high flowrates as seen in Figure 1.5.3-14.  

Examination of this figure shows that when the effluent production from the plant was 
greater than approximately 2.0 mgd, more than six backwashes per day were performed at 
the plant. There are six filters at the plant, so this means that operators would be required to 
visit the plant more than once per day to backwash filters. Also note that when the plant 
was producing approximately 3.0 mgd or more, up to sixteen backwashes per day were 
required. This often led to excessive overtime costs to the Town and resulted in significant 
operator turnover. Operation of the Town’s other WTPs has not been an issue (see 
Appendix C). 

Another way to evaluate the frequency of backwashes at the P.S. Miller WTP is in terms of 
filter loading rate. Filter loading rate is calculated by dividing the flow through the filters (in 
gpm) by the total filtration area used (in square feet). This information is presented in Figure 
1.5.3-15.  
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FIGURE 1.5.3-14 
P.S. Miller Operational Log, 2003 

FIGURE 1.5.3-15 
P.S. Miller Operational Log, 2003 
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As shown in this figure, operation of the plant at loading rates above 2.5 gpm/sf typically 
resulted in more than six backwashes per day. Therefore, to reduce the operators workload 
at this plant, it is recommended that P.S. Miller be de-rated from its initial design rate of 4.7 
gpm/sf to 2.5 gpm/sf. A filter loading rate of 2.5 gpm/sf would result in a maximum 
capacity of 2.16 mgd at the P.S. Miller WTP. 

Air Binding and Flow Splitting 

Significant air binding in filters occurs at P.S. Miller WTP and Founders WTP, and limited 
air binding is observed at the Meadows WTP. Air binding develops due to the plant 
hydraulics when the headloss through the media exceeds the water depth at that point in 
the media. This results in negative pressures that cause air to come out of solution and build 
up in the bed. Air binding reduces effective filtration area and increases backwash 
frequency. It can also lead to media loss if the filter water level is above the backwash 
troughs when the filter is rested. Air binding occurs infrequently at the Meadows WTP. It 
occurs more often at the Founders WTP, but does not typically produce abnormally 
frequent backwashing. Air binding consistently occurs at the P.S. Miller WTP and often 
causes more backwashing than normal.  

Based on input from Town staff, the P.S. Miller WTP is also suspected of having flow-
splitting issues. Figure 1.5.3-16 presents the total number of backwashes for the entire year 
of 2003, when all six of the filters were in operation.  
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FIGURE 1.5.3-16 
P.S. Miller Backwash Totals, 2003 
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Based on this figure, it is clear that Filters 3, 4, 5, and 6 were backwashed more frequently 
than Filters 1 and 2. It is not understood why Filters 3, 4, 5, and 6 require more frequent 
backwashing than the others. More detailed investigation at P.S. Miller is required to better 
understand these issues. 

Excessive Wastewater Discharge 
As discussed in the sections above, the P.S. Miller WTP requires frequent backwashes, 
especially under high flowrates. The plant has a backwash equalization basin, but must 
send all of the backwash waste to the sewer since frequent backwashing does not allow 
adequate time to settle the solids out of the wash water. The Town pays $4.20 per 1000 
gallons to send this waste down the sewer to Plum Creek Wastewater Authority (PCWA). 
Town staff has monitored the backwash sequence at the P.S. Miller WTP and recorded that 
the three “old” filters require 18,000 gallons per backwash while the three “new” filters 
require only 16,250 gallons. There are different backwash volumes for the “old” and “new” 
filters because the automatic backwash programs use different backwashing times. Thus 
17,125 gallons was the average backwash volume for the plant.  

P.S. Miller WTP backwash information for 2003 is presented in Table 1.5.3-11. For 2003, it is 
estimated that the Town spent approximately $99,120 on sending backwash waste down the 
sewer ($4.20 * 23,600 thousand gal = $99,120). However, the plant was not operated for the 
full year. The P.S. Miller WTP averaged 5.4 backwashes per day over the full year, while it 
was operated. If it was operated all year, approximately $141,760 would have been spent on 
backwash waste sent to the sewer ($4.20 * 5.4 backwashes per day * 17.125 thousand gal per 
backwash * 365 days per year = $141,760). If the plant is de-rated as explained above, the 
excessive backwashing that is occurring at P.S. Miller will be reduced, and thus decrease the 
cost of sending wastewater to the sewer.  

TABLE 1.5.3-11 
P.S. Miller WTP Backwash Statistics, 2003  

Parameter Number Volume (gal) 

Daily Minimum 0 0 

Daily Average 5.4 93,274 

Daily Maximum 16 274,000 

Total 1,378 23,598,250 

Note: Numbers were calculated assuming 17,125 gallons per backwash 

Other Issues 

The P.S. Miller WTP has some additional issues that make operations more difficult and 
time-consuming. The backwash sequence at the plant requires manual operation. In 
particular, the air scour valves require an operator to open and close them at the proper 
times during a backwash. Automation of the entire backwash sequence at the plant would 
reduce operator effort and standardize the backwash so the efficiency is not dependent 
upon an operator attending the plant.  
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Another issue at the P.S. Miller WTP is there are two completely separate control systems in 
use at the plant. One control system handles the “old” portion of the plant, including filters 
1, 2, and 3. The other system controls the “new” part of the plant, including filters 4, 5, and 
6. Integration of the two control systems such that they can communicate with each other 
would reduce operational efforts and the complexity of the plant and increase its 
redundancy.  

Water System Capacity 

Finished Water Capacity 
The capacity of the Town’s infrastructure to provide finished water is limited by the 
capacity of the raw water supply system and the water treatment plant system. As shown 
earlier in Figure 1.5.3-3, the raw water supply system and the treatment plant system have 
capacities of 18.76 mgd and 22.46 mgd, respectively (in 2006). However, because the Town is 
divided into six Raw Water/Treatment sub-systems, the finished water capacity is not equal 
to the capacity of either the raw water system or the treatment plant system. The Town’s 
finished water capacity is actually determined by summing the capacity of each of the 
Town’s six Raw Water/Treatment sub-systems. Table 1.5.3-12 lists the six Raw 
Water/Treatment sub-systems and their corresponding raw water and treatment capacities. 
The table also shows whether the sub-system is raw water limited (sub-system has more 
treatment capacity than raw water) or treatment limited (sub-system has more raw water 
capacity than treatment) and the finished water capacity of each sub-system. As shown in 
the table, the total finished water capacity of the Town is 15.39 mgd when all treatment 
plants and associated raw water wells are operating.   

TABLE 1.5.3-12 
Finished Water System Capacity 

Raw Water / 
Treatment Sub-

System 

Treatment 
Capacity (mgd) 

Initial Raw Water 
Capacity (mgd) 

Treatment or Raw 
Water Limited? 

Finished Water 
Capacity1 (mgd) 

Eastern 8.00 3.522 Raw Water 3.34 

Founders 3.20 4.382 Treatment 3.20 

Meadows 8.00 6.58 Raw Water 6.25 

P.S. Miller 2.16 3.81 Treatment 2.16 

Well 7 0.55 0.18 Raw Water 0.17 

Well 10 0.55 0.29 Raw Water 0.27 

Town Total 15.39 
1 Capacities that are raw water limited are based on the assumption that 5-percent of raw water will be lost 
through backwash waste. 
2 This capacity is based on the assumption that the water from Wells 31R and 33R are being sent to the 
Founders WTP. 
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Finished Water Demand 
The total finished water capacity identified in Table 1.5.3-12 is applicable after wells 45, 50R, 
111, 124, 148, 168, and 219 are added to the system, scheduled for early 2006. The estimated 
finished water maximum day demand for the summer of 2006 is 16.83 mgd, based on the 
following assumptions: 

• Data from the year 2005 shows there are currently 11,157 water accounts in the 
Town. Using a historical 5-year average growth rate of 5.4%, 11,759 accounts are 
estimated in 2006.   

• Each account uses an average of 540 gallons per day, which is based on historical 
data and direction from Town staff. This corresponds to a 2006 average day demand 
(ADD) of 6.35 mgd. 

• A maximum day demand peaking factor of 2.65, which is based on Town criteria 
and verified through historical data. This corresponds to a maximum day demand 
(MDD) for 2006 is 16.83 mgd.   

Therefore, it is estimated that the maximum day demand in 2006 (16.83 mgd) will exceed the 
Town’s total finished water capacity (15.39 mgd). However, after the completion of the 
Enderud Raw Water Pipeline Project, excess raw water capacity that currently exists at the 
Founders WTP can be used at the Eastern WTP, which currently has excess treatment 
capacity. This project will immediately increase the overall Town finished water capacity. 

Finished Water Firm Capacity 
Calculating the firm capacity of the Town’s finished water system identifies how well the 
Town can meet demands when a well or WTP is off-line. The approach to firm capacity is 
utility and situation-specific and there are no specific requirements. The approach to firm 
capacity varies along the front range of Colorado. For example, the City of Fort Collins has 
only one WTP, with partial backup power. If it loses power to the plant it can buy water 
from nearby systems through an interconnection and can also treat some water and feed 
part of the system by gravity. Another example is Denver Water, which has three WTPs and 
has a large enough capacity so it can meet demands with one plant off-line. Systems like 
Colorado Springs Utilities, Loveland, and Aurora all fall somewhere between these two 
examples with varying degrees of power backup and system capacity redundancy. 

Well Off-Line 

The largest well in a sub-system was taken off-line and the resulting finished water capacity 
of the Town was calculated by subtracting that well capacity from the total finished water 
capacity. Table 1.5.3-13 shows the Town’s total finished water capacity with the noted well 
out of service.  In each case, the finished water capacity is significantly below the 2006 
maximum day demand of 16.83 mgd. Proposed CIP projects to improve this deficiency are 
dependent on the Town’s opinion of the raw water system’s reliability. This will be 
addressed in TM 1.5.4.  
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TABLE 1.5.3-13 
Finished Water Capacity with Noted Well Out of Service 

Raw Water / 
Treatment Sub-

System 

Largest Well in 
Sub-system Out of 

Service 

Well Capacity 
(gpm)/ (mgd) 

Town Total Finished Water 
Capacity with noted Well 

Out of Service (mgd) 

All Wells in Service 15.39 

Eastern 218 825 / 1.19 14.26 

Meadows 28R 620 / 0.89 14.55 

Founders 39 550 / 0.79 15.391 

P.S. Miller 14R 1,300 / 1.87 15.072 
1 It is assumed that Wells 31R and 33R are sent to Founders WTP, which gives it full redundancy 
on its largest capacity well.  
2 The P.S. Miller sub-system is treatment limited but becomes raw water limited when Well 14R is 
out of service.  Therefore, the finished water capacity was calculated differently than the other 
three sub-systems. 

Water Treatment Plant Off-Line 
Table 1.5.3-14 shows the capacity of the finished water system with each of the WTPs off-
line. Note that the finished water capacity in each case is significantly below the 2006 
maximum day demand of 16.83 mgd. However, in the unlikely event that a WTP should fail 
for an extended period of time during the summer, the Town may elect to institute severe 
water restrictions to reduce maximum day demands. In addition, the Town’s opinion on the 
reliability of each WTP needs to be considered. These issues will be addressed in TM 1.5.4. 

