
 

  

 

 

 

 

 

 

Aurora Integrated Water Master Plan 
      EXECUTIVE SUMMARY │ MAY 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 



CITY OF AURORA//Integrated Water Master Plan 

MWH DRAFT FINAL REPORT SEPTEMBER 2016//PAGE 1-7 

1.0 Executive Summary 

1.1 Introduction 

The Integrated Water Master Plan (IWMP) integrates short-term and long-range planning across the 
Water Resources, Treatment, and Transmission and Distribution (T&D) disciplines within Aurora 
Water. An integrated Capital Improvement Plan (CIP) focused on growth-related projects was 
developed using consistent key assumptions and the same planning horizon for all disciplines. Long 
range plans were also developed for each of the disciplines to address uncertainty around future 
growth and climate variability.   

1.2 Planning Scenarios and Demand Projections 

The IWMP addresses water needs and planning strategies from 2016 to 2070. Planning milestones 
were set at 2025, 2035, and 2050 to evaluate interim needs and solutions. Four planning scenarios 
were developed to cover a range of population growth, economic growth, future climate, and future 
conservation program assumptions. Table 1-1 shows a summary of the assumptions included in each 
planning scenario and the associated system-wide raw water demands. 

Demand projections were created using a demand forecasting model that incorporated population, 
land use, development density, projections of water use and water use intensity among different classes 
of customers, employment factors, water pricing, and weather conditions – 19 variables in all. 
Demands were estimated for different confidence intervals, representing the uncertainty surrounding 
the demand model parameters used to develop the future demand projections. Figure 1-1 shows the 
planning scenario demands as well as the base forecast and its associated 90% and 99% confidence 
intervals.   

A review of the water conservation program was conducted to identify additional conservation 
measures that would be cost-effective to add to the existing program. Three future conservation 
programs were analyzed and resulted in the selection of Program B, which includes additional 
conservation measures that provide the greatest benefit-cost and can be readily implemented by 
Aurora Water. When combined with savings associated with changes in the plumbing code, Program 
B will reduce 2015 per capita demands by about 10 percent by 2050. 

Simulations of Aurora Water’s water supply system were performed using a Paleo hydrologic ensemble 
representing current climate conditions and a Modified Paleo hydrologic ensemble representing a 
hotter, drier climate that would result in approximately 19 percent reduction in mean streamflow.  
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Table 1-1. IWMP Planning Scenario Characteristics 

 
 

Characteristics 
Hydrology 
Ensemble 

Annual Demands (ac-ft/year) at WPF Intakes** 

2015* 2025 2035 2050 2070 

1) Baseline Plus 

Average growth, weather, 
and hydrology – 
enhanced conservation 
(Program B) 

Paleo 49,750 55,172 61,313 75,928 95,332 

2) Fast Growth 

High growth, average 
weather, and hydrology – 
enhanced conservation 
(Program B) 

Paleo 51,290 59,438 68,301 87,194 115,811 

3) Fast and Hot 

High growth, hot/dry 
weather, and hot/dry 
hydrology – enhanced 
conservation (Program B) 

Modified 
Paleo 

57,247 66,429 76,477 98,295 130,158 

4) Hot Baseline 

Average growth, hot/dry 
weather, and hot/dry 
hydrology – enhanced 
conservation (Program B) 

Modified 
Paleo 

55,495 61,620 68,550 85,367 106,972 

*Forecast was prepared in 2014; actual 2015 demand was 47,540 ac-ft. 
**Demands for finished water from the water purification facilities are 3 percent less than the values in this table. 

 

 
Figure 1-1. Range of Annual Demand Projections 
 
Planning Scenario 2 (Fast Growth) was selected as the basis for IWMP CIP development.  Planning 
Scenario 3 (Fast and Hot) generated demands that fell outside the 90 percent confidence range of the 
base demand forecast, and was thus eliminated from most IWMP analyses. 

Future maximum-day and maximum-hour demands were estimated based on analysis of historical 
data and anticipated future water use, demographic trends, and climate conditions. Maximum-day 
demand was estimated as 3.4 times average winter day demand and maximum-hour demand was 
estimated as 1.6 times maximum-day demand. 
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1.3 Water Resources 

The Aurora Water supply simulation model (Excel-CRAM) was used to quantify impacts of water 
resource risks on raw water system performance. Baseline models were developed for existing (2015) 
and future (2070) conditions and include currently owned water rights and current operation of Aurora 
Water facilities, historical operation of other entities in the source water basins, and all existing water 
projects (e.g., reservoirs and storage accounts). Aurora Water’s drought response program was also 
included in the Baseline Excel-CRAM model. 