TABLE 1.5.3 - 14 
Finished Water Capacity with Noted WTP Out of Service 

Water Treatment Plant Out 
of Service  

Town Total Finished Water Capacity 
with noted WTP Out of Service (mgd) 

All WTPs in Service 15.39 

Eastern WTP 12.05 

Founders WTP 12.19 

Meadows WTP 9.14 

P.S. Miller WTP 13.23 

Well 7 WTP 15.22 

Well 10 WTP 15.12 

 



 

 

Appendix A – Water System Schematic 





 

 

Appendix B – Well Information  

 



WELL INFORMATION SHEET - FOR ACTIVE WELLS (IN USE, MONITOR, NEW)
Well TD Hole Casing Gravel Gravel Pack Screen Slot Screen Screen Comp. Well Drill Geophysical Last Pump Drop Pipe Cable Airline Pump Motor Designed Designed Orig.  PWL GPM Developer Initial Current Prod. Last Rehab

Well Location Permit # Status Aquifer (ft.) Diam OD(in) Pack Interval Type-Size Type Interval Length Date Rept Log Log Type Install Date O.D. (in) Size Length Intake Hp Pump Rate TDH (ft.) SWL (Test) (Test) Credit GPM GPM  GPM Loss Date Comments

2R Town 51356-F Not used Alluvial 45 48 48 None None Concrete slots Slots 30-45 NA Jan-50 No No None Sep-97 4 4 None 43.5 7.5 80 190 29 43 200 200 47 -77% Sep-97
TV surveyed, rehabed & equipment replaced 9/96.  New well permit replaces #13191-R.  
Original well #2 P&A.  Not in use due to Water quality concerns.

3R Town 13192-RF Not used Alluvial 80 10 3/4 6 5/8 None 15-80 PVC Mill 30-80 50 Jul-75 No Yes None Apr-87 3 1/2 10 66 66 15 200 200 30 40 100 75 90 20% Mar-87 Cleaned and PVC pipe replaced. Not in use due to water quality concerns.
7C Town 31330-F In Use Denver 1324 17 1/2 10 3/4 6-9 550-1324 Johnson-70 Wire 680-1290 290 Jun-87 Yes Yes Unknown Mar-03 4 2 822 829 60 200 777 337 589 200 200 127 -37% Redrill of original well #7.  Well has sanding problem.
9 Town 28580-F Not used Alluvial 57 22 12 4-8 18-55 Stainless-90 Wire 33-53 20 Jul-84 Yes Yes None Mar-97 2 12 None 53 2 90 70 19 43 120 120 54 -55% Apr-95 Rehabed; Cl injector wells; Down -Water quality concerns 

10 Town 22664-F In Use Arapahoe 1980 12 1/4 8 5/8 None Open Johnson-60 Mill 1565-1890 325 Mar-78 Yes Yes Res-SP Feb-99 5 1/2 4 1390 1410 210 400 1280 625 730 410 410 200 -51% Feb-99 Csg reduction @ 1487'.  Converted well to medium voltage and added FVD.
12R PC-Miller West 34855-F-R Not used Alluvial 28.9 10 10 None 0-410 (Hor) 6" perfed HDPE Perforated 0-410 410 Jul-97 No No None Jul-98 5 NA None 24 25 255 200 9.3 15.3 290 290 300 3% Jun-98 Horizontal well with 410' of horizontal run.
14 PC-Miller East 25763-F Monitor Arapahoe 1940 14 3/4 10 None Open 10" Johnson-60 Wire 1400-1910 320 Oct-82 Yes Yes None Nov-92 5 1/2 4/0 1122 1131 100 300     ? 617 686 345 345 NA Converted to Monitor Well after replacement well completed.
14R PC-Miller East 54324-F In Use Arapahoe 1965 20 12.75 10-20 1330-1965 12 " Stainless-35 Wire 1384- 1910 400 Apr-01 Yes Yes Gr-SP-Res Sep-05 7 2/0 1758 1772 1000 700-1500 1531-1981 984 1242 700 1300 1300 0% New well drilled May-01.  Using Centrilift VFD, production rate fluctuates.
15 PC-Miller East 25764-F In Use Denver 1336 15 8 5/8 4-8 680-1336 8" Johnson-90 Wire 770-1326 210 Sep-82 Yes Yes Res-SP Mar-03 4 1/2 1/0 979 991 50 137 1000 405 592 180 200 135 -33% Mar-03 Well rehabed Mar-03. Screens acidized and brushed. New equipment installed.
16 PC-Miller East 26505-F In Use Dawson 662 16 8 5/8 4-8 225-662 8" Johnsn-90 Wire 356-662 204 Jun-83 Yes Yes None Feb-98 3 6 593 600 30 135 661 196 335 180 180 130 -28% Installed new 7" liner/screens Jul-88. Water quality issue.
17 PC-South 25765-F GC Irrig Denver 1394 15 8 5/8 4-8 690-1394 8" Johnsn-90 Wire 780-1384 210 Nov-82 Yes Yes Res-SP 740 60 410 567 200 200 200 0% Redrilled well Jul-94. Redrill costs ~$198,000.
18 PC-South 26506-F GC Irrig Dawson 666 16 8 5/8 4-8 225-666 8" Johnsn-90 Wire 363-656 200 Jun-83 Yes Yes None 600 30 207 345 180 180 120 -33%
20 FV-Mikelson 25601-F In Use Arapahoe 2356 12 1/4 8 5/8 None Open 9.25" Johnson-25 Wire 1923-2317 237 Jul-83 No No Unknown May-05 4 1/2 6 2042 2065 133 170 1956 976 1118 169 178 190 7% Converted well to medium voltage.  Pump set lowered by 540'.
21 FV-Mikelson 25599-F In Use Denver 1823 12 1/4 8 5/8 None Open 9.25" Johnson-25 Wire 1411-1782 184 Sep-83 No No Unknown May-94 2 7/8 2/0 1395 1403 40 80 1380 868 1058 110 110 65 -41% May-94 Pump and motor replaced May-94.
22 FV-Mikelson 26269-F In Use Dawson 1123 12 1/4 8 5/8 None Open 9.25" Johnson-25 Wire 780-1115 281 Feb-85 No Yes Unknown Mar-96 4 1/2 2 900 909 50 150 930 577 722 298 298 120 -60% Mar-96 Acidized and brushed. New well equipment and drop pipe.
24 Dawson Ridge 27040-F Monitor Denver 1252 12 1/4 8 5/8 None Open 8" Steel-25 Wire 509-1205 220 May-84 No No Unknown Feb-86 4 1/2 4 780 800 40 200 358 547 236 NA Down hole equipment installed but not used.  SWL monitoring well.
25 Dawson Ridge 27037-F Monitor Arapahoe 2000 13 3/4 10 3/4 None Open 10" Steel-25 Wire 1179-1795 250 Apr-84 No No Unknown Jan-86 4 1/2 4/0 1380 1384 150 400 615 776 302 NA Down hole equipment installed but not used.  SWL monitoring well.

27 Meadows A-1 30807-F In Use Arapahoe 1751 13 3/4 10 3/4 None Open 10" Johnsn-25 Wire 1250-1658 240 Jan-87 No Yes Unknown Jun-05 4 1/2 2/0 1564 1575 108 238 1620 718 866 252 400 400 150 -63% Jun-04
Well has sanding problem.  Installed smaller rated pump & rebuilt motor. Reduced drop pipe 
diameter.  Sand production reduced to < 1 ppm. 

28R Meadows A-2R 58498-F In Use Arapahoe 1860 20 12 3/4 10-20 1245-1860 12" Stainless-35 Wire 1334-1756 390 Feb-03 Yes Yes Gr-SP-R-CD Jun-04 7 1 1715 1723 456 800-500 1750-1599 1212 1442 600 350 620 620 0%
New well Drilled Feb-03.  Tandem Motor 20' length each.  Using Centrilift VFD, production 
rate fluctuates.  

31 FV-Enderud 25040-F Monitor Arapahoe 2255 9 7/8 8 5/8 None Open 8" Johnsn-25 Wire 1649-2235 371 Feb-82 No No Unknown Jan-97 4 1/2 2/0 1423 1433 100 200 810 891 240 210 NA Jun-96 Converted to Monitor Well after replacement well completed.

31R FV-Enderud 53961-F In Use Arapahoe 2304 20 12 3/4 10-20 1662-2304 12" Stainless-20 Wire 1696-2254 330 Jul-00 Yes Yes Res-GR-SP Feb-01 7 2 1782 1818 350 500 1658 1314 1555 500 525 360 -31% New well Drilled Jul-2000. Lowered pump set by 312' on 6/05.

33R FV-Enderud 60273-F In Use Denver 1720 20 12 3/4 10-20 780-1720 12" Stainless-35 Wire 810-1660 400 Jan-04 Yes Yes Gr-SP-R-CD Jun-05 7 1 1592 1602 318 600 1668 741 1117 600 550 550 0%
New replacement well drilled Feb-04.  Problem with excessive amounts of C02 degassing 
from formation.

35 Castle Oaks-9 24649-F Monitor Arapahoe 2235 12 1/4 8 3/4 None Open 8" Johnson-25 Wire 1636-2205 405 Jan-82 No No Unknown N.E. N.E. N.E. N.E. 1400 150 N.E. N.E. 810 880 310 N.E. N.E. N.E. Well not Equipped (N.E.); Repaired well head casing and added locks.
36 Castle Oaks-9 26268-F Monitor Dawson 1015 12 1/4 8 5/8 None Open 9.25" Johnson-20 Wire 660-990 266 Feb-85 No No Unknown N.E. N.E. N.E. N.E. 952 125 N.E. N.E. 629 854 282 N.E. N.E. N.E. Well not Equipped (N.E.); Repaired well head casing and added locks.
37 Castle Oaks-9 24640-F Monitor Denver 1628 9 7/8 7 1/4 None Open 6.25" Johnson-25 Wire 1031-1598 281 Jan-82 No No Unknown N.E. N.E. N.E. N.E. 975 40 N.E. N.E. 580 796 230 N.E. N.E. N.E. Well not Equipped (N.E.); Repaired well head casing and added locks.
38 Castle Oaks-9 24631-F Monitor Larm-FH 2839 9 7/8 7 1/4 None Open 6.25" Johnson-25 Wire 2636-2826 163 Feb-82 No No Unknown N.E. N.E. N.E. N.E. 1563 40 N.E. N.E. 920 1490 188 N.E. N.E. N.E. Well not Equipped (N.E.); Repaired well head casing and added locks.
39 Weaver-1 47928-F In Use Arapahoe 2336 18 1/2 12 3/4 10-20 1580-2330 12.25 Johnson-35 Wire 1650-2288 560 Jul-97 Yes Yes Gr-SP-R-CD Nov-97 7 1 2050 2075 550 750 1960 1184 1550 300 740 550 -26% New well Drilled Jul-97. Centrilift VFD.
41 Weaver-1 52082-F In Use Denver 1605 20 10 3/4 10-20 850-1605 10" Stainless-35 Wire 873-1586 321 May-99 Yes Yes Gr-SP-Res Jun-01 5 1 1257 1271 350 500 1653 676 872 400 600 440 -27% New well Drilled May-99 by Metro District. Centrilift VFD.
43 FV-Weaver-2 44249-F In Use Arapahoe 2380 14 3/4 10 3/4 None Open 10" Johnson-14 Wire 1693-2322 629 Mar-88 No No Gr-SP-R-CD Sep-03 5 1/2 2 2210 2227 304 375 2331 1042 1419 650 514 440 -14% Sep-03 New pump and motor Sep-03.  Original Well Permits Expired.
44 FV-Weaver-2 44243-F In Use Dawson 1140 14 3/4 10 3/4 None Open 10" Johnson-14 Wire 645-1130 384 Apr-88 No No Unknown Jul-97 4 1/2 1/0 872 881 75 200 1000 564 732 350 249 145 -42% Replaced equipment Jul-97. Original Well Permits Expired.
45 FV-Weaver-2 44246-F Down Denver 1708 12 1/4 8 5/8 None Open 8" Johnson-14 Wire 1203-1672 352 Feb-88 No No Unknown Dec-98 4 1/2 2 1610 1630 100 150 1652 911 1166 150 180 180 Lowered pump set Jun-98. Original Well Permits Expired.
47 Meadows D-1 32811-F In Use Denver 1248 22 14 10-20 400-1248 14" Stainless-30 Wire 427-1219 350 Mar-88 Yes Yes Cal-Res-SP May-03 5 1/2 350 1148 1158 150 300 1500 403 583 326 570 570 242 -58% May-03 SonarJet and equipment replaced May-03. Cascading water.  CO2 degassing problem. 

49 Meadows A-8 43697-F In Use Arapahoe 1801 20 14 10-20 1160-1801 14" Stainless-30 Wire 1228-1690 280 Jul-94 Yes Yes
GR-SP-Res-

CDL Jul-03 4 1/2 1 1518 1537 184 280 1712 907 1025 350 350 350 303 -13% Jul-03
New equipment installed Jun-03. Junk in the hole at 1572' original pump, motor and joints.  
Fishing attempts unsuccessful.

50 Meadows D-5 52124-F Down Denver 2802 13 3/4 10 3/4 None Open 10" Johnsn-25 Wire 635-1449 360 Nov-85 No No GR-Res-SP May-00 5 1/2 6 916 929 152 300 1242 360 626 422 310 210 150 -29% Apr-00 Drilled to 2802' completed to 1469'. Old well rehabed by CRDC.
50R Meadows D-5R 52124-FR Drilling Denver 1465 17 1/2 10 3/4 10-16 10" Stainless-40 Wire 626-1434 400 Sep-05 Yes Yes Gr-SP-R-CD 300 Currently drilling and completing, Sep-05.
51R Meadows D-7A 52807-F In Use Denver 1260 22 12 3/4 10-20 570-1260 12" Stainless-35 Wire 620-1232 380 Mar-00 Yes Yes GR-Res-SP Oct-00 2 3/8 2/0 1158 1212 60 90 1604 493 1075 60 90 70 75 7% CRDC drilled well.
78 Heckendorf-1 45478-F Not used Alluvial 49 30 14 6-9 10-50 14" Stainless-80 Wire 15-44 25 Aug-96 Yes Yes None Nov-96 No well start-up information provided 3 33 96 96 80 -17% Drilled reverse rotary w/ water.  2 lateral wells. Water quality concerns
79 Heckendorf-2 45477-F Not used Alluvial 53 30 14 6-9 10-53 14" Stainless-80 Wire 23-48 25 Aug-96 Yes Yes None Nov-96 No well start-up information provided 6.5 37.5 150 150 100 -33% Drilled reverse rotary w/ water.  2 lateral wells.  Water quality concerns
80 Heckendorf-3 46252-F Not used Alluvial 59 30 14 6-9 10-59 14" Stainless-80 Wire 24-54 30 Aug-96 Yes Yes None Nov-96 No well start-up information provided 5 34 175 175 125 -29% Drilled reverse rotary w/ water.  1 lateral well.  Water quality concerns
82 Meadows A-4 54139-F In Use Arapahoe 1867 20 12.75 10-20 1328-1867 12" Stainless-35 Wire 1375-1760 290 Dec-00 Yes Yes GR-Res-SP Jun-04 7 2 1614 1627 342 600 1728 1138 1383 500 TBD 338 338 0% CRDC drilled well.  Initial well yield based on 3 month peak season avg.
83 Meadows A-3 54140-F In Use Arapahoe 1893 20 12 3/4 10-20 1455-1893 12" Stainless-35 Wire 1493-1844 305 Sep-00 Yes Yes GR-Res-SP Sep-01 7 2 1637 1654 450 750 1728 1171 1358 500 767 630 360 -43% Problem with restriction in raw water line.
86 Meadows A-5 52808-F In Use Arapahoe 1830 22 12 3/4 10-20 1294-1830 12" Stainless-35 Wire 1334-1755 280 Feb-00 Yes Yes GR-Res-SP Oct-00 5 1/2 1/0 1650 1689 400 570 2058 1025 1369 400 570 395 274 -31% CRDC drilled well, Jan-00.  Centrilift VFD

111 Castle Oaks-8 60266-F New Denver 1680 20 12.75 10-20 820-1680 12" Stainless-35 Wire 834-1640 460 Mar-04 Yes Yes Gr-SP-R-CD N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 500 N.E. Newly drilled well.  Not equipped yet. Operational by March 2006
124 Castle Oaks-8 60267-F New Arapahoe 2280 20 12 3/4 10-20 1690-2280 12" Stainless-35 Wire 1716-2224 410 Mar-04 Yes Yes Gr-SP-R-CD N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. Jul-01 N.E. Newly drilled well.  Not equipped yet. Operational by March 2006
148 Meadows D-4 60661-F New Denver 1350 17 1/2 10 3/4 10-20 501-1365 10" Stainless-35 Wire 532-1340 225 May-04 Yes Yes GR-Res-SP Aug-05 750 1006 350 TBD Oct-00 CRDC drilled, May-04.  Well equipment installed, start-up not yet completed.
149 Meadows D-3 49401-F In Use Denver 1256 22 12 3/4 10-20 444-1256 12" Stainless-35 Wire 490-1204 420 Mar-98 Yes Yes Res-GR Aug-04 4 1/2 2 1100 1113 160 350 1250 530 934 500 500 260 -48% Jul-04 Equipment downsized from original installation.  Drop pipe downsized to 4.5". 
150 Meadows D-2 49402-F In Use Denver 1331 22 12 3/4 10-20 500-1331 12" Stainless-35 Wire 576-1284 420 Apr-98 Yes Yes Res-GR-CNL Jul-98 7 1 1178 1189 266 600 1100 666 925 600 600 330 -45% Well drilled Apr-98, original equipment w/ Centrilift VFD.
168 Meadows DA-4 60655-F New Dawson 522 14 3/4 8 3/4 10-20 287-534 8" Stainless-35 Wire 306-512 155 Apr-04 Yes Yes GR-Res-SP Aug-05 180 303 140 TBD 140 CRDC drilled, Apr-04.  Well equipment installed, start-up not yet completed.
170 Meadows DA-6 54102-F In Use Dawson 540 16 8 3/4 10-20 276-540 8" Stainless-35 Wire 297-516 100 Mar-01 Yes Yes GR-Res-SP Jun-04 2 3/8 12 494 497 10 66 410 214 304 50 TBD 51 51 0% CRDC drilled well.  Initial well yield based on 3 month peak season avg.
174 Meadows D-6 54141-F In Use Denver 1330 20 12 3/4 10-20 522-1330 12" Stainless-35 Wire 555-1313 380 Dec-00 Yes Yes GR-Res-SP Jun-04 4 1/2 1/0 1118 1128 100 240 1153 593 1039 350 TBD 226 226 0% CRDC drilled well.  Initial well yield based on 3 month peak season avg.
176 RedHawk 47929-F GC Irrig Arapahoe 1887 22 12 3/4 10-20 1220-1890 12.25 Johnson-35 Wire 1320-1814 320 Apr-97 Yes Yes Res-GR Jul-05 7 2 1654 1674 400 400-700 1220-1500 916 1008 600 600 600 0% Golf Course irrigation Well. New June-97. Centrilift VFD.

204 PC-Miller West 52451-F In Use Arapahoe 1878 22 12 3/4 10-20 1150-1878 12" Stainless-35 Wire 1240-1820 400 Mar-99 Yes Yes Res-GR Sep-99 7 1 1700 1716 900 700-1400 1996 815 1108 700 1080 1080 0%
Start-up date Jun-2000.  ESP pump and motor.  Using Centrilift VFD, production rate 
fluctuates.

217 C. Oaks-EWTP 55977-F In Use Denver 1680 20 12 3/4 10-20 770-1664 12" Stainless-35 Wire 820-1580 450 Oct-01 Yes Yes GR-Res-SP May-04 7 1 1432 1454 450 600-900 1223 682 1034 700 570 570 0%
Intitial start-up directly into system Jul-04 .  Final start-up to EWTP Jun-05. Problem with 
excessive amounts of C02 degassing from formation.

218 C. Oaks-EWTP 55978-F In Use Arapahoe 2340 20 12 3/4 10-20 1654-2234 12" Stainless-35 Wire 1700-2252 430 Oct-01 Yes Yes Gr-SP-R-CD Jun-04 Jan-00 1 2063 2073 600 600-925 1957 1415 1721 600 825 825 0% Intitial start-up directly into system Jun-04 .  Final start-up to EWTP Jun-05.
219 Meadows A-13 60652-F New Arapahoe 1817 20 12 3/4 10-20 1336-1850 12" Stainless-35 Wire 1371-1775 310 Apr-04 Yes Yes Gr-SP-R-CD Aug-05 1226 1453 600 TBD 600 CRDC drilled, May-04.  Well equipment installed, start-up not yet completed.
Note: Wells 45, 50R, 111, 124, 148, 168 and 219 are not currently online, but their capacities have been estimated by the Town.
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WELL INFORMATION SHEET FOR INACTIVE WELLS (PLUGGED, NONEQUIPPED, UNUSED) 
Well TD Hole Casing Gravel Gravel Pack Screen Slot Screen Screen Comp. Well Drill Geophysical Last Pump Drop Pipe Cable Airline Pump Motor Designed Designed Orig.  PWL GPM Developer Initial Current Prod. Last Rehab

Well Location Permit # Status Aquifer (ft.) Diam OD(in) Pack Interval Type-Size Type Interval Length Date Rept Log Log Type Install Date O.D. (in) Size Length Intake Hp Pump Rate TDH (ft.) SWL (Test) (Test) Credit GPM GPM  GPM Loss Date Comments

1 Town Center 13190-F P&A Multi 1608 7  7/8 5 9/16 None Open Slotted Torch Cut Multi Mar-53 No Yes None 410 10 100 110 175 175 -- Plugged w/ 14 yds of cement by drilling contractor - 12/31/03. 
4 Town Center 13194-R Not used Alluvial 75 12 6 5/8 None 25-75 Stainless Galv Wire 50-70 20 Aug-87 No Yes ? Jun-87 3 1/2 12 50 50 2 96 48 30 42 120 110 50 -55% Well rehabed Mar-87. Well contaminated.
5 Town Center 3722-F Not used Den-Daw 818 11 5/8 9 5/8 None Open Steel Torch Cut 280-818 538 Aug-62 No Yes ? Jun-94 2 7/8 3 384 388 25 260 315 92 ? 230 230 125 -46% Mar-87 Cleaned; well TV logged 9/91.
6 Town Center 6784-F Not used Multi 1915 11 3/4 9 None Open Steel Torch Cut 350-1915 1565 Jan-65 No Yes ? Jul-84 4 1/2 3 692 692 60 300 660 313 260 360 231 -36% Well not currently used (no backwash tank)
7A Town Center 30966-F Capped Arapahoe 2005 15 10 3/4 None Open Galv Steel Wire 1358-1920 562 Jun-87 Yes Yes ? N.E. N.E. N.E. N.E. 1164t 150t 624 794 422 ? NA Redrill #7; Parted casing, well abandoned.
8 Town Center Not used Alluvial Well contaminated, abandoned