Water resources system performance was evaluated using metrics and acceptable levels of service 
(LOS). Selected metrics and LOS goals are shown in Table 1-2. 

Table 1-2. Key Metrics for Water Resources System Performance Analysis 

Metric Name Description Target 
Acceptable 

LOS (1) 
LOS Narrative 

No-Restriction 
Frequency 

Probability of being in 
“Normal Conditions” above 
the Stage I threshold 
storage level at the 
beginning of any May 

Stage I storage 
level 

>0.80 (80%) 

There will be no additional 
outdoor watering restrictions (2) 
in a minimum of 8 years in 10; 
or, there will be some form of 
drought restrictions no more 
than 2 years in 10 

Reduced 
Supply 
Reliability 

Probability of meeting 
reduced customer demands 
with drought response 
watering restrictions on a 
monthly basis 

Demands after 
reductions 
from drought 
restrictions 
have been 
applied 

=1.0 (100%) 
Will always meet demands that 
are reduced due to any level of 
drought restrictions 

WISE (3) 
Supply 
Reliability 

Probability of meeting WISE 
obligations on a monthly 
basis 

10,000 ac-ft 
annual 
demand  

= 1.0 (100%) 
Will always meet WISE supply 
obligations 

(1) Metrics range from 0 to 1.0, where 1.0 indicates the best possible performance and 0 represents the worst possible 
performance. Acceptable performance is greater than the acceptable LOS. 

(2) No additional restrictions beyond the three day per week voluntary watering restrictions that are permanently in 
place under “Normal Drought Stage” conditions. 

(3) Water Infrastructure and Supply Efficiency (WISE) Partnership. 

 
A water needs assessment was conducted to determine the risks that are critical to Aurora Water’s 
system and the years in which new improvements will be necessary. Key identified risks include 
demand increases, climate variability, and loss of Colorado River supplies. Aurora Water’s current 
system will be unable to meet LOS goals by approximately 2025 if system risks do not occur. If system 
risks are applied in the analysis, Aurora Water’s current system will be unable to meet LOS goals in 
earlier years. 

Portfolios (i.e., collections of individual projects) were created to meet future water needs with the 
established LOS goals under the different planning scenarios and at different future dates. Nineteen 
potential water resources supply projects (e.g., reservoir storage, gravel lakes, water rights acquisitions, 
and agricultural water leases) and seven delivery system improvement projects were selected for 
consideration in building water resources portfolios.  
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Figure 1-2 summarizes the water resources portfolios selected across three planning scenarios and 
four planning years. The green, blue, orange, or yellow color indicates that the project is needed by 
the corresponding future year (2025, 2035, 2050, and 2070, respectively). The gray color indicates that 
the project is included in the portfolio but would have been completed at an earlier planning year. The 
white color indicates the project is not required for that planning scenario and year. 

It was not possible to assemble portfolios from all the available projects to meet the LOS goals in 
2070 for Planning Scenarios 2 and 4. A supplemental optimization analysis was performed to 
determine how the 2070 Gap could be filled using conceptual, non-specific types of projects such as 
additional water rights, groundwater, additional capacity in Prairie Waters, additional storage, and 
advanced treatment of Lower South Platte water. The 2070 Base Gap Projects are represented as the 
beige color in Figure 1-2. 

 
Figure 1-2. Summary of Water Resources Portfolios for Each Planning Future 
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The IWMP analyses showed that Aurora Water’s diversified water resources system provides a strong 
basis for addressing future challenges.  Many options are available for meeting increased demands and 
risks in the future.  However, all of the options come with implementation challenges. 

Aurora Water is adopting strategies to implement the water resources recommendations in the IWMP. 
These strategies are based on the need to position the organization to meet its customer water needs 
in a growing region with an uncertain future climate, aging infrastructure, and increasing competition 
for scarce water supplies. The strategy of continuous planning and adaptation requires Aurora Water 
to constantly monitor growth in its service area, water demand, climate variability, and regulations and 
legislative initiatives that could affect the ability to manage water and implement projects. 