11 PC-Miller West 34853-F Not used Alluvial 71 22 12 4-8 18-63 Stainless-90 Wire 41-61 20 Aug-84 Yes Yes ? Jun-93 3 10 None 60 7.5 80 285 14 43 110 90 30 -67% May-95 Wire brushed, acid treatment; Cl injector wells
12 PC-Miller West 34855-F Not used Alluvial 69 22 12 4-8 18-69 Stainless-90 Wire 42-62 20 Aug-84 Yes Yes ? Jun-93 3 10 None 59 5 55 285 9.5 40 50 50 17 -66% May-95 Wire brushed, acid treatment; Cl injector wells
13 PC-Miller West 34854-F Not used Alluvial 75 22 12 4-8 20-75 Stainless-90 Wire 49-69 20 Aug-84 Yes Yes ? Jun-93 3 10 None 67 7.5 80 285 14.5 49 80 80 17 -79% May-95 Wire brushed, acid treatment; Cl injector wells
19 PC-Miller East 25753-F N.E. Larm-FH 2650 12 1/4 8 5/8 None Open 8" Johnsn-90 Wire 2444-2622 178 Sep-82 Yes No Res-SP, CDL N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 611 NA 20 N.E. N.E. N.E. Well not equipped (N.E.).
23 FV-Mikelson 25605-F N.E. Larm-FH 2956 12 1/4 8 5/8 None Open 9.25" Johnson-25 Wire 2691-2916 140 Sep-83 No No ? N.E. N.E. N.E. N.E. 2312 N.E. N.E. N.E. 1390 2312 99 N.E. N.E. N.E. Well not Equipped (N.E.)
26 Dawson Ridge 27035-F N.E. Larm-FH 2516 9 7/8 7 None Open 7" Stainless Wire 2271-2331 60 Feb-84 No No ? N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 782 972 32 N.E. N.E. N.E. Well not Equipped (N.E.)
28 Meadows A-2 29073-F P&A Arapahoe 2427 13 1/4 10 3/4 None Open 10" Johnsn-25 Wire 1271-1767 292 Jul-85 Yes Yes R-CDL-DSN May-97 5 1/2 4/0 1287 1313 125 250 1290 660 760 315 350 220 -37% 60' Arap Fm. core, 30 SWC shots. Plugged on 12/23/03
30 Scott Ranch 27703-F N.E. Larm-FH No data available.
32 FV-Enderud 25043-F P&A Dawson 1071 12 1/4 8 3/4 None Open 8" Johnsn-25 Wire 520-1042 356 Feb-82 No Yes ? Apr-93 2 7/8 1 888 897 50 135 1035 509 661 150 233 122 -48% Replaced pump and motor Apr-93.  Plugged  12/22/03.
33 FV-Enderud 25042-F P&A Denver 1570 9 7/8 7 None Open 6.25" Johnson-15 Wire 1300-1540 90 Jan-82 No Yes ? Jul-88 2 7/8 2 1395 1400 50 90 1280 634 873 70 95 54 -43% Jan-01 Rehabed 1/01; Plugged 12/22/03 after drilling replacement well
34 FV-Enderud 25041-F N.E. Larm-FH 2888 9 7/8 7 1/4 None Open 6.25" Johnson-15 Wire 2680-2858 154 Jan-82 No Yes ? N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 982 1502 58 N.E. N.E. N.E. Well not Equipped (N.E.)
38 Castle Oaks-9 24631-F N.E. Larm-FH 2839 9 7/8 7 1/4 None Open 6.25" Johnson-25 Wire 2636-2826 163 Feb-82 No No ? N.E. N.E. N.E. N.E. 1563 40 N.E. N.E. 920 1490 188 N.E. N.E. N.E. Well not Equipped (N.E.)
51 Meadows D-7 34574-F Capped Denver 2556 13 3/4 10 3/4 None Open 10" Johnsn-25 Wire 497-1290 360 Oct-85 No No ? N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 425 682 319 N.E. N.E. N.E. Drilled to 2556' completed to 1323'.  Old well to be plugged.
53 Meadows DA3 32347-F Capped Dawson 640 17 1/2 8 5/8 170-600 8" Johnsn-25 Wire 174-554 180 Dec-85 No No ? N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 125 383 280 N.E. N.E. N.E. Well is Capped, not equipped.
81 Sewer Ponds 37432-F Not used Alluvial 61 17 1/2 10 3/4 25-61 Stainless-80 Wire 37-52 15 Sep-90 Yes Yes ?  49 2 17 32 90 75 Water is used to irrigate cemetery.
A-6 Meadows A-6 29072-F P&A Arapahoe No No ? N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. High alpha count from 1550-1568'. Plug & Abandoned by CRDC on 2004.
94 Castle Oaks-8 N.E. Dawson Well not used due to poor yield.
167 Meadows DA-2 52125-F N.E. Dawson Drilled by CRDC.  No information. Above MCL in radium. Plugged by AmWest 2004.
171 Meadows DA-7 52806-F Capped Dawson 593 16 8 3/4 10-20 345-593 8" Stainless-35 Wire 380-574 110 Feb-00 Yes Yes GR-Res-SP N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 292 533 40 N.E. N.E. N.E. Well not equipped because of poor yield.
216 C. Oaks-ETP 55976-F Capped Dawson 810 20 12 3/4 10-20 485-810 12" Stainless-35 Wire 516-724 200 Oct-01 Yes Yes GR-Res-SP N.E. N.E. N.E. N.E. N.E. N.E. N.E. N.E. 581 693 30 N.E. N.E. N.E. Because of poor yield, this well will not be equipped.
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Appendix C – WTP Production & Backwash 
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Castle Rock
Overall System Water Production (2003)
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Castle Rock
Founders WTP (2003)

Water Production and Backwash Frequency

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

12/10/2002 1/29/2003 3/20/2003 5/9/2003 6/28/2003 8/17/2003 10/6/2003 11/25/2003 1/14/2004 3/4/2004

Pr
od

uc
tio

n 
(m

gd
)

0

1

2

3

4

5

6

7

8

N
um

be
r o

f B
ac

kw
as

he
s 

pe
r D

ay

WTP Effluent Flowrate
Number of Backwashes



Castle Rock
Meadows WTP (2003)

Water Production and Backwash Frequency

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

12/10/2002 1/29/2003 3/20/2003 5/9/2003 6/28/2003 8/17/2003 10/6/2003 11/25/2003 1/14/2004 3/4/2004

Pr
od

uc
tio

n 
(m

gd
)

0

1

2

3

4

5

6

7

8

N
um

be
r o

f B
ac

kw
as

he
s 

pe
r D

ay

WTP Effluent Flowrate
Number of Backwashes

Note: Date is from 2003, when 
Meadows WTP had only four filters. 
Currently, there are eight filters.



Castle Rock
Well 7 WTP (2003)

Water Production and Backwash Frequency
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Castle Rock
Well 10 WTP (2003)

Water Production and Backwash Frequency
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Purpose 
This technical memorandum (TM) presents the proposed capital improvement plan (CIP) 
for the Town’s water treatment infrastructure through Town build-out, which is expected to 
occur by the year 2027.  Included in this TM are the recommended projects for future 
surface and groundwater treatment, the proposed phasing of these projects, and the 
estimated capital costs.  The CIP for the Town’s finished water transmission and 
distribution system is presented in detail in TM 1.4.2 – Modeling of Existing & Future 
Distribution System and the CIP for the raw water supply is presented in the Town’s 2005 
Water Resources Strategic Master Plan (WRSMP).   

Water Demands 
Water treatment plants are typically designed to meet maximum day demands (MDDs) 
while storage in the distribution system is provided to meet peak hour and fire flow 
requirements.  The Town’s projected MDDs that were used in development of the water 
treatment CIP are presented in Table 1.5.4-1.  A detailed explanation on how these demands 
were estimated is presented in TM 1.4.2.  Note that the MDDs used in sizing the finished 
water transmission and distribution system are different, as explained in TM 1.4.2 (see page 
21).   

TABLE 1.5.4-1 
Maximum Day Demands per Planning Horizon 

Planning Horizon Maximum Day Demand 

Existing (2005) 13 mgd 

5 year 22 mgd 

10 year 32 mgd 

Build-out (2027) 41 mgd 

 

Future Surface Water Treatment 
CIP alternatives for future surface water treatment were determined by first establishing the 
water treatment required in the Town at build-out and then identifying the specific surface 
water treatment plants necessary to deliver this treatment.  The following two sections 
describe this analysis.  Construction phasing of the surface water treatment plants is 
discussed later after the groundwater treatment analysis is presented.   
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Treatment Requirements 
As presented in the WRSMP, 75 percent of the future raw water supplied to the Town will 
be renewable waters.  All of this water will be defined in regulatory terms as a “surface 
water” and will therefore require surface water treatment.  Surface water requires 
significantly more water treatment than groundwater to meet state and federal regulations, 
as discussed in TM 1.5.2 – Drinking Water Regulation Review.  In addition, the water in the 
Reuter Hess Reservoir, which will be the terminal surface water supply basin for Castle 
Rock, will require more advanced treatment than a typical surface water because of the 
anticipated impaired water quality in this reservoir.  Table 1.5.4-2 shows the major raw 
waters intended for the Reuter Hess Reservoir, the detrimental water quality constituents 
associated with these waters, and the water treatment required to remove these 
constituents.  A detailed explanation of the detrimental constituents can be found in TM 
1.5.1 – Raw Water Quality.  The required treatment options presented in Table 1.5.4-2 is based 
on industry standards and local approaches for treatment of waters influenced by 
wastewater and the treatment of standard surface waters.  More information on this topic is 
presented in TM 1.5.1.   

The proposed treatment process for Castle Rock’s future surface water is presented in 
Figure 1.5.4-1, which was developed with consideration to industry standards and local 
approaches for the treatment of wastewater influenced waters, economics, and the 
acceptability of certain treatment processes (e.g., RO and ion exchange may be difficult to 
permit with CDPHE in the future because of the difficulty of concentrate disposal, especially 
if surface water discharge is preferred).  Based on our current understanding of the water 
quality, the proposed treatment process will most likely be adequate to treat the reclaimed 
and alluvial waters.  Since the source and water quality of the imported surface water has 
not yet been identified, it is unknown if this treatment process would be acceptable when 
the imported surface water is available for treatment.  However, if the TDS and hardness 
concentrations are sufficiently low, the proposed treatment process should be adequate.   

The proposed treatment process for the future surface water is dependent on many 
variables for which little information currently exists.  The proposed treatment processes 
should be reevaluated on an annual basis when additional information is collected and raw 
water sources, quantity, and quality have been further refined.  Following is a list of some of 
the project variables that need better definition:  

• Natural treatment provided on Castle Rock and Parker reclaimed water and 
resulting water quality pumped into Reuter Hess. 

• Blending percentages of all waters into Reuter Hess 

• Water residence time and natural treatment provided in Reuter Hess Reservoir 

• Future water quality of imported surface water, especially total dissolved solids 
(TDS) and hardness. Elevated concentrations of either of these parameters may 
require a different proposed treatment train. 



TM 1.5.4 - FINAL - 5-12-2006.DOC  4 
COPYRIGHT 2006 BY CH2M HILL, INC. • COMPANY CONFIDENTIAL 

TABLE 1.5.4-2 
Surface Water Treatment Requirements for Available Surface Waters 

Raw Water 
Supplied to 

Reuter Hess1 

Water Quality Constituents of 
Concern 

Treatment Required and Processes Available 

Typical surface water constituents 
including pathogens, solids, and 
organics 

Typical surface water treatment of rapid mix, 
flocculation, enhanced coagulation, filtration, and 
disinfection 

Organic micropollutants (e.g., 
endocrine disruptors, pharmaceutical 
compounds, etc…) 

Multiple organic removal processes required. 
Possible treatment includes combinations of natural 
treatment, enhanced coagulation, advanced 
oxidation, biological filtration, granular activated 
carbon, and reverse osmosis. 

Solids and Pathogens Multiple solids and pathogen removal barriers 
required.  Possible treatment includes combinations 
of natural treatment, filtration, membranes, advanced 
oxidation, and disinfection. 

Total Dissolved Solids (TDS) TDS reduction may be required; however, based on 
some limited water quality data downstream of PCWA 
discharge, it appears that the TDS is about 350 mg/L.  
This is below the secondary MCL and would most 
likely be acceptable from a taste standpoint. 

Reclaimed water 
from Castle Rock 
and Parker, which 
is collected 
immediately 
downstream of 
respective WWTPs 
and is therefore 
heavily influenced 
by wastewater 
discharge 

Nitrate Natural treatment (e.g., riverbank filtration, shallow 
aquifer recharge and recovery), reverse osmosis, ion 
exchange 

Alluvial Water Typical surface water constituents 
including pathogens, solids, and 
organics 

Standard surface water treatment 

Same as above, plus: Same as above, plus: 

Elevated TDS: concentrations in the 
South Platte immediately downstream 
of the Metro area have recently 
average 580 mg/l, which is above the 
secondary MCL (500 mg/l).  TDS 
concentrations further downstream are 
expected to be higher. 

TDS reduction may be required: treatment options 
include blending with groundwater, reverse osmosis, 
or a combination of the two. 

Imported Surface 
Water located 
downstream of the 
Denver Metro Area 

Elevated Hardness: concentrations in 
the South Platte immediately 
downstream of the Metro area have 
recently averaged 230 mg/L, which is 
significantly higher than Castle Rock’s 
current water (about 100 mg/L) 

Hardness reduction may be required: treatment 
options include blending with groundwater, caustic or 
lime softening, nanofiltration, reverse osmosis, ion 
exchange, or a combination of these. 

1. The WRSMP indicated that Castle Rock’s imported surface water and reclaimed water will be pumped to the Reuter Hess 
Reservoir for storage and use.  The alluvial water was identified to be treated by a plant near the alluvial wells, such as the 
previously identified Southern surface water treatment.  However, storage of this water in the Reuter Hess Reservoir and treatment 
with the reclaimed water and imported surface water is another option.   



Figure 1.5.4-1
CASTLE ROCK 

ADVANCED WATER TREATMENT PLANT
PROCESS FLOW DIAGRAM

May 1, 2006
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Ancillary Facilities Phase 1 Buildout
Backwash Supply Pump Station

Firm Capacity 14.0 mgd 14.0 mgd
Design Head 40 ft 40 ft

Chemical Systems
Number of Days of Storage 30 days 30 days

Ozone Generation
LOX Storage

Liquid Chemicals
Polymer Polymer

Ferric Chloride Ferric Chloride
Sulfuric Acid Sulfuric Acid

Hydrogen Peroxide Hydrogen Peroxide
Filter Aid Polymer Filter Aid Polymer

Sodium Hypochlorite Sodium Hypochlorite
Sodium Hydroxide Sodium Hydroxide

CO2 Storage
Backwash Waste Equalization Basin

Number of Backwashes of Storage 2 2
Storage Volume 304,000 gal 304,000 gal

Thickeners
Number of Trains 1 2

Design Solids Capacity 1350 ppd 2700 ppd
Solids Dewatering (Deskins)

Number of Trains 8 8
Area of Each Filter 900 sf 900 sf

Design Solids Capacity 1350 ppd 2700 ppd

Treatment Facility Phase 1 Buildout Treatment Benefit
Overall Facility Capacity 13 mgd 30 mgd
Forebay

Number of Forebays 1 1
Storage Volume 30 MG 30 MG

Rapid Mix Uniform treatment chemical mixing
Number of Trains 2 4

Capacity per Train 7.9 mgd 7.9 mgd
Velocity Gradient 1000 s-1 1000 s-1

Flocculation Solids and organics coagulation
Number of Trains 2 4

Capacity per Train 7.9 mgd 7.9 mgd
Flocculation Detention Time 30 min 30 min

Number of Stages 3 3
Sedimentation Solids and organics removal

Number of Trains 2 4
Capacity per Train 7.9 mgd 7.9 mgd

Plate Hydrualic Loading Rate 0.36 gpm/sf 0.36 gpm/sf
Ozone Contactors

Number of Trains 2 4
Capacity per Train 7.75 mgd 7.75 mgd

Hydraulic Retention Time 10 min 10 min
Ozone Dose 2.0 mg/L 2.0 mg/L

Filters Removal of solids, pathogens, organics and micropollutants
Total Filtration Capacity 13.3 mgd 31.0 mgd

Number of Filters 4 (3 online, 1 standby) 8 (7 online, 1 standby)
Filter Loading Rate 8.0 gpm/sf 8.0 gpm/sf

Adsorber Influent Pump Station Adds flexibility to hydraulic profile on the site
Firm Capacity 15.5 mgd 31.0 mgd
Design Head 20 ft 20 ft

GAC Adsorbers Removal of organics and micropollutants
Total Adsorption Capacity 13.3 mgd 31.0 mgd

Number of Filters 4 (3 online, 1 standby) 8 (7 online, 1 standby)
Filter Loading Rate 5.25 gpm/sf 5.25 gpm/sf

Empty Bed Contact Time 10 min 10 min
UV Disinfection Disinfection of pathogens

Number of Trains 2 (1 online, 1 standby) 3 (2 online, 1 standby)
Capacity per Train 15.0 mgd 15.0 mgd

Design UV Transmittance 92.0% 92.0%
Clearwell

Disinfection Contact Volume 100,000 gal 200,000 gal
Backwash Supply Volume 450,000 gal 900,000 gal

Oxidation of organics and micropollutants and preparation for 
additional organics and taste and odor removal in biologically 
active filters

Raw water supply storage and equalization, backwash return 
equalization

Disinfection of pathogens, chlorine residual in distribution 
system
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Surface Water Treatment Options at Build-out 

In the future, Castle Rock will be treating three renewable water sources. Water supply 
quantities were summarized in the Water Resources Strategic Master Plan. Based on this plan, 
imported surface water will comprise 45 percent, reclaimed water will comprise 29 percent, 
and alluvial water rights will make up 9 percent of Castle Rock’s water resources. These 
three water sources represent 83 percent of Castle Rock’s future water supply.  The Water 
Resources Strategic Master Plan also established a goal of using approximately 75 percent 
renewable water in the future.  The surface water treatment options described in this TM 
will allow Castle Rock to meet and possibly exceed its goal of using 75 percent renewable 
water supplies. 

As identified in Table 1.5.4-2, advanced water treatment processes are required for the 
reclaimed and imported surface waters while only standard surface water treatment is 
required for the alluvial water since it is located upstream of wastewater discharges.  The 
future reclaimed and imported surface waters are expected to be stored in the Reuter Hess 
Reservoir, which is located northeast of Castle Rock.  The alluvial water source is located in 
southern Castle Rock.  Given these geographic locations, two potential treatment options for 
build-out were developed using all three raw water sources.  The first option assumes that 
all surface water (including alluvial) would be delivered to the Reuter Hess Reservoir and 
treated at a combined advanced surface water treatment plant.  The second option assumes 
that a local “Southern” surface water treatment plant would treat the alluvial water and a 
new advanced surface water treatment plant would treat the reclaimed water and imported 
surface water.  These options and their associated advantages are presented in Table 1.5.4-3. 

TABLE 1.5.4-3 
Surface Water Treatment Plant Options at Build-out 

Option Surface Water Treatment 
Plants Constructed 

Surface Waters 
Treated 

Advantages  

1 30 mgd Advanced Surface 
Water Treatment Plant 
(ASWTP) 

Reclaimed water, 
imported surface 
water, and alluvial 
water 

One centralized surface water treatment 
plant rather than two 

East Plum Creek alluvial water will provide 
“dilution” of downstream reclaimed water, 
which will improve water quality1 

26 mgd Advanced Surface 
Water Treatment Plant 

Reclaimed water and 
imported surface 
water 

2 

4 mgd standard Southern 
Surface Water Treatment 
Plant (expandable to 8mgd 
if groundwater treatment 
included) 

Alluvial water  

Capacity of more complex Advanced 
Surface Water Treatment Plant is reduced 
because alluvial water is treated with a more 
typical surface water treatment plant.   

1. The Town has indicated that they will confirm that alluvial water rights can be transferred downstream to point 
after PCWA discharge. 

An economic evaluation comparing the costs of options 1 and 2 indicated that Option 2 
would cost about $19.6 million more than Option 1 in present worth terms.  This cost 
comparison is included in Appendix A.   Town staff selected Option 1 for the future surface 
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water treatment at a meeting on February 21, 2006.  Options #1A and #1B, which represent 
different phasing approaches to the construction of the ASWTP, were also discussed at the 
meeting.  Town staff selected Option #1B, which delays construction of the ASWTP beyond 
the 5-year time period.  Meeting minutes documenting this decision are included in 
Appendix B.   

Future Groundwater Treatment 
CIP alternatives for future groundwater treatment were determined by first establishing the 
water treatment required in the Town at build-out and then identifying the specific 
groundwater treatment plants necessary to deliver this treatment.  The following two 
sections describe this analysis.  Construction phasing of the groundwater treatment plants 
in conjunction with the surface water plants is discussed in the subsequent section.   

Treatment Requirements 
The Town currently operates four greensand filtration treatment plants, primarily for the 
removal of elevated concentrations of iron and manganese present in the Denver Basin 
Groundwater.  Chlorine disinfection is provided at each of these treatment plants.  These 
treatment plants currently supply 100 percent of the potable water to the Town, but will be 
reduced to 17 percent at Town build-out.  As described in detail in TM 1.5.2, no treatment 
improvements at these plants should be required to meet currently identified future 
regulations.  On-going maintenance projects at the treatment plants and the raw water wells 
will of course continue to be necessary. 

Groundwater Treatment Options at Build-out 
Significant expansion of the groundwater treatment plants will be required prior to the 
implementation of the imported surface water project to meet increasing demands.  
Expansion at one or more of the four existing groundwater treatment plants could be made 
to meet the increasing demands.  Table 1.5.4-4 identifies the advantages and disadvantages 
associated with the expansion of each existing groundwater treatment plant. 

TABLE 1.5.4-4 
Groundwater Treatment Plant Expansion: Advantages and Disadvantages 

Treatment Plant Advantages to Expansion Disadvantages to Expansion 

P.S. Miller WTP High production wells in vicinity of PS 
Miller 

Plant is built in close proximity to a golf course 
and has little room to expand. 

Plant is the oldest of the four existing plants. 

Current capacity is only 2.16 mgd and has 
limited existing infrastructure to support a large 
expansion. 

Meadows WTP Plant has space and infrastructure to 
support an expansion from 8 mgd to 12 
mgd. 

Plant is in good working condition and 
was recently upgraded in 2004. 