1.4 Water Treatment 

Recommended Water Purification Facility (WPF) improvements were based on the 2012 Treated Water 
Master Plan (CH2M Hill, 2012) and the 2015 Aurora Water Treatment Capacity Capital Improvements Plan 
Review and Update (CH2M Hill, 2015). Table 1-3 summarizes capacities of existing water treatment and 
related raw water transmission infrastructure. 
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Table 1-3. Existing Raw Water Supply and Treatment Capacities  

(1) Griswold WPF Wemlinger WPF 
Binney WPF 

Total 
System Aurora

Reservoir Train
South Platte Train 

RAW WATER SUPPLY CAPACITY (MGD) 

Gravity 
Pipelines 

Rampart: 59/20 (2) 
 Rampart: 66/50 (3) 
 Aurora Reservoir: 

130/21 (4) 

Aurora 
Reservoir: 80 (5)   

Pumped 
Systems 

Quincy: 
 Firm: 5 (6) 
 Hydraulic: 24 
 Installed: 36 

   PW (7) Pipeline: 50 
 PW Pumps: 20 (8) 

 

Wells 
Cherry Creek Well 

Field: 9 
  

 PW Riverbank 
Filtration: 10.8 

 PW Aquifer 
Storage and 
Recovery: 4-5 

 

Total 
Sustainable 
Supply 

34 (9) 71 80 10.8 195.8 

TREATMENT CAPACITY (MGD) (10) 

Rated  80 (11) 80 33.3 50  

Filtration (one 
filter offline) 

100 80 33.3 50  

Solids Handling 65 (11) 80 Not limiting (12) Not limiting (12)  

Peak 
Sustainable 

65 80 33.3 50  

PEAK SUSTAINABLE PRODUCTION (MGD) 

Peak 
Sustainable 
Production (13) 

34 71 33.3 10.8 149.1 

NOTES: 
(1) These values in the table are for the purpose of achieving total maximum pipeline capacities and do not 

represent true supply capacities or limitations to the individual treatment facilities. 
(2) The Rampart supply to Griswold WPF is limited to 20 MGD if water is also being supplied to Wemlinger WPF. 

Otherwise, the supply to Griswold has a maximum of 59 MGD. 
(3) The Rampart supply to Wemlinger is limited to 50 MGD if water is also being supplied to Griswold WPF. When 

Rampart is only supplying raw water to Wemlinger, the capacity is 66 MGD. 
(4) The hydraulic capacity of the Aurora Reservoir Pipeline is 130 MGD; however, in order to operate properly, 

Wemlinger WPF limits the Aurora Reservoir contribution to 30% of the total Wemlinger feed flow. Because the 
maximum contribution available from Rampart Reservoir is 50 MGD when Griswold is also being supplied, the 
maximum flow from Aurora Reservoir is 21 MGD and the Wemlinger WPF maximum is 71 MGD. 

(5) The pipeline is sized for 80 MGD but the actual capacity depends on the level in Aurora Reservoir. 
(6) Due to taste and odor events, flow from Quincy Reservoir is generally limited to 15% of total production. 
(7) PW – Prairie Waters 
(8) Prairie Waters Pump Stations are designed for expansion to 50 MGD. 
(9) Total sustained raw water supply to Griswold WPF is 20 MGD from Rampart, 9 MGD from the Cherry Creek 

Wells and 5 MGD (i.e., 15% of total production) from Quincy Reservoir. 
(10) Treatment capacity includes work at Binney WPF that will be completed in 2016 (filters and solids handling). 
(11) Rated capacity at Griswold WPF is limited by the filter backwash component of the solids handling system; 

filters are rated at 100 MGD. 
(12) Solids Management Project currently under construction will render both AR and SP solids as not limiting. 
(13) Raw water quality can affect sustainable capacities at Wemlinger and Griswold since they are direct filtration 

facilities. 
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The peak day demands for each planning scenario and the year in which the peak day demands are 
anticipated to exceed the existing system capacity are shown in Figure 1-3. 