Plant is currently raw water supply limited at 
6.25 mgd.  Town staff is reluctant to drill more 
wells in this vicinity because of the tendency of 
the wells to quickly loose capacity. 
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TABLE 1.5.4-4 
Groundwater Treatment Plant Expansion: Advantages and Disadvantages 

Treatment Plant Advantages to Expansion Disadvantages to Expansion 

Founders WTP Plant is in good working condition 

 

Plant is located in neighborhood with limited 
space to expand. 

Current capacity is only 3.2 mgd and has limited 
existing infrastructure to support a large 
expansion. 
 

Some existing wells that supply water to 
Founders are being piped to the Ray Waterman 
Regional Water Treatment Center (RWRWTC) 
(fka the Eastern WTP), which will limit the 
amount of raw water available to Founders. 

Ray Waterman 
Regional Water 
Treatment Center 
(RWRWTC) (fka 
the Eastern WTP) 

Plant is newest of the four existing 
plants. 

Current capacity is 8 mgd with 
infrastructure provided for expansion to 
30 mgd. 

Adequate site space to expand plant. 

Town staff reports that the aquifer 
produces more sustainable, higher 
capacity, raw water wells in the vicinity of 
the plant when compared to wells 
located in the western part of the Town. 

Although the RWRWTC can be expanded to a 
surface water treatment plant as originally 
planned, the impaired water quality expected in 
the Reuter Hess Reservoir requires more 
treatment than can be provided at the existing 
RWRWTC. Therefore, a more rigorous water 
treatment process is required to meet drinking 
water standards.  

 

A meeting with Town staff was held on February 21, 2006 to discuss these options.  
Expansion of the PS Miller and Founders WTPs were eliminated from consideration due to 
the disadvantages listed above.  Expansion of the Meadows WTP to 12 mgd was considered 
(Option #3 in Appendix B), but was ultimately rejected because of the limited amount of 
raw water in the vicinity of the plant.  Expansion of the Ray Waterman Regional Water 
Treatment Center (RWRWTC) (fka the Eastern WTP) (Option #1B) was ultimately selected.  
The February 21, 2006 meeting minutes documenting this decision are included in 
Appendix B.  The phased construction approach to expanding the RWRWTC, as well as 
construction of the ASWTP, is presented in the following section. 

CIP for Demand Driven Projects 
The CIP phasing of the new Advanced Surface Water Treatment Plant (ASWTP) and the 
expansion to the RWRWTC for additional groundwater treatment is dependent upon the 
timeline for new raw water availability and Town demands.  The Town’s alluvial and 
reclaimed waters are immediately available and the Town would like to utilize those 
renewable water sources as quickly as possible.  It is anticipated that the imported surface 
water will not be available until around the year 2032.  Using this information and the Town 
water demands presented in Table 1.5.4.1, the CIP projects to meet the Town’s demand 
driven needs were developed and are presented in Table 1.5.4-5.  The potable water capacity 
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these projects provide is shown and compared to the Town’s anticipated potable demands 
in Figure 1.5.4-2.  As directed by Town staff, the reduction in potable water demands that 
will be provided by the construction of a non-potable reuse system was not considered. 

TABLE 1.5.4-5 
CIP for Demand Driven Projects 

Planning Horizon CIP Projects 

5 year WTP #1 - Expand RWRWTC to 18 mgd of 
groundwater treatment1 

10 year WTP #2 - Phase I of new ASWTP (10 mgd capacity)2 

Ultimate WTP #3 - Phase II of new ASWTP (30 mgd capacity)2 
1. New raw water wells need to be added to supply RWRWTC with a total capacity of 18 mgd.  Plans and 

costs for raw water well development are presented in the WRSMP.   

2. With the exception of the filters and GAC adsorbers, the plant was developed with two treatment trains 
to provide initial redundancy and allow easy expansion to four treatment trains at 30mgd.  The Phase I 
plant capacity will actually be about 13 mgd, but is listed at 10 mgd in this table because the Town may 
be limited to this amount of reclaimed and alluvial water supply in year 10. 

 

Figure 1.5.4-2
Max Day Demand and Finished Water Capacity at Build-Out
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The construction phasing identified in Table 1.5.4-5 should be reevaluated on an annual 
basis to determine the impact of: 

• Higher Town Demands: higher demands would require acceleration of the ASWTP 
project. 

• Ultimate Demands: In addition to shutting down PS Miller at build-out, Meadows 
WTP and Founders WTP could also be shut down depending on actual Town 
demands observed at that time. 

The detailed CIP projects for the next five years are shown in Table 1.5.4-6.  The potable 
water capacity these projects provide is shown and compared to the Town’s anticipated 
potable demands in Figure 1.5.4-3.  Rapid development of raw water wells and treatment at 
the RWRWTC is shown by year 5 to provide a more comfortable excess capacity in the 
potable water system.  If Town demands are less than predicted over the first 5 years, raw 
water well production at the RWRWTC could be relaxed somewhat. However, the 
RWRWTC should be expanded regardless.   

TABLE 1.5.4-6 
Detailed 5-yr CIP for Demand Driven Projects 

Year CIP Projects 

WTP #1 - RWRWTC Expansion (Planning and Design) Year 1 (2006) 

Add 2 mgd of raw water wells to supply RWRWTC1 

WTP #1 – RWRWTC Expansion (Design) 

WTP #2 –Phase I of new ASWTP  (Planning/Study) 

Year 2 (2007) 

Add 2.66 mgd of raw water wells to supply RWRWTC1 

WTP #1 – RWRWTC Expansion (Construction) 

WTP #2 – Phase I of new ASWTP  (Study/Piloting)  

Year 3 (2008) 

Add 4 mgd of raw water wells to supply RWRWTC1 

WTP #1 – RWRWTC Expansion (Construction) 

WTP #2 – Phase I of new ASWTP  (Design) 

Year 4 (2009) 

Add 4 mgd of raw water wells to supply RWRWTC1 

WTP #2 – Phase I of new ASWTP  (Begin construction) Year 5 (2010) 

Add 2 mgd of raw water wells to supply RWRWTC1 
1. A project number has not been assigned to this work because it is not related to treatment. It is 

listed in this TM for information. 
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Figure 1.5.4-3
Max Day Demand and Finished Water Capacity (5-year)
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CIP Project: Conceptual Design Criteria for Advanced Surface Water Treatment 
Plant  
The treatment processes required for construction of both phases of the new ASWTP are 
shown in Figure 1.5.4.1.  This figure also shows all of the design criteria that were 
established to estimate the cost of constructing this facility.  Excluding the forebay, it is 
estimated that approximately 13 acres of land with similar length and width dimensions 
would be required for this plant at build-out capacity (30mgd).  Table 1.5.4-7 shows the 
estimated facility footprints for each treatment process. 

TABLE 1.5.4-7 
Estimated Facility Footprints for 30 mgd ASWTP 

Facility Length (ft) Width (ft) 

Liquid Treatment:   

Forebay (1 day of storage) 790 430 

Rapid Mix 50 40 

Flocculation 60 160 

Sedimentation 60 160 

Ozone Contactors 70 70 

Filters 130 100 

Adsorber Influent Pump Station 30 30 

GAC Adsorbers 140 100 
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TABLE 1.5.4-7 
Estimated Facility Footprints for 30 mgd ASWTP 

Facility Length (ft) Width (ft) 

UV Disinfection 60 40 

Clearwell 80 80 

   

Solids Treatment:   

Backwash Supply Pump Station 30 20 

Ozone Generation 40 120 

LOX Storage 40 60 

Liquid Chemicals 210 50 

CO2 Storage 50 60 

Backwash Waste Equalization Basin 120 70 

Thickeners 20 40 

Solids Dewatering (Deskin Drying Beds) 60 250 

Notes: 
1. Excluding the forebay, the total area required for these facilities is 
estimated at 13 acres.  This estimate is based on engineering judgment 
and includes allowances for property line setbacks, roads, and setbacks 
between facilities. 

CIP Project: Conceptual Design Criteria for RWRWTC Expansion  
Table 1.5.4-8 shows the required improvements at the RWRWTC to expand its groundwater 
treatment capacity from 8 mgd to 18 mgd. The design criteria used to estimate the cost of 
this expansion are also listed in this table.  

TABLE 1.5.4-8 

RWRWTC Expansion Design Criteria 

Treatment Facility 
Design 
Criteria Notes 

Raw Water Equalization 120,000 gal   

Rapid Mix     

Number of Trains 1   

Capacity per Train 10.0 mgd   

Velocity Gradient 1000 s-1   

Filters    

Filtration Capacity 10.6 mgd Miscellaneous connections must be made to existing 
FE, FTW, BWA, BWS, BWS, and FI lines 

Number of Filters 4 (4 online, 0 
standby) 1 standby filter in existing facility 
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TABLE 1.5.4-8 

RWRWTC Expansion Design Criteria 

Treatment Facility 
Design 
Criteria Notes 

Filter Loading Rate 3.1 gpm/sf Match existing filter loading rate 

Clearwell  700,000 gal  Volume sized to match existing; existing clearwell 
provides adequate backwash volume 

Backwash Supply Pump 
Station 

None Existing pump station is sufficient for future 
expansion 

Chemical Systems     

Number of Days of Storage 30   

Liquid Chemicals Sodium 
Hypochlorite 

Expand existing chemical building to provide space 
for this system 

Dry Chemicals Potassium 
Permanganate 

Retrofit existing unused chemical room for this 
system 

Backwash Waste 
Equalization Basin 

None Existing backwash waste equalization basins are 
sufficient for future filtration capacity 

Yard Piping 
Maintain 
velocity below 
5 ft/s 

New 24" raw water pipe required between raw water 
equalization basin and filters. Other miscellaneous 
yard piping will be required (e.g. chemicals). 

Miscellaneous 
Improvements  Miscellaneous improvements to site electrical, site 

civil and computer systems will be required 

 

CIP to Repair Existing Deficiencies 
The improvements listed in this section are intended to repair existing deficiencies 
identified by the Town and inspected during tours of the facilities. These projects and costs 
should be verified through a detailed engineering analysis prior to implementation.  More 
specific cost information for each project is included in Appendix C. 

Founders WTP 
One project was identified for the Founders WTP:  

• WTP #4 - Founders WTP Filter Air Binding & Underdrain and Media Replacement: 
This project will minimize or eliminate the air binding issues in the filters, increasing the 
filter run length and improving the water efficiency of the plant. In addition, the 
underdrain may be replaced to eliminate the gravel support layer and to prevent media 
pass-through.  Proposed improvements for this project include: 

o Operational adjustments, including opening the filter effluent isolation 
valves to only 60% open and increasing the filter operational level to 6 feet.  
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o Installation of Phoenix Panels over existing underdrains 

o Media replacement 

P.S. Miller WTP 
Two projects have been identified for the P.S. Miller WTP:  

• WTP #5 - P.S. Miller WTP Filter Air Binding and Flow Splitting: This project will 
minimize or eliminate the air binding in the filters and improve the filter influent flow 
splitting to the six filters. This will increase the filter run length during high demands, 
reducing backwash waste from the plant.  Assumed improvements for this project 
include: 

o Installation of magmeters and flow control valves as well as filter effluent 
piping modifications to aid in filter effluent flow control and raw water flow 
splitting.  

o Installation of a filter seal weir to mitigate air binding. 

• WTP #6 - P.S. Miller WTP Programming and Automation: This project will integrate 
the two separate control systems at the WTP and automate the air scour process to 
minimize operator effort.  Assumed improvements for this project include: 

o Installation of automated air scour valves to reduce operator attention. 

o Integration of the old and new computer systems at the WTP. 

Capital Improvement Plan Costs 
Capital costs for the treatment CIP projects were developed using CH2M HILL’s Parametric 
Cost Estimating System (CPES).  Based on the somewhat limited information currently 
available for the development of design criteria associated with the selected treatment 
processes, this cost estimate should be considered a Class 4 cost estimate as defined by the 
Association for the Advancement of Cost Engineering (AACE International).  AACE defines 
a Class 4 estimate as: 

• Class 4. Estimate is prepared based on information where the preliminary 
engineering is from 1 to 5-percent complete. Detailed strategic planning, business 
development, project screening, alternative scheme analysis, confirmation of 
economic and/or technical feasibility, and preliminary budget approval are needed 
to proceed. Examples of estimating methods used include equipment and/or system 
process factors, scale-up factors, and parametric and modeling techniques. The 
typical expected accuracy range for this class estimate is –15 to –30 percent on the 
low side and +20 to +50 percent on the high side. 

Table 1.5.4-9 shows the capital costs in 2006 dollars for the proposed water treatment CIP 
projects.  The capital costs include construction, engineering, engineering services during 
construction, permitting, commissioning and startup, and legal services.  Costs for land 
acquisition and raw water development are not included in this estimate.  Detailed cost 
tables for these CIP project estimates are included in Appendix C. 
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TAB LE 1.5.4-9 
Water Treatment CIP 

Cost1 

Year(s) 

Project 

Total Cost 

2006 2007 2008 2009 2010 2011 - 2020 2020 - 2032 

WTP #1 – RWRWTC 
Expansion 

$10.3M  $1.2M (Planning, 
Design) 

$4.55M 
(Construction, 

SDC) 

$4.55M 
(Construction, 
SDC, Startup) 

   

WTP #2 - Phase I ASWTP $51.8M  $0.85M 
(Planning/ Study) 

$0.85M 
(Study/ 
Piloting) 

$4.2M (Design) $15.2M 
(Construction, 

SDC) 

$30.7M 
(Construction, 
SDC, Startup) 

 

WTP #3 - Phase II ASWTP $38.5M       $38.5M 
(Planning/ 
Design/ 

Construction) 

WTP #4 – Founders WTP Air 
Binding/ Underdrain 
Replacement 

$0.17M  $0.17M2 

(evaluation/ 
construction) 

      

WTP #5 – PS Miller WTP Air 
Binding / Programming and 
Automation  

$0.2M $0.2M2 (evaluation/ 
construction) 

      

Totals $100.97M $0.37M $2.05M $5.4M $8.75M $15.2M $30.7M $38.5M 

Notes: 

1) The following costs are not included in the above table: 

a) Raw water development  
b) Land Acquisition and associated activities such as environmental assessments, surveying, etc… 
c) On-going maintenance at WTPs 

2) Costs for the Founders WTP and PS Miller WTP improvements were developed by the Town.  Backup cost information for these projects is 
not included in this TM. 



 

 

Appendix A – Southern WTP Cost Comparison 



Southern WTP Feasibility Evaluation

Objective:

Approach:
A - calculate the present worth cost of the new Southern WTP
B - calculate the present worth savings realized by the reduction in the capacity of the pipeline and pump station to Reuter-Hess Reservoir
C - calculate the present worth savings realized by reducing the capacity of the new Advanced WTP
D - calculate the present worth savings realized by the reduction in the diameter of the pipeline to the Southwest Quadrant
E - the additional cost of the Southern WTP = A-B-C-D

Interest Rate 5.0%
WTP Project Life 20 yrs
Pipeline Project Life 50 yrs

Surface WTP Surface WTP
Southern WTP Capacity (mgd) Capital Cost Annual O&M Cost

A New Southern WTP 4 $15,628,620 $1,437,977

Pipeline and Pump Station to Reuter-Hess 
Reservoir Item Construction Cost Annual O&M Cost

6.1 mi of 24" DIP $4,164,054 $8,372
Storage Tank $599,274 $11,740

661 hp Pump Station $2,871,849 $174,863
Subtotal $7,635,177 $194,975

6.1 mi of 24" DIP $4,164,054 $8,372
Storage Tank $501,300 $9,953

513 hp Pump Station $2,416,484 $135,655
Subtotal $7,081,838 $153,980

B
Savings on Pipeline and Pump Station to 
Reuter-Hess Reservoir $553,339 $40,995

Surface WTP Surface WTP
Advanced WTP Capacity (mgd) Construction Cost Annual O&M Cost
New Advanced WTP w/o a Southern WTP 30 $78,525,950 $5,843,595
New Advanced WTP w/ a Southern WTP 26 $73,871,208 $5,343,331

C Savings on Advanced WTP by building a Southern WTP $4,654,742 $500,264

Pipeline to Southwest Quadrant Pipe Dia (in) Pipe Length (lf) Construction Cost Annual O&M Cost
42 11096 $3,686,061 $698
30 7345 $1,851,667 $444
42 20473 $6,801,076 $1,287

Subtotal 38914 $12,338,804 $2,429
36 11096 $3,248,375 $685
20 7345 $1,327,908 $422
36 20473 $5,993,510 $1,264

Subtotal 38914 $10,569,794 $2,371
D Savings on Pipeline to SW Quadrant $1,769,011 $57

Construction Cost Annual O&M Cost Present Value
A Cost for New Southern WTP $15,628,620 $1,437,977 $33,548,987
B Savings on Pipeline and Pump Station to 

Reuter-Hess Reservoir $553,339 $40,995 $1,301,741
C Savings on Advanced WTP $4,654,742 $500,264 $10,889,137
D Savings on Pipeline to SW Quadrant $1,769,011 $57 $1,770,059

E Additional Cost for Southern WTP $8,651,528 $896,660 $19,588,050
Notes:
1

Advanced WTP / Southern WTP Cost Comparison

Pipeline Required w/o Southern WTP

Pipeline Required w/ Southern WTP (less 
capacity is required)

Costs developed using costs curves from the Water Resources Strategic Master Plan Cost Estimating Guide and costs developed for the 
Advanced WTP as part of the Water Facilities Master Plan

Pipeline Required w/o Southern WTP

Pipeline Required w/ Southern WTP (8 mgd 
less capacity is required)

Calculate the additional cost/savings incurred by constructing a new Southern WTP and reducing the capacity of a new Advanced WTP. This 
approach would reduce the size of the Advanced Surface Water Treatment Plant and reduce the size of the transmission pipeline from the 
East to the Southwest Quadrant because the Southern WTP would meet some of the demands in that area.
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M E E T I N G  S U M M A R Y   

 

Water Facilities Master Plan Progress Meeting - February 
21, 2006 

Ron Redd/Town of Castle Rock 
Rick Wilkey/Town of Castle Rock 
Mark Scott/Town of Castle Rock 
Tim Friday/Town of Castle Rock 
Tim Lambert/Town of Castle Rock 

Dale Anderson/Town of Castle Rock 
Bryan Baker/Town of Castle Rock 
Mark Rosser/CH2M HILL  
Larry Schimmoller/CH2M HILL  
Doug Simon/CH2M HILL  
Jason Curl/CH2M HILL

   Brock McEwen/CH2M HILL  

FROM: Jason Curl/CH2M HILL 

DATE: February 21, 2006 

 
The following is a summary of items discussed on February 21, 2006 related to the Water 
Facilities Master Plan: 

Summary of Ultimate Demands 
Larry Schimmoller reviewed a table which summarized the assumptions made for ultimate 
Town water demands for both the Water Resources Strategic Master Plan (WRSMP) and the 
Water Facilities Master Plan (WFMP).  

Ron Redd wants the WFMP to assume that the non-potable demands will be met by the potable 
water treatment and distribution system. This is the most conservative scenario in case the 
Town elects to not put in a reuse system.  

Future Water Treatment 
Larry Schimmoller presented a brief overview of four potential CIP scenarios for the Town to 
meet its future water demands (Alternatives 1A, 1B, 2, and 3). He also presented a need for a 
new advanced water treatment plant to treat reclaimed water and imported surface water 
because of the assumed marginal water quality of these water sources.  

The Town mentioned that there are a couple of raw water projects (Castle Oaks and Enderud 
projects) that will increase the raw water supply to the RWRWTC by the end of this year. These 
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projects will be considered when documenting CIPs in the WFMP. Also, in the future, there 
may be a diversion of the Weaver wells to RWRWTC, which would increase raw water supply 
capacity to the RWRWTC but reduce raw water supply capacity to the Founders WTP.  

The WRSMP assumed the water from the Reuter-Hess Reservoir would not require an 
advanced treatment plant.  However it did assume significant pre-treatment of the imported 
surface water at the source.  Because the WFMP ties construction of the advanced treatment 
plant to operation of Rueter-Hess Reservoir, it presents a different timeline for those costs than 
the WRSMP which linked pre-treatment capital costs to the imported surface water source to be 
brought on-line in 2032.  

Ron Redd emphasized that the Town was committed to maximizing its right to reuse water that 
can use to extinction and said that the goal is to begin utilizing reclaimed water in 
approximately 7 to 8 years. 

The Meadows development has 2000 af/yr of rights to alluvial well water in East Plum Creek 
upstream of the Plum Creek Wastewater Authority (PCWA). These rights are associated with 
additional rights owned by Castle Pines and Castle Pines North. The rights currently owned by 
the Meadows development (2000 af/yr) will eventually be transferred to the Town. 

The well field named Meadows New-2 (now called A-12) has recently been drilled and is 
awaiting installation of production facilities.  The well field named Meadows New-1 (now 
called A-11) will soon be drilled. 

Bryan Baker has a static water level decline report on the Town’s Denver Basin wells. It presents 
the loss of head in the Town’s wells over time. 

Currently, PCWA operates a reuse facility to supply irrigation water to two golf courses. PCWA 
also owns approximately 100 ac west of their existing plant. Beneficial use of these assets should 
be considered in the CIP planning. 

The Town would like to fit the new advanced water treatment plant on the same site as the 
RWRWTC or property adjacent to the RWRWTC. CH2M HILL will provide the Town with a 
schematic layout and an estimate of the amount of land required for the ultimate RWRWTC and 
the advanced WTP. 

Based upon input from all of the Town staff present at the meeting, it was decided that Option 
#1B would be carried forward in the CIP.  In addition, the Town would like the 5-year CIP plan 
to show planning efforts for the advanced water treatment plant, which they would like to see 
constructed in 7 to 8 years. . CH2M HILL will also provide a present worth economic analysis 
comparing the construction of the Southern WTP against an approach which would centralize 
most of the Town’s treatment near the RWRWTC.  

Existing Distribution System Deficiencies 
Doug Simon presented the existing distribution system deficiencies. Some improvements will 
be required in order to meet fire flow requirements. These projects will be further defined 
following completion of future model scenarios which may influence improvement size 
recommendations. 
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Future Distribution System Deficiencies 
Doug Simon briefly talked about future distribution system deficiencies. These have not been 
fully identified at this time as the location of treated water supply will influence CIP 
requirements.  

Storage Tank Projects 
Tim Friday presented the currently planned storage tank projects that the Town has identified. 
Currently the Town has approximately 150% of the maximum day demand (MDD) in total 
storage volume. The ultimate system, however, will have approximately 100% of the MDD in 
total storage. 

Action Items 
CH2M HILL – provide a layout and an area estimate required for the ultimate RWRWTC and 
the new advanced WTP 

CH2M HILL – provide an economic analysis on the feasibility of constructing a Southern WTP. 
This will be provided in the Water Treatment CIP TM as part of the WFMP. 