 
Figure 1-3. Peak Day Water Demands by Year and Total Existing WPF Production Capacity  

The existing treatment system has sufficient capacity to meet peak day demands for Planning Scenario 
2 through 2044. Proposed timing of the projects required to meet peak day demands under Planning 
Scenario 2 is presented in Figure 1-4. With all improvements shown below, there will be a treatment 
capacity deficit beginning in 2069 for Planning Scenario 2. It should be noted that the timing associated 
with the projects presented in Figure 1-4 is based on Treatment requirements for meeting peak day 
demands; integrated CIP timing is based on the discipline with the earliest need. Specifically, the Water 
Resources CIP Portfolio accelerates the required timing for the Wemlinger Blended Water Pipeline 
(2035), PWP Expansion 1 (2025), PWP Expansion 2 (2035), and PWP Expansion 3 (2050). 
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Figure 1-4. Planning Scenario 2 Project Timing  

1.5 Distribution 

The T&D projects needed to adequately serve projected population growth and associated demands 
up to 2070 were identified in the IWMP and further refined in the T&D CIP Refinement Study 
(Refinement Study), conducted by Water Plans, Inc. Projects were developed and verified using the 
City’s all pipes distribution system hydraulic model. The demands used for the Refinement Study were 
updated demands that utilized more recent water use data. The updated demands were slightly higher 
than Planning Scenario 2 demands with a projected max day demand of 266.4 MGD for 2070. To 
better reflect anticipated demands from high-use developments, specific model nodes were adjusted 
using estimated demands for these developments. The high-use developments collectively have an 
estimated max day demand of 8.1 MGD, which would result in a total system max day demand of 
274.5 MGD in 2070. 
 
In order to accommodate future growth while utilizing the existing treatment capacity, the capital 
improvements focus on conveying supply from Griswold and Wemlinger WTPs to the northeastern 
portion of the City’s service area. System improvements include a 60” pipeline conveying flows from 
Wemlinger and Griswold northeast along with a new reservoir located in Pressure Zone 3 that will 
serve the northeastern portion of the water system.  

T&D improvements needed through 2020 aim to reinforce the existing service area while laying the 
foundation for future growth in the north. Through 2035, system improvements support the 
expansion of the service area and deliver associated demands by reinforcing and building off of the 
existing distribution system. By 2070 a significant amount of system improvements are focused on the 
eastern and northeastern side of the City to accommodate future growth.  
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1.6 Integrated 10 Year CIP Prioritization and Results 

An integrated 10 year CIP comprised of water resources, treatment, and T&D projects was prepared.  
Projects were prioritized using a multi-criteria analysis approach in which each project was scored 
based on consistent triple bottom line criteria in economic, environmental, and social categories as 
well as criteria related to project performance in meeting the level of service goals for the associated 
discipline (water resources, treatment, or distribution).  Criteria, criteria weights, and scores for each 
individual project were developed in workshops with Aurora Water staff.  Expert Choice software 
was used to perform the multi-criteria analysis that resulted in the prioritization of projects. 

The 10 year CIP was developed using a portfolio optimization spreadsheet that sequenced projects 
based on their benefit score, the year of need, and a capital budget annual limit of $39 million, which 
was established by Aurora Water leadership.  The prioritized 10 year CIP for the IWMP is summarized 
in Figure 1-5 and Figure 1-6.  

 
Note: The updated T&D CIP costs from the Refinement Study are not reflected in this figure. See Section 7 for the updated T&D costs.  

Figure 1-5. Aurora Water 10 Year CIP, Spend by Year  
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Notes: Blue: Water Resources Projects, Grey: T&D Projects, Green: Treatment Projects. The updated T&D CIP projects from the Refinement Study are not reflected in this figure. See 
Section 7 for the updated T&D projects.  

Figure 1-6. Aurora Water 10 Year CIP Summary Gantt Chart 
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1.7 Summary 

The IWMP for Aurora Water provides an integrated 10 year CIP and a coordinated long range plan 
for water resources, water treatment, and distribution system improvements through 2070.  The CIP 
addresses immediate concerns and opportunities, while the long range plans incorporate contingencies 
for uncertainty around the key drivers of growth and climate variability.   

Aurora Water plans to update the IWMP at approximately 5 year intervals to address changes in 
population and demand forecasts, growth potential in the service area, climate conditions, 
conservation effectiveness, new water supply opportunities, and other factors that affect the water 
system.  The analytical tools developed for the IWMP will facilitate future updates.  These include the 
DMS for executing the Excel-CRAM model; the project database; the Expert Choice model for 
project evaluation; and the portfolio optimization model for building an integrated, prioritized CIP 
with projects from all three disciplines. 