 



Castle Rock Water Treatment CIP Options
4/2/2006

Treatment Plant Capacity 
(mgd)

CIP Required Treatment Plant Capacity 
(mgd)

CIP Required Treatment Plant Capacity 
(mgd)

CIP Required Treatment Plant Capacity 
(mgd)

CIP Required

Advanced WTP 5 CIP: new 5 mgd advanced WTP (Town 
alluvial(3.7 mgd) and reclaimed 

water(1.3mgd))

Advanced WTP - Advanced WTP - Advanced WTP -

Eastern WTP 8 CIP: add new wells and piping to supply 8 
mgd to Eastern WTP

Eastern WTP 12 CIP: expand Eastern to 18mgd, add new
wells to supply 12mgd

Eastern WTP 8 CIP: add new wells and piping to supply 
8 mgd to Eastern WTP

Eastern WTP 8 CIP: add new wells and piping to supply 
8 mgd to Eastern WTP

Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 12 Expand Meadows to 12 mgd and add 
wells to supply 12 mgd

Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2
Southern Surface WTP - Southern Surface WTP - Southern Surface WTP 5 CIP: new Southern Surface WTP 

(alluvial (3.3 mgd) and groundwater (1.7 
mgd))

Southern Surface WTP -

PS Miller WTP 2.16 PS Miller WTP 2.16 PS Miller WTP 2.16 PS Miller WTP 2.16
Total 24.61 Total 23.61 Total 24.61 Total 25.36

Potable water demand 20.4 Potable water demand 20.4 Potable water demand 20.4 Potable water demand 20.4
Excess Capacity 4.21 Excess Capacity 3.21 Excess Capacity 4.21 Excess Capacity 4.96

Advanced WTP 10 CIP: expand Advanced WTP to 10mgd; add
5 mgd of reclaimed water

Advanced WTP 10 CIP: new 10 mgd advanced WTP (Town 
alluvial(3.7 mgd) and reclaimed water 

(6.3mgd))

Advanced WTP 5 CIP: new 5 mgd advanced WTP (5 mgd 
of reclaimed water)

Advanced WTP 10 CIP: new 10 mgd advanced WTP (Town 
alluvial(3.7 mgd) and reclaimed water 

(6.3mgd))
Eastern WTP 12 CIP: expand Eastern to 18mgd, add new 

wells to supply 12mgd
Eastern WTP 12 Eastern WTP 8 Eastern WTP 8

Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 12
Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2
Southern Surface WTP - Southern Surface WTP - Southern Surface WTP 8 CIP: expand Southern Surface WTP to 

8mgd (add 3 mgd groundwater wells)
Southern Surface WTP -

PS Miller WTP 2.16 PS Miller WTP 2.16 PS Miller WTP 2.16 PS Miller WTP 2.16
Total 33.61 Total 33.61 Total 32.61 Total 35.36

Potable water demand 29.7 Potable water demand 29.7 Potable water demand 29.7 Potable water demand 29.7
Excess Capacity 3.91 Excess Capacity 3.91 Excess Capacity 2.91 Excess Capacity 5.66

Advanced WTP 10 Advanced WTP 10 Advanced WTP 5 Advanced WTP 10
Eastern WTP 18 Add 6 mgd new wells to Eastern Eastern WTP 18 Add 6 mgd new wells to Eastern Eastern WTP 18 CIP: expand Eastern to 18mgd, add new

wells to supply 18mgd
Eastern WTP 12 CIP: expand Eastern to 12mgd, add new

wells to supply 12mgd
Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 12
Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2
Southern Surface WTP - Southern Surface WTP - Southern Surface WTP 8 Southern Surface WTP -

PS Miller WTP 2.16 PS Miller WTP 2.16 PS Miller WTP - PS Miller WTP 2.16
Total 39.61 Total 39.61 Total 40.45 Total 39.36

Potable water demand 41.00 Potable water demand 41.00 Potable water demand 41.00 Potable water demand 41.00
Excess Capacity -1.39 Excess Capacity -1.39 Excess Capacity -0.55 Excess Capacity -1.64

Advanced WTP 30 CIP: expand Advanced WTP to 30mgd; add
18 mgd of imported surface water and 2 

mgd of reclaimed water

Advanced WTP 30 CIP: expand Advanced WTP to 30mgd; 
add 18 mgd of imported surface water 

and 2 mgd of reclaimed water

Advanced WTP 26 CIP: expand Advanced WTP to 26mgd; 
add 18 mgd of imported surface water 

and 3 mgd reclaimed water

Advanced WTP 30 CIP: expand Advanced WTP to 30mgd; 
add 18 mgd of imported surface water 

and 2 mgd of reclaimed water
Eastern WTP 18 Eastern WTP 18 Eastern WTP 18 Eastern WTP 12
Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 6.25 Meadows WTP 12
Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2 Founders WTP 3.2
Southern Surface WTP - Southern Surface WTP - Southern Surface WTP 8 Southern Surface WTP -
PS Miller WTP PS Miller WTP PS Miller WTP - PS Miller WTP -

Total 57.45 Total 57.45 Total 61.45 Total 57.2
Potable water demand 41.00 Potable water demand 41.00 Potable water demand 41.00 Potable water demand 41.00

Excess Capacity 16.45 Excess Capacity 16.45 Excess Capacity 20.45 Excess Capacity 16.2

Ultimate (2032)

Option #1B
5yr (2011)

10yr (2016)

20yr (2026)

Option #1A

10yr (2016)

20yr (2026)

Ultimate (2032)

5yr (2011)

Ultimate (2032)

Option #3
5yr (2011)

10yr (2016)

20yr (2026)

Ultimate (2032)

Option #2
5yr (2011)

10yr (2016)

20yr (2026)

6/13/2006 WTP CIP-Rev#1.xls
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Printed by:

Project: WTP#1 - Expand Eastern WTP from 8 mgd to 18 mgd
Cost is in 2006 dollars

SCOPE OF PROJECT Cost
Rapid Mixing $301,446
Filtration $3,041,662
Concrete Clearwell $703,622
Liquid Chemical Feed/Storage $245,133
Dry Chemical Feed/Storage $168,242
Yard Piping $185,294
Raw Water Equalization Basin $184,213
SUBTOTAL - PROJECT COST $4,829,612

ADDITIONAL PROJECT COSTS:
Demolition 0.0% $0
Overall Sitework 2.5% $120,740
Plant Computer System 4.0% $193,184
Yard Electrical 2.5% $120,740
Yard Piping 1.0% $48,296
SUBTOTAL with Additional Project Costs $5,312,573

CONTRACTOR MARKUPS:
Overhead 10.0% $531,257
Subtotal $5,843,830
Profit 5.0% $292,192
Subtotal $6,136,022
Mob/Bonds/Insurance 5.0% $306,801
Subtotal $6,442,823
Contingency 30.0% $1,932,847
SUBTOTAL with Markups $8,375,670

CONSTRUCTION COST $8,375,670

NON-CONSTRUCTION COSTS:
Permitting 1.0% $83,757
Planning/Testing 2.0% $167,513
Engineering 10.0% $837,567
SDC 8.0% $670,054
Commissioning & Startup 0.5% $41,878
Land ROW 0.0% $0
Legal/Admin 1.0% $83,757
SUBTOTAL - Non-Construction Costs $1,884,526

TOTAL - CAPITAL COST $10,260,195

© 2002 CH2M HILL, Inc.  All Rights Reserved.Eastern WTP CPES Const Cost.xls
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Project: WTP#2 - Phase I Advanced Surface Water Treatment Plant
Cost is in 2006 dollars

SCOPE OF PROJECT Cost
Raw Water Presedimentation / Storage Ponds $770,866
Rapid Mixing $419,746
Flocculation $892,049
Lamella Clarifier $1,751,445
Filtration $2,729,697
GAC Adsorber $3,169,883
Ozone $3,196,451
UV Disinfection $1,104,315
Concrete Clearwell $568,722
Liquid Chemical Feed/Storage $1,790,194
Carbon Dioxide Solution Feed System (Recarbonation) $377,147
Backwash Waste Equalization $647,393
Gravity Thickener $245,102
Deskins Solids Dewatering System $305,868
GAC Adsorber Influent Pump Station $783,165
Granular Media Filter Backwash Supply Pump Station $502,696
O & M Building $1,679,603
SUBTOTAL - PROJECT COST $20,934,343

ADDITIONAL PROJECT COSTS:
Demolition 0.0% $0
Overall Sitework 5.0% $1,046,717
Plant Computer System 8.0% $1,674,747
Yard Electrical 5.0% $1,046,717
Yard Piping 10.0% $2,093,434
SUBTOTAL with Additional Project Costs $26,795,959

CONTRACTOR MARKUPS:
Overhead 10.0% $2,679,596
Subtotal $29,475,554
Profit 5.0% $1,473,778
Subtotal $30,949,332
Mob/Bonds/Insurance 5.0% $1,547,467
Subtotal $32,496,799
Contingency 30.0% $9,749,040
SUBTOTAL with Markups $42,245,838

CONSTRUCTION COST $42,245,838

NON-CONSTRUCTION COSTS:
Permitting 1.0% $422,458
Planning/Testing 4.0% $1,689,834
Engineering 8.0% $3,379,667
SDC 8.0% $3,379,667
Commissioning & Startup 0.5% $211,229
Land ROW 0.0% $0
Legal/Admin 1.0% $422,458
SUBTOTAL - Non-Construction Costs $9,505,314

TOTAL - CAPITAL COST $51,751,152

© 2002 CH2M HILL, Inc.  All Rights Reserved.Advanced WTP-1st Phase-CPES Const Cost.xls
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Project: WTP#3 - Phase II Advanced Surface Water Treatment Plant
Cost is in 2006 dollars
SCOPE OF PROJECT Cost
Rapid Mixing $419,746
Flocculation $892,049
Lamella Clarifier $1,751,445
Filtration $2,729,697
GAC Adsorber $3,169,883
Ozone $3,196,451
UV Disinfection $642,820
Concrete Clearwell $568,722
Liquid Chemical Feed/Storage $1,790,194
Carbon Dioxide Solution Feed System (Recarbonation) $377,147
Gravity Thickener $245,102
GAC Adsorber Influent Pump Station $316,049
SUBTOTAL - PROJECT COST $16,099,306

ADDITIONAL PROJECT COSTS:
Demolition 2.0% $321,986
Overall Sitework 5.0% $804,965
Plant Computer System 4.0% $643,972
Yard Electrical 5.0% $804,965
Yard Piping 10.0% $1,609,931
SUBTOTAL with Additional Project Costs $20,285,125

CONTRACTOR MARKUPS:
Overhead 10.0% $2,028,513
Subtotal $22,313,638
Profit 5.0% $1,115,682
Subtotal $23,429,320
Mob/Bonds/Insurance 5.0% $1,171,466
Subtotal $24,600,786
Contingency 30.0% $7,380,236
SUBTOTAL with Markups $31,981,021

CONSTRUCTION COST $31,981,021

NON-CONSTRUCTION COSTS:
Permitting 1.0% $319,810
Planning/Testing 2.0% $639,620
Engineering 8.0% $2,558,482
SDC 8.0% $2,558,482
Commissioning & Startup 0.5% $159,905
Land ROW 0.0% $0
Legal/Admin 1.0% $319,810
SUBTOTAL - Non-Construction Costs $6,556,109

TOTAL - CAPITAL COST $38,537,131

© 2002 CH2M HILL, Inc.  All Rights Reserved.Advanced WTP-2nd Phase-CPES Const Cost.xls
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